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Document Conv entio ns

Thefollowing canvertionsareused n this daeshed:

e All signal, pin, ard busname described in the text, such asExtRgst*, are in boldface
typeface.

e All bit and field names described in the text, such as Interrupt Mask, arein anitalic-bold
typeface.

e All instruction names, sich asMFHI, arein san saif typeface.
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1 Features

e Dual issue synmetric superscdar microprocesor with instruction prefetch optimized for
system kevel pricefpefformane
e 300, 3% MHz opeating frequercy
e >525 Dhystone 2.1MIPS @ 35(MHz
* Highpeformane system irterface
e 1000 MB persecord pe& throughput
e 125 MHz max. feq., mutiplexed addresstaa
e Supotstwo outdanding reads with out-of-order return
* Processo dock muttipliers 2 2.5,3, 3.54, 45,5,6,7,89
* Integrated primary and candary caches

o All are 4-way sd assaiative with 32 byte linesize

« 16KB ingtruction, 16KB daty, 256 KB onchip seonday

¢ Pa line cachelocking in primaries and sconday

* FastPaclet Cacle™ increasessydem efficiercy in
networking gplications

« Highpefformane floaing-point unit — 800MFLOPSmaximum

* Single cyde reped rate for common single-predsion ope&ations andsame double-pre-
cision opesdtions

* Single gcle epeat rate for singlejprecision canbined multiply-add operaions

* Two cyde reped rate for doubleprecision mutiply and dowble-predsion combhed
multiply-add ogerations

* MIPSIV suersetinstruction st architecture
» Data PREFETCH instruction dlows the processar to overlap cache misslatency and

instruction execution
» Singlecyde floaing-point multiply-add

* Integrated memoy mangemen unit
¢ Fuly asodgative joint TLB (shared by | and D ranslations)

e 64/48dud entries mapl28R6 mges
» Variable page s$ze
« Embealdedappicaion ehanemens
e Specialized DSP mteger Multiply-Accumulate instructions (MAD/MADU) and
three-operand multiply instruction (MUL)
* 1&D Test/Breakyoint (Watch) registersfor emulation & debug
« Paformancecourter for system and sdtware tuning & debug
* Fourteenfully prioritized vedoredinterrupts — 10 external, 2 internal, 2 sdtware

e Fully static CMOS design with dynamic powerdownlogic
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2 Block Diagram

Figure 1 Block Diagram

256KB Secondary Cache, 4-way Set Associative

Secondary Tags Secondary Tags
Set A Set B
Primary Data Cache DTag Primary Instruction Cache
4-way Set Associative DTLB 4-way Set Associative

i

|_Store Buffer <[]

Write Buffer

Read Buffer

A/D Bus Pad Bus

L

Pad Buffer Prefetch Buffer

Address Buffer
Instruction Dispatch Unit

=

ir F Pipe Register
M Pipe Register
F-Pipe Bus
M-Pipe Bus
D Bus | E— —
i I
Floating-Point Joint TLB DVA Load Aligner
Load/Align ° Coprocessor 0 Integer Register File _
Floating-Point g M Pipe F Pipe %
Register File O System/Memory Adder Adder S
Packer/Unpacker £ Control IVA StAIn/Sh Shifter =
Comparator Dé, Logicals Logicals 2
Floating-Point £ PC Incrementer FA Bus 1T £
MultAdd, Add, Sub, | § Branch PC Adder
Cwt, Div, Sqrt T ITLB Virtual —{bTie vitual] 1L
Multiplier Array Program Counter PLL/CIocks|Int Mult, Div, Madd
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3  Descrip tion

PMC-Skerrds RM7065A is ahighly integated symmetic supesclar microprocessa capeble of
isaing two ingructions echprocesorcycle. It has tvo high-peformarce 61-bit integer units as
well asa high-throughput fully pipdined64-bit floaing pant unit.

The RM7065A integrates16 KB 4way st as®ciative instruction and dita ceaches alongwith an
integrated 2% KB 4-way st as®ciatve seondaty. Theprimary daaand ®oonday caches ae
write-backandnon-blocking.

The memoy mang@gemen unit cortainsa 6448-entry fully assaiative TLB anda 64bit sygem
interface syppotting mutiple autstanding read with out-of-order return and rardware prioritized
and vectored interrupts.

The RM7065A idedly suits hgh-end embeéded cortrol appicaions sich as nternetworking,
highpeformarce magemanipulation, figh-speedprinting, and 3D visudizaion. TheRM7065A
is dso appicabe to thelow end waokstation merket where its bdanced integer andfloaing-point
performanceprovide oustanding piice/performance
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4  Hardware Overview
The RM7065A dfers a highdevel of integration targeted at highperformane enbedded
applications Thekeyelemenss of the RM706% are desclibed throughaut this secion.

4.1 CPU Registers
The RM7065A CPU ontains 2 gerera pumposeregisters (GPR) two speial pumposeregisters

for integer multiplication anddivision, anda poogram caunter; there ae no candition codebits.
Figure 2showsthe usr visible stae.

Figure 2 CPO Registers
General Purpose Registers

63 0 Multiply /Divide Registers
0 63 0
ri ‘ HI ‘
r2 63 0
: | 0 |
. Program Counter
. 63 0
r29 PC
r30
r31

4.2 Superscalar Dispatch

The RM7065A incorparatesa sipasaar digpatch unit that allows it to isaue upto two
instructions pe cycle. Fa purposesof ingruction issie, he RM706A definesfour classs of
instructions: integer, load'store, brarches, and floaingoint. Thee ae two logicd pipdines the
fundion, or F, pipdine and the memoy, or M, pipeline Notehowe\er thatthe M pipe can exeute
integer as well asmemory type instructions.

Table 1 Instruction Issue Rules
F Pipe M Pipe
one of: one of:

integer, branch, floating-point, |integer, load/store
integer mul, div
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Figure 2 is a simplification of the pipeline sedion and illustrates the basics of the instruction issue
medanism.

Figure 3 Instruction Is sue Paradigm

Instruction
Cache

v

Dispatch
nit

F Pipe IBus v

M Pipe IBus
A
FP FP Integer Integer
F Pipe M Pipe F Pipe M Pipe

Thefigure ilugrates hat one F ppeinstruction and ore M pipe nstruction canbe salied
concurently buttha two M pipe @ two F ppeingructionscanrot be saied. Table 2 specfifies
more completdy the ingructions wihin eat class.

Table 2 Dual Issue Instruction Classes

floating-
inte ger load/store |point branch
add, sub, or, |lw, sw, Id, sd, |fadd, fsub, beq, bne,
xor, shift, etc. |ldcl, sdc1, fmult, fmadd, |bCzT, bCzF, j,
mov, movc, fdiv, fcmp, etc.
fmov, etc. fsqrt, etc.
4.3 Pipeline

Thelogical length of bath theF ard M pipelines is five sageswith state mwmmitting in the register
write, a W, pipe stage Thephyscal length of the floaing-point exeaution pipelineis acudly

seven stageshut this is completely transparert to the user.

Figure 4showsinstruction exeaution within the RM7065A when instructionsare issuing
simultaneowsly downboth pipelines. Asillustratedin thefigure, y to ten instructionscan be
exeauting simultaneously. This figure presens a sanewhat simpli stic view of the processars
operation since he outof-order compldion d loads, fores andlong latency floaing-point
operationscan resutlt in there being even moe instructions n processthan wha is shown.
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Figure 4 Pipeline

o0 [a [ 21 1R 2R [ 1A [ 2A [ 1D [ 2D [ 1w [ 2w

i L [ 21 [TarR T2rR T1A T2A [ 1D T 2D [ 1w [ 2w

12 [ T 21 TR [ 2R [ 1A [ 2A [ 1D [ 2D [ 1w [ ow ]

13 Lar T ar TarR T2r [2A T2A 11D [ 2D [aw [ 2w |

14 [ [T 21 TIR [2R [ 1A [2A [ 1D [ 2D [aw [ 2w |

15 Lar [ 21 TaR T 2R [ 1A T2A TaD [ 2D [ 1w [ 2w |

16 [ T2t TaR T 2R [ 1A [2A T1D [ 2D [ 1w [ 2w |

17 Lar Tar Tar 2R [1A T2A 11D [ 2D [1w [ 2w |

18 1 [ 21 [1IR [2R [1A [2A [ 1D [ 2D [ 1w [ 2w |
19 1 [ 21 [1R 2R T 1A T 2A [1D 2D [aw [ 2w |

B onecycle -
11-1R: Instruction cache access
21: Instruction virtual to physical address translation

2R: Register file read, Bypass calculation, Instruction decode, Branch address calculation

1A: Issue or slip decision, Branch decision

1A: Data virtual address calculation
1A-2A: Integer add, logical, shift

2A: Store Align
2A-2D: Data cache access and load align

1D: Data virtual to physical address translation

2W: Register file write

Note that instruction depaderties, reource conflicts, and lranches mayreault in sane of the
instruction slotsbeing occuyied by NOPs.

4.4 Integer Unit

TheRM7065A implemens the MIPS IV I nstruction SetArchitecture. Addtionally, the RM7065A
includes two implemenation spedfic instructions not foundin the baseine MIPS V ISA, but that
areusefll in the embddedmarlet place. The® instructionsare integer muttiply-accunulate
(MAD) and three-operand integer multiply (MUL).

The RM7065A integer unit includesthirty-two gereral purpose64-bit registers the HVLO result
registers for two-opemand integer multiply/divide ogeraions andthe piogram caunter, or PC.
There are Wo segarate execuion urits, ane of which can exeaute funcion (F) typeingructions
and ;e which can exeautememoy (M) typeinstructions Refer to Table 1 for theinstructionissue

rules.

Note that integer multiply/divide instructions, aswell as their correpondng MFHI andMFLO
instructions, can orly be executed in the F ype execution unit. Within each exeaution unit the
operationd charaderistics are the same & on previousMIPS dsigns with single cycle ALU
operations(add, sub, logicd, shift), one g/cle loaddely, and a autonomousmultiply/divide unt.

Regist er File

The RM7065A tes tirty-two genera pumpos registers with register locaion 0 ¢0) hard wired to
azeovalue. The® registers ae usal for s@lar integer opertionsandaddess @ culaton. In order
to savice the wo integerexecution unts, the register file hasfour read ports ard two write poits
and is fully bypasedboth within and béween the two execuion wnits 1o minimize geration
latency in the pipeiine.
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45 ALU

The RM7065A has wo complete integer ALUs each consgting of aninteger adde/subtacor, a
logic urit, ard a $ifter. Table 3 stows e fundionsperformedby the ALUsfor each exeaution
unit. Ead of theseunits is opimizedto perform all operations in a $ngle processa cycle.

Table 3 ALU Operations

Unit F Pipe M Pipe
Adder add, sub add, sub, data address
add
Logic logic, moves, zero shifts |logic, moves, zero shifts
(nop) (nop)
Shifter non zero shift non zero shift, store
align

4.6 Integer Multiply/Divide

The RM7065A hes asingle cedicaiedinteger multtiply/divide unit optimized for high-speal
multi ply ard multiply-acaumulate ogerdions Themultiply/divide unt residesin the F type
execuion wit. Table 4 iowsthe paformarce d the mutiply/divide unit on e@h qeraton.

Table 4 Integer Multiply /Divide Operations

Operand Repeat Stall

Opcode |Size Latency |Rate Cycles
MULT/U, 16 bit 4 3 0
MAD/U 32 bit 5 4 0

16 bit 4 3 2
MUL

32 hit 5 4 3
DMULT, any 9 8 0
DMULTU
DIV, DIVD any 36 36
DDIV, any 68 68 0
DDIVU

Thebaseine MIPS V ISA speifies that the results d amultiply or divideopestion be pacedin
the Hiard Lo registers. Ttesevaluescan then le transferredto the gereral purposeregister file
usng the Movefrom-Hi ard Movefrom-Lo (MFHI/MFLO) instructions.

In addition to the baeine MIPSIV integer muttiply instructions,the RM7065A dso implements
the 3-operand multiply instruction, MUL. This instruction edfies that the multiply result go
directly to the integer regster file rather than tie Lo register. The prtion of themultiply that
would hare namaly gone nto theHi registe is discaded. Forappicaions whee it isknown tha
the upper half of the nmultiply resut is na required, using the MUL instruction eiminates the
necesity of exeating an eplicit MFLO instruction.

The multi ply-add instructions MAD andMADU, multiply two operands ard add the resuting
product to the aurrert contents of the Hi and Lo registers. The multiply-acawmulate operation is
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the core primitive d dmostall signal processing algorithms. Theefore, wsing the RM706A
eliminatesthe need for a £parate DSPenghein many embedded aplicaions.

4.7 Floating-Point Cop rocessor

The RM7065A incorparatesa hgh-peformancefully pipeined floaing-point coploces®r which
includes a fbaing-poaint regsterfile ard autonomousexeaution untsfor multiply/add/convert and
dividekguare oot The foating-paint coprocesoris a ightly coupledexecution unit, decaling
and execuing instructions in parallel with, andin thecase d floating-point loadsandstores, in
coopeation with the M pipe of theintegerunit. The sipesscdar capailiti es of the RM7065A
alow flodingpoint computtion instructionsto issue wnaurrently with integerinstructions

4.8 Floating-Point Unit

The RM7065A floating-paint executon urit sugports single arnd dotble precision aithmeic, as
spedfiedin the IEEE $andad 754. The ercuion unt is broken nto a seprate divide/'square raot
unit anda ppdinedmultiply/add unit. Overlap of divide/'square oot andmultiply/add is
suppoted.

The RM7065A mantains fully precise floating-paint exceptons wthle dlowing both overlapped
and ppelined gerations. Predse excepions ae extremely importantin objectorientd
programmirg environments and highly desrable for debigging in ary environment

Floaing-point operations include:

e ad

* subtad

e multiply

» divide

* sguae root
e reciprocd

e reciprocd sguae root

» conditiond moves

« conveasion betweenfixedpoint andfl oaing-point format
« conveasionbetweenfloaing-point formas

» floaing-point compae

Table 5gives the latercies d the floating-paint instructionsin intemal procesor cycles
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Table 5 Floating Point Latencies and Repeat Rates

Latency Repeat Rate
Operation single /double single/doub le
fadd 4 1
fsub 4 1
fmult 4/5 1/2
fmadd 4/5 1/2
fmsub 4/5 1/2
fdiv 21/36 19/34
fsqrt 21/36 19/34
frecip 21/36 19/34
frsqrt 38/68 36/66
fevt.s.d 4 1
fevt.s.w 6 3
fevt.s.l 6 3
fevt.d.s 4 1
fevt.d.w 4 1
fevt.d.l 4 1
fevt.w.s 4 1
fevt.w.d 4 1
fevt.l.s 4 1
fevt.l.d 4 1
fcmp 1 1
fmov, fmovc 1 1
fabs, fneg 1 1

4.9 Floating-Poi nt General Register Fil e

Thefloaing-point geneal register file (FGR)is madeup ofthirty-two 64-bit registers. Wth the
floaing-point load and gore dauble instructions LDC1 andSDC1, the floaing-point unit can
take advantageof the 64-bit wide dhta cacheandisaue a floaing-point coprocessor load or store
doubleword instruction in every cycle.

Thefloaing-point contol register file cortainstwo regsters; onefor determining corfiguration
and revision informaton for the coprocessor, and ore for control ard stitusinformation. These
registers ae piimarily used for diagnosic sotware, exception handling, sate saing andredoring,
and cantrol of rounding mods.

To sypott supescalar opaations the FGR hadour read portts andtwo write portsand & fully
bypasedto minimize opegation latency in thepipeline. Threeof theread ports and ore wiite pat
are usedto sugportthe cmmbined mutiply-add instruction while thefourth readandseond wite
port allows for concurent floaing-point load or sioreand coditional moveopeitions.
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4.10 System Con trol Cop rocessor (CPO)

The systan cortrol coprocessa (CPO)is resporsible for the virtud memory sub-sydem, the
excegion control system, aml the diagrostics apalility of the processr.

For memoy man@emen suppat, the RM706%\ CPO islogically identicd to the RM5200
Family. Forinterrupt exceeptions and diagrostics, he RM7065A is a sipaset of the RM5200
Family, implementing alditiond featiresdesribedin thefollowing sections on Interrupts, Test/
Brealpoint registers, and Peformance Couners.

Thememoy mangemei unit controls the virtual memorysysem pagemappng. It consists of an
instruction address translation buffer (ITLB) adata addresstranslation buffer (DTLB), aJoint TLB
(JTLB), and copoces®r regsters usel by the virtual memory mapping sib-sygem.

4.11 System Con trol Cop rocessor Registers

The RM7065A incorparatesall CPO registers intemally. These egisters provide the pah through
which thevirtual memorysysem’s page mapping is examinedand modfied, excedionsare
handled,andopemting modes ae cortrolled (kernel vs.use mode interrupts enaled or disabled,
cachefeatures). In addtion, the RM7065Aincludes egisters o implement a raktime cyde
couning fecility, to aid in cade and g/stem diagrostics, and o assistin dat error detection.

To support the non-blocking cachesand enharcedinterrupt handling capdoiliti esof the RM7065A,
bath the datr and @ntrol register spaesof CPO ae sippated. h the dat register space, which is
accessal usng the MFCO andMTCO instructions the RM706% supports the sameregsters as
foundin the RM5200 Family. In the cantrol space which is accessal bythe previously unusel
CTCO and CFCO instructions,the RM7065A suppotts five new registers The first threeof these
new 32-bit registers syppott the entanceal interrupt handling capabiiti es; Interrupt Contal,
Interrupt Priority Level Lo (IPLLO), ard Interrupt Priority Level Hi (IPLHI). These registers are
desaibed wrther in the sedion an interrupt handing. Two otherregisters, Impredse Eror 1 and
Impredse Eror 2, havebesn aldedto help diagrosebuserrors that occur on na-blocking
memory references

Figure 5showsthe CPO egisters.
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Figure 5 CPO Registers
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4.12 Virtual to Ph ysical Address Mapp ing
The RM7065A provides three mods d virtud addressng:

e usrmode

* kernel mode

e supewisor mode

These modesallow sygdem ®ftware to providea scue environmentfor user processes. Bitsin the

CPOStatus register determine which virtual addressng modeis used. h user mode the RM7066A
provides a sngle, uniform virtual addressspae d 256 GB (2GB in 32- it modg.

Whenopeasting in the kend modg, four distinct virtud addressspaes totaling 1024 GB (4GB
in 32-bit mode), are smultareoudy avalable and ae differentiated by the high-orcer bits of the
virtud address

The RM7065A proces®r also sippats asupevisor modein which the virtud addressspaceis
256.5 GB @.5 GB n 32-bit mode), divided into three regionsbasd on the high-order bits of the
virtud address Figure 6 fiowstheaddes gace layout for 32-bit opeaations
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Figure 6 Kernel Mode Virtual Addressing (32-bit)
OXFFFFFFFF Kernel virtual address space

(kseg3)

O0xE0000000 Mapped, 0.5GB

OxDFFFFFFF | Supervisor virtual address space

(ksseq)
0xC0000000 Mapped, 0.5GB

OxBFFFFFFF Uncached kernel physical address space
(ksegl)
0xA0000000 Unmapped, 0.5GB

Ox9FFFFFFF | Cached kernel physical address space
(kseg0)
0x80000000 Unmapped, 0.5GB

OX7FFFFFFF User virtual address space

(kuseq)
Mapped, 2.0GB

0x00000000

Whenthe RM7065A is configured for 64-bit addessing, he \rtual addess s@celayoutis an
upward compéible extersion ofthe 32bit virtual addes ace layout.

4.13 Joint TLB

For fastvirtuatto-phydcal addess translaton, the RM706%\ uses alarge, fully as®ciative TLB
that mapsvirtual pagesto their coresponding physical addresses. Asindicaed byits rame, te
JTLB isusedfor both instuctionanddattrandatons.TheJTLB is organizedaspadrs d evenodd
entries, and ma avirtual addess ard addressspace dentifier (ASID) into the large, 64 GB
physicd addressspae.By default, the JTLB is confgured as48 pais of even'odd ertries. The
optiond 64 even/odd entry configuration is se & boottime.

Two meclanisms ae provided b assitin cortrolling the anount of mappedspaeand he
replacementchaaderistics of variousmemory regions First, thepagesize ca be onfigured on a
per-enty bags, tousepagesizes in the rangeof 4 KB to 16 MB (in 4x multiples) TheCPO
PageMaxk registeris loaded with the desired page size of amapping, andthatsizeis soredinto the
TLB, adong with the virtual addess, when anew eatry is written. Thus, operating sysemscan
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creae spedal purpose maps, for exanple, an ertire frame buffer can be memory mapped using
only oneTLB enty.

The secondmectanism cortrols the replacementalgorithm whena TLB missoccus. The
RM706%A provides arandom eplacementalgorithm to sdecta TLB entry to bewritten with a
new mappng. However the piocesor dso providesa mebarism wheeby asysem spedfic
number of mgppingscanbe bcked nto the TLB, tereby avading rardom eplacement. This
medianism usesthe CPO Vited register andallows the opeating g/stem b guaantee that certain
pagesare dways mapped for peformane reaonsandto avoid adeadock condition. This
mecdhanism aso facilitates the design d real-time sysems by dlowing deerministic acess b
critical sdtware

TheJTLB dso contains informaion that contols the ca&ahecoheency protocol for each page.
Specificdly, eah page hasatribute bits to determine wheher the coterency algorithmiis:

* uncaded

* write-back

e writethrough with write-allocae

» writethrough withou write-allocate

e write-backwith secordary bypass

Note that bath of the wiite-through potocols bypas the mnday cache $nce it doesnot support
writesof lessthana canplete cade Ine.

These pratoools ae wsedfor both codeand dta onthe RM7065A with data usng write-back or
write<through dending on the gplication. The witethrough mode syppot the sane efficient
frame buffer hardling as he RM5200 Fanily.

4.14 Instruction TLB

TheRM7065A uses a 4-atry ingruction TLB (ITLB). The ITLB offers the foll owing advartages

e Minimizes conertion for the JTLB

« Eliminatestheciitical pah of trarslating through a brge asodative aray
* Allowsinstrucion aldressanddat addresstrandationsto ocaur in paallel
* Sasespower

Each ITLB entry mapsa 4KB page ThelTLB improvesperformane byallowing instruction
addresstrangdation o occur in pail € with dat addresstrandation. When a mssocaurs on an
instruction addresstrarslation by the ITLB, the leag-recently used ITLB ertry is filled from the
JTLB. The operation of the ITLB is completdy transparent to the user.

4.15 Data TLB

The RM7065A wesa 4enry daaTLB (DTLB) for the ssame reasonscited alove for the ITLB.
Each DTLB enty mapsa4 KB paye.TheDTLB improves performanceby allowing data address
translaton to ocaur in paralel with instruction addess ranslation. When amissocairs ona dada
addresstrangation, he DTLB is filledfrom theJTLB. The DTLB fill is psaidoLRU; the least
recently usedenty of the leas recently useal par of ertries isfill ed. The operaionof the DTLB is
completdy transparent to theuse.
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4.16 Cache Memory

The RM7065A mntains ntegrated gimary instruction ard daa cadhestha suppat single gscle
access,aswell asa large urified seeondary cachewith a tiree cyde missperalty from the primary
caches. Each primary cate rasa 64bit read pah and a128-bit write path. Both caches can be
accessal smultareoudy. Theprimary cadesprovide te integer and floating-point units with an
aggregae andwidth of 5.6 GB per seondatan nternal clock frequency d 350 MHz. Duing an
instruction or data primary cacte rfill, the seonday cachke @n providea 64bit datum evey
cycle following the initial threecyde latency for a peakbandvidth of 2.8 GB persecond

4.17 Instruction Cache

TheRM7065A hasan integrated 16 KB, fourway st asodative instruction achetha is virtually
indexed and physicdly tagged. Theeffedive physicd index eliminatesthe poertial for virtual
aliases in the actle.

Theddaarray portion of the instruction cade is 64 bits wide ard protected by word paiity while
the tag aray holds a 24bit physicd address 14 ontrol bits, avalid bit, ard a $ngle paiity bit.

By accesshg 64bits pe cycle, the instruction caheis able to suyply two instructions percydeto
the supeascalar dispatch unit. Far signal processing, graphics ard othernumerica codesejuerces
where a loaing-point load or store ard a foating-point camputation instruction are beng issuel
togaher in aloop, the entire bandwidth available from the instruction cachds consimed ly
instruction issue Fortypicd integer codemixes, whee ingruction dgpendendesard other
resource constraints restrict the level of parall elism that can be achieved, the extrainstruction
cachebandwidth is usedto fetch both the taken and no-taken brandh pathsto minimizethe
overall penaty for brandes

A 32-byte (eightinstruction) line sizeis usel to maximize the canmunication dficierncy beween
the instruction cacheandthe seonday cathe @ memoy system.

The RM7065A suppats @achelocking an a per line lkasis. The mntent of each line of the cache
can belockad by seting a bt in the Tag RAM. Locking theline pevens its cortents from beng
overwritten by a sibsejuent cache miss.Refills accur only into unlocked cade nes. This
mechanism allows the programmer to lock critical code into the cache, thereby guaranteeng
deterministic behavior for the locked codeseaguerce.

4.18 Data Cache

The RM7065A tes an integrated 16 KB, four-way sé assciative dat cacte thatis virtually
indexed and physicdly tagged. Linesize s 32 bytes(8 wordg. The dfective physical index
eliminates the potential for virtual aliases in the cache.

Theddacade s non-docking; tha is, a mis in the data cachedoesnot necesaily gall the
proces®r pipdine.As long & noinstruction is encountered which is dependent onthedaa
referencewhich caused the miss,the pipeline continues o advane. One there ae two cache
misse oustarding, the poces®r stdlsif it enmunters anotherload o sore instruction.

Theddaarray portion ofthe dda cacheis 64 bis wide ard protecied by byte parity while thetag
array holds a 24bit physcal address 3 control bits, a twobit cade sate field, and wo parity bits.
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Themog commony usedwrite pdicy is write-back which meansthatastore © a ache line des
not immediatdy calse menory to be updated. This increases g/stem peformanceby reducing bis
traffic and diminating the lottlened of waiting for ead sore operationto finish before isauing a
subsejuent manory operation. Sottware can, howeve, slect write-through o a per-page basis
when appropriate, sichas br frame hiffers. Cade potocds supported for the dda cadeareas
follows:

1.

Uncached

Reads to addresses in amemory areaidentifiedasuncaded do nat accessthe cade. Writesto
suwch addresses ae written directly to main memory without updating the cache.

Write-badk

Loads and nstruction fetchesfirst search the cache,reading the rext memoy hierachy level
only if the desired data is not cache resident. On data store operations, the cache is first
seacheal to deermine if the tagetaddressis cade regdent. If it is regdent, the catie conents
are upddaed andthecacheline s maked for later write-back. If the cachelookup misses, the
target line isfirst brough into the cahe afterwhichthewrite is peformedas dove

Write-through with write dlocae

Loads and nstruction fetchesfirst search the cache,reading from memory only if the desired
datais not cacheresident; write-through ddais newer cached in the seonday cache. Ondata
store erations, the ache isfirst searchedto deermineif the target addressis cacheresident.
If itis resdent, the piimary cacte catents are ypdaed andmain memory is written, leaving
the write-badk bit of the ade line uncharged; nowritesocaur to the secondary cade. If the
cachelookup misses the target line is first broughtinto the cache,afterwhich the write is
peformed asabove.

Writethrough without write dlocate

Loads and nstruction fetchesfirst search the cache,reading rom memory only if the desired
datais not cacheresident; write-through ddais newer cached in the seonday cacie. Ondata
store qoerations, the acle isfirst searchedto deermineif the target addressis cacheresident.
If it is regdent, the achecortents are uplaied and mein memory is written, leavung thewrite-
back bit of the caheline tnchanged; no writes accu to the fcandaly cache If the ache
lookup misses only man memoy is written.

Fast Paclet Cacte™ (Write-badk with secondary bypass)

Loads andinstruction fetches first seachthe pimary cade, reading from memory only if the
desired dat is notresdent; the seonday cade s not seached. Ondat Sore qerations, the
primary ceche is first searched to determineif the target address is resident. If it is resident,
the @acle mntent are ydakd, andthecacheline maked for later write-back. If the cache
lookyp misses, the target lineisfirst broughtinto the cache afterwhich the write is pefformed
as alove.

Associatedwith the dda cade i the store bufer. When the RM706A exeeutesaSTORE
instruction, this single-entry buffer is written with the store dat while the tag cormparison is
performed. If the tag matches, thenthe datais written into the data cadhe in the next cycle that the
data cadeis notaces®d (the net nondoad g/cle). Thesorebuffer alows the RM706% to
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execue a gore every processa cycle and o paform bak-to-back doreswithou penatlty. In the
event of astore immediately followed by a loadto the same addres, a mmbined merge and cache
write ocurs such tha no penatty is incurred.

4.19 Secondary Cache

The RM7065A hes an integrated 256 KB, four-way %t assciative, bbdk write-back ssconday
cache Thesecondary cate hesa 32byte line sze a64-bit buswidth to math the system
interface ard primary cachebuswidths andis protected with doudeword parity. Theseonday
cachetag aray holds a20-bit physicd address 2 control bits, athreebit cade date field, and wo
paity bits.

By integrating a seonday cade, he RM706%\ is able to decreag the latency of aprimary cade
miss wihout signifi cartly increasing the rumberof pins and the anountof powerrequired by the
proces®r. From atechndogy point of view, integrating asecondary cade leveragesCMOS
tecology by usng siliconto build the structuresthataremostamerable to silicon techrology;
building vey dense, low powea memoy arrays rather thanlarge powerhungy 1/0 bufers.

Furtherberefits of anintegrated seonday cade ae flexibility in the cadhe oganizaion and
maragemaent poli ciesthat arenot pracical with an external cache Two previously mentoned
exampksarethe 4way asaiativity andwrite-back cacheprotocol.

A third maragement policy for which integration affords flexibility is cache hierachy
maragemant. With multiple levels of cadhe, it is necessary to speify apolicy for deaing with
cases wheetwo cache lines & level n of the hierarchy could posibly be $aring anenty in level
n+1 of the hierachy.

The RM7065A dlows entries © be stored in the pimary cadesthat do nd necessaily havea
correponding enty in the secondary; the RM7065A daesnot forcethe pimariesto be asutset of
the oonday. For exampk, if primary cecheline A is being fill ed anda @acle line already «ists
in the se@nday for primary cade ine Batthelocaion whee primary A's line would reside, then
that secordary ertry is replaceal by a entry correspnding © primary cadie line A and noacion
occurs in the gimary for cachelineB. This opeaation aeaes the aforementioned senaio whee
the primary cacheline which initially had a carespnding seonday enty, nolongerhas suc an
entry. Sud a pimary line is caled anorphen. In geneal, cachelinesatlevel n+1 ofthe hierachy
are caled parents of level n's children

Another RM706A cadie managenentoptmizaion occurs for the case ofasemnday cade ine
replacement where the secondary line is dirty and has acorregpondng dirty linein the primary. In
this case, sinceit is pamissibleto leave thedirty line in the primary, it is not necessary to write the
secanday line back to main memoy. Taking this senaio one sepfurther, afinal optimizaion
occurswhenthe doremertioneddirty primary lineis replacedby anoter line andmustbewritten
badk. In this case it is written directly to memory, bypassing the secondary cache.

4.20 Secondary Caching Protocols

Unlike the primary data cadhe, he secondary cachesupprts only uncacted and Hock write-bad.
As noted exlier, cacte ines maragedwith either of thewrite-through protocols are nd placed n
the mnday cacke. A nav caching dtribute, write-backwith secondary bypass alows te
secondary cadeto be bypasedertirely. Whenthis attribute isselected, the seondary cacheis nat
fill ed onload missesard are nd written ondirty write-backsfrom the pimary cache
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TheRM706%A cacheatributesfor theinstruction, daa, internd se@onday caches are summarized
in Table 6.

Table 6 Cache Attributes

Attribute Instruction Data Secondary
Size 16KB 16KB 256KB
Associativity | 4-way 4-way 4-way
Replacement | cyclic cyclic cyclic
Algorithm
Line size 32 byte 32 byte 32 byte
Index VAddl’ll"O VAddrll"O pAddl'15n0
Tag PAddrss 12 PAddrzs 1o PAddrss_ 16
Write policy n.a. write-back, block write-
write-through back, bypass
read policy n.a. non-blocking (2 | non-blocking
outstanding) (data only, 2
outstanding)
read order critical word first | critical word first | critical word
first
write order NA sequential sequential
miss restart complete line first double (if |n.a.
following: waiting for data)
Parity per word per byte per
doubleword

4.21 Cache Lo cking

TheRM7065A allows criticd code ordata fragmens t be bcked into the pimary andseconday
caches. The ugr hascompkte control over the locking funcion. Forinstruction and dita
fragmens in the primary cades locking is accamplished by stting éther or both of the aclhe
lock endle bits andspedfying the st in the CP0O ECC egister, then execuing ather a load
instruction for daa, ora Fil_I cate @eration for instructions

Only sets A ard B within each ache can belocked. Locking within the sscandarly works
iderticaly to theprimailies usng a €paate seonday lock endle bit and the samesetsdecton
field. As with the primaries, only sets A and B can belocked Table 7 sammarizesthe ache
locking capabilities.

Proprietary and Confidential to PMC-Sierra, Inc and for its Customer’s Internal Use 25
Document ID: PMC-2010145, Issue 2

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5785969/RM7065A-350T.html

PMC

PMC-SIERRA

RM7065A™ Microprocessor with On-Chip Secondary Cache Data Sheet

Preliminary

Table 7 Cache Locking Control

Lock

Cache Enable Set Select Activate

Primary | | ECC[27] ECC[28]=0-A |Fill_|
ECC[28]=1-B

Primary D | ECC[26] ECC[28]=0-A |Load/Store
ECC[28]=1-B

Secondary | ECC[25] ECC[28]=0-~A |Fill_l or
ECC[28]=1-B |Load/Store

4.22 Cache Management

To improve the peformanceof criticd data movenent opegtions in the enbedded ervironment,
the RM706&A significantly improvesthe speed of operation of certain ariticd cacke mangemein
operations In paticular, the geedof the Hit-WritebackInvalidate and Hit-Invalidate cathe
operationshasbeen mproved,in some @ses byan ade of magntude ove that of other MIPS
processrs. Forexample, Table 8 ®mpaesthe RM7065A with the R4000pracesor.

Table 8 Penalty Cycles

Penalty
Operation Condition |RM7065A R4000
Hit-Writeback- | Miss 0 7
Invalidate Hit-Clean 3 12
Hit-Dirty 3+n 14+n
Hit-Invalidate Miss 0 7
Hit 2 9

For the Hit-Dirty caseof Hit-Writebak-Invalidae in Table 8 a&bove if the writeback buffer is full
from some peviouscacheeviction, then n isthe numbeiof cydes required b empty the writeback
buffer. If the buffer is empy thenn is zeo.

The penalty value in Table 8is thenumbe of processor cyclesbeyand the me ¢/cle required b
isaue the instruction thatis requiredto implementthe ogeration.

4.23 Primary Write Buffer

Writesto secondhary cade a externd memory, whether cache msswrite-backs or gores to
uncahedor writethrough adiresses, e theintegated primary write buffer. Thewrite buffer
hads upto four 64-bit address anl data pars. The entre buffer is used fora dah cahe wrie-back
and alows the proces®r to proceed in paile with memory updde. Foruncahed ard write-
through dores, the wiite buffer sgnificanty increases peformanceby decoupling the SysAD bus
trarsfers from the instruction exeaution stream.

4.24 System Interface

The RM7065A providesahigh-performance 64-bit sydem interface which is compaible with the
RM5200Family. As anenhacement to the SysAD bus interface the RM7065A all ows half-
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integral clock mutipliers thereby providing geaer grarularity whensekding ppeline and
systeminterfacefreqendes

TheSysAD interfaceconssts ofa 64bit Address/Data bus with 8 checkbits anda 9-bit command
bus. In addition, here ae ten hardsh&ke sgnals and ten interrupt inputs. The nterface is capalle
of trarsferring dda betweentheprocessa and memoy ata peakrate of 1000 MBkecwith a125
MHz Sy<lock.

Figure 7showsa typicd embedded system usihg the RM7065A. Ths exampé howsa ystem
with a bank of DRAMs andan nterface ASIC which providesDRAM control aswell as an 1/0

port.
Figure 7 Typical Embe dded System Bloc k Diagram
< Flash/ |«2ddress
DRAM F?g?\}l (Control
X X
4 y
72
v 8 A A
Latch y
y
“ 72 SysAD Bus
RM7065A > Memory /O v A
72 < >
SysCmd N Controller PCI Bus
25

4.25 System Add ress/Data Bus

The 64-bit System AddessData (SysAD) busis usal to trarsfer addres&s anddat beween the
RM706%A andtherest of the sygem. It is protected with an 8bit parity checkbus,SysADC[7:0].

The gsteminterfaceis configurale to al ow easy interfadng to memory ard 1/O systems of
varying frequencies. The daarate ard the busfrequency at which theRM7065A transnits dda ©
the g/stem interface ae programmalbe atboottime via mocae control bits. In addtion, therate at
which the piocesso receivesdatais fully cortrolledby the exernd device Thekefore either a lov
costinterfacerequiring noread orwrite buffering, orafader, high-peformane interface can be
designed to communcae with the RM7063\.

4.26 System Command B us

The RM7065A interface ha a9-bit Sysgem Commard bus SysCmd[8:0]. The @mmand lois
indicaeswhetherthe SysAD buscariesadiress @ data information on aperclock basgs. If the
SysAD bus arries addess,the SysCmd bus indicates the trarsaction type (for exanple, aread or
write). If the SysAD buscariesdat, then the SysCmd busconginsinformation éoutthe dita
(for exanple, this is the last data word trarsmitted, or the data containsan error). The SysCmd bus
is bidirectional to suppat both proceswor request and eternal requess to the RM7065A.
Processor requests areinitiated bythe RM7065A and respondel to by anexternal device External
request are issual by an externd device and require the RM70&A to respord.

The RM7065A suppats ore- to eight-byte transfers & well as 2-byte block transfers on the
SysAD bus Inthecase d asubdoubleword trarsfer, the 3low-orderaddess lits give the byte
address d the trransfer, and the SysCmd busindicates the numberof bytesbeing transferred.
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4.27 Handshake Si gnals

There areten handhakesignals on tte sysem interface Two of these, RARdy* ard WrRdy*, are
driven ty anexiernal deviceto indicake to the RM706A whetherit can accepta nev read orwrite
transaction. The RM7065Asampés thee dgnals kefore deas®rting theaddressonreadandwrite
requests.

ExtRgst* ard Release* are usedto transfer control of the SysAD andSysCmd busesfrom the
proces®r to an externd device.When anexternal device requires wmntrol of the bus it assets
ExtRgst*. TheRM7065A responds byas®rting Release* to release the g/steminterfaceto slave
state.

PRgst* and PAck* are wsed b transfer mntrol of the SysAD andSysCmd buses fom the externd
agentto theprocesor. The® wo pins hae been aldedto the SysAD interface b syppoit multiple
outstarding readsard fecilitatenonblocking ades.When the proces®r neals  reaajuire
control of the interface it assets PRqst*. Theexternal devcerespordsby aseting PAck* to
return control of the interfaceto the processar.

RspSwap* isdso a rew pin ard isused bythe externd agentto indicate to the proces®r when t
is returning dat out of order. Far exampk, when there ae wo oustanding reads, he external
agentassets RspSwap* whenit is goingto return the daafor the cand rea beforeiit returnsthe
datafor the first read.

RdType is arother newpin ontheinterface thatindicaes wheher areadis aninstructionreal or a
dataread. When asserted, the referenceis an instruction read. When deassertedit is a data read
RdTypeis only vdid duiing vdid adiresscydes

ValidOut* andValidln* are ised by the RM7065A andthe exernd device lespedively to
indicak tat there is avalid commail or dat onthe SysAD andSysCmd buses The RM7065A
assets ValidOut* when it is driving these buses with a valid command or data, ard the external
device divesValidin* when it has @wntrol of the bisesandis driving avalid commandor dat.

4.28 System Interface Operation

To sypott non-blocking acles ad data prefetch instructions the RM7063\ allows two
outstarding reads An externd device may respond b readrequess in whaeve order it chooes
by using te resporse ader indicaor pin RspSwap*. No more thantwo read requests are
submitted to the external device. Sugport for multiple outstandng readscanbeendled ordisabled
via abod-time modebit. Refer to Table 16 for a mmplde list of mode bts.

The RM7065A @n issue real ard write requess to an eternal device, while an eternd device
can issue ndl andwrite requess to the RM7065A.

For procesor reals, he RM7065A aseats ValidOut* and smultaneausly drives he addess and
readcommancdn he SysAD and SysCmd buses If the systeminterfacehas RARdy* aseted,
thentheprocesso tristates its driversandreeases the s/stem nterface © slavestate byaserting
Release*. The eternal device can then tegin sending datato the RM7065A.

Figure 8shows a pocesorblock real requestand tle corregpondng externd agent read respase.
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Figure 8 Processor Bloc k Read

Sysclock MW\_/_W\J_\

SysAD >< Addr >< Data0 >< Datal>< >< Data2>< Data3 ><
SysCmd >< Read >< NData>< NData>< >< NData>< NEOD ><
ValidOut*

Validin*

RdRdy*

WrRdy*

Release*

In Figure 8 tieread ktency is 4 ¢ycles(ValidOut* to Validin*), and he resporse dita patem is
DDxxDD. Hgure 9 shavs aprocessorblock write wherethe piocessor was programmed wih
write-backdat rate boot code2, a DDxxDDXxX.

Finaly, Figure10 diowsa typical sequerce resulting in two autstanding reads, & explained in the

following ssquence

1. Theprocessa issiesa read.

2. The external agent takes aontrol of the busin preparation for returning data to the processar.

3. Theproces®r en@unters anoherinternal cachemiss and theefore assrts PRgst* in order to
regan contol of the kus.

4. Theextemal agentpulses PAck*, reuming wntrol of the bis o the piocesor.

The processo isalesa readfor the sscond miss.

6. TheRspSwap* pin is aseated b denote the aut of order respons. Notstown in the figureis

the completion of the data transfer for the second miss or ary of the data transfer for the first
miss.

7. Theextemal agentretakescortrol of the busand kegins returning dda (out of order) for the
secand miss to the proces®r

o
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Figure 9 Processor Bloc k Write

SysAD >< Addr >< DataO >< Datal >< >< Data2 >< Data3 ><
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Figure 10 Multiple Outstanding Re ads
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4.29 Data Prefetch

The RM7065A is the first PMC-Serradesgn to sugort the MIPS IV integer data prefetch
(PREF) and floating-point daa prefetch (PREF X) instructions. These instructions are used by
the compiler or by an asembly languag programmerwhen t is knownor suspecedtha an
upcoming dda reference is going to missin the cahe By gpprgpriately pladng a pefetch
instruction, the memoy latency canbe hdden urderthe execuion of otherinstructions In ceses
where the exeaution of a grefetch instruction woud catlsea memoy managenent or addressermor
excepion the prefetch is treaded asa NOP.

The“Hint’ field of the data prefetch instructionis usel to speify the acion takenby the
instruction. Theinstruction can opeate nomaly (tha is, fetching dat asif for a loal operation) or
it can dlocae andfill a acle linewith zeroeson aprimary data cacle mis.
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4.30 Enhanced W rite Modes

The RM7065A implement two erhan@mens to the original R4000write mechanism: Write
Reisue and Ppdine Wites. Theorigina R4000 alowed awrite on the SysAD bus e\ery four
SysClock cycles.Hencefor anonblock wiite, this meanttha two out of every four cycleswere
wait states

Pipelined wite mod eliminatesthesetwo wait statesby dlowing the piocesor to drive anew
write aldressonto the bus immediately after the previousdat cycle. This allows for higher
SysAD busultilization. Howeve, athigh frequerties te procesormay dive asutsequentwrite
onto the busprior to thetime the external agent deaseats WrRdy*, indicaing thatit can nd
accept anotherwrite cycle. This can cause the g/cle o beabated.

Write rassuemodeis an enhacementto pipdinedwrite mode and alowsthe processa to rassue
aborted write gycles If WrRdy* is deasetted during the issue phase ofa wiite ogeration, the
cycleis atorted by the processor and reissued a a later time.

In write reissuemode ,a rate of onewrite evey two bus ¢/cles @n be ahieved. Pipelined writes
have the sametwo kus gycle wiite repeat rate, but canissueone addional write following the
deasetion d WrRdy*.

4.31 External Requests

The RM7065A @n respondto cettain requedsissuedby an externd device.Thes requests take
one oftwo forms: Write requeds andNull requests. An external device exeautes awrite reques
when it wishes to update oneof the piocessas writalde resources sich & the internal interrupt
register. A null requed is exeauted whenthe exernd device wishes the processorto reas®rt
ownership of the piocessa extemal interface Once he exernd device hasacquired control of the
proces®r interface via ExtRgst*, it can exeute anull requestafter completing an ndependent
transaction betwveenitself and gystem memoy in a ystem whee memoryis connested directy to
the SysAD bus. Normally this transaction would be a DMA read or write from the I/0O system.

4.32 Test/Breakpoint Registers

To faciitatehadware and ftware debuggng, the RM7065A hcorporatesa eir of Test'Break
paint, or Watch regsters, caled Watchl andwWatch2. Each Watch register canbe sparately
enabled to watch for aload aldress a gore aldress or aninstruction adiress.All addes
compaisonsaredoneon phydca addres®s An asodated register, Watch Mask, has also been
addedso hat ether or both of the Watch regsters an compae ajainstanaddess range rather
thana gecffic address. Therangegranularity is limited to a powe of two.

When enabled, amatch of either Watch register resultsin an exception. If the Watch is erabled for
aload or siore adiressthen the exception is the Watch excepion & definedfor the R4@O by
Cause exception cadetwenty-three If the Watch is erabled for instruction addesss thenanewly
definedInstruction Watch exception is taken andhe Caug cale s Sxteen. The Watch register
which caugd the exception isindicated by Cau® bts 2524. Table 9 immarizesa Watch
operation.

Proprietary and Confidential to PMC-Sierra, Inc and for its Customer’s Internal Use 31
Document ID: PMC-2010145, Issue 2

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5785969/RM7065A-350T.html

PMC

PMC-SIERRA

RM7065A™ Microprocessor with On-Chip Secondary Cache Data Sheet

Preliminary

Table 9 Watch Contr ol Register

Register Bit Fie Id/Function
63 62 61 60:36 | 35:2 1.0
Watchi, 2 Store | Load | Instr 0 Addr 0
31:2 1 0
Watch Mask Mask Mask | Mask
Watch | Watch
2 1

Note that the W1 and W2 bits of the Cause register indicate which Watch register caused a partic-

ular Watch exception.

4.33 Perfor mance Cou nters

To faclitate system uning, the RM7065A implements a peforman@ @unter uing two newCPO
registers, PefCountard PefCortrol. The PeriCourt register is a 32bit writable counter which
causes a interrupt whenbit 31is set The PefControl register is a 32-bit register contining a5-
bit field which slects ore of twenty-two event types & well as ahardful of bits which control the
overall courting furction. Note tha only one eenttypecan be couted at a timeand that cainting
can occur for user cade, kernel code or both. The eenttypesandcontol bits are listed in Table

10.
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Table 10 Performance Counter Contr ol

PerfControl
Field Descrip tion
4:0 Event Type
00: Clock cycles
01: Total instructions issued
02: Floating-point instructions issued
03: Integer instructions issued
04: Load instructions issued
05:  Store instructions issued
06: Dual issued pairs
07: Branch prefetches
08: External Cache Misses
09: Stall cycles
OA: Secondary cache misses
0B: Instruction cache misses
0C: Data cache misses
0D: Data TLB misses
OE: Instruction TLB misses
OF: Joint TLB instruction misses
10: Joint TLB data misses
11:  Branches taken
12: Branches issued
13: Secondary cache writebacks
14:  Primary cache writebacks
15: Dcache miss stall cycles (cycles where both cache miss tokens taken and a third address is
requested)
16: Cache misses
17: FP possible exception cycles
18:  Slip Cycles due to multiplier busy
19: Coprocessor O slip cycles
1A: Slip cycles doe to pending non-blocking loads
1B: Write buffer full stall cycles
1C: Cache instruction stall cycles
1D: Multiplier stall cycles
1E: Stall cycles due to pending non-blocking loads - stall start of exception
75 Reserved (must be zero)
8 Count in Kernel Mode
0: Disable
1: Enable
9 Count in User Mode
0: Disable
1: Enable
10 Count Enable
0: Disable
1: Enable
31:11 Reserved (must be zero)

The paformarce ouner interrupt only occurs when interrupts ae enalted in the Satusregiste,
IE=1, andthe Interrupt Mask hit 13 ( M[13]) of the coprocessor O interrupt control register is sd.
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Sincetheperformancecourter can be seup © cowunt clock cycles it can beusal as eitheraseond
timer, or a wathdog interrupt A watthdog interrupt canbe wsedas a aid in debugging sydem or
sditware “hangs” Typicdly the ftware is setup to petiodically updde thecowunt so hatno
interrupt occurs. When a hang occurs the interrupt ultimately triggers, thereby bre&ing freefrom
the rang-up.

4.34 Interr upt Handl ing

In orderto provide beéter real time nterrupt hardling, the RM7065A provides anextended %t of
hardware interrupts, each d which canbe gparately prioritized ard sgarately vedored

In addition to the gardad six external interrupt pins the RM706%\ provides bur moreinterrupt
pins for atotal of ten external interrupts.

As degribed abwe, he pefformane @unter is also ahadware interrupt source usng Int[13].
Historically in the MIPSarchitedure, interrupt 7 (Int[7]) was wsed as the timer interrupt. The
RM706%A provides a seprate interrupt, Int[12], for this purpose, thereby releasng I nt[7] for use
as apureextemal interrupt

All interrupts (Int[13:0]), the Peformarce Counter, and the Timer, hawe carespnding interrupt
ma bits, IM[13..0], ard interrupt perding bits, | P[13..0], in the Staus, Interrupt Control, and
Caweregsters. The bt assgnmens for the Interrupt Contol andCaug registers ae siown n
Table 11 and Table 12 TheStatus egister has nd changed from the RM5200 Fanily andis not
shown.

ThelV bit in the Cause register is the global enable bit for the enhanced interrupt feaures If this
bit is clearthen nterrupt operédion is compatble with the RM5200Family.

In the Interrupt Contol register, theinterrupt vedor spacing is controlled ty the Spaing field as
desaibed elow. Thelnterrupt Mask field (IM[15:8]) cortainsthe interrupt mask for interrupts
eight through hirteen. IM[15:14] areresewed for future use

TheTimer Enable (TE) bit is used to gae the Timer Interrupt to the Cause register. If TE issd to
"0", the Timer Interrupt is not gated to 1P[12]. If TE is setto "1", the Timer Interrupt is gated to
IP[12].

Thesdting for ModeBit 11 is usal to deermine if the Timer Interrupt replacesthe External
Interrupt (Int[5]*) as an iputto I P[7] in the Cause register. If ModeBit 11isset to"0", Int[5]* is
gaed to IP[7]. If Mode Bt 11is setto "1", the Timer Interruptis gaed tolP[7].

In order to uilize both Int[5]* andthe internal Timer Interrupt, ModeBit 11 mustbesd to "0" and
TE must be set to "1". In this case, the Timer Interrupt will use IP[12], ard Int[5]* will use IP[7].
Refer to the logic diagram in the RM7000UserManud for moreinformation on the interrupt
signals.

TheInterrupt Conrol register uses IM13 to enabde the Peformance Counter Cortrol.

Priority of the interrupts is sd via Wwo nev coproces®r O ragisterscdled Interrupt Priority Level
Lo (IPLLO) and Interrupt Priority Level Hi (IPLHI).
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Table 11 Cause Register

31 30 29,28 |27 26 25 24 23..8 7 6..2 0,1

BD 0 CE 0 w2 wi \ IP[15..0] 0 EXC 0

Table 12 Interrupt Contr ol Register

31..16 |15..8 7 6..5 4.0
0 IM[15..8] TE 0 Spacing

Table 13 IPLLO Register

31..28 [27..24 |23..20 |19..16 |15..12 |11..8 7.4 3.0
IPL7 IPL6 IPL5 IPL4 IPL3 IPL2 IPL1 IPLO

Table 14 IPLHI Register

31..28 |27..24 |23..20 |19..16 |15..12 |11..8 7.4 3.0
0 0 IPL13 IPL12 IPL11 IPL10 IPL9 IPL8

In the IPLLO ard IPLHI registers, e@hinterrupt is repreenied by a four-bit field, thereby
allowing each interrupt to be programmed with a priority level from O to 13 inclusive. The
prioritiescan be setin any mamer, including having al the pioritiessetexactly the sme. Piority
Ois the highes level ard priority 15the lowed. Theformatof the priority level registers is shavn
in Table 13 &d Table 14 dove The prority level registers ae located inthecopioces®r 0 contol
register spae.

In addition to programmabé piority levels, the RM706A also germits the s@cing ketween
interrupt vectors to be pogrammed.Forexampé, the minimum spaing beween two agacent
vectorsis 0x20 while the maximum isOx200. Ths programmability alowstheuse to ether sd up
the vedors agumpsto the adtual interruptroutines or if interrupt latency is pamamount to include
the entire interrupt routine at onevector Table 15illustrates the compkte set of vectorspaing
selections dong with the coding & required in the Interrupt Control register bits 4:0.

In genead, the adive interrupt priority, combined with the spa&ing seting, generates avecbr offse
which is then addedto the interrupt baseaddess d 0x200 D generate the interrupt exception
offset. This offset isthenadded to the exception beseto producethe find interrupt vector addess.
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Table 15 Interrupt Vector Spacing

ICR[4..0] Spacing
0x0 0x000
0x1 0x020
0x2 0x040
0x4 0x080
0x8 0x100
0x10 0x200
others reserved

4.35 Standby Mode

The RM7065A provides ameansto reducethe amout of power consimed ly the internal core
when the CPU § not performing anyusefil opeations.This state is known & StandbyMode.

Executing the WAIT instruction enables interrupts ard causes the proces®r to enter Stancoy
Mode If the SysAD busis currertly idle whenthe WAIT instruction completes the W pipe stage,
the internal processorclock stops thereby freezing the pipeline Thephase bck loop, a PLL,
internal timer/counter, and the "wakeup" inputpins: 1 P[9.0]*, NM1*, ExtReg*, Reset*, ard
ColdReset* cortinueto gperate in their normal fashion.

If the SysAD bus is not idle whenthe WAIT instruction completes the W pipe stage, thenthe
WAIT is treded asaNOP untl the kus operationis compkted. One the processoris in Stardby,
any interrupt, including the internally geneated timerinterrupt, cawsesthe processa to exit
Standly andresume peration whete it left off. The WAIT instruction is typicdly inserted in the
idle loop d the gerating sydem or red time eeautive.

4.36 JTAG Interface

The RM7065A interface suppats JTAG bourdaly san n conformarcewith IEEE 1149.1. The
JTAG interfaceis usdul for cheding the integrity of the pioces®r’s pn cannedions

4.37 Boot-T ime Options

The RM7065A goerating modesare initialized atpowe-up bythe bod-time modecontol
interface The erial boot-time mode control interfaceoperates ata very low frequency (SysClock
dividedby 256, dlowing theinitializaion information to bekept in a low cod EPROMor g/stem
interfaceASIC.

4.38 Boot-T ime Modes

Thebod-time seial mode srean isdefined in Table 16.Bit O is preentd to the procesorasthe
first bit in the steamwhen VccOK is de-as®rted Bit 255is the last bit transferred.
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Table 16 Boot Time Mode Stream

Mode bit | Description Mode bit | Description
0 Reserved: must be zero 17:16 System configuration identifiers - software
visible in processor Config[21..20] register
4:1 Write-back data rate 19:18 Reserved: Must be zero

0: DDDD
1: DDxDDx
2: DDxxDDxx
3: DxDxDxDx
4. DDxxxDDxxx
5: DDxxxXDDxxxx
6: DxxDxxDxxDxx
7: D DXXXXXXDDXXXXXX

8: DxxXXDxxXDxxxDxxx
9-15: reserved

7:5 SysClock to Pclock Multiplier 20 Pclock to SysClock multipliers.

Mode bit 20 = 0/ Mode bit 20 =1 0: Integer multipliers (2,3,4,5,6,7,8,9)
0: Multiply by 2/x 1: Half integer multipliers (2.5,3.5,4.5)
Multiply by 3/x
Multiply by 4/x
Multiply by 5/2.5
Multiply by 6/x
Multiply by 7/3.5
Multiply by 8/x
7 Multiply by 9/4.5

8 Specifies byte ordering. Logically ORed 23:21 Reserved: Must be zero
with BigEndian input signal.

0: Little endian
1: Big endian
10:9 Non-Block Write Control 24 JTLB Size.

00: R4000 compatible non-block writes 0: 48 dual-entry
01: reserved 1: 64 dual-entry

10: pipelined non-block writes
11:  non-block write re-issue

11 Timer Interrupt Enable/Disable 25 On-chip secondary cache control.
0: External Int[5]* gated to IP[7] 0: Disable
1: Internal Timer Interrupt gated to IP[7] 1: Enable
12 Reserved: Must be zero 26 Enable two outstanding reads with out-of-
order return
0: Disable
1: Enable
14:13 Output driver strength - 100% = fastest 255:27 | Reserved: Must be zero

00: 67% strength
01: 50% strength
10: 100% strength
11:  83% strength

15 Reserved: Must be zero
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5  Pin Descriptio ns

Thefollowing is alist of control, data, clock, interrupt, andmisallaneots pnsof the RM7065A.

Table 17 System Interface

Pin Name

Type

Description

ExtRqgst*

Input

External request
Signals that the system interface is submitting an external request.

Release*

Output

Release interface

Signals that the processor is releasing the system interface to slave
state

RdRdy*

Input

Read Ready
Signals that an external agent can now accept a processor read.

WrRdy*

Input

Write Ready

Signals that an external agent can now accept a processor write
request.

Validin*

Input

Valid Input

Signals that an external agent is now driving a valid address or data on
the SysAD bus and a valid command or data identifier on the SysCmd
bus.

ValidOut*

Output

Valid output

Signals that the processor is now driving a valid address or data on the
SysAD bus and a valid command or data identifier on the SysCmd bus.

PRgst*

Output

Processor Request

When asserted this signal requests that control of the system interface
be returned to the processor. This is enabled by Mode Bit 26.

PAck*

Input

Processor Acknowledge

When asserted, in response to PRqgst*, this signal indicates to the
processor that it has been granted control of the system interface.

RspSwap*

Input

Response Swap

RspSwap* is used by the external agent to signal the processor when it
is about to return a memory reference out of order; i.e., of two
outstanding memory references, the data for the second reference is
being returned ahead of the data for the first reference. Note that this
signal works as a toggle; i.e., for each cycle that it is held asserted the
order of return is reversed. By default, anytime the processor issues a
second read it is assumed that the reads will be returned in order; i.e.,
no action is required if the reads are indeed returned in order. This is
enabled by Mode Bit 26.

RdType

Output

Read Type

During the address cycle of a read request, RdType indicates whether
the read request is an instruction read or a data read.

SysAD(63:0)

Input/Output

System address/data bus

A 64-bit address and data bus for communication between the
processor and an external agent.
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Pin Name |Type Description

SysADC(7:0) Input/Output System address/data check bus
An 8-bit bus containing parity check bits for the SysAD bus during data
cycles.

SysCmd(8:0) Input/Output System command/data identifier bus
A 9-bit bus for command and data identifier transmission between the
processor and an external agent.

SysCmdP Input/Output System Command/Data Identifier Bus Parity

For the RM7065A, unused on input and zero on output.

Table 18 Clock

/Control Interface

Pin Name |Type Description

SysClock Input System clock
Master clock input used as the system interface reference clock. All
output timings are relative to this input clock. Pipeline operation
frequency is derived by multiplying this clock up by the factor selected
during boot initialization

VccP Input Vcce for PLL
Quiet Vcclnt for the internal phase locked loop. Must be connected to
Vccelnt through a filter circuit.

VssP Input Vss for PLL
Quiet Vss for the internal phase locked loop. Must be connected to
Vssint through a filter circuit.

Proprietary and Confidential to PMC-Sierra, Inc and for its Customer’s Internal Use 39

Document ID: PMC-2010145, Issue 2

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5785969/RM7065A-350T.html

1 P RM7065A™ Microprocessor with On-Chip Secondary Cache Data Sheet
r I‘/Ih Preliminary
PMC-SIERRA

Table 19 Interrup t Interface

Pin Name |Type Description

IP*(9:0) Input Interrupt
Ten general processor interrupts, bit-wise ORed with bits 9:0 of the
interrupt register.

NMI* Input Non-maskable interrupt

Non-maskable interrupt, ORed with bit 15 of the interrupt register (bit 6
in R5000 compatibility mode).

Table 20 JTAG Interface

Pin Name |Type Description

JTDI Input JTAG data in

JTAG serial data in.
JTCK Input JTAG clock input

JTAG serial clock input.
JTDO Output JTAG data out

JTAG serial data out.
JTMS Input JTAG command

JTAG command signal, signals that the incoming serial data is
command data.

Table 21 Initialization Inte rface

Pin Name |Type Description

BigEndian Input Big Endian / Little Endian Control

Allows the system to change the processor addressing mode without
rewriting the mode ROM.

VccOK Input Vcc is OK

When asserted, this signal indicates to the RM7065A that the Vccint
power supply has been above the recommended value for more than
100 milliseconds and will remain stable. The assertion of VccOK
initiates the reading of the boot-time mode control serial stream.

ColdReset* Input Cold Reset

This signal must be asserted for a power on reset or a cold reset.
ColdReset must be de-asserted synchronously with SysClock.

Reset* Input Reset

This signal must be asserted for any reset sequence. It may be
asserted synchronously or asynchronously for a cold reset, or
synchronously to initiate a warm reset. Reset must be de-asserted
synchronously with SysClock.

ModeClock Output Boot Mode Clock

Serial boot-mode data clock output at the system clock frequency
divided by two hundred and fifty six.

Modeln Input Boot Mode Data In
Serial boot-mode data input.
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6  Absolute Maximum Ratin gs?

Symbol Rating Limits Unit
VTERM Terminal Voltage with respect to VSS —0.5%t0 +3.9 \
Tcase Operating Temperature Oto +85 °C
Tsta Storage Temperature -551t0 +125 °C
I DC Input Current3 +20 mA
lout DC Output Current? +20 mA
Notes

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or any
other conditions above those indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect reliability.

2. V|y minimum = -2.0 V for pulse width less than 15 ns. V,y should not exceed 3.9 Volts.
When V,\ <0V or V| > VcclO

4. Not more than one output should be shorted at a time. Duration of the short should not exceed 30
seconds.
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7 Recommended Operating Conditions

CPU Speed Temperature |Vss Vcclint VcclO VccP
300 - 350 MHz | 0°C to +85°C ov 1.65Vv+£50mV [3.3V+150mV |1.65V =50 mV
(Case) or
2.5V =200 mV
Notes

1. VcclO should not exceed Vcclint by greater than 2.0 V during the power-up sequence.
2. Applying a logic high state to any I/O pin before VccInt becomes stable is not recommended.

3. As specified in IEEE 1149.1 (JTAG), the JTMS pin must be held high during reset to avoid entering JTAG
test mode. Refer to the RM7065A Family Users Manual, Appendix E.

4. VccP must be connected to Vcclnt through a passive filter circuit. See RM7000 Family User’s Manual for
recommended circuit.
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8  DC Electrical Ch aracteristics
(VlO =315V - 345V)
Parameter Minimum M aximum Conditions
VoL 0.2V llouTl= 100 pA
VoH VccelO - 0.2V
VoL 0.4V lloutl =2 mA
Vou 2.4V
Vi -0.3V 0.8V
Viu 2.0V VcelO + 0.3V
N +15 PA Viy =0
£15 pA V|y = Veelo
(VO = 23V -27V)
Parameter Minimum M aximum Conditions
VoL 0.2V [loyt|= 100 pA
Vou 2.1V
VoL 0.4V llourl =1 mA
Vou 2.0
VoL 0.7V lloutl =2 mA
Von 1.7
VL -0.3V 0.7V
Viy 1.7V VecelO + 0.3V
I +15 pA ViN=0
+15 pA Vjy = Veclo
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9 Power Consumption

CPU Speed
300 MHz |350 MHz |TBD MHz
Parameter Condition s Max* Max! Max*
standby TBD TBD TBD
Vccelint . . 5
Power Maximum with no FPU operation TBD TBD TBD
active i ; ;
(mWwatts) M§1X|mum worst case instruction TBD TBD TBD
mix
Notes

1. Worst case supply voltage (maximum Vcclint) with worst case temperature (maximum TCase).
2. Dhrystone 2.1 instruction mix.
3. 1/O supply power is application dependant, but typically <20% of Vcclint.
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10 AC Electrical Ch aracteristics

10.1 Capacitive Load Deration

Parameter Symbol Min Max Units
Load Derate Cip 2 ns/25pF
10.2 Clock Parameters
CPU Speed
Test 300 MHz 350 MHz TBD MHz
Parameter Symbol |Conditions Min [Max |Min |[Max |Min |Max |Units
SysClock High tschigh | Transition < 5ns 3 3 ns
SysClock Low tscLow | Transition < 5ns 3 3 ns
SysClock 33.3 100 | 33.3 117 MHz
Frequency
SysClock Period tscp 10 30 8.5 30 ns
Clock Jitter for titterin +150 +150 ps
SysClock
SysClock Rise tscrise 2 2 ns
Time
SysClock Fall tscrall 2 2 ns
Time
ModeClock tModeCKP 256 256 tSCP
Period
Period
Note

1. Operation of the RM7065A is only guaranteed with the Phase Lock Loop Enabled.
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10.3 System Interface Parameters

CPU Speed
300 MHz 350 MHz TBD MHz
Parameter?! Symbol |Test Conditions Min |Max [Min |Max |Min [Max |Units
model4..13 = 1056 1.0 [TBD | TBD | TBD | TBD | TBD |ns
(fastest)
Data Output™® | foo model4. 13 = 015 1.0 | TBD | TBD | TBD | TBD | TBD |ns
(slowest)
Data Setup? tps®  |tise = See above table 2.5 8D TBD ns
Data Hold* toy | lfa = Ssee above table 1.0 TBD TBD ns
Notes

1. Timings are measured from 0.425 x VcclO of clock to 0.425 x VcclO of signal for 3.3 V I/0. Timings
are measured from 0.48 x VcclO of clock to 0.48 x VcclO of signal for 2.5 V 1/0.

Capacitive load for all output timings is 50 pF.

Data Output timing applies to all signal pins whether tristate I/O or output only.
Setup and Hold parameters apply to all signal pins whether tristate 1/O or input only.
Only mode 14:13 = 10 is tested and guaranteed.

Data shown is for 3.3 V I/O. For 2.5 V I/O derate all times by 0.5 nS.

o g M DN

10.4 Boot-Time Interface Parameters

Parameter Symbol Min Max | Units
Mode Data Setup tos 4 SysClock cycles
Mode Data Hold toH 0 SysClock cycles
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11 Timing Diagrams
11.1 Clock Timing

Figure 11 Clock Timing

SysClock W
tHigh tLow

trise  trall Hjitterin

System I nterface Timing (SysAD, Sy<Cmd, Validin*, VaidOu*, etc.)

Figure 12 Input Timing

SysClock

tps DH
Data Data >

Figure 13 Output Timing

SysClock

Data
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12 Packagi ng Informati on

Figure 14 Mechanical Diagram

P 94%7954351% %7 %5 %31
g
00000000000000000000 D
3880 9990 | EF
0000 0000 | G
9800 9900 (3 ™
0000 . 0000 K
3880 8900 [ = m
-l - F 0000 gggg NP
// 000 0000 | R
/ gg 00000000000008883 UT
/ 0000009000000 0000000 \Y
I 183388835555885565555 | ™y
N 7 I
}\111/ ’ >\e\<
DETAIL
TOP VIEW BOTTOM VIEW
. L \ T U e
ot < A OO OO,
4724'1344 DETAIL X OO0O0OO0OL . A
SIDE VIEW 8 8 8 8 8 8\\ { [e]eozo@ch g
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/
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DETAIL X
Symbol Min. Nom. Max.
A8 — — 1.70
Al 0.50 0.60 0.70
D — 27.00 —
E — 27.00 —
| 1.435 REF.
J 1.435 REF.
M 20 <PERIMETER>
aaa 0.20
bbb 0.25
b 0.60 0.75 0.90
0.80 0.90 1.00
e 1.27 TYP.
Notes
1. Package Dimensions conform to JEDEC Registration MO-149(BG-2X).
2. "e"represents the basic solder ball grid pitch.
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"M" represents the maximum solder ball matrix size.

"Dimension "b" is measured at the maximum solder ball diameter parallel to the primary datum "c".
The Primary datum "c" and the seating plane are defined by the spherical crowns of the solder balls.
All dimensions are in millimeters.

Dimensioning and tolerancing per ASME Y14.5M-1994.

After surface mount assembly, solder ball will have 0.15 mm (TYP) collapse in "A" dimension.
Substrate base material is copper.

Package top surface color shall be black.

;5@m§@@§w

Cavity depth maximum is 0.50 mm.

Proprietary and Confidential to PMC-Sierra, Inc and for its Customer’s Internal Use 49
Document ID: PMC-2010145, Issue 2

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5785969/RM7065A-350T.html

1 P RM7065A™ Microprocessor with On-Chip Secondary Cache Data Sheet
r I‘/Ih Preliminary
PMC-SIERRA

13 RM7065A Pinou t

Pin Function Pin Function Pin Function Pin Function

Al VcelOo A2 VSS A3 VSS A4 Do Not Connect

A5 SysAD[35] A6 VSS A7 SysAD[33] A8 SysAD[32]

A9 VSS Al10 SysADC[1] All Do Not Connect JA12 VSS

Al13 SysADCI[2] Al4 SysAD[62] Al5  [VSS Al6 SysADI[60]

Al7 Do Not Connect JA18 VSS Al19 VSS A20 VcelO

Bl VSS B2 VcclO B3 VSS B4 VSS

B5 Do Not Connect |B6 SysADI3] B7 SysADI[2] B8 SysAD[1]

B9 SysADC[5] B10 SysADCI0] B11 SysADC[3] B12 SysADC[6]

B13 Do Not Connect |B14 SysADI[30] B15 SysAD[29] B16 Do Not Connect

B17 VSS B18 VSS B19 VcclO B20 VSS

C1 VSS Cc2 VSS C3 VcelO C4 Do Not Connect

C5 Do Not Connect | C6 Do Not Connect |C7 SysAD[34] C8 Vccelint

C9 SysADI[0] C10 SysADC[4] c1u1 SysADC[7] C12 Vccelnt

C13 SysADI[31] C14 SysAD[61] C15 Vccelint C1l6 Do Not Connect

C17 Do Not Connect JC18 VcelO C19 VSS C20 VSS

D1 Do not Connect D2 VSS D3 Do not Connect D4 VcclO

D5 VcelO D6 Do Not Connect | D7 Vccelint D8 Vccelint

D9 VcclO D10 Vcclnt D11 Vccelint D12 VcclO

D13 SysAD[63] D14 |Vccint D15 SysAD[28] D16 |VcclO

D17 VcclO D18 Do Not Connect D19 VSS D20 Do Not Connect

El SysADI[5] E2 Do Not Connect |E3 Vccelnt E4 VcelO

E17 VcelO E18 Do Not Connect |E19 Do Not Connect | E20 SysADI[59]

F1 VSS F2 SysAD[36] F3 SysAD[4] F4 Veelnt

F17 Vceelnt F18 SysAD[27] F19 SysAD[58] F20 VSS

Gl SysADI[38] G2 SysADI[6] G3 SysADI[37] G4 Vccelnt

G17 Vcclnt G18 SysAD[26] G19 SysAD[57] G20 SysAD[25]

H1 SysAD[7] H2 SysAD[39] H3 SysAD[40] H4 SysADI[8]

H17 | SysAD[24] H18 | SysAD[56] H19 | SysAD[55] H20 | SysAD[23]

J1 VSS J2 SysADI[9] J3 Vccelnt Ja VcelO

Ji7 VcclO Ji8 SysAD[54] J19 SysAD[22] J20 VSS

K1 SysAD[41] K2 SysAD[10] K3 SysAD[42] K4 SysAD[11]

K17 SysAD[53] K18 SysAD[21] K19 SysAD[52] K20 | SysAD[20]

L1 SysAD[43] L2 SysAD[44] L3 SysAD[12] L4 Veelnt

L17 Vceelnt L18 SysAD[51] L19 SysAD[19] L20 SysAD[50]

M1 VSS M2 SysAD[13] M3 SysAD[45] M4 VcelO

M17 VcclO M18 SysAD[18] M19 SysAD[49] M20 VSS

N1 SysAD[14] N2 SysAD[46] N3 Vccelnt N4 SysAD[47]

N17  |Vccint N18 |SysAD[48] N19 |SysAD[16] N20  |SysAD[17]
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Pin Function Pin Function Pin Function Pin Function

P1 SysAD[15] P2 RSPSWAPB P3 PACKB P4 Vcecelnt

P17 ColdResetB P18 VccOK P19 BigEndian P20 ResetB

R1 VSS R2 Do Not Connect |R3 JTDI R4 JTCK

R17 Vccelnt R18 ExtrQSTB R19 NMIB R20 VSS

T1 PRQSTB T2 JTDO T3 VccelO T4 VccelO

T17 VcclO T18 Vccelnt T19 Int[9]* T20 Int[8]*

Ul ModeClock u2 VSS U3 JTMS u4 VcclO

us VcelO u6 ValidinB u7 VSSP us Vcecelnt

u9 VcelO ui10 Vccelint ull Vccelnt ulz VcclO

ui13 SysCmd[7] ui4 Vcclint ui5 Int[3]* uil6 VcclOo

u17 VcclO uis Int[6]* u19 VSS u20 Int[7]*

Vi VSS V2 VSS V3 VceelO V4 RDType

V5 RDRDYB V6 VccP V7 Do Not Connect V8 Vcclnt

V9 Do Not Connect V10 Do Not Connect V11 Vccelnt V12 SysCmd[3]

V13 SysCmd[6] V14 Vcecelnt V15 Int[2]* V16 Int[5]*

V17 Int[4]* V18 VcelO V19 VSS V20 VSS

w1 VSS W2 VcclO W3 VSS W4 VSS

W5 WRRDYB W6 ReleaseB w7 SysClk w8 Vccelnt

W9 Do Not Connect JW10 Do Not Connect JW11 SysCmd[1] W12 SysCmd[2]

W13 SysCmd[5] w14 SysCmdP W15 Vccelnt W16 Int[1]*

w17 VSS w18 VSS w19 VcclO W20 VSS

Y1 VcelO Y2 VSS Y3 VSS Y4 Modeln

Y5 ValidOutB Y6 VSS Y7 VccP Y8 Do Not Connect

Y9 VSS Y10 Do Not Connect Y11 SysCmd[0] Y12 VSS

Y13 SysCmd[4] Y14 SysCmd[8] Y15 VSS Y16 Do Not Connect

Y17 Int[O]* Y18 VSS Y19 VSS Y20 VccelO
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14 Ordering Information
RM7065A -123 T |
Temperature Grade:
(blank) = commercial
Package Type:
T=TBGA
Device Maximum Speed
Device Type
A = 0.18 micron process geometry
Valid Combinations
RM7065A-300T
RM7065A-350T
52
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