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Abstract: This specification defines a set of electrical, nechanical, and optica
requi renents for Small Fornfactor transceivers operating at a nom nal 100 Mys data
rate. (125 Mos when incl udi ng 4b5b encodi ng)

This specification provides a common definition for systens nanufacturers,
systemintegrators, and suppliers of magnetic disk drives. This is an interna
wor ki ng docunent of the SFF Conmittee, an industry ad hoc group

This specification is made available for public review, and witten comments
are solicited fromreaders. Comments received by the nmenbers will be
considered for inclusion in future revisions of this docunent.

Support: This docunent is supported by the identified nenber conpanies of the
SFF Comi tt ee.
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If you are not a nenber of the SFF Conmittee, but you are interested in participating,
the followi ng principles have been reprinted here for your information

PRI NCl PLES OF THE SFF COW TTEE

The SFF Conmittee is an ad hoc group formed to address storage industry needs in a
pronpt manner. Wen forned in 1990, the original goals were limted to defining de
facto mechani cal envel opes within which disk drives can be devel oped to fit conpact
conputer and other small products. Goals were expanded to include the definition of
fiber optic transceivers used to connect nass storage units together

Adopting a common industry size, electrical and optical interface, sinplifies the
integration of Fibre Channel transceivers into such systens. Specifications which
define the electrical and optical signals, mechanical formfactor, diagnostic
interfaces, and hot-plug capability are inportant standards for systens integrators.

I n Novenber 1992, the SFF Committee objectives were broadened to enconpass ot her areas
whi ch needed simlar attention, such as pinouts for interface applications, and form
factor issues on larger disk drives. SFF is a forumfor resolving industry issues that
are either not addressed by the standards process or need an i medi ate sol ution.

Docunents created by the SFF Committee are expected to be subnmitted to bodies such as
ElA (El ectronic Industries Association) or an ASC (Accredited Standards Committee).
They may be accepted for separate standards, or incorporated into other standards
activities.

The principles of operation for the SFF Cormittee are not unlike those of an
accredited standards conmttee. There are 3 |levels of participation:

- Attending the meetings is open to all, but taking part in discussions is
limted to nenber conpanies, or those invited by nmenber conpanies

- The mnutes and copies of material which are di scussed during neetings
are distributed only to those who sign up to receive docunentation.

- The individual s who represent menber conpanies of the SFF Conmittee
recei ve docunentation and vote on issues that arise. Votes are not taken
during neetings, only guidance on directions. All voting is by letter
bal | ot, which ensures all nmenbers an equal opportunity to be heard.

Material presented at SFF Conmittee neetings beconmes public domain. There
are no restrictions on the open mailing of material presented at conmittee
nmeetings. In order to reduce di sagreenents and m sunder st andi ngs, copies
nmust be provided for all agenda itens that are discussed. Copies of the
material presented, or revisions if conpleted in time, are included in the
docunent ati on nailings.

The sites for SFF Committee neetings rotate based on whi ch nenber conpanies
volunteer to host the neetings. Meetings have typically been held during the
ASC T10 weeks.

The funds received fromthe annual nenbership fees are placed in escrow, and
are used to reinburse ENDL for the services to nanage the SFF Conmittee.

100 Mos SFP Transceivers Page 3
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If you are not receiving the docunentation of SFF Conmittee activities or
are interested in becom ng a nmenber, the followi ng signup information is

reprinted here for your information.

Menber shi p i ncl udes voting privil eges on SFF Specs under devel opnent .

CD _Access El ectronic docunentation contains:
- Mnutes for the year-to-date plus all of |ast year

- BEmail traffic for the year-to-date plus all of |ast year

- The current revision of all the SFF Specifications, as well

previous revisions distributed during the current year

Meeti ng docunentation contains:
- Mnutes for the current neeting cycle.

as any

- Copies of Specifications revised during the current neeting cycle.

Each el ectroni ¢ docunment mailing obsol etes the previous nmailing of that year

e.g. July replaces May. To build a conplete set of archives of all SFF
docunentation, retain the last SFF CD Access muiling of each year
Nare: Title:
Conpany:
Addr ess:
Phone: Fax:
Enai | :
Pl ease register ne with the SFF Conmittee for one year
___ Voting Menbership w El ectroni c docunentation $ 2,160
___ Voting Menbership w Meeting docunentation $ 1,800
__ Non-voting Cbserver w El ectronic docunentation $ 660 U S
$ 760 Overseas
___ Non-voting Cbserver w Meeting docunentation $ 300 US
$ 400 Overseas

Check Payable to SFF Conmittee for $ i s Encl osed
Pl ease invoice ne for $ on PO #:
MZ Vi sa/ AnX Expi res

SFF Committee 408- 867- 6630

14426 Bl ack Wal nut C 408- 867- 2115Fx

Saratoga CA 95070 endl com@cm org
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For eword

When Fi bre- Channel transceivers were first introduced, the devices targeted the 1.063
Gos data rate. The resulting Small Fornfactor transceiver mechanical and el ectrica
definitions proved so popular that other data rate devices not explicitly covered have
evol ved.

The advantages of reusing the specifications at data rates other then those initially
concei ved are mani fol d. Mechani cal housings and el ectrical connectors can be used
across different data rates, and the potentially broad choice of product offerings
fromtranscei ver vendors allows a systemintegrator or an end user to provision a
systemwi th different transceivers as requirenents change over tine. Additiona

pl uggabl e transcei vers or boards containing an array of transceivers can be installed
as system capacity requirenents grow over time.

One such fam |y of devices which has become popul ar are devices intended for OC3 (155
Mbs) data rates in Small Fornfactor configurations. Transceiver vendors have
struggl ed with the probl em of making these devices conpliant to the turn on tine of
the G gabit Ethernet and Fibre Channel data rates, while conplying with the baseline
wander requirenments of OC3 and 100 Mbs Et hernet specifications.

Suggestions for inprovenent of this docunment will be welcone. They should
be sent to the SFF Committee, 14426 Bl ack Wal nut C, Saratoga, CA 95070.

The devel opment work on this specification was done by the SFF Comittee, an

i ndustry group. The nmenbership of the conmmttee since its formation in 1990
has included a m x of conpanies which are | eaders across the industry.

100 Mos SFP Transceivers Page 5
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1. Scope

Thi s specification defines the set of characteristics associ ated Small Fornfactor
Fibre Optic transceivers operating at a nominal data rate of 100 Mos.

The turn-on time specified for Small Fornfactor devices is too short for anal og
automati c power control |oops used in the sinplest, |owest cost transceivers to
simul taneously neet the Small Fornfactor specified turn on tine and at the sane tine
neet the baseline wander requirenments for 100 Mos Ethernet and OC3 SONET.

In an effort to broaden the applications for these transceiver nodul es around
different applications, this extension to the existing specification has been
devel oped.

The SFF Committee was formed in August, 1990 to broaden the applications for
storage devices, and is an ad hoc industry group of conpanies representing
systemintegrators, peripheral suppliers, and conponent suppliers.

1.1 Description of O auses

- Clause 1 contains the Scope and Purpose.

- Clause 2 contains Referenced and Rel ated Standards and SFF Specificati ons.
- Clause 3 contains the General Description

- Clause 4 contains the dossary

- Cause 5 contains the Specific content for this Standard

2. References

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

2.1 Industry Docunents

There are many industry standards associated with 100 Mds optical transceivers, and
any of those which define timng requirements are superseded by products which ship in
accordance with this specification

MBA Original Small Fornfactor
MBA Revi sed Smal |l Fornfactor July 2000
| NF- 8074l SFP (Smal |l Fornfactor) Pluggabl e Transceiver

2.2 SFF Specifications
There are several projects active within the SFF Conmittee. At the date of printing

docunent nunbers had been assigned to the followi ng projects. The status of
Specifications is dependent on comittee activities.

F = Forwarded The docunent has been approved by the nenbers for
forwarding to a formal standards body.

P = Published The docunent has been balloted by nmenbers and is
avail abl e as a published SFF Specification

A = Approved The docunent has been approved by ball ot of the nenbers
and is in preparation as an SFF Specification

C = Cancel ed The project was cancel ed, and no Specification was
Publ i shed.

D = Devel opnent The docunent is under devel opment at SFF

E = Expired The docunent has been published as an SFF
Specification, and the nenbers voted against re-
publishing it when it came up for annual review

e = electronic Used as a suffix to indicate an SFF Specification which

has Expired but is still available in electronic form
from SFF e.g. a specification has been incorporated

100 Mos SFP Transceivers Page 6
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into a draft or published standard which is only

avail abl e in hard copy.

The docunment has no SFF project activity in progress,
but it defines features in devel oping industry
standards. The docunment was provi ded by a conpany,
editor of an accredited standard in devel opnent, or an
individual. It is provided for broad review (coments
to the author are encouraged). As the copyright on such
docunments is retained by the author, the INF or 'i

speci fications cannot be freely copied for distribution.

The docunent is a proposal to the menbers for
consi deration to beconme an SFF Specification.

Li st of Specifications as of May 21, 2004

SFF Conmittee Information

44-pi n ATA (AT Attachnent) Pinouts for SFF Drives
68-pi n ATA (AT Attachnent) for SFF Drives

SCSI Pinouts for SFF Drives

Smal |l Form Factor 2.5" Drives
Smal |l Form Factor 1.8" Drives
Smal |l Form Factor 1.3" Drives

2nm Connector Alternatives
68-pi n Enbedded Interface for SFF Drives
Uniti zed Connector for Cabled Drives

Smal | Form Factor 15mm 1. 8" Drives

ATA Tim ng Extensions for Local Bus

4-Pin Power Connector D nensions

ATA Downl oad M crocode Conmand

Uniti zed Connector for Rack Munted Drives
SCA Connector for Rack Mbunted SFF SCSI Drives
Smal | Form Factor 10mm 2.5" Drives

SCSI Wring Rules for Mxed Cable Plants

ATA Low Power Mbdes

Identify Drive Data for ATA Disks up to 8 GB

ATA Packet Interface for CD- ROV

SFF Committee Specification Categories
- Errata to SFF-8020 Rev 2.5

- Brrata to SFF-8020 Rev 1.2

SFF Conmittee Charter

Narmed Representatives of SFF Conmittee Menbers
SFF Conmittee Principles of Operation

| nproved ATA Timng Extensions to 16.6 MBs

H gh Speed Local Bus ATA Line Term nation |ssues
Sel f-Monitoring, Analysis & Reporting Technol ogy

ATA Signal Integrity |ssues
Intel Small PCl SIG
Intel Bus Master |DE ATA Specification

Phoeni x EDD (Enhanced Di sk Drive) Specification

25-pi n Asynchronous SCSI Pi nout

SCA-2 Connector Backend Confi gurations
VHDClI Connect or Backend Confi gurations
40-pin M croSCSl Pi nout

40- pin SCA-2 Connector w Parallel Selection
80-pin SCA-2 Connector for SCSI D sk Drives
40-pin SCA-2 Connector w Serial Selection
80-pin SCA-2 Connector w Parallel ES

80- conduct or ATA Cabl e Assenbly

Boot abl e CD- ROM

100 Mos SFP Transcei vers
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| NF- 8051i
| NF- 8052i
SFF- 8053
SFF- 8054
| NF- 8055i
SFF- 8056
SFF- 8057
SFF- 8058
SFF- 8059

SFF- 8060
SFF- 8061
SFF- 8062
SFF- 8065
SFF- 8066
SFF- 8067
| NF- 8068i
SFF- 8069

| NF- 8070i
SFF- 8072
SFF- 8073
| NF- 8074i
SFF- 8075
SFF- 8076
| NF- 8077i
SFF- 8078
SFF- 8079
SFF- 8080
SFF- 8082
SFF- 8085
SFF- 8089
| NF- 8090i

SFF- 8101
SFF- 8110
SFF- 8111
SFF- 8122
SFF- 8120
SFF- 8123

SFF- 8200e

SFF- 8201

SFF- 8212e

SFF- 8221
SFF- 8222
SFF- 8223
SFF- 8225

SFF- 8300
SFF- 8301

SFF- 8302e

SFF- 8323

SFF- 8332e
SFF- 8337e
SFF- 8342e

| NF- 8350i

SFF- 8400
SFF- 8410
| NF- 8411
SFF- 8412
SFF- 8415
SFF- 8416
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Smal | Form Factor 3" Drives

ATA Interface for 3" Renpvabl e Devi ces
@BIC (Ggabit Interface Converter)

Aut omation Drive |Interface Connector
SMART Application Quide for ATA Interface
50- pi n 2mm Connect or

Unitized ATA 2-plus Connect or

Uniti zed ATA 3-in-1 Connector

40- pi n ATA Connect or

SFF Committee Patent Policy

Emai | i ng drawi ngs over the SFF Refl ector

Rol | i ng Cal endar of SSW&s and Pl enari es

40- pi n SCA-2 Connector w H gh Vol t age

80- pi n SCA-2 Connector w H gh Vol tage

40- pi n SCA-2 Connector w Bidirectional ES|
Quidelines to Inport Drawi ngs into SFF Specs
Fax- Access I nstructions

ATAPI for Rewitable Renovabl e Medi a

80-pin SCA-2 for Fibre Channel Tape Applications
20-pin SCA-2 for GBIC Applications

SFP (Smal | Fornfactor Pluggabl e) Transceiver

PCl Card Version of SFP Cage

SFP Additional |Ds
XFP (10 Gbs Snal |
XFP- E

SFP Rate and Application Sel ection

ATAPI for CD Recordabl e Media

Labeling of Ports and Cabl e Assenblies
100 Mbs Smal |l Fornfactor Transceivers
SFP Rate and Application Sel ection Val ues
ATAPI for DVD (Digital Video Data)

Form Fact or Pl uggabl e Modul e)

3 CGbs and 4 Gbs Signal Characteristics

5V Parallel 1.8" drive formfactor

.8" drive formfactor (60x70mm)

. 8" (60x70mm w SCA-2 Connect or

.8" drive formfactor (78x54mm)

. 8" (60x70mm w Serial Attachment Connector

Y

1/2" drive formfactors (all of 82xx family)
1/2" drive formfactor dinensions
1/ 2" drive w SFF-8001 44-pin ATA Connect or
re-Aligned 2.5" Drive >10nm Form Fact or
.5" Drive w SCA-2 Connect or
.5" Drive w Serial Attachnent Connector
.5" Single Voltage Drive

1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"
1/ 2"

drive formfactors (all of 83xx famly)
drive formfactor di nensions

Cabl ed Connector | ocations

drive w Serial Attachnent Connector
drive w 80-pin SFF-8015 SCA Connect or
dri ve w SCA-2 Connect or

drive w Serial Unitized Connector
Packaged Drives

WWWWwWwwww NNNTONNDN

VHDCl (Very High Density Cabl e |nterconnect)

H gh Speed Serial Testing for Copper Links

H gh Speed Serial Testing for Backpl anes

HSO (H gh Speed Optical Interconnect) Testing
HPElI (H gh Performance El ectrical |nterconnect)
HPEl Bul k Cabl e Measur enent/ Performance Regmts

100 Mos SFP Transcei vers
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SFF-8420 11.1 HSSDC-1 Shi el ded Connecti ons
SFF-8421 2.4 HSSDC-2 Shi el ded Connecti ons

SFF- 8422 C FCl Shi el ded Connecti ons

SFF- 8423 C Mol ex Shi el ded Connecti ons

SFF-8424 0.5 Dual Row HSSDC- 2 Shi el ded Connecti ons
SFF-8425 1.4 Single Voltage 12V Drives

SFF- 8426 HSSDC Doubl e W dt h

SFF- 8429 Signal Specification Architecture for HSS Links

SFF-8430 4.1 MI-RJ Duplex Optical Connections

SFF-8441 14.1 VHDCI Shi el ded Configurations

SFF-8451 10.1 SCA-2 Unshi el ded Connecti ons

SFF-8452 3.1 ditch Free Mating Connections for Miltidrop Aps

SFF- 8453 Shi el ded Hi gh Speed Serial connectors

SFF-8460 1.2 HSS Backpl ane Design Cuidelines

SFF- 8464 | nproved MM HSS Opti cal Link Perfornmance
SFF-8470 2.9 Milti Lane Copper Connector

SFF-8471 C ZFP Multi Lane Copper Connect or

SFF-8472 9.4 Diagnostic Mnitoring Interface for Optical Xcvrs
| NF-8475i 2.2 XPAK Small Fornfactor Pluggabl e Receiver
SFF-8480 2.1 HSS (Hi gh Speed Serial) DB9 Connections
SFF-8482 1.3 Internal Serial Attachnent Connector

SFF- 8483 C External Serial Attachnment Connector

SFF-8484 0.4 Milti Lane Internal Serial Attachment Connector
SFF-8485 0.3 Serial GPIO (CGeneral Purpose |nput/Qutput) Bus
SFF-8500e 1.1 5 1/4" drive formfactors (all of 85xx famly)
SFF-8501e 1.1 5 1/4" drive formfactor dinmensions

SFF-8508e 1.1 5 1/4" ATAPI CD-ROM w audi o connectors

SFF-8523 1.2 5 1/4" drive w Serial Attachment Connector
SFF-8551 3.2 5 1/4" CD Drives formfactor

SFF-8552 0.5 5 1/4" Slimine Optical Drive Form Factor

SFF- 8572 C 5 1/4" Tape formfactor

SFF-8610 C  SDX (Storage Device Architecture)

2.3 Sources

Copi es of ANSI standards or proposed ANSI standards may be purchased from
d obal Engi neeri ng.

15 I nverness Way East 800-854-7179 or 303-792-2181
Engl ewood 303- 792- 2192Fx
CO 80112- 5704

Copi es of SFF Specifications are available by joining the SFF Conmittee as an
Coserver or Menber.

14426 Bl ack Wal nut O 408- 867- 6630x303
Sar at oga 408- 867- 2115Fx
CA 95070

SFF specifications are available at ftp://ftp.seagate.conisff

El ectronic copi es of docunents are al so nade avail able via CD Access, a
service which provides copies of all the specifications plus SFF refl ector
traffic. CDs are mailed every 2 nonths as part of the document service, and
provide the letter ballot and paper copies of what was distributed at the
neeting as well as the neeting m nutes.

100 Mos SFP Transcei vers
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3. General Description

The environment for this SFF Specification includes any 100 Mds Snall Fornfactor
optical transceiver.

4. Definitions and Conventions
4.1 Definitions
For the purpose of SFF Specifications, the follow ng definitions apply:

4.1.1 Optional: This termdescribes features which are not required by the
SFF Specification. However, if any feature defined by the SFF Specification is
i mpl emented, it shall be done in the sane way as defined by the Specification

4.1.2 Reserved: Were this termis used for bits, bytes, fields and code
val ues; the bits, bytes, fields and code val ues are set aside for future
standardi zation. The default value shall be zero. The originator is required
to define a Reserved field or bit as zero, but the receiver should not check
Reserved fields or bits for zero.

4.1.3 WJ (Vendor Unique): This termis used to describe bits, bytes, fields,
pi ns, signals, code values and features which are not described in this SFF
Specification, and may be used in a way that varies between vendors.

4.1.4 VU Mode: A node of execution by the drive in which its use is not
defined by this SFF Specification. The nmeans by which a vendor invokes vendor
uni que operations within a drive is defined by this SFF Specification

4.2 Conventions

If there is a conflict between text and tables on a feature described as
optional, the table shall be accepted as being correct.

Certain terms used herein are the proper nanmes of signals. These are printed
in uppercase to avoi d possible confusion with other uses of the same words;
e.g., ATTENTION. Any | ower-case uses of these words have the normal Anmerican-
Engl i sh neani ng.

A nunmber of conditions, conmmands, sequence paraneters, events, English text,
states or simlar terns are printed with the first letter of each word in
uppercase and the rest |ower-case; e.g., In, Qut, Request Status. Any |ower-
case uses of these words have the nornal American-English meaning.

The American convention of nunbering is used i.e., the thousands and hi gher
mul tiples are separated by a comma and a period is used as the deci nal point.
This is equivalent to the | SO convention of a space and commra.

Aneri can: 0.1 I SO 0,6
1, 000 1 000
1, 323, 462.9 1 323 462,9

100 Mos SFP Transceivers Page 10
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5. 100 Mos Snal |l Fornfactor Transceiver Description

5.1 Mechanical and Optical Interface. The nechanical and optical interfaces shall be
defined by the Small Fornfactor specifications and | NF-8074i as referenced in 2.1.

5.2 Electrical Interface.

5.2.1 Timng Requirenents

Tabl e 1 bel ow shows the timng requirenments for the 100 Mbs version of Snall
Fornfactor device types. The contents of Table 1 have been taken from | NF-8074i, and
the t _on time paraneter increased to 10 nmsec. This is to allowthe RCtinme constant of
anal og power control loops in the transmt sections of these types of transmitters to
both neet the baseline wander requirenments and t_on tine requirements.

Table 1 Tinming Requirements

Par anet er Synbol M n Max Uni t Condi ti on

TX Di sabl e t_on 10 nsec Time fromfalling edge of TX

Negat eTi ne Di sabl e to when the nodul at ed
optical output rises above 90%
of nomi nal

Al other timng and el ectrical specifications are the sanme as in | NF-8074i.

100 Mbs SFP Transcei vers Page 12



