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Section 1: Digital Diagnostic Overview:

Luminent Small-Form-Factor Hot-Pluggable Fiber-Optic Transceiver (SFP) offers digital diagnostic interface for software access of module ID and internal status through a 2-wire I2C bus.

The general definitions of digital diagnostic and monitoring functions are documented in an industry standard SFF-8472, “Specifications for Diagnostic Monitoring Interface for Optical Transceivers”. This application note describes the available features and design information for software development.
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Figure 1: General memory map for SFP with digital diagnostic interface

In addition to providing the ID information defined in SFP MSA, digital diagnostic interface includes the following enhanced monitoring features:

- Real time measurements of internal temperature, power supply voltage, transmitter laser bias current, transmitter output power, and received optical power, in digital format. 

- Real time monitoring of the above signals and set up alarm flags when signal exceeds preset limit.

- Provide software indicators for transmitter malfunction and receiver loss-of-signal.

- Generate hardware interrupt through TX_FAULT line. (Optional)

- Transmitter software disable. (?)

The real time data and the preset values of digital diagnostic information are stored in an extended memory area with I2C serial interface address A2h. The A2h memories consist of both non-volatile and volatile memories. Dynamically update of measurements and the status are saved in the SRAM, while the threshold values for generating alarm or warning flags and the calibration constants for signal measurement are programmed into EEPROM.

Section 2: Serial ID Memories and Coding Tables

Every SFP module carries a set of coded information which includes vendor identification, vendor part number and serial number, manufacturing date code, fiber-optic connector type, transmitter wavelength, link distance on the supported media, and intended system application. 

The memory content and the coding scheme for each register are summarized in Table 1 (a) through (d). There are 128 bytes of memories specified as “Serial ID Fields” and they are located under the serial interface address A0h.

Table 1(a): A0h memory map (address 0 to 35)
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Table 1(b): A0h memory map (address 36 to 63)
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Table 1(c): A0h memory map (address 64 to 95)
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Table 1(d): A0h memory map (address 96 to 127)
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Table 2: Identifier Values

	Value 
	Description of physical device

	00h 
	Unknown or unspecified

	01h 
	GBIC

	02h 
	Module/connector soldered to motherboard

	03h 
	SFP

	04-7Fh 
	Reserved

	80-FFh 
	Vendor specific


Table 3: Extended Identifier Values

	Value 
	Description of connector

	00h 
	GBIC definition is not specified or the GBIC definition is not compliant with a defined MOD_DEF. See product specification for details.

	01h 
	GBIC is compliant with MOD_DEF 1

	02h 
	GBIC is compliant with MOD_DEF 2

	03h 
	GBIC is compliant with MOD_DEF 3

	04h 
	GBIC/SFP function is defined by serial ID only

	05h 
	GBIC is compliant with MOD_DEF 5

	06h 
	GBIC is compliant with MOD_DEF 6

	07h 
	GBIC is compliant with MOD_DEF 7

	08-FFh 
	Reserved


Table 4: Connector Values

	Value 
	Description of connector

	00h 
	Unknown or unspecified

	01h 
	SC

	02h 
	Fibre Channel Style 1 copper connector

	03h 
	Fibre Channel Style 2 copper connector

	04h 
	BNC/TNC

	05h 
	Fibre Channel coaxial headers

	06h 
	FiberJack

	07h 
	LC

	08h 
	MT-RJ

	09h 
	MU

	0Ah 
	SG

	0Bh 
	Optical pigtail

	0C-1Fh 
	Reserved

	20h 
	HSSDC II

	21h 
	Copper Pigtail

	22h-7Fh 
	Reserved

	80-FFh 
	Vendor specific


Table 5: Transceiver codes

	Data Address
	Bit 1 
	Description of transceiver 
	Data Address
	Bit 1 
	Description of transceiver

	
	
	
	
	
	

	Infiniband Compliance Codes
	 Fibre Channel link length

	3
	4-7
	Reserved 
	7
	7
	Very Long Distance (V)

	3
	3
	1X SX 
	7
	6
	Short Distance (S)

	3
	2
	1X LX 
	7
	5
	Intermediate Distance (I)

	3
	1
	1X Copper Active
	7
	4
	 Long Distance (L)

	3
	0
	1X Copper Passive
	Fibre Channel transmitter technology

	
	 
	 
	7
	3-2
	Reserved

	SONET Compliance Codes
	7
	1
	Longwave laser (LC)

	4
	5-7
	Reserved 
	7
	0
	Electrical inter-enclosure (EL)

	4
	4
	SONET reach specifier bit 1
	8
	7
	Electrical intra-enclosure (EL)

	4
	3
	SONET reach specifier bit 2
	8
	6
	Shortwave laser w/o OFC (SN)

	4
	2
	OC 48, long reach
	8
	5
	Shortwave laser w/ OFC (SL)

	4
	1
	OC 48, intermediate reach
	8
	4
	Longwave laser (LL)

	4
	0
	OC 48 short reach
	8
	0-3
	Reserved

	5
	7
	Reserved 
	 
	 
	 

	5
	6
	OC 12, single mode long reach
	Fibre Channel transmission media

	5
	5
	OC 12, single mode inter. reach
	9
	7
	Twin Axial Pair (TW)

	5
	4
	OC 12, multi-mode short reach
	9
	6
	Shielded Twisted Pair (TP)

	5
	3
	Reserved 
	9
	5
	Miniature Coax (MI)

	5
	2
	OC 3, single mode long reach
	9
	4
	Video Coax (TV)

	5
	1
	OC 3, single mode inter. reach
	9
	3
	Multi-mode, 62.5m (M6)

	5
	0
	OC 3, multi-mode short reach
	9
	2
	Multi-mode, 50 m (M5)

	
	 
	 
	9
	1
	Reserved

	Gigabit Ethernet Compliance Codes
	9
	0
	Single Mode (SM)

	6
	7-4
	Reserved 
	 
	 
	 

	6
	3
	1000BASE-T
	Fibre Channel speed

	6
	2
	1000BASE-CX
	10
	7-5
	Reserved

	6
	1
	1000BASE-LX
	10
	4
	400 MBytes/Sec

	6
	0
	1000BASE-SX
	10
	3
	Reserved

	
	 
	 
	10
	2
	200 MBytes./Sec

	
	 
	 
	10
	1
	Reserved

	
	 
	 
	10
	0
	100 MBytes/Sec


1Bit 7 is the high order bit and is transmitted first in each byte.

Table 5(a): SONET Compliance Specifiers

	Speed 
	Reach 
	Specifier Bit 1
	Specifier Bit 2
	Description

	OC-3/OC-12/OC-48 
	Short
	0
	0
	SONET SR compliant

	OC-3/OC-12/OC-48 
	Intermediate 
	1
	0
	SONET IR-1 compliant

	OC-3/OC-12/OC-48 
	Intermediate 
	0
	1
	SONET IR-2 compliant

	OC-3/OC-12/OC-48 
	Long
	1
	0
	SONET LR-1 compliant

	OC-3/OC-12/OC-48 
	Long
	0
	1
	SONET LR-2 compliant

	OC-3/OC-12/OC-48 
	Long
	1
	1
	SONET LR-3 compliant


Table 6: Encoding Codes

	Code 
	Description of encoding mechanism

	00h 
	Unspecified

	01h
	8B10B

	02h 
	4B5B

	03h 
	NRZ

	04h 
	Manchester

	05h 
	SONET Scrambled

	06h -FFh 
	Reserved


Table 7: Date Code

	Data Address 
	Description of field

	84-85 
	ASCII code, two low order digits of year. (00 = 2000).

	86-87 
	ASCII code, digits of month (01 = Jan through 12 = Dec)

	88-89 
	ASCII code, day of month (01 - 31)

	90-91 
	ASCII code, vendor specific lot code, may be blank


Table 8: SFF-8472 Compliance

	Data Address 
	Value
	Byte

Setting
	Interpretation

	 94
	0
	01
	Digital diagnostic functionality not included or undefined 

	94
	1
	
	Includes functionality described in Rev 9.3 SFF-8472.

	94
	2-255
	
	TBD


Some of the functions defined in the SFP MSA and SFF-8472 are optional. Generally, the host board software has to check the bit settings of Register 65, 92, and 93 in A0h to determine what type of digital diagnostic interface is implemented and what optional features are available.

Table 9: Option Values, Register 65, A0h

	Address
	Bit
	Description of option
	Setting

	65
	7-6
	Reserved
	0

	65
	5
	1 = RATE_SELECT implemented, 0 = Not implemented.
	0

	65
	4 
	1 = TX_DISABLE is implemented, 0 = Not implemented.
	1

	65
	3
	1 = TX_FAULT signal implemented. (See SFP MSA)
	1

	65
	2
	1 = Loss of Signal implemented, and the signal inverted from standard definition in SFP MSA.                                                                   
	0

	65
	1
	1 = Loss of Signal implemented, signal as defined in SFP MSA.
	1

	65
	0
	Reserved
	0


Register 65 content shows that the TX_DISABLE, TX_FAULT, and RX_LOS are implemented per SFP MSA. 

Table 10: Diagnostic Monitoring Type, Register 92, A0h 

	Data Address 
	Bits 
	Description
	Setting

	92
	7 
	Reserved for legacy diagnostic implementations. Must be ‘0’ for compliance with this document.
	0

	92
	6
	Digital diagnostic monitoring implemented (described in this document). Must be ‘1’ for compliance with this document.
	1

	92
	5
	Internally Calibrated
	0

	92
	4
	Externally Calibrated
	1

	92
	3
	Received power measurement type, 0 = OMA, 1 = Average Power
	1

	92
	2
	1 = Address change required. 0 = not required. See SFF-8472 for “addressing modes change”. 
	0

	92
	1-0
	Reserved
	0


Bit 6 is set to 1 indicating that this is a SFP module with digital diagnostic interface. Bit 4 is set to 1 meaning the real-time measurement data from Register 96 to 105 in the extended memory area (A2h) need to be externally calibrated. See the following section for details of the external calibration process. Bit 2 is set to 0 for it is not required to perform the additional steps described in SFF_8472 for address change before accessing different serial bus address.

(Include I2C and memory access procedures for switching between A0h and A2h)

Digital diagnostic interface adds software hooks for module status and control in the extended memory area. Register 93 specifies which optional features are available. 

Table 11: Enhanced Options, Register 93, A0h 

	Data Address 
	Bits 
	Description
	Bit

Setting

	93
	7 
	Optional Alarm/Warning Flags implemented for all monitored quantities (see Table 3.13)
	1

	93
	6 
	Optional Soft TX_DISABLE control and monitoring implemented
	0

	93
	5
	Optional Soft TX_FAULT monitoring implemented
	1

	93
	4
	Optional Soft RX_LOS monitoring
	1

	93
	3
	Optional Soft RATE_SELECT control and monitoring implemented
	0

	93
	2-0
	Reserved
	0


The logic states of the TX_FAULT and RX_LOS lines are captured and stored in a status register. Bit 4 and bit 5 of Register 93 are set to 1 to inform the host board software that the status information is available at Register 110 in A2h area. 

TX_DISABLE is one of the hard-wired control signals at the SFP electrical connector interface. The addition of the Soft TX_DISABLE function allows software to turn off the transmitter optical output by writing to bit 6 of Register 110 in A2h, without switching the state of the TX_DISABLE line.

The timing of the software status and transmitter disable control is not the same as their hard wired counterparts. The timing specifications of the software control are show in Table 12.

Table 12: I/O Timing for Soft Control and Status Functions

	Parameter 
	Symbol 
	Min 
	Max 
	Units 
	Conditions

	TX_DISABLE assert time 
	t_off
	 
	100
	ms
	Time from TX_DISABLE bit set 1 until optical output falls below 10% of nominal.

	TX_DISABLE deassert time 
	t_on
	 
	100
	ms
	Time from TX_DISABLE bit cleared 1 until optical output rises above 90% of nominal.

	Time to initialize, including reset of TX_FAULT
	t_init
	 
	300
	ms
	From power on or negation of TX_FAULT using TX_DISABLE; serial communication possible.

	TX_FAULT assert time
	t_fault
	 
	100
	ms
	Time from fault to TX_FAULT bit set.

	LOS assert time 
	t_loss_on
	 
	100
	ms
	Time from LOS state to RX_LOS bit set,

	LOS deassert time 
	t_loss_off
	 
	100
	ms
	Time from non-LOS state to RX_LOS bit cleared

	Rate select change time 
	T_rate_sel
	 
	100
	ms
	Time from change of state of Rate Select bit 1 until receiver bandwidth is in conformance with appropriate specification.

	Serial ID clock rate
	f_serial_clock
	 
	100
	kHz
	n/a

	Analog parameter data ready
	t_data
	 
	1000
	ms
	From power on to data ready, bit 0 of byte 110 set 

	1 measured from falling clock edge after stop bit of write transaction.


Section 3: Internal Signal Measurement
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Figure 2: Digital diagnostic functional block diagram.

Digital measurements are available for internal temperature, power supply voltage, transmitter laser diode bias current, the transmitter output power, and received power monitoring.

Measured parameters are reported in 16 bit data fields, i.e., two concatenated bytes. However, the 16 bit data fields do not imply that the A/D system has an accuracy of 16-bits. The accuracy of measurements are specified in the section describing the calibration process.

Each signal is measured once every TBD ms automatically. Once the A/D conversion is complete, the data is saved in Register 96 to 105. 

After each upload of A/D values, the corresponding bit in Register 111 in A2h will be set to 1 to indicate that new data are ready. The software may reset the bit in Register 111 to 0 after reading the values, then check for 0 to 1 transition for next update.

To guarantee coherency of the diagnostic monitoring data, the host is required to retrieve any multi-byte fields from the diagnostic monitoring data structure by a single multi-bytes read sequence. For example, for reading the Rx Power, the data from Register 104 and 105 should be retrieved by a single two-byte read sequence across the serial interface.

Table 13: A/D Values, Register 96 – 105, A2h

	Byte Address
	Bit
	Name
	Description

	[Dec]
	[Hex]
	
	
	

	Converted analog values, 16 bit data.

	96
	60
	All
	Temperature 
	MSB Internally measured module temperature.

	97
	61
	All 
	Temperature 
	LSB

	98
	62
	All 
	Vcc 
	MSB Internally measured supply voltage.

	99
	63
	All 
	Vcc 
	LSB

	100
	64
	All 
	TX Bias
	MSB Internally measured TX Bias Current.

	101
	65
	All 
	TX Bias
	LSB

	102
	66
	All 
	TX Power
	MSB Measured TX output power.

	103
	67
	All 
	TX Power
	LSB

	104
	68
	All 
	RX Power
	MSB Measured RX input power.

	105
	69
	All 
	RX Power
	LSB

	106
	6A
	All
	Reserved
	MSB Reserved for 1st future definition.

	107
	6B
	All 
	Reserved
	LSB

	108
	6C
	All
	Reserved
	MSB Reserved for 2 nd future definition.

	109
	6D
	All
	Reserved
	LSB


Table 14: A/D Data Ready, Register 111, A2h (Read/Write)

	Byte Address
	Bit
	Description

	[Dec]
	[Hex]
	
	

	111
	6F
	0
	1 = Temperature A/D data ready. 0 = No new update.

	111
	6F
	1
	1 = VCC A/D data ready. 0 = No new update.

	111
	6F
	2
	1 = TX_BIAS A/D data ready. 0 = Not new update.

	111
	6F
	3
	1 = TX_POWER A/D data ready. 0 = Not new update.

	111
	6F
	4
	1 = RX_POWER A/D data ready. 0 = Not new update.

	111
	6F
	5
	Reserved

	111
	6F
	6
	Reserved

	111
	6F
	7
	Reserved


The interpretation of data from Register 96 to 105 depends on the setting of bit 4 and 5 of Register 92 in A0h. 

When bit 4 of Register 92 is set to 1, the data saved in Register 96-105 are internally scaled to the units of measurement defined in SFF-8472 for “Internal Calibration”. 

When bit 5 of Register 92 is set to 1, “External Calibration” is needed. In External Calibration mode, the data saved in Register 96-105 represent raw A/D values only. Calculations are required to convert the raw A/D values into real units, using the calibration constants stored in the EEPROM and the fitting formula defined in SFF-8472.

The Calibration Constants are stored in the Register 56 to 91. The calibration formula for the temperature, power supply voltage, bias current, and the transmitter output power are all linear equations which can be uniquely defined by a slope coefficient and an offset value. For the received optical power measurement, an equation of four order polynomial with five coefficients is used to calibrate the A/D data for measurement over a large dynamic range of several decades.

Table 15: Calibration Constants, Register 56 – 91, A2h

	Address 
	Bytes 
	Name 
	Description

	[Dec]
	[Hex]
	
	
	

	56-59 
	38-3B
	4
	Rx_PWR(4) 
	Single precision floating point calibration data - Rx optical power. Bit 7 of byte 56 is MSB. Bit 0 of byte 59 is LSB. Rx_PWR(4) should be set to zero for “internally calibrated” devices.

	60-63
	3C-3F
	4
	Rx_PWR(3) 
	Single precision floating point calibration data - Rx optical power. Bit 7 of byte 60 is MSB. Bit 0 of byte 63 is LSB. Rx_PWR(3) should be set to zero for “internally calibrated” devices.

	64-67
	40-43
	4
	Rx_PWR(2) 
	Single precision floating point calibration data, Rx optical power. Bit 7 of byte 64 is MSB, bit 0 of byte 67 is LSB. Rx_PWR(2) should be set to zero for “internally calibrated” devices.

	68-71 
	44-47
	4
	Rx_PWR(1) 
	Single precision floating point calibration data, Rx optical power. Bit 7 of byte 68 is MSB, bit 0 of byte 71 is LSB. Rx_PWR(1) should be set to 1 for “internally calibrated” devices.

	72-75 
	48-4B
	4
	Rx_PWR(0) 
	Single precision floating point calibration data, Rx optical power. Bit 7 of byte 72 is MSB, bit 0 of byte 75 is LSB. Rx_PWR(0) should be set to zero for “internally calibrated” devices.

	76-77 
	4C-4D
	2
	 Tx_I(Slope) 
	Fixed decimal (unsigned) calibration data, laser bias current. Bit 7 of byte 76 is MSB, bit 0 of byte 77 is LSB. Tx_I(Slope) should be set to 1 for “internally calibrated” devices.

	78-79 
	4E-4F
	2
	Tx_I(Offset) 
	Fixed decimal (signed two’s complement) calibration data, laser bias current. Bit 7 of byte 78 is MSB, bit 0 of byte 79 is LSB. Tx_I(Offset) should be set to zero for “internally calibrated” devices.

	80-81 
	50-51
	2
	Tx_PWR(Slope) 
	Fixed decimal (unsigned) calibration data, transmitter coupled output power. Bit 7 of byte 80 is MSB, bit 0 of byte 81 is LSB. Tx_PWR(Slope) should be set to 1 for “internally calibrated” devices.

	82-83 
	52-53
	2
	Tx_PWR(Offset) 
	Fixed decimal (signed two’s complement) calibration data, transmitter coupled output power. Bit 7 of byte 82 is MSB, bit 0 of byte 83 is LSB. Tx_PWR(Offset) should be set to zero for “internally calibrated” devices.

	84-85 
	54-55
	2
	T (Slope) 
	Fixed decimal (unsigned) calibration data, internal module temperature. Bit 7 of byte 84 is MSB, bit 0 of byte 85 is LSB. T(Slope) should be set to 1 for “internally calibrated” devices.

	86-87 
	56-57
	2
	T (Offset) 
	Fixed decimal (signed two’s complement) calibration data, internal module temperature. Bit 7 of byte 86 is MSB, bit 0 of byte 87 is LSB. T(Offset) should be set to zero for “internally calibrated” devices.

	88-89 
	58-59
	2
	V (Slope) 
	Fixed decimal (unsigned) calibration data, internal module supply voltage. Bit 7 of byte 88 is MSB, bit 0 of byte 89 is LSB. V(Slope) should be set to 1 for “internally calibrated” devices.

	90-91 
	5A-5B
	2
	V (Offset) 
	Fixed decimal (signed two’s complement) calibration data, internal module supply voltage. Bit 7 of byte 90 is MSB. Bit 0 of byte 91 is LSB. V(Offset) should be set to zero for “internally calibrated” devices.

	92-4 
	5C-5E
	3
	Reserved 
	Reserved

	95
	5F
	1
	Checksum 
	Byte 95 contains the low order 8 bits of the sum of bytes 0 – 94.


Examples of External Calibration:

The following are examples on how the external calibration can be done on internal temperature, power supply voltage, transmitter laser diode bias current, transmitter output power, and received optical power:

TEMPERATURE

External calibration:




Example:

Read Registers 96 (MSB) and 97 (LSB) T (A/D)

2D 80[Hex] = 11648 [Dec]

Read Registers 84-85 for T (Slope)



01 00 [Hex] = 1 [Dec]

Read Registers 86-87 for T (Offset)



00 00 [Hex] = 0 [Dec]


Derive T using the following equation:

T = T (Slope) * T (A/D) + T (Offset)


2D 80 [hex] = 11648 [Dec]








T = 11648 * (1/256) = 45.5 ºC


Unit:
1/256 degree C.








Range: 
-128 to +128 Degree C








Accuracy: ± 3 ºC

The T (A/D) data is a “signed, 16-bits, 2’s complement number”, ranges from -32768 (-215) to +32767 (215-1​), in unit of 0.003606 (1/256) Degree C.

Table 16: Data format for T (A/D)

	Most Significant Byte (byte 96) 
	Least Significant Byte (byte 97)

	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0
	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	SIGN
	64
	32
	16
	8
	4
	2
	1
	1/2
	1/4
	1/8
	1/16
	1/32
	1/64
	1/128
	1/256


Table 17: Digital Temperature Format

	Temperature 
	Binary Value
	Hexadecimal Value

	Decimal
	Fraction
	MSB
	LSB
	High Byte
	Low Byte

	+127.996
	+127 255/256 
	01111111 
	11111111 
	7F 
	FF

	+125.000
	+125
	01111101
	00000000
	7D
	00

	+25.000
	+25
	00011001
	00000000
	19 
	00

	+1.004
	+1 1/256
	00000001
	00000001
	01
	01

	+1.000
	+1
	00000001
	00000000
	01
	00

	+0.996
	+255/256
	00000000
	11111111
	00
	FF

	+0.004
	+1/256
	00000000
	00000001
	00
	01

	0.000
	0
	00000000
	00000000
	00
	00

	-0.004
	-1/256
	11111111
	11111111
	FF
	FF

	-1.000
	-1
	11111111
	00000000
	FF
	00

	-25.000
	-25
	11100111
	00000000
	E7
	00

	-40.000
	-40
	11011000
	00000000
	D8
	00

	-127.996
	-127 255/256
	10000000
	00000001
	80
	01

	-128.000
	-128
	10000000
	00000000
	 80
	00


Due to the heating of electronics components on the printed circuit board, the sensor reading reflects the internal temperature that is generally higher than the case temperature.

In the current design, the temperature measurement is internally calibrated to the unit of 1/256 Degree C.  The slope and offset values are set to 1 and 0, respectively.

POWER SUPPLY VOLTAGE

External calibration:




Example:

Read Registers 98 (MSB) and 99 (LSB) V (A/D)

82 DC [Hex] = 33500 [Dec]

Read Registers 88-89 for V (Slope)



01 00 [Hex] = 1 [Dec]

Read Registers 90-91 for V (Offset)


00 00 [Hex] = 0 [Dec]

Derive V using the following equation:



V = V (Slope) * V (A/D) + V (Offset) 


82 DC (hex) = 33500 [Dec]

V = 33500 * 100 µV = 3.35 V

Unit:
100 µV.

Range: 
0 to 6.55 V








Accuracy: ± 3% of nominal value

The V (A/D) data is an “unsigned, 16-bits integer”, ranges from 0 to +65535 (216-1​), in unit of 100 µV.

In the current design, the supply voltage A/D value is internally calibrated. Therefore the slope and offset values are set to 1 and 0, respectively.

TRANSMITTER LASER BIAS CURRENT

External calibration:




Example:

Read Registers 100 (MSB) and 101 (LSB) Tx_I(A/D)

55 9E [Hex] = 21918 [Dec]

Read Registers 76-77 for Tx_I (Slope)


00 E2 [Hex] = 0.8828125 [Dec]

Read Registers 78-79 for Tx_I (Offset)


F9 2A [Hex] = -1750 [Dec]

Derive Tx_I using the following equation:

Tx_I = Tx_I (Slope) * Tx_I (A/D) + Tx_I (Offset)

44 BF [Hex] = 17599.484375 [Dec]








Tx_I = 21918 * 0.8828125 – 1750 

         = 17599 * 2 µA = 35.2 mA. 

Unit:
2 µA








Range: 
0 to 131 mA.









Accuracy: ± 10% of nominal value

Tx_I (A/D) is a 16-bits integer, ranges from 0 to 65535 (0000h to FFFFh). 

Tx_I (Slope) is an unsigned, fixed point, binary numbers. There are 8-bits for integer part and 8-bits for decimal digits. Range from 0 to 255.9961 (=256-1/256).

Table 18: Data Format, unsigned, fixed-point, binary format for Slopes

	Decimal Value
	Binary Value
	Hexadecimal Value

	
	MSB
	LSB
	High Byte
	Low Byte

	0.0000
	00000000
	00000000
	00
	00

	0.0039 
	00000000
	00000001
	00
	01

	1.0000
	00000001
	00000000
	01
	00

	1.0313 
	00000001
	00001000
	01 
	08

	1.9961 
	00000001
	11111111
	01
	FF

	2.0000 
	00000010
	00000000
	02
	00

	255.9921 
	11111111
	11111110
	FF
	FE

	255.9961 
	11111111 
	11111111
	FF
	FF


Tx_I (Offset) is a signed, 16-bits, 2’s complement numbers. Range from -32768 to +32767, in units of 2 µA.

Table 19: Data Format, signed, 16-bits, 2’s complement for Offsets

	Decimal Value
	Binary Value
	Hexadecimal Value

	
	MSB
	LSB
	High Byte
	Low Byte

	+32767
	00000000
	00000000
	00
	00

	+3
	00000000
	00000011
	00
	03

	+2
	00000001
	00000000
	01
	02

	+1
	00000001
	00001000
	01 
	01

	0
	00000001
	11111111
	01
	00

	-1
	00000010
	00000000
	02
	FF

	-2
	11111111
	11111110
	FF
	FE

	-3
	11111111 
	11111111
	FF
	FD

	-32768
	10000000 
	00000000
	80
	00


TRANSMITTER OUTPUT POWER

External calibration:




Example:

Read Registers 102 (MSB) and 103 (LSB) Tx_P (A/D)
1A E0 [Hex] = 6880 [Dec]

Read Registers 80-81 for Tx_P (Slope)


02 CC [Hex] = 2.7979651 [Dec]

Read Registers 82-83 for Tx_P (Offset)


FA 88 [Hex] = -1400 [Dec]

Derive Tx_P using the following equation:




Tx_P = Tx_P (Slope) * Tx_P (A/D) + Tx_P (Offset)

45 B8 [Hex] = 17850 [Dec]








Tx_P = 6880 * 2.7979651 – 1400 

         = 17850 * 0.1 µW = 1.785 mW








Unit: 
0.1 uW.








Range: 
0 to 6.55 mW or -40 to +8.2 dBm








Accuracy: ± 3 dB

Tx_P (A/D) is a 16-bits integer, ranges from 0 to 65535 (0000h to FFFFh). 

Tx_P (Slope) is an unsigned, fixed point, binary numbers. See Table 18 for the data format.

Tx_P (Offset) is a signed, 16-bits, 2’s complement numbers. Range from -32768 to +32767, in units of 0.1 µW. See Table 19 for the data format.

The transmitter output power is measured by the back facet monitor photodetector in the automatic power control (APC) loop.

RECEIVER RECEIVED POWER

External calibration:




Example:

Read Registers 104 (MSB) and 105 (LSB) Rx_PWR(A/D)
FF FF (hex) = xx (dec)

Read Registers 72-75 for Rx_PWR(0)


FF FF (hex) = xx (dec)

Read Registers 68-71 for Rx_PWR(1)


FF FF (hex) = xx (dec)

Read Registers 64-67 for Rx_PWR(2)


FF FF (hex) = xx (dec)

Read Registers 60-63 for Rx_PWR(3)


FF FF (hex) = xx (dec)

Read Registers 56-59 for Rx_PWR(4)


FF FF (hex) = xx (dec)

Derive Rx_PWR using the following equation:

Rx_PWR = Rx_PWR(4) * Rx_PWR(A/D)4 + 

       Rx_PWR(3) * Rx_PWR(A/D)3 +

                      Rx_PWR(2) * Rx_PWR(A/D)2 + 

        Rx_PWR(1) * Rx_PWR(A/D) +   

         Rx_PWR(0)



FF FF (hex) = xx (dec)








Unit:
0.1 uW.

  






Range: 
0 to 6.55 mW or -40 to +8.2 dBm

 






Accuracy: ± 3 dB

The receiver power monitor measures the averaged power of the optical input.

Usage of Alarm Flags

After each measurement update, the internal logic compares the new data to a factory preset, alarm threshold. If the A/D data are found outsides the normal operating parameter range, i.e. either exceeding an upper limit or falling below a lower limit, the corresponding alarm flag will be set.

There are three ways that the host board software can monitor for the alarm: (1) To read the alarm threshold (see Table 20) and the A/D values and compare them externally to determine the out-of-limit condition. (2) Check periodically the alarm flags in Register 112 listed in Table 22. (3) Use the hardwired TX_FAULT line as an interrupt for any the alarm conditions of monitored signals. The hardware interrupt is an optional feature not available on all units. Please contact factory about the details and requirements.

All the factory programmed information is write-protected.

Table 20: Alarm and Warning Thresholds, Register 00 – 55, A2h 

	Address 
	# Bytes 
	Name 
	Description

	00-01 
	2
	Temp High Alarm 
	MSB at low address

	02-03
	2
	Temp Low Alarm
	MSB at low address

	04-05
	2
	Temp High Warning
	MSB at low address

	06-07
	2
	Temp Low Warning
	MSB at low address

	08-09
	2
	Voltage High Alarm 
	MSB at low address

	10-11
	2
	Voltage Low Alarm
	MSB at low address

	12-13
	2
	Voltage High Warning
	MSB at low address

	14-15
	2
	Voltage Low Warning
	MSB at low address

	16-17
	2
	Bias High Alarm
	MSB at low address

	18-19
	2
	Bias Low Alarm
	MSB at low address

	20-21
	2
	Bias High Warning
	MSB at low address

	22-23
	2
	Bias Low Warning
	MSB at low address

	24-25
	2
	TX Power High Alarm
	MSB at low address

	26-27
	2
	TX Power Low Alarm
	MSB at low address

	28-29
	2
	TX Power High Warning
	MSB at low address

	30-31
	2
	TX Power Low Warning
	MSB at low address

	32-33
	2
	RX Power High Alarm
	MSB at low address

	34-35
	2
	RX Power Low Alarm
	MSB at low address

	36-37
	2
	RX Power High Warning
	MSB at low address

	38-39
	2
	RX Power Low Warning
	MSB at low address

	40-55 
	16
	Reserved 
	Reserved for future monitored quantities


(Set to A/D max and min for now)

Table 21: Optional Status/Control Bits, Register 110, A2h: (Read/Write)

	Address
	Bit
	Name
	Description

	[Dec]
	[Hex]
	
	
	

	110
	6E
	7
	TX Disable State
	Digital state of the TX Disable Input Pin. Updated within 100msec of change on pin.

	110
	6E
	6
	Soft TX Disable
	Read/write bit that allows software disable of laser. Writing ‘1’ disables laser. Turn on/off time is 100 msec max from acknowledgement of serial byte transmission. This bit is “OR”d with the hard TX_DISABLE pin value. Note, per SFP MSA TX_DISABLE pin is default enabled unless pulled low by hardware. If Soft TX Disable is not implemented, the transceiver ignores the value of this bit. Default power up value is 0.

	110
	6E
	5
	Reserved
	 

	110
	6E
	4
	RX Rate Select State
	Digital state of the SFP RX Rate Select Input Pin. Updated within 100msec of change on pin.

	110
	6E
	3
	Soft RX Rate Select
	Read/write bit that allows software RX rate select. Writing ‘1’ selects full bandwidth operation. This bit is “OR’d with the hard RX RATE_SELECT pin value. Enable/disable time is 100msec max from acknowledgement of serial byte transmission. Soft RX rate select does not meet the autonegotiation requirements specified in FC-FS. Default at power up is zero. If Soft RX Rate Select is not implemented, the transceiver ignores the value of this bit.

	110
	6E
	2
	TX Fault
	Digital state of the TX Fault Output Pin. Updated within 100msec of change on pin.

	110
	6E
	1
	LOS
	Digital state of the LOS Output Pin. Updated within 100msec of change on pin.

	110
	6E
	0
	Data_Ready_Bar
	Indicates transceiver has achieved power up and data is ready. Bit remains high until data is ready to be read at which time the device sets the bit low.

	111
	6F
	7-0
	Reserved
	Reserved.


Table 22: Alarm and Warning Flag Bits, Register 112, A2h

	Address
	Bit
	Name
	Description

	[Dec]
	[Hex]
	
	
	

	112
	70
	7
	Temp High Alarm
	Set when internal temperature exceeds high alarm level.

	112
	70
	6
	Temp Low Alarm
	Set when internal temperature is below low alarm level.

	112
	70
	5
	Vcc High Alarm
	Set when internal supply voltage exceeds high alarm level.

	112
	70
	4
	Vcc Low Alarm
	Set when internal supply voltage is below low alarm level.

	112
	70
	3
	TX Bias High Alarm
	Set when TX Bias current exceeds high alarm level.

	112
	70
	2
	TX Bias Low Alarm
	Set when TX Bias current is below low alarm level.

	112
	70
	1
	TX Power High Alarm
	Set when TX output power exceeds high alarm level.

	112
	70
	0
	TX Power Low Alarm
	Set when TX output power is below low alarm level.

	113
	71
	7
	RX Power High Alarm
	Set when Received Power exceeds high alarm level.

	113
	71
	6
	RX Power Low Alarm
	Set when Received Power is below low alarm level.

	113
	71
	5
	Reserved Alarm
	 

	113
	71
	4
	Reserved Alarm
	 

	113
	71
	3
	Reserved Alarm
	 

	113
	71
	2
	Reserved Alarm
	 

	113
	71
	1
	Reserved Alarm
	 

	113
	71
	0
	Reserved Alarm
	 

	114
	72
	All
	Reserved
	 

	115
	73
	All
	Reserved
	 

	116
	74
	7
	Temp High Warning
	Set when internal temperature exceeds high warning level.

	116
	74
	6
	Temp Low Warning
	Set when internal temperature is below low warning level.

	116
	74
	5
	Vcc High Warning
	Set when internal supply voltage exceeds high warning level.

	116
	74
	4
	Vcc Low Warning
	Set when internal supply voltage is below low warning level.

	116
	74
	3
	TX Bias High Warning
	Set when TX Bias current exceeds high warning level.

	116
	74
	2
	TX Bias Low Warning
	Set when TX Bias current is below low warning level.

	116
	74
	1
	TX Power High Warning
	Set when TX output power exceeds high warning level.

	116
	74
	0
	TX Power Low Warning
	Set when TX output power is below low warning level.

	117
	75
	7
	RX Power High Warning
	Set when Received Power exceeds high warning level.

	117
	75
	6
	RX Power Low Warning
	Set when Received Power is below low warning level.

	117
	75
	5
	Reserved Warning
	 

	117
	75
	4
	Reserved Warning
	 

	117
	75
	3
	Reserved Warning
	 

	117
	75
	2
	Reserved Warning
	 

	117
	75
	1
	Reserved Warning
	 

	117
	75
	0
	Reserved Warning
	 

	118
	76
	All
	Reserved
	 

	119
	77
	All
	Reserved
	 


/***********************************
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[Dec][[Hex] Name of Field Description of Field [Hex] [[ASCIT] Code Definitions
BASE ID FIELDS (Addresses 0 to 63)
0 0 |ldentifier SFP Transceiver 03 Identifier Values, TABLE 2
1 1 |Extended Identifier SFP function defined by serial ID 04 Extended Identifier VValues, TABLE 3
2 2 |Connector LC Connector 07 Connector Values, TABLE 4
3 3 00 Infiniband Compliance Codes, TABLE 5
4 4 00
5 5 00 SONET Compliance Codes, TABLE 5 and 5a
Gigabit Ethernet Single-Mode
6 6 |Transceiver Codes Transceiver 02 Gigabit Ethernet Compliance Codes, TABLE 5
7 7 00
g g gg Fibre Channel Transceiver Codes, TABLE 5
10 | A 00
11 B |Encoding 8B10B, GbE Encoding 01 Encoding Codes, TABLE 6
Bit rate of 1.25Gb/s, in units of
12 C |BR, Nominal 100Mb/s, converted to "0Dh". oD
13 D |Reserved Reserved, set to zero. 00
Support link distance of 70 km
14 E [Length (um) - km on 9/125 um SM Fiber. 46 In units of km
Set to "FF" to specify link length
15 F _|Length (um) greater than 25.4 km. FF In units of 100 m.
16 | 10 |Length (50um) Not supported, value set to zero. 00 In units of 10 m.
17 | 11 |Length (62.5um) Not supported, value set to zero. 00 In units of 10 m.
18 | 12 |Length (Copper) Not supported, value set to zero. 00 In units of meter.
19 | 13 |Reserved Reserved, set to zero. 00
20 | 14 4Cc L
21 | 15 55 u
22 | 16 4D M
23 | 17 49 |
24 | 18 4E N
25 | 19 45 E
26 | 1A 4E N
g; LB: Vendor Name SFP vendor name (ASCII) gg T
29 | 1D 20
30 | 1E 20
31 | 1F 20
32 | 20 20
3|2 20
34 | 22 20
35 | 23 20
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38 | 26 IEEE Vendor OUI code for 06
39 | 27 |Vendor OUI Luminent Inc. B5
40 | 28 53 S
41 | 29 46 F
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43 | 2B 31 1
44 | 2C 32 2
45 | 2D 35 5
46 | 2E 30 0
47 | 2F \Vendor PN Part number in ASCII, e.g. SFP- 5A y4 See Luminent SFP Datasheet for Part Number
48 | 30 1250-ZX-D1 58 X__|Definition.
49 | 31 44 D
50 | 32 31 1
51 | 33 20
52 | 34 20
53 | 35 20
54 | 36 20
55 | 37 20
56 | 38 41 A
57 | 39 20
58 | 3A Revision level for this part by 20
59 | 3B |Vendor Rev vendor (ASCII), e.g. Rev A. 20
60 | 3C Source wavelength is 1550 nm = 086 Laser wavelength in nm expressed in 16-bit integer,
61 | 3D |Wavelength 060Eh. 0E e.g. 1550 = 060Eh, 1310 nm = 051Eh.
62 | 3E |Reserved Reserved, set to zero. 00
Variable. Check sum of Base ID Lower 8 bits of the check sum of the contents from
63 | 3F |[CC_BASE Fields, Addresse 0 to 62. Variable byte 0 to 62.
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