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Document Conv entio ns

Thefollowing canvertionsareused n this daeshed:

e Allsignal, 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 seif typeface.
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1 Features

e Dud Isaie sipescdar microprocessa

e 150, 2M@, & 250MHz opesrting freqlendes
* 300 Dhiystone.1 MIPS

» Systam interface optimized for embededappicatons

e 32-hit system interfacelowers total system caost

* Highpefformane write protocols maxmize uncachedwrite bardwidth
e Processa clock muttipliers: 2, 25, 3,3.5,44.5,5,6,7,8,9

e 25V corwith3.3V IOs

* |EEE 1149.1JTAG bounday scan

* Integrated on-chip caches

« 32KB ingruction ard 32KB daa— 2 waysetasodative
 Pa st locking
« Virtudly indexed, physcally tagged
*  Write-badk ard write-throughon aperpage besis
* Pipeline restart on first doubdeword for dat cache misses
* Integrated memoy manaemem unit
¢ Fuly asodative joint TLB (shared by | and D ranslations)
e 48dud entries map96 paes
« Variable page $ze (4 KB to 16 MB in 4x increments)
* Highpefformane floaing{oint unt — up © 500 MFLOPS
* Single cyde repeat rate for common single-predsion operationsand somedouble pre-
cision opeations
* Two cyde reped rate for double-precision mutiply ard dowble precision cmombined
multiply-add operations
* Single gscle repeat rate for singleprecision canbined multiply-add operaion
e MIPSIV instruction set
* Floaing pdnt multiply-add instruction increasespeformarce in signal pracesing
and graplics applicdions
e Conditional movesto reducebrand frequeng
¢ Index addressmodes (regster + register)
* Embealdedapgicaion erhanemensg
e Specialized DSP mteger Multi ply-Accumulate instructionsand3-gperandmultiply
instruction
e | andD cade bcking by %t
e Optional dedcaed excegion vector for interrupts
* Fuly static0.25micron CMOS dsign with power down bgic

« Standbyreducel power mod with WAIT instruction
e 25V corwith3.3V IO

e 128-pin Power-Quad4 (QFP) package
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2 Block Diagram

Figure 1 Block Diagram
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3 Hardware Overview

The RM5231 dfers a highdevel of integraion targeted at high-pefformarce enbedded
applications Thekeyelemens of the RM5231are biiefly desciibed in this section.

3.1 Superscalar Dispatch

The RM5231 hes an aymmetic supescdar dispatch wnit which dlows it to issue an integer
instruction anda floaing-point compuation instruction smultaneously. Integerinstructiions
includeALU, brand, loadktore, ard floaing-point load/store, while floating-point compuation
instructions includefloaing-point add, subtrad, combined multiply-add, conwetts, etc. In
combination with its highthroughputfull y pipelined floaing-point execution unit, thesupeiscadar
cgpalility of the RM523 providesunpaalleled pricefpefformane in camputaiondly intensive
embedded applicaions

3.2 CPU Registers

TheRM5231 CRJ has a usrvisible state cansisting of 32 gaera puipos registers, two special
purpose registers for integer multiplicaionanddivision, aprogram @unter, andno condition cde
bits. Figure 2showsthe urvisible gate.

Figure 2 CPU Registers

General Purpose Registers

63 0 Multiply /Divide Registers
0 63 0
rl IHI ‘
r2 63 0
: [ |
. Program Counter
. 63 0
r29 PC
r30
r3l

3.3 Pipeline

For integeropeaations loads stbores, and ahe non-floating-point opeaations the RM5231usesa
5-stagepipeline In addtionto the integer pipdine, he RM5231 ues a exernded %stage ppeline
for floaing-paint operdions

Figure 3showsthe RM5231linteger pipdine.As illustrated in the figure, up D five integer
instructions can beexecuting simultaneoudy.
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Figure 3 Pipeline

o a1 T 21 TarR T2rR TaAa T2A T1p [ 2D [aw [ 2w

11 LauT 21 TarRT2RT1A T2a [ 1D T2D [aw [ 2w |

12 CauT 21 TarRT2R [1A T2A 1D [2D [aw [ 2w |

13 LT 2 [1rT2R [1a T2oa TaD T2oD [aw [ 2w |

14 1l 2 [1rT2rRT1a T2oa TaD [2D [aw [ 2w |

}i one cycle }‘
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

3.4 Integer Unit

The RM5231 nteger unit includesthirty-two gerera purpose64-bit registers, aload/store
architecure with single cyde ALU operations @dd, swb, logical, shift) andan atonomous
multiply/divide unit. Additional register resaurces include: the HI/LO result registers for the two-
operand integer multiply/divide qperations, and the program courter (PC).

The RM5231limplemens the MIPS NV Instruction St Architedure, andis therefre fully upward
compatible with applications that run on processors implementing the earlier generation MIPSI-
[Il instruction sds.

3.5 Regqister File

The RM5231 resthirty-two general purpose egisters with regster locaion 0(rO) hard wired to a
zero value. The® registers ae wsedfor sa@lar integer operations and adiresscalculation. The
register file hastwo read pats and ore write port and s fully bypasel to minimize operation
latency in the pipeline.

3.6 ALU

TheRM5231 ALU oonssts of an integeradder'subtrador, a logic wnit, and ashifter. Theadde
peforms addes @lculatons in addition to aithmeic opesations. The logic urit performs dl
logical ard zep shift data moves Theshifter peiforms shifts andstore alignment operations. Eath
of these units is optimized to perform all operations in a sngle processor cycle.

3.7 Integer Multiply/Divide

TheRM5231 hes a dalicated integer multiply/divide unit optimized for high-speedmultiply and
multi ply-accumulate opemtions. Table 1shows the peformanceof the multiply/divide unt on
ead operation.
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Table 1 Integer Multiply /Divide Operations

R t tall

Operand epeat |Sta
Opcode Size Latency |Rate Cycles
MULT/U, 16 bit 3 2 0
MADIU 35t 4 3 0
MUL 16 bit 3 2 1

32 bit 4 3 2
DMULT, any 7 6 0
DMULTU
DIV, DIVD |any 36 36 0
DDIV, any 68 68 0
DDIVU

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

In addtion o the baeine MIPSIV integer multiply instructions the RM5231 adoimplementsthe
3 operand mutiply instruction, MUL. This instruction spedfies that the multi ply result go directly
to the integer register fil e rather than the Lo register. The portion of the multiply that would have
normaly goneinto the Hi registeris discaded. Fa applicationswhete it is known thatthe ypper
hdf of the multiply resutt is not required using the MUL instruction eiminatesthe ne@ssty of
execuing an explicit MFLO instruction.

Also ncludd in the RM5231are the mutiply-add instructions, MADU/MAD. This instruction
multiplies two opeamnds and addstheresukting poductto the curentcorterts of the Hi and Lo
registers. Tre mutiply-accumulate qoerationis the core primitive of almostall signd processing
agorithmsallowing the RM5231 b eliminate the needfor asegrate DSP egine in many
embedded applicaions

3.8 Floating-Point Co-Pr ocessor

The RM5231 ncorporaes a hgh-performancefully pipelined floaing-point coprocesorwhich
includes a fbaing-paint regsterfile ard autonomousexeaution untsfor multiply/add/convert and
dividekguare oot The foating-point coprocesoris a ightly coupledexecution unit, decaling
and execuing instructions in parallel with, andin the case d floating-point loadsandstores, in
coopeation with the integer unit. The supesalar cgpabliti esof the RM5231 dlow floating-point
compufationinstructions b issue mncurently with integerinstrudions

3.9 Floating-Point Unit

The RM5231 foating-point execution urnit sugoorts single ard dowble precision aithmetic, as
spedfiedin the IEEE Sandad 754. The ercuion unt isbroken nto a seprate divide'square raot
unit anda ppdinedmultiply/add unit. Overlap of the divide/'square oot ard mutiply/add
operationsis suppotted.

The RM5231 mantainsfully precise floaing-point excegionswhile dlowing both overdapped
and ppelined gerations. Predse excepions ae extremely impartantin objectorienied
programmirg envronmens and hghly desrable for debwgging in ary envronment
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Floaing-point operations includes

 ad

* subtad

e multiply

« divide

* sguae root
e reciprocd

* reciprocd squae root

» conditiond moves

e convesion betweenfixedpoint andfl oaing-point format

» conveasion betveenfloaing-point formats, andfloaing-point compare.

Table 2gives te latercies d the floating-point instructionsin intemal procesor cycles

Table 2 Floating-P oint Ins truction Cy cles

Operation Latency Repeat Rate
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. 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 1 1
fmovc 1 1
fabs 1 1
fneg 1 1

Note: Numbes are rgpreseanted assingle/doube precision format
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3.10 Floating-Poi nt General Register Fil e

Thefloaing-point geneal register file (FGR)is madeup ofthirty-two 64-bit registers. Wth the
floating{point load and gore dauble instructions(LDC1 andSDC1), the floating4point unit can
take adwantageof the 64-bit wide dita cacheandissue a floaing-point corocesorload a gore
doubleword instruction in every cycle.

Thefloaing-point control registe pace catanstwo registers; onefor deermining onfiguration
and revision informaion for the coproces®r andonefor control andsiatus nformaion. These are
primarily used fordiagnogic sotware, excegdion handing, sate savng ard restoring, and cotrol
of rounding modes To supprt sypeiscdar operation, the FGR ha four read ports ard two write
ports, and is fully bypased to minimize opeation latency in the pipeline. Ttreeof the readports
and onewrite pot are ugd D support thecombined mutiply-add indruction while te fourth read
and cord write port allows a cancurent floaing-point load or stare.

3.11 System Con trol Co-process or (CPO)

The system control co-processor, also cdled coprocessar 0 ar CPO in the MIPSarchitedure, is
responsble for thevirtual memoy subsystem, he exception mntrol system, aml the diaghosics
cgpability of the processor. In the MIPSarchitedure, the systemcontrol co-processor (and thus the
kernel software) is implementation dependent.

Thememoy mang@emei unit controls the virtual memorysysem pagemappng. It consists of an
instruction addess translation buffer, ITLB, a dat addresstrarslation buffer, DTLB, a Jant
instruction and dat address tanslaton buffer, JTLB, and coprocessa registers usedby thevirtud
memoy maping subsystem.

3.12 System Con trol Co-Pr ocessor Regis ters

The RM5231incorporates al system control co-processor (CPQ) registers an-chip. These registers
providethe pal throughwhich the virtud memol systenis page mapping is exanined ard
modified exaptions ae handed, ard opeating modes g contolled kernd vs. user mode,
interrupts enalded or disabled, cate feaureg. In addition, he RM5231 includes registersto
implement a reattime cyde courting facllity to aid in cachediagnogic testing and © assistin data
error detecion.

Figure 4showsthe CPO egisters.
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Figure 4 CPO Registers

Context BadVAddr
PageMask EntryLoO 4* A
5* 2%
EntryHi EntryLol Count Compare
10 o o+ 11*
a7 Status Cause
12* 13*
Index EPC
o* 14*
TLB
Random XContext
1* 20*
Wired ECC CacheErr
< 6* 26* 27*
(entries protected
o from TLBWR) PRId ErrorEPC
15* 30*
LLAddr TagLo TagHi Config
17* 28* 29* 16*
Used for memory Used for exception
management processing

* Register number

3.13 Virtual to Ph ysical Address Mapp ing
The RM5231 povides three mods d virtud addressng:

* usrmode
» kernel mode
e supewisor mode

This mechanism is available to system software o provide a secure environment for user
proces®s. Bits in the CPO &tusregister deemine which virtud addressng modeis usel. In the
user mode the RM5231 povides asingle, unform virtud addressspaeof 1TB (2 GB in 32-bit
mods.

Whenopegting in the kend modg, four distinct virtud addressspaes totalling ove 25 TB @
GB in 32bit modk), are smultareoudy avdlable and ae dffereniated by the high-orde bits of
the \virtud address.

The RM5231processors dso support asupervisor mode in which the virtual addess gpace ower 2
TB (2.5 GB n 32-bit mode), divided nto three regionsbasd on the high-order bits of the virtual
address

Whenthe RM523 is configured as a 64-bit microproces®r, the virtud addressspace layout is an
upward compéible extersion ofthe 32bit virtual addess ace layout.

Figure 5showsthe adiressspace kyout for 32-bit operation.
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Figure 5 Kernel Mode Virtual Addressing (32-bit)
OxFFFFFFFF | Kernel virtual address space

(kseg3)

0xE0000000 | Mapped, 0.5 GB

OxDFFFFFFF | Supervisor virtual address space
(ksseg)
0xC0000000 | Mapped, 0.5 GB

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

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

OX7FFFFFFF | User virtual address space
(kuseg)
Mapped, 2.0 GB

0x00000000

3.14 Joint TLB

For fastvirtuatto-physcal addess translation, the RM5231uses alarge, fully assciatve TLB
that maps 96virtud pages b thar coresponding physcal addresses. As ndicakd by its name, e
joint TLB (JTLB) is used for both instruction and dita trarslations. TheJTLB is orgarized & 48
pars ofeven-oddentries, a mgps a vitual addess and adressspaceidentifier into the lage, 64
GB physical addressspae.

Two meclanisms ae provided D assstin cortrolling the anount of mappedspaeand he
replacementchaaderistics of variousmemory regions First, thepagesize can be onfigured on a
per-enty bass, to use paje szesin therangeof 4 KB to 16 MB (in mutiples of 4). The CPOPag
Mask register is loaded with the desired page size of a mapping, and that sizeis sored into the
TLB along with the virtual addess when a rew ertry is written Thus opeating g/stems an
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
RM5231provides a random eplacementagorithm to selecta TLB entry to bewrittenwith anew
majpping. Howeve, the plocesoralso povides a mechnism wheebya sysem specific numberof
majppings @n be locked into the TLB, therebyavoiding random replacement. This meckanism
allows the operating systemto guarantee that certain pages are always mapped for performance
reamnsandfor deadlock avoidance. This mectanism akofacilitatesthe design ofreal-time
systems ly allowing deerministic acessto critical software.
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The JTLB dso contains informaion that contols the ca&hecoheency pratocol for each page.
Specfificdly, eah page hasatribute bits to determine the following coheency algorithms:

e uncaded

* non-coheen write-badk

e non-coheaert write-through with write-allocae

¢ non-coheaen writethrough withou write-allocae

+ sharable
* exclusive
e updae

Thenon-coheent protocols ae usedfor both code and dad on the RM5231, with dat using write-
back o writethrough degpendng on he gplicaton. Thecoheaency atributesgererate coherent
transectiontypes an the g/stem nterface Howe\er, in the RM523 cachecoheency is not
suppoted, hencethe wheency atributes $iould never be usel.

3.15 Instruction TLB

The RM5231limplements a2-entry instruction TLB (ITLB) to minimize contenion for the JTLB,
eliminate the timing critical pat of trarslaing througha large asodative aray, and save power
Each ITLB entry mapsa 4KB page ThelTLB improvespeformane byallowing instruction
addresstrandation o occurin pail e with data addresstrandation. Whe a mssocaurs on an
instruction addresstrarslation by the ITLB, the lead-recently used ITLB ertry is filled from the
JTLB. The operation of the ITLB is completdy transparent to the user.

3.16 Data TLB

The RM5231 implemens a4-enty data TLB (DTLB) for thesame reasms dted above far the
ITLB. Eadh DTLB ertry mapsa 4KB page TheDTLB improves peformanceby dlowing daa
addresstranslation to occur in parllel with instruction addresstranslation. Whenamissoccuson
a chta address translation by the DTLB, the DTLB isfilled fromthe JILB. The DTLB refill is
pseud-LRU: the leas recently usal enty of thelead recently used par of entries isfilled. The
operation of the DTLB is compktely transpaert to the wser.

3.17 Cache Memory

In orderto keeg the RM523’s highpeformane pipeline full ard opeating dficienty, the
RM5231incomporates on-chip ingruction ard dda cadestha can be acessal in a $ngle
proces®r cycle. Eachcade fes its own 64-bit dat path andboth caches can beacesed
simultaneowsly. Thecade sibg/stem providesthe integerandfloaing-point units with an
aggregae andwidth of over 3 GB perseondatan nternal clock frequency of 200 MHz.

3.18 Instruction Cache

The RM5231 ncorporaes a wo-way st as®ciative on-chip instruction cacheThis virtualy
indexed, physcally tagged @ache is 32KB in sze and is protecedwith word paity.

Sincethe caheis virtualy indexed, the \irtud-to-physical addresstrangation ocursin paallel
with the cade acess furtherincreasing peformane byalowing thee Wwo operaionsto ocaur
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simultaneowsly. Thecade &g containsa 24bit physicd address a \alid hit, ard hasa sngle
paity bit.

Theinstruction cadeis 64-bitswide ard can be accessal eachprocesorcycle. Acesing & bits
per cycle dlows the ingtruction cacheto suppy two instructions pe cycle o the supescalar
dispatch unit. Fortypical cock segquenceswhele afloaing-point load or store anda floaing-point
compuitioninstruction ar keing issited bgeher in aloop, the entire bardwidth available from
the instruction cachewill be csmmsumed

Cache missrefill writes64 bits per cycle to minimize the cade misspenalty. The linesizeis eight
instructions (32 bytes)to maximize te performanceof communication between the proces®r and
the mamory system.

The RM5231 sipports instruction cade locking. Thecorterts of one &t of thecache sd A, can
belocked by stting abit in the copocessor0 Satusregister. Locking the st prevertsits ontents
from keing ovewritten by a sibsequert cache mis. Rdill will occu only into set B. This
mechanism allows the programmer to lock critical code into the ceche thereby guaranteeng
deerministic behavior for the locked codesejuerce.

3.19 Data Cache

For fast 9ngle cycle dita aces, he RM5231 includes a32 KB onchip dat cachethatis two-
way set associative with afixed 32-byte (eight words) line size

Theddacade s protededwith byte paiity and itstagis protected with a sihgle garity bit. It is
virtudly indexed and plysicaly tagged to allow smultanecus aldresstrarslaion and dbta cache
access.

Cade protocols sugported for the data cacheatre:
1. Uncached

Dataloads and instruction fetchesfrom un@achted memoy space ae kroughtin from the man
memoy to the register file andthe executon unt, respectfully. Thecadesare notacessel.

Data stores to uncaded memory spacego directly to the main memory without updating the

daa cade.

2. Writedbadk

Loads and nstruction fetchesfirst search the cache,reading mein memory only if thedesred
ddaais notcacheresident. On dda siore opeaations the caheis first seached b deermine if
the target addess is cacte residert. If it is resident the acle contents are ypdakd, andthe
cachelineis marked for later write-back If the ca&helookup misses,thetarget cachelineis
first broughtinto the ca&aheandthen the wiite is performed asabove.

3. Writethrough with write dlocate

Loads and nstruction fetchesfirst search the cache,reading mein memory only if thedesred
ddaais notcacheresident. On dda siore opeaations the caheis first sesached b deermine if
the target addess is cacte residert. If it is resident the ache cotents are yodatd and man

memory is written, leaving the write-back bit of thecade line unchanged. F the cahelookup
misses, he targetlineis first brought into the cache ard then he write is pefformed & above
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4. Writethrough without write dlocae

Loads and nstruction fetchesfirst search the cache,reading main memory only if thedesred
ddaais notcacheresident. On dda siore opeations the caheis first seached b deermine if
the target addess is cacle residert. If it is resident the ache cantents are ypdatd and man
memory iswritten, leaving the write-back bit of the cade line unchanged. F the cahelookup
misses, then only main memory is written.

The mostcommonly usedwrite policy is write-back,whele astaeto a cahelinedoesnot
immediately caug the main memory to be updated. Ths increases g/stem peformarce by
reducing bustraffic ard eiminating the bdtleneckof waiting for eachstore opeation  finish
before issuing asubgquent memoryopeaton. Sdtware can however, seked writethrough on a
per-pagebass whenappopriate swch & for frame bufers.

Associatedwith the dda cade i the store buffer. Whenthe RM5231 exeautes a storeinstruction,
this single-entry buffer gets written with the dore data whil e the tag comparison is performed. If
the tag matches, then the data is written into the data cache in the next cycle that the data cache is
not accessal (the nex nondoad cycle). The gore kuffer dlowsthe RM5231 b execute a gore
evely processa cycle and o paform bak-to-back goreswithou penatty. In theevent of a sbre
immediately followed by a loadto the sameaddess, acombhed meige andcade wite accus
suchtha no perslty isincurred.

The RM5231 @adhe dtributesfor both the instruction anddat caches ae summaized in Table 3

Table 3 Cache Attributes

Characteristics |Instruction Data
Size 32 KB 32 KB
Organization 2-way set 2-way set
associative associative
Line size 32B 32B
Index VvAddry; o VvAddry o
Tag PAddra; 12 PAddrs; 12
Write policy n.a. write-back/write-
through
Read order sub-block sub-block
write order sequential sequential
miss restart after entire line first double
transfer of
Parity per-word per-byte
Cache locking set A set A

3.20 Write Buffer

Writesto external memog, whetercache misswrite-backs or sioresto un@cted or wrte-through
addres®s, usethe on-chip write bufer. The wiite bufer hdds upto four 64-bit addressanddai
pars. The entire buffer is used for a dda cade wiite-badk ard alows the piocesor to proceedin
paalel with the memoy updak. Fa uncadhedandwritethrough gores the wite bufer
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significanty increasses peformanceby decouding the SysAD bus trarsfers from the instruction
exeaution stream.

3.21 System Interface

Thesystan interface congsts of a 32bit AddressData bus with 4 paiity ched bits anda 9-bit
command bis. In addition, here ae 6 handsteke signak and 6interrupt inpus. Theinterface is
cgpalle of transferring dat beween the processor andmemoy ata pek rae of400 MB/secwith
a 100 MHz $sClock.

Figure 6 slows a ypicalembeded gstem ushg the RM5231. h this exampk, a bak of DRAMs
and amemory contoller ASIC dhare the proces®r’s SysAD buswhile the memory contoller
provides sgarate parts 0 abootROM and an 1/O system.

Figure 6 Typical Embe dded System Bloc k Diagram

Control o
DRAM Flash/
Boot
Address » Rom
y
36 X X

< Memory 1/O A 4
RM5231 36 Controller b PCI Bus

v

23

3.22 System Add ress/Data Bus

The 32bit System AddessData (SysAD) busis usel to trarsfer addresgs anddata baween the
RM5231andtherest of thesygem. It is protected with a 4bit parity check bus (SysADC).

The gisteminterfaceis configurale to al ow easy interfadng to memory and 1/0O systems of
varying frequencies. TheBlock Write data rate, Non-Block Write protocd, and Ouput Drive
Strergth are ploogrammabé & Boad timevia the Mode Control bits. The rate atwhich the
proces®r recavesdatis fully controlled ky the exernd device.

3.23 System Command B us

The RM5231 nterface has a 9bit Sysem Command (SysCmd) bus.The @mmand lis indicates
whether the SysAD bus arries aldressor dag informaion ona pe-clock basis. If the SysAD
caries aldress then he SysCmd bs dso indicates what type of transadion is to take place(for
exanple, aread orwrite). If the SysAD cariesdag, then the SysCmd busalso gives informaion
aboutthe dda (for exampe, this is the last dat word transmitted, a the data contansanerror).
The SysCmd bus is bidirecional to supprt bath proces®r requess andexternal requeststo the
RM5231 Processa requess are initiated by the RM5231 and responded D by an externd device
External requests aeissuedby an extemal device and require the RM523 torespord.
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The RM5231 supports one- to four-byte trarsfers aswell asblocktrangers an the SysAD bus In
the caseof a aib-wad transfer, the wo low-order addressbits give the byte addressof the rarsfer,
and the SysCmd busindicates the numberof bytesbeing transferred.

3.24 Handshake Si gnals

There are six handshakesgnds onthe g/steminterface. Two of these RARdy* ard WrRdy*, are
usedby anexternal device to indicate o the RM523 wheherit can accept a nav real or write
transection. The RM523 sanples thes sgnds before deas®rting the addeess onread ard write
requests.

ExtRqst* and Release* are wsedto transfer control of the SysAD andSysCmd busesfrom the
procesr to an externd device.When anexternal device nezdsto contol the interface, t as®rts
ExtRgst*. TheRM5231 esponds byas®rting Release* to release the systeminterfaceto slave
state.

ValidOut* ard Validin* are used by tle RM5231 and lhe exernal device respectively to indicae
thatthere is avalid addess, acommandpr da& onthe SysAD andSysCmd buses TheRM5231
assets ValidOut* whenit is driving thesebuseswith avalid address a @mmand or data, ard the
external agent drives Validln* when it has mntrol of the system irterfaceandis driving avalid
address a ®mmand a dda

3.25 Non-overlapping S ystem Interface

The RM5231 equiresa nam-overdapping system irterface This means that only one proces®r
requestmay ke outstarding ata ime andtha the reques mug be seviced by an externd agert
before the RM5231 issuesanoher request TheRM5231 @an isdue read andwrite requegs to an
externd device,whereasanexternal device can issuenull and wite requessto the RM5231.

For procesor reads he RM5231 aserts ValidOut* and $multaneausly drives he addes and
readcommandn he SysAD and SysCmd busesrespedively. If the /steminterfacehas RARdy*
asserted, thenthe processar tristates its drivers and releases the g/steminterfaceto the slave state
by aseting Release*. Theexternal device can thenbeghn snding data to the RM5231

Figure 7showsa poces®r block read reques and the external agent real respnse Theread
latency is 4 ¢ycles(ValidOut* to Validln*), andthe respons data patem is“WWWWWWWW”,
indicaing that dai can be transferred on every clock with nowait satesin-between.
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Figure 7 Processor Block Read

SysAD ><Data0 ><Datal ><Data2 ><Data3 ><Data4 ><Data5 ><Data6 ><Data7 >—<:
SysCmd ><NData><NData><NData><NData><NData><NData><NData><NEOD>—<:

ValidOut* —\_/
Validin* \

RdRdy*

WrRdy*

Release* —\—/

Figure 8 shavs a pocessa block write using write resporse patem “WWWWWWWW?”, or mde
0, of theboottime moa sdect opions.

Figure 8 Processor Bloc k Write

SysAD >< Addr >< Data0 >< Datal >< Data2 >< Data3 >< Data4 >< Data5 >< Data6 >< Data7 ><
SysCmd ><Write ><NData><NData><NData><NData><NData><NData><NData><NEOD><
ValidOut* \ /

ValidIn*

RdRdy*

WrRdy*

Release*

3.26 Enhanced W rite Modes

The RM5231 mplemens two erhan@mensto the original R40M write mechaism: Write
Reisue and Ppdine Wites. Theorigina R400 alowed awrite addess g/cle onthe SysAD bus
only onceeveay four SysClock cycles.Hencefor anonblockwrite, this meantthattwo out of
evely four cycleswere walit stees.

Pipelined wite mod eliminatesthesetwo wait statesby dlowing the piocesor to drive anew
write addressonto the bus immediately after the previouswrite dat cycle. This allows for highe
SysAD busultilization. Howeve, athigh kus frequerties te procesormay dive asulsequent
write onto the bus prior to the time the external agert deassets WrRdy*, indicaing that it cannot
accept anotherwrite cycle. This can cause the wiite ¢g/cle 1o bemissed.

Write rassuemodeis an enhacementto pipdinedwrite mode and alowsthe processa to rassue
missal write cycles If WrRdy* is deassated during the issue phase o awrite operation, the cycle
is alorted by the procesor and reisaued at alater time.
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In write reissuemode,a wiite rate of onewrite evey two bus cycles @n be achieved. Pipelined
writeshavethe same o buscyde write repeatrate, butcan isste ore adlitional write foll owing
the deassertion of WrRdy*.

3.27 External Requests

The External Requst pin, ExtRqgst*, is as®rted by the externd agentwhenit requiresmastership
of the gystem nterface either to pefform an nhdepenenttrarsfer a to write o the interrupt
register within the RM5231 An indeendent tranger is adata transfer betveentwo external
agents or beween anexternal agent and memory or peripheral on the g/steminterface Fdlowing
the asserting ofthe ExtRqst*, the RM523L tri-statesits divers alowing the externd agentto use
the gystem interface bugsto compkte anindependen transfer. Theexternal agentis resporsible
for returning masership of the sysem nterfage o the RM5231whenit hascompkted the
independenttrander and dees ® by executing anExternd Null cyde.

3.28 Interr upt Handl ing

In orderto provide béterreal time nterrupt hardling, the RM5231 sippats adedcaed interrupt
vector. When erabled by the red time exeautive, by stting abit in the Causeregister, interrupts
vector to aspeific addresswhich is nat shared with anyof the other exaeption types This
cgpalility eliminatestheneel to go trough te rormal sdtwareroutine for exception demde and
dispatch, thereby lowering interrupt latency.

3.29 Standby Mode

The RM5231 povides ameando reducethe amout of power corsumedby the internal core
when the CPU wold atherwise notbe prforming anyuselul opeaations. This state is known &
Standly Mode.

Executing the WAIT instruction enables interrupts caises the proces®r to enter Sardby Mode
When the wait instruction completes the W pipe stage, and if the SysAD busis curenty idle, the
internal processor clocks sop, trereby freezing thepipdine. The phas lock loop, or PLL, nternal
timercountr, and he“wakeup’ input pins Int[5:0]*, NM1*, ExtReg*, Reset*, andColdReset*
will cortinueto opekte in their normal fashon. If the SysAD busis notidle when te WAIT
instruction completes the W pipe-stage, then the WAIT is treakdas aNOP until the busopeation
is completed. One the pioces®r isin Sandly, ary interrupt, including te internally geneated
timerinterrupt, will calse he piocessa to exit Sandby and resume opraion whee it left off. The
WAIT instruction is typicdly inseted in the idle loop d the gerating sysem or red time
execuive.

3.30 JTAG Interface

TheRM5231linterfacesyppotts JTAG TestAccessPat (TAP) bourdaly scanin conformane with
the IEEE 11491 specfficaion. The JTAG interfaceis especially helpful for checking the integrity
of the proces®rs pin cannedions

3.31 Boot-Time Options

Fundamettal operationd modes for the piocessa are initialized by the boot-time modk control
interface. This seria interface operaes a avelty low frequency (SysClock divided by 256). The
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low frequency operation alows the initialization informaton to bekeptin a low cog EPROMor a

systeminterfaceASIC.

Immediately after the VccOK sgnal is aseted, the proeessorreadsa rial bit strean of 256 bis
to initialize all the fundamenél opeationd modes. ModeClock run mntinuusly from te

assetion of VccOK.

3.32 Boot-Time Modes
Thebod-time seial mode srean isdefined in Table 4. Bi 0 isthe bit preserted tothe piocessa
asthefirst bit in the steamwhen VccOK is asserted Bit 255is the last bit transferred.
Table 4 Boot- Time Mode Bit Str eam
Mode Mode
bit Descrip tion bit Descrip tion
0 Reserved: Must be zero 14:13 | Output driver strength - 100% = fastest
00: 67% strength
01: 50% strength
10: 100% strength
11: 83% strength
4:1 Write-back data rate (W = write data transfer, x = wait |15 Reserved: Must be zero
state)
0: WWWWWWWW
1: WWXWWXWWXWWx
2: WWxXXWWxXWWxXWWxx
3: WXWXWXWXWXWXWXWX
4: WWXXXWWXXXWWXXXWWXXX
5: WWxXXXXWWXXXXWWXXXXWWXXXX
6: WXXWXXWXXWXXWXXWXXW XX W XX
7 WWXXXXXXWWWXXXX XXV XXXXXXVW WX XXXXX
8: WXXXWXXXWW XXX W XXX W XXXV XX XWX XXV XXX
9-15 reserved
75 Pclock to SysClock Multiplier 17:16 | System configuration identifiers - software
Mode Bits 7:5  Mode Bit 20=0  Mode Bit 20=1 visible in Config[21..20] register
000 Multiply by 2 n/a
001 Multiply by 3 n/a
010 Multiply by 4 n/a
011 Multiply by 5 Multiply by 2.5
100 Multiply by 6 n/a
101 Multiply by 7 Multiply by 3.5
110 Multiply by 8 n/a
111 Multiply by 9 Multiply by 4.5
8 Specifies byte ordering. Logically ORed with 19:18 | Reserved: Must be zero
BigEndian input signal.
0: Little endian
1: Big endian
10:9 Non-Block Write Protocol 20 Select SysClock to PClock Multiply Mode
00: R4000 compatible 0: Integer Multipliers
01: reserved 1: Half-Integer Multipliers
10: pipelined
11: write re-issue
11 Timer Interrupt Enable/Disable 21 Reserved: Must be one
0: Enable the timer interrupt on Int5*
1: Disable the timer interrupt on Int5*
12 Reserved: Must be zero 255:22 | Reserved: Must be zero
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4  Pin Descriptio ns

Thefollowing is alist of interface, nterrupt, and miscdl aneouspins available on he RM523.

Table 5 System Interface

Pin Name

Type

Descripti on

ExtRgst*

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.

SysAD[31:0]

Input/Output

System Address/Data bus

A 32-bit address and data bus for communication between the
processor and an external agent.

SysADC[3:0]

Input/Output

System Address/Data check bus

A 4-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

Reserved for system command/data identifier bus parity
For the RM5231, unused on input and zero on output.

Proprietary and Confidential to PMC-Sierra, Inc and for its Customer’s Internal Use 26
Document ID: PMC-2002165, Issue 1

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6117285/rm5231.html

1 ﬂ RM5231™ Microprocessor with 32-bit Syste m Bus Data Sheet
r I‘A N\ PMC-Sierra Released

Table 6 Clock/Contr ol Interface

Pin Name Type Descripti on

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 Quiet Vcc for PLL

Quiet Vcc for the internal phase locked loop. Must be connected to
Vcclnt through a filter circuit.

VssP Input Quiet Vss for PLL

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

Table 7 Interrupt Interface

Pin Name Type Descripti on

Int[5:0]* Input Interrupt

Six general processor interrupts, bit-wise ORed with bits 5:0 of the
interrupt register.

NMI* Input Non-maskable interrupt
Non-maskable interrupt, ORed with bit 6 of the interrupt register.

Table 8 JTAG Interface

Pin Name Type Descripti on
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.
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Table 9 Initialization Interface

Pin Name Type Descripti on
BigEndian Input 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 RM5231 that the 3.3V
power supply has been above 3.0V 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 256.

Modeln Input Boot mode data in

Serial boot-mode data input.

Table 10 Power Supply

Pin Name Type Descripti on
Vccelnt Input Power supply for core.
VcclO Input Power supply for I/O.
Vss Input Ground return.
Note

1. An ™" at the end of the signal name denotes active low.
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5  Absolute Maximum Ratings?
Symbol Rating Limits Unit
VTERM Terminal Voltage with respectto GND | _g.52tg +3.9 \Y
Tcase Operating Temperature
Commercial 0 to +85 °C
Industrial —45 to +85 °C
Tsta Storage Temperature -551t0 +125 °C
N DC Input Current +203 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| should not exceed 3.9 V.

3. 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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6 Recommended Operating Conditions

Grade Temperature Vss Vcclint VcclO VccP

Commercial 0°C to +85°C (Case) oV 2.5V+5% 315V -345V 2.5V+5%

Industrial -40°C to +85°C (Case) oV 2.5V+5% 3.15V-345V 2.5V+5%
Notes

1. VcclO should not exceed Vcclint by greater than 1.2 V during the power-up sequence.
2. Applying a logic high state to any I/O pin before VcciInt 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.

4. VccP must be connected to Vccint through a passive filter circuit. See the RM5200 User’s Manual for
the recommended filter circuit.
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7 DC Electrical Ch aracteristics

Parameter Minimum Maximum Condition s
VoL 02V llouTl= 100 pA
Vou Vcel0 - 0.2V
VoL 0.4V lloutl =2 mA
Vou 2.4V
VL -0.3V 0.8V
ViH 20V VeelO +0.3V
I +15 PA Vin =0
+15 pA Vn = VeclO
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8 Power Consumption
Condition s: CPU Speed
Max: Vccint = 2.625 150 MHz 200 MHz 250 MHz
Parameter Typ: Veclnt =25V Typ! |[Max? | Typ! |Max? |Typ! |Max?
Vccelnt standby 200 250 350
PO\V/VVertt ) active R4000 write protocol with no FPU [1100 {2200 [1425 [2800 |1725 |[3450
(mwatts operation (integer instructions
only)
Write re-issue or pipelined writes [ 1225 | 2450 |1600 |3200 |1900 |3800
with superscalar
Notes
1. Typical integer instruction mix with nominal supply voltage (untested).
2. Worst case instruction mix with maximum supply voltage.
3. 1/O supply power is application dependant, but typically <20% of Vcclint.
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9 AC Electrical Ch aracteristics

9.1 Capacitive Load Deration

CPU Speed

150-250 MHz
Parameter Symbol Min Max Units
Load Derate Cp 2 ns/25 pF
10 Power Derate 175 mW/25 pF/ MHz
10 Power Derate @ 20 pF Load 4.0 55 mw/ MHz

9.2 Clock Parameters
CPU Speed
Test 150 MHz  |200 MHz | 250 MHz

Parameter Symbol | Condition s Min |Max [Min |Max |Min [Max |Units
SysClock High tscH Transition <5ns |3 3 3 ns
SysClock Low tscL Transition <5ns |3 3 3 ns
SysClock Frequency 25 75 25 100 |25 100 |MHz
SysClock Period tscp 40 40 40 ns
Clock Jitter for SysClock |ty +200 +200 150 |ps
SysClock Rise Time tcr 2 2 2 ns
SysClock Fall Time tcr 2 2 2 ns
ModeClock Period tModeCKP 256 256 256 |tgcp
JTAG Clock Period tyTAGCKP 4 4 4 tscp

Note
1. Operation of the RM5231 is only guaranteed with the Phase Lock Loop enabled.
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9.3 System Interface Paramete rst

150-250 MHz CPU
Speed
Parameter |Symbol Condition s Min |Max |Units
Data Output?®? | tbo model14..13 = 10 (fastest)® 1.0 [45 |[ns
mode14..13 = 11° 1.0 |50 |ns
mode14..13 = 00° 1.0 |55 |ns
mode14..13 = 01 (slowest)® 1.0 |60 |ns
Data Setup*® |ibs tise = S€€ above table 25 ns
Data Hold*  |!bH tral) = Se€ above table 1.0 ns

Notes
1. Timings are measured from 1.5 V of the clock to 1.5 V of the signal.

2. Capacitive load for all maximum output timings is 50 pF. Minimum output timings are for a theoretical no
load condition - untested.

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 1/0O or input only.
5. Only mode 14:13 = 00 is tested and guaranteed.

9.4 Boot-Time Interface Parameters

CPU Speed
150-250 MHz
Parameter Symbol Min Max Units
Mode Data Setup tps(M) 4 SysClock cycles
Mode Data Hold top(M) 0 SysClock cycles
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10 Timing Diagrams

Figure 9 Clock Timing

tHigh tLow ‘

trise  trall Hjitterin

10.1 System Interface Timing (SysAD, SysCmd, Validin*, ValidO ut*, etc.)
Figure 10 Input Timing

SysClock
tbs DH

Data Data >

Figure 11 Output Timing

SysClock
t —>
DOmax

Data DOmMin

< >< Data Data
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11 Packagi ng Informati on
B
. |
2.00DIA 4 PLACES ODD LEAD SIDES
SEE . = (b
DETAIL “A" - @I/K‘ oy
! = 1
(E2 T A
o ANSE X=A,B,ORD
110REF. llgREZ. EVEN LEAD SIDES
Y E o= ::1:@
— = = = =1
4XE[0200A-BD A e ——
“COUNTRY OF ORIGIN" MARK 110 REF. S A A
110 REF. ilg?ARCES 3.00 REF. DIA. 4 PLACES X=A B.ORD
TOP VIEW BOTTOM VIEW DETAIL “A”
SEE CETAIL “B”
SEATING 1216 A «‘f 040 MIN.
(N-2)X [l Vy >\ <€ 0° MIN.
H(—b j7 \H \'
[¢la.a.4IdA-ED =J0.076C|
A A}h A2 013/030 R GAGE PLANE
A 13
<& [ »| ., WITH LEAD FINISH ’ T‘@
AN 0.13/$).2 @0.19 A AlAﬁA <>
T L—b \ DETAIL “B” ~1.60 REF>
E
lﬁi BASE METAL
SECTION C.C All dimensions are in millimeters unless otherwise noted.
Symbol |Min Nominal |Max |Note
A — 3.70 4.07
Al 0.25 0.33 —
A2 3.17 3.37 3.67
D 31.20 BSC To be determined at seating Plane C.
D1 28.00 BSC Dimensions D1 and E1 do not include mold protrusion.
Allowable mold protrusion is 0.254 MM per side. Dimension
D1 and E1 do include mold mismatch and are determined at
Datum Plane H.
D2 24.00 REF.
E 31.20 BSC To be determined at seating Plane C.
El 28.00 BSC Dimensions D1 and E1 do not include mold protrusion.
Allowable mold protrusion is 0.254 MM per side. Dimension
D1 and E1 do include mold mismatch and are determined at
Datum Plane H.
E2 24.00 REF.
D3 21.0 REF.
E3 21.0 REF
L 0.65 ‘ 0.70 ‘ 0.95
0.80 BSC
b 0.30 ‘ — ‘ 0.45

Proprietary and Confidential to PMC-Sierra, Inc and for its Customer’s Internal Use
Document ID: PMC-2002165, Issue 1

Downloaded from Elcodis.com electronic components distributor

36


http://elcodis.com/parts/6117285/rm5231.html

1 ﬂ RM5231™ Microprocessor with 32-bit Syste m Bus Data Sheet
r I‘A N\ PMC-Sierra Released

Symbol |Min Nominal |Max |Note
b1l 0.30 0.35 0.40
a,a,a 0.16
ThetaJa 13.7° C/W
ThetaJc 1.5° C/w
Notes

1. All dimensioning and tolerances confirm to ASME Y14.5-1994.

Datum Plane H located at the bottom of the mold parting line and coincident with where lead exits plastic
body.

Datums A-B and D to be determined where center line between leads exits plastic body at Datum Plane
H.

To be determined at seating Plane C.

p B

Dimensions D1 and E1 do not include mold protrusion. Allowable mold protrusion is 0.254 MM per side.
Dimension D1 and E1 do include mold mismatch and are determined at Datum Plane H.

“N” is number of terminals.

Package top dimensions are smaller than bottom dimensions by 0.20 millimeters and top of package will
not overhang bottom of package.

& [ o

Dimensions b does not include Damabr protrusion. Allowable Damabr protrusion shall be 0.08 MM. Total
in excess of b dimension at maximum material condition. Damabr can not be located on the lower radius
or the foot. The dimension space between protrusion and an adjacent lead shall not be less than 0.07
MM for 0.4 MM and 0.50 MM pitch package.

9. All dimensions are in millimeters.

& The optional exposed heat shrink is coincident with the top or bottom side of the package and not
allowed to protrude beyond that surface.

@; These dimensions apply to the flat section of the lead between 0.10 MM and 0.25 MM from the lead tip.

12. This drawing conforms to JEDEC registered outline MS-022. But the heat slug dimension was not
specified on JEDEC.

Al is defined as the distance from the seating plane to the lowest point of the package body.
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12 RM5231 128 PQFP Package Pinout
Pin  |Function Pin Function Pin |Function Pin Function
1 NC 33 Modeln 65 NMI* 97 NC
2 NC 34 RdRdy* 66 ExtRgst* 98 NC
3 VcclO 35 WrRdy* 67 Reset* 99 NC
4 Vss 36 Validin* 68 ColdReset* 100 NC
5 SysAD4 37 ValidOut* 69 VccOK 101 VcclO
6 SysAD5 38 Release* 70 BigEndian 102 Vss
7 Vcclnt 39 VccP 71 VccelO 103 SysAD28
8 Vss 40 VssP 72 Vss 104 SysAD29
9 SysAD6 41 SysClock 73 SysAD16 105 Vcclint
10 SysAD7 42 Vccint 74 Vccelnt 106 Vss
11 SysAD8 43 Vss 75 Vss 107 SysAD30
12 SysAD9 44 SysCmdO0 76 SysAD17 108 SysAD31
13 VccelO 45 SysCmd1 77 SysAD18 109 SysADC2
14 Vss 46 SysCmd2 78 SysAD19 110 Vcclint
15 SysAD10 47 SysCmd3 79 Vcclnt 111 Vss
16 SysAD11 48 VccelO 80 Vss 112 SysADC3
17 Vcclint 49 Vss 81 SysAD20 113 VcclO
18 Vss 50 SysCmd4 82 SysAD21 114 Vss
19 SysAD12 51 SysCmd5 83 VccelO 115 SysADCO
20 SysAD13 52 Vss 84 Vss 116 SysADC1
21 SysAD14 53 SysCmd6 85 SysAD22 117 | SysADO
22 Vccelnt 54 SysCmd7 86 SysAD23 118 SysAD1
23 Vss 55 SysCmd8 87 SysAD24 119 Vcclint
24 SysAD15 56 SysCmdP 88 SysAD25 120 Vss
25 VccelO 57 Vcclnt 89 Vcclnt 121 SysAD2
26 Vss 58 Vss 90 Vss 122 SysAD3
27 ModeClock 59 Int0* 91 SysAD26 123 VcclO
28 JTDO 60 Int1* 92 SysAD27 124 Vss
29 JTDI 61 Int2* 93 VccelO 125 NC
30 JTCK 62 Int3* 94 Vss 126 NC
31 JTMS 63 Int4* 95 NC 127 NC
32 VcclO 64 Int5* 96 NC 128 NC
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13 Ordering Information

RM5231  -123 A I

Temperature Grade:

(blank) = commercial
| = Industrial

Package Type:
Q = Power Quad 4 (PQ-4)

Device Maximum Speed

Device Type

Valid Combina tions
RM5231-150-Q
RM5231-200-Q
RM5231-250-Q

RM5231-200-QI (Contact Sales prior to design)
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