Comcast, Ex. 1028
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10Mbps Ethernet MAC and PHY Standards
Ethernet is strictly based on a layered OSI model. As a result, you can easily
combine the Ethernet MAC with different PHYs. This section discusses the
10Mbps Ethernet MAC standards, and the four major baseband PHY
specifications. = ... - iy = :

The Ethemet CSMA/CD MAC ,,
The Ethernet MAC technology is called carrier-sense multiple access with c'olli’s'io‘
detection (CSMA/CD). Figure 3.2 illustrates the CSMA/CD flow. :

Statlonis
ready to send

Walt according to
. hackoff strategy

Transmlt'
jam signal. .
(5)

Transmit data and
sense channel

(4)

FiGuRe 3.2 A flow diagram illustrating the CSMAJCD MAC.

CSMA/CD is the shorthand version for about seven different steps that make
up an Ethernet transmission. Notice the analogy to human speech among mul

tiple individuals:

1. A station wanting to transmit a frame of information has to ensure tha

10 other nodes or stations are currently using the shared media, so the
station listens to the channel first. (This is the carrier sense part, also
known as “listen before talking.”)
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If the channel is quiet for a certain minimum period of time, called the:
interframe gap (IFG), the statlon may initiate a transm1ssron (“talk if

Iffthe channel is busy, it is monitored continuously until it becomes free
the minimum IFG time period. At this point, transmission begins
known as multiple access, or ”wa1t for quret before talklng”)

colhsmn (two stations transmlttmg on the cable at the same time)
may occur when two or more stations listen while Wa1t1ng to transmit,

, s1multaneously determine that the channel is free, and begin transmit- -
ing at almost the same time. This event would lead to a collision and
destroy both data frames. Ethernet continuously monitors the channel
durmg transmlssmn to detect COlllSlOIlS (collision detection, or ”l1sten

while talkmg "),

If a‘statlon detects a collision dunng transm1sswn, that transmission
mmedlately stops A jam signal is sent to the channel to guarantee that
1 other stations detect the collision and reject any corrupted data frame

_th may have been  receiving (also part of the COlllSlOl’l detectlon, or“one

talker at a time”). ;

a waiting perlod (called a buckoﬁ) the statlons that wrsh to transrmt

; ttempt to make a new transmission. A spec1al random backoff algorithm
~(called binary exponential backoff, or BEB) determines a delay time that

he different stations will have to wait before attempting to send their
data again. Of course, another collision could occur after‘the first one,
espec1ally when many nodes are trying to obta'

After 16 consecutive coll1s1ons for a given transrmssron attempt, the
packet will be dropped. This can and does happen if the Ethernet channel

overutlhzed This is also part of the multiple access rnethod

T he"sequence returns to step'l;

et uses frames of data to transmit the actual information, also known as
d, from source to destination. Like most other LANs i in existence today;
net transmits a frame of variable length. The length of the frarne changes
se the. payload or data f1e1d can vary

ongmal Ethernet frame spec1f1ed by D1g1ta1 Inte], and Xerox is known as,

DEC:-Intel-Xerox Ethernet V2.0 frame, or just DIX or Ethernet II frame. The
al IEEE Ethernet frame subsequently replaced it. The only difference is in
2-byte frame type/length field. Figure 3.3 shows both frame types.
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: Content

—

8023

802:2 L.L.C
generated
subframe
.(PDU)

s
—
802.3

L

respects.

“generated by

i Bits
76543210

‘Preamble

StartFrameDelimiter

Destination Address

:Source Address

L—

L.ength

FrameCheckSequence

|IEEE 802.2 Frame

Length
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Bits

76543210

7 Bytes
1 Byte
6 Bytes
6 Bytes
1 Byte

Teyte

1:Byte
1 or 2 Bytes

Variable

Data +Pad ="

1500 Bytes

Variable

<4 Bytes

Preamble

|| StartFrameDelimiter

Destination Address

Source-Address

Type

‘Data’

FrameCheckSequence

DIX Ethernet Il Frame'

F IGURE 3 3 The offzcml IEEE und the older DIX Ethernet I frame dszer in some

1

Protocol (e.g.
~ Novell IPX)
fillsthe -
subframe

(PDU) directly

Let’s look at the 1nd1v1dua1 fields that comprlse the Ethernet frame‘

¢ The preamble is sent to allow the receiver to synchronize w1th the inco:
' ing transrmssmn and locate the start of the frame. The preamble isa
: sequence “of 01010101.. 7 bytes long. ' :

. The start of frame delimiter (SFD) indicates that the MAC frame isa
-to commence. The SFD octet or byte:is specified as10101011..

¢ The source address denotes the sender. Each node has a umque addr
The first three bytes of the address are called the block 1D or organi

tionally unique identifier (OUI) and 1dent1fy the manufacturer of th
equipment. The IEEE assigns them. Intel, for example, is identified by
00-AA-00 (hex) address, 3Com uses the 00-20- AF address; and Cisco u
00-00-0C. The other three bytes are called the device ID and are assign
by each manufacturer. These are always unique: Three bytes of device
allows for 16 million dlfferent and unique addresses: 2241 or 16,777
to be exact. Some of the major Ethernet vendors have shlpped more.
16 million Ethernet MAC devices and have started using new OUIs.

Some of the references given in Appenchx C ”Useful Web Llnks,” shc

the complete llst of vendor OUIs

e The destmatlon address spec1f1es where the frame w111 be sent
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 The protocol type is a field in the original DIX V2.0 frame type: It speci-
';hfied which kind of Layer 3 protocol the data contained. A hexadecimal
wvalue of 08 00 indicates a TCP/IP packet for example, and 81 37 indicates
a Novell NetWare packet.

The newer IEEE frame differs from the Ethernet Il or DIX frame type in
one: key area. The IEEE frame is much more popular these clays and no
onger uses the protocol type field, where it has been replaced with the
ength field. This specifies the total length of the data that will be trans-
mitted, which can vary: from 0 to 1500 bytes: If the contents of this field
 are 0 to 1500 bytes, you can be sure that it is the length we are discussing.
If the contents of the type length/type field are greater than 1500 bytes
(for example, 8 137), we are talking about the old DIX frame type.

 The data field can vary. from 0.to:1500 bytes-in length. The data field is
also known asthe protocol data unit (PDU) We discuss the contents of
the data field in more detail later. e

If the actual data is less than a minimum length requ1red the MAC will
add a variable pad to maintain a minimum total frame size of 64 bytes. If
the data is longer than the maximum frame allows, Layer 3 w1ll typ1cally
spht the packet 1nto more than one frame

.Fmally, a.frame check sequence (FCS) ensures accurate transmlssmn The
cyclical redundancy check method (CRC) checks for invalid frames. This
value is calculated from the rest of the packet's.data.and sent along in the
_ FCS frame. The receiving station performs the same calc lations and -
"compares its results w1th the FCS transmitted with the packet If the
results are different, the packet is re]ected

The maximum total frame size is 1518 bytes. (The frame off1c1ally starts
with the source address.)

There are a total of four dlfferent frame types. The DIX Ethernet I frame dis-
cussed previously, plus three different versions of the IEEE frame type: the
Ethernet 802.3 frame (also known as Novell Raw LLC), the 802.2 frame, and the
802 2 with SNAP frame. All look shghtly different. Figure 3.4 shows the con-
tents of the 1500-byte data field for the four different frame types. ‘The follow-
ing list details the three different versions of the IEEE frame type:

¢ The Novell Raw frame format is used only by Novell’s NetWare operat-
ing system, and uses the 802.3 frame shell type without adding an IEEE
802.2 LLC header within the data field. In this case, NetWare adds its

21
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own IPX information. This type of frame is called “Novell Raw” becaus
it enea'psulates the IPX data in raw form without-any 802.2 LLC inform
: “tion. Because the frame ‘doesn’t use the IEEE 802.2 LLC information, t

frame type is actually Novell-proprietary and not 802.3 compliant.

-o -For the 802.2 frame type; the data field contains the 802.2 LLC- embedde
information: The IEEE frame contains the protocol type information
-within the LLC subframe. Three fields are located at the beginning of th
data field. The DSAP field, a 1-byte SSAP field, and a 1-byte Control fiel

-+ The IEEE frame assigns Service Access Point numbers; among those ¢
“rently defined are E0 for Novell, F0 for NetBIOS, 06 for TCP / IP, and AA

' “for the Subnetwork ‘Access Protocol (SNAP).

e The 802.2 w1th SNAP frame is almost identical to the 802.2 frame, excep
it supports more than 256 protocol types by adding a 5-byte Protocol
Identification field. On any SNAP packet, both the DSAP and SSAP fie
are set to'AA, and the Control field is set to:03. The5-byte protocol field
then follows.

_Table 32 li'sts‘ all the televant'Ethernet'MAC frame parameters Most lOMbpsy

Ethernet/ 802. 3 MAC parameters are hsted in bit times. The Ethernet MAC is

inherently scalable. All the parameters can be measured in terms of the time

taken'to transmit 1'bit of data, referred to as bit times. Note that the actual

~'speed of Ethernet (10Mbps) is not mentioned in the MAC specification at all.
This makes it very easy to run Ethernet at different speeds h

TaBLE 3.2 Key 10MBps ETHERNET MAC AND FRAME PARAMETERS, SPECIFIED IN BIT TIMES

Parameter i ~ Value (Bit Times)

Time o 70512 bit times
UMinInterFrameGap s 96 bit times (or 9.'6 W) e

Attemptlimit : ' 16 (tries) '

BackofflLimit ‘ 10 (exponent)

Jamsize 32bits

MaxFrameSize  12144bits (1518 bytes)

MinFrémesize B 512 bits (64 bytes) y

" 48Dbits -

: AddressSize .
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8Bytes 6 Bytes 6 Bytes., - - 2 Bytes ... 0-1500 Byles £ 4 Bytes

Preamble Destination | .. Source Length/ i FER Fréme
i Address Address Type Data and Pad Check

Type
2Bytes {PX Header + Packet
Always > 1500

DiX - Type |l Frame
: 8137 (NetWare)

Novell RAW . .
Y . i Length = Novell : i

also known as 802.3) 2 Byges' Propristary IPX Packet

 0~1500 Bytes Header

psap | ssap ) ‘
Ethernet 802.2 Length 1Byto| 1 Byte| SONMOI |- IPX Packet.
, g0 | eo | B8 '

Embedded SNAP information
< —

DSAP.} SSAP |Control | Type out

Ethemet 802.2 with SNAP Length 1Byte| 1Byte}:1Byte |2 Bytes| 5 Bytes
AA AA 03 8137

IPX: Packet

FiGure 3.4 The data field of the four different frame Ethernet types in use..

Caiculating the time to transmit 1 bt for 10Mbps Ethernet transmission
becomes very easy: : i

_bit-time 0.1pus or 100ns

For 1Mbps Ethernet/StarLAN, the frame looks exactly the same. The only
thing that changes is the bit time. For StarL AN, the bit time is 1/1MHz = 1ps,
or-1000ns. Fast Ethernet works exactly the same way: The frame is identical
again, but the bit time is reduced to 1/10, or 10ns. ' o

hernet PHYs
‘his section looks at the different PHY implementations for 10Mbps Ethernet
(see Figure 3.5). There are officially five ways to transmit 10Mbps Ethernet:

23
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T means the entlre frequency spectrum transmits the data. :

different channels to communicate simultaneously on the same cable.
; 1OBROAD36 is far less popular and no similar 100Mbps broadband P
ex1sts, s0 we will'not discitss 10BROADS36 in this book. :

"10BASE2, also known as thin Ethernet was added in the early 1980s a

In 1990, Ethernet over unshielded twisted-pair, known as 10BASE-T,
_standardized.

: 1OBROAD36 is dlfferent from all the other Ethernet PHY standards i

\ R 7 2 £ Ty

10BASE?S is the original thick Ethernet coaxial cable standard, datmg b
to the early.1970s.

Uses a thinner coaxial cable.

10BASE-E, although less well known, is very important because it utiliz
fiber cabling to carry Ethernet over extended distances. The physica’ll_:ly
ers mentioned so far all use baseband transmission methods, which

that it uses broadband transmission technology to transmit. This allow:

~ Ethernet
CSMA/CD
MACT

10BA

SE5 | | 10BASE2 [ | toBaseT | | 1oBASEF |

| 10BROAD36

50Q 50Q
Thick Coax Thin Coax

Two'pairs Two strands |+ - coax:
of Cat 3 UTP MMF

* FIGURE 3.5 The different Ethernet/802.3 PHYs.

TOBASES5: Thicknet E
10BASES is the original Ethernet 802.3 standard. 10BASES utilizes a‘thick, o
yellow, coaxial cable that has a physical diameter of 10mm. The cable has to &
terminated with a 500hm/1W resistor, Up to 100 stations per segment are

allow

ed.



25



26



27



PART
108

REPEATING, BRIDGING, SWITCHING, AND LAYER 3 SWITCHING

Fast Ethernet MII

TABLE 3.7 A SUMMARY OF THE DIFFERENT 100BASE-T PHYSICAL LAYERS

PHY Parameter 10BASE-T 100BASE-TX 100BASI
Origin of Technology CDDI TP PMD (ANSI Bew: de
X3T9.5) to 1996
IEEE standard 802.3i-1990 802.3u-1995 802.3u-1'
Encoding Manchester 4B/5B 8B/6T
Cabling required UTP Category 3/4/5 UTP Category 5 or STP UTP Cat
Type
Signal frequency 20MHz 125MHz 25MHz
Number of pairs required 2 2 4
Number of transmit pairs 1 1 E 3
Distance 100m 100m 100m
Full-duplex capable? Yes Yes No

1 150m for repeater-DTE, 412m for DTE-DTE, 2000m for full-duplex DTE-DTE, and 10km for single-mode
full-duplex DTE-DTE.

Table 3.7 compares 10BASE-T with the four 100BASE-T physical layer specifi
tions. We discuss the different physical layers and their cabling requirements in
more detail in Chapter 6.

MII is similar to AUI for 10Mbps Ethernet. The MII layer defines a standard elec-
trical and mechanical interface between the 100BASE-T MAC and the various
PHY layers. This standard interface works like AUI in the classic Ethernet world
in that it allows manufacturers to build media- or wiring-independent products,
with external MAUs being used to connect to the actual physical cabling.

The electrical signals differ between MII and AUI. AUI has a stronger signal,
capable of driving 50-meter cable lengths; the MII signals are digital logic-type

signals, capable of driving 0.5 meters of cable. MII uses a 40-pin connector, simi
lar to the SCSI connector, although it is smaller. Figure 3.9 shows an external
100BASE-FX transceiver. We don’t think you will see too many of these because
most Fast Ethernet hubs and NICs already include the transceiver.

MII never became as popular as AUI. AUI became a de facto standard because
Thick Ethernet hardware wasn’t available with an onboard transceiver. That
only came later, with 10BASE2 or 10BASE-T. Yet with 10BASE2 and 10BASE-T,
the AUI connector provided the capability for backward compatibility through
an external transceiver. With 100BASE-T, most hardware manufacturers decid
to skip MII and offer different products that integrate the physical layer trans-
ceiver already. NIC manufacturers, for example, often sell the same basic desi,
in a 100BASE-TX and in a 100BASE-T4 version. You have to choose up front
which media type you need. Think of it as a choice between Thinnet-only or
10BASE-T-only products, as opposed to combo or AUI-only cards using

28
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100BASE-T4 100BASE-FX 100BASE-T2

New; developed from 1995  FDDI PMD (ANSI X3T9.5) New; developed

to 1996 from 1994 to 1995

802.3u-1995 802.3u-1995 802.3y-1996

8B/6T 4B/5B PAM5x5

UTP Category 3/4/5 Multimode or single-mode fiber ~ UTP Category
3/4/5

25MHz 125MHz 25MHz

4 2 2

3 1 2

100m 150/412/2000m1 100m

No Yes Yes

external transceivers. An example of a device with an MII connector is the Intel
Pro/100 Server adapter, which uses an MII connector to provide you with the
flexibility of either attaching an external fiber or a UTP PHY transceiver.

FIGURE 3.9 Fast Ethernet MII transceivers are similar to the old Ethernet AUI trans-
ceivers, but are very rare because most Fast Ethernet hardware includes an onboard trans-
ceiver. MII uses a 40-pin connector very similar to SCSI-2.

29
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Gigabit Ethernet

In 1995, Fast Ethernet seemed like such an ingenious, yet simple, idea.
100BASE-T became an overnight success, and it was only a matter of time
before the frequency would be increased ancther order of magnitude. Work
started on Gigabit shortly after the Fast Ethernet standard had been ratified.
Three years later, on June 25, 1998, the TEEE 802.3z standard was officially
adopted.

If you have read this chapter’s information on Fast Ethernet, we should just
ask you to go back and read everything with an extra zero added everywhere.
Gigabit Ethernet is that simnple. Some differences arise in the physical layers,
network design, and minimum frame size that we cover here and in Chapter 6.
For the most part, however, Gigabit Ethernet is just supercharged Fast
Ethernet.

The IEEE 802.3z standard includes the Gigabit Ethernet MAC, as well as three
physical layers that use the 85/10B encoding originally developed as part of
the ANSI Fibre Channel technology.

Essentially, the IEEE engineers bolted the existing Fibre Channel PHY to the
Ethernet MAC running at 10 times the speed of the Fast Ethernet MAC. The
802.3z standard encompasses two fiber physical layer standards, 1000BASE-LX
and 1000BASE-5X as well as one copper PHY, 1000BASE-CX. The copper-based
PHY was also inherited from the Fibre Channel standard and was included to
enable cost-effective and quick cross-connects. A fourth PHY, called
1000BASE-T, is still under development.

Note : : ST o
The ANSIX3T11 committee is responsible for the Fibre Channel technology. ANSI decided to spell
Fibre with an re rather than an er to differentiate it from the fiber-optic cable on which it runs.

The IEEE has also defined a Gigabit M1l (GMID), which is similar to the Fast
Ethernet MII and connects Gigabit MAC and PHY. The GMII is only an electri-
cal interface specification, and unlike the Fast Ethernet MII, the specification
does not include a connector. The biggest benefit of the GMII is that it allows
circuit designers to use existing Fibre Channel PHY chips and will allow for
easy redesign of existing 1000BASE-LX equipment to accommodate future PHY
transceivers.

Some people in the [EEE wanted to make Gigabit Ethernet a full-duplex—only
technology; others wanted to preserve the classic CSMA /CD algorithm and the
half-duplex shared operation. The reason for preserving the CSMA/CD part of
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CHAPTER 3

MAC

Optional GMII Layer

1,000 Mbps
CSMA/CD

Ethernet was twofold. First, many vendors didn’t want to redesign their
Ethernet MAC chips completely. (Running it at 10 times the clock frequency
didn’t take a complete redesign.) Second, some IEEE members just wanted to
preserve the 25-year heritage of CSMA/CD itself.

Figure 3.10 shows all the ditferent Gigabit Ethernet components.

{EEE 802.3ab Standard

¥

¥

ferent physical layers.

ceiver technology.

. The Gigabit Ethernet MAC
. The main points of the Gigabit Ethernet MAC are the following:

31

100BASE-X refers to the original Fast Ethernet MAC and FX/TX PHYs.
Similarly, 1000BASE-X refers to the 1000Mbps MAC and the LX/5X/CX trans-

s Gigabit Ethernet uses the official 802.3 frame format, identical to that of
10Mbps and 100Mbps Ethernet (refer to Figure 3.3).

¢ Like 10Mbps and 100Mbps Ethernet, Gigabit Ethernet can operate in both
half- and full-duplex mode.

* The 1000Mbps MAC uses the original Ethernet MAC operating at 10
times the speed. Running the Ethernet MAC at Gigabit speeds has cre-
ated some challenges in terms of the implementation of CSMA/CD. To
make CSMA/CD work at 1GHz, a minor modification was required. The
slot time has been increased to 512 bytes, as opposed to 64 bytes for 10
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1000 BASE-LX | [ 1000 BASE-SX | 1000 BASE-CX | | 1000 BASE-T
==
[IEIR N
Two Strands of Two Strands Two Pairs :I vi 11 | Four Pairs of
MMF or SMF of of (Fiiin | catsuTe
fiber MMF twinex i | orpster
i
b o e e o e e o i i o e o o o e o e e
Ficure 3.10 A Gigabit Ethernet block diggram showing the MAC, GMII, and four dif-
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- TABLE 3.10 A SUMMARY OF THE DIFFERENT GIGABIT ETHERNET PHYSICAL LAYER
IMPLEMENTATIONS

can still use a

- PHY Parameter 1000BASE-T  1000BASE-SX  1000BASE-LX  1000BASE-CX
Lon all foue . IEEE Standard  802.3ab! 802.3z
. or receive, b (July 1998)
s is sometimey . Number of Four pairs Two strands Two strands Two pairs
. pairs required
T uses the Cable Category Category 5 50 or 62.5 50 or 62.5 150-Q
required or better um MMF um MMF Twinax
2, namely or 8-10um
cy as SMF
ise - Cable length 100m 220-550m 5000m (SMF)  25m
d 550m (MMF)?
X/T2. ~ Encoding 4D-PAMS5 8B/10B 8B/10B 8B/10B
;, but the con ] Connector RJ-45 SC SC HSSC or DB-9
n all four Qepecified
te of 125MHz - Proven Not yet 3 3 3
tires a highly: ‘ Full-duplex Yes 3 3 3
ceiver chip at § capable
ie that will Broad product N one g 33 3 Probably
Intel 486 - support shipping yet no
1 802.3ab approval is expected in mid-1999. Products are expected around the same timeframe.
2 Requires special DMD patch cord. See Chapter 6 for more details.
By September 1998, not a single Gigabit Ethernet vendor was shipping CX-based product.
: 2 IEEE Auto-Negotiation Standard
esigned (S When 100BASE-T was invented, it was no longer safe to assume that a typical
Ethernet RJ-45 connector would be carrying 10BASE-T. Instead, a UTP cable
: could carry one of seven different Ethernet signals: 10BASE-T, 10BASE-T full-
point Py duplex, 100BASE-TX, 100BASE-TX full-duplex, 100BASE-T4, 100BASE-T2, or
100BASE-T2 full-duplex.The IEEE incorporated a very elegant scheme into the
1 layers. 802.3u standard that has simplified your life as a LAN manager tremendously.

The IEEE’s auto-

negotiation technology, originally developed by National Semiconductor and
known as NWay, can tell what speed the other end of the wire can handle. The
repeater, switch, or NIC will then automatically adjust its speed to the highest
common denominator—the fastest speed that both can handle. This is how
auto-negotiation works:

* Both devices need to contain the auto-negotiation logic. (All Fast Ethernet
equipment shipping after mid-1996 includes this feature.)

* Auto-negotiation is an enhancement of the 10BASE-T link integrity sig-
naling method and is backward compatible with link integrity.
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