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0.75 Sep 2002 Published revised design guide information:
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« Added design checklist
« Revised reference design schematic
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82547EIl datasheet rev 0.75
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1.8 Jan 2005 Updated reference schematics to reflect current differential pair termination
resistor values for the 82547GI/EI.
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1.0

Note:

Table 1.

1.1

82562EZ(EX)/82547GI(El) Dual Footprint Design Guide

Introduction

Intel currently supports several footprint compatible Ethernet options depending upon the target
application. The term “footprint compatible” means that the silicon devices are all manufactured in
a 15 mm x 15 mm, 196-ball grid array package with the same ball pattern. Many of the critical
signal pin locations are identical, allowing designers to create a single LAN on Motherboard
(LOM) design that accommodates all devices. Thisis aflexible, cost-effective, multipurpose
design technique that allowing maximized value while matching performance needs.

Since some of the signal pins have different usages, the term “pin-compatible’ is not applicable.

Available LAN components with the same footprint include the 82547GlI (El) Gigabit Ethernet
Controller and the 82562EZ(EX) Platform LAN Connect components.

The LAN component used on a specific platform depends on the end user’s need for connection
speed and manageability. As the requirements change, footprint compatibility makesit possible to
re-focus the platform without the need to redesign a new a motherboard.

LAN Component Connections/Features

LAN Component Interface Connection Features
Intel® 82547GI(El) CSA Gigabit Ethernet (LO0OOBASE-T) | Gigabit Ethernet, ASF 2.0
with Alert Standard Format alerting
(ASF) alerting
Intel® 82562EX (196 BGA) LCI 10/100 Ethernet with ASF Ethernet 10/100
alerting connection, ASF 1.0
alerting
Intel® 82562EZ (196 BGA) LCI Basic 10/100 Ethernet Ethernet 10/100
connection

Scope

This application note contains Ethernet design guidelines applicableto LOM designs based on the
Intel® 865 Chipset and Intel® 875 Chipset. The document identifies similarities and differences
between the 82562EZ (EX) Platform LAN Connect device and the 82547GlI(El) Gigabit Ethernet

Controller.

Section 2 describes the port interfaces specific to each device.

Section 3 explains what you need to know to hook up an Ethernet device to the system.

Section 4 describes board layout techniques applicable to these devices.

Section 5 provides a reference to the design and layout checklists.
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Section 6 compares pin names and numbers between the two components.

Section 7 concludes with areference design schematic of the full dual footprint configuration.

Note: It isassumed that the reader is acquainted with high-speed design and board layout techniques.
Additional documents may be referred to for further information.

1.2 Reference Documents

* 82547GI(El) Gigabit Ethernet Controller Datasheet. Intel Corporation.

* 82562EZ 10/100 Mbps Platform LAN Connect (PLC) Networking Silicon Datasheet. Intel
Corporation.

* 82562ET/EM Platform LAN Connect Printed Circuit Board Design Guide. Intel Corporation.

* 82547GI(EI)/82541(PI/GI/EI)/82541ER EEPROM Map and Programming Information. Intel
Corporation.

* |CH2 Integrated LAN Controller Function Disable and Power Control. Intel Corporation.
* PCI Bus Power Management Interface Specification, Rev. 1.1, PCI Special Interest Group.

* |EEE Standard 802.3, 2000 Edition. Incorporates various | EEE standards previously published
separately.

* /O Control Hub 2, 3, and 4 EEPROM Map and Programming Information. Intel Corporation.

* /O Control Hub 5, 6, and 7 EEPROM Map and Programming Information. Intel Corporation.

Programming information can be obtained through your local Intel representative.

1.3 Product Codes

Table 2 lists the product ordering codes for the 82562EZ(EX)and 82547GI (El).

Table 2. Product Ordering Codes

Device Product Code Product Code (Lead Free)
82562EZ GD82562EZ LU82562EZ
82562EX GD82562EX LUB2562EX
82547GlI GD82547GlI LU82547GI
82547El GD82547El LUB2547EI
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2.0 System Data Port Interfaces

The 82562EZ(EX) Platform LAN Connect Device and the 82547GI(El) Gigabit Ethernet
controller employ different system interfaces, asillustrated in Figure 1.

GMCH
Intel®
82547GI(El)
| CSA >
Magnetics > Connector
_________ < Module <+
ol :4
: Intel® I
| 82562EZ(EX) |
| I
_________ |
Intel®
ICHS
Figure 1. ICH5 Platform LAN Connect Sections
2.1 LCI Connection to 82562EZ(EX) Platform LAN Connect

Device

The 82562EZ(EX) Platform LAN Connect device usesthe LAN Connect Interface (LCI) to
connect to the I/O Control Hub 5 (ICH5). L CI isa point-to-point interface optimized to support one
device.

Line termination mechanisms are not specified for the LCI. Slew rate controlled output buffers
achieve acceptable signal integrity by controlling signal reflection, undershoot and ringing.

For details about how to connect the LCI interface between the 82562EZ(EX) Platform LAN
Connect device and ICH5, please refer to the 82562ET/EM Platform LAN Connect Printed Circuit
Board (PCB) Design Guide, the Intel® 865 Chipset design guide, or the Intel® 875 Chipset design
guide.
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2.2

2.2.1

Table 3.

CSA Port Connection to 82547GI(El) Gigabit Ethernet
Controller

The 82547GlI(El) Gigabit Ethernet Controller uses the Communications Streaming Architecture
(CSA) port to connect to the Memory Control Hub (MCH). CSA is a point-to-point interface
supporting one device.

CSA has atheoretical bandwidth of 266 MB/s, sufficient to support Gigabit Ethernet speeds. The
connection to the MCH places the Ethernet controller close to system memory for minimum
latency.

The CSA interface uses IGTL buffers to achieve very high data speeds while controlling
transmission line characteristics. For details on connecting the CSA interface between the
82547GlI (El) Gigabit Ethernet Controller and the MCH, please refer to the Intel® 865 Chi pset
design guide, or the Intel® 875 Chi pset design guide.

Generation/Distribution of Reference Voltages

The 11-bit CSA port on the 82547GI (El) controller has adedicated Cl_VREF pin to sample the
reference voltage. The nominal CSA port reference voltage is 0.35 V £ 3%. In addition to the
reference voltage, a reference swing voltage, Cl_SWING must be supplied to control buffer
voltage swing characteristics. The nominal CSA port reference voltage swing must be 0.8 V + 3%.

CSA Port Reference Circuit Specifications

Reference Voltage Reference Swing Voltage 1.2 V Voltage Divider Circuit
Specification (V) Specification (V) Recommended Resistor Values (Q)
0.350 + 3% 0.8+ 3% R1=523+1%

R2 =665+ 1%
R3 =604 + 1%

| CI_SWING

Intel®
82547GI(El)

CI_VREF

Figure 2. CSA Port Locally Generated Reference Divider Circuits
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Thevalues of R1, R2 and R3 must be rated at +1% tolerance. The selected resistor values must also
ensure that the reference voltage and reference swing voltage tolerance are maintained over the
input leakage specification. A 0.1 uF capacitor (C1 in Figure 2) should be placed within 0.5 inches
to each resistor divider, and a0.01 uF bypass capacitor (C2 in Figure 2) should be placed within
0.25 inches of reference voltage pins. If the length of the trace from the voltage divider to thepinis
greater than 1 inch, place more than one 0.01 pF capacitor near the reference voltage pin. Thetrace
length from the voltage divider circuit to the Cl_REF pins must be no longer than 3.5 inches.

Both the voltage reference and voltage swing reference signals should be routed at least 10mils
wide and spaced at least 20 mils from all other signals.

2.2.2 CSA Port Resistive Compensation

The CSA port uses aresistive compensation signal (CI_RCOMP) to compensate buffer
characteristics for temperature, voltage, and process.

Table 4. CSA Port CI_RCOMP Resistor Values

Component Trace Impedance RCOMP Resistor Value | RCOMP Resistor Tied To
Intel® 82547GI(El) 60 Q + 15% R1=30.1Q+1% VCC1.2
1.2v
R1
CI_RCOMP
Intel®
82547GI(El)

Figure 3. CSA port CI_RCOMP Circuits
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3.0

3.1

3.1.1

Table 5.

Ethernet Component Design Guidelines

These sections provide recommendations for selecting components and connecting special pins.
The main design elements are the 82562EZ (EX) Platform LAN Connect device or the

82547GI (El) Gigabit Ethernet Controller, an integrated magnetics module with RJ-45 connector,
and a crystal clock source.

General Design Considerations for Ethernet Controllers

These recommendations apply to all designs, 10/100 or 10/100/1000 Mb/s.

Follow good engineering practices with respect to unused inputs by terminating them with pull-up
or pull-down resistors, unless the data sheet, design guide or reference schematic indicates
otherwise. Do not attach pull-up or pull-down resistors to any ballsidentified as No Connect.
These devices may have special test modes that could be entered inadvertently.

Crystal Selection Parameters

Quartz crystals are generally considered to be the mainstay of frequency control components dueto
their low cost and ease of implementation. They are available from numerous vendors in many
package types and with various specification options.

All crystals used with Intel® Ethernet controllers are described as “ AT-cut”, which refersto the
angle at which the unit is sliced with respect to the long axis of the quartz stone.

Table 5 liststhe crystal electrical parameters and provides suggested val uesfor typical designs. The
parameters listed are described in the following subsections.

Crystal Parameters

Parameter Suggested Value
Vibration Mode Fundamental
Nominal Frequency 25,000 MHz at 25° C (required)
Frequency Tolerance ¢ 130 ppm recommended; £50 ppm across the entire operating

temperature range as required by IEEE specifications
* +30 ppm required for the 82547GI(El)

Temperature Stability « +50 ppmat 0° C to 70° C
« +30 ppm at 0° C to 70° C required for the 82547GI(El)
Calibration Mode Parallel
Load Capacitance e 16 pFto 20 pF
» 18 pF required for the 82547GI(El)
Shunt Capacitance 6 pF maximum
Equivalent Series Resistance e 50 Q maximum

e 10 Q maximum required for the 82547GI(El)

Drive Level 0.5 mW maximum

Aging +5 ppm per year maximum




u ®
82562EZ(EX)/82547GI(El) Dual Footprint Design Guide | n tel )

.Table 6 lists the approved crystals for use with the 83547GI(El) B1 steppings.

Table 6. 82547GI(El) Recommended Crystals

Manufacturer Manufacturer's Part Number
Raltron (<20 Q ESR and +/-30 ppm) AS-25.000-20-F-SMD-TR
TXC 6C25000355

3111 Vibration Mode

Crystalsin the frequency range listed in Table 5 are available in both fundamental and third
overtone. Unless there is a specia need for third overtone, use fundamental mode crystals.

At any given operating frequency, third overtone crystals are thicker and more rugged than
fundamental mode crystals. Third overtone crystals are more suitable for usein military or harsh
industrial environments. Third overtone crystalsrequire atrap circuit (extra capacitor and inductor)
in the load circuitry to suppress fundamental mode oscillation as the circuit powers up. Selecting
values for these components is beyond the scope of this document.

3.1.1.2 Nominal Frequency

Intel® Ethernet controllers use a crystal frequency of 25.000 MHz. The 25 MHz input is used to
generate a 125 MHz transmit clock for 100BASE-TX and 1000BASE-TX operation; 10 MHz and
20 MHz transmit clocks, for 10BASE-T operation.

3.1.1.3 Frequency Tolerance

The frequency tolerance for an Ethernet physical layer device is dictated by the IEEE 802.3
specification as £50 parts per million (ppm). This measurement is referenced to a standard
temperature of 25° C.

Note: Intel recommends a frequency tolerance of £30 ppm.

3.1.1.4 Temperature Stability and Environmental Requirements

Temperature stability is a standard measure of how the oscillation frequency varies over the full
operational temperature range (and beyond). Several optional temperature ranges are currently
available, including -40° Cto +85° C for industrial environments. Some vendors separate operating
temperatures from temperature stability. Manufacturers may also list temperature stability as 50
ppm in their data sheets.

Note: Crystalsalso carry other specifications for storage temperature, shock resistance, and reflow solder
conditions. Crystal vendors should be consulted early in the design cycle to discuss the application
and its environmental requirements.

3.1.15 Calibration Mode

The terms “ series-resonant” and “ parallel-resonant” are often used to describe crystal circuits.
Specifying parallel mode is critical to determining how the crystal frequency is calibrated at the
factory.
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A crystal specified and tested as series resonant oscillates without problem in a parallel-resonant
circuit, but the frequency is higher than nominal by several hundred parts per million. The purpose
of adding load capacitorsto acrystal circuit isto establish resonance at a frequency higher than the
crystal’s inherent series resonant frequency.

Figure 4 illustrates a simplified schematic of the 82562EZ(EX) and the 82547GlI (El) controller’s
crystal circuit. The crystal and the capacitors form afeedback element for the internal inverting
amplifier. This combination is called parallel-resonant, because it has positive reactance at the
selected frequency. In other words, the crystal behaves like an inductor in aparallel LC circuit.

LAN LAN
Silicon Silicon
X1 or Xin X2 or Xout

+—i—

TN C1 G2~

\Y, \%

Figure 4. Crystal Circuit

3.1.1.6 Load Capacitance

Theformulafor crystal load capacitanceis as follows:

_ (C1-C2)

B (C1+(:2)+C

Co

stray

where C1 = C2 = 22 pF (as suggested in most Intel reference designs)

and Cgy,, = allowance for additional capacitance in pads, traces and the chip carrier
within the Ethernet controller package

An alowance of 3 pF to 7 pF accounts for lumped stray capacitance. The calculated load
capacitanceis 16 pF with an estimated stray capacitance of about 5 pF.

Individual stray capacitance components can be estimated and added. For example, surface mount
pads for the load capacitors add approximately 2.5 pF in parallel to each capacitor. This technique
isespecially useful if Y1, C1 and C2 must be placed farther than approximately one-half (0.5) inch
from the controller. It isworth noting that thin circuit boards generally have higher stray
capacitance than thick circuit boards.



u ®
82562EZ(EX)/82547GI(El) Dual Footprint Design Guide ( | n tel )

3.1.2

10

Note:

Standard capacitor loads used by crystal manufacturersinclude 16 pF, 18 pF and 20 pF. Any of
these values will generally operate with the controller. However, a difference of several picofarads
between the calibrated load and the actual load will pull the oscillator slightly off frequency.

C1 and C2 may vary by as much as 5% (approximately 1 pF) from their nominal values.

3.1.1.7 Shunt Capacitance

The shunt capacitance parameter is relatively unimportant compared to load capacitance. Shunt
capacitance represents the effect of the crystal’s mechanical holder and contacts. The shunt
capacitance should equal a maximum of 6 pF (7 pF is aso acceptable).

3.1.1.8 Equivalent Series Resistance

Note:

Equivalent Series Resistance (ESR) is the real component of the crystal’s impedance at the
calibration frequency, which the inverting amplifier’sloop gain must overcome. ESR varies
inversely with frequency for a given crystal family. The lower the ESR, the faster the crystal starts
up. Use crystals with an ESR value of 50 Q or better.

Check the specific controller documentation carefully; some devices may have tighter ESR
requirements. For example, Intel recommends that 82547GI (El) devices use crystals with an ESR
value of 10 Q or less.

3.1.1.9 Drive Level

Drive level refersto power dissipation in use. The allowable drive level for a Surface Mounted
Technology (SMT) crystal isless than its through-hole counterpart, because surface mount crystals
are typically made from narrow, rectangular AT strips, rather than circular AT quartz blanks.

Some crystal data sheets list crystals with amaximum drive level of 1 mW. However, Intel®
Ethernet controllers drive crystalsto alevel less than the suggested 0.5 mW value. This parameter
does not have much value for on-chip oscillator use.

3.1.1.10 Aging

Aging is a permanent change in frequency (and resistance) occurring over time. This parameter is
most important initsfirst year because new crystals age faster than old crystals. Use crystalswith a
maximum of £5 ppm per year aging.

Reference Crystal

The normal tolerances of the discrete crystal components can contribute to small frequency offsets
with respect to the target center frequency. To minimize the risk of tolerance-caused frequency
offsets causing asmall percentage of production line unitsto be outside of the acceptable frequency
range, it isimportant to account for those shifts while empirically determining the proper valuesfor
the discrete loading capacitors, C1 and C2.

Even with a perfect support circuit, most crystalswill oscillate slightly higher or slightly lower than
the exact center of the target frequency. Therefore, frequency measurements (which determine the
correct value for C1 and C2) should be performed with an ideal reference crystal. When the
capacitive load is exactly equal to the crystal’s load rating, an ideal reference crystal will be
perfectly centered at the desired target frequency.
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3.1.5

Note:

Reference Crystal Selection

There are several methods available for choosing the appropriate reference crystal:

¢ |f aSaundersand Associates (S& A) crystal network analyzer is available, then discrete crystal
components can be tested until one is found with zero or nearly zero ppm deviation (with the
appropriate capacitive load). A crystal with zero or near zero ppm deviation will be a good
reference crystal to use in subsequent frequency tests to determine the best values for C1 and
c2.

¢ If acrystal analyzer is not available, then the selection of areference crystal can be done by
measuring a statistically valid sample population of crystals, which has units from multiple
lots and approved vendors. The crystal, which has an oscillation frequency closest to the center
of the distribution, should be the reference crystal used during testing to determine the best
valuesfor C1 and C2.

* It may also be possible to ask the approved crystal vendors or manufacturersto provide a
reference crystal with zero or nearly zero deviation from the specified frequency when it has
the specified CLoad capacitance.

For 82547GlI (El) devices, Intel® recommends choosing a crystal with aESR value of 10 Q or less,
an equivalent Cload of 18 pF, and a maximum of 30 ppm frequency shift. Cload is defined to be the
load capacitance of the crystal, specified by the crystal vendor.

When choosing acrystal, customers must keep in mind that to comply with |EEE specifications for
10/100 and 10/100/1000Base-T Ethernet LAN, the transmitter reference frequency must be precise
within £50 ppm. Intel® recommends customers to use a transmitter reference frequency that is
accurate to within £30 ppm to account for variationsin crystal accuracy due to crystal
manufacturing tolerance. For information about measuring transmitter reference frequency, refer to
Appendix A, “Measuring LAN Reference Frequency Using a Frequency Counter”.

Circuit Board

Since the dielectric layers of the circuit board are allowed some reasonable variation in thickness,
the stray capacitance from the printed board (to the crystal circuit) will also vary. If the t