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SUCCESS BY DESIGN

Product Features

™

LAN91C113

16-Bit 10/100 Non-PCI
Ethernet Single Chip
MAC + PHY

Datasheet

= Single Chip Ethernet Controller
. Dual Speed - 10/100 Mbps
= Fully Supports Full Duplex Switched Ethernet

= 8 Kbytes Internal Memory for Receive and
Transmit FIFO Buffers

= Enhanced Power Management Features

= Optional Configuration via Serial EEPROM
Interface

= Supports 8, 16 Bit CPU Accesses

= Internal 16 Bit Wide Data Path (Into Packet
Buffer Memory)

= Early TX, Early RX Functions

= Built-in Transparent Arbitration for Slave
Sequential Access Architecture

= Flat MMU Architecture with Symmetric Transmit
and Receive Structures and Queues

= 3.3V Operation with 5V Tolerant 10 Buffers (See
Pin List Description for Additional Details)

= Single 25 MHz Reference Clock for Both PHY
and MAC

L] External 25Mhz-output pin for an external PHY
supporting PHY's physical media.

= Low Power CMOS Design
= Supports Multiple Embedded Processor Host
Interfaces
- ARM
- SH
— Power PC
— Coldfire
— 680X0, 683XX
— MIPS R3000

SMSC LAN91C113

3.3V Ml (Media Independent Interface) MAC-
PHY Interface Running at Nibble Rate

MIl Management Serial Interface

128 Pin QFP Package; Green, Lead-Free
Package also available

128 Pin TQFP Package, 1.0 mm height; Green,
Lead-Free Package also available

Temperature Range from 0°C to 85°C

Network Interface

Page 1

Fully Integrated IEEE 802.3/802.3u-100Base-TX
/ 10Base-T Physical Layer

Auto Negotiation: 10/100, Full / Half Duplex
On Chip Wave Shaping - No External Filters
Required

Adaptive Equalizer

Baseline Wander Correction

LED Outputs (User selectable — Up to 2 LED
functions at one time)

— Link

— Activity

— Full Duplex

- 10/100

— Transmit

— Receive
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Chapter 1 General Description

The SMSC LAN91C113 is designed to facilitate the implementation of a third generation of Fast Ethernet
connectivity solutions for embedded applications. For this third generation of products, flexibility and
integration dominate the design requirements. The LAN91C113 is a mixed signal Analog/Digital device that
implements the MAC and PHY portion of the CSMA/CD protocol at 10 and 100 Mbps. The design will also
minimize data throughput constraints utilizing a 16-bit or 8-bit bus Host interface in embedded applications.

The total internal memory FIFO buffer size is 8 Kbytes, which is the total chip storage for transmit and receive
operations.

The SMSC LAN91C113 is software compatible with the LAN900O family of products.

Memory management is handled using a patented optimized MMU (Memory Management Unit)
architecture and a 16-bit wide internal data path. This I/O mapped architecture can sustain back-to-back
frame transmission and reception for superior data throughput and optimal performance. It also
dynamically allocates buffer memory in an efficient buffer utilization scheme, reducing software tasks and
relieving the host CPU from performing these housekeeping functions.

The SMSC 91C113 provides a flexible slave interface for easy connectivity with industry-standard buses.
The Bus Interface Unit (BIU) can handle synchronous as well as asynchronous transfers, with different
signals being used for each one. Asynchronous bus support for ISA is supported even though ISA cannot
sustain 100 Mbps traffic. Fast Ethernet data rates are attainable for ISA-based nodes on the basis of the
aggregate traffic benefits.

Two different interfaces are supported on the network side. The first Interface is a standard Magnetics
transmit/receive pair interfacing to 10/100Base-T utilizing the internal physical layer block. The second interface
follows the MIl (Media Independent Interface) specification standard, consisting of 4 bit wide data transfers at
the nibble rate. This interface is applicable to 10 Mbps standard Ethernet or 100 Mbps Ethernet networks. Three
of the LAN91C113’s pins are used to interface to the two-line Mll serial management protocol.

The SMSC LAN91C113 integrates IEEE 802.3 Physical Layer for twisted pair Ethernet applications. The
PHY can be configured for either 100 Mbps (100Base-TX) or 10 Mbps (10Base-T) Ethernet operation.
The Analog PHY block consists of a 4B5B/Manchester encoder/decoder, scrambler/de-scrambler,
transmitter with wave shaping and output driver, twisted pair receiver with on chip equalizer and baseline
wander correction, clock and data recovery, Auto-Negotiation, controller interface (Mll), and serial port
(MI). Internal output wave shaping circuitry and on-chip filters eliminate the need for external filters
normally required in 100Base-TX and 10Base-T applications.

The LAN91C113 can automatically configure itself for 100 or 10 Mbps and Full or Half Duplex operation
with the on-chip Auto-Negotiation algorithm. The LAN91C113 is ideal for media interfaces for embedded
application desiring Ethernet connectivity as well as 100Base-TX/10Base-T adapter cards, motherboards,
repeaters, switching hubs. The LAN91C113 operates from a single 3.3V supply. The inputs and outputs of
the host Interface are 5V tolerant and will directly interface to other 5V devices.
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Chapter 2 Pin Configurations
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Figure 2.2 - Pin Configuration - LAN91C113 128 Pin QFP
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16-Bit 10/100 Non-PCI Ethernet Single Chip MAC + PHY

Chapter 3 Block Diagrams

The diagram shown in Figure 3.1 - LAN91C113 - Basic Functional Block Diagram, describes the device
basic functional blocks. The SMSC LAN91C113 is a single chip solution for embedded designs with
minimal Host and external supporting devices required to implement 10/100 Ethernet connectivity
solutions.

The optional Serial EEPROM is used to store information relating to default 1O offset parameters as well as
which of the Interrupt line are used by the host.

LAN91C113

Ethernet [ PHY

Ivterial IEEESO2.3 MII (M 3

M AC Tncdepe nck ot Inte niace) CO re

154, Embedied

Trarsfarmer

Host System

Processol —
THIR X Buffer (24
| EEPROM E o
| (ontiona) | Minimal LAN91C113
Configuration
Figure 3.1 - LAN91C113 - Basic Functional Block Diagram
Rev. 11-18-04 Page 10 SMSC LAN91C113
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16-Bit 10/100 Non-PCI Ethernet Single Chip MAC + PHY

Datasheet
EEPROM MII
INTERFACE
Control
<@|/[|\ Control @
Control Arbiter K —— Controlﬂ\
8-16 bit TPO
Bus
Interface 1 Ethernet 10/100
Address Unit Control  » MMU Protocol PHY
b e || DMA Handler
NI Pointer N ( EPH)
WR X pata TXDI30]
/| FIFO 8K Byte TX Data L
Dat Dynamically
ata Allocated N/
RD || SRAM e RXData RXD[3:0]
FIFO

Figure 3.2 - Block Diagram

The diagram shown in Figure 3.2 describes the supported Host interfaces, which include ISA or Generic
Embedded. The Host interface is an 8 or 16 bit wide address / data bus with extensions for embedded
RISC and ARM processors.

The figure shown next page describes the SMSC LAN91C113 functional blocks required to integrate a
10/100 Ethernet Physical layer framer to the internal MAC.

SMSC LAN91C113 Page 11 Rev. 11-18-04
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Figure 3.3 - LAN91C113 Physical Layer to Internal Mac Block Diagram
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16-Bit 10/100 Non-PCI Ethernet Single Chip MAC + PHY

Datasheet

Chapter 4 Signal Descriptions

P sSmMsc

Table 4.1 - LAN91C113 Pin Requirements (128 Pin QFP and 1.0mm TQFP package)

FUNCTION PIN SYMBOLS NUMBER OF PINS
System Address Bus A1-A15, AEN, nBEO, nBE1 18
System Data Bus D0-D15 16
System Control Bus RESET, nADS, LCLK, ARDY, 13
nRDYRTN, nSRDY, INTRO,
nLDEV, nRD, nWR, nCYCLE,
W/nR, nVLBUS
Serial EEPROM EEDI, EEDO, EECS, EESK, 8
ENEEP, 10S0-10S2
LEDs nLEDA, nLEDB 2
PHY TPO+, TPO-, TPI+, TPI-, nLNK, 8
LBK, nCNTRL, RBIAS
Crystal Oscillator XTAL1, XTAL2 2
Power VDD, AVDD 29
Ground GND, AGND 12
Physical Interface 100 Mbps TXEN100, CRS100, COL100, 18
RX_DV, RX_ER, TXD0-TXD3,
RXD0-RXD3, MDI, MDO,
MCLK, RX25, TX25
MISC nCSOUT, X250UT, 2
TOTAL 128

SMSC LAN91C113
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16-Bit 10/100 Non-PCI Ethernet Single Chip MAC + PHY

Datasheet
3 L3 L3 [
Chapter 5 Description of Pin Functions
PIN NO. NAME SYMBOL BUFFER DESCRIPTION
TQFP QFP TYPE
81-92 83-94 Address A4-A15 I** Input. Decoded by LAN91C113 to
determine access to its registers.
78-80 80-82 Address A1-A3 [** Input. Used by LAN91C113 for
internal register selection.
41 43 Address AEN I** Input. Used as an address qualifier.
Enable Address decoding is only enabled
when AEN is low.
94-95 96-97 nByte nBEO-nBE1 I** Input. Used during LAN91C113
Enable register accesses to determine the
width of the access and the
register(s) being accessed.
107-104, 109-106, Data Bus D0-D15 1/1024** Bidirectional. 16 bit data bus used to
102-99, 104-101, access the LAN91C113’s internal
76-73, 71- 78-75, registers. Data bus has weak
68 73-70 internal pullups. Supports direct

connection to the system bus without
external buffering.

30 32 Reset RESET 1S** Input. When this pin is asserted
high, the controller performs an
internal system (MAC & PHY) reset.
It programs all the registers to their
default value, the controller will read
the EEPROM device through the
EEPROM interface. (Note 5.1) This
input is not considered active unless
it is active for at least 100ns to filter
narrow glitches.

37 39 nAddress nADS I1S** Input. For systems that require
Strobe address latching, the rising edge of
nADS indicates the latching moment
for A1-A15 and AEN. All
LAN91C113 internal functions of A1-
A15, AEN are latched except for
nLDEV decoding.

35 37 nCycle nCYCLE I** Input. This active low signal is used
to control LAN91C113 synchronous
bus cycles. For write operation, this
signal should be asserted one bus
clock prior to data valid. For read
operation, this signal should be
asserted two bus clocks prior to data

valid.
36 38 Write/ W/nR I1S** Input. Defines the direction of
nRead synchronous cycles. Write cycles

when high, read cycles when low.

Rev. 11-18-04 Page 14 SMSC LAN91C113
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Datasheet

PIN NO.

TQFP

QFP

NAME

SYMBOL

BUFFER
TYPE

DESCRIPTION

40

42

nVL Bus
Access

nVLBUS

| with
pullup**

Input. When low, the LAN91C113
synchronous bus interface is
configured for Local Bus mode
accesses. Otherwise, the
LAN91C113 is configured for EISA
accesses. Does not affect the
asynchronous bus interface.

42

44

Local Bus
Clock

LCLK

*%

Input. Used to interface synchronous
buses. Maximum frequency is 50
MHz. This pin should be tied high if it
is in asynchronous mode.

38

40

Asynchrono
us Ready

ARDY

OD16

Open drain output. ARDY may be
used when interfacing asynchronous
buses to extend accesses. lts rising
(access completion) edge is
controlled by the XTAL1 clock and,
therefore, asynchronous to the host
CPU or bus clock.

43

45

nSynchron
ous Ready

nSRDY

016

Qutput. This output is used when
interfacing synchronous buses and
nVLBUS=0 to extend accesses. This
signal remains normally inactive, and
its falling edge indicates completion.
This signal is synchronous to the bus
clock LCLK.

46

48

nReady
Return

nRDYRTN

Input. This input is used to complete
synchronous read cycles.

29

31

Interrupt

INTRO

024

Interrupt Output — Active High, it's
used to interrupt the Host on a status
event. Note: The selection bits used
to determined by the value of INT
SEL 1-0 bits in the Configuration
Register are no longer required and
have been set to reserved in this
revision of the FEAST family of
devices.

45

47

nLocal
Device

nLDEV

016

Output. This active low output is
asserted when AEN is low and A4-
A15 decode to the LAN91C113
address programmed into the high
byte of the Base Address Register.
nLDEV is a combinatorial decode of
unlatched address and AEN signals.

31

33

nRead
Strobe

nRD

IS**

Input. Used in asynchronous bus
interfaces.

32

34

nWrite
Strobe

IS**

Input. Used in asynchronous bus
interfaces.

1"

EEPROM
Clock

EESK

04

Output. 4 psec clock used to shift
data in and out of the serial
EEPROM.

10

12

EEPROM
Select

EECS

04

Output. Serial EEPROM chip select.
Used for selection and command
framing of the serial EEPROM.

SMSC LAN91C113
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16-Bit 10/100 Non-PCI Ethernet Single Chip MAC + PHY

SMsc Datasheet
PIN NO. NAME SYMBOL BUFFER DESCRIPTION
TQFP QFP TYPE
7 9 EEPROM EEDO 04 Output. Connected to the DI input of
Data Out the serial EEPROM.
8 10 EEPROM EEDI | with Input. Connected to the DO output
Data In pulldown | of the serial EEPROM.
3-5 5-7 I/O Base I0S0-10S2 | with Input. External switches can be
pullup** | connected to these lines to select
between predefined EEPROM
configurations.
6 8 Enable ENEEP | with Input. Enables (when high or open)
EEPROM pullup** | LAN91C113 accesses to the serial
EEPROM. Must be grounded if no
EEPROM is connected to 