MICROCHIP

KSZ8775CLX

Integrated 5-Port 10/100 Managed Ethernet
Switch with Port 4 RMII and Port 5 RGMII/MII/
RMII Interfaces

Features

* Management Capabilities

- The KSz8775CLX includes all the functions
of a 10/100BASE-T/TX switch system, which
combines a switch engine, frame buffer
management, address look-up table, queue
management, MIB counters, media access
controllers (MAC), and PHY transceivers

- Non-blocking store-and-forward switch fabric
assures fast packet delivery by utilizing a
1024-entry forwarding table

- Port mirroring/monitoring/sniffing: ingress
and/or egress traffic to any port

- MIB counters for fully compliant statistics
gathering - 36 counters per port

- Hardware support for port-based flush and
freeze command in MIB counter.

- Multiple loopback of remote, PHY, and MAC
modes support for the diagnostics

- Rapid spanning tree support (RSTP) for
topology management and ring/linear
recovery

* Robust PHY Ports

- Fourintegrated IEEE 802.3/802.3u-compliant
Ethernet transceivers supporting 10Base-T
and 100BASE-TX

- 802.1az EEE supported

- On-chip termination resistors and internal
biasing for differential pairs to reduce power

- HP Auto MDI/MDI-X™ crossover support
eliminates the need to differentiate between
straight or crossover cables in applications

* MAC and GMAC Ports

- Four internal media access control (MAC1 to
MAC4) units and one internal Gigabit media
access control (GMACS5) unit

- RGMII, MIl, or RMIl interfaces support for the
Port 5 GMACS5 with uplink and RMII interface
for Port 4 MAC4

- 2 kb jumbo packet support

- Tail tagging mode (one byte added before
FCS) support on Port 5 to inform the
processor which ingress port receives the
packet and its priority

- Supports reduced media independent inter-
face (RMII) with 50 MHz reference clock out-
put

- Supports media independent interface (MIl)
in either PHY mode or MAC mode on Port 5

- LinkMD® cable diagnostic capabilities for
determining cable opens, shorts, and length

Advanced Switch Capabilities

- Non-blocking store-and-forward switch fabric
assures fast packet delivery by utilizing a
1024-entry forwarding table

- 64kb frame buffer RAM

- |IEEE 802.1q VLAN support for up to 128
active VLAN groups (full-range 4096 of VLAN
IDs)

- |IEEE 802.1p/q tag insertion or removal on a
per port basis (egress)
- VLAN ID tag/untag options on per port basis

- Fully compliant with IEEE 802.3/802.3u stan-
dards

- |[EEE 802.3x full-duplex with force mode
option and half-duplex back-pressure colli-
sion flow control

- |IEEE 802.1w rapid spanning tree protocol
support

- IGMP v1/v2/v3 snooping for multicast packet
filtering

- QoS/CoS packets prioritization support:
802.1p, DiffServ-based and re-mapping of
802.1p priority field per port basis on four
priority levels

- IPv4/IPv6 QoS support

- IPv6 multicast listener discovery (MLD)
snooping

- Programmable rate limiting at the ingress and
egress ports on a per port basis

- Jitter-free per-packet-based rate limiting
support

- Tail tagging mode (one byte added before
FCS) support on Port 5 to inform the proces-
sor which ingress port receives the packet
and its priority

- Broadcast storm protection with percentage
control (global and per port basis)
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- 1 kb entry forwarding table with 64 kb frame
buffer
- Four priority queues with dynamic packet
mapping for IEEE 802.1p, IPv4 ToS (DIFF-
SERYV), IPv6 traffic class, etc.
- Supports Wake-on-LAN (WoL) using AMD’s
Magic Packet™
- VLAN and address filtering
- Supports 802.1x port-based security, authen-
tication, and MAC-based authentication via
access control lists (ACL)
- Provides port-based and rule-based ACLs to
support Layer 2 MAC SA/DA address, Layer
3 IP address and IP mask, Layer 4 TCP/UDP
port number, IP protocol, TCP flag, and com-
pensation for the port security filtering
- Ingress and egress rate limit based on bit per
second (bps) and packet-based rate limiting
(pps)
» Configuration Registers Access
- High speed (4-wire, up to 50 MHz) interface
(SPI) to access all internal registers
- MIl management interface (MIIM, MDC/
MDIO 2-wire) to access all PHY registers per
clause 22.2.4.5 of the IEEE 802.3 specifica-
tion
- 1/0 pin strapping facility to set certain register
bits from 1/O pins during reset time
- Control registers configurable on-the-fly
* Power and Power Management
- Full-chip software power down (all registers
value are not saved and strap-in value will re-
strap after release of the power down)
- Per-port software power down
- Energy detect power down (EDPD), which
disables the PHY transceiver when cables
are removed
- Supports IEEE P802.3az Energy Efficient
Ethernet to reduce power consumption in
transceivers in LPI state even though cables
are not removed
- Dynamic clock tree control to reduce clocking
in areas not in use
- Low power consumption without extra power
consumption on transformers
- Voltages: Using external LDO power sup-
plies.
- Analog VDDAT 3.3V
- VDDIO support
- s3.3V,2.5V, and 1.8V
- Low 1.2V voltage for analog and digital core
power
- Wake-on-LAN support with configurable
packet control
« Additional Features

- Single 25 MHz +50 ppm reference clock
requirement

Comprehensive programmable two LED indicator
support for link, activity, full/half-duplex, and 10/
100 speed

Packaging and Environmental

- Commercial temperature range: 0°C to
+70°C

Industrial temperature range: —40°C to +85°C

- Package available in an 80-pin lead free
(RoHS) LQFP form factor

- Supports HBM ESD rating of 5 kV

- 0.065 ym CMOS technology for lower power
consumption

Applications

- Set-Top Boxes

- Networked Printers and Servers
- Test Instrumentation

- LAN on Motherboard

- Embedded Telecom Applications
- Video Record/Playback Systems
- Cable Modems/Routers

- DSL Modems/Routers

- Digital Video Recorders

- IP and Video Phones

- Wireless Access Points

- Digital Televisions

- Digital Media Adapters/Servers
- Gaming Consoles

© 2015 Microchip Technology Inc.
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for cur-
rent devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the
revision of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include -literature number) you are
using.

Customer Notification System
Register on our web site at www.microchip.com to receive the most current information on all of our products.
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1.0 INTRODUCTION

1.1 General Description

The KSZ8775CLX is a highly integrated, Layer 2-managed, five-port switch with numerous features designed to reduce
system cost. It is intended for cost-sensitive applications requiring three 10/100 Mbps copper ports, one RMII on Port
4, and one 10/100/1000Mbps Gigabit uplink port on Port 5. The KSZ8775CLX incorporates a small package outline, the
lowest power consumption with internal biasing, and on-chip termination. Its extensive set of features include enhanced
power management, programmable rate limiting and priority ratio, tagged and port-based VLAN, port-based security
and ACL rule-based packet filtering technology, QoS priority with four queues, management interfaces, enhanced MIB
counters, high-performance memory bandwidth, and a shared memory-based switch fabric with non-blocking support.
The KSZ8775CLX provides support for multiple CPU data interfaces to effectively address both current and emerging
fast Ethernet and Gigabit Ethernet applications where the Port 5 GMAC can be configured to any of the RGMII, Mll, and
RMII modes.

The KSZ8775CLX product is built upon industry-leading analog and digital technology, with features designed to offload
host processing and streamline the overall design.

* Three integrated 10/100BASE-T/TX MAC/PHYs

* One integrated 10/100BASE-T/TX MAC with RMII interface

* One integrated 10/100/1000Base-T/TX GMAC with selectable RGMII, Mll, and RMII interfaces

» Small 80-pin LQFP package

A robust assortment of power management features including Energy Efficient Ethernet (EEE), power management
event (PME), and Wake-on-LAN (WoL) have been designed in to satisfy energy efficient environments.

All registers in the MAC/PHY units can be managed through the SPI interface. MIIM PHY registers can be accessed
through the MDC/MDIO interface.

FIGURE 1-1: BLOCK DIAGRAM
KSZ8775
107700
Auto MDIIMDIX &=  TTX k- 10/100 | il Look Up
EEE PHY1 MAC 1 3 Engine
107700 o |
10/100 =
TTX K o
Auto MDI/MDIX €7 Cer P2 MAGC 2 g Queue
g) Mgmnt
10/100 S
atoMDiMDIX b3 x| 107100 g |
EEE PHY3 MAC 3 -
< Buffer
Mgmnt
SW4-RMIl ¢ s 10/100 Z =
MAC 4 \
MDC, MDI/O for MIIM € ——— . Frame
3 | ¢ 3 ) Buffer
SW5-RGMIIMII/RMI GMAC 5 8
[ SVAV D | 5
Control Reg SPI I/F € 3 SPI - MIB
T 3 Counters
LEDO [3:1] <> LED /F Control <
LED1 [3:1] <> Registers

© 2015 Microchip Technology Inc. DS00002129C-page 5



KSZ8775CLX

2.0 PIN DESCRIPTION AND CONFIGURATION
FIGURE 2-1: 80-QFN PIN ASSIGNMENT (TOP VIEW)
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TABLE 2-1: SIGNALS
Num Pins Pin Name Type Port Pin Description
1 NC NC No connect
2 NC NC No connect
3 VDD12A P 1.2V core power
4 VDDAT P 3.3V or 2.5V analog power
5 GNDA GND Analog ground

DS00002129C-page 6
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TABLE 2-1: SIGNALS (CONTINUED)
Num Pins Pin Name Type Port Pin Description
6 RXP1 | 1 Port 1 physical receive signal + (differential).
7 RXMA1 I 1 Port 1 physical receive signal - (differential).
8 TXP1 0] 1 Port 1 physical transmit signal + (differential).
9 TXM1 (0] 1 Port 1 physical transmit signal - (differential).
10 RXP2 | 2 Port 2 physical receive signal + (differential).
11 RXM2 | 2 Port 2 physical receive signal - (differential).
12 TXP2 0 2 Port 2 physical transmit signal + (differential)
13 TXM2 0] 2 Port 2 physical transmit signal - (differential).
14 VDDAT P 3.3V or 2.5V analog power
15 RXP3 | 3 Port 3 physical receive signal + (differential).
16 RXM3 | 3 Port 3 physical receive signal - (differential).
17 TXP3 3 Port 3 physical transmit signal + (differential).
18 TXM3 3 Port 3 physical transmit signal — (differential).
19 NC NC No connect
20 NC NC No connect
21 GNDA GND Analog ground
Interrupt. Active low.
22 INTR N OPU This Pln is an open-drain output pin.
- Note: an external pull-up resistor is needed on
this pin when it is in use.
23 NC NC No connect
24 TXD4_1 IPD 4 RMII: Port 4 RMII transmit bit [1].
Port 3 LED Indicator 1.
See global Register 11 bits [5:4] for details.
Strap option: Switch Port 5 GMACS interface
mode select by
25 LED3_1 IPU/O 3 LED3[1:0]
00 = MII for SW5-MII
01 = RMII for SW5-RMII
10 = Reserved
11 = RGMII for SW5-RGMII (default)
26 TXD4_0 IPD 4 RMII: Port 4 RMII transmit bit [0]
Port 3 LED Indicator 0.
27 LED3_0 IPU/O 3 See global Register 11 bits [5:4] for details.
Strap option: see LED3_1
28 VDD12D P 1.2V core power.
29 GNDD GND Digital ground.

© 2015 Microchip Technology Inc.
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TABLE 2-1: SIGNALS (CONTINUED)
Num Pins Pin Name Type Port Pin Description

Port 4 Switch MAC4 SWA4-RMII Reference

30 TXC4/REF- e 4 Clock Input

CLKI4 RMII: Input for receiving 50 MHz clock in normal

mode.
Port 4 Switch MAC4 SW4-RMII reference clock
out:

31 RXC4 Vo 4 RMII: Output 50 MHz reference clock for the
receiving/transmit in the clock mode.

32 TXENS/ IPD 5 MII/RMII: Port 5 switch transmit enable.

TXD5 CTL RGMII: Transmit data control.

33 TXD5 0 IPD 5 RGMII/MII/RMII: Port 5 switch transmit bit [0].
RGMII/MII/RMII:

34 TXDS_1 IPD 5 Port 5 switch transmit bit [1].

35 GNDD GND Digital ground.

36 VDDIO = 3.3V, 2.5V, or 1.8V digital Vpp for digital I/O cir-
cuitry.
RGMIUMIL:

37 TXD5 2 IPD 5 Port 5 switch transmit bit [2].

- RMIL:

No connection.
RGMII/MIL:

38 TXD5_3 IPD 5 Port 5 switch transmit bit [3].
RMIL:
No connection.
Mil:
Port 5 switch transmit error.

39 TXER5 IPD 5 RGMI/RMIL:
No connection.

40 NC NC No connect

41 GNDD GND Digital ground
RMIL:

42 RXD4_1 IPD/O 4 Port 4 SW4-RMlI receive bit [1]

DS00002129C-page 8
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TABLE 2-1:

SIGNALS (CONTINUED)

Num Pins

Pin Name

Type

Port

Pin Description

43

RXD4 0

Ipd/O

RMII:
Port 4 SW4-RMl! receive bit [0].

Strap Option: Clock or Normal Mode Select in
Port 4 RMII

PU = Clock mode in RMII, using 25MHz OSC
clock and provide 50 MHz RMII clock from pin
RXC4 (Default)

PD = Normal mode in RMII, the TXC4/REFCLKI4
pin on the Port 4 RMII will receive an external

50 MHz clock

Note: Port 4 also can use either an internal or
external clock in RMII mode based on this strap
pin or the setting of the Register 70 (0x46) bit [7].
An external pull-up/down resistor is requested for
the strap-in.

44

RXDV4/CRS-
DVv4

IPD/O

RMII:
CRSDV4 is for Port 4 RMII carrier sense/receive
data valid output.

45

NC

NC

No connect

46

vDD12D

1.2V core power

47

TXCS5/REF-
CLKI5/
GTXC5

I/0

Port 5 Switch GMACS5 Clock Pin:

MiIl: 2.5/25 MHz clock, PHY mode is output, MAC
mode is input.

RMII: Input for receiving 50 MHz in normal mode.
RGMII: Input 125 MHz clock with falling and rising
edge to latch data for the data transfer.

48

RXC5/
GRXC5

I/0

Port 5 Switch GMACS5 Clock Pin:

MIl: 2.5/25 MHz clock, PHY mode is output, MAC
mode is input.

RMII: Output 50 MHz reference clock for the
receiving/transmit in the clock mode.

RGMII: Output 125 MHz clock with falling and ris-
ing edge to latch data for the receiving.

49

RXD5_0

IPD/O

RGMI/MII/RMII:
Port 5 switch receive bit [0]

50

RXD5_1

IPD/O

RGMI/MII/RMII:
Port 5 switch receive bit [1]

51

GNDD

GND

Digital ground

52

VDDIO

3.3V, 2.5V, or 1.8V digital VDD for digital 1/O cir-
cuitry.

53

RXD5_2

IPD/O

RGMII/MII:

Port 5 switch receive bit [2]
RMIL:

No connection.

© 2015 Microchip Technology Inc.
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TABLE 2-1: SIGNALS (CONTINUED)

Num Pins Pin Name Type Port Pin Description
RGMII/MIL:
54 RXD5_3 IPD/O 5 I;c'\)/lrlt|5 switch receive bit [3]

No connection.

MII:

RXDVS5 is for Port 5 switch Ml receiving data
valid.

RXDV5/CRS- RMII:

55 DV5 IPD/O 5 CRSDV5 is for Port 5 RMII carrier sense/receive
/RXD5_CTL data valid output.

RGMII:

RXD5_CTL is for Port 5 RGMII receiving data
control.

Mil;

Port 5 switch receive error.
RGMII/RMII;

No connection.

56 RXERS IPD/O 5

Mil;

Port 5 switch MIl modes carrier sense.
RGMII/RMII:

No connection.

57 CRS5 IPD/O 5

Mil:

Port 5 Switch Ml collision detect.
RGMII/RMII;

No connection.

58 COL5 IPD/O 5

25 MHz clock output (Option)

Controlled by the strap pin LED2_0.

Default is enabled; it is better to disable it if not
using it.

59 REFCLKO IPU/O

Power Management Event

This output signal indicates that a wake-on-LAN
event has been detected as a result of a wake-up
60 PME_N I/0 frame detection. The KSZ8775CLX is requesting
the system to wake up from low power mode. Its
assertion polarity is programmable with the
default polarity set to active low.

61 GNDD GND Digital ground

RMII:

62 TXEN4 IPD 4 Port 4 switch SW4-RMII transmit enable.
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TABLE 2-1:

SIGNALS (CONTINUED)

Num Pins

Pin Name

Type

Port

Pin Description

63

LED2_1

IPU/O

Port 2 LED Indicator 1.

See global Register 11 bits [5:4] for details.
Strap option: Port 5 MIl and RMII modes select
When Port 5 is MIl mode:

PU = MAC mode.

PD = PHY mode.

When Port 5 is RMIl mode:

PU = Clock mode in RMII, using 25 MHz OSC
clock and provide 50 MHz RMII clock from pin
RXCS5.

PD = Normal mode in RMII, the TXC5/REFCLKI5
pin on the Port 5 RMII will receive an external
50 MHz clock

Note: Port 5 also can use either an internal or
external clock in RMII mode based on this strap
pin or the setting of the Register 86 (0x56) bit[7].

64

LED2_ 0

IPU/O

Port 2 LED Indicator 0.

See global Register 11 bits [5:4] for details.
Strap option: REFCLKO enable

PU = REFCLK_O (25 MHz) is enabled. (default)
PD = REFCLK_O is disabled

Note: It is better to disable this 25 MHz clock if
not providing an extra 25 MHz clock for system.

65

LED1_1

IPU/O

Port 1 LED Indicator 1.

See global Register 11 bits [5:4] for details.

Strap option: PLL clock source select

PU = Still use 25 MHz clock from XI/XO pins even
though it is in Port 5 RMIl normal mode.

PD = Use external clock from TXC5 in Port 5 RMII
normal mode.

Note: If received clock in Port 5 RMII normal
mode has too much clock jitter, you can still select
the 25 MHz crystal/oscillator as the switch’s clock
source.

66

LED1_0

IPU/O

Port 1 LED Indicator 0.

See global Register 11 bits [5:4] for details.
Strap option: Speed select in Port 5 RGMII

PU =1 Gbps in RGMII. (default)

PD = 10/100 Mbps in RGMII.

Note: Programmable through internal registers
also.

67

SPIQ

IPD/O

All

SPI Serial Data Output in SPI Slave Mode.
Strap option: Serial bus configuration

PD = SPI slave mode.

PU = MDC/MDIO mode.

Note: An external pull-up or pull-down resistor is
required.

68

SCL_MDC

IPU

All

Clock Input for SPI or MDC/MDIO Interface.
Input clock up to 50 MHz in SPI slave mode.
Input clock up to 25 MHz in MDC/MDIO for MIIM
access.

© 2015 Microchip Technology Inc.
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TABLE 2-1: SIGNALS (CONTINUED)

Num Pins Pin Name Type Port Pin Description

Data for SPI or MDC/MDIO Interface.
69 SDA_MDIO IPU/O All Serial data input in SPI slave mode.
MDC/MDIO interface data input/output.

SPI Interface Chip Select.

When SPIS_N is high, the KSZ8775CLX is dese-
70 SPIS_N IPU All lected and SPIQ is held in the high impedance
state. A high-to-low transition initiates the SPI
data transfer. This pin is active low.

3.3V, 2.5V, or 1.8V digital Vpp for digital I/O cir-

71 VDDIO P — :
cuitry.

72 GNDD GND — Digital ground.
Reset

73 RST N IPU . ThIS. active low S|.gn.al reset§ the harQware in the
device. See the timing requirements in the
Section 7.0, Timing Diagrams section.

74 VDD12D P — 1.2V core power

75 ATST NC — No connect. Factory test pin.

76 VDDAT P — 3.3V or 2.5V analog power.

Transmit Output Current Set

This pin configures the physical transmit output
77 ISET — current.

It should be connected to GND through a 12.4 kQ
1% resistor.

78 GNDA GND — Analog ground.

Crystal Clock Input/Oscillator Input

When using a 25 MHz crystal, this input is con-
nected to one end of the crystal circuit. When
79 XI | — using a 3.3V oscillator, this is the input from the
oscillator.

The crystal or oscillator should have a tolerance
of £50 ppm.

Crystal Clock Output
80 X0 (0] — When using a 25 MHz crystal, this output is con-
nected to one end of the crystal circuit.

DS00002129C-page 12 © 2015 Microchip Technology Inc.
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The KSZ8775CLX can function as a managed switch and utilizes strap-in pins to configure the device for different
modes. The strap-in option pins are configured by using external pull-up/down resistors to create a high or low state on
the pins which are sampled during the power down reset or warm reset. The functions are described in the table below.

TABLE 2-2: STRAP-IN OPTIONS
Pin
Number

Pin Name PU/PD Description

Clock or Normal Mode Select in Port 4 RMII

Strap Option:

PU = Clock mode in RMII, using 25 MHz OSC clock and provide 50 MHz
RMII clock from pin RXCA4.

43 RXD4 0 IPD/O PD = Normal mode in RMII, the TXC4/REFCLKI4 pin on the Port 5 RMII will
receive an external 50 MHz clock

Note: Port 4 also can use either an internal or external clock in RMIl mode
based on this strap pin or the setting of the Register 70 (0x46) bit[7]. An
external pull-up/down resistor is requested.

REFCLKO Enable

Strap Option:

PU = REFCLK_O (25 MHz) is enabled.
PD = REFCLK_O is disabled

Port 5 MIl and RMII Modes Select

Strap Option:

When Port 5 is MIl mode:

PU = MAC mode.

PD = PHY mode.

When Port 5 is RMII mode:

PU = Clock mode in RMII, using 25 MHz OSC clock and provide 50 MHz
RMII clock from pin RXCS5.

PD = Normal mode in RMII, the TXC5/REFCLKI5 pin on the Port 5 RMII will
receive an external 50 MHz clock

Note: Port 5 also can use either an internal or external clock in RMIl mode
based on this strap pin or the setting of the Register 86 (0x56) bit[7].
Switch Port 5 GMACS Interface Mode Select

Strap Option:

00 = MIl for SW5-MII

01 = RMII for SW5-RMII

10 = Reserved

11 = RGMII for SW5-RGMII (default)

Port 5 Gigabit Select

Strap Option:

66 LED1_0 IPU/O | PU =1 Gbps in RGMII (default).

PD = 10/100 Mbps in RGMII.

Note: Also programmable through internal register.

PLL Clock Source Select

Strap Option:

PU = Still uses 25 MHz clock from XI/XO pin even though it is in Port 5 RMII
65 LED1_1 IPU/O | normal mode (default).

PD = Uses external clock from TXC5 pin in Port 5 RMIl normal mode.

Note: If received clock in Port 5 RMII normal mode has too much clock jitter,
you still can select the 25 MHz crystal/oscillator as the switch’s clock source.

64 LED2_0 IPU/O

63 LED2_1 IPU/O

25,27 LED3[1,0] IPU/O
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TABLE 2-2:

STRAP-IN OPTIONS

Pin
Number

Pin Name

PU/PD

Description

67

SPIQ

IPD/O

Serial Bus Configuration
Strap Option:

PD = SPI slave mode.
PU = MDC/MDIO mode.

Note: An external pull-up or pull-down resistor is required.If the uplink port is
used for RGMII interface, recommend using SPI mode to have opportunity
setting the register 86 (0x56) bits [4:3] for RGMII V 2.0. MDC/MDIO mode

can't set this feature.
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3.0 FUNCTIONAL DESCRIPTION

The KSZ8775CLX contains three 10/100 physical layer transceivers, four media access control (MAC) units, and one
Gigabit media access control (GMAC) unit with an integrated Layer 2-managed switch. The device runs in two modes.
The first mode is as a three-port standalone switch. The second is as a five-port switch where the fifth port is provided
through a Gigabit media independent interface that supports RGMII, MIl, and RMII. This is useful for implementing an
integrated broadband router.

The KSZ8775CLX has the flexibility to reside in a managed mode. In a managed mode, a host processor has complete
control of the KSZ8775CLX via the SPI bus or the MDC/MDIO interface.

On the media side, the KSZ8775CLX supports IEEE 802.3 10BASE-T/100BASE-TX on all copper ports with Auto-MDI/
MDI-X. The KSZ8775CLX can be used as a fully managed five-port switch or hooked up to a microprocessor via its
SW-RGMII/MII/RMII interfaces to allow for integrating into a variety of environments.

Physical signal transmission and reception are enhanced through the use of patented analog circuitry and DSP tech-
nology that makes the design more efficient, allows for reduced power consumption, and smaller die size.

Major enhancements from the KSZ8995 and KS8895 to the KSZ8775CLX include high speed host interface options
such as the RGMII interface, power saving features such as IEEE 802.1az Energy Efficient Ethernet (EEE), MLD snoop-
ing, Wake-on-LAN (Wol), port-based ACL filtering for port security, enhanced QoS priority, rapid spanning tree, IGMP
snooping, port mirroring support, and flexible rate limiting.

3.1 Functional Overview: Physical Layer (PHY)

3.1.1 100BASE-TX TRANSMIT

The 100BASE-TX transmit function performs parallel-to-serial conversion, 4B/5B coding, scrambling, NRZ-to-NRZI con-
version, MLT3 encoding and transmission. The circuit starts with a parallel-to-serial conversion, which converts the Mil
data from the MAC into a 125 MHz serial bit stream. The data and control stream is then converted into 4B/5B coding
followed by a scrambler. The serialized data is further converted from NRZ-to-NRZ| format, and then transmitted in
MLT3 current output. The output current is set by an external 1% 12.4 kQ resistor for the 1:1 transformer ratio. It has a
typical rise/fall time of 4 ns and complies with the ANSI TP-PMD standard regarding amplitude balance, overshoot, and
timing jitter. The wave-shaped 10BASE-T output is also incorporated into the 100BASE-TX transmitter.

3.1.2 100BASE-TX RECEIVE

The 100BASE-TX receiver function performs adaptive equalization, DC restoration, MLT3-to-NRZI conversion, data and
clock recovery, NRZI-to-NRZ conversion, de-scrambling, 4B/5B decoding, and serial-to-parallel conversion. The receiv-
ing side starts with the equalization filter to compensate for inter-symbol interference (I1SI) over the twisted pair cable.
Since the amplitude loss and phase distortion is a function of the length of the cable, the equalizer has to adjust its char-
acteristics to optimize the performance. In this design, the variable equalizer will make an initial estimation based on
comparisons of incoming signal strength against some known cable characteristics, then tunes itself for optimization.
This is an ongoing process and can self-adjust against environmental changes such as temperature variations.

The equalized signal then goes through a DC restoration and data conversion block. The DC restoration circuit is used
to compensate for the effect of baseline wander and improve the dynamic range. The differential data conversion circuit
converts the MLT3 format back to NRZI. The slicing threshold is also adaptive.

The clock recovery circuit extracts the 125 MHz clock from the edges of the NRZI signal. This recovered clock is then
used to convert the NRZI signal into the NRZ format. The signal is then sent through the de-scrambler followed by the
4B/5B decoder. Finally, the NRZ serial data is converted to the Ml format and provided as the input data to the MAC.

The first 16 code-groups are referred to by the hexadecimal values of their corresponding data nibbles, 0 through F. The
remaining code-groups are given letter designations with slashes on either side. For example, an IDLE code-group is
/l/, a transmit error code-group is /H/, etc.

3.1.21 PLL Clock Synthesizer

The KSZ8775CLX generates 125 MHz, 83 MHz, 41 MHz, 25 MHz, and 10 MHz clocks for system timing. Internal clocks
are generated from an external 25 MHz crystal or oscillator.
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3.1.2.2 Scrambler/Descrambler (100BASE-TX Only)

The purpose of the scrambler is to spread the power spectrum of the signal in order to reduce EMI and baseline wander.
The data is scrambled through the use of an 11-bit wide linear feedback shift register (LFSR). This can generate a 2047-
bit non-repetitive sequence. The receiver will then de-scramble the incoming data stream with the same sequence at
the transmitter.

3.1.3 10BASE-T TRANSMIT

The 10BASE-T output driver is incorporated into the 100BASE-T driver to allow transmission with the same magnetics.
They are internally wave-shaped and pre-emphasized into outputs with a typical 2.3V amplitude. The harmonic contents
are at least 27 dB below the fundamental when driven by an all-ones Manchester-encoded signal.

3.14 10BASE-T RECEIVE

On the receive side, input buffers and level-detecting squelch circuits are employed. A differential input receiver circuit
and a PLL perform the decoding function. The Manchester-encoded data stream is separated into a clock signal and
NRZ data. A squelch circuit rejects signals with levels less than 400 mV or with short pulse-widths in order to prevent
noises at the RXP or RXM input from falsely triggering the decoder. When the input exceeds the squelch limit, the PLL
locks onto the incoming signal and the KSZ8775CLX decodes a data frame. The receiver clock is maintained active
during idle periods in between data reception.

3.1.5 MDI/MDI-X AUTO CROSSOVER

To eliminate the need for crossover cables between similar devices, the KSZ8775CLX supports HP Auto-MDI/MDI-X
and IEEE 802.3u standard MDI/MDI-X auto crossover. HP Auto-MDI/MDI-X is the default.

The auto-sense function detects remote transmit and receive pairs and correctly assigns transmit and receive pairs for
the KSZ8775CLX device. This feature is extremely useful when end users are unaware of cable types, and also, saves
on an additional uplink configuration connection. The auto-crossover feature can be disabled through the port control
registers or MIIM PHY registers. The IEEE 802.3u standard MDI and MDI-X definitions are in the table below.

TABLE 3-1: MDI/MDI-X PIN DEFINITIONS

MDI MDI-X
RJ-45 Pins Signals RJ-45 Pins Signals
1 TD+ 1 RD+
2 TD- 2 RD-
3 RD+ 3 TD+
6 RD- 6 TD-

3.1.5.1 Straight Cable

A straight cable connects an MDI device to an MDI-X device or an MDI-X device to an MDI device. The following
diagram depicts a typical straight cable connection between a NIC (MDI) and a switch or hub (MDI-X).

FIGURE 3-1: TYPICAL STRAIGHT CABLE CONNECTION
10/100 ETHERNET 10/100 ETHERNET
MEDIA DEPENDENT INTERFACE MEDIA DEPENDENT INTERFACE
— ;
[TRANSMIT PAI >—< RECEIVE PAIR
— 7] :
STRAIGHT
] ]
RECEIVE PAIR TRANSMIT PAIR|
5] 5
— ] o e————
] ]
- ]
MODULAR CONNECTOR MODULAR CONNECTOR
(RJ-45) (RJ-45)
NIC HUB
(REPEATER OR SWITCH)
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3.1.5.2 Crossover Cable

A crossover cable connects an MDI device to another MDI device or an MDI-X device to another MDI-X device. The
following diagram shows a typical crossover cable connection between two switches or hubs (two MDI-X devices).

FIGURE 3-2: TYPICAL CROSSOVER CABLE CONNECTION
10/100 ETHERNET 10/100 ETHERNET
MEDIA DEPENDENT INTERFACE MEDIA DEPENDENT INTERFACE
A CROSSOVER

RECEIVE PAIR
< 2

P 3
[ S

CABLE RECEIVE PAIR

2

3 le
—

TRANSMIT PAIR TRANSMIT PAIR]

5 5
S S 6 je— 1

| 71

(E e ]
MODULAR CONNECTOR MODULAR CONNECTOR

(RJ-45) (RJ-45)
HUB HUB

(REPEATER OR SWITCH) (REPEATER OR SWITCH)

3.1.6 AUTO-NEGOTIATION

The KSZ8775CLX conforms to the auto-negotiation protocol as described by the IEEE 802.3 committee. Auto-negotia-
tion allows unshielded twisted pair (UTP) link partners to select the highest common mode of operation. Link partners
advertise their capabilities to each other and then compare their own capabilities with those they received from their link
partners. The highest speed and duplex setting that is common to the two link partners is selected as the mode of oper-
ation. Auto-negotiation is supported only for the copper ports.

The following list shows the speed and duplex operation mode from highest to lowest.

» Highest: 100BASE-TX, full-duplex

» High: 100BASE-TX, half-d