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Revision History

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

Revision | Revision Date | Description
0.25 Jul 2002 Initial publication of preliminary design guide information.
0.75 Sep 2002 Published revised design guide information:
« Added information on EEPROM settings
« Added design checklist
« Revised reference design schematic
« Revised Ball Number to signal mapping Table to conform to changes in
82547El datasheet rev 0.75
1.0 Oct 2002 Published revised design guide information:
« Added layout checklist
« Updated LAN disable circuit
+« Removed EEPROM information due to publication of separate guides
1.5 Sep 2003 Published revised design guide information:
¢ Added 82547GI coverage
* Removed Confidential status
¢ Updated schematics, removed redundant caps
* Revised LAN disable circuit
1.6 Nov 2004 Added crystal start-up information. Information includes:
* New crystal parameters
¢ Crystal selection guidelines
¢ Crystal validation methods
¢ Crystal testing methods
Changed signal name FL_SO to the correct signal name FLSH_SO.
Added 82562EX applicability.
Added new values for TX and RX terminations (next to LAN silicon). New
values are now 110 Q for both TX and RX terminations.
Added new starting values for RBIAS100 and RBIAS10. New starting values
are now 649 Q for RBIAS100 and 619 Q for RBIAS10.
Updated reference schematics to reflect new Tx and Rx termination values,
new LAN disable circuit, and RBIAS100/RBIAS10 values.
Removed excess capacitors and changed pins F12 and H12 to no connects.
Added a 1K Q resistor to pin A13 output.
1.7 Jan 2005 ¢ Changed text in the Catalyst EEPROM revision H table note from
“Revision H or higher not supported” to “Revision H is not supported”.
* Removed the Design and Layout Checklists. These checklists are now
separate Microsoft* Excel spreadsheets.
1.8 Jan 2005 Updated reference schematics to reflect current differential pair termination
resistor values for the 82547GI/El.
Updated section 4.2.1 “Termination Resistors for Designs Based on 82562EZ2/
EX PLC Device” to reflect current resistor and RBIAS values.
Updated section 4.3.1 “Termination Resistors for Designs Based on 8257GI(El)
Gigabit Ethernet Controller” to reflect current resistor values.
1.9 June 2006 Updated reference schematics for signals EE_MODE and JTAG_TRST#
(changed resistor values from 1 K Q to 100 Q).
2.0 Feb 2007 Updated sections 3.1.3, 3.1.1.8, and Table 5 in section 3.1.1 (changed max
ESR rate from 20 Q to 10 Q for the 82547GI/El).
2.1 June 2007 Updated reference schematics: sheets 4 and 6.
2.2 Jan 2008 Added Table 6; approved crystals for the 82547GI(El).
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1.0 Introduction

Intel curertly sypports se\eral footprint compatible Etherret optonsdepenling upon te target
application. The tem “f ootprint compatible” mears that the slicon devices ae all manufacturedin
a 15mmx 15mm, 196-ball grid aray packagewith the ame kall pattem. Mary of thecritical
signal pinlocationsareidentical, allowingdesgness to create aisge LAN on Mahertnard
(LOM) desgn that acommadatesall devices Thisis a flexide, cos-effective, nultipurpose
desgntechmique tat allowing maxmizedvalue while mathing peformance reeds

Note: Since ®me d the signal pins hawe differert usages theterm “pin-comgatible” is not applicable.

Availade LAN canporents with the same footprint include the 8254 7GI(El) Gigabit Ethernet
Controller andthe 8 562EZ(EX) Platform LAN Conrectcompmnents.

TheLAN compaert used ona ecific patform depels onthe erd usr's needfor comecion
speedard manageablity. As the requirements change, footprint compatibility makes it posside to
re-focustheplatform withou the needo redesgn a rew a maherbaard.

Table 1. LAN Component Conne ctions/Features

LAN Component Interface Connection Features
Intel® 82547GI(El) CSA Gigabit Ethernet (LOOOBASE-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
1.1 Scope

This gpplicdion note contains Ethernet design guidelines ajplicable to LOM designs based on the
Intel® 865CHhi pset andintel® 875 Chipset. The document idertifies smilarities anl differerces
betwveenthe 8 562EZ(EX) Platform LAN Conrectdeviceandthe 854 7GI(El) Gigabit Ethernet
Controller.

Secton 2 de<ribesthe prt interfacesspecific to eachdevice.

Secion 3exphinswhat you needto know to hodk up anEtherretdevice b the ystem.

Secion 4 deribesbaard byout techiques applicabk to thesedevices

Secton 5providesa rderenceto the dsign andlayout checkists.
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Section6 canpaespin nanes ard numbersbetween th two conrporents

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

Note: It is asumedthat the eadeiis acqiaintedwith high-speed @sign andboard layout techiques.
Additional documents may ke referredto for furtherinformation.

1.2 Reference Documents

* 82547GI(El) Gigabit Ethernet Controller Dataskeet. htel Corporation.

* 8256ZFZ 10/100 Mbps Platform LAN Conrect PLC) Netwaking Silicon Datasleet. htel
Cormporation.

* 825%2ETEM Platform LAN ConrectPrinted Circuit Board Design Guide. Intel Corporaton.

* 82547 (EIN)/82541(P/GI/EN)/82541EREEARROM Map andProgramming Information. Intel
Comoration.

* |CH2 Integrated LAN Controller Funcion Disabe andPowver Contral. Intel Corporaion.
* PCI Bus Power Managment hterfaceSpecification, Rev. 1.1, PA Special Inteast Group.

* |EEE Sandad 802.3, 2000Edition. Incaporatesvariows IEEE gardards previoudy published
separately.

* |/O Cortrol Hub 2,3, axd 4EERROM Map andProgramming Informaton. Intel Corporation.
* |/O Cortrol Hub 5,6, aaxd 7EERROM Map andProgramming Informaton. Intel Corporation.

Praogramminginformation an beobtainedthroughyour local Intel repreenttive.

1.3 Product C odes

Table 2 lists the praluctordeling calesfor the 5&EZEX)and82547GI(EI).

Table 2. Product Ordering Code s

Device Product Code Product Code (Lead Free)
82562EZ GD82562EZ LU82562EZ
82562EX GD82562EX LUB2562EX
82547GlI GD82547GlI LU82547GI
82547El GD82547ElI LUB2547EI
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2.0 System Data Port Interfaces

The825%2EZEX) Platform LAN ConnectDevice andhe 854 7GI(El) Gigabt Ethernet
cortroller empoy different ystem intefaces asillustratedin Figure 1.

GMCH
Intel®
82547GI(El)
[ ca >
Magnetics > Connector
_________ < Module <+
TolR N He
| : Intel® [
| 82562EZ(EX) |
| I
_________ |
Intel®
ICHS
Figure 1. ICH5 Platform LAN Connect Sections
2.1 LCI Connecti on to 82562EZ(EX) Platform LAN Connect

Device

The825%62EZEX) PlatformLAN Connect @vice wsesthe LAN Gonrect Irterface (LCI) to
comect to the /O Control Hub 5 (ICH5). LCI is apaint-to-point interface opimizedto support one
device.

Line temination mechanismsare rot specifiedfor the LCl. Slew rate controlled output buffers
achieveacceptableignal integrity by contraling sgnal refecion, undeshoot ard ringing.

For cetails abait how to cannect tle LCl interfacebetween th 82%2EZ(EX) Platfom LAN
Connect deice and IE15, pleas referto the 82562ET/EM RatformLAN ConnrectPrinted Circuit
Board (PCB) Desgn Guide, the Irtel® 866 Chipset desgn guide, or the Intel® 875 Chipset desgn
guide.
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2.2 CSA Port Connection to 82547GI(El) Gigabit Ethernet
Contro ller

The 82547GI(El) Gigabit Ethernet Controller usesthe @mmunicatiors SreamingArchitecture
(CSA) port to conrect to theMemory Control Hub (MCH). CSA is a pint-to-paint interface
supporting ore device.

CSA hasa heaetical bandvidth of 266 MB/s, sufficient to suypport Gigahit Ethernetspeeds. The
conrection tothe MCH placesthe Ethermet conroller close tosystem memory for minimum
latency.

The CHA interface ses IJL buffers toacheve very high data peeds while controlling
trangmission line charateristics. For details on comectingthe CSA interface betweethe
82547G(El) Gigabit Etherret Controller and he MCH, pleasereferto the Intel® 865 Chipset
design guide, or the Intel® 875 Chi pset design guide.

2.2.1 Generation/Dist ribution of Reference Voltages

The 11-bit CSA port onthe 8547GI(El) cortroller has adedcatedCl_VREF pin to sample the
refererce vdtage. The nomnal CSA part referencevoltage 5035V £ 3%. In addtion to the
refererce vdtage, a efererce sving voltage, d_SWNG must be sipgdiedto cantrd buffer
voltageswing characteriics. The rominal CSA port refererce vdtage sving mug be 0.8 V + 3%.

Table 3. CSA Port Reference Circuit Specifications

Referen ce 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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The vaues of R1, R2 and R3 must be rated a +1% tolerance. Tle selected reistor valuesmug also
ersure that the reference woltage ard reference swing voltage tolerance ae maintained over the
input leakagp specification A 0.1 pF capacitoC1 in Figure 2) shoud be placedvithin 0.5inches
to eachresstor divider, and a0.01 uF bypas camcitor (C2 in Figure 2) shoud be placedwithin
0.2 inchesof refererte vdtage pirs. If the lengthof the tracdrom the woltage dviderto thepin is
gregter thanl inch, place moe thanone 001 pF capacitor neahe reference voltage pirillhe race
length from the voltage divider circuit to the Cl_REF pinsmust be no longer than 3.5 inches.

Both the wltage reference aml voltage swing reference sigials stould be routed at leastLOmil s
wide ard pacedatleas 20 mils from all othersignals.

2.2.2 CSA Port Resistive Compensation

The CSA port usesaresstive canpersation signal (CI_RCOMP) to canpersate kuffer
chamctristics for temperatte, wltage, ad proces.

Table 4. CSA Port CI_RCOMP Resistor Values

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

Figur e 3. CSA port CI_ RCOMP Circuits
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3.0 Ethernet Com ponent Desig n Guidelin es

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

The® ®cions provide reconmmendatonsfor sekcing commnens ard cannectng special pins
Themain defggn elementsare tle 82%2EZ(EX) Platfom LAN Conrect device othe

8254 7GI(El) Gigabt Ethemet Controll er, anintegrated magetics nodue with R345 comecor,
anda cnystal clocksource.

3.1 General Design Consider ations for Ether net Controllers

The® recanmerdatonsappy to all designs, 10/200or 10/100/1000 Mb/s.

Fadlow good ergineeiing practices withrespect tounused inputs by temminating themwith pull-up
or pull-down resistors unlessthe data sheet design guide orrefelence ghemaic indicaes
othewise. Do notattachpul-up o pul-down resstors o anybalsidentfied as No Connect
Thes cevicesmay have ecial tes modes that could be enered inadvertertly.

3.1.1 Crystal Selection Parameters
Quartz cystals are gererally congderedto bethe mainstay offrequency contol conporenssdue b
theirlow cog and easof implementation. There avdigble from nunerots vendrsin many
paclkage tyes and withvarious specification ogtions.
All crystals used with Intel® Etherret contpllers are dscribed as*AT-cut”, which efersto the
argle at which the unit is diced with respect tothe long axis of the quartz stane.
Table 5 lists the crystal electical parametersand providessuggededvaluesfor typical cesigns. The
paameerslisted ae desribedin the following sthsecions

Table 5. Crystal Parameters

Parameter

Sugg ested 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

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

Drive Level

0.5 mW maximum

Aging

+5 ppm per year maximum
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.Table 6 lists the appoved crystalsfor use with the83547GI(El) B1 stepdngs

Table 6. 82547GI(El) Recommended Crystals

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

3.11.1 Vibration Mode

Crystals inthe frequency range listedin Table 5 are awailable in bdah fundamertal ard third
ovettone. Urless thereis a gecial reed fa third overtone, use fundcamertal mode crystals.

At ary given geratng frequermy, third ovetone ciystals arethicker ard more ugged han
fundamental mode crystals. Third overtone crystals ae nore sutable for use in military or harsh
indwstrial environmerts. Third overtone crystalsrequire a tapcircuit (extra capacitar and inductor)
in the load circuitry to suppress undamertal mode oscillation asthe circuit powers up. Selecing
valuesfor the® conporentsis beyond thescope of this document.

3.1.1.2 Nominal Frequency

Intel® Ethernet cantrollers use a cystal frequency of 25.000 MHz. The 5 MHz input is usedto
geneatea 15 MHz trarsmit clock for L00BASE-TX and1000BASE-TX operaton; 10 MHz and
20 MHz transnit clocks, for 10BASE-T opegtion.

3.1.1.3 Frequency T olerance

The frequemry tolerance br anEtherret ptysical layer device isdictatedby the EEE 82.3
spedfication as 450 parts per millio n (ppm). This measirenert is referencedto astardard
temperatre of 25° C.

Note: Intel recanmend a frequencytolerarce of£30 ppm.

3.1.1.4 Temperature Stability and Environme ntal Require ments

Temperature shhblity is astandard measire o how the cscillation frequency varies wer the full
opewtional tempeature ange(andbeymd). Severd optioral temperatte rargesare curertly
avalable,including -40° C to +85° C for indudrial ervironmens. Some \enda's separae operatng
temperaturesfrom termperature staliity. Manufactuers may also list tenperature stalility as ®
ppm in their dat shees.

Note: Crystalsals carryother specificatiors for storagetemperatue, siockresstarnce, andeflow slder

conditions. Crystal vendars should be consulted eaty in the design cycle todiscuss the application
ard its ervironmertal requiremerts.

3.1.15 Calibrat ion Mode

The terns “seriesrenant” and“pardlel-resonant are often used b deribe cysta circuits.
Specifying parallel mode is ciitical to determining how the ciystal frequency is calibratedat the
factory,
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A crystal specifiedand testedas saesresonant oscillates wthout problem in a parallel-resonant
circuit, but the frequency is higher thannominal by several hundred parts per millio n. The purpose
of addingload camacitars to a ciystal circuit is to egablish resonance at a fragencyhighe than the
crystal’s inherent series resonant frequency.

Figure 4 illustratesasimplified schematic of the 562EZ(EX) ard the 547GI(El) controller’s
crystal circuit. The ciystal ard the capacitordorm afeedtack eemer for the interal inveting
amplifier. This combiration is called @rallel-resonart, becase it has positive reactancatthe
selectedfrequency. In other words, the crystal behaves like aninductor in a parallel 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 Cap acitance

Theformula foar crystal loadcapacitances as fdl ows:

_ (C1-C2)

B (C1+(:2)+C

Co

stray

whereC1l= C2=22pF (assuggesed in most Intel refelence asigns)

andCgy,, = allowarcefor additional capacitarce inpads, tracesard the chip carier
within the Ebernet contrdler paclkage

An allowance of3 pFto 7 pF acourts for lumped dray capacitanceThe calcletedload
capacitanceés 16 pF with anegimatedstray capacitarce ofabou 5 pr.

Individual stray capacitanceomponerts canbe efimated ad adled.For exanple, surface maint
pads for the loadcapacitorsadd appoximately 25 pF inparallel to eacleapacitorThis techniqie
is epecially ueful if Y1, C1 andC2 mug be phcedfarther tharappoximately me-half (0.5) inch
from the controll er. It is worth noting that thin circuit boards generally have higher stray
capacitancéhan thick circuit boards.
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Standad capacitor loads uised by crygal mandacturersinclude16 pF, 18 g and20 g~ Any of
these valleswill gererally opegte with the contraler. However, adifference ofseveral picofaradcs
betweenthe calibrated load and the actal load will pull the cscill ator slightly off frequency

Note: Cland @ may vary by asmuch as5% (aporoximatly 1 pF) fromtheir nominal values.

3.1.1.7 Shunt Capacitance

The shunt capacitarce parameter is relatively unimportant conparedto load capacitanceShunt
capacitanceepre®ntsthe efect of the cystal's mectanical hoder ard cantacts The swrt
capacitancet®oud equal a maimumof 6 pF (7pF isals acceptable)

3.1.1.8 Equivalent Series Resistance

Equivalent SeriesResistance ESR) is the ealcomponert of the crystal’s impedarce at the
calibration frequency, which the inverting anplifier's loop gain must overcome. ESRvaries
inversely with frequercy for agiven crystal family. The lowerthe ESR, tle faster thecrygal garts
up.Use ciystals with anESRvalue of 50 Q or better.

Note: Checkthe gecific cantrdler doaumentationcarefully ; some devicesmay have tighter ESR
requrements Forexamplentel recanmerds that 854 7GI(El) devicesuse crygdals with anESR
value d 10Q or less

3.1.1.9 Drive Level

Drive level efersto ppwer dsdpationin use. The allowable dve levelfor a SurfaceMounted
Techndogy (SMT) crydal isless than itsthroughhodle counterpart, becase surface maint crystals
are ypicaly made fom narow, rectanguar AT strips, rather than circdar AT quartz Banks

Some crystal data sheds list crystals with a meximum drive lewel of 1 mW. However, Intel®
Ethernet controll ers drive ciystals to a level lessthanthe siggested0.5 mW value. This parameter
does ot have much value for on-chip oscillator use.

3.1.1.10 Aging

Aging isa permarent chage infrequency (andresistancg occuring over time. This parameteris
mog impoartantin its first yearbecaus new crystalsage fager than old crysals Use crysalswith a
maximum of £5 ppm per year agng.

3.1.2 Reference Crystal

The namal toleraesof the dicrete crystal canpanentscan cotribute tosmell frequency offsets
with respect tothe tamget certer frequency. To minimizethe rik of toleranceeausd frequermry
offsets cawsing asmall percemage é productionline wnits to be outside of the accptable fequency
range, itisimportant toaccaint for thase hifts while enpirically detemrmining the propervalues br
the dicrete loading capacitors, C1 andC2.

Evenwith a perfectsuppart circuit, most crystals will oscillateslightly higheror slightly lowerthan
the exact ceter ofthe taget frequency. Therefoe, frequerty measirementgwhich deterrme the
correct \due for C1 ard C2) shoud be peformed with anideal reérencecrygal. When the
capacitive loadis exactly equal to the crystal’s loadrating, anideal eference cystal will be
perfectlycenteredat the @siredtarget frequeng.
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3.1.3 Reference Crystal Selection

Therre are svera method available fa choosing the appopriate refeence crgtal:

¢ If a SaundrsandAssociates(S&A) crydal networkanalyzer isavailable thendiscrete crystal
comporents can be testeduntil one isfoundwith zeio or neaty zeio ppm deviation (with the
appropriate capcitive load). A crystal with zero or nearzeio ppm deviation will be agood
reference cystal to use in subsequentfrequency teststo detemine the best values br C1 ard
Cc2

¢ If a crydal analyzeis not awilable, thentheselection of a reErencecrygal can ke done by
meastuing a statstically valid sample popuation of crystals, which has wnits from multiple
lotsand appoved \vendors The crystal, whichhasanoscillation frequercy clased tothe cerer
of the dstribution, should be the reference crystal used during teding to detemine the kest
valuesfor C1 ard C2.

* It mayalsobe pssbleto ask the appiovedcrydal verdors a marufacturersto provide a
reference cystal with zero or nealy zerodevation from the gecified frequency when it has
the pecified CLoad cacitarce.

Note: For 82547GI(El) devices Intel® recanmerds chosing a crysa with a ER value of 10Q or less
an eqivalent Cloadof 18pF, anda maxmum of30 ppm freqiency shift. Cload isdefined b be he
loadcapacitancefathecry4al, specified ty thecrygal vendr.

When cloosing acrygal, customersmust keepin mindthat tocomply with IEEE specifications for
10/200 and1(/100100Ba%-T Ehemnet LAN, the transnitter referencefrequencymust be precise
within £50 ppm. Intel® recommends customers © use a tansnitter refelence flequery thatis
accuete to within £30 gom to account for varationsin crystal accuacydue tocrydal
manufactuing tolerance. Fa information about measuing transmitter reference fequency, refer to
Appertdix A, “Measuing LAN Refeence FequencyUsing a FequencyCounter”.

3.14 Circui t Board

Since the dklectiic layers of the circut board areallowed same rea®nalde variation in thickness,
the sty capacitarce from the grinted board (to the crystal circuit) will also vary. If the thickness
tolerarce forthe auter layes of dielectiic are catrolled within +17 percert of nominal, thenthe
circuit board should nat cau® more than 2 pF variationto the $ray capacitance at ¢éhcrydal.
When tuning ciystal frequency it is recommended thatat least threeircuit boardsaretested for
frequeng. Thee bardsshoud befrom differert producion lots of barecircuit boards

Alternatively, a lager sample popuation of circuit boards canbe used A larger popuation will
increase tk probahility of obtaining the full range o possille variations in dielectic thickness ard
the full range d variation in stray capcitarce.

Next, the exact ame crystal ard dscrete laad capacitos (C1 andC2) must be solderedontoeach
board,and tle LAN refeence fequency shoud be meagred oneachcircuit board.

Thecircuit board,which has aLAN refererce frequery closd to the ceter ofthe fequency

distribution, shoud be ugd whil e performing te frequencymeasirementdo selecttheappopriate
value forC1 and C2.

3.1.5 Temperat ure Changes

Temperture clangescancaug the cystal frequencyto hift. Therefae, frequency measiremerts
shoud be drein the fnal gystemchasis acrssthe ystem'srated geratingtempeature ange.

11
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3.1.6 Integrated M agnetics Module

The mageticsmodule hasa citical efect m overall IEEE andreguatory conformarce. The
device sioud meetthe peformance equiredfor a cesign with reasnable magin to allow for
manufcturingvaration. Occamnally, conporentsthat meet bsic gecificatiors may cause the
system tofail IEEE testing becaus of interactias with othercompneris or the ginted circuit
board itself. Carefully qualifying new magnetics noduescan go a long way toward prevering this
type d problem.

The d$epsinvaved n magretics module qualficationare $milar to those for ocillator
qualif ication:

1. Verify thatthe verdor's publishedspecfificaionsin the canporert datasheetmeet the regjred
IEEE gecificatiors.

2. Indepencently meaare the conpanent'selectrcal paraneters on the test bench,checling
samples from multiple lots. Checkthat the measued behavior is consistert from sample to
sample aswell as meetirg the published specificaions.

3. Peform physical layer corformance ¢sting ard EMC (FCC andEN) testing in real systems.
Vary tenperatue andvoltage while perbrming system level tets (for IEEE anly).

Magneics modiles for 1000BASE-T Etherret are smilar to those desgnedsdely for
10/100 Mbps with the excepton of four differential signal pars instead & two for 10/100 Mbps.

3.2 Designing with the 82562EZ(EX) Platform L AN Connect
Device

This sectionprovidesdesign guidelinesspecific to thePLC device.

3.21 82562EZ/EX PLC Device LAN Disable Guidelines

Note: ICHXx Integrated LAN Controller resdesonthe ICHx VccSu8_3andVccSusl _8powerwells
(typically referredto as “auxiliary” (“aux”) or “standby’ supgdies at tle datform level).

The ICHx IntegatedLAN’s RST# is the ICHx Resuime-well input. It canbe held low indefinitely
to keepthe ICHx Integrated_AN Controllerin arest gate. The LAN Reset (RST#) signal must
not ke deaserted ®orer thanl0 msafter the Resumepowersupply reachests nominal voltace.
This ensures that the ICHx IntegratedLAN Controller isinitialized Figure 5 illustratesapaossble
solution for ICHXx Integrated LAN disable.

12
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3.3Vstb
33Vstb 470 Q 100 Q
. S
'\/\/\/ TESTEN
100 Q
AVAVAY, ISOL_TCK
Super 10 1K 100 Q
GPO':”‘ MMBT3904 AVAYAY, ISOL_TI
ICHx GPIO 1K 100 Q
24,25, 27,28 '\/\/\, '\/\/\, ISOL_TEX
or
uController
(mobile)
3.3Vstb
I:: LAN_RST#
ICHX
s RST# RSMRST#
ensor/
Supervisor

Figure 5. LAN Disable Circuitry

Note: The 100Q regstors for the Test Mode sgnals are requred for the Exclisive OR (XOR) Tree aul
Isolate Mock.

3.2.2 Serial EEPROM for 82562EZ(EX) Implem entations

Serial EEFROM for LAN implementtionsbagd on 562EZEX) devices onrecisto the ICHS.
Dependngupan the size d the EEPROM, the 5&EZ(EX) mayor may rot support legacy
manageallity . Table 7 andTable 8 list the EEFROM map for the 82562EZ(EX) PLC device.Far
details on the EEPROM, refer to the appropriatel/O Control Hub 2, 3, 4, 5, 6, and 7 EEPROM
Map and Programming Information.

Table 7. 82562EZ(EX) Memory Layout (128 Byte EEPROM)

00h
HW/SW Reserved Area
3Fh

NOTE: No manageability provided.

13
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3.2.3

Note:

Table 9.

3.24

3.2.5

3.3

3.3.1

14

Table 8. 82562EZ(EX) Memory Layout (512 Byte EEPROM)

00h

HW/SW Reserved Area
3Fh
40h ASF and Legacy
EFh Manageability

NOTE: Legacy manageability only.

Magnetics Modules fo r 82562EZ(EX) PLC Device
A 5-cae magetics nodue should be caefully sekecied for your desgn. Table 9 lists suggested

integratednagretics madulesfor use with the 82562EZ(EX) PLC device. The® malulesalso
contain ntegrated \$B jacks

The® commnerts are pincompatible with the magnetics nodueslistedin Table 13 for the
82547G(El) contoller.

82562EZ(EX) Recommended Magnetics Module s

Manufacturer Manufacturer's P art Number
Pulse JWOA1PO1R-E
Stewart SI-70027
Foxconn UBC11123-J51

Power Supplies for 82562EZ(EX) PLC I mplem entations
The 56EZ(EX) PLC device ugsa sngle 3.3 V power suppy. The3.3V suyply mug provide

appoximakely 90 mA curentfor full soeedopegtion. Sandby power rrust be furnished in orderto
wake up from powerdown.

82562EZ(EX) Device Test Capability
The ckvice cortains an XORted tree mebanignm for simple board teds. Detait d the XOR tee
opewtion arecontainedn the 82562ET LAN on Motherboard Design Guide.

Designing with the 82547GI(El) Gigabit Ether net Contr oller

This sectionprovidesdesign guidelinesspecific to the82547GI(El) contrdler.

82547GI(El) Ethernet Controller LAN Disable Guidelines

The 8547GI(EIl) Cortroller hasa LAN_DISABLE# funcionthatis preenton FLSH_SO bal P9
This pin canbe caneciedto aGPIO pin on thelCH5 compamert to allow the BIOS todisable the
Ethernet port(seeFigure 6). If the grial FLASH interface ipopulated,makesure the FLASH
serial autput pin does rot interfere with this function.
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For best results, d not attemp to use the LAN_POWER_GOOD sgnal for a LAN dsabe input.
This pinis intendedto operate ag paver-on rest conrected tca powenmoritor circuit.

Theinput of FLSH_SO (bal P9) isthe LAN_DISABLE signal. It is sampled on the rising edye d
LAN_PWR_GOODard/or RST#. The signal must ke held valid for 80 ns after eitter risirg ecge.

If sampled high, the LAN functions rormally. If sampled low, thenthe following occus:
. The LAN isdisabled

. ThePHY is powered davn.

. Most MAC clock domains are gted.

Most functional blocks are hdd in reset.

o M W N R

The device is inalow power state —equivalent to D3 w/ nowake or manageallit y.

Note: To use this canfiguration for the 562EZ(EX) Platform LAN Conrect device, ke sure the AND
gak Ul is popuated. Depopulate the 0Q resistor R2.

—| 82562EZ(EX) Disable Circuit |—>
10 Sucpﬁ_r 10
Control P
Hub 5
82547GI(El)
RST# : | RST# (BY)
d P-| FLSH_SsO
(P9)

U1
I RSM_RST# = > I: >

z R1 R2

10K 0 0hm
Pop =Y
| LAN_PWR_GOOD

e (A9)

Pop =Y means populate this option

Figure 6. 82547GI(El) LAN Disable Circ uitry

3.3.2 Serial EEPROM for 82547GI(El) Controll er Impleme ntations

The 828 7A(EIl) Gigabit Etherret Controller canuse eithera Microwire* or an SPI* srial
EEPROM. The EEPROM modeis seleced on the EBEMODE input (ball C4). A pull-up resistor to
Vcc demtes SA*. A pul-down resstor to ground cenotesMicrowire. Severalwords of the
EEPROM areaccesed automatically l thedevice afer rest to provide pre-bmt corfiguration
data lefore it is accesed by host software. Theremainayr of the EEPROM space isavailable to
software for staing the MAC adiress serial numbers, and additional information.

15
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For non-ASF apgicaions, us a 64regster by 16-bit Microwire srial EEPROM. For ASF 10
appicatons use larger 93C66 Microwire or AT25040 SR* Sefal EEPROM. ASF 2.0requres a
8K SH* Seial EEPROM.

Intel has anMS-DOS* software utility calledEEUPDATE, which canbe usedto program
EEPROM images indevelopmert or production line ervironments. To obtain a cqy of this
program,confctyour Intel repreengtive.

The EEPROM acces algaithm programmedinto the 8251 7GI(EI) contioller is compatible with
mog, but na all, conmercially available 3 V Microwire interfaceserial EEPROM devices with
64 x 16 (or 256 x 16 organization anda 1 MHz geed ratingThe 8547GI(El)'s EEPROM acces
algorithm drives exrapulses m the shift clock atthe begimingsandendsof read ad write cycles
The exra pusesmayviolate the timilg soecificaionsof some EEFPROM devices In selecing a
serial EEPROM, chaose a devcethat pecifies“don't care” $iift clock satesbetweenacceses.

Microwire EEPROMSs that have beenfoundto work satigactorily with the 54 7GI(El) Gigabit
Ethernet Controller are listedin the following tale:

Table 10. Microwire 64 x 16 Serial EEPROMSs

Manufacturer Manufacturer's P art Number
Atmel AT93C46
Catalyst CAT93C46!

1.  Revision H is not supported. Product die revision letter is marked on top of the package as a suffix to the production data
code (e.g., AYWWH.)

SA* EEPROMSs that have beenfoundto work satigsadorily with the 54 7GI(EI) device ake listed
in Table 11. SPI EEP®Ms must be ratedfor a clockrate ofat leas 2 MHz.

Table 11. SPI Serial EEPROMSs for 82547GI(El) Controller

L Manufacturer's Part
Application Manufactu rer Number
ASF 1.0 or IPMI Pass Through Atmel AT25040
ASF 2.0 or IPMI Advanced Pass Through | Atmel AT25080
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3.3.3 EEPROM Map Informat ion
Table 12 summaizes he EERROM mapfor the 8547GI(El) Gigalit Etherret Cortroller.

Table 12. 82547GI(El) EEPROM Memory Layout

00h

HW/SW Reserved Area
3Fh
40h ASF and Legacy
FEh Manageability
100h Manageability
19F Packet Filter Data
1A0 Loadable
Manageability Firmware
EEPROM END Code

Note:  Full manageablity provided.

3.34 Magnetics Modules for 82547G I(EIl) Controller Appli cations

Carefully selecta Ggalit magneics modile for your desgn. Table 13 lists siggestedintegrated
magretics malules for use with the 854 7GI (El) device. Thege malulesals cortain integated
USB jacks A good quality Gigabit Ethenet cortroller canalso be wsedwith the 56EZ(EX)
PLC device.

Note: Thes canporentsare pn-conpatible with the magetics madulesshown in Table 9 for the
82562EZ(EX) Platform LAN Conrectdevice.

Table 13. 82547GI(El) Recommended Magnetics Module s

Manufacturer Manufacturer's Part Nu mber
Pulse JWOA2P019D
Others TBD
3.3.5 Power Suppli es for the 82547GI(El) Device

The82%47d(EI) contollerrequresthree pwer suppies. The 12V sypply mug provide
appoximately 550 mA curent. The 18 V supply mug provide appoximagly 230 mA curent
The 3.3 Vsyply mug provide only 5 mA current.

A central pwer suppy can povide all the regired voltage sources or the pwer can bederived

andregulatedlocally near tke Ethenet cantrol circuitry. Keepin mindthat al voltage saurcesmust
remah presenduring powerdown in orderto use the 82547G(EI) Etherret cortroller's LAN wake
up capahblity. This cansideration makes it more likely that at leassame of the woltage saurceswill
be Iccal.

17
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Instead & udng external reguatorsto supdy 1.2 V ard 18V, the designer an use power
trarsistars in conjunction with on-chip regulation circuitry. See tle reference sclematic for an
implementatiorexampe.

The 8547GI(El) contoller hasa LAN_PWR_GOODinpu. Treat thissgnal asanexternal @vice
reset which works in conjunction with the intemal power-on resetcircuitry. In the situation where a
certral power sypply furnishes all the wltage saurces LAN_PWR_GOQOD canpossiblybe tied to
the FOWER_GOOD output of the paver supdy. Designs that geneate same ofthe wltages
locally canconrect LAN_PWR_GOOD toa paver manitor chip. Ersure that the systemdrives
LAN_PWR_GOOD inactive for at leas 80 ms aftempower-up.

The pover sarcesareall expecedto rampup during a brief power-up interval (approximately 20
ms) with LAN_PWR_GOODde-assrted. Do notleave he 825 7A(EI) controller in a prdonged
state whee ©me, lut nat all, voltagesare appied.

3.3.6 82547GI(El) Controlle r Power Supply Filtering

Provide several bypas capacitors for eachpowerrail, selectingvaluesin the ramge d 0.01uF to
0.01uF. If possilde, orien the capacitos doseto the device andadjacenhto pover pad.
Decaupling capadors should conrectto the power planeswith shott, thick (15 mils - 0.4mm or
more)tracesand14 mil (0.35 mm) vias

Furnish approximately 20 uF of bulk capacitancéor each 6 the main 12 V and18 V levels A
conwenient way to do hisisto use abouttwo 10uF capacitorsplacingthem asclose o the device
power conmcionsas posible.

3.3.7 82547GI(El) Controlle r Power Management and Wake Up

The 82547GI(EIl) Gigabit Ethernet Controller sypparts low power operation as defined in the PQ
Bus Power Maagemen Specification. Therearetwo definedpower states DO and D3. TheDO
state povides 1ll power operation ard is dvided into two sub-states: D@ (uninitialized) and DOa
(active).The D3gate povideslow poweropestion ard is al® divided into two sub-states:D3haot
and [Bcold.

To erter the low powergate, thesoftwaredriver must stop datatrarsmisson and recegpon. Either
the operatng sysem a the driver mug program tie Power Managenant Control/ Status Register
(PMCSR) ard the Wakeuwp Control Regster (WUC). If wakeupis desired, the appopriate wakeup
LAN address filters must al® be set. The initial power management settirgs are sgecified by
EEPROM bits.

Whenthe 8547GI(El) contrdler transtions to either d theD3 low power gates the 12 V, 1.8V,
and 33V saurcesmud cortinue b be sipgdied to the devce. Gherwise, it will not be posible ©
usea wakeupmectanism. The AUX_POWER signal isa logic input to the 8251 7G(EI) cortroller
that cenctesauwxiliary poweris available. If AUX_POWER is aseted the 547GI(El) device
will advertise that it suppats wake up from a DZXold state.

The 8547GI(El) device sipports bath Advanced Pwer Managment(APM) wakeup and
Advaned Grfiguration andPowerlnterface (AQI) wakeup. APM wakeup has also beenknown
in the st as“Wake onLAN".

Wakeupusesthe AME# sgnalto wake the systemup. PME# is anactive low ggnal conrected toa
GPIO port on thelCH5 that ge@sacive in resporse to receving a “Magic Packet”, aetwork

wakeup packet, or link status change indication. PME#remains assrted until it is disabbedthrough
the Pover Management Control/ Status Register.
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3.3.8 82547GI(El) Device Test Capability

The 82%7GlI(El) Gigabit Etherret Controller containsa te$ acces port conforming to thelEEE
1149.1a-1994 (JTAG) Boundary Scan pecification To use thetes acces part, conrectthes balls
to pad accesible by yourteg equpmen. Be sure to caned the TRST# input to grourd through a
pull-down resstor (approximately 1k value) sothat the test capaliity canna be nvoked by
mistake.

A BSDL (Boundal ScanDefinition Language) fle desribing the 82547GI(El) device s avalable
for use in your test ervironment.

Thecontrdl er alo cortains an XOR teg tree mechnian for Smple baardtests. Detals of XOR
tree @eration may be obtained throughyour Intel represemative.
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4.0 Ethernet Com ponent Layout Guid elines

The® ®cionsprovide recanmendtionsfor paforming printed circuit boardlayouts. Goodlayout
precticesareessential to meet EEE FHY conformance gecificatiors ard EMI reguatory
recquiremerts.

4.1 General Layout Considerations f or Ethernet Controllers

Critical 9gnal tracesshoud be kept ashort aspossble to decreasthe likelihoal of beingaffected
by high frequencynase from othersignals,including naise caried o power ard ground danes
Keepingthe tracessshort aspossble can ale redice capcitive loading.

Since he trrarsmissgon line medum extends onto the piinted circuit boad, gpecial atention mug
be @id to layout and routing of the differenial signal pars.

Designing for Gigabit operatonis very similar to desgning for 10and100Mbps. For the
8254 7GI(EI) Gigaht Etherretcortroller, systemlevel tests stould be perbrmedatall three speds.

4.1.1 Guidelines for Component Pl acement

Compament gacement caaffect sgnal quality, emissons ard conporent ogeratingtemperatte.
This secion provides guidelines for caonpaent gacement.

Careful companent gacement can

* Decreas pdential prodemsdirectly related to electranagretic interfererce (EMI), which
coud caue failure to meetapplicalle government teg specifications.

¢ Simplify the tak of routing traces. ® some esxert, canponent orientation will affect the
comgexity of trace roting. Theoverall objective isto minimizeturnsand creovers between
traces

Minimizing the amout of space neeeld fa the BEhernet LAN inteface ismportant becaus other
interfaces will compete fa physical spaceon amatherboard nearthe cannecta. The Ethernet LAN
circuitsneedto beascose & posdble tothe canecto (seeFigure 5).
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[ Integrated _]

Keep silicon traces at least 1 inch from RJ-45
edge of PCB (2 inches preferred) W/LAN

Magnetics

Keep LAN silicon 1 to 4 inches from LAN connector
> »
)

Ll
\ 4 ’ |
_ E—

LAN Keep 100 mil minimum distance between TX
Silicon and RX traces (300 mils is preferred)

— Y

Figure 5. General Placement Distances

Figure 5 shows somebasic placemendistance guidlines. The figure siowstwo differertial pairs
but canbe gneralizedfor a Gigabit gstem withfour analogpairs The ideal placemdtrfor the
Ethernet silicon would be approximately one inch behind the magnetics modue.

While it is generally a gpodidea tominimize lergths and distarces, this figure alsoillustrates tre
need tokeepthe LAN sli con awayfrom the edge of the board and the magnetics modue for best
EMI performance.

4.1.2 Crystals

Crystals should not ke placednearl/O potts or board edgesRadiationfrom theg devcesmay be
couged onto the 1/O partsor outof the yystemchasis. Crystals should alsobe lept away from the
Etherng magneticanodule toprevent intererenceTracesshould be efererced toa continwus
low impedance plae.

Place the crysl andload cgacitas onthe ginted drcuit boardsasclose to theEtherret
compaert aspossible, within 0.75inch. Keep dher mtentially roisy tracesawayfrom thecrydal
traces

4.1.3 Board Stack Up Recommendat ions

Printed circuit boards for these designs typically have four, six, eight, or more layers. Here is a
degription of atypical Sx-layer boad sackup

* lLayerl isa sgnal layer. It cancortainthe dff erential aralog pairs from the Etternet device to
the magetics modue.

¢ Layer 2isa spnal ground layer. Chasis gound may ako be fabricatedin Layer 2under he
conrecor sde d the megneics modile.
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Layer3 isused for power planes

Layer 4is a sgnal layer. For Gigabit designs, it is canmonto route twoof the dfferertial pairs
onthis layer.

This board gack p configuraion can ke adjused tocorform to your company'sdesign rules

4.1.4 Differentia | Pair Trace Routing

Trace puting corsiderations areimportart to minimzethe efectsof crosstalk and gopagation
delayson sectionsof theboad where high-speedsgnalsexid. Signaltracesshould bekept asshort
aspossible to cecreasinterfelence fom aher sgnals, including thos popagated though power
andground plares.Obsewre te following suggestons to help optimize bardperformarce:

Maintain caxgant symmetryandspacing letween theraceswithin a diferertial pair.
Keep thesignal trace lenthsof a diferertial pair equal to eachother

Keep thetotal lengthof each dif erential pair underfour inches Desgns with differertial
traceslonger than5 inchesare nuch nore likely to have degraded receie Bit Error Rate
(BER) perfamarce, IEEE PHY conformarce failuresard/or excesive Electromagetic
Interfererce (EMI) radiation

Do not route the tansnit differential traceloser thran 1® mils to the receivealifferential
traces

Do na route anyothersignal tracesbath parallé to the diferential traces andcloser than 10
mils to the dfferential trace¢300 mils is recommended.

Keepmaximum separation within differertial pairsto sewven mils.

For Hgh-spead dgnals the umber of comersandviasstould be lept to a mnimum. If a 90
berd is required, it is recanmenctd touse two %&° bend instead SeeFigure 6.

Tracesshoud beroutedaway fomboad edyesby a digarce geater tharthe trace &ight
above theground plane.This allows the field aound thetrace to caplemoreeasly to the
ground plare ratherthanto adjacehwires or boards

Do na route tracesnd vias undercrygalsor oscillatars. Thiswill preven couplingto o from
the clock And asa gerral rue, place tracefrom clacks anddrivesat aminimumdigtarnce
from apeturesby a digance tlatis greaer thanthe lageg apeture dmenson.

Figur e 6. Trace Routing
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* The retrenceplane br the differertial pairs should be catinucusandlow impedance.lt is
recomnendedthat the refererce panebe ether groundor 1.8V (thevoltage usedby the
PHY). This providesan adegéte returnpath for andhigh frequencynase curerts.

* Do na route differenial pairs over splitsin the asociatedrefererce plare.
¢ Differentialterminationcompneris shoud be placedasclose asposside to the LAN sli con.

415 Signal Trace Geometry

The ley factasin cortrolling trace EMI ediationare the tace lengthrandthe ratioof tracewidth
to trace-leight almvethe giourd plare. To minimize trace iductarce, hih-speedsignals ard
signal layersthat ae clo® to a gound or power plane fioud be asshort andwide aspractical.
Ideally, this trace with to heigh atove the gourd plane ratio idetweenl:1 and 3:1To maintain
trace impdancethe widh of thetrace sioud be modified whenchamging from one boad layerto
anoterif the two layersarenot equidistantfrom the power or ground plane.

Each @ir of signal should hawe a diferential impedarce of 100 Q. +/- 20%. If a particular tool
canna desgndifferential traces it is permissible to gecify 55-65 Q sngle-emledtracesaslong as
the acingbetween th two traceds minimized.As anexampe, corsider a differential trace pair
on Layer 1thatis eight mils (0.2 nm) wide am two mils (0.05 mm) thick, with a s@cing of eight
mils (0.2mm). If the fiberglasslayer is eight mils (0.2 mm) thick with a delectic canstant, Eg, of
4.7,the catulated single-enced impedancewould be appoximately 61Q and thecalculated
differenta impedancewould be approximately 100 Q.

Whenperrming a mard layout, donat allow the CAD tool auto-router toroute the diferential
pairs without intervertion. In most cags, he differential pairswill have to be routedmanually. The
comporerts should be laid out in the following order of priority:

1. Differentialtraces
2. Termination resistas
3. Bypasscapadors

4. Other conporent

This allows placing those commnerts in the beslocatiors ard awids udng critical space bynon-
critical canpnents

Note: Measuing trace impednce fa layaut designs tageting 10 Q oftenresultsin lower actual
impedarce. Deggnersshoud verify actual traceimpedance ad adust the layait accodingly. If
the actal impedanceis consistertly low, a taget d 105 to 110 Q shoud compersate for secord
order effects

It is necesary to canpersate far traceto-traceedge capling, whichcan laver the dfferential
impedare byupto 10Q, whenthe tracesvithin apair ae closer than30mils (edge toedg).

4.1.6 Trace Length and Symmetry

Asindicated earlier isecton 4.1.4, the overall length of differential pairs should be less thanfour
inchesmeasiredfrom theEtherretdevice tothe magetics

The dfferential traceshould be egial within 50 mils (1.25mm) withineach pir andas
symmetrical agpossible. Ayymmetrical ad unequal lengthtracesin the dfferential pairs

contribute to canmonmade nase. Common mode naise candegede tke receive cituit’s
perfamarce andcontibute toradiated enssions
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4.1.7

4.1.8

4.1.9

4.1.10

Impedance Disconti nuiti es

Impedancediscatinuities caug urwanted sgnalreflecions Avoid vias(signal throughholeg ard
other trarsmisson line irregularties. If viasmust ke used a reasonalde budget istwo per
differential trace. Unged padsard gub tracesshoud als be avdded.

Reducing Circuit Inductance

Tracesshoud beroutedover a catinucus grourd plare with nointerryptions If there are acant
areasona gourd o power plare, the ggnal conductors shoud not cross thevacant aga. This
increagsinductance and asciated radiatedoise levels. Noisy logic grounds shoud be separaed
from aralog signa groundsto reduce caipling. Noisy logic grounds cansometimesaffect ensitive
DC subsystems suwch asaralog to digital conversion, operational amplifiers, etc. All goundvias
shoud be caneciedto ewery groundplane; ad smilarly, evey power via,to all power plaresat
equal potertial. This helpsreduce circlit inductance. Andher recommeadationis to physically
locate gourdsto minimize the lop area between signal pat andits return path. Rise ard fall
timesshoud be asdow aspossible. Becaus signalswith fad rise ard fall timescortain mary high
frequengy hamonics, which canradiate ggnificantly. The nost sersiti ve signal returns clcses to
the classisground shoud be comectedtogether This will reault in asmaller loop areaandredice
the likelihood of crosstalk. The efect d differert corfigurationsonthe amaint d crosgalk canbe
studied usng eledronics modeling sdtware.

Signal Isolation

To maintain beg signal integity, keepdigital signalsfar awayfrom theanalogtraces A goad rule
of thumb is no digital signal stould be within 300 mils (7.5 mm) of the dfferertial pairs. If digital
signals on other boardlayers canna beserated by a gound plane,they shoud be routedat right
argles withrespectto the dfferential pairs. If there isarother LAN controller on the board, take
care tokeepthe diferential pars from that cicuit away

Same rulesto follow for signal isolation:

* Separat ard group sgnals by function on separat layers if possble. Maintain a gapof 100
mils betweenall differertial pairs (Ethemet) ard aher rets, but group ascciated differental
pairstogether Note: Ovetthe lemth of the tace runeachdifferertial pair shoud be atleas
0.3inches awayfrom anypallel gnal taces

* Physcally grouptogetter all conporentsassociated withone clak traceto reduce trace
length and radiation.

* Isolate I/O ggnalsfrom high-speedsignalsto minimize crosstalk, which canincrease EMI
emisson ard suscefibility to EMI from other signals

¢ Avoid routing high-speed LAN tracesiear otler high-frequerty sgnals asociated with a
videocortroller, cache cotrdler, procesor, or othersimilar devices

Power an d Ground Planes
Goodgroundng requres mnimizing indwctance évelsin the intercomectons andkeepng ground

returns short, signal loop areassmall, ard power inputs bypassedto signal return, will significartly
reduce EMIradiation.
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41.11

4.1.12

The fdlowing guidelineshelp reduce circut indudarce in oth backplaresand notherloards:

* Route tracevera cotinuausplane withno interruptions. Do ot route over asplit power a
ground plane.If there ae vacahareasona gound or power plane, awbrouting signals over
the vacan area. Tis will increa® inductarce aml EMI radation levels.

¢ Sepmrate noisy digital groundsfrom analog gioundsto reduce coyling. Noisy digital grounds
may affed sensitive DC subsygems.

* All ground viasshoud be comectedto evel grourd plane; ancevely power via fioud be
connected to all power plares at eqgal potertial. This helps reduce circuit inductarce.

* Physically locate gounds betweenasignal path and its return. This will minimizethe loop
area.

* Avoid fad risefall timesasmuchaspossible. Sgnak with fag rise andfall timescontin
manyhigh frequencyhamonics, which can ediate EMI.

* The goundplare teneaththe magnetics modue should be sdit. The RJ-45 connecta side of
the transformer modue shoud have chasss goundbeneathit. Sgit GroundPlaresfor
Magneics Modues

Traces for Decoup ling Cap acitors

Tracesbetweendecaipling and I/O filter capacitars houd be asshort ard wide aspractical. Lag
and thin tracesare nore inductiveandwould reducethe intened efect of decouping capacitors.
Also for smilar reasons, tracesto I/O sgnalsandsignal termirations shoud be asshort as
possible. Viasto the deougding capcitors should be sifficiently large in dianeter to decreas
seriesinductance.

Ground Planes Unde rthe Magnetics Module

The magetics module chasis or output ground (secandal side d trangormer) shoud be
seprated from the digital or input ground (primary side) by a physical se@ration of 100 mils
minimum Splitti ng the ground planesbereah the trangormer mirimizes noise couding between
the pimaryandsecadary sdesof thetrangormerandbetween th adjacencoilsin the magetics
This arramgement ado improvesthe conmon mode choke functionality of magnetics modue.

Table 7 illustrates the spit plane layout for a dscrete magnetics modue. Capacitors are usedto
intercomectchasis ground ard dgnd ground

0.10 Inches Minimum Spacing

IR

Magnetics Module

IR

Ground Plane

Void or Separate

Separate Chassis Ground Plane

Gnd_pane_Sep

Figure 7. Ground Plane Separation
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Figure 8 below shows the preferred method for implementing a goundsit under anintegated

magreticsmadule/RJ-45 conector. Thecapacitorstuffing options (C1 —C6) are sedto reduce/
filter high frequency enissims. The value(s) of the cagcitar stuffing options may be differert for
eachboard Experimerts will needto be performedto determine which value(s) povide best EMI

performance.
Board Edge

RJ/Mag.

Capacitor
Stuffing

Options .

v o

RJ Shield
connected to
Chassis
GND

Chassis

Capacitor
Stuffing

. Options

C1 Cc2 C3

| L

C4 C5 Cé6

[ | Q ’ Q , ) Digital

. . GND

Resistive

e0o

O

Figur e 8. Ideal Ground S plit Impl ementation

Thetable below gvessome garting valuesfor thee capacitcs.

Capacitors

Value

C3,C4

4.7pF

or 10 uF

C1,C2,C5,C6

470 pF to 0.1 puF

The placemetrof C1 — G6 may also be diferentfor each bard degyn (i.e., not all of the capaitors
may needto be ppuated). Also, the capadors may rot beneededn both sides d the magetic

module.
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4.1.13 Special Considerat ions for N on-Int egrated M agnetics Modules and
RJ-45 Connectors

It ispossibleto empoy dscrete (non-integrated) magretics modulesandRJ45 cannecbrs. Similar
rules will apply to desgnand byout The dfferenial pars shoud be roued b be asshort ard
symmetrical agpossible andthe overall lendhs of the dfferertial pairs (including the width of the
magneticsmadule)shoud not exceed aproximately fourinches

Additional design ard layout steps will be requiredto add a dedicatedboard temination plane
paralel to chasss ground, 75Q termimation resstors, anda 190 pF capacitarThis “B ob Smith”
termination scheme is normally contained inside anintegatedmagnetics nodue.

In Ethemetdegsgns it iscomnon piaciceto terminate unisedconrecionson the RJ-45 cannecbr
and he magetics madule to grourd. Depending on o\eral shieldingand gounding design, this
may be dne to the chasis grourd, sgnalground, a a ermination plane.Care mst be taken when
using various goundng methods to insure that enisson requiremerts are met. In the “Bob Snith”
termination method, a floating temmination plare is cu out of a pwer plare layer. This floating
plane actasa plate 6 a capador with anadacent gound plane.The sgnalscanbe raited
through 75 Q regstors to the pare. Sray enegy onunused pns is thencarriedto theplane.

It is recommeded thatthetermination plane cgpacitance equal a minimuwalue of 1500 pFE This
helps reduce he anourt of crosstalk onthe differerial pairs from the inused pais of the RJ-45
connecta. Pad maybe placedfor anadditional capacitarce tochasss ground which maybe
requiredif the temination plare capacitance isa large enaghto passEFT (Hectiical Fas
Transent) tesing. If a discrete capacitor isused to meet tle EFT equiremerts it should be rated
for atleag 1000Vac.

|
TDP O L
! LJ\J\J\/I g |
N/C —:— —_— El t |
|
TDN O : AN t |
RDP O :
Y I_E“E—L I ,E RJ-45
! MM |
RDN O L | \
S a
l Magnetics module
3 /J7
|7i
Termination plane /J 1
lan)
Additional capacitance that may be <

required for EFT testing

LAN_term_plane

Figure 9. Termin ation Plane Example for 82562EZ(EX) PLC Device and Disc rete Magnetics
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4.2 Layout for the 82562EZ(EX) Platform LAN Connect Device

This secion provides layout guidelinesspecific tothe 8 562EZ(EX) PLC device.

4.2.1 Terminat ion Resistors for Designs Based on 82 562EZ(EX) PLC
Device

Two dfferential pairsareterminated $sing 4.9 Q (1% toleance) esistors, placednearthe LAN
controller. One resistar connects tothe MDI+ (MDI pasitive) signal trace ad arother resigor
comectsto the MDI- (MDI negative)signal trace (seFigure 10).

Termindion resstor valueswere recentlyincreagd fom49.9Q to 54.9Q to improve return loss
However on some cesigns, this chang caugd the PCB’s autput anplitude tobe slightly atove the
peakto-peak ceter ofthe IEEE gecification.As a result, RBIAS redstor valueswere ircreagd
(RBIAS10549t0 619 Q andRBIA S100619to 649 Q) to reducethe FCB's output anplitude b
better neetthe IEEE peakto-peak ceber specification.

For 100Base-TX desgns the IEEEspecificaion allowsa -%0mVpk to-1050 mVpk for the
negaive peak and +950mVpk to +1050mV pk for the psitive peak. Ickaly, a typical P@ output
anplitude shoud be within -975mV pk to -1025mVpk for the regative peakard +975 mVpk to
+1025mVpk for the positive peak

For 10Base-T desgns thelEEE gecificationallowsa -22 mVpk to 2.8 mVpk for the regative
peakand+2.2mVpkto +28 mVpk for thepostive peak Ideally, a typical P® output amitude
should be within -2.35mVpk to -2.5% mVpk for the negéive peak ad +235 m\pk to +255 mvpk
for the msitive peak.

TheRBIAS valuesprevoudy listed shodd becondderedgarting values Intel recommends that
board designersmeasire each btheir PCB’s ouputanplitude ard then aglust the RBIAS valuesas
recuired.

Intel & ‘ %
ICH5 Intel - . P
LAN Connect Interface LAN Magnetics | > RJ45
device [ Module <_“

[t

MM
VY

Place termination resistors as close to the Intel LAN device as possible.
Figure 10. 82562EZ(EX) PLC Devic e Differential Signal Termin ation

4.2.2 Light Emitting Diodes f or Designs Based on 825 62EZ(EX) PLC Device
The82%62EZEX) PLC device hasthree ligh-currert outputs to directly drive LEDs for link,
activity andspeed irdication. Since LEDs arelikely to be integral toa magmetics module, tale care

to route theLED tracesaway fom potential surcesof EMI naise. In somecass it maybe
desirable toattachfilter capacitors.
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4.3 Layout for the 82547 GI(EI) Gigabit Ether net Contr oller

4.3.1 Termination Resistors for Designs B ased on 82547GI(El) Gigabit
Ethernet Controller

The faur differential @irs are terminged with 49.9 Q (1% tolerawe) resstors, placednearthe
82547GI(El) contrdler. One resstor comectsto theMDI+ signal trace ad arotherregstor
conrectstothe MDI-signal trace. Tle ofposte erds of theregstorscomect togther and to
groundthrougha sngle Q1 uF cagmcitor. Thecapacitorshouldbe gaceal asclose asposible to the
49.9Q resstors, usng a wide trace.

Do nat vary the siggeded compnrent valies Be sureto lay aut symmetical ppds andtracesfor
these companerts such that the legth ard symmetry of the dfferenial pars are notdisturbed.

4.3.2 Light Emitting Diode s for Designs B ased on 82547GI(El) Controller

The 8547GI(El) controller providesfour programmalbe high-current outputs to directy drive
LEDsfor link actiity and geed indcation. Sncethe LEDs are likely to be integl to a magetics
modue, take cag with careto route the LI tracesaway from potential surcesof EMI noise. In
some casesit may be desirable toattachfilter cadtors.

4.4 Physic al Layer Conform ance Testing

Physicallayer conformance tesing (alsoknown as EEE tesing) is afundamental capahbility for all
comparieswith Ethernet LAN products. PHYteding is the final determination that a layut has
been prformedsuccesfully. If your company desna havethe re®urcesandequiprnent to
perform these testsconsider contracing the teststo anoutside facility.

Crucial testsare as bllows, listed in priority order:

* Bit Error Rate (BER). Goodindicabr of realworld network peformance Peform bit error
rate tesing with long ard short cadesand many link partners. The tes limit is 10-11 errors.

* Output Amplitude, Rse ad Fall Time (10/100 Mbps), Symmetry ard Droop (1000 Mbps).
For the 547GI(El) cantrdler, use the appopriate PHY tes wavefam.

* Reurn Loss. Indicabr of proper impedance ratching, measiredthroughthe R}45 canecior
back tavard the magetics module.

o Jitter Test (L/200Mbps) or Unfiltered Jitter Test (1000Mbps). Indicata of clock recovery
ability (magder ard dave fa Gigaht contrdler).
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4.5 Troublesho oting Common Physical Layout Issues

Thefollowingis alist of comman physical layer desgn ard layout mistakesin LAN On
Mothemoad Designs

1. Unequal length of the twotraces witin adifferertial pair. Inequalities ceat comman-mode
noise ard will distort the transmit or receive waveforms.

2. Lackof symmetry betweenthe twotraceswithin a differentialpair. Asymmetrycancreate
comnon-mock nase ard dstort the waeforms. For eachconporent am/or via thatonetrace
encaunters the othertrace sioud encainter thesame canporent o a via athe same distance
from the Ehernet slicon.

3. Excesive digance letweenthe Etlernet sli con ard themagnéeics Longtraceson FR4
fiberglass epxy substrate will attemiate the aralog signals. i addition, ary impedance
mismatch in tle traceswill be aggavatedf theyare lomgerthanthe fou inchrule.

4. Routing ary other traceparallel to ard close to one of the dff erential tracesCrosdalk getting
onto the receive chamel will cause dgradedlong cadle BER Crosstalk getting onto the
trangnit chamel can case excesive BM| emissions ard cancaug poa trarsmit BER on long
cables At a minmum, othersignals shoud be kept 0.3 inchesfrom the differential traes

5. Routingone air of differenial tracestoo clos toanother pair of differential tracesAfter
exitingthe Ethenet slicon, thetrace pairshoud be kept 0.3 inchesor more away fomthe
other trace pirs. The mly possille excegions are inthe vicinities where tte traceserter a
exit the megnetics, the RJ-45 connector andthe Etlernet $li con.

6. Use d a low quality magnetics modue.

7. Rewse of an ou-of-dake physcal layer shensticin a Ehemet sli con design. The
terminations and aecowpling can bedifferent from one PHY to anoher.

8. Incorrect differertial trace impednces It is important to have ~100Q2 impedance between the
two traceswithin adifferential par. This becones even nore importart asthe differenial
tracesbecane lorger. To calculate diferertial impedance manyimpedance calcletors only
multiply the sirgle-erded impedance by two. This does rot take into accaint edge-to-edge
capacitive caipling betweenthe twotraces. Weknthe twotraeeswithin a dfferertial pair are
kept close to each otherthe edgecoupling canlowerthe efective differenial impedartce by
5Qt020Q. Shat traceswill havefewerproblemsif the dfferential inpedarce isdightly off
target.

9. For 5&EZ(EX) PLC designs, use of capacitothat istoo large between théransnit traces
ard/or too much capacitarce an the megnetic nodue's tiansmit certertap to ground Using
capacitos more than a &w pF ineitherof thes locationscanslow the 1@ Mbps rise ard fall
time. ThHs will also catse return lossto fail at higher frequerciesand will degrade the trarsmit
BER pefformancelf a capacitor isused, it shoud almost cettainly be less than22 pF.
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5.0 Design and Layout Checklist s

The Deggn ard Layaut checkists are in Portable Dda Format (PDF and aailableto aid desgness
via:

http://developer.intel.cam.
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Ball Number to Signal Mapping with Po pulation
Options

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

Table 14 lists the ball namesfor bath devicescorregpondng to the karedball numter. Pleag note
that sgnal names may vary slightly from the rames o the reference sclematic in Sectian 7.0. The
schematic names follow convertions used by Intel design erginees o their design tools.

Table 14. Ball Numbe r to Signal Mapping (She et 1 of 7)

Ball | 82562EZ(EX) | 82547GI(El) Pin Signal Name | 82562EZ(EX) | Pop Option Comment
Ref Pin Name Name Difference? Connection? Required?

Al NC NC

A2 NC NC X

A3 3.3V 3.3V X

A4 NC NC

A5 NC NC

A6 NC PME#

A7 3.3V 3.3V X

A8 NC NC X

A9 NC LAN_PWR_GOOD

Al10 NC SMBCLK

All VCCT 3.3V

Al2 LILED# LEDO/LINK_UP# X Same signal different

name
Al3 TESTEN TEST X X Same signal different
name

Al4 NC NC

B1 NC NC

B2 NC NC

B3 VSS VSS X

B4 NC NC

B5 NC NC

B6 NC NC

B7 VSS VSS X

B8 NC NC

B9 NC RST#

B10 NC SMB_ALERT#
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Table 14. Ball Number to Sign al Mapping ( Sheet 2 of 7) (Continue d)

Ball | 82562EZ(EX) 82547GI(El) Pin Signal Name 82562EZ(EX) Pop Option Comment
Ref Pin Name Name Differen ce? Connection? Required ?
B11 SPDLED# LED2/LINK100# X X X Same signal different
name
B12 TOUT LED3/LINK1000# X X X 82562EZ: NC
82547GI(El): LED
B13 RBIAS100 CTRL18 X X X 82562EZ: 649 ohm
external pull-down
82547GI(El): Voltage
Transistor connection
B14 RBIAS10 IEEE_TEST+ X X X 82562EZ: 619 ohm
external pull-down
82547GI(El): IEEE PHY
Test
C1 NC NC X
c2 NC NC X
C3 NC NC X
C4 NC EEMODE X
C5 NC NC X
Cc6 NC NC X
Cc7 NC NC X
Ccs8 NC NC X
C9 NC SMBDATA X
C10 |VSS VSS
c1l ACTLED# LED/ACTIVITY# X X Same signal different
name
C12 |VSS ANALOG_VSS
C13 TDP MDI[0]+ X Connected to magnetics.
Ci14 TDN MDI[0]- X Connected to magnetics.
D1 NC NC X
D2 NC NC X
D3 NC NC X
D4 VSS VSS X X X Connected to VSS
D5 VSS VSS X
D6 VSS VSS X X X Connected to VSS
D7 VSS VSS X
D8 VSS VSS X
D9 NC NC X
36
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Table 14. Ball Numbe r to Signal Mapping (She et 3 of 7) (Continue d)

Ball 825_62EZ(EX) 82547GI(El) Pin Si_gnal Name 82562EZ_(EX) Pop O_ption Comment
Ref Pin Name Name Difference? Connection? Required?

D10 ISOL_EXEC | NC X X X 82562EZ: No Connect.
Internal Pull-Down.
82547GI(El): No Connect.

D11 NC 1.8V

D12 ISOL_TI 1.8V X X 82562EZ: No Connect.
Internal Pull-Down.
82547GI(El): 1.8 V.

D13 VSSA ANALOG_VSS X

D14 ISOL_TCK IEEE_TEST- X X 82562EZ: No Connect.
Internal Pull-Down.
82547GI(El): IEEE PHY
Test.

El VvCC 3.3V

E2 VSS VSS

E3 NC NC X

E4 VSS VSS X X Connected to VSS

ES VSS VSS X

E6 VSS VSS X

E7 VSS VSS X

E8 VSS VSS X

E9 VSS VSS X

E10 VSS VSS X X X Connected to VSS

E11l VCCT ANALOG_1.2V X X X 3.3V /1.2V Plane

E12 VCCT ANALOG_1.2V X X X 3.3V/1.2V Plane

E13 RDP MDI[1]+ X X X Connected to magnetics.

El4 RDN MDI[1]- X X X Connected to magnetics.

F1 NC NC X

F2 NC NC X

F3 NC NC X

F4 VSS VSS X

F5 VSS VSS X X X Connected to VSS

F6 VSS VSS X

F7 VSS VSS X

F8 VSS VSS X

F9 VSS VSS X

F10 VSS VSS X
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Table 14. Ball Number to Sign al Mapping ( Sheet 4 of 7) (Continue d)

Ball 825_62EZ(EX) 82547GI(El) Pin Si_gnal Name 82562EZ_(EX) Pop O_pt ion Comment
Ref Pin Name Name Differen ce? Connection? Required ?
F11 VSS VSS X
F12 NC NC X
F13 |NC MDI[2]+ X
F14 |NC MDI[2]- X
G1 NC CI_CLK X
G2 NC ClI[9] X
G3 NC NC X
G4 NC CSA 1.2V X
G5 VCCR 1.2V X X 3.3V /1.2V Plane
G6 vCC 12V X X 3.3V /1.2V Plane
G7 VSS VSS X
G8 VSS VSS X
G9 VSS VSS X
G10 |VSS VSS X
G11 VSS VSS X
G12 | NC 18V
G13 VCC ANALOG_1.2V X X 3.3V /1.2V Plane
G14 VSS ANALOG_VSS
H1 NC CI[10] X
H2 NC CSA_VSS X
H3 NC cl[8] X
H4 NC CSA_1.2V X
H5 VCCR 1.2V X X X 3.3V /1.2V Plane
H6 VCC 12V X X X 3.3V /1.2V Plane
H7 VCC 1.2V X X X 3.3V /1.2V Plane
H8 VCC 12V X X X 3.3V /1.2V Plane
H9 VSS VSS X
H10 |VSS VSS X
H11 33V ANALOG_1.2V X X X 3.3V /1.2V Plane
H12 NC NC X
H13 |NC MDI[3]+ X
H14 | NC MDI[3]- X
Ji NC cl[o] X
38
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Table 14. Ball Numbe r to Signal Mapping (She et 5 of 7) (Continue d)

Ball 825_62EZ(EX) 82547GI(El) Pin Si_gnal Name 82562EZ_(EX) Pop O_ption Comment
Ref Pin Name Name Difference? Connection? Required?
J2 NC Cl[1] X
J3 NC Cl[2] X
J4 NC CSA_1.2v X
J5 VCCR 1.2V X X X 3.3V /1.2V Plane
J6 VCC 1.2V X X X 3.3V/1.2V Plane
J7 VCC 1.2V X X X 3.3V /1.2V Plane
J8 VCC 1.2V X X X 3.3V /1.2V Plane
J9 VCC 1.2V X X X 3.3V /1.2V Plane
J10 VCC 1.2V X X X 3.3V/1.2V Plane
J11 VCC 1.2V X X X 3.3V /1.2V Plane
J12 NC AUX_PWR X
J13 NC 1.8V X
J14 X2 XTAL2 X
K1 NC ClI[3] X
K2 VSS CSA_VSS X
K3 VvCC 3.3V X
K4 VCC 3.3V X X X Connected to 3.3V
K5 VCC 1.2V X X X 3.3V /1.2V Plane
K6 VCC 1.2V X X X 3.3V /1.2V Plane
K7 VCC 1.2V X X X 3.3V /1.2V Plane
K8 VCC 1.2V X X X 3.3V /1.2V Plane
K9 VCC 1.2V X X X 3.3V /1.2V Plane
K10 VCC 1.2V X X X 3.3V/1.2V Plane
K11 VCC 1.2V X X X 3.3V /1.2V Plane
K12 VSS ANALOG_VSS X
K13 |VvCC 3.3V X
K14 X1 XTAL1 X
L1 NC CI_STRS X
L2 NC CI_STRF X
L3 NC Cl[4] X
L4 VCC 1.2V X 3.3V/1.2V Plane
LS VCC 1.2V X 3.3V /1.2V Plane
L6 VSS VSS X Connected to VSS

Downloaded from Elcodis.com electronic components distributor

39


http://elcodis.com/parts/5786561/82547GI.html

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

Table 14. Ball Number to Sign al Mapping ( Sheet 6 of 7) (Continue d)

Ball | 82562EZ(EX) 82547GI(El) Pin Signal Name 82562EZ(EX) Pop Option Comment
Ref Pin Name Name Differen ce? Connection? Required ?

L7 ADV10 NC X X X 82562EZ: No Connect.
Internal Pull-Down.
82547GI(El): No Connect.

L8 NC NC

L9 VCC 1.2V X X 3.3V/1.2V Plane

L10 VCC 1.2V 3.3V/1.2V Plane

L11 VSS VSS

L12 NC JTAG_TMS

L13 JTXD[1] JTAG_TRST# X X X 82562EZ: ICH LAN
Connect.
82547GI(El): JITAG
Connect.

L14 JTXDI[2] JTAG_TCK X X X 82562EZ: ICH LAN
Connect.
82547GI(El): JTAG
Connect.

M1 NC Cl[6] X

M2 NC CI[5] X

M3 NC CSA_VSS X

M4 NC CSA_1.2Vv X

M5 NC 1.2V X

M6 VSS VSS X

M7 NC NC X

M8 NC NC X

M9 NC FLSH_CE# X

M10 NC EESK X

M11 NC FLSH_SI X

M12 | JRXD[2] SDP[3] X X X 82562EZ: ICH LAN
Connect.
82547GI(El): No Connect.

M13 | JRSTSYNC JTAG_TDI X X X 82562EZ: ICH LAN
Connect.
82547GI(El): JTAG
Connect.

M14 | JTXDIO0] JTAG_TDO X X X 82562EZ: ICH LAN
Connect.
82547GI(El): JTAG
Connect.

N1 VSS CSA_VSS X

40
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Table 14. Ball Numbe r to Signal Mapping (She et 7 of 7) (Continue d)

Ball 825_62EZ(EX) 82547GI(El) Pin Si_gnal Name 82562EZ_(EX) Pop O_ption Comment
Ref Pin Name Name Difference? Connection? Required?

N2 NC cI[7] X

N3 NC CI_RCOMP X

N4 NC CI_VREF X

N5 NC 1.2V X

N6 VCC 3.3V X

N7 NC NC X

N8 VCC 3.3V X

N9 NC FLSH_SCK X

N10 NC EEDO

N11 NC NC

N12 VSSP VSS

N13 | JRXD[1] SDP[2] X X X 82562EZ: ICH LAN
Connect.
82547GI(El): No Connect.

N14 JCLK SDP[0] X X X 82562EZ: ICH LAN
Connect.
82547GI(El): No Connect.

P1 NC NC

P2 VCC 3.3V X

P3 NC CI_SWING X

P4 NC NC X

P5 NC NC X

P6 NC NC X

P7 NC EECS X

P8 VSS VSS X

P9 NC FLSH_SO/ X

LAN_DISABLE#

P10 NC EEDI

P11 NC CTRL12

P12 |33V 3.3V X

P13 JRXDIO0] SDP[1] X X X 82562EZ: ICH LAN
Connect.
82547GI(El): No Connect.

P14 NC NC
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7.0 Dual Footprint Reference Sch ematic

Thefollowing pages illustrate a dial purpose 10/100 ard 10/100/1000 design using the
82562EZ(EX) Platform LAN Conrectdevceand he 854 7GI(El) Gigabt Ethemet Controll er.
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Appendix A Measuring L AN Reference Frequency Using a
Frequency Counter

A.l Backgr ound

To comply with IEEE 9ecificationsfor 10/200 Mbpsand10/100/1000Bag-T Ethernet LAN, the
transmitter reérencefrequency must be carrect am accuate wittin £50 parts per million (ppm).

Note: Intel recommeds a frequemy tolerance d £30 (ppm).

Most Intel LAN devices wil operate popery with a25.000 MHz refeence cngtal, providedit
meetsthe reconmerded requirementsfor frequeng stahli ty, equivalentseriesresstarce at
resonarce (ESR, ard loadcapacitance.

Most circuits for sefes esanantcrystals include two dscrete capcitors(typically C1 andC2),
with values ketween5 pF and36 pF

Themod accurate wayo de¢ermine theappiopiiate value for thediscrete capattorsisto ingall the
appoximately correct valuedor C1 ard C2. NeX, a frequercy cowunter shoud be ugdto measire
the trarsmitter reference frequency (or trarsmitter reference clak).

¢ If the trarsmitter reference frequency is more than 20 ppm below the tagetfrequency, thenthe
valuesfor C1 ard C2 aretoo big andshoud bedecreasd.

¢ |f the tarsmitter referencefrequency is more than20 ppmabove the taget freqency, then tre
valuesfor C1 ard C2 aretoo small andshoud beincreagd.

This Appendix provides irstructions ard illustrations that explain how to use a frequencycounter
andprobe to determine the Etheet LAN device transnit certer frequency. An exampbe describing
how to calculate thérequencyaccuracyf themeasired aml aveagedcenter fequency with
regpect tothe taget centefrequencyis also included

A.2 Required Test Equipment

¢ Tektronix CMC-251, or similar highresdution, digital counter
* Tektronix P6246, or similar high bandvidth, low camacitance (Bsthan 1pF) probe
* Tektronix 1103 or similar probe power suypply or probe amplifier

BNC, 50-0hm coaxal cable (lesthan 6feet lorg)

Sygemwith power supdy andteg software for the LAN circdt to be teted
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A.3 Indirect Prob ing

Method

The ndirectprobing test methodis agplicable foremast devicesthat support 100BASE-T. Since
probe capacitace can lad the efererce cnstal ard affect the neasred fequency, thepreferred
mehodis to use the indirect probing test methhodwhen posible.

Almost all Intel LAN silicon that sppat 100BASE-T Ethernet can provide a huffered 125 MHz
clock, which canbe usedfor indirectprobing of the transmitter reference clack. The buffered 125
MHz clock will be a5X multiple of the ciystal circuit’s reference frequency (Figure 11).

Differert LAN devicesmay require dfferent register settings, to erale the tuffered 125 MHz
refererce frequercy. Plea® oliain the sttingsor instructions that are apgopriate fa the LAN

contolleryou areusng.

LAN Silicon IEEE Test Out +

2-pin
header

P6246 or similar

| high impedance

probe

with less than 1 pF

o

LAN Silicon IEEE Test Out -

Cable

Figur e 11. Indir ect Probing Setup
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A.4 Indirect Frequency Measurement and Frequency Accur acy
Calculation Steps

1. Make sirethe ystem BOS hasthe LAN cortroller erabled.
2. Connectthe test equipmert asshown in Figure 11.

3. Using the apropriate cantrols for your mocel of high resdutiondigital counter, make sre it
can dsplay ~12.0000 MHz with at leas four decimal pacesfrequency resolution.

4. Enabe the 1% MHz hufferedreference clak. An exampe can le found in Appendix B,
“GigConf.exe Redster Settings for 8254 7GI(El) Devices .

5. Determine the cear refeence freqiencyasaccuately agpossilie. This canbe dme bytaking
30to 50 dfferentreadngsudng the frequency counter and tlen calculating te averag resilts
of thereadngs

6. Calculatethe acuracyof themeasiredard aweragal certer frequency with respectto an iceal
125.000 MHz refeence fiequermy.

(X=y)

FrequencyAccuracy(ppm) = (y/low

where  x = Averagemeasiredfrequencyin Hertz anl
y = Ideal rekrencefrequency in Hertz

Example 1.
Given: The measredaveragedcener frequency is 124.9942 MHz (or 124999420 Hertz).

124999420- 125000000
FrequencyAccuracy(ppm) = ((125000000 10000()(?: —4.64ppm
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Example 2.
Given: Themeasiredaveragd cerer frequercy is 12500087 MHz (or 125,000,870 Hertz).

1250008706~ 125000000
FrequencyAccuracy(ppm) = ((125000000 10000()(?: 6.960pm

Note: The following items should be noted for anidealreference crygtal on a typical prirted circuit
boad.

¢ |f the trangmitter refeilence fequencyis mare than8 gpom below thetarget frequency, then the
valuesfor C1 andC2 are toobig andthey $ould be deceagd When tess are peformed
acrasstemperatue, it maybe accepable for the cener frequency deviationto be a little greater
than 8 ppm.

¢ |f the trangnitter refelence fequencyis more than8 ppm abowe the taget frequery, thenthe
valuesfor C1 andC2 are toosmall andthey shoud be increagd. When tes$s areperformed
acrcsstemperatue, it maybe accepable for the cener frequency deviationto be a little geater
than 8 ppm.

A.5 Direct Pro bing Test Method, Applicable for Most 10/100
Device s (Devices that do NOT sup port 1000Base-T)

Becaus probe capacitance cdonadthe reérencecrysal afecting the measaredfrequency it is
prefeable touse a prdoe with less than 1pF capcitarce.

Note: Directprobing is not recanmended for the 854 7GI(El) LAN silicon.

The pobe $ould be cainectedbetween te X2 (or Xout) pin of the LAN device anda nealy
ground Typically, it is possble toconnect the probe pirs acioss one d the dscrete load cajacitors
(C2inFigure 12).
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LAN Silicon
A or Xin

LAM Silicon
A2 or Xout

| \

PE246 or similar —@ b input
2 High impedance probe
with less than 1 pF Cho 1 Teldronix
) 1103
v @ mput Probe
Ch. 2 FPower Supply

- H0-0hm Coaxial
Cable

input Tektronix CMC251
or a similar capability
Frequency Counter

d) 5o
@ Hoodgooot

Figur e 12. Direct Probing M ethod

A.6

Direct Fre quency Measur ement and Frequency Accur acy
Calculation Steps

1. Make sire the ystem BOS hasthe LAN cortroller erabled.
2. Connectthe test equipmen asshown in Figure 12.

3. Using the aropriate cantrols for your mocel of high resdutiondigital counter, make sre it
can dsplay ~250000 MHz withatleas four decimal place$requemy reslution.

4. Enarrethe LAN circuts arepowered

5. Determine the cear refeence freqiencyasaccuately agpossille. This canbe dme bytaking
30to 50 dfferentreadngsudng the frequency counter and tlen calculating te averag resilts
of thereadngs

6. Calculatethe a&curacyof themeasiredard aweragal certer frequency with respectto an iceal
25.000 MHz refererce freqiency
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(X=-Yy)

FrequencyAccuracy(ppm) = (y/lOTOOO

where  x = Average masired fequencyin Hertz and
y = ldealrefelence fiequemy in Hertz

Example 3.
Given: Themeaswedaveragd cerer frequercy is 24999%3 MHz (or 24999 630Hertz).
— (24999630~ 2500000(% _
FrequencyAccuracy(ppm) (25000000 1000000 14.8ppm
Example 4.

Given: Themeasuedaveragd ceter frequercy is 25007 MHz (or 25000270Hertz).

25000270- 25000000

(25000000 1000000 —0-8PPM

FrequencyAccuracy(ppm) = (

Note: The following items should be notedfor anidealreference crgtal on a typical prirted circut
boad.

¢ If the trangnitter refelence fequencyis more than8 ppm below thetarget frequency, then the
valuesfor C1 andC2 are toobig andthey sould be deceagd When tess are peformed
acrcsstemperature, it maybe accepable for the cener frequency deviationto be a little greater
than 8 ppm.

¢ |f the trangmitter refeilence fequencyis more than8 pom abowe the taget frequermy, thenthe
valuesfor C1 andC2 are toosmall andthey shoud be increagd. When tess areperformed
acrcsstemperature, it maybe accepable for the cener frequency deviationto be a little greater
than 8 ppm.
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Appendix B GigCo nf.exe Register Setting s for 82547GI(EI)
Devices

Thefollowing steps desciibe the indirect probing test method usng GigConf.exe fa 82547GI (El)
devices

1. Boot to DOS wsing a DOSBoat Diskette
2. Laurch Ggcanf from the diskette (gigcorf.exe).
3. Sekct tte Intel retwork conrection to be measred

a. If multiple acapters are installed use the arow keys to navigate to highlight the slected
adaper andpres Enter

. SekctRegistersby presing “R”.
. Sekct PHY Rygistersby pressing “P”.
Use the arow keys to navigate tothe value listed next to address0000.

. Pres Enter whenthe vaue ishighlighted aml thenuse Backspace to cleaou the curent
value.

N~ o o N

8. Type “0100" for the valie and hen pessErter.

9. Navigat to the vdue listed nextto addess0012.

10. Press Enter to ®lect the hghlightedvalue anduse Backspace to cleathe curent \alue.
11. Type “80M@" for the valie and hen pessErter.

12. Navigate tathe Set Addess field on the right side of the sreen (ise the right arrow key)

13. Press Enter to €lect the hghlighted value andthen wse Backsaceto clear at the curert
value.

14. Type “4011” for the vabie andthen pess Erter.
This chargesthe PHY regiter £reenandupdates t with new addes®s andvalues

15. Usethe arrav keys to navigate to the value for addres 4011.

16. Press Enter whenthe vaue ishighlighted aml thenuse Backgpace toclearthe curent value.
17. Type “80M" for the valie and hen pressErter.

18. Usethe right arrow keyto navigat to the SetAddres field on the lightsde d the screen
19. Press Enter whenthe vaue ishighlightedand us Backgace toclear the crrent value.

20. Enter“2F5B” (captal letters are rot required) for the adires andthen pess Enter.

21 Usethe arrav keys to navigate to thevalue br addres “2F5B".

22. Press Enter whenthe vaue ishighlighted aml thenuse Backspace toclearthe curent \elue.
23. Type “00@” for the valie and hen pessEnter.

24. Usethe right arrav keyto navigate to the SetAddres field on the right side d the screen
25. Press Enter whenthe vaue ishighlighted aml thenuse Backspace toclearthe curent \elue.
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