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LOCAL AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Comment

MF12 Value of speed selection bit for | 22.2.4.1.3 M Set to match the correct PHY
single speed PHY speed

MF13 Single speed PHY ignores 222413 M
writes to speed selection bit

MF14 Auto-Negotiation enable 2224.14 M By setting 0.12 =1

MF15 Duplex mode, speed selection | 22.2.4.1.4 M I£ 0.12=1, bits 0.13 and 0.8
have no effect when Auto-Ne- have no effect on link configu-
gotiation is enabled ration

MF16 PHY without Auto-Negotiation | 22.2.4.1.4 M Yes (if 1.3=0, then 0.12=0)
returns value of zero

MF17 PHY without Auto-Negotiation | 22.2.4.1.4 M Yes (if 1.3=0, 0.12 always =0
ignores writes to enable bit and cannot be changed)

MF18 Response to management 222415 M Remains active
transactions in power down

MF19 Spurious signals in power 22.2.4.1.5 M None (not allowed)
down

MF20 TX CLK and RX_CLK stabi- | 22.2.4.1.5 M Yes (after both bits 0.11 and
lize within 0.5 s 0.10 are cleared to zero)

MF21 PHY Response to input signals | 22.2.4.1.6 M NONE
while isolated

MF22 High impedance on PHY out- 22.2.4.1.6 M Yes (TX CLK, RX CLK,
put signals while isolated RX DV, RX_ER, RXD<3:0>,

COL, and CRS)

MF23 Response to management 22.2.4.1.6 M Remains active
transactions while isolated

MF24 Default value of isolate 22.2.4.1.6 M 0.10 =1

MF25 PHY without Auto-Negotiation | 22.2.4.1.7 M 09=0if1.3=00r0.12=0
returns value of zero

MF26 PHY without Auto-Negotiation | 22.2.4.1.7 M 0.9 = 0, cannot be changed if
ignores writes to restart bit 1.3=00r0.12=0

MF27 Restart Auto-Negotiation 222.4.1.7 M When 0.9=1if0.12=1 and

13=1

MF28 Return 1 until Auto-Negotia- 222.4.1.7 M 0.9 is self clearing to 0
tion initiated

MF29 Auto-Negotiation not effected 222.4.1.7 M
by clearing bit

MF30 Value of duplex mode bit for 222.4.1.8 M Set 0.8 to match the correct
PHY's with one duplex mode PHY duplex mode

MF31 PHY with one duplex mode ig- | 22.2.4.1.8 M Yes (0.8 remains unchanged)
nores writes to duplex bit

MF32 Loopback not affected by du- 22.2.4.1.8 M Yes (0.8 has no effect on PHY
plex mode when 0.14=1)

MF33 Assertion of COL in collision 222.4.19 M Within 512 BT after TX_EN is
test mode asserted
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Item Feature Subclause Status Support Value/Comment
MF34 De-assertion of COL in colli- 222419 M Within 4 BT after TX EN is
sion test mode de-asserted

MF35 Reserved bits written as zero 2224110 | M

MF36 Reserved bits ignored when 2224110 | M
read

MF37 PHY returns 0 in reserved bits 22.2.4.1.10 M

MF38 Effect of write on status register | 22.2.4.2 M No effect
MF39 Reserved bits ignored when 222.42.6 M
read

MF40 PHY returns 0 in reserved bits 22.2.4.2.6 M

MF41 PHY returns 0 if Auto-Negotia- | 22.2.4.2.8 M Yes (1.5 =0 when 0.12 =0)
tion disabled

MF42 PHY returns 0 if it lacks ability | 22.2.4.2.8 M Yes (1.5=0when 1.3 =0)
to perform Auto-Negotiation

MF43 Remote fault has latching 222429 M Yes (once set will remain set
function until cleared)

MF44 Remote fault cleared on read 222429 M Yes

MF45 Remote fault cleared on reset 222429 M Yes (when 0.15=1)

MF46 PHY without remote fault re- 222429 M Yes (1.4 always 0)
turns value of zero

MF47 Link status has latching 2224211 | M Yes (once cleared by link fail-
function ure will remain cleared until

read by MII)

MF48 Jabber detect has latching func- | 22.2.42.12 | M Yes (once set will remain set

tion until cleared)

MF49 Jabber detect cleared on read 2224212 | M

MF50 Jabber detect cleared on reset 2224212 | M

MF51 100BASE-T4 and 100BASE-X | 22.24.2.12 | M Yes (1.1 always = 0 for
PHY s return 0 for jabber detect 100BASE-T4 and 100BASE-
TX)
MF52 MDIO not driven if register 22243 M Yes (MDIO remain high im-
read is unimplemented pedance)
MF53 Write has no effect if register 22243 M

written is unimplemented

MF54 Registers 2 and 3 constitute 22243.1 M
unique identifier for PHY type

MF55 MSB of PHY identifieris 2.15 | 22.2.4.3.1 M

MF56 LSB of PHY identifier is 3.0 222431 M

MF57 Composition of PHY identifier | 22.2.4.3.1 M 22-bit OUI, 6-bit model, 4-bit
version per figure 22-12

MF58 Format of management frames | 22.2.4.4 M Per table 22-9
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Item Feature Subclause Status Support Value/Comment

MF59 Idle condition on MDIO 22.2.4.4.1 M High impedance state

MF60 MDIO preamble sent by STA 222442 M 32 contiguous logic one bits

MF61 MDIO preamble observed by 222442 M 32 contiguous logic one bits

PHY

MF62 Assignment of PHYAD 0 22.2.4.4.5 M Address of PHY attached via
Mechanical Interface

MF63 Assignment of REGAD 0 22.2.4.4.6 M MII control register address

MF64 Assignment of REGAD 1 222.44.6 M MII status register address

MF65 High impedance during first bit | 22.2.4.4.7 M
time of turnaround in read
transaction

MF66 PHY drives zero during second | 22.2.4.4.7 M
bit time of turnaround in read
transaction

MF67 STA drives MDIO during turn- | 22.2.4.4.7 M
around in write transaction

MF68 First data bit transmitted 222448 M Bit 15 of the register being ad-
dressed
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Item Feature Subclause Status Support Value/Comment

ST1 Timing characteristics mea- 223 M
sured in accordance with
annex 22C

ST2 Transmit signal clock to output | 22.3.1 M Min = 0 ns; Max =25 ns
delay per figure 22-14

ST3 Receive signal setup time 2232 M Min = 10 ns per figure 22-15

ST4 Receive signal hold time 2232 M Min = 10 ns per figure 22-15

STS MDIO setup and hold time 2234 M Setup min = 10 ns; Hold min =

10 ns per figure 22-16

ST6 MDIO clock to output delay 2234 M Min = 0 ns; Max = 300 ns

per figure 22-17
22.7.3.6 Electrical characteristics
Item Feature Subclause Status Support Value/Comment

ECl Signal paths are either point to | 22.4.2 M
point, or a sequence of point-
to-point transmission paths

EC2 MII uses unbalanced signal 2242 M
transmission paths

EC3 Characteristic impedance of 2242 M 68 Q£ 15%
electrically long paths

EC4 Output impedance of driver 2242 M On all electrically long point to
used to control reflections point signal paths

ECS Von 22.43.1 M 224V (I, =—4mA)

EC6 Vo 22431 M <04V (I, =4mA)

EC7 Performance requirements to 22432 M Min switching potential change
be guaranteed by ac specifica- (including its reflection) 2 1.8 V
tions

ECS8 Vin(min) 22441 M 2V

EC9 Vii(max) 22441 M 08V

EC10 Input current measurement 22442 M At MII connector
point

ECI1 Input current reference poten- 22442 M Reference to MII connector
tials +5V and COMMON pins

EC12 Input current reference poten- 22442 M 0Vto525V
tial range

EC13 Input current limits 22442 M Per table 22-10
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LOCAL AND METROPOLITAN AREA NETWORKS:

Item Feature Subclause Status Support Value/Comment

EC14 Input capacitance for signals 22,443 M <8pF
other than MDIO

EC15 Input capacitance for MDIO 22443 M <10 pF

ECl16 Twisted-pair composition 22.4.5 M Conductor for each signal with

dedicated return path

EC17 Single-ended characteristic im- | 22.4.5.2 M 68 Q+10%
pedance

EC18 Characteristic impedance mea- | 22.4.5.2 M With return conductor connect-
surement method ed to cable shield

EC19 Twisted-pair propagation delay | 22.4.5.3 M <25ns

EC20 Twisted-pair propagation delay | 22.4.5.3 M With return conductor connect-
measurement method ed to cable shield

EC21 Twisted-pair propagation delay | 22.4.5.3 M 25 MHz
measurement frequency

EC22 Twisted-pair propagation delay | 22.4.5.4 M <0.1ns
variation

EC23 Twisted-pair propagation delay | 22.4.5.4 M With return conductor connect-
variation measurement method ed to cable shield

EC24 Cable shield termination 22.4.5.5 M To the connector shell

EC25 Cable conductor DC resistance | 22.4.5.6 M <150 mQ

EC26 Effect of hot insertion/removal | 22.4.6 M Causes no damage

EC27 State of PHY output buffers 22.4.6 M High impedance
during hot insertion

EC28 State of PHY output buffers af- | 22.4.6 M High impedance until enabled
ter hot insertion via Isolate bit
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22.7.3.7 Power supply

Item Feature Subclause Status Support Value/Comment
PS1 Regulated power supply 225 M To PHY by Reconciliation
provided sublayer
PS2 Power supply lines 22.5 M +5V and COMMON (return of
+5V)
PS3 Regulated supply voltage limits | 22.5.1 M 5Vde +5%
PS4 Over/under voltage limits 22.5.1 M Over limit = 5.25 Vdc
Under limit=0V
PS5 Load current limit 22.5.2 M 750 mA
PS6 Surge current limit 22.5.2 M <5 A peak for 10 ms
PS7 PHY can power up from cur- 22.5.2 M From 750 mA current limited
rent limited source source
PS8 Short-circuit protection 2253 M When +5V and COMMON are
shorted

22.7.3.8 Mechanical characteristics

Item Feature Subclause Status Support Value/Comment
*MC1 | Use of Mechanical Interface 22.6 (¢} Optional
MC2 | Connector reference standard 22.6.1 MCI1:M IEC 1076-3-101: 1995
MC3 | Use of female connector 22.6.1 MC1:M At MAC/RS side
MC4 | Use of male connector 22.6.1 MC1:M At PHY mating cable side
MC5 | Connector shell plating 22.6.2 MC1:M Use conductive material
MC6 | Shield transfer impedance 22.6.2 MC1:M After 500 cycles of mating/
unmating, per table 22-11
MC7 | Additions to provide for female | 22.6.2 MCL:M On shell of conductor with
shell to male shell conductivity male contacts
MCS8 | Clearance dimensions 22.6.4 MCI1:M 15 mm x 50 mm, per
figure 22-19
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23. Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA)
sublayer and baseband medium, type 100BASE-T4

23.1 Overview

The 100BASE-T4 PCS, PMA, and baseband medium specifications are aimed at users who want 100 Mb/s
performance, but would like to retain the benefits of using voice-grade twisted-pair cable. 100BASE-T4 sig-
naling requires four pairs of Category 3 or better cable, installed according to ISO/IEC 11801: 1995, as
specified in 23.6. This type of cable, and the connectors used with it, are simple to install and reconfigure.
100BASE-T4 does not transmit a continuous signal between packets, which makes it useful in battery pow-
ered applications. The 100BASE-T4 PHY is one of the 100BASE-T family of high-speed CSMA/CD net-
work specifications.

23.1.1 Scope

This clause defines the type 100BASE-T4 Physical Coding Sublayer (PCS), type 100BASE-T4 Physical
Medium Attachment (PMA) sublayer, and type 100BASE-T4 Medium Dependent Interface (MDI).
Together, the PCS and PMA layers comprise a 100BASE-T4 Physical Layer (PHY). Provided in this docu-
ment are full functional, electrical, and mechanical specifications for the type I00BASE-T4 PCS, PMA, and
MDI. This clause also specifies the baseband medium used with 100BASE-T4.

23.1.2 Objectives

The following are the objectives of 100BASE-T4:

a)  To support the CSMA/CD MAC.

b)  To support the 100BASE-T MII, Repeater, and optional Auto-Negotiation.

¢) To provide 100 Mb/s data rate at the MII.

d)  To provide for operating over unshielded twisted pairs of Category 3, 4, or 5 cable, installed as hori-
zontal runs in accordance with ISO/IEC 11801: 1995, as specified in 23.6, at distances up to 100 m
(328 ft).

e) To allow for a nominal network extent of 200 m, including:
1) Unshielded twisted-pair links of 100 m.
2) Two-repeater networks of approximately a 200 m span.

f)  To provide a communication channel with a mean ternary symbol error rate, at the PMA service
interface, of less than one part in 103

23.1.3 Relation of 100BASE-T4 to other standards

Relations between the 100BASE-T4 PHY and the ISO Open Systems Interconnection (OSI) reference
model and the IEEE 802.3 CSMA/CD LAN model are shown in figure 23-1. The PHY Layers shown in fig-
ure 23-1 connect one clause 4 Media Access Control (MAC) layer to a clause 27 repeater. This clause also

discusses other variations of the basic configuration shown in figure 23-1. This whole clause builds on
clauses 1 through 4 of this standard.

23.1.4 Summary
The following paragraphs summarize the PCS and PMA clauses of this document.
23.1.4.1 Summary of Physical Coding Sublayer (PCS) specification

The 100BASE-T4 PCS couples a Media Independent Interface (MII), as described in clause 22, to a Physical
Medium Attachment sublayer (PMA).
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When the PHY is incorporated within the physical bounds of a DTE, conformance to the MII interface is
optional, provided that the observable behavior of the resulting system is identical to a system with a full
MII implementation. For example, an integrated PHY may incorporate an interface between PCS and MAC
that is logically equivalent to the MII, but does not have the full output current drive capability called for in
the MII specification.

23.1.5.3 Use of 100BASE-T4 PHY for point-to-point communication

The 100BASE-T4 PHY, in conjunction with the MAC specified in clauses 1-4 (including parameterized val-
ues in 4.4.2.3 to support 100 Mb/s operation), may be used at both ends of a link for point-to-point applica-
tions between two DTEs. Such a configuration does not require a repeater. In this case each PHY may
connect through an MII to its respective DTE. Optionally, either PHY (or both PHY's) may be incorporated
into the DTEs without an exposed MII.

23.1.5.4 Support for Auto-Negotiation

The PMA service interface contains primitives used by the Auto-Negotiation algorithm (clause 28) to auto-
matically select operating modes when connected to a like device.

23.2 PCS functional specifications

The 100BASE-T4 PCS couples a Media Independent Interface (MII), as described in clause 22, to a
100BASE-T4 Physical Medium Attachment sublayer (PMA).

At its interface with the MII, the PCS communicates via the electrical signals defined in clause 22.

The interface between PCS and the next lower level (PMA) is an abstract message-passing interface
described in 23.3. The physical realization of this interface is left to the implementor, provided the require-
ments of this standard, where applicable, are met.

23.2.1 PCS functions

The PCS comprises one PCS Reset function and five simultaneous and asynchronous operating functions.
The PCS operating functions are PCS Transmit, PCS Receive, PCS Error Sense, PCS Carrier Sense, and
PCS Collision Presence. All operating functions start immediately after the successful completion of the
PCS Reset function.

The PCS reference diagram, figure 23-5, shows how the five operating functions relate to the messages of
the PCS-PMA interface. Connections from the management interface (signals MDC and MDIO) to other
layers are pervasive, and are not shown in figure 23-5. The management functions are specified in clause 30.
See also figure 23-6, which defines the structure of frames passed from PCS to PMA. See also figure 23-7,
which presents a reference model helpful for understanding the definitions of PCS Transmit function state
variables ohr1-4 and tsr.

23.2.1.1 PCS Reset function

The PCS Reset function shall be executed any time either of two conditions occur. These two conditions are
“power on” and the receipt of a reset request from the management entity. The PCS Reset function initializes
all PCS functions. The PCS Reset function sets pcs_reset < ON for the duration of its reset function. All state
diagrams take the open-ended pcs_reset branch upon execution of the PCS Reset function. The reference
diagrams do not explicitly show the PCS Reset function.
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At the conclusion of the MAC frame, the PCS Transmit function appends eop1-5. This is accomplished by
defining a variable tx_extend to stretch the TX_EN signal, and defining tsr during this time to be a sequence
of constants that decodes to the proper eop code groups.

The encoding operation shall use the 8B6T code table listed in annex 23A, and the dc balance encoding rules
listed below. Encoding is performed separately for each transmit pair.

23.2.1.2.1 DC balance encoding rules

The encoding operation maintains dc balance on each transmit pair by keeping track of the cumulative
weight of all 6T code groups (see weight of 6T code group, annex 21A) transmitted on that pair. For each
pair, it initiates the cumulative weight to 0 when the PCS Transmit function is in the AWAITING DATA TO
TRANSMIT state. All 6T code groups in the code table have weight 0 or 1. The dc balance algorithm condi-
tionally negates transmitted 6T code groups, so that the code weights transmitted on the line include 0, +1,
and —1. This dc balance algorithm ensures that the cumulative weight on each pair at the conclusion of each
6T code group is always either 0 or 1, so only one bit per pair is needed to store the cumulative weight. As
used below, the phrase “invert the cumulative weight bit” means “if the cumulative weight bit is zero then set
it to one, otherwise set it to zero.”

After encoding any octet, except the constants sosa, sosb, eopl-5 or bad_code, update the cumulative weight
bit for the affected pair according to rules a) through c):

a) Ifthe 6T code group weight is 0, do not change the cumulative weight.

b) Ifthe 6T code group weight is 1, and the cumulative weight bit is 0, set the cumulative weight bit to 1.

¢) Ifthe 6T code group weight is 1, and the cumulative weight bit is also 1, set the cumulative weight
bit to 0, and then algebraically negate all the ternary symbol values in the 6T code group.

After encoding any of the constants sosa, sosb, or bad_code, update the cumulative weight bit for the
affected pair according to rule d):

d) Do not change the cumulative weight. Never negate sosa, sosb or bad_code.

After encoding any of the constants eop1-5, update the cumulative weight bit for the affected pair according
to rules e) and f):

e) If the cumulative weight is 0, do not change the cumulative weight; algebraically negate all the ter-
nary symbol values in eop1-5.
f)  If the cumulative weight is 1, do not change the cumulative weight.

NOTE—The inversion rules for eopl-5 are opposite rule b). That makes eopl-5 look very unlike normal data, increasing
the number of errors required to synthesize a false end-of-packet marker.

23.2.1.3 PCS Receive function
The PCS Receive function shall conform to the PCS Receive state diagram in figure 23-9.

The PCS Receive function accepts ternary symbols from the PMA, communicated via the
PMA_UNITDATA . .indicate message, converts them using 8B6T coding into a nibble-wide format and
passes them up to the MII. This function also generates RX DV. The state diagram of figure 23-9 depicts the
PCS Receive function. Definitions of state variables ih2, ih3, and ih4 used in that diagram, as well as in the
following text, appear in 23.2.4.1.

The last 6 values of the rx_code_vector are available to the decoder. PCS Receive makes use of these stored
rx_code_vector values as well as the ih2-4 registers to manage the assembly of ternary symbols into 6T code
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groups, and the conversion of decoded data octets into nibbles. The last 6 ternary symbols for pair Bl D3 (as
extracted from the last 6 values of rx_code_vector) are referred to in the state diagram as BI_D3[0:5]. Other
pairs are referenced accordingly.

The PCS Receive state diagram starts the first time the PCS receives a PMA_UNITDATA.indicate message
with rx_code vector=DATA (as opposed to IDLE or PREAMBLE). The contents of this first
PMA_UNITDATA . .indicate (DATA) message are specified in 23.4.1.6.

After the sixth PMA_UNITDATA.indicate (DATA) message (state DECODE CHANNEL 3), there is
enough information to decode the first data octet. The decoded data is transmitted across the MII in two
parts, a least significant nibble followed by a most significant nibble (see clause 22).

During state COLLECT 4TH TERNARY SYMBOL the PCS Receive function raises RX DV and begins
shifting out the nibbles of the 802.3 MAC SFD, least significant nibble first (SFD:LO). The most significant
nibble of the 802.3 MAC SFD, called SFD:H]I, is sent across the MII during the next state, COLLECT 5TH
TERNARY SYMBOL.

Once eop is signaled by the decode operation, the state diagram de-asserts RX DV, preventing the end-of-
packet bits from reaching the MII. At any time that RX_DV is de-asserted, RXD<3:0> shall be all zeroes.

The decode operation shall use the 8B6T code table listed in annex 23 A, and the error-detecting rules listed
in 23.2.1.3.1. Decoding and maintenance of the cumulative weight bit is performed separately for each
receive pair.

23.2.1.3.1 Error-detecting rules

The decoding operation checks the dc balance on each receive pair by keeping track of the cumulative
weight of all 6T code group received on that pair. For each pair, initialize the cumulative weight to 0 when
the PCS Receive function is in the AWAITING INPUT state. As in the encoding operation, only one bit per
pair is needed to store the cumulative weight.

Before decoding each octet, check the weight of the incoming code group and then apply rules a) through h)
in sequence:

a) Ifthe received code group is eopl (or its negation), set eop=ON. Then check the other pairs for con-
formance to the end-of-packet rules as follows: Check the last four ternary symbols of the next pair,
and the last two ternary symbols from the third pair for exact conformance with the end-of-packet
pattern specified by PCS Transmit, including the cumulative weight negation rules. If the received
data does not conform, set the internal variable eop_error=ON. Skip the other rules.

b) If the received code group weight is greater than 1 or less than —1, set the internal variable
dc_balance_error=ON. Decode to all zeros. Do not change the cumulative weight.

¢) Ifthe received code group weight is zero, use the code table to decode. Do not change the cumula-
tive weight.

d) If the received code group weight is +1, and the cumulative weight bit is 0, use the code table to
decode. Invert the cumulative weight bit.

e) Ifthereceived code group weight is —1, and the cumulative weight bit is 1, algebraically negate each
ternary symbol in the code group and then use the code table to decode. Invert the cumulative weight
bit.

f)  If the received code group weight is +1 and the cumulative weight bit is 1, set the internal variable
dc_balance _error=ON. Decode to all zeros. Do not change the cumulative weight.

g) If the received code group weight is —1 and the cumulative weight bit is 0, set the internal variable
dc_balance_error=ON. Decode to all zeros. Do not change the cumulative weight.

h) Ifthe (possibly negated) code group is not found in the code table, set codeword_error =ON. Decode
to all zeros. Do not change the cumulative weight.
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The variables dc_balance_error, eop_error and codeword_error shall remain OFF at all times other than
those specified in the above error-detecting rules.

The codeword_error=ON indication for a (possibly negated) code group not found in the code table shall set
RX_ER during the transfer of both affected data nibbles across the MII.

The dc_balance_error=ON indication for a code group shall set RX_ER during the transfer of both affected
data nibbles across the MII.

The eop_error=ON indication shall set RX ER during the transfer of the last decoded data nibble of the pre-
vious octet across the MII. That is at least one RX CLK period earlier than the requirement for
codeword_error and dc_balance_error.

These timing requirements imply consideration of implementation delays not specified in the PCS Receive
state diagram.

RX_DV is asserted coincident with the transmission across the MII of valid packet data, including the clause
4 MAC SFD, but not including the 100BASE-T4 end-of-packet delimiters eopl-5. When a packet is trun-
cated due to early de-assertion of carrier_status, an RX_ER indication shall be generated and RX_DV shall
be de-asserted, halting receive processing. The PCS Receive Function may use any of the existing signals
codeword _error, dc_balance_error, or eop_error to accomplish this function.

23.2.1.4 PCS Error Sense function

The PCS Error Sense function performs the task of sending RX ER to the MII whenever
rxerror_status=ERROR is received from the PMA sublayer or when any of the PCS decoding error condi-
tions occur. The PCS Error Sense function shall conform to the PCS Error Sense state diagram in figure 23-
10.

Upon detection of any error, the error sense process shall report RX_ER to the MII before the last nibble of
the clause 4 MAC frame has been passed across the MII. Errors attributable to a particular octet are reported

to the MII coincident with the octet in which they occurred.

The timing of rxerror_status shall cause RX_ER to appear on the MII no later than the last nibble of the first
data octet in the frame.

23.2.1.5 PCS Carrier Sense function

The PCS Carrier Sense function shall perform the function of controlling the MII signal CRS according to
the rules presented in this clause.

While link_status = OK, CRS is asserted whenever rx_crs=ON or TX_EN=1, with timing as specified in
23.11.2, and table 23-6.

23.2.1.6 PCS Collision Presence function

A PCS collision is defined as the simultaneous occurrence of tx_code_vector#IDLE and the assertion of
carrier_status=ON while link_status=OK. While a PCS collision is detected, the MII signal COL shall be
asserted, with timing as specified in 23.11.2 and table 23-6.

At other times COL shall remain de-asserted.
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23.2.2 PCS interfaces
23.2.2.1 PCS—MIl interface signals

The following signals are formally defined in 22.2.2. Jabber detection as specified in 22.2.4.2.12 is not
required by this standard.

Table 23-1—Mll interface signals

Signal name Meaning
TX_CLK Transmit Clock
TXD<3:0> Transmit Data
TX ER Forces transmission of illegal code
TX_EN Frames Transmit Data
COL Collision Indication
CRS Non-Idle Medium Indication
RX CLK Receive Clock
RXD<3:0> Receive Data
RX DV Frames Receive SFD and DATA
RX ER Receive Error Indication
MDC Management Data Clock
MDIO Management Data

23.2.2.2 PCS—Management entity signals

The management interface has pervasive connections to all functions. Operation of the management control
lines MDC and MDIO, and requirements for managed objects inside the PCS and PMA, are specified in
clauses 22 and 30, respectively.

The loopback mode of operation shall be implemented in accordance with 22.2.4.1.2. The loopback mode of
operation loops back transmit data to receive data, thus providing a way to check for the presence of a PHY.

No spurious signals shall be emitted onto the MDI when the PHY is held in power-down mode as defined in
22.2.4.1.5 (even if TX_EN is ON) or when released from power-down mode, or when external power is first
applied to the PHY.

23.2.3 Frame structure

Frames passed from the PCS sublayer to the PMA sublayer shall have the structure shown in figure 23-6.
This figure shows how ternary symbols on the various pairs are synchronized as they are passed by the
PMA_UNITDATA. indicate and PMA_UNITDATA request messages. Time proceeds from left to right in
the figure.

In the frame structure example, the last 6T code group, DATA N, happens to appear on transmit pair Bl D3.
It could have appeared on any of the three transmit pairs, with the five words eop1 through eop5 appended
afterward as the next five octets in sequence. The end of packet as recognized by the PCS is defined as the
end of the last ternary symbol of eop1. At this point a receiver has gathered enough information to locate the
last word in the packet and check the dc balance on each pair.

If the PMA service interface is exposed, data carried between PCS and PMA by the PMA_UNITDATA.indi-
cate and PMA_UNITDATA request messages shall have a clock in each direction. Details of the clock
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rx_code_vector = | rx_code_vector = rx_code_vector = rx_code_vector =
IDLE PREAMBLE DATA | IDLE
TX DIRX D2 | SOSA | sosA | SOSB [ DATA2 | [DATAN-1]EOP_2 [ EOP_5 |
- - I I I
Bl D3 Bl D4 |P3] sosA | sosAa | sosB [ patA3 | [ DATAN JEOP 3 |
- - I I |
BI-D4 BID3 [P4 | SOSA| SOSB | DATAT] / [ EOP_1 FE\OP 4|
oT|27|2t ssb Last Va
T T data Defined end of End of packet recognized
i i 6T Start-of- octet oot ior by PCS and DC bal
Trans_mlt Recglve Stream packet for timing y an alance
pair  pair Delimiter references (23.11) checked at end of eop1

carrier_status = ON

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

implementation are left to the implementor. The choice of binary encoding for each ternary symbol is left to
the implementor.

The following frame elements appear in figure 23-6 (ternary symbols are transmitted leftmost first):

SOSA The succession of six ternary symbols: [ 1 -1 1 -1 1 =117, which is the result of
encoding the constant sosa.

SOSB The succession of six ternary symbols: [ 1 -1 1 -1 -1 1], which is the result of
encoding the constant sosb.

P3 The succession of two ternary symbols: [ 1 -1].
P4 The succession of four ternary symbols: [ 1 -1 1 -1].

DATA A 6T code group that is the result of encoding a data octet in a packet that is not part of the clause
4 MAC preamble or SFD.

EOPI-5 A 6T code group that is the result of encoding one of the end-of-packet patterns eop1-5.
23.2.4 PCS state diagrams

The notation used in the state diagrams follows the conventions of 21.5. Transitions shown without source
states are evaluated continuously and take immediate precedence over all other conditions.

23.2.4.1 PCS state diagram constants

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.

NOTE—Implementors are under no obligation to implement these constants in any particular way. For example, some
implementors may choose to implement these codes as special flag bits attached to MII TXD nibble registers. Other
implementors may choose to implement insertion of these codes on the downstream side of the coder function, using
precoded 6T sequences.
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All 6T code words are sent leftmost ternary symbol first.

sosa A constant that encodesto: [ 1 -1 1 -1 1 -1].
sosb A constant that encodesto: [ 1 -1 1 -1 -1 1]
eopl A constant thatencodesto: [ 1 1 1 1 1 1]
eop2 A constant that encodesto: [ 1 1 1 1 -1 -1].
eop3 A constant that encodesto: [ 1 1 -1 -1 0 0]
eop4 A constant that encodesto: [ -1 -1 -1 -1 -1 -1].
eop5 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 O]

23.2.4.2 PCS state diagram variables

codeword_error

Indicates reception of invalid 6T code group.

Values: ON and OFF

Set by: PCS Receive; error-detecting rules
dc_balance_error

Indicates reception of dc coding violation.

Values: ON and OFF

Set by: PCS Receive; error-detecting rules

eop
Indicates reception of eopl.

A state variable set by the decoding operation. Reset to OFF when in PCS Receive state
AWAITING INPUT. When the decoder detects eopl on any pair, it sets this flag ON. The timing
of eop shall be adjusted such that the last nibble of the last decoded data octet in a packet is the last
nibble sent across the MII by the PMA Receive state diagram with RX_ DV set ON.

Values: ON and OFF
Set by: PCS Receive; error-detecting rules
eop_error
Indicates reception of data with improper end-of-packet coding.
Values: ON and OFF

Set by: PCS Receive; error-detecting rules
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ih2, ih4, and ih3 (input holding registers)

A set of holding registers used for the purpose of holding decoded data octets in preparation for
sending across the MII one nibble at a time. One register is provided for each of the three receive
pairs RX D2, BI D4, and BI D3, respectively.

Value: octet
Set by: PCS Receive

Each time the PCS Receive function decodes a 6T code group, it loads the result (an octet) into
one of the ih2-4 registers. These three registers are loaded in round-robin fashion, one register
being loaded every two ternary symbol times.

The PCS Receive state diagram reads nibbles as needed from the ih2-4 registers and stuffs them
into RXD.

ohrl, ohr3, and ohr4 (output holding registers)

(See figure 23-7.) A set of shift registers used for the purpose of transferring coded 6T ternary
symbol groups one ternary symbol at a time into the PMA. One register is provided for each of the
three transmit pairs TX_ D1, BI_D3, and BI_D4, respectively.

Value: 6T code group. Each of the six cells holds one ternary symbol (i.e., -1, 0, or 1).
Set by: PCS Transmit

Each time the PCS Transmit function encodes a data octet, it loads the result (a 6T code group)
into one of the ohr registers. Three registers are loaded in round-robin fashion, one register being
loaded every two ternary symbol times. The PCS shall transmit octets on the three transmit pairs
in round-robin fashion, in the order TX D1, BI D3, and BI D4, starting with TX_ D1.

The PMA_UNITDATA request (DATA) message picks the least significant (rightmost) ternary
symbol from each ohr register and sends it to the PMA, as shown below. (Note that 6T code words
in annex 23A are listed with 1sb on the left, not the right.)

tx_code_vector[TX_ D1] = the LSB of ohrl, also called ohr1[0]
tx_code_vector[BI_D3] = the LSB of ohr3, also called ohr3[0]
tx_code_vector[BI_D4] = the LSB of ohr4, also called ohr4[0]

After each PMA UNITDATA request message, all three ohr registers shift right by one ternary

symbol, shifting in zero from the left. The PCS Transmit function loads a new 6T code group into
each ohr immediately after the last ternary symbol of the previous group is shifted out.

At the beginning of a preamble, the PCS Transmit function loads the same value (sosa) into all
three output holding registers, which causes alternating transitions to immediately appear on all
three output pairs. The result on pairs BI_D3 and BI_D4 is depicted by code words P3 and P4 in

figure 23-6.
pcs_reset
Causes reset of all PCS functions when ON.
Values: ON and OFF
Set by: PCS Reset
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rX_crs
A latched asynchronous variable. Timing for the MII signal CRS is derived from rx_crs.
Values: ON and OFF
Set ON when:  carrier_status changes to ON

Set OFF when  either of two events occurs:
carrier_status changes to OFF, or
detection of eop1, properly framed, on any of the lines RX D2, BI D4, or
BI D3

Additionally, if, 20 ternary symbol times after rx_crs falls, carrier_status remains set to ON then
set rx_crs=ON.

NOTE—A special circuit for the detection of eopl and subsequent de-assertion of rx_crs, faster than the full
8B6T decoding circuits, is generally required to meet the timing requirements for CRS listed in clause
23.11.

tsr (transmit shift register)

(See figure 23-7.) A shift register defined for the purpose of assembling nibbles from the MII TXD
into octets.

Values: The variable tsr always contains both the current nibble of TXD and the previous
nibble of TXD. Valid values for tsr therefore include all octets. Register tsr may
also take on any of the nine constant values listed in 23.2.4.1.

Nibble order: When encoding the tsr octet, the previous TXD nibble is considered the least
significant nibble.

Set by: PCS Transmit

During the first 16 TX CLK cycles after TX_EN is asserted, tsr shall assume the following values
in sequence regardless of TXD: sosa, sosa, s0sa, s0sa, $0sa, $0sa, $0sa, $0sa, $0sa, s0sa, sosb, sosb,
sosb, sosb, sosb, sosb. This action substitutes the 100BASE-T4 preamble for the clause 4 MAC
preamble. The PCS Transmit state diagram samples the tsr only every other clock, which reduces
the number of sosa and sosb constants actually coded to 5 and 3, respectively.

During the first 10 TX CLK cycles after TX EN is de-asserted, tsr shall assume the following
values in sequence, regardless of TXD: eopl, eopl, eop2, eop2, eop3, eop3, eop4, eop4, eop3,
eopS. This action appends the 100BASE-T4 end-of-packet delimiter to each pair. The PCS
Transmit state diagram samples the tsr only every other clock, which reduces the number of eop1-
5 constants actually coded to 1 each.

Except for the first 16 TX_CLK cycles after TX_EN is asserted, any time TX_ER and TX_EN are
asserted, tsr shall assume the value bad_code with such timing as to cause both nibbles of the
affected octet to be encoded as bad_code. If TX ER is asserted at any time during the first 16
TX CLK cycles after TX_EN is asserted, tsr shall during the 17th and 18th clock cycles assume
the value bad_code.

If TX _EN is de-asserted on an odd nibble boundary, the PCS shall extend TX_ EN by one
TX CLK cycle, and behave as if TX ER were asserted during that additional cycle.

Except for the first 10 TX CLK cycles after TX_EN is de-asserted, any time TX EN is not
asserted, tsr shall assume the value zero_code.
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tx_extend

A latched, asynchronous state variable used to extend the TX EN signal long enough to ensure
complete transmission of all nonzero ternary symbols in eop1-5.

Values: ON and OFF
Set ON upon:  rising edge of TX_EN

Set OFF upon  either of two conditions:
a) In the event of a collision (COL is asserted at any time during transmission)
set tx_extend=OFF when TX_ EN de-asserts.
b) In the event of no collision (COL remains de-asserted throughout
transmission) set tx_extend=OFF upon completion of transmission of last
ternary symbol in eop4.

NOTES

1—The 6T code group eop5 has four zeroes at the end. The 6T code group eop4 contains the last nonzero
ternary symbol to be transmitted.

2—The effect of a collision, if present, is to truncate the frame at the original boundary determined by
TX EN. Noncolliding frames are extended, while colliding frames are not.

23.2.4.3 PCS state diagram timer

twl_timer
A continuous free-running timer.
Values: The condition twl_timer_done goes true when the timer expires.

Restart when:  Immediately after expiration (restarting the timer resets condition
twl timer done).

Duration: 40 ns nominal.

TX_CLK shall be generated synchronous to twl_timer (see tolerance required for TX_CLK in
23.5.1.2.10).

On every occurrence of twl_timer_done, the state diagram advances by one block. The message
PMA_UNITDATA request is issued concurrent with tw1_timer_done.

23.2.4.4 PCS state diagram functions

encode()
The encode operation of 23.2.1.2.

Argument: octet

Returns: 6T code group
decode()

The decode operation of 23.2.1.3.

Argument: 6T code group

Returns: octet
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Figure 23-7—PCS Transmit reference diagram
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