Dual BiDirectional (BiDi) SFP Optical Transceivers

Introduction

This design guide provides the information needed to incorpor
in the customerds system. This transceiver product integrate
different wavelengths in the same SFP package form factor. They are compliant with the CSFP MSA Option 2

and SFFR8472. For more detail information, please visit OptixCom web site: http://www.OptixCom.com for the

official documentation.
The reference guide covers the following topics:

A. Pin Assignment & Description

B. Recommended Interface Circuit

C. Package Outline

D. SFP Transceiver Host Board Mechanical Layout

E. Electrical Connector Mechanical Layout

F. Connector Insertion, Extraction, and Retention Force
G. Timing Requirements of Control and Status 1/O

H. Module Definition Interface and Data Field Description

A. Pin Assignment & Description

The SFP transceiver contains a printed circuit board that mates with the SFP electrical connector. The pads are
designed for a sequenced mating:

- First mate ground contacts
- Second mate  power contacts Bottom of Board
- Third mate signal contacts (as viewed thru

Top of Board top of the board)
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PIN Symbol Description PIN Symbol Description
1 TX GND Transmitter Ground 11 RX GND Receiver Ground
2 TX_FAULT Transmitter Fault 12 RD1- Receiver 1 Data Output -
3 TX1_DIS Transmitter 1 Disable 13 RD1+ Receiver 1 Data output +
4 MOD_DEF (2) Module Definition (2) 14 RX2_LOS Receiver 2 Loss of Signal
5 MOD_DEF (1) Module Definition (1) 15 RX Vce Receiver Power Supply
6 TD2- Transmitter 2 Data Input - 16 TX Vce Transmitter Power Supply
7 TD2+ Transmitter 2 Data Input + 17 TX2_DIS Transmitter 2 Disable
8 RX1_LOS Receiver 1 Loss of Signal 18 TD1+ Transmitter 1 Data Input +
9 RD2+ Receiver 2 Data output + 19 TDI- Transmitter 1 Data Input -
10 RD2- Receiver 2 Data Output - 20 TX GND Transmitter Ground

RX_LOSIt is an open collector/drain output, which should be pulled up with a 4.7K 10K resistor. Pull up
voltage between 2.0V and TX Vcc. TTL logic HIGH when the receiver optical power is below the worst
receiver sensitivity, logic LOW otherwise for normal operation. Connect to ground if not needed. In the low
state, the output will be pulled to < 0.8V.

-case

TX DIS: Itis an input used to shut down the transmitter optical output. Itis pulled up within the module with a
4.7 K 10 Kresistor. TTL logic HIGH when the transmitter is turned off. Open collector compatible. Connect
to ground if not needed. Its states are:

Low (0 0.8V): Transmitter on
(>0.8, <2.0V): Undefined

High (2.0 3.5V):  Transmitter Disabled
Open: Transmitter Disabled

TX_FAULTIt is an open collector/drain output, which should be pulled up with a 4.7K 10K resistor on the host
board. Pull up voltage between 2.0V and TX Vcc. TTL logic HIGH when the transmitter is in fault condition

and the laser is turned off. Can be reset by TX_DIS. Low indicates normal operation. In the low state, the

output will be pulled to < 0.8V. Open collector compatible. Connect to ground if not needed.

MOD_DEF (1): Module definition and presence bit 1. TTL logic LOW or Serial Clock Signal (SCL) for protocol.
MOD_DEF (2): Module definition and presence bit 2. TTL logic LOW or Serial Data Signal (SDA) for protocol.

MOD_DEF (1), (2) are the module definition pins. They should be pulled up with a 4.7K 10K resistor on the
host board. The pull -up voltage shall be TX Vcc or RX Vcc.
Mod -Def (1) is the clock line of two wire serial interface for serial ID Mod

serial interface for serial ID.

-Def (2) is the data line of two wire

TD+, TDB: AC coupling, PECL differential transmitter inputs with 100 N differential lines inside the module. The
AC coupling is done inside the module and is thus not required on the host board. The inputs will accept
differential swings of 400 1800 mV (200 900 mV single -ended), though it is recommended that values
between 400 and 1800 mV differential (200 900 mV single -ended) be used for best EMI performance.
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RD+, RB: AC coupling, PECL differential receiver outputs. 100 N differential lines terminated at the user SERDES.
The AC coupling is done inside the module and is thus not required on the host board. The voltage swing on these
lines will be between 400 and 1800 mV differential (200 900 mV single ended) when properly terminated.

B. Recommended Interface Circuit

OptixCom Dual BiDi SFP Transceiver
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C. Package Outline
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Unit: mm, typical tolerance for these dimensions is N0.2 mm
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D. SFP Transceiver Host Board Mechanical Layout
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D. SFP Transceiver Host Board Mechanical Layout (Cont.)
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Connector Dimensions

Designator Dimension Tolerance Comments
{mm} {(mm)

A 9.4 + 0.08 Connector card slot width

B 1.4 +0.05 Guide pin diameter

C 11.2 Maximum Connector width

D 9.2 Maximum Connector length

E 3.5 Reference Distance from centerline of connector
to outer contact

F 3.9 Reference Distance from centerline of connector
to outer contact

G 1.35 Maximum Connector card slot height

H 2.6 Minimum Height from bottom of connector to
bottom of card slot

J 9.6 TP Distance between guide pins

K 0.9 Reference Diamond guide pin width

L 1.4 +0.05 Diamond guide pin length

M 5.4 Maximum Connector height

N 0.8 Reference Length of solder leads past housing,
front & rear

P 6.0 Minimum Depth of card slot from front face of
housing

Q 3.0 Maximum Depth of contact point from front face
of connector

R 0.7 +0.1 Size of chamfer on top face of
connector

S 0.3 Reference Distance boss extends past front face
of connector

T 1.0 Minimum Size of chamfer at entry of card slot,
all around

U 4.5 Reference Length from centerline of guide posts
to end of solder lead

F. Connector Insertion, Extraction, and Retention Force

The requirement for the various functional forces and the durability cycles are specified in the following Table.

Insertion, Extraction, and Retention Force

Measurement Minimum | Maximum | Units Comments
SFP transceiver insertion 0 40 Newtons
SFP transceiver extraction 0 11.5 Newtons
SFP transceiver retention a0 170 Newtons | Mo damage to transceiver
below 90N
Cage retention (Latch strength) 180 NIA Newtons | Mo damage to latch below
180N
Cage kickout spring force 11.5 22 Newtons
Insertion / removal cycles, 100 N/A cycles
connector/cage
Insertion / removal cycles, SFP 50 N/A cycles
tfransceiver
B B
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G. Timing Requirements of Control and Status I/O

The timing requirements of the control and status lines are drawn largely from the GBIC standard at the
time of writing. They are summarized in the Table below:

Timing Requirements of Control and Status 1/0

Parameter Symbol Min | Max | Unit Condition

TX Disable Assert Time from rising edge of TX

Time t_off 10 us | Disable to when the optical
output falls below 10% of
nominal

TX Disable Negate Time from falling edge of TX

Time t_on 1 ms | Disable to when the modulated
optical output rises above 90%
of nominal

Time to initialize, From power on or negation of TX

including reset of t_init 300 | ms |Faultusing TX Disable

TX_Fault

TX Fault Assert Time | t_fault 100 | us | Time from fault to TX fault on.

TX Disable to reset t_reset 10 us | Time TX Disable must be held
high to reset TX_fault

LOS Assert Time t_loss_on 100 | ws | Time from LOS state to RX LOS
assert

LOS Deassert Time t_loss_off 100 | ws | Time from non-LOS state to RX
LOS deassert

Rate-Select Change t_ratesel 10 us | Time from rising or falling edge

Time of Rate Select input until receiver
bandwidth is in conformance
with appropriate specification.

Serial ID Clock Rate f_serial_clock 100 | kHz

SFP transceiver power on initialization procedure, TX_DISABLE negated.

During power on of the SFP transceiver, TX_FAULT, if implemented, may be asserted (High) as soon as
power supply voltages are within specification. For transceiver initialization with TX_DISABLE negated,
TX_FAULT shall be negated when the transmitter safety circuitry, if implemented, has detected that the
transmitter is operating in its normal state. If a transmitter fault has not occurred, TX_FAULT shall be
negated within a period t_init from the time that TX Vcc exceeds the specified minimum operating
voltage.

If TX_FAULT remains asserted beyond the period t_init, the host may assume that a transmission fault has
been detected by the transceiver. If no transmitter safety circuitry is implemented, the TX_FAULT signal
may be tied to its negated state.
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The power -on initialization timing for a transceiver with TX_DISABLE negated is shown in the following figure.

Vee >3.15V

S \

TX FAULT N

TX_DISABLE

Transmitted Signal

t_init

Power on initialization of SFP transceiver, TX_DISABLE negated

SFP transceiver power on initialization procedure, TX_DISABLE asserted.

For SFP transceiver power on initialization with TX_DISABLE asserted, the state of TX_FAULT is not defined while
TX_DISABLE is asserted. After TX_DISABLE is negated, TX_FAULT may be asserted while safety circuit initialization
is performed. TX_FAULT shall be negated when the transmitter safety circuitry, if implemented, has detected

that the transmitter is operating in its normal state. If a transmitter fault has not occurred, TX_FAULT shall be

negated within a period t_init from the time that TX_DISABLE is negated. If TX_FAULT remains asserted beyond

the period t_init, the host may assume that a transmission fault has been detected by the transceiver.

If no transmitter safety circuitry is implemented, the TX_FAULT signal may be tied to its negated state. The
power -on initialization timing for a SFP transceiver with TX_DISABLE asserted is shown in the following figure.

Vee >3.15V

TX_FAULT ™

TX_DISABLE

Transmitted Signal

'y
r

t_init

Power on initialization of SFP, TX_DISABLE asserted Initialization during hot plugging of SFP TRANSCEIVER
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When a transceiver is not installed, TX_FAULT is held to the asserted state by the pull up circuits on the
host. As the SFP transceiver is installed, contact is made with the ground, voltage, and signal contacts in
the specified order. After the SFP has determined that TX Vcc has reached the specified value, the
power on initialization takes place as described in the above sections. An example of initialization during
hot plugging is provided in the following figure.

Voo >3.15V
__________ Y
TX FAULT | 5 N

TX_DISABLE

Transmitted Signal

=
Insertion t_init

¥

Example of initialization during hot plugging, TX_DISABLE negated.

SFP transmitter management

The timing requirements for the management of optical outputs from the SFP transceiver using the
TX_DISABLE signal are shown in the figure below. Note that the t on time refers to the maximum delay until
the modulated optical signal reaches 90% of the final value, not just the average optical power.

TX_FAULT

TX_DISABLE \

Transmitted Signal ‘ ‘
—»‘ t offle—  —» ton l—

SFP TX_DISABLE timing during normal operation

SFP transceiver fault detection and presentation

TX_FAULT shall be implemented by those module definitions of SFP transceiver supporting safety circuitry. If
TX_FAULT is not implemented, the signal shall be held to the low state by the SFP transceiver.

Occurrence of Fault

TX FAULT £ 4

TX_DISABLE

Transmitted Signal

—Pp +—— t fault

Detection of transmitter safety fault condition
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SFP transceiver fault recovery

The detection of a safety -related transmitter fault condition presented by TX_FAULT shall be latched. The
following protocol may be used to reset the latch in case the transmitter fault condition is transient. To reset
the fault condition and associated detection circuitry, TX_DISABLE shall be asserted for a minimum of t_reset.
TX_DISABLE shall then be negated. In less than the maximum value of t_init the optical transmitter will
correctly reinitialize the laser circuits, negate TX_FAULT, and begin normal operation if the fault condition is
no longer present. If a fault condition is detected during the re -initialization, TX_FAULT shall again be
asserted, the fault condition again latched, and the optical transmitter circuitry will again be disabled until

the next time a reset protocol is attempted. The manufacturer of the SFP shall ensure that the optical power
emitted from an open connector or fiber is compliant with IEC825 -1 and CDRH during all reset attempts,
during normal operation or upon the occurrence of reasonable single fault conditions. The SFP transceiver
may require internal protective circuitry to prevent the frequent assertion of the TX_DISABLE signal from
generating frequent pulses of energy that violate the safety requirements. The timing for successful recovery
from a transient safety fault condition is shown in the following figure.

Occurrence of Fault : N,

TX_FAULT \

TX_DISABLE

Transmitted Signal

t_reset —» -—

< >
t_init*

*SFP shall clear TX_FAULT in < t_init if the failure is transient

Successful recovery from transient safety fault condition

An example of an unsuccessful recovery, where the fault condition was not transient, is shown in the following

figure.
Occurrence of Fault N 4
TX_FAULT 4
TX_DISABLE
Transmitted Signal N
—» |<— t fault
t reset —m -
[ — g
t_init*
*SFP shall clear TX_FAULT in < t_init if the failure is transient
Unsuccessful recovery from safety fault condition
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SFP transceiver loss of signal indication

The LOS signal is intended as a preliminary indication to the system in which the SFP transceiver is installed that
the link signals are likely to be outside the required values for proper operation. Such indications typically point

to non -installed cables, broken cables, or a disabled, failing or powered off transmitter at the far end of the
cable. Additional indications are provided by the system in which the SFP transceiver is installed to verify that

the information being transmitted is valid, correctly encoded, and in the correct format. Such additional
indications are outside the scope of the SFP TRANSCEIVER MSA. The timing of the LOS function is specified in
the following figure.

Occurrence of loss

LOS

t loss on —» }¢ - }1— t loss off

Timing of LOS detection

H. Module Definition Interface and Data Field Description

The definition of the MOD -DEF function is drawn largely from the GBIC standard with some small, but backwards
compatible, changes to the fields or allowed values to reflect the latest standards and expectations for these
transceivers. In some cases, this backward compatibility approach results in the possibility of illegal combinations
(such as defining an SFP module with SC optical connectors). Some locations previously reserved in the GBIC
serial identification have now been defined.

It should be noted that only the serial module definition and the basic Mod -Def 0 indication of module present
are implemented. The use of MOD DEF lines as static codes for module definition as done with GBIC are not
implemented.

Overview

The SFP serial ID provides access to sophisticated identification information that describes the transceiver's
capabilities, standard interfaces, manufacturer, and other information. The serial interface uses the 2 -wire serial
CMOS E2PROM protocol defined for the ATMEL AT24C01A/02/04 family of components.

When the serial protocol is activated, the host generates the serial clock signal (SCL, Mod Def 1). The positive
edge clocks data into those segments of the E2PROM that are not write -protected within the SFP transceiver.
The negative edge clocks data from the SFP transceiver.

The serial data signal (SDA, Mod Def 2) is bi -directional for serial data transfer. The host uses SDA in conjunction
with SCL to mark the start and end of serial protocol activation. The memories are organized as a series of 8 -bit
data words that can be addressed individually or sequentially.
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This section defines the information structures that are obtained from the SFP transceiver via the serial ID.

A SFP transceiver shall meet the electrical and optical requirements, including amplitude, eye diagram, jitter,
and other parameters, specified for the standards with which the transceiver claims compliance.

Serial information definition

The 2-wire serial CMOS E2PROM provides sequential or random access to 8 bit parameters, addressed from
0000h to the maximum address of the memory. The address select pins for the serial CMOS E2PROM shall be set
to zero (fixed at the VIL low level). The fields specified by this section shall not be written by the host in which it is
installed. The SFP transceiver may enforce this by using the write protect features of the CMOS E2PROM.

The word address is transmitted with the high order bit transmitted first. The protocol for the 2 - wire serial
interface sequentially transmits one or more 8  -bit bytes, with the data byte addressed by the lowest word
address transmitted first. In each data byte, the high order bit (bit 7 in the accompanying tables) is transmitted
first.

Numeric fields are expressed in binary, with the high order byte being transferred first and the high order bit of
each byte being transferred first. Numeric fields are padded on the left with binary zero values.

Character strings are ordered with the first character to be displayed located in the lowest word address of the

string. Each character shall be coded as a US  -ASCII character as defined by ISO 8859 -1, with the high order bit
transmitted first. All character strings will be padded on the

right with ASCII spaces (20h) to fill empty bytes.

All bits of reserved fields shall be set to zero until future definitions require their use.
A minimum of 96 bytes shall be readable by the serial identification process.

The maximum clock rate of the serial interface shall be 100 KHz. The following tables define the contents of the
serial CMOS E2PROM. The first table is a summary of all the data fields in the serial ID chip. The remaining tables
contain detailed descriptions of the individual data fields.

I -
U.S.A. Office: Optix Communications, Inc. http://www.OptixCom.com Germany Office: OptixCom GmbH
17901 Von Karman Avenue, Suite 600, http://www.OpticalTransceiver.com Magdeburger Strase 18, 66121
Irvine, CA 92614 Email: Support@OptixCom.com Saarbruecken , Germany

Tel: (949) 679-5712  Fax: (949) 420-2134 Tel: +49 (0)681 4013-5172

Page 13


http://www.optixcom.com/
http://www.optoictech.com/
mailto:Support@optoICtech.com

Optical Transceivers

Design Reference Guide

Serial ID: Data Fields

I B
U.S.A. Office: Optix Communications, Inc. http://www.OptixCom.com Germany Office: OptixCom GmbH
17901 Von Karman Avenue, Suite 600, http://www.OpticalTransceiver.com Magdeburger Strase 18, 66121
Irvine, CA 92614 Email: Support@OptixCom.com Saarbruecken , Germany

Tel: (949) 679-5712  Fax: (949) 420-2134 Tel: +49 (0)681 4013-5172

Page 14


http://www.optixcom.com/
http://www.optoictech.com/
mailto:Support@optoICtech.com

