WD 00/ 68805 PCT/ US00/ 12425 A METHOD AND APPARATUS FOR A SI NGLE- WORD
ALI GNMVENT IN A PAGE- READ OPERATI ON BACKGROUND OF THE INVENTION 1. Field

of the In i The present invention relates to the fiel d-QfusiERsY
devi ces; @@d’&g‘%ﬁti cularly, the present invention rel at esg%:o/fuaS rret?md and

Boser  pt 1 on b MEERLIEAOIPACARATUS PO TR L ORBBTGROER i *
such as conputers and enbeddefagyskerH GYEELTFONAt a and instructions
stored in a nenory. The nenory is often organized in blocks of data

corresponding to cache lines. Each cache Iine contains nmultiple pages and
each page cont ai ns_ nul tig%l e words exanpl e, a conmon organi zation is

. _F
16-wor d caBCKGRQUNIY EHEHWEMEP{)NOM aining four 4-word pages, each

wor d cont ai,ni ng it generates read requests to the nmenory. Wen
t he rrermryll' recg‘%}gsc’fzh%?ﬁlg %rggad request in which the first word is

aligned with a fha@rdserlafeertnéaitys td e fiMdwlnémagsdéviee) agsre
corresponding to the first word into a page buffer and generates a burst

cycl e to ppevtiddatlyethe presetd invention reiibes to method andmppayatyeder at es t he
burst cycle correspondin o.,.the first page, the nory | oads an adj acent
page to coRFPHGNS E‘é‘gg?ﬂ’&ré@ymeﬁifrh@ p{%ﬁg'rfﬁéppﬁbarqf@' of the adjacent
page. Thus, |ong sequences of pages may be provided in a continuous burst
cycle containing a series of 4-word burst cycles. If the tinme to |oad the
adj acent page i DegcdptionafBelatdd Artis greater than the time to generate a

burst cycle for the words in ot he(rglﬁoa)gejg befer, wait, states are inserted
between t he wor §eniradprecessingaget Gf)epassel systesns spelyas coppHterriRd. wai t

T L ey

Ceneral Iy, n\@hérsisalffh ér@dHzedlih®ld&ks ol daedesrredpdriting ts cadfeditesdELS

per formance ofteén reduces the performance of the CPU based device. 1
cache line contains multiple pages and each page contains multiple words. For
example, a common organization is 16-word cache lines, each cache line
containing four 4-word pages, each word containing 8 bits.

The CPU generates read requests to the memory. When the memory
receives a burst read request in which the first word is aligned with a 4-word
page boundary, the memory loads the page corrésponding to the first word into
a page buffer and generates a burst cycle to provide the 4 words to the CPU.
While the memory generates the burst cycle corresponding to the first page, the
memory loads an adjacent page to continue the burst cycle using the four words
of the adjacent page. Thus, long sequences of pages may be provided in a
continuous burst cycle containing a series of 4-word burst cycles.

If the time to load the adjacent page into one page buffer is greater than
the time to generate a burst cycle for the words in other page buffer, wait states
are inserted between the words from each page buffer at 4-word page
boundaries. Wait states are inactive states that are inserted when the memory
cannot provide the requested information during a particular bus cycle.

Generally, wait states reduce the performance of the bus. Reduced bus

performance often reduces the performance of the CPU-based device.
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WO 00/ 68805 PCT/ US00/ 12425 Menories are often designed to store the

adj acent page into a page buffer before a 4-word burst cycle for the prior
page i s cavpb®ésdos so that the nmenory can generate a conti rpgausobuz4aas cycl e
of multiple 4-word-aligned pages. However, if the first word is not

aligned with a paggobeyAfAsMen HBAREA $b sk6 ik adja@tit§Rseliggsa phgabalter 4
words in the page buffer before an adjacent page is "needed to provide the

next word ibefaree Swoudinest Siclector the paior gage 1 esaapleteshsethat the ovirdery ewer
wor ds before using .the adjacen e than an aligne read, request, there
is less ti ﬁénﬁﬁpe’?%%aﬁ@%b‘s}o‘t‘%é‘?%?gﬁdFﬁz r%@jtlgiee%t %gfﬂ]lm%g%st he

request ed : nrd i dSin n

i nserts vva:ﬁ?(g‘g’t§ ‘é‘tgjégttg? ﬁ%ﬂﬁ?ﬁf%ﬁ%&%@%ﬁ%gyﬂ@g%&g@nOn_ g%?%ﬁggmrﬁg%td%cgguest S.
Such wai t prbaides ledsttRan a dueerdiainf the page dubfer GRIdrbanadjmesat page istat is

needed is a nethod and apparatus to avoid wait states between page
boundar i es needadito RrovjAethenextwerdhin thefeaaence. BUMRMRN-AHETIEET9aRVENTI ON A

met hod and _appar.at us .f;0 erformn =N |.j rst._c es, the
Tethod consPiSTPRatefeRe wPral BtoReRaia!Rt daBe MRk MaRar R burs
cycle reqyesd redukaditRéreds fdsk HimPRITithe inéthofy fd fetdh thewRljskenl Pﬁg@ﬁeﬂﬁge and
a first portion “of a second N-word-alignedpage into a firs uffer; and
accessi ng theréquestedowbfdy of the pyergpragesre provisiedNThvas, dhe mremory eften BRI EF
DESCRI PTI ON OF, THE. DRAWNGS FI G 1 illustrat eg one .enbgdi rr(gnt of asrre hod
of perf or niR¥TE WAl Siptes i dwiord mageharadaies pEnopatignsd rpad tequgsts, Syf

enbodi ment oy, & ARLARM AlBELEALIAnte BPLPRHIGAYSfAd  starting at vord O

(WO). FIG ustrates one‘e nment of a met of perform a non-4-word

al i gned r adHabisalebded ied metihod and\Apphratik ® astoid Waittstatbebetweerepdgedi ment
of a nmethod of performa non-4-word aligned read starting at word 2 (\W2).
2 VO 00/ 6sdosnderieesbnpn-aligeed burst read requests.

SUMMARY OF THE INVENTION

A method and apparatus for performing non-N-word-aligned burst cycles, the
method comprising the steps of: receiving a first non-N-word-aligned burst cycle
request; loading a first portion of a first N-word aligned page and a first portion
of a second N-word-aligned page into a first buffer; and accessing the first buffer

to generate a first N-word burst cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one embodiment of a method of performing a non-4-
wordaligned burst cycle.

FIG. 2 illustrates one embodiment of a method of perform a 4-word aligned read
starting at word 0 (WO).

FIG. 3 illustrates one embodiment of a method of perform a non-4-word aligned
read starting at word 1 (W 1).

FIG. 4 illustrates one embodiment of a method of perform a non-4-word aligned

read starting at word 2 (W2).



FIG 5 illustrates one enbodi nent of a nmethod of performa non-4-word

aligned read starting at word 3 (MB). FIG 6 illustrates one enbodi nent of
an appar aiwsodidggosper f orm ng non-4- wordal i gned burst cycl epcThiségazaza and
7b illustrates one enbodi nent of a nethod of for performng non4-

wor d- al i gneriQ Bliktisteael efie efibugliireat app atahod of befbfin HnomETwbtdERigned
DESCRI PTI ON The present invention is a nethod and apparatus to avold wait
stat es bet viead stasigs absdat (W3)-of non- N-word-al i gned burst read requests.

I ggeJeTal , he Li N : , d1
Dy 07 OB s P BEELE ch AL 85Tl BRI R 7
word 6 (V\B)Woﬁiawa-lqd})&w‘)ydég.mrd 8 (W), a wrd 9 (W), a wrd 10 (W 10)

and a word 11 ( 1), awrd 12 (W12), a word 13 (W13), a word 14 (W 14)
and a wor FIGS. 7aaa8)b ilthstrates oeelemimdiment dés niethpd of for perfoimingingades.

The first 4- rd-al i gned e includes WO, W » and WB, the second
4-wor d- al i dﬁ%’gﬁalb%%ﬁ gHﬁtﬁgégSWﬂn ?aﬁﬁaﬁﬂsﬁ%ﬂ&fﬁe third 4-word-aligned
V@

page i ncl udes W8, , W10 and W11, and the fourth 4-word-aligned page
includes W12, W13, W 14 and W15. FIG 1 illustrates one enbodi ment of a

nmet hod of [PETAIEDPESORIPHAONWr dal i gned burst cycle. In step 700, a
non- 4-wor d-al i gned burst read request is received. For exanple, a burst
read requeskhesprgsentigvention is a methed ppd @pppmtys spavaig waitistates batvwgena fir st

4-wor d-al i gned .pa and ontion. of.. nd 4 -al i gned page are
| oaded i nt gaaﬁef 19 aﬁlgaé)?ﬂﬁf‘flg?woﬁfg—?h@%i%ﬁ%,t g%%?erqq\ﬁglsagd V\Bpa?e | oaded
fromthe first 4nWletrAbddinechtPadschriitheMclutiesA8desrdst a%ﬁd@&w%@d

4wor d- al i gned page and these four words are stored as W, W and W3
in the firsvophtéM)faheord (W) epdze@ord BEW3)r a wardge(Wd), faewoid 5 §dRssed t o

generat e a (Lol eyt ror B G Y S hsf XAMBLE (WIS, £ s i) o
and a word 11 (W 11), a word 12 (W 12), a word 13 (W 13), a word 14 (W 14) and
a word 15 (W 15). The cache line includes four 4-word-aligned pages. The first 4-
word-aligned page includes W0, W 1, W2 and W3, the second 4-word-aligned
page includes W4, W5, W6 and W7, the third 4-word-aligned page includes W8,
W9, W 10 and W 11, and the fourth 4-word-aligned page includes W 12, W 13, W
14 and W 15.

FIG. 1 illustrates one embodiment of a method of performing a non-4-
wordaligned burst cycle.

In step 700, a non-4-word-aligned burst read request is received. For
example, a burst read request starting at W 1 is received.

In step 710, a portion of a first 4-word-aligned page and a portion of a
second 4word-aligned page are loaded into a first page buffer. For example, W 1,
W2 and W3 are loaded from the first 4-word-aligned page and W4 is loaded
from the second 4word-aligned page and these four words are stored as W4, W
1, W2 and W3 in the first page buffer.

In step 720, the first page buffer is accessed to generate a first 4-word
burst cycle. For example, the first 4-word burst cycle generates W 1, W2, W3 and
W4



WO 00/ 68805 PCT/ US00/ 12425 In step 730, a portion of the second
4-wor d- al i gned page and a portion of a third 4-word-aligned page are | oaded
into a seq@hgydaeee buffer. For exanple, Ws, W6 and W ar eptcoagedifseom t he
second 4-word-aligned page and W8 is |oaded fromthe third 4 word-aligned
page and these flnstepdB0sa portiostafrthd sasondi8wdil -alifheanwhgéfaricha poetiseodnd
page buffer. In step 740, the second e buffer is ac sed to generate a

4-word bur st ﬂflﬁe%ﬂée daligredippgeare; Hég a HYAQ Secopd @asﬁ_ﬁgffe&-fareexge?féﬁat es
VB, W6, W gndywy8,q W?sﬁ éah*é@?%bgﬁ ttrﬁ% %éséogﬁt{-gio?d!ﬁ %pﬁ;}gagawcﬁﬁ@ﬁ' rs of

page buffers - storing di rent _ e cac escribéed above.
It will be jopgad ¢fm tle I 4 S¥drd-fAthried pdlR &id tHedafoluhwof@dTaxe)st8Fddds
address decoding and bit-routing <circuitry and ot her necessary portions of

a functionatv rWoéand Watin shoserondmagsi huffesf one enbodi nent of the
address decoding. and hit-routing circuitry. are shown with referepce to
PG o asver - A BRdituhe peceitSagettins et & Battrhle A FEbEl I shorror y
650 havi ng &dRaiFhr 8kalPUe thi'idBha 4-FoP@BRirstRYyLlctserfePDed M5 AVBANE b f er
601, each s ocﬁangra %f-%or'é}?a%él gneé pgge. The rreeﬁ%ery 650 f?’rst’loa s the
page bufferWws00 with WO, W1, W and WB in response to a read request
starting at WO, Wiile the nenpry 650 generates a first burst cycle

provi di Eg wo, WEIGR 2 thrpnghed lltuseraie memordephaying pagsef page b @st@air%rl
601 w WA,. T 3 .
orovi di ng a0t il S e AEnE R gec Abe PRI L6015 S BERAM RIpRE 7V 5 G

second bur sdkikad irtthe akb ehateR®@ e dreagl addresswedodingend baicinged; page, VB,
VW, W10 and W11, in the page buffer 600 while the nmenory 650 generates

t he second draudtry anyicdtbepnesesshirygpomiony\gf a fwnciipmal\mermoiy anermstysheson.

gener at es third burst . cycle withoui, any wait states between the second
and thi rd HAFeHs 2§ eng mhgdlied ot ety AffOdbng afd &y auieasr gH ey at ed
to provide JcantitRYsSenPUisEIEgIuence of nultiple pages. Burst reads
starting at W, W8, and W2 are handled in a simlar manner.

4-Word-Aligned Burst Read Starting t WO

FIG. 2 illustrates a memory 650 having a pair of page buffers, a page
buffer 600 and a page buffer 601, each storing a 4-word-aligned page.

The memory 650 first loads the page buffer 600 with W0, W 1, W2 and W3
in response to a read request starting at W0. While the memory 650 generates a
first burst cycle providing W0, W1, W2, and W3, the memory 650 also loads the
page buffer 601 with W4, W5, W6 and W7. The memory 650 generates a second
burst cycle providing W4, W5, W6 and W7 without any wait states between the
first and second burst cycles.

The memory 650 loads the next 4-word aligned page, W8, W9, W 10 and
W 11, in the page buffer 600 while the memory 650 generates the second burst
cycle providing W4, W5, W6 and W7. The memory 650 generates a third burst
cycle without any wait states between the second and third burst cycles.
Similarly, subsequent burst cycles can be generated to provide a continuous
burst sequence of multiple pages.

Burst reads starting at W4, W8, and W12 are handled in a similar manner.
4



4 WD 00/ 68805 PCT/ US00/ 12425 Non-4-Wrd-Aligned Burst Read Starting t W1 A
prior art nenory typically loads a first page buffer wwth WO, W1, W and
WB, in re a burst read request starting at W1. ' i or
art nerm?f/)&go?@s\ﬁ’%es the first three words of the first b%@%@é’?gw 1,
W2, and WB, the prior art nmenory | oads the second page buffer with W, W5,
W and WI. Since only 3 words are output in the first burst cycle before a
word fromthe second payents d-AkgmedBurst Readifdantinigngf WArt nenory has

less tinme to |oad the secon e e a enerat t he. |l ast rd _of the
first burst cycl gE%ﬁﬁaﬁtﬁﬁemﬂﬂﬁ%cgﬂg’e@aéﬁPir}'ﬁégﬁ?'geati"i‘ AT t%a@z
Simlarly, | t; ' rt}{;ggg | ; R : of the
second burs%w%yg?'elhq’\e/%d%,tagk ,atl‘lhrgﬁg?%tgr?asrg% edrgefwm)lf y’lltll?;%gge {éld |trst
page buf f ememdry pividi, théfik6r thinek Wibtds ofStheciirsobliyst ywley WE1,aVe, and P8, 1 n
the second _burst cycle before a word fromthe firéthagag‘g,buffer IS

required, tHe pReLAtIReMORElAIds theseqoaspageteifer w £hW5 Weend W2 buf f er

and generatg. th ast rd of .the nd .bur st le than t ry does
dur i ng an- ar R om DRl Saf o rlin HHE AR RS re BofBee ¢ B
prior art nesehtigsagetififdr i¥edduifdBties priBEhMERABIIJIG hhb 165 tRndvRS adand t he

| ast word of each burst cycle in response to a burst read request starting

at W1. Fl Gecdndlpagethdfesrsind gemvevaty tB6 lashamardgpfdhe éirst bofrspeaygpde thefrf hes, a
page buffer 610 and a, page buffer 611, each storing a non-4-word-aligned
page. A noﬁ‘-eﬂ'-“\’ﬁéfrgqeélq"ﬁH&F‘bé[ﬂ%“?‘?‘ngP{ﬁiéga‘gwrds fromtwo 4-word aligned
pages. In contragt..; | | hy.,651
Frret 1oads the Sasa Rl U patl ol e RO Y Prrek o R e 2
burst read secenidédnirsistyatd, Wig, o, difd WWithe prive arememorgdoadatiestiat bagst

burst cycle providin W, W, WB, and W, the nmenory 651 | oads the page
buffer 611 wiffer vgh X§, WhaV dRand/WV 5. Sincenly Souprdsargouwput ethiei sesend ur st

i : ired.f
Guring the PHPREYBRPEIOM saftrd BRtL e g B b SR PP BRS¢
burst cycl eméidi9Hasaess thak to fdarl @ firSt phg@bliffer AN gBREMKY tHRIAsIWBYd des Vb,

W6, W and W8, during the
the second burst cycle than the memory does during an aligned burst read

described with reference to FIG. 1. Thus, prior art memories insert wait states
between the first 3-words and the last word of each burst cycle in response to a
burst read request starting at W 1.

FIG. 3 illustrates a memory 651 having a pair of page buffers, a page
buffer 610 and a page buffer 611, each storing a non-4-word-aligned page. A
non-4-word-aligned page includes words from two 4-word aligned pages.

In contrast to the prior art memory described above, the memory 651 first
loads the page buffer 610 with W4, W 1, W2 and W3 in response to a burst read
request starting at W1. While the memory generates a first burst cycle providing
W1, W2, W3, and W4, the memory 651 loads the page buffer 611 with W8, W5,
W6 and W7. Since all four words of the first burst cycle are in the page buffer
610, no words are required from page 611 during the first burst cycle. Thus, the
memory 651 generates the first burst cycle without any wait states.

Similarly, the memory 651 provides W5, W6, W7 and W8, during the

second burst cycle without any wait states. Next, W 12, W9, W 10 and W 11, can
5



second burst cycle without any wait states. Next, W12, W3, W10 and W11,
can 5 WD 00/68805 PCT/USOQ 12425 be |oaded in the page buffer 610 while
t he menor ywobsdisgener ates the second burst cycle providi ng Pdryusdbiz4d and
WB8. Thus, the menory 651 can generate a third burst cycle wi thout any wait
states. Sulizselpadad ibthespage/bhffer @amwhie thepmenatrydl gepemates theaserontdi nuous

burst sequence of nultiple i,Lhout_ any wajt states urst reads
Starting atDWiEt XEE Do Oue B vl AaRad En husithe PRTORRGRESN BHNGAE 2
enbodi nment , AP ! : t he current
i ne. Thus,tht?rhe rrenéoftépi‘%g{ s}{t?ﬁg@%&év%%f%?%%?%gt&?ilggc%ﬁ and W
15. Thus, r@fratelieo Fubvielteta aatirerous hirsisseguence efimiuttislepriget evith

e.

line fill, for exanp Four burst cycles for a cache line fill starting at
W 1 incl udewad sfatest burst cycle of W1, W2, WB and W4, a second bur st

157 and a fourt 1P R E A W 0 60 P s Randf e iy Vel

continuous pypsér.read at WL3 continues to WO of the adjacent cache |ine.
In one enbodi nent, the cache buffer |oads the page buffer wth WO (of the
current cache | ilmg)ne ambSdinwritda d6ravardiBuyrshreaddatsWaldderaprearydndoto Wit of

current cache line. After generating W13, W14, d W f_th ent
cache |i ne, theurIRELng. e meReoT rloﬁé? the page l&‘g@?re‘é’“@n%ew ﬁll‘&; t he
adj acent caghew i #epp, th (5?'?‘?1? gﬁpgr i
accesses start%%ﬁgﬁhu-g(/\%]o t %%ﬁl}gglg%e |%§E§t§18ﬁ t %ta%?tr}{?sggu%ﬁ% k'lilaté(yéaesses

are 4-wor d-latd filgfdr eddmphe Fone bturstagbles fome caxhierltiay fil] stapting-andv d-iakhugieed
read produce a conplete 4-word burst cﬁ&cle to allow the mam)r&yti e

I(r)]ad the ad ﬁr:%hwﬁayélefclrfd%lm@,aﬂ?aaé 4, zseaead hugst cgleetW i 6x‘é/a?dtsoi|n
. _ A e | e
e ot MREW R ThirBSRS: S SR SR FnELana J042 TR ¥

crosses mulidw B prehen ighdwmdari es. Non-4-Wrd- Ali gned Burst Read
Starting t W2
Alternatively, a continuous burst read at W13 continues to WO of the

adjacent cache line. In one embodiment, the cache buffer loads the page buffer
with WO (of the current cache line), W 13, W 14 and W 15, but discards the WO
of the current cache line. After generating W 13, W 14, and W 15 of the current
cache line, the memory inserts one or more wait cycles while it loads the
adjacent cache line.

The memory then generates subsequent cache line accesses starting at
WO of that cache line such that subsequent accesses are 4-word-aligned. At the
next cache line boundary, the 4-word-aligned read produce a complete 4-word
burst cycle to allow the memory time to load the adjacent page from the adjacent
cache line. Subsequent reads in the continuous burst cycle are 4-word-aligned.
Thus, wait states are only generated at e first cache line boundary in a

continuous burst that crosses multiple cache line boundaries.

Non-4-Word-Aligned Burst Read Starting t W2

A prior art memory typically loads a first page buffer with W0, W 1, W2

and W3, in response to a burst read request starting at W2. While the prior art
6



A prior art menory typically loads a first page buffer wwth WO, W1, W
and WB, in response to a burst read request starting at W2. Wiile the prior
art 6 WOWOIGEAEH PCT/ US00/ 12425 menory provides the fir sicTiosoonmaesls of
the first burst cycle, W2, and WB, the prior art nenory |oads the second
page buf f ememnoty MOVid, thegiranvawords afthe finst pusstwpeldsWak, enditvButhei n t he

f t b t bef d f f d,
the' prior BFOAETBRT Rk o s deerr Bogtaifienia ok Anto g anguR7eridna
generate t gl A ng"Qré"Qulgﬁé?xfl thdfrsk bupdt ﬁgk'l'é%ef&ﬁéci wok83brhfe sORARYN y does

during an ali“gned bur st Prior art nories often insert walt states
bet ween t hpage baffet isorequirdd, thecridreart astmdrphasdesistimk tododd bt sdcongicl e in
response to a burst read request starting at W. FIG 4 illustrates a
menory 652PA&S PHifenand genemrte thedastimawerdsofhedirshbwrst cygledhandhe, page

buffer 621 r st to t
orior art ey 8 fitgARped BUE R @ Mat0EB0 e b 6P B ek Pyalc
buf fer 620sitdsbetbeeNbhe Mt aAd WrdgnrEaRIBSEWOWRr@HbBbadtERErst ERILEST
starting at W2. Wiile the nmenory generates a first burst cycle providing

W2, W8, V\Aresmdse/\l&abnestrreambrgq%tzsﬂadmgattwa page buffer 621 with W8, W9,

W and W/'. Sinc r words of t first burst. cycle e in the page
Ut fer 620, notlrtilluEiateS e rRy EOg RS A BEY O HARRG IS PAFE b of

cycle. Thugy, ffEP@ZO mwgﬁ%fﬁ?%ﬁi aetaﬁﬁ stdih \ﬁf 4 hoh- @Wo’%& aﬁﬁieﬁ r%}ig{xgom any

wait states. Simlarly e nmenory 652 provides W5, during
the second bur bt caytedst tovtidptivr artymemaoty dem:mdamme tthr@md&gBSZ fildo and

W11, can _be | oaded jn_the page buffer 620 vvhlle t he nenory 2 generates
t he secondloaglsthe page puffgy wa%% WN wBd Vg ingesprniss toahkurgittady 652

can gener af g o, WL AURBL VAL BIEAONE SBNN-VBU § nRl 358 o SUb3RAUSAL, DU St

cycl es can enerated to provide a co urst sequenc

pages Wi t hivtt, WiBYW4y\anhd V65,ahe snerBofp652 10ads tisd pagé baffa 6XBwill W3, wand W4
are handled in a simlar manner. I'n one enbodi nent, a 16-word burst read

at W 14 wr ¥ffsanrd ¥ih$inee alfour words of the first burst cycle are in the page buffer
620, no words are required from page 621 during the first burst cycle. Thus, the
memory 652 generates the first burst cycle without any wait states.

Similarly, the memory 652 provides W6, W7, W8 and W9, during the
second burst cycle without any wait states. Next, W 12, W 13, W10 and W 11, can
be loaded in the page buffer 620 while the memory 652 generates the second
burst cycle providing W6, W7, W8 and W9. Thus, the memory 652 can generate a
third burst cycle without any wait states. Subsequent burst cycles can be
generated to provide a continuous burst sequence of multiple pages without any
wait states.

Burst reads starting at W6, W 10, and W14 are handled in a similar
manner.

In one embodiment, a 16-word burst read at W 14 wraps around to WO
and W 1 of the current line. The memory loads the page buffer with W0, W 1, W
14, and W 15. Thus, WO and W 1 of the current cache line are produced to

complete a cache line fill, for example.



and W1 of the current line. The nenory | oads the page buffer with WO, W1,
W 14, and W15. Thus, WO and W1 of the current cache line are produced to
conpl ete swa@eudseosd ine fill, for exanple. 7 WO 00/ 68805 PCTPUSOSHIL 2425

Al ternatively, a continuous burst read at W14 continues to WO and W1 of
the adj acent caditerhatireely) acantenensddiraervad ati¥ ldaomntnbes feWOaadsWt he page
buffer with d W1 (of the current gache |ne W15, but
iscards | PhilarsacRRt fpdeing e Ok R b be tadte fof’%rrloggweamrg W4
and W 15, ts I t he
i acent coomer PR A e acHe e 7 1t & bt AP
accesses stiegr WO gndtWVﬂ)ﬁ)ﬁhe cubmint cadfedind. Befterysenetdtirig Wildsaqliwnl5,aheesses
are 4-word-aligned. Thus, wait states are_onl enerated at the first
cache ||nentﬁmrcyawentﬁoae@6mqrﬁm§qrﬁl¢%whﬂﬁh agp theedjasentipphelivache |ine
boundarles d Burst Read rting at VB _A pr art nmenory
typically | B‘S&%HQOWF}& 5aet8§1f‘ll ARFTHC Ei‘welac Wesi ’dtlﬂ'/éa{ %10 sponse
to a burst tHaQ%QcH@HH@%cﬁH?th EhB&q?EnV@cceMs'a@e hh@of&-hﬁ%n@d IThu¥eaRiy
provides the first word of the first burst cycle prior art menory
| oads t he stamsratem@;ﬁgbmérh&dwmhﬁmtca\nhe hmb@mldldWyHSa nmetmmtyshurst\ord is
out put |nthef|rst ietc bfor a word fromthe second page buffer

i s requirefat tCFl‘%SsB? aﬁgﬁgf‘? E‘E% time to | oad the second page
buffer and generate the | ast three vvords of the first burst cycle than the
menory does during an aligned burst read. Prior art nenories often insert
wait states between tNMNorf-tWordvaligredBurseRead Stdrkingat W93 ds of each bur st
cycle in response to a burst read request starting at V8. FIG '5

illustrates a mAnPHYr SBINERMOTAEPACPH IIOaéﬁ afirgepags beter withdA@eW buM2er 630

and a page_b r. 631 toring,a non r d- In _contrast
fo the’ pri BRIV IRty Rad e Bel a3 0o it RV oy REE pricf R e
page buffeh&%&% ¥ th¥firstAord e MR fifst basqepeR, WB, ahdpFidt aftead  request
starting at W8 ile the menory % enerates a fifst burst cycle providing

VB, Wi, WemeameryWoads Hee mm)dpags uffenseith Méd, 8 GeWELHe W% Sinasi arly W8, V@,

word is output in the first burst cycle before a word from the second page buffer

is required, the prior art memory has less time to load the second page buffer
and generate the last three words of the first burst cycle than the memory does
during an aligned burst read. Prior art memories often insert wait states between
the first word and the last three words of each burst cycle in response to a burst
read request starting at W3.

FIG. 5 illustrates a memory 653 having a pair of page buffers, a page
buffer 630 and a page buffer 631, each storing a non-4-word-aligned page.

In contrast to the prior art memory described above, the memory 653 first
loads the page buffer 630 with W4, W5, W6 and W3 in response to a burst read
request starting at W3. While the memory generates a first burst cycle providing
W3, W4, W5, and W6, the memory 653 loads the page buffer 631 with W8, W9,
W10 and W7. Since all four words of the first burst cycle are in the page buffer
630, no words are required from page 631 during the first burst cycle. Thus, the

memory 653 generates the first burst cycle without any wait states.



W0 and W. Since all four words of the first burst cycle are in the page
buffer 630, no words are required from page 631 during the first burst
cycle. Thws)oddseos nenory 653 generates the first burst cyckermisbéimats any
wait states. 8 WO 00/ 68805 PCTI USOQ 12425 Simlarly, the nenory 653
provi des W7, W8,Sipmlaghtl thg mm@wﬁSayr@ﬁ@@é%nWSbW%@n@W|1@, dirrihguhe any

but f er E‘ESSSMS%?%PHSW%I&WI;%&@%“ At ety an v BEIEE: s PR di ng
W, V8, VO midadéddn tHdp tsmerr@mmm@ﬁ?e ﬁt%fh(ﬂ? %ﬁeﬁereﬁeé e dcBHEst cycle

W|thout any wait stat es ubse uent burst cycl generated to
provi de a dourst mﬂimprcnudmg %qh‘éﬁnd@9@hdrm’| ]tG fﬂmsphgenemmryléﬁit camygenavatéd

states. Burs ds rti at W, W1, and W5 ar andl dina simlar
manner. In ao&%rcgﬁﬁﬁ% ﬁt"‘“qu"it@%‘?’altﬁtﬁt%st %Pgé%ﬂ%ﬁnt SLAlss cardiend to V\D
\/\1 V\2 of f

@ wESneHEa 0 proviQf 2 PG HIEblro R Reh AMALR Y afes Wilor'gn
exarrpl e Alweit saited.y, a contl nuous burst read at \/\15 continues to V\D V\l,
and W of the adjacent cache line. In one enbodiment, the cache buffer
| oads the page st wadgstastingat W7, WhY aned Woib amdandieckin a siasiler 1 i ne), and
WL5, but discards the WO, W, and W2 of the current cache line. After
generati ng RSt he menory inserts one or nore wait cycles while it | oads

the adjacent caqh%ﬂeléaﬁbodlﬁt&tr@i@%rafmﬁsgﬁéaarﬁtms wmg@a%d tene |ine
accesses starting at WO of that cache |ine such that s bsequent accdesses

are 4 wor d-Wj YiReof thEltustenidtine. Bieatresorgrleadsithe prgedrndteadvyih WHeW, Vg2,
cache line boundary, i n tin rst that lI'tipl cache |ine
boundar i es.an%buwggyil i‘%@c‘&ﬁ %‘gwg g ‘Eﬂ'e%%ﬁ%ﬁnﬁg’jll MBP‘P €t i ng
Crcuit FIG 6 te, rﬁ{}ﬁ’ %t%‘%qg SRRAL t 0 ng
non-4- wordal i gﬁ%llct]éﬂgégésl? cyc es0 he %re{%?yaq {i}l?ge I'nc sz\]bawng%m&wg]rray
100, a bi t -of thié adjgcentrcadhé lind. 98, orerdnbodisheraptie @kh@buf:f@r loat¥%he Pagemenor y

array 100 Ib%ff%(x? Q\frlltlg %Oe C%/Vl and W2 (of the current cache line), and W15, but discards
the W0, W1, and W2 of the current cache line. After generating W15, the
memory inserts one or more wait cycles while it loads the adjacent cache line.
The memory then generates subsequent cache line accesses starting at WO of that
cache line such that subsequent accesses are 4 word-aligned. Thus, wait states

are only generated at the first cache line boundary in a continuous burst that

crosses multiple cache line boundaries.

Memory Device Including A Burst Control and A Bit-routing Circuit

FIG. 6 illustrates one embodiment of an apparatus for performing non-4-
wordaligned burst cycles.

The memory device includes a memory array 100, a bit-routing circuit
190, and burst control circuit 195. The memory array 100 is configured to
provide a line of data corresponding to line selector in response to a read request
indicated by the read signal. The bit-routing circuit 190 is coupled to receive line
bits that correspond to an output signal Wo. The burst control circuit 195

generates the control signals that route selected line bits to be the burst bits. The
9



provide a line of data corresponding to |ine selector in response to a read
request indicated by the read signal. The bit-routing circuit 190 is

coupl ed twoewmessye |ine bits that correspond to an out put peirgysab/idsds The
burst control circuit 195 enerates the control signals that route

sel ect ed | i persbrenirelcitrait 195 dso gendrates thahurd padreo Heg 8eguatEsUBENLgR 425
burst contr cir 195 al s nerates the rst pointer at sequences

through t hf legnwgtflylgttosprtoguﬁ? g&%ﬁ rsttﬁ%qtbqﬂcgtonggagglt@ét %&n?lh%out put si gnal

W. Al though oneafthbugRehk M—ﬁjdrﬁignéirétﬁt RRA¥AM, mm‘gm ﬁat-%hﬁhgth&fcﬁﬂ

circuits may be used'to receive the other bits associated w eacﬁ page
of the |inemaFde useddopeeive thetdthenbitwassodiavéd ovitheenehaiage dfythe liniedBoout put
data, 8 bit-routi n]_g circuits may be used to produce the byte output. Each
of the 8 bi®XamRieiihghememprydevicegenesateddydenvade outpel dalpg® Ritstquting t he
burst contr 2 LG L [ hS l,e .receive a
line sel ectcg}rcug':sglﬁn%* Bg#gé%to Eg(g%[%{%ﬁéﬁ éﬁ%r# 1 aeéhr%agggibglﬁéégﬁlggasserted,

the menory difads redved the sahieScontl sBERMNELAOHeDUrBECHTRE AIGiRGI! i9% of the
menory array 100. The bit-routing circuit 190 receives the line bits

i ncl udi ng b0 ( bi ThememssyantiyntPdis compledato repeive adimerselgetortiiggalandm 1), b2
(bit corresponding,to,. W), and b3 to .b 15. to b 15 correspond.to WB to
WL5, respec@?@éf@gl‘%eﬁitk‘g f1Ege Féﬁﬁr{e%igé? meparygeads thit inebitect or 170
(1 ncluding ; i i ; B1, B2,
and B3), a C\%gl;egﬁls)g(lig%tgrtﬁ@%%@%Fr@f%%&gﬁc%@g}é%rg,jlog'n-gqécgg,Ijaglrtllgl 9a wor d
sel ect or 1R rditri0udceigedXBe 1ike bitdihchadidg BB)(bit toarespshdingio WO bugbied t o

pass bO to WA if AQis ass rte%.z_ Transistor Tl is coupl ed to:%)ass b4 to WA
if Al is asOErespaNdingiedVst)ob2 (it rarresponsling te ¥V anel gt lp 163 to A5 s

asserted./r%ﬁbiggrtowsi&mp%sggcﬁgel_ ass bl2 to WA if A3 is asserted. A

sense anp I's cou recefrve WA and generate a | atched signal

LWA. Transi st or H’ébi&r@l@ﬁh@% eidctii® 19@ seceblestaowWid béle&or 130 HiBiSRIiAG-A0, A1,
Transistor T6 is coupled to pass b5 to WBif Bl is asserted. Transistor T6

i s coupl ed A% 35asA3)h e werd saiedter B (including BePB1, BRaard 88pra word seleotopl ed t o
P ve e ety diRe . 297 80 284 o A 5 S AR RGN A U S BOBn
D2, and D3). Transistor T0 is coupled to pass b0 to WA if A0 is asserted.
Transistor T1 is coupled to pass b4 to WA if Al is asserted. Transistor T2 is
coupled to pass b8 to WA if A2 is asserted. Transistor T3 is coupled to pass b12
to WA if A3 is asserted. A sense amp/latch 135 is coupled to receive WA and
generate a latched signal LWA.
Transistor T5 is coupled to pass bl to WB if B0 is asserted. Transistor T6 is
coupled to pass b5 to WB if Bl is asserted. Transistor T6 is coupled to pass b9 to
WB if B2 is asserted. Transistor T7 is coupled to pass b13 to WB if B3 is asserted.
A sense amp/latch 140 is coupled to receive WB and generate a latched signal
LWB.
Similarly, Transistors T8, T9, T10, and T11 are coupled to pass b2, b6, b10,
or bl4 to WC depending on whether C0, C1, C2, or C3, respectively, is asserted.
A sense amp/latch 145 is configured to receive WC and generate a latched signal
LWC.

10



LWB. Simlarly, Transistors T8, T9, T10, and T11 are coupled to pass b2,
b6, bl0, or bl4 to WC depending on whether CO Cl, C2, or C3,

respecti vevgyoosssosasserted. A sense anp/latch 145 is confi gamadsob/n4ecei ve
WC and generate a latched signal LW 10 WO 00/ 68805 PCTI USOQ 12425
Transi stors T12, TrarssistoasAT12, d&TH.H,ané TSk edupledpagmsh 3, b7, b13 105 bt b15

A e A pA ot R e e

signal LWD n;l.%Pgé GO rst
bits (LWA Serﬁe[h lt(g{n%éoﬁa%bng d th%)q%ﬁ%lgf poi nﬁgé%ﬁg%ilna\é%%dq %ﬂ‘gl bur st

sequence onLWlDe out put si gnal Wb. The burst control circuit 195 is coupl ed
to receive a start Eége which selects a page that contains the first

requested word, &% Flt%?@fmm $@l} iscqoypledhio yeceiye the bysstiits ¥4, i n
sel ected Pageys AN RIS A HeBAkt ANRler FRAEAILER b g LoR8 Rl D St

cycl e requested con 'S con gure 0 recel

word and thﬁlemﬁs{gfﬂemd generate a cntla signal, a cntlb si gnal a
sntlc signal, and a cntld signal (control signals). The control si gnal S
specify the di reEhebnramnmbetrcw 19%)is cougflech tpeaceivad startgpage whidhn a

particular s |fter exa e.cntla, signha e 2-bit
Prht Cshi ¢ SHCH Agagh the oGS the Ee;ahrﬁ%%sta%%@r&eﬁ?%ha{%rﬁﬁgﬁlcﬁﬁﬁlﬁf-@r
control |og t | : us
conbi nat i Ongﬁoﬁﬁg{%ﬂ&ﬁ%’%‘gﬁg@@gﬁg b?s%f?%g&%aﬁég@{g Elfl %q@%sgder
105 i s coupthedtype of buestuyclereqaested. page and generate a decoded start page

signal. A shifter, 110 is coupled to receive the decoded start  page S|gnal
and shift the bif8ephif %§9@H§é1%%15§0 iguged foyraseiviedhg kgt weordmad

Z?Leggﬁh edgufgtg%el vgg%\if‘]e %é%gegi&?é%{mﬁ)&ge selfgc{\hg 1§n3n§? d%gllét % s
word sel ect gsignalitontrbesighBlsl THRI @it sighdls é};r&lfyhﬁewed:n&ﬁlaeﬁt @hbdr 8f i N
response to a ctrlb signal, a ctrlc

bits of a partlcu%ar shifter in a particular shifter. For exapmle, the cntla signal

may specify a 2-bit right shift to the shifter 110. It will be apparaent that the

shifter control logic can be configured to generate control signals for numerous

combinations of start word values and burst-type values.

A 2 to 4 Decoder 105 is coupled to receive the start page and generate a
decoded start page signal. A shifter 110 is coupled to receive the decoded start
page signal and shift the bits in response to a ctrla signal to produce the line
selector 170 signal. Similarly, a shifter 115, a shifter 120, a shifter 125 are coupled
to receive the decoded start page selector and produce the word selector 171, the
word selector 172, and the word selector 173 in response to a ctrlb signal, a ctrlc
signal, and a ctrld signal, respectively.

A counter 155 is coupled to receive the start word signal and the burst-
type signal and generate a burst pointer signal. In one embodiment, the counter
155 generates a sequence of values on the burst pointer signal that start with the
value of start word and increment by one, wrapping around to zero at four.

Alternatively, the counter 155 generates a sequence of values on the burst

pointer signal that start with the value of start word and decrements by one,
11



signal, and a ctrld signal, respectively. A counter 155 is coupled to
receive the start word signal and the burst- type signal and generate a

burst poi R{Ehesdsghal - I'n one embodi ment, the counter 155 qp&ﬁﬁ 508
sequence o va[?%gg on the burst pointer signal that start w't fbhe val ue

of start V\’OW}aﬁPﬁ}ag BABEDB oRY alCRR 0. THEBRESR Bit@rﬂ#ﬂgréﬂdg % th@buitbit

Al ternatively, counter 155 generates a seque of val ues on the burst
poi nter si ghéd irt bikter srderts depehdeémmteorv telrumsf-typesignalor d and decrenments by
one, 11 WD 00/ 68?&3 PCT/ US 0_/112425 wr appj ng. around to four at zero. The
burst bits may pFovrd@ ans! {malustrairsons ¢m entRfpemetiogelos Resfemtiast on

t he burst-t - 'g:aa_ : fﬁa qn1d ‘NI nbodi nent of a

met hod for }églﬁfz%\lr’m n%hgrlr?on- V\Sggy-a |%ﬁ%t§lllé)gm[§é%&?z§%?fe)€ﬁu§ ng the apparat us
of FIG 6 In ordii ofderitblilgsdtraab ehd ﬁ%tlﬁ@d,hﬁdméth@dﬁ?h?pﬂed&)ﬁ‘@éﬁl%}ahﬁ the
apparatus of FIG 6 using a non-4 word-aligned burst read starting at W10

of 1ine 2000f Rl 6 pgBg linan-deasdyaligned huraereadrataiting at Wi lGgdfding 200 in a
correspondi .0 each word in the.line. lLn.this exanple, the 12-bjt

Cadr esn oi gniklife S5BeR0 dBedths £oRaing Ainglf BAKsBrEP PR L NSRRIy ¢ he
| east si gni feo@id. 1h Riskhpl, thd 2 RA RResSLigNAT i 20b, ¢ | ne
selector is the 10 m)sst-si nificant bits (S)félgﬂ?13 épg@gom gﬁaIP“,aOAéllomoooz.
In step 800¢embkotimenpthelsthet werd idhe Vet sifgniféaht swortdts dfthesderésdigmalf he
particul ar |ine ae%ef,t ed using lLine selector signal. In the exanple, the
line sel ect 7~ 28¢ §halinge seleqion ivihe Ogostetigrificanhbity obthsraddressgigpaly array
100 to be dy Bo@nt o bits bO to bl5. In step 805, a start page is
received. In the éxanple, the start page signal is 10, to select page 2

since page 2 i ncirustep 800,Dliné bf Gatans Bdkivdd1 A oA $ighRANS abderflRLRABE t o
provide a decoded start page. In_the exanple, the start page of 102 is
decoded to protudar linatentiediusinglinesglpsterf signalobe the exasplp, Skding sedediar st

bur st count 88 et an QoftRG: BriaRtet FRE anp lEug MiefnopidiFey TOEE B fBnen PRl 1 no-
start word.pifd b@tsBls.vel y, the burst type may specify one of
In step 805, a start page is received. In the example, the start page signal is
10, to select page 2 since page 2 includes W 10.
In step 810, the start page is decoded to provide a decoded start page. In
the example, the start page of 102 is decoded to produce a decoded start page of
01002. In step 815, the burst type is received. In one embodiment, the burst type
specifies whether the burst counter should increment from the start word or
decrement from the start word. Alternatively, the burst type may specify one of
multiple burst sequences within each page.
In step 820, the start word is received. In the example, the start word is
102. A start word of 102 and a start page of 102 indicates that the second word
within the second page is the first requested word. W10 is word 2 of page 2.
In step 825, the decoded start page is shifted to generate a word selector
170 according to the start word and burst-type signal. The word selector 170
select one of the first set of page bits, b0, b4, b8 and b 12, corresponding to the

selected word.
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mul ti ple burst sequences within each page. In step 820, the start word is
received. In the exanple, the start word is 102. A start word of 102 and a
start pagavoho/ddsds i ndi cates that the second word within tlpeTRESDONERZPage S
the first requested word. WO is word 2 of page 2. In step 825, the decoded
start page is sHnfdrecerhbodjienattathe shifter I Ogslodates theWwordhsedectdr @G0 by t he

start word and burst-type_ signal. Th rd selector, 170 select one of the
first set é#ufﬁla@ethsiqegpg%pasa?elﬁgoafféyﬁowzrg%w&%lsaﬁwaﬁ@gitbgyﬁewﬁ@é| ect ed

e R S T i e e P gl

(towards nmask lise@alcctarantalibivhen e stavheord ishers (fof 4-wordlalignedbuzstro (for
non-4-word aligned burst cycles) and not shifting the |line selector at all

when t he stceycleshd¥lteringtiyelyootttesshifting algarithgrramarp begisedclicors) .

Al ternativel ther shiftin | gopi t his be used. .ln one . enbodi nent,
the shifti rfga? &?qthﬁﬁeﬁbbggﬁ%?qg%lm%afﬂgag?ﬂ}g%e EP’&MY Pe pighahe exanpl e,
the shifter 110 [ : 8382

sel ector, 102, aIEI1 ﬁlgg%(?ﬁg%??}tlgg%ﬁ%?gégg%gvfﬁggsepage Sot?ﬁgk%(ﬁ)etébg?/o%%gdto
gener at e a thewbreedebettar, 107,Cinaf leftGhif?s tHendexonded staytipagedf olle bytodeter is a

barrel shifter such that in a_left shift, the nost significant bit shifts
t hrough t o gemerateasword saleqtpe 4 ob1900, Thus, when the decoded start page is

10002, a left sf}hf(;[ eoéml%ocgi%' tg{hgfsthﬁtg}%tq %?g%%hﬁger.jszgh { aetqgl%%ftbslh-’[ﬂi S

corresponds to the burst Tea Ing a causin er to

load WO, Wihe n\¥stafishiléaki bisstifis @lﬁﬂolm?@t toahelenst signific@pt BROThtievhen the
selector 170 is used to select one of the first set of line bits. A3, the

nost si gni fdesaded istart page 1561006y @ lefsshift of 1 gamerateseowpreé seleetor 140 of 8P@L,of

t i st 3t | b12. .A2, th d i gni ficant bit.of th

word: sel eckis carEShaRIagRERUFS ERE SHRRBEgt W A3 seranphé #aes BulieEle  ba.

Al the seqgpd wbeast, Wh ARHWCEBHs diskriBéd hefeimor d sel ector 170 is coupl ed
' |

to the gate of transistor Ti to select b4. A0, the |least significant bit
of the word sel datstep 830 the woodpkledtdrd 70he userhteesadéct tonarofithe firstet b6 sel ect
PO In the liari(eabrg?l A3 ﬁ:\ge rinsosii gi%mﬂf}cggt iqtccl)fb e2 V\;osrd selector 170 is coupled to the
gate of transistor T3 to select b12. A2, the second most significant bit of the word
selector 170 is coupled to the gate of transistor T2 to select b8. Al, the second
least significant bit of the word selector 170 is coupled to the gate of transistor Tl
to select b4. AQ, the least significant bit of the word selector 170 is coupled to the
gate of transistor TO to select b0. In the example, A3 is asserted and b12 is
selected.
In step 835, the decoded start page is shifted to generate a select one of the
second set of line bits, b 1, b5, b9 and b 13, according to the start word selector.
In one embodiment, the shifter 115 produces the line selector 171 by
shifting the decoded start page left (towards most significant bit) when the start
word is neither zero nor one and not shifting the line selector at all when the

word selector is zero or one. Other shifting algorithms may be used. In one

embodiment, the shifting algorithm depends on the burst-type signal.
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selected. In step 835, the decoded start page is shifted to generate a

sel ect one of the second set of line bits, b 1, b5, b9 and b 13, according
to the stawoosssts sel ector. | n one enbodi ment, the shiftercrifsopnpdsices
the line selector 171 by shifting the decoded start page |left (towards nost

si gni ficant bit)Invherexafrelefthetshifv@rd Sirecdieéd therdeeeded Bairt pAge, M AoMOt
shifting the line selector at all_ when the word selector Is zero or one.

Gt her shi f t3gtha yerd selpstormld randiteéishifts thindecoded séarinpage bytanestoi f t i ng
al gorithm ﬂ%&g‘f@g%ﬁglgs‘%rﬁS%?’erfiﬁ%f?ﬁgﬁfe@gnal . 13 WD 00/ 68805 PCT/ US00/ 12425

In the exa 5 the decoded start page, 0 1002,
and the word sel pestep 840,QRe vadtd deddtoS IV T kisb@ o da6QAGHE StRklseARUEsdprONe

to generate the word selector 171 of 10002. In step 840, the word sel ector
171 i s usedbits BSethecmosinsignificahibis ef tnawsed seliectanil?$ is 8pleddo tivs gate of
significant, bit of the r el ector 171 is coupled tq the gate of

transi stor FINROL gf7 éels\é\%igbf%? , tl}f’esegeeéﬁ!ap%gmg?agﬁ%lt %fgtrlﬂe werd gfleqtae
word sel ect : ' I f [ 0 ect b9. B
1 the: second T eagpled PRk oftraitis@R TR 1B selebARR EEl the Lokt RERCTL 00 1

the gate ofsignificansbionf T lie selettoe 17bm codpled fetHeaasé of rankistarals ti t  of
the word selector 171 is coupled to the gate of transistor T4 to select
bl. In the WeatppeB0 ghe lepshsignificaat hitfishe wardselestarelf1 is nogpled t84be t he

decoded start is, shifted,t el ect one of the second set of burst
bits, b2, ,teE)?%%ngi%@r?zll@,sege&ggidi ng to the page and word selector. In

one enbodi ment, Infife®Rhinpts, BBAQ ARSI 88d bITis&t&g! ector 172 by shifting
t he decoded page selectofr left (towards nost significant bit) when the

word sel ector 172 step 847, d¢he dacbdwst stahii pagenig shifted torselext bae b thesecaht sehen
pe o S S Bl S S e S S Bl 122, I
e e
produce t heshiftimgatheeleecded page® selbctor BFR (towards most significant bit) when the
word selector 172 is three and not shifting the line selector at all when the word
selector is not three. Other shifting algorithms may be used. In one embodiment,
the shifting algorithm depends on the burst-type signal.
In the example, the shifter 120 receives the decoded start page, 0100,, and
the word selector, 10,, and does not shift the decoded start page to produce the
word selector 172 of 0100,.
In step 850, the word selector 172 is used to select one of the third set of
bits. C3, the most significant bit of the word selector 172 is coupled to the gate of
transistor T1 I to select b14. C2, the sécond most significant bit of the word
selector 172 is coupled to the gate of transistor T10 to select b10. C1, the second
least significant bit of the word selector 172 is coupled to the gate of transistor T9
to select bé. CO, the least significant bit of the word selector 172 is coupled to the
gate of transistor T8 to select b2.
In the example, C2 is asserted and b10 is selected.
In step 855, the decoded start page is shifted to generate a select one of the

fourth set of burst bits, b3, b7, b 11 and b 15 according to the start word.
14



In step 850, the word selector 172 is used to select one of the third set
of bits. C3, the nost significant bit of the word selector 172 is coupl ed
to the gatwood/68s80s ansi stor T1 | to select bl4. C2, the secoud/usvemz42s
significant bit of the word selector 172 is coupled to the gate of
transistor T10 tdnsekenbddithent] theshiftesd@bribes neashifisitgrdddodadistdit pagé t he

word selector ,172 js. ¢ led to t ate of transistor T9. to sel ect b6.
CO, the | eadhdeRgiident E’gﬁ{)e Hpgt %‘Pr‘{?ﬁ%tgﬁbg'&?@ég glgogithmsmay beaispd dan ars t he

t ft | . . ' X ted d bl0
22 bt oo TR b AT BE AR g RATH e 05T

Is selected. In step page 1S sh 0 'generate a

sel ect one of thén theexdhpkethodhiftur $25 Rickives e dbdoddd skartaigeb010D,, and
according to the start word. 14 WO 00/ 68805 PCTI USOCQ 12425 I'n one

enbodi ment , thawosdiselestors ¥ anckdoesgrot shift the drecodedsirmd pagarte ppadiece the

| ndependent ;0of t st.ant . Other shifting algorithnms nmay be used. In
one enbodi rlrfe%ﬁtsfepet%hoé' IZ’F’WWQ@ al gorithm depends on the burst-type signal.

In the exanpl e, m@teg@a‘ot, gdeslr%‘éd%a@@doymiéﬁﬁse@%%f&t%h@rotfﬂ@@ﬂﬁm}@&&% and

the word selector, 10, and does not shift the decoded start page to produce
the |ine sblitscbdrthezBosifsi@iifioant hihofthepyetseledtor WB3 o cripded ¢v tHe7Gate f used
gni ficant. bit of

: ﬁe > \(/avl) (ra gt s g Exga@g{)c,ltér;ﬁgsf %s%rei%ﬁ E&édgédhg :ﬁt%CS ' ’E"Oé; ngmqu;%llt Elitd?f thesvard sel ect

b15. D2, th 3 LGl £ ' r t | S
coupled to ;g ﬁ%a%g? 233%)@%“%%(2?%%%?#%5’? ;ntoangfesltée!];ﬁ% 5%1 éc%llb?(it@!é t%%g%cr%‘d | east
si gni fi cant ldst sighifidat Bitrof thewestaeletict 173 is evipled tbahe Ratost taistor
transistor T13 to select b7. DO, the least significant bit of the word

sel ect or 173 1B4o selgph e QG the leasisignifisant bigef the wiord selectay 198liecoupled ton

Stored in ¢ R ERERIETRLIS T IETA estRr ¢, “The page. buf fer hoi ds burst
bits, bl2, bl3, bhehasehrRplk, D2lis hbRrdiaid bPf istdRech@nse anmp/latch 135, the
sense anp/latch 140, the sense anp/latch 145, and the sense anp/latch 150,
respectively. | nThusphedsirsichitharefstoted ihdbe pege buffer tin the exeirgi¢,¢te page
sequenti al | )()u?f%l(‘: RE)PJS%JSP bits, b12, b13, bl0 and bl1, at the output of the sense
amp/latch 135, the sense amp/latch 140, the sense amp/latch 145, and the sense
amp/latch 150, respectively.
In step 865, each of the four burst bits is selected sequentially according to
the burst order specified by the burst-type signal. In the example, the burst
pointer is generated by incrementing from the start word wrapping around to 0
at4.
In the example, the burst pointer sequences through the values 2, 3, 0 and
1 to select the burst bits in the page buffer to generate a burst sequence in the
following order: bl0, b11, b12 and b13.
As described herein, two page buffers are used to sequence through a
multiple page burst sequence. The second page buffer is a second set of latches
in sense amp/latch 135 to sense amp/latch 150 that can receive the signal WA
through WD, respectively, when the second page is selected to be loaded. The

mux 160 is configured to receive the burst bits from the second page when the

second page is selected to be read.
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the burst order specified by the burst-type signal. In the exanple, the
burst pointer is generated by increnenting fromthe start word w appi ng

around to o ofkssts | N the exanple, the burst pointer sequerifcel?("I h the
values 2, 3, O and 1 to select the burst bits in the page bu %)9[1?439

generate a burst -sequence .in the fol.low der: bl O ,bll, 2 and bl3.
A deacr bed nor At PR HRYEN R PP ST P RDlP Tymelbnitactn 56 ghetmory

mul Ll Pl e PagenBHhiftitedULPaficulkh BGYRER RELHPRUGP ol Bail ! tREARARS A
| atches in sense anp/latch 135 to sense anp/T-atch 150"t hat can receive the

signal WA theraodghamiy, ranelope atdesememantyeR AM) ectatit padem sccesd aeneskyt 0 be
| oaded. The mmo is.configured a;*ﬂ receive the burst bits fromthe
second page 0% anseé%féﬁaal-%agéﬂ? Q pregsymaplegead oply memey 00/ 68805
PCT/ US00/ 12 p gg%j.' Y} i . | . . devi ces.
The nenory ﬁgﬁﬁlc}talﬁ?rﬁ(“ Iﬁi 06§7 %@%P%%@%‘rlggg?lggjght% fel’é{%ggg %{C%g%rn %gt?aarppl e,

the menory raybodithentdy tleheticthdpriedeoeasoNBidy Ve (8&ANM) , a static random
access nmenory (SRAM, or an electrically eraseabl e programmbl e read only

nenory ( EEPROV) .Thepresemtinyertigraisl disdpsest beteiny withiraspeetdpa caghe dine
according t n F”bozgi ment  of ?@e met hgd of the. invention ¥) b .uaed. The
present invefit ren' ¥ W&Eaé’&&a& 9‘8?#%%%”%%%&‘76{‘ OBI%%X:HE inuﬁg:e havi ng
four 4‘V‘DrdLﬂﬁ€ge§t-he'fkﬁ\{ﬁﬁ8fsyo O%ﬂtﬁa@nﬁoﬂ R IO eraxh@ﬁnmagtirfcggaee using

ot her nmenory organi zation r exanple, the cache Iine may i'nc nor e
or | ess thamd® awdessthanéneordsy there mayebemdress ledsahad 4[pages, araheactach
page may include nore_or |less than 4 words. I n one enbqdi nent, each word

contains 8 IPAgE M3pinslade mose opless Ehan £ yyerdls; Bho%‘;’fmbédg?‘@& Fé‘_é}HWi%dn g
nsr%gg %?‘ I‘Q&EC%H”US‘%[% Iatlji gspect

|
or

ot her size 1 I '
to burst cygpg{saqrﬁ%gt-gﬂgiIﬁéﬁ%ﬁg%tthgég%h?%‘l}ﬁ%ﬁ ment sequent’i ATl y
t hr ough t he sigerwisrdddowever, it will be apparent to one skilled in the art

that nore conpl ex burst cycles may be inplemented within the spirit and
scope of the pr eddetprepentrinyentiomisdigglp herein with respect to burst cycles that

increment sequentially or decrement sequentially through the words. However,
it will be apparent to one skilled in the art that more complex burst cycles may
be implemented within the spirit and scope of the present invention. The words
from each 4-word burst may be output non-sequentially. For example, one such
order is W0, W2, W1, W3. Furthermore, the access to a subsequent cache line in a

continuous burst cycle may access a non-adjacent cache line.
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fromeach 4-word burst may be out put non-sequentially. For exanple, one
such order is WO W2, WL, WB. Furthernore, the access to a subsequent

cache |ingyph ontinuous burst cycle may access a non-adj3Gg he
e 16 BB O L 0 15025 GLAING What 1 cl i mod OSBRSS, | o

conpri sing ps of: receiving a first non-N-word-aligned burst cycle
request; | f first portion of a first NNword aligned page and a first

portion of a second N-word aligned page into a first buffer; and accessing
the first buffer to generate a first NNword burst cycle. 2. The nethod of
Cl ai m 1 wheWdiat id Heirhed 8 N-word burst cycle has no wait states. 3. The
nmethod of Caiml1 further conprising the steps of: |oading a second portion
of the second N-word aligned page and a first portion of a third N-word
aligned page intQ a second buffer: apd accessing the second buffer to
generate a g‘econg W@&?‘régc%ﬁ?ré?mgﬁlfege%.&m apparatus conprising a first

page buffer conprdcsivings & firktiidn-RR{idraral edaoJrisféFclé\&‘élégfegt;m i gned page and
a first portion of a second word aligned page. 5.” The apparatus of Claim4

wher ei n t heloagpeg afivs postionof adirseN-wordatigned page andra fitsipodtiah ofaed bur st

cycle conprisin he first portian of .th word, aligned page and a first
portion of Qe}qgngé@md’@w B;ﬂgedﬁgha&éaﬁ?uﬁq{éa%n-l\l- wor d- al i gned bur st

tion of TRENSALBHTNe | or d-al i gned bt
i roui tconi gur e Baa s B e b g P e 0 & s

portion of 2 poiThefretltod bf Slaifh lereinohkifgsr Mdwbed bltdticyaledesangwaar ti on
of the pointer in response to the first control signal to produce a first
sel ector sigal®s: and a second circuit coupled to receive a first plurality

of bits and, general & o bf Sl { b Lrh3hisblnRSlas el eoted from the

loading a second portion of the second N-word aligned page and a first portion
of a third N-word aligned page into a second buffer; and

accessing the second buffer to generate a second N-word burst cycle.
4. An apparatus comprising a first page buffer comprising a first portion of
a first N-word aligned page and a first portion of a second word aligned page.
5. The apparatus of Claim 4 wherein the apparatus is configured to generate
a non-N-word aligned burst cycle comprising the first portion of the N-word
aligned page and a first portion of the second N-word aligned page, the non-N-
word-aligned burst cycle not having any wait states.
6. An apparatus comprising;:

a first circuit configured generate a first control signal in response to a
first portion of a pointer;

a first shifter configured to shift a second portion of the pointer in
response to the first control signal to produce a first selector signal; and

a second circuit coupled to receive a first plurality of bits and generate a
first bit, the first bit being selected from the first plurality of bits by the first
selector signal.
7. The apparatus of Claim 6 further comprising a memory configured to

produce the first plurality of bits, the first portion of the pointer indicating a
17



selector signal. 7. The apparatus of Claim6 further conprising a nmenory
configured to produce the first plurality of bits, the first portion of
t he poi ntevobmelseati ng a 17 WD 00/ 68805 PCT/ USOQ 12425 paga/oNob/niast he
line, and the second portion of the pointer indicating a word wthin the

page. 8. T at f i rej I ircuit.is coupled to
receive a rﬁgér@% ﬂ'lth?/lpt(}a{%éﬁgh%élg}n@dgegf}éﬁgrp?trgo{‘%Z ﬂ%‘% P §{nt§r01n d#%qhns% %Wﬁrgi n
response t ovithie thepage. t ype signal. 9. The apparatus of Caim6 further
conprising: athird circuit configured to receive the first portion of the

poi nter and gerddeappasatysof Clpion ftveheremihedfinstitireyt exerupded pd eetetve 7 ecei ve

the first hi d a second bit an nerate .a third bit caorresponding to
t he one of l%tu %Setaf?})? g]tgngf?mg egg@g%gnegﬁs?ic%ﬁrglaﬁlgaa rFﬁ%OnsﬁJPstF‘e gb‘ﬁ‘?t er. 10.
The appar atyise gbné.ai m 9 wherein the third circuit is coupled to receive a
burst type Ssignal and generate a plurality of burst pointers, the plurality
of burst foi nt dhe appargudef Elaimedutiiepesthprisingg a sequence of operations
on the first porfujan,of,the pointer, the multiplexor generating a third
plurality of bi edhirdgiscugirconfigurediq recgivigrtheifirgt portinnef themaatssanng t o

one of the I f 1 inters. 11. The apparatus of Claim?9
Bhéfa ébﬁrscffpour eE, aritP

further coffprising: a circuit configured to generate a second

control signal amikpd@rEeoupledtd tectiveRRé tir&biPind BecBMAbRanPSREMR
shifter configured to shift the first portion of the pointer in ~response

to the secdidirdditeasrespogding taother ¢he figsicdeihdr sedonct it irsdigatat byathei f t h
circuit Coﬁﬁlsﬁd tq:Frecei ve a fourth plurality of bits and generate the
second bit . th&PFth bit bei ng selected fromthe fourth plurality of bits

D, L1, 5507, TR SRl Ol BRSO L5 s 8
burst type signal and generate a plurality of burst pointers, the plurality of burst
pointers being determined by performing a sequence of operations on the first
portion of the pointer, the multiplexor generating a third plurality of bits, each of
the third plurality of bits corresponding to one of the plurality of burst pointers.
11.  The apparatus of Claim 9 further comprising:

a fourth circuit configured to generate a second control signal in response
to a first portion of the pointer;

a second shifter configured to shift the first portion of the pointer in
response to the second control signal to produce a second selector signal;

a fifth circuit coupled to receive a fourth plurality of bits and generate the
second bit, the fifth bit being selected from the fourth plurality of bits by the
second selector signal.

12. Anapparatus comprising:

a first circuit configures generate a plurality of control signals in response
to a first portion of a pointer;

a plurality of shifters, each of the plurality of shifters configured to shift a
second portion of the pointer in response to a corresponding one of the plurality

of control signals to produce a corresponding selector signal; and
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to a first portion of a pointer; a plurality of shifters, each of the

plurality of shifters configured to shift a second portion of the pointer
i n responsgowessosor respondi ng one of the plurality of comewUs®iignal s to
produce a correspondi ng sel ector signal; and 18 WO 00/ 68805 PCT/ USOQ' 12425

a second circuit e i LiLst eplural i .bits and generate
a second pl ural i%)g/éygﬁ Llb':lciilicqs“l(?t ééjg@ﬁéalofo cgiéee%%ﬁsé%é?ﬁpﬁpf bltﬁﬁnaigtege fAg

sel ected f reeoond pudfalit bf bitsirealkhof tid sddohd plirdihe of %ﬁﬂs%ﬂ%ﬁél@&eé etgft or
signal. 13. The apparatus of Claim 12 further conprising a nenory

confi gur ed the firph plagalatyt ofeits s thetanresponging sedeatsr sighel.f i rst porti on of
the pointer 4 ndigating a.li w t hi age, and the second portion of the
poi nter i ndllgc':at ifllbe %Pfg%{ﬁ&lwnf%aif“ ﬁh@rﬁ’\eﬁt&gmfﬂ&%é IH?BQF%F%Q%‘FreéI tQim 12
wher ei N t heproidiset tied figdtighuladits OBlEdnt ArbEss L anak; and
generate tﬁ\pe ﬁllg\ur ality (E]Elucolrtlf(raolB tgﬁg%gﬁréﬁﬁsﬁt%gs%gﬂgyﬁte%%rgﬁcﬁt{lj%?hltngpe
si gnal . 15.wifhin appge anubthefseGmd poftdor of tHeepoiatamindkatiag aawbhd dttghr cui t

configured ol.recei ve the first portion of the pointer and generate a
burst poi nt'8f1%nd a plurality of multipl exors coupled to receive the first

plurality of4 bit : | Jty. of. bits gorresponding to
the burst gélf nter. %g'argﬁ%ec%f?&g}rgtlgsb Ié%e%& gl{eﬁ#lfixb{ﬁ'él}éﬁ %Olmc}gdttﬂir? NS 3 cuit
i's coupl ed buest §peisithal andyfesierdt¥ iRe pligaily 8NEbrALAIAAs i RdsBbabé f/tHef
burst pointers, the plurality of burst pdinters being determ ned by
per f or ni ng barstdypesignads operations on the first portion of the pointer.

17. A neth comprising the eps .Qf.: _generating a first control signal
based on a first &Hﬁagﬁt%fOf?lﬁﬁ?r]l?é}‘r,tgegﬁ(?mpirﬁ & second portion of a

o Lo prosuanym St caniginrignel e TR I MR,
response t gehhmté hbstirstgmdintarpand si gnal .
a plurality of multiplexors coupled to receive the first plurality of bits and
generate a third plurality of bits corresponding to the burst pointer.
16.  The apparatus of Claim 12 wherein the third circuit is coupled to receive a
burst type signal and generate a plurality of burst pointers, the plurality of burst
pointers being determined by performing a sequence of operations on the first
portion of the pointer.
17. A method comprising the steps of:
generating a first control signal based on a first portion of a pointer;
shifting a second portion of a pointer to produce a first selector signal in
response to the first control signal; and
selecting a first bit of a first plurality of bits in response to the first selector
signal.
18.  The method of Claim 17 comprising the steps of:
generating a second control signal based on the first portion of the
pointer;
shifting the second portion of a pointer to produce a second selector

signal in response to the second control signal; and
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18. The method of Caim 17 conprising the steps of: generating a second
control signal based on the first portion of the pointer; shifting the
second pomw® om683b65 a poi nter to produce a second sel ector Fognadooizu2s

response to the second control signal; and 19 WO 00/ 68805 PCT/ US00/ 12425

sel ecting a seco § : I i85, .l o the
second sel ector %ga‘%gfg 9%%&%9%? E%)(gﬁigjlfﬂg?al%%ﬁlisoﬁr}gre:é@?rg%r}?ﬁgésteps of :
gener ati ng secontsklqueonsigmali n response to a first portion of the pointer;
and selecting one of the first and second hits in response to the burst
poi nter. 28 Th&hemraibed of Claim b sompsifpis Hiajephelsteps of reading a
menory to  pr Oduggnetrgﬁn;;'arbst}rstp }l)clﬁ;'t?elrliﬁ es(,)};orpslettg a t%r%t portion of the pointer; and

selecting one of the first and second bits in response to the burst pointer.

20.  The method of Claim 17 comprising the steps of reading a memory to

produce the first plurality of bits.
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