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3.3  Optical Module Connections
to the IXF1110 MAC

Figure 12 SFF-to-IXF1110 MAC Connection Diagram

Table 9 SFF to IXF1110 MAC Connection (Sheet 1 of 2)

SFF 
Pin #

SFF Pin 
Name

IXF1110 MAC
Pin # 0:9

IXF1110 MAC
Pin Name Description

1 VeeT NA NA Connect to ground

2 VccR NA NA Connect to 3.3 V

3 SD
L1, R7,AB2, T4, U11,
AC14, M20, AA16, 
Y21, N24

MOD_DEF[0:9]

Need to invert SD or force the 
IXF1110 MAC to be permanently 
enabled by connecting 
MOD_DEF[0:9] directly to ground

4 RD-
Y5, V4, AD15, AC16, 
AD14, AB14, V24, 
T24, U20, U22

RX -_[0:9]
The IXF1110 MAC has a 100 Ω 
differential termination on the chip 
and requires AC-coupling

5 RD+
Y6, V5, AD16, AB16, 
AD13, AB13, W24, 
U24, T20, T22

RX +_[0:9]

6 VccT NA NA Connect to 3.3 V

7 VeeT NA NA Connect to ground

8 TxDIS
L22, V17, AD18, R12, 
AB15, V12, Y9, AC3, 
T2, P2

TX_DISABLE[0:9]
Need to invert Tx_DISABLE or force 
SFF to be permanently enabled by 
connecting TxDIS directly to ground

9 TD+
T5, T3, AD9, AB9, 
AD12, AB12, Y23, 
V22, Y19, V20

TX +_[0:9] The SFF has a 100 Ω differential 
termination inside the module. The 
IXF1110 MAC requires these to be 
AC-coupled.10 TD-

U5, U3, AD10, 
AC9,AD11, AB11, Y22, 
W22, Y20, V21

TX -_[0:9]

TX_FAULT

TX_DISABLE

TX+

TX-

RX+

RX-

I2C_DATA

I2C_CLK

MOD_DEF

RX_LOS
8   TXDis

9    TD+

10   TD-

5    RD+

4    VRD-

3    SD

VccR   2

VeeR   1

VccT   6

VeeT   7

4.7 K4.7 K4.7 K4.7 K

IXF1110 SerDes and
GBIC Interfaces SFF Module

VDD 3.3 V

TX_FAULT_Int

RX_LOS_Int

MOD_DEF_Int
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to the IXF1110 MAC

3.3.3 1 x 9-to-IXF1110 MAC Connection

Use Figure 13 and Table 10 to connect a 1 x 9 optical transceiver to the IXF1110 MAC.

Various MS N/A N/A
Chassis ground connection (may 
vary from manufacturer to 
manufacturer)

N/A N/A
M24, V23, Y17, R15, 
W14, W11, W9, AC5, 
P8, L2

TX_FAULT[0:9] Use external 4.7 kΩ pull-down to 
ground to ensure proper operation

N/A N/A
L22, V17, AD18, R12, 
AB15, V12, Y9, AC3, 
T2, P2

RX_LOS_[0:9] Use external 4.7 kΩ pull-down to 
ground to ensure proper operation

N/A N/A
G22, G23, J24, F22, 
E23, H24, G20, E22, 
G24, F24

I2C_DATA_[0:9] Leave as no-connect

N/A N/A L19 I2C_CLK Leave as no-connect

N/A N/A B11 TX_FAULT_Int Leave as no-connect

N/A N/A B14 RX_LOS_Int Leave as no-connect

N/A N/A G15 MOD_DEF_Int Leave as no-connect

Table 9 SFF to IXF1110 MAC Connection (Sheet 2 of 2)

SFF 
Pin #

SFF Pin 
Name

IXF1110 MAC
Pin # 0:9

IXF1110 MAC
Pin Name Description

Figure 13 1 x 9-to-IXF1110 MAC Connection

TX_FAULT

TX_DISABLE

TX+

TX-

RX+

RX-

I2C_DATA

I2C_CLK

MOD_DEF

RX_LOS

8   TD+

7   TD-

2   RD+

3   RD-

4   SD

VccR   5

VeeR   1

VccT   6

VeeT   9

4.7 K4.7 K4.7 K

IXF1110 Serdes and
GBIC Interfaces 1 x 9 Module

TX_FAULT_Int

RX_LOS_Int

MOD_DEF_Int

VDD 3.3 V
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Table 10 1 x 9-to-IXF1110 MAC Connection

1x9 
Pin #

1x9 Pin 
Name

IXF1110 MAC
Pin # 0:9

IXF1110 MAC
Pin Name Description

1 VeeR NA NA Connect to ground

2 RD+
Y6, V5, AD16, 
AB16,AD13, AB13, 
W24, U24, T20, T22

RX +_[0:9]
The IXF1110 MAC has a 100 Ω 
differential termination on the chip 
and requires AC-coupling

3 RD-
Y5, V4, AD15, AC16, 
AD14, AB14, V24, 
T24, U20, U22

RX -_[0:9]

4 SD
L1, R7, AB2, T4, U11, 
AC14, M20, AA16, 
Y21, N24

MOD_DEF[0:9]

Need to invert SD or force the 
IXF1110 MAC to be permanently 
enabled by connecting 
MOD_DEF[0:9] directly to ground

5 VccR NA NA Connect to filtered 3.3 V

6 VccT NA NA Connect to filtered 3.3 V

7 TD-
U5, U3, AD10, AC9, 
AD11, AB11, Y22, 
W22, Y20, V21

TX -_[0:9]
The IXF1110 MAC requires a 100 Ω 
termination and for these lines to be 
AC-coupled

8 TD+
T5, T3, AD9, AB9, 
AD12, AB12, Y23, 
V22, Y19, V20

TX +_[0:9]

9 VeeT NA NA Connect to ground

N/A N/A
L22, V17, AD18, R12, 
AB15, V12, Y9, AC3, 
T2, P2

TX_DISABLE[0:9] Leave as no-connect

N/A N/A
M24, V23, Y17, R15, 
W14, W11, W9, AC5, 
P8, L2

TX_FAULT[0:9] Use external 4.7 kΩ pull-down to 
ground to ensure proper operation

N/A N/A
L22, V17, AD18, R12, 
AB15, V12, Y9, AC3, 
T2, P2

RX_LOS_[0:9] Use external 4.7 kΩ pull-down to 
ground to ensure proper operation

N/A N/A
G22, G23, J24, F22, 
E23, H24, G20, E22, 
G24, F24

I2C_DATA_[0:9] Leave as no-connect

N/A N/A L19 I2C_CLK Leave as no-connect

N/A N/A B11 TX_FAULT_Int Leave as no-connect

N/A N/A B14 RX_LOS_Int Leave as no-connect

N/A N/A G15 MOD_DEF_Int Leave as no-connect
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3.4 Functional Descriptions

The signals supported by the SerDes interface, the configurable options, and the register 
bits that control these options can be found in the Register Map of the IXF1110 MAC 
Datasheet.

The supported IXF1110 MAC SerDes interface signals are split into the following 
subgroups:

• Transmit interface
• Receive interface
• Unused GBIC control and status pins

3.4.1 SerDes Transmit Interface

The SerDes transmit interface sends serialized data at 1.25 GHz. The interface is 
differential with two pins for transmit operation. The transmit interface is designed to 
operate in a 100 Ω differential environment and all the terminations are included on the 
device. The outputs are Low-Voltage Pseudo Emitter Coupled Logic (LV PECL) and the 
SerDes is capable of operating in either an AC- or DC-coupled environment. AC coupling 
is recommended for this interface to ensure that the correct input bias current is supplied 
at the receiver. The termination can be programmed via the Tx and Rx AC/DC Coupling 
Selection Register. This register allows individual SerDes ports to be either AC or DC-
coupled. The transmit and receive paths are also independent from each other; for 
example, the receiver could be AC-coupled and the transmitter could be DC-coupled. The 
IXF1110 MAC by default is configured for AC coupling on both the transmitter and receiver 
of every port.

3.4.2 SerDes Receive Interface

The SerDes receive interface receives serialized data at 1.25 GHz (LVPECL levels). The 
interface is differential with two pins for the receive operation. The equalizer receives a 
differential signal that is equalized for the assumed media channel. The SerDes transmit 
and receive interfaces are designed to operate within a 100 Ω differential environment 
and all terminations are included on the device. The SerDes is capable of operating in 
either AC- or DC-coupled environments.

3.4.3 Unused GBIC Control and Status Pins

Note: If the GBIC interface or a Small Form Factor Pluggable (SFP) is not implemented and only 
the SerDes interface in a typical 1 by 9 application is used, terminate the unused GBIC 
status and control pins on the IXF1110 MAC (refer to the IXF1110 MAC Datasheet for 
further information).

3.4.4 SerDes Interface Timing

The SerDes transmit and receive circuits are designed to operate within a 100 Ω 
differential environment and include all required terminations within the core. Each of the 
cores is capable of operating in either an AC- or DC-coupled environment.

In the DC configuration, current is sourced by the receiver’s AVDD pin and sunk at the 
transmit end. In AC mode, the current is sourced by the transmitter’s AVDD pin and sunk 
at the transmit end. If the system is configured in AC mode, 10 nF coupling capacitors are 



Page 30Interfacing with the Cortina Systems® IXF1010 and Cortina Systems® IXF1110 10-
Port Gigabit Ethernet Media Access Controllers

IXF1x10 MAC
Application Note
250856, Revision 3.0
5 December 2007

3.4  Functional Descriptions

recommended. Figure 14 illustrates the typical AC coupling and 100 Ω differential line 
impedance requirements for the SerDes outputs and inputs. Table 11 and Table 12 
contain the transmit and receive signal specifications for the SerDes interface.

Note: The transmitter meets the minimum GBIC specification.

Figure 14 Driver and Receiver Diagram 

Table 11 Transmitter Characteristics  (Sheet 1 of 2)

Parameter Symbol Min Typ1 Max Units Test Conditions

Transmit differential 
signal level TV 600 770 1050 mVpp diff

AVDD terminated 
to 1.8 V; 
Rload = 50 Ω; 

Transmit Eye Width TT 800 – – pS –

Differential signal rise/fall 
time – 60 96 132 pS

Rload = 50 Ω; 
20% to 80% max

Differential Output 
Impedance – 60 100 150 Ω diff DC

1. Typical values are at 25 oC and are for design aid only; not guaranteed and not subject to production 
testing.

 

Q Q

50 50
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3.4.5 Receiver Jitter Tolerance

The receiver is designed to track frequency mismatch and recover phase, and is tolerant 
of low- frequency data jitter. For proper operation of the receiver, the jitter should not 
exceed 0.35 Unit Interval (UI) over the entire input data stream.

3.4.6 Minimum Receive Eye Requirements

To ensure proper system operation, data must arrive at the receiver within the specified 
receiver eye. The receive eye diagram graphically illustrates the boundaries of input 
signal jitter and amplitude variations within which the receiver should perform as specified. 
Acceptable jitter of the input data stream is referenced as a percentage of the UI (refer to 
Figure 15).

Input data streams also exhibit variations in amplitude. For proper operation of the 
receiver, minimum amplitude threshold for signal recognition is 200 mV for backplane 
implementations and 400 mV for fiber implementations.

If the incoming signal falls below specified levels, the signal-detect circuitry will not 
correctly recognize data and simply identifies the transmission as noise. Similarly, if the 
0.35 UI minimum sampling period is violated, the ability of the receiver adequately to 
recover phase and frequency, and correctly receive data, is severely degraded.

Transmitter short circuit 
current – -100 – 100 mA –

Transmitter Frequency – 1.249875 1.25 1.250125 GHz

Reference 
Oscillator 
125 MHz +/- 
100 ppm

Total Transmitter output 
jitter – 122 pS p-p Total Jitter at BER 

1E-12

Table 12 Receiver Characteristics 

Parameter Symbol Min Typ1 Max Units Test Conditions

Receiver differential 
voltage requirement at 
center of receive-eye

RV 200 – – mVp-p diff –

Receive Eye Width RT 280 – – pS –

Receiver termination 
impedance – 40 – 62.5 W –

Signal detect level – 125 – 400 mVp-p diff –

Total Receiver jitter 
tolerance – – – 600 pS p-p Total Jitter at BER 

1E-12

1. Typical values are at 25 oC and are for design aid only; not guaranteed and not subject to production 
testing.

Table 11 Transmitter Characteristics  (Sheet 2 of 2)

Parameter Symbol Min Typ1 Max Units Test Conditions

1. Typical values are at 25 oC and are for design aid only; not guaranteed and not subject to production 
testing.
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Figure 15 Receive Eye 

UI

Rx Eye
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4.0 Interfacing to the IXF1110 MAC GBIC Module

Note: Section 4.0 applies to the IXF1110 MAC only.

4.1 General Description

This section describes the connection of IXF1110 MAC ports to a Gigabit Interface 
Converter (GBIC) module, and details the connections supported for correct operation. 
The registers used to write control and read status information are documented.

The GBIC interface allows the IXF1110 MAC a seamless connection to the GBIC modules 
that form the system's physical media connection, eliminating the need for any FPGAs or 
CPUs to process data. All required information on the GBIC modules is available to the 
system CPU via the IXF1110 MAC CPU interface, leading to a more integrated, reliable, 
and cost-effective system.

There are specific mechanical and electrical requirements for the size, form factor, and 
connections supported on all GBICs. There are also specific requirements for each GBIC 
that supports a particular media requirement or interface configuration. These 
requirements are detailed in relevant specifications or manufacturers' datasheets.

IXF1110 MAC supports all the functions required for full compatibility with GBIC modules 
supporting the SFF Type 4 Module (refer to SFF-8053, revision 5.2). Figure 16 illustrates 
a typical GBIC module functionality.

Figure 16 Typical GBIC Module Functional Diagram 
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and Surge Control
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For GBIC interface operation, three supported signal subgroups are required, allowing a 
more explicit definition of each function and implementation. The three subgroups are as 
follows:

• High-Speed Serial Interface
• Low-Speed Status Signaling Interface
• I2C Module Configuration Interface

4.2 Functional Descriptions

4.2.1 High-Speed Serial Interface

The high-speed serial interface signals are responsible for transfer of the actual data at 
1.25 Gbps. The data is 8B/10B encoded and transmitted differentially at LVPECL levels 
per the required specifications. This interface may be either AC- or DC-coupled.

The signals required to implement the high-speed serial interface are as follows:
• TX+_[9:0]
• TX-_[9:0]
• RX+_[9:0]
• RX-_[9:0]

These pins are covered in Section 3.0, Interfacing to the IXF1110 MAC SerDes Interface, 
on page 22.

Figure 17 shows a possible high-speed serial interface implementation (AC-coupled).
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4.2.2 Low-Speed Status Signaling Interface

The following low-speed signals indicate the state of the line via the GBIC module:
• MOD_DEF [9:0]
• TX_FAULT [9:0]
• RX_LOS _9:0
• TX_DISABLE_9:0
• MOD_DEF_Int
• TX_FAULT_Int
• RX_LOS_Int

4.2.2.1 MOD_DEF[9:0]

The MOD_DEF[9:0] pins are direct inputs to IXF1110 MAC and are pulled to a logic Low 
level during normal operation. They individually indicate whether a module is present for 
each channel. If a module is not present, a logic High is received, which is achieved by a 
pull-up resistor on the IXF1110 MAC pad.

The status of each bit (one for each port) is found in bits 9:0 of the GBIC Status Register 
(see Table 13 and Table 14). Any change in the state of these bits causes a logic Low 
level on the MOD_DEF_Int output, if this operation is enabled.

Figure 17 Data Path Connection and Termination 
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4.2.2.2 TX_FAULT_9:0

The TX_FAULT_9:0 pins are inputs to IXF1110 MAC. These signals are pulled to a logic 
Low level by the GBIC module during normal operation, which indicates a no-fault 
condition exists. If a fault is present, a logic High is received via the use of a pull-up 
resistor on the IXF1110 MAC pad.

The status of each bit (one for each port) can be found in bits 19:10 of the GBIC Status 
Register (see Table 13 and Table 14). Any change in the state of these bits causes a logic 
Low level on the TX_FAULT_Int output, if this operation is enabled.

4.2.2.3 RX_LOS_9:0

These 10 pins are inputs to IXF1110 MAC. During normal operation, these signals are 
pulled to a logic Low level by the GBIC module, which indicates that no Loss-of-Signal 
exists. If a Loss-of-Signal occurs, a logic High is received on these inputs via the use of a 
pull-up resistor on the IXF1110 MAC pad.

The status of each bit (one for each port) is found in GBIC Status Register bits 29:20 (see 
Table 13 and Table 14). Any change in the state of these bits causes a logic Low level on 
the RX_LOS_Int output, if this operation is enabled.

4.2.2.4 TX_DISABLE_9:0

The TX_DISABLE_9:0 pins are outputs from IXF1110 MAC. During normal operation, 
these signals are pulled to a logic Low level by IXF1110 MAC, indicating that the GBIC 
transmitter is enabled. If the GBIC module transmitter is to be disabled, these signals are 
switched to a logic High level. On IXF1110 MAC, these outputs are open-drain types and 
are pulled up by the 4.7 to 10 k pull-up resistor at the GBIC module. Each of these signals 
is controlled via GBIC Control Register bits 9:0, respectively (see Table 13 and Table 14).

4.2.2.5 MOD_DEF_Int

MOD_DEF_Int is a single, open-drain type output signal, and is active Low. A change in 
state of any of the MOD_DEF_9:0 inputs causes this signal to switch Low and remain in 
this state until a Read of the GBIC Status Register takes place (see Table 13 and 
Table 14). The signal then returns to an inactive state.

4.2.2.6 Tx_FAULT_Int

TX_FAULT_Int is a single, open-drain type output signal, and is active Low. A change in 
state of any of the TX_FAULT_9:0 inputs causes this signal to switch Low and remain in 
this state until a Read of the GBIC Status Register takes place (see Table 13 and 
Table 14). The signal then returns to an inactive state.

4.2.2.7 RX_LOS_Int

RX_LOS_Int is a single, open-drain type output signal, and is active Low. A change in 
state of any of the Rx_LOS_9:0 inputs causes this signal to switch Low and remain in this 
state until a Read of the GBIC Status register has taken place (see Table 13 and 
Table 14). The signal then returns to an inactive state.

Note: MOD_DEF_Int, TX_FAULT_Int, and RX_LOS_Int are open-drain type outputs. With the 
three signals on the device, the system decides which GBIC Status Register bits to look at 
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to identify the interrupt condition source port. However, this is achieved at the expense of 
two device pins.

Note: In systems that cannot support multiple interrupt signals (applications that do not have 
extra hardware pins), MOD_DEF_Int, TX_FAULT_Int, and RX_LOS_Int can be connected 
to a single pull-up resistor and used as a single interrupt pin.

4.2.3 Low-Speed Status Signaling Registers

Table 13 and Table 14 provide register details for MOD_DEF_Int, TxFAULT_Int, and 
Rx_LOS_Int.

Note: The inputs shown in Table 13 are synchronized with an internal system clock. This results 
in a delay from the time the signal is active to the register bit and/or the interrupt being set.

Table 13 GBIC Status Register Ports 0-9 (Addr: 0x799)

Bit Name Description Type 1 Default

31:30 Reserved Reserved RO 00

29:20 Rx_LOS_9:0 Rx_LOS inputs for Ports 0-9 RO 0000000000

19:10 Tx_FAULT_9:0 Tx_FAULT inputs for Ports 0-9 RO 0000000000

9:0 MOD_DEF_9:0 MOD_DEF inputs for Ports 0-9 RO 0000000000

1. RO = Read Only, Clear on Read; W = Write only; R/W = Read/Write

Table 14 GBIC Control Register Ports 0-9 (Addr: 0x79A)

Bit Name Description Type1 Default

31:13 Reserved Reserved RO 00

12 Rx_LOS_En Enable for Rx_LOS_Int operation (Enabled = 1) R/W 0

11 Tx_FAULT_En Enable for Tx_FAULT_Int operation (Enabled = 1) R/W 0

10 MOD_DEF_En Enable for MOD_DEF_Int operation (Enabled = 1) R/W 0

9:0 Tx_DISABLE_9:0 Tx_DISABLE outputs for Ports 0-9 R/W 0000000000

1. RO = Read Only, Clear on Read; W = Write only; R/W = Read/Write
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5.0 IXF1110 MAC I2C Module Configuration Interface

Note: Section 5.0 applies to the IXF1110 MAC only.

5.1 General Description

The I2C Interface is supported on Type 4 SFF GBIC modules. Details of the operation are 
found in SFF-8053, revision 5.2, Annex D, Module Definition “4” GBIC (Serial 
Identification). This section details the contents of the registers and addresses that are 
accessible on a given GBIC module supporting this interface.

SFF-8053 identifies up to 512 8-bit registers that are accessible in each GBIC. The GBIC 
interface is Read Only and supports either sequential or random access to the 8-bit 
parameters. The maximum clock rate of the interface is 100 kHz. All address select pins 
on the internal E2Prom are tied Low to provide a device address equal to zero (00h).

The specific interface in the IXF1110 MAC supports only a subset of the full I2C interface, 
and only the features required to support the GBIC modules are implemented, leading to 
the following support features:

• A single I2C_CLK pin is connected to all GBIC modules.
• One I2C_DATA pin per port (I2C_ Data [9:0]) is required due to the GBIC module 

requirement that all modules must be addressed as 00h.

Due to the single internal GBIC controller, only one GBIC module may be accessed at any 
one time. Each access contains a single register read. Since these register accesses will 
most likely be achieved during power-up or discovery of a new module, these restrictions 
will not affect normal operation.

The I2C interface is Read Only and the IXF1110 MAC uses a dummy Write mechanism to 
satisfy the I2C protocol.

5.2 Functional Operation

In the IXF1110 MAC, the entire I2C Interface is controlled through a single I2C Control and 
Data Register (refer to Table 15). The general operation is described below.

The I2C Control and Data Register is divided into the following sections:
• 8-bit DataRead from the GBIC
• ReadDataValid bit
• 8-bit DataAddressSelect
• 4-bit PortAddressSelect
• WriteCommand bit
• I2C Enable bit
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5.2.1 Data Read

When reading data from a given port, the following steps must be followed:
• Write to the I2C Control and Data Register with port and register addresses
• Poll I2C Data and Control Register for “ReadDataValid” status

Example 1 Read the data stored at Port 5 (PortAddressSelect), Register 00h (DataAddressSelect) 
which is the Identifier field used to determine the type of serial transceiver.
1. Program the I2C Control and Data Register with the following information:

a. DataRead = 00h
b. ReadDataValid = 00h
c. DataAddressSelect = 00h
d. PortAddressSelect = 05h
e. WriteCommand = 01h
f. I2CEnable = 01h

This data is written into the I2C Control and Data Register in a single cycle via the CPU 
interface.
2. When the I2C Control and Register is written and the WriteCommand bit is at a Logic 

1, the I2C access state machine examines the PortAddressSelect and enables the 
I2C_DATA_0:9 output for the selected port. The state machine uses the data in the 
DataAddressSelect field to build the data frame to be sent to the GBIC.

3. The I2C DATA_READ_FSM internal state machine then takes over the task of 
transferring the actual data between IXF1110 MAC and the selected GBIC (refer to 
the details in the IXF1110 MAC Supported I2C Protocol specifics). The I2C 
DATA_READ_FSM internal state machine then places the received data into the 

Table 15 I2C Control and Data Register Ports 9-0 (Addr: 0x79B)

Bit Name Description Type1 Default

31:27 Reserved Reserved RO 00000

26 no_ack-err

This bit is set to 1 when a Write and subsequent 
Read from a BGIC have failed. This signal should be 
used to validate the data being read. Data is only 
valid if this bit is equal to zero.

RO 0

25 I2CEnable Enables device wide I2C Accesses (Enabled = 1) R/W 0

24 WriteCommand This bit is set when a new access is requested. 
WriteCommand active = 1 R/W 0

23:20 PortAddress
Select3:0 Address of the IXF1010 MAC port to be accessed R/W 0000

19:9 DataAddress
Select10:0 Address of the GBIC data to be accessed R/W 00000000000

8 ReadDataValid ReadDataValid is set to a 1 when valid data is 
available in the DataRead7:0 field (Cleared on read) RO 0

7:0 DataRead7:0 DataRead from the GBIC modules RO 00000000

1. RO = Read Only, Clear on Read; W = Write only; R/W = Read/Write
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DataRead field in the I2C Data and Control Register. It also sets the ReadDataValid bit 
to a Logic 1 to signify that the read data is valid.

4. The data is read through the CPU interface. The CPU must poll this register once a 
Write command has been issued to retrieve the data. An implementation-specific time 
is required to complete the detailed GBIC register access.

Note: Only one GBIC I2C access sequence can be run at any given time. If a second Write is 
carried out to the I2C Data and Control Register before a result is returned for the previous 
Write, the data for the first Write is lost. An internal state machine completes the GBIC 
register access for the first Write, attempting to place the data in the DataRead field and 
check to see if the WriteCommand bit is 00h. If 00h is not detected, the I2C state machine 
discards the data and begins a new cycle using the data from the second Write.

5.2.2 IXF1110 MAC Supported I2C Protocol Specifics

This section describes the I2C Protocol behavior supported by IXF1110 MAC. Specific 
protocol states are defined below, with an additional description of the hardware pins used 
on the interface.

The Serial Clock Line (I2C_CLK) is an output from IXF1110 MAC. The serial data is 
synchronous with this clock and is driven off the rising edge by the IXF1110 MAC and off 
the falling edge by the GBIC module.

Note: The IXF1110 MAC has only one I2C_CLK line that drives all of the GBIC modules. 
I2C_CLK runs continuously when enabled (I2C Enable = 01h0). The Serial Data 
(I2C_DATA_0:9) pins (one per port) are bi-directional for serial data transfer, and are open 
drain.

5.2.3 Port Protocol Operation

5.2.3.1 Clock and Data Transitions

The I2C_DATA is normally pulled High with an extra device. Data on the I2C_DATA pin 
changes only during the I2C_CLK Low time periods (see Figure 18).

Note: If the I2C_CLK is High and data changes, it indicates a start or stop condition.

Figure 18 Data Validity Timing Diagram 
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5.2.3.2 Start Condition

A High-to-Low transition of I2C_DATA, with I2C_CLK High, is a start condition that must 
precede any other command.

5.2.3.3 Stop Condition

A Low-to-High transition of the I2C_DATA with I2C_CLK High is a stop condition. After a 
Read sequence, the stop command places the E2PROM in the GBIC in a standby power 
mode.

5.2.3.4 Acknowledge

All addresses and data words are serially transmitted to and from the GBIC in 8-bit words. 
The GBIC E2PROM sends a zero to acknowledge that it has received each word, which 
happens during the ninth clock cycle (see Figure 19).

5.2.3.5 Resetting a GBIC device

After an interruption in protocol, power loss, or system reset, any two-wire GBIC can be 
reset by following three steps:

• Clock up to 9 cycles
• Wait for I2C_DATA High in each cycle while I2C_CLK is High
• Initiate a start condition

Memory reset on the IXF1110 MAC is defined as follows:
• After completing steps 1 through 3, always add a stop condition following the start. 

This ensures a clean protocol termination if there is no more data to transfer at the 
end of the reset cycle.

5.2.3.6 Device Addressing

All E2PROMs in GBIC devices require an 8-bit device address word following a start 
condition to enable the IXF1110 MAC to read or write. The device address word consists 
of a mandatory one, zero sequence for the four most significant bits. This is common to all 
devices. The next 3 bits are the A2, A1, and A0 device address bits that are tied to zero in 

Figure 19 Acknowledge Timing Diagram 
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a GBIC module. The eighth bit of the device address is the Read/Write operation select 
bit. A Read operation is initiated if this bit is High, and a Write operation is initiated if this 
bit is Low.

Upon comparison of the device address, the GBIC module outputs a zero. If a comparison 
is not made, the GBIC E2PROM returns to a standby state.

5.2.3.7 Random Read Operation

A random Read operation requires a “dummy” Byte/Write sequence to load the data word 
address. The “dummy” Write is achieved by the following:

• Send a device address word with the Read/Write bit cleared to Low, signaling a Write 
operation

• The GBIC acknowledges receipt of the device address word
• IXF1110 MAC sends the data word address, which is again acknowledged by the 

GBIC
• IXF1110 MAC generates another start condition

This completes the “dummy” Write and sets the GBIC E2PROM pointers to the desired 
location.

The IXF1110 MAC initiates a current address Read by sending a device address with the 
Read/Write bit set High. The GBIC acknowledges the device address and serially clocks 
out the data word. IXF1110 MAC does not respond with a zero but generates a stop 
condition (see Figure 20).

5.2.3.8 AC Timing Characteristics

Table 16, Figure 21, and Figure 22 provide the AC timing characteristics of the GBIC 
interface.

Figure 20 Random Read 
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Table 16 I2C AC Timing Characteristics (Sheet 1 of 2)

Parameter Symbol Min Typ1 Max Units Test Conditions

Clock Frequency, SCL fSCL – – 100 kHz –

Clock Pulse Width Low tLOW 4.7 – μs –

Clock Pulse Width High tHIGH 4.0 – μs –

1. Typical values are at 25 oC and are for design aid only; not guaranteed and not subject to production 
testing.
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Noise Suppression tI – – 100 ns –

Clock Low to Data Valid Out tAA 0.1 – 4.5 μs –

Time bus must be free before a 
new transmission starts tBUF 4.7 – – μs –

Start Hold Time tHD.STA 4.0 – – μs –

Start Setup Time tSU.STA 4.7 – – μs –

Data In Hold Time tHD.DAT 0 – – μs –

Data In Setup time tSU.DAT 200 – – ns –

Inputs Rise Time tR – – 1.0 μs –

Inputs Fall Time tF – – 300 ns –

Stop Setup Time tSU.STO 4.7 – – μs –

Data Out Hold Time tDH 100 – – ns –

Write Cycle Time tWR – – 10 ms –

Figure 21 Bus Timing Diagram 

Table 16 I2C AC Timing Characteristics (Sheet 2 of 2)

Parameter Symbol Min Typ1 Max Units Test Conditions

1. Typical values are at 25 oC and are for design aid only; not guaranteed and not subject to production 
testing.
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Figure 22 Write Cycle Diagram
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6.0  Interfacing to the
IXF1x10 MAC System Packet

Interface Level 4 Phase 2

6.0 Interfacing to the IXF1x10 MAC System Packet 
Interface Level 4 Phase 2

6.1 General Description

System Packet Interface Level 4 Phase 2 (SPI4-2) is a system packet interface for 
10 x 1 Gbps Ethernet, 1 x 10 Gbps Ethernet, OC-192 ATM, and Packet SONET 
applications. SPI4-2 includes two interfaces, one for data across the interface and the 
second for FIFO status. Please see the OIF-SPI4-02.0 specification for background 
information.

Data is transferred in bursts that have a provision-able maximum length, with the 
exception of transfers that terminate with an End-of-Packet (EOP). Information associated 
with each transfer (port address, Start-of-Packet (SOP)/End-of-Packet indication, and 
error-control coding) is sent in 16-bit control words.

Transmit and receive information for the FIFO status interface is sent separately from the 
corresponding data path. By taking the FIFO status information out-of-band, transmit and 
receive interfaces can be decoupled to operate independently.

The IXF1x10 MAC SPI4-2 interface has the following general characteristics:
• Dynamic Phase Alignment
• Point-to-point connection
• Support for 10 ports
• Separate data and FIFO status paths for both receive and transmit
• Transmit/Receive Data Path:

— 16 bits wide
— In-band port address, start-of-packet/end-of-packet indication, and error-control 

code
— Low Voltage Differential Signaling (LVDS) I/O (IEEE 1596.3 - 1996, ANSI/TIA/

EIA-644-1995)
— 640 to 800 Mbps data rate per line
— Source-synchronous double-edge clocking, 320 to 400 MHz

• Transmit/Receive FIFO Status Interface
— Low-Voltage Transistor to Transistor Logic (LVTTL) I/O
— Maximum one-quarter data path clock rate for LVCMOS I/O (80 to 100 MHz)
— 2-bit parallel FIFO status indication
— In-band Start-of-FIFO status signal
— Source-synchronous clocking

6.2 Functional Description

A block diagram depicting the interface signals is shown in Figure 23. The transmit and 
receive data paths include, respectively (TDCLK, TDAT [15:0], TCTL) and (RDCLK, RDAT 
[15:0], RCTL). The transmit and receive FIFO status channels include (TSCLK, TSTAT 
[1:0]) and (RSCLK, RSTAT [1:0]), respectively. TheIXF1x10 MAC implementations include 
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the receive and transmit FIFO status channels using LVCMOS logic. The data path 
signals are all implemented in LVDS. Table 17 provides a summary of the IXF1x10 MAC 
interface signals.

The SPI4-2 interface is designed to transmit in-band management and training. The 
minimum clock frequency of the Cortina solution is a 336 MHz clock that produces a 
672 MHz data rate and provides a 10.75 GHz bandwidth.

Note: A 400 MHz clock rate/800 MHz data rate is recommended, where possible.This frequency 
provides 12.80 GHz bandwidth. This 2.8 GHz extra bandwidth allows for in-band 
management and training and does not impact the true data rate bandwidth.

Figure 23 SPI4-2 Interface Signals 
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Table 17 SPI4-2 Interface Signal Summary (Sheet 1 of 2)

Signal Description

Transmit

TDCLK+/-
Transmit Data Clock: Differential LVDS clock associated with TDAT and TCTL. Data and 
control lines are driven off the rising and falling edges of the clock.
Internally terminated differentially with 100 Ω.

TDAT[15:0]+/-
Transmit Data: Differential LVDS lines used to carry payload data and in-band control 
words.
Internally terminated differentially with 100 Ω.

TCTL+/-
Transmit Control: Differential LVDS line used to indicate when a control word is being 
transmitted. A high level indicates a control word present on TDAT [15:0]+/-.
Internally terminated differentially with 100 Ω.

TSCLK Transmit Status Clock: LVCMOS clock associated with TSTAT.
Frequency is equal to 1/4 TDCLK.

TSTAT[1:0] Transmit FIFO Status: LVCMOS lines used to carry round-robin FIFO status information, 
along with associated error detection and framing.
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6.3 Data Path

The data path is used to transfer data bursts, in-band control words, and in-band training 
patterns. The data path as defined is a point-to-point connection. If the SPI4-2 interface 
has to travel across a connector due to physical system constraints, the connector must 
meet tight constraints to ensure the integrity of the data path remains intact.

Note: The following connector has been tested by Cortina and has been found to perform 
adequately: AMP Z-PACK HM-Zd part number 1469002-1.

With the unknown nature of the SPI4-2 physical interface, including connectors and 
differing signal impedances, the data path may be implemented in either a static (single 
phase of the clock used for capture of all data path signals) or dynamic (multiple phases of 
the clock to align the receiver to take into account the variations mentioned above in 
clock-to-data skew mode). The IXF1x10 MAC use dynamic alignment to reduce the board 
designers' problems with routing this interface, along with the component selection.

The data path is used for the following:
• Data transfer bursts
• In-band control words
• In-band training patterns

6.3.1 Data Transfer Bursts

Data transfer bursts must be a multiple of 16 bytes unless terminated by an EOP. There 
are two programmable block sizes that can be transferred, designated MaxBurst1 and 
MaxBurst2. The specification requires that MaxBurst1 be greater or equal to MaxBurst2. 
Control words are inserted only between data transfers. Once a transfer begins, data 
words are sent uninterrupted until an EOP, or the granted number of 16 byte blocks, is 
reached. The interval between the end of a given transfer and the start of the next payload 
control word (marking the start of another transfer) consists of zero or more idle control 
words and training patterns. Training patterns are used for de-skewing bit arrival times on 
the data lines.

The programmable MaxBurst1 or MaxBurst2 controls transfer of complete packets or 
shorter bursts in conjunction with the FIFO status bus. The minimum and maximum 
supported packet lengths are determined by the application. Because the 
IXF1x10 MACare targeted at the Ethernet Environment, the minimum frame size is 64 

Receive

RDCLK+/- Receive Data Clock: Differential LVDS clock associated with RDAT and RCTL. Data and 
control lines are driven off the rising and falling edges of the clock.

RDAT[15:0]+/- Receive Data: Differential LVDS lines used to carry payload data and in-band control 
words.

RCTL+/- Receive Control: Differential LVDS line used to indicate when a control word is being 
received. A high level indicates a control word is present on RDAT [15:0]+/-.

RSCLK Receive Status Clock: LVCMOS clock associated with RSTAT.

RSTAT [1:0] Receive FIFO Status: LVCMOS lines used to carry round-robin FIFO status information, 
along with associated error detection and framing.

Table 17 SPI4-2 Interface Signal Summary (Sheet 2 of 2)

Signal Description
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bytes and the maximum frame size is 1522 bytes. Adjusting the Max Frame Size Register 
value allows support for larger packet sizes (jumbo packets). Data packets with frame 
lengths of less than 64 bytes cannot be transferred unless packet padding is enabled.

Note: If this rule is disregarded, unwanted fragments may be generated on the network.

The SPI4-2 specification implies operation with zero idle insertions between transfer 
bursts. The IXF1x10 MAC can support this method of operation, but has added a mode of 
operation as follows.

• Four idle insertions between transfer bursts:
— Allows for flexibility, where ASIC designed buses would probably be wider and 

slower internally.
— Ensures that for a bus width of 64 lines, the entire bus width has either a payload 

control word, data for a single port, or idle control words.

Figure 24 shows data transfers without idle control words inserted between transfers. 
Figure 25 shows transfers with idle control words inserted between transfers.

The data path in the IXF1x10 MAC solutions operate in a pessimistic mode. At power-up, 
no data transfer will be started until the entire calendar has been received and validated 
by a correct DIP-2 check. If there is a DIP-2 check error found after power-up, all 
previously granted credits are cancelled and the status of each channel is set to 
SATISFIED. Any current data burst in transmission is completed. No new credits are 

Figure 24 Data Transfers without Idle Control Words

Figure 25 Data Transfers with Idle Control Words
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granted until a complete FIFO status cycle has been received and validated by a correct 
DIP-2 check. This is the only method of operation that can eliminate the possibility of an 
overrun in the link partner device. It is termed pessimistic because it has the longest 
latency and largest impact on usable bandwidth. However, as a DIP-2 check error is a rare 
event, there will be no effect on bandwidth utilization or possibility of data loss.

The integrity of the data path is detected by DIP-4 codes. The data path counts 
consecutive DIP-4 errors to increment towards the Loss-of-Synch threshold. It is possible 
that a given link that shows DIP-4 errors may never lose synchronization and retrain to fix 
the issue. This would mean an on-going and potentially significant loss of data on the link 
affecting all ports transferring data at that time. If either a stream of idles or training control 
words follow the burst and the DIP-4 associated with each of the words is checked, only 
the first and last one will be seen as invalid. Any other control words in the middle will be 
seen as having a valid DIP-4 and will reset the Loss-of-Synch threshold counter back to 
zero. To protect against this event, the Cortina solutions have altered the way in which the 
check is done for idle control words and training control words. The new way to check is to 
validate the first occurrence of the DIP-4 in both training control words and idle control 
words for correctness. All of the words will still be checked but only the first occurrence will 
be used to clear the DIP-4 Error counter. Any DIP-4 error in any of these words will still be 
counted towards the Loss-of-Synch threshold counter. It is no longer possible to mask the 
DIP-4 error on the Cortina interface. 

6.3.2 In-Band Control Words

The OIF SPI4-02.0 specification for control words has been fully implemented in the 
IXF1x10 MAC. The IXF1x10 MAC discards a SPI4-2 data packet for invalid control words 
and/or sequences. This improves efficiency if data is lost on the SPI4-2 interface due to 
noise or non-standard implementations of SPI4-2.

Control words are used to provide in-band management on the data path. The control 
words provide port addressing information, packet status information, and error-code 
control. There are three types of control words: payload, idle, and training. The payload 
control word immediately precedes a data transfer burst. The idle control word may follow 
a data transfer or another idle control word. The training control word either follows an idle 
control word or another training control word.

The port addressing information is provided by an 8-bit address, allowing for up to 
256 ports (IXF1010 MAC and IXF1110 MAC are both 10-port devices), section of the 
control word. The address information applies to the data transfer following the control 
word.

Table 18 describes the fields in the control word. The packet status information includes 
the following information about the burst:

• Is this burst the start of a packet?
• Is this burst a continuation of the packet?
• Is this burst an end of the packet?

The burst can also be marked so it will be aborted by the receiver.

The error code check is indicated by a DIP4 diagonal interleaved parity.

A payload control word always contains status information about the data transfer that 
immediately follows. A payload control word, as shown in Figure 24 on page 48, that 
separates two adjacent burst transfers contains status information pertaining to the 
previous and following transfers.

Table 18 describes the fields in the control word.



Page 50Interfacing with the Cortina Systems® IXF1010 and Cortina Systems® IXF1110 10-
Port Gigabit Ethernet Media Access Controllers

IXF1x10 MAC
Application Note
250856, Revision 3.0
5 December 2007

6.3  Data Path

6.3.3 In-Band Training Patterns

Training is used to deskew the receive data path. The following two types of training are 
defined:

• Start-up
• Periodic

Start-up training occurs on power-up, after a reset or Loss-of-Sync. The source side 
transmits the training sequence until it receives a valid FIFO status on the FIFO bus. 
Periodic training is scheduled to be sent at least once every pre-configured, bounded 
interval.

The training sequence consists of the following:
• One idle control word, followed by
• One or more repetitions of a 20-word training pattern consisting of 10 (repeated) 

training control words, followed by ten (repeated) training data words

The training data word is chosen to be orthogonal to the training control word.

Due to some inadequacies in the specification, it is unlikely that the bus can be de-skewed 
in a single training cycle because of the presence of both random and deterministic jitter. 
From research carried out and the variances in jitter and skew due to board layout and 
clock tolerance issues, some sort of averaging over several repeated training patterns will 
be required in order reliably to determine the optimal point at which to capture the 
incoming data. This is true for both Static and Dynamic data capture. Therefore, several 
training patterns are required for an average. The more training patterns, the more 
accurate the average.

Table 18 Description of Fields in the Control Words

Bit 
Position Label Description

15 Type
Control Word Type: Set to either of the following values:
1: Payload control word (payload transfer immediately follows the control word).
0: Idle or training control word

14:13 EOPS

End-of-Packet (EOP) Status: Set to the following values according to the status of the 
immediately preceding payload transfer:
00: Not and EOP
01: EOP Abort
10: EOP Normal termination, 2 bytes valid
11: EOP Normal termination, 1 byte valid
EOPS is valid in the first control word following a burst transfer. It is ignored and set to 
“00" otherwise.

12 SOP

Start-of-Packet:
Set to a 1 if the payload transfer immediately following the control word corresponds to 
the start of a packet.
Set to a 0 otherwise.
Set to a 0 in all idle and training control words.

11:4 ADR

Port Address8-bit port address of the payload data transfer immediately following the 
control word. None of the addresses are reserved. 
Set to all zeroes in all idle control words
Set to all ones in all training control words

3:0 DIP-4 4-bit Diagonal Interleaved Parity4-bit odd parity computed over the current control word 
and the immediately preceding data words (if any) following the last control word.
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The de-skew circuit in the IXF1x10 MAC use Dynamic Alignment with a typical averaging 
requirement of 32 training patterns to deliver a reliable result. During power-on training (or 
training following Loss-of-Sync), an unlimited number of training cycles are sent by the 
data-sourcing device. The standard states that training must be sourced until a calendar 
has been provisioned. In the IXF1x10 MAC, the de-skew circuit waits until completion of 
its programmed average over the training patterns, ensuring that the required number of 
good DIP-4s is seen. Only then will a calendar be provisioned.

During periodic training, ensure that the training result is no less accurate than that 
already used for the initial decision during power-on training. Thus a similar number of 
training cycles must be averaged over (32). This could make the overhead associated 
with periodic training large if it is required to be carried out too often. With the 
IXF1x10 MAC, this periodic training can be scheduled infrequently.

6.3.4 FIFO Status Channel

The FIFO status channel is used to transfer round-robin status, framing, and error 
detection information. The FIFO status channel transfers data based upon a programmed 
calendar starting with the framing information followed by the round-robin status 
information and ending with the error detection information.

The FIFO status information is a 2-bit field, as described in Table 19, indicating the 
amount of data burst transfer for which the appropriate FIFO has space. The framing 
information is an 11 pattern, which is sent at the start of the calendar. The error detection 
information is a DIP-2 odd parity checksum and is sent out at the end of each sequence. A 
sample FIFO status channel calendar is shown in Figure 26.

The IXF1x10 MAC implement both receive and transmit FIFO status channels in 
LVCMOS. The implementation of the FIFO status channels in LVCMOS rather than LVDS 
allows for ease of board design as well as limiting the EMI signature of the end system. 

Table 19 FIFO Status Format

MSB LSB Description

1 1 Reserved for Framing or to indicate a disabled status link.

1 0

SATISFIED: Indicates that the corresponding port's FIFO is almost full. When 
SATISFIED is received, only transfers using the remaining previously granted 16-byte 
blocks (if any) may be sent to the corresponding port until the next status update. No 
additional transfers to that port are permitted while SATISFIED is indicated.

0 1
HUNGRY: When HUNGRY is received, transfers for up to MaxBurst2 16-byte blocks or 
the remainder of what was previously granted (whichever is greater) may be sent to the 
corresponding port until the next status update.

0 0
STARVING: Indicates that buffer underflow is imminent in the corresponding port. When 
STARVING is received, transfers for up to MaxBurst1 16-byte blocks may be sent to the 
corresponding port until the next status update.

Figure 26 Sample FIFO Status Channel Calendar 
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6.3  Data Path

The optional Receive FIFO Status Channel allows for separate operation of the receive 
and transmit channels and, therefore greater overall performance. The implementation of 
both channels allows for different calendar programmability for better quality of service.

Note: If a port is disabled, the FIFO status for that port is set to SATISFIED to avoid the 
possibility of any data being sent to it by the controlling device.
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7.0  Interfacing the
IXF1x10 MAC CPU Interface

7.0 Interfacing the IXF1x10 MAC CPU Interface

7.1 General Description

The Central Processing Unit (CPU) interface block provides access configuration 
registers, control registers, and statistics counters in the IXF1x10 MAC. The CPU 
interface is Asynchronous externally and operates up to a 125 MHz clock domain 
internally. The interface provides access to the following registers:

• MAC Control
• MAC Rx Statistics
• MAC Tx Statistics
• PHY Autoscan
• Global Status and Configuration
• Rx Block
• Tx Block
• MDIO Block
• SPI4-2 Block
• SerDes Block
• GBIC Block

Please see the IXF1x10 MAC Datasheets for a detailed description of these registers. 
Figure 27 illustrates the I/O for the CPU interface on the IXF1x10 MAC.

7.2 Functional Description

The CPU interface is designed for generic 32-bit asynchronous CPU bus. The bus is a 32-
bit data bus only and has an 11-bit address bus.

Figure 27 IXF1x10 MAC CPU Interface Inputs/Outputs 
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7.2  Functional Description

There is no clock on the IXF1x10 MAC external CPU interface because the external CPU 
interface is asynchronous. This is to allow flexibility for CPU selection. However, internally 
to the IXF1x10 MAC, the interface to the all the IXF1x10 MAC registers is synchronous to 
125 MHz.

In some applications, synchronous-to-asynchronous glue logic is required between the 
IXF1x10 MAC and the system CPU (please see Figure 28). This glue logic has to be 
designed so that the IXF1x10 MAC Read and Write access times are not violated. It may 
be possible to interface without glue logic if the CPU can meet the timing seen in 
Figure 29 on page 57, Figure 30 on page 58 and Table 21 on page 58.
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7.2  Functional Description

Table 20 lists the pins associated with the CPU interface.

Figure 28 Typical Synchronous-to-Asynchronous Block Diagram
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7.2  Functional Description

7.2.0.0.1 uPx_Add[10:0]

Internal IXF1x10 MAC registers and counters are selected using the 11-bit address bus 
input provided at the CPU interface. This address must be stable for the entire cycle.

7.2.0.0.2 uPx_CS

The chip select input when active Low selects IXF1x10 MAC for the current cycle. No 
CPU cycle will be recognized without this signal being active. At the end of the cycle, the 
chip select can be driven High to deselect the device or it can be left active if the next 
access is to the same device as long as both Read and Write control signals are inactive 
between cycles.

The CPU usually supports multiple chip selects, and glue is required to drive separate 
chip selects if more than one IXF1x10 MAC is being controlled by one CPU.

7.2.0.0.3 uPx_Data[31:0]

These pins comprise the 32-bit data bus pins, containing data to and from the CPU 
interface. This data is asynchronous on the IXF1x10 MAC. The Write data provided by the 
CPU must be stable during the entire CPU cycle to prevent erroneous Write operations to 
a register.

7.2.0.0.4 uPx_Wr

This pin indicates there is data on the CPU data bus to be written to the IXF1x10 MAC. A 
Low-to-High transition latches the data, and a High-to-Low transition latches the address. 
This Write operation is active Low.

7.2.0.0.5 uPx_Rd

This pin indicates there is data on the CPU data bus to be read from the IXF1x10 MAC. A 
High-to-Low transition latches the address. This Read operation is active Low.

7.2.0.0.6 uPx_Rdy

This pin indicates the Read or Write cycle is complete for the IXF1x10 MAC. This 
operation is active Low.

Table 20 IXF1x10 MAC CPU Interface Pins

Name Direction Standard Description

uPx_Add[10:0] Input CMOS 2.5 V Address bus

uPx_Cs Input CMOS 2.5 V Chip Select Signal

uPx_Data[31:0] Bi_Dir CMOS 2.5 V Bi-directional data bus

uPx_Wr Input CMOS 2.5 V Write Strobe

uPx_Rd Input CMOS 2.5 V Read Strobe

uPx_Rdy Output CMOS 2.5 V Cycle complete indicator
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7.2  Functional Description

7.2.1 Read Access

The operation of the Read access cycle for the IXF1x10 MAC is as follows:
• Chip Select (uPx_CS) should be asserted at all times for the duration of the operation. 

The address to be read from the CPU should be on the address bus to the 
IXF1x10 MAC (uPx_Add[10:0]).

• The glue logic should detect assertion of a Read control signal which is derived from 
the CPU and the glue logic should assert the asynchronous Read signal (uPx_Rd), on 
the IXF1x10 MAC and latch the address to the IXF1x10 MAC.

• The IXF1x10 MAC drive valid data onto the processor bus (uPx_Data[31:0]).
• The IXF1x10 MAC assert asynchronous-ready (uPx_Rdy) and the glue logic indicates 

this to the CPU that the Read cycle is complete.

7.2.2 Write Access

The operation of the Write access cycle for the IXF1x10 MAC is as follows:
• Chip Select (uPx_CS) is asserted at all times for the duration of the operation. The 

address to be read from the CPU should be on the address bus to the IXF1x10 MAC 
(uPx_Add[10:0]).

• The glue logic detects assertion of a Write control signal which is derived from the 
CPU and the glue logic asserts the asynchronous Write signal (uPx_Wr), on the 
IXF1x10 MAC and latch the address to the IXF1x10 MAC.

• The CPU drives valid data onto the processor bus (uPx_Data[31:0]).
• The glue logic de-asserts the asynchronous Write signal (uPx_Wr) on the 

IXF1x10 MAC and latches the data to the IXF1x10 MAC.
• The IXF1x10 MAC assert asynchronous-ready (uPx_Rdy) and the glue logic indicates 

this to the CPU that the Write cycle is complete.

7.2.3 CPU Timing

The timing waveform diagrams for this interface are as shown in Figure 29, Figure 30, and 
Table 21.

Figure 29 CPU Port Read Timing Diagram 
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7.2  Functional Description

Figure 30 CPU Port Write Timing Diagram 

Table 21 CPU Interface Timing

Parameter Symbol Min Typ1 Max Units Test 
Conditions

uPx_Add[12:0], uPx_Cs Setup Time TCAS 10 – – ns –

uPx_Add[12:0], uPx_Cs Hold Time TCAH 10 – – ns –

uPx_Rdy Assertion to uPx_Rd 
De-assertion TCRR 10 – – ns –

uPx_Rd High Width TCRH
24

(3x cycle) – – ns –

uPx_Data[31:0] to uPx_Rdy Setup 
Time TCDRS 10 – – ns –

uPx_Data[31:0] to uPx_Rd Hold Time TCDRH 8 – 32 ns –

Read uPx_Data[31:0] Driving Delay TCDRD 24 – 120 ns –

uPx_Wr Width TCWL 40 – – ns –

uPx_Rdy to uPx_Wr Hold Time TCWH 16 – – ns –

uPx_Data[31:0] to uPx_Wr Setup 
Time TCDWS 10 – – ns –

uPx_Rdy to uPx_Data[31:0] Hold 
Time TCDWH 10 – – ns –

uPx_Data[31:0] Latching Delay TCDWD 8 – 32 ns –

uPx_Rdy Width in Write Cycle TCYD 24 – 40 ns –

Read uPx_Rdy de-assertion to 
uPx_Wr Assertion TRTW 32 – – ns –

Write uPx_Rdy de-assertion to 
uPx_Rd Assertion TWTR 32 – – ns –

1. Typical values are at 25 oC and are for design aid only; not guaranteed and not subject to production 
testing.
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8.0  LED Interface

8.0 LED Interface

8.1 General Description

The IXF1x10 MAC use a serial interface consisting of three signals to provide LED data to 
a serial-to- parallel logic external driver. The three signals are as follows:

• LED CLK - This is the clock provided by the IXF1x10 MAC to clock the external 
parallel-to-serial shift registers.

• LED DATA - This is the serial data that is provided by the IXF1x10 MAC to the 
external parallel-to-serial shift registers.

• LED LATCH -This is the latch provided by the IXF1x10 MAC to latch the data on the 
parallel-to-serial shift registers.

The LED_DATA stream provides data for 30 separate direct drive LEDs and allows three 
LEDs per MAC port. The three LED pins outlined above are detailed in Table 22.

There are two modes of operation, each with its own separate LED decode mapping. 
Modes of operation and LEDs are detailed in Section 8.2.

8.2 Modes of Operation

Mode selection is accomplished by using bit 0 of the LED Control Register (Addr: 0x509). 
This bit is globally selected and controls the operation of all ports (see the IXF1x10 MAC 
Datasheet for details).

The two modes of operation are as follows:

8.2.1 Mode 0

This mode selects operation compatible with the SGS Thompson M5450 Led Display 
Driver Device. This device converts the serial data stream, output by IXF1x10 MAC, into 
30 direct-drive LED outputs. In this mode the Latch signal is not required. This mode is 
selected by setting bit 0 of the LED Control Register to 0. This is the default for the 
IXF1x10 MAC.

8.2.2 Mode 1

This mode selects operation compatible with TTL (74LS595) or HCMOS (74HC595) octal 
shift registers. This device converts the serial data stream, output by IXF1x10 MAC, into 
30 direct-drive LED outputs. In this mode the LED DATA, LED CLK and LED LATCH 
signals are used. This mode is selected by setting bit 0 of the LED Control Register to 1.

For further information please reference the LED Register tables (Global Status 
Configuration Registers) in the IXF1010 MAC and IXF1110 MAC Datasheets.

8.3 LED Interface Signal Description

The IXF1010 MAC LED Interface consists of three output signal pins that are 2.5 V CMOS 
level pads.
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8.3  LED Interface Signal
Description

8.3.1 Mode 0: Detailed Operation

Please refer to the SGS Thompson M5450 Datasheet for device-operation information.

The operation of the LED Interface in Mode 0 is based on a 36-bit counter loop. The data 
for each LED is placed in turn on the serial data line and clocked out by the LED_CLK. 
Figure 31 shows the basic timing relationship and relative positioning in the data stream of 
each bit.

Figure 31 shows the 36 clocks that are output on the LED_CLK pin. The data is changed 
on the falling edge of the clock and is valid for almost the entire clock cycle. This ensures 
that the data is valid during the rising edge of the LED_CLK, which is used to clock the 
data into the M5450 device.

The actual data shown in Figure 31 consists of a chain of 36 bits, of which only 30 are 
valid LED DATA.

Table 23 on page 61 describes the Mode 0 clock cycle to data bit relationships.

Table 22 LED Pin Descriptions

Pin Name Pin # Pin Description

LED_CLK A20

LED_CLK: This signal is an output that provides a continuous clock 
synchronous to the serial data stream output on the LED_DATA pin. This 
clock has a maximum speed of 0.5 MHz.
The behavior of this signal remains constant in all modes of operation.

LED_DATA A19

LED_DATA: This signal provides the data, in various formats, as a serial bit 
stream. The data must be valid on the rising edge of the LED_CLK signal.
In Mode 0, the data presented on this pin is TRUE (Logic 1 = High).
In Mode 1, the data presented on this pin is INVERTED (Logic 1 = Low).

LED_LATCH K18
LED_LATCH: This is an output pin and the signal is used only in Mode 1 as 
the Latch enable for the shift register chain.
This signal is not used in Mode 0, and should be left unconnected.

Figure 31 Mode 0 Timing Diagram
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8.3  LED Interface Signal
Description

Note: When implemented on the board with the M5450 device, the LED DATA bit 1 appears on 
Output bit 3 of the M5450 and the LED DATA bit 2 appears on Output bit 4, and so forth. 
This means that Output bits 1, 2, 33, 34, and 35 will never have valid data and should not 
be used.

8.3.2 Mode 1: Detailed Operation

Please refer to the manufacturer’s 74LS/HC595 Datasheet for information on device 
operation.

The operation of the LED Interface in Mode 1 is based on a 36-bit counter loop. The data 
for each LED is placed in turn on the serial data line and clocked out by the LED_CLK.

Figure 32 shows the basic timing relationship and relative positioning in the data stream of 
each bit. The diagram shows the 36 clocks which are output on the LED_CLK pin. The 
data is changed on the falling edge of the clock and is valid for almost the entire clock 
cycle. This ensures that the data is valid during the rising edge of the LED_CLK, which is 
used to clock the data into the Shift Register chain devices.

The LED_LATCH signal is required in Mode 1 and is used to latch the data shifted into the 
shift register chain into the output latches of the 74HC595 device. As seen in Figure 31 on 
page 60, the LED_LATCH signal is active High during the Low period on the 35th 
LED_CLK cycle. This avoids any possibility of trying to latch data as it is shifting through 
the register.

Table 24 describes the Mode 1 clock cycle to data bit relationships.

Table 23 Mode 0 Clock Cycle-to-Data Bit Relationship

LED_CLK CYCLE LED_DATA NAME LED_DATA DESCRIPTION

1 START BIT This bit is used to synchronize the M5450 device to expect 35 
bits of data to follow.

2:3 PAD BITS
These bits are used only as fillers in the data stream to extend 
the length from the actual 30-bit LED DATA to the required 
36-bit frame length. These bits should always be a Logic 0.

4:33 LED DATA 1-30

These bits are the actual data transmitted to the M5450 
device. The decode for each individual bit in each mode is 
defined in Table 25 on page 64.
The data is TRUE. Logic 1(LED ON) = High

34:36 PAD BITS
These bits are used as fillers in the data stream to extend the 
length from the actual 30-bit LED DATA to the required 36-bit 
frame length. These bits should always be a Logic 0.

Figure 32 Mode 1 Timing Diagram

1 23 24 25 26 27 28 29 30

1 352 3 4
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Note: When this operation mode is implemented on a board with a shift register chain containing 
three 74HC595 devices, the LED DATA bit 1 is output on Shift Register bit 1, and so on up 
the chain. Only Shift Register bits 31 and 32 do not contain valid data. The actual data 
shown in Figure 31 on page 60 consists of a 36-bit chain, of which 30 bits are valid LED 
DATA. The 36-bit data chain is built up as seen in Table 24.

The LED_DATA signal is now inverted from the state in Mode 0.

Figure 33 illustrates an implementation using the 74HC595M.

Table 24 Mode 1 Clock Cycle to Data Bit Relationship

LED_CLK CYCLE LED_DATA NAME LED_DATA DESCRIPTION

1 START BIT
This bit has no meaning in Mode 1 operation and is shifted out 
of the 32-stage shift register chain before the LED_LATCH 
signal is asserted.

2:3 PAD BITS
These bits have no meaning in Mode 1 operation and are 
shifted out of the 32-stage shift register chain before the 
LED_LATCH signal is asserted.

4:33 LED DATA 1-30

These bits are the actual data to be transmitted to the 32-stage 
shift register chain. The decode for each bit in each mode is 
defined in Table 25 on page 64.
The data is INVERTED. Logic 1 (LED ON) = Low.

34:36 PAD BITS

These bits have no meaning in Mode 1 operation and are 
latched into positions 31 and 32 in the shift register chain. 
These bits are not considered as valid data and should be 
ignored. They should always be a Logic 0 = High.
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Figure 33 Typical LED Clocking Circuit Using the 74HC595M
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8.3.3 Power-On, Reset, and Initialization

The LED interface is disabled at power-on or reset. The system software controller must 
enable the LED interface. The internal state machines and output pins are held in reset 
until the full IXF1x10 MAC device configuration is completed.

Link LED Enable Register: This register must be set on a per-port basis when link is 
detected by the system software. This enables the -per-port link LEDs for the 
IXF1x10 MAC. The LEDs do not automatically update.

LED Control Register: This register is used to set the mode for the IXF1x10 MAC and 
enables or disables the LED function on the two devices. LEDs are enabled by setting the 
LED_ENABLE bit to a logic 1. The power-on default for this bit is Logic 0.

(For further information, please see the IXF1010 MAC and IXF1110 MAC Datasheets.)

8.3.4 LED DATA Decodes

The data transmitted on the LED_DATA line is shown in Table 25.

Table 25 LED DATA Decodes (Sheet 1 of 2)

LED_DATA# MACPORT# IXF1110 MAC IXF1010 MAC

1

0

Rx LED - Amber Link LED - Amber

2 Rx LED - Green Link LED - Green

3 Tx LED - Green Activity LED - Green

4

1

Rx LED - Amber Link LED - Amber

5 Rx LED - Green Link LED - Green

6 Tx LED - Green Activity LED - Green

7

2

Rx LED - Amber Link LED - Amber

8 Rx LED - Green Link LED - Green

9 Tx LED - Green Activity LED - Green

10

3

Rx LED - Amber Link LED - Amber

11 Rx LED - Green Link LED - Green

12 Tx LED - Green Activity LED - Green

13

4

Rx LED - Amber Link LED - Amber

14 Rx LED - Green Link LED - Green

15 Tx LED - Green Activity LED - Green

16

5

Rx LED - Amber Link LED - Amber

17 Rx LED - Green Link LED - Green

18 Tx LED - Green Activity LED - Green

19

6

Rx LED - Amber Link LED - Amber

20 Rx LED - Green Link LED - Green

21 Tx LED - Green Activity LED - Green

22

7

Rx LED - Amber Link LED - Amber

23 Rx LED - Green Link LED - Green

24 Tx LED - Green Activity LED - Green
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8.3.5 IXF1010 MAC LED Behavior

The following table describes the behavior of the Link LED - Amber, Link LED - Green and 
Activity LED for the IXF1010 MAC.

8.3.6 IXF1110 MAC LED Behavior

The following table describes the behavior of the Link LED - Amber, Link LED - Green and 
Activity LED for the IXF1110 MAC.

25

8

Rx LED - Amber Link LED - Amber

26 Rx LED - Green Link LED - Green

27 Tx LED - Green Activity LED - Green

28

9

Rx LED - Amber Link LED - Amber

29 Rx LED - Green Link LED - Green

30 Tx LED - Green Activity LED - Green

Table 25 LED DATA Decodes (Sheet 2 of 2)

LED_DATA# MACPORT# IXF1110 MAC IXF1010 MAC

Table 26 IXF1010 MAC LED Behavior

Type Status Description

Link LED - Amber

Off Port does not have an RGMII RXERR or remote fault

On Port does have an RGMII RXERR condition detected

Blinking Port has a remote fault

Link LED - Green
Off Port does not have link

On Port is enabled and has link

Activity LED - Green
Off Port is not transmitting and receiving

Blinking Port is transmitting and receiving

Table 27 IXF1110 MAC LED Behavior

Type Status Description

RxLED Amber

Off Port has no link synchronization or remote fault error

On Port has a link synchronization error or no optical signal

Blinking Port has remote fault

RxLED Green

Off Port is not enabled

On Port has link and is enabled

Blinking Port is receiving data

TxLED Green
Off Port is not transmitting data

Blinking Port is transmitting data
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8.3.7 LED Timing Characteristics

Figure 34 and Table 28 illustrate the timing characteristics of the IXF1x10 MAC LED 
signal pins.

Figure 34 LED Timing Diagram

Table 28 LED Timing Parameters

Parameter Symbol Min Typ1 Max Units Test Conditions

LED_CLK Cycle Time Tcyc 2 – – μs –

LED_CLK High Time Thi 1 – – μs 50% duty cycle

LED_CLK Low Time Tlow 1 – – μs 50% duty cycle

LED_CLK Falling 
Edge to LED_DATA 
Valid

Tdatd – – – ns –

LED_CLK Rising 
Edge to LED_LATCH 
Rising Edge

Tlath – – – ns –

LED_CLK Falling 
Edge to LED_LATCH 
Falling Edge

Tlatl – – – ns –

1. Typical values are at 25 oC and are for design aid only; not guaranteed and not subject to production 
testing.

LED_CLK

LED_DATA

LED_LATCH

Tcyc

Tlow

Thi

Tdatd

Tlath Tlatl
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