WO 03/ 001-533 PCT/'US02/ 1813J 1 q DEC 2005 TAG DESI GN FOR CACHE ACCESS W TH
REDUNDANT- FORM ADDRESS 5 FI ELD OF THE | NVENTI ON (0001( The i,gp}l/%?&i'{ﬁ%_}
rel ates to WP&8%3# menories particularly those using redundant-form
addresses. PRI OR ART AND RELATED ART 10 [0002( The | atency of on-chi
caching has becone nore and nore inportant to the overall péi‘ﬂo@ﬁﬁnﬁsof
- m croprocessors. To speed up cache access, a redundant-form addressing
systemis known which pernmits cache access before the.final conplete

address becones avail able. I'n generalG DHSEGNIEDRary binary address is
replaced with a nore conpl ex address (redundant form . In effect, 15

‘addr ess conponents f TR ALfETS WITHREBUNRANT-KORM ARDRESS qui ckl y

avai | abl e. For instance, these conponents are not delayed by the carry
chain needed to conplete the ordinary address. Aspects of this technol ogy

are descrs bedELD GETHPMNVENTION WO 99/ 64953; co- pendi ng Appl i cation
Seri al Nunber 09/532,411 entitled "Shared Cache Wrd Li ne Decoder For

Redundant 20 ng; Regufar AJdRSS Bated kd SEIAVBY fldnRies 220Qcuiag! tARR! st | ON
- Seri al Nurrberléﬁc}g} 538,553 entitled %&ache Col um I\/Ulletsi%%l'e%ﬁngsi ng Sﬁeé

Redundant For nblg%%rr%gses" filed- March 29, 2000. WO 031001 33

PCT/ US02/ 1818¥ Wf%%ﬁiesme probl em associ ated with using .
redundant -form addresses is that it is costly to do redundant-formtag
conpares. Substantial additional circuitry is required to handle the
redundant - f OIFRIDRIARIMAND RELATED ART o

L) , 10 (0002} The latency of on-chip caching has become more and more important |
to the overall performance of microprocessors. To speed up cache access, a
redundaﬁt—form addressing system is known which permits cache access before
the final complete address becomes available. In. general, the ordinary binary
address is replaced with a more complex address (redundant-form). In effect,

15 address components from an adder are used since these are more quickly
available. For instance, these components are not delayed by the carry chain
needed to complete the ordinary address.. Aspects of this technology are

) descﬁbed in PCT Application WO 99/64953; co-pending Application Serial
Number 09/532,411 entitled "S'h-arrfiz;('-_r‘ache ‘Word Line Decoder For Redun'daﬁt

20 And Regular Addresses” filed March 22, 2000; and Application Serial Numbe'r
09/538,553 entitled “Cache .Column Multiplexing Using Redundaﬁt Form

Addresses” filed Maich 29, 2000. -




[0004] As w il be seen, the present invention solves this problem 5 BRI EF

- DESCRI PTI DRAW NGS 100051 Figure 1 is a block dia i rating
an enbodi %&%@%ﬁe present invention [0006) Figure 2 isg‘él -éﬁélglél(%%gsam
illustrating the steps of one enbodi ment of 10 the present i1n ¥ O1-

(i agr hm of Frgure 1. BETAI LD BEaa ork oh ey R et 6 B,

menory is deggGki t] Ye.useful for c i where . redundant -form
addresses are useg.g tp?lirotljﬁg%%ﬁtof\?\fmnga%%osr'&%rﬁ?'ia%’pf’,spag‘ﬁi\?@%‘is‘ﬁﬂﬂ? gty h i
i nvention are desqr.i bed f%‘ba cache menory having a particul ar

ar chi t ect ur e *4reR;tP papdle apblogidag RemMpPaEsIm the art that the
invention may be practiced w thout these specific enbodi ments. 1n other

i nst ances, wdi0Pdlknowdsagilldierseen ttbe peasedt ingertiompzalvast dis prétdsa. not been shown
in detail in order not to obscure the present invention. 2 WO 03/001, 533

PCT[ US02/38181-1-1 DEC 2005 Overview OF One Enbodi ment (0009) The menory
array (which includes at |least the tag fields and associated data for one

enbodi nent) BRIEF DESCRIFTHEN ORTHPBRAAVENEYEN entries (sonetimes al so
referred herein to as subarrays A redundant-form address is wused by

decoders to fggsict aFilgjupéal il BRLD dtipg%ax%\/iﬁ{}st?a%goa%deggg iment of th'AéI I;Srgse%ts el ll
invention. |
i ) [0006] Figure 2 is a flow diagram illustrating the steps of one embodiment of |
10 the present invention.
[0007] Figuré 3 is a timing diagram used in conjunction with the block

diagram of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION
15 [06008] A memory is described particularly useful for caching where
redundant-form addresses are used. In the following description, embodiments
) _ of the invention are described for a cache memory having a particular
architecture. It will be apparent to one skilled in the art that the invention may be
practiced without these specific embodiments, In other instances, well-known
20 C_i_rcuits, s;uch as comparators, have not been shown in detail in ofdei' not to

obscure the present invention. .




differential voltage is developed at the bit lines in the arrays. W\ e this

i's occUrrivpgﬁ%fgé}gﬂ east significant bit (LSB) for the or?ingﬁ{%ééﬂr}ﬁb%

n
redundant -0 ress) is generated al ong with thefinal nt&
address bits. The LSB is used to enable the sense anplifiers 4€sdHiGid

W th one of the odd or even 10Mﬁ%r%@negggoggi tRHt of the sense

anplifiers drive a comort data bus, odd and even

subarrays. T g h of the data fr the, sel ected subarray .i.s coupl ed

to a ordinar Us?dr?i‘n r edundant < Forfy?Y CE)W%E}'aF’GPdee?h?%?@Fﬁ 65\% tag hfields andy pe
ly with a rggundant-formaddress.. Wil e the non

.accessed. ear rm addr ¢ . |
r edundant - f orifaciiedidel Kreonsesmbedinept)ds dust dividedaigta pdd |andeevearantries

activated and 15 subsequently used for developing a hitlm ss generation
(way sel ect) (sdByetdoenglso hiferretiHersiarty asosibhiray®)dun dadind 26080 BRdres@ise | S
avoi ded without incurring a speed penalty. Additionally, since only one

set of . sefse ugéPby Headders & RRIL£1RIn Mitmweaeheanhedm%aﬁra O MsBaGERF the

sensing power is n-unimzed. Mreover, the shared data es between the

subarrays prQvi . r.ace r ti int..he 20 fabricatigp. of an.

i nt egr at ed c?ﬁ%ﬁ?ﬁpﬁ%&%ﬁg (%Heelgggcggfgg c}i"& ¢ I thepgigayd melidulgrthis i1 1 re |

[00.10.1 Referring to Figure 1. the nmenory includes an even subarray shown

as arrays 109°H% &'O%'ea#"’r tapgruficnt it 6Bl fer dhrprdigamyginery wyyndant-farrd 11b.

31 QBE 1 20,05 WO 03/001533 PCT/ US02/18181 These are ordinary static

r andom accesaddress) s g¢roRatedl afomgay 8h shie fina{nom eechfridant) atidresd bite. The a8he -
enory. Arrays 10a and 10b are associated with the sense anplifiers 12. A

tag field frigmsedroyerkdi: ae J@Re MpLNRrS 8256ty witiCor B iHd S4& or kReand
coupled to the conparators 25 on data bus 26: Simlarly, the arrays 1la 5

and 110 e a3apayat Pe utflcd1ind 8038 APl 8liSe $omMSN bl iR, Hed

by both odd and even subarrays. The tag field of the data from the selected

subarray is coupled to a ordinary (non redundant-form) cdmparator. This allows

the tag to be accessed early with a redundant-form address. While the non

redundant-form tag bits are being completed, the tag bit lines are activated and

15 subsequently used for developing a hit/ miss generation (way select). By doing

this, the very costly redundant-form compare is avoided without incurring a

) - speed penalty. Additionally, since only one set of sense amp’liﬁérs is selected
during the redundant-form access, the sens;'inglpower is minixrﬁzed. Mo_reovef,- '

the shared data buses between the subarraysr—provid.es metal trace reduction in the-

20  fabrication of an _integra._ted circuit employing the disclosed memory.

Embodiment of Figure 1

{0010] Referring to Figure 1, the memory includes an even subarray shown -

as arrays 10a and 10b and an odd subarrays comprising arrays 11a and 11b.




these arrays, they are sensed by the sense anplifiers 13 V\/itﬂl%[)dfé:gzwﬁal d

Bei ng coup{&ezhfsishe comparator 25 on data bus 26. It sho ed that
the data bus6 26(H|°s3 comon to both subarrays; however, ﬁﬁ/{}%}gﬂgi}

only one set of sense anplifiers 12 or 13 are actlvat ed at any one ti rre

10 100111 Deqq{éé‘é’a"'rejoﬁdﬁ{aﬁz ftséwmmn; eggrﬁg%gg,ggs s%hs{e e the

redundant - f orm address o I nes 16 I|ne or |nes |n bot h
of the subarra These decoders ,are scrip in nore d ta| n the

ref erences CI?%%/(}SI% ‘f?ﬁg € TR Af‘FaXﬁgﬁﬁeﬂ“gt i(ga Are ass@‘@%‘te ot fth? [FFase
application. 100121 The ordi nary tag position of the address (that is the
non redundanflPlfiersin dauedield frpm ol FdoroHIbl nag be sensed byithe swpbéierst or

25. Wthin the conmparator 25, this address is conpared with the stored tag

to provide alhkiandroupied to theli catparator?b bhniat?Bus26.i Sintilaply; #id srralgnHa The
conparators, as nentioned previously, are ordinary non redundant-form

conpar at 0§ s, aRdd1BPaedstocpited MgtOARI é@ﬁée)/axﬁgﬂﬁé‘ésli’: Ohéd BRSs dré BRdked $Hh2g
fromthe arrays. 20 [0013) Mbst :typically, the hit/mss si gnal is coupl ed

to a data ar £ I ctln data, For U
associ ati ve {clge\é e?Ja i ﬁ" ? ‘rgnSFHeD the CotergR TR ﬁ’i&‘/‘ g:’e?é%eﬁf}%?‘e@ %%g
031001533 | g D.E C -05 PCT[ US02/ 18181 [ 00141 The LSB of the ordinary
address is ceRipiedia etCHE‘PAMf‘P"g%‘B‘ data byg 269 [tghonkd bappted that thedataduso t he

AND gate 22. A sense anplifier enable signal (SAE) on line 19 is also
coupl ed to tHeisgmimesoR to dnth dardays;thivevdveB dsswidvnsdea, bilgaome sefl pf sdérise sense
aglifiers 12 are selected when SAE is active. On the other hand, if 5 the
<

; i's odd, 4Mglisan3eoplPhieldc@ified 3t ayeorielimet ed through the output of the
gat e
10 [0011] Decoders 15 are redundant-form address decoders which receive the
redundant-form address on lines 16 and which select a line or lines in both of the
subarrays. These decoders are described in more detail in the references cited in
the “Prior Art And Related Art” section of this application.
[6012) - The ordinary tag position of the address (that is the non redundant-
15  form address) is coupled on lines 17 to the comparator 25. Within the comparator
25, this address is compared with the stored tag to provide a hit or miss indication
) ~on line 28 as is typically done. The comparators, as mentioned previously, are -
ordinary non redundant-form comparators, and operate on the ordinary address
on lines 17 and a tag from the arrays.
- 2.0' [0013] Most typically, the hit/ miS§ signal is coupled to a data array for

selectjng the data. For instance, in a four-way associative cache, one of four lines

of data may be selected.




22 when the SAE is active. 100151 As shown in Figure 3, at tME&EE’zu"ﬁ sumne

that, are zform address is coupled to the decoders 1 _
redundant-s%k?%ﬁguda%ess is decoded during tinme 31. This cade¥Ua Pse one

line to be selected in each of the 10 subarrays 10 and 11, that is the word
| i nes .in bot arr e g r Pt LY, el e Lgent, a
smal | di fferE]r?"ti ?]gl vgl?ﬁ'?f aLQC% ﬁs&gg@%ﬂgﬁﬁad%@gfﬁe&gggeldtt%ltp%&ﬁ?rgaﬁﬁgi’gb?gys'

f OO161 At ti 32, the LSB of_ the ordinar ddress will have begen

det er ni ned. gﬁ?gﬁm%ﬂameﬁf?rsi%%ﬁree g&?%%%o@pﬁ%ﬁewn @rﬁf@@ Sgnalng 22,
15 respectively. As nmentioned, if the LSB is even, -then the anplifiers 12
are sel ect ed(SéHBading ¥9 i alsp soupled to the gatgs| 3lfand 2. 13ha LEB deevent (edindbyr i ng
time 33, the sense anplifiers can sense the tag field being coupled to the

conparat or 28, theentdhampiifies 12 drssddestéwheASAE MEacBide. Onahobtidiaiaydaddr ess
wi |l becone available and is coupled to the co'inparator 25 on line 17. At

time 35, 4 heuQmpas baNtiskhec RGO 1D SRIL KRR Bl AHAIAE ofltor e Flee

signal will be provided on the ne 28 all ow ng, I nst ance,

sel ection of ‘gk‘fg &%%Prtlh% ata array. WD 031001533 11 DEC 2005
PCTI US02/ 187 % **fi"Present I nvention 100171 Referring now to

Figure 2, the nethod of the present invention is shown beginning with step
100 where tH&%Rcodi g Dewrnm Fuegunfaritt-ime 30 pesvwne thadr sedundeatferm Thi s
decoded address is used as nentioned to select one 5 or nore lines in the
each of the =ldbessriaysupied 3bdhw deyodetse]h. 10he r¢dithti3ht-flom addredoly degodédep 102,
_sgiject ed lines fromonly one of the subarrays is selected based on the
- kedundant f QruRRdeaRS31. fTHis icAR$c8NMiCleaRABRE IR to be selected in each of the
10 subarrays 10 and 11, that is the word lines in both subarrays are turned on.
Additionally, in one embodiment, a small differential voltage is developed at the
bit lines in the arrays.
[0016) At time 32, the LSB of the ordin_aryl address will have been
determined. This bit and its complement are coupled to the gates 21 and 22,
15  respectively. As mentioned, if the LSB is even, then the amph'fieré 12 are selected
whereas if it is odd, the amplifiers 13 are selected. During time 33, the sense -
) o amplifiers can sense the tag field being coupled to the comparator 25 from the
selected subarray. At time 34, the ordinary address will become available and is
' coupled to the comparator 25 on line 17. At time 35, the comparison will have -

20 been completed and a hit or miss signal will be provided on the line 28 allowing,

for instance, the selection of data from the data array.




the LSB of the ordinary address signal. 100191 The tag fi el qaﬁqjgacctzggg by

step 102 i ¢ hggganpared with the bits of the 10 non I’edllﬂflﬁ -
address to provide a hit or mss signal as indicated by step Q%Oé}flg{sg]OZO)

In the above description, the array was divided into odd and even

subarrays, and the |east signipéaadbos HelPivas: Hsedub® sel ect between these
arrays. In another enbodinent, 1t 1S possible to uUse the tw | east

significant kQiats, or pf . t ter ny er. .of | east .sianificant
b1 o and t ol Tk ge Refruiby 3wt 3o ThieRlz BOmMBRY B R AR S05

sel ect between the four subarrays using the two |east significant bits.
Also in the g*ﬁa%%ag%motw#h,st R 18 swhes hegdeeding ré thagednadant-igry

rel ated data were read fromthe array at the sanme tinme. It is also possible
to first comsmoey atidresagedurs| Thisdetodedaddoass isuhed camterftioned addelegonand
then, for 20 instance, read data based on the status of a hit/mss signal.
QO her al tr na @orediffeodh fRtash of tHe sabaRBRAGGRAbWNGYW Bkl | 1 ed in the art.
100211 Thus, a cache nenory inplying redundant-form addresses and non

redundant - f Oomst?dfjr CROWS a\é"gs%?z tﬂfrsrggo”?@i SelddRGL 1AL BAS, D5G &?esf??i@lgd- 6

16(. 12. 2005 at is clained: conprising: a first and a second
array; redundant-form address decqders coupled tq,the first and second
arrays, corr%@ﬂﬁﬂ%ﬁ ’ﬁ@?@?t‘ef@ S"ég‘?‘é q 15 “883 '?H“FHﬂ@s?'rfo"e‘&?F?rﬁ?'c{Fﬁ@c?ﬁ‘rst
and second arr%s; a circuit for selecting between the selected word Iines
in the firstthahdb sbthermtdinarngddissssgnan at | east one bit of a non

:rxundant-form menory address. 2. The nenory defined by claim1l wherein the
oe bit of t[b@ishon rHeikagdield felécedByBtey 100 @theS corfipddad with the bits of the

10 non redundant-form address to provide a hit or miss signal as indicated by step
103.

[0020] In the above descripﬁon; the array was divided into odd and even

subarrays, and the least significant bit was used to select between these arrays. In

another embodiment, it is possible to use the two least significant bits, or for that

I5  matter, any number of least significant bits, and to divide the array for instance,

into four subarfays and to select between the four subarrays using the two least

.) - ) significant bits. Also in the above description, it was assumed that the tag field

apd related data were read from the array at the same time. It is also possible to

first coméare the tag fiel’d with the non redundant-form address and then, for

20 instance, read data based on the status of a hit/miss signal. _Other alternate

" embodiments will be apparent to one skilled in the art. |
[0021]  Thus, a cache memory implying redundant-form addresses and non

redundant-form addresses where the compare function has been described.
_ ) _




| east significant bit of the address. 3. The nenory defined by claim!l
wherein data fromthe first and second nenory arrays are coupled to comon
lines. 4. The nmenory defined by claiml wherein the circui gqf@& &el ecting
bet ween the selected lines includes first and second sense 'arr'p?lfiers
wher eiygR&Rfed e first and second sense anplifiers are activated by the
one bit of the non redundant-form nenory address. 5. The nmenory defined by
cl ai mi4awhaiop) dnlphgngne bit of the non redundant-form nmenory address is the
| east significant bit of the address. 6. The nmenory defined by claim5

wher eiafirdatda fecond &rbey; fi rst and second nenory arrays are coupled to common
“lines. 7. The nenory defined by claim®6 including a conparator coupled to
r ecei vedusigntriorm afidresn debedefs qogpleditedhe figt@onskcost@myavptréspordtinglyafodsatastind ®d t 0
r ecei Verginedn gech pibe firgang sereond ameyst or m nenory address. 8. The menory
defined by clajm7 wherejn the conparator provides a hittmss signal. 9.
The n%r{iéf “‘iﬁré*feeeﬁt g o %VE&T e seigcteq werd fnesdn te Arshangseeese arrays hagedkonat Ikgstonrgnal s

from the sréor?srgdué‘ 5 Wé?eyo"’é?fﬁ”e@ﬁ'upl ed to receive non redundant-form

addr essthi h&n i LSO t rr I at
| east ;&%iﬁ@ﬂ%@f&‘%ﬁ& %éld’g%@i ﬁc?? aneg%tc%terny] orn%gfggr? ﬁﬁ@%'é’taa rd&resass'%qhgne
word line 1n each of the subarrays in response to redundant-form address

bi t's; 3f Teshers@nsafinedipi diditn &nehetirigdtefbont e GitCardf sebdi@ nSdiibRy AribyS areTBGMIdo SENSE
anpl i toremen lreepl ed to the other of the subarrays; a selection circuit for
selecting data fromone of the first and second sense anplifiers in

r espodsEetreenqnry dediged by diaia 1vhereit theicirpgihfor exlenticbriwdeanrtim setrgted dnes includedfiret
menor g.n«a PRERPN fﬁn'lg?rﬁwm@rewvé? el the firaleang secopd sense apRiersare adivaiprtivibe tsr m
addr e8¥01ee ppdequpdat-forgmamary 4SS hi t of the address. 12. The menory

def | ”%P‘rr{%yme%o ) Briftds YABHR 4 Weh: th 5 iR e 365 280 E ATRLY LhGES 1868

coupl gdstsRinfi i{lof the address.

6. The memory defined by claim 5 wherein data from the first and second memory arrays are coupled to
common lines.

7. The memory defined by claim 6 including a comparator coupled to receive signals from the first and
second sense amplifiers and coupled to receive bits of the non redundant-form memory address.

8. The memory defined by claim 7 wherein the comparator provides a hit/miss signal.

9. The memory defined by claim 1 including a comparator for receiving signals from the sense amplifiers
and coupled to receive non redundant-form address bits. .

10. A memeory comprising:
a storage array separated info at least two subarrays;

redundant-form decoders for selecting at least one word line in each of the subarrays in response to
redundant-form address bits;

first sense amplifiers coupled to one of the subarrays;
second sense amplifiers coupled to the other of the subarrays;

a selection circuit for selecting data from one of the first and second sense amplifiers in response to at least
one bit of a non redundant-form address.

11. The memory defined by claim 10 wheréin the one bit of the non redundant-form address is the least
significant bit of the address.

12. The memory defined by claim 11 wherein the first and second sense amplifiers are coupled to common
. output lines.

13. The memory defined by claim 12 including a comparator coupled to receive a tag field from the selected
one of the subarrays and non redundant-form address bits. :




output lines. 13. The nenory defined by claim 12 including a conparator
coupled to receive a tag field fromthe selected one of the subarrays and
non redundant-form address bits. 7 is, 12.2005 14. The menmg y g?}jsi ned by
claim 10 including a conparator coupled to receive a tag fi e‘I% romthe
selected one of the subarrays and non redundant-form address bits. 15. A
met hodiaf Ple GRS 84fiREd By ARMDD Yncki@IAR & oSt atorBLSIED boRelvk B34y f%mroﬁﬁﬁgggec ta

based 8 ofthé banrshanting her RoardnEss adards Sigl ecti ng between the first an
second data based on at | east one bit of a non redundant-form address. 16.

The meBhi thethed foneckebsingcd memory Sormdriaingi N t he one bit of the non
redundant-formis the |east significant bit of the address. 17. The nethod
def i néglegtipg dirshang sesondsigta hgserpnaredyden-fom agdrepsiantg part  of the sel ected

dat a vvithmgits of .~ non redundant -form address. 18. The msrmr%l defi ned by
cl ai mSHPCHIASPWRN PRASLIN S5PAnd gptabRzednn Bt least one Bihe™- 9P FRCHBRANEQEN pddresie | east

7 edund g gl R B ot o iR EPedl oy T P dofpag: o

menory array based on the decoded redundant-form nenory address; selecting

bet weamn. THaendtvda defint@ by BRHEE iRBudig theReH ofRBAp&Hnk paf ofthd QlectRdURAAA bid & M
menor yoatdueRst-forncadgpRel ng bits of the non redundant-form nenory address

with tag bits fromthe selected Iine. 20. The nenory defined by claim19
wher eilf- Theeneoreey dsifineddfy ofdire 1Aivhersie thermbabit of tbe norredundyntdatoragisiess is theheast | east
si gni BiggEeAt it of the address. 21. The nethod defined by claim 20
including the step of providing a hittm ss signal.

qb Fgmetnod compFr)ising thFe) steps of: g g

decoding a redundant-form memory address;

selecting at least two word lines in a memory array based on the decoded redundant-form memory address;

selecting between the two lines based on at least one bit of a non redundant-form memory address;

comparing bits of the non redundant-form memory address with tag bits from the selected line.

20. The memory defined by claim 19 wherein the one bit of the non redundant-form memory address is the
least significant bit of the address.

21. The method defined by claim 20 including the step of providing a hit/miss signal.




