7 EPL 24 V LIN devices with RX and TX access

This clause addresses class A and class B devices.
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7.1 Test specification overview

7.1.1 Test case organization

ISO 17987-7:2016(E)

The intention of each test case is described at first, with a short textual explanation. Before tests are
executed, the test system shall be set to its initial state as described in 7.2.

The test procedure and the expected results are described in the form of a chart for each test case. The
table below is a typical test description.

Table 94 defines the test case organization.

Table 94 — Test case organization

IUT node as

Class A/B/C device as mas-
ter or slave or both

Corresponding test number TC x, TC y, where x, y are the test
case number

Initial state

Parameters:
Number of nodes number of node in the test implementation
Bus loads in order to simulate a LIN network

Operational conditions:

IUT mode

Operation mode for the IUT (e.g. normal mode, low power
mode, ...).

TX signal

State of TX pin at the’beginning of the test.

RX signal

Logical output voltages of the Rx pin corresponding to reces-
sive/dominant level at the LIN pin are taken from the datasheet
of the IUT.

VeaT, Vsue, ViuT, Vee,
Vpsi/2, VBus

Value in Volt

Failure In order to set failure at

GND Shift Value in Volt
Test steps Describe the test stages.
Response Describe the result expected in order to decide if the test passed or failed.
Reference Corresponding number in ISO 17987-4.

IUT may be a master or slave ECU or an individual transceiver chip. The RX, TX and Vsyp signals shall be
accessible for proper test execution. It is recommended to test with RX/TX access, if not possible testing
according the specification without RX/TX access (see Clause 6) is accepted. Depending on the type of
IUT, the supply voltage is Vgar for ECU or Vgyp for a chip called Vyyr in this description.

7.1.2 Measurement and signal generation — Requirements

Table 95 defines the measurement and signal generation — Requirements.
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Table 95 — Measurement and signal generation — Requirements

Signal generation: Rise/Fall time 40ns
Frequency 20 ppm
Jitter <30 ns
Signal measurement: Dynamic signals: Oscilloscope 100 MHz
Rise time <3,5ns
Static signals: DC voltage 0,5%
DC current 0,6 %
Resistance 0,5%
Power Supply Resolution 10 mV/1 mA
(VBar, Vsup, ViuT, Vec, Accuracy 0,2 % of value
Vps1/2, VBus)

7.2 Operational conditions — Calibration

7.2.1 Electrical input/output, LIN protocol

The initial configuration for each test case is defined here. Any requirements for individual tests are
specified with the test case.

Table 96 defines the initial state of electrical input/output.

Table 96 — Initial state of electrical input/output

Initial state |Parameters:

Number of nodes 1

Bus loads

Operational conditions:

IUT mode Set to normal/active mode
TX signal Recessive

VAT, Vsup, ViuT, Ve, Vesi/2, Veus|Specified for each test
Failure No failure

GND shift oV

7.2.2 [EPL-CT 51] Operating voltage range

This test shall ensure the correct operation in the valid supply voltage ranges, by correct reception of
dominant bits. The IUT is therefore supplied with an increasing/decreasing voltage ramp.

Figure 43 shows the test configuration of the test system "Operating voltage range with RX and TX -

access for 24 V LIN systems”.
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Figure 43 — Test system: Operating voltage range with RX and TX access

Table 97 defines the test system “Operating voltage range with RX and TX access”.

Table 97 — Test system: Operating voltage range with RX and TX access

IUT node as

Class B device as master or slave

Class A device

[EPL-CT 51].1, [EPL-CT 51].2

Initial state

Operational conditions:

Viut: [Vsup/Vsar]

Table 98

Test steps

A voltage ramp is set on the Vsyp/Vpar as defined on Table 98. For BR_Range_20K 24 V LIN
system the LIN signal is driven with a 10 kHz rectangular signal with a duty cycle of 50 %,
a voltage swing of 36 V and a rise/fall time of 40 ns. For BR_Range_10K 24 V LIN system the
LIN signal is driven with a 5,2 kHz rectangular signal with a duty cycle of 50 % and a volt-
age swing of 36V and a rise/fall time of 40 ns. The IUT shall be in operational/active mode

Response

For BR_Range_20K 24 V LIN system the RX pin of the IUT shall show the 10 kHz signal and
for BR_Range_10K 24 V LIN system the RX pin of the IUT shall show a 5,2 kHz signal. A
maximum deviation of 10 % (time, voltage) is allowed (see Figure 2).

Reference

ISO 17987-4:2016, Table 15, Param 7, Param 8, Param 52, Param 53

Figure 44 shows the RX response of the test system “Operating voltage range”.

trigger point

At=110% tgrr (5 ps at 20 kbit/s)

N+

<)

NN
AN

2xtgt (100 usa

-~

20 kbit/s)

Figure 44 — RX response of test system: Operating voltage range
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Table 98 defines the test cases for “Operating voltage ramp”.

Table 98 — Test cases: Operating voltage ramp

EPL-CT-TC Viyr range: [Vsyp range/Vpar range] Signal ramp Test

[EPL-CT 51].1 [15,0Vto 36 V]/[16,0 V to 36 V] 0,1V/s BR_Range_20K test
[EPL-CT 51].2 [36 Vto 15,0 V]/[36 V to 16,0 V] 0,1V/s BR_Range_20K test
[EPL-CT 51].3 [7,0Vto 36 V]/[8,0 Vto 36 V] 0,1V/s BR_Range_10K test
[EPL-CT 51].4 [36 Vto7,0V]/[36Vto8,0V] 0,1V/s BR_Range_10K test

7.2.3 Threshold voltages

7.2.3.1 General

This group of tests checks whether the receiver threshold voltages of the IUT are implemented
correctly within the entire specified operating supply voltage range. The LIN bus voltage is driven with
a voltage ramp, checking the entire dominant and recessive signal area with respect to the applied
supply voltage. In 7.2.3.2 and 7.2.3.3, the signal shall stay continuously on recessive or dominant level

depending on the test case. In 7.2.3.4, the RX out

signal on the LIN bus.

period T = 1/f

put transition is detected. Figure 45 shows the triangle

| amplitude
| (signal range)

' 5

frenquency f= 20 Hz
symmetry: 50 %

Figure 45 — Triangle signal on the LIN bus

7.2.3.2 [EPL-CT 52] IUT as receiver: Vsyp at VBuUs_dom (down)

t

Figure 46 shows the test configuration of the test system “IUT as receiver Vsup at Vgys_dom (down)”.
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Figure 46 — Test system: IUT as receiver Vsyp at Vys_dom (down)

Table 99 defines the test system “IUT as receiver Vsyp at VBuS_dom (down)”.

Table 99 — Test system: IUT as receiver Vgp at VBus_dom (down)

IUT node as

Class A device

[EPL-CT 52].1, [EPL-CT 52].2, [EPL-CT 52].3

Initial state

Operational conditions:

ISO 17987-4:2016, Figure 4

Viut: [Vsup] Table 100
Test steps A triangle signal with f= 20 Hz and symmetry of 50 % is set on the LIN Bus (see Figure 45).
Response The IUT shall generate a dominant or recessive value on RX as defined on Table 100 during
the falling slope of the triangle signal.
Reference ISO 17987-4:2016, Table 15, Param 62, Param 63

Table 100 defines the test cases for the falling slope of the triangle signal on the LIN bus.

Table 100 — Test cases: Falling slope of the triangle signal on the LIN bus

EPL-CT-TC Viut: [Vsup] Signal range Expected RX signal Test
[36Vto4,2V] recessive BR_Range_10K test
[EPL-CT 52].1 7V "
: [2,8Vto-1,05V] dominant BR_Range_10K test
. BR_Range_20K,
[36Vto9,0V] recessive BR_Range_10K test
[EPL-CT 52].2 15V BR_R 20K
B ! _Range_20K,
(6,0 Vto-2,25V] dominant BR_Range_10K test
. BR_Range_20K,
[41,4 V1o 21,6 V] ol BR_Range_10K test
[EPL-CT 52].3 36V BR_Range_20K
14,4Vto-54V] dominant BR:RangeZIOK'teSt
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7.2.3.3

Figure 47 shows the test configuration of the test system “IUT as receiver Vgyp at VBuUs_rec (up)”.

[EPL-CT 53] IUT as receiver: Vsyp at VBUS_rec (up)

Remote Controlled

Power Supply
Vps

=l

Viut: [Vsupl

Implementation

Under Test

GND

LIN —T— Pulse Generator

i

Measurement

L

il

Figure 47 — Test system: IUT as receiver Vsup at Vgys_rec (up)

Table 101 defines the test system “IUT as receiver Vsup at VBus_rec (up)”.

Table 101 — Test system: IUT as receiver Vsup at Vgus_rec (up)

IUT node as

Class A device

[EPL-CT 53].1, [EPL-CT 53].2, [EPL-CT 53].3

Initial state

Operational conditions:

ViuT: [Vsup]

Table 102

Test steps A triangle signal with f= 20 Hz and symmetry of 50 % is set on the LIN Bus (see Figure 45).

Response The IUT shall generate a dominant or recessive value on RX as defined on Table 102 during
the rising slope of the triangle signal.

Reference IS0 17987-4:2016, Table 15, Param 62, Param 63

ISO 17987-4:2016, Figure 4

Table 102 defines the test cases for the rising slope of the triangle signal on the LIN bus.

Table 102 — Test cases: Rising slope of the triangle signal on the LIN bus

EPL-CT-TC Viut: [Vsup] Signal range Expected RX signal Test
[-1,05Vto02,8V] dominant BR_Range_10K test
[EPL-CT 53].1 7V -
[4,2Vto36V] recessive BR_Range_10K test
[-2,25V t0 6,0 V] dominant BR_Range_20K, BR_Range_10K test
[EPL-CT 53].2 15V - :
[9,0Vto36V] recessive BR_Range_20K, BR_Range_10Ktest
[-5,4Vt014,4V] dominant BR_Range_20K, BR_Range_10K test
[EPL-CT 53].3 36V S
[21,6 Vto 41,4 V] recessive BR_Range_20K, BR_Range_10K test
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7.2.3.4 [EPL-CT 54] IUT as receiver: Vsyp at Vgys

This test shall verify the symmetry of the receiver thresholds. For this purpose, a voltage ramp on Vgys
shows the required threshold values.

Figure 48 shows the test configuration of the test system “IUT as receiver Vsyp at Vpys”.

Remote Controlled
Power Supply
Vps

|

Viur: [Vsuel

Implementation
Under Test :
RX LIN —®—1 Pulse Generator

GND :
T 1

Measurement

"

Figure 48 — Test system: IUT as receiver Vsyp at Vpys

Table 103 defines the test system “IUT as receiver Vsyp at Vgys”.

Table 103 — Test system: IUT as receiver Vsyp at Vgys

IUT node as Class A device [EPL-CT 54].1, [EPL-CT 54].2, [EPL-CT 54].3
Initial state Operational conditions:
Viut: [Vsup] Table 104
Test steps A triangle signal with f= 20 Hz and symmetry of 50 % is set on the LIN Bus (see Figure 45).
Response The RX output of the IUT shall switch from dominant to recessive when the LIN bus voltage

ramps up and it shall switch from recessive to dominant when the LIN bus voltage ramps down.
The RX output transition shall meet the following conditions:

VBUS_CNT = (Vth_dom + Vth_rec)/2 in the range of (0,475 to 0,525) x Vsyp

VHYS = Vth_rec = Vth_dom Shall be less than 0,175 x Vgyp
Reference IS0 17987-4:2016, Table 15, Param 64, Param 65

Table 104 defines the test cases for “IUT as receiver Vsyp at Vpys”.
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Table 104 — Test cases: IUT as receiver Vsyp at Vgys @
EPL-CT-TC ViuT: [Vsup] Signal range Test
[-1,05V to 8,05 V] up BR_Range_10K test
[EPL-CT 54].1 7V
[8,05V to -1,05 V] down
[EFL-CTS412 By [-2,25V to 17,25 V] up BR_Range_20K,
' (17,25 V to 2,25 V] down BR_Range_10K test
[EPL-CT 541.3 . [-54Vto414V]up BR_Range_20K,
' [41,4 V to -5,4 V] down BR_Range_10K test

7.2.4 [EPL-CT 55] Variation of Vsup_NON_oP

The variation of Vsyp non_op shall be checked within this test, whether the IUT influences the bus
during under voltage and over voltage conditions.

Figure 49 shows the test configuration of the test system “Variation of Vsup NON_oP”.

Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vpsy Vesz

1 =l=
Viur: [Vsup / Viarl
Implementation
Under Test
LIN
T
% GND
—L Measurement

=l

Figure 49 — Test system: Variation of Vsyp NoN_op

Table 105 defines the test system “Variation of Vsyp NoN_0p”.

Table 105 — Test system: Variation of Vsyp NoN op

IUT node as Class B device as master [EPL-CT 55].1 (BR_Range_20K)/
[EPL-CT 55].4 (BR_Range_10K)
Class B device as slave [EPL-CT 55].2 (BR_Range_20K)/
[EPL-CT 55].5 (BR_Range_10K)
Class A device [EPL-CT 55].3 (BR_Range_20K)/
[EPL-CT 55].6 (BR_Range_10K)
Initial state Operational conditions:
Viut: [Vsup/VBaT] Viur Signal with a 1 V/s ramp in the range
Viut; Vpsz See Table 106
Bus load See Table 106 ,‘

U
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Test steps

sive level.

A voltage ramp (up and down) is set on Viyr1. The stimulus stays for t = 30 s at Vjyt1 = 58 V.
The TX signal shall be left open, if an internal pull-up is provided or applied with a reces-

Response

recessive voltage.

No dominant state on LIN shall occur.
The IUT shall not be destroyed during the test.
The afterward recessive voltage shall have a maximum deviation of +5 % from the before

Reference

ISO 17987-4:2016, Table 15, Param 56

Table 106 — Test cases: Variation of Vsyp NoN_oP

Table 106 defines the test cases “Variation of Vsyp noN_op”-

2 Viyr range:
EPL-CT-TC [Vsup range/Vgar range] Vps2 Bus load Test
[EPL-CT 55].1 |[-0,3Vt016V],[36Vto58V] 36V |60k +diode (1N4148) BR_Range_20K test

[EPL-CT 55].2 ([-0,3Vto16V],[36Vto58V] |36V |1,1k+diode (1N4148) BR_Range_20K test
[EPL-CT 55].3 |[-0,3Vto15V],[36Vto58V] |36V [1,1k+diode (1N4148) BR_Range_20K test
[EPL-CT 55].4 |[-0,3Vto8V],[36Vto58V] 36V |60k +diode (1N4148) BR_Range_10K test
[EPL-CT 55].5 |[-0,3Vt0o8V],[36Vto58V] 36V |1,1 k+diode (1N4148) BR_Range_10K test
[EPL-CT 55].6 36V |1,1k+diode (IN4148). |BR_Range_10K test

7.2.5

[-0,3Vto7V],[36Vto58V]

Igys under several conditions

7.2.5.1 [EPL-CT 56] Igys_Lim at dominant state (driver on)

Vps

Remote Controlled
Power Supply

This test checks the drive capability of the output stage. A LIN driver shall pull the LIN bus below a
certain voltage according to the LIN standard. The current limitation is measured indirectly.

Figure 50 shows the test configuration of the test system “Igys_im at dominant state (driver on)”.

= Y

Viur: [Vsup / Vearl

Implementation

RX

Under Test

LIN

Isus Rwmeas

Pulse Generator

TX
GND

=1

D

e

L

Measurement

=l

Figure 50 — Test system: Igys_.iv at dominant state (driver on)
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Table 107 defines the test system “Igys_rim at dominant state (driver on)”.
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Table 107 — Test system: Igys_1jm at dominant state (driver on)

IUT node as Class B device as master [EPL-CT 56].1
Class B device as slave
Class A device
Initial state Operational conditions:
Viut: [Vsup/Vsar] See Table 108
RMEAS
Test steps The LIN pin is connected via Rmgas to ViyT. The TX signal is driven with a rectangular signal
(T = 10 ms) with a duty cycle of 50 %.
Response LIN shall show the rectangular Signal.

The dominant state bus_level shall be lower than TH_DOM = 0,284 x ViyT = 10,224 V for
transceiver.

The dominant state bus level shall be lower than TH_DOM = 0,284 x (Viyr-1V) =994V for ECU's.
Reference 1SO 17987-4:2016, Table 15, Param 57

Table 108 defines the test cases “Igys_.im at dominant state (driver on)”.

Table 108 — Test cases: Igys_Liv at dominant state (driver on)

EPL-CT-TC Viut: [Vsup/VBat] |RMEAS
[EPL-CT 56].1 36V 480 Q (0,1 %)

7.2.5.2  [EPL-CT 57] Igys_pas_dom: IUT in recessive state: Vgys =0V

This test case is intended to test the input leakage current IBUS_PAS_dom into a node during dominant
state of the LIN bus. :

Figure 51 shows the test configuration of the test system “Igus_pAs_dom IUT in recessive state Vgys =0 V”.

Remote Controlled
Power Supply
Vps

i =

Viur: [Vsup / Vearl

Implementation I Ru
BUS EAS
RX Under Test LIN
TX
GND
[
Measurement
.

Figure 51 — Test system: Igys_pas_dom IUT in recessive state Vgys=0 V

Table 109 defines the test system “Ipys_pas_dom IUT in recessive state Vgys = 0 V”.
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Table 109 — Test system: | BUS_PAS_dom IUT in recessive state Vgys=0V

IUT node as

Class B device as slave

Class A device

[EPL-CT 57].1

Initial state

Operational conditions:

Viut: [Vsur/Vaar] See Table 110

RMEAS
Test steps The TX signal is set recessive.
Response The maximum value of voltage drop shall be higher than -1 000 mV.
Reference 1SO 17987-4:2016, Table 15, Param 58 '

Table 110 defines the test cases “IBus_pAs_dom IUT in recessive state Vgys = 0 V"

Table 110 — Test cases: 1Bus_pas_dom IUT in recessive state Vgys= 0V

EPL-CT-TC

ViuT: [Vsup/VBaT] | RMEAS

[EPL-CT 57].1

24V 499 0 (0,1 %)

7.2.5.3
[8,0 Vto 36 V]

[EPL-CT 58] Igus_pas_rec: IUT in recessive state: V

sup = 7,0 V with variation of Vgys €

This test checks whether there is a diode implementation within the termination path of the IUT. The
reverse current should be limited to IBUS_PAS_rec(max) from the LIN wire into the IUT even if VBus is
higher than the [UTs supply voltage Vyr.

Figure 52 shows the test configuration of the test system “Igus_pAS_rec IUT in recessive state”.

Table 111 defines the test system “Ipys_pas_rec IUT in recessive state”.

Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vps1 Vesz
L i
Viur: [Vsue / Vearl
Implementation I R
BUS MEAS
RX Under Test
TX
GND
=l
Measurement
L

Figure 52 — Test system: Igys_pas_rec IUT in recessive state
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Table 111 — Test system: IBus_pas_rec IUT in recessive state

IUT node as Class B device as master [EPL-CT 58].1
Class B device as slave

Class A device

Initial state Operational conditions:
Viut: [Vsup/Vaar] See Table 112
RMEAS
Test steps Vps2 = Signal with a 2 V/s ramp in the range [8 V to 36 V] up and down.
The TX signal is set recessive.
Response The maximum value of voltage drop shall be less than or equal to 20 mV.
Reference ' 1SO 17987-4:2016, Table 15, Param 59

lable 112 defines the test case “Igus_pAs_rec IUT in recessive state”.

Table 112 — Test cases: IBus_pas_rec IUT in recessive state

EPL-CT-TC ViuT: [Vsup/VBat] |[RMEAS
[EPL-CT 58].1 [7,0V/8,0V 1000 Q (0,1 %)

7.2.6 Slope control

7.2.6.1 Purpose

The purpose of this test is to check the duty cycle of the driver stage.

7.2.6.2 [EPL-CT 59] Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter

Figure 53 shows the test configuration of the test system “Slope control”.

Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vpsa Vesz
4 + ) [
Viur: [Vsup / Vearl Rpus
Implementation
RX Under Test LIN
Pulse Generator Cius
- TX |
GND
Measurement
I

Figure 53 — Test system: Slope control

lable 113 defines the test system “Slope control”.
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Table 113 — Test system: Slope control (BR_Range_10K)
IUT node as Class B device as master or slave |[EPL-CT 59].1 to [EPL-CT 59].18
| Class A device
Initial state Operational conditions:
Bus loads See Table 114
Viu: [Vsup/Vat] See Table 114
Vps2 See Table 114

Test steps TXD is driven with a rectangular signal (T = 192 us) with a duty cycle of 50 %.
TXD slope time <500 ns, 100 % voltage swing.

Response The measured duty cycle D3 shall be greater or equal than 0,386 for Vsyp = [7,0 V to 36 V], the
measured duty cycle D4 shall be less than or equal to 0,591 for Vsyp = [7,6 V to 36 V]. If Vsyp
is not accessible, then Vgar - 0,7 V shall be used for calculation of the duty cycle.

Reference 1S0 17987-4:2016, Table 18, Param 74, Param 75
ISO 17987-4:2016, Figure 5

) (@9 Table 114 defines the test cases “Slope control”.
Table 114 — Test cases: Slope control
ViuT: [Vsup/VBaT \% Bus loads Duty cycle
e "’ [(PSSU% : (P2522) (Csus; Rpus) D3 min. D4 max.

[EPL-CT 59].1 70V/8,0V 6,0V 1nF (1 %); 1 kQ (0,1 %) 0,386 —

[EPL-CT 59].2 70V/8,0V 6,6V 1nF (1%); 1kQ (0,1 %) 0,386 =

[EPL-CT 59].3 70V/8,0V 6,0V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 .

[EPL-CT 59].4 7,0 V/8,0V 6,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 Z

[EPL-CT 59].5 7,0V/8,0V 6,0V 10 nF (1 %); 5000 (0,1 %) 0,386 —

[EPL-CT 59].6 70V/8,0V 6,6V 10 nF (1 %); 500 Q (0,1 %) 0,386 —

[EPL-CT 59].7 76V/8,6V 6,6V 1nF (1 %); 1k (0,1 %) 0,386 0,591

[EPL-CT 59].8 76V/8,6V 72V 1 nF (1 %); 1 kQ (0,1 %) 0,386 0,591

[EPL-CT 59].9 76V/8,6V 6,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591

((@ [EPL-CT 59].10 76 V/8,6 V 72V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591
o [EPL-CT 59].11 76 V/8,6 V 6,6V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591

[EPL-CT 59].12 76 V/8,6 V 72V 10 nF (1 %); 500 (0,1 %) 0,386 0,591

[EPL-CT 59].13 36V/36,6 V 350V 1nF (1%); 1kQ (0,1 %) 0,386 0,591

[EPL-CT 59].14 36V/36,6 V 356V 1nF (1 %); 1kQ (0,1 %) 0,386 0,591

[EPL-CT 59].15 36 V/36,6 V 350V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591

[EPL-CT 59].16 36V/36,6 V 35,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591

[EPL-CT 59].17 36V/36,6 V 350V | 10nF (1 %); 500 Q (0,1 %) 0,386 0,591

[EPL-CT 59).18 36V/36,6 V 356V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591

7.2.6.3 [EPL-CT 60] Measuring the duty cycle at 20,0 kbit/s— IUT as transmitter

Figure 54 shows the test configuration of the test system “Measuring the duty cycle”.

i
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Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vps1 Vps2
sl + P
Viur: [Vsup / Vearl Reus
Implementation
2 f t RX Under Test LIN
ulse Generator C
| TX T BUS
GND
Measurement
e

Figure 54 — Test system: Measuring the duty cycle

Table 115 defines the test system “Measuring the duty cycle”.

Table 115 — Test system: Measuring the duty cycle (BR_Range_20K)

IUT node as Class B device as master or slave [EPL-CT 60].1 to [EPL-CT 60].18
Class A device
Initial state Operational conditions:
Bus loads See Table 116
ViuT: [Vsup/VBat] See Table 116
Vps2 See Table 116
Test steps TXD is driven with a rectangular signal (T = 100 us) with a duty cycle of 50 %.

TXD slope time <500 ns, 100 % voltage swing.

Response The measured duty cycle D1 shall be greater or equal than 0,330 for Vsyp = [15,0 Vto 36 V],
the measured duty cycle D2 shall be less than or equal to 0,642 for Vsyp = [15,6 V to 36 V].

If Vsyp is not accessible, then Vgar - 0,7 V shall be used for calculation of the duty cycle.
Reference IS0 17987-4:2016, Table 17, Param 72, Param 73

150 17987-4:2016, Figure 5

Table 116 defines the test cases “Measuring the duty cycle”.

Table 116 — Test cases: Measuring the duty cycle

Viur: [Vsup/V Vps2 Bus loads Duty cycle
- T s e (PS2) (Caus; Reys) D1imin. | DZ max.
[EPL-CT 60].1 15,0 V/16,0 V 140V [1nF(1%); 1k (0,1 %) 0,330 =
[EPL-CT 60].2 15,0V/16,0V 146V 1nF (1 %); 1k (0,1 %) 0,330 —
[EPL-CT 60].3 15,0 V/16,0 V 140V [6,8nF (1%); 660 0 (0,1 %) 0,330 -
[EPL-CT 60].4 15,0V/16,0V 14,6 V 6,8 nF (1 %); 660 Q (0,1 %) 0,330 —
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) (\(@ Table 116 (continued)
[EPL-CT 60].5 15,0V/16,0V 14,0V 10 nF (1 %); 500 Q (0,1 %) 0,330 —
[EPL-CT 60].6 15,0 V/16,0 V 14,6 V 10 nF (1 %); 500 Q (0,1 %) 0,330 =
[EPL-CT 60].7 15,6 V/16,6 V 14,6V |1nF (1%); 1kQ (0,1 %) 0,330 0,642
[EPL-CT 60].8 15,6 V/16,6 V 152V |1 nF (1 %); 1kQ (0,1 %) 0,330 0,642
[EPL-CT 60].9 15,6 V/16,6 V 14,6 V 6,8 nF (1 %); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 60).10 15,6 V/16,6 V 152V |6,8nF (1 %); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 60].11 15,6 V/16,6 V 14,6 V 10 nF (1 %); 500 Q (0,1 %) 0,330 0,642
[EPL-CT 60.12 15,6 V/16,6 V 15,2V 10 nF (1 %); 500 Q (0,1 %) 0,330 0,642
[EPL-CT 60].13 36 V/36,6 V 350V 1 nF (1 %); 1 kQ (0,1 %) 0,330 0,642
[EPL-CT 60].14 36 V/36,6 V 356V 1 nF (1 %); 1 kQ (0,1 %) 0,330 0,642
[EPL-CT 60).15 36 V/36,6 V 350V  |6,8nF (1%); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 60].16 36 V/36,6 V 356V  [6,8nF (1%); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 60].17 36V/36,6 V 350V 10 nF (1 %); 500 Q (0,1 %) 0,330 0,642

1(6 [EPL-CT 60].18 36V/36,6V 356V 10 nF (1 %); 500 Q2 (0,1 %) 0,330 0,642

7.2.7 Propagation delay

7.2.7.1 Overview

The following test checks the receiver’s internal delay and its symmetry. The method for measuring the -
values is shown in ISO 17987-4:2016, Figure 5. v

7.2.7.2 [EPL-CT 61] Propagation delay of the receiver

Figure 55 shows the test configuration of the test system “Propagation delay”.

Remote Controlled
Power Supply
Vee Vps

‘ i [
\ “(0 Viur: [Vsuel

Rroap

Implementation

o LIN Pulse Generator

GND

=L

— Measurement  }—

4

Figure 55 — Test system: Propagation delay

Table 117 defines the test system “Propagation delay”.
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Table 117 — Test system: Propagation delay

IUT node as

Class A device

[EPL-CT 61].1, [EPL-CT 61].2, [EPL-CT 61].3

Initial state

Operational conditions:

RXD
Viu: [Vsupl

Vee

C=20pF (5%)

Rroap = 2,4 kQ (0,1 %): pull-up resistor for “open drain” trans-
ceiver only; see Table 118

Depends on device under test (5 Vor 3,3 V)

Test steps

LIN bus is driven with a 5 kHz rectangular signal with a duty cycle of 50 %, Vgys starts at
Vsyp and ramps down to 0 V within 40 ns and vice versa.

Response

The measured time tyyx_pd shall be less than 6 ps.
trx_sym = trx_pdf — trx_pdr Shall be in the range -2 to +2 ps.

Reference

ISO 17987-4:2016, Table 19, Param 76, Param 77

ISO 17987-4:2016, Figure 5

Table 118 defines the test cases “Propagation delay”.

Table 118 — Test cases: Propagation delay

EPL-CT-TC Viut: [Vsup] Test

[EPL-CT 61].1 70V BR_Range_10K test

[EPL-CT 61].2 15V BR_Range_20K, BR_Range_10K test
[EPL-CT 61].3 36V BR_Range_20K, BR_Range_10K test

7.2.8 Supply voltage offset

7.2.8.1 Purpose

The purpose of this test is to check the robustness in case of Vgar and ground shift.

7.2.8.2 GND/Vpar shift test — Dynamic

Figure 56 shows the test configuration of the test system “GND — Vpar shift test — Dynamic”.
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Figure 56 — Test system: GND — Vgt shift test — Dynamic

Concept: The two operating voltages (Vcc and Vsyp) are ground-free and completely decoupled from
each other and with that, a superposition with each of these voltages with low frequency and high
frequency can be realized independently.

The operating voltages V¢c depends on the specific part (3,3 Vor 5 V). However, they may be varied
indirectly through suitable triggering. The two voltages need independent, ground-free direct current
supplies, in order to exclude interconnections.

7.2.8.3 [EPL-CT 62] GND shift test — Dynamic — IUT as a class A device
Table 119 defines the test system “IUT as BR_Range_20K 24 V class A device”.
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Table 119 — Test system: Dynamic — IUT for a BR_Range_20K 24 V LIN Class A device

IUT node as

Class A device

[EPL-CT 62].1

Initial state

Operational conditions:

VBATTERY
VBs1

Vb1
VGND1
VBs2

Vb2
VGND2

C2
R2

184V

0,1 x VBATTERY
1V

0,03 x VBATTERY
0,03 x VBATTERY
04V

[0,5 x sin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset

20 pF (including input capacitance of oscilloscope)

2,4k (0,1 %): Only for open drain transceiver assembled

Test steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1=1nF (1 %).
The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310, 0,662
(D1 -2 psto D2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 17, Param 72, 73

7.2.8.4 [EPL-CT 63] GND shift test — Dynamic — IUT as a class A device

Table 120 defines the test system “IUT as BR_Range_10K 24 V class A device”.

Table 120 — Test system: Dynamic — IUT for as a BR_Range_10K class A device

IUT node as Class A device [EPL-CT 63].1
Initial state Operational conditions:
VBATTERY 92V
\4:51 0,1 x VBATTERY
Vb1 1V
VGND1 0,03 x VBATTERY
VBs2 0,03 x VBATTERY
Vb2 04V
VGND2 [0,5x sin(2 x Tt x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
Cc2 20 pF (including input capacitance of oscilloscope)
R2 2,4k (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,366 to 0,611
(D3 -2 psto D4 +2 ps).
Reference 1SO 17987-4:2016, Table 15, Param 68
1SO 17987-4:2016, Table 18, Param 74, 75
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({@ 7.2.8.5 [EPL-CT 64] GND shift test — Dynamic — IUT as a class A device
Table 121 defines the test system “Dynamic — IUT as BR_Range_20K 24 V class A device”.

Table 121 — Test system: Dynamic — IUT as a BR_Range_20K class A device

IUT node as

Class A device

[EPL-CT 64].1

Initial state

Operational conditions:

VBATTERY
VBs1

Vb1
VGND1

Vas2
Vb2
Venbp2
Cc2

R2

18,4V
0,03 x VBATTERY
0,4V

[0,5xsin(2xmx5xt)+0,5]x0,1 x VBATTERY
5 Hz sinus signal with offset

0,1 x VBATTERY

1V

0,03 x VBATTERY

20 pF (including input capacitance of oscilloscope)

2,4kQ (0,1 %): Only for open drain transceiver assembled

Test steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 = 1 l‘cﬂ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 =10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662
(D1-2pstoD2 + 2 ps).
Reference 150 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 17, Param 72,73
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7.2.8.6 [EPL-CT 65] GND shift test — Dynamic — IUT as a class A device
Table 122 defines the test system “Dynamic — IUT as BR_Range_10K 24V class A device”.
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Table 122 — Test system: Dynamic — IUT as a BR_Range_10K class A device

IUT node as

Class A device

[EPL-CT 65].1

Initial state

Operational conditions:

VBATTERY 92V

VBs1 0,03 x VBATTERY

Vb1 04V

VeND1 [0,5 x sin(2 x 1t x 5 x t) + 0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

VBs2 0,1 x VBATTERY

Vb2 1v

VGND2 0,03 x VBATTERY

c2 20 pF (including input capacitance of oscilloscope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A ssignal at 5,208 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).

The test shall be repeated with R1 = 500 2 (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601

(D3 -2 usto D4 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 17, Param 72, 73

7.2.8.7 [EPL-CT 66] Vpar shift test — Dynamic — IUT as a class A device

Table 123 defines the test system “Dynamic — IUT as a BR_Range_20K 24 V LIN Class A device”.

Table 123 — Test system: Dynamic — IUT as a BR_Range_20K 24 V LIN Class A device

IUT node as Class A device [EPL-CT 66].1
Initial state Operational conditions:

VBATTERY 18,4V

VBs1 [0,5xsin(2 xmtx5xt)+0,5] x0,1 x VBATTERY

5 Hz sinus signal with offset

Vb1 1V

Vonp1 0,03 x VBATTERY

VBs2 0,03 x VBATTERY

Vp2 0,4V

VGND2 0,1 x VBATTERY

C2 20 pF (including input capacitance of oscilloscope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1. :

The test shall be done with R1 = 1 kQ (0,1 %) and C1 = 1 nF (1 %).

The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662

(D1-2 usto D2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 67

ISO 17987-4:2016, Table 17, Param 72, 73
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[EPL-CT 67] Vgar shift test — Dynamic — IUT as a class A device

Table 124 defines the test system “Dynamic — IUT as a BR_Range_10K 24 V class A device”.

Table 124 — Test system: Dynamic — IUT as a BR_Range_10K class A device

IUT node as

Class A device

[EPL-CT 67].1

Initial state

Operational conditions:

VBATTERY 9,2V
Vgsi1 [0,5 x sin(2 x wx 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
Vb1 1V
VGeND1 0,03 x VpaTTERY
Vas2 0,03 x VBATTERY
Vp2 04V
L VenD2 0,1 x VBATTERY ,
: (@ C2 20 pF (including input capacitance of oscilloscope)
‘ R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 t0 0,601 .
(D3 -2 psto D4 + 2 ps).
Reference IS0 17987-4:2016, Table 15, Param 67

ISO 17987-4:2016, Table 18, Param 74, 75

7.2.8.9 [EPL-CT 68] Vgar shift test — Dynamic — IUT as a class A device

Table 125 defines the test system “Dynamic — IUT as a BR_Range_20K 24 V class A device.

© IS0 2016 - All rights reserved




ISO 17987-7:2016(E)

Table 125 — Test system: Dynamic — IUT as BR_Range_20K class A device

IUT node as

Class A device

[EPL-CT 68].1

Initial state

Operational conditions:

VBATTERY 18,4V

VBs1 0,03 x VBATTERY

Vp1 04V

VGND1 0,1 x VBATTERY

VBs2 [0,5 xsin(2 x tx 5 x t) +0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

Vb2 1V

VGND2 0,03 x VBATTERY

C2 20 pF (including input capacitance of oscilloscope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).

The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662

(D1 -2 psto D2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 67

1SO 17987-4:2016, Table 17, Param 72, 73

7.2.8.10 [EPL-CT 69] Vpar shift test — Dynamic — IUT as a class A device

Table 126 defines the test system “Dynamic — IUT as a BR_Range_10K 24 V class A device.

Table 126 — Test system: Dynamic — IUT as BR_Range_10K class A device

IUT node as

Class A device

[EPL-CT 69].1

Initial state

Operational conditions:

VBATTERY 9,2V

Vas1 0,03 x VBATTERY

Vb1 04V

VeND1 0,1 x VBATTERY

VBs2 [0,5xsin(2xmx5xt)+0,5]x0,1 x VBATTERY

5 Hz sinus signal with offset

Vb2 1V

VGND2 0,03 x VBATTERY

C2 20 pF (including input capacitance of oscilloscope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps Asignal at 5,208 kHz is set on TXD1.

The test shall be done with R1 = 1 kQ (0,1 %) and C1 = 1 nF (1 %).

The test shall be repeated with R1 = 500 0 (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601

(D3 -2 psto D4 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 67

1SO 17987-4:2016, Table 18, Param 74, 75
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((@ 7.2.8.11 [EPL-CT 70] GND shift test — Dynamic — IUT as a class B ECU

Table 127 defines the test system “IUT as a BR_Range_20K 24 V class B device ECU".

Table 127 — Test system: Dynamic — IUT for a BR_Range_20K 24 V LIN ECU

IUT node as

Class B device as master or slave

[EPL-CT 70].1

Initial state

Operational conditions:

VBATTERY
VBs1
VGnb1
VBs2

Vb1

Vb2
VGNp2

C2
R2

184V

0,1 x VBATTERY

0,03 x VBATTERY

0,03 x VBATTERY

1V (use 0V if Drey_Batt is implemented)
0,4V (use 0V if Dey_Bart is implemented)

[0,5x sin(2 x wx 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset

20 pF (including input capacitance of oscilloscope)

2,4 kQ (0,1 %): Only for open drain transceiver
assembled

Test steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 = 1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 © (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662
(D1 -2 psto D2 + 2 us).
Reference ISO 17987-4:2016, Table 15, Param 68

1SO 17987-4:2016, Table 17, Param 72, 73

7.2.8.12 [EPL-CT 71] GND shift test — Dynamic — IUT as a class B ECU

Table 128 defines the test system “IUT as BR_Range_10K 24 V class B device ECU”".
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Table 128 — Test system: Dynamic — IUT for as a BR_Range_10K class B ECU

IUT node as

Class B device as master or slave

[EPL-CT 71].1

Initial state

Operational conditions:

VBATTERY
VBs1
Venp1
Vss2

Vb1

Vb2
Venp2

C2
R2

0,1 x VBATTERY

0,03 x VBATTERY

0,03 x VBATTERY

1V (use 0V if Dgey_Batt is implemented)
0,4V (use 0 V if DRey Batt is implemented)

[0,5 xsin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset

20 pF (including input capacitance of oscilloscope)

2,4k (0,1 %): Only for open drain transceiver assem-

Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 = 1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 =500 (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 pus to D4 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 18, Param 74, 75

7.2.8.13 [EPL-CT 72] GND shift test — Dynamic — IUT as a class B ECU

Table 129 defines the test system “Dynamic — IUT as BR_Range_20K 24 V class B device ECU".
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Table 129 — Test system: Dynamic — IUT as a BR_Range_20K ECU

IUT node as Class B device as master or slave |[EPL-CT 72].1
Initial state Operational conditions:
VBATTERY 18,4V
VBs1 0,03 x VBATTERY
Vp1 0,4 V (use 0 V if DRey_att is implemented)
Vb2 1V (use 0 V if Dgey_Batt is implemented)
VGND1 [0,5 x sin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
VBs2 0,1 x VBATTERY
VGND2 0,03 x VBATTERY
Cc2 20 pF (including input capacitance of oscilloscope)
R2 2,4k (0,1 %): Only for open drain transceiver assembled
Test steps Assignal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662
(D1 -2 pustoD2 + 2 ps).
Reference I1SO 17987-4:2016, Table 15, Param 68
ISO 17987-4:2016, Table 17, Param 72, 73

7.2.8.14 [EPL-CT 73] GND shift test — Dynamic — IUT as a class B ECU

Table 130 defines the test system “Dynamic — IUT as BR_Range_10K 24 V class B device ECU".
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Table 130 — Test system: Dynamic — IUT as a BR_Range_10K ECU

IUT node as Class B device as master or slave [EPL-CT 73].1
Initial state Operational conditions:
VBATTERY 9,2V
VBs1 0,03 x VBATTERY
Vb1 0,4 V (use 0 V if Drey_patt is implemented)
Vp2 1V (use 0V if Drey_att is implemented)
VGND1 [0,5xsin(2 x x5 x t) +0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
VBs2 0,1 x VBATTERY
VGND2 0,03 x VBATTERY
C2 20 pF (including input capacitance of oscilloscope)
R2 2,4k (0,1 %): Only for open drain transceiver
assembled
Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1k (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 psto D4 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68
1SO 17987-4:2016, Table 17, Param 72, 73

7.2.8.15 [EPL-CT 74] Vpar shift test — Dynamic — IUT as a class B ECU

Table 131 defines the test system “Dynamic — IUT as a BR_Range_20K 24 V class B LIN ECU”.
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Table 131 — Test system: Dynamic — IUT as a BR_Range_20K 24 V LIN ECU

IUT node as

Class B device as master or slave

[EPL-CT 74].1

Initial state

Operational conditions:

VBATTERY
Vas1

Vb1
Vb2
Vanb1
Vas2

Vb2
C2

R2

184V

[0,5xsin(2 x T x5 xt)+0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset

1V (use 0V if DRey _Batt is implemented)

0,4V (use 0 V if DRey_Batt is implemented)

0,03 x VBATTERY

0,03 x VBATTERY

0,1 x VBATTERY

20 pF (including input capacitance of oscilloscope)

2,4k (0,1 %): Only for open drain transceiver
assembled

Test steps

A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).

Response

The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662

(D1 -2 psto D2 + 2 ps).

Reference

ISO 17987-4:2016, Table 15, Param 67
150 17987-4:2016, Table 17, Param 72, 73
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7.2.8.16 [EPL-CT 75] Vgar shift test — Dynamic — IUT as a class B ECU
[able 132 defines the test system “Dynamic — IUT as a BR_Range_10K 24 V class B LIN ECU",
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Table 132 — Test system: Dynamic — IUT as a BR_Range_10K ECU

IUT node as

Class B device as master or slave

[EPL-CT 75].1

Initial state

Operational conditions:

VBATTERY
Vgs1

Vb1
Vb2
VGND1
VBs2
VGND2
C2

R2

9,2V

[0,5 xsin(2 x x5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset

1V (use 0V if DRey_att is implemented)

0,4V (use 0 V if DRey_att is implemented)

0,03 x VBATTERY

0,03 x VBATTERY

0,1 x VBATTERY

20 pF (including input capacitance of oscilloscope)

2,4 kQ (0,1 %): Only for open drain transceiver assem-
bled

Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 = 1kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 ps to D4 + 2 ps).
Reference IS0 17987-4:2016, Table 15, Param 67

I1SO 17987-4:2016, Table 18, Param 74, 75

7.2.8.17 [EPL-CT 76] Vpar shift test — Dynamic — IUT as a class B ECU

Table 133 defines the test system “Dynamic — IUT as a BR_Range_20K 24 V class B LIN ECU".
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Table 133 — Test system: Dynamic — IUT as BR_Range_20K ECU

IUT node as

Class B device as master or slave

[EPL-CT 76].1

Initial state

Operational conditions:

VBATTERY
VBs1

Vb1

Vb2
VenD1
VBs2

VGND2
C2
R2

18,4V

0,03 x VBATTERY

0,4V (use 0 V if DRey Batt is implemented)

1V (use 0 Vif DRey Batt is implemented)

0,1 x VBATTERY

[0,5 xsin(2 x x5 xt)+ 0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

0,03 x VBATTERY

20 pF (including input capacitance of oscilloscope)

2,4k (0,1 %): Only for open drain transceiver assembled

Test steps Asignal at 10 kHz is set on TXD1.
The test shall be done with R1 = 1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662
(D1 -2 psto D2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 67

IS0 17987-4:2016, Table 17, Param 72, 73

7.2.8.18 [EPL-CT 77] Vpar shift test — Dynamic — IUT as a class B ECU

[able 134 defines the test system *

© IS0 2016 - All rights reserved
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Table 134 — Test system: Dynamic — IUT as BR_Range_10K ECU

IUT node as

Class B device as master or slave

[EPL-CT 77].1

Initial state

Operational conditions:

VBATTERY
VBs1

Vb1

Vb2
Vonp1
VBs2

VGND2
C2

R2

92V

0,03 x VBATTERY

0,4V (use 0 Vif Drey_Batt is implemented)

1V (use 0 Vif Drey_att is implemented)

0,1 x VBATTERY

[0,5 xsin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset;

0,03 x VBATTERY

20 pF (including input capacitance of oscilloscope)

2,4kQ (0,1 %): Only for open drain transceiver assembled

Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 = 1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 psto D4 + 2 ps).
Reference 1SO 17987-4:2016, Table 15, Param 67

ISO 17987-4:2016, Table 18, Param 74, 75

7.2.9 Failure

7.2.9.1 Purpose

The purpose of the test is to check whether some parasitic reverse currents are flowing into the [UT.

1.2.9.2

[EPL-CT 78] Loss of battery

Figure 57 shows the test configuration of the test system “Loss of battery”.
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© IS0 2016 - All rights reserved



i

= oe e

ISO 17987-7:2016(E)

Remote Controlled
Power Supply
Vius = Vps
i) i
e —— |
Viur: [Vsup / Vearl
Implementation Igus Ruaeas
RX UnderTest ,u
TX
GND
Measurement
L

Figure 57 — Test system: Loss of battery

Table 135 defines the test system “Loss of battery.

Table 135 — Test system: Loss of battery

IUT node as Class B device as master or slave [EPL-CT 78].1
Class A device
Initial state Operational conditions:
ViuT=GND ViuT: [Vsup/Vsat]
Failure Loss of Battery
0<Vgys<36V
RMEAS 10 k2 (0,1 %)
Teststeps The power supply is disconnected from the IUT ViuTt PIN.

VBus = Signal witha 2 V/s ramp in the range (0 V to 36 V) up and down.

Response During all test, no parasitic current paths shall be formed between the bus line and the IUT.
Ipus shall be less than 100 pA, means 1V voltage drop over R = 10 kQ.

After reconnecting battery line, the IUT shall restart after failure recovery.

Reference ISO 17987-4:2016, Table 15, Param 61

7.2.9.3 [EPL-CT 79] Loss of GND
Figure 58 shows the test configuration of the test system “Loss of GND”.
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Figure 58 — Test system: Loss of GND

Table 136 defines the test system “Loss of GND".

Table 136 — Test system: Loss of GND

IUT node as Class B device as slave [EPL-CT 79].1
Class A device
Initial state Operational conditions:
Viut: [Vsup/VBat] Viyr = Vps1 =24V
GNDsyp/GNDpaT = ViuT Local GND shorted to Viyr
Failure Loss of ground
RMEAS 1k (0,1 %)
Test steps The ground is disconnected from the IUT.
Vgys = Signal with a 2 V/s ramp in the range (0 V to 36 V) up and down. ?
Response During all test, no parasitic current paths shall be formed between the bus line and the IUT.

Igys shall be included in +2 mA, means 2 V voltage drop over R = 1 kQ.
After reconnecting ground line, the IUT shall restart after failure recovery.
Reference 1SO 17987-4:2016, Table 15, Param 60

7.2.10 [EPL-CT 80] Verifying internal capacitance and dynamic interference — IUT as slave
The purpose of this test is to check the internal capacitance of the IUT under normal and fault conditions.

The IUT shall not interfere dynamically with bus signals when it is in passive (non-transmitting) or
unpowered state. ;

In case of a switchable internal pull-up resistor, the internal pull-up resistor shall be active.

Figure 59 shows the test configuration of the test system “Verifying internal capacitance and dynamic
interference — IUT as slave”. m
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Figure 59 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

Table 137 defines the test system “Switch settings depending on IUT configuration”.

Table 137 — Test system: Switch settings depending on IUT configuration

Switch Setting
Normally closed.

53 In case where IUT has switchable and deactivated internal pull-up (e.g. in power loss conditions),
3 open S3.
A Normally closed.

S4

In case where IUT is a 3-pin node or ECU, where reverse polarity protection isincluded in IUT, open S4.

S5A/S5B In case where IUT is connected by a wire harness: During reference measurement, close both S5A and
S5Band disconnect IUT from harness. So the harness capacitance is accounted for in the reference.

e [able 138 defines the test system “Verifying internal capacitance and dynamic interference — IUT
. as slave”.
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Table 138 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

IUT node as Class B device as slave [EPL-CT 80].1, [EPL-CT 80].2, [EPL-CT 80].3
Class A device
Initial state Operational conditions:
ViuT: [Vsup/Vaar) 24V
RcommoN 1kQ (0,1 %)
CcoMMON 750 pF (1,5 nF + 1,5 nF in series) (1 %)
RREF 30 k2 (0,1 %)
CREF 250 pF (100 pF || 150 pF parallel) (1 %)
Test steps The LIN Bus is driven with a 10 kHz rectangular signal with a duty cycle of 50 %.

Rise time <40 ns. Slope time measurements are done at 10 %, 90 % of slope voltage.
S5B closed: Measuring rise time Trgr on a known capacitance of 250 pF + 750 pF.
S5A closed: Measuring rise time Tine with the IUT internal capacitance + 750 pF.
Response CsLavg shall be less than or equal to 250 pF: Tint < TREF.

The IUT shall not interfere with the dynamic stimulus.
Reference 1SO 17987-4:2016, Table 20, Param 37 and

1SO 17987-4:2016, 5.3.9.2.

Table 139 defines the test cases “Verifying internal capacitance and dynamic interference — IUT as slave”.

Table 139 — Test cases: Verifying internal capacitance and dynamic interference — IUT as slave

kAR s MR e

EPL-CT-TC Condition S1 S2

[EPL-CT 80].1 |Normal power supply IUT shall be in normal mode. Vps GND

[EPL-CT 80].2 |IUT loss of GND (IUT GND shorted to power supply). Vps Vps
[EPL-CT 80].3 |IUT loss of Vps (IUT ViyT: [Vsup/VBaT] shorted to GND). GND GND :

7.3 Operation mode termination

7.3.1 General ,

An external resistor Rpeas is switched to the LIN pin. To get the value of the internal resistor, current
and voltage shall be measured. These values are gathered for two different settings, and the internal

resistance is calculated using Formulae (1), (2), (3) and (4).
Figure 60 shows the test configuration of the test system “Operation mode”.

i oo bt
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Figure 60 — Test system: Operation mode

7.3.2 [EPL-CT 81] Measuring internal resistor — IUT as slave

Table 140 defines the test system “Measuring internal resistor — IUT as slave”.

Table 140 — Test system: Measuring internal resistor — IUT as slave

IUT node as

Class A device

Class B device as slave

Initial state

Parameters:

Rmeas1

Rmeas2

10kQ (0,1 %)
20 kQ (0,1 %)

Operational conditions:

Viut: [Vsup/VBaT]

24V

Test steps The IUT shall be in operational/active mode. There is no communication on the LIN bus.
If the IUT incorporates a bus dominant state timeout detection, which disables the IUT’s pull-
up resistor, the measurement shall take place before a timeout is detected.

Response Rint value shall be included in the range [20 kQ; 60 kQ]; see Formula (4).

Reference 1SO 17987-4:2016, Table 11, Param 26

7.3.3 [EPL-CT 82] Measuring internal resistor — IUT as master

Table 141 defines the test system “Measuring internal resistor — IUT as master”.

© ISO 2016 - All rights reserved
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Table 141 — Test system: Measuring internal resistor — IUT as master

IUT node as |Class B device as master
Initial state |Parameters:
Rmeas1 1kQ (0,1 %]
Rmeas2 2k (0,1 %)
Operational conditions: 2
Viut: [Vsup/Vear] 24V r
Test steps The IUT shall be in operational/active mode. There is no communication on the LIN bus. *2
3

If the IUT incorporates a bus dominant state timeout detection, which disables the IUT’s pull-up
resistor, the measurement shall take place before a timeout is detected.

Response Rint value shall be included in the range [900 Q; 1 100 kQJ; see Formula (4). 3
Rmeas1 = 1 k2 (0,1 %); Rmeasz = 2 k(2 (0,1 %). 3
Reference 1SO 17987-4, Table 11, Param 25 :

7.4 Static test cases

Static test cases aim to check the availability and the boundaries in the datasheet of the IUT. For all
integrated circuits, every related parameter in Table 142 shall be part of the datasheet and fulfil the
specified boundaries in terms of physical worst-case condition. Datasheet parameter names may ;
deviate from the names in Table 142, but in this case, a cross-reference list (datasheet versus Table 142) .
sshall be provided for this test. Parameter conditions may deviate from the conditions in Table 142, if the :
datasheet conditions are according to the physical worst case context in Table 142 at least. -

If one parameter does not pass this test, the result of the whole conformance test is “Failed”.
See 1SO 17987-4:—, 5.3.6, 5.3.5.1 and 5.3.5.2.

Table 142 defines the test system “LIN static test parameters for datasheets of integrated circuits”.

Table 142 — Test system: LIN static test parameters for datasheets of integrated circuits

Conformance
d " Comment/ ! " test is passed if
No Reference Parameter Min. Max. | Unit condition Valid for value is
< 2
1 Param 52 VBAT_BR_Range_20k? | 16,0 36,0 \4 ECU operating All devices Min. Max.
voltage range with integrated
reverse polari-
ty diode
pA Param 53 Vsup.an_Rangg_zoKb 15,0 36,0 \' Supply voltage All devices Min. Max.
range without inte-
grated reverse
polarity diode
3. Param 54 VBAT_BR_Range_10k2 | 8,0 36,0 \' ECU operating All devices Min. Max.
voltage range with integrated
reverse polari-
ty diode
4, Param 55 Vsup_BR_Range_10kP | 7,0 36,0 \') Supply voltage All devices Min. Max.
range without inte-
grated reverse
polarity diode
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No

Reference

Parameter

Max.

Unit

Comment/
condition

Valid for

Conformance
test is passed if
value is

< 2

Param 56

Vsup_NoN_oP

58,0

Voltage range
within which

the device is not
destroyed. An
optional time limit
for the maximum
value shall be at
least 350 ms. No
guarantee of cor-
rect operation.

All devices

Min. Max.

Param 57

Igus_LiM®

75

300

mA

Current Limita-
tion for Driv-

er dominant
state driver on
VBus = VBAT_maxd

All devices with
integrated LIN
transmitter

Min. Max. .

Param 58

1BUs_PAS_dom

mA

Input leakage
current at the
receiver incl. slave
pull-up resistor as
specified in Param
71 driver off

Vpus=0V
Vpar =24V

all devices with
integrated slave
pull-up resistor

— Min.

Param 59

lBUS_PAS_rec

20

LA

Driver off

8V<Vgar<36V
8V« VBUS <36V
VBus > Vear

All devices

Max. —

Param 60

1BUS_NO_GND

-2

mA

Control unit
disconnected from
ground

c;NDDevlce =Vsup
0V<Vgys<36V
Vear=24V

Loss of local
ground shall not
affect communica-
tion in the residual
network.

All devices

Max. Min.

Param 61

Igus_No_BAT

100

HA

Vpar disconnected
Vsyp =GND
0V<Vgys<36V

Node shall sustain
the current that
can flow under
this condition.
Bus shall remain
operational under
this condition.

All devices

Max. —

Param 62

VBUS_dom

0,4

Vsup

Receiver domi-
nant state

All devices with
integrated LIN
receiver

- Max.

10.

Param 63

vBUS_rec

0,6

Vsup

Receiver recessive
State

All devices with
integrated LIN
receiver

Min. —

11.

Param 64

VBus_cnT

0,475

0,525

Vsup

VBus_cNT = (Vin_
dom * Vth_rec)/2¢

All devices with
integrated LIN
receiver

Max. Min.
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Table 142 (continued)
Conformance
3 Comment/ i testis passed if
No | Reference Parameter Min. [ Max. | Unit condition Valid for value is
< 2
12. [Param 65 VHys — 0,175 |Vsup |VHys = Vth_rec— All devices with | Max. —
Vth_dom integrated LIN
receiver
13. |Param 72 D1 0,330 |[— — THRec(max) = All devices with — Min.
0,710 x Vsup; integrated LIN
(Duty Cycle 1) HB trangsmitter .
THpom(max) = D1 valid for
0,554 x Vsup; 20 kbit/s
Vsuyp=15,0Vto
36 V; tgiT =50 us;
D1 = tgus_rec(min)/
(2 x tgiT)
14. |Param 73 D2 — 0,642 |— THRec(min) = All devices with | Max. —
0,446 x Vsyp; integrated LIN
(Duty Cycle 2) Uk trangsmitter
5 ADemmin) = D2 valid for
L INEUR 20 kbit/s
Vsup=15,6 Vto
36 V; tgiT =50 ys;
D2 = tBus_rec(max)/
(2 xtgiT)
15. |Param 74 D3 0,386 |— — THRec(max) = All devices with — Min.
0,744 x Vsyp; integrated LIN
(Duty Cycle 3) s trangsmitter
THpom(max) : D3 valid for
0,581 x Vsup; 10,417 kbit/s
Vsup=7,0Vto
36 V; tgiT = 96 us;
D3 = tBus_rec(min)/
(2 x tpiT)
16. |[Param 75 D4 — 0,591 ([— THRec(min) = All devices with | Max. —
0,422 x Vgyp; integrated LIN
(Duty Cycle 4) ik trangsmitter
THpom(min) . D4 valid for
0,284, % Vsup; 10,417 kbit/s
Vsup=7,6Vto
36 V; tgiT =96 ps;
D4 = tBus_rec(max)/
‘ (2 xtpir)
17. |Param 76 trx_pd — 6 us Propagation delay |All devices with [ Max. —
of receiver integrated LIN
receiver
18. |Param 77 trx_sym -2 2 us Symmetry of re- |All devices with | Max. Min.
ceiver propagation |integrated LIN
delay rising edge |receiver
with respect to
falling edge
19. |Param 71 RsLAVE 20 60 kQ — All devices with [ Max. Min.
integrated slave
pull-up resistor
20. |Param 70 RMASTER 900 1100 |Q The serial diode is |All devices Max. Min,
mandatory. with integrated
. master pull-up
Only va!nd for. resistor
transceiver with
integrated master
pull-up resistor
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Table 142 (continued)

Conformance

testis passed if

Commenty Valid for value is

No Reference Parameter Min. Max. | Unit condition

s 2

21. |Param 37 CsLAVE — 250 pF Capacitance of All LIN slave Max. —
slave node devices

22. [6.3.7.1 LIN device states |— — — All LIN device state | All devices — —
changes changes on condi-
tional events (e.g.
temperature shut-
down) shall be
specified in the LIN
device datasheet.

23. |— LIN transceiver - = — A maximum LIN All devices — —
input capacitance transceiver input
capacitance shall
be specified in the
LIN device data-
sheet. Please con-
sider the datasheet
limits (e.g. voltage,
temperature).

The value should

be as low as pos-
sible.

a Vpar denotes the supply voltage at the connector of the control unit and may be different from the internal supply Vsup
for electronic components (see 1SO 17987-4:2016, 5.3.2).

b Vsyp denotes the supply voltage at the transceiver inside the control unit and may be different from the external supply
Vpar for control units (see 1SO 17987-4:2016, 5.3.2).

¢ Igus: Current flowing into the node.

d A transceiver shall be capable to sink at least 40 mA. The maximum current flowing into the node shall not exceed
200 mA under DC conditions to avoid possible damage.

¢ Vth_dom: Receiver threshold of the recessive to dominant LIN bus edge. Vip_rec: receiver threshold of the dominant to
recessive LIN bus edge.

8 EPL 24 V LIN devices without RX and TX access

This clause addresses class C devices.

8.1 Test specification overview

This test specification is intended for LIN conformance tests of the electrical physical layer of ECUs (see
ISO 17987-4) with inaccessible TX and RX pin. This may be the case for integrated devices.

Lacking access to the TX pin, the IUT is stimulated to transmit LIN frames to the bus to test the transmit
functions of the device. The LIN frames transmitted by the IUT can then be evaluated by the test system.

Lacking access to the RX pin, the reception of the IUT is tested by establishing a communication between
the test system and the IUT.

8.2 Communication scheme

8.2.1 Overview

Depending on the IUT type (class C as master/slave), several different communication schemes are used
for conformance testing; see 8.2.2 to 8.2.4.
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8.2.2 IUT as slave

The following (mandatory) test frames named in concordance with ISO 17987-3 are used for slave tests.

Table 143 defines the test frames used for slave tests.

Table 143 — Test frames used for slave tests

Test Frame Requirements for the test frame
TST_FRM_RDBI_0 |ReadByldentifier (Identifier = 0).

All other parameters shall be filled with default values according to the IUT specification
and according to the test case specification.

TST_HDR_SR_3D |Slave response header, Identifier = 3D1g.

The test system as master, cyclically transmits a TST_FRM_RDBI_0 followed by TST_HDR_SR_3D with a
maximum supported bit rate unless defined otherwise by the test case.

One TST_FRM_RDBI_O followed by a TST_HDR_SR_3D is referred to as one communication cycle. A
communication cycle is considered successful if the IUT as slave responds correctly to TST HDR_SR_3D
(with positive or negative response, depending on TST_FRM_RDBI_0).

8.2.3 1UT as master

If possible, a test application is installed on the IUT as master. The test application shall support the
following test scheme:

— Bitrate: Maximum bit rate supported by master application, unless specified otherwise by test case;
— Checksum model: Enhanced checksum.

The communication between the test system and the IUT shall be implemented as follows:

1) Counter = 0;

2) IUT as master: Transmit a frame header (ID 01;¢), followed by response of one data byte (counter
[00]) and checksum;

3) Testsystem as slave: If frame is received without errors, store received counter and set transmit flag;
4) IUT as master: Transmit frame header (ID 021¢);

5) Test system as slave: If transmit flag is set, respond with one data byte (stored counter [00]) and
check sum, and clear transmit flag;

6) IUTasmaster: Iftestsystem has answered without errors and received counter value == transmitted
counter value, increment counter by 1;

7) Goto step 2);

One sequence of steps 2) to 7) is referred to as one communication cycle. A communication cycle is
considered successful, if the counter is incremented in step 6), verified by test system in consecutive
communication cycle.

There shall be a possibility to deactivate transmission of LIN headers by the IUT (e.g. by setting an
input pin), so that the LIN bus remains recessive.

If bit rates of both higher than10,417 kbit/s and lower than or equal to 10,417 kbit/s are supported by
the application, there shall be a possibility to select between maximum bit rate and 10,417 kbit/s or
lower (e.g. by setting an input pin).

122 © 1S0 2016 - All rights reserved
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If no test software may be installed on the IUT as master (e.g. integrated device), a device-specific
communication scheme is used which allows verification if the IUT as master correctly receives
responses from the test system. '

8.24 IUT Class C device

8.2.4.1 General

For class C devices (e.g. microcontrollers with integrated transceiver or SBCs with integrated UART and
transceiver), a test application is required.

The type of test application depends on the type of integrated device.

8.24.2 IUT Class C device as slave
This device type only supports slave applications.

For conformance testing, the IUT class C device as slave is supplied with a test application which shall
support the following test scheme:

— Application can adapt to all bit rates supported by the device;

— Checksum model: Enhanced checksum.

The communication between the test system and the IUT shall be implemented as follows:
1) Counter = 0;

2) Test System as master: Transmit a frame header (ID 013), followed by response of one data byte
(counter [00]) and checksum;

3) 1UT as slave: If frame is received without errors, store received counter and set transmit flag;
4) Test System as master: Transmit frame header (ID 021¢);

5) IUT as slave: If transmit flag is set, respond with one data byte (stored counter [00]) and check
sum, and clear transmit flag;

6) Test System as master: If IUT as slave has answered without errors and received counter
value == transmitted counter value, increment counter by 1;

7) Goto step 2);

One sequence of steps 2) to 7) is referred to as one communication cycle. A communication cycle is
considered successful, if the counter is incremented in step 6).

8.2.4.3 IUT class C device as master
This device type only supports master applications.

If the IUT does not have an integrated master pull-up resistor, it shall be equipped with an external
pull-up circuitry as specified in the IUT’s datasheet. If the IUT’s datasheet does not specify a pull-up
circuitry, the circuitry as described in Figure 61 is used. !

Figure 61 shows the default master pull-up circuitry.
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D (1N4148)
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Implementation
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Figure 61 — Default master pull-up circuitry
For conformance testing, the IUT class C device as master is supplied with a test application which shall
support the following test scheme:
— Bitrate: maximum supported bit rate, unless specified otherwise by test case;
— Checksum model: Enhanced checksum.
The communication between the test system and the IUT shall be implemented as follows:
1) Counter = 0;

2) 1UT as master: Transmit a frame header (ID 011¢), followed by response of one data byte (counter
[00]) and checksum;

3) TestSystem asslave: If frame is received without errors, store received counter and set transmit flag;
4) IUT as master: Transmit frame header (ID 0215);

5) Test System as slave: If transmit flag is set, respond with one data byte (stored counter [00]) and
check sum, and clear transmit flag;

6) IUT as master: If test system as slave has answered without errors and received counter
value == transmitted counter value, increment counter by 1;

7) Goto step 2);

One sequence of steps 2) to 7) is referred to as one communication cycle. A communication cycle is
considered successful, if the counter is incremented in step 6), verified by the test system in consecutive
communication cycle.

There shall be a possibility to deactivate transmission of LIN headers by the IUT (e.g. by setting a port
pin) so that the LIN bus remains recessive.

If bit rates of both higher than10,417 kbit/s and lower than or equal to 10,417 kbit/s are supported by
the device, there shall be a possibility to select between maximum bit rate and 10,417 kbit/s or lower
(e.g. by setting a port pin).

8.2.4.4 IUT class C device as master or slave for devices supporting both master and slave
applications (two IUTs are needed)

One IUT is provided with a slave application as described in 8.2.4.2, one IUT is provided with a master

application and, if required, external master pull-up circuitry as described in 8.2.4.3. During GND shift
and Vpar shift tests, communication is established between these two [UTs.
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"~ The communication scheme then looks as follows:

| 1) Counter = 0;

2) Master IUT: Transmit a frame header (ID 0116), followed by response of one data byte (counter
[00]) and checksum;

3) Slave [UT: If frame is received without errors, store received counter and set transmit flag;
4) Master IUT: Transmit frame header (ID 021¢);

5) Slave IUT: If transmit flag is set, respond with one data byte (stored counter [00]) and check sum,
and clear transmit flag;

6) Master IUT: If slave IUT has answered without errors and received counter value == transmitted
counter value, increment counter by 1;

7) Goto step 2);

One sequence of steps 2) to 7) is referred to as one communication cycle. A communication cycle is
considered successful, ifthe counter is incremented in step 6), verified by the test system in consecutive
communication cycle.

If the selection of master/slave application does not affect the physical layer of the device (e.g. switch
internal pull-up resistor), the IUT provided with the slave application is used for all remaining test
cases and is regarded as IUT class C device as slave.

If the selection of master/slave application does affect the physical layer of the device, the IUTs shall

. be tested both as IUT class C device as slave and IUT class C device as master for test cases where test

parameters differ for master and slave.

8.3 Test case organization
The intention of each test case is described at first, with a short textual explanation.
Before tests are executed, the test system shall be set to its initial state as described in 8.5.

The test procedure and the expected results are described in the form of a chart for each test case.
Table 144 defines a typical test description.

Table 144 — Typical test description

IUT nodeas |Class A/B/C device as master or slave Corresponding test number TC x, TC y, where x, y are
or both the test case number.

Initial state Parameters:

Number of nodes Number of node in the test implementation

Bus loads In order to simulate a LIN network
Operational conditions:

IUT Mode Operation Mode for the IUT (e.g. normal mode, low
power mode, ...)

VeatVsupViut Value in volt

Fatlure In order to set failure at
GND Shift Value in volt
Test steps Describe the test stages.
Response Describe the result expected in order to decide if the test passed or failed.

Reference Corresponding number in ISO 17987-4.

NOTE IUT may be a class C device as master or slave ECU.
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Depending on the type of IUT, the supply voltage is Vpar for class C device or Vsyp for class A, called
ViuT in this description.

8.4 Measurement and signal generation — Requirements

8.4.1 Datageneration

The test system shall be able to transmit LIN frames with adjustable recessive/dominant levels. Ror

example, with the test system acting as master and the IUT as slave responding to LIN headers sentby .

the test system.

Figure 62 shows the LIN header sent by test system as master with dominant voltage (Vpom 1s) adjusted
and IUT as slave answering with nominal dominant voltage (Vpom_1ut).

g

Vo - —— ; i

vDax‘l’S

Voom_ur [~

Sync
Break Field | Field PID Response
I - o > I < > | < > I
el

L Header sent by test system | Response sent by IUT as slave ‘

=

Figure 62 — LIN header sent by test system as master with dominant voltage (Vpom_ts) adjysted
and IUT as slave answering with nominal dominant voltage (Vbom_1uT)

Figure 63 shows the LIN header sent by test system as master with recessive voltage (VRec_Ts) édjusted
and IUT as slave answering with nominal recessive voltage (VRrec_1uT).
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l< Header sent by test system

I Response sent by IUT as slave
-l

Figure 63 — LIN header sent by test system as master with recessive voltage (Vgrec Ts) adjusted
' and IUT as slave answering with nominal recessive voltage (VRec_1ut)

The test system shall be able to transmit LIN headers and responses. It shall be able to receive LIN
frames and change its own responses dynamically.

Datageneration by the test system may be realized as shown in Figure 64

Data Generation

Recessive VREC_TS Veulup
Voltage
Power Supply
1
______ Swi
LIN bus

Tx T
GND  [pe==en o

Rx
Dominant Voom_Ts GND

Voltage
Power Supply

=1

Figure 64 — Data generation

Data generation includes two power supplives that provide the recessive and dominant voltage (VRec_TS
and Vpom_ts) for LIN frames transmitted by data generation. Data generation shall be able to transmit
recessive bits by connecting the LIN bus to its recessive voltage power supply using a low-impedance
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path (Sw1) so the transmitted recessive level will not get corrupted by the IUT’s internal pull-up
resistor if Viyt > VLN _pus. The internal recessive voltage VRec Ts is provided to the test setup as Vpyjl-up
to supply a pull-up resistor if necessary.

Vbom_ts and VRec_Ts/Vpull-up is specified in the test cases where data generation is used.

8.4.2 Various requirements

Table 145 defines the data generation, signal measurement and power supply requirements.

Table 145 — Data generation, signal measurement and power supply requirements

Data generation Resolution 10 mV
Accuracy 0,2 % of value
Rise/Fall Time <40 ns
Bit timing precision 20 ppm
Internal resistance <10
Bit timing for BR_ 20 kbit/s
Range_20K 24 V LIN tit = 50 pus
systems
Bit timing for BR_ 10,417 kbit/s
Range_10K 24 V LIN tgit = 96 us

systems

Signal measurement Dynamic signals Oscilloscope 100 MHz

Rise time 3,5 ns

Static signals: DC voltage 0,5%
DC current 0,6 %
Resistance 0,5%
Power supply Resolution 10 mV/1 mA
(Vee, ViuT, VLIN) Accuracy 0,2 % of value

8.5 Operational conditions — Calibration

8.5.1 Electrical input/output, LIN protocol

The initial configuration for each test case is defined in Table 146. Any requirements for individual
tests are specified in each test case.

Table 146 — Initial state of electrical input/output

Parameters —

Number of nodes

1

Bus loads

Operational conditions

IUT mode

Set to normal/active mode

VBaT, Vsup, Viur, Vps

Specified for each test

Failure

No failure

GND shift

oV

8.5.2 [EPL-CT 83] Operating voltage range

This test shall ensure the correct o
dominant bits. The IUT is therefore

128

peration in the valid supply voltage ranges, by correct reception of
supplied with an increasing/decreasing voltage ramp.
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Figure 65 shows the test configuration of the test system “Operating voltage range without RX and TX

access”.

qull-np
Remote Controlled
Power Supply
Vps
B
[] RBIJS Data
Generation
Viur: [Vsue / Veatl
Implementation
Under Test | _Lw Varcrs
Vbom_ts
GND _L
i
L Measurement P
wlls

Figure 65 — Test system: Operating voltage range without RX and TX access

Table 147 defines the test system “Operating voltage range without RX and TX access”.

Table 147 — Test system: Operating voltage range without RX and TX access

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 83].1, [EPL-CT 83].2
[EPL-CT 83).5, [EPL-CT 83).6

[EPL-CT 83].3, [EPL-CT 83].4
[EPL-CT 83).7, [EPL-CT 83].8

Initial state

Operational conditions:

Viut: [Vsup/VBat]

Vbom_Ts
VRec_TS/VPull-up

Table 148 (BR_Range_20K) /
Table 149 (BR_Range_10K)

ov
36V

Test steps A voltage ramp is set on the Vgar/Vsyp as defined in Tables 148/149.

LIN communication is established between test system and IUT.
Response All IUT communication cycles sent during signal ramp shall be successful.
Reference 1S0O 17987-4:2016, Table 15, Param 52, Param 53

Table 148 defines the test cases “Operating voltage ramp without RX and TX access for BR_Range_20K

24 V LIN systems”.

© 1S0 2016 - All rights
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Table 148 — Test cases: Operating voltage ramp without RX and TX access @f :D
for BR_Range_20K 24 V LIN systems
EPL-CT-TC Viyr range: [Vsyp range/Vgar range] Signal ramp RBus :
[EPL-CT 83].1 |[15,0 V to 36 V]/[16,0 V to 36 V] 0,1V/s 30kQ (0,1 %)
[EPL-CT 83].2 |[36V to 15,0 V]/[36 V to 16,0 V] 0,1V/s 30k (0,1 %) g
[EPL-CT 83].3 |[15,0 V to 36 V]/[16,0 V to 36 V] 0,1V/s 1kQ (0,1 %)
[EPL-CT 83].4 |[36V to 15,0 V]/[36V to 16,0 V] 0,1V/s 1k (0,1 %)
Table 149 defines the test cases “Operating voltage ramp without RX and TX access for BR_Range_10K '

24 V LIN systems”.

Table 149 — Test cases: Operating voltage ramp without RX and TX access
for BR_Range_10K 24 V LIN systems

EPL-CT-TC Viut range: [Vsyp range/Vpar range] Signal ramp Rpus

[EPL-CT 83].5 ([7,0Vto36V]/[8,0V to 36 V] 0,1V/s 30kQ (0,1 %) :
[EPL-CT 83].6 ([36Vto7,0 V1/[36 Vto 8,0 V] 0,1V/s 30k (0,1 %) @‘ 3
[EPL-CT 83].7 ([7,0Vto36 V]/[8,0Vto36V] 0,1V/s 1kQ (0,1 %) 3
[EPL-CT 83].8 |[[36Vto7,0V]/[36Vto8,0 V] 0,1V/s 1k (0,1 %) ‘

8.5.3 Threshold voltages

8.5.3.1 General

This group of tests checks whether the receiver threshold voltages of the IUT are implemented correctly
within the entire specified operating supply voltage range. Communication is established between the 4
test system and the IUT, during which the dominant or recessive levels of the LIN frames transmitted i
by the test system are varied with respect to the applied supply voltage. The communication shall be |
either successful or unsuccessful dependent on the recessive/dominant levels.

8.5.3.2 [EPL-CT 84] IUT as receiver: Vsup at Veys_dom (down)

Figure 66 shows the test configuration of the test system “IUT as receiver Vsyp at Vgys_dom (down)”.
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Figure 66 — Test system: IUT as receiver Vsup at Vgys_dom (down)

Table 150 defines the test system “IUT as receiver Vsup at VBus_dom (down)”.

Table 150 — Test system: IUT as receiver Vsup at Vgys_dom (down)

IUT node as

Class C device as slave [EPL-CT 84].1, [EPL-CT 84].2,
[EPL-CT 84].3, [EPL-CT 84].7,

(EPL-CT 84].8, [EPL-CT 84].9
[EPL-CT 84].4, [EPL-CT 84].5,
[EPL-CT 84].6, [EPL-CT 84].10,
[EPL-CT 84].11, [EPL-CT 84].12

Class C device as master

Initial state

Operational conditions

Viur: [Vsup] Table 151 (BR_Range_20K),
‘VDOM TS Table 152 (BR_Range_lOK)

VREC_TS/VPull-up
Rpus

Teststeps

Communication is established between the test system and the IUT. The initial dominant
level transmitted by the test system is the lowest voltage as defined in Table 151 and

Table 152 for each test case. The dominant level transmitted by the test system is increased
by 20 mV after each IUT communication cycle until the highest level as defined in Table 151
and Table 152 for each test case is reached. The last Vpom at which communication is suc-
cessful is recorded as Vih_dom.

See Figure 62 for an example of the communication between test system as master and
slave IUT.

See 8.4.1 for requirements on the data generation unit. The rise and fall time of the LIN
signal shall be less than 500 ns.

Response

Communication shall be successful or unsuccessful as defined in Table 151 and Table 152.

Reference

ISO 17987-4:2016, Table 15, Param 62, Param 63
1S0 17987-4:2016, Figure 4

Table 151 defines the test cases “IUT as receiver Vsup at Vgus_dom (down)”.

© IS0 2016 - All rights reserved 131




ISO 17987-7:2016(E)

Table 151 — Test cases: IUT as receiver Vsyp at Vys_dom (down)
for BR_Range_20K 24 V LIN systems

Expected
EPL-CT-TC Viut: [Vsup] Vpom_Ts VREC_TS communication RBus
. result
[-2,25V to 6,0 V] Successful
[EPL-CT 84].1 15V 36V
[9,0Vto36V] Unsuccessful
-3,6Vto9,6V Successful
[EPL-CT 84].2 24V [ 2104 36V 1k (0,1 %)
[14,4Vto 36 V] Unsuccessful
[-5,4V to 14,4 V] Successful
[EPL-CT 84].3 36V 41,4V
[21,6 Vto 41,4 V] Unsuccessful
[-2,25V to 6,0 V] Successful
[EPL-CT 84].4 15V 36V
[9,0Vto36V] Unsuccessful
[-3,6 Vto 9,6 V] Successful
[EPL-CT 84].5 24V 36V 30 kQ (0,1 %)
[14,4Vto 36 V] Unsuccessful
[-5/4Vto14,4V] Successful
[EPL-CT 84].6 36V 41,4V
[21,6 Vto 41,4 V] Unsuccessful
Table 152 defines the test cases “IUT as receiver Vsyp at Vaus_dom (down)"for BR_Range_10K 24 V LIN
systems.
Table 152 — Test cases: IUT as receiver Vsyp.at Vgys dom (down)
for BR_Range_10K 24 V LIN systems
Expected
EPL-CT-TC ViuTt: [Vsup] Vpom_Ts VReC.TS | communication RBus
result
[-1,05Vt02,8V] Successful
[EPL-CT 84].7 7V 36V
[4,2Vto36V] Unsuccessful
[-3,6 Vto 9,6 V] Successful
[EPL-CT 84].8 24V 36V 1k (0,1 %)
[14,4 V to 36 V] Unsuccessful
[-5,4V to 14,4 V] Successful
[EPL-CT 84].9 36V 41,4V
[21,6 Vto 41,4 V] Unsuccessful
-1,05Vto2,8V S ful
[EPL-CT 84].10 7V [ 02,8V] 36V el
[4,2V to 36 V] Unsuccessful
‘ -3,6Vto9,6V Successful
[EPL-CT 84].11 24V L ] 36V = 30 kQ (0,1 %)
[14,4 Vto 36 V] Unsuccessful
-54Vto144V S ful
[EPL-CT 84].12 36V L skl 414V s
[21,6 Vto 41,4 V] Unsuccessful

8.5.3.3 [EPL-CT 85] IUT as receiver: Vsyp at Vgys rec (up)

Figure 67 shows the test system “"IUT as receiver Vsyp at Vus_rec (Up)”.
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Figure 67 — Test system: IUT as receiver Vsup at Vys_rec (up)

Table 153 defines the test system “IUT as receiver Vsup at VBuys_rec (up)”.

Table 153 — Test system: IUT as receiver Vsup at Vpys_rec (up)

IUT node as

Class C device as slave [EPL-CT 85].1, [EPL-CT 85].2,
[EPL-CT 85].3, [EPL-CT 85].7,
[EPL-CT 85].8, [EPL-CT 85].9

Class C device as master [EPL-CT 85).4, [EPL-CT 85].5,
[EPL-CT 85].6, [EPL-CT 85].10,
[EPL-CT 85].11, [EPL-CT 85).12

Initial state

1Vbom_Ts

Operational conditions:

ViuT: [Vsup] Table 154 (BR_Range_20K),
Table 155 (BR_Range_10K)

VREC_TS/VPull-up
Rpus

Test steps

Communication is established between the test system and the IUT. The initial recessive level
transmitted by the test system is the highest voltage as defined in Table 154 and Table 155
for each test case. The recessive level transmitted by the test system is decreased by 20 mV
after each IUT communication cycle until the lowest level as defined in Table 154 and

Table 155 for each test case is reached. .

The last VRec at which communication is successful is recorded as Vih_rec.

See Figure 62 for an example of the communication between test system as master and
slave IUT.

See 8.4.1 for requirements on the data generation unit. The rise and fall time of the LIN signal
shall be less than 500 ns.

Response

The Communication shall be successful or unsuccessful as defined in Tahle 154 and

Reference

IS0 17987-4:2016, Table 15, Param 62, Param 63

1S0 17987-4:2016, Figure 4

Table 154 defines the test cases “IUT as receiver Vsup at VBys_rec (up)”.
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Table 154 — Test cases: IUT as receiver Vsyp at Vgys_rec (up) for BR_Range_20K 24 V LIN systems

Expected
EPL-CT-TC Viut: [Vsup] Vpom.Ts VREC_TS communication RBus
result
[EPL-CT 85].1 15V Sy [36 V10 9,0 V] Successful
' ' [6,0 V to -2,25 V] Unsuccessful
36Vto14,4V Successful
[EPL-CT 85].2 24V 3,6V 36V to J 1kQ (0,1 %)
[9,6 Vto-3,6 V] Unsuccessful
[EPL-CT 85].3 36V 54V [41,4Vto21,6 V] Successful
J ' [14,4V to-54 V] Unsuccessful
[EPL-CT 85].4 15V _a9ey [36Vt09,0V] Successful
! ’ [6,0 Vto -2,25 V] Unsuccessful
[36 Vto 14,4 V] Successful
[EPL-CT 85].5 24V -36V 30k (0,1 %)
[9.6 Vto-3,6 V] Unsuccessful
[EPL-CT 85.6 36V 4V [41,4Vto21,6V] Successful
’ ' [14,4Vto-5,4 V] Unsuccessful

Table 155 defines the test cases “IUT as receiver Vsyp at Vpys_rec (up)” for BR_Range_10K 24 V Lin

systems.

Table 155 — Test cases: IUT as receiver Vsyp at Vpys_rec (up) for BR_Range_10K 24 V LIN systems

Expected
EPL-CT-TC Viut: [Vsup] VpoM_Ts VREC_TS communication RBus
‘ result
[EPL-CT 85].7 - 105V [36Vto4,2V] Successful
' ' [2,8Vto-1,05V] Unsuccessful
[36 Vto 14,4 V] Successful
[EPL-CT 85].8 24V -36V 1kQ (0,1 %)
[9,6 Vto-3,6 V] Unsuccessful
[EPL-CT 85].9 36V 54V [41,4Vto 21,6 V] Successful
; d [14,4 V to -5,4 V] Unsuccessful
[EPL-CT 85].10 7v 105V [36Vto4,2V] Successful
y y [2,8 Vto-1,05V] Unsuccessful
36Vto 14,4V Successful
[EPL-CT 85].11 24V 36V B b ] z 30k (0,1 %)
[9,6 Vto-3,6V] Unsuccessful
[EPL-CT 85].12 36V 54y [41,4V to 21,6 V] Successful
} i [14,4Vto-54V] Unsuccessful

8.5.3.4

This test shall verify the symmetry of the receiver thresholds. It evaluates Viy_dom (3 values) measured

[EPL-CT 86] IUT as receiver: Vsyp at Vgys

in 8.5.3.2 and Vih_rec (3 values) measured in 8.5.3.3.

Table 156 defines the test system “IUT as Receiver: Vsué at Vgys".

134
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Table 156 — Test system: IUT as receiver: Vsyp at VBus

IUT node as

Class C device as slave

[EPL-CT 86).1, [EPL-CT 86].2,
[EPL-CT 86).3, [EPL-CT 86).7,
[EPL-CT 86).8, [EPL-CT 86].9

Class C device as master [EPL-CT 86].4, [EPL-CT 86).5,

[EPL-CT 86).6, [EPL-CT 86].10,
[EPL-CT 86).11, [EPL-CT 86].12

Initial state

Operational conditions:

Viur: [Vsup] Table 157 (BR_Range_20K),

Vth_do_m

Vth_rec

Table 158 (BR_Range_10K)

Test steps

Calculate

VBUS_CNT = (Vth_dom + Vth_rec)/2
and

VHYS = Vth_rec ~Vth_dom

Response

VBus_cnt shall be in the range of [0,475 to 0,525] x Vsyp Vyys shall be less than

0,175 x Vsyp,

Reference

1SO 17987-4:2016, Table 15, Param 64, Param 65

1S0 17987-4:2016, Figure 4

Table 157 defines the test cases “IUT as receiver for BR_Range_20K 24 V LIN systems: Vsyp at Vgys".

Table 157 — Test cases: IUT as receiver for BR_Range_20K 24 V LIN systems: Vsyp at VBus

EPL-CT Vih_dom @s measured in test case Vih_rec as measured in test case Viut: [Vsup]
[EPL-CT 86].1 [EPL-CT 84].1 [EPL-CT 85].1 15V
[EPL-CT 86].2 [EPL-CT 84].2 [EPL-CT 85].2 24V
[EPL-CT 86].3 [EPL-CT 84].3 [EPL-CT 85].3 36V
[EPL-CT 86].4 [EPL-CT 84).4 [EPL-CT 85].4 15V
[EPL-CT 86].5 [EPL-CT 84].5 [EPL-CT 85].5 24V
[EPL-CT 86].6 [EPL-CT 84].6 [EPL-CT 85].6 36V

Table 158 defines the test cases “IUT as receiver for BR_Range_10K 24 V LIN systems: Vsyp at Vpys"

Table 158 — Test cases: IUT as receiver for BR_Range_10K 24 V LIN systems: Vsyp at Vgys

EPL-CT

Vth_dom as measured in test case |Vip_rec as measured in test case Viut: [Vsup]
[EPL-CT 86].7 [EPL-CT 84).7 [EPL-CT 85].7 7V
[EPL-CT 86].8 [EPL-CT 84].8 [EPL-CT 85].8 24V
[EPL-CT 86].9 [EPL-CT 84].9 [EPL-CT 85].9 36V
[EPL-CT 86].10  |[EPL-CT 84].10 [EPL-CT 85].10 7V
[EPL-CT 86].11 [EPL-CT 84].11 [EPL-CT 85].11 24V
[EPL-CT 86]).12  ([EPL-CT 84].12 [EPL-CT 85].12 36V

© IS0 2016 - All rights reserved

8.5.4 [EPL-CT 87] Variation of Vsyp non_op € [-0,3 V to 7,0 V],[18 Vto 58 V]

Table 68 shows the test configuration of the test system “Variation of Vsyp_NoN_op.

This test checks whether the IUT influences the bus during under voltage and over voltage conditions.
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Figure 68 — Test system: Variation of Vsup_NoON_oP

Table 159 defines the test system “Variation of Vsup_NoN_op”-

Table 159 — Test system: Variation of Vsup_NON_oP

IUT node as Class C device as master [EPL-CT 87].1, [EPL-CT 87].3,
[EPL-CT 87].5, [EPL-CT 87].7
Class C device as slave [EPL-CT 87].2, [EPL-CT 87].4,
[EPL-CT 87].6, [EPL-CT 87].8
Initial state Operational conditions:
Viut: [Vsup/VBar] Signal with a 1 V/s ramp as defined in Table 160, Table 161.
Vps2 See Table 160, Table 161.
RBus See Table 160, Table 161.
There is no communication on the LIN bus.
Test steps A voltage ramp (up and down) is set on Viyr: [Vsyp/Vpat]. The stimulus stays for t = 30 s at
Vpar=58V.
No dominant state on LIN shall occur.
Response The IUT shall not be destroyed during the test.
The afterward recessive voltage shall have a maximum deviation of +5 % from the before
recessive voltage.
Reference ISO 17987-4:2016, Table 15, Param 56
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lable 160 defines the test cases “Variation of Vsup_non_op for BR_Range_20K 24 V LIN systems”.

Table 160 — Test cases: Variation of Vsyp non_op for BR_Range_20K 24 V LIN systems

EPL-CT-TC Viyrrange: [Vsyp range/Vparrange] |Vpsz |Rpus

[EPL-CT 87].1 |[-0,3Vto16V],[36Vto58V] 36V [60k0 (0,1 %) +diode (1N4148)
[EPL-CT 87].2 |[-0,3Vto16V],[36V to58V] 36V 1,1k (0,1 %) + diode (1N4148)
[EPL-CT 87].3 |[-0,3Vt0o15V],[36Vto58V] 36V (60kQ (0,1 %) +diode (1N4148)
[EPL-CT 87].4 |[-0,3Vto15V],[36Vto58V) 36V [1,1kQ (0,1 %) + diode (1N4148)

Table 161 defines the test cases “Variation of Vsyp_Non_op for BR_Range_10K 24 V LIN systems”,

Table 161 — Test cases: Variation of Vsup_Non_op for BR_Range_10K 24 V LIN systems

EPL-CT-TC Viur range: [Vsyp range/Vparrange] |Vps2 |Rpus
[EPL-CT 87].5 |[-0,3Vt08V],[36V to58V] 36V [60KkQ (0,1 %) + diode (1N4148)
. [EPL-CT 87].6 |[-0,3Vt0o8V],[36V to58V] 36V [1,1k0 (0,1 %)+ diode (1N4148)
@ ) [EPL-CT 87].7 |[-0,3Vto7V],[36V to58V] 36V |60KkQ (0,1 %) + diode (1N4148)
[EPL-CT 87].8 |[-0,3Vto7 V], [36V to58V] 36V |1,1kQ (0,1 %) + diode (1N4148)

8.5.5 Igys under several conditions

8.5.5.1 [EPL-CT 88] Ipys_Lim at dominant state (driver on)

This test checks the drive capability of the output stage. A LIN driver shall pull the LIN bus below a
certain voltage according to the LIN standard. The current limitation is measured indirectly.

- Figure 69 shows the test configuration of the test system “Igys_rim at dominant state (driver on)”.

vl'ull-np
Remote Controlled
Power Supply
7l Vps

- 'i _L +
W R Data
¢l

Generation
Viur: [Vsup / Vearl

Rpus
T Implementation
Under Test iy LNbus Vescrs
Vbom_1s
GND _L
s = '
<4 : = Measurement -J
i '

Figure 69 — Test system: Igys_11v at dominant state (driver on)

@* : (f) Table 162 defines the test system “Igys_tim at dominant state (driver on)".
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Table 162 — Test system: Igys_jm at dominant state (driver on)

IUT node as

Class C device as master [EPL-CT 88].1

Class C device as slave

Initial state

Operational conditions:
ViuT: [Vsup/VBart] See Table 163
VDom_TS

vRec_TS
RBus

Test steps

The LIN pin is connected via Rpys to ViyT: [Vsup/VBaT]. A LIN communication is established
between the test system and the IUT.

Response

One communication cycle shall be successful.
For BR_Range_20K 24 V LIN systems:

The dominant state bus level shall be lower than TH_DOM = 0,302 x Viyt = 10,872 V for in-
tegrated devices.

The dominant state bus level shall be lower than TH_DOM = 0,302 x (Viyr-1V)=10,52V
for ECUs.

For BR_Range_10K 24 V LIN systems:

The dominant state bus level shall be lower than TH_DOM = 0,284 x V|yT = 10,224 V for in-
tegrated devices.

The dominant state bus level shall be lower than TH_DOM = 0,302 x (Viyr =1 V) =9,94 V for ECUs.

Reference

1SO 17987-4:2016, Table 15, Param 57

Table 163 defines the test cases “Igys_Lim at dominant state (driver on)”.

Table 163 — Test cases: Igys_im at dominant state (driver on)

EPL-CT-TC

Viut: [Vsup/VBar] VDoM_Ts VRec_TS RBus

[EPL-CT 88].1

36V ov 36V 480 2 (0,1 %)

8.5.5.2 [EPL-CT 89] Igys_pas_dom: IUT in recessive state: Vgys=0V

This test case is intended to test the input leakage current Igys_pas dom into a node during dominant
state of the LIN bus.

Table 70 shows the test configuration of the test system “Ipys_pas_dom IUT in recessive state Vgys =0 V".
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Figure 70 — Test case: IBus_pAs_dom IUT in recessive state VBus=0V
Table 164 defines the test system “IBus_pas_dom IUT in recessive state Vgys = 0 V"

Table 164 — Test system: 1BUs_raS_dom IUT in recessive state Vgys =0V

IUT node as Class C device as slave [EPL-CT 89].1
Initial state Operational conditions:
ViuT: [Vsup/VBar] See Table 165
RMEAS
Test steps There is no communication on the LIN bus.
Response The maximum value of voltage drop shall be higher than -1 000 mV.
Reference IS0 17987-4:2016, Table 15, Param 58

Table 165 defines the test cases “IBus_pas_dom IUT in recessive state Vgys = 0 V".

Table 165 — Test cases: Igys_pas_dom IUT in recessive state VBus=0V

EPL-CT-TC ViyT: [Vsup/Vear] RmEAS
[EPL-CT 89].1 24V 499 0 (0,1 %)

8.5.5.3 [EPL-CT 90] Ipys_pas_rec: IUT in Recessive State: Vaar = 8,0 V with Variation of Vgys €
[8,0Vto 36V]

This test checks whether there is a diode implementation within the termination path of the IUT. The

reverse current should be limited to IBUS_PAS_rec(max) from the LIN wire into the IUT even if VBus is
higher than the IUTs supply voltage Vpar.

Figure 71 shows the test configuration of the test system “Igus_pas_rec IUT in recessive state: Vgar = 8,0 V
with Variation of Vgys € [8,0 V to 36 V]".
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Figure 71 — Test system: Igys_pas_rec IUT in recessive state: Vpar = 8,0 V with variation of Vgys €
[8,0Vto36V]

Table 166 defines the test system “Igys_pas_rec IUT in recessive state: Vgat = 8,0 V with variation of
VBus [8,0 Vto 36 V]".

Table 166 — Test system: Iys_pas_rec IUT in recessive state: Vgar = 8,0 V with variation of Vgys

[8,0 Vto 36V]
IUT node as Class C device as master [EPL-CT 90].1
Class C device as slave
Initial state Operational conditions: :
Viut: [Vsup/VBat] See Table 167 m ‘ 3
RMEAS "™
Test steps Vpsz = Signal with a 2 V/s ramp in the range [8 V to 36 V] up and down.
There is no communication on the LIN bus.
Response The maximum value of voltage drop shall be less than or equal to 20 mV.
Reference ISO 17987-4:2016, Table 15, Param 59
lable 167 defines the test cases “Ipys_pas_rec IUT in recessive state: Vgar = 8,0 V with variation of Vys
[8,0Vto36V]"
Table 167 — Test cases: Igys_pas_rec IUT in recessive state: Vgat = 8,0 V with variation of Vgys
[8,0Vto 36 V]
EPL-CT-TC Viut: [Vsup/VBat] RMEAS
[EPL-CT 90].1 7,0V/8,0V 1000 Q (0,1 %) '
&
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8.5.6 Slope control

8.5.6.1 Purpose

The purpose of this test is to check the duty cycle of the driver stage. :

8.5.6.2 [EPL-CT 91] Measuring the duty cycle of BR_Range_10K 24 V LIN networks at
10,417 kbit/s — IUT as transmitter

Figure 72 shows the test configuration of the test system “Measuring the duty cycle of BR_Range_10K
24V LIN networks at 10,417 kbit/s — IUT as transmitter”.

vPllII-up
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g 3 g Data
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Implementation
Under Test N N e Visc.rs
Vbom_ts
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GND | il
f L
Measurement

1

| ‘ Figure 72 — Test case: Measuring the duty cycle of BR_Range_10K 24 V LIN networks at
@ : U 10,417 kbit/s — IUT as transmitter
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Table 168 defines the test system “Measuring the duty cycle of BR_Range_10K 24 V LIN networks at @7
10,417 kbit/s — IUT as transmitter”.

Table 168 — Test system: Measuring the duty cycle of BR_Range_10K 24 V LIN networks at
10,417 kbit/s — IUT as transmitter

IUT nodeas |Class C device as master [EPL-CT 91].1 - [EPL-CT 91].18
Class C device as slave

Initial state Parameters:

Bus loads See Table 169
Operational conditions: |
ViuT: [Vsup/Vsar] See Table 169 ,
Vpom_Ts oV |
VRec_T5/VPpull-up See Table 169

Test steps A LIN communication is established between the test system and the IUT. The highest bit rate
supported by the IUT (but a maximum of 10,417 kbit/s) is used. Rising and falling edges shall :
be less than 500 ns. @

Master IUT: The test system records one LIN frame transmitted by the IUT. The exact bit rate 1
of the IUT is identified by measuring the time between the falling edges of the start bit and bit
7 of the synch byte field in the recorded frame.

tBus_rec(max) and tBus_rec(min) are measured at bit 0 of the synch byte field in the recorded frame.

Slave IUT: TST_FRM_RDBI_0 followed by TST_HDR_SR_3D is transmitted by the test system.
TST_HDR_SR_3D is recorded by the test system. The exact slave bit rate is identified by meas-

uring the time between the falling edges of the start bit and bit 2 of DB3 (RSID = F21¢) of the
slave answer.

tBus_rec(max) aNd tBus_rec(min) are measured at bit 1 of DB3 (RSID = F21¢) of the slave answer.

Response The measured duty cycle D3 shall be greater than or equal to 0,386 for Vsyp = [70Vto36V],
the measured duty cycle D4 shall be less than or equal to 0,591 for Vsyp = [7,6 V to 36 V]. If Vgyp
is not accessible, then Vgar - 0,7 V shall be used for threshold calculation of the duty cycle.

Reference ISO 17987-4:2016, Table 18, Param 74, Param 75
ISO 17987-4:2016, Figure 5
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Table 169 defines the test cases “Measuring the duty cycle of BR_Range_10K 24 V LIN networks at
-10,417 kbit/s — IUT as transmitter”.

Table 169 — Test cases: Measuring the duty cycle of BR_Range_10K 24 V LIN networks at
10,417 kbit/s — IUT as transmitter

g

Duty cycle
FPL-CI=IC Viur: [Vsup/Veat] \‘//l:cl_lT:p/ (g:uss:l %aB(ll;] D3 min.y yD4 max.
[EPL-CT 91].1 70V/8,0V 6,0V 1 nF (1 %); 1kQ (0,1 %) 0,386 —
[EPL-CT 91].2 70V/8,0V 6,6V 1nF(1%);1kQ(0,1%) 0,386 —
[EPL-CT 91].3 70V/8,0V 6,0V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 —
[EPL-CT 91].4 7,0V/8,0V 6,6V 6,8 nF (1 %); 660 O (0,1 %) 0,386 —
[EPL-CT 91].5 70V/8,0V 6,0V 10 nF (1 %); 500 Q (0,1 %) 0,386 —
[EPL-CT 91].6 7,0V/8,0V 6,6V 10 nF (1 %); 500 Q (0,1 %) 0,386 —
[EPL-CT 91).7 76V/8,6V 6,6V 1 nF (1 %); 1 kQ (0,1 %) 0,386 0,591
[EPL-CT 91].8 76V/8,6 V 7,2V 1nF (1 %); 1kQ (0,1 %) 0,386 0,591
[EPL-CT 91].9 76V/8,6 V 6,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591
[EPL-CT 91].10 76V/8,6 V 7,2V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591
[EPL-CT 91].11 76V/8,6 V 6,6V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591
[EPL-CT 91].12 7,6V/8,6 V 7,2V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591
[EPL-CT 91].13 36V/36,6V 350V 1 nF (1 %); 1k (0,1 %) 0,386 0,591
[EPL-CT 91].14 36V/36,6 V 356V 1nF (1 %); 1k (0,1 %) 0,386 0,591
[EPL-CT 91).15 36V/36,6 V 350V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591
[EPL-CT 91].16 36V/36,6V 356V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591
[EPL-CT 91].17 36V/36,6V 350V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591
[EPL-CT 91].18 36V/36,6V 356V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591

8.5.6.3

Figure 73 shows the test configuration of the test system “Measuring the duty cycle of BR_Range_20K

24 V LIN networks at 20,0 kbit/s — IUT as transmitter”.
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[EPL-CT 92] Measuring the duty cycle of BR_Range_20K 24 V LIN network at
20,0 kbit/s — IUT as transmitter
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Figure 73 — Test system: Measuring the duty cycle of BR_Range_20K 24 V LIN networks at

20,0 kbit/s — IUT as transmitter

Table 170 defines the test system “Measuring the duty cycle of BR_Range_20K 24 V LIN networks at
20,0 kbit/s — IUT as transmitter”.

Table 170 — Test system: Measuring the duty cycle of BR_Range_20K 24 V LIN networks at

20,0 kbit/s — IUT as transmitter

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 92].1 - [EPL-CT 92].18

Initial state

Parameters:

Bus loads See Table 171
Operational conditions:

Viut: [Vsup/Var] See Table 171
VDom_TS oV
VRec_Ts/VPull-up See Table 171
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Table 170 (continued)

IUT node as

Class C device as master [EPL-CT 92].1 - [EPL-CT 92].18

Class C device as slave

Test steps

A LIN communication is established between the test system and the IUT. The highest bit rate
supported by the IUT (but a maximum of 20 kbit/s) is used. Rising and falling edges shall be
less than 500 ns.

Master IUT: The test system records one LIN frame transmitted by the IUT. The exact bit rate
of the IUT is identified by measuring the time between the falling edges of the start bit and bit
7 of the synch byte field in the recorded frame.

tBus_rec(max) and tBus_rec(min) are measured at bit 0 of the synch byte field in the recorded frame.

Slave IUT: TST_FRM_RDBI_0 followed by TST_HDR_SR_3D is transmitted by the test system.
TST_HDR_SR_3D is recorded by the test system. The exact slave bit rate is identified by meas-
uring the time between the falling edges of the start bit and bit 2 of DB3 (RSID = F2y¢) of the
slave answer.

tBus_rec(max) and tBus_rec(min) are measured at bit 1 of DB3 (RSID = F21¢) of the slave answer.

Response

The measured duty cycle D1 shall be greater than or equal to 0,330 for Vsyp = [15,0 Vto 36 V],
the measured duty cycle D2 shall be less than or equal to 0,642 for Vsyp = [15,6 V to 36 V]. If
Vsuyp is not accessible, then Vgar - 0,7 V shall be used for threshold calculation of the duty cycle.

Reference

1SO 17987-4:2016, Table 17
ISO 17987-4:2016, Figure 5

Table 171 defines the test cases “Measuring the duty cycle of BR_Range_20K 24 V LIN networks at
20,0 kbit/s — IUT as transmitter”.

Table 171 — Test cases: Measuring the duty cycle of BR_Range_20K 24 V LIN networks at
20,0 kbit/s — IUT as transmitter

EPL-CT-TC Viu: [Vsur/VBat] | VRec_TS/Vpull-up (g;uss;kg?;) - I:i‘:lt_y c:;czl;ax.
[EPL-CT 92].1 15,0 V/16,0 V 14,0V 1 nF (1 %); 1kQ (0,1 %) 0,330 i
[EPL-CT 92].2 15,0 V/16,0 V 14,6 V 1nF (1 %); 1kQ (0,1 %) 0,330 =)
[EPL-CT 92].3 15,0 V/16,0 V 14,0V 6,8 nF (1%); 66002 (0,1%) | 0,330 —
[EPL-CT 92].4 15,0 V/16,0 V 14,6 V 6,8 nF (1 %); 660 2 (0,1%) | 0,330 =
[EPL-CT 92].5 15,0 V/16,0 V 14,0V 10 nF (1 %); 500 2 (0,1%) | 0,330 =
[EPL-CT 92].6 15,0 V/16,0 V 14,6 V 10 nF (1 %); 5000 (0,1%) | 0,330 —
[EPL-CT 92).7 15,6 V/16,6 V 14,6 V 1 nF (1 %); 1kQ (0,1 %) 0,330 0,642
[EPL-CT 92].8 15,6 V/16,6 V 15,2V 1 nF (1%); 1 kQ (0,1 %) 0,330 0,642
[EPL-CT 92].9 15,6 V/16,6 V 14,6 V 6,8nF (1%);6600(0,1%) | 0,330 | 0,642
[EPL-CT 92].10 15,6 V/16,6 V 152V 6,8 nF (1%); 6600(0,1%) | 0,330 | 0,642
[EPL-CT 92).11 15,6 V/16,6 V 14,6 V 10 nF (1%);5000(0,1%) | 0,330 | 0,642
[EPL-CT 92].12 15,6 V/16,6 V 15,2V 10 nF (1 %); 500 Q (0,1 %) 0,330 0,642
[EPL-CT 92].13 36 V/36,6 V 35,0V 1nF (1 %); 1kQ (0,1 %) 0,330 0,642
[EPL-CT 92).14 36V/36,6 V 35,6V 1nF (1 %); 1 kQ (0,1 %) 0,330 | 0642
[EPL-CT 92].15 36V/36,6V 350V 6,8 nF (1 %); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 92].16 36V/36,6 V 356V 6,8 nF (1 %); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 92].17 36 V/36,6 V 35,0V 10 nF (1%);5000.(0,1%) | 0,330 | 0,642
[EPL-CT 92].18 36 V/36,6 V 35,6V 10 nF (1%);5000(0,1%) | 0,330 | 0,642
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8.5.7 [EPL-CT 93] Propagation delay

8.5.7.1 Propagation delay with minimum/maximum duty cycles

The following test checks the receiver’s internal delay and its symmetry. The test is done indirectly
by setting the duty cycles of the responses transmitted by the test system to the maximum/minimum
values. Furthermore, the test system bit rate is adjustet to achieve a worst case deviation from the IUT.

Bytes sent by the test system would then look as shown in Figure 74 and Figure 75. To reduce testing
effort, only the rising edges are transmitted delayed or in advance, as shown in Figure 76 and Figure 77,
which does not affect the test result.

%VMTA tr tI’

o L | | | | | I, M L ] |
| | | | | | | I I | |
| | | | | | | | | | |
| | | | | | | | | | |
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LU | | | | | | | | | |
[ I I [ I | I |
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Bit || Bit 0 I Bit 1 I Bit 2 I Bit 3 | Bit 4 Il Bit 5 I Bit 6 | Bit 7 II Bit I

Figure 74 — Byte with minimum duty cycle (falling edges transmitted in advance, rising edges

transmitted delayed)
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Figure 75 — Byte with maximum duty cycle (falling edgés transmitted delayed, rising edges
transmitted in advance)
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transmitted in advance)

8.5.7.2 [EPL-CT 94] Propagation delay of BR_Range_10K 24 V LIN networks at 10,417 kbit/s

Figure 78 shows the test configuration of the test system “Propagation delay of BR_Range_10K 24 V LIN
networks at 10,417 kbit/s".
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Figure 78 — Test system: Propagation delay of BR_Range_10K 24 V LIN networks at
10,417 kbit/s

Table 172 defines the test system “Propagation delay of BR_Range_10K 24 V LIN networks at
10,417 kbit/s".

Table 172 — Test system: Propagation delay of BR_Range_10K 24 V LIN networks at
10,417 kbit/s

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 94].1 - [EPL-CT 94].6
[EPL-CT 94].7 - [EPL-CT 94].12

Initial state

Operational conditions:

Viut: [Vsup/VBart]
VDom_TS
vRec_TS/VPuIl-up

See Table 173
oV
See Table 173

Test steps

For master IUTs and slave IUTs without making use of synchronization, a LIN communication
is established between the test system and the IUT. The highest bit rate supported by the IUT
(but a maximum of 10,417 kbit/s) is used. The IUT bit rate FyyT is measured (master bit rate
in synch field, between falling edge of start bit and bit 7; slave bit rate in data byte 1,between
falling edge of start bit and bit 7, possible for values 4016 to 7F1¢).

For slave IUTs with making use of synchronization, Fjyr is set to the nominal bit rate

(e.g. 10,417 kbit/s).

The test system bit rate is adjusted to Frs as defined in Table 173. Froy is 2 % for master IUTs
and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with making

use of synchronization.

The rising and falling edges of the test system data are sent delayed or in advance as defined in

Table 173.

Response

256 consecutive IUT communication cycles are successful.

Reference

ISO 17987-4:2016, Table 19, Param 76, Param 77

ISO 17987-4:2016, Figure 5

Table 173 defines the test cases “Propagation delay of BR_Range_10K 24 V LIN systems at 10,417 kbit/s”
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Table 173 — Test cases: Propagation delay of BR_Range_10K 24 V LIN at 10,417 kbit/s

EPL-CT-TC

ViuT: [Vsup/
Vgar]

VRec_TS/
Vpull-up

Frs

Rising edge

RBus

[EPL-CT 94].1

[EPL-CT 94].2

7,0 V/8,0V

70V

Fiur x (1 -FroL)

Transmitted delayed by t;3 +
tr3;
see Formula (9)

Fiur *x (1 + FroL)

Transmitted delayed by tr4 +
tfa;

see Formula (10)

[EPL-CT 94].3

[EPL-CT 94].4

24,0V/24,6 V

24V

Fiur x (1 - FroL)

Transmitted délayed by t;3 +
tf3;
see Formula (9)

Fiut x (1 + FroL)

Transmitted delayed by ty4 +
te4;
see Formula (10)

[EPL-CT 94].5

[EPL-CT 94].6

36,0 V/36,6 V

36V

Fiur x (1 - FroL)

Transmitted delayed by tr3 +
tf3;

see Formula (9)

Fiur x (1 + FroL)

Transmitted delayed by t4
L4, -

see Formula (10)

30 kO
(0,1 %)

[EPL-CT 94].7

[EPL-CT 94].8

7,0 V/8,0V

Fiut x (1 - FroL)

Transmitted delayed by t;3 +
tf3;
see Formula (9)

70V

Frut x (1 + Frov)

Transmitted delayed by t;4 +
tfs;

see Formula (10)

[EPL-CT 94].9

[EPL-CT 94].10

24,0 V/24,6 V

Flur x (1 - FroL)

Transmitted delayed by t;3 +
tf3;
see Formula (9)

24V

Frur x (1 + FroL)

Transmitted delayed by t;4 +
tra;

see Formula (10)

[EPL-CT 94).11

@)

[EPL-CT 94].12

24,0V/24,6 V

36V

Fiur x (1 -FroL)

Transmitted delayed by t;3 +
tf3;
see Formula (9)

Frut x (1 + FroL)

Transmitted delayed by tr4 +
te4;

see Formula (10)

1k (0,1 %)

r3=tf3

Lty =ty =

BIT 3 falling/rising edges transmitted delay:

© IS0 2016 - All rights reserved

1 1
(0,386 x 2x ——) — ——
3 |tBUS_rec(min) —tgr | Dy i X 2% tgpp) =ty | N Frs© Frg
= = = 9)
2 | 2 2
BIT 3 falling/rising edges transmitted delay:
(0,591 x2x—)—_L
‘tBUS_rec(min) gt I |(Dg min X2 tgp) = tgp l B Frs ™ Frg
= - (10)
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8.5.7.3 [EPL-CT 95] Propagation delay of BR_Range_20K 24 V LIN networks at 20,0 kbit/s

Figure 79 shows the test configuration of the test system “Propagation delay of a BR_Range_20K 24 V
LIN Networks at 20,0 kbit/s".
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Figure 79 — Test system: Propagation delay of a BR_Range_20K 24 V LIN networks at

20,0 kbit/s

Table 174 defines the test system “Propagation delay of BR_Range_20K 24 V LIN networks at 20,0 kbit/s".

Table 174 — Test system: Propagation delay of BR_Range_20K 24 V LIN systems at 20,0kbit/s

IUT node as |Class C device as master [EPL-CT 95].1 - [EPL-CT 95].6
Class C device as slave [EPL-CT 95].7 - [EPL-CT 95].12

Initial state |Operational conditions:
ViuT: [Vsup/VBaT] See Table 175
VDom_Ts ov
vRec_TS/VPu"-up See T._aw

Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communication is
established between the test system and the IUT.
The IUT bit rate Fiyt is measured (master bit rate in synch field, between falling edge of start
bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, possible for
values 4016 to 7F1¢). For slave IUTs with making use of synchronization, Fyyt is set to the nominal
bit rate (i.e. 19,2 kbit/s).
The test system bit rate is adjusted to Frs as defined in Table 175. FroL is 2 % for master IUTs
and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with making use
of synchronization.
The rising and falling edges of the test system data are sent delayed or in advance as defined in
lable 175.

Response 256 consecutive communication cycles are successful.

Reference ISO 17987-4:2016, Table 19, Param 76, Param 77
ISO 17987-4:2016, Figure 5
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Table 175 defines the test cases “Propagation delay of BR_Range_20K 24 V LIN networks at 20,0 kbit/s".

Table 175 — Test cases: Propagation delay of BR_Range_20K 24 V LIN networks at 20,0 kbit/s

EPL-CT-TC ViuT: [Vsup/VBaT] \G}:cﬁm/ Frs Rising edge RBus
ull-up
[EPL-CT 95].1 By % (1= Frot) Transmlst::d delayed by ty1 + tfy;
15,0¥/16,04 Lt T itted delayed by t;2 + tfz;
[EPL-CT 95].2 Frut * (1 + Frou) ransmSee Y y L2 + Lf2;
[EPL-CT 95].3 Fiur* (1= FroL) Transmlst;:d delayled t1)31/ tr1 + tf1;
Formula (11) 30kQ
Gk 24V i itted delayed by t;2 + trp;| (0,1 %)
[EPL-CT 95).4 Flut * (1 + FroL) ra"sm‘se: o aye A !
[EPL-CT 95].5 Fiu * (1 - Frow) Transmlstet:d delayed by tr1 + tf1;
0.0 ViReT SO%; T itted delayed by tr2 + tfp;
[EPL-CT 95].6 Flur (1 + Frow) r""s"“se: P - ayle [|y2] r2 ¥ tez;
[EPL-CT 95].7 Fiyr [~ Frox) Transmlst;:d delayed by tr1 + tf1;
15,0V/16,0V 15,0V T ted delaved bv © T
[EPL-CT 95].8 Frur x (1 + Frow) fansm‘s;: elayed by tr + tf;
[EPL-CT 95].9 Fyuses (1=Far) Transmitted delayed by trq + tfy;
see Formula (11) 1kQ
24,0V/24,6 V 24V ™ tted delaved b 1 (0,1%)
[EPL-CT 95].11 Fiyr= (= Fro1) Transm;t;:d delayed t1)31/ te1 + te1;
36,0V/36,6 V 36V T tted delaved b
[EPL-CT 95].12 FiuT % (1 + Fro) ransm;'ét:E e i : Zy:trZ * 2
BIT 1 falling/rising edges transmitted delay:
1 1
(0,330 x2x —) - —
e i ItBUS_rec[min) ~tair | | (D pmin X 2% tgyr) = tarr | I
tr1 - tfl . o i (11)
2 2 ’
BIT 2 falling/rising edges transmitted delay:
1 1
(0,642%x2x —) - —
e |tBUS_,rec(min) —tyr | ~ I(Dz_min X2xtgp) =ty | _ Frs Frg
tia =tp = = - (12)
2 2 2
8.5.8 Supply voltage offset
8.5.8.1 Purpose
The purpose of this test is to check the robustness in case of Vgar and Ground shift.
8.5.8.2 GND/Vgar shift test — Dynamic
Figure 80 shows the test configuration of the test system “GND/Vpar shift test— Dynamic”.
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Figure 80 — Test system: GND/Vpart shift test — Dynamic
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[EPL-CT 96] IUT GND shift test — Dynamic for BR_Range_20K 24 V LIN networks — at

Table 176 defines the test system of “GND shift is applied to the IUT".

Table 176 — Test system: GND shift is applied to the IUT”

IUT node as

Class C device as master

Class C device as slave

(EPL-CT 96].1 - [EPL-CT 96].4

Initial state

Operational conditions:

VBATTERY See Table 177
VBS_pG 0,1 x VaTTERY [part of VREc_DG/VPull-up]
Vp_pe 1V [part of VRec_bG/Vpull-up] (use OV if Drey_patt is imple-
mented)
VGND_DG 0,03 x VgaTTERY [part of VRec_pG/Vpull-up)
VREC_DG/VPull-up 0,710 x (VBATTERY - VD_DG - VBS_DG ~ VGND_DG); see Figure 80
VDOM_DG 0,302 x (VaTTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
VREC DG
Test system slew rate 1,67 x ————
Coir
VBs_IuT 0,03 x VpaTTERY [part of ViyT]
Vp_ut See Table 177 [part of ViyT] (use O V if DRey Batt is implemented)
Viur VBATTERY - VBS_1uT - VD_1uT = VGND_IUT: see Figure 80]
VGND_IUT [0,5x sin(2 x wx 5 x t) +0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset, [part of Viyt] see Figure 80

Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communica-
tion is established between the test system and the IUT.
The IUT bit rate FiyT is measured (master bit rate in synch field, between falling edge of
start bitand bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7,
possible for values 4014 to 7F1¢).
For slave IUTs with making use of synchronization, FjyT is set to the nominal bit rate
(i.e. 19,2 kbit/s).
The test system bit rate is adjusted to Frs as defined in Table 177. FyoL is 2 % for master
IUTs and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with
making use of synchronization.

Response 256 consecutive IUT communication cycles shall be successful.

Reference ISO 17987-4:2016, Table 15, Param 67, Param 68

ISO 17987-4:2016, Figure 5
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Table 177 defines the test cases of “GND shift is applied to the IUT". Q

Table 177 — Test cases: GND shift is applied to the IUT

EPL-CT-TC Fts VBATTERY IUT node as Vp_iur| Rsus
[EPL-CT 96].1 | Fiyr x (1 - Frou) Class C device as master 30kQ
184V Class C device as slave 1kQ

[EPL-CT 96].2 | Fiur x (1 + FroL) Class C device as master : 30kQ
Class C device as slave 0.4V 1kQ

[EPL-CT 96).3 | Fiyr x (1 - Fro) Class C device as master 30 kQ
414V Class C device as slave 1kQ

[EPL-CT 96].4 | Fiyr x (1 + Fro) Class C device as master 30kQ
Class C device as slave 1kQ

8.5.8.4 [EPL-CT 97] Test System GND shift test for BR_Range_20K 24 V LIN networks —
Dynamic — at 20 kbit/s

Table 178 defines the test system of “GND shift is applied to the test system”.

Table 178 — Test system: GND shift is applied to the test system

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 97].1 - [EPL-CT 97].4

Initial state

Operational conditions:

VBATTERY See Table 179

VBs_DG 0,03 x VparTERY [part of VREC_DG/VPull-up]

Vb_pe 0,4 V [part of VRgc_pG/Vpull-up] (use 0 V if Drey_Batt is imple-
mented)

VeND DG [0,5 x sin(2 x mx 5 x t) + 0,5] x 0,1 x Vgar [part of VRec_pg/

VPull-up]

VREC_DG/VPull-up

0,710 x (VBATTERY - VD_DG - VBS_DG — VGND_DG); see Figure 80

VboM_pG 0,302 x (VBATTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
"
Test system slew rate 1,67 x _REC.DG @: ‘
Uit
VBs_luT 0,1 x VgarTERY [part of Viyr)
Vp_iut See Table 179 [part of Viyt] (use 0 V if DRey_Batt is implemented)
Viur VBATTERY - VBs_1uT - Vp_uT; see Figure 80
Vend_lut 0,03 x VBATTERY; see Figure 80
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Table 178 (continued)

Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communica-
tion is established between the test system and the IUT.

The IUT bit rate Fyt is measured (master bit rate in synch field, between falling edge of
l start bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7,
possible for values 4016 to 7F16).

For slave IUTs with making use of synchronization, Fjyr is set to the nominal bit rate
(i.e. 19,2 kbit/s).

The test system bit rate is adjusted to Fys as defined in Table 179. Froy, is 2 % for master
IUTs and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with
making use of synchronization.

Response 256 consecutive IUT communication cycles shall be successful.
' Reference ISO 17987-4:2016, Table 15, Param 67, Param 68

IS0 17987-4:2016, Figure 5

Table 179 defines the test cases of “GND shift is applied to the test system”.

| Table 179 — Test cases: GND shift is applied to the test system

EPL-CT-TC Frs VBATTERY |IUT node as Vp_1ut [RBUS
Class C device as master 30k
[EPL-CT 97].1 | Fiyr x (1 - FroL) =
o Class C device as slave 1kQ
. Class C device as master ' 30kQ
EPL-CT97].2 | F x(1+F
L I tur > ( ToL) Class C device as slave A 1k
| Class C device as master 30kQ
EPL-CT97].3 | F x(1-F
[ ] tur  ( ToL) AT Class C device as slave 1k
. ’ Class C device as master 30 kQ
EPL-CT97]4 | F x(1+F
L ] ot ( ToL) Class C device as slave 1k

8.5.8.5 [EPL-CT 98] IUT Vgar shift test for BR_Range_20K 24 V LIN networks — Dynamic — at
20 kbit/s

) Table 180 defines the test system of “Vgar shift is applied the IUT”.

|
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Table 180 — Test system: Vpar shift is applied the IUT

IUT node as Class C device as master |[EPL-CT 98].1, [EPL-CT 98].2,
[EPL-CT 98].3, [EPL-CT 98].4
Class C device as slave
Initial state Operational conditions:
VBATTERY See Table 181
VBs_pe [0,5xsin(2 xmx5xt)+0,5] x0,1 x VBATTERY
(5 Hz sinus signal with offset [part of VRec_pc/Vpull-upl
Vb_pe 1V [part of VREc_DG/VPull-up] (use 0V if Drey_gatt is implemented)
VGND_DG 0,03 x VparTtery [part of VREc_pG/Vpuli-up]
VREC_DG/VPull-up 0,710 x (VBATTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
VboMm_bG 0,302 x (VaTTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
VREC_DG
Test system slew rate 1,67 x ————
Loir
VBs_1ut 0,03 x VparTERY [part of ViyT]
Vp_ut See Table 181 [part of ViyT] (use 0 V if DRey_Batt is implemented)
Vigr VBATTERY - VBs_iuT - Vp_juT; see Figure 80
VGND_IUT 0,1 x VBATTERY; see Figure 80
Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communica-

tion is established between the test system and the IUT.

The IUT bit rate Fjyr is measured (master bit rate in synch field, between falling edge of
start bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, pos-
sible for values 4016 to 7F1¢).

For slave IUTs with making use of synchronization, FyyT is set to the nominal bit rate
(i.e. 19,2 kbit/s).

The test system bit rate is adjusted to Frs as defined in Table 181. FoL is 2 % for master
IUTs and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with
making use of synchronization.

Response 256 consecutive IUT communication cycles shall be successful.
Reference ISO 17987-4:2016, Table 15, Param 67, Param 68

ISO 17987-4:2016, Figure 5

Table 181 defines the test cases of “Vgar shift is applied the IUT".

Table 181 — Test cases: Vpar shift is applied the IUT

EPL-CT-TC Frs VBATTERY |IUT node as Vp_1ut |RBUS

[EPL-CT 98].1 | Fyur (1 - FroL) Class C device as master 30 kQ
18,4V Class C device as slave 1kQ

[EPL-CT 98].2 | Fyyr x (1 + FroL) Class C devfce as master 30 kQ
Class C device as slave 0.4V 1kQ

[EPL-CT 98].3 | Fuyr x (1 - Froy) Class C device as master 30 kQ
Class C device as slave 1kQ

ity Class C device as master 30 kQ
[ERL-CT96]4 | Rryoo(L+Froi) Class C device as slave 1kQ
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i S 8.5.8.6 [EPL-CT 99] Test System Vpar shift test for BR_Range_20K 24 V LIN networks —
| Dynamic — at 20 kbit/s
? Table 182 defines the test system of “VpaT shift is applied the test system”. -
=
Table 182 — Test system: Vgar shift is applied the test system
‘ IUT node as ([Class C device as master [EPL-CT 99].1, [EPL-CT 99].2,
[EPL-CT 99].3, [EPL-CT 99].4
Class C device as slave
Initial state |Operational conditions:
3 VBATTERY See Table 183
' VBs_DG 0,03 x VBATTERY [part of VRec_pG/VPull-up)
| Vb DG 0,4V [part of VRec_pG/Vpull-up] (use 0 V if Drey_patt is implemented)
. VGND_DG 0,1 x VparTERY [part of VREc_pG/VPull-up]
i VREC_DG/VPull-up 0,710 x (VBATTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
’! () VDOM_DG 0,302 x (VBATTERY - VD_DG - VBS_DG - VaND_DG); see Figure 80
l VRec.nG
. Test system slew rate 1,67 x ———
3 Cpir
] VBS_luT [0,5 x sin(2 xm x 5 x t) + 0,5] x 0,1 x VBATTERY
: 5 Hz sinus signal with offset [part of ViyT]
i Vp_iut See Table 183 [part of Viyt] (use 0 V if DRey_Batt is implemented)
Viur VBATTERY - VBS_1uT - Vp_iuT - VeNp_1uT; see Figure 80
1 VGND_IUT 0,03 x VBaTTERY; see Figure 80
; Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communication
| is established between the test system and the IUT.
1 The IUT bit rate Fjyt is measured (master bit rate in synch field, between falling edge of start
! bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, possible for
| values 4016 to 7F1g).
} For slave IUTs with making use of synchronization, Fiy is set to the nominal bit rate
! (i.e. 19,2 kbit/s).
j ) The test system bit rate is adjusted to Frs as defined in Table 183. FroL is 2 % for master IUTs
and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with making
’ use of synchronization.
| Response 256 consecutive IUT communication cycles shall be successful.
3 Reference ISO 17987-4:2016, Table 15, Param 67, Param 68
ISO 17987-4:2016, Figure 5
| Table 183 defines the test cases of “Vpar shift is applied the test system”.
|
|
|
|
|
e
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Table 183 — Test cases: Vgt shift is applied the test system

EPL-CT-TC Frs VBaTTERY [IUT node as Vp_iut |RBus
Cl C devi t 30kQ
[EPL-CT 9911 |Fiur x (1 - Froy) ass erce as master
184V Class C device as slave 1kQ
; Class C device as master 30k
EPL-CT 99].2 |F 1+F
[ I r x ( ToL) Class C device as slave T 1kQ
Class C device as master 30 kQ
EPL-CT 99].3 |(F 1-F
[ I ot ( ToL) 44V Class C device as slave 1k
[EPL-CT 99].4 |F (14 Frog) ' Class C device as master 30kQ
o y x (1 +
W ol Class C device as slave 1kQ
8.5.8.7 [EPL-CT 100] IUT GND shift test for BR_Range_10K 24 V LIN networks — Dynamic — at
10,417 kbit/s

Table 184 defines the test system of “GND shift is applied to the IUT".

Table 184 — Test system: GND shift is applied to the IUT

IUT nodeas |Class C device as master  [[EPL-CT 100).1, [EPL-CT 100].2,

[EPL-CT 100].3, [EPL-CT 100].4

Class C device as slave

Initial state |Operational conditions:

VBATTERY See Table 185
VBS_DG 0,1 x VBATTERY [part of VREc_DG/VPull-up)]
Vp_pe 1V [partof VRec_pG/Vpull-up] (use 0 V if Drey Batt is implemented)
VGND_DG oV
VREC_DG/VPull-up 0,744 x (VBATTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
VboM_pG 0,284 x (VATTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
VRrec_pG
Test system slew rate 2,18 x ————
CBir
VBs_IuT 0V, [part of ViyT] see Figure 80
Vb iut See Table 185 [part of Viyt] (use 0 V if DRey patt is implemented)
Viur VBAT - VBs_ut - Vp_iuT - Vonp_tuT; see Figure 80
VGND_IuT (0,5xsin(2 x x5 xt) +0,5) x 0,1 x VBATTERY

5 Hz sinus signal with offset, [part of ViyT]see Figure 80
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Table 184 [cohtinued)

Teststeps

For master IUTs and slave IUTs without making use of synchronization, a LIN communication
is established between the test system and the [UT. The highest bit rate supported by the IUT
{but a maximum of 10,417 kblt/s] isused.

The IUT bit rate Fiyr is measured (master blt rate in synch field, between falllng edge of start
bit and bit 7; slave bit rate in data byte 1, between fallmg edge of start bitand bit 7, possible for
values 401¢ to 7F16).

For slave IUTs with making use of synchromzatlon, Frutis set to the nommal bit rate
(i.e. 19,2 kbit/s).

The test system bitrate is adjusted to Frgas defmed in Table 185, FroL is 2 % for master IUTs
and slave IUTs without making use of synchronization, and 0, 5 % for slave IUTs with making
use of synchronization,

Response

256 consecutive JUT communication cycles shall be successful.

Referelgce

150 17987-4:2016, Table 15, Param 67, Param 68

1SO 17987-4:2016, Figure 5

) % Table 185 defines the test cases of “GND shift is applied to the IUT”
Table 185 — Test cases: GND shift is applied to the IUT
EPL-CT-TC Frs VBATTERY |IUT node as ' Vo wr |Rsus
Class C device as master 30k
EPL-CT 100].1 F 1-F
) ! : ] ot *( ToL) 92V - Class C device as slave : 1kN
(EPL C'f 1001.2 . (1+ Frop) ' Class C device as master 30kn
- . x
T 1o Class C device as slave 0 4-V 1k
[EPL-CT 100].3 . (1 - Fron) Class C device as master ' 30 k0
- . X -
T ToL 414V Class C device as slave 1k
[EPL-CT100).4 | F (1 + Fron) ’ Class C device as master 30kn
- . x + .
T To Class C device as slave 1kQ

8.5.8.8 [EPL-CT 101] Test System GND shift test for 24 V LIN networks — Dynamlc —at
10,417 kbit/s

”@ -Table 186 defines the test system of “GND shiftis appliéd_ to the test system”.
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Table 186 — Test system: GND shift is applied to the test system ‘) @

IUT nodeas |Class Cdevice as master |[EPL-CT 101].1, [EPL-CT 101].2,
[EPL-CT 101).3,[EPL-CT 101] .4

Class C device as slave

Initial state |Operational conditions:

VBATTERY See Table 187
VBs_pG ov
Vo_pg 0,4 V [part of VRec_DG/ Vpull-up) (use O V if DRey_Batt is implemented)
VGND_DG -[[0,5 x sin(2 x x5 x t) + 0,5] x 0,1 x VpaTTERY [part of Vrec_pc/
VPuIl-up]
VREC_D6/ VPull-up 0,744 x (VBaTTERY - VD_DG ~ VBs_DG — VoND_pe); see Eigure 80
VDoM_DG _ 0,284 x (VBATTERY - Vp_bG - VBs_DG - VGND_DG), [part of VREC_ DG/
Vpull-up]; see Figure 80 :
: Veec e
Test system slew rate 2,18 x ——m—
tar ) ‘J Q
VBs_uT 0,1 x VBATTERY [part of ViuT] *
Vo 1uT See Table 187 [part of Viyt] (use 0 V if Drey ate is implemented)
Viur VearTERY - VBS_1uT - Vp_uT - Venp_1uT; see Figure 80
VGNDIUT . 0V [part of ViyT); see Figure 80
Test steps For master [UTs and stave IUTs without making use of synchronization, a LIN communication

is established between the test system and the IUT. The highest bit rate supported by the JUT
(buta maximum of 10,417 kbit/s) is used.

The IUT bit rate Fyyt is measured (master bit rate in synch field, between falling edge of start
bit and bit 7; slave bit rate in data byte 1 between falling edge of start bitand bit 7, possible for
values 4014 to 7F15)-

For slave IUTs with making use of synchromzatlon FluT is set to the nominal bit rate
(i.e. 19,2 kbit/s).

The test system bit rate is adjusted to Frg as defined in Table 187 Frovis 2 % for master IUTs
and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs w1th makmg
use of synchronization. .

Response 256 consecutive IUT communication cycles shall be successful. 0 "
Reference . |1S0 17987-4:2016, Table 15, Param 67, Param 68 @
1SO 17987-4:2016, Figure 5
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. «0 Table 187 defines the test cases of “GND shift is applied to the test system”.

| Table 187 — Test cases of: GND shift is applied to the test system

EPL-CT-TC Frs VearTeEry |IUT node as Voot |RBUs
Class C device as master 30 k0
[EPL-CT101]1 Fror * (1~ Frou) Class Cdevice as slave - : 1k
‘ 92V
i [EPL-CT 101).2 F (1 + Fron) . Class C device as master 30kn
: - . x
! T o Class C device as slave v 1k
Class C device as master 30k
[EPL-CT 101].3 . Fiur = (1 - Frou) Class C device as slave 1k
414V
Class C device as master 30k
[EPL-CT 101).4 Flor= (1 + Frou) Class C device as slave 1k0

8.5.8.9 [EPL-CT 102] IUT Vpar shift test for BR_Range_10K 24 V LIN networks — Dynamic — at -
10,417 kbit/s

Table 188 defines the test system of “Vpar shift is applied the IUT",

Table 188 — Test system: Vgar shift is applied the IUT

IUT nodeas |Class Cdevice as master [EPL-CT 102].1, [EPL-CT 102].2,
[EPL-CT 102].3, [EPL-CT 102].4

Class C device as slave

Initial state |Operational conditions:

VBATTERY See Table 189
VRS DG [0,5xsin{2 xtx5xt)+0,5] x0,1 x VBATTERY
' {5 Hz sinus signal with offset) [part of Vrec_p6/Veull-up)
Vp_pg 1V [part of VRec_D6/Vpull-up] (use OV if Drev_Batt is implemented)
VGND_DG 0V [part of VRec_DG/VPult-up)
VREC_DG/VPullup - 0,744 x (VaTTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
VDOM_DG | 0,284 = (VBATTERY - VD_DG - VBs_DG = VoND_DG); see Figure 80
Test system slew rate - 2,18x% REC.DG
Ceir
Ves_uT 0V [part of Viyr]
Vp_lyt See Table 189 [part of ViyT] (use O V if DRey_Bart is implemented)
Viut VBATTERY - VBs_1uT - Vp_1uT - Vonp_tuT; see Figure 80
VGND_IUT 0,1 x VBATTERY; see Figure 80

@0 .
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Table 188 (continued)

L

Test steps For master [UTs and slave IUTs without making use of synchronization, a LIN communication
is established between the test system and the IUT. The highest bit rate supported by the IUT
(but a maximum of 10,417 kbit/s) is used.

The IUT bit rate FiyT is measured {master bit rate in synch field, between falling edge of start
bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, possible for
values 4016 to 7F1¢).

For slave IUTs with making use of synchronization, Fiyr is set to the nominal bit rate
(i.e. 19,2 kbit/s). '

The test system bit rate is adjusted to Frs as defined in Table 189. FroL is 2 % for master IUTs
and slave [UTs without making use of synchromzatlon and 0,5 % for slave IUTs with making
use of synchronization.

Response 256 consecutive lUT communication cycles shall be successful.

Reference IS0 17987-4:2016, Table 15, Param 67, Param 68

1SQ 17987-4:2016, Figure 5

Table 189 defines the test cases of “Vpar shift is applied the IUT”. .

Table 189 — Test cases of: Vpar shift is applied the 1UT

EPL-CT-TC Fr¢ VeaTrTERY |IUT node as Vpiur |Reus
Class C device as master : 30kQ
EPL-CT 102].1 F 1-F
[ ] ot ( ToL) 92V Class C device as slave 1k
[EPL-CT 102].2 Fuur % (1 + Frot) ! Class C device as master |30k
- . x
adl ToL Class C device as slave : 04V 1kl
, Class C device as master ' 30kQ
[EPL-CT 102].3 Fiut x (1 - FroL) -
414V Class C device as slave 1k
: ! Class C device as master 30k
EPL-CT 102].4 Fiurx(1+F
[. ] ot > Tou) Class C device as slave 1k

8.5.8.10 [EPL-CT 103] Test System VBAT shift test for BR_Range_10K LIN networks — Dynamic —
at 10,417 kbit/s

Table 190 defines the test system of “Vpart shift is applied to the test system’”.
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Table 190 — Test system: Vgt shift is applied to the test system

IUT node as

Class C device as master |[EPL-CT 103].1, [EPL-CT 103].2,

[EPL-CT 103].3, [EPL-CT 103}.4
Class C device as slave

Initial state

Operational conditions:

VBATTERY See Table 191
VBS_DG 0V [part of VRec_pa/Vpull-up)
Vp_pe 0,4V [part of VRec_pG/VPpull-up] (use O V if Drey_gatt is implemented)
VGND_DG 0,1 x VBATTERY, [part of VRec_pG/Vpull-up]
VREC_DG/VPull-up 0,744 x (VBATTERY - VD_DG - VBS_DG - VGND_DG); see Figure 80
Vbom_bc 0,284 x (VBaTTERY - VD_DG - VBS_DG — VGND_DG); see Figure 80
VReC DG
Test system slew rate 2,18 x —————
Cair
VBS_IUT [0,5 xsin(2 xmx5xt)+0,5] x 0,1 x VBATTERY
(5 Hz sinus signal with offset) [part of VjyrT]

Vp_iur See Table 191 [part of ViyT] (use 0 V if Drey_att is implemented)
Viur VBATTERY - VBs_tuT - Vp_iuT - Venp_1uT; see Figure 80
Vend_1uT 0V [part of ViyT]; see Figure 80

Test steps For master 1UTs and slave IUTs without making use of synchronization, a LIN communication
is established between the test system and the IUT. The highest bit rate supported by the IUT
(but a maximum of 10,417 kbit/s) is used.
The IUT bit rate FiyT is measured (master bit rate in synch field, between falling edge of start
bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, possible
for values 4016 to 7F16).
For slave IUTs with making use of synchronization, Fjyr is set to the nominal bit rate
(i.e. 19,2 kbit/s).
The test system bit rate is adjusted to Frs as defined in Table 191. FygL is 2 % for master IUTs
and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with making
use of synchronization.

Response 256 consecutive IUT communication cycles shall be successful.

Reference 1SO 17987-4:2016, Table 15, Param 67, Param 68

ISO 17987-4:2016, Figure 5

Table 191 defines the test cases of “Vgar shift is applied to the test system”.

Table 191 — Test cases of Vpar shift is applied to the test system

EPL-CT-TC Frs VBaTTERY |IUT node as Vo.iur |RBus
[EPL-CT 10311 |Fiyrx (1 - Frol) Class C device as master 30 kQ
92V Class C device as slave 1kQ
Class C device as master 30 kO
[EELCIa0a):2 Fur x (1 + FroL) Class C device as slave : 1y 1kQ
[EPL-CT 103].3 Flur % (1 - Fror) Class C device as master 30kQ
414V Class C device as slave 1kQ
Class C device as master 30kQ
[EFL=CTL08]s Fur > (1 + Fro) Class C device as slave 1kQ
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8.5.9 Failure

8.5.9.1 Purpose

The purpose of this test is to check whether some parasitic reverse currents are flowing into the IUT.

8.5.9.2 [EPL-CT 104] Loss of battery

Figure 81 shows the test configuration of the test system “Loss of battery”.

Remote Controlled
Power Supply 1
Vst
1
1
Viur: [Vsue / Vearl
RwmEas
Implementation '1“5
Under Test LIN T~
GND
Measurement
L

Figure 81 — Test system: Loss of battery

Table 192 defines the test system “Loss of battery”.

Table 192 — Test system: Loss of battery

IUT node as

Class C device as master [EPL-CT 104].1

Class C device as slave

Initial state

Parameters:

RMEAS 10 kQ (0,1 %)

Operational conditions:

ViuT: [Vsup/VBaT] = GND Loss of battery
Failure
0<Vps1<36V
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Table 192 (continued)

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 104].1

Test steps

The power supply is disconnected from the IUT Vgt PIN.
Vps1 = Signal with a 2 V/s ramp in the range [0 V to 36 V] up and down.

Response

During all test, no parasitic current paths shall be formed between the bus line and the IUT.
Igus_No_par shall be less than 100 pA, means 1 V voltage drop over Rmgas = 10 kQ.

After reconnecting battery line, the IUT shall restart after failure recovery.

Reference

ISO 17987-4:2016, Table 15, Param 61

ISO 17987-4:2016, Figure 5

8.5.9.3 [EPL-CT 105] Loss of GND

Figure 82 shows the test configuration of the test system “Loss of GND”.

Power Supply 1

Vps1

Remote Controlled Remote Controlled

Power Supply 2
Ves2

]

i 55

Under Test

GND

Viur: [Vsup / Viarl

Implementation Isus

Rmeas

Measurement

1L

Figure 82 — Test system: Loss of GND

Table 193 defines the test system “Loss of GND”.

Table 193 — Test system: Loss of GND

IUT node as

Class C device as slave

[EPL-CT 105].1

Initial state

Parameters:

RMEAS

1k (0,1 %)

Operational conditions:

ViuT: [Vsup/VBaT]
GNp_1luT = ViuT
Failure

Viur=Vps1 =24V
Local GND shorted to Viyt

Loss of ground

© ISO 2016 - All rights reserved

165



ISO 17987-7:2016(E)

Table 193 (continued)

IUT nodeas |Class Cdevice as slave I [EPL-CT 105].1

Test steps The ground is disconnected from the IUT.

Vpsz = Signal with a 2 V/s ramp in the range [0 V to 36 V] up and down.

During all test, no parasitic current paths shall be formed between the bus line and the IUT.
Response Isus_No_GnD shall be included in +2 mA, means 2 V voltage drop over RMgas = 1 kQ.

After reconnecting ground line, the IUT shall restart after failure recovery.

Reference ISO 17987-4:2016, Table 15, Param 60
ISO 17987-4:2016, Figure 5

8.5.10 [EPL-CT 106] Verifying internal capacitance and dynamic interference — IUT as slave

The purpose of this test is to check the internal capacitance of the IUT under normal and fault conditions.

The IUT shall not interfere dynamically with bus signals when it is in passive (non-transmitting) or
unpowered state.

Figure 83 shows the test configuration of the test system “Verifying internal capacitance and dynamic
interference — IUT as slave”.

Power Supply
Vps sS4
i
S3
ST N o\
GND
Rper
Viur: [Vsup / Vearl v S5A Rcommon
Pulse Generator
Implementation S5B
Under Test
T Crer T Ccommon
GND
I Input Trigger
s2 /~
GND Measurement

i

Figure 83 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

Table 194 defines the Switch settings depending on IUT configuration.

Table 194 — Switch settings depending on IUT configuration

Switch Setting decription

S3 Normally closed. In case where IUT has switchable and deactivated internal pull-up (e.g. in power
loss conditions), open S3.

S4 Normally closed. In case where IUT is a 3-pin node or ECU, where reverse polarity protection is
included in IUT, open S4.

S5A/S5B In case where IUT is connected by a wire harness: During reference measurement, close both S5A and

S5B and disconnect IUT from harness. So the harness capacitance is accounted for in the reference.

Table 195 defines the test system “Verifying internal capacitance and dynamic interference — IUT
as slave”.
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. Table 195 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

IUT node as

Class C device as slave

[EPL-CT 106].1, [EPL-CT 106].2, [EPL-CT 106).3

Initial state

CREF

Parameters:
RcoMMON 1kQ (0,1 %)
CcoMMON 750 pF (1,5 nF + 1,5 nF in series) (1 %)

30 kQ (0,1 %)
250 pF (100 pF || 150 pF parallel) (1 %)

Operational conditions:

ViuT: [Vsup/VBarT]

24V

Test steps The LIN Bus is driven with a 10 kHz rectangular signal with a duty cycle of 50 %.
Rise time <40 ns. Slope time measurements are done at 10 %, 90 % of slope voltage.
S5B closed: Measuring rise time Trgr on a known capacitance of 250 pF + 750 pF.
S5A closed: Measuring rise time Tin, with the IUT internal capacitance + 750 pF.
Response CsLave shall be less than or equal to 250 pF: Tint < TREF.
. The IUT shall not interfere with the dynamic stimulus.
Reference ISO 17987-4:2016, 5.3.6 Param 37

ISO 17987-4:2016, 5.3.9.2

Table 196 — Test cases: Verifying internal capacitance and dynamic interference — IUT as slave

EPL-CT-TC Condition S1 S2
[EPL-CT 106].1 Normal power supply IUT shall be in normal mode. Vps GND
[EPL-CT 106].2 IUT loss of GND (IUT GND shorted to power supply). Vps Vps
[EPL-CT 106].3 IUT loss of Vps (IUT ViyT: [Vsup/VBaT] shorted to GND). GND GND

8.6 Operation mode termination

8.6.1 General

An external resistor Rmeas is switched to the LIN pin. To get the value of the internal resistor, current
. and voltage shall be measured. These values are gathered for two different settings, and the internal

resistance is calculated using Formulae (1), (2), (3) and (4).
Figure 84 shows the test configuration of the test system “Operation mode”.
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Remote Controlled
Power Supply
Vps

i

Viur: [Vsup / Veatl §
Implementation | k- —>
Under Test —nay

GND

LIN lmenlﬂ

I
--.-’

-

Measurement

Rmeasl /2

i

Figure 84 — Test system: Operation mode

8.6.2 [EPL-CT 107] Measuring internal resistor — IUT as slave

Table 197 defines the test system “Measuring internal resistor — IUT as slave”.

Table 197 — Test system: Measuring internal resistor — IUT as slave

IUT nodeas |Class C device as slave [EPL-CT 107].1
Initial state |Parameters:
Rmeas1 10 kQ (0,1 %)
Rmeas2 20kq (0,1 %)

Operational conditions:

ViuT: [Vsup/Vear]

24V

Test steps The IUT shall be in operational/active mode. There is no communication on the LIN bus.
If the IUT incorporates a bus dominant state timeout detection, which disables the IUT’s pull-
up resistor, the measurement shall take place before a timeout is detected.

Response Rint value shall be included in the range [20 kQ; 60 kQ]; see Formula (4).

Reference ISO 17987-4:2016, Table 16, Param 71

8.6.3 [EPL-CT 108] Measuring internal resistor — IUT as master

Table 198 defines the test system “Measuring internal resistor — IUT as master”.

Table 198 — Test system: Measuring internal resistor — IUT as master

IUT node as

Class C device as master

[EPL-CT 108].1

Initial state

Parameters:
Rmeas1 1kQ (0.1 %)
Rmeas2 2k (0,1 %)

Operational conditions:

Viut: [Vsup/Vsart]

24V
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Table 198 (continued)
IUT node as |Class C device as master l [EPL-CT 108].1
Test steps The IUT shall be in operational/active mode. There is no communication on the LIN bus.

If the IUT incorporates a bus dominant state timeout detection, which disables the IUT’s pull-
up resistor, the measurement shall take place before a timeout is detected.

Response Rint value shall be included in the range [900 Q; 1 100 kQ); see Formula (4).
Rmeasl =1 kﬂ (0»1 %), Rmeasz = 2 kﬂ (0,1 %)
Reference ISO 17987-4:2016, Table 16, Param 70

8.7 Static test cases

The motivation of static test cases is to check the availability and the boundaries in the datasheet of
the IUT.

For all integrated circuits every related parameter in Table 199 shall be part of the datasheet and fulfil
the specified boundaries in terms of physical worst case condition. Datasheet parameter names may
deviate from the names in Table 199, but in this case a cross-reference list (datasheet versus Table 199)
shall be provided for this test. Parameter conditions may deviate from the conditions in Table 199, if the
datasheet conditions are according to the physical worst case context in Table 199 at least.

If one parameter does not pass this test, the result of the whole conformance test is “Failed”.
See ISO 17987-4:2016, 5.1.2, 5.3.5.1, 5.3.5.2 and 5.3.8.

Table 199 defines the test system “LIN static test parameters for datasheets of integrated circuits”.

Table 199 — Test system: LIN static test parameters for datasheets of integrated circuits

Con_formance
No| Reference |Parameter| Min. | Max. | Unit (ézr::;;z;/ Valid for test‘::l;:lzsissed -
< 2
1.| Paramé6 tBFS — | 2/16 | tgyr |Value of accuracy of the byte All devices Max. —
field detection
2.| Param7 tEBS 7/16 tgiT |Earliest bit sample time, All devices — Min.
tEBS S tLBs
Param 8 tLBS — |10/16| tgir |Latestbit sample, t|.ps 2 teps All devices Max. —
4. | Param 52 VBaT® 16,0 | 36,0 V  |ECU operating voltage range All devices with Min. Max.

integrated reverse
polarity diode
5.| Param 53 Vsypb 15,0 | 36,0 | V [Supply voltage range All devices without Min. Max.
integrated reverse
polarity diode
6.| Param 54 Vgar? 8,0 [ 36,0 V |ECUoperatingvoltage range All devices with Min. Max.
integrated reverse
polarity diode
7. | Param 55 Vsypb 70 |36,0| V |Supplyvoltage range All devices without Min. Max.

integrated reverse
polarity diode

8. Param 56 | Vsyp non_ | -0,3 | 40,0 | V |Voltage range within which All devices Min. Max.
oP the device is not destroyed; no
guarantee of correct operation.
9. Param 57 | Igys_iM¢ | 75 | 300 | mA |Currentlimitation for driver All devices with Max. Min.
dominant state driver on integrated LIN

transmitter

VBus = VBAT maxd
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Table 199 (continued)
Conformance
: - Comment/ . testis pas'sed if
No| Reference |Parameter| Min. | Max. | Unit condition Valid for value is
< 2
10.| Param 58 | Igys_pas_ -2 —_ mA |Inputleakage current at the All devices with inte- — Min.
dom Receiver incl. grated slave pull-up
2 . |resistor
slave pull-up resistor as speci-
fied in Param 71 driver off
Vaus=0V
VeaT =24V
12.| Param 60 Igus_NoO_ -2 2 mA |Control unit disconnected All devices Max. Min.
GND from ground
GNDpeyice = Vsup
0V<Vgys<36V
Vpar =24V
Loss of local ground shall not
affect communication in the
residual network.
13.| Param 61 |lgys Nno_BaT| — | 100 | pA |Vpatdisconnected All devices Max. —
Vsyp =GND
0<Vpys<36V
Node shall sustain the current
that can flow under this condi-
tion. Bus shall remain opera-
tional under this condition.
14.| Param 62 | VBys_dom | — 0,4 | Vsup [Receiver dominant state All devices with inte- — Max.
grated LIN receiver
15.| Param63 | Vpus_rec | 0,6 | — | Vsup |Receiver recessive state All devices with inte- [ Min. —
grated LIN receiver
16.| Param 64 | Vguys_cnt |0,475(0,525( Vsup |VBus_cNT = (Veh_dom + Vih_ All devices with inte-| Max. Min.
rec)/2¢ grated LIN receiver
17.| Param 65 VHys — 10,175 Vsyp |VHYS = Vth_rec = Vth_dom All devices with inte-| Max. —
grated LIN receiver
18.| Param 72 D1 0,330 — — | THRec(max) = 0,710 x Vsyp; All devices with — Min.
integrated LIN
C(y?:lu;}i) THpom(max) = 0,554 x Vsup; trangsmitter
Vsup=15,0Vto36V; D1 valid for 20 kbit/s
tgiT =50 ps;
D1 = tgus_rec(min)/(2 * tBiT)
19.| Param 73 D2 — 10,642 THRec(min) = 0,446 x Vsyp; All devices with Max. —
integrated LIN
Cglg;x;;;) THpom(min) = 0,302 x Vsup; Bl
Vsup=15,6 Vto 36 V; D2 valid for 20 kbit/s
tgiT =50 ps; .
D2 = tpus_rec(max)/(2 * tBIT)
20.| Param 74 D3 0,386 — — | THRec(max) = 0,744 x Vsup; All devices with — Min.
integrated LIN
C(lzluet%) THpom(max) = 0,581 x Vsup; transmitter
¥ Vsup=70Vto36V; D3 valid for
tait =96 us; 10,417 kbit/s
D3 = tBus_rec(min)/(z x tgT)
170 © IS0 2016 - All rights reserved
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Table 199 (continued)
Conformance
: ; Comment/ i testis pas.sed if
No| Reference |Parameter| Min. [ Max. | Unit candition Valid for value is
< 2
21.| Param 75 D4 — 10,591 — [THRec(min) = 0,422 x Vgyp; All devices with Max. e
. integrated LIN
C(Dluty) THpom(min) = 0,284 X VSUP; | rarsritter
ycle 4 % :
Vsup_-g'g6 V.t° 36V; D4 valid for
IBIT.% 20 S 10,417 kbit/s
D4 = tpus_rec(max)/(2 x tBiT)
22.| Param 76 trx_pd — 6 us [Propagation delay of receiver |All devices with inte-| Max. —
grated LIN receiver
23.| Param 77 trx_sym -2 2 ps |Symmetry of receiver propa- | All devices with inte-| Max. Min.
gation delay rising edge with | grated LIN receiver
respect to falling edge
24.| Param 71 RSLAVE 20 60 kQ |Theserial diode is mandatory. |All devices with inte-| Max. Min.
grated slave pull-up
resistor
25.| Param70 | Rmaster | 900 (1100| Q (Theserial diodeis mandatory. |All devices with Max. Min.
4 . integrated master
Only for valid for transceiver pull-up resistor
with integrated master pull-up
resistor
26.| Param 37 CsLAVE — | 250 | pF [Capacitance of slave node All LIN slave devices | Max. —
27.| 6.3.71 LIN device | — — — [AN LIN device state changes All devices — —
states on conditional events (e.g.
changes temperature shut-down) shall
be specified in the LIN device
datasheet.
28. — LIN trans-| — — — |A maximum LIN transceiver — —
ceiver input capacitance shall be
input ca- specified in the LIN device
pacitance datasheet. Please consider the
datasheet limits (e.g. voltage,
temperature).
a Vpar denotes the supply voltage at the connector of the control unit and may be different from the internal supply Vsup
for electronic components (see 1SO 17987-4:2016, 5.3.2).
b Vsyp denotes the supply voltage at the transceiver inside the control unit and may be different from the external supply
Vgar for control units (see 1ISO 17987-4:2016, 5.3.2).
¢ Igys: Current flowing into the node.
d A transceiver shall be capable to sink at least 40mA. The maximum current flowing into the node shall not exceed
200 mA under DC conditions to avoid possible damage.
€ Vih_dom: receiver threshold of the recessive to dominant LIN bus edge. Vih_rec: receiver threshold of the dominant to
recessive LIN bus edge.
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