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dScopes

dSignals among MAC and local/remote PHY's
A EEE State Diagram Variables and Timers
JEEE State Diagrams

d Transition Timing Diagrams
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Scopes

dSupport LPI based EEE 100Base-TX proposal

dProvide the signaling between MAC and PHY,
and between Local PHY and Remote PHY

[ Refine the State Diagrams proposed in
chou 01 0308 to meet the documentation
requirement of 802.3 standard

d Define the necessary variables and timers
used for State Diagrams
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Signals betwee

" MAC and PHY (MII)

il

EEE_LPI
Opcode from
\MAC to PHY

EEE_LPI
Opcode from
PHY to MAC

TX EN TX ER TXD<3:0=> Indication
{0 0 (000 through 1111 Normal inter-frame
0 1 0000 Reserved
0 1 0001 EEE Low Power IDLE <
0 1 [0010]through 1111 Reserved
1 0 0000 through 1111 Normal data transmission
1 1 0000 through 1111 Transmit error propagation
RX DV RX ER RXD<3:0> Indication
W {0 0000 through 1111 Normal inter-frame
0 1 0000 Normal inter-frame
0 1 0001 EEE Low Power IDLE |
0 1 [0010]through 1111 Reserved
0 1 1110 False Carrier indication
0 1 1111 Reserved
1 0 0000 through 1111 Normal data reception
1 1 0000 through 1111 [Data reception with errors
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- Sleep/Wake Request Code-groups

Signals between PHYs

Table 24-1—4B/5B code-groups
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Tk =i J & ."l i
e l:F:I[:lll]]”m”} Name M lT-::.";‘::]l::::-ﬂ‘{m Interpretatio Normal IDLE code-
43210 3210 group to the
Remote PHY
11111 I undefined < IDLE; )%
used as inter-stream fill cod

| 00100 H Undefined Transmit Error;
N used to force signaling errors
Vd]looooo P > | Undefined SN
i 00 0U0TI k’ W Undefined Invalid code
| oo0o010 \ W Undetined Invalid code
D oo0011 \ A Undefined Invalid code

0Do1o01 \ W Undefined Invalid code

oo110 W Undefined Invalid code

01000 A Undefined Invalid code

01100 \‘v’ Undefined Invalid code

10000 \-’ Undefined Invalid code

11001 \ Undefined Invalid code

\ ..
Unused code-group for MAC MAC
Low-Power Line Signal 4@;
to Request or PHY m PHY
the Remote PHY cable
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100BT LPI Line State Diagrams (PHY)

Receiver

System System
Reset 4 Reset
TX Active RX Active
Send Reset rx_lIpi
+DATA w7 Send !EEE_LP eive
EEE LPI — done
(from MA
'E give
EEE LPI && T
TX wait | EEE LpI State RX RX Link Fail | &
Send Send Set rx_Ipi Set ~ State
(start Ty) (start T,) (start T) Ipi_link fail HB (start T,,Ty,)
TQ_done
rgnal
Ts—done && TX Quiet State T done && TS_dOIIG & Detection
EEE_LPI Stops TX EEE LPI ! Signal Detection
(start To) end EEE_LPJ(to MAC)

Note: Addition to Figure 24-8
PCS Transmit state diagram

N ote: rx_lpi, Ipi_link_fail, new
. signals for Figure 24-15 Link
. Monitor State Diagram

4 Energy
Efficient
Ethernet

IEEE 802.3az March 2008 Plenary Meeting

Note: Addition to Figure 24-11
PCS Receive state diagram
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New State Diagram variable Definitions

U Variables
> rx_lpi
» Status indicating whether the local PHY is in Low Power |dle operating state
= Values: TRUE; local PHY is in Low Power Idle mode
FALSE; local PHY is in Active mode
» Ipi_link_fail
= Controls the transition to a Link Fail state during the Low Power Idle mode
= Values: TRUE:; Link of local receiver is down
FALSE; Link of local receiver is up
> receiver
= Controls the Receiving function of local device
= Values: STANDBY; The local Receiver is in power down state

ACTIVE; The local Receiver is in active operating state
» transmitter

= Controls the Transmitting function of local device

= Values: STANDBY:; The local Transmitter is in power down state
ACTIVE; The local Transmitter is in active operating state
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New State Diagram variable Definitions

U Timers (default value in parenthesis)

» Lpi_tx_ts_timer: Sleep state timer for Transmitter (1us)
» Lpi_tx_tq_timer: Quiet state timer for Transmitter (10ms)

» Lpi_tx_ta_timer: Intermediate Wake or Refresh state timer
for Transmitter (8us)

» Lpi_rx_ts_timer: Sleep state timer for Receiver (1us)

> Lpi_rx_tg_max_timer: Maximum time allowed for Quiet state
for Receiver (11ms)

» Lpi_rx_ta timer: Intermediate Wake or Refresh state timer
for Receiver (8us)

» Lpi_rx_tw_timer: Wake state timer for Receiver (10us)
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PCS Transmit State Diagram, Fig 24-8

sentCodeGrouplndicate *
Ipi_tx_ts_timer_done *
TX_EN = FALSE *
TX_ER =TRUE *
TXDI[3:0] = EEE_LPI

TX_SLEEP

Start Ipi_tx_ts_timer (Ts)
tx_bits[4:0] <= SLEEP

sentCodeGrouplndicate *
TX_EN = FALSE *

TX_ ER =TRUE *
TXDI[3:0] = EEE_LPI

*

sentCodeGrouplndicate
(TX_EN = TRUE +

!

TX_QUIET

transmitter <= STANDBY
Start Ipi_tx_tq_timer (Tq)

Ipi_tx_tq_timer_done |

sentCodeGrouplndicate *
(TX_EN = TRUE +
TX_ER = FALSE +
TXDI[3:0] = EEE_LPI)

TX_REFRESH

Start Ipi_tx_ta_timer (Ta)
transmitter <= ACTIVE
tx bits[4:0] <= SLEEP

sentCodeGrouplndicate|*
Ipi_tx_ta_timer_done *

TX_EN = FALSE *
TX_ER = TRUE *
TXD[3:0] = EEE_LPI

TX_ER = FALSE +

TXD[3:0] = EEE_LPI)

BEGIN

S

sentCodeGrouplndicate *
(TX_EN = TRUE +
TX_ER = FALSE +
TXDI[3:0] = EEE_LPI)

Link_status = OK

IDLE <

transmitting <= FALSE
COL <= FALSE
tx_bits[4:0] <= IDLE

sentCodeGrouplndicate *
TX_EN =TRUE *
TX_ER =TRUE *

transmitter <= ACTIVE
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sentCodeGrouplndicate *

TX_EN=TRUE *
TX_ER = FALSE *
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PCS Recelve State Diagram, Fig 24-11

—
signal_status = OFF * RX_QUIET
Ipi_rx_ts_timer_done receiver <= STANDBY

RX_ER <= TRUE
RX_DV <= FALSE
RXD<3:0> <= EEE_LPI

signal_status = OFF *

RX_SLEEP

17 Start Ipi_rx_tq_max tir’r,1er (Tq) Ipi_rx_tq_max_timer_done
signal_status = ON
3 R
RX_WAKE

Start Ipi_rx_ts_timer (Ts)
rx_Ipi <= TRUE
Ipi_link_fail <= FALSE

RX_LPI_LINK_FAIL

receiver <= ACTIVE
Start Ipi_rx_tw_timer (Tw)
Start Ipi_rx_ta_timer (Ta)

receiver <= ACTIVE
Ipi_link_fail <= TRUE

signal_status = ON *
(rx_bits[4:0] = /I/ +
rx_bits[9:5] = /I/ )

sigrjal_status = ORF Ipi_rx_tw_timer |done

Ipi_rx_ta_timer_done *

% BIS[9:0] = 7PTPT Ipi_r{_ta_timer_done

rx_bjts[9:0] = /I/I/

Link_status = OK *
(rx_bits[9:0] = /P/P/ +
rx_bits[9:0] = /I/P/")

ucCJ

BEGIN Link_status # OK *
I RX_DV = FALSE
IDLE )

receiving <= FALSE

RX_ER <= FALSE
RX_DV <= FALSE
rx_lpi <= FALSE

Link_status = OK *

rx_bits[0] = 0 *
rx_bits[9:2] = 11111111

Energy
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Link Monitor State Diagram, Fig 24-15

(rx_lpi = FALSE * signal_status = OFF) +
(rx_Ipi =TRUE* Ipi_link_fail = TRUE) +

BEGIN (link_control = DISABLE) +
l l (faulting = TRUE)
A
LINK DOWN

link_status <= FAIL

Signal_status = ON

A
HYSTERERESIS

State stabilize_timer

Stabilie_timer_done

A
LINK READY

link_status <= READY

Link_control = ENABLE

A

Link_control = LINK UP
SCAN_FOR_CARRIER

link_status <= OK
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”100BT LPI Operating State Diagrams (above PHY)

FIFO
SEND DATA and S
stem
IDLE (no data) Ve y MAC
Reset Reset

( TX

DATAFIFO is .

empty; Active State RX
EEE asserted Stop EEE_LPI ] Active State

\—(lo PHY) ne && From Reconciliation
equest Dan Dove Sublayer Receive
! EEE LPI
Tw time out. EEE LPI (from PHY)
TX LPI State LPI_RGqUCSt TX State Resume sending — .
Send |EEE_LPI DATA and IDLE (from PH
Send EEE LPI
— to PHY
(to PHY) (start Ty)
RX LPI State

DATA is coming.
De-assert EEE before the
available space in FIFO is
smaller than data storage
needed for Tw time to
avoid overrun condition

SEND
SLEEP & LPI
(Quiet)

Wait for Tw time to
assure full wakeup of

local & remote PHYs

Z
=)
&
Z
o
s
=
=
=
2
&
o
=
S
]
H
&
=
7]
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LPI Operating State Diagrams (above PHY)

BEGIN

l

TX ACTIVE

TX_ER <= FALSE

\ 4 A

TX LPI

TX_EN <= FALSE *
TX_ER <= TRUE *
TXD[3:0] <= EEE_LPI

A

TX RECOVERY

Ipi_tx_request = TRUE

Ipi_tx_request = FALSE

BEGIN

!

RX ACTIVE

Ipi_rx_request <= FALSE

RX_ER =TRUE *
RX_DV = FALSE *
RXD<3:0> = EEE_LPI

A
RX LPI

Ipi_rx_request <= TRUE

RX_ER = FALSE

TX_ER <= FALSE
start Ipi_tx_tw_timer

Ipi_request = TRU;E

Lpi_tx_tw_timer_done *
Ipi_tx_request = FALSE

Energy
Efficient
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O Variables

>

>

Q Timer (default value in parenthesis)

>

Ipi_tx_request
Controls the transition to Transmitter Low Power Idle mode

Ipi_rx_request
Status indicating whether the Receiver is in Low Power Idle operating

Ipi_tx_tw_timer: Wake state timer for Transmitter (10us)

Values:

state
Values:

TRUE; Transmitter goes into Low Power Idle mode
FALSE; Transmitter exits from Low Power Idle mode

TRUE; local Receiver is in Low Power |dle mode
FALSE; local Receiver is in Active mode

S22 REALTEK
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LPI Transition Diagram (Sleep)

l—» space

A Cable Propagation

LPI Request from MAC
layer or above (EEE_LPI)

~ TX Latency (T1 <0.1us) i

LPI Sleep Time
T =T2+T1D<1 us

oy

; delay (Tp=.0.5us)
T, < % —~— . arrives
o b
7 Q RX AFE/DSP processing
TX LPI mode wait time; (O] = time (T2a = 0.1 us)
\. Transmitting Code- 3 é
groups (T2 < 0.9 us) _8) ® |~ RXPCS descrambling time
= 2 (T2b = 0.2 us)
3 @ 1L
o
% T % L1 RX DSP freezing time
. e B (T2¢ = 0.1 us)
TX stop transmitting g
- cgr > RX additional wait time (T2d)
x o
’Q QW r~ EEE LPI to RX MAC
o} Signal detection =0 Q RX stops & enable
,g signal detection
=

Y4
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LPI Transition Dlagram (Wake)

Wake Request from MAC ; space ><
layer or above (!EEE_LPI) ’9 | O
> c
_________________ 5 " —
I TX PCS wake time (T4a = : 5 =) & LPI Wake Time
(4]
'_(Zl_‘isl ____________ JI Ty =Ta+15+14) < 10 us
oSS oIIIIoIoIIoo
I TX AFE/DSP wake time
| (T4b = 0.5 us) Propagation O
_________________ delay (Tp =-0.5us) - .
= Wake (IDLE) arrives
T >
Ty < RX Signal Detection time |
r-r-r—-—=—-==7==7==7==7====== I ~
' TX wake time; Transmitting | Signal detection =1  (Taa=05us) .
| Wake signal (T, < 8 us) I RX AFE wakeup time :
---------------- : (Tab = 0.5 us) !
o= —— == == === —=—=- T, ||| ||r——=mrmmm 4
I TX wake wait time; < I RX DSP/clock retrain time |

\: Transmitting Wake signal
: (T5=1 us)

, (Tac = 6 us)

TX Transmitting Data

'EEE LPI to RX MAC

Data arrives

Energy
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Refresh)

LPI Transition Diagram

l—» space

Periodic Refresh request

1IN0 X
19IN0 XY | =

oy

~ TX PCS wake time

(T4a= 0.1 us) Refresh Duration
TX AFE/DSP wake TR 12+1,+14)

e < time (T4b = 0.5 us) - Cable Propagation <10 us
X delay (Tp = 0.5us) =
g ,
TX wake wait time; <
U . Q
Transmitting n
Signal < § Signal detection =1 "
T, K (T, <8 us) = | L2 2
0 - RX wake time
e S |y (T <8us)
N ?
TX LPI mode wait time; o T, K o
\ Transmitting Signal =< i ?
(T2 <0.9 us) By
,,,,,,, \ ('D
~ = N
o Tl or ? M )
TX stops Transmitting W
— = 1 RX Sleep time (Ty)
X
O J
= >
o = RX stops & enable
O signal detection
c
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Summary

1 Low Power Idle based EEE 100Base-TX can be
iImplemented with minimum modifications of existing
standard

O State Diagrams, Timers, and Parameters to facilitate
the implementation of EEE standard have been
defined and simulated

U Related works done in backup slides:

» Old illustration of LPI 100Base-TX Operations
» MII Interface signaling
» Auto-negotiation state diagram modifications

Energy
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Thank you

Questions?
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Backup
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EEE FE Fully Asymmetric Operations

%) o o o =
LP1 TX i 3 3 3 )
o [72) ' () } [2) ; (0]
Quiet | 7 | OQuiet = Quiet | = uiet
| A2 ‘i_Y_} | ’\ /”' -7 |
Ts Tq Tr - - g Tq: Shortened | Tw
' Tq Fixed by Wake state
LP1 MAC Active | . Low Power .| Active
| Cased - . E>< ............. Case2-------__
0| o
ol 2,
o | @
0 1 0
Quiet 2 | | Quiet = Quiet
3 Y - nd
Tq: Fixed —i’ ————
LP2 MAC Active | | Low Power |
Line State Timing Parameter (suggested) | Signal (suggested)
Sleep Ts = 1us 4B5B code-group 5b00000
Quiet Tg =1 - 100ms (10ms?) Electric differential DC 0V
Wake Tw = 10us (T ,=8us internal) Existing IDLE code-group
Refresh Tr = 10us (derived) = Sleep

Energy

e Efficient
Ethernet
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MIl Interface — Transmitter Path

TXCLK 1 1
(25MHz) \ “

. [Keep running the clockl
TXEN ! - /
(:.r'”. . i\ Tw =10us .
TXER / ." ' — Tw ——»
TXD<3-0> Don’t care X @ O0x01 X Don’t care X data

Active —»

. SR
A

Operating <«—— Active

N AN
A"

Low-Power Idle

State(MAC) ! !
Ts = 1us e Ts —» i T !
! ! «—— TW ———»
| | Quiet i

Energy
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MIl Interface — Recelver Path

RXCLK rs_‘ Halt the clock fgﬁ_‘
(25MHz) \ << ¢\
] “ i p>) P> :‘II
RXDV i /
1
T1 =10*40ns ; . T2 > 0.5us
RXER = 0.4us L ——» :4— T2 + =Tw-Ta-T4-Taa

RXD<3-0> Don’t care X o

Ox01

Operating <«—— Active
State(MAC)

§<—TS —>

- Na- ]

X Don t care Xdata

RXD(MDI) | DLEX > '

Energy

< Low-Power Idle "4 Active —»
T~ 1us - Ta S Ta = 8us
uiet
Q : ( ; IDLE>< data
4 )

Signal detection

Qlfs!'ffﬂdem |IEEE 802.3az March 2008 Plenary Meeting

Ethernet
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Auto-negotiation - Transmitter

Energy

Efficient
Ethernet

mr_page rx*mr_lp_np_able*

11000T_capable*EEE _ca

oM _on = rune Tanark_dsabie = Tue
m_man_reast = trun +
T MMEArT FeQOnanon T e
=_mnneg_sealie w isie =
= et _tmpias T Base_Pages_TX
e _akil == domm_10007 _ate = mr_Bo{he-
Reset_1000T . e ‘u::;‘ﬂ“__"':“‘ - L EEE_cap
ATME_CNT =0
=_page ra = wus = ro_sia = ahe =
= | n_lam}éb'rm' e ?ﬁm‘rmﬂd-w
deaire_ 1000T_aow =t * B =) ¢
P = = e o o= o = - @k _frished = o _page_x = rue
=_page = fee* = ip np_abls = ina * L —
| comm_1000T_ach= dalie ™ mi_bo[NP] = 1
| 1000T_MP_TX
I mr_pp_B(11] =% Fned_page loaded = true + mr_bafMF) =0)
mr g D] -1 THEN mv_nest_Dage_Om0ed =T
| I mr_np_SP] = 1
WAITY
| Jme_page e = 2se
I I
| g P st aok S ha s *
i 1000T_UP1_TX
I =_np | 1t|]o-m|n‘.\: ach_albalin{111)
= _ng_| B rewt page loaded = s+ me bpNP] = 0)
| J mr_rp_ D] -l:l THEN = _roat Dage_aced =Tud
I WAITZ R —
! I
| =r_page_r = hue " ack_tnshed = mue *
| 1000T_UP2_TX
EFEicap*mrJageirx + =r_np_b11:1) = “mg_mndon”
*ack_fisished WAITS m_rp_ofNP] o= m_bpINF) IF{rat_page, loaced = s + my_bpiNP] = 0)
- = = _ng fMP] =0 THEM mv_rent_page_lcaced s=irug
ATME CNT = 1
I me_Bo(r) =1 ! [=rom_ra=aas
I mw:::' | |:l_lri_u:|k_'m|:'4l=|x 1% BENP) = 0 e _page_no= i ack_frished = e
o = *1EEE
L ok fiekhad = ra_heie_ets_werepre] w0 4P
° =3
14 o +

Sofwara_NP_TX[*1)

PRt PG et

=_pp_b{11:1) = mr_pp_t_mgl111)

= roxt_page_loaced

|
v Tra_rk_code 4 |
_Pg B 1 I l"' - U:;-M |
_page = Fud® | &K SrmRed = frus [
raog Eaded = e * ===
ack 80 = s |mr_ng:_b_mgleP]=0* |
T _page o = nun
lm-t |

I.__-I.-I
s |

..;’;.".-".:'.‘-..':'

_ng B0

= _ng w11

| =_page_fa = iaies
|ra_tik, code wadNE =0

me_page o = e *

- - - - A
- +
- 4ot

|
b -

Fig 40C-2

p*ack finished

A J

—

EEE_MP_TX

mr_np_tx[11:1]=10
mr_np_tx[NP]=1
mr_np_tx[MP]=1

mr_lp_np_able)

IF(mr_bp[NP]*mr_lp np_able*
next_page_loaded)+('mr_bp[NP]*

THEN mr_next_page loaded=1

mr_page_rx=false

WAITS

y

mr_page rx*ack_finished

]

mr_page_rx=true

EEE_UP_TX

mr_np_tx[MP]=0

mr_lp_np_able)

mr_np_tx[5:0]=EEE_technologies
mr_np_tx[NP]=mr_bp[NP]

IF(mr_bp[NP]*mr_Ip _np_able*
next_page_loaded)+('mr_bp[NP]*

THEN mr_next_page loaded=1

mr_page_rx=false

.

mr_page_rx=true

finished

e Iu_m =tue
I
L S
_t 4 4 . mr_bp[NP]=1*
__GEM;C_ ‘_"1]'_ 4 mr_page_rx*ack_|
A b [NP]=0 * * next_page loaded
T_Dp| =
—————— wir_page rx*ack_finished

Figure 40C-2—Auto-Negotiation Transmit state diagram add-on for 1000 BASE-T
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Auto-negotiation — Recelver, Fig 40C-3

AT on " Fue .

Y _main_meat = Bua s

Y _rosiart negoiaton = oe -
s oree] _arsbie = false =
Yoy corrple e = mae e
rarmmit_disabio =rus I1OLE

T _pagn,_rx = wua -

ewLo peRE
3
Basa Fage RN
w_lp_mche_abilty += ox_lek_code_woxd rx_link_code_word[11:1]=10%* EEE MP RX
l I | mw_page_rx= fal Ir'_page rx=true »- mr np_rx=rx_link code_word |«
.Y & EE— T ru_link_codlo_word[11.1] =& *
= _pmges ==t oy Jink code_word# |
| I mr_page_rx=false
e _liew_coxde_word[11 1] = 5 1000T_MP_RX
fr_page_rx = tne A e i ok Cocka e ad
mr_page_rx=true
l I I o _page_rx = fales
T e
I i EEE_UP_RX
nE_pEge W s ROT_UPT_RX mr_np_rx=rx_link_code_word
M np re = ra_link_oode_word LpJEEEicap =
mar_ 100 _ip:_adv_abilty += rx_ink_co-de_word) rx_link_code_word[1]
"—l AY_paga_fa = talee mr_page_rx=false
SRIT Y l
¥ _page ra = rus | 100T LR WAIT6
T np R serw_ ink oode word
rog_random = rx_link_ode_ word[11:1)
I I | v _page _ra= falne
., V.V

_paga = e 1 ] l __I__

i
Sofiwara NP_RX
W_np P e rx_link codda weord

IV pagae_raT e

rx_link_code_word[] 1:1]=10*
mr_page_rx=true

mr_page_re = s

Figure 40C-3—Auto-Negotiation Re ceive state diagram add-on for 1000 BASE-T
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