'; e3e$™@6TVe~e 2 ~ FEB 2003 . REDUNDANT FORM ADDRESS DE R FOR MEMORY
SYSTEM BACKGROUND The present invention relates to an addres H&E@dQBUSf or a
menory. M croprocessors and other integrated circuits storage data in
menory systens. The nenory systens store digital data such as program
instructions or variable data. 5 Shown in FIG 1, a typical nory system
100 i ncludes an address decoder 110, a nenory 120 and, opi\i’”ﬂ@mmm’um,mm
selection switch 130. The nmenory 120 is organi zed into rows| nory
lines " Each nenory |ine possesses a unique address. Wen an atén@ss i s
applied to the address decoder 110, the address decoder 110 causes data
stored in the associated nenory |line to be output fromthe’m em
100. 10 In certain applications, it may be preferable to r "mmmmm part
of a menory line. For exanple, a processor may |oad data into.§fg,.menory
120 one nenory line at a tinme but may use the | oaded data in smalfer
increments In this type of application, the selection switch 130 permts a
sel ected portion of a nmenory line to be output fromthe nenory system 100.
An out put {0y GORFPANPYSORM ADVRESS DECHBEIEFOR MIMORY FysE@yhus, data
froman enabfed menmory ti1ne s provided to the serectron swtcn 130, The
selection switch 130 selects apart of the nenory line to be provided from
the nmenory system 100. To reference a desired portion of data in the form
of signal s BAGKGRAVMY decoder 110 typically receives an address signal

1at identifies.not only a requested nenpry lLine 2 ut _also a portion of

e memory || ne TReRESRR R HEEER GRS thRs R Aiafords, O ¢ he

address (Addr s- fgidfoprodeiRrPMdtotin ifbgrhted ciHBIMRISYorhddtRitd i nh ishdteds. by a
second part of the address (AderAdgdr S i). 2 ~ FF8 V03 The address
decoder 110hg siegtooymystemgstorstdigital dataishch as EpG@anpinTinectings pevariabdedader 110 is
popul at ed a pl ljty of AND gates, o er menory. line in ry 120.
Bach ANS gatenn e G,k dpieal amSL Siept 260 feludfan abioss Soopl B bi ¢
posi tion of,etRgy {3d &Hd, Hfdhal, abBecRAAneRA 18AdtcIn sl 1203 drMedgash Dit
position i, the address 5 signals Addn are inverted (Addn#) so that either
t he true vaiwsecafedt‘menaiytiesss’ Bath memotydinepopdessee aunimy addressp pVheacint 0 an

AND gate. For any AND gate, the gate.is coupled to the, o of Addn or Addn#
that is a 8fesiHeAPRlrd ‘QFJSFGB%"?& decadeyy Wds ts @4%5?85 idgcca%ﬁﬁ&f?usl% 2@y anpl e,
AND gate 1 ' ' iheh , "is
applied to}tt%ﬁe?nglcriﬁcﬁrj%sss gg? gﬁ)&ﬁﬂpgyebsép%d%@g to ﬂ%gg%gaﬁA%gtﬁggP@gr all i.
Howeverlo Addn#=In éeprairedgplicatiobggit afagrbe pAdfErapkeite rédtiidve edeipurofamemiorgi gnal s

from Addr o#, Addr,#, Addr2#, etc. Simlar|ly, AND gate 114 should enable its
menory | i nEngvner examples 3 prazgsrer may doagits Wip the meskoryddPone mrangsy dine

Ther ef or e, Nt | | t . ] .= 0. . ess
10001+ aqtra Rl DR foddla AR A ok brorRbns s BB o BPIARALERS,,
h AND g#feQeleéticiwitod 30 einfits DeblcasiHOridIESE d Mer@66AidA0 66 oMfptit¥réhe

address to which the AND gate should be responsive. It is a goal of nenory
syst ems t otheganiasy systesg hedt A OWRUHIOASORINAIIYY isappHed t the gelection switch.

15 Thus, data from an enabled memory line is provided to the selection switch 130. The

selection switch 130 selects apart of the memory line to be provided from the memory
system 100.
Toreference a desired portion of data in the form of signals, the address decoder
110typically receives an address signal that identifies not only a requested memory line
20  but also a portion of the memory line. The memory line is identified by a first part of
the address (Addr,-Addr,); the portion of the memory line is identified by a second part
of the address (Addr,-Addr,.,).



Any del ays that occur between the tine that an address is posted and the
time that the requested data is available for use are undeglfg K%
times, however, address data may 20 be posted as one or nore arlt tic

. operations. The arithmetic operations nust be perforned before an address
may be applied to the address decoder 110. Traditional arithnetic
operations are slow, they inpose the undesired delay to data retrieval
oper ati ons. A tﬂ@dl@ﬁ@ﬁ%ﬂe@éde}lol i§ showstuin greater detay mfﬁ@r% Thgaddpss i nput s

R B R S e

bet ween evesy Eécth RAND %m@ @udhrhstgﬁfé 13d0REeivéd Mahpit sfghalifer dath Bt pbslhoﬂom tion
may affect the val ue the sumat a second bit position (SZ). Acarry from

t he secondobihe fiystspart Qfmhermiﬁrem {Addr,-Addr, ) ahlse farfeacthbit g@mmmx thetadidreds bi t

t S3 t th f t
i 'staﬁglg%@lﬁ@ fip 3 il aiedRadeeBsoctit e B PEDE Ml WA Ress PAORSS sum
result, Egraﬁﬁﬁénma 80AH1A% %Ql‘r'%m:?]ggﬁoﬁbfﬁﬁr@ﬂ@e@té“ﬂ;é atéia%og@éa_y chain

has travers e ent engt adder. "When Several arit tic
oper at i onst@athe cp&rcﬁibAmhdosAddﬂmhaahé ¥ ,oneaviey thbapprepmats talidresosiphatied f or
each operation. Sequential arithnetic operations on address data 5 cause
nmenory opefpRli€dns to be very slow. Accordingly, there is a need in the art

for a memory Sy%@?%&&zﬂ@% AN gﬁ@%l&oéhoﬂﬁsé b Hid Galo Tr)‘?fligg%gégs&d%? sgata when

%ta is subject to arli perations undant ress are known

be figst egodohdga dp;ﬂa:dltb ltlﬁméﬂdre%ﬁl‘ilé&ﬁfér Hmreepf@fmlto 800, a At fui=eefoir RPIUL,
redundant form ad is shown in FIG 4. There, the adder =' 10 generat es a
mul ti-bit Howevérapeldag=1 &r al}flr oThﬁ?fpméNW gate A ha regeives put Mgtlalpcf@n‘nl on" in

h | Th
Foqundant - FORT e AgeER s S, PR TRRO IS o B
traditi onalypadaifiress “égmongiamwtotﬁ@aﬂdme@@&céd@f nlrr@féfmrmm iR werdlt@ns are

very fast relative to traditional arithnmetic operatlons To obtain a
traditi onaANmmeﬂwﬂomeﬂamO Fesaddress t‘@@lt’Mdeﬁbardtls apdind &BthiNng&teu on

nmust be added. to i onal add For, ex the two bits of
each suth pbkt ’tnF'G P (KS%%UE Weg%&fﬁa t‘? theddes aﬁp Sl AEROTANSEE to the
”ad't'Onalmﬁ%eéd&ésslfwhwg&ﬁess $ @40 sRoul@Be FREbAANT result Tradi ti onal

menory cannot operate on a I's ITnput in redundant form No
known menory syﬁﬁmtgqaéoﬁmemyaddemsm xcéermdlretgxesmd dddaemcldyhaposmbke ~? 20

redundant form SUMVARY Enbodi ments of the present in i.on, pr
menory sysfenielass thaeeqepelatyeen by timedthet w&ﬁr%ﬁm@ﬁ@n# H}em%@@b ¢ data.

The menory gxés&egm ﬂgsdﬁgﬁle%rny@g?exngél glﬂgmﬂephya@vartam&fssaﬁm% lines

and an addr er that enables one o e ménory lines in response to

@r edundanse pestéd aasidreemnsnegmﬁmetm;&?amscm%ﬁrmn% It iRAMNGEe FI G 1
a bl ock d| agram of a known nenory system 30 FIG is a block diagram

of a knownperthimed efpsetrieddress may hegappligd sytb@éﬁdress:sdewierilﬂ dradional

arithmetic operations are slow; they impose the undesired delay to data retrieval
operations.

A traditional adder is shown in FIG. 3. There, four bitinputs X and Y are added

25 together to obtain a four-bit sum S and a single bit carry C,,. The adder includes an

internal carry chain that propagates between every bit position in the adder. A carry

from a first bit position may affect the value of the sum at a second bit position (S,).

A carry from the second bit position may affect the value of the sum at a third bit

position (S;). The carry chain continues through to the most significant bit. Because the



FIG 3 is a block diagramof a traditional adder circuit FIG 4 is a block
di agram of a known redundant form adder circuit. FIG 5 ;23 %O"Ck di agram
of a nmenory system constructed in accordance with a firs é ia083t of the
present invention. 5 FIG 6 is a block diagramof a single stage redundant
form decoder circuit constructed in accordance with an enbodi nent of the
present invention FIG 7 is a block diagramof a single state redundant

f or m decodearries affent thecahst ofuld uh resulicomresmits eannbt e artpetnfoand itheeattdeof t he
present invention. FIG 8 is a black diagramof a nory driver of a
redundant Peiltheadeslin basdrvsted ﬂt?cﬁ‘i‘é‘fera]gﬁgtg]é??m‘? aﬁg‘%or dance with an

enbodi nent of t r } i . i o - menory
Syt em const ruct oY " Sk s AKERE bEkedisSre HerkmB Shlhoh ST cBhin? COTL

i nvent i on. nfok(Be cbthpl@edfobtet spetht@i. HTyedntial dvieirétic dpetavions aoididstigited i n
accordance with a second enbodi nent of the present invention. 15 FIG 11 is
a bl ock5di aapsemesiory opeiateRs ©\every doWst ruct ed in accordance with a third

enbodi ment of the present, invention, Fl 12 s | ogk.di agram of a single
ctage redundant ACEPTBEE b &P e orar et & el Bes MoR s el "
enbodi ment  fieaBf RGBSR dAVWEEL 848 is dubfect thAritisnaicipesdiods agram
illustrating how addition of two non-redundant 20 values to obtain a result

i n redundant f ofRedundhutyfomy’ avdressl dictkinown tobT s teFbaDESdR0PAladiresn Ambodi ment
of the present inyention provjdes nme .system t retrieves, data based
gpon ‘adr oSEr 6 b it kg RSt RO AhE Le o ATl Ser
vl L ghi CoOREAAd AR5 SuB ShOGE™S! BRnAABLES, 43ha velBAl Bic fighidn? ol 11 eval
from mam)r% systens 1's made faster than data retrieval Tromtraditional

syst ens. FinGhe Beshltingstumatsesh @& S acmyilsissepres@ed bpnso bitst Ehe reduadanr dance
with a first enbodi ment of the Eresent i nvention, The menory system 200

i ncl udes afPrRgeAdes dogfe BRdRASsess he ppfernalgdfby Fhaip goundan traditieaal #desder 210
. _ : e f il e
LBt posi ¢ Aok Re BRI aininfic SUMIARLARE st rdBlint Bypddifoi B PO

f or m addr egghshetieosdrgivak STo dhieinadad RRaaleaetkdundihOresgle, eks®s bits andack t ed
menory line 222 in the nenory 220. The nenory 220 outputs data signals from

> e y
t he sell&ct it pomstiern Jupthecaddediogriher byldtradidiondadderr For epamply, the teobye- st age

decoder in this e i.nents The 5, fifst nprises .a redundant form
decoder i noéfﬂcﬁrf’flgﬁggsrl{e@uﬁﬂglﬁ?ufg_y r‘trgil %&ﬁég%?gégg ag?‘anlgfi_%%%rlgplget otg'gd into
address si @ftfifiodal Aéfer ONFIGS ©NIdesdh AB0h-rediidadresdl. t positions i (i # 0),
t he redundant form decoder 230 generates four address signals,
Traditional memory cannot operate on address data that is input in redundant
form. No known memory system performs address decoding on address data in

£ 20 redundant form

SUMMARY
Embodiments of the present invention provide a memory system that retrieves
data based upon redundant form address data. The memory system includes a memory
25 having a plurality of memory lines and an address decoder that enables one of the

memory lines in response to a redundant form address signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a known memory system.

30 FIG. 2 is a block diagram of a known address decoder for a memory system.
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| abeled Z;a, Z,b, Z,~ and Z;d, in differential pairs (Zﬂg %ﬂﬁi, é%~ Z; a#) .
The redundant form decoder 230 is popul ated by a nunber # r dﬁ nt form
decoding circuits (not shown 10 in FIG 5). The second stage conprises a
menory driver 240 in which the address decoder 210 generates nmenory enabl e
signal s based upon data signals on the address lines. FIG 6 illustrates a
redundant form decoder circuit 300 for _bit position S; (i#0) constructed in
accor dance wi t hFHa disopretiagiem af idragitioaladdpr@ieniti on. For not ati onal 15

, the t bj t f .S | | ed A B; i.vely. Th
fecodor o1 roui t 30" bendbeh Ueltafh prad0o8rsftwas m SFRREGHN TN /0% e
upon the val uespaf. 5is albAvok dRaprAN@f Pmemord fystom asHdtrBeted In acebRAtsSwin . B

A |, and B; |, are input to the decoder” 300 on input ports 302, 304, 30
and 308 r esfiestteinbeldymenddlthegsessnignedsiod; " Z; b, Z;~ and Z;d are output from
t he decoder 300_o ut orts 310, 312,314 an 16 respgectijvely.. 20 A
and B, are inpuf! 15%55}0(‘32 daa&rﬁmsqf“mlgﬁageé%gmﬁ%ééggatdéc CYEWEr at es an
out put sig I i [ i XOR gates 324 and
326 xR ganisrBst i fectanck IR ofepbinldiPb il R Bhlenbn X0 02 28 P onal <
Z,e and Z;b. XORI@aT ¢ 3Bbochaliggranes 4 difgls etenrbddnddne femi idatodedicircoit addr ess
signals Z;~ and Z;d. Ai- and Bi- are input to an AND gate 328 and to an OR
gate 334. eoubtryeted ins@onangpwith ap embadiment ofithe pregedinsatipine 332 that is

i nput to XOR ga 4. T at e.334 gener at N, out.put ~ si ls.on line
38 that s 1 naEiCt D Sachogs dpedBh B Fite PEA R P F R R AT 200
gsenbhes gedoi@dichi@ibéd MAdedrdinteavil AAmBRIANER of thderestd? ifveRfi@EENt S a
non-redundant sumthat woul d be obtained by adding A, to B;. Lines 332 and
338 represent cBIG.i%sablaskndmgsim pHmmiemdrysydtem eqnsiragied i accaBlanéewithst ances:

-5 z i ~Ea ~~+3 The sign on line 332 represents the carry from position
i -1 when < Secoqd exggoﬁgggg?%bap{egrfrgru}yenﬁ%e signal on line 338 represents

the carry from pRsifoii@iblock dMBAM of a meBory drRlr dRRELEEEth dRbRahce WINS:

either Z;, or Z ~ represents The non-redudndant sumbit Si. ldentification
of the oneasetdndsmbbdiment dfathe pmsentasvenhiencorrect value of S; is determ ned
based on additig i.nf.qr (ﬁji on. This is discussed in_ connecfion %th FI G

I
8 bel oW 10 A t¥Xaild itipclRipgiam ol gRRaFRATY SYRSUM QORMHCSH IRAFCPifaBrsWIth car ry
chai n that, pr Qg% t4 position of the addition. The
r edundant ?glru?ﬁ ectgggerlhg’lrf?té 't gg%}é%‘gg)tsn' not include any carry in from
position i-2 inFIhil2 isatddetkniagramdfe sieglest@etredordandfecmdiztodsrcirgiit 300 may
be but one stage of a mufti-hbit decoder. The gates shown in FIG 6 may be
shared wi t¢pnstraed Byasgerdancs wigh an embegdipient of the presentiinyntiogecoder. For
exanpl e, additi I t 40. i n Ll gates
that woul d be p%ilagg atetgogcoggg%qf ﬁgﬁ?g‘@%ﬁgﬁvsﬁ%&%ﬁ‘n@o@" %“]())[J‘ %%éh?éni 1
égsi tion degedes obieht £esdfth REchdAPIorM dnfitoying no'ad@iéidht i on decoder

&grrespond to gates 328 and 334 in the i " position decoder. Gate 330 (al so
in phanton) may be used in an i-1 position decoder. 20 FIG 7 illustrates a
r edundant _migﬁm 400 constructed in accordance with an

enbodi nment f tion. The decoder circuit 400 is appropriate

for use with regyndaadirh@itBfthe prenf\diieRtiod Proviatahi MEBbrPLRAEqRat t he two
bits of ~p are represented as Ao and Bo respeéectively. They are input to the
decoder cinetrieives data based upon address information input signals in redundant form. When
25  arithmeticoperations are performed on address datasignals, data retrieval from memory
systems is made faster than data retrieval from traditional systems.
FIG. 5 illustrates a memory system 200 constructed in accordance with a first
embodiment of the present invention. The memory system 200 includes an address

decoder 210 and a memory 220. The address decoder 210 receives address data signals

30 in redundant form; that is, two bits per “bit position” S;. Based on the value of the
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400 at*input termnals 402 and 404. The decoder circuit 40029<1;\rFeE&t2«3&3a
single 25 differential pair of address |lines Zo, and Zob on out put
termnals 406 and 408. Ao and Bo are input to an XOR gate 410. XOR gate 410
generates an output signal on line 412. A carry in C-" ifprovided for bit
position O, is input at input termnal 416. A second XOR gate 414 receives
i nput signals fromline 412 and term nal 416. 30 The second XOR gate 416
gener at es zgandan {gob aidresuitipatsignalsyiheaddsires® Bleaortr £08.actéssewa celectgdi n C; ~
provi ded, the second XOR gate 414 be omtted. Zoe, and b may be

gener at ed HieROEY Iyefz%llﬁ lhﬁé“q“?qutzzénge@é?’%o‘ﬁfégou@m dft“‘ﬂ_ﬂ%s bomihe G s
illustrat eselgctgd %{‘ L8gsam of a nenory driver 240 of the address decoder
210 (FIG 55 cons ruc I'n accordance with an enbodi nent of the present

i nvention. The mberdyresy deceder 240ma$ bpepud-sagelddpda inthibenbedimehDTgat es
242-246. Each AND gate (such as gate 242) is provided in association with
one of ®Bhefimsstagg B toreprisen atigdundapipfoymodegoder| ig wiygh tl@mﬁiuAmtg’am 242

recei ves on e ad ess the redundant

oo tos oq gl dantsiBRAE 72 S1ebdb S et sidrab s Jp Be SARBHER. GHER "ML

pai r of adgﬁ?@ﬁtxbhﬁﬁé# dp@hezl‘éguﬁd%t% d@@&ie} n@@gen&ated fouf s&&@ﬁss%ﬂa% a
r edundant m | nput  address signal, one of thé menory |ines 2 FIG 5)

shoul d be mbelletiéd, .J,@,cAsdﬁg,ﬁedhffmmhalrpas‘péchth&Zh@,d#)adihndahmdmmfomdecoder
300 of FIG, 6, aone.of address lines Z;, apnd Z;~ carry the cqgrrect signal
ialve o ieoRechdaPpb el i anuBbarof edufmniong detedide G S Shena ned
rom anqin | s\C i nes
cal | edqt heﬁleigz{)@np )e? P%ﬁeﬁg ,sgth%Bi\B@ﬁées aOmEﬁlB vag](ij\;eggg P g?rq}\gﬁ{:}gth%;dg%b obt ai ned
by om tti ngecoer ZIergBhBﬂkesGﬂ&‘m()fy(EhﬂJlﬂmgﬂﬂs b:n;eﬂ hpen dathsighate oh theaddnesdND gat e
242-246 maps to a nenory line 222 (FIG 5) having a unique address R The
address may4¥e used as an additional piece of information to identify which
of Z;a or Z,~c i C Y/ o ifically,
t he non-r edundaﬁwr 66?13%@32?8 aﬁ{gﬁe&a trfgisl}smﬁé%dep‘g&uw%gg ?&iad(g%p(f%!tion?%?g({) IS

taken to b&mtst}ectwinlaec@rﬁaﬁdamtmcameﬁﬁdumhimbftﬁelme&niilnv(emm1:8;ndxht.i&ﬁmi S
assunption is justified 20 because, if it were not true, then sone other

i nput 36 gnpurposss:the twe bits of: AndehgledeA @ad B; remylvmuifhe decoderarediiBfg t he

addr ess decodin rL0Cess te . 253, m i oci at ed
ory | | rETee BHRES SBnal A ez s statbof Beatifies RE S HBard S0
functions B dﬁe Coiyahis Qil A dan‘d%{ Ghrda ﬁt@QH@B&JoGQr 0D At agrees
with the a(ggregs b) ga %, qt he |ﬁput ?I gnal val ues A m%pm% ~ and B;
_~ are kno¥2, add 3DﬁanQ5081mmpacad@lmdAddremngrﬁisZ.,, Zs, Zijandwiy'are autet fRim , , ¢ he
non-r edundant, v le 1 belgw illustrates the

b
val ues of Gfdg efﬁgé%%'égt%réa%%u%&i ﬂﬂ“dfaﬁgrﬁeﬁﬂ?é ‘Y Yundant form decodi ng
éﬁr cui 39300 for A8l mﬁahp&t%lggﬁrswaﬁ}s&x@%ag&w 896, ROR e300 é%nex%

e table is sorted firs ., then by"S . As the table Il ustrates
when S, ~ doupdt,sighdl &) k322, \MmrBQSis i,np'utsto]a,pa&of XORSgates 3224 dndB26. KOW0~
~. ~Bl ~SI - 1837l aZl bZkZm800000 10101001 110001001p111000101100100100110
1000100110229 62Deenenas efm@ﬁé%wnm@ BerressI0Rs G e 46185681 88201000011

01~a% égég%%)%e%ﬂ #88%‘%%%%%%%’%8&%& AR5 5818 081 44 10010010111011001

101110100110001A1 2A0 B &Rdtko AN ANTI dakd ODRANL1O 24 DROZAO8DM AN 041@B24110011
~D101110011111111010 Table 1
25 generates an output signal on line 332 that is input to XOR gate 324. The OR gate 334

generates an output signals on line 338 that is input to XOR gate 326.

The redundant form decoder circuit 300 resembles a traditional adder to a great
degree. Line 322 represents a non-redundant sum that would be obtained by adding A;
to B;. Lines 332 and 338 represent carries from position i-1 under appropriate

30 circumstances:
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O course, an AND gate 253 is responsive only when it receiV2d FEIBLI?U
Si gnal s 20 that are 1. However, sonetines the correct val ue of 8
(when R -0). If S; were input to the AND gate 2S3, it woul d not functlon
even though the selected value of S; is correct. Thus, when the correct
value of S; is selected but S =0, S; is inverted and input to the AND gate
253. Because Z;b=Z;a# and Z;d =Z;~#, they are used as . input signals when S;
0. 25 Thus, for *each %eﬁlgﬁélélnt |n§ﬁ32re,p{esgr)tsthgﬁaxmfg‘ylggt)%tl?ry-};}yhgm 2=l 0 one of
the four address |indss &seriteddatbased upon t he non-redundant val ues of the

address bits R, R _,. Table 2 denonstrates how the connecti ons are nade:
_9_ 2 1 FEB 2003 5 1val alenl{ﬁ@gBS? rd‘séﬁté’ﬂi@c@wﬁ&ﬁbeﬁt@dﬂl wlen SAgdr ess
Line0 04, d0 1Zibl 0Z,] 4 ﬁbe]leatt: the AND gates 2S2-2S5 iTlustrate
coupl i ngs nadeln accor nce vvlt ~ '~th|s principle for i=1. As

descri bed W|thr ere to I osi,tipn i= to address a
nenory I|ne 2221 &elﬁggﬁ, I@rﬁfﬁf:s@npé‘]ea‘fcg\dre ‘%ﬂt%ﬂd‘?leg‘sk%nf‘gf inginoO
(Ro=0), W@aﬂ%@s iR KBS cfe bAIPLLvIG O8RS, 5 MBteARMel Baskibh a@dmmment

For each A ate Sre a ted to an address termnating in 1 (Ra=1), the
AND gat e rﬁffenﬂa':ta)naﬂ“hlsnpdiscmssghalcsnﬂiefcunn itheF1%0 8 belowt hi s enbodi rrent When
the least significant, bit of the redundant forminput data signals is used

in the l8ddress df tﬁaﬁ@oﬁ@n@ﬂ‘g‘?r | hoyesyen ywould ipmplos ap dptern, Sty ofaimphate used

wi t hout a d EMRIeRY Y When
the | east é%%%%%% ?H}c eve ;‘68 lﬁgﬁlrogg{@%‘ﬁ g?lrgnqdﬂmnmﬁgfgs ng?ycm nci de
X h the | gagdit %@Mésln@ﬁmblubbhnﬁéaﬁyhm fashl pesitiow-2 imthiganwsdimenne.  For
exanple, if redundant forminput data extends from So-S" but onIy bits

S3-S" address tfreerﬁedmdg/ntlfpméecodeterqynteiqodnasabdbnh9anéa&erﬁf opali-pibr

dundant f t t SO
Const rct etooReRdbE S L A FIG: dobui3hbah Sl Buh ke oF K mer ol
i nventign. phi %hede%e@&npioxe&@ﬁdumaamoﬁ&u SHab Aodiy ﬂﬂ@ﬁb@nﬁﬁ)ﬁhaﬁtohﬁad out
of a nmenory based on redundant form address data signals. The menory system

S00, like tlhletrstygamtmmvmlﬂd b¢ movRledi tacouplegnput sigtdisetisinddh delthe iSF 10 and a
menory S20. The address, de er 0 .co i ses. a two-stage decoder

i ncl u)dl ng aw%%ﬁ%@ﬂff %8%18%@6%%21&%@8 gﬁfjh PQSWQHSFgPd&f F?fg @fgto 88 menory
system S0035¢ ?ﬁnh@ﬁélu%auanaséoee; iR 53 (b ipfAntord) may Be hsddfiRant B 10

t he second enbodi ment, of the redundant form address bits” So- SS+" subj ect
to arlthnet-ll@osmepdemelssl ng onI y a portion of the bits SS- S6+" is enpl oyed
t o address indi viﬁdual The repunining bits, So-SS. epresent

dat a si2_8nal s wi FHn 7all %P%/ a Iegéndas‘t'lfﬁenn%‘%?ﬁ?‘if ik APS Rpnsirudteds ing r eads
out "al ! anedoflphle widlahdARBAAR of BIEREP indRhdbrd T80 AkudeN ol FoQN! al ned

within a prede I'n a nmenor |ne mem)ry ' ne 2 1s divided
to a pl usgropiyatefornbowlts redindnnb Faraisit 85 e galip¥or nomtibhd pufpdseq theanader
égocks S24 and | ow order blocks S26. Wthin a nmempry line S22, the bl ocks

are identi biteef Smyreaaaﬁeese @6 aansHB, respectivaly. ﬂih@vsagwqputmhﬁﬁm Brisditrent, ~,
10 req“eStgﬁ?o ggbn | 9'0%§m s, & dzogéd ﬂoJPOPﬁ‘d%ééfonFthf&?p 4%%1@%&12561 pg@“”da“t

f orm decod S pop a mul't stages 0 orm
decodensci fgferdntidPphipdt FI G 6. The redundant for m decoder circuit 300 is
appropriate for decodi ng all redundant sumbits S; for i = s to s+n. FIG
10 i |1 ust r addressdingermrapd did onequisterpfinalh 406 dud 488 decoder S 10 construct ed

1 Si d h nbod t
driver ?§°82p3{‘ v 8t By o8 ‘RS e ROy A £ RO 2 U Sl it h o
bl ock  of gﬁﬂ%hmnlehﬂ?Aéa tng@ ni?ﬁx%"v)’de@i%x”lﬁfpo%ﬂ%n@ isfthgar alnpliedrmifde twice

as nany ANE) gates S41-S4 Rere are nenory |ines. ere a nenory line
S22 is assnm]eﬁdsanndid?d)lega;tememqm&emmft slgntls fR$n fine RE2-'and tenmidall d¢&s wi t hin

each nenory |ine addr ssed b | ower order bits R to RS m In the
t wo- bl 38k imﬁsp&?? kf? gesﬁrta¥en 00 A0 fedy EQERUpENINALS 406 and 408 1t o
carry in Cy, provided, the second XOR gate 414 may be omitted. Z,, and Z,, may be
generated directly from the first XOR gate 410.
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bl ockss within a nenory line. For each bit positioni (i froms to s+n),
each AND gate S41-54S receives as an input signal of the afd ¢£8 Difdes Z a,
Z;b, Z,~ or Z;d generated by the redundant form address decoder S30.
Identification of the one address line Z;,-Z,d to which an AND is 2S
coupled is determ ned by the AND gates' address bit R, and R, _~ according
to the principle outlined in Table 2 above. In the nenory driver S40 of
FIG 10, two ANBIGaBdkustates agiruyrdiagrampeing megiofy devesr Efeelethgiaddeesy edundant
form address. A fj at e 1l selects a. low order Dblo S26. The

el ecied | duedpiiet Bso) edtfesin Aot it B eRH o0t 85 Roenl 56

second AND;fgah@or>4heTRineGy Aride 40N s poslRLe®bPa kumBér of 7 h@actaeth4w gh order
bl ock is -10 2 'l F E B 20a3 addressed correctly when Ss_,=1. The

sel ecti on Eath ANIHEQe (fuctBas gite 342)as pioveked whissbcigtisinegittednddigbk meinamat a i s
routed qut of .the nenor Y 00. . The reguested bl ock of data.is

ol ect eq byinesdh S TEROSAZD LhI CE b Basl AN erec T Feetiinannot tbSeddriisdineS ar 1 y.
SS_, is not know j ik dTBYdePS3 h§ Elcpgmjg a
traditiona “22“3%* to}ﬂé&?&ﬁ%%&ﬁ%&q%}gﬁrﬁ adcfjreessﬂgzt a‘ﬂj@'?gr it Egé;ﬂtl?ons 0

t hr ough s- 4lso Weeivesomost-thephinsfadtresaline ZgfZ sSfor bitipesitbh &0 &alrespdnseso appl i ed
to the selection switch 550 to select the correct block of data. The bl ock
sel ect ed bgredyadans ferat inpwt addfestHigmapne of theaemnsy lipes22dBG ) shouddbe gat e i s
known to haa/% erdecei ved a correct input signal. Al though a conpletion carry
addi tion nﬁf Be'perfor med in the enbodiment of 10 FIG 9, this enbodi nent

€Di 1| aphi eves Agmiodedith eshet M@ Bfeere@viRiant 1oemSi6s6ETE 00f oft ING. I8, i0RE ofr t .  The
carry chain propagates only through bits 0 through s-1, not through the

entire | englduessfinehdi, anttifecrary(tis edenettignal mylue T redhedaotiBr Yhe petrest i s
st it ed S vabe PR R roaha inrumeaiy eESE Rt ShefyenfiSte °°

Tradi ti onalddurs &B%H&[ﬂl@s%aﬁécﬁhé fonh8d'y) BvERr MbRIVed faSmlanedinay menor y
| i ne once the nory line is enabled. Thére is an inherent latency in the

time that badlained by ainlithbp ¢hetinteanad ey thaam swi t ch once a nenory line is

enabl ed. Thus, perforning a traditional a a short run of .address data,

for exanple, fr F@ﬁ%ﬂ%ﬁi&l c%‘ﬁg Akt g‘iizﬁ%gq aps dn @ PEBAD {in¢ Ké2speed at

whi ch dat y tri t ter b . r ol
?\%thét So)t}faﬁfnisa gngﬁ.t@%dﬁfem. 'iglﬁe Jggf@§ May gguféd aslaff a&dg\’xehéﬁ i &RINF

signal s i e ion swt O may” be generated using the |l ogic
of FI G 9.inldimatien edtlemify sabichaif ZL 507 taekd thaegrrdve valoadf min-eduidant 8dundant
formlogic. FIG 11 jllustrates a nmenpry system 6Q0 constructed in

accor danceSricificalrdheeon-gsdnadantesiue of the gddrgssdt athit positionis bR mh ke nor y
t 600, st Y i " d dhat i .. ned ith
2V hi o bt oebehE Paiu Bl Of e itRlafy sty SCARE 1L ThE pSmBRA 6 Ml T N1

quart epot oheeasseliditfwa@é néx tiRhel sdrh@otheRdputisgns fdtht Bvipg QNI gategsyodi ment s,
Q;ge menory sgstem 600 includes an address decoder 610 and a nenory 620. The
addr ess detBdaoukite zercduiideshenddeess deradingspeasel dhe YD ga® 233 dnightasior y

dri ver - 640s1uH o SUHSARmb 1ReTE 6% o QR RS RERHERIHANINE ARG g oo

253 functions when the completion add would have generated a S, ), that agrees with
the address bit R, ;. When the input signal values A;, B;, A;,; and B, are known and the
25 non-redundant sum S;,; is “known” to be R;;, the non-redundant value S; may be
calculated.
Table 1 below illustrates the values of Siand the values Zia-Zid output from the
redundant form decoding circuit 300 for all possible permutations of A;, B;, A,.,, B;.; and
S,.1. The table is sorted first by S, ;, then by S,. As the table illustrates, when S, is 0,
30 Z,=S, WhenS;,is1,Z,-S,;.



~ 1 FEB 200B a plurality of decoded address |ines,
pairs. The nenory driver 640 generates enable signals on ne abl e

| ines. The nenory 620 is popul ated by aplurality of menory F%ﬁf@&iﬁﬂ&ach
menory line 622 is divided into a high order block 623 and a | ow order

bl ock 624. An 5 independent nenory enable |ine fromthe nenory driver 640
drives each bl ock 623, 624. Thus, in this enbodinent, there may be tw ce as
many nmenory enable lines as nmenory |ines 622. As noted with respect to the
al i gned data enbodi nent of FIG 8, the menory driver 540 drives two bl ocks

in thenenpry 5207 ¥Sse—te-a—stngl H0A <3
bl ock |(AayB gﬁlﬂf%'ﬁ §f"rf-‘$‘ %SZLE@A,L o gt &M&‘s@
bl ock |[(& | 6w & dé bP dck |586) 1doBs Aol c | H3t%. Theltwd
bl ocks| amyibe0 but a®q Bdt neBes8arill ly, &g Senbrytli Re
522. Iinot he ali gred @nbodi rrenP of FNG ted Gath is O
confined ta ore aof thg @woObl acks, ilt her| @ helsebond
bl ock |i $ addressed corireqgthy or Aot skedohd bl oGk 15
input [t sel eati @an sajteh $500bud i3 e Orgn®r y1sys8t emn
The sl ect pon1swiqt cho 350 |out pot soonhy forlsa bkock. o
Howevegrq4 iR the wnhalo Jnedq enbodi oeng rdo dag a may1span
bl ock [bgungary. kn td¢ erbedi feny ob 1ijne ie divide
into flogr gata "ghunkg"q §25- 628. 4Eagh chugk ks addiessed by # cenpesi pe
addregqsyR pncludijng ¢ hey 304 adgir egs gf| t hegchynk'os ReNOry 4 ijng 622 g 4
gzyepres nted By @ddressy bifs R9- R8+g~ andga ywohi t paddr ¢sf [reprgsepti ng
chunk )i fse}f frepregented py gqddjesg |bitis1RSpZ-B9_}) . Reapgsi edgdaja g
cross |bounglar pes jbetgme ungs, 4 bug fonllyjong bgundary. |I§ |requgstgd da
spans t£0 ghuqkso(sqy quks162$ apd 6 6),.bhe1inBut1a?d{es§ dgtag
e edoT 126 edued: L def o be L b ottt e ahuricLe byt chank-606)
identified by the address and, at rmod@Pleal chunk (626) adjacent to the
address. The address decoder 630 is a nufti-bit decoder, popul ated by a
nunber of decoder stages (not shown in FIG 11 ). It receives an input
address R (including bits RO _2-R9+, ~ and out puts decoded address signals

output as differenti al

n.

rocnonan addr ac o o
C, 9

MUBI a1 I|J |L of
oAt ailn PeqPestieq
8catled 0 n t he s
Obedaude Pequled
iOmmdt enli al1 wket
atouOput! byt t He
not| aut put Of r & tthg
t het1datta forom t he
of FHG 31, 1request ¢
FI G 1, geagh nenor )

nd

|

=

8
is
Dat

i

t he

fan)

y
ta

ot d
A\ R upwyw |

s R 285 'raau
5 “=o—rtugua

(Z,~ Z;d) for bit positions i=s to s+n.

circui

t 300 (FIG 6)

The 30 redundant

is appropriate for all bit positions i#s.

f or m decoder
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~'CB 208 FIG 12 illustrates a decoder circuit 700 constructed in

accordance with an enbodi nent of the present

i nvention.

It is appropriat

1

e

for decodi ng ad@fessrss] gnAND gave 258 is rpgpdhsive onliywehehlitredeivedimpucdigmals t 700

generates two differenti al

pai rs of address sjgnals Z58 Zsa based upon

redunda® st aseilnpigvends: sonagtignes|the eogreaiyajue ofayis A when RoPhlisS: 3vees 884t dat a
Si | s A5 , v i At f
Jecoder or 12 M ARR s 3 woRdndt HindiinroRh tnoilihe bR AERUIRRE 07

circuit 70Qorétt PrHus, wieanitie doraetd 6186 o55,g$

sdl&ctetBut B3®, Sis invteprel ahd impat 707- 710

respectively. Address data signals AS and BS are input to an XOR gate 712.
An out put &0 theaANPrasig 3ERBysresedig2:d andfut =4uth theyrare ysodom igapiesigmls and
716. XOR ga%F §%§ generates signals Z5, and 10 Zsb; XOR gate 7|4 generates
signal s z5Y5R 37 Zsd. Address data signals AS., and BS ~ are input to an AND
gate 718 and al $Rud ForéhcHBitdRIsRioAS Qi+ A MrOANBHEatS isdidabled!th e 62 Bfir t he OR
gate 720 is input to XOR gate 714. Address dafa signals A$ z and BS z are

i nput to aaddresrlineNG;,at Basgd dponithecwngedursiaghedlues of the address bits R;, R;,;.

Table 2 demonstrates how the connections are made:



on line 722 is input to AND gate 724 as well. An output signal from AND
gate 724 (on 15 line 730) and an out put signal from AND gatg ?ﬁﬁ(?ﬂ@ i ne
728) each are input to OR gate 726. An output of OR gate 72 732)
is input to XOR gate 716. The decoder circuit 700 ensures that when the

redundant forminput data in addresses chunk 627, the nmenory driver 640

drives both blocks 623 and 624 of the sane nmenory line. Note that when the
i nput address data reflerences 6 request pd data nust be found

entirely within the | gw bl ock‘%iz]‘%rﬂ{f &ﬁeisﬁgri nput aﬁdr ess .~ ~ data “

references chunks 626 lor 625 the PRYUR&%ed data nust be fogkatEntirel )
within the high block [623. 1R an enbodi nentRi1t he nepory AfdreeyLidgo nay be
constructed as shown ijn FIG 10. For all bif positions, an D gate 1%
connected to one of the addrdss |ines 25 Z,e-7Z;d, based upormt he val ug
the AND.gate's address R at positions R ang R _I, (see, Table 2). Thg
selection switch is controlled based upon the non-redundant “dddress af bits
s-1 and s-2 The discuslsi on of; the redundantyform address data provi ded

above has assumed that| one or a series of redundant formarithmetic
operations are perforned on address 30 datalbefore resultantZ address gata
is input to an address ; T - 3

arithnmetic processing may be omtted froma mam)rgl operation. Wien a nenory
operation causes a single_ addition of Ewo non-r edundant addresses_to be
ggrfor A8d, the W-WMB% 234v2ob dlustptecanplingg apads an aqepedapggwith

n- r edundgnt s.may be input directly to the address decoding 5 As
shown in F@&W@Qﬂggrﬁ% urll‘dant formaddition of two non-redundant nunbers,

gener ates a r edypdesdribed wittsi¢ferénce W FIG: 5, Jiicpositidd i='0 & uskliltoiaddrbgis, this
enbodi nent of the present invention provides for zero delay decodi ng of

addr ess damampry dnes?37gFer eaghiAdNIY sate pelatedrioranadidenss Riermmnatingrie Qefe=0hvent i on
provi des ap ess decoder .t h decodes. address data 4n red nt form
The " adar ecBe dMBaRR HES T o M meiRclo BOPRFTRERHR S AR Bt oos
data afj5Vefyardl] @hnHiReds Arthinating el QRESD), HRANNES gdt8 tQ@BR¥s 8h iffRlPighals
operations that rely on those arithnetic operations. Because the address
decoder onfrom lineeZoi mttbisreaibodemeny. chai n common to traditional adders, it
provi des dramat r f or mance, benef i 15 oyer .conventi onal nor

bperati ons | nvol R ARBLICaNLotIRr BRSRAE SRR P UL BRRE & B he
present I nyapt lh?)d}eﬁr& tﬁ@ﬁx‘étnfobﬁﬁﬁéslhazhl fhe %}éséﬁt%ﬂy&ﬁ%n%?%%é Bed ialomt 5

However, it w be appreciat’ed that nodifications and variations of the
present i nwemileton add. dovever] dyompletiabadd mendei emgploged whenhthe lelse purvi ew

of the _appended cl ai i f hqut departing fromthe spirit and . ntended scope

of the2d ﬁe%&mﬁewtLFB?%&%JU??%#&HP@%AO?%B@WC &3l the least FARtRY st em P
R - ad ) q

éﬁ”p“ Sl “%ftﬂ@a@&%s%%ﬁqegﬁgrgg@’ 1irfR F‘&Ie?quﬁ;?e 'ifer%&ﬁﬁ/cﬁ.nf Ra‘f‘:‘d’lgﬁ]\'{?daiaoe&@nﬁg. ress

jgnal s, a menory pop y nenor nés, each nenor i ne organi zed

into firstfrand,Kcandndy bixks,-S; bédrbdsahk smenaurplligds, taocdnsietisidsdksmag®eoder by
enable lines. 2. The systemof claim1l, wherein the nmenory stores unaligned
dat a. employed for redundant form bits Sy-S;.

¢
(@]
—

FIG. 9illustrates a memory system 500 constructed in accordance witha second

25 embodiment of the present invention. In the second embodiment, aligned data signals
may be read out of a memory based on redundant form address data signals. The
memory system 500, like the system 200 of FIG. 5, includes an address decoder 510

and a memory 520. The address decoder 510 comprises a two-stage decoder including

a redundant form decoder 530 and a memory driver 540. The memory system 500 also

30 includes a selection switch 550.



3. The systemof claim1l1l, wherein the address decoder conpri s;& 1aFEBuZ@gi ty
of redundant form decoder stages, at |east one of the stages having inputs
for redundant form address signals of three bit positions and having an

out put for a decoded address signal of one of the bit positions. 4. The
menory system of claim2, wherein at | east one stage has inputs for

redundant f or miaeysesshdentbddintent lof the@edlindam@Srint AddRGs BiRIS8S, sabjepttoput  of
decoded address data for one of the bit positions. 5. The nenory system of

claim 1, whtmeétic pieprogessingy ohlyrreportipe ofthehity 8ctSi.niscemplapedsto eddsesso a

bl ock. 6. The nenory system.of clai.mb5, efein each chunk is .agssociated
b th s coMpibe B el haTTRe HR R by et o RFCt] s Bhel JHina A

conpri si ng, ligetion switch coupled to the menory lines. 8. The nmenory
system of claim1l, wherein the address decoder conprises: a redundant form

decoders havi ng T&re mepoty Syetent 50 e FiGdantads aum®alijphed slatasi gighsd daad - 15

21 February 20,0343 menory driver coupled to the rggundant form decoder by
decoded ad@mpEEes Jatfusnahthplase sRntaiRehYithina Rredpbingd blogk iamemeny Bng j nes. 9.

The memor %3891 ﬁ}eﬁg&‘rfiin%fé Qd@vidé’!‘iﬁ[oei gltu}i}ﬁy bEOIUBEARY o LS 4ECQAG ihS 2
nmuf ti - stage decoder . ) nenory system- conprising: a nenory popul ated by
a pluralifyGod mighwider blotessnr griovastdénBlocksiSet Wathth S@embey hoslos, each

>

menory |ine associated with an address of a predetermined wdth, an address
decoder hthe blgcknaienigentiffedrbyr adilresd adata Sor #h pasitionss | singthid embedimentidr ess

signal s representing address data of ta wthin the nenory, the address
cpde‘i c{)%b’le%tﬁc_ifi%ta%ﬂ%s %W@%Wﬁ%ﬁ%‘ﬁ%f\#@fgdﬁl_ The menory system of
efai m 10, wher qiha felhhdafOifaRtcdder BB8d¢ Rp81atdd |n§zlti;5l€|d%é’§eg ¢ fhgdundant

formdata for every bit position of the nenmory address and r two bit
posi t i onsreldpdand éorm degsodericoast 3¢ fiRlGi 6.de redundpodom devodér direrit 380ror y

address. 12. The, nenor stem of claim 10, .wherein the redundant form
addr ess sisgﬂPQF@riaffc‘ggaé%"% gr@dﬁ&‘&%ﬂ‘?{ltﬁ“ﬁ‘? tﬁso\i}tqg”fﬁft%%@ry bit position of

t he nenory add S tny)% Lty i 4l j

significant bi {F ?(?)bls?? P?chltr?%cs)fa t e&xgﬁg‘%?‘lgggp%sagg}eig&%%eéts?r%?r%drsgﬁ gt;t?cslt em of

cl ai m130, innhebadancd hithandmesslidenadahe prspitiisvengion alhememdandrif@rig decoder

coupled to the inputs, and a nenory driver cqupled to the redundant form
decoder bpoRrieteddy mavmbersof] ANBsgaipdStband each esspeiated yei a blogkeaf 214, The

e AR AT o B S O GG LR AGFIBRAS o 1 i
14, wher e541-508 a4 ettt nieniody ThebeVadeE a memory line 522 is assigned an address
R composed of bits R, to R,,,, the blocks within each memory line are addressed by
20 lower order bits R, ; to R;_,. In the two-block example of FIG. 9, bit R,., addresses the
@ blocks within a memory line,

For each bit position i (i from s to s+n), each AND gate 541-545 receives as an
input signal of the address lines Z,,, Z;,, Z;. or Z;4 generated by the redundant form
address decoder 530. Identification of the one address line Z,,-Z,4 to which an AND is

25 coupled is determined by the AND gates' address bit R; and R;, according to the
principle outlined in Table 2 above.

In the memory driver 540 of FIG. 10, two AND gates 541, 542 are responsive
to a predetermined redundant form address. A first AND gate 541 selects a low order
block 526. The selected low order block 526 is addressed correctly when S,.,=0. A

30 second AND gate 542 selects a high order block 524. The selected high order block is

-10-



includes a stage for each bit position of the nenory address. 16. The
menory system of claim 14, wherein at | east one stage deri \fg ﬁﬁggﬂmg
address data for a bit position of the nmenory address from#ed form
address data at the sanme bit position as the bit position of the nenory
address and an adj acent |lower bit position. 17. The nenory systemof claim

14, wherein, at_| east t age ,def | . f i fi f
the monoryRidiee€ B el S the RRE SAGHA eSO aelhulles G LT, 34
wherein a gfiag&l BBEIPUE SatdlRGeGeH o BS MemoREsysRESSID. ated with a bit

position of the nenory address. 19. The nenory system of claim 18, wherein
t he stage out puThe seqpested bibckletdrdet saltdied b3y stlectom, svowh 5566 basedamtriong a

non-redundant sumwhen.g carry in the stage [ S zero he her representing
a non-r eduﬁ»‘é%‘?aném@m- g]ﬁ'éﬂlyt ﬁe ‘%%9‘290‘?"?1- foso%g%’é.ks-n@@ma)&b K8 lteé‘P PEEQBY si ng

data insa mEOBEY . tRE JFRGLYRRYLAL S8Ry JRI®RY b hhRLgRR,zed into

iofis'6
first and secongn%ll ocks, each nenory [1ne associ attefg)gg\iotﬁﬁ an aglgr ess of a

pr edet er m waknwndhedundentvanleodScongbtaiged)dtis 4pplied 1w thgselediondamich 580 m
address data for each bit Eosition of the rrermr% address and at least t wo
e

bit posititorsslesithegpraect blesk osdainiThieblask seleetedpwihe selpction spiteh 3dfisthe addr ess,

decodi ng the redundant. f ddress data, and driving a. first. bl.ock and a
second bl otie BEEET Eips ANIZERE il B ehteed oo Pk AT heloor ' 20,
further conpri shRBo@h Abdinip]Endaird alldifoh 1A beperfdithed in MRRnibokheRbf SECONd

)l ocks based on redundant form address data at said -17 21 February 2003
380 bi 10 poEiG.i%thss trebadimant stiflsichisiepriipresedipefotmanss pvérghe systermeoftheror y
address. 22, The t hod .of clai m 20, erein.the nmenpry |lines are organized
nto chunkENqahiTHe EHEY g RSPoacs e treRkihits X ibRuER s HaaptBloughine o¢ ( he
two bit pogjil RASHH SRAESRREss 10 REPHSSAT ArHub URK hall'R rB&IdaQd of claim 22,
wher ei n vme(:dn thegglddr essed Sgﬁenk I"ndi cgt es t ha%ar%g(alfesterd data may be

| ocat ed i n bot hThd imk empioyad $0 pefeammthashort ametidrhalddnawbemstfiepaldo i ves t he
first and second bl ock of the single nenory ||ne

: -18 .
. AF3. ANr . AdpeAgpporetiong! chekactotishies .wsmwﬁ%’aﬁl@om’(mm@%@mse. segpgvehad 4y $08 |
| > .. .
g} \ég] 22% éqaﬁqugi%%g‘?@]éf%ggg?’?a‘?g%‘?gla?@a?‘g g]ﬂ%:ea ?:Igfr(,yal T e{f glkaab]l%q‘ g]hgrfe{ ?:nl'a] c aJc

al inherent latency in the time that data is available to a selection switch once a memory

R78AC0AG xsnhc”Y] ] ca] ca] ca] c™a] ca] cgg(_:a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] c" a] ca] caljnedp eagtied JAps aedareap edyaditiens] add o xelorypn of address data, for

}(Léi cal ca) bty DEFEMFHLERLE A Prfa LR S E DGR IERIRARE 1)) &°
*r be retrieved from the memory.

+o+++++Y, , } xsni d_Z] ] ca] ca] ca] c. a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
é;] ca] 2@] ca] ca]Abgroaijvsdy, contrad pignils ilput tatheseleation switchs 50 may/begengated 16222, 33

Rt S salia g 1

]
,, <T<<=7=FRg hmﬁﬁwg,-g':::::::::::::}vw | ga\ Vni d_ZU] ca] caU] ca] caU] ca] cal] ca
] caU] ca] caU| ca] caU] ca]cal] ca] ca] caU] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
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memory lines 622,

As noted with respect to the aligned data embodiment of FIG. 8, the memory
. driver 540 drives two blocks in the memory 520 in response to a single address input.
{i} 10 A first block (say, a high order block 524) contains the requested data. A second block
(a low order block 526) does not contain requested data. The two blocks may be, but
are not necessarily, located in the same memory line 522. In the aligned embodiment
of FIG. 8, because requested data is confined to one of the two blocks, it is immaterial
whether the second block is addressed correctly or not. Data output by the second block
15 is input to selection switch 550 but is not output from the memory system 500. The
selection switch 550 outputs only the data from the first block. However, in the

unaligned embodiment of FIG.11, requested data may span a block boundary.
In the embodiment of FIG.11, each memory line is divided into four data
"chunks" 625-628. Each chunk is addressed by a composite address R including the
t,;" 20 address of the chunk's memory line 622 (represented by address bits R,-R,.,,) and a two-
bit address representing the chunk itself (represented by address bits R,,-R,,).
Requested data may cross boundaries between chunks, but only one boundary. If
requested data spans two chunks (say, chunks 625 and 626), the input address data
references the lower of the two chunks. Accordingly, based upon an input address R,
25 requested data will be found in the chunk (say, chunk 625) identified by the address

and, at most, a chunk (626) adjacent to the address.

The address decoder 630 is a multi-bit decoder, populated by a number of
decoder stages (not shown in FIG. 11). It receives an input address R (including bits
R,,-R,.,) and outputs decoded address signals (Z;,-Z;,) for bit positions i=s to s+n. The

30 redundant form decoder circuit 300 (FIG. 6) is appropriate for all bit positions i#s.
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data signals A, and B, are input to an XOR gate 712. An output signal from XOR gate

Y34-

712 is input further to XOR gates 714 and 716. XOR gate 716 generates signals Z,, and
10 Z,,;, XOR gate 714 generates signals Z,, and Z,,.

™
G

Address data signals A,.; and B,_, are input to an AND gate 718 and also to an
OR gate 720. An output signal (line 722) of the OR gate 720 is input to XOR gate 714,
Address data signals A, , and B, ; are input to another AND gate 724. An output signal
on line 722 is input to AND gate 724 as well. An output signal from AND gate 724 (on

15 line 730) and an output signal from AND gate 718 (on line 728) each are input to OR
gate 726. An output of OR gate 726 (on line 732) is input to XOR gate 716.

The decoder circuit 700 ensures that when the redundant form input data in
addresses chunk 627, the memory driver 640 drives both blocks 623 and 624 of the
same memory line. Note that when the input address data references chunk 628,

R 20 requested data must be found entirely within the low block 624. When the input address

¢/ data references chunks 626 or 625 the requested data must be found entirely within the
high block 623.

In an embodiment, the memory driver 640 may be constructed as shown in

FIG. 10. For all bit positions, an AND gate is connected to one of the address lines

25  Z,-Z;, based upon the value of the AND gate's address R at positions R; and R,,,, (see,

Table 2). The selection switch is controlled based upon the non-redundant address at
bits s-1 and s-2

The discussion of the redundant form address data provided above has assumed

that one or a series of redundant form arithmetic operations are performed on address

30 data before resultant address data is input to an address decoder. In a special case,
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of address data in a single addition implementation.

10 The present invention provides an address decoder that decodes address data in
redundant form. The address decoder permits arithmetic operations to be made on
address data at very high speed and, therefore, reduces latency of memory operations
that rely on those arithmetic operations. Because the address decoder omits the internal
carry chain common to traditional adders, it provides dramatic performance benefits

15 over conventional memory operations involving arithmetic operations.

Several embodiments of the present invention are specifically illustrated and
described herein. However, it will be appreciated that modifications and variations of
the present invention are covered by the above teachings and within the purview of the

appended claims without departing from the spirit and intended scope of the invention.
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3. The system of claim 1, wherein the address decoder comprises a plurality

of redundant form decoder stages, at least one of the stages having inputs for
redundant form address signals of three bit positions and having an output for a

decoded address signal of one of the bit positions.

4. The memory system of claim 2, wherein at least one stage has inputs for
redundant form address signals at two bit positions and has an output of decoded

address data for one of the bit positions.

5. The memory system of claim 1, wherein the memory lines are organized

into chunks, two to a block.

6. The memory system of claim 5, wherein each chunk is associated with a

composite address.

7. The memory system of claim 1, further comprising a selection switch

coupled to the memory lines.

8. The memory system of claim 1, wherein the address decoder comprises:
a redundant form decoder having an input for the redundant form address

signals, and

-15-



04n10%<& () - n109%<& () - >>>>>>>eFgM

10G110%<&' () - n10%<&' () - N109%<& ()-Nn10%& ()-nl0%& ()-nl0%& ()->>>>>>z" AFgM
10Gn109%<& ()-(nl0%& ()-GF \2 g4nl0%& ()-nl0%& () - >>>>>>>eFgM

10G110%& () -nl0%& ()-nl0%& ()-nl10%& ()-nl0%& ()- n10%<&' () ->>>>>>>zaG g

M.i 109%<& ()-Li 10%& ()-nl0%& ()-G \2 1 February 2003

g4n10%<& ()-nlo%& () >>>>>>>>sT: MLi 10%.i 10%<&' () - Li 109%& () L| 109%<& ()-Lil

09%<& ()-Li10%& ()-Li 10%& ( l cl'l 109x&' é) >S>S>>>>~ QT MLi %{Ocyﬁ&' ()-Lilo0
to the redindant fornT decoder eco

& () - Li 10@@gLyGiriver ouple

Li 10% 535 & ()-Li 10%& ()-Li1
olyg&' gﬁﬂ{’%i%cf}fﬁﬁ “%i%lnjgofﬁbmg{%gﬁ@ lfg:ﬁi’gt%&e'%gﬁllflo@lg}%g() (% L 1098 (§) Gl |

L| 10%; >>>>>>>elF: MLi 109%. Li 0%; Li 10% O(V <& Lil

bore -\ 1B mqmon: Sk e 8 MAGSAR RS Tedi TeARIAr T Peradonts £ o
_5 < Lrhi!xﬁ%%&a 8 d323d¢r , , , ,

2eF: MLi 10%.L1 109%&" () - Li 10%<& () - Li 10%& () - Li 10%& ()-Li 10%& () - Li 10%<& (

)- 2?2 2?77 AF: M.i 10%.Li 10%& () - (Li 10%& ()- (Li 10%& ()-G _5 <

Li 10%<§ () - 2222222eF: M.i 10 Li 10%<&' ()- Li 109%<&' ()-Li 10%<& ()-Li 10%<& ()-Li 1

09%& (2L 1OPREIPFY SYBIEHCOMPIIGENR) | 1004 Li 109%<&' () - ( Li 10%<& () - (Li 10%<& ()

-G 5 < a memory populated by a plurality of memory lines organized into first
875
L| 10%<& ()-(?*2, 2.2 ?4%eF: M.i 10%.Li 109%<& () - Li 10%& %) Li 10%<&' ()-Li 10%&
) - Li robageqnd bquj%&a(zyl_mm@'wy tne associated with an address of a

2=2" AF: Li 10%<& Li 10%<&
Li 10%"%?64&4%@%@& ’7(eF MLi 10%& (10%&' () - (LI) 1(%/&&' () - Li 10%& () - Li 10%&

' () - Li 10%<&n hddiek8%eZoder INAKThE NAHADRAt Abt Med d0dAdti fid¥<&dd)escldighdtes () - (Li
109%<& () - S < . s

Li 10%¢ e(ﬁ@ﬁmwwfféﬁnmgﬁﬂmﬁﬂmo( yats FosRie (he mettorre thy- Li 1008
ek %H%g?s okl dO2wp leki fo7thePrehfnd "o fenlibld idek! 1098 () - (LI 10%<& () - (L
Li 10%<& () - g'>| '>k'>m>o'>q'>s'>e|: NL| 10%_L| 109%<&' () - Li 10%<& ()-Li 10%& ()-Li 10%&
“()-Li ](llg)wg&rﬁ% Li 109x& gt)e ’?x’? | 2° AF: M.i 0%_&{11 W&S%o(rzn- SH 109<& () - (Li

109 &' memory sy a1m wherem the re ant dress
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address and for two bit positions adjacent to a least 31gn1f1cant bit position of

the memory address.

12. The memory system of claim 10, wherein the redundant form address
signals includes a redundant form data for every bit position of the memory
address and for two bit positions adjacent to a least significant bit position of

the memory address.

13. The memory system of claim 10, wherein the address decoder comprising:
a redundant form decoder coupled to the inputs, and
a memory driver coupled to the redundant form decoder by decoded

address lines and coupled to the enable lines.

14. The memory system of claim 13, wherein the redundant form decoder is a

multi-stage decoder.
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address and at least two bit positions below a least significant bit position of the

memory address,
decoding the redundant for address data, and
driving a first block and a second block based on the decoded address

data.

21. The method of claim 20, further comprising outputting data from one of

the driven first or second blocks based on redundant form address data at said
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