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MCBus Overview

The MCBus (Module Connection Bus &emory Connection Bus) is a synchronous interconnect to allow any of
the following building blocks to be connected on a Motherboard: CUD’s (No-Bc&iPe Daughtercard or B-
CacheCPU Daughtercard), locainemory modules (SDSIMMs or ADSIMMs), 10D’s (IDaughtercards), and a
GCD (Global Connection Interfaceee note about No-Bcacl@tD restrictionbelow). The architecture of the
MCBus will support 0-4 CUD’s, 0-4 10D’s (with maximum of 6CUD’s and IOD’s combined), 0-4pairs of
memory modules (0,2,4,6 or 8 SDSIMMs or ADSIMMSs), and 0-1 GCD's.

The GCD provides an interface the GCBus (Global Connection Bus)The architecture of tht1CBus will
support up to 8 nodes on the GCBus.

Note:
The No-Bcache CUDwill not support the GCD
in NUMA mode (support for RM mode is TBD).

e MCBus node ID assignments

The MCBus node ID is assigned &dlows for amaximum of 7 bus commandef®memory is assigned to an
8th node for arbitration purposes only) . Configuration rules are TBD.

_MID<2:0> | IIP | PIO____
000 GCD GCD
001 Memory | Memory
010 CUD-0 CUD-0
011 CuD-1 CuD-1
100 IOD-0 IOD-0
101 IOD-1 IOD-1
110 CUD-2 I0D-2
111 CUD-3 I0D-3

e Datapath overview

Data is transferred on tRdCBus datapath in £onsecutive TBOL5nscyclesduring either a WriteRead, or

Fill transaction. Write data ialwaysdriven in four preassigneditacyclesrelative to the start of the Write
transaction.Readdata is returned either ifour preassignediata cyclesrelative to the start of th®ead
transaction (non-pended Read) or at a later time during a separate MCBus Fill transaction (pended Read). Fill
data isalwaysdriven in four preassignedatacyclesrelative to the start of the Fill transaction. A degdle

will usually be inserted on thBICBus datapath after each burst fofur datacycles to allow fortri-state
turnoff/turnon. Theexception tahis is if two non-pended Readse returning datérom the sameSDRAM.

In this casethe deadycle isnot insertecand data can hissued athe maximum bandwidth of tHdCBus of

TBD 1GB/sec.
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e Basic Addressing scheme

The basic addressing schemetbe MCBus is described belowFor more detailseethe Rawhide System

Programmer’s Manual.

0 MC_ADR<39>=0

Memory Space (cacheable)

MC_ADR<38:4> = address of 64-byte cache block, with both Read and Write
wrapping on the four MCBus data cycles as follows:

Any R/W-Mem

Any R/W-Mem

|
I Any R/W-Mem
|

Any R/W-Mem

[
0,1,2,3
1,0,3,2
2,3,0,1
3,2,1,0

0 MC_ADR<39>=1

IO Space (non-cacheable)

MC_ADR<38:36> = GID<2:0> (GCBus node ID -- defaults to 111 without a GCD)
MC_ADR<35:33> = MID<2:0> (MCBus node ID -- see MCBus node ID assignments above)
MC_ADR<32:4> = Node-specific IO addressing.

Note:

The No-Bcache CUDwill decode any WriteThru-10
transaction it issues with MC_ADR<32:28> asserted
(ADR<32:28>=11111) as an IO_INTR Acknowledge.

Also notethat CUD nodes dmot supportreturning data to IG5pace Readthat target the CUD

nodespace defineabove(there are ndCUD CSR’s visible fromthe MCBuSs).

CUD nodes are used for various types of Interrupt transactions.

IO Space Writes to

The wrapping on the four MCBus data cycles for IO Space transactions is as follows:

<39> s <5 <4> <>
WriteThru-10 0 0,1,-,-
1 0 2,3, -, -
X 1 illegal
1 WriteMask-10 0 0 0,1,2,3
0 1 illegal
1 X illegal
1 Read-IO 0 0 0, 15, --
0 1 1,0, -, -
1 0 2,3, -, -
1 1 3,2,--, -
1 ReadPeer-10 0 0 0,1,2,3
0 1 illegal
1 X illegal
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e Arbitration scheme

Arbitration forthe MCBus is implemented by eentral arbitetocated orthe motherboard. hperates with a
mixture of Round-robin, fixed, bus hold, and bus parking featt@sh of the 8 nodes indicated by MID<2:0>
sends a request signal to the central arbiter on MC_REQ_L<7:0>. The arbiter geadssagnal teeach of
the 8 nodes on the corresponding signal MC_GRANT_L<7:0>.

There aretwo arbitration priority schemes as followéone forthe I[IP motherboardind one forthe PIO
motherboard).

[IP Arbitration (maximum 4 CUD’s, 2 10D’s)

MID<2:0> | IIP | MC_REQ L<n>
| | MC GRANT L<n>

110 CuD-2
111 CUD-3

MID to MC_REQ_L<n> mapping (IIP)

000 GCD 6
001 Memory 7
010 CuUD-0 0
011 CuUD-1 1
100 I0OD-0 4
101 IOD-1 5

2

3

IIP Arbitration Algorithm (listed in descending order of priority)

O At absolutehighest priority, allnodes currentlygranted theViCBus will continue to begranted the
bus as long as they keep MC_REQ_L asserfdte exception tahis is thatMC_GRANT_L<6> will
not be held when MC_REQ L<6> is held if MC_REQ _L<7> is also assertdibte that
MC_REQ_L<7> is only used to issue MemRefrésinsactions, so th&CD can stillissue atomic
read-modify-write sequences by keeping MC_REQ_L<6> asserted. tHe iesponsibility of each
node to assemnd deassetC_REQ_L according tahe protocol described inthe MCBus Signal
descriptions.

0 MC_REQ_L<7>. This is used only by memory control logic located on the motherboard to issue
Memory Refresh transactions to the Memory modules.

0 MC_REQ_L<6>. This is used only by the GCD (if included).
O MC_REQ_L<5:4>. These operate at round-robin amongst themselves, used by IOD<1:0>.

O MC_REQ _L<3:0>. These operate at round-robin amongst themselves, used by CUD<3:0>.
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PIO Arbitration (maximum 2 CUD'’s, 4 I0D’s)

 MID<2:0> | PI0O | MC_REQ_L<n>
| | MC GRANT L<n>

000 GCD
001 Memory
010 CUD-0
011 CUD-1
100 IOD-0
101 IOD-1
110 IOD-2
111 |IOD-3
MID to MC_REQ_L<n> mapping (PIO)

2 Z
WNUOB~AR OO

PIO Arbitration Algorithm (listed in descending order of priority)

O At absolutehighest priority, allnodes currentlygranted theViCBus will continue to begranted the
bus as long as they keep MC_REQ_L asserfdte exception tahis is thatMC_GRANT_L<6> will
not be held when MC_REQ L<6> is held if MC_REQ _L<7> is also assertdibte that
MC_REQ_L<7> is only used to issue MemRefrésinsactions, so th&CD can stillissue atomic
read-modify-write sequences by keeping MC_REQ_L<6> asserted. tHe iesponsibility of each
node to assemnd deassetC_REQ_L according tahe protocol described inthe MCBus Signal
descriptions.

O MC_REQ_L<7>. This is used only by memory control logic located on the motherboard to issue
Memory Refresh transactions to the Memory modules.

0 MC_REQ_L<6>. This is used only by the GCD (if included).

O MC_REQ_L<5:2>. These operate at round-robin amongst themselves, used by |IOD<3:0>.

0O MC_REQ_L<1:0>. These operate at round-robin amongst themselves, used by CUD<1:0>.
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Additional Arbitration features (for both IIP and PIO)

When none of th&1C_REQ_Lsignals are asserted, the central arbiter will as¢€tGRANT_L tothe last
CUD thatwasgranted theMCBus (busparking). Note thateven wherthe bus is granted to a node, a new
transaction will not begin until MC_REQ_L is asserted.

The central arbiter on the motherboard asserts the si@alCA to indicatethat anew transaction is
beginning on theVICBus. On an idle MCBusghis signalmay be assertedither one or threeyclesafter
MC_REQ_L is asserted. If MC_GRANT_L<n> is already asserted on an idle busU® gdue tothe bus-
parking feature described above) then when MC_REQ_L<n> is asserted the central arbiter willGsSért
onecycle later. IfMC_GRANT_L<n> is not asserted on an idle Iien whenMC_REQ_L<n> is asserted
the central arbiter will assert MC_CA three cycles later.

Since CUD modules operate at lowmiority than |IOD and GCD modules, it is possible to ke#pe CUD

module from being granted the bus under certain conditions. The MC_LOCKOUT _L signal should be used by
a CUDthat hasissued MC_REQ L buhot received MC_GRANT _Lwithin TBD MCBus cycles. See the
description of the MCBus signal MC_LOCKOUT _L for more details.

» Restrictions on Multiple MCBus transaction from a single node.

A maximum of two (2) Pended Read-type transactions
(Memory or 10) may be issuedfrom the same commander on
the MCBus. The FILL transaction for one of thetwo Reads

must be issued onthe MCBus before a third Read-type
transaction may be issued (or one of théwo Reads must

receive MC_CNF_L=Ack or MC_CNF_L=Noack). Note the

one exception to this below.

A maximum of one (1) Pended Write-type transaction
(Memory or 10) may be issuedfrom the same commander on
the MCBus. The WritePendAck transaction for the Write
must be issued onthe MCBus before a second Write-type
transaction may be issued (or theWrite must receive
MC_CNF_L=Ack). Note the one exception to this below.

Note: ThelOD may issughe ReadMod-Memntransaction with the Cmdr_Merge bit asseredn ifthatsame
IOD hastwo Pended Read-typgansactions outstanding (the GCD will igndhee ReadMod-Mem since a
WriteMerge-Mem transaction will follow).

Note: The 10D may issue the Writelntr-10 transaction even if a Writettgpesaction fronthe samdOD has
been issued and the corresponding WritePendAck transaction has not been received. See the description of the
Writelntr-10 transaction for more details.

Note: It is possiblehatmore outstanding transactiotigan arendicatedabove may be allowefiom an 10D
or GCD. This depends on the available buffer space available in the IOD. This issue is TBD.
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e« MCBus transactions with MC_ADR<39>=0

In the following descriptions, the term “X” implig¢bat the vlue may beeither a “1” or a “0”, bugood parity
must be maintained over these signals (where applicable).

All MCBus transactions with MC_ADR<39>=0 must honitre memory-bank arbitration rule§n which
MC_ADR<6> must be different for anjwo MCBus transactions issued fowycles apart if bothhave
MC_ADR<39>=0).

O Read0-Mem, Readl-Mem

The commander of the transaction is reading a 64-byte block in cacheable space. If the data is located
in Local MemorythenMC_CNF_L=Ack. Ifthe data is nolocated in Local Memory thethe GCD

will returnMC_CNF_L=Pend. AIICUD’s will snooptheir cachesand returndirty (modified) data.

Any CUD wishing to keep a copy of the data will assert MC_SHARED_L.

If a ReadO-Memtransactionreceives MC_CNF_L=Pendhen the datawill be returned by a
subsequent FILLGransaction to the command&om the GCD. If aReadl Memtransaction
receives MC_CNF_L=Pend then a FILL1 transaction will follow. This allvessimultaneoufkead
transactions to be issued from the same commander.

Note that the MCBus architecture allows up to 16 uniquely-identifiable Raashctions to bissued
from the same commander by using the RID<2:0> Read_Exteb#m®in the secondcycle of the
MC_ADR transfer. However, due to buffer slmaitations in theGCD and/or 10D, a maximum of 2
outstanding Read-type transactions may be issued from the same commander on the MCBuUSs.

| | MC_CMD<5:4> | MC CMD<3:0> | | MC ADR<39> | MNC ADR<386> MC ADR<5:4> |
1 ‘1000,1001 ‘ ‘ Memory ‘ Wrap ‘
X 1110, 1111 0 Adr<38:6> Adr<5:4>
| [ mMC_cMD<54> | MC CMD<3:0> | | 39 | 3836 3533 32 | 31:20 | 28:25 | 24 | 234 |
2 ‘ ‘ ‘ Cmdr | Cmdr ‘ Cmar ‘ CA ‘
X X X GID MID X RID X par X

Read-Mem: MC_CMD & MC_ADR -- First Half, Second Half
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O ReadMod0-Mem, ReadModl1-Mem

This transaction is similar to thieead0-Mem, Read1-Metmansactiorexceptthe commandewishes
to modify (write to) the 64-byte blockAll CUD’s will invalidate theircopy ofthe 64-byte block after
snooping and will not assert MC_SHARED_L.

If this transaction is the first transaction in théomic read-modify-write sequencéhen the
Cmdr_Merge bit should be asserted (MC_ADR<32>=1himsecondhalf of the address transfer).
This is used by the GCD to ignore the ReadMod since a WriteMerge-Mem transaction will follow.

Note:
IOD’s should always assert the Cmdr_Merge bit (since all ReadMod-
Mem transactions are always the first command in a
ReadMod/Memidle/WriteMerge sequence).
CUD’s should always deassert the Cmdr_Merge bit (in which all

ReadMod transactions with MC_CNF_L=Pend will wait for the
subsequent FILL transaction).

I--I
1 101 ‘ Memory Wrap
X 101 1 0 Adr<38:6> Adr<5:4>
|| Wc cup<s4> | MC CMD<3:0> | 39 | 38:36 3533 32 3120 2825 24 | 235 |
2 ‘ ‘ ‘ Cmdr | Cmdr | Cmdr | Cmdr ‘ CA
X X X GID MID | Merge | RID X par X

ReadMod-Mem: MC_CMD & MC_ADR -- First Half, Second Half
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O WriteThru-Mem

This transaction isised to write arntire (unmaskedj4-bytesharedblock (write-thru) to cacheable
space. The value on MC_BMSK<15:0> must be all 1's (FFFF) for each of the four data cycles. If the
data islocated in Local MemorthenMC_CNF_L=Ack. Ifthe data is nobcated in Local Memory

then the GCD wilreturnMC_CNF_L=Pend. AlCUD’s will snooptheir cachesandinvalidate their

copy of the 64-byte block.

If a WriteThru-Mem transactiorreceives MC_CNF_L=Ackthen the write has successfully
completed.

If a WriteThru-Mem transactioreceives MC_CNF_L=Penthen the commandewill wait for the
WriteThru-Mem transaction to be terminated in onetwbd ways. Ifthe WriteThru-Mem is
successful (if ithas reached theache coherence point by being issuedtlme GCBus) then a
subsequent WritePendAck transaction will be issued on the MCBus to the comifnamdize GCD.

If the WriteThru-Mem transaction is unsuccessful (another commander issues a Write to the same 64-
byte block orthe GCBus)then asubsequent Invalidate transaction will be issuetheCBus from

the GCD causing the commander to issue a ReadMod-Mem in order to reattempt its write.

Note that theGCD may alsaeturnMC_CNF_L=Pend fofflow control in order to stop subsequent
write transactions fronthe commander of the current WriteThru-Mem transactionsuBsequent
WritePendAck transaction will be issued on the MCBus to the commandethifedCD to complete
the WriteThru-Mem and allow the commander to continue to issue write transactions.

Betweenthe timeNode A issues &VriteThru-Mem transaction with MC_CNF_L=Pend to a givén
64-byte address Xand thesubsequent WritePendAck or Invalidate transactiomeiived, any |
ReadMod-Mem or WriteType-Mem froanother node tthe same 64-bytaddress X must haause |
Node A to invalidate its copy of address X (this restriction only applies to Node A).

Note thateach of theMC_BMSK<15:0> signal$as a pullup resistor on tidotherboard so nodes
thatonly issue full64-byte writesare not required to drive thdC_BMSK<15:0> signalgthey will
default to all 1's when they are not driven by any node).

| | mC_cMD<5:4> | MC_CMD<3:0> | | MC_ADR<39> | MC_ADR<38:6> | MC_ADR<5:4> |

Memory ‘ Wrap ‘

WriteThru-Mem: MC_CMD & MC_ADR -- First Half, Second Half
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O WriteBack-Mem

This transaction isised to write arntire (unmaskedj4-byte victimized block (write-back) toocal
Memory. The value on MC_BMSK<15:0> must k&l 1's (FFFF) for each ofhe four datacycles.
Note that CUD’s need not snoop to invalidate their caches on this transaction.

All WriteBack-Mem transactions wilreceive MC_CNF_L=Ackindicating that thewrite has

successfully completed.

Note that each of theMC_BMSK<15:0> signaldas a pullup resistor on thiMotherboard so CUD
nodes that only issue ful4-byte writesare not required to drive thdC_BMSK<15:0> signalgthey
will default to all 1's when they are not driven by any node).

[ [ Mc_cMD<5:4> | MC_CMD<3:0> | | MCADR<3%> | MC_ADR<38:6> | MC_ADR<54> |
1 Memory Wrap
X1 0110 0 Adr<38:6> Adr<5:4>

WriteBack-Mem: MC_CMD & MC_ADR -- First Half, Second Half
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O WriteFull-Mem

This transaction isised to write a full (unmaske@)-byte block to cacheable spacéhe value on
MC_BMSK<15:0> must ball 1's (FFFF) for each ofhe four datacycles. All CUD’s will snoop
their caches and invalidate their copy of the 64-byte block.

Normally the WriteFull-Mem  transaction  will receive MC_CNF_L=Ack. However,
MC_CNF_L=Pend may beeturnedfor flow control in order to stop subsequent write transactions
from the commander of the current WriteFull-Mem transaction. subsequent WritePendAck
transaction will be issued on the MCBus to the commander to complete the Write Fubidetiow

the commander to continue to issue write transactions.

[ [ MmC_CMD<5:4> | MC CMD<3:0> | | MC_ADR<39> | MC_ADR<38:6>  MC_ADR<5:4> |

Memory ‘ Wrap ‘

Cmdr Cmdr
X X X GID MID X par

WriteFull-Mem: MC_CMD & MC_ADR -- First Half, Second Half
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O WritePart-Mem

This transaction is used to write one or more unmasked 16-byte alligned blocks iG4alfyié block
to cacheable space &fl 64 bytesare being writterthen theWriteFull-Mem transactiomay be used
instead). Thesalue on MC_BMSK<15:0> must kal 1's (FFFF) orall O's (0000) for each of the
four data cycles (any mixture of FFFF or 0000cycles is allowed). Only thosecycles with
MC_BMSK<15:0> asserted (FFFF) will be written to memoihe cycleswith MC_BMSK<15:0>
deasserted (0000) will leatlee corresponding (wrappeti®-byteallignedmemory blockunchanged.
Note that all four data cycles must have good ECC on MC_CHK<15:0>.

If the Cached-CUD contains a dirgopy ofthe alligned64-byte blockthen it keepsthat copy dirty
(no invalidate is issued to its cachas)dasserts MC_WRITE_DIRTY_L causirthe IOD to issue a
ReadMod/Memldle/WriteMerge sequenostead. If theCached-CUD doesot contain a dirty copy
then it must invalidate its copy of the 64-byte block.

Note:
The WritePart-Mem transaction may only beissued
on an MCBus without a No-Bcache CUD node.

Normally the WritePart-Mem  transaction  will receive  MC_CNF_L=Ack. However,
MC_CNF_L=Pend may beeturnedfor flow control in order to stop subsequent write transactions
from the commander of the current WritePart-Mem transaction. suBsequent WritePendAck
transaction will be issued on the MCBus to the commander to complete the WritePaaridaliow

the commander to continue to issue write transactions.

Note:
This revision of the MCBus Spec does not allow a
CUD to have a dirty copy of a block unless it is
located in the local memory, therefore if
MC_CNF_L=Pend then MC_WRITE_DIRTY_L
will always be deassertedduring the WritePart-
Mem transaction.

| WC CMD<5:4> | MC CMD<3:0> | | MC ADR<39> | MC ADR<38:6> | MNC ADR<5:4> |

1 ‘ Memory ‘ Wrap ‘
10 0111 0 Adr<38:6> Adr<5:4>

|| mc_cmD<s«4> | MC CMD<3:0> | | 39 | 38:36 | 3533 | 3225 24 2316 158 | T4 |

2 ‘ ‘ ‘ Cmar ‘ Cmar ‘ ‘ CA ‘ ‘ ‘
X X X GID MID X par X X X

WritePart-Mem: MC_CMD & MC_ADR -- First Half, Second Half
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O WriteMerge-Mem

The WriteMerge-Mem transactiomay only be issued ake third transaction in ReadMod-Mem/
Memldle/ WriteMerge-Mem sequence. Notiat CUD’s neednot snoop to invalidatéheir caches on
this transaction because the preceding ReadMod-Mem will cause an invalidate snoop.

If the preceding ReadMod-Mem transaction receives MC_CNF_L=Ack, then all 64 bytes of data must
be valid during théVriteMerge-Mem transactioand MC_BMSK<15:0> must ball 1's (FFFF) for
each of the four data cycles.

If the precedingReadMod-Memtransactionreceives MC_CNF_L=Pend, only thobgtes ofdata
indicated by MC_BMSK<15:0> must be valithe remainder of the data is don’t chre ECC must
be correct for all four data cycles.

Normally the WriteMerge-Mem transaction will receive  MC_CNF_L=Ack. However,
MC_CNF_L=Pend may beeturnedfor flow control in order to stop subsequent write transactions
from the commander of the current WriteMerge-Mem transactionsubsequent WritePendAck
transaction will be issued dhe MCBus tothe commander tcompletethe WriteMerge-Mem and
allow the commander to continue to issue write transactions.

|| MC_CMD<5:4> | MC CMD<3:0> | MC ADR<39> | NC ADR<386> | MC ADR<5:4> |
1 ‘ Memory Wrap
X 1 0111 0 Adr<38:6> Adr<5:4>
|| mc_cmD<s«4> | MC CMD<3:0> | | 39 | 38:36 | 3533 | 3225 24 2316 158 | T4 |
2 ‘ ‘ ‘ Cmdr ‘ Cmdr ‘ ‘ CA ‘ ‘ ‘ ‘
X X X GID MID X par X X X

WriteMerge-Mem: MC_CMD & MC_ADR -- First Half, Second Half
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O Invalidate

This transaction isissued byt
MC_ADR<38:6>. All CUD’s will

he GCD to invalidatethe 64-byte cache blockndicated by
snoop their caches and invalidate their copy of the 64-byte block.

Note that MC_ADR<39>=0 forthe Invalidate transactioand note alsothat it must honor the

memory-bank arbitration rule§

n which MC_ADR<6> must be different for aryo MCBus

transactions issued foayclesapart if bothhave MC_ADR<39>=0). A subtle siddfect ofthis is

that aninvalidatemay not be issued tthe same4-bytelocation as theViCBus transactionissued

four cycles before or after it. This removes some complexity on managing the boundary conditions on
nodes issuing transactions to the same address as the snooped address.

The value on MC_CNF_L should be ignored on an Invalidate transaction.

There are no data cycles assoc

iated with the Invalidate transaction.

Invalidate: MC_CM

DIGITAL CONFIDENTIAL

Memory
0 Adr<38:6> X
39 38:36 | 3533 3225 | 24 | 2316 158 | T4 |
Cmdr | Cmdr CA ‘ ‘ ‘
X GID MID X par X X X

D & MC_ADR -- First Half, Second Half
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O SetDirty

This optional transaction wilbnly be issued byhe Cached-CUD in order ttransition the64-byte
cache blockndicated by MC_ADR<38:6> tthe DIRTY state.Note that the othelCUD’s need not
snoop to invalidateheir caches orthis transaction (it ionly used bythe Cached-CUD for cache
coherency private to the Cached-CUD module).

Note that MC_ADR<39>=0 for the SetDirty transaction and note also that it must homoetiay-
bank arbitration rulegin which MC_ADR<6> must be different for artyyo MCBus transactions
issued fourcyclesapart ifboth have MC_ADR<39>=0). A subtle sid#ect ofthis is that a SetDirty
may not be issued tthe sameé4-bytelocation as théICBustransaction issued fouycles before or
after it. This removes some complexity amanaging theboundary conditions on nodes issuing
transactions to the same address as the SetDirty address.

The value on MC_CNF_L should be ignored on a SetDirty transaction.

There are no data cycles associated with the SetDirty transaction.

| | mC_cMD<5:4> | MC_CMD<3:0> | | MC_ADR<39> | MC_ADR<38:6> | MC_ADR<5:4> |
1 Memory
X 0101 0 Adr<38:6> X

X X X GID MID X par

SetDirty: MC_CMD & MC_ADR -- First Half, Second Half
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0 ReadFILLO, ReadFILL1

The ReadFill transaction is a combination dbeal memory Readnd a Fill to aprevious Pended
local memory Read.

The ReadFILLOtransaction is used t@turn data to #ended Read0-Mem or a Pended ReadModO-
Mem transaction while thReadFILL1 transaction is used to return data to a Pended Readl-Mem or a
Pended ReadMod1-Metransaction. During the first half of thCBus addrestransfer theMID of

the commander of the PendRdad is driven as showgiNotethat this is acopy ofthe “commander”
information driven during thesecond half of the address transfer during tiended Read
transaction). Théocal memory address bits32:4> arealso driven as shownNote that theupper
memory address bits <38:33> are not included in this transaction.

If the PendedReadtransaction that initiated thReadrill was a ReadModO-Mem or a ReadMod1-
Mem, then MC_CMD<4>=1 during the first half of the command/address transf@therwise
MC_CMD<4>=0 during the first half of the command/address transfer.

MC_CMD<5>=0 during the first half of the command/address transfer.
The value on MC_CNF_L should be ignored dReadFill transaction.

Nodes should nosnoop their caches orthis transaction. Théour data cycles of the Readill

transactionoccur inthe same relativéour cycles as a Read-tymnd/or Fill transactionNote that
MC_RHOLD_L<n>, MC _DIRTY_EN_L<n> MC_NOT_OUR_DIRTY Land MC_DIRTY_L
must/will be deasserteahd MC_DAT_IN_CKE_L will be asserteduring the relevantycles of the
ReadFill transaction.

During theReadFill transaction, thealue on MC_SHARED_L will leavéhe block beingreturned
shared ifMC_SHARED_L is assertednd non-shared iMC_SHARED_L is deasserted. See the
description of the signal MC_SHARED_L for more details.

1 1 10 0 Read Cmdr Memory Wrap
0, ReadMod 1101 0 X MID Adr<32:6> Adr<5:4>
| WCCMD<s4> | MCOMD<3(> | 39 | 3836 | 3533 @ﬂl
2 RFILL Cmdr | RFILL Cmdr
X X X GID MID X X X par X

ReadFill: MC_CMD & MC_ADR -- First Half, Second Half
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* MCBus transactions with MC_ADR<39>=1

MCBus transactions with MC_ADR<39>=1 do not have to hotier memory-bank arbitration rule@ny
address may be issued on MC_ADR<38:4> if MC_ADR<39>=1).

0 Read0-10, Readl-10

The commander of the transaction is readin@2abyte block in non-cacheable space. this
transactiorreceives MC_CNF_L=Pendhen the datavill be returned in the firstwo cycles of the
subsequent FILLO or FILLiransaction (the lattvo datacycles ofthe Fill are driven with don't care
data with good ECC on all four data cycles). If this transacgoeives MC_CNF_L=Noackhen no
subsequent FILL transaction will be issued.

There are no data cycles associated with the Read0-10 or Read1-10 transactions. |

The firsttwo datacycles ofthe FILL contain the32-bytesindicated by MC_ADR<39:5>. The data
will be wrapped based on MC_ADR<4>,

If the target of thRead-10 is an 10D, additional sparse/dense address infornmatigrbe indicated

by thevalue onthe MC_ADR signals in the firsand secondhalf of the address transfeiSee the
Rawhide Syster®Programmer’s Manudbr more details onhe decoding of MC_ADR<32:4®luring

the first half of the address transfer. During #ezondhalf of the MCBus addresdransfer the
quadword mask information (if necessary) is placed on MC_ADR<11:8> (the Int4_Valid<3:0> bits).

If the Read-IO transaction is reading th&/HAMI register in thelOD or the GCD, then the
information found on MC_ADR<38:33, 20:184, 7, 4> during thesecondhalf of the address
transfer is returned as data during swdsequent FlLltransaction on MC_DAT<13:0> as indicated
below. Theuse of these bits is module-specific. 8s=Rawhide SysterProgrammer’s Manual and
the Cached-CUD spec for more details.

I-_I
1 ‘ 100 |0-space ‘ ‘
X 100 1 1 Adr<38:6> Adr<5:4>
2 ‘ ‘ Cmdr GID Cmdr MID ‘ Cmdr ‘ CA
X X X | WHAMI<S:3> | WHAMI<2:0> | X RID X par

WHAMI Int4_VaI|d WHAMI
X D<8> X <3:0> D<7> X D<6>

Read-10: MC_CMD & MC_ADR -- First Half, Second Half
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O ReadPeer0-10, ReadPeerl1-10
IOD 64-byte Peer-to-peer Reads.
MC_ADR<5:4>=00 for the ReadPeer-10 transaction (read wrapping is not supported).
MC_CNF_L=Pend for all ReadPeer-IO transactions.

There are no data cycles associated with the ReadPeer0-10 or ReadPeerl-IO transactions.

[ | MC CNMD<5:4> | MC_CMD<3 MC_CMD<3:0> | | MC_ADR<39> | MC_ADR<38:6>  MC_ADR<5:4> |
1 101 Peer-to-peer 10
X 101 1 1 Adr<38:6> 00

| mC_CMD<5:4> | MC_CMD<3:0> | 39 | 3836 3533 31:29 | 28:25 | 24 | 234 |

Cmdr Cmdr
X

X X GID MID

ReadPeer-I0: MC_CMD & MC_ADR -- First Half, Second Half
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0 FILLO, FILL1

The FILLO transaction is used teeturn data to @ended ReadO-typeansaction (either Maory-

space or |0-space) whilthe FILL1 transaction is used teeturn data to @ended Readl-type
transaction. During the first half of tHdCBus addresdransfer the GIDMID and RID (the
Read_Extension bits) &fie commander of the PendRdadare driven as showiiNotethat this is a

copy of the “commander” information driven during the second half of the address transfer during the
Read-type transaction).

If the Read-typetransaction that initiated thEILL was a ReadModO-Mem or a ReadMod1-Mem,
then MC_CMD<4>=1 during the first half of the command/address transfeOtherwise
MC_CMD<4>=0 during the first half of the command/address transfer.

If the Read-typetransaction that initiated thEILL was a Read0-l10, Readl-I0, ReadPeer0-10 or
ReadPeerl-I0then MC_CMD<5>=1 during the first half of the command/address transfer.
Otherwise MC_CMD<5>=0 during the first half of the command/address transfer.

If the data being returned is validnd no errorshave occurred (Successful FILL}hen
MC_ADR<32>=0 during the first half of the address transfer. If the data being rehaseah error
or the address was not found (NXM) then MC_ADR<32>=1 to indicate a FILL Error.

The four datacycles ofthe FILL transactionoccur inthe same relativéour cycles as a Read-type
transactionNotethatMC_RHOLD_L<n>, MC_DIRTY_EN_L<n> MC_NOT_OUR_DIRTY_L and
MC_DIRTY_L must/will be deassertednd MC_DAT IN_CKE_L will be assertedduring the
relevant cycles of the FILL transaction.

The value on MC_CNF_L should be ignored on a FILL transaction.

If the Read-type transaction that initiated FHEL was a Read0-Mem, Read1-Mem, ReadMod0-Mem
or a ReadMod1-Menthen thevalue on MC_SHARED_L will leavéhe block beingreturned shared

if MC_SHARED L is assertednd non-shared MC_SHARED L is deasserted. MC_SHARED L
must be deasserted if the Read-tya@saction that initiated tHeLL was a Read-10 or ReadPeer-10
transaction. See the description of the signal MC_SHARED_L for more details.

Note:
The 10D should issue all FILL
transactions with MC_CMD<5:4>=10
and MC_SHARED L deasserted.

Note that the data on the FILL transaction must be returned in the correct wrapped order indicated by
the Read-type ransaction. Note alsothat all four data cycles must havegood ECC on
MC_CHK<15:0> even if the data is not valid (only 32 bytes of data or no data due to a FILL error).

[ | McCwDsa> | McCMD<30> | | 39 | 3836 | 3533 | 32 | 3129 284 |
1 1100 ‘ Read Read Read
ReadlO, ReadMod 1101 1 Cmdr Cmdr ERR Cmdr X
GID MID RID

[ | MccMD<54> | MC CMD<3:0> | | 39 | 38:36 35:33 31:29 | 28:25 | 24 | 234 |

2 FILLCmdr | FILL Cmdr
X X X GID MID

Fill: MC_CMD & MC_ADR -- First Half, Second Half
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O WriteThru-10

The WriteThru-10 transaction is used by the CUD for all 10-space Writes including “Programmed 10
Writes” to the IOD, “CSR Writes” to the 10D and GCD, “Interprocessor Interrupts” from one CUD to
another, and “Interrupt Acknowledge” Writes from a CUD to itself or from a CUD to the IOD.

The IOD dues not use the WriteThru-l1O transaction (see the Writelntr-10 transaction for more details
of IOD 10-space writes).

The firsttwo datacyclescontain the32-bytesindicated by MC_ADR<39:5>. MC_ADR<4> must be
deasserted for all WriteThru-IO transactions (data will not be wrapped based on MC_ADR<4>).

WriteThru-10 transactions from @UD that target anOD node may be used for “Programmed IO
Writes” in which all or part of 82-bytedatablock iswritten to non-cacheable spadéhe mask is
determined by the sparse/demsetocol as described ithhe Rawhide SystenProgrammer’s Manual.
The four Int4_Valid<3:0> bits corresponding tbe first datacycle are placed on MC_ADR<11:8>
during the second half of the MCBus addresstransfer and thefour Int4_Valid<3:0> bits
corresponding to theeconddatacycleare driven on the MC_IMSK<3:0> signal®lotethat the last
two datacyclesare ignoredand thevalue on MC_BMSK<15:0>luring all four datacycleswill be
ignored.

WriteThru-10 transactions from a CUD that target an IOD or GCD may be used for “CSR Writes”.

WriteThru-10 transactions from @UD to itself, toanotherCUD, or tothe IOD may be used for
various types ointerrupts and interrupacknowledge operation§eethe description oMCBus
Interrupts for more details.

Normally the WriteThru-10 transaction witleceive MC_CNF_L=Ack. However, MC_CNF_L=Pend
may bereturnedfor flow control in order to stop subsequent write transactions fhrrcommander

of the current WriteThru-l1O transaction. shibsequent WritePendAck transaction will be issued on
the MCBus to the commander to complete the WriteThrani@allow the commander to continue to
issue write transactions.

Note that thefour Int4_Valid<3:0> bitsare ignoredfor all WriteThru-10 transactiongxcept for
“Programmed 10 Writes”. Note alsothat all four data cycles must have good ECC on
MC_CHK<15:0> even if the data is not valid.

1 IO space
X0 0110 1 Adr<38:6> Adr<5> 0
[ | MC CMD<5:4> | MC_CMD<3:0> | | 39 | 38:36 | 35:33 3225 | 24 | 2312 | 118 | 74 |
2 Cmdr | Cmdr CA Int4_Valid
X X X GID MID X par X <3:.0> X

WriteThru-10: MC_CMD & MC_ADR -- First Half, Second Half
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O Writentr-10

The Writelntr-10 transaction isised only bythe 10D for issuing 10 Interrupts andNodeHalt
Interrupts. See the description of MCBus Interrupts for more details.

The value on MC_CNF_L should be ignored on a Writelntr-10 transaction.

EachlOD may only issue anaximum of TBD two Writelntr-1O transactions until 40_ACK is
received (seéhe description oMCBus Interruptsfor more information). When the firstO_ACK is
receivedthe IOD may issue ahird Writelntr-IO andconsequently may have no mahanTBD two
outstanding Writelntr-10 transactions at a time.

Since the Writelntr-10 transaction will nevesceive MC_CNF_L=Pendhe GCD must have enough
buffer space tdold TBD two Writelntr-lIO transactions from each 10D node thie MCBus even if
the GCD has assrted MC_CNF_L=Pend to a previous Write-typensaction fronthe IOD issuing
the Writelntr-lO transaction.Note that there is no datassociated withhis transaction andnly a
subset of the full address information (only MC_ADR<38:33, 31> needs to be stored in the GCD).

Note that the data during the Writelntr-1O transaction is ignored and the EGIC 08HK<15:0> is
ignored during alfour datacycles(ECC is notcheckedduring the dataycles ofthe Writelntr-1O
transaction).

1 10- space ‘
X1 0110 1 Adr<38:28> X
[ | MC CMD<5:4> | MC_CMD<3:0> | | 39 | 38:36 | 35:33 3225 | 24 | 2312 | 118 | 74 |
2 Cmdr | Cmdr CA ‘
X X X GID MID X par X X X

Writelntr-10: MC_CMD & MC_ADR -- First Half, Second Half
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O WriteMask-10

The WriteMask-10 transaction is used for “Peer-to-peer Writes” in wdilicbr part of a64-bytedata

block is wrtten to non-cacheable spadée value on MC_BMSK<15:0> in each tiie four data
cycles on the MCBus indicates which byte of data is valid during that data cycle. MC_ADR<5:4>=00
for the WriteMask-10 transaction (write wrapping is not supported).

Normally the WriteMask-10 transaction witeceive MC_CNF_L=Ack. However, MC_CNF_L=Pend
may bereturnedfor flow control in order to stop subsequent write transactions fhrrcommander

of the current WriteMask-10 transaction. sibsequent WritePendAck transaction will be issued on
the MCBus tothe commander toompletethe WriteMask-10and allow the commander to continue
to issue write transactions.

|| MC_CMD<5:4> | MC CMD<3:0> | MC ADR<39> | NC ADR<386> | MC ADR<5:4> |
1 ‘ Peer-to-peer 10 ‘
X0 0111 1 Adr<38:6> 00
| [ mC_cMD<54> | MC CMD<3:0> | | 39 | 38:36 | 3533 [ 3225] 24 | 23:16 | 158 | 7:4 |
2 ‘ ‘ ‘ Cmar ‘ Cmar ‘ ‘ CA ‘ Quadword ‘ ‘
X X X GID MID X par X Mask X

WriteMask-10: MC_CMD & MC_ADR -- First Half, Second Half
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O Memidle
The Memldle transaction is used itwsert aNOP between two MCBusansactions that ference the
same memory-bank(in which MC_ADR<39>=0 and MC_ADR<6> match). Note that
MC_ADR<39>=1 forthe Memldle transaction. See the description ofMCBus Memory-space
Masked Writes below for more details.
The value on MC_CNF_L should be ignored on a Memidle transaction.

There are no data cycles associated with the Memldle transaction.

Memlidle: MC_CMD & MC_ADR -- First Half, Second Half
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O WritePendAck

The WritePendAck transaction igsed to successfullyerminate a Pended WriteThru-Mem
transaction or tallow the commander ofny Pended Write-typtransaction to continue sending
Writes (for flow control). Seethe description of the WriteThru-Mem transactiapove formore
details.

During the first half of thelCBus addresdransfer theGID and MID of the commander of the
Pended Write are driven as shown.

The value on MC_CNF_L should be ignored on a WritePendAck transaction.

If the WritePendAck is inresponse to a WriteThru-Mem transactiotmen the value on
MC_CMD<4> (the SHARED bit) during the first half of the cmd/address transfer will erdock
being written shared if MC_CMD<4>=1 or non-shared if MC_CMD<4>=0.

If the WritePendAck is in response to a WriteThru-Mem transactiien the value on
MC_CMD<5> (thelINVAL bit) during the first half of themd/address transfer wikavethe block
being written valid if MC_CMD<5>=0 or invalid if MC_CMD<1>=1.

Note:
The 10D should Issueall WritePendAck
transactions with MC_CMD<5:4>=00.

There are no data cycles associated with the WritePendAck transaction.

1

‘ ‘ Write Cmdr | Write Cmdr
1

INVAL, SHARED 0010 ‘ GID MID X X

[ | MCCMD<5:4> [ MC CMD<3:0> | | 39 |  38:36 35:33 31:25 | 24 | 234 |

WPAck Cmdr | WPAck Cmdr
X X X GID MID X X par X

WritePendAck: MC_CMD & MC_ADR -- First Half, Second Half
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O MemRefresh

The MemRefresh is used lie Local Memory control logic othe motherboard tssue a Refresh

command to all the_.ocal Memory modules. The Local Memory control logic issues a Refresh
sequence orthe MCBus every TBD 13usec byasserting MC_REQ_L<7> (the highest priority
MCBus request level) and issuing the following three atomic MCBus transactions:

MemRefresh (NOP to local memaory)
MemRefresh (CBR Refresh to all DRAMS)
MemRefresh (NOP to local memaory)

The first MemRefresh (NOP to local memory) guarantéest all banks within theSynchronous
DRAMs are prechargeteforethe CBR Refreshcommand is issued tine SDRAMs and the third
MemRefresh (NOP to local memory) guarantdes all banks within theSDRAMs are precharged
before a newbank is activated by ®ICBus transaction immediatelfollowing this un-interruptable
sequence.

The value on MC_CNF_L will be ignored on a MemRefresh transaction.

There are no data cycles associated with the MemRefresh transaction.

| | mC_cMD<5:4> | MC_CMD<3:0> | | MC_ADR<39> | MC_ADR<38:4> |

1

X 0011 1 X

| | MC_CMD<5:4> | MC_CMD<3:0> | | MC_ADR<39> 38:25 24 | 23:4 I

X X X X

MemRefresh: MC_CMD & MC_ADR -- First Half, Second Half
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e MCBus Memory-space Masked Writes

The Local Memory onthe MCBus doesot support writingessthan afull unmasked 128-bit (alligned 16-
byte) datacycle. Any nodewishing to write lesshan afull 64-byte blockmust issue eithethe read-modify-
write atomic sequence described below or a WritePart-Mem transaction.

By keeping MC_REQ_L asserted a nathn hold ato the MCBus (seethe arbitrationscheme description
above). Therefore, by keeping MC_REQ _L assettesffollowing sequencean beused to write a partial 64-
byte block:

ReadMod-Mem

Memldle

WriteMerge-Mem

e MCBus Interrupts

The varioustypes of MCBusinterrupts and interrupacknowledge operationsre implemented using the
Writelntr-lIO transaction (from an 10D) or the WriteThru-lO transaction (fron€W@D). The address

decoding of the first half of the address transfer ilmys (the GIDandMID uniquely identifythe target of

the Interrupt):

_ Type . Cmdr | Target | MC_CMD<5:0> | 39  38:36 35:33 | 32 3130 29 28

IO_INTR 0D CuD Writelntr-10 1 Target GID | Target MID 011 11 X
|0_ACK CuD 0D WriteThru-10 1 Target GID | Target MID 11111 X
NodeHalt_INTR 0D CuD Writelntr-10 1 Target GID | Target MID 001 11 X
NodeHalt_ACK CuD itself WriteThru-10 1 Target GID | Target MID 101 11 X
IntervalTimer_ACK CuD itself WriteThru-10 1 Target GID | Target MID 10 0 00 X
IP_INTR CuD another CUD | WriteThru-10 1 Target GID | Target MID 0 00 0 1 X
IP_ACK CuD itself WriteThru-10 1 Target GID | Target MID 10 0 0 1 X
MCHK_ACK CuD itself WriteThru-10 1 Target GID | Target MID 10010 X
Not used (IRQO_ACK) cubD itself WriteThru-10 1 Target GID Target MID 1 0 0 1 1 X
DTAG_ENABLE CuD B-Cache CUD | WriteThru-10 1 Target GID | Target MID 10100 X
DTAG_DISABLE CuD B-Cache CUD | WriteThru-10 1 Target GID | Target MID 10 10 1 X
CCC_REG (notet) CuD B-Cache CUD | WriteThru-10 1 Target GID | Target MID 10110 cce
NOP_ACK (note2) CuD itself WriteThru-10 1 Target GID | Target MID 11110 X

Interrupts and Interrupt Acknowledge: MC_CMD & MC_ADR -- First Half

Notel: CCC_REQ<27:4> = Cached-CUD Configuration Register (Write-only) -- see Cached-CUD Spec.

Note2: A CUD can write to itself at this address with no side effects (trigger or debugging address)
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O 1/O Generated Interrupt/Acknowledge

When the IOD wishes to forward an I0_INTR from one of its busses to a CUD to servictthept
(oneandonly one CUD may receive I0_INTR’s fromumique IOD) it will write thevector of the
interrupt tomemoryusing aread-modify-write sequence (sé& description oMCBus Memory-
space Masked Writesdllowed by an “IO_INTR”(the Writelntr-10 transaction) in which the target
CUD isindicated by theGID and MID in the first half of theMCBus address.Seethe Rawhide
System Programmer’s Manual for more details on IO Interrupts.

By keeping MC_REQ_L asserted a nockn holdonto the MCBus (seethe arbitrationscheme
description above). Therefore, by keeping MC_REQ_L assdhedollowing sequence should be
used to send an IO_INTR:

ReadMod-Mem
Memldle
WriteMerge-Mem
Writelntr-10

When theCUD receivesthe Writelntr-1O transaction it increments it® INTR counter up to a
maximum of 32 |0 Interrupts system-wide (with a GCD) or 8 10 Interrupts per Motherboard (without
a GCD). Whenever th®©_INTR counter is non-zerdhe IRQ signal (asspecified inthe Rawhide |
SystemProgrammer’s Manual) to th@éPU will be asserted (level-sensitive). Where same CUD
issuesthe WriteThru-IO transaction on tHdCBus for the IO_ACK it decrements itdO_INTR
counter.

O Node Halt Interrupt/Acknowledge

When the IOD wishes to forward a NodeHalerrupt tooneandonly onetargetCPU, it will issue a
Writelntr-1O transaction with the first half of the addresdascribed aboveThe targetCUD will
set itsNodeHalt_INTR flopandclear it on thesubsequent WriteThru-10 transaction thre MCBus
(to itself) for the NodeHalt_ACK.

O Interval Timer Acknowledge
The CUD will set its IntTim_INTRflop when it receives gignal fromthe motherboard. The CUD
will clear it on the subsequent WriteThru-IO transaction éne MCBus (to itself) for the
IntervalTimer_ACK.

O Inter-processor Interrupt (IP_INTR)
When aCUD wishes tesend an IP_INTR to orendonly onetargetCUD, it will issue awriteThru-
IO transaction with the first half of the addressdascribed aboveThe targetCUD will set its

IP_INTR flop andclear it on thesubsequent WriteThru-1O transaction thre MCBus (to itself) for
the IP_ACK.
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MCBus Signals

A description of each MCBusignal is included here, witprecisetiming diagrams showing theaveforms of
these signals in the MCBus Transaction section.

Included in the timing diagrams are the signals CC_<2:7> (Comi@gale 2-7). These are not actusliCBus
signals, butare included as suggested implementation tfcking the command sequencing of MEBus.
These signals provide a referermele number forthe MCBus signal descriptiongind theMCBus transaction
descriptions. The algorithesed bythe central arbiter on the motherboardl theCUD to produceahese iternal
signals is as follows:

(syntax expressions)

p = NOT
“8" = AND
“#H - OR

=" = asserted on the next rising edge of MCLK
(temporary definitions)

MC_CA = IMC_CA_L;
MC_STALL = IMC_STALL_L;
(logic equations)
CC_2 = ( MC_CA) # (MC_STALL & CC_2);
CC_3 = (IMC_STALL & CC_2) # (MC_STALL & CC_3);
CC_ 4 = (IMC_STALL & CC_3);
CC_5 = ( CC_4);
CC_6 = ( CC_5)# (MC_STALL & CC_6);
CC 7 = (IMC_STALL & CC_6) # ( MC_STALL & CC_7);

Note that the signal€C_4and CC_5 will only be asserted for omgcle maximum, while CC_2, CC_3, CC_B6,
and CC_7 may be asserted for mtiranonecycle if MC_STALL L isasserted. Also nothat the central arbiter
on the motherboard will asseMC_CA_L in such amanner thaCC_2and CC_6 may be asserted the same
cycle (two nested MCBus transactions) or CC_3 and CC_7 may be asserted in the same cycle.

The central arbitelogic is located orthe motherboard. The signals called “Input signbibwarereceived by a

MCBus node, “Outpusignals” are transmitted by MCBus nodeand “Bi-directional signals” (either tri-state or
wire-or) may be both received and/or transmitted by a MCBus node.
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Output signals to central arbiter (single driver)
* MC_REQ_L<n>

A node asserts MC_REQ_L<n> (see MCBus nodea$Bignments) whenever it wishes to issue a
MCBus transaction and the following restrictions are met.

Memory-bank arbitration rule: Thevalue of MC_ADR<6> must be different for aiwo MCBus
transactions issued foayclesapart if bothhave MC_ADR<39>=0. To accomplighis, any node
must deassert MC_REQ_L<n> iyclesCC_2, CC_3, CC_4and CC_5 of the currenMCBus
transaction if its pending Adr<39> and the currtf®_ADR<39> both equal @nd its pending
Adr<6> matches the current MC_ADR<6>.

Maintain request rule: Thevalue (either asserted or deasserted) of MC_REQ_L<mydie CC_2
of the current transaction must be held unchanged during all instanpedesiCC_2, CC_3, CC_4,
and CC_5 of the current transaction.

Notethat if MC_CA_L is not asserted ioycle CC_5, therany node may assert MC_REQ_L<n> in
cycle CC_6 or beyond. If MC_CA L is asserted in cycle CC_5, then this cycle becgniee$ of the
next transaction and the above rules apply to cycle CC_2 of this transaction.

e MC_RHOLD L<n> (CUD only)

This output signal is asserteddycle CC_5 of a Read-Mem or ReadMod-Méransactiorfor one or
morecycles by anodethat can’trespond withiC_SHARED_L or MC_DIRTY_EN_L<n> ircycle
CC_6. This signal should not be assdrunder normal operations since it increasedatieacy of
the local read data and causes MC_STALL L to be asserted.

e MC_DIRTY_EN_L<n> (CUD only)

During aRead-Mem or ReadMod-Metransaction, thisutput signal is asserted tycle CC_6 for a
minimum offive cycles ifthe data idound dirty (modified) inthe cache on th€UD node. It is
possible to delay the sampling of MC_DIRTY_EN_L<n> by the use of MC_RHOLD_L<n>.

During a Read-Mem or ReadMod-Mem transaction, MC_DIRTY_EN_L<n> must remain asserted for
a minimum offour CC_7cycles(notethat CC_6 may be asserted for mahanonecycle) and must
be deasserted in the same cycle that the first cycle of dirty data is being returned on the MCBus.

« MC_WRITE_STALL L<n> (CUD only)

During any Write-typetransaction, thigutput signaimay be asserted icycle CC_2 for one or more
cycles by anodethat can'tprovidedata on the MC_DATand MC_CHK signals at the appropriate
time.

The input signaMC_WHOLD _L overrideghis signal, so @odethat isdelaying driving datalue to
MC_WHOLD_L doesnot need to also assert MC_WRITE_STALL L<n>However, both
MC_WHOLD L and MC_WRITE_STALL_L<n> may be asserted at the same time.

MC_WRITE_STALL_L<n> must be deassertedtime samecycle in which the first datecycle is
driven onto the MCBus. Note that as with all data transfers, once the first data is validvitBthe
the remaining three datycle must immediatelyfollow (MC_WRITE_STALL_L<n> mustremain
deasserted for the remainder of the transaction).
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Input signals from central arbiter (single driver to individual nodes)
e MC_GRANT_L<n>

This input signal isused as a qualifier along withe assertion oMC_CA_L to determine if node
<n> is the current bus master. If itriet already asserted (due to bus-parking) it will be asserted in
the cycle beforeMC_CA_L andwill always beheld unchanged until the thigycle after MC_CA_L

(a minimum of four cycles total).

« MC_ADR_OE_L<n>

This is anasynchronougput signal anghould be connected directly ttee output enablpin of the
output drivers for MC_CMD<5:0;and MC_ADR<39:4>. It is an early asynchronous version of
MC_GRANT_L<n>. Because it is asynchronousnitist not be sampled dCLK for any other
control purposes.

e MC_CA L
This input signal indicates that a new transaction is beginning (cycle 1 of the current transaction).
e MC_WHOLD_L

This input signal is aerted incycle CC_4 of an MCBudNrite. It is also asserted icyclesCC_4,
CC_5,CC_6,CC_BndCC_8 (thecycleafter CC_7) of a non-dirty MCBus Reé&and longeifor a
dirty MCBus Read). It is used as a qualifialong with the assertion oMC_CA L and
MC_GRANT_L<n> to keep a noden> from driving Write dataonto MC_DAT when a previous
Read or Write is still using the data bus.

« MC_STALL L

This signal is an input to eaclode’s MCBus statmachine andreezeshe cycle counter CC_rior a
variety of cases. MC_STALL_L may be asserted by the central arbiter in the following cycles:

O In cycleCC_3 of a MCBus Read dtill transactionfor onecycle if the immediately preceding
transaction is a Fill or hocal memory Read to a different SDRAM (to allow a degdle on the
SDRAM data outputs and/or MC_DAT when changing between drivers).

O In cycleCC_3 of a MCBus Writdransactionfor one or morecycleswhenMC_WHOLD_L is
asserted fronthe previous Read or Writgansaction (tallow a deactycle onMC_DAT when
changing between drivers).

O In cycle CC_3 of a MCBus Write transaction for one or more cycles when
MC_WRITE_STALL_L is asserted by the node issuing the MCBus Write transaction.

O In cycleCC_6 of a MCBus Reattansactiorfor the same number afycles inwhich any of the
MC_RHOLD_L signals are asserteo freezethe read data pipeline if aode delays the
sampling of shared or dirty and then the response is not dirty).

O In cycleCC_7 of a MCBus Reattansactionfor one morecycle than thenumber ofcycles in

which any ofthe MC_DIRTY_EN_L signalsare asserteto account forthe extra read data
cycles required to return the dirty data).
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O In cycleCC_7 of allMCBus Writetransactions foexactly onecycle to satisfythe SDRAM’s
nine-cycle Write cycle time restriction.

O In cycleCC_7 of allMCBus Readransactions foexactly onecycle to satisfy some SDRAM
vendor’'s nine-cycle Readycle time restriction (only if the static configuration signal
SIM_SDRAM_R9_L is asserted by any of the installed Memory modules).

O In cycle CC_7 of allMCBus FILL transactions foexactly onecycle (to allow a deacycle on
MC_DAT when changing between drivers).

« MC_DAT_IN_CKE_L

This input signal iddeasserted imycle CC_6 forthe same number aycles inwhich any of the
MC_RHOLD_L signals are asserted. Itused to delayhe sampling of the firstycle of non-dirty
MCBus Read data and freeze this first data cycle in the input flop of the MZBausransceiver until
MC_DAT_IN_CKE_L is asserted.

« MC_DIRTY_L (non-CUD only)

During aRead-Mem or ReadMod-Memansaction, this input signal is ast®d incycle CC_7 for a
minimum of five cycles ifthe data will be returnefom a CUD instad ofLocal memory. If
MC_DIRTY_L is asserted imycle CC_7then the datdeing returned on the MC_DAduring the
usual fourdatacyclesmust be ignored. Instead, thede receivinghe read data must waintil
MC_DIRTY_L deasserts to receitle four consecutiveycles of Readlata. MC_DIRTY_L will be
deasserted ithe cycle after thecycle in which the firstcycle ofdirty data is being returned on the
MCBus.

* MC_NOT_OUR_DIRTY_L<n> (CUD only)

This input signal issserted with the santiening asMC_DIRTY_L except it willnot be asserted to the
node which asserted the original MC_DIRTY_EN_L<n> signal.
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Bi-directional signals (tri-state, multiple drivers)

* MC_CMD<5:0>
The timing of theMCBus Command signals MC_CMD<5:0> is the same asMi@Bus Addressignals.
See the description of MC_ADR<39:4> for more details.

| Fisthaf | FistHaf | MCBus | No-BCache | B-Cache| | |
NC Dy C22% | Transacon | cub | cub | 10D | GCD
— = | _cmdr____cmdr | cmdr cmdr_
XX 10000 0 (illegal)
Xxx ;0000 1 Memidle Y Y Y
XX 10001 X (illegal)
x0,0010 0 Invalidate Y
x1,0010 0 (illegal)
| 00 i 0010 1 WritePendAck (NoShared) Y Y
| 01,0010 1 WritePendAck (Shared) Y
| 1x ;0010 1 WritePendAck (Invalidate) Y
X X i 0011 0 (illegal)
Xxx ;0011 1 MemRefresh
XX 0100 X (illegal)
xXx 10101 0 SetDirty Y
XX 10101 1 (illegal)
x0,0110 0 WriteThru-Mem Y Y
x0,0110 1 WriteThru-10 Y Y Y
x 1 i 0110 0 WriteBack-Mem Y Y
x1,0110 1 Writelntr-10 Y Y
00,0111 0 WriteFull-Mem Y Y
10 i 0111 0 WritePart-Mens-Cache CUD only) Y Y
x0,0111 1 WriteMask-10 Y Y
x1,0111 0 WriteMerge-Mem Y Y
x1,0111 1 (illegal)
XX 11000 0 Read0-Mem Y Y Y Y
XX 11000 1 Read0-10 Y Y Y
XX 1001 0 Read1-Mem Y Y Y Y
XX 1001 1 Read1-10 Y Y Y
X X i 1010 0 ReadMod0-Mem Y Y Y Y
XX ;1010 1 ReadPeer0-10 Y Y
X X i 1011 0 ReadMod1-Mem Y Y Y Y
XX ;1011 1 ReadPeerl-10 Y Y
| 0- i 1100 0 ReadFill0 Y
00 | 1100 1 FILLO (due to Read0-Mem) Y
01,1100 1 FILLO (due to ReadMod0-Mem) Y
10 : 1100 1 FILLO (due to Read0/Peer0-10) Y Y
11,1100 1 (illegal)
| 0- 1101 0 ReadFill1 Y
00,1101 1 FILL1 (due to Read1-Mem) Y
01 i 1101 1 FILL1 (due to ReadMod1-Mem) Y
10,1101 1 FILL1 (due to Read1/Peer1-10) Y Y
11,1101 1 (illegal)
X X i 1110 0 Read0-Mem Y Y Y
XX ;1110 1 (illegal)
X X i 1111 0 Readl-Mem Y Y Y
xXx ;1111 1 (illegal)
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« MC_ADR<39:4>

Whenever thenput signalMC_ADR_OE_L<n> is asserted, node<n> will drive MC_ADR<39:4>
and MC_CMD<5:0>. However, the value driven is undefined exceguring thecycle in which
MC_CA_L is assertedthe preceedingycle, and thecycle following MC_CA_L. In these three
cycles, the commander node will dritree MC_ADR andMC_CMD signals withtwo separatgieces

of address and control information referred to as the two “halfs” of the command/address transfer.

In thecycle inwhich MC_CA _L is assertedhe assertingdge of MC_CA_L will causall nodes to
closetheir inputaddress latches sampling MC_ADR<39drd MC_CMD<5:0>. This latches the
cmd/address information presehtring the first half of thé1CBus addresgransfer. Then theame
assertingedge of MC_CA_L may causthe commandemode to drive MC_ADR<39:4> and
MC_CMD<5:0> with the addresand cottrol information present during theecondhalf of the
MCBus command/addressnsferor this informationmay bedriven fromthe clock atthe beginning
of cycle CC_2 if feasible. The commander will continue to drive teecondhalf information until
two cycles after the cycle in which MC_CA L is asserted.

The first half command/address information can be found in the MCBus descriptions above.
The secondhalf command/address information common atb transactions isdescribedbelow.

Secondhalf information unique to a given transaction can foend in the specific MCBus
descriptions above.

0 The Cmdr_GID is the GCBus node 1D<2:0> (defaults to 111 without a GCD).

O The Cmdr_MID is the MCBus node ID<2:0>.

0 The Cmdr_RID is the Read_Extension ID<2:0> (optional, default to 000 if not used).

O The CA_par bit isodd parity over MC_CMD<3:0:and MC_ADR<39:4> inthe first
half of the command/address transfeNote this is over the first halfonly, and

MC_CMD<5:4> is not included.

All nodes must generate command/address paritessribed aboveThe |IOD andGCD will check
parity on all transactions. The CUDs will not check command/address parity on any transaction.

» MC_DAT<127:0>

These signals along with MC_CHK<15:0> make up the MCBus datapath. See the Datapathv
above.

On Read-Mem or ReadMod-Metransactions, the first data is valid in the inflap of the MCBus
data transceiver (assumindC _DAT IN_CKE_L is used to freezthe data as indicated in the
description of MC_DAT_IN_CKE_L above) under the following conditions:

O If MC_CNF_L=Ack andMC_DIRTY_L (or MC_NOT_OUR_DIRTY_L) is deasserted
in cycle CC_7 then the first data is valid in the inflop of the MCBusdata transceiver
during cycle CC_7. The rest of the data is valid in the next three consecutive cycles.

O If MC_CNF_L=Pendthen the first data isalid in the inputflop of the MCBus data

transceiver duringycle CC_7 of thesubsequent FILLO or FILL1 transactiof.he rest
of the data is valid during the next three consecutive cycles.
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On Read-10 transactions the first data is valid in the ifipptof the MCBusdata transceiver during
cycle CC_7 of thesubsequent FILLO or FILL1 transactionThe seconddata is valid in the next
consecutive cycle (see ECC restriction below).

On Write-type transactionthe first data is valid in the inpdiiop of the MCBus data transceiver
duringcycleCC_3 if MC_STALL_L is deasserte@he rest of the data is valid during the next three
consecutive cycles (or only one cycle for WriteThru-1O transactions).

The following transactions must have good ECC on MC_CHK<15:0> during all four data cycles:
WriteThru-Mem
WriteThru-10
WriteBack-Mem (with MC_FALSE_WRITEBACK_L deasserted)
WriteFull-Mem
WritePart-Mem
WriteMask-10
WriteMerge-Mem
Read0-Mem, Read1-Mem
ReadMod0-Mem, ReadMod1-Mem
FILLO, FILL1
ReadFill0, ReadFill1

Thefollowing transactions do not requiggodECC on MC_CHK<15:0uring any ofthe four data
cycles:
WriteBack-Mem (with MC_FALSE_WRITEBACK_L asserted)
Writelntr-10

The following transactions do not have any data cycles associated with them:
Memldle
Invalidate
WritePendAck
MemRefresh
SetDirty
Read0-10, Read1-10
ReadPeer0-10, ReadPeerl-10

* MC_CHK<15:0>

These signals are the EQ@Bdes used bthe EV5. The timing oMC_CHK<15:0> is identical to
MC_DAT<127:0>. See the description of MC_DAT<127:0> above for more information.

« MC_BMSK<15:0> (non-CUD only)

These signals anesed only bythe IOD and GCD. The timing ofMC_BMSK<15:0> is identical to
MC_DAT<127:0>. When MC_BMSK<n>=1 the correspondimge onMC_DAT<127:0> is valid.
When MC_BMSK<n>=0 the corresponding byte is invalid.

Note thateach of theMC_BMSK<15:0> signal$as a pullup resistor on tidotherboard so nodes
thatonly issueunmasked writeare not required to drive tHdC_BMSK<15:0> signalgthey will
default to all 1's when they are not driven by any node).
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« MC_IMSK<3:0>

These signals aresed only forthe WriteThru-10 transactiorffor “Programmed IO Writes”).
MC_IMSK<3:0> is valid during the samecycle asthe second writedata cycle on MC_DAT.

MC_IMSK<3:0> mustfollow the same OE timing @dC_DAT (it must be tri-stateluring thesame
cycles as MC_DAT).
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Bidirectional signals (tri-state wire-or, multiple drivers)
e MC_CNF_L

The confirmation signal MC_CNF_L is sampled in cycle CC_4. It should be driven at least one cycle
before cycle CC_4 (the settling time is longer than most other MCBus signals because it is a multi-drop
wire-or signal). It may also be asserted in cycles CC_2 (and CC_3) if desired and will be ignored.

MC_CNF_L First Half Applies to these MCBus transactions...
I I

1 0 __ | Ack_{MemRead} _ _| Read0-Mem, Readl-Mem, ReadMod0-Mem, ReadMod1-Mem
1 0 Ack {Mem Write} WriteThru-Mem, WriteBack-Mem, WriteFull-Mem,
WritePart-Mem, WriteMerge-Mem
I S I 1 ___| Noack {IORead} _ _| F Read0-10, Read1-10, ReadPeer0-10, ReadPeer1-I0 _ _ |
1 1 Ack  {IO Write} WriteThru-10, WriteMask-10
___0 0 ___| Pend {MemRead} __| | Read0-Mem, Readl1-Mem, ReadMod0-Mem, ReadMod1iMem
0 0 Pend {Mem Write} WriteThru-Mem, WriteBack-Mem, WriteFull-Mem,
WritePart-Mem, WriteMerge-Mem
0 _____ 1___|Pend {lIORead} __ _| | Read0-10, Read1-10, ReadPeer0-10, ReadPeerl-I0_ _ |
0 1 Pend {lO Write} WriteThru-10, WriteMask-10

« MC_FALSE_WRITEBACK_L

This signal isasserted by th&lo-Bcache CUDduring theWriteBack-Mem transaction to disable ECC
checking of allfour datacycles. It is asserted whenewtie EV5 hasfailed to return aWriteBack
command to the pins of the EMBllowing a snoop(the EV5 may have issued &/riteThru-Mem,
WriteThru-10, orRead-IO command insteaahd will re-issue the originaWriteBack-Mem command
later). As a result it ipossiblethat theNo-Bcache CUDwill drive undefined data wittvad ECCduring
the four cycles of the WriteBack-Mem transaction.

The timing of MC_FALSE_WRITEBACK_L is the same as MC_CNF_L.

« MC_WRITE_DIRTY_L

During a WritePart-Mem transactioMlC_WRITE_DIRTY_L is assertetby aB-Cache CUD) if the
64-byte block is foundlirty in its caches.Seethe description of the WritePart-Mem transaction for
more information.

MC_WRITE_DIRTY_L is sampled ithe firstoccurance otycle CC_7. It should be driven at least

one cycle before cycle CC_7 (the settling time is longer than most other MCBus signals because it is a
multi-drop wire-or signal). MC_WRITE_DIRTY_L may also be asserted ¢yclesCC_6 or CC_8

(the cycle after CC_7) if desired and will be ignored.

« MC_SHARED_L (non-1OD only)

During a Read-Mem or ReadMod-Mem transaction, MC_SHARED _L is sampled in cycle CC_7 (note
that CC_7 may be asserted for mdhean one cycle and MC_SHARED_L must be valid during all
occurances ofycle CC_7). MC_SHARED_L should beriven at least oneycle before cycl&€€C_7

(the settling time is longeghanmost otheMCBus signalsbecause it is aulti-drop wire-or signal).
MC_SHARED_L may also be assertedciycle CC_6 or CC_8 (theycle afterCC_7) if desired and
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will be ignored. It ispossible to delaythe sampling ofMC_SHARED_ L by the use of
MC_RHOLD_L (during a Read-type transaction only).

During aFILL transactiorMC_SHARED_L is also sampled icycle CC_7 (notethat CC_7 may be
asserted for morthanonecycleandMC_SHARED_L must be valid during albccurances ofycle

CC_7), however MC_RHOLD_L may not be asserted. tBeelescription of thE€ILL transaction for
more information.

e MC_LOCKOUT_L (asynchronous)

This signal is asserted by a MCBus node to disable new MCBus requestIfatherMCBus nodes |
in order to get guaranteed access to the MCBus within a finite period of time.

One use othis signalmay be ifthe CUD has aserted MC_REQ_L<n> for TBD MCBusycles
without receiving MC_GRANT_L<n> due tthe MCBus arbitration priority scheme. Since the
IOD’s are givenhigher priority than theCUD's it is possible to starve otlte CUD’s undersevere
IOD traffic.

All nodes must receive MC_LOCKOUT_L and must not assert MC_REQ_L due to @ramsaction |
unless theyare also asserting MC_LOCKOUT_L.Nodesthat have already asserted MC_REQJL
(andmay have removethem temporarilydue to a bank conflicthay continue to assert MREQ L
until their current transaction hasompleted successfully. Also, multi-sequenttansaction
(ReadMod/Memldle/WriteMerge, etc) may be completed if MC_LOCKOUT _L is assgutdng the
sequence.

MC_LOCKOUT_L may be assertethddeasserted at any time asynchronousi¢dMCBus clock. It
must be synchronized by all receiving nodes.
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MCBus Signal Timing Specifications

These timing values are very crude estimates and are included only to establistuadssianding of the timing
of the MCBussignals. Morecompletetiming analysis of each MCBusignal is beingconducted byhe Rawhide
Signal Integrity group.

These timing values do not include clock skew.

] Tsetup | Ck->Q
MCBus Signal class std load std load
| | J[cycles] | Jcycles]

MC_REQ_L [cud] output from [cud] 4.0 [1]

MC_REQ_L [nhon-cud] output from [non-cud] 7.0 [1]
MC_RHOLD_L [cud] output from [cud] 4.0 [1]
MC_DIRTY_EN_L [cud] output from [cud] 4.0 [1]
MC_WRITE_STALL_L [cud] output from [cud] 9.0 [1]
MC_GRANT_L input to [all dcards] 9.0 [1]
MC_ADR_OE_L input to [all dcards] 9.0 [1]
MC_CA L input to [all dcards] 5.0 [1]
MC_WHOLD_L input to [all dcards] 9.0 [1]
MC_STALL_L input to [all dcards] 5.0 [1]
MC_DAT_IN_CKE_L input to [all dcards] 9.0 [1]
MC_DIRTY_L [non-cud] input to [non-cud] 5.0 [1]
MC_NOT_OUR_DIRTY_L [cud] input to [cud] 5.0 [1]
MC_CMD, MC_ADR bi-direct 20.0 [2]

MC_DAT, MC_CHK bi-direct 6.0 [1]

MC_BMSK bi-direct 6.0 [1]

MC_IMSK bi-direct 15.0 [2]

MC_CNF_L bi-direct 15.0 [2]
MC_FALSE_WRITEBACK_L bi-direct[from No-cache CUD] 15.0 [2]
MC_WRITE_DIRTY_L bi-direct [from B-cache CUD] 15.0 [2]
MC_SHARED_L bi-direct 15.0 [2]
MC_LOCKOUT_L bi-direct asynchronous
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MCBus Transactions

Diagrams 1 througiBD 19 have been generated froeal structural hardware simulations of a version of the 1IP
containing afully structural EV5NCCUD with a behavioral model dhe EV5running Alphamacrocode, dully
structural 1IP motherboard (containing the central arbitecpliection of structuraBDSIMMs with a behavioral
model of the SDRAMSs, and a number of DECSIM behavioral MCBus commanders.

The first signal, MCLK, is the MCBus reference clock running at up to TBD 66 MHz (TBD 15ns).

The nextvectoredsignal, CC_<2:7>, is the Comma®ycle 2-7. These are not actuslCBus signals, but are

included as a suggested implementatiortratking the command sequencing of MEBus. These signals
provide a referenceyclenumber forthe MCBussignal descriptionand theMCBustransaction descriptions. The
algorithm used bythe central arbiter on the motherboadd theCUD to producetheseinternal signals is

described in the MCBus signal descriptions above.

The next collection of signals, SIM_XXX, are the signals on the SDSIMMs (Local memory module) around which
the MCBus has been optimized.

The nextcollection of signals, MC_XXXare theMCBussignals that ardriven andreceived by each CUD, 10D,
GCD and central arbiter.

The last collection of signals, EV_XXat NODEDO inthis case)are unique to the EV5NCUD and areshown as
a basis forunderstanding on€UD design. OtheCUDs, the 10D, and theGCD will have unique signals not
shown in these diagrams.

Note that somesignal may temporarily switch inhe middle of acycle. Mostsignals areonly sampled on the
rising edge of MCLK (all except MC_ADR_OE_L) so these glitches should be ignored.

MCBus local Read transactions

Reads to the same local memory bank

Two consecutive MCBus local (non-pended) Readsactions to the samg&emorybank areshown in Diagram 1.
When the MCBus is idle, a nod&> wishing to issue a Read asserts MC_REQ_L<n>. If MC_ADR_OE_L<n>is
asserted by the central arbiter thede will also drive MC_CMD<5:0and MC_ADR<39:4> withthe desired
command and address.

The first read begins wheviC_CA_L is asserted bihe central arbiteffor the purpose of discussiathis cycle is
referred to agyclel). One of thalC_GRANT_L<7:0> signals is also assertedthg central arbiter indicating
which node has issued the transaction. The assertid@oCA_L also guaranteehatMC_CMD andMC_ADR
have been driven for at leasto cycles. Also in cycle lifregardless of the address or command, the central
arbiter assertSIM_ROW_CS_L toall SDSIMMs along with SIM_CMD<2:0> = ACT(memorybank activate
command)and SIM_ADR<11:0> containinghe desiredSDRAM row address (SIM_CMDand SIM ADR are
guaranteed to be valid fawo cycles).EachSDSIMM will gate SIM_ROW_CS_lalong withsome upper-order
address bits and its Memory slot number to assert the actual CS_L signal to the desired SDRAMSs.

In cyclesCC_2, CC_3, CC_4andCC_5 allnodes must deassert MC_REQ_L<n> unlissr pendingMCBus

transaction is to a different batian thecurrentMCBustransaction ircycle 1. Also in cycleCC_2, the central
arbiter switches the SIM_CMD and SIM_ADR signals from “row” to “column”.
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Beginning incycle CC_2and held duringycle CC_3andCC_4, MC_CNF_L is driven by multiple responders
(MC_CNF_L is not shown).The GCD asserts MC_CNF_L=Pendtlie addressvas not to Local Memory in
which casethe read data will be returned lat#tom the GCD with a FILL transaction or thdOD asserts
MC_CNF_L=Pend ithe addreswsas to itself inwhich casehe read data will be returned latesm the IOD with

a FILL transaction. IIMC_CNF_L=Ack,thenReadData will be returned as indicated in the pre-assigyetes
for non-pended read data.

Also in cycleCC_3, the central arbiter asse®dvi_COL_CS_L toall SDSIMMs along with SIM_CMD<2:0> =
READA (burst-4 read with auto-precharge) and SIM_ADR containing the desired column address (SIM_CMD and
SIM_ADR are guaranteed to be valid for two cycles).

In cycleCC_4, the central arbiter asseM€_WHOLD_L for five cycles in casthe nextMCBus transaction is a
Write-type. This signal keeps write data from being driven onto the MCBus while read data is being fetorned
the previous ReadransactionAlso in cycleCC_4, the central arbiteswitchesthe SIM_CMD and SIM_ADR
signals from “column” back to “row”.

In cycle CC_5, the data drivers on tl8DSIMMs that will be returning the read data are turned on arided
MC_DAT<127:0> and MC_CHK<15:0> with undefined data.

In cycle CC_B6, the firstl6-bytes ofdata are driveonto MC_DAT<127:0>and MC_CHK<15:0>. Also,cycle
CC _6 is the earlieghat nodes may assert MC_REQ_L<n> fimansactions that are to tlsame bank as the
current transaction.

In the next consecutivethree cycles, the second, third, and fourth 16-byte data cycles are driven onto
MC_DAT<127:0>and MC_CHK<15:0>, and then the datdrivers on theSDSIMM turn off in the following
cycle.

Thesecond Read begins aycle 9,which now becomeshe new cycle 1,and theabove sequenaepeats itself for
the next nine cycles.
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