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Figure 36-2—Functional block diagram



State diagram variable

MII register

MDIO register

flp_link good

mr_adv_ability[16:1]

4.15:0 Auto-Negotiation advertisement
register

7.16.15:0 AN advertisement register

mr_autoneg_complete

1.5 Auto-Negotiation Complete

7.1.5 Auto-Negotiation Complete

mr_autoneg_enable

0.12 Auto-Negotiation Enable

7.0.12 Auto-Negotiation Enable

mr_lp adv ability[16:1]

For Base Page:

5.15:0 Auto-Negotiation link partner
ability register

For Next Page(s):

If 6.6=1 and 6.5=1 then 8.15:0 1s Auto-
Negotiation link partner Received Next
Page register

If 6.6=1 and 6.5= 0 then 5.15:0 is Auto-
Negotiation link partner ability register
If 6.6=0 then 8.15:0 or 5.15:0 is Auto-
Negotiation link partner Next Page
ability register

7.19.15:0 AN LP Base Page ability register

mr_lp autoneg able

6.0 Link Partner Auto-Negotiation able

mr_lp np_able

6.3 Link Partner Next Page able

mr_main_reset

0.15 Reset

7.0.15 Reset

mr_next_page_loaded

Set on write to Auto-Negotiation Next
Page Transmit register;
cleared by Arbitration state diagram

mr_np_able

6.2 Next Page able

State machine for
transmit

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.

IDLE

Start transmit_link_burst_timer
remaining_ack_cnt < done

power_on=true +
mr_main_reset=true +
mri_autoneg_enable=false +
flp_link_good=true +
transmit_disable=true

complete_ack=true =

transmit_link_burst_timer_done

TRANSMIT REMAINING
ACKNOWLEDGE

4 F Y

remaining_ack_cnt=done +
ack_finished=frue +

complete_ack=false =
transmit_ability=true =

transmit_link_burst_timer_done

Il - ..
remaining_ack_cnt < init

UcT

complete_ack=false

TRANSMIT COUNT ACK

remaining_ack_cnf«=
remaining_ack_cnt+1
IF (remaining_:
THEN ack_finished < true

Start transmit_link_burst_timer

ack_cnt = done)

transmit_link_burst

v v

TRANSMIT ABILITY

tx_bit_cnt < init

timer_done

I

tx_bit_cnt=done =
remaining_ack_cnt=not_done

™

ucT

A 4

TRANSMIT CLOCK BIT

tx_bit_cnt=done =

remaining_ack_cnt=done

T

State diagram variable

MII register

MDIO register

mr_np_tx[16:1]

7.15:0 Auto-Negotiation Next Page
Transmit Register

7.22.15:0 AN XNP transmit register

mr_np_tx[32:17]

Extended Next Pages not supported by
MII register interface

Start interval_timer

D_AUTONEG < link_test_pulse

3

nterval_timer_done

Y

TRANSMIT DATABIT

Start interval_timer

interval_timer_done

7.23.15:0 Unformatted Code Field 1

mr_np_tx[48:33]

Extended Next Pages not supported by
MII register interface

7.24.15:0 Unformatted Code Field 2

mr_page Ix

6.1 Page Received

7.1.6 Page Received

mr_parallel_detection_fault

6.4 Parallel Detection Fault

mr_restart_negotiation

0.9 Auto-Negotiation Restart

7.0.9 Auto-Negotiation Restart

set if Auto-Negotiation is
available

1.3 Auto-Negotiation Ability

7.1.3 Auto-Negotiation Ability

IFé}tx link_code word[tx_bit_cnt] = 1 THEN
(TD_AUTONEGE link_test pulse)

ELSE TD_AUTONEG < idle
te_bit_cnf«= tx_bit_cnt+1

Figure 28-16—Transmit state diagram




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.
.. e e 1. MIl (25 MHzclock)
init; counter is initialized to 1. l
Ct_lggflm MS nibble
nove 8 bt
o data word + flags BBET BT parallel load
h 4 coder
I previous | | LS nibble ohrt ohr1[0]
sosa 'ﬁST tx_code_vector
sosb special ohr3 takes Isb
° ° 1 P CLR
€op constants > ohr3[0) from each
— eop2 BT ohr
eop3 clear ohr3 & 4 l
ggpg during collisions | CLR ahre
All 6T codewords are sent leftmost ternary symbol first. ba dicOSe msb Tsp ohr4[0]
sosa A constant that encodesto: [ 1 -1 1 -1 1 -1]. Li tsr 4" }4* ohr1, 3 and 4 4"
sosb A constant that encodes to: 1 -1 1-1-1 1]
[ ! Special constants used by TSR Loading sequence for registers OHR1, 3, & 4
eopl A constant that encodesto: [ 1 1 1 1 1 1]
start of packet sosa, sosb parallel load ohr1 0 [ ISP [ S
eop2 A constant that encodesto: [ 1 1 1 1 -1 -1]. end of packet eop1-5 parallel load ohr3 ——+ [ |+ | |
eop3 A constant that encodesto: [ 1 1 -1 -1 0 0] TX ER=1 bad_code parallel load ohr4 1
TX_EN=0 zero_code _J
eopd A constant that encodesto: [ -1 -1 -1 -1 -1 -1]. i
TX_CLK period
eops A constant that encodesto: [ -1 -1 0 0 0 0]

bad code A constant thatencodesto: [ -1 -1 -1 1 1 1]
zero_code A constant thatencodesto: [ 0 0 0 0 0 0] Figure 23-7—PCS Transmit reference diagram



23.2.4.5 PCS state diagrams

twl_timer
A continuous free-running timer.

. s . . . The MII TX_CLK is generated
Values: The condition twl_timer_done goes true when the timer expires. AWAITING DATA TO TRANSMIT pos. reset = ON synchronously with the transitions of
Restart when: Immediately after expiration (restarting the timer resets condition tx_code_vector = IDLE _tx_extend = OFF of this state diagram.
th timer done). PMA_UNITDATA request(tx_code_vector) s%%dsﬂgn\?annsaﬁes

a0 vy o in23242
Duration: 40 ns nominal. = tx_extend = 1
. 5 . tx_extend =0 * tw1_timer_done * tw1_timer_done —+
TX CLK shall be generated synchronous to twl_timer (see tolerance required for TX CLK in i COECTNBREENE
2351210) COLLECT 15T NIBBLE shift right ohr1, ohr2 and ohrd
On every occurrence of twl_timer done, the state diagram advances by one block. The message tx_code_vector = IDLE tx_code_vector = (ohr1[0], ohr3[0], ohr4{0])
- . - . . PMA_UNITDATA request(tx_code_vector) PMA_UNITDATA request(tx_code_vector)
PMA UNITDATA. request is issued concurrent with twl_timer done. E——
tw1_timer_done B B
Register tsr may take on any of the nine constant values listed below (sosa through eop5, bad_code, and zero _code). v v
These values are used to describe the functional operation of the coding process. COLLECT NIBBLE 2, CODE 15T octet COLLECT NIBGLE 6N+6
(First octet always codes to sosa) shift right ohri and ohr3
ohrl<= ohr3 = ohrd = sosa ohrd = encode( tsr)
tx_code_vector < (ohr1[0], ohr3{0], ohra[0]) tx_code_vector < (ohr1[0], ohr3[0], chra[0])
PMA_UNITDATA request(tx_code_vector) PMA_UNITDATA request{tx_code_vector)
twl_timer_done twl_timer_done
‘ ¥ 4
COLLEGT NIBBLE 6N+3 COLLECT NIBBLE 6N+7
shift right ohr1, ohr3 and ohrd shift nght ohr1, ohr3 and ohr4
tx_code_vector < (ohr1[0], ohr3[0], ohr4[0]) tx_code_vector < (ohr1[0], ohr3[0], chr4[0])
PMA_UNITDATA request(tx_code_vector) PMA_UNITDATA request{ix_code_vector)

tw_timer_done twl_timer_done

v v
COLLECT NIBBLE 6N+4 COLLECT NIBBLE 6N+8

shift right ohr1 and ohrd shift right ohr3 and ohrd
ohrd = encode( tsr ) ohrl < encodef tsr )

tx_code_vector = (ohr1[0], ohr3[0], chrd[0]) tx_cade_vector = (hr1[0], ohr3[0], ohr4[0])

[ ]
PMA_UNITDATA request{tx_code_vector)
E ] e m E l C I n e O r PMA_UNITDATA request(tx_code_vector)
[
tw1_timer_done tw_timer_done
[ ]
tx_code_vector = tx_code_vector = tx_code_vector =
IDLE DATA IDLE

rx_code_vector =

Figure 23-8—PCS Transmit state diagram

rx_code_vector = | rx_code_vector = rx_code_vector =

IDLE " PREAMBLE DATA | IDLE
TX_D1RX D2 | SOSA ! sosA | sos? | DATAZ | |DATAN-1\EOP_2| [ EOP5 | PMA UNITDATA request (tx_symb_vector)
BID3 Bl D4 |P3| SOSA | SOSA | SOSB | DAIAS | | DATAN [EOP 3 | A signal sent to PMA Transmit indicating that a
- | ‘ | . . . .
BID4 BLD3 [Ps | SoSA| S0SB | DATAT] CEor T [eora | vector of two quinary symbols is available in
tx_symb_vector.
o7 |21|2T Last _Symb_
T T —— SSD—— data Defined end of End of packet recognized
Transmit Receive 6T E{f‘;‘gr octet  packet fOthI?m\ﬂg by PCS and DC balance
pair pair Delimiter references 23.11 checked at end of eop1

carier_status = ON

Figure 23-6—PCS sublayer to PMA sublayer frame structure



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 ps to 185 ps 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 T0BASE-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 s
62.5us +/- 7us, and therefore 125us +/- 14us 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 presentin 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
recelve

flp_link_good=true +

mr_autoneg_enable=false +

power_on=true +
mr_main_reset=true

]

\DLE
flp_cnt
flp” recewe |d|e<:tn.|e
¢ linkpulse=true

LINK PULSE DETECT

Start flp_test_min_timer
Start flp_test_max_timer
flp_receive_idle < true

nlp_test_max_timer_done

"~ flp_cnt=noi_done

_ L |
linkpulse=true =

flp_test_min_timer_done =
flp_test_max_timer_not_done

LINK PULSE COUNT

flp_cnt <= flp_cnt +1
flp_receive_idle < true

FLP CHECK
IF n_bit_cnt = rx_bit_cnt_check

I

e[ fp_test_max_timer_done *

annw

linkpulse=false

flp_test_max_timer_done +
(linkpulse=true =
flp_test_min_timer_not_done)

—

FLP PASS

Start nlp_test_max_timer
Start flp_test_max_timer
r¢_bit_cnt < init

linkpulse=true

Y

THEN .
Start nlp_test_max_timer

linkpulse=true
v
FLP CAPTURE

nx_bit_cnt & init
Start nlp_test_min_timer

UcT

linkpulse=true =
nlp_test_min_timer_not_done =
data_detect_min_timer_done

linkpulse=true =

. linkpulse=
data_detecl_max_tlmer_donei data_detect_min_timer_done *

v v v

FLP CLOCK

Start data_detect_max_timer

Start data_detect_min_timer
rx_bit_cnt & rx_bit_cnt+1

FLP DATA_O r

data_detect_max_timer_not_daone

true =

rx_link_code_word[rx_bit_cni] <= 0|

FL

P DATA_1

L

ucT

rx_link_code_word[rx
Start data_detect_min_timer

_bit_cnf] &1

nlp_test min_timer_done

h 4

[

nlp_test_min_timer_done

hd

Figure 28-17—Receive state

diagram



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.

All 6T codewords are sent leftmost ternary symbol first.

s0sa
sosb
eopl
eop2
eop3
eopd
eop5
bad_code

zero_code

A constant that encodes to:
A constant that encodes to:
A constant that encodes to:
A constant that encodes to:
A constant that encodes to:
A constant that encodes to:
A constant that encodes to:

A constant that encodes to:

A constant that encodes to:

—_ — — o — o —

e B T

-1
-1
-1

N N S T =

-1

-1
-1

-1
-1

—

==

[ R
e T T T

State machine for

PCS recelive

pes_reset = ON

—

AWAITING INPUT

RX_DV = 0: RXD<3:0>= 0000; eop = OFF

rx_code_vector = DATA
* PMA_UNITDATA indication v

COLLECT 15T TERNARY SYMBOL

RX_DV = 0; RXD<3:0> <= 0000

PMA_UNITDATA indication

r

COLLECT 2ND TERNARY SYMBOL

RX_DV = 0; RXD<3:0> < 0000

See definitions of
PCS state variables
in23.2.42.

(carrier_status = OFF) * (RX_DV =1)

l eop = ON

INSERT RX_ER
RX DVe1: RX_ERe<1

PMA_UNITDATA indication

h 4
AWAITING IDLE

RX_DV =0; RXD<3:0=<=0000

{rx_code_vector = IDLE)
+ (rx_code_vector = PREAMBLE)

PMA_UNITDATA indication
A 4

COLLECT 3RD TERNARY SYMBOL

RX_DV = 0; RXD<3:0= = 0000

PMA_UNITDATA indication

h 4

COLLECT 4TH TERNARY SYMBOL

RXD<0:3> = SFD-LO
RX_DV<1

PMA_UNITDATA indication

v

COLLECT 5TH TERNARY SYMBOL

RXD<0:3> = SFD:HI
RX_DV <1

PMA_UNITDATA indication

h 4

DECODE CHANNEL 3

h 4

ih3 < decode(BI_D3[0:5])
RXD<0:3> =ih3:LO
RX_DV <1

PMA_UNITDATA indication

v

GET (6N+5)TH SYMBOL CHANNEL 2

RXD<0:3> < ih3:HI

!

DECODE CHANNEL 2

ih2 = decode(RX_D2[05])
RXD<03> = ih2:LO
RX_DV =1

PMA_UNITDATA indication
h 4

GET (EN+5)TH SYMBOL CHANNEL 4

RXD<0:3> = ih2:HI
RX_DVe1

PMA_UNITDATA indication

h 4

DECODE CHANNEL 4

ihd = decode(BI_D4[0:5])
RXD<0:3> = ih4:LO
RX_DVe=1

RX DV =1

PMA_UNITDATA.Iindication

PMA_UNITDATA. indication
Y
GET (EN+5)TH SYMBOL CHANNEL 3

RXD<0:3> = ih4:HI
RX_ DV<1

PMA_UNITDATA indication

Figure 23-9—PCS Receive state diagram
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Auto-Negotiation

**AN is located inside the PCS layer**

* ANisinside 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

s
= La
i En,lé CEMACD
i LAYERS
APPLICATION
HIGHER LAYERS
FRESENTATION LLE - LOGICAL LINK CONTROL
MAC CONTROL (OPTIONAL)
SESSION CLALISE 31
MAC - MEDIA ACCESS CONTROL
CLALISE 4
TRAMSPORT
RECOMCILIATION
I J CLALISE 35
KETWORK GMIl —
I 1
DATA LINSC Pos LA TE PCS.PMA =CLALISE 36
ANEG=CLALISE 37
PHY PA
PHYSICAL - ¥ LX=CLALISE 38
CH=CLALSE 38

MOl —
MEDIUM

1000BASE-SX
1000BASE-LX
1000BASE-CX

G
TED<T 0= " ‘ RXD=7 0=
TX_EN . . R_Dwr
TX_ER cou CRS RX_ER
GTE_CLK RX_CLK
FCS
CARRIER
SEMSE
i I
RECEIVE
THAMSIIT

< | i s

AUTC-NEGOTIATION H SYNCHRONIZATION
F 3

b_poda-group=9:0=

rE_opga-group=90=

¥
FidA THANSMIT RECEINE
t_hit e_hit
v |

Recaiva

Figura 36-2 —Functional block diagram




LAN

osl
REFERENCE CLS;\‘:;’;SD
MODEL
LAYERS HIGHER LAYERS
/| LLC (LOGICAL LINK CONTROL)
APPLICATION / OR OTHER MAC CLIENT
PRESENTATION f
/| MAC—MEDIAACCESS CONTROL
SESSION [/ | RECONCILIATION |
)
TRANSPORT | |/ =Ml —b,j;r
|
NETWORK |/ / PCs
[ 4 ory PMA -~ ..
DATA LINK / ** PMD
' AUTONEG |
PHYSICAL MDI—p| |
MEDIUM §
100 Mbl/s

PCS = PHYSICAL CODING SUBLAYER
PMA = PHYSICAL MEDIUM ATTACHMENT

MDI = MEDIUM DEPENDENT INTERFACE
MIl = MEDIA INDEPENDENT INTERFACE
PHY = PHYSICAL LAYER DEVICE
PMD = PHYSICAL MEDIUM DEPENDENT

AUTONEG = AUTO-NEGOTIATION

* MIl is optional for 10 Mb/s DTEs and for 100 Mb/s systems and is not specified for 1 Mb/s systems.

* PMD is specified for 100BASE-X only;, 100BASE-T4 does not use this layer.
** AUTOMNEG communicates with the PMA sublayer through the PMA service interface

messages PMA_LINK request and PMA_LINK.indication.
Figure 28-2—Location of Auto-Negotiation function within the ISO/IEC OSI

reference model



Auto-Negotiation cont’d

* Auto-Negotiation is responsible for ensuring that the optimal link is resolved between two link partners

* Informationis 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

* Anordered setis 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

* Thetwo possible Idle Ordered Sets are known as |11 and |2
 [1is/K28.5/D5.6/

* 12is/K28.5/D16.2/ Hex Symbol ___Name eseription
. . . . . . . . . . . . K28.5 BC COM  Comma Used for Lane and Link initialization and
* 11 is used to flip Running Disparity, while 12 is used to maintain RUnning DiSparity ... & sr secrr oot satof s Transection Layer Packet
K28.2 5C SDP | Start DLLP Marks the start of a Data Link Layer Packet
/C/ 0 rd e re d S et S K29.7 FD END | End Marks the end of a Transaction Layer or Data
ink Layer Packet
K30.7 FE EDE  End bad II;ﬂarts. rhe and of a nulllifiedITLP
« The two possible /C/ ordered sets are known as C1 and C2 T crderng mesotsions
. . K28.0 1C SKP | Skip Used for compensating for different bit rates
« C1is/K28.5/D21.5/Config_Reg i
K28.1 3C FTS Fast Trainin g Used within an Ordered Set to exit
i Cz I S /K28 . 5/ D2 . 2/CO nflg_Reg K28.3 7C IDL IS(;': eeeee E::::l l\_rlos"cl't\: II;i:‘ectrical Idle Ordered Set (EIOS)
. . o e K28.4 - - eserved
« The Config_Reg is made of two additional Data code groups css [oc| - . Reservc
K28.7 FC EIE Electrical Idle Reserved in 2.5 GT/s
Exit Used in the Electrical Idle Exit Ordered Set

(EIEOS) and sent prior to sending FTS at speeds
Ref: https://www.iol.unh.edu/sites/default/files/knowledgebase/ge/Clause_37_Auto-Negotiation.pdf other than 2.5 GT/s


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

Configuration Register

 The Config_Regis 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

LSB

and next pages .The base page looks like:

MSB

D0 D1t D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

Duplexes rsvd | rsvd |rsvd | rsvd [rsvd | FD | HD | PS1|PS2 | rsvd |rsvd | rsvd | RF1 | RF2 | Ack

NP

* The supported duplexes are advertised in bits 5 and 6 of the base page
* There are two possible duplexes
* Full Duplex-Bit 5-informationis passed bidirectionally
* Half Duplex - Bit 6 — information can only be passed one way at a time

Pause Modes

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

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

 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

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  ss

DO

D1

D2

D3

D4

MSB

D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

rsvd

rsvd

rsvd

rsvd

rsvd

FD

HD

PS1

PS2

rsvd

rsvd

rsvd

RF1

RF2

Ack

NP

Ref: 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
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

The functional reference diagram (Figure 28—15) provides a generic example. illustrated with initial PMA
implementations and showing the mechanism for expansion. New PMASs are documented in Annex 28D.

Managemﬁnt Interface

v

v

P complete_ack < acknowledge_match
B < transmit_ability __ consistency_match o
Auto-Negotiation flp_link_good Auto-Negofiation| ,  ability_match Auto-Negotiation
Transmit 4 - Arbitration | ¥ . Receive
Function < transmit_ack Function flp_link_good Function
P ack_finished .  flp_receive_idle
o N - L4
< b(_lIHk_CDdE_WOFd[EIﬁClQE_SIZEZ 1] rx_link_code_word[page_size:1]
age_size '
page_: x page_size T
PMA_LINK. indication PMA_LINK request RD
TD AUTONEG (link_status) {link_control)
Technology
Dependent - ------ i
Interface
¥
Technology
r Dependent
1—| PMAs
™
| || 100BASE-TX |
| TOUBASE-T4 [
| NLF Receve |
T —
| L — — — 41
L - — —— _—

Figure 28-15—Functional reference diagram



power_on=TRUE + mr_main_reset=TRUE+ [ __ N
mr_restart_an=TRUE + an_sync_status=FAIL + Optional Implementation |

an_enableCHANGE=TRUE + RUDI(INVALID) ?xtil(l:tiﬁ?;_t;h;t%%g;g;to i i—:_
* The four key functions in auto-negotiation are 7 i [ S— T
ability_match, acknowledge_match, consistency_match, and Idle_match [ 2= e s
* The onlytimer for clause 37 auto-negotiation is link_timer o o T, e | p”cc |
Ability_Match it = CONFIGURATION b et | Bk regr000- < | 1
« Ability_match is responsible for ensuring that the device receives a reliable config_reg it < DLE e Gty Reg<D15 00520 j_p_tiT__ |
from the link partner e 2R
» Ability_match = TRUE when the device has received three consecutive and consistent MSE — N OTEDSEDEEE | (togal.rears Conpycmatt TRUE -
(ignoring the ACK bit) config_regs from the link partner o b Config Reg D> =1 PConta e DIs e
* The device setsits ACK bit to one when ability_match = TRUE b Confg_Reg<D1500> =0 mckmwggeﬁmqm& e
Acknowledge_Match o fimer_dons | Conesency_ mach-FALSE) + consistoncy, macheTRUE
 Acknowledge_match is similar to ability_match, except that the device must receive 3 — oo feo @B L
consecutive and consistent config_regs with the ACK bit set to one LD X T
Consistency_Match il
« Consistency_match ensures that the link partner transmitted the same abilities before and i ot RegeNPs | -
after it set its ACK bit @ BT A AT
* Consistency_match compares the abilities that were used to set ability_match = TRUE to A TRUE L
the abilities that were used to set acknowledge_match = TRUE - e S0 S92 lp 2 by 16-0) ¢
* Allbits are examined except for the ACK bit e R N el TSyt
Idle MatCh L (ability_match=FALSE + x_Config_Reg<D15:D0>=0)
* Idle_match is also similar to ability_match, except that it counts the Idle codes received smﬁ:;?ETECT
« The device cannot establish a link until it has successfully received 3 Idle codes from its tive prrty = ON
link partner o Conf, Fea 15,0020 @ inctmer done
Link Timer ¥
* |tisdefined as 10 ms with a tolerance of +10 ms MO e
* Itisusedthroughout the autonegotiation processto resolve_prioity = ON
St ate m a C h | N e fo r help ver.ify that the link partner has enoggh time.t.o see it TV @ A ——
everything that happens before the device transitions to Tk it done - (aity. maich=PALSE + . Config, Reg<D 1500 20)

a uto n egoti ati O n the next state Figure 37-6—Auto-Negotiation state diagram
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Where is the AN config_reg in ethernet frame?

0S| Model
Data Apphication
Data Presentation
Data Session
Transport Heas
A:;:?ec‘j)m eader Data Transport
Network Header
Added Data Network
Py us DataLirk
Data Physical
2
~

Data Transmitted over the Network

PREAMBLE

DESTINATION
ADDRESS

S
PREAMBLE O
F

DESTINATION
ADDRESS

ETHERNET
SOURCE
ADDRESS TYPE DATA
IEEE 802.3
SOURCE
ADDRESS TYPE DATA

FCS



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 eithera 01 ora 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 headeris a 11 or 00.

Once block lock is achieved on a lane, then the alignment
marker process starts.

;‘F

test_sh =
sh_cnt < 64

reset +
Isignal_ok

LOCK_INIT

test_sh « false

rx_block_lock<x> < false

UCT
; Y
RESET_CNT
sh_cnt<=0

sh_invid_cnt <0
slip_done < false

test sh*
Irx_block_lock{x>

test_sh *
rx_block_lock=x>

test_sh *
sh_cnt <1024

TEST_SH

test_sh « false

sh_valid

Ish_valid

e

test_sh =

sh_cnt < 1024 =

sh_invid_cnt < 65 TEST SH2

test sh < false

VALID_SH

sh_cnt ++

sh_cnt = 64

h J

64_GOOD

rx_block_lock<x> & true

ucT
Y

Ish_valid

sh_valid

A

h 4

INVALID_SH

VALID_SH2

sh_ent ++
sh_invld_ent++

sh_cnt++

L]

sh_cnt=10

sh_invld_cnt < 65

24 =

sh_invld_cnt = 65
A4

SLIP

rx_block_lock<x> «< false
SLIP

slip_done

sh_cnt =1024

NOTE— rx_block_lock<x=> refers to the received lane x of the service interface,
where x = 0:3 (for 40GBASE-R) or 0:19 (for 100GBASE-R)

Figure 82-12—Block lock state diagram
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Clause 35 GMII Interface

LAN
osl CSMAICD
REFERENCE LAYERS
MODEL I I
LAYERS | HIGHER LAYERS |
LLC (LOGICAL LINK CONTROL)
APPLICATION / OR OTHER MAC CLIENT
PRESENTATION y / MAC CONTROL (OPTIONAL)
SESSION / MAC—MEDIAACCESS CONTROL
/
TRANSPORT , p RECONCILIATION |
/ GMIl — ‘ ‘
NETWORK |/
. PCS
DATA LINK s PMA PHY
PMD
PHYSICAL MBI
MEDIUM ;
1 Gbls

PHY = PHYSICAL LAYER DEVICE
PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT

GMII = GIGABIT MEDIA INDEPENDENT INTERFACE
MDI = MEDIUM DEPENDENT INTERFACE
PCS = PHYSICAL CODING SUBLAYER

Figure 35-1—GMIl relationship to the ISO/IEC Open Systems Interconnection (OSl)
reference model and the |IEEE 802.3 CSMA/CD LAN model

PLS Service Primitives

Reconciliation sublayer

GMII Signals

h 4

PLS_DATA request

FLS_SIGNAL.indication

PLS_DATA indication <

TXD<7:0>

TX_EN
TX_ER

GTX_CLK

PLS_DATA_VALID.indication 4

PLS_CARRIER.indication  <4—|

¢« COL
‘—

RXD<7-0>
RX_ER

RX_CLK
RX_DV

_|

Station Management

[-1¢— cRrs

",—’ MDC
» MDIO

Figure 35-2—Reconciliation Sublayer (RS) inputs and outputs

and STA connections to GMII




GMII

A F
THD=T-0= RXD=7:0=
Clause 36 1000BaseX el A oy
TX_ER coL CRS RX_ER
GTX_CLK R¥_CLK
LAN
0sl CSMA/CD PeS CARRIER
REFERENCE LAYERS SENSE
MODEL
LAYERS HIGHER LAYERS A
h J
APPLICATION LLC (LOGICAL LINK CONTROL) OR OTHER MAC GLIENT
y < RECEIVE
PRESENTATION / MAC CONTROL (OPTIONAL) TRANSMIT
SESSION MAC—MEDIA AGCESS CONTROL + W
TRANSPORT RECONCILIATION + |
vetwork |/ * GMIl —’,_lt: AUTO-NEGOTIATION 14— SYNCHRONIZATION
S PCS
DATALINK |/ PMA 1000BASE-X A
LX-PMD - PHY
PHYSICAL LX MDI — sxmpl—p» | | cxmpl —» |
To 1000 Mbfs Baseband — | MEDIUM § MEDIUM MEDIUM bx_code-group<9:0> r¢_code-group=09:0~
Repeater Set or to
1000BASE-X PHY . J N Y \ J
(point-to-point link) hd
1000BASE-LX 1000BASE-SX 1000BASE-CX v
(PCS, PMA, and LX-PMD) (PCS, PMA, and SX-PMD) (PCS, PMA, and CX-PMD)
PMa, TRANSMIT RECEIVE
MDI=MEDIUM DEPENDENT INTERFACE PHY=PHYSICAL LAYER DEVICE A
GMII=GIGABIT MEDIA INDEPENDENT INTERFACE ~ PMD=PHYSICAL MEDIUM DEPENDENT
PCS=PHYSICAL CODING SUBLAYER LX-PMD=PMD FOR FIBER—LONG WAVELENGTH, Clause 38
CX-PMD=PMD FOR 150 © BALANCED COPPER CABLING, Clause 39 +
NOTE—The PMD sublayers are mutually independent.
o PMD
= GMII is optional.
Figure 36—1—Relationship of 1000BASE-X and the PMDs | _ *
Transmit Receive
#— MO 4k—

Figure 36-2—Functional block diagram



Clause 47 XGMiI

XGMIT

| Interface

XGXS

RX CLK «<——]

Destination Lanes

RXD<7:0>, RXC<(0> €———

RXD<15:8,

RXD<=23:16>,

RXD<31:24>.

TXD=T:0=,

TXD<15:8=,

TXD=23:16>,

TXD<31:24=,

RX(C<1> €—m

RXC<2> €—————

RXC<3> €—————

- DLO<P-
DLO<N>

DLI1=PF>
DL1<N=>

. DL2<P-
. DL2<N-

DL3<P>
DL3<N>

TX CLK ——3

TXC=0> >

TXC=1m ———
THCCD > m— —

TXC<3> — 5

l—————= SLO=P=
= SLO<N=

| . SLi<P=-
[ SL1-N-

[ . SL2<p-
. SL2<N=

- SL3<P>
[ | SL3<N=

Figure 47-2—XGXS inputs and outputs

This clause defines the functional and electrical characteristics for the optional XGMII Extender Sublayer
(XGXS) and 10 Gigabit Attachment Umt Interface (XAUI). Figure 47—-1 shows the relationships of the
XGMII, XGMII Extender, XGXS, and XAUL

ETHERNET
LAYERS
HIGHER LAYERS
oSl [ LLC (LOGICAL LINK CONTROL)
REFERENCE OR OTHER MAC CLIENT
MODEL
LAYERS MAC CONTROL (OPTIONAL)
MAC
APPLICATION /]
[ [ RECONCILIATION |
PRESENTATION I.I f XGMII—p I
/ XGXS
SESSION .
/ XAUl—p I Optional XGMII
! Extender
TRANSPORT | | I KGXS
[ |
NETWORK |/ / XGMiIl—b l
/ PCS
DATALINK |, PMA PHY
PHYSICAL PMD
MDI —[ |
MEDIUM -2
10 Ghis

PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT

XAUI = 10 GIGABIT ATTACHMENT UNIT INTERFACE
XGMII =10 GIGABIT MEDIA INDEPENDENT INTERFACE
KGXS = XGMII EXTENDER SUBLAYER

MAC = MEDIAACCESS CONTROL

MDI = MEDIUM DEFENDENT INTERFACE
PCS = PHYSICAL CODING SUBLAYER
PHY = PHYSICAL LAYER DEVICE

Figure 47-1—XAUl and XGXS relationship to the ISO/IEC Open Systems Interconnection
(OSI) reference model and the IEEE 802.3 Ethernet model



Figure 48—1 depicts the relationships among the 10GBASE-X sublayers (shown shaded), the IEEE 8023
MAC and RS, and the IEEE 802 2 LLC.

ETHERNET
o8| LAYERS
REFERENCE
MODEL HIGHER LAYERS
LAYERS
/ LLC (LOGICAL LINK CONTROL) OR OTHER MAC CLIENT
APPLICATION
f MAC CONTROL (OPTIONAL)
PRESENTATION /
/ MAC—MEDIA ACCESS CONTROL
SESSION I | RS—RECONCILIATION SUBLAYER
TRANSPORT / / KGMII —p (OPTIOMAL)
network |/ / 10GBASE-X PCS
10GBASE-X
DATA LINK ; 10GBASE-X PMA PHY
PMD
PHYSICAL ~
_________ 4—— WD
To 10GBASE-X PHY — | MEDIUM
L J
10GBASE-LX4
10GBASE-CX4
MDI=MEDIUM DEPENDENT INTERFACE PMA=PHYSICAL MEDIUM ATTACHMENT
PCS=PHYSICAL CODING SUBLAYER PMD=PHYSICAL MEDIUM DEPENDENT
PHY=PHYSICAL LAYER DEVICE XGMII=10GIGABIT MEDIA INDEPENDENT INTERFACE

Figure 48—-1—10GBASE-X PCS and PMA relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE Ethernet Model



Clause 49 10G PCS ETHERNET

osi LAYERS
REFERENCE
ODEL HIGHER LAYERS
LAYERS / LLC (LOGICAL LINK CONTROL) OR OTHER MAC CLIENT
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION ! MAC—MEDIA ACCESS CONTROL
SESSION ,ff , RECONCILIATION
&
TRANSPORT | / / . AGMIl ——
i/ 10GBASE-R PCS
NETWORK " A0GBASE-R WIS 10GBASE-W
y PHY Serial PMA . PHY
DATA LINK Serial PMA
PMD | PMD y
PHYSICAL MDI _,.| | MDI —»
To 10 Ghis PHY — MEDIUM § MEDIUM
(point-to-point link) .
M LY
~ ——"
10GBASE-LR, -SR, -ER, or -LRM 10GBASE-LW, -SW. or -EW
MDI = MEDIUM DEPENDENT INTERFACE PMD TYPES:
PCS = PHYSICAL CODING SUBLAYER Medium:
PHY = PHYSICAL LAYER DEVICE E = PMD FOR FIBER—1550 nm WAVELENGTH
PMA = PHYSICAL MEDIUM ATTACHMENT L = PMD FOR FIBER—1310 nm WAVELENGTH
PMD = PHYSICAL MEDIUM DEPEMDENT 5 =PMD FOR FIBER—850 nm WAVELENGTH
WIS = WAN INTERFACE SUBLAYER M = PMD WITH DISPERSION COMPENSATION FOR MULTI-
XGMIl = 10 GIGABIT MEDIA INDEPENDENT INTERFACE MODE FIBER

Encoding:

R = 64B/66B ENCODED WITHOUT WIS

MOTE—The PMD sublayers are mutually independent. W = B4B/GEB ENCODED 'WITH WIS

Figure 49-1—10GBASE-R PCS relationship to the ISO/IEC Open Systems Interconnection
(OS8l) reference model and IEEE 802.3 Ethernet model



49.1.6 Functional block diagram

Figure 49—4 provides a functional block diagram of the 10GBASE-R PHY.

XGMII
F 9
TXD<310> RXD<31:0>
TXC<3:0> RXC<3:0>
RX_CLK
TX_CLK - PCS Transmit Data PCS Receive Data
t_data-unit=15:0= r¢_data-unit=15:0=
PCS
W PCS TRANSMIT PCS RECEIVE D1234567 8 0101112131415 01234567 809101112131415
ENCODE DECODE PCS PCS
# A A 4 4 A [ A A A
SCRAMBLE DESCRAMBLE 012345678 9101112131415 012345678 9101112131415
PMA PMA
# I Frst PMA Transmit Data et st PMA Receive Data Last
GEAR BOX BER & SYNC HEADERlq p| g1 0CK SYNG Pl Out br_data-group=15:0> Out In n_data-group=15:0> in
MONITOR Trans_mitted Recn_aived
Fy A A Bits Bits
Figure 49-2—10GBASE-R PHY transmission order

PCSWFI“SST?TUS rx_data-unit<15:0> (for WIS) or
tx_data-unit<15:0> (forwisyor ("1 OMY) X _data-group<15:0> (for PMA)
tx_data-group<15:0> (for PMA) . | —- — —
signal_ok | energy_detect |

tJ( mode
| (EEE only) ~ mode
| n_lpi_active (FEC only)l

L — 4

v v 1

PMA, FEC sublayer or WIS

Figure 49-4—Functional block diagram



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
T1000BASE-KX operation through this clause not
perform Clause 37 Auto-Negotiation. A device that
performs Clause 37 Auto-Negotiation after having
negotiated 1T000BASE-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.

0S|
REFERENCE
MODEL
LAYERS

APPLICATION

ETHERNET
LAYERS

HIGHER LAYERS

PRESENTATION

LLC (LOGICAL LINK CONTROL)
OR OTHER MAC CLIENT

SESSION

MAC—MEDIAACCESS CONTROL

TRANSPORT

NETWORK

DATA LINK

PHYSICAL

PHY

RECONCILIATION

PCS

PMA

PMD

AN

MEDIUM é

GMII, XGMII, 25GMII, XLGMII
S50GMII, CGMII, or 200GMII

1 Gh/s, 2.5 Gb/s, 5 Gb/s, 10 Gb/s, 25 Gb/s, 40 Gb/s, 50 Gb/s,100 Gb/s, or 200 Gbh/s



[AMD Official Use Only - AMD Internal Dist

Osl
REFERENCE
MODEL
LAYERS

APPLICATION

SESSION

TRANSPORT | / /

NETWORK "(!(

DATA LINK d

PHYSICAL

AN = AUTO-NEGOTIATION

FPRESENTATION /

IEEE Std 802.3-2022, IEEE Standard for Ethernet

CGMII = 100 Gb/s MEDIA INDEFENDENT INTERFACE
FEC = FORWARD ERROR CORRECTION

LLC = LOGICAL LINK CONTROL

MAC = MEDIAACCESS CONTROL
MDI = MEDIUM DEPENDENT INTERFACE
PCS = PHYSICAL CODING SUBLAYER

SECTION SIX
ETHERNET
LAYERS
| HIGHER LAYERS
/ LLC OR OTHER MAC CLIENT
/ MAC CONTROL (OPTIONAL)
/ MAC
/ RECONCILIATION
/ +«— XLGMI —>» CGMII—»
N
/ 40GBASE-R PCS 100GBASE-R PCS
40GBASE-T PCS
FEC! FEC?
PMA PMA PMA > PHY
PMD AN PMD
AN 2 MDI —p AN 2 )
MDI —p MEDIUM § MDI —p
MEDIUM <~ — MEDIUM <
40GBASE-T - y,
- vy —
40GBASE-R 100GBASE-R, 100GBASE-P,

or 100GBASE-Z

PHY = PHYSICAL LAYER DEVICE

PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT

XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE

NOTE 1—OPTIONAL OR OMITTED DEPENDING ON PHY TYFE
MNOTE 2—CONDITIONAL BASED ON PHY TYPE

Figure 80-1—Architectural positioning of 40 Gigabit and 100 Gigabit Ethernet



Table 80-2—Nomenclature and clause correlation (40GBASE)

Clause®
28 7 T4 78 51 82 53 | 83A | S83B | 54 a5 36 | 86A 0 [ 113
s | = | . A~ Z|Z |z Z|Z| 2%
Nomenclature - = o - =, ) - - A = A A ™ 7
= = = — =~ ] P -t -t -+ -+ -+ __, :
= | = | = . = 2 | = ] 0 | 2 | > (=2 - - = | x
St S - = o - = = — s ~ p a. n e - -
sl Zle|=2|*= |2 %2 =2|=z|e|=|g|2|=2|2|%]2
T L = 22|23 |3 |22 |2 |~ |2|%2|=|7%
S| £ = Q|| A | = | 2| 2| = g | 8 | B =
= | = 3| = s |2 | = < | Y| = | 3
N F| 3| = F| |72
—
40GBASE-KER4 M O 0] % ] M M O M
40GBASE-CE4 M O O % 8] M %I ] %I
40GBASE-T M 8] % 8] M
40GBASE-SE4 O % 8] M %I ] O %
40GBASE-FR 8] % ] M M O O M
40GBASE-LE4 8] % ] M M O O %
40GBASE-ER4 8] % ] M M O O %

0 = Optional, M = Mandatory.




Table 80-3—Nomenclature and clause correlation (100GBASE copper)

Clause®
e = | 8 =| a| = | Bl 8] 2| 5
r- m| B * & & o e, 2| = = > T - E ol .
o -, .-:* E E E - i i
Nomenclature | 2 | . ST - PR R |22 |9|elg]ls
e — - bt ] - ! . = i

= | = w | DA = : T T | F| ||| | =
= = = a0 - - J = 4 -~ = v 2 i -+ m [ e
Slz|lEle|lZlg2|lals|=|0|E2Y|* 2 = =] % | =
N [ I -~ sl Em | T A T m | m | m | e = =] = | =
- ey 5 ~ -t - = = L—, o o o o < -« - e o=
| Z e I - - = B T B e - B B CJ IS BT T
z = S12|c|v 8 S|2|c| 2|22 2

100GBASE-EER4 M O M| O M| M|[O O il M

100GBASE-EP4 M O M| O M| O O O il M

100GBASE-KR2 M O M| O il O O il M| O

100GBASE-CR2 M O M| O il O O il M| O

100GBASE-CE4 M O M| O M| M|[O O M | M

100GBASE-CR10 M| O O M| O M| M|[O O bt

0 = Optional, M = Mandatory.



Table 80—-4—Nomenclature and clause correlation (100GBASE-R optical)

Clause®
78 51 82 83 53A 53B 53D S3E 86 S0A 88 91 | 95
n |2 = = | =2 =
- - - | ) : - By By £
Nomenclature T - < ) - = - | = -
- | 2 | x & U O '3 b = T -
£ - = o - - : - 7 = = = k) o
Ml x| 5| 2| F = = o I =~ mo|om | | @
= 0 = - = = = = 7 o | w | wn | =
TS| = z < = | = = | Z| %z
= | 2 o & “ o M G| G T
100GBASE-SE4 O Y | 8] il || O O O 8] M Y |
100GBASE-SE10 O Y | 8] il Ivi O O O 8] MM 8]
100GBASE-LE4 O M 8] %l il O O O 8] M
100GBASE-EE4 O Y | 8] il 1| O O O 8] M
%0 = Optional, M = Mandatory.
100GBASE-SE2 O M| O M | O O 8] O O M| M| O O O O M
100GBASE-DE O M| O M | O O 8] O O M| M| O 0O O 0O |
100GBASE-FR.1 O M| O M | O O 8] O O M| M| O O O O AN |
100GBASE-LR1 O M| O M | O O O O O M| M| O O O O M

0 = Optional, M = Mandatory.
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Clause 81 XLGMIl and CMII (40 and 100Gb/s) Interface

ETHERNET
The XLGMII/CGMII has the following | HAYERS
. . HIGHER LAYERS
characteristics:
osl LLC OR OTHER MAC CLIENT
/
a) The XLGMII supports a speed of 40 Gb/s. REFERENCE f MAC CONTROL (OPTIONAL)
b) The CGMII supports a speed of 100 Gb/s. LAYERS / MAC
c¢) Data and delimiters are synchronous to a clock APPLICATION I RECONCILIATION
. . : / 3
d) It provides independent 64-bit wide transmit SESSION ) 4°GB‘EEE‘1R Fes HOGBASE.T PCS 1”“‘35:;;“ Fes
- /
and receive data paths. . TRANSPORT ,:f ) — — — , pry
e) It supports full duplex operation only. NETWORK |/ PMD AN PMD
1 T 1
DATA LINK ;f AN VDI _,u AN )
PHYSICAL MDI — MEDIUM < MDI—
The 40GBASE-T PHY service interface is the XLGMII. - [meowm £ — MEDIUM <
.. . —— 40GBASE-T —
The 100GBASE-T PHY service interface is the CGMII. AOGBASER 100GRASE.R
AN = AUTO-NEGOTIATION PHY = PHYSICAL LAYER DEVICE
CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
FEC = FORWARD ERROR CORRECTION PMD = PHYSICAL MEDIUM DEFPENDENT
LLC = LOGICAL LINK CONTROL XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE
MAC = MEDIAACCESS CONTROL
MDI = MEDIUM DEPENDENT INTERFACE NOTE 1—CONDITIONAL BASED ON PHY TYPE

PCS = PHYSICAL CODING SUBLAYER

Figure 81-1—RS and MIl relationship to the ISO/IEC Open Systems Interconnection (0OSI)
reference model and the IEEE 802.3 Ethernet model



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

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

a) The XLGMII/CGMII 1s 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/CGMIL.

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).



Clause 81 XLGMIl 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

81.1.6 XLGMI/CGMII structure

The XLGMII/CGMII is composed of independent transmit and receive paths. Each direction uses 64 data
signals (TXD<63:0> and RXD<63:0>). 8 conftrol signals (TXC<7:0> and RXC<7:0>), and a clock
(TX_CLK and RX CLK). Figure 81-2 depicts a schematic view of the RS inputs and outputs.

XLGMIVCGMII
PLS Service Primitives Reconciliation Sublayer Signals
p TXD<63:0>
PLS_DATA request » p TXC<T:0=
» TX_CLK
The 64 TXD and 8 TXC signals shall be organized into eight PLS_SIGNAL.ndication 4]
data lanes, as shall the 64 RXD and 8 RXC signals (see Table PLS DATAIndicaton <  Recao
. . . . < RX_CLK
81-2). The eight lanes in each direction share a common clock, PLS_DATA_VALID.ndication

TX CLK for transmit and RX CLK for receive. The eight lanes PLS_CARRIER indication  4———] |
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.

Figure 81-2—Reconciliation Sublayer (RS) inputs and outputs



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.

ETHERNET
LAYERS
| HIGHER LAYERS
osl / LLC OR OTHER MAC CLIENT
REFERENCE
MODEL / MAC CONTROL (OPTIONAL)
LAYERS / MAG
APPLICATION /o \ RECONCILIATION ‘
PRESENTATION [/ XLGMI — CGMIl—p
SESSION L 40GBASE-R PCS 100GBASE-R PCS
/ FEC! FEC!
TRANSPORT | /
/ PMA PHY PMA PHY
NETWORK f’/ VD D
DATALINK |/ AN ) ANT
PHYSICAL MDI — MDI —»
[ MEDIUM MEDIUM §
R '
40GBASE-R 100GBASE-R

AN = AUTO-NEGOTIATION

CGMII = 100 Gb/s MEDIA INDEPENDENT INTERFACE

FEC = FORWARD ERROR CORRECTION

LLC = LOGICAL LINK CONTROL

MAC = MEDIAACCESS CONTROL
MDI = MEDIUM DEPENDENT INTERFACE
PCS = PHYSICAL CODING SUBLAYER

Figure 82-1—40GBASE-R and 100GBASE-R PCS relationship to the ISO/IEC Open Systems

PHY = PHYSICAL LAYER DEVICE

PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT

XLGMII = 40 Gb/s MEDIA INDEPENDENT INTERFACE

NOTE 1—CONDITIONAL BASED ON PHY TYPE

Interconnection (OSI) reference model and IEEE 802.3 Ethernet model
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