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INFORMATION TECHNOLOGY -
FIBRE DISTRIBUTED DATA INTERFACE (FDDI) -

Part 20: Abstract test suite for FDDI physical medium
dependent conformance testing (PMD ATS)

FOREWORD

1) ISO (International Organization for Standardization) and IEC (International Electrotechnical Commissio
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2) In

Draft International Standards adopted by the joint technical committee are circulated, to national bod

VO
ca

3) Attention is drawn to the possibility that some of the elements of this Internatiohal Standard may be the
of patent rights. ISO and IEC shall not be held responsible for identifying anyyor all such patent rights.

Interpational Standard ISO/IEC 9314-20 was prepared by-subcommittee 25: Interconng

of in
techr]

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
Annejkes A and B form an integral part of this-standard.

Annei C is for information only.

This

ISO/I
Fibre

specialized system for worldwide standardization. National bodies that are members of 1SO
ticipate in the development of International Standards through technical committees established
pective organization to deal with particular fields of technical activity. ISO and IEC technical. com
laborate in fields of mutual interest. Other international organizations, governmental and_non-govern
iaison with 1ISO and IEC, also take part in the work.

he field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC]

ing. Publication as an International Standard requires approval by at least 75/% of the national
ting a vote.

ormation technology equipment, of ISO/IEC joint, technical committee 1: Inforn
ology.

bublication must be read in conjuntion with ISO/IEC 9314-3:1990.

EC 9314 consists of the following parts, under the general title Information technol
Distributed Data Interface\(FDDI):

rt 1: Token Ring Physical Layer Protocol (PHY)

rt 2: Token Ring-Media Access Control (MAC)

rt 3: Physical tayer Medium Dependent (PMD)

rt 4: SinglecMode Fibre Physical Layer Medium Dependent (SMF-PMD)

rt 5: Hybrid Ring Control (HRC)

rt®: Station Management (SMT)

) form
r IEC
by the
hittees
hental,

JTCL1.
es for
bodies

ubject

ction
ation

gy —

~ Pa

Tt 7 Physicat tayer Protocot (PHY-2)

— Part 8: Media Access Control-2 (MAC-2)

— Part 9: Information technology — Fibre Distributed Data Interface (FDDI) — Part 9: Low-cost fibre
physical layer medium dependent

Proforma
— Part 21: Abstract Test Suite for FDDI — Physical Layer Protocol Conformance Testing (PHY-ATS) 1)
— Part 25: Abstract test suite for FDDI — Station Management Conformance Testing (SMT-ATS)
— Part 26: Abstract Test Suite for FDDI — Media Access Control Conformance Testing (MAC-ATS) 1

DTob

e published.

Part 13: Conformance Test Protocol Implementation — Conformance Statement (CT-PICS)
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INTRODUCTION

The Fibre Distributed Data Interface (FDDI), ISO/IEC 9314, is intended for use in a high
performance general purpose multistation network and is designed for efficient operation with
a peak data rate of 100 Mbit/s. It uses a Token Ring Architecture with optical fibre as the
transmission medium. FDDI provides for hundreds of stations operating over an extent of tens
of kilometres.

The FDDI Physical Media Dependent (PMD) standard, ISO/IEC 9314-3, specifies the lower
sublayer of the Physical Layer for the FDDI, including the optical interface for multimode fibre
FDDI stations. This part of ISO/IEC 9314 is an abstract test suite (ATS) conformance test for
FDDI[PMD. ISO/IEC 9314-3 specifies the optical interface of FDDI stations. ISO/IEC 931#-3 is
not al protocol standard and this part of ISO/IEC 9314 requires the measurement of. physical
guantities such as optical power, wavelength and signal jitter. The intent of cthis part of
ISO/IEC 9314 is to specify the tests as broadly as possible to allow measuremént by various
detailed test implementations. The ATS in this part of ISO/IEC 9314 differs from the
methpdology of higher level protocol conformance tests written using the Tree and Tgbular
Combined Notation (TTCN) because TTCN does not provide for Physical bayer testing, where
there|is no concept of a protocol data unit and where physical quantities must be measurgd.

Four [other ISO/IEC standards provide a complete conformance test'of an FDDI station:

a)

b)

d)

Ah ATS for the FDDI Physical Layer Protocol (PHY) that“provides a conformance test for
FPDI PHY, ISO 9314-1. ISO 9314-1 specifies the uppersublayer of the Physical Laygr for
the FDDI, including the data encode/decode, framing<and clocking, as well as the elasticity
buffer, smoothing and repeat filter functions. FBDJ PHY, however, does contain sqgveral
sfate machines and implements a protocol at:the level of FDDI code symbols. Thg only
physical quantity that is measured in this gonformance test is frequency. The PHY| ATS
cannot use the TTCN notation and a notation is developed in the PHY ATS for specjfying
tgst patterns and expected results in ternis*of FDDI code symbol strings.

Ah ATS for FDDI Media Access Control (MAC), ISO 9314-2, that provides a conformance
tgst for FDDI MAC. ISO 9314-2 specifies the lower sublayer of the Data Link Layer for
FPDI. It specifies access to theymedium, including addressing, data checking and| data
framing. 1SO 9314-2 also specifies the receiver and transmitter state machines. Bince

AC is primarily with compléte PDUs, the TTCN language is used to specify MAC protocol
tgsts. Provisions of ISOMIEC 9314-2, however, require high resolution timing that may be
difficult to achieve in commercial protocol testers.

Anh ATS for FDDN“Station Management (SMT), ISO/IEC 9314-6, that provides a

while other portions require other approaches.

A Conformance Test Protocol Implementation Conformance Statement (PICS) Proforma,
ISO/IEC 9314-13, for FDDI that provides a statement of the mandatory and optional
requirements of each of the four FDDI base standards. The PICS proforma is used to
identify requirements for conformance testing and to specify optional functionality
requirements, particularly by workshops for functional standards and profiles.
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INFORMATION TECHNOLOGY —
FIBRE DISTRIBUTED DATA INTERFACE (FDDI) -

Part 20: Abstract test suite for FDDI physical medium
dependent conformance testing (PMD ATS)

1 Scope

This part of ISO/IEC 9314 specifies a series of tests in order to verify conformange-of |FDDI
statigns to the requirements of ISO/IEC 9314-3:1990.

NOTE| ISO/IEC 9314-3 specifies the requirements for the optical input/output port of FDDI stations as welllas for
cable plants. It states that a bit error rate for a station-to-station link should not exceed 2,5 %,20~10 for confprming
statior]s connected to each other through a conforming cable plant.

2 Normative references

The following normative documents contain provisions which;.thfough reference in thig text,
consfitute provisions of this part of ISO/IEC 9314. Fer“dated references, subsefjuent
amerldments to, or revisions of, any of these publications_do not apply. However, partjes to
agregments based on this part of ISO/IEC 9314 are engcouraged to investigate the posdibility
of applying the most recent edition of the normativerdecuments indicated below. For unflated
refer¢nces, the latest edition of the normative document referred to applies. Members df IEC
and ISO maintain registers of currently valid International Standards.

ISO 9314-1:1989, Information processing systems — Fibre Distributed Data Interface (FODI) —
Part §: Token Ring Physical Layer Protocol (PHY)

ISO 9314-2:1989, Information processing systems — Fibre Distributed Data Interface (FO)DI) —
Part P: Token Ring Media Accessi-Control (MAC)

ISO/IEC 9314-3:1990, Infarmation processing systems — Fibre Distributed Data Intgrface
(FDDOJ) — Part 3: PhysicalhLayer Medium Dependent (PMD)

ISO/IEC 9314-6:1998, Information technology — Fibre Distributed Data Interface (FDDI) —
Part 6: Token Ring 'Station Management (SMT)

3 Definitions

The Smmmmmm base
standards ISO 9314-1 (PHY), ISO 9314-2 (MAC), ISO/IEC 9314-3 (PMD) and ISO/IEC 9314-6
(SMT).


https://iecnorm.com/api/?name=2ff5261746cad5323e53a695b5486974

-6- 9314-20 © ISO/IEC:2001(E)

4 Conventions and abbreviations

The following acronyms and abbreviations are used in this ATS:

5 that

BER: Bit Error Rate (PMD)

BERT: Bit Error Rate Tester (PMD)

CMS: Cladding Mode Stripper (ISO/IEC 60793-1)

DCD: Duty Cycle Distortion (PMD)

DDJ: Data Dependent lJitter (PMD)

FDDI Fibre Distributed Data Interface

HLS: Halt Line State (PHY)

ILS: Idle Line State (PHY)

IUT: Implementation Under Test

MAC Media Access Control

MIC: Media Interface Connector (PMD)

NA: Numerical Aperture (ISO/IEC 60793-1)

PCM Physical Connection Management (SMT)

PHY: Physical Layer Protocol (PHY)

PMD Physical Medium Dependent (PMD)

PTF/PTCP: Precision Test Fibre/Precision Test Conhector Plug (PMD)

QLS: Quiet Line State (PHY)

RJ: Random Jitter (PMD)

SME Source Monitoring Equipmenty(ISO/IEC 60793-1)

SMT] Station Management (SMTY

TTRT: Target Token Rotation’*Time (MAC).

The ferms SMT, MAC, PHY and' PMD, when used without modifiers, refer specifically o the
local |entities.

5 $Ypecification breakdown

Tabld 1 summadrizes the requirements of ISO/IEC 9314-3. It identifies those requirement
are tested inthis test specification and the specific test suite where they are tested.
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Table 1 — Specification breakdown

Name PICS ISO/IEC 9314-3 Test
Item No. reference reference

Active output interface

Center wavelength PMD1.1 8.1.1 Table 1 8.2.4
Average power PMD1.2 8.1.1 Table 1 8.2.1
Source FWHM spectral width PMD1.3 8.1.1 Figure 9 8.2.4
Rise time PMD1.4 8.1.1 Table 1 8.2.2
Falltime PMD1 5 811 Tahle 1 822
Ddty cycle distortion PMD1.6 8.1.1 Table 1 8:2.5
R4ndom jitter PMD1.7 8.1.1 Table 1 8.2.6
D4ta dependent jitter PMD1.8 8.1.1 Table 1 8.2.6
Extinction ratio PMD1.9 8.1.1 Table 1 8.2.3
Pylse envelope 8.1.2 figures 10 and)11 8.2.2
Active input interface
Sqnsitivity threshold PMD2.1 8.2.2 Table™2 8.3.4
BHER <1012 at 2 dB above threshold 8.0 8.3.5
Sdturation power level PMD2.1 8.2.2 Table 2 8.3.6
Station bypass interface signal - - -
Bypass attenuation PMD3.1 8.3, Table 3 and Figure 12 8.4.1
Inferchannel isolation PMD3.2 8.3, Table 3 and Figure 12 8.4.2
Syitching time PMD3.2 8.3, Table 3 and Figure 12 Not testapble
Megdia interruption time PMD3.3 8.3, Table 3 and Figure 12 8.4.3
Interface signals
Signal_Detect threshold PMD4.1 & 9.1.1.1 9.2.1
PMD4.2
Signal_Detect hysteresis PMD4.3 9.1.1.1 9.2.1
MIC receptacle
Rgceptacle keying PMD6.1 7.2.2, Figure 8 7.2
Rgceptacle dimensions 7.2, Figure 5 and Figure 6 Not testpd
6 General

6.1 |Test'environment

The FDPI1 standards do not specify an operating environment. All tests specified in this
document shall be performed with temperature and atmospheric conditions consistent with the
environmental operating specifications of the IUT.

For FDDI stations which are directly powered (either wholly or partly) from the a.c. power line,
all tests shall be carried out within 0,5 % of the nominal operating voltage. If the equipment is
powered by other means and those means are not supplied as a part of the apparatus (e.g.
batteries, stabilized a.c. supplies, d.c.) all tests shall be carried out within the power supply
limit declared by the supplier. If the power supply is a.c., the tests shall be conducted within
4 % of the normal operating frequency.

All optical power measurements shall be made with a calibrated power meter traceable to a
recognized primary standard.
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6.2 Measurement error

Physical quantities are measured in this ATS (particularly optical power levels). There are
measurement errors associated with the calibration and tolerance of the measurement
instruments. Moreover, it is known that measurements of optical output power are not
necessarily precisely repeatable due to differences in the way connectors mate each time
they are inserted. Where measurement repeatability is a concern, it is common in test
standards to require a number of measurements and to add a safety factor of three times the
standard deviation of those measurements to the mean. This ATS follows that convention.

Bit error rates (BER) are measured in this ATS. At the rates specified in PMD practical tests
are gtatistiealtests—of-the—hypothesis—thattoF—meets—the—PMB—reguirements—with—a—Hmited
sample size. Associated with these tests is a confidence level. The confidence level chogen in
this ATS is 90 %. Tests that establish this confidence level may have varying~durhtion.
Howgver, the shorter the test, the larger the safety margin required of the IUT if it'is'to have a
high probability of passing the test.

It is the burden of the conformance test laboratory to verify that an IUTrdoes conform fo the
standard. Therefore, measurement errors due to calibration, repeatability and statistical
samgling are added to the requirement being tested so that the greater the error, the |more
diffictilt it becomes to pass the conformance test.

7 Nledia attachment

7.1 |MIC Requirements

An FDDI station is attached to the fibre optic meditm by a Media Interface Connector (MIC).
Clauge 7 of ISO/IEC 9314-3:1990 specifies the dimensions of the MIC plug and the receptacle
in thg station. This clause defines tests of station MIC requirements.

7.2 |Receptacle keying
7.2.1| Purpose

Every FDDI port is designated-either A, B, S or M and Figure 8 of ISO/IEC 9314-3|1990
specifies the keying required_for a receptacle for each type of port. This test case verifigs the
receptacle keying.

7.2.2] Equipment

FDDI|connectorplugs with keying for A, B, S and M ports.

7.2.3] Progsedure

Atteniptto insert the four plugs in each port of the IUT and record which plugs are

successfully inserted.

7.2.4 Pass_fail criteria
Only the following plugs can be inserted:

a) A port: S or A plugs can be inserted;
b) B port: S or B plugs can be inserted;
c) M port: S or M plugs can be inserted;
d) S port; S plug can be inserted.
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8 Media signal interface

8.1 Media signal test cases

The following test cases verify the requirements for the media signal interface specified in
clause 8 of ISO/IEC 9314-3:1990.

8.2 Active output interface

The test cases in this group validate the requirements of 8.1 of ISO/IEC 9314-3:1990, which
specifies the characteristics of the station output signal.

8.2.1| Average optical output power
8.2.1|11 Purpose

To verify that the average optical power coupled from the IUT into a PTF/PBCP is morg than
—20,Q dBm, and less than —14,0 dBm when a data pattern of Halt symbuols' is transmittg¢d as
specified in Table 1 of ISO/IEC 9314-3:1990.

8.2.112 Equipment

An optical power meter is used. The power meter shall be calibrated between —14 dBm and
-31 dBm in the wavelength range 1 250 nm to 1 400 nm.

8.2.1|3 Configuration

See Figure 1.

MIC Optical power meter

PTF/PTCP

Figure 1 — Optical power test configuration

8.2.1|14<{ Procedure

The optical power meter is connected to the IUT using a PTF/PTCP. The IUT is turned on but
its input is dark; this will result in the IUT entering the Physical Connection Management
(PCM) Connect State and transmitting Halt Line State (HLS). The measurement shall be
repeated ten times with the PTF/PTCP reinserted in the IUT between measurements. The
connector plug shall be cleaned before each insertion. The PTF/PTCP shall not be
manipulated manually to control the power measurement. Obvious outlying data points shall
be excluded. The mean of the 10 measurements shall be computed with the sample standard
deviation, s.
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5 Pass_fail criteria

Let C be the calibration uncertainty of the power meter expressed in dB (for example,
suppose, the uncertainty were 5 %, then C = 10 log (1,05) = 0,211 9). Let P be the mean of
the power measurements. Let s be the sample standard deviation.

The IUT passes if

(20+C+3xs)<P <(-14-C-3xs) dBm

The 19

or

Othe

8.2.2
8.2.2
To v

figurg
width

8.2.2

faitsif

P>(-14+C+3xs) dBm

P<—-(20+C+3xs) dBm
wise the results are inconclusive.

Output waveform

1 Purpose

prify that the output optical pulse rise time<and fall time, conform to Table
ISO/IEC 9314-3:1990, and the overshoot and . undershoot are within the limit shoy

s 10 and 11 of ISO/IEC 9314-3:1990. The rise and fall times to be used in the sp
test (test suite 4.1.3) are computed in this test.

2 Equipment
ampling oscilloscope or wavefarm analyzer
ptical to electrical converter

combined bandwidth range of the optical to electrical converter and the Wav
rder or Waveform Ahalyzer shall be greater than 100 kHz to 750 MHz.

veform analyzer is a device which samples the input waveform and automate

urement and.calculation of rise time, fall time, overshoot, and undershoot, of the s

1 of
vn in
bctral

pform

5 the
gnal,
y the

taken from the intervals shown in Figure 3;

— measuring the 10 % and 90 % signal level crossing points.
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8.2.2.3 Configuration

See Figure 2.

IUT

MIC L p| O

converter Sampling oscilloscape

Bandwidth rangé

—— greater than — >
100 kHz to 750 MHz

Figure 2 — Pulse envelope test~Configuration

Interval for Interval for
S ; Sh

N R bl :
Sp: 100 --------__-i_\ i

< : ot
90 [~~~ 7O~ """ H T
[} B :
S : :
2 b
a
£ 50
o
2
K
3]
[ 10
S;:0
Sm ——— 1
-20 -10 O 10 20 30 40 50

t ns

Figure 3 — Output waveform measurement

8.2.2.4 Procedure

With a dark input the IUT will transition to the PCM Connect State and send HLS. When an
oscilloscope is used, the various power levels and times specific below are measured
manually by the operator by visual inspection of the oscilloscope waveform display. When a
waveform analyzer is used the parameters specified below are measured automatically by
electronic circuits such as peak detectors and comparitors, or by programmed analysis of a
sampled waveform.
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Refer to Figure 3. Measure the 0 % signal level, S, and 100 % signal levels, Sy, as the
average level in the 10 ns intervals indicated in Figure 3.

Deter

Deter

mine the 10 % signal level as follows:
10 % level = S+ (Sp— S)) x 0,10
mine the 90 % signal level as follows:

90 % level = S + (Sh— S)) x 0,90

(4)

)

Dete

mine the rising and falling 10 % and 90 % signal points and the corresponding ris

fall times as illustrated in Figure 3.

Find

Find
follow

8.2.2
a) T
b) T
c) O
d U
8.2.3
8.2.3

To v

8.2.3

he peak signal point, Sp. Compute the overshoot as follows:

Sp h
Overshoot =— x 100 %
Sh -5

the minimum power point, Sy, on the waveform tracer) Compute the undersho
S:

Undershoot :M X100 %
Sh =&

5 Pass_fail criteria

ne rise time shall be greater than 0,6twhs and less than 3,5 ns;
ne fall time shall be greater than.0,6 ns and less than 3,5 ns;
vershoot shall be less than 25.9;

hdershoot shall be less thah's %.

Extinction ratio
1 Purpose

rify that the extinction ratio conforms to PMD Table 1.

2 EQuipment

Refe

108.2.2.2. The test equipment for this clause is similar, except that the com

b and

(6)

pt as

(7)

pined

bandwidth range of the optical to electrical converter and the waveform recorder or waveform
analyzer shall extend from d.c. to at least 75 MHz.
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8.2.3.3 Configuration

See Figure 2.

8.2.3.4 Procedure

A dark input will cause the IUT to transition to the PCM Connect State and send HLS.
Determine the 0 % signal level, S}, and the 100 % signal level, Sy, as described in 8.2.2.4.
Determine the DC reference baseline signal level (optical to electrical converter output with
no light input), Sg.

Comﬂ)ute the extinction ratio as follows:

S -5
Extinction ratio = ——>9 x 100 % (8)
Sh —Sq¢

8.2.3|5 Pass_fail criteria

The éxtinction ratio shall be not more than 10 %.

8.2.4| Spectral characteristics

This fest case uses the output rise/fall times recorded in teSt 'step 8.2.2.4 above.

8.2.4|1 Purpose

This [est verifies that the optical centre wavelength and spectral width requirements stated in
clause 8, Table 1 of ISO/IEC 9314-3:1990 andFigure 9 of ISO/IEC 9314-3:1990, respect|vely.

8.2.4]2 Equipment
An optical spectrum analyzer is required, as follows:

— the range shall be between 600 nm to 1 600 nm;
— the resolution shall be 0,4-hm;
— afcuracy shall be 1«am.

8.2.4]13 Configuration

See Figure 4.

/2
System w
under test

MIC

\ 4

Optical
spectrum
analyzer

Figure 4 — Optical spectrum test configuration
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8.2.4.4 Procedure

01(E)

This test uses the rise and fall times obtained in 8.2.2. Use the greater value, either rise or fall
time, to plot the test point.

The spectrum analyzer is connected to the output of the IUT using a short fibre patch cable
and a plot of the optical output spectrum obtained.

From the plot of the output spectrum determine peak power wavelength. Locate the two half
power points farthest from the peak power wavelength. Let A; be the center wavelength, A| be

the left-half power \AlQ\Iﬂlﬂhgfh and AI be the rirJhr half power \Aln\/nlnngfh Then the center

wavelength is given by the following expression:

The full width, half maximum spectral width, FWHM, is given by:

Using the greater value of rise or fall time, find the appropriateline in Figure 5. Find the
on thpt line corresponding to the source center wavelength) Project that point to the y a

FWHM = A, — A,

(9)

(10)

point
Xis to

determine the maximum allowed spectral width for that-iSe/fall time and center wavelength.

8.2.4]5 Pass_fail criteria
a) The source centre wavelength shall be in the range 1 270 nm to 1 380 nm;
b) The spectral width shall not exceed the*y-axis value given in Figure 9 of ISO/IEC 93

1

8.2.5] Duty cycle distortion

8.2.5|1 Purpose

To v
spec

P90 or 200 nm, whichever is less.

T}rify that the peak to.peak Duty Cycle Distortion is in the range of 0,0 ns to 1,0
ified in Table 1 of ISG/IEC 9314-3:1990.

14-3:

NS as



https://iecnorm.com/api/?name=2ff5261746cad5323e53a695b5486974

9314-20 © ISO/IEC:2001(E) ~15-

200

/ A / \L \
180

"4

1,5
3,5

160

2,0

Region of acceptable
spectral width and centre

70 - wavelenqth for rise times

2,5 / from 1,5 ns to 3,5 ns
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N
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Spectral width (FW/HM) of source (nm)

Source center wavelength (nm)

Figure 5 — Source spectrum and/rise/fall time

8.2.5|2 Equipment

— Oscilloscope

Opptical to electrical converter

— FDDI station tester or a second FDDI . station
Optical signal splitter

The ¢ombined bandwidth range. of*the converter and the oscilloscope shall be greater
100 KHz to 750 MHz.

8.2.5|3 Configuration

See Figure 6.

8.2.5|14 Procedure

This procedure requires observing the waveform of idle symbols transmitted by the 1U
FDDI| tester or another station may be used to induce the IUT to send ILS. If the IUT p

than

. An
ort is

presgnted with continuous HLS it will transition to the PCM Next state and send ILS (t

hat is

transmit idle symbols).

The IUT may have some local means not specified in the FDDI standards to induce it to
the PCM Maintenance state and send ILS for test purposes. If so this method may be
and an FDDI station tester is not required.

enter
used
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| 1
| 1
I FDDI |
- - -+ = tester |
=" 11 1
I F=S_ LI !
(I I I
(I e !
I 1
|| |
W N\
MIC 1 OIE _
@ converter Sampling
oscilloscope
PTF/PTCP
< Bandwidth range greater >
than 100 kHz to 750 MHZ

Figure 6 — Duty cycle distortion test

The method for inducing the IUT to transmit idle symbpels is not specified in this test

Using
trace
low s
wide

8.2.5
DCD

8.2.6

Whilg
test g

a recording oscilloscope or a photograph of thé.oscilloscope trace obtain the wav
of idle symbols output by the IUT. From this ttace, measure the width of the hig
tate levels of the waveform at the 50 % amplitude point. Let W,, be the duration

state and W, the duration of the narrower, state. Calculate the DCD as follows:
w,, - W,
DED = WTH

5 Pass_fail criteria

shall be less than 1,0 ns.

Output jitter and-eye opening

tandard by measurement of the signal with two specified test patterns:

contingous stream of idle symbols;
series of frames containing the test pattern specified in annex A.

case.
pform

and
f the

(11)

PMD specifies several separate jitter components, signal quality is measured ifp this
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PMD requires that jitter be measured to a probability of 2,5 x 10-10. At least three methods

are u

sed to measure jitter:

— visual observation of the signal “eye opening” on an oscilloscope. In general this method,
while it gives a good general visual indication of signal quality, cannot be used to measure
jitter at a precise probability. This part of ISO/IEC 9314 does not preclude the use of
sampling or digital oscilloscopes that may have sufficient memory and capability to allow

precise measurements of jitter to the specified probability. However,

oscilloscopes to measure jitter is not discussed further in this part of ISO/IEC 9314;

the use of

— direct measurement of jitter using a Time Interval Analyzer that determines the position of

Sl
\'%

- ﬂeasurement of eye openings using a Bit Error Rate Tester (BERT). Thé,BERT meth

is
19

The
proce
are c

A BE
bit pd

of th¢ width of the eye opening, which is the parameter directly measured by the BER]
DJ component. Annex B shows the correlation between jitter requirements in FDD|I and

the O
the e

Provi
and t
need
ISO/I
assu
DCD
term
of IS

RJ +

E,. The test paftern eye opening, ED, which includes the eye closure due to RJ, DCD and

IS meg
has 3

nal transitions relative to the clock and builds a histogram of signal transition
rsus the clock strobe point. The jitter value where the probability exceeds 2,5r
n be determined from the histogram. Direct measurement of jitter at a probabil
5 x 10-10 requires that a very large number of transition points be tabulated‘and m
byond the capability of many instruments;

easuring eye openings is described in A.4.2.2 of ISO/IEC 9314-3:1990: The eye op
determined by the DCD, and two jitter components which are specified in Table
O/IEC 9314-3:1990, Data Dependent Jitter (DDJ) and Random Jitter (RJ).

procedure for measuring jitter with a BERT is descriped below. Other meas
dures including oscilloscopes and time interval analyzetsyare acceptable provided
Apable of measuring jitter with a probability of 2,5 x 1010,

RT may be used to measure the “eye opening” of a signal, that is the central portio
riod where jitter does not confound the signal’Iherefore the results are stated in

ye opening.

ded the ILS eye opening (which méasures the sum of DCD and RJ) is less than the
he DCD (which is measured in_8:2.5) also meets the standard, then there is no pra

C 9314-3, there must bea corresponding reduction in DCD. With the jitter n
ed in PMD, the output-RJ contribution to the link bit error rate is less significant
because output and .receiver RJ terms are summed in r.m.s. fashion, and the req
always dominates.Annex C summarizes the FDDI jitter budget and is based on an
D/IEC 9314-3:1990,*Annex C shows the conversion of jitter to an eye opening.

asured\using a stream of packets containing the test pattern specified in annex A
spectrum that will produce DDJ.

oints
0-10
ity of
hy be

od of
ening
1 of

uring
they

h of a
erms
" and

limit,
ctical

to compute RJ. Under these circumstances, even if RJ exceeds the limit in

hodel
than
eiver
hex E

DCD is measured by measuring the eye-opening of a constant pattern of idle symbols,

DDJ
ivhich

8.2.6

.I_ Purpose

The purpose of this test is to verify that the peak to peak jitter of the output signal is as

speci

fied in ISO/IEC 9314-3, Table 1 and ISO/IEC 9314-3, A.3 (b).
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8.2.6.2 Equipment

— Station Tester or another FDDI station

— Bit Error Rate Tester (BERT) or a Time Interval Analyzer
— Optical/electrical transducer

— 125 MHz clock recovery retiming circuit with random jitter less than 0,1 ns when used with
the test packets defined in annex A

— Optical signal splitter

8.2.6.3 Configuration

See Figure 7.

IuT —|< r FDDI
J )I_ tester
High bandwidth
(min. 100 kHz to 750 MHz)
optical/electrical converter
> Data
Retimed data Bit
Reference It error
62,5 MHz rate tester
clock recovery Recovered clock
| Clock

NOTE| BERT is assumed to<contain adjustable delay for eye opening measurement.

Figure 7 — Output jitter test configuration

8.2.6|/4 Procedure

The |UT gdsninduced to continuously output idle symbols for an extended period, that|is, it
sends$ {b'S” This may be done by having the tester continuously send HLS to the IUT] This
causes>the IUT to transmit LS with PCM in the Next State (cnn ISOAEC 9314-6 ( MT)
9.6.1.2). It may be possible to induce the IUT PCM State machine to enter the Maintenance
State and Send ILS (continuous idle symbols). The width of the eye opening is measured
using the ILS output giving the ILS eye opening, E;.

An active ring is then initialized using the tester and IUT. The tester holds the token and
continuously transmits (following the normal FDDI token holding rules) the test packets
defined in annex A, to the IUT which repeats them. The width of the eye opening is then
measured while the IUT repeats the test packets. This yields the DDJ eye opening, Ep.
Compute DDJ as follows:

DDJ = E| - Ep (12)
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8.2.6.5 Pass_fail criteria

a) E, shall be greater than 6,24 ns. This criterion is valid only if the IUT has passed test
8.2.5;

b) DDJ shall not exceed 0,6 ns.
8.3 Active input interface

The purpose of this subclause is to verify that the System Under Test (IUT) meets the
specified sensitivity requirements at a Bit Error Rate (BER) of 2,5 x 10-10 and has a BER of
less than 10-12 when the input power is more than 2 dB above the specified threshold. In this
test grepresentative—worst-case—putsigras—generated-and-packets—eontatringaspecified
test gattern are used to test the receiver sensitivity. The representative worst case shall be a
contipnuous string of the frames defined in annex A.

A sinple bit error in a packet can cause one of two effects in the IUT:

— the packet may be stripped;
— the FCS check may fail, causing the IUT to set the E indicator.

The measurements of interest are at BERs of 2,5 x 10-10 or\less. The test packetp are
43 745 code bits in length. At this BER the probability that a packet contains one or more bit
error$ is 1,09 x 10-5, and the probability that it contains twa or-more bit errors is 1,19 x 10-10,
Thergfore, the possibility that a bad packet contains twesor more errors is neglected and
every stripped packet and packet with the E indicator sel/is attributed to a single bit error

Input|port bit error rate tests shall

— beé based upon the ability of the IUT to repeat'the test frames defined in annex A,
- cInsider any test frame stripped by the IUT to result from a single bit error,

— consider the setting of the E indicator by the IUT on any repeated test frame to be the
rgsult of a single bit error,

— consider the lost frames to haveva Poisson distribution,

— fgr a verdict of “pass” use a.test that establishes to a 90 % confidence level the hypothesis
that BER is less than the\specified rate is true.

— fgr a verdict of fail use a test that establishes to a 90 % confidence level the hypothesis
that the BER is mare than the specified rate is true.

Testq of varying dehgth may be used to test the pass and fail hypotheses. Annex B inclufles a
table| of tests<ef-different lengths that may be used to verify conformance to the |90 %
confilence Jevel. Test results may be inclusive, if neither the pass nor fail criteripn is
satisfied,-and the shorter the test the greater the likelihood of an inconclusive test vgrdict.
When a test is inconclusive a longer test may be used to resolve the verdict, however, |if the
actu I i ificati imit | ible to
reach a test verdict of either pass or fail in a practical test.

8.3.1 Equipment

— FDDI station tester

— Optical signal measurement system
— Optical signal control system

The tester is an FDDI station which is capable of repetitively transmitting the test packet
defined in annex A and counting those valid test packets returned to it. The tester shall also
be capable of identifying packets damaged on the link from the IUT to the tester, by
examining the trailing indicators.
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The optical signal control system shall be capable of producing near worst case Active Input
signal conditions specified in Table 2, and of allowing the input power level to be adjusted.

8.3.2

General configuration

Figure 8 illustrates a generic test configuration which allows the generation and monitoring of
the test input signal characteristics specified in Table 2, which represent near worst case
signal quality conditions. The means for generating the near worst case signal conditions are
not specified, but they may include selection of components and filtering.

The i
Thes
input
a sin

The |

8.3.3

The
speci
recei

A

FDDI

tester

\ 4

Optical signal
control system

jle eye opening.

General procedure

er BER'is measured for each case.

IuT

Optical signal

measutement signal

UT is coupled to the test'signal via a PTF/PTCP.

Figure 8 — Activedinput test configuration

Table 2 — Active Input signal test conditions

hput port signal conditions given-inZiTable 2 are common to the tests of input sensi
b |legal (input) conditions are intended to stress the receiver. They are derived from the
port requirements of Table 2%f ISO/IEC 9314-3, with the jitter components combin

test configliration is adjusted to produce an optical signal with the charactef
ffied in Table 2. Three separate tests are run, with three separate input power levels

tivity.

ed to

istics
. The

Parameter Minimum Maximum Units
Center wavelength 1270 1380 nm
Rise time (10 % to 90 %) 4,5 5,0 ns
Fall time (90 % to 10 %) 4,5 5,0 ns
Duty cycle distortion 0,8 1,0 ns
ILS eye opening 6,24 6,4 ns
Test pattern eye opening 5,04 5,2 ns
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To measure the receiver BER, a ring is formed with the IUT and the tester. TTRT should be
set to its maximum value to permit the tester to transmit for long periods without releasing the
token. The tester generates the number of test packets needed for the selected test (see
annex B). The tester counts the number of valid test packets repeated by the IUT. During the
course of the test the IUT may also generate packets (e.g., SIF Frames). Every test packet
not received correctly by the tester is considered to represent one IUT bit error.

8.3.4

8.3.4

To vetfrlfy that the recelver input sensitivity threshold at the 2,5 x 10-1V BER Is -31,0 d
specified in Table 2 of ISO/IEC 9314-3:1990.

8.3.4

See Figure 8 and 8.3.2.

8.3.4

Let ¢ be the calibration uncertainty of the power measurement.\The mean input pows
meadured in ILS, shall not exceed —(31 + C) dBm.

Refe

speci

error

8.3.4

A ve
confi
the n
2,5 x

that qatisfy the 90 % confidence-criterion.

8.3.5

8.3.5

The mu

2dB
1990

8.3.5

Sensitivity threshold

.1 Purpose

2 Configuration

3 Procedure

to 8.3.3 for the measurement procedure. Input signal conditions shall be in the

events those frames that are either stripped orhave their E indicator set.

4 Pass_fail criteria

rdict of pass shall be given when the' number of error events indicate with a
lence that the BER is less than 2;5%% 10-10, A test verdict of fail shall be given
Limber of error events indicates\with a 90 % confidence that the input BER exqd
10-10, Otherwise, the verdict@hall be inconclusive. Annex B contains a table of

BER 2 dB above threshold

1 Purpose

above the'threshold as specified in the first paragraph of clause 8 of ISO/IEC 93
and Table2.

2/,Configuration

m as

r, P,

ange

fied in Table 2. The tester shall transmit test frames defined in annex A and count as

90 %
when
eeds
tests

rpose of this tést is to verify that the receiver BER is less than 10-12 at power levels

14-3:

See Figure 8.

8.3.5

.3 Procedure

The procedure is described in 8.3.3. Let C be the calibration uncertainty of the power
measurement.

The mean input power, P}, shall not exceed —(29 + C) dBm. Other input signal conditions shall
be in the range specified in Table 2. The tester shall transmit test frames defined in annex A
and count as error events those frames that are either stripped or have their E indicator set.
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8.3.5.4 Pass_falil criteria

A verdict of pass shall be given when the number of error events indicate with a 90 %
confidence that the BER is less than 10-12,

A test verdict of fail shall be given when the number of error events indicate with a 90 %
confidence that the input BER exceeds 10-12. Otherwise, the verdict shall be inconclusive.

Annex B contains a table of tests that satisfy the 90 % confidence criterion.

836 Satulat;ull
8.3.6{1 Purpose

This [test verifies that the receiver BER is at least 10-12 at the saturation power leVel as
specified in ISO/IEC 9314-3, Table 2.

8.3.6|2 Configuration

See Figure 8.

8.3.6|3 Procedure
Sincg saturation normally only occurs when an input is connected to an output through a|short
cablg, the signal is not significantly degraded. The input signal for this test case shall |be in

the ranges specified in ISO/IEC 9314-3, Table 2 for{th& active output interface, except for the
input|power.

Let ¢ be the calibration uncertainty of the power measurement. The mean input power|shall
be —([L4 + C) dBm.

At lepst 88 954 950 test packets shall be repeated without error. This allows at most one
damdged packet and establishes t6.a' 90 % confidence level that the BER is less than 10712,

8.3.6/4 Pass_fail criteria

A verldict of pass shall..be given when the number of error events indicate with a |90 %
confiflence that the BER is less than 107*2,

A tedt verdict of“fail shall be given when the number of error events indicate with a|90 %
confilence that'the input BER exceeds 10-12,

Othefrwise«the verdict shall be inconclusive.

Annex B contains a table of tests that satisfy the 90 % confidence criterion.

8.4 Station bypass interface

A bypass switch may or may not be included in any dual attachment FDDI station. The
following test cases apply if the bypass switch is included within the station.

8.4.1 Bypass attenuation
8.4.1.1 Purpose

To verify that the attenuation of the optical signal, when the station is being bypassed is less
than 3 dB, as specified in 8.4 of ISO/IEC 9314-3.


https://iecnorm.com/api/?name=2ff5261746cad5323e53a695b5486974

9314-20 © ISO/IEC:2001(E) —23-

8.4.1.2 Equipment

— Light source: A suitable 1 300 (nom.) light source shall be used, such as a LED. The light
source output power shall be stable to £1 % (0,05 dB) over the measurement period.

— Input fibre-plug assembly: This shall consist of 1 m of 62,5/125 mm fibre terminated in the
output ferrule of an unkeyed precision MIC connector plug. The fibre shall be wrapped
once in a 50 mm loop to form a mode stripper. The means of coupling the fibre-plug
assembly to the light source is not specified.

— Connectorized output cable: This shall consist of a 1 m fibre cable terminated on either
end with an unkeyed precision MIC connector plug.

: wer-rReter: i W i MIC
ceptacle. The calibration of the power meter is not critical, however, the meter.shall be
ear to within 5 % over the power levels to be measured and shall be stable~to |1 %
(4,05 dB) over the measurement period. The power meter is assumed to read in,dBm

8.4.1|13 Configuration

See Figure 9.

1300 nm
light source

Figure 9a — Measurement oflinput power level, P,

IUT:.FDDI DAS
with bypass
|<— 1 m fibre idt— 1 m fibre —DI
Primary ;
1 300 nm | = 2@ o el psssssssnssnnunnnnns Opg\tllvceal
I ght source 1 /7 N\ L) Tl Ehicccmrmicmmnniess meter
Mode
filter Secondary B

Polarization slot
\ Precision /

MIC plug

Figure 9b — Measurement of power through bypass, P,

Figure 9 — Bypass switch attenuation test configuration

8.4.1.4 Procedure

Set the IUT in bypass mode. This normally may be accomplished by turning the IUT power off.

Connect the input fibre plug assembly to the power meter as illustrated in Figure 9a and
record the input power level, Pj.
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Disconnect the input fibre-plug assembly from the optical power meter. Insert the input plug
into the A port of the IUT and connect the output cable between the B port and the optical
power meter as illustrated in Figure 9b. Record the power meter reading of the power, Py,
after the light has passed through the bypass. Compute the attenuation, L, in dB as follows:

L="Py—- Py (13)

Repeat the procedure ten times and compute the mean loss, L, and the standard deviation, s.
Measure the attenuation in the other direction, connecting the B port to the light source and
the A port to the power meter. Repeat this measurement ten times and compute L and s.

8.4.115 Pass_fail criteria
Both [paths must pass.

A path passes if
L+3xs5<25dB (14)

A path fails if
L-3xs>25dB (15)

Othefwise the test results are inconclusive.

8.4.2| Interchannel isolation
8.4.2|1 Purpose

This fest verifies that the minimum interchanhel isolation, is more than 40,0 dB as specifljed in
ISO/IEC 9314-3, Table 3.

8.4.2|2 Equipment

— Light source: A suitable 1.300 nm (nominal) light source shall be used, such as an|LED.
The light source output {power shall be stable to £1 % (0,05 dB) over the measurgment
period.

— Fibre-plug assembly; This shall consist of two 1 m lengths of 62,5/125 um fibre termipated
in two precision\MIC connector plugs as illustrated in Figure 10. The means of codpling
the fibre-plugsassembly to the light source is not specified.

— Opptical power meter: The input to the power meter shall be by means of an FDD| MIC
rgceptacle”” The calibration of the power meter is not critical, however, the meter shall be
limear(to” within 5 % over the power levels to be measured and shall be stable to|+1 %
(0,05.dB) over the measurement period. The power meter is assumed to read in dBm

8.4.2.3 Configuration

See Figure 10.

8.4.2.4 Procedure

The light source is connected to the power meter as illustrated in Figure 10a. Record the
power level Pj,.

Set the IUT in the bypass state. Cover the B port receptacle to prevent ambient light from
entering. Connect the light source to the A port and the A port output to the power meter as
shown in Figure 10b. Record the power meter reading, Pp. Repeat the measurement in the
other direction connecting the light source to the B port and covering the A port.
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in

1 300 nm Optlcal
light source power
meter
Optical
power
meter
Figure 10a — Measurement of input power level, P,
IUT: FDDI DAS
with bypass
l€= 1 mfibre
1300nm | AL / Receptacle.cover
lightsource | = e~ T¥geeccemsrnsncnnnrnnnns
Secondary
Optical
- power
1 m fibre meter

Figure 10b — Measurement of retutned crosstalk, Py
Figure 10 — Interchannel iselation test configuration

5 Pass_fail criteria

UT passes if P, is at least 40 dB gfeater than Py in both directions.

Media interruption time

1 Purpose

est verifies that the\media interruption time is less than 15,0 ms as specified in T3

D/IEC 9314-3:1990,

2 Equipnjent

ming device: An apparatus for timing the duration of the signal interruption is req
nis cautd include an optically activated timer or a suitably triggered recd

Eciloscope. The device should be accurate to 0,1 ms and be capable of timin
terval of 15 ms.

ble 3

ired.
rding
g an

detection by the timing device is acceptable.

8.4.3.

3 Configuration

See Figure 11.

Light source: An FDDI station is a suitable light source, however, any source capable of
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IUT: FDDI DAS
with bypass

Primary

Secondary

B

8.4.3
The |

off, ¢
light

8.4.3

The duration of the optical signal interruption shall be less than 15 ms.

9

9.1

Clauge 9 of ISO/IEC 9314-3:1990 states several requirements for the signals between

and
obse
resul
in thi

9.2

The
cond
preci

9.2.1

9.2.1

Optical
1300nm | Bl timing
lightsource | L 1E=bececcrsceniarnennns device

Figure 11 — Interruption time configuration
4 Procedure
JUT is powered on. Since the B port input is dark the IUT will transmif HLS. Turn th

source is passed through the station.

5 Pass_fail criteria

nterface signals

PMD/PHY signal requirements

PHY or SMT that cannot be individually tested in this lower level point of contrg
vation test. However, the combingd requirements of PMD, PHY and SMT are intend
in certain observable behavioUrs of the station which may be tested. The tests spe
5 clause are indirect tests of(some of the requirements of clause 9 of ISO/IEC 9314-

Optical receiver

optical receiver/is” required to assert and deassert Signal Detect under vg
tions. The effeCts of this may be indirectly observed, however it may not be practi
Eely measuretsome of the timing requirements in ISO/IEC 9314-3.

Signal_Detect threshold and hysteresis

1/,Pdrpose

b |UT

ausing the station to change to the bypass state. Time the duration” until light from the

PMD
| and
ed to
cified
3.

rious
cal to

This test verifies that Signal_Detect is asserted at an input power level between —45 dBm and
-31 dBm and that hysteresis is provided for Signal Detect as specified in 9.1.1.2 of

ISO/I

9.2.1

EC 9314-3.

.2 Equipment

— FDDI tester (need only be another FDDI station, or any device capable of sending HLS)

— Optical power meter

-V

ariable optical attenuator

— Optical splitter

— Line state monitoring device (an oscilloscope will suffice; however, if the FDDI tester
provides an indication of the received line state it may function as the line state monitoring
device)
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9.2.1.

3 Configuration

See Figure 12.

__—

Optical power meter

9.2.1

An optical attenuator is placed in the path\between the tester output and the IUT input

splitt
the s
the |
enter
the |
shou

The attenuator is gradually adjusted to raise the IUT input power until at some input

level
send

ISO/IEC 9314-6:4998, 9.6.1.1. Record Pj.

The attenuator is then adjusted to gradually decrease the power level received by the IU

sSoOme€

FDDI

IuT ﬂ station

I

Oscilloscope

Figure 12 — Signal_Detect assertion

4 Procedure

br and power meter is used to mounitor the IUT input power levels. The insertion Ig
plitter is measured on each path-to allow determination of the actual power receiv
JT. The tester sends HLS. The attenuator is set so that the power level of the 3
ng the IUT (measured from\a stream of Halt symbols) is less than —45 dBm. At this
UT Physical Connection.Management (PCM) (see ISO/IEC 9314-6:1998, 9.6) of th
d be in the Connect State causing the IUT to send HLS.

P,, the IUT will detect HLS and PCM will transition to the Next State, causing the |
ILS and«attempt to begin the connection initialization sequence define

hnd a
ss of
bd by
ignal
point
b |UT

ower
UT to
d in

T. At

PCM

input power level, Py, the

IUT will transition to the PCM Break state and then f

The hysteresis is computed as follows:

Pass

Hysteresis = P4 — P4

_fail criteria

a) Pgshall be in the range —43,5 dBm to —31 dBm.
b) P4 shall be in the range —45 dBm to —29,5 dBm.

c) H

ysteresis shall be at least 1,5 dB.

o the

(16)


https://iecnorm.com/api/?name=2ff5261746cad5323e53a695b5486974

A.l

Test packet definition

Packet definition

—_28—

Annex A
(normative)

9314-20 © ISO/IEC:2001(E)

The information field of the test packet used when measuring station bit error rates shall

consist of 34 repetitions of the following 256 symbol pattern:

=

[ O R
OFr 0= o0hkFRPo0hsANFR O

> ©

Fram

The |
Cont[

b,1,9,5,E,9,9,0,E,C ,A,D,7,U,D
-,6,9,C,A,0,2,4,2,4,7,0,3,B,F
8,1,9,3,E,5,9,6,E,C,A,D,7,0,D
D,7,0,7,0,2,4,2,4,2,2,4,2,7,0

y,0,2,7,4,0,3,1,8,B,F,8,E,3,9
-,6,9,C,A,0,2,4,2,4,7,0,3,B,F
8,1,9,5,E,5,9,6,E,C,E,D,7,0,D
p,D,2,7,4,0,3,1,8,B,F,8,E,3,9
-,6,9,C,A,0,2,4,2,4,7,0,3,B,F
8,1,9,6,E,5,9,6,E,C,E,3,9,5,1
8,1,9,3,E,5,9,6,E,C,A,D,7,0,D
-,6,9,C,A,0,2,4,2,4,7,0,3,B,F
8,1,9,3,E,5,9,6,E,C,A,D,7,0,D
0,7,0,2,7,4,0,3,1,8,B,F,8,E,3
b,E,6,9,C,A,0,2,4,2,4,2,4,2,7

p,D,2,7,4,0,3,1,8,B,F,8,E,3,9

ngth of this packet, counting 4 idle symbols preceding it, the Starting Delimiter, Hrame
ol, Destination Address;"Source Address, the FCS and the Ending Delimiter, but n¢t the
Status, is 8 745 symbels or 43 725 code bits.
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Annex B
(normative)

Bit error rate test criteria

The criterion for passing any of the tests based on a bit error rate (BER) measurement is that
the BER be estimated to be less than the specified threshold (either 2,5 x 10-10 or 10-12) with
a confidence of at least 90 %. A count of frame errors is used to estimate the BER. Each
frame error is considered to result from a single bit error.

Framfg errors are assumed to be Independent evenis. The probability pg, of exagtly k
indegendent events during interval T, where m is the expected number of events in interyal T,
is thg well known Poisson distribution:

—y
v~
Px=e " 17)

The probability, P(n), that n or fewer events occur during the .interval T, is given bl the
cumdlative Poisson distribution:

n k

= H
P ;e o (18)

For g given number of observed frame errors, n, we'can numerically solve the problem for the
expegted errors, m, needed so that P(n) is 10 %.~That is, when the expected number of ¢rrors
is exaictly m, n or fewer errors will be observed 10 % of the time. If n or fewer frame ¢rrors
occul in an interval where the expected number of frame errors is m, at the maximum allowed
BER,|then an inference is warranted, with a confidence of 90 %, that the actual BER ig less
than [he specified maximum. This is the“basis for the passing criteria tabulated in Table B.1.

Similarly, for a given number of-observed frame errors, n, we can numerically solvge the
problem for the expected errors,” m, needed so that P(n) is 90 %. That is, when the expgcted
number of errors is exactly.m;y”n or more errors will be observed 10 % of the time. If n or[more
frame errors occur in anxinterval where the expected number of frame errors is m, gt the
maximum allowed BER)‘then an inference is warranted, with a confidence of 90 %, that the
actugl BER is more(than the specified maximum. This is the basis for the failing criteria given
in Taple B.2.

The pass_fail-cCriteria tabulated in this annex are based on this principle. In the table$ and
graphs that“follow, the value of m that yields a P(n) of 10 % and the value of m that Yields
P(n) pfi20 % has been found numerically for n = 0, 1, 2, ... The number of test frames$ that
corre pui‘id to-the rcquircd vattes-of-khave-alse-been \,umputcd.

The length, L, of each test frame is 43 730 code bits, counting 4 symbols of idles preceding
the frame and the first trailing status indicator. If E is the bit error rate, then N, the number of
frames per expected frame error is given by:

N_l

T LxE (19)

At a BER of 10-12, the number of test frames per expected error is 22 867 596,62. At a BER
of 2,5 x 10-10, the number of test frames per expected error is 91 470,39.
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If we assume that the tester is capable of continuously transmitting test frames, and we
neglect the time lost circulating tokens (the tester must release the token at least once every
Target Token Rotation Time), and any time lost to the transmission of required periodic SMT
frames, then the minimum possible test duration is 2 221 968 h per expected error at a BER
of 10-12, The minimum possible test duration is 0,533 272 4 min per expected error at the
2,5 x 10-10 BER.

In Table B.1 the first column lists the number of observed errors. The second column lists the
required value for the expected number of errors to warrant a 90 % confidence that the actual
BER is less than the specified maX|mum and the IUT therefore passes the test. The fifth

umn,
90 %
efore
ER of
ER of
2,5 x[10-10. The third column lists the minimum possible time fof'the 10-12 BER test while the
fourth column lists the minimum possible test time for the 2,5.%10-10 BER test.

During the test, test frames are sent to the IUT and rep€ated by it Whenever the IUT dogs not
successfully repeat a test frame, an error is recorded. The test may be terminated With a
verdift of pass whenever the number of test frames actually transmitted is greater th}n the

numier corresponding to the pass criteria in, Table B.1 for the number of frame ¢rrors
obsefved. For example, if the number of frame errors observed is 2, and the number df test
framgs transmitted by the tester is greater thhan 1,22 x 108, then the IUT passes at a BER of
10-19.

Similarly, the test may be terminated® with a verdict of "fail" whenever the number of test
frames actually transmitted is fewer than the number corresponding to the fail critefia in
Tablg B.2 for the number of frame errors observed. For example, if the number of frame ¢rrors
obsefved is 2, and the numperof test frames transmitted is fewer than 2,52 x 107, then the
IUT fails.

If the| actual BER of the’/IUT is very close to the specified limit, then it may not be possible to
reach a verdict of either pass or fail, in a test of practical duration, and the test redqult is
inconclusive. Thesminimum duration of the test before assigning a verdict of inconclusive is a
mattgr for negotiation between the test laboratory and the vendor of the IUT.

Figure Bl illustrates the three regions (pass, fail and inconclusive) for a specified BER of
2,5 x|10~10,

Figure B.2 illustrates the three regions for a BER of 10-12.

In each test, an IUT with exactly the BER required by the standard will pass the test 10 % of
the time, fail the test approximately 10 % of the time, and produce inconclusive results about
80 % of the time.

If an IUT is to have a high confidence of passing the test, a margin is required in the
implementation. As the tests become longer, the margin needed becomes less. There is a
direct trade-off between the length of the conformance test needed to verify conformance to
the standard, and the margin needed by the IUT to ensure a high probability of passing the
test. Conformance can be established for implementations with large margins in a relatively
short time, but implementations with small margins may require a much longer test to
establish conformance.
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Note that the theory of optical receivers predicts that a receiver with a BER of 2,5 x 10-10 at
the specified threshold of —31 dBm, should have a BER of less than 10-15 over the range
where the requirement is of PMD is 10-12, Therefore, if the design of the IUT does not induce
a noise floor, an implementation that passes the 2,5 x 10-10 BER sensitivity test should have

a large margin at the 10-12 BER level.

Table B.1 — Pass criteria for bit error rate tests

Observed Minimum Minimu_m Minimum Minimum
errors Expected test hours test min frames sent frames sent
(pass) errors to passi at to pass_at to passi at to pass_at

1 x10-12 2.5 x 10-10 1x10-12 2.5 x 10-10
0 2,30 5,11 1,23 5,26 x 107 2,10,x'10p
1 3,89 8,64 2,07 8,90 x 107 3,56 % 10p
2 5,32 11,82 2,84 1,22 x 108 4,87 x 10P
3 6,68 14,84 3,56 1,53 x 108 6,11 x 10p
4 7,99 17,75 4,26 1,83 x 108 7,31 x 10p
5 9,27 20,60 4,94 2,12 x (108 8,48 x 10p
6 10,53 23,40 5,62 2,A1.x)108 9,63 x 10P
7 11,77 26,15 6,28 2,69 x 108 1,08 x 10p
8 12,99 28,86 6,93 2,97 x 108 1,19 x 10p
9 14,21 31,57 7,58 3,25 x 108 1,30 x 106
10 15,41 34,24 8,22 3,52 x 108 1,41 x 10p
11 16,60 36,88 8,85 3,80 x 108 1,52 x 10p
12 17,78 39,51 9,48 4,07 x 108 1,63 x 10p
13 18,96 42,13 10,11 4,34 x 108 1,73 x 10p
14 20,13 44,73 10,73 4,60 x 108 1,84 x 10p
15 21,29 47,31 11,35 4,87 x 108 1,95 x 106
16 22,45 49,88 11,97 5,13 x 108 2,05 x 106
17 23,61 52,46 12,59 5,40 x 108 2,16 x 10p
18 24,76 55,02 13,20 5,66 x 108 2,26 x 10p
19 25,90 57,55 13,81 5,92 x 108 2,37 x 10p
20 27,05 60,10 14,43 6,19 x 108 2,47 x 10p
21 28;18 62,62 15,03 6,44 x 108 2,58 x 106
22 29,32 65,15 15,64 6,70 x 108 2,68 x 106
23 30,45 67,66 16,24 6,96 x 108 2,79 x 10p
24 31,58 70,17 16,84 7,22 x 108 2,89 x 10p
25 32,71 72,68 17,44 7,48 x 108 2,99 x 10p
26 33,84 75,19 18,05 7,74 x 108 3,10 x 10p
27 34,96 77,68 18,64 7,99 x 108 3,20 x 106
28 36,08 80,17 19,24 8,25 x 108 3,30 x 106
29 37,20 82,66 19,84 8,51 x 108 3,40 x 106
30 38,32 85,15 20,43 8,76 x 108 3,51 x 106
31 39,43 87,61 21,03 9,02 x 108 3,61 x 106
32 40,54 90,08 21,62 9,27 x 108 3,71 x 106
33 41,65 92,54 22,21 9,52 x 108 3,81 x 106
34 42,76 95,01 22,80 9,78 x 108 3,91 x 106
35 43,87 97,48 23,39 1,00 x 109 4,01 x 106
36 44,98 99,94 23,99 1,03 x 10° 4,11 x 106
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Observed Expected Minimum Minimum Minimum Minimum
errors errors test hours test min frames sent frames sent
(pass) to pass at to pass at to pass at to pass at

1x10-12 2,5 x 10-10 1x10-12 2,5 x 10-10
37 46,08 102,39 24,57 1,05 x 109 4,21 x 106
38 47,19 104,85 25,17 1,08 x 109 4,32 x 106
39 48,29 107,30 25,75 1,10 x 10° 4,42 x 106
40 49,39 109,74 26,34 1,13 x 109 4,52 x 106
%4t 50749 ++2749 26792 +515=10% 462108
42 51,59 114,63 27,51 1,18 x 10° 4,72 x (08
43 52,69 117,08 28,10 1,20 x 10° 4,82 x106
44 53,78 119,50 28,68 1,23 x 109 4,02 x 106
45 54,88 121,94 29,27 1,25 x 109 5,02 x 106
46 55,97 124,36 29,85 1,28 x 102 5,12 x 106
47 57,07 126,81 30,43 1,31 x(10° 5,22 x 106
48 58,16 129,23 31,02 1,33%710° 5,32 x 106
49 59,25 131,65 31,60 1,35 x 109 5,42 x 106
50 60,34 134,07 32,18 1,38 x 109 5,52 x 106
51 61,43 136,50 32,76 1,40 x 10° 5,62 x 106
52 62,52 138,92 33,34 1,43 x 109 5,72 x 108
53 63,61 141,34 33,92 1,45 x 109 5,82 x 106
54 64,69 143,74 34,50 1,48 x 109 5,92 x 106
55 65,78 146,16 35,08 1,50 x 109 6,02 x 106
56 66,86 148,56 35,65 1,53 x 109 6,12 x 106
57 67,95 150,98 36,24 1,55 x 109 6,22 x 106
58 69,03 153,38 36,81 1,58 x 109 6,31 x 106
59 70,12 155,80 37,39 1,60 x 109 6,41 x 106
60 71,20 158,20 37,97 1,63 x 10° 6,51 x 106
61 72,28 160,60 38,54 1,65 x 109 6,61 x 106
62 73(36 163,00 39,12 1,68 x 109 6,71 x 106
63 T4/44 165,40 39,70 1,70 x 10° 6,81 x 106
64 75,52 167,80 40,27 1,73 x 109 6,91 x 106
65 76,60 170,20 40,85 1,75 x 109 7,01 x 108
66 77,68 172,60 41,42 1,78 x 109 7,11 x 106
67 78,76 175,00 42,00 1,80 x 10° 7,20 x 106
68 79,84 177,40 42,58 1,83 x 109 7,30 x 106
69 80,91 179,78 43,15 1,85 x 10° 7,40 x 106
70 81,99 182,18 43,72 1,87 x 109 7,50 x 106
71 83,07 184,58 44,30 1,90 x 10° 7,60 x 106
72 84,14 186,96 44,87 1,92 x 109 7,70 x 106
73 85,22 189,36 45,45 1,95 x 109 7,80 x 106
74 86,29 191,73 46,02 1,97 x 10° 7,89 x 106
75 87,36 194,11 46,59 2,00 x 109 7,99 x 106
76 88,44 196,51 47,16 2,02 x 109 8,09 x 106
77 89,51 198,89 47,73 2,05 x 109 8,19 x 106
78 90,58 201,27 48,30 2,07 x 109 8,29 x 106
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Table B.1 (continued)
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Observed Expected Minimum Minimum Minimum Minimum
errors errors test hours test min frames sent frames sent
(pass) to pass at to pass at to pass at to pass at

1x10-12 2,5 x 10-10 1x10-12 2,5 x 10-10
79 91,66 203,67 48,88 2,10 x 10° 8,38 x 106
80 92,73 206,04 49,45 2,12 x 109 8,48 x 106
81 93,80 208,42 50,02 2,14 x 109 8,58 x 106
82 94,87 210,80 50,59 2,17 x 109 8,68 x 106
83 95794 243718 54716 2-19=—109 8;78="10%
84 97,01 215,55 51,73 2,22 x 109 8,87 x (06
85 98,08 217,93 52,30 2,24 x 109 8,97 x106
86 99,15 220,31 52,87 2,27 x 109 9,07 x 106
87 100,22 222,69 53,44 2,29 x 109 9,17 x 106
88 101,28 225,04 54,01 2,32 x 102 9,26 x 106
89 102,35 227,42 54,58 2,34 x(10° 9,36 x 106
90 103,42 229,80 55,15 2,36.%710° 9,46 x 106
91 104,49 232,17 55,72 2,39 x 109 9,56 x 106
92 105,55 234,53 56,29 2,41 x 109 9,65 x 106
93 106,62 236,91 56,86 2,44 x 109 9,75 x 106
94 107,69 239,28 57,43 2,46 x 109 9,85 x 106
95 108,75 241,64 57,99 2,49 x 109 9,95 x 106
96 109,82 244,02 58,56 2,51 x 109 1,00 x 107
97 110,88 246,37 59,13 2,54 x 109 1,01 x 107
98 111,95 248,75 59,70 2,56 x 109 1,02 x 107
99 113,01 251,10 60,27 2,58 x 109 1,038 x 107
100 114,07 253,46 60,83 2,61 x 10° 1,04 x 107
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