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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 ISO.
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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 an isochronous, 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 neferences 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


https://standards.iso.org/iso/
https://standardsiso.com/api/?name=8654d1631211cbdedc77d5dc5ec1b1ee

ISO 21806-11:2021(E)

————————
|

ISO/IEC 7498-1 |

| 1SO/IEC 10731

ISO 21806 MOST

1SO 21806-2 Application

Device
model

| Registry || Connection

Diagnosis Ly
8 handling

1S0 21806-14
Lean application

Network

supervisor

Network
descriptor

] Service interface to application I

Service interface to application

1SO 21806-3
Application layer
conformance test plan

1S0 21806-15
Lean application
layer

0sI-4
Transport]

i e

0SI-3
Network

]

0SI-2
Data link

i

0sI-1
Physical

!

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.
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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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Ak 150 21806-6 Data link layer
5 1SO 21806-7
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Fibre optic packaging

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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INTERNATIONAL STANDARD

ISO 21806-11

:2021(E)

Road vehicles — Media Oriented Systems Transport
(MOST) —

Part 11:
150-Mbit/s coaxial physical layer conformance test plan

1 | Scope

Thjs document specifies the conformance test plan for the 150-Mbit/s coaxial physical layer
(MPST150 cPHY), a synchronous time-division-multiplexing network.

Thjs document specifies the basic conformance test measurement methods, relevant for
compatibility of networks, nodes, and MOST components with the 'requirements sp
IS 21806-10.

2 | Normative references

Th

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

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

for MOST

verifying
pecified in

ir content
pplies. For
5) applies.

|formation

— Part 2:

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

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

andl definitions

ISQ) 21806-10, Road vehicles — Media Oriented Systems Transport (MOST) — Part 10: 150-Mbitt/s coaxial
physical layer

ISQ 20860-2, Road vehicles — 50 ohms impedance radio frequency connection system interface

Tegt procedures

EN
me

50289-1-8, Communicdation cables — Specifications for test methods — Part 1-8: Eled
thods — Attenuation

trical test

trical test

iits

interface

EN| 50289-1-11, Comuntunication cables — Specifications for test methods — Part 1-11: Elec
methods — Chardcteristic impedance, input impedance, return loss

No| JEDEC JESD8C.01,2) interface Standard for Nominal 3 V/3.3 V Supply Digital Integrated Circ
TIA/EIA-644-A-2001,3)Electrical Characteristics of Low-Voltage Differential Signaling (LVDS|
Cirpuits

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 21806-1, ISO 21806-10 and
the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

2)
3)

Available at https://www.jedec.org/.

Available at https://www.tiaonline.org/standards/.

© IS0 2021 - All rights reserved
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— IEC Electropedia: available at http://www.electropedia.org/

31

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 Symbols

--- empty table cell or feature undefined
Ap( 1oss DC attenuation

F frequency

Prs network frame rate

PRR bit rate

VRMS transferred jitter, calculated using the root-mean-square method
LpL return loss

Vrxp voltage at the LVDS receive terminal P
VrxN voltage at the LVDS receive terminal N
Voxp voltage at the LVDS transmit terminal P
Vrxn voltage at the LVDS transmit(terminal N
t time

T temperature

T, ambient température

Tryp typical temperature

tsLs start'ofmeasurement time

tsip end of measurement time

4.2 Abbreviated terms

AC alternate current
AFE analogue frontend
A] alignment jitter
BR bit rate

BW bandwidth

2 © IS0 2021 - All rights reserved
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CEC coaxial electrical converter

CEport coaxial electrical port (combination of AFE and CEC)
Cfg configuration

CTR coaxial transceiver

DC direct current

DSQ digital sampling oscilloscope

EMD equilibrium mode power distribution
ECC electrical coaxial converter

ECport electrical coaxial port (combination of AFE and ECC)
IUT implementation under test

MNC MOST network controller

MTCM MOST150 cPHY tester cable model
Muyx multiplexer

PCB printed circuit board

PG pattern generator

PHIYSTT physical layer stress test tool

PLL phase lock loop

RMS root mean square

SDA serial data analyser

SLE signal level end

SL$ signal level-start

SMD surfage'mount device

SP specification point

TDR time-domain reflectometer

TJ transferred jitter

Ul unit interval

VCM common mode voltage

VNA vector network analyser

5 Conventions

This document is based on OSI service conventions as specified in ISO/IEC 10731[3],

© IS0 2021 - All rights reserved
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6 Operating conditions and measurement tools, requested accuracy

6.1 Operating conditions
Temperature range for MOST components: T, = -40 °C to +105 °C according to ISO 21806-10:2021, 11.3.

Voltage range for MOST components: Viccy and Viesy, with an operating range of 3,3 V + 0,165 V
according to ISO 21806-10:2021, Clause 10.

NOTE There are functional requirements for the ECC within an extended voltage supply range according to
1SO 218066

6.2 Apparatus — Measurement tools, requested accuracy

Apart froin the measurement tools listed in this subclause, depending on the chosen testimethod gnd
method t:[1 generate stimuli for the test, further equipment is necessary (e.g. electkrical attenuafor,
discrete fjlter module to emulate cable transfer function, etc.). Performance requirements of sfich
equipmenf depend on the use case.

The following list provides the measurement tools.

6.2.1 Ofgcilloscope

— digitall sampling oscilloscope;

— sampling rate = 10 gigasample/s;

— bandwidth = 1,5 GHz;

— sampling memory = 10 megasample;

— actived probe (single-ended, differential).
6.2.2 VNA or TDR (TDR bandwidth = 3;5;GHz).

6.2.3 Ampere meter
— accurficy < 2 pA;

— triggdr input (for timingumeasurements).

6.2.4 P4qttern generator for generating MOST150 cPHY stress patternlZ]
— bandwidth 300"Mbit/s;

— triggdr output (for timing measurements).

6.2.5 Directional coupler (for duplex set-ups only), the required performance levels are discussed
in 10.4.2.

7 Electrical characteristics

7.1 Testaccording to LVDS

Testing of MOST devices or MOST components shall be performed according to the measurement
methods and set-ups specified in TIA/EIA-644-A-2001. Parameters and their respective limits are also
derived from TIA/EIA-644-A-2001, with the exception of common mode voltage (V) as specified in
ISO 21806-10:2021, 12.1.

4 © IS0 2021 - All rights reserved
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7.2 Testaccording to LVTTL

Testing of MOST devices or MOST components shall be performed in accordance with JEDEC No.
JESD8C.01.

8 Coaxial characteristics

8.1 High/low detection at SP2

00 pulses
gering on
pulse width ranges or by software-based selection on a prior acquired waveform. The statisfical mean
of pll amplitude samples lying in the slice between the start of measurement (tgs)“and the end of
mdasurement (tg; ) for all acquired high pulses is defined as high. The statistical mean of all pmplitude
sampples lying in the slice between tg; c and tg; ;; for all acquired low pulses is defimed as low. t¢} g and tg; ¢
ar¢ defined in this document and shown in Table 1.

Table 1 — Signal level measurement interval

Measurement region Value Unit
tsis 1,00 Ul

=

The measured amplitudes (high and low) are an integral part of further measurements at SP
Figure 3 defines the high/low detection at SP2.

6 Ul
5UI
4 UI

A A A

!
!
\
|
|
|

1,0 2,0 3,0

Slice:
1,0 Ul to 3,0 UI

Figure 3 — High/low detection at SP2

8.2 Transition times at SP2

The transition times (rise and fall) are detected as the time of an edge when transitioning through the
level range of 20 % and 80 % of the amplitude (high and low, see 8.1). Therefore, high/low detection
shall be performed before transition times are determined.

© IS0 2021 - All rights reserved 5
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To ensure non-ambiguous measurements the method described below is recommended and applied as
areference procedure in the case of discrepancies.

Formula (1) and Formula (2) define the amplitude threshold levels.

hyo =[(by =By )x0,2}+by 1)
hgo =L (by —By x0,8 J+ b, (2)
where

hy, is|the 20 % threshold of the amplitude;

hgq is|the 80 % threshold of the amplitude;

b, is|the signal level when alogic 0 is being transmitted (low);
b, is|the signal level when a logic 1 is being transmitted (high).

Figure 4 shows an example for the detection of rise-time.

a High
b Low.
¢ 80 9] threshold.
d 20 %] threshold.

e Rise pt triggeilevel.

Figure 4 — Example for detection of rise-time

Measured transition times are smaller than the specified limit in ISO 21806-10:2021, 9.4. MOST150
cPHY stress patternlZ] should be used as data signal.

8.3 Steady state amplitude at SP2

Following the method in 8.1, the steady state amplitude is the difference between high and low.

6 © IS0 2021 - All rights reserved
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8.4 Attenuation of coaxial interconnect

8.4.1 General

:2021(E)

ISO 21806-10 specifies the attenuation requirements for a coaxial interconnect, formed of one or
more cables and the associated couplers and harness connectors. The maximum total length of the
interconnect is 15 m. The attenuation of such an interconnect is frequency dependent. ISO 21806-10
specifies an idealized, frequency dependent attenuation function with the coefficients Ap¢ |, and Fp,
in Formula (3 )

—

I
A(F)Z_ADC_loss _\/F

skin

where

Att
abs

8.4

It

8.4

Wi
cul
ISd
me

At
en)

NO

A is the attenuation;
Apc 10ss  Tepresents the DC attenuation;
F is the frequency;

F,

skin represents the skin effect losses.

enuation requirements are limited to the frequency range between 1 MHz and 450 MH
olute attenuation is allowed to vary, as long as specificrequirements are met (see 8.4.5).

.2 Coefficient values based on attenuation measurements

s determined that the coefficient values ealculated (as described below) based on a
asurements for the IUT are within the spegified limits:

ADC_loss < 0’5 dB;
Fyein > 9,2 x 106 Hz/dB2.

.3 Fitting of corridor

th the evaluated ceefficients and the given attenuation function, an idealized a
ve can be constraeteéd, which approximates the characteristics of the measured int
21806-10:2021£9,4.1 mandates that the difference between data-points of the construct
asured attenuation curve (residues) is smaller than +1 dB.

rironmental conditions, and lifetime.

TE Although attenuation always reduces signal strength, attenuation in MOST150 cPHY is spe

pos

3

z and the

tenuation

tenuation
brconnect.
bd and the

enuation~requirements described above apply to the complete temperature range, automotive

cified with

itive values (e g Ay 0,5 dR)

1
DCIoSS

8.4.4 Attenuation test set-up

Figure 5 specifies the attenuation test set-up.
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Figure 5 — Attenuation test set-up

st procedure

General

The test procedure shall start‘with the measurement of the attenuation characteristic over frequency

for an IUT

This is us
port1toq

The frequ

ually done\with a VNA, using a 2-port arrangement. The VNA measures attenuation fr
ort 2 andwice versa.

brcy.sweep shall produce at least 40 data points per decade, logarithmically distributed.

The measurement procedure shall be performed according to EN 50289-1-8.

8.4.5.2 Data acquisition

Figure 6 shows the data acquisition for an IUT cable length of 15 m. See 8.4.2 for Apc .55 and Fy,
specification limits.
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10

]

gl it : SRR P QY
10° 107 108 F

A attenuation [dB]
F frequency [Hz]
a Acquired data in frequency range 1 MHz €0 450 MHz.

b MOST150 cPHY specification limits:-idealized attenuation characteristic based on worst case foefficients
ADCfloss and Fskin'

Figure 6 — Data acquisition

8.4.5.3 Data fitting

A lpast square fitfing algorithm fits the measured data to the given attenuation function, r¢sulting in
values for A fgsand Fg;,. The evaluated coefficients Ap¢ 1,5 < 0,07 dB and Fy;, > 1,62 x 107 Hz/dB?
ar¢ within thedspecified limits according to 8.4.2.

Figure.Zshows the data fitting for an IUT cable length of 15 m.
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b MOS]
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8.4.5.4

Figure 8 5
for an IUT

from the i

A least sq
values for

i

10

13 : P : P ‘
108 107 108 F

uation [dB]

ized attenuation curve approximating the measured\performance of the IUT (attenuation function, with

150 cPHY specification limits: idealized attenuation characteristic based on worst case coefficignts
pss and Fskin'

ired data in frequency range 1 MHz tg 450 MHz.

Figure 7 — Data fitting

Attenuation conformance

hows the attenuation conformance as specified in ISO 21806-10:2021, 9.4.1 and the residtfies
cable length0f/15 m. Residue, in this context, refers to the deviation of a measured sample
Healized cupve for each frequency step.

hare fitting algorithm fits the measured data to the given attenuation function, resulting in
Apégss and Fgin. The evaluated coefficients Apg 1,5 < 0,07 dB and Fy;, > 1,62 x 107 Hz/¢B?

are within

the specified limits according to 8.4.2.

It is verified that:

— the measured samples are within the attenuation conformance corridor and

— them
limits

10

inimum and maximum values for residues, -0,16 dB and 0,19 dB, respectively, are within the
specified in ISO 21806-10:2021, 9.4.1.
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F frequency [Hz]
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a Idealized attenuation curve appreximating the measured performance of the IUT (attenuation fupction, with
coefficients as determined byuthe fit).
b MOST150 cPHY specificdtion limits: idealized attenuation characteristic based on worst case foefficients

ADC_loss and Fskin'

¢ Acquired data in frequency range 1 MHz to 450 MHz.
d Attenuation conformance corridor.

e Fit residue,

Figure 8 — Attenuation conformance

The“Apc 10ss @and Fg;, coefficient limits restrict the allowed attenuation span. The aftenuation
conformance corridor ensures that the transfer characteristic of the TUT follows a transfer function of
coaxial cables. As a result, signal passing such interconnect and being consecutively equalized (based
on coaxial cable attenuation function) maintains a flatness of +1 dB.

Particular coaxial interconnect configuration exhibits individual attenuation characteristics and is
thus characterized by their respective individual Ap¢ ,ss and F;, coefficients. The values of those
coefficients depend on the cable type used and the total length of each specific interconnect tested.
Coaxial interconnect/segments with shorter length have lower attenuation and therefore lower Ap¢ |45
and larger Fg;,. Interconnects with identical configuration can produce different coefficient sets.

Cable attenuation varies with temperature. This is mainly contributed by the temperature dependent
conductance of the conductor’s material (copper). Therefore, coefficients for a given interconnect vary
over temperature.
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Extrapolation of coefficient values for different cable lengths is defined in Formula (4) and Formula (5).

ApC loss_meas
Apc_Joss (1) = _I R xI (4)
IUT
where
Apc 1oss represents the DC attenuation;

Ap( 10ss_measiS the result of a fit on measured data;

Lyt is the length of measured interconnect;

l is the desired length coefficients are extrapolated to.

Fyin ()= %XGUTZ (5)
where

Fin represents skin effect losses;

Fgin theas  Tepresents skin effect losses as a result of a fit on measured data;

Lyt is the length of measured interconnect;

| is the desired length coefficients are extrapolated to.

Table 2 shpws an example using coefficient limits.

Table 2 — Example using coefficient limits

Measured Extrapolated
Lyr: 15 m I;yt extrapolated: 5 m
ADC_loss_meas: 0,500 dB ADC_loss(U: 0,167 dB
Fokin meas: [2,2 x 106 Hz/dB? Fyin(1): 8,28 x 107 Hz/dB2
Lyt 5m Iy extrapolated: 15 m
ADC_loss_meﬂs: 0,167 dB A[)(j_loss(l): 0,500dB
Foin meas: 8,28 x 107 Hz/dB?2 Fyein(1): 9,2 x 106 Hz/dB2

8.4.5.5 [mpactof attenuation on data signal

ISO 2180p-10:2021, 9.4.1 specifies the attenuation characteristic of coaxial interconnect whiich
follows a funotion of frequency. Therefore, the spectrum of a data signal being fed into such channell is
attenuated In a non-uniform manner. Attenuation attects high frequencies more than low trequencies.
In consequence, transition times decrease. Shorter pulses of the signal might not achieve full amplitude
swing anymore. The effect is called intersymbol interference.

The graph in Figure 9 gives an example: the SP2 signal starts with uniform amplitude on all pulses (V,
in ISO 21806-10:2021, 9.3). The SP3 signal shows the resulting signal shape after passing the coaxial
interconnect (typical coaxial cable, 15 m, same cable as used for analysis of link attenuation in 8.4.4).

Figure 9 shows the measurement of attenuation of coaxial interconnects.
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Figure 9 — Measurement of attenuation of coaxial interconnects

8.3 RL of connectors and couplers
RL{affects all types of connectors in the coaxial link, i.e. inline-couplers, harness connectdrs as well
as [ECU connectors. Testing of such connectors and couplers shall be performed in accordance with
ISQ) 20860-2. The frequency range of interest for MOST150 cPHY is defined with 1 MHz to]450 MHz,
which is only a sub-set of the requested’bandwidth in ISO 20860-2.
8.¢ Characteristicimpedance of coaxial cable
Measurement of characteristic impedance of coaxial cables shall be performed according to EN 50289-
1-11.
8.7 RL of coaxialinterconnect
A ¢oaxial interconnect is formed of one or more cables and the associated couplers and harness
comnectors.RL of a coaxial interconnect characterizes the frequency dependent signal refledtion ratio,
due to acetimulated impedance mismatch throughout the whole length of that interconnect,|measured
at ¢achof its ends.

RL shall be measured according to EN 50289-1-11 in the frequency range of 1 MHz to 450 MHz.
[SO 21806-10 specifies neither the resolution nor the scale of the frequency axis for RL.

Typically, the RL measurement is combined with the attenuation measurement. The coaxial
interconnect characteristic shall be measured in a 2-port arrangement. The VNA measures attenuation
and reflection from both ports.

Figure 10 specifies the RL test set-up.
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Figure 10 — RL test set-up

Figure 11 shows an example plot of a measurement forevaluation of RL for a coaxial interconnect. RL is
measured|from both ports in both directions of the interconnect, resulting in S11 and S22.

106 10% 108 10° F

o

-5 »

-10

-15

-20

-25

-30

-35

a -40

Key

keep-out area

S22 scattering parameter
S11 scattering parameter
amplitude [dB]
frequency [Hz]

o Q W N R

Figure 11 — Measurement for evaluation of RL of coaxial interconnects
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The connection of signals between a coaxial cable and a coaxial transceiver is realized on the PCB of
the ECU. The circuitry, including passive components and PCB traces, is called analogue frontend. Also,
this portion of the data link is expected to fit as close as possible to the characteristic line impedance of
50 Q. Deviations in impedance matching cause reflections; RL is the ratio between transmitted and the

reflected signal energy.

ISO 21806-10 specifies a limit-line in the frequency domain; the measurement howeve
performed in the tim

The TDR or VNA shall convert the result to magnitude in dB-scale and compare it with the
CTR is a coaxial transceiver as used in duplex applications; it is a synonym for CEC plu's| ECC fi
applications.

For RL measurement of PCB interfaces the ECU is unpowered.

Figure 12 specifies the measurement set-up for evaluation of RL of PCB interfaces.

é TDR or VNA lo
Impedance and RL
Wl/“
Port 1
\_ J
(" CTR under test h
AFE
CTR
\_ J
Key
1 impedarnce and return loss

Figure 12 — Measurement set-up for evaluation of RL of PCB interfaces

r, may be

e domain. The measurement set-up is a 1-port configuration, emitting a signal into

d energy.

limit-line.
br simplex

IS0 21806-10 specifies neither the resolution nor the scale of the frequency axis for RL. Figure 13 shows

an example plot of a measurement of RL for a PCB interface.
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Figure 13 — Measurement for evaluation of RL of PCB interface

Time-domain reflection is another valuable method to‘evaluate the impedance characteristic of sfich
PCB interffaces. The TDR sends a pulse into the IUT and“measures response in magnitude and delay. The
result usuplly is a plot of impedance over propagation time. For comparison with the specified limit-ljne
(ISO 2180p-10:2021, 9.4.2.3), TDR results are transferred to the frequency domain.

8.9 Stimulus creation for SP3

8.9.1 General

Evaluation of a coaxial receivé portion means to apply worst-case signals to SP3 and to observe the
response jon the output of «thié receiver. In addition to signal quality testing, the activity detectjon
condition§ are tested. These/tests need stimuli with lower amplitudes and different patterns than used
for signal guality meastrement.

The blockidiagrangs jn 8.9.2 to 8.9.6 show simplified set-ups.

8.9.2 PTttern generator

A pattern generator is used to create MOST patterns, mainly for SP2. Such a pattern generator creates a
signal that meets SP2 signal quality requirements (single-ended output, variation within extreme pulse
shapes, variation with in extremes of timing distortion, adjustable output voltage).

Figure 14 shows the graphical element that represents a pattern generator.
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Figure 15 shows the graphical element that represents an arbitrary signal generator.

8.9.4 Attenuator

An

Figure 16 shows the graphical elementthat represents an attenuator.

8.9.5 (Cablé or analogue representation

A dable'or analogue representation is used to emulate attenuation as produced by a coaxial int

Th

ISO 21806-11:2021(E)

Figure 14 — Pattern generator

.3 Arbitrary signal generator

arbitrary signal generator is used to emulate coaxial signals, which includes signal vaj
pduced by a coaxial transmitter in combination with variations added by coaxial interconn

Figure 15 — Arbitrary signal generator

A

Figure 16 — Attenuator

iations as
ects.

attenuator is used in combination with the pattern generator or arbitrary signal generatof to adjust
thg amplitude.

brconnect.

hting such

Hrocroreo—CTrrror

cable transfer characteristic or combinations of both.

Figure 17 shows the graphical element for a cable or analogue representation.

©lI

VU > AV

Figure 17 — Cable or analogue representation
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8.9.6 Noise generator

Anoise generator is used to generate crosstalk. Noise is added to the data signal to evaluate performance
of a coaxial receiver under stress (duplex only).

Figure 18

8.9.7 (i
Based on

— Valid
trans

— Signa
— Some

— Forad
Signa

threslolds.

There are|
stress an

shows the graphical element that represents a noise generator.

]

Figure 18 — Noise generator

eating a stimulus for SP3 for simplex applications

SO 21806-10, the following impacts on signal quality at SP3 should-be-considered.

tion times and jitter).
is attenuated when travelling through the interconnect.
additional but minor losses occur at the interface cable to PCB (SP3).

tivity detection, patterns (lower frequency content) other than valid MOST patterns are us
with lower amplitude or additional attenuatioft may be used for evaluating on-state/off-st|

three basic test set-ups which may be-used to emulate the above listed influences and
CEC under test. Table 3 specifies the(configurations A and B (simplex applications).

Table 3 — Basic test set-ups for configuration A and B - Simplex applications

MOST data starts from SP2 (all variations permitted, e.g. minimum/maximum amplitude,

ed.
hte

to

Cf ECC emulation Wire harness emulation CEport under test
g (see key 1 of Figure.19) (see key 2 of Figure 19) (see key 3 of Figure 1D)
A Patt¢rn generator, signaleonditioner, Frequency dependent attenuation:|Apply stimulus to CEC.
attejuator: ) ] Check for sufficient/re-
— pquare wave with frequency less|— use cables in  various|gyested tolerance at CEC.
than 10 kHzup to 75 MHz; combinations, it requires
pre-selected cables and
— |MOST150-CPHY stress pattern. components.
B Patt¢rn/generator, signal conditioner, Frequency dependent attenuation: | Apply stimulus to CEC.
attellluator: Chock for cufficiont /yro
— square wave, with frequency less|— usespecificcircuitry, emulating| qyested tolerance at CEC,
than 10 kHz and up to 75 MHz; cable  characteristic = with
analogue filters;
— MOST150 cPHY stress pattern.
— a few characteristics may be
combined on one PCB.

Figure 19 defines the simplex test set-ups A and B.

18
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ISP3

R ——— G I N——— R

ECC emulation

wire harness emulation

pattern generator

cable or analogue representation

1

2

3

4 attenuator
5

6 CEport under test
a

Control on pattern for valid data and activity detection, amplitude, transition times, and output jifter.
b Control on frequency dependent attenuation, emulate various combinationsf Ap |55 and Fg .
Figure 19 — Simplex test set-ups A.and B

Talple 4 specifies the configuration C (simplex applications).

Table 4 — Basic test set-up for configuration C - Simplex applications

cf ECC and wire harness emulation CEport unddr test
g (see key 1 of Figure 20) (see key 2 of Figure 20)
C Using an arbitrary signal generator and attentrator - combining signal gen- ---

eration with cable emulation:

— processing various patterns, including various signal conditions;

— adding frequency dependent attenuation;

— potentially, additional dttenuation can be necessary.

Figure 20 defines the simplextest set-up C.

[

i SP3

HIRY/SAVAYAN - e (e )
|

|

\

ECC and wire harness emulation

arbitrary signal generator

1
2
3 attenuator
4 CEport under test
a

Control on pattern for valid data and activity detection, amplitude, transition times, output jitter, frequency
dependent attenuation, emulate various combinations of Ap |45 and Fyyy,.

b Potentially, additional attenuation is necessary.

Figure 20 — Simplex test set-up C
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Table 5 describes the advantages and disadvantages of suggested simplex test set-ups.

Table 5 — Advantages and disadvantages of suggested simplex test set-ups

Cfg Advantage Disadvantage

A, B |Wire harness/cable emulation can be reused in real net- |Fixed structure, not adaptable, practically
work-links, multi node networks, qualification testing, |low number of test scenarios are applicable.
end-of-line testing, etc.

C There is flexibility in generating multiple stress scenari- |Not usable in real links, it cannot be reused in
os, easy adaptation for new configurations. other test areas.

8.9.8 C(jeating a stimulus for SP3 for duplex applications

Based on ]SO 21806-10, the following impacts on signal quality at SP3 should be considered:

— Valid MOST data is transmitted from the nodes on both sides of the link (all SP2-variations fre

permitted, e.g. minimum/maximum amplitude, transition times, and jitter); gppositional settings

for both nodes are applied.

— Signa
— Some

— Impeg
edges|
of sud
the tr
reflec

— Forad
Signa

thresholds. Activity detection is tested underpresence of crosstalk.

There are|
stress a Cl

Table 6 sp

s are attenuated when travelling through the interconnect.
additional but minor losses occur at the interface cable to the PCB (SP3).

lance mismatches along the link enable reflections. At thelecation of the mismatches, sig
h crosstalk depends on the grade of impedance mismatch, amplitude and transition timg

tions in one link may overlay constructively or destructively.

tivity detection, other patterns (lower frequéncy content) than valid MOST patterns are us
with lower amplitude or additional attenuation may be used for evaluating on-state/off-st|

three basic test set-ups which/may be used to emulate the above listed influences and
C under test.

pcifies the configuration A.

Table 6 — Basic test set-up for configuration A - Duplex applications

nal

from both nodes cause reflections, which then overlay. with the opposing signal. Amplitude

of

ggering signal, as well as the location of the mismatch (attenuation due to the cable). Multiple

ed.
pte

to

Cf ECC emulation Wire harness emulation CEport under test
g (see key 1 of Figure 21) (see key 2 of Figure 21) (see key 3 of Figure 21
A Patteérn generator, signal condi- Frequency dependent attenuation:|ECC is actively transmitting
tiongr, attenuater: downstream.

— bquare¢”wave, with frequency|— wuse  cables  in  various|Maximum amplitude and
less. than 10 kHz and up to combinations, it requires pre-|faet edges are used to causé
75N Hz; selected cables and components; mrasdmamrelectiots-

— MOST150 cPHY stress pattern.|— impedance mismatches as exist,

no possibility to control them.
Figure 21 defines the duplex test set-up A.
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upstream 6

/|

[ "(AFE)

S U1 A W N

L

ECC emulation (upstream)

wire harness emulation

pattern generator

attenuator

cable

CEport under test (upstream) and ECC emulation (downstream)

Control on pattern for valid data and activity detection, amplitude, transifion times, and output jitter.

Control on frequency dependent attenuation, emulate various combjnations of Apc 1,5 and Fyyp.

Figure 21 — Duplex test set‘up A

Talple 7 specifies the configuration B.

Table 7 — Basic test set-up for configuration B - Duplex applications

C

ECC emulation
(see key 1 of Figure 22)

Wire harness emulation
(see key 2 of Figure 22)

CEport undery test
(see key 3 of Figure 22)

Pattern generator, signal condi-
tioner, attenuator:

square wave, with frequency
less than 10 kHz and\up to
75 MHz;

MOST150 cPHY.stress pattern.

Cable or analogue representation:

use specific circuitry,
emulating cable characteristic
with analogue filters. A few
characteristics may be combined
on one PCB;

add circuitry that allows
overlaying noise/crosstalk,
generated by another signal
generator. Noise level shall be
adjusted to levels corresponding
with worst case RL figures in
MOST150 cPHY;

ECC is inactive.

Crosstalk is emulated by the

noise source.

TTOTSC-STo o StioT oo corr oot

to the data stream in frequency
and phase.

Figure 22 defines the duplex test set-up B.
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ECC pmulation (upstream)

wire|harness emulation
pattgrn generator
atterjuator

nois¢ generator
analggue representation

N O U W

CEpart under test (upstream) and ECC emulation (downstream)

%)

Contfol on pattern for valid data and activity detection, amplitude, transition times, and output jitter.
b Contyol on frequency dependent attenuation, emulate various combinations of Ap o5 and Fyyp.

Figure 22 — Duplex test Set-up B

Table 8 spgcifies the configuration C.

Table 8 — Basic test set-up for,configuration C - Duplex applications

Cf ECC and wire harness emulation CEport under test
& (see key 1 of Figure 23) (see key 2 of Figure 23)
C Using an arbitrary signal generatof= combining signal generation with ECCis inactive.

cabl¢ emulation and crosstalk emulation: ..
Crosstalk is implemented

— |processing various patterns, including various signal conditions; on test pattern.
— pdding frequency dependent attenuation;

— pdding amplitude’noise;

— |potentially,additional attenuation can be necessary.

Figure 23 [definesthe duplex test set-up C.
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1 ECC and wire harness emulation
2 arbitrary signal generator
3 attenuator
4 CEport under test
a Control on pattern for valid data and activity detection, amplitude, transition times, output jitteg, frequency
dependent attenuation, emulate various combinations of Ap 455 and Fyyy,.
b Potentially, additional attenuation is necessary.
Figure 23 — Duplex test set-up,C
Talple 9 describes the advantages and disadvantages of the duplex test set-ups.
Table 9 — Advantages and disadvantages of the duplex test set-ups
Cfg Advantage Disadvantage

A Wire harness/cable emulation can be re-uséd’in real |Fixed structure, not adaptable, practicglly low
network-links, multi node networks, qualification number of test scenarios applicable.
testing, end-of-line testing, etc. Fixed crosstalk pattern, grade and locgtion of im-

pedance mismatches is fixed.

B Wire harness/cable emulation €ah be reused inreal  |Circuitry creates impedance mismatchles, which
network-links, multi node networks, qualification are considered as a base impairment of the du-
testing, end-of-line testingjetc. plex link.

Limited reuse crosstalk'generation, impacts signal in
both directions.

C Flexibility in generating multiple stress scenarios, Not usable in real links, no re-use in other test
easy adaptation for new configurations. areas.

9 | Meastrement of phase variation

9.1

General

Phase variation is caused by data stream noise and distortion in the time domain. Based on spectral
content of the variation, sub-categories of phase variation are defined. Table 10 specifies the
measurement of phase variation.

Table 10 — 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 24 shows the sub-categories of phase variation.
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Figure 24 — Sub-categories of phase variation

synchronous network; therefore, separating T} and A] is necessary. Due to the coding sche
ck signal is embedded in the data stream..The receive unit of a node recovers the clock u
ng the received data stream from the data'stream itself. The clock for sampling the out
s node is derived from the recovered clock, which causes a certain phase correlation betwsg
e unit and the output section of a node:

1. Phase variation in a lower spectral range on an incoming data stream is compensa
g the clock’s phase accordingly. Therefore, low-frequency jitter does not impact the d
[Che clock for generating the output data, which is derived from the recovered input clocK
 the alignment procéss-and may transfer phase variation from input to output.

hency jitter cannot*be tracked by the PLL and leads to a temporary misalignment betwsg
clock and ipput data, which limits the ability of error-free data recovery. A maxim

on poing

with two

The dynaFiC characteristics of a PLL for a MOST node are covered by the physical layer specificat

efinitions.

me

ed
but
Pen

an
red
hta
, is

ben
m
hch

on

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 the 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
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combination with the eye mask for SP4 receiver tolerance specifies the minimum AJ tolerance
of an MNC'’s receive section.

b) 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

9.2 Measuring alignment jitter

below the spectral range described by the low-pass filter may be tracked by a PLL
stream being generated by this MNC and sampled with the recovered clock may)tr3
low-frequency part of the total jitter.

The data
insfer this

te for the

jitler measurements, are digital sampling oscilloscopes (DSO) with deep $ampling memory ajnd special

TaEle 11 specifies a procedure for detecting AJ in a data stream. Oscilloscopes, appropria
softw

are modules for serial data analysis.

Table 11 — AJ measuring procedure

Action

Description

Acguiring a
wgveform

A probe (active differential or single-ended probe according to the SP under test) ig
nected to the IUT. The vertical scale is adjusted to achieve a sufficient vertical reso
sequence of the data stream (“waveform?”) is sampled into the oscilloscope’s memo

con-
ution. A

y.

—

Clgck recovery

The DCA-coded MOST150 data stream'contains clock and data. In a first step, the o
scope shall extract the clock.

Data pulses range from 2 Ul to-6 Ul yielding five different pulse widths (2 UI, 3 UI, 4
and 6 UI). The required clock’has a cycle time of 1 Ul, which is twice the bit rate (i.¢
of 48 kHz, the bit rate is*147,45 Mbit/s and the Ul clock is 294,91 MHz).

A method of extractingthe Ul clock from a waveform is a mandatory function to be
with the oscilloscepé: In a first step, the recovered Ul clock is a linear approximatid
fits best to the.acquired waveform in terms of phase and frequency. MOST150 spec|
the Golden PLD)is applied on positive edges of the data stream only; the approxima
clock’s phase shall be performed with regard to the rising edges of the data stream

scillo-

UL, 5 U],
. for a pp

provided
n that
fies that
ion of the
only.

Applying low-
paks filter given
by|Golden PLL

Once,a first derivate of the Ul clock is approximated, there might still be phase diffé
between rising data edges and the recovered Ul clock, called time interval errors. 4
thelow-pass filter (given by the Golden PLL) to the sequence of consecutive time in
errors results in a filtered phase deviation sequence. This sequence represents the
capability of the MNC to track incoming phase variations by adjusting the phase of
pling clock. In order to recover this sampling clock, phases of the first derivate of th
shall be compensated by the sequence of filtered phase deviations.

The resulting new Ul clock, which is used for further calculations, now represents 4

rences

L pplying
terval
minimum
ts sam-

e Ul clock

he base

Ul clockincorporated in the data stream, overlaid with a modulation in phase that

follows

phase variations in the data stream. The modulation capability is limited by the spectrum of

the Golden PLL.

Calculating
alignment jitter

Alignment jitter is the phase deviation between any edge of the waveform and the correlat-
ing transition of the recovered Ul 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 frequen-

cy distribution out of the phase deviation results in an “A] jitter histogram”.
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Table 11 (continued)

Action Description

Drawing the eye |For drawing the eye diagram, the waveform is sliced into intervals of 1 Ul length aligned
diagram with the UI clock. The sliced waveform segments plus some overhead (i.e. 0,25 Ul on both
sides) are overlaid in one graph.

As shown in Figure 25, each transition is drawn twice, first on the left side and second on the
right side of the diagram. Therefore, the statistical distribution of transitions at the thresh-
old level is identical on both sides of the eye diagram.

Duty cycle distortion (DCD), if it exists, shifts the eye towards the mask. In Figure 26, logic
0 pulses are shorter than logic 1 pulses. The Ul clock is referenced to rising edges, which

causes the rising edges to be adjusted to the Ul borders, while the falling edges are shifted py
the amount of the DCD.

Pass/fail tpst Signal integrity shall be checked using eye masks. The masks are defined as keep-out areag;
using eye Inasks |each violation is interpreted as a bit error.

The masks are defined by hexagons with points A, B, C, D, E and F. Points A'and D are limitihg
A] while B, C, E, and F build constraints for amplitude and pulse shape,

Bit error rhte The requested BER of 109 is represented by an eye diagram showing,atleast 109 bits withqut
violation of the mask.

1 bit is represented in 2 Ul Therefore, at least 2 x 102 samples:are required.

Alternatively, statistical methods for accelerated testing.of(BER are acceptable. Selection of a
method for extrapolation and definition of the required,database to be measured for extrap-
olation is the responsibility of the user.

Figure 25[shows the example 1 of measuring alignment jitter."The Ul clock is fitted in frequency gnd
phase to the waveform. Remaining phase deviations aremarked in the diagram. Phase deviations [for
rising edges are shown in the time interval error graph.

xO
AT

................................................

Key

1 waveform input signal
2 phase deviation

3 Ul clock

4 time interval error

Figure 25 — Example 1 of measuring alignment jitter
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NOTE In many oscilloscopes, visualization of the recovered Ul clock is not possible.

Figure 26 shows the example 2 of measuring alignment jitter. The sliced waveform segments are
marked in the waveform graph. The segments are overlaid in eye diagrams.

w (RN

112 131 4 151 (61

2-{ [ A A A

slice 1 slices 1 o2 slices 1105
T i T T
|

..........

Key
waveform input signal
Ul clock

eye diagrams

Figure 26 — Example 2 of measuring alignment jitter

9.3 Measuring transferréd jitter

Table 12 specifies a procedute of determining T] in a measured data stream.

Table 12 — Measuring transferred jitter

Action Description

Acguiring awave- |For this measurement, the maximum available sampling memory of the oscillosqope shall
form be used. A probe (active differential or single-ended probe according to the SP upder test)
is connected to the IUT interface. The vertical scale is adjusted to achieve a suffifient

vertical resolution; see 8.1 and 8.3. A sequence of the data stream, which is referjred to as

£ : h I 1 <11 ]
WAVTCTUTIIL TS S5 dTITpPIeU mrtotire USTITTUSTUPTSTIICIIIUTTY.

T] is defined in the spectrum from 10 Hz (beyond wander) to 200 kHz. The determination
of this jitter is limited by the size of memory of the oscilloscope.
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Table 12 (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 approxima-
tion 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
variations is basically not necessary. Small deviations in the detected BR 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 with lowest possible bandwidth (as close as possible to 10 Hz).

Extracting trans- |Jitter is the phase deviation between an edge of the waveform and the correlating tran-
ferred jittgr sition of the recovered Ul clock. For transferred jitter, only phase variatiotis’coming with
rising edges of the waveform are relevant because only these deviatignsare tracked by
the PLL and impact the recovered clock’s phase.

Calculating the misalignment between clock and data for rising edges and drawing the
successive phase deviations over runtime in a graph result ima~jitter track”.

Successive phase deviations appear in pulse time intervals.(2 Ul, 3 UI, 4 Ul, 5 UI, and 6 U[[),
which correspond to the theoretical maximum jitter frequencies up to 150 MHz. With re
spect to the focused spectral range 10 Hz to 200 kHz; it/is acceptable to reduce the amoynt
of jitter values by skipping samples in regular intervals. The reduction might be helpful for
accelerating the measurement process.

In the next step, this jitter track (optionallyr€duced) shall be low passed, using the tran-
fer function given with the jitter filter definition, which results in the “filtered jitter”.

Calculating trans- |Transferred jitter is calculated by accuntulating the phase deviations of the filtered jittef
ferred jittg¢r by using the root-mean-square method (vyys) as specified in Formula (6).

If the spectrum of the filtered jitter contains values below 10 Hz (e.g. caused by a constapt
phase mismatch between clock’and data), the standard deviation as specified in Formu-
la (7) may be calculated jnstead of the vpys.

Mn
VRMS T ﬁzizl"i (6)

where

vpms | 1s the transféryed jitter, calculated using the root-mean-square method;

N is the pumber of samples;
i is,the’index of summation;
v is'the phase deviation
1 N 2
Spev :\/ﬁzizl(vf ~Vmean ) (7)
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:

-

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

unfiltered), weighting with the jitter filter leads to the low-passed version (jitter fi@red).

J RS
0,3 T : ; . . . QN .

— | Figure 27 upper graph: successive phase deviations are shown over runtime (jitter unfilgﬁ‘)

weighting

— | Figure 27 lower graph: successive phase deviations but reduced by factor 10 are shoWsQ'\o{/er rungime (jitter
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a

Successive phase deviations are shown over runtime (jitter unfiltered), weighting with the jitter filter leads to

the low-passed version (jitter filtered).

with the jitter filter leads to the low-passed version (jitter filtered).

Figure 27 — Example of measuring transferred jitter
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10 Test set-ups

10.1 General

This subclause specifies measurement set-ups, suggested to determine link quality parameters as
specified in ISO 21806-10. The focus is set on measurement of specific characteristics of the MOST150
cPHY, while evaluation of LVDS-based signal parameters is not discussed here. Suggested set-ups are
targeting evaluation of pulse shape and timing distortion at the output of a coaxial transmitter and

timing dis

tortion on a data signal after passing a coaxial receiver.

The follow
— pulse

— timin
respe
— theey

distor]
accur

[ing applies:
shape includes amplitudes and transition times;

b distortion means all kind of jitter, visible at the crossing of signal edges withixegard to
rtive threshold;

e mask measurement used for evaluation of alignment jitter combines pulse’shape and tim
tion. The additionally specified pulse shape parameters are more stringent and also m
hte. Therefore, eye mask measurement does not replace the discreteevaluation of all ot

paranpeters.
The set-u]Is are selected based on the operation mode, simplex or duplex. A set-up is adapted to

chosen co

hfiguration of the application, using a standalone or an integrated transceiver component.

10.2 Graphical symbols and descriptions

10.2.1 Pattern generator SP1

Figure 28
generator

within exf

Key
1 patte

shows the graphical representation of a-pattern generator, mainly for SP1. Such a patt
shall be able to create a signal followingthe SP1 signal quality requirements (LVDS, variat
reme pulse shapes, variation with iniextremes of timing distortion).

1

A
SipipNplninl

I I

rn generatog

Figure 28 — Pattern generator

Lhe

ng
hre
her

Lhe

PN
on

10.2.2 SP3 stimulus

Figure 29 shows the graphical representation of the SP3 stimulus. This stimulus is an emulation
of coaxial signals. The emulation generates a signal following the SP2 requirements (including all
tolerable variations), or a signal resembling that of a coaxial transmitter in combination with a coaxial
interconnect as described in 8.9.

30
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Key

1

SP3 stimulus

10
Fig

thd
is 1

Key

10

Fig
ind

froantends, all applied~on a PCB. The focus of evaluation is set on ECport performance. This

us¢

Figure 29 — SP3 stimulus

2.3 Standalone simplex ECport under test

ure 30 shows the graphical representation of a standalone simplex ECport under test whig

Ised for standalone transceiver chips in simplex mode.

1

VA

AFE ECC

ECport under test

Figure 30 —Standalone simplex ECport under test

2.4 Integrated simplex ECport under test

ure 31 shows the graphical representation of an integrated simplex ECport under t
ludes the coaxial transmitter component ECC, the coaxial receiver component CEC, and th¢

d for integratédytransceivers in simplex mode.

h includes

coaxial transmitter component ECC and the analogue frontend, both.applied on a PCB. This symbol

est which
 analogue
symbol is
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Figure 31 — Integrated simplex ECport under test

10.2.5 Standalone simplex CEport under test

Figure 32
receiver ¢

standalon

Key
1 CEpd

shows the graphical representation of a simplex:CEport under test which includes the coaj
pmponent CEC and the analogue frontend, beth applied on a PCB. This symbol is used
e transceiver chips in simplex mode.

1

L

AFE CEC

rt under test

Figure 32 — Standalone simplex CEport under test

ial
for

10.2.6 Ir1tegrated simplex CEport under test

Figure 33 shows the graphical representation of an integrated simplex CEport under test which
includes the coaxial receiver component CEC, the coaxial transmitter component ECC, and the analogue
frontends, all applied on a PCB. The focus of evaluation is set on CEport performance. This symbol is
used for integrated transceivers in simplex mode.
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Figure 33 — Integrated simplex CEport under test

10}j2.7 Duplex ECport under test

Figure 34 shows the graphical representation of\a duplex ECport under test which includes 4
transmitter component ECC, the coaxial receive¥ component CEC, and the analogue frontend,
onfa PCB. The focus of evaluation is set on ECport performance. This symbol is used for tran
duplex mode.

1

CEC j—

9
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=

—

)

he coaxial
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bceivers in
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- J

Key
1 ECport under test

Figure 34 — Duplex ECport under test
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10.2.8 Duplex CEport under test

Figure 35 shows the graphical representation of a duplex CEport under test which includes the coaxial
receiver component CEC, the coaxial transmitter component ECC, and the analogue frontend, all applied
on a PCB. The focus of the evaluation is set on CEport performance in duplex mode. This symbol is used
for transceivers in duplex mode.

1

< \

CEC

—[ ECC
O)
O om)

- J

e

)

T

e

\%\.

Key
1 CEpqrt under test

Figure 35 — Duplex CEport under test

10.3 Set{ups for dual simplex

10.3.1 General

In dual sithplex mode, signals are‘transmitted on separate cables per signalling direction.

10.3.2 SK2 signal quality-measurement for simplex

An ECC realized as a standalone component offers a differential input interface in LVDS technology at
SP1 and 4 single-ended output interface at SP2. Signal quality as a response to the input signal gnd
operating|conditions can be measured at SP2. The test set-up shown in Figure 36 can be used [for
evaluation} of transition times, steady state amplitude and jitter.
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1 _1—\_1—\_15\_1—\_1—\_
Epliplinininl

Key

1 SP1

2 SP2

3 pattern generator
4 ECport under test
5 oscilloscope

As|specified in ISO 21806-10, integrated transceivers do not necessarily.offer direct access t
EC[ input signal can be stimulated by making use of the bypass. As shown in Figure 37, in by
thg CEC output signal is retransmitted on the ECC. An ECC provides-a reshaping of the out
buf no retiming. Therefore, the ECC output signal provides the(Opportunity on direct eva

Figure 36 — SP2 signal quality measurement set-up for simplex and standalone transceiver

b SP1. The
bass mode
put signal
luation of

transition times and steady state amplitude. Timing distortien<measured at SP2 includes coptribution
fr%\ of CEC and ECC. A reference of ECC performance shall’be‘measured upfront and the reqult can be
compensated for the ECC impact. An example for such reférence measurement is shown in Figure 38.
5
4 ./ )
4 )
[ v j [ e |—
—[ AFE jd*‘[ ECC —
-
N =)
- J
Key
1 SP3
2 SP2
3 pattern generator
4 oscilloscope
5 ECport under test

Figure 37 — SP2 signal quality measurement set-up for simplex and integrated transceiver
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Figure 38 — SP2 jitter measurement set-up for simplex and integrated transceiver, referende
with data from MNC

10.3.3 Sk4 jitter measurement (AJ and TJ) for simplex
As discusded in 8.9, there are various influences on a transmission channel that degrade signal quality of
an input sjgnal at SP3. Such impacts as well as the operating conditions of a coaxial receiver determjne
the signal|quality at SP4.
A CEC reglized as a standalone component exhibits an output interface in LVDS technology. Sighal
quality as|a response to SP3 input stimuli and operating conditions can be measured as jitter (A] 4nd
TJ]). A test|set-up in simplex operation is shown in Figure 39.

|

/ 1 s 2

Ul s W N =

SP3
SP4
SP3

timulus

CEportandertest

oscilloscope

Figure 39 — SP4 jitter measurement for simplex and standalone transceiver

For integrated transceiver as specified in ISO 21806-10, the CEC output signal can be accessed making
use of the bypass. The CEC output is retransmitted on the ECC. This provides a reshaping of the ECC
output signal but no retiming. The measured signal then includes timing distortion of the CEC plus the
ECC. A reference of ECC performance shall be measured upfront and the result can be compensated for
the ECC impact.

Figure 40 defines the SP4 jitter measurement for simplex and with integrated transceiver.
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Figure 40 — SP4 jitter measurement for simplex and with integrated transceiver

10.4 Set-ups for duplex

10}4.1 General

In |duplex mode, signals are transmitted in both directions over the same cable. Upstiream and
doywnstream signals are overlaying each other. For unification and simplification, the following test set-
up$ are showing the ECC undertest to drive the downstream path, while incoming signals gre always
fed from the upstream path.

10}4.2 Directional couiplers

Signal quality measurements in duplex links are performed using directional couplers. The directional
couyipler provides three terminals. Two of them offer a bidirectional transmit path; a third terminal
provides abrahch from one of the other two terminals. The coupler itself is a non-ideal comppnent and,
thgrefore,has an impact on the signals.

Figure 41 shows a directional coupler with three terminals (1, 2, 3). Upstream and downstream signals

are applied to terminals T and Z. An attenuated version of downstream is produced at terminal 3.
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Figure 41 — Directional coupler

Table 13 describes the signal impairments due to directional coupler.

Table 13 — Signal impairments due to directional’coupler

Impairnjent Effect

Insertion loss |The transmit path between terminal 1 and terminal 2:attenuates both signals of the duplex
link.

Coupling lpss | The signal from terminal 1 to terminal 3 provides-an attenuated copy of the signal on terminal
1.

RL The impedances on the terminals of the céuipler may deviate from the optimal value of 50 Q.
This creates impedance mismatches with the connected components and therefore causes
losses and reflections.

Directivity A crosstalk path between the signal path from terminal 2 to terminal 1 and from terminal 1|to
terminal 3 might exist.

All the ligted impairments are functions of frequency. The grade of attenuation and imperfectjon

depends dn the chosen product. Depénding on the chosen product, not all might end up in measuraple

distortion|

A method

de-embedding of knowmn/impairments is recommended.

to evaluate crosstalk caused by a directional coupler is depicted in Figure 42.
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Figure 42 — Crosstalk caused by directional coupler, measured with ideal 50 ¢

TE In a test set-up, where an IUT is connected instead of the ideal 50 Q termination, it is possi
ber or smaller as seen in the aforementioned set-up.

flections are triggered by signal edges coming from both sides of the mismatch. In a duple
ential causes of reflections exist.

The SP3 stimulus in the“upstream path creates reflections, which are overlaying
downstream signal. This affects the out-coupled signal (attenuated downstream). |
compromise paramieter performance measured with the oscilloscope.

The ECC output-signal (downstream) causes reflections, which are overlaying with the

quality presented to the CEC input and affect the response of activity detection circuitry|
transceéiver.

urel48 shows the crosstalk caused by directional coupler, in real set-up 1.

2021(E)

ble that the
htch can be

k link, two

with the
his might

upstream

signal inside‘the IUT. This degrades the input signal into the CEC. This might compronpise signal

inside the
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Figure 43 — Crosstalk caused by directional coupler, in real set-up 1

10.4.3 SK2 signal quality measurement for duplex

In duplex
downstre
test to dri

Duplex tr
technolog
signal. Th
set-up sho
amplitude

mode, signals are transmitted in both\directions over the same cable. Upstream 3
hm signals are overlaying each other. The following test set-ups are showing the ECC un
e the downstream path, while inconling signals are fed from upstream path.

insceivers realized as standalohe) component, provide differential input interfaces in LV
y. Evaluation of the ECC’s signal quality can be done without the presence of an upstre
b set-up is shown in Figure-44. From a function point of view, this set-up is identical with
'wn in Figure 36. The teStset-up can be used for evaluation of transition times, steady st
and jitter.
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Figure 44 — SP2 jitter measurement set-up for duplex and standalone transceiver
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For integrated transceivers the ECC input signal can be stimulated, using the bypass (see ISO 21806-10).
As shown in Figure 45, the stimulus pattern is being transmitted upstream, through the directional
coupler, through the CEC (including AFE), bypassed to the ECC input and then retransmitted by the
ECC. The ECC output signal (again through the AFE) is transmitted downstream and a certain portion
of the signal energy is transferred to the out-coupled path of the directional coupler. The ECC provides
a reshaping of the output signal but no retiming. Therefore, the measured signal can be used for
direct evaluation of transition times and steady state amplitude. Timing distortion, however, includes
contribution from ECC and CEC.

4 _/5 /
VAAVATAN R s S e
® E
6 attenuated downstream -
/ v < ] CTR
LX) J

Key
1 terminal 1
2 terminal 2
3 terminal 3
4 SP3 stimulus
5 directional coupler
6 oscilloscope
7 ECport under test

Figure 45 — SP2 jitter measlrement set-up for duplex and integrated transceivdr 1

A neference of ECC performdnce shall be measured upfront and the result can be compensated for the
CE[L impact on the timing distortion. An example for such reference measurement is shown in|Figure 46,
it yses the pattern generated inside the MNC to get rid of impairments from CEC and the directional
coupler.
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with data from MNC

bed in 8.9, there are several options to emulate inflirences on a transmission channel t

cts as well as the operating conditions of a coaxial receiver determine the signal quality

to simplex, the duplex test set-up is verysimilar. In addition, the back channel is implemen
in Figure 47 to test the CEC under full load. Optionally, a directional coupler can
Led to visualize the back-channel sigrial, but this is not mandatory for this set-up.
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Figure 47 — SP4 jitter measurement for duplex and standalone transceiver
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For integrated transceivers the CEC output signal can be accessed, using the bypass (see ISO 21806-10).
As shown in Figure 48, the stimulus pattern is being transmitted upstream, through the directional
coupler, through the CEC (including AFE), bypassed to the ECC input and then retransmitted by the
ECC. The ECC output signal (again through the AFE) is transmitted downstream and a certain portion
of the signal energy is transferred to the out-coupled path of the directional coupler. The ECC provides
a reshaping of the output signal but no retiming. Beside the CEC’s response on various stimuli and test
conditions, the resulting timing distortion includes contribution from ECC.

5 6
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L e ¢ ™ e ¢ ™
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N J —{ E(C
7 attenuated downstream .
- CTR

A\ J

Key

1 terminal 1

2 terminal 2

3 terminal 3
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5 directional coupler
6 CEport under test
7 oscilloscope

Figure 48 — SP4 jitter measurement set-up for duplex and integrated transceiver

A reference of ECC performance shall be measured upfront. The timing distortion resylt can be
compensated for the ECC impact. An example for such reference measurement is shown in F;’Lure 49, it
usé¢s the pattern generated inside the MNC to eliminate impairments from CEC path.
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Figure ##9 — SP2 jitter measurement set-up for duplex and integratedtransceiver, reference
with data from MNC

11 Power-on and power-off

11.1 General

Clause 11|defines several possible test set-ups and sequénces to exercise as many functional ECC g4nd
CEC requifements as possible and also provides guidelines for the interpretation of results.

All test sefjuences shall be performed for the minimum, typical, and maximum of the operating voltage
according|to operating conditions specified.id6.1.

All test gequences shall be performed for the minimum, typical, and maximum temperatfire
specificat]ons.

When testing MOST modules (ECC/and CEC in one enclosure), crosstalk effects should be considered.
When testling one MOST module,the other MOST modules shall be active.

Some of the parameters.specified in ISO 21806-10:2021, Clause 10 can be measured (tgpate tivpgva
etc.), other parameters) (ton2 toprz tons €tc.) determine relations between operation states and|do
not have dlistinct botindaries. For the parameters that cannot be measured, this clause specifies test
sequenceq including/a timeout, which represents the maximum and minimum time interval allowed
for the reqpective.parameter. The end of the interval is marked as action point in the signal charts (fee
Figure 51). 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 or LVDS 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 ECC is described in 11.2, followed by descriptions for CEC in 11.3. Set-
ups and test cases are described based on standalone transceivers, showing input stimuli and expected
response. For a simplified presentation, all test cases are shown in simplex mode. The requirements for
activity detection in duplex are identical to the simplex ones. As an additional stress condition, a CEC in
duplex would be tested in presence of an actively driving ECC.
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With integrated solutions as specified in ISO 21806-10, not all interfaces are accessible; therefore, a test
case might not be applicable without modifications (e.g. SP1 signals are inside the IC). In such case, it is
the responsibility of the ECC supplier to test the requested functionality in an appropriate way.

Testing of CEC’s activity detection includes the full variety of scenarios being influenced by outer
conditions, such as CEC power state requirements, SP2 signal performance of the preceding node,
attenuation of coaxial interconnect, signal degradation due to RL (especially for duplex), etc.

11.2 Measuring ECC parameters

11{2.1 Measuring ECC parameters - Test set-up

Figure 50 shows an example of the test set-up for measurement of the ECC power-on and-power-off.

1

0Vto +3,465 \" V(;(;Tx

/RST

Signal A

generator Termination

TXP

10
f

N
o gs)cilloscope

D

1 power amplifier/pregrammable power supply
Figure 50 — Set-up for measuring ECC power-on and power-off parameters

The main parts of the set-up are:

— | theUT is fitted according to the manufacturer’s recommended set-up;

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

— preferably the oscilloscope’s internal 50 () termination can be used;
— the oscilloscope captures input and output signal data;
— the SP1 signal is a differential signal; an active differential probe should be used for measurement;

— the power amplifier/programmable power supply turns the ECC power on and off and provides the
desired supply voltage.
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11.2.2 Measuring ECC 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 ECC parameters.

The ECC parameter testing requires two different types of test sequences:

— in the first sequence, power-on and power-off behaviour is controlled by the signal content of SP1
while the /RST signal is logic 1 (Figure 51);

— in the second sequence, power-on and power-off behaviour is controlled by the /RST signal
(Figufe 57Z].

Figure 51 gpecifies the ECC signal chart No. 1 for measuring ECC parameters.

N
off-state —» on-state on-state — %ﬁ%tate
N\
[
Veerx
|
SP1 . ( /
LVDS 0 Test signal LVDS 0

(Vrxe - Vix) 5 (

ee
i

tonz(max) = 400 ps torr2(max) = 2 ps

Z

Key
1 marker action point)1
2 marHKer action poirt 2

Figure 51 — Measuring ECC parameters - ECC signal chart No. 1

Figure 52 defines the ECC signal chart No. 2 for measuring ECC parameters.
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Figure 52 — Measuring ECCparameters - ECC signal chart No. 2

11{2.3 Measuring ECC parameters.—-Test sequences

11}2.3.1 ECC test sequence #1 - off-state to on-state by SP1 signal

Talple 14 specifies the ECCtest sequence #1, which checks the transition detection mechanfism of the
ECL.

Table 14 — ECC test sequence #1

Item Content

S

—-

dgnal chart Figure 51
Veerx: 0 Vto 3,465V

In1tial state: inputs | /RST: logic 1
Initial state: output |SP2: off-state

SP1 (Voxp - Vexn): 10 kHz square wave pattern
Test signal: inputs

LVDS compliant
Output/expected ECC remains in off-state, supplied with an input signal and frequency within Fygg; re-
behaviour quirements.

An oscilloscope shall monitor the SP2 output before, during and after the test to ensure the off-state
requirement is met.
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11.2.3.2 ECC test sequence #2 - off-state to on-state by SP1 signal

Table 15 specifies the ECC test sequence #2, which checks the transition detection mechanism of the
ECC. In this particular test the Fyy;(min.) conformance is checked.

Table 15 — ECC test sequence #2

Item Content
Signal chart Figure 51
Veery: 0 Vto 3,465V

/RST: logic 1
Initial statle: inputs  |SP1 (Vyxp - Vpxn): LVDS 0

0 Hz to 10 kHz square wave pattern

LVDS compliant
Initial statle: output |SP2: off-state

SP1 (Vrxp - Voxn): 12 MHz square wave pattern
Test signal: inputs
LVDS compliant

Output/exjpected
behaviour

ECC transitions to on-state within time tyy,(max.).

The oscilloscope shall check the maximum allowed transitiofy time from off-state to on-stajte.
ISO 21804-10:2021, Clause 10 mandates that the ECC is in on-state not later than tyy,(max.) time after
all on conflitions are met. In this case, the start of ¢,y is triggered by the first rising edge of the test
stimulus.

Since thefe is no measurable marker that indicates, when the ECC enters the on-state, an indirect
method isjused: after the maximum allowed time [exid of t,y,(max.) - marked as action point 1 in fhe
ECC signal Figure 51] a check of on-state requirements is started.

For this test, since the input is LVDS 0, only the,SP2 signal amplitude is checked.

11.2.3.3 ECC test sequence #3 - on-state to off-state by SP1 signal

Table 16 dpecifies the ECC test sequence #3, which checks the transition detection mechanism of the
ECC.

Table 16 — ECC test sequence #3

Item Content

Signal chaft Figure 51
Initial stal]e: mputs |/RST:logic 1

SP1 (Voxp - Voxn): 12 MHz LVDS compliant square wave

Initial state: output |SP2: on-state

Test signal: inputs 0 Hz to 10 kHz square wave pattern

LVDS compliant

Output/expected
behaviour

ECC transitions to off-state within time £y, (max.).

The oscilloscope shall check the maximum allowed transition time from on-state to off-state.
ISO 21806-10:2021, Clause 10 mandates that the ECC is in off-state not later than t,gp,(max.) time after
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one or more off conditions are met. In this case, the start of tygg, is triggered by the last falling edge of
the initial state data pattern.

Since there is no measurable marker that indicates when the ECC enters the off-state, an indirect
method is used: after the maximum allowed time [end of t;p,(max.) - marked as action point 2 in the
ECC signal chart Figure 51], a check of off-state requirements is started.

The oscilloscope shall start monitoring the SP2 output after the time marked as action point 2 to ensure
the off-state requirement is met.

To trigger the oscilloscope, the signal generator may produce a signal marker after tygp, (max.) time
since switching the SP1 signal to LVDS 0 (or 10 kHz square wave form).

NO[T'E Long data set capture is preferred, since it is possible that the hold-off timecthat agcompanies
repgetitive capture leads to missed events.

11}2.3.4 ECC test sequence #4 - off-state to on-state by SP1 signal

Talple 17 specifies the ECC test sequence #4, which checks the transition"detection mechanjism of the
ECL.

Table 17 — ECC test sequence#4

Item Content

dnal chart Figure 51
VCCTX: 0Vto 3,465 \

/RST: logic 1
Inftial state: inputs SP1 (Vpxp - Voxn): LVDS 0

S

—

0 Hz to 10 kHz square wave pattern

LVDS compliant
Injtial state: output SP2: off-state
Tept signal: input SP1 (Voxp - Visd): LVDS compliant stress pattern with nominal pgp
}?U tput/expected be- ECC transitions to on-state within time ¢y, (max.).
ayiour

Thg oscilloscope shallcheck the maximum allowed transition time from off-state to on-state.
IS 21806-10:2021, Clause 10 mandates that the ECC is in on-state not later than tqy, (max.)[time after
alljon conditions afemet. In this case, the start of ¢,y is triggered by the first rising edge pf the test
stijnulus.

Since there(is'no measurable marker that indicates when the ECC enters the on-state, an indirect
mdthod istused: after the maximum allowed time [end of t4y,(max.) - marked as action poipt 1 in the
EC[ signal chart Figure 51] a check of on-state requirements is started.

For—thistestatongwiththe output power of the SP2-interface; atso the-SP2sigmatquatity s checked.
At action point 1, the oscilloscope shall start capturing 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 oscilloscope tqy, (max.) after activation of the test signal. Alternatively (if the
signal generator does not have enough outputs), the oscilloscope is triggered by the SP1 signal with a
delay of 100 ps.

11.2.3.5 ECC test sequence #5 - on-state to off-state by SP1 signal

Table 18 specifies the ECC test sequence #5, which checks the transition detection mechanism of the
ECC.
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Table 18 — ECC test sequence #5

Item Content

Signal cha

rt Figure 51

Veerx: OV to 3,465 V

Initial state: inputs /RST: logic 1

SP1 (Vpyp - Voyn): LVDS compliant stress pattern with nominal ppp

Initial state: output SP2: on-state

Test signa

:inputs 0 Hz to 10 kHz square wave pattern

LVDS compliant

haviour

Output/expected be-

ECC transitions to off-state within time typg, (max.).

The oscil

ISO 21806

one or mo
the initial

state data pattern.

oscope shall check the maximum allowed transition time frem-on-state to off-state.
-10:2021, Clause 10 mandates that the ECC is in off-state not later than typp, (max.) time affter
fre off conditions are met. In this case, the start of ¢y, is triggéved by the last falling edg¢ of

Since thefe is no measurable marker that indicates when thesEEGC enters the off-state, an indirect
method is|used: after the maximum allowed time [end of t,pps(thax.) — marked as action point 2 in the
ECC signal chart Figure 51] a check of off-state requirementsgis started.
The oscill{Itscope shall start monitoring the SP2 output after the time marked as action point 2 to ensyire
the off-state requirement is met.
To trigger] the oscilloscope, the signal generator<may produce a signal marker after tygp, (max.) tifne
since switching the SP1 signal to LVDS 0 (or 10~kHz square wave form).
NOTE L.ong data set capture is preferredysince the hold-off time that accompanies repetitive capture fan
lead to misged events.
11.2.3.6 ECC test sequence #6 -(off-state to on-state by /RST signal
Table 19 gpecifies the ECC test sequence #6, which checks the reset mechanism of the ECC and the
minimal dllowed time for the /RST signal to be set to logic 1 after the voltage provided by the power
supply ex¢eeds Vr.
Table 19 — ECC test sequence #6

Item Content

Signal chakt Figure 52

Initial stat

e:inputs | /RST:logic 0

SP1 (Vpxp - Voxn): LVDS compliant stress pattern with nominal pgp

Initial stat

e: output |SP2: off-state

Test signal: inputs /RST: logic 1

Outpu_t/expected ECC transitions to on-state within time £y, (max.).
behaviour
There are two aspects for treating this minimal allowed time.

50
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The first is the power supply application aspect; the reset generator providing the signal shall be
designed to ensure the /RST signal does not transition to logic 1 before t,, (min.) time passes after the
Vcerx measured on the ECC power supply pins crosses V.

The second is the ECC parameter aspect; ISO 21806-10 mandates that when being supplied with an
operating voltage within Vgccqg, the internal circuitry of the ECC settles into stable operation with the
ability to perform transition detection within a time defined by the minimum value of the parameter
tp,. By driving the /RST signal to logic 1 at the ¢, (min.) time it is checked if the ECC complies to that
specification.

ct method
is @ised for testing the t,y,(max.) conformance: after the maximum allowed time [end of tyy, (max.) -
mdrked as action point 1 in the ECC signal chart Figure 52), 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
actlion point 1, the oscilloscope shall start capturing the data sequence, which isused for evaluating the
SP? signal quality.

To [assist the capture of the SP2 data in on-state, the signal generator mdy assert the triggef signal to
thg oscilloscope tqyy, (max.) after activation of the test signal. Alternatively (if the signal genefator does
not have enough outputs), the SP1 signal with a delay of 100 ps may b€ used to trigger the os¢illoscope.

11}2.3.7 ECC test sequence #7 - on-state to off-state by /RST.signal

Talple 20 specifies the ECC test sequence #7, which checks.the reset mechanism of the ECC.

Table 20 — ECC test sequence #7

Item Content
Signal chart Figure 52
Veerx: 0 Vto 3,465V
Injtial state: inputs /RST: logic 1
SP1 (Vyxp=V1xn): LVDS compliant stress pattern with nominal pgy
Injtial state: output SP2; 6n-state
Tept signal: inputs /RST: logic 0
Oytput/expected behav- ~|ECC transitions to off-state within time t,p, (max.) after the /RST signa] is set to
iogr logic 0 and it stays in off-state as long as the /RST signal is logic 0.

Sir]ce there is no~measurable marker that indicates when the ECC enters the off-state, an indirect
mdthod is used{after the maximum allowed time [end of typr, (max.) - marked as action point 2 in the
EC[ signal chart Figure 52), a check of off-state requirements is started.

The oscilloscope shall start monitoring the SP2 output after the time marked as action point 4 to ensure
thq off>state requirement is met. A trigger signal from the signal generator is used to mark a¢tion 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 leads to missed events.

11.3 Measuring CEC parameters

11.3.1 Measuring CEC parameters - Test set-up

ISO 21806-10 specifies a set of functional requirements and performance parameters for the CEC.
Figure 53 defines the set-up for measuring CEC power-on and power-off parameters.
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Programmable +3,135V to +3,465V
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Figure 53 — Set-up for measuring CECpower-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 and is powered constar]tly
during the test(s);

— the cdble or cable emulation emulates the degradation of data signals due to coaxial interconnegts;
the options to create a stimulus for SP3 interfaces as specified in 8.9 are also applicable here;

— the signal generator,(i.e/pattern generator or arbitrary signal generator) is used to produce the test
pattefns and prodace‘the trigger signal for the oscilloscope;

— the ogcilloscope)captures input and output signal data; the SP4 signal is a differential signal;|an
activd differential probe should be used for measurement;

— the ampere meter measures the current consumption of the CEC under test (in off-state).

The signal generator shown in Figure 53 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 signal generator's output patterns, amplitude settings follow SP2
amplitude values and the targeted cable degradation.

As a general rule, the signal amplitude at SP3 of the set-up emulates SP2 amplitudes and the targeted
cable degradation. This is valid for the MOST150 cPHY stress pattern and for the square wave pattern
used for testing CEC power state requirements. The signal generator and the cable or the cable
emulation also shall provide an off-state as defined for the ECC (see ISO 21806-10).

NOTE CEC on-state and off-state depend on CEC power state requirements (Fqy, Fopp) and signal amplitude
limits, which are specified in ISO 21806-10.
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Based on specification of SP2 steady state amplitudes, cable attenuation and RL in ISO 21806-10,
signals with minimal amplitude for SP3 can be calculated. It is to be noted that the frequency dependent
attenuation of the coaxial interconnect leads to different steady state amplitudes for pulses with
different pulse width (2 Ul, 3 U, 4 U], 5 UI, and 6 UI). Due to this effect, for every stimulus with specific
(different) frequency content its corresponding minimal amplitude shall be calculated. In the context
of this document this frequency (stimulus) dependent minimal amplitude is referred to as minAMP_ON.

As a general requirement, a CEC shall be in on-state when CEC power state requirements are met and
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nal amplitudes equal or larger than the minAMP_ON.

- ecified in
21806-10 to enforce CEC off-state, nor can be derived. This is in the responsibility*of the CEC-
plier. Such test cases, listed below, are marked “for information only”. The corresponding pmplitude
dition is referred to as maxAMP_OFF.
3.2 Measuring CEC parameters - Signal charts
b signal chart represents the graphical view of test sequence. It defines.the location of he action
nts and provides the prerequisites for the corresponding tests of the-CE€ parameters.
ure 54 defines the measuring CEC parameters - CEC signal chart.
\ O/
off-state —» on-state Q on-state — off-state
RS
1\
3 . Test signal ))
W
ATUS \ 2) HIGH /
- LOW /
IR
|\
f - Output / / signal >< LVDS | 0 3
XP ~ VRXN) ( 7
W\
g Gstatr ) . fpsva 1 o tstaTR o | o fLvDsHa 2
tona(max) = 9,7 ms L torra(max) = 9,7 ps ‘}/
- Vl

marker action point 1
marker action point 2

11.

11.

Figure 54 — Measuring CEC parameters - CEC signal chart

3.3 Measuring CEC parameters - Test sequences

3.3.1 General

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

11.

3.3.2 CECtest sequence #1 - off-state to on-state

Table 21 specifies the CEC test sequence #1, which checks the transition detection and wake-up
mechanism of the CEC.
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Table 21 — CEC test sequence #1

Item Content

Signal chart Figure 54

Veerx: 3,135V to 3,465V
SP3: equivalent SP2 off-state
STATUS: logic 1

SP4 (Vrxp - Vrxn): disabled
Test signa “inputs SP3: continuons square wave hetween 0 Hzand 10 kHz

The CEC stays in off-state with STATUS logic 1 and SP4 outputs disabled.

Initial state: inputs

Initial state: output

Output/expected behav- o ] )
iour With input stimulus present, the CEC's current consumption may exceeddy ) ggp

max.).

1

The minimum and maximum values of the signal amplitude shall be tested. Test signals with multiple
test signal levels should be used.

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

Table 22 ppecifies the CEC test sequence #2, which checks the transition detection and waketup
mechanism of the CEC.

Table 22 — CEC test sequence #2

Item Content

Signal chaft Figure 54
Veerx: 3,135V to 3,465V

SP3: equivalent SP2 off-state
STATUS: logic 1

SP3: continuous 12 MHzSquare wave

Initial statle: inputs

Initial statle: output

Test signal: inputs
signal amplitude <-maxAMP_OFF

The CEC staygin-off-state with STATUS logic 1 and SP4 outputs disabled.

Output/expected
behaviour With inpuf stimulus present, the CEC's current consumption may exceed I¢g ggp(maxy).

11.3.3.4 [CEC test sequence #3 - off-state to on-state

Table 23 ppecifiesthe CEC test sequence #3, which checks the transition detection and waketup
mechanism of the'CEC.

Table 23 — CEC test sequence #3

Item Content

Signal chart Figure 54

Veerx: 3,135V to 3,465V
SP3: equivalent SP2 off-state
STATUS: logic 1

SP3: 12 MHz square wave burst with duration < tgpapp(min.)

amplitude > minAMP_OFF

Initial state: inputs

Initial state: output

Test signal: inputs

54 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=8654d1631211cbdedc77d5dc5ec1b1ee

ISO 21806-11:2021(E)

Table 23 (continued)

Item

Content

Output/expected behav-
iour

The CEC stays in off-state with STATUS logic 1 and SP4 outputs disabled.

With input stimulus present, the CEC's current consumption may exceed g prp(-
max.).

The minimum and maximum values of the signal amplitude shall be tested. Test signals with multiple
test signal levels should be used.

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

Talple 24 specifies the CEC test sequence #4, which checks the transition detection’and wake-up

mechanism of the CEC.

Table 24 — CEC test sequence #4

Item

Content

Si

—

dnal chart

Figure 54

Injtial state: inputs

Veerx: 3,135V to 3,465V
SP3: equivalent SP2 off-state

Injtial state: output

STATUS: logic 1

Tept signal: inputs

SP3: 12 MHz square wave burst with duration > tgparp(min.)
amplitude > minAMP_OFF

Oytput/expected behav-
ioyr

The CEC transitions to.on-state within time t,y,(max.) with STATUS logif 0 within
tgrapr(min.) to tgpapp(irax.), and valid LVDS levels within ¢} ypgys(max.).

The input signal represents no valid MOST data. Therefore, only the STATUS signal timing and SP4 LVDS

conformance shall be checked.

The minimum and maximum values of the signal amplitude shall be tested. Test signals with multiple

tedt signal levels should be used:

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

Talple 25 specifies the”CEC test sequence #5, which checks the transition detection and [shutdown

mechanism of the GEC.

Table 25 — CEC test sequence #5

Item

Content

S

—

dralchart

Figure 54

Initial state: inputs

Veerx: 3,135 Vto 3,465V
SP3: continuous 12 MHz square wave
amplitude > minAMP_OFF

Initial state: output

STATUS: logic 0
SP4 (Vpxp - Vrxn): LVDS compliant signal

Test signal: inputs

SP3: signal amplitude < maxAMP_OFF

Output/expected behav-
iour

The CEC transitions to off-state with STATUS logic 1 within tgy,rp(max.) and SP4
outputs disabled within typps(max.), but not earlier than ¢;ypgy4(min.) after STA-
TUS transitions to logic 1.

After typps(max.), the CEC's current consumption is below Icgp pgp(max.).
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To trigger the start of the electrical current measurement, the signal generator may assert the trigger
signal to the ampere meter typp,(max.) after application of the test signal to allow the ampere meter to
perform current consumption measurement (used in typp4 requirement evaluation).

The minimum and maximum values of the signal amplitude shall be tested. Test signals with multiple
test signal levels should be used.

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

Table 26 specifies the CEC test sequence #6, which checks the transition detection and wake-up
mechanisprofthe€EE:

Table 26 — CEC test sequence #6

Item Content
Signal chart Figure 54
Veerx: 3,135V to 3,465V
Initial stafle: inputs SP3: MOST150 cPHY stress pattern with nominal pgg

signal amplitude < maxAMP_OFF

Initial state: output

STATUS: logic 1
SP4 (Vrxp - Vrxy): disabled

Test signa

:inputs SP3: amplitude > minAMP_OFF

Output/ex]
iour

tgparr(min.) to tgparp(max.), and valid-LVDS levels within ¢} ypgy4(max.)

pected behav- | The CEC transitions to on-state within time tqy,(max.) with STATUS logic 0 withjn

Since ther
is used fol
marked as

For this t
point 1, th

action point 1 in the signal chart Figure 54| a check of on-state requirements is started.

pst, along with checking for STATUS-ogic 0, the SP4 signal quality is evaluated. At act

signal qud|lity. To assist the capture of the SP4 data, the signal generator may assert the trigger signa

the oscilla
not have ¢

The minin
test signa

11.3.3.8

Table 27

scope tgyys(max.) after activation of the test signal. Alternatively (if the signal generator d
nough outputs), the oscilloscope may be triggered by the SP1 signal with a delay of 10 ms.

levels should be used.

CEC test sequence #7 - on-state to off-state

bpecifiesithe CEC test sequence #7, which checks the transition detection and shutdo

mechanism of the.CEC.

b is no measurable marker that indicates when.thé CEC enters the on-state, an indirect method
the tyy4(max.) parameter evaluation: aftertthe maximum allowed time [end of ¢4y, (max}) -

on

e oscilloscope shall start capturing the data sequence, which is used for evaluating the $P4

to
DES

hum and maximum values of the signal amplitude shall be tested. Test signals with multiple

Wi

Table 27 — CEC test sequence #7

Item Content

Signal charts Figure 54

Initial stat

Veerx: 3135V to 3,465V
e: inputs SP3: MOST150 cPHY stress pattern with nominal pgg
signal amplitude > minAMP_OFF

Initial state: output

STATUS: logic 0
SP4 (Vrxp - Vrxn): LVDS compliant valid MOST data

Test signal: inputs SP3: signal amplitude < maxAMP_OFF
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Table 27 (continued)

Item Content

Output/expected behav- IS: !
iour STATUS transitions to logic 1.

The CEC transitions to off-state with STATUS =logic 1 within tgp,rr(max
SP4 outputs disabled within t;gp,(max.), but not earlier than t;ypgy4(min

After typp4(max.), the CEC's current consumption is below I¢cg; ppp(max.).

) and
.) after

To trigger the start of the electrical current measurement, the signal generator may assert the trigger
signal to the ampere meter t,gp4(max.) after application of the test signal to allow the ampere meter to

pe

The minimum and maximum values of the signal amplitude shall be tested. Test signals\wit
tegt signal levels should be used.

12
Th

13

13
Th

13

Un
us¢

10T current consumption measurerment [LlSEd I Loppg TEqUITEMENt evaiuatlonj.

Detecting bit rate (frequency reference)
b bit rate is detected as follows.

Data-pulses range from 2 Ul to 6 Ul yielding five different pulse‘widths (2 UI, 3 UI, 4 Ul

48 kHz, the bit rate is 147,45 Mbit/s and the Ul clock is 294,91 MHz).

A method of extracting the Ul clock out of a waveform is’a'mandatory function to be proy
the oscilloscope. In a first step, the recovered Ul clock.s a linear approximation that fits
acquired waveform in terms of phase and frequency. The approximation of the clock’s p
be performed with regard to the rising edges ofthe data stream only. Then the bit rate is
rate.

The bit rate can be measured with the MOST150 cPHY stress pattern or any other valid da
Set-up of the oscilloscope shall follow.the general requirements (see 6.2) using acquisitio
10 megasample and a sampling ratelof 10 gigasample/s.

System performance

.1 General

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

.2 SP4 recé€iver tolerance

ike the\link-level tests, which use a pattern generator as the signal source, the system-
 liverdata from a MOST150 network. Using the eye diagram methodologies described iy

a nedsurement is taken at SP4 of the TimingMaster node. By taking the measurement in thi
caIJ: iy t] Lii lation in 11 k_Thi . licahl

h multiple

5 U], and

6 UI). A clock at Ul rate represents a cycle time of 1 Ul, whichiis twice the bit rate (i.e. for a pp, of

rided with
best to the
hase shall
half the Ul

fa pattern.
h length of

evel tests
Clause 9,
5 way, one

node in the network at SP4.

Figure 55 shows the SP4 receiver tolerance set-up.
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Figure 55.— SP4 receiver tolerance set-up
13.3 TimingMaster delay tolerance
TimingMdster delay tolerdnge is a measure of end-to-end delay and phase variation between SP1 gnd
SP4 of the|MOST device,that contains the TimingMaster. To ensure proper network operation, the tdtal
network delay shall net-exceed the specified maximum (see ISO 21806-10:2021, 11.2).
Following|the set=tip'diagram shown in Figure 56, the total delay can be measured with an oscilloscope.
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Figure'56 — TimingMaster delay tolerance set-up
Talple 28 specifies the procedure used to measure the total delay. The oscilloscope used shall/be able to
trigger on a specified period and shall have software functions for tracking periods. Two differential
probes are needed:
Table 28 — TimingMaster delay measurement procedure
Atction Description
Acguise’a wave- For this measurement, the sampling memory of the oscilloscope should be adjusted to
form captureatteastomeframeof data—OmredifferentiatprobetsconmrectedtoSPtofthe Tim-

The trigger settings are adjusted to trigger on the interval of rising edges (perio
The interval should be set to 10 UI + 0,5 UL The trigger mode should be normal.

ingMaster node. A second differential probe is connected to SP4 of the TimingMaster node.
The vertical scale is adjusted to achieve sufficient vertical resolution on both channels.

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

d) on SP1.

Measure the period

work.

Configure the oscilloscope to measure the period of both SP1 and SP4.

The MOST150 data stream contains a period of 10 UI at the start of each frame. This long
period can be used as a marker to measure the delay between any two points in the net-
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Table 28 (continued)

Action Description

Track the period Configure the oscilloscope to display a “track” waveform for both SP1 and SP4 period
measurements. This should result in two waveforms (see Figure 57 and Figure 58) 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 SP1 and SP4 period tracks. Turn on
infinite persistence and adjust the display to show the 10 Ul segment for both SP1 and SP4.

Using the cursor, measure the total time between the trigger point and the rightmost edge
of the SP4 10 Ul period. This is the TimingMaster delay.

Figure 57 khows an example of tracking the SP4 period.

\.f_

Ve

Th 7 2 iii I:l- ‘-_‘ .7
20.0 ns/di il
1.00kS 5.0 GSss)interval Positi

Key
1 acqufired data signal at SP4

O.
N

legure 57 — Example of tracking the SP4 period

2 meagured period at SP4

Figure 58 shows@ the TimingMaster delay is measured.
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Figure 58 — TimingMa delay
N\
N
14 Conformance tests of 150-Mbit/s coa&'@ physical layer
1411 Location of interfaces A‘\Q)
SP1 describes input parameters for t é@CC. It also describes the output parameters of an MNC,
indluding data path between MNC anQ\ . SP2 describes the coaxial output signal.
Figur shows the SP locations ch'éimplex interconnect.
d\‘
MOST device MOST device
0/ ’
MNC | ] NINC
QO |
- 6
<
—
S 2 3 4
Key
1 SP1
2 SpP2
3 SP3
4 SP4
5 in-line connectors (optional)
6 50 () coaxial interconnect (including connectors)
Figure 59 — SP locations for simplex interconnect
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Figure 60 shows the SP locations for simplex interconnect with integrated coaxial transceivers.

MOST device

MNC

| Network | Tx

MOST device

MNC

Rx | Network !

: Interface L] TN e /? Interface |
L—— — — 1 | L ——_1
[ | 6 / A
f / / i
1 2 3 4
Key
1 SP1
2 SP2
3 SP3
4 SP4
5 in-line connectors (optional)
6 50 Ofcoaxial interconnect (including connectors)

Figure 60 — SP locations for simplex interconnect with:integrated coaxial transceivers

Figure 61 shows the SP locations for duplex interconnect.
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Key
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SP3

SP4

in-line connectors (optional)

50 Q coaxial interconnect (including connectors)
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SpP2* N
SP3* $\
SP4* A‘\Q)

O

Figure 61 —&locations for duplex interconnect
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=
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A
Figure 62 shows the SP locatic@for duplex interconnect with integrated coaxial transceiver.
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Figure 62 — SP locations for duplex interconnect with integrated coaxial transceivers

Key

1 SP1
2 SP2
3 SP3
4 SP4
5

6 50 Q)
7 SP14
8 SP4*
SP3 descr

coaxial sig

SP4 link q
describes

Signals th
might cau
requiremg

14.2 Con

In additio

in-lie connectors (optional)

coaxial interconnect (including connectors)

bes the coaxial input interface fer~the CEC. Signal characteristics at SP3 consider worst-c
nal according to the SP2 definition plus deterioration due to the transport media.

1ality describes the outputparameters for CECs including termination. SP4 receiver tolera
the input tolerance for MINCs and is relevant for system evaluation.

at fulfil the SP4_parameters can be recovered by the MNC; signals outside the ran
Ke bit errors. OnCFx of the MNC (node n + 1) a recovered signal is available according to §
nts and timing distortion (except transferred jitter) is eliminated.

trol signals

1 to‘power supply terminals and data pins, an ECC provides an /RST input. The ECC provi

HSe

1ce

bes
P1

les
hta

activity d

pteéction in order to enable/disable MOST output. Activity depends on the V. state, d

content of

SP1, and reset state.

The CEC also provides activity detection, depending on the characteristics of the input signal (power
level, signal content). on-state/off-state is signalled by the STATUS pin. There exists both a standalone

and an int

Figure 63

64

egrated version of CEC/ECC.

shows the control signals for power-on and power-off behaviour (standalone).
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/ : / i
Veerx Veerx
ECC CEC
/RST STATUS
Tx Rx

Ke)

141.3 Limited access to specification points

On
on
co

ure 64 shows the control signals for power-on and power-off behavieur (integrated).

MOST devic€e level, measurement has no access to SP1 and SP4. Therefore, conformance v
MOST-component and MOST module level is required. This is a precondition for simplificafion of the
formance verification of MOST devices, using the limited (access) conformance procedursg.

ECC power-on and power-off parameters
CEC power-on and power-off parameters

Figure 63 — Control signals for power-on and power-off behaviour'{standalon
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Figure 64 — Centrol signals for power-on and power-off behaviour (integrated
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Parameters can only be measured at SP2. The power supply of the MNC, ECC and CEC is fixed by the
design of the MOST device and cannot be varied. Considering these circumstances, the limited physical
layer conformance specifies a simplified test procedure that uses only the accessible interfaces of a

MO

ST device, SP2 and SP3 (see Clause 15).
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14.4 Parameter overview

Table 29 specifies the conformance procedures for the parameters of ISO 21806-10 that are relevant
for physical layer conformance. For each parameter, it indicates how conformance can be achieved,
depending on the type: MOST component (ECC/CEC), MOST module, or MOST device.

NOTE Developers of MOST components or MOST modules ensure that their products fulfil the specification
under minimum/maximum conditions of their input parameters, considering environmental conditions and
lifetime. The verification of these parameters is done using the procedure of the product characterization.

SP Parameter Conformance procedure
SP2 |Output Vg steady-state amplitude M2 (T, U)
Trapsition time (rise and fall) Ma (T, U)
Aliginment jitter acc. to eye mask Ma (T, U)
Trahsferred jitter (RMS) Ma (T, U)
RL ¢f ECU interface M2 (Ty,,)"(only duplex)
SP3 |Limjited physical layer test of data consistency MayT; U)
RL ¢f ECU interface M@ (Tr,,) (simplex, duplex)
2 M=measure (T = temperature range, T, typical temperature, U = voltage range).

The conformance verification of development tools is described\iitAnnex A. The status of Annex A is
informatiye.

15 Limited physical layer conformance

15.1 Ovdrview
Limited physical layer conformance refers to MOST devices (see 14.3).

Generally| conformance testing requires access to all specification points. In addition, various test
signals arp applied to a particular interface in order to check worst-case performance of componehts
and modules that are connected to._that interface. The physical layer conformance test considers|all
environment conditions (e.g., specified operating temperature, power supply variations).

An overvigw of the parameters'to be tested and verified is shown in Table 29.

Figure 65| specifies the“test set-up for limited physical layer verification comprising the followjng
equipment:

— MOST|150 physical layer stress test tool (PHYSTT)[4];

— MOST|150 ¢PHY tester cable model (MTCM)[8l;

— attenuator;

— cable representation;

— directional coupler;
— oscilloscope.

The compensation set-up for MOST150 cPHY duplex is specified in Annex C and shall be followed. The
status of Annex C is normative.

The test procedure for 2-port nodes is described in Annex D.
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15.2 Test set-ups 1 and 2

Figure 65 shows the test set-up 1 simplex for limited physical layer conformance test.
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Figure 65 — Test set-up 1;'simplex for limited physical layer conformance test

Figure 66 shows the test set{up*2 duplex for limited physical layer conformance test.

Insceiver
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