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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national

standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a

technical

committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in

the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for its further mainte
degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this documéntmay be the
patent rights. ISO shall not be held responsible for identifying any or all such’patent rights.
any patent rights identified during the development of the document will be in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users an
conpstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific t
expressions related to conformity assessment, as well as information about ISO's adhere
Warld Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT), see ww
isof/foreword.html.

Thjs document was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommit
Data communication.

Aljst of all parts in the ISO 21806 series,can be found on the ISO website.

An]ﬁfl feedback or questions on this do¢ument should be directed to the user’s national standar
complete listing of these bodies,can be found at www.iso.org/members.html.
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Introduction

The Media Oriented Systems Transport (MOST) communication technology was initially developed at
the end of the 1990s in order to support complex audio applications in cars. The MOST Cooperation was
founded in 1998 with the goal to develop and enable the technology for the automotive industry. Today,
MOSTY enables the transport of high Quality of Service (QoS) audio and video together with packet
data and real-time control to support modern automotive multimedia and similar applications. MOST is
a function-oriented communication technology to network a variety of multimedia devices comprising
one or more MOST nodes.

Figure 1 shows a MOST network example.

(e

Datq services
SMS, TIMC, DAB.....

Figure 1 — MOST network example

The MOST| communicationtechnology provides:
— synchironous and iSechronous streaming,
— smalljoverhead for administrative communication control,

— afundtional’'and hierarchical system model,

— API stamdardizatiomr througha functiom btocktFBlock) frammework;

— free partitioning of functionality to real devices,
— service discovery and notification, and
— flexibly scalable automotive-ready Ethernet communication according to ISO/IEC/IEEE 8802-3I2l,

MOST is a synchronous time-division-multiplexing (TDM) network that transports different data types
on separate channels at low latency. MOST supports different bit rates and physical layers. The network
clock is provided with a continuous data signal.

1) MOST® is the registered trademark of Microchip Technology Inc. This information is given for the convenience
of users of this document and does not constitute an endorsement by [SO.
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Within the synchronous base data signal, the content of multiple streaming connections and control
data is transported. For streaming data connections, bandwidth is reserved to avoid interruptions,
collisions, or delays in the transport of the data stream.

MOST specifies mechanisms for sending anisochronous, packet-based data in addition to control data
and streaming data. The transmission of packet-based data is separated from the transmission of
control data and streaming data. None of them interfere with each other.

A MOST network consists of devices that are connected to one common control channel and packet
channel.

In summary, MOST is a network that has mechanisms to transport the various signals and data streams
thgt occur in multimedia and infotainment systems.

The ISO standards maintenance portal (https://standards.iso.org/iso/) provides referencey to MOST
specifications implemented in today's road vehicles because easy access via hyperlink§ to these
spécifications is necessary. It references documents that are normative or informative for [the MOST
velsions 4V0, 3V1, 3V0, and 2V5.

The ISO 21806 series has been established in order to specify requirements and recomnjendations
for] implementing the MOST communication technology into multimiedia devices and to provide
comformance test plans for implementing related test tools and testprocedures.

To pchieve this, the ISO 21806 series is based on the open systems interconnection (OSI) basid reference
mddel in accordance with ISO/IEC 7498-1[1] and ISO/IEC0731[3], which structures comnjunication
syqtems into seven layers as shown in Figure 2. Stream ttransmission applications use a dirgct stream
data interface (transparent) to the data link layer.

© 1S0 2021 - All rights reserved vii
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The Interlrational Organization for Standardization (ISO) draws attention to the fact that it is clainped
iance with this~decument may involve the use of a patent.

that comp

ISO takes

The holdgr of this*patent right has assured ISO that he/she is willing to negotiate licences un
reasonablp and{non-discriminatory terms and conditions with applicants throughout the world
this respeft; the statement of the holder of this patent right is registered with ISO. Information may
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Figure 2 — The IS0-21806 series reference according to the OSI model

ho positionieoncerning the evidence, validity and scope of this patent right.

—

Her
In
be

obtained

rom the patent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those in the patent database. ISO shall not be held responsible for identifying
any or all such patent rights.
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Road vehicles — Media Oriented Systems Transport
(MOST) —

Part 13:
50-Mbit/s balanced media physical layer conformance test

p

1

Th
M

Th

an

Scope

s document specifies the conformance test plan for the 50-Mbit/s balanced.media physic:
ST (MOST50 bPHY), a synchronous time-division-multiplexing network!

s document specifies the basic conformance test measurement-methods, relevant for

compatibility of networks, nodes, and MOST components with.-the requirements sp

ISC

2
Th

21806-12.

Normative references

e following documents are referred to in the text inh such a way that some or all of thg

comstitutes requirements of this document. For dated references, only the edition cited aj

un

IS

Hated references, the latest edition of the referenced document (including any amendment

21806-1, Road vehicles — Media Oriented\Systems Transport (MOST) — Part 1: General ir

and definitions

ISC
me

21806-12, Road vehicles — Media.Oriented Systems Transport (MOST) — Part 12: 50-Mbit,
dia physical layer

1 layer for

verifying
pcified in

ir content
pplies. For
5) applies.

iformation

s balanced

EN| 50289-1-8, Communicatiofi=cables — Specifications for lest methods — Part 1-8: Eledtrical test
mefthods — Attenuation

EN| 50289-1-11, Communication cables — Specifications for lest methods — Part 1-11: Eledtrical test
mefthods — Characteristic impedance, input impedance, return loss

No| JEDEC JESD8C:01,2) interface Standard for Nominal 3 V/3.3 V Supply Digital Integrated Circyits

3 | Terms and definitions

Foy the purposes of this document, the terms and definitions given in ISO 21806-1, ISO 218(06-12 and
the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

2)

Available at https://www.,jedec.org/.
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intersymbol interference

disturbance due to the overflowing into the signal element representing a wanted digit of signal
elements representing preceding or following digits

[SOURCE: IEC Electropedia, 702-08-33]

4 Symbols and abbreviated terms

4.1 Symbots

- empty table cell or feature undefined

£, relative permittivity
F frequency

PRR bit rate

Prs network frame rate

t time

T temperature

Ty ambient temperature
Tryp typical temperature

4.2 Abbreviated terms
AFE analogue frontend

A] alignment jitter

BALUN balanced-unbalanced

BEC balanced mediato.electrical converter
BR bitrate

BTR balancedrmedia transceiver

BW bandwidth

Cfg configuration

CH channel

DC direct current

DSO digital sampling oscilloscope

EBC electrical to balanced media converter
FFT fast Fourier transformation

IUT implementation under test

2 © IS0 2021 - All rights reserved
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MNC MOST network controller

PG pattern generator

PLL phase lock loop

PSD power spectral density

RBW resolution bandwidth

RMS root mean square

SP specification point

TDR time-domain reflectometer

TJ transferred jitter

Ul unit interval

VNA vector network analyser

5 | Conventions

Thjs document is based on OSI service conventions as spegified in ISO/IEC 1073131,
6 | Operating conditions and measuremeiit tools, requested accuracy
6.1 Operating conditions

Temperature range for MOST components:T, = -40 °C to +105 °C according to ISO 21806-12:1

Vo
acg

NO
1IN0

6.2

Ap
me
dis
dej

tage range for MOST components: Vqccy and Viesy, With an operating range of 3,3 V
ording to ISO 21806-12:2021, €lause 10.

TE There are functiondl requirements for the EBC within an extended voltage supply range a
21806-12.

Apparatus — Measurement tools, requested accuracy

hrt from the{m€asurement tools listed in this subclause, depending on the chosen test m|
thod to generate stimuli for the test, further equipment is necessary (e.g. electrical 3
crete filter module to emulate cable transfer function). Performance requirements of such ¢
pbend on-the use case.

Th

021, 11.3.
* 0,165V

Ccording to

ethod and
ttenuator,
Pquipment

p following list provides the measurement tools

6.2.1 Oscilloscope

digital sampling oscilloscope;
sampling rate =5 gigasample/s;
bandwidth =1 GHz;

sampling memory 210 megasample;

active probe (single-ended, differential).

© IS0 2021 - All rights reserved
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6.2.2 VNA or TDR (TDR bandwidth 23,5 GHz).

6.2.3 Ampere meter

— accuracy <2 pA;

— trigger input (for timing measurements).

6.2.4 Pattern generator for generating MOST50 bPHY stress pattern

— bandy

— trigge

7 Elect
LVTTL te

JESD8C.01.

8 Bala

At tO0Mbit/s;

r output (for timing measurements).

rical characteristics

5ting of MOST devices or MOST components shall be performed according to JEDEC

nced media characteristics

8.1 Th

All jitter

eshold for detection of alignment and transferred jitter

easurements are based on detection of edges in thetdata stream. The threshold for detect

edges is set to 0 V of the differential signal (zero-crossingjz,DC offset in the measurements shall

minimize
8.2 RM

In ISO 218
SP3 are de¢

A wavefor
according

VRMS
where

Vems

N

as it may indirectly compromise timing-parameter results, see 10.2 and 10.3.
5 signal amplitude

fined as RMS voltage.

m, signal voltage over time, is acquired on an oscilloscope. The RMS voltage Vs is calcula

to Formula (1).
N
| (1 2
_’,NZ‘{VU)
i=

is the.reot-mean-square signal voltage;

is.the number of time steps with equidistant time interval;

06-12:2021, 9.2, output signal power boundaries for SP2 and minimum input signal power

ng
be

at

fed

€y

4

i

is the voltage amplitude at a specific time step;

is the index of summation.

RMS signal voltage amplitude gives a representation of the average signal power P,, as specified in

Formula (2).
2
VRMs
Py =—1— (2)
av R
where
4 © IS0 2021 - All rights reserved
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P,, is the average signal power in [W];
Vrms  is the root-mean-square signal voltage.
R resistance of 100 Q.

2021(E)

In order to get to a representative average value, it requires a long-term observation. Depending
on the chosen SP2 and applied channel losses, intersymbol interference impact affects the signal to
be measured. It may lead to locally distributed RMS minima and maxima when choosing only short
snippets of the signal. The acquired waveform shall have a minimum length of 125 ps (125 ps equals six

f sel o O L
ragues-witmra tramerateor

DC
am

8.3

PS
to

Sey

do

me

PS

meg

an

the

in
de

seg

Th

£ 40 111
TO l\llL}.

offset in the measurements shall be minimized as it may indirectly compromise RMS.sigt
plitude results, see 10.2 and 10.3.

PSD of SP2 output signal

D as specified in ISO 21806-12:2021, 9.2 is used as a link quality criterion’at SP2. The main
imit pulse shape variations and inherently limit the transmitted signal bandwidth.

reral measurement options are available to perform spectral signal’analysis. A method uj
main data acquisition followed by FFT post-processing is given for reference. Other meg
thods are permitted. In the case of discrepancies, the refereite method shall be used.

D shall be measured with an RMS detector and using an effective RBW of 500 kHz. Besid
asuring PSD with 500 kHz resolution bandwidth, thisycan be achieved by using lower RH
l averaging spectral results in the amount n of overlapping groups of the lower RBW bands {
effect of 500 kHz RBW sliding window (linear scale), (i.e. measurement with RBW 10 kH7
]iverlapping groups of fifty bands, therefore n 250). To achieve statistical representation, th

sity results of multiple trace segments areéveraged to form the final result. The numb
ments contributing to the averaged speetrum equals the sweep time.

e following is an example procedure-for measuring PSD.
The IUT transmitter sends multiple MOST50 bPHY PSD patterns.

Differential signal at termiihated SP2 is measured with a differential probe. Other nj
measure a single ended reépresentation of the differential signal are acceptable (e.g. use BA
test fixture with matched length 50 Q coaxial cables, measured with 2 channels and mat
combination).

An oscilloscope acquires the SP2 signal. To reduce noise in the measurement cha
recommended to use an averaging technique for time domain data acquisition. Selecting os

reciproeal of the acquired duration time. The appropriate duration can be achieved by
hetizontal oscilloscope settings accordingly or by acquiring longer traces and slice the
appropriate trace segments for the further processing.

al voltage

purpose is

Sing time-
isurement

s directly
W setting
o produce
averaged
e spectral
er of trace

ethods to
LUN or use
hematical

hnel, it is
cilloscope

sampling)yrate and acquisition length leads to the inherent RBW for the acquisition, which is the

adjusting
trace into

For further post-processing, FFT algorithm can be applied on the oscilloscope or via proc

essing per

external script on a PC. In frequency domain, PSD is then formed as a moving average (linear scale)

of n consecutive samples of the inherent RBW bands.

To achieve statistical representation, the spectral density results of multiple trace seg
averaged to form the final result. The number of trace segments contributing to the
spectrum equals the sweep time.

ments are
averaged

Described procedure provides spectral density for consecutive 500 kHz bands in the relevant

frequency range and can be directly compared with the limit lines.
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Configuration for a measurement example:

— acquisition length of 1 megasample with sampling rate 10 GHz results in a duration of 100 pus or

inherent RBW of 10 kHz,

— thisresults in an overlap of n = 50 inherent RBW bands to form effective RBW of 500 kHz,

— 100 iterations lead to a sweep time of 10 ms.

Figure 3 shows the example measurement for PSD.

v

106

the upper limit of the PSD,mask.
the lower limit of the PSD mask.

Figure 3 — Example measurement for PSD

107 108 F

sis may also be performed with a spectral analyser. The number of data points can also|be
not produce gapless data in the specified frequency range. Settings are applied that fit the
cribed processing.

4
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Y 1
Integrated MNC
I :
: | ] Rx |
1 BEC : ’: section |
R :
| MNC |
R :
T | ! |
~ EBC €— XX| |
| {1 sectign
I L\ |
Vo R4
Key
1 | MOST device
2 | SP2
3 | SP3
4 | differential probe
5 | oscilloscope
Figure 4 — Test set-up for measuring PSD with an oscilloscope
8.4 Attenuation of electrical interconnect
8.4.1 General
MQST50 bPHY limits the maximum attenuation for an electrical interconnect, formed [of one or
mdre cable pieces and the associated_ couplers and harness connectors. The maximum tqtal length
of [the interconnect is 15 m. THe yattenuation of such an interconnect is frequency-dependent.

ISC

range of 1 MHz to 66 MHz.

Fig

21806-12:2021, 9.3 specifies the maximum tolerable attenuation with a limit line in the

ure 5 shows the test set-up for measuring attenuation of an electrical interconnect.

frequency
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Differential Differential
port1l port 2

A B © D

(p Q (p Q

*
bst Fﬁs
ure ixture

s T

fix|

[
Key

1 VNA

2  metal

3  isolati

4  interc

]

8.4.2 T¢

The evalu

performed with a network analyser, using a 4-port arrangement.

843 E;

A test fixt
equipmen

When acq
under tesf
vice versal

NOTE

‘NDHW \ GND

\sFixture GND Fixfure GND ‘s

blane (GND reference)
bn layer
nnect under test

Figure 5 — Test set-up for measuring attenuation of an electrical interconnect

st procedure general

ation of cable attenuation shall-follow the principle as specified in EN 50289-1-8. This

tample set-up test procedure

ure is being used‘té-connect the differential cable system to the single ended measurem
L. For details see Ahnex C. The status of Annex C is informative.

, extract\the magnitude of the transfer characteristic from differential port 1 to port 2 §

(differential insertion loss: SDD21 and SDD12) in dB-scale.

The) cable attenuation varies with environmental conditions (e.g. temperature) and also depends

is

ent

hiring a complete set of the mixed mode scatter parameters (S-parameters) for an interconngect

nd

on

production

process, properties of used materials and stability of geometric properties. It also depends on

way the interconnect under test is being arranged for the test.

he

The cable under test shall be placed on an arrangement with metal plane (GND-reference) at the bottom
and an isolation layer (thickness 10 mm, £, < 1,4) on top. The cable shall be placed on top of the isolation
layer, the cable shall be laid out with a minimum distance of 30 mm between the cable portions (either
meander shaped on a flat plane or cable assembled on a conductive drum with a minimum distance to
each winding). GND of test fixture shall be connected to the metal plane.

8.4.4 Test procedure for data acquisition

Figure 6 shows the example measurement of attenuation of an electrical interconnect.
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Key

A | attenuation [dB]
F | frequency [Hz]

1 | example 1

2 | example 2

3 | attenuation limit

Figure 6 — Example measurement of attenuation of an electrical interconnect

8.4.5 Impact of attenuation onthe data signal

The attenuation characterjstic'of electrical interconnect follows a function of frequency. Thefefore, the
spéctrum of a data signal'being fed into such channel shall be attenuated in a non-uniforg manner.
Atfenuation affects high/frequencies more than low frequencies. In consequence, transifion times
degrease. Shorter pulsés of the signal might not achieve full amplitude swing anymore. The effect is
called intersymbdlinterference.

The graph in Figure 7 gives an example: the SP2 signal starts with a nearly uniform amplitjude on all
pulses. A stiall intersymbol interference effect is already visible, which is caused by AFE bandl-filtering.
The SP3isignal shows the resulting signal shape after having passed a typical electrical intgrconnect.
Additional intersymbol interference is visible.

© IS0 2021 - All rights reserved 9
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o

Figure 7 — Example me@lrement of impact of attenuation on data signal

O

racteristic imped@ of balanced media

jstic impedance %%lanced media shall be determined using time domain reflectometer 2
the space-res d wave resistance. Alternatively, frequency domain measurement resy

hum r ement to adequately evaluate the cable impedance in the context of the specif]
h i%e n by the rise time of the time-domain reflectometry signal; it shall be <1 ns. T

signal fre

tlme that equals 0, 35 d1v1ded by the max1mum 51gna1 frequency, while the maxim

with at least 3 5 GHZ bandw1dth which corresponds to a rise time of a maximum of 100 ps, and post-
filtering to adjust for MOST50 bPHY bandwidth requirements.

The TDR shall have two channels (CH1, CH2). The two channels shall be adjusted differentially. The near
end of the electrical interconnect under test is connected to the TDR. The two wires of the pair shall be
connected to the differential input of the measuring instrument. The two connection cables shall have
the same high-frequency characteristics and should match with respect to length, phase velocity and
attenuation. At the connection level, the ground potentials of the two lines shall be connected to one

another. T

10

he far end of the interconnect under test can remain open.
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The TDR presents the result either as a differential impedance profile or as two single ended impedance
profiles. For two profiles, the differential impedance of the pair is the sum of the two individual
impedances as specified in Formula (3).

Zycable =ZTDR_CH1 T ZTDR_CH2

where

Zjcable is the characteristic impedance of the cable;

3

ISC

components. Therefore, it is permitted to gate out area around the connéctor compor

int|

Fig
the

Ul s W N

ZTDR_CcH1 is the characteristic impedance of the TDR channel 1;
ZTDR_CH2 is the characteristic impedance of the TDR channel 2.

21806-12 does not define explicit requirements for impedance matching of connector al

prconnect under test shall be evaluated from both ends.

ure 8 shows the test set-up for measuring characteristic impedance-of balanced media, s
left end of the IUT.

1
/ N\

Differential
port

AN
N

CH1 2

o2 2

nd coupler
ents. The

imulating

TDR

metal plane (GND reference)
interconnéctunder test

IUT with'epen end

isolation layer

Figure 8 — Test set-up for measuring characteristic impedance of balanced media,

stimulating left end of IUT

Figure 9 shows the test set-up for measuring characteristic impedance of balanced media, stimulating
the right end of the IUT.

© IS0 2021 - All rights reserved
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Key

Ul s W N =

Figure 10 shows the example measurement for~characteristic impedance of balanced media.

12

1
A

Differential
port

CH1 CH2
® ©)

Fixture GND \s(|

TDR

metal plane (GND reference)
intercgnnect under test

IUT with open end

isolatipn layer

Figure 9 — Test set-up for measuring characteristic impedance of balanced media,

stimulating right'end of IUT
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|
1404 ] .
N
|
7 I
|
|
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|
|
|
100+
B0
Key
t | time
Y | characteristic impedance
1 | test fixture and connector
2 | upper boundary
3 | openend
4 | lower boundary
Figure 10 — Example measurement for characteristic impedance of balanced mgdia
8.6 RL of PCB interfaces
Signals going to orrcoming from balanced media interconnect are electrically connected opn the PCB
angl finally end af the transceivers. The combination of board traces, passive components gnd board
comnector is stunmmarized under the term analogue front-end (AFE). This portion of the link should
closely mateh ‘the characteristic line impedance. Deviations in impedance matching cause reflections;
RL|is the atio between transmitted and the reflected signal energy.
ISQ) 21806-12:2021, 9.3 specifies a limit line in the frequency domain; the measurement, howeyer, can be
do ho9h fImn or Frannc\nr‘n domain Tho maacuramaont cotaunic o difforantial cinaglao nnri— con lguratlon,

TSIt S OITToITr T 11 e OO UL CIITCIIC OCt O 1o o SHIr o CIrerot O It orC P OtT

emitting a signal into the PCB interface under test (SP2 and SP3) and measuring the reflected energy.

The result shall be transferred to magnitude in dB scale and compared with the limit line.

A test fixture is being used to connect the differential cable system to the single ended measurement
equipment. For details see Annex C.

A precondition is that the ECU is configured for a test mode according to Table 1, which specifies the
conditions for RL measurement of PCB interfaces.

© IS0 2021 - All rights reserved
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Table 1 — Conditions for RL measurement of PCB interfaces

Test mode Test case

Condition

SP2 silent

mode RL at SP2

Test mode shall ensure:

EBC impedance with AFE impairment detectable;

EBC does not emit data transitions.

SP3 silent mode |RL at SP3 Test mode shall ensure:
— bEC1mpedance with AFE 1mpairment detectable;
— novalid data signal present, while stimuli from TDR or VNA may, gccur.
NOTE Bapsed on the implementation of EBC and BEC functionality, the termination is detectable when the MNC is yin-
powered, ppwered, or powered and configured specifically.
Figure 11 shows the measurement set-up for evaluation RL of PCB interfaces.
L Vs
o
8(}grated MNC
R .
i |  Rx |
D O —p! :
Differential BEC : : section :
Port 2 ¢ N I
4 | MNC |
________ 1 |
] . B G i i : Tx :
Diferena s
A G ] I i
Key
1 VNA
2 SP2
3 SP3
4 test fixture
5 MOST device
Figure ¥I'— Measurement set-up for evaluation RL of PCB interfaces
[SO 21804-12 does not define specific requirements in resolution or scale of the frequency axis for RIL.
NOTE [tis)solely in the responsibility of the supplier to apply appropriate settings.

Figure 12 shows a valid example plot of RL measurements for various PCB interfaces.

14
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Y
0
-5
-10
-15
-20
-25
-30
-35
-40
106
Key
F | frequency [Hz]
Y | return loss [dB]
1 | limitline
2 | example 1
3 | example 2
4 | example 3
5 | example 4

Figure 12 — Example RL;mieasurement of PCB interfaces

Tithe-domain reflectometry is another valuable method to evaluate impedance characteristic of such
PCB interfaces. A TDR sends a pulse.into the PCB interface and measures the response in fnagnitude
andl delay. The result usually is a plot of impedance over propagation time. For comparison with the
spé¢cified limit line, the TDR result is converted to the frequency domain.

8.7 Receive tolerance

8.7.1 General

Evaluation of areceive tolerance means to apply worst case signals to SP3 and check the ab}lity of the
redeiver to corsectly recover clock and data. The challenge here is to find out what worst case[means for
a rgceiver,which conditions are relevant, and how to create such scenarios.

For better visibility, the block diagrams in 8.7.2, 8.7.3, and 8.7.4 specify simplified set-ups.

8.7.2 Pattern generator

The pattern generator is used to create MOST patterns, mainly for SP2. Such a pattern generator shall
be able to create a signal that meets SP2 signal quality requirements (e.g. differential output signal,
variation within extremes of timing distortion, adjustable output voltage).

Figure 13 shows the graphical element that represents a pattern generator.
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Figure 13 — Pattern generator

8.7.3 Arbitrary signal generator
The arbitrjary signal generator is used to create MOST patterns, for SP2 and SP3.

The arbitfary signal generator is used to emulate pulse shape and timing, which includes sig

variations

electrical [nterconnects.

Figure 14

8.7.4 C4gble assembly or its analogue representation

The cable|assembly or its analogue represéentation is used to emulate attenuation as produced by

as produced by a differential driver in combination with variations added(by AFE or/d

hows the graphical element that represents an arbitrary signal generator.

Figure 14 — Arbitrary signal generator

nal
nd

an

electrical finterconnect. This can be either-real cables with known transfer characteristics, analogue

modules gmulating such cable transfer‘characteristic or combinations of both.

Figure 15 [shows the graphical element that represents a cable assembly or its analogue representation.

SV > V-

Figure 15 — Cable assembly or its analogue representation

8.7.5 Stimulus creation for SP3

Based on ISO 21806-12:2021, 9.4, the following impacts on signal quality at SP3 should be considered:

— valid MOST data starts from SP2 (all variations permitted, e.g. minimum and maximum voltage
amplitude Vs, PSD, and jitter);

— signal

is attenuated when travelling through the interconnect;

— some additional but minor losses occur at the interface between cable to PCB (SP3);

16
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— for activity detection, other patterns (lower frequency content) than valid MOST patterns are used.

Signal with lower amplitude or additional attenuation may be used for evaluating on-state/off-state
thresholds.

There are three basic test set-ups which may be used to emulate above listed influences and stress an
BEC under test. Table 2 specifies the configurations A and B.

Table 2 — Basic test set-ups for configuration A and B

Cf EBC emulation Wire harness emulation BEC under test
g {seekeyl-ofEigure16) {seekey2-ofEigure 16} — ' {see key3-ofEigure 16)
A |Pattern generator, signal Frequency dependent Apply stimulus-fo BEC;

conditioner, attenuator:

square wave, with frequency
<10 kHz, and up to 75 MHz;

MOST50 bPHY stress pattern.

attenuation:

use specific circuitry, emulating
cable characteristic with
analogue filters;

a few characteristics may be
combined onnone PCB.

conditioner, attenuator: attenuation: .
check for)sufficient/
— square wave, with frequency|— wuse real cables in various|requested tolerance at
<10 kHz and up to 75 MHz; combinations, it requires pre-|BEC.
selected cables and components.
— MOST50 bPHY stress pattern.
B |Pattern generator, signal Frequency dependent Apply stimulus fo BEC;

check for sufficient/

requested toler

BEC.

hince at

Figure 16 defines the test set-up for BEC under test forconfiguration A and B.

1

2

PYRTES H\/vwmi\/vw»

Key

BSwWw N R

EBC emulation

wire harness emulation

SP3

MOST devieet. BEC under test

Figure 16 — Test set-up for BEC under test - Configuration A and B

Integrated NINC

Table 3 specifies the basic test set-up for configuration C.

Table 3 — Basic test set-up for configuration C

emulation:

processing various patterns, including various signal conditions;
adding frequency dependent attenuation;

additional attenuation may be needed.

Cf EBC and wire harness emulation BEC under test
g (see key 1 of Figure 17) (see key 2 of Figure 17)
C |Usingan arbitrary signal generator - combining signal generation with cable | Apply stimulus to BEC;

check for sufficient/
requested tolerance at

BEC.

© IS0 2021 - All rights reserved
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2
1

3 Integrated MNC

\\

\f === e " r———————= 1
1 X ] | | MNC |
L } AFE =—p BEC —» Rx |
j n | : : { | section |

Key

1 EBC and wire harness emulation

2 MOST
SP3

If an atteTator is needed, use either:

— the di
N), or]

— the s
differ

Table 4 dé

device: BEC under test

Figure 17 — Test set-up for BEC under test - Configuration €

ferential signal from the generator and symmetrical attenuatioh on both signal lines (P §

ngle ended signal from the generator, attenuator fellowed by BALUN (conversion i
bntial signal).

scribes the advantages and disadvantages of the suggested set-ups.

Table 4 — Advantages and disadvantages of the suggested set-ups

nd

nto

Cfg

Advantage Disadvantage

m
qu

A, B |Wijre harness/cable emulation can be re=used Fixed structure, not adaptable, practically low

real network-links, multi node networks, number of test scenarios are applicable.
hlification testing, end-of-line testing, etc.

C Fldg
e

Q) =

xibility in generating multiple stress scenarios, |Not usable in real links, it cannot be reused in
by adaptation for new configutations. other test areas.

9 Meas

9.1 Gen

Phase val
spectral ¢
measurern

jurement of phase variation

eral

iation \iS caused by data stream noise and distortion in the time domain. Based
pntent of the variation, sub-categories of phase variation are defined. Table 5 specifies

on
Lhe

ent of phase variation.

Table 5 — Measurement of phase variation

Phase variation Spectral limit

Wander

0 Hz to 10 Hz

Transferred jitter (T]) Jitter between 10 Hz and the limit given by the jitter filter

Alignment jitter (A]) Jitter with spectral content above the limit given by the Golden PLL

Figure 18

18

shows the sub-categories of phase variation.
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jitter

frequency

J

F

1 | wander
2 | transferred jitter
3

alignment jitter
Figure 18 — Sub-categories.of phase variation

MQST is a synchronous network; therefore, separating T] and A] is necessary. Due to the codi
used, a clock signal is embedded in the data stream. The receive unit of a node recovers th
sampling the received data stream from the-data stream itself. The clock for sampling the o
of this node is derived from the recovered-élock, which causes a certain correlation in phas
thg receive unit and the output section-of-a node.

Cldck recovery is realized by using a phase locked loop (PLL). The PLL enables the caj
tracking of phase variations. Phase variation in a lower spectral range on an incoming data

hg scheme
e clock for
Itput data
e between

pability of
stream is

compensated by aligning the"clock’s phase accordingly. Therefore, low frequency jitter does not impact

the¢ data recovery. The clockfor generating the output data, which is derived from the recov

clock, is affected by the(@lignment process and may transfer phase variation from input to o:[put.

High frequency jitterncannot be tracked by the PLL and leads to a temporary misalignme
sampling clock-and input data, which limits the ability of error-free data recovery. A
mifalignment(maximum alignment jitter) to be tolerated is defined with the eye mask
specification point.

The dynamic characteristics of a PLL for a MOST node are covered by the physical layer sp
withCtwo definitions.

bred input

between
maximum
b for each

bcification

a) Golden PLL:

The Golden PLL is given in the form of a transfer function representing a low-pass filter. The Golden

PLL serves two purposes.

1) Itis used as a measurement tool for generating a time base, which is required for forming eye
diagrams and determining AJ at each SP along a link. Based on the recovered Ul clock an eye

diagram is drawn. Eye masks, defined for each SP give the limits for A] respectively.

2) It determines the behaviour of an MNC when jitter is applied to its input data. It marks the

minimum capability of a PLL to track incoming phase variations. Jitter within th

e spectral

range described by the low-pass filter is tracked by aligning the clock. Jitter beyond the
spectral range described by the low-pass filter may lead to misalignment. The Golden PLL in

© IS0 2021 - All rights reserved
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b)

9.2 Measuring alignment jitter

combination with the eye mask for SP3 receiver tolerance specifies the minimum AJ tolerance
of an MNC'’s receive section.

Jitter filter:

The jitter filter is given in the form of a transfer function representing a low-pass filter. It serves
two purposes.

1) Itisused as a measurement tool for extracting transferred jitter (T]) out of the total jitter.

2) Additionally, it determines the worst-case jitter transfer characteristic over an MNC. Jitter
bfTow tThe spectral range described by the low-pass Iilter may be tracked by a PLL. The _dpta
sfream being generated by this MNC and sampled with the recovered clock may transfer this
lgw-frequency part of the total jitter.

Table 6 splecifies a procedure for detecting AJ in a data stream. Oscilloscopes, appropriate for the jitter
measurenjents, are digital sampling oscilloscopes (DSO) with deep sampling’ memory and spegial

software modules for serial data analysis.

Table 6 — A] measuring procedure

Actidn Description
Acquiring A probe (active differential or single-ended probe acgording to the SP under test) is connecfed
a wavefor to the IUT. The vertical scale is adjusted to achieveasufficient vertical resolution. A sequerce

of the data stream (“waveform”) is sampled intorthe oscilloscope’s memory.

Clockrecovery |The DCA-coded MOST50 data stream contains clock and data. In a first step, the oscilloscqpe

shall extract the clock.

Data pulses range from 2 Ul to 6 Ul yielding five different pulse widths (2 Ul, 3 U], 4 U], 5 U1,
and 6 UI). The required clock has a«¢ycle time of 1 UI, which is twice the bit rate (i.e. for a pgJ of
48 kHz, the bit rate is 49,152 Mbit/s and the Ul clock is 98,304 MHz).

A method of extracting theUIclock from a waveform is a mandatory function to be provided
with the oscilloscope. In a fif'st step, the recovered Ul clock is a linear approximation that fiits
best to the acquired waveform in terms of phase and frequency. MOST50 specifies that the

Golden PLL is applied on'positive edges of the data stream only; the approximation of the clodk’s
phase shall be performed with regard to the rising edges of the data stream only.

Applying lpw- Once a first derivate of the Ul clock is approximated, there might still be phase differenges
pass filter|given |between rising data edges and the recovered Ul clock, called time interval errors. Applying
by Golden|PLL  |the low-pdss filter (given by the Golden PLL) to the sequence of consecutive time interyal

errorgresults in a filtered phase deviation sequence. This sequence represents the minimf@im
capability of the MNC to track incoming phase variations by adjusting the phase of its sampling
clock. In order to recover this sampling clock, phases of the first derivate of the Ul clock shall
be compensated by the sequence of filtered phase deviations.

The resulting new Ul clock, which is used for further calculations, now represents the base|Ul
clockincorporated in the data stream, overlaid with a modulation in phase that follows phdse
variations in the data stream. However, modulation capability is limited in spectrum given by
the Golden PLL.

Calculating Alignment jitter is the phase deviation between any edge of the waveform and the correlating
alignment jitter |transition of the recovered UI clock. Calculating the misalignment between clock and data for

each data transition and drawing the successive phase deviations over runtime in a graph result
in an “AJ track”, which is the base for further evaluations. Calculating a frequency distribution
out of the phase deviation results in an “AJ jitter histogram”.

20
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Action

Description

Drawing the
eye diagram

For drawing the eye diagram, the waveform is sliced into intervals of 1 Ul length ali
the Ul clock. The sliced waveform segments plus some overhead (i.e. 0,25 UI on both sides) are

overlaid in one graph.

As shown in Figure 19, each transition is drawn twice, first on the left side and sec

right side of the diagram. Therefore, the statistical distribution of transitions at the threshold

level is identical on both sides of the eye diagram.

Duty cycle distortion (DCD), if it exists, shifts the eye towards the mask. In the show

igned with

ond on the

n example,

logic 0 pulses are shorter than logic 1 pulses. The Ul clock is referenced to risingjedges, which
causes the rising edges to be adjusted to the Ul borders, while the falling edges are|shifted by

the amount of the DCD.

Paks/fail test Signal integrity shall be checked using eye masks. The masks are definédyas keeptout areas;

usjng eye each violation is interpreted as a bit error.

mysks The masks are defined by hexagons with points A, B, C, D, E, and F;Roints A and D afe limiting
A] while B, C, E, and F build constraints for amplitude and pulse’shdpe.

Bit error rate The requested BER of 109 is represented by an eye diagramrshowing at least 102 bits without
violation of the mask.
1 bitis represented in 2 Ul Therefore, at least 2 x 109 samples are required.
Alternatively, statistical methods for accelerated-testing of BER are acceptable. Selection of a
method for extrapolation and definition of therequired database to be measured fqr extrapo-
lation is in the responsibility of the user.

Figure 19 shows the example 1 of measuring alignment jitter. The UI clock is fitted in freqpency and

ph
ris

hse to the waveform. Remaining phase deviatiofistare marked in the diagram. Phase dev
ng edges are shown in the time interval errorgraph.

ations for
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Figure 19 — Example 1 oBh\easuring alignment jitter
X

[n many oscilloscopes, visualizatio&ﬁéﬁe recovered Ul clock is not possible.

shows the example 2 of measuring alignment jitter. The sliced waveform segments
the waveform graph. Theﬁ;nents are overlaid in eye diagrams.
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Figure 20 - Example 2 of measuring alignment jitter

9.3 Measuring transferred jitter

Talple 7 specifies a pracedure of determining T] in a measured data stream.

Table 7 — Measuring transferred jitter

Action Description

Acguiring For this measurement, the maximum available sampling memory of the oscillogcope shall

a Wwavéform be used. A probe (active differential or single-ended probe according to the SP unider test) is
connected to the [UT interface. The vertical scale is adjusted to achieve a sufficignt vertical

Tesolution, see 8.1 and 8.Z. A SEqUence of the data stream, which 1s referred to as waveform,
is sampled into the oscilloscope’s memory.

TJ] is defined in the spectrum from 10 Hz (beyond wander) to 100 kHz. The determination
of this jitter is limited by the size of memory of the oscilloscope.
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Table 7 (continued)

Action

Description

Clock recovery

Similar to the A] measurement procedure, the clock shall be extracted. Clock separation is

provided by an oscilloscope internal function.

Similar to the A] measurement procedure, the recovered Ul clock is a linear approximation
that fits best to the acquired waveform in terms of phase and frequency. The approximation of
the clock’s phase shall be performed with regard to the rising edges of the data stream only.

In contrast to the A] measurement procedure, a PLL functionality for tracking phase vari-
ations is basically not necessary. Small deviations in the detected bit-rate might grow to a

significant phase mismatch over the length of the acquired waveform and, therefore, affect
further results. To enable a robust measurement procedure, it is tolerable to apply a PLL wjth
lowest possible bandwidth (as close as possible to 10 Hz).
Extracting Jitter is the phase deviation between an edge of the waveform and the correlating transitjon
transferred jitter |of the recovered Ul clock. For transferred jitter, only phase variations coming with ris}Jng
edges of the waveform are relevant because only these deviations are tracked by the PLL
and impact the recovered clock’s phase.
Calculating the misalignment between clock and data for rising edges’and drawing the sfic-
cessive phase deviations over runtime in a graph result in a “jittertrack”.
Successive phase deviations appear in pulse time intervals (2 U1, 3 U], 4 U], 5 U], and 6 4I),
which correspond to the theoretical maximum jitter freqiencies up to 150 MHz. With fe-
spect to the focused spectral range 10 Hz to 200 kHz,itis acceptable to reduce the amoynt
of jitter values by skipping samples in regular interyals! The reduction might be helpful for
accelerating the measurement process.
In the next step, this jitter track (optionally redtced) shall be low passed, using the transfer
function given with the jitter filter definitionywhich results in the “filtered jitter”.
Calculating Transferred jitter is calculated by accumulating the phase deviations of the filtered jitter|by
transferred jitter |using the root-mean-square method.(Vx)s) as specified in Formula (4).
If the spectrum of the filtered jitter contains values below 10 Hz (e.g. caused by a const3nt
phase mismatch between clock and data), the standard deviation as specified in Formula {5)
may be calculated instead ofthe vyps.
VRMS T (4)
where
vams | is the transferred jitter, calculated using the root-mean-square method;
N is the number of samples;
i is th&gihdex of summation;
1% is)the phase deviation.
1 N
2
Spey = NZ(Vi _Vmean) (5)
i=1
where
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Spey  is the standard deviation;

N is the number of samples;
i is the index of summation;
1% is the phase deviation;

Viean 1S the mean (average) phase deviation.

EXAMPLE of measuring transferred jitter

— | Figure 21 upper graph: successive phase deviations are shown over runtime (jitter unfilg% weighting

-

with the jitter filter leads to the low-passed version (jitter filtered); (1/

— | Figure 21 lower graph: successive phase deviations but reduced by factor 10 are showéza{/er rungime (jitter

unfiltered), weighting with the jitter filter leads to the low-passed version (jitter fi@red).
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Successive phase deviations are shown over runtime (jitter unfiltered), weighting with the jitter filter leads to
the low-passed version (jitter filtered).

Successive phase deviations but reduced by factor 10 are shown over runtime (jitter unfiltered), weighting with
the jitter filter leads to the low-passed version (jitter filtered).

Figure 21 — Example of measuring transferred jitter
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10 Test set-ups

10.1 General
This clause discusses measurement set-ups, suggested to determine link quality parameters as specified

in ISO 21806-12:2021, Clause 9. Suggested set-ups are targeting evaluation of signal amplitude, PSD and
timing distortion at the output of an ECU.

10.2 Set-ups for SP2 link quality

For evalugting SP2 link quality, the ECU is set to an appropriate test mode. This is in order to deliyer
the appropriate test pattern for the respective parameter being tested. The MNC implements such tlest
modes for[SP2 link quality evaluation.

Table 8 spgcifies the SP2 link quality evaluation, see Annex D. The status of Annex D is informative.

Table 8 — SP2 link quality evaluation

Test pode Test case Condition
MOST50 bPHY SP2 link quality: Data signal at SR2"provides data content ajs
stress patfern — signal voltage amplitude Vs specified for MOST50 bPHY stress pattert].

— alignment jitter, according to eye mask

— transferred jitter J, ,.
MOST50 bPHY PSD [SP2 link quality: PSD according to PSD Data signal at SP2 provides data content as
pattern mask. specified for MOST50 bPHY PSD pattern.
SP2 silent mode DC offset compensation for SP2 link\quality |Test mode shall ensure:
— EBC impedance with AFE impairmgnt
detectable;

— EBC does not emit data transitions.

Two optiops for link quality measurement set-up for SP2 exist.

Option 1: fonnect SP2 directly to‘two 50 ) terminated oscilloscope channels and use MATH functi¢ns
inside th¢ oscilloscope to create the differential signal. A test fixture is being used to connect fhe
differentigl port to the single.ended measurement equipment. Matched single ended cable shall be used.
For detail§ see Annex C .

Figure 22 [shows the measurement set-up for SP2, option 1.
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Figure 22 — Measurement set-up for SP2 - Option 1

Option 2: add a 100 Q termination to the differential signal at SP2 and use a differential probe, fonnected
to an oscilloscope channel.
Figure 23 shows the measurement set-up for SP2, option 2.
/ 1
3 Integrated MNC
Rx
\ R —
[ N\ | I | i
o I ! : Rx I
o AFE | ", BEC : ’: sectidn |
2 P | [ :
4 ‘\\ Tx | MN( i
[ L I |
| ol L |
] AFE < EBC € X[
: : i : sectiqn |
b 1000 |[beom ' N . —
Key
1 MOST device
2 SP2
3 SP3
4  differential probe
5 oscilloscope
Figure 23 — Measurement set-up for SP2 - Option 2
Figure 24 shows an example of the SP2 eye diagram, option 2.
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Compensdtion of DC offset is performed as follows.

and RMS gignal voltage amplitude results. With shown set-up options

&

Figure 24 — Example of the SP2 eye diagram - Option 2 '\Q)

V

O
Nt

DC offset %n the measurements shall be minimized as it might indirectly cé«npromise timing-paramejter
u

the EBC into test mode “S§P2

silent modle". The differential signal swing is zero and the com ode, due to AC-coupling in the
signal path is expected to be zero. Any deviation of the commm\ de from zero is DC offset and shall
be compensated. g\\}

Q@
10.3 Setjups for SP3 link quality b\

N

MNC and AFE provide an SP2 signal. Alternatively, @%nal generator can be used. Table 9 specifies the

set-ups fof SP3 link quality. \O

-
Table 9 — <5"e§hps for SP3 link quality
)

— }@%erred jitter Ji 3.

Test mode \Test case Condition
MOST50 bPHY SP2 link quality: N Data signal at SP2 provides datf
stress patfern — signal volta@mplitude Vims3s content as specified for MOST5

— alignn@t jitter, according to eye mask A ; to Ds;

bPHY stress pattern.

SP2 silentmode D set compensation for SP3 link quality
N

?\»
5

Test mode shall ensure:

— signal generator or EBC
impedance with AFE impairmept
detectable;

— —SIgIat generator or EBC does
not emit data transitions.

Two options to connect to the oscilloscope are shown.

Connect SP3 directly to two 50 £ terminated oscilloscope channels and use the oscilloscope’s MATH
functions to create the differential signal. A test fixture is being used to connect the differential cable
system to the single ended measurement equipment. For details see Annex C.

Figure 25 shows the test set-up for SP3 link quality, option 1.
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ECU, SPZ (real MNC and AFE] producing required pattern or signal generator producing required
signal characteristic

battern and

2 | SP2
3 | interconnect under test
4 | test fixture
5 | single ended cable
6 | oscilloscope
Figure 25 — Test set-up for SP3 link quality:="Option 1
Altlernatively, add a 100 Q termination to the differential sighal at SP3 and use a differential probe,
comnected to an oscilloscope channel.
Figure 26 shows the test set-up for SP3 link quality, optien 2.
p 1
5
y 4 z :CU
() R
L% - [ st I S— |
QOC signal generator
100 Q)

Key

U S N

3

ECU, SP2 (real MNC and) AFE) producing required pattern or signal generator producing required
signal characteristic

SP2

interconnectunder test
differential‘probe
oscilloscope

battern and

Figure 27 shows an example of the SP2 eye diagram, option 2.
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N

Figure 27 — Example of the SP2 eye diagram - Option 2|,

Compensdtion of DC offset is performed as follows. Os\\%

signal volfage amplitude Vyyg results. With shown set-up options BC or signal generator is sef to
test mode|“SP2 silent mode”. The differential signal swing at SP2:\szero and the common mode, dug to
AC-coupling in the signal path, is supposed to be zero. Any deﬁ@lon of the common mode from zer¢ is
DC offset g4nd needs to be compensated. <
$

10.4 Setjups for SP3 receive tolerance A‘\Qﬁ

DC offset fin the measurements is minimized as it may indirectly(?uromise timing-parameter gnd
E

This subclause discusses SP3 receive tolerance set-uips. These set-ups are targeting the ability of an §CU
receive (Rix) section to recover clock and dataétom a stressed input signal. General options to generpte

.

stressed sfignals is discussed in 8.7.5. C)\\

Figure 28 |shows the test set-up for SP3wreceive tolerance, options A and B.
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Key
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5 ECU, SP2 (real MNC and AFE) producing required pattern or signal generator producing required pattern and
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Figure 28 — Test set-up for SP3 receive tolerance - Option A and B
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Figure 29 shows the test set-up for SP3 receive tolerance, option C.
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Figure 29 — Test set-up for SP3 receive tolerance - Option C
11 Power-on and power-off
11.1 General
This subclause defines several possible.test set-ups and sequences to exercise as many funcfional EBC
angdl BEC requirements as possible andalso provides guidelines for the interpretation of results.
Allftest sequences shall be perfermed for the minimum, typical, and maximum of the operatipg voltage
acdording to operating condijtions specified in 6.1.
All] test sequences shall 'be performed for the minimum, typical, and maximum temperature
spécifications.
When testing MQST-modules (EBC and BEC in one enclosure), crosstalk effects should be cpnsidered.
When testing oie-MOST module, the other MOST modules shall be active.

TF ESTATR:
es and do

cifies test

hl allowed

for the respective parameter The end of the 1nterval is marked as action point in the signal charts (e.g.
Figure 31). It defines the time for a state validity evaluation.

For example, tyy,(max.) time after the /RST signal transitions to logic 1, start evaluating the SP2 signal
quality to check for conformance to the requirements for valid MOST data.

Measuring electrical parameters such as LVTTL conformance is beyond the scope of this document
and not discussed in detail herein, but some guidelines are given to facilitate proper parameter
interpretation.

Testing of activity detection for EBC is described in 11.2, followed by descriptions for BEC in 11.3.
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Testing of BEC’s activity detection includes the full variety of scenarios being influenced by outer
conditions, such as BEC power state requirements, SP2 signal performance of the preceding node, or
attenuation of the electrical interconnect.

11.2 Measuring EBC parameters

11.2.1 Measuring EBC parameters - Test set-up

Figure 30 shows an example of the test set-up for measurement of the EBC's power-on and power-off
parameters

s’ _

t v
e | /RST 9
L ! f TXP AFE f p
) l *
S L] | :
! | | TXN :
- » | : I I ¢ I
1 oo L !
: : 5 :
L ¢ |
| l r-s-—-——"=-"—=-=---
[ |
[

Key

1 signal generator

2 progrgmmable power supply
3 IUT (BEC)

4 termination

5 differential probe

6  oscillopcope

Figure 30 — Set-up for measuring EBC power-on and power-off parameters

The main parts of the set-up are:
— the IUT is fitted according to the manufacturer’s recommended set-up;

— the stimuli are directly fed into the MNC, while the output signal is measured at SP2; to exclude AFE
impact, the output signal can also be measured directly at the MNC's TX pins;

— the signal generator (i.e. pattern generator or arbitrary signal generator) is used to produce the
stimuli, produce a trigger signal, and control the EBC power supply;

— differential 100 Q) termination is used;
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— the oscilloscope captures input and output signal data;

— the programmable power supply turns the EBC power on and off, and provides the desired supply
voltage.

11.2.2 Measuring EBC parameters - Signal charts

The signal charts represent the graphical view of test sequences. They show the location of the action
points and provide the prerequisites for the corresponding tests for the EBC parameters.

i\
Y
sm T@é\\ i%“‘ (J/
HIGH \Q {1
/R§T . Q)$ «
Low -\
xO
- n
4O
SH2 ‘ O\ ‘ (A/ >
B tD+(min()'\® P tonz(max.) ‘|/ 1 P torrz(max.) ;|/ ’
< C)V > = - 7

Key O ’
1 | marker action p@?

2 | marker acti int 2

§ Figure 31 — Measuring EBC parameters - EBC signal chart

v
11.-2%—Measiﬂ‘ing—E-Bepafa-mefefs—JFest—sequenees—

11.2.3.1 EBC test sequence #1 - off-state to on-state by /RST signal

Table 10 specifies the EBC test sequence #1, which checks the reset mechanism of the EBC and the
minimal allowed time for the /RST signal to be set to logic 1 after the voltage provided by the power
supply exceeds V.
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Table 10 — EBC test sequence #1

Item Content
Signal chart Figure 31
Initial state: inputs | Vgpe: according to operating conditions
/RST: logic 0
SP3: MOST50 bPHY stress pattern with nominal bit rate (pgg)
Initial statfe: output |SP2: off-state
Test signal: inputs /RST: logic 1
Output/exjpected The EBC transitions to on-state within time t,y,(max.) after the /RST signal.s sét to
behaviour logic 1.

There are|two aspects for treating this minimal allowed time.

The first s the power supply application aspect; the reset generator providing the signal shall|be
designed fo ensure the /RST signal does not transition to logic 1 before ¢}, (min)) time passes after the
Vceerx measured on the EBC power supply pins crosses V.

The secorld is the EBC parameter aspect; ISO 21806-12:2021, Claus€, 10 mandates that when bejng
supplied with an operating voltage within Vg gg, the internal circuitry of the EBC settles into stallble
operation|with the ability to perform transition detection within a€ime defined by the minimum vajue
of the parpmeter t},,. By driving the /RST signal to logic 1 at the ¢, (min.) time it is checked if the §BC
complies ffo that specification.

Since therf is no measurable marker that indicates when the EBC enters the on-state, an indirect method
is used fof testing the t;y,(max.) conformance: after ¢he maximum allowed time [end of tyy,(max}) -
marked ag action point 1 in the EBC signal chart Figure 31], a check of on-state requirements is started.

For this test, along with the output power of the.SP2 interface, also the SP2 signal quality is checked| At
action point 1, the oscilloscope shall start captdring the data sequence, which is used for evaluating the
SP2 signal quality.

To assist the capture of the SP2 data.in on-state, the signal generator may assert the trigger signal to
the oscillgscope tyy,(max.) after activation of the test signal.

11.2.3.2 EBC test sequence-#2 - on-state to off-state by /RST signal

Table 11 specifies the EBCtest sequence #2, which checks the reset mechanism of the EBC.

Table 11 — EBC test sequence #2

Item Content
Signal chalt Figure 31
Initial state: inputs Vegc: according to operating conditions
/RST: logic 1
SP3: MOSTS50 bPHY stress pattern with nominal bit rate (pgg)
Initial state: output |SP2: on-state
Test signal: inputs /RST: logic 0
Output/expected The EBC transitions to off-state within time typp,(max.) after the /RST signal is set to
behaviour logic 0 and it stays in off-state as long as the /RST signal is set to logic 0.

Since there is no measurable marker that indicates when the EBC enters the off-state, an indirect
method is used: after the maximum allowed time [end of t,gr,(max.) - marked as action point 2 in the
EBC signal chart Figure 31], a check of off-state requirements is started.
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The oscilloscope shall start monitoring the SP2 output after the time marked as action point 2 to ensure
the off-state requirement is met. A trigger signal from the signal generator is used to mark action point
2.

To trigger the oscilloscope, the signal generator may produce a signal marker tygp,(max.) time after
switching the /RST signal to logic 0.

NOTE Long data set capture is preferred, since it is possible that the hold-off time that accompanies
repetitive capture can lead to missed events.

11 2 Moacurinog REC naramatnrc
PO IV ICaSUT IS DG pararmrcters

11{3.1 Measuring BEC parameters - Test set-up

ISQ 21806-12 specifies a set of functional requirements and performance parameters fof the BEC.
Figure 32 and Figure 33 show examples of test set-ups for measuring BEC pawer-on and [power-off
parameters.

Set-up 1 is used to check the BEC response on an ECU. Stimulated events‘trigger STATUS yesponses,
whiich can be measured. For functional verification, the resulting output signal can be foryarded to
other nodes.

1
&
NN
Integrated MNC
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1
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4  oscilloscope

Figure 32 — Set-up 1 for measuring BEC power-on and power-off parameters

Figure 33 shows the set-up 2, which is used to check the BEC response on chip level (MNC). Stimulation
with arbitrary waveforms includes all relevant impairments.
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Figure 33 — Set-up 2 for measuring BEC.power-on and power-off parameters

The main parts of the set-ups (Figure 32 and Figure 33) are:

— the IUT is fitted according to the manufacturer’s recommended set-up and is powered constartly
during the test(s);

— respohse and timing are directlymeasured at the STATUS pin;

— functional verification can\be realized by detecting Tx data at the MNC transmit terminal or an §P2
signal;

— the pijogrammable’pewer supply turns the BEC power on and off, and provides the desired supply
voltage;

— a sigrlal generator (i.e. pattern generator or arbitrary signal generator) or a test node is used to
prodyce the'stimuli (test patterns), followed by a cable assembly or an analogue cable representatipn;
alterrjatively, an arbitrary signal generator is used;

— the oscilloscope captures input and output signal data;
— the ampere meter measures the current consumption of the BEC under test (in off-state).

The arbitrary signal generator shown in Figure 33 emulates the SP2 interface in a real network.
Therefore, output signal amplitudes follow the specified values for SP2. In cases, where the cable
emulation is already mathematically embedded in the arbitrary signal generator's output patterns,
amplitude settings follow SP2 amplitude values and the targeted cable degradation.

As a general rule, the signal voltage amplitude at SP3 of the set-up emulates SP2 amplitudes and the
targeted cable degradation. This is valid for the MOST50 bPHY stress pattern and for sine wave signals
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used for testing BEC power state requirements. The signal generator (Figure 32) and the cable or cable
emulation also shall provide an off-state as defined for the EBC.

NOTE1 BEC on-state and off-state depend on BEC power state requirements (Fyy, Fopp) and signal voltage
amplitude limits, which are specified in ISO 21806-12.

NOTE 2  The attenuation characteristic of the electrical interconnect (see 8.4) is a function of signal frequency
and results in intersymbol interference. In consequence, short pulses of incoming data signals do not achieve
full amplitude swing. Therefore, the BEC response on data patterns with strong attenuation is dominated by the
shorter pulses. In order to stress this effect, the MOST50 bPHY stress pattern contains sub-pattern structures
that address such corner cases sufficiently.

BE[L power state requirements should be tested using pure sine wave signals.

Restrictions with respect to the STATUS signal may apply, see ISO 21806-12. In this-case} the MNC
supplier’s instructions for testability are applicable.

11}3.2 Measuring BEC parameters - Signal chart

The signal chart represents the graphical view of the test sequence. It preyides the prerequisites for the
cofresponding tests of the BEC parameters.

Figure 34 defines the measuring BEC parameters - BEC signal chart:

\S
off-state — on-state QQ on-state —¥ off-state
\,

SP3 —-e Test signal

STATUS

HIGH/

LOW

L~ 45—

tsTaTF ¢ tsTaTR >

Figure 34 — Measuring BEC parameters - BEC signal chart

11{3.3 Measuring BEC parameters - Test sequences

11{3.3.1 _General

The tést is performed according to the set-up described in 11.3.1.

The use of test signals with multiple test signal levels is recommended but at least the minimum and
maximum values shall be used.

11.3.3.2 BEC test sequence #1 - off-state to on-state

Table 12 specifies the BEC test sequence #1, which checks the wake-up mechanism of the BEC.
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Table 12 — BEC test sequence #1

Item Content

Signal chart Figure 34

Initial state: inputs | Vggc: according to operating conditions
SP3: equivalent to SP2 (off-state)

Initial state: output |STATUS: logic 1

Test signal: inputs SP3: continuous sine wave within the range of Fypp3

Output/expected The BEC remains in off-state with STATUS logic 1, being supplied with an input signal pf

behaviour| a frequency within Fyg3 requirements.
When no test signal is present, the BEC does not consume more than the sléep’current
IccsLpep(Max.). During the test signal application, the BEC may consume(more than
IccsLggp(max.).

11.3.3.3 BEC test sequence #2 - off-state to on-state

Table 13 specifies the BEC test sequence #2, which checks the wake-up mechanism of the BEC.

Table 13 — BEC test sequence #2

Item Content
Signal chart Figure 34
Initial staffe: inputs | Vggc: according to operating cenditions
SP3: equivalent to SP2 (off-state)
Initial statle: output |STATUS: logic 1
Test signal: inputs SP3: continuous sine:wave > Fyyz(min.)
signal voltdge amplitude < Vg3
Output/expected The BEC remains in off-state with STATUS logic 1 being supplied with an input signal pf
behaviour| a frequency greatex, than Fy3 and an input signal with an amplitude of less than V4.
When no test signal is present, the BEC does not consume more than the sleep
current, Icq/'\gpb(max.). During the test signal application, the BEC may consume moreg
than I¢cq fpp(max.).
11.3.3.4 BEC test sequence #3 - off-state to on-state

Table 14

kpecifies the-BEC test sequence #3, which checks the transition detection and wake
mechanism of thesBEC.

Table 14 — BEC test sequence #3

up

Item Content
Signal chart Figure 34
Initial state: inputs VgEc: according to operating conditions
SP3: equivalent to SP2 (off-state)
Initial state: output |STATUS: logic 1;
Test signal: inputs SP3: burst, sine wave > Fy3(min.)

signal voltage amplitude > Von3 pys

duration < tgparp(min.)

38
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Table 14 (continued)

Item Content
Output/expected The BEC remains in off-state with STATUS logic 1 for at least tg,rp(min.) time, being
behaviour supplied with an input signal of a frequency greater than Fyy3;(min.) and an input

signal with an amplitude of greater than V3 pys-

When no test signal is present, the BEC does not consume more than the sleep
current, ¢ gpp(max.). During the test signal application, the BEC may consume more
than Iocg gpp(max.).

1113.3.5 BEC test sequence #4 - off-state to on-state

Talple 15 specifies the BEC test sequence #4, which checks the transition detectign)and wake-up
mechanism of the BEC.

Table 15 — BEC test sequence #4

Item Content
Signal chart Figure 34
Injtial state: inputs VEEc: according to operating conditions
SP3: equivalent to SP2 (off-state)

Inftial state: output |STATUS: logic 1
Tept signal: inputs SP3: burst, sine wave > Fy;(min.)

signal voltage amplitude Vo3 pys

duration > tgpapr(mins)
Oytput/expected The BEC transitions to on-state with STATUS logic 0 within tgparp(min.) to tgphpp(max.).
behaviour

11|3.3.6 BEC test sequence #5 - on-state to off-state

Talple 16 specifies the BEC test sequence #5, which checks the shutdown mechanism of the BEC.

Table 16 — BEC test sequence #5

Item Content
Signal chart Eigure 34
Inftial state: inputs VBEc: according to operating conditions
SP3: sine wave > Fy3(min.)

signal voltage amplitude > Vi3 pys

Inftial stateroutput |[STATUS: logic 0

Tept signal: inputs SP3: signal voltage amplitude < Vypps

Outptlexpected ThaBECtrancitionc tn off ctato vazith STATIICS laaic 1 vazithin £ Lmaw )
tpHtiexpected Fhe BECtransitions-to-off-state- with-STATUS legie - withintorrrrima ar

behaviour

Afterwards (no specified time), the BEC does not consume more than the sleep
current I¢cg gpp(Max.).

11.3.3.7 BEC test sequence #6 - off-state to on-state

Table 17 specifies the BEC test sequence #6, which checks the wake-up mechanism of the BEC.
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Table 17 — BEC test sequence #6

Item Content
Signal chart Figure 34
Initial state: inputs | Vggc: according to operating conditions

SP3: MOSTS50 bPHY stress pattern with nominal pgg
signal voltage amplitude < Vjjgp3

Initial statle: output |[STATUS:  logic 1
Test signal: inputs SP3: signal voltage amplitude > Von3 rus
Output/expected The BEC transitions to on-state with STATUS logic 0 within tgpspp(min.) to tepapf(maxt).
behaviour
11.3.3.8 BEC test sequence #7 - on-state to off-state

Table 18 s

pecifies the BEC test sequence #7, which checks the shutdown mechanism of the BEC.

Table 18 — BEC test sequence #7

Itpm Content
Signal charts Figure 34
Initial staffe: inputs | Vggc: according to operating conditions
SP3: MOSTS50 bPHY stress patterriiwith nominal pgg
signal voltage amplitude> Von3 rus
Initial state: output  |STATUS: logic 0
Test signal: inputs SP3: signal voltage amplitude < Vg3
Output/expected The BEC transitions to off-state with STATUS logic 1 within tgpapg(max.).
behaviour Afterwards (no specifjed\time), the BEC does not consume more than the sleep
current Iocqp pep(Mmax.).
12 Detegcting bit rate (frequency reference)
The bit rate is detected as follows.
— Data pulses range ffom 2 Ul to 6 Ul yielding five different pulse widths (2 Ul, 3 UI, 4 UI, 5 U], 4nd
6 UI).|A clock at UKrate represents a cycle time of 1 U, which is twice the bit rate (i.e. for a pg| of

48 kH

— A met]
the oS

z, the bitTate is 49,152 Mbit/s and the Ul clock is 98,304 MHz).

hod of'extracting the Ul clock out of a waveform is a mandatory function to be provided with
cilloscope. In a first step, the recovered Ul clock is a linear approximation that fits best to the

acqui

= | £ H 4 £ 1 a1 L Lank} : b £ 41 1 1.2 1 1 11
CU WdavTIUT T TIT LTS U PHAdST dITU TTTYUCTTIL Y. T1IC dPPTUATIIIALUIUIT UT LIIT CIOUK S PIIdST 51 a

be performed with regard to the rising edges of the data stream only. Then the bit rate is half the Ul

rate.

— The bitrate can be measured with the MOST50 bPHY stress pattern or any other valid data pattern.
Set-up of the oscilloscope shall follow the general requirements (see 6.2) using acquisition length of
10 megasample and a sampling rate of 5 gigasample/s.
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13 System performance

13.1 General

The system-level specifications apply to an entire MOST network.

13.2 SP3 receiver tolerance

Unllke the link-level tests, which use a pattern generator as the signal source, the system- -level tests
“lause 9, a
m asurement is taken at SP3 of the TlmlngMaster node. By taking the measurement in _thif way, one
cap quantify the total jitter accumulation in the network. This measurement is applicable| for every
nogle in the network at SP3.

Figure 35 shows the SP3 receiver tolerance set-up.

Node (1) TimingSlave

T |MNC |

i I

LEBC I Tx section '

——— e —

Node (2) TimingSlave

3 Integrated MNC
e[S AFE > BEC ' I Rx section |
2 - _____ | mnc :
AFE :4'1 EBC :<—| Tx section | | :
- == Node (n 1) TimingSlave

[
|

| MNC

r——- |

— EBC |<—| Tx section | !
Node (0) TimingMaster e

Node (n) TinjingSlave

Integrated MNC 3 lntegr hted MNC
:_T; section | |->| BEc_; : AFE | BEC | : Rx section :
[ it -
| MNC | 2 I MNC |
| —= -
| Rx section | |- EBC : | AFE |3 VA EBC :4'1 Tx section | !
______ [ it i Il [otibudvttyene|
Key
oscilloscope
SP2
SP3

Figure 35 — SP3 receiver tolerance set-up

13.3 TimingMaster delay tolerance

TimingMaster delay tolerance is a measure of end-to-end delay and phase variation between SP2 and
SP3 of the MOST device that contains the TimingMaster. To ensure proper network operation, the total
network delay shall not exceed the specified maximum (see ISO 21806-12:2021, 11.2).

Following the set-up diagram shown in Figure 36, the total delay can be measured with an oscilloscope.
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Figure 36 — TimingMaster delay tolerance set-up

Table 19 specifies the procedure used to measure the totaldelay. The oscilloscope used shall be ablg to
trigger onl a specified period and shall have software functions for tracking periods. Two differential
probes ar¢ needed.

Table 19 — TimingMaster delay measurement procedure

Actipn Description
Acquire For this measurement, the sampling memory of the oscilloscope should be adjusted to captyre
a waveform at least one frame(ofydata. One differential probe is connected to SP2 of the TimingMaster

node. A second differential probe is connected to SP3 of the TimingMaster node. The vertifal
scale is adjustéd to achieve sufficient vertical resolution on both channels.

The trigger settings are adjusted to trigger on the interval of rising edges (period) on SP2.
The interval should be set to 10 UI £ 0,5 Ul The trigger mode should be normal.

A sequience of the data stream (“waveform”) is sampled into the oscilloscope’s memory.

Measure the The MOST50 data stream contains a period of 10 Ul at the start of each frame. This long pe-
period riod can be used as a marker to measure the delay between any two points in the network.

Configure the oscilloscope to measure the period of both SP2 and SP3.

Track the peffed—rConfigture-the-osciloscopeto-displaya—trackwaveformforboth-SP2-and-SP3-periodmels-
urements. This should result in two waveforms (see Figure 37 and Figure 38) with time on
the y-axis where the line indicates the length of the current period.

Measure the delay | Configure the oscilloscope display to show only the SP2 and SP3 period tracks. Turn on infinite
persistence and adjust the display to show the 10 Ul segment for both SP3 and SP3.

Using the cursor, measure the total time between the trigger point and the rightmost edge of
the SP3 10 Ul period. This is the TimingMaster delay.

Figure 37 shows an example of tracking the SP3 period.
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1 | acquired data signal at SP3 Q
2 | measured period at SP3 s\&

Z
Figure 37 — Examplg@acking the SP3 period

2]
N

Figure 38 shows how the TimingMaster deB?\is measured.
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Figure 38 — TimingMaster delay
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14 Conformance test of 50-Mbit/s balanced media physical layer

14.1 Location of interfaces

SP2 describes input parameters of an ECU’s output signal. Performance criteria for SP2 include EBC and
AFE impact on signal quality.

SP3 describes the minimum signal quality requirements at the ECU’s input interface. The stimulus
signal for SP3 can be composed by combination of worst-case SP2 performance and deterioration due
to channel impairment.

Figure 39

shows the SP locations.

1 1
4 4

bht

-
Inftegrated MNC Rx Integratéd MNC
i i [
I MNC | === \ r—=5> 1 MNC |
| Ly EBC H Rl BEC |- '
I Tx section: ——— <1 IRxsection:
I - J
Na
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5 channgl, balanced media
Figure 39-— SP locations
Signals thpt fulfil the SP3 parameters can be recovered by the MNC. Signals outside the ranges mi
cause bit ¢rrors. On the transmit teriinal (Tx) of the MNC of the following node, a recovered signa|l is

available 4

14.2 Con

In additio
activity d¢
content at

The BEC 4

ccording to SP2 requiremtents, and timing distortion (except transferred jitter) is eliminat

trol signals

1 to power supply terminals and data pins, an EBC provides an /RST input. The EBC provi
ptection in erder to enable/disable MOST output. Activity depends on the Vg state, the d
the input of the EBC, and the /RST input.

Isoqprovides activity detection. Depending on the characteristics of the input signal (poy

level, sign

ed.

les
hta

Ver

hlcontent), on-state/off-state is signalled by the STATUS pin.

Figure 40

44

shows the control signals for power-on and power-off behaviour.
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