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Overview

The Marvell® 88E6060 is a single chip integration of a
complete 6-port Fast Ethernet switch with support for a
CPU connection. It contains five 10BASE-T/100BASE-
TX transceivers (PHYs), two that can be used to sup-
port T00BASE-FX; six independent Fast Ethernet
media access controllers (MACs), a high-speed non-
blocking switch fabric, a high-performance address
lookup engine, and a 1/2 megabit frame buffer mem-
ory. It is designed for cost-sensitive low port count
switch systems and firewall routers.

The PHY transceivers are designed with Marvell Vir-
tual Cable Tester™ (VCT™) technology for advanced
cable diagnostics. VCT enables IT managers to easily
pinpoint the location of cabling issues down to a meter
or less, reducing network installation and support
costs.

The Marvell 88E6060 is designed to work in all envi-
ronments. True Plug-n-Play is supported with Auto
Crossover, Auto Polarity and Auto Negotiation in the
PHYs, along with bridge loop prevention (using Port
States implementing Spanning Tree support).

The shared memory-based switch fabric uses the lat-
est Marvell switch architecture that provides non-
blocking switching performance in all traffic environ-
ments. Back-pressure and pause-frame-based flow
control schemes are included to support zero packet
loss under temporary traffic congestion. The lookup
engine allows for up to 1,024 active nodes to be con-
nected with the switch.

The sixth port, ‘always-on’ RMII/MII/SNI interface sup-
ports a direct connection to Management or Router
CPUs with integrated MACs. It can be configured in
either RMIl mode, MII-PHY or MII-MAC mode or SNI
mode. These interfaces along with BPDU handling,
programmable per port VLAN configurations, and Port
States, support Spanning Tree and truly isolated WAN
vs. LAN firewall applications.

The PHY units in the Marvell 88E6060 are designed
with Marvell cutting-edge mixed-signal processing
technology for digital implementation of adaptive
equalization and clock data recovery. Special power
management techniques are used to facilitate low
power dissipation and high port count integration. Both
the PHY and MAC units in the Marvell 88E6060 com-
ply fully with the applicable sections of IEEE 802.3,
|IEEE 802.3u, and IEEE 802.3x standards.

The many operating modes of the Marvell 88E6060
can be configured using SMI (serial management
interface - MDC/MDIO) and/or a low cost serial
EEPROM (93C46, C56 or C66).

Features

*  Single chip integration of a 6-port Fast Ethernet
switch in a 14x20 mm 128-pin PQFP package

* Integrates six independent media access control-
lers fully compliant with the applicable sections of
IEEE802.3

* Integrates five independent Fast Ethernet PHY
transceivers fully compliant with the applicable
sections of IEEE802.3

e  Supports 802.1X implementation with Port-based
access control

¢  Port based VLANs supported in any combination

*  Supports a CPU header mode for accelerated
router performance and wirespeed VLAN control

* Port States & BPDU handling supports Spanning
Tree

¢ Automatic MDI/MDIX crossover for 100BASE-TX
and 10BASE-T ports

¢ Port 0 and Port 1 can be configured as copper
(100BASE-TX or 10BASE-T) or fiber (100BASE-
FX)

* Port 5 has dedicated, always on, MAC Mode (For-
ward) or PHY Mode (Reverse) RMII/MII/SNI inter-
face for management and firewall applications

* Port 4 can be either a copper (100BASE-TX or
10BASE-T) or an Mll interface with the same
interface options as Port 5

¢ Each port works at 10 Mbps or 100 Mbps,
full-duplex or half-duplex mode (forced or
auto-negotiated)

*  Back-pressure flow control on half-duplex ports &
Pause-frame flow control on full-duplex ports

¢ Shared on-chip memory-based switch fabric with
true non-blocking switching performance

¢ High performance lookup engine with support for
up to 1,024 MAC address entries with automatic
learning and aging

*  Flexible LED support for Link, Speed, Duplex
Mode, Collision, and Tx/Rx Activities

*  Supports alow cost 25 MHz XTAL clock source or
a 25 MHz or 50 MHz OSC.

*  Pin compatible with the Marvell® 88E6063,
88E6061, 88E6065, 88E6031, and 88E6035

¢ Low power dissipation Payg = Less than 0.6W

*  Available with Commercial grade (88E6060 part)
or Industrial grade (88E6060-I part) temperature
specifications

* Integrates Virtual Circuit Tester™ (VCT™) with
each Marvell PHY
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Applications
*  Firewall Router Switch w/four 10/100BASE-T ¢  Fiber to Copper Industrial Temperature media
LAN ports & one 10/100BASE-T WAN port converter
*  Five port Switch with Spanning Tree Support *  Four-port LAN switch with two MIl connections for
*  Firewall Router Switch supporting a Fiber WAN WAN PHY and wireless interface
port
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Section 1. Signal Description

1.1 88E6060 128-Pin PQFP Package

Figure 1: 88E6060 128-Pin PQFP Package (Top View)
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Signal Description

Pin Description

1.2 Pin Description

Table 1: Pin Type Definitions

Pin Type Definition

1/10 Input and output

Input Input only

Output Output only

Open Drain Open drain output

Analog Analog

Typically Input May be input or output depending upon operating state; usually input

Typically Output | May be output or input depending upon operating state; usually output

Power Device voltage and current supply
Ground Device current return
NC No connection, do not connect anything to these pins
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Table 2: Network Interface
128-PQFP Pin Name Pin Type Description
Package
Pin #
27 P[4:0]_RXP Typically Receiver input — Positive. P[4:0]_RXP connects directly to the
25 Input receiver magnetics. If the port is configured for 100BASE-FX
15 Output if in mode (ports 0 and 1 only) RXP connects directly to the fiber-
13 Crossover optic receiver’s positive output. These pins can become out-
4 mode puts if Auto MDI/MDIX Crossover is enabled (see section 4.6).
If a PHY port is not used, the RXP pins should be tied to VSS.
28 P[4:0]_RXN Typically Receiver input — Negative. P[4:0]_RXN connects directly to
24 Input the receiver magnetics. If the port is configured for 100BASE-
16 Output if in FX mode (ports 0 and 1 only) RXN connects directly to the
12 Crossover fiber-optic receiver’s negative output. These pins can become
5 mode outputs if Auto MDI/MDIX Crossover is enabled (see section
4.6).
If a PHY port is not used, the RXN pins should be tied to VSS.
30 P[4:0]_TXP Typically Transmitter output — Positive. P[4:0]_TXP connects directly to
22 Output the transmitter magnetics. If the port is configured for
18 Input if in 100BASE-FX mode (ports 0 and 1 only) TXP connects directly
10 Crossover to the fiber-optic transmitter’s positive input. These pins can
7 mode become inputs if Auto MDI/MDIX Crossover is enabled (see
section 4.6).
If a PHY port is not used, the TXP pins should be tied to VSS.
31 P[4:0]_TXN Typically Transmitter output — Negative. P[4:0]_TXN connects directly
21 Output to the transmitter magnetics. If the port is configured for
19 Input if in 100BASE-FX mode (ports 0 and 1 only) TXN connects directly
9 Crossover to the fiber-optic transmitter’s negative input. These pins can
8 mode become inputs if Auto MDI/MDIX Crossover is enabled (see
section 4.6).
If a PHY port is not used, the TXN pins should be tied to VSS.
127 P[1:0]_SDET Input Signal Detect input. If port 0 and/or 1 is configured for
122 100BASE-FX mode SDET indicates whether a signal is
detected by the fiber-optic transceiver. A positive level indi-
cates that a signal is detected.
If port 0 and/or 1 is configured for 10/100BASE-T mode SDET
is not used, but cannot be left floating since these pins do not
contain internal resistors. SDET must be tied to VSS or VDDO
either directly or through a 4.7 kQ resistor.
Doc. No. MV-S100952-U0, Rev. -- Copyright © 2008 Marvell
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Signal Description
Pin Description

Table 3: PHY Configuration

128-PQFP Pin Name
Package
Pin #

Pin
Type

Description

108 P[1:0]_CONFIG
111

Input

Port 0 and 1 Configuration. The CONFIG pin is used to set the
default configuration for Port 0 and 1 by connecting these pins
to other device pins as follows:

VSS = Auto-Negotiation enabled - default
PO_LED1 = Forced 10BASE-T half-duplex
PO_LED2 = Forced 10BASE-T full-duplex
P1_LEDO = Forced 100BASE-TX half-duplex
P1_LED1 = Forced 100BASE-TX full-duplex
P1_LED2 = Forced 100BASE-FX half-duplex
VDDO = Forced 100BASE-FX full-duplex

Ports 2, 3 and 4’s default configuration is Auto-Negotiation
enabled. Any port’s default configuration can be modified by
accessing the PHY registers by a CPU or a serial EEPROM.
Fiber vs. copper mode cannot be configured in this way. How-
ever, Fiber vs. copper must be selected at reset by using
these pins.

The CONFIG pins are configured after reset and contain inter-
nal pull-down resistors so they can be left floating to select
Auto-Negotiation.

106 CONFIG_A

Input

Global Configuration A. This global configuration pin is used
to set the default LED mode and Far End Fault Indication
(FEFI) mode for 100BASE-FX by connecting these pins to
other device pins as follows:

VSS = LED Mode 0, FEFI disabled
PO_LEDO = LED Mode 0, FEFI enabled
PO _LED1 = LED Mode 1, FEFI disabled
PO_LED2 = LED Mode 1, FEFI enabled
P1_LEDO = LED Mode 2, FEFI disabled
P1_LED1 = LED Mode 2, FEFI enabled
P1_LED2 = LED Mode 3, FEFI disabled
VDDO = LED Mode 3, FEFI enabled - default

The LED modes are covered in section 4.7.1 and FEFI is cov-
ered in section 4.2.8.3.

The CONFIG_A pin is configured after reset and contains an
internal pull-up resistor.
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Table 3: PHY Configuration (Continued)

128-PQFP Pin Name Pin Description

Package Type

Pin #

93 CONFIG_B Input Global Configuration B. This global configuration pin is used

to set the default mode for Auto Crossover, the PHY driver
type, and Energy Detect by connecting these pins to other
device pins as follows:

VSS = No Crossover, Class A" drivers, Energy Detect dis-

abled

PO_LEDO = No Crossover, Class A drivers, Energy Detect
enabled

PO_LED1 = No Crossover, Class B drivers, EnergyDetect
disabled

PO_LED2 = No Crossover, Class B drivers, Energy Detect
enabled

P1_LEDO = Auto Crossover, Class A drivers, Energy Detect
disabled

P1_LED1 = Auto Crossover, Class A drivers, Energy Detect
enabled

P1_LED2 = Auto Crossover, Class B drivers, Energy Detect
disabled

VDDO = Auto Crossover, Class B drivers, Energy Detect
enabled—default

Auto crossover is covered in section 4.6, Class B vs. Class A
drivers are covered in Table 83 on page 132 and Energy
Detect is covered in section Table 71 through Table 74.

The CONFIG_B pin is configured after reset and contains an
internal pull-up resistor.

1. A Class A driver is available for 100BASE-TX mode only and typically used in backplane or direct connect applications.
2. A Class B driver is typically used in CAT 5 applications.
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Signal Description
Pin Description

Table 4: Regulator and Reference

128-PQFP Pin Name Pin Description

Package Type

Pin #

126 RSETP Analog Resistor reference. A 2 kQ 1% resistor is placed between the
RSETP and RSETN. This resistor is used to set an internal
bias reference current.

125 RSETN Analog Resistor reference. A 2 KQ 1% resistor is placed between the
RSETN and RSETP. This resistor is used to set an internal
bias reference current.

124 CONTROL_15 Analog Voltage control to external 1.5V regulator. This signal con-
trols an external PNP transistor to generate the 1.5V power
supply for the VDD and VDDAL pins.

2 CONTROL_25 Analog Voltage control to external 2.5V regulator. This signal con-
trols an external PNP transistor to generate the 2.5V power
supply for the VDDAH pins.

Table 5: System

128-PQFP Pin Name Pin Type Description

Package

Pin #

104 XTAL_IN Input 25 MHz or 50 MHz system reference clock input. The fre-
quency of this clock input is selected by the CLK_SEL pin.
The clock source can come from a crystal (25 MHz only) or an
oscillator (25 or 50 MHz). This is the only clock required as it
is used for both the switch and the PHYs.

105 XTAL_OUT Output System reference clock output. This output can only be used
to drive an external crystal (25 MHz only). It cannot be used to
drive external logic. If an oscillator is connected to XTAL_IN
this pin should be left unconnected.

68 CLK_SEL Input Clock frequency Select. Connect this pin to VSS if XTAL _INis
25 MHz. Connect this pin to VDDO or leave it unconnected if
XTAL_IN is 50 MHz. This pin must be stable before and after
reset.

CLK_SEL is internally pulled high via a resistor.

110 RESETn Input Hardware reset. Active low. The 88E6060 is configured dur-
ing reset. When RESETn is low all configuration pins become
inputs and the value seen on these pins is latched on the ris-
ing edge of RESETn or some time after.
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Table 6: Register Access Interface

128-PQFP Pin Name Pin Type Description
Package
Pin #

70 MDC Input MDC is the management data clock reference for the serial
management interface (SMI). A continuous clock stream is
not expected. The maximum frequency supported is 8.3 MHz.

The SMl is used to access the registers in the PHY and in the
Switch if the serial EEPROM is not accessing the registers. It
is available in all combinations of SW_MODE[1:0].

MDC is internally pulled high via a resistor.

71 MDIO /10 MDIO is the management data Input/Output for the SMI.
MDIO is used to transfer management data in and out of the
device synchronously with MDC. This pin requires an external
pull-up resistor in the range of 4.7 kQ to 10 kQ.

The 88E6060 device uses 16 of the 32 possible SMI port
addresses. The 16 that are used are selectable using the
EE_CLK/ADDRA4 pin.

MDIO is internally pulled high via a resistor.

63 INTn Open Drain INTn is an active low, open drain pin that is asserted to indi-
Output cate an unmasked interrupt event occurred. A single external
pull-up resistor is required to achieve a logic high when this
signal is inactive.

The INTn pin is asserted active low if SW_MODE[1:0] (see
Table 14) bits are not 0b10 (standalone mode) and the
EEPROM data has been completely read into the device. This
EEPROM done interrupt indicates to any attached CPU that it
may use the MDC/MDIOQ lines to access the internal registers
because the EEPROM has finished using the registers. This
pin also goes low when any other unmasked interrupt
becomes active inside the device.
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Pin Description

Table 7: Serial EEPROM Interface

128-PQFP Pin Name Pin Type Description
Package
Pin #
61 EE_CS 110 Serial EEPROM chip select. EE_CS is the serial EEPROM
/EE_1K chip select referenced to EE_CLK. It is used to enable the
Input during external EEPROM (if present), and to delineate each data
reset transfer.

EE_CS is a multi-function pin used to configure the 88E6060
during a hardware reset. When reset is asserted, EE_CS
becomes an input and the desired EEPROM type configura-
tion is latched at the rising edge of RESETn as follows:
Low = Use 8-bit addresses (for 2K bit 93C56 & 4K bit
93C66)
High = Use 6-bit addresses (for 1K bit 93C46)

The external EEPROM must be configured in the x16 organi-
zation.

EE_CS is internally pulled high via a resistor. Use a 4.7 kQ
resistor to VSS for a configuration low.

60 EE_CLK /0 Serial EEPROM clock. EE_CLK is the serial EEPROM clock
/ADDR4 reference output by the 88E6060. It is used to shift the exter-
Output nal serial EEPROM (if installed) to the next data bit so the
During default values of the internal registers can be overridden.
EEPROM
Loading EE_CLK is a multi-function pin used to configure the

88E6060 during a hardware reset. When reset is asserted,
EE_CLK becomes an input and the desired SMI ADDR4
address space configuration (Table 5) is latched at the rising
edge of RESETn as follows:

Low = Use SMI device addresses 0x00 to OxOF

High = Use SMI device addresses 0x10 to Ox1F

EE_CLK is internally pulled high via a resistor. Use a 4.7 kQ
resistor to VSS for a configuration low.
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Table 7: Serial EEPROM Interface (Continued)

128-PQFP Pin Name Pin Type Description

Package

Pin #

69 EE_DIN/ Typically Serial EEPROM data into the EEPROM device. EE_DIN is

HD_FLOW_DIS | Input serial EEPROM data referenced to EE_CLK used to transmit
the EEPROM command and address to the external serial
Output EEPROM (if present).
During
EEPROM
Loading EE_DIN is a multifunction pin used to configure the 88E6060
during a hardware reset. When reset is asserted, EE_DIN
becomes an input and the configured Half-duplex Flow Con-
trol disable value is latched at the rising edge of reset as fol-
lows:
Low = Enable “forced collision” flow control on all half-
duplex ports
High = Disable flow control on all half-duplex ports
EE_DIN is internally pulled high via a resistor. Use a 4.7 kQ2
resistor to VSS for a configuration low.
FD_FLOW_DIS is used to select flow control on full-duplex
ports (see Table 13).

58 EE_DOUT Input Serial EEPROM data out from the EEPROM device.
EE_DOUT is serial EEPROM data referenced to EE_CLK
used to receive the EEPROM configuration data from the
external serial EEPROM (if present).

EE_DOUT is internally pulled high via a resistor
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Signal Description
Pin Description

Table 8: Port 5’s Enable

128-PQFP Pin Name Pin Type Description

Package

Pin #

66 ENABLE_MII5 Input Enable MII Port 5. This pin is used to enable Port 5. A high

enables the Port. A low disables Port 5 (i.e., the drivers are
tri-stated).

ENABLE_PS5 is internally pulled high via a resistor.

Table 9:  Port 5’s Input Mill—If ENABLE_MII5 = High

128-PQFP
Package
Pin #

Pin Name

Pin Type

Description

82

P5_INCLK

I/0

Input Clock. P5_INCLK is a reference for P5_INDV and
P5_INDI[3:0]. The direction and speed of P5_INCLK is deter-
mined by P5_MODE[3:0] at the end of reset.

If the port is in PHY Mode, P5_INCLK is an output. In this
mode the frequency of the clock is 25 MHz if the port is in
100BASE-X mode, 2.5 MHz if the port is in 10BASE-T mode
and 50 MHz for RMII mode.

If the port is in MAC Mode, P5_INCLK is an input. In this
mode the frequency of the clock can be anywhere from DC to
25 MHz although it should be 25 MHz for 100BASE-X mode
and 2.5 MHz for 10BASE-T mode.

P5_INCLK is tri-stated during reset and it is internally pulled
high.

83
84
85
86

87

P5_IND[3:0]

P5_INDV

Input

Input

Input Data. P5_IND[3:0] receives the data nibble to be trans-
mitted into the switch in 100BASE-X and 10BASE-T modes.
P5_INDI[3:0] is synchronous to P5_INCLK. These pins are
inputs regardless of the port's mode (i.e., PHY mode or MAC
mode). Only P5_INDO is used when SNI mode is selected.
P5_INDI[1:0] are used when RMII mode is selected”.

P5_INDI[3:0] are internally pulled high via resistor.

Input Data Valid. When P5_INDV is asserted high, data on
P5_INDI[3:0] is accepted into the switch. P5_INDV must be
synchronous to P5_INCLK for SNI and MIl operation. It must
be synchronous to P5_OUTCLK or P5_INCLK in RMII opera-
tion.

P5_INDV is internally pulled low via resistor.

1. When RMII mode is selected P5_IND[1:0] are synchronous to P5_OUTCLK or P5_INCLK which are phase shifted to each other.
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Table 10:  Port 5’s Output Mll—If ENABLE_MII5 = High

128-PQFP
Package
Pin #

Pin Type

Pin Name

Description

79

P5_OUTCLK

/10

Output Clock. P5_OUTCLK is a reference for P5_OUTDV
and P5_OUTD[3:0]. The direction and speed of P5_OUTCLK
is determined by P5_MODE[3:0] at the end of reset.

If the port is in PHY Mode, P5_OUTCLK is an output. In this
mode the frequency of the clock will be 25 MHz if the port is
in 100BASE-X mode, and 2.5 MHz if the port is in 10BASE-T
mode and 50 MHz for RMII mode.

If the port is in MAC Mode, P5_OUTCLK is an input. In this
mode the frequency of the clock can be anywhere from DC to
25MHz although it should be 25 MHz for 100BASE-X mode
and 2.5 MHz for 10BASE-T mode.

P5_OUTCLK is tri-stated during reset and it is internally
pulled high.

74
75
76
77

P5_OUTD[3:0]
/P5_MODE[3:0]

Normally
Output

Input only
when
RESETn is
low

Output Data. Data transmitted from the switch is decoded
and presented on P5_OUTD[3:0] pins synchronous to
P5_OUT_CLK. These pins are outputs regardless of the
port’s mode (i.e., PHY or MAC mode). Only P5_OUTDO con-
tains meaningful data when SNI mode is selected.
P5_OUTD[1:0] are used when RMII mode’ is selected.

During reset, these internally pulled high pins are tri-stated
and used to latch in the required operating mode for the port
(see section.3.2.5).

81

P5_OUTDV

Output

Output Data Valid. When P5_OUTDV is asserted high, data
transmitted from the switch on P5_OUTD[3:0] is valid.
P5_OUTDV is synchronous with P5_OUTCLK in MIl mode.
When RMII mode is selected, P5_OUTDV can be synchro-
nous to either P5_INCLK or P5_OUTCLK.

P5_OUTDV is tri-stated during reset and it is internally pulled
high.

72

P5_CRS

/10

Carrier Sense. After reset, P5_CRS becomes an output if
PHY Mode is selected for this port. It remains an input if MAC
Mode is selected. P5_CRS asserts (or is expected to be
asserted) when the receive data path is non-idle. In half-
duplex mode P5_CRS is also asserted (or is expected to be
asserted) during transmission. P5_CRS is asynchronous to
P5_OUTCLK and P5_INCLK.

P5_CRS is tri-stated during reset and it is internally pulled
low so the pin can be left unconnected if not used.

1. P5_OUTDI[1:0] can be synchronous to either P5_OUTCLK or P5_INCLK, which are phase shifted to each other.
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Signal Description
Pin Description

Table 10: Port 5’s Output Mll—If ENABLE_MII5 = High (Continued)

128-PQFP Pin Type Pin Name | Description
Package
Pin #
73 P5_COL 110 Collision. After reset, P5_COL becomes an output if PHY
Mode is selected for this port. It remains an input if MAC
Mode is selected. In PHY Mode, P5_COL asserts when both
the transmit and receive paths are non-idle in both half and
full-duplex modes. In half-duplex, MAC mode P5_COL is
expected to be asserted when both the transmit and receive
paths are non-idle. In full-duplex MAC mode, P5_COL is
ignored. P5_COL is asynchronous with P5_OUTCLK and
P5_INCLK.
P5_COL is tri-stated during reset and it is internally pulled
low.
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Table 11:  Port 4’s Enable

128-PQFP Pin Name Pin Type Description
Package
Pin #

89 DISABLE_MiII4 Input Disable MIl Port 4. This pin is used to disable Port 4’s Ml
Interface drivers. A high disables Port 4’s Ml interface driv-
ers’s Mll interface (i.e., the drivers are tri-stated) and enables
Port 4’s PHY interface (its MDI pins). A low enables Port 4’s
MII Interface and its drivers and disables Port 4’s PHY inter-
face.

DISABLE_MII4 is internally pulled high via a resistor.

Table 12:  Port 4’s Input Mil—If DISABLE_MII4 = Low

128-PQFP Pin Name Pin Type Description
Package
Pin #

102 P4_INCLK 110 Input Clock. P4_INCLK is a reference for P4_INDV and
P4_INDI[3:0]. The direction and speed of P4_INCLK is deter-
mined by P4_MODE[3:0] at the end of reset.

If the port is in PHY Mode, P4_INCLK is an output. In this mode
the frequency of the clock will be 25 MHz if the port is in
100BASE-X mode, and 2.5 MHz if the port is in T0BASE-T
mode and 50 MHz for RMIl mode.

If the port is in MAC Mode, P4_INCLK is an input. In this mode
the frequency of the clock can be anywhere from DC to 25 MHz
although it should be 25 MHz for 100BASE-X mode and 2.5
MHz for 10BASE-T mode.

P4 _INCLK is tri-stated during reset and it is internally pulled
high.

112 P4_INDI[3:0] Input Input Data. P4_IND[3:0] receives a data nibble to be transmitted

114 into the switch in 100BASE-X and 10BASE-T modes.

116 P4 _INDI[3:0] is synchronous with P4_INCLK. These pins are

117 inputs regardless of the port's mode (i.e., PHY or MAC mode).
Only P4_INDO is used when SNI mode is selected.
P4_IND[1:0] are used when RMIl mode is selected”.

P4 _INDI3:0] are internally pulled high via resistor.

118 P4_INDV Input Input Data Valid. When P4_INDV is asserted high, data on
P4_INDJ[3:0] is accepted into the switch. P4_INDV must be syn-
chronous to P4_INCLK for SNI and MIl operation. It must be
synchronous to P4_OUTCLK or P4_INCLK in RMII operation.

P4_INDV is internally pulled low via resistor.

1. When RMII mode is selected, P4_IND[1:0] are synchronous to P4_OUTCLK or P4_INCLK, which are phase shifted to each other.
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Signal Description
Pin Description

Table 13:  Port 4’s Output Mll—If DISABLE_MII4 = Low

128-PQFP Pin Name Pin Type Description

Package

Pin #

99 P4 _OUTCLK 110 Output Clock. P4_OUTCLK is a reference for P4_OUTDV

and P4_OUTDI3:0]. The direction and speed of P4_OUTCLK
is determined by P4_MODE[3:0] at the end of reset.

If the port is in PHY Mode, P4_OUTCLK is an output. In this
mode the frequency of the clock will be 25 MHz if the port is
in 100BASE-X mode, and 2.5 MHz if the port is in 10BASE-T
mode and 50 MHz for RMII mode.

If the port is in MAC Mode, P4_OUTCLK is an input. In this
mode the frequency of the clock can be anywhere from DC to
25MHz although it should be 25 MHz for 100BASE-X mode
and 2.5 MHz for 10BASE-T mode.

P4_OUTCLK is tri-stated during reset and it is internally

pulled high.
95 P4_OUTD[3:0] Normally Output Data. Data transmitted from the switch is decoded
96 /P4_MODE[3:0] @ Output and presented on P4_OUTD[3:0] pins synchronous to
97 P4_OUT_CLK. These pins are outputs regardless of the
98 Input only port’'s mode (i.e., PHY or MAC mode). Only P4_OUTDO con-
when tains data when SNI mode is selected. P4_OUTDI[1:0] are
RESETn is used when RMII mode' is selected.

low
During reset these internally pulled high pins are tri-stated
and used to latch in the desired operating mode for the port
(see section 3.2.5).

100 P4_OUTDV Output Output Data Valid. When P4_OUTDV is asserted high, data
transmitted from the switch on P4_OUTD[3:0] is valid.
P4_OUTDV is synchronous with P4_OUTCLK in MIl Mode.
When RMII mode is selected, P4_OUTDV can be synchro-
nous to either P5_INCLK or P4_OUTCLK.

P4_OUTDV is tri-stated during reset and it is internally pulled
high.

91 P4_CRS 110 Carrier Sense. After reset, P4_CRS becomes an output if
PHY Mode is selected for this port. It remains an input if MAC
Mode is selected. P4_CRS asserts (or is expected to be
asserted) when the receive data path is non-idle. In half-
duplex mode P4_CRS is also asserted (or is expected to be
asserted) during transmission. P4_CRS is asynchronous to
P4_OUTCLK and P4_INCLK.

P4_CRS is tri-stated during reset and it is internally pulled
low.

1. P4_OUTDI1:0] can be synchronous to either P4_OUTCLK or P4_INCLK, which are phase shifted to each other.
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Table 13: Port 4’s Output MIl—If DISABLE_MII4 = Low (Continued)

128-PQFP Pin Name Pin Type Description
Package
Pin #
94 P4_COL I/0 Collision. After reset, P4_COL becomes an output if PHY
Mode is selected for this port. It remains an input if MAC
Mode is selected. In PHY Mode, P4_COL asserts when both
the transmit and receive paths are non-idle in both half and
full-duplex modes. In half-duplex, MAC mode P4_COL is
expected to be asserted when both the transmit and receive
paths are non-idle. In full-duplex MAC mode, P4 _COL is
ignored. P4_COL is asynchronous to P4_OUTCLK and
P4_INCLK.
P4_COL is tri-stated during reset and it is internally pulled
low.
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Signal Description
Pin Description

Table 14: Switch Configuration Interface

128-PQFP Pin Name Pin Type Description

Package

Pin #

34 SW_MODE[1:0] Input Switch Mode. These pins are used to configure the 88E6060
33 after reset. Switch Mode pins work as follows:

1 0 Description
0 0 CPU attached mode — ports come up disabled’

0 1 Reserved

1 0 Stand alone mode - ignore EEPROM

1 1 EEPROM attached mode?

The EEPROM attached mode (when both SW_MODE pins =
high) can be used with a CPU. In all but the standalone
modes, the INTn pin asserts active low after the EEPROM
completes initializing the internal registers (i.e. a halt com-
mand has been executed)?’.

SW_MODE([1:0] are not latched on the rising edge of Reset
and they must remain static for proper device operation. They
are internally pulled high via resistors.

64 FD_FLOW_DIS Input Full-duplex Flow Control disable.

High = disable flow control on all full-duplex ports

Low = enable IEEE 802.3x Pause based flow control on all
supported full-duplex ports

Full-duplex flow control requires support from the end station.
Full-duplex flow control is supported on any full-duplex port
that has Auto-Negotiation enabled, advertises that it supports
Pause (i.e., FD_FLOW_DIS = Low at reset), and sees that
the end station supports Pause as well (from data returned
during Auto-Negotiation). If any of these requirements are not
met the port does not generate Pause frames and it does not
pause when the port receives Pause frames.

FD_FLOW_DIS is latched on the rising edge of Reset into all
the port's PHY Auto-Negotiation Advertisement registers. It is
internally pulled high via a resistor.

The EE_DIN/HD_FLOW_DIS multi-function pin is used to
select Flow control on half-duplex ports (see Table 7)

1. The ports come up in the Disabled Port State in the CPU mode so the CPU can perform bridge loop detection on link up and/or per-
form switch initialization/configuration prior to letting packets flow.

2. In EEPROM attached mode the ports come up in the Forwarding Port State unless the Port Control register is overwritten by the
EEPROM data.

3. The INTn pin is activated so the CPU can access the registers using the MDC/MDIO pins. The CPU cannot access these registers as
long as the EEPROM is still being executed.
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Table 15: Port Status LEDs

128-PQFP Pin Name @ Pin Type Description

Package

Pin #

39 P[4:0] LED2 | Output Parallel LED outputs — one for each port. This active low LED

43 pin directly drives an LED in Parallel LED mode. It can be con-

46 figured to display many options.

50

54 P[4:0]_LED2 are driven active low whenever RESETn is
asserted.

40 P[4:0]_LED1 | Output Parallel LED outputs — one for each port. This active low LED

44 pin directly drives an LED in Parallel LED mode. It can be con-

48 figured to display many options.

51

55 P[4:0]_LED1 are driven active low whenever RESETn is
asserted.

41 P[4:0] LEDO | Output Parallel LED outputs — one for each port. This active low LED

45 pin directly drives an LED in Parallel LED mode. It can be con-

49 figured to display many options.

53

56 P[4:0]_LEDO are driven active low whenever RESETn is
asserted.

36 LEDSER Output LEDSER outputs serial status bits that can be shifted into a shift
register to be displayed via LEDs. LEDSER is output synchro-
nously to LEDCLK.

38 LEDENA Output LEDENA asserts High whenever LEDSER has valid status that
is to be stored into the shift register. LEDENA is output synchro-
nously to LEDCLK.

37 LEDCLK Output LEDCLK is the reference clock for the serial LED signals.
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Pin Description

Table 16: Power and Ground

128-PQFP Pin Name  Pin Type Description
Package
Pin #

47 VDDO Power Power to P4 and P5 Mlls, LED, EEPROM, and /O drivers.
78 VDDO must be connected to 3.3V.

107

123

3 VDDAH Power 2.5 volt analog power to PHYs
14
26

6 VDDAL Power 1.5 volt power to analog core
1
17
23
29

35 VDD Power 1.5 volt power to digital core
57

65

90

101

113

1 VSS Ground Ground to device
20
32
42
52
59
67
80
92
103
109
115
128

62 NC - No Connect. These pins must be left unconnected.
88

119

120

121
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1.3 128-Pin LQFP Pin Assignment List—by Signal Name

Table 17: Package Pin List—Alphabetical by Signal Name
Pin Pin Name Pin Pin Name
Number Number
68 CLK_SEL 108 P1_CONFIG
106 CONFIG_A 53 P1_LEDO
93 CONFIG_B 51 P1_LED1
124 CONTROL_15 50 P1_LED2
2 CONTROL_25 12 P1_RXN
89 DISABLE_MIl4 13 P1_RXP
60 EE_CLK/ADDR4 127 P1_SDET
61 EE_CS/EE_1K 9 P1_TXN
69 EE_DIN/HD_FLOW_DIS 10 P1_TXP
58 EE_DOUT 49 P2_LEDO
66 ENABLE_MII5 48 P2_LED1
64 FD_FLOW_DIS 46 P2_LED2
63 INTn 16 P2_RXN
37 LEDCLK 15 P2_RXP
38 LEDENA 19 P2_TXN
36 LEDSER 18 P2_TXP
70 MDC 45 P3_LEDO
71 MDIO 44 P3_LED1
62 NC 43 P3_LED2
88 NC 24 P3 _RXN
119 NC 25 P3_RXP
120 NC 21 P3_TXN
121 NC 22 P3_TXP
1M1 P0O_CONFIG 41 P4 LEDO
56 PO_LEDO 40 P4_LED1
55 PO_LED1 39 P4 LED2
54 PO_ LED2 28 P4_RXN
5 PO_RXN 27 P4 RXP
4 PO_RXP 31 P4 TXN
122 PO_SDET 30 P4_TXP
8 PO_TXN 73 P5_COL
7 PO_TXP 72 P5_CRS
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Signal Description

128-Pin LQFP Pin Assignment List—by Signal Name

Pin Pin Name Pin Pin Name
Number Number

82 P5_INCLK 101 VDD
86 P5_INDO 113 VDD

85 P5_IND1 3 VDDAH
84 P5_IND2 14 VDDAH
83 P5_IND3 26 VDDAH
87 P5_INDV 6 VDDAL
79 P5_OUTCLK 11 VDDAL
77 P5_OUTDO/P5_MODEO 17 VDDAL
76 P5_OUTD1/P5_MODE1 23 VDDAL
75 P5_OUTD2/P5_MODE2 29 VDDAL
74 P5_OUTD3/P5_MODE3 47 VDDO
81 P5_OUTDV 78 VDDO
94 P4_COL 107 VDDO
91 P4_CRS 123 VDDO
102 P4_INCLK 1 VSS
117 P4_INDO 20 VSS
116 P4_IND1 32 VSS
114 P4_IND2 42 VSS
112 P4_IND3 52 VSS
118 P4_INDV 59 VSS

99 P4_OUTCLK 67 VSS

98 P4_OUTDO0/P4_MODEO 80 VSS

97 P4_OUTD1/P4_MODE1 92 VSS

96 P4 _OUTD2/P4_MODE2 103 VSS

95 P4_OUTD3/P4_MODE3 115 VSS
100 P4_OUTDV 109 VSS
110 RESETn 128 VSS
125 RSETN 104 XTAL_IN
126 RSETP 105 XTAL_OUT
33 SW_MODEO

34 SW_MODE1

35 VDD

57 VDD

65 VDD

90 VDD
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Section 2. Application Examples

The Marvell® 88E6060 device supports many different applications with few additional active components in a
small footprint. The 88E6060 contains six ports with five PHYs. This architecture allows all five PHYs to be active
and available while at the same time supporting one independent Mll interface.

The higher integration, low power, and an extra port saves BOM costs on designs requiring six ports or two MIl
interfaces. The flexibility of the 88E6060 device comes from its configuration options on Port 0 and Port 1, and its
configuration options on its two Ml ports (Port 5’s Ml interface is always on, while Port 4 can be an Ml or a PHY).
The device also supports an optional EEPROM (93C46 type) to override any of the default settings.

The only active components required to implement a complete 88E6060 10/100 Ethernet switch are:

* 25 MHz crystal clock source or a 25 or 50 MHz oscillator
* Low-cost PNP transistor used to regulate 2.5V down from 3.3V
*  Low-cost PNP transistor used to regulate 1.5V down from 3.3V

The 88E6060 is a full system on a chip containing the PHYs, LED drivers, voltage regulator logic, switch logic, and
memory. In addition, it is pin compatible with the Marvell® 88E6063 QoS switch.

2.1 Examples with the 88E6060

The 88E6060 has multiple configuration options selectable through four pins: P[1:0]_CONFIG, ENABLE_MII5, and
DISABLE_MII4. Table 1 shows Port 0 and Port 1 Copper or Fiber configuration settings, and Port 5 and Port 4
configuration settings. Ports 2, 3, and 4’s default configuration is Auto-Negotiation enabled.

Table 18: 88E6060 Port Configuration

PO_CONFIG P1_CONFIG ENABLE_MIIS [DISABLE_MII4 |Port Mode
Low X X X Port 0 = Copper Auto-Negotiation
High X X X Port 0 = Fiber Mode
X Low X X Port 1 = Copper Auto-Negotiation
X High X X Port 1 = Fiber Mode
X X Low X Port 5 = Disabled
X X High X Port 5 = RMII/MII/SNI Mode
X X X Low Port 4 = RMII/MII/SNI Mode
X X X High Port 4 = Copper Auto-Negotiation
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Application Examples
Examples with the 88E6060

Each of the following modes are described in detail below:

*  Firewall Router Switch w/four 10/100BASE-T LAN ports & one 10/100BASE-T WAN port
*  Firewall Router Switch supporting a Fiber WAN port (using port 0 or port 1)
*  Firewall Router Switch with four 10/100BASE-T LAN ports & an MIl port for a WAN PHY (using port 4)

For the firewall router examples, Port 5 is configured in PHY Mode, and Ports 0 to 4 support 100BASE-TX and/or
10BASE-T operation. Port 0 could be 100BASE-FX if desired as a fiber interface from the WAN (see Figure 3).
The CPU’s SMI is used to access all the PHY and Switch registers inside the 88E6060.

In Figure 2, Port 0 is used as a WAN interface in the LAN. To make this work, the WAN port needs to be isolated
from the LAN ports, and vice versa. LAN frames cannot go directly to the WAN, and WAN frames cannot go
directly to the LAN. The CPU’s port needs to be the bridge by transmitting, receiving, and translating frames from
both the WAN and to and from the LAN. The 88E6060 supports port based VLANs in any programmable configu-
ration that support this requirement and a Marvell header mode supports dynamic VLANs on the CPU’s port.

Bringing the 802.3 WAN PHY into the 88E6060’s Port 0 not only reduces BOM costs, but it also adds the feature
of a 10/100 Mbps interface with Auto Crossover cable support (supported on all copper ports).

Figure 2: 88E6060 Firewall Router Example
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Figure 3: Firewall Router Switch supporting a Fiber WAN port
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Figure 4: Firewall Router Switch with LAN Ports and WAN PHY
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2.2 Routing with the Marvell® Header

The detailed information regarding this feature requires an NDA with Marvell Semiconductor. Please contact your
local Marvell Sales Representative for more information.
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Section 3. Functional Description

This section describes the wire-speed, non-blocking 6-port 10/100-Mbps Fast Ethernet switch core that is inte-
grated into the 88E6060 device. The six ports include PHY, RMII/MII/SNI, and internal Ml ports, as described
below.

3.1 Switch Data Flow

The 88E6060 device accepts IEEE 802.3 frames and either discards them or transmits them out of one or more of
the switchports. The decision on what to do with each frame is one of the many jobs handled inside the switch.
Figure 5 shows the data path inside the switch along with the major functional blocks that process the frame as it
travels through the 88E6060 device.

Figure 5: 88E6060 Device Switch Data Flow
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Port 0=+  PHY 1™ “wac™ [ Poiicy |" +| Queue |—’| MAC H PHY |—> Port 0
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The PHY, or physical layer interface, is used to receive and transmit frames over CAT 5 twisted pair cable or fiber-
optic cables (only Port 0 and Port 1 support a fiber option). The 88E6060 device contains five PHYs connected to
Port 0 to Port 4. The PHY block is covered in detail in Section 4.

Port 5 does not contain PHYs. Instead, a short distance industry standard digital interface is supported and gener-
ically called the port's Media Independent Interface (Ml see “MII/SNI/RMII” on page 41). Many interface modes
and timings are supported so that a large number of external device types can be used.

The two Mlls (Port 4 can be MIl or PHY) on the 88E6060 support four major modes of operation and each Media
Independent Interface (MIl) can be configured independently.

The 88E6060 contains six independent MACs (Section 3.3) that perform all of the functions in the 802.3 protocol:
*  Frame formatting
* CRC checking

* CSMA/CD enforcement
¢ Collision handling
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The switch portion of the 88E6060 receives good packets from the MACs, processes them, and forwards them to
the appropriate MACs for transmission. Processing frames is the key activity, and it involves the Ingress Policy,
the Queue Controller, the Output Queues, and the Egress Policy blocks shown in Figure 6. The Egress Policy
block is only applicable to the Ml ports (Port 4 and Port 5). These blocks modify the normal or default packet flow
through the switch and are discussed in section 3.5 to section 3.7.

Figure 6: Switch Operation
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Doc. No. MV-S100952-U0, Rev. -- Copyright © 2008 Marvell

Page 40 Document Classification: Proprietary Information January 3, 2008, Preliminary



Functional Description
MII/SNI/RMII

3.2 MII/SNI/RMII

The Media Independent Interface (MIl) supports four major modes of operation:

* Ml PHY Mode (The 88E6060 device drives the interface clocks - see Section 3.2.1 for details.)
*  MIlI MAC Mode (The external device drives the interface clocks - see Section 3.2.2 for details.)

*  SNI PHY Mode
¢ RMII PHY Mode

The two MII ports can be configured differently from each other.

3.21  MIl PHY Mode

The MII PHY Mode (Reverse MIl) configures the selected MAC inside the 88E6060 device to emulate a PHY. This
enables the 88E6060 device to be directly connected to an external MAC (for example, one inside a Router CPU).
In this mode, the 88E6060 device drives the interface clocks (Px_INCLK and Px_OUTCLK); therefore, the
required frequency needs to be selected. Both full-duplex and half-duplex modes are supported and need to be
selected to match the mode of the link partner’'s MAC. The MIl PHY interface is compliant with the IEEE 802.3u

clause 22.

Figure 7: MIl PHY Interface Pins
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3.2.2 Mil MAC Mode

The MIl MAC Mode (Forward MII) configures the desired MAC inside the 88E6060 device to act as a MAC so that
it can be directly connected to an external PHY. In this mode, the 88E6060 device receives the interface clocks
(Px_INCLK and Px_OUTCLK) and works at any frequency from DC to 25 MHz. The two clocks can be asynchro-
nous with respect to each other. Both full-duplex and half-duplex modes are supported and need to be selected to
match the mode of the link partner’'s MAC. The MII MAC interface is compliant to the IEEE 802.3u clause 22.

Figure 8: MIl MAC Interface Pins
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3.2.3 SNI PHY Mode

The SNI PHY Mode (7-Wire interface) configures the selected MAC inside the 88E6060 device to act as a

10 Mbps PHY, enabling it to be directly connected to an external 10 Mbps-only MAC (such as one inside a Router
CPU). In this mode, only one data bit is used on each of input and output (Px_INDO and Px_OUTDO). The inter-
face clocks, Px_INCLK and Px_OUTCLK, are driven by the 88E6060 device. Since SNI was never standardized,
the 88E6060 device supports various SNI modes. The active edge of the clock (either rising or falling) and the
active level on the collision signal (either active high or low) can be selected.

In SNI mode, the output data from the switch is indicated to be valid by the CRS signal. CRS is not synchronous
with OUT_CLK, however. So the receiving MAC needs to detect the beginning of the frame by looking for the Pre-
amble and then the Start of Frame Delimiter (SFD). CRS will be deasserted asynchronously at the end of the
frame so the receiving MAC needs to tolerate the presence of these extra 'dribble’ bits

Figure 9: SNI PHY Interface Pins
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3.2.4 RMII PHY Mode

RMII PHY Mode (Reduced MII) configures the selected MAC inside the 88E6060 device to act as a 100 Mbps
PHY with a Reduced Media Independent Interface (RMII) enabling it to be directly connected to an external 100
Mbps RMII MAC (for example, one inside an ASIC or FPGA). In this mode, only two data bits are used on each of
input and output (Px_IND[1:0] and Px_OUTDI[1:0]). The interface clock (Px_INCLK) is driven by the 88E6060
device at the RMII constant frequency of 50 MHz.

Figure 10: RMII PHY Interface Pins using INCLK
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3.2.5 RMII/MII/SNI Configuration

MII/SNI/RMII interfaces in the 88E6060 device are configured at the rising edges of RESETn. During reset the
Px_OUTDI[3:0]/Px_MODE[3:0] pins become tri-stated, and the values found on these pins become the interface’s
mode as defined in Table 19.

Table 19: RMII/MII/SNI Configuration Options

Px_ PHY/ Duplex MII/SNI Description
MODE[3:0] MAC Mode
(at Reset) Mode
0000 PHY Half-Duplex . SNI 10 Mbps Rising edge clock with collision active low
0001 PHY Half-Duplex SNI 10 Mbps Rising edge clock with collision active high
0010 PHY Full-Duplex SNI 10 Mbps Rising edge clock (collision is don’t care)
0011 MAC Full-Duplex Reserved Reserved for future use
0100 PHY Half-Duplex SNI 10 Mbps Falling edge clock with collision active low
0101 PHY Half-Duplex SNI 10 Mbps Falling edge clock with collision active high
0110 PHY Full-Duplex SNI 10 Mbps Falling edge clock (collision is don’t care)
0111 PHY Full-Duplex Reserved Reserved for future use.
1000 MAC Half-Duplex MIlI 0 -100 DC to 25 MHz MiIl input clock mode
Mbps
1001 PHY Half-Duplex RMII 100 50 MHz Reduced Ml output clock mode
Mbps
1010 MAC Full-Duplex MIl 0 -100 DC to 25 MHz Ml input clock mode
Mbps
1011 PHY Full-Duplex RMII 100 50 MHz Reduced Ml output clock mode
Mbps
1100 PHY Half-Duplex MIl 10 Mbps 2.5 MHz Ml output clock mode
1101 PHY Half-Duplex MIl 100 Mbps | 25 MHz MII output clock mode
1110 PHY Full-Duplex MIl 10 Mbps 2.5 MHz Ml output clock mode
1111 PHY Full-Duplex MIl 100 Mbps | 25 MHz MiII output clock mode

3.2.6 Enabling the RMII/MII/SNI Interfaces

Port 5 (the 6th port) is enabled when ENABLE_MII5 is tied high to VDDO. Port 4’s Mll is enabled when
DISABLE_MII4 is tied to VSS.

3.2.7 Port Status Registers

Each switch port of the 88E6060 device has a status register that reports information about that port's PHY or
RMII/MII/SNI interface. See Section 6.2.1 "Switch Core Register Map" for more information.
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3.3 Media Access Controllers (MAC)

The 88E6060 device contains six independent MACs that perform all of the functions in the 802.3 protocol that
include, among others, frame formatting, frame stripping, FCS checking, CSMA/CD enforcement, and collision
handling.

Each MAC receive block checks incoming packets and discards packets with CRC errors, alignment errors, short
packets (less than 64 bytes), or long packets (more than 1522 bytes)1. Each MAC constantly monitors its receive
lines waiting for preamble bytes followed by the Start of Frame Delimiter (SFD). The first six bytes after the SFD
are used as the packet’s Destination Address (DA), and the next six bytes are used as the packet’s Source
Address (SA). These two addresses are fundamental to the operation of the switch (see section 3.4). The last four
bytes of the packet contain the packet's Frame Check Sequence (FCS). The packet is discarded if the FCS does
not meet the IEEE 802.3 CRC-32 requirements.

Before a packet can be sent out, the transmit block must check whether the line is available for transmission. The
transmit line is available all the time when the port is in full-duplex mode, but the line could be busy receiving a
packet when the port is in half-duplex mode. In this case, the transmitter defers its transmission until the line
becomes available, when it ensures that a minimum interpacket gap of at least 96 bits occurs before transmitting
a 56-bit preamble and an 8-bit Start of Frame Delimiter (SFD) ahead of the basic frame. Transmission of the frame
begins immediately after the SFD.

For the half-duplex mode, the 88E6060 device also monitors the collision signal while it is transmitting. When a
collision is detected (i.e., both transmitter and receiver of a half-duplex MAC are active at the same time), the MAC
transmits a JAM pattern and then delays the retransmission for a random time period determined by the IEEE
802.3 backoff algorithm. In full-duplex mode, the collision signal and backoff algorithm are ignored.

3.3.1 Backoff

In half-duplex mode, the 88E6060 device’s MACs implement the truncated binary exponential backoff algorithm
defined in the IEEE 802.3 standard. This algorithm starts with a randomly-selected small backoff time and follows
by generating progressively longer random backoff times. The random times prevent two or more MACs from
always attempting re-transmission at the same time. The progressively longer backoff times give a wider random
range at the expense of a longer delay, giving congested links a better chance of finding a winning transmitter.
Each MAC in the 88E6060 device resets the progressively longer backoff time circuit after 16 consecutive
retransmit trials. Each MAC then restarts the backoff algorithm with the shortest random backoff time and
continues to retry and retransmit the frame. A packet that successively collides with a retransmit signal is re-
transmitted until transmission is successful. This algorithm prevents packet loss in highly-congested
environments. The MACs in the switch can be configured to meet the IEEE 802.3 specification and discard a
frame after 16 consecutive collisions instead of restarting the backoff algorithm. To discard a frame after 16
consecutive collisions, set the DiscardExcessive bit to a one in the Global Control register—see Table 53.

3.3.2 Half-Duplex Flow Control

Half-duplex flow control is used to throttle the end station to avoid dropping packets during network congestion. It
is enabled on all half-duplex ports when the EE_DIN/HD_FLOW_DIS pin is low at the rising edge of RESETn. The
88E6060 device uses a collision-based scheme to perform half-duplex flow control. When the free buffer space is
almost exhausted, the MAC forces a collision in the input port when the 88E6060 device senses an incoming
packet. Only those ports that are involved in the congestion are flow controlled. When the half-duplex flow control
mode is not set and no packet buffer space is available, the incoming packet is discarded.

1. A maximum frame size of 1536 bytes is supported by setting the MaxFrameSize bit in the Global Control register
(section 6.2.3).
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3.3.3 Full-Duplex Flow Control

The purpose of full-duplex flow control is the same as that of flow control in the half-duplex case—to avoid drop-
ping packets during congestion. Full-duplex flow control is enabled on all full-duplex ports when:

* FD_FLOW_DIS pin is low at the rising edge of RESETn, and
*  Auto-Negotiation is enabled on the port (see section 4.2.13), and
* The link partner ‘advertises’ that it supports pause during Auto-Negotiation1

Full-duplex flow control is not automatically supported on Ports 0—1 when configured for 100BASE-FX operation,

nor for Port 5 and Port 4 when it is in MIl mode. This is because Auto-Negotiation is not defined f