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For eword

The devel opment work on this specification was done by the SFF Committee, an
i ndustry group. The nenbership of the conmttee since its formation in August 1990
has included a m x of conpani es which are | eaders across the industry.

When 2 1/2" dianmeter disk drives were introduced, there was no commonal ity on
external dinensions e.g. physical size, nounting |ocations, connector type,
connector | ocation, between vendors.

The first use of these disk drives was in specific applications such as | aptop
portabl e conputers and systemintegrators worked individually with vendors to
devel op the packaging. The result was wi de diversity, and inconpatibility.

The problens faced by integrators, device suppliers, and conponent suppliers led to
the formation of the SFF Conmittee as an industry ad hoc group to address the
mar keti ng and engi neering consi derations of the enmergi ng new technol ogy.

During the devel opnment of the formfactor definitions, other activities were
suggest ed because participants in the SFF Conmittee faced nore problens than the
physical formfactors of disk drives. In Novenber 1992, the charter was expanded to
address any issues of general interest and concern to the storage industry. The SFF
Conmmi ttee becane a forumfor resolving industry issues that are either not addressed
by the standards process or need an i medi ate sol ution

Those conpani es whi ch have agreed to support a specification are identified in the
first pages of each SFF Specification. Industry consensus is not an essenti al
requirenent to publish an SFF Specification because it is recognized that in an
emer gi ng product area, there is roomfor nmore than one approach. By making the
docunent ati on on conpeting proposal s avail able, an integrator can exam ne the
alternatives available and select the product that is felt to be nmost suitable.

SFF Conmittee neetings are held during T10 weeks (see www. t10.0rg), and Specific
Subj ect Working Groups are held at the convenience of the participants. Materia
presented at SFF Conmittee neetings beconmes public donmain, and there are no
restrictions on the open nailing of material presented at commttee meetings.

Most of the specifications devel oped by the SFF Committee have either been

i ncorporated into standards or adopted as standards by EIA (El ectronic Industries
Associ ation), ANSI (American National Standards Institute) and | EC (Internationa
El ectrot echni cal Conmi ssion).

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

www. sffcomittee. conlie/join. htmn

The complete list of SFF Specifications which have been conpleted or are currently
bei ng worked on by the SFF Conmittee can be found at:

ftp://ftp.seagate.conisff/SFF-8000. TXT

If you wish to know nore about the SFF Conmittee, the principles which guide the
activities can be found at:

ftp://ftp.seagate.conisff/SFF-8032. TXT

Suggestions for inprovenent of this specification will be wel conme. They shoul d be
sent to the SFF Conmittee, 14426 Black Wal nut C, Saratoga, CA 95070.
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SFF Commttee --

Tunabl e XFP for I TU Gid Applications

1. Scope

The XFP (10 G gabit Small Form Factor Pluggable Mdule) is defined in | NF8077i
including transmtter tuning on a wavel ength grid with 50 piconeter resolution
Unfortunately this wavel ength grid does not align well with the ITU frequency grid
(e.g., as specified in ITUT G 694.1).

SFF-8477 defines enhancenents to the | NF-8077i nanagenent interface to support
frequency tuning, including timng diagrans, for better support of the |ITU frequency
grid.

El ectrical, mechanical, and thermal interface details remain wthout change as
specified in INF-8077i. The managenent interface defined in INF8077i renains
unchanged, other than using reserved bytes as detailed in SFF-8477.

1.1 Description of O auses

Clause 1 contains the Scope and Purpose.

Clause 2 contains Referenced and Rel ated Standards and SFF Specifications.

Clause 3 contains the General Description

Clause 4 contains the tuning managenent interface for |1TU frequency grid conpliance.
Clause 5 contains timng diagrans and expected response during tuning operation

2. References

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

2.1 Industry Docunents

The following interface standards are relevant to this SFF-8477 Specification

| NF- 8077i 10 G gabit Small Form Factor Pl uggabl e Mdul e
ITUT G694.1 Spectral grids for WDM applications: DWM frequency grid
ITUT G698.1 Mul ti channel DWDM applications with single-channel optica
i nterfaces
ITUT G 698.2 Anplified nultichannel DWM applications with single channe
optical interfaces
O F- | TLA- MSA-01.0 I nt egratabl e Tunabl e Laser Assenbly Milti Source Agreemnent

2.2 SFF Specifications

There are several projects active within the SFF Cormittee. The conplete |ist of
speci fications which have been conpleted or are still being worked on are listed in
the specification at ftp://ftp.seagate.conisff/SFF-8000. TXT

2.3 Sources

Those who join the SFF Cormittee as an Chserver or Menber receive el ectronic copies
of the mnutes and SFF specifications (http://ww.sffconmttee.comie/join. htm).

Copi es of ANSI standards may be purchased fromthe InterNational Committee for
I nformati on Technol ogy Standards (http://tinyurl.conm c4psg).

Copi es of SFF, T10 (SCSl), T11 (Fibre Channel) and T13 (ATA) standards and standards

still in devel opment are avail able on the HPE version of CD_Access
(http://tinyurl.com 85fts).
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2.4 Conventions

The Anerican convention of nunbering is used i.e., the thousands and hi gher
mul tiples are separated by a conma and a period is used as the decinal point. This
is equivalent to the |1 SO IEC convention of a space and conmma.

Aneri can: | SO
0.6 0,6

1, 000 1 000
1, 323, 462.9 1 323 462,9
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3. CGeneral Description

I NF-8077i defines the 10 G gabit Small Form Factor Pluggable “XFP" Mdul e, including
el ectrical, nmechanical, thernmal, and 2-w re nmanagenent interface details. Included
in the INF-8077i specification is definition of transmtter tuning on a wavel ength
grid with 50 piconeter resolution

Many potential applications for a tunable XFP nmust conformto an | TU frequency grid
(for exanple, G 698.1). A channel spacing of 100 GHz corresponds approxi mately to
800 piconeters (for C band), so 50 picometer of resolution as specified in | NF-8077
woul d seemto be sufficient for this application. However, |ITU defines maxi num
spectral excursion limts that can be as tight as £12.5 GHz, approximately 100

pi coneters. Thus the 50 piconmeter resolution defined in I NF-8077i can be a
significant fraction of the |ITU maxi mum spectral excursion limt. This is the
notivation for defining tuning based upon a frequency grid rather than a wavel ength
grid.

To avoid possible conflict with | egacy tuning systens designed to | NF-8077i, the
frequency grid tuning comrands of SFF-8477 suppl ement rather than supplant the
wavel ength grid tuning commands of |NF-8077i. These frequency grid tuning comrands
are detailed in Section 4. Timng diagranms which clarify the sequence of comands
and status signals are presented in Section 5. Diagrans for channel -to-channe
frequency shift and for standby-to-channel switch are shown.

The design intent of this document is to define “set and forget” behavior. Upon

power -up, the nodule returns to the |ast comranded channel prior to power-down. |If
it desired to reset to a default channel, other than the | ast commanded channel
then use Tx_DI'S, which places the nodule in a standby condition. In standby, the

nodul e is on but the |aser power is off and will stay off until a command to tune to
a channel is received.

4. Tuni ng Managenent Interface for | TU Frequency Gid Applications

| npl enent ati on of wavel ength or frequency tunability is indicated in Serial ID Byte
221 (Table 01h) bit 1.

Dat a Address Bit | Description
221 (Table 01h) | 1 Wavel ength or frequency tunability inpl enented

The XFP vendor can inplenent wavel ength only tuning (as specified in | NF-8077i),
frequency only tuning, or both, as indicated by the transceiver description encoded
in Serial IDByte 138 bits 1 and 2.

Address | Bit | Description of transceiver
138 3 | Tunabl e DWDM (sel ection by channel nunber, bytes 112-113)
138 2 | Tunabl e DADM (sel ection in 50 pm steps, bytes 72-73)
138 0-1 | Reserved

A desired wavel ength can be commanded by the user by witing into Bytes 72 (MSB) and
73 (LSB).

Wavel ength control comrand:

Addr ess Bit | Nane Descri ption

72 (MSB) & 73 (LSB) | All | Wavel ength User input of Wavel ength set point
Set (in units of 50 piconeters).

74 (MsB) & 75 (LSB) | All | Vvel engt h Moni tor of Current Wavel ength Error
Error (inunits of 5 piconeters).

Thus for instance a target wavel ength of 1556.55 nm woul d correspond to 79h (VBB)
witten to Byte address 72 and 9Bh (LSB) witten to Byte address 73.

Tunabl e XFP for 1 TU Frequency Gid Applications Page 6



Publ i shed SFF-8477 Rev 1.4

Tunabl e XFP for 1 TU Frequency Gid Applications Page 7



Publ i shed SFF-8477 Rev 1.4

Alternatively a desired frequency channel can be comanded by the user by witing
into Bytes 112 (MSB) and 113 (LSB)

Frequency channel control comrand:

Addr ess Bit | Name Descri ption

112 (MSB) & | ALl | Channel User input of channel numnber, which is

113 (LSB) Nunmber Set |an integer 1 to N (N=Nunber of
Channel s)

114 (MsB) & | ALl | Frequency Frequency error reported in 16 bit

115 (LSB) Error signed integer with LSB=0.1 Gz

116- 117 Al'l | Reserved Reser ved

The channel nunber is derived fromthe follow ng equation using paraneters found in
Modul e capabilities as listed in Byte Addresses 60-69:

Channel nunber = 1 + (Desired Frequency — First Frequency) / Gid Spacing

Tx Dither can be inportant for suppression of Stirmulated Brillouin Scattering (SBS)
Support for Tx dithering is indicated by Serial ID Byte 139 bit 2.

Address | Bit | Description of transceiver
139 2 | Tx Dither Supported
139 0-1 | Reserved

Tx Dither can be enabl ed or disabled by neans of the General Control / Status Bits
Table at Serial ID Byte 111, described at the top of the next page.

Modul e capabilities:

Addr ess Si ze Name | Description

60 (MSB) & 61 (LSB) | 2 bytes | LFL1 | Lasers First Frequency (THz)
Lasers First Frequency (GHz*10),

62 (MBB) & 63 (LSB) | 2 bytes | LFL2 i e.. inunits of 0.1 Gt

64 (MSB) & 65 (LSB) | 2 bytes | LFH1L | Lasers Last Frequency (THz)
Lasers Last Frequency (GHz*10),

66 (MSB) & 67 (LSB) | 2 bytes | LFH2 i.e., inunits of 0.1 GHz

Lasers nmaxi mum supported grid

68 (MsSB) & 69 (LSB) | 2 bytes | LGid | spacing (GH*10), i.e.

In units of 0.1 GHz

Tunabl e capability is indicated in the Transmitter technol ogy (Byte Address 147; see
Tabl e 52 of | NF-8077i):

Val ue Descri pti on of physical device
1001b“. iéSO nm tunabl e — negative chirp
1010b 1550 nmtunable — zero chirp
1011b-1111b | Reserved

Three Latched interrupt flags are defined at Byte Address 85. One flag at Bit 4

i ndi cates a bad channel nunber request (i.e., a channel nunber outside of the
supported range). A second flag at Bit 3 indicates that a channel change operation
has conpleted. A third flag at Bit 2 indicates that Tx Dither has been requested in
a nodul e that does not support dithering.

Address | Bit | Nane Descri ption
85 4 | L-Bad Channel Lat ched Bad Channel Requested
85 3 | L- New Channel Lat ched New Channel Acquired
85 2 | L-Unsupported Tx Dither | Lat ched Unsupported Tx Dither Request
85 0-1 | Reserved Reser ved
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Associated with these three interrupt flags are three masking bits at Byte Address
93.

Address | Bit | Name Descri ption
93 4 | M Bad Channel Maski ng bit Bad channel requested
93 3 | M New Channel Maski ng bit New channel acquired
93 2 | MUnsupported Tx Dither | Masking bit Unsupported Tx Dither Request
93 0-1 | Reserved Reser ved

An unl atched status Bit 2 at Byte Address 111 is defined to indicate that a tuning
operation is in process and not yet conpleted. Bit 1 is used to command Tx Dither
(Bit 1 low) or to disable Dither (Bit 1 high).

Address | Bit | Nane Descri ption

111 3-71| ...

111 2 Tx_Tune Identifies Tx Not Ready due to tuning

111 1 TX Dither | Logic “1” disables Dither, “0” enables Dither
111 0 Reserved | Reserved

Receiver type is indicated with the Extended Identifier at Byte Address 129.

Address | Bit | Description

00: Power | evel
01: Power | evel

129 7-6 10: Power | evel

11: Power | evel

modul e (1. 5W nmax power)
modul e (2. 5W nmax power)
modul e (3. 5W nmax power)
nmodul e (>3. 5W max power)

AWNPF

129 5 0: Mdule with CDR function
1. Non-CDR version of XFP
129 4 0: Tx Ref QGock input required
1. Tx Ref dock input not required
129 3 0: No CLEI code present in Table 02h
1. CLEl code present in Table 02h
129 0: Mdule with limting receiver
1. Mdule with linear receiver and Rx CDR bypassed
129 1-0 | Reserved

I NF-8077i defines Auxiliary Mnitoring in Table 59, including Laser Wavel ength
Monitoring. This option is not supported for tunable applications. Any attenpt to
access this will return a value of 0000h in bytes 106-107 (AUX1) or 108-109 (AUX2)
if 0101b (Laser Wavelength) is set in bits 7-4 or 3-0 respectively in Serial Byte
Address 222.

I NF-8077i defines the options of Laser Wavelength Alarns in Table 35 through AUX1
and AUX2 definitions in Serial Byte Address 222. This is not supported for tunable
appl i cati ons.

I NF-8077i defines a Nom nal Wavelength in the Serial ID Data Field at Address 186
and 187 of Page 01h. This is not supported for tunable applications and will return
a val ue of 0000h.

| NF-8077i defines a Wavel ength Tol erance in the Serial ID Data Field at Address 188
and 189 of Page 01h. This reports the approxi mate wavel ength accuracy on all
channels in units of (nm/ 200). This is supported for tunable applications. Thus
for exanple +2.5 GHz corresponds to +20 pm for a value of 0004h.

This concludes the list of registers defined for tuning operation.

Tunabl e XFP for 1 TU Frequency Gid Applications Page
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5. Timng D agrans and Tuni ng Response Sequence

When a tunable nodule is plugged in for the first tine it will go to a default
channel, or if Tx DISis asserted it will go to a standby condition.

When the nodule is power cycled it will autonmatically go to the |last channel
selected, or if Tx DISis asserted it will go to a standby condition. If Tx DS is
asserted, the last channel selected will be cleared, and a valid new channel comrand
will be required to set a channel.

If the Tx is disabled and then re-enabled, the nodule returns to the | ast channel
sel ect ed.

The following timng diagram shows the sequence of events and signals which
switching froma valid channel to another valid channel. Interrupt refers to the
hardware signal (pin 4 of the 30 pin connector). M NR is the Mdul e Not Ready
status Bit 1 at Byte Address 84. The Tuning in Progress flag is Bit 2 of Byte
Address 111. The New Channel Acquired flag is Bit 3 of Byte Address 85. The
Wavel ength Unl ocked flag is Bit 5 of Byte Address 85. The New Channel Acquired
masking (Bit 3 of Byte Address 93) and the Wavel ength Unl ocked masking (Bit 5 of
Byt e Address 93) should not be changed while a tuning operation is in process.

/\ —_—
- ~_ Interrupt
L NS —_—
A ~_ MOD_NR
Tuning in Progress Flag
New Channel Acquired Flag
e i —— Wavelength Unlocked Flag
T~ -~ —— New Channel acquired Masking Bit
~ —— Wavelength Unlocked Masking Bit
_c S o o = S n E= © % 3
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Eg =< &g =z2£ g¢ ¢ 5% & £,
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c x O 2 o S 2 o ) (o)) X o
*s £5 &5 55 f= g5 [E 3F i
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Ti m ng di agram for channel -to-channel sw tchi ng.

Next consider the timng diagramfor a transition fromstandby state to valid
channel acquired.
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Ti m ng di agram for standby-to-channel sw tching.

6. Color Coding and Labeling of T-XFP Transceivers

An exposed feature of the T-XFP transceiver (a feature or surface extending
outside of the bezel) shall be color coded as follows:

>

G een for tunabl e XFP.

7. Change Log

Version 1. 4:
» Add paragraph at end of Section 3 defining expected default behavior.
» Added clarifying notes for “Mdul e Capability” at Addresses 62, 66, and 68.
» Added negative chirp and zero chirp options for Transnmitter technol ogy at
byte address 147.
» Added extended identifier byte 129 table, and added a new line for limting
vs. linear receiver.
» Added Section 6 to define color coding and | abeli ng.
» Added change | og.
Version 1.3:
» First published version.
Tunabl e XFP for 1 TU Frequency Gid Applications Page

12



