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[0003] A CDMA system is typically designed to conform to one or more

standards. One such first generation standard is the "TTA/EIA/IS-95 Terminal-Base
Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System," hereinafter referred to as the IS-95 standard. The IS-95 CDMA systems are

-

able to transmit voice data and packet data. A newer generation standard that can more
efficiently transmit packet data is offered by a consortium named "3" Generation
Partnership Project”" (3GPP) and embodied in a set of documents including Document
Nos. 3G TS 25.211, 3G TS 25.162, 3G TS 25.213, and 3G TS 25.114, which are readil.y
available to the public. The 3GPP standard is hereinafter referred to as the W-CDMA
standard.

[0004] Digital signal processors (DSPs) may find valuable use in wireless
handsets and other electronic devices that comply with the above standards. In
particular, wireless handsets and such devices are requiring and increasingly will require

that the DSP execute instructions from user-orientation, scientific, and multimedia
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[0008] By selectably identifying a match line, a reduction in energy
consumption occurs for the serially addressable cache memory as compared to the
parallel addressable cache memory. This is because parallel addressable cache
memories fire all cache ways simultaneously during dynamic operation. Since all cache
memory sets fire during parallel addressable cache operation, those sets not matching or

containing valid content fire unnecessarily. The result is unnecessary energy loss.
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[0013] According to one aspect of the disclosed subject matter, there is
provided a method and a system for providing a low power cache memory circuit for a
digital signal processor that associates the cache memory with a plurality of cache
memory match lines. The cache memory match lines associate with addressable
memory lines of an addressable memory. Each of the cache memory match lines
associates with one of corresponding sets of the cache memory. The method and system
maintain each of the cache memory match lines at a low voltage. Once the digital signal

processor initiates a search of the cache memory for retrieving data from a selected one

of the corresponding sets of the cache memory, a match line drive circuit drives one of
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for implementing the present embodiment;

[0017] FIGURE 2 illustrates a DSP architecture for carrying forth the
teachings of the present embodiment;

[0018] FIGURE 3 presents a top level diagram of a control unit, data unit, and
other digital signal processor functional units in a pipeline employing the disclosed
embodiment;

[0019] FIGURE 4 presents a representative data unit block partitioning for the

disclosed subject matter;
[0020] FIGURE 5 portrays the digital signal processor pipeline operation of

the data unit of the disclosed subject matter;
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diregtri)onal con){munications system supports two-way data transmission. However, the

signal processing for the other direction is not shown in FIGURE 1 for simplicity.
[0026] Communications system 10 can be a code division multiple access
(CDMA) system, a time division multiple access (TDMA) communications system
(e.g., a GSM system), a frequency division multiple access (FDMA) communications
system, or other multiple access communications system that supports voice and data
communication between users over a terrestrial link. In a specific embodiment,
communications system 10 is a CDMA system that conforms to the W-CDMA
standard.

[0027] FIGURE 2 illustrates DSP 40 architecture that may serve as the
transmit data processor 16 and receive data processor 28 of FIGURE 1. Recognize that
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the results from the operations of DSP 40.

[0030] The present embodiment, therefore, may employ a hybrid of a
heterogeneous element processor (HEP) system using a single microprocessor with up
to six threads, T0:T5. Processor pipeline 46 has six pipeline stages, matching the
minimum number of processor cycles necessary to fetch a data item from IU 42. DSP
40 concurrently executes instructions of different threads T0:T5 within a processor
pipeline 46. That is, DSP 40 provides six independent program counters, an internal

tagging mechanism to distinguish instructions of threads T0:T5 within processor
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information is needed to find independent instructions. A register file pipeline stage,
RF, provides for registry file updating. Two execution pipeline stages, EX1 and EX2,
support instruction execution, while a third execution pipeline stage, EX3, provides
both instruction execution and registér file update. During the execution, (EX1, EX2,
and EX3) and writeback (WB) pipeline stages IU 42 builds the next IQ 44 entry to be
executed. Finally, writeback pipeline stage, WB, performs register update. The
staggered write to register file operation is possible due to IMT micro-architecture and
saves the number of write ports per thread. Because the pipelines have six stages, CU 52

may issue up to six different threads.



SLOT3 is in SU 64. CU 62 provides source operands and
control buses to pipelines SLOTO: SLOT3 and handl es GRF
wW®200an2B0CRF 54 file updates. GRF 52 hol ds thi r PgT/ANS2006/020640

32-bit registers which can be accessed as single

regi sters, or as aligned 64-bgt pairs.

M cro-architecture 60 features a hybrid execution
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MM\M?)nst%thﬁﬁ@l CU 62. DCU 86 |ncI udes SRAM state array

circuit 88, store aligner circuit 90, CAMtag array
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[0037] The following description details certain further features and functions

of DCU 86. DU 68 executes cache instructions for managing data cache functions of
DCU 86. Cache instructions allow specific cache lines to be locked and unlocked,
invalidated, and allocated to a GRF 52 specified cache line. There is also an instruction
to globally invalidate the cache store/retrieve instructions. These instructions are
pipelined similar to the load and store instructions. For loads and stores to cacheable

locations that miss the data cache, and for uncacheable accesses, DU 68 presents



ALU 84 instructions. [ 003 6 ] DCU 86 provides a
physically tagged nulti-way and enpl oys a seri al
WO aged 2029 | ookup. DU 68 operation includes pseRdDuU82086/020640
ported supporting sinultaneous access from SLOTO and
SLOTI in a 16-way set associ 8tive architecture. Wth a
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Hﬂg%@é%@ﬁ@'ﬂ%@@ﬁ@ﬁﬁ@ﬁxatlﬁﬁrﬁﬁeﬂmﬁﬁﬁﬁ srequests to BlU
Load m sses gresent aline fill request.
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or t e regues t pr ovi
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are pen | ng conpl et on oui standi ng | oad
and G\ tag arSiyrfiRe OBSaphHing RFeplpelmﬁ’ stape 0hand E‘Kb pirsliag stage 104,

OB RS RadSralaR98 A5 e i acu o
pEOSRs @Spult E@cmfta%?may 98 wRahf K pip&lite st 10BYAGES §0 provides

cycl es later, inorder to satisfy the shortest
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ptuh af EM3tp1pd‘hn%|§ fgél 216 MM(287 pt RS bufputidREAM pEhitaBs during
t he operatl on of the data unit 68 within the operation

¢l staged 0B Mpsnawhilso SRAM lpterray) 88, rombingg Quipybinto store
a@%f?,g BB R o her T8 R g i e SRR ray 04,
SRAM data array 94 also receives input from CAM tag array 92. From SRAM data
array 94, load aligner 96 receives input and, in response, generates SLOT0 and SLOT1
output to RF 52 during WB pipeline stage 112. Also in WB pipeline stage 88, SRAM

state array 88 may receive NRU/state/lock/update signals.

[0040] DU 68, in other words, receives up to two decoded instructions per
cycle, including immediate operands, from CU 62 via decode and issue circuit 48. In
RF pipeline stage 102, DU 68 receives GRF 52 and/or CRF 54 source operands from
the appropriate thread specific registers. The GRF operand is received from the GRF 52.
In EX1 pipeline stage 104, DU 68 generates the effective address (EA) of a load or store



MO and MMI). AGU 80, during EXI pipeline stage
104, provides AGJO 81 and AGU 83 outputs to ALU 82
W@ SEBAR st ate array 88, as well as input to RVIUBZ06/020640
and CAMtag array 92. Overlapping RF pipeline stage
102 and EXI pipeline stage 104 output from RF 52 al so
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piepery mstredtmneEAGBenahGk piRsqanal/iodbs MNIE(8T) whith performs the

d | ut .to ALU .82. )
Refb Wyuralaadige Ruisiatio) g prseae s BelEO%: beking and provides
PSR afHbIRES. F*of’ addEssedio AchdiBld BEd RS F]?U%SQBO% the data cache

p| peline stage 110. MWJ 87 provides output to
weiaEXepipeliterstage 98 piithahe plhysicah gddraBslf thizaonssilits, DU 68

te.arra nto store aligner
g%r%ﬁﬁegg @?/%c&e?sﬁ@zgp ﬁnﬁgggefu%lrd provi di ng i nput
TO0SRAM dat Eoﬁabﬁéﬁb%loacﬁw ddai r@ad@ ity DU 86 SPaligned by the
receives input fromCAMta n% array 92. From SRAM dat a

apnreRriabe acaessizea pergsign axtended ey spesificd gud dayen tojthe CU 62 in WB

i C Ao .
G6RF HRAdrshelicablersiays, 8@ dumytorbeceire®is read out of the thread specific
R NE T NG,
G YHilig EXZ:}ﬁbéiﬂie@%gb i} C#o?%@thqggc{saaﬁlﬂ%torésr Qﬁ@o%r@gleﬂﬂe@ S%dresses
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HeRfdtheBos B Hicd @R BYAfRS generates the effective
address ( of a load or storemenory instruction. EA

40gAals are sEpewing A B4 ingwuctions, ?MQ&T%@V‘?S(&@BF operand
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, I
OB R et b o b3 BRo ke PR Wi LB g2,
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fRhics e B0t 6 DY 63 it Sie LISECAd AGi0R8y BT Rfpctine, the
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pipeline stage 104, and the single write port may be time multiplexed for writes in EX3

pipeline stage 110 and WB pipeline stage 112.

[0044] The serial tag/data access of DCU 86 also enables stores to access the
data array in EX3 pipeline stage 112, as loads since hit location is resolved in the prior
EX2 pipeline stage 108. Thus, the usual single-thread store pipelining solutions such as
separate store ports, store buffering or store to load forwarding are not required here for

stall-free pipelining of stores.



are generated in the EXI pipeline stage 104 and EX2
pi pel i ne stage 108. Then, | oads and stores may be
waleiosaesoro CU 62 in EX3 pipeline stage 110 f urPp¢EUS1006/020640
be witten into the instruction specified GRF 52 file.
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aesesacth ihgynateh lines ap et not@rethaygediwhen ihss kromuhsthati aymeticular set

jits | [ .S, faaSol in the prjor EX2 pipeline
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heloskasseies) Withdhe diselased svbicnt matéari the alogk is gated so that it only sees
loading from the pre-charged match lines. Consequently, dynamic loading of the DSP

40 and the associated power or energy consumption is also substantially reduced.
[0049] With continuing reference to FIGURE 5, the follow details the pipeline
operation of DCU 86 during CAM tag array 92 and related operations. Serial tag/data
access operations enable stores to access SRAM data array 94 in the same EX3 pipeline
stage 110 as loads since hit location is resolved in EX2 pipeline stage 104. Thus, the
usual single-thread store pipelining solutions such as separate store potts, store
buffering or store to load forwarding are not required here for stall-free pipelining of
stores. The relaxed timing constraint on the hit determination also allows DCU 86 to be

highly, e.g., 16-way, set associative.



dynam c power consunption. The present enbodi nent does
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{199 BiePerht¥io £Ad¥hy in turning on NFET 130. Therefore, the input to NFET 130
pull down is an output of NOR gate 136, with one input of the NOR gate 136 being

delayed.

[0053] CAM tag array 92 includes 16 match lines 132, one for each set
selectable by Set_vld circuitry. With the present embodiment, the transition from low to
high voltage occurs to pre-charge match line 132 high only just before the search line is
driven. Delay path 134 from match line 132 to PFET 138 pre-charge will turn off PFET
138, but the smaller PFET 140 will keep match line 132 high.



conditional self termnate pre-charge circuit 124

i ncludes buffer circuit 134 that provides inverted
woradosh28orne 132 input to NOR gate 136. NOR gat BCT/BS2006/020640

out put goes to PFET 138, which turns on to connect

match line 132 to V d. Holdenscircuit 140 maintains

match line 132 at V for sufficient period to retrieve

data fromthe associated set of CAMtag array 92.
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[0057] At §51ng clock 166, RAM wordline voltage 168 and RAM bitline pre-
charge voltage 170 go high. RAM wordline voltage 168 remains for 250 ps. Nominally,

400 ps after RAM wordline voltage 168 goes high, saen voltage 172 goes high. In

response to sean voltage rising RAM wordline voltage 168 goes low. Also, at falling
clock 174, saen voltage 172 and RAM bitline pre-charge voltage 170 return low. A
second rise of search voltage 164 occurs during the fall of RAM wordline voltage 168
and saen voltage 172. Thus, after two clock cycles, search line voltage 164 remains high
and all other voltages return to low voltage.

[0058] The disclosed subject matter, therefore, maintains match line 132 ata

low or zero .voltage. Only when data from a CAM tag array 92 cache set is needed, will



match line 132 is at V d to prevent contention with
the CAMtag array 92 pulldown. To satisfy all these
WO eilesdnent s, data cache match line circuit 1POI/US2006/020640
i ncludes buffer circuits 126 and NOR gate 136. The
del ay of buffer circuit 136 Byual s the pre-charge
time, e.g., ~200-300 ps, while the delay of buffer

circuit 134 maybe close to phase durations. [0055 ]
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Thot is, there anap needdo epigika signal dead fpm jhs ¢logkugralknthe dfeewle logic

f
4 98 g s LT G 0 SRR ol rovides e
sélacto,telpmﬂcharge fdtenaﬂzlomke 132. Therksolt i thet theselkdtive poe-chezge of the
56] F] GURE 7 .pr satlmn ram
:ﬁ’lb&ﬂlf%?ntpﬁé’l‘gq 3’ e decade i il ﬁﬁ?@%ﬁﬁ 1’?5%51%6%%3&6

bﬁdcﬁ% wefllas ?ﬁélﬁgﬂch 115@ éﬂa&@é §ignal I har 8O IHRhAEh fike. EX2
pi peline stage 104 withrisSing cloc 52, set select

[\flﬂ 59%ge 154hg pwemlwfeamdesragdrﬁumom @¢$Cﬂb¢d I5geingen be

response to r n t _sel ect
il i T e Lo B RO PSR Fp i the
aﬁmé-ﬂesél%dasop%fattl%hs foat hls® ﬁhe‘ﬂr@,@ﬁt o dimEts nal zéﬂe'linﬁEmented in
cl ock 158, search |line voltage 160 goes hi and

apapplicason Fegsificintegsredyairculti &bé@@@ocm@ 1,| § TRICTOProcessor, or

e B S
fogegsinpidgdeription bEiMB Ipl’ﬁ'eﬂﬂctchﬁnlbmhmhnté &Eerﬁﬁ)ra,flﬁ pfovﬂied ke bnable any
line voltage 160 goes hi gh [.0057 ] At risi ng ¢l ock

persen skifigd HbParrtie ke prpe theglauped seRpchHmafter, Yarious
ng%gﬁéh%g&ovtﬁ%&e gﬁﬂe&M1 &%eﬁﬁy%ﬁy%&k tmoyeoéﬁmqn the art,

renmal ns Nom na s after
and tled generio/plincipjes dﬁBleg memmm@,yn be spydiedvobtheg emwdan'gnssmthout
igh. In res age, ri.sin
(et e o Bane Ty e e A futves? hefieice Potinten o be

1itddad Shelehrb it etdMhdw ‘hérélﬁ R B16 Ba B&Rrde thé 9Adebt’ @ope
return low. A second rise of search voltage 164 occurs

cdnsisterf wikethe principtes Rud/monsl dtatures distloseddie1d® and saen
vol tage 172. Thus, after two clock cycles, search |ine
vol tage 164 remains high and all other voltages return
to low voltage. [ 0058] The discl osed subject matter,
therefore, maintains match line 132 at a | ow or zero
voltage. Only when data froma CAMtag array 92 cache
set is needed, willmatch [ine 132 be charged. Once
match line 132 is charged, DCU 86, and thus DSP 40



obtains the desired data. Then match line 132 vol tage

returns to low voltage. The result is a reduction or
webiogiizgare on of dynam ¢ power | osses by reduci PGOI/TEMO0&020640

| oading to zero. That is, there is no need to obtain a

signal load fromthe clock stynal . The decode | ogic

that determ nes the cache bl ock from which data or

i nstructions are sought provides the selective

pre-charge for match |ineCI3®IM%he result is that the

sel ective pre-charge of the present enbodi nent

provi des both the decode signal for selecting the

specitf Aenetieaihfer bp@atings cavht medsory heassadiation witke aw bédrgwable

si gnal for charglng the mat ch I|ne 0059]. The
W%QE?H@FWB&OC%BLFWF%%% MSBEd herein can

be | g&baﬁ%&ﬂg& f LR Flﬁfes %ﬁ%lﬁrah%f

only may orn1t e a ove escn
adxi:ressablle mmnorp llmesa Iemh daffseidples bty ofelaﬂminﬁemtysmamly libes

| enent [ n | Lcation eC|f i,ntegrated
o PPETE WAgrent B RE bR e i ey
or  OLheHtaitlnBChEIPB ik plufatity §f<91%ﬁé fReMr} MaRBNes M 4186 voltage;
functions described herein. The foregol ng description

of t indtiggingfaereprst of stid ghechememonyter wheavang data fFpapa sglagted one
% nabl e rg{lé%g? f Hg c%l Ien% |on the art to nake or use

PR EPIETS ? SABECAY MU 0us nodi fications to
t hesen RRpGaEE tﬂi‘éhli@se\atdhhndgmeﬂ , @eiding\ona PP adie plurility bl esube memory
skilled In the art, an he generic pr|n0|gles def i ned

mpighelines iy dlovappltagedo & BieheBree HH6 Pnrehsd Rivealdu et easae
it by hlneR B b in B Ui detocl e Ao R LR ing s of
sﬁdhadmﬁﬂmhayshomn hereln but is to be accorded the

W dest sco nsi st e rinci S ovel

f eat GP’@Qméé) BloTESP ﬁé Wa YN%‘% H’S’ %tﬁﬁ BB‘?Snt
ASRETRkIGHE of s AA G CIEAR lerhdly BREQGhAL I On wi th an

dressa menory digital ‘signal processor,
co rrp mtsmr@ saifeom d;saxdf;éunaﬁty Azede memoxy matph lined b sgiddéw

nory tchllnes with a plurality of
vgﬁ ﬂg F@Sﬁﬁa FOMPANEEED- cach of said plurality of
cache nenory match |ines associating with one of
plurality of corresponding sets of said cache menory

mai ni2ailh¢ mgthed of Chtimsha fierther gpmprisins gre sé%fém&ﬁb%?a}d one of
sglﬁ g\;} téz%?%ac%te n‘rf‘em?orgy n¥a%l{ S at Eeﬁh %}J@t\) @‘uﬁﬁ%‘i ﬁ@g%r Cércmt

rretrieving
one of said correspondlng sets of said cache nennry

in response _tq said searching step, driving one
sai d3 p&b‘? methog op Claimch, durthes sPPHsng ey ﬁt%gfg Wlam@%warch of

S%l lcgg%ﬁnel&ﬁo@ At HRntentb oD &1 Qe SHeD £RAM Blrbdpbnding

sets of said cache memory.

4. The method of Claim 1, further comprising the step of operating said cache

memory in association with an SRAM data array.

5. The method of Claim 1, further comprising the step of operating said cache

memory within a data unit of said digital signal processor.



menory match lines corresponding to said sel ected one

of said corresponding sets of said cache nenory;
w@orparsomy sai d one of said plurality of cacheP@EIB2006/020640

match lines to an associ ated one of said addressable

menory lines; and returning ¥aid one of said plurality

of cache nenory match lines to said | ow voltage

foll owi ng said conparing step. 2. The nmethod of C aim

1, f ﬁ{ Thﬁéﬂetbg‘i}rﬂf C@Fﬁ@ flhﬁ)lelspgppmﬁng]@p @teﬁ g’f Qﬁﬁrétl]@ﬂ‘]@l d)f:ache
m%ﬁfog}’ qq{lﬁ{erlggveﬂ ﬁﬁ]lﬁe%ldng Epocgsm trflgdelg' nes at said

age usl ng a The net hod of
Clalml further conprising the step of initiating
said_search_of said cache nmenory according to the

cont énthegpetaq af Glofma d; Buthsheoraprising (e stop ol ppdoraipg said
st Ldtery ﬁi@saﬁ?&%@gg@@ﬁmﬂ {188t ORE Betubn glip@hﬁ@ stage of

further ‘conpri si tep operatlng sal d cache
sanck dhigitygl signadpewessat.i on with an SRAM data array. 5. The

oper St et cEbrLirbHw suonphe Sl S ploogrostr
I?Jdrﬂhﬂgaé cath8 ARndpY %mﬁo@ WITthsn aRirbRshiotmellory BT 4,

urther conprising the step of operating said cache
IESRBROpesser, the inteertddeaineail comptisingr eaded processi ng
node, aim 1. further conprising the
ot ep? By BER RiRty & el it i otifesna e ¢
r et us plurglits b€ pddeshbilg nitindre éigés @mlawwmtmhdﬂr@emwﬁlemory
stage of said digital signal, processor.

amdq%aéfbplﬂfaéwy ef ¢ach¢ memgryanaghdings rsv%wab%ch 08 pajfl phyrality of cache
m%hﬂ) afth3fries §§§hm§1@ﬁga\ggﬁ bt b}gﬂufang)agf‘&)rfmd}’ng d&ts of said

association Wt ressa nmor
cmmemnmmnyﬁssor the integrated circuit conprising: a

pluralit lurali.ty of cache r, t.ch |Lines;

a pl EP&H‘%{ d%‘%&&%%g‘g&laénﬁ% ?FCHEED%XB Yty of eaghe memory
Iﬁmﬁhhukpgt@ggwﬁﬁégple menory and said plurality of

cache nenory matc¢h |ines, such that each of said

pl ur alcacthp mnmah@cmgmwomwlﬂgl arsearchof eaid aaqlngnem'mrlw for
ond| n% et s _of .said

f f
iR o8t Hhi & delseben T o SR PR BRpd R ReiRiar R ot nory;
eachsHfl nwdhdin®! divalcirbiit AfrtHepfdr SedpBAMAY tdT8HiE Bachk BREGRY search

a |l ow vol tage;
circuit for driving one of said plurality of cache memory match lines from a low voltage
to a high voltage, said one of said plurality of cache memory match lines corresponding
to said selected one of said corresponding sets of said cache memory;
comparison circuitry for comparing said one of said plurality of cache memory
match lines to an associated one of said addressable memory lines; and
said match line drive circuitry further for returning said one of said plurality of

cache memory match lines to said low voltage following said comparing step.

9. The system of Claim 8, further comprising a high voltage holding circuit for
holding said one of said plurality of cache memory match lines at said high voltage

using a holder circuit.



a cache nenory search circuit for initiating a search
of said cache nenory for retrieving data froma

W@ edoearsd one of said correspondi ng sets of saPdI/UsW0&020640
menory; said match line drive circuit further for
respondi ng to said cache nenory search circuit for
driving one of said plurality of cache nenory nmatch
lines froma | ow voltage to a high voltage, said one
of saj@l THelyabmtof CMinC8) ARrdIR BRlA ¥adiRiiémbryR8&ch circuit further
corresponding to said sel ected one of said

coamprissp eineHity fardnitiabng sd spacchcofcaidirehs memerhrecriHg to the

. . . . . . ¢
LAl bF bla (b CPIRA B0 ARG IR Mt Tt Ral A i
addressabl e nenory lines; and said match line drive

circuitry further, for returning said one of said .
pl ur ot eévste%aﬁélﬂg}%rfwﬁwe%mﬁlﬂg Joia gaghs i qguitry for
%éféb%ﬁﬂfg $afd bLnk H‘%nﬁﬁ‘jr th £000RA dInGitS ESRAM adh %n«ay.st em

arm 8, further ctonprising a high voltage hol di ng
circuit for holding said one of said plurality of

cache ry mat l.in sai d .hi vol t age using a .
ol del2-chPCyFETES CIALS.Jy b o bPrer g dpieam s U5 hshefed with
§A¢ B@irBRABIE bty Ghd 641 eAbhl ridhidrFor ¢REINE$8R cache memory
circuitry for initiating said search of said cache
withor spidedeso thdistey afopetating epid eprhe grenaery aviden a dete gmi9é said

f ..saj. r ndi ng sets of said cache nenory. 11.

%ﬁ%&?‘ Eéﬁ#ggﬁgﬁain18, further conprising data cache

unit circuitry for associating said cache nenory in

association with an SRAM data array. 12. Tgﬁe syst em of

d ai mM&, Thegwstaayof (dai $.ditbersapprising the§ter of qnefating said cache
' ' b Ohes : and sai d cache

R B B i s d

data the step of operating said cache nmenory within a

data unit of said.digital signal processor..13. The .

syst elfoh deaita] sl PROFEYRE PP ¢ SRy Tepr: pfssegpation with an
ORBERLHIB Shendri of 8 5l EroPRITBYsYr, kb digitélrﬂﬁi!éi H3¥&Sor comprising:

mul tithreaded” processing node. 14. Adigital _signal _

pr oceswans fopessaciating apluwalliie ofreache yeimory gwitah lines vhthwe plirality of

an, addr.essabl e..nmenmor 1 cr.oprocessor. the digita

BRI R R e PR o el o LGN R B uge M Ph s

Rdsuéiating Withoné 3£ RerreRdRddig R&E 6 sdidl Bahe WMdnkbrg, pl ural ity

of addressable nenory lines, each of said plurality of

c achhemeappioy megtaiRing eaels obsardpluealityef cackememerpmatch lines at a
nding sets of said cache nenory; neans for

%’g{g@%%% ng each of said plurality of cache nenory

mat chnlebmefor atiti@ing a search of said cache memory for retrieving data from a

selected one of said corresponding sets of said cache memory;

means operating in response to said search initiating means for driving one of
said plurality of cache memory match lines from a low voltage to a high voltage, said
one of said plurality of cache memory match lines corresponding to said selected one of
said corresponding sets of said cache memory;

means for comparing said one of said plurality of cache memory match lines to
an associated one of said addressable memory lines; and

means for returning said one of said plurality of cache memory match lines to

said low voltage following said comparing step.



| ow vol tage; nmeans for initiating a search of said

cache nenory for retrieving data froma sel ected one
wo@Roosazsd7eor r espondi ng sets of said cache nenoPgT/URBA6IB20640

operating in response to said search initiating nmeans

for driving one of said pluraldty of cache nenory '

match lines froma |low voltage to a high voltage, said

one of said plurality of cache nmenory nmatch |ines

cor r espdrhdidngjtal sigaal plocesdor of Cthimried, ffrtheatamprising means for

B R 50 B SR o TSR in TSR0 0 e

ﬂﬁ&gﬁhbmgﬁﬁnhg an associ ated one of said addressable
nen0r¥ lines; and neans for returning said one of said
pl ur al¢. tT)heoiﬂglt?éellgealrmmgor wf Cim] Tidpy ﬁs'theoccgapmismg)means for

AR QL O P SRR 0 BhER: ol one

6Ma1dkﬂir£ﬁs§tﬁ1d‘ﬁ?g sbtDEsaldl cabidd MeRbyyy al i ty of cache nmenory
match lines at said high voltage using a hol der
circuit. 16. The digital signal processor of O aim 14,

S o ChonS Rt LR B U A Ry S B e tor

s;&lrantgmdldmmh@fneﬁmmlmwmmwdm SRAM @ita athyl cache
menory.” 17. The digital signal processor of Caim 14,
further conprising neans for operating said cache

Menor yg |

i gi 1 The SRS ShRocion of Qi ) ARl A i Frark 161
epsmpmigssancankamsmony wihieraadatagniseff idodigha sigmabprpcessor.
within a data unit of said digital signal processor.

19. The digital signal processor of Caim14, further

conprisimhe dig e sighSpr&RedorbF Cthimaiqd ﬁﬁﬂﬁf‘@oﬂ%‘i@ﬂ%{m’eﬁhs@ﬁr

i nterl eaved nultlthreaded rocessmglr
eneating saifh ogabe msHOEREPErintstleqyedimmltithreatied piagessing mode.

conprising nmeans for perform ng said searching step
and said returning step during at | east one execution
pi pel 2m&hetdsgial sibnslairebesiod of Elaimi 19N Alther &ﬁgﬁﬁﬂg AéansAor
conput er usabl e; nedi um havi ng conput er readabl e

PriyRng Patrearbnestaaddriaeingng siep farng pldeast Penetegution
nal processor for
ﬁ ég éy? ?ﬂ%g%gln%&?%§$$%ctlons of m xed | engt hs,
t he conputer usabl e nedi um conpri sing: computer
readabl e program code neans for associating a
plurality of cache



menory match lines wwth a plurality of addressable

menory |ines, each of said plurality of cache nenory
woratosh28ornes associ ating with one of a plural i PgT/V8E2006/020640

correspondi ng sets of said cache nmenory; conputer

readabl e program code neans f®r maintaini ng each of

said plurality of cache nenory match lines at a | ow

vol t age; conputer readabl e program code neans for

i ni t 2htA ogmautseasable médismitdvingchmpmstogagalile program code means

retrieyin ata froma sel.ected. one. of , sai
ofsBodiad fisfiln 5 BerdPlitedfe iR Rl S8 psesor or
eﬁ@@ﬁ?gﬁm 6 QLS ATRAHEIHE N Fied 1chgthd, BsPVRGRitdrassile ehedium

searching step, driving one of said plurality of cache
CompBFPS mat ch |ines froma | ow voltage to a high

vol t j f j L o

ot cRORPHEE I p R b i s iiot R AR ot
Mo e sfatshdineg va s Splofalisad thddeestublamemoyy; limsgach ef said plurality

readabl e program code neans for conpari sai d one af

of gactie MY Pajcholines aﬁqﬁ’élaﬁgwtﬁ MR OL R DAY Of gorggeponding sets
oS58 chdkegoss: of said addressable nenory lines; and
conput er readabl e program code neans for returning

sai d computef rendilde ptograuh code roéans feteaintaming eacditaflsaidipharslity of
tq said | ow vol.tag ol l oM ng said conmparing step. 22.
c I’&W&%ﬂ%kﬁ?ﬂiaﬁ&v&m%@f Claim21, further

CONPlebfpidr RAAMIE Bfogk AR 86 Medts T iAfHEAH Q@ sBRBNET 2@l cache
operating said cache nenory in an interleaved

npawhary tfon retrttethgplatrc Bermiarsgleatsd one of said corresponding sets of said cache

memory;

computer readable program code means for in response to said searching step,
driving one of said plurality of cache memory match lines from a low voltage to a high
voltage, said one of said plurality of cache memory match lines corresponding to said
selected one of said corresponding sets of said cache memory;

computer readable program code means for comparing said one of said plurality
of cache memory match lines to an associated one of said addressable memory lines;
and

computer readable program code means for returning said one of said plurality

of cache memory match lines to said low voltage following said comparing step.

22. The computer usable medium of Claim 21, further comprising computer
readable program code means for operating said cache memory in an interleaved

multithreaded processing mode.



