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1.2

Note:

82551QM/82540EM Interchangeable LOM Design Guide

Introduction

The Intel® 82540EM Gigabit Ethernet Controller and the Intel® 82551QM Fast Ethernet
Controller are both manufactured in a footprint compatible 15 mm x 15 mm, 196-Ball Grid Array
(BGA) package. Many of the critical signal pin locations on the 82540EM are identical to signals
on the 82551QM, allowing designers to create a single design that accommodates both parts.
However, the usage of some signals and pins differ between the two devices. Thus, they are not
referred to as pin compatible. They are footprint compatible, which means that they share the same
package size and the same number and pattern of pins, allowing the signal layout to be flexible and
cost effective and to be used as a multipurpose design. This enables a single board design for either
device maximizing its value and matching performance needs.

This design is also backwards compatible with the 82559 and 82550 controllers. Engineers with
experience implementing these previous generations of Intel Fast Ethernet controllers can easily
and confidently update older designs or modify those designs enabling upgrades for the 82540EM
Gigabit Ethernet Controller to meet customer requirements while minimizing design variables.

The 82559 and 82550 designs are not forward compatible to this design. Support for features such
as IP Security, Alert Standard Format, and Alert on Lan*, is dependant on the feature set of the
controller, which is detailed in the device product brief or datasheet. These documents should be
referenced to better understand the capabilities of the device selected for a design.

Document Scope

This application note identifies the design differences between the 82540EM and the 82551QM.

Section 2.0, “Pin Number to Signal Mapping,” contains a table summarizing the population options
for both devices, and a reference schematic is contained in Section 4.0, “Reference Schematic.”

Reference Documents

It is assumed that the designer is acquainted with high-speed design and board layout techniques.
The following documents provide additional information:

* Intel® 82551QM Fast Ethernet Multifunction PCI/CardBus Controller Datasheet, Intel
Corporation.

* Intel® 82540EM Gigabit Ethernet Controller Datasheet, Intel Corporation.

* PCI Local Bus Specification, Revision 2.2, PCI Special Interest Group.

* PCI Bus Power Management Interface Specification, Rev. 1.1, PCI Special Interest Group.

* IEEE Standard 802.3, 1996 Edition, Institute of Electrical and Electronics Engineers (IEEE).
* [EEE Standard 802.3u, 1995 Edition, Institute of Electrical and Electronics Engineers (IEEE).
* [EEE Standard 802.3x, 1997 Edition, Institute of Electrical and Electronics Engineers (IEEE).
* [EEE Standard 802.3z, 1998 Edition, Institute of Electrical and Electronics Engineers (IEEE).

e [EEE Standard 802.3ab, 1999 Edition, Institute of Electrical and Electronics Engineers
(IEEE).

* Intel® Ethernet Controllers Timing Device Selection Guide, AP-419. Intel Corporation.
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1.3 Product Code
The product ordering code for the 82551QM is: GD82551QM.
The product ordering code for the 82540EM is: RC82540EM.
2.0 Pin Number to Signal Mapping
The table below shows the pin names for each controller corresponding to the shared ball reference
value.

Note: The 82540EM pin names in this table and reference schematic found at the end of this document
may differ slightly from the pin names in the datasheet. The datasheet signal names maintain
consistency with the 64-bit gigabit controller naming convention, while the reference schematics
follow the convention used by our engineers on their design tools.

Table 1. Pin Number to Signal Mapping with Population Options
. . Population Options
825?\‘1‘?“'\: Pin Ball 825:&?;\2 Pin Signal Name A Remarks
8251QM 82540EM

NC A1 NO_CONNECT | NC

PCI_SERR N A2 | SERR# PCI_SERR N

3.3V A3 VDDO (3.3V) 3.3V

PCI_IDSEL A4 IDSEL PCI_IDSEL

PCI_AD[25] A5 | PCI_AD[25] PCI_AD[25]

PCI_PME_N A6 | PME# PCI_PME_N

3.3V A7 VDDO (3.3V) 3.3V

PCI_AD[30] A8 | PCI_AD[30] PCI_AD[30]

Pull-up or Master chip reset for both;
LAN_PWR LAN_PWR Mast
ALT RST N A | Goop - GooD X | Master R::efr 82551QM can be pulled up
Reset and use an internal reset.

SMB_CLK A10 | SMBCLK SMB_CLK

3.3V A11 | VDDO (3.3V) 3.3V

LINK_LED A12 | LINKA# LINK_UP_N X These are the same. They
just use different names.
This is a test enable signal.

TEST A13 | TEST TEST_MAC_DM | X | Pull-down Pull-down Both require an external
pull-down resistor.

NC A14 | NO_CONNECT | NC

PCI_AD[22] B1 | PCI_AD[22] PCI_AD[22]

PCI_AD[23] B2 | PCI_AD[23] PCI_AD[23]

VSS B3 GND VSS

PCI_AD[24] B4 | PCI_AD[24] PCI_AD[24]

PCI_AD[26] B5 | PCI_AD[26] PCI_AD[26]
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Table 1. Pin Number to Signal Mapping with Population Options
. . Population Options
sti:a?nng Pin Ball stﬁgfnnz Pin Signal Name A Remarks
8251QM 82540EM
PCI_ADI[27] B6 PCI_ADI[27] PCI_ADI27]
VSS B7 GND VSS
PCI_ADI[31] B8 PCI_ADI[31] PCI_ADI[31]
These are the same.
ISOLATE_N B9 RST# PCI_RST_N X ISOLATE_N is used as
PCI_RST_N.
SMB_ALERT_N | B10 | SMBALRT# SMB_ALERT_N
These signals have the
SPEED _LED B11 | LINKA100# LINK100_N X exact same functionality
but use different names.
LINK1000 LED does not
TO B12 | LINKA1000# LINK1000_N X | NC LED exist in the 82551QM.
RBIAS100 B13 | CTRL 25 CTRL 25 x | down P | Power Zgggft‘z”t’?zﬁf‘l‘?whf‘
— — ) Regulator and the 82540EM with a
resistor ;
transistor.
Change the value of the
RBIAS10 B14 | PHY REF PHY REF x 949 Qpull- | 249KQ | o resistor for each
down pull-down )
option.
PCI_ADI[21] C1 PCI_ADI[21] PCI_ADI[21]
This may require zero ohm
PCI_RST_N C2 M66EN M66EN X | Pull-up PCI MB6EN | resistors to a M66EN
signal.
PCI_REQ_N C3 REQ# PCI_REQ_N
PCI_CBE_NJ[3] C4 | CBE3# PCI_CBE_N[3]
These signals are the
CSTCHG C5 | APM_WAKEUP | APM_WAKEUP | X same but have different
names.
PCI_ADI[28] C6 PCI_ADI[28] PCI_ADI[28]
PCI_ADI[29] Cc7 PCI_ADI[29] PCI_ADI[29]
The pull-down resistor for
. the 82551QM can be left
CLK_RUN_N C8 NO_CONNECT | NC X | Pull-down Don't care alone or depopulated for
the 82540EM.
SMB_DAT C9 | SMBDAT SMB_DAT
VSS C10 | GND VSS
These signals are the
ACT_LED C11 | ACT_A# ACTIVITY_N X same but have different
names.
The 82551QM connection
VREF c12 | GND vss x |vss Vss is usually NC (it has an
internal pull-down), but
VSS is okay.
TX_PLUS C13 | MDIA[2]- MDI_PLUSIO0] These signals are the
same but have different
TX_MINUS C14 | MDIA[O]- MDI_MINUS[O0] names.
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Table 1. Pin Number to Signal Mapping with Population Options
. . Population Options
825?1121?11“: Pin Ball 825:&"5““2 Pin Signal Name A Remarks
8251QM 82540EM

PCI_ADI[18] D1 PCI_ADI[18] PCI_AD[18]

PCI_ADI[19] D2 PCI_ADI[19] PCI_AD[19]

PCI_ADI[20] D3 PCI_ADI[20] PCI_AD[20]
ALT_CLK125 needs to be

VSS D4 GND ALT_CLK125 X | VSS VSS grounded in production
mode.

VSS D5 | GND VSS

VSS D6 | GND VSS

VSS D7 | GND VSS

VSS D8 | GND VSS
This is used for the 2.5V

NC D9 |AVDDL (25V) | 2.5V X | Don'tcare |25V power source of 82540EM.
It is not populated for the
82551QM.

NC D10 | NO_CONNECT |NC
This is used for the 2.5V

NG D11 | AVDDL 25V) | 2.5V X | Don'tcare |25V power source of 82540EM.
It is not populated for the
82551QM.
This is a no connect signal

Tl D12 | NO_CONNECT | NC X | NC NC for both devices.
82551QM connection is

TEXEC D13 | GND VSS X | VSS VSS usually NC, but VSS is
okay and works for tests.
This is a no connect signal
for both devices. The

TCK D14 | NO_CONNECT | NC X | NC NC 82551QM uses this as a
test point for testability.

3.3V E1 VDDO (3.3V) 3.3V

VSS E2 GND VSS

PCI_ADI[17] E3 PCI_ADI[17] PCI_AD[17]

VSS E4 GND VSS

VSS E5 GND VSS

VSS E6 GND VSS

VSS E7 GND VSS

VSS E8 GND VSS

VSS E9 GND VSS

VSS E10 | GND VSS
The 82540EM connects to

NC E11 | DVDD (1.5V) 1.5V X | Don'tcare | 1.5V a 1.5V rail, and the
82551QM, to a 3.3V rail.
This is 1.5V power signal

3.3V E12 | DVDD (1.5V) 1.5V X | 3.3V 1.5V or zero ohm connected
3.3V power signal.
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Table 1. Pin Number to Signal Mapping with Population Options
stﬂa?nﬂ Pin Ball 825:10;“!\/; Pin Signal Name A Population Options Remarks
8251QM | 82540EM

RX_PLUS E13 | MDIA[2]+ MDI_PLUSI[1] These are the same
signals with different

RX_MINUS E14 | MDIA[O]+ MDI_MINUS[1] names.

PCI_IRDY_N F1 | IRDY# PCI_IRDY_N

PCI_FRAME_N |F2 | FRAME# PCI_FRAME_N

PCI_CBE_N[2] |F3 |CBE2# PCI_CBE_N[2]

VSS F4 | GND VSS

VSS F5 | GND VSS

VSS F6 | GND VSS

VSS F7 | GND VSS

VSS F8 | GND VSS

VSS F9 | GND VSS

VSS F10 | GND VSS

VSS F11 | GND VSS

FLSH_DATA[2] |F12 | NO_CONNECT |PHY TSTPT  |X |NC NC Tnis is @ no connect signal

FLSH_DATA[1] | F13 | MDIA[3]- MDI_PLUS[2] X | NC Magnetics | pe-populate the magnetics

FLSH_DATA[0] | F14 | MDIA[1]- MDI_MINUS[2] | X | NC Magnetics | for the 82551QM.

PCI_CLK G1 |CLK PCI_CLK

VIO G2 |VIO VIO

PCI_TRDY_N G3 | TRDY PCI_TRDY_N

NC G4 |zP_comp PCI_ZP X | Don'tcare | Pull-up fe"s‘i’:tf:?;:‘ﬁ]glg'z'gﬁow_

3.3V G5 | DVDD (1.5V) 1.5V 3.3V 1.5V This is 1.5V power signal
or zero ohm connected

3.3V G6 | DVDD (1.5V) 1.5V 3.3V 1.5V 3.3V power signal.

VSS G7 | GND VSS

VSS G8 | GND VSS

VSS G9 | GND VSS

VSS G10 | GND VSS

VSS G11 | GND VSS

FLSH DATA[3] |G12 | AvDDL 2.5v) |25V X | NC 2.5V ZQLSu?aetﬁ,isoapﬁﬁf ohm
This is 1.5V power signal

3.3V G13 | DVDD (1.5V) 1.5V X | 3.3V 1.5V or zero ohm connected
3.3V power signal.

VSS G14 | GND VSS

PCI_STOP_N H1 | STOP# PCI_STOP_N

PCI_INTA_N H2 | INTA# PCI_INTA_N

PCI_DEVSEL_N | H3 | DEVSEL# PCI_DEVSEL_N
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Table 1. Pin Number to Signal Mapping with Population Options
. . Population Options
825?1121?11“: Pin Ball 825:&"5““2 Pin Signal Name A Remarks
8251QM 82540EM
. ] Populate the pull-down
NC H4 ZN_COMP PCI_ZN X | Don't care | Pull-down resistor for the 82540EM.
3.3V H5 | DVDD (1.5V) 1.5V X | 3.3V 1.5V
3.3V H6 | DVDD (1.5V) 1.5V X | 3.3V 1.5V This is 1.5V power signal
or zero ohm connected
3.3v H7 | DVDD (1.5V) 1.5V X | 3.3V 1.5V 3.3V power signal.
3.3V H8 | DVDD (1.5V) 1.5V X | 3.3V 1.5V
VSS H9 | GND VSS
VSS H10 | GND VSS
The 82540EM connects to
NC H11 | DVDD (1.5V) 1.5V X | Don'tcare | 1.5V a 1.5V rail, and the
82551QM, to a 3.3V rail.
FLSH_DATA[6] |H12 | NO_CONNECT |HSDACN X | NC NC This is a no connect signal
for both devices.
FLSH_DATA[5] H13 | MDIA[3]+ MDI_PLUS[3] X | NC Magnetics De-populate the magnetics
FLSH_DATA[4] | H14 | MDIA[1]+ MDI_MINUS[3] | X | NC Magnetics | for the 82551QM.
PCI_PAR J1 PAR PCI_PAR
PCI_PERR_N J2 PERR# PCI_PERR_N
PCI_GNT_N J3 GNT# PCI_GNT_N
NC J4 NO_CONNECT | NC
3.3V J5 DVDD (1.5V) 1.5V X | 3.3V 1.5V
3.3V J6 DVDD (1.5V) 1.5V X | 3.3V 1.5V
3.3V J7 DVDD (1.5V) 1.5V X | 3.3V 1.5V o )
This is 1.5V power signal
3.3V J8 DVDD (1.5V) 1.5V X | 3.3V 1.5V or zero ohm connected
3.3V power signal.
3.3V J9 | DVDD (1.5V) 15V X |33V 15V P g
3.3V J10 | DVDD (1.5V) 1.5V X | 3.3V 1.5V
3.3V J11 | DVDD (1.5V) 1.5V X | 3.3V 1.5V
These are the same.
82551QM FLA[1] signal
FLSH_ADDRI[1] |J12 | AUX_PWR AUX_PWR X samples auxiliary power at
reset. 82540EM always
samples auxiliary power.
This can be no connect for
FLSH_ADDRI[0] |J13 | NO_CONNECT | HSDACP X | NC NC both devices.
FLSH_DATA[7] |J14 | XTAL2 XTAL2 X | NC XTAL2 These signals need a zero
ohm population option.
PCI_ADI[16] K1 PCI_ADI[16] PCI_AD[16]
VSS K2 GND VSS
3.3v K3 | vDDO (3.3V) 3.3V
3.3V K4 | vDDO (3.3V) 3.3V
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Table 1. Pin Number to Signal Mapping with Population Options
. . Population Options
stﬂa?nﬂ Pin Ball 825:10;“!\/; Pin Signal Name A Remarks
8251QM 82540EM

3.3V K5 DVDD (1.5V) 1.5V X | 3.3V 1.5V

3.3V K6 DVDD (1.5V) 1.5V X [ 3.3V 1.5V

3.3V K7 DVDD (1.5V) 1.5V X | 3.3V 1.5V o .
This is 1.5V power signal

3.3V K8 DVDD (1.5V) 1.5V X | 3.3V 1.5V or zero ohm connected
3.3V power signal.

3.3V K9 DVDD (1.5V) 1.5V X | 3.3V 1.5V

3.3V K10 | DVDD (1.5V) 1.5V X [ 3.3V 1.5V

3.3V K11 | DVDD (1.5V) 1.5V X | 3.3V 1.5V

VSS K12 | GND VSS

3.3V K13 | VDDO (3.3V) 3.3V

FLSH_ADDR[2] | K14 | XTAL1 XTAL1 X | NC XTAL1 These pins require a zero
ohm population option.

PCI_AD[14] L1 PCI_AD[14] PCI_ADI[14]

PCI_ADI[15] L2 PCI_ADI[15] PCI_ADI[15]

PCI_CBE_N[1] L3 CBE1# PCI_CBE_NI[1]

3.3V L4 DVDD (1.5V) 1.5V 3.3V 1.5V This is 1.5V power signal
or zero ohm connected

3.3V L5 DVDD (1.5V) 1.5V 3.3V 1.5V 3.3V power signal.

VSS L6 GND VSS

MODEM_CS_N |L7 NO_CONNECT | CLK_BYP_N X | NC NC No connect.
This is the 2.5V power

NC L8 |AvDDL (25v) |25V X | Don'tcare |25V source for the 82540EM. It
is not populated for the
82551QM.

3.3V L9 DVDD (1.5V) 1.5V 3.3V 1.5V This is 1.5V power signal
or zero ohm connected

VSS L11 | GND VSS

FLSH_ADDR([5] |L12 | JTAG_TMS JTAG_TMS X | NC JTAG
De-populate any JTAG

FLSH_ADDRI[4] |L13 | JTAG_TRST# JTAG_TRST_N |[X | NC JTAG passive or active logic in
the 82551QM.

FLSH_ADDRI[3] |L14 | JTAG_TCK JTAG_TCK X | NC JTAG

PCI_ADI[11] M1 PCI_ADI[11] PCI_ADI[11]

PCI_AD[12] M2 | PCI_AD[12] PCI_ADI[12]

PCI_ADI[13] M3 | PCI_AD[13] PCI_ADI[13]

PCI_CBE_NI0] M4 | CBEO# PCI_CBE_NI0]

PCI_ADI5] M5 | PCI_AD[5] PCI_ADI5]

VSS M6 | GND VSS

PCI_ADI[1] M7 | PCI_AD[1] PCI_ADI[1]

FLSH_OE_N M8 | CLK_VIEW CLK_VIEW X | NC NC No connect.

FLSH_WE_N M9 | NO_CONNECT | FLSH_CE_N X | NC NC No connect.
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Table 1. Pin Number to Signal Mapping with Population Options
825?1121?11“: Pin Ball 825:&"5““2 Pin Signal Name A Population Options Remarks
8251QM | 82540EM

fELES:KADDR“ 5| m10 | EE_SK EESK X ;giifsaéﬁttﬂgvseag?ﬁerent
names.

FLSH_ADDR[12] | M11 | NO_CONNECT | FLSH_SI X | NC NC No connect.

FLSH_ADDR[11] | M12 | SDP[7] SDP[7] X |NC SDP \Bﬁ;}p&%“gg;”éﬁ_DP logic

FLSH_ADDR[7] | M13 | JTAG_TDI JTAG_TDI NC JTAG De-populate any JTAG

FLSH_ADDR[6] |M14 | JTAG TDO JTAG_TDO NC JTAG B e g @ logie

VSS N1 | GND VSS

PCI_AD[10] N2 | PCI_AD[0] PCI_AD[10]

PCI_AD[9] N3 | PCI_AD[9] PCI_AD[9]

PCI_AD[7] N4 | PCI_AD[7] PCI_AD[7]

PCI_AD[4] N5 | PCI_AD[4] PCI_AD[4]

3.3V N6 |VDDO (33V) |33V

PCI_ADIO] N7 | PCI_AD[0] PCI_AD[O]

3.3V N§ |VDDO (33V) |33V

FLSH_CE_N N9 |NO_CONNECT |FLSH_SCK X |NC NC No connect.

}:ELESSC—)ADDR“‘” N10 | EE_DO EE_DO X -srigiz(lasagﬁttngvseag;;erent
names.

XTAL1 N11 | NO_CONNECT |NC X | XTAL Don't care gggjg{muéﬁli zero ohm

VSS N12 | GND VSS

FLSH_ADDRI[10] | N13 | SDPJ6] SDP[6] X |NC SDP

FLSH_ADDRIS] | \q4 | sDP[O] SDP[0] X | NC SDP e codel vty

/IOCHRDY

NC P1 | NO_CONNECT |NC

3.3V P2 |VDDO (33V) |33V

PCI_AD8] P3| PCI_AD[8] PCI_AD[8]

PCI_ADI6] P4 | PCI_AD[6] PCI_ADI6]

PCI_AD[3] P5 | PCI_AD[3] PCI_AD[3]

PCI_AD[2] P6 | PCI_AD[2] PCI_AD[2]

EE_CS P7 |EE_CS EE_CS

VSS P8 | GND VsS

FLSH_ADDR[16] | P9 | NO_CONNECT | FLSH_SO X |NC NC No connect.

}:ELESI'D*I—ADDR“ 3 P10 | EE DI EE_DI X -srigiz(lasagﬁttngvseag;;erent
names.

XTAL2 P11 | CTRL_15 CTRL_15 X | XTAL ;Z\g&;tor ;2;3;;2‘;“(‘&2 zero ohm
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Table 1. Pin Number to Signal Mapping with Population Options
. . Population Options
sti:a?nng Pin Ball stﬁgfnnz Pin Signal Name A Remarks
8251QM 82540EM
3.3V P12 | VDDO (3.3V) 3.3v
De-populate any SDP logic

FLSH_ADDR[9] | P13 | SDP[1] SDP[1] X | NC NC with 82551QM.
NC P14 | NO_CONNECT |NC

3.0

4.0

Note:

Gigabit Ethernet Design

The 82540EM Gigabit Ethernet Controller Datasheet provides information relating to design
considerations specific to Gigabit Ethernet. Fast Ethernet and Gigabit Ethernet designs share many
of the same requirements. The primary differences between Fast Ethernet and Gigabit Ethernet
designs are:

* The increased number of traces from the device PHY unit. Gigabit Ethernet requires 8 traces,
and Fast Ethernet, 4 traces.

* Tighter signaling characteristics for Gigabit Ethernet.

Reference Schematic

The following pages illustrate a dual purpose Fast Ethernet and Gigabit Ethernet design using the
82551QM and 82540EM controllers.

The 82540EM pin names in the reference schematic found at the end of this document may differ
slightly from the pin names in the datasheet. The datasheet signal names maintain consistency with
the 64-bit gigabit controller naming convention, while the reference schematics follow the
convention used by our engineers on their design tools.
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