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- CONFI GURARIgR01BAEHE/ SRAM MEMORY BACKGROUND Thi s di scl osure gefgikad/iages €l at es
to digital signal 5 processing and other processing applications; and
specifically to a configurable, banked cache/ SRAM nenory architecture in
such an application. A digital signal processor (DSP) is a special purpose

comput er el enent §Bakmiss ﬁh@n dcb L&' 2 Q digital
si gnal processing—aﬂg-tn$¥;-—appékeaggg' : i ncl ude
digital filters, inage processing and speech recognition. The digital
signal processing applications are often characterized by real-tine
operation, high interrupt rates and intensive nuneric conputations. In 15
addition, the applications tend to BACKGROUMDvVE in nmenory access
~operations, which may require the input and output of |arge quantities of
data. Theref or erndesins1ebudeolbilriafalraleas e iYL C o

e

different fromthose of general ~purpose conputers. apprdach that has

been used protbesbnghkhacbiherobréiceisedngs @%Pilicam%%sorzﬁld 0 achi eve

hi gh- speed nuneric conputation 1s the so-called "Harvard" architecture.

Thi s archispetificalillyi resasepafdgerablespeatked aedieyBRAM ndadcayrenori es
so that the two nenories nay be accessed 25 sinultaneously. The digital

si gnal prozeckbtearuhet dot sueh an 2pp3ERa2d®h.pernits an instruction and an
operand to be fetched frommenory in a single clock cycle. A nodified
Harvard archit ebt 8igitall pigsalhprpcegsen fdsP)y ifor spedisd itpose
instructions and operands to achieve full nenory utilization. Thus, the
progr am andeEALEeKeREMER T, CRasf fen Genicnesh fecont imiae max fymane

processor separate pr.ogram and dat,a buses. \Wen both instructiaons and
oper artds (g‘g’t’a§gﬁf"*éa§t 5?83‘%%%@%%@%&%%1 AR IASIGR arTRe in

e b B e L S SRl L,
. d . . . . | 1 . f t ' ir R
et ruct | ogr PR RLREIRIR il Ll B on et o,

Such confli iiBQE@oﬂgeQr‘éV%rf‘E%@iedH&rFHciteriazrédh 'ﬂifﬁﬁﬁeﬂﬁ@!opﬁéﬁﬁéﬂrs by

provi ding anh rnstruction cache. Instructions that” co ict with data

fetches argjghoigteirtublie riately deld G SIS AL d idmittdt oagd he 1n
instruction cache on subsequent occurrences of the instruction during
progr am exg&ait96n, 1ehdl Bppudhationddidiedd e anttifivd e Wiemdeed i n
conjunction with an instruction cache provides excel |l ent performance, the
need exi stactessf optiratiemszgnediiei mady tdumipsy frheraimmitofaxd ghhiapusi gfial
processors. In particular, increased conputation rates and enhanced
conput at i ohapegef gnantdéiefe tdfe data. Therefore, designs of digital

signal processors may be quite different from those of
general-purpose computers.

20 One approach that haé been used in the architecture of
digital signal processors to achieve high-speed numeric
computation is the so-célled "Harvard" architecturé. This
architecture utilizes separéte, independent program and data
memories so that the two memories may be accessed

25 simultaneously. The digital signal processor architecture
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menory system provide advantages. 20 SUMVARY According to one aspg EPOEOOI. he
invention, there is provided a system conprising: a core processor having n
nunber of ports; and a plurality of nmenory banks coupled to at |east one
port, said plurality of menory banks being 25 connected in such a way as to
provi de substantially simultaneous data accesses for said core processor,

wherei n a nunher _aqf. id. pl ] i 'ﬁ?tﬁ’g' tds said n
nunber of B8F’P§S PR |@ﬂ@50§@?\e¥ﬁ%ﬁ§§§%ﬁd@%Vﬁ%@@ﬂb@@% 0 ?Slém?ity of
sai d menor gldeRtyeld. A mdeifieeiananard akihitcatirautifiAMher prageammemancfordi ng to
anot her aspect of the invention, there is gr,ovi g?g a s%;]tlgg 30 ¢ rising:
a core pro8tsiegrbath dnsteigtigns aneersiands t,ashigve fulhmem Wz dAUst § 1 st
and second r i ences, where
o d it Hepregp el ARERENTRidiies a8 Merinteroaictial ARy cohe, e S
24 SEP 2004retessorby separite andgrans ind elabaiblises.t o store result of a

tation; I ity of Kk I t iq. I t t,
uhare sai d i ur Ve bot neirurioRANG ORPENES ey ale sip st he RErad £ o
provi de sURMAGH) Bbhtich Al R8I el fteniBg A itfuctiehs SebAaRaRSIrRILS SO!

said’p ity o :

and where a nu r o ura menory banks is greater than said
n nunber otypesrmayirequine data fet¢ghesdfesmdhe progrians mameony: {n thespipelipgded to sai d

first dat d t d said. plyrali f banks: d
ooy bue AU beBAChRY Heathi o HigaliBatroBhal Hie ar g ot i ol ty
of nmengpy  badlifed BPEnansthidtdnnETRIsty Bl nBOCENTRE With 83iuBsByliémtrinstrdctiomi d

plurality of nmenory banks. 10 According to a third aspect of the invention,
there is pfetehdSdchronflipts havesbeempyersome inprigrgrt digital sjangl PPERESI8MOYcor e

havi ng a data.port: . ' Al | S

coupl ed t o PEGY! 'ngaﬁ%ﬁgﬁpﬁ'%¢%3é?th&g]oﬁg\éh%@&gﬁétg&@cEé%aﬁéiecr?ggéﬁéct ed in
such a way sesreli on B ist@ciohehané aalllare Jetahbd foevtse matractios eastesohhr ough
said data port to said digital signal 15 processor core, and where each of

a plural it pubseguent ascyorsces of thef ingtivelioreddrdng Rrogram ofxeitifAche. Accor di ng

to a fqQurth asp ] LQn, e | i r

conpri ggng: a d?ﬁwgbhgtﬁgm@g&%t@&%&lﬁéﬁ#ﬂ%ﬁﬁ%éogﬁg%@u%g@;\ﬁgﬁﬁgmry
syst em haviimgrutiph Waghetprovtie lexclfert peplotiahoe sthischetat exigtsrior furthere sai d
20 plurality of bl ocks are connected in, such a as to provide

subst ant i al€NpaBEMENEONHE Rﬂf%”’ﬁ’@@@ﬁé’ég'ﬁiﬁ&”@ Pg%easa%& gn BBRCUA: sai d
digital si v i port
dat'a ol fr o aref GETRtalht GtofaRlt Wnfahteg BonfPRiBton pifinarod orne
plurality ofemohtsystemeprovide adlamtagesel y connect said plurality of bl ocks
to said plurality of nmenory buses. 25 According to a fifth aspect of the
i nventi?8n, there is provided an apparatus conprising: a core processor
having at | east one data port; and agRMNIARS$YStem connected in such a way
as to provide substantially sinultaneous data accesses through said at

| east one data pwmcordingde eneaspestabing isyention, tiheredadsoddad @ sistem of

gﬁngrRbegp%éhﬂboi%ﬁgg:%?%r@p@%géﬁﬁq%%jntn?mpneerlﬁ%roré?aﬁa W bigpaRphe as either
memory banks coupled to at least one port, said plurality of memory banks being
25  connected in such a way as to provide substantially simultaneous data accesses
for said core processor, wherein a number of said plurality of memory banks is
greater than said n number of ports in the core processor, and wherein each of a
plurality of said memory banks is user-configurable as an SRAM or a cache.
According to another aspect of the invention, there is provided a system
30 comprising: a core processor including: n number of ports, a program sequencer,
first and second data address generators coupled to said program sequencer,

where said first and second data address generators provide addresses for said

2.



WO 01/ 74134 PCT/ US01/ 10299 BRI EF DESCRI PTI ON OF THE DRAW NGS Di f f er ent
.aspects of the disclosure will be described in reference to the24 SEP 2004
acconpanyi ng drawi ngs wherein: FIG1 is a block diagramof a digital signal
processor 5 (DSP) in accordance with one enbodi nent of the present
invention; FIG 2 is a block diagramof a menory system containing two

- bank | f bIGFal 10
super - bankgaBELOlUsRl §0 RIS Uor8lrel I Pé%amtétga@réwgamgﬁ

FIG 3 is another e m)rysys ems
DETAI LED mﬁméﬂkslbwpﬁmﬁﬁﬁsmdmmbmew evhere chid plaralite ot amenictye an

15 i npact on the processor  performance. B For a t executi on,of
Tl L1 Bl y- 2 RAOKE B GPIRSSIgH T SUTTORSEARIT B VRIE STty L eRer Bhadi o
and two daggg eaiﬁfor égiﬁ‘dﬁg‘grdgéééoﬁ ad\@herd Q%hh#tfér'd?%aﬁyﬁlhﬁallt)odfrent

digital S|gna processors use a variety of techniques to achieve 20
this, i#cl owmaoryrhanks-ipgreater tharosaid f nwopar aft ot thediare Pregrssakita

nccesses, rgriamob s Fouiai &8 dgic et iR durEbL biRe s Al S0 TR AP Y
mul ti - por t ebriBABArRE; a-sécond‘MemBr2BEs cidI8d /td 4R sdtohd E4th/abia?ess Enhanced

performance of the nenory system can be acconplished using single- ported
nmenory arr @ybnﬁmttblh@’ld ﬁandtplpmlltye@f mistady benks;Rndha third mareeydsis eouRiRd i pl e

banks can r.f b | conf i fast static random5
access me 9 g?éﬁ%\gﬂ'agﬂ %ar\({?ﬂ? iﬂé’é’?ﬁ%‘?m%’g?ﬂ q{)she menory system can be
configyped W t hagaehRgg taitkifd aépwctﬁtﬁewanln@npmmmdvmsm«el A bl ock
di agram of a dlagl tal srgnal processor (DSP) 100 in accordance w th one

enbodi nent agparaies peewERtng)pligita ignal ProcessrbGANg havinga datanest 88p g <
o O e A NI S & A SOTRONRRL S8 L e
106 and an phxhlity wdiblgukstaré @@nnébieddnrsachraowey @erto Podvide substantially

simultaneous data accesses through said data port to said digital signal

15  processor core, and where each of a plurality of said blocks is configurable as an
SRAM or a cache.

According to a fourth aspect of the invention, there is provided an
apparatus comprising: a digital signal processor core having a data port; a
memory system having a plurality of blocks coupled to said data port, where said

20 plurality of blocks are connected in such a way as to provide substantially
simultaneous data accesses through said data port to said digital signal
processor core; a plurality of memory buses to transport data to/from said data
port from/to said plurality of blocks; and a plurality of multiplexers to selectively
connect said plurality of blocks to said plurality of memory buses.

25 According to a fifth aspect of the invention, there is provided an apparatus
comprising: a core processor having at least one data port; and a memory
system connected in such a way as to provide substantially simultaneous data
accesses through said at least one data port, where said memory system
includes a plurality of memory banks, each memory bank adapted to be user

30 configurable as either an SRAM or a cache.
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perforns the main conputation and data processing functions 15 pfggphe,nPSP
~100. The Wddpnesessor 104 controls external conmunicati ongcyhRoefidaey Nal
port 108, one or nore serial ports and one or nore |ink ports. The DSP 100
is configured as a single monolithic integrated circuit. In one enbodi nent,
the nenory system 20 106 inpl enentation supports the SRAM based nodel with
two super-banks of 16 kilobits each for a total of 32 kilobits. These two
super - banks of nmenory are accessed simul taneously in each cycle-to support
the core processor requiBRIBRMDESCRIETTON i 0®! ¥REEPRAWefigihese super - banks
can be configured 25 as cache nenory. -4 24 SEP 2004 WO 01/74134
PCT/ USQA / 10299 #y £4 S~ 204 LNtser S _{. ore, processor 102,
P EEESENTEUBEY PHS o} Qi%éﬁg%&%@%g& r‘f}éﬁ r&)eo&eos%%qcie

|/ O processor 104, and nmenofy system Secon W se

i Nt er conneth Sr€PELeREOCESSBhe 192 cohbSPnRY (Enory system 106.
® Secohb B AL WSy ity (D

In sone 5 enbodinents, the first nenory second nenory bus

122 are configuFed.asis dablcBRNBLMgRHR 2Fd a2 dak raqmdi%fﬂ%m?%% -
respectively. An external port (EP) bus 124 int g?%onnects,ll prt?csfs%%r 104

and exser néPSRbrin188coTFlanext wibhl oper embldigemedss dike FRdunt 124 to an
external bus 10 126a Each of the buses 120, 122 includes a data bus and an
addr ess buknvemfthonf the buses includes nultiple lines for parallel
transfer of binary information. The core processor 102 includes a data
register file 1%§éco%né€t@dbleckhéia'grsm eEmer ynelmesryl 2 streh tdemtseioningy 15
menory bus 122. The data register file 130 is connected in parallel to a

mul ti pl i ertWSSURRF 2P28KP 1 AGEPrdinggte onet emBodimest, ofhd heilprigsendy 132

and the ALU 134 :gerfor mdsi ngl e cycle instructions. The parallel _
confi gur at POFENeXPH 22389 conput ati onal t hroughput. Single, multi-function 20

~instryctions e te;parallel. ALU and .nul tiplier operations. The core

proceggor | 2~f )l}‘re:fﬁér:gi nel ﬁﬁ@thﬁrf ?V"gf’dguﬁlﬁgta(? régtepm FYIHSEED) 136, a

second dat agl:ﬁ,; : gen r (DAGL) 138 and a program sequencer 140. A bus
%I p eiéﬁll%ﬁnﬁgﬁig’

connect mu 2 receives inputs fromthe first 25 menory bus 120
" and the second nenory bus Z22. The -5

DETAILED DESCRIPTION

‘A processor's memory system architecturé can have an

15 impact on the processor performance. For example, fast
.execu.tion of multiply-and-accumulate operations requires
fetching an instruction word and two data words from memoxry
in a single instruction cycle. Current digital signal
processors (DSP) use a variety of techniques to achieve

20 this, including multi-ported memories, separate instruction
and data memories, and instruction caches. To support
multiple simultaneous memory accesses, digital signal
processors use multible on-chip buses and multi-ported

memories.



24 SEP 2004 WO 01/74134 PCT/USO /10299 nul tiplexes 142 supplies bus data to
.data address generators |36, 138 and to the program sequences 2 40SEPTa84
first data address generator 136 supplies addresses to the first nmenory bus
| 20. The sgp@pdsgat a address generator 7.38 supplies 5 agdraser®2990 t he
second menory bus 122. The core processor 102 further includes an
instruction cache 144 connected to the program sequences 140. The
instruction cache 102 fetches an instruction and two data val ues. The
instruction cach@nhf2eliSpeeEeshind IdF that menbyy 18y4tdwn idast bect i ons whose
instruction fetches coani ct wth data accesses are cached. For sone

enbodi nent 3eddup1RSRef00siih| &gl evpartiednnedokiar aaraly drachingedtmydéirn whi ch
the first menmory bus 32 transfers data, and the second nenory bus 34
transfers lmantety bebevieri onBarmblelatteCofPeR e pBrbi P SR8 data

menory buses and the qn-chip i nstructi cac 14 th Qr e _pr ssor 102
can siyrrulut d?f‘ecﬂ?sxlffrf“@?ichyt Iﬁgo%lp +ré?1uo°s°|n(%glgblﬁ1aﬁgﬁbr€a%%n%a%ff 5%111%% 2) and an
instruction (fro a i Si 204 system
106, P19 neatade mERRRS, YEfhn Sl el R e e G Y er banks
of 1.6 kil obidisneash iRl cBntohate® with ldctbit Swhlbe Srperddanismp1200 and

B 202 are accessed sinultaneously in each cycle to support the core
processor LOdsdefuingmabel .- 6 24 SEP 2004 WO 01/74134 PCT/ USO /10299
Each of these super-banks 200, 202 can be configured as a SRAM and/ or
cache. By suppora ikigdinihagnaBRaf antididcte sigphénprecesen’ (RFFet RO, the
menory architecture provides flexibility for system design rs.. Configuring
the menory e Heprdegwehaishl ens ?WOW%?fpfx'.B@rﬁﬁ?ﬁ% n%tfélotﬂurtehe dat a

cache for the rest of the caqde . oper ating system _nl Cr.Q-. troller
code, ett.)1s MY r]i—"&%t’h 'su%ﬁ?-lg%%ﬁss é:s?ngf%u’ééim%r%\%%aegfl%%
predictabiljty_an ernf.qr fo . di-gi i | 4B i

applicati oniga.”}‘{ﬁ%gha?/rbdhl e\%ﬁlgf?’én, ﬁﬁgﬁ%l.%l.l r?g?r{po%%%\e a?lg %gtlgfqﬁ cEgg'k?eo, al | ows

nmappi ng of Eﬁéi%&éla%& $RlodekBbe ibg, SEAM fobroeedbetabod  ty waitbry

performance, and mapping of the rest of the code into the cache to take

advant age Ofy&fiem RS 4HP GHrAREEBgnEDASbriM 108 .cadihes cokar phecgssyr Fragvi di ng
SRAM behavi or at the L1 nmenory, is significant performance advantage can be

achi eved W periomsacdes sndiat exopesation sl tdade peorResing Supyi®Bihks, a 4
kil obit scratchpad SRAM 204 i s provided as a user stacﬁ to s eeag]oup dat a
swi t chess | aforke PR Hent TheadhOoPTPRRERRY & %uFePtBanRsS380 ™20 202 is 16

Kilobits i ncgrlm%\&nfcr:]a(.jtic?nsf l{rr:i:[ah%rxtglr}lllagegof@tl%J,O%rne or more serial

ports and one or more link ports.
The DSP 100 is configured as a single monolithic

integrated circuit. In one embodiment, the memory system
20 106 implementation supports the SRAM-based model with two

super-banks of 16 kilobits each for a total of 32 kilobits.

These two super-banks of memory are accessed gimultaneously

in each cycle to support the core processor requirements.

Alternatively, each of these super-banke can be configured

25 as cache memory.



4-kilobit mni-banks 300, 302, 304, 306." FIG 3 shows a nore depai kepl rock

~di agr am oyotdigsfmnory system 106. In the illustrated enboq;é'@ﬁ 01/18 h
m ni - bank 300, 302, 3.04, 306 is a two-way set associative cache and is

configured as 25 a single-ported nmenory array. By providing parall el 2 4
S E P 2004 WO 01174134 PCT/USA /10299 accesses to eight different

m ni - banks 300.A ¥ZsBGemaBP ik L1180 t IW0- SHEGH 3 DA, Stlﬁ? Zﬁkg%g’ %%%ce§f8r 372

"mul ti-ported” nmenory behavior can be achiceved. Milti

314 sel ectliozgl VI A0 quicitte Sese SE®S, Mnd htetb Ry - Hpeksn 300 . 30, s&c304. 306,
respectively. The selective accesses are provided to the core processor 316
and the sysmany fug {Ik2 Biléswiue hintesreamnédt Proces IoFocdodbyei025i nce the
configuration is not a true nmulti-port system sinultaneous accesses to a
sanme ni ni Ifénhpraeesanr d0bneahd Therery fsysienctessesinrsomd® addressed to
the same mni-bank, a conflict results. One of  the accesses is del ayed by
one cldck STPAGELMEIS o i F H oty ImemeAD e ek 0 and the ssedanrd wmeuorys
generator 322, the second_data address_generator 324, and the store buffer
320 provi F#EdRe 5 IH IS ARRISAR NEMRrY R tand eappEegValy. The

core .proc r.3 controls the configuration of the super-banks A and B of
t he rrerrorg"%gl%s e%%ﬁ]&reﬁ%e%to]h‘f?]dﬁ‘r atPOrFELeE B RPThelEBs BUEci2hed bel ow

0 Table bncecdhnedi S e AR 104 4 ThEEFUT OZ92: "EBBTY mhe
ASuper - ba g@%%ﬁg e%§§§ daga heCache _Tabl e.,1, The
memF))ry CO%F‘Iquratl ns S;g(?]éé . |e\e/#ec;% eacﬁﬁgﬁ%@%/[s%%kt?n?% ?ﬁﬁ?rﬂ’ia_ﬂii pB‘gnks
of alls SRAMeand mylh ehendasisly 26 eSP@ﬁtiffSié{deEa&hdgﬁafbﬂHrQh Og
provides either flexibility or ease of progranmng for e rest o Re

~code." The J@Ryriss WK | uadh OFF 215/ PResds IWOThdedephihiphat 12hbaWeHBPPI N
of critical data sets into the SRAMfor predictability and perfornmance, and

mappi ng ofpalriad lredstt mindfeit hef detieaiyt tnfbemseLbe.t o t ake advantage of the
easy programm ng nodel with caches. Wien the SRAM-node is
The core processor 102 includes a data register file
130 connected to the first memory bus 120 and the second |
15 memory bus 122. The data register file 130 is connected in

parallel to a multiplier 132 and an arithmetic logic unit

(ALU) 134. The multiplier 132 and the ALU 134 perform

single cycle instructions. The parallel configuration

maximizes computationai throughput. Single, multi-function

20 instructions execute parallel ALU and multiplier operations.

The core processor 12 further includes a first data
address generator (DAGO) 136, a second déta address
generator (DAGLl) 138 and a program sequencer 140. A bus
connect multiplexer 142 receives inputs from the first

25 memory bus 120 and the second memory bus 122. The



enabl ed, the |ogical address and physical address are the sane. 2.'I'h% ge ry
.configuration 1 is reserved for a future configuration. 15 A nultﬁ-E réed
menory array can provi de bandwi dth for two core processor 316 accesses and
a direct nwomy41aecess -9 2'4 SEP 2004 WO 011 74134 PCPCUSSL/DRA99 ( DVA)
t hrough such interface as the systeminterface 328. However, the area
penalty can be | arge because nmufti-porting of a nmenory array can nore than
doubl e the physical area of the array. Furthernore, the cost of building a
nmuf ti - port il iplexerofit@nsippt bas sy dagachpi daty addieshgenerssorsf
ports. The nmenory architecture with nmultiple nmenory banks, as described
above, can]§@pp6é@ BifakPebha cRERIRAN \HaMeRCAE it 0 har thturid xifedagad. The
arrays are sjngl e-ported e he n pravide mufti-port_hbehavi or as | ong
as the 10 sgﬁpgrﬁgoéi %? r%‘#’-’cﬁierﬁp- RESSHNEC SYRE m*dttyv MEdRAEnt can
be optimz I, fTBX| r 1 1.0i r r f; accesses
are aIIomeggﬁiggthe&@%ghgggégnp exq%%%%%sggﬁéggég€§ig@%éﬁ“ﬁ#éegx?roduced
that may residdedsRCOBt EQk §08BAEXhdnbaNGukS1addi tional hardware. Thus, DVA
accesses can be restricted only into the SRAM space. DVA accesses to the
4-kil obit scrat a rict SJ e .Besi des
iR LR Lt S e SR N T

area advantage, nufti - rovi access , wWhi ch

is advant agepiiz 71Qy doghbatedOrsi Si@lp RIPQERS 8RHuBREE LT IBdCe.Trhen in cache
node, a super bank can support two core processor accesses in parallel with

a fill or comtieekibhagatie. 1¥hefetdhassRAM taderuat Sopeindawo eRitasupport
dual core processor accesses in parallel with a DVMA transfer. Further,
power consuwgliesn 23heannbérnetiiordcdahen Wicnisusebycpiverimdgieat pnillye
m ni - banks -10

10 the instructions whose instruction fetches conflict with

data accesses are cached,

For some embodiments, the DSP 100 utilizes an enhanced
Harvard architecture in which the first memory bus 32
transfers data, and the second memory bus 34 transfers both
15 instructions and data. With separate program and data
memory buses and the on-chip instruction cache 144, the core
processor 102 can simultaneously fetch two operands (from
memory banks 110, 112) and an instruction (from cache 144),

all in a single cycle.

20 The memory system 106, lllustrated in detail in FIG. 2,
preferably containg two guper-banks of 16 kilobits each for
a total of 32 kilobits. The super-banks A 200 and B 202 are
accessed simultaneously in each cycle to support the core

procesgor 102 requirements.



.24 SEP 2004 WO 01/ 74134 PCT/USQO /10299 that are needed by the acgesses %M a
~given cyc st, 3 out. of S mni-banks are used per cycle. Above
¥ y bﬁ)n%ﬁ%ﬁ!? P PhEISp1/10299

descri bed enbodinents are for illustrative 'purposes only.
enbodi nents and variations are s possible. For exanple, even though the
menory system has been described and illustrated in terns of a "dual -port

behavi or" confi tiLen syste an_support_a "mnul ti-port"
behavi or havingﬁﬁgéeb?hgﬁgggmgﬁgg%ngégﬁkgb8A138?h€§€ bep Somfdsrur ek as

i nt ended tH dea@NSRAPSSS _10gt,h 1.Ng I B - 4 SEP 2004
What is clained is:a?.§A§§§§¥en1g n%?%gkkg$h§ %%&g 8?0§§§b&?nﬁiﬂﬁéiﬁ1
nunber of lementdt boAsptygathby, 0 : t 4. £ast one
port, saidhg$ura7ity of ﬁenn?y banksEggfﬁghﬁggﬁgégggegﬁkgggh2§%§%yﬁ§% to

provi de sublseaibibity Sorubyepenudedabne@sCesessrlialr3akd s ARPIROT
wherein a nunber of said plurality oférrermry banksgig g?ceja?g%teﬁgn sgalssg n

nunber 5o0f bk tea¢he tablows efproanseasy pﬁdgiﬁmmﬂﬁgihadéichth%Tﬁéﬁéﬂity
of said nenory banks is user-configurable as an SRAM or a cache. 2. The
system of e 50T virke erestapll hhauabde ¢&.gor bperateayalsyledel, 15 3. The
systemof cJaim1l, wherein said core processor is a digital signa

processor RFEC-eonrRliest epdef etai im 1, Cohfigimingi theowe:

further 20 incjudes: a program sequencer;, and first and second data address
gener at or €& R4t REPH dedoprpdictabhidty andr pexfogmiancst fand kescond
dat a addrgfs qiqgrators provi de addresses for said data accesses. 25 55.
The syst e s i Fro2t PTRSFSeHRGr PRPAGCabiePRest Fhsohybmid vensian t o

econd mermy e EATRRAces BaPh SEthAa LlavadmRRRLngeRe SEHC AR Sai d

Cplurality Qfe By 430KSene sram for predictability and performance,
~and mapping of the rest of thelcode into the cache to take
advantage of the easy programming model with caches.
Further,;by providing SRAM behaﬁior at the Ll memory,

15 éignifidant performance advantage can be aéhieved with low

access latencies. In addition to the two super-banks, a 4-
kilobit scratchpad SRAM 204 is provided as a user stack to

speed up data switches.

In one embodiment, each of the data supér—banks 200,
20 202 is 16 kilobits in size and is further divided into four
4-kilobit mini-banks 300, 302, 304, 306. FIG. 3 shows a
more detailed block diagram of the memory system 106. 1In
the illustrated embodiment, each mini-bank 300, 302, 304,
306 is a two-way set associative cache and is configured as

25 a single-ported memory array. By providing parallel



-12 24 SEP 2004 6. The systemof claim5, wherein said first TEBDIE’E¥ R]HS
.1s configured as a data nenory bus, and said second nenory bus is b
configured as a program nenory bus. 5 7. The system of claim6, wherein
said core womesspr further includes: a cache to hold i necrasti/me® whose
instruction fetches conflict with data accesses from said second nenory
bus. 10 8. The systemof claim5, wherein said plurality of nmenory banks
are connected in parallel to said first nmenory bus and said second nenory
bus. 9. Thacestem 0d elight &iffdreErdi misarHaxls 3 @F,0cHES50r30/ur 8A6r in
includes: is a store buffer to store result of a conputation. 10. The
system of dih& WD, sherebankaid anst 8 pRolEydb -pertertt Memarides: a cache to
hol d instructions whose instruction fetches conflict with data 20 accesses.
11. A syst &RHEHPE SPRgPeaeltev st oc EFPiﬁE‘F{rﬂiw' rhfuntél of Lports, 25
a program sequencer ., _first.and second data, addres ner.gt.or oupled to
sai d progr difi éﬁ&gﬁéerraﬂég% TS §H8 @ﬁ%%ﬁp éﬂghdﬁgéé generators
provi de A0S ahel Okeapbde LR, ACoERSBo1.80EvE AMAUEMILY hovihone
result of a conputation; a plurality of nmenory banks coupled to said at

| east one P trhavdere pabdepbor adid \ardf tHENBYYt&ANKStarfaconnact edchn such

a way as to provide substantially sinultaneous data accesses for said core
processor, sNGnMIgoepaocé8sor24 BFERVRA04 since the configuration is

not a true multi-port system, simultaneous accesses to a

gsame mini-bank are not allowed. Thus, if two accesses are

10 addressed to the same mini-bank, a conflict results. One of

the accesses is delayed by one clock cycle.

For one particular embodiment, the first data address
generator 322, the second data address generator 324, and
the store buffer 320 provide addresses for two operands and

15 a result, respectively.

The core processgor 316 controls the configuration of
the super-banks A and B of the memory system 106. The

configuration can be defined as described below in Table 1.

20



number of said plurality of menory banks is greater than said n2nturBB@r 200k
cports in womicaiza processor; a first menmory bus coupl ed topgpigdof/ighss dat a

address generator and said plurality of menory banks;

5 a second- nmenory

bus

coupled to said second data address generator and said plurality of nenory
banks; and a third menmory bus coupled to said buffer and said plurality of
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Table_l

romto salrd pturafTty o

The memory configurations 0 and 3 divide each super-

bank into four mini-banks of all SRAM and all cache design,

respectively.

Each configuration provides either

flexibility oxr ease of prbgramming for the rest of the code.

The memory configuration 2 supports hybrid design that

allows mapping of critical data sets into the SRAM for

predictability and performance, and mapping of the rest of

the code into the cache to take advantage of the easy

programming model with caches. When the SRAM mode is

enabled, the logical address and physical address are the

same

configuration.

The memory configuration 1 is reserved for a future

A multi-ported memory array can provide bandwidth for

two core processor 316 accesses and a direct memory access




a plurality of multiplexers to selectively connect said plurality ©fSEP| 280ks
. to said plurality of nmenory buses. 5 16. An apparatus conprising: a core
processor having at |east one data port; and a nenory system connected in
such a waywesr4asprovi de substantially sinultaneous dat aP&E®SEEWELI% hr ough
said at | east one data port, where said 10 nenory systemincludes a
plurality of nmenory banks, each nenory bank adapted to be user configurable
as either an SRAM or a cache. 17. The apparatus of claim 16, wherein said
menory syst(®HWa)s thsergbntiglrimtenfaseorsdhansustentintarfegrddrfaccess

menory (SRAM design, 15 18. The a paragus of claim 16, rein Eai d nmenory
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1A LE {9~ S0 Lod A BY b0 ilem 10 LoAR nd&K D)super-

bank can support two core processor accessges in parallel
with a fill or copyback transfer. When in SRAM mode, a
super-bank can support dual core processor accesses in
parallel with a DMA transfer. Further, power consumption

25 can be reduced to a minimum by powering only the mini-banks
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@0% & () - parpoHes’ Ehly.Z10¥heH Jenbbdlinent)s and variations are
5 possible. For example, even though the memory system has
been described and illustrated in terms of a "dual-port
behavior" configuration, the memory system can support a

"multi-port" behavior having'more than two super-banks.

All these embodiments are intended to be encompassed by

10 the following claims.
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wherein a number of said plurality of memory banks is greater than said n
number of ports in the core processor, and
10 wherein each of a plurality of said memory banks is user-configurable as

an SRAM or a cache.
2. The system of claim 1, wherein said n number of ports is equal to

15
3. The system of claim 1, wherein said core processor is a digital

signal processor core.

4, The system of claim 1, wherein said core processor further
20 includes:
a program sequencer; and
first and second data address generators coupled to said program
sequencer, where said first and second data address generators provide
addresses for said data accesses.
25
5. The system of claim 4, further comprising:
a first memory bus coupled to said first data address generator and said
plurality of memory banks; and
a second memory bus coupled to said second data address generator

30  and said plurality of memory banks.
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) - 8888888 _B?= 10

10" 11 +E$#109888& [) - | +Ehe0s@esn (Of <laiia, 0vBaain Jaid BEHLE WRRRISEPF furthier +E#10988&’ (
) - 88888] 99¢B?=, 10 10°!! F3 F'10% & ()- FS#10% & ()- FL0% & ()-

FI 109 & () NEAERSoB88 ()-'\CHO9C: | ::: % |[:?= 10 1 F3-s! 10%& ()-& F +
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10 F F1098& ()- F310%& ()-& F 1096& ()-& F S109B& ()- & FIL0%&' ()-)
FY10%& () - 8. The system of claim 5, wherein said plurality of memory banks are

connected in parallel to said first memory bus and said second memory bus.

9. The system of claim 5, wherein said core processor further
includes:
15 a store buffer to store result of a computation.

10.  The system of claim 1, wherein said core processor further
includes:
a cache to hold instructions whose instruction fetches conflict with data

20 accesses.

11. A system comprising:
a core processor including:
n number of ports,
25 a program sequencer,
first and second data address generators coupled to said program
sequencer, where said first and second data address generators provide
addresses for said data accesses, and
a store buffer to store result of a computation;
30 a plurality of memory banks coupled to said at least one port, where said
plurality of memory banks are connected in such a way as to provide

substantially simultaneous data accesses for said core processor, and where a
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10 12.  The system of claim 11, further comprising:
a plurality of multiplexers to selectively connect said plurality of memory
banks to said first, second, or third memory buses.

13.  An apparatus comprising:
15 a digital signal processor core having a data port; and
a memory system having a plurality of blocks coupled to said data port,
where said plurality of blocks are connected in such a way as to provide
substantially simultaneous data accesses through said data port to said digital
signal processor core, and where each of a plurality of said blocks is
20 configurable as an SRAM or a cache.

14,  The apparatus of claim 13, further comprising:
a plurality of memory buses to transport data to/from said data port
from/to said plurality of blocks.
25
15.  An apparatus comprising:
a digital signal processor core having a data port;
a memory system having a plurality of blocks coupled to said data pbrt,
where said plurality of blocks are connected in such a way as to provide
30 substantially simultaneous data accesses through said data port to said digital

signal processor core;
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simultaneous data accesses through said at least one data port, where said
10 memory system includes a plurality of memory banks, each memory bank
adapted to be user configurable as either an SRAM or a cache.

17.  The apparatus of claim 16, wherein said memory system is user-
configured to provide an all static random access memory (SRAM) design.
15
18.  The apparatus of claim 16, wherein said memory system is user-

configured to provide an all cache design.

19.  The apparatus of claim 16, wherein said memory system is user-

20 configured to provide a mixture of SRAM and cache design.
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