I n Register Description

This register identifes the header layout of the configuration space.

De:

7 RO il Mid: Multi-function Device

Selects whether this is a mulli-function device, lhat may have allemative
configuration fayouls.

6:0 RO 00h CfglLayout: Configuration Layout

This field 1dentifies the format of the configuration header layout for a PCl-to-PCI
bridge from byles 10h through 3Fh.

For this device default is 00h, indicaling a conveniional type 00h PCI header.

This register identifies the manufacturer of the system. This 16-bit register comibined with the
Device Identification Register uniquely identifies any PCI device.

150 |RWG| 8086h | VIN: Vendor Identification Number
The defauit value specifies Intel. Each byle of this register will be writable once.
Second and successive writes to a byle will have no effecl

This register identifies the systewm.

De

150 |RWO | 8086h | SID: Subsystem ldentification Number
The defauit value specifiies Intel. Each byte of this reqgisier will be writable once.
Second and successive writes to a byte will have no effect.
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Register Description

196

When the “local” FERRST register captures the error. it closes the log register and signals the
recorded error to the GLOBAL FERR.

3 RWCST Global_FERR_31

Intermnal NB Falal Error
3a RV Reserved
29 RWCST Global_FERR_29

FSB B Fatal Efror
28 RWCST Global_FERR_28

FSB A Falal Errar
27 RWCST Global_FERR_27

IMI D Fata! Emor
26 RWCST Giobal_FERR_26

IMI C Fatmi Emar
25 RWCST Global_FERR_25

IMI B Fatal Emar
24 RWCST Global_FERR_24

IMI A Fatal Emor
23 RWCST Global_FERR_23

PCI Express Al{Device 7) Fatal Error
22 RWCST Global_FERR_22

PCI Express Al (Device §) Fatal Emar
21 RWCST Gichal_FERR_21

PCi Express B1{Device 5) Fatal Emor
20 RWCST Global_FERR_20

PCI Express B0 (Device 4) Falal Emar
19 RWCST Global_FERR_19

PCI Express C1 {Device 3) Fatal Error
15 RWCST Global_FERR_18

PCI Express C0 {Device 2) Fatal Error
17 RWCST Global_FERR_17

PCI Express D {Device 1) Falal Emor
16 RWCST Global FERR_16

HI Fatal Emar
15 RWCST Global_FERR_156

Intermnal NB Non-Falal Errar
14 RV Reserved
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I n - Register Description
®
Artr [
13 RWCST Global_FERR_13
FSE B Non-Fatal Error
12 RWCST Global_FERR_12
FSE A Non-Fatal Ermor
i RWCST Global_FERR_11
IMI D Non-Fatal Error
10 RWCST Global_FERR_10
IMI C Non-Fatal Error
g RWCST Global_FERR_09
IMI B Non-Fatal Error
8 RWCST Global_FERR_08
IMi A Non-Fatal Ermaor
7 RWCST Global_FERR_07
PCI Express Af{Device 7) Non-Falal Errar
6 RWCST Global_FERR_06
PCI Express AQ (Device &) Non-Fatal Error
a RWCST Global_FERR_05
PCi Express Bi (Device 5) Non-Fatal Error
4 RWCST Globat_FERR_04
PCl Express BA (Device 4) Non-Fatal Error
3 RWCST Global_FERR_03
PCI Express C1 {Device 3) Nen-Falal Error
2 RWCST Global_FERR_02
PCI Express Ci {Device 2) Non-Fatal Emmor
1 RWCST Global_FERR_01
PCi Express D {Device 1) Non-Fatal Emrar
i} RWCST Globat_FERR_00
Hi Non-Fatal Error
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Register Description I n o
Once an error has been logged in the GLOBAIL_FERR, subsequent errars are logeed in the
GLOBAL_ NERR register.

3 RWCST 0 Global_NERR_31

Internal NB Falal Error
a0 RY 0 Reserved
29 RWCST 0 Global_NERR_2%

FSB B Fatal Efror
28 RWCST 0 Global_NERR_28

FSB AFalal Error
27 RWCST 0 Global_NERR_27

IMI D Fatal Emor
24 RWCST 0 Global_NERR_26

IMI C Fatal Emar
25 RWCST o Giobal_NERR_25

IMI B Fatal Emor
24 RWCST 0 Global_NERR_24

IMI A Fatal Emor
23 RWCST o Global_NERR_23

PCI Express Al (Device 7) Fatal Ermor
22 RWCST 0 Global_NERR_22

PCI Express Al (Device §) Fatal Emor
21 RWCST o Global_NERR_21

PCI Express B1 (Device 5) Fatal Ermor
20 RWCST 0 Global_NERR_20

PCI Express B0 (Device 4) Falal Emor
19 RWCST o Global_NERR_18

PCI Express C1 ({Device 3) Fatal Error
18 RWCST 0 Global_NERR_18

PCI Express C0 {Device 2) Fatal Error
17 RWCST o Gilobal_NERR_17

PCi Express D {Device 1} Falal Emor
16 RWCST 0 Global_NERR_16

Hi Fatal Emmar
15 RWCST 0 Global_NERR_15

Intermnal NB Non-Falal Errar
14 RY 0 Reserved
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I n - Register Description
®
Arxtr [
13 RWCST Global_MNERR_13
FSE B Non-Fatal Error
12 RWCST Global_NERR_12
FSB A Non-Fatal Error
i RWCST Global_NERR_11
IMI D Non-Fatal Ermor
10 RWCST Global_NERR_10
IMI C Non-Fatal Error
g RWCST Global_NERR_09
IMI B Non-Fatal Error
8 RWCST Global_NERR_08
IMi A Non-Fatal Error
7 RWCST Global_NERR_07
PCI Express A1l (Device 7} Non-Fatai Error
6 RWCST Global_NERR_06
PCI Express Al (Device &) Non-Fatal Error
a RWCST Global_NERR_05
PCi Express Bi (Device 5) Non-Fatal Error
4 RWCST Global_NERR_04
PCl Express BQ (Device 4) Non-Fatal Error
3 RWCST Global_KERR_03
PCI Express C1 {Device 3) Non-Falal Emror
2 RWCST Global_NERR_02
PCI Express C0 {Device 2) Non-Fatal Emor
1 RWCST Global_NERR_01
PCi Express D {Device1) Non-Fatal Ermor
0 RWCST Globat_NERR_00
Hi Mon-Fatal Error
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Register Description

200

This register indicates whether an invalid SMRAM access has taken place. It is located in a
different function than the other SMM related registers because it needs to be wntten by software.

De
T RW(C 0 E_SMERR: Invalid SMRAM Access
This bii is set when CPU has accessed the defined memory ranges in
Extended SMRAM {High Memory and T-segment} while not in SMM space
and wiih the O-OPEN bit = 1. Itis sofiware's respansibility ta clear this bit. The
software must write a 1 to this bit to clear it.
6.0 RY Ch Reserved
For a description of the Errors (Fxx) referto Tz 6-39“Em ' 2R,
[
1511 RY Ch Reserved
10 RWCST 0 F10Err: FSB hang
Fatal
g RWCST 0 F8Ert: Data Parity Emor {for 64-bit Intel® X2on® processor MP with 1MB
L2 cache & Dual-Core intel® Xeon® processor 7000 sequence )
a RWCST it F8Err: Unsupported Front Side Bus Transaction
Fatal
7 RWCST g F7Err: FSB Protocol Errer
Fatal
§ RWCST a F&Err: Date Strobe Glitch
Falal
5 RWCST a F5Err: Address Strobe Glitch
Fatal
4 RWCST it FAErr: Request/Address Parity Error
Fatal
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I n ® Register Description
3 RWCST 0 F3Err: Detected MCERR from a processor
MNanfatal
2 RWCST 0 F2Err: Detected BINIT from a pracessor
Nonfatal
i RWCST 1 F1Err: Correctable ECC Error
MNaonfatal
I} RWCST 0 FOErr: Mufti-Bit ECC Error
Nonfatal

This register logs all FSB subseguent emors afler the FERR_FSB has iogged the 1st fatal error.

1511 RV 0] Reserved
10 RWCST 0 F10Er: FSB hang
9 RWCST 0] FOErr: Data Parity Error (for 64-bit Intel® Xeon® procasser MP with 1MB
12 cache & Dual-Core Intel® Xeon® processor 7000 seguence )
8 RWCST 0] FBErr: Unsupporied Front Side Bus Transaction
7 RWCST o F7Err: FS8 Protacol Emar
6 RWCST 1} F6Err: Dala Suobe Glitch
5 RWCST o FSErr: Address Strabe Gtch
4 RWCST 0] FAErr: Request/Address Parity Error
3 RWCST o F3NextErmr: Detected MCERR
2 RWCST 1} F2NextEm: Detected BINIT
1 RWCST o FiNextErr: Comectable ECC Emar
1} RWCST 1} FONextErr: Multi-Bit ECC Error
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Register Description

The following error log registers captures the syndrome information of the 32 bytes containing the
data in which the data error was detected when a non-Fatal error is logged in the FSB_FERR

register.
D
3124 | ROST Ch SYNDROME1: Syndrome bits of 3rd ciock of data
23716 | ROST oh SYNDROME3J: Syndrome bils of 4th clock of dala
158 ROST Oh SYNDROMEG®D: Syndrome bits of 1st clock of data
70 ROST Oh SYNDROMEZ2: Syndrome bits of 2nd clock of data

FSB Log registers for non-recoverable errors when a fatal error s logged in its corresponding

FSB_FERR Register.

313 ROST Oh ADDR: ADDRa[31:3] fields of the FSB
2 ROST Oh ADS: ADS field from the FSB
1:0 ROST Oh RCV_PARITY: Address parity received

202
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a
I nU ® Register Description

FSB Log registers for non-recoverable errors when a fatal emror is logged in 1ts corresponding
FSB_FERR Register.

31:15 | ROST Oh ADDRB: ADDRE[18:3] fields of the FSB

14 ROST a INFC

13 ROST Oh DROVE_ADS: Indicates whether the NB drove Lhis ADS
12:8 | ROST 0h REQA: RECQa[4.0] fields of the F58

70 ROST Oh ADDR: ADDRa[39:32] fields of the FSB

FSB Log repisters for non-recoverable errors when a fatal emror is logged in its corresponding
FSB_FERR Register.

325 RV Oh Reserved
2420 | ROST Oh REQB: REQb[2:0] fields of the FSB
190 ROST Oh ADDRB: ADDRbB{38:20] fields of the FSB
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Register Description

204

A ‘) in any field enables that erTor.

1511 RV 0h Reserved
10 RW 1 F10Msk: FSB hang
g HW 1 FOMSK: Data Parity Error {for 64-bit |nie/® Xeon® processor MP with 1MB
2 cache & )Dual-Core Intel® Xeon® processor 7000 sequence
a HW 1 F8Msk: Unsupporied Front Side Bus Transaction
7 RW 1 FMsk: FSB Protocal Efror
4 RW 1 F6Msk: Dala Strobe Glitch
3 RW 1 FSMsk: Address Strobe Glitch
4 AW 1 FAMsk: Request/Address Parilty Ermor
3 RwW i F3Msk: Datected MCERR
2 RW 1 F2Msk: Detecled BINIT#
1 RW 1 F1Msk: Comectable ECC Emor
o RW 1 FOMsk: Muli-Bit ECC Error

This register enables the signaling of En0] when an error flag is set. Note that one and only one
ervor signal should be enabled ERRO FSB. ERR1 FSB. ERR2 FSB. MCERR FSB, and
ICHRSTH# for each of the corresponding bits.

151 Ry Oh Reserved

10 RWST F10EmD: FSB hang

G RWST FAErr0: Data Parity Error (for 64-bit intei® Xeon® processor MP with
1MB L2 cache & Dual-Core Intelf Xeon® procassor 7000 sequence )

a RWST a FBErr0: Unsupporied Front Side Bus Transaction

7 RWST g F?Errd: FSB Pratocal Emor

§ RWST a FGErrd: Data Strobe Glitch

5 RWST i FSErrd: Address Strobe Ghitch

4 RWST a FAErr}: RequeslAddress Parity Emor
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Register Description

3 RWST 0 F3Err0: Detected MCERR

2 RWST a F2Err0: Detected BINIT#

i RWST a F1Err0: Correctable ECC Evror
0 RWST a FOErr0: Mutu-Bit ECC Error

This register enables the signaling of Enf1] when an error flag is set. Note thar one and only one
error signal should be enabled ERRO_FSB, ERR1_FSB. ERR2Z FSB. MCERR_F3B, and
ICHRST# for each of the corresponding bits.

1511 RY Oh Reserved
10 RWST 0 F10Em1: FSB hang
9 RWST FOErr1: Data Parity Error (for 64-bit Intel® X=on® processor MP with 1MB
L2 cache & Dual-Core intel® Xeon® processor 7000 sequence )
8 RWST 0 F8ErmrT: Unsupported Front Side Bus Transaction
7 RWST 0 F7Err1: FSB Protocol Error
i RWST 0 F6Err1: Data Strobe Gliich
5 RWST 0 FSEm1: Address Strobe Glitch
4 RWST 0 FAEmr1: Request/Address Parity Error
3 RWST 0 F3Err1: Detected MCERR
2 RWST 0 F2Err1: Detecled BINIT#
1 RWST ] F1Erri: Correctable ECC Emor
o RWST 0 FOErr: Multi-Bit ECC Emor
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Register Description

206

INtl.

This register enables the signaling of Ert[2] when an error flag is set. Note that one and only one
error signal should be enabled ERRO FSB, ERR1 FSB, ERR2 FSB. MCERR FSB, and
ICHRSTH# for each of the corresponding bits.

15711 Rv Oh Reserved
10 RWST 0 F10Em2: FSB hang
G RWST 0 F9Em2: Data Parity Error {for 64-bit iniel® Xeon® processor MP with 1MB
t 2 cache & Dual-Core Intel® Xeon® pracessor 7000 sequence )
B RWST 0 FBEm2: Unsupported Front Side Bus Transaction
T RWST 0 F7Err2: FSB Protocal Error
8 RWST 1] FEErr2: Dala Strobe Glitch
b RWST 0 F5Err2: Address Strobe Gliich
4 RWST 0 F4Err2: Request/Address Parily Emor
3 RWST 0 F3Err2: Detected MCERR
2 RWST 1] F2Err2: Detected BIMIT#
i RWST 0 F1Err2: Camectable ECC Emor
o RWST 1] FOErr2: Multi-Bit ECC Emor

This register enables the signaling of MCERR when an error flag is set. Note that one and only one
error signal should be enabled ERRO FSB, FRR1 FSB. ERR2, MCERR FSB. and ICHRST# for

each of the corresponding bits.

C
1511 R bh Reserved
10 RW 0 F10MCErr: F3B hang
g RW 0 FOMCErr: Data Parity Error (for 64-bit Inte!® Xeon® processar MP with
1MB L2 cache & Duat-Core Intel® Xeon® processor 7000 sequence )
B RW 0 FBMCErr: Unsupporied Front Side Bus Transaction
T RW 0 FTMCErr: FSB Protocol Error
8 RW 0 F6MCErr: Data Strabe Glitch
b RW 0 FSMCErr: Address Strobe Glitch
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Register Description

4 RW 0 FAMCErr: Request/Address Fanty Emor

3 RW a F3MCETsrr: Detected MCERR

2 RW 0 F2MCErr: Detected BINIT#

1 RW a F1MCErr: Carrectable ECC Emor

0 Rw 0 FOMCErr: Multi-Bit ECC Error. Set for 84-bit Intel® X2on® processor MP

with 1MAB L2 cache & Dual-Care tntel® Xean® prmcessor 7000 sequence

This register enables the signaling of ICHRST# when an error flag is set. Note that one and only
one error signal should be enabled ERRO_FSB. FRR1 FSB. ERR2, MCERR FSB. and ICHRST#
for each of the corresponding bits.

1511 RV Oh Reserved
10 RwW F10Rst: FSB hang
g RW a F9Rst: Data Parity Error {for 64-bit inte!® X=on® processor MP with 1MB
L2 cache & Dual-Core Intel® Xeon® processor 7000 sequence }
8 RW a F8Rat: Unsupporied Front Side Bus Tansaction
7 RW a F7Rst: FSB Protocol Error
6 RW 0 F6Rst: Data Strobe Glitch
5 RwW 0 FbRst: Address Strobe Glitch
4 RW a F4Rst: RequeslAddress Parity Error
3 Rw 0 F3Rst: Detected MCERR
2 RW 0 F2Rst: Detecled BINIT#
1 RW 0 F1iRst: Correctable ECC Error
0 RW a FORst: Multi-Bit ECC Error
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Register Description I n

INT_FERR latches the first NB internal error, whether fatal or non-fatal. All subsequent emors gat
logged in the INT NERR.

2

C

7 RWCST a T2Err: Uncomrectable Memory Error
MNon-fatal Emror

Signaled by the NB afler a request returns uncorrectable data at least 2
times from an [Mi. This error is signaled only afler any reconsimuction efforts
made by RAID or Mirroring logic {if enabted) have also attempted 1o

reconstruct Lhe dala. Since poison is mainfained, this errar is considered
non-fatal.

f RWCST 0 T4Err: Coherency Violation Error
Fatal

5 RWCST a T3Err: Muiti-Tag Hit from CDC
Fatal Mot detected.

4 RWCST 0 T8Err: Poison leaving a poison domain
Fatal

An uncameclable ertor marked as poison is isaving an error detection
domain and oo longer has an indication that the data is incorrect.

3 RWCST 0 T7Err: UnCorrectable Data Error during a Re-silvering Process
Naon-fatal

2 RWCST 0 TSErr: Poison being passed on to another poison capable domain
Naon-fatal

1 RWCST 0 T5Err: Address Map Emor
Non-fatal

U RWCST a THErr: Correctable ECC Error
Naon-fatal
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I n ® Register Description
For details on errors listed on this table. refer to the T 5-39°  rorr tect oy the NBUon
7 RWCST D T2Ermr: Uncorrectable Memory Error
G RWCST 0 T4ANextErr: Coherency Violation Error
Fatal
5 RWCST 0 T3NextErr: Multi-Tag Hit from CDC
Fatal_ Not detecied.
RWCST [ T8NextErr: Poison leaving a poison domain
3 RWCST 0 TINextErr: UnCorrectable Data Errer during a Re-silvering Process
Non-fatal
2 RWCST 0 TGErr: Poison being passed an to another poison capable domain
Non-fatal
il RWCST 0 T5NextErr: Address Map Ermror
Non-fatal
0 RWCST b T1NextErr: Comrectable ECC Error
Nor-fatal
317 RY 0000k Reserved
6.0 ROST Gh FailedCdcld: CDC Entry of Failed Location
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Register Description I n o
T RY Oh Reserved
6.0 ROST Oh FaitedCdeld: CDC Entry of Failed Location
01l
C
T RW i T2Msk: Uncorrectable Memory Error

Signaled by the NB afler a request returns uncorrectable dala at least 2
times from an IMI. This error is signaled only afier any reconsiruction
effarts made by RAID or Mimoring logic (i enabled) have also aitempied to
reconstruct the dala. Since poison is main@ined, this ermor is considered

nen-fatal.
L] RW 1 T4Msk: Coherency Violation Error
] RV Q Reserved
4 Rw 1 TE8Msk: Poison leaving a poison domain

Must ba set if ECC disabled. Sat for B4-bit Initel® Xeon® processor MP with
1MB L2 cache & Duak-Care Intel® Xeon® processor 7000 sequence .

R 1 T7Msk: UnCorrectable Data Error during a Re-silvering Process

2 Ry 1 T6Msk: Poiscn being passed on to another poison capable domain
Must be set if ECC disabled. Set for 64-bit Intel® Xeon® processor MP with
1MB L2 cache & Dual-Core Intel® Xeon® processor 7000 sequence

1 RW 1 TsMsk: Address Map Error

0 Rw i TiMsk: Comrectable ECC Error

Must be set if ECC disabled. Set for 64-bit |ntel® Xeon® processor MP with
1MB L2 cache & Dual-Care Intel® Xeon® processor 7000 sequence .
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Register Description

This register enables the signaling of En1{0] when an ervor flag is set. Note that one and only one
error signal should be enabled Note that one and only one estor signal should be enabled in the
ERR{ INT.ERRI1 INT, ERR2 INT. and MCERR_INT for each of the corresponding bits.

T RWST a T2Err0: Uncomeclable Memory Emor

i} RWST Q T4Erre: Coherency Viclation Emor

5 RV ] Reserved

4 RWST 0 TBErrd: Poisan leaving a paison domain

3 RWST a TTErrd: UnComeclable Data Error during a Re-silvering Process
2 RWST Q TGErr: Poison being passed on ta ancther paison capabie domain
i RWST a TSEm0: Address Map Emor

0 RWST 0 T1Err0: Cemectable ECC Ermmor

Tlis register enables the signaling of En{1] when an ertor flag is set. Note that one and cnly one
error signal should be enabled. Note that one and only one error signal should be enabled in the
ERRO INT. ERR1 INT. ERR2 INT. and MCERR INT for each of the conesponding biis.

7 RWST a T2Err1: Uncorrectable Memaory Error

6 AWST a T4Erri: Coherency Violation Emor

5 RWST 0 T3Erri: Muiti-Tag Hit from CDC

4 RWST a T8Erri: Poison leaving a poison domain

3 RWST Q T7Err: UnComectable Data Error duning a Re-silvering Process
2 KWST a T&Err: Poison being passed on to another poison capakble domain
1 RWST 0 T5Err1: Addrass Map Emor

o RWST a T1Err1: Comectable ECC Emor
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Register Description

212

INtl.

This register enables the signaling of Ert[2] when an error flag is set. Note that one and only one
error signal should be enabled. Note that one and only one error signal should be enabled in the
ERRO INT, ERR1 INT, ERR2 INT. and MCERR INT for each of the corresponding bits.

Di
T RWST 0 T2Em2: Uncomectable Memory Emor
G RWST Q T4Err2: Coherency Violation Emmor
5 RWST 0 T3Em2: Muiti-Tag Hit from CDC
4 RWST 0 T8Er2: Poison leaving a paison domain
3 RWST 0 T7TEm2: UnCormrectable Dala Errar during a Re-silvering Process
2 RWST Q TH&Err: Poison being passed on to anather poison capable domain
1 RWST 0 THEm2: Addrass Map Ermor
a RWST a T1Er2: Comrectable ECC Emor

This register enables the signaling of MCERR when an error flag is set. Note that one and only one
ervor signal should be enabied. Note that one and only one error signal should be enabled in the
ERRO INT. ERR1 INT. ERR2 INT. and MCERR INT for each of the corresponding bits.

Di
7 RWST 0 T2MCErr: Uncorectable Memory Ermor
L] RWST a T4AMCEm: Coherancy Violation Emor
] RWST 0 T3MCErr: Muiti-Tag Hit from CDC
4 RWST a TBMCEm: Poison leaving a poison domain
3 RWST a T7MCErr: UnComrectablz Data Ermrar during a Re-silvering Process
2 RWST a T&MCETrr: Poison being passed on to another poison capable domain
1 RWST 0 TSMCErT: Address Map Error
a RWST a TAMCEm: Correctable ECC Ermor
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Register Description

The following ertor log registers caphue information about the transaction or access that
encountered an internal NB error when a non-Fatal or a Fatal ertor is logged in the INT _FERR or
when certain errors are logged in the IMI_FERR or IMI_ NERR registers.

316 RWST Oh ADDR3IMTE: Bits [31:6 of the address
52 RWST oh ADDRST2: Bils §5:2] of the address
1 RWST WRITE: ‘1" if the access was a write
i) RWST DRAM: ‘1" if the access mapped to DRAM

The following error log registers caphures information about the transaction or access that

encountered an internal NB error when a non-Fatal or a Fatal error is logged in the INT FERR.

3124 RWST 0h TAGRAM
Zero padded, cpip_rgd_readinfo_ftop 9G]
23 RWST 0 GOTDATA
Internal indication of the status of the line in the intemal cache.
22 RWST 0 NP: Non-Pested
‘1" if non-posted.
21 RWST 0 BURM:
“1"if the entry was bypassed from an F5B but not used.
20 4% 1] Reserved
19:16 RWST Oh IWB_CHNT:
How many IWB's were still needed.
15 RY o Reserved
14:8 RWST 0h CDCID
P RWST i} ADDR39T32: Bits [39:32] of the address
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Register Description

intel.

The following error log registers captures information about the transachon or access that
encountered an internal NB error when a non-Fatal or a Fatal enror is logged in the INT_FERR.

310

RWST

0000h

TAGRAM
cpip_rqd_readinfo_f{31:0]

The following error log registers caphures information about the transachon or access that
encountered an interual NB error when a non-Fatal or a Fatal error is logged in the INT _FERR.

31:0

RWST

0000h

TAGRAM
cpip_rgd_readinfo_f{63:32]

The following error log registers capiures information about the transachon or access that
encountered an internal NB error when a non-Fatal or a Fatal emror is logged in the INT _FERR.

310

RWST

000¢h

TAGRAM
cpip_rgd_readinfo_fi{95.64)]

214
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I n Register Description

The following error log registers controls emor logging of the internal error log vegisters
RECINT LOG[4:0].

31 RWST 0 Valid:
“1'if the error logs are valid
024 RY a Reserved
23 RO o TRIG:
Seiifalog is currently being made. {Logs are expected to change n a few
clacks.)
2218 RO o TRIG_CDCID:

if set, the bit indicates the COCID that will be fogged. Could be inaccurate if
a previously logged recaverable emor exisks, but Lhe current ingging is being
done for a non-recoverable error.

15 RWST 0 NREC: Enables non-recoverable emor logging. Cleared by hardware after
logging a non-recoverable emor and REARM is clear.
14 RWST a REC: Enables recoverable ermor logging. Cleared by hardware after logging
a recoverable emror and REARM is clear.
13 RWST 0 DIAG: Enables diagnosiic logging. Cleared by hardware when togging
finished.
12 RWST 0 REARM: When clear, hardware wilf log one eitor of one type, then clear the
approprate enable bit and not log further errors of the same severity.
i1.8 RWST 0 GLOB_EV: Sei io enable kegging on a global event. Hamdware clears on any
of global event, recavereble, or non-recoverable error logged unless
REARM set.
¥ RWST o DEBUG: Set 1o cause infarmation from the DEBLIG_COCID from CCAM o
be lxgged instead information from the INTLOGC CDCIC.
6.0 RWST 0 CDCID: CDCID to log information for when DEBUG field clear.
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I n Register Description

This register contains the Class Code for the device.

De:

2316 | RO 06h BaseClass: Base Class.

This field indicates the generai device category. For the NB, this field is hardwired to
06h, indicating it 1s a "Bridge Devica".

i58 | RO 00h SubClass: Sub-Class.

This field quatifies Lhe Base Class, providing a more delailed specification of the
deyice function.

For this device default is 00h, indicating “Host Bridge”.

70 RO 00h RLPI: Register-Level Programming interface.

This field identifies a specific programming interface {if any}, that device
ndependent software can uss to interact with the device. There are no susch
interfaces defined for "Host Bridge” types, and this field is hardwired to 00h.

i s eetea AeAAEATS ein Asnsees dwpaes e v wusiespies sesness wPACE.

7 RO il Md: Muiti-function Device.

Selects whether this is a mulfi-function device, that may have alternative
configuration layauts.

60 RO 0dh CfglLayout: Configuration Layout.

This field identifies the format of the configuration header layout for a PCl-to-PCI
bridge from byles 10h through 3Fh.

For this device defauit is (th, indicating a conventional type 00h PC| header.
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Register Description

INtel.

This register identifies the manufacturer of the system. This 16-bitf register combined with the
Device Identification Register uniquely identifies any PCT device.

150

RWO

8086h

VIN: Vendor ldentification Number

The defauli value specifies intel. Each byte of this register will be writable once.
Second and successive writes to a byte will have no effecl.

This register identifies the system.

15:0

RWO

5086h

SID: Subsystem ldentification Number
The defauti value specifies Intel. Each byie of this register will be writable once.
Second and successive writas to a byte will have no effect.

This regisier controls the Front Side Buses. There 1s one register for each bus and they must be

programmed identically.
315 R XX Reserved.
4 RW POISONON: Enable poison generation. Must be set for 84-bit Inte® Xeon®
processor MP with up to BMB L3 cache

216
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I n Register Description

3 Rw 0 PARCHKEN:

1: Enable DP[3:0] chacking. Must be set for 64-bit Intel® Xeon® processor MP
with 1MB L2 cache & Duai-Core Intel® Xeon® processor 7000 sequence
support.

2 RW W] ECCCHKEN:

1: Enable ECC check and correct. Must be set for B4-bit Intel® Xeon®
processor MP with up to BME L3 cache.

1 Rw 1 DRVECC:

1. Drive DEP[7:0] onto FSE. Must be set for 84-bit Intel® Xeon® processor MP
wilh up to 8ME L3 cache.

i} RW W] DRVYPAR:

1. Drive DP[3:0] parity bits onto FSB. Must be set for 64-bit inte® Xeon®
processor MP with 1MB L2 cache & Dual-Core Intek® Xeon® processor 7000

sequence supporl.

This is the second register for controlling the Front Side Buses. There is one register for each bus
and they must be programmed identically.

3124 RY WA Reserved
2320 | RW Bh CMPL_LIMIT: CMPLQ high water mark
Suggested Vaiue: 5h
19:0 RY PEE Reserved
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Register Description I n

£

This register controls the Front Side Buses. There is one register for each bus and they must be
programnied identically.

D&

3127 RV XX Reserved.

26 Rw 0 CPUREQ_EXT: BPRI Optimization Enable

1: Enables CPU lo get another transaclion onto the bus if a BREQ change
occuted. Helps get more BWL/BWL back io back cases possible.

Suggested Value: 1 for 64-bit Inte!® Xeon® processor MP. O for Dual-Core
Inte!® Xeon® processar 7000 sequence
2515 RY xx Reserved.

14 R 0 ARB_ADS: ADS Arbitration Optimization Enable

0: The NB doesn't look ai ADS to BPRI the bus faster.

1: The NB can take ADS into account to BPRI the bus fasler.
Suggested Value: 1

13 W 0 ARB_BREQ: Arbifration Streaming Optimization Enable
0 The NB will not use (he BREG pins to drive ADS# early.

1: The NB will observe BREQ# to determine when the processor is
requesting the bus. When no processor is requesting the tws, the NB
{pramy agent} may dnve ADS# one cycle after it drives BPRI

Suggested Value: 1 for 64 -bit inte!® Xeon® processor MP, 0 far Duat-Core
Inte® Xean® processar 7000 sequence
128 RV xx Reserved.

K R 0 DPSDIS: Disable Enhanced Defer

0 The NB will listen to DPS# and can compiete transactions with IDS#. Only
if strapped for 64-bit Inte!® Xeon® processar MP with up to 8MB L3 cache

I. The NB will complete defermed transactions with Deferred Reply rather than
IDS#

6 Rw 0 MEDEN: Modified Enhanced Defer Enable

0. The NB will assert O0OD# ai the same time as IDS#.
1- The NB may asserl O0OD# later lhan IDS#k Should be sei for G4-bit
Inie!® Xeon® processor MP with up ta 8MB L3 cache

a0 RW 2Dh CRQDEPTH: Snoop Request Queue Depth

The NB wil asseft flow conirol when the CRO reaches this threshold.

Suggested Value: 10h
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Register Description I n

This iegister contains the Class Code for the device.

2316 | RO 068h BaseClass: Base Clasa

This field indicates the general device categary. For the NB, this field is hardwired to
(36h, indicating it is & “Bridge Device”.

158 | RO 00h SubClass: Sub-Class

This field qualifies the Base Class, providing a more delailed specification of the
device funclion.

Far this device default is 00h, indicating “Host Bridge”.

7.0 RO 00h RLPI: Register-Level Programming Interface

This field identifies a specific prpgramming interface {if any), that device
independent software can use o interact wrth the device. There are no such
interfaces defined for “Host Bridge" types, and this field is hardwired to 00h.

This register identifies the header layout of the configuration space.

7 RO 1 Mfd: Multi-function Device

Seleds whelher this is a multi-function device, that may have altetnative
configuration layouts.

6:0 RO 00h CfglLayout: Configuration Layout

This field identifies ithe farmat of the configquration header layaut for e PCI-o-PCl
bridge from byles 10h through 3Fh.

Far this device defaultis 00h, indicating a conventianal type 00h PCI header.

This register identifies the manufacturer of the system. This 16-bit register coinbined with the
Device Identification Register uniquely identifies any PCI device.
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I n ® Register Description

150 |RWO| BO86h | VIN: Vendor Identification Number
The default value specifies Intel. Each byle of this register will be writable once.
Second and successive writes to a byle will have no effect.

This repster identifies the system.

150 RWOQO | 8086h |SID: Subsysiem ldentification Number
The default value specifies Intel. Each byte of Lhis register will be writable once.
Second and successive writes to a byle will have no effect

This register controls the Front Side Buses. There (s one register for each bus and they must be
progranmned identically.

31:5 RV XX Reserved.
4 RWY 0 FOISONON: Enable poison generation. Must be set for 64-bit inte® Xeon®
processor MP with up to 8ME L3 cache.
3 RW 0 PARCHKEN:

1. Enable DP[3:0] checking. Must be set for 64-bit Inte!® Xeon® pmcessor MP
wilh TMB L2 cache & Dual-Core Intel® Xeon® processor 7000 sequence
support.

2 RW 0 ECCCHKEN:

1: Enable ECC check and correct. Must be set for 64-kit Intef® Xeon®
processor MP with up to 8MB L3 cache.

i RW 1 DRVECC:

1- Drive DEP[7:0] onto FSB. Must be set for 64-brt intel® Xeon® processor
MP with up to BME L3 cache.

¢ RW o DRVPAR:

1- Drve DP[3:0] parity bits onto FSB. Must be set for 64-bit Intel® Xeon®
processar MP wilh 1MB L2 cache & Dual-Core Intel® Xeon® processor
7000 sequence supporl.
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Register Description I n

This is the second register for controlling the Front Side Bnses. There is one register for each bus
and they must be programumed identically.

De
3124 RV XN Reserved
2320 | Rw 6h CMPL_LIMIT: CMPLQ high water mark.
Suggested Value: 5h
190 RW XX Reserved

This register controls the Front Side Buses. There is one register for each bus and they ust be
progranmtmed identically.

3127 RV XX Reserved.

2 RW 0 CPUREQ_EXT. BPRI Optimizatior: Enable

1: Enabies CPU to get another transaction onto the bus if a BREG change
occurred. Helps get more BWL/BWL back fo back cases possible.

Suggested Value: 1
2515 RY XX Reserved.

14 Rw 0 ARB_ADS: ADS Arbitration Optimization Enable

0 The NB doesn't ook at ADS to BPRI the bus fasier.

1: The NB can take ADS into account io BPRI the bus faster.
Suggested Value: 1

13 R 0 ARB_BREQ: Arbitration Streaming Optimization Enabie
0. The NB will not use the BREQ# pins io dnve ADS# early.

I: The NB will observe BREQ# to determine when the processor is
requesting lhe bus. When no processor is requesting the bus, the NB
{prionty agent} may drve ADSH one cycle after it drives BPRI#.

Suggested Value: 1
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I n ® Register Description

128 Ry XX Reserved.

7 RW [ DPSDIS: Disable Enhanced Defer

' The NB will listen ta OPS# and can complete transactions with 105 Only
if strapped for 64-bit Inlel® Xeon® processor MP with up to BMB L3 cache.

1: The NB will complete defemred transactions with Deferred Reply rather lhan
IDSE.

6 RW 0 MEDEN: Modified Enhanced Defer Enable

0: The NB will assert OO0 at the same time as |DS#.

1: The NB may assert OOD# later than ID5#. Should be set for 84-bit Intel®
Xeon? processor MP with up to 8MB L3 cache.

50 RwW 30h CRQDEPTH: Snoop Request Queue Depth

The NB will assert floww control when the CRG reaches this threshold.

Suggested Value: 1Dh

This 32-bit global register in the NB implements chipset specific operations for generalized control
of all PCT Express evenis and activity such as Power Management. There is only one register for all

PCI Express ports.
3116 RY a Reserved.
152 RV 3FFFR Reserved.
1 RWST a PME_TURN_CFF: Send PME Turn Off Message?

When set, the NB will issue a PME Tum Of Message ta all enabled PCI
Express ports. The NB will clear this bit once the Message is sent.

] RWC 0 PME_TO_ACK: Received PME Time Out Acknowledge Message?

The NB sets Lhis bit when it receives a PME TO_ACK Message from all
enabled PCI Express poris. Soflware will clear this bit when it handles the
Acknowledge

NOTES:

a. Note that PME_TURN_OFF and PME_TO_ACK bils are defined in lhe EXP_GCTRL register {global)
since the mlent was to have one and only one of these staius hils unique for all the seven PCI Express
porls i the NB.

intel® EB501 Chipset North Bridge (NB} Datasheet 225

Petitioner Samsung Ex-1025, 0225



Petitioner Samsung Ex-1025, 0226



I n Register Description

This register contains the Class Code for the device.

De:

2316 | RO 06h BaseClass: Base Class

This field indicates the general device category. For the NB, this field is hardwired 1o
06h, indicating it is & "Bridge Devica”.

i58 | RO 00h SubClass: Sub-Class

This field qualifies lhe Base Class, providing & more detailed specification of the
devyice furiction.

For this device default is 00h, indicating “"Host Bridge”.

70 RO 00h RLPI: Register-Level Programming interface

This field identifies a specific progreamming intefface (if any), lhat device
independent software can use to inleract with the device. There are no such
interfaces defined for "Host Bridge” types, and this field is hardwired to 00h.

i s aaea AaeAEEAnL ein Asmsees dwpaes wa v vusiespies sesness wPACE.

7 RO il Md: Muiti-function Device

Selects whether this is a muiti-function device, that may have alternative
configuration layauts.

6:0 RO 00h CfglLayout: Configuration Layout

This field identifies the format of the configuration header layout for a PCl-to-PCI
bridge from byles 10h through 3Fh.

For this device defauit is {J0h, indicating a conventional type 0h PC| header.
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Register Description

228

INtel.

This register identtfies the manufacturer of the system. This 16-bit register combined with the
Device Identification Register uniquely identifies any PCT device.

150

RWO

£086h

VIN: Vendor Identification Number

The defauli value specifies intel. Each byte of this register will be writable once.
Second and successive writes to a byte will have no effecl.

This register tdentifies the system.

15:0

RWO

5086h

SID: Subsystem ldentification Number
The defautt value specifies Intel. Each byie of this register will be writable once.
Second and successive writas to a byle will have no effect.
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I n Register Description

This register is reserved for IMI Hot Plug and Redundancy Recovery Software. The timinps
produced by this repisier are based on a 166 MHz FSB clock rate. The values tnust be scaled
apprapriately for other frequencies. As opposed to the ather Hot Plug Registers, there is only one
af these registers.

3117 RY Oh Reserved.

16 RWC 0 TIMER: Timer interrupt

This bit is set whenaver IMI_HPINT is asserted due to this register. This bit
should be inspected by saftware whenever it handies an MP Hot-Plug
Interrupt. Software mwst clear Lhis bit by writing a 1 ta it

15 RwW a ENABLE: Interrupt Enabie
When set, IMI_HPINT is asserted whan the count elapses.

145 Rw 006h COUNT:

The maximum number of 12.5 ms intervals that will elapse between selling the
ENABLE bitand IMI_HPINT is asserled. The delay will be between
12.582812%{COUNT-1) and 12 58291 2*COUNT. The maximum delay is

12.8 seconds.

4.0 Ry Gh PRESCALE:

This field defines the number of F5B clocks before the COUNT fteld is
decremented. COUNT is decremanted every 2PRESCALE clacks. Values ather
than 21 {15h}) should be used for validation purposes only.
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Register Description I n o
3119 Rv 0 Reserved
16 RN 0 HCP: HardCode Poison

When set by software, ovenwnte uncomectabfe memaory data wilh hardcoded
vaiue for poison. Reduces debug visibifity.

Must be set: ih

17 R 0 SD: Scrub Disable

When set, disables raid/mimos scrub operation when memaory returns
uncarreclable data.

16 R 0 RF: Retry Forever
When set, the NB will not time out due to retries 1o the M inks
152 RY 0 Reserved
{ R 0 RAID: RAID Mode Enabled

wWhen this bit is set, parity Is calcutated acmss sels of 3 cache lines hat
appesar on difierent IMIs and stored tn the fourh 1ML IF any IMI fails, the NB wili

recaonsiruct the data from (he other 3 IMIs.

0 R 0 MIRROR: Mirroring Enabled

The IMIR registers change how memory reads and wnites are performed in
mirmoring mode, but this bit is set by software to enable secondary aspects of
mirrering {such as error detection). Software miust set this bit before lhe NB

can handle eny memory accesses to mirmored memory.
When this bit is sef, every IMI is paired wiih anolher and data is written to bolh.
If ona IM! fails, (he NB will deliver data from the other. This bit must be sef

whenever firmware allows memory accesses and IMIR[]. IMGOWAY[] 1=
IMIR[]. IMGIWAY[1] for all 1=0-3 and j=0-5_ If this bit is not set, proper error

sequencing Is noi guaranteed.
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System Address Map

5.1

This chapter describes the system address maps in memory space, I/O space, and PCI configuration
register map.

Memory Map

The Intel® E8501 chipset platform supports 40 bits of memory address space. All key components
and interfaces also support the 40-bit address space.

* The 64-bit Intel® Xeon® processor MP provides address bits for a 40-bit address space.

* 40-bit local address supported over the Independent Memory Interface (IMI) for the memory
space.

* 32- and 64-bit address bit formats supported for PCI Express interface.

The chipset treats accesses to various address ranges in different ways. There are fixed ranges like
the compatibility region below 1 MB, interrupt delivery range, and the system region located in the
32 MB directly below 4 GB. In addition, there is a variable region for Memory Mapped I/O. The
locations of these ranges in the memory map are illustrated in Figure 5-1.
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System Address Map
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INtal.

5.1.1

Note:

5.1.1.1

5.1.1.2

System Address Map

Compatibility Region

This is the range from 0-1 MB (0_0000 to F_FFFF). Requests to the Compatibility region are
directed to main memory, the Compatibility Bus, or the VGA device. Any physical DRAM that
would be addressed by requests in this region that are mapped to the Compatibility Bus is not
recovered. This region is divided into four ranges. Regions below 1M that are mapped to memory
are accessible by the processors and by any 1/O bus.

The DRAM that has a physical address between 0-1 MB must not be recovered or relocated or
reflected. This range must always be available to the OS as DRAM, even if at times addresses in
this range are sent to the Compatibility Bus, VGA or other non-DRAM areas.

Microsoft MS-DOS* Region

Microsoft MS-DOS applications execute in the lowest 640 KB, in the address range Oh to
9 FFFFh. This range is always mapped to main memory.

VGA Memory Range

The 128 KB Video Graphics Adapter Memory range (A_0000h to B_FFFFh) can be mapped to the
VGA device which may be on any PCI Express or Hub Interface or it can be mapped to main
memory (if it is mapped to SMM space). At power-on this space is mapped to the HI port.

Note that the NB chipset does not support the historical MDA (Monochrome Display Adapter)
space which would have appeared in the VGA region.

This region can be redirected by BIOS to point to any bus which has a VGA card. If the VGAEN
bit is set in one of the NB.BCTRL configuration registers associated with the PCI Express port,
then transactions in this space are sent to that PCI Express port. Note that the VGAEN bit can only
be set in one and only one of the NB.BCTRL registers. For more information on the BCTRL
registers, refer to Section 4.11.27, “BCTRL[7:1]: Bridge Control Register (D1-7, F0)” on

page 4-100.

If any VGAEN bits are set, all the ISAEN bits must be set.

This 128 KB region may also be used for mapping SMM space. The SMM range can overlay the
VGA range in the A and B segments. If the SMM range overlaps an enabled VGA range then the
state of the SMMEM# signal determines where accesses to the SMM Range are directed.
SMMEM# asserted directs the accesses to the memory and SMMEM# deasserted directs the access
to the PCI Express bus where VGA has been mapped.

This region cannot be cached.
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System Address Map intel ®

Writes and reads may be duwected to different destinations in the range C_0000 to _FFFF. Typically.
these blocks were nsed to shadow ISA device BIOS code. For the NB these regions are used to
provide address space ta PCI devices requiring meniory space below 1 MB. The range is dividad into
8 sub-ranges. These ranges are defined by NB.PAM registers {similar to MAR registers in the 870
rhineatt There is one PAM register for each sub-range that defines the routing of reads and writes

LEOR vt F P Fly T
oQ HI1.5 HI1.5 Mapped to the compatibikty PCI
01 HI1.5 Main Memary Memory Write Protect
10 Main Memary HI1A Indine Shadowed
1 Main Memaory Main Memary Mapped to main memary

The power-on defaul: for these segments s mapped read‘write to the Hil.5 (ICHS) which forwards the
access to the Compatibility Bus. Software should not set cacheable memory atmbutes for any of these
ranges urnless both reads and writes are mapped to main memory. Chipset functionality is not guaranteed
if this region is cached in any mode other than both reads and writes being mapped to tnain memory.

For locks to this region. the NB will complete, but does not guarantee the atomicity of locked-access to
this range when writes and reads are mapped 1o separate destinations.

Ifinbound accesses are expected. the C and D segments MUST be programmed to send accesses to
DRAM.

The 128 KB region fromn EO0O0L to F_FFFFh is divided into 5 sub-ranges. Read/write attributes
defined in the NB.PAM registers may be used to direct accesses to the Hil.5 (which will access the
FWH) or main memory. At power-on, this area 1s mapped read/wnte to the Hil.5. The PAM

N

settings for accesses in this region are defined m Table 5-1.° g

For locks to this region. the NB will complete, but does not guarantee the atamicity of locked access 10
this range when writes and reads are mapped to separate destinations.

If inbound accesses are expected. the E aud F segments MUST be programumed to send accesses to
DRAM.
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intal,

5.1.2

5.1.2.1

5.1.2.2

5.1.2.3

Note:

System Address Map

Low/Medium Memory

The low/medium memory regions range from 1 MB to 4 GB. It consists of sub-regions for
Firmware, Processor memory mapped functions, and NB chipset specific registers.

System Memory

See Section 5.1.4, “Main Memory Region” .

ISA Hole

An ISA “window” can be optionally opened up between 15 MB and 16 MB by setting the
NB.FDHC.HEN bit. If this bit is set, accesses to this region will be sent to the ICHS via the HI1.5.
Otherwise, it is decoded as a system memory access. The memory behind this hole cannot be
reclaimed.

Extended SMRAM Space (TSEG)

SMM space allows system management software to partition a region in main memory that is only
accessible by system management software. When the SMM range is enabled, memory in this
range is not exposed to the Operating System. The SMM range is accessed only when the processor
is in SMM-mode. This is an extended SMM range that is different than the SMM space that may
reside that overlaps VGA space. The register fields that define the NB. EXSMRC.TSEG_SZ and
NB.EXSMRTOP.ESMMTOP. The TSEG SMM space starts at ESMMTOP-TSEG_SZ and ends at
ESMMTOP. This region may be 128KB, 256KB, or IMB in size, depending on the TSEG_SZ
field. ESMMTOP is relocatable to accommodate software that wishes to configure the TSEG
SMM space before MMIO space is known. The ESMMTOP will default to the same value as
TOLM.

If SMM is enabled, the chipset allows accesses to this range only when the SMMEM# signal on the
FSB is asserted with the request.

If SMMEM# is deasserted, accesses to the SMM Range are master aborted. If SMMEM# is
asserted the access is routed to main memory. The NB will use the SMM enable and range registers
to determine where to route the access.

The NB will not support a locked-access that crosses an SMM boundary. Firmware should not
create data structures that span this boundary.

SMM main memory is protected from Inbound accesses.

In order to make cacheable SMM possible, the chipset must accept EWB’s (BWL’s) and must
absorb IWB (HITM) data regardless of the condition of the SMMEM# pin. Because of this, care
must be used when attempting to cache SMM space. The chipset/platform cannot protect against
processor which attempts to illegally access SMM space that is modified in another processor’s
cache. Any software that creates such a condition (for example, by corrupting the page table) will
jeopardize the protective properties of SMM.

See Table 5-9 “Decoding Processor Requests to SMM and VGA Spaces” on page 5-257 for details
on SMM decoding.
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System Address Map intel ®

There is one relocatable memory mapped configuration regions on the NB. The FSB address
defines the confipuration register to be accessed and the FSB data either renuns or provides
register contents. As opposed to CFB/CFC-based configuration accesses. this mechanisino is atomic.
The memory mapped configuration region is compatible with the PCI Express enhanced
configuration mechanisin. It is a 256MB window that maps to PCI Express repgisters. {Both in the
chipset and south of the chipset.} The location of this MMCFG window is defmed by the
NB.EXP ECBASE register (Section 4.15.13).

The defawlt value of NB.EXP ECBASE miaps these regions into a region where there will be no
wasted memory that is lost behind it. The default value for the PCI Express registers is 01000000,
If this range is moved, the following recomniendations will enable reclaiming the memory that is
lost to MMUCFG accesses.

1. MMCFG range is mapped to a legal location within the range berween TOLM and 4GB.
Since ranges must not overlap other legal ranges. it is safest to put this range between
TOLM and the lowest real MMIO range {The current default is in these ranges).

OR

2. Put the regions above 4GB (above the top of memory and not overlapping above 4GB
MMIO space).

This space is also accessible inbound. To protect the chipset under nornnal operation. inbound
accesses can be protected by the NB.EXP CTRL.DIS INB_CFG bit (¢ 4,11.28).

BIOS/software inust ensure there are no outstanding configuration accesses or metnory accesses to
the old and new MMCFG range addresses when relocating this range.

This is the first of the two NB meinory mapped /O ranges. The low memory inapped /O range is
defined to be between TOLM and FE00 _(0C0h. This low MMIO region is finther subdivided
betweeu the PCI Express and HI1.5 (ICHS) ports. The following table shows the registers used to
define the MMIO ranges for each PCI Express/HI device. These registers are compaiible with PCI
Express and the PCI-to-PCI bridge specifications. Note that all subranges must be contamed in the
low memory mapped /O range (between TOLM and FEOO 0000h)}. In other words. the lowest
base address must be above TOLM and the highest LIMIT register inust be below FE00_00001.
Subranges must also not overlap each other.

HI (ICHS) N/AD

236

PCI Express D Memaory

MBASE1 {MBASE in device 1)

MLIMIT | {MLIMIT in device T}

PCI Express [ Prefetchable Memory

PMBASE1 (MBASE in device 1)

PMLIMITT {MLIMIT in device 1)

PCI Express C0 Memory

MBASEZ

MLIMITZ

PC{ Express CO Prefeichable Memaory

PMBASE2

PMLIMITZ

PCI Express C1 Memory

MBASE3

MLIMIT3
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PC| Express C1 Prafetchable Memory PMBASE] PMLIMITS
PCI Exprass B Memory MBASE4 MLIMITA
PCt Express BO Prefetchable Memory PMBASEA4 PMLIMITA
PCi Express B1 Memary MBASES MLIMITS
PC| Express B1 Prefetchable Memory PMBASES PMLIMITS
PCI Exprass Al Memory MBASERG MLIMI TS
PCt Express AD Prefetchable Memory PMBASES PMLIMITE
PCi Express A1 Memary MBASETY MLIMITS
PCl Express A1l Prefetchable Memory PMBASEY PMLIMITT

NOTES:

a This tabte assumes NB.PMLU and NB.PMBU are 0's. Olherwise, he prefetchalle memory space wili be located in high

MMIC space.

b.  MB does rot need basellimit for ICHS because subtrac ive decoding wilt send tbe accesses to lhe ICHS. This is OK for
software als0, since the 1CHE is considerad part of he 5ame bus as the NB.

The NB will decode addresses in this range and route thent to the appropriate HI1.5 or PCI Express
port. If the address is iu the low MMIO range. but is not contained in any of the PCI Express base
and limit ranges, it will be rouied to the HIL.S.

If the NB.PMLU and NB.PMBU registers are greater than 0. than the comresponding preferchable

region will be located in the high MMIO range instead.

The address range FEOO _0000h - FEBF_FFFFh region is reserved for chipset specific functions.

* FES0 CO00h - FEGF FFFFh: This range is used for memory mapped NB registers. They are
accessible only from the FSB. These registers are fixed since they are needed early during the
boot process. The registers include:

a. 4 Scratch Pad Registers

b. 4 Sticky Scrarch Pad Registers

c. 4 Boot flag registers

d. 4 Repeatability registers

These registers are described in the WB Configwration Register Chaprer.

Only the fist 4 bytes of each 1 K block in this 16 K range is accepted by the NB. The NB will issue
requests to the remainder of this region to the ICH unless they map into one of the relocatable
regions such as MMCFG The mechanism for this range can be the same as it is for the memory

mapped configuration accesses.

This 4 MB range is used for processor specific applications. It lies between FEC0_0000hL and

FEEF FFFFh and is split into four 1 MB segments.
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5.1.2.7.2 High SMM Range

If high SMM space is enabled by EXSMRC.H_SMRAME, then requests to the address range from
FEDA 0000 to FEDB_FFFF will be aliased down to the physical address of A_0000 to B_FFFF.
The HIGHSMM space allows cacheable accesses to the compatible (legacy) SMM space. In this
range, the chipset will accept EWB’s (BWL’s) regardless of the SMMEM# pin. Also, if there is an
implicit writeback (HITM with data), the chipset will update memory with the new data (regardless
of the SMMEM# pin). Note that if the HIGHSMM space is enabled, the aliased SMM space of

A _0000-B_FFFF will be disabled.

Note: In order to make cacheable SMM possible, the chipset must accept EWB’s (BWL’s) and must
absorb IWB (HITM) data regardless of the condition of the SMMEM# pin. Because of this, care
must be used when attempting to cache SMM space. The chipset/platform cannot protect against
processors who attempt to illegally access SMM space that is modified in another processor’s
cache. Any software that creates such a condition (for example, by corrupting the page table) will
jeopardize the protective properties of SMM.

5.1.2.7.3 Interrupt Range

Requests to the address range FEEO 0000 to FEEF FFFF are used to deliver interrupts. Memory
reads or write transactions to this range are illegal from the processor. The processor issues
interrupt transactions to this range. Inbound interrupts from the PCI Express devices in the form of
memory writes to this range are converted by the NB to FSB interrupt requests.

5.1.2.7.4 Reserved Ranges
The NB will master abort requests to the remaining addresses in the interrupt range. This is the
FEF0 0000h - FEFF FFFFh or FED4 0000h - FEDF FFFFh ranges. This can be done by sending
the request to the compatibility bus (Hub Interface) to be master aborted. In the event the ICHS

adds new registers or functionality in this range in the future, this provides the most likely chance
that it will work.

5.1.2.8 Firmware Range

The Intel® E8501 chipset platform allocates 16MB of firmware space from FFO0_0000h to
FFFF_FFFFh. Requests in this range are directed to the Compatibility Bus. The ICH5 will route
these to its FWH interface. This range is accessible from any FSB.

5.1.3 High Extended Memory

This is the range above 4 GB. The range from 4 GB to NB.IMIRS5.LIMIT is mapped to system
memory. There can also be a memory mapped I/O region is located at the top of the address space.
(Just below 1TB). This is described in Section 5.1.3.2.

5.1.3.1 System Memory

See Section 5.1.4, “Main Memory Region” .
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5.1.3.2 High MMIO

The high memory mapped I/O region is located above the top of memory as defined by
NB.IMIRS.LIMIT. These NB.PMBU and NB.PMLU registers in each PCI Express configuration
device determine whether there is memory mapped I/O space above the top of memory. If an
access is above IMIRS.LIMIT and it falls within the NB.PMBU+PMBASE/
NB.PMLU+PMLIMIT range, it should be routed to the appropriate PCI Express port. For accesses
above IMIRS.LIMIT (and above 4GB) that are not in a high MMIO region, they should be master
aborted.

5.1.3.3 Extended Memory (not applicable)

The range of memory just below 4 GB from TOLM to 4 GB (Low MMIO, Chipset, Interrupt) do
not map to memory. If nothing is done, the DRAM memory behind the TOLM to 4 GB range will
be unused.

On NB Chipset, the extended memory does not have any meaning because reclamation mechanism
is handled by hardware and NB will use IMIRS.LIMIT to indicate the top of usable memory.

51.4 Main Memory Region

5.1.41 Application of Coherency Protocol

The NB applies the coherency protocol to any accesses to main memory. Table 5-8 defines the
conditions under which processor transactions are routed to main memory. Table 5-11 defines the
conditions under which inbound transactions are routed to main memory. Application of the
coherency protocol includes snooping the other FSB.

Two exceptions are the C_0000 - F_FFFFh and the legacy SMM ranges. (C_0000h-F_FFFFh may
not necessarily route both reads and writes to memory, legacy SMM range may target non-memory
when not in SMM mode.) These exceptions will not apply the coherency protocol. The NB may
malfunction if processors issue coherent transactions such as BRIL’s, IWB’s, and EWB’s to ranges
that do not call for application of the coherency protocol to both reads and writes. In addition, the
chipset can not guarantee coherency for these ranges regardless of the types of transactions that are
issued. Software must not set cacheable attributes for these areas (Only UC and WC attributes are
not cacheable).

5.1.4.2 Routing Memory Requests

When a request appears on the FSB, PCI Express link, or Hub Interface, and it does not fall in any
of the previously mentioned regions, it is compared against the IMIR.LIMIT registers on the NB
and XMB.

The NB.IMIR.LIMIT registers will decode an access into a specific interleaving range. Within the
interleaving range, the NB.IMIR.LIMIT register indicates which IMI the address is associated
with. In the event that a mirroring event is occurring, memory writes may be associated with 2
IMT’s.

The XMB will further decode the address to determine which rank the access is targeted for. The
XMB contains the same XMB.IMIR.LIMIT registers as the NB, which helps it identify if the
access belongs to that XMB. It also helps with converting the memory (compressing gaps due to
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MMIO or IMI interleaving policies). The XMB.DMIR.LIMIT registers also decode the access into
a specific interleaving range, which helps decode which rank the access will be directed to. The
XMB will also convert the address into the appropriate DDR address, RAS, and CAS signals.

Main Memory interleaving

Memory interleaving can be described at two levels. The lowest level of memory interleaving is at
the XMB level where DIMMs/Ranks are interleaved. The highest level of memory interleaving is
between IMI ports. Interleaving can be at a fine or coarse granularity. Fine granularity interleaves
at the cacheline boundary and provides optimal performance by evenly distributing memory
accesses when addresses are accessed somewhat linearly. It helps eliminate hot spots. Coarse
granularity interleaves on a boundary that is much coarser than a cacheline, for example, a different
address range for each IMI (which some may call 1:1 interleaving). Coarse interleaving enables
certain RAS features. A combination of fine and course interleaving will probably achieve the
optimal mix of performance and RAS.

The NB supports 6 interleave ranges to interleave across the IMI’s. Each range supports 4 way
(4:1), 2 way (2:1), or 1 way (1:1) interleaving. The NB.IMIR registers contain the address of the
top of the interleave range, the primary and secondary IMI ports (for mirroring) for each way.

The XMB tracks the same 6 interleave ranges. In addition, the XMB supports 5 interleave ranges to
interleave across the 8§ DIMM ranks. The XMB also comprehends gaps in the address to do MMIO
space and IMI interleaving. The MMIO gap is accounted for using the TOLM register and is
described in detail in Section 5.1.5.4, “Recovering Main Memory Behind Other Regions™ . The
other gaps due to IMI interleaving are handled by setting the interleave range associated with that
address range to not point to any ranks on the XMB.

The interleaving scheme also comprehends mirroring across IMI’s, RAID, and DIMM pair sparing.
For mirroring, each way of each NB.IMIR register contains a primary and secondary port. Writes
are sent to both ports. Reads are sent to one port depending. For RAID, interleaving must use 4
interleaving ranges to enable RAID striping. For sparing (on the XMB), the XMB.DIMIRs reflect
the live DIMM ranks. If a sparing event occurs, the DMIR will be automatically updated with the
spare DIMM rank.

Interleaving Registers

The NB and XMB contain the following registers to support the ranges to do IMI and DIMM rank
interleaving.
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LT IMIRG Defines the interieave policy for Lhe
RFBI {Read From Solh Images) range fram 0 to IMIRO_LIMIT.

IMIR[5: 1] Defines the interleave policy for lhe

IMG 1WAY 3

IMG1WAY 2 range from IMIR[N-1] LIMIT to IMIR[N] LIMIT

IMGTWAY1

MG TWAY(

IMGOWAY 3

IMGOWAY 2

(MGOWAY 1

IMGOWAY(

ADJLIMIT Scratch pad regisiers reserved for BIOS to use
to store interleave infarmation.

LIMIT IMIRG Defines the interdeave policy for the
IMIR{5:1] Defines lhe interleave policy for lhe
range from IMIR[N-1].LIMTT to IMIR[N] LIMIT.

LIMIT DIMIRO Defines the mterleave policy for the

ENABLE range from 0 to DIMIRO. LIMIT.

RANK[3:0] DMIR[5:1] Defines the interizave policy for the

’ range from DMIR{N-1] LIMIT to DMIR[N].LIMIT.
WAY defines whether a memory request
parlicipates in Lhis IMIR range.

RAMK defines which rank is set to which WAY.

This example shows how interleaving can be a fine granularity (per cacheline). Cacheline
interfeaving provides optimal performance by evenly distributing memory accesses. This example
1s not meant to be an extensive definition of mterleaving. but is more to illustrate the mechanism.
For example, this example does not show memory reclamation nf enare hehind MMIN For datajls
on menory reclamation, please see & 11,54, "Recove

For this example, BIOS has chosen to first interleave across all 4 IMI's unnl the smallest IMI has
no more memory. The second range is 2:1 interleaved across IMI1 and IMI2 until these IMI's have
no more memory. The third range is 1-way interleaved because omly IMI3 has any memory left.
Each rectangle constitutes a cacheline. In the case of IMI1 and IMI2 where there are multiple ranks
(smallest granularity that the XIMB will interleave). different shadings indicate which rank is being
accessed.
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5.1.5.3 Coarse Interleave Example

This example shows how a course grain granularity works. It uses the same mechanism as fine
grained granularity, except all regions are 1-way interleaved. As in the previous example, each
rectangle constitutes a cacheline. In the case of IMI B and IMI C where there are multiple ranks
(smallest granularity that the XMB will interleave), different shadings indicate which rank is being
accessed.

The map on the left shows the NB interleaving ranges. Each range sends all accesses to a given IMI
A. For example, the first range which is bounded by address 0 and NB.IMIRO.LIMIT will send all
accesses to IMI B. The next level of interleaving is at the XMB. XMB can also support limited
coarse grained interleaving. Since the XMB is limited to 5 DIMM rank interleave ranges, coarse
interleaving must be limited to 5 ranges for all DIMM ranks. In this example, XMB B (IMI B)
coarsely interleaves between the 2 DIMM ranks. The light dotted line in the address map indicates
additional XMB boundaries to differentiated between rank 0 and rank 1. XMB C (IMI C) is still
cacheline interleaved.
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5.1.5.4 Recovering Main Memory Behind Other Regions

The NB will reclaim memory that is lost behind the region between TOLM and 4 GB. To do this,
the NB and XMB will automatically adjust the internal LIMIT values (referred to as the adjusted
limit ADJLIMIT). The ADJLIMIT value that is used in the range comparators will be:

IF (IMIR.LIMIT >TOLM, THEN ADJLIMIT = IMIR.LIMIT + MMIO _size
ELSE ADJLIMIT=IMIR.LIMIT

Note: TOLM will always be below 4 GB.
MMIO _size =4 GB - TOLM[15:12] (corresponds to A[31:28])

In addition, the XMB will logically perform an address conversion (subtraction) for addresses
above the MMIO or other gap. For example, addresses above MMIO will be converted to Address
minus the size of the MMIO gap (MMIO _size). Accesses above MMIO and a gap due to global
IMI interleaving policies would be converted to Address minus MMIO_size minus size of the
interleave range. The following is a logical description of the same XMB conversion.

IMIR_Size = LIMIT[N] - LIMIT[N-1]

IF System_addr > Any unmapped IMIR range
OtherGaps = Sum of Unmapped IMIR_Size below System_addr

IF (System_Addr>4GB, THEN AdjustedAddr = SystemAddr — MMIO _size — OtherGaps
ELSE AdjustedAddr=System_Addr — OtherGaps

Software only needs to program the TOLM register in the NB and XMB. It does not need to adjust
the LIMIT registers. In addition, there is a scratch pad register NB.AIMIR that software can use to
store pertinent interleave information.

Example of reclaiming MMIO space:

The following example shows how a 1 GB MMIO (TOLM to 4 GB) range would be reclaimed. For
this example, the NB/XMB internally adjusts the LIMIT values above 4 GB to
IMIR.LIMIT+MMIO _size = IMIR.LIMIT + 1 GB (1 GB is the MMIO _size). If there were
IMIR.LIMIT’s below TOLM, they would not have needed any adjustments. In addition, the XMB
converts the addresses above 4 GB to System_Address — 1 GB (1 GB is the MMIO _size).
Addresses below 4 GB do not need to be adjusted. For addresses above 11 GB, the XMB also
subtracts the size of the unmapped IMIR range, which is 6 GB in this example. (Size of the range
limited by LIMIT1). Note that the example shows conceptually how the address is processed, but
does not necessarily correspond to the exact implementation.

For this picture, LIMITO is the same as IMIRO.LIMIT, LIMIT1 is IMIR1.LIMIT, etc.
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IMI A = 1GB, IMI B = 4GB (Two 2GB ranks), IMI C = 4GB (Two 2GB ranks), IMI D = 2GB
1GB MMIQ region LIMITO, LIMITL, LIMIT2
Syst ddress Remain at the originat values
ystem a “:S:G - of 4GB, 10GB. and 11GB.
LIMIT2+1GB “\
11 XM B/NB hardware adjusts
R e the LIMIT wvaloes internally.
LIMIT1+1GB IRN Intermediate adjusted
~\XMBEddress
21
2:1
N
™
LIMITO+1GB 23!
1:1
1GB
GB
XMB converts
to CS/Bank/
=" .
TOLM RAS/CAS with
appropriate
compression when
4:1 4:1 4:1 4:1 4:1 interieaved.
0GB 0GB
XWBA XMBB XMBC XMBD
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5.1.5.5 Interleaving

A number of memory RAS features involve removing or adding memory to the system. Care must
be exercised in the interleaving definition to balance RAS robustness with optimal interleaving for
performance. For example, the interleaving shouldn’t be set up so that removing a DIMM rank
results in removing all system memory.

5.1.5.5.1 Interleaving with sparing

If DIMM sparing (without graceful degradation) is desired, at configuration time, a DIMM rank
must be set aside to replace a defective DIMM rank. This spare DIMM must not be included in the
IMIR and DMIR settings.

5.1.5.5.2 The Effects of Graceful Degradation & Sparing on Interleaving

Graceful degradation is when the memory associated with a bad DIMM rank is removed by
software deallocating the memory. If memory is in a region that is pinned (i.e. cannot be removed),
an unrelated DIMM pair can be chosen to be deallocated. Once it is deallocated, it can be converted
into a spare DIMM.

This feature relies on restrictions to hardware configurations and interleaving policies to be robust.
For example, If the DIMMs are interleaved so that none are a good candidate for being a spare,
then a spare cannot be made. Software can follow the suggestions below to increase the chance that
there will be a good candidate for a spare.

Interleaving restrictions (SW):

1. For each XMB, select a rank that can become a spare.This rank must be the largest of all
populated ranks.

a. Ifthere are any split DIMM’s, then the spare must be a split DIMM.

b. Since all DIMM’s will meet minimum DIMM size restriction, any DIMM can be selected
to be predestined to be a spare.

2. Interleave the remaining DIMMs. The amount of memory allowable below 4 GB depends on
the size of the spare rank. The memory below 4 GB must be able to fit into the spare. For
example, if the spare DIMM pair holds 1 GB, then the remaining DIMM’s must only have
1 GB of memory below 4 GB.

Put the spare rank above 4 GB. It must be non-interleaved (i.e. 1:1). Restrictions on hardware
include:

1. If there are any double sided DIMM s, then there needs to be at least 2 double-sided DIMMs.
2. Minimum memory capacity must be larger than 4 GB.

3. Each XMB must have at least 2 DIMM pairs.
4

. Restrict the use of small DIMM’s. The DIMM size restrictions are dependent the number of
XMB’s and the IMI interleaving. The following table shows the smallest DIMM size
allowable for different configurations. These restrictions are to guarantee that even with
limited interleaving to allow for this functionality, there will be full memory.
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4 A1 1GB
2/4 21 2GB
1/2/4 1:1 4GB

When Intel® E&501 chipset is in RAID mode, all 4 IMI’s nwst be populated synnuetrically.
Therefore, all IMI's can be 4:1 interleaved. The reason for 4 IMIR ranges is because the starting

point of each range 1s shifted to enable the RAITY shriping.

The following diagram shows how memory should be interleaved in RAID mode. This scheime
includes space that is reserved in each range to accommodate capacity upgrades. A capacity
upgrade with RATD would include replacing memory cards one by ane with larger cards while still
asswning the original sinaller size. Once all 4 cards have been upgraded. a memory hot add 1s
performed to bring the extra memory ouline. For systems that are not planning to be upgraded. the
reserved space 18 not necessary. In this diagram, “N™ is equal to the amount of inemory per XMB
that is currentdy installed. “MAX” vepresents the maxinium anount of memaory that is allowed per

XMB after an upgrade.
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IMIR[5.0] Memory Interleaving Registers {IM| interleaving)

AIMIR[3:0] Scratch pad register for software ta use related to memory interieaving. For
example, software can write MMIO gap adjusted limits here to aid in subsegquent
memary RAS aperations.

PAM[G D] Defines altributes for ranges in the C and D segmenls. Supponts shadowing by
rauling reads and writes to memory of /0.

FDHC Contains HEN which enables the ISA hold.

SMRAM SMM Control.

EXSMRC, EXSMRTOP, | Extended SMM Control.

EXSMRAMC

BCTRL Contains VGAEN and ISAEN for each PCI Express.

TOLM Top of low memaory. Everything between TOLM and 4GB will not be sent to
memary.

EXP_ECBASE Base of the memory mapped configuration region that maps to all PC| Express
registers.

MBASE {Dev 1-7} Base address for memory mapped [/Q ta PC| Exprass ports 1-7.

MILIMIT {Dev 1-T} Limit addmess for memory mapped KO to PCI Express pornts 1-7.

PMBASE {Dav 1-7) Base address for memory mapped I/Q to prefetchable memory of PC] Exprass
porls 1-72.

PMLIMIT {Dev 1-7) Limit address for memary mapped KO to prefetchable memaory of PC| Express
ports 1-7.

PMBU {Dav 1-T) Prafetchable Memary Base (Upper 32 bits} - Upper address bits to the base
address of prefetchable memaory space. If the prefetchable memoery is below 4 GB,
this register will be set to all 0's.

PMLU (Dev 1-7} Prefatchable Memory Limit {Upper 32 bils) - Upper address bils ta the limit address
of prefetchable memory space. If the prefetchable mamory is below 4 GE, this
register will be set to all 0's

PCICMD (Dev 1-7) MAE (Memory Access Enable) bit enables the memory and pre-fetchable ranges.

NOTES:
4.  The chipsel ireats memary and prefeichable memory the same. These ate just considersd 2 aperlures lo the PCI Express
porl.
252 intel® EB501 Chipset North Bridge (NB) Detasheet

Petitioner Samsung Ex-1025, 0252



System Address Map

i
IMIR[50] Memory interleaving Registers (IM! interleaving).
TOLM Top of low memaory. Used in aiding in the XMB address conversion.
DMIR4:0] Memory Interleaving Registers {DHVIM intereaving).
MTR Memory Technology Register.

The following tables define the address disposition for the NB."
outbound requests entering the NB on the FSB. For address disposiuons of PCI Express/HI
devices. please refer 1o the specifications for the Intel 6700PXH/6702PXH 64-bit PCT Hub and

Intel ICHS. T

-8 defines how the NB completes outhound requests. ’

8§ defines the disposition of

3-11 defines the

dispasition of iInbound requests entering the NB on 10 bus. In these tables, an address listed as “A
to B” can be interpreted as A <= Address <= B

S5MM enabled and
valid access o SMM space 2

DOS d to 09FFFFR Coherent Request to Main Memory. | Route the memary request to the
Route to main memory according to | comect rank based an the
NB.IMIR registers. Apply Coherence | XMB.{MIR and XMEB_DMIR
Protocol. registers.
SMMVIGA 0A0000h to OBFFFFR, Send to HI ta be master aborted. N/A
SMM not enabled, and
VGAEN=0
0A0000h to OBFFFFh, VGA: N/A
SMM not enabled, and MNon-coherent request to
YGAEN=1 PCI] Express or Hub Interface based
on BCTRL and various SMM
registers.
0AQ0000 to OBFFFFD, Non-coherent request to main Routes the memaory request to the

memory. {Coherency does not need
to be guaranteed. Coherancy
protocol can be followed if 1t
simplifies implameanlation). Routs 1o
appropriate XMB according to
NB_IMIR registers.

comect rank based an the
XMB.IMIR and XME DMIR

register.

{0AQ000h to OBFFFFh and Send to HI 1o be master abared. NiA
SMM enabled, and

denied access to SMM space and

VGAEN=0

{0AODO0H ta OBFFFFh and VEA N/A

SMM enabled, and

denied access o SMM space and
VGAEN=1

Non-coherent request to
PCI Express or Hub Interface based
on BCTRL reqgisters.
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_C and D BI0OS | 0CAG0ON to ODFFFFR and Non-coherent request to main Route the memory requeast to the
segmenis PAM=11 memory. {Coherency does not need | comect rank based on the
{see Table 5- | I be guaranteed. Coherency XMBIMIR and XMB.DMIR
for a definition protocal can be followed if it register.
of PAM simplifies implementation}. Routa to
od appropniaie XMB according o
encodings) NB.IMIR ragisters.
Weite ta Non-coherent request to main Route the memory request to the
GCO000N to ODFFFFh and memory. {Coherency does not neod | comect rank based on the
PAM=10 o be guaranteed. Coherzncy XMB.IMIR and XMB DMIR
prolocal can be followed it register.
simplifies implemenlation). Route to
gppropraie XMB eccording to
NB.IMIR registers.
Reat to MNon-coherent request ta main Route the memory request to the
0CA000h to ODFFFFh and memory. {Coherency does not need | cormect rank based on the
PAM=01 to he guaranized. Coherency XMBIMIR and XMMB DMIR
prolocal can be followed if it register.
simplifies implementation). Routz to
appropnaie XMB according o
NB IMIR registers.
Read io Issue request o Hub tnledace.
0C0000h to ODFFFFh and
PAM=10
Wiite to
0C0000h to ODFFFFh and
PAM=01
QC0000h o ODFFFFh and
PAM=00
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Eand F BiOS | 0EQODCH to OF FFFFh and PAM=11 | Nen-coherent request to main Raute the memory request i the
segments memory. {Coherency does not need | comect rank based on the
{see o be guaranteed Coherency XMB.IMIR and XMB OMIR
I 8 woconnesenso protacol can be followed if it register.
of PAM simplifies implementation). Route {o
odi appropriate XMB according to
ancodings) NB.IMIR registers.
Write to Non-ccherent request to main Route the memory request to the
0E0DOCN to OFFFFFR and PAM=10 | memory. {Coherency does not need | comeci rank based on the
to be guaranteed. Coherency XMB_IMIR and XMB DMIR
protocol can be folfowed ifit register.
simpiifies implementation). Route o
appropriate XMB according ta
NB.IMIR registers.
Read to Nan-coherent request to main Raute the memory request io the
OE0D00N to OFFFFFh and PAM=01 | memory. {Coherency does not need | comect rank based on the
to be guaranteed. Coherency XMB.IMIR and XMB DMIR
protocol can be foliowed if it register.
simpiifies implementation). Route o
appropriate XMB according o
NB.IMIR registers.
Read lo issue request to Hub interface
UEQ000N to OFFFFFh and PAM=11
Write 1o
UEOODON to OFFFFFh and PAM=01
UEDDD0N to OFFFFFh and PAM=00
Low/Medium 16_0000 o EF_FFFF Conerent Request tc Main Memory. | Routa the memaory request to the
Memory Routs to main memary according to | comect rank based on the
NB.IMIR registers. Apply Coherence | XMB.IMIR and XMB DMIR
Protacol. register.
ISA Hote 0 0000 to FF_FFFF and Caoherznt Request to Main Memory., | Route the memary request ia the
FOHC HEN =0 Route to main memory according to | comect rank based on the
NB.IMIR registers. Apply Coherence | XMB.IMIR and XMB OMIR
Protoool. register.
F0_0000 to FF_FFFF and issue request ta Hub Inierface
FDHC HEN =
Low!/Madium 1000000 <= Addr <= ESMMTOP- | Caherent Request fo Main Memory. | Routs the memaory request to the
Memory {cont) | TSEG 57 Routs to main memary according to | comect rank based on the
OR NB.IMIR registers. Apply Coherence | XMB.IMIR and XMB DMIR
Peotoool. ister.
ESMMTOP<= Addr < TOLM (olco register
Extendad ESMMTOP-TSEG_ 57 <= Addr = Caherani Request to Main Meroory. | Routa the memaory request to the
SMRAM Space | ESMMTOP and Routs to main memary according to | comect rank based on the
{valid SMM access or SMM range | NBIMIR registers. Apply Coherence | XMB.IMIR and XMB DMIR
disabled} Peotacol. register.
ESMMTOP-TSEG_S7 <= Addr < Master Abort.
ESMMTOP and
denied access to SMM space
Low MMIO TOLM <= Addr < FEQD_0000 and | Request ta PC! Express based on
falls into a legal BASE/LIMIT range | <MBASE/AMILIMIT and PMBASE!
PMLIMIT= registers.
TOLM <= Addr = FEGG 0000 and | Send to HI to be master abociad.
nat in a legal BASE/LIMIT range
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System Address Map In B
o
_PCI Express HECBASE <= Addr < Convert to a configuration access
MMCFG HECBASE+256MB and route according to the
Configuration Access Disposition.

NB specific FEDOD _00600h to FEBF_FFFFh Issue configuration access o
AND vaiid NB memory mapped memory mapped register inside NB.
register address
FEOQ_{(000h to FEBF_FFFFRh Send to HI to be master aborted.

AND NOT a valid NB memory
mapped register address
10 APIC FECO_0000 to FECB FFFFh Mon-coherent request to PCI
registers Exprass or Hl hazad nn Tafjla 5.3
MOARIC, "

CHACH timers | FEC2_0000h to FED'1_FFFF issue request (o Hub Interface.

High SMM FEDA_0000hK to FEODB_FFFF and | Coherent Request to Main Memory. | Route the memory request to the
(vald SMM access or SMM range | Route o main memoery according o | cofrect rank based on the
disabled) NB.IMIR registers. Apply Coherence | XMB.IMIR and XMB.DMIR

Prolocol. register.
FEDA _0000h lo FEDB_FFFF and | Master Aborl.
access denied o SMM space

Interrupt interrupt transaction to Route o appropriate FSB(s}. See
FEEQ _(000h to FEEF_FFFFh Interrupt Chapter for details on
{not really memory space) intermupt routing.
memory transaction to Send to HI to be master aborted.

FEEQO 0000h to FEEF_FFFFh
Firmware FFO0_00Q00h to FFFE_FFFFR {s50e equest 1o Hub interface.

High Memaory |_DOO0_0000 to MIRS LIMITE Coherent Request to Main Memory. | Route the memory request to the

{max FF_FFFF_FFFF} Route to main memory according o | correct rank based on the
NB.IMIR registers. Apply Coherence | XMB.IMIR and XMB DMIR
Prolocal. register.

High MMIO PMBU+PMBASE <= Addr <= Roule request to appropriate PCI
PMLU+PMLIMIT Exprass part.

All others All Others {sublractive decoding} Issue request to Hub Interface.

NOTES:

4 ACCESS i3 [n GUAR cnara CRARERM ninic azeatad and D_OPEN, D_CLS, D_LCK permit access bype {code or dala). See T
& 5257

Processor

! |

18 *Cecading

b ThiS i5 INE wr v sy oy, e i 1o o018 Valid MIR range, it wilt stilt be: the top of memory because unused IMIR'S should have the
LIMIT's st to match the highest funclional IMIRL.
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inU ® System Address Map

The FSB has a SMMEM# sipnal that qualifies the request asserted as having access to a system
management nemory. The SMM register defines SMM space that may fall in one of three ranges:
A0000-BFFFFh, Extended SMRAM Space, or Higli SMRAM Space. The NB prevents ilegal
processor access to SMM meinory. This s accomplished by rouling memory requests from
processors as a function of request address. code or data access, the SMMEM# signal
accompanying request and the settings of the NB.SMRAM, NB.EXSMR.C, and NB.BCTRL
registers. Table 5-9 defines request type and Atiribute field for each case. Illegal accesses are
routed to the Compatibility Bus where they are Master Aborted. SMMEM# oanly affects NB
behavior «f it falls in an enabled SMM space. Note that the D CLS only applies to the Legacy
(AGO00-BFFFFh) SMM space. The bold values indicate the reason SMM access was denied.

D CLS closes off the SMM space to all accesses. except for code reads with SMMEMH asserted.
EWB/IWB s will also be accepted.

D_OPEN

Legacy VGA/SMM A_0000h <= A <= B_FFFFh Master abort

To VGA

DCenied - Hi
Denied - VGA part

Yas

x| x| z| Zz| x| x| HRLC?
=| x| Z| 7| x| x| EWBIWB
| | =] o] sl x| SMMEMSE
—| = m| x| x| x| D_CLS
| x| <|Zz| =] =| VGAEN
<| <| <| <| 2| | Enabled?3

ol Kl Bl = I

lHlegal programming -
HI {master abart)

Yes

Denied - HI
Deniad - VGA part
N/AD

Yes

Access to DRAM
Denied

Yes

Extended SMRAM {TOLM-TSEG <= A <= TOLM)
Space (TSEG)

Yas

Yes

HIGHSMM FEDA_000Ch <= A <= FEDB_YFFFh Master abort

Dentad

Yes

Yas

R B EA R EA R B B R B B = B B
=< z|zZ|Z| x| =<|z2|Z|zZ|x|z|=<|=]| =] =
w| = = = x| s =] =] D] ] =] we]| =] =] =
PR = I = S = Y = I ] T e )
| ome] me| w2 x| =] =] x| x| = x| =] =]|=
w| x| x| x| o] w| x| x| x| x| x| x| <] 2] x
x| =] =<| =] = x| <] <| =<|=| <] =] <] <] =<

Yes

NOTES:

a.  Seeable 5-10 “E Ior the definition of an enabled space
t. Software mustnot
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System Address Map

INtl.

Table 5-10 defines when an SMM range is enabled. All the enable bits G SMRAME,
H SMRAM EN. and TSEG_EN are located in the NB.EXSMRC register.

1} X X Na No Mo
1 0 0 Yas No No
1 b 1 Yas MNo Yes
1 1 D No Yes Mo
1 1 1 Na Yes Yas
In general, inbound I/O transactions are decoded and dispositioned similarly to processor
transactions. The key differences are in SMM space. memaory mapped configuration space and
interrupt policies.
For all table entries where an access is forwarded to HI ta be master aborted, if an access comes
from HI. the NB may master abort a traizsaction without forwarding it back to the HI.
DGs (1 to QOFFFFQ Coherent Reguest o Main Memory. Route the coherant request to the
Route to main memory accarding to comect rank based on the
NB.IMIR registers. Apply Coherence | XMB.IMIR and XMB.OMIR
Protocol. registers.
SMMNVGA 0A0000R to OBFFFFh, Send ta HI to be master aborted. NiA
SMM not enabled, and
VGEAEN=Q
{0AQ000R to OBFFFFh and Send to HI 1o be masier abarled. MNiA
SMM enabled and
VGASE=D
0AQDDOR to OBFFFFD and VGA N/A
VYGAEN=1 MNon-coherent request to PC! Express
of Hub Interface based on BCTRL
and various SMM registers.
C,D E,and F | 0C0CG00N to OFFFFFH and Non-coharent regquest to main Routa the coherani reguest o the
BIOS PAM = 118 memory. {Coherency doas not need comect rank based an the
segments {o ba guaranteed. Coherency protocal | XMBIMIR and XMB DMIR
tsee Tabie &1 can be iollowed If it simplifies regisiers.
for a definiiion impiemantation. j Route to appropriate
of PAM XMB according to NB IMIR registers.
encodings)
towMedium | 10_0000 to EF_FFFF Coherent Reguest 1o Main Memory. Routa the coherent request to the
Memory Rpute to main memory according to cormect rank based an the

NB_IMIR registers. Apply Coherence
Frotocol.

XMB.IMIR and XMB.CMIR
registers.
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System Address Map

Memory (cont)

TSEG_S7

Route to main memery according to
NB IMIR registers. Apply Coherence
Pratocol.

15A Hole F0_0000 to FF_FFFF and Coherent Request to Main Memory. Route the coherent request to the
FODHC HEN =0 Route to main memory according to comect rank based an the
NB.IMIR regisiers. Apply Coherence | XMB IMIR and XMB8 DMIR
Pratocal. registers.
F0_00003 to FF_FFFF and Issue request to Hub intedace.
FDHC HEN =1
Low/Medium | 100 0000 <= Addr < TOLM- Coherent Reguest to Main Memory. Raoute the coherent request fo the

comect rank based an the
XMB.IMIR and XMB DMIR
registers.

Extended
SMRAM Space

ESMMTOP-TSEG_SZ <= Addr
< ESMMTOP

T5EG SMM enabled: Master Abort.

TSEG SMM disabled: issue request
to main memany.

FEEF_FFFFh

Low MMIC TOLM <= Addr = FEDO_DOOO Request to PCI Express based an
and =IMIBASEAMILIMIT and PMBASE/
falls into a legal BASEAIMIT PMLIMIT=> registers.
range
TOLM <= Addr = FEGO_0000 Send to HI to be master aborted.
and
not in a legal BASE/LIMIT range

PCI Express HECBASE <= Addr = Inboupd MMCFG is aliowed when

MMCFG HECBASE+256MB dis_inb_cfg configuration bit is

cleared. and, the NB does not medify
addresses of peer-to-peer
lransactions.

Inbound MMCFG is not allowed when
dis_inb_cfg configuration bit is set.
This access should be routed as a
general memaory mapped VO access,
which should ultimately master aborl,
since it should not hit any [egal MMIO
range.

NB specific FEOO_GO00Nh 1o FEBF_FFFFh Inbound MMCFG is not altowed. This
AND valid NB memory mapped | access should be routed as a general
register address memory mapped ¥O access, which

should uitimately master abor, since
it should not hit any iegal MMIO
range.
FEDO_DO00N to FEBF_FFFFD Send to Hl to be master aborted.
AND NOT a vatid NB memory
mapped register address
¥ APIC FECD 0000 to FEC8 FFFFh HNon-coherent reoirst to PCI Express
reqislers gr Hihacad an T, -3 NOAPHD
. b

ICHACH timers | FECY 0000h to FED1_FFFF Issue request to Hub Interface.

High SMM FEDA _0000h o FEDB_FFFF Master Aborl.

Intermupt Inbound write to FEEQ_0000K - | Route to approprate FSB(5). See

interrupt Chapter for details on
interrupt routing.

memary lransaction to
FEE(Q 0000h to FEEF_FFFFh

Send to Hi to be master aborled.
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System Address Map intel ®

Fimware FF00_G006h 1o FFFF_FFFFh Master aborl.
High Memory 10000 D000 to MRS LIMIT Coherent Request to Main Memory. Route the coherent request to the
(max FF_FFFF_FFFF} Route 1o main memory according to comrect rank based an the
NB.IMIR registers. Apply Coherence | XMB.IMIR and XMB.OMIR
Protocol. registers.
High MMIO PMBU+PMBASE <= Addr <= Route request to appropriate
PMLU+PMLIMIT PCI Express port.
Adi others All Others {subtractive decoding) | Issue request to Hub Interface.
NOTES:
a.  Clher combinalions of PAM's are nol allowed if inbound accesses to this region can occur. Just like Cayuse, chipset unclionatity s not
guaranteed.

The /O address map is separafe from the memory map and 15 primarily used to support legacy
cade/drivers that use /O mapred accesses rather than memorv mapped /O accesses. Except for the
special addresses listed in Se SAL LO. s" . VO accesses are decoded by
range and sent to the approprzate HI/PCT Express port, which will route the /O access to the
appropriate device.

There are two classes of ¥/ addresses that are specifically decoded by the NB:
* T/O addresses used for VGA controllers.

* /O addresses used for the PCT Configuration Space Enable (CSE) protocol. The /'O addresses
OCF8h and OCFCh are specifically decoded as part of the CSE protocol.

Historically, the 64 KB I/O space actually was 64 K+3 bytes. For the extra 3 bytes, A#{16] is
asserted. The NB decodes only A#[15:3] when the request encoding indicates an /O cycle.
Therefore accesses with A#[16] asserted are decoded as if they were accesses to address () and be
forwarded to the Compatibility Bus.

At power-on, all YO accesses are mapped to the Compatibility Bus.

The NB chipset allows I/ addresses to he mapped to resources supported on the I/O buses
underneath the NB. This I/O space is partitioned iuto 32 x 2KB segments. Fach of the /O buses
can have from 9 to 32 segments mapped to it. Each PCI bus gets comiguous blocks. All PCI busses
must be assigned contiguous blocks. The lowest block, from 0 to OFFF. is always sent 1o the
Compatibility Bus. For further details on the legacy I/0 ranges that the ICH decodes in the lowesi
block. please refer to fnrel® 82801EB I/O Controller Hub 5 (ICHS) and Intel® §2801ER IO
Controllor Hih 8 (TCHSR) Dirashest The TCHS Datasheet is available at:
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inU ® System Address Map

5-1
1_D002h
+ 3 bytes
Decoded as [ 000z}
FFFFh
Segment 31
FaDoh
:
i
H
H
i
2000h
Segmert 3
1800h
Segment 2
1000h 1
Compatibility Bus
0800h o
Segment 0
Compatibility Hus
Only
00D0h

The NB applies these routing rules in order:
(A[2:0] for the following is not physically present on the FSB. but are caleulated fromi BE[7:0]}.

1. YO addresses used for VG A controllers on PCT Express:
If one of the BCTRL.VGAEN bit is set, and each addressed byte is i the following range:
Af9:0]=3B0h-3BBh, 3C0h-3DFhL. {A[15:10] are ignored for this decode.}
The access is sent 1o the PCI Express port that VGAEN 1s set for. Note that only one VGAEN
bit can be set.
For example, a 2 byte read starting at X3BRh includes X3BB-X3BCh (X can be any number
since A[15:10] are ignored).
Since A[9:0] = 3BCh which is not one of the VGA bytes, the access is not routed ta VGA.

1

Configuration accesses: If a request is a DW accesses 1o 0CF8h (See CFGDAT register) or
1-4 B accesses to OCFCh with configuration space is enabled (See bit 31 of CFGADR
register). the request is considered a configuration access. Configuration accesses are routed
based on the bns and device numbers.

3. ISA Aliases: If the BCTRL ISAEN is set, addresses X100-X3FFh, X500-X7FFh, X%00-
XBFF, and XD00-XFFFh will result in the access being senr out to the Hub Interface (ICHS}.
This is the top 7688 in each 1KB block. 100 =256B IFF=1K-1

4. VO defined by IOBASE/TOLIMIT: If PCICMD.IOAFE is set in any of the NB PCI Express
devices and the I/O address falls in this range: (IOBASE <= address <=IOLIMIT), then the
access will be sent to the PCT Express port that is defined by the correct IOBASEAOLTMIT
registers.

5. Otherwise: the I/O Read/Whiite is sent to HI {ICHS}.
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5.3.3 Inbound I/O Accesses

Inbound I/O’s are supported only for peer-to-peer accesses and are decoded the same as processor
initiated 1/0’s. Inbound I/O accesses to the NB (i.e. CF8/CFC) are not supported and will receive a
Master Abort response.
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This chapter will cover the Intei® E8501 chipset north bridge (NB) functionality and its interface
components, including Front Side Bus, IMI, PCI Express and HIL. 5. The Fure/® E8501 Chipset
Nerth Bridee (NB} Datasheer shall only cover the NB component. Details on the rest of the
platform components can be found in each component’s respective documentation.

The NB is the priority agent for the two FSB's and is optimized for two 64-bit Intel® Xeon®
Processor MP on each bus. The Intel® E8501 chipset does not allow mixing of 64-bit Intel® Xeon®
processor MP with up to 8MB L3 cache. 64-bit Intel® Xeon® processor MP with iMB L2 cache or
Dmal-Core Intel® Xeon® processor 7000 sequence within the same platform.

Cache Line Size

548

Clock Rate

Control@166 MT/s, Address{@333 MT/s, Data@B67 MT/s.
Control@ 200 MT/s, Address@A00 MT/s, Data@800 MT/s

Addresses

NB supporis 40 address birs.

Enhanced Defer

MB responds using Defer phase when DPS Is asseried.

Modified Enhanced Defer NB typically drives 1DS# 5 clocks before OOD#.
Maximum Deferred 99
Transactions
Maximum In-Order 12
Transactions
ECC/Parity NB supparts both DEP[7 -0 and DP[3:0]# but not at the same time.
BRH. OWN NB ignores the OWM bii.
G4-hit Intel® Xeon® processor MP processars do not issue this frans-
BWLD -
action.
BWL INVLD Disabled and treated as a BWL.
Threads/cores NB fully supports 4 lagical agents per FSB.

Modified response following
clean snoop (buried HITM)

NB suppars [his for debug, but not for production. The salution will not be
performance optimized. Buried HITM is inconsistient with enhanced defer

Pracessor Tristale

AIRD 3R] at recet (58
Jin

1€ FSBEAE)
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The FSB clocks 1un in phase.

The following table shows the arbitration phase signals and the NB nsage.

BPRI# NB asserls this signal when it will drive requests that require a snoop or when it wanls to skall
the FSB, ar to avoid oversubscription of certamn intemal resources. Processars do not drive
his signal.

BNR# NB may assert this signal for debug.

BREQ[A:.0R The NB never drives these signals, except for EBREQ[D}# at reset. These pins are connecled
ta the processor BR# pins in a rotating order.

The NB uses an active BREQ# from a processor ta determine if # should release BPRI# and
return the bus ta the processars.

LOCK# The NB never asseris LOCK#. The NB observes LOCK# and will do all transactions with
LOCK# asserted atomically. LOCK# on IO reasds ar writes i1s an illegal transaction.

NB asserts BPRI# as necessary for flow control, and this overrides any arbitration policy on
BPRI#,

NB asserts BPRI# for NB transactions only when it has transactions to drive to the bus, and it’s not
giving priority to CPU agents. NB limits the length of time it will assert BFRI by

FSB[1:0]AC. TNBREQ{2:0]. When a CPU asserts a BREQ# signal on the bus, NB will give the bus
to e CPUs as long as NB has no iransactions to do. Otherwise, NB enswes BPRI stays deasserted
tor a periad of ume conwrolled by FSB[L:0JAC.CPUREQ{1:0]. If NB sees a BRE() change while
BPRI is released. FSB[1:0]AC.CPURE(Q} EXT comirols whether NB allows an extra transaction to
occur from the CPUs, to try to make back-to-back BWL’s more likely.

NB’s arbitration policy is such that as long as CPUs drive their BRE(Q) signals efficiently {releasing
it if they have no transaciions to perform) and drive ADS as soon as possible when the protocol
allows, that NB and the CPUs can share the bus with no dead cycles under any traffic pattern.

defines how NB decodes transactions initiated by processors and Table 6-3 defines how
NB diives transactions. NB self-samples the commmon-clock signals. NB does not sample the
address or data signals bur instead tracks what it has driven internally.

Reserved Read and Write transactions are not issued by 64-bit Intel® Xeon® processor MP. NB
will conplete these transactions as the most similar well defined wansactions in order to enable
subsequent ransactions to complete. NB will respond 1o Reserved Read (ReqA[(}=0) as a NOP.

returning data from the addressed meniory. NB will respond to Reserved Write {ReqA[0}=1) as a
BTM.
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BWL with DEN is not issued by 64-bit Intel® Xeon® processor MP. The NB will not defer any

BWL.

If a Deferred Reply is decoded. but the NB has not issued it. the NB will treat it as NOP and set
FSB FERR.F8 {refer to T: -39~ NB™ out -328%

If DEN is not asserted when it is shown to be 1 in ~ : 6-3, the NB will defer anyway. The
“Unsupported FSB Transaction™ bit will be set in the p ERRST or SERRST register if these are
decoded.

If an address/request parity error is detected, the NB will attempt to complete the decoded bus
transaction on a best effort basis as if no error has beeu detected and at the same tie tog an Fi
error. The NB will remain operational after snch an error.

NB does require ASZ# (ReqA#{4:3] for memnory transactions} to be correct for correct operation.
DSZ# (ReqB#[4:3] for most transactions) has no effect on NB operation.
In the following table “x™ indicates that the NB will treat either 0 or 1 the samne way: the bit 15

ignored. “0/17 indicates that the NB will treat C different from 1. Both 0 and 1 should be validated
for both “x™ and “"0/1” entries.

BRIL BRIL yes F-h [4] i 0/1 U071 {OWN) a1
BRIL OWN yes FFh o] 1 01 0 {OWN) 01
BIL yEs 4] i i o % (O} 07
2121 K0 BRLC Ves CONIgUOUS 0 T O | X (O o
BRLD 21510 Ves CONIgUOS D 1 O | X OV o
BLR yes configuous 1 i X X X oM
B VL0 N2 | yes Trh 3 )] I X D UNVLDT o
INVLD#G, Z yes ooh i} 0 i X 0 (INVLD}) ]
BWL.INVLD NZ yes FFh 0 0 ] X 1 {INVLD) (i
BWLINVID Z | ves 00h i} 0 i X T{INVLL) ]
DEN# no any 0 1 1 X X b
BWIL Brw VES P 7 ] ) X 0 i1 —
BWIL yes any 0 0/ 1 X o /1
TACR ALK Ves ™ 0 T | o 0 0 X
SPEC NG VEs on ) T i) q 1] 3
Shut Down yes ih 0 1 oM 0 a X
Flush yes 2h 0 i 0 i} 0 X
Halt yES 3h 0 1 o 0 0 X
SYNC yes 4h 0 1 o a 0 X
Stop Clock yes 5h 0 1 oM 0 0 X
Stop Grant Ack VES Bh a 1 0/1 i} i] X
SMIACK yes n 0 i 071 0 a X
XTPR Update YES Bh a 0 0 0] a X
g B yes F-h * [1] [i] U] [1] X
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Functional Description I n o
3.

INT/EQI INT yes “3h,Fh’ i} 0 [ [i] 01 X

EQI yes 1h 0 0 a il i X

1OK [[8] 31 yes contiguaus U 1 | X X

1OW [OW yas 4B boundary i} 1 1 X X
Reservad | Reserved Read no
Reserved Writa na

The following tables show how the NB decodes the 2nd phase of the address.

3936 reserved Resarved Does not affect NB operation.

35:32 reserved Snoap Count Does not affect NB operation.

M ATTR[T# XTPR Disabie Redireciion Disable for XTPR update transaction, ignored othenwise

30:29 ATTR[B:51 Logical ID MNB uses this field to differentiate fransactions from different iogical processors
{lhreads or cores) within a CPU package.

28 ATTR[4]# Undefined Does not affect NB operation

2724 ATTR[3:0R Task Priarity Interrupt Redirectton Task Prionty for XTPR update transacton

Caching Alirbutes | NB ignares.
23 DIDjT# Priority/Symmetric | 0 since processors are symmetnc agent
Agent

2221 IR A Agent 1D Retumed on defer Reply Or IDS#

20:18 DD 0 Transaction ID Retumed on defer reply or ID5#.

158 BE[7:01 byte enables Indicates which byles are valid in a data transfer.

7 EXFai# SMMEM# The NB will generally disallow access to SMM memory unless this bit is set.
However, when SMM memory is made cacheable, writes may be evicted
without Lhis bit set.

B EXF[3# SPLCK# If LOCKH# is assened, the NB gnores this stgnal. It uses LOCK# to decode
locked reads and writes.

INVLD# [f the transaction is a BWL, INVLD#=1 indicates that the processor will
invalidate the line
INT[1}# If the transaction is a Interrupt or EOQI. differentiates different interrupt types
H] EXF[271# OWN# NB ignores
INTOH if the fransaction is a interrupt or ECI, differentiates different inierrupt types

4 EXF[1# DEN# The NB needs ta defer a iransactions to ensure coherency, and the DEN is not
set, lhe NE will defer anyway and will delect errar F8.

3 EXF[0) DPS# If set, the NB may complete the transaction with a deferred phase (IDS#
assertion).
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Functional Description

The NB supperts up to 16 total threads automatically, in case of 2 dualcore CPUs per FSB of 2

threads each.

niennoned are driven to U.

{Q and address
o specifically

Deferred Reply Deferrad Reply 00000 110110 A[39:24)=0
11000+

A[23:16] = DID[T-0] of original transaction
All5) = Early indication of HIT#
Al13] = Debug infarmation (DBGMATCH)
Al12:8]=  Debug information (PTQIG{A:0]}
A[3] = A[3] of onginal nequest

Zera Length Bus Read BIL zz010¢ 11000 Address from other FSE, PCI Express, or Hub

Invalidate Interface

Bus Read Line Code BRLC zz100 11000 Address from other FSB, PC| Express, or Hub
interface

Bus Read Line Data BRLD zz 110 11000 Address from other FSB

Interrupt INT 01001 11100 0 _FEEy yyy0

NOTES:

a.  RCNT(3:2] are driven on REGb{4:3] F FSE[1:0]AC.ORVRCNT is s&t
6. 64B of data will follow
c.  Less lhan 648 of data will follow.
d  zz=ASZ[1:0
3536 Reserved Reserved Debug information:
SRCINFO[3:07 if FSB[T.0JAC. DRVRCNT = 1, else 0000.
3532 Reserved Snoop Count Debug information:
SCNTI3.0] if FSE[1-.0JAC DRVRCNT = 1, else 0000.
31 ATTR[FH XTPR Disable 0
3024 ATTR[B5]# Lagical ID 0
2827 ATTR[A# Undefined RCNT[1:0]is driven when lhe FSB[1:0JAC.DRVYRCNT bii is set.
2624 ATTR[2 .01 Caching Atnbutes | 111 {(writeback)
23 DiD[7e Agent (D} 1

intel® EB50{ Chipset North Bridge (NB} Datasheet

267

Petitioner Samsung Ex-1025, 0267



Functional Description I n

22186 DID[6.0]%# Agent 1D, Debug information

Transaction 1D CDCID[6:0]

158 BE[7:01% Byte Enables 11111191 Data present

00000000 No data

EXF[4R SMMEN# 0

EXF[3J# INT1 D

EXF[2]# INTO A[S) on IPI for redirecied interrupt, otherwise 0.

EXF[1# DEN# 0

[0 R R e ]

EXF[O} DPS# 0

The snoop phase consists of the following signals: HIT#, HITM#, DEFER#.

The NB can retry a deferred reply that it initiated in order to cause the processor to reiry it to fix
some BIL conilict cases and buried HITM cases.

The NB requires that any agent that asserts HITM# on a ransaction must dnive data. It may not
drive HITM# and then respond with no data when given a TRDY#. It if does not provide data, the
NB cammot guarantee correct aperation.

HIT#, HITM#

For a defemred BRLC and BRLD, i HIT# is asserted on lhe local FSB or the remote FSB {if snooped), the
shared status will be driven during the deferred completion. Either OHIT# will be driven aclive during defer
phase, or HIT# will be driven during snoop phase of the deferred reply.

NB only snoop slalis as a debug fundlion.

If HITM#is asserled {and HIT# de-asserted} on a processar transaclion, NB will response with an implicitwrite
back.

DEFER#

Tha NB will assert DEFER# foliowed by a DEFER or RETRY responsa. The NB never gives a DEFER
response o requests that it initiates.

268

-3 defines the responses that the NB gives to each FSB transaction. Table 6-5 defines the
responses the NB gives to each NB ransaction. The conditions are evaluated in the order given,
that is the hugher condition has priority.

When a request decode is in donbr, the NB will respond in the way that is most hikely to keep these
processors Tunuing. For example, the NB will respond to the transaction it decodes whether an

Address/Request Parity error is detected or not. When a transaction is decoded that is not suppored
by the NB, the NB will ireat them as the closest transaction it has been designed to support.
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Functional Description

If a coherency violation occurs, the NB will complete the transaction as best it can {e.g deferring
memory reads even if DEN=0. giving T'WB response to idlegal HITMs). but any data delivered

after the violation may nor be cormrect.

BIL {F modified snoop respanse IWB
{Coherency Protocol Viglation: set tJnsupporied Bus transaction bjt in FERRST or SERRST)
{can’'t have ilfegal data size; is defined 0 be zero lenglh)
ELSEIF NB hes estabiished a systemn lock Reiry
ELSEIF BIL Conflict Defer
ELSE Defer
BRIL, {F modified snoop response wh
gstg’ ELSEIF NB hes estabiished a system lock Reiry
ELSE Defer
BLR iF maodified snoop response Iwh
ELSEIF Reiry
{NB has nat yet established a system lock) OR
{NB has ordered another BLR from aifiher bus first. and that BLR s not yet complete)
ELSE Normai Data
BwL All No Data
BWIL iIF modiied snoop response wb
ELSEIF NB has established a system lock Retry
ELSE Defer
BLwW All N0 Data
I0R, IOW iF NB has established a system lock. Retry
ELSE Defer
Reserved ignore | All No Data
Reserved Write IF REQa[2:0] == 011 {treat as BWL) No Data
ELSE {treat as BTM) No Data
Reserved Read all {treat as NOP) No Data
IACK, HALT The NB has established a sysiem lock. Reiry
NOPFLUSH, Al No Data
SYNCH SMIACK,
XTPR Update,
BT
INT iF NB has established a system lock and interrup! is redireciable Retry
ELSE No Data
Ei iF NB has established a system lock Retry
ELSE No Data
Defemed Reply [fthe NB did not issue. The processor may not issua this transaction. No Data

T -4 defines the varions outcomes of the defer response.
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Functional Description I n o

If buried HITM# ) Deferred Reply with Relry response

Elseif BIL candlict Ceferred seply with retry response

Elseif DPS was asserted with fransaction and Deferred Phase with IDS# and OOD# always asseried together

FSB[1:0]AC_ MEDEN=0 and not a BIL {Enhanced Defer)

Elseif OPS was asserted with ransaction and Deferred Phase with IDS# and QOD# sometimes asserted

FSB[1:0]AC_MEDEN=1 and not a BIL separately (Modified Enhanced Defer)

Elsaif NB will transfer data to processor Deferred Reply wilh Nomal Dala response

Elsaif Ceferred Reply with No Data response

Deferred Reply If Buried HITW4 ar BIL conflict is datected Refry
Elseif original transaction requinss that NB transfer data ta the processor Normal Data
Else Mo Data

BIL, BRLD, BRLC | HITM# asserted wB
Else No Data

INT always No Data

105# A strobe that indicates the NB is compleiing a defemed transaction. The chipset retums ownership to the

requesting processor whaen ID5# is asserted. That is, the NB no longer has snoop responsibility for an ADS
asseried subsequent to an IDS# assertion. When IDS# Is active, ID[7 0] is valid. If the NB will not retum data for
the transaction, the fransaction is completed. If the NB will retum data, it will come with the concurrent or next
QOD# assertion. Oniy the NB drives ID5#, so it may be asserled ance eveary fwo ClCKS.

ID[7 018 Watid while 1054# is asserted. The first phase carmes the transacton ID sent in the request phase of the deferred
ransaction. The second phase of ID carmes information about the snoop results of the transaction. The NB
asserts DHIT# for BRLD's if the address potentially remams shared in another agent. That ts, when HIT4 was
asserted in the snpoop phase for Ihe onginal transaction or when it was snooped on the other bus.

If FSB[1.AC DRYDCNT is sef, the NB will dnve DCNT on ID[7:5]%. DCNT is dsfined to be (number of DOEL#
asserlions - number of OOD¥ asserlions) on the oycle before IDSH.

If FSB[1:0]AC DRVCDBD is sei, the NB will drive debug information onto the ID[7 0} signals such lhat:
IDa[f] = CDCID[R]

IDb[7:5] = CDCID[5:3]

IDb{2:0] = CDCID[2:0]

NB never asserts DHITM# in response to a BRIL. OWN.

OCD# This is a data phase signal. See Table 9-13.

270 intel® EB501 Chipset North Bridge (NB) Detasheet

Petitioner Samsung Ex-1025, 0270



a
I nU o Functional Description

The NB has an OOD# pin that enables TDS# assertion to gave advance notice that a data transfer
will ocowr. IDS# conumits the order of defemed phase data transfers. but OODH indicates when data
will be driven.

After reset, the NB will drive OOD# coincident with IDS#. The bus protocol 1s defined such that
this is equivalent to enhanced defer with no early data indication. The processor can sample IDS#
but not OOD#. Once the processor is configured 1o sample both IDS# and OOD#, the
FSB[A/B} ACMEDEN bit will be set to enable the NB to drive IDS# before QOD#.

When data is returned froun the other FSB (Remote HITM#TWR). the NB wili not drive IDS until
after TRDY# has been asserted on the remote FSB. If NB asserted IDS# before TRI}Y# on the
remote bus, IDS# might be asseried on both FSB's for a remote HITM, but TRDY# could not
enable the TWB transfer on either bus due to the deadlock rule.

When data is retwned froin meniory, the NB will drive IDS# as soon as it can after getnng a read
rehun header on an IMT {assuming coherency has already been completed) or afier sampling
TRDYH# for an IWB from the other FSB.

3 iefines limitations on the transfer sizes and alignments supported by the Intel® E&5061
capset north bridge (WB). The NB does not support all possible iransfer sizes defined by
Intel® Xeon® processor family. The NB supports all alignments generated by the 64-bit Inte]®
Xeon® processor MP profile. When the NB cannot support a length. the length is aliased to a
supported letigth and no error is logged.

Address aligmnent does not affect which bytes are transferred. but only thetr order.

BRLC 64 Any 8B Data is retumned in crtical word first order.
1-8 Not needed for 64-bit Intel® Xeon® processar MP.
0
BRLD 64 Any 8B Data is retumed in crrtical word first order.
1-8
0
BRIL 64 Any 88 Oniy B4B for 64-bit Intel® Xeon® processor MP.
BIL )] Any 8B
BLR BLW 1-5 Any 86 Validation must cover cases where the sum of the BE in the BLR's or BWL's
total up to 16 byies.
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Functional Description I n o
BwwiL 54 ANy BB Lkala is received 1n critical word Nirst order
1-8 Any combination of byte enables are legai. The BE do not need to be

contiguous and any number from 0-8 may be asseried. For exampia,
pattems such as 0001 1111, 00010401, 0101_0101 or 1010_11i1 are
allowed.

Note: Downstream devices may not be abke to support these unrestricled
pattemns of BE (f the address maps to a MMCFG region.

0 NB will assert TRDY far memory writes with zero data length but the
processar will not assert any data transfer signals.
BWL 648 Any 8B NB will assert TRDY for memory writes with zero data length but the
0 processor will not assert any data transfer signals.
110 read 1-4 byie Any 6B the NB ignores the LEN field. Therefore, if LEN is other than "8 bytes or
less” the lransaction will be handled as usual and no error will be datected
11 write 1-4 byte Any BB the NB ignores the LEN figtd. Therefore, if LEN is other than "8 bytes or

less” the transaction witl be handled as usual and no emor will be detected.
BE may NOT cross 48 boundary.

IACK nfa nla Reqb[2:0} =000, Address ignored.
SPEC fra nfa Regh[2:0] =001, Address ignored.
BTM na nfa Reqb[2:0] =000, Address ignored.
INT 2B ar4B n'a Address field hoids other information.
EOI 8 n/'a Address is meaningless.
XTPR_UPDATE ? nfa Address is meaningless.

.3 shows the sipnals used for data transfers.

H_{A/B} TRDY# Signals that a symmetric agent may transfer either Wnte or Implicit-Wnteback data.

H {A/B} DBSY# The data bus is owned by some agent that cycle. Does not imply thai data is necessarily being
transferred that cycle.

H {A/B} DROYH dala is valid. NB asserts for read data.

H {A/B} D{63:0B 64 bits of data transferred at 4x the bus clock frequency.

H {A/B} DEP[7-OJ# ECC coverage aver D[63.0].

Transfemred at 4x the bus ciock requency.
H_{A/B} DP[3:0m (Odd panty over DBI and D]63.0).

OP must be disabled { DEP is used.
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I n e Functional Description

H_{A/B} DBI[3:01% Each DBI bit is associaied with 16 data lines and 2 ECC lines_ If most of any of the 18 bits in a group
are active, the NB invens Lhe group and Lhe carresponding DBI bit is set. Note that DBl will cover all
quad pumped signals including DEF.

Transtemed at 4x the bus clock freguency.

H_{A/B} OOD# Indicates that the next or concurrent daia transfer will be for defemed phase data delivery.

H_{A/B}_DSTBp#[3:0), | Strobes for D[63.0}#, DEP[7-O} and DBI[3.0}.
H_{A/B}_DSTBn#[3:0]

The NB observes BINIT# and can be configured to drive BINIT# tn certain error situations,
incinding propagating BINTT# to the other FSB.

The “*observed BINIT#" bit will be set in the FERR register and this may be configured to reset the
system via ICHRSTH.

The N can be confignred to assert MCERR# on ihe other bus when a processor asserts MCERR#
(see S 1 4.16.21).

* BRLC's and BRLID}'s from the processor that liave no BE asserted will get a No-Data
Response. A PCI Express or Hub Interface reqnest will be issued. but there are configuration
biis to drop these zero length transactions in the IO subsystem of NB.

s A locked request that 1s retried by the NB must be reissued unless a fatal processor exror
oceurs.

The following line state asswnptions can be made following the snoop phase of & given transaction
on a FSB populated with fully enabled 64-bit Intel® Xeon® processor MP.

Snoop Result = Modified® Snoop Result = Shared” Snoop Result = Clgan®

Processor Initated BRLC 5l Sl MESI

NB inittated BRLC 1 Sl 5
Processor Inifiated BRLD MES! Sl MESI

NB initiated BRLD i Sl i
BRIL.OWN ] Can't Happen# MESI
BRIL MESI Can'i Happen MESI
Processor Initiated BIL Can't Happenf
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Functional Description I n o
NB initiated BIL | Can't Happen 1 T
BWL INVLD=0D Can’t Happen, not snooped MESIo
BWL INVLD=1 Can't Happen, not snooped t
BWiL | Can't Happen |
BLR gl sl |
BLW Can't happenn | !
NOTES:

apow

Ta e

274

HIT# = 0, HITM# = 1. Some agent cumenily has he line in modified state, but will reduce to shared or invalid

HIT# = 1, HITM# = 0. Some agent imends to keep the line in shared state

HIT# = 0, HITM# = 0. The line is invalid in all processor caches

The shared resultis only possibie when 64-bit Tntel® Xeon® processor MP L2 is disabled. The NB will assume | when the CDCG BRLGI bit is set.
This should typicaly be set.

A shared response indicates the agent intends to keep he fine in shared siale which is itlegal for an invaiigating mnsaclion

The 64-bit Intef® Xeon® processor MP does not issue BiL, even when L2 is disabled. It will back invalidate BIL's rom Prescotl on the IFSB

If atiribule was WG, NB could assume |, buf NB does not use alribuies for coherency assumptions

Must be preceded by a BLR hat wouid invalidate

If a bit is et in the PO recister it witll drive the roresnondine address line durine reset. See
: 8 aud
for the register

dernition. 1s includes processor WISTATE 0N A 3Y00].

The NB asserts BREQ[0# during RESET#H on each bus to enable processors to determine their
ApgeniID. In a configuration with 2 processor sockets on each bns, BREQ0]# should be routed ta
BREQ] 0¥ on the first socket (end agent) and BREQ[ 1]# of the second socket {Middle agent) of
each bus so that they use AgentlT} 0 and 1 on each FSB.

The NB does not connect to A20M#, PMI#, SLPCK#H, IGNNE#. IERR#, SMIX or STPCLKA.

The NB masters 1 to 4 Independent Menory Interface (IMI) Ports, each of which is connects to
one XMB. The IMI’s are half-width (one byte of payload/transfer) outbound and full-width

(2 Bytes of payload/transfer) inbound. Each IV supports up to 1 Terabyte (2% Bytes) of
addressability. The IMI’s are operated indepeudently. that is a given cache line request is serviced
by 1 IMI. The NB does not support cascaded, or fock-stepped IMI's.
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6.3.2

6.3.3

6.3.4

6.3.4.1

B

Functional Description

Physical Layer

The physical layer will be based on Scalable Differential electricals. As mentioned above, the NB
issues half-width packets outbound and full-width packets inbound. The returning inbound link
must be the same frequency and generated from the same clock buffer. This allows NB to perform
bit de-skewing once at reset rather than periodically.

The NB drives the IMI outbound at 2.67 GHz or 3.2 GHz (16 times the front side bus clock rate).
Since an outbound packet takes 8 transfers, commands can be issued at 333 MHz or 400 MHz. A
single Write command transfer takes 9 packets, so writes can be issued at 167 MHz or 200 MHz.

The NB can accept responses inbound at the same rate as the outbound (2.67 GHz or 3.2 GHz).
Since the inbound data packet is 4 transfers, the NB can accept one-read returns from each IMI at
667 MHz or 800 MHz. Write acknowledges are accepted at 333 MHz or 400 MHz.

Memory Space

MemRds and MemWrs are issued to memory space. The IMI has more address bits than the FSB’s,
so NB IMI addresses will be the same as FSB, PCI Express or HI1.5 addresses. NB will always
drive Mem_Address[41:40] to zero in IMI packets.

The NB has a set of IMI Interleave Range (IMIR) registers which define the IMI to which a
memory request should be issued (Section 4.15.15, “IMIR[5:0]: IMI Interleave Range, (D16, F1)”
on page 188). The IMIR registers partition the memory address space at 256 MB boundaries.
Within each IMI Interleave Range, cache lines may be interleaved in different ways to support
optimum interleaving of arbitrary (non-symmetrical) memory populations.

Configuration Space

NB issues ConfigWrs and ConfigRds to Configuration space. Only one Configuration Space access
can be outstanding on the IMI at a time. Configuration accesses are limited to 1, 2 or 4 bytes in
size. Any combination of contiguous Byte enables is supported.

Device Assignment

The NB assigns device numbers to the 4 IMI’s and their corresponding XMBs as described in
Table 4-8 on page 60. These all appear on Bus 0.

The XMBDEYV register defines the XMB device used for each IMI. They will default to the correct
fixed values for the attached XMBs so that BIOS need not perform any enumeration. NB BIOS
should not modify these registers, and does not need to read them. The only usage of these registers
is for non-NB specific software (e.g. Hot-Plug driver) to determine the device number of an XMB
attached to a IMI.

The NB does not support cascaded XMBs, which would require multiple devices.
The IMI requires that the NB toggle a bit in the header for each configuration access so that the NB

can distinguish a new command from a retry. The IMI allows only one configuration command
outstanding at a time.
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Normally, the NB responds to XMB configuration requests for register offsets < 40h whether the
XMB is present or not. Most of these registers are read-only so any IMI function can be accessed to
provide the data. The NB will return the XMB value for the DID register. The SVID registers are
writable once, so it is possible that software could write these registers. The NB maintains separate
SID and SVID registers for the XMB functions. When the IMIHPC.XMBHDR bit is set, the NB
forwards the accesses to the XMB to allow examination of the revision ID of the XMB.

The NB will master-abort any configuration requests to the XMB when the corresponding IMI is in
a state that does not support XMB configuration accesses.
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Functional Description

Software writes this state to farce an

Reset Outpuls are disabled. Link, Physical, and | Mone
Transaclion Layers are reset. IMI into reset. Software should place
Configuration reads and wiites to this IMI any IMI that is not operational, and
are slifl suipported, but configuration which is not currently being
writes to the associaled XMB will be considered for recovery in this slate.
Master Aborled. IMI_{A B.C.D} R5T# is Vithan in thic ciata IMIHD DIWROAT]
asserled. _

g
Illﬂ!fI LS QUL A TENUYEY

[nit NB performs the initialization steps. HW conirolted inft ops. No | Software writes this state to start T
Configuration reads and wntes to this iMl | system accesses. initialization. Software may not access
are still supported, but configuration physical memory behind the XMB nor
writes to the associated XMB will be XMB configuration.

Master Aborted.

Ready The {MI sels this state when packet Configuration accesses to | Software may not write this value, but
framing s compieted, indicating thet XMB . checks it to determiinge that the 1M s
information can be sent and received on operational. Software may transition
this IMl. Cffset misst be sei before from this staie to Reset.
memory configuration accesses will work.

Active Link s fully configured and operational. All Software sels this staie when the NB

and XMB have been configused to
Support Memory accesses.

First, the memory on this Enk must be
de-allocated so lhat no new memary
requests are issued.

Redundant This implies that the NB is performing Al Software writes this state fo indicate
Mirronng. The dala on this port is that the contents benind an IMI can be
duplicated on others eilher by Mirraring reconstructed from the data on other
and no efror has been deterted on this IMI's.

IMI that causes the NB o ignore ils
conlents. The NB can stll continue
operation if this IMI is taken out of
sefvice. Failures Lhat would otherwise be
logged as uncorreciable or fatal are now
logged as comectable. Inband Faial or
Uncorrectable Signals from the XkB
pmduce the effect of the Correctable
Error signal.

Disabled A Retry time-out ar Fatal Emor inband Transactions snquened in | Software may also write this value to
signal from XMBE has occurred. the IMI may or may not be | take down a working redundant port
Ths 1Ml is disabled. The NB is sl initialed_. Any oulstanding | for an upgra(_:le_ Software may not
operational. The NB is directing memory transections complete. No | access physical memory behind the
accesses to other MI's, but it may take naw transacuor)s_f_rom XMB nor XMB configuration.
some fime before this IMI reaches a other ports are infiated.
quiescent state. Configuration accesses
o this iMI ere still supporled, but
configuration accesses to the associated
XMB will master-eborl. The NB will
fransition to this stale from the redundant
state when this IMI fails.

Redundancy This IMI is no longer redundant. One af All Software can return this IM fo

Loss the IMI's with which this IMI was redundant slate when the all the olher
redundant is now disabled. IMi's are recovered.
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Functional Description

Software writes this value to clear the

Recovery Same as Reset Saie. Naone

Reset IMI in preparaiion for recavery.
Software can force eptry 1o this state
whenever there are parners for this
IM1.
Once in this state, IMIHPC PWRCTL
can be set so that cards may be
added or removed.

Recovery Init | Same as Initialization State. HW confrolted init ops. No | Software writes this value to retease

SySieM ACCesses. the tMI re=et and initiale recovery.

Recovary Similar to Ready State, but memory Caorifig Accesses, but not | Software may not wite this vallie. It

Ready accesses are stifl being directed toffrom memary aperations._ checks this state to determine
alher IMI's. Config accesses ane enabled whether the NB has compleied
1o IMI and to XMEB. Recovery tnit. SPD reads, XMB

Address configuration, Calibration
and Mermiory Test Engine.

Resiiver The NB is reconstructing the memory Re-silvering writes, Software may set this state when the
image cn this IM! from its parlners m System writes. NB and XMB have been configured to
Redundancy Loss State. SUpport MEMODNY ACCesSes.

Software writes (his value to inifiate
re-onstruction of the memony
contents for this IMi.

Recovyered The images in the NB are consistent and | Al Software may not wiiie this value. It
ready to be put in redundant state. New checks it to deiermine whether re-
reads and wntes are already being silvering succeeded.
processed he same as in the Redundant
State. Any partners of this IMI in
Redundancy Loss slate shoutd be
returned at the same time.

Recovery An uncarrectable emor occumed while re- | Nane Software may not write this value. It

Failed silvering. The image on this IMI is not checks 1t to determine whsther ra-
consistent with images an others ana this siivering succeeded.

IMI should not be_ advanced to Ret_:lundam Software may attempt anaiher

state_ Configuration reads and wntes ta recovery atiempt or force ihis iMI into
Lthis IM! arte still suppored, but Resot State.

configuration wites to the associated

XMB will be master aborled.
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6.3.5 Memory RAS

6.3.5.1 Memory Mirroring

In the mirrored configuration, one of the IMI ports will be designated the primary image and the
other the secondary (for an overview on mirroring, refer to Section 2.6.3). Both ports will be issued
the same write request and both ports will respond to the request (in a ping-pong fashion). The
primary designation will toggle between the two IMI ports on detected correctable memory
responses. The primary designation will become fixed on a specific port on an uncorrectable error.

Memory Mirroring Write Operation- For the case of memory writes, the write request is issued
to both IMI ports. The NB must successfully collect both responses before considering the write
completion. If the write request fails on an IMI port, the write will be re-issued to both ports with
exactly the same transaction ID. If the retried write is acknowledged by only one port, switch to the
single image (no mirror available).

Memory Mirroring Read Operation- For the case of memory reads, the read request does not go
to both mirrors. At the successful completion of the read response, the read response is allowed to
complete on the front side bus, PCI Express or HI1.5 interface.

In the case of a detected error, the action of the NB is as follows:

* In the case of a detected Correctable Error, the definition of the Primary image will toggle and
the read will be issued on the “new” primary image.

* In the case of a detected Uncorrectable Error, the definition of the Primary image will “hard
fail” to the other image. In this case, the “failed” image will never become primary until
service has replaced the FRU (Field Replaceable Units) and “re-silvered” the images.

In the event of a switch between the primary and secondary port designations, the NB will ensure
that the IMI ports are idle at the time of the switch.

Copy Engine (re-silvering the images) - In the event that the memory configuration has changed
(as when a failed memory FRU has been replaced), the NB uses a copy engine to walk memory
from the primary image and write it back to both ports. When the copy engine is enabled, all writes
are issued to both ports.

The steps to copy (or re-silver two memory images) are as follows:

1. IMI Link goes through a training and initialization process.

2. XMB registers are initialized.

3. Memory behind the XMB is tested and initialized (“0” is written with valid ECC).
4. NB copy engine is enabled. At this time writes start being issued to both images.
5

. When copy is completed, re-enable mirroring. (i.e. Failures of the primary memory image are
no longer FATAL errors).
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Carrectable Errors - The NB will just correct the data and provide to the requester. The XMB will
also comrect the data and write back into memory.

Reasons to degrade to one memory image:
* Receiving two uwncorrectable errors (not includimg poisoned data) for the same access.
* Recerving Fatal Emror Signal from an XMB.
® Spftware disablimg an IMT interface.

Re-enzbling of mewnory mirroring:
* Replacement of a Failed Memory FRU via the Hot-Plug procedure.

» Software/Famware will configure and test a memory card FRU. If the memeory card matches
in size with the current image. the re-silvering process can be enabled. Upon successful
completion of the copying process. the two images can be re—snabled.

Memory RAID Read Operation

Normal Case - Read Requests for a given Cache Line can be issued just as in the normal memory
configuration to a given address with the following changes:

* RATD Address decoding nst be done to route to the appropriate IMI Port.

® Address conflict check logic nmst take into account not only an address match for a write in
progress, but also an address match of the Menory RAID associative lines. As indicated in
Table A-14. a read of “Cache Line 07" must be delayed to occur afier any of the following
writes of Cache Line 0.

Reconstructive Case - In the case of a failed IMI poust, there are two cases for reading a cache lize
(for this discussion. we assume that IMT Port D has failed):

* To read Cache Line 9. the NB performs 2 normal read.

* To read Cache Line 2n (for example when IMI Port D is failed), is to read checkline(2n, n. 0).
cache line n and cache line 9 and re-constiuct cache line 2n, as in the following equation:

cachelinei2n) = checkline ® cachelinein) D eachelineth)

Memory RAID Write Operntion

Normal Case - Write Request for a given cache line requires the caclie line to be written and tlae
check line to be updated accordingly. The steps of the write of cache line 0 are as follows:

1. Read Cache Line Zn and .
2. Calcutate Checkline. wluch 15 the exclusive OR of cachie line 0. n. 2n.
A, Write Cache Line 0 and Check Line (2n.n.0).
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Reconstructive Case - In the case of a failed IMI port, there are two cases for writing a cache line
(for this discussion. we assune that IMI Port D has failed):

* To write Cache Line (0, the NB must read its checkline and cacheline ¢ (old value); recalculate
checkline. write new value of checkline and cacheline(. The caleulation of the checkline is as
follows:

checklineinew) = chechilinelofd) @ cachelined{oldy D cachelinel{new)

¢ Towrite Cache Line 2 (assuming that IMI Port D is failed). is to update the
checkline(2n+2.n+2. 2):

checklinet2n+ 2. w+2,2| = cachelinel/2n ~ 21 @ cachelinein + 21 B cachelinel 2inew

Memory RAID Re-silvering Operation

The re-silvering process for Memary RATD requires the NB 1o read from the other three IMT ports,
regenerate the failed IMI Link data and then write the reconstructed data back. To reconstiuct flie
failed TMI (for this example, IMI port I) is being re-silverad). use the following equation:

IMID = IMIC & IMIB & iMf4
Note:  As in the Memory Mirroring Case. all wiite operations nnist also happen to maintain cache

coherency of the platform.

When the RATD re-silvering reaches terminal count. the re-silver link is available for nonnal
operalion. The size of the re-silveimyg is determined by the base and size programnted in IMIR3.

Cache Line Striping

For Memory RATD, the NB will use al! four IMI Ports and provide a check cache line for every
three cache lines. Tabde 6-16 describes how the IMI ports stripe the cache line. Also note the *n™ in
the table 1s equal to a fourth of ali the meniory available in the platform. For example, if a platform
had 16GB of memory. “n™ =4 GB, 12 GB would be used as systewn address space and 4 GB is used
tor “Check lines™.
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Memory Upgrade Support for the Memory RAID

The NB/XMB provide the ability to altow memory upgrade operations while in the RATD
configurations. To allow this possibility the user must program the IMIR registers and have holes
in the systent address map. An example of this mrap follows:

— — FF_FFFF_FFFFh
High MMIO Range
——AM+LMMIO_SIZE
Systemn Parity lines and upgrade of Parily lines.
———3M+LMMIO_SIZE+N
Systemn Memory

————— —3IM+LMMIO_SIZE
Reserved for Memory Upgrade
——2M+LMMIO_SIZE+N
Systemn Memory
——=—2M+LMMIO_SIZE
Reserved for Memory Upgrade
———IM+LMMIO_SIZE+N
System Memory
———1IM+LMMIO_SIZE
Reserved for Memory Upgrade
— L MMIO_SIZE+N
Systemn Memory
——_01_0000_0000
Low MMIC HOLE

— — TOLM (01_0000_0000-LMMIO SIZE)———
Systemn Memory and Legacy Ranges
——_00_000G_0000

Note: Inthe example map above. “N™ is 1/4 the swum of all the currently installed memory in the platform
and “M" represents the maximum amormt of ntemeory that is allowed per XMB after an upgrade.
“M" is set by BIOS according to system vendor and/or user setlimgs.

: 6-18 shows the IMIR configuration for tlis example system map. The user of the platform
might prefer not to allow for the possibility of a memory upgrade (this is due to certain OS

limitations ). The size of the re-silvering is determitned by the base and size programned in IMIR3
LIMIT.
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NOTES:

a.  This is due to accurately calculating the top of parity check blocks.

e the pre- and post-upgrade in memory RATD.
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MAX = maximum amount of memory that is allowed afler upgrade {set by BIOS)
N = amount of physical memory initially installed behind each XMB
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MAX = maximum amount of memory that is allowed after upgrade {set by BIOS)

These RAS featwres are located entirely in the XMBs. For a descripiion of these feanwes, refer to
Intel® ES301 Chipset eXternal Mewary Bridege (XMB} Datasheer.
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6.3.6 Initialization

The NB/XMB initialization sequence is mostly linear. The NB does not implement time-outs for
each phase, but there is one time-out for the entire sequence. If the initialization protocol fails to
advance, a time-out will cause the link to be reset and try again. When the time-out occurs, the NB
will set IMIST.State to “disabled”. If the initialization succeeds, IMIST.State will be set to “Ready”
(See Section 4.13.9, “IMIST: IMI Status (D{8,10,12,14}, F0)” on page 148). Once software
configures the NB and XMB to handle memory transactions it writes IMIHPC.NextState to
“Active”. This will be reflected in IMIST. State.

6.3.6.1 Initialization Triggers

All IMI’s are initialized whenever the NB is reset. An individual IMI is reset when IMIHPC . State
is set to “Reset” or “RecoveryReset” for that IMI. Software will reset the IMI to perform Hot-Plug
operations. No error detection by the NB directly causes an IMI to reset (an error may cause the
system to be reset, in which case RSTIN# will be asserted).

6.3.7 Power Management

Intel® E8501 chipset does not support ACPI power-down of memory. Ports which are not
connected to an XMB or connected to a failed XMB can be powered down by setting
IMIHPC.STATE to Reset. This will hold the IMI in reset in which state drivers and receivers are
not enabled. When in that state, the IMIHCP.PWRCTL can be set, which removes power from the
XMB. This is a safe state that allows a memory card to be added without notification.

6.3.8  IMI Hot-Plug

The NB supports memory Hot-Plug feature that includes hot removal and hot addition.

These Hot-Plug operations are visible to the OS if the NB is operating in normal mode (non-
redundant mode). Any Hot-Plug operation requires support from the OS including allocation and
de-allocation of system memory.

If the NB is operating in mirroring or RAID mode in full redundant strength (not in redundancy fail
over mode), the Hot-Plug operations are non-visible to the OS. Firmware/BIOS, however, is

required to preform the required functionality for seamless addition and removal of XMB memory.
DIMM sparing (regular sparing or zero overhead sparing) on the DDR channels within an XMB is

not within the scope of this document. Readers should refer to the Intel® E8501 Chipset eXternal
Memory Bridge (XMB) Datasheet for information on this topic.
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6.3.8.1 Hot-Plug Standard Usage Model

The NB IMI memory Hot-Plug mechanism is designed to allow the system platform to provide the
same visual indicators, buttons, and control/status registers as PCI Standard Hot-Plug Controller
(SHPC) Specification and PCI Express Hot-Plug standard usage model. The NB IMI memory Hot-
Plug mechanism requires support from Intel® E8501 chipset-specific firmware to follow Hot-Plug
standard usage model. Intel® E8501 chipset-specific firmware and interrupt service routines
together are referred to as software (SW) in this section.

The memory board is a field-replaceable unit or Hot-Pluggable unit. Each memory board
implements an attention button, power LED (green), indicator/attention LED (amber), and a
Mechanical Retention Latch (MRL) switch to support the standard usage model and to support
surprise removal without damage. In this chapter, green LED and power LED are used
interchangeably. Indication/attention LED and amber LED are also used interchangeably.

6.3.8.2 Hot-Plug Registers

Each IMI has an IMIHPC (Independent Memory Interface Hot-Plug Control) register to control:
1. LED operations
2. Power to the XMB
3. Hot-Plug interrupt enabling mask
4. Next state of the IMI

Each IMI also has a IMIST (Independent Memory Interface Status) register that provides status for:
* Hot-Plug interrupt events

* Current state of the IMI
The NB supports only one IMI Hot-Plug operation at a time. The IMIST register has sufficient
information to determine which IMI is being sequenced through the Hot-Plug operation. The
IMIHPC register has interrupt enable/disable capability to prevent events from other IMI’s from

intruding on the current Hot-Plug operation. On completion of any Hot-Plug operation, software
must check the status of other IMI’s to handle any pending events.
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6.3.8.3 Interrupt Support for Hot-Plug

6.3.8.3.1 Event Interrupts

The NB has a pin, IMI_HPINT, dedicated to IMI Hot-Plug interrupts. The 4 IMIST registers have
sufficient status information to determine the cause of any IMI_HPINT interrupt.
Interrupt names and associated events triggering IMI HPINT include:

* XMBINT: XMB has sent an “assert IMI HPINT” in-band signal on the Independent Memory
Interface. Status register in XMB provides the more interrupt information for SW.

e IMIRLINT: MRL sensor change detected whenever the MRL is transition between open and
closed positions.

* ATNINT: Attention button pressed is detected for this IMI.

* FAILINT: An IMI has entered the disabled state.

* PRSINT: Present detect changed when PRSNT# changes state.
* PWRINT: Power fault asserted in an IML

6.3.8.3.2 Hot-Plug Timer Interrupt

The IMI_HPTIM register controls a timer dedicated to IMI Hot-Plug software that will interrupt
after intervals ranging from 12.5 ms to 12.5 sec. Instead of individual timers for each IMI, there is
only 1 IMI HPTIM timer for SW use.

6.3.9 NB IMI States

NB IMIHPC and IMIST registers define the software-visible states of the NB IMI. Transitions
from one state to another may be controlled by software or the NB. Software can observe these
states via the IMIST register and force into a state via the IMIHPC register.

Typically, the NB only supports one IMI at a time in the Recovery states. Candidates for recovery
wait in the “Disabled” state until they are serviced. Configuration accesses are master aborted
when the IMI is not in a fully operational state. Otherwise, an access to a redundant failed port (by
error handling, or Hot-Plug/ recovery software) could result in an unpredictable behavior.

6.3.10 Hot Swap

The NB Memory Port Hot-Plug capability and RAS operating modes enable a hot swap process
which consists of a hot removal and a hot addition of a memory board. Hot swap enables the
system to electrically isolate a memory board (with hardware error or by user specification) while
the system continues to run (such that the memory board could be replaced without taking the
system off-line.

Intel® E8501 Chipset North Bridge (NB) Datasheet 289

Petitioner Samsung Ex-1025, 0289



u
Functional Description I nt9|
)

6.3.11 NB RAS Operating Modes

Once the RAS operating mode (Normal, Mirroring or RAID) is programmed at boot time, it should
not be changed during the Hot-Plug process.

If a system is operating in mirroring mode, either with mirroring pairs {(IMI A, IMI B), (IMI C,
IMI D)} or {(IMI A, IMI C), (IMI B, IMI D)}, one XMB/IMI from each mirroring pair (for a total
of 2) could be hot removed sequentially. Since all 4 IMI’s are participated in providing redundancy,
only one XMB/IMI could be hot removed. Once the IMI slot is powered down by the system, it
could be replenished by a memory board with adequate capacity/capability by hot addition.

6.3.12 Memory Hot Removal

There are two mechanisms to trigger a hot removal sequence:
* Hardware initiated hot removal

* Software/user initiated hot removal

6.3.12.1 Hardware Initiated Hot Removals

In this case, NB detects an interrupt and reports it via IMIST register. The interrupt is due to
hardware error or surprise removal of XMB card). These interrupts include:

* XMB interrupt: XMB has sent an “assert IMI HPINT” in-band signal on the Independent
Memory Interface. An example is XMB leaky bucket threshold overflow event (for normal
mode only).

* IMI entering disabled state in mirroring or RAID mode only
* Mechanical Retention Latch (MRL) sensor changed
* Presence detect change

* Power fault detection

6.3.12.2 Software/User Initiated Hot Removals

This mechanism is mainly for preventative maintenance or add-on upgrade purposes. NB could
support at least two approaches:

* Pushing the attention button on a XMB card to indicate hot removal intention
* User requests hot removal through system software user interface

The following three subsections discuss hot removal flows for three operating modes:

1. Normal (non-redundancy),
2. Mirroring
3. RAID

Proper interrupt enable bits are assumed to be programmed correctly by software (Intel® E8501
chipset-specific firmware and interrupt handling routines).
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6.3.12.2.1 Normal Mode (Graceful Degradation)

Figure 6-4 illustrates a hot removal flow in normal mode. The IMI x is the IMI to be hot removed
where x could be A, B, C or D. IMI_x is at active state (IMIST[x].state = active) entering the flow.
There are five entry points in this flow: 1, 2, 3, 4 and 5. Each represents an independent entry point.

At point 1, the XMB detects a leaky bucket threshold overflow and sends a IMI in-band “assert
IMI_HPINT” signal to the NB. The NB sets IMIST[x]. XMBINT that triggers a IMI HPINT,
software sets the amber attention LED via IMIHPC[x]. ATNLED to indicate operational problem
and processes this interrupt and exits.

At point 2, the software initiates a graceful degradation to remove IMI x and set the indication
LED. A technician can initiate the removal process via pushing the attention button at point 5.

Prompted by the attention LED, the user/technician pushes the attention button following the
standard usage model. The attention button pressed event triggers IMI_HPINT interrupt. The
servicing software sets the green power LED to blinking state via IMIHPC[x].PWRLED and turns
off attention LED. It also clears the IMIST[x].ATNINT and sets IMI HPTIM timer to interrupt
after five seconds and then exits. The NB will set IMI HPTIM.TIMER after the programmed five
second period and triggers a IMI _HPINT. If the button is pushed again during this five second
period, the user indicates intention NOT to remove this IMI per standard Hot-Plug usage model. In
that case, software turns off IMIHP[x].PWRLED, clears the IMIST[x]. ATNINT and processes the
event and exits.

If the user’s intention is confirmed after the five second period, the software and OS will validate
the removal request against system policy (e.g. pinned memory that can not be de-allocated or
physical security policy).

Once the request is validated or the NB detects a power fault (entry point C with proper software
handling), or the MRL sensor changed (entry point D with proper software handling), OS will de-
allocate the system memory in this IMI/XMB. Software will flush NB CDC via setting
CDCC.FLUSH bit which starts a NB CDC flushing process. When the NB completes the flushing
process, it sets CDCS.FLUSH.DONE bit. Software can use the IMI HPTIM to poll this
completion bit periodically. Recommended waiting time is 25 ms.

After the CDC flush is completed, software should set IMIHPC[x].state to reset state. The NB will
put the IMI into reset state. Software then turns off power to the IMI/XMB via
IMIHPC[x].PWRCTL. The Power LED is then turned off via IMIHPC[x].PWRLED by software.
At this point, the IMI port is in reset and power to the XMB slot is turned off. Since the power LED
is off, the user can remove the XMB per standard usage model.
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