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SFF- 8436 Specification

for

QSFP+ COPPER AND OPTI CAL MODULES

Rev 3.1 April 22, 2009

Secretariat: SFF Committee

Abstract: This specification defines the electrical (copper), the optical,
and the nechani cal characteristics of the pluggable Quad SFP+ Modul e/ direct
attach cabl e pl ug.

Thi s docunent provides a common specification for systenms manufacturers,
systemintegrators, and suppliers of drives. This is an internal working
docunent of the SFF Committee, an industry ad hoc group. This specification
is intended to supersede | NF-8438 by addi ng support for 10CGbhps data rates and
updates to the nmechani cal specification

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

Support: This specification is supported by the identified nmenber conpanies
of the SFF Comm ttee.
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EXPRESSI ON OF SUPPORT BY MANUFACTURERS

The foll owi ng nmenber conpanies of the SFF Commttee voted in favor of this

i ndustry specification.

t bd

The foll ow ng menber conpani es of the SFF Committee voted against this

i ndustry specification.

t bd

The foll owm ng menber conpanies of the SFF Commttee chose to abstain on this

i ndustry specification.
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For ewor d

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

VWhen 2 1/2" diameter disk drives were introduced, there was no comopnality on externa
di mensi ons e.g. physical size, nounting |ocations, connector type, and connector |ocation
bet ween vendors.

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

The problens faced by integrators, device suppliers, and conponent suppliers led to the
formation of the SFF Committee as an industry ad hoc group to address the narketing and
engi neeri ng consi derations of the energi ng new technol ogy.

Duri ng the devel opnent of the formfactor definitions, other activities were suggested
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 genera

i nterest and concern to the storage industry. The SFF Comittee becanme a forumfor resolving
i ndustry 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 essential requirenment to
publish an SFF Specification because it is recognized that in an energing product area, there
is roomfor nmore than one approach. By naking the docunentation on conpeting proposals
avai l abl e, an integrator can exam ne the alternatives avail able and sel ect the product that
is felt to be nost suitable.

SFF Comittee neetings are held during T10 weeks (see ww.t10.0rg), and Specific Subject
Worki ng Groups are held at the convenience of the participants. Material presented at SFF
Conmittee neetings becones public domain, and there are no restrictions on the open mailing
of material presented at comittee neetings.

Most of the specifications devel oped by the SFF Conmmittee have either been incorporated into
standards or adopted as standards by EIA (Electronic Industries Association), ANSI (Anmerican
Nati onal Standards Institute) and I EC (International Electrotechnical Comi ssion).

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

www. sffcommittee. comie/join. htn

The conplete |list of SFF Specifications which have been conpleted or are currently being
wor ked on by the SFF Comittee can be found at:

ftp://ftp. seagate. com sff/SFF-8000. TXT

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

ftp://ftp. seagate. com sff/SFF-8032. TXT

Suggestions for inprovenent of this specification will be wel cone. They should be sent to the
SFF Comittee, 14426 Bl ack Wal nut &, Saratoga, CA 95070.
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SFF Committee
QSFP+ Copper And Optical Mdul es
1. Scope

In an effort to broaden the applications for storage devices, an ad hoc industry group of
conpani es representing systemintegrators, peripheral suppliers, and conmponent suppliers
deci ded to address the issues involved.

The SFF Committee was formed in August, 1990 and the first working docunent was introduced in
January, 1991.

1.1 Description of C auses

Clause 1 contains the Scope and Purpose
Cl ause 2 contains Referenced and Rel ated Standards and SFF Specifications
Cl ause 3 begins the specification

2. Ref er ences

The SFF Committee activities support the requirenents of the storage industry, and it is
i nvol ved with several standards.

2.1 | ndustry Docunents

The followi ng interface standards and specifications are relevant to this Specification

- INF-8438i QSFP (Quad SFP) Mdul e

2.2 SFF Speci fications

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

2.3 Sour ces

Those who join the SFF Committee as an Cbserver or Menber receive el ectronic copies of the
m nutes and SFF specifications (http://ww.sffconmttee.comie/join.htm).

Copi es of ANSI standards nay be purchased fromthe InterNational Conmttee for Information
Technol ogy Standards (http://tinyurl.conl c4psqg).

Copi es of SFF, ASC T10 (SCsl), Ti1l1l (Fibre Channel) and T13 (ATA/ SATA) standards and standards
still in devel opnent are avail able on the HPE version of CD Access
(http://tinyurl.con 85fts).

QSFP+ Copper And Optical Mdul es Page 6
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2.4 Conventi ons

The American convention of nunbering is used i.e.

a conmm separates the thousands and hi gher

nmultiples, and a period is used as the decimal point. This is equivalent to the ISOIEC

convention of a space and conmm.

Ameri can French | SO
0.6 0,6 0.6

1, 000 1 000 1 000
1, 323, 462. 9 1 323 462,9 1 323 462.9

QSFP+ Copper And Optical Mdul es
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3 Introduction

Thi s Specification covers the follow ng itens:

a) electrical interfaces (including pinouts for data control, status, configuration and test
signals) and the electrical connector and recommended host PCB | ayout requirenents.

b) managenent interfaces enconpassing features fromthe current SFP MSA and i ncludes specific
nmulti-datarate and nul ti-protocol inplenentations.

c) optical interfaces (including the optical connector receptacle and mating fiber optic
connector plug and recomrended breakout cable assenbly.) The optical specifications are |left
to the applicable standards for each protocol

d) mechani cal including package outline with latching detail and optical connector receptacle
detail, electrical connector mechanical details for both the Mdul e and host PCB hal ves,

front panel cut-out recommended di nensions and a bl ocking key solution to prevent damage from
XFP nodul es.

e) thermal requirenments (case tenperatures)

f) electromagnetic interference (EM) recomendati ons(includi ng necessary shielding features
to seal the OEM chassis front panel output with and w thout the QSFP+ nodule installed in the
cage.)

g) electrostatic discharge (ESD) requirenments solely to the extent disclosed in the

Speci fication where the sol e purpose of such disclosure is to enable products to operate,
connect or communicate as defined within the Specifications.

The overall package di nension shall conformto the indicated di nensions and tol erances and
the nounting features shall be |located such that the products are nechanically

i nterchangeable with the cage and connector system In addition, the overall dinensions and
nounting requirements for the cage and connector systemon a circuit board shall be
configured such that the products are nechanically and electrically interchangeable and the
overal | dimensions and insertion requirenents for the optical connector and correspondi ng
fiber optic cable plug shall be such that the products are nechanically and optically

i nt erchangeabl e.

The electrical and optical specification shall be conpatible with those enunerated in the

| TUT Recommendati on G 957 (STM 1, STM 4 and STM 16), Tel cordi a Technol ogi es GR-253- CORE ( OC-
3, OC-12, OC-48 and OC-192), Ethernet |EEE 802.3 (G gabit, 10G gabit and 40G gabit Ethernet),
I nfiniband Architecture Specifications (SDR, DDR and QR), SFF-8431, or Fibre Channel-Pl-3/4
(2GFC, 4G-C, 8GFC) and 10GFC. Electrical and optical specifications may be conpatible with

st andards under devel oprent .

The Specifications will provide a common solution for conbined four-channel ports that
support SONET/ SDH and/ or Ethernet and/or |nfiniband and/or Fi bre Channel specifications. This

specification enconpasses design(s) capable of supporting nultinode, single
node Mbdul es, passive copper, active copper and active optical cables.

Table 1 Multinode Fi ber Applications

Fi ber | EE 802. 3 Fi bre Channel - I nfini ba
Type FC- Pl -2/3/4 nd

Di stance | Core 1GE 10GE 40GE 2G 4G |8G |10G- |S | D | QD
D aneter FC |FC |FC | C DID|R
MHZ* km RIR

275m 62.5/200 | X

220m 62.5/160 | X

26m 62. 5/ 160 X

33m 62. 5/ 200 X

150m 62. 5/ 200 X

75m 62. 5/ 200 X

70m 62. 5/ 200 X

50m 62. 5/ 200 X

21m 62. 5/ 200 X

550m 50/ 500 X

QSFP+ Copper And Optical Mdul es Page 8
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500m 50/ 400 X
66m 50/ 400 X
82m 50/ 500 X
2000m 50/ 2000 X
300m 50/ 500 X
150m 50/ 500 X
125m 50/ 500 X
75m 50/ 500 X
50m 50/ 500 X
200m 50/ 2000 X X
380m 50/ 2000 X
150m 50/ 2000 X X
Table 2 Singl enode Fi ber Applications
| EEE 802.3 | Fi bre Channel FC-PI-2/3/4 | Infiniband
D stance | Fiber type |1 10 | 40 | 2GFC | 4GFC | 8G-C | 10G-C | SDR | DDR | QDR
GE | CGE | G
1. 4km SM X
2km SM
4km X
10km SM X X X X X X X X
30km SM X
40km SM X

An application reference Mdel
ASI C (SerDes) and the QSFP+ nodul e.

sinmplicity.

See Figure 1,
Only one data channe

shows the high-speed data interface between an
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Figure 1 — Application Reference Mdel

QSFP+ conpliance and reference points are as foll ows:

A: Host ASIC transmitter output at ASIC package pin on a DUT board — Reference point

B: Host ASIC transnitter output across the Host

Modul e Card Edge interface — Reference point

B :
Conpl i ance poi nt

QSFP+ Copper And Opti cal

Host ASIC transm tter output across the Host

Modul es

Board and Host

Board at

Host

Edge Card connector at the

Edge Card Connector -

Page 9
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C. QSFP+ receiver output at the Mddule Card Edge interface — Reference point
C : QSFP+ receiver output at Host Edge Card Connector — Conpliance point

D: QSFP+ receiver output at Host ASIC package receiver input pin on a DUT board — Reference
poi nt

4 El ectrical Specification

This clause contains pin definition data for the QSFP+ Mddul e. The pin definition data is
generic for gigabit -per-second datacom applications such as Fi bre Channel and G gabit

Et hernet and SONET/ ATM appl i cations. Conpliance Points for high-speed signal electrical
neasurenents are defined in Figure 1. Conpliance Points for all other electrical signals are
at conparable points at the host edge card connector.

4.1 Electrical Connector

Figure 2 shows the signal synbols and contact nunbering for the QSFP+ nobdul e edge connector.
The di agram shows the nodul e PCB edge as a top and bottomview. There are 38 contacts

i ntended for high speed, |ow speed signals, power and ground connections. Table 3 provides
nore information about each of the 38 contacts.

For EM protection the signals to the connector should be shut off when the QSFP+ Mdule is
renoved. Standard board | ayout practices such as connections to Vcc and G\ND with Vias, use of
short and equal -length differential signal |ines, use of microstrip-lines and 50 Chm

term nations are reconmended. The chassis ground (case comopn) of the QSFP+ nodule is
isolated fromthe nodule’s circuit ground, GND, to provide the equi pnment designer flexibility
regardi ng connecti ons between external electromagnetic interference shields and circuit
ground, GN\D, of the nodule

38 GND I ] GND 1
37 T™xin I TX2n 2
36 Tx1p (I B X2 3
35 GND ] = [ ] GND 4
34 Txsn [ S B ™4 5
33 Tx3p [ ol I T4 6
32 GND [ c I $  GND 7
31 LPMode [ ) 1 ModselL 8
30 Veel e I Resetl 9
29 VecTx & I VeeRx 10
28 IntL = ] SCL 11
27 ModPrsL - - B SDA 12
26 GND | 0| oo o\ 13
25 RX4p ] ‘8- ] RX3p 14
24 Rx4n I D Rx3n 15
23 GND I mm G0 e
22 RX2p B RXe 17
21  RX2n _ RX1n 18
20 GND SSS JERCU IR
Top Side Bottom Side
Viewed From Top Viewed From Bottom

Figure 2 QSFP+ Modul e Pad Layout

Table 3 Pin Function Definition
(See Figure 9 for pad di nensions)

QSFP+ Copper And Optical Mdul es Page 10
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Pin Logi c Synbol Description Pl ug Sequence Not es
1 G\D G ound 1 1
2 CML_- | TX2n Transmtter Inverted Data | nput 3
3 CML- | Tx2p Transmtter Non-Inverted Data 3

| nput
4 G\D G ound 1 1
5 CML- | TX4n Transmitter Inverted Data | nput 3
6 CML- | Tx4p Transmtter Non-Inverted Data 3

I nput
7 G\D G ound 1 1
8 LVTTL- | ModSel L Modul e Sel ect 3
9 LVTTL- | Reset L Modul e Reset 3
10 Vcc Rx +3. 3V Power Supply Receiver 2 2
11 LVCMOS-1/ 0O SCL 2-wire serial interface clock 3
12 LVCMOS-1/ 0O SDA 2-wire serial interface data 3
13 G\D Ground 1 1
14 CML.- O Rx3p Recei ver Non-Inverted Data 3

Qut put
15 CML.- O Rx3n Recei ver I nverted Data Qutput 3
16 G\D Ground 1 1
17 CML- O Rx1p Recei ver Non-Inverted Data 3

Qut put
18 CML.- O Rx1n Recei ver I nverted Data Qutput 3
19 G\D G ound 1 1
20 G\D G ound 1 1
21 CML.- O Rx2n Recei ver I nverted Data Qutput 3
22 CML.- O Rx2p Recei ver Non-Inverted Data 3

Qut put
23 G\D G ound 1 1
24 CML.- O Rx4n Recei ver I nverted Data Qutput 3
25 CML.- O Rx4p Recei ver Non-Inverted Data 3

Qut put
26 G\D G ound 1 1
27 LVTTL-O ModPr sL Modul e Present 3
28 LVTTL- O IntL I nterrupt 3
29 Vcc Tx +3. 3V Power supply transmtter 2 2
30 Vccl +3. 3V Power supply 2 2
31 LVTTL- | LPMode Low Power Mode 3
32 G\D G ound 1 1
33 CML- | Tx3p Transmtter Non-Inverted Data 3

| nput
34 CML- | TX3n Transmitter Inverted Data | nput 3
35 G\D G ound 1 1
36 CML- | Tx1p Transmtter Non-Inverted Data 3

I nput
37 CML- | TX1n Transmitter Inverted Data | nput 3
38 G\D G ound 1 1

Note 1: GND is the synmbol for signal and supply (power) common for the QSFP+ nodule. Al are
common wi thin the QSFP+ nodul e and all nodul e voltages are referenced to this potential
unl ess ot herwi se noted. Connect these directly to the host board signal -comon ground pl ane.

Note 2: Vcc Rx, Vccl and Vcc Tx are the receiver and transmtter power supplies and shall be
applied concurrently. Requirenments defined for the host side of the Host Edge Card Connect or
are listed in Table 6. Recomended host board power supply filtering is shown in Figure 4.
Vcc Rx Veccl and Vec Tx may be internally connected within the QSFP+ Modul e nodul e in any
conbi nati on. The connector pins are each rated for a maxi num current of 500 mA.

NN WN —

Figure 3 shows an exanple of a conplete QSFP+ host PCB schematic with connections to SerDes
and control |GCs.

QSFP+ Copper And Optical Mdul es Page 11
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— \—f4— ]
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T I Lase _'
} = GND Driver —
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QSFP Module

Fi gure 3 Exanpl e QSFP+ Host Board Schematic

4.1.1 Low Speed El ectrical Hardware Pins

In addition to the 2-wire serial interface the nodule has the followi ng | ow speed pins for
control and status:

MbdSel L
Reset L
LPMode
ModPr sL
IntL

4.1.1.1 MdSel L

The ModSel L is an input pin. Wien held |l ow by the host, the nodul e responds to 2-wire serial
conmuni cati on commands. The ModSel L all ows the use of nultiple QSFP+ nodul es on a single 2-
wire interface bus. Wien the MbdSel L is “Hi gh”, the nodul e shall not respond to or

acknow edge any 2-wire interface communi cation fromthe host. MdSelL signal input node mnust
be biased to the “H gh” state in the nodul e.

In order to avoid conflicts, the host systemshall not attenpt 2-wire interface
conmuni cations within the ModSel L de-assert tine after any QSFP+ nodul es are desel ect ed.
Simlarly, the host nust wait at |east for the period of the ModSel L assert tine before

QSFP+ Copper And Optical Mdul es Page 12
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conmuni cating with the newly sel ected nbdul e. The assertion and de-asserting periods of
di fferent nodul es may overlap as |long as the above timng requirenents are net.

4.1.1.2 ResetlL

The ResetL pin nmust be pulled to Vcc in the QSFP+ nodule. A low level on the ResetL pin for

| onger than the mninmumpulse length (t_Reset _init) initiates a conplete nodul e reset,
returning all user nodule settings to their default state. Mdul e Reset Assert Tinme (t_init)
starts on the rising edge after the low |l evel on the ResetL pin is released. During the
execution of a reset (t_init) the host shall disregard all status bits until the nodule
inidicates a conpletion of the reset interrupt. The nbdule indicates this by posting an IntL
signal with the Data_Not Ready bit negated. Note that on power up (including hot insertion)
t he nodul e shoul d post this conpletion of reset interrupt without requiring a reset.

4.1.1.3 LPMode

The LPMbde pin shall be pulled up to Vcc in the QSFP+ nodule. This function is affected by
the LPMbde pin and the conbination of the Power_over-ride and Power_set software control bits
(Address AOh, byte 93 bits 0,1).

The nodul e has two nbpdes a | ow power node and a hi gh power node. The hi gh power nobde operates
in one of the four power classes.

When the nodule is in a | ow power nbode it has a nmaxi num power consunption of 1.5W Thi s
protects hosts that are not capable of cooling higher power nobdules, should such nbdul es be
accidentally inserted.

The nodules 2-wire serial interface and all |aser safety functions nmust be fully operationa
in this | ow power node. The nodul e shall still support the conpletion of reset interrupt in
this | ow power node.

If the Extended Identifier bits (Page 00h, byte 129 bits 6-7) indicate a power consunption
greater than 1.5Wand the nodule is in | ow power node it nust reduce its power consunption to
less than 1.5Wwhile still maintaining the functionality above. The exact nethod of
acconpl i shing | ow power is not specified, however it is likely that either the Tx or Rx or
both will not be operational in this state.

If the Extended ldentifier bits (Page 00h, byte 129 bits 6-7) indicate that its power
consunption is less than 1.5Wthen the nodule shall be fully functional independent of
whet her it is in |ow power or high power node.

The Modul e should be in | ow power node if the LPMbde pin is in the high state, or if the

Power _ over-ride bit is in the high state and the Power_set bit is also high. The nodul e
shoul d be in high power node if the LPMode pinis in the low state, or the Power_over-ride
bit is high and the Power_set bit is |ow Note that the default state for the Power over-

ride bit is | ow

A truth table for the relevant configurations of the LPMbde and the Power_over-ride and
Power _set are shown in Table 4.

Tabl e 4 Power Mode Truth Table

LPMode Power Overi de Power set Bit Modul e Power
Bi t Al | owed

1 0 X Low Power

0 0 X H gh Power

X 1 1 Low Power

X 1 0 H gh Power

At Power up, the Power over-ride and Power set bits shall be set to O.

QSFP+ Copper And Optical Mdul es Page 13
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4.1.1.4 ModPrsL

ModPrsL is pulled up to Vcc_Host on the host board and grounded in the nodule. The MdPrsL is
asserted “Low’ when inserted and deasserted “Hi gh” when the nodule is physically absent from
t he host connector.

4.1.1.5 IntL

IntL is an output pin. Wien “Low’, it indicates a possible nodule operational fault or a
status critical to the host system The host identifies the source of the interrupt using the
2-wire serial interface.The IntL pin is an open collector output and must be pulled to host
supply voltage on the host board.

4.1.2 Low Speed Electrical Specification

Low speed signaling other than SCL and SDA is based on Low Voltage TTL (LVTTL) operating at
Vcc. Vecc refers to the generic supply voltages of VccTx, VccRx, Vcc_host or Vccl. Hosts shal
use a pull-up resistor connected to Vcc_host on each of the 2-wire interface SCL (clock), SDA
(data), and all | ow speed status outputs. The SCL and SDA is a hot plug interface that nmay
support a bus topol ogy. During nodule insertion or renoval, the nodule may inplement a pre-
charge circuit which prevents corrupting data transfers from other nodul es that are already
usi ng the bus.

e Note 1-Tim ng diagrans for SCL and SDA are included in C ause 6.2.2.
The QSFP+ | ow speed el ectrical specifications are given in Table 5. This specification
ensures conpatibility between host bus masters and the 2-wire interface.

Table 5 - Low Speed Control and Sense Signals

Par arnet er Synbol M n Max Uni t Condi tion
SCL and SDA VoL 0 0.4 V I OL(max) =3. 0mA
VOH Vcc-0.5 Vcc+0. 3 \%
SCL and SDA VIL -0.3 Vcc*0. 3 V
VI H VCC*0.7 | Vcc + Y
0.5
Capacitance for |G 14 pF
SCL and SDA I1/0O
pin
Total bus Cb 100 pF 3.0 k Chns
capacitive | oad Pul | up
for SCL and SDA resistor, max

QSFP+ Copper And Optical Mdul es Page 14
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200 pF 1.6 k Ohns
pul I up
resi stor max
LPMbde, Reset VI L -0.3 0.8 Vv | I'in| </=125 uA
and Mode Sel L for OV<Vin, Vcc
VI H 2 VCC+0. 3 V
ModPrsL and VOL 0 0.4 Vv | OL=2. OmA
IntlL VOH VGG 0.5 [VOCi0.3 |V

4.1.3 H gh Speed Electrical Specification
4.1.3.1 Rx(n)(p/n)

Rx(n) (p/n) are QSFP+ nodul e recei ver data outputs. Rx(n)(p/n) are AC coupled 100 Chm
differential lines that should be terminated with 100 Chmdifferentially at the Host

ASI C(SerDes). The AC coupling is inside the QSFP+ nodul e and not required on the Host board.
For operation at 6CGbhps and bel ow, when properly terninated, the single-ended voltage sw ng
will be between 170 mV to 800 nV and the differential voltage swing (absolute value) will be
bet ween 340 mVpp to 1600 mvVpp. For operation above 6CGbhps see the appropriate specification
for required voltage swings. Note: for 10G Ethernet reference SFF-8431.

Due to the possibility of insertion of classic QSFP+ nodules into a host designed
for QSFP+ the damage threshold of the host input signal shall be at |east 1600 nV peak to
peak differential

Qut put squelch for loss of optical input signal, hereafter Rx Squelch, is required and shal

function as follows. 1In the event of the optical signal on any channel becom ng equal to or
| ess than the level required to assert LCS, then the receiver data output for that channe
shal | be squel ched or disabled. 1In the squelched or disabled state output inpedance |evels

are maintained while the differential voltage swing shall be |less than 50 mvpp.

In normal operation the default case has Rx Squel ch active. Rx Squelch can be deactivated
usi ng Rx Squel ch Disable through the 2-wire serial interface. Rx Squelch Disable is an
optional function. For specific details refer to Oause 6.6.5.2.

4.1.3.2 Tx(n)(p/n)

Tx(n)(p/n) are QSFP+ nmodule transmtter data inputs. They are AC coupled 100 Chm
differential lines with 100 Ghmdifferential termnations inside the QSFP+ nmodule. The AC
coupling is inside the QSFP+ nodul e and not required on the Host board. For operation at
6CGbps and below the inputs will accept single-ended voltage swi ngs between 250 nV to 800 nV
and differential voltage sw ngs between 500 niVpp to 1600 nWpp (absolute value). For best EM
results, single-ended swi ngs between 250 nV and 600 nV and differential voltage sw ngs

bet ween 500 nmVpp to 1200 nmVpp (absol ute val ue) are recommended. For operation above 6CGhps see
the appropriate specification for required voltage swings. Note: for 10G Et hernet reference
SFF-8431. For 40G Et hernet operation reference 802. 3ba.

Due to the possibility of insertion of QSFP+ nodules into a host designed
for classic QSFP+ the damage threshold of the nodul e input signal shall be at |east 1600 mv
peak to peak differential.

Qut put squel ch, hereafter Tx Squelch, for |loss of input signal, hereafter Tx LGOS, is an
optional function. Were inplemented it shall function as follows. In the event of the
differential, peak-to-peak electrical signal on any channel becones equal to or |ess than 50
nvpp, then the transmtter optical output for that channel shall be squel ched or disabled and
t he associated TxLOS flag set.

VWere squel ched, the transmtter OVA shall be less than or equal to -26 dBm and when di sabl ed
the transnmtter power shall be less than or equal to -30 dBm For applications, e.g.

Et hernet, where the transmitter off condition is defined in terns of average power, disabling
the transmitter is recoomended and for applications, e.g. InfiniBand, where the transmtter
off condition is defined in terns of OMA, squelching the transnmtter is recommended.

QSFP+ Copper And Optical Mdul es Page 15
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In nodul e operation, where Tx Squelch is inplenented, the default case has Tx Squel ch active.
Tx Squel ch can be deactivated using Tx Squelch Disable through the 2-wire serial interface.
Tx Squel ch Disable is an optional function. For specific details refer to Cause 7.6.5.2.

4.2 Power Requirenents

The power supply has three designated pins, Vcc Tx, Vccl, and Vcc Rx, in the connector. Vccl
is used to supplement Vcc Tx or Vcc Rx at the discretion of the nodul e vendor. Power is
applied concurrently to these pins.

Since different classes of nodul es exist with pre-defined maxi num power consunption limts,

it is necessary to avoid exceeding the system power supply linmts and cooling capacity when a
nodule is inserted into a system designed to only accomobdate | ower power nodules. It is
recomended that the host, through the nanagenent interface, identify the power consunption
class of the nodule before allowing the nodule to go into high power node.

A host board together with the QSFP+ nodul e(s) forns an integrated power system The host
supplies stable power to the nodule. The nodule limts electrical noise coupled back into the
host systemand linmits inrush charge/current during hot plug insertion

Al'l specifications shall be met at the nmaxi mum power supply current. No power sequencing of
t he power supply is required of the host system since the nodul e sequences the contacts in
t he order of ground, supply and signals during insertion

4.2.1 Host Board Power Supply Filtering
The host board should use the power supply filtering shown in Figure 4.

Ve Tx J_ m
0.1 uF

T .--M..-EE uF

Ve _host=
3.3 Valt

GMD

oo R

0.1 uF J—:- 1 uFJ—EE uF
GND I I
Voo
= Lo1ur
GMND ﬁ
QSFP Module =

Fi gure 4 Reconmended Host Board Power Supply Filtering

Any vol tage drop across a filter network on the host is counted against the host DC set point
accuracy specification. Inductors with DC Resistance of |less than 0.1 OCm should be used in
order to maintain the required voltage at the Host Edge Card Connect or

The specification for the power supply is shown in Table 6.
Table 6 - Power Supply Specification

Par aret er M N Nom nal Max Uni t Condi tion

Vcce 3.3 Vv Measured at Vcc 1x, Vcc Rx
and Vccl.

Vcc set point -5 5 % Measured at Vcc Tx, Vcc Rx

accuracy and Vccl.

Power Supply 50 nv 1kHz to frequency of

QSFP+ Copper And Optical Mdul es Page 16
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Noi se i ncl udi ng operation neasured at Vcc
ripple host .
Sust ai ned peak 495 mA

current at hot
pl ug wi th LPMbde
Pin asserted

Modul e Maxi mum 600 mA
Current [nrush
with LPMbde Pin
asserted

Modul e sust ai ned 750 mA
peak current
with LPMbde Pin
deasserted

Modul e Maxi mum 900 mA
Current |nrush
with LPMbde Pin
deasserted

Modul e Current 100 my uS
Ranp Rate

These limts separately apply to the current that flows throught each inductor
supply filter.

Limit for instantaneous
peak current

Limit for sustained
peak current

Long-term limit
determined by module /
power limit (depends

on other Vecc current)

/

0 A or current of Power _,/ [ —

v

in the power

Level Il module in Power =
Level | mode

Hot plug time or time of  Instantaneous peak Initialization time
initialization of Power duration <50 us window (500 ms)
Level I

Power | evels associated with classifications of nobdul es are shown in Table 7.
Table 7 - Power Budget O assification

Power Level Max Power (W
1 1.5

2 2

3 2.5

4 3.5

QSFP+ Copper And Optical Mdul es
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In general, the higher power classification level is associated with higher data rates and
| onger reach. The system designer is responsible for ensuring that the maxi numtenperature
does not exceed the case tenperature requirenents.

4.3 ESD

The nodul e shall neet ESD requirenments given in EN61000-4-2, criterion B test specification
such that when installed in a properly grounded cage and chassis the units are subjected to
15KV air discharges during operation and 8KV direct contact discharges to the case.

The Q@SFP+ nodul e and host SFI contacts (H gh Speed Contacts) shall withstand

1000 V el ectrostatic discharge based on Human Body Model per JEDEC

JESD22- A114-B

The Q@SFP+ nodul e and all host contacts with exception of the SFI contacts

(Hi gh Speed Contacts) shall withstand 2 kV el ectrostatic di scharge based on

Human Body Model per JEDEC JESD22- A114- B

The QSFP+ nodul e shall mneet ESD requirements given in EN61000-4-2, criterion

B test specification such that units are subjected to 15 kV air di scharges during
operation and 8 kV direct contact discharges to the case.

5 Mechani cal and Board Definition

5.1 Introduction

The overall Modul e nodule defined in this clause is illustrated in Figure 5. Al Pluggable
ndul es and direct attach cable plugs nmust mate to the connector and cage design defined in
this specification. Several cage to bezel options are defined. Both nmetal spring finger and
el astonmeric EM solutions are pernmitted but nmust pass custoner defined requirenents. Heat
sink/clip thermal designs are application specific and not specifically defined by this
speci fication, however a general design is given as an exanple.

QSFP+ Copper And Optical Mdul es Page 18
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Figure 5 —QSFP+ pluggabl e and direct attach nodul e rendering

5.2 QSFP+ Datuns and Component Al i gnment

A listing of the datuns for the various conponents is contained in Table 8. The alignnents of
sone of the datunms are noted. The relationship of the Mddul e, Cage, and Connector relative to
the Host Board and Bezel is illustrated in Figure 6 by the location of the key datums of each
of the conponents. In order to reduce the conplexity of the draw ngs, all dinensions are
consi dered centered unl ess ot herw se specified.
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Table 8 —Definition of Datums
tum Descri ption
Host Board Top Surface
Centerline of bezel
**Di stance between Connector termnal thru holes on host
board
*Hard stop on Mbdul e
**Wdth of Modul e
Hei ght of Mbdul e housi ng
**Wdth of Mbdul e pc board
Leadi ng edge of signal contact pads on Mdul e pc board
Top surface of Modul e pc board
*Host board thru hole #1 to accept connector guide post
*Host board thru hole #2 to accept connector gui de post
**Wdth of bezel cut out
*Connector alignment pin
**Wdth of inside of cage at EM gasket (when fully
compr essed)
Hei ght of inside of cage at EM gasket (when fully
compr essed)
Seati ng pl ane of cage on host board
*Hard stop on cage
Length of heat sink clip
Seating surface of the heat sink on the cage
Host board horizontal and depth datuns established by
custonmer’s fiducials
**Wdth of heat sink surface that fits into clip
**Connector slot width
Seating pl ane of cage on host board
Length of boss on heat sink that fits inside of the cage
*Datums D, K, L, Nand T are aligned when assenbl ed (see figure 6)
**Centerlines of datums AA, C, E, G M P and Z are aligned on the sane
vertical axis

Xs<|Hun X TZZr|XN<I|oOMmo OW}Q

Ro
<

883"
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\ 1 |
N — |
ff [: RMODULE
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- (24,91
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|“75EE FIGURES 12A AND 12 ——— =
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i | L/
ED *
]

% Figure 6 —QSFP+ Datum Al i gnnent, Depth
3
4 5.3 QSFP+ Modul e Mechani cal Package Di nensions
5 A conmon nechanical outline is used for all QSFP+ Mdul es and direct attach cables. The
6 preferred nethod of renoving the nodule fromthe cage assenbly is by a bail type actuation
7 method. The nodul e shall provide a neans to self-lock with the cage upon insertion. The
8 package di mensions for the QSFP+ nodul e are defined in Figure 7 and Figure 8. The di nensions
9 that control the size of the nodule that extends outside of the cage are listed as maxi num
10  dinmensions per Note 1 and Note 6 in Figure 7.
11
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Figure 7 —Draw ng of QSFP+ Mbdule (Part 1 of 2)
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Fi gure 8 —€SFP+ Modul e Tab draw ngs
5.3.1 Mati ng of QSFP+ Module PCB to QSFP+ El ectrical Connector

The QSFP+ Modul e contains a printed circuit board that mates with the QSFP+ el ectrica
connector. The pads are designed for a sequenced mati ng:

First mate — ground contacts

Second nate — power contacts

Third mate — signal contacts

The pattern layout for the QSFP+ Printed Circuit Board is shown in Figure 9.

QSFP+ Copper And Optical Mdul es Page 24




O 0 I\ NPk Wbo—

Devel opnent *** THIS IS NOT A FI NAL DRAFT *** SFF-8436 Rev 3.1

16404010
036REF.
- [740 N 1002010
0.60:013 x 45° 0.3 x 45"\ OVER PADS
2 PLC \ 2 PLC R
HArQargosgarid
i ot
™
- / |
DATUM AXIS G — e 0.60:0.03(19)
<$[0.10JH[g] T
7 >
]0.05[J] L )
— — 0.60:0.03(19 0.08040.015
$lo.101Hg f - 000:003
$]0.05]] !
( > DATUM AXIS G /—@ [] tl {
_ [ | \
L LEAD-N PADS
AN 1.60 MIN OPTIONAL
L ' il 0.40:0.05 (RECOMMENDED)
‘ 7 — [H
I
L W T SCALE 201
e i p v - NOTES 0
~—P ‘ 1. CONTACT PAD PLATING:
™ Lﬁ DETAIL 2 1454010 038 MICROMETERS MIN GOLD OVER
7.00 127 MCROMETERS MIN NICKEL
a0 — 2. NO SOLDER MASK WITHIN 0.05 MM
OF IDENTIFIED PAD LOCATIONS
16.40:010 ————p{ G|
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AND THE LEADING EDGE OF THE
TARGET PADS

Figure 9 —Pattern Layout for QSFP+ Printed Circuit Board

5.4 Host PCB Layout

A typical host board nechani cal |ayout for attaching the QSFP+ Connector and Cage Systemis
shown in Figure 10 and Figure 11. Location of the pattern on the host board is application
specific. See Clause 5.6 for details on the location of the pattern relative to the bezel.

To achi eve 10CGbhps performance careful attention nmust be paid to pad

di mensi ons and host board | ayout.
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NOTES

1. DATUM X & Y ARE ESTABLISHED BY
THE CUSTOMER"S FIDUCIAL

2. DATUM A IS THE TOP SURFACE OF
THE HOST BOARD

3. LOCATION OF THE EDGE OF PCB IS
APPLICATION SPECIFIC

4. FINSHED HOLE SIZE

Fi gure 10 —QSFP+ Host PCB Mechani cal Layout
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Figure 11 — QSFP+ Host PCB Mechani cal Layout, Detail Z
5.4.1 Insertion, Extraction and Retention Forces for QSFP+ Mdul es

The requirenent for insertion forces, extraction forces and retention forces are specified in
Table 9. The QSFP+ cage and nodul e desi gn conbi nati ons nmust ensure excessive force applied to
a cabl e does not damage the QSFP+ cage or host connector. If any part is danaged by excessive
force, it should be the cable or media nodul e and not the cage or host connector which is
part of the host system

Table 9 —Insertion, Extraction and Retention Forces
Measur enent M n Max Units Comrent s
QSFP+ Modul e 0 40 N
i nsertion
QSFP+ Modul e 0 30 N
extraction
QSFP+ Modul e 90 N A N No danage to nodul e bel ow
retention 90N
Cage retention 180 N A N No danage to latch bel ow
(Latch strength) 180N
Cage retention in 114 N A N Force to be applied in a
Host Board vertical direction, no
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damage to cage
Insertion / renpval | 100 N A Cyc. Nunber of cycles for the
cycl es, connector / connector and cage with
cage mul ti pl e Modul es.
Insertion / renoval |50 N A Cyc. Nunber of cycles for an
cycl es, QSFP+ i ndi vi dual nodul e
Mbdul e

5.5 Col or Codi ng and Label i ng of QSFP+ Modul es

An exposed feature of the QSFP+ Mddule (a feature or surface extendi ng outside of the bezel)
shall be col or coded as foll ows:

Bei ge for 850nm

Bl ue for 1310nm

VWite for 1550nm

Each QSFP+ Modul e shall be clearly |abeled. The conplete | abeling need not be visible when
the QSFP+ Module is installed and the bottom of the device is the recommended | ocation for
the [ abel . Labeling shall include:

Appropriate manufacturing and part nunber identification

Appropriate regul atory conpliance | abeling

A manufacturing trace ability code

The | abel should also include clear specification of the external port characteristics such

as:
Optical wavel ength

Required fiber characteristics
Qperating data rate

Interface standards supported
Li nk I ength supported

The I abeling shall not interfere with the nechanical, thernal or EM features.

5.6 Bezel for Systens Using QSFP+ Mbdul es

Host encl osures that use QSFP+ devices should provide appropriate cl earances between the
QSFP+ Modul es to allow insertion and extraction without the use of special tools and a beze
encl osure with sufficient mechanical strength. The QSFP+ Modul e insertion slot should be

cl ear of nearby nol dings and covers that m ght bl ock convenient access to the |atching
mechani sns, the QSFP+ Mbdule, or the cables that plug directly into the cage.

There are two cage designs that are shown for use with systens inplenenting QSFP+.

Devi ces as described in Clauses 5.6.1 and 5.6.2. The difference between themis that the
front of one cage extends into or through the opening in the bezel and the other extends up
agai nst the back surface of the bezel. Wile the cage footprint is the sanme for both designs,
its distance fromthe inside surface of the host bezel may differ depending on gasket

sel ection. The recomended basic di nension fromthe inside surface of the bezel to DatumK
and Datum L on the Host board nmay be different between designs and is addressed in Figures
12a and 12b.

These designs align with the two versions for cage assenblies as defined in Section 5.8. The
m ni mum r ecommended host board thickness for belly-to-belly nounting of the assenblies is
different for each bezel version as noted in 5.6.1 and 5. 6. 2.

The bezel thickness range shall be 0.8 mMmto 2.6 mm

5.6.1 Bezel for the Thru Bezel Cage Assenbly Version

The front surface of the cage assenbly passes through the bezel
Two EM solutions may be inplenented for this option. If EM spring fingers are used, they
nmake contact to the inside of the bezel cutouts. If an EM gasket is used, it nakes contact
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to the inside surface of the bezel. To accept all cage designs, both bezel surfaces nust be
conductive and connected to chassis ground.

The m ni mum reconmended host board thickness for belly to belly nounting of the connector and
cage assenblies is 2.2mm m ni num

i, iy
= HE M| A5x0. 3

B9, 3 MAE TYP - — [ — R ]
\/\' —_ —
{ A

i

[ Ha
[ROTTON QF CUT-QUT
W BEIEL TO TOP OF &

L BUARD Y bs—— 7040, | TTF —————f - 37 MAX —

o

/\Minimum pitch for individual cages

fa’\.r,!inirn umn pitch for ganged applcations see SFF-8442
‘i\,ﬂimenﬁic}n baseling is Datum KL

,r‘"i\,Nl:d recommended for PGl applications

Fi gure 12A —Recommended Bezel Design for cages that extend into or thru Bezel
5.6.2 Bezel for the Behind the Bezel Cage Assenbly Version

There are many options for a bezel EM gasket that functions as a seal between the bezel and
the front of the cage. The design of the bezel EM gasket and the materials used for the
gasket are application specific. The preferred method is to fasten the gasket to the back of
the bezel with a pressure sensitive adhesive.

Assenbly of the host board to the bezel will conpress the gasket to the recomended range
specified by the bezel EM gasket manufacturer. The surface in the back of the bezel that is
in contact with the bezel EM gasket nust be | ow resistance and connected to chassis ground.
The m ni num reconmended host board thickness for belly to belly nounting of the connector and
cage assenblies is 2.7nm m ni mum

The gasket thickness after conpression can be cal cul ated as foll ows:
GI = BKL — 42.80 +/- 0.25mm

Wer e:

e GTI is gasket thickness in the conpressed state.

e BKL is the distance fromthe back of the bezel to the centerline of Datuns K & L. See
Figure 10 and Figure 11 (Note: dinmension fromfront of bezel to centerline of Datunms K & L
must not exceed 48.25mm) .

e The 42.80 +/- «0.25mm di nmension is the distance fromthe front of the cage to the hard
stop, Datum T. See Figure 16B.
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1
2
! —_—
‘ | ! TeoREREN . b
! | | )
1 1 I_ E J__n —_—— e e ! — _
-1:5'. ' L " - o P N sr ] J - [ -—
..-"T"'-.“.fmr'_-r pitch for individual cages
! ":"',‘.fmr'_-r pitch for ganged appiications see SFF-8442
/3\Dimension baseline is Datum KL
2 Fi gure 12B —Recomended Bezel Design for cages that
5 extend up against the inside surface of the Beze
6
7
8 5.7 QSFP+ Electrical Connector Mechanica
9 The QSFP+ Connector is a 38-contact, right angle surface nount connector and is shown in
10 Fi gure 13. The nechani cal specifications for the connector are listed in Table 9 and shown in
11  Figure 14.
12 : : :
13 Fi gure 13 —QSFP+ Mbdul e El ectrical Connector Illustration
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i Figure 14 — QSFP+ El ectrical Connector Specification

3

4 5.8 Individual QSFP+ Cage Assenbly Versions

5

6 There are two versions for cage assenblies: a Thru Bezel version that passes through the

7 bezel , and a Behind the Bezel version that does not pass through the bezel. An expl oded view
8 of a conplete 1-by-1 assenbly of a Thru Bezel Cage Assenbly is shown schematically in Figure
9 15

10
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Fi gure 15 —Thru Bezel

Cage and Opti onal

QSFP+ Copper And Optical Mdul es

Heat Sink Designs (expl oded view)
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The detailed drawi ngs for the cage assenbly options are shown in Figures 16A and 16B.
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Fi gure 16B —1-by-1 Behind the Bezel Cage Design

5.8.1 QSFP+ Heat Sink dip D nmensions

The heat sink clip defined in Figure 17 is for reference only. The design of the heat sink
clip, heat sink and their attachnment features on the cage assenbly are vendor specific and
not defined in this docunent. Wen fastened to the cage, the clip will provide a m ninmm
force of 5 Newtons at the interface of the heat sink and QSFP+ Module. The clip is designed
to permit a heat sink to be fastened into the clip then assenbled to the cage and to expand
slightly during nodule insertion in order to naintain a contact force between the nodul e and
heat si nk.
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(19.81

)
/
:
3

(264
Figure 17 — QSFP+ Heat Sink dip

5.8.2 SFP+ Heat Sink Di nensions

The heat sink illustrated in Figure 18 is for reference only. Critical dinmensions to ensure
that the heat sink will be conpatible with the Heat Sink dip are defined. The configuration
of the fins or posts is application specific along with the outside envel ope. The heat sink
i ncl udes a bevel ed edge which “rides up” the | eading edge of the nodule as the nodule is
inserted into the cage assenbly. The recommended material for the heat sink is alum num and
the surface treatnent for the nodul e contacting surface can be anodi zi ng or nickel plating.
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Figure 18 — QSFP+ Heat Sink

5.8.3 Light Pipes

The use of light pipes to indicate status of the nodule is application specific.

5.9 Dust / EM Cover
In order to prevent contamination of the interna

conponents and to optim ze EM performance,

it is reconmended that a Dust/EM Cover be inserted into the cage assenbly when no nodule is

present. See Figure 19 for the recommended design

During installation, the front flange on

the cover shall be seated against the front surface of the bezel to prevent dust from
entering the equi pnment. The conductivity of the materials should be chosen for the Dust/EM

Cover to block EM em ssions.

QSFP+ Copper And Optical Mdul es
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ONE A &=

Fi gure 19 —Dust / EM Cover

5.10 Optical Interface
The QSFP+ optical interface port shall be a nmale MPO connector as specified in | EC 61754-7.

The four fiber positions on the left as shown in Fig. 20a, with the key up, are used for the
optical transmit signals (Channel 1 through 4). The fiber positions on the right are used for
the optical receive signals (Channel 4 through 1).

The central four fibers may be physically present.
Two alignment pins are present.

Transmit Channels: 1 2 3 4
Unused positions: X X X X
Receive Channels: 4 3 2 1

Fi gure 20a —QSFP+ Optical Receptacle and Channel Orientation

Optical Cable connection

Al'i gned key (Type B) MPO patchcords should be used to ensure alignment of the signals between
the nodul es. The aligned key patchcord is defined in TlIA-568 and shown in Figure 20b. The
optical connector is orientated such that the keying feature of the MPO receptacle is on the
t op.
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Fi gure 20b —QSFP+ Optical patchcord

6 Environmental and Ther mal

6.1 Thernmal Requirenents

The QSFP+ nodul e shall operate within one or nore of the case tenperatures ranges defined in
Tabl e 10. The tenperature ranges are applicabl e between 60m bel ow sea | evel and 1800m above
sea level, (Ref. NEBS GR-63) utilizing the host systens designed airflow

Cd ass Case Tenperature Range
St andar d 0 through 70C

Ext ended -5 through 85C

I ndust ri al -40 through 85C

QSFP+ is designed to allow for up to 16 adjacent nodul es, ganged and/or belly-to-belly, wth
the appropriate thermal design for cooling / airflow (Ref. NEBS GR- 63)

7 Management |nterface

7.1 Introduction

A managenent interface, as already conmonly used in other formfactors |ike GBIC, SFP, and
XFP, is specified in order to enable flexible use of the nodule by the user. The
specification has been changed in order to adopt the use of a nulti-channel nodule. Sone
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timng requirenents are critical

speed has been increased.

7.2 Timng Specification

7.2.1 Introduction

Low speed signaling is based on Low Vol tage CMOS (LVCMOS) operating at Vcc
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especially for a nmulti-channe

* k%

devi ce,

Hosts shal
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so the interface

use a

pul | -up resistor connected to a Vcc_host on the 2-wire interface SCL (cl ock) and SDA (Data)
specification is given in Clause 3.1.2. Nonenclature for al

signals. Detailed electrica
regi sters nore than 1 bit

7.2.2 Managenment
In order to support a multi-

channel

long is MSB-LSB

Interface Timng Specification
device a higher clock rate for the serial

interface is

considered. The timng requirenents are shown in Figure 21 and specified in Table 11

QSFP+ is positioned to | everage 2-wire timng (Fast
cores on host ASICs. This clause closely follow the XFP MSA specification

Before initiating a 2-wire s

shal |
conplete and the hold time r
seri al

nodul e sel ect pin.
low by the host to select th

serial interface. The nodul e
unless it is selected.
7.2.3 Serial Interface Proto

The nmodul e asserts LOWfor

1]

SCL | ! \ !
I|II | | I|I III II|I |' { II

) i E e i ) i
A | b_l.cml t ) / [
— D — F - ! ,'I

—| |4 LHDs0A

| - . 8 . dnh

—Ir: *+ |15-_;.5|;.,;l 1“”-->ﬂ. o] Leple DDAT
1 i III

.

|/ /

|
III-' |

|

i |RESTART

Mode devices) to align the use of

Figure 21 — QSFP+ Ti mi ng Di agram

eri al

equi r erent

e nodul e of
must not

col

7.2.3.1 Managenent Tim ng Paraneters
The tim ng paraneters for the 2-Wre interface to the QSFP+ nodul e are shown in Table 11

Tabl e 11 Managenent

bus comuni cati on
(Host _sel ect_setup -Table 11) on the ModdSelL line of al
not change the MbdSelL line of any nodule until

t he host shal

bus, the QSFP+ pi nout

cl ock stretch on SCL.

Interface timng paraneters

I n order

rel at ed

!

provide setup tine
nodul es on the 2-w re bus.
the 2-wire serial
(Host _select_hold - Table 11)
i nterface address of the QSFP+ nodule is 1010000X (AOh).
mul ti pl e QSFP+ nodul es on the same 2-wire serial

The host

bus comuni cation is
is satisfied. The 2-wire
to all ow access to
i ncl udes a MbdSel L or
This pin (which is pulled high or deselected in the nodul e) mnust
i nterest and al |l ow comuni cati on over
respond to or accept 2-wire serial

be hel d
the 2-wire

bus instructions

Par amet er

Synbo

Mn |Max |[Unit |Conditions

QSFP+ Copper And Opti cal
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Page 39



[ e T e e
OO NP,LAWNO—ROOOITN NI WN—

[\ST\ ST O] O} () ]
NPBRWN—O

Devel opnent

— bus rel ease

***  THIS IS NOT A FI NAL DRAFT **x*

Cock Frequency [fo 0 400 |kHz

Clock Pulse Wdth |t g, 1.3 us

Low

Clock Pulse Wdth |t,, 0.6 us

Hi gh

Time bus free [ 20 us Bet ween STOP and START

bef ore new and between ACK and

transm ssi on can ReSt art

start

START Hol d Ti e t o on 0.6 us

START Set-up Tine |t .. 0.6 us

Data In Hold Time |t . 0 us

Data in Set-up o oar 0.1 us

Ti me

I nput Rise Tine tq 00 300 |ns From (VIL, MAX-0.15) to

(400kHz) (VIH, MN +0. 15)

I nput Fall Tine [ 300 |ns From (VIH, M N + 0. 15)

(400kHz) to (VIL, MAX — 0. 15)

STOP Set-up Tine t o so 0.6 us

ModSel L Set up Host sel ect _setup |2 ns Setup tinme on the

Ti me select lines before
start of a host
initiated serial bus
sequence

ModSel L Hold Tine |Host select hold |10 us Del ay from conpl eti on
of a serial bus
sequence to changes of
Mbdul e sel ect status

Aborted sequence Desel ect _Abort 2 ns Del ay froma host de-

asserting ModSel L (at
any point in a bus
sequence) to the QSFP+
nmodul e rel easi ng SCL
and SDA

7.3 Menory Interaction Specifications

QSFP+ nenory transaction tinmings are given in Table 12. Single byte witable menory bl ocks

are given in Table 13. Multiple byte witable nenory blocks are defined in Table 14.

QSFP+

Tabl e 12- QSFP+ Menory Specification

Par anet er Synbol Mn | Max | Unit Condi ti ons
Serial Interface T clock _hold 500 | us Maxi mumtine the QSFP+
d ock Hol dof f nmodul e may hold the SCL
“Cl ock Stretching” line | ow before continuing
with a read or wite
oper ati on
Compl ete Single t e 40 | s Conplete (up to) 4 Byte
or Sequenti al Wite
Wite
Endurance (Wite 50K cycles [ 70 "C
Cycl es)
Table 13- Single Byte Witable Menory Bl ock
Page | Address | Vol atile or Descri ption
Nonvol atil e
AOh | 86 Vol atil e Control register
AOh | 87 Vol atil e Rx Rate sel ect
register
Copper And Optical Modul es Page 40
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AOh | 88 Vol atile Tx Rate sel ect
regi ster
AOh | 127 Vol atil e Page Sel ect Byte
Table 14- Miultiple Byte Witable Menory Bl ock
Address | # Vol atil e/ NonVol atile | Description
Byt es
89- 92 4 Vol atil e Application select per channe
100- 106 | 7 Vol atil e Modul e Mask
119-122 | 4 Vol atile Password Change Entry Area
(Optional)
123-126 | 4 Vol atil e Password Entry Area (Optional)
128-255 | 128 Non- Vol atil e User Witable nenory — Page 02h
225-241 | 16 Vol atile Vendor Specific Channel Control s—
Page 03h
242-253 | 12 Vol atil e Channel Monitor Masks — Page 03h
7.3.1 Timng for Soft Control and Status Functions

Timng for QSFP+ soft control

Tabl e 15- Tinming for QSFP+ soft contro

and status functions are described in Table 15

and status functions

Par anet er Synbol Max Unit | Conditions
t init 2000 | ns Tinme frompower on°, hot plug or
Initialization rising edge of reset until the nodule
time is fully functional® This time does
not apply to non-Power |evel O
nodul es in Low Power State
Reset Init t_reset_init |2 us A Reset is generated by a | ow | evel
Assert Tine | onger than the mininmumreset pulse
time present on the ResetL pin
Serial Bus t_serial 2000 | s Time from power on® until nodul e
Har dwar e Ready responds to data transm ssion over
Ti e the 2-wire serial bus
Moni t or Data t _data 2000 | s Time from power on® to data not ready
Ready Ti ne bit 0 of Byte 2, deasserted and IntL
asserted
Reset Assert t_reset 2000 | s Tinme fromrising edge on the ResetlL
Ti me pin until the nodule is fully
functional °
LPMode Assert t on_LPMode 100 | us Tinme for assertion of LPMdde (Vin:
Ti me LPMbde=Vi h)until| rnodul e power
consunption reaches Power Level 1
IntL Assert ton_IntL 200 s Time fromoccurrence of condition
Ti me triggering IntL until Vout:IntlL=Vo
IntL Deassert toff _IntL 500 us Time fromclear on read’ operation of
Ti me associated flag until Vout:IntL=Voh
This includes deassert tinmes for Rx
LOS, Tx Fault and other flag bits.
Rx LOS Assert ton_| os 100 s Time fromRx LOS state to Rx LOS bit
Ti me set (value = 1b) and IntL asserted.
Tx Fault Assert |ton_Txfault 200 s Time fromTx Fault state to Tx Fault
Ti me bit set (value = 1b) and IntL
assert ed.
Fl ag Assert ton_flag 200 ns Time fromoccurrence of condition
Ti me triggering flag to associated flag
bit set (value = 1b) and IntL
assert ed.
Mask Assert t on_mask 100 ns Time fromnmsk bit set (value = 1b)°’
Ti me until associated IntL assertion is
i nhibited
Mask Deassert tof f _mask 100 ns Time frommask bit cleared (value =
Ti me Ob)* until associated IntL operation
r esumes
QSFP+ Copper And Optical Mdul es Page 41
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Application or t _ratesel 100 ns Time from change of state of
Rat e Sel ect Application or Rate Select bit" until
Change Tine transmitter or receiver bandwidth is

in conformance with appropriate
speci fication

Power over-ride |ton_Pdown 100 ns Tine fromP_Down bit set (value = 1b)"
or Power - set until nodul e power consunption

Assert Tine reaches Power Level 1

Power over-ride |toff_ Pdown 300 ns Time fromP_Down bit cleared (value =
or Power - set Ob)* until the nodule is fully
Deassert Tinme functional ’

Note 1. Measured fromfalling clock edge after stop bit of wite transaction
Note 2. Power on is defined as the instant when supply voltages reach and
remain at or above the mninmum |l evel specified in

Table 6
Note 3. Fully functional is defined as IntL asserted due to data not ready
bit, bit 0 byte 2, deasserted. The nodul e should al so neet opti cal

and el ectrical specifications.
Note 4. Measured fromfalling clock edge after stop bit of read transaction

Squel ch and disable timngs are defined in Table 16.

Table 16 - I/O Timng for Squelch & Disable

Par anet er Synbol Max Unit | Conditions

Rx Squel ch ton_Rxsq 80 us Time fromloss of Rx input signal

Assert Tinme until the squel ched out put
condition is reached. See O ause
3.1.3.1.

Rx Squel ch toff Rxsq |80 us Time fromresunption of Rx input

Deassert Tinme signals until nornmal Rx output
condition is reached. See clause
3.1.3. 1.

Tx Squel ch ton_Txsq 400 ns Tinme fromloss of Tx input signal

Assert Tinme until the squel ched out put
condition is reached. See clause
3.1.3.2.

Tx Squel ch tof f _Txsq | 400 ns Time fromresunption of Tx input

Deassert Tinme signals until normal Tx out put
condition is reached. See clause
3.1.3.2.

Tx Disable ton_txdis | 100 ns Tinme from Tx Disable bit set (value

Assert Tine = 1b)' until optical output falls
bel ow 10% of nom nal

Tx Disable tof f _txdis | 400 ns Tinme from Tx Disable bit cleared

Deassert Tine (value = 0Ob)" until optical output
ri ses above 90% of nom nal

Rx Qut put ton_rxdis 100 ns Time fromRx Qutput Disable bit set

Di sabl e Assert (value = 1b)" until Rx output falls

Ti me bel ow 10% of nom nal

Rx Qut put toff _rxdis | 100 ns Time fromRx Qutput Disable bit

Di sabl e Deassert cleared (value = Ob)' wuntil Rx

Ti me out put rises above 90% of nom nal

Squel ch Di sabl e ton_sqdi s 100 ns This applies to Rx and Tx Squel ch

Assert Tinme and is the time frombit set (value
= 0b)" until squelch functionality
i s disabl ed.

Squel ch Di sabl e toff _sqdis | 100 ns This applies to Rx and Tx Squel ch

Deassert Tine and is the time frombit cleared
(value = Ob)* until squel ch
functionality is enabl ed

Note 1: Measured fromfalling clock edge after stop bit of wite transaction |
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7.4 Device Addressing and Qperation

Serial Cock (SCL): The host supplied SCL input to QSFP+ Modules is used to positive-edge
clock data into each QSFP+ device and negative-edge cl ock data out of each device. The SCL
line may be pulled | ow by an QSFP+ nodul e during cl ock stretching.

Serial Data (SDA): The SDA pin is bi-directional for serial data transfer. This pin is open-
drain or open-collector driven and nay be wire-ORed with any nunber of open-drain or open
col l ector devices. Master/Sl ave: QSFP+ Modul es operate only as slave devices. The host nust
provide a bus master for SCL and initiate all read/wite comunication

Devi ce Address: Each QSFP+ is hard wired at the device address AOh. See Cl ause 6.6 for nenory
structure wthin each Mdul e.

Mul tiple Devices per SCL/SDA: While QSFP+ Modul es are conpatible wi th point-to-point SCL/ SDA
they can share a single SCL/SDA bus by using the QSFP+ MbdSelL |line. See O ause
3.1.1.1,dause 3.1.2 and Table 3 for nore information.

Clock and Data Transitions: The SDA pin is normally pulled high with an external device. Data
on the SDA pin may change only during SCL low tine periods. Data changes during SCL high
periods indicate a START or STOP condition. Al addresses and data words are serially
transmtted to and fromthe QSFP+ in 8-bit words.

Every byte on the SDA line nust be 8-bits long. Data is transferred with the nost significant
bit (MSB) first. START Condition: A high-to-low transition of SDA with SCL high is a START
condition, which nust precede any other comand.

STOP Condition: A lowto-high transition of SDA with SCL high is a STOP condition

Acknowl edge: After sending each 8-bit word, the transmtter releases the SDA line for one bit
time, during which the receiver is allowed to pull SDA |ow (zero) to acknow edge (ACK) that
it has received each word.

Devi ce address bytes and wite data bytes initiated by the host shall be acknow edged by
QSFP+ Mbdul es. Read data bytes transmtted by QSFP+ Modul es shall be acknowl edged by the host
for all but the final byte read, for which the host shall respond with a STOP instead of an
ACK.

Menory (Managenent Interface) Reset: After an interruption in protocol, power |o0ss or system
reset the QSFP+ managenent interface can be reset. Menory reset is intended only to reset the
QSFP+ Modul e managenent interface (to correct a hung bus). No other Mdule functionality is

i mplied.

1) Cock up to 9 cycles.

2) Look for SDA high in each cycle while SCL is high

3) Create a START condition as SDA is high

Devi ce Addressing: QSFP+ devices require an 8-bit device address word following a start
condition to enable a read or wite operation. The device address word consists of a

mandat ory sequence for the first seven nost significant bits in Figure 22. This is comopn to
al |l QSFP+ devi ces.

1 0 1 0 0 0 0 R'W
VBB LSB

Fi gure 22 — (QSFP+ Devi ce Address

The eighth bit of the device address is the read/wite operating select bit. A read operation
isinitiated if this bit is set high and a wite operation is initiated if this bit is set

[ ow. Upon conpare of the device address (with MbdSelL in the low state) the QSFP+ Modul e
shal |l output a zero (ACK) on the SDA |line to acknow edge the address.

7.5 Read/ Wite Functionality

7.5.1 QSFP+ Menory Address Counter (Read AND Wite Operations)

(QSFP+ devices maintain an internal data word address counter containing the |ast address
accessed during the latest read or wite operation, incremented by one. The address counter
is incremented whenever a data word is received or sent by the Modul e. This address stays
val i d between operations as |long as QSFP+ power is maintained. The address “roll over” during
read and wites operations is fromthe last byte of the 128-byte nenory page to the first
byte of the sanme page.

7.5.2 Read Qperations (Current Address Read)
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A current address read operation requires only the device address read word (10100001) be
sent, see Figure 23. Once acknow edged by the QSFP+, the current address data word is
serially clocked out. The host does not respond with an acknow edge, but does generate a STOP
condi tion once the data word is read.

<QSRP ADDR->
H|IS | M LR N|S
O|T|S S|E AT
S|A|B B|A c|O
TI|R D K|IP

T

1 (0|1(0]0(O0|O0O|2 |0 |X [X|X|X|X|X|x]|Xx]|1
Q Al M L
S C|S S
F K|B B
P

<DATA WORD~>

Fi gure 23 —(QSFP+ Current Address Read Operation

7.5.3 Read Qperations (Random Read)

A random read operation requires a “dummy” wite operation to load in the target byte address
as shown in Figure 24. This is acconplished by the foll owi ng sequence: The target 8-bit data
word address is sent followi ng the device address wite word (10100000) and acknow edged by

t he QSFP+. The host then generates another START condition (aborting the dummy wite w thout
incrementing the counter) and a current address read by sending a device read address
(10100001). The QSFP+ acknow edges the device address and serially clocks out the requested
data word. The host does not respond with an acknow edge, but does generate a STOP condition
once the data word is read.

<-- QSFP ADDR —> < MEMORY ADDR-> <QSFP ADDR-=
5 W S
H|T R T R N|s
Olalm L|I M L] |Ajm L|E AT
S|R|S sIT| IS s| |Rls S|A clo
T|T|B BlE| B Bl |T|B BID K|P
O OO Of Of OF OFac o [ o [ [ fx x| O N0 11 0] Of Of Of 1] Ooc fo o x| | x| 1

Q

S A A Al L

F C C cls S

P K K K|B B

<DATA WORD n-—>

Fi gure 24 — QSFP+ Random Read

7.5.3.1 Read Qperations (Sequential Read)

Sequential reads are initiated by either a current address read Figure 25 or a random address
read Figure 26. To specify a sequential read, the host responds with an acknow edge (i nstead
of a STOP) after each data word. As long as the QSFP+ receives an acknow edge, it shall
serially clock out sequential data words. The sequence is term nated when the host responds
with a NACK and a STOP instead of an acknow edge.
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<(QS5FP ADDR>
S
HIT R NIS
O A|M LIE A A AT
S|R|S SlA C C ClC
TIT|E BID K K K|P
WO 1] Of Of CF Of 1 Of s s Fo Lo e o Lo o | O I Lo Lo Do e Lo e | s e e e D e B | | 0
Q
S Al . L] | L
F Cls sl I8 = I S
P K|Z 3| |E El |B B
<DATA WORD n= <DATA WCRD n=1= <DATA WCRD n+x>

Figure 25 —Sequential Address Read Starting at QSFP+ Current Address

e Q5FP ADDR =3 <-MEMORY ADDR> <ex QEFP ADDR -3
) Wy 8
T R T R NS
el B |8 Ll M Ll |4 LJE 4 A AT
3|R)S El R E 3| RIS = ) C c clo
T|E BIE] |B Bl |T|B =] [n] K K K|F
ol fcfof ool of | 1| 1o c|y ol b B 0 1
3 A A A Ll [w Ll ™ L
F C C c|E ] =l = L
F K K K|g B| |B Bl |2 B
<DATA WORD n» <DATA WCORD n+ s <DATA WORD r+x>

Figure 26 —Sequential Address Read Starting with Random QSFP+ Read

7.5.4 Wite Operations (BYTE Wite)

A wite operation requires an 8-bit data word address follow ng the device address wite word
(10100000) and acknow edgenent, see Figure 27. Upon receipt of this address, the QSFP+ shall
again respond with a zero (ACK) to acknow edge and then clock in the first 8-bit data word.
Foll owi ng the receipt of the 8-bit data word, the QSFP+ shall output a zero (ACK) and the
host naster nust termnate the wite sequence with a STOP condition for the wite cycle to
begin. If a START condition is sent in place of a STOP condition (i.e. a repeated START per
the 2-wire interface specification) the wite is aborted and the data received during that
operation is discarded. Upon receipt of the proper STOP condition, the QSFP+ enters an
internally timed wite cycle, tWR to internal nenmory. The QSFP+ disables it’s nanagenent
interface input during this wite cycle and shall not respond or acknow edge subsequent
comands until the wite is conplete. Note that 2-wire interface “Conbi ned Fornmat” using
repeat ed START conditions is not supported on QSFP+ write conmands.

<-- Q3FP ADDR --= =-MEMORY ADDR-» <-- DATA WORD --»
A

HIT R s
O[A[M L | M L] M Ll |T
S|R|S SIT] IS S| IS S| o
T|T|B BIE| |B B| |B Bl [P

1101 1] O] Of Of O] OF Ofx Ix ] [ [x | [ [x | Ofx ] | % ]x |x =[x ] 0
Q
S A A A
F C C C
P K K K

Figure 27 — QSFP+ Wite Byte Qperation
QSFP+ Copper And Optical Mdul es Page 45



OO~IA NI WN—

10

Devel opnent *** THIS IS NOT A FI NAL DRAFT *** SFF-8436 Rev 3.1

7.5.5 Wite Operations (Sequential Wite)

SFP+' s shal |l support up to a 4 sequential byte wite w thout repeatedly sendi ng QSFP+
address and nenory address information as shown in Figure 28. A “sequential” wite is
initiated the same way as a single byte wite, but the host naster does not send a stop
condition after the first word is clocked in. Instead, after the QSFP+ acknow edges recei pt
of the first data word, the host can transmit up to three nore data words. The QSFP+ shal
send an acknow edge after each data word received. The host nmust terminate the sequenti al
wite sequence with a STOP condition or the wite operation shall be aborted and data

di scarded. Note that 2-wire interface “conbined format” using repeated START conditions is
not supported on QSFP+ wite conmands.

<- QSFP ADDR -= <MEMORY ADDR> <--DATA WCRD 1-» <=DATA WORD 2-» <-DATA WORD 3-» «.DATA WORD &e
E\' "l"
H|T R s
A L M L] M Ll 1M Ll N T
S|R)S =1l El 3] |5 = e 315 El e
TIT|E Elz| |B Bl |2 Bl |2 5] |E =zl IB 2| |P
IEREE R ] X 1 C X | 0 C
&
= A A a A A A
F C C C C C C
P K K K K K

Fi gure 28 — QSFP+ Sequential Wite Qperation

7.5.6 Wite Operations (Acknow edge Pol | ing)

Once the QSFP+ internally tinmed wite cycle has begun (and inputs are being ignored on the
bus) acknowl edge polling can be used to determnine when the wite operation is conplete. This
i nvol ves sending a START condition followed by the device address word. Only if the interna
wite cycle is conplete shall the QSFP+ respond with an acknow edge to subsequent conmands,

i ndicating read or wite operations can continue.

7.6 QSFP+ Menory Map

Thi s subcl ause defines the Menory Map for QSFP+ Mobdul e used for serial ID digital nonitoring
and certain control functions. The interface is mandatory for all QSFP+ devices. The
interface has been designed largely after the XFP MSA as defined in INF-8077i Rev.4.0. The
nmenory map has been changed in order to acconmpdate 4 optical channels and limt the required
menory space. The single address approach as used in XFP using paging for provision of nore
less tine critical nmenory content is used in order to enable tinme critical interactions

bet ween host and Modul e.

The structure of the nmenory is shown in Figure 29. The nenory space is arranged into a

| ower, single page, address space of 128 bytes and multiple upper address space pages. This
structure permts tinmely access to addresses in the | ower page, e.g. Interrupt Flags and
Monitors. Less time critical entries, e.g. serial IDinformation and threshold settings, are
avai l able with the Page Sel ect function. The structure also provides address expansi on by
addi ng addi tional upper pages as needed. For exanple, in Figure 29 upper pages 01 and 02 are
optional. Upper page 01 allows inplenentation of Application Select Table, and upper page 02
provi des user read/wite space. The |ower page and upper page 00 are always inpl enented.
Page 03 is required if byte 2, bit 2 in the |ower page is set high. See Table 39 for details
regardi ng decl aration of optional upper pages 01 and 02.

The interface address used is AOxh and is mainly used for time critical data like interrupt
handling in order to enable a “one-tinme-read” for all data related to an interrupt situation
After an Interrupt, IntL, has been asserted, the host can read out the flag field to
determ ne the effected channel and type of flag.
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2-wire senal address, 1010000x (A0h)"

£ I and stalus (3 Bytes)
o EviEE]
i Internipt Fiags (12 Byies)
Wodule Montars |10 YR
3z
S
Cnarmel Monltors |0 DFeoEl
a9
Faserved (4 Bytes)
a5
Cantro (12 Byizg)
. Reserved (2 Bytes)
106 Modute and Cnannes sask| 7 BYES
Fasarvad (12 Epes)
118
Passwand Change Enlry (i Bytas)
132 Area {Ootlonal)
Pasword Enlry Area |2 Bytes)
13E {OpEana)
~age Zeled] Byte (&Ayies)
127
¥
Page 00 Page 01 {Cptional) Page 02 [Cptional) Page 02 [(Cpbioral Tor Copper)
. . . o - . : i
:ﬁ' Base I} Flels (G4 Byies) :;: CC_ARFS (1 Bytes j; UserEEPROM Datz || 120 SRR 2 vodue Tresnon M9 ENES
= ] i
. . : .
Extended I (32 Bytes) AST Tabie Lengn Ty |11 BOPES Cnannel Theechalg |1+ EATES!
223 128 5 233
s - -
Vengor Specicin | DYIEED Agpilcation Code Enty O (2 Bytes) Resared \2 Bytes)
255 121 235
o - ., |i2 Btes) \iengor Speciic Channed (15 Bytes)
1o AEPlcation Coge Erty 1 = i
atner anvies | GRS Ao Sz (L2Ere)
Appliation Coge Entry T | = BYRS) N Rezaned \Z Byies]
255 55

Figure 29 — QSFP+ Menory Map

In order to allow access to multiple QSFP+ Modul es on the sane 2-wire serial interface, the
QSFP+ pinout includes a ModSel L pin which allows the host to select the respective Mdule for
interaction. See Clause 3.1.1.1 for details on MbdSelL and C ause 3.1.2 for details of the 2-
Wre serial interface.

Note: Unless specifically noted, all informative ID fields must be filled out. Using a val ue
of O toindicate a field is unspecified (as is conmon in the SFP definition) is not
permtted. Reserved nenory locations are to be filled with logic zeros in all bit locations
for reserved bytes, and in reserved bit |locations for partially specified byte |ocations as
described in this clause.

APPLI CABLE DOCUMENTS
Digital D agnostic Mnitoring Interface for Optical Mdul es SFF docunent nunber: SFF-8472,
rev. 9.5 June 1, 2004.

7.6.1 Lower Menory Map

The | ower 128 bytes of the 2-wire serial bus address space, see Table 17, is used to access a
vari ety of neasurenents and diagnostic functions, a set of control functions, and a neans to
sel ect which of the various upper nmenory nmap pages are accessed on subsequent reads. This
portion of the address space is always directly addressable and thus is chosen for nonitoring
and control functions that may need to be repeatedly accessed. The definition of ldentifier
field is the sane as page 00h Byte 128.
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Table 17 —Lower Menory Map

Byt e Address Description Type

0 Identifier (1 Byte) Read- Onl y

1-2 Status (2 Bytes) Read- Onl y

3-21 Interrupt Flags (19 Read- Onl y
Byt es)

22-33 Modul e Monitors (12 Read- Onl y
Byt es)

34-81 Channel Monitors (48 Read- Onl y
Byt es)

82- 85 Reserved (4 Bytes) Read- Onl y

86- 97 Control (12 Bytes) Read/ Wite

98- 99 Reserved (2 Bytes) Read/ Wite

100- 106 Modul e and Channel Read/ Wite
Masks (7 Bytes)

107-118 Reserved (12 Bytes) Read/ Wite

119-122 Password Change Entry Read/ Wite
Area (optional) (4
Byt es)

123-126 Password Entry Area Read/ Wite
(optional) 4 Bytes

127 Page Sel ect Byte Read/ Wite

7.6.1.1 Status | ndicator

Bits

The Status Indicators are defined in Table 18.

Tabl e 18 —Status Indicators

Byt e Bi t Nane Descri ption
1 Al'l Reser ved
2 7 Reser ved
6 Reser ved
5 Reser ved
4 Reserved
3 Reserved
2 Flat _nem Upper nenory
flat or paged.
Flat nenory: 0=
pagi ng, 1= page
0 only
1 IntL Digital state of
the IntL
I nterrupt out put
pin
0 Dat a_Not _Ready I ndi cat es Modul e
has not yet
achi eved power
up and nonitor
data is not
ready. Bit
remai ns hi gh
until data is
ready to be read
at which tine
the device sets
the bit | ow

The Data_ Not Ready bit
readi ngs. Once al
power ed down.

noni t or

i s high during nodul e power
readi ngs are valid,
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7.6.1.2 Interrupt Flags

A portion of the nmenory nmap (Bytes 3 through 21), forma flag field. Wthin this field, the
status of LOS and Tx Fault as well as alarms and warnings for the various nonitored itens is
reported. For normal operation and default state, the bits in this field have the val ue of
Ob. For the defined conditions of LOS, Tx Fault, nodule and channel al arns and warni ngs, the
appropriate bit or bits are set, value = 1b. Once asserted, the bits remai ned set (Il atched)
until cleared by a read operation that includes the affected bit or reset by the ResetL pin.
The Channel Status Interrupt Flags are defined in Table 19.

Table 19 —Channel Status Interrupt Fl ags

Byt e Bi t Nanme Descri ption
3 7 L-Tx4 LOS Latched TX LGOS indicator, channel 4 (Optional)
6 L- Tx3 LOS Latched TX LGOS indicator, channel 3 (Optional)
5 L-Tx2 LOS Latched TX LOS indicator, channel 2 (Optional)
4 L-Tx1 LOS Latched TX LOS indicator, channel 1
(Optional)
3 L-Rx4 LCS Lat ched RX LOS indicator, channel 4
2 L- Rx3 LOS Lat ched RX LGS indicator, channel 3
1 L-Rx2 LOS Lat ched RX LGS indi cator, channel 2
0 L-Rx1 LOS Lat ched RX LGS indicator, channel 1
4 7-4 Reser ved
3 L- Tx4 Faul t Latched TX fault indicator, channel 4
2 L- Tx3 Faul t Latched TX fault indicator, channel 3
1 L- Tx2 Faul t Latched TX fault indicator, channel 2
0 L- Tx1 Faul t Latched TX fault indicator, channel 1
5 Al'l Reserved
The Modul e Monitor Interrupt Flags are defined in Table 20.
Tabl e 20 —Mbdul e Monitor Interrupt Fl ags
Byte | Bit | Nane Descri ption
6 7 L- Tenp High Alarm | Latched high tenperature al arm
6 L- Tenp Low Al arm Latched | ow tenperature alarm
5 L- Tenp Hi gh Lat ched hi gh tenperature warning
WAr ni ng
4 L- Tenp Low Warni ng | Latched | ow tenperature warni ng
3-0 | Reserved
7 7 L-Vcc H gh Alarm Lat ched hi gh supply voltage alarm
6 L-Vcc Low Al arm Latched | ow supply voltage alarm
5 L-Vcc H gh Warni ng | Latched hi gh supply voltage warning
4 L-Vcc Low Warni ng Latched | ow supply voltage war ni ng
3-0 | Reserved
8 Al'l | Rerserved

The Channel Monitor Interrupt Flags are defined in Table 21.

Tabl e 21 —Channel Mnitor Interrupt Flags

Byte | Bit | Nane Descri ption
9 7 L- Rx1 Power Hi gh Lat ched hi gh RX power alarm channel 1
Al arm
6 L- Rx1 Power Low Latched [ ow RX power alarm channel 1
Al arm
5 L- Rx1 Power Hi gh Lat ched hi gh RX power warni ng, channel
VMr ni ng 1
4 L- Rx1 Power Low Latched | ow RX power warni ng, channel 1
VMr ni ng
3 L- Rx2 Power Hi gh Lat ched hi gh RX power alarm channel 2
Al arm
2 L- Rx2 Power Low Latched [ ow RX power alarm channel 2
Al arm
1 L- Rx2 Power Hi gh Lat ched hi gh RX power warni ng, channel
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VMr ni ng 2
0 L- Rx2 Power Low Lat ched | ow RX power warning, channel 2
VMr ni ng
10 7 L- Rx3 Power Hi gh Lat ched hi gh RX power alarm channel 3
Al arm
6 L- Rx3 Power Low Latched | ow RX power alarm channel 3
Al arm
5 L- Rx3 Power Hi gh Lat ched hi gh RX power warni ng, channe
VMr ni ng 3
4 L- Rx3 Power Low Lat ched | ow RX power warning, channel 3
VMr ni ng
3 L- Rx4 Power Hi gh Lat ched hi gh RX power alarm channel 4
Al arm
2 L- Rx4 Power | ow Latched | ow RX power alarm channel 4
Al arm
1 L- Rx4 Power hi gh Lat ched hi gh RX power warni ng, channe
VMr ni ng 4
0 L- Rx4 Power | ow Lat ched | ow RX power warning, channel 4
war ni ng
11 7 L- Tx1 Bias High Latched high TX bias alarm channel 1
Al arm
6 L-Tx1 Bias Low Alarm | Latched low TX bias alarm channel 1
5 L- Tx1 Bias high Lat ched high TX bias warning, channel 1
VMr ni ng
4 L- Tx1 Bias Low Latched [ ow TX bias warning, channel 1
VMr ni ng
3 L- Tx2 Bias Hi gh Latched high TX bias alarm channel 2
Al arm
2 L-Tx2 Bias Low Alarm | Latched low TX bias alarm channel 2
1 L- Tx2 Bi as High Latched H gh TX bias warning, channel 2
VMr ni ng
0 L- Tx2 Bi as Low Latched [ ow TX bi as warni ng, channel 2
VMr ni ng
12 7 L- Tx3 Bias High Latched high TX bias alarm channel 3
Al arm
6 L-Tx3 Bias Low Alarm | Latched | ow TX bias alarm channel 3
5 L- Tx3 Bi as High Lat ched high TX bias warni ng, channe
VMr ni ng 3
4 L- Tx3 Bi as Low Latched | ow TX bias warning, channel 3
VMr ni ng
3 L- Tx4 Bi as High Latched high TX bias alarm channel 4
Al arm
2 L-Tx4 Bias Low Alarm | Latched | ow TX bias alarm Channel 4
1 L- Tx4 Bi as High Lat ched high TX bias warning, channel 4
VMr ni ng
0 L- Tx4 Bi as Low Latched | ow TX bias warning, channel 4
VMr ni ng
13- Al'l | Reserved Reserved channel nonitor flags, set 3
14
15- Al'l | Reserved Reserved channel nonitor flags, set 4
16
17- Al'l | Reserved Reserved channel nonitor flags, set 5
18
19- Al'l | Reserved Reserved channel nonitor flags, set 6
20
21 Al'l | Reserved

7.6.1.3 Module Monitors
Real

described in d ause 6.6. 1. 4.

Measured paraneters are reported in 16-bit data fields, i.

are shown in Table 22.
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intended to inply that a 16-bit A/D systemis recommended or required in order to achi eve the
accuracy goals stated below. The width of the data field should not be taken to inply a
given level of precision. It is conceivable that the accuracy goals herein can be achi eved
by a system having less than 16 bits of resolution. It is recommended that any | ow order
data bits beyond the systenmis specified accuracy be fixed at zero. Overall system accuracy
and precision will be vendor dependent.

To guarant ee coherency of the diagnostic nonitoring data, the host is required to retrieve
any nulti-byte fields fromthe diagnostic nonitoring data structure by the use of a single
two- byte read sequence across the 2-wire serial interface. The Module is required to insure
that any nulti-byte fields that are updated with diagnostic nmonitoring data nmust have this
update done in a fashion that guarantees coherency and consi stency of the data. |In other
words, the update of a multi-byte field by the Mddul e must not occur such that a partially
updated multi-byte field can be transferred to the host. Also, the Module shall not update a
multi-byte field within the structure during the transfer of that nmulti-byte field to the
host, such that partially updated data woul d be transferred to the host.

Accuracy requirenents specified below shall apply to the operating signal range specified in
the rel evant standard. The manufacturer’s specification should be consulted for nore det ai
on the conditions under which the accuracy requirenments are mnet.

Measurenents are calibrated over vendor specified operating tenperature and voltage and
shoul d be interpreted as defined below Al arm and warning threshold val ues shoul d be
interpreted in the sanme manner as real tine 16-bit data.

Internal ly neasured Modul e tenperature are represented as a 16-bit signed twos conpl ement
value in increments of 1/256 degrees Cel sius, yielding a total range of —-128C to +128C t hat
is considered valid between —-40 and +125C. Tenperature accuracy is vendor specific but nust
be better than +3 degrees Cel sius over specified operating tenperature and voltage. Please
see vendor specification for details on location of tenperature sensor

Internally neasured Modul e supply voltage are represented as a 16-bit unsigned integer with
the voltage defined as the full 16 bit value (0 — 65535) with LSB equal to 100 uVolt,
yielding a total neasurenent range of 0 to +6.55 Volts. Practical considerations to be
defined by Mddul e manufacturer will tend to linit the actual bounds of the supply voltage
nmeasurenent. Accuracy is vendor specific but nust be better than 3% of the manufacturer’s
nom nal val ue over specified operating tenperature and voltage.

Tabl e 22 —Mbdul e Monitoring Val ues

Byte |Bit | Nane Descri ption

22 Al'l | Tenperature NMSB Internally neasured nodul e tenperature

23 Al'l | Tenperature LSB

24-25 | AI'l | Reserved

26 Al'l | Supply Voltage MSB | Internally neasured nodul e supply voltage
27 Al'l | Supply Voltage LSB

28-33 | All | Reserved

7.6.1.4 Channel Monitoring

Real tine channel nonitoring is for each transnit and receive channel and includes optica

i nput power and Tx bias current. Mdule nonitoring functions are described in Cause 6.6.1.3.
Measurenents are calibrated over vendor specified operating tenperature and voltage and
shoul d be interpreted as defined below. Al armand warning threshold val ues should be
interpreted in the sane manner as real tine 16-bit data. Table 23 defines the Channe

Moni t ori ng.

Measured TX bias current is in mA and are represented as a 16-bit unsigned integer with the
current defined as the full 16 bit value (0 — 65535) with LSB equal to 2 uA yielding a tota
measurenent range of 0 to 131 mA. Accuracy is vendor specific but nust be better than £10%
of the manufacturer’s nomi nal value over specified operating tenperature and voltage.
Measured RX received optical power is in mNand can represent either average received power
or OVA dependi ng upon how bit 3 of byte 220 (upper nenory page 00h) is set. Represented as a
16 bit unsigned integer with the power defined as the full 16 bit value (0 — 65535) with LSB
equal to 0.1 uW yielding a total neasurenent range of 0 to 6.5535 nW (~-40 to +8.2 dBm.
Absol ute accuracy i s dependent upon the exact optical wavel ength. For the vendor specified
wavel engt h, accuracy shall be better than +3 dB over specified tenperature and voltage. This
accuracy shall be mmintained for input power levels up to the | esser of nmaximumtransmtted
or maxi num received optical power per the appropriate standard. It shall be naintai ned down
to the mninumtransnmtted power mnus cable plant |oss (insertion | oss or passive |o0ss) per
the appropriate standard. Absolute accuracy beyond this mninumrequired received input
optical power range is vendor specific.
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Tabl e 23 — Channel Monitoring Val ues

Byte | Bit | Name Descri ption

34 Al'l | Rx1 Power MSB | Internally neasured RX i nput power, channel 1
35 Al | Rx1 Power LSB

36 Al'l | Rx2 Power MSB | Internally neasured RX i nput power, channel 2
37 Al | Rx2 Power LSB

38 Al'l | Rx3 Power MSB | Internally neasured RX i nput power, channel 3
39 Al | Rx3 Power LSB

40 Al'l | Rx4 Power MSB | Internally neasured RX i nput power, channel 4
41 Al | Rx4 Power LSB

42 Al | Tx1 Bias MSB |Internally neasured TX bias, channel 1

43 Al'l | Tx1 Bias LSB

44 Al | Tx2 Bias MSB | Internally measured TX bias, channel 2

45 Al'l | Tx2 Bias LSB

46 Al | X3 Bias MSB |Internally measured TX bias, channel 3

47 Al'l | Tx3 Bias LSB

48 Al | Tx4 Bias MSB | Internally measured TX bias, channel 4

49 Al | Tx4 Bias LSB

50- 57 Reserved channel nonitor set 3

58- 65 Reserved channel nonitor set 4

66- 73 Reserved channel nonitor set 5

74-81 Reserved channel nonitor set 6

7.6.1.5 Control Bytes
Control Bytes are defined in Table 24.

Tabl e 24 —Control Bytes
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Byte | Bit | Nane Descri ption
86 7-4 | Reserved
3 Tx4 Disabl e Read/Wite bit that allows software disable of
transmtters’
2 Tx3 Disabl e Read/Wite bit that allows software disable of
transmtters'
1 Tx2 Disable Read/Wite bit that allows software disable of
transmtters’
0 Tx1 Di sable Read/Wite bit that allows software disable of
transmtters'
87 7 Rx4_Rat e_sel ect Software rate select. Rx Channel 4 NMSB
(optional)
6 Rx4_Rat e_sel ect Software rate select. Rx Channel 4 LSB
(optional)
5 Rx3_ Rat e_sel ect Software rate select. Rx Channel 3 MSB
(optional)
4 Rx3_Rate_sel ect Software rate select. Rx Channel 3 LSB
(optional)
3 Rx2_Rat e_sel ect Software rate select. Rx Channel 2 NMSB
(optional)
2 Rx2_Rat e_sel ect Software rate select. Rx Channel 2 LSB
(optional)
1 Rx1 Rate_sel ect Software rate select. Rx Channel 1 MSB
(optional)
0 Rx1 Rate_sel ect Software rate select. Rx Channel 1 LSB
(optional)
88 7 Tx4 _Rate_sel ect Software rate select. Rx Channel 4 NMSB
(optional)
6 Tx4 Rate_sel ect Software rate select. Rx Channel 4 LSB
(optional)
5 Tx3_Rate_sel ect Software rate select. Rx Channel 3 MSB
(optional)
4 Tx3_Rate_sel ect Software rate select. Rx Channel 3 LSB
(optional)
3 Tx2_Rate_sel ect Software rate select. Rx Channel 2 NMSB
(optional)
2 Tx2_Rate_sel ect Software rate select. Rx Channel 2 LSB
(optional)
1 Tx1_Rate_sel ect Software rate select. Rx Channel 1 MSB
(optional)
0 Tx1_Rate_sel ect Software rate select. Rx Channel 1 LSB
(optional)
89 Al | Rx4_Application_Select | Software Application Select per SFF-8078, Rx
Channel 4 (optional)
90 Al | Rx3_Application_Select | Software Application Select per SFF-8078, Rx
Channel 3 (optional)
91 Al | Rx2_Application_Select | Software Application Sel ect per SFF-8078, Rx
Channel 2 (optional)
92 Al | Rx1 _Application_Select | Software Application Select per SFF-8078, Rx
Channel 1 (optional)
93 2-7 | Reserved
93 1 Power set Power set to Low Power Mbde Default O
93 0 Power override Override of LP node signal setting the power
node with software
94 Al | Tx4 _Application_Select | Software application per SFF-8079, Tx Channel
4 (optional)
95 Al'l | Tx3 _Application_Select | Software application per SFF-8079, Tx Channel
3 (optional)
96 Al | Tx2_Application_Select | Software application per SFF-8079, Tx Channel
2 (optional)
97 Al | Tx1 _Application_Select | Software application per SFF-8079, Tx Channel
1 (optional)
98- Al'l | Reserved
99
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If software Rate Select is not inplenmented, the Mddul e ignores the value of Rate Select bits.
The registers read all “0”s upon power - up.

7.6.1.6 Mddul e and Channel Masks

The host system may control which flags result in an interrupt (IntL) by setting high

i ndividual bits froma set of masking bits in bytes 100-104 for nodul e flags, and bytes 242-
253 of page 03h for channel flags. These are described in Table 25 and Table 48. A 1 value
in a nmasking bit prevents the assertion of the hardware IntL pin by the correspondi ng | atched
flag bit. Msking bits are volatile and startup with all unmasked (masking bits 0).

The mask bits nay be used to prevent continued interruption fromon-going conditions, which
woul d ot herwi se continually reassert the hardware IntL pin.

Table 25 —IntL Masking Bits for Mdul e and Channel Status Interrupts

Byt e Bit | Name Descri ption
100 7 M Tx4 LOS Masking bit for TX LOS indicator,
channel 4 (optional)
6 M Tx3 LOS Masking bit for TX LOS indicator,
channel 3 (optional)
5 M Tx2 LOS Masking bit for TX LOS indicator,
channel 2 (optional)
4 M Tx1 LOS Masking bit for TX LOS indicator,
channel 1 (optional)
3 M Rx4 LOS Masking bit for RX LOS indicator,
channel 4
2 M Rx3 LOS Masking bit for RX LOS indicator,
channel 3
1 M Rx2 LOS Masking bit for RX LOS indicator,
channel 2
0 M Rx1 LOS Masking bit for RX LOS indicator,
channel 1
101 7-4 | Reserved
3 M Tx4 Faul t Masking bit for TX fault indicator,
channel 4
2 M Tx3 Faul t Masking bit for TX fault indicator,
channel 3
1 M Tx2 Fault Masking bit for TX fault indicator,
channel 2
0 M Tx1 Fault Masking bit for TX fault indicator,
channel 1
102 Al'l | Reserved
103 7 M Tenp High Alarm | Masking bit for high Tenperature alarm
6 M Tenp Low Al arm Masking bit for | ow Tenperature alarm
5 M Tenp High Masking bit for high Tenperature
VMr ni ng war ni ng
4 M Tenp Low Masking bit for | ow Tenperature warning
VMr ni ng
3-0 | Reserved
104 7 M Vcc Hi gh alarm Masking bit for high Vcc alarm
6 M Vcc Low al arm Masking bit for Iow Vcc alarm
5 M Vcc High Masking bit for high Vcc warning
VMr ni ng
4 M Vcc Low Warning | Masking bit for |ow Vcc warning
3-0 | Reserved
105- Al l Reserved
106

7.6.1.7 Rate Sel ect

Rate Select is an optional control used to limt the receiver bandwi dth for conpatibility
with multiple data rates (nost likely Fibre Channel). In addition, rate selection allows the
transmtter to be fine tuned for specific data rate transmi ssions.

The Modul e nay:
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a) Provi de no support for rate selection
b) Rat e sel ecti on using extended rate sel ect
c) Rate selection with application select tables

7.6.1.7.1 No Rate Sel ection Support

When no rate selection is supported, (page 00h, byte 221, bits 2 and 3) have a value of 0 and
Options (page 00h, byte 195, bit 5) have a value of 0. Lack of inplenmentation does not

i ndi cate |l ack of simultaneous conpliance with nultiple standard rates. Conpliance with
particul ar standards should be determ ned from Modul e Val ues (See Table 33).

7.6.1.7.2 Extended Rate Sel ection

VWen (page 00h, byte 221, bits 2 and 3) have the values of 0 and 1 respectively and at | east
one of the bits in the Extended Rate Conpliance byte (page 00h, byte 141) have a val ue of
one, the nodul e supports extended rate select. Extended rate selection has reserved two bits
per channel in the Rxn_Rate Select and two bits per channel in the Txn_Rate Sel ect to denote
up to four rates. Table 26 defines the functionality when bit 0 of byte 141 is 1. Al other
val ues of Extended Rate Conpliance byte are reserved.

Table 26 —Functionality of xN Rate Select with Extended Rate sel ection

XN _Rate_Sel ect | xN Description
nsb Val ue Rat e_Sel ect
I sb Val ue

0 0 Optinmzed for data rates less than
2.2@b/ s

0 1 Optimzed for data rates from?2.2
up to 6.6 Gb/s

1 0 Optinmized for 6.6 Gb/s data rates
and above

1 1 Reserved

7.6.1.7.3 Rate Sel ection Using Application Select Tables

Application Select maxim zes conpatibility with SFF-8079 Part 2 for Mdul es that are SFF-8472
conpli ant.

VWen the Rate Sel ect declaration bits (page 00h, byte 221, bits 2 and 3) have the values of 1
and O respectively, the Application Sel ect nethod defined in Page Olh is used (see C ause
6.6.3).

The host reads the entire application select table on page 01h to determ ne the capabilities
of the Moddul e. The host controls each channel separately by witing a Control Mde and Tabl e
Select (TS) byte to bytes 89-92 and bytes 94-97. The bits of the Rx_Application Select and
the Tx_Application Select registers are defined in Table 27.

Table 27--Definition of Application Select (Bytes 89 to 92 and Bytes 94 to 97))
7 | 6 5 | 4 |3 [ 2 [ 1 | O
Control Mode | Table Select TS

Control Mode defines the application control node. Table Sel ect sel ects nodul e behavi or from
the AST anpong 63 possibilities (000000 to 111110). Note that (111111) is invalid.

Table 28 —Detail ed Description of Control Mde

Bi t Bit 6 Functi on Address 87, 88 Tabl e Sel ect
7 Cont r ol Contro
0 0 Ext ended rate LSB and MSB are used I gnor ed
sel ection according to
decl aration bits.
1 Don’ t Appli cation I gnor ed field points
care sel ect to
application

Not e: Default values for control node is 0,0 and is volatile nmenory.

7.6.1.8 Password Entry and change
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Bytes 119-126 are reserved for an optional password entry function. The Password entry bytes
are wite only and will be retained until power down, reset, or rewitten by host. This
function nay be used to control read/wite access to vendor specific page 02h. Additionally,
nodul e vendors nay use this function to inplenent wite protection of Serial |ID and ot her
QSFP+ read only information. Passwords nmay be supplied to and used by Host manufacturers to
l[imt wite access in the User EEPROM Page 02h

Password access shall not be required to access QSFP+ defined data in the | ower nmenory page
00h or in upper pages 00h, 02h and 03h. Note that mnultiple nodul e manufacturer passwords may
be defined to all ow selective access to read or wite to various sections of menory as

al | oned above.

Host manuf acturer and nodul e manuf acturer passwords shall be distingui shed by the high order
bit (bit 7, byte 123). Al host nanufacturer passwords shall fall in the range of 00000000h
to 7FFFFFFFh, and all nodul e manufacturer passwords in the range of 80000000h to FFFFFFFFh.
Host nanufacturer passwords shall be initially set to 00001011h in new nodul es.

Host nanuf acturer passwords may be changed by witing a new password in bytes 119-122 when
the correct current Host manufacture password has been entered in 123-126, with the high
order bit being ignored and forced to a value of 0 in the new password.

The password entry field shall be set to 00000000h on power up and reset.

7.6.2 Upper Menory Map Page 00h

Page 00h consists of the Serial ID and is used for read only identification infornmation. The
Serial IDis divided into the Base ID Fields, Extended ID Fields and Vendor Specific ID
Fields. The format of the Serial ID Menory Map is shown in Table 29.

Table 29 —Serial |ID: Data Fields

Addr ess Size Nane Description of Base ID Field
( Byt es)

Base I D

fields

128 1 Identifier Identifier Type of serial Mdule

129 1 Ext. Identifier Extended ldentifier of Seria
Mbdul e

130 1 Connect or Code for connector type

131-138 8 Modul e Code for electronic
conmpatibility or optica
conpatibility

139 1 Encodi ng Code for serial encoding
al gorithm

140 1 BR, nom nal Nom nal bit rate, units of 100
MBits/s

141 1 Ext ended Tags for extended rate sel ect

r at esel ect conpl i ance
Conpl i ance

142 1 Lengt h( SMF) Li nk I ength supported for SM-
fiber in km
(note 1)

143 1 Length(OVMB 50 um | Link I ength supported for EBW
50/ 125 um fiber (OM3), units of
2m
(note 1)

144 1 Length(OM2 50 um | Link Iength supported for 50/ 125
um fiber (OM), units of 1m
(note 1)

145 1 Length(OML 62.5 Li nk I ength supported for

um 62.5/125 um fiber (OML), units
of 1m
(note 1)

146 1 Lengt h( Copper) Li nk I ength supported for copper
or active cable, units of 1 m
(note 1)

147 1 Devi ce tech Devi ce technol ogy

148-163 16 Vendor nane (QSFP+ vendor nane( ASCl )

164 1 Ext ended Modul e Ext ended Mbdul e codes for
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165- 167 3 Vendor QU QSFP+ vendor | EEE conpany | D
168- 183 16 Vendor PN Part nunber provided by QSFP+
vendor (ASCI | )
184-185 2 Vendor rev Revi sion | evel for part nunber
provi ded by vendor (ASCI |)
186- 187 2 Wave | ength or Nom nal | aser wavel ength
Copper cabl e (wavel engt h=val ue/20 in nm or
At t enuati on copper cable attenuation in dB
at 2.5GHz (Adrs 186) and 5. 0GHz
(Adrs 187)
188-189 2 Wavel engt h Guar ant eed range of | aser
tol erance wavel engt h(+/- val ue) from
nom nal wavel engt h. (wavel ength
Tol . =val ue/ 200 in nn)
190 1 Max case tenp. Maxi num case tenperature in
degrees C
191 1 CC _BASE Check code for base ID fields
(addresses 128-190)
Ext ended 1D
fields
192-195 4 Opti ons Rate Select, TX Disable, TX
Fault, LGOS, Warning indicators
for: Tenperature, VCC, RX power,
TX Bi as
196- 211 16 Vendor SN Serial nunber provided by vendor
(ASCI 1)
212-219 8 Dat e Code Vendor’s nmanufacturing date code
220 1 Di agnosti c I ndi cates which type of
Moni toring Type di agnostic nmonitoring is
i mpl enented (if any) in the
Module. Bit 1,0 Reserved
221 1 Enhanced Options I ndi cat es which optiona
enhanced features are
i npl enented in the Mdul e.
222 1 Reserved Reserved
223 1 CC EXT Check code for the Extended ID
Fi el ds (addresses 192-222)
Vendor
Specific ID
Fi el ds
224- 255 32 Vendor Specific Vendor Speci fi c EEPROM

Note 1. A value of zero neans that the Mdul e does not support the specified technol ogy or

that the Iength information nust be determ ned fromthe Mdul e technol ogy

7.6.2.1 ldentifier

val ue shal
30.

QSFP+ Copper And Opti cal

(Address 128)
The identifier value specifies the physica
be included in the serial

The QSFP+ Modul e shall use the identifier

devi ce described by the serial
data. The defined identifier values are shown in Table
oCh.

Table 30 —Identifier Values (Address 128)
Val ue Description of Physical device
00h Unknown or unspecified
01h @Bl C
02h Modul e/ connect or sol dered to not her board
03h SFP
04h 300 pin XBI
05h XENPAK
06h XFP
07h XFF
08h XFP- E
09h XPAK
0Ah X2
Modul es
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0Bh DWDM SFP
0Ch QSFP
ODh QSFP+

OEh- 7Fh | Reserved
80- FFh | Vendor Specific

7.6.2.2 Extended Identifier (Address 129)

The extended identifier provides additional information about the basic Mdul e types such as
whet her the Modul e contains a CDR function and identifies the power consunption class it

bel ongs to.

Table 31 —Extended ldentifier Values (Address 129)
Bit | Description of Device Type
7-6 | 00: Power Class 1 Module (1.5Wnax. Power consunpti on)
01: Power Class 2 Module (2.0Wnax. Power consunption)
10: Power Class 3 Mddule (2.5Wnax. Power consunpti on)
11: Power Class 4 Mdule (3.5Wnax. Power consunpti on)

5 Reser ved
4 0: No CLElI code present in Page 02h

1: CLEl code present in Page 02h
3 0: No CDRin TX, 1: CDR present in TX
2 0: No CDRin RX, 1: CDR present in RX
1-0 | Reserved

7.6.2.3 Connector (Address 130)

The Connector val ue indicates the external connector provided on the interface. This val ue
shall be included in the serial data. The defined connector values are shown in Table 32.
Note that 0lh — OBh are not QSFP+ conpatible, and are included for conpatibility with other
st andar ds.

Tabl e 32 —Connect or Val ues (Address 130)

Val ue Descri ption of Connector
00h Unknown or unspecified
01h SC

02h FC Style 1 copper connector
03h FC Style 2 copper connector
04h BNC/ TNC

05h FC coax headers

06h Fi ber| ack

07h LC

08h MT- RJ

09h wMJ

0Ah SG

0Bh Optical Pigtail

0Ch MPO

0D 1Fh Reser ved

20h HSSDC | |

21h Copper pigtail

22h RJ45

23h No separabl e connect or
24h- 7Fh | Reserved

80- FFh | Vendor specific

7.6.2.4 Modul e (Address 131-138)
The following bit significant indicators define the electronic or optical interfaces that are
supported by the QSFP+ Module. At least one bit shall be set in this field. For Fibre Channel
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SFP+s, the Fibre Channel speed, transnmi ssion nedia, transmtter technol ogy, and di stance
capability shall all be indicated.

Tabl e 33 —Mdul e Val ues (Address 131-138)

Addr ess Bit | Description of Mdul e data
10/ 40G Et hernet Conpl i ance Code

131 7 Reser ved

131 6 10GBase- LRM

131 5 10GBase- LR

131 4 10CGBase- SR

131 3 40G Active Cabl e

131 2 40GBase- CR4

131 1 40GBase- SR4

131 0 Reser ved

SONET Conpl i ance codes

132 7-4 | Reserved

132 3 Reser ved

132 2 OC 48, long reach

132 1 OC 48, internediate reach
132 0 OC 48 short reach

SAS/ SATA conpl i ance codes

133 7- Reser ved

133 6 SAS/ SATA 6. 0G

133 5 SAS/ SATA 3. 0G

133 4 SATA 1.5G

G gabit Ethernet Conpliant codes

134 3 1000Base- T

134 2 1000Base- CX

134 1 1000Base- LX

134 0 1000Base- SX

Fi bre Channel link |ength

135 7 Very | ong distance (V)
135 6 Short di stance (S)

135 5 I nternedi ate distance (I)
135 4 Long di stance (L)

135 3 Medi um (M

Fi bre Channel Transmtter Technol ogy

135 2 Reser ved

135 1 Longwave | aser (LC)

135 0 El ectrical inter-enclosure (EL)
136 7 El ectrical intra-enclosure
136 6 Shortwave | aser w o OFC (SN
136 5 Shortwave | aser w OFC (SL)
136 4 Longwave Laser (LL)

136 0- 3 | Reserved

Fi bre Channel transm ssion nmedi a

137 7 Twin Axial Pair (TW

137 6 Shi el ded Twi sted Pair (TP)
137 5 M ni ature Coax (M)

137 4 Vi deo Coax (TV)

137 3 Mul ti-node 62.5m (Mb)

137 2 Mul ti-node 50m ( Mb)

137 1 Mul ti-node 50um ( OVB)

137 0 Si ngl e Mode (SM

Fi bre Channel Speed

138 7 1200 Moyt es/ Sec

138 6 800 Moyt es/ Sec

138 5 1600 Moyt es/ Sec

138 4 400 Moyt es/ Sec

138 3

138 2 200 Moyt es/ Sec

138 1 Reser ved
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[ 138 [0 [100 Moytes/Sec |

7.6.2.5 Encodi ng (Address 139)

The encodi ng val ue indicates the serial encoding nmechanismthat is the nominal design target
of the particular QSFP+ Mddul e. The value shall be contained in the serial data. The defined
encodi ng val ues are shown in Table 34.

Tabl e 34 —Encodi ng Val ues (Address 139)

Code Descri pti on of encodi ng mechani sm
00h Unspeci fi ed

01h 8B10B

02h 4B5B

03h NRZ

04h SONET Scr anbl ed

05h 64B66B

06h Manchest er

07h- FFh | Reserved

6.6.2.6 BR, nom nal (Address 140)

The nominal bit rate (BR, nominal) is specified in units of 100 Megabits per second, rounded
off to the nearest 100 Megabits per second. The bit rate includes those bits necessary to
encode and delimt the signal as well as those bits carrying data information. A value of 0
indicates that the bit rate is not specified and nust be determ ned fromthe Mdul e

technol ogy. The actual information transfer rate will depend on the encoding of the data, as
defined by the encoding val ue.

7.6.2.7 Extended RateSel ect Conpliance (Address 141)

The Extended RateSel ect Conpliance field is used to allow a single QSFP+ Mdul e the
flexibility to conply with single or nultiple Extended RateSel ect definitions. A definition
is indicated by presence of a “1” in the specified bit tag position. |If exclusive, non-

overl apping bit tag definitions are used, Page 00h, byte 141 will allow conpliance to 8 (1-8)
distinct nulti-rate definitions.

Tabl e 35 —Extended Rat eSel ect Conpliance Tag Assi gnment (Address 141)
Address | Bits | Description

141 7-1 | Reserved

141 0 (SFP+ Rate Select Version 1. This functionality
is different from SFF-8472 and SFF-8431

Note: Further details of the use of this field can be found in Clause 7.6.1.7.

7.6.2.8 Length (Standard SM Fi ber)-km (Address 142)

Addition to EEPROM data fromoriginal GBIC definition. This value specifies the link length
that is supported by the QSFP+ Modul e whil e operating in conpliance with the applicable
standards using single node fiber. Supported link length is as specified in the SFF 8074i
standard. The value is in units of kilometers. A value of zero nmeans that the Mdul e does not
support single node fiber or that the Iength informati on nust be determnmined fromthe Mdul e

t echnol ogy.

7.6.2.9 Length (OMB) (Address 143)

This value specifies the Iink Iength that is supported by the QSFP+ Mbdul e while operating in
conpliance with the applicabl e standards using 2000 MHZ*km (850 nm) extended bandw dth 50
mcron core nultinode fiber. The value is in units of 2 neters. A value of zero neans that

t he Modul e does not support OVB fiber or that the length information nust be determ ned from
t he Modul e technol ogy.

7.6.2.10 Length (OWR) (Address 144)

This value specifies the link Iength that is supported by the QSFP+ Mbodul e while operating in
conpliance with the applicabl e standards using 500 Miz*Km (850 nm and 1310 nm 50 m cron

mul ti-node fiber. The value is in units of 1 nmeter. A value of zero neans that the Mdule
does not support OV fiber or that the length information nmust be determined fromthe Mdul e
t echnol ogy.

QSFP+ Copper And Optical Mdul es Page 60



OO~JAN NI WN—

23
24
25

Devel opnent *** THIS IS NOT A FI NAL DRAFT *** SFF-8436 Rev 3.1

7.6.2.11 Length (OML) (Address 145)

This value specifies the Iink Iength that is supported by the QSFP+ Modul e while operating in
conpliance with the applicable standards using 200 MHz*Km (850 nm) and 500 MHz*Km (1310 nm)
62.5 micron multi-node fiber. The value is in units of 1 meter. A value of zero neans that

t he Modul e does not support OML fiber or that the length information nust be deternined from
t he Modul e technol ogy.

7.6.2.12 Length (Copper) (Address 146)

This value specifies the mnimumlink Iength that is supported by the QSFP+ Mbdul e while
operating in conpliance with the applicabl e standards using copper cable. The value is in
units of 1 neter. Supported link length is as specified in the SFF 8074i standard. A val ue of
zero neans that the Moddul e does not support Copper or that the length informati on nust be
determ ned fromthe Mdul e technology. Further infornmation about the cable design
equal i zation, and connectors is usually required to guarantee neeting a particular |ength
requirenent.

7.6.2.13 Device Tech (Address 147)

The technol ogy used in the device is described in Table 36 and Table 37. The top 4 bits of
t he Devi ce Tech byte describe the device technol ogy used. The | ower four bits (bits 7-4) of
the Device Tech byte are used to describe the transmitter technol ogy.

Tabl e 36 —Description of Device Technol ogy (Address 147)

Bits | Description of Physical device
7-4 | Transmitter technol ogy
3 0: No wavel ength contro
1: Active wavel ength contro
2 0: Uncooled transmtter device
1: Cooled transnmitter
1 0: Pin detector
1: APD det ector
0 0: Transmtter not tuneable
1: Transmtter tuneable

Table 37 —Transm tter Technol ogy (Address 147 bits 7-4)
Val ue | Descri ption of physical device

0000b | 850 nnVCSEL

0001b | 1310 nnVCSEL

0010b | 1550 nm VCSEL

0011b | 1310 nm FP

0100b | 1310 nm DFB

0101b | 1550 nm DFB

0110b | 1310 nm EML

0111b | 1550 nm EML

1000b | Copper or others

1001b | 1490 nm DFB

1010b | Copper cabl e unequal i zed

1011b | Copper cabl e passive equalized

1100b | Copper cabl e, near and far end equalizers
1101b | Copper cable, far end equali zers

1110b | Copper cabl es, near end equali zer

1111b | Reserved

7.6.2.14 Vendor Nanme (Address 148-163)

The vendor name is a 16 character field that contains ASCI|I characters, left-aligned and
padded on the right with ASCI| spaces (20h). The vendor name shall be the full nane of the
corporation, a conmmonly accepted abbreviation of the nanme of the corporation, the SCS

conpany code for the corporation, or the stock exchange code for the corporation. At |east
one of the vendor nane or the vendor QU fields shall contain valid serial data.

7.6.2.15 Extended Modul e Codes (Address 164)

The Extended Modul e Codes define the electronic or optical interfaces for InfiniBand that are
supported by the QSFP+ Mbddul e as shown in Table 38.
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Tabl e 38 —Extended Modul e Code Val ues (Address 164)

Addr ess Bit | Description of Mdule Data
I nfini band Conpliance codes

164 7-4 | Reserved

164 3 EDR Speed (20 Gb/s)

164 2 QDR Speed (10 Ghb/s)

164 1 DDR Speed (5.0 Gb/s)

164 0 SDR Speed (2.5 Gops)

7.6.2.16 Vendor QU (Address 165-167)

The vendor organi zationally unique identifier field (vendor QU) is a 3-byte field that
contains the | EEE Conpany ldentifier for the vendor. A value of all zero in the 3-byte field
i ndi cates that the Vendor QUI is unspecified.

7.6.2.17 Vendor PN (Address 168-183)

The vendor part nunber (vendor PN) is a 16-byte field that contains ASCI| characters, |eft
al i gned and padded on the right with ASCI| spaces (20h), defining the vendor part number or
product nane. A value of all zero in the 16-byte field indicates that the vendor PN is
unspeci fi ed.

7.6.2.18 Vendor Rev (Address 184-185)

The vendor revision nunber (vendor rev) is a 2-byte field that contains ASCI| characters,
left aligned and padded on the right with ASCI | spaces (20h), defining the vendor’s product
revi sion nunber. A value of all zero in the field indicates that the vendor Rev is
unspeci fi ed.

7.6.2.19 Wavel ength (Address 186-187)

Nom nal transmitter output wavel ength at roomtenperature. 16 bit hex value with byte 186 as
hi gh order byte and byte 187 as | ow order byte. The | aser wavelength is equal to the 16 bit

i nteger value divided by 20 in nm (units of 0.05nn). This resolution should be adequate to
cover all relevant wavel engths yet provi de enough resolution for all expected DWM
applications. For accurate representation of controll ed wavel ength applications, this val ue
shoul d represent the center of the guaranteed wavel ength range.

If the cable is identified as copper these registers will be used to define the cable
attenuation. An indication of 0O dB attenuation refers to the case where the
attenuation is not known or is unavail able.

Address 186 (00-FFh) is the copper cable attenuation at 2.5GHz in units of 1 dB

Address 187 (00-FFh) is an 8 bit hex value indicating the copper cable attenuation at 5.0G#
inunits of 1 dB

7.6.2.20 Wavel ength Tol erance (Address 188-189)

The guaranteed +/- range of transmtter output wavel ength under all nornmal operating
conditions. 16 bit value with byte 188 as high order byte and byte 189 as | ow order byte. The
| aser wavel ength is equal to the 16 bit integer value divided by 200 in nm (units of
0.005nm . Thus, the follow ng two exanpl es:

Exampl e 1:

10GBASE- LR Wavel ength Range = 1260 to 1355 nm

Nom nal Wavel ength in bytes 186 - 187 = 1307.5 nm

Represented as INT(1307.5 nm* 20) = 26150 = 6626h

Wavel engt h Tol erance in bytes 188 - 189 = 47.5nm

Represented as INT(47.5 nm* 200) = 9500 = 251Ch

Exanpl e 2:

ITUT Gid Wavel ength = 1534.25 nm (195.4 THz) with 0.236 nm ( 30 GHz) Tol erance

Nom nal Wavel ength in bytes 186 - 187 = 1534.25 nm

Represented as | NT(1534.25nm * 20) = 30685 = 77DDh

Wavel engt h Tol erance in bytes 188 - 189 0.236 nm

Represented as I NT(0.236 nm* 200) = 47 002Fh

7.6.2.21 Max Case Tenp (Address 190)
Al l ows specification of a maxi num case tenperature other than the QSFP+ standard of 70C
Maxi mum case tenperature is an 8-bit value in Degrees C

7.6.2.22 CC BASE (Address 191)
QSFP+ Copper And Optical Mdul es Page 62



OO~IN NI WM —

10
11
12

14
15

17
18
19
20

22

Devel opnent *** THIS IS NOT A FI NAL DRAFT *** SFF-8436 Rev 3.1

The check code is a one byte code that can be used to verify that the first 63 bytes of
serial information in the QSFP+ Module is valid. The check code shall be the |ow order 8 bits
of the sumof the contents of all the bytes frombyte 128 to byte 190, inclusive.

7.6.2.23 Options (Address 192-195)
The bits in the option field shall specify the options inplenmented in the QSFP+ Modul e as
descri bed in Table 39.

Tabl e 39 —Option Values (Address 192-195)

Address | Bit Descri ption of option

192 7-0 Reser ved

193 7-1 Reser ved

193 0 RX out put anplitude progranm ng, coded 1 if
i mpl emented, el se O.

194 7-4 Reser ved

194 3 Rx Squel ch Di sable inplenented, coded 1 if
i mpl emented, el se O.

194 2 Rx Qutput Disable capable: coded 1 if
i mpl emented, el se O.

194 1 Tx Squel ch Disable inplenented: coded 1 if
i mpl emented, el se O.

194 0 Tx Squel ch inmplenented: coded 1 if
i mpl emented, el se O.

195 7 Mermory page 02 provided: coded 1 if
i mpl emented, el se O.

195 6 Menmory page 01 provided: coded 1 if
i mpl emented, el se O.

195 5 RATE_SELECT is inplenented. |If the bit is set
to 1 then active control of the select bits in
the upper nmenory table is required to change
rates. If the bit is set to 0, no control of
the rate select bits in the upper nenory table
is required. In all cases, conpliance with
multiple rate standards shoul d be deternined
by Modul e Codes in Bytes 132, 133, 134 and 135
of Page 00h.

195 4 Tx_DI SABLE is inplenented and di sabl es the
serial output.

195 3 Tx_FAULT signal inplenmented, coded 1 if
i npl enented, else O

195 2 Tx Squel ch inplenented to reduce OVA coded 0O
i npl enented to reduce Pave coded 1

195 1 Loss of Signal inplenmented, coded 1 if
i npl enented, else O

195 0 Reser ved

7.6.2.24 Vendor SN (Address 196-211)

The vendor serial nunber (vendor SN) is a 16-character field that contains ASCI|I characters,
| eft aligned and padded on the right with ASCI| spaces (20h), defining the vendor’'s seria
nunber for the QSFP+ Module. A value of all zero in the 16-byte field indicates that the
vendor SN is unspecified

7.6.2.25 Date Code (Address 212-219)
The date code is an 8-byte field that contains the vendor’'s date code in ASCI| characters.
The date code is nandatory. The date code shall be in the format specified by Table 40.

Table 40 —Date Codes (Address 212-219)
Addr ess Description of field
212-213 ASCI| code, two low order digits of year
(00=2000)
214- 215 ASCI| code digits of nonth(01=Jan through
12=Dec
216-217 ASCI| code day of nonth (01-31)
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218- 219 ASCI | code, vendor specific |ot code, nmay
be bl ank

7.6.2.26 Diagnostic Mnitoring Type (Address 220)

“Di agnostic Monitoring Type”

shown in Table 41.

Digita
t enper at ure.
docunent .

Al digita

in this docunent.

Bit 3 indicates whether the received power

Di agnostic Monitors nonitor
Addi tional |y,

is a l-byte field with 8 single bit
di agnostic monitoring is inplenented in the particular QSFP+ Mdul e.

al arm and war ni ng threshol ds mnust
Auxiliary monitoring fields are optiona
noni toring val ues mnust

i ndi cators describing how
Bit indicators are
recei ved power, bias current, supply voltage and

be witten as specified in this
extensions to Digital Diagnostics.

be internally calibrated and reported in the units defined
nmeasur ement

represents average i nput optical power

or OMA. If the bit is set, average power is nonitored. |If not, OVA is nonitored
Table 41 —Di agnostic Mnitoring Type (Address 220)
Addr ess Bits | Description
220 7-5 Reser ved
220 4 Modul e Respond to FEC BER. 0=no BER Support. 1=BER
Suppor t
220 3 Recei ved power neasurenents type. 0=OMA 1=Aver age Power
220 2 Reserved
220 1-0 Reser ved

7.6.2.27 Enhanced Options (Address 221)
The format of the Enhanced Options byte are shown in Table 42. The use of the Enhanced
Options field is defined in Clause 6.6.1.7. The state where the Rate Select declaration bits

both have a value of 1 is reserved and shoul d not

be used.

Tabl e 42 —Enhanced Options (byte 221))

Addr ess Bit | Description

221 7-4 | Reserved

221 3 Rate Sel ection Declaration: Wen this Declaration bit is
0 the nmodul e does not support rate selection. Wen this
Decl aration bit is 1, rate selection is inplenmented
usi ng extended rate selection. See 6.6.1.7.2

221 2 Application select table declaration. Wien this
declaration bit is 1, the nodul e supports rate selection
using application select table nechanism Wen this
declaration bit is 0, the nodul e does not support
application select and page 01 does not exi st

221 1-0 | Reserved

7.6.2.28 CC _EXT (Address 223)
The check code is a one-byte code that can be used to verify that the first 32 bytes of
ext ended seri al

or der
i ncl usi ve.

information in the QSFP+ Module is valid. The check code shal

8 bits of the sumof the contents of al

be the | ow
the bytes frombyte 192 to byte 222,

7.6.2.29 Vendor Specific (Address 224-255)

This area may contain vendor specific information,

whi ch can be read fromthe QSFP+ Modul e.

The data is read only. Bytes 224-255 of Page 00h nmay be used for Vendor Specific ID

functions.

7.6.3 Upper

Menory Map Page Olh
The format of Page 01h is defined in Table 43.

Table 43 —Application Select Table (Page 01)

QSFP+ Copper And Opti cal

Byt e Bit Nane of Field Description
Range
128 7-0 CC_APPS Check code for the AST: the check
code shall be the |low order bits
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of the sumof the contents of al
the bytes frombyte 129 to byte
255, inclusive.

129 7-6 Reserved
129 5-0 AST Tabl e A 6 bit binary nunber. TL,
Length, TL speci fi es how many application

table entries are defined in bytes
130- 255 addresses. TL is valid
between 0 (1 entry) and 62 (for a
total of 63 entries)
130,131 |7-0,7-0 | Application Code |Definition of first application

0

support ed
O her Table
Entries
130+2*TL | 7-0, 7-0 | Application code |Definition of last application
131+2*TL TL support ed

Table 44 — Application Code Structure

Low Order Byte H gh order Byte
7 [ 6 5 [4 3 2 [1 [0 7 | 6 |5 | 4 [ 3 [ 2 [1 [0
Reser ved Cat egory Var i ant

7.6.4 User Witable and Vendor Specific Menory

Page 02 is optionally provided as user witable EEPROM The host systemmay read or wite
this menmory for any purpose. If bit 4 of Page 00 byte 129 is set, however, the first 10 bytes
of Table 02h, bytes128-137 will be used to store the CLElI code for the nodul e.

7.6.5 Upper Menory Page 03h

The upper nenory nmap page 03h contains nodul e threshol ds, channel thresholds and masks, and
optional channel controls. These are shown in Table 45 and described in detail in Cause
6.6.1, Clause 6.6.1.6 and C ause 6.6.1. 4.

Tabl e 45 —Upper Menory Map Page 03h

Byt e Address | Description Type

128-175 Modul e Threshol ds (48 Byt es) Read- Onl y

176-223 Channel Threshol ds (48 Bytes) Read- Onl y

224-225 Reserved (2 Bytes) Read- Onl y

226-239 Vendor Specific Channel Controls Read/ Wite
(2 Bytes)

240- 241 Optional Channel Controls (2 Read/ Wite
byt es)

242-253 Channel Monitor Masks (12 Bytes) Read/ Wite

254- 255 Reserved (2 bytes) Read/ Wite

7.6.5.1 Modul e and Channel Threshol ds

Each nonitor val ue has a corresponding high alarm |ow alarm high warning and | ow war ni ng
threshol d. These factory-preset values allow the user to determi ne when a particul ar val ue
is outside of “nornmal” limts as determ ned by the Mdul e manufacturer. It is assuned that
these values will vary with different technol ogies and different inplenmentations. These

val ues are stored in read-only nenory in bytes 128-223 of the upper nenory page 03h as shown
in Table 46.

The val ues reported in the Alarm and Warni ng Threshol ds area may be typical values at somne
chosen nom nal operating conditions and may be tenperature conpensated or otherw se adjusted
when setting warning and/or alarmflags. Any threshold conpensation or adjustnent is vendor
specific and optional. Refer to the vendor’s data sheet for use of alarm and warning

t hreshol ds.

Tabl e 46 —Mbdul e and Channel Threshol ds

Address | # Nane Description
Byt es
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128-129 | 2 Tenp Hi gh Alarm MSB at | ow address
130=131 | 2 Tenp Low Al arm MSB at | ow address
132-133 | 2 Tenp H gh Warni ng MSB at | ow address
134-135 | 2 Tenp Low Wrni ng MSB at | ow address
136-143 | 8 Reser ved
144-145 | 2 Vcc Hi gh Alarm MSB at | ow address
146-147 | 2 Vcc Low Al arm MSB at | ow address
148-149 | 2 Vcc H gh Warni ng MSB at | ow address
150-151 | 2 Vcc Low Wrni ng MSB at | ow address
152-175 | 24 Reser ved
176-177 | 2 RX Power High Alarm | MSB at | ow address
178-179 | 2 RX Power Low Alarm | MSB at | ow address
180-181 | 2 RX Power Hi gh MSB at | ow address
T ni ng
182-183 | 2 RX Power Low M5B at | ow addr ess
T ni ng
184-185 | 2 Tx Bias High Alarm | M5B at | ow address
186-187 | 2 Tx Bias Low Al arm V5B at | ow addr ess
188-189 | 2 Tx Bias High MSB at | ow address
T ni ng
190-191 | 2 Tx Bias Low Warning | MSB at | ow address
192-199 | 8 Reserved Reserved threshol ds for channel paraneter
set 3
200-207 | 8 Reserved Reserved threshol ds for channel paraneter
set 4
208-215| 8 Reserved Reserved threshol ds for channel paraneter
set 5
216-223 | 8 Reserved Reserved threshol ds for channel paraneter
set 6
7.6.5.2 Optional Channel Controls
Upper Menory Page Control Bits are defined in Table 47.
Tabl e 47 —Optional Channel Controls
Byte | Bit | Name Descri ption
238 | 7-4 | RX1 out put Qut put anplitude levels wth no equalization
anpl i tude enabl ed
3-0 | RX2 out put Qut put anplitude levels wth no equalization
anpl i tude enabl ed
239 | 7-4 | RX3 out put Qut put anplitude levels wth no equalization
anpl i tude enabl ed
3-0 | RX4 out put Qut put anplitude levels wth no equalization
anpl i tude enabl ed
240 |7 Rx4 SQ Di sabl e Rx Squel ch Di sabl e Channel 4 (optional)
6 Rx3 SQ Di sabl e Rx Squel ch Di sabl e Channel 3 (optional)
5 Rx2 SQ Di sabl e Rx Squel ch Di sabl e Channel 2 (optional)
4 Rx1 SQ Di sabl e Rx Squel ch Di sabl e Channel 1 (optional)
3 Tx4 SQ Di sabl e Tx Squel ch Di sabl e Channel 4 (optional)
2 Tx3 SQ Di sabl e Tx Squel ch Di sabl e Channel 3 (optional)
1 Tx2 SQ Di sabl e Tx Squel ch Di sabl e Channel 2 (optional)
0 Tx1 SQ Di sabl e Tx Squel ch Di sabl e Channel 1 (optional)
241 |7 Rx4 Qut put Di sabl e Rx Qut put Di sabl e channel 4 (optional)
6 Rx3 Qut put Di sable Rx CQut put Disable channel 3 (optional)
5 Rx2 Qutput Disable Rx CQut put Disable channel 2 (optional)
4 Rx1 Qut put Di sabl e Rx Qut put Di sabl e channel 1 (optional)
3 Reser ved
2 Reser ved
1 Reser ved
0 Reserved
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Tabl e

normal |y operational

Witing a “1”

t he associ ated channel .
squel ches the output of the associated channel .
t he associ at ed out put

a channel ,

7.6.5.3 Channel

Moni t or

* k%
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(address 238-239)

in the Squel ch Disable register

Witing

Masks

each channel

Code Recei ver Qut put Anplitude
No Qutput Equalization
Nomi nal Units

IXXX Reserved

0111 Reser ved nV( pk- pk)
0110 Reser ved nV( pk- pk)
0101 Reser ved nV( pk- pk)
0100 Reser ved nV( pk- pk)
0011 600- 1200 nV( pk- pk)
0010 400- 800 nV( pk- pk)
0001 300- 600 nV( pk- pk)
0000 200- 400 nV( pk- pk)

functionality is optional; if inplenented,

a “1” in the Qutput
Wen a “1”

i s di sabl ed.

using bytes 240 and 241 of page 03h.
as described in dause 3.1.3, Hi gh Speed El ectri cal
(byte 240, page 03h) disables the squelch for
Di sabl e register
is witten in both registers for
The registers read all

squel ch and out put
Squel ch is
Speci fication.
(byte 241, page 03h)

“0”s upon power - up.

The Masking Bits for the Channel Mnitor Functions are defined in Table 48.
Tabl e 49 —Channel Monitor Masks
Byt e Bit | Nane Descriptioin
242 7 M Rx1 Power High Alarm | Masking Bit for high RX Power al arm channel 1
6 M Rx1 Power Low Al arm Masking Bit for | ow RX Power al arm channel 1
5 M Rx1 Power Hi gh Masking Bit for high RX Power warning channel
VMr ni ng 1
4 M Rx1 Power Low Warning | Masking Bit for | ow RX Power warning channel
1
3 M Rx2 Power High Alarm | Masking Bit for high RX Power al arm channel 2
2 M Rx2 Power Low Al arm Masking Bit for | ow RX Power al arm channel 2
1 M Rx2 Power Hi gh Masking Bit for high RX Power warning channel
VMr ni ng 2
0 M Rx2 Power Low Warning | Masking Bit for | ow RX Power warning channel
2
243 7 M Rx3 Power High Alarm | Masking Bit for high RX Power al arm channel 3
6 M Rx3 Power Low Al arm Masking Bit for | ow RX Power al arm channel 3
5 M Rx3 Power Hi gh Masking Bit for high RX Power warning channel
VMr ni ng 3
4 M Rx3 Power Low Warning | Masking Bit for |ow RX Power warni ng channel
3
3 M Rx4 Power Hi gh Alarm | Masking Bit for high RX Power al arm channel
4
2 M Rx4 Power Low Al arm Masking Bit for | ow RX Power al arm channel 4
1 M Rx4 Power Hi gh Masking Bit for high RX Power warning channel
T ni ng 4
0 M Rx4 Power Low Warning | Masking Bit for |ow RX Power warni ng channel
4
244 7 M Tx1 Bias Hi gh Alarm Masking Bit for high TX Bias alarmchannel 1
6 M Tx1 Bias Low Al arm Masking Bit for low TX Bias al arm channel 1
5 M Tx1 Bi as Hi gh Warning | Masking Bit for high TX Bi as warni ng channel
1
4 M Tx1 Bi as Low Warni ng Masking Bit for ow TX Bias warning channel 1
3 M Tx2 Bias Hi gh Alarm Masking Bit for high TX Bias al arm channel 2
2 M Tx2 Bi as Low Al arm Masking Bit for low TX Bias al arm channel 2
1 M Tx2 Bias H gh Warning | Masking Bit for high TX Bias warni ng channel
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2
0 M Tx2 Bi as Low Warni ng Masking Bit for |ow TX Bias warni ng channel 2
245 7 M Tx3 Bias H gh Alarm Masking Bit for high TX Bias al arm channel 3
6 M Tx3 Bias Low Al arm Masking Bit for low TX Bias al arm channel 3
5 M Tx3 Bias H gh Warning | Masking Bit for high TX Bias warni ng channel
3
4 M Tx3 Bi as Low Wr ni ng Masking Bit for |ow TX Bias warning channel 3
3 M Tx4 Bias H gh Alarm Masking Bit for high TX Bias al arm channel 4
2 M Tx4 Bias Low Al arm Masking Bit for |ow TX Bias al arm channel 4
1 M Tx4 Bias H gh Warning | Masking Bit for high TX Bias warni ng channel
4
0 M Tx4 Bi as Low Wr ni ng Masking Bit for |ow TX Bias warning channel 4
246- Al'l | Reserved Reserved channel nonitor masks set 3
247
248- Al'l | Reserved Reserved channel nonitor masks set 4
249
250- Al'l | Reserved Reserved channel nonitor masks set 5
251
252- Al'l | Reserved Reserved channel nonitor masks set 6
253
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