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PCS Hardware Error Register

Table 3-30: PCS Hardware Error Register

Address Description HW
Reset
Value

(8] When asserted, indicates a RX phase compensa- |1’b0 | R
tion error.

(7] When asserted, indicates a TX phase compensa- |1’b0 | R
tion error.

[6] When asserted, indicates a deskew failure 1’b0 R
suggesting a problem with the remote
transmitter.

[5] When asserted, indicates a parity error in the RX | 1’b0 R
lanes (RXL) section.

0x017 PCS_HW_ERR (4] When asserted, indicates a RX deskew FIFO 1’b0 R
buffer underflow error.

[3] When asserted, indicates a RX deskew FIFO 1’b0 R
buffer overflow error.

(2] When asserted, indicates a parity error in the TX | I'b0 |R
lanes (TXL) section.

(1] When asserted, indicates a TX deskew FIFO '’b0 |R
buffer underflow error.

[0] When asserted, indicates a TX deskew FIFO 1’60 |R
buffer overflow error.

BER Monitor Register

Table 3-31: BER Monitor Register—Offset 0x018

Address Description Access
Reset
Value
1’b0

This bit enables the BER monitor.

0x018 BER_MONITOR
X - [0] When asserted by the BER monitor block, this bit | 1’b0 R

indicates the PCS is recording a high BER.

Functional Description Altera Corporation
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Test Mode Register

Table 3-32: Test Mode Register—Offset 0x019

Address Description HW Access
Reset
Value
[2] This bit clears the test-pattern counter (TEST_ 1’b0 RW
PATTERN_COUNTER register at offset 0x1A).
0x019 | TEST_MODE [1] This bit enables RX test mode. 1’b0 RW
[0] This bit enables TX test mode. 1’b0 RW

Related Information

PCS Test Pattern Generation and Test Pattern Check on page 3-44
Describes test pattern usage.

Test Pattern Counter Register
Table 3-33: Test Pattern Counter Register—Offset 0x1A

Unlike other statistics counters, the RX TEST_PATTERN_COUNTER is 32 bits and saturates.

“n =

Oxla | TEST_PATTERN_ |[31.q]
COUNTER counter saturates at Oxffffffff.

This register is the test pattern error counter. The |32’b0 |R

Related Information

PCS Test Pattern Generation and Test Pattern Check on page 3-44
Describes test pattern usage.

Link Fault Signaling Registers

Table 3-34: Link Fault Sequence Enable Register—Offset 0x01B

Address Description Access
Value
1’b0 RwW

0x1b Enable Link
Fault
Sequence

When asserted, the PCS generates remote fault
sequence if conditions are met.

Altera Corporation Functional Description
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Table 3-35: Link Fault Signaling Configuration Register—Offset 0x122

“H =
(5]

The remote fault status register. 10 |R

(4] The local fault status register. 1'b0 R

[3:2] | The remote fault configuration register. Possible ~ |2b00 |RW
configurations include:

o 2'b01: sends idle frames when remote fault is
received
. o 2'b11: sends remote fault sequence when
MAC/RS link . .
fault remote fault is received

0x122 o 2'bx0: sends normal traffic when remote fault is

sequence received
configuration cceve

[1:0] | The local fault configuration register. Possible 2b00 |RW
configurations include:

o 2'b01: sends idle frames when local fault is
received

o 2'b11: sends remote fault sequence when local
fault is received

o 2'bx0: sends normal traffic when local fault is
received

Related Information

Link Fault Signaling Interface on page 3-37
Describes how the IP core uses the register values.

MAC and PHY Reset Registers

The following registers control the 40-100GbE MAC and PHY resets. Writing a 1’b1 to any of the reset
register fields initiates the corresponding reset sequence.

Note: Altera recommends that you reset the MAC and PHY using the following register reset sequence:

1. Write the value of 0x7 (all ones) to the PHY reset register at offset 0x1D.
2. Write the value of 0x3 (all ones) to the MAC reset register at offset 0x121.
3. Write the value of 0x0 (all zeros) to the MAC reset register at offset 0x121.
4. Write the value of 0x0 (all zeros) to the PHY reset register at offset 0x1D.

Functional Description Altera Corporation
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Table 3-36: MAC Reset Register

Writing a 1’b1 to any of the reset register fields initiates the corresponding reset sequence.

Address Description Access
Reset
Value
1’b0

The MAC TX reset register. RW

0x121 MAC Reset

(0] The MAC RX reset register. 1'b0 RW

Table 3-37: PHY Reset Register

Writing a 1°b1 to any of the reset register fields initiates the corresponding reset sequence.

Address Description
Reset
Value
1’b0

The PMA reset register. RW
0x01d PHY reset [1] The PCS TX reset register. 1’b0 RW
[0] The PCS RX reset register. 1’b0 RW
Related Information
Resets on page 3-54
Altera Corporation Functional Description
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PCS-VLANE Registers

Table 3-38: PCS-VLANE Registers

PCS-VLANE Registers 3-91

When the RX PCS is properly locked, the PCS-VLANE registers contain a permutation of the numbers [0-19]
stored in 5-bit values. You may need this information to isolate a problem with the remote transmitter. Any
problem with the permutation, for example two lanes with the same number, stops the reception of valid data.

Description

[29:25] | Virtual index for physical lane 5 5000 |R
[24:20] | Virtual index for physical lane 4 50’00 |R
[19:15] | Virtual index for physical lane 3 5000 |R
0x020 PCS VLANEO
[14:10] | Virtual index for physical lane 2 5h’00 R
[9:5] Virtual index for physical lane 1 5h’00 R
[4:0] Virtual index for physical lane 0 5h’00 R
[29:25] | Virtual index for physical lane 11 50’00 |R
[24:20] | Virtual index for physical lane 10 50’00 |R
[19:15] | Virtual index for physical lane 9 5h’00 R
0x021 PCS VLANE1
[14:10] | Virtual index for physical lane 8 50’00 |R
[9:5] Virtual index for physical lane 7 5h’00 R
[4:0] Virtual index for physical lane 6 5000 |R
[29:25] | Virtual index for physical lane 17 5000 |R
[24:20] | Virtual index for physical lane 16 500 |R
[19:15] | Virtual index for physical lane 15 50’00 |R
0x022 PCS VLANE2
[14:10] | Virtual index for physical lane 14 5h’00 R
[9:5] Virtual index for physical lane 13 5h’00 R
(4:0] Virtual index for physical lane 12 50’00 |R

Functional Description
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Address Description

[9:5] Virtual index for physical lane 19 5h’00 R
0x023 PCS VLANE3

[4:0] Virtual index for physical lane 18 5h’00 R

PRBS Registers

The PRBS feature operates on a per virtual lane basis. The PRBS streams are bit interleaved to form
10 Gbps lanes. PRBS transmissions are unframed.

Table 3-39: PRBS Registers

There is some deviation among manufacturers regarding the exact PRBS implementation on high rate Ethernet
equipment. If the PRBS is working properly in loopback but consistently wrong with a remote device, Altera
recommends that you confirm that the remote device is operating as described here.

Address Description HW
Reset
Value

[4] When set to 1, selects PRBS-9 for the RX lane. 1’b0 RW
When set to 0, selects PRBS-31 for the RX lane.

[3] When set to 1, selects PRBS-9 for the TX lane. 1’b0 RW
0x030 PRBS_CTRL When set to 0, selects PRBS-31 for the TX lane.

[2] When set to 1, enables the RX PRBS checker. 1’b0 RW

(1] When set to 1, enables the TX PRBS transmitter. | 1’b0 RW

0x031 PRBS_ERR_INJ | [19:0] | When set to 1, injects an error in the 200 |RW
corresponding lane. This register is rising edge
triggered. Write 0 to clear.

0x032 PRBS_EFLAGS |[[19:0] |When set to 1, indicates a PRBS error in the 20b0 |R
corresponding PCS-VLANE. Clears on read.

40GBASE-KR4 Registers

Most 40GBASE-KR4 registers are 10GBASE-KR PHY registers of the I0GBASE-KR PHY IP core,
documented in the Altera Transceiver PHY IP Core User Guide. The register offsets are identical in the
40GBASE-KR4 variations of the 40-100GbE IP core. However, the 40GBASE-KR4 variations of the
40-100GbE IP core have additional 40GBASE-KR4 related registers and register fields.

For your convenience, the 40-100GbE IP core user guide includes an appendix with the 10GBASE-KR
PHY register descriptions: 10GBASE-KR Registers.

Altera Corporation Functional Description
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Table 3-40: 40-100GbE IP Core 40GBASE-KR4 Registers and Register Fields Not in T0GBASE-KR PHY IP Core

Documents the differences between the 10GBASE-KR PHY register definitions and the 40GBASE-KR4 registers
of the 40-100GbE IP core. All I0GBASE-KR PHY registers and register fields not listed in the table are available in
the 40GBASE-KR4 variations of the 40-100GbE IP core.

The 10GBASE-KR PHY register listings are available in the 10GBASE-KR Registers appendix and in the
10GBASE-KR PHY Register Defintions section of the Backplane Ethernet I0GBASE-KR PHY IP Core with FEC
Option chapter of the Altera Transceiver PHY IP Core User Guide. The information in these two sources should be
identical. Refer to I0GBASE-KR Registers for details.

Where the I0GBASE-KR PHY register definitions list I0GBASE-R, substitute 40GBASE-KR4 with auto-negotia-
tion and link training both turned off, and where the 10GBASE-KR PHY register definitions list 10GBASE-KR
(except in the description of 0xCB[24:0]), substitute 40GBASE-KR4. Where a register field description in the
10GBASE-KR PHY register definitions refers to link training or FEC in the single-lane 10GBASE-KR PHY IP
core, substitute link training or FEC on Lane 0 of the 40GBASE-KR4 IP core variation. Where a register field
description in the I0GBASE-KR PHY register definitions refers to the Transceiver Reconfiguration IP core,
substitute the reconfiguration bundle.

To modify a field value in any 40GBASE-KR4 specific register, whether an underlying 10GBASE-KR PHY IP core
register or one of the registers defined in this table, you must perform a read-modify-write operation to ensure
you do not modify the values of any other fields in the register.

Address Description HW Access
Reset
Value

Force When set to 1, forces the IP core to use FEC I'b0 |RW
Negotiate to mode regardless of the auto-negotiation result.
FEC Mode You must write the value of 1 to 0xBO[0] (reset
the sequencer) for this override to take effect.
0x0BO
FEC Block [23:20 | FEC Block Lock for lanes [3:0]: bit [20] is FEC 4b0 |RO
Lock ] block lock for lane 0, bit [21] is FEC block lock
for lane 1, bit [22] is FEC block lock for lane 2,
and bit [23] is FEC block lock for lane 3.
0xOB5 Register 0xB2 refers to Lane 0. This register is the equivalent of register 0xB2 for | gy
Lane 1. (Refer to 10GBASE-KR PHY Register Definitions).
0x0B6 et HEE [31:0] | Maintains count of corrected FEC blocks on 3260 |ro
Corrected Lane 1, saturating (not rolling over) at 232-1.
s, Lens Resets to 0 when read. Refer to Clause 74.8.4.1 of
1 IEEE Std 802.3ap-2007.
0x0B7 KR4 FEC [31:0] | Maintains count of uncorrected (uncorrectable) 32b0 |Rro
Uncorrected FEC blocks on Lane 1, saturating (not rolling
Blocks, Lane over) at 232-1. Resets to 0 when read. Refer to
1 Clause 74.8.4.2 of IEEE Std 802.3ap-2007.
0xOBS This register is the equivalent of register 0xB2 for Lane 2. (Refer to I0GBASE-KR | pywy
PHY Register Definitions).
Functional Description Altera Corporation
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Address Description HW Access
Reset
Value
0x0B9 KR4 FEC [31:0] | Maintains count of corrected FEC blocks on 32b0 | Ro
Corrected Lane 2, saturating (not rolling over) at 232-1.
Blocks, Lane Resets to 0 when read. Refer to Clause 74.8.4.1 of
2 IEEE Std 802.3ap-2007.
0x0BA KR4 FEC [31:0] | Maintains count of uncorrected (uncorrectable) 32b0 RO
Uncorrected FEC blocks on Lane 2, saturating (not rolling
Blocks, Lane over) at 232-1. Resets to 0 when read. Refer to
2 Clause 74.8.4.2 of IEEE Std 802.3ap-2007.
0xOBB This register is the equivalent of register 0xB2 for Lane 3. (Refer to I0GBASE-KR | pywy
PHY Register Definitions).
0x0BC KR4 FEC [31:0] | Maintains count of corrected FEC blocks on 32b0 | Ro
Corrected Lane 3, saturating (not rolling over) at 232-1.
Blocks, Lane Resets to 0 when read. Refer to Clause 74.8.4.1 of
3 IEEE Std 802.3ap-2007.
0x0BD KR4 FEC [31:0] | Maintains count of uncorrected FEC blockson | 320 | RO
Uncorrected Lane 3, saturating (not rolling over) at 232-1.
Blocks, Lane Resets to 0 when read. Refer to Clause 74.8.4.2 of
3 IEEE Std 802.3ap-2007.
0x0CO Override AN | [6] Overrides the auto-negotiation master channel 160 |Rw
Channel that you set with the Auto-Negotiation Master
Enable parameter, setting the new master channel
according to the value in register 0xCC[3:0].
While 0x0CO0[6] has the value of 1, the channel
encoded in 0xCC[3:0] is the master channel.
While 0xC0[6] has the value of 0, the master
channel is the channel that you set with the
Auto-Negotiation Master parameter.
0x0CB AN LP ADV | [26:25 | Received FEC ability bits. Bit [26] is FEC 260 |Rro
FEC_F[1:0] ] requested and bit [25] is FEC ability. FEC
(FO:F1) is encoded in bits D46:D47 of the base
Link Codeword in Clause 73 AN. F0 is FEC
ability and F1 is FEC requested. Refer to Clause
73.6.5 of IEEE Std 802.3ap-2007.

Altera Corporation
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40GBASE-KR4 Registers

Description

3-95

0x0CC

Override AN
Channel
Select

[3:0]

If you set the value of the Override AN Channel
Enable register field (0xC0[6]) to the value of 1,
then while 0xCO0[6] has the value of 1, the value
in this register field (0xCC[3:0])overrides the
master channel you set with the Auto-Negotia-
tion Master parameter.

This register field has the following valid values:

e 4'b0001: Selects Lane 0
o 4'b0010: Selects Lane 1
o 4'b0100: Selects Lane 2
o 4'b1000: Selects Lane 3

All other values are invalid. The new master
channel is encoded with one-hot encoding.

4'b0

RW

0x0D1

Restart Link
training,
Lane 1

(1]

When set to 1, resets the 40GBASE-KR4 start-up
protocol. When set to 0, continues normal
operation. This bit self clears. Refer to the state

variable mr_restart_training as defined in
Clause 72.6.10.3.1 and 10GBASE-KR PMD

control register bit (1.150.0) in IEEE Std 802.3ap-

2007.

Register bit 0xD1[0] refers to Lane 0. This bit is
the equivalent of register 0xD1[0] for Lane 1.
(Refer to 10GBASE-KR PHY Register
Definitions).

1'b0

RW

Restart Link
training,
Lane 2

2]

This bit is the equivalent of register 0xD1[0] for
Lane 2. (Refer to 10GBASE-KR PHY Register
Definitions).

1'b0

RW

Restart Link
training,
Lane 3

This bit is the equivalent of register 0xD0[1] for
Lane 3. (Refer to 10GBASE-KR PHY Register
Definitions).

1'b0

RwW

Functional Description
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Updated TX  |[5] When set to 1, indicates that new link partner 1'b0 |rw
Coek new. coefficients are available to send. The LT logic
Lane 1 starts sending the new values set in 0xD4[7:0] to
the remote device. When set to 0, continues
normal operation. This bit self clears.
This override of normal operation can only
occur if 0xDO0[16] (Ovride LP Coef enable)
has the value of 1. If 0xDO0[16] has the value of 0,
this register field (0xD1[5]) has no effect.
0x0D1 Register bit 0xD1[4] refers to Lane 0. This bit is
the equivalent of register 0xD1[4] for Lane 1.
(Refer to 10GBASE-KR PHY Register
Definitions).
Updated TX (6] This bit is the equivalent of register 0xD1[5] for 10 | Rrwy
Coef new, Lane 2.
Lane 2
Updated TX | [7] This bit is the equivalent of register 0xD1[5] for 160 |Rw
Coef new, Lane 3.
Lane 3

Altera Corporation
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Description
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0x0D1

Updated RX
Coef new,
Lane 1

When set to 1, indicates that new local device
coefficients are available for Lane 1. The LT logic
changes the local TX equalizer coefficients as
specified in 0xE1[23:16]. When set to 0,
continues normal operation. This bit self clears.

This override of normal operation can only
occur if 0xDO[17] (Ovride Local RX Coef
enable) has the value of 1. If 0xDO0[17] has the
value of 0, this register field (0xD1[9]) has no
effect.

Register bit 0xD1[8] refers to Lane 0. This bit is
the equivalent of register 0xD1[8] for Lane 1.
(Refer to 10GBASE-KR PHY Register
Definitions).

1'b0

RwW

Updated RX
Coef new,
Lane 2

[10]

When set to 1, indicates that new local device
coefficients are available for Lane 2. The LT logic
changes the local TX equalizer coefficients as
specified in 0xE5[23:16]. When set to 0,
continues normal operation. This bit self clears.

This override of normal operation can only
occur if 0xDO[17] (Ovride Local RX Coef
enable) has the value of 1.

This bit is the equivalent of register 0xD1[9] for
Lane 2.

1'b0

RW

Updated RX
Coef new,
Lane 3

(11]

When set to 1, indicates that new local device
coefficients are available for lane 3. The LT logic
changes the local TX equalizer coefficients as
specified in 0xE9[23:16]. When set to 0,
continues normal operation. This bit self clears.

This override of normal operation can only
occur if 0xDO[17] (Ovride Local RX Coef
enable) has the value of 1.

This bit is the equivalent of register 0xD1[9] for
Lane 3.

1'b0

RW

Functional Description
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Address Description HW Access
Reset
Value
[15:8] Register bits 0xD2[7:0] refer to Lane 0. These bits RO
are the equivalent of 0xD2(7:0] for Lane 1. (Refer
to 10GBASE-KR PHY Register Definitions).
For Link Training Frame lock Error, Lane
1, if the tap settings specified by the fields of
0xE2 are the same as the initial parameter value,
the frame lock error was unrecoverable.
[23:16 | These bits are the equivalent of 0xD2[7:0] for RO
] Lane 2. (Refer to 10GBASE-KR PHY Register
Definitions).
0xD2 For Link Training Frame lock Error, Lane
2, if the tap settings specified by the fields of
0xE6 are the same as the initial parameter value,
the frame lock error was unrecoverable.
[31:24 | These bits are the equivalent of 0xD2[7:0] for RO
] Lane 3. (Refer to 10GBASE-KR PHY Register
Definitions).
For Link Training Frame lock Error, Lane
3, if the tap settings specified by the fields of
0xEA are the same as the initial parameter value,
the frame lock error was unrecoverable.
0xE0 Register 0xD3 refers to Lane 0. This register, register 0xEO, is the equivalent of RW
register 0xD3 for Lane 1 link training. (Refer to I0GBASE-KR PHY Register
Definitions).
0xE1 Register 0xD4 refers to Lane 0. This register, register 0xE1, is the equivalent of RW
register 0xD4 for Lane 1 link training. (Refer to I0GBASE-KR PHY Register
Definitions).
0xE2 Register 0xD5 refers to Lane 0. This register, register 0xE2, is the equivalent of RO
register 0xD5 for Lane 1 link training. (Refer to 10GBASE-KR PHY Register
Definitions).
0xE3 Register 0xD6 refers to Lane 0. This register, register 0xE3, is the equivalent of RW
register 0xD6 for Lane 1 link training. (Refer to 10GBASE-KR PHY Register
Definitions).
0xE4 This register is the equivalent of register 0xD3 for Lane 2 link training. (Refer to RW
10GBASE-KR PHY Register Definitions).
0xE5 This register is the equivalent of register 0xD4 for Lane 2 link training. (Refer to R/RW
10GBASE-KR PHY Register Definitions).

Altera Corporation
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MAC Configuration and Filter Registers

3-99

Address Description HW
Reset
Value

0xE6 This register is the equivalent of register 0xD5 for Lane 2 link training. (Refer to RO
10GBASE-KR PHY Register Definitions).

0xE7 This register is the equivalent of register 0xD6 for Lane 2 link training. (Refer to RW
10GBASE-KR PHY Register Definitions).

0xE8 This register is the equivalent of register 0xD3 for Lane 3 link training. RW

0xE9 This register is the equivalent of register 0xD4 for Lane 3 link training. R/RW

0xEA This register is the equivalent of register 0xD5 for Lane 3 link training. RO

0xEB This register is the equivalent of register 0xD6 for Lane 3 link training. RW

Related Information

Altera Transceiver PHY IP Core User Guide
The 40GBASE-KR4 variations of the 40-100GbE IP core use the 10GBASE-KR PHY IP core PHY registers
at internal offsets 0xBO-0xFF (at IP core register map oftsets 0xBO-0xFF), in addition to the registers
listed in this section. Information about this PHY IP core, including register descriptions, is available in
the Backplane Ethernet I0GBASE-KR PHY IP Core with FEC Option chapter of the Altera Transceiver

PHY IP Core User Guide..

MAC Configuration and Filter Registers

Table 3-41: General MAC Control Registers

Describes the MAC configuration and filter registers.

Address Description HW Reset Access
Value

0x100 MAC_VERSION |[31:0] |40GbE/100GbE MAC IP core revision. 0x00DF1310
(40GbE)
0x00DD1310
(100GDbE)

0x101 SCRATCH_MAC |[31:0] | Scratch register available for testing. 0x00000000 |RW

Functional Description
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0x102

MAC_CMD_

config

When set to 1, the transmit CRC FIFO is
cleared. Used for hardware diagnostics. Not
required for normal operation. To clear this
register bit, write a 0.

HW Reset
Value
1’b0

UG-01088
2014.12.15

RW

(3]

When set to 1, the statistics counters are
reset. This register is self-clearing.

1’b0

RW

(2]

When set to 1, statistics collection is paused.
The underlying counters continue to operate,
but the readable values reflect a snapshot at
the time the pause flag was activated. Write a
0 to release.

1'b0

RW

[1:0]

Allows you to override normal transmission
for hardware diagnostic purposes: The
following patterns are defined:

« 2’b00/2’b10-normal operation (default)

« 2’b01-Send a small repeating loop of
random content frames

e 2’b11-Send idles

2’b00

RW

Altera Corporation
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Address Description HW Reset Access
Value

0x103

RX_FILTER

CTRL

[17:8]

Packet length limit in 16-byte words, for the
40GDbE IP core. The IP core discards packets
based on this length limit: frames of size
within 20 bytes over the length limit may or
may not be dropped, but oversized frames
that are 20 or more bytes over the length
limit are always dropped.

The IP core records packets in the too long
counter if they have length greater than the
length specified in this register field.

0x280

[15:8]

Packet length limit in 40-byte words, for the
100GbE IP core. The IP core discards packets
based on this length limit: frames of size
within 44 bytes over the length limit may or
may not be dropped, but oversized frames
that are 44 or more bytes over the length
limit are always dropped.

The IP core records packets in the too long
counter if they have length greater than the
length specified in this register field.

0xf0

RW

When set to 1, non-pause control frames are
removed; this filtering is only enabled when
RX_FILTER_CTRL bit [0] is set to 0.

RW

(4]

When set to 1, pause frames are removed;
this filtering is only enabled when RX_
FILTER_CTRL bit [0] is set to 0.

RW

(3]

When set to 1, runt frames are removed
regardless of the filtering enable bit 0x103[0].
The IP core identifies frames of length eight
bytes or less as decoding errors rather than as
runt frames.

1b’1

RW

(2]

When set to 1, the filter discard packets
which do not target a matching destination
address.

1b’0

RW

(1]

When set to 1, the filter discards packets with
FCS errors.

1b’1

RW

When set to 0 enables filtering. When set to
1, accepts all traffic (promiscuous mode).
However, when bit [3] is set, runts are
removed regardless of the value of bit [0].

1b’0

RW
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Related Information

o 40-100GbE IP Core RX Filtering on page 3-21
Describes how the IP core interprets the packet length limits in RX_FILTER_CTRL[17:8] (for 100GbE
IP cores) and RX_FILTER_CTRL[15:8] (for 40GDbE IP cores).

« Pause Control Frame and Non-Pause Control Frame Filtering and Forwarding on page 3-36
For more information about the IP core behavior based on the RX_FILTER_CTRL register bits [0], [4],
and [5].

+ 40-100GbE IP Core Modes of Operation on page 3-37
Overview of filtering status.

Pause Registers

The pause registers implement the pause functionality defined in the IEEE 802.3ba-2010 100G Ethernet
Standard. You can program the pause registers to control the insertion and decoding of pause frames, to
help reduce traffic in congested networks.

Alternatively, you can use the IP core pause signals.

Table 3-42: Pause Registers

Description HW Reset
Value
[16]

When set to 1, indicates that a pause is in
progress.
RECEIVE_
11 PAUSE
0x110 STATUS [15:0] | The time value for the pause. Reading this 0x140(40GbE | RO
field locks the pause source address. )0x01A0
(100GbE)
0x111 RECEIVE_ [31:0] | Received pause source address Isb. 0x00000000 |RO
SOURCE_
ADDR_LSB
0x112 RECEIVE_ [31:0] | Received pause source address msb. 0x00000000 |RO
SOURCE_
ADDR_MSB
Altera Corporation Functional Description
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Description HW Reset Access
Value
’'b0

When set to 1, enables unicast pause receive.
[8] When set to 1, enables multicast pause 1’b0 RW
receive.
[7:0] | Pause quantum time configuration as follows: | 0x00000000 | RW
RECEIVE_ o 1 pause_quanta = 512 bit times
0x113 PAUSE_ For 40Gbps. 1 s 12
CONTROL o For 40Gbps, 1 pause_quantais 12.8 ns
o For 100Gbps, 1 pause_quanta is 5.12 ns
¢ pause_quantum_delta= 256 x Tclk/
Tpause_quanta
For example: 40 Gbps, clk =315 MHz, Tclk =
3.2ns, pause_quantum_delta =
round(256*(3.2/12.8)) = 64.
[16] | When set to 1, sends a multicast pause 1’b0 RW
request. When set to 0, sends a unicast pause
INSERT_ request
0x114 PAUSE_ )
CONTROL
[15:0] | Specifies the pause time. A non-zero value 0x0000 RW
specifies an XON. Zero specifies XOFF.
0x115 TX_PAUSE_ [31:0] | Destination address LSB. 0x00000000 |RW
DST_ADDR_
LSB
0x116 TX_PAUSE_ [31:0] | Destination address MSB. 0x00000000 |RW
DST_ADDR_
MSB
0x117 INSERT_ [31:0] | Any write to this address triggers a pause 0x00000000 |W
PAUSE packet insertion into the TX data stream.
Other pause registers, described in this table,
specify the properties of this pause packet.
Related Information

Pause Control and Generation Interface on page 3-35
Describes the pause signals available in 40-100GbE IP core variations that include a MAC with a custom
streaming client interface.

Functional Description Altera Corporation

D Send Feedback


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Functional%20Description%20(UG-01088%202014.12.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

UG-01088
3-104 MAC Hardware Error Register 2014.12.15

MAC Hardware Error Register

Table 3-43: MAC Hardware Error Register

Address Description HW
Reset
Value

[6] When asserted, indicates a parity error in the Drop | 1’b0 R
on Error storage RAM section.

[5] When asserted, indicates a parity error in the DOE |1’'b0 | R
command FIFO buffer section.

[4] When asserted, indicates a DOE_COMMAND FIFO 1’b0 R
buffer overflow error.

[3] When asserted, indicates a parity error in the TX | 1'b0 R

0x120 MAC_HW_ERR CRC read-ram (TXC) section.

[2] When asserted, indicates a parity error in the TX | 1'b0 R
CRC write-ram (TXW) section.

[1] When asserted, indicates a parity error in the RX | 1'b0 R
inspector (RXI) section.

[0] When asserted, indicates a TX CRC FIFO buffer | 1’b0 R
overflow error.
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CRC Configuration Register

Table 3-44: CRC Configuration Register

Address Description HW Access
Reset
Value
(1] The RX CRC configuration register. Possible I'b0  |RW
configurations include:
o 1'b0: removes RX CRC
o 1’bl: retains RX CRC
Turning on PAD_CONFIG (register 0x124 bit [0])
0x123 CRC CONFIG prevents this bit (CRC_CONFIG bit [1]) from having
- any effect on padded packets.
(0] The TX CRC configuration register. Possible I'b0 |RW
configurations include:
o 1'b0: enables TX CRC insertion
o 1’bl: disables TX CRC insertion

MAC Feature Configuration Registers

The MAC feature configuration registers control the following additional MAC features in the RX and TX
datapaths:

 Padding configuration
« Preamble pass-through feature
« Inter-packet gap adjustment

Table 3-45: MAC Feature Configuration Registers

Address Description HW Access
Reset
Value

0x124 | PAD_CONFIG When set to 1, the IP core removes padding from |0 RW

frames on the RX datapath. When you set this bit
to the value of 1, the IP core disables the CRC_
CONFIG (register 0x123 bit [1]) from having any
effect on padded packets.

Functional Description Altera Corporation
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Address Description Access
Reset
Value
1’b0

Enable TX preamble pass-through. This bit has the RW
following valid values:

o 1'b0: Disable TX preamble pass-through.
Preamble o 1'bl: Enable TX preamble pass-through.
0x125 Pass-Through
Configuration | [0] Enable RX preamble pass-through. This bit has the | I'b0  |RW
following valid values:

o 1’b0: Disable RX preamble pass-through.
o 1'bl: Enable RX preamble pass-through.

0x126 | 1PG_DEL_ [11:0] |If 1PG_DEL_ENABLE[0] has the value of one, the 12’d20 |RW
PERIOD IPG_DEL_PERIOD register controls the frequency of |48
Idle byte deletion from the default inter-packet gap
Idle sequence.

If IPG_DEL_ENABLE[O0] has the value of one, and
IPG_DEL_PERIOD[11:0] has the value of N, the
MAC deletes extra Idle bytes from the inter-packet
gap in the ratio of one Idle byte for every N 8-byte
blocks.

At the default value of 2048, this deletion
compensates for Alignment Marker insertion by
the PHY (approximately 61 ppm). You can modify
the value of this register field to increase
bandwidth or adjust for clock compensation, as

needed.
0x127 | VPG_DEL_ (0] Enables the inter-packet gap adjustment feature. If | 1’bl1  |RW
ENABLE this bit has the value of 1, the MAC deletes inter-

packet gap Idle bytes at the frequency specified in
the IPG_DEL_PERIOD register.

If this bit has the value of 0, the MAC does not
implement the inter-packet gap adjustment
feature, but instead, generates the usual
inter-packet gap, to an average IPG of 12 bytes.

Related Information

« RX Automatic Pad Removal Control on page 3-22
Describes the effect of PAD_CONFIG[0] on IP core behavior.

« Preamble, Start, and SFD Insertion on page 3-4
Information about the TX preamble pass-through feature and the requirements for the preamble the
client application provides to the IP core.
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+ 40-100GbE IP Core Preamble Processing on page 3-21
Describes the RX preamble pass-through feature and the effect of bit [0] of the Preamble Pass-
Through Configuration register on IP core behavior.

+ Inter-Packet Gap Generation and Insertion on page 3-5
Information about the effects of the 1PG_DEL_PERI0D register and the 1PG_DEL_ENABLE register on IP
core behavior.

MAC Address Registers

All MAC addresses are stored in 2 words of 24 bits (3 bytes) in natural reading order. For example, an
Altera Device ID of 00-07-ED-11-22-33 is stored with the more significant word set to 24’h0007ED and
the least significant word set to 24’h112233.

The following table describes the MAC address registers. Additional information about the MADDR_CTRL
register follows the table.

Table 3-46: MAC Address Registers

Address Description HW Reset Access
Value
1’b0

When set to 1, the source address is
Inserted in TX packets.

[30] When set to 1, enables the IP core to | 1’b0 RW
check the destination address in RX
packets. When set to 0, all RX packets
are considered to have a matching
destination address.

If you enable destination address
filtering, by setting bit 0 of the RX_
FILTER_CTRL register (offset 0x103)
to the value of 0, but this bit, bit 30 of
0x140 MADDR_CTRL the MADDR_CTRL register, is also set to
the value of 0, the IP core considers
all destination addresses to match.

[29:1] Reserved. 0x0000000
0
[0] When set to 1, enables destination 1’b0 RW

address 0x160-0x161 checking. If this
bit has the value of 0 and bit 30 has
the value of 1, the IP core considers
all destination addresses to not

match.
0x141 SRC_AD LO [23:0] Source address (lower 24 bits). 0x00FF1234 |RW
0x142 SRC_AD_HI [23:0] Source address (upper 24 bits). 0x000007ED |RW
Functional Description Altera Corporation
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Address Description HW Reset Access
Value
0x160 DST_ADO_LO |[23:0] Destination address 0 (lower 24 bits). |0x00000000 |RW
0x161 DST_ADO_HI |[23:0] Destination address 0 (upper 24 bits). | 0x00000000 | RW
0x162- RESERVED [31:0] Reserved. 0x0000000

The MADDR_CTRL register bits 0 and 30 together with the RX_FILTER_CTRL register bit 0 (offset 0x103,
Table 3-37 on page 3-59) control address checking as follows:

Table 3-47: Destination Address Checking Behavior

RX_FI LTER CTRL[ 0] Behavior
CTRL[ 30] CTRL[ 0]

Promiscuous receive mode: IP core accepts frames
regardless of destination address.

0 — IP core treats all packets as if they have a matching
address. (However, the IP core may filter packets
based on other criteria).

1 0 IP core treats all packets as if they have a destination
address that does not match (and therefore, accepts
no packets).

1 1 IP core performs destination address checking and
filters out packets whose destination address does
not match the address specified in the DST_ADO_LO
and DST_ADO_H1 registers.

Related Information

Address Checking on page 3-24
Describes the register setting requirements to specify address checking.

Statistics Registers

The statistics registers count Ethernet traffic and errors. The 64-bit statistics registers are designed to roll
over, to ensure timing closure on the FPGA. However, these registers should never roll over if the link is
functioning properly. The statistics registers check the size of frames, which includes the following fields:

o Size of the destination address
o Size of the source address

o Size of the data

« Four bytes of CRC

The statistics counters module is a synthesis option. The statistics registers are counters that are
implemented inside the CSR. When you turn on the Statistics counters parameter in the 40-100GbE
parameter editor, the counters are implemented in the CSR. When you turn off the Statistics counters

Altera Corporation Functional Description

D Send Feedback


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Functional%20Description%20(UG-01088%202014.12.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

UG-01088
2014.12.15

Statistics Registers

3-109

parameter in the 40-100GbE parameter editor, the counters are not implemented in the CSR, and read
access to the counters returns read data equal to 0.

To read the value of a statistics register without clearing it, write the value of 0x4 to the MAC_CMD_config
register. To read the value of a statistics register and reset the counters, write the value of 0xC to the

MAC_CMD_config register.

Table 3-48: Transmit Side Statistics Registers

The initial value after reset is 0 for all statistics registers.

R S

0x200 CNTR_TX_64B_LO | Number of 64-byte transmitted frames, including the CRC
field but excluding the preamble and SFD bytes (lower 32
bits)
0x201 CNTR_TX_64B_HI | Number of 64-byte transmitted frames (upper 32 bits), RO
including the CRC field but excluding the preamble and SFD
bytes (upper 32 bits)
0x202 CNTR_TX_ Number of transmitted frames between 65-127 bytes (lower | RO
65t0127B_LO 32 bits)
0x203 CNTR_TX_ Number of transmitted frames between 65-127 bytes (upper | RO
65t0127B_HI 32 bits)
0x204 CNTR_TX_ Number of transmitted frames between 128-255 bytes RO
128t0255B_L0O (lower 32 bits)
0x205 CNTR_TX_ Number of transmitted frames between 128-255 bytes RO
128t0255B_HI (upper 32 bits)
0x206 CNTR_TX_ Number of transmitted frames between 256-511 bytes RO
256t0511B_LO (lower 32 bits)
0x207 CNTR_TX_ Number of transmitted frames between 256-511 bytes RO
256t0511B_HI (upper 32 bits)
0x208 CNTR_TX_ Number of transmitted frames between 512-1023 bytes RO
512t01023B_LO (Iower 32 bits)
0x209 CNTR_TX_ Number of transmitted frames between 512-1023 bytes RO
512t01023B_HI (upper 32 bits)
0x20A CNTR_TX_ Number of transmitted frames between 1024-1518 bytes RO
1024t01518B_LO | (lower 32 bits)
0x20B CNTR_TX_ Number of transmitted frames between 1024-1518 bytes RO
1024t01518B_HI | (upper 32 bits)
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0x20C CNTR_TX_ Number of transmitted frames between 1519 and max size
1519toMAXB_LO defined in 0x103 (lower 32 bits)

0x20D CNTR_TX_ Number of transmitted frames between 1519 and max size | RO
1519toMAXB_HI defined in 0x103 (upper 32 bits)

0x20E CNTR_TX_ Number of oversized frames transmitted (lower 32 bits) RO
OVERSIZE_LO

0x20F CNTR_TX_ Number of oversized frames transmitted (upper 32 bits) RO
OVERSIZE_HI

0x210 CNTR_TX_MCAST_ | Number of errored multicast frames transmitted, excluding | RO
DATA_ERR_LO control frames (lower 32 bits)

0x211 CNTR_TX_MCAST_ | Number of errored multicast frames transmitted, excluding | RO
DATA_ERR_HI control frames (upper 32 bits)

0x212 CNTR_TX_MCAST_ | Number of valid multicast frames transmitted, excluding RO
DATA_OK_LO control frames (lower 32 bits)

0x213 CNTR_TX_MCAST_ | Number of valid multicast frames transmitted, excluding RO
DATA_OK_HI control frames (upper 32 bits)

0x214 CNTR_TX_BCAST_ | Number of errored broadcast frames transmitted, excluding | RO
DATA_ERR_LO control frames (lower 32 bits)

0x215 CNTR_TX_BCAST_ | Number of errored broadcast frames transmitted, excluding | RO
DATA_ERR_HI control frames (upper 32 bits)

0x216 CNTR_TX_BCAST_ | Number of valid broadcast frames transmitted, excluding RO
DATA OK_LO control frames (lower 32 bits)

0x217 CNTR_TX_BCAST_ | Number of valid broadcast frames transmitted, excluding RO
DATA_OK_HI control frames (upper 32 bits)

0x218 CNTR_TX_UCAST_ | Number of errored unicast frames transmitted, excluding RO
DATA_ERR_LO control frames (lower 32 bits)

0x219 CNTR_TX_UCAST_ | Number of errored unicast frames transmitted, excluding RO
DATA_ERR_HI control frames (upper 32 bits)

0x21A CNTR_TX_UCAST_ | Number of valid unicast frames transmitted, excluding RO
DATA_OK_LO control frames (lower 32 bits)

0x21B CNTR_TX_UCAST_ | Number of valid unicast frames transmitted, excluding RO

DATA_OK_HI

control frames (upper 32 bits)
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R N S

0x21C CNTR_TX_MCAST_ | Number of valid multicast frames transmitted (lower 32
CTRL_LO bits)
0x21D CNTR_TX_MCAST_ | Number of valid multicast frames transmitted (upper 32 RO
CTRL_HI bits)
0x21E CNTR_TX_BCAST_ | Number of valid broadcast frames transmitted (lower 32 RO
CTRL_LO bits)
0x21F CNTR_TX_BCAST_ | Number of valid broadcast frames transmitted (upper 32 RO
CTRL_HI bits)
0x220 CNTR_TX_UCAST_ | Number of valid unicast frames transmitted (lower 32 bits) | RO
CTRL_LO
0x221 CNTR_TX_UCAST_ | Number of valid unicast frames transmitted (upper 32 bits) | RO
CTRL_HI
0x222 CNTR_TX_PAUSE_ | Number of valid pause frames transmitted (lower 32 bits) RO
LO
0x223 CNTR_TX_PAUSE_ | Number of valid pause frames transmitted (upper 32 bits) RO
HI
0x224 CNTR_TX_ Number of transmitted frames of less than 64 bytes RO
FRAGMENTS_LO reporting a CRC error (lower 32 bits)
0x225 CNTR_TX_ Number of transmitted frames of less than 64 bytes RO
FRAGMENTS_HI reporting a CRC error (upper 32 bits)
0x226 CNTR_TX_ Number of transmitted oversized frames reporting a CRC RO
JABBERS_LO error (lower 32 bits)
0x227 CNTR_TX_ Number of transmitted oversized frames reporting a CRC RO
JABBERS_HI error (upper 32 bits)
0x228 CNTR_TX_CRCERR_ | Number of transmitted frames between 64 bytes and the RO
LO value configured in 0x103 register reporting a CRC error
(lower 32 bits)
0x229 CNTR_TX_CRCERR_ | Number of transmitted frames between 64 bytes and the RO
HI value configured in 0x103 register reporting a CRC error
(upper 32 bits)
TX Packet Statistics
0x22A CNTR_TX_ST_LO Number of transmitted frame starts, excluding pause frames | RO
(lower 32 bits)
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0x22B

CNTR_TX_ST_HI

Number of transmitted frame starts, excluding pause frames
(upper 32 bits)

0x22C

CNTR_TX_DB_LO

Number of transmitted data blocks (number of full symbols
(2 or 5 words, depending on the variation) that pass from
the MAC to the PHY that contain at least some data)(lower
32 bits)

RO

0x22D

CNTR_TX_DB_HI

Number of transmitted data blocks (number of full symbols
(2 or 5 words, depending on the variation) that pass from
the MAC to the PHY that contain at least some data) (upper
32 bits)

RO

Table 3-49: Receive Side Statistics Registers

e ——

0x280 CNTR_RX_64B_LO | Number of 64-byte received frames (lower 32 bits),
including the CRC field but excluding the preamble and SFD
bytes
0x281 CNTR_RX_64B_HI | Number of 64-byte received frames (upper 32 bits), RO
including the CRC field but excluding the preamble and SFD
bytes
0x282 CNTR_RX_ Number of received frames between 65-127 bytes (lower 32 | RO
65t0127B_LO bits)
0x283 CNTR_RX_ Number of received frames between 65-127 bytes (upper 32 | RO
65t0127B_HI bits)
0x284 CNTR_RX_ Number of received frames between 128 -255 bytes (lower | RO
128t0255B_LO 32 bits)
0x285 CNTR_RX_ Number of received frames between 128 -255 bytes (upper | RO
128t0255B_HI 32 bits)
0x286 CNTR_RX_ Number of received frames between 256 -511 bytes (lower | RO
256t0511B_LO 32 bits)
0x287 CNTR_RX_ Number of received frames between 256 -511 bytes (upper | RO
256t0511B_HI 32 bits)
0x288 CNTR_RX_ Number of received frames between 512-1023 bytes (lower |RO
512t01023B_LO 32 bits)
0x289 CNTR_RX__ Number of received frames between 512 -1023 bytes (upper | RO

512t01023B_HI

32 bits)
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0x28A CNTR_RX_ Number of received frames between 1024-1518 bytes (lower | R
1024t01518B_LO |32 bits)

0x28B CNTR_RX_ Number of received frames between 1024-1518 bytes (upper | RO
1024t01518B_HI |32 bits)

0x28C CNTR_RX_ Number of received frames between 1519 and the maximum | RO
1519toMAXB_LO size defined in 0x103 (lower 32 bits)

0x18D CNTR_RX_ Number of received frames between 1519 and the maximum | RO
1519toMAXB_HI size defined in 0x103 (upper 32 bits)

0x28E CNTR_RX_ Number of oversized frames received (lower 32 bits) RO
OVERSIZE_LO

0x28F CNTR_RX_ Number of oversized frames received (upper 32 bits) RO
OVERSIZE_HI

0x290 CNTR_RX_MCAST_ | Number of errored multicast frames received, excluding RO
DATA_ERR_LO control frames (lower 32 bits)

0x291 CNTR_RX_MCAST_ | Number of errored multicast frames received, excluding RO
DATA_ERR_HI control frames (upper 32 bits)

0x292 CNTR_RX_MCAST_ | Number of valid multicast frames received, excluding RO
DATA_OK_LO control frames (lower 32 bits)

0x293 CNTR_RX_MCAST_ | Number of valid multicast frames received, excluding RO
DATA OK_HI control frames (upper 32 bits)

0x294 CNTR_RX_BCAST_ | Number of errored broadcast frames received, excluding RO
DATA_ERR_LO control frames (lower 32 bits)

0x295 CNTR_RX_BCAST_ | Number of errored broadcast frames received, excluding RO
DATA_ERR_HI control frames (upper 32 bits)

0x296 CNTR_RX_BCAST_ | Number of valid broadcast frames received, excluding RO
DATA_OK_LO control frames (lower 32 bits)

0x297 CNTR_RX_BCAST_ | Number of valid broadcast frames received, excluding RO
DATA_OK_HI control frames (upper 32 bits)

0x298 CNTR_RX_UCAST_ | Number of errored unicast frames received, excluding RO
DATA_ERR_LO control frames (lower 32 bits)

0x299 CNTR_RX_UCAST_ | Number of errored unicast frames received, excluding RO
DATA_ERR_HI control frames (upper 32 bits)
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0x29A CNTR_RX_UCAST_ | Number of valid unicast frames received, excluding control
DATA_OK_LO frames (lower 32 bits)

0x29B CNTR_RX_UCAST_ | Number of valid unicast frames received, excluding control |RO
DATA_OK_HI frames (upper 32 bits)

0x29C CNTR_RX_MCAST_ | Number of valid multicast frames received, excluding data | RO
CTRL_LO frames (lower 32 bits)

0x29D CNTR_RX_MCAST_ | Number of valid multicast frames received, excluding data | RO
CTRL_HI frames (upper 32 bits)

0x29E CNTR_RX_BCAST_ | Number of valid broadcast frames received, excluding data | RO
CTRL_LO frames (lower 32 bits)

0x29F CNTR_RX_BCAST_ | Number of valid broadcast frames received, excluding data | RO
CTRL_HI frames (upper 32 bits)

0x2A0 CNTR_RX_UCAST_ | Number of valid unicast frames received, excluding data RO
CTRL_LO frames (lower 32 bits)

0x2A1 CNTR_RX_UCAST_ | Number of valid unicast frames received, excluding data RO
CTRL_HI frames (upper 32 bits)

0x2A2 CNTR_RX_PAUSE_ | Number of valid pause frames received (lower 32 bits) RO
LO

0x2A3 CNTR_RX_PAUSE_ | Number of valid pause frames received (upper 32 bits) RO
HI

0x2A4 CNTR_RX_ Number of received frames less than 64 bytes and reporting | RO
FRAGMENTS_LO a CRC error (lower 32 bits)

0x2A5 CNTR_RX_ Number of received frames less than 64 bytes and reporting | RO
FRAGMENTS_HI a CRC error (upper 32 bits)

0x2A6 CNTR_RX_ Number of received oversized frames reporting a CRC error | RO
JABBERS_LO (lower 32 bits)

0x2A7 CNTR_RX_ Number of received oversized frames reporting a CRC error | RO
JABBERS_HI (upper 32 bits)

0x2A8 CNTR_RX_CRCERR_ | Number of received frames between the length of 64 and the | RO

LO

value configured in 0x103 register with CRC error (lower 32
bits)

Altera Corporation
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0x2A9 CNTR_RX_CRCERR_ | Number of received frames between the length of 64 and the
HI value configured in 0x103 register with CRC error (upper 32
bits)
RX Packet Statistics
0x2AA CNTR_RX_ST_LO Number of received frame starts (lower 32 bits) RO
0x2AB CNTR_RX_ST_HI Number of received frame starts (upper 32 bits) RO
0x2AC CNTR_RX_DB_LO Number of received data blocks (number of full symbols (2 | RO
or 5 words, depending on the variation) that pass from the
PHY to the MAC that contain at least some data) (lower 32
bits)
0x2AD CNTR_RX_DB_HI Number of received data blocks (number of full symbols (2 |RO
or 5 words, depending on the variation) that pass from the
PHY to the MAC that contain at least some data) (upper 32
bits)
0x2AE CNTR_RXF_ST_LO | Number of accepted frame starts (lower 32 bits) RO
0x2AF CNTR_RXF_ST_HI | Number of accepted frame starts (upper 32 bits) RO
0x2B0 CNTR_RXF_DB_LO | Number of accepted data blocks (number of full symbols (2 |RO
or 5 words, depending on the variation) that pass from the
PHY to the MAC that contain at least some data and that the
MAC accepts) (lower 32 bits)
0x2B1 CNTR_RXF_DB_HI | Number of accepted data blocks (number of full symbols (2 |RO
or 5 words, depending on the variation) that pass from the
PHY to the MAC that contain at least some data and that the
MAC accepts) (upper 32 bits)
0x2B2 CRUR Iredr LohE Number of packets aborted due to excessive length. RO
0x2B3 Reserved
0x2B4 CNTR_RX_EBLK Number of received blocks with XGMII and CGMII errors. |RO
The number of received error blocks is equal to the RX
symbol error counter defined by Operation Administration
and Maintenance (OAM) in accordance with IEEE standard
802.3ba.
0x2B5 Reserved
0x2B6 CNTR_RX_RUNT Number of received runt packets RO

Functional Description
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0x2B7

Reserved

0x2B8

CNTR_RX_FCS

Number of received packets with FCS errors. This register
maintains a count of the number of pulses on the I<n>_rx_
fcs_error output signal in variations with a custom
streaming client interface (variations without adapters).

RO

Related Information

Statistics Counters Interface on page 3-39

MAC Configuration and Filter Registers on page 3-99
For more information about the MAC_CMD_config register.

40-100GbE Example Design Registers

The following sections describe the registers that are included in the 40-100GbE example design and are
not a part of the 40-100GbE IP core. These registers are not available in the example designs for the

40GBASE-KR4 IP core variations.

PMD Registers on page 3-116
MDIO Registers on page 3-117

2-Wire Serial Interface Registers on page 3-118

Related Information
40-100GbE IP Core Example Design on page 5-1
Altera provides an example design with the 40-100GbE IP core. This example design is ready for

compilation and can be configured on a target device. The listed registers are part of the example design.

PMD Registers

Table 3-50: PMD Control and Status Registers

The physical medium dependent (PMD) control and status registers allow you to turn on and determine the status
of the PMD device in the 40-100GbE IP core example design

0x400 PMD_VERSION | [31:0] |PMD revision. The character stringis |0x4F505473
“OPTS »
0x401 SCRATCH_PMD | [31:0] | Scratch register available for testing. 0x00000000 RW
0x402 PMD_CMD_ [0] Writing a 1 enables the PMD. When 0x00000000 RW
CONFIG you set this register to the value of 1,

the IP core seeks RX lock.

Altera Corporation
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PMD global alarm.

[5] Programmable alarm 3. Defaults to 1b°0 R
module ready.

[4] Programmable alarm 2. Defaults to 16’0 R
high power mode on.

[3] Programmable alarm 1. Defaults to RX |1b’0 R

0x403 CMD_STATUS CDR lock.

[2] RX side signal detected. 1’b0 R

[1] When asserted, the PMD module is 1b’1 R
physically plugged in. When
deasserted, it is offline.

[0] When 1, the PMD is resetting. When 0, | 1’b1 R
the PMD is available.

Related Information

+ 40-100GbE IP Core Example Design on page 5-1
Altera provides an example design with the 40-100GbE IP core. This example design is ready for
compilation and can be configured on a target device. The listed registers are part of the example
design.

o CFP Multi-Source Agreement website
For more information about PMD devices, refer to the Next Gen PMD CFP MSA Baseline Specifica-
tions available on the CFP Multi-Source Agreement website.

MDIO Registers

The management data input/output (MDIO) interface is a serial bus interface for the Ethernet. In the
40-100GbE IP core example design, client logic drives the MDIO module when an MDIO serial interface
controls the external PMD or CFP device. This serial interface includes two wires, an MDC clock driven
by the MAC and a bidirectional data line which can be driven by up to 31 PHY slave devices. The
minimum clock frequency is 2.5 MHz. Refer to the specification of your PMD or CFP device for

additional information.

Table 3-51: MDIO Registers

Describes the MDIO registers in the 40-100GbE IP core example design. These registers are typically used to

communicate with an external optical module such as a PMD 100G optical module.

0x410 ’MDIO WDATA

’[150

Data to be written.

’ 0x0000
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Link is busy.
0x411 MD10_RDATA
[15:0] | Result of previous read. 0x0000 R
[14:10] |PHY address driven to external 5h00 RW
module.
Ox412 MDIO_ADDR [9:5] PHY address to access. 5’h00 RW
[4:0] DEV address. 5’h01 RW
[3] Address of the register to be written. | 1b’0 RW
[2] Write signal. 1b°0 RW
41 MDI1 MD
Ox413 0c [1] Address of the register to read. This | 1b°0 RW
address post increments.
[0] Read signal. 1b°0 RW
Related Information

40-100GbE IP Core Example Design on page 5-1
Altera provides an example design with the 40-100GbE IP core. This example design is ready for
compilation and can be configured on a target device. The listed registers are part of the example design.

2-Wire Serial Interface Registers

Several optical modules use the 2-wire serial interface protocol, which requires only limited resources.
This interface uses two, bidirectional open-drain lines, a serial data line (SDA) and a serial clock (SCL).
The master node drives the clock and addresses slaves. Data is sent most significant bit first. The slave
node receives the clock and address. Unlike the MDIO protocol, the 2-wire serial interface can include
multiple masters. In addition, the master and slave roles may be changed after a STOP message is sent.
The interface has an eight-bit address space, so a maximum of 255 nodes can communicate. The interface
runs at 400 KHz.

Table 3-52: 2-Wire Serial Interface Registers

Describes the 2-wire serial registers in the 40-100GbE IP core example design. Refer to the datasheet for your
2-wire device for more information.

Note: The 2-wire serial interface in the IP core example design does not support the specialized CRC-8 check or
multibyte transaction modes.

0x420 ’ 2WS_WDATA

’[70

Data to be written.

’ 0x00
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Ethernet Glossary 3-119

When asserted, the link is busy.
[30] When asserted, indicates that the 1b°0 R
0x421 2WS_RDATA slave failed to acknowledge during
the previous operation.
[7:0] Result of previous read. 0x00 R
[15:8] |Slave address. 0xA0 RW
0x422 2WS_ADDR
[7:0] Memory address. 0x00 RW
[1] When asserted, indicates a write 0x0 RW
0x423 2WS_CMD command.
[0] When asserted, indicates a read. 0x0 RW
Related Information

40-100GbE IP Core Example Design on page 5-1
Altera provides an example design with the 40-100GbE IP core. This example design is ready for
compilation and can be configured on a target device. The listed registers are part of the example design.

Ethernet Glossary

Table 3-53: Ethernet Glossary

Provides definitions for some terms associated with the Ethernet protocol.

BIP

Bit Interleaved Parity. A diagonal parity field which is carried in the periodic
alignment markers on each virtual lane, allowing isolation of a bit error to a
physical channel.

CAUI

100 gigabit attachment unit interface. (C is the symbol in Roman Numerals for
100). This is an electrical interface that which is based on a 10-lane interface with
a bandwidth of 10 Gbps per lane. (In this implementation, the PMA multiplexes
the 20 PCS lanes into 10 physical lanes.

CGMII

100 gigabit media independent interface. (C is the symbol in Roman Numerals
for 100). This is the byte-oriented interface protocol that connects the PCS and

MAC.

DIC

Deficit Idle Counter. A rule for inserting and deleting idles as necessary to
maintain the average IPG. The alternative is to always insert idles which could
lead to reduced bandwidth.
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FCS

Frame Check Sequence. A CRC-32 with bit reordering and inversion.

Frame

Ethernet formatted packet. A frame consists of a start delimiter byte, a 7 byte
preamble, variable length data, 4-byte FCS, and an end delimiter byte.

IPG

Inter Packet Gap. Includes the end of frame delimiter and subsequent IDLE
bytes up to, but not including the next start of frame delimiter. The protocol
requires an average gap of 12 bytes.

MAC

Media Access Control. Formats a user packet stream into proper Ethernet
frames for delivery to the PCS. The MAC generates the FCS and checks and
maintains the IPG.

MII

Media Independent Interface. The byte-oriented protocol used by the PCS.
Sometimes distinguished with roman numerals, XGMII (10), XLGMII (40),
CGMII (100).

Octet

Byte. Note that Ethernet specifications primarily use least significant bit first
ordering which is opposite from the default behavior of most contemporary
CAD tools.

PCS

Physical Coding Sublayer. Presents the underlying hardware as a byte-oriented
communication channel.

XLAUI

40 gigabit attachment unit interface. (XL is the symbol in Roman Numerals for
40). This is an electrical interface that which is based on a 4-lane interface with a
bandwidth of 10 Gbps per lane.

XLGMII

40 gigabit media independent interface. (XL is the symbol in Roman Numerals
for 40). This is the byte-oriented interface protocol that connects the PCS and
MAC.
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If you are experiencing difficulties bringing up your 40-100GbE IP core link in hardware, Altera suggests
that you begin debugging at the most basic level, with word lock. Then, consider higher level issues.

The following steps should help you identify and resolve common problems that occur when bringing up
a 40-100GbE IP core link:

1. Establish word lock—The RX lanes should be able to achieve word lock even in the presence of
extreme bit error rates. If unable to achieve word lock, check the transceiver clocking and data rate
configuration. Check for cabling errors such as the reversal of the TX and RX lanes. Check the clock
frequency monitors.

2. Establish the alignment marker lock—Virtual lane alignment marker lock requires a moderate quality
transceiver connection. If the lock is completely absent, recheck the alignment marker period. If the
lock is intermittent, recheck the transceiver physical connection and analog settings.

3. Establish lane integrity—When operating properly, the lanes should not experience bit errors at a rate
greater than roughly one per hour per day. Bit errors within data packets are identified as FCS errors.
Bit errors in control information including IDLE frames generally cause errors in XL/CGMII
decoding. The bit interleaved parity (BIP) mechanism is a diagonal parity computation that enables
tracing a protocol error back to a physical lane.

4. Verify packet traffic—The Ethernet protocol includes automatic lane reordering so the higher levels
should follow the PCS. If the PCS is locked, but higher level traffic is corrupted, there may be a
problem with the remote transmitter virtual lane tags.

5. Tuning—You can adjust analog parameters to minimize any remaining bit error rate. IDLE traffic is
representative for analog purposes.

Related Information

« Transceiver PHY Control and Status Registers on page 3-80
For more information about the analog parameters for Stratix IV devices, refer to the description of
the 40-100GbE IP core Stratix IV transceiver analog settings register GX_CTRLI at offset 0x007.

+ Altera Transceiver PHY IP Core User Guide
For information about the analog parameters for Arria V GZ devices and Stratix V devices.
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Altera provides an example design with the 40-100GbE IP core. This example design is ready for
compilation and can be configured on a C2 speed grade device.

You can use the example design as an example for correct connection of your IP core to your design, or as
a starter design you can customize for your own design requirements.

Separate figures illustrate the example design structure for 40GBASE-KR IP core variations and for the
other IP core variations.
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Figure A-1: High Level Block Diagram for the 40-100GbE Example Design

High level block diagram for non-40GBASE-KR4 example designs. You can generate a non-40GBASE-
KR4 example design for any non-40GBASE-KR4, full duplex IP core variation that includes both MAC
and PHY components.

Altera FPGA
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Adapter
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Status Interface

Reconfiguration
Controller (Arria V GZ
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Figure A-2: High Level Block Diagram for the 40GBASE-KR4 Example Design

High level block diagram for 40GBASE-KR4 example designs. You can generate a 40GBASE-KR4
example design for any 40GBASE-KR4 IP core variation that includes both MAC and PHY components,
does not have Synchronous Ethernet support, does not have the link training microrporcoessor interface,
and has RX equalization enabled. Variations that meet these criteria can be with or without adapters,
unlike the testbench, which is available only for variations with adapters.

Altera FPGA
40GBASE-KR4 40Gbs Ethernet MAC and PHY MegaCore Function

X
Adapter

Client
Logic
(pkt

gen/check)
RX

Adapter

Avalon-MM Control and

Status Interface

Reconfiguration
JTAG Avalon-MM Master Bundle

Altera’s example design includes either the 40GbE or 100GbE IP core. Client logic connects to the TX and
RX Ethernet MAC. The TX and RX logic in the MAC includes an optional adapter which is available for
both the 40GbE and 100GbE IP cores. When you use the optional adapter, the start of packet (SOP) is
always in the most significant word (64 bits) of the bus, simplifying the interpretation of incoming data.
When the configuration includes adapters, the interface between the client logic and TX and RX FIFOs
uses the Avalon-ST protocol. Without adapters, the interface between client logic and the TX and RX
MAC is a custom streaming interface.

The bandwidth for the two versions is the same. However, the version without adapters achieves this
bandwidth with a narrower bus, because it does not restrict the SOP to the most significant word of the
bus. In the version without adapters, the SOP can be in the MSB of any word. The penalty for the less
restrictive positioning of the SOP is a data stream which is more difficult to interpret.
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The interface between the MAC and PHY modules of the IP core is XLGMII for the 40GbE IP core and
CGMII for the 100GbE IP core. The interface between the PHY and external physical medium dependent
(PMD) optical module or other device is XLAUT for the 40GbE IP core and CAUTI for the 100GbE IP core,
providing a bandwidth of either 4 or 10 x 10.3125 Gbps.

An Avalon-MM control and status (management) interface provides access to the MAC and PHY
registers in the IP core and also controls the MDIO, 2-wire serial, and PMD controllers on the PCB (for
non-40GBASE-KR4 variations) or the reconfiguration bundle (for 40GBASE-KR4 variations).

The example design is provided as a Quartus II project. The example design is crafted for you to configure
on a C2 device in a specific Altera development kit. To use a different device or development kit, you must
modify the project.

By default, the example design configures on one of the following Altera development kits, as appropriate
for the IP core target device and variation:

o 100G Development Kit, Stratix IV GT Edition

+ 100G Development Kit, Stratix V GX Edition

« Transceiver Signal Integrity Development Kit, Stratix V GT Edition

 Transceiver Signal Integrity Development Kit, Stratix V GX Edition (for 40GBASE-KR4 IP cores)

To set up and configure the example design on the device, follow these steps:

1. Follow the steps in Chapter 2, Getting Started to generate your IP core. Refer to the figures for
information about the variations for which an example design can be generated.
Note: When prompted at the start of generation, you must turn on Generate example design.

2. In the Quartus II software, on the File menu, click Open Project.

3. Navigate to the example design project folder, select the Quartus Project File (.qpf), <instance_name
>_example/alt_e40_el00/example/< example_design_name >.qpf, and click Open.

4. On the Processing menu, click Start Compilation.

5. Program the targeted Altera device with the Quartus II Programmer.

Related Information

« 40-100GbE Example Design Registers on page 3-116
o PMD Registers on page 3-116

o MDIO Registers on page 3-117

o 2-Wire Serial Interface Registers on page 3-118

o 40-100GbE IP Core File Set
Ilustrates the path to the example design Quartus II project file.
o Avalon Interface Specifications
For more information about the Avalon-MM and Avalon-ST protocols, including timing diagrams.
o All Development Kits web page
For information about the Altera development kits that the example designs target.
e Volume 3 of the Quartus II Handbook
For information about programming an Altera device, refer to the "Device Programming" section.
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Table B-1: Address Map and Register Name Changes for the 40-100GbE IP Core v12.0 Release

For improved organization and clarity, version 12.0 of the 40- and 100-Gbps MAC and PHY MegaCore Function
revised the address map and renamed a few registers. This table lists the address map changes in the 12.0 software

release. These address map changes apply to Stratix IV and Stratix V devices.

Current 40/100GbE Current Name Previous Address Previous Name
Address

0x017 PCS_HW_ERR HW_ERR

0x018 BER_MONITOR Reserved

0x019 TEST_MODE Reserved

0x0la TEST_PATTERN_ Reserved
COUNTER

0x01b Enable Link Fault Reserved
sequence

0x01d PHY reset Reserved

0x120 MAC_HW_ERR Reserved

0x121 MAC Reset Reserved

0x122 MAC/RS link fault Reserved
sequence configuration

0x123 CRC_CONFIG Reserved

0x162-0x17f Reserved 0x160-0x017f DST_ADR
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This appendix duplicates the 10GBASE-KR PHY register listings from the Altera Transceiver PHY IP
Core User Guide. Altera provides this appendix as a convenience to make the full 40GBASE-KR4 register
information available in the 40-100GbE IP core user guide. While Altera makes every attempt to keep the
information in the appendix up-to-date, the most up-to-date information is always found in the Altera
Transceiver PHY IP Core User Guide, and the appendix is not guaranteed to be up-to-date at any
particular time.

Most 40GBASE-KR4 registers are I0GBASE-KR PHY registers of the I0GBASE-KR PHY IP core,
documented in the Altera Transceiver PHY IP Core User Guide and duplicated, with a potential time
lag for updates, in this appendix. The register offsets are identical in the 40GBASE-KR4 variations of the
40-100GDE IP core. However, the 40GBASE-KR4 variations of the 40-100GbE IP core have additional
40GBASE-KR4 related registers and register fields.

40GBASE-KR4 Registers documents the differences between the 10GBASE-KR PHY register definitions
in the I0GBASE-KR PHY Register Defintions section of the Backplane Ethernet I0GBASE-KR PHY IP Core
with FEC Option chapter of the Altera Transceiver PHY IP Core User Guide and the 40GBASE-KR4
registers of the 40-100GbE IP core. All I0GBASE-KR PHY registers and register fields not listed in
40GBASE-KR4 Registers are available in the 40GBASE-KR4 variations of the 40-100GbE IP core.

Where the Altera Transceiver PHY IP Core User Guide and this appendix list 10GBASE-R, substitute
40GBASE-KR4 with auto-negotiation and link training both turned off, and where they list 10GBASE-KR
(except in the description of 0xCB[24:0]), substitute 40GBASE-KR4. Where a register field description in
the Altera Transceiver PHY IP Core User Guide and this appendix refers to link training or FEC in the
single-lane 10GBASE-KR PHY IP core, substitute link training or FEC on Lane 0 of the 40GBASE-KR4 IP
core variation. Where a register field description in the Altera Transceiver PHY IP Core User Guide and
this appendix refers to the Transceiver Reconfiguration IP core, substitute the reconfiguration bundle.

Related Information

Altera Transceiver PHY IP Core User Guide

The 40GBASE-KR4 variations of the 40-100GbE IP core use the 10GBASE-KR PHY IP core PHY registers
at internal offsets 0xBO-0xFF (at IP core register map offsets 0xBO-0xFF), in addition to the registers
listed in 40GBASE-KR4 Registers. Information about this PHY IP core, including up-to-date register
descriptions, is available in the Backplane Ethernet I0GBASE-KR PHY IP Core with FEC Option chapter of
the Altera Transceiver PHY IP Core User Guide..

10GBASE-KR PHY Register Definitions

The Avalon-MM master interface signals provide access to the control and status registers.
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The following table specifies the control and status registers that you can access over the Avalon-MM
PHY management interface. A single address space provides access to all registers.

Notes:

o Unless otherwise indicated, the default value of all registers is 0.
» Writing to reserved or undefined register addresses may have undefined side effects.

« To avoid any unspecified bits to be erroneously overwritten, you must perform read-modify-writes to
change the register values.

Table C-1: 10GBASE-KR Register Definitions

Word R/W Description
Addr

Reset SEQ When set to 1, resets the 10GBASE-KR sequencer, initiates a
PCS reconfiguration, and may restart Auto-Negotiation, Link
Training or both if AN and LT are enabled (10GBASE-KR
mode). SEQ Force Mode[2:0] forces these modes. This reset
self clears.

1 RW |Disable AN Timer |Auto-Negotiation disable timer. If disabled ( Disable AN
Timer = 1), AN may get stuck and require software support
to remove the ABILITY_DETECT capability if the link
partner does not include this feature. In addition, software
may have to take the link out of loopback mode if the link is
stuck in the ACKNOWLEDGE_DETECT state. To enable
this timer set Disable AN Timer = O.

2 RW | Disable LF Timer |When setto 1, disables the Link Fault timer. When set to 0,
the Link Fault timer is enabled.

64 |RW |SEQ Force Forces the sequencer to a specific protocol. Must write the
Mode[2:0] Reset SEQ bit to 1 for the Force to take effect. The following
encodings are defined:

0xBO » 3'b000: No force

« 3'b001: GigE

o 3'b010: Reserved

o 3'b011: Reserved

e 3b100: 10GBASE-R
e 3b101: 10GBASE-KR
o Others: Reserved

16 RW |Assert KR FEC When set to 1, indicates that the FEC ability is supported.
Ability This bit defaults to 1 if the Set FEC_ability bit on power up/
reset bit is on. For more information, refer to the FEC
variable FEC_Enable as defined in Clause 74.8.2 and
10GBASE-KR PMD control register bit (1.171.0) IEEE
802.3ap-2007.

17 RW |Enable KR FEC When set to 1, the FEC module indicates errors to the 10G
Error Indication |PCS. For more information, refer to the KR FEC variable
FEC_enable_Error_to PCS and 10GBASE-KR PMD control
register bit (1.171.1) as defined in Clause 74.8.3 of IEEE
302.3ap-2007.

Altera Corporation 10GBASE-KR Registers
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Word R/W Description
Addr

Assert KR FEC When set to 1, indicates that the core is requesting the FEC
Request ability. When this bit changes, you must assert the Reset SEQ
bit (0xBO[0]) to renegotiate with the new value.

0 R SEQ Link Ready When asserted, the sequencer is indicating that the link is
ready.

1 R SEQ AN timeout When asserted, the sequencer has had an Auto-Negotiation
timeout. This bit is latched and is reset when the sequencer
restarts Auto-Negotiation.

2 R SEQ LT timeout When set, indicates that the Sequencer has had a timeout.

13:8 |R SEQ Reconfig Specifies the Sequencer mode for PCS reconfiguration. The

Mode[5:0] following modes are defined:
« Bit 8, mode[0]: AN mode
o Bit9, mode[1]: LT Mode
B o Bit 10, mode[2]: 10G data mode
0xB1  Bit 11, mode[3]: Gige data mode
o Bit 12, mode[4]: Reserved for XAUI
o Bitl3, mode[5]: 10G FEC mode

16 R KR FEC Ability Indicates whether or not the 10GBASE-KR PHY supports
FEC. For more information, refer to the FEC variable FEC_
Enable as defined in Clause 74.8.2 and 10GBASE-KR PMD
control register bit (1.171.0) IEEE 802.3ap-2007.

17 R Enable KR FEC When set to 1, indicates that the I0GBASE-KR PHY is

Error Indication |capable of reporting FEC decoding errors to the PCS. For

Ability more information, refer to the KR FEC variable FEC_enable_
Error_to_PCS and 10GBASE-KR PMD control register bit
(1.171.1) as defined in Clause 74.8.3 of IEEE 302.3ap-2007.

0 RW |FEC TX trans When asserted, indicates that the error insertion feature in

error the FEC Transcoder is enabled.

1 RW |FEC TX burst When asserted, indicates that the error insertion feature in

error the FEC Encoder is enabled.

522 |RW |FEC TX burst Specifies the length of the error burst. Values 1-16 are

length available.
0xB2
10:6 Reserved
11 RWS |FEC TX Error Writing a 1 inserts 1 error pulse into the TX FEC depending
C Insert on the Transcoder and Burst error settings. Software clears
this register.
31:15 | RWS | Reserved
C
0xB3 |31:0 |RSC |FEC Corrected Counts the number of corrected FEC blocks. Resets to 0
Blocks when read. Otherwise, it holds at the maximum count and
does not roll over. Refer to Clause 74.8.4.1 of IEEE 802.3ap-
2000 for details.

10GBASE-KR Registers
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Word R/W Description
Addr

T10GBASE-KR PHY Register Definitions

0xB4

31:0

RSC

FEC Uncorrected
Blocks

Counts the number of uncorrectable FEC blocks. Resets to 0
when read. Otherwise, it holds at the maximum count and
does not roll over. Refer to Clause 74.8.4.1 of IEEE 802.3ap-
2000 for details.

RwW

AN enable

When set to 1, enables Auto-Negotiation function. The
default value is 1. For additional information, refer to bit
7.0.12 in Clause 73.8 Management Register Requirements, of
IEEE 802.3ap-2007.

RwW

AN base pages
ctrl

When set to 1, the user base pages are enabled. You can send
any arbitrary data via the user base page low/high bits. When
set to 0, the user base pages are disabled and the state
machine generates the base pages to send.

0xCO0

RW

AN next pages
ctrl

When set to 1, the user next pages are enabled. You can send
any arbitrary data via the user next page low/high bits. When
set to 0, the user next pages are disabled. The state machine
generates the null message to send as next pages.

Local device
remote fault

When set to 1, the local device signals Remote Faults in the
Auto-Negotiation pages. When set to 0 a fault has not
occurred.

RW

Force TX nonce
value

When set to 1, forces the TX none value to support some
UNH-IOL testing modes. When set to 0, operates normally.

RW

Override AN

When set to 1, the override settings defined by the AN_TECH,
AN_FEC and AN_PAUSE registers take effect.

0xCl1

RW

Reset AN

When set to 1, resets all the 10GBASE-KR Auto-Negotiation
state machines. This bit is self-clearing.

RwW

Restart AN TX SM

When set to 1, restarts the 1I0GBASE-KR TX state machine.
This bit self clears. This bit is active only when the TX state
machine is in the AN state. For more information, refer to bit
7.0.9 in Clause 73.8 Management Register Requirements of
IEEE 802.3ap-2007.

RW

AN Next Page

When asserted, new next page info is ready to send. The data
is in the XNP TX registers. When 0, the TX interface sends
null pages. This bit self clears. Next Page (NP) is encoded in
bit D15 of Link Codeword. For more information, refer to
Clause 73.6.9 and bit 7.16.15 of Clause 45.2.7.6 of IEEE
802.3ap-2007.

0xC2

Altera Corporation

RO

AN page received

When set to 1, a page has been received. When 0, a page has
not been received. The current value clears when the register
is read. For more information, refer to bit 7.1.6 in Clause 73.8
of IEEE 802.3ap-2007.

RO

AN Complete

When asserted, Auto-Negotiation has completed. When 0,
Auto-Negotiation is in progress. For more information, refer
to bit 7.1.5 in Clause 73.8 of IEEE 802.3ap-2007.
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Word R/W Description
Addr

AN ADV Remote
Fault

When set to 1, fault information has been sent to the link
partner. When 0, a fault has not occurred. The current value
clears when the register is read. Remote Fault (RF) is encoded
in bit D13 of the base Link Codeword. For more information,
refer to Clause 73.6.7 of and bit 7.16.13 of IEEE 802.3ap-2007.

RO

AN RX SM Idle

When set to 1, the Auto-Negotiation state machine is in the
idle state. Incoming data is not Clause 73 compatible. When
0, the Auto-Negotiation is in progress.

RO

AN Ability

When set to 1, the transceiver PHY is able to perform Auto-
Negotiation. When set to 0, the transceiver PHY i s not able
to perform Auto-Negotiation. If your variant includes
Auto-Negotiation, this bit is tied to 1. For more information,
refer to bits 7.1.3 and 7.48.0 of Clause 45 of IEEE
802.3ap-2007.

RO

AN Status

When set to 1, link is up. When 0, the link is down. The
current value clears when the register is read. For more
information, refer to bit 7.1.2 of Clause 45 of IEEE
802.3ap-2007.

RO

LP AN Ability

When set to 1, the link partner is able to perform
Auto-Negotiation. When 0, the link partner is not able to
perform Auto-Negotiation. For more information, refer to bit
7.1.0 of Clause 45 of IEEE 802.3ap-2007.

RO

Enable FEC

When asserted, indicates that auto-negotiation is complete
and that communicate includes FEC. For more information
refer to Clause 7.48.4.

RO

Seq AN Failure

When set to 1, a sequencer Auto-Negotiation failure has been
detected. When set to 0, a Auto-Negotiation failure has not
been detected.

17:12

RO

KR AN Link
Ready[5:0]

Provides a one-hot encoding of an_receive_idle = true and
link status for the supported link as described in Clause
73.10.1. The following encodings are defined:

e 6'b000000: 1000BASE-KX
e 6'b000001: Reserved
e 6b000100: I0GBASE-KR
o 6'b001000: Reserved
o 6'b010000: Reserved
e 6'b100000: Reserved

0xC3 15:0

10GBASE-KR Registers
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RwW

User base page
low

The Auto-Negotiation TX state machine uses these bits if the
AN base pages ctrl bit is set. The following bits are defined:
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Word R/W Description
Addr

[4:0]: Selector
o [9:5]: Echoed nonce which are set by the state machine
e [12:10]: Pause bits
o [13]: Remote Fault bit
 [14]: ACK which is controlled by the SM
o [15]: Next page bit
Bit 49, the PRBS bit, is generated by the Auto-Negotiation TX
state machine.

21:16

RW

Override AN_
TECH[5:0]

Specifies an AN_TECH value to override. The following
encodings are defined:

e [16]: AN_TECH[O] = 1000Base-KX
e [17]: AN_TECH[1] = XAUI

o [18]: AN_TECH[2] = 10GBASE-KR
o [19]: AN_TECH[3] = 40G

o [20]: AN_TECH[4] = CR-4

e [21]: AN_TECH[5] = 100G

You must write 0xCO[5] to 1'b1 for these overrides to take
effect.

25:24

RwW

Override AN_
FEC[1:0]

Specifies an AN_FEC value to override. The following
encodings are defined:

o [24]: AN_ FEC [0] = Capability

o [25]: AN_ FEC [1] = Request

You must write 0xCO[5] to 1'b1 for these overrides to take
effect.

30:28

RW

Override AN_
PAUSE[2:0]

Specifies an AN_PAUSE value to override. The following
encodings are defined:

+ [28]: AN_PAUSE[0] = Pause Ability

o [29]: AN_PAUSE[1] = Asymmetric Direction

o [30]: AN_PAUSE[2] = Reserved

Need to set 0xC0 bit-5 to take effect.

0xC4 |31:0

RwW

User base page
high

The Auto-Negotiation TX state machine uses these bits if the
Auto-Negotiation base pages ctrl bit is set. The following bits
are defined:

o [4:0]: Correspond to bits 20:16 which are TX nonce bits.
o [29:5]: Correspond to page bit 45:21 which are the
technology ability.

Bit 49, the PRBS bit, is generated by the Auto-Negotiation TX
state machine.
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Addr
0xC5 |15:0 User Next page The Auto-Negotiation TX state machine uses these bits if the
low Auto-Negotiation next pages ctrl bit is set. The following bits

are defined:

o [11]: Toggle bit

o [12]: ACK2 bit

o [13]: Message Page (MP) bit

o [14]: ACK controlled by the state machine

« [15]: Next page bit

For more information, refer to Clause 73.7.7.1 Next Page

encodings of IEEE 802.3ap-2007. Bit 49, the PRBS bit, is
generated by the Auto-Negotiation TX state machine.

0xC6 |31:0 |RW |User Next page The Auto-Negotiation TX state machine uses these bits if the
high Auto-Negotiation next pages ctrl bit is set. Bits [31:0]
correspond to page bits [47:16]. Bit 49, the PRBS bit, is
generated by the Auto-Negotiation TX state machine.

0xC7 |15:0 |[RO |LP base page low |The AN RX state machine received these bits from the link
partner. The following bits are defined:

o [4:0] Selector

o [9:5] Echoed Nonce which are set by the state machine
o [12:10] Pause bits

e [12]: ACK2 bit

o [13]: RF bit

« [14]: ACK controlled by the state machine
o [15]: Next page bit

0xC8 |31:0 |RO |LP base page high | The AN RX state machine received these bits from the link
partner. The following bits are defined:

o [31:30]: Reserved
o [29:5]: Correspond to page bits [45:21] which are the
technology ability

o [4:0]: Correspond to bits [20:16] which are TX Nonce bits

0xC9 |15:0 |RO |LP Next page low |The AN RX state machine receives these bits from the link
partner. The following bits are defined:

+ [15]: Next page bit

« [14]: ACK which is controlled by the state machine
e [13]: MP bit

o [12] ACK2 bit

[11] Toggle bit

For more information, refer to Clause 73.7.7.1 Next Page
encodings of IEEE 802.3ap-2007.

0xCA |31:0 |RO |LP Next page high | The AN RX state machine receives these bits from the link
partner. Bits [31:0] correspond to page bits [47:16]

10GBASE-KR Registers Altera Corporation
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10GBASE-KR PHY Register Definitions

0xCB

24:0

AN LP ADV Tech_
A[24:0]

Received technology ability field bits of Clause 73
Auto-Negotiation. The 10GBASE-KR PHY supports A0 and
A2. The following protocols are defined:

e A0 1000BASE-KX

e Al 10GBASE-KX4

« A2 10GBASE-KR

o A3 40GBASE-KR4

o A4 40GBASE-CR4

o A5 100GBASE-CR10
o A24:6 are reserved

For more information, refer to Clause 73.6.4 and AN LP base
page ability registers (7.19-7.21) of Clause 45 of IEEE
802.3ap-2007.

26:25

RO

AN LP ADV FEC_
F[1:0]

Received FEC ability bits. FEC [F0:F1] is encoded in bits
D46:D47 of the base Link Codeword as described in Clause
73 AN, 73.6.5. Bit[26] corresponding to F1 is the request bit.
Bit[25] corresponding to FO is the FEC ability bit.

27

RO

AN LP ADV Remote
Fault

Received Remote Fault (RF) ability bits. RF is encoded in bit
D13 of the base link codeword in Clause 73 AN. For more
information, refer to Clause 73.6.7 and bits AN LP base page
ability register AN LP base page ability registers (7.19-7.21) of
Clause 45 of IEEE 802.3ap-2007.

30:28

RO

AN LP ADV Pause
Ability C[2:0]

Received pause ability bits. Pause (C0:C1) is encoded in bits
D11:D10 of the base link codeword in Clause 73 AN as
follows:

CO is the same as PAUSE as defined in Annex 28B
C1 is the same as ASM_DIR as defined in Annex 28B
C2 is reserved

For more information, refer to bits AN LP base page ability
registers (7.19-7.21) of Clause 45 of IEEE 802.3ap-2007.

0xDO0

Altera Corporation

RW

Link Training
enable

When 1, enables the I0GBASE-KR start-up protocol. When
0, disables the 10GBASE-KR start-up protocol. The default
value is 1. For more information, refer to Clause 72.6.10.3.1
and 10GBASE-KR PMD control register bit (1.150.1) of IEEE
802.3ap-2007.

RwW

dis_max_wait_tmr

When set to 1, disables the LT max_wait_timer . Used for
characterization mode when setting much longer BER timer
values.

RwW

quick_mode

When set to 1, only the init and preset values are used to
calculate the best BER.

RW

pass_one

When set to 1, the BER algorithm considers more than the
first local minimum when searching for the lowest BER. The
default value is 1.
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Word R/W Description
Addr

Specifies the number of equalization steps for each main tap
update. There are about 20 settings for the internal algorithm
to test. The valid range is 1-15. The default value is 4'b0010.

main_step_cnt

[3:0]

11:8

RwW

prpo_step_cnt
[3:0]

Specifies the number of equalization steps for each pre- and
post- tap update. From 16-31 steps are possible. The default

value is 4'b0001.

14:12

RwW

equal_cnt [2:0]

Adds hysteresis to the error count to avoid local minimums.
The default value is 3'b010. The following encodings are

defined:

o 3'b000: 0
« 3Db001:1
o 3'b010:2
o 3'b100: 4
o 3b101:8
o 3bl110: 16

15

RwW

disable
initialize PMA on
max_wait_timeout

When set to 1, does not initialize the PMA Vp, pretap,
posttap values upon entry into the Training Failure state as
defined in Figure 72-5 of Clause 72.6.10.4.3 of IEEE 802.3ap-
2007. This failure occurs when the max_wait_timer_done
timeout is reached setting the Link Training failure bit

(0xD2[3]). Used during UNH-IOL testing.

When set to 0, initializes the PMA values upon entry into

Training_Failure state.

16

RW

Ovride LP Coef
enable

When set to 1, overrides the link partner's equalization
coefficients; software changes the update commands sent to
the link partner TX equalizer coefficients. When set to 0, uses
the Link Training logic to determine the link partner
coefficients. Used with 0xD1 bit-4 and 0xD4 bits[7:0].

17

RwW

Ovride Local RX
Coef enable

When set to 1, overrides the local device equalization
coefficients generation protocol. When set, the software
changes the local TX equalizer coefficients. When set to 0,
uses the update command received from the link partner to
determine local device coefficients. Used with 0xD1 bit-8 and

0xD4 bits[23:16]. The default value is 1.

19:18

Reserved

You should not modify these bits. To update this register,
first read the value of this register then change only the value

for bits that are not reserved.
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22:20 rx_ctle_mode RX CTLE mode in the Link Training algorithm. The default

value is 3'b000. The following encodings are defined:

o 3'b000: CTLE tuning in link training is disabled. Retains
user set value of CTLE.

o 3'b001: Reserved.

o 3'b010: Reserved.

o 3'b011: CTLE tuning in link training is enabled.
e 3'b100 to 3'b111: reserved.

23 RW |vod_up When set to 1, Vgp is trained to high values. The default is
set to 0 to save power and reduce crosstalk on the link.

26:24 | RW | rx_dfe_mode RX DFE mode in the link training algorithm. The default
value is 3'b000. The following bits are defined:

« 3'b000: DFE adaptation in link training is disabled

« 3'b001: Reserved

» 3'b010: DFE is triggered at the end of link training

« 3'b011: DFE is triggered at the end of Vp, Post tap and
Pre-tap training

« 3100 to 3'b111: Reserved

28 |RW  max_mode When set to 1, link training operates in maximum TX

equalization mode. Modifies the link training algorithm to
settle on the max pretap and max Vgp if the BER counter
reaches the maximum for all values. Link training settles on
the max_post_step for the posttap value.

31:29 |[RW |max_post_step Number of TX posttap steps from the initialization state
when in max_mode.
0 RW |Restart Link When set to 1, resets the 10GBASE-KR start-up protocol.
training When set to 0, continues normal operation. This bit self

clears. For more information, refer to the state variable mr_
restart_training as defined in Clause 72.6.10.3.1 and
10GBASE-KR PMD control register bit (1.150.0) IEEE
802.3ap-2007.

4 RW |Updated TX Coef When set to 1, there are new link partner coefficients

new available to send. The LT logic starts sending the new values
set in 0xD4 bits[7:0] to the remote device. When set to 0,
continues normal operation. This bit self clears. Must enable
this override in 0xDO bit16.

0xD1

8 RW |Updated RX coef | When setto 1, new local device coefficients are available. The
new LT logic changes the local TX equalizer coefficients as
specified in 0xD4 bits[23:16]. When set to 0, continues
normal operation. This bit self clears. Must enable the
override in 0xDO bit17.
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Word R/W Description
Addr

Link Trained -
Receiver status

When set to 1, the receiver is trained and is ready to receive
data. When set to 0, receiver training is in progress. For more
information, refer to the state variable rx_trained as defined
in Clause 72.6.10.3.1 and bit 10GBASE-KR PMD control
register bit I0GBASE_KR PMD status register bit (1.151.0) of
IEEE 802.3ap-2007.

RO

Link Training
Frame lock

When set to 1, the training frame delineation has been
detected. When set to 0, the training frame delineation has
not been detected. For more information, refer to the state
variable frame_lock as defined in Clause 72.6.10.3.1 and
10GBASE_KR PMD status register bit 10GBASE_KR PMD
status register bit (1.151.1) of IEEE 802.3ap-2007.

0xD2

RO

Link Training
Start-up protocol
status

When set to 1, the start-up protocol is in progress. When set
to 0, start-up protocol has completed. For more information,
refer to the state training as defined in Clause 72.6.10.3.1 and
10GBASE_KR PMD status register bit (1.151.2) of IEEE
802.3ap-2007.

RO

Link Training
failure

When set to 1, a training failure has been detected. When set
to 0, a training failure has not been detected For more
information, refer to the state variable training_failure as
defined in Clause 72.6.10.3.1 and bit 10GBASE_KR PMD
status register bit (1.151.3) of IEEE 802.3ap-2007.

RO

Link Training
Error

When set to 1, excessive errors occurred during Link
Training. When set to 0, the BER is acceptable.

RO

Link Training
Frame lock Error

When set to 1, indicates a frame lock was lost during Link
Training. If the tap settings specified by the fields of 0xD5 are
the same as the initial parameter value, the frame lock error
was unrecoverable.

RO

CTLE Frame Lock
Loss

When set to 1, indicates that fram lock was lost at some point
during CTLE link training.

RO

CTLE Tuning Error

When set to 1, indicates that CTLE did not achieve best
results because the BER counter reached the maximum value
for each step of CTLE tuning.

9:0

0xD3

RwW

ber_time_frames

Specifies the number of training frames to examine for bit
errors on the link for each step of the equalization settings.
Used only when ber_time_k_frames is 0.The following values
are defined:

« A value of 2 is about 103 bytes
« A value of 20 is about 10* bytes
o A value of 200 is about 10° bytes

The default value for simulation is 2'b11. The default value
for hardware is 0.

10GBASE-KR Registers

C] Send Feedback

Altera Corporation


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%2010GBASE-KR%20Registers%20(UG-01088%202014.12.15)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

UG-01088

T0GBASE-KR PHY Register Definitions 2014.12.15
Word R/W Description
Addr
19:10 ber_time_k_frames | Specifies the number of thousands of training frames to

examine for bit errors on the link for each step of the
equalization settings. Set ber_time_m_frames = 0 for time/
bits to match the following values:

o A value of 3 is about 10 7 bits = about 1.3 ms
o A value of 25 is about 10 & bits = about 11ms
o A value of 250 is about 10 ? bits = about 11 Oms

The default value for simulation is 0. The default value for
hardware is 0x15.

29:20 RW | ber_time_m_frames | Specifies the number of millions of training frames to
examine for bit errors on the link for each step of the
equalization settings. Set ber_time_k_frames = 4'd1000 =
0x3E8 for time/bits to match the following values:

o A value of 3 is about 1019 bits = about 1.3 seconds
o A value of 25 is about 10 !! bits = about 11 seconds
o A value of 250 is about 1012 bits = about 110 seconds

5:0 |RO |LD coefficient Reflects the contents of the first 16-bit word of the training
or update[5:0] frame sent from the local device control channel. Normally,
RW the bits in this register are read-only; however, when you
override training by setting the Ovride Coef enable control

bit, these bits become writeable. The following fields are
defined:

o [5:4]: Coefficient (+1) update

o 2'bl1: Reserved

o 2'b01: Increment

o 2'b10: Decrement

« 2'b00: Hold
o [3:2]: Coefficient (0) update (same encoding as [5:4])
o [1:0]: Coefficient (-1) update (same encoding as [5:4])
0xD4 For more information, refer to bit 10G BASE-KR LD

coefficient update register bits (1.154.5:0) in Clause
45.2.1.80.3 of IEEE 802.3ap-2007.

6 RO |LD Initialize When set to 1, requests the link partner coefficients be set to
or Coefficients configure the TX equalizer to its INITIALIZE state. When set
RW to 0, continues normal operation. For more information,

refer to 10G BASE-KR LD coefficient update register bits
(1.154.12) in Clause 45.2.1.80.3 and Clause 72.6.10.2.3.2 of
IEEE 802.3ap-2007.

7 RO |LD Preset When set to 1, requests the link partner coefficients be set to
or Coefficients a state where equalization is turned off. When set to 0 the link
RW operates normally. For more information, refer to bit 10G

BASE-KR LD coefficient update register bit (1.154.13) in
Clause 45.2.1.80.3 and Clause 72.6.10.2.3.2 of IEEE
802.3ap-2007.
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13:8 LD coefficient Status report register for the contents of the second, 16-bit
status[5:0] word of the training frame most recently sent from the local

device control channel. The following fields are defined:
o [5:4]: Coefticient (post-tap)

e 2'bll: Maximum
o 2'b01: Minimum
« 2'b10: Updated
+ 2'b00: Not updated
o [3:2]: Coefficient (0) (same encoding as [5:4])
o [1:0]: Coefticient (pre-tap) (same encoding as [5:4])
For more information, refer to bit 10G BASE-KR LD status

report register bit (1.155.5:0) in Clause 45.2.1.81 of IEEE
802.3ap-2007.

14 RO |Link Training When set to 1, the local device receiver has determined that
ready - LD training is complete and is prepared to receive data. When set
Receiver ready to 0, the local device receiver is requesting that training

continue. Values for the receiver ready bit are defined in
Clause 72.6.10.2.4.4. For more information refer to For more
information, refer to bit 10G BASE-KR LD status report
register bit (1.155.15) in Clause 45.2.1.81 of IEEE
802.3ap-2007.

21:16 |[RO  |LP coefficient Reflects the contents of the first 16-bit word of the training
or update[5:0] frame most recently received from the control channel.

RW Normally the bits in this register are read only; however,

when training is disabled by setting low the KR Training
enable control bit, these bits become writeable. The following
fields are defined:

o [5:4]: Coefficient (+1) update

o 2'bl1: Reserved

o 2'b01: Increment

o 2'b10: Decrement

o 2'b00: Hold
o [3:2]: Coefticient (0) update (same encoding as [5:4])
o [1:0]: Coefficient (-1) update (same encoding as [5:4])
For more information, refer to bit 10G BASE-KR LP

coefficient update register bits (1.152.5:0) in Clause
45.2.1.78.3 of IEEE 802.3ap-2007.

22 RO LP Initialize When set to 1, the local device transmit equalizer coefficients
or Coefficients are set to the INITIALIZE state. When set to 0, normal
RW operation continues. The function and values of the initialize

bit are defined in Clause 72.6.10.2.3.2. For more information,
refer to bit 10G BASE-KR LP coefficient update register bits
(1.152.12) in Clause 45.2.1.78.3 of IEEE 802.3ap-2007.
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Word R/W Description
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LP Preset When set to 1, The local device TX coefficients are set to a
or Coefficients state where equalization is turned off. Preset coefficients are
RW used. When set to 0, the local device operates normally. The

function and values of the preset bit is defined in
72.6.10.2.3.1. The function and values of the initialize bit are
defined in Clause 72.6.10.2.3.2. For more information, refer
to bit 10G BASE-KR LP coefficient update register bits
(1.152.13) in Clause 45.2.1.78.3 of IEEE 802.3ap-2007.
29:24 |RO  |LP coefficient Status report register reflects the contents of the second, 16-
status[5:0] bit word of the training frame most recently received from
the control channel: The following fields are defined:
o [5:4]: Coefficient (+1)
o 2'bll: Maximum
o 2'b01: Minimum
« 2'b10: Updated
« 2'b00: Not updated
o [3:2]: Coefficient (0) (same encoding as [5:4])
o n [1:0]: Coefficient (-1) (same encoding as [5:4])
For more information, refer to bit 10G BASE-KR LP status
report register bits (1.153.5:0) in Clause 45.2.1.79 of IEEE
802.3ap-2007.
30 |RO |LP Receiver ready | When set to 1, the link partner receiver has determined that

training is complete and is prepared to receive data. When set
to 0, the link partner receiver is requesting that training
continue.

Values for the receiver ready bit are defined in Clause
72.6.10.2.4.4. For more information, refer to bit 10G BASE-
KR LP status report register bits (1.153.15) in Clause
45.2.1.79 of IEEE 802.3ap-2007.
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LT Vgp setting Stores the most recent Vp setting that LT specified using the

Transceiver Reconfiguration Controller IP core. It reflects
Link Partner commands to fine-tune the Vqp.

12:8 |R LT Post-tap Stores the most recent post-tap setting that LT specified using
setting the Transceiver Reconfiguration Controller IP core. It reflects
Link Partner commands to fine-tune the TX pre-emphasis
taps.
19:16 | R LT Pre-tap Stores the most recent pre-tap setting that LT specified using
setting the Transceiver Reconfiguration Controller IP core. It reflects
0xD5 Link Partner commands to fine-tune the TX pre-emphasis
taps.
23:20 |R RXEQ CTLE Setting | Stores the most recent CTLE setting sent to the Transceiver

Reconfiguration IP Core during RX Equalization.

25:24 |R RXEQ CTLE Mode Stores the most recent CTLE mode that CTLE specified using
the Transceiver Reconfiguration IP Core during RX
Equalization.

27:26 | R RXEQ DFE Mode Stores the most recent DFE setting sent to the Transceiver
Reconfiguration IP Core during RX Equalization.

50 |RW |LT VODMAX ovrd Override value for the VMAXRULE parameter. When
enabled, this value substitutes for the VMAXRULE to allow
channel-by-channel override of the device settings. This only
effects the local device TX output for the channel specified.

This value must be greater than the INITMAINVAL
parameter for proper operation. Note this will also override
the PREMAINVAL parameter value.

6 RW |LT VODMAX ovrd When set to 1, enables the override value for the
Enable VMAXRULE parameter stored in the LT VODMAX ovrd
register field.

0xD6 |13:8 |RW |LT voDMin ovrd Override value for the VODMINRULE parameter. When
enabled, this value substitutes for the VMINRULE to allow
channel-by-channel override of the device settings. This
override only effects the local device TX output for this
channel.

The value to be substituted must be less than the
INITMAINVAL parameter and greater than the
VMINRULE parameter for proper operation.

14 |RW |LT VODMin ovrd When set to 1, enables the override value for the
Enable VODMINRULE parameter stored in the LT VODMin ovrd
register field.
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20:16

LT VPOST ovrd

Override value for the VPOSTRULE parameter. When
enabled, this value substitutes for the VPOSTRULE to allow
channel-by-channel override of the device settings. This
override only effects the local device TX output for this
channel.

The value to be substituted must be greater than the
INITPOSTVAL parameter for proper operation.

21

RwW

LT VPOST ovrd
Enable

When set to 1, enables the override value for the
VPOSTRULE parameter stored in the LT VPOST ovrd
register field.

27:24

RW

LT VPre ovrd

Override value for the VPRERULE parameter. When
enabled, this value substitutes for the VPOSTRULE to allow
channel-by-channel override of the device settings. This
override only effects the local device TX output for this
channel.

The value greater than the INITPREVAL parameter for
proper operation.

28

RwW

LT VPre ovrd
Enable

When set to 1, enables the override value for the VPRERULE
parameter stored in the LT VPre ovrd register field.
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40- and 100-Gbps Ethernet MAC and PHY MegaCore Function User Guide
Revision History

Table D-1: Document Revision History

Summarizes the new features and changes in the user guide for the 40- and 100-Gbps Ethernet MAC and PHY
MegaCore function.

ACDS Changes

Version

2014.12.15 vidl o Updated release-specific information for the software release v14.1.

o Updated for new Quartus II IP Catalog, which replaces the MegaWizard
Plug-In Manager starting in the Quartus II software v14.0. Changes are
located primarily in Getting Started. Reordered the chapter to
accommodate the new descriptions.

« Removed OpenCore Plus exception for 40GBASE-KR4 feature.
OpenCore Plus evaluation is available for this feature in the IP core
version 14.0 and later.

» Moved licensing information and the description of the OpenCore Plus
evaluation feature to Getting Started.

« Corrected description of 1PG_DEL_PERIOD register in MAC Feature
Configuration Registers.

o Corrected statements that the pause signals are available only in 40-
100GDbE IP core variations without adapters. Pause signals have been
available in IP core variations with and without adapters since the IP
core v12.0. Changes are located in Pause Control and Generation
Interface, in Conditions Triggering XOFF Frame Transmission , in
Conditions Triggering XON Frame Transmission , in Signals of MAC
and PHY Variations With Adapters, and in Pause Registers.

« Clarified that while the IP core is paused it can still transmit pause
frames, in Congestion and Flow Control Using Pause Frames.

o Clarified reset requirements in Resets.
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D-2 40- and 100-Gbps Ethernet MAC and PHY MegaCore Function User Guide Revision 2014.12.15

ACDS Changes
Version

Added link to Low Latency 40-100GbE IP core user guide in About the
40- and 100-Gbps Ethernet MAC and PHY MegaCore Function and
in Device Family Support.

Added new 10GBASE-KR Registers appendix to provide the 10GBASE-
KR PHY register information that forms the basis for the 40GBASE-
KR4 Registers descriptions. This information is correct at the time of
publication but may lag updates to the source document, the Altera
Transceiver PHY IP Core User Guide.

Removed mention of register 0x0C2 bit [8] from 40GBASE-KR4
Registers on page 3-92 because this register bit is now described in the
10GBASE-KR PHY register listing.

Clarified that the tx_ready signal might an inadequate indication that
the IP core is ready to accept and handle data on the TX client interface
with adapters. Following reset, the application should not send data on
this interface until after the lanes_deskewed signal is asserted,
indicating the IP core can safely transmit packets on the Ethernet link.
In the case of the TX client interface without adapters, the application
should also wait until after the lanes_deskewed signal is asserted.
Notice appears in 40-100GbE IP Core TX Data Bus with Adapters
(Avalon-ST Interface) and in 40-100GbE IP Core TX Data Bus
Without Adapters (Custom Streaming Interface).

Corrected lists of testbench files in Testbenches with Adapters and in
Testbenches without Adapters. The new lists are correct for the IP core
v13.1 and later.

Corrected assorted typos.

March 2014 v13.1
(2014.03.04
)

Altera Corporation

Corrected device support list:

o To include support for Stratix V GS devices.

 To specify Final support for Stratix V devices.

Included "40-100GbE IP Core TX Data Bus with Adapters (Avalon-ST
Interface)" section inadvertently omitted from previous version of user
guide.

In "Frame Check Sequence (CRC-32) Insertion" section, corrected CRC_
CONFIG register bit that controls TX CRC insertion.

Removed inconsistent statement in "40-100GbE IP core CRC Checking"
section that incorrectly indicated that CRC aligns with EOP.

In "Statistics Counters Interface" section, fixed descriptions of the size-
based frame counting signals.

In "Order of Transmission" section, improved figures showing byte
order on the Avalon-ST interface with and without preamble pass-
through enabled.

In "About the 40- and 100-Gbps Ethernet MAC and PHY MegaCore
Function" chapter, removed mention of 4 and 20 virtual lanes, and
replaced with information correct for the Avalon-ST client-side
interface. The virtual lanes are relevant only on the Ethernet link.

In "OpenCore Plus Time-Out Behavior" section, removed mention of
nonexistent local_ready signal.
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Histor

ACDS
Version

« In "Simulating the 40-100GbE IP Core with the Testbenches" section,
removed option to include or exclude waveform generation in the
simulation scripts. The scripts do include this option in pre-13.1
releases.

o Corrected topics to include links to both internal (other sections) and
external (other documents and websites). Previously only one or the
other appeared in each section in the document.

o Fixed assorted typos.

November vi3.1 o Added new 40GBASE-KR4 support with FEC option, including new
2013 (2013.11.04 parameters, signals, registers, testbench, and example design.
) o Added new parameter for Synchronous Ethernet support option to

separate the reference input clocks for the RX CDR PLL and the TX PLL
and make the RX recovered clock visible.

o Added the following new signals:

o Link fault signals visible in duplex variations: remote_fault_status
and local_fault_status.

o PHY status signals visible in MAC+PHY variations: tx_lanes_
stable and lanes_deskewed.

o New clock signals for SyncE variations: rx_clk_ref, tx_clk_ref,
and rx_recovered_clk.

o New 40GBASE-KR4 signals for analog reconfiguration.

o Updated testbench descriptions to describe the new streamlined
testbenches and the new 40GBASE-KR4 example design and testbench.

« Updated descriptions of testbenches and example designs to clarify the
user no longer needs to configure the DUT with a specific name and
clock rate.

o Updated resource utilization numbers.
o Corrected module names in 40GbE IP core resource utilization tables.

July 2013 1.3(v13.0) Corrected signal widths and descriptions in Figure 3-2 on page 3-2 and

Figure 3-3 on page 3-3.

» Corrected Avalon-ST client interface signal widths in Figure 3-5 on page
3-8, Table 3-2 on page 3-8, Figure 3-20 on page 3-23, and Table 3-6 on
page 3-23.

« Renamed and reorganized "Signals" on page 3-40.
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ACDS Changes
Version

June 2013 1.3(v13.0
software
release)

Updated for use with version 13.0 of the Quartus II software and the
MegaWizard Plug-In Manager.

Added preamble pass-through option. This change affects various
sections in “TX Datapath” on page 3-5 and “RX Datapath” on page 3-
20, and includes the addition of a new Preamble Pass-Through
Configuration register (offset 0x125), described in “MAC Feature
Configuration Registers” on page 3-62.

Added transmitter average inter-packet gap (IPG) adjustment option.
This change affects “Inter-Packet Gap Generation and Insertion” on
page 3-7 and includes the addition of two new registers (1PG_DEL_
PERIOD at offset 0x126 and 1PG_DEL_ENABLE at offset 0x127), described
in “R*MAC Feature Configuration Registers” on page 3-62.

Added new section “MAC Feature Configuration Registers” on page 3-
62 for the new registers. Moved the description of the CRC_CONFIG
register (offset 0x123) to this new section.

Reorganized Chapter 2, Getting Started to remove non-IP core specific
information.

Moved instructions for IP core initialization from “Software Interface:
Registers” to new section “Initializing the IP Core” on page 2-30.
Updated resource utilization numbers in “Performance and Resource
Utilization” on page 1-5.

Clarified device speed grades per device family variant, in “Device Speed
Grade Support” on page 1-4.

Clarified definitions of cut-through, store and forward, and
promiscuous receive modes, in “40-100GbE IP Core Modes of
Operation” on page 3-34.

Clarified destination address checking controls in “Address Checking ”
on page 3-22 and in “MAC Address Registers” on page 3-64.
Removed Appendix B, Address Map Changes for 12.1, and moved
information to Document Revision History entry for Quartus II
software v12.1 release. The update added registers but did not change
register names or offsets of existing registers.

Fixed descriptions of allowed transceiver reference clock frequencies
and PCS clock frequencies:

 Clarified that 644 MHz is not an allowed frequency for CAUI-4
variations, despite its presence in the parameter editor as an
apparently allowed value for the PHY Reference Frequency
parameter.

o Provided correct PCS clock frequency for CAUI-4 variations.
Provided correct frequencies for 24.24 Gbps variations.

Modified “100GbE IP Core without Adapters” on page 3-14 to clarify
that only two SOPs can occur on the TX custom streaming client
interface during the same clock cycle.

Added instructions for using the example design in Appendix A, 13.0
Example Design.

Improved descriptions of various signals and fixed typos.

Altera Corporation
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ACDS
Version
December 1.2 « Updated Slowest Supported Device Speed Grades table on page 1-4:
2012

 Supported speed grades for the Arria V GZ device updated to I3L,
Cs.

 Supported speed grades for the Stratix V device updated to I3, C3.

November 1.1 « Updated for use with version 12.1 of the Quartus II software and the
2012 MegaWizard Plug-In Manager.
o Updated address map.

o Updated device family support, including the addition of the
Arria V GZ device.

« Updated interfaces for 40-100GbE IP cores with adapters and without
adapters to include the external reconfiguration controller.

o Assignment of the FAST_SIMULATION parameter has been updated. For
more information, refer to “MegaWizard Plug-In Manager Flow” on
page 2-2.

« Updated RTL hierarchy and directory structure.

 Clocking revisions:

o clk_din hasbeen replaced by clk_txmac
o clk_dout hasbeen replaced by clk_rxmac
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ACDS Changes
Version

Histor

« Ifyou are transitioning from an earlier version of the IP core, you must
complete the following steps:

« Generate the 12.1 release from the MegaWizard Plug-In Manager
into a new project directory; this will generate a .qip file to include in
the Quartus II software project, along with the required Verilog HDL
files. For more information, refer to “Getting Started” on page 2-1.

 Quartus II software assignments from previous releases that
reference the internal IP hierarchy (such as logic lock regions) must
be updated for changes in the internal hierarchy. Hierarchy changes
include the following:

o The top-level Verilog in the synthesis file set has one level below it
named <name of your IP instance>_inst. All further instances
begin under the <name of your IP instance>_inst directory.

o The pcs_tx, pcs_rx, and phy_csr instances now reside under
phy/phy_pcs

o The pes_tx, pcs_rx, and phy_csr instances now reside under
phy/phy_pcs

o Nodes for the Stratix V device PMA now reside under phy/pma/
pma_bridge

« Generate example designs from the 12.1 release of the MegaWizard
Plug-In Manager for a complete set of new Quartus II software
assignments

« The reconfiguration controller must be instantiated and connected to
the IP core. For more information, refer to “External Reconfiguration

Controller” on page 3-26 and “12.1 Example Design” on page A-1

o Note the GXB_OPPM_CORECLK and GXB_OPPM_CORE_CLOCK Quartus II
software settings are no longer required.

o Feature additions:

o 40GbE Lower Rate 24.24 Gbps MAC and PHY
o 100GbE CAUI-4 PHY
« RX Automatic Pad Removal Control
« Pause Control Frames Filtering Control
« Updated or added signals:

o Top-level output and input high-speed serial lines from the
transceivers
« External reconfiguration controller
o TXMAC to PHY connections
« RXMAC to PHY connections
o Added registers:

o PAD CONFIG at offset 0x124

« Low Latency PHY IP Core registers for CAUI-4 at offsets 0x800-
0x9FF, 0xA00-0xBFF, 0xC00-0xDFF, and 0xE00-OxFFF.
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I
June 2012 1.0 « Updated for use with version 12.0 of the Quartus II software.

o Updated address map.
o Updated device family support.

« Updated interfaces for 40-100GbE IP cores with adapters and without
adapters. Additional interfaces include:

o MAC and PHY asynchronous resets.

« MAC to PHY connections.

o Lane-to-lane deskew.

« Statistics counters increment vectors.

« Link fault signaling, including remote fault and local fault.

o Updated RTL hierarchy, directory structure, and wrapper reorganiza-
tion.

o Feature additions:

« Controllable FCS (CRC) insertion and removal.
o Cut-through mode runt removal.

» PCS BER monitor.

o PCS test pattern generation and check.

o Reduced RX destination MAC address checking from 16 addresses to
1 address.

o Preserved FCS result.
o Statistics counters implemented as a synthesis option.
« Updated or added software registers:

o Test pattern counter.

o Link fault signaling.

« CRC configuration.

o MAC hardware error.

o« MAC and PHY resets.

o PCS hardware error.

« BER monitor.

o Test mode.

o MAC address.

« Statistics counters: roll-overs and increment vectors.
« Clocking revisions:

o clk50 has been removed and replaced by clk_status.

o clk din/clk_txmac and clk_dout/clk_rxmac have been added as
TX and RX input clocks.

« Additional parameters: STATS_CNTRS_OPTION and FAST_SIMULATION.
o Updated testbenches and simulation examples.

o Updated reset signals and reset bits.

 Additional information regarding oversized frames.
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November Early « Corrected the following issues in the MegaCore function:
2011 Access o Corrected sequence ordered set encoding in PCS.
o Corrected error control block encoding in PCS.
o Corrected pause logic to accomodate multiple pause requests.
« Timing performance improvements:
o Optimized RTL for better timing performance.

« Clocking revisions:

o clk_status and clk_csr now support 100 MHz operation in Stratix V
devices for PHY IP calibration.

o Added Stratix V resource utilization information.

o Updated definition I <n>_rx_ready to include fact that the RX MAC
can only be backpressured for a limited number of cycles; consequently,
the application should be able to accept a continuous data stream.

September Early o Feature additions:
2011 Access o Added optional adapters that guarantee the start of packet is always
in lane 0.
o Added full statistics counters module.
« Modified and improved register map.

o Provided separate product ID and ordering code for 40GbE and 100GbE
MAC and PHY.

o Corrected the following issues in the MegaCore function:

« Data is no longer reversed in the adapters.

o The multicast address is used for the multicast pause frames.

o The pause state machine loads new pause times as required.

« Short frames on the TX datapath are converted correctly from 8
words to 5 words.

o Updated resource utilization numbers.

o User guide enhancements:

» Rewrote and added new sections and drawings.

o Added default values of registers after reset.

o Combined 40GbE and 100GbE in one user guide.

o Corrected description of PMD_CMD_CONFIG bit. Writing a 1 enables
the PMD.

o Corrected description of PMD_CMD_CONFIG bit. Writing a 1 enables
the PMD.

 Corrected description of RX_AGGREGATE register. Definitions for
bit[0] and bit[1] were reversed.

o Corrected description of pause_quanta.

o Corrected descriptions of Figure 3-10 on page 3-11 through Figure
3-12 on page 3-12.

« Removed din_in_packet from Figure 3-2 on page 3-3.
July 2010 Early Initial early access release.
Access
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How to Contact Altera

Table D-2: How to Contact Altera

How to Contact Altera D-9

To locate the most up-to-date information about Altera products, refer to this table. You can also contact your
local Altera sales office or sales representative.

Technical support Website www.altera.com/support
Website www.altera.com/training
Technical training
Email custrain@altera.com
Product literature Website www.altera.com/literature
Nontechnical support: general | Email nacomp@altera.com
Nontechnical support: software | Email authorization@altera.com
licensing
Related Information

« www.altera.com/support
« www.altera.com/training

e custrain@altera.com

« www.altera.com/literature

« nacomp@altera.com

o authorization@altera.com

Typographic Conventions

Table D-3: Typographic Conventions

Visual Cue

Lists the typographic conventions this document uses.

Bold Type with Initial Capital Letters

Indicate command names, dialog box titles, dialog
box options, and other GUI labels. For example,
Save As dialog box. For GUI elements, capitaliza-
tion matches the GUL

bold type

Indicates directory names, project names, disk drive
names, file names, file name extensions, software
utility names, and GUI labels. For example, \
qdesigns directory, D: drive, and chiptrip.gdf file.
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I S,
Italic Type with Initial Capital Letters Indicate document titles. For example, Stratix V

Design Guidelines.

italic type Indicates variables. For example, n + 1.

Variable names are enclosed in angle brackets (< >).
For example, <file name> and <project name> . pof
file.

Initial Capital Letters Indicate keyboard keys and menu names. For
example, the Delete key and the Options menu.

“Subheading Title” Quotation marks indicate references to sections in a
document and titles of Quartus II Help topics. For
example, “Typographic Conventions.”

Courier type Indicates signal, port, register, bit, block, and
primitive names. For example, datal, tdi, and
input. The suffix n denotes an active-low signal.
For example, resetn.

Indicates command line commands and anything
that must be typed exactly as it appears. For
example, c:\gdesigns\tutorial\chiptrip.gdf.

Also indicates sections of an actual file, such as a
Report File, references to parts of files (for example,
the AHDL keyword SUBDESIGN), and logic function
names (for example, TRI).

1.,2,3.,and a.,, b,, c., and so on Numbered steps indicate a list of items when the
sequence of the items is important, such as the steps
listed in a procedure.

. Bullets indicate a list of items when the sequence of
the items is not important.

The Subscribe button links to the Email Subscription Management Center page of the Altera website,
where you can sign up to receive update notifications for Altera documents.

The Feedback icon allows you to submit feedback to Altera about the document. Methods for collecting
feedback vary as appropriate for each document.

Related Information
Email Subscription Management Center
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