
• Download IEEE 802.3 Specification

• Understand state machines for transmit, receive, auto negotiation, block lock.

• Clause 35 GMII interface

• Clause 36 1000BASE-X PCS/PMA

• Clause 37 1000BASE-X AN

• Clause 47 XGMII Interface

• Clause 49 10G PCS 10GBASER

• Clause 73 Backplane AN

• Clause 81 XLGMII and CMII (40 and 100Gb/s) Interface
• Clause 82 PCS 40G/100GBASE-R 
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State machine for 
transmit

flp_link_good

Indicates that Auto-Negotiation has completed.

Values: false; negotiation is in progress (default).

true; negotiation is complete, forcing the 

Transmit and Receive functions to IDLE.



State machine for 
transmit - Variables

transmit_link_burst_timer
Timer for the separation of a transmitted FLP Burst from the next FLP Burst. The transmit_link_burst_timer shall expire 5.7 ms to 22.3 ms after the last transmitted link pulse in an FLP Burst when Extended 
Next Pages are not supported. When Extended Next Pages are supported, the timer shall expire 5.7 ms to 6.8 ms after the last transmitted link pulse when transmitting 16-bit pages, and shall expire 1.3 ms 
to 3.1 ms after the last transmitted pulse when
transmitting 48-bit pages.
remaining_ack_cnt

A counter that may take on integer values from 0 to 8. The number of additional link codewords with the Acknowledge Bit set to logic one to be sent to ensure that the Link Partner receives the acknowledgment.

Values: not_done; positive integers between 0 and 5 inclusive.

done; positive integers 6 to 8 inclusive (default).

init; counter is reset to zero.

complete_ack

Controls the counting of transmitted link codewords that have their Acknowledge bit set.

Values: false; transmitted link codewords with the Acknowledge bit set are not counted

(default).

true; transmitted link codewords with the Acknowledge bit set are counted.

tx_bit_cnt

A counter that may take on integer values from 1 to 50. This counter is used to keep a count of data bits sent within a DME page. When this variable reaches 50, all data bits have been sent.

Values: not_done; 1 to 49 inclusive.

done; 50.

init; counter is initialized to 1.



State machine for 
PCS transmit

tw1_timer

A continuous free-running timer.

Values: The condition tw1_timer_done goes true when the timer expires.

Restart when: Immediately after expiration (restarting the timer resets condition

tw1_timer_done).

Duration: 40 ns nominal.

TX_CLK shall be generated synchronous to tw1_timer (see tolerance required for TX_CLK in

23.5.1.2.10). 

On every occurrence of tw1_timer_done, the state diagram advances by one block. The message

PMA_UNITDATA.request is issued concurrent with tw1_timer_done.

Register tsr may take on any of the nine constant values listed below (sosa through eop5, bad_code, and zero_code).

These values are used to describe the functional operation of the coding process.

PMA_UNITDATA.request (tx_symb_vector)

A signal sent to PMA Transmit indicating that a 

vector of two quinary symbols is available in

tx_symb_vector.



State machine for 
receive

flp_test_max_timer

Timer for the maximum time between two link pulses within an FLP Burst. This timer is used in

conjunction with the flp_test_min_timer to detect whether the Link Partner is transmitting FLP Bursts. 

The flp_test_max_timer shall expire 165 μs to 185 μs from the last link pulse.

The basis for all of auto-negotiation's functionality is the Fast Link Pulse (FLP) burst. An FLP burst 
is simply a sequence of 10BASE-T Normal Link Pulses (NLPs, also known as Link Test Pulses in 
10BASE-T world) that come together to form a message, or “word”. Each FLP is composed of 33 
pulse positions, with the 17 odd numbered positions corresponding to clock pulses and the 16 
even numbered positions corresponding to data pulses. The time between pulse positions is 
62.5µs +/- 7µs, and therefore 125µs +/- 14µs between each clock pulse. All clock positions are 
required to contain a link pulse. However, data positions are not. If there is a link pulse present in a 
data position, it is representative of a logic one, whereas the lack of a link pulse is representative of 
a logic zero. The amount of time between FLP bursts is 16ms +/- 8ms, which corresponds to the 
time between consecutive link test pulses produced by a 10BASE-T device. This was done to allow 
a fixed speed 10BASE-T device to see FLP bursts and, rather than croaking, remain in the LINK TEST 
PASS state



State machine for 
PCS receive

PMA_UNITDATA.indication (rx_symb_vector)

A signal sent by PMA Receive indicating that a vector of two quinary symbols is available in

rx_symb_vector.



Auto-Negotiation
**AN is located inside the PCS layer**

• AN is inside the PCS, which means that the device already needs to have 
established synchronization with the link partner at Gig speed (1.25 
Gigabits/second on the line) before any information can be transferred

• AN has control of what is sent while xmit = CONFIGURATION and IDLE 
• The PCS controls what is sent when xmit = DATA 
• PCS supplies link status information to the autonegotiation layer





Auto-Negotiation cont’d
• Auto-Negotiation is responsible for ensuring that the optimal link is resolved between two link partners
• Information is exchanged in a 16-bit word called a configuration register (Config_Reg), which is part of a /C/ Ordered Set 
• Duplex and Pause modes are considered when determining the optimal link
• Auto-Negotiation is also responsible for exchanging remote fault and any additional information

Ordered Sets
• An ordered set is defined as a Special (K) code group followed by one or more Data (D) code groups
• There are four ordered sets that are used in Auto-Negotiation
• Two are Idle (/I/) Ordered Sets and two are Configuration (/C/) Ordered Sets

Idle Ordered Sets
• The two possible Idle Ordered Sets are known as I1 and I2 

• I1 is /K28.5/D5.6/ 
• I2 is /K28.5/D16.2/ 

• I1 is used to flip Running Disparity, while I2 is used to maintain Running Disparity
/C/ Ordered Sets

Ref: https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf

• The two possible /C/ ordered sets are known as C1 and C2 
• C1 is /K28.5/D21.5/Config_Reg 
• C2 is /K28.5/D2.2/Config_Reg 

• The Config_Reg is made of two additional Data code groups

https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf
https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf
https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf


Auto-Negotiation cont’d

Duplexes
• The supported duplexes are advertised in bits 5 and 6 of the base page
• There are two possible duplexes

• Full Duplex – Bit 5 – information is passed bidirectionally
• Half Duplex – Bit 6 – information can only be passed one way at a time

Pause Modes

Ref: https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf

• The supported pause modes are advertised in bits 7 and 8 of the base page
• There are two possible pause modes

• Symmetric pause - Bit 7 – The device can support pause frames flowing in both directions
• Asymmetric pause – Bit 8 – The device can only support pause frames flowing in one direction

Configuration Register
• The Config_Reg is a 16-bit word that contains the information to be transferred 
• The Config_Reg can be used to create several types of pages, such as base pages 

and next pages .The base page looks like: 

Remote Fault
• The remote fault bits are passed in bits 12 and 13 of the base page 
• Remote Fault passes link failure information from one device to another 

Acknowledge 
• The Acknowledge bit is bit 14 of the base 

page 
• The Acknowledge bit lets the link partner 

know that the device has received the link 
partner’s config_reg 

• There is an ability_match function that 
must be true before the Acknowledge bit 
can be set to one.

Next Page
• Next page is a method of transferring 

additional information during the auto-
negotiation process 

• The Next Page bit is bit 15 of the base page 
• The Next Page bit can only be set to one if 

the device supports next page exchange 
and wants to send a next page

https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf
https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf
https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf


Physical Layer link signaling for Auto-Negotiation on twisted pair



State machine for 
auto negotiation

• The four key functions in auto-negotiation are 
ability_match, acknowledge_match, consistency_match, and Idle_match 
• The only timer for clause 37 auto-negotiation is link_timer
Ability_Match 
• Ability_match is responsible for ensuring that the device receives a reliable config_reg 

from the link partner
• Ability_match = TRUE when the device has received three consecutive and consistent 

(ignoring the ACK bit) config_regs from the link partner 
• The device sets its ACK bit to one when ability_match = TRUE
Acknowledge_Match
• Acknowledge_match is similar to ability_match, except that the device must receive 3
consecutive and consistent config_regs with the ACK bit set to one
Consistency_Match 
• Consistency_match ensures that the link partner transmitted the same abilities before and 

after it set its ACK bit
• Consistency_match compares the abilities that were used to set ability_match = TRUE to 

the abilities that were used to set acknowledge_match = TRUE
• All bits are examined except for the ACK bit
Idle_Match
• Idle_match is also similar to ability_match, except that it counts the Idle codes received
• The device cannot establish a link until it has successfully received 3 Idle codes from its 

link partner
Link Timer
• It is defined as 10 ms with a tolerance of +10 ms 
• It is used throughout the autonegotiation process to 

help verify that the link partner has enough time to see 
everything that happens before the device transitions to 
the next state



Where is the AN config_reg in ethernet frame?



State machines for 
block lock 

A block lock process operates independently on each lane. 
Each block lock process looks for 64 valid sync headers in a
row to declare lock. A valid sync header is either a 01 or a 10. 
Once in lock, the lock process looks for 65 invalid sync 
headers within a 1024 sync window to declare out of lock. 
An invalid sync header is a 11 or 00.
Once block lock is achieved on a lane, then the alignment 
marker process starts.



Clause 35 GMII Interface



Clause 36 1000BaseX 



Clause 47 XGMII Interface





Clause 49 10G PCS





Clause 73 Auto-Negotiation

While implementation of Auto-Negotiation is mandatory for Backplane Ethernet PHYs, the use of Auto-Negotiation is 
optional. Parallel detection shall be provided for legacy devices that do not support Auto-Negotiation.

Auto-Negotiation is performed using differential Manchester encoding (DME) pages. DME provides a DC-balanced signal. 
DME does not add packet or upper layer overhead to the network devices.

It is recommended that a device that has negotiated 
1000BASE-KX operation through this clause not 
perform Clause 37 Auto-Negotiation. A device that 
performs Clause 37 Auto-Negotiation after having 
negotiated 1000BASE-KX operation through Clause 73 
Auto-Negotiation will not interoperate with a device that 
does not perform Clause 37 Auto-Negotiation. 
Therefore, a device that intends to enable Clause 37 
Auto-Negotiation after Clause 73 Auto-Negotiation has 
completed shall ensure through an implementation-
specific mechanism that the link partner supports 
Clause 37 Auto-Negotiation and intends to enable it. If 
Clause 37 Auto-Negotiation is performed after Clause 
73 Auto-Negotiation, then the advertised abilities used 
in the Clause 37 Auto-Negotiation shall match those 
advertised abilities used in the Clause 73 Auto-
Negotiation.











Clause 81 XLGMII and CMII (40 and 100Gb/s) Interface

The XLGMII/CGMII has the following 

characteristics:

a) The XLGMII supports a speed of 40 Gb/s.

b) The CGMII supports a speed of 100 Gb/s.

c) Data and delimiters are synchronous to a clock 

reference.

d) It provides independent 64-bit wide transmit 

and receive data paths.

e) It supports full duplex operation only.

The 40GBASE-T PHY service interface is the XLGMII.

The 100GBASE-T PHY service interface is the CGMII.



Clause 81 XLGMII and CMII (40 and 100Gb/s) Interface

The following are the major concepts of the XLGMII/CGMII:

a) The XLGMII/CGMII is functionally similar to other media independent interfaces that have been

defined for lower speeds, as they all define an interface allowing independent development of MAC

and PHY logic.

b) The RS converts between the MAC serial data stream and the parallel data paths of the

XLGMII/CGMII.

c) The RS maps the signal set provided at the XLGMII/CGMII to the PLS service primitives provided

at the MAC.

d) Each direction of data transfer is independent and serviced by data, control, and clock signals.

e) The RS generates continuous data or control characters on the transmit path and expects continuous

data or control characters on the receive path.

f) The RS participates in link fault detection and reporting by monitoring the receive path for status

reports that indicate an unreliable link, and generating status reports on the transmit path to report

detected link faults to the DTE on the remote end of the connecting link.

g) The XLGMII and CGMII may also support Low Power Idle (LPI) signaling for PHY types

supporting Energy Efficient Ethernet (EEE) (see Clause 78).

Summary



Clause 81 XLGMII and CMII (40 and 100Gb/s) Interface

The XLGMII and CGMII, which, when implemented as a logical interconnection port between the MAC sublayer and the 

Physical Layer device (PHY), uses a 64-bit wide data path

The 64 TXD and 8 TXC signals shall be organized into eight 

data lanes, as shall the 64 RXD and 8 RXC signals (see Table 

81–2). The eight lanes in each direction share a common clock, 

TX_CLK for transmit and RX_CLK for receive. The eight lanes 

are used in round-robin sequence to carry an octet stream. On 

transmit, each eight PLS_DATA.request transactions represent 

an octet transmitted by the MAC.



Clause 82 PCS 40G/100GBASE-R

The 40GBASE-R and 100GBASE-R PCSs provide all services 

required by the XLGMII/CGMII, including

the following:

a) Encoding (decoding) of eight XLGMII/CGMII data octets to 

(from) 66-bit blocks (64B/66B).

b) Transferring encoded data to (from) the PMA.

c) Compensation for any rate differences caused by the insertion 

or deletion of alignment markers or

due to any rate difference between the XLMII/CGMII and PMA 

through the insertion or deletion of

idle control characters.

d) Determining when a functional link has been established and 

informing the management entity via

the MDIO when the PHY is ready for use.

The PCS shall provide transmit test-pattern mode for the scrambled idle pattern (see 82.2.11), 

and shall

provide receive test-pattern mode for the scrambled idle pattern (see 82.2.11). Test-pattern mode 

is activated separately for transmit and receive. The PCS shall support transmit test-pattern 

mode and receive

test-pattern mode operating simultaneously so as to support loopback testing.
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