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10 Mbps/100 Mbps LAN PHYSICAL LAYER INTERFACE

NOTE:

This datasheet covers two steppings of the 82553 component. All normal text in this document covers
both the B and C step parts. Text that is shaded with a gray background pertains only to the C step part.
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Note to Hub vendors: Intel and its technology partner, Broadcom Corporation, have an agreement
pertaining to the 82553 component. This agreement does not allow Intel to sell the 82553 to hub
vendors. Hub vendors should contact Broadcom Corporation directly at (714) 450-8700.

*Qther brands and names are tha property of their respective owners.

Information in this document is provided in connaction with Intel products. Intel assumes no liability whatsoever, including infringement of any patent or
copyright, for sale and use of Intel products except as provided in Intel’s Terms and Conditions of Sale for such products. intel retains the right to make
changes to these specifications at any time, without notice. Microcomputer Products may have minor variations to this specification known as errata.
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Figure 1. Intel 82553 General Block Diagram
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82553

1.0 82553 INTRODUCTION

The 82553 is a highly integrated, physical layer inter-
face solution designed for 100 Mbps or 10 Mbps
Ethernet systems based on the 100Base-T4 and
10Base-T specifications. 100Base-T is the name of
the work being done towards 100 Mbps Fast Ether-
net by the IEEE 802.3u workgroup. 100Base-T4 is
an {EEE 802.3 100 Mbps physical layer specification
for use over four pairs of Category 3, 4, or 5 unsh-
ielded twisted-pair cable. 100Base-T4 defines a sig-
naling scheme not only for 100 Mbps, but also pro-
vides CSMA/CD compatibility with the existing 10
Mbps |IEEE 802.3 10Base-T signaling standard.

1.1 82553 Functional Overview

When configured to Adapter Mode, the 82553 incor-
porates all the active circuitry required to interface
10 Mbps/100 Mbps Ethernet controllers and
CSMA/CD MAC components to 100Base-T4 100
Mbps and 10Base-T 10 Mbps networks. In this and
other documents the 82553 may be referred to as
the PMD, DTE, AFE, or PLLM depending on the refer-
ence. It supports a direct glueless interface to Intel
components such as the 82557 Fast Ethernet con-
troller. The 82553 also supports the Media Indepen-
dent interface (MIl) signals as a subset of its Con-
troller/MAC interface. The following figure shows
how the 82553 fits into a 10 Mbps/100 Mbps Ether-
net adapter design.

When configured to MIi or Line Level Repeater
Mode, the 82553 incorporates several features
which allow it to function as a line-level repeater.
Section 6.0 describes the 82553 in a repeater type
of application.

intal.

The 82553 incorporates advanced Digital Signal
Processing (DSP) circuits and techniques as well as
high-speed Analog circuitry. The 82553 DSP con-
tains advanced circuitry such as digital adaptive
equalizers, decision-feedback equalizers and feed-
forward equalizers. The 82553 analog subsection
contains high speed analog circuitry such as A/D
and D/A converters, programmable-gain amplifiers
and phase/delay-locked-loop timing recovery. This
type of design not only allows the 82553 to meet the
IEEE 802.3u 100Base-T4 Physical Layer specifica-
tion, but also provides additional functionality for ca-
ble lengths to 125 meters and noisy cable environ-
ments.

The power save feature places the 82553 in a low-
power state when there is no transmit activity from
the D/A converters.

1.2 82553 Compliance to Iindustry
Standards

When operating in 100 Mbps mode, the 82553 com-
plies with the |IEEE 802.3u 100Base-T4 specifica-
tion. When operating in the 10 Mbps mode, the
82553 complies with the |IEEE 802.3 10Base-T spec-
ification. The 82553 MAC interface is a superset of
the IEEE 802.3u Media Independent Interface (Mil)
standard.

Controlle/MAC

B

System Bus Interface

Pair 1
Pair 2
Pair 3
Pair 4

Intel 82553

Magnetics

200547-2

Figure 2. Intel 82553 in a 10 Mbps/100 Mbps Ethernet Solution
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intel o 82553

. DEFINITIONS Figure 3 shows the pin locations on the 82553 com-
2.0 82553 PIN o ponent. Sections 2.1 through 2.8 describe pin func-
All active digital pins are defined to have TTL volt- tions.

age levels except the X1 and X2 crystal inputs.
These have a separate, specific electrical definition
pertaining to the type of crystal or oscillator used
(defined by the CLKTYPE pin). The TD and RD pins
are specified as analog outputs and inputs.

LHE B IEB822RBREZIZZIINAS
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18
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20
21
22
2
24
25
26
27
28
29
30
31
32

Vee
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™@C
Vss
TXDO
TXD1
D2
T™@D3
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TXDS
TXEN
TXERR
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MDC
MDIO
Vss
CRS
coT
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290547-3

Figure 3. Intel 82553 Pin Numbers and Labels
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82553

2.1 Pin Types

Pin Type Description
P Power (V) or Ground (Vgg) Pin
| Input Pin to 82553
o Output Pin from 82553
170 Input/Qutput Pin
B Bias Pin (Connected to AGND Via a Resistor, or an External Voltage Reference)

2.2 Clock Pins

Symbol | Type | Pin No.

Name and Function

X1 | 55

CRYSTAL INPUT ONE. When CLKTYPE = 0, X1 and X2 can be driven by
an external 20 MHz crystal. When CLKTYPE = 1, this pin can be driven by
an external MOS level 50 MHz oscillator if X2 is floating.

X2 (0] 56

CRYSTAL OUTPUT TWO. When CLKTYPE = 0, X1 and X2 can be driven
by an external 20 MHz crystal. When CLKTYPE = 1, the X1 pin can be
driven by an external MOS level 50 MHz oscillator if this pin is floating.

CLKTYPE | 3

CLOCK TYPE. Selects 20 MHz crystal or 50 MHz oscillator. When asserted
*0", a 20 MHz crystal is connected to pin X1. When asserted ''1”, a 50 MHz
oscillator is connected to pin X1. This pin enables the use of two external
clock inputs, 20 MHz or 50 MHz.

2.3 TPE Pins

All TPE pins directly interface with a 100Base-T4 magnstics module.

Symbol Type Pin No. Name and Function
TD1P Of 25 Transmit Pair 1
TD1N 26

RD2P | 13 Receive Pair 2
RD2N 14

TD3P Ot 28 Transmit Pair 3
TD3N 29

RD3P | 17 Receive Pair 3
RD3N 18

TD4P Of 31 Transmit Pair 4
TD4aN 32

RD4P | 21 Receive Pair 4
RD4N 22

NOTE:

¥ = These analog signals are “open drain” drivers.

M 482bL17?5 0171351 uug EE
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intel o 82553

2.4 MAC/MIl Interface Pins

Symbol | Type | Pin No. Name and Function

RXDO o} 61 RECEIVE DATA OUTPUTS. In 100 Mbps mode, data is transferred across all
RXD1 62 four lines, a nibble at a time. In 10 Mbps mode, data is transferred on RXDO
RXD2 64 only when PAR__SER (MODES3} = 0, and on RXDO0-3 nibble wide when
RXD3 65 PAR__SER (MODE3) = 1.

RXD4 ot 67 REPEATER RECEIVE DATA OUTPUTS. In Line Level Repeater mode, data
RXD5 68 is transferred across RXD4-5 with RXD0O-3.

RXC (o] 59 RECEIVE CLOCK. 25/10/2.5 MHz output. This clock is recovered directly

from the incoming data. In 100 Mbps mode, RXC is 256 MHz. In 10 Mbps
mode, RXC is 10 MHz when PAR_SER (MODES) is asserted low, and 2.5
MHz when PAR_SER (MODER) is asserted high. RXC is a continuous clock
into the Controller/MAC. It must be resynchronized at the start of each
incoming packet.

RXDV O 53 RECEIVE DATA VALID. Qualifies incoming data on the RXD pins.
Synchronized to RXC.

RXERR O 58 RECEIVE ERROR. Indicates that an error has occurred during a received
framse.

PORTEN it 79 PORT ENABLE. In Line Level Repeater mode (RPT = 1) this input tri-states
RXC, RXD0-5, RXDV and RXER when PORTEN=0.

TXDO i 37 TRANSMIT DATA INPUT. In 100 Mbps mode, data is transmitted across all

D1 38 four lines, a nibble at a time. In 10 Mbps mode, data is transferred to 82553 on

TXD2 39 TXDO only when PAR_SER (MODES) = 0 and on TXDO0O-3 nibble wide when

TXD4 | 4 REPEATER TRANSMIT DATA INPUT. In Line Level Repeater mods, data is

TXDS 42 transferred across TXD4~5 with TXD0O-3. Note that TXD4 is also used to
enable Repeater Mode. See Section 6.0.

TXC O 35 TRANSMIT CLOCK. 25/10/2.5 MHz output. In 100 Mbps mode, TXC is 25

MHz. In 10 Mbps mode, TXC is 10 MHz when PAR__SER (MODE3) is
asserted low, and 2.5 MHz when PAR_SER (MODERQJ) is asserted high. TXC
is continuously driven to the Controller/MAC and is generated directly from

CLK.

TXEN i 43 TRANSMIT ENABLE. Indicates that data is valid on TXD0O-3.

TXERR i 44 TRANSMIT ERROR. Indicates there has been an error during a transmit
frame.

CRS 0 50 CARRIER SENSE. indicates activity on the wire. CRS is an asynchronous
output signal to the controller.

cDT O 51 COLLISION DETECT. In half-duplex mode, CDT indicates a collision has
occurred on the link. CDT is an asynchronous output signal to the controller.

MDIO 170 48 MANAGEMENT DATA /0. Bi-directional data pin for the Management Data
Interface.

MDC | 47 MANAGEMENT DATA CLOCK. Clock reference for MDIO. MDC frequency

should be less than 2.5 MHz.

NOTE:
T = Denotes a bias pin. Must be connected to a voltage source or resistor.
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2.5 Mode Pins

intgl.

Symbol Type | Pin No. Name and Function

RPT | 2 REPEATER ENABLE/DISABLE. Puts 82553 into Line Level Repeater
mode which enables RXD4-5 and TXD4-5 and bypasses the 8B6T
decoder. RPT (low) is also used along with TXD4 (high) to enable MI|
Repeater mode.

TESTEXT | 1 EXTERNAL TEST INPUT CONTROL. When asserted 1, enables one
of several test modes. These modes are controlled by the test address
input pins TESTA0-4 (MODEO-4).

FORCE100_10 73 FORCE 100 OR 10 MBPS MODE. This mode input is effective when
AUTOSPSEL =0, i.e., 82553 is in manual speed select. When asserted
1, 82553 is manually forced to be at 100 Mbps. When asserted 0,
82553 is selected to be at 10 Mbps mode,

MODE4 | 81 If RPT = | H TESTEXT = | Then MODE4 Function is:

(AUTOSPSEL/ 0 0 Automatic Speed Select. When

PHYA4/ asserted 1’ 82553 is at automatic

TESTA4) speed detection mode. When asserted

“0", 82553 is at manual speed detection
mode.

1 0 PHY Address Input 4. In multiple PHY
configuration, the address of a specific
PHY chip is determined by PHYAO-4
pins. PHYAA4 is bit number 4.

X 1 Test Address Mode Pin 4 Input. When
TESTEXT is asserted “1”, TESTA4 is bit
4 of the test mode address input.

MODE3S 83 RPT = | f TESTEXT = | Then MODE3 Function is:

(PARSER/ 0 0 Parallel Serial Mode. This mode affects

PHYAS/ to 10 Mbps mode only. When asserted

TESTA3) *“17’, the 82553 processes nibble wide

data (MIl mode) on TXD0-3 inputs and
outputs data on RXD0-3. When
asserted “0"’, 82553 processes data
serially (serial mode), on TXDO and
RXDO.

1 0 PHY Address Input 3.

X 1 Test Address Mode Pin 3 Input.
TESTA3 is bit 3 of the test mods address
input.

10
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2.5 Mode Pins (Continued)

Symbol | Type | Pin No. Name and Function

MODE2 | 82 If RPT = | f TESTEXT = | Then MODE2 Function is:

(TRISTT/ 0 ] 82553 Tri-State. If TRISTT = “1”, the 82553
PHYA2 Tri-states all 82553 active outputs and puts
TESTAZ2) inputs into a predefined state. Used for board

debug. This pin also functions as an ipp.

Quiescent Mode. IDDQ is used for low current
power—on-chip screening test. When IDDQ is
high, all current sources are disabled. When
IDDQ is low, current sources will be in normal

operation.
1 0 PHY Address input 2.
X 1 Test Address Mode Pin 2 Input. TESTAZ is bit
2 of test mode address input.
MODE1 | 80 IfRPT = | H TESTEXT = | Then MODE1 Function is:
(LPBK/ 0 0 Loopback Enable. When LPBK =1, 82553 is in
PHYA1/ Digital Loopback mode. When LPBK =0, 82553
TESTA1) is in normal operation.
1 (¢} PHY Address Input 1.
X 1 Test Address Mode Pin 1 Input. TESTAT1 is bit
1 of test mode address input.
MODEO | 84 It RPT = | If TESTEXT = | Then MODEO Function is:
(PHYAD/ X 0 PHY Address input 0.
TESTAO) X 1 Test Address Mode Pin 0 Input. When

TESTEXT is asserted “1”, TESTAO is bit 0 of
test mode address input.

RESET | 74 RESET. Active high resets the 82553. Reset puise width minimum of 600 ns
should be used.

11

B 4426175 0171354 L58 W

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



82553

intgl.

2.6 External Bias Pins (Internal Use Only)

Symbol | Type | Pin No. Name and Function

EXTVREF | Bt 9 EXTERNAL VOLTAGE REFERENCE. This pinis connectedtoa 2.7V £ 5%
external voltage reference diode.

RBIAS B 6 BIAS REFERENCE RESISTOR. A resistor of 20 KQ should be connected
from RBIAS pin to AGND.

RDAC B 8 DAC BIAS RESISTOR. Adjusts the current level of the TX DAC. A resistor of
22.1 K should be connected from RDAC to AGND.

RFREQ B 7 CENTER FREQUENCY RESISTOR. The center frequency of the clock
generator is controlled by connecting a resistor of 20 KQ between this pin to
AGND.

NOTE:

T = Denotes a bias pin. Must be connected to a voltage source or resistor.

2.7 LED Pins (B1 Stepping Only)

Symbol

Type

Pin No.

Name and Function

ACTLED#

0o

71

ACTIVITY LED. This LED indicates either transmit or receive activity. When
there is activity, ACTLED is on (low). When there is no activity, ACTLED is
off (high). When configured to MIl or Line-Level Repeater mode, indicates
receive activity only.

SPDLED #

68

SPEED LED. In Ml or Adapter mode, this LED indicates the link speed. In
100 Mbps mode, the SPDLED is on {low). In 10 Mbps mode, this LED is off
(high).

LILEDA#

67

LINK INTEGRITY LED. In MIl or adapter modse, this LED indicates link beat
integrity {valid link for either 10Base-T or 100Base-T4). When there is no link
integrity, LILEDA# is off (high). When there is a valid link, this LED is on
(low).

LILEDB#

72

LINK INTEGRITY LED. In Line-Level Repeater mode and 10Base-T mode,
this LED indicatses link beat integrity. When there is no link integrity, LILEDB
is off (high). When there is a valid link, this LED is on {low).

In 100 Mbps mode, LILEDB # blinks on and off during a valid link. LILEDB #
is off when there is no link.

12
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2.9 Power Pins

27,30,78, 5, 36,
46,76, 49, 52, 57,
63, 66, 69

Symbol Type Pin No. Name and Function
Vco P 10, 12, 16, 20, 33, Analog and digital power. +5.0V £ 5%.
77, 4,34, 45,75,
54, 60, 70
Vss P 11, 15, 19, 23, 24, Analog and digital ground. OV.

B 4826175 0171356 T20 WA
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82553

3.0 82553 ARCHITECTURE
OVERVIEW

The internal architecture of the 82553 is a combina-
tion of advanced DSP, analog, and other functional
blocks. Figure 1, at the beginning of this document,
shows a general block diagram of the 82553 compo-
nent.

In 100Base-T4 mode, the analog subsection of the
82553 performs three functions:

1. It takes receive analog data from pairs 2, 3 and 4,
converts it to 6-bit digital representation, and
passes it to the digital subsection.

2. It recovers receive timing from the three receive
pairs, applies programmabile gain, and forwards it
to the digital subsection.

3. It takes transmit data in 2-bit digital form, trans-
lates it into an analog waveform, and transmits it
on pairs 1, 3 and 4,

]

inteal.
In 100Base-T4 mode, the 82553 digital subsection
performs all necessary signal processing of the digi-
tal version of the transmit and receive data. This in-
cludes 8B/6T encoding and decoding, carrier sense,
collision detection, link detection and providing an
MII interface to the MAC. The 82553 supports the
defined MII as its MAC interface. The 82553 expects
that the controller will provide the MDIO and MDC
signals.

The 82553 operation in 10Base-T mode is similar.
Instead of receiving data on three pairs, only one is
used, Manchester encoding and decoding are used
in place of 8B/6T, and the TXC/RXC provides
2.5 MHz or 10 MHz instead of 25 MHz. Otherwiss,
10Base-T data travel through the same internal
82553 paths as 100Base-T4 data.

The 82553 will interface with Intel components such
as the 82557 Fast Ethernet Controller as well as any
MIl compatible MAC or controller. Figure 4 shows a
schematic-level diagram of the 82557 Fast Ethernet
controller implementation.

FLASH EEPROM
(optional) (optional) M
3 A
Y  J

LEDs (2)

X1/X2 Crystai

ity

82557

T4 Mags

82553

4-Twisted
Pair Media

PCI Bus Signals

HiH

MODE PINS

i

EXTERNAL
BIAS PINS.

200547-4

Figure 4. Simplified 82557 Fast Ethernet Controller and 82553 Design Diagram
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Table 1. Ml Interface
iliz?:lael Description Direction Re(f::r,::ce Suppr:tles:s:;'alszssa
TXC Transmit Clock From 82553 — Yes
TXD0-3 Transmit Data From MAC TXC Yes
TXEN Transmit Enable From MAC TXC Yes
COL Collision From 82553 Asynchronous Yes
CRS Carrier Sense From 82553 Asynchronous Yes
RXC Receive Clock From 82553 — Yes
RXD0-3 Receive Data From 82553 RXC Yes
RXDV Receive Data Valid From 82553 RXC Yes
RXERR Receive Error From 82553 RXC Yes
MDIO Management Data In/Out From Manager MDC Yes
MDC Management Data Clock From Manager — Yes
TXERR Transmit Error From MAC TXC Yes

3.1 82553 MIl Interface Support

The 82553 also supports the Media Independent In-
terface (MIl) as its primary interface to the MAC. It
also supports a superset of the MIl where 10 Mbps
data is transferred to the MAC serially at 10 MHz
instead of nibble-wide at 2.5 MHz. The MIl Interface
is summarized in Table 1.

4,0 82553 ADAPTER MODE
OPERATION

4.1 82553 Clock Generation

A 20 MHz paralle! resonant crystal or 50 MHz oscil-
lator (depending on the level of CLKTYPE) is used
to drive tha 82553 X1/X2 pins. In 100 Mbps mode,
the B2553 derives its internal 25 MHz and 50 MHz
digital clock based upon this crystal input. The
82553 will also drive TXC and RXC based on a deriv-
ative of this clock. The accuracy of the external crys-
tal or oscillator generally must be + 0.01%.

15
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4.2 82553 Transmit Blocks

The transmit subsection of the 82553 accepts nib-
ble-wide data on the TXD0-3 inputs when TXEN is
active (high). The transmit subsection will pass data
unconditionally to the 8B/6T encoder as long as
TXEN is active. The transmit interface of the 82553
is compatible with intel’s 82557 controller. Figure 5
shows the 82553 transmit subsection.

-

intal.
The 8B6T Encoder accepts nibble-wide data from
the MAC and compites it into bytes. It then encodes
the 8-bit binary data into 12-bit form, which is actual-
ly a representation of the 6-bit ternary (6T) code. In
12-bit form, each ternary bit is represented by two
binary bits (+1 = 01,0 = 00, —1 = 10). This 12-
bit form is then sent serially to the Multimode DACs
where the three-level 6T analog wave is created and
transmitted.

25 MHz Mil
nibble-wide
interface
6T represented
by 12 binary e
symbols : :
TX1 dalal ] 4-it DAC | : 3 to TX
. latch (Channel 1) B bi pairt
Bra}(nsmlt . fos
ata ——P» : :
8B6T/ 4-bit DAC . : to TX
25/10 MHz Manchester ;;)t(;data — (Channet 2) | '.‘; £_> pair3
TXCLK -} Data Splitter N ik
Encoder & Drocaner I 10 TX
TX3 datal o 4-bit DAC ] E 3 0
latch (Channet 3) '.’3 pair4
fo receiver’ e
MAC 82553 MEDIA
290547-5

Figure 5. 82553 Transmitter Block Diagram
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4.2.1 82553 8B/6T ENCODER AND DATA
SPLITTER

The 8B/6T encoder complies with the IEEE 802.3u
100Base-T4 standard. Four bits at a time are ac-
cepted at the MIl interface and a byte is encoded
according to the T4 8B/6T lookup table. The lookup
table matches a 6-bit ternary (6T) code to each bina-
ry byte. The data is then distributed by the Data
Splitter to one of three transmission pairs (pairs 1, 3,
or 4). The first data code is always transmitted on
pair one, and sequentially after that (1, 3, 4, 1, 3, 4,
... ). Figure 6 shows an example of how the data is
presented from the MAC via the MIl, encoded, and
sent to the TPE cable drivers.

82553

4.2.2 82553 DC BALANCE AND THE
INVERSION RULE

DC balance is maintained by the 82553 through the
use of the inversion rule. The inversion rule is based
on the fact that all 6T codes in the T4 scheme have
weights of either 0 or + 1. For example, the 6T rep-
resentation of ‘40 is “0-00+ +”, which has a
weight of +1. The inversion rule states that on a
given pair, if a 6T code of weight + 1 is transmitted,
then the next code of weight +1 to be transmitted
on that pair will be inverted, giving it a weight of —1,
This guarantees DC balance on any given pair
throughout transmission. For instance, in Figure 6,
Byte 4 has been inverted on the wire. Since the 6T
code for Byte 4 has a weight of + 1 and the previous
6T code (for Byte 1) on that pair also had a weight of
+1, the inversion rule applies.

MAC M 82553 TP MEDIA
s it
8B/6T Encoder Data Spliner Inyerter ,,1Lr b ETC
(3 :
BYTE 1 4 0 A i :

. - H H
BYTE 2 F1 p TXD1 0-00~+~ 13443 11t
BvTE > AB | Txp2 or0-+0 5 T N

) ETG...
BYTE o CcD R TXD3 roror FAALLIEL
+0-+00 (] privedpiveee
8YTE2 BYTE 1 E v
13 i ETC
S
[ERREE SRR R

Figure 6. Example T4 8B/6T Frame
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4.2.3 82553 TRANSMIT FRAMING

A T4 frame must be transmitted on pairs 1, 3 and 4
according to a certain framing protocol. As in
10Base-T, 100Base-T4 specifies a preamble, a
start-frame delimiter, an Ethernet header and data, a
4 byte CRC, and an EOS delimiter. T4 also specifies
a DC rebalance pattern that is necessary because of
the special T4 EOS delimiter. Figure 7 shows a typi-
cal T4 frame.

During 100 Mbps transmission, when TXEN is ac-
tive, the 82553 simply accepts the data on the Mii
TXD0-3 lines, encodes it, and sends it out on the
wire. The 82553 is responsible for encoding the data
into 8T representation, applying the inversion rule,
and framing the data on the three transmit pairs,
staggering each pair by 2 TXCs (80 ns). The 82553
is also responsible for determining what values to
transmit for the EOS delimiters (E1, E2 and E3). The
EOS delimiters are defined as the end-of-sequence
indicators and have avalus of all “—” or all “+"". E1
will always fall on the same pair as CRC2 because of

L]

intel.
the rotational nature of the three transmit pairs. The
values of E1, E2 and E3 are determined as follows:

Weight of Last
Non-Zero 6T Code E1 E2 E3
On Any Given Pair
+1 |- ————--
-1 ++++++ |+ ++

E1, E2 and E3 are different lengths to aliow for
simultaneous end-of-transmission on all three trans-
mit pairs. The 82553 is responsible for re-balancing
the DC level of each pair after transmitting E1, E2 or
E3. This is accomplished by transmitting the oppo-
site of the EOS delimiter immediately. For instance,
if E2 is transmitted as '+ + + +”°, then the 82553
should immediately transmit “— — — —" to ra-bal-
ance the line.

If there is an error in the transfer of a packet to the
82553, the MAC may assert its TXERR. The 82553
will respond by sending out the jam pattern instead
of the rest of the packet.

SFD on
Each Pair

or real data

otfrrerrerenmree PREAMBLE o\

[

Data can be Header

32 Bit CRC EOS Delimiter

280547-7

Figure 7. T4 Transmit Data Framing
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4.2.4 100BASE-T4 TRANSMIT ERROR
DETECTION AND REPORTING

The 82553 provides a dedicated pin (TXERR) to al-
low the MAC to alert the PHY that a transmit error
has occured. When TX__ER is asserted for one or
more TXCs {while TXEN is asserted) the 82553 will
transmit non-valid data somewhere in the frame be-
ing transmitted. Assertion of TXERR does not affect
the transmission of data when the 82553 is operat-
ing at 10 Mbps, or when TXEN is de-asserted.

4.2.5 82553 TRANSMIT MULTIMODE DAC AND
EXTERNAL MAGNETICS

The twisted pair line drivers (TD pairs) are imple-
mented with a multimode DAC. The DAC begins
transmitting the BT ternary bit stream approximately
three bit times after TXEN is first asserted. The
82553 DAC will sither sink, float or drive the TD out-
put pins with 70 mA of current depending on wheth-
er the ternary signal is —1, 0, or +1 respectively.
The magnetics external to the 82553 convert this
current source to voltage levels of + 3.5 Vpp as
required by the T4 specification. The same magnst-
ics that are used for 100Base-T4 mode also work in

82553

10Base-T mode. The following is a list of current
magnetics modules which are available from severai
vendors:

Vendor | Model/Type | 100Base-T4 | 10Base-T
Pulse Tortuga 1.0 Yes Yes
Filmag | 7829022SM Yes Yes
Valor Yes Yes

NOTE:

These magnetics along with the 82553 are designed to
pass FCC Class B testing.

The multimode DAC also performs signal wave
shaping with an internal FIR filter in order to simplify
the complexity of the external magnetics module.

4.3 82553 Receive Blocks

The receive subsection of the 82553 accepts
100Base-T4 ternary data on three RD twisted pairs
(2, 3, and 4). Due to the advanced DSP design tech-
niques employed, the 82553 will accurately receive
valid data from Category 3 twisted pair wiring of
length in excess of 100 meters. Figure 8 shows the
82553 receive subsection.

§ ADCCLK
' DSP/Channel
h 6t ADC ) o PrTEble
Goma) | (Channel 0) Ameatier "} E' PAirz
T ey
RXDO-3% 8B/6T o
RXpv= Cwbinere/' f
RXERR* Decoder ADCCLK
Tt ey
S | AT
Ampiifier PAIR3
(Channei 1
r ADCCLK
DSP/Channel
; &bt ADG ;
i - e 'j? 3§
Cromnzes 2) (Crannel 2) ot E PAIR 4
{Channel 2]
I—_— rhaae/De' f Filter/Magnetics
MAC 82553 MEDIA
290547-8
Figure 8. 82553 Receiver Block Diagram
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4.3.1 PROGRAMMABLE GAIN AMPLIFIER AND
CONTROL

Based on the feedback from the DSP Unit, the
82553 adjusts programmable gain to each of the
three incoming analog signals in order to compen-
sate for amplitude loss during transmission. This fur-
ther enhances the recovery of data and timing from
the incoming bit stream. The DSP Unit is able to
detect bit patterns in the ranges specified by the T4
specification and, in some cases, even when the
voltage levels vary from those ranges.

4.3.2 RECEIVE ADCs

After amplification by the Programmable Gain Ampli-
fiers, the raw voltages on the various receive pairs
are captured by the high-speed 50 MHz ADCs and
converted to 6-bit digital form. This 6-bit digital ver-
sion of the incoming data is sent to the Channel
Equalizers where it is analyzed by the DSP Unit.

4.3.3 CHANNEL EQUALIZERS

The Channel Equalizers use advanced DSP technol-
ogy to compensate for various signal degradation
causes. They compensate for channel length, chan-
nel noise and removes intersymbol interference
caused by the channel media. The Channel Equaliz-
ers achieve an optimum signal-to-noise ratioc and
employ a memory of the media characteristics. That
is, the Channel Equalizers remember the appropri-
ate gain from the last received signal.

4.3.4 100BASE-T4 CLOCK RECOVERY

The 82553 performs the necessary 8B/6T decoding
and recovers timing from incoming data on all three
receive pairs (pairs 2, 3, and 4). The 82553 employs
three separate DLLs and phase controllers to recov-
er RXC timing from the Receive Data independently
on each receive pair. Once the receive timing is ob-
tained, the three recovered clocks are synchronized
to the RXC output to the Mil and the RXDYV signal is
asserted to the MI|, telling it that receive data is now
valid.

4.3.5 100BASE-T4 RECEIVE FRAMING

A T4 frame must be received on pairs 1, 3 and 4
according to a certain framing protocol. As in
10Base-T, T4 specifies a preamble, a start-frame

20
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delimiter, an Ethernet header and data, a 4 byte
CRC, and an EOS delimiter. T4 aiso specifies a DC
rebalance pattern that is necessary because of the
special T4 EOS delimiter. Figure 7 shows a typical
T4 frame.

During 100 Mbps reception, the 82553 differentiates
between the idle condition (no carrier) and the pre-
amble or SFD. When the 82553 detects a valid pre-
amble, it imnmediately asserts CRS and waits to see
if the SFD appears on all three pairs. After the SFD
is recognized, the 82553 Channsl Equalizers start
passing valid 6T data on to the combiner and 8B/6T
Decoder. The 82553 then provides the data on the
MIl RXD0-3 lines synchronized to RXC, asserting
RXDV. The 82553 is also responsible for determin-
ing if the 6T data was inverted. The 82553 must rec-
ognize the EOS delimiters (E1, E2 and E3) and dis-
card them, deasserting RXDV immediately.

4.3.6 100BASE-T4 8B/6T DECODER

The 6T data recovered from the three Channel
Equalizers is converted to bytes, combined into a
single 6T data stream, and fed through the 8B/6T
decoder where coding errors and the inversion rule
are checked. The resulting bytes are combined to
form a single nibble-wide Receive Data stream that
is fed to the Mil via the RXD0-RXD3 pins, synchro-
nized to RXC. CRS is asynchronously asserted to
the MAC as soon as valid activity is detected on
receive pair 2 and will precede RXDV by several
clocks.

4.3.7 100BASE-T4 RECEIVE ERROR
DETECTION AND REPORTING

In 100Base-T4 mode, the 82553 can detect errors in
the receive data in a number of ways. Any of the
following conditions is considered an error:

e A validation of DC Balance Rule as described in
the 100Base-T4 specification.

* A violation of the 100Base-T4 group table.

e Packet to Packet Skew (change on any of the
three channels is greater than 40 ns).

e Pair to Pair Skew (more than 60 ns)

* Bad code received (per 100Base-T4 specifica-
tion)

e EOP errors received (per 100Base-T4 specifica-
tion)

B 4826175 01713k3 160 HE
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When any of the above error conditions occurs, the
82553 will immediately assert its RXERR pin to the
MAC. The RXERR pin will be held active as long as

a receive error condition persists on one of the re-
ceive pairs.

4.4 100Base-T4 Collision Detection

100Basse-T4 Collisions are detected much the same
as they are in 10Base-T: by simultaneous transmis-
sion and reception. When transmitting T4, pair 2 is
idle (listening for reception). If a carrier (preamble) is
sensed on pair 2 when a frame is being transmitted
on the other three pairs, then a jam pattern is sent
out on pair 1 and idle on pairs 3 and 4 until the end-
of-carrier is received on pair 2. This mechanism is
very similar to 10Base-T and is discussed in detail in
the IEEE 802.3u 100Base-T4 specification.

4.5 100Base-T4 Link Integrity
(Paraliel Detection)

100 Mbps link integrity pulses for 100Base-T4 are
defined as shown in Figure 9. Note the difference

82553

between 10Base-T and T4 link integrity puises. The
82553 will detect whether the adapter is operating at
100 Mbps or 10 Mbps based the spacing of the link
beat pulses it raceives. The frequency of 100Base-
T4 link pulses is greater than 10Base-T pulses.
100Base-T4 link pulses come much more quickly
than 10Base-T link pulses. After reset, the 82553 will
send T4 link pulses on pair 1 and listen on pair 2. If
the adapter receives T4 pulses on pair 2, it will go
into 100Base-T4 link pass state and be ready for
transmission and reception. if 10Base-T pulses are
recsived on pair 2, the 82553 will switch to sending
10Base-T link pulses on pair 1 and attempt to reach
10Base-T link pass. If neither link is detected, possi-
bly due to a detached cable, the 82553 defaults to
T4. This process is also called Parallel Detection
and is used to select the appropriate link speed.

The B2553 has an advanced, built-in auto speed se-
lection mechanism based upon link status. Section
9.4 describes this mechanism.

100 Mbps
Link Beat
Puise

_LI'L

+3.5Y
ov
-3.5¥

on TX+ only

[

40 ns 40ns

290547-9

Figure 9. 82553 T4 Link Beat Protocol
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4.6 Auto 10 Mbps/100 Mbps Selection

The MAC may either allow the 82553 to determine
what speed to operate at, or force the 82553 into
10 Mbps or 100 Mbps mode. Iif AUTOSPSEL
(MODE4 pin when RPT and TESTEXT = 0) is high,
then the 82553 will ignore the FORCE10__100 input.
If AUTOSPSEL is low, the 82553 is forced into
10 Mbps or 100 Mbps operation depending on the
level of FORCE10__100 (1 = 100 Mbps mode). The
82553 can aiso be put into auto-speed-select mode
through the MD! interface, however the
AUTOSPSEL pin carries a higher priority than the
using the MDt interface to enable auto-speed select.

The 82553 determines the operation speed of the
media, based on the link integrity pulses it receives
(Parallel Detection). If no link integrity pulses are de-
tected, the 82553 will default to 10 Mbps operation.
In Repeater mode (RPT = 1), the 82553 is always in
100 Mbps mode. If the 82553 detects a speed
change, it will dynamically change its TXC and RXC
frequencies to the appropriate value. This change
takes a maximum of 5 ms.

5.0 ADAPTER MODE 10BASE-T
OPERATION

5.1 10Base-T Clock Generation

A 50 MHz oscillator or 20 MHz oscillator/crystal is
used to drive the external 82553 X1/X2 pin. In

»
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10 Mbps mode, the 82553 derives the 20 MHz *
0.01% serial clock (for use in Manchester decoding)
from this crystal input. The 82553 should, in turn,
provide the 10 MHz TXC and RXC to the MAC. The

accuracy of the external crystal oscillator depends
on the PC board characteristics.

5.2 10Base-T Transmit Blocks

5.2.1 10BASE-T MANCHESTER ENCODER

The 10 MHz RXC is used to Manchester-Encode the
serial data arriving on the TXDO input. 10Base-T
Manchester encoding is NRZ. Please refer to the
Intel 82503 Data Sheet for a complete description of
Manchester encoding.

5.2.2 10BASE-T TPE CABLE DRIVER

In 10 Mbps mode, the 82553 should begin transmit-
ting the serial Manchester bit stream within 3-bit
times (300 ns) after TXEN is asserted by the MAC.
In 10 Mbps mode, the current line drivers use a pre-
distortion algorithm to improve jitter tolerance. The
line drivers reduce their drive level during the sec-
ond half of “wide’” (100 ns) Manchester pulses and
maintain a full drive level during all “narrow” (50 ns)
pulses and the first half of the wide pulses. This re-
duces line overcharging during wide pulses, a major
source of jitter. The following figure shows the serial
data, its Manchester representation, and the signal
at the RJ45 connector after predistortion.

- 010 1 1 050'1 0

290547-10

Figure 10. 82553 Pre-Distortion (10 Mbps Mode Only)
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5.3 10Base-T Receive Blocks

5.3.1 10BASE-T MANCHESTER DECODER

The 82553 will perform Manchester decoding and
timing recovery when in the 10 Mbps mode. The
Manchester-encoded data stream is decoded from
twisted-pair 2 to separate Receive Clock (RXC) and
the Recaive Data (RXDO) from the differential signal.
This data will be transferred to the controller on the
RDO line at 10 MHz. The 10 Mbps clock and data
recovery is insensitive to variations in operation con-
ditions much like the 82503 high resolution phase
reference. For instance, jitter tolerances are at least
+3.5 ns. For more information on the 82503, refer
to the /ntel 82503 Data Sheet.

5.3.2 10BASE-T TPE RECEIVE BUFFER

In 10 Mbps mode, data is expected to be received
on differential pair 2 (RD2 and RD2#). The signal
received on the differential pair is assumed to have
already passed through isolation transformers and
EMI filters which perform the line coupling neces-
sary to comply with the 10Base-T specification. The
input differential voltage range for the TPE receiver
is greater than 500 mV and less than 3.1V differen-
tial. The TPE receive buffer distinguishes valid re-
ceive data, link test pulses, and the idle condition
according to the requirements of the 10Base-T stan-
dard. The following line activity is determined to be
inactive and is rejected:

e Differential pulses of peak magnitude less than
300 mV.

e Continuous sinusoids with a differential amplitude
less than 6.2 Vpp and a frequency less than 2
MHz.

* Sine waves of a single cycle duration starting with
phase 0 degrees or 180 degrees that have a dif-
ferential amplitude less than 6.2 Vpp and a fre-
quency of at least 2 MHz and not more than 16
MHz. These single cycle sine waves are discard-
ed only if they are preceded by 4-bit times (400
ns) of silence.

82553

All other activity is determined to be either receive
data, link test pulses, or idle condition (silence, dif-
ferential signals less than 300 mV). If activity is de-
tected, then the CRS signal should be asserted to
the MAC.

5.3.3 10BASE-T ERROR DETECTION AND
REPORTING

In 10 Mbps mode, the 82553 can detect errors in the
receive data. The following condition is considered
an error:

* The receive pair's voltage level drops to the idle
state during reception before the End-of-Frame
delimiter is seen.

5.4 10Base-T Collision Detection

Collision detection in 10 Mbps mode is indicated by
simultaneous transmission on pair 1 and reception
on pair 2. (Note that in 10 Mbps Full Duplex mode,
collisions are not detected—ses Section 5.7.) If the
82553 detects this condition, then the CDT signal is
asserted. The CDT signal should be held active unti}
receive data is no longer sensed on pair 2. Upon
detecting a collision, the MAC will replace transmit
data with the jam pattern. The 82553 should forward
this jam pattern as if it wera regular transmit data.
The MAC will continue to send the jam pattern for a
specified amount of time.

5.5 10Base-T Link Integrity

The link integrity pulses for 10 Mbps are slightly dif-
ferent than 100 Mbps so the 82553 can autosense
whether the network is 100Base-T4 or 10Base-T.
Figure 11 shows the 10 Mbps Link Integrity pulse.
The Link Beat pulse also determines if the receive
pair polarity is reversed.
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+HV
10 Mbps ’
Link Beat _.| I_ ov ©onTX+only
Pulse | 100 ns]
Pair 1 RN .9 J—L .I_I.. Pair 2
/
®
Pair 2 /4_ .I—]. g .I_[- <} Pair 1
ADAPTER < < | HUB
Pair 3 > _Il i E Pair4
Pair 4 : I_][ l [:| Pair 3
290547-11

Figure 11. 82553 10Base-T Link Beat Protocol

5.6 10Base-T Jabber

The 82553 contains a jabber control function which,
when enabled, will inhibit transmission after a speci-
fied time window. In 10 Mbps modes, the jabber timer
is set to a value between 26.2 ms and 39.0 ms. If the
82553 detects continuous transmission for longer
than this time, it will prevent further transmissions
from going out in the wire until it detects that the
MAC RTS signal has been inactive for at least 314
ms. See the IEEE 802.3 10Base-T specification for
more details.

24

‘Section 8 for details.

5.7 10Base-T Full-Duplex

The 82553 supports 10 Mbps full-duplex by disabling
the CRS and CDT functions. This allows the 82553
to transmit and receive simultaneously, achieving up
to 20 Mbit/s of network bandwidth. Otherwise, all
functions and pins of the 82553 perform identically
to normal 10Base-T mode.

The 82553 can be set to Manual Full Duplex opera-
tion by setting the appropriate MDI Register using
th rf Register 0, bit 8). See Section

B 4826175 01713L7 &0- WE
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6.0 100BASE-T4 REPEATER MODE

The 82553 can be programmed to operate in one of
two different repeater modes: Line Level (Class Il) or
MIl (Class I). The following table lists the various
settings for enabling the two modes.

Table 2. Mil/Line Level Repeater Mode Settings

82553

physical layer component. In Line Level Repeater
mode, the 82553 provides incoming 6T data (ternary
symbols) in its original form that other 82553s can
use without adding extra delays. Several 82553s to
be wired (“‘ored”) together to form the core of a line
level repeater. This mode is enabled by setting the
RPT pin to a “1” (TESTEXT = 0). When this mode
is enabled, the 82553 will route the 2-bit output of

Repeate Internal Mode the three receive aligners to RXD0-5. In this fash-

TXD4 Mod':a (HPrT) Indication ion, other 82553s can accept this 2-bit representa-
tion of 6T codes on their TXDO-5 pins. For instance,

0 0 Adapter (Normal) Mode (DTE) at any given instance, a receive pair can have a val-
ue of —1, 0 or + 1. This will map into a 10, 00, or 01

1 0 MIl (Class I) Mode respectively and be provided on either RXD4 -5 (pair

X 1 Line-Level (Class Il) Mode 4) RXD2-3 (pair 3) or RXD0-1 (pair 2). The 82553

8B6T decoder will be bypassed when in Repeater
Mode.

6.1 Line Level Repeater Mode This Repeater Mode feature enables low-cost
100Base-T4 line level repeaters to be manufactured

The 82553 contains many internal features that al- with multiple 82553 components.

low it to perform as a 100 Mbps line-level repeater
Figure 12 shows the 82553 in this configuration.

RPT
RPT P E——e — —— Pair 1
lt—————— ROV - Pair 2
| t——— rxenn | 82553
| Paira
| moos ]
o————— oLk ] [ Pair4
l RPT |
le————— RY0OS )
l—————— mxo ] [~ Pair 1
[ oo 1 2553 | Par2
Repeater e —— Pair3
COI'e - XCLK = Pair4
trer | -
patp———— RXDO5 ] o
il RXCLK Pair 1
[ RXDV 82653 - Pair2
ot RXERA [ Pair 3
f——— o ™ —— Pair 4
rerd
lg——— o5 A
- (T S —— Pair 1
1oV — — -
. e | 82553 Pair 2
—— Pair3
PORTEN N N+1N+2 N3 fog ?xzo._: - 1 [ Pair4
: : l PORTEN N +3 l
........... _PORTENNa2 2
,,,,,,, PORTEN N1
.................... PORATEN. N
290547-12
Figure 12. Repeater Core Sample Diagram
25

25

M 4826175 01713L8 742 W

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



82553

6.2 Mil Repeater Mode

Mil Repeater Mode allows the several 82553 com-
ponents to form the core of an MIl Repeater. The 6T
data is sent from the 82553 through the MIl interface
and to the receiving 82553, and vice versa. MIl Re-
peater Mode differs from Line Level Repeater Mode

intel.

in that MIl Repeater Mode uses the 8B6T decoder to
pass receive data from the 82553 through the MIl
interface, to the repeater core.

While in MIl Repeater Mode, the 82553 does not
return CRS during transmission. Figure 13 shows a
sample MIl repeater mode diagram.

RPT lag— 003
| P -u— T Palr 1
_‘___4—-—- i F—— Pair 2
[ Pair3
DS, ; [T J— F— Pair4
SIS ]
l————— RXCLK [~ Pair 1
[ o [ Pair2
Repeater - Pair 3
Core j———— o — [~ Pair4
i | et ]

otk AXDO-3 .
f———— Axcx ———a] Pair 1
R — [ Pair2
- — s m— S Pair 3

—————— X001 — ] )
et TXCLK el [ Pair4

Jrer] -

DTN S I N— X
l————— o o] [~ Pair 1
j——— oy [ Pair 2
ft——— mers 82553 Pair 3

;e [ Pair
PORTEN N N#1Ne2 N+3 fg— fioreps __;:__' - Pair 4

... PORTEN N+ 2
PORTEN M+l
....................... PORTEN. N
290547-13

Figure 13. MIl Repeater Sample Diagram
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7.0 MANAGEMENT DATA INTERFACE

The 82553 provides status and accepts manage-
ment information via the Management Data Inter-
face (MDI). This is accomplished via read and write
operations to various registers according to the IEEE
802.3u Ml specification. A read or write of a particu-
lar register is called a management frame, which is
sent serially over the MDIO pin synchronous to
MDC. Read and Write cycles are from the perspec-
tive of the controller. Therefore, the controller would

82553

always drive the Start, Opcode, PHY Address and
Register Address on to the MDIO pin. For a write,
the controller would also drive the transition bits and
the data. For a read, the 82553 drives the transition
bits and data onto the MDIO pin. The controller
should drive address and data on the rising edge of
MDC and the 82553 latches that data on the rising
edge of MDC. In a non-repeater application, the
82553 uses a default PHY Address of 00001. In a
repeater application, the 82553 can be configured
for 32 different addresses (by pin selection). The

management frame structure is as follows:

Start Op Code PHY Addr Reg Addr Transition Data

READ: <01> <10> <AAAAA> <RRRRR> <Z0> 16 Bits

WRITE: <01> <01> <AAAAA> <RRRRR> <10> 16 Bits
Preamble: At the beginning of each transaction, the MAC will send a sequence of 32 continguous fogic one

bits on the MDIO pin with the corresponding cycles on the MDC pin for synchronization by the
82553.

ST: A start of frame pattern of “01”.

OP Code: An Operation Code that identifies an MDI Read or MDI Write.

PHY Addr: A 5-bit address of the 82553. Provides support for up to 32 unique PHY addresses (31 other PHY
addresses).

Reg Addr: A 5-bit address of the specific register within the 82553,

TA: A two-bit turnaround time during which no device actively drives the MDIO signal on a Read cycle.
During a Read transaction the 82553 will not drive MDIO in the first bit time and will drive a 0 in
the saecond bit time. During a Write transaction the MAC will drive a *“10”” pattern to fill this time.

DATA: 16 bits of data driven by the 82553 on Read transactions or by the MAC for Write transactions.
This data is either control or status parameters passed between the MAC and the 82553.

IDLE: The IDLE condition on MDIO is a high impedance state. The 82553 should pull-up the MDIO line

to a logic one.

This structure allows a controller, or other management hardware, to query the 82553 for the status of the link
or configure the 82553 to one of many modes.

27
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7.1 MDI Register Set
Table 3 shows the MDI register set.

Table 3. The 82553 MDI Register Set

Register Address Register Name and Function
00000 Controt Register (MD! Standard Register)
00001 Status Register (MD!] Standard Register)
00010 PHY ldentification Register (Word 1)
00011 PHY ldentification Register (Word 2)

10101-1111

00111-01111 Not Used

10000 Extended Register 0 (82553-Specific Modes)

10001 Reserved

10010 Reserved

10011 Reserved

10100 Extended Register 1 (82553-Specific Error indications)

Not Used

iste

The individual registers are defined in Section

7.1.1 CONTROL REGISTER

s 7.1.1 through 7.1.8.

The Control Register (Address 00000) consists of a single 16-bit register.

28
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®
Table 4. Control Register
Bit Name R/W Description Default
15 Reset R/W 1 = PHY Reset 0
(SC) 0 = Normal QOperation

14 L.oopback R/W 1 = Loopback Mode 0

0 = Normal Operation
13 10/100 R/W 0 = 10 Mbit/s 1

1

100 Mbit/s

= Power Down 0

11 Power Down R/W 1
0 = Normal Operation

10 Isolate R/W 1 = Electrically Isolate PHY from Ml 0
0

= Normal Operation

= Full Duplex 0

8 Full/Half R/W 1
0 = Half Duplex
7 Coliision Test Enable R/W 1 = Enable the Collision CDT 0
Test during Loopback
0-6 Reserved R/W Written as 0, Don’t Care on Read 0
NOTE:

The 82553 can also be placed in Isolate mode by changing the PHY address to 00000.

7.1.1.1 Control Register Management Functions

Reset: The reset function is used to reset the
82553. All Mii status and control registers are set to
default states. Subsequent writes to the control reg-
ister should not be completed before 500 ms after
the RESET bit is set.

Loopback: The loopback function is used to isolate
the 82553 from the link. Data from the MII transmit
path is sent to the MIl receive path upon assertion of
TX__EN. The delay from TX_EN to RX__DV is not
more than 512 bit times.

Speed Selection: The speed function is used to
manually configure the 82553. Auto-Negotiation En-
able bit must be set to O (disabled) in order to use
the Sped Selection bit. Note this bit is a read or write
(bit can be set to a one or zero by the result of Auto-
Negotiation).

Power Down: This bit places the 82553 in low pow-
er state. The 82553 will still respond to management
transactions.

Isolate: The Isolate function is used to slectrically
isolate the 82553 data paths from the MIl. When the
PHY is isolated from the MI! it will not respond to the
TXD0-3, TX_EN and TX__E inputs, and will pres-
ent a high impedance on its TX_CLK, RX_CLK,
RX_DV, RX_ER, RXD0-3, COL, and CRS outputs.
However, when in Isolate Mode, the 82553 wili re-
spond to Management transactions.
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Duplex Mode: Used to manually configure the
82553 to full-duplex operation. If Auto-Negotiation is
enabled, this bit can be read or written but has no
effect on the link configuration. If loopback is en-
abled, this bit can be read or written but has no ef-
fect on the link configuration.

Collision Test: This bit, when enabled, will cause
the 82553 to assert CDT within 512-bit times after
TX__EN is assserted. When TX__EN is subsquently
de-asserted, the 82553 will deassert CDT within four

7.1.2 STATUS REGISTER

intal.

The Status Register (Address 00001) consists of a

single 16-bit register.

7.1.2.1 Status Register Management Functions

Bits 6=15: refer to Table 7.

bit times.
Table 5. Status Register
Bit Name R/W Description Default

15 T4 Capable RO 1 = T4 Capable 1
0 = not T4 Capable

14 TX Full Duplex Capable RO 1 = TX Full Dupliex Capable 0
0 = not TX Full Duplex Capable

13 TX Half Duplex Capabie RO 1 = TX Half Duplex Capable 0
0 = not TX Half Duplex Capable

12 10Base-T full Duplex Capable RO 1 = 10BaseT full Duplex Capable 1
0 = not 10BaseT full Duplex Capable

11 10Base-T Half Duplex Capable RO 1 = 10BaseT Half Duplex Capable 1
0 = not 10BaseT Half Duplex Capable

6-10 | Reserved RO Wiritten as 0, Don’t Care on Read 0

4 Remote Fault Detect RO

1 Remote Fault Detect
0 = not Detect

2 Link Status RO 1 = Linkisup Sticky Bit
(LINKFLT) 0 = Link is down
1 Jabber Detect RO 1 = Jabber Condition Detected Sticky Bit
(JABFLT) 0 = no Jabber Condition Detected
0 Extended Cap RO 1= Extended Register Capabilities 1
0 = Basic Register Set Capabilities only
30
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Remote Fault: This bit, when set to a one, indicates
that the 82553 has detected a remote fault condi-
tion. An MIl reset only will clear this bit.

Link Status: This bit, when set to a one, indicates
that the 82553 has determined link is valid (Link-
Pass state). When set to a one, indicates that the
82553 had determined link is not valid (Link-Fail
state).

Jabber Detect: This bit, when set to a one, indi-
cates a jabber condition has been detected by the
82553. A jabber condition is one in which transmis-
sion continues beyond the limits spacified. The
82553 will inhibit further transmission and assert
CDT. The limits for jabber transmission are 20 ms to
150 ms, and the inhibit period will extend until the
82553 detects sufficient idle time (between 250 ms
and 750 ns) on the TX__EN signal. Jabber Detect is
only valid when the 82553 is configured for 10 Mbit
mode.

Extended Capability: This bit, when set to a one,
indicates that the 82563 provides an additional set

82553

of functions which may be accessed through the ex-
tended register set. When set to a zero, indicates
that the 82553 provides only the basic register set.

7.1.3 82553 IDENTIFICATION REGISTER

The 82553 Identification Register consists of a regis-
ter of 32 bits at MDI offset 00010 and 00011. The
82553 |dentification Register values differ in the B
step and C step parts.

In the B step part, the identification register is:
ID Low = 03EO h and 0000 h ID High.

Table 6. Auto-Negotiation Advertisement Register (Register 4)

NOTE:

1. For normal operation, the software driver {management agent) does not need to change this register value. When not
advertising a certain ability, the respective bit in the Technology Ability field must be cleared. A bit must NOT be set within
this field that is not supported by the device. Otherwise, the Auto-Negotiation protocol will be violated.
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7.1.7 EXTENDEP REGISTER 0

The 82553 implements additional functions in the Extended Ragisters of its MDI Register set. The Extended
Registers are implementation-specific registers that are not available in non-intel PHY components. Extended
Register 0 exists at MDI Address 10000, It provides configuration and status information of additional 82553
features and is defined below.

Table 9. Extended Register 0

Bit Name R/W Description Default
15 JABDIS R/W 1 = Jabber Function Disabled in PHY 0
0 = Jabber Function Enabled in PHY
14 LINKDIS R/W 1 = Link Integrity Test Disabled in PHY 0
0 = Link Integrity Test is Enabled in PHY 0
9-13 TEST(0-4) R/W 00000
8 FORCE100 RO 1 = 100 Mbps Mode of Chip Operation Speed o]
= 10 Mbps Mode of Chip Operation Speed
5-7 82553 Part Revision RO 000 = B-Step —
011 = C-Step
3-4 HSQ (4) R/W 00
LSQ (3)
2 Wake Up* R/W 1 = Wake Up DACs 0
0 = Shut Down DAC
1 Speed Indication RO 1 = 100 Mbit/s Mode 0
0 = 10 Mbit/s Mode
0 Fult Duplex Indication RO 1 = Full Duplex Mode 0
0 = Half Fuli Duplex Mods

NOTE:
*This bit is used to disable the 82553 power-saving feature. The 82553 will automatically power-down part of the DACs
when not transmitting unless this bit is settoa 1.
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7.1.8 EXTENDED REGISTER 1

The 82553 implements additional functions in the Extended Registers of its MDI Register set. The Extended
Registers are implementation-specific registers that are not available in non-Intel PHY components. Extended
Register 1, also known as the Error Indication Register, exists at MDI Address 10100 and is defined below.

Table 10. Error Indication Register (Extended Register 1)

Bit Name R/W Description Default

15 | PAIR_SKEW__ERR RO | 1 = Pair Skew Error Sticky Bit
0 = No Pair Skew Error

14 | DC_BALANCE__ERR RO 1 = DC Balance Error Sticky Bit
0 = Not DC Balancs Error

13 | INVALID__CODE__ERR RO | 1 = Invalid Code Error Sticky Bit
0 = Not Invalid Code Error

12 | BAD_CODE__ERR RO | 1 = Bad Code Error Sticky Bit
0 = Not Bad Code Error

11 | EOP_ERR RO | 1 = EOP Error Sticky Bit
0 = Not EQP Error

10 | MANCHESTER_CODE__ERR | RO | 1 = Manchester Code Error Sticky Bit
0 = No Error

9 CH2__EOF_ERR RO | 1 = Channel 2 EOF Detection Error Sticky Bit
0 = No Error

NOTE:
R/W = Read/Write, RO = Read only, SC = Self Clear
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7.2 Support for Multiple PHY 7.2.3 INFORMATION FOR ALL PARTS

Addresses In an application where only one PHY is present

{(RPT = 0), the 82553 uses a default PHY Address

7.2.1 B STEP PART ONLY of 00001. This can optionally be changed to 00000
. by deasserting the MODEO pin during RESET. In
When in Adapter and MIl mode, the 82553 can be | ing |ovel repeater mode (RPT = 1), the 82553 will
configured for two addresses: 00000 and 00001. assume its PHY Address from the state of the fol-
When in Line Level Repeater mode, the 82553 for

all 32 addresses from 00000 to 11111. lowing pins.
PHY Value Read in at
Address Bit RESET Calculated from:
4 MODE4
3 MODES3
2 MODE2
1 MODE1
0 MODEO

35
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Detection with no data packets being transmitted.
Connection is then established by Parallel Detec-
tion. The 82553 will look for link integrity pulses. Fig-
ure 14 illustrates this process. Note that the B1 step-
ping does not support Auto-Negotiation as shown in
the diagram.

8.4 Parallel Detect and Auto-
Negotiation (C-Stepping Only)

8.3 Parallel Detect (B1-Stepping Only)

The 82553 automatically determines the speed of
the link either by using Parallel Detect. Upon
RESET, MH forced speed change, link status fail, or
Negotiate/Renegotiate command, it will insert a
long delay during which no link puises are transmit-
ted. This period, known as Force__Fail, insures that
the 82553 link partner has gone into a Link Fail state
before Parallel Detection begins. Thus, both sides
(82553 and 82553 link partner) will perform Parallel

‘ Force_Fail '

A 4

Ability detact either by
parallel detect or auto—
negotiation.

Parallel Detec(io:/ \\uto—Nogotio!ion

t0Base-T or
100Base-T4 Link FLP capable
Ready
Look at Link Pulse; Auto—Negotiation capable = 1
Auto—Negotiation capable = 0 Ability Motch

LINK PASS

Auto—Negotiation Complete bit set
290547-14

Figure 14. Auto-Negotiation and Parallel Detect
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9.0 LED DESCRIPTIONS

9.1 B1-Stepping Descriptions Only

The 82553 supports four LED pins to indicate link activity, speed and full duplex mode. Each pin is capable of
directly driving an LED. The LEDs are defined as follows:

ACTLED# | ACTIVITY LED. This LED indicates either transmit or raceive activity. When there is activity,
ACTLED is on (low). When there is no activity, ACTLED is off (high). When configured to Mll or
Line-Level Repeater mode, indicates receive activity only.

SPDLED# | SPEED LED. in MIl Repeater or Adapter moede, this LED indicates the link speed. In 100 Mbps
mode, the SPDLED is on (low). in 10 Mbps mode, this LED is off (high).

LILEDA# LINK INTEGRITY LED. in MIl Repeater or adapter mode, this LED indicates link beat integrity
(valid link for either 10Base-T or 100Base-T4). When there is no link integrity, LILEDA # is off
(high). When there is a valid link, this LED is on (low).

LILEDB # LINK INTEGRITY LED. In Line-Level Repeater mode and 10Base-T mode, this LED indicates
link beat integrity. When there is no link integrity, LILEDB is off (high). When there is a valid link,
this LED is on (low).

In 100 Mbps Adapter or MIl Repeater mode, LILEDB # blinks on and off during a valid link.
LILEDB # is off when there is no link.

9.2 C-Stepping Descriptions Only

38
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10.0 RESET AND TEST MODES

10.1 Reset

When the 82553 RESET signal is asserted (active
high), all internal circuits are reset. The default state
for the 82553 will be 100 Mbps Adapter mode. TXC
should run continuously even though Reset is active.
The Reset pulse is expected to be a minimum of
600 ns. The 82553 has an internal reset filter which
will allow it to directly accept resets from PCI, EISA,
VL, or ISA bus resets. In Intel implementations, the
82557 will provide the Reset pulse. The 82553 may
also be reset via the Reset bit in the MDI Register
set.

NOTE:
In the event that a RESET is issued to the
82553, sufficient delay must be allowed to
ensure the 82553 will complete the Auto-Ne-
gotiation or Parallel Detection process. (A
RESET is NOT required during initialization
time.)

10.2 Digital Loopback Mode

The 82553 employs a Digital Loopback function for
testing purposes. When Digital Loopback is enabled,
the 82553 routes the internal 12-bit representation
of the 6T (or Manchester) transmit code back to the
receive 8B/6T (or Manchester) decoder. In both 10
Mbps and 100 Mbps operation, Loopback mode is
enabled with the LPBK pin (MODE1 when RPT and
TESTEXT = 0). All control signals such as RXDV
and TXEN must act accordingly when in Loopback
mode.

Figure 15 shows the Digital Loopback path.

10.3 Tri-State Mode

The Tri-State pin, when active (high), will tri-state all
82553 output pins. This state lasts as long as the
3STT pin is active. After assertion of the 3STT pin,
the 82553 will require a reset to revert to normal
functionality.

82553

10.3.1 DRIVER CONSIDERATIONS

If Auto-Speed Select is used, about 500 ms of delay
must be added to after RESET before reading the
status of the auto speed selection. The Link Status
(bit 2 of the MD! Status Register) should be read first
to determine if a link is present. Note that the Link
Status bit is a sticky bit (latched low), which implies
that the register MUST be read TWICE before the bit
can be considered valid. If Link Status is setto a 1,
the next step is to read bit 1 in Extended Register 0
for determining the correct line speed.

10.4 User Test Modes

The 82553 User Test Modes:

® |mprove the control and ability to observe internal
blocks.

¢ Reduce production cost by shortening test times.
e Reduce burn-in test cost.

10.5 Autopolarity

The B2553 monitors the link beat pulses and deter-
mines if the polarity of one or more of its receive
pairs (2, 3 and 4) is reversed. if the SFDs (either
10 Mbps or 100 Mbps) are received with reversed
polarity on any given pair, the 82553 will automati-
cally switch the differential pair internally. The 82553
will default to no reversed polarity on any receive
pair.
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T 8B/6T or Manchester ™ e — 2

— ent';oder & data 2 . digital TX data | D z7

splitter + PAIR 1

3 channels DAC
L Collision & TP drivers C
- detaction —
» & Link e
control 3 channals ADC
& TP receivers [ PAIR4
8B/6Tor Manchester " +
RX. 6-bita/channsl g K

-} decoder & data -—f -4 digital RX data h 5 2-Channal

combiner 12 6 Clock Recovery

25/20 Mhz clk |

29054715

Figure 15. 82553 Analog and Digital Loopback Paths

The following test modes are suggested for the 82553 based on the values of the TEST2, TEST1 and TESTO

pins.
Table 14. User Test Modes
TEST2 | TEST1 | TESTO | Test Name Test Function
0 0 0 Disabled No test mode is enabled.
0 0 1 Reserved
0 1 0 ViL/Vin This mode enabile testing all inputs for V| /V|4. If this test
passes, a dedicated pin will go to high state.
0 1 1 Vou/Vou This mode enable testing all outputs for Vo /Vgp. If this
test passes, a dedicated pin will go to high state.
1 0 0 Nand Tree The Nand Tree internally NAND combines all 82553 pins
and produces an output.
1 0 1 Reserved
1 0 Reserved
1 1 1 Reservad
40
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11.0 ELECTRICAL SPECIFICATIONS
AND TIMINGS

11.1 Absolute Maximum Ratings

Case Temperature under Bias 0°C to +85°C
Storage Temperature —65°C to +140°C
All Output and Supply Voltages —-0.5Vto +7V
All Input Voltages —1.0Vto 6.0V

82553

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

For more information on the quality and reliability of the 82557, refer to the Components Quality and Reliability

Handbook, order number 210997

When the 82553 is actively transmitting and receiving in 100Base-T4 mode, it will consume an average of
300 mA at 5V. The 82553 also has a special power saving mode which allows this value to be dropped to
200 mA at 5V whenever there is no transmit activity (the power savings mode is enabled automatically). When

idle, the 82553 consumes approximately 80 mA.

11.2 DC Characteristics (Voc = 5V + 5%, Tg = 0°C to +85°C)

Symbol Parameter Min Max Unit Test Conditions

A\ Input Low Voltage -0.3 0.8 \
VIH input High Voltage 2.0 Ve +0.3 \'
Vip(X1) X1 Input High Voltage 3.7 Vee+0.3 v X1
VIL(X1) X1 Input Low Voltage -0.3 0.8 \ X1
VoH Output High Voltage 2.4 \4 log = —4mA
VoL Output Low Voltage 0.45 \% loL = 4mA
Von(LED) Output High Voltage 3.9 \' log = —500 A
VoL(LED) Qutput Low Voltage 0.45 \'4 loL = 10 mA
loz Offstate Output Current with +15 RA 0 < Vout < Voo

High/Low Level Voltage Applied
L Input Leakage Current +15 1A 0 < VN < Voo
lcc Power Supply Current 300 mA @ frork = 25 MHz
lccpp Power Down Supply Current mA
CiN Digital input Buffer Cap 8 pF @f=1MHz
Cout Digital Output Buffer Cap pF @f=1MHz
Cx1 X1 Input Cap 15 pF @f=1MHz
RpiFr Input Differential Resistance g KQ
ViDF Input Differential Accept 2.9 Vp

Input Differential Reject 2.7 Vp
Rs Output Source Resistance 1 MO
Vobr Output Differential Voltage +1.15 +8.85 Vv

41
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11.3 AC Timing Characteristics and Measurement Conditions

NOTES:

1. Tg = 0°C to +85°C, Vg = 5V 5%

2. AC Load
a. MOS = 20 pF total capacitance to ground.
b. TPE = 20 pF total capacitance to ground.

11.4 Clock Timing (f= 20 MHz)

290547-16

Figure 16. Clock Timing at 20 MHz

Symbol Parameter Min Typ Max Units
t1 X1 Cycle Time 49.995 50 50.005 ns
t2 X1 Fall Time 4 ns
13 X1 Rise Time 4 ns
4 X1 Low Time 17.5 22.5 ns
15 X1 High Time 17.5 22.5 ns

11.5 Clock Timing (f = 50 MHz)
6
X1
7 19 110
e
29054717
Figure 17. Clock Timing at 50 MHz

Symbol Parameter Min Typ Max Units

6 X1 Cycle Time 19.998 20 20.002 ns
17 X1 Fall Time 4 ns
18 X1 Rise Time 4 ns
19 X1 Low Time 9 11 ns
t10 X1 High Time 9 1 ns
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11.6 Controller Interface Timings (100 Mbit Mode, 10 Mbit MIl Mode, 10 Mbit
Serial Mode)

11.6.1 TRANSMIT TIMINGS (Controller Interface)

82553
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Figure 18. Transmit Timings at 100 Mbps
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82553

100 Mbit Mode

Symbol Parameter Min Typ Max Unit
t11 TXC Cycle Time 39.996 40 40,004 ns
t12 TXC High/Low Time 14 20 26 ns
113 TXC Rise/Fall Time 1.3 1.7 ns
t14 TXD and TXEN Rise/Fall Time 1.3 1.7 ns
15 TXD0-5 Setup Time to TXC T 10 ns
116 TXDO0-5 Hold Time from TXC T 0 ns
17 TXEN Setup Time to TXC T 10 ns
118 TXEN Hold Time from TXC T 0 ns
t19 TX_ER Setup Time to TXC 10 ns
t20 TX__ER Hold Time to TXC 0 ns
t21 PMA_OUT +TEN_OUT 25 130 ns

(TXEN to TD1P Delay)
t22 TXEN_CRS(TXEN to CRS Delay) 40 ns
123 NOT__TXEN_CRS 40 ns
(TXEN Inactive to CRS Inactive Delay)
a4
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Figure 19. Transmit Timings at 10 Mbps

10 Mbit MIl Mode

. mm 482b1L75 0171388 530 M

Symbol Parameter Min Typ Max Unit
t24 TXC Cycle Time 399.96 400 400.04 ns
125 TXC High/Low Time 140 200 260 ns
t26 TXC Rise/Fall Time 1.3 1.7 ns
t27 TXD and TXEN Rise/Fall Time 1.3 1.7 ns
128 TXDO0-5 Setup Time to TXC T 20 ns
129 TXD0-5 Hold Time from TXC T 0 ns
130 TXEN Setup Time to TXC T 20 ns
131 TXEN Hold Time from TXC T 0 ns
132 TX_ER Setup Time to TXC 20 ns
133 TX_ER Hold Time to TXC 0 ns
t34 TXD to TD Steady State Propagation Delay 400 ns
135 TXD to TD1P Startup Delay 400 ns
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10 Mbit Serial Mode

Symbol Parameter Min Typ Max Unit
136 TXC Cycle Time 99.99 100 100.01 ns
137 TXC High/Low Time 45 50 55 ns
138 TXC Rise/Fall Time 1.3 1.7 ns
139 TXD and TXEN Rise/Falil Time 1.3 1.7 ns
140 TXDO-5 Setup Time to TXC T 20 ns
t41 TXDO0-5 Hold Time from TXC T 0 ns
142 TXEN Setup Time to TXC T 20 ns
143 TXEN Hold Time from TXC T 0 ns
t44 TX_ER Setup Time to TXC 20 ns
145 TX_ER Hold Time to TXC o] ns
146 TXD to TD Steady State Propagation Delay 400 ns
147 TXD to TD Startup Delay 400 ns
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11.6.2 RECEIVE TIMINGS (Controller Interface)
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Figure 20. Receive Timings
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100 Mbit MODE

Symbol Parameter Min Typ Max Unit
t48 RXC Cycle Time 39.996 40 40.004 ns
149 RXC High Time 14 20 26 ns
t50 RXC Low Time 14 20 26 ns
51 RXC Rise Time 13 1.7 ns
t52 RXC Fall Time 13 1.7 ns
153 RXD0-5 Setup from RXC T 10 ns
154 RXD0-5 Hold from RXC T 10 ns
t55 RX__ER Setup Time to RXC T 10 ns
156 RX__ER Hold Time to RXC T 10 ns
157 RXDV Setup Timeto RXC T 10 ns
158 RXDV Hold Time to RXC T 10 ns
159 RS Assert to RXDV Assert Delay 530 1145 ns
160 RD to RXDV Delay 765 1100 ns
161 RX_CRS (CRS Assertion 0 230 ns

(RD active to CRS) Delay)
t62 RS Deassertion Delay 0 470 ns
(RD off to CRS) Delay
163 RX_PMA__ERR (RD to RXERR) 625 1070 ns
164 RX_PMA__DATA (RD to RXD) 625 860 ns
165 RS_PMA__DATA (CRS to RXD) 0 785 ns
t66 EOP_CARRIER__STATUS 465 700 ns
48
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10 Mbit MIl Mode
Symbol Parameter Min Typ Max Unit

t67 RXC Cycle Time 3996 400 400.4 ns

168 RXC High Time 140 200 260 ns

169 RXC Low Time 140 200 260 ns

t70 RXC Rise Time 1.3 17 ns

t71 RXC Fall Time 1.3 1.7 ns

72 RXD0-5 Setup from BXC T 10 ns

173 RXD0-5 Hold from RXC T 10 ns

174 RX__ER Setup Time to RXC T 10 ns

175 RX__ER Hold Time to RXC T 10 ns

176 RXDV Setup from RXC T 10 ns

t77 RXDV Hold from RXC T 10 ns

178 CRS Assert to RXDV Assert Delay 1500 ns

t79 RD2P to RXD Bit Loss at Start of Packet 4 16 Bits

180 RD2P to RXD Steady State Propagation Delay 400 ns

t81 RD2P to RXD0-5 Startup Delay 2.0 us

182 CRS Assertion (RD active to CRS) Delay 700 ns

183 CRS Deassertion Delay (RD off to CRS) 450 ns

Delay (Last Bit of SOIl)
49
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10 Mbps Serial Mode

Symbol Parameter Min Typ Max Unit
184 RXC Cycle Time 99.99 100 100.01 ns
t85 RXC High Time 45 50 55 ns
186 RXC Low Time 45 50 55 ns
t87 RXC Rise Time 1.3 1.7 ns
188 RXC Fall Time 1.3 1.7 ns
189 RXD0-5 Setup from RXC T 10 ns
190 RXDO0-5 Hold from RXC T 10 ns
91 RX_ER Setup Time to RXC T 10 ns
192 RX__ER Hold Time to RXC T 10 ns
193 RXDV Setup from RXC T 10 ns
194 RXDV Hold Time to RXC T 10 ns
195 CRS Deassertion Hold Time from RXC High 10 ns
to6 RD2P to RXD Bit Loss at Start of Packet 4 16 Bits
197 RD to RXD Steady State Propagation Delay 400 ns
198 RD to RXD0-5 Startup Delay 2.0 us
t99 CRS Assertion (RD active to CRS) Delay 700 ns
t100 CRS Deassertion Delay (RD off to CRS) Delay 450 ns
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intel ® 82553

11.7 Collision Timings
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Figure 21. Collision Timings

100 Mbit Mode

Symbol Parameter Min Typ Max Unit
t101 TX_NOT__COL 0 134 360 ns
(TXEN Inactive to COL Inactive Delay)
t102 RX_COL (RD to COL Delay) 0 158 275 ns
t103 RX_NOT__ COL 0 176 515 ns
{RD Inactive to COL Inactive Delay)
t104 EOC_CARRIER_STATUS 0 460 ns

10 Mbit MIl Mode

Symbol Parameter Min Typ Max Unit
t105 Onset of Collision 900 ns
(RD Pair and TXEN Active) to COL Assert
t106 End of Collision 900 ns
(RD Pair or TXEN Inactive) to COL Deassert
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10 Mbit Serial Mode

Symbol Parameter Min Typ Max Unit
1109 Onset of Collision 900 ns
(RD Pair and TXEN Active) to COL Assert
1110 End of Caollision 900 ns
(RD Pair or TXEN Inactive) to COL Deassert

11.8 Link Integrity Timings

TXC N Y I Y O I A I

TXEN
‘:,tﬂ.g/_‘l; t113/116/118
LINK
PULSE 1 I
290547-22
Figure 22. Link Integrity Timings
100 Mbit Mode
Symbol Parameter Min Typ Max Unit
t113 Last Transmit Activity to Link Test Pulse 0.6 1.8 ms
t114 Link Test Pulse to Data Separation 40 ns
10 Mbit MIl Mode
Symbol Parameter Min Typ Max Unit
t116 Last Transmit Activity to Link Test Pulse 8 24 ms
t117 Link Test Pulse to Data Separation 100 ns
10 Mbit Serial Mode
Symbol Parameter Min Typ Max Unit
t118 Last Transmit Activity to Link Test Pulse 8 24 ms
t119 Link Test Pulse to Data Separation 100 ns
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11.9 Signal Quality Error Timings

82553

TXC

TXEN

COoL

[ L1 L
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200547-23

Figure 23. Signal Quality Error Timings

10 Mbit Serial and MIl Mode

Symbol Parameter Min Typ Max Unit
t120 TXEN Deassert to CDT 0.6 1 1.2 us
121 SQE Test Wait Time 0.6 1.6 us
t122 SQE Test Duration 0.5 1.5 us
11.10 Loopback Timings
XD W VALID DATA &
| t23/125 |
¥ 1
RXD W VALID DATA
20054724
Figure 24. Loopback Timings
100 Mbit, 10 Mbit MIl, and Serial Mode
Symbol Parameter Min | Typ | Max | Unit
1123 | TXD to RXD Steady State Propagation Delay in 100 Mbit Mode 480 | ns
1125 | TXD to RXD Steady State Propagation Delay in 10 Mbit and Serial Mode 600 [ ns
53
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11.11 Jabber Timings (10 Mbit/s Operation Only)

Symbol Parameter Min Typ Max Unit
Jabber Time Enable 40 ms
Un-jabber Timer 367 ms
11.12 LED Timings
t127/129/131
xxLED
t126/128/130
290547-25
Figure 25. LED Timings
100 Mbit Mode
Symbol Parameter Min Typ Max Unit
1126 LILED On Time 167 ms
t127 LILED Off Time 167 ms
ti28 ACTLED On Time 167 ms
t129 ACTLED Off Time 167 ms
10 Mbit Mode
Symbol Parameter Min Typ Max Unit
t130 ACTLED On Time 209 ms
t131 ACTLED Off Time 209 ms
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11.13 Management Data Interface Timings

82553
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t132
MDC
MDIO
290547-26
Figure 26. MDI Timings
Symbol Parameter Min Typ Max Unit
t132 MDC Cycle Time 400 ns
t133 MDC Rise/Fall Time 5 ns
1134 MDi Setup Time to MDC T 10 ns
t135 MD! Hold Time from MDC T 10 ns
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82553

12.0 PHYSICAL ATTRIBUTES AND
DIMENSIONS

This section provides the physical packaging infor-
mation for the 82553, The 82553 is an 84-lead plas-
tic leaded chip carrier (PLCC) device. Package attri-

butes are provided in Table 15 and dimensions are

shown in Figures 27-31. Table 16 shows the dimen-

sions for the figures. For more information on Intel

device packagaging, refer to the /nte/ Packaging
Handbook, available from Intel Literature or your lo-

cal sales office.

intgl.

Table 15. Intel 82553 Package Attributes

Attribute Value
Lead Count 84
Square or Rectangle? Square
Pitch (in.) 0.050
Package Thickness (in.) | 0.150
Weight (gm) 6.2

Shipping Media

Trays, Tubes, Tape
and Reel

Desiccant Pack

Yes

| N J S N BN Iy D

-E-

[&]

o.18.007) ® [A[F-6 ®

MM{INCH)

Comments All PLCCs are ““J” Lead
je———— _p t T& | 0.18(.007} (® [8[D-E B ]
TWEEZING SURFACE
P/ o IR @EA DATUM PLA:'E-
. {ALL FOUR SIDES)
7 )
Vo N S B = 7 f
[
=] 0 2
0 1]
N :| E
I d 1
0 1
.

A —{

SEATING PLANE

280547-27

Figure 27 Principal Dimensions for 82553 Package
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290547-28
Figure 28. Molded Details
Table 16. Quad Flatpack Dimensions in
Figures 27-31
Symbol Minimum Maximum
A 0.165 0.190
A1 0.090 0.120
D 1.185 1.195
D1 1.15 1.158
D2 1.090 1.130
E 1.185 1.195
E1 1.15 1.158
E2 1.090 1.130
N 84
CP 0 0.004
TCP 0 0.004
LT 0.008 0.014
Dimensions are in inches
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Figure 29. Terminal Details
e 3R
L
— BOTTOM OF SHOULDER
SEATING l
PLANE _
ﬁ\ " MEASUREMENT ZONE FOR LT
\ [ —
L sorrom of eLasTIc s0DY
0.84¢.025 N —|
0.51(.020)
0.41(.018)
[6] 018007 @ [F-6 ® o€ ® ]
DETAR J
MI(INCH)
29054730
Figure 30. Terminal Details (Continued)—Detail J
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850088
suios

.04(.025)

o=

DETAR L

290547-31

Figure 31. Terminal Details (Continued)—Detail L

NOTES SQUARE PACKAGE:

. All dimensions and tolerances conform to ANS] Y14.5M-1982.

. Datum plane —H— located at top of mold parting line and coincident with top of lead, where lead exits plastic body.
Datums D—E and F—G to be determined where center leads exit plastic body at datum plane —H—.

To be determined at seating plane —C—.

. Dimensions D4 and E4 do not include protrusion.

. Pin 1 identifier is located within one of the two defined zones.

. Locations to datum —A— and —B— to be determined at plane —H—.

. These two dimensions determine maximum angle of the lead for certain socket applications. I unit is intended to be
socketed, it is advisable to review these dimensions with the socket supplier.

9. Controlling dimension, inch.

10. All dimensions and tolerances include tead trim offset and lead plating finish.

11. Tweezing surface planarity is defined as the furthest any lead on a side may be from the datum. The datum is estab-
lished by touching the outermost lead on that side and parallel to D—E or F—G.

ONOC A ON =
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13.0 REVISION HISTORY

The following chart outlines important changes made to the data sheet.

intal.

Date of Change Section Number Description
12-95 2.4 Expanded desc. for TXD4
12-95 25 Deletion in TESTEXT
12-95 27,28 Revised section for B1 stepping; new section for C stepping
12-95 6.0 Revised Table 2
12-95 83,84 Revised text for B1 and C stepping clarification
12-95 9.1,9.2 Revised text for B1 and C stepping clarification
12-95 Fig. 11,12, 13 Revised artwork for readability
12-95 Various Added shading to denote C stepping functionality
01-96 2 Revised Figure 3 for stepping differences
01-96 4.3 Revised Figure 8
01-96 522 Revised Figure 10
01-96 7.2 Added stepping differences, shading
01-96 — Revised Figure 1
01-96 713 Added register values for part steppings
01-96 719 Added Extended Register 2 for C Step part
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