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Foreword

The development work on this specification was done by the SFF Committee, an industry group. The membership of the
committee since its formation in August 1990 has included a mix of companies which are [eaders across the industry.

When 2 1/2" diameter disk drives were introduced, there was no commonality on external dimensions e.g. physical size,
mounting locations, connector type, connector location, between vendors.

The first use of these disk drives was in specific applications such as laptop portable computers and system integrators
worked individually with vendors to develop the packaging. The result was wide diversity, and incompatibility.

The problems faced by integrators, device suppliers, and component suppliers led to the formation of the SFF Committee as
an industry ad hoc group to address the marketing and engineering considerations of the emerging new technology.

During the development of the form factor definitions, other activities were suggested because participants in the SFF Com-
mittee faced more problems than the physical form factors of disk drives. In November 1992, the charter was expanded to
address any issues of general interest and concern to the storage industry. The SFF Committee became a forum for resolving
industry issues that are either not addressed by the standards process or need an immediate solution.

Those companies which have agreed to support a specification are identified in the first pages of each SFF Specification.
Industry consensus is not an essential requirement to publish an SFF Specification because it is recognized that in an emerg-
incq; product area, there is room for more than one approach. By making the documentation on competing proposals avail-
able, an integrator can examine the alternatives available and select the product that is felt to be most suitable.

SFF Committee meetings are held durin? T10 weeks (see www.t10.0rg), and Specific Subject Working Groups are held at the
convenience of the participants. Material presented at SFF Committee meetings becomes public domain, and there are no
restrictions on the open mailing of material presented at committee meetings.

Most of the specifications developed by the SFF Committee have either been incorporated into standards or adopted as
standards by EIA (Electronic Industries Association), ANSI (American National Standards Institute) and IEC (International Elec-
trotechnical Commission).

The SFF Committee activities support the requirements of the storage industry, and it is involved with several standards.

If you are interested in participating or wish to follow the activities of the SFF Committee, the signup for membership and/or
documentation can be found at:

www.sffcommittee.com/ie/join.html

The complete list of SFF Specifications which have been completed or are currently being worked on by the SFF Committee
can be found at:

ftp://ftp.seagate.com/sff/SFF-8000.TXT
If you wish to know more about the SFF Committee, the principles which guide the activities can be found at:
ftp://ftp.seagate.com/sff/SFF-8032.TXT

Sugigestions for improvement of this specification will be welcome. They should be sent to the SFF Committee, 14426 Black
Walnut Ct, Saratoga, CA 95070.
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Industry Documents

The following interface standards are relevant to SFP+ Specifications.

SFF-8432 - Improved Pluggable Formfactor (ftp://ftp.seagate.com/sff/)

SFF-8083 - Improved 0.8mm Card Edge Connector (ftp://ftp.seagate.com/sff/)

SFF-8089 - SFP Rate and Application codes (ftp://ftp.seagate.com/sff/)

SFF-8079 - SFP Rate and Application Selection (ftp://ftp.seagate.com/sff/)

SFF-8472 - Diagnostic Monitoring Interface for O tlcal Transceivers (ftp://ftp.seagate.com/sff/)

INF-8074i - SFP (Small Form Factor) Transceiver (ftp://ftp.seagate.com/sff/)

INF-8077i - 10 Gigabit Small Form Factor Pluggable Module (XFP MSA) (ftp://ftp.seagate.com/sff/)

FC-PI-4 - Fibre Channel - Physical Interface-4

10GFC - Fibre Channel - 10 Gigabit

FC-MJSQ - Methodologies for Jitter and Signal Quality Specifications FC INCITS Project 1316-DT Rev 14.1, June 5, 2005
IEEE 802.3 - IEEE Standard 802.3, Relevant 10 Gigabit Ethernet clauses are 49, 10GBASE-R LAN PHY; 50, 10GBASE-W WAN PHY;
52, 10 Gigabit Ethernet serial PMDs and 68, T0GBASE-LRM)

OIF CEl - Optical Internetworking Forum - Implementatlon Agreement # OIF-CEI-02.0 Common Electrical I/0 (CEI)
(http://www.oiforum.com/public/impagreements.html)

Acronyms and other abbreviations

64B/66B Data encoded with 64B/66B encoder as defined by the IEEE Std. 802.3 CL 49.

BER bit error ratio

CDR clock and data recovery

CRU clock recovery unit

dB decibel. 10*log10(ratio of power quantities). Powers can be electrical or optical. Conventional usage. See also dBe and
dBo.

dBe Specific case of dB where signals are electrical. 10*log10(ratio of electrical power quantities). 20¥log10(ratio of voltage
quantities) can be used if reference impedances are equal.

dBm decibel (relative to 1 mW)

Specific case of dB where the signals are in optical power. 10*log10(ratio of optical power quantities). Also, in certain
dBo cases with electrical signals relating to linear optical modules, where it is expected that electrical voltage is in proportion
to optical power, 10*log10(ratio of voltage quantities).

DCD Duty cycle distortion

DDPWS Data Dependent Pulse Width Shrinkage

DDJ Data Dependent Jitter

dRN Difference of Relative noise see Appendix D

DUT device under test

dWDP Difference of the waveform distortion penalty of an optical receiver
dWDPc Difference of the waveform distortion penalty of an electrical cable assembly
EMC electromagnetic compatibility

EMI electromagnetic Interference

FC Fibre Channel

h hexadecimal notation

HCB Host Compliance Board

IEEE Institute of Electrical and Electronics Engineers

ITU-T ITU Telecommunication Standardization Sector

Gbit gigabit = 10 bits

GBd Gigabaud

J2 99% lJitter

IEEE 802.3 CL68 Physical Layer Specifications for 10Gb/s using 10GBASE-R encoding and long wavelength optics for

LRM multimode fiber
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MCB Module Compliance Board
OMA optical modulation amplitude
PCB printed circuit board
PRBS9 Pseudo-Random Bit Sequence 2°-1, see D.1.1
PRBS31 Pseudo-Random Bit Sequence 23'-1, see D.1.1
Qyq Q,q a measure of SNR, see D.8 and IEEE 802.3.68.6.7
RI random interference
RMS root mean square
RN relative noise
Rx receiver
Rx_LOS Loss of signal same as defined in FC PI-4 and the inverse of signal detect (SD) in 802.3
RSS “Root Sum of Squares”
SD Signal Detect
SerDes Serializer/Deserializer
SFI SFP+ high speed serial electrical interface
SNR signal-to-noise ratio
VecT Module positive power supply rail for the transmitter
VccR Module positive power supply rail for the receiver
VMA voltage modulation amplitude
Tx transmitter
TWDP Transmitter Waveform Distortion Penalty for an optical transmitter
TWDPc Transmitter Waveform Distortion Penalty of a host transmitter supporting an electrical cable assembly
ul unitinterval = 1 symbol period
uJ Uncorrelated Jitter
WDP Waveform distortion penalty
WDPc Waveform distortion penalty for an electrical cable assembly
SFF Specifications

There are several projects active within the SFF Committee. The complete list of specifications which have been completed or
are still being worked on are listed in the specification at ftp://ftp.seagate.com/stf/SFF-8000.TXT

Document Sources

Those who join the SFF Committee as an Observer or Member receive electronic copies of the minutes and SFF specifications
(http://www.sffcommittee.com/ie/join.html).

Copies of ANSI standards may be purchased from the InterNational Committee for Information Technology Standards
(http://tinyurl.com/c4psg).

Copies of SFF, T10 (SCSI), T11 (Fibre Channel) and T13 (ATA) standards and standards still in development are available on the
HPE version of CD_Access (http://tinyurl.com/85fts).
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Conventions
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The American convention of numbering is used i.e., the thousands and higher multiples are separated by a comma and a

period is used as the decimal point. This is equivalent to the ISO/IEC convention of a space and comma.

American: ISO:
0.6 0,6
1,000 1000
1,323,462.9 13234629
SFP+ Publication History
Revision Description Date
Number
0.1 Initial Publication of Document, Preliminary May 9, 2006
0.5 Initial Public Review Draft June 29, 2006,
1.0 2nd Public Draft August 28, 2006
1.1 3rd Public Draft October 10, 2006
1.2 4rd Public Draft December 21, 2006
1.3 5rd Public Draft February 16, 2007
2.0 6th Public Draft and the 1st SFF A ballot April 26, 2007
2.1 7th Public Draft August 30, 2007
2.2 8th Public Draft December 19, 2007
3.0 9th Public Draft and the 2nd SFF A ballot May 8, 2008
3.1 Editor review draft November 11, 2008
3.2 10th Public Draft and the 3rd SFF A ballot November 12, 2008
3.3 11th Public Draft and the 4rd SFF A ballot April 8,2009
4.0 12th Public Draft and the 1st SFF Publication Ballot June 11, 2009
Valid comments were made on draft revision 3.3 that mask hit ratios of 1e-12 at C’ and
C” compliance points are too time consuming for normal testing. While changes to the
document to enable extrapolation from le-12 to a higher hit ratio would be desirable,
due to concerns that developing a better specification would delay the schedule, no so-
lutions are provided in this revision of SFF-8431. Improved testing methods should be
considered for future projects.
4.1 Published July 6, 2009
It was proposed to truncate the diamond mask into a hexagonal mask while maintaining
the current slope of the diamond mask. The underlying reason for this comment was
that the downstream CDR due to setup and hold times could not use the upper and low-
er apexes of the diamond mask. It was considered with interest but it could not be ac-
commodated with the schedule.
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CHAPTER 1 SCOPE OF SFP+ SPECIFICATION

1.1 INTRODUCTION

This specification defines the electrical interfaces and their test methods be-
tween the SFP+ module and host board for operation up to 11.1 GBd. The high
speed electrical interface between the host and SFP+ module is called “SFI”. SFI
simplifies the module and leverages host based transmit pre-emphasis and
host based receive equalization to overcome PCB and external media impair-
ments.

SFI typically operates with one connector at the module interface and up to
about 200 mm of improved FR4 material or 150 mm of standard FR4, see 1.3.
The electrical interface is based on high speed, low voltage AC coupled logic
with a nominal differential impedance of 100 Q.

The SFP+ specifications includes management, connector', mechanical?, low
speed signalling, high speed signalling, and appendices providing parameter
and test board definitions, and implementation and measurement descrip-
tions.

SFP+ modules are hot pluggable and active connections are powered by indi-
vidual power connections for the transmitter (VccT) and the receiver (VccR).
Multiple modules can share a single 3.3 V power supply with individual fil-
tering for each VccT and VccR. Detailed power supply specifications are given
in 2.8.

All SFP+ module compliance points are defined and measured through the
mated reference test card as defined by C.3. All SFP+ host compliance points
are defined and measured through the mated reference test card as defined by
C2.

The SFP+ module could be an electrical-to-optical or an electrical-to-electrical
device intended to support one or more of the applications listed in Table 1.

Itis expected that a range of SFP+ modules will operate on single-mode fiber,
multimode fiber, and SFP+ electrical cable assemblies.

SFP+ compliant hosts are permitted to support just linear modules, just lim-
iting modules, or both linear and limiting modules. Linear modules are mod-
ules which contain a linear receiver. Limiting modules are modules which
contain a limiting receiver. Although not required, host supporting linear spec-

1. Defined in SFF-8083
2. Defined in SFF-8432
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ifications are encouraged to support 10GSFP+Cu direct attach cables (Ap-

pendix E). For other copper variants see SFF-8461.

1.2 THE SFP+ SUPPORTED STANDARDS

An SFP+ module may comply with any combination of the standards shown
in Table 1, and may be suitable for other or future standards. This specification
does not preclude operation at other signalling rates not listed in this table,

such as 2.125 GBd for 2GFC, or 4.25 GBd for 4GFC.

Due to the possibility of insertion of classic SFP modules into a host designed
for SFP+ the damage threshold of the host for the input signal at C (see Figure
13) shall be at least 2000 mV peak to peak differential.

Table 1 SFP+ Standard Compliance

Standard Signalling | High Speed | High Speed Low Speed Low Speed Management | Mechanical/
Rate Serial Serial Test Electrical Test Methods Connector
(GBd) Interface Method Definitions
IEEE 802.3 Clause 38 or 1.25 802.3 Clause
Clause 59 (1 Gb/s Ether- 38 or 59
net) Appendix F
8 GFC 8.5 FC-PI-4 FC-PI-4
10GSFP+Cu 10.3125 Chapter 3 Appendix D
Appendix E Appendix E
1EEE 802.3 Clause 52 (10 10.3125 Chapter 2 Appendix D Chapter 4 SFF-8432
Gb/s Ethernet LAN PHY) SFF-8472, SFF-8083
SFF-8079,
1EEE 802.3 Clause 52 (10 9.95328 SEF-8089
Gb/s Ethernet WAN PHY)
Chapter 3 Appendix D
1EEE 802.3 Clause 68 10.3125
(LRM)
10 GFC 10.51875
10GBASE-R (IEEE 802.3 11.10

Clause 49) Encapsulated
in G.709 ODU-2 Frame
(FEQ)

SFP+ (Enhanced 10 Gbps Pluggable Module)
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1.3 SFI TypicAL PCB REACH (INFORMATIVE)

The SFI channel may be implemented with either microstrip or stripline struc-
tures. Example host board designs with typical PCB trace reaches are shown in
Table 2. Detailed channel properties and recommendations are documented

in Appendix A.

Table 2 Host Board Achievable Trace Length

. Copper
. Trace Width . Copper Trace Length
Type Material (mm) Loss Tangent Thlcl;::sls (0z) Thickness (um) (mm)
Microstrip FR4-6/8 0.3 0.022 1 35 200
Nelco 4000-13 0.3 0.016 1 35 300
Stripline FR4-6/8 0.125 0.022 0.5 17.5 150
Nelco 4000-13 0.125 0.016 0.5 17.5 200
1. Copper (0z) is defined as an ounce of copper over one square foot of laminate.
SFP+ (Enhanced 10 Gbps Pluggable Module) Page 3
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CHAPTER 2 LOW SPEED ELECTRICAL AND POWER SPECIFICATIONS

2.1 INTRODUCTION

The SFP+ low speed electrical interface has several enhancements over the
classic SFP interface (INF-8074i), but the SFP+ host can be designed to also
support most legacy SFP modules. SFP+ 2-wire interface electrical and timing
specifications are defined in Chapter 4, and the SFP+ 2-wire interface manage-
ment and register map are defined by SFF-8472.

2.2 GENERAL REQUIREMENTS

The SFP+ modules are hot-pluggable. Hot pluggable refers to plugging in or
unplugging a module while the host board is powered.

The module signal ground contacts VeeR and VeeT should be isolated from
module case.

All electrical specifications shall be met over the entire specified range of
power supplies given in section 2.8.

2.3 SFP+ HosT CONNECTOR DEFINITION

The SFP+ host connector is a 0.8 mm pitch 20 position improved connector
specified by SFF-8083, or stacked connector with equivalent electrical perfor-
mance. Host PCB contact assignment is shown in Figure 1 and contact defini-
tions are given in Table 3. SFP+ module contacts mate with the host in the
order of ground, power, followed by signal as illustrated by Figure 2 and the
contact sequence order listed in Table 3.

SFP+ (Enhanced 10 Gbps Pluggable Module) Page 4
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Figure 1 Host PCB SFP+ pad assignment top view
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Figure 2 SFP+ module contact assignment
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Table 3 SFP+ Module and Host Electrical contact definition
Power
Contacts Logic! Symbol Sequence Name/Description Note
Order
case case See 2 Module case
1 VeeT Ist Module Transmitter Ground 3
2 LVTTL-O Tx_Fault 3rd Module Transmitter Fault 4
3 LVTTL-I Tx_Disable 3rd Transmitter Disable; Turns off transmitter laser output 5
4 LVTTL-1/O SDA 3rd 2-wire Serial Interface Data Line (Same as MOD-DEF2 in INF-8074i) 6
5 LVTTL-I/O SCL 3rd 2-wire Serial Interface Clock (Same as MOD-DEF1 in INF-8074i) 6
[ Mod_ABS 3rd Module Absent, connected to VeeT or VeeR in the module 7
7 LVTTL-I RSO 3rd Rate Select 0, optionally controls SFP+ module receiver. 8
8 LVTTL-O Rx_LOS 3rd Receiver Loss of Signal Indication (In FC designated as Rx_LOS and in 4
Ethernet designated as Signal Detect)
9 LVTTL-I RS1 3rd Rate Select 1, optionally controls SFP+ module transmitter 8
10 VeeR Ist Module Receiver Ground 3
11 VeeR Ist Module Receiver Ground 3
12 CML-O RD- 3rd Receiver Inverted Data Output
13 CML-O RD+ 3rd Receiver Non-Inverted Data Output
14 VeeR Ist Module Receiver Ground 3
15 VeeR 2nd Module Receiver 3.3 V Supply
16 VecT 2nd Module Transmitter 3.3 V Supply
17 VeeT Ist Module Transmitter Ground 3
18 CML-I TD+ 3rd Transmitter Non-Inverted Data Input
19 CML-I TD- 3rd Transmitter Inverted Data Input
20 VeeT Ist Module Transmitter Ground 3
1. Labeling as inputs (I) and outputs (O) are from the perspective of the module
2. The case makes electrical contact to the cage before any of the board edge contacts are made.
3. The module signal ground contacts, VeeR and VeeT, should be isolated from the module case.
4. This contact is an open collector/drain output contact and shall be pulled up on the host see 2.4.1 and 2.4.6. Pull ups can be connected to
one of several power supplies, however the host board design shall ensure that no module contact has voltage exceeding module VecT/R +
0.5V.
5. Tx_Disable is an input contact with a 4.7 kQ to 10 kQ pullup to VccT inside the module.
6. See 4.2.
7.See 2.4.4.
8. For SFF-8431 rate select definition see section 2.4.3 and 2.5. (If implementing SFF-8079 contact 7 and 9 in SFF-8431 are used for AS0 and
ASI respectively).

SFP+ (Enhanced 10 Gbps Pluggable Module)
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2.4 Low SPEED ELECTRICAL CONTROL CONTACTS AND 2-WIRE INTERFACE

In addition to the 2-wire serial interface, the SFP+ module has the following
low speed contacts for control and status:

«  Tx_Fault

« Tx_Disable
«  RSO/RS1

«  Mod_ABS
« Rx_LOS

2.4.1 TX_FAuLT

Tx_Fault is a module output that when high, indicates that the module trans-
mitter has detected a fault condition related to laser operation or safety. If
Tx_Fault is not implemented, the Tx_Fault contact signal shall be held low by
the module and may be connected to Vee within the module.

The Tx_Fault output is an open drain/collector and shall be pulled up to the
Vcc_Host in the host with a resistor in the range 4.7 kQ to 10 kQ, or with an ac-
tive termination according to Table 6.

2.4.2 TX_DISABLE

When Tx_Disable is asserted high or left open, the SFP+ module transmitter
output shall be turned off unless the module is a passive cable assembly (see
Appendix E) in which case this signal may be ignored. This contact shall be
pulled up to VccT with a 4.7 kQ to 10 kQ resistor in modules and cable assem-
blies. Tx_Disable is a module input contact.

When Tx_Disable is asserted low or grounded the module transmitter is oper-
ating normally.

2.4.3 RSO/RS1

RSO and RS1 are module inputs and are pulled low to VeeT with > 30 kQ resis-
tors in the module. RSO optionally selects the optical receive signaling rate
coverage. RS1 optionally selects the optical transmit signaling rate coverage.
For logical definitions of RSO/RS1 see 2.5.

These contacts can also be used for ASO and AS1 if implementing SFF8079.
See SFF8079 for details.

RS1 is commonly connected to VeeT or VeeR in the classic SFP modules. The
host needs to ensure that it will not be damaged if this contact is connected to
VeeT or VeeR in the module.

SFP+ (Enhanced 10 Gbps Pluggable Module) Page7
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2.4.4 Mopb_ABS

2.4.5 SCL/SDA

2.4.6 Rx_LOS

Mod_ABS is connected to VeeT or VeeR in the SFP+ module. The host may pull
this contact up to Vcc_Host with a resistor in the range 4.7 kQ to10 kQ.
Mod_ABS is asserted “High” when the SFP+ module is physically absent from
a host slot. In the SFP MSA (INF-8074i) this contact has the same function but
is called MOD_DEFO.

SCL is the 2-wire interface clock and SDA is the 2-wire interface data line. SCL
and SDA are pulled up to Vcc_Host_2w by resistors in the host. For full specifi-
cations see Chapter 4.

Rx_LOS when high indicates an optical signal level below that specified in the
relevant standard. Rx_LOS is an open drain/collector output, but may also be
used as an input by supervisory circuitry in the module. For a nominally 3.3V
Vcc_Host using a resistive pull up to Vcc_Host the resistor value shall be in the
range 4.7 kQ to 10 kQ. For a nominally 2.5 V Vcc_Host using a resistive pull up
to Vcc_Host the resistor value shall be in the range 4.7 kQ to 7.2 kQ. Alterna-
tively, an active termination according to Table 6 may be used.

The Rx_LOS signal is intended as a preliminary indication to the host in which
the module is installed that the received signal strength is below the specified
range. Such an indication typically points to non-installed cables, broken ca-
bles, or a disabled, failing or a powered off transmitter at the far end of the
cable. Additional indications are provided by the host in which the module is
installed to verify that the information being transmitted is valid, correctly en-
coded, and in the correct format. Such additional indications are outside the
scope of the module specification.

Rx_LOS may be an optional function depending on the supported standard. If
the Rx_LOS function is not implemented, or is reported via the two-wire inter-
face only, the Rx_LOS contact shall be held low by the module and may be con-
nected to Vee within the module.

Rx_LOS assert min and de-assert max are defined in the relevant standard. To
avoid spurious transition of Rx_LOS a minimum hysteresis of 0.5 dBo is recom-
mended.

2.5 RATE SELECT HARDWARE CONTROL

The SFP+ module provides two inputs RS0 and RS1 that can optionally be used
for rate selection. RSO controls the receive path signalling rate capability, and
RS1 controls the transmit path signalling rate capability, as defined in Table 4.
The host and module may choose to use either, both, or none of these func-
tions. Because contact 9 in the classic SFP INF-8074i is connected to VeeR, an
SFP+ host utilizing RS1 must provide short circuit protection.

SFP+ (Enhanced 10 Gbps Pluggable Module) Page 8
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This rate select functionality can also be controlled by software as defined by

SFF-8472.

Optionally the rate select methods of Part 2 of SFF-8079 may be used instead
of the method described here by setting the management declaration bit (AOh

byte 93 bit 2) to 1, see SFF-8472.

Table 4 Rate Select Hardware Control Contacts

Parameter State Conditions
RSO Low RX signalling rate less than or equal to 4.25 GBd
High RX signalling rate greater than 4.25 GBd
RS1 Low TX signalling rate less than or equal to 4.25 GBd
High TX signalling rate greater than 4.25 GBd

2.6 Low SPEED ELECTRICAL SPECIFICATIONS

2.6.1 MODULE Low SPEED ELECTRICAL SPECIFICATIONS

SFP+ low speed signalling is based on Low Voltage TTL (LVTTL) operating with
a module supply of 3.3V +/-5% and with a host supply range of 2.38 to 3.46 V.

The 2-wire interface protocol and electrical specifications are defined in

Chapter 4.

The SFP+ module low speed electrical specifications are given in Table 5. All
I/0 powered by VccT is referenced to VeeT and similarly VccR is referenced to

VeeR.

SFP+ (Enhanced 10 Gbps Pluggable Module)
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Table 5 Low Speed Module Electrical Specifications
Parameter Symbol Min. Max. Unit Conditions
Module Vec VecT, VecR 3.14 3.46 \
VoL 03 0.40 V| At0.7mA!
Tx_Fault, Rx_LOS
x-ran - Ion! -50 37.5 LA | Measured with a 4.7 kQ load pulled up to
Vcc_Host where
Vee_Host_min<Vcc_host<Vec_Host_max
Vi -0.3 0.8
Tx_Disable, RS0, RS1
Fsable Viy 2.0 VecT +0.3 v

1. Positive values indicate current flowing into the module.

2.6.2 HOST Low SPEED ELECTRICAL SPECIFICATIONS

The SFP+ Host low speed electrical specifications are given in Table 6. All I/O
powered by VccT is referenced to VeeT and similarly VccR is referenced to VeeR.

Table 6 Low Speed Host Electrical Specifications

Parameter Symbol Min. Max. Unit Conditions
Host Ve Pullup Vee_Host 2.38 3.46 \%
ViL see 1 see 1 \%
Tx_Fault, Rx_LOS Vi see 1 see 1 v
VoL -0.3 0.4 A Vo measured with 4.7 kQ to 10 kQ pull up
Tx_Disable to VecT max
VoH VecT-0.5 VeeT +0.3 \Y% Von measured with 10 kQ pull up to VecT
min
VoL -0.3 0.4 A Vo measured with no load
RS0, RS1 VoH 2.2 VecT +0.3 A% Von measured with 30 kQ to VeeR.

1. Determined by host design, such that VIH > 2.1 V for the range of IOH in Table 5. One option is using standard LVTTL input with a pull-
up to Vec_Host in the range 4.7 kQ to 10 kQ

SFP+ (Enhanced 10 Gbps Pluggable Module)
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2.7 TIMING REQUIREMENT OF CONTROL AND STATUS 1/O

The timing requirements of control and status I/0 are defined in Table 7.

Table 7 Timing Parameters for SFP+ Management

Parameter Symbol Min. | Max. | Unit Conditions

Tx_Disable assert time t_off 100 IR Rising edge of Tx_Disable to fall of output signal
below 10% of nominal

Tx_Disable negate time t_on 2 ms | Falling edge of Tx_Disable to rise of output signal
above 90% of nominal. This only applies in normal
operation, not during start up or fault recovery.

Time to initialize 2-wire interface t_2w_start_up 300 ms | From power on or hot plug after the supply meet-
ing Table 8.

Time to initialize t_start_up 300 ms From power supplies meeting Table 8 or hot plug
or Tx disable negated during power up, or
Tx_Fault recovery, until non-cooled power level I
part (or non-cooled power level II part already
enabled at power level II for Tx_Fault recovery) is
fully operational.

Time to initialize cooled module t_start_up_cooled 90 s From power supplies meeting Table 8 or hot plug,

and time to power up a cooled or Tx disable negated during power up or Tx_Fault

module to Power Level II recovery, until cooled power level I part (or cooled
power level IT part during fault recovery) is fully
operational. Also, from stop bit low-to-high SDA
transition enabling Power Level II until cooled
module is fully operational

Time to Power Up to Level IT t_power_level2 300 ms | From stop bit low-to-high SDA transition enabling
power level IT until non-cooled module is fully
operational

Time to Power Down from Level II t_power_down 300 ms | From stop bit low-to-high SDA transition dis-
abling power level IT until module is within power
level I requirements

Tx_Fault assert Tx_Fault_on 1 ms | From occurrence of fault to assertion of Tx_Fault

Tx_Fault assert for cooled module | Tx_Fault_on_cooled 50 ms | From occurrence of fault to assertion of Tx_Fault

Tx_Fault Reset t_reset 10 us Time Tx_Disable must be held high to reset
Tx_Fault

RSO0, RS1 rate select timing for FC t_RSO_FC, 500 us From assertion till stable output

t_RS1_FC

RSO0, RS1 rate select timing non FC t_RS0, t_RS1 24 ms From assertion till stable output

Rx_LOS assert delay t_los_on 100 us From occurrence of loss of signal to assertion of
Rx_LOS

Rx_LOS negate delay t_los_off 100 us From occurrence of presence of signal to negation

of Rx_LOS

SFP+ (Enhanced 10 Gbps Pluggable Module)
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2.7.1 MODULE POWER ON INITIALIZATION PROCEDURE, TX_DISABLE NEGATED

During power on of the module, Tx_Fault, if implemented, may be asserted
(high) as soon as power supply voltages are within specification. For module
initialization with Tx_Disable negated, Tx_Fault shall be negated when the
transmitter safety circuitry, if implemented, has detected that the transmitter
is operating in its normal state. If a transmitter fault has not occurred, Tx_Fault
shall be negated within a period t_start_up from the time that VccT exceeds
the specified minimum operating voltage (see Table 8). If the Tx_Fault remains
asserted after t_start_up, the host shall determine whether the module is
cooled by reading the status bit over 2-wire interface. If the module is not
cooled, the host may assume that a transmission fault has occurred. If the
module is cooled, the host may assume that a transmission fault has occurred

if Tx_Fault remains asserted beyond t_start_up_cooled.

The power on initialization timing for a module with Tx_Disable negated is

shown in Figure 3.

VccT>3.14
Tx_Fault N R A
Tx_Disable
Transmitted Signal |
- —
t_start_up (or t_start_up_cooled)

Figure 3 Power on initialization of module, Tx_Disable negated

2.7.2 MODULE POWER ON INITIALIZATION PROCEDURE, TX_DISABLE ASSERTED.

For module power on initialization with Tx_Disable asserted, the state of
Tx_Fault is not defined while Tx_Disable is asserted. After Tx_Disable is ne-
gated, Tx_Fault may be asserted while safety circuit initialization is performed.
Tx_Fault shall be negated when the transmitter safety circuitry, if imple-
mented, has detected that the transmitter is operating in its normal state. If a
transmitter fault has not occurred, Tx_Fault shall be negated within a period
t_start_up from the time that Tx_Disable is negated. If Tx_Fault remains as-
serted beyond the period t_start_up, the host may assume that a transmission

fault has been detected by the module.

SFP+ (Enhanced 10 Gbps Pluggable Module)
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If no transmitter safety circuitry is implemented, the Tx_Fault signal may be
tied to its negated state.

The power on initialization timing for a module with Tx_Disable asserted is
shown in Figure 4.

VoeT>3.14 ]
Tx Fault N
Tx_Disable
Transmitted Signal
- —
t_start_up (or t_start_up_cooled)

Figure 4 Power on initialization of module, Tx_Disable asserted

2.7.3 INITIALIZATION DURING HOT PLUGGING

When a module is not installed, Tx_Fault is held to the asserted state by the
pull up circuits on the host. As the module is installed, contact is made with the
ground, voltage, and signal contacts in the specified order. After the module
has determined that VT has reached the specified value, the power on initial-

ization takes place as described in the previous section. An example of initial-
ization during hot plugging is provided in Figure 5.

VccT>3. 14
Tx_Fault o N
L—_ e e e e = = —
Tx_Disable
Transmitted Signal
- —
t_start_up (or t_start_up_cooled)

Figure 5 Example of initialization during hot plugging, Tx_Disable
negated.
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2.7.4 TRANSMITTER MANAGEMENT

The timing requirements for the management of optical outputs from the
module using the Tx_Disable signal are shown in Figure 6. Note that t_on time
refers to the maximum delay until the modulated optical signal reaches 90%
of the final value, not just the average optical power.

Tx_Fault

Tx_Disable

Transmitted Signal

> t_off < p| 0N |

Figure 6 Management of module during normal operation, Tx_Disable
implemented

2.7.5 TRANSMITTER SAFETY DETECTION AND PRESENTATION
If Tx_Fault is implemented it shall meet the timing requirements of Figure 7.

Occurrence of transmit-
ter safety fault

Tx_Fault / /

Tx_Disable

Transmitted Signal

— < tx_fault_on

Figure 7 Occurrence of condition generating Tx_Fault
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2.7.6 MODULE FAULT RECOVERY

The detection of a safety-related transmitter fault condition presented by
Tx_Fault shall be latched. The following protocol may be used to reset the latch
in case the transmitter fault condition is transient.

To reset the fault condition and associated detection circuitry, Tx_Disable shall
be asserted for a minimum of t_reset. Tx_Disable shall then be negated. Alter-
natively the Software Tx disable is asserted and negated. In less than the max-
imum value of t_start_up the optical transmitter will correctly reinitialize the
laser circuits, negate Tx_Fault, and begin normal operation if the fault condi-
tion is no longer present. If a fault condition is detected during the reinitializa-
tion, Tx_Fault shall again be asserted, the fault condition again latched, and
the optical transmitter circuitry will again be disabled until the next time a
reset protocol is attempted. The manufacturer of the module shall ensure that
the optical power emitted from an open connector or fiber is compliant with
applicable eye safety requirements during all reset attempts, during normal
operation or upon the occurrence of reasonable single fault conditions. The
module may require internal protective circuitry to prevent the frequent asser-
tion of the Tx_Disable signal from generating frequent pulses of energy that vi-
olate the safety requirements. The timing for successful recovery from a
transient safety fault condition is shown in Figure 8.

Occurrence of transmit-
ter safety fault

Tx_Fault

Tx_Disable

Transmitted Signal

t_reset > <

- —
t_start_up (or t_start_up_cooled)

* SFP+ shall clear Tx_Fault in < t_start_up if the failure is transient.

Figure 8 Successful recovery from transient safety fault condition

An example of an unsuccessful recovery, where the fault condition was not
transient, is shown in Figure 9.
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Occurrence of transmit-
ter safety fault

Tx_Fault

Tx_Disable

Transmitted Signal

tx_fault_on

t_reset > <

- —
t_start_up (or t_start_up_cooled)

* SFP+ shall clear Tx_Fault in < t_start_up if the failure is transient.

Figure 9 Unsuccessful recovery from safety fault condition

2.7.7 MODULE LOSS OF SIGNAL INDICATION

If the module is specified as implementing Rx_LOS, the timing is specified in
Figure 10.

Occurrence of loss
of signal

Rx_LOS

t_los_on » “ » “

t_los_off

Figure 10 Timing of Rx_LOS detection
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2.8 SFP+ POWER REQUIREMENT

The module host has two 3.3 V power contacts, one supplying the module
transmitter voltage (VccT) and the other supplying the module receiver
voltage (VccR). The maximum current capacity, both continuous and peak, for
each connector contact is 500 mA.

SFP+ module maximum power consumption shall meet one of the following
power classes:

« Power Level | modules - Upto 1.0 W
« Power Level Il modules -Upto 1.5 W

To avoid exceeding system power supply limits and cooling capacity, all mod-
ules at power up by default shall operate with <1.0 W. Hosts supporting Power
Level Il operation may enable a Power Level Il module through the 2-wire in-
terface. Power Level Il modules shall assert the power level declaration bit of
SFF-8472.

The maximum power level is allowed to exceed the classified power level for
500 ms following hot insertion or power up, or Power Level Il authorization,
however the current is limited to values given by Table 8 and illustrated in

Figure 11.

At host power up the host shall supply VccT and VccR to the module within
100 ms of each other.

2.8.1 MoDULE POWER SUPPLY REQUIREMENTS

SFP+ module operates from the host supplied VccT and VecR. To protect the

host and system operation, each SFP+ module during hot plug and normal op-
eration shall follow the requirements listed in Table 8 and illustrated by Figure
11. The requirements for current apply to the current through each inductor of
Figure 56 while the power supply voltages are defined at the SFP+ connector.

2.8.2 HosT POWER SUPPLY NOISE OUTPUT

The host shall generate an effective weighted integrated spectrum RMS noise
less than 25 mV in the frequency range 10 Hz to 10 MHz, according to the
methods of D.17.1

2.8.3 MoDULE POWER SupPPLY NOISE OUTPUT

The module shall generate less than 15 mV RMS noise at point X of Figure 56
in the frequency range 10Hz to 1T0MHz, according to the methods of D.17.2.

2.8.4 POWER SuPPLY NOISE TOLERANCE

SFP+ modules shall meet all electrical requirements and remain fully opera-
tional in the presence of a sinusoidal tolerance signal of amplitude given by
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Table 8 swept from 10 Hz to 10 MHz according to the methods of D.17.3. This
emulates the worst case noise of the host.
It is also desirable for a module and host to each tolerate a degree of random
or semi-random noise on both VccT and VccR simultaneously, but the charac-
teristics of this noise are beyond the scope of this document.
Table 8 SFP+ Module Power Supply Requirements
Parameters Symbol Conditions Min Max Units
Power Level I Module
Power supply noise tolerance including ripple [peak- see D.17.3 66 mV
to-peak]
Power supply voltages including ripple, droop and VecT, Note 1 3.14 3.46 \4
noise below 100 kHz VecR
Instantaneous peak current at hot plug Note 2, 3 400 mA
Sustained peak current at hot plug Note 2, 3, 5 330 mA
Module maximum power consumption 1.0 w
Power Level II Module
Power supply noise tolerance including ripple [peak- see D.17.3 66 mV
to-peak]
Power supply voltages including ripple, droop and VecT, Note 1 3.14 3.46 \%
noise below 100 kHz VecR
Instantaneous peak current at hot plug Note 2, 3 400 mA
Sustained peak current at hot plug Note 2, 3, 5 330 mA
Instantaneous peak current on enabling Power Level 11 Note 2, 3,5 600 mA
Module sustained peak current on enabling Power Note 2, 3, 5 500 mA
Level I
Module maximum power consumption 1.5 w
Maximum power consumption at power up Note 4 1 W

1. Set point is measured at the input to the connector on the host board reference to Vee. Droop is any temporary drop in voltage of the

power supply such as that caused by plugging in another module or when enabling another module to Power Level II.

2. The requirements for current apply to the current through each inductor of Figure 56.

3. The maximum currents are the allowed currents for each power supply VecT or VecR, therefore the total module peak currents can be
twice this value. The instantaneous peak current is allowed to exceed the specified maximum current capacity of the connector contact

for a short period, see Figure 11.

4. Maximum module power consumption shall not exceed 1.0 W from 500ms after power up until level IT operation is enabled.

5. Not to exceed the sustained peak limit for more than 50 ps; may exceed this limit for shorter durations.

SFP+ (Enhanced 10 Gbps Pluggable Module)
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Limit for instantaneous
peak current

Limit for sustained
peak current

Long-term limit
determined by module
power limit (depends
on other Vcc current)

0 A or current of Power
Level Il module in Power

Level | mode
Hot plug time ortime of  Instantaneous peak Initialization time
initialization of Power duration <50 us window (500 ms)
Level Il
Figure 11 Instantaneous and sustained peak current for VccT or VccR
2.9 ESD

The SFP+ module and host SFl contacts (High Speed Contacts) shall withstand
1000 V electrostatic discharge based on Human Body Model per JEDEC
JESD22-A114-B.

The SFP+ module and all host contacts with exception of the SFl contacts
(High Speed Contacts) shall withstand 2 kV electrostatic discharge based on
Human Body Model per JEDEC JESD22-A114-B.

The SFP+ module shall meet ESD requirements given in EN61000-4-2, criterion
B test specification such that units are subjected to 15 kV air discharges during
operation and 8 kV direct contact discharges to the case.
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CHAPTER 3 HIGH SPEED ELECTRICAL SPECIFICATION SFI

3.1 INTRODUCTION

SFl signalling is based on differential high speed low voltage logic with AC-
coupling in the module. SFl was developed with the primary goal of low power
and low electromagnetic interference (EMI). To satisfy this requirement the
nominal differential signal levels are ~500 mV p-p with edge speed control to
reduce EMI. SFP+ compliant hosts are allowed to support just linear modules,
just limiting modaules, or both linear and limiting modules.

3.2 SFI APPLICATIONS DEFINITION

The application reference model for SFI connects a high speed ASIC/SERDES to
the SFP+ module as shown in Figure 12. The SFl interface is designed to sup-
port IEEE 802.3 10Gig standards Clauses 49, 50, and 51, and 10GFC. For all
other FCsignalling rates see FC-PI-4. SFl supported signalling rates are listed in
Table 9. SFP+ compliant modules and hosts may support one or more of the
signalling rates listed in Table 9. For 10GSFP+Cu (direct attach copper) specifi-
cations and applications reference model, see Appendix E.

Table 9 SFI Supported signalling Rates

Standard Description signalling Rate Units
IEEE std-802.3 Clause 50 10GBASE-W WAN PHY 9.95328 GBd
IEEE std-802.3 Clause 49 10GBASE-R LAN PHY 10.3125 GBd
Fibre Channel - 10 Gigabit (10GFC) 10GFC 10.51875 GBd
10Gig Ethernet with FEC 10GBASE-R over G.709 11.10 GBd

The SFlinterface operates from 9.95 to 11.1 GBd.

SFF-8083
Connec;(or 1 SFP+ Module
Host EDC : = 'I 0|<} 32
| | Driver ‘Q
ASIC/SerDes SFl Interface ||| DeBlocks
Pre- | i | |
emphasis <1 *:Z%
Host Board

Figure 12 SFI Application Reference Model
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3.3 SFI TEST POINTS DEFINITION AND MEASUREMENTS

3.3.1 HosT COMPLIANCE POINTS

SFl reference compliance test points are defined with the Host Compliance
Board and the Module Compliance Board for measurement consistency, see
Appendix C. The reference test boards provide a set of overlapping measure-
ments for ASIC/SerDes, module, and host validation to ensure interoperability.
For improved measurement accuracy the actual reference test card responses
may be calibrated out of the measurements and replaced with functions that
represent the ideal responses defined in Appendix C for the reference test

cards.

Points A, B, C,and D require AC coupled test equipment. All SFl test equipment
must have 50 Q single ended impedance on all test ports.

The reference impedance for differential measurements and S-parameters is
100 Q, and the reference impedance for common mode measurements and

S-parameters is 25 Q.

The bandwidth of measurement instrument shall be 12 GHz unless specified

otherwise.

SFI reference points are listed in Table 10.

Table 10 SFI Reference Points

Compliance point Designation
ASIC/SerDes output A
Host output B
Host input C
ASIC/SerDes input D
Module input B
Module output C

Module input calibration

B” (double quotation)

Host input calibration

C” (double quotation)

Host system transmitter and receiver compliance are defined by tests in which
a Host Compliance Board is inserted as shown in Figure 13 in place of the SFP+
module. The Host Compliance Board meets the specifications of Appendix C.

The compliance points are B and C.
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Connector C
—— O
- L < !
/ | i — Measurement
ASIC/SerDes | Host Compliance Board DC Block Instrumentation
B /
3 £
. F )
] B
Host Under Test

* C” equivalent is located about 1 inch past the SFP+ connector on the host board.

Figure 13 Host Compliance Board

SFP+ host compliance points are defined as the following:

«  B:Host transmitter output at the output of the Host Compliance Board.
Specifications for B are given in 3.5.1.

«  C:Host receiver input at the input of the Host Compliance Board. Specifi-

cations for C are given in 3.5.2.

3.3.2 MoDULE COMPLIANCE POINTS

Module transmitter and receiver compliance are defined by tests in which the
modaule is inserted into the Module Compliance Board as shown in Figure 14.
The Module Compliance Board meets the specifications of Appendix C. The

compliance points for the module are B’ and C.
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Connector "

Cl
N ==
W) =
Measurement Trace Length | Input/Output

|
{ I
Instrumentation A~ >|< | Module Under Test Line
BI

\—/

i

Module Compliance Board

Figure 14 Module Compliance Board

SFP+ module compliance points are defined as the following:

«  B: SFP+ module transmitter input at the input of the Module Compliance
Board. Specifications for B’ are given in 3.6.1.

«  C": SFP+ module receiver output at the output of the Module Compliance
Board. Specifications for C’ are given in 3.6.2.

3.3.3 ASIC/SERDES TEST POINTS (INFORMATIVE)

ASIC/SerDes transmitter and receiver may be tested on a test board as shown
in Figure 15 with nominal trace response as specified by C.1.3 to avoid degra-
dation due to excessive trace loss and to ensure consistent measurements.

D
= Y
< \-/ i
ASIC/SerDes DC Blocks Measurement
Trace Lengtr;/'\‘ [ Instrumentation
N
A
ASIC/SerDes Test Board

Figure 15 ASIC/SerDes Test Board
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SFI ASIC/SerDes test points are defined as the following:

« A:SerDes transmitter output at the output of the ASIC/SerDes Test Board.
Recommendations for A are given in B.2.

« D: ASIC/SerDes receiver input at the input of the ASIC/SerDes Test Board.
Recommendations for D are given in B.3.

3.3.4 HosT INPUT CALIBRATION POINT

Host receiver input tolerance signals are calibrated through the Host Compli-
ance Board at the output of the Module Compliance Board as shown in Figure
16. The host input calibration point is at C" with specifications for C" given in
3.5.2. The response between the connector and C” is specified by C.1.2.

p Connector DC Blocks
Measurement | C r = aJ ¥ Stressed
Instrumentation :@ | < ¥ Signal
Trace Length |
: | Host Compliance Board| | B~ Generator
.

Crosstalk Source E/ [ ) il f 2x30 Q

L J_I or Scope

Module Compliance Board

Figure 16 Host input calibration point C” and crosstalk source calibration
point B”

3.3.5 MoDULE INPUT CALIBRATION POINT

Module transmitter input tolerance signals are calibrated through the Module
Compliance Board at the output of the Host Compliance Board as shown in
Figure 17. The module input calibration point is at B” with specifications for B”
given in 3.6.1. The response between the connector and B” is specified by
C.1.1.
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c” Conrfzc_tll
- N r
2x50 Q (1) | Crosstalk Source
or Scope - |
Trace Length | Host Compliance Board | B
g‘tressled > '\) Measurement
Igna >l 7 Instrumentation
Generator L — —F|
Module Compliance Board

Figure 17 Module input calibration point B” and crosstalk source
calibration point C”

3.4 SFI TERMINATION AND DC BLOCKING

The SFl link uses nominal 100 Q differential source and load terminations on
both the host board and the module. The SFl transmitter provides both differ-
ential and common mode termination. The SFI transmitter and receiver termi-
nation specifications for each of the compliance points are given by:

« Host - 3.5 SFP+ Host System Specifications
« Module - 3.6 SFP+ Module Specifications .

Host SerDes termination recommendations are given by:

« ASIC/SerDes - Appendix B

SFP+ modaules shall incorporate blocking capacitors or equivalent on all SFlin-
puts and outputs as shown in Figure 18. The SFl transmitter is represented by
terminations Z, and Z,, which form a 100 € differential source. Each termina-
tion has a nominal value of 50 Q, and therefore the common mode impedance
is 25 Q. The SFl receiver is represented with termination Z j;+with nominal 100
Q value. This representation is not intended to preclude the use of other im-
plementations which may provide common mode termination, however the
SFl specification does not require any common mode termination at the re-
ceiver. If common mode terminations are provided, it may reduce common
mode voltage and EMI.
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It is recommended that both the module and the host use transmission lines
targeted to have 100 Q differential impedance with about 7% coupling. SFP+
percent differential coupling is defined by the following equation:

Zcm X 4 — Zdiff

1
Zemx 4+ zdiff <0

Coupling =

Where Zcm is the common mode impedance and Zdiff is the differential im-
pedance.

Differential traces with nominal 7% coupling offer a good compromise be-
tween reasonable common mode match and practical transmission line ge-
ometries. These are the targets for the module and host Compliance Boards
described in Appendix C.

ASIC/SerDes Host Board SFP+ Module
Host SFI Receiver Module SFI Transmitter
Capacitor
|
& [ Z,
Ng D z, ©)
~ | |
~ N
Capacitor
S
Host SFI Transmitter E‘+_ bt Module SFI Receiver
7
o Capacitor
H
Z E=
P £
> 2
n
L
Capacitor

Figure 18 SFI Termination and AC Coupling

SFP+ (Enhanced 10 Gbps Pluggable Module) Page 26



SFF-843T High Speed Electrical Specification SFI July 6, 2009
REVISION 4.1 PuBLISHED

3.5 SFP+ HOST SYSTEM SPECIFICATIONS

SFP+ host system transmitter specifications at compliance point B are given in
3.5.1. SFP+ Host system receiver specifications at compliance point C are given
in3.5.2.

All specifications are to be met at the host compliance test points defined in
3.3.1.

The solder pads for the high speed traces in the SFF-8431 Module Compliance
Board are 1.1x0.4 mm to improve high frequency performance instead of
2.0x0.5 mm as defined in the SFF-8083 for improved manufacturability. Trade-
off between host performance and manufacturability are left to the host de-
signer. For detailed geometry of the Module Compliance Board, see the Gerber
filesin C.3.4.

Warning: The host expects DC blocking in the module, and for improved
performance the Host Compliance Board is not required to incorporate
DC blocks. DC blocking within the test equipment or between the host
and the equipment is necessary for all host SFl signals.

3.5.1 HOST TRANSMITTER OUTPUT SPECIFICATIONS AT B

SFP+ host transmitter electrical specifications defined at compliance point B
are given in Table 11 and Table 12. These specifications are defined at the
output of the Host Compliance Board specified in C.2. Host transmitters must
provide adequate low frequency signal response for the applications sup-
ported.
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Table 11 Host Transmitter Output Electrical Specifications at B

Parameter - B Symbol Conditions Min Max Units
Termination Mismatch at 1 MHz AZy See D.16, Figure 55 5 %
Single Ended Output Voltage Range -0.3 4.0 \4

Output AC Common Mode Voltage See D.15 15 mV (RMS)

0.01 to 2 GHz -12 dB
Differential Output S-parameter SDD22 2 t0 111 GHz see 1 B
Common Mode Output S-parameter SCC22 0.01 to 2.5 GHz see 2 dB
2.5t011.1 GHz -3 dB

1. Reflection coefficient given by equation SDD22(dB) < -6.68 + 12.1 x logl0(f/5.5), with f in GHz.
2. Reflection coefficient given by equation SCC22(dB) < -7 + 1.6 x f, with f in GHz.

The specification of common mode output return loss reduces EMI and noise

by absorbing common mode reflections and noise.

The SFl jitter specifications at reference point B are listed in Table 12 and the
compliance mask is shown in Figure 19. As baseline wander can create low

probability eye closure which is not detected by the 5x10™ mask hit ratio,
baseline wander must be controlled so as not to significantly degrade the

signal at B.
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Table 12 Host Transmitter Output Jitter and Eye Mask Specifications at B
Parameters- B Symbol Conditions Min Target Max Units
Value
Crosstalk Source Rise/Fall time (20% to 80%) Tr, Tf See 1,2,D.6 34 ps
Crosstalk Source Amplitude (p-p differential) See 1,2,D.7 1000 mV
Signal Rise/Fall time (20% to 80%) Tr, Tf See D.6 34 ps
Total Jitter TJ See D.5 0.28 Ul(p-p)
Data Dependent Jitter DDJ See D.3 0.1 Ul(p-p)
Data Dependent Pulse Width Shrinkage DDPWS 0.055 UI (p-p)
Uncorrelated Jitter UJ See 3and D.4 0.023 UI (RMS)
Transmitter Qgq Qqq See 4 50
Parameters- B Symbol Conditions Value Units
Eye Mask X1 0.12 UI
Eye Mask X2 5 0.33 Ul
Mask hit ratio of 5107,
Eye Mask Y1 See D.2and 95 mV
Figure 19
Eye Mask Y2 Hgure L2 350 mV
1. Measured at C" with Host Compliance Board and Module Compliance Board pair, see Figure 17.
2. Since the minimum module output transition time is faster than the crosstalk transition time the amplitude of crosstalk source is
increased to achieve the same slew rate.
3. It is not possible to have the maximum UJ and meet the TJ specifications if the UJ is all Gaussian.
4. Qyq=1/RN if the one level and zero level noises are identical and see D.8.

Y2
N Y1
8
E 0
-Y1 '
-Y2 :
0.0 x1

X2 1-X2
Normalized Time (UI)

1-X1 1.0

Figure 19 Transmitter Differential Output Compliance Mask at B and B”
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3.5.2 HoST RECEIVER INPUT SPECIFICATIONS AT C AND C”

The SFP+ Host receiver electrical specifications at compliance point Cand C”
for both linear and limiting modules are given in Table 13. The host shall pro-
vide differential termination and must constrain differential to common mode
conversion for quality signal termination and low EMI, as given in Table 13.
Common mode termination on the receiver is not required see Figure 18.

Signals used as input tolerance test conditions are calibrated at C” with the
Host Compliance Board connected through a Module Compliance Board to
measurement instrumentation. Specifications at C” supporting limiting mod-
ules are given in Table 14. Specifications at C” supporting linear module are
given in Table 15.

SFP+ compliant hosts are allowed to support just linear modules, just limiting
modules, or both linear and limiting modules.

Table 13 Host Receiver Input Electrical Specifications at C and C”

Parameters - C and C" Symbol Conditions Min Target Max Units
Single Ended Input Voltage Range Referenced to VeeR -0.3 4.0 \%
Input AC Common Mode Voltage Tolerance See 1 and D.15.3 7.5 mV (RMS)
Damage Threshold (p-p differential) See 1 2000 mV
0.01 to 2 GHz -12 dB
Differential Input S-parameter SDD11
2to11.1 GHz see 2 dB
Reflected Differential to Common Mode SCD11 0.1to 11.1 GHz -10 dB
Conversion
1. Measured at C" with the Module Compliance Board.
2. Reflection Coefficient given by equation SDD11(dB)< -6.68 + 12.1 X log;((f/5.5), with f in GHz .

Jitter specifications to support the limiting module are listed in Table 14.
Figure 20 gives the host compliance eye mask requirements to support the
limiting module. The host shall operate at and between the sensitivity and
overload limits. The SFP+ limiting host shall tolerate sinusoidal jitter given by
Figure 21. Test procedures for the host for limiting module are given in D.11.
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Table 14 Host receiver supporting limiting module input compliance test signal calibrated at C”

Parameters - C" Symbol Conditions Target Max Units
Value
Crosstalk Source Rise/Fall time (20% to 80%) Tr, Tf See D.6 34 ps
Crosstalk Source Amplitude (p-p differential) See 1 700 mV
AC Common Mode Voltage See 2 and D.15 7.5 mV
(RMS)
99% Jitter J2 See 3, D.5, D.11 0.42 UI (p-p)
Pulse Width Shrinkage Jitter DDPWS See4,D.3 0.3 UI (p-p)
Total Jitter TJ BER 11072 see D.5, D.11 0.70 UI (p-p)
Eye Mask X1 Mask hit ratio of 1 ><10_12, 0.35 Ul
Eye Mask Amplitude Sensitivity > Y1 SeeD.2, DL 150 mV
Eye Mask Amplitude Overload 78 Y2 425 mV

Y2.

constraint set by Y1.

8. Sensitivity and overload are tested separately, see D.11.

1. Measured at B" with Host Compliance Board and Module Compliance Board pair, see Figure 16.

2. The tester is not expected to generate this common mode voltage however its output must not exceed this value.
3. Includes sinusoidal jitter, per Figure 21, when measured with the reference PLL specified by the given standard.

7. It is not expected that module Rx output will exhibit both maximum peak level and minimum eye opening.

4. In practice the test implementer may trade DDPWS with other pulse width shrinkage from the sinusoidal interferer.

5. Eye mask amplitude sensitivity tests the host receiver with the minimum eye opening expected from a module within the constraint set by

6. Eye mask amplitude overload tests the host receiver tolerance to the largest peak signal levels expected from the module within the
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Figure 21 SR and LR Host Sinusoidal Jitter Tolerance Mask

Table 15 defines the input compliance test signal as calibrated at C” for a host
that supports linear modules. The parameters in Table 15 include the effects of
a worst case module that operates in conjunction with optical TP3 tester(s) de-
fined for the LRM and LR standards. SR specifications are covered by the fact
that LR links have high noise, and on the other extreme, LRM links have high
distortion. Test procedures for the linear host are given in D.13. For illustrative
purpose, Figure 24 shows the host test calibration line along which specific
host test points for LRM are defined.
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For LR test conditions, the SFP+ linear host shall operate with sinusoidal jitter
given by Figure 21 while the stress conditions given in Table 15 are applied. For
LRM test conditions, the host shall operate with sinusoidal jitter as defined in
IEEE802.3, clause 68, with the stressors and noises in Figure 52 including those
in the TP3 tester turned off.

Only two specific test conditions for each LRM stressor are defined in Table 15.
In general, however, a host must meet operational requirements with any
compliant module. It is expected that lower dWDP modules will exist. How-
ever, this specification has not defined host test conditions below dWDP of 0.6
to 0.8 dB. At low dWDP values, guard bands between module specifications
and host requirements are left to the host implementation.
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Table 15 Host receiver supporting linear module input compliance test signal calibrated at C”

Parameters - C" Symb Conditions Min Target Max Units
ol
Crosstalk Source Rise/Fall time (20% to 80%) Tr/Tf See 1, D.6 34 ps
Crosstalk Source Amplitude (p-p differential) See 1 700 mV
AC Common Mode Voltage See 2 and D.15 7.5 mV (RMS)
Differential Voltage Modulation Amplitude VMA for LRM, See 3 180 600 mV
Differential Voltage Modulation Amplitude VMA for SR and LR, See 3 150 600 mV
Compliance stress test Target WDP Target RN, (RMS) WDPi
Applications Symb conditions (dBo) (dBo)
1
0 See 4, 7, and D.13 m b
WDP | High WDP & pre-cursor | Approximately 4.1
stressor 5.1, see 5
WDP | High WDP & split-sym- 5.4 3.9
metric stressor
LRM WDP | High WDP & post-cursor | Approximately 4.2
stressor 5.2,see5
-0.0148 0.0477
WDP Low WDP & pre-cursor Approximately 4.1
stressor 4.7, see 6
WDP Low WDP & split-sym- Approximately 3.9
metric stressor 4.7, see 6
WDP | Low WDP & post-cursor | Approximately 42
stressor 4.8, see 6
LR WDP Low WDP Approximately -0.02 0.096 1.9
2.6, see 6

1. Measured at B” with Host Compliance Board and Module Compliance Board pair, see Figure 16.

2. The tester is not expected to generate this common mode voltage, however its output must not exceed this value.

3. Peak levels of received signals in service may exceed their VMA due to overshoot of the far end transmitter and/or the module receiver.

4. Target WDP is calibrated with a reference receiver with 14 T/2 spaced FFE taps and 5 T s