Functional Description I n e
©) ® —
NB detedis iM{_x Technidan IMISTTx).
XMB inband pushes —  ammgutonPr
signal butinn 4 ==1MI_HP NT
LI
NE sels i — [ RBsends |
Eroce:
IMISTI. ! IM HPCEq.
XMB NT | e GRN_ELINK to
== MLHPNT | - |_12CviaGMB |
|
I NE sends
SW sets NA sends IMHPCR.
SW sets (M HPC[x].
IMIHPC). IM HPC[¥]. AME?E OFF it it :‘;‘,}, AMB_OFF o RC
AMB_OM AMB_OM | RC - via 3MB
via SMB
BW sets
IMI_HET M.
S dlears —
IMISTI] ABP count to 5 see
exit
W processes NE Sets
MI_HPTIM "‘T"'HE';TN!:-
NB delects Mi_x TIMERINT
MRL =ensor
NB delects IMI_x change; presence SW sats
pawer faul deler! change ercks IMHPCIA.
IMIST[xI. [ ] IWHPC[X].
¢ ABP == GRN_OFF fo FC
vid FMBus
NO sets NB sets
IMISTERE. MISTTH.
PWRINT PRS HT feetect request
= MI_HFINT == MI_HP NT S\ wiies Syslem
) L) iog
-
sat IMIHPCRx].
GRN_BLINK
NH sends
MIHPCIx).
GRN_BL KK 1o
I*C via SMBus
NE staris flush
When NH flush i
done. sofs [l -
cdcs Aush done
SW sels
MIHPCIY. M. IMI
siate to resed Physical Ayer
SW o i
Bars MIHPCE].
IM HPC[x}. PWREN to » € m,ﬁ'idm
PWREN FC via SMBus -
MA sends
MIHPC.
GRN_OFF b FC
via SMBus
292 intel® EB5Q1 Chipset North Bridge (NB) Datasheet

Petitioner Samsung Ex-1025, 0292



]
I nt9I ® Functional Description

6.3.12.2.2 Mirroring Mode

Figure 6-5 illustrates a hot removal flow in mirroring mode. IMI x is the IMI to be hot removed
(where x could be A, B, C or D) while IMI y is the mirroring partner of IMI x. Both IMI x and
IMI y are at redundant state (IMIST[x].state = redundant and IMIST[y].state = redundant) 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 NB detects a fatal error from IMI_x (not fatal in mirroring mode) to fail over mode
for the mirroring pair (IMI_x, IMI y). The NB sets IMIST[x].FAILINT that triggers a
IMI_HPINT, software sets the amber attention LED via IMIHPC[x].ATNLED (to indicate an
operational problem) and processes this interrupt and exits.

At point 2, the software initiates a hot removal by setting IMIHPC[x].state to “Disabled” state (to
remove IMI_x) and sets 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 an IMI_ HPINT interrupt. The
servicing software sets the green power LED to blinking state via IMIHPC[x].PWRLED and turns
off the attention LED. It also clears the IMIST[x].ATNINT, and sets the IMI_HPTIM timer to
interrupt after five seconds and then exits. The NB will set IMI HPTIM.TIMER after the
programmed five seconds period and triggers an 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,
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. physical security policy).

Once the request is validated or NB detects power fault (entry point 3 with proper software
handling), or the MRL sensor change (entry point 4 with proper software handling), software will
flush the 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. The recommended waiting time is 25 ms.

After the CDC flush is completed, software should set MIHPC[x].state to “recovery 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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6.3.12.2.3 RAID Mode

Figure 6-6 illustrates a hot removal flow in RAID mode. It is similar to the Mitroring mode flow in
Figure 6-5 on page 6-294 with the main differences in NB RAID layer processing and software
processing of redundant partner IMI’s. Shadowed areas in the flowchart indicate the differences.

The IMI_x is the IMI to be hot removed where x could be A, B,C or D while IMI_w, IMI y, and
IMI z are the RAID partners of IMI x. All IMI’s are at redundant state (IMIST[w/x/y/z].state =
redundant) 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, NB detects a fatal error from IMI_x (not fatal in RAID mode) and NB RAID layer
switches to fail over mode in RAID mode. NB sets IMIST[x].FAILINT, which triggers a
IMI_HPINT, software sets the amber attention LED via IMIHPC[x].ATNLED to indicate an
operational problem, processes this interrupt and exits. At point 2, the software initiates a hot
removal by setting IMIHPC[x].state to disabled state to remove IMI_x and set the indication LED.
A technician can initiate the removal process by 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 the attention LED. It also clears the IMIST[x]. ATNINT and sets IMI HPTIM timer to interrupt
after five seconds, then exits. 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 his 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. physical security policy).

Once the request is validated or NB detects power fault (entry point C with NB RAID layer
switching and proper software handling) or MRL sensor change (entry point D with NB RAID
layer switching and proper software handling), software will flush NB CDC via setting
CDCC.FLUSH bit, which starts a NB CDC flushing process. When NB completes the flushing
process, it sets CDCS.FLUSH.DONE bit. Software can use the IMI HPTIM to poll this
completion bit periodically. The recommended waiting period is 25 ms; the final value will be
tuned with hardware implementation.

After the CDC flush is completed, software should set IMIHPC[x].state to recovery reset state. NB
will put the IMI into reset state. Software then turns off power to the IMI/XMB via
IMIHPC[x].PWRCTL. 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 the standard usage model.
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6.3.13 Memory Hot Addition

Software/User initiates hot addition for preventative maintenance or add-on upgrade purposes. NB
could support at least two approaches:

* The user inserts an XMB card, closes the MRL switch and then pushes the attention button on
a XMB card to indicate hot addition intention.

* User requests hot addition through system software user interface.

Hot addition flows in the chapter illustrate the attention button mechanism only.

6.3.13.1 Normal Mode

Figure 6-7 illustrates a hot addition flow in normal mode. The IMI x is the IMI to be hot added
(where x could be A,B, C or D). IMI_x is at reset state (IMIST[x].state = reset) entering the flow.

At point A, the user/technician inserts a XMB card into slot x and closes the MRL switch. The NB
sets IMIST[x].PRSINT, and triggers an IMI_HPINT interrupt. Servicing software processes this
interrupt and records the possible addition of IMI_x. The user then pushes the attention button
following the standard usage model. The “attention button pressed” event triggers the IMI HPINT
interrupt. The servicing software sets the green power LED to “blinking state” via
IMIHPC[x].PWRLED. 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 an IMI_HPINT. If the button is pushed again during
this five second period, the user indicates intention NOT to add this IMI per standard Hot-Plug
usage model. In that case, software turns off the IMIHP[x].PWRLED, clears the
IMIST[x].ATNINT, processes the event and exits.

If the user’s intention is confirmed after the five second period, the software and OS will validate
the addition request against system policy (e.g. physical security policy).

Once the request is validated, software sets the IMI state to reset for a clean start. Software then
advances the IMI state to initialization, and the NB will start the initialization process. When the
NB completes the initialization process, it sets the IMIST[x].STATE to “ready” state. Software can
use the IMI HPTIM to poll this completion bit periodically. The recommended waiting time is

25 ms.

Once the IMI is in “ready” state, software performs memory configuration, memory testing and
memory calibration. If the XMB memory passes the testing and calibration, then software sets the
IMIHPC[x].STATE to active and programs IMIR’s. The OS will allocate the system memory in
this IMI/XMB. This hot addition is completed successfully.

If the XMB memory does not pass the testing and calibration, software sets the IMI state back to
reset and turns on the amber attention LED to report operational problem. Software then turns off

the XMB slot power via IMIHPC[x].PWREN and turns off green power LED. Finally, software
writes to the system log and exits.
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Mirroring Mode

Figure 6-8 illustrates a hot addition flow in mirroring mode. The IMI x is the IMI to be hot added
(where x could be 0, 1, 2, or 3), while IMI y is the mirroring partner of IMI_x. IMI x is at recovery
reset state and IMI _y is at redundancy loss state (IMIST[x].state = recovery reset and
IMIST[y].state = redundancy loss) entering the flow.

At point A, the user/technician inserts a XMB card into slot x and closes the MRL switch. The NB
sets the IMIST[x].PRSINT and triggers an IMI_HPINT interrupt. Servicing software processes this
interrupt and records the possible addition of the IMI_x. The user then 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, it also clears the IMIST[x].ATNINT, 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 an IMI_HPINT. If the button is pushed again during this five second
period, the user indicates intention NOT to add this IMI per standard Hot-Plug usage model. In that
case, software turns off the IMIHP[x].PWRLED, clears the IMIST[x].ATNINT, processes the
event and exits.

If the user’s intention is confirmed after the five second period, the software and the OS will
validate the addition request against system policy (e.g. physical security policy).

Once the request is validated, software sets the IMI state to “recovery” reset for a clean start.
Software then advances the IMI state to recovery initialization and the NB will start the recovery
initialization process. When the NB completes the recovery initialization process, it sets the
IMIST[x].STATE to recovery ready state. Software can use the IMI_HPTIM to poll this completion
bit periodically.

Once the IMI is in the “recovery ready” state, software performs memory configuration, memory
testing and memory calibration. If the XMB memory passes the testing and calibration, software
then programs the IMIR’s and sets the IMIHPC[x].STATE to “resilver” state. If the re-silvering
process is successful, NB will set the IMI state to “recovered” state (IMIST[x].STATE =
Recovered). Software can use the IMI _HPTIM to poll this completion bit periodically. The
recommended waiting time is 25 ms. Software then sets IMIHPC[x].STATE to “redundant” and
IMIHPC[y].STATE to “redundant”. This hot addition is completed successfully.

If the re-silvering fails as indicated by the NB setting IMIST[x].STATE to “recovery failed” or the
XMB memory does not pass the testing and calibration, software writes to system log and sets the
IMI state back to “recovery reset” and turns on the amber attention LED to report operational
problem. Software then turns off the XMB slot power via IMIHPC[x].PWREN and turns off green
power LED. Finally, software writes to the system log and exits.
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RAID Mode

Figure 6-9 illustrates a hot addition flow in RAID mode. It is similar to the mirroring mode flow in
Figure 6-8 on page 6-300 with main differences in NB RAID layer processing and software
processing of redundant IMI partners. Shadowed areas in the flowchart indicate the differences.

The IMI_x is the IMI to be hot added where x could be A, B,C or D, while IMI_w, IMI y, and
IMI z are the RAID partners of IMI_x. IMI_x is at recovery reset state and IMI_w, IMI y and
IMI_z are at redundancy loss state (IMIST[x].state = recovery reset, IMIST[w].state =
IMIST[y].state = IMIST[z].state = redundancy loss) entering the flow.

At point 1, the user/technician inserts a XMB card into slot x and closes the MRL switch. NB sets
IMIST[x].PRSINT and it triggers a IMI_HPINT interrupt. Servicing software processes this
interrupt and records the possible addition of IMI_x. The user then 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. It also clears the IMIST[x].ATNINT and sets IMI_HPTIM timer to
interrupt after five seconds and then exits. 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 his intention NOT to add 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 addition request against system policy (e.g. physical security policy).

Once the request is validated, software sets the IMI state to recovery reset for a clean start.
Software then advances the IMI state to recovery initialization and NB will start the recovery
initialization process. When NB completes the recovery initialization process, it sets the
IMIST[x].STATE to recovery ready state. Software can use the IMI_HPTIM to poll this completion
bit periodically. The recommended waiting period is 25 ms; the final value will be tuned with
hardware implementation.

Once the IMI is in recovery ready state, software performs memory configuration, memory testing
and memory calibration. If the XMB memory passes the testing and calibration, software then
programs IMIR’s and sets the IMIHPC[x].STATE to resilver state. NB RAID layer will re-build the
correct image of IMI_x from its RAID partners: IMI_w, IMI y and IMI_z. If the re-silvering
process is successful, NB will set the IMI state to recovered (IMIST[x].STATE = recovered).
Software can use the IMI_HPTIM to poll this completion bit periodically. The recommend waiting
period is 25 ms.; the final value will be tuned with hardware implementation. Software then sets all
IMIHPC[x].STATE, IMIHPC[w].STATE, IMIHPC[y].STATE and IMIHPC[z].STATE to
redundant. This hot addition is completed successfully.

If the re-silvering failed as indicated by NB setting IMIST[x].STATE to recovery failed, or if XMB
memory does not pass the testing and calibration, software writes to the system log, sets the IMI
state back to recovery reset and turns on the amber attention LED to report an operational problem.
Software then turns off the XMB slot power via IMIHPC[x].PWREN and turns off the green power
LED. Finally, software writes to the system log and exits.
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PCI Express is the next generation I/O interface replacing PCI-X. It offers a very high bandwidth to
pin interface for general-purpose adapters interfacing a wide vanety of 1’0 devices. The PCY
Express Base Specification, Reviston 1.0 provides the detatls of the PCT Express protocol.

The following table describes the options and limitations supported by the NB-to-PCI Express

pors.
3

Max payload 2568

Hot-Plug Sarial port ta support pins.

Virtual Channels MB aniy supports VCO.

Isnchrany NEB does nat support isochrany.

Ordering NE anly supports stict PCl orderng.

No Snoop NB_wilI not snaop processar caches for transactions with the No Snoap
attribute.
The NB cannot be powered down, but will forward messages, gensraie

Power Management PME_Turn_Off and collect PME_TO_ACKs. It wili provide a Capabilities
siructure

Poisoning NE will poison data thai it cannot correct.

The PCT Express physical layer implements high-speed serial signalling teclmigues inclnding:
* Differential sipnalling {1.6 V peak-to-peak)
s 2.5 GHz data rate {up to 2 GB/s/direction peak bandwidth for an x® link)
* 8b/10b encoding for embedded clocking and packet framing
* Unidirectional data path in each direction supporting full duplex operation
* Random idle packets and spread-spectrum clocking for reduced EMI
s Loop-back mode for testability
¢ Tane reversal

* Polarity Inversion
5-10 illusirates the scope of the physical layer on a PCI Express packet. There are two types
or packets: Link layer packets and Transaction Layer Packets. The physical layer is responsible for

framing these packets with STP/END syinbals (Transachion Layer Packets) and SDF/END
symbals (Data Link Layer packets). The grayed out seginent is nat decoded by the Physical layer.
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#

The PO Express Base Specification. Revision 1.0 requires only that a pon be capable of
negotiating and operating at the native width and x1. However, in order to support a x4 device
plugged into a x8 slot, the NB artempts all supported widths narrnwer than the native width. For
example, a port strapped at x8, will first attempt nepotiation at x8. If that artempt fails, an artempt 1s
made at x4, then x2 and then x1. When settling on a narrower width and the straps are used to
override the auto-uegotiation partitioning, the remaining links are unused.

The PUT Express Base Specification. Revision 1.0 defines the iraining state machine required on
each port. This state machine is responsible for establishing:

* Nepofiated width of the port

* Negatiated frequency of the port

* Presence of a PCI Express component

The PCI Express Base Specification, Revision 1.0a defines a training state machine that is
incompatible with the state machine defined in specification 1.0. Thus. the NB has strapping pius
forcing it ta behave with either of the two specifications. The EXP{1:0]_SEPC10A pins control this

behavior.
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308

In

=i

23 lists all the transactions supported by the NB wlach are expected to be received from
the PCIL Express interface. Similarty, T:
attached PCI Express component. Refer to \he PCJ Express Base Specification. Revision 1.0 for the
specific protocol requirements of this interface.

5 lists all the transactions to be expected by an

Memaory Forward to Main Memory or PCI Express or Hub Interface port
Inbound Write depending on address.
Requesis i Forward o peer PCI Express or Hub Interface port.
Configuration F dt PCI Exp Hub Inier| rt il enabled
orward to peer ress or Hub Infedace port if enabled.
{Typeld or Typet) P P
Memory Forward o Main Memary, or PC] Express of Hub Interface.
inbound Read 0 Forward to peer PCI Express or Hub Interface port.
Requests Conf fi
oniiguration Forward to peer PCI Express or Hub Interface port if enabled.
{Type0 or Typei)
ASSERT INTA Inband interrupt assertion/de-assertion emulating PCI internupts.
DEASSERT_INTA
ASSERT_INTB Inband intermupt asserion‘de-asserlon emulatiing PCIintemupts.
DEASSERT_INTB
ASSERT_INTC Inband interrupt assenion/de-assertion emulating PCl intertupts
DEASSERT_INTC
ASSERT_INTD Inband intermupt assenion/de-assertion emulating PC! interrupts.
DEASSERT_INTD
ERR _COR Propagate as an intemupt ta system._
ERR_UNC Propagate as an interrupt to system.
ERR_FATAL Propagate as an interrupt to sysiem.
PM_PME Propagate as a general purpase event to the system via the
PME_QUT pin.
Inbound PM_TO ACK Set when the NB receives this message from all enabled
Message PC! Express ports.
PM_ENTER_L1 Block subseguent TLP issuse and waii for all pending TLPS o
ACK. Then, send PM_REQUEST_ACK.
{DLLP)
ATTENTION_BUTTON_ | Terminate the message and sei lhe EXP_SLOTSTS.
PRESSED ATTENTION_BUTTON_PRESSED.
If EXPCTRL ATTENTION_BUTTON _PRESSED Enable and
HOT-PLUG INTERRUPT ENABLE bits are set, asserl
EXP_HPINT.
ASSERT _GPE Assert the EXP_HPINT output signal unless already assenied.

This message shauld be considered a wired-or input wilh the
other EXF_HPINT inputs.

NOTE: This is an Intel vendorspecific message.

DEASSERT_GPE

This message should be considered a wired-or input with the
pther EXF_HPINT inpuls.

MOTE: This is an Intel vendor-specific message .

Cihers

Set 1012 error, drop fransaction and retum credit.
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Completions for Qutbound /G ar Configurationa Forward to the FSB, PC1 Express or Hub
Wriles Interface from which the request originated .
Complstions for Cuibound Memory, 1O or Forward to the FSB, PCI Express aor Hub
Reads Caonfiguration interface from which the request originated.
NOTES:

4. Oulbound Memory wiites are posted and have fo completions

Outbound Write Requests Memory FSB or peer memory-mapped /C write targeting PCI
Express device.
(el Processor legacy /O wate targeting PCI Express
device.
Caonfiguration Pracessar or peer configuration write largeting
PCI Express device.
Cuiibound Read Reguests Memory Processar or peermemory-mapped 110 read targeting
PCT Express device.
WO Pracessar or pear O read targeting PCI Express
device.
Canfiguration Pracessar or peer configuration read fargeiing
PCI Express device.
Cutbound Messages EQI End-cf-interrupt cycle received on FSB. NB
{Intel-specific) broadcasts this message to all active PCI Express

ports. Dewvices supporting edge tnggeraed intemupts
wilt ignore this cyde.

Unlack When a locked read or wate transaction was
previously issued to a PCI bridge, "Unlock™ releases
the PCI lock.

PM_TURN_QOFF EXP_GCTRL PME_TURMN_OFF bit was sei. This
message is broadcast to all enabled PCI Express

ports.
PM_REQUEST_ACK Received PM_ENTER_L1. This message is
(DLLP} continugusly issued until link is idfe.
Attention_[ndicator_On | EXP_SLOTCTRL "Aftention Indicator Centrol” hias
been seito On.
Attention_Indicator_Off | EXP_SLOTCTRL "Aftention Indicator Control” has
been set to Off.

Attention_Indicator_Blink | EXP_SLOTCTRL."Attention Indicator Cantmol” has
heen set to Blink.

Power_indicator On EXP_SLOTCTRL "Power Indicator Control” has been

set to On.
Power_indicator Off EXP_SLOTCTRL. "Power Indicator Control” has been
set to Oif.
Power_Indicator Blink | EXP_SLOTCTRL "Power indicator Conirel” has been
set to Blink.

Set_Siot Power_Limit | Whenever the EXP_SLOTCARP register is written, The
Slot Power Limit Scale and SLot Power Limit Value
are sent in the payload.
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Completion for Inbound Memaory Reasponse far an inbound read to main memory or a
Read peef O device.
8 Response for an inbound read i a peer /O device.
Configuration R i i bound read & VO devi
(Typel or Typet) esponse for an inbound read to a peer evice.
Completion for inbound Memory Response for an inbound non-posted write to main
Wit memory of a peet 1O device.
@] Hesponse for an inbound non-pasied write to a peer
IC device.
Configuration Response for an inbound non-posted write to a peer
{Type[} or Type1 ) 1/ device.

On PCT Express, interrupts are represented with either MSI or inbound intermipt messages
(ASSERT_INTx/DEASSERT INTx}.

Each PCI Express port of the NB is responsible for tracking assert/deassert messages for each of
the four interrupts (INTA, INTB. INTC, INTD) and representing them with four output “virtual
wires” to the ICHS5's interrupt controller. These virtual wires are represented with DO _PCI INTA.
DO _PCI INTB. DO _PCI_INTC, and DO _PCI_INTD messages to the ICHS.

Figire 6-13 iltusirates how the PCI Express intermepts are routed to the TCHS5. The exawnple shown
represents Interrupt A and this logic is replicated for the four interrupts. None of the bits depicted
are software-visible.

When a PCI Express assert message is received for a specific interrupt, another assert inessage will
not arrive unkil after a de-assert message has ammived for that interrupt first.

When MSI interrupts are used. the NB 1reats 1hese writes as any other inbound write. The
difference is that M SI writes are detected as a write to addresses in the range

FEE( 0000 - FEDF_FFFF. If the write falls wilhin this range, the NB tssues the write to both
FSB’'s where it will be claimed by the targeted processor.
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6.4.7.2 Inbound Ordering Requirements

In general, there are no ordering requirements between transactions issued on the different
PCI Express interfaces. However, the below rules apply to inbound transactions issued on the same
interface.

The following rules must be ensured for inbound transactions:

RULE 1: Outbound non-posted read and write completions must be allowed to progress past
stalled inbound non-posted requests.

RULE 2: Inbound posted write requests must be allowed to progress past stalled inbound
non-posted requests.

RULE 3: Inbound posted write requests, inbound read requests, outbound non-posted read
and write completions cannot pass enqueued inbound posted write requests.

RULE 4: The Producer - Consumer model, prevents read requests, write requests, and non-
posted read or write completions from passing write requests.

RULE 5: Outbound non-posted read or write completions must push ahead al/ prior inbound
posted write transactions from that PCI Express port.

RULE 6: To optimize performance, inbound, coherent, posted writes will issue ownership
requests (RFO) without waiting for prior ownership requests to complete.

RULE7: Inbound messages follow the same ordering rules as inbound posted writes.

Inbound messages are listed in Table 6-23. Similarly to inbound posted writes, reads should push
these commands ahead.

The above rules apply whether the transaction is coherent or non-coherent. Some regions of
memory space are considered non-coherent (e.g. the Don’t Snoop attribute is set). The PIQ will
order all transactions regardless of its destination.

6.4.7.3 Outbound Transaction Ordering Rules

Outbound transactions through the NB are memory, I/O or configuration read/write transactions
originating on a processor interface destined for a PCI Express device. Subsequent outbound
transactions with different destinations have no ordering requirements between them. Multiple
transactions destined for the same PCI Express port are ordered according to the ordering rules
specified in PCI Express Base Specification, Revision 1.0.
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There are no ordenng requirements between cutbound transactions targeting different PCI Express
interfaces. For deadlock avoidance, the following rules must be ensured for outhound trausactions
within the same PCI Express interface:

RULE 1:

RULE 2:

RULE 3:

RULE 4:

RULE 5:

RULE 6:

Inbound non-posted completions must be allowed to progress past stalted outbound
non-posted requests.

Outbound posted write requests must be allowed to progress past stalled outbound
non-posted requests.

Outbound non-posted regnests, outbound messages. ontbound write requests, and
inbound compietions cannot pass enqueued outbound posted write requests.

The Producer - Consumer model prevents read requests, write requests, and read
completions from passing write requests.

Posted outbound messages must follow the same ordening rules as outbound posted
writes.

H a non-posted inbound request requires multiple snb-completions. then those sub-
completions must be delivered in linearly addressing order.

The following tahle sunmarizes the rules enforced on transactions from a given PCI Express port

by the NB.

never always always
never sometimes always
never always never

With MSI, SAPIC and XAPIC, mtertupts are simply inbound non-coherent writes to the processor.
With legacy interrupts. the interrupts are ASSERT and DEASSERT messages {also following
posted write ardering rmles). This enforces that the intermupt will not ke observed until all prior
inbound writes are flushed to their destinations. The NB does not, however, guarantee that the
intenupt will be observed by the processor before subsequent writes are visible to a processar.
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Each PCI Express part supparts the optional Hot-Plug capability described in PCT Express Base
Specification, Revision 1.0, The PCI Express Hot-Plug model implies a Hot-Plug controller per
port which is identified to software as a capability of the P2P Bridge configuranom space.

PCT Express Hot-Plug suppart requites that the NB supporis a set of Hot-Plug messages (listed in
1 e6-23and1  z26-25) to manage the states between the Hot-Plug contraller and the device.

The PCI Express form factor has an impact to the level of support required of the NB. For example,
some of the Hot-Plug messages are required only if the LED indicators reside on the actal card
and are accessed through the endpoint device (SIOM). The NB supports all of the Hot-Plug
messages so that the platfonn is not constrained to amy particular form factor.

Hot-Plug Controller:

PCI Express Hot-Plug requires that the NB implements a Hot-Plug conuoller for every Hot-
Pluggable interface. The Hot-Plug controller is a capability of the bridge configuratiou space and
the register set is accessible through the standard PCT capability mechanism defined in PC7 Express
Base Specification, Revision !.0.

The subsections below describe the signals required for PCT Express Add-in Card Hot-Plug. This
model is such that the LTEDs and remove button reside on the chassis. The NB provides an SMBus
interface to a set of external programmable I/0 devices that provide the Hot-Plug pins for any PCI
Express ports that support Hot-Plug. This interface is described in 6.6,

leseribes the Hot-Plug signals used for Hor-Plue. For reeisters that control or provide

the status of these pins please refer to i 3. I
o
ATMLED# This indicator is connecled to the Atlention LED on the baseboard.
PWRLED# This indicator is connected to the Power LED on the baseboard.
BUTTON# input signal per slot which indicates that the user wishes i hot remove or hot add a PCi
Express card.
input signal that indicates if & “Hot-Plugged™ PCt Express device is currently plugged into
PRSNT# the stat
PWRFLT# Input signal from the power controlier to indicate that a power fault has occurred.
PWREN Outpui signal aflowing software fo enable or disable a PCI Express siot.
EXP HEINT Hot-Piug interrupt autput signal. Thers is only one EXP_HPFINT signal for the NB. Both
— parallel interfaces drve the same output signal.
Manual (mechanical) Retention Latch inpui indicates that a retention latch is enabfed or
MRL# disabled on the board for this slot. A retention latch is used on the platform ta
mechanicaily hold the card in place.
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The SIOM Hot-Plug niodel is such that the L EDs and remove bultton reside on the endpoint
module. Because of this model, the NB is responsible for issuing in-band messages to the endpoint
and the endpoint is responsible for controlling the button, LEDs, efc.

The messages used for the SIOM Hot-Plug modei are hsted in Ta'® »23 and Table 6-25 and
describe the behavior of the button and LEDs.

The HI1.5 is an 8-bit port responsible for accepting and sending packets between the NB and the
ICHS component.

The comipatibility interface supports parallel tennination. Parallel termination is required for the
routing distances required for Intel® E&501 chipser chipset-based platforms. Hub Interface uses a
point-to-point bus topology using a combination of common clock framing signals and source-
synchronous data transfer. The 8-bit data bus rate is 266 MHz (quad-pumped} using strobe signals.
This iaterface is protected with one parity bit per 32 bits of data.

1 19 lists all the transactions supported by the NB whach are expected to be received from
the 1CHS. Snnilarty, ! lists all the transactions to be expected by the ICHS. Refer to the
O Contraller Hubd (1 H ), /0 Contraller Hub5-M Datasheer for the specific protocol
requireiuznts of this interface.

Inbound Write Mermory Forward to Main Memory or FCI Express port depending on
Requesis address.

Inbound Read Memaory -

Requests Farward ta Main Memory or PC| Express.

Go CO Ignore. No ferther action is taken.

Ga 3 immediately respond with an *ACK C3” special cycle. No furlher
aciion is laken.

Inbound Special | gq 034 Immediately respond with an *ACK C3A" special cycle. Na furlher
Cydes aciion is laken.

APIC Interrupt xmit | Since Lhis chipset does not supparl the senal APIC bus, this special

requested cycle is simply respanded ta with an “"APIC Interrupt xmit granted”
special cycle.

SRC Special Reserved Cycle. This cammand is used for supporting
paralia! temmination. This command is sent when the I/C bridge
wants to do an RCOMP calculation. The NB stays off the bus for the
duration indicated by lhe lengih but otherwise ignores Lhis cycle.
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316

Outhound Write e . o
Completions Configuration Farward to the inierface that originated the request.
Cutbound Read Memaory
Completions o Forward Lo the interface that originated the request.
Canfiguration
Cutbouna Wrte | Memory F5B or peer memory-mappad /O write [argeting ICHS.
Requests 10 FSB legacy /O write targefing ICH5.
Configuration Configuration write targeting ICHS.
Qutbound Read | Memory F5B or PCI Express memary-mapped /0 read targeting iCHS.
Requesls 110 FSB or PCI Express /O read targeting |CH5.
Configuration Configuration read targeting ICHS.
Outbound APIC Interrupt xmit | The NB will issue this command in response ta an “"APIC tnterrupt
Spadcial Cydes granted ¥mit requesied” command.
Unlack When a locked read orwrite ransaction was previously issued to the
ICH5, “Linlock” releases the PCl lack.
Shuldown Forwarded from the “Shutdown” FSB special cycle Treated as an
outbound write with respect to ordenng.
Halt Forwarded from the "Halt" FSB special cycle. Treated as an

outhound write with respect to ordering.

Stop Grani Ack

Forwarded from the "StopGrant Ack™ FSB special cycle. Treated as
an outbound write with respeact to orderng.

ACK C3 The NB will issue this command in response 1o a "Go C3° command.

ACK C3A The NB will issue this command in response to a "Go C3A”
command.

NOP This command is used on the compatbility port and occurs during

the reset sequence. Completion is required.

CPU_RST_DONE

This command is used on the compatibility port and occurs during
lhe reset sequence. Completian is required. The NB de-assers
CPURST# after the completion is receved

PHLDA On The PHOLD protocal has been established and the |SA device can
praceed without concemn of back-pressure.

Interrupt ACK lssued by lhe NB when the FSB command INTA is received. Retums
data from the ICHS and must maimtain same ordering rules as an
outbound read.

DO _PCLINTA

DO PCl INTB Issued by the NB when a PCI Express interface receives a legacy

- iniemrupt message. These massages are issued for the asserfion and

DO_PCLINTC deassaitian of the viriual interrupt wires.

DO PCILINTD
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Inbound Read Memaory Hesponse for an inbound read to main memory or PC| Express.
Compietians

For inbound and outbound writes and reads. the NB supports 64-bit address format. If an outbouad
rransaction’s address is a 32-bif address, the NB will issue the ransaction with a 32-bit addressing
tormat on PCI Express. The ICHS does nat support outbound reads or writes with 64-bit addressing
and the TCH3 will Master Abort these transactions.

Ordering for the HT1.5 interface is identical to that for the PCI Express interfaces. For details, refer
to 4.7.° 570 31l.However, HIL1.5 has a sronger requirement for
inhound completions o1 aamerent requests. HI1.5 is strangly ordered for delayed transactions. For
example, assume that a series of inbound reads are received by the NB as Rd1, Rd2, Rd3. The NB
1s required to complete those reads in the same order as was requested {RdCmpl. RdCmp2,
RdCmp3).

The NB will accept the transactious listed in . This section describes handling that is
specific fo the NB for transactions that target tne WB or main memory.

Nete: The inbound queus must be deep enongh to ensire continuous inbound read requests are not stalled
waiting for the first memory read to complete, even under heavily loaded conditions.

For inbound read requests, the NB is allowed to spiit completions into smaller poriions if
necessary. Typically, this could happen on cacheline boundaries (64B). The maxinuun size of a
read completion is specified by HICTL.MAX DATA. If the interface is idle, the NB wili retun: a
completion for that read siarting at the initial address up to the next cacheline boundary.

If the HI1.5 interface is busy (e.g. another outbound or inbound packet), the NB will

opportunistically combine subsequent inbound read completions up to HICTL MAX_ DATA or
wunfl the initial request leugth is satisfied.
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6.5.4.2 Inbound Write Transactions

Note: This section applies to all write transactions targeting DRAM.

Inbound coherent write transactions actually comprise two operations:
1. Request for ownership

2. Cache line write (mark to Modified state)

The compatibility interface will enqueue each inbound write as a single atomic instruction. As the
compatibility interface enqueues the write, it will also bypass all queues by sending a request-for-
ownership command (RFO) directly to the FSB’s requesting line ownership. The RFO commands
are allowed to be issued in any order.

If the NB owns the line after all inbound ordering rules have been met, the write command
proceeds and the line is modified. If the line is not owned by the NB after all inbound ordering
rules have been met, the write is temporarily stalled until ownership is acquired and requests will
continue to fill the inbound queue. When the request for ownership completes, the write command
is forwarded where the line is marked in the Modified state.

Note: Because of the HI1.5 ordering rules, transactions after an inbound write must wait until after the
write is globally visible. The inbound queue must be deep enough to ensure that continuous
inbound traffic is not stalled waiting for the above write sequence, even under heavily loaded
conditions.

6.5.4.3 Inbound Write Combining

The NB performs write combining opportunistically in the on-chip CDC. If a write is issued to
memory and the NB owns the line, the data buffer will overwrite the buffer with the new data (full
or partial data).

6.5.4.4 PHOLD Support
The NB supports the PHOLD protocol. This protocol is used for legacy ISA devices which did not

allow for the possibility of being both a master and a slave device simultaneously. Example devices
that use the PHOLD protocol are legacy floppy drives and parallel port DMA.

6.5.5 Outbound Transactions

The NB will generate the outbound transactions listed in Table 6-31. This section describes
handling that is specific to the NB for transactions that target the ICHS.

6.5.5.1 Outbound Non-posted Transactions
Non-posted transactions that the NB propagates includes Interrupt Acknowledge, memory reads,
I/O reads and writes, and configuration reads and writes. When a non-posted transaction is issued

from the NB, the ICHS device will respond with a completion.

The ICHS supports only one outstanding non-posted transaction comprising transactions issued by
the processors or a peer PCI Express device.
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6.5.5.2 Stalled Non-posted Requests

Non-posted requests are non-blocking transactions. In other words, while a non-posted request is
pending, subsequent transactions are required to bypass the transactions which are waiting for a
completion.

6.5.5.3 Outbound Posted Transactions

Once a posted request (e.g. memory write) is issued from HI1.5, the request is considered to be
complete and the transaction is removed from the outbound queue. For posted requests, the
acknowledge has already been sent to the initiating interface (FSB or alternate PCI Express
inbound queue) when the write was enqueued in the outbound PCI Express unit, so proper ordering
is guaranteed.

6.5.5.4 Outbound Write Combining

The NB does not combine sequential outbound writes. This optimization is left to the processor
write combining buffers.

6.5.5.5 Lock Support

For legacy PCI functionality, the NB supports bus locks through an explicit sequence of events.
The NB can receive a locked transaction sequence (Read-Write or Read-Read-Write-Write) on a
FSB directed to the ICHS. The compatibility interface cluster must support the following
capabilities:

* Retry all transactions on the Hub Interface
* Generate a locked read request to the Hub Interface target

* Unlock a locked Hub Interface port

6.5.6 Peer-to-Peer Support

Peer-to-peer support is defined as transactions which initiate on one I/O interface and target
another without going through main memory. This support applies to both PCI Express and HI.
The NB supports peer-to-peer transactions for memory and I/O transactions. The compatibility
interface can be the destination of a peer-to-peer write or read. The compatibility interface can be
the source of a posted peer-to-peer write. Non-posted requests may pre-fetch into MMIO (with
potential side effects). Peer-to-peer transactions are not observed on any interface except the target
and destination (e.g. no FSB snoops).

Peer-to-peer traffic between the PCI Express ports and the ICHS5 must sustain the full write
bandwidth. For reads, full bandwidth is required for large request sizes. Inbound coherent
transactions and peer-to-peer transactions must maintain ordering rules between each other. Peer-
to-peer transactions follow inbound ordering rules until it reaches the head of the inbound queue.
Once the transaction reaches the head of the inbound queue, the NB routes the transaction to the
next available slot in the outbound queue where PCI ordering is maintained until the end of the
transaction. The NB does not support peer-to-peer where the source and destination is the same
PCI Express Interface.
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The NB supperts 8 Hot-Plug pins on 11 interfaces. To allow platforms to incur cost proporiional to
the number of mterfaces that may be Hot-Plugged. the NB masters a 100 KHz Hot-Plug SMBus
interface (pins GP SMBCLK. GP SMBDATA) that connects to a variable number of sertal to

parallel I/O ports!. 1 5-15 shows the NB connected to the maximum munber of VO expanders
and a concepiual diagran that shows how values in Hot-Plug registers are translated to pins on the
I/O expanders.

The NB only supports SMBus devices with registers mapped as per Table 6-33. These components
have 16 T/O’s. divided into two 8-bit ports that can be configured as its or outputs.

The NB has a crossbar which associates each PCI Express and IMI poit with one of these 8-bit
ports. The mapping is defined by a Virtual Pin Port register field (IMIHPC VPP for IMI's and
EXP CTRL.VPP for PCI Express) for eacli PCI Express or IMI. The VPP register holds the
SMBus address and Port (0 or 1) of the I/O Port associated with the PCT Express or IML. A[2:0]
pins omn each /O Port connected to the NB mmist be soapped uniquely.

NB Trad party 10 porl
) CmssBar
Regisiers Vb Firs mimimimi
all_ S| = PRLE
s . o E] 2] B
IMIST H Sam oy L TeaiTta ShBus HIE M Port O
[ [ ShBus &l E |3 B
I A 0 ook — .0 oo Cortiroler | e
IMHPC H B —— ——— - S m I
H e [ Bink [—H nee e e ——
= o
[t el |E[[2]]5
IMB IMHPC, IMIST Fd A I Porl 4
| | & %— T
(e = T
IMC MHPC, MIST e - p— LI
WAD MHPG, MIST M ™| sequencer o Aot
P! Express D EXP_S1OTCTRL, EXP_SLOTSTS [~ i ;| |:: g:}
PC) Express CO EXP_SLOTCTRL, EXP_SLOTSTE o __:|: PortD
PC) Express C1 EXP_SLOTCTRL, EXP_SLOTSTS{—}+} For1
)
PC| Expiess B0 EXP_SLOTCTRL, EXF_SLOTSTsl:-. . g?
PO Express B1 EXP_SLOTCTRL, EXP_SLOTS TS —":lz Port 0
PO Express AD EXP_S1LOTCTRE, EXP_SLOTSTS Po1
|
PCI Express A1 EXP_SLOTCTRL, EXP_SLOTSTS&. ;:I:l:: x:}
1. Coanract your vendor of choice for the 'O poris.
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0 inpui Porl D Continuously Reags Input Values ]
1 input Port 1

2 Output Port 0 Continuously Writes Qutput Values

3 Output Part 1

4 Polanty Inversion Porl 0 Never writlen by NB

5 Polarity (nversion Pori 1

6 Configuration Port 0 Direction set as per i34

7 LConfiguraiion Port 1

When the NB comes out of reset. the I/O ports are inactive. The NB is not aware of how many I/Q
Ports ave connected to it, what their addresses are, nor what PCI Express or IMI ports are Hat-
Pluggable. The NB does not master any commands on the SMBus until a Hot-Plug Capable bii is
set.

An IMI port is considered Hot-Plug Capable when IMIHPC . HPC bit is set. A PCI Express port is
considered Hot-Plug Capable when EXP SLOTCAP.HPC bit and EXP CTRI.EN_ VPP are set.
When a port is considered Hot-Plug Capable +h= NB initializes the associated VPP with Direction
and Logic Level configuration as shown in ~ 6-34. The polarity is left at the default values and
never written. When writing to VPP regisiers outside the NB, addresses are used as described in
Table 6-35 for writes to the VPP registers connected to the I2C port.

When the NB is not responding to a change in whether a port is Hot-Plug Capable, it performs
iuput register reads and output register writes to all the Hot-Plug Capable VPP's. This sequence
repeats indetimtely until there is a change in whether a port is Hot-Plug Capable. To minimize the
completion time of this sequence and its complexity, both ports are always read and written. For
the maximum number of 6 /O ports, and assuming no clock stretching, this seqnence can take up
to 51 ms. If new Hot-Plug capability bits are not being set, this is the maximum timing uncertainty
in sampling or driving these signals.

0 Yes Yes Qutput 1 true ATNLED:®

1 Yes Yes Output 1 true PWRLED#

i Yes Yes Input | irue BUTTON#

3 Yes Yes Input 1 true PWRFLT#

4 Yas Yes Input | true PRSNT#
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5 Yes Yes Output 1 lrue PWREN#

6 Yes Yes Input 1 lrue MRL%

7 Mo Yes Input 1 frue PWRGOOD
] lescribes the sequence generated for a write to an /O port. Both 8-bit ports are always

wriren. If a VPP is valid for the 8-bit port. the Output values are updated as per the IMIHPC ar the
EXP_SLOTCTRL registers for the associated IMT or the PCI Express Hot-Plug registers. The
Input values affect the IMIST and PCT Express Hot-Plug registers. If na VPP for the 8-bit port is
valid, Os are writlen.

1 Start SOL {Senal Data Line) falling followed by SCL (Serial
Clock Line) failing

7 Address[G0) [6:3] = 0100
[2:0] = VPP[3:1]

1 a indicates wrile

1 ACK If NACK is received, MB completes with stop and sets
Emor T4

5 Registar Number Register Address see =33
[2:1] = 01 for Quipat, .. ... _irection
=0

| ACK It NACK is received, NB completes with stop and sels
Emar TS

8 Data (One bit for each bit of porl © as per -34

1 ACK If NACK is received, NB completes with stop and sets
Emor 78

a8 Data Cne bit for each bit of port 1 as per Tabiz 6-34

1 ACK If NACK is received, NB completes with stop and sets
Emor T8

1 Slop

The NB issues Read Commands to update NB virtual inputs from the /O Port. The /O part
requires that a comimand be sent to sample the inputs, then another command is issued to return the
data. The NB always reads inputs from both 8-bit pors. If the VPP is valid, thie NB updates the
associated MIHPS (for IMI) or the EXP_SLOTSTS (for PCI Express) register according to the
values of BUTTON# PWRFELT#, and PRSNT# read from the value register in the /O Port. Results
from invalid VPP’s are discarded. Table 6-36 defines the read command fonnat.
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If a VPP register is set to a non-existent address, it will not acknowledge the command and the NB
will set the T9 ervos. The NB will continue to address the existing devices.

L Start SDL falling followed by SCL falling
7 Address[6:0] {6:3]1=0100
[2:0] = VPP[3:1]
[ a Indicates Wite
1 ACK if NACK is received, NB completes with stop and sets Errar T9
d RegisterNumberi2.0] Register Address
[2:1]1=100
=0
| ACK If NACK is received, NB completes with stop and sets Error T9
1 Slart S0L falling followed by SCL falling
7 Address[6:0] [6:3] = 0100
[2:0] = VPP[3:1]
| | indicates Read
) ACK if NACK is received, NB compietes with stop and sels Ermor TS
8 Data COne bit for each bit of port 1 as per Table £-34. The NB always reads
from both ports. Results for invalid VPP's are discarded
1 ACK
8 Data One bit for each bit of port 1 as shawn in Table & 24. The NB always
reads from both poris. Resulls far invalid YPP's are discarded
1 NACK
) Stop

This interface is dedicated to Hot-Plug and does not support aspects of SMBus that are not regnived

for this application.

Command sequences not
defined in this specihcation

Such as Biock reads, Process Calls, Host Notification, ete.

Arbitration

N8 is the only master.

PEC

The targeted /3 Ports do not support .

Bus Enumeratian

BIOS is required to configure YPP's with this information. Vanation i the
number of devices is not supportad for a parlicular platform.

Clock Stretching NE will drive 100 KHz and YO Ports can support highaer frequencies, so they
will never stretch the clock.
NACK Retry SMBus forbids devices from NACK'ing if they are busy
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6.7 Error Reporting

The NB recognizes a variety of errors (or exception conditions) and is the collection point for many
of these errors. Some errors are internally detected and others are signaled to it from the external
interfaces (PCI Express and IMI). All detected errors eventually cause the NB to do one of the
following:

¢ Assert MCERR on both FSB’s
* Assert Error pins (ERR[2:0])

The error reporting for the NB is comprised of the status registers (FERR and NERR), the error log
registers (recoverable and non-recoverable), and the error pins (ERR[2:0]). The individual errors
can be programmed to be masked or to be signaled by ERR[2:0] or by MCERR.

6.7.1 Error Types

The errors can be classified into three types: (1) Correctable errors, (2) Uncorrectable Errors,

(3) Hardware Fatal errors. The discussion here assumes that for all these error types, hardware
provides the capability to detect the error. Errors that cannot be detected by hardware cause silent
data corruption, which is an undesirable event.

* Correctable Errors are corrected by the hardware and software is completely oblivious to this
event. Examples of such errors include single bit ECC errors and successful link level retry.
Such events may be logged and reported by the system for a post-mortem by the firmware or
system management software.

* Uncorrectable Errors are not corrected by the hardware or software. OS or other software
layers may be able to recover from such errors, but it may not always be possible. Such errors
are typically contained in nature, the system state is intact, and the process and the system is
restartable. Errors in this category include multi-bit data error, transaction time out, and so on.

e Fatal Errors may compromise system integrity and continued operation may not be possible.
Errors in this category include protocol errors.

6.7.2 Error Mask and Signaling Mapping Register

Each error is defined to be a recoverable or non-recoverable error. This determines which FERRST,
NERRST, and log register get used in reporting the error. In addition, the error also has an Error
Mask and Signaling registers. The purpose of the error mask is to mask / allow the observance of
the error condition. Each local block has an error mask for the errors detected in that particular
block.

Each unmasked error can generally be programmatically routed to the following error signals:
* MCERR
* ERRJ2], ERR[1], or ERR[0]
e ICHRST
Note: 1t is up to software to enable only one of the error signaling possibilities (MCERR, ERR[2],

ERR[1] & ERR[0], ICHRST signals). Software should not map PCI Express errors to the MCERR
signal.

324 Intel® E8501 Chipset North Bridge (NB) Datasheet

Petitioner Samsung Ex-1025, 0324



a
I nU ® Functional Description

Emor status registers are provided: FERR (first error register), and NERR. (Next error register).
First fatal and/or first nou-fatal errors are flagged in the FERR register; subsequent errors are
indicated in the NERR register.

The contents of FERR and NERR are “sticky™ across a reset (while PWRGOOD remains asserted).
This provides the ability for firmware to perform diagnostics across reboots. Note that only the
contents of FERR affects the update of the any error log registers.

The FERR/NERR structure is hierarchical. The Global FERR/NERR registers for the Intel® E§501
chincat are Incatad in the WR the lict of FERR/NERR registers are contained in Talile 6-38.

Cmce a first error for a type {non-fatal or recoverable) of error has been flagged {and logged). the
log registers for that errar type remain fixed until either 1) any emors in the local FERR register for
wlich the log is valid are cleared or 2} a power-on reset.

GLOBAL_FERR NB NiA
GLOBAL_NERR N/A
IMI_FERR NB independent Memory interface | NRECIM!
RECIMI
IMI_NERR NFA
FSB{A/B} FERR NB FSB[A/B] Interface Blocks NRECFSE{A/B}
RECFSB{A/B}
FSB{A/B}_NERR NfA
INT_FERR NB NRECTNB
RECTNB
RECINT_LC5(4:0
INTLOGC
INT_NERR NFA
HIFERR NB Hub Interface Block NRECH!
RECHI
HINERR NFA
EXP_FERR NB PCt Express interface Blocks EXP_DEVYSTS
EXP_NERR HDRLOG[3:0]
EXP_UNITERR
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6.7.4 Error Signaling

Associated with each pair of FERR/NERR registers are three open drain error pins, one for each
error type: fatal, uncorrectable and correctable (ERR#[2:0]). If not masked (EMASK register),
these pins will reflect the error status for each type of error in the two error status registers. The NB
can signal errors via the following pins:

* Emr[0] - Correctable Errors (Non-Fatal or Recoverable Error)

* Err[1] - Uncorrectable Errors (Non-Fatal or Recoverable Error)
* Ermr[2] - Fatal Error

* MCERR- Adhering to the FSB rules for driving MCERR.

The error pins are I/O signals that are synchronous to the 166 MHz bus clock.

6.7.5 Error Integration into Intel® E8501 Chipset
North Bridge (NB) Error Model

Refer to Figure 6-5 for how the PCI Express errors map into the NB error registers and for how the
flow of error detection and logging is handled inside the NB.
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Table 6-39 provides Lhe list of emrors detected by the Inel® E8501 chipset north bridge (NB).
Errors are listed by the unit / interface. Some unit / interface may provide additional error logging
repisters. The last colummn of the table, defines which component detects the error and the bit
position of the register set. For FSB. IMI and NB the ervors have the same bit position in the First
Emor, Next Error, Emask, and Ertor Select Registers. The YO Egrors for the Hub Interface also
apply to this convention but the PCI Express ertors do net. The PCI Express emrors adhere to the
PCI Express definition and location of errors.

Plzase note that only NB ertors are listed here. For the List of XMB errors, readers should refer to

the Intel® ESS01 Chipset eXternal Memory Bridge (XMB/} Datasheet.

S
FSB Errors
FO Muiti-bit ECC Ermor Non- | RECFSB{A/B} Received a muiti-bit The NB monitors the NB-0
{Do not Include Fatal ECC emor. Poison Data | datadep signals on the
Poisoned Data) and forward to the FSB Seiwhenthe NB
appropriate inleraca. detacts an uncomec@ble
error during the data
transier in which an FO
arror is signalled.
F1 Comectable ECC Ermor | Nan- | RECFSB{A/B} Carrect by Hardware, The NB monitors the NB-1
Fatal Cause CMCI. datasdep signals on the
FSB. Sef when the NB
detects an comectable
2rror guring the daia
transfar an F1 emor is
signeaifed.
F2 Detected BINIT from a Non- | N/A Do not propagate 1o The N8 detecied that a N8-2
processos Fatal ather bus, reset arh. processor issued a B-iNIT.
unit, and
progrematically reset
platform.
F3 Detacied MCERR Non- | N/A If (recaiva an MCERR) | The NB detecied thai a NB-3
from a processor Fatal forward the MCERR to | processor issuad an
the other bus, adhenng | MCERR.
to the MCERR protocol.
F4 RequesliAddress Fatat | NRECF5B{A/B} | Complete lransachon The NB monitors the NB-4
Panty Emar _LOGE2:0) an FSB, drop atdiess and request panty
transaction, provide a signals on lhe FS8. A
response. Capture parnty discrepancy over
Address/Control these fields dunng a valid
information. mequest.
Fa Address Strobe Glitch Fatal | NRECFSB{AMB} | Take the received The NB detecis that an HB-5
_LOGE:0] address and attempt to | address strobe toggled
complete the when ADS# wasn't valid.
transaction, this may
cause the NB to
Malfunction.
Log which FSB the error
accurred on. Let
request continue with
what it decodes 1o,
cormect operation is not
guaranteed.
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6 Data Strobe Glikch Fatal | NRECFSB{A/B] | Take the received dain | The NB detects that one NB-6
OG0 and attempt to complete | (or more) ofthe
he lransaction, this complimentary FSB dala
may cause the NB {o strobe pairs did not toggle
Maifuriction. in an altemating fashion.
= F5B Protocol Error Fatal | NRECFSB{A/B} | Alias to a known The NB detected an NB-7
1L OG0 response. unsupported F5B
respoense encoding.
Fa Unisupporled FSB Falal | NRECFSB{A/B} | Unsupported The NB detected an FSB NB-8
Transactian _1OGa transaction ar Unsupporled ransacion
unsupparled data sizes. | or unsupported daia sizes.
Transactions alias ta a
simitar fransaction ta
complete.
9 Data Panty Emor (for Fatal | NEECFSB Panty Error was The NB detected a Panty | N/&
54-bit Intel® Xean® detected on the Data, Error on the Data, DINY,
rocessor MP with DINY, DSTB when there | DSTE when there was no
FI]MB L2 cache & Dual- was no coimectable ECC | cofrectable ECC Emor.
Care Intei® Xean® Ermor.
processor 7000
sequence )
F10 | FSB Hang Fatal | NRECFSB{A/B} | Anaccess issued an the | The NB detecled that a NB -10
_LoGa FSB has timed aut. timely FSB fransaction
compietion did not occur,
IMI.NB Errorsd
IMIC Uncomectable Emor in Mon- | RECIMI, Capture ithe Syndrome, | The NB oetected an MNB-0
read return packet Fatsl | REDPIMIH Locator, and Address, uncarrectable emor on an
hefore retry Imit if poss ble, scrub IMI transaction before the
exceeded location using retry limit was exceaded.
redundant resources.
Re-lssue IMt Reguest.
Ml Inbaund Correclahle Non- | RECIMI, Capture the Syndrome, | The NB detected an NB8-1
ECC Efror Fatal | REDPIMIR Locatar, and Address, Correctable Enmoron the
Cofrect. 1st request far a 1Ml
transacton.
IM12 Command Time-Out Non- | RECIMI Re-issue Reguest Over | The NB failed to reczive a | NB-2
Falal M Link, iog CDC and timely response to a
iMi Transaction IDs. request.
IMI3 Inbound CRC Error Non- | N/A NB will drop response, The NE received a link MNB-3
Fatal and rely on retry fo CRC ermor.
comect.
IMI4 Memory Wnte Data Nor- | W/A The NB has poisoned The NB has poisoned the | NB-4
Poisoned. Fatsl the fiit that eontains the | flit that contains the efror
errar and written the and written the dala to
dala 1o memory. (See memory. (See IMI.XMB10}
XMI110)
IMIS Inbound Link Layer Non- | WA MNA The NB detected a link NB-&
Coniral Errar Fatal layer contral ermr an the
Inbound link.
IMIG Aborl Non- | RECIMI NA The NB detecled a MNB-6
Falal protocol abort from the
XMB.
IMil7 SMBus Hot-Plug Emor | Non- | N/A MIA The NE detected an error | NB-7
Fatal on e Hot-Plug SMBus
port.
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IMI8 Outstanding request ta Non- | RECIMI in RAID/Mirroring The NB in RAID/Mirroning | NB-8
Failed IMI Fatal config, if requests are config, if requests are
pending when i pending when 1Ml enlers
enters faited slate. failed smEte.
Atternpt {0 complete
requesls using
redundant resources.
iIg Failed an last retry. Nan- | RECImMI In RAID/Mirraring The NB in RAID/MIrroring | NB-S
Co-gasst with IMIT3 Fatal config, atternpt to config and not In
complete request using | Redundancy lost siate and
regundarnt resources. not in Resilver state
racaeived an uncorraclable
data error on the (MI retry
requast.
IMItD | Config write data Non- | N/A The NB has poisoned The NB sent a Config NB-10
paisoned. Fatal the fiit that conlains the | memory write with
arror and watlen the poisoned data. {See
config to the XMB. (See | XMI18)
XMi18).
M1 NB received a Non- | NFA NB will signal that XMB | The NB received a IM1 NB-11
correctable emor Fatal recorded an error virual wire that the XMB
message from the has deiected a
XMB “correctable” ermor avent.
IMI12 | NB received an Non- | N/A NB will signal that XME | The NG received a IMI NB-12
uncorreciable error Faial recorded an error. virtual wire that the XMB
message from the has detecled an
XMB ‘uncomectbls” emor
event.
iMI13 | Failed aon iast retry. Non- | RECIMI it {RAID or WMimor} The NB in RAID/MImonng | NB-13
Co-exist with IMI9 Fatal Capture Tailed 1M1 config, receives & timeout
Request. on the refry of transaction
IMIld | NB received a fatal Fatal | N/A NE witl signal that XMB | The N8 received an 1M NB-14
arror message from recorded an error. virtual wire "signal” that the
the XMEB XMB has detected a “fatal”
ermor event.
IMI1S | Reserved NA NA NA NIA NfA
HI1.5 Errors
100 HI - Target Abort Non- | RECHI Recsived from the The NB recerves a Target- | NB-0
Fatal ICHS. Abart far any cycle for
which it was the master
from the ICHS.
18] HI - Cmd Parity Emor Non- | RECHI Recewed from the The NB detecied a parity MNB-1
Fatal ICH5. error in the command
porlion of the packst
received from the ICHS.
102 HI - Data Phase Panty Nen- | RECHI Received from the Tha NB datected a parity NB-2
Error Fatal ICHE. efvor in the data portion of
the Packet received from
lhe ICHS.
103 HI - Panty Error on Non- | RECHI NiA The NB detected an NB-3
Outbound Data Faial internai panty eiror on
outbound data.
104 HI - Ouwtbound poison Non- | NIA N/A The NB detected a panty NB-4
Fatal error iy the
address/header fram the
ICHA.
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105 HI - Pon has made an Falal | RECHI Recrived from the ICHS | The NB detected N/A
tiegal access unsugﬁoned request from

the ICHE.

1C6 HI - Panty Ermor on Fatal | RECHI Received fram the ICHS | The NB detected a parity MNiA
Header / Address amar in the address portion

of the packst received
from the 1CHS.

1060 HI - Received STOP Fatal | N/A Received from the ICHS | ICHA fllegally drove STOP | NiA
during SRC

PCI Express Errors

o7 PCI Express - Com | NA NAA Received bad 8b/10b NE -
Receiver Emor encoding ermor. 0 Unit

Len] PCI Express - Bad Camr | N/A NiA Received bad CRC ora NE -
TLRP Error bad sequence number ina | O Unit

tfransport layear packet.

109 PCI Express - BAD Corr | N/A MN/A Log Header of Ermor'ed NB -
DLLP Packet. YO Unit

1010 PCI Express - Com | N/A NA Replay maximum countfor | NB -
Replay_Num Rollover the Refry Buffer has been | YO Unit

aexceeded.

101 PCI Express - Replay Com | N/A NAA Replay timer timed out NE -
Timet Timeout waiting for an ACK or NAK | /O Unit

DLLP.

1012 PCI Express - UnCom | HDORLOG[3:0] Lag Header of Packet. Received an unsuppoted | NB -
Raceived request, simitar to master | /O Unit
Unsupported Request abarl.

1013 PCI Express - Training MIA N/A NA The NB never reports this | NG -
Error BIror. 170 Unit

1014 PCI Express - UnCom | HDRLOG[2:0] Log Header of Emored | Received a poisoned NB -
Poisoned TLP Packet. ransaction layer packet (YO Unit

frem the southbridge.

1015 PCI Express - Flow Falal | N/A NA NB has delecled a PCI- NE -
Controt Protocal Error Express Flow Control O Uit

Protocol Error.

1016 PCI-Express - UnCom | N/A NIA Pending transaction was NB -

Completion Timeout ACHKed in the data link 0 Unit
layer but not within the
time fimit.

1017 PCI Express - UnCorr | HDRLOG[3:4] Log Header of Emor'ed | Received return CA siatus | NB -
Completer Aborl Packet. for homible error on the 170 Unit

component. This is
equivalent to a langet aborl
on PCIL.

1018 PCI Express - UnCoam | HDRLOG[3:0] | Leg Header of Error'ed | Received a Completion NE -
Unexpected Packet. RequestorlD that matches | o Unit
Compietion Emor the requestor but the Tag

does not match any
pending entries.

1018 PCI Express - Falal | HDRLOGI[2:.0] Do not updaile conent | Received a transaclion NE -
Matformed TLP layer packet that does not | ;0 Unit

follow ihe TLP formation
rules.
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1024 PCi Express - Receive Falal | N/A Camrect by Hardware Receiver gets more dataor | NB -
Buffer Overftow Ermor ransactions than credits 170 Linit

aifow.

1021 PCi Express - Data Fatal | N/A NIA The NB detected a OLLP MB -
Link Layer Frotocol arrar. 17O Unit
Errar

1022 NiA NIA N/A NIA N/A NIA

1023 NIA N/A | N/A NA N/A N/A

124 PCi Express - Com | NfA NiA NB received a correctable | N/A
Received Correclable error message from the
Error Message south bridge.

1025 PCi Express - Nan- | NfA NiA MNB secaived a non-fatal M/A
Received Monfatal Fatal error message from the
Errar Message south bridge.

1026 PC! Express - Fatal | N/A MN/A MNB received a fatal emmor MNE -
Received Fatal Emor messaqge from the south 110 Linit
Message bridqge.

MB Errors

T1 Single-bi Data ECC Non- | REDTNB Correcled by Hardware, | The NB detected inan NB-D
Errar from CDC Fatal jog COC eniry. intemat block a correctable

ECC error (This ermor was
not generated by receiving
bad dala from an external
Interface).

T2 Uncorrectable Data Man- | NREOTNB Detected by Hardware, | The NB detecied inan MB-7
ECC Error fram CDC Fatal iog CDC entry. internal block an
{Da not include uncarmectable ECC emor.
Polsoned Data} {This error was not

generated by recemving
bad data from an extemal
Interface}

T3 Mulii-Tag Hit from Fatal The NB does not detect NB-5
COC this emar.

T4 Coherency Violation fatal | NRECTNB Leg COC entry The NB detacted a cache | NB-6
Error coherancy protocol efmos.

Ta Address Map Error Non- | REDTNB The MB received a request | NB-1

Fatal for an address that does
nat existin the system.

T6 Poisaon passed to Nan- | REDTNB The MNB created or NB-2
ancther paisan Fatal detected poisoned data
capable domain. and gave that data to

another poison capable
domain inside NB.

T7 Lincorrectable Oata Non- | RECINT_LOG[ | Logged by RAID/mirror | The NB detecied an NB-3
Error during a Re- Fatal | 4:0] loqic in response o uncorreciable error on the
sitvering Process PMIG. Capture failed pn’rnalg image and

request. Poison datain | secondary method to
MEeMory. recoves the data I1s not
available.

T8 Poison leaving a Fatat | NRECTNB The NB has non-poison NE-4
poison capabls capable domains and
domain Wison capable domains.

hen poison leavas a
paison capable domain,
this emoris delectad.
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Ta SMBus Virtual Pin Fatal | N/A The NB detected an error | NE -
Interface Error on the SBus virlual pin 10 Unit

inferface.

T10 11O Unit Detected Fatal | N/A The NB 110 Unit detected | NB -
Failure an internal failure. VO Unit

Uncorrectable Data Emor
Detected
Address/Control Parity
Efror.

T 1/ Unit Detected a Nor- | N/A NB -
cormectable ECC error Fatal 10 Unit
from CDC.

T12 I¥C Unit Detected an Fatal | N/A NEB -
uncorrectable ECC /0 Unit
error from CDC.

NOTES:

a. For iMl errors seen from the XMB side, readers should refer to chapter 6 of afef EBS01 Chipset eXternal Mamory Bridge

{XMB) Datasheet

The NB chipset supports both the x APIC and iraditional 8259 methods of interrupt delivery. I/O
interrupts. and inter-processor intermpts (IPIs) appear as write or intertupt transactions in the
system and are delivered to the iarget processor via the FSB. Tlus chipset does not support the
three-wire sideband bus (the APIC bus) that is used by Pentium® and Pentium® Pro processors.
XAPIC interrupts that are generated from /0 will need to go through an VO (x)APIC device unless
they support Message Sipnalled Interrupts (MSI). In this document. VO(xYAPIC is an internipt
controller. This functionality will be embedded into the Intel 6700PXH 64-bit PCI Hub and ICHS
components of the chipset.
The legacy 8259 functionality is embedded in the ICHS component. The NB chipset will support
inband 8259 interrupt messages from PCI Express devices for boot. The chipset also supports the
processor generated “intetrupt acknowledge™ (for legacy 825% interrupts), and “end-of-interrupt™
transactions (x APIC).
Routing and delivery of intermipt messages and special ransactions are described in this chapter.
For Message Delivery and Fonnat, refer to the [ ) oy +31 of this
document.
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6.8.2 xAPIC Destination Modes

The destination mode refers to how the processor interprets the destination field of the interrupt
message. There are two types of destination modes:

1. Physical Destination Mode
2. Logical Destination Mode

The destination mode is selected by A[2] in PCI Express and Ab[5] on the FSB.

6.8.2.1 Physical Destination Mode (xAPIC)

In physical mode, the APIC ID is 8§ bits, supporting up to 255 agents. Each processor has a Local
APIC ID Register where the lower 5 bits are initialized by hardware (Cluster ID=ID[4:3], Bus
Agent ID=ID[2:1], thread ID=ID[0]). The upper 3 bits default to Os at system reset. These values
can be modified by software. The Cluster ID is set by address bits A[12:11] during reset. By
default, the NB will drive A[12:11] to ‘00’ for Front Side Bus A, and ‘01’ for Front Side Bus B.
The value driven on bit A[12] during reset can be modified through the POC register on the NB.

The NB will not rely on the cluster ID or any other fields in the APIC ID to route interrupts. The
NB will ensure the interrupt is seen on both busses and the processor with the matching APIC ID
will claim the interrupt.

Physical destination mode interrupts can be directed, broadcast, or redirected. An xAPIC message
with a destination field of all 1s denotes a broadcast to all.

In a directed physical mode message the agent claims the interrupt if the upper 8 bits of the
destination field (DID field) matches the Local APIC ID of the processor or the interrupt is a
broadcast interrupt.

6.8.2.2 Logical Destination Mode (xAPIC)

In logical destination mode, destinations are specified using an 8-bit logical ID field. Each
processor contains a register called the Logical Destination Register (LDR) that holds this 8-bit
logical ID. Interpretation of the LDR is determined by the contents of the processor’s Destination
Format Register (DFR). The DFR establishes if the processor is in flat or cluster mode. Logical
destination mode interrupts can be directed (fixed delivery), redirectable (lowest priority delivery),
or broadcast. The LDR is initialized to flat mode (0) at reset and is programmed by firmware (and
can be changed by system software). The NB also has an equivalent bit in the XTPRO register to
indicate flat or cluster mode.

Interpretation of the destination field of the xAPIC message and the logical ID of the processor is
different whether the processor is in flat or cluster mode. The 2 models are flat and cluster:

Flat Model - The 8-bit logical ID is compared to the 8-bit destination field of the incoming
interrupt message. If there is a bit-wise match, then the local xAPIC is selected as a destination
of the interrupt. Each bit position in the destination field corresponds to an individual Local
xAPIC Unit. The flat model supports up to 4 agents in the system. An xAPIC message where
the DID (destination field) is all 1°s is a broadcast interrupt.

Cluster Model - The 8-bit logical ID is divided into two fields, where the upper four bits
contain a cluster ID, and the lower 4-bits identifies the agent within the cluster using the same
encoding scheme as the flat model. Up to 8 logical clusters (2 agents each) can be supported.
An xAPIC message where the lower 4-bits of the DID is all 1’s is a broadcast interrupt within
a cluster. Interrupt redirection can only be applied to processors within the cluster.
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Interrupt messages that originate froin VO{x)APIC devices or from processmg nodes nmst be
routed and delivered to the target agents m the system. In general x APIC messages are delivered to
both FSB’s because there is nio reliable way to determnine the destination node of the message for
the destination field. Interrupts originating from 140 can be generated from a PCT agent using MSI
intenmupis. or hv an interrupt controlier on a bridge chip such as the Intel 6TD0PXH 64-bit PCT Hub
or ICHS. :hows the routing rules used for routing xAPTC messages ina NB platfom.
This table 15 vahid tor both broadeast and non-broadcast intermupts.

. . : Deliver to both F5B's as an interrupt
WO physicai or iogical directed transaction
Processar physical or logical directed Deliver to other FSB as an intenupt transaction.
logical, redireciable Redireclion is pefdormed by the NB and Is
Any Source physical, redirectable delivered to bolh front side buses.

For Intel® Xeon® Processor Family (XPF) platforms using xAPIC, the EOI is a specially encoded
FSB mansaction with the intesTupt vector attached. Since the EOI is not directed, the NB will
broadcast the EOI ransaction to all /O({x)APICs.

Note: Since the ICHS does not support the EOQI special cycle. the Intel® E&501 chipset will translate the
EOi into a directed write to the EOI register in the ICHS.

For /O interrupts fromn the Intel 6700PXH 64-bit PCT Hub and ICHS components receive
mnterrupis with either dedicated interrupt pins or with writes 1o the integrated redirection table. The
T/OxAPIC controller integrated within these components twns these intermuipts ito writes destined
for the FSB with a specific address.

Interrupts tniggered from an IO device can be wiggered with either a dedicated interrupt pin or
tlirough an inbound write message froin the PCI bus {MS1). Note that if the interrupt is tnggered by
a dedicated pin, the I/OxXAPIC coniroller in the I/O bridge (Intel 6700PXH 64-bit PCI Hub or
ICHS) nums this into an inbound write. On the FSB. the intemupt is converted to an interrupt
request. Otler than a special intermupt encoding, the FSB infermupt follows the same format as

discussedin & m 2.5~ iL o 31. Therefore. 10 all components other than
the Intel 6700PXH 64-bit PCL Hub, KCHS. and the processors, an interrupt is an mbound write
following the format inentioned in 1 5. the NB will not write combine or cache the APIC

address space.

/O{x)APICs can be configured through two mechanisms. The traditional mechanism 1s the hard
coded FECO 0000k to FECF_FFFFh range ts used to communicate with the IOAPIC controllers in
the Intel 6700PXH 64-bit PCT Hub or ICHS.

The second 1nethod is to use the standard MMIO range to communicate to the Intel §700PXH

64-bit PCT Hub. To accomplish this. the PXH. MBAR must be prograinned within the PCI Express
device MMIC region.

intel® EB50 1 Chipset North Bridge (NB} Datasheet 335

Petitioner Samsung Ex-1025, 0335



u
Functional Description I nt9| o

6.8.5 Ordering

Handling interrupts as inbound writes has inherent advantages. First, there is no need for the
additional APIC bus resulting in extra pins and board routing concerns. Second, with an out-of-
band APIC bus, there are ordering concerns. Any interrupt needs to be ordered correctly and all
prior inbound writes must get flushed ahead of the interrupt. The PCI Local Bus Specification,
Revision 2.2 attempts to address this by requiring all interrupt routines to first read the PCI
interrupt register. Since PCI read completions are required to push all writes ahead of it, then all
writes prior to the interrupt are guaranteed to be flushed. This, However assumes that all drivers
perform this read.

6.8.6 Hardware IRQ IOXAPIC Interrupts

Dedicated pin interrupts may be edge or level-triggered. They are routed to IRQ pins on IOxAPIC
device such as the Intel 6700PXH 64-bit PCI Hub and ICHS. The IOxAPIC device will convert the
interrupt into either an xAPIC or 8259 interrupt.

For level-triggered interrupts, the I/OxAPIC will generate an interrupt message when any of the
interrupt lines coming into it become asserted. The processor will handle the interrupt and
eventually write to the initiating device that the interrupt is complete. The device will de-assert the
interrupt line to the I/OxAPIC. After the interrupt has been serviced, the processor sends an EOI
command to inform the [/OxAPIC that the interrupt has been serviced. Since the EOLI is not
directed, the NB will broadcast the EOI transaction to all [/O(x)APIC’s. If the original /O(x)APIC
sees the interrupt is still asserted, it knows there’s another interrupt (shared interrupts) and will
send another interrupt message.

For edge-triggered interrupts, the flow is the same except that there is no EOI message indicating
that the interrupt is complete. Since the interrupt is issued whenever an edge is detected, EOIs are
not necessary.

While not recommended, agents can share interrupts to better utilize each interrupt (implying level-
triggered interrupts). Due to ordering constraints, agents can not use an interrupt controller that
resides on a different PCI bus. Therefore only agents on the same PCI bus can share interrupts (or
the driver MUST follow the PCI requirement that interrupt routines must first read the PCI
interrupt register).

The NB supports the INTA (interrupt acknowledge) special bus cycle for legacy 8259 support.
These are routed to the compatibility ICHS in the system. The INTA will return data that provides
the interrupt vector.

6.8.7 Message Signalled Interrupts (MSI)

A second mechanism for devices to send interrupts is to issue the Message Signalled Interrupt
(MS]) introduced in the PCI Local Bus Specification, Revision 2.2 . This appears as a | DWORD
write on the PCI/PCI-X/PCI Express bus.

With PCI devices, there are 2 types of MSIs. One type is where a PCI device issues the inbound
write to the interrupt range. The other type of MSI is where a PCI device issues an inbound write to
the upstream APIC controller (for example, in the Intel 6700PXH 64-bit PCI Hub) where the APIC
controller converts it into an inbound write to the interrupt range. The second type of MSI can be
used in the event the OS doesn’t support MSlIs, but the BIOS does. For either way, the interrupt will
appear as an inbound write to the NB over the PCI Express ports.
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6.8.8

6.8.9

Functional Description

MSI is expected to be supported by the operating systems about the same time frame as Intel®
E8501 chipset availability. A NB chipset-based platform will also feature a backup interrupt
mechanism in the event that there is a short period of time when MSI is not available. This is
described in the next section.

Non-MSI Interrupts - “Fake MSI”

For interrupts coming through the Intel 6700PXH 64-bit PCI Hub or ICHS components, their APIC
controller will convert interrupts into inbound writes, so inbound interrupts will appear in the same
format as an MSI.

For interrupts that are not coming through an APIC controller (for example Dual Northway, a dual
port 1 GbE) it is still required that the interrupt appear as an MSI-like interrupt. If the OS does not
yet support MSI, the PCI Express device can be programmed by the BIOS to issue inbound MSI
interrupts to an IOXAPIC in the system. The safest IOXAPIC to choose would be the ICHS since it
is always present in a system. The NB does not support the PCI Express “Assert Int” and
“Deassert_Int” packets for xAPIC interrupts.

In this method, PCI Express devices are programmed to enable MSI functionality, and given a
write path directly to the pin assertion register in a selected IOXAPIC already present in the
platform. The IOxAPIC will generate an interrupt message in response, thus providing equivalent
functionality to a virtual (edge-triggered) wire between the PCI Express endpoint and the
I/OxAPIC.

All PCI Express devices are strictly required to support MSI. When MSI is enabled, PCI Express
devices generate a memory transaction with an address equal to the I/OxAPIC_MEM_BAR + 20
and a 32-bit data equal to the interrupt vector number corresponding to the device. This
information is stored in the device's MSI address and data registers, and would be initialized by the
system firmware (BIOS) prior to booting a non-MSI aware operating system (With the theory that
an MSI aware O/S would then over-write the registers to provide interrupt message delivery
directly from the endpoint to the CPU complex).

The PCI Express memory write transaction propagates to the NB and is redirected down the
appropriate PCI Express port following the NB IOAPIC address mapping definition. The IOAPIC
memory space ranges are fixed and cannot be relocated by the OS. The assert message is
indistinguishable from a memory write transaction, and is forwarded to the destination I/OxAPIC
(which will then create an upstream APIC interrupt message in the form of an inbound memory
write). The write nature of the message “pushes” all applicable pre-interrupt traffic through to the
NB core, and the NB core architecture guarantees that the subsequent APIC message cannot pass
any posted data already within the NB.

Inter Processor Interrupts (IPls)

The IPIs will be covered in the future revision of this document.
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6.8.10 Chipset Generated Interrupts

The Intel® E8501 chipset can trigger interrupts for chipset errors and for PCI Express and IMI Port
Hot-Plug. For these events, the chipset can be programmed to assert pins that the system can route
to an APIC controller. The following is a preliminary list of interrupts that can be generated:

1. Chipset Error: Chipset asserts appropriate ERR pin, depending on severity. This can
be routed by the system to generate an interrupt at an interrupt
controller. (NB pins ERR[2:0], MCERR, ICH Reset). For details on
Chipset error types and reporting, please see Section 6.7.1.

2. IMI Hot-Plug: Chipset asserts IMI_HPINT on behalf of an IMI Hot-Plug event. This
can be routed by the system to generate an interrupt. This document
assumes that IMI_HPINT will be connected either to a system
interrupt, SMI interrupt, or SCI (ACPI) general purpose event.

3. PCI Express Chipset asserts appropriate ERR pin, depending on severity. This can
Error: be routed by the system to generate an interrupt.

* The NB can receive error indications from the PCI Express ports.
These are in the form of inbound ERR_ COR/UNC/FATAL
messages. The NB will assert the appropriate ERR signal just like
any internal NB error.

4. PCI Express The NB asserts EXP_HPINT on behalf of a PCI Express Hot-Plug
Hot-Plug: event.

* NB generated Hot-Plug event such as PresDet change, Attn button,
MRL sensor changed, power fault, etc. Each of these events has a
corresponding bit in the PCI Express Hot-Plug registers (Attention
Button, Power Indicator, Power Controller, Presence Detect, MRL
Sensor, Port Capabilities/Slot registers). This will generate an
interrupt via the EXP_HPINT pin, or it will generate an MSI.

— EXP_HPINT: When software has completed servicing the
Hot-Plug event, it will clear the appropriate bit in the PCI
Express Hot-Plug register(s), at which point, the NB can
deassert EXP_HPINT.

— MSI: If the MSICTRL.MSIEN bit (MSI enabled) is set, the
NB will generate an MSI in response to a PCI Express Hot-
Plug event. More details will be added in the subsequent
revision of this document.
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* PCI Express Hot-Plug event from downstream. This could be
either an MSI or a GPE message.

— MSI: Handled like a normal MSI interrupt.

— GPE Message: Upon receipt of a Assert GPE message from
PCI Express, NB will assert the EXP_HPINT signal to generate
this interrupt. To generate an SCI (ACPI), this signal will be
routed to the ICHS5 appropriate GPIO pin to match the
GPEO_EN register settings. When the Hot-Plug event has
been serviced, the NB will receive a Deassert GPE message.
At this point the NB can deassert EXP_HPINT. There needs to
be a tracking bit per PCI Express port to keep track of
Assert/Deassert GPE pairs. These tracking bits should be
ORed together to determine whether to drive the EXP_HPINT
pin. If one or more of the tracking bits are set (meaning we
have received one or more Assert GPE messages),
EXP_HPINT must be set until all the matching Deassert GPE
messages are received.

— Sideband Signals: Some systems may choose to connect the
interrupt via sideband signals directly to the ICHS. No action
is required from the NB.

5. PCI Express PM:  The NB asserts PME_OUT pin when a power management event is
detected. PCI Express sends a PME message.

* Upon receipt of the PME message, the NB will assert the
PME_OUT signal to generate this interrupt if enabled through bit
3 in ‘EXP_RTCTRL[7:1]: PCI Express Root Control Register
(D1-7, F0)”. To generate an SCI (ACPI), this signal will be routed
to the ICHS appropriate GPIO pin to match the GPEO_EN settings.
When software has completed servicing the power management
event, it will clear the PCI Express RTSTS.PMESTS bit (by
writing 1), at which point the NB can deassert PME OUT.

6. PCI Hot-Plug: The NB will receive an Assert/Deassert GPE message from the PCI
Express port when a PCI Hot-Plug event is happening. Assert/Deassert
GPE messages should be treated the same as Assert/Deassert GPE
messages for PCI Express Hot-Plug. (Keep track of Assert/Deassert
GPE messages from each port and assert EXP_HPINT appropriately).

Table 6-41 summarizes the different types of chipset generated interrupts that were discussed.
Although the interrupt and SW mechanism is flexible and can be changed depending on how the
system is hooked up, for reference this table also describes what SW mechanism is expected to be
used.
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Chipset Efror NB Chipset registers ERRJ2.0]. MCERR, | Any
ICHReset
IMI HP NB Chipset registers IMI_INT Any (SCH,
SMI. systam
(MSIAPIC)}
PCl Express Emor PC| Exprass ERR[Z:0], MCERR, | Any
ERR_COR/MNC/FATAL message ICHReset

PCI Express HP {PresDet chg, | NB Chipset registers EXP_HPINT or M51 | SCI->ACH
atin buiton, etc ) or MS|

PCI Express HP form MSi MS1 interrupta (FSB) | MSI
downstream device (Native}

PCI Express HP form PCI Express AsserDeassert GPE | EXP_HPINT SCl=ACPI
downstream device (intel Par,

Non-Native)

PCI Express HP form Sideband signals directly to ICHS NiA SCI-=ACPI
downstream device {Intel Part,

Non-Native)

Downstream PCE HP PC| Express Assert/Deasseit GPE | EXP_HPINT SCI-=ACPI
Power Managemen! Event PC1 Express PM_PME message PME_QUT SCI-=ACPI
(FME)
NOTES:

a.  Technically. this is not chipset generaled, butis inciuded for completeness.

The 8259 interrupt controller is supported in WB platfonms. 8259 intermupt request is delivered
using the intertupt group sideband signals LINT[1:0] (a k.a. NMI/INTR) or through an /O xAPIC
using the message based interrupt delivery mechanism with the delivery mode set to ExtINT
{b111). There can be only one active 8239 controller in the system.

The mechanizm in which a PCI Express device requests an 8259 interrupt is a PCI Express inband
message. {ASSERT INTA/B/C/D. DEASSERT INTA/B/C/D).

The target processor for the interrupt uses the intermupt acknowledge transaction to obtain the
intenpt vector from the 8259 controller. The NB forwards the interrupt acknowledge to the ICHS
where the active 8259 controller resides.

The NB will support PCI Express devices that generate §259 intermupts (for exainpie, dunng boot).
82359 intenupts from PCT Express devices will be sent in-band to the NB which will forward these
intenupts to the ICHS.

The NB will have a mechanism to rack inband 8259 intermipts from each PCI Express and assert
virual interrupt signals to the 8239 through the inband DO_PCI_INT HL special cycle. This is
done by a tracking bit per interrupt {A. B, C. D) in each PCT Express which are combined (ORed)
itto virteal signals that are sent to the ICHS. Fach mnterrupt signal (A, B, C, D) from each PCI
Express is ORed together to forin virtual INT A . B, C. and D signals to the ICHS
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(DO_PCI INTA/B/C/D (assertion encoding)). When all the tracking bits for a given interrupt (A,
B, C, or D) are cleared from all PCI Express ports, the virtual signal A, B, C, or D is deasserted via
the inband DO_PCI_INT (deassertion encoding).

For PCI Express hierarchies, interrupts will be consolidated at each level. For example, a PCI
Express switch connected to a NB PCI Express port will only send a maximum of 4 interrupts at a
time, regardless of how many interrupts are issued downstream.

SMI (System Management Interrupt) interrupts are initiated by the SMI# signal in the platform. On
accepting a System Management Interrupt, the processor saves the current state and enters SMM.

6.9 Reset

6.9.1 Introduction

This section describes NB-specific aspects of hardware reset. Subsequent I/O initialization
procedures requiring configuration register dialogue are not covered in this section.

NB expects to receive RSTIN# from the ICHS chip. NB uses this signal to reset the internal state of
NB, and additionally, forwards this reset to the processor(s) in the system via the H_ A _RST# and
H B RST# signals. NB controls the reset of the XMB chips connected to NB via software using
the IMI_{A/B/C/D}_ RST# signals which are expected to be connected from NB to XMB.

A system is expected to connect the ICHRST# pin of NB to the PLD controlling the system reset
logic that generates the PCIRST# signal into the ICH5 chip.

NB will keep H {A/B} RST# asserted on an FSB which indicates no end agent is present via the
H {A/B} PRSNT# pin; the system should keep the core and cache VR disabled in this case to
avoid any CPU thermal issues.

6.9.2 Types of Reset

* Power-up
* Power Good

* PWROK
The PWROK reset spawns a hard reset.

* Hard
The hard reset spawns IMI, PCI Express, and Processor resets.

e IMI

* Warm

* PCI Express
* JTAG

* SMBus
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6.9.3 Triggers of Reset

* Energize power supplies

* PWRGOOD de-assertion

* RESTIN# assertion

* NB.SYRE.SYSRST (refer to Section 4.14.8)
* IMLICHRST inband signal

* NB.SYRE.ROR (refer to Section 4.14.8)

* NB.IMIHPC.NEXTSTATE change (Refer to Section 4.13.10)
IMI initialization time-out is covered by STATE change.

* NB.BCTRL.SRESET (Refer to Section 4.11.27)
* SMBus protocol

6.9.4 Trigger to Type Association

This section describes which triggers initiate which types:
* Energize power supplies: Power-up
* PWRGOOD de-assertion: Power good
* RESTIN# assertion: Hard
* NB.SYRE.ROR: Warm
* NB.IMIHPC.NEXTSTATE set to “Reset” or “RecoveryReset”: IMI
* NB.BCTRL.SRESET: PCI Express
* TRST# assertion or TCK/TMS protocol: JTAG
* SMBus protocol: SMBus

6.9.5 Logic Domain Behavior

During reset, each of the logic domains is treated as follows:
* Unaffected by reset:
— PLL’s
* Indirectly affected by reset:
— Arrays
Initialized by BIST engines

— Analog I/O compensation
Only triggered by power-up

* {Boundary scan chains, JTAG protocol engine}:

— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted, asynchronous TRST#
assertion, ITP_TRST# asserted, or synchronous TCK/TMS protocol navigation to reset
state: Reset
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SMBus protocol engine:

— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted, or synchronous
SMBus reset protocol: Reset

Sticky configuration bits:
Configuration bits with the “ST” attribute are sticky

— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted: Defaults

— (Synchronized RESTIN# assertion or synchronized RESTIN# asserted) while
PWRGOOD asserted: No-Change

Sticky configuration bits must be protected from spurious activity at RESTIN# transitions
and while RESTIN# is asserted during hard reset.

IMI (NB):

— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted, one cycle after
synchronized RESTIN# assertion, IMISC.STATE set to “Reset” or “RecoveryReset” set:
reset and tri-state outputs.

— Synchronized RESTIN# de-assertion, IMISC.STATE set to “Reset” or “RecoveryReset”
cleared and synchronized RESTIN# de-asserted: Initialize then begin normal operation.

RESTIN# pad:

— Synchronized through two HCLKIN-ed stages
This is the synchronized RESTIN#.

ICHRST# pad:
— asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted: de-asserted
— ICHRST# cycle counter not extinguished: Asserted
PCI Express:
— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted: Tri-state and Reset

— PWRGOOD asserted, one cycle after synchronized RESTIN# assertion,
BCTRL.SRESET set: link down

— RESTIN# de-assertion, BCTRL.SRESET cleared: initialize, train, link up
IMI_{A/B/C/D}_RST# pad:
— Controlled by BIOS

— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted, one cycle after
synchronized RESTIN# assertion, IMISC.STATE set to “Reset” or “RecoveryReset” set:
Asserted

— Synchronized RESTIN# de-assertion, IMISC.STATE set to “Reset” or “RecoveryReset”
cleared and synchronized RESTIN# de-asserted: De-asserted.

H {A/B} RST# pad:

— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted, one cycle after
synchronized RESTIN# assertion, SYRE.ROR asserted and bus locks cleared and I0Q’s
flushed and data buffers flushed and IMI.REFRESH detected: assert

SYRE.ROR configuration bit

— asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted, one cycle after
synchronized RESTIN# assertion, | HCLKIN after processor RESET# pad asserted: clear
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* Power-On Configuration:
— Minimum of 1 HCLKIN after processor RESET# pad asserted: Assert
— 2-19 HCLKIN after processor RESET# pad de-asserted: De-assert

* Hub Interface:

— Asynchronous PWRGOOD de-assertion, PWRGOOD de-asserted, one cycle after
synchronized RESTIN# assertion: Reset and Tri-stated

— Synchronized RESTIN# de-asserted: Send NOP -> wait for NOP_ACK -> send
CPU_RESET DONE

6.9.6 PWRGOOD De-asserted

Trigger = PWRGOOD de-assertion: Asynchronous

Power and master clocks remain stable.
* De-assert ICHRST# asynchronously.
* Assert H {A/B} RST#and IMI {A/B/C/D} RST# asynchronously.
* De-assert other front side bus I/O asynchronously.
* Tri-state other I/O.
* Toggle PLL outputs.
* Reset I/O Ports.

* Resolve multiple drivers to a non-destructive state.

6.9.7 PWRGOOD Assertion

Trigger = PWRGOOD assertion: Synchronized

Voltages are within specifications. Master clocks are stable. The TCK signal may be in any state.
* Sample straps.
* Enable Power-On-Configuration (POC) to the front side bus.
* Un-tri-state I/O.
* Hold PCI Express link down.

6.9.8 NB ICHRST# Sequence
Triggers = {H_{A/B} RST#, ICHRST#, IMI {A/B/C/D} RST# Reset Signal and
NB.SYRE.SYSRST Set}: Synchronous
* Assert ICHRST# for approximately 100 us asynchronously to CLK66

* De-assert ICHRST# asynchronously to CLK66.

This de-assertion must wait until 100 ps elapses, even though RESTIN# will be asserted
before 100 pus elapses.

* (Clear SYRE.SYSRST when ICHRST# is asserted.
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6.9.9 Hard Reset Asserted

Trigger = RESTIN# assertion: Synchronized

PWRGOOD is asserted.

* Protect sticky configuration bits.

Sticky configuration bits must not log spurious errors resulting from the reset process. These
processes include de-activated buses, initialization sequences, and spurious inputs on internal
interfaces.

* Synchronously assert internal asynchronous flip-flop initialization inputs.
Private JTAG chains may be reset.

Exceptions: synchronous test-mode flip-flops, sticky configuration bits, JTAG controller and
boundary-scan logic, and analog I/O compensation.

* Assert H {A/B} RST#.

* Do not assert IMI {A/B/C/D} RST# - software causes this to assert.
* Initialize non-PCI Express I/O port operation.

* Tri-state IMI I/O after 16 HCLKIN.

* Reset PCI Express protocol.

* Take PCI Express link down.

* Drive processor Power-On-Configuration (POC).

POC is driven from the SYRE.CPUBIST, POC, and POC_AUX{A/B} configuration registers.
The default values of these configuration registers do not require any processor request signals
to be asserted when PWRGOOD is first asserted.

* De-assert non-POC front side bus signals.

6.9.10 Hard Reset De-assertion

Trigger = RESTIN# de-assertion: synchronized

PWRGOOD is asserted.
* Allow normal operation of sticky configuration bits.
* Initiate physical IMI initialization.

* Initiate each remaining IMI initialization sequence: handshake, link-width negotiation, and
deskew-and-frame.

* Send NOP message to Hub Interface. Wait for NOP_ACK reply from Hub Interface. Send
CPU_RESET DONE message to Hub Interface.

* Initialize PCI Express link.

* Engage PCI Express link training.

* Bring PCI Express link up.

* After approximately 1 ms, de-assert processor RESET#.

* After processor RESET# de-assertion + 2 HCLKIN, disable POC.
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6.9.11 PCI Express Reset Asserted

Trigger = BCTRL.SRESET set: Synchronous
* Initialize PCI Express protocol.

¢ Take PCI Express link down.

6.9.12 NB PCI Express Reset De-asserted

Trigger = BCTRL.SRESET cleared: synchronous
* Initialize PCI Express link.
* Engage PCI Express link training.
* Bring PCI Express link up.

6.9.13 NB IMI Reset Assertion

Trigger = IMIHPC.NEXTSTATE set to “Reset” or “RecoveryReset”: synchronous
e Assert IMI {A/B/C/D} RST#.
* Tri-state IMI I/O (not including IMI_{A/B/C/D} RST#).

6.9.14 NB IMI Reset De-assertion

Trigger = IMIHPC.NEXTSTATE set to “Init” or “Recoverylnit”: Synchronous
* De-assert XMB IMI_RST#.
e IMl initiates physical initialization.

e After completion of IMI physical initialization, each IMI initiates each remaining initialization
sequence: handshake, link-width negotiation, and deskew-and-frame.

6.9.15 Warm Reset Sequence

Trigger = SYRE.ROR set or SYRE.CPURST set: Synchronous

¢ If SYRE.ROR is set, wait for an inband IMI.LREFRESH signal from IMI designated by
SYRE.REFPMI.

* Assert H {A/B} RST#.

6.9.15.1 Processor Reset Sequence

This is the entry point for a processor reset spawned by a “hard” reset. This is also a continuation of
the warm reset sequence.

Trigger = Processor RESET# assertion: Synchronous

* After processor RESET# assertion + minimum of 1 HLCKIN, enable POC.
POC is driven from the SYRE.CPUBIST, POC, and POC_AUX]1:0] configuration registers.
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* Logically mask front side bus inputs.

® Clear SYRE.ROR and SYRE.CPURST.

Functional Description

* After minimum of 1 ms, de-assert processor RESET#.

* After observing de-assertion of processor RESET#, resume front side bus protocol.

* After processor RESET# de-assertion + minimum of 2 HCLKIN, disable POC.

6.9.16 JTAG Reset Assertion

Triggers = {TRST# assertion: asynchronous; TMS asserted for 5 TCK rising edges: Synchronous}

* Initialize JTAG finite-state-machine.

* Initialize boundary-scan chain.

6.9.17 JTAG Reset De-assertion

Trigger = ITP_TRST# de-assertion: Asynchronous
* Release JTAG port and to operate normally.

* Release boundary-scan chain to operate normally.

6.9.18 SMBus Reset Sequence

Trigger = SMBus protocol: Synchronous
* Reset SMBus interface

6.10 System Management

The NB chipset supports three methods of providing system management to the platform:

* Processor Access - All registers of the NB Chipset are available via a FSB access.

* SMBus Access - Via an SMBus access to the NB, a register access can be generated to the NB,
any XMB, PCI Express device or ICH5. In addition, an SMBus access can go directly to the
XMB. It should be noted that unlike processor accesses, the SMBus interface does have some

restrictions, namely:

— SMBus cannot generate a Memory access at the NB or XMB

* JTAG Access - The same limitation and restrictions that apply to the SMBus interface also

apply to the JTAG interface of the NB components.

The NB chipset provides a fully functional SMBus (or JTAG) target interface, which gives direct
access to all internal chipset configuration registers. SMBus/JTAG access provides for a highly
flexible platform management architecture when used in conjunction with a baseboard
management controller (BMC) with an integrated network interface controller (NIC) function.
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Functional Description I n

System Management software in a NB platform can initiate system management access to the
configuration registers. Tlis can be done through SMBus accesses.

The mechanisin for the Server Management (SM) software to access confipuration registers is a
slave port that is close to SMBus Specification, Revision 2.0. but not fully compliant. Some Intel®
E8501 chipset components contain this slave port and allow accesses to iheir configuration
registers. The product specific details are compatible with the Intel 6 700PXH 64-bit PCI Hub
SMBus configuration access mechanism. The NB/XMB do not require the Intel 6700PXH 64-bit
PCI Hub memory read/write because all registers {includmg the Intet 6700PXH 64-bit PCI Hub
registers} can be accessed through the confipuration mechanism.

SMBus operations are made up of two major steps:
* Writing information to registers within each component

* Reading configuration regisiers from each component.

The following sections describe the protocol for an SMBus masier to access a NB component’s
internal configuration registers. For the bus protocol, timings, and waveforms. refer to the SMBus
Specification, Revision 2.0.

Each component in the NB platform must have a wnique address. NB component addresses are

defined in
Inte/® E8501 Chipset North Bridge {NB}) 000100
sXtemal Memory Bridge D {(XMB D) ooo107i
eXternal Memaory Bndge C (XMB C) oog1t0
eXtemal Memory Bridge B (XMB B) 0001001
eXtemal Memory Bndge A (XMB A) 0001060
Devices south of the NB 0000000 - 0000411

NOTES:

1. Bit 0 is not applicable o the address, since it is a R/WY it
2 The NB does not implement the SMBALERT# pin. The fact (hat NB uses 000 1100 means no slave-only

device that requires use of the SMBALERT# signal and the subsaquent access to the 0001100 address can
be used in the system.

NB components SMBus Rev. 2.0 slave ports support the followmg six SMBus conunands:

* Block Write * Word Write * Byte Write
* Block Read * Word Read * Byte Read

Sequencing these commands will initiate internal accesses to the component’s configuration registers.
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Functional Description

Each configuration read or write first consists of an SMBus write sequence which initializes the
Bus Number, Device Nuinber, etc. The term sequence is used, since these vanables may be written
with a single block write or multiple word or byte writes. Once these parameters are initialized. the
SMBus master can initiate a read sequence (which parform a configuration read) or a write
sequence (which performs a configuration write).

Eacl: SMBus transaction has an 8-bit conmiand driven by the master. The format for this command
13 illustrated in Tat -4 3 below.

7 [+ 5 4 32 1:0
Beain End Rsvd PEC en | Intemal SMBus Command:
Command; 00 - Byte

00 - Read DWord | 01 - Word
01 - Write Byte 10 - Black
10 - Write Waord 11 - Rsvd
11 - Wiite DWord

The Begirt hit indicares the first transaction of a read or write sequence.
The £nd bit indicates the last transaction of a read or write sequence.
The PEC er bit enables the 8-bit PEC generation and checking logic.

The Internal Commiand field specifies the internal command fo be issued by the SMBus slave logic.
Note that the Internal C'ommand must remain consistent (i.e. not change) during a sequence that
accesses a confipuration register. Operation cannot be guaranteed if it is not consistent when the
command s2tup sequence is done.

The SABus Conmiand field specifies the SMBus cominand to be issued on the bus. This field is used as
an indication of the length of mansfer so the slave knows when o expect the PEC packet (if enabled).

Reserved bits should he written to zero to preserve future compatibility.

Configuration reads are accomplished tiwough an SMBus write{s) and later followed by an SMBus
read. The write sequence is used to inttialize the Bus Nunber, Device, Function. and Register
Nuinber for the configuration access. The writing of this infonmation can be accomplished through
any combination of the supported SMBus write commands (Block. Word or Byte). The Miternal
Command field for each write shonld specify Read D'Word.

After all the information is set up. the last write (£nd bit is set) initiates an Uiternal configuration
read. If the data is not available before the slave interface acknowledges 1his last write cormnand
{ACK), the slave will “clock stretchi™ until the data renuns to the SMBus interface unit. If an error
occurs during the internal access, the last write command will receive a NACK. A status field
indicates abnoriral termination and contains status informatiou such as target abort, master abort,
and time-outs. The status field encoding is defined i -4,

76 Reserved
5 Intemal Master Abort
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I nU ® Functional Description

NB chipset provides a JTAG configuration access mechanism that allows a user to access any
register in the system. ~ 5-15 defines the mapping of registers to JTAG bit positions.

71:40 Data

39:32 Register Address{7:0]

31:29 Function{2:0]

2824 Device 1D[2:0]

2316 Bus number{7:0]

1512 Extended Register Address[11:8]
11:8 Reserved

74 Status

30 Command:
oo = NOP used in poiling the chain to determine if the unit is busy.
1001 = write byte

1010 = write word
1011 = write dword
1100 = read dword

The Intel® E8501 chipset north bridge (NB) provides functionality that allows accessing registers
in the system through the NB JTAG port. The NB will translate these accesses imto configuration
accesses to the other components. For XMB. ICHS, and PCI Express components. the accesses will
be the same as processor inttiated register accesses.

§
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Ballout/Pinout and Package
Information

7.1

This chapter specifies the ballout/pinout and mechanical specifications for the Intel® E8501
chipset north bridge (NB), and provides references to documents that contain similar information
for the remaining core components of the Intel® E8501 chipset, specifically:

XMB Intel® E8501 Chipset eXternal Memory Bridge (XMB)
ICH5 Intel® 82801EB I/O Controller Hub 5 (ICHS)

This information is intended to help with component placement and board routing.

Intel® E8501 Chipset North Bridge (NB) Ballout/
Pinout

The NB ballout includes the front-side bus (FSB) interfaces, the Independent Memory Interfaces
(IMI), the PCI Express interfaces, the Hub 1.5 interface, and the various power, ground, and
reference pins.

For detailed information about the XMB ballout and pin list, refer to the Intel® E8501 Chipset
eXternal Memory Bridge (XMB) Datasheet.

For detailed information about the ICH5 ballout and pin list, refer to the Intel/® 82801EB I/O
Controller Hub 5 (ICH5) and Intel® 82801ER 1/0 Controller Hub 5 (ICH5R) Datasheet. The ICHS
Datasheet is available at: http://developer.intel.com/design/chipsets/datashts.
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I n Ballout/Pinout and Package Information
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I n Ballout/Pinout and Package Information
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