6.7.2.5 Write-Through L2 Timing Diagrams

TBST# =x TT1=1 TT3=1 TSIZ(0:2)=xxx
CLK
B T O N A
TS# |_T
L2_CLAIM#
AACK#
a
ARTRY#
TA#
. o LT
Note: (1) AACKdriven on a non-burst cycle by the '650 Bridge
(2) WTL2 will only update on bursted reads that are
cachable and miss the L2 (f L2 CACHE_INH#is
de-asserted)
(3) The '650 Bridge drives AACK#and TA#

Figure 29. WT L2 Responsdo ReadMisses
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TBST# =0 TT1=1 TT3=1 TSIZ(0:2)=xxx

RS- e e e e e e e e o O

TS L1 )
L2_CLAIME - ———777] T [T
AACK# 1 T

ARTRY#

TA# —

»

Note: (1) L2 CLAIM# is an unlatched
the address bus

(3) L2 cache is enabled
(4) L2 drives AACK#and TA#

decode of the address on

(2) L2 CLAIM# is ignored by the '650 Bridge if
L2_CACHE_PRESENTH#is not asserted

Figure 30. WT L2 Responsdo BurstREAD Hits
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Single-Beat  READHits (1-8 bytes)
TBST# =1 TT1=1 TT3=1 TSIZ(0:2)=xxx

e e e e e e o O

TS# |_T |_T

L2 CLA [Im 1T (M

AACK# |_T |_T

ARTRY#

TA# |_T |_T

Note: (1) L2 CLAIM# is an unlatched decode of the address
on the address bus
(2) L2 CLAIM# is ignored by the '650 Bridge
if L2_CACHE_PRESENT#s not asserted
(3) L2 cache is enabled
(4) L2 drives AACK#and TA#

Figure 31. WT L2 Responsédo Single-BeatREAD Hits (1-8 bytes)

Figure 32 showsthe WT L2 responsdor a write cycle. If the cycleis a burstwrite by the PowerPC
processorthe L2 will cachetheseaccessesyverwriting any datathat may alreadybe in the cache. Sincel/O
(PCI) snoopwrite cyclesare nevermorethan4 bytes,the L2 will invalidatedataon write hits, or ignore
cyclesthat are misses.

Sincethe L2 is a write-throughcachedesign,the L2 nevercontains“dirty” data. Therefore,the WT L2 will
neverasserfARTRY# or BR_L2#.
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TBST# =X TT1=0 TT3=1 TSIZ(0:2)=xxx

e e e e e e e o O

TS# |_T

L2_CLAIM#

AACK#

ARTRY#

TA#
2

Note: (1) AACKdriven on a non-burst cycle by the '650 Bridge
(2) L2 _CLAIM# will never be asserted on writes

(3) L2 CLAIM# is ignored by the '650 Bridge if
CACHE_PRESENT#s not asserted.

(4) The '650 Bridge drives AACK#and TA#

2
3

Figure 32. WT L2 Responsdo Write Cycles
6.7.2.6 Copy-Back L2 (CB L2) Protocol

The CB L2 (alsocalled Write-Backor Store-In)is usedto providethe PowerPCprocessoifasteraccesgo
memoryfor both readsandwrites. The writes that are cachedarefrom L1 cast-outs. Any writes with kill
(dueto a snoophit operation)will not be cachedby the CB L2.

Sincethe CB L2 doescachelL1 cast-outsthe performanceof thesecachecast-outscycleswill be improved
(PowerPCprocessor-to-memorwrites).

Coherencyis enforcedby the MI protocol. Thatis, datacanbein one of threestates:

VM Valid Modified

VC Valid Clean

I Invalid

Note: All cachablewrite operationsare “hits” in a CB L2. However,the term “miss” is usedto imply that
the addressf the transferis to a locationnot currently storedin the L2, while a hit is to a line markedas
valid (eithercleanor dirty).

The datain the CB L2 is eithervalid and clean(datais equalto the datain memory),valid and modified
(main memorycontainsstaledata),or invalid.

Any cachesectorin the CB L2 canbe changedrom invalid to valid on a burstreador write operation. In
orderfor the datato be storedin the CB L2, the following mustbe true:
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The cachemustbe enabled(L2_UPDATE_INH#not asserted)

Cl# mustbe de-asserted

L2 MISS_INH#mustbe de-asserted

The bustransactiormustbe a burstreador write that missesthe L2

The bustransactiormustnot be a write with kill thatis a resultof a snooppush

On reads,if Cl# is assertecandthe accesss a hit, the CB L2 will ignorethe Cl# input. If thecycleis a
write, and Cl# is assertedthe CB L2 will invalidateon a hit, andignore (not update)on misses.

In addition,if the WT# (write-through)bit is assertedthe CB L2 will cachethe data,but NOT assert
L2 CLAIM# on writes (entry markedasvalid-clean).

Oncethe datais in the cachethe PowerPCprocessorcanreadthe datafrom the cachein any valid byte
combinations. Writes of lessthan 8 bytesthat hit in the cachewill causethe line to be markedinvalid unless
the cacheincludesbyte addressability.

6.7.2.6.1 CB L2 READ Responses: The CB L2 maintainscoherencyin a mannersimilar to the PowerPC
processor.

All processolddresshus cyclesare snoopedwhetherthe addressoriginateswith the processoinr the '650
bridge. If any snoopcycle hits the cache,the CB L2 determinesvhetherthe snoophit is causedby the
PowerPCprocessoior the '650 bridge.

If the readaccesss from the PowerPCprocessorandit hitsin the CB L2, thenthe CB L2 will assert
L2 CLAIM# andpacethe cyclewith AACK andTA.

If the readaccesss an1/O snoopcycle from the '650 bridge,the CB L2 will determineif it is a hit. If itisa
hit, it will thendetermineif the datais modified. If the datais not modified, it will do nothing. The CB L2
cachemustnot assertL2_CLAIM# duringany /O snoop(a snooporiginatedby the '650 bridge).

If the datais modified, it will assertARTRY#. The clock afterit assertsARTRY#, the CB L2 mustassert
L2 BR#to the '650 Bridge.

If the PowerPCprocessomlsoassertsARTRY# on the samecycle asthe CB L2, the '650 Bridge will grant
the busto the processor.The CB L2 must samplethe 60X_BR#on the clock afterARTRY#. If the
60X_BR#is active,the CB L2 mustde-assertts busrequeston the following clock. (The CB L2 will
updateits datawhenthe PowerPCprocessoipushesdts dataandthereforethe datain the L2 is superfluous.)

If the L2_BR# wasalreadyactive beforethe snoopcycle,andthe currentsnoopcycle doesnot requirethe
CB L2 to write to memory,the CB L2 mustde-asserits busrequestthe cycle after ARTRY#. TheCB L2
canthenre-asserits busrequest

6.7.2.6.2 CB L2 WRITE Responses: The CB L2 mustfully decodethe TT bits andthe CI# and WT# bits.
On any write missesthat are markedas eitherwrite through, cacheinhibited, or writes with kill, the CB L2
will not assertL.2 CLAIM#.

The CB L2 will not updateits cacheon write missesof lessthan 32 bytes(TBST# mustbe active).

1 Notethat,in animplementationwhich is a single-processosystem the arbiter doesnot needto seeonly the one
BR# activefrom the processor. As mentionedearlier,if boththe L2_BR# andthe 60X_BR#are active,the arbiter
will alwaysgrantthe nextcycleto the PowerPCprocessor.The L2_BR# will thenbe sampledafter the processor
cycleis completeto determineif it alsoneedsthe bus.
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The CB L2 shouldbuffer any datathat is written or readby the PowerPCprocessothatis to be cachedby
the L2 but requiresa cachepushoperationby the L2 to precedets writing into the cache. (This situation
happensvhenthe processoreadsor writes a cacheline in the L2, thereis a miss,andthe datastoredat that
taglocationis dirty.) This buffer canbe of variabledepth. If the bufferis full (from previousoperation(s)),
andthe currentcycleis cachablebut requiresa push,the CB L2 MUST not assertL2_CLAIM# or
ARTRY#. Instead,the CB L2 shouldjust not cachethesecycles. This is requiredin orderto maintainthe
greatesthandwidthfrom memoryto the PowerPCprocessomand vice versa.

6.7.2.6.2.1 PowerPC Processor Writes: The CB L2 cachewill cachedataon the following write trans-
actions:

- A burstwrite that hits a cleanline

« A burstwrite that hits a dirty line

« A burstwrite that missesa line (only if the buffer is not full)

- A non-burstwrite that hits a cleanline

« A non-burstwrite that hits a dirty line

« A non-burstwrite that missesa line (only if the buffer is not full)

On a burstwrite thatis a hit to the sameaddresghat is alreadycachedthe CB L2 will assertL2 CLAIM#
and overwrite the previousdata(whethermodified or not).

If the addresss a hit thatis to a differentaddresghanthatin the L2 cache,andthe currently cacheddatais
clean,the cycle completesasbefore.

If the cycleis not a burst,thenthe CB L2 will determinewhetheror not the cycle hits in the cache. If the
cycle hits in the cacheto eithera cleanor a dirty sectorof the sameaddressthe CB L2 will assert

L2 CLAIM# andupdatethe requiredbyte(s). If the cycle would overwrite dirty datato anotheraddressthe
CB L2 will NOT assertL2_CLAIM#. Thatis, the CB L2 cannothaveany entry of lessthan 32 bytes
cached.

If the write is a missandthe buffer is full, the CB L2 may do eitherof the following:

- AssertARTRY# andBR_L2#
Nothing (preferred)

6.7.2.6.2.2 1/0O Snoop Writes: All processomrddressduscyclesaresnoopedwvhetherthe addressoriginates
with the processoir the '650 bridge. The CB L2 determinesvhetherthe snoopis causedby the PowerPC
processoor the '650 bridge. The CB L2 mustnot assertL2_CLAIM# on any /O snoop.

If the write accesds an /O snoopcycle from the '650 bridge,the CB L2 will determineif it is a hit. If it isa
miss, it will do nothing. If it is a hit, the CB L2 will thendetermineif the datais modified. If the datais
not modified, it will will mark thatline asinvalid.

If the datais modified, it will assertARTRY#. The clock afterit assertsARTRY#, the CB L2 mustassert
L2 BR#to the 650 Bridge.

If the PowerPCprocessorlsoassertsARTRY# on the samecycle asthe CB L2, the '650 Bridge will grant
the busto the processor.The CB L2 mustsamplethe 60X _BR#on the clock after ARTRY#. If the
60X_BR#is active,the CB L2 mustde-asserits busrequeston the following clock.

2 Thereasonfor not assertingARTRY# on a CB L2 pipeline (buffer) full conditionis thatthe PowerPCprocessor
will be delayedby at least20 cyclessincethe L2 would needto write out the data,andthenthe processomwould
needto re-read(write) the datafrom (to) memory.
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If the L2_BR# wasalreadyactive beforethe snoopcycle,andthe currentsnoopcycle doesnot requirethe
CB L2 to write to memory,the CB L2 mustde-asserits busrequestthe cycle after ARTRY#. TheCB L2

canthenre-asserits busrequest

6.7.2.7 CB L2 Timing Diagrams

TBST# =x TT1=1 TT3=1 TSIZ(0:2)=xxx
RS e e e e e O B
TS# I_T
L2_CLAIM#
AACK#
1)
ARTRY#
TA#
2 L]
L2 BR#
| @ |
Note: (1) AACK#driven on a non-burst cycle by the '650 Bridge
(2) CBL2 will only update on bursted reads that are
cachable and miss the L2 (if INHIBIT# is de-asserted)
(3) The '650 Bridge drives AACK#and TA#

Figure 33. CB L2 Responsdo ReadMisses

3 Note that, in an implementatiorwhich is a single-processosystem,the arbiterdoesnot needto seeonly the one
BR# activefrom the processor. As mentionedearlier,if boththe L2_BR# andthe 60X_BR#are active,the arbiter
will alwaysgrantthe nextcycleto the PowerPCprocessor.The L2_BR# will thenbe sampledafter the processor

cycleis completeto determineif it alsoneedsthe bus.
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TBST# =0 TT1=1 TT3=1 TSIZ(0:2)=xxx
CLK 1
S5 e e e e e O o O
1o ) )
L2 CLANE - —T111m 1 1]
AACK# I
ARTRY#
TA# — T
Note: (1) L2 CLAIM# is an unlatched decode of the address
on the address bus
(2) L2 CLAIM# is ignored by the '650 Bridge if
CACHE_PRESENT#s not asserted
(3) L2 cache is enabled
(4) L2 drives AACK#and TA#

Figure 34. CB L2 Responséo Burst READ Hits
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Single-Beat  READHits (1-8 bytes)
TBST# =1 TT1=1 TT3=1 TSIZ(0:2)=xxx

e e e e e e o O

TSH 1 1 T

L2 CLAIM [T [T
AACK# 1 )
ARTRY

TAH T )

Note: (1) L2 CLAIM# is an unlatched decode of the
address on the address bus
(2) L2 CLAIM# is ignored by the '650 Bridge if
CACHE_PRESENT#s not asserted
(3) L2 cache is enabled
(4) L2 drives AACK#and TA_

Figure 35. CB L2 Responsédo Single-BeatREAD Hits (1-8 bytes)
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TBST# =X TT1=0 TT3=1 TSIZ(0:2)=xxx

e e e e e e e o O

Note:

(1)
(2)
3)

(4)

TSH 1
L2_CLAIM#
AACK#
a
ARTRY#
TA# ?
2

AACK# driven  on a non-burst  cycle by the '650 Bridge
L2_CLAIM# will never be asserted on writes

L2 CLAIM# is ignored by the '650 Bridge if
CACHE_PRESENT#s not asserted

The '650 Bridge drives AACK#and TA#

Figure 36. CB L2 Responsdo Write Cycles
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TBST# =1 TTl=x TT3=0 TSIZ(0:2)=100

e e e e e e o O

TS#

L2_CLAIM#

AACK#

ARTRY#

TA#

60X_BR#

L2 BR#

L2 BGH

)

0

L]

Note: (1) AACK#is driven by the '650 Bridge

(2) No TA#is driven by the '650 Bridge

Figure 37. WT L2 Responsdo I/O SnoopHits without PowerPCProcessoiSnoopHit
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TBST# =1 TTl=x TT3=0 TSIZ(0:2)=100

e e e e e e e o O

TS# |_T

L2_CLAIM#

AACK#
0

ARTRY#
L]

TA#

60X_BR# | 1

L2 BR# 1 9

60X_BGH |

Note: (1) AACK#is driven by the '650 Bridge
(2) No TA#is driven by the '650 Bridge
(3) Only driven inactive if request is due only to
previous  snoop.

Figure 38. CB L2 Responséo I/O SnoopHits with PowerPCProcessoiSnoopHit

6.7.3 L2 Cache Design

This sectiondefinesthe designof an L2 Cache. Figure 39 givesa block diagramof the structurefor a
256-KB cache,and Figure 40 givesa block diagramfor a 512-KB cache. For both designsthe cachecon-
troller may bean IBM 8184995,andthe TagRAM maybeanIDT 71B74o0r equivalent. For the 256-KB
cache,the SRAMs may be Motorola MCM67M518, which is a 32Kx18 BurstRam,or an equivalent
product. The SRAMs for the 512-KB cachemay be Motorola MCM67M618, which is a 64Kx18
BurstRam,or an equivalentproduct.
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/ Figure 39. 256-KB L2 Block Diagram
The control signalsfor this cachecontrollerare asfollows:
Signals Description
VCC (4 pins) POWER.PIlus-5-voltpowerto controller.
GND (4 pins) POWER.GND to controller.
A_IN INPUT. Addressin. Addressinput for Tag RAM bankselect(usedonly for
512-KB L2).
A_EN INPUT. AddressBuffer Enable. Active (high) enablesA_ BUFF and
A_BUFF_. Inactive (low) disablesA_ BUFF (low) andA_BUFF_ (high).
A BUFF OUTPUT. AddressBuffer Output. Non-invertedbuffer of A_IN whenA_EN
is active (high). Low whenA_EN is inactive (low).
A _BUFF_ OUTPUT. AddressBuffer Output. Invertedbuffer of A_IN whenA_EN is
active (high). High whenA_EN is inactive (low).
ARTRY_HIT_ OUTPUT. L2 Hit with ARTRY _ timings. This signalis a synchronoushit

signalwhich goesactive (low) afterclock 2. The signalcanbe sampledby the
systemon clock 3. This signalis valid for one clock cycle only.

OE_ INPUT. Whenactive (low), all outputsof the controllerwill be driven. When
inactive (high), all outputsaretri-stated.
BUS CLOCKO INPUT. BusClock. Cardl/O. This clock drivesall statemachinechanges.

All changesoccuron the rising edgeof this clock.
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/ Figure 40. 512-KB L2 Block Diagram

HRESET_

AO

L2 CACHE_FLUSH_
L2 CACHE_DIS_

L2 CACHE_INH_
Cl_

MATCH

L2 CACHE_HIT_
TA_

TA_OUT_

INPUT. Reset. When active (low), this signalresetsthe controllerto its initial
statesand will generatehe control signalsto flush the cacheTag RAM.

INPUT. Cardl/O. This MSh of the addressbus determinesf the addresss
below 2 GB. Usedasa qualifier in determiningif the L2 will respondto the
addresgresentedn the PowerPCprocessombus.

INPUT.
INPUT.
INPUT.
INPUT.
INPUT.

(This is a “hit.”)

Cardl/O.
Cardl/O.
Cardl/O.
Cardl/O.

Sameasthe card.

Sameasthe card.

Sameasthe card.

Sameasthe card.

Active (high) signalfrom the cacheTag RAM indicatesthat the
addresgresentedn the PowerPCprocessobus hasbeencachedin the L2.

cache. (This is a “miss.”

OUTPUT. Cardl/O. Sameasthe card.

Inactive (low) signalindicatesthat the addresss not in the L2

INPUT. PowerPCProcessoiTransferAcknowledge. Usedto determinewhen
dataplacedon the databusis valid.

OUTPUT. Active (low) during cachereadsto indicatethat valid datahasbeen
placedon the PowerPCprocessoibus. This signalMUST be bufferedexternal

to the controllerwith an open-collector(or tri-statable)buffer.
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AACK _

TSIZ(2..0)
TBST_

TS
TT(4..0)
TAG_VALID

TAG_WE_
TAG_RESET

SRAM_TSC_
SRAM _S1_
SRAM_BAA _

SRAM_W_

SRAM_G_

INPUT. PowerPCProcessoAddressAcknowledge. Active during readsof the
cacheto signalthe systemthat a new addresscan be placedon the bus. Tri-
statedwhennot active.

INPUT. PowerPCProcessoiransferSize. Cardl/O. Sameasthe card.
INPUT. PowerPCProcessoiransferBurst. Card1/O. Sameasthe card.
INPUT. PowerPCProcessoiTransferStart. Cardl/O. Sameasthe card.
INPUT. PowerPCProcessofransferType. Cardl/O. Sameasthe card.

OUTPUT. Is active (high) whenentry for Tag RAM is valid. Inactive (low)
duringa Tag RAM write will invalidatethe tag. During a readof the Tag
RAM, an active (high) will forcethe TagRAM to matchonly validated
memorylocations.

OUTPUT. Writesthe dataon the inputsto the TagRAM whenthe signal
transitionsfrom active (low) to inactive (high).

OUTPUT. Whenactive (low), all tagsin the TagRAM will beresetand
invalidated.

OUTPUT. Whenactive (low), the Burst SRAMs latch address.
OUTPUT. Whenactive (low), the Burst SRAMs areenabled.

OUTPUT. Whenactive (low), the addressn the Burst SRAMs is incremented
on the nextrising clock edge.

OUTPUT. Whenactive (low), the dataon the inputsto the Burst SRAMs will
be storedat the location pointedto by the addresson the nextrising edgeof the
clock.

OUTPUT. Whenactive (low), datawill be driven by the Burst SRAM on the
datalines.

6.7.4 Upgrade Slot Pin Definition

This sectiondefinesthe pins for the upgradeslot.Figure 41 showsa diagramof this 2x101 Micro Channel-
style connector. It consistsof two rows of 101 pins. The 101 pinsincludethe 10 pins from VA10 through
VAL, 49 pinsfrom Al throughA49, and 42 pinsfrom A52 throughA93.

Top view

VAL0

VB10

VAL Al A9 AS2 A93

| |

...... XX oo XXX
...... XD X
VBL Bl B49 B52 B93

Figure 41. Upgrade/L2CacheConnector

Table 23 (Pagel of 4). UpgradeProcessor/LZacheConnectorPin Assignments

Pin Function Pin Function

Al L2_CLAIM# B1 L2_TAG_CLR#

A2 60X_A(9) B2 DATA_BUS_GNT#,BG_60X#
A3 GROUND B3 60X_A(10)

A4 60X_A(11) B4 60X_A(12)
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Table 23 (Page 2 of 4). UpgradeProcessor/LZacheConnectorPin Assignments

Pin Function Pin Function

A5 60X_A(13) B5 GROUND

A6 60X_A(14) B6 60X_A(15)

A7 +5 VOLTS B7 60X_A(16)

A8 60X_A(18) B8 60X_A(17)

A9 60X_A(19) B9 +5 VOLTS

A10 60X_A(0) B10 60X_A(20)

All GROUND B11 60X_A(1)

Al2 60X_A(2) B12 60X_A(3)

Al13 60X_A(4) B13 GROUND

Al4 60X_A(5) B14 60X_A(6)

Al5 +5 VOLTS B15 60X_A(7)

Al6 60X_A(21) B16 60X_A(8)

Al7 60X_A(22) B17 +5 VOLTS

A18 60X_A(23) B18 60X_A(24)

A19 GROUND B19 60X_A(25)

A20 60X_A(26) B20 60X_A(27)

A21 60X_A(28) B21 GROUND

A22 60X_A(29) B22 60X_A(30)

A23 +5 VOLTS B23 60X_A(31)

A24 GROUND B24 GROUND

A25 TRANSFERTYPE (4), TT(4) B25 GROUND

A26 TRANSFERTYPE (2), TT(2) B26 TRANSFERTYPE (3), TT(3)
A27 TRANSFERTYPE (0), TT(0) B27 TRANSFERTYPE (1), TT(1)
A28 TRANSFERSIZE (1), TSIZ(1) B28 TRANSFERSIZE (2), TSIZ(2)
A29 TRANSFER_BURST# TBST# B29 TRANSFERSIZE (0), TSI1Z(0)
A30 TRANSFER_ACKNOWLEDGE#,TA# B30 GROUND

A31 GROUND B31 ADDRESS_ACKNOWLEDGE#AACK#
A32 DATA_RETRY#, DRTRY# B32 ADDRESS_RETRY#ARTRY#
A33 TRANSFER_ERR_ACK#TEA# B33 EXT_ADDR_TRANS_START#XATS#
A34 GROUND B34 GROUND

A35 BUS_REQUEST_60X#BR_60X# B35 DATA_PARITY_ERROR#,DPE#
A36 BUS_REQUEST_L2#BR_L2# B36 BUS_GRANT_60X#,BG_60X#
A37 +5 VOLTS B37 BUS_GRANT_L2#,BG_L2#
A38 TRANSFER_START#,TS# B38 60X_INTERRUPT#,INT_60X
A39 GROUND B39 +5 VOLTS

A40 GROUND B40 GROUND

A4l GROUND B41 BUS_CLOCK_O

A42 BUS_CLOCK_1 B42 GROUND

A43 GROUND B43 BUS_CLOCK_2

Ad4 60X_D(31) B44 +5 VOLTS

A45 60X_D(30) B45 GROUND

A46 60X_D(28) B46 60X_D(29)

A47 GROUND B47 60X_D(27)

A48 60X_D(25) B48 60X_D(26)
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Table 23 (Page 3 of 4). UpgradeProcessor/LZacheConnectorPin Assignments
Pin Function Pin Function
A49 60X_D(24) B49 GROUND
A50 <key> B50 <key>
A51 <key> B51 <key>
A52 60X_D(22) B52 60X_D(23)
A53 +5 VOLTS B53 60X_D(21)
A54 60X_D(19) B54 60X_D(20)
A55 60X_D(18) B55 +5 VOLTS
A56 60X_D(16) B56 60X_D(17)
A57 GROUND B57 60X_D(15)
A58 60X_D(13) B58 60X_D(14)
A59 60X_D(12) B59 GROUND
A60 60X_D(10) B60 60X_D(11)
A61 GROUND B61 60X_D(9)
A62 60X_D(7) B62 60X_D(8)
A63 60X_D(6) B63 +5 VOLTS
Ab64 60X_D(5) B64 60X_D(4)
A65 +5 VOLTS B65 60X_D(3)
A66 60X_D(1) B66 60X_D(2)
A67 60X_D(0) B67 GROUND
A68 60X_D(62) B68 60X_D(63)
A69 60X_D(61) B69 +5 VOLTS
A70 60X_D(59) B70 60X_D(60)
A71 GROUND B71 60X_D(58)
A72 60X_D(56) B72 60X_D(57)
A73 60X_D(55) B73 GROUND
A74 60X_D(53) B74 60X_D(54)
A75 +5 VOLTS B75 60X_D(52)
A76 60X_D(50) B76 60X_D(51)
A77 60X_D(49) B77 GROUND
A78 60X_D(47) B78 60X_D(48)
A79 GROUND B79 60X_D(46)
A80 60X_D(44) B8O 60X_D(45)
A81 60X_D(43) B81 +5 VOLTS
A82 60X_D(42) B82 60X_D(41)
A83 +5 VOLTS B83 60X_D(40)
A84 60X_D(38) B84 60X_D(39)
A85 60X_D(37) B85 GROUND
A86 60X_D(35) B86 60X_D(36)
A87 +5 VOLTS B87 60X_D(34)
A88 60X_D(32) B88 60X_D(33)
A89 GROUND B89 +5 VOLTS
A90 60X_DATA_PARITY_(6) B90 60X_DATA_PARITY_(7)
A91 60X_DATA_PARITY_(4) B91 60X_DATA_PARITY_(5)
A92 60X_DATA_PARITY_(2) B92 60X_DATA_PARITY_(3)
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Table 23 (Page4 of 4). UpgradeProcessor/LZacheConnectorPin Assignments

Pin Function Pin Function

A93 60X_DATA_PARITY_(0) B93 60X_DATA_PARITY_(1)

VA1l GROUND VB1 FULL_SPEED

VA2 +5 VOLTS VB2 60X_CACHE_INHIBIT#,Cl#
VA3 60X_WRITE_THROUGH# WT# VB3 60X_GLOBAL#, GBL#

VA4 60X_SHARED#,SHD# VB4 BCLK_SPEED1

VA5 BCLK_SPEEDO VB5 HARD_RESET#HRESET#
VA6 SOFT_RESET#SRESET# VB6 UPGRADE_PROCESSOR_PRESENT#
VA7 L2_CACHE_PRESENT# VB7 +5 VOLTS

VA8 L2_CACHE_256K VB8 L2_CACHE_CB (COPY-BACK)
VA9 L2_UPDATE_INH# VB9 L2_MISS_INH_#

VAL0 TRANSFER_CODE_(1)TC(1) VB10 TRANSFER_CODE_(0)TC(0)
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Appendix A. Implementation Examples

The following subsectiongjive diagramsand brief descriptionsof exampleimplementationdor a portable,an
energy-managedorkstation,a medialessvorkstation,a technicalworkstation,a server,and a symmetric
multiprocessor. A descriptionof a diagnosticstrategyis alsoincluded.

A.1 Portable

This appendixgivesa basichardwareoverviewof a PowerP CReferencePlatform-compliantportable
system. Figure 42 showsa schematioadiagramof the componentsf this portablesystem. This portable
configurationusesthe PowerPC603 processorand providesone serial port, one parallelport, variousaudio
jacks, built-in microphoneand speakerspne keyboard/mousgort, one video graphicsport, one SCSI-2
port, andtwo type-2PCMCIA sockets.

A.1.1 Subsystems

Major subsystemare connectedo the internal+5.0-volt, 32-bit PCI bus. A memorycontroller,PCI-ISA
Bridge, SCSI controller,power managementontroller,and video graphicscontrollersare locatedon this
bus.

Native and extended/O controllers,Real-TimeClock, businessaudio,and PCMCIA arelocatedon the
internal ISA bus.

A.1.2 PowerPC 603 Processor

The PowerPC603 processoiis configuredto have32 addresshits and and canbe configuredto have32 data
bits. Internally,the 603 hasan 8-KB instructioncacheand an 8-KB datacache.

The 603 processothasa numberof differencesfrom the 601. Pleaseconsultthe 603 documentatiorfor
details. Two changesdn particularshouldbe noted:the 603 doesnot snoopthe internalinstructioncache,
andthe 603 Endianswitchinginstructionsare differentthanthe 601 instructions.

The following processwill switchthe systemfrom Big-Endianto Little-Endianmodewhenusedin the Ref-
erencelmplementationwith a PowerPCprocessoiotherthanthe PowerPC601 microprocessor.Because
this processmust executeduring transitionperiodswhenthe processomand systemcomponentsrein dif-
ferentEndianmodes,caremustbe takento assurethat interruptsare not takenor that dataandinstructions
do not remainin cachein the wrong Endianorder. The instructionsto performthis switch mustnot spana
pageboundary. The processis outlined below:

a) Enableaddresdranslation

b) Flushall systemcaches

c) Disableinterrupts

d) Entersupervisorstate

e) Invalidatethe instructioncache

f) Setthe processoland systemstateto Little-Endian (seeFigure 43)

Note: Processomndsystemarenow in Little-Endianmode. All instructionsmustbe in Little-Endian
order.

g) Putinterrupthandlersand processoiatastructuresn Little-Endianformat
h) Enableinterrupts
i) Startthe Little-Endian operatingsysteminitialization
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;Set the MSRILE bit (bit 15) here. It is not copied from SRRL.
x00  mfmsr R9 ;Load current MSRregister
x04 ori  ROROMSR LE  ;Set the LE hit in the MSR(bit 31)
x08  misirl R9 ;Store the target MSRin SRR1
xC bl x ;Address  of next instruction in Link Register

X;
x10 mfspr R28 Link register to R2
x14 add R2R2y-x ;Calculate instruction after  RFI
x18  mtsrr0 R2  ;Set branch address in SRRO
x1C  rfi ;Return  from interrupt  to set LE mode
;The RFI performs the necessary synchronization actions
Y.

x20 stb R50(R29) ;Set system components to LE
JRegister ~ R5 has the data and R29 has the address for the Endian control  port
;Endian control  port at X'8000 0092' must be addressed at
;X'8000 0095 hecause processor is modifying  addresses now
;To this point all instructions are in Big-Endian  Format
Include a string of palindromic instructions to pass time untl the system
;completes  the switch.  Twenty five are suggested based on a 66 MHz processor

x24 addi RO,R1,0x138 ;Instructions which work LE or BE

;This  instruction generates  0x38010138
x28 addi RO,R1,0x138
x2C addi RO,R1,0x138

xyy addi RO,R1,0x138
Start  of Litle  Endian instructions

Figure 43. PowerPClnstructionStreamto Switch EndianModes

This switching processs only applicablefor PowerPCprocessorsn a designwith a Bi-Endianmemoryas
shownin Figure 56.

If the designusesthe Big-Endianmemoryapproachasshownin Figure 57, thenthis processmustbe modi-
fied. The Little-Endianportion of the operatingsystemloaderand any of the restof the operatingsystem
which wasbroughtinto memorybeforethe systemwas switchedto Little-Endian modedoesnot residein
memoryin the correctformat. This informationwasbroughtinto memoryin the true Little-Endianformat
asit existedon the media. It mustexistin memoryin the “PowerPCLittle-Endian” form. This form has
the bytesreversedwithin eachdoubleword. After the systemis in Little-Endianmode,furtherinput from
mediaof Little-Endianinformationwill arrivein systemmemoryin the correctform. Examplesof
approacheso accomplishthis byte reversalare asfollows:

- Beforethe processoswitchesto Little-Endianmode,load and storeeachLittle-Endian doubleword,
doing a byte reversalin the process.

« Swapout the Little-Endian materialwhile in the Big-Endianmodeand swapit backin afterthe system
is in Little-Endianmodeand beforethe processohasbeenswitchedto Little-Endianmode. The
instructionsto performthe swap-inmusthavebeenbyte reversed.

- During the install processbyte reverseeachdoublewordof Little-Endianinformationon the media.
This format cannotbe movedto an implementationwith Bi-Endianmemory.
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A.1.3 Memory

The memoryis composedf basememoryand optional upgradablememory. The systemboardhas
| socket(s)for JEIDA 88-pinIC DRAM cardsor 72-pin SODIMMs (small outline dual inline memory
| modules)for upgradememory.

Both baseand optionalmemoriesare +5-volt, 32-bit and supportdataparity but do not supportECC. In
power-downmodes,the memoryis refreshedat a slow rateto sustaindata.

A.1.4 PCI Bridge/Memory Controller (PCIB/MC)

The portablesystemusesa custom-designedontrollerthat bridgesbetweenthe 603, memory,and PCI
buses.

A.1.5 Power Management Controller

The portablesystemusesa custom-designedontrollerthat performslow-level powermanagemenand PCl
busarbitration. SystemROM is connectedhroughthis controllerto the PCI bus.

| A.1.6 Flash ROM -- 512 KB (AMD Am29F040-120)

| This componentcontainsthe POSTandbootcode. It is recommendedhat the systemboardspeednative
| /O complementandlike informationbe programmednto this device. Thereis no othersourceof such

| informationbuilt into the systemboard. Algorithms for programmingthis datainto Flashbeforeor during
| the manufacturingprocessare possible.

| After poweron, the processofrfetchesthe initial codefrom this device. A maximumof 16 MB for System
| ROM andregistersis allowedin the Referencdmplementationrmemorymap, but the systemboardutilizes
| a512-KB devicefor the SystemROM.

A.1.7 SCSI Controller -- NCR 53C810

This 8-bit SCSI-2controllersupports32-bit word databursttransferswith variableburstlengthsasa PCI
masterdevice. A high-level SCSIprocessorequiresvery little 603 overheadn operations. A 50-pin single-
endedSCSIconnectoris available. On the SCSlbus,a harddisk drive packand CD-ROM drive are con-
nected. The bus supportsdatatransferspeed=f up to 5 MB/s and 10 MB/s in asynchronousnd
synchronousnodes,respectively.

1 A.1.8 PCI-ISA Bridge -- Intel 82378ZB System 1/O

In additionto ISA bus bridging, this controller providesthe following systemservices:

- Two 83C37DMA controllers
- 82Cb54timer

« Two 8259interruptcontrollers
- Systemcontrol ports

The PCI-ISA bridge positively decodesP Cl cyclesfor selectedaddressesand subtractivelydecodes
unclaimedPClI cyclesfor the internal ISA bus.

The BIOS Timer addressangeis relocatedto avoid conflicts with the EEPROM, which residesin ISA

addresgange0078hthrough007Ch. The PCI busarbitrationis achievedby the powermanagementon-
troller, but not by the PCI-ISA bridge,on the portablesystem.

Page 182 of 319 — PowerPCReferencePlatform



A.1.9 Native I/O Controller -- National Semiconductor PC87322 Super 1/0

This ISA devicecontainsa floppy disk controller, serialport controllers,and a parallelport controller.

The floppy disk controlleris downwardcompatibleto uPD765andN82077. Througha 26-pin port, an
externalfloppy disk drive is supported.

On this portablesystem,one of two serialport controllersis usedand connectedo a 9-pin D-sub connector.
The controllersare compatibleto PC16550s.

The bi-directionalparallel port controlleris compatibleto IEEE 1284,andis connectedo a 25-pin D-sub
connector.

A.1.10 Extended I/O Controller

The portablesystemusesan |/O controller,which supportsvariablel/O functions. Most of systemcontrol
registersare containedin this controller.

A PS/2-compatibleauxiliary devicecontroller providestwo channelsof serialinterfaces:onefor alphanu-
meric devicesthe otherfor pointing devices. The serialinterfacefor alphanumeriaevicesis directly and
solely connectedo the universalmicro control unit (UMCU). The UMCU is equivalentto an 84-, 85-, or
89-keyspace-savingceyboard. The UMCU hasan additionalserialinterfacefor externalalphanumeric
devices.

A serialinterfaceis connectedo pointing devices.A keyboard/mous@ort providesserialinterfacesfor
externalalphanumeriadevicesand pointing devices.

The extended/O controllersupportsa PS/2Type-A EEPROM (64x16)for storing securitypasswordsyital
productdata,and someconfigurationinformation.

A.1.11 Real-Time Clock -- Dallas Semiconductor DS1585S

This ISA devicehasa Real-TimeClock in a 128-byteCMOS addresspaceandan 8-KB NVRAM space.

A.1.12 Business Audio -- Crystal Semiconductor CS4231

BusinessAudio is providedthroughthe Crystal SemiconductolCS4231stereoaudiointegratedcircuit. This
deviceis the samelC usedin the Referencdmplementationandis describedn Section6.3.4,“Audio
Subsystem.’'One microphoneand a pair of stereospeakersare providedasbuilt-in features. Also supported
arefour 3.5-mmjacksfor:

« Stereoearphones

- Stereomicrophoneinput
- Stereoline in

« Stereoline out

Also, the conventional(Timer 2) PC speakeifunctions,UMCU (UniversalMicro Control Unit) beeps,
PCMCIA audio,and CD audiofunctionsare supportedfor audio applicationand alert.

A.1.13 PCMCIA Controller -- Ricoh RF5C366C

This ISA devicesupportsPCMCIA 2.0 sockets.The socketscanprovide+ 5 volts and+12 volts asVpp,
andsupport+5-volt signalinterfaces.
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A.1.14 LCD Display

The LCD displayhasa minimum 640x480resolution.
A WesternDigital 90C24A2graphicscontrolleris connectedo the internal PCI busthrougha busbridge

andsupportsl MB of Video RAM. The graphicssubsystensupportsan 18-bit RAMDAC that provides
for connectionthrougha standardl5-pin D-sub connectorof an externalCRT display.

A.1.15 L2 Cache

A look-asidelL2 cacheis mountedon the PowerPC603 bus.

A.2 Energy-Managed Workstation

This appendixgivesa basichardwareoverview of a PowerP CReferencePlatform-compliantenergy-managed
workstation. Figure 44 showsa diagramof the componentsf this energy-managedorkstation. The basic
hardwareconsistsof a systemboard,powersupply, diskettedrive, SCSIdisk drive, CD-ROM, cables key-
board,monitor, and mechanicabackage. This energy-managedorkstationconfigurationwill usethe
PowerPC603 processorandwill providea SCSlexternalport, two serialports,one parallelport, business
audiowith a stereomicrophonejack, stereocearphongack, line in andline out jacks, video graphics key-
boardand mousejacks,andfour PCMCIA slots. Thereareno ISA or PCIl expansioncard sockets. Base
memorysupportis 16 MB with expansioncapabilityto a maximumof 80 MB of SystemMemory. L2
cacheor processoupgradesare not describedput provisionsfor themareincludedin the configuration.
Video is providedby a PCl-basedS3-928daughtercard. The subsectiondbelow definethe major compo-
nentsof this system.

A.2.1 System Board

The systemboardcontainsmostof the electronicsfor the system. Major subsystemsre connectedo main
memorythroughthe PCI bus. The memorycontroller,Systeml/O, and SCSlarelocatedon this bus. The
videois attachedto the PCI busthrougha specialsocket,allowing for future upgrades.

The boardis designedwith a space-savindgayout, usingbotha CPU cardanda basel/O card. The boards
require+ 5 volts and +3.3 volts to powermost of the components.PCMCIA Flashprogrammingfeatures
which require+ 1 2 volts arealsosupportedoby the powersupply.

A.2.2 PowerPC 603 Processor

The PowerPC603 processoiis availablein operatingfrequenciesof 50,66 and 75 MHz. Thereare32
addressits and 64 or 32 databits. It canbe configuredaseithera 32-bit datadeviceor a 64-bit datadevice
via a pin. The 603 containsa 16-KB internalcachewhich is split betweeninstructionanddata. The 603
packageuses240 pins andrequires+3.3-volt power.

The PowerPC603 processothasa numberof differencesfrom the PowerPC601 processor. Pleaseconsult
the 603 documentatiorfor details. Two changesn particularshouldbe noted:the PowerPC603 doesnot
snoopthe internalinstructioncache,andfor the PowerPC603 and any PowerP Cprocessootherthanthe
PowerPC601,the Endianswitchinginstructionsare differentthanthoseshownin the desktopReference
Implementation. Referto SectionA.1.2, “PowerPC603 Processor,for suggestedEndianswitchinglogic.
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Figure 44. PowerPCReferencePlatform Recommendednergy-ManagedVorkstation

A.2.3 Memory Subsystem

The memorysubsystemris composedf basememoryand optionalupgradablememory. Basememorycon-
sistsof 16 MB parity memorysoldereddirectly on the systemboard. Upgradememoryconsistsof 2 JEIDA
88-pinIC DRAM cardsockets. The memorycontrollerhasthe following features:

Doesnot supportECC memories
Supportsonly 4-, 8-, 16-and32-MB IC DRAM Cards
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Supportsonly non-interleavednemoryaccessperation
I/O Memory on the PCI busis not cachableby the processor

A.2.4 PCI Bridge/Memory Controller (PCIB/MC)

The energy-managedystemusesa custom-designednemory/bridgecontrollerwhich providesthe following
functions:

Processobuscyclesconvertedto the following:

- SystemMemory cycles

- PCI1/O cycles

- PCIl memorycycles

— PClinterruptacknowledgement

— PCI configurationcycles

— Addresstranslationconsistenwith the memorymap of the Referencdmplementation
PCI masteraccesdo SystemMemory

Processobussnoopcyclesasa resultof PCI SystemMemory access

SystemMemory programmabilityfor flexible memorydevicesupport

A.2.5 System I/O Bridge Chip -- SIO (Intel 82378ZB)

This functionis providedby an Intel 82378ZB.It providesa PCI-to-ISA busbridgewherethe nativel/O
andISA attachmentsesideandit providessystemservicessuchasDMA andinterruptcontrol. Its major
functionsarelisted below.

Bridge betweenPCl and ISA

— Eight- or 16-bit ISA devices

— Twenty-four-bitaddressingn ISA

— Partially decodedNative I/O addresses

- UnclaimedPCIl memoryaddresdelow 16 MB -> ISA

- UnclaimedPClI I/O addresselow 64 KB -> ISA

- Powersup to an“open” condition

- GeneratesSA clock, programmablég3 or /4 divide ratio

— Allows ISA masteringand hasprogrammabledecodesvhich map ISA memorycyclesto the PCI

bus

— Has32-bit postedmemorywrite databuffer, no I/0O buffering

Seven-channeDMA betweenlSA devicesand PClI memory

— Eight- or 16-bit deviceson ISA (and PCMCIA) busonly

— Thirty-two-bit addressingat DMA

- Functionof two 83C37’s

- Eight-bytebidirectionalbuffer for DMA data

— SupportsScatter-GatheDMA operations

— SupportsGuaranteeddccessTime Mode for DMA andISA masters
- Timer block -- function of an 82C54

Interruptcontroller-- function of two 8259's

PCI busarbiter-- unusedin the energy-managedystem

FunctionsasPClI slaveduring programmingand ISA slavecycles,asbus masterduringDMA (or ISA

mastercycles)

Page 186 of 319 — PowerPCReferencePlatform



A.2.6 Native I/O Controller -- National PC87322 SUPER I/O

Controlis providedvia the ISA bus. This componentcontains:

« Floppy disk controller-- softwarecompatiblewith DP8473,765A, and NS82077.

« Two serialports -- softwarecompatiblewith INS8250N-B,PC16550A,and PC16450.The serial ports
containFIFOs.

« Oneparallelport -- bidirectional, EPP compatible.
IDE interface-- unusedon the energy-managedystem.

A.2.7 SCSI NCR 53C810

This componentattachedirectly to the PCI buson the systemboardand supportsthe following features:

Eight-bit SCSI-2interface
« Variableblock sizeand scatter/gathedatatransfers
« Thirty-two-bit word databurstswith variableburstlengths
« Full 32-bit PCI bus master
« Sixty-four-byteFIFO buffer

A.2.8 Real-Time Clock (RTC) -- Dallas Semiconductor DS1585S

Functionsof the RTC componentinclude:

RTC Function (PC compatible)
Eight-KB Non-Volatile RAM

- Separatereplaceablédattery
Powermanagemenwake alarminterrupt

A.2.9 Keyboard/Mouse -- Intel 8042AH

This componentcontainsthe keyboardand mousecontrolsandis connectedo the X bus (a buffered8-bit
subsetof the ISA bus).

A.2.10 Flash ROM -- 512 KB (AMD Am29F040-120) / EPROM Alternative

This componentcontainsthe POSTandboot code.lt is recommendedhat the systemboardspeed native
/0 complementand like informationbe programmednto this device. Thereis no othersourceof such
informationbuilt into the systemboard. Algorithms for programmingthis datainto Flashbeforeor during
the manufacturingprocessare possible.

After poweron, the processoffetchesthe initial codefrom this device. A maximumof 16 MB for System
ROM and Registerds allowedin the Referencdmplementationmemorymap, but the systemboardutilizes
a 512-KB devicefor the SystemROM.

A jumperis providedwhich allows useof anEPROM (AMD 27C040-150JCG- 512 KB) in placeof the

Flashfor systemsthat do not wish to bearthe costof Flash. The jumpermustbe presenton all boards.
Alternatively, 256-KB EPROMsmay alsobe utilized.
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A.2.11 Clock Generation

The 603 processohasa very simple clock requirementtherefore the systemboardclock circuits aremuch
simplerthanin the Referencdmplementationdescribedn Section6.2.5,“Clock Generation.”

The PowerPC603 processorequiresa single systemclock input. This input setsthe frequencyof oper-
ationsfor the businterface. Internally, the 603 usesa phase-locdoop (PLL) circuit to generatea master
clock for all of the CPU circuits. This PLL circuit is lockedto the clock input and may be setasan integer
multiple of the clock input.

A.2.12 Business Audio

Businessaudiois providedthroughthe Crystal SemiconductolCS4231stereocaudiointegratedcircuit. This
is the samelC usedin the Referencdmplementationandis describedn section6.3.4,“Audio Subsystem.”
Conventional(Timer 2) PC speakeifunctionsare alsoprovided,aswell assupportfor audiofrom the
PCMCIA connectors.Also supportedare four rear-mountedd.5 mm jacksfor:

Stereoearphonegthe speakeris mutedwhenan earphondack is insertedinto the connector)
Stereomicrophoneinput
Stereoline in

« Stereoline out

Thereis alsoa system-board-mounteconnector(with cable)for direct playbackfrom the CD-ROM.

A.2.13 Timer 2 Audio Support

The Timer 2 signalis summedwith the outputsof the CS4231audiolC at the operationalamplifier which
drivesthe speaker. This providesthe capability of supportingstandardaudio. Softwaremay electto directly
drive Timer 2 audioor to emulateTimer 2 audiothroughthe CS4231audiolC.

A.2.14 Processor Time Base Support

The 603 processor’'sTime Basefunction operatesat one-fourthof the processoibus clock rate,which may
be either25 or 33 MHz. This Time Baseanddecrementefunction is distinctfrom the calendarandRTC
function normally found in PCs.

A.2.15 L2 Cache and Upgrade Processor Support

The systemboardhassupportfor an upgradesocket,but no upgradeboardsare definedfor an L2 cacheor
processowupgradefor this system. The 603 bus signalsand variouscontrol signalssuchaspresencealetect
signalsand cachecontrol signalsarewired to the socket. Supportis includedon the systemboardfor:

« Write-throughor copy-backcachecards. (Copy-backcachesupportis tentativeat this writing.)
« Two cachetype ID bits in a systemboardregister.

- Various cachecontrolssuchasflush and disable.

« Arbitration for the upgradeprocessoior copy-backcache.

A.2.16 1/O Decoder

This componentresideson the X bus. It receivespartial decodesignalsfrom the SI1O chip and further
decodegheseto producechip selectsfor variouscomponents.It alsocontainsmostof the systemregisters
andimplementspasswordprotection.
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A.2.17 Bi-Endian Support

The 603 processonormally operateswith Big-Endian(BE) byte significance. It hasa modeof operation
designedo more efficiently processcodewritten with Little-Endian (LE) byte significance. The system
boardhashardwareto supportBi-Endianoperation. The systemdefaultsto BE modeat poweron. The
mode may be switched,but the hardwareis not optimizedfor frequentmode switching. Referto A.1.2,
“PowerPC603 Processor,’for a descriptionof the Endianswitchingapproach.

Whenthe systemis in Big-Endianmode,datais storedin memorywith BE ordering.Whenthe systemis in
Little-Endianmode,datais storedin memorywith LE ordering.

A.2.18 PCMCIA Controller -- Intel 82365SL

This configurationsupportsfour PCMCIA option slotsby usingtwo Intel 82365SLPCMCIA controllers.
Each82365SLcontrolstwo PCMCIA slots. The systemboardhasaddress/datauffersand power control
asrequiredin the PCMCIA specification. PCMCIA cardsmay be hot-plugged. The systemboardprovides
for two front andtwo rearPCMCIA slots. Eachslot may containeitheratype 1, 2, or 3 card.

This configurationsupportspropagationof the RING INDICATE signalfrom the controllerto the system
boardfor the “wake up” function. This systemalsopropagateshe AUDIO signalto supportPCMCIA
cardshavingaudiooutput.

Note: The systemboarddoesnot currentlysupport+3.3-volt card operation.

A.2.19 Power Management Controller

A custom-designegower managementontrolleris usedin this configurationand performsthe following
functions:

Dynamic control of the processoiclock
Systemclock control

Peripheralpowerand modecontrol

I/O activity monitor
Programmablg@owermanagemeninterrupt
Systemstatussaveandrestore
Systempower managemenstatuscontrol

Powermanagementor the energy-managedorkstationcan put the systeminto one of four states. These
statesarediagrammedn Figure 45 and are describedasfollows:

OPERATIONAL

- Default State

- Maximum systemperformance

- All systemresourcesareturnedon and availablefor immediateuse

- 100% powerconsumptionrate

STAND-BY

- Active powermanagemenbn local devicecontrols

- Potentiallyreducedsystemperformanceat a giveninstance

— Devicesarepoweredon demand

SUSPEND

- Maximum systempower savingsafter a shortperiod of inactivity while maintainingthe capabilityto
instantaneouslyeturnto operations

— Most devicesareeitherin a low-powermodeor actually poweredoff

— The processomay havethe clock stopped
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— Systemstateinformationis maintainedalongwith SystemMemory contents

— Mostinterruptsreturnthe systemto operational

HIBERNATION

— The systementersHIBERNATION afteralongerperiodof inactivity or a HIBERNATION event
hasoccurred

— Most devicesare poweredoff

— Systemstateinformationis storedon the systemhardfile for later retrieval

— Resumingoperationwill takelongerthan SUSPENDdueto the restorationof the systemstatefrom
the systemhardfile

- Maximum power savingswhile still beingableto wakeup by someexternalevent

OFF

— The AC poweris physicallyremovedfrom the system

ADCDRATIONAL S
o — UPLRATIVNAL e
I 1 ANY ODAAAED \
TWWe MWy
STANDBY
>332 TO 50%
SUSPEND
>81 TO 20%

\J

HIBERNATION
<1%

AC
POWER
CONNECTED

AC
POWER
DISCONNECTED

OFF

Figure 45. Energy-ManagedVorkstation’'sPower States

A.3 Medialess

The medialessonfigurationshownin Figure 46 is a simplevariationon the Referencdmplementation
describedn Section6.0, “Referencelmplementation. This configurationis differentin two waysfrom the
Referencdmplementation:

a) The medialessystemhasno datastoragecapability. The SCSIsubsystemhardfile, CD-ROM, and
floppy drive shownin Figure 18 would be removedfrom the Referencdmplementationto form a
medialessconfiguration.
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b) The medialesssystemrequiresa network connection. The medialessystemmustbe usedattachedto a
network. The networkwould supply storagefor the operatingsystemincluding its boot-up code,for
applications,andfor data. An Ethernetor Token Ring adaptorwould be placedon one of the expan-
sion buses. The networkwould supplythe operatingsystemsoftware,applicationsoftware,permanent
storagefor the user'sdataand any temporarystoragefor paging.

The softwarewhich runs on the medialessystemmustaccommodatehis environment. The SystemROM
andthe boot-upportion of the hostedoperatingsystemsoftwaremustsupportboot from a network. The
operatingsystemmustsupportthe medialesoperationand containdriversfor the networkinterface. Diag-
nostic softwaremustbe availablethroughthe network, or suppliedby maintenanceersonnele.g.a floppy
drive installedwhen neededor diagnostics).

A variationof the medialessystemis a “dataless”system. In this system,a hardfile is placedin the config-

urationand usedfor systemsupport(e.g. paging),but mostof the softwareand dataresideon the network.
This configurationhasperformanceadvantagesver a pure medialessconfiguration.
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Figure 46. RecommendedowerPCReferencePlatform MedialessSystem

A.4 Technical Workstation

The TechnicalWorkstationconfigurationasshownin Figure 47 is a higher-performanceariation of the
Referencdmplementation. It is intendedto supportgraphics-intensivevork, including 3D graphics. This
configurationcan differ from the Referencdmplementationin severalways:increasedgsystemmemory,an
incorporated.2 cache,a secondPCI bus, additionalgraphicsresolution,or additionalPCI adaptors.
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The systemmemoryfor the technicalworkstationshouldbe augmented.The memoryshouldbe upgradable
to at least128 MB. The memorysystemshouldimplementECC memory. The minimum systemmemory
shouldbe:

16 MB for an entry-leveltechnicalworkstation
64 MB for an entry-level3D graphicsworkstation

This memorysystemcould be augmentedy installing a copy-backL2 cachein the upgradeslot. For per-
formancereasonsthe graphicssubsystenshouldbe attachedon a secondP Cl busor attacheddirectly on
the local PowerPCprocessoibus. As shownin the figure, the graphicssubsystenis attachedio one PCI
buslabeled“PCIl 1.” A secondPCI bussupportingthe remainderof the I/0 subsystemss labeled“PCI 2.”
In this approachthe memorycontrollerand bus bridgewould haveto be changedirom that usedin the
Referencdmplementation(Section6.2.3,“PCI Bridge and Memory Controller (PCIB/MC)”). If instead
the graphicsadaptorwas placedon the processotus,thenthe busbridgeand memorycontrollercould be
the sameasthe Referencdmplementationput the processobuswould havean additionalload. The
graphicssystemshouldsupportat least1024x768pixels with 8 bits of color information. Upgradesshould
be availablefor 1280x1024pixels with 16 or 24 bits of color information. Two or threePCIl adaptorsare
recommended.The numberof adaptorsdependsuponthe numberof otherloadsconnectedo the PCI and
the planneduseof the workstation.
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Figure 47. RecommendedowerPCReferencePlatform TechnicalWorkstation

A.5 Server

The serverconfigurationsectionpreviouslypublishedin this specificationhasbeendeleted. A more compre-
hensivedescriptionof a serverplatform usinga PowerPCprocessomwill be includedin a future versionof
this specification.
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A.6 Symmetric Multiprocessor

The two-way multiprocessoiconfigurationshownin Figure 48 is a variation of the Referencdmplementa-
tion. The configurationdiffers from the Referencdmplementationby havingmore processorsmore L2
cachesmore SystemMemory, multiple PCI buses,and additionalfacilities for interrupthandlingandinter-
processorcommunication.

Section3.13,“MultiprocessorConsiderations,lists the requirementsaand someof the recommendationfor
interrupts,inter-processocommunicationsprocessoisynchronizatiorand memorycoherencdor multi-
processoisystems. This sectionincludessomeadditionalrecommendationand examples.

For multiprocessorenvironmentsthe Power PC Reference Platform Specification intendsto focus primarily
on symmetricmultiprocesso(SMP) systems. Figure 48 showstwo processorgonnectedhroughlL?2 caches
to a systembus sharedwith the SystemMemory controllerand PCI busbridge. If the systembusis similar
in designto the PowerPCprocessoibus, peakdatabandwidthsof greaterthan 400 MB/sec are possible.
With an efficient L2 cacheand memorysystemdesign,the systembus utilization for the two processorss
manageable.SMP designsutilizing morethantwo processorsnay requiregreatersystembusbandwidthand
a more efficient memorysystemdesign(i.e. 16-bytedatabus,GTL signallevels,100-MHz bus clock, split
addressaand datatransactionssynchronoud® RAM, interleavedmemory,etc.).

In many systemenvironmentsequiring multiple processorsadditionalperformances requiredin the 1/O
subsystems.Often, the sizeand complexity of the I/0O subsystenscalesnearlylinearly with the numberof
processors.By usingmultiple bus bridgesattachedto SystemMemory andto the systembus,1/O oper-
ationscan betterutilize the availablememorybandwidth. To optimizel/O-to-memoryperformance,
burstingdatatransfersshouldbe used,specialdatabuffering within the busbridge shouldbe used,and key
I/0 subsystemshouldhavebus mastercapability so that they may managedatatransfersindependentf the
system’sprocessors.

Error detection,errorisolation, error reportingand error recoveryareimportantconsiderationsn a multi-
processoisystem. Errorsoccurringin one processonr L2 cacheshouldnot be allowedto propagateto
SystemMemory or to otherprocessor®r L2 caches. /O adaptorsand bus bridgesshoulddetectandreport
errors. ECC memoryis recommended.Softwareshouldattemptto recoverfrom sometypesof errors.

Multiprocessorconfigurationsoffer significantly greateravailability than uniprocessorand are bettersuited
for many applicationsthan clustersof uniprocessors.The recommendedecoveryaction,in the eventof a
processoor L2 cachefailure, is to resetandreinitialize the failing processor. With appropriatesoftware
support,dataretainedin main memoryand/oron disk canbe usedto roll backtransactionsyeestablish
terminal sessionsre-dispatchtasksandre-try I/O operationsassociatedvith the failing CPU. It is impor-
tantthat the systemcontinueto run evenif somenumberof tasksarelost.

The following are somerecommendedttributesfor a two-way SMP for a commercialdatabaser file server
environment:

1-to 4-MB L2 cachesjn-line, copy-back,MESI protocol (per processor).Onein-line L2 cacheper
processolis recommendedecauseonnectingtwo processorgo onelookasideL2 cachewould exceed
the capacityof the processobusin some,if not all, workloads.

+ 64-MB minimum SystemMemory, expandabldo 1 GB, ECC, synchronoud®DRAM support.

« An intelligent SCSI-2subsystenmwhich can efficiently handlea RAID-5 harddisk array.

« An intelligentcommunicationsadaptorwith buffering (Ethernet,TokenRing, ATM, etc.).
Multiple PCI busesattachedthrougha single Memory Controller/PCI Bridge subsystem.
EnhancednterruptControllerwith programmableedirectionand priority capabilities. Must also
handleinter-processointerrupts.

« All othersystemfeaturesrecommendedn the “Hardware Configuration”and “Referencelmplementa-
tion” sectionsof this document.
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Figure 48. PowerPCReferencePlatform SymmetricMultiprocessorSystem

A.6.1 SMP Overview

Figure 49 providessomeadditionaldetailon how an SMP systemmight be constructedThe in-line L2
cache,the memorycontroller/PClhostbridge,andthe MP interruptcontrollerare eachdiscussedn more
detailin the following sections. Thesesectionsbriefly describethe basiccomponentof eachof thesesubsys-
temsalongwith generaldesignguidelines.
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/ Figure 49. SMP Overview-- Processoand Memory Subsystems

/ A.6.2 In-Line L2 Cache

/ Figure 50 is an exampleof anin-line, copy-backL2 cachefor PowerPCbasedsystems. (PleaseseeSection
/ 6.7,“UpgradeSlot Definition” for a descriptionof look-asideL2 caches.) Someof the featuresof anin-line

/

~ Y~~~ ~

~

L2 cacheinclude:

- Write Buffers: Three32-bytewrite buffersaretypical. (Eachline in the 601's cachecontainstwo

32-bytesectors. Eachline in the 604’s cachescontainsone 32-bytesector.) If an L2 misscausesa line
to be castout of the L2 cache,the old sector(s)if modified, are storedin the write buffersuntil they are
forwardedto the memorycontroller. Normally, the first sectorof the old line beingcastout from L2
canbe transferredto the memorycontrollerbeforethe first datafrom the new line arrives.

The write buffersare alsousedto hold write datafrom processoistorerequestavhich missL2. These
processoistorerequestsare typically tagged“write-through” or “cache-inhibited.”

The third write buffer is typically dedicatedo hold the sectorpushedout of L2 dueto a snoopopera-
tion.

Line Buffers: Two 32-byteline buffersaretypical. The line buffersare usedfor memoryreadoper-
ations. If dataarrivesfrom memoryandthe processoibusis unavailable the datais written into the line
buffers. If dataarrivesfrom memoryandthe processoibusis available,the line buffersare bypassed.

The write buffersandthe line buffersinclude addressand controlsand participatein bus snooping.
Snooprequestsvhich hit on thesebuffers(pipeline collisions) are normally retried.
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Figure 50. In-Line L2

Directory: Thedirectory,or Tag RAM, keepstrack of which lines/sectorsareheldin the L2 cache.
Systembusrequestswhich hit on the L2 cacheareforwardedto the L1 cache,if necessary.
ReservatiorAddressRegister: The reservationaddresgegisterwithin the L2 cachetracksthe reserva-
tion, if any, held by the processor. The reservationaddresgegisteris setby the ReadAtomic and lwarx
ReservatiorSetrequeston the processotbus. The reservationis clearedwhenthe reservation(RSRV_)
outputsignalfrom the processoiis not asserted.Systembusrequestswvhich hit on the reservation
addresgegisterare forwardedto the processowhetheror not the line is valid in the L2 cache. Reserva-
tionsareon a 32-byteboundary.

Addresspipelining: Addresspipelining allows a new bustransactionto beginbeforethe currenttrans-
actionhasfinishedby overlappingthe datatransfersassociatedvith a previousrequestwith the address
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transferfor subsequentequests.In-line L2 cachegypically supportone level of addresgipelining for
eachof the processomand systembuses.

Split transactions: Split transactionsallow one bus masterto havemastershipof the addressbus while
anotherbus masterhasmastershipf the databus. In-line L2 cachegypically supportsplit transactions
for both the processofand systembuses.

« TLB Invalidateandtlbsync requestdrom the processotbus are forwardedto the systembus and vice-
versa.

Sync andeieio requestsfrom the processotbus are forwardedto the systembus after the write buffersare
flushed.

- The L2 cacheis normally a supersebf the L1 cache(exceptfor certainspecialcasessuchaslines
marked“write-through.”) Whenaline is LRU’d out of L2, the correspondindine in L1, if any,is
pushedout of L1 or invalidated,as needed.

Snoopfiltering: The L2 cachedirectorytypically includesan inclusionbit to indicatewhethera line
currentlyresidentin the L2 cacheis alsoresidentin the L1 cache. If a snooprequesthits on the L2
directoryandthe inclusionbit in that directoryentry is off (indicatingthe line is notin the L1 cache)
thereis no needto snoopthe L1 cache. This speedaup snoopresponsesnd cache-to-cachéransfers.
L2 cacheline size: 32- or 64-byteline sizesaretypical.

Typical configurationsfor L2 cachesnclude:

« A direct-mappedb12-KB or largerL2 with an integratedcachecontrol/directoryand discretesynchro-
nousSRAM chips.
« A 2-way set-associativ@56-KB or largerintegratedcache-control/directory/RAMingle-chipcache.

L2 cacheperformanceobservations:

BenchmarkYOUR cacheand YOUR memorysubsystendesign! A well-designed.2 cachecan
improve processoiperformanceby 25-35%.

Run the processotbusandthe L2 cacheat the highestpossiblefrequency(66 - 80 MHz is typical).

L2 cachereadaccesdimesarenormally statedin termsof numberof cyclesfrom transferstart(TS#) on
the PowerPCprocessoibusto the first databeat(DH, DL) and numberof cyclesbetweendatabeats.
For systemsusingsynchronousSRAMs, 2-1-1-1and 3-1-1-1aretypical L2 cachereadaccesdimes (at
66 MHz). For systemsusingasynchronou$SRAMSs, 2-2-2-2and 3-2-2-2 aretypical L2 cacheread
accesdimes. Avoid designtrade-offswhich add additionalcycles(wait states)to the L2 cacheread
accesdimes.

For smallL2 cacheg256 KB), a multi-way set-associativé2 cacheof sizex performsalmostaswell as
a direct-mapped.2 cacheof size 2x.

Use write buffersandline buffersto pipelinerequestsand free up the processoibus asquickly aspos-
sible.

Use split transactiongo overlapaddress-onlyequestge.g.snooprequests)ith datatransfer.

A.6.3 Memory Controller/PCI Host Bridge

Figure 51 is an exampleof an integratedmemorycontroller/PClhostbridge for PowerPCbasedsystems.
Featuresnclude:

CPU-to-memorypostedwrite buffer. One 32-byteor one 64-byteCPU-to-memorypostedwrite buffer
is typical (shouldmatchL2 line size).

PCI-to-memorypostedwrite buffer: one or two 32-bytePCIl-to-memorypostedwrite buffersper PCI
busaretypical.

The postedwrite buffersallow write requestson the systemor PCI busto be queuedwhile main
memoryis busy servicinga previouswrite or readrequest. The postedwrite buffersalsohelp permit
simultaneousandindependenbperationof the systemand PCI buses.
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Strict orderingmustbe preservedetweenthe postedwrite buffers. All snoopactivity mustbe resolved
beforedatafrom eitherthe processoior PCI is written into the postedwrite buffers. For example,if a
PCI write requestto SystemMemory hits on a line which is modifiedin a processor'ssache the line
from the processomustbe pushedout of the processor'sacheand placedinto the CPU-to-memory
postedwrite buffer beforethe PCI requestis placedinto the PCI-to-memorypostedwrite buffer (the
PCI requestis typically re-trieduntil the datais pushedout of the processor'scacheto the
CPU-to-memorypostedwrite buffer). Theserequestshouldbe written to SystemMemory in the order
they were placedin the postedwrite buffers.

Thereis no indicationon the PowerPCprocessobuswhethera cacheblock write requestis the result
of a snoopoperationor someinternalcondition (e.g.LRU) within the processowor L2 cache. If the
memorycontroller/PClhostbridge (or the L2 cache)needsto determinethat a cacheblock write
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