WD 03/ 001533 PCT/ US02/ 18181 TAG DESI GN FOR CACHE ACCESS W TH

REDUNDANT- FORM ADDRESS 5 FI ELD OF THE | NVENTI ON [ 00011 The invention

rel ates twofi3ebrs3®f nenories particularly those using reddardmora$18T m
addresses. PRI OR ART AND RELATED ART 10 [00021 The | atency of on-chip
caching has becone nore and nore inportant to the overall perfornmance of
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. In ge I rdinary binary address is
replaced with a nore conpl ex add?&gqlf"%e[%g -form. In effect, 15

address conponents dA@WE@KC@ﬂQSWﬁW@NﬁW?-WAE&?%ﬁ% e qui ckly
avai |l abl e. For instance, these conmponents are not del aye y the carry

chain needed to conplete the ordinary address. Aspects of this technol ogy
are desgri {p R A%R,l i ign WD 99/ 64953; co-pendi ng Application
Seri al unggﬁﬁ‘%g’/FS%El 1ém¢lged "Shared Cache Wbrd Li ne Decoder For

Redundant 20 And Regul ar Addresses" filed March 22, 2000; and Application
Serial Nunb@P0llpg/ 53Be s5yepten trelates tefihd ofanemeriadipattishiaxlyngosss Lsigs
Redundant Form Addresses" filed March 29, 2000. 1 WO 03/001533
PCT/ US02/ 18fe@iindant-form addresses.
PRIOR ART AND RELATED ART
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
redundant-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
described in PCT Application WO 99/64953; co-pending Application Serial
Number 09/532,411 entitled “Shared Cache Word Line Decoder For Redundant
20 And Regular Addresses” filed March 22, 2000; and Application Serial Number

09/538,553 entitled “Cache Column Multiplexing Using Redundant Form

Addresses” filed March 29, 2000.



[ 0003] One problem associated with using redundant-form addresses is that
it is costly to do redundant-formtag conpares. Substantial additional
circui trywo3/oosgai red to handl e the redundant-formtag ceaparsoyosisi [ 0004]
As will be seen, the present invention solves this problem 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0005] Figure 1 is a block diagramillustrating
an enbodi mel00 t hEOnsrrreblem asspciated with usipgoefuRdatfera addraasdsl iowhati agr am
illustrating the steps of one enbodi nent of 10 the present invention.
[0007] Fi guitds &stlg ta dbiredungl it-Aoha tagldathaires. GubstaAGAl Iitbia chrfigmh! BCk

di agram of Figure 1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 [0008] A

nmenory is dﬁﬁﬁh@b@gh&&ﬂéHﬁykﬁhhﬁmﬂﬁ%hﬂka mpAIKNG where redundant-form
addresses are used. In the follow ng descrlp ion, embodinents of the

invention aggesescri r che cular
ar chi t ect ur ’éﬂo‘ﬂ ﬁlgg%g b%psﬁgr}’en? p{egelbﬁlév Oplsgi&%F ﬁ" F éﬁ”f‘ that the
|nvent|gp may be practlced W t hout these specific enbodlnents. I n ot her

i nstanc wel | -known 20 circuits, such as conparators, have not been shown

in detail in order not to obscure the present invention. 2 WD 03/001533
PCT/ US02/ 18§B!LEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 is a block diagram illustrating an embodiment of the present
invention.
[0006] Figure 2 is a flow diagram illustrating the steps of one embodiment of

10 the present invention.
[0007] Figure 3 is a timing diagram used in conjunction with the block

diagram of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION
15 [0008] 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  circuits, such as comparators, have not been shown in detail in order not to

obscure the present invention.



Overview O One Enbodi ment [0009] The nenory array (which includes at |east
the tag fields and associated data for one enbodinent) is first divided
into odd wodseueas entries (sonetinmes also referred herei PCrasay18181
subarrays). A redundant-form address is 5 used by decoders to select a line
in both the even and odd subarrays. Also a small differential voltage is
devel oped at the bit |ines irRyesiex OPh0kne Bghagdiment s i s occurring, the

| east significant bit (LSB) for the ordinary (non redundant-form address)
i s generat ef0089]ong Whehmteheory | avady ((wdvichr enelndenta) lastdr ges tdy tfieldsThadLSB is
used to enable the sense anplifiers associated with one of the odd or even

10 subar r aygssodifRdoddtRUbr Bhe ERBoARASR) RMRIs GRS Witb VIR @ TWOR efatd bus,
shared by both odd and even subarrays. The tag field of the data fromthe

selected s ay 1.3 C I .a. ordi nar on redundant -f or .
conpar at or . ?‘ﬁfes aeflags(ﬁ)spelf{%ﬁegcppé%"%o Sesglgacr}éaé’égd e%e?flfllgﬁﬁ‘ 'é‘?rﬁ‘? G¥dSnt - f or m
address. _Wiile the ngn redundant-formtag bits_are being conpleted, the
tag bit 1inB¥ yeg%feaFVef?é egﬁglrﬁ“g’ﬂg)ég&fé(ﬁ? pyd gdd gubzsrayse /dsopsmglla
hit/mss generation (way select). By doing this, the very costly

r edundant - f differensiap aoktage isndevelepediat Heubitilinearini thg arayspeddhijerthist iy.
Additionally, since only one set of sense anplifiers is selected during
t he redundasdcut@ng) the desss sigrlificane it (IGBp e thel Srdihdtly a8 dedMRIAAYEfm t he
shared data buses between the subarrays provides netal trace reduction in
the 20 fabgifiald WeerABd LIBmEIR Bk GAAIGHL rdfimlgNi s

menory. Enbodi me%t %f eIr:i gurg;n% [ 0010] Féaggér)rhng !tdgxﬂl}?gﬁi%%gfgg't ﬁiégﬁgﬁory

i ncl udes an, even subarray shown g . .
issed RUAbl? thesense amplifiers associated with one of the odd or even

10 subarrays. The output of the sense amplifiers drive a common data bus, shared
by both odd and even subarrays. The tag field of the data from the selected
subarray is coupled to a ordinary (non redundant-form) comparator. 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 amplifiers is selected
during the redundant-form access, the sensing power is minimized. Moreover,
the shared data buses between the subarrays provides metal trace reduction in the

20  fabrication of an integrated 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 1la and 11b.
3



as arrays 10a and 10b and an odd subarrays conprising arrays 1la and 11b.

3 WD 03/001533 PCT/ US02/ 18181 These are ordinary static random access
menory ( SRAMB/oerssays such as are often found in a cache memarsy2/1$48r ays 10a
and 10b are associated with the sense anplifiers 12. Atag field from
array 10a or 10b may be sensed by the anplifiers 12 and coupled to the
conpar at or sTR&Geane datinarystatkgan@imiaceask menmdry (SR AM)sirthya séchaascare dftenr e
associated with the sense anplifiers 13. Wen lines are selected in these

arrays, thegpuakeinsgnragt Benidig. sehaps a0Phhil i10bsard Jsycidled willg thd edrdebei ng
coupled to the conparator 25 on data bus 26. It should be noted that the

data bus Qm & YIED nAttQ% h@lﬁqr&ﬂbﬂfaéraﬂ(ﬁ 1or H@W@r be &%sé’ﬂ t) tlf&earﬁ?ﬁﬁers only

one set of sehse lifi®ers 12 or re activated at any one

[ 0011] Decogders 15 a e undant - f or ddre 0 h recei e the

r edundant - f & ASHHR ieéi%) QB ’éf:%r’a 8%5%‘5’6%6& VYgfe PT84 n bot h
of the subarrays. These decoders are descrl bed in nore detail in _the
references and éﬁb iafe apypsiatqel path the tsengecromlifinre d3. AMY henslinesi R selecteiiy
application. [0012] The ordinary tag position of the address (that is the
non redundatiiese hfraf9rihepder esspd ity theugehed amplifiersel3 Wvitht @ tdg Eeklobgiag at or

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

to provide gupiid & thelcsmpafbiCs brPlataWis RbNE sBBuRBbd Sotbd Ph#tdhd Hatd 8. The
conparators, as nentioned previously, are ordinary non redundant-form

comar at of Syq A QREH 3 Bosdtifral HUver AU ABe s @0, bhi)shelser BPGere ! 20

fromthe array

amplifiers 12 or 13 are activated at any one time.

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.

[0012] 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.

20  [0013] Most typically, the hit/miss signal is coupled to a data array for

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

of data may be selected.



20 [0013] Most typically, the hit/mss signal is coupled to a data array
for selecting the data. For instance, in a four-way associ ative cache, one
of four |woas/norsB3 data nay be sel ected. 4 WO 03/001533 PCPCwaGaz/i8881
[0014] The LSB of the ordinary address is coupled to the AND gate 21 and

al so through inverter 20 to the AND gate 22. A sense anplifier enable
signal (SAB)14pn | i Tiee LB iof thd sulicoypidedessds coeplgdtesh AN gat221 aid t he LSB
is even (a binary 1), the sense anplifiers 12 are selected when SAE is

active. On stlgtﬁ‘tlﬁbhﬁﬁ ivdebr 20f toSthleNENIDSRate 22004, sénbe agplisier angble fsigetab 13 are
sel ected through the output of the gate 22 when the SAE is active. [0015]

As shown i n({gngggﬁ?m ’19?sta11§;d W&i tothe Hl%stz %dézrg%@ﬂgﬁ‘ﬁs &R bifgy €SS 1S

coupled to ecoder s e redun orm address i s decoded during

time 31. This_ causes at._, one_ | i sel ect ed | eagh 10
subarrays 10 Hi§Fease apR erf’ ifta F“’gl ‘f"bﬂ%ggfenwtﬁs He sQBaP?g erﬁ?%&t gr ned
on. Additionally, in one enbodinent, a snall differential voI tage is
devel opetl athetli$8 is bild, the sensejamplifieratd Wsﬁelefﬁéfblouﬂh the gutpay of flr?eg%SB of
the ordinary address will have been determned. This bit and its

conpl ement Zrwheothel SKE fsactie gates 21 and 22, 15 respectively. As
mentioned, if the LSB is even, then the anplifiers 12 are sel ected whereas

if it is odggidhe amBl ol b FRe@b s, Sl @at @b, ARThAGhdti Medduddriteomense
anplifiers can sense the tag field bei ng coupl ed to the conparator 25 from

the address is coupled to the decoders 15. The redundant-form address is decoded

during time 31. This causes at lease one line 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 embédiment, a small differential voltage is developed at the
bit lines in the arrays.
[0016] At time 32, the LSB of the ordinary 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 amplifiers 12 are selected
whereas if it is odd, the amplifiers 13 are selected. During time 33, the sense
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.



sel ected subarray. At tinme 34, the ordinary address will becone avail able
and is coupled to the conparator 25 on line 17. At tinme 35, the conparison
wi | | havewd®sbesss conpl eted and a hit or mss signal wl| pog/ysopwdisied on
the line 28 allowng, for instance, the selection of data fromthe data
array. 5 WD 03/001533 PCT/ US02/ 18181 Method of the Present Invention

[0017] Referring now to Fi guMetixod ofthe Preshninyéntidye present invention is

shown begi nning with step 100 where the decodi ng of the redundant-form

nmenory addr @§$7]0CCUREferrlig hotle e ¥athradyiiths Sndthodi9Edhapresent imr@diondssel ect
one 5 or nore lines in e each of the subarrays as shown by step 101.

t
[0018] Now g\%@fgg/@é\%g@ﬁgﬁeﬁ agé 5@%&9 thb n@gcggﬁ@%pw re#6n Pintlfin

Euba&rays iﬁ S undant m-addr ess, for instance,
ased on the LSB t he ordipary addre signal .. [0019] The t field

sel ect ed byM§PEY ig‘%"e%o‘icﬂésn F@Hﬁ%%@gﬂd\ﬁaﬁﬁesf eusﬁfita% nbefn%]toﬁlﬁd ?(lﬁeq%éﬁne
redundant -form address to provide a hit or mss signal as indicated by step
103. [ 0020] o1 moreHines i the edek of thetsubarraysas shevabnae Hlvi ded i nto odd and
even subarrays, and the least significant bit was used to sel ect between

these array@oi8n ahbowhes srdvodiymstep, 102, setecrlsdinkd dram arde e of whel east
significant bits, or for that 15 matter, any nunber of |east significant

bits, and t&tﬁ'&ﬁék@'ﬁ; delRtcAra8Yd bR%hd RILABSR-forrlddrdseUWor SARAE BaSe@BH t O
sel ect between the four subarrays using the two | east
the LSB of the ordinary address signal.
[0019] The tag field selected by step 102 is then compared 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 description, 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
15  matter, any number of least significant bits, and to divide the array for instance,
into four subarrays 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
and related data were read from the array at the same time. It is also possible to
first compare the tag field 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.
6



significant bits. Also in the above description, it was assuned that the
tag field and related data were read fromthe array at the sane tine. It
is also peeIhbs3zo first conpare the tag field with thePownso2/18181
redundant -f orm address and then, for 20 instance, read data based on the
status of a hit/mss signal. OQther alternate enbodinents will be apparent
to one ski|CEAIMS the art. [0021] Thus, a cache nenory inplying
redundant - f orm addresses and non redundant-form addresses where the
conpar e f ungihaPi chaseeen described. 6 WO 03/001533 PCT/ US02/18181 CLAI M5
What is clainmed: 1. A nenory conprising: a first and a second array; 5 a

redundant - form .coupled to the first and second arrays for
sel ecting aP'I i r’éea&gﬁ%zggﬁrﬁgﬁg@ge first and second arrays; a circuit for

sel ecting between tpe seéect ed lines in the first and second arrays based
on at |east one bidfEtand ASHPEfFant - form menory  address. 10 2. The
menory defined by claim 1l wherein the one bit of the non redundant- form
menory address is 2 hedurdant-fernyfddressndecpiler spuplpd tagtecldst and sasendenpry
defined by claiml1 wherein data fromthe first and second nenory arrays
are coupl ed to common akiage for selecting a line in each of the first and second arrays;

a circuit for selecting between the selected lines in the first and second

arrays based on at least one bit of a non redundant-form memory

address.

10 2. The memory defined by claim 1 wherein the one bit of the non redundant-

form memory address is the least significant bit of the address.

3. The memory defined by claim 1 wherein data from the first and second

memory arrays are coupled to common lines.

4. The memory defined by claim 1 wherein the circuit for selecting between the
15 selected lines includes first and second sense amplifiers wherein one of the
first and second sense amplifiers are activated by the one bit of the non

redundant-form memory address.

5. The memory defined by claim 4 wherein the one bit of the non redundant-

form memory address is the least significant bit of the address.



4. The nmenory defined by claim1 wherein the circuit for selecting between
the 15 selected lines includes first and second sense anplifiers wherein
one of thwo oBesB3 and second sense anplifiers are activat edThigov/isasone bit
of the non redundant-form nenory address. 5. The nenory defined by claim4
wherein the one bit of the non redundant- form nenory address is the | east
si gni fi canté.bi {Thef mtmerndefieed by7clyit G3wberess dapCiibwsty fistsmd gecomde
menory defined by claim5 wherein data fromthe first and second nenory

arrays are couph&flotyartd@mdcdiplésto commbelinggrory defined by claim6
including a conparator coupled to receive signals fromthe first and
second sense anplifiers and coupled to receive bits 5 of the non
redundant - f orm nenory address.. 8. The nmenmory defined by cl <’i\i 7 wherein the
conpar at or pr ovihgageRopy fefingdshy Cl@i"@rf’a‘i“.dq’g.l gl'ﬁéo??@ﬁﬁt?/‘y%’f ?fg]ﬁ’ Bye¥fai m 1

i ncluding a conparator for receiving signals fromthe sense anplifiers and
coupl ed to receignalsformrthe tirdand sécmd sen® aplifiess ahd ceupled to recapwadity
conprising: a storage array separated into at |east two subarrays; a

redundang - f or mol @O relilohd a6t-foedimgnaty ddeizeds. one line in each of the
subarrays in response to redundant-form address bhits;

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

10 address bits.

10. A memory comprising:

a storage array separated into at least two subarrays;

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

15 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.



15 first sense anplifiers coupled to one of the subarrays; second sense
anplifiers coupled to the other of the subarrays; a selection circuit for
sel ect i ngwoaaofssom one of the first and second sense anpCiTfisez/s$18n
response to at | east one bit of a non redundant- form address. 8 WO .
03/001533 PCT/ US02/ 18181 11. The nenory defined by claim 10 wherein the
one bit of Tihe Thememokyndksfinted Hyorlamat}imherein thet ¢ree bie ab thesigniefuodamt-bi t  of
the address. 12. The nenory defined by claim 11l wherein the first and

second sense  3&mh hddRESisAhLlaY dn@ bt ONRMdAeRUt | ines. 5 13. The
menory defined by claim 12 including a conparator coupled to receive a tag
field fromthe sel ected one of the subarrays and non redundant-form
address bits. 14. The nmenory defined by claim 10 including a c ar at or
coupl ed to ¥ecdhgemegorydefmedqyby  amm Hd §’é‘|e§’é‘i‘ettl}eo"i%'étd‘l“ ﬁ%cogab 8ys and
non redundant-form 10 address bits. 15. A method for accessing a nenory
conpri sing: selaeqgilifiees drieceotipladdo semora adpat lbwsed on a redundant - f orm
address; and selecting between the first and second data based on at |east
one bit of a non redundant-form address. 15 16. The net hod defined by

claim 155 V\'hﬁ{ Ei"[@\etmhgmgr@edeq;l{ed%cy élgﬁ’l 19 nmcﬁlﬁﬂﬂgg%ghfparator coupled to receive

a tag field from the selected one of the subarrays and non redundant-form

address bits.

14. The memory defined by claim 10 including a comparator coupled to receive
a tag field from the selected one of the subarrays and non redundant-form

10 address bits.

15. A method for accessing a memory comprising:
selecting first and second data based on a redundant-form address; and
selecting between the first and second data based on at least one bit of a

non redundant-form address.

15 16. The method defined by claim 15 wherein the one bit of the non redundant-

form is the least significant bit of the address.

17. The method defined by claim 15 including the step of comparing part of the

selected data with bits of non redundant-form address.



formis the least significant bit of the address. 17. The nethod defined by
claim15 including the step of conparing part of the selected data with
bits of neo wedssslant - f orm address. 9 WO 03/ 001533 PCT/ US@2ragts181818. The
menory defined by claim 17 wherein the one bit of the non redundant- form
address is the least significant bit. 19. A nethod conprising the steps of:
decodi ng a 18edThéanemboyr defireddryyclaigdt 2wherdn shd eng bihgf Hte nararedundent-i nes in
a nenory array based on the decoded redundant-form nmenory address;

sel ecting bet Wggyin hAGrebyv2 thé Rast shatkenebitat | east one bit of a non
redundant - f orm nmenory address; conparing bits of the non redundant-form
menory address with tag 10 bits fromthe selected |ine. 20. The nenory
defined by claim19 wherein the one bit of the non redundant- form nenory
address i s 1%he A egthodsommprising e SRS %t the address. 21. The nethod defi ned

by claim 20 including the step of providing a hit/mss signal. 15 10
decoding a redundant-form memory address;

5 selecting at least two 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

10 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.

15
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