Multi-fiber testing for 40G Ethernet

How do the standards look on the real job site?
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-Standards refresher — single / dual fibers

RFHARER - BED A 20774/8

*Why is multi-fiber testing any different?
BETILFIFANRRIEICNIZE ESDH

«Standards relevant to 40G Ethernet
40GA —H Ry B ED IR

*MPO systems - examples in the field
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Challenges for testing these real-world systems
KEFEDI AT LAEBRTOFHLLEAA

*Practical considerations
ETS5LETORETIREA

Examples of typical test setups
B ERER TE 0D — 51

Summary
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Application standards
7IUT—2 3> ([CETBEmDRD (e.g. IEEE 802.3 for
Ethernet)

\ =T U B

Cabling standards
(e.g. ISO/IEC 11801)

SERICRA T DR
Testing standards

(e.g. ISO/IEC 14763-3)
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Typically, we can test according to the
cabling standards and test standards
only, and then determine which
applications will run based on their

specific loss limits.

Cabling standards
(e.g. ISO/IEC 11801)

Testing standards

(e.g. ISO/IEC 14763-3)

SERARAS & L T14763-3%2 2B LTH
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When we look at running 40G Ethernet over multi-fibre links with MPO connectors, we find
some issues with this approach.

MPOORIAF&EDIZNILFE—RIT7A4/NU > TT40GA —H Ry A
EESNTWBE., 7JO—FDFET
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The root cause of the difficulty is the mechanical design of the MPO connector, which is
equipped with guide pins to ensure correct alignment:

#HU<<TETWLWDER(E. MPOOXRITYIDMMERTH 1>,
[EUKIEBHRITDIEHICHA REHEHDD TL\B,

Female or “unpinned” connector

AR UL F'E B OIRDZ

Male or “pinned” connector
‘0
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These pins mean that a pinned connector must always be mated with an unpinned connector at

a coupler - this is different from the single fiber connectors (SC, LC, ST etc.) where any
connector can be mated with any other using a coupler.

*Field test equipment manufacturers have to choose either a pinned or unpinned connector on
their testers and neither choice will be convenient in all cases.

*ISO/IEC 14763-3 does not make any reference to multi-fiber connectors

*The test methods in ISO/IEC 14763-3 do not address all of the situations found in real MPO
installations if pinning is considered.

E>BORTAFIHNT S TEBOARTIEEICEDNERD D,
CNHVEFITIRD TULND, @@bjﬁ%@DTADEDTM5JZOGﬁ
HBDEKRD T 74 )\ OAROASFIxRI4 (SC,LC,STHE) &LIHE

+ a4 —I)LRFRAAI—A—BH—(FEEMNMENEZE (LR E LT,

- NIVFE—RIT7AI/)\ ORI Z(CETBERIISO/NIEC14763-3(T1R0 N,
- ISO/IEC14763-3(Cp DR AT, EROMPOBER (CHDINRETH
P> TLIRLY,

T e
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IEC 61280-4-1 (N¥ILFE—R)

This is @ more comprehensive testing standard than ISO/IEC 14763-3, and is referred to directly in the
IEEE 40G Ethernet standard.

ISO/IEC 14763-3 is essentially a subset of this standard.

Key features of IEC 61280-4-1 for this discussion are:
— It sets out procedures for testing multi-fiber cables
— It sets out procedures for one, two, and three cord reference methods
— It addresses situations where connectors cannot be mated directly (for example due to pinning)

+ IEC61280-4-1(d K D EBIFERIRIRIE T,
IEEE40G1 —H v MIIB(ICEZEEEL TULET,
+ IEC14763-3(LIEC61280-4-10D#BIRYIZEIT T,
HFEIARERE
-NIVFE-RI7A4)\ =T )i DFEZ IR
- 1~32v2)NU D7 L2 EDOFIEZ TR
- IRV INERHTERN (EFDOHE) BEDIRRETL

P

soft | Bicsi

25th November 2016



MPO S A5 /A — RIZTODEH)

We will consider two common examples:

1.Link with pinned to pinned trunk terminated at panels with couplers, and unpinned to
unpinned equipment cords at each end.

NS OERHEZ R - C/E_CIEIEO amimh\EEs A (SR 0.
C 8 - ERNNE,

2.Link with unpinned to unpinned trunk terminated at panels with couplers, and pinned to
unpinned equipment cords at each end

NSO E > - MTEEOEEﬁ mOVEER R (CTR D |
E>B - ECESARE,
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We typically want to test the installed trunks independently of the equipment cords at the
time of installation:

*We can do this, but we cannot say anything directly about readiness for 40G Ethernet,
because the loss limit defined by IEEE is specifically “equipment to equipment”. In other
words it includes the equipment cords. The maximum allowed loss value is 1.9 dB in total
for OM3 fiber and 1.5 dB for OM4.

It is left up to the user to decide what limits to apply when testing the individual parts of
the link. If the widest limits allowed in ISO/IEC 11801 are applied, for example, it is very
likely that the overall link will fail the “1.9 dB / 1.5dB” test.

HEERFR THBRZEZERBET . S IDHERERLIEVLOH —EH,

- AJRETZNN. 40GH —HRw MNRARSITHEIG U TWLWDIMNEARR, TS5,

IEEEEZDOORYU=w MIEMARMIC [RiEHS%HE] ZRELTLINS,

DFED, OXYUZv MIEREI— RICEENTLS,
(ERFEOXREFOM3ITEET1.9dB. OM4T1.5dB )

- U OD—EBZ BRI DERICEDFUMG(IT—F —IREE, ISO/IEC11801TEF

O SNELEEOMREZERAL CLEDS E. AIELT. UDOREKRTIE

1.9dB/1.5dBsHER CASHIZ(CIR DT L), —
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We need to establish a test procedure using IEC 61280-4-1 to deal with the pinned /
unpinned issues.

Even with IEC 61280-4-1, some MPO configurations cannot be tested exactly as per the
standard, so some “closest practical approach” methods are unavoidable.

We must at some point test the whole link including equipment cords to ensure
compliance for 40G.

- IEC61280-4-1Z1T U CE BEOREEZERIT INERH B,

- [EC61280-4-1CH. —HBPDOMPODIERY (FFATAZIE D (CIEFE(ZERBR D 3k
IR, BDIZED. WK DHD [IRECHIEDIEWTO—F] O5E
ZED &N,

- J0GODESZILHT B/z8. ECH DIFET., H/ig1— RESD
> Oz R dnENGD D,
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1.Select a reference method from IEC 61280-4-1.

— The standard will lead you to the required reference method based on the
configuration you want to test

— If there is not an exact match, use the closest configuration

2.Make sure that you have the necessary reference grade launch cord, and if necessary a
receive cord and adaptor cord

3.Do not remove the launch cord from the transmitter after “setting reference” - if your
method apparently requires this then you’ve made a mistake!

1. IEC61280-4-105 ) T 7 L2 X FEEERUET,

- SR UTEUVMBRICE DK ERU T 7 LR AiE%. Bgh58x%T,

- IFME(CEDIRTNUE, HRBBEDIFVVERZE> TIEE0,
2. MBEITBRUI7Z7L>RAO0—2FI1—REZHEL., SSICHERS,
L>—2J0—R - PATAI—-—REAEIT B EESNBVTTFS,

3. BEEERTER. O— /EFZI FZEEAD S5 EROTIEVNTEE A

sEME ERRSNITIHE. AW RENSGDET,
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As we have seen, the standards leave it for the user to decide on the appropriate test limits for the
separate elements within a channel - for example the trunk and the equipment cords.

The limits will depend on advice from the system manufacturer as well as experience, to ensure that
the final links can meet the 40G requirements.

The following table will assist in building up a loss budget - it shows the allowable loss when reference
and standard grade connectors are mated at an interface:

F v R)LDH(CH DX BRDBEYRHERARIS ZRTE T B2,
BAREFELE T, TEXE. bSO EHREI— RETT,

RS TIE. BRERERR. SR LARIEENSDT R)\A X (THIF L.
EeisBY(C U > ON40 G DERIRZE/BIZ I C & RELET .
FORTE Oy hZBEIDcHDSERTT, UTI7L
SARAERBLANILDOARDINA 2 HF—T T4 X ETHELUTLBIREE
CTOFFSHBEANOORZRRLU TWET,

Connector 1 Connector 2 Allowable loss
Reference grade | Reference grade <0.1dB
Reference grade | Standard grade <0.3dB
Standard grade Standard grade < 0.5dB
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B O — R E>B~EBrS>0 Bl — R
Equipment cord Pinned to pinned trunk Equipment cord

Couplers (on patch panel)
HTS Uy F)RILE)
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E>B~EBNS>Y
Pinned to pinned trunk

Couplers (on patch panel)
HTS URwFIRILL)
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@ R — RO A O R ZAREE

O—>F3d— K (EHE)
Launch cord (referencggrade)

1. O—2F 10— FOEEETE

Light ;ﬁgurce Power meter
i D= X —%

P ™
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@ BRI — FOERA O R ZAREE

L Fook (mmEE) EME ESE /N EuvEs £ > 1 \
SRl T i Pin;ed Unp;med L2 =T 3—F (SRR
Launch cord ) ! . , Receive cord
(reference =l :
grade) S

° fm ]
E> Unpmned Unpinned B>

2. Add the test cord and receive cord

3. Run autotest and check value is within acceptable limits

4. Optionally repeat this, swapping cords end to end in turn, OR
keep cords in the same orientation for testing

2. L>—JO—-RZMAFET,
3. BEENRRZRIEL. BN RIEDIFSEH

Light Soures NTHBDCE=ZMHERLUET, Power meter
4. AT>3> O—->FO— REFHRHNSHE /(O-—x—»

RICHTdH, BROBRICEETCO—>F
. O— REMIFT BN ERDELET . P
soft g Bics/

25th November 2016

17



F=H1: ECHB-ECBNS>D

@iz : 1>v 2 /)NUT7 LK

O—>F3— K (SHE)
Launch cord (referencﬁegrg@e)

® S 4m : . .
E># Unpinned = Unpinned E &

1. Set reference for launch cord — do not
disconnect launch cord from light source

O0—2F 11— FOREEETEZITLET,

Light . - ~ “ N
Tw . GOURNBO->FI—Restamgune  hovermete
<IZEW)
P e
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Stage 2: One-cord reference test method
BT~ 2 LN Il

O->Fa-k GeE) E>|®  EXE /7 N\ EvE e m
Unplnned Plnned / Pinned Unplnned L2 =J3-F (SHE)
Launchcord - 3 > : ~ Receive cord

E2% Unpinned Unpinned E> &
Add the link to be tested and the receive cord

Set test limit appropriately for a link only

Run autotest

Remember — this is just the link value. You still need to test

the complete channel in the later step
TARRRDU > DOZIMZET .,
RS ZE B (CERELET .
BEEEREmMIa LE T,
CXR) CNEYZIDEETY. #OTOCITFv>oxIL

Light 7?50}; rce INCZERT DHEN DD ET, Power meter

M5
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Example 2 — unpinned to unpinned trunk, terminated at panels with couplers

BH2 :EVE—EFS>D, )\RIVER (DWTS54D)

BfEI— R EX@~E mNS > BiEI— R
Equipment cord Unpinned to unpinned trunk Equipment cord

Couplers (on patch panel)
HTS Uy F)RILE)
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Example 2 — unpinned to unpinned trunk, terminated at panels with couplers

B2 : EVE|—BENS> D, )\RIVEER (BT S5{)

E@E~E\|ESD

Unpinned to unpinned trunk

Couplers (on patch panel)
HTS URyF)ERILL)
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Example 2 - unpinned to unpinned trunk, terminated at panels with couplers

F12 : EVE|—ENS >0, \RIVER (BTS54)

AT7—= 1. FBRO— RO AL RIREE

O—->F30—F (GHEE)
Launch cord (reference grade)

E>#& Unpinned ] = Unpinned E>&

1. Set reference for launch cord
O—>F 0— ROELHERTE

Light ;gurce Power meter

o JINT—A—%4
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Example 2 — unpinned to unpinned trunk, terminated at panels with couplers

SH12 : EVE|—ENS>0, )\RIEESR (BTS5{)

Stage 1: Test cord insertion loss verification

AT7—21 3RO — PO AOXRIREE

O->FO—R (SEE) B> m = L>=2J3—-Fk (BHEE)
Launch cord Receive cord
(reference grade) | (refergrli? grade)

E>4% Unpinned [ 2. Add the receive cord

Run autotest and check value is within acceptable limits

4. Optionally repeat this, swapping the launch cord end to end,
OR keep the launch cord in the same orientation for testing

2. L>—JO—-RENZZE9,
3. BEEBRZMIAL. BB RISDHESEH
NTHDCEZERUET,
Light;ggrce 4, AT 3> O—->F 01— REEHFRHNSHEE  Power meter
RICZHTDH. HEEOR U EBETCO—>F T—%—5
I— Rz T 3N ERDIRUET, T
Bicsi
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Example 2 - unpinned to unpinned trunk, terminated at panels with couplers

B2 : EVE—|NS >0, )\RIVER (BT S51{)

Stage 2: Test, using two-cord reference method
= N ~w O N
AF—2r2 1 2% 2L JF L2030
O—->F0—R (EHEE) £ m E>5 L>=2J-F (BfE)

Launch cord Receive cord
(reference grade) | ’_r(refekrwernf;e grade)

Unpinned Pinned

= Unpinned >

1. Set reference for launch cord and receive
cord together

O—>F30—R&EL2—TO—RE[IFT

Light source

S AT NE T i
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Example 2 - unpinned to unpinned trunk, terminated at panels with couplers

S22 : EVE—I|IS >0, )\RIVER (BTS5{H)

Stage 2: Test, using two-cord reference method

RF—22 12392 UTPLYRE L,

O—>3F3—R ] ==
(FEE)  Cm e>h oy com  (EEE)
Launch  ynpinned Pinned Pinned Pinned BLelve

cord I

B tm (reference E>
grade)
FEIE ]~

| . (UDJ7L>RXO—R)

Unpinned

2. Unplug the cords at the coupler and add
an adapter cord (pinned to pinned)
Light\source Power meter

R HTSHI—REHNL, PHATHITI-R SNI=A=%
(E>B~EXH) Z2MZFT,
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Example 2 — unpinned to unpinned trunk, terminated at panels with couplers

BHI2 : ESEW—MMNS>, )\RILRE (BT S54)

Stage 2: Test, using two-cord reference method

. AT=T2:1 23w )UIFLIRE

Ls—Ja—k
(BrEE) C = 5 > e 7N\ bEom > (§ﬁ§>
Launch Unplnned Pinned Plnned Unplnned { | Unplnned Plnned =EEliE

cord .

R\

tested
TR MR E>
Unpinned
3. Add the link to be tested
4. Set test limit appropriately for a link only
5. Run autotest
6. Remember - this is just the link value. You still need to test
the complete channel in the later step
3. TAMIRDY>DUZMAET,
Light source 4, RS ZEY)(CEREUET, Power meter
KR 5. BEEERZRIBLET, IXT—A—5
6. (X)) ZNEFU>ODEETTY,

. BOTOCATF v oRILIATE e
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-After the trunk has been tested, it is now necessary to test the whole channel against the 40G BASE-SR4
loss specification of 1.9dB for OM3 fiber and 1.5dB for OM4.

*We can use the same techniques and reference methods as before - the only difference is that now we
include the equipment cords as part of the link to be tested.

- bSO ERE. OM3(C1.9dB. OM4(Z1.5dBOOXRE AR HD
40GBASE-SR4(CX U T, FRILEEOREBENNE(CIRD,

- IO XDCEIUFEIMME D7 L X AEEES ZEHNHEES,
ME—DEV L, IRTEEEER TR > O0—EfE UT. FHigd— KA
SFENTLDIEE,
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Testing MPO links for 40G BASE-SR4 requires the whole channel to be tested against the IEEE 802.3 limits.

Link segments can be tested in isolation, but it is for the user to determine the limits and it does not replace
channel testing if 40G performance is to be guaranteed.

For 40G BASE-SR4, IEEE 802.3 requires us to comply with IEC 61280-4-1 for test methods.

The various combinations of pinned and unpinned connectors will determine which reference methods can be used,
and the need for receive cords and adapter cords as per IEC 61280-4-1.

40GBASE-SR4MMPOY > 7 B& Tl IEEES02.3( R (I TFv=JL
PARZEER LR TSR0,

> 0D 0 A baEZNTNYDDITTHRHERT D EFTEEZN,. TN
MIBZREIT DI —DEHTHD. 40GDREN TR T DT+ I LiKER
(CEZTIRX TULBDITTIERRLY,

40G BASE-SR4M =&, IEEE802.3 T, XE&AENIEC61280-4-1(C
BEESUTWLWBAZEMNKRDEND,

EBETOIEIFRMEHFEDEN., FRHENDY IJ7 L RXAEZERE
L. IEC61280-4-1(CHBL>—T 01— REFVAHTAI— RENELTIH
EDhZERDB,

————
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