TIA/EIA-568-B.2

@
ANSI / TI A/ EI A-568- B. 2- 2001
Approved: April 23, 2001

TIA/EIA
STANDARD

Commercial Building
Telecommunications Cabling Standard

Part 2: Balanced Twisted-Pair
Cabling Components

TIA/EIA-568-B.2

(Revision of TIA/EIA-568-A)

MAY 2001

TELECOMMUNICATIONS INDUSTRY ASSOCIATION

(T A) e et sy A 5 -u

Electronic Industries Alliance




NOTICE

TIA/EIA Engineering Standards and Publications are designed to serve the public interest through
eliminating misunderstandings between manufacturers and purchasers, facilitating interchangesbility and
improvement of products, and assgting the purchaser in selecting and obtaining with minimum delay the
proper product for his particular need. Existence of such Standards and Publications shdl not in any
respect preclude any member or nonmember of TIA/EIA from manufacturing or selling products not
conforming to such Standards and Publications, nor shdl the existence of such Standards and
Publications preclude their voluntary use by those other than TIA/EIA members, whether the standard is
to be usad either domesticdly or internationaly.

Standards and Publications are adopted by TIA/EIA in accordance with the American National
Standards Indtitute (ANS!) patent policy. By such action, TIA/EIA does not assume any ligbility to any
patent owner, nor doesit assume any obligation whatever to parties adopting the Standard or
Publication.

This Standard does not purport to address all safety problems associated with its use or al applicable
regulatory requirements. It isthe respongbility of the user of this Standard to establish gppropriate
safety and hedlth practices and to determine the applicability of regulatory limitations before its use.

(From Standards Proposal N0s.4426-B and 4426-B.1, formulated under the cognizance of the TIA TR-
42 Committee on User Premises Telecommunications Infrastructure.)

Published by

OTELECOMMUNICATIONS INDUSTRY ASSOCIATION 2001
Standards and Technology Department
2500 Wilson Boulevard
Arlington, VA 22201

PRICE: Pleaserefer to current Catalog of
EIA ELECTRONIC INDUSTRIESALLIANCE STANDARDS and ENGINEERING
PUBLICATIONS or call Global Engineering Documents, USA and Canada
(1-800-854-7179) I nter national (303-397-7956)

All rights reserved
Printed in U.SA.



PLEASE!

DON'T VIOLATE
THE
LAW!

This document is copyrighted by the TIA and may not be reproduced without
permisson.

Organizations may obtain permission to reproduce a limited number of copies
through entering into alicense agreement. For information, contact:

Globa Engineering Documents
15 Inverness Way East
Englewood, CO 80112-5704 or call
U.S.A. and Canada 1-800-854- 7179, International (303) 397-7956







TIA/EIA-568-B.2

COMMERCIAL BUILDING TELECOMMUNICATIONS CABLING STANDARD
PART 2: BALANCED TWISTED-PAIR CABLING COMPONENTS

TABLE OF CONTENTS

1 INTRODUCTION ...ttt et et e et et et et ekt et b e ettt et et e e et e e et e e ean e eaneees 1
1.1 U 0T 0 S = PP 1
1.2 S o= Tod o= o] e ) o 11 (=] 1 - N 1
1.3 Metric equivalents of US CUSIOMANY UNILS ......c..iiitiiii i 1
1.4 Life Of the SEANUAIT ... et et e e e e e e e e e e eens 1
2 S OPE e e e 1
2.1 APPICADIITY ..o 1
2.2 NOIMALIVE FEFEIEICES ...ttt ettt e e 2
3 DEFINITIONS, ABBREVIATIONS AND ACRONYMS, UNITS OF MEASURE ........ccccoiiiiiiiiiieiieeen, 3
3.1 (7= 0= = | 3
3.2 ADDreVviations and GCTONYIMS ... . cui ettt et e e e et et e e et e e et e e eaeaeans 5
3.3 UNIES Of MBASUI ...ttt et et et e e et et et e e et e et e et e ea e eneeenns 5
4 100 W BALANCED TWISTED-PAIR CABLES. ... .ottt 6
4.1 (C1=T o= = | PPN 6
4.2 Cable transmisSSiON PEIrfOIMANCE.........ii i e e e e e e e e e eanes 6
v S N = L= ToT o To [ 0 1V4=To [ o= 11T o [o ] 1= 6
4.2.2  Multi-disturber @nNVIFONMENT ... .. .o e e e e e e e aeees 6
4.2.3 Measurements POINtS and SPACING .....ceuiunitn et e e e e e e et e et e e e e e aens 6
4.3 HONZONTAI CADIE ... e e 6
N T R €T o 1= - PP 6
7 T Y o o] o> o] 11 2 6
4.3.3  MECRANICAL ... it 7
v 9C T 20 A [ YW F= 1= o o [T o1 7
4.3.3.2  PaIlr @SSEMDIY ..ot 7
e TR TR B ©7o ] o] g oo Lo [ 7
G TR N O7- 1] (=3 0 [ F= 10 =) (=] O PP PP PP 7
4.3.3.5  BreaKing StrenglN . ... 7
e G T S N = 1= o 10T I = Vo [P 7
T S I = 10 1] 1 01511 (o] o PP 7
A.3.4. 1 DO FESISTANCE «..u ittt et ettt et et ean s 7
4.3.4.2 DC reSiStanCe UNDAIANCE ... .....iiii e 8
VO I N B /[0 (0o =Y o = o3 ) = g o =TS 8
4.3.4.4 Capacitance unbalance: pPair-t0-groUNd..........c.c.uieiuiiiiiieir e e e e e enaeees 8
4.3.4.5 Characteristic impedance and structural return loss (SRL) for category 3 cable ...................... 8
O T G = (1 0 (01 9
o T S A [ Y=g 1o T (01 PP 9
4.3.4.8 Near-end crosstalk (NEXT) 0SS ....iuuuiiiiiiiiieiie e et e 10
4.3.4.9 Power sum near-end crosstalk (PSNEXT) [0SS .....c.uuiiiiiiiiiiiiiei e 11
4.3.4.10 Equal level far-end crosstalk (ELFEXT) ..o e 12
4.3.4.11 Power sum equal level far-end crosstalk (PSELFEXT) .....ouuiiiiiiiiiiiiiici e 13
4.3.4.12 Propagation delay for 4-pair horizontal Cables...........ccoviiiiii i 13
4.3.4.13 Propagation delay skew for 4-pair horizontal cables .............cccoiiiiiiiiii 14
4.3.4.14 MeasUremMeNnt PrECAULIONS ........uiiueiteit ettt e e e e e e e e e et e et eaa e e et e e et e et e ateetaaannas 14
4.3.5  Performance MarkinNg............oiuiiiiiieii et e e e et e e ans 14
4.3.6 Bundled and hybrid CaABIES ........cooiiiii i 15
4.4 Backbone CabIe ... ... e 15



TIA/EIA-568-B.2

A 4.1 GENEIAL ...t 15
A.4.2  APPIICADIIILY ... e 15
N |V 1= o o - oo | S 15
o N T A [ YW F= 1= oo T [T o PP 15
4.4.3.2 Pl @SSEMDIY ..ottt 15
B T B ©7o] (o] g oo To [ IR PTUPTPT 16
A.4.3.4  COME ASSIMDIY L.ouiiii e anas 16
T S T O 0T £ T/ - o PSPPIt 16
A.4.3.6  COre ShIBI. ... et e e 16
A 4,37 JACKET .. et 16
N S I = 10 1] 41151 (o] o BT EPPTPPTN 16
A 4. 4.1 DC rESISTANCE ...uieti ittt ettt et et et e ean s 16
4.4.4.2 DC reSiStanCe UNDAIANCE ... ....uiiiiiii ettt 16
4.4.4.3 MULUBI CAPACITANCE. .....uiiii ettt et e et e e e e e e enaas 16
4.4.4.4 Capacitance unbalance: Pair-t0-groUNG..........couuuiieiiiiiiiii et 16
4.4.45 Characteristic impedance and structural return loss for category 3 cable..............cccooeveiiiennn. 17
O I = (1 0 [0 1S PP PTUPTPT 17
o oy A [ Y= T4 (o T (01 PP 17
R N = I [0 1= S P UPTP 18
A.4.4.9  PSINEXT I0SS ..ttt ettt ettt e et et et e et et e a e e aanas 19
I O B = PP PTPT 20
o o I S Y I = Q) TP PSPPI 21
4.4.4.12 Propagation delay of category 5e backbone cables..............ccoooiiiiiiii 22
4.4.4.13 Propagation delay skew for category 5e backbone cables ..............cc.coiiiiiiiici 22
O S B 1= Yo i To = = o 1 P 22
445 COre Shield reSISTANCE. .. ...ttt et e e e e e ans 22
4.4.5.1 MeaSUremMENt PrECAULIONS ......uuiet ettt ettt ettt e e et et e et et e et e et e e e eennas 22
4.4.6  PerformanCe MArKiNG...... ...t et ettt et et 22
4.5 Stranded CONAUCTON CADIE ... ... et e e 23
451 MECRANICAL..... et 23
N B ¢ 1] 11515 (o] o B PP UPPT PPN 23
T N = 1] T (o LS 23
T [ 1= = 1T T (o LS 24
4.5.5  Performance MAarKiNG...........o ottt et 24
5 100 W BALANCED TWISTED-PAIR CONNECTING HARDWARE .......cooviiiiiiiiiiiececee e 25
5.1 (7= = = | 25
5.2 Y o] o] o> o 1111 /2 25
5.3 MECRNANICAL ... e e ettt et e et e e e e e e e e e 25
5.3.1  Environmental COmMPatibDility .......c.iuniiii e 25
LR 77 |V o 11 ] o 11 Vo P 26
5.3.3 Mechanical termination DENSITY ........c.uiiiiiiiei e e e e e e eans 26
LS 70 S I 1] o | o P 26
LSRG 78 T L= 1= o111 /2 26
54 LI U0 1015751 (o o PP 27
Lo R = L= Todo o [ 1P =T I or= 1 =T [0 1= 3PP 27
B5.4.2  INSEITION JOSS ... ettt ettt e e et e e e e aes 27
5.4.3 Near-end crosstalk (NEXT) 10SS.....uuiuiiiiiiiieiiei et e e e e e e eans 28
S = L (0] o (o 11 S PP PP PPN 28
5.4.5 Far-end Crosstalk (FEXT) 0SS .uuuiuuiiiiiiieiie ettt e e et e e e e e eans 29
5.4.6  Propagation GEIAY ..........oieuiiiniiiie ettt 29
5.4.7  Propagation delay SKEW .........iieiiiiii et 30
S T I T O =T 13 - Y g o = 30
5.5 Telecommunications OULIEt/CONNECION .. ... .c.ui it 30
5.6 PerformanCe MArKING ... ....couuiiiii ettt e 31



TIA/EIA-568-B.2

6 CORDS AND CROSS-CONNECT JUMPERS ... 32
6.1 (=T =T = | P 32
6.2 APPICADIIILY . e 32
6.3 YT Yo o =Y g o> | 32
L0 70 R 1 0 £ W =1 =Y N oo o (1 T3 o ] 32
L 77 O o] o T oo o - 32
6.3.3  TranSMIiSSION FEQUITEIMENTS .....iuuiiiiiii i ee et e e et e e e et e et e e e e e e et e et e et e e aneean e e eeaneenns 33
6.3.3.1 Near-end crosstalk (NEXT) J0SS .....iiiuiiiiiiiiie ettt 33
L 70 F7 N o= 1] o T (o L= 35
Annex A Reliability testing of connecting hardware for 100 W balanced twisted-pair cabling

LT T =1 1Y7=) P 36
A.l (7= = - | P 36
A.2 Contact reSiStaNCe MEASUIMEMIENT .....iu it ee et ettt e e e e e e e et e et e et e et e e e raeeaaeeneens 37
A.3 LS Fo Lo I =S 1S c= U L= PP 37
N 5 11 ] - o] 11 Y2 37
NS TV o] - L o o T PPN 37
A.6 Y LTSI == D 1o o P 37
A7 TherMal SNOCK ... ...t e e e e e et e e e e e 38
A.8  HUMIdIty/te@MPETALUIE CYCIE ...t 38
N T O o T g (=] 1] T 38
Annex B Test equipment overview (NOMMALIVE) ........cuiieiiriiiie et e e e e e e e e e e 39
B.1  General teSt CONTIQUIALION. ... ....uiiie ittt e e e e 39
T = T V[0 I = To (U] =10 0= ) 39
B.3  Ground plane reqUITBMENTS .......ccuuiiiieii ettt ettt et e et e e ene s 40
B.4  Network analyzer reqUITEMENTS. .. ... e e e e e e e e e e e r e e e e eanees 40
B.5 Impedance matChing tErMINALIONS ........ocuiiiii e e e e aaas 40
T R = - 1[0 T (=1 0 11 = U0 PPN 40
B.5.2  RESISION tEIMINALIONS ...itiiit it et e e e e e e et e e e et e et et e et e e e eaas 40
B.5.3 Termination performance at test iINterface..........oooviiiiii i 41
B.6  General calibration and reference plane of measurements............ccoovveiiiiiiiinin e 41
B.6.1  CaliDration FEfEIENCES .. .. ettt e e eans 42
B.6.1.1 100 W reference load measurement ProCeAUIE..........iuu it e e eens 42
B.6.1.2 100 W reference load return 0SS reqUIrEMENT ... .....couuuiiiriieir e 42
Annex C Testing of cable (NOIMALIVE) ........ciuiii e e e e e e e e e e een 43
c1 INSErtioN 10SS Of CABIE .. .. oo 43
C.1.1 Test configuration for cable INSErtioN 10SS ........c.uiuiiiiii s 43
C.1.2  Calibration for Cable...........oiiii e 44
C.1.2.1 Two-port calibration of the teSt SYStEM.........oiiii e 44
C.1.3 Measurement of cable INSErtioN [0SS .......ccuiiiiiiii e 44
C.2 NEXT 10SS Of CADIE ... ettt e e e e 45
C.2.1 Test configuration Of cable NEXT 0SS .......iuiiiiiie e 45
C.2.2 Calibration Of Cable NEXT 0SS ...uuiiuiiiiiiie e e e e e e e e e ans 45
C.2.3 Measurement of Cable NEXT l0SS ....cuuiiiiiiiiiii e e e e e e e aans 45
C.3 ] I G o o o = PP 45
C.3.1 Test configuration of cable ELFEXT .......iiiiiii e 45
C.3.2  Calibration of Cable FEXT I0SS ... .ttt ettt e et e e e e eans 46
C.3.3 Measurement of Cable FEXT 0SS ...uiuuiiiiiii e e e ans 46
C.4  RetUrN 1SS Of CADIE ... e e e et e e e e 46
C.4.1 Test configuration Of cable return [0SS .........ooveiiiiiii e 46



TIA/EIA-568-B.2

C.4.2 Calibration of cable retUIN 0SS, ... ... 46
C.4.2.1 One-port calibration Of the teSt SYSIEM.......cveiiiii e 46
C.4.3 Measurement Of Cable retUrn 10SS ... ... e 46
Annex D Testing of connecting Hardware (NOrMALtIVE) ...........uiiuiiiiiiiii e 47
D.1  Insertion [0SS of CONNECING NArAWAIE .........couuiiiiiiii e a7
D.1.1 Test configuration for connecting hardware iNnSertion [0SS ............ccoovveiiiiiiiiiie e a7
D.1.2  CaliBration. ...t eans a7
D.1.3 Measurement of connecting hardware iNSertion l0SS ..........ccoviiiiiiiiiiii e, a7
D.2  NEXT 0SS 0f CONNECHING NAIOWAIE ........ieiiiiiiei e 47
D.2.1 Test configuration for connecting hardware NEXT [0SS........cccuuiiiiiiiiiiiiiiiici e a7
D.2.2 Calibration of connecting hardware NEXT [0SS ... ccuuiiuiiiiiiiii e 49
D.2.3 Measurement of connecting hardware NEXT 10SS .......oiuuiiiiiiiiiiii e 50
D.3  FEXT l0ss of CONNECING NAIOWAIE ........couuiieiii e e e e e e 50
D.3.1 Test configuration of connecting hardware FEXT 10SS ......c.uviiiiiiiiiiiiiiiicc e 50
D.3.2 Calibration of connecting hardware FEXT 0SS ......c..iiiiiiiiiieiiieii et 50
D.3.3 Measurement of connecting hardware FEXT [0SS .........oiiiuiiiiiiiiiiiiiie e 50
D.4  Return loss of CONNECING NArAWEAIE ..........ccouiiniii e e e eae e 51
D.4.1 Test configuration of connecting hardware return 0SS ........cccviviiiiiiii e 51
I A (= (0 [ (0TS E S =3 (=T =T Lo = o] [ o 51
D.4.2 Calibration of connecting hardware return 10SS..........cvuuiiiiii e 51
D.4.3 Measurement of connecting hardware return l0SS ..........ooeuiiiiiieiiii e 51
D.5  Test plugs for coNNECtiNg NardWare ..........ccouiiiiiiiii e e e e e 51
[ Tt R Yoo o1 PP PP PPN 51
D.5.2  APPICADIITY ..o e 51
D.5.3 General test Plug regUINEMENTS . ..ttt r e e e et e e e e e e e eenns 52
D.5.4 De-embedding reference NEXT plug CONSIIUCTION ......c.uuiiriiiiiiiiiii e 52
D.5.5 Setup and CAliDIAtiON .........couuiiiiiii e 53
D.5.6 De-embedding reference plug NEXT l0SS MEASUIEMENT...........iiiiiiiiiiiiiieiineeeeeee e e 54
D.5.7 De-embedding reference NEXT jack CONSIIUCTION ..........vvvviiiiriiiiiiiiiii e 54
D.5.8 De-embedding reference jack NEXT [0SS MeasuremMent ..........ccoooeiiiiiiiiiinieii e 55
D.5.9  Test plug NEXT MEaSUIEMIENT ... ettt e e e e e e e e et e e e e e e e e e e aneanen 56
D.5.10 Modular test plug qUAalifiCatiON..........couiiiii e 58
D.6  Modular test PlUg CONSIIUCTION ....c.uuiiiiiiiieet et et e e e e 58
D.6.1  TesSt Plug tErMINALION .....ccuniit ettt et e et et et e et e e e eaa e 58
D.6.1.1  TeSt PIUG CONSIIUCTION ....uiiirieiiie ittt ettt et et e et et e e et e e e e eena e 59
D.7.1  Testplug 1€ad I8NGLN.... ..ot 62
Annex E Testing of cabling (NOFMALtIVE) .........iueiiie e e e e e e ees 63
E.1  InSertion 10SS Of CaBlNG .....covniiiii e 63
E.1.1 Test configuration of cabling iNSErtion 10SS..........cccciiiiiiii e 63
E.1.2 Calibration of cabling iNSEIrtioN [0SS ......c.uiiiiiii e e 63
E.1.3 Measurement of cabling iNSErtion 10SS.........ciui i 63
E.2  NEXT I0SS Of CABIING ....uuiitiiiiii et e 63
E.2.1 Test configuration of Cabling NEXT 0SS ....uiuuiiiiiiiiii e e 63
E.2.2 Calibration of Cabling NEXT 0SS......ccuiiiiiiiiiii et e e e e eans 63
E.2.3 Measurement of Cabling NEXT 10SS .....ccuiiiiiiiiiii e e e 63
E.3  ELFEXT Of CABING .onieieeee e 63
E.3.1 Test configuration of cabling ELFEXT ......iiiiiiiii e 63
E.3.2 Calibration of Cabling FEXT 10SS ... iuuuiiiiiiiiei ettt 63
E.3.3 Measurement Of Cabling FEXT 0SS ... ..ttt e e e e e e e e 63
E.4  Return 10SS Of CADIING .....iiriiiie et 63
E.4.1 Test configuration of cabling retUrn 10SS .........couuiiiiiiii e 63
E.4.2 Calibration of cabling return 10SS .........iiieeiii e 63
E.4.3 Measurement of cabling return 10SS.........uiiiiiiiii e 63



TIA/EIA-568-B.2

Annex F Testing of patch Cords (NOMMEALIVE).......c.uiie i e e e e e e ees 64
F.1 INSertion 10SS Of PALCH COMOS ......iiiiiiii e e e e e e e 64
F.2 NEXT 10SS Of PALCN COIUS ...ovuiiiiiiiei et e e e eens 64
F.2.1 Test configuration for patch cord NEXT I0SS .......uiiiuiiiiiiiiici e 64
F.2.2 Calibration for patch COrd NEXT [0SS.......uiiiruiiiiiiiiiei et 64
F.2.3 Measurement for patch cord NEXT 10SS ....ccuuiiiiiiiiii e 65
F.3 I o) = L od o o] o £ 65
F.4 Return [0SS Of PAICH COMOS .. .uiiiiii e e e e e e e e e eaae e 65
F.4.1 Test configuration for patch cord return l0SS .......cccuiiiiiiii e 65
F.4.2 Calibration for patCh COrd retUrn 0SS ... ...oiuuiiiiiii e e e eans 65
F.4.3 Measurement for patCh Cord retlUrn [0SS ......ccuiiiieiiii e e 65
F.4.3.1  MeChANICAl SITESS TEST. ... ittt ettt e e e et e e e e ean s 65
F.5  Testheads for patch COrds ............coooiiiiiiiiii 65
F.5.1 Test head NEXT qQUAlIfICAtION ......couniiniiie e e e e eans 66
F.5.1.1 Test plugs for test head NEXT qUalifiCation............coouiiiiiiiiii e 66
F.5.1.2  TeSthead SEUP ........uuuiiiii i 66
F.5.1.3 NEXT loss — differential termination ..o e 66
F.5.1.4 NEXT loss — differential and common mode termination ...............ccooeviiiiiiiiniiineieeeees 68
F.5.1.5 NEXT I0SS QIiffErENCE .. ..ouiiiiiiie et e 68
F.5.2  Testhead FEXT I0SS .....ciiiiiiiiiiiiii e 68
TR T I =TS A U= = o B =Y U T o ] 68
G T =] A g =T To o == o | o 68
F.7 Calculating test head contribution for NEXT loss limits from data.............c.c.cccoeveeviniiiniiinnennnnn. 71
F.8  Test head re-qualification ProCEAUIE .........ciuiie i e e e e 72
Annex G Multiport measurement considerations (iINformMative)...........cooviiiiiii i 73
G.1  Multiport test configuration, gENEIaAl..........cc.uiiiiiiii e 73
(07 1Y 111 o] [0 To | PP 73
G.3  Two port measurement Of MUILIPOIt AEVICE..........iiiriiiii e 73
G.4  CommoON MOAE tEIMINALION. ... .ceuu ittt e et et e et et et e et e eeaeees 73
G.5  Measurement TOPOIOGY .. ceuuimruiiiiieii ettt et e 74
G.6  Ground plane CONSIAEIALIONS .......iuuiiieiiie et ee ettt e e e e e e e e et e et e an e e an e ean e eaeeeneeneens 75
Annex H Measurement accuracy (INfOrMatiVe) ..........couuiiiiiiiii e 76
H.1  Test system measurement aCCUracCy €SHMALES .........uiveriiiriieii e 76
N =0 I (0 11 S PSPPSR 76
G P 76
RETUIN 0SS ...ttt ettt ettt et et et et ettt e e 76
H.2 Measurement procedures for output signal balance and common mode rejection..................... 78
H.3  Impact of test lead return loss on connecting hardware return loss measurements. .................. 79
ANnneXx | Test iINStruMENES (NOIMALIVE) ... .uuiii et e e e e e e e e e e e e e e e e anaees 80
1.1 (7= =T = 80
1.2 (D= 1= W =T oTo ] il ool £=To [ 11 =T 0 a1=T a1 £ 80
[.2.1  Parameters t0 D rEPOIEU. ... ... e 80
[.2.2 PASS/FAI FESUILS ...ttt et et e et et 80
(2 B B 1= = 11 1= o I =11 U 1 £ 80
2.4 SUMMAIY FESUILS. ..ttt ettt e et et e et et et e e et e et e et e e en e et e e e e e en e enaeenaeaneeen 81
1.3 Field MeasuremMent PrOCEAUIES ... ...t it e et e e e e e eens 85
[.3.1  Consistency checks for field tESIEIS ... 85
[.3.2  AAMINISIFALION <ottt et et e e et et e et e e ean s 85
[.3.3  Test equipment CONNECLOIS @NU COMUS ....uuuiiniii et eee e et e e e e e e e e e e s e e aeanaeen 85



TIA/EIA-568-B.2

1.4 Field tester measurement aCCUracy reqQUIrEMENTS . ... ce.iuieeeiii e e e e e e e e e e e reaneeaaeenes 85
N 7= o1 | 85
1.4.2  Performance parameters for Level [IFE field tEeSers .........ovveeiiiiiii e 86
1.5 Procedures for determining field tester parameters...........oovvieiiiiiieii e 91
[ T0 R €11 o 1= T = | PP PTPPTRN 91
[.5.2  Output signal balanCe (OSB) .....c.uiiiiiie e 91
[.5.3  Common mode rejeCtion (CMR) ... .cuuiiiii it e e e e e e e e e e e e anaeen 91
5.4 RESIAUAI NEXT [0S .. ittt ettt e e e e et e e e e e et e e e e e e n e e e eaneeen 92
[.5.5  DYNAMIC BCCUIACY ....ueerieieteeei ettt ettt et et e e e et et et e et et e e e e e et et e e eneeenn s 93
(IR G IS To 10 [ ot =Y o Y= 1o I = (1] g T [ 1= 93
5.7 RaANAOM NOISE TlOOT ... .. ittt e e e e e e e e e e een 94
[.5.8  RESIAUAI FEXT I0SS . ettt ettt et e et e e et e et e et a e e e e anees 94
LTSN TR 5 11 =Y o 11 PPN 95
17000 I Yo 24 T N 95
L5. 10 SOUICE MEALCK ..ottt et e et e et e e et e e et e e et e e e e aeenns 96
[.5.12  Return 10ss of remote terMINALION ..........c..iiiiiiiii e 96
1.5.13 Constant error term of the length measurement function.............c.ccoooii i 96
1.5.14 Error constant proportional to length of the length measurement function............................... 96
1.5.15 Constant error term of the propagation delay measurement function ..............c.ccooeeviiiiinennnen. 96
1.5.16 Error constant of the proportional to propagation delay measurement function proportional

t0 the Propagation EIAY ...........c..ieeiiiii et 97
[.5.17 Constant error term of the delay skew measurement function ............c.c.coiiiiiiiiiiniineneeenn, 97
1.6 Measurement Error MOAEIS . ... ... et e e e eeens 97
70 R €11 o 1= = | PP PPTPPTRN 97
[.6.2  Error model for the insertion loss measurement function of level II-E field testers ..................... 97
1.6.3  Error model for the pair-to-pair NEXT loss measurement function of level II-E field testers........ 98
1.6.4  Error model for the power sum NEXT loss measurement function of Level II-E field testers ...... 99
1.6.5  Error model for the pair-to-pair ELFEXT measurement function of level II-E field testers........... 99
1.6.6  Error model for the power sum ELFEXT measurement function of level II-E field testers......... 101
1.6.7  Error model for the return loss measurement function of level II-E field testers....................... 101
1.6.8  Error model for the propagation delay measurement function of level II-E field testers ............ 102
1.6.9  Error model for the delay skew measurement function of level II-E field testers....................... 102
1.6.10 Error model for the length measurement function of level II-E field testers .............ccccoeeenneenn. 102
Annex J Comparison measurement procedures (NOMMALIVE) .........ccuuiiriieiiieiniieii e e e 103
J.1 (1= 01T | PP UPTR 103
J.2 Test setup and apparatus required for comparison MmeasuremMentS .........ccvveuieeiieeiieineiineeinenn. 103
B R € 1= =T o I (= To [0 1T (= 0 0 T=T ] €PN 103
J.3 BT = Lo F=T o ] £ T PP PPPTUPTRPPTTN 103
B8R =Y 1= | 103
J.3.2  SpecCial PAICR COMUS ... eue ittt 103
J.4 (©70] aa] o= T £=To] o T 0 0 =1 1 T T £ 104
J.4.1 Comparison method using worst case performance mMargin ............cccooovveieiiieiiieeeeii e eeeenn 105
J.4.2  Comparison method using full NEXT 10SS SPECIIUM ......vvuiiiiiiiiie e e e e eens 105
Annex K 100 W screened twisted-pair (SCTP) cabling (NOrmative) ...........ccceeiiiiiiiiiiii e, 106
O R 101 i fo o (U Tt o] o IO P PP PPPPIN 106
K.2  PUIPOSE @NO SCOPE ....ovviiiiiiiiiiiiie e aeaneeas 106
K.3  GeNEral FEQUITEIMENTS. ...ttt ettt ettt e e e e et e et e e e e eeeaas 106
K4 100 W SCTP horizontal CabIe .........oouuiiii e 106
[ A AN oo 1| 7= o | 1Pt 106
K.4.2 Additional mechanical reqUIrEMENTS........iieiii e e aaeanes 107
N S R 010 1 £ Y./ - T o F PP RPRP 107
Ki4.2.2  COre SHIBIA ...t 107
O R T =TT o To 10 To [ = To |11 L PP PSP PP PPTIN 107



TIA/EIA-568-B.2

K.4.3 Additional electrical reqUIrEMENTS. ... ....iie i e e e e e et e aaneanes 107
K.4.3.1 DieleCtriC SIrENGLN . ..ottt 107
K.4.3.2 Surface transfer impeaanCe .............iiii i 107
K.4.3.3  Measurement PrECAULION .......ciuu ittt ettt ettt et et e e e et e e e eena s 108
K.5 100 W SCTP backbone CabIe .........oiuuiiiii e 108
[ T8 A A o o1 7= o |1 PPt 108
[T Vo o 11 ToT o F= VI = To [0 1T =T 41T £ 108
K.6 100 W SCTP CONNECING NAITWAIE .......uiiiiiiiiieii ettt e e 108
K.B.1  APPHCADIIITY ... 108
K.6.2 Additional electrical reqUIrEMENTS. ... .. .t e e e e e ans 108
K.6.2.1 Transmission performance tESTING .....c..iuuiiiiii e e e e e e e 108
K.6.2.2 Shield mating, 8-position modular CONNECIOIS ..........oevuiiiiiiiii e 109
K.6.2.2.1 Shield mating INtErfaCe .........iiiiiiii e e 109
K.6.2.2.2 Shield mating reliability .............ooiiiiii 110
[ T2 B o 111 o oo o111 111 110
K.6.2.4 Shield transfer impedanCe ...........ooiiiiii e e e 110
K.7 100 W ScTP patch cords and CroSS-CONNECE JUMPETS .. .uvuiuniiiiieieeiee e e e e e e e e aneaneanns 111
N A0 R AN o] o o> o 11 Y PP PP 111
K.7.2 Additional general reqUIrEMENTS. ... ..ciu i e e e e e e e e e et e et eaas 111
K.7.3 Additional electrical reqUIrEMENTS. ........couiiiii e e e e e e e e et aaas 111
A T R B T O {171 =Yg o= PP PPT PP 111
KL7.3.2 INSEITION 1OSS ...ttt ettt ettt e et e et e et e e e e e ean s 111
K.7.3.3 SCTP patch cord termMiNatioNS ..........oiieiiiniiiie e e e et e et e e eanes 112
K.7.4 Additional mechanical reqUIrEMENTS........iiiuiii e e e e e e e anes 112
At N 1 [ = 112
K.8  Transfer impedance measurement Method ...........oooiiiiiiiiii i 112
QRS T R 1= o 1T - | PRSPPI 112
(R T =TS Y= (U] o J= T o = T o T= L= LU 114
K.8.3  TeSEMELNOM ..o ettt et e 116
K.8.3.1 Connecting hardware and cable preparation ...........coc.veiie e eans 116
K.8.3.2 Calibration and MEaASUIEIMENT .......ccuiie e e e e e e e e e e e e e e et e eaneans 117
K.8.4 Measurement reliability TESTS ........iiir i 117
K.8.4.1 TeSt Orentation SUMMAIY .......ccuuiiitiii ettt ettt et e et e e e e e eeen s 117
K.8.4.2 AC and DC resSiStance COIMEIAtiON..........ccuiiiiii e et eeas 118
O T e B O o 1= g IR 1= o = PP 118
K.8.4.4 Measurement SIOpe VerifiCatiON . .......oiuiiiiiie e e 118
K.8.5 Product COMPHANCE tESHING .. ...iuuiiieiiei e e e e e e e e et e et e et aaas 118
Annex L Derivation of propagation delay from insertion loss equation (informative) ..............c....cc........ 119
L.1 Factoring the iNSertion 10SS €QUALION ..........iuuiiiiiii e e e e eans 119
L.2 Developing the phase delay equation ..o e 121
Annex M 150 W shielded twisted-pair cabling (NOrMative) ..........ccviiiiiiiiii e 123
O R 1= o 1Y = PP 123
M.2  Horizontal 150 W STP-A CADIE ....oouii e 123
M.2.1  MechaniCal FEQUITEMIENTS ... ...t e e et e e e e e e s e e s e r e e e e et e enneanns 123
M.2.1.1  INSUIALEA CONTUCTON ... .ceuueiti ettt ettt ettt et e et e e e e eenn s 123
M.2.1.2  Pail @SSEMDIY ...ttt 123
2200t G T @ ] o T o'oY [ PP 123
It R A O ] (=30 [ =Yg =] (] PP 123
ML2.1.5  IMBIKING ettt e 124
M.2.1.6 Backbone 150 W STP-A Cable .. ... e 124
I T I = Vo E] 417 (o T A =T (U1 =T 0 =T 0L 124
Y A B T O {27 1 =T g o PP PP PP PPPTIN 124
M.3.2 Characteristic impedance and retUrn 10SS .......cc.uiiuiiiiiii e 124



TIA/EIA-568-B.2

M.3.3  INSEITION 1OSS ...ttt ettt et ettt et 124
M.3.4  Near-end Crosstalk (NEXT) 10SS. ... ccuuuiiiiiiiiieiie ettt et e e s 124
M.3.5 Equal level far-end crosstalk (ELFEXT) ....veuuiiiiiiiiieii et 124
M.4  Connecting hardware for 150 W STP-A cable.........cooiiiiii s 124
I R V=Y od P= U o= L =Y [0 11 =T 0 1 =T o Pt 124
M.4.2  TranSmMIiSSION FEOUITEIMENTS ......iuu i eiieit et et e e e e et et e e e e et e e e et eea s e aa e s et e et e et eataaanas 125
Y A [ 1T o o N [ 11 PP TP PP 125
MLZ.2.2  INEXT IO S - ittt ettt ettt ettt et ettt et et ea s 125
ML4.2.3  REIUIN L0SS ..ottt et ettt et et e e e 125
M.4.2.4  Far-end Crosstalk (FEXT) J0SS ....cuuuuiiiiieii ettt e 125
M.4.3  Shielding effECHIVENESS. ... ...ttt 125
I - T4 ] o PRSP PP PPT 125
M.5 150 W STP-A PACh COAS ...ouiiiii e e e e e e et aaaes 125
I R V=Y ol = U T o= L =Y [0 11 =] 0 =T a1 126
M.5.1.1  INSUIALEA CONTUCTON ... ceuneitie ettt ettt et e et e et e e et e e e e eeen s 126
M.5.1.2  CabIe IBMELET ... ettt 126
M.5.2  TransSmiSSION FEQUIFEIMENTS ......iuuiiiteeii ettt ettt e et et e et e e e et et e e e e eennas 126
T R B T O =7 ] - Lo 126
S [ Y=g 1o o T [ 1= PP 126
YR T2 N N1 =G PP 126
M.6  Reliability testing of connecting hardware used for 150 W STP cabling ...........ccccooeiiiiiieinninnnns 126
M.7  Transmission testing of connecting hardware used for 150 W STP cabling.........ccc..cccovevvnneennnn. 126
M.8  TESLINSIIUMENTS ...ttt ettt et et et et e et e e et e e et e e e eeenn s 126
M.9  Reference measuremMent PrOCEAUIES ... ....vuuuiiri ittt ettt eenans 126
M.9.1 TeSt SELUP QN @PPAIALUS ....uiviieeeee e e e e e e e e e e et e e e e et e e e e e e e e e e e e e ans 127
R T At R I T A=Y= B | PP 127
e e R = T 1 [W ] I = Yo TUTT=T 0 0= ) PPt 127
M.9.1.3 Balun and test lead qUalifiCation.............coiiiiii i 127
M.9.1.4 Impedance matching termMiNatiONS.........c..iiiiiiiiii e e e e e e e ans 127
I 2 1= T A Vo = T (= £t 127
M.10 150 W STP cabling screen requirements references to SCTP .........ccooeviiiiiiiiiiiiiiieeeecee, 127
M.10.1 150 W STP horizontal Cable ........ .. 127
0 T o R = 1= o o [T 0 To i = T 11 L PRSPPI PP 127
M.10.1.2  DieleCtriC StrENGEN .. e e 127
M.10.1.3  Surface transfer IMPEAANCE. .......ciuiii e e e e e aas 127
M.10.2 150 W STP connecting NArdWare SCIEEIN ..........c..iiuuiiiiiiii et e e e eas 127
M.10.3 150 W STP patCh Cable SCrEEN .......e e 127
Annex N Category 5 cabling (INfOrmatiVe).........ccouiiiiiiii e 128
N 0 R 1o o o (U T3 o] IR 128
N.2  PUIMPOSE GNA SCOPE ...eetniiiii ittt ettt ettt e e et et et et n et n e et e e et e e e e ennn s 128
N.3  TranSMISSION PArAMEIEIS ...ouuiie it et et et e e e e et e et et e e e e e ea e aat e e e et e et e etaeataaannes 128
IR 20 A 0 (U= Yo=Y o = od ) =1 o = 128
N.3.1.1 Category 5 horizontal L00 W UTP CabIe........couniiiiiiiiic e 128
N.3.1.2 Category 5 backbone 100 W UTP CabIe........couniiiiiiiiic e 128
N.3.2 Category 5 structural return 0SS (SRL) ... ceuiiiiii e 128
N.3.2.1 Category 5 horizontal 100 W UTP CabIe........couniiiiiiieic e 128
N.3.2.2 Category 5 backbone 100 W UTP CabIES ......ccouiiriiiieiieec e 128
NI R T O 1 (Yo [0 AT =1 {011 N 017 129
N.3.3.1 Category 5 horizontal 100 W UTP CabIE........couniiiiiiieie e 129
N.3.3.2 Category 5 connecting hardware for 200 WUTP cable ..........ccooviiiiiiiiii e 129
N.3.4  Category 5 INSEIION [0SS . ..uuiiiiii ettt et e e e e e e e e e e et e et e et aanes 129
N.3.4.1 Category 5 horizontal 100 W UTP CabIe........couniiiiiiieic e 129



TIA/EIA-568-B.2

N.3.4.2 Category 5 backbone 100 W UTP CabIe........couniiiiiiieic e 129
N.3.4.3 Category 5 connecting hardware for 200 WUTP cable ..........ccooviiiiiiiii e 130
N.3.4.4 Category 5 100 WUTP PAtCh COMUS .. .ouuiiniiiiii e e et e e e e e e e e et aans 130
N.3.5 Category 5 near-end crosstalk (NEXT) [0SS .....iiuuiiiiiiiiiie et e e e aeeaaes 130
N.3.5.1 Category 5 horizontal Z00 W UTP CabIES ......ovvniiiiiieie e e e 130
N.3.5.1.1 Category 5 horizontal 100 W UTP cables NEXT l0SS......cc.ciiiiiiiiiiiiiiiici e eaiee s 130
N.3.5.1.2 Category 5 horizontal 100 W UTP cables pair-to-pair FEXT or ELFEXT l0SS.........cccccvvunne. 130
N.3.5.2 Category 5 backbone 100 W CabIES..........iiiniiiiiii e 131
N.3.5.2.1 Category 5 backbone 100 W cables power sum near-end cross talk (PSNEXT) loss......... 131
N.3.5.3 Category 5 connecting NardWare...........c..iiuiiiiiiii et e et e aas 131
N.3.5.3.1 Category 5 connecting hardware NEXT 0SS ......ccuiiiuiiiiiii i e e e eineaeeanes 131
N.3.5.3.2 TOC test plug qUALIFICALION ... e e e e e e e e et e aaes 131
N.3.5.3.3 Category 5 connecting hardware FEXT 10SS......ccuiiiiiiiiiiciiecie e e s 132
N.3.6 Category 5 propagation GeIAY ............oveeuiiiiiiii e 133
N.3.6.1 Category 5 horizontal 200 W UTP CabIES .......cuuiiiiiieie e 133
N.3.6.2 Category 5 backbone 100 W Cable .......coeuiiiiii e e eaas 133
N.3.7 Category 5 propagation delay skew for 4-pair cables..........cccooiiiiiiiiiiiii e 133
N.3.7.1 Category 5 horizontal 200 W UTP CabIES ......ccvuiiiiii e 133
Annex O Development of channel and component return loss limits (informative) ...............cocoeee. 134
L@ T A = = - | N 134
L@ 20 N U [ o o] {0 o N 135
0.2.1 Assumptions for the transmission matrix for cable .............coooiiiiii i 135
0.2.2 Assumptions for the transmission matrix for CONNECIOrS .........ccvviiiiiiiiiiii e 136
0.3 Return 10SS MOdeliNg rESUILS ...... e e e e e e 137
Annex P Bibliography (iNnfOrMaLIVE) ..........uuiiiriiiiiei et e 138

LIST OF TABLES

Table 1 - Color codes for 4-pair horizontal Cables..............cooouiiiiiii e 7
Table 2 - Category 3 horizontal cable structural return 0SS, WOrSt Pair ..........covieiieiiiiiiiiiieiiceees 8
Table 3 - Category 5e horizontal cable return loss @ 20 °C + 3 °C (68 °F + 5.5°F), worst pair............ 9
Table 4 - Constants for horizontal cable insertion loss formula..............cocoooiiiiiii 9
Table 5 - Horizontal cable insertion loss @ 20 °C + 3 °C (68 °F £ 5.5°F), worst pair .............cc.coeeee. 10
Table 6 - Horizontal cable NEXT loss @ 20 °C = 3 °C (68 °F £ 5.5°F), worst pair-to-pair ................. 11
Table 7 - Horizontal cable PSNEXT loss @ 20 °C £ 3 °C (68 °F £ 5.5°F) ccevviiviiiiiieeei e, 12
Table 8 - Horizontal cable ELFEXT @ 20 °C + 3 °C (68 °F + 5.5°F), worst pair-to-pair..................... 12
Table 9 - Horizontal cable PSELFEXT @ 20°C + 3 °C (68 °F £ 5.5°F) .cccuuiiiiiiiiiieiiiiiieeeciieeeecie 13
Table 10 - Propagation delay, velocity of propagation and propagation delay skew for 4-pair

horizontal cables @ 20 °C £ 3 °C (68 °F £ 5.5°%F) coiuuiiiiiiiciie e 14
Table 11 - Category 3 backbone cable structural return loss@ 20 °C + 3 °C (68 °F + 5.5°F), worst pair

........................................................................................................................................... 17
Table 12 - Category 5e backbone cable NEXT loss @ 20 °C + 3°C (68 °F £ 5.5°F) ....ccoevvvvvveinnnnnn. 18
Table 13 - Backbone cable PSNEXT loss @ 20 °C £ 3 °C (68 °F £ 5.5°F) ccccvvvviiiiiiiiiiicieeeeeeee, 19
Table 14 - Category 5e backbone cable ELFEXT @ 20 °C £ 3 °C (68 °F £ 5.5°F) ..ooovvvvivieiiieinnnnn, 20
Table 15 — Category 5e backbone cable PSELFEXT @ 20 °C £ 3°C (68 °F £ 5.5°F) .....cccoevvvennnenn. 21
Table 16 - Category 5e stranded cable return loss @ 20 °C +/-3 °C (68 °F + 5.5°F), worst pair ........ 23
Table 17 - Category 5e stranded cable return loss @ 20 °C + 3 °C (68 °F + 5.5°F), worst pair ........ 23
Table 18 - Stranded cable insertion loss @ 20 °C + 3 °C (68 °F *+ 5.5°F), worst pair............c.c.ccuuee. 24
Table 19 - C onnecting hardware insertion 10SS, WOISt PAIr ........ovvuiiieiiiiiie e 27
Table 20 - Connecting hardware NEXT 10SS, WOrSt Pair-tO-Pair .........cccuveiuieiniieiiiii e eeeeeeeaneeann 28
Table 21 - Category 5e connecting hardware return 10SS .......ovuuiiiiiiiie e 29
Table 22 - Category 5e connecting hardware return 10SS .......ocuuviiiiiiiii e 29
Table 23 - Category 5e connecting hardware FEXT loss, worst pair-to-pair ............ccooeveeneinninnennn. 29

iX



TIA/EIA-568-B.2

Table 24 - Color codes for stranded COrdage ........uvuiiieii e e e e anes 32
Table 25 - Example category 5e cord NEXT loss limits using the test head in clause F.6................. 34
Table 26 - Category 5e cord return l0SS, WOISE PAII .....vuuiieneeieiee e e e e e 35
Table 27 - Category 5e cord return l0SS, WOISE PAII .....vvuiieeiiei e e enes 35
Table B.1 - Test balun performance CharaCteriStCS ... ....ccuuiiuiiiiii i 39
Table D.1 - Performance of the return 10Ss reference plug ........ccoeeveiiiiiniin e, 51
Table D.2 - De-embedding measurement Stability............ooviiiiiiiii 54
Table D.3 - Guidelines on phase angle sign calculation................cooiiiiiii e, 57
Table D.4 - Test plug de-embedded NEXT loss selection at 100 MHZ ............ccooiiiiiiiiiincincen, 58
Table F.1 - Qualification plug de-embedded ranges at 100 MHZ, dB ..........cccoooiiiiiiiiiiiiiciiieieeeee, 66
Table F.2 - Test head FEXT 10Ss and return 10SS, dB ..........ooouuiiiiiiiiii e 71
Table F.3 - Test plug de-embedded NEXT loss contribution, dB .............ccooeviiiiiiiiiii e, 71
Table F.5 - Test head re-qualification limitS, dB.........ccciiiiiiiiii e 72
Table H.1 - Test equipment performance ParamMeters .........c.uviuiei i e eenns 76
Table H.2 - Assumptions for cabling or cabling component under test .............ccoovveiiiiiiiiineeeneeenn, 77
RETUIMN TOSS (ML) ettt e et e e et et e e et et e eanaeee 77
Table H.3 - Computed test system MeasuremMeNnt @CCUTACY .......veuiuuiuneeuaenaeniaanaeieeteeiaaenaaenaenns 77
Table H.4 - Absolute return [0ss measurement floOr.... ..o 78
Table H.5 - Connecting hardware return loss accuracy as a function of lead length......................... 79
Table 1.1 - Field tester summary reporting reqUIrEMENES ... ...ivuiiieiii e 81l
Table 1.2 - Measurement accuracies at 100 MHZ ..........oiiuiiiiiii e 86
Table 1.3 - Minimum requirements for baseline measurement accuracy of Level II-E field testers ..... 87
Table 1.4 - Minimum requirements for permanent link measurement accuracy of Level II-E field testers

(includes the permanent liNK adapter) ........c.oiiiiiii e 88
Table 1.5 - Minimum requirements for channel measurement accuracy of Level II-E field testers

(includes the channel AdAPLET) ........iiri e 89
Table 1.6 - Explanation of notes in tables I-3, I-4, and 1.5 ... 90
Table 1.7 - Level II-E field tester requirements for [ength ............ccoooiiiiiiii e, 90
Table 1.8 - Level II-E field tester requirements for propagation delay ...........cccocoiiiiiiiiiiiiiiineeineennn, 90
Table 1.9 - Level II-E field tester requirements for delay SKeW............coooiviiiiiiii e, 90
Table K.1 - Maximum cable surface transfer impedance...........c..ooviiiiiiiiiii 108
Table K.2 - Maximum connecting hardware shield transfer impedance (ImMW) ...........cocooeeviiiiinenn, 111
Table K.3 - ScTP patch cable insertion loss @ 20 °C £ 3 °C (68 °F + 5.5°F), worst pair................. 112
Table M.1 - Horizontal 150 W STP-A cable COIOr COUE ... ...t 123
Table M.2 - Horizontal 150 W STP-A cable return (0SS ........oouiiiiiiiee e 124
Table M.3 - 150 W STP-A CONNECIOr FEIUIN 1OSS .. c.uiiiii it eas 125
Table M.4 - Shielding effectiveness 150 W STP-A CONNECION ......ccuuiiiiiiiiiieii e 125
Table N.1 - Category 5 horizontal cable structural return 0SS, WOISt Pair .........ccoceoveeiiiiiiiniiineennnes 128
Table N.2 - Category 5 backbone cable structural return 0SS, WOISt pair .........ccoooveeiiiiiiiiiineennnes 129
Table N.3 - Category 5 horizontal cable return loss @ 20 °C = 3 °C (68 °F * 5.5°F), worst pair ...... 129
Table N.4 - Category 5 connecting hardware insertion 10Ss, WOrst pair ...........ccocovviviiviiiiiniiienenenn. 130
Table N.5 - Category 5 test plug NEXT 0SS reqUIr€MENTS ....c.uiuiiiiiiiiiecee e e e e 131

LIST OF FIGURES

Figure 1 - Eight-position jack pin/pair assignment (T568A)........cuuiiiiiiiii e 30
Figure 2 - Optional eight-position jack pin/pair assignment (T568B)...........ccceviiiiiiiiiiiiiiiieeeeeis 31
Figure A.1 - Reliability t€St PrOgram .........iii e e r e e e e e e ean e 36
Figure B.1 — ResSistor termination NEWOTIKS..........iiieiii e e e e eane e 40
Figure B.2 - Reference plane of MeasuremMent.............oviiiiiiii i e e 41
Figure C.1 - Schematic diagram of the laboratory test configuration for insertion loss, FEXT loss or
ELFEXT, and propagation AeIAY ...........oiceeuiiiiiiiiiieii et 43
Figure C.2 - Schematic diagram of the laboratory test configuration for NEXT loss and return loss...45
Figure D.1 - NEXT loss measurement setup with common mode terminations ..................ccccooceeeeen. 49
Figure D.2 - NEXT loss measurement setup with differential terminations..............ccccooeviiiiiininnn. 49



TIA/EIA-568-B.2

Figure D.3 - Network analyzer FEXT tESt SEIUP «..uivuiiriii e e e e e e e e e e e e e e eane e 50
Figure D.4 - De-embedding plug refereNCe ..... ... 52
Figure D.5 - Orientations of wires on de-embedding reference plug.........cccocoviiiiiiiiiiiiiiiiineees 53
Figure D.6 - Example of PWB with impedance matched traCes ...........c.ocevieiiiiiiiiiiiii e 54
Figure D.7 - De-embedding referenCe JACK ..........ccouuiiiiiiiii e 55
Figure D.8 - De-embedding reference plug mated with the de-embedding reference jack ................ 56
Figure D.9 - Test plug mated to the de-embedding reference jack.............cocoviiiiiiiiiiiiiiciinnn, 56
Figure D.10 - Example of a one-piece modular PIUg.........ccooiiiiiiiiiii e 59
Figure D.11 - Example of a two-piece (insert) modular plug .........cccooveiiiiiiiiiiie e 59
Figure D.12 - Plug dimension for worst case 1&2 - 3&6, 4&5 - 3&6, and 3&6 - 7&8 pin combinations

........................................................................................................................................... 60
Figure D.13 - Plug dimension for best case 4&5 - 3&6 pin combination .............cccccevviiiiiii i, 61
Figure D.14 - Plug dimension for worst case 1&2 - 4&5 and 4&5 - 7&8 pin combinations................. 61
Figure F.1 - Patch cord test CONfIQUIatioN .........c.uuiiiiiiiii e 64
Figure F.2 - Test head loss limits at 100 MHZ, dB .........cciiiiiiiiii e e e 67
Figure F.3 - Category 5e test head deSIgN .......cveuuiiiiiiie e 69
Figure F.4 - Category 5e test head NEXT loss performance at 100 MHz, dB ..........ccccoeeiiiiineinnnens 70
Figure F.5 - Example of NEXT [0Ss limit CalCUlatioNS .............couuiiiiiiiiii e 72
Figure G.1 - Preferred topology for NEXT measurement with differential terminations on connecting

hardware (may also be used for return 10SS MEASUIrEMENLS) ........vvvviiiiiiiieiii e, 74
Figure G.2 - Preferred topology for FEXT loss and insertion loss measurement on connecting

hardware (NEXT loss test with common mode termination is similar)............cco.ccoeviiiiiieiinenn, 75
Figure H.1 - Electrical block diagram for balun output signal balance................ccooiiiiiiiiiiins 78
Figure H.2 - Electrical block diagram for balun common mode rejection ............ccoccovviiiiiiiiiiineenns 79
Figure 1.1 - Block diagram to measuring output signal balance..............ccoooeiiii i 91
Figure 1.2 - Block diagram to measuring common mode rejeCtioN...........ccuuvevuiieiiiiniiieeei e 92
Figure 1.3 - Block diagram for measuring residual NEXT 10SS.......c.uiiiiiiiiiiiiiiiieic e 92
Figure 1.4 - Block diagram for measuring dyNamiC ACCUIACY............uvieruieirieeiieiiiieeeieeeireereenneens 93
Figure 1.5 - Principle of measurement of residual FEXT 10SS ........cciiiiiiiiiiiiiiiiic e 94
Figure 1.6 - Principle of alternate measurement of residual FEXT [0SS ..............ccoooiiiiiiiiinnn, 95
Figure J.1 - Special patch cord for the baseline and channel test comparison .................ccoocovevvinnns 104
Figure J.2 - Special patch cord for permanent link test comparison ............c.ccovviiiiiiiieineieeieene, 104
Figure J.3 - Example of X-Y SCatter PIOt ......ccouiiiii i 105
Figure K.1 -Shield interface requirements for 8position modular connectors .............c.ccoeevvveinnnnn. 109
Figure K.2 - Equivalent circuit diagram for HF sealed Case ............cooviiiiiiiiii i 113
Figure K.3 - HF sealed case dimensional characteristiCS............ovvuiiiii i 115
Figure K.4 - HF sealed case covers, fixed and modular ring detailS...........ccooooviiiiiiiiincineeen, 116
Figure N.1 - Test plug qualification MEaSUIrEMENT............viiriiiiiee e 132
Figure O.1 - Modeling CONFIQUIALION ......couuiiiii et 137

Xi



TIA/EIA-568-B.2

FOREWORD

(This forward is not a part of this Standard.)

This Standard was approved by Telecommunications Industry Association (TIA) Sub-Committee TR-
42.7, TIA Engineering Committee TR-42, and the American National Standards Institute (ANSI).
ANSI/TIA/EIA reviews standards every 5Syears. At that time, standards are reaffirmed, rescinded, or
revised according to the submitted updates. Updates to be included in the next revision should be
sent to the committee chair or to TIA.

More than 30 organizations within the telecommunications industry contributed their expertise to the
development of this Standard (including manufacturers, consultants, end users, and other
organizations).

This Standard replaces the ANSI/TIA/EIA-568-A standard dated October 6, 1995. Since the original
publication of ANSI/EIA/TIA-568 in July of 1991, the office environment has undergone a period of
rapid change marked by the growth of increasingly powerful personal computers, the access to more
sophisticated applications and the need to interconnect different systems. These changes place
increased demands on the transmission capacity of balanced twisted-pair cabling. This has led to the
development of twisted-pair copper cables and optical fiber cables and associated, corresponding
compatible connecting hardware with enhanced transmission characteristics.

This Standard incorporates and refines the technical content of:

- TIA/EIA TSB67
- TIAJEIA TSB72
- TIAJEIA TSB75
- TIAJEIA TSB95
- ANSI/TIA/EIA-568-A-1
- ANSI/TIA/EIA-568-A-2
- ANSI/TIA/EIA-568-A-3
- ANSI/TIA/EIA-568-A-4
- ANSI/TIA/EIA-568-A-5
- TIA/EIAIS-729

This document takes precedence over the technical contents of the aforementioned bulletins,
addenda and interim standards.

This Standard is related to the following TIA standards and documents:

Commercial Building Telecommunications Cabling Standard (ANSI/TIA/EIA-568-B-1);

Commercial  Building  Standard for  Telecommunications Pathways and  Spaces
(ANSI/TIA/EIA-569-A);

Residential and Light Commercial Telecommunications Wiring Standard (ANSI/TIA/EIA-570);
Administration Standard for the Telecommunications Infrastructure of Commercial Buildings
(ANSI/TIA/EIA-606);

Commercial Building Grounding and Bonding Requirements for Telecommunications
(ANSI/TIA/EIA-607).

Xii
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In addition, the following documents may be useful to the reader:

National Electrical Safety CodeO (NESCO)
(IEEE C 2)

National Electrical CodeO (NECO)

(NFPA 70)

Useful supplements to this Standard include the Building Industry Consulting Service International
(BICSI) Telecommunications Distribution Methods Manual, the Customer-owned Outside Plant
Methods Manual, and the Cabling Installation Manual. These manuals provide practices and methods
by which many of the requirements of this standard are implemented. Other references are provided
in annex P.

Annexes A, B, C, D, E, F, |, J, K, and M are normative and considered requirements of this Standard.
Annexes G, H, L, N, O and P are informative and are not considered requirements of this Standard.

Xiii
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1 INTRODUCTION

The transmission performance of a cabling system depends upon the characteristics of the horizontal
cable, connecting hardware, patch cords, equipment cords, work area cords, cross-connect wiring,
the total number of connections, and the care with which they are installed and maintained. The
development of high-speed applications requires that cabling systems be characterized by
transmission parameters such as insertion loss, PSNEXT loss, return loss, and PSELFEXT. System
designers use these performance criteria to develop applications that utilize all four pairs in a cabling
system for simultaneous bi-directional transmission. This Standard provides minimum cabling
component performance criteria as well as procedures for component and cabling performance
validation.

1.1  Purpose

This Standard specifies cabling components, transmission performance, system models, and the
measurement procedures needed for verification of balanced twisted pair cabling. Requirements for
four-pair balanced cabling systems are provided. This Standard also specifies field test instruments
and applicable reference measurement procedures for all transmission parameters.

1.2  Specification of criteria

In accordance with EIA Engineering Publication EP-7B, two categories of criteria are specified;
mandatory and advisory. The mandatory requirements are designated by the word "shall"; advisory
requirements are designated by the words "should”, "may", or "desirable" which are used
interchangeably in this Standard. Mandatory criteria generally apply to protection, performance,
administration and compatibility; they specify the absolute minimum acceptable requirements.
Advisory or desirable criteria are presented when their attainment will enhance the general
performance of the cabling system in all its contemplated applications. A NOTE in the text, table, or
figure is used for emphasis or offering informative suggestions.

1.3 Metric equivalents of US customary units

The majority of the metric dimensions in this Standard are soft conversions of US customary units;
e.g., 100 mm is the soft conversion of 4 inches.

1.4 Life of the Standard

This Standard is a living document. The criteria contained in this Standard are subject to revisions
and updating as warranted by advances in building construction techniques and telecommunications
technology.

2 SCOPE

2.1 Applicability

This Standard specifies minimum requirements for balanced twisted-pair telecommunications cabling
components that are used up to and including the telecommunications outlet/connector and between
buildings in a campus environment. This Standard specifies the minimum performance requirements
for recognized balanced twisted-pair cabling components as described in ANSI/TIA/EIA-568-B.1 (i.e.
cable, connectors, connecting hardware, patch cords, equipment cords, work area cords, and
jumpers) and for the field test equipment used to verify the performance of these components as
installed.
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2.2 Normative references

The following standards contain provisions that, through reference in this text, constitute provisions of
this Standard. At the time of publication, the editions indicated were valid. All standards are subject
to revision; parties to agreements based upon this Standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated. ANSI and TIA maintain
registers of currently valid national standards published by them.

ANSI/ICEA S-80-576, Communications Wire and Cable for Wiring Premises, 1994

ANSI/ICEA S-84-608, Telecommunications Cable Filled, Polyolefin Insulated, Copper Conductor -
Technical Requirements, 1994

ANSI/ICEA S-90-661, Individually Unshielded Twisted Pair Indoor Cable For Use Communication
Wiring Systems, 1994

ANSI/IEEE 802.5, Information Technology - Telecommunications And Information Exchange Between
Systems - Local And Metropolitan Area Networks - Specific Requirements - Part 5: Token Ring
Access Method And Physical Layer Specifications, 1998

ANSI/TIA/EIA-570-A, Residential Telecommunications Cabling Standard, 1999

ANSI/TIA/EIA-568-B.1, Commercial Building Telecommunications Cabling Standard, Part 1, General
Requirements, 2001

ANSI/TIA/EIA-568-B.3, Commercial Building Telecommunications Cabling Standard, Part 3, Optical
Fiber Cabling Components Standard, 2000

ANSI/TIA/EIA-606, Administration Standard For The Telecommunications Infrastructure Of
Commercial Buildings, 1993

ASTM D 4565, Test Methods For Physical And Environmental Performance Properties of Insulations
And Jackets For Telecommunications Wire And Cable, 1999

ASTM D 4566-98, Electrical Performance Properties of Insulations and Jackets for
Telecommunications Wire and Cable, 1998

IEC 60068-1, Environmental Testing Part 1: General And Guidance, 1988
IEC 60068-2-2, Basic Environmental Testing Procedures - Part 2: Tests - Tests B: Dry Heat, 1974
IEC 60068-2-6, Environmental Testing - Part 2: Tests - Test F: Vibration [Sinusoidal], 1995

IEC 60068-2-14, Basic Environmental Testing Procedures Part 2: Tests - Test N: Change Of
Temperature, 1984

IEC 60068-2-38, Environmental Testing - Part 2: Tests - Test Z/Ad: Composite Temperature/Humidity
Cyclic Test, 1974

IEC 60512-2, Electromechanical Components For Electronic Equipment; Basic Testing Procedures
And Measuring Methods - Part 2: General Examination, Electrical Continuity And Contact Resistance
Tests, Insulation Tests And Voltage Stress Tests, 1985

IEC 60603-7, Connectors for frequencies below 3 MHz for use with printed boards — Part 7: Detailed
specifications for connectors, 8-way, including fixed and free connectors with common mating
features, with assessed quality, 1996

IEC 60807-8, Rectangular Connectors For Frequencies Below 3 MHz - Part 8: Detail Specification
For Connectors, Four Signal Contacts And Earthing Contacts For Cable Screen, 1992

IEC 60807-9, Rectangular Connectors For Frequencies Below 3 MHz - Part 9: Detail Specification
For A Range Of Peritelevision Connectors, 1993

UL 444, Communication Cables o Edition, 1994
UL 1863, Communications Circuit Accessories, 1995
2
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3  DEFINITIONS, ABBREVIATIONS AND ACRONYMS, UNITS OF MEASURE

3.1 General

This clause contains definitions of terms, acronyms, and abbreviations that have a special meaning or
that are unique to the technical content of this Standard. The terms that are used in only one clause
may be defined within that clause. The generic definitions in this section have been formulated for use
by the entire family of telecommunications infrastructure standards. As such, the definitions do not
contain mandatory requirements of the Standard. Specific requirements are to be found in the
normative sections of the Standard.

administration: The method for labeling, identification, documentation and usage needed to implement
moves, additions and changes of the telecommunications infrastructure.

backbone: A facility (e.g., pathway, cable or conductors) between telecommunications rooms, or floor
distribution terminals, the entrance facilities, and the equipment rooms within or between buildings.

bundled cable: An assembly of two or more cables continuously bound together to form a single unit.
cable: An assembly of one or more insulated conductors or optical fibers, within an enveloping sheath.
cable run: A length of installed media which may include other components along its path.

cable sheath: A covering over the optical fiber or conductor assembly that may include one or more
metallic members, strength members, or jackets.

cabling: A combination of all cables, jumpers, cords, and connecting hardware.
campus: The buildings and grounds having legal contiguous interconnection.

centralized cabling: A cabling configuration from the work area to a centralized cross-connect using
pull through cables, an interconnect, or splice in the telecommunications room.

connecting hardware: A device providing mechanical cable terminations.

consolidation point: A location for interconnection between horizontal cables extending from building
pathways and horizontal cables extending into furniture pathways.

cross-connect: A facility enabling the termination of cable elements and their interconnection or
cross-connection.

cross-connection: A connection scheme between cabling runs, subsystems, and equipment using
patch cords or jumpers that attach to connecting hardware on each end.

equal level far-end crosstalk: A measure of the unwanted signal coupling from a transmitter at the
near-end into another pair measured at the far-end, and relative to the received signal level.

equipment cable; cord: A cable or cable assembly used to connect telecommunications equipment to
horizontal or backbone cabling.

far-end crosstalk loss: A measure of the unwanted signal coupling from a transmitter at the near end
into another pair measured at the far end, and relative to the transmitted signal level.

horizontal cabling: 1)The cabling between and including the telecommunications outlet/connector and
the horizontal cross-connect. 2) The cabling between and including the building automation system
outlet or the first mechanical termination of the horizontal connection point and the horizontal cross-
connect.

hybrid cable: An assembly of two or more cables, of the same or different types or categories, covered
by one overall sheath.

infrastructure (telecommunications): A collection of those telecommunications components,
excluding equipment, that together provide the basic support for the distribution of all information within
a building or campus.
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insertion loss: The signal loss resulting from the insertion of a component, or link, or channel, between
a transmitter and receiver (often referred to as attenuation).

interconnection: A connection scheme that employs connecting hardware for the direct connection of
a cable to another cable without a patch cord or jumper.

jumper: An assembly of twisted pairs without connectors, used to join telecommunications circuits/links
at the cross-connect.

keying: The mechanical feature of a connector system that guarantees correct orientation of a
connection, or prevents the connection to a jack, or to an optical fiber adapter of the same type intended
for another purpose.

link: A transmission path between two points, not including terminal equipment, work area cables, and
equipment cables.

listed: Equipment included in a list published by an organization, acceptable to the authority having
jurisdiction, that maintains periodic inspection of production of listed equipment, and whose listing states
either that the equipment or material meets appropriate standards or has been tested and found
satiable for use in a specified manner.

media (telecommunications): Wire, cable, or conductors used for telecommunications.

open office: A floor space division provided by furniture, moveable partitions, or other means instead of
by building walls.

outlet box (telecommunications): A housing used to hold telecommunications outlet/connectors.

outlet cable: A cable placed in a residential unit extending directly between the telecommunications
outlet/connector and the distribution device.

outlet/connector (telecommunications): A connecting device in the work area on which horizontal or
outlet cable terminates.

outside plant: Telecommunications infrastructure designed for installation exterior to buildings.
patch cord: A length of cable with a plug on one or both ends.

patch panel: A connecting hardware system that facilitates cable termination and cabling administration
using patch cords.

power sum equal level far-end crosstalk: A computation of the unwanted signal coupling from
multiple transmitters at the near-end into a pair measured at the far-end, and normalized to the received
signal level.

power sum near-end crosstalk loss: A computation of the unwanted signal coupling from multiple
transmitters at the near-end into a pair measured at the near-end.

pull strength: See pull tension.
pull tension: The pulling force that can be applied to a cable.

return loss: A ratio expressed in dB of the power of the outgoing signal to the power of the reflected
signal.

screen: An element of a cable formed by a shield.
sheath: See cable sheath.
shield: A metallic layer placed around a conductor or group of conductors.

telecommunications: Any transmission, emission, and reception of signs, signals, writings, images,
and sounds, that is information of any nature by cable, radio, optical, or other electromagnetic systems.

transfer impedance: A measure of shielding performance determined by the ratio of the voltage on
the conductors enclosed by a shield to the surface currents on the outside of the shield.
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work area (work station): A building space where the occupants interact with telecommunications
terminal equipment.

3.2 Abbreviations and acronyms

ANSI
BICSI
CMR
EIA
ELFEXT
FEXT
ICEA
IEC
NEXT
OoSB
PSELFEXT
PSNEXT
ScTP
SRL
STP-A
TIA

UTP

American National Standards Institute
Building Industry Consulting Service International
Common mode rejection

Electronic Industries Alliance

Equal Level Far-end Crosstalk

Far-end Crosstalk

Insulated Cable Engineers Association
International Electrotechnical Commission
Near-end Crosstalk

Output signal balance

Power Sum Equal Level Far-end Crosstalk
Power Sum Near-end Crosstalk

Screened Twisted-pair

structural return loss

Shielded Twisted-Pair
Telecommunications Industry Association
unshielded twisted-pair

3.3 Units of measure

dB
°C
9

in
kg
km
MHz
mm
mm
nm
N
W
Ib
Ibf

decibel

degree Celsius
gram

inch

kilogram
kilometer
megahertz
micron or micrometer
millimeter
nanometer
Newton

ohm

pound
pound-force
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4 100 W BALANCED TWISTED-PAIR CABLES

4.1 General

This clause contains the mechanical and transmission performance specifications for balanced
twisted-pair cables used in balanced twisted-pair cabling. Annex K contains additional specifications
for ScTP cables. Compliance with this Standard does not imply compatibility with cabling having
nominal impedance values other than 100 W.

4.2 Cable transmission performance

4.2.1 Recognized categories
The recognized categories of twisted-pair cabling are:

Category 5e: This designation applies to 100 W cables whose transmission characteristics
are specified up to 100 MHz.

Category 3: This designation applies to 100 W cables whose transmission characteristics are
specified up to 16 MHz.

Category 1, 2, 4 and 5 cables are not recognized as part of this Standard and, therefore, their
transmission characteristics are not specified. Category 5 transmission characteristics, used in
“legacy” cabling installations, are provided for reference in annex N.

4.2.2 Multi-disturber environment

To serve a multi-disturber environment, this Standard specifies transmission parameters as both
worst-case pair-to-pair measurements and power sum calculations that approximate multi-disturber
effects.

4.2.3 Measurements points and spacing

The total number of measurement points within the specified frequency range shall be a minimum of
100 times the number of decades covered by the specified frequency range.

4.3 Horizontal cable

4.3.1 General

Covered herein are the requirements for balanced twisted-pair cables used in horizontal cabling. The
cable shall consist of 22 AWG to 24 AWG thermoplastic insulated solid conductors that are formed
into four individually twisted-pairs and enclosed by a thermoplastic jacket. The cable shall meet all of
the mechanical requirements of ANSI/ICEA S80-576 applicable to four-pair inside wiring cable for
plenum or general cabling within a building.

NOTE — Additional requirements for 100 W ScTP cables are located in annex K.

4.3.2 Applicability

Horizontal cables shall consist of four balanced twisted-pairs of minimum 24 AWG thermoplastic
insulated solid conductors enclosed by a thermoplastic jacket. Bundled and hybrid cables may be
used for horizontal cabling in accordance with clause 4.3.6. Four-pair horizontal cables containing
conductor diameters larger than 24 AWG, up to and including 22 AWG, that meet or exceed the
requirements of this Standard may also be used.
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4.3.3 Mechanical

In addition to the applicable requirements of ANSI/ICEA S-90-661-1994, the physical design of
horizontal cables shall meet the requirements of clauses 4.3.3.1to 4.3.3.6.

4.3.3.1 Insulated conductor
The diameter of the insulated conductor shall be 1.22 mm (0.048 in) maximum.

4.3.3.2 Pair assembly

The cable shall be restricted to four twisted-pair conductors. The pair twist lengths shall be chosen to
ensure compliance with the transmission requirements of this Standard.

4.3.3.3 Color codes
The color code shall be as shown in table 1.

Table 1 - Color codes for 4-pair horizontal cables

~ Conductor Color code Abbreviation
identification
Pair 1 White-Blue (W-BL)
Blue (BL)
Pair 2 White-Orange (W-0)
Orange )
Pair 3 White-Green (W-G)
Green (G)
Pair 4 White-Brown (W-BR)
Brown (BR)

The wire insulation is white and a colored marking is added for identification. For cables with tightly
twisted-pairs [all pairs less than 38 mm (1.5 in) per twist] the mate conductor may serve as the
marking for the white conductor. A white marking is optional.

4.3.3.4 Cable diameter
The diameter of the completed cable shall be less than 6.35 mm (0.25 in).

4.3.3.5 Breaking strength

The ultimate breaking strength of the cable, measured in accordance with ASTM D4565, shall be 400
N (90 Ibf) minimum.

4.3.3.6 Bending radius

Twisted-pair cables shall withstand a bend radius of 25.4 mm (1 in) at a temperature of -20 °C + 1°C,
without jacket or insulation cracking, when tested in accordance with ASTM D4565, Wire and Cable
Bending Test. For certain applications (e.g., pre-cabling buildings in cold climate), the use of cables
with a lower temperature bending performance of -30 °C + 1 °C should be considered.

4.3.4 Transmission

4.3.4.1 DC resistance

The resistance of any conductor, measured in accordance with ASTM D4566, shall not exceed 9.38
W per 100 m (328 ft) at or corrected to a temperature of 20 °C.
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4.3.4.2 DC resistance unbalance

The resistance unbalance between the two conductors of any cable pair, measured in accordance
with ASTM D 4566, shall not exceed 5% when measured at, or corrected to, a temperature of 20 °C.

4.3.4.3 Mutual capacitance

The mutual capacitance of any horizontal cable pair at 1 kHz, measured at or corrected to a
temperature of 20 °C, should not exceed 6.6 nF per 100 m (328 ft) for category 3 cables or 5.6 nF per
100 m (328 ft) for category 5e horizontal cables. Measurements shall be performed in accordance
with ASTM D 4566. Mutual capacitance recommendations are provided for engineering design
purposes.

4.3.4.4 Capacitance unbalance: pair-to-ground

The capacitance unbalance to ground of any horizontal cable pair at 1 kHz, measured in accordance
with ASTM D 4566 at or corrected to a temperature of 20 °C, shall not exceed 330 pF per 100 m (328
ft).

4.3.4.5 Characteristic impedance and structural return loss (SRL) for category 3 cable

Category 3 horizontal cables shall exhibit a characteristic impedance of 100 W +15% in the frequency
range from 1 MHz up to the highest referenced frequency when measured in accordance with ASTM
D 4566 Method 3. Characteristic impedance has a specific meaning for an ideal transmission line
(i.e., a cable whose geometry is fixed and does not vary along the length of cable).

NOTE - Characteristic impedance is commonly derived from swept frequency input
impedance measurements using a network analyzer with an s-parameter test set. As a result
of structural non-uniformities, the measured input impedance for an electrically long length of
cable (greater than 1/8 of a wavelength) fluctuates as a function of frequency. These random
fluctuations are superimposed on the curve for characteristic impedance, which
asymptotically approaches a fixed value at frequencies above 1 MHz. Characteristic
impedance can be derived from these measurements by using a smoothing function over the
bandwidth of interest.

Fluctuations in input impedance are related to the structural return loss for a cable that is terminated
in its own characteristic impedance. The values of structural return loss are dependent upon
frequency and cable construction. Structural return loss shall be measured for all pairs in accordance
with ASTM D4566, Method 3. For all frequencies from 1 MHz to 16 MHz, category 3 horizontal cable
structural return loss shall meet or exceed the values given in table 2.

Table 2 - Category 3 horizontal cable structural return loss, worst pair

Frequency Category 3
(MHz) (dB)
1£f<10 12
10 £ f< 16 12-10log(f/10)

@
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4.3.4.6 Returnloss

Return loss is a measure of the reflected energy caused by impedance variations in the cable and is
especially important for applications that use simultaneous bi-directional transmission. Return loss is
expressed in dB relative to the reflected signal level. Return loss shall be measured for all cable pairs
in accordance with annex C. For all frequencies from 1 MHz to 100 MHz, category 5e horizontal
cable return loss shall meet or exceed the values specified in table 3. Return loss is not specified for
category 3 horizontal cables.

Table 3 - Category 5e horizontal cable return loss @ 20 °C = 3 °C (68 °F + 5.5°F), worst pair

For a length of 100 m (328 ft)

Frequency Category 5e
(MHz) (dB)
1£f<10 20 + 5log(f)
10£ f< 20 25
20 £ f £100 25 — 7log(f/20)

4.3.4.7 Insertion loss

Insertion loss is a measure of the signal loss resulting from the insertion of a cable length between a
transmitter and receiver. It is often referred to as attenuation. Insertion loss is expressed in dB
relative to the received signal level. Insertion loss shall be measured for all cable pairs in accordance
with ASTM D4566 and 4.3.4.14 at 20 + 3°C or corrected to a temperature of 20 °C using a 0.4%/°C
correction factor for category 5e cables br the measured insertion loss. Category 3 horizontal cable
insertion loss shall meet the values determined using equation (4) for all frequencies from .772 MHz
to the highest referenced frequency. Category 5e horizontal cable insertion loss shall meet he
values determined using equation (4) from 1 MHz to the highest referenced frequency. The values in
table 5 are provided for information only.

. k3
INSertionL 0SS, ye100m £ K1y f +k2xf +—= dB/100m (328 f1)

NG

The constants in table 4 shall be used in conjunction with equation (4) to compute worst case cable
insertion loss values.

Table 4 - Constants for horizontal cable insertion loss formula

k1l k2 k3
Category 3 2.320 0.238 0.000
Category 5e 1.967 0.023 0.050

NOTE - Equation (4) is applicable only from 0.772 MHz to the highest referenced frequency
for each category and is not valid outside of this range.

Category 5e horizontal cable insertion loss shall be verified at a temperature of 40 °C and 60 °C and
shall meet the requirements of equation (4) after adjusting for temperature. The maximum insertion
loss determined using the equation (4) shall be adjusted at elevated temperatures using a factor of
0.4 % increase per °C for category 5e cables.

@
©)

(4)



TIA/EIA-568-B.2

Table 5 - Horizontal cable insertion loss @ 20 °C + 3 °C (68 °F + 5.5°F), worst pair

For a length of 100 m (328 ft

Frequency Category 3 Category 5e
(MHz) (dB) (dB)
0.772 2.2 1.8

1.0 2.6 2.0
4.0 5.6 4.1
8.0 8.5 5.8
10.0 9.7 6.5
16.0 131 8.2
20.0 - 9.3
25.0 - 10.4
31.25 - 11.7
62.5 - 17.0
100.0 - 22.0

NOTE - The nsertion loss of some category 3 UTP cables, such as those constructed with
PVC insulation, exhibits significant temperature dependence. A temperature coefficient of
insertion loss of 1.5% per °C is not uncommon for such cables. In installations where te
cable will be subjected to higher temperatures, a less-temperature dependent cable should
be considered.

4.3.4.8 Near-end crosstalk (NEXT) loss

NEXT loss is a measure of the unwanted signal coupling from a transmitter at the near-end into
neighboring pairs measured at the near-end. NEXT loss is expressed in dB relative to the launched
signal level. NEXT loss shall be measured for all cable pair combinations in accordance with ASTM
D4566. For all frequencies from 0.772 MHz to the highest referenced frequency in MHz, category 3
horizontal cable NEXT loss shall meet the values determined using equation (5). For all frequencies
from 0.772 MHz to the highest referenced frequency in MHz, category 5e horizontal cable NEXT loss
shall meet the values determined using equation (6). NEXT loss shall be measured at 100 meter or
longer lengths. The values in table 6 are provided for information only.

NEXT,

cat.3cable

3 NEXT(16) - 15log( f /100) d&
NEXT(16) shall be 23.2 dB for category 3 horizontal cable.

NEXT,

catbe_ cable

3 NEXT(100) - 15log( f /100) dB

NEXT(200) shall be 35.3 dB for category 5e horizontal cable.

10

()

(6)
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Table 6 - Horizontal cable NEXT loss @ 20 °C + 3 °C (68 °F + 5.5°F), worst pair-to-pair

For a length of 100 m (328 ft)

Frequency Category 3 Category 5e
(MHz) (dB) (dB)
0.772 43.0 67.0

1.0 41.3 65.3
4.0 32.3 56.3
8.0 27.8 51.8
10.0 26.3 50.3
16.0 23.2 47.2
20.0 - 45.8
25.0 - 44.3
31.25 - 42.9
62.5 - 384
100.0 - 35.3

4.3.4.9 Power sum near-end crosstalk (PSNEXT) loss

Since each duplex channel can be disturbed by more than one duplex channel, PSNEXT loss is
specified for horizontal cables. PSNEXT loss takes into account the combined crosstalk (statistical)
on a receive pair from all near-end disturbers operating simultaneously. The PSNEXT loss is
calculated in accordance with ASTM D4566 as a power sum on a selected pair from all other pairs as
shown in equation (7) for a 4-pair cable.

PSNEXT = - 10log(10 %0 +10 %0 +10 %0y gg

where:

X1, X2, X3 are the pair-to-pair near-end crosstalk measurements in dB between the selected pair and
the other three pairs.

For all frequencies from 0.772 MHz to 100 MHz, category 5e horizontal cable PSNEXT loss shall
meet the values determined using equation (8). The values in table 7 are provided for information
only. PSNEXT loss is not specified for category 3 horizontal cables.

PSNEXT,

cable

3 32.3- 15log( f /100) dB

11

(7)

8)



TIA/EIA-568-B.2

Table 7 - Horizontal cable PSNEXT loss @ 20 °C = 3 °C (68 °F + 5.5°F)

For length of 100 m (328 ft)

Frequency Category 5e
(MH2z) (dB)
0.150 74.7
0.772 64.0

1.0 62.3
4.0 53.3
8.0 48.8
10.0 47.3
16.0 44.2
20.0 42.8
25.0 41.3
31.25 39.9
62.5 35.4
100.0 32.3

4.3.4.10 Equal level far-end crosstalk (ELFEXT)

FEXT loss is a measure of the unwanted signal coupling from a transmitter at the far-end into
neighboring pairs measured at the near-end. ELFEXT is expressed in dB as the difference between
the measured FEXT loss and the insertion loss of the disturbed pair.
and ELFEXT calculated for all cable pair combinations in accordance with ASTM D4566 FEXT
measurement procedure. For all frequencies from 1 MHz to 100 MHz, category 5e horizontal cable
ELFEXT, for a length of 100 m (328 ft), shall meet the values determined using equation (9).

values in table 8 are provided for information only.

ELFEXT,

cable

3 23.8- 20log( f /100) dB

Table 8 - Horizontal cable ELFEXT @ 20 °C £ 3 °C (68 °F = 5.5°F), worst pair-to-pair

For length of 100 m (328 ft)

FEXT loss shall be measured

Frequency Category 5e

(MHz) (dB)
1.0 63.8
4.0 51.8
8.0 45.7
10.0 43.8
16.0 39.7
20.0 37.8
25.0 35.8
31.25 33.9
62.5 27.9
100.0 23.8

12

)
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4.3.4.11 Power sum equal level far-end crosstalk (PSELFEXT)

Since each duplex channel can be disturbed by more than one duplex channel, equal level far-end
crosstalk (ELFEXT) is specified for horizontal cables. Power sum equal level far-end crosstalk loss
takes into account the combined crosstalk (statistical) on a receive pair from all far-end disturbers
operating simultaneously. The power sum equal level far-end crosstalk (PSELFEXT) is calculated in
accordance with ASTM D4566 as a power sum on a selected pair from all other pairs as shown in
equation (10) for a 4-pair cable.

PSELFEXT = - 10log(10 70 +10 %0 +10 %0) ¢g (10)
where:

X1, X2, X3 are the pair-to-pair crosstalk measurements in dB between the selected pair and the other
three pairs.

For all frequencies from 1 MHz to 100 MHz, category 5e horizontal cable power sum ELFEXT, for a

length of 100 m (328 ft), shall meet the values determined using equation (11). The values in table 9
are provided for reference only. Power sum ELFEXT is not specified for category 3 horizontal cables.

PSELFEXT,

cable

3 20.8- 20log( f /100) dB (11)

Table 9 - Horizontal cable PSELFEXT @ 20 °C + 3 °C (68 °F = 5.5°F)

For a length of 100 m (328 ft)

Frequency Category 5e

(MHz) (dB)
1.0 60.8
4.0 48.8
8.0 42.7
10.0 40.8
16.0 36.7
20.0 34.8
25.0 32.8
31.25 30.9
62.5 24.9
100.0 20.8

4.3.4.12 Propagation delay for 4-pair horizontal cables

Propagation delay is the time it takes for a signal to propagate from one end to the other.
Propagation delay is expressed in nanoseconds (ns). Propagation delay shall be measured for all
cable pairs in accordance with ASTM D4566.

The values determined using equation (11) shall be used to compute the maximum allowable
propagation delay, for a length of 100 m (328 ft), for all frequencies between 1.0 MHz and the highest

referenced frequency for a given category. The values in table 10 are provided for information only.
See annex L for the derivation of equation (12).

delay . £ 534+ = ns/100m (328 ft) (12)

7
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Table 10 - Propagation delay, velocity of propagation and propagation delay skew for 4-pair
horizontal cables @ 20 °C + 3 °C (68 °F + 5.5°F)

Maximum Minimum Maximum
Frequency Propagation Velocity .Of Propagation
(MHz) Propagation
Delay ) Delay Skew
(ns/100 m) (ns/100 m)
1 570 58.5% 45
10 545 61.1% 45
100 538 62.0% 45

4.3.4.13 Propagation delay skew for 4-pair horizontal cables

Propagation delay skew is a calculation of the signaling delay difference from the fastest pair to the
slowest. Propagation delay skew is expressed in nanoseconds (ns). Propagation delay skew shall
be measured for all cable pairs in accordance with ASTM D4566.

For all frequencies between 1 MHz and the highest referenced frequency in MHz, category 3 and
category 5e cable propagation delay skew shall not exceed 45 ns/100m at 20 °C, 40 °C, and 60 °C.
In addition, the propagation delay skew between all pairs shall not vary more than +/-10 ns from the
measured value at 20 °C when measured at 40 °C and 60 °C. Compliance shall be determined using
a minimum 100 m of cable.

4.3.4.14 Measurement precautions

Mutual capacitance, capacitance unbalance, characteristic impedance, return loss, insertion loss,
SRL, NEXT loss and ELFEXT measurements and calculations shall be performed on cable samples
of 100 m (328 ft) removed from the reel or packaging. The test sample shall be laid out along a non-
conducting surface, loosely coiled, or supported in aerial spans, and all pairs shall be terminated
according to annex C. Other test configurations are acceptable if correlation to the reference method
has been verified. In case of conflict, the reference method (100 m, off-reel, resistor terminated) shall
be used to determine conformance to the minimum requirements of this Standard.

It may be desirable to perform measurements on lengths of cable greater than 100 m (328 ft) in order
to improve measurement accuracy at frequencies at or below 1 MHz. For example, when measuring
insertion loss, it is recommended that the sample length exhibit no less than 3 dB of insertion loss at
the lowest frequency tested. More than one length may be required to test a full range of
frequencies. Cables tested for insertion loss at elevated temperatures shall be placed inside an air-
circulating oven until the cable has stabilized at the reference temperature. No more than 3 m (9 ft) of
each cable end should exit the oven for connection to the measurement equipment.

4.3.5 Performance marking
Horizontal cables should be marked to designate transmission performance.

NOTE - Performance markings are in addition to, and do not replace, other markings required

by listing agencies or those needed to satisfy electrical code or local building code
requirements.
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4.3.6 Bundled and hybrid cables

Bundled and hybrid cables may be used for horizontal cabling provided that each cable type is
recognized (see ANSI/TIA/EIA-568-B.1) and meets the transmission and color-code specifications for
that cable type as given in clause 4, ANSI/TIA/EIA-568-B.3, and annex M of this Standard.
Additionally, power sum NEXT loss for any disturbed pair and all pairs external to that pair's jacket
within the bundled or hybrid cable shall be 3 dB better than the specified pair-to-pair NEXT loss of
that recognized cable type at all of the specified frequencies (or ranges). Calculated power sum
NEXT loss limit values that exceed 65 dB shall revert to a limit of 65 dB.

NOTES,

1 Hybrid UTP cables (color coded per 4.3.3.3) can be distinguished from multipair UTP
backbone cables (color coded per 4.4.3.3) by the color coding scheme and by the transmission
requirements.

2 Hybrid cables consisting of optical fiber and copper conductors are sometimes referred to as
composite cables.

The individual cables within a bundled cable shall meet the applicable requirements in clause 4,
ANSI/TIA/EIA-568-B.3, and annex M of this Standard after bundle formation.

4.4 Backbone cable

441 General

Covered herein are the requirements for multipair backbone cables in pair sizes greater than 4 pairs
for use in the backbone cabling system. Multipair backbone cables consist of 22 AWG to 24 AWG
thermoplastic insulated solid conductors that are formed into one or more units of balanced twisted
pairs. The units are assembled into binder groups of 25 pairs or part thereof following the standard
industry color code (ANSI/ICEA S80-576). The groups are identified by distinctly colored binders
and assembled to form the core. The core shall be covered by a protective sheath. The sheath
consists of an overall thermoplastic jacket and may contain an underlying metallic shield and one or
more layers of dielectric material applied over the core.

4.4.2 Applicability

Backbone cables shall meet the mechanical requirements of ANSI/ICEA S-80-576 applicable to
multipair cable. Backbone cables shall be listed and marked as required by the applicable code
requirements.

NOTES,

1 Backbone cables containing conductor diameters larger than 24 AWG, up to and
including 22 AWG, that meet or exceed the requirements of this Standard may also be used.

2 Additional requirements for multipair 100 W ScTP cables are located in annex K.

4.4.3 Mechanical

In addition to the applicable mechanical requirements of ANSI/ICEA S-80-576, the physical design of
backbone cables shall meet the requirements of clauses 4.4.3.1to 4.4.3.7.

4.4.3.1 |Insulated conductor
The diameter of the insulation shall be 1.22 mm (0.048 in) maximum.

4.4.3.2 Pair assembly

The pair twist lengths shall be specified to ensure compliance with the transmission requirements of
this Standard.
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4.4.3.3 Color code

The twisted-pair conductor color code shall follow the industry standard color code composed of 10
distinct colors to identify 25 pairs (refer to ANSIVICEA S-80-576 for appropriate colors). For backbone
cables with fewer than 25 pairs, colors shall be consistent with the industry standard color code
starting from pair 1 up to the number of pairs in the cable. For cables with tightly twisted-pairs [all
pairs less than 38 mm (1.5 in) per twist] the mate conductor may serve as the marking for the white
conductor. For cables with tightly twisted-pairs [all pairs less than 38 mm (1.5 in) per twist] the mate
conductor may serve as the marking for the white conductor.

4.4.3.4 Core assembly

For backbone cables with more than 25 pairs, the core shall be assembled in units or sub-units of up
to 25 pairs. Each unit or sub-unit shall be identified by a color-coded binder. Color coding should be
in accordance with ANSI/ICEA S80-576. Binder color-code integrity shall be maintained whenever
cables are spliced.

4435 Corewrap

The core may be covered with one or more layers of dielectric material of adequate thickness to
ensure compliance with the dielectric strength requirements.

4.4.3.6 Core shield

When an electrically continuous shield is applied over the core wrap, it shall comply with
requirements in 4.4.5.

NOTE - UL 444, ANSI/ICEA S-80-576 and ANSI/ICEA S-84-608 provide additional
information regarding shield mechanical criteria.

4.4.3.7 Jacket
The core shall be enclosed by a uniform, continuous thermoplastic jacket.

4.4.4 Transmission

4.4.4.1 DC resistance

The resistance of any conductor, measured in accordance with ASTM D 4566, shall not exceed 9.38
W per 100 m (328 ft) at, or corrected to, a temperature of 20 °C.

4.4.4.2 DC resistance unbalance

The resistance unbalance between the two conductors of any cable pair, measured in accordance
with ASTM D 4566, shall not exceed 5% measured at, or corrected to, a temperature of 20 °C.

4.4.4.3 Mutual capacitance

The mutual capacitance of any backbone cable pair at 1 kHz, measured at or corrected to a
temperature of 20 °C, should not exceed 6.6 nF per 100 m (328 ft) for category 3 cables or 5.6 nF per
100 m (328 ft) for category 5e horizontal cables. Measurements shall be performed in accordance
with ASTM D 4566. Mutual capacitance recommendations are provided for engineering design
purposes.

4.4.4.4 Capacitance unbalance: pair-to-ground

The capacitance unbalance to ground of any backbone cable pair at 1 kHz, measured in accordance
with ASTM D 4566 at, or corrected to, a temperature of 20 °C, shall not exceed 330 pF per 100 m
(328 ft).
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4.4.4.5 Characteristic impedance and structural return loss for category 3 cable

Category 3 backbone cables shall exhibit a characteristic impedance of 100 W £15% in the frequency
range from 1 MHz up to the highest referenced frequency when measured in accordance with ASTM
D 4566 Method 3. Characteristic impedance has a specific meaning for an ideal transmission line
(i.e., a cable whose geometry is fixed and does not vary along the length of cable).

NOTE - Characteristic impedance is commonly derived from swept frequency input
impedance measurements using a network analyzer with an s-parameter test set. As a result
of structural non-uniformities, the measured input impedance for an electrically long length of
cable (greater than 1/8 of a wavelength) fluctuates as a function of frequency. These random
fluctuations are superimposed on the curve for characteristic impedance, which
asymptotically approaches a fixed value at frequencies above 1 MHz. Characteristic
impedance can be derived from these measurements by using a smoothing function over the
bandwidth of interest.

Fluctuations in input impedance are related b the structural return loss for a cable that is terminated
in its own characteristic impedance. The values of structural return loss are dependent upon
frequency and cable construction. Structural return loss shall be measured for all pairs in accordance
with ASTM D4566, Method 3. For all frequencies from 1 MHz to 16 MHz, category 3 backbone cable
structural return loss shall meet or exceed the values given in table 11. Structural return loss is not
specified for category 5e backbone cables.

Table 11 - Category 3 backbone cable structural return loss@ 20 °C + 3 °C (68 °F £ 5.5°F),

worst pair
Frequency Category 3
(MHz) (dB)
1£f<10 12
10£ f< 16 12-10log(f/10) (13)

4.4.46 Return loss

Category 5e backbone cable return loss shall meet the category 5e horizontal cable return loss
specified in clause 4.3.4.6. Return loss is not specified for category 3 backbone cables.

4.4.47 Insertion loss

Backbone cable insertion loss shall meet the insertion loss requirements for horizontal cables as
specified in 4.3.4.7. The maximum insertion loss shall be adjusted at elevated temperatures using a
factor of 0.4% increase per °C for category 5e cables. The cable insertion loss shall also be verified
at the temperatures of 40 °C and 60 °C and shall meet the requirements of 4.3.4.7 after adjusting for
temperature. Due to practical considerations related to the testing of cables with multiple 25 pair
bundles, insertion loss testing at elevated temperatures is not required provided that each pair in the
binder group exhibits compliant insertion loss performance.
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4.4.4.8 NEXT loss

To assess performance between adjacent 4pair units, category 5e multipair backbone cables are
evaluated in groups (i.e. group 1 = pairs 1 to 4, group 2 = pairs 5 to 8, group 3 = pairs 9 to 12, group
4 = pairs 13 to 16, group 5 = pairs 17 to 20, group 6 = pairs 21 to 24, etc.). Groups are comprised of
consecutive pairs, marked per the standard color code. For 25-pair and multiple of 25-pair binder
groups, the twenty-fifth pair shall satisfy all other transmission parameters when used within any 4
pair group.

For all frequencies from 0.772 MHz to 100 MHz, NEXT loss for any pair-to-pair combination within
each category 5e multipair cable 4pair group shall meet the values determined using equation (14).
In addition, for all frequencies from 0.772 MHz to 100 MHz, NEXT loss between the 25" pair and all
other pairs within the 25-pair binder group shall meet the values determined using equation (15).

NEX-I-within_4— pair _ group,100m 3 NEX-I_within_4— pair_ group(100) - 15'@( f /100) dB
NEXTZSth_to_aII_other_pairleOm 8 NEXTZSth_to_aII- other- pairg100) - 15'%( f /100) dB

NEXTuithin_a-pair_group(ro0y shall be 35.3 dB for category 5e multipair cable 4-pair groups.
NEXT25th to_al_other_pairs1oo) Shall be 35.3 dB for category 5e multipair cables.
The values in table 12 are provided for information only.

Table 12 - Category 5e backbone cable NEXT loss @ 20 °C + 3 °C (68 °F + 5.5°F)

For a length of 100 m (328 ft)

Category 5e Category 5e
':remency (within 4pair | (25" to all

(MHz) group) other pairs)
(dB) (dB)
0.772 67.0 67.0
1.0 65.3 65.3
4.0 56.3 56.3
8.0 51.8 51.8
10.0 50.3 50.3
16.0 47.2 47.2
20.0 45.8 45.8
25.0 44.3 44.3
31.25 42.9 42.9
62.5 38.4 38.4
100.0 35.3 35.3
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4449 PSNEXT loss

Since each duplex channel can be disturbed by more than one duplex channel, power sum near-end
crosstalk (PSNEXT) loss is specified for backbone cables. Power sum near-end crosstalk (PSNEXT)
loss takes into account the combined crosstalk (statistical) on a receive pair from all near-end
disturbers operating simultaneously. The power sum near-end crosstalk (PSNEXT) loss is calculated
in accordance with ASTM D4566 as a power sum on a selected pair from all other pairs as shown in
equation (16) for a 25-pair cable.

PSNEXT = - 10log(10 40 +10 %0 +10 %0 + __+10 *7) ¢g (16)

where:

X1, X2, X3,...,X24 are the pair-to-pair crosstalk measurements in dB between the selected pair and
the other twenty-four pairs within a twenty-five pair group.

For all frequencies from 0.772 MHz to 100 MHz, category 5e multipair cable power sum NEXT loss
within a 25-pair binder group, tested in accordance with ASTM D4566, shall meet the values
determined using equation (17).

PSNEXT,

categorybe _multipair,100m

3 32.3- 15log( f /100) aB 17)

For all frequencies from 0.772 MHz to 16 MHz, category 3 multipair cable power sum NEXT loss
within a 25-pair binder group, tested in accordance with ASTM D4566, shall meet the values
determined using equation (18).

PSNEXT,

category8_ multipair,100m 3 23 - 15'@( f /16) dB (18)
The values in table 13 are provided for information only.
Table 13 - Backbone cable PSNEXT loss @ 20 °C + 3 °C (68 °F + 5.5°F)

For a length of 100 m (328 ft)

Frequency Category 3 Category 5e
(MH2z) (dB) (dB)
0.772 43 64.0

1.0 41 62.3
4.0 32 53.3
8.0 28 48.8
10.0 26 47.3
16.0 23 44.2
20.0 - 42.8
25.0 - 41.3
31.25 - 39.9
62.5 - 35.4
100.0 - 32.3

NOTE - Generally, power sum crosstalk energy is dominated by the coupling between pairs
in close proximity and is relatively unaffected by pairs in separate binder groups. Therefore,
it is desirable to separate services with different signal levels or services that are susceptible
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to impulse noise into separate binder groups. See ANSI/TIA/EIA-568 B-1 for more
information.

In cases where backbone cables consist of more than one 25-pair binder group, NEXT loss
and PSNEXT loss shall be determined for each individual 25 pair binder group. There are no
NEXT or PSNEXT requirements between 25 pair groups. The cable shall be tested only as
individual 25 pair units.

4.4.410 ELFEXT

To assess performance between adjacent 4pair units, category 5e multipair backbone cables are
evaluated in groups (i.e. group 1 = pairs 1 to 4, group 2 = pairs 5 to 8, group 3 = pairs 9 to 12, group
4 = pairs 13 to 16, group 5 = pairs 17 to 20, group 6 = pairs 21 to 24, etc.). Groups are comprised of
consecutive pairs, marked per the standard color code. For 25-pair and multiple of 25-pair binder
groups, the twenty-fifth pair shall satisfy all other transmission parameters when used within any 4
pair group.

For all frequencies from 1 MHz to 100 MHz, ELFEXT for any pair-to-pair combination within each
category 5e multipair cable 4pair group shall meet the values determined using equation (19). In

addition, for all fequencies from 1 MHz to 100 MHz, ELFEXT between the 25t pair and all other pairs
within the 25-pair binder group shall meet the values determined using equation (20).

EI‘FEXTWithin_4— pair _ group,100m 3 ELFEXTWithin_4— pair_group(100) ~ ZOICQ( f /100) dB

ELFEXT.

25h_to_all_other _pairstoom © ELFEXTogn 1o ail-other- pairga00 = 20109( f /100) dB
ELFEXTuithin_a-pair_group(100) Shall be 23.8 dB for category 5e multipair cable 4-pair groups.
ELFEXT2sth_to_ail_other_pairs(i00) Shall be 23.8 dB for category 5e multipair cables.

The values in table 14 are provided for information only.

Table 14 - Category 5e backbone cable ELFEXT @ 20 °C + 3 °C (68 °F + 5.5°F)

For a length of 100 m (328 ft)

Category 5e Category 5e
Fr‘zmez’;cy (within 4-pair 25" to all

group) other pairs)
(dB) (dB)
1.0 63.8 63.8
4.0 51.8 51.8
8.0 45.7 45.7
10.0 43.8 43.8
16.0 39.7 39.7
20.0 37.8 37.8
25.0 35.8 35.8
31.25 33.9 33.9
62.5 27.9 27.9
100.0 23.8 23.8
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4.4.411 PSELFEXT

Since each duplex channel can be disturbed by more than one duplex channel, power sum equal
level far-end crosstalk (PSELFEXT) is specified for backbone cables. Power sum equal level far-end
crosstalk (PSELFEXT) takes into account the combined crosstalk (statistical) on a receive pair from
all far-end disturbers operating simultaneously. The power sum equal level far-end crosstalk
(PSELFEXT) is calculated in accordance with ASTM D4566 as a power sum on a selected pair from
all other pairs as shown in equation (21) for a 25-pair cable.

PSELFEXT = - 10log(10 70 +10 %0 +10 %o + . +10 /) ¢p 1)

where:

X1, X2, X3,...,X24 are the pair-to-pair crosstalk measurements in dB between the selected pair and
the other twenty-four pairs within a twenty-five pair group.

For all frequencies from 1 MHz to 100 MHz, category 5e multipair cable power sum ELFEXT within a

25-pair binder group, tested in accordance with ASTM D4566, shall meet the values determined
using equation (22).

PSELFEXT,

categoryse _multipair,100m 3 208' 20'%( f /100) dB (22)
The values in table 15 are provided for information only.
Table 15 — Category 5e backbone cable PSELFEXT @ 20 °C + 3 °C (68 °F + 5.5°F)

For a length of 100 m (328 ft)

Frequency Category 5e

(MHz) (dB)
1.0 60.8
4.0 48.8
8.0 42.7
10.0 40.8
16.0 36.7
20.0 34.8
25.0 32.8
31.25 30.9
62.5 24.9
100.0 20.8

NOTE - In cases where backbone cables consist of more than one 25-pair binder group,
ELFEXT loss and PSELFEXT loss shall be determined for each individual 25 pair binder
group. There are no FEXT or PSELFEXT requirements between 25 pair groups. The cable
shall be tested only as individual 25 pair units.
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4.4.4.12 Propagation delay of category 5e backbone cables

Propagation delay is the time it takes for a signal to propagate from one end to the other.
Propagation delay is expressed in nanoseconds (ns). Propagation delay shall be measured for all
cable pairs in accordance with ASTM D4566.

Category 5e backbone cable pair propagation delay shall meet the propagation delay requirements
for horizontal cables as specified in clause 4.3.4.12. Propagation delay is not specified for category 3
backbone cables.

4.4.4.13 Propagation delay skew for category 5e backbone cables

Propagation delay skew is a measurement of the signaling delay difference from the fastest pair to
the slowest. Propagation delay skew is expressed in hanoseconds (ns). Propagation delay skew
shall be measured for all cable pairs in accordance with ASTM D4566.

Category 5e backbone cable propagation delay skew within all sequential 4-pair groups (i.e. group 1

= pairs 1 to 4, group 2 = pairs 5 to 8, group 3 = pairs 9 to 12, group 4 = pairs 13 to 16, group 5 = pairs
17 to 20, group 6 = pairs 21 to 24, etc.) shall meet the propagation delay skew requirements for
horizontal cables as specified in 4.3.4.13. For 25-pair and multiple of 25-pair binder groups, the 25"
pair shall be designed to support the propagation delay and delay requirements when used with any
other pair within the binder group. Propagation delay skew is not specified for category 3 backbone
cables.

4.4.4.14 Dielectric strength

The insulation between each conductor and the core shield, when present, shall be capable of
withstanding a minimum DC potential of 5 kV for 3 seconds in accordance with ASTM D4566.

4.45 Core shield resistance

When a shield is present around the core, the DC resistance of the core shield shall not exceed the
value given by the following equation(s):

R (W /km) = 62.5/D (mm) (23)
or
R (W /1000 ft) = 0.75/D (in) (24)

where:
R = maximum core shield resistance
D = outside diameter of the shield

This requirement is applicable to outside plant cables or inside building cables having their shields
bonded to the shields of outside plant cables at building entrances. The electrical and physical
requirements of the shields of inside building cables are found in annex K.

4.45.1 Measurement precautions

The measurement precautions specified in clause 4.3.4.14 apply to the measurement of unshielded
multipair backbone cables.

4.4.6 Performance marking
Backbone cables should be marked to designate transmission performance.

NOTE - Performance markings are in addition to, and do not replace, other markings required

by listing agencies or those needed to satisfy electrical code or local building code
requirements.
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4.5 Stranded conductor cable

This clause contains the transmission requirements for the bulk cable used to construct patch,
equipment, and work area cords.

45.1 Mechanical

Stranded cables shall meet the mechanical performance requirements specified for horizontal cable
in clause 4.3.3.

4.5.2 Transmission

Stranded cables shall meet the transmission performance requirements specified for horizontal cable

in clause 4.3.4, with the exception of the return loss requirements of clause 4.3.4.6 and the insertion
loss requirements of clause 4.3.4.7.

45.3 Return loss

Return loss is a measure of the reflected energy caused by impedance variations in the cable and is
especially important for applications that use simultaneous bi-directional transmission. Return loss is
expressed in dB relative to the reflected signal level. Return loss shall be measured for all cable pairs
in accordance with annex C. For all frequencies from 1 MHz to 100 MHz, category 5e stranded cable
return loss shall meet or exceed the values determined using equations specified in table 16. The
values in table 17 are provided for information only. Return loss is not specified for category 3
stranded cables.

Table 16 - Category 5e stranded cable return loss @ 20 °C +/-3 °C (68 °F = 5.5°F), worst pair

For a length of 100 m (328 ft)

Frequency Category 5e
(MHz) (dB)
1£f<10 20 + 5log(f)
10£ f< 20 25
20 £ f £100 25 — 8.6log(f/20)

Table 17 - Category 5e stranded cable return loss @ 20 °C + 3 °C (68 °F £ 5.5°F), worst pair

For a length of 100 m (328 ft)

Frequency Category 5e

(MHz) (dB)
1.0 20.0
4.0 23.0
8.0 24.5
10.0 25.0
16.0 25.0
20.0 25.0
25.0 24.2
31.25 23.3
62.5 20.7
100.0 19.0
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4.5.4 Insertion loss

Insertion loss is a measure of the signal loss resulting from the insertion of a cable length, greater
than or equal to 100 m (328 ft), between a transmitter and receiver. It is often referred to as
attenuation.  Insertion loss is expressed in dB relative to the received signal level. Insertion loss
shall be measured for all cable pairs in accordance with ASTM D 4566 and clause 4.3.4.7 at, or
corrected to, a temperature of 20 °C.

Category 3 stranded conductor cable shall meet the value computed by multiplying the horizontal
cable insertion loss requirement in clause 4.3.4.7 by a factor of 1.2 (the de-rating factor), for all
frequencies from .772 MHz to 16 MHz. Category 5e stranded conductor cable shall meet the values
computed by multiplying the horizontal cable insertion loss requirement in clause 4.3.4.7 by a factor
of 1.2 (the de-rating factor), for all frequencies from 1 MHz to 100 MHz. The de-rating factor is to
allow a 20% increase in insertion loss for stranded construction and design differences. Stranded
cables shall satisfy the elevated temperature requirements specified in clause 4.3.4.7. The values in
table 18 are provided for information only.

Table 18 - Stranded cable insertion loss @ 20 °C + 3 °C (68 °F + 5.5°F), worst pair

For a length of 100 m (328 ft)

Frequency Category 3 Category 5e
(MHz) (dB) (dB)
172 2.7 R

1.0 3.1 2.4
4.0 6.7 4.9
8.0 10.2 6.9
10.0 11.7 7.8
16.0 15.7 9.9
20.0 - 11.1
25.0 - 12.5
31.25 - 14.1
62.5 - 20.4
100.0 - 26.4

455 Performance marking
Stranded cables should be marked to designate transmission performance.

NOTE - Performance markings are in addition to, and do not replace, other markings required

by listing agencies or those needed to satisfy electrical code or local building code
requirements.
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5 100 W BALANCED TWISTED-PAIR CONNECTING HARDWARE

5.1 General

Specified herein are mechanical and transmission performance requirements for connecting
hardware that are consistent with the cable (s) specified in clause 4.3. Compliance to these
requirements will ensure that properly installed connectors will have minimal effects on cable
performance. These requirements are applicable to individual connectors and connector assemblies
that include, but are not limited to, telecommunications outlet/connectors, patch panels, consolidation
points, transition points and cross-connect blocks. Annex E contains additional specifications for
ScTP connecting hardware.

NOTE - The residential outlet has the same requirements as the telecommunications
outlet/connector described in this clause.

See ANSI/TIA/EIA-568-B-1 for guidance and requirements on connector termination practices, cable
management, the use of patch cords or cross-connect jumpers, and the effects of multiple
connections. It is desirable that hardware used to terminate cables be of the insulation displacement
contact (IDC) type. Connecting hardware for the 100 W UTP cabling system is installed at the
following locations:

a) main cross-connect;

b) intermediate cross-connect;

c) horizontal cross-connect;

d) horizontal cabling transition points;

e) consolidation point;

f) telecommunications outlet/connectors.

Typical cross-connect facilities consist of cross-connect jumpers or patch cords and terminal blocks
or patch panels that are connected directly to horizontal or backbone cabling.

5.2  Applicability

Connecting hardware shall terminate to 100 W balanced twisted-pair cables as specified in clauses
4.3 and 4.3.6. Compliance with this Standard does not imply compatibility with cables that are not in
full compliance with clauses 4.3  Unless otherwise specified, all products with plug and socket
connections (e.g. modular jacks and plugs) shall be tested in a mated state.

NOTE- This Standard does not address requirements for equipment connectors, media
adapters or other devices utilizing passive or active electronic circuitry (i.e., impedance
matching transformers, ISDN resistors, MAUSs, filters, network interface devices, and
protection devices) whose main purpose is to serve a specific application or provide safety
compliance.  Such cabling adapters and protection devices are regarded as premises
equipment that are not considered to be part of the cabling system.

5.3 Mechanical

5.3.1 Environmental compatibility

Connecting hardware used to terminate to 100 W balanced twisted-pair cabling shall be functional for
continuous use over the temperature range from -10°C to 60 °C. Connecting hardware shall be
protected from physical damage and from direct exposure to moisture and other corrosive elements.
This protection may be accomplished by installation indoors or in an appropriate enclosure for the
environment.
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5.3.2 Mounting

Connecting hardware used to terminate to 100 W balanced twisted-pair cabling should be designed to
provide flexibility for mounting on walls, in racks or on other types of distribution frames and standard
mounting hardware. Telecommunications outlet/connectors shall be securely mounted at planned
locations. Cables intended for future connections shall be covered with a faceplate that identifies the
outlet box for telecommunications use.

5.3.3 Mechanical termination density

Connecting hardware used to terminate to 100 W balanced twisted-pair cabling should have a high
density to conserve space, but should also be of a size consistent with ease of cable management.
To ensure that cross-connect fields may be properly administered as a means of field termination for
jumpers, contact center spacing (front side only) should not be less than 3.1 mm (0.123 in). Other
field terminated connecting hardware not classified as cross-connect devices, such as those
providing direct means of terminating cable stubs with connectors, may have closer contact spacing
as required by the interface constraints of the connector.

5.3.4 Design

Cross-connect hardware used to terminate to 100 W balanced twisted-pair cabling shall be designed
to provide:

a) means to cross-connect cables with cross-connect jumpers or patch cords;

b) means to connect premises equipment to the 100 W UTP network;

c) means to identify circuits for administration in accordance with ANSI/TIA/EIA-606;

d) means to use standard colors as specified in ANSI/TIA/EIA-606 to functionally identify
mechanical termination fields;

e) means of handling wire and cable to permit orderly management;

f) means of access to monitor or test cabling and premises equipment;

g) means for protecting exposed terminals, an insulating barrier, such as a cover or a plastic
shroud, for protecting terminals from accidental contact with foreign objects that may disturb
electrical continuity.

Transition points, consolidation points and telecommunications outlet/connectors for 100 W cable
shall be designed to provide:

a) appropriate mechanical termination means for horizontal cable runs, and
b) means of conductor identification to promote pin-pair practices consistent with clause 5.5.

Connecting hardware used to terminate to 100 W balanced twisted-pair cabling shall not result in or
contain any transposed pairs (e.g., transposition of pairs 2 and 3) or reversed pairs (also called
tip/ring reversals).

NOTE - While some network applications require that the transmit and receive pairs be
swapped, such application-specific adaptations are accomplished using adapters, work area
cords or equipment cords that are beyond the scope of this standard.

5.3.5 Reliability

To assure reliable operation over the usable life of the cabling system, the connecting hardware used
to terminate to 100 W balanced twisted-pair cabling shall meet all requirements of annex A. This
annex specifies test procedures and performance requirements for contact resistance, insulation
resistance, durability, environmental conditioning and other test designed to assure consistently
dependable and safe operation. For connecting hardware with 8position modular connectors, the
modular connection shall comply with Level A reliability requirements of IEC 60603-7. Plug and
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socket connections that conform to IEC 60603-7 are exempt from the reliability test requirements
specified in annex A.

5.4 Transmission

Connecting hardware used to terminate to 100 W balanced twisted-pair cabling shall be tested in
accordance with the transmission test methods specified in annex D. This annex describes set-up
requirement and procedures necessary for accurate and repeatable transmission testing of
connecting hardware used to terminate to 100 W balanced twisted-pair cabling.

5.4.1 Recognized categories
The recognized categories of twisted-pair connecting hardware are:

Category 5e: This designation applies to 100 W connecting hardware whose transmission
characteristics are specified up to 100 MHz.

Category 3: This designation applies to 100 W connecting hardware whose transmission
characteristics are specified up to 16 MHz.

Category 1, 2, 4 and 5 connecting hardware are not recognized as part of this Standard and,
therefore, their transmission characteristics are not specified. Category 5 transmission
characteristics, used in “legacy” cabling installations, are provided for reference in annex N.

5.4.2 Insertion loss

Insertion loss is a measure of the signal loss resulting from the insertion of a connector between a
transmitter and receiver. It is often referred to as attenuation. Insertion loss is expressed in dB
relative to the launched signal level. Insertion loss shall be measured for all connecting hardware
pairs in accordance with annex D. For all frequencies from 1 MHz to the highest referenced
frequency in MHz, connecting hardware insertion loss shall meet the values determined using
equation (27).

InsertionLoss,,, £ kix/f dB 7)

k1 = 0.10 for category 3 connecting hardware and k 1 = 0.04 for category 5e connecting hardware.

The values listed in table 19 are for information only. Calculations that result in connecting hardware
insertion loss values less than 0.1 dB shall revert to a requirement of 0.1 dB maximum.

Table 19 - C onnecting hardware insertion loss, worst pair

Frequency Category 3 Category 5e

(MHz) (dB) (dB)
1.0 0.1 0.1
4.0 0.2 0.1
8.0 0.3 0.1
10.0 0.3 0.1
16.0 0.4 0.2
20.0 - 0.2
25.0 - 0.2
31.25 - 0.2
62.5 - 0.3
100.0 - 0.4
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5.4.3 Near-end crosstalk (NEXT) loss

NEXT loss is a measure of the unwanted signal coupling from a transmitter at the near-end into
neighboring pairs measured at the near-end. NEXT loss is expressed in dB relative to the launched
signal level. NEXT loss shall be measured for all connecting hardware pair combinations in
accordance with annex D. Connecting hardware shall be tested for NEXT loss in a similar manner to
return loss for connecting hardware. For all frequencies from 1 MHz to 16 MHz, category 3
connecting hardware NEXT loss shall meet the values determined using equation (28). For all
frequencies from 1 MHz to 100 MHz, category 5e connecting hardware NEXT loss shall meet the
values determined using equation (29). The values in table 20 are provided for information only.
Calculations that result in NEXT loss values greater than 65 dB shall revert to a requirement of 65 dB
minimum.

NEXT 300 2 NEXT(16) - 20log( f /16) aB (28)
NEXT(16) shall be 18 dB for category 3 connecting hardware.

NEXT 5000 © NEXT(200) - 20log( f /100) 4B
NEXT(100) shall be 43 dB for category 5e connecting hardware.

(29)

Table 20 - Connecting hardware NEXT loss, worst pair-to-pair

Frequency Category 3 Category 5e

(MHz) (dB) (dB)
1.0 58.0 65.0
4.0 46.0 65.0
8.0 39.9 64.9
10.0 38.0 63.0
16.0 33.9 58.9
20.0 - 57.0
25.0 - 55.0
31.25 - 53.1
62.5 - 47.1
100.0 - 43.0

5.4.4 Return loss

Return loss is a measure of the reflected energy. Return loss is expressed in dB relative to the
reflected signal level. Return loss shall be measured for all connecting hardware pairs in accordance
with annex D. Connecting hardware shall be tested for return loss with a reference plug constructed
and qualified for return loss in accordance with clause D.4.1.1. For all frequencies from 1 MHz to 100
MHz, category 5e connecting hardware return loss shall meet or exceed the values determined by the
equations specified in table 21. The values in table 22 are provided for information only. Because
the return loss characteristics of connecting hardware are not considered to have a significant effect
on the link performance of category 3 twisted-pair cabling, return loss is not specified for category 3
connecting hardware.
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Table 21 - Category 5e connecting hardware return loss

Frequency Return Loss
(MHz) (dB)
1£f<315 30
315£f £100 20 — 20log(f /100) (30)

Table 22 - Category 5e connecting hardware return loss

Frequency Category 5e

(MHz) (dB)
1.0 30.0
4.0 30.0
8.0 30.0
10.0 30.0
16.0 30.0
20.0 30.0
25.0 30.0
315 30.0
62.5 24.1
100.0 20.0

5.4.5 Far-end crosstalk (FEXT) loss

FEXT loss is a measure of the unwanted signal coupling from a transmitter at the far-end into
neighboring pairs measured at the near-end. FEXT loss is expressed in dB. FEXT loss shall be
measured in accordance with annex D. For all frequencies from 1 MHz to 100 MHz, category 5e
connecting hardware FEXT loss shall meet the values determined using equation (31). The values in
table 23 are provided for information only. Calculations that result in FEXT loss values greater than
65 dB shall revert to a requirement of 65 dB minimum. FEXT loss is not specified for category 3
connecting hardware.

FEXT, 3 35.1- 20log( f /100) dB (31)

conn

Table 23 - Category 5e connecting hardware FEXT loss, worst pair-to-pair

Frequency Category 5e

(MH2z) (dB)
1.0 65.0
4.0 63.1
8.0 57.0
10.0 55.1
16.0 51.0
20.0 49.1
25.0 47.1
31.25 45.2
62.5 39.2
100.0 35.1

5.4.6 Propagation delay

In determining the channel and basic link propagation delay, the propagation delay contribution of
each installed mated connection is assumed to not exceed 2.5 ns from 1 MHz to 100 MHz.
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5.4.7 Propagation delay skew
For each installed mated connection, the propagation delay skew is assumed not to exceed 1.25 ns.

5.4.8 DC resistance

The DC resistance between the input and the output connections of the connecting hardware (not
including the cable stub, if any) used to terminate 100 W twisted-pair cabling shall not exceed 0.3 W

for category 3 connecting hardware and 0.2 W for category 5e connecting hardware at 20 °C + 3°C
when tested in accordance with ASTM D4566.

NOTE — DC resistance is a separate measurement from contact resistance as specified in
annex A. Whereas DC resistance is measured to determine the connector's ability of
transmit direct current and low frequency signals, contact resistance is measured to
determine the reliability and stability of individual electrical connections.

5.5 Telecommunications outlet/connector

Each four-pair horizontal cable shall be terminated in an eight-position modular jack at the work area.
The telecommunications outlet/connector shall meet the modular interface requirements specified in
IEC 60603-7. In addition, the telecommunications outlet/connector shall meet the requirements of
clauses 5.3 and 5.4 and the terminal marking and mounting requirements specified in ANSI/TIA/EIA-
570. Pin/pair assignments shall be as shown in figure 1 or, optionally, per figure 2 if necessary to
accommodate certain 8pin cabling systems. The colors shown are associated with the horizontal
distribution cable shown in table 1. These illustrations depict the front view of the telecommunications
outlet/connector.

NOTES

1 Although the title of IEC 60603-7 appears to limit the bandwidth of the 8way modular
connectors to 3 MHz or less, these types of connectors may be qualified for use at higher
frequencies when tested and proven to be compliant with the performance requirements
specified in clause 5.4.

2 U.S. Federal Government publication NCS, FTR 1090-1977 recognizes the T568A
designation only.

PATE 2
PATE 3 FATR 1 PATR 4
1 2 3 4 3 & 7 g

Wz G WO BL W-BL O WEE EBE

Figure 1 - Eight-position jack pin/pair assignment (T568A)
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PATE 2 FATR 1 PATE 4
1 2 3 4 3 8 7 g
WO 0 WG BL W-BEL G  WBR BR
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Figure 2 - Optional eight-position jack pin/pair assignment (T568B)

5.6 Performance marking

Connecting hardware should be marked to designate transmission performance at the discretion of
the manufacturer or the approval agency. The markings, if any, shall be visible during installation. It

is suggested that such markings consist of:

“cat 3" or” ‘ 3_ “for category 3 components.

“cat 5e” or “ ‘ 5e, " for category 5e components.

NOTES,

1 Performance markings are in addition to, and do not replace, other markings required by
listing agencies or those needed to satisfy electrical code or local building code requirements.

2 Performance marking requirements for 100 W balanced twisted-pair cabling runs are

specified in ANSI/TIA/EIA-568-B-1.
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6 CORDS AND CROSS-CONNECT JUMPERS

6.1 General

Patch cords, work area cords, equipment cords, and cross-connect jumpers used for system moves,
adds, and changes are critical to transmission performance. Annex K contains additional
specifications for ScTP patch cords and cross-connect jumpers.

6.2 Applicability

These requirements are applicable to twisted-pair conductors and cables used for patch, work area,
and equipment cords and cross-connect jumpers. Modular plugs and other connectors used for 100
W twisted-pair cable assemblies shall meet the requirements specified in clause 5.

6.3 Mechanical

Cables used to construct patch, work area, and equipment cords should have stranded conductors
and shall meet the requirements of clause 4.5. Stranded conductor cable may be used to increase
flexibility of cords. Cables used for patch cords shall meet the conductor size and color coding
specified in clauses 6.3.1 and 6.3.2, respectively. Twisted-pair conductor lay lengths for 24 AWG or
larger stranded conductors shall not exceed 15 mm (0.6 in).

6.3.1 Insulated conductor

Cables used to construct patch, work area, and equipment cords terminated with modular plug
connectors as specified in IEC 60603-7 should have an insulated conductor diameter in the range of
0.8 mm (0.032 in) to 1 mm (0.039 in) and shall not exceed 1.22 mm (0.048 in). Cross-connect
jumpers shall meet the requirements of clause 4.3.3.1 and the applicable requirements of
ANSI/ICEA-S-90-661-1994.

NOTE - A special modular plug connector may be required for cables with insulated
conductor diameter greater than 1 mm (0.39 in) or less than 0.8 mm (0.032 in).

6.3.2 Color codes

Color coding of cross-connect jumpers shall consist of one conductor with white insulation and
another conductor with a visibly distinct color such as red or blue. Color coding of cross-connect
jumpers shall consist of one conductor with white insulation and another conductor with a visibly
distinct color such as red or blue or option 1 of table 24.

Table 24 - Color codes for stranded cordage

Conductor Color code (Abbreviation) Color code (Abbreviation)
identification Option 1 Option 2
Pair 1 White-Blue (W-BL) Green(G)
Blue (BL) Red (R)
Pair 2 White-Orange (W-O) Black (BK)
Orange (O) Yellow (Y)
Pair 3 White-Green (W-G) Blue (BL)
Green (G) Orange (O)
Pair 4 White-Brown (W-BR) Brown (BR)
Brown (BR) Slate (S)
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NOTES

1 A white marking is optional.

2 Because of their identical pair groupings, patch cords terminated in either T568A or
T568B may be used interchangeably, provided that both ends are terminated with the same
pin/pair scheme.

3 The flex life of work area, patch, and equipment cords is under study.

6.3.3 Transmission requirements

Cross-connect jumpers shall meet the requirements of 4.3.4.
Cross-connect jumpers shall meet the requirements of 4.3.3.1.

6.3.3.1 Near-end crosstalk (NEXT) loss

The NEXT loss of category 5e patch, work area and equipment cords with modular plugs shall be
measured for all pair combinations in accordance with clause F.2. For all frequencies from 1 MHz to
100 MHz, category 5e modular plug, work area, and equipment cord NEXT loss shall meet or exceed
the values specified in equation (33). The values in table 25 are provided for information only.
Calculations that result in NEXT loss values greater than 65 dB shall revert to a requirement of 65 dB
minimum. NEXT loss is not specified for category 3 modular plug, work area, and equipment cords.

NOTE - The test jack described in annex J was designed to test category 5 modular plug,
work area, and equipment cords and should be adequate for category 5e modular plug cord
qualification. The development of a specific test jack for category 5e modular plug, work
area, and equipment cords is under study.

The test limit is given by:

88 - NBXT connectors (NEXTcabI g T 2XNS_ I'Oss’conn) 0
NEXT, , ° - 10|ogg10 10 +10 10 i (32)
(; -
é 2
where:
® - NEXT, - (NEXTremOte +2XIns_ Loss cable TIMS_Loss_ )
- 20 20
NEXT - ectors = 20Iog€:10 +10
¢
e
(33)
_ ef ¢
NEXTlocal = NEXTlocal 100MHz 20'09(9@5 (34)
_ ef 0
NEXT emote = NEXTremote100MHzZ ~ 20|Ogeﬁ p =
. CableLength
= X —— - 9
Ins_ Loss cable DeRating Ins_Loss xIns_ Loss cable 100m 100 (36)
- 0.46 XIns__ Loss "
- cable (37)

Q - -- O

&
NEXTcabIe = NEXTcable,lOOm - 10|Og§1- e
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where:

f is the frequency in MHz, NEXT is in dB, and cable length is in meters,

NEXT, is th NEXT | 100 MH i he local jack in dB
local 100MHz is the mated oss at 100 z assigned to the local test jack in dB, and

NEXTremotelOOl\/lHZ is the mated NEXT loss at 100 MHz assigned to the remote test jack in dB.

For the test head described in clause F.6, NEXT|ocal 100 MHz @d NEXT emote 100MHz €quals 41.0 dB.

Ins Loss is the insertion loss of 100 meters of horizontal cable as specified in clause
- cable,100m P

4.3.4.7.

Derating is the de-rating factor specified for stranded cable as specified in clause 4.5.4.
Ins_Loss

Ins__ Lossconnis the insertion loss of a compliant connector as specified in clause 5.4.2.

NEXT cable is the cable NEXT loss computed from the NEXT loss requirements for 100 meters of

horizontal cable, the insertion loss requirements for 100 meters of stranded cable, and the length
correction formula in ASTM D 4566.

N Ex-rcabl e100m

is the test limit for 100 m cable per clause 4.3.4.8.

Table 25 - Example category 5e cord NEXT loss limits using the test head in clause F.6

Frequency 2 m cord Limit 5 m Cord Limit 10 m Cord Limit

(MHz) (dB) (dB) (dB)

1.0 65.0 65.0 65.0
4.0 62.3 61.5 60.4
8.0 56.4 55.6 54.7
10.0 545 53.7 52.8
16.0 50.4 49.8 48.9
20.0 48.6 47.9 47.1
25.0 46.7 46.0 45.3
31.25 44.8 44.2 43.6
62.5 39.0 38.5 38.1
100.0 35.1 34.8 34.6
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6.3.3.2 Return loss

The return loss of category 5e patch, work area and equipment cords with modular plugs shall be
measured for all pairs in accordance with clause F.4. For all frequencies from 1 MHz to 100 MHz,
category 5e modular plug, work area, and equipment cords shall meet or exceed the values specified
in table 26. The values in table 27 are provided for information only. Return loss is not specified for
category 3 modular plug, work area, and equipment cords.

Table 26 - Category 5e cord return loss, worst pair

Frequency Category 5e
(MHz) (dB)
1£f<25 24+3log(f /25)
25£f £100 24-10log(f /25) (39)

Table 27 - Category 5e cord return loss, worst pair

Frequency Category 5e

(MHz) (dB)
1.0 19.8
4.0 21.6
8.0 22.5
10.0 22.8
16.0 234
20.0 23.7
31.25 23.0
62.5 20.0
100.0 18.0
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Annex A Reliability testing of connecting hardware for 100 W balanced twisted-pair cabling
(normative)

A.1 General

Connecting hardware reliability is critical to the overall cabling system operation. Changes in contact
resistance due to operational and environmental stress can negatively affect the transmission
characteristics of the building cabling system. Product life testing shall be accomplished by
subjecting the connecting hardware to various mechanical and environmental conditions and
measuring any resistance deviation that may occur during and after completion of the test cycle. In
addition, connecting hardware shall not show evidence of degradation with respect to ease of
mechanical termination, safety, or other functional attributes at any time during or after testing.

NOTE - The modular connectors and cable terminations may be tested separately when
connecting hardware consists of modular connector assemblies and/or cable terminations.

Connecting hardware used for 100 W balanced twisted-pair cabling shall be qualified per the test
sequence, illustrated in figure A1, when mounted and connected in accordance with manufacturer's
guidelines.  Unless otherwise specified, the measuring atmosphere should be room climate in
accordance with IEC 60068-1, clause 5.3.1. For connecting hardware with 8-position modular
connectors, the modular connection shall comply with the Level A reliability requirements of
IEC 60603-7. When connecting hardware consists of assemblies of modular connectors and cable
terminations, the modular connectors and cable terminations may be tested separately as
components. For each of the four test sequences shown in figure A.1, a minimum of 100 test
contacts shall be tested without failure. Unless otherwise specified, all products shall be tested in a
mated or terminated state.

CONTACT
RESISTANCE
IEC 60512-2
1
| 1 1 |
INSULATION DURABILITY STRESS
RESISTANCE TIA568-B.2 II;/CIIBE(')AO-I;S-NZ-6 RELAXATION
IEC 60512-2 Clause A.4 IEC 60068-2-2
THERMAL THERMAL
SHOCK SHOCK

IEC 60068-2-14

IEC 60068-2-14

HUMIDITY /
TEMP CYCLE
IEC 60068-2-38

HUMIDITY /
TEMP CYCLE
IEC 60068-2-38
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A.2 Contact resistance measurement

Connecting hardware contact resistance shall be measured in accordance with IEC 60512-2, Test
Method 2A, Millivolt Level Method and shall conform with the following requirements:

a) If voltage probes cannot be placed within 1.3 mm (0.051 in) from the connection point, bulk
resistance should be measured and subtracted out to determine contact resistance.

b) Initial contact resistance (the electrical connection, not including bulk resistance) between
elements of connecting hardware and between connecting hardware and cabling shall not
exceed 2.5 mW. Also, elements of a connecting system that are subject to more than a single
connecting operation throughout normal use shall not exhibit contact resistance in excess of
2.5 mW when initially terminated, or when re-terminated at prescribed intervals during or after
environmental conditioning.

c) Whenever contact resistance measurements are required for contacts subject to the following
environmental conditions in the terminated state, contact resistance shall not change by more
than 5 mW from the initial value.

For 2-piece connectors and shield terminations, the interface resistance of the mated contact or

shield connection shall not exceed 20 mW initially, or 40 mW at the prescribed measurement interval
during or after the environmental conditioning. As stated in clause 5.3.5, 2-piece connector interfaces
that comply with IEC 60603-7 or IEC 60807-8 are exempt from this annex.

A.3 Insulation resistance

Insulation resistance shall be measured in accordance with IEC 60512-2, Test 3a, Method C, Test
Voltage 500 VDC. Insulation resistance between any two conductors shall be at least 100 MW.
These specimens shall be used as Sample Group A.

A.4 Durability

Elements of the connecting system that are subject to more than a single connecting operation
throughout normal use shall withstand at least 200 insertion and withdrawal cycles without failing.
100 cycles are performed before thermal shock and humidity/temperature cycling tests, and an
additional 100 cycles are performed during and after these environmental tests. Contacts shall be
inspected and contact resistance shall be measured after 100 cycles. These specimens shall be
used as Sample Group B.

A.5 Vibration
Vibration tests shall be performed in accordance with IEC 60068-2-6, Test Method Fc and Guidance.

a) Test Conditions:

1) Frequency Range: 10 Hz — 55 Hz

2) Displacement Amplitude: 0.75 mm (0.03 in)

3) Sweep Cycles: 20 (each of 3 linear axes)

4) Elapsed Time: 1 hour 45 minutes (each axis)

Contacts shall be inspected and contact resistance shall be measured after vibration cycling of each
axis.

A.6 Stress relaxation
Stress relaxation tests shall be performed in accordance with IEC 60068-2-2, Test Method Ba.

a) Test Conditions:

1) Test Temperature: 70°C+2°C
2) Test Period: 500 hours

37



TIA/EIA-568-B.2

Contacts shall be inspected and contact resistance shall be measured at 168 hour £ 10 hour
intervals.

A.7 Thermal shock

Thermal shock testing shall be performed in accordance with IEC 60068-2-14. Test Method Nb.
One-half of the Sample Group A terminals shall be tested in a mated (terminated) state. The
remaining Sample Group A terminals shall be tested in an unmated (un-terminated) state. Sample
Group B terminals shall be tested in mated (terminated) state only.

a) Test Conditions:

1) Low Temperature: -40°Ct2°C
2) High Temperature: 70°C+2°C
3) Minimum Average Transition Rate: 3 °C/min.

4) Exposure Time: 30 min.

5) (each temperature)

6) Number of cycles: 100

7) Sample Group B shall be subjected to 33 insertion and withdrawal cycles after 50
temperature cycles.

Contacts shall be inspected and contact resistance shall be measured after 50 cycles + 5 cycles and
at the completion of test cycling. These specimens shall be used for humidity/temperature cycle
testing.

A.8 Humidity/temperature cycle

Humidity/temperature cycle testing shall be performed in accordance with IEC 60068-2-38, Test
Method Z/AD with cold subcycle. One-half of the Sample Group A terminals shall be tested in a
mated (terminated) state. The remaining Sample Group A terminals shall be tested in an unmated
(un-terminated) state. Sample Group B terminals shall be tested in mated (terminated) state only.

a) Test conditions:

This test is performed only on product that has passed thermal shock testing.

1) Low temperature: 25°Cx2°C
2) High temperature: 65°C+2°C
3) Cold sub-cycle: -10°C+x2°C
4) Relative humidity: 93% * 3%
(at high and low temperatures)
5) Cycle time: 24 hours
6) Number of cycles: 21

7) Sample group B shall be subjected to 33 insertion and withdrawal cycles after 7 days and
an additional 34 cycles after 21 days.

Contacts shall be inspected and contact resistance shall be measured for Groups A and B and
insulation resistance shall be measured for Group A only immediately upon removal from the test
chamber at seven-day intervals and after final drying. Recovery of insulation resistance from a humid
state to least 100 MW shall occur within 1 hour.

A.9 Other testing

Connecting hardware that is used for termination to 100 W balanced twisted-pair cabling shall comply
with the safety and performance requirements of UL 1863 and other applicable codes.

38



TIA/EIA-568-B.2

Annex B Test equipment overview (normative)

B.1 General test configuration

The transmission tests described in this standard typically require the use of a network analyzer or
equivalent, coaxial cables, baluns, UTP test leads, and impedance matching terminations. Network
analyzers provide capability © correct for source and load port inaccuracies and measurement errors
due to output port gain errors and measurement port sensitivity. In addition, signal leakage from the
output port to measurement port can be compensated. Each setup component shall be qualified to a
measurement bandwidth of at least 1MHz to the highest test frequency that is specified. Equivalent
test set-ups may be used. This annex discusses in detail:

Network analyzer requirements

Balun requirements

Impedance matching termination requirements
Other interconnect cabling requirements

B.2 Balunrequirements

Balun transformers are used to convert the unbalanced measurement capability of the network
analyzer to the balanced terminals of the cabling interface. The performance of baluns used during
testing shall be specified over the frequency range of interest and exhibit minimum performance
specified as in table B-1.

Table B.1 - Test balun performance characteristics

(1 MHz-100 MHz)

Parameter: Value:

Impedance, Primaryl) 50 W unbalanced
Impedance, Secondary 100 W balanced
Insertion loss 1.2 dB maximum
Return Loss, Bi-directional® 20 dB minimum
Return Loss, Common Mode? 20 dB minimum
Power Rating 0.1 watt minimum
Longitudinal Balance® 60 dB minimum
Output Signal Balance® 50 dB minimum
Common Mode Rejectionz) 50 dB minimum

1) Primary impedance may differ, if necessary, to accommodate analyzer outputs other
than 50 W.

2) Measured per ITU-T (formerly CCITT) Recommendation G.117 with the network
analyzer calibrated using a 50 W load.

3) This parameter is measured at the center tap input with the balanced terminals and
ground connected together through two 50 W resistors in a “Y” or equivalent
configuration line to line and a 25 W resistor to ground. The primary balun input should
be connected to a 50 W termination.
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B.3 Ground plane requirements

The baluns at the near-end shall be bonded to a ground plane. Any baluns and common mode
nodes used at the far-end shall also be bonded to a ground plane. Refer to clause G.6 for further
ground plane considerations.

B.4 Network analyzer requirements

The network analyzer shall provide a sinusoidal reference signal source and receiver in one unit and
shall provide the ability to measure amplitude and phase response over a specified frequency range
for cabling or cabling components under test. In addition, the performance of the network analyzer
shall be specified over the frequency range of interest and the network analyzer shall include
functionality to perform two-port and one-port calibrations.

B.5 Impedance matching terminations

Either balun terminations or resistive terminations may be used for the termination of far-end pairs
under test and for the termination of the unused near-end and far-end pairs, although resistor
terminations are recommended for improved measurement accuracy. For every measurement
parameter, all ports of the device under test (both near-end and far-end) shall be terminated as
specified (i.e. differential only terminations ae required for some tests, while other tests may require
common mode terminations at the near-end and differential only terminations at the far-end of the
DUT). In all cases, the type of termination shall be consistent between all pairs at each end (i.e.
common mode and differential only terminations are not mixed for the near-end of the DUT or the far-
end of the DUT).

B.5.1 Balun terminations

Baluns used for termination shall comply with the requirements of clause B.2. The common mode
termination resistor applied to the common mode port of the balun shall be 50 W +1 %.

B.5.2 Resistor terminations

Resistors used for differential mode termination shall exhibit impedance of 100 W = 0.1 % (two times
50 W £ 0.1 %) as shown in figure B.1. The resistors used for common mode terminations shall
include the addition of a common mode 25 W + 1 % resistor as shown in figure B.1. In this case, the
common mode impedance formed by the 25 W resistor in series with the two 50 W resistors in parallel
provides for a total common mode impedance of 50 W.

50 W£0.1% 50 W0.1%
100 W+ 0.1%

— -

L 1
25W+1%
Common mode resistor Differential mode resistor
termination termination

Figure B.1 — Resistor termination networks

Additionally,

1) Small geometry chip resistors shall be used for the construction of resistor terminations.

2) The two 50 W differential mode terminating resistors shall be matched to within 0.1 % at DC.

3) The length of connections to impedance terminating resistors shall be minimized (lead lengths of
2 mm (.08 in) or less are recommended).
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B.5.3 Termination performance at test interface

The performance of impedance matching terminations shall be verified by measuring the return loss
of the termination at the test interface to the device under test. For this measurement, a one port
calibration is required using the calibration reference load. The return loss of the load termination
shall be 20 dB or better over the frequency range of the measurement. (There is a relaxation of the
return loss requirement to 15 dB from 1 to 3 MHz for balun terminations.)

NOTE - The 20 dB return loss requirement above results in better performance at
frequencies below the upper frequency Ilimit for resistor terminations versus balun
terminations. It is for this reason that resistor terminations are recommended, even though
the performance requirements (as specified here) are essentially the same.

B.6 General calibration and reference plane of measurements

For all measurement configurations, the reference plane represents the location where calibration
devices are connected to the test setup (see figure B.2). The reference plane is defined at the test
interface and is the point of connection between the device under test and the fixed portion of the test
fixture.

Reference plane of calibration
Baluns

Rcom

Network
Analyzer

Rcom

Test interface

- <=

Figure B.2 - Reference plane of measurement

The reference plane location can be established based on:
Formal definitions of reference planes for cabling (e.g., reference plane for the channel or
permanent link).
Proximity to the cabling or cabling component under test to avoid introduction of measurement
errors (i.e. from the network analyzer, baluns and interconnect wiring).
Convenience of connecting devices to be tested.
Minimizing disruption of the transmission performance at the location where devices are
connected, particularly to avoid reflections and parasitic crosstalk effects.

NOTE - The reference plane can be at the location of the balun terminals. In this case, the
measurement system does not include a segment of twisted pair wires.

There are two commonly used calibration methods:

Two-port calibration used for through measurements that involve an output port and a
measurement port (insertion loss, NEXT loss, and FEXT loss).

One-port calibration used when making one-port (return loss) measurements. In this case, the
remote end of the device under test is terminated using a resistive circuit. It is possible to use a
two-port calibration for one-port measurements. In this case, one port provides the balun
termination at the remote end and its return losses are calibrated out of the measurement.
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Both one-port and two-port calibrations require reflection calibration that corrects for imperfect source
and load impedance of the measurement system, including the near- and far-end measurement ports
of the network analyzer, baluns and interconnections up to the location of the reference plane.
Reflection calibration typically involves connecting open, short, and load calibration devices at the
location of the reference plane. Absolute measurement accuracy is determined by the accuracy of
the calibration load. Refer to clause B.6.1.1 for additional information.

In addition to the reflection calibration, transmission and isolation calibrations are also required for
two-port calibrations.  Transmission calibration requires interconnecting the near- and far-end
measurement ports at the location of the reference plane with a known reference. The reference may
be a short piece of twisted-pair conductors. Isolation calibration is only required if there is significant
crosstalk between the near- and far-end measurement ports at the location of the reference plane. ff
the level of uncompensated crosstalk at this location is near the noise floor of the network analyzer,
then the isolation calibration may be omitted. If used, during isolation calibration, the near- and far-
end measurement ports should be terminated into 100 W at the location of the reference plane.

B.6.1 Calibration references

Internal test calibration standards within the instrument shall be adjusted to reflect the characteristics
of the actual standards used for calibration as specified by the instrument manufacturer. Typical
parameters for a network analyzer using open-short-load-through calibration standards are open
circuit capacitance, short circuit inductance, through offset delay and offset Z,. Test facilities should
maintain appropriate documentation detailing the calibration procedures and calibration standard
values used and the expected accuracy. See annex H for typical test equipment performance
parameters.

B.6.1.1 100 W reference load measurement procedure

Impedance terminations shall be calibrated against a 50 W coaxial load, traceable to an international
reference standard.

The calibration reference load shall be equal to the nominal impedance of twisted-pair cabling defined
in this Standard, which is 100 W. The reference load(s) for calibration shall be placed in an Ntype
connector according to IEC 60169-16 (i.e. designed for panel mounting and machined flat on the
back side). The load(s) shall be fixed to the flat side of the connector and distributed evenly around
the center conductor. One port full calibrations shall utilize the 50 W coaxial calibration reference.

The reference load may be compared directly to the 50 W calibration reference. In this case, an
additional source of uncertainty is introduced by the network analyzer. Refer to the test equipment
manufacturer's guidelines for additional information on calibration device and network analyzer
measurement uncertainty. Another method is to place two 100 W reference loads in parallel. In this
case, the uncertainty introduced by the network analyzer is negligible and the accuracy of the two 100
W reference loads in parallel is determined by the accuracy of the 50 W calibration reference. It may
be assumed that either method will result in approximately the same uncertainty for a single, 100 W
reference load.

Care must be used to maintain symmetrical calibration load positioning with reference to the ground
connection.

B.6.1.2 100 W reference load return loss requirement

The verified return loss of the 100 W reference load shall be >40 dB from 1 MHz to the highest
referenced frequency in MHz.
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Annex C Testing of cable (normative)

C.1 Insertion loss of cable

C.1.1 Test configuration for cable insertion loss

The following requirements apply to the test configuration for cable insertion loss and for other
components, assemblies, and test parameters as indicated by reference.

Network Analyzer
out in

50 @ @ 50
.

N

| aue|d punolo |

Cable/Cabling

test interface
under test

X

Low impedance

connection

Figure C.1 - Schematic diagram of the laboratory test configuration for insertion loss, FEXT
loss or ELFEXT, and propagation delay

The detailed schematic diagram of the balun is shown once in figure C.1. The connection labeled “C”
represents the connection to the common mode port, the connection labeled “D” represents the
connection to the unbalanced port, and the connection labeled G” represents a connection to the
ground plane.
NOTES,
1 If 2-port calibration is used, and the remote end of the same twisted-pair tested is
connected to the load input of the Sparameter test set, the result reported by the network
analyzer will be corrected for source and load return losses.
2 Shields and screens, if any, should be bonded (low inductance connections) to the local
and remote measurement grounds.
3 The connection of local and remote grounds through the network analyzer is not
expected to have a significant influence on the measured results.
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The test interfaces shall provide a high quality interface to the calibration reference devices used
during two-port and one-port calibration of the network analyzer, as well as provide a convenient
connection to the cabling or cabling component under test.

C.1.2 Calibration for cable

The following requirements apply to calibration for cable insertion loss, and for other components,
assemblies, and test parameters as indicated by reference. Two-port calibration and measurement
methods, which include compensation for the balun response, shall be used for insertion loss, NEXT
loss and FEXT loss measurements.

C.1.2.1 Two-port calibration of the test system

A two-port calibration utilizing load, open, and short reference calibration devices shall be specified
when calibrating reflections. Transmission calibration requires interconnecting the near- and far-end
measurement ports at the location of the reference plane with a known reference. The reference may
be a short piece of twisted-pair conductors. Isolation calibration is only required if there is significant
crosstalk between the near- and far-end measurement ports at the location of the reference plane. If
the level of uncompensated crosstalk at this location is near the noise floor of the network analyzer,
then the isolation calibration may be omitted. If used, during isolation calibration, the near- and far-
end measurement ports should be terminated into 100 W at the location of the reference plane.

C.1.3 Measurement of cable insertion loss

Measure the S21 parameter with the pair under test connected to the network analyzer at both the
near-end and the far-end.

44



TIA/EIA-568-B.2

C.2 NEXT loss of cable

C.2.1 Test configuration of cable NEXT loss

Figure C-2 depicts the typical schematic diagram for testing cable NEXT loss and return loss.
Resistive type terminations are generally preferred for unused pairs at the far-end because of better
return loss performance. The detailed schematic diagram of the balun is shown once in figure C.2.
The connection labeled “C” represents the connection to the common mode port, the connection
labeled “D” represents the connection to the unbalanced port, and connection labeled “G” represents
a connection to the ground plane.
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= = test interface B - —
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< S N
f [
S 3
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z 3@ _“ Cabling under test
R =
3 8
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Figure C.2 - Schematic diagram of the laboratory test configuration for NEXT loss and return
loss

C.2.2 Calibration of cable NEXT loss

A two-port port calibration, as described in clause C.1.2, is required to calibrate NEXT loss. A two-
port calibration is required between all six pair combinations at the near-end of the cable test interface
if four baluns are used.

C.2.3 Measurement of cable NEXT loss

Measure the S21 parameter with the network analyzer connected to each of the 6 pair combinations
in a four pair cable, or each pair combination in a multi-pair cable.

C.3 ELFEXT of cable
C.3.1 Test configuration of cable ELFEXT

The cable ELFEXT test configuration shall be as described in clause C.1.1. ELFEXT is a calculation
of the measurements of FEXT loss and insertion loss.
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C.3.2 Calibration of cable FEXT loss

A two-port calibration, as described in clause C.1.2, is required to calibrate FEXT loss. A two-port
calibration is required between all 12 pair combinations of the cable if more than two baluns are used.

C.3.3 Measurement of cable FEXT loss

Measure all 12 pair combinations for cable FEXT loss, launching from one end only. It is not
necessary to measure cable FEXT loss from both ends due to reciprocity.

C.4 Return loss of cable

C.4.1 Test configuration of cable return loss

The cable return loss test configuration shall be the same as the insertion loss test configuration
described in clause C.2.1.

C.4.2 Calibration of cable return loss
A one- or two-port calibration, as described in clause C.1.2, may be used to calibrate return loss.

C.4.2.1 One-port calibration of the test system

If a one-port calibration is used, then load, open, and short calibration references shall be used.

C.4.3 Measurement of cable return loss
Measure the S11 parameter with the network analyzer connected to each pair on the near-end.
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Annex D Testing of connecting Hardware (normative)

D.1 Insertion loss of connecting hardware

D.1.1 Test configuration for connecting hardware insertion loss

The following requirements apply to the test configuration for connecting hardware insertion loss and
for other test parameters as indicated by reference. The test methods and setup requirements
described herein apply to one (1) or more pairs of twisted-pair conductors. The nature of these tests
is such that, when conducted properly, worst case transmission performance may be determined for
a specific connector, regardless of the number of pairs that it is capable of terminating. Connecting
hardware transmission testing shall be conducted upon products terminated per manufacturer's
guidelines and recommended installation methods unless otherwise specified. For connecting
hardware with modular interface components (i.e. plug and jack connectors), transmission tests shall
be performed in a mated state. Test plug requirements are specified in clauses D.4 and D.5 using
the de-embedding method specified in clause D.6.4.

UTP test leads are used for connections between the test interface and the test sample. Test leads
may te 24 AWG and should be taken from cables that meet or exceed requirements for the same
category of the connector to be tested. Test leads for modular test plugs may also be taken from the
same category patch cable. UTP test leads shall be limited to a length of 75 mm (3 in) between each
balun and the connector under test. Test leads connecting to the plug and jack shall be pre-qualified
before they are attached to the device under test. Test leads shall be part of the transmission
calibration in order to exclude their insertion loss contribution from the data. Each test lead shall be
terminated with a terminating reference 100 W load as specified in clause B.5 and the return loss
when connected to the test header shall exceed 35 dB from 1 MHz to 100 MHz. The test
configuration for insertion loss is shown in figure D.1.

For the purpose of testing connecting hardware mated performance, the reference plane shall be as
defined in clause B.6. Connecting hardware shall be defined as a mated plug and jack, with cable
terminated to both. The connector is considered to begin at the point where the sheath of the cable is
cut or the point inside the sheath where the cable conductor geometry is no longer maintained. The
portion of the cable [typically 12 mm (0.5 in) or less] that is disturbed by the termination shall be
considered to be part of the connector under test. Unless otherwise specified for a specific test, the
performance of the entire mated connector shall be assessed.

D.1.2 Calibration
The calibration requirements of clause C.1.2 are applicable to connecting hardware.

D.1.3 Measurement of connecting hardware insertion loss

Measure connecting hardware insertion loss per the requirements of clause C.1.3. A low RF
impedance connection between the local and remote ground planes should be provided for the
measurement of connecting hardware insertion loss.

D.2 NEXT loss of connecting hardware

D.2.1 Test configuration for connecting hardware NEXT loss

Because many telecommunications networking implementations employ common mode terminations
in active equipment, it is important that the cabling components perform consistently and meet
transmission requirements both with and without common mode terminations in place. For this
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reason, it is necessary to specify a transmission test setup that will allow for testing NEXT loss both
with and without common mode terminations on the active and inactive test leads. Connecting
hardware transmission testing for NEXT loss shall be performed with the following test configurations:

a) Without common mode terminations on either end. (Connection labeled “C” in figure D2
remains open).

b) With common mode terminations at least on the near-end. (Connection labeled “C” in figure
D-2 is connected to a 50 W termination, as shown). Common mode terminations on the far
end are optional.

All inactive pairs on the test sample shall be terminated with differential mode terminations in a) and
differential plus common mode terminations in b). Modular test plugs used for the transmission
testing of connecting hardware shall be qualified per clause D.5 and table D.4. There are no
requirements for category 3 modular test plugs — any test plug may be used for category 3 connecting
hardware qualification. Category 5e connecting hardware shall be tested and meet all of the
requirements for NEXT loss with a complete set of worst case test plugs (there are 9 worst case
values).

The measurement setups shown in figures D.1 and D.2 may be used to assess NEXT loss for various
types of connectors. Although this method may not be directly applicable to all types of connecting
hardware, it is shown to illustrate a setup that is accurate, simple to implement and that will allow a
large number of connectors to be characterized in a short period of time. Setup variations that yield
equivalent results are also acceptable. The four twisted-pair test leads extending beyond the cable
jacket are oriented 90° with respect to one another. The ends of the twisted-pair conductors are
connected to measurement taluns. The lengths of the pairs are adjusted to just reach the reference
plane with the two pairs being measured in opposite directions coming out of the test plug (180°
apart).
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Figure D.2 - NEXT loss measurement setup with differential terminations

D.2.2 Calibration of connecting hardware NEXT loss

Connecting hardware NEXT loss calibrations shall be performed in accordance with clause C.1.2.
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D.2.3 Measurement of connecting hardware NEXT loss

Product orientation, with respect to the near- and far-end, may affect measurement results. Due to
these effects, the connector shall be tested in both test directions for NEXT loss. Measure the S21
parameter with the network analyzer connected to each of the 6 pair combinations in a four pair
connector. For multi-pair connectors, all pair combinations at each end shall be measured.

D.3 FEXT loss of connecting hardware

D.3.1 Test configuration of connecting hardware FEXT loss

Test leads shall be connected to both ends of the test sample. The connecting hardware FEXT loss
measurement procedure is similar to the standard setup for testing near-end crosstalk. Figure D3
depicts a schematic version of a test setup that provides accurate and repeatable results. This figure
shows four balun terminations to the near-end of the test fixture with 50 W common mode
terminations to center tap of the balun. The common mode terminations are removed fr testing with
differential mode only terminations. Common mode terminations at the far-end of the test sample are
optional for category 5e. Refer to clause B.5 for information on the construction of the common mode
termination. A low RF impedance connection between the local and remote ground planes should be
provided for FEXT loss measurements of connecting hardware.

Test plugs qualified per clause D.5 shall be used in determining the FEXT loss performance for the
category of connecting hardware under test. The full set of worst-case modular test plugs covering all
nine worst-case NEXT loss conditions shall be used when testing a modular outlet connector for

FEXT loss.
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Figure D.3 - Network analyzer FEXT test setup

D.3.2 Calibration of connecting hardware FEXT loss
Connecting hardware FEXT loss calibrations shall be performed in accordance with clause C.1.2.

D.3.3 Measurement of connecting hardware FEXT loss
Connecting hardware FEXT loss measurements shall be performed in accordance with clause C.3.3.
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D.4 Return loss of connecting hardware

D.4.1 Test configuration of connecting hardware return loss

A 75 mm (3 in) maximum length twisted-pair lead shall be used to connect the device under test to
the network analyzer balun interface. The twisted-pair lead shall have a return loss of greater than 35
dB for all frequencies from 1 MHz to 100 MHz when measured with a 100 W reference load as
specified in clause B.5. The conductor pairs shall be disturbed to the minimum extent possible after
verification of return loss and when making connections to the device under test.

D.4.1.1 Return loss reference plug

A return loss reference plug shall be constructed following the practices specified for the
de-embedded reference plug described in clause D.5.4. The return loss reference plug shall be
verified to exhibit return loss as shown in table D.1 prior to removing the load resistors. If the
measured return loss of the reference plug is worse than specified, then the test leads may be
adjusted until the return loss satisfies the requirements of table D.1.

NOTE — One method to adjust the test lead return loss is to alter the twist rate.

Table D.1 - Performance of the return loss reference plug

Plug Pin Return Loss
Combination (dB)
3,6 30-32 dB
1,2 > 35 dB
4,5 >35dB
7,8 >35dB

After the return loss performance of the reference plug is verified, the load resistors are removed from
the reference plug. The connecting hardware return loss shall be measured with the jack mated to
the qualified return loss reference plug.

D.4.2 Calibration of connecting hardware return loss
Connecting hardware return loss calibrations shall be performed in accordance with clause C.4.2.

D.4.3 Measurement of connecting hardware return loss

Product orientation, with respect to the near- and far-end, may affect measurement results. Due to
these effects, the connector shall be tested in both test directions for return loss. Measure the S11
parameter with the network analyzer connected to each pair on each end.

D.5 Test plugs for connecting hardware

D.5.1 Scope

This clause specifies the test procedure for 100 W UTP modular test plugs that are intended for the
transmission performance verification of eight- position modular (IEC 60603-7 compatible) connecting
hardware.  Construction techniques and qualification of both de-embedded reference plugs and
modular test plugs is provided. When implemented properly, this qualification procedure assures that
accurate and repeatable transmission test measurements will k& performed with minimal variations
between test facilities and personnel. It should be noted that the same plug qualification
requirements apply to transmission testing in either direction.

D.5.2 Applicability

For the purposes of this Standard, a modular test plug consists of short lengths of solid or stranded
UTP twisted-pair conductors with a modular plug terminated on one end. Modular test plugs may be
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constructed from cross-connect (patch) and equipment cords. Clause D.7 specifies a systematic
termination procedure that may be used to manufacture a set of plugs likely to satisfy the modular
test plug requirements of clause D.6.10.

D.5.3 General test plug requirements

Because of variations that are inherent to terminating twisted-pair cables to modular plugs (and to a
lesser extent, modular jacks), the following requirements and guidelines have been developed to
verify modular connecting hardware performance. The de-embedding procedure is expected to yield
a mated NEXT loss accuracy of +1 dB at the category 5e connecting hardware test limit. Any test
plug may be used for category 3 connecting hardware qualification. Modular test plug requirements
are not specified for category 3 connecting hardware.

D.5.4 De-embedding reference NEXT plug construction

De-embedded reference plugs are constructed from solid twisted-pair conductors from category 5 (or
better) cross-connect wire. All twisted-pairs shall be of the same color, design, and twist rate.
Caution shall be used to minimize air gaps between the conductors of the pair. A 152 mm (6 in)
piece and four 89 mm (3.5 in) pieces of twisted-pair conductors are selected. These twisted pair
lengths shall have return loss in excess of 35 dB from 1 MHz to 100 MHz when measured using a
terminating reference 100 W load as specified in clause B.5.2.

The de-embedded reference plug shall be 76 mm (3.0 in) long, including the test leads as shown in
figure D.4. The normalizing jumper shall be 152 mm (6.0 in) long. The completed conductors will
extend 6.4 mm (.25 in) +/- 1 mm (.04 in) beyond the nose of the plug.

—
100 W gg; A
resistors = —
13 mm (0.5 in) < =T
- 76 mm (3 in) =

Figure D.4 - De-embedding plug reference

To construct the reference plug, take a standard plug body that conforms to the dimensional
requirements of IEC 60603-7 in which the 8 conductors are parallel for 13 mm (0.5 in) and at the
same height. Mill off the back end, where the strain relief is, so that the plug is 13 mm (0.5 in) long
from the plug nose where the contacts are to the back of the plug. Using a 1.0 mm (0.04 in) diameter
drill, drill 8 conductor paths through the nose, so that the individual wires can be extended through the
nose. Untwist about 25 mm (1.0 in) of one end of the four 89 mm (3.5 in) long twisted pair wires.
Strip off 1.0 mm (.04 in) of insulation from the untwisted end, so that chip resistors can be soldered
there later. Place the leads in the plug. They shall be inserted far enough so that exactly 63 mm (2.5
in) of twisted-pair conductors exit at the rear of the plug. All of this twisted-pair lead kngth shall
remain twisted. The pair terminated on pins 3,6 will have to be split apart, but the pair should be bent
together as soon as practical after it exits from the nose. On the back end of the plug, insert the pair
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terminated on pins 3,6 toward the locking tab and the pair terminated on pins 4,5 away from the
locking tab.

Set the plug blades into the wires.
Verify continuity.

Trim the leads protruding from the nose of the plug to 6.4 mm (0.25 in) + 1.0 mm (0.04 in). Arrange
the conductors according to figure D.5.
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Figure D.5 - Orientations of wires on de-embedding reference plug
NOTES,

1 The insulation of the twisted pairs are touching one another throughout their length.

2 The pair terminated on pins 3,6 is bent back together as quickly as possible after it exits
the plug nose.

3 Conductors 2 and 7 are bent away from conductors 3 and 6, respectively to maximize the
distance and minimize the coupling between loops 3,6 and 1,2 and 3,6 and 7,8.

4  The twisted-pair conductors are bent at a 45 degree angle to the plug axis. This ensures
that all of the pairs are orthogonal and minimizes their coupling.

5 Conductors 3 and 6 are bent toward the locking tab and conductors 4 and 5 are bent
toward the blades.

Solder 0603 package size precision 100 W +/- 0.1 % chip resistors to the conductor tips as shown.

When the twisted-pairs exit from the back of the plug body, they are bent at a 45 degree angle away
from the plug axis. The pair terminated on pins 3,6 is bent towards the plug tab and the pair
terminated on pins 4,5 is bent away from the plug tab. The back of the plug should be stabilized with
encapsulant.

D.5.5 Set up and calibration

Network analyzer source power shall be set to +10 dBm minimum. Since test plug characterization
involves three measurements and subtractions between the measurements, it is necessary to collect
all three measurements at the same frequencies. Frequency steps shall be no greater than 1 MHz.

Calibrate the network analyzer using a full two-port calibration. Use open, short, and load standards
directly on the balun, and use a 152 mm (6 in) twisted-pair test lead as the through calibration
standard.
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After physically re-terminating with the load, cable and switching apparatus shall maintain
measurement stability as shown in table D.2 throughout the frequency range of 1 MHz to 100 MHz.

Table D.2 - De-embedding measurement stability

Measurement parameter Reference value
Insertion loss +0.02 dB
Return loss 3 55dB

D.5.6 De-embedding reference plug NEXT loss measurement

Measure the NEXT loss of the de-embedding reference plug on all 6 pair combinations. Remove the
resistors and the wires coming from the nose to the resistors.

Care must be exercised in measuring the real and imaginary components of crosstalk to ensure that
pin polarity is maintained when connecting the test leads to the test balun terminals (e.g. use the
convention of attaching the white lead to pin 1 of the terminal connection throughout). For all
measurements, data may be collected in 1 MHz increment steps from 1MHz to 100 MHz. It is
recommended that the terminal connections be labeled for polarity.

D.5.7 De-embedding reference NEXT jack construction
Construct a de-embedding reference jack as follows:

Mount a Molex part number 52018-8845 right angle PWB mountable jack onto a PWB with 100 W

controlled impedance traces leading to mounting places for resistors. An example PWB is shown in
figure D.6. Mount precision 100 W +/- 1 % chip resistors on the jack PWB.
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Figure D.6 - Example of PWB with impedance matched traces
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The de-embedding reference jack consists of an uncompensated printed wiring board mountable jack
with 100 W resistors connected to its terminals, as shown in figure D.7. The resistors shall be
oriented orthogonally to each other.

Figure D.7 - De-embedding reference jack

D.5.8 De-embedding reference jack NEXT loss measurement

Measure the NEXT loss of the de-embedding reference plug mated to the de-embedding reference
jack for all 6 pair combinations as shown in figure D.8. Maintain correct wire pair polarity as specified
in clause D.6.5.

Calculate the NEXT loss vector of the reference jack as the difference between the mated plug and
jack vector and the reference plug vector at each measurement frequency.
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Figure D.8 - De-embedding reference plug mated with the de-embedding reference jack

The real and imaginary de-embedding reference plug results shall be subtracted from the real and
imaginary mated plug and jack results. This yields a NEXT loss value at each frequency point from
1 MHz to 100 MHz for the reference jack de-embedded from the reference plug.

The NEXT loss components of the unmated reference jack, Re; and Im;, are calculated using
equations (D-1) and (D-2).

Re, =(Re; - Re;) 1)

Im; =(Img, - Im;) (D-2)
D.5.9 Test plug NEXT measurement

Measure the NEXT loss of the test plug mated to the de-embedding reference jack on all 6 pair
combinations as shown in figure D.9.
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Figure D.9 - Test plug mated to the de-embedding reference jack

The test plug NEXT loss vector is the difference between mated test plug and reference jack vector
and the reference jack vector calculated in clause D.5.8.
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The NEXT components of the test plug, Rerp and Imp are calculated using equations (D-3) and (D-
4.

Re =(Reqpe; - Re;) (D-3)
Imp, =(IMppg ;- IMy) (D-4)

The logarithmic magnitude of the NEXT loss, in dB’s, of the unmated modular test plug NEXT loss, is

calculated using equation (D-5).
NEXT :-20Iog§1/ReTP2+Imszg (D-5)

The phase of the resultant is calculated using equation D-6.
Im
phase deg = tan™* —= (D-6)

S

Phase shall be recorded with consideration that phase angle sign information is not dropped. The
guidelines in table D.3 will help to ensure that phase angle sign is calculated correctly.

Table D.3 - Guidelines on phase angle sign calculation

Magnitude of Real Magnitude of Phase Angle
Component Imaginary Component (degrees)
0 >0 90
0 <0 -90
>0 any magnitude tan? Imp
Rep
<0 >0 tan 1M 150
Rep
<0 <0 tan' L. _ 180
Rep
<0 0 180
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D.5.10 Modular test plug qualification

Once the test plug is terminated, its characteristics shall be verified by measuring its de-embedded
NEXT loss as described in this clause. For each of the six (6) pair combinations, the measured de-
embedded NEXT loss at 100 MHz shall fall in the ranges shown in table D.4. At least one test plug
shall exhibit worst case performance at or outside the compliant range for each pair combination (for
a total of 9 worst cases). In addition, for the pairs terminated on pins 4&5— 3&6, the difference
between the test plug de-embedded NEXT loss measured at 100 MHz and the test plug de-
embedded NEXT loss measured at 10 MHz should be 20 dB + 0.5 dB.

Table D.4 - Test plug de-embedded NEXT loss selection at 100 MHz

Pin
Combination Category Se

Range (dB) Phase (degrees)
485 — 3&6 34.4-37.6 -90 £ 10
386 - 1&2 42 — 50 -90 + 20
386 — 7&8 42 — 50 -90 + 20
485 — 1&2 3 50 90 + 30 or 90 + 30
485 — 7&8 3 50 90 + 30 or 90 + 30
1&2 — 7&8 3 60 90 + 30 or 90 + 30

When a test plug is selected that exhibits worst case performance for one pair combination, it shall be
verified that all other pair combinations fall within the total range specified.

D.6 Modular test plug construction

It is necessary to obtain a set of test plugs that complies with clause D.6.10, to perform connecting
hardware testing. It is acceptable to obtain these test plugs by cutting them from the ends of
production patch cords. Because of the variation in production cords, and the large number of plugs
that might be required to obtain test plugs, the following alternate procedure is suggested.

D.6.1 Test plug termination

Two types of plug style, a one-piece design and a two-piece (insert) design are recommended for
constructing modular test plugs. The one-piece modular plug maintains the conductors parallel and
co-planar within the plug body for a length of approximately 12 mm (0.5in) as shown in figure D-10.
The two-piece (insert) design maintains the conductors parallel and situated in two planes in which
alternate conductors are in each plane as shown in figure D11l. Some one-piece and two-piece
(insert) modular plugs are supplied with an additional insert that can maintain the conductor positions
within the plug body in the same orientation as in the nose of the plug. These inserts may also be
used to re-orient the conductors within the plug body. For some of the plugs constructed by this
method, it will be necessary to use more than one insert inside of the plug body to maintain the
conductor orientation.
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Figure D.10 - Example of a one-piece modular plug

Figure D.11 - Example of a two-piece (insert) modular plug

D.6.1.1 Test plug construction

One plug can be constructed that will satisfy the worst case conditions of table D.4 for pin
combinations 1&2 — 3&6, 4&5 — 3&6, and 3&6 - 7&8. Begin with a standard plug and cut the plug to
11 mm (0.45in) in length as shown in figure D.12. Insert 75 mm (3.0 in) twisted-pair conductors into
the plug so that the pairs are parallel within the plug body. As the conductors exit the plug body,
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bend them so that they are orthogonal to each other. Crimp the plug contacts and trim the
conductors to approximately 64 mm (2.5in) for connection to the test equipment. Measure the de-
embedded NEXT loss values of the plug and adjust the conductors as necessary where they exit the
plug to achieve the desired values. When these values are obtained, carefully remove the plug from
the test apparatus without disturbing the relationship of the conductors. Apply hot-melt glue around
the conductors where they exit the plug body to secure them in place. Re-measure the plug. If the
values are now outside of the desired ranges, the plug may be re-heated using a hot-air source to
soften the hot-melt glue enough to adjust the conductors. Alternatively, another sample may be
constructed.

11.4 mm (.451n)

Figure D.12 - Plug dimension for worst case 1&2 - 3&6, 4&5 - 3&6, and 3&6 - 7&8 pin
combinations

A second plug may be constructed that embodies the best case requirement for pin combination
3&6 - 4&5. For this plug, begin with an two-piece (insert) modular plug and remove the strain relief
section of the plug body 7.6 mm (0.3 in) from the nose of the plug as shown in figure D.13. Position
one wire guide insert into the plug body (depending on plug design) and then insert 75 mm (3.0 in)
twisted-pair conductors into the proper holes of the plug insert. Carefully crimp the modular plug
contacts. As the conductors exit the plug body, bend them so that they are orthogonal to each other.
Crimp the plug contacts and trim the conductors to approximately 68 mm (2.7 in) for connection to the
test equipment. Measure the de-embedded NEXT loss value of the plug and adjust the conductors
as necessary where they exit the plug to achieve the desired values. When these values are
obtained, carefully remove the plug from the test apparatus without disturbing the relationship of the
conductors. Apply hot-melt glue around the conductors where they exit the plug body to fix them in
place. Re-measure the plug. If the values are now outside of the desired ranges, the plug may be re-
heated using a hot-air source to soften the hot-melt glue enough to adjust the conductors.
Alternatively, another sample may be constructed.
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Figure D.13 - Plug dimension for best case 4&5 - 3&6 pin combination

A third plug may be constructed that will satisfy the worst case requirements for pin combinations
1&2 - 4&5 and 4&5- 7&8. Begin with the two-piece (insert) modular plug and cut the plug to 19 mm
(0.75in) in length as shown in figure D14. Position four wire guide inserts into the plug body and, if
necessary, trim flush with the end of the plug body. Insert 75 mm (3.0in) twisted-pair conductors into
the plug through the wire guide inserts so that the pairs are parallel within the plug body. As the
conductors exit the plug body, bend them so that they are orthogonal to each other. Crimp the plug
contacts and trim the conductors to approximately 57 mm (2.25in) for connection to the test
equipment. Measure the de-embedded NEXT loss values of the plug and adjust the conductors as
necessary where they exit the plug to achieve the desired values. When these values are obtained,
carefully remove the plug from the test apparatus without disturbing the relationship of the
conductors. Apply hot-melt glue around the conductors where they exit the plug body to ix them in
place. Re-measure the plug. If the values are now outside of the desired ranges, the plug may be re-
heated using a hot-air source to soften the hot-melt glue enough to adjust the conductors.

19.1 mm (.75 in)

Alternatively, another sample may be constructed.

Figure D.14 - Plug dimension for worst case 1&2 - 4&5 and 4&5 - 7&8 pin combinations

A best case test plug for the 1&2 - 3&6 and 3&6 - 7&8 pin combinations and a worst case test plug for
the 1&2 - 7&8 pin combination are necessary to complete the range of test plug requirements. Both of
these plugs can be constructed by starting with the two-piece (insert) modular plug. In these
instances, the conductors must be twisted within the plug body so that the capacitive and inductive
coupling between the conductors is altered. With some experimentation, an arrangement of
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conductors within the plug can be created that will achieve the desired results. This arrangement can
be documented and repeated to create subsequent test plugs. A more detailed description of these
plugs would add too much complexity to this Standard and could not be ensured to deliver the
desired results given the variation in plug designs available.

D.7.1 Test plug lead length

Trim the test plug leads so that the total length of the test plug body and leads is 76 mm (3.0 in), the
same as the total length of the de-embedding reference plug and leads. This is important so that the
de-embedded phase and magnitude will be correct.
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Annex E Testing of cabling (normative)

E.1 Insertion loss of cabling

E.1.1 Test configuration of cabling insertion loss
The test configuration for cabling insertion loss shall comply with clause C.1.1.

E.1.2 Calibration of cabling insertion loss
The calibration for cabling insertion loss shall comply with clause C.1.2.

E.1.3 Measurement of cabling insertion loss
Cabling insertion loss measurement shall comply with clause C.1.2.

E.2 NEXT loss of cabling

E.2.1 Test configuration of cabling NEXT loss
The test configuration for cabling NEXT loss shall comply with clause C.2.1.

E.2.2 Calibration of cabling NEXT loss
The calibration of NEXT loss shall comply with clause C.1.2.

E.2.3 Measurement of cabling NEXT loss
Cabling NEXT loss measurement shall comply with clause C.2.3.

E.3 ELFEXT of cabling

E.3.1 Test configuration of cabling ELFEXT

The test configuration for cabling ELFEXT shall comply with clause C.1.1. ELFEXT is a calculation of
the measurements of the FEXT loss and insertion loss.

E.3.2 Calibration of cabling FEXT loss
The calibration of FEXT loss shall comply with clause C.1.2.

E.3.3 Measurement of cabling FEXT loss
Cabling FEXT loss measurement shall comply with clause C.3.3.

E.4 Return loss of cabling

E.4.1 Test configuration of cabling return loss
The test configuration for cabling return loss shall comply with clause C.2.2.

E.4.2 Calibration of cabling return loss
The calibration of return loss shall comply with clause C.4.2.

E.4.3 Measurement of cabling return loss
Cabling return loss measurement shall comply with clause C.4.3.
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Annex F Testing of patch cords (hormative)

F.1 Insertion loss of patch cords
Test methods for insertion loss of patch cords have not been developed at this time.

F.2 NEXT loss of patch cords

F.2.1 Test configuration for patch cord NEXT loss

A test head qualified per clause F.5 shall be used at both the near- and the far-ends of the patch cord
under test. The design described in clause F.6 is preferred.

NOTE - Test heads other than the one described in clause F.6 are allowed if they meet the
requirements in clause F.5. In case of conflict between results, the test head described in
clause F.6 shall be used to determine conformance to the minimum requirements of the
standard.

The test setup shall be per figure F.1.

100
100

Modular cord under

o test
> P -
EOH ||z /
he)
4 c
: : = |1 [ =
2 o
2 3OH '\ /‘ -
Near end test P P
0 head Farﬁggdtest S IS)

Figure F.1 - Patch cord test configuration

Common mode terminations for all near-end pairs shall be applied as shown in figure F1. The test
jack located at each end of the test configuration shall be of the same design. The detailed schematic
diagram of the balun is shown once. The connection labeled “C” represents the connection to the
common mode port, the connection labeled “D” represents the connection to the unbalanced port,
and the connection labeled “G” represents a connection to the ground plane.

F.2.2 Calibration for patch cord NEXT loss
The calibration of NEXT loss shall comply with clause C.2.2.
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F.2.3 Measurement for patch cord NEXT loss

A minimum of 200 data points using a linear sweep shall be measured for each pair combination.
Pass/fail qualification shall be determined by comparing the resulting sweeps to the pass/fail NEXT
loss limits for the applicable frequency range. The pass/fail margin and the frequency at which it
occurs shall be reported for each pair combination.

All test leads should be constructed from twisted-pairs that have been verified to exhibit a return loss
of greater than 35 dB relative to the load reference from 1 MHz to 100 MHz.

F.3 ELFEXT of patch cords
Test methods for ELFEXT of patch cords have not been developed at this time.

F.4 Return loss of patch cords

F.4.1 Test configuration for patch cord return loss

The return loss of the modular patch cord shall be measured using the test configuration shown in
figure C.1. Test heads qualified per clause F.5 shall be used to test modular patch cords. The test
head located at each end of the test configuration shall be of the same design. In the case that four
baluns are not available, one balun may be used providing that differential and common mode
resistive terminations are implemented for the unused near-end pairs in addition to the common
mode terminations applied to the baluns.

F.4.2 Calibration for patch cord return loss
The calibration of return loss shall comply with clause C.4.2.

F.4.3 Measurement for patch cord return loss

A minimum of 200 data mints, using a linear sweep, shall be measured for each pair combination.
Pass or Fail qualification shall be determined by comparing the resulting sweeps to the Pass or Falil
return loss limits in clause 6.

F.4.3.1 Mechanical stress test

Modular patch cords shall comply with the return loss requirements of clause 6.3.4 after each step
listed below. For all test conditions, a maximum 150 mm (6.0in) of undisturbed cable shall be
allowed to enter the test fixture at both ends.

1 Test the patch cord uncoiled.

2 Loop the cord (following the natural cable lay) into a 150 mm (6 in.) diameter loop, up to 10
loops total, and test.

3 Compress the coil into a 63 mm (2.5in) wide non-conductive trough to form an ellipse and
test.

4 Rotate one end on the coiled ellipse by 180° (following the natural cable lay) to form a figure
eight in the non-conductive trough and test.

F.5 Test heads for patch cords

Test heads shall be qualified for return loss when mated to the return loss reference plug specified in
clause D.4.1.1. Test heads shall meet all requirements of clauses F.5.1 through F.5.3. The test head
design given in clause F.6 is preferred. Other test heads are allowed if they meet the requirements.
In case of conflict, the test head described in clause F.6 shall be used to determine compliance to the
minimum requirements of this Standard.
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F.5.1 Test head NEXT qualification

F.5.1.1 Test plugs for test head NEXT qualification

Test head qualification requires the use of an adequate number of test plugs to ensure statistical
confidence. For this application, at least 30 plugs shall be used with de-embedded NEXT loss values
for each pair combination that fully represent the range of values in table F.1. These 30 plugs shall
include at least 5 five plugs with de-embedded NEXT loss values in each of the ranges in table F.1 for
the given pair combination. Thus, for the 4,5-3,6 pair combination, de-embedded NEXT loss plug
values are required to fall within the range of 31.5 dB to 32.75 dB. These plugs may encompass
several different designs and manufacturers’ parts.

Table F.1 - Qualification plug de-embedded ranges at 100 MHz, dB

Pair Range 1 Range 2 Range 3 Range 4 Range 5 Range 6
Combination (dB) (dB) (dB) (dB) (dB) (dB)
1,2-3,6 40 — <42 42 — <44 44 — <46 46 — <48 None None
1,2-45 50 — <60 60 — <70 70 — <80 None None None
12-7,8 60 — <70 70 — <80 80 — <90 None None None

36-45 31.5-<32.75 | 32.75-<34 ] 34-<35.25 | 35.25-<36.5 | 36.5-<37.75 | 37.75-39

36-7,8 40 — <42 42 — <44 44 — <46 46 — <48 None None

45-7.8 50 — <60 60 — <70 70 — <80 None None None
F.5.1.2 Test head setup

The far-end of the test head shall be terminated with precision metal film or chip 100 W+ 1%
resistors. Through connection normalization shall be done with a twisted-pair jumper equal in length

to the total of the twisted-pair test leads. The reference plane shall be at the near-end of the test
head.
F.5.1.3 NEXT loss — differential termination

The NEXT loss of the test head used in the modular plug cord testing shall conform to the limits
shown in figure F.2 when tested in both directions. The test pairs shall be terminated to the test
header and the common mode termination removed. All unused pairs are terminated in 100 W+ 1%
as illustrated in clause B.5.
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Figure F.2 - Test head loss
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F.5.1.4 NEXTloss — differential and common mode termination

The NEXT loss of the test jack used in the modular plug cord testing shall conform to the limits shown
in figure F.2 when tested in both directions. The test pairs shall be terminated to the balun (common
mode ports terminated in 50 W) and all unused pairs terminated in 100 W £ 1% differentially and in
50 W at the common mode port as described in clause B.5.

F.5.1.5 NEXT loss difference

The difference between differential mode and differential and common mode NEXT loss measured in
the same direction at 100 MHz shall be calculated for each plug. The calculation shall be based upon
the difference in mV/V between the two readings. The resulting difference value shall be expressed
in dB. The average difference calculated for all plugs used in testing shall not be greater than -55 dB
for any pair combination.

F.5.2 Test head FEXT loss

From 1 MHz to 100 MHz, the pair-to-pair FEXT loss of the test head shall be greater than equation
(F-1) when measured per the test method specified in annex D.

FEXT, , ® 38- 20log( f /100) dB (F-1)

F.5.3 Test head return loss

The minimum return loss of the test head shall be 35 dB for all frequencies between 1MHz and
100 MHz when mated to the return loss reference plug and measured in accordance to clause D.4.
The return loss of the twisted-pairs tested alone shall be greater than 40 dB for all frequencies
between 1MHz and 20 MHz and 35 dB for all frequencies from 20 MHz to 100 MHz. Twisted-pair
test leads shall not exceed 150 mm (6.0 in).

NOTE — One method to adjust the test lead return loss is to alter the twist rate.

F.6 Test head design

The test head design shown in figure F.3 is included to establish a reference test head. For this test
head design, NEXT|ocal 100 MHz and NEXT emote 100 MHz shall be equal to the mean value on the worst
case pair combination as calculated in clause F.7. A detailed instruction on how to scale the test
limits for test head is also included in clause F.7. For the test head design shown in this clause,
NEXT ocal 100 MHz in equation (34) and NEXT emote, 100 MHz in equation (35) shall be defined as
41.0 dB for all pair combinations.

NOTE - A test head that meets these requirements may be obtained from: Superior Modular

Products, Swannanoa, NC 28778. Any alternate test head that meets the requirements of
clause F.5 may also be used.
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Sample test results are included for reference in figure F4. To reduce the amount of reported data,
only values at 100 MHz are shown.
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Figure F.4 - Category 5e test head NEXT loss performance at 100 MHz, dB
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This device exhibits NEXT loss responses for pair combinations 1,2-4,5 4,5-7,8 and 1,2-7,8 that are
better than worst case as defined in clause 6. Table F.2 shows the FEXT loss and return loss data
for the test head.

Table F.2 - Test head FEXT loss and return loss, dB

Test Head FEXT loss

IMHz [ 4MHz | 8MHz [10MHz [ 16 MHz [20MHz [25MHz [ 31 MHz [31.5 MHz[62.5 MHz [100 MHz
1,245 874 | -739 | 67.8 | -65.8 | -61.9 | -59.8 | -57.9 | -56.0 | -55.8 | -49.9 | -45.6
3,6-4,5| -80.5 | -69.3 | -63.9 | -62.1 | -585 | -56.4 | -545 | -52.7 | -52.6 | -47.1 | -43.0
4578 921 | -79.2 | -741 | -715 | 682 | 655 | -64.0 | -62.0 | -61.8 | 559 | -52.0
1,2-3,6| -100.8 | -93.6 | -87.1 | -84.7 | -76.3 | -75.6 | -735 | -70.9 | -70.4 | -63.9 | -60.0
1,2-7,8| -103.5 | -101.2 | -88.5 | -88.2 | -80.5 | -828 | -79.7 | -795 | -77.6 | -72.1 | -69.1
3,6-7,8| -90.1 | -81.2 | -753 | -73.1 | -70.2 | 68.1 | 65.9 | -64.6 | -64.1 | -58.6 | -55.2
Test Head Return Loss
Forward
IMHz | 4MHz [ 8MHz [10MHz [ 16 MHz [ 20MHz [25MHz [ 31 MHz [31.5 MHz[62.5 MHz [100 MHz
45 | 616 | -545 | -499 | -483 | -450 | -43.1 | -41.4 | -39.7 | -39.6 | -344 | -31.2
1,2 | 304 | -30.2 | -30.0 | -29.9 | -29.4 | -29.1 | -28.7 | -28.1 | -28.0 | -25.1 | -22.3
36 | -63.1 | -58.7 | -54.9 | -53.3 | -50.0 | -48.6 | -46.6 | -45.1 | -45.0 | -39.4 | -34.9
78 | -60.0 | -52.9 | -48.0 | -46.5 | 430 | -41.3 | -39.6 | -38.0 | -37.9 | -32.6 | -29.1
Reverse
45 | 475 | 450 | -42.0 | -40.7 | -37.7 | -36.0 | -344 | -329 | -32.8 | -27.8 | -24.8
1,2 | -341 | -833.7 | -329 | -325 | -31.2 | -304 | -29.3 | -28.1 | -28.0 | -23.7 | -20.6
36 | -46.6 | 452 | -43.2 | -42.2 | -39.8 | -385 | -37.0 | -35,5 | -35.4 | -30.4 | -27.1
7,8 | -60.2 | -48.8 | -433 | -41.7 | -379 | -36.1 | -34.4 | -32.7 | -325 | -27.2 | -23.9

F.7 Calculating test head contribution for NEXT loss limits from data

To calculate the test head NEXT loss value to determine the patch cord NEXT loss limit, the test head
is measured when mated to a range of test plugs to obtain a data distribution similar to figure F.5.
For each pair combination, a function fit curve is generated that represents the mean value of data for
the range. The mated NEXT loss value for each of the selected pair combinations is determined by
The NEXT loss value for limits
calculation is equal to the greater in magnitude of the mean value (see figure F.5) of the selected data
or 43.0 dB. In no case, shall the value be less than 41 dB.

evaluating the function fit for the plug value given in table F.3.

Table F.3 - Test plug de-embedded NEXT loss contribution, dB

Pins 1,2-4,5 Pins 4,5-3,6 Pins 4,5-7,8
De-embedded plug value De-embedded plug value De-embedded plug value
50 34.4 50
Pins 1,2-3-6 Pins 1,2-7,8 Pins 3,6-7,8
De-embedded plug value De-embedded plug value De-embedded plug value
42 65 42
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Patch cord test adapter NEXT contribution

-40.00

calculated for 34.4 dB plug

-38.00

-36.00

-34.00

-32.00

¢ 4,5-3,6 mated
=d— 34.4 plug value
= Poly. (4,5-3,6 mated)

-30.00

3

XK

(XX

* o (o) owe

mated jack NEXT@100 MHz

de-embedded plug values

F.8 Test head re-qualification procedure

-38.00
-38.50
-39.00
-39.50
-40.00
-40.50
-41.00
-41.50
-42.00
-42.50
-43.00
-43.50
-44.00

= -41.82

Figure F.5 - Example of NEXT loss limit calculations

To re-qualify a test head, perform de-embedding per clauses D.6.4 through D.6.8.

The values shall be per table F.5.

Table F.5 - Test head re-qualification limits, dB

Pair
Combination 4&5-3&6 1&2-3&6 386-7&8
maximum 34.6 57.3 57.3
minimum 33.7 49.4 49.4
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Annex G Multiport measurement considerations (informative)

G.1 Multiport test configuration, general

The network analyzer referenced in this Standard supports one port and two port measurements. It
injects a signal into one port of a device and measures the response on either that same port, or a
second port of the device. In the case of balanced measurements on twisted-pairs, a balun is used to
convert the 50 W unbalanced output of the network analyzer to 100 W balanced output. Thus the
network analyzer presents to the device under test two balanced ports, which can be configured
either as output or input via standard two port switching. The typical cable or connector consists of 4
balanced pairs totaling 8 balanced ports (4 input and 4 output). In order to fully characterize this
device for balanced measurements only, a total of 128 separate measurements must be taken
(278/2). When each of the measurements is made, the remaining ports of the device must be
properly terminated in the characteristic impedance of the line to avoid the possibility of reflected
signals altering the measurements. It is for this reason that terminations are specified for the inactive
pairs of the cabling device under test.

G.2 Terminology

A port refers to a 100 W balanced twisted-pair input or output. Differential mode terminations consists
of 100 W applied across the two terminals of the port with no connection to ground reference.
Common mode termination consists of the combination of 100 W differential termination with the
addition of 50 W common mode termination to a ground reference. This is accomplished with either
balun or resistor terminations as described in annex B. Near-end generally applies to the device port
that is connected to the output of the network analyzer, while far-end generally applies to the device
ports that are remote from the analyzer connections or are connected to the input of the network
analyzer.

G.3 Two port measurement of multiport device

When a two port measurement is made on a multiport device, the network analyzer calibration
compensates for imperfections in the measurement path up to the reference plane of measurement.
For near-end crosstalk, the input and output ports are two ports at the near-end of the device. The
far-end ports of the device are attached to impedance matching terminations. The far-end ports, not
being in the measurement path, are not part of the calibration matrix. Thus, any imperfections that
are present at the far-end terminations will cause a measurement error. For this reason the
properties of the remote terminations must be assessed. The termination requirements are specified
in annex B. Similarly, the terminations attached to the two inactive near-end ports of the device as
well as the far-end terminations of the inactive ports must be assessed or measurement errors will
result. Insertion loss and FEXT loss measurements only differ in that the measurement path includes
the near-end and the far-end of the device. All of the remaining ports must be terminated in an
impedance matching termination or measurement errors will result.

G.4 Common mode termination

Common mode terminations are required for many tests due to the imperfect balance of the
transmission path. Imperfect balance may be caused by imperfect balun transformers, unbalanced
couplings in connectors and cables, and proximity of conductors to a ground path. If a common
mode signal is present on a device, then a common mode termination must be provided or a
reflection will occur which will affect the measurement. Differential terminations provide no
termination for a common mode signal. The common mode signal return path in cabling is typically
formed by the inactive pairs of the cabling through stray inductive and capacitive coupling. Thus,
ideally, there should be common mode terminations on all ports at both ends of the cabling device.
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G.5 Measurement topology

The diagrams showing measurement topology typically depict balun connections at the near-end and
resistor terminations at the far-end of the device under test. Resistor terminations are preferred for all
inactive ports both at the near-end and the far-end. This is due to the better return loss
characteristics of a well-matched resistor termination as compared to a balun termination. Setting up
and performing a complete test of all device parameters may be difficult, however because excessive
plugging and unplugging of the device to the termination resistors is required. Figures G.1 and G.2
depict preferred topologies for specific measurement parameters.

Forward
connector
orientation

D
Gt
C
* test interface
C
©
D

100
100
100

£ @{ll

Ground plane

Network Analyzer

00T
00T

Connector under
test

Figure G.1 - Preferred topology for NEXT measurement with differential terminations on
connecting hardware (may also be used for return loss measurements)
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- - | See clause G.6 |

50

‘5:)» Test interface
K ::j:l

Connector under
test

Ground plane
aue|d punoio

Network Analyzer

50

Forward connector orientation

Figure G.2 - Preferred topology for FEXT loss and insertion loss measurement on connecting
hardware (NEXT loss test with common mode termination is similar)

G.6 Ground plane considerations

Balun cases should always be firmly bonded to a low impedance ground plane. The physical
configuration of the ground plane may vary from one test configuration to another, but this does not
appear to be critical. When common mode terminations are used, the ground leg is attached to the
same ground plane. Test configurations including common mode terminations dictate that the far-end
of the device is also terminated to a ground plane. All far-end common mode terminations are
attached to this ground plane as well as any far-end balun cases. The connection between near-end
and far-end balun planes is a subject for further study. In general, the installed cabling system
provides no direct current ground path between the near-end and far-end common mode ground
nodes. Field testing of installed cabling does not provide direct connection between the far-end and
near-end common mode ground nodes. In contrast, the network analyzer provides a short DC path
from the near-end to the far-end ground planes via he coaxial cabling. There may be a different
propagation path for common mode signals through the cabling device when tested in a laboratory
setting versus the installed setting.
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Annex H Measurement accuracy (informative)

H.1 Test system measurement accuracy estimates
Test system measurement accuracy is based upon the assumptions for key performance parameters
as shown in table H.1. These are assumed to be valid after two-port calibration of the test system.
The procedure to measure output signal balance and common mode rejection is shown this annex.

Table H.1 - Test equipment performance parameters

Test Parameter Performance Frequency Value
parameter (dB) (MH2z) (dB)
Insertion loss Dynamic accuracy 0.2 100/250 0.2/0.2
Source/load RL 39 — 15 log(f/100), 100/250 39/33
43 dB max.
NEXT loss Dynamic accuracy 0.2 100/250 0.2
Source/load RL 39 — 15 log(f/100), 100/250 39/33
43 dB max.
Random Noise Floor 110 -15 100/250 90/84
log(f/100)
Residual NEXT 90 — 20 log(f/100) 100/250 90/82
Output Signal Balance 50 — 20 log(f/100) 100/250 50/42
Common Mode Rej. 50 — 20 log(f/100) 100/250 50/42
ELFEXT Dynamic accuracy 0.3 100/250 0.3
Source/load RL 39 — 15 log(f/100), 100/250 39/33
43 dB max.
Random Noise Floor 90 — 15 log(f/100) 100/250 90/84
Residual FEXT 90 — 20 log(f/100) 100/250 90/82
Output Signal Balance 50 — 20 log(f/100) 100/250 50/42
Common Mode Rej. 50 — 20 log(f/100) 100/250 50/42
Return loss Tracking 0.2 100/250 0.2/0.2
Directivity 39 — 15 log(f/100), 100/250
43 dB max.
Source Match 50 100/250 50
RL of termination 45 — 15 log(f/100), 100/250 45/39
49 dB max.
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Assumptions for the device under test are as shown in table H.2. These will have to be modified
depending on the cabling or cabling components under test.

Table H.2 - Assumptions for cabling or cabling component under test

Parameter Performance Frequency Value at frequency
(dB) (MHz) (dB)
Insertion loss (limit) | 1.82CF+0.017f+0.2/Cf 100 19.8
250 32.8
Insertion loss (for 0 100 0
RL) 250 0
NEXT loss 54 — 20 log(f/100) 100 54
250 46
ELFEXT 43.1 — 20 log(f/100) 100 43.1
250 35.1
Return loss (limit) 24 — 20 log(f/100) 100 24
250 16
Return loss 20 100 20
(source/load) 250 20

Using the equations in annex | and using the assumptions shown in table H.1 and table H.2,
measurement accuracies are computed as shown in table H.3. Note that test procedures may
require different assumptions resulting in different measurement accuracies than shown.

Table H.3 - Computed test system measurement accuracy

Frequency Insertion loss NEXT loss ELFEXT Return loss
(MHz) (dB) (dB) (dB) (dB)
1 0.2 0.3 0.4 2.1
4 0.2 0.4 0.4 2.1
8 0.2 0.5 0.4 2.1
10 0.2 0.5 0.4 2.1
16 0.2 0.5 0.4 2.1
20 0.2 0.4 0.4 2.1
25 0.2 0.4 0.4 2.1
31.25 0.2 0.4 0.4 2.1
62.5 0.2 0.4 0.4 2.0
100 0.2 0.4 0.4 1.8
125 0.2 0.4 0.5 1.7
150 0.2 0.5 0.5 1.6
200 0.2 0.5 0.5 1.5
250 0.3 0.6 0.6 1.5

The absolute accuracy of termination depends largely upon the properties of the termination resistor,
connection to the resistor, and the calibration standard. At low frequencies, the absolute performance
is limited by the RF calibration standards. At high frequencies, the absolute performance is limited by
the frequency response of the chip resistors and quality of termination. With appropriate care, 2 mm
(-1 in) maximum untwist and using the calibration procedure shown in clause C.1.1, an absolute
return loss measurement floor as shown in table H.4 can be expected. The performance
requirements in table H.1 are based on this information.
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Table H.4 - Absolute return loss measurement floor

Frequency Load absolute worst case

(MHz) return loss
(dB)
1 > 43
4 > 43
8 > 43
10 > 43
16 > 43
20 > 43
25 > 42
31.25 > 42
62.5 > 41
100 > 39
150 > 37
200 > 35
250 > 33

This performance is used as the \alue of directivity and return loss of the remote termination in the
determination of return loss measurement accuracy, and the source/load impedance for the
determination of measurement accuracy for all other measurements.

H.2 Measurement procedures for output signal balance and common mode rejection

Figure H.1 illustrates the balun output signal balance test circuit for the reference test configuration.
Figure H.2 illustrates balun common mode signal rejection test circuit for the reference test
configuration.

l Output Signal Balance = 20 log|Vy/V¢|
50 W
Balun Za1
Vg Zd1 =242 =Z. =50 W 1%
Zqo L150W Zc
~ Z41 and Zyg, matched to + 0.01 %
[]s0w
Ve

Figure H.1 - Electrical block diagram for balun output signal balance
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Common Mode Rejection = 20 log|V/V{]|

Zd1=Zd2 =Zc =50 W+ 1%

Z41 and Zg> matched to + 0.01 %

Figure H.2 - Electrical block diagram for balun common mode rejection

H.3 Impact of test lead return loss on connecting hardware return loss measurements.

The reference plane of measurement of the connecting hardware return loss procedure is located at
the test interface. The plug and jack are connected to this test interface through 75 mm (3 in) test
leads, and therefore, the test leads represent a possible source of error in the measurement. Table
H.5 shows the magnitude of the error as a function of the return loss of the test leads at 100 MHz.
The return loss of the test leads is relative to the return loss of the calibration termination.

Table H.5 - Connecting hardware return loss accuracy as a function of lead length

Impedance of | Return loss of Return loss of One-port Two-port
test leads test leads connector measurement measurement
at 100 MHz At 100 MHz 50mm /75 mm | 50 mm /75 mm
dB dB
100 W > 49 dB 20 dB low” 20.13/20.19 20.15 / 20.22
20 dB highl) 19.92/19.88 19.89/19.84
101.6 W > 40 dB 20 dB low” 20.32 / 20.47 20.55/20.78
20 dB highl) 19.74 1 19.62 19.53/19.33
103.4 W > 35 dB 20 dB low” 20.54 / 20.79 21.00 / 21.46
20 dB highl) 19.54/19.34 19.14/18.80
105 W > 32 dB 20 dB low” 20.74 / 21.08 21.42 /1 22.10
20 dB high” 19.37 / 19.10 18.82 / 18.37
1) Two sets of accuracy data are shown corresponding to a 20 dB return loss connector having
either a low impedance or a high impedance relative to a 100 W termination.
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Annex | Test instruments (normative)

.1 General

This annex specifies the reporting and accuracy performance requirements of field testers and
provides additional guidelines for field testing procedures.

.2 Data reporting requirements

.2.1  Parameters to be reported

The field tester shall be able to measure and report the following link parameters for the permanent
link and channel test configurations as defined in ANSI/TIA/EIA-568-B.1.

Wire map, including shield connection if present
Insertion loss

Length

NEXT loss, pair-to-pair, measured from local end
NEXT loss, pair-to-pair, measured from far-end
NEXT loss, power sum, measured from local end
NEXT loss, power sum, measured from far-end
ELFEXT, pair-to-pair

ELFEXT, power sum

Return loss, measured from local end

Return loss, measured from far-end

Propagation delay

Delay skew

1.2.2 Pass/Fail results

A Pass or Fail result for each parameter shall be determined by the allowable limits for that
parameter. The test result of a parameter shall be marked with an asterisk (*) when the result is
closer to the test limit than the measurement accuracy published by the field tester manufacturer for
the permanent link and channel. Refer to clause 1.4 for detailed information on measurement
accuracy requirements. The field test manufacturer shall provide documentation as an aid to interpret
results marked with asterisks. An overall Pass or Fail condition shall be determined by the results of
the required individual tests. Any Fail or Fail* shall result in an overall Fail. In order to achieve an
overall Pass condition, all individual results shall be Pass or Pass*. Measurements reported by the
field tester shall have a specified accuracy. Accuracy is the difference between the measured value
reported by the field tester from the actual value. Refer to clause 1.4 for accuracy specifications. The
field tester shall be capable of reporting data at all measured points and uploading the data to a PC
as defined in clause 1.2.3 and provide summary results as defined in clause 1.2.4.

NOTE — The tester accuracy model does not contain an allowance for the plug variability of
different adapters connected to the permanent link under test.

1.2.3 Detailed results

The field tester shall be capable of reporting all connectivity information, as well as the measured
values of every parameter at every frequency data point. In addition, the detailed results shall include
a PASS/FAIL result for each of the parameters, as applicable.
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[.2.4  Summary results

Detailed information may be required or desired in certain circumstances.

performance information is sufficient. The field tester shall be capable of reporting the summary

information in Table 1.1 as a minimum.
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In general, summary

Table 1.1 - Field tester summary reporting requirements

Function Measured from either end (if Measured from opposite end (if
measurement from both directions is measurement from both ends is
not required) required)

Wire Map All connectivity, including shields (if

present)

Pass/fail
Insertion Worst case insertion loss (1 of 4 possible)
Loss Test limit at worst case

Frequency at worst case
Pair with worst case

Pass/fail
Length Length

Test limit

Pass/fail
NEXT loss Worst case margin (1 of 6 possible) Worst case margin (1 of 6 possible)
pair-to-pair Test limit at worst case margin Test limit at worst case margin

Frequency at worst case margin
Pair combination at worst case margin
Pass/fail
AND
Worst case (1 of 6 possible)
Test limit @ worst case
Frequency @ worst case
Pair combination with worst case

Frequency at worst case margin
Pair combination at worst case margin
Pass/fail
AND
Worst case (1 of 6 possible)
Test limit at worst
Frequency at worst case
Pair combination with worst case

8l




TIA/EIA-568-B.2

Table 1.1 - (continued) Summary reporting requirements for field testers

Function Measured from either end (if Measured from opposite end (if
measurement from both directions is measurement from both ends is required)
not required)
NEXT loss Worst case margin (1 of 4 possible) Worst case margin (1 of 4 possible)
power sum Test limit at worst case margin Test limit at worst case margin
Frequency at worst case margin Frequency at worst case margin
Pair with worst case margin Pair with worst case margin
Pass/fail Pass/fail
AND AND
Worst case power sum NEXT loss Worst case power sum NEXT loss
(1 of 4 possible) (1 of 4 possible)
Test limit at worst case Test limit at worst case
Frequency at worst case Frequency at worst case
Pair with worst case Pair with worst case
ELFEXT Worst case margin Worst case margin
pair-to-pair (1 of 12 possible "°*¢ %) (1 of 12 possible "°*¢ 1)
Test limit at worst case margin Test limit at worst case margin
Frequency at worst case margin Frequency at worst case margin
Pair combination at worst case margin Pair combination at worst case margin
(disturber, disturbed) (disturber, disturbed)
Pass/fail Pass/fail
AND AND
Worst case pair-to-pair ELFEXT Worst case pair-to-pair ELFEXT
Test limit at worst case Test limit at worst case
Frequency at worst case Frequency at worst case
Pair combination with worst case Pair combination with worst case
ELFEXT Worst case margin Worst case margin
power sum (1 of 4 possible V°'¢ 2 (1 of 4 possible V°'¢ 3
Test limit at worst case margin Test limit at worst case margin
Frequency at worst case margin Frequency at worst case margin
Pair combination with worst case margin Pair combination with worst case margin
(disturber, disturbed) (disturber, disturbed)
Pass/fail Pass/fail
AND AND
Worst case power sum ELFEXT Worst case power sum ELFEXT
Test limit at worst case Test limit at worst case
Frequency at worst case Frequency at worst case
Pair combination with worst case Pair combination with worst case
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Table I.1- (continued) Summary reporting requirements for field testers

Function Measured from either end (if Measured from opposite end (if
measurement from both directions is measurement from both ends is required)
not required)
Return Worst case margin (1 of 4 possible Worst case margin (1 of 4 possible
3
loss"°'® Return loss "°*® * at worst case margin. Return loss "°*® * at worst case margin.

Test limit at worst case margin.
Freqguency at worst case margin
Pair with worst case margin

Pass/fail

AND
Worst case return loss "' 4
(1 of 4 possible)
Test limit at worst case
Return loss at worst case
Frequency at worst case
Pair with worst case

Test limit at worst case margin.
Freqguency at worst case margin
Pair with worst case margin

Pass/fail

AND
Worst case return loss "°'¢ 4
(1 of 4 possible)
Test limit at worst case
Return loss at worst case
Frequency at which worst case occurs.
Pair with worst case

Propagation
Delay

Worst case propagation delay
(1 of 4 possible)
Test limit at worst case
Pair with worst case
Pass/fail

Delay skew

Worst case (1 of 1 possible)
Test limit
Pass/fail

83




TIA/EIA-568-B.2

Table 1.1 (concluded)

NOTES,

1 There are 24 pair (12 “local” & 12 “remote”) combinations for pair-to-pair ELFEXT.
Measured FEXT loss ELFEXT Calculation
FEXT (pair1-pair2) FEXT (pair1-pair2) AttN(pairz) FEXT (pair1-pair2)-AttN(pair1)
FEXT(pairl-pair3) FEXT(pairl-pair3)'Attn(pair3) FEXT(pairl-pair3)'Attn(pairl)
I:EXT(p.slirl-pairzl) I:EXT(pair1-pairzl)"A\ttn(paim) I:EXT(pair1-pairzl)"A\ttn(pairl)
I:EX-I—(pairZ—pairl) I:EXT(pair2—pair1)'Attn(pairl) I:EX-I—(pair2—pairl)'Attr](pairZ)
FEXT(pairz—pair3) FEXT(pair2—pair3)'Atm(pair3) FEXT(pair2—pair3)'Attn(pair2)
FEXT (pair2-paira) FEXT (pair2-paira)-AttN(paira) FEXT (pair2-paira)-AttNpairz)
I:EXT(pair3-p.31ir1) I:EXT(pair3-pairl)"A\ttn(palirl) I:EXT(pair3-pairl)"A\ttn(palirS)
FEXT(pairS—pairZ) I:EXT(pair3—pair2)'Attn(pair2) I:EXT(pair3—pair2)"A\ttn(pair3})
FEXT(pair3—pair4) FEXT(pair3—pair4)'Attn(pair4) FEXT(pair3—pair4)'Attn(pair3)
FEXT(pair4—pairl) FEXT(pair4—pairl)'Attn(pairl) FEXT(pair4—pairl)'Attn(pair4)
FEXT (paira-pair2) FEXT (paira-pair2)-AttNpair) FEXT (paira-pair2)-AttNpaira)
I:EXT(p.slir4-p.a1ir3) I:EXT(pair4-pair3)"A\ttn(pair3) I:EXT(pair4-pair3)"A\ttn(pair4)
The first pair referenced in the subscript is the disturbing pair and the second pair referenced
in the subscript is the disturbed pair. By transmission matrix reciprocity,
FEXT(pairl(LocalEnd)-pair2(RemoteEnd)) is identical to FEXT(pair2(RemoteEnd)-
pairl(LocalEnd)). Thus, measurements of insertion loss and FEXT may be made in one
direction and ELFEXT results computed as shown.

2 There are 8 pair (4 “local” & 4 “remote”) combinations for power-sum ELFEXT
calculations.

Local power sum ELFEXT Pair-to-pair ELFEXT components used in calculation

PSEFLEXT (pairl-L) ELFEXT (pair2-R,pairl-L), (pair3-R,pairl-L), (pair4-R,pairl-L)

PSEFLEXT (pair2-L) ELFEXT (pairl-R,pair2-L), (pair3-R.pair2-L), (pair4-R,pair2-L)

PSEFLEXT (pair3-L) ELFEXT (pairl-R,pair3-L), (pair2-R,pair3-L), (pair4-R,pair3-L)

PSEFLEXT (pair4-L) ELFEXT (pairl-R,paird-L), (pair2-R,pair4-L), (pair3-R,pair4-L)

Remote power sum ELFEXT Pair-to-pair ELFEXT components used in calculation

PSEFLEXT(pairl-R) ELFEXT (pair2-L,pairl-R), (pair3-L,pairl-R), (paird-L,pairl-R)

PSEFLEXT(pair2-R) ELFEXT (pairl-L,pair2-R), (pair3-L.pair2-R), (paird-L,pair2-R)

PSEFLEXT(pair3-R) ELFEXT (pairl-L,pair3-R), (pair2-L,pair3-R), (paird-L,pair3-R)

PSEFLEXT(pair4-R) ELFEXT (pairl-L,pair4-R), (pair2-L,paird-R), (pair3-L,pair4-R)

The first pair referenced in the subscript is the disturbing pair and the second pair referenced in the
subscript is the disturbed pair. “L" subscript is “Local,” “R” is “Remote.” As with ELFEXT,
measurements of insertion loss and FEXT may be made in one direction and PSELFEXT results
computed as shown.

Due to accuracy considerations, when the measured insertion loss is less than 3 dB, the measured
return loss shall not be used in determining a fail. Return loss values greater than 25 dB may be
reported as “>25 dB”.
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.3 Field measurement procedures

[.3.1  Consistency checks for field testers

The field tester manufacturer shall make available to the user a simple procedure for verifying,
reporting, and recording the consistency of the field tester in the field. The following procedures are
recommended.

1. Repeatability of tests on a reference link
The owner of the field tester should construct a reference link. Repeated measurements on this
link should result in the same results within the magnitude of the accuracy specifications.
Comparisons should be made at the worst case results across the frequency band.

2. Consistency of tests by testing the same link in opposite directions
Any link can be measured at first by connecting the local field tester unit to one end of the cabling
and the remote field tester unit to the other end of the cabling. After performing a test, the
locations of local field tester unit and remote field tester unit are exchanged.

All worst case magnitudes should remain the same within 1.4 times the accuracy specification of the
test function, except for NEXT loss and return loss measurements. For NEXT loss and return loss,
the local NEXT loss and return loss results obtained during the first test should be compared to the
remote NEXT loss and return loss results obtained during the second test. Similarly, the remote
NEXT loss and return loss results obtained during the first test should be compared to the local NEXT
loss and return loss results during the second test. These results should not differ by more than 1.4
times the relevant accuracy specifications.

.3.2 Administration

In addition to Pass/Fail indications, worst case measured values of test parameters should be
recorded. Any reconfiguration of cabling components after testing may change the performance and
thus invalidates previous test results. Such cabling shall require re-testing to regain conformance.

.3.3  Test equipment connectors and cords

To maintain measurement accuracy, only test cords and adapters that are qualified by the test
equipment manufacturer for the channel or link test configuration shall be used.

Connecting hardware has a limited life-cycle and should be periodically inspected for wear resulting
from multiple mating cycles. Consult with test equipment manufacturers for the life cycle of the
connectors.

.4 Field tester measurement accuracy requirements

1.4.1 General

Minimum performance levels have been identified for Level II-E field testers applicable to the
baseline, permanent link and channel configuration. The performance requirements for Level II-E are
as further described in this clause. Accuracy is the difference between the measured value reported
by the field tester and the actual value. Accuracy is a function of the characteristics of the field tester
as well as the transmission characteristics of the cabling. Minimum performance levels have been
identified for Level II-E field testers. Each accuracy level has it own set of performance requirements
as further described in this clause. Error models for each of the measurements provide estimates for
the measurement accuracy for each parameter to be measured. The error models use the most
important performance parameters that are expected to influence measurement accuracy. However,
there may be additional sources of measurement error, which are not reflected in this error model,
depending on the implementation of the measurement circuitry in the field tester.
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Therefore, in addition to performance requirements for the properties of field testers, methods to
compare the results obtained by field testers with those using laboratory methods are specified.
Laboratory methods are described in annex J. The deviation of the two results shall be no more than
the sum total of the estimated measurement accuracy of the field tester and estimated measurement
accuracy of the laboratory measurement system.

The estimated measurement accuracy at the Pass/Fail test limit at 100 MHz for each parameter can
be derived from the information in this clause and test limits in ANSI/TIA/EIA-568-B.1. Table I.2
shows the measurement accuracy using a compliant Level II-E field tester.

Table 1.2 - Measurement accuracies at 100 MHz

Baseline Permanent link Channel
accuracy at measurement measurement
Test parameter channel limits accuracy at accuracy at
(dB) channel limits | channel limits
(dB) (dB)
Insertion loss +1.3 +1.7 +1.9
Pair-to-pair NEXT loss +1.8 +2.4 +3.6
Power sum NEXT loss +1.8 +2.5 +3.9
Pair-to-pair ELFEXT +2.4 +3.1 +4.4
Power sum ELFEXT +2.5 +3.2 +4.8
Return loss +1.7 +2.6 +2.4
NOTES,
1 The measurement accuracies in table -2 are derived by substituting the
requirements as defined in tables I3, table 4 and table 6 in the appropriate error model in
clause I-6
2 Performance requirements for Level | and Level Il field testers were defined in
TIAEIA TSB67.

[.4.2 Performance parameters for Level II-E field testers

Level II-E field testers shall conform to all individual requirements for each of the measurement
functions. The baseline configuration and each test configuration have its own separate set
performance requirements. The channel performance parameters include the effects of the modular
jack mating with the local end of the user patch cord. Minimum performance levels have been
identified for Level II-E field testers applicable to the baseline, permanent link and channel
configuration. The performance requirements for Level II-E are as further described in this clause.
Measurement accuracy requirements are shown in table format. Requirements for the basic link and
channel test configurations and the insertion loss, NEXT loss, ELFEXT and return loss measurement
functions are shown in tables 1.3, 1.4, and 1.6. Notes in tables 1.3, 1.4, and 1.5 are explained in table
I.6. Length, propagation delay, and delay skew requirements are not dependent on which link
configuration is tested and are shown in tables 1.7, 1.8 and 1.9 respectively. Methods to verify
compliance of the field tester requirements are specified in clause I.5.
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Table 1.3 - Minimum requirements for baseline measurement accuracy of Level II-E field testers

Return Loss

35-1.5,/f Note7

Parameter Insertion loss NEXT Loss ELFEXT
PSNEXT Loss PSELFEXT Return Loss
Amplitude 3 dB over test 3 dB over test
Range 0-30dB limit\otes 1.2 limit\otes 1.2 0-25dB dB
Amplitude
Resolution 0.1 dB
Frequency 1-100 MHz
Range
Frequency 1 MH 150 kHz, 1 MHz to 31.25 MHz
Resolution z 250 kHz, 31.25 MHz to 100 MHz
Dynamic Note 3 Notes 3, 4
Accuracy £0.75 1 dB
Sourcel/load 1-5MHz: 15 dB 4B
Return Loss 5—-100 MHz: 20 dB
Ef(‘)ﬁom Noise | g5 _ 1510g(f/100), 80 dB max B
60-20log(f/100)
Residual NEXT Note 5 dB
Residual FEXT 55-20log (1/100) dB
Output Signal ) Note 6
Balance 37-15log(f/100) dB
Common Mode Note 6
Rejection 37-15log(f/100) dB
Tracking £ 0.25 No© 7 aB
1-10 MHz: 30
. . 10 — 100 MHz:
Directivity 30-2log(f/10) daB
Note 7
Source Match 20 Noe” dB
1-5 MHz: 23
Termination 5-100 MHz: dB
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Table 1.4 - Minimum requirements for permanent link measurement accuracy of Level II-E field
testers (includes the permanent link adapter)

Parameter Insertion loss NEXT Loss ELFEXT Return Loss
PSNEXT Loss PSELFEXT
Amplitude 0-30dB 3 dB over test 3 dB over test 0-25dB daB
Range limit"etes -2 limit"©tes -2
Amplitude 0.1 daB
Resolution
Frequency 1 -100 MHz
Range
Frequency 1 MHz 150 kHz, 1 MHz to 31.25 MHz
Resolution 250 kHz, 31.25 MHz to 100 MHz
Dynamic +0.75 Note 3 +1 Notes 3,4 dB
Accuracy
Sourcel/load 15 dB daB
Return Loss
Random Noise | 65 — 15log(f/100), 80 dB max daB
Floor
Residual NEXT 60-20log(f/100) dB
loss Note 5
Residual FEXT 50-20log (f/100) daB
loss Note 5
Output Signal 34-15log(f/100) "€ ° dB
Balance
Common Mode 34-15log(f/100) "°°€° dB
Rejection
Tracking 105 NoEs dB
Directivity 2510 ° dB
Source Match 18-20log(f/100), | dB
20 dB max.) V"¢ 8
rermination 1-5MHz22dB | 9B
5-100 MHz:
15- 20IogaeL9
€100
25 dB max "¢ 8
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Table I.5 - Minimum requirements for channel measurement accuracy of Level II-E field testers
(includes the channel adapter)

Parameter Insertion loss NEXT Loss ELFEXT Return Loss
PSNEXT Loss PSELFEXT
Amplitude 0-30dB 3 dB over test 3 dB over test 0-25dB daB
Range limitNotes 1,2 limitNotes 1,2
Amplitude 0.1 daB
Resolution
Frequency 1-100 MHz
Range
Frequency 1 MHz 150 kHz, 1 MHz to 31.25 MHz
Resolution 250 kHz, 31.25 MHz to 100 MHz
Dynamic +0.75 Note 3 +1 Notes 3, 4 dB
Accuracy
Sourcel/load 15 dB max daB
Return Loss
Random Noise | 65 — 15log(f/100), 80 dB max daB
Floor
Residual NEXT 43-20log(f/100) dB
loss Note 5
Residual FEXT 35.1-20log daB
loss (f/100)
Note 5

Output Signal 34-15log(f/100) "°°° dB
Balance
Common Mode 34-15log(f/100) "°°€° dB
Rejection
Tracking £ 0.5N0e8 dB
Directivity 25dB "0 ° dB
Source Match 18-20log(f/100), | dB

20 dB max.) V"¢ 8
rermination 1 -5 MHz:22 dB | 9B

5 — 100 MHz:

15- 20IogaeL9

€100
25 dB max "¢ ®
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Performance and measurements for more stringent limits than shown in table I-6 are not required.

Table 1.6 - Explanation of notes in tables I-3, I-4, and |.5

NOTE | Explanation
1 The dynamic range for NEXT and FEXT is 60 dB minimum.
2 The dynamic range for PS NEXT and PS FEXT is 57 dB minimum.
3 Dynamic accuracy requirements shall be tested up to the specified dynamic range for NEXT
and FEXT.
Dynamic Accuracy ELFEXT assumes a dynamic accuracy requirement of 0.75 dB for FEXT,
4 which shall be tested, and that dynamic accuracy performance for insertion loss and FEXT add
to the ELFEXT requirement shown.
5 The verification of Residual NEXT and FEXT is up to 75 dB maximum. It is assumed that the
frequency response changes at a rate of 20 dB/decade.
6 The verification of Output Signal Balance and Common Mode Rejection is up to 60 dB
maximum.
Between 1 and 5MHz, the overall computed accuracy shall be better than 3.8 dB. This value
7 may be achieved through any combination of Tracking, Directivity, Source Match and Return
Loss of Termination.
Between 1 and 5 MHz, the overall computed accuracy shall be better than 4.8 dB. This value
8 may be achieved through any combination of Tracking, Directivity, Source Match and Return
Loss of Termination.
Table 1.7 - Level II-E field tester requirements for length
Performance Parameter Requirement
Length measurement range Om-305m
Length resolution 0.1m
Constant error term length 1 mupto 100 m
Error constant proportional to length 4 % up to 100 m
Table 1.8 - Level II-E field tester requirements for propagation delay
Performance Parameter Requirement
Propagation Delay measurement range Ons—1ns @ 10 MHz
Propagation Delay resolution 1ns
Constant error term propagation delay 5ns
Error constant proportional to propagation delay 4%
Table 1.9 - Level II-E field tester requirements for delay skew
Performance Parameter Requirement
Delay skew measurement range 0Ons—-100ns @ 10 MHz
Delay skew resolution 1ns
Constant error term delay skew 10 ns
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.5 Procedures for determining field tester parameters

.5.1 General

Field testers are designed with two wits that are attached to opposite ends of the cabling to be
tested. Internal to these units are source and load ports that are used for measurements. The
following measurements shall be used to determine compliance with the applicable requirements, and
shall apply to the entire frequency range specified in these tables. The field tester parameters shall
be verifiable by independent parties. The field testers shall include functionality to make independent
verification possible.

[.5.2  Output signal balance (OSB)
This performance requirement is applicable to:

Pair-to-pair and power sum NEXT loss measurements
Pair-to-pair and power sum FEXT loss measurements

Output Signal Balance (OSB) is defined as the ratio of the output common mode voltage to the output
differential voltage generated by a source port. (V4 / V. is used instead to make the value positive per
convention) as shown in figure 1.1. The field test instrument shall be connected to ground for the
measurement as near as possible to the port to ke measured. This shall provide a low impedance
path to instrument ground of the field test instrument over the specified frequency range. The OSB
compliance test shall be conducted without and with a polarity reversal. If there is a pass condition
with one polarity and a failure with the other polarity, the average value shall be used to determine
compliance with the requirements.

Field tester Output Signal Balance = 20 log|Vy4/V|
Source
port Zc
50 W
Zy1=2Z42=2Z:=50 W2

Zq1 and Zg> matched to + 0.01 %

v

Figure 1.1 - Block diagram to measuring output signal balance

.L5.3 Common mode rejection (CMR)
This performance requirement is applicable to:

Pair-to-pair and power sum NEXT loss measurements
Pair-to-pair and power sum FEXT loss measurements

Common Mode Rejection is defined as the ratio of the measured differential voltage to a common
mode voltage applied to the load port (V. / Vi, is used to make the value positive per convention) as
shown in figure 1.2. The field test instrument shall be connected to measurement ground as near as
possible to the port to be measured. This connection shall provide a low impedance path to the
signal ground of the field tester over the specified frequency range. The CMR compliance test shall
be conducted without and with a polarity reversal. If there is a pass condition with one polarity and a
failure with the other polarity, the average value shall be used to determine compliance with the
requirements.
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Field tester 4 Common Mode Rejection = 20 log|V¢/Vm|
Zgi| |50 W
Load Vm = measured voltage
port Vi Z;
Zpp | |50 W
50 W
v Z241=2Z42=2Z. =50 W+ 1%

Zq1 and Zg> matched to + 0.01 %

—

Figure 1.2 - Block diagram to measuring common mode rejection

[.5.4 Residual NEXT loss
This performance requirement is applicable to:

Pair-to-pair and power sum NEXT loss measurements

Residual NEXT loss is the measured voltage, Vi, at the load port due to the source port voltage, Vs,
with the field test instrument measuring NEXT loss, Z = 100 W, with return loss <20 dB over the
specified frequency range as shown in figure 1.3. Measured voltage is the voltage determined by the
field test instrument. A procedure measuring voltage with an external voltmeter at the output detector
is acceptable if equivalency can be demonstrated.

Residual NEXT loss = 20 log(V/ Vi) (-3)

The termination to the field test instruments shall be applied at the same location that a through
connection will measure 0dB reference (excluding additional insertion loss of test leads). In some
field test instruments this will be at the end of the test leads. In figure 1.3, V, is applied to each
resistor %, one at a time, while \f, is the measured voltage across another Z; when the tester is
measuring NEXT loss.

_J
Field tester @ Zy
[z
[z
[,
| T
=

Figure 1.3 - Block diagram for measuring residual NEXT loss
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I.5.5 Dynamic accuracy
This performance requirement is applicable to:

Pair-to-pair and power sum NEXT loss measurements
Pair-to-pair and power sum FEXT loss measurements
Insertion loss measurements

Dynamic accuracy is the accuracy of the measured value to an external voltage input as shown in
figure 1.4. The voltage input shall provide a minimum source balanced input of 40 dB with a minimum
return loss of 20 dB.

Field tester
Load
port

Vim

Figure 1.4 - Block diagram for measuring dynamic accuracy

Vi could be sourced by the field instrument under test and injected into the receiver through a
resistive attenuator when the residual crosstalk is 30 dB below the injected signal level.

.5.6 Source/load return loss
This performance requirement is applicable to:

Pair-to-pair and power sum NEXT loss measurements
Pair-to-pair and power sum ELFEXT measurements
Insertion loss measurements

The source and load return loss of the insertion loss, NEXT loss and ELFEXT measurement functions
shall be measured with a network analyzer calibrated to a 100 W resistor with return loss of better

than 40 dB over the frequency range of interest. The calibration shall include an impedance matching
transformer/balun with better than 40 dB longitudinal conversion loss.

Returnloss = - 20 Iog(vreflected / Vincident) (I'Z)
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I.5.7 Random noise floor
This performance requirement is applicable to:

Pair-to-pair and power sum NEXT loss measurements
Pair-to-pair and power sum ELFEXT measurements

The random noise floor is the ratio of the measured voltage V., when the source port voltage is zero,
to the source port voltage V, under normal measurement conditions.

Return loss = - 20 log(Vin/ Vo) (I-3)

A procedure measuring voltage with an external voltmeter at the output of the detector is acceptable if
it demonstrates equivalency.

[.5.8 Residual FEXT loss
This performance requirement is applicable to:

Pair-to-pair and power sum FEXT loss measurements

The FEXT loss of the local instrument connector can be determined by measuring the FEXT loss
using an external receiver and the FEXT loss of the remote instrument connector can be determined
using an external signal generator as shown in figures 1.5 and 1.6. The responses can be normalized
by connecting the receiver to the stimulus pair and the signal generator to the measurement pair to
the local instrument and remote instrument respectively.

I_|_:I|E:| External %% . o
i receiver emote fie
a0
i,l::::[:] External [E:::E]
generator Eﬁ
1= 0 —

Figure 1.5 - Principle of measurement of residual FEXT loss

Alternately, the residual FEXT loss may be measured by interconnecting the local and remote field
tester units using individual wire pairs in multiple cables. In the first measurement configuration the
wires are as short as possible and equal length. In the second measurement configuration, the
length difference between wire pairs is selected so that a phase delay of approximately 180° at
100 MHz results. This may also be accomplished by a tip/ring reversal in one of the wire pairs. The
worst case residual FEXT loss of both measurement configurations shall be used, and one half of this
amount shall be assigned to the connection at each end.
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n

_

Local field

@ Remote field

tester unit [:]_‘

tester unit
L]

Figure 1.6 - Principle of alternate measurement of residual FEXT loss

[.5.9 Directivity
This performance requirement is applicable to:

Return loss measurements

Directivity is the signal that couples into the measurement channel and adds to the reflected signal
that is measured. It is measured by performing a return loss measurement when terminating each

wire-pair of the test interface with 100 W RF chip resistors that have return loss better than 40 dB

from 1 MHz to the upper frequency limit of the category.

[.5.10 Tracking
This performance requirement is applicable to:

Return loss measurements

Tracking is the response of the transducer used to determine the reflected signal. It is determined

from two measurements:

Measurement of return loss with all wire-pairs shorted (the actual reflection coefficient is -1) as a

function of frequency, and

Measurement of return loss with all wire-pairs open as a function of frequency (the actual

reflection coefficient is +1).

The absolute value of the sum of the two measurements divided by two is the tracking error in dB. If
the measured results are expressed in positive values of dB, the tracking error is given by equation (I-

4).

short ,dB

20 +10

g "R
Trac:kingOIB —-20>409§10
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[.5.11 Source match
This performance requirement is applicable to:

Return loss measurements
Source match is a measurement of the reflected signal that is not absorbed by the return loss
measurement circuitry. It is determined from the measurements of directivity, return loss with shorted
wire-pairs and return loss with open wire-pairs. With results of all measurements expressed in
positive values of dB, the source match error is given by equation (I-5)
- H_ ,dB - H—Open 1dB
short - Directivity,dB
-10 0 +10 20 0

dB:-20><Iog > +10

Source_Match

1.5.12 Return loss of remote termination
This performance requirement is applicable to:

Return loss measurements

The requirements for return loss of the remote termination exceed those for the source/load return
loss of the insertion loss, NEXT loss and FEXT loss measurement functions. In order to perform this
measurement a network analyzer with S-parameter test set, capable of providing one-port calibration,
shall be used as described for the source/load return loss measurement of the insertion loss, NEXT
loss and FEXT loss functions. The return loss of the termination of each wire pair shall be separately
determined.

[.5.13 Constant error term of the length measurement function

The constant error term of the length measurement function is determined by connecting the local
unit to the remote unit through a short test cable and observing the reported length. The reported
length shall be less than the constant error term of the length measurement function.

[.5.14 Error constant proportional to length of the length measurement function

The length of cabling with a total length of 100 m +/- 1% shall be measured using a tape measure.
The NVP calibration shall be performed. Then cabling with a known length of approximately 50 m
shall be measured. The reported length shall deviate from the actual value by less than 1/2 the
amount of the error constant proportional to length.

1.5.15 Constant error term of the propagation delay measurement function

The parameters that affect propagation delay accuracy include a constant error term E. and a term Eq
that is proportional to length of the link. The constant error term of the propagation delay
measurement function is determined by connecting the local unit to the remote unit through a short
test cable and measuring the propagation delay. The reported propagation delay shall be less than
the constant error term of the propagation delay.
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I.5.16 Error constant of the proportional to propagation delay measurement function
proportional to the propagation delay

The propagation delay of cabling with a total length of 100 m +/- 1% shall be measured using the
reference measurement procedure. The propagation delay at 10 MHz is the reference value. Then
the same cabling shall be connected to the field tester and the propagation delay measured. The
reported value by the field tester minus the reported value measured when a very short connection
was made to the same field tester shall deviate less from the error constant that is proportional to the
propagation delay of the propagation delay measurement function.

1.5.17 Constant error term of the delay skew measurement function

To verify the accuracy of the delay skew measurement, a 100 m + 5 m link with special patch cords
as described in the reference measurement procedure for propagation delay shall be used. The
propagation delays of two wire pairs in this link shall be measured per clause 5.2.2. The length of the
wire pair with the highest propagation delay shall be extended so that the delay skew of these wire
pairs is 50 ns +/- 2 ns as measured using the phase delay measurement function of the network
analyzer and determined at a 10 MHz frequency. When the link is measured with the field tester, the
reported delay skew of the two wire pairs shall be within 10 ns of the value at a frequency of 10 MHz
measured using the reference procedure.

1.6 Measurement error models

1.6.1 General

The measurement accuracy for the permanent link and channel is computed using the parameters in
table 1.3 through table 1.9. The error models used to estimate the baseline measurement accuracy of
the field tester are based upon the 12-parameter error model defined for network analyzer
measurements with modifications and simplifications. There is no assurance that these
simplifications and modifications are appropriate in every circumstance or that the error model is
complete. Nevertheless, the computed estimated measurement accuracies from the error models
shown in this clause are a reasonable indication of the measurement performance that may be
expected from a compliant field tester. The computed estimated measurement accuracy shall be in
harmony with the results from network analyzer comparisons.

1.6.2 Error model for the insertion loss measurement function of level II-E field testers

Accuracy“_ dB :EOI IL

] 0
i ERL,tester ?F&I_,tester +EFil_,link 2
+20log [1+1o 10 +2x10 20
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where:

Accuracy || g

EaiL

ERL,tester

ERL link

Assumptions:

is the estimated accuracy of the insertion loss measurement function in dB
is the dynamic accuracy of the tester for insertion loss in dB
is the return loss of the tester in dB

is the return loss of the link in dB

Dynamic accuracy adds directly to all other error terms.

The error from source/load return loss of the tester plus the impact of the source/load interaction
with the return loss of the link is added.

Impact from the test cable for the measurement of the connector used for the channel interface
are expected to have a significant impact on the source/load return loss of the field tester.

1.6.3  Error model for the pair-to-pair NEXT loss measurement function of level II-E field

testers

Accuracy \iexr g = Eq, NExT T207109 [1

i 0
"ER tester ?H_,t&der *ER link
+10 10 4+2x0 20
ANexT BErv Aexr B B S Ee
+10 10 +10 10 +10 10 410 10 ]

where:
AccuracyNEXT’ dB
ANEXT

d,NEXT
RL,tester

RL,link

7 2

M m m m m m Mm _M
O @

@)

OU)

is the estimated accuracy of the NEXT measurement function
is the NEXT signal amplitude for accuracy in dB

is the dynamic accuracy of the tester for NEXT in dB

is the return loss of the tester in dB

is the return loss of the link in dB

is the residual NEXT in dB

is the random noise floor in dB

is the output signal balance (OSB) of the tester in dB

is the common mode rejection ratio (CMR) of the tester in dB

is the common mode to differential coupling gain of the link (relative to the

measured NEXT loss value, 10 dB is assumed)
is the differential mode to common mode coupling of the link (relative to

measured NEXT loss value, 5 dB is assumed)
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Assumptions:
The common mode to differential coupling gain & = 5 dB.

The differential mode to common mode coupling of the cabling Sj =10dB

Common mode to common mode coupling effects are neglected.

Dynamic accuracy adds up to all other error terms.

The error from source/load return loss of the tester plus the impact of the source/load interaction
with the return loss of the link is added.

Errors from random noise floor, residual NEXT, output signal balance and common mode
rejection are added in a power sum manner.

Dynamic accuracy and random noise floor performance is assumed to be independent o the type
of link.

Impact from the test cable for the measurement of the connector used for the channel interface
are expected to have a significant impact on the source/load return loss, residual NEXT, output
signal balance and common mode rejection of the field tester.

[.6.4  Error model for the power sum NEXT loss measurement function of Level II-E field
testers

The error model for power sum NEXT loss is similar to that for pair-to-pair NEXT loss. The
measurement accuracy for this function can be found from equation +7 by setting Anext equal to the
PSNEXT at the pass/fail limit plus 4.77 dB.

[.6.5  Error model for the pair-to-pair ELFEXT measurement function of level II-E field testers

The error model for ELFEXT depends on the error models for FEXT loss and insertion loss. These
are independent measurements, each with their own error model. The error model for insertion loss
is in clause 1.6.2. The error model for FEXT loss is like the error model for NEXT loss in clause 1.6.3.
A combined error model for ELFEXT, which includes a total dynamic accuracy equal to approximately
the square root of the dynamic accuracy for insertion loss and FEXT loss, and twice the power of
return loss is as shown in equation (I-8).

ACCUraCY by FexT B = Bd, ELFEXT +20><I09[1

28 _ 00
¢ ERL, tester CER tester *ERLlink o
+ Jixglo 10 +J2x0 20 ¥
¢ i
& p
Actrext YA ENE PeLrexT O Bre
+110 10 +10 10
Sc-Eg Sp-E¢
+10 10 410 10 ] (-8)
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where:

ACCUraCY gy T gB

is the estimated accuracy of the ELFEXT measurement function

AELFEXT is the ELFEXT signal amplitude for accuracy in dB
A IL.dB is the insertion loss signal amplitude for accuracy in dB
Ed ELEEXT is the dynamic accuracy of the tester for ELFEXT in dB (includes the

impact of making both an insertion loss and FEXT loss
measurement, power sum addition of dynamic accuracies)

is the return loss of the tester in dB (includes the impact of making

B m m m m m
O

RL,tester
both an insertion loss and FEXT loss measurement, power sum
addition of source/load return losses)

. is the return loss of the link in dB

RL,link

RE is the residual FEXT in dB, per connection
is the random noise Floor in dB

NF

B is the output signal balance (OSB) of the tester in dB
is the common mode rejection ratio (CMR) of the tester in dB

D is the common mode to differential coupling gain of the link (relative
to the measured FEXT loss value)
is the differential mode to common mode coupling of the link (relative

O(I)

to measured FEXT loss value)

Assumptions:

- Dynamic accuracy adds up to all other error terms.

An ELFEXT computation is made from the measurement of FEXT loss and insertion loss. For
ELFEXT dynamic accuracy, the dynamic accuracies of insertion loss and FEXT loss are added in
a power sum manner.

The error from source/load return loss of the tester plus the impact of the source/load interaction
with the return loss of the link is added.

Both the insertion loss and FEXT loss measurements are subject to errors from return loss. The
total impact is estimated by adding in a power sum manner these error contributions. Assuming
the return loss contributions are equal, a multiplication factor of (2 is used.

Errors from random noise floor, residual FEXT, output signal balance and common mode
rejection are added in a power sum manner.

Random noise floor errors are based on a signal level equal to the pass/fail limit for ELFEXT plus
the insertion loss.

Residual FEXT errors are caused by both the FEXT in the local and the remote connector. This
is represented by the 6 dB constant in the error factor for residual FEXT.

Errors from output signal balance and common mode rejection are assumed identical to those in
the case of NEXT.

Dynamic accuracy and random noise floor performance is assumed to be independent of the type
of link.

Impact from the test cable for the measurement of the connector used for the channel interface
are expected to have a significant impact on the source/load return loss, residual FEXT, output
signal balance and common mode rejection of the field tester.
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1.6.6  Error model for the power sum ELFEXT measurement function of level II-E field testers

The error model for power sum BLFEXT is similar to the error model for pair-to-pair ELFEXT. The
measurement accuracy for the power sum ELFEXT measurement function can be found by
substituting for the amplitude A in the pair-to-pair ELFEXT error equation, the pass/fail limit of the
power sum ELFEXT measurement function plus 4.77 dB.

[.6.7  Error model for the return loss measurement function of level II-E field testers

The error model for the return loss measurement relates to contributions to inaccuracy at the input,
related to measurement of the reflected signal and contributions that are the result of reflections at
the remote termination of the cabling. The estimated return loss measurement error is given by
equation (I-9).

: 0
- - + e
¢ | ® % Cpir ARt Egu /9
¢ | o 20 410 20 T
¢ T
¢ & i
¢ e g -
ErrorrI dB:TR+20*|°gg1+ > N
’ & - - 0 =
¢ & "r " Srerm JTe ;
¢ ¢ 20 * i
C +910 - -
¢ ¢ 1 :
g g 2
where:
ARL is the return loss amplitude at which the error is computed
TR is tracking error in dB
E is the directivity in dB.
DIR
E is the source match in dB.
SM
Erer is the return loss of the remote termination in dB in return loss mode.
f is the frequency in MHz

Assumptions:

- The tracking error (like dynamic accuracy) is added directly to the remaining error terms.
The error from directivity and source match are added worst case, since the phase of one
component changes slowly while the other changes much faster. Therefore an “envelope” worst
case condition is assumed. The impact from the source match error is practically minor.
The error caused by the reflection at the remote termination is added in a power sum manner to
the remainder of the error terms. It is attenuated by the assumed minimum round trip insertion

loss of the link under test. Insertion loss is approximately 2.21/ f per 100 meters (with f in MHz).
For a 20-meter length link (40 meters round trip insertion loss), the remote reflection is attenuated

approximately by ﬁ .
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1.6.8  Error model for the propagation delay measurement function of level II-E field testers

The error of the propagation delay contains a constant error term and an error that is proportional to
propagation delay of the measured cabling. For a 100 m limited distance, this error is approximately
proportional to length; see equation (I-10).

Error = EC +E d xpropagation_ delay (-10)

propagation _delay

where:
EC is the constant error term and

Ed is the error term proportional to the propagation delay of the cabling.

1.6.9  Error model for the delay skew measurement function of level II-E field testers

The error of the delay skew measurement function is the differential to time of the error term E4 of the
propagation delay measurement. For a 100 m distance, the maximum error is approximately
constant, see equation (I-11).

dEd

Errordelay_skewz e

(-11)

where:
E d is the error term of propagation delay proportional to the length of the cabling.

[.6.10 Error model for the length measurement function of level II-E field testers

The error model for length is identical to the error model for propagation delay since the length is a
constant times the NVP.
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Annex J Comparison measurement procedures (normative)

J.1 General

This annex describes procedures used to compare the results obtained using laboratory equipment
with those obtained with a field tester.

The accuracy of this comparison is limited by the uncertainty in the reference or laboratory
measurement. It has been demonstrated that the results of different test configurations can vary by
as much as +1 dB at the category 5e channel NEXT limit. Measurements made below the category
5e channel NEXT loss limit may have increased uncertainty. The results of this comparison can differ
by as much as the specified field tester accuracy plus the uncertainty in the reference measurement.

Field test requirements include the following parameters for which a measurement accuracy is
specified:

Insertion loss (attenuation)
Near-end crosstalk (NEXT)
Return loss

Far-end crosstalk (FEXT)
Propagation Delay

The reference test setup is as described in annex B.

J.2 Test setup and apparatus required for comparison measurements

J.2.1 General requirements
The reference test setup, calibration and measurement procedures are as described in annex E.

J.3 Test adapters

J.3.1 General

The following clauses describe a method for measuring link parameters in such a way that
measurements from the reference test setup can be compared directly with the results obtained from
a field tester. The NEXT loss measurement procedure is described in detail and the measurement
procedures for other parameters are similar.

The interface to laboratory test equipment is designed to accept copper cable ends of the balanced
twisted-pair cabling to be tested or a mating connector. The interface to a field tester, however,
depends upon whether a permanent link, channel or the baseline configuration is to be tested.

Special patch cords are needed to compare the test results from a field tester and reference test
setup and are described in clause J.3.2.

J.3.2 Special patch cords

A set of special patch cords is used in order to be able to compare the results obtained with
laboratory equipment and field testers. The special patch cords have a high quality connection
inserted into the patch cord cable. This high quality connection consists of a test interface connector
and a mating connector. This connection is a low insertion loss (< 0.1 dB), low NEXT loss (> 80 dB
@ 100 MHz) connection.
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For the channel and baseline test configurations, the length of the cable between the mating type
connector and the plug mating with the field tester shall be 50 mm (2 in) maximum. The instrument
connector shall be a modular connector when the channel configuration is tested. The instrument
connector shall be a type that mates directly with the high quality measurement port of the field tester
as shown in figure J.1.

Instrument apply epoxy Modular

connector / \ connector

<+— high quality connection

o>

45 mm (1.77 in) or less

Figure J.1 - Special patch cord for the baseline and channel test comparison

For the permanent link test configurations, the length of the cable between the modular connector
and the plug mating with the link under test shall be 50 mm (2 in) maximum. The instrument
connector shall be a type that mates directly with the high quality measurement port of the field tester
as shown in figure J.2. Some methods used by field testers for permanent link measurements rely on
special calibration factors that are associated to a manufacturer's link adapter (patch cord). The
permanent link compensation can be rendered invalid if the link adapter is physically modified or a
test is run without valid calibration factors. Contact the fields test manufacturer for any special
precautions.

Instrument apply epoxy  Modular

connector test header connector .+a Y:)nnector

mating connector test header

LI

AN
45 mm (1.77 in) or less

Figure J.2 - Special patch cord for permanent link test comparison

When measuring a reference channel or permanent link with the field ster, the two sections of the
special patch cord shall be mated with the test connector and mating connector. When measuring
the same link with the network analyzer, the two segments shall be separated and the mating
connector directly inserted into the test interface as described in annex B.

J.4 Comparison methods

Field tester and network analyzer results can be compared using ANSI/TIA/EIA-568-B.1 compliant
links whose transmission test performance falls within the dynamic range of the field tester. It is
desirable that a number of links be used. A set of special patch cords, that is appropriate for the type
of comparison as described in clause J.3.2, shall be used. The results from the network analyzer and
the field tester shall be compared using methods described in clause J.4.1 or clause J.4.2. The
results shall agree within the sum of the measurement accuracy of the network analyzer
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measurement and the measurement accuracy of the field tester, as determined per the requirements
of clause 1.4.

The requirements of insertion loss, NEXT loss, ELFEXT, and return loss are specified as a function of
frequency. The comparison may be applied to all frequency data points as described in clause J.4.2.
Alternately, a simple comparison based upon the worst case margin between measured performance
and test limit may be used as described in clause J.4.1. The performance of length, propagation
delay, and delay skew is expressed as a single number and comparison of measurement
performance is described in clause J.4.1.

J.4.1 Comparison method using worst case performance margin

The results obtained from the network analyzer and field tester over the 1 MHz to 100 MHz frequency
band are compared only at the worst case performance condition relative to the test limit for the link.
It has been shown that small differences in the setup can cause shifts in the nulls in the frequency
spectrum and slight variations in the maximum values between the nulls. The worst case
performance margins shall agree within the sum of the measurement accuracies of the network
analyzer and the field tester at the signal level of the worst case condition.

J.4.2 Comparison method using full NEXT loss spectrum

The full NEXT loss spectrum method uses all data from the frequency response of the network
analyzer and field tester measurements that are within the minimum reporting range of the field tester
as specified in annex B. Data results relative to the test limit for the basic link or channel
configuration are graphed by on an XY scatter plot. For each frequency data point, the Xcoordinate
equals the distance from the network analyzer spectrum to the test limit. The Y-coordinate is equal to
the difference between the network analyzer and field tester results. Add to the scatter plot an upper
bound, which is the positive sum of the accuracy of the network analyzer and the field tester and a
lower bound, which equals the negative value of the upper bound. The accuracy of the network
analyzer and field tester shall be calculated using the equations in clause 1.4. A sample scatter plot is
shown in figure J.3. Acceptable results are between the lower and upper bounds and to the left of the
reporting range limit.

r Reporting Range Limit

* Difference

- Lpper boundg

_— L ovwEr boun

field testeresults in dB

ODifference between network analkyzerand

u] 5 10 15 20 25 30

Cistance to the test limit in dB

Figure J.3 - Example of X-Y scatter plot
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Annex K 100 W screened twisted-pair (ScTP) cabling (normative)

K.1 Introduction

The use of twisted-pair cables to support telecommunications applications sometimes includes the
option of an overall shield. When this option is exercised, and an overall shield is present, it can
improve the control of electromagnetic radiation from the signal carriers and immunity to
electromagnetic interference from external sources. However, the ability of the shield to provide
these benefits depends on a variety of factors. These factors include the characteristics of the
cabling components, such as connectors and cables, as well as the methods and care with which
they are installed and the design of the connected equipment. The specifications provided herein are
intended to define transmission characteristics and shield effectiveness for screened cabling systems.

K.2 Purpose and scope

The purpose of this annex is to establish the minimum technical requirements for a 100 W ScTP
cabling system, in order to ensure compatibility and inter-mateability. It specifies an end-to-end
screened system based on 100 W twisted-pair cable and connectors with an overall shield. It includes
all the elements that make up such a system including screened horizontal cables, screened
backbone cables, screened work area connecting hardware, screened telecommunication room
connecting hardware, and screened patch cords. It defines the shield mateability and shield
grounding requirements that will result in optimum electromagnetic compatibility (EMC) performance.

K.3 General requirements

The cables, connecting hardware, and patch cords or jumper wire used in a 100 W ScTP cabling
system shall meet the mechanical, transmission, and performance marking requirements specified for
100 W horizontal UTP cabling in clauses 4 through 7, except as modified by the additional
requirements of clauses K.4-K.7.

NOTE - Field testing of ScTP cabling at frequencies up to 100 MHz is covered in annex I.

The installation of a 100 W ScTP system shall meet the requirements in ANSI/TIA/EIA-568-B.1,
clause 10.6. While this annex specifies requirements and provides guidance on grounding and
bonding of shields from an EMC functional perspective, it does not replace or take precedence over
any code or regulation, either partially or wholly. The reader should be aware of applicable
authorities or local codes in that jurisdiction which may impact the use of this document.

K.4 100 W ScTP horizontal cable

K.4.1 Applicability

The horizontal cables covered by this specification shall consist of four twisted-pairs of 24 AWG solid
conductor, screened cable. Four-pair, solid conductor, screened cables of conductor diameters
larger than 24 AWG, up to and including 22 AWG, that meet or exceed the requirements of this
Standard may also be used.
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K.4.2 Additional mechanical requirements
The following are additional mechanical requirements for 100 W ScTP horizontal cable.

K.4.2.1 Core wrap

The core may be covered with one or more layers of dielectric material of adequate thickness to
ensure compliance with the dielectric strength requirements of clause K.4.3.1.

K.4.2.2 Core shield

An electrically continuous shield shall be applied over the core, or core wrap if one is present, and
shall comply with the surface transfer impedance requirements of clause K.4.3.2. The core shield
shall consist of a helical or longitudinal plastic and metal laminated tape, and one or more
longitudinal, helical, or braided non-insulated solid tin-coated copper conductor(s) [drain wire(s)] of
26 AWG equivalent or larger that are in contact with the metal side of the tape.

K.4.2.3 Bending radius

The cable, when tested in accordance with ASTM D 4565, shall withstand a bend radius of 50 mm (2
in.) at a temperature of -20 °C + 1°C without jacket, shield, or insulation cracking. For certain
applications (e.g., pre-wiring buildings in cold climate) a cable with a lower temperature bending
performance of -30 °C + 1 °C may be required.

K.4.3 Additional electrical requirements

K.4.3.1 Dielectric strength

The insulation between each conductor and the core shield shall be capable of withstanding a
minimum DC potential of 2.5kV for 2 seconds or an AC potential of 1.7kV for 2 seconds in
accordance with IEC 60189-1.

K.4.3.2 Surface transfer impedance

The surface transfer impedance per unit length of the core shield, measured in accordance with
IEC 61196-1 (terminated triaxial or line injection method), shall not exceed the values determined

using the formula:
Zr e = 37+4F +4[F +53[f (K-1)

Where:

Ztcaple IS surface transfer impedance in m\W/m
f is the frequency in MHz over the range of 1 MHz to 16 MHz for category 3 cables and

1 MHz to 100 MHz for category 5e cables

NOTE - Although the IEC 61196-1 test method is intended for coaxial cables, it may be
applied to measurements on balanced cables with an overall shield when the signal carriers
are excited in the common mode (e.g. all 8 conductors are shorted together and excited with
a 50 W source). This test method is applicable for cable lengths of 1 meter and frequencies
up to 30 MHz. For higher frequencies, shorter cable lengths may be required.

The values in table K.1 are derived from the above formula and provided for information only.
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Table K.1 - Maximum cable surface transfer impedance

Frequency Category 3 Category 5e
MHz mW/m mW/m
1 50 50
10 100 100
16 130 130
20 - 148
100 - 500

K.4.3.3 Measurement precaution

The cable shield shall be grounded at both ends for all laboratory and field transmission
measurements. Attention should be given to providing low impedance connections from the shield to
ground and between grounding points of the two cable ends.

K.5 100 W ScTP backbone cable

K.5.1 Applicability

The backbone cables used for 100 W ScTP cabling shall consist of 22 AWG to 24 AWG thermoplastic
insulated solid copper conductors that are formed into one or more units of twisted-pairs. The units
are assembled into binder groups of 25 pairs, or part thereof, following the standard industry color
code in ANSI/ICEA S-90-661. For cables with more than 25 pairs, the 25-pair groups are identified
by distinctly colored binders and assembled to form the core. The core is enclosed by an electrically
continuous shield and a thermoplastic jacket. Transmission performance shall meet the requirements
of clause 4.4. Multipair thermoplastic insulated solid copper, screened cables containing conductor
diameters larger than 24 AWG, up to and including 22 AWG that meet or exceed the transmission
requirements may also be used.

K.5.2 Additional requirements

The insulated conductor diameters, the core wrap, the core shield, and related electrical
characteristics of 100 W ScTP backbone cables shall meet the requirements for horizontal 100 W
ScTP cables as specified in clause K.4, with the exception that outside plant cables or inside building
cables having their shields bonded to te shields of outside plant cables at building entrances shall
meet the core shield requirements of clause 4.4.3.6.

K.6 100 W ScTP connecting hardware

K.6.1 Applicability

Connecting hardware shall be designed for use with 100 W ScTP cables specified in clauses K.4, K.5,
and K.7. These performance specifications are only applicable when ScTP connecting hardware is

terminated to 100 W ScTP cables.

K.6.2 Additional electrical requirements

K.6.2.1 Transmission performance testing

A balun ground plane, allowed as an option in annex B, shall be provided as part of the test setup and
apparatus, and the shield of the connecting hardware shall be bonded to the ground plane during the
testing of transmission characteristics.
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K.6.2.2.1

Shield mating interface

TIA/EIA-568-B.2

The shields of shielded 8position modular connectors (plugs and jacks) shall be designed to ensure
shield continuity when mated. The shield mating interface shall conform to the requirements in figure
K.1. Dimensions are in mm (inches). Shields are represented by shaded areas.

X
b

X
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—|  |«—5.31(0.209) min NOTE 1
— 5.80 (0.228) max NOTE 2
-A- 490 —6.71(0.264) min
(0.193) NOTE 2
max
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— v y L8]
IRRNIPT= ha S
2.16
Sect X-X (0.085)
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]
—-> <6.85 (0.270) min
NOTE 2
-A-
(o?d%s%) <>——4.22 (0.166) max
max NOTE 1
Y ( ]
B
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N RS

4.95
(0.195) Modular Plug
min

Figure K.1 -Shield interface requirements for 8-position modular connectors
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NOTES,

1) For adequate contact wipe (sliding engagement between mating contacts), the plug and
jack contact designs should provide a minimum of 2 mm (0.08 in) of contact wipe.

2) The jack contact positioning dimension in figure K-1 applies when mated to the plug. The
dimensions provided in the figure will maintain clearance between the plug shield and jack
contacts.

Modular jack shields shall not encroach upon the connector opening dimensions defined by
IEC 60603-7 with the exception of shield mating contacts internal to the jack. Plug shields shall not
extend beyond the plug housing dimensions defined by IEC 60603-7 in areas mating to the jack.

K.6.2.2.2 Shield mating reliability

The shield mating interface shall meet the applicable reliability requirements for connecting hardware
with the exception that the interface resistance of the mated shield contacts or shield connection shall
not exceed 20 mW initially and 40 mW after environmental testing or at the prescribed measurement
intervals during or after environmental conditioning.

K.6.2.3 Shield continuity

Effective shielding requires that all cabling components be shielded, meeting the requirements for
transfer impedance given in clauses K.4.3.2 or K.6.2.4, and that all shields be properly bonded.
Shielding shall be continuous for the complete channel. Work area cords, cross-connect cords,
equipment cords and the equipment connection, while not part of the generic cabling, shall provide
shield continuity. ScTP telecommunications outlet/connectors shall be labeled or otherwise identified
to differentiate them from UTP connectors and indicate the need for screened work area cords.

K.6.2.4 Shield transfer impedance

The shield transfer impedance of ScTP connecting hardware, measured in accordance with dause
K.8 shall not exceed the values determined using the formula

Z =40, f from 1MHz to 4 MHz (K-2)

Tconn

Z

Tconn

= 20f from 4 MHz to 100 MHz (K-3)

Where: Z

Tconn IS the transfer impedance of the connecting hardware shield in mW

f is the frequency in MHz.

NOTE - The shielding efficiency of connecting hardware may also be measured as a dB
change in the total emitted power of a length of cable before and after the connecting
hardware is inserted into that length if the cable surface transfer impedance meets the
requirements of clause K.4.3.2 and the maximum dB change can be demonstrated to be
equivalent to the transfer impedance requirement.

110



TIA/EIA-568-B.2

The values in table K.2 are derived from equations (K-2) and (K-3) and are provided for information

only.

Frequency Category 3 Category 5e
MHz mwW mwW
1 40 40
4 80 80
10 200 200
16 320 320
20 400
100 2000

Table K.2 - Maximum connecting hardware shield transfer impedance (mW)

NOTE - The maximum possible transfer impedance slope is 20 dB/decade and is evident
when magnetic field coupling is the dominant coupling mode. A slope less than this value
indicates a mixture of coupling modes. A slope of 10 dB/decade is characteristic at low
frequencies when contact resistance at metallic contact points is the dominant coupling
mode.

Compliant transfer impedance performance of cables and connecting hardware is not sufficient to
ensure proper link and channel transfer impedance. Cable shields shall be terminated to the
connecting hardware shields following manufacturer’s instructions. The termination methods are
dependent on the shield design of both the cable and the connecting hardware. Connecting
hardware shall be supplied with instructions on applicable cable shield termination procedures.

K.7 100 W ScTP patch cords and cross-connect jumpers

K.7.1 Applicability

These requirements apply only to the wire or cables used for 100 W ScTP patch cords and cross-
connect jumpers. Modular plugs and other connectors used for 100 W ScTP cable assemblies shall
meet the requirements specified in clause K.6. ScTP work area cords, equipment cords, and patch
cords shall meet the mechanical and transmission requirements for 100 W UTP patch cords in clause
6 except as modified by the additional requirements of clause K.7.2.

K.7.2 Additional general requirements

Cables used for 100 W ScTP patch cords and cross-connect jumpers shall consist of either 24 AWG
or 26 AWG thermoplastic insulated stranded conductors enclosed by a shield meeting the
requirements of clauses K.4.2 and K.4.3.

K.7.3 Additional electrical requirements

K.7.3.1 DC resistance

For 26 AWG conductors, the resistance of the conductors, measured in accordance with
ASTM D 4566, shall not exceed 14 W per 100 m (328 ft) at or corrected to a temperature of 20°C.

K.7.3.2 Insertion loss

For cords or jumpers using stranded 26 AWG conductors, the insertion loss of any pair shall be less
than or equal to the value computed by multiplying the result of the insertion loss equation in clause
4.3.4.7 by a factor of 1.5. This is to allow a 50% increase in insertion loss for stranded construction,
AWG differences, and design differences. Table K.3 shows values of insertion loss at specific
frequencies. Values for cords or jumpers using 24 AWG stranded conductors, taken from table K.3,
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are also shown for reference. These values are provided for information only and are derived using
their respective computations.

Table K.3 - ScTP patch cable insertion loss @ 20 °C £ 3 °C (68 °F + 5.5°F), worst pair

[dB per 100 m (328 ft) @ 20 °C]

Frequency Category 3 Category 5e
(MHz) 26 AWG 24 AWG 26 AWG 24 AWG
0.772 3.3 2.7 2.7 2.2

1 3.8 3.1 3.0 24
4 8.4 6.7 6.2 4.9
8 12.7 10.2 8.7 6.9
10 14.6 11.7 9.8 7.8
16 19.6 15.7 12.3 9.9
20 - - 14.0 111
25 - - 15.7 12.5
31.25 - - 17.7 14.1
62.5 - - 25.6 20.5
100 - - 33.0 26.5

K.7.3.3 ScTP patch cord terminations

It shall be the responsibility of the patch cord manufacturer to ensure that the termination of shielded
modular plugs follows the plug manufacturer’s instructions.

K.7.4 Additional mechanical requirements

K.7.4.1 Flex life

Cables used for 100 W ScTP patch cords and cross-connect jumpers shall meet the transfer
impedance requirements of this document after being subjected to 500 flex cycles. Flex tests shall be
performed on a minimum of 1/3 meter (13 in) lengths of un-terminated cables. The cable sample
shall be clamped to a rotatable arm and suspended between two 51 mm (2 in) diameter mandrels
located to either side of the center of arm rotation and spaced so as to touch but not hold the cable
sample. A weight exerting greater than 10 N (2 Ibf) shall be attached to the free end of the cable. A
flex cycle shall consist of one + 90° rotation around the mandrels, and the cycling rate shall be 10
cycles * 2 cycles per minute.

K.8 Transfer impedance measurement method

K.8.1 General

This clause describes the measurement method used in verifying the shield transfer impedance
requirements of 100 W ScTP connecting hardware contained in clause k.6.2.4. It is not intended for
conformance testing of installed cabling. The measurement method requires the use of a network
analyzer or equivalent, coaxial cables, ScTP test leads, impedance matching terminations, and a high
frequency (HF) sealed case. The setup is qualified to a measurement bandwidth of at least 10 kHz to
100 MHz. Calibration procedures for insertion loss are specified by the manufacturer of the test
equipment. Transfer impedance relates to the shielding efficiency (quality of shielding against
influences by electromagnetic fields) of screened cables and connecting hardware.  Transfer
impedance values can be calculated from laboratory shielding insertion loss measurements collected
using a HF sealed case (refer to clause K.8.2). The equivalent circuit diagram for the HF sealed case
is shown in figure K.2.
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Figure K.2 - Equivalent circuit diagram for HF sealed case

Where:
Ril = Ri2 = characteristic impedance of the network analyzer = 50 W
R1 = feeding resistor = 50 W
R2 = terminating resistor = 50 W
Ul = transmitter voltage (volts)
U2 = receiver voltage (volts)
Uc = voltage across device under test (volts)
Zcond = characteristic impedance of conductors (W)
Zt = transfer impedance (W)

Under the following assumptions:
Zcond « R2, and

12 «I1,
The following equations describe the circuit equation in figure K.3.
ul-1PR1
U2=12>R2
U.=123(R2+ R 2)
U.=2"I11

From a substitution operation follows:

__1 Rt
Z[—Caue RZ>(R2+R2)

Measured shield insertion loss @, in decibels, is described by the relation:

a;, =20 ><Iog€;éj—9 dB

lg

(K-4)
(K-5)
(K-6)
(K-7)

(K-8)

(K-9)

By applying this relation and entering values for K2 and R 2, the resultant transfer impedance in

ohms is expressed as:
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a a
Z =2xR 122 = 2xR 1 K07 =100 .07
ul W (K-10)

K.8.2 Test setup and apparatus
Equipment list:

* Network analyzer (50 W characteristic impedance)

* Coaxial adapters as required to make network analyzer port connections. Sub-miniature
type A (SMA) adapters are recommended, however, other adapters may also be
acceptable.

* HF sealed case

* Rosin core solder (Tin-Lead)

¢ Aluminum soldering flux

* Precision £1% 50 W metal film resistors

* EMI/RFI foil shielding tape (adhesive backing optional)

Connecting hardware shall be tested with the cable shield construction with which it is designed to be
used. If the connecting hardware is designed for several cable shield constructions, it shall be tested
with the construction of single foil with drain wire. The diagrams in figure K.3 and figure K.4 provide a
detailed reference to the dimensional characteristics of the HF sealed case. The HF sealed case
shall be constructed from sheet copper or brass of 2 mm (0.08 in) minimum thickness.
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Figure K.3 - HF sealed case dimensional characteristics

(Dimensions are in mm)
NOTE - A coaxial adapter (not shown) is mounted on each end of the HF sealed case at the
locations indicated for connection to a network analyzer. A 50 W £ 1% metal film resistor (not
shown) is soldered to the center conductor of each adapter inside the HF sealed case in
order to match the characteristic impedance of the network analyzer and minimize cable to
fixture power loss.
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Figure K.4 - HF sealed case covers, fixed and modular ring details

(Dimensions are in mm)

K.8.3 Test method

K.8.3.1 Connecting hardware and cable preparation

Products under test may consist of SCTP connecting hardware terminated on either end by 75 mm
(3in) lengths of ScTP cable. Connecting hardware intended to be mated with a shielded modular
plug shall be terminated with 75 mm (3 in) of SCTP patch cable on the mated plug end and 75 mm (3
in) of SCTP horizontal cable terminated to the insulation displacement contact (IDC) end.
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1. The device under test is prepared by designating one end of the connecting hardware
(typically, the stranded cable/shielded modular plug end for mated plug/jack connectors)
as the ‘input’ end and the opposite end as the ‘output’ end.

2. Strip off 25 mm (1 in) of jacket from the ‘input’ end of the product sample.

3. Carefully peel back the foil, drain wire, and braid (if present) from the input end. Remove
any secondary insulator materials (e.g. dielectric wrap) surrounding the twisted-pair
conductors.  Strip off 15 mm (0.5 in) of insulation from each of the inner conductors.
Twist the exposed copper ends together and solder to form a fused conductor core. Snip
7 mm (.25 in) from the tips of the soldered conductor core.

4. Solder the drain wire to the fused conductor core

5. Fold the shielding materials over the soldered conductor core and drain wire. Solder
shielding materials to the conductor core such that a 360° solder contact (use aluminum
soldering flux if necessary) is present. Foil or braid should not extend beyond the fused
conductors. To maintain shield integrity during testing and handling, tightly wrap a piece
of heat resistant tape around the unjacketed portion of the screened cable under test
(optional). Any metallic tape should not make contact with the connections.

6. Affix a 25 mm (1 in) square or circular segment of EMI/RFI foil tape to the grooved side of
the modular ring (reference figure K.5). Punch a hole the diameter of the screened cable
under test through the middle of the foil tape.

7. Pass the ‘output’ end of the stripped cable portion through the modular ring and through
the hole in the EMI/RFI foil tape (maintain the proper modular ring orientation such that
the foil tape and modular ring groove will be in direct contact with the fixed ring upon
assembly).

8. Carefully peel back the cable foil, drain wire, and braid (if present) and lay flat against the
foil taped modular ring. Trim back excess shielding materials such that there is no
interference with the modular ring groove. Solder shielding materials to the foil tape such
that a 360° solder contact (use aluminum solder flux if necessary) is present.

9. Strip 15 mm (0.5 in) from the insulation of each of the inner conductors. Twist the
exposed copper ends together and solder b form a fused conductor core. This fused
core shall not be in contact with the shield or the test fixture on the output end.

10. Insert the prepared sample under test into the main case (the larger of the two HF sealed
case enclosures). Fasten the modular ing to the fixed ring using four screws (‘finger-
tight’).

11. Solder the conductor core of the ‘input’ side of the sample under test to the 50 W = 1%
terminating resistor located inside the main case.

12. Solder the conductor core of the ‘output’ side of the sample under test to the 50 W +1%
terminating resistor located inside the secondary case (the smaller of the two HF sealed
case enclosures).

K.8.3.2 Calibration and measurement

Perform a ‘through’ normalization calibration on the network analyzer to compensate for the insertion
loss of the 50 W coaxial test leads. Connect the transmit coaxial test lead to the input coaxial adapter
of the main case and connect the receive coaxial test lead to the output coaxial adapter of the
secondary case. Perform a shield insertion loss measurement. Calculate the corresponding transfer
impedance from the shielding insertion loss.

K.8.4 Measurement reliability tests
K.8.4.1 Test orientation summary

Swapping the input and output side of the network analyzer should not change the results by more
than 4%.
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K.8.4.2 AC and DC resistance correlation

When connected correctly, the DC resistance (measured with a milli-ohmmeter) of the device under
investigation shall correlate to the AC resistance at low frequencies (i.e. 10 kHz) to within £20%.

K.8.4.3 Open shield test

The results of performing an open test (shield on the output side left unconnected) should be a flat
insertion loss waveform correlating to a transfer impedance of 50 W + 4%.

K.8.4.4 Measurement slope verification

The slope of the measured shield insertion loss should be between 18 dB/decade and 20 dB/decade
above 10 MHz.

K.8.5 Product compliance testing

Connecting hardware used for product compliance shall be terminated per manufacturer-provided
guidelines and manufacturer-recommended installation methods.  Product compliance shall be
determined using worst case measured values based on a minimum of five (5) of each component
(i.e. 5 plugs and 5 jacks) in a minimum of ten (10) combinations total. All test specimens shall be
randomly selected from production samples. It is recommended that test plugs be assembled in the
test laboratory.
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Annex L Derivation of propagation delay from insertion loss equation (informative)

L.1 Factoring the insertion loss equation
Factoring the insertion loss equation

The transmission line complex propagation constant, g, is defined in terms of the distributed

transmission line parameters, R, L, G and C, as:

g=+/ (R+jwL)(G+jwC) =a+jb (L-1)

Factoring out the term, | w4/ LC, the expression for g may be written,

o= jwC J PR 0m, G ¢ )
4]

jwL & jwC

Multiplying out the terms in equation. (L-2):

R G
=jw~ LC _|1- + + L-3
=lw w@LC jwL jwC (3)

At high frequencies, R << wL, and G << wC, dropping the W’ term

g» jw+/ LC \/1+_R + G (L-4)

jwL jwC
Since R << wi, and G << wC, we can further approximate equation (L-4), by:

G u
w+/ L + ] L5
9] Sl j2WL JZWCH (5

So the approximation for g explicitly showing a and b becomes:

g=a+jb»jwyLC e1 © ﬂ
é jZWL j2WCu

(L-6)

Multiplying out the terms in equation (L-6), we have:

g= a+Jb»e—\/§+—\/7u+JW«/ LC (L-7)

Separating real and imaginary parts in equation (L-7) we have:

RELNERA

b » w+ LC (L-9)

(L-8)

oo\
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Explicitly writing the expression for the transmission line’s distributed inductance, L, in terms of its

external and internal inductance, L =Ly +L |\t , where:

L=Ly +L L §1 + R U
¥ INT — ¥e WL¥H

Substituting the expression for L given above, into equation (L-8):

R4/ C G [L
2/ é R +E\/€
\

T/

Ly g1 +
& Wlky{

Q

M
MD«D> D> (D> (D> (D> D
ocononoonono

Factoring out L¥ , from the denominator of the first part of equation (L-11):

a »

MDD> D> D> (D> (D> D~
Py
() ﬁ
Py
+
N|©
o
oco.ooooc

may be further approximated by:

in equation (L-12):

R

oo\
+
N O
o
o\

S1

——gl-

é 2 1/ L¥ e 2 WL¥

Multiplying out the terms in equation (L-14):
€ RrRJC R°JC G [LU

a »é + — | — U

g2 L, aw(L)” 2VcCy
(1) (2) (3)

(L-10)

(L-11)

(L-12)

(L-13)

(L-14)

(L-15)

In equation (L-15), the value for the loss term, R, in the first term, comes mainly from the skin effect at

high frequencies, which has a square root dependence upon the signal frequency: R [ «/—f In the
third term, G is the dielectric dissipation term, G =w C tan d, where tan d is the loss tangent for the

dielectric.

120



Applying these relationships, and using w= 2 pfto equation (L-15):

a>>e4(_l\/7 ))2«/— 2pf)Ctand\/z

2pf)( Ly )% 2

[t enly ey enid
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(L-16)

The first term containing R exhibits a root frequency dependence. This is the copper loss term, k1, in
the formula given in clause 4.3.4.7. Noting the root frequency dependence of R, the second term is
independent of frequency. It is so small that it may be neglected. The third term, containing G,
exhibits a direct frequency dependence. This is the material dissipation loss term, k2, in the formula

given in clause 4.3.4.7.

L.2 Developing the phase delay equation
The expression for the phase delay is given by:

Deday —B—«/LC
w
é R U
Substituting, for L =Ly +L y1 = Ly a1 + g
& Wlkyq
é u
Dela)/:gz\/ L, a1+ R uC
w & WLy

ae
Applying the approximation for
wly ¥

Then the expression for delay may be written:

e u
L CL, gl+—— {
w a8 2wlL,

Multiplying out equation (L-20):

———\[ CL¥ +

Writing the expression for delay to indicate the frequency dependent terms:

b_ ~—— RWT) [C
w ey +2(2pf§\/g

|—¥
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Since C and Ly are independent of frequency, the first term in equation (L-22) is a constant. The

RW f
second term has a 1/ «/—f frequency dependence, due to the ratio of Jf—) which results in the

following expression for delay:

k1l
Delay = b_ Const + m (L-23)

w Zpﬁ

The units for delay in equation (L-23) are s/100m (seconds/100m), with frequency, f, expressed in
MHz. Note that for constant capacitance cables, this approximation for delay holds, independently of

wire gauge and cable impedance.

If the insertion loss is known, the rate of decrease in delay as a function of frequency is also known.

Using the defined k1 coefficient for category 5e cables we find:

Delay( ns/100m ) =Const + (L-24)
A 'MHz
Note that K1, for category 5e, is 1967 for fin Hz.
By anchoring the delay at f = 1 MHz, to be 570 ns/100m, we find:
Delay( ns/100m )= 534 + — 29 (L-25)

f MHz

In these equations, the following terms are defined as:
R = Resistance per unit length of cable

L = Inductance per unit length of cable

L¥ = External inductance per unit length of cable

Lint = Internal inductance per unit length of cable
G = Conductance per unit length of cable

C = Capacitance per unit length of cable

a = Insertion loss constant per unit length of cable
b = Phase constant per unit length of cable

f = Frequency in Hertz

f muz = Frequency in MHz

w= 2 pf = radian frequency in radians/second
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Annex M 150 W shielded twisted-pair cabling (normative)

M.1 General
The requirements in this annex are for 150 W STP-A cabling components.

150 W STP-A cable is assembled using 2 pairs of 22 AWG insulated copper wires, individual pair
shields, and an overall braided copper screen.

150 W STP-A cabling mates with connecting hardware as specified in ANSI/IEEE 802.5 and
IEC 60807-8.

150 W STP-A Component transmission requirements performance shall be determined using
impedance matching baluns with 50 W unbalanced (primary) and 150 W balanced (secondary) ports
as specified in clause M.8.

150 W STP-A cabling transmission requirements performance shall be determined according to
ANSI/TIA/EIA-568-B.1 using impedance matching transformers with 100 W balanced (primary) and
150 W balanced (secondary) ports as specified in clause M.8.

150 W STP-A cabling shall meet the requirements of 100 W UTP cabling (ANSI/TIA/EIA-568-B.2) and
100 W ScTP cabling as specified in K with the following exceptions.

M.2 Horizontal 150 W STP-A cable

Horizontal 150 W STP-A cable shall meet the requirements of clause 4.3 and annex K with the
additional requirements of clauses M.1 through M.4.

M.2.1 Mechanical requirements

M.2.1.1 Insulated conductor
The diameter of the insulated conductor shall not exceed 2.6 mm (0.1 in).

M.2.1.2 Pair assembly
The cable shall be assembled with two pairs.

M.2.1.3 Color code
Cable shall meet the color code given in table M.1.

Table M.1 - Horizontal 150 W STP-A cable color code

Conductor

Identification Color Code
Pair 1 Red - Green
Pair 2 Orange - Black

M.2.1.4 Cable diameter
The diameter of the completed cable shall be less than or equal to 11 mm (0.4 in).
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M.2.1.5 Marking
The cable should be marked with “150 W STP-A".

M.2.1.6 Backbone 150 W STP-A cable

The requirements for backbone 150 W STP-A cable shall be the same as the requirements given for
horizontal 150 W STP-A cable.

M.3 Transmission requirements

M.3.1 DC resistance

The DC resistance of any conductor measured in accordance with ASTM D4566 and corrected to a
temperature of 20 °C shall not exceed 5.71 W/100 m (W/328 ft).

M.3.2 Characteristic impedance and return loss

Structural return loss requirements are not applicable to 150 W STP-A cable. Characteristic

Impedance shall be 150 W+ 10% from 1 MHz to 300 MHz when measured in accordance with
ASTM D4566. Cable return loss shall meet or exceed the values determined by the equations given
in table M.2 when measured in accordance with ASTM D4566.

Table M.2 - Horizontal 150 W STP-A cable return loss

1£f<10 20 + 4log(f) dB (M-1)
10£f <20 24 dB (M-2)
20 £ <300 24 - 10log(f/20) dB (M-3)

M.3.3 Insertion loss

For all frequencies from 1MHz to 300 MHz, cable insertion loss shall meet the values determined by
equation (M-4) when measured in accordance with ASTM D4566.

InsertionL 0SS 100, £ 1.067+/ f +0.018 xf +O'—1f8 dB/100 m (328 ft) (M-4)
A\

M.3.4 Near-end crosstalk (NEXT) loss

For all frequencies from 1MHz to 300 MHz, cable NEXT loss shall meet the values determined by
equation (M-5) when measured in accordance with ASTM D4566.

NEXT, . e100m > 38.5- 15log( f /100) dB (M-5)

M.3.5 Equal level far-end crosstalk (ELFEXT)
ELFEXT requirements are not applicable to 150 W STP cabling cable components.

M.4 Connecting hardware for 150 W STP-A cable

Connecting hardware for 150 W STP-A cable shall meet the requirements of clauses 5 and K.6 with
the additional requirements of clauses M.4.1 through M.4.2.3.

M.4.1 Mechanical requirements
The connector shall meet the interface requirements specified in IEC 60807-8
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M.4.2 Transmission requirements

Connecting hardware for 150 W STP-A cable shall meet the transmission requirements specified in
ANSI/IEEE 802.5, IEC 60807-8, IEC 60603-7 and the following additional requirements.

M.4.2.1 Insertion loss

For all frequencies from 1 MHz to 300 MHz, connector insertion loss shall meet the values

determined by equation (M-6) when measured in accordance with clause C.1, except using 150 W
test leads.

InsertionLoss,,,, £ 0.025,/ f dB (M-6)

M.4.2.2 NEXT loss

For all frequencies from 1MHz to 300 MHz, connector NEXT loss shall meet the values determined
by equation (M-7) when measured in accordance with clause C.2, except using 150 W test leads.

NEXT. 3 46.5- 20log( f /100) dB (M-7)

conn

M.4.2.3 Return loss

For all frequencies from 1MHz to 300 MHz, connector return loss shall meet the values determined
by the equations given in table M3 when measured in accordance with clause C.4, except using
150 W test leads.

Table M.3 - 150 W STP-A connector return loss

1£f<16 36 dB (M-8)
16 £ f < 300 36 - 20log(f / 16) dB (M-9)

M.4.2.4 Far-end crosstalk (FEXT) loss
FEXT loss requirements are not applicable to 150 W STP cabling connecting hardware components.

M.4.3 Shielding effectiveness

For all frequencies from 1MHz to 1000 MHz, connector shielding effectiveness shall meet the values
determined by the equations given in table M.4 when measured in accordance with coupling insertion
loss test method given in IEC 60603-7.

Table M.4 - Shielding effectiveness 150 W STP-A connector

1£f £ 400 87 — 25 log(f ) dB (M-10)
400 < f £ 1000 22 dB (M-11)

M.4.4 Marking
The connector should be marked with the designation “E”

M.5 150 W STP-A patch cords

150 W STP-A patch cable shall meet the requirements of clauses M.2, 4.5 and K.7 with the additional
requirements of M.5.1 through M.5.2.3.
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M.5.1 Mechanical requirements

M.5.1.1 Insulated conductor

The conductor shall be 26 AWG stranded tin-coated copper. The diameter of the insulated conductor
shall not exceed 1.9 mm (0.075 in).

M.5.1.2 Cable diameter
The diameter of the completed cable shall be less than or equal to 9.5 mm (0.374 in).

M.5.2 Transmission requirements

M.5.2.1 DC resistance

The DC resistance of any conductor, measured in accordance with ASTM D 4566 and corrected to a
temperature of 20 °C, shall not exceed 14.5 W /100 m (W /328 ft).

M.5.2.2 Insertion loss

For all frequencies from 1MHz to 300 MHz, cable insertion loss shall meet the values determined by
equation (M-12) when measured in accordance with ASTM D 4566.

. 0.18
INSertionL 0SS, y100m £ 1.614/ f +0.018xf +—= dB/100 m (328 f) (M-12)

NG

M.5.2.3 NEXT

For all frequencies from 1MHz to 300 MHz, cable NEXT loss shall meet the values determined by
equation (M-13) when measured in accordance with ASTM D 4566.

NEXTcablemOm 3 32.5- 15log( f /100) dB (M-13)
M.6 Reliability testing of connecting hardware used for 150 W STP cabling
150 W STP cabling connecting hardware components shall satisfy the requirements of annex A.

M.7 Transmission testing of connecting hardware used for 150 W STP cabling

150 W STP cabling connecting hardware shall be tested according to the requirements of
IEC 60807-8 and ANSI/IEEE 802.5.

M.8 Test instruments

150 W STP cabling links are tested in the field using level lle field test instruments. 150 W STP
cabling links are adapted to the 100 W UTP cabling field test instrument by means of transformers
(2:3) inserted in test instrument adapter cords. The requirements for 100 W UTP cabling field test
instruments apply to 150 W STP cabling and are found in ANSI/TIA/EIA-568-B.1.

M.9 Reference measurement procedures

150 W STP cables shall be measured in accordance with annex C, connecting hardware in
accordance with annexes D and E and clauses M.9.1 and M.9.2.
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M.9.1 Test setup and apparatus

M.9.1.1 Test setup
The test setup provides for the termination of two pairs.

M.9.1.2 Balun requirements
The balun secondary impedance shall be 150 W (balanced).

M.9.1.3 Balun and test lead qualification
The balun termination resistor shall be 150 W.

M.9.1.4 Impedance matching terminations

The termination of pairs during measurements shall be 150 W. The common mode terminations may
be a resistor network of 50 W resistors in a “Y” configuration. The differential resistors shall be 75 W.

M.9.2 Test adapters
Test adapters shall be constructed using 150 W STP connecting hardware.

M.10 150 W STP cabling screen requirements references to ScTP

150 W STP cabling conforms to the requirements of 100 W ScTP cabling insofar as shield related
requirements with the following exceptions.

M.10.1 150 W STP horizontal cable

M.10.1.1 Bending radius
The 150 W STP horizontal cable shall conform to the bending radius of clause K.4.2.3.

M.10.1.2 Dielectric strength

The 150 W STP horizontal cable shall conform to the dielectric strength requirements of clause
K.4.3.1.

M.10.1.3 Surface transfer impedance

The 150 W STP horizontal sable shield shall conform to the surface transfer impedance requirements
of clause K.4.3.2.

M.10.2 150 W STP connecting hardware screen
The 150 W STP connecting hardware conforms to requirements entirely independent of 100 W ScTP.

M.10.3 150 W STP patch cable screen
The 150 W STP patch cable conforms to requirements entirely independent of 100 W ScTP.
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Annex N Category 5 cabling (informative)

N.1 Introduction

Category 5 cabling has been superseded by category 5e cabling. This annex lists category 5
component and cabling transmission parameters. The information in this clause comes from
ANSI/TIA/EIA-568-A and TSB95 and is provided for reference for “legacy” installations.

N.2 Purpose and scope

The purpose of this annex is to detail existing category 5 component cabling systems performance.
Field testing for category 5 cabling should be conducted in the same manner as field testing for
category 5e cabling, using the transmission parameters in this annex.

N.3 Transmission parameters

N.3.1 Mutual capacitance
Mutual capacitance information is provided for engineering design.

N.3.1.1 Category 5 horizontal 100 W UTP cable

The mutual capacitance of any pair at 1 kHz and measured at, or corrected to, a temperature of
20 °C, should not exceed 5.6 nF per 100 m (328 ft) when measured in accordance with
ASTM D 4566.

N.3.1.2 Category 5 backbone 100 W UTP cable

The mutual capacitance of any pair at 1 kHz and measured at, or corrected to, a temperature of
20 °C, should not exceed 5.6 nF per 100 m (328 ft) when measured in accordance with
ASTM D 4566.

N.3.2 Category 5 structural return loss (SRL)

N.3.2.1 Category 5 horizontal 100 W UTP cable

From 1 MHz to 100 MHz, the SRL for category 5 horizontal 100 W UTP cables should meet or exceed
the values determined using the equations in table N.1.

Table N.1 - Category 5 horizontal cable structural return loss, worst pair

For a length of 100 m (328 ft)

Frequency (f) Category 5
(MHz) (dB)
1£f <20 23
20 £ f £100 16 — 10 log(f / 100) (N-1)

N.3.2.2 Category 5 backbone 100 W UTP cables

From 1 MHz to 100 MHz, the SRL for category 5 backbone 100 W UTP cables should meet or exceed
the values in table N.2.
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Table N.2 - Category 5 backbone cable structural return loss, worst pair

For a length of 100 m (328 ft)

Frequency (f) Category 5
(MHz) (dB)
1£f<20 23
20 £ f £100 16 — 10 log(f / 100) (N-2)

N.3.3 Category 5 return loss

N.3.3.1 Category 5 horizontal 100 W UTP cable

The return loss of category 5 horizontal 100 W UTP cables should meet or exceed the values
determined using the equations specified in table N.3.

Table N.3 - Category 5 horizontal cable return loss @ 20 °C = 3 °C (68 °F = 5.5°F), worst
pair

For a length of 100 m (328 ft)

Frequency (f) Category 5
(MHz) (dB)
1£ f <10 17 + 3log(f) (N-3)
10 £ f< 20 20
20 £ f £100 20 — 7log(f / 20) (N-4)

N.3.3.2 Category 5 connecting hardware for 100 W UTP cable

For category 5 connectors, from 1 MHz to 100 MHz, the minimum return loss should be 23 dB or
greater for all frequencies between 1 MHz and 20 MHz. For all frequencies from 20 MHz to 100 MHz,
category 5 connectors, should exhibit a minimum return loss of 14 dB or greater. These return loss
values were chosen to limit peak reflected voltages to 7% or less up to 20 MHz and to 20% or less
from 20 MHz to 100 MHz.

N.3.4 Category 5 insertion loss

N.3.4.1 Category 5 horizontal 100 W UTP cable

From 1 MHz to 100 MHz, the maximum category 5 insertion loss of any cable pair, in dB per 100 m,
measured at, or corrected to, a temperature of 20 °C in accordance with ASTM D4566 should be less
than or equal to the value determined using equation (N-5).

0.050

T

INSertionL 0SS,y eoom £ 1.9674/F +0.023%f + dB (N-5)

N.3.4.2 Category 5 backbone 100 W UTP cable

From 1 MHz to 100 MHz, the maximum category 5 insertion loss of any cable pair, in dB per 100 m,
measured at, or corrected to, a temperature of 20 °C in accordance with ASTM D 4566 should be
less than or equal to the value determined using equation (N-6).
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0.050

T

INSertionL 0SS,y eoom £ 1.9674/F +0.023%f + dB (N-6)

N.3.4.3 Category 5 connecting hardware for 100 W UTP cable

Worst case insertion loss of any pair within a category 5 connector should not exceed the values
listed in table N-4 at each specified frequency for a given performance category.

Table N.4 - Category 5 connecting hardware insertion loss, worst pair

Frequency Category 5

(MHz) (dB)
1.0 0.1
4.0 0.1
8.0 0.1
10.0 0.1
16.0 0.2
20.0 0.2
25.0 0.2
31.25 0.2
62.5 0.3
100.0 0.4

N.3.4.4 Category 5100 W UTP patch cords

Category 5 UTP patch cords should have stranded conductors. For stranded wire cables, the
insertion loss of any pair should be less than or equal to the value computed by multiplying the result
of the insertion loss equation (N-6) by a factor of 1.2 for all frequencies (f) in MHz from 0.772 MHz to
100 MHz.

N.3.5 Category 5 near-end crosstalk (NEXT) loss

In order to limit the crosstalk coupled onto a pair from an adjacent disturbing pair, NEXT loss and
ELFEXT requirements are specified. The crosstalk parameters are specified on a worst case pair-to-
pair basis. NEXT loss decreases as the frequency increases.

N.3.5.1 Category 5 horizontal 100 W UTP cables

N.3.5.1.1 Category 5 horizontal 100 W UTP cables NEXT loss

From 1 MHz to 100 MHz, the minimum category 5 NEXT loss for any pair combination at room
temperature should be greater than the value determined using equation (N-7).

NEXT, 100 2 32.3- 15log( f /100) dB (N-7)

N.3.5.1.2 Category 5 horizontal 100 W UTP cables pair-to-pair FEXT or ELFEXT loss

From 1 MHz to 100 MHz, category 5 ELFEXT should meet the values determined using equation (N-
8).

ELFEXT, ci00m ° 20.8- 20log( f /100) dB/100 m (328 ft) (N-8)
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N.3.5.2 Category 5 backbone 100 W cables

N.3.5.2.1 Category 5 backbone 100 W cables power sum near-end cross talk (PSNEXT)
loss

From 1 MHz to 100 MHz, the minimum category 5 power sum NEXT loss within a 25-pair binder
group, tested in accordance with ASTM D4566, shall be greater than the value determined using
equation (N-9).

PSNEXT,;c100m 2 32.3- 15log( f /100) dB (N-9)

N.3.5.3 Category 5 connecting hardware

N.3.5.3.1 Category 5 connecting hardware NEXT loss

From 1 MHz to 100 MHz, the worst case category 5 NEXT loss for any combination of disturbing and
disturbed pairs should be determined using equation (N-10).

NEXT,,,, =40- 20log( f /100) dB (N-10)

conn

Connecting hardware NEXT should be tested per annex D using TOC test plugs qualified per clause
N.3.5.3.2.

N.3.5.3.2 TOC test plug qualification

Once the test plug is terminated, its characteristics should be verified by measuring its crosstalk loss
in an unmated state with 100 W resistors connected in parallel with 100 W test leads where they
connect to the baluns. For each of the six (6) test plug pair combinations, connect a 100 W resistor in
parallel with the test leads (where they connect to the baluns) and measure NEXT as shown in figure
N.1. In order to minimize inductive effects, the resistor leads should be kept as short as possible
[5 mm (0.21in) or less per side]. For each of the six (6) pair combinations, the measured NEXT loss of
the open circuit plug, with 100 W resistors connected in parallel with the UTP test leads, shall
measure in the range shown in table N.5. This measurement is sometimes referred to as a
"terminated open circuit" or TOC test. In addition, for pin combination 4&5 - 3&6, the difference
between the NEXT loss measured at 100 MHz and the NEXT loss measured at 10 MHz for this setup
shall be 20 + 0.5 dB.

Table N.5 - Category 5 test plug NEXT loss requirements

Pin combination Test plug NEXT loss at

100 MHz
48&5 - 3&6 3 40dB
3&6 - 1&2 3 45dB
3&6 - 7&8 3 45dB
48&5 - 1&2 3 55 dB
485 - 7&8 3 55 dB
1&2 - 7&8 3 55dB
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The 100 W resistors shall be removed from the baluns before any mated plug/jack measurements are
made. For product qualification testing, a minimum d five (5) test plugs shall be used. TOC NEXT
results may be rounded to the nearest 0.1 dB. Of the minimum five (5) test plugs used, three (3) are
subject to the following additional TOC requirements for pin combination 4&5 - 3&6.

a) At least one of the five (5) test plugs used shall exhibit TOC NEXT loss in the
range from greater than or equal to 40.0 dB to less than 40.5 dB at 100 MHz.

b) At least one of the five (5) test plugs used shall exhibit TOC NEXT loss in the
range from greater than or equal to 40.5 dB to less than 41.5 dB at 100 MHz.

c) At least one of the five (5) test plugs used shall exhibit TOC NEXT loss in the
range from greater than or equal to 41.5 dB at 100 MHz.

NOTE - The test plug should be periodically examined for physical wear and mechanical

degradation.
Network Analyzer
N-BNC N-BNC
Adapter Adapter
Coax Cable Coax Cable
Wideband Wideband
Balun Balun
Total Length of
Twisted-Pair Test Leads
Used in Test
8-Pin Plug
Front View
Figure N.1 - Test plug qualification measurement
N.3.5.3.3 Category 5 connecting hardware FEXT loss

From 1 MHz to 100 MHz, category 5 connector FEXT loss should meet the values determined using
equation (N-11).

FEXT,

conn

3 30.0- 20log( f /100) dB (N-11)
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N.3.6 Category 5 propagation delay

N.3.6.1 Category 5 horizontal 100 W UTP cables

From 1 MHz to 100 MHz, the category 5 propagation delay of any pair of a category 5 100 W 4-pair
cable should be determined using swept frequency measurements in accordance with ASTM D 4566.
Equation (N-12) should be used to compute the maximum allowable propagation delay at all
frequencies between 1 MHz and 100 MHz.

delay £ 534+ 3_‘:(ns/100m) (N-12)

F

N.3.6.2 Category 5 backbone 100 W cable
The category 5 propagation delay of any pair at 10 MHz should not exceed 5.7 ns/m.

N.3.7 Category 5 propagation delay skew for 4-pair cables
N.3.7.1 Category 5 horizontal 100 W UTP cables

The difference in propagation delay between the fastest and slowest pair in a category 5 cable should
not exceed 45 ns/100 m between 1 MHz and 100 MHz.
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Annex O Development of channel and component return loss limits (informative)

0.1 General

Return loss is a measure of the reflected signal expressed in decibels (dB). The magnitude of the
return loss is affected by the characteristic impedance mismatches between the various components
comprising a channel, including the horizontal cable, patch cable and connectors as well as structural
impedance variations in the cable. The channel or permanent link return loss is computed by
multiplication of transmission matrices for each component in the link using the circuit analysis
method. Each component is modeled by its transmission matrix as shown in equation (O-1).

écosh(g 1) Z sinh(gl) u
?Sinh((glg cosh(g 1) 4 (0-1)
e Z g H

where: g=a + jbis the complex propagation constant and Z is the complex characteristic
impedance.

II‘dB with: IL

20 Iogi ei dB

is the insertion loss of the component per m in dB.

e = 2.71828 (base of natural logarithm)

6 . . .
p-2pf10 with: f is the frequency in MHz.
NVP ¢

C is the speed of light in vacuum 3108 m/s.
| is the length of the component in meters.

NVP is the nominal velocity of propagation relative to the speed of
light. In turn, NVP is related to the propagation delay:
NVP = 100

prop _delay x
The fequency dependency of prop _ delay can be ignored in most
simulations.

The return loss is computed from the overall transmission matrix eA Bu by:

& Dy

AZ +B i
z =" and  _ ot in” Zret |2, (0-2)
in cz . +D — g :
ref in” “ref |5
with the nominal characteristic impedance Zref =100 W.
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0.2 Assumptions

0.2.1 Assumptions for the transmission matrix for cable
For cable, the specified insertion loss per unit length is given by:

k.
k[T +ko f +—2
1 2
IL :—W/T

(0-3)
dB 100

where kl’ k2’ and ksare the constants in the equation for cable insertion loss.

The properties of the characteristic impedance Z include a fitted (average) characteristic impedance

Zfit' which is assumed constant along the length of the cable, and a random variation around the

fitted characteristic impedance. The fitted characteristic impedance can be represented by:

z 1- j9 (0-4)
Zo =7 Cl+0.055——7
fit og _\Zf p

with zois the asymptotic value of the fitted characteristic impedance.

The highest allowed value for Zo can be determined by assuming that contributions to cable return

loss from structural variations may be ignored at low frequencies. The return loss of a 100 m cable
segment are @mmputed and the value of Zo adjusted so that at the lowest possible frequency the

computed return loss matches the return loss specification for cable (the test length is 100 m). The
lowest allowed value for Zo is limited by the insertion loss requirements. As a result, it is assumed

that the allowed range of asymptotic impedance is symmetrical around 100 W.

Pair structural variations may be represented by dividing the cable into many unit interval segments of
randomly varying impedance, and performing a Monte-Carlo analysis of the cable return loss. The
amplitude of these variations is adjusted so that the overall return loss is approximated. This is rather
computation intensive and requires many iterations.

A simpler way is to assume that return loss caused by structural variations is uncorrelated with the
computed return loss from the cable interfaces. The Distributed Return Loss (DRL, a statistical
approximation of structural return loss) is obtained by power sum subtracting the computed interface
return loss from the specified return loss and computed interface return loss of cable.

&E - Rl ble " Ry terface 2 (O-5)
DRL=- lOIogglo 10 .39 10

:

DRL is approximated by:

Q-

_ ®f 0 \where: Kpg, is a constant. 0-6
PRL100m = Kpre ~ 10109555~ o o
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This approximation may be used to represent the contributions from all distributed sources of return
loss in cabling for most lengths of cabling. The contribution from DRL over a short length of cable
may be approximated using the same formula as that used for scaling NEXT per IEC 61156-1. The
DRL from all of the cable segments are added together in a power sum manner to obtain the DRL for
the whole link. Since the DRL contributions from all cable segments are uncorrelated, the same DRL
from the previous cable addition can also be obtained directly by assuming the total length in the
length dependency formula and computing the correction only once. The changes caused by the
length dependency formula are minimal when the total length of cabling exceeds 30 meters, and
therefore one may use the DRL approximation for all practical cabling lengths.

The typical value of KDRL is 28 dB for solid core cable and 26 dB for stranded cable. Assuming the

total length of solid core cable far exceeds the total length of stranded jumpers and patch cable, one
may assume the value KDRL of solid core cable for the entire channel.

0.2.2 Assumptions for the transmission matrix for connectors

For a connector, the product of the propagation delay constant and length is used.

gl=a l+jbl (O-7)
. : : f
The electrical length | is obtained from: | = NVPc—X (0-8)
conn conn 360 f
X
where:

f « is the measured phase angle in degrees between the output and input of the
connector at a high frequency fX (e.g., 50 MHz)

The connector is now modeled as a short transmission line of electrical length Iconn . The frequency

response exhibits a 20 dB/decade slope within the frequency range of interest. The value of the
characteristic impedance Zconn for the connector is adjusted so that the specified return loss at a

certain frequency is matched. Practical values of IConn lie between 5 cm and 10 cm.

The att ti tant = 0-9
e attenuation constant a | kc‘/T (0-9)

where kCis the constant in the connector insertion loss equation.

The phase constant | = _P_¢

f (0-10)
180 X f
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0.3 Return loss modeling results

A reasonable worst case channel configuration used to develop the return loss limits is shown in
figure O.1. All flexible cable segments are assumed to have a asymptotic fitted characteristic
impedance value of 95 W. The solid core cable segments are assumed to have a 105 W asymptotic
fitted characteristic impedance. All connecting hardware is assumed to have return loss performance
at the return loss limit for connecting hardware.

Connecting  Connecting Connecting Connecting
Hardware Hardware Hardware Hardware
Cord Cord Cord
|
2m 2m | 20 m cable Sm _ 2m
l 26 m channel |

Figure O.1 - Modeling configuration

Reflections at the cable interfaces may result from characteristic impedance mismatches between
cable segments or from the mismatch between connectors and cable segments. The phase
dependencies and potential for in-phase addition of return loss between the different components in
the channel are very much dependent on the physical separation of these interfaces from each other.
Worst case in-phase addition most likely occurs in the frequency range from 15 to 30 MHz frequency
range, where physical distances, typical for patch cords, match ¥ wavelengths. If distances between
connections are multiples of a fixed low value, then it is possible, but unlikely, that the return loss will
exceed the pass/fail limits for the channels or permanent links under the following conditions:

In channels that use a cross-connect.
In channels and permanent links which use a consolidation point.

In case, a return loss failure occurs in a channel:
1) Verify the operation and calibration of the field tester.
2) Determine the source of major reflections.

3) Reduce the number of connectors in the channel.
4) Select components with better return loss performance.
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Annex P Bibliography (informative)

This annex contains information on the documents that are related to or have been referenced in this
document. Many of the documents are in print and are distributed and maintained by national or
international standards organizations. These documents can be obtained through contact with the
associated standards body or designated representatives. The applicable electrical code in the United
States is the National Electrical Code.

ANSVI/IEEE C 62.11, Metal Oxide Surge Arrestors for AC Power Circuits

ANSI X3.166-1990, ANSI Standard for Token Ring FDDI Physical Layer Medium Dependent (PMD)
23

ASTM B539-90, Measuring Contact Resistance of Electrical Connections (Static Contacts)

Federal Communications Commission (FCC) Washington D.C., "The Code of Federal Regulations,
FCC 47 CFR 68

Federal Telecommunications Recommendation 1090-1997, “COMMERCIAL BUILDING
TELECOMMUNICATIONS CABLING STANDARD”, 11 August 1997, by National Communications
System (NCS).

IEEE 802.3-1990 (also known as ANSI/IEEE Std 802.3-1990 or ISO 8802-3: 1990(E), Carrier Sense
Multiple Access with Collision Detection (CSMA/CD) Access Method and Physical Layer
Specifications

IEEE 802.4, Standard for Local Area Network Token Passing Bus Access Method, Physical Layer
Specification

IEEE 802.5-1992 (also known as ANSI/IEEE Std 802.5-1992), Token Ring Access Method and
Physical Layer Specifications

IEEE 802.7, (also known as) Recommended Practices for Broadband Local Area Networks
NEMA-250-1985, Enclosures for Electrical Equipment (1000 Volts Maximum)

NQ-EIA/IS-AH, Cable for LAN Twisted-pair Data Communications-Detail Specification for Type 8,
Undercarpet Cable, September 1988

Society of Cable Telecommunications Engineers, Inc., Document #IPS-SP-001, Flexible RF Coaxial
Dropcable Specification

TIA/EIA TSB-31-B, FCC 47 CFR 68, Rationale and Measurement Guidelines

UL 444 UL Standard for Safety Communications Cables

The organizations listed below can be contacted to obtain reference information.
ANSI

American National Standards Institute (ANSI)
430 Broadway

New York, NY 10018

USA

(212) 642-4900

ASTM

American Society for Testing and Materials (ASTM)
100 Barr Harbor Drive

West Conshohocken, PA 19428-2959

USA

(610) 832-9500
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8610 Hidden River Parkway
Tampa, FL 33637

USA

(813) 979-1991

Telcordia Technologies (formerly Bellcore)

Telcordia Technologies

8 Corporate Place Room 3C-183
Piscataway, NJ 08854-4156
USA

(800) 521-2673

CSA

Canadian Standards Association (CSA)
178 Rexdale Blvd.

Rexdale (Toronto), Ontario

Canada M9W 1R3

(416) 747-4363

EIA/TIA

Electronic Industries Alliance (EIA)
2500 Wilson Blvd., Suite 400
Arlington, VA 22201-3836

USA

(703) 907-7500
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