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GENERAL DESCRIPTION

FE

The BCM5221 is a single channel, low-power, .
10/100BASE-TX/FX transceiver targeting a number of .
applications requiring intelligent power management and
robust network tolerance. The BCM5221 operates at
3.3V or 2.5V. The devices contain a full-duplex 10BASE-

T/100BASE-TX/100BASE-FX Fast Ethernet transceiver,
which performs all of the physical layer interface functions
for 10BASE-T Ethernet on CAT 3, 4, and 5 unshielded
twisted pair (UTP) cable and 100BASE-TX Fast Ethernet
on CAT 5 UTP cable. In addition, layout compatibility with
the previous generation BCM5201 shortens the design
cycle for the BCM5221. 100BASE-FX is supported
through the use of external fiber-optic transmit and

receive devices.

The BCM5221 is a highly integrated solution combining a
digital adaptive equalizer, ADC, phase lock loop, line

driver, encoder, decoder and all the required support
circuitry into a single monolithic CMOS chip. It complies .
fully with the IEEE 802.3u specification, including the .
Media Independent Interface (MIl) and Auto-Negotiation

subsections.

AP

The effective use of digital technology in the BCM5221

design results in robust performance over a broad range
of operating scenarios. Problems inherent to mixed-
signal implementations, such as analog offset and on-
chip noise, are eliminated by employing field proven
digital adaptive equalization and digital clock recovery

techniques.

ATURES

Power supply: 2.5V or 3.3V

Integrated voltage regulator to allow operation from a single
supply source

Power consumption: <275 mW

Unique energy detection circuit to enable intelligent power
management

HP auto-MDIX

Cable length indication

Cable noise level indication

Robust CESD tolerance

Cable length greater than 140 meters

Well under 10 PPM defect ratio quality

+/-10% voltage tolerance

Industrial temperature range (-40 to 85C)

MIl and RMII configurable

IEEE 1149.1 (JTAG) scan chain support

MIl management via serial port

Layout-compatible with BCM5201
10BASE-T/100BASE-TX/FX IEEE 802.3u fast Ethernet
transceiver

Glueless TX-to-FX media conversion

64-pin TQFP or 64-pin BGA package

PLICATIONS

PCMCIA/CardBus cards

LAN on motherboard

IP phones

Cable modems

Set-top boxes and print servers
Wireless access points
Embedded telecom
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Section 1: Functional Description

OVERVIEW

The BCM5221 is a single-chip Fast Ethernet transceiver. It performs all of the physical layer interface functions for
100BASE-TX full- or half-duplex Ethernet on CAT 5 twisted pair cable and 10BASE-T full- or half-duplex Ethernet on CAT
3, 4 or 5 cable. It may also be configured for 100BASE-FX full- or half-duplex transmission over fiber-optic cabling when
paired with an external fiber-optic line driver and receiver.

The chip performs 4B5B, MLT3, NRZI, and Manchester encoding and decoding, clock and data recovery, stream cipher
scrambling/descrambling, digital adaptive equalization, line transmission, carrier sense and link integrity monitor, auto-
negotiation and Media Independent Interface (MIl) management functions. The BCM5221 can be connected to a MAC
switch controller through the MlIl on one side, and connects directly to the network media on the other side (through isolation
transformers for unshielded twisted pair (UTP) modes or fiber-optic transmitter/receiver components for FX modes). The
BCM5221 is fully compliant with the IEEE 802.3 and 802.3u standards.

ENCODER/DECODER

In 100BASE-TX and 100BASE-FX modes, the BCM5221 transmits and receives a continuous data stream on twisted-pair
or fiber-optic cable. When the MII transmit enable is asserted, nibble-wide (4-bit) data from the transmit data pins is encoded
into 5-bit code groups and inserted into the transmit data stream. The 4B5B encoding is shown in Table 1 on page 5. The
transmit packet is encapsulated by replacing the first 2 nibbles of preamble with a start of stream delimiter (J/K codes) and
appending an end of stream delimiter (T/R codes) to the end of the packet. When the MII transmit error input is asserted
during a packet, the transmit error code group (H) is sent in place of the corresponding data code group. The transmitter
repeatedly sends the idle code group between packets.

In TX mode, the encoded data stream is scrambled by a stream cipher block and then serialized and encoded into MLT3
signal levels. A multi-mode transmit DAC is used to drive the MLT3 data onto the twisted pair cable. In FX mode, the
scrambling function is bypassed and the data is NRZI encoded. The multimode transmit DAC drives differential positive ECL
(PECL) levels to an external fiber-optic transmitter.

Following baseline wander correction, adaptive equalization, and clock recovery in TX mode, the receive data stream is
converted from MLT3 to serial NRZ data. The NRZ data is descrambled by the stream cipher block and then deserialized
and aligned into 5-bit code groups.

In FX mode, the receive data stream differential PECL levels are sampled from the fiber-optic receiver. Baseline wander
correction, adaptive equalization, and stream cipher descrambling functions are bypassed and NRZI decoding is used
instead of MLT3.

The 5-bit code groups are decoded into 4-bit data nibbles, as shown in Table 1. The start of stream delimiter is replaced with
preamble nibbles and the end of stream delimiter and idle codes are replaced with all zeros. The decoded data is driven onto
the MII receive data pins. When an invalid code group is detected in the data stream, the BCM5221 asserts the MIl RXER
signal. The chip also asserts RXER for several other error conditions that improperly terminate the data stream. While RXER
is asserted, the receive data pins are driven with a 4-bit code indicating the type of error detected. The error codes are listed
in Table 2 on page 6.

In 10BASE-T mode, Manchester encoding and decoding is performed on the data stream. The multimode transmit DAC
performs pre-equalization for 100 meters of CAT 3 cable.
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LINK MONITOR

In 100BASE-TX mode, receive signal energy is detected by monitoring the receive pair for transitions in the signal level.
Signal levels are qualified using squelch detect circuits. When no signal or certain invalid signals are detected on the receive
pair, the link monitor enters and remains in the link fail state, where only idle codes are transmitted. When a valid signal is
detected on the receive pair for a minimum period of time, the link monitor enters the link pass state and the transmit and
receive functions are enabled.

In L00BASE-FX mode, the external fiber-optic receiver performs the signal energy detection function and communicates this
information directly to the BCM5221 through the differential SDz pins.

In 10BASE-T mode, a link-pulse detection circuit constantly monitors the RDz pins for the presence of valid link pulses.

CARRIER SENSE

In L00BASE-X modes, carrier sense is asserted asynchronously on the CRS pin as soon as activity is detected in the receive
data stream. RXDV is asserted as soon as a valid Start-of-Stream Delimiter (SSD) is detected. Carrier sense and RXDV are
deasserted synchronously upon detection of a valid end of stream delimiter or two consecutive idle code groups in the
receive data stream. If carrier sense is asserted and a valid SSD is not detected immediately, then RXER is asserted in place
of RXDV. A value of 1110 is driven on the receive data pins to indicate false carrier sense.

In L0BASE-T mode, carrier sense is asserted asynchronously on the CRS pin when valid preamble activity is detected on
the RDzxinput pins.

In half-duplex DTE mode, the BCM5221 asserts carrier sense while transmit enable is asserted and the link monitor is in the
Pass state. In full-duplex mode, CRS is only asserted for receive activity.

COLLISION DETECTION

In half-duplex mode, collision detect is asserted on the COL pin whenever carrier sense is asserted and transmission is in
progress.

AUTO-NEGOTIATION

The BCM5221 contains the ability to negotiate its mode of operation over the twisted pair link using the auto-negotiation
mechanism defined in the IEEE 802.3u specification. Auto-negotiation can be enabled or disabled by hardware or software
control. When the auto-negotiation function is enabled, the BCM5221 automatically chooses its mode of operation by
advertising its abilities and comparing them with those received from its link partner.

The BCM5221 can be configured to advertise 100BASE-TX full-duplex and/or half-duplex and 10BASE-T full-and/or half-
duplex. The transceiver negotiates with its link partner and chooses the highest level of operation available for its own link.
Auto-negotiation is not operational during 100BASE-FX operation.
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DIGITAL ADAPTIVE EQUALIZER

The digital adaptive equalizer removes Intersymbol Interference (ISI) created by the transmission channel media. The
equalizer accepts sampled unequalized data from the ADC on each channel and produces equalized data. The BCM5221
achieves an optimum signal-to-noise ratio by using a combination of feed forward equalization and decision feedback
equalization. This powerful technique achieves a 100BASE-TX BER of less than 1 x 10712 for transmission up to 100 meters
on CAT 5 twisted pair cable, even in harsh noise environments. The digital adaptive equalizers in the BCM5221 achieve
performance close to theoretical limits. The all-digital nature of the design makes the performance very tolerant to on-chip
noise. The filter coefficients are self-adapting to any quality of cable or cable length. Due to transmit pre-equalization in
10BASE-T mode and complete lack of ISl in 100BASE-FX mode, the adaptive equalizer is bypassed in these two modes of
operation.

ADC

The receive channel has a 6-bit, 125-MHz analog-to-digital converter (ADC). The ADC samples the incoming data on the
receive channel and produces a 6-bit output. The output of the ADC is fed to the digital adaptive equalizer. Advanced analog
circuit technigues achieve low-offset, high-power-supply noise rejection, fast settling time, and low bit error rate.

DIGITAL CLOCK RECOVERY/GENERATOR

The all-digital clock recovery and generator block creates all internal transmit and receive clocks. The transmit clock is locked
to the 25-MHz clock input, while the receive clock is locked to the incoming data stream. Clock recovery circuits optimized
to MLT3, NRZI, and Manchester encoding schemes are included for use with each of the three different operating modes.
The input data stream is sampled by the recovered clock and fed synchronously to the digital adaptive equalizer.

BASELINE WANDER CORRECTION

A 100BASE-TX data stream is not always DC balanced. Because the receive signal must pass through a transformer, the
DC offset of the differential receive input can wander. This effect, known as baseline wander, can greatly reduce the noise
immunity of the receiver. The BCM5221 automatically compensates for baseline wander by removing the DC offset from the
input signal, and thereby significantly reduces the chance of a receive symbol error.

The baseline wander correction circuit is not required, and therefore is bypassed, in 10BASE-T and 100BASE-FX operating
modes.

MULTIMODE TRANSMIT DAC

The multimode transmit digital-to-analog converter (DAC) transmits MLT3-coded symbols in 100BASE-TX mode, NRZI-
coded symbols in 100BASE-FX mode, and Manchester-coded symbols in 10BASE-T mode. It allows programmable edge-
rate control in TX mode, which decreases unwanted high frequency signal components, thus reducing EMI. High-frequency
pre-emphasis is performed in 10BASE-T mode; no filtering is performed in 100BASE-FX mode. The transmit DAC utilizes a
current drive output, which is well balanced and produces very low noise transmit signals. PECL voltage levels are produced
with resistive terminations in 100BASE-FX mode.
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STREAM CIPHER

In 100BASE-TX mode, the transmit data stream is scrambled to reduce radiated emissions on the twisted-pair cable. The
data is scrambled by exclusive ORing the NRZ signal with the output of an 11-bit-wide linear feedback shift register (LFSR),
which produces a 2047-bit non-repeating sequence. The scrambler reduces peak emissions by randomly spreading the
signal energy over the transmit frequency range and eliminating peaks at certain frequencies.

The receiver descrambles the incoming data stream by exclusive ORing it with the same sequence generated at the
transmitter. The descrambler detects the state of the transmit LFSR by looking for a sequence representing consecutive idle
codes. The descrambler locks to the scrambler state after detecting a sufficient number of consecutive idle code-groups.
The receiver does not attempt to decode the data stream unless the descrambler is locked. When locked, the descrambler
continuously monitors the data stream to make sure that it has not lost synchronization. The receive data stream is expected
to contain inter-packet idle periods. If the descrambler does not detect enough idle codes within 724ps, it becomes unlocked,
and the receive decoder is disabled. The descrambler is always forced into the unlocked state when a link failure condition
is detected.

A special node called High Speed Token Ring can be enabled. It increases the scrambler timeout from 724 ps to 5816 ps,
thus allowing frames as large as the Token Ring maximum length to be received without error.

Stream cipher scrambling/descrambling is not used in 100BASE-FX and 10BASE-T modes.

FAR-END FAULT

Auto-negotiation provides a remote fault capability for detection of asymmetric link failures. Since auto-negotiation is not
available for 100BASE-FX, the BCM5221 implements the IEEE 802.3 standard Far-End Fault mechanism for the indication
and detection of remote error conditions. When the Far-End Fault mechanism is enabled, a transceiver transmits the Far-
End Fault Indication whenever a receive channel failure is detected (signal detect is deasserted). The transceiver also
continuously monitors the receive channel when a valid signal is present (signal detect asserted). When its link partner is
indicating a remote error, the transceiver forces its link monitor into the link fail state and sets the remote fault bit in the Ml
status register.

The Far-End Fault mechanism is enabled by default in 100BASE-FX mode and disabled in 100BASE-TX and 10BASE-T
modes, and can be controlled by software after reset.

RMII INTERFACE

In addition to MIl interface, the BCM5221 also provides a low pin count (Reduced) Media Independent Interface (RMII)
developed by the RMII Consortium. A copy of the specification can be found on the Consortium web site at:
http://www.rmii-consort.com. This interface provides a low-cost alternative to the IEEE 802.3u[2] MIl interface. It is capable
of supporting 10 and 100 Mbit data rates with a single clock, using independent 2-bit-wide transmit and receive paths.
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MII MANAGEMENT

The BCM5221 contains a complete set of MIl management registers accessible by using the management clock line (MDC)
and the bidirectional serial data line (MDIO). Many transceivers can be bussed together on a single MDIO/MDC wire pair by
giving each a unique PHY address, defined by configuring the five external PHY address input pins.

Every time an MIl read or write operation is executed, the BCM5221 compares the operation’s PHY address with its own
PHY address definition. The operation is executed only when the addresses match.

For further details, see Section 5: “Register Summary” on page 20.
Table 1: 4B5B Encoding

NAME 4B CODE 5B CODE MEANING

0 0000 11110 Data 0

1 0001 01001 Data 1

2 0010 10100 Data 2

3 0011 10101 Data 3

4 0100 01010 Data 4

5 0101 01011 Data 5

6 0110 01110 Data 6

7 0111 01111 Data 7

8 1000 10010 Data 8

9 1001 10011 Data 9

A 1010 10110 Data A

B 1011 10111 Data B

C 1100 11010 Data C

D 1101 11011 Data D

E 1110 11100 Data E

F 1111 11101 Data F

I 0000* 11111 Idle

J 0101* 11000 Start-of-Stream Delimiter, Part 1
K 0101* 10001 Start-of-Stream Delimiter, Part 2
T 0000* 01101 End-of-Stream Delimiter, Part 1
R 0000* 00111 End-of-Stream Delimiter, Part 2
H 1000 00100 Transmit Error (used to force signalling errors)
\Y 0111 00000 Invalid Code

\Y 0111 00001 Invalid Code

\% 0111 00010 Invalid Code

\Y 0111 00011 Invalid Code

\Y 0111 00101 Invalid Code

\% 0111 00110 Invalid Code

\Y 0111 01000 Invalid Code

\Y 0111 011000 Invalid Code

\% 0111 10000 Invalid Code

\Y 0111 11001 Invalid Code

*

Treated as invalid code (mapped to 0111) when received in data field.
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Table 2: Receive Error Encoding

ERROR TYPE RXDI[3:0]
Stream cipher error—descrambler lost lock 0010
Link failure 0011
Premature end of stream 0110
Invalid code 0111
Transmit error 1000
False carrier sense 1110
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Section 2: Hardware Signal Definitions

Table 3 provides the pin descriptions for the BCM5221.
Table 3: Pin Descriptions

5221KPB 5221KPT PIN LABEL TYPE DESCRIPTION

MEDIA CONNECTIONS

H4 26 RD+ | Receive Pair. Differential data from the media is received on the
G4 25 RD- RD= signal pair.

H5 31 TD+ o Transmit Pair. Differential data is transmitted to the media on the
G5 30 TD- TD+signal pair.

CLOCK

Crystal Input, Output for MIl Mode Only. If these pins are used,
then REF_CLK must be left open. A 25-MHz, parallel-resonant
D1 6 XTALI crystal can be connected between these pins. Accuracy of the
C1 5 XTALO (0] crystal is +/- 50 ppm. Connect an appropriate value capacitor from
each pin to GND. Whenever REF_CLK pinis used, ground XTALI
pin and leave XTALO pin unconnected.

MII/RMII Mode 25/50-MHz Reference Clock Input. Whenever
REF_CLK pin is used, ground XTALI pin and leave XTALO pin
unconnected. This pin must be driven with a continuous 25-MHz
or 50-MHz clock for MIl or RMII mode, respectively. Accuracy is +/
-50 ppm, with a duty cycle between 35% and 65% inclusive. This
pin must be left unconnected when using pins XTALI and XTALO.

B1 4 REF_CLK IpD

MII/RMII INTERFACE

Transmit Clock. 25-MHz output in 100BASE-X mode and 2.5
o MHz in 10BASE-T MIl mode. 10-MHz output in 10BASE-T serial
35S mode. This clock is a continuously driven output, generated from
the XTALI input.

MII Transmit Data Input. Nibble-wide transmit data stream is
input on these pins synchronous with TXC. TXDI[3] is the most
B4 60 TXD3 significant bit. Only TXDO is used in 10BASE-T serial mode.
B5 59 TXD2 | RMII Transmit Data Input. Dibit data, TXD1 and TXDO, is input
A4 58 TXD1 P on these pins for transmission by the PHY. The data is
A5 57 TXDO synchronous with REF_CLK. TXD1 is the most significant bit.
Values other than 00 on TXD1 and TXDO while TXEN is
deasserted are ignored by the PHY.

MII Transmit Enable. Active high. Indicates that the data nibble
on TXD[3:0] is valid.

RMII Transmit Enable. Active high. Indicates that the MAC is
presenting dibit data, TXD1 and TXDO, for transmission.

MII/RMII Transmit Error. An active high input is asserted when a
transmit error condition is requested by the MAC.

MIl Receive Clock. 25-MHz output in 100BASE-X MIl mode and
2.5-MHz output in 10BASE-T mode. 10-MHz output in 10BASE-T
serial mode. This clock is recovered from the incoming data on the

B7 50 RXC O3s  cable inputs. RXC is a continuously running output clock
resynchronized at the start of each incoming packet. This
synchronization may result in an elongated period during one cycle
while RXDV is low.

[MSB:LSB]J; # = active-low signal, | = input, O = output, /0 = bidirectional, Ipy = input w/ internal pull-up, Ogp = open-drain
output, Ozg = three-state output, B = Bias, PWR = power supply, GND = ground
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Table 3: Pin Descriptions (Cont.)

5221KPB 5221KPT PIN LABEL

TYPE DESCRIPTION

E8
D8
C8
B8

43
44
a7
48

RXD3
RXD2
RXD1
RXDO

MIl Receive Data Outputs. Nibble-wide receive data stream is
driven out on these pins synchronous with RXC. RXD[3] is the most
significant bit. Only RXDO is used in 10BASE-T serial mode.

RMII Receive Data Outputs. Dibit receive data, RXD1 and RXDO,
stream is driven out on these pins synchronous with REF_CLK.
RXD1 is the most significant bit.

C6

49

RXDV

MIl Receive Data Valid. Active high. Indicates that a receive frame
is in progress, and that the data stream present on the RXD output
pins is valid.

A8

51

RXER

MIl Receive Error Detected. Active high. Indicates that an error is
occurring during a receive frame.

RMII Receive Error Detected. RXER is asserted for one or more
REF_CLK periods to indicate that an error was detected
somewhere in the frame presently being transferred from the PHY.
RXER transitions synchronously with respect to REF_CLK.

A3

62

CRS/
CRS_DV

MIl Carrier Sense. Active high. Indicates traffic on link. In
100BASE-X modes, CRS is asserted when a non-idle condition is
detected in the receive data stream and deasserted when idle or a
valid end of stream delimiter is detected. In 10BASE-T mode, CRS
is asserted when a valid preamble is detected and deasserted when
end-of-file or an idle condition is detected. CRS is also asserted
during transmission of packets except in full-duplex modes. CRS is
an asynchronous output signal.

RMII Carrier Sense/Receive Data Valid. CRS_DV is asserted by
the PHY when the medium is not idle. The dibit data, RXD1 and
RXDO0, is considered valid once CRS_DV is asserted. During a false
carrier event, CRS_DV remains asserted for the duration of carrier
activity. CRS_DV is not synchronized with respect to REF_CLK.

B3

61

CoL

Collision Detect. In half-duplex modes, active high output indicates
that a collision has occurred. In full-duplex mode, COL remains low.
COL is an asynchronous output signal.

E6

41

MDIO

Management Data I/O. This serial input/output bit is used to read
from and write to the Ml registers. The data value on the MDIO pin
is valid and latched on the rising edge of MDC.

D7

42

MDC

Management Data Clock. The MDC clock input must be provided
to allow MIl management functions.
Clock frequencies up to 12.5 MHz are supported.

MODE

D2

9

RESET#

lpu

Reset. Active Low. Resets the BCM5221. Also used to enable
Power Off and Low Power modes.

[MSB:LSB]J; # = active-low signal, | = input, O = output, /0 = bidirectional, Ipy = input w/ internal pull-up, Ogp = open-drain
output, Ozg = three-state output, B = Bias, PWR = power supply, GND = ground
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Table 3: Pin Descriptions (Cont.)

5221KPB 5221KPT PIN LABEL

TYPE DESCRIPTION

E3
E2
D3
D5
C4

14
13
12
11
10

PHYAD4
PHYAD3/PAUSE
PHYAD2/ACT_LED#
PHYAD1/COL_LED#
PHYADO/FDX_LED#

II0pp

PHY Address Selects PHYADI[4:0]. These inputs set the Mil
management PHY address. These pins are sampled only during
power-on reset. During normal operation these pins become
outputs.

PAUSE. Status of the link partner's PAUSE bit, b