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A sample drawing of a duplex SC connector and receptacle is provided in Figure 38-8.

Slots for keys

NOTE—Connector keys are used for transmit/receive polarity only. The connector keys do not dif-
ferentiate between single-mode and multimode connectors.

Figure 38—8—Duplex SC connector and receptacle (informative)

38.11.4 single-mode fiber offset-launch mode-conditioning patch cord for MMF operation of

1000BASE-LX

This subclause specifies an example embodiment of a mode conditioner for 1000BASE-LX operation with
MMF cabling. The MMF cabling should meet all of the specifications of 38.10. For 1000BASE-LX the
mode conditioner consists of a single-mode fiber permanently coupled off-center to a graded index fiber.
This example embodiment of a patch cord is not intended to exclude other physical implementations of off-
set-launch mode conditioners. However, any implementation of an offset-launch mode conditioner used for
1000BASE-LX shall meet the specifications of Table 38—13. The offset launch must be contained within the
patch cord assembly and is not adjustable by the user.

Table 38—-13 —single-mode fiber offset-launch mode conditioner specifications

Description

62.5 um MMF 50 pm MMF Unit

Maximum insertion loss

0.5 0.5 dB

Coupled Power Ratio (CPR)

28 <CPR <40 12<CPR <20 dB

Optical center offset between
SMF and MMF

17 < Offset <23 | 10 < Offset < 16 um

Maximum angular offset

1 1 degree
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All patch cord connecting ferrules containing the single-mode-to-multimode offset launch shall have single-
mode tolerances (IEC 61754-4 |B25] grade | ferrule).

The single-mode fiber used in the construction of the single-mode fiber offset-launch mode conditioner shall
meet the requirements of 38.11.1. The multimode fiber used in the construction of the single-mode fiber off-
set-launch mode conditioner shall be of the same type as the cabling over which the 1000BASE-LX link is to
be operated. If the cabling is 62.5 um MMF then the MMF used in the construction of the mode conditioner
should be of type 62.5 um MMF. If the cabling is 50 um MMF, then the MMF used in the construction of the
mode conditioner should be of type 50 um MMEFE.

Figure 38-9 shows the preferred embodiment of the single-mode fiber offset-launch mode-conditioning
patch cord. This patch cord consists of duplex fibers including a single-mode-to-multimode offset launch
fiber connected to the transmitter MDI and a second conventional graded index MMF connected to the
receiver MDI. The preferred configuration is a plug-to-plug patch cord since it maximizes the power budget
margin of the 1000BASE-LX link. The single-mode end of the patch cord shall be labeled “To Equipment.”
The multimode end of the patch cord shall be labeled “To Cable.” The color identifier of the single-mode
fiber connector shall be blue. The color identifier of all multimode fiber connector plugs shall be beige. The
patch cord assembly is labeled “Offset-launch mode-conditioning patch cord assembly.” Labelling identifies
which size multimode fiber is used in the construction of the patch cord. The keying of the SC duplex optical
plug ensures that the single-mode fiber end is automatically aligned to the transmitter MDI.

Beige Color Identifier Beige Color Identifier
(¢]
2 &
s o
5 5
2 2
[1T)
Blue Color Identifier Beige Color Identifier
Figure 38-9—1000BASE-LX single-mode fiber offset-launch mode-conditioning
patch cord assembly
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38.12 Protocol Implementation Conformance Statement (PICS) proforma for
Clause 38, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 1%00BASE-LX (Long Wavelength Laser) and 1000BASE-SX (Short Wavelength
Laser)

38.12.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 38, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 1000BASE-LX (Long Wavelength Laser) and
1000BASE-SX (Short Wavelength Laser), shall complete the following Protocol Implementation Conform-
ance Statement (PICS) proforma. A detailed description of the symbols used in the PICS proforma, along
with instructions for completing the PICS proforma, can be found in Clause 21.

38.12.2 Identification

38.12.2.1 Implementation identification

Supplier
Contact point for enquiries about the PICS
Implementation Name(s) and Version(s)

Other information necessary for full identification —e.g.,
name(s) and version(s) for machines and/or operating
systems; System Names(s)

NOTE 1-—Only the first three items are required for all implementations; other information may be completed as
appropriate in meeting the requirements for the identification.

NOTE 2— The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminol-
ogy (e.g., Type, Series, Model).

38.12.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3-2002®, Clause 38, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
1000BASE-LX (Long Wavelength Laser) and
1000BASE-SX (Short Wavelength Laser)

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part of this
PICS

Have any Exception items been required? No[] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802 .3-2(K}2®.}

Date of Statement

GC(}pyrighf release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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38.12.3 Major capabilities/options

IEEE Std 802.3-2002%, Section Three

Item Feature Subclause Value/Comment Status | Support
*LX 1000BASE-LX PMD 38.1 | Device supports long wave- 0/1 Yes|[]
length operation No []
(1270-1355 nm).
*SX 1000BASE-SX PMD 38.1 Device supports short wave- 0/1 Yes|[ ]
length operation (770-860 nm). No [1]
Either this option, or option LX,
must be checked.
*INS Installation / cable 38.10 Items marked with INS include 0 Yes[]
installation practices and cable No []
specifications not applicable to a
PHY manufacturer.
*OFP | Single-mode offset-launch mode- | 38.114 Items marked with OFP include 0 Yes [ 1]
conditioning patch cord installation practices and cable No []
specifications not applicable to a
PHY manufacturer.
*TP1 Standardized reference point TP1 | 38.2.1 This point may be made available | O Yes[]
exposed and available for testing. for use by implementors to cer- No []
tify component conformance.
*TP4 | Standardized reference point TP4 | 38.2.1 This point may be made available | O Yes|[]
exposed and available for testing. for use by implementors to cer- No [1]
tify component conformance.
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38.12.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and baseband
medium, type 1000BASE-LX (Long Wavelength Laser) and 1000BASE-SX (Short Wavelength

Laser)

38.12.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Status | Support
FN1 Integration with 1000BASE-X 38.1 M Yes[]
PCS and PMA and management
functions
FN2 | Transmit function 382.2 Convey bits requested by M Yes[]
PMD_UNITDATA request() to the
MDI
FN3 | Mapping between optical signal 3822 Higher optical power is a logical 1. | M Yes[]
and logical signal for transmitter
FN4 | Receive function 3823 Convey bits received from the M Yes|[]
MDI to
PMD_UNITDATA .indicate()
FN5 | Mapping between optical signal 3823 Higher optical power is a logical 1. | M Yes[]
and logical signal for receiver
FN6 | Signal detect function 3824 Report to the PMD service inter- M Yes[1]
face the message
PMD_SIGNAL.indi-
cate(SIGNAL_DETECT)
FN7 | Signal detect behavior 3824 Meets requirements of Table 38-1 M Yes[]
38.12.4.2 PMD to MDI optical specifications for 1000BASE-SX
Item Feature Subclause Value/Comment Status | Support
PMS1 | Transmitter meets 383.1 Per measurement techniques m 38.6 | SXtM | Yes|[]
specifications in Table 38-3 N/AT]
PMS2 | Transmitter eye measurement 38.3.1 Per 38.6.5 SX:M Yes [ ]
N/AT]
PMS3 | Launch power 383.1 Lesser of class 1 safety limit per SX:M | Yes[]
38.7.2 or maximum receive power N/AT]
in Table 38-4
PMS4 | Receiver meets specifications 3832 Per measurement techniques in 386 | SX:M | Yes[]
in Table 38-4 N/AT]
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38.12.4.3 PMD to MDI optical specifications for 1000BASE-LX

Item Feature Subclause Value/Comment Status Support
PMLI Transmitter meets specifica- 38.4.1 Per measurement techniques in | LX:M Yes|[]
tions in Table 38-7 38.6 N/AT]
PML2 Transmitter eye measurement 384.1 Per 38.6.5 LX:M Yes [ 1]
N/AT]
PML3 Offset-launch mode-condition- | 38.4.1 Required for LX multimode LX:M Yes [ 1]
ing patch cord operation N/AT]
PML4 Receiver meets specifications 3842 Per measurement techniquesin | LX:M Yes|[]
in Table 38-8 386 N/AT]
38.12.4.4 Jitter specifications
Item Feature Subclause Value/Comment Status Support
JT1 Total jitter specification at TP1 | 38.5 Meets specification of bold TPI:M Yes|[]
entries in Table 38-10 N/AT]
T2 Total jitter specification at TP2 | 38.5 Meets specification of bold M Yes[]
entries in Table 38-10
T3 Total jitter specification at TP3 | 38.5 Meets specification of bold INS:M Yes[]
entries in Table 38-10 N/AT]
T4 Total jitter specification at TP4 | 38.5 Meets specification of bold TP4AM Yes|[]
entries in Table 38-10 N/AT]
38.12.4.5 Optical measurement requirements
Item Feature Subclause Value/Comment Status Support
OR1 Length of patch cord used for 38.6 2to5m M Yes|[]
measurements
OR2 Center wavelength and spectral | 38.6.1 Using optical spectrum ana- M Yes|[]
width measurement conditions lyzer per ANSI/EIA/TTA-455-
127-1991 [BS8]
OR3 Center wavelength and spectral | 38.6.1 Under modulated conditions M Yes|[]
width measurement conditions using a valid 1000BASE-X
signal
OR4 Optical power measurement 38.6.2 Per ANSI/EIA-455-95-1986 M Yes[]
conditions IB7]
OR5 Extinction ratio measurement 38.63 Per ANSI/TIA/EIA-526-4A- M Yes[ 1]
conditions 1997 [B13] using patch cable
per 38.6
OR6 RIN test methods 3864 ANSI X3.230-1994 [B20] M Yes|[]
(FC-PH), Annex A, A.5 using
patch cable per 38.6
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38.12.4.5 Optical measurement requirements (continued)

Item Feature Subclause Value/Comment Status Support
OR7 . Transmit eye mask 38.6.5 Using fourth-order Bessel- M Yes|[]
measurement conditions Thomson filter per 38.6.5,
using patch cable per 38.6
ORSE Transmit rise/fall measurement | 38.6.6 ‘Waveforms conform to mask M Yes | ]
conditions in Figure 38-2, measure from
20% to 80%, using patch cable
per 38.6
ORY9 Receive sensitivity 38.6.7 Worst-case extinction ratio M Yes [ 1]
measurement conditions penalty while sampling at the
eye center using patch cable
per 38.6
OR10 Stressed receive sensitivity 38.6.7 Per 38.6.11, using patch cable | M Yes|[]
per 38.6
OR11 Stressed receive sensitivity 3867 Meet Table 38-4 SX:M Yes [ 1]
N/AT]
OR12 Stressed receive sensitivity 38.6.7 Meet Table 38-8 LX:M Yes[1]
N/AT]
OR13 Total jitter measurement 38.68 ANSI X3.230-1994 [B20] M Yes[ 1]
conditions (FC-PH), Annex A, Subclause
A42
OR14 Total jitter measurement 3868 Using BERT M Yes|[]
conditions at TP2
ORI15 Total jitter measurement 38.6.8 Using Bessel-Thomson filter M Yes|[]
conditions at TP2 defined in 38.6.5
ORI16 Total jitter measurement 3868 Using mixed frequency pat- M Yes|[1]
conditions tern specified in 36A.3
OR17 Total jitter measurement 38.6.8 Using conformance test signal | M Yes|[]
conditions at TP4 at TP3 (see 38.6.11)
ORI18 Optical power used for total 38.6.8 0.5 dB greater than stressed M Yes|[]
jitter measurement at TP4 receive sensitivity given in
Table 38-4 (for SX) or
(for LX)
OR19 Optical power used for total 38.6.8 Corrected for extinction ratio M Yes|[]
jitter measurement at TP4
OR20 Total jitter measurement 38.6.8 Measured without Bessel- M Yes[]
conditions at TP4 Thomson filters
OR21 Coupled power ratio 38.6.10 Measured using TIA/EIA-526- | M Yes|[ ]
14A [B14]. meets values in
Table 38-3 (for SX) or (for
LX)
OR22 Compliance test signal at TP3 38.6.11 Meets requirements of M Yes|[]
Figure 38-4
OR23 Compliance test signal at TP3 38.6.11 Pattern specified in 36A.5 M Yes|[]
OR24 Compliance test signal at TP3 38.6.11 DI eye closure no less than M Yes|[]
65 ps
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38.12.4.5 Optical measurement requirements (continued)

Item Feature Subclause Value/Comment Status Support
OR25 Compliance test signal at TP3 38.6.11 Vertical eye-closure penalty SXeM Yes|[]
meets requirements of Table N/AT]
38-4
OR26 Compliance test signal at TP3 38.6.11 Vertical eye-closure penalty LX:M Yes|[]
meets requirements of Table N/AT]
38-8
OR27 Compliance test signal at TP3 38.6.11 Bandwidth of photodetector M Yes|[]
>2.5 GHz, and couple through
4th order Bessel-Thomson fil-
ter
OR28 Receiver electrical cutoff 38.6.12 As described in 38.6.12 M Yes|[ 1]
frequency measurement
procedure
OR29 Optical source used for cutoff 38.6.12 With the exception of extinc- M Yes|[]
frequency measurement tion ratio, meets requirements
of Clause 38
OR30 Compliance with IEC 60950- 38.7.1 M Yes | |
1991
OR31 Laser safety compliance 3872 Class 1 M Yes|[]
OR32 Laser safety compliance test 3872 IEC 60825-1 M Yes|[]
conditions
OR33 Documentation explicitly 3872 M Yes|[]
defines requirements and usage
restrictions on the host system
necessary to meet after
certifications
OR34 Sound installation practices 38.73 INS:M Yes [ 1]
N/AT]
OR35 Compliance with all require- 38.8 M Yes|[]
ments over the life of the
product
OR36 Compliance with applicable 38.8.1 M Yes|[]
local and national codes for the
limitation of electromagnetic
interference
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38.12.4.6 Characteristics of the fiber optic cabling

Item Feature Subclause Value/Comment Status Support
LIl Fiber optic cabling 38.11 Meets specifications in INS:M Yes|[]
Table 38-11 N/AT]
LI2 Return loss for multimode 38.1122 >20dB INS:M Yes[]
connections N/AT]
LI3 Return loss for single-mode 38.1122 >26dB INS:M Yes[]
connections N/AT]
L4 MDI optical plug 38.11.3 Duplex SC meeting [EC 61754- | INS:M Yes[]
4, 1EC 61754-4: 1997 [B25]
Interface 4-2, and ISO/IEC
11801, maintains polarity and
ensures orientation.
LI5 MDI optical receptacle 38.11.3 Duplex SC meeting IEC M Yes|[]
61754-4: 1997 [B25] Interface
4-2 and ISO/IEC 11801,
maintains polarity and ensures
orientation.
LI6 Offset-launch mode-condition- | 38.11.4 Meet conditions of OFP:M Yes [ ]
ing patch cord Table 38-13 N/AT]
LI7 Single-mode ferrules in offset- 38.114 IEC 61754-4: 1997 [B25] OFP:M Yes[]
launch mode-conditioning grade 1 ferrule N/AT]
patch cords
LI8 Single-mode fiber in offset- 38.114 Per 38.11.1 OFP:M Yes [ 1]
launch mode-conditioning N/AT]
patch cords
L9 Multimode fiber in offset- 38.114 Same type as used in LX cable | OFP:M Yes|[]
launch mode-conditioning plant N/A[]
patch cords
LI10 Label on single-mode end of 38.11.4 Labeled “To Equipment™ OFP:M Yes [ ]
offset-launch mode-condition- N/AT]
ing patch cords
LIT1l Label on multimode end of off- | 38.11.4 Labeled “To Cable™ OFP:-M Yes [ ]
set-launch mode-conditioning N/AT]
patch cords
LI12 Color identifier of single-mode | 38.11.4 Blue OFP:-M Yes [ ]
fiber connector N/AT]
LI13 Color identifier of multimode 38.114 Beige OFP:-M Yes [ ]
fiber connector N/AT]
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39. Physical Medium Dependent (PMD) sublayer and baseband medium,
type 1000BASE-CX (short-haul copper)

39.1 Overview

This clause specifies the 1000BASE-CX PMD (including MDI) and baseband medium for short-haul cop-
per. In order to form a complete 1000BASE-CX Physical Layer it shall be integrated with the 1000BASE-X
PCS of Clause 36 and the PMD of Clause 38, which are hereby incorporated by reference. As such, the
1000BASE-CX PMD shall comply with the PMD service interface specified in 38.1.1.

1000BASE-CX has a minimum operating range of 0.1 to 25 m. Jumper cables, described in 39 4, are used to
interconnect 1000BASE-CX PMDs. These cables shall not be concatenated to achieve longer distances. A
1000BASE-CX jumper cable assembly consists of a continuous shielded balanced cable terminated at each
end with a polarized shielded plug described in 39.5.1. The jumper cable assembly provides an output signal
on contacts R+/R— meeting the requirements shown in Figure 39—5 when a transmit signal compliant with
Figures 39-3 and 39—4 is connected to the T+/T— contacts at the near-end MDI connector.

The links described in this clause arc applied only to homogenous ground applications such as between
devices within a cabinet or rack, or between cabinets interconnected by a common ground return or ground
plane. This restriction minimizes safety and interference concerns caused by any voltage differences that
could otherwise exist between equipment grounds.

39.2 Functional specifications

The 1000BASE-CX PMD performs three functions, Transmit, Receive, and Signal Status according to the
service interface definition in 38.1.

39.2.1 PMD transmit function

The PMD Transmit function shall convey the bits requested by the PMD service interface message
PMD_UNITDATA .request(tx_bit) to the MDI according electrical specifications in 39.3.1. The higher output
voltage of T+ minus T— (differential voltage) shall correspond to tx_bit = ONE.

39.2.2 PMD receive function

The PMD Receive function shall convey the bits received at the MDI in accordance with the electrical spec-
ifications of 39.32 to the PMD service interface using the message PMD_UNITDATA .indicate(rx_bit). The
higher output voltage of R+ minus R— (differential voltage) shall correspond to rx_bit = ONE.

39.2.3 PMD signal detect function

The PMD Signal Detect function shall report to the PMD service interface, using the message
PMD_SIGNAL.indicate(SIGNAL_DETECT), which is signaled continuously. PMD_ SIGNAL.indicate is
intended to be an indicator of electrical signal presence.

The value of the SIGNAL_DETECT parameter shall be generated according to the conditions defined in
Table 39—1. The PMD receiver is not required to verify whether a compliant 1000BASE-X signal is being
received. This standard imposes no response time requirements on the generation of the SIGNAL_DETECT
parameter.

As an unavoidable consequence of the requirements for the setting of the SIGNAL _DETECT parameter,
implementations must provide adequate margin between the input signal level at which the
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Table 39-1—SIGNAL DETECT value definition

Receive Conditions Sl Detect
Value
Vinpur Receiver < (receiver sensitivity + worst-case local system noise)? FAIL
Minimum differential sensitivity = V;,,,, Receiver = Maximum differential input OK
AND
compliant 1000BASE-X signal input
All other conditions Unspecified

*Worst-case local system noise includes all receiver coupled noise sources (NEXT, power supply noise, and any
reflected signals). Receive sensitivity is the actual sensitivity of the specific port (as opposed to the minimum
differential sensitivity).

SIGNAL_DETECT parameter is set to OK, and the inherent noise level of the PMD due to cross talk, power
supply noise, etc.

Various implementations of the Signal Detect function are permitted by this standard, including implementa-
tions which generate the SIGNAL_DETECT parameter values in response to the amplitude of the 8B/10B
modulation of the electrical signal

39.3 PMD to MDI electrical specifications

All interface specifications are valid only at the point of entry and exit from the equipment. These points are
identified as points TP2 and TP3 as shown in Figure 39-1. The specifications assume that all measurements
are made after a mated connector pair, relative to the source or destination.

TP1 and TP4 are standardized reference points for use by implementers to certify component conformance.
The electrical specifications of the PMD service interface (TP1 and TP4) are not system compliance points
(these are not readily testable in a system implementation). It is expected that in many implementations TP1
and TP4 will be common between 1000BASE-SX (Clause 38), 1000BASE-LX (Clause 38), and
1000BASE-CX.

PMD specifications shall be measured using the measurement techniques defined in 39.6.
The reference points for all connections are those points TP2 and TP3 where the cabinet Faraday shield tran-
sitions between the cabinet and the jumper cable shield. If sections of transmission line exist within the Fara-

day shield, they are considered to be part of the associated transmit or receive network, and not part of the
jumper cable assembly.
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NOTE —dJumper cable assembly shielding is attached to the system chassis via the connector shroud.

Figure 39-1—1000BASE-CX link (half link is shown)

Schematics in the diagrams in this clause are for illustration only and do not represent the only feasible
implementation.

39.3.1 Transmitter electrical specifications

The output driver is assumed to have output levels approximating those of Emitter Coupled Logic (ECL), as
measured at TP1. The transmitter shall meet the specifications in Table 39-2.

Table 39-2—Transmitter characteristics at TP2

Description Value Unit
Type (P)ECL
Data rate 1000 Mb/s
Clock tolerance =100 ppm
Nominal signalling speed 1250 MBd
Differential amplitude (p-p)
Max (worst case p-p) 2000 mV
Min (opening) 1100 mVy
Max (OFF)* 170 mV
Rise/Fall time (20-80%)
maximum 327 ps
minimum 85 ps
Differential skew (max) 25 ps

“Examples of an OFF transmitter are no power supplied to the PMD
and PMA transmit output being driven to a static state during loop-

back.

For all links, the output driver shall be ac-coupled to the jumper cable assembly through a transmission net-
work, and have output levels, measured at the input to the jumper cable assembly (TP2), meeting the eye dia-
gram requirements of Figure 39-3 and Figure 39—4, when terminated as shown in Figure 39-2. The symbols

X1 and X2 in Figure 39-3 and Figure 39—4 are defined in Table 39-3.

The normalized amplitude limits in Figure 39-3 are set to allow signal overshoot of 10% and undershoot of
20% , relative to the amplitudes determined to be a logic 1 and 0. The absolute transmitter output timing and
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Figure 39-2—Balanced transmitter test load

amplitude requirements are specified in Table 39-2, Table 39-3, and Figure 39—4. The normalized transmit-
ter output timing and amplitude requirements are specified in Table 39-2, Table 39-3, and Figure 39-3. The
transmit masks of Figure 39-3 and Figure 39—4 are not used for response time and jitter specifications.

NOTE 1 — The relationship between Figure 39-3 and Figure 39-4 can best be explained by a counter example. If a trans-
mitter outputs a nominal 600 mV-ppd logic one level with overshoot to 900 mV-ppd, it will pass the absolute mask of
Figure 39-4 but will not pass the normalized mask of Figure 39-3. Normalized, this signal would have 50% overshoot.
This exceeds the 10% overshoot limit defined by the normalized eye mask.
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Figure 39-3—Normalized eye diagram mask at TP2

Table 39-3—Normalized time intervals for TP2

Symbol Value Units
X1 0.14 Unit Intervals (UT)
X2 034 Unit Intervals (UI)

The recommended interface to clectrical transmission media is via transformer or capacitive coupling.
NOTE 2 — All specifications, unless specifically listed otherwise, are based on differential measurements.

NOTE 3 —All times indicated for TDR measurements are recorded times. Recorded times are twice the transit time of
the TDR signal.
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Figure 39-4—Absolute eye diagram mask at TP2

NOTE 4—The transmit differential skew is the maximum allowed time difference (on both low-to-high and high-to low
transitions) as measured at TP2, between the true and complement signals. This time difference is measured at the mid-
way point on the signal swing of the true and complement signals. These are single-ended measurements.

NOTE 5—The transmitter amplitude maximum specification identifies the maximum p-p signal that can be delivered
into a resistive load matching that shown in Figure 39-2.

NOTE 6—The transmitter amplitude minimum specification identifies the minimum allowed p-p eye amplitude opening
that can be delivered into a resistive load matching that shown in Figure 39-2.

NOTE 7—The normalized 1 is that amplitude determined to be the average amplitude when driving a logic 1. The nor-
malized 0 is that amplitude determined to be the average amplitude when driving a logic 0.

NOTE 8 —Eye diagram assumes the presence of only high-frequency jitter components that are not tracked by the clock
recovery circuit. For this standard the lower cutoff frequency for jitter is 637 kHz.

39.3.2 Receiver electrical specifications

The receiver shall be ac-coupled to the media through a receive network located between TP3 and TP4 as
shown in Figure 39—1. The receiver shall meet the signal requirements listed in Table 39—4.
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Figure 39-5—Eye diagram mask at point-TP3
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Table 39-4—Receiver characteristics (TP3)

Description Value Units
Data rate 1000 Mb/s
Nominal signalling speed 1250 MBd
Tolerance =100 ppm
Minimum differential sensitivity (peak-peak) 400 mV
Maximum diflerential input (peak-peak) 2000 mV
Input Impedance @ TP3
TDR Rise Time 85 ps
Exception_window" 700 ps
Through_connection 150 =30 Q
At Termination? 150 + 10 Q
Differential Skew 175 ps

2Within the Exception_window no single impedance excursion shall exceed the

Through_Connection-impedance tolerance for a period of twice the TDR rise time
specification.

e input impedance at TP3, for the termination, shall be recorded 4.0 ns follow-

ing the reference location determined by an open connector between TP3 and TP4.

The minimum input amplitude to the receiver listed in Table 39—4 and Figure 39-5 is a worst case specifica-
tion across all environmental conditions. Restricted environments may allow operation at lower minimum
differential voltages, allowing significantly longer operating distances.

NOTE 1— All specifications, unless specifically listed otherwise, are based on differential measurements.

NOTE 2 —The receiver minimum differential sensitivity identifies the minimum p-p eye amplitude at TP3 to meet the
BER objective.

NOTE 3 —Eye diagrams assume the presence of only high-frequency jitter components that are not tracked by the clock
recovery circuit. For this standard the lower cutofl frequency for jitter is 637 kHz.

NOTE 4— All times indicated for TDR measurements are recorded times. Recorded times are twice the transit time of
the TDR signal.

NOTE 5—Through_Connection impedance describes the impedance tolerance through a mated connector. This toler-
ance is greater than the termination or cable impedance due to limits in the technology of the connectors.

39.3.3 Jitter specifications for 1000BASE-CX

The 1000BASE-CX PMD shall meet the total jitter specifications defined in Table 38—10. Normative values
are highlighted in bold. All other values are informative. Compliance points are defined in 39.3.

Jitter shall be measured as defined in 38.6.8 with the exception that no measurement will require the use of
an optical to electrical converter (O/E).

Deterministic jitter budgetary specifications are included here to assist implementers in specifying compo-

nents. Measurements for DJ are described in 38.6.9 with the exception that no measurement will require the
use of an O/E.
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Table 39-5—1000BASE-CX jitter budget

Compliance Total ‘-jitter‘“ Determin-istic jitter

point Ul ps ul ps
TP1 0240 192 0.120 96
TP1 to TP2 0.090 - 72 0.020 . 16
TP2 0279 . 223 0.140 : 112
TP2 to TP3 0480 . 384 0.260 208
TP3 0.660 . 528 0.400 : 320
TP3 to TP4 0.050 . 40 0.050 40
TP4 0.710 . 568 0.450 360

*Total jitter is composed of both deterministic and random components. The allowed ran-
dom jitter equals the allowed total jitter minus the actual deterministic jitter at that point.

39.4 Jumper cable assembly characteristics

A 1000BASE-CX compliant jumper cable assembly shall consist of a continuous shielded balanced cable
terminated at each end with a polarized shielded plug as described in 39.5.1. The jumper cable assembly
shall provide an output signal on contacts R+/R— meeting the requirements shown in Figure 39—5 when a
transmit signal compliant with Figures 39-3 and 39—4 is connected to the T+/T— contacts at the near-end
MDI connector. This jumper cable assembly shall have electrical and performance characteristics as
described in Table 39—6. Jumper cable assembly specifications shall be measured using the measurement
techniques defined in 39.6. The jumper cable assembly may have integrated compensation networks.

NOTE 1 —Jumper cable assemblies that meet the requirements for ANSI X3.230-1994 [B20] (FC-PH) may not meet the
requirements of this clause.
NOTE 2—Through_Connection impedance describes the impedance tolerance through a mated connector. This toler-

ance is greater than the termination or cable impedance due to limits in the technology of the connectors.

To produce jumper cable assemblies capable of delivering signals compliant with the requirements of 39.4,
the assemblies should generally have characteristics equal to or better than those in Table 39-7.

39.4.1 Compensation networks

A jumper cable assembly may include an equalizer network to meet the specifications and signal quality
requirements (e.g., receiver eye mask at TP3) of this clause. The equalizer shall need no adjustment. All
jumper cable assemblies containing such circuits shall be marked with information identifying the specific
designed operational characteristics of the jumper cable assembly.

39.4.2 Shielding

The jumper cable assembly shall provide class 2 or better shielding in accordance with IEC 61196-1.

39.5 MDI specification

This clause defines the Media Dependent Interface (MDI). The 1000BASE-CX PMD of 39.3 is coupled to
the jumper cable assembly by the media dependent interface (MDI).
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Table 39-6—Jumper cable assembly characteristics (normative)

Description Value Unit
Differential skew (max) 150 ps
Link Impedance @ TP2/TP3?
Through_connection 150 =30 w
Cable 150 = 10 w
TDR rise time 85 ps
E)u:epti()ﬂ_\.\-'indowb 700 ps
Round-trip delay (max)© 253 bit times
253 ns

2The link impedance measurement identifies the impedance mismatches present in the
jumper cable assembly when terminated in its characteristic impedance. This measurement
includes mated connectors at both ends of the Jumper cable assembly (points TP2 and
TP3). The link impedance for the jumper cable assembly, shall be recorded 4.0 ns follow-
ing the reference location determined by an open connector at TP2 and TP3.

bWithin the Exception_window no single impedance excursion shall exceed the
Through_Connection-impedance tolerance for a period of twice the TDR rise time speci-
fication. The Exception_window (used with specilic impedance measurements) identifies
the maximum time period during which the measured impedance 1s allowed to exceed the
listed impedance tolerance. The maximum excursion within the Exception_window at TP3
shall not exceed =33% of the nominal cable impedance.

“Used in Clause 42. This delay is a budgetary requirement of the upper layers. It is easily
met by the jumper cable delay characteristics in this clause.

Table 39-7 —Jumper cable assembly characteristics (informative)

Description Value Unit
Attenuation (max.) at 625 MHz 8.8 dB
Minimum NEXT loss @ 85 ps Tr (max) 6 %
245 dB

39.5.1 MDI connectors

LOCAL AND METROPOLITAN AREA NETWORKS:

Connectors meeting the requirements of 39.5.1.1 (Style-1) and 39.5.1.2 (Style-2) shall be used as the
mechanical interface between the PMD of 39.3 and the jumper cable assembly of 39.4. The plug connector
shall be used on the jumper cable assembly and the receptacle on the PHY. Style-1 or style-2 connectors may
be used as the MDI interface. To limit possible cross-plugging with non-1000BASE-CX interfaces that make
use of the Style-1 connector, it is recommended that the Style-2 connector be used as the MDI connector.

39.5.1.1 Style-1 connector specification

The style-1 balanced connector for balanced jumper cable assemblies shall be the 9-pin shielded D-submin-
iature connector, with the mechanical mating interface defined by 1EC 60807-3, having pinouts matching
those in Figure 39-6, and the signal quality and electrical requirements of this clause. The style-1 connector
pin assignments are shown in Figure 39-6 and Table 39-8.
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1l O 1 =Transmit +
O\6 .
0 6 = Transmit -
O
Q 0 5 = Receive +
9 O )9 9 = Receive -
5| © Shell = Cable Shield

Figure 39-6—Style-1 balanced connector
receptacle pin assignments

39.5.1.2 Style-2 connector specification

The style-2 balanced cable connector is the 8-pin shielded ANSI Fibre Channel style-2 connector with the
mechanical mating interface defined by IEC 61076-3-103, having pinouts matching those shown in
Figure 39—7, and conforming to the signal quality and electrical requirements of this clause.

1 =Transmit +

3 = Transmit -

6 = Receive -
8 = Receive +

Shell = Cable Shield

Onnonmniri
ONOO AN =

Figure 39-7—Style-2 balanced connector
receptacle pin assignments

The style-1 or style-2 connector may be populated with optional contacts to support additional functions. The
presence of such contacts in the connector assemblies does not imply support for these additional functions.

NOTE 1—Style-1 pins 2 and 8 (Style-2 pins 7 and 2) are reserved for applications that assign these pins to power and
ground.

NOTE 2 —Style-1 pin 3 (Style-2 pin 4) is reserved for applications that assign this pin to a Fault Detect function.

NOTE 3 —Style-1 pin 7 (Style-2 pin 5) is reserved for applications that assign this pin to an Qutput Disable function.
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Table 39-8 —MDI contact assignments

Contact
PMD MDI signal
Style-1 Style-2

1 1 Transmit +
7 Reserved
4 Reserved
Mechanical key
Receive +
Transmit
Reserved

Reserved

Loee | N | n LS W | 2
=3 ] th (¥ o

Receive

39.5.1.3 Style-2 connector example drawing (informative)

Figure 39-8—Style-2 connector, example drawing

39.5.2 Crossover function

The default jumper cable assembly shall be wired in a crossover fashion as shown in Figure 39-9, with each
pair being attached to the transmitter contacts at one end and the receiver contacts at the other end.

T+ T+

j = T

R+ R+

R— R—
Shleld «.— —.— —y— — — — —> Shield

Figure 39-9—Balanced cable wiring
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39.6 Electrical measurement requirements
Electrical measurements shall be performed as described in this subclause.
39.6.1 Transmit rise/fall time

Rise time is a differential measurement across the T+ and T— outputs with a load present (including test
equipment) equivalent to that shown in Figure 39-2. Both rising and falling edges are measured. The 100%
and 0% levels are the normalized 1 and 0 levels present when sending an alternating K28.5 character stream.

Once the normalized amplitude is determined, the data pattern is changed to a continuous D21.5 character
stream. The rise time specification is the time interval between the normalized 20% and 80% amplitude levels.

39.6.2 Transmit skew measurement

The transmitter skew is the time difference between the T+ and T— outputs measured at the normalized 50%
crossover point with a load present (including test equipment) equivalent to that shown in Figure 39-2. This
measurement is taken using two single ended probes. Skew in the test set-up must be calibrated out.

Normalized amplitudes can be determined using the method described in 39.6.1.

A continuous D21.5 or K28.7 data pattern is transmitted by the device under test. The data is averaged using
an averaging scope. An easy method to view and measure the skew between these signals is to invert one.

39.6.3 Transmit eye (normalized and absolute)

This test is made as a differential measurement at the bulkhead connector. The scope trigger must either be a
recovered clock as defined in 38.6.8 or a character clock internal to the equipment. The data pattern for this
is the alternating K28.5.

If a character trigger is used, the overshoot/undershoot percentages must be measured at all ten bit positions.
The load for this test is that shown in Figure 39-2.

39.6.4 Through connection impedance

This is a differential TDR or equivalent measurement that must be made through a mated connector pair or
pairs. Any lead-in trace or cable to the connector that is part of the test fixture should provide a reasonable
impedance match so as to not effect the actual measurement. All TDR measurements must be filtered to the
TDR rise time specification. Any test fixture used with these TDR tests must be calibrated to remove the
effects of the test fixture, and verified to produce accurate results.

The impedance Through_connection interval starts at the first point where the measured impedance exceeds
the limits for the termination and ends at the point that the impedance returns to within the termination
impedance limits and remains there.

Within this Through_connection interval, an Exception_window exists where the impedance is allowed to
exceed the Through connection impedance limits up to a maximum deviation of +33% of the nominal link
impedance. The Exception_window begins at the point where the measured impedance first exceeds the
impedance tolerance limits for Through_connection.

39.6.5 Jumper cable intra-pair differential skew

The jumper cable intra-pair differential skew measurement is conducted to determine the skew, or difference in
velocity, of each wire in a cable pair when driven with a differential source. This measurement requires two
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mated connectors, one at the signal source and one at the opposite end of the cable. A pair of matched, compli-
mentary signals (S+, S-) are driven into the T+ and T— contacts of the connector. These signals are time condi-
tioned to start at the same point. This test shall be performed at both ends of the jumper cable assembly.

The jumper cable intra-pair skew is the time difference between the R+ and R— outputs of the excited pair
within the jumper cable assembly measured at the normalized 50% crossover point with a load present
(including test equipment) equivalent to that shown in Figure 39-2. This measurement is taken using two
single ended probes. Skew in the test set-up must be calibrated out.

Normalized amplitudes can be determined using the method described in 39.6.1.

A continuous square wave is used for S+, S—. The data is averaged using an averaging scope. An easy
method to view and measure the skew between these signals is to invert one. A differential TDR can provide
a convenient method to time condition the input signals.

39.6.6 Receiver link signal

This differential measurement is made at the end of the jumper cable assembly, through mated connectors
with a load present (including test equipment) equivalent to that shown in Figure 39-2. The signal is mea-
sured with an alternating K28.5 character stream and is tested to the mask requirements of Figure 39-5.

39.6.7 Near-End Cross Talk (NEXT)

NEXT Loss tests are conducted using a differential TDR (or equivalent) filtered to the rise time limit (near-
end cross talk at a maximum T; of 85 ps) in Table 39—6. The T+ and T— inputs of the jumper cable connector
are excited to create a disturber pair while the R+ and R— contacts of the disturbed pair are measured within
the same connector. The far-end R+/R— outputs of the disturber pair are terminated per Figure 39-2. The R+
and R— signals of the disturbed pair are terminated with a load (including test equipment) equivalent to that
shown in Figure 39-2. The T+ and T— inputs of disturbed pair shall be terminated per Figure 39-2. This test
shall be performed at both ends of the jumper cable assembly.

39.6.8 Differential time-domain reflectometry (TDR) measurement procedure

The differential TDR test setup measures the reflected waveform returned from a load when driven with a
step input. It is obtained by driving the load under test with a step waveform using a driver with a specified
source impedance and rise time. The reflected wavetorm is the difference between (a) the observed wave-
form at the device under test when driven with the specified test signal, and (b) the waveform that results
when driving a standard test load with the same specified test signal. From this measured result we can infer
the impedance of the device under test. The derivative of a time-domain reflectometry measurement is the
time-domain equivalent of S;; parameter testing used in carrier-based systems.

For the measurement of 1000BASE-CX jumper cables, the following test conditions apply:
a)  The driving waveform is sourced from a balanced, differential 150 € source with an 85 ps rise time
(see 39.6.8.1).
b)  The test setup is calibrated (see 39.6.8.2).
39.6.8.1 Driving waveform
It the natural differential output impedance of the driving waveform is not 75 €2, it may be adjusted to within
75 = 5 Q by an attenuating resistive pad. When the driving point resistance is 100 £ (as would be the case

with a differential signal source having two independent, antipodal, 50 Q sources), a good pad design is
shown in Figure 39-10, where R1 = 173.2 € and R2 = 43.3 Q. All resistors arc surfacc-mount packages
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soldered directly to the test fixture with no intervening leads or traces, and the whole structure is mounted on
a solid ground plane (used in three places).

R2

50 @ Driving Signal —(—) AN _— 75 Q Load
Signal Return { \

= R1 150 @ Differential Load

Signal Return R2 Ground for Twinax Cable

50 Q Driving Signal f_\\ z AN 75 Q Load

Figure 39-10—Differential TDR pad adapter

If the natural rise time of the driver is less than 85 ps, the resulting measured time-waveforms must be fil-
tered to reduce the apparent rise time to 85 = 10 ps.

39.6.8.2 Calibration of the test setup

Three measurements are made, with a short, and open, and a known test load. The value of the test resistance
should be constant to within 1% over the frequency range dc to 6 GHz, and of known value. The value of the
test resistance should be within the range 75 = 5 Q.

The differential voltages measured across the device-under-test terminals in these three cases are called
Vsh()rl" ‘Vupen, and V.. respectively. From these three measurements we will compute three intermediate
quantitics:

A= {Vr.)pen = Vihon ) 12

B= (Vopen + Vshurl )12

Zy=Lyey" (Vupen = Viest(Viest = Vshort)
The value of Z is the actual driving point impedance of the tester. It must be within 75 = 5 Q.
For any device under test, the conversion from measured voltage V e cureq t© impedance is as follows:
Measured impedance =Zg - (1 + V)/(1 -V")

where V'=(V B)/A.

measured —

39.7 Environmental specifications

All equipment subject to this clause shall conform to the requirements of 14.7 and applicable sections of
ISO/IEC 11801: 1995. References to the MAU or AUI should be replaced with PHY or DTE and AUI to
jumper cable assembly, as appropriate. Subclause 14.7.2.4, Telephony voltage, should be ignored. Should a
case occur where, through a cabling error, two transmitters or receivers are directly connected, no damage
shall occur to any transmitter, receiver, or other link component in the system. The link shall be able to with-
stand such an invalid connection without component failure or degradation for an indefinite period of time.

Systems connected with 1000BASE-CX links shall meet the bonding requirements (common ground con-
nection) of ISO/IEC 11801: 1995, subclause 9.2, for shielded cable assemblies. Cable shield(s) shall be
earthed (chassis ground) through the bulkhead connector shell(s) on both ends of the jumper cable assembly
as shown in Figure 39-1.
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39.8 Protocol Implementation Conformance Statement (PICS) proforma for
Clause 39, Physical Medium Dependent (PMD) sublayer and baseband medium,
type 1000BASE-CX’

39.8.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 39, Physical Medium
Dependent (PMD) sublayer and baseband medium, type 1000BASE-CX, shall complete the following Pro-
tocol Implementation Conformance Statement (PICS) proforma. A detailed description of the symbols used
in the PICS proforma, along with instructions for completing the PICS proforma, can be found in Clause 21.

39.8.2 Identification

39.8.2.1 Implementation identification

Supplier
Contact point for enquiries about the PICS
Implementation Name(s) and Version(s)

Other information necessary for full identification—e.g.,

name(s) and version(s) for machines and/or operating

systems; System Names(s)

NOTE 1-—Only the first three items are required for all implementations; other information may be completed as
appropriate in meeting the requirements for the identification.

NOTE 2—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminol-
ogy (e.g., Type, Series, Model).

39.8.2.2 Protocol summary

Identification of protocol standard IEEE Std 802 .3-2002®, Clause 39, Physical Medium
Dependent (PMD) sublayer and baseband medium, type
1000BASE-CX

Identification of amendments and corrigenda to this
PICS proforma that have been completed as part of this
PICS

Have any Exception items been required? Nol] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802‘3-20(]'2@.}

Date of Statement

TCopyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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Item Feature Subclause Value/Comment Status Support

*INS Installation / cable 394 Items marked with INS include | O Yes [ ]

installation practices and cable No []
specifications not applicable to
a PHY manufacturer
*STY1 | Style-1 MDI 395 Either the style-1 or the style-2 | O/1 Yes|[]
MDI must be provided No []
*STY2 | Style-2 MDI 395 071 Yes|[]
No []

*TP1 Standardized reference point 393 This point may be made avail- | O Yes|[]
TP1 exposed and available for able for use by implementors No[]
testing. to certify component

conformance.

*TP4 Standardized reference point 393 This point may be made avail- | O Yes|[]
TP4 exposed and available for able for use by implementors No[]
testing. to certify component

conformance.

39.8.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and baseband
medium, type 1000BASE-CX (short-haul copper)

39.8.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Status | Support
FNI1 Integration with 1000BASE-X | 39.1 M Yes[]
PCS and PMA
FEN2 Complies with PMD service 39.1 M Yes | ]
interface of 38.2
FN3 Jumper cables not 39.1 INS:M | Yes[]
concatenated N/AT]
FN5 Transmit function 3921 Convey bits requested by M Yes[]
PMD_UNITDATA request() to the
MDI
FN6 Transmitter logical to electri- 392.1; Logical one equates to electrical M Yes|[]
cal mapping high
FN7 Receive function 3922 Convey bits received from the M Yes[]
MDI to
PMD_UNITDATA .indicate()
FN8 Receiver logical to electrical 3922 Logical one equates to electrical M Yes[]
mapping high.
FN9 Signal detect function 3923 Report to the PMD service inter- M Yes[]
face the message
PMD_SIGNAL.indi-
cate(SIGNAL_DETECT)
FN10 Signal detect behavior 3923 | Mects requirements of Table 39-1 | M Yes|[]
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39.8.4.2 PMD to MDI electrical specifications

LOCAL AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Value/Comment Status | Support
PM1 Measurement requirements 393 Electrical measurements are M Yes [ ]
made according to the tests spec-
ified in 39.6.
PM2 Transmitter characteristics 393.1 Transmitters meets requirements | M Yes|[]
of Table 39-2
PM3 Transmitter coupling 393.1 AC-coupled M Yes[]
PM4 Transmitter eye diagram 393.1 Meets requirements of Figure M Yes[1]
39-3 and Figure 39-4 when ter-
minated as shown in Figure 39-2
PM5 Receiver coupling 3932 AC-coupled M Yes[]
PM6 Receiver characteristics 3932 Meet requirements of Table 39-4 | M Yes[]
PM7 Measurement conditions for 3932 4 ns following reference location | M Yes[1]
input impedance at TP3
PMB Total jitter specification at TP1 3933 Meets specification of bold TPI:M | Yes[]
entries in Table 38-10 N/A]
PM9 Total jitter specification at TP2 3933 Meets specification of bold M Yes[1]
entries in Table 38-10
PM1Q | Total jitter specification at TP3 3933 Meets specification of bold INS:M | Yes[]
entries in Table 38-10 N/AT]
PM11 | Total jitter specification at TP4 3933 Meets specification of bold TPAM | Yes|[]
entries in Table 38-10 N/AT]
PMI12 | Measurement conditions for jitter | 3933 Per 38.6.8 (with exceptions) M Yes[]
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39.8.4.3 Jumper cable assembly characteristics

Item Feature Subclause Value/Comment Status Support
LIl Two polarized, shielded plug 394 As defined in Table 39-6 INS:M Yes|[]
per 39.5.1 and shielded with
electrical characteristics per
Table 39-6
LI2 Delivers compliant signal 394 Transmit signal compliant with Fig- | INS:M Yes|[]
when driven with worst case ures 39-3 and 39-4, receive signal
source signal complaint with Figure 39-5, into a
load compliant with Figure 39-2
LI3 Measurement requirements 394 Electrical measurements are made INS:M Yes|[]
according to the tests specified in
39.6.
LI4 Maximum excursion during 394 + 33% of nominal cable impedance | INS:M Yes|[]
Exception_window of cable
impedance measurement
LI5 Measurement conditions for 394 4 ns following the reference loca- INS:M Yes | |
link impedance tion between TP3 and TP4
LI6 Equalizer needs no 3941 INS:M Yes | ]
adjustment N/AT]
LI7 Cables containing equalizers 394.1 INS:M Yes|[]
shall be marked N/AT]
LIR Cable shielding 3942 Class 2 or better per IEC 61196-1 INS:M Yes|[]
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39.8.4.4 Other requirements

LOCAL AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Value/Comment Status Support

OR1 Style-1 connector 395.1.1 9-pin shielded D-subminiature STYI:M | Yes[]
with the mechanical mating inter- N/AT]
face defined by IEC 60807-3.

OR2 Style-2 connector 395.1.2 8-pin ANSI Fibre Channel style- | STY2ZIM | Yes|[]
2 connector with mechanical N/AT]
mating interface defined by IEC
61076-3-103.

OR3 Default cable assembly wired in | 39.5.2 INS:M Yes[]

a crossover assembly
OR4 Transmit rise/fall time 396.1 Meet requirements of M Yes[ ]
measurement Table 39-2 with load equivalent
to Figure 39-2

OR5 Transmit skew measurement 3062 Meet requirements of M Yes [ ]
Table 39-2 with load equivalent
to Figure 39-2

ORG6 Transmit eye measurement 39.63 Meet requirements of M Yes[]
Figure 39-3 and Figure 39-4
with load equivalent to
Figure 39-2

OR7 Through_connection imped- 3964 Meet requirements of Table 39-4 | M Yes[]

ance measurement with load equivalent to
Figure 39-2
ORB Jumper cable assembly differen- | 39.6.5 Meet requirements of M . Yes|[]
tial skew measurement Table 39-6 with load equivalent
to Figure 39-2

OR9 Receiver link signal 39.6.6 Meet requirements of M Yes[]
Figure 39-5 with load equiva-
lent to Figure 39-2

OR10 | NEXT Loss measurement 39.6.7 Meet requirements of M Yes[]
Table 39-6 with load equivalent
to Figure 39-2

ORI11 | Conformance to 14.7 and appli- | 39.7 M Yes|[]

cable sections of ISO/IEC
11801:1995.
OR12 | Cabling errors shall cause no 307 M Yes [ ]
damage to transmitter, receiver,
or other link components

OR13 | Withstand invalid connection for | 39.7 M Yes[1]

indefinite period

OR14 | System meets common ground 39.7 Per ISO/EC 11801, INS:M Yes[]

requirements of ISO/TEC 11801 subclause 9.2
OR15 | Cable shields earthed on both 39.7 INS:M Yes [ 1]
ends of cable
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40. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
sublayer and baseband medium, type 1000BASE-T

40.1 Overview

The 1000BASE-T PHY is one of the Gigabit Ethernet family of high-speed CSMA/CD network
specifications. The 1000BASE-T Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
and baseband medium specifications are intended for users who want 1000 Mb/s performance over Category
5 balanced twisted-pair cabling systems. 1000BASE-T signaling requires four pairs of Category 5 balanced
cabling, as specified in ISO/IEC 11801:1995 and ANSI/EIA/TIA-568-A (1995) and tested for the
additional performance parameters specified in 40.7 using testing procedures defined in proposed
ANSI/TIA/EIA TSB95.

This clause defines the type 1000BASE-T PCS, type 1000BASE-T PMA sublayer, and type 1000BASE-T
Medium Dependent Interface (MDI). Together, the PCS and the PMA sublayer comprise a 1000BASE-T
Physical layer (PHY). Provided in this document are fully functional, electrical, and mechanical specifica-
tions for the type 1000BASE-T PCS, PMA, and MDI. This clause also specifies the baseband medium used
with 1000BASE-T.

40.1.1 Objectives
The following are the objectives of 1000BASE-T:

a)  Support the CSMA/CD MAC

b)  Comply with the specifications for the GMII (Clause 35)

¢)  Support the 1000Mb/s repeater (Clause 41)

d)  Provide line transmission that supports full and half duplex operation

e) Meet or exceed FCC Class A/CISPR or better operation

f)  Support operation over 100 meters of Category 5 balanced cabling as defined in 40.7
g)  Bit Error Rate of less than or equal to 10710

h)  Support Auto-Negotiation (Clause 28)

40.1.2 Relationship of 1000BASE-T to other standards

Relations between the 1000BASE-T PHY, the 1SO Open Systems Interconnection (OSI) Reference Model,
and the IEEE 802.3%® CSMA/CD LAN Model are shown in Figure 40-1. The PHY sub-layers (shown
shaded) in Figure 401 connect one Clause 4 Media Access Control (MAC) layer to the medium.

40.1.3 Operation of 1000BASE-T

The 1000BASE-T PHY employs full duplex baseband transmission over four pairs of Category 5 balanced
cabling. The aggregate data rate of 1000 Mb/s is achieved by transmission at a data rate of 250 Mb/s over
each wire pair, as shown in Figure 40-2. The use of hybrids and cancellers enables full duplex transmission
by allowing symbols to be transmitted and received on the same wire pairs at the same time. Baseband sig-
naling with a modulation rate of 125 Mbaud is used on each of the wire pairs. The transmitted symbols are
selected from a four-dimensional 5-level symbol constellation. Each four-dimensional symbol can be viewed
as a 4-tuple (A, B,, C,. D,) of one-dimensional quinary symbols taken from the set {2, 1, 0, -1, -2}.
1000BASE-T uses a continuous signaling system; in the absence of data, Idle symbols are transmitted. 1dle
mode is a subset of code-groups in that each symbol is restricted to the set {2, 0, —2}to improve synchroniza-
tion. Five-level Pulse Amplitude Modulation (PAMS5) is employed for transmission over each wire pair. The
modulation rate of 125 MBaud matches the GMII clock rate of 125 MHz and results in a symbol period of
8 ns.
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Figure 40-1—Type 1000BASE-T PHY relationship to the ISO Open Systems
Interconnection (OSI) Reference Model and the IEEE 802.3® CSMA/CD LAN Model

A 1000BASE-T PHY can be configured either as a MASTER PHY or as a SLAVE PHY. The MAS-
TER-SLAVE relationship between two stations sharing a link segment is established during Auto-
Negotiation (see Clause 28, 40.5, and Annex 28C). The MASTER PHY uses a local clock to determine the
timing of transmitter operations. The SLAVE PHY recovers the clock from the received signal and uses it to
determine the timing of transmitter operations, i.e., it performs loop timing, as illustrated in Figure 40-3. In
a multiport to single-port connection, the multiport device is typically set to be MASTER and the single-port
device is set to be SLAVE.

The PCS and PMA subclauses of this document are summarized in 40.1.3.1 and 40.1.3.2. Figure 40-3
shows the functional block diagram.
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LOCAL AND METROPOLITAN AREA NETWORKS:
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Figure 40-3—Functional block diagram
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40.1.3.1 Physical Coding Sublayer (PCS)

The 1000BASE-T PCS couples a Gigabit Media Independent Interface (GMII), as described in Clause 35, to
a Physical Medium Attachment (PMA) sublayer.

The functions performed by the PCS comprise the generation of continuous code-groups to be transmitted
over four channels and the processing of code-groups received from the remote PHY. The process of con-
verting data bits to code-groups is called 4D-PAMS, which refers to the four-dimensional 5-level Pulse
Amplitude Modulation coding technique used. Through this coding scheme, eight bits are converted to one
transmission of four quinary symbols.

During the beginning of a frame’s transmission, when TX_EN is asserted from the GMII, two code-groups
representing the Start-of-Stream delimiter are transmitted followed by code-groups representing the octets
coming from the GMII. Immediately following the data octets, the GMII sets TX_EN=FALSE, upon which
the end of a frame is transmitted. The end of a frame consists of two convolutional state reset symbol periods
and two End-of-Stream delimiter symbol periods. This is followed by an optional series of carrier extend
symbol periods and, possibly, the start of a new frame during frame bursting. Otherwise, the end of a frame
is followed by a series of symbols encoded in the idle mode. The nature of the encoding that follows the end
of a frame is determined by the GMII signals TX_ER and TXD<7:0> as specified in Clause 35.

Between frames, a special subset of code-groups using only the symbols {2, 0, -2} is transmitted. This is
called idle mode. Idle mode encoding takes into account the information of whether the local PHY is operat-
ing reliably or not (see 40.4.2.4) and allows this information to be conveyed to the remote station. During
normal operation, idle mode is followed by a data mode that begins with a Start-of-Stream delimiter.

Further patterns are used for signaling a transmit error and other control functions during transmission of a
data stream.

The PCS Receive processes code-groups provided by the PMA. The PCS Receive detects the beginning and
the end of frames of data and, during the reception of data, descrambles and decodes the received code-
groups into octets RXD<7:0> that are passed to the GMII. The conversion of code-groups to octets uses an
8B1Q4 data decoding technique. PCS Receive also detects errors in the received sequences and signals them
to the GMII. Furthermore, the PCS contains a PCS Carrier Sense function, a PCS Collision Presence func-
tion, and a management interface.

The PCS functions and state diagrams are specified in 40.3. The signals provided by the PCS at the GMII
conform to the interface requirements of Clause 35. The PCS Service Interfaces to the GMII and the PMA
are abstract message-passing interfaces specified in 40.2.

40.1.3.2 Physical Medium Attachment (PMA) sublayer

The PMA couples messages from the PMA service interface onto the balanced cabling physical medium and
provides the link management and PHY Control functions. The PMA provides full duplex communications
at 125 MBaud over four pairs of balanced cabling up to 100 m in length.

The PMA Transmit function comprises four independent transmitters to generate five-level, pulse-amplitude
modulated signals on each of the four pairs BI_DA, BI_DB, Bl_DC, and BI_DD, as described in 40.4.3.1.

The PMA Receive function comprises four independent receivers for five-level pulse-amplitude modulated
signals on cach of the four pairs BI DA, BI DB, BI DC, and BI_DD, as described in 40.4.3.2. This signal
encoding technique is referred to as 4D-PAMS. The receivers are responsible for acquiring clock and provid-
ing code-groups to the PCS as defined by the PMA_UNITDATA .indicate message. The PMA also contains
functions for Link Monitor.
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