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PCT/ US95/ 1434 96/15538 Cl RCU TS, SYSTEMS, AND METHaEHukédR4307
ACCOUNTI NG FOR DEFECTI VE CELLS IN A MEMORY DEVI CE
FIELD OF THE INVENTION 5 The present invention relates in general
to electronic nmenories and in partlcular to- CIrCUItS systens and

met hods for accounti ngCQIRCU YR AN A § : :

BACKGROUND OF THE | NVENTI Q : g nor e

bl ocks of circuitry into akSNadgubiMAlbi ciuialiddiNie il DAL Hoeligk t he
primary areas of concern is achieving a high |ntegrated yield (i.e., the
fabrication yield of the entire integrated circuit). Integrated yield

beconmes a particul ar concern when EIELD_QEEWDDM rcuitry bei ng

i nt egr at ed a e of different |el,di ng desi gns and{or nust be

{2br ot ed uider. di 1T RIFSNYEUCE FHFLE SVRsACR clopiom MegPHes i1 apricar 1
particular = circufté %Wt@tb@ﬂld%é’tﬁéﬂstfoﬂ acountif €dridefectiVe @86 th é)lfneihBSl device.
non-integrated yie I.e., the respective 15 vyields of each of the
various types of ci rcwtry bl ocks), it becones |rrportant to maxi mze

the yield of each type of circuptr ) (Sﬁe chi p.

One specific case where int '—'-"‘ mffrcant factor is

when dynam ¢ r awHenintsgestiag twe apme(mm)f e:rdu@my intd/a Sifigle eBstated bREAARL €d
with | ogic CI rcwtry into a single chip. First, differences in yield

bet ween t helPoqine ihecmmrx/arﬁascp tcnecmraplzevmgamﬂmwsmeémm (uer,dm fabrication
differences in

differences in ){”leogsﬁ{egzg é@%ﬁ c? Em ?mgé&%%[l}e?%%&ts E?ég% rom {:‘e%nw St
that | ogic cir che blogks of cxrcum'yl bE)Bg\thratedlmbraﬁ diffeeent yielding deﬂghahtd/mamdbua ng
substantiall'y gtjf“ilerent ge‘g esses to i_ncrease the

overal | yield ¢ CPRLAEPGess fules Lﬁi?‘f?dh%{%%fartﬁ%Y'Eld of a pagticplar); ¢ r
and DRAM ci r CUijhfe difuit R BAGRN 0F Bachi ot itk fn-ihd & l&é(x@ukﬁerr& tive

"repairing" 25 efective nenory cells in the array. Typl caIIy,
a DRAM nenoily ddeldsef dagly ofthe various typey ofircaite bieaks), itém:omes imporant to meximize

Cdentify any. r dREYaRasBst R A sBie rirag o gy ove T Cwhich
are found to contai rOm!spb@fi6Ease el htBsratel SickEbdcoMmeea Sibfificant Gitor §PWhen t h

an operative row taken fromthe extra rows in the array. This
repl acement na m@npe'audsvmmeessmnmy (RBAM) Icircwiyry s heingintegrated gvith logic giseuwiiry e

h |1 I
Fetui res sever aptoubitaEori il diferencll e BOOHET e Josie SR AR GPERAY
testing eaco ce:lu‘cumrresmtamh mﬁﬁieﬂcdsﬁgtﬁehetubmtsigﬁy\sfme tifcu@® et niselves. laécond

physically alterjing the
: differénces in yields between the two type of circuits arise from the fact that logic circuitry

- and DRAM circuitry are typically fabricated using substantially different processes.
One way to increase the overall yield of integrated circuits including both logic

y Aami DRAM circuitry is to increase the yield of the DRAM circuitry by "repairing”

25 ¢ memory cells in the DRAM cell array. Typically, a DRAM memory device has as

: many*a& 10%:more "extra” rows of memory cells.than:specified. During producuon,
wafer test is performed to identify any rows which contain any defective cells. Any rows
which are found to contain at least one defective cell are then "réplaced" with an operative

row taken from the extra rows in the array.: This replacement may be performed for

30 example by blowing fuses or otherwise physically altering the circuitry. This technique
disadvantageously requires several production steps, including the time consuming steps of
testing'each cell array and replacing the bad rows with good rows by physically altering the
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PCT/ US95/ 14%96/5538 chip. In sum while such a technique c

significantly |nlcrease the yield of a DRAM menory array, ia:nﬂnﬁge%}:‘éw{ he
integrated yield of the chip, it also disadvantageously I ncreases

production tinme and device cost. At some point, depending on the nunber of
defects, the bhipPifin SRR § AR 68 cAnYignRiahlly Pactbaete JRIPSOA BRARY TBY
becone too | me-consum ng and/ or too expensive and thé device Is sinply
di scar ded. memory array, afih bence tiesintegeted ield of thealiiph dralsoidisadvamsageousiyret hods

whi ch all f d M I h
Ciroui 5 and HEFERPTRRITEY L R devien sy &Y suoe BOIRE JenenilioBAnhe Hndier of o
circuits incl defetrg, thetithelafd egpenséirdgiiiddd @ refadit 4 fiveldhendsy £edy Mgy bdtOme too

yield of the DRAM nenory arr t{\ép Advant ageously, such circuits and nethods

woul d hel p 510 timerGoRsuming and/er top expensiye ans theslevics isrsimplyydiscarded.r ed to

gpyglefflsl_ y alter thg,ehidheed hssemssﬁmﬂ@m mgm%a%@l %ggﬁﬂ%@%aw

According to oADRAM devipésedn phrtichiar, suelseirduits andmethods wenld dncsenst irtegratedrenor y
system 15 is ar pund rows, an colums of cells in a
nmenory cel | aP"r"ng%rF‘Bfe £ ‘@?W@d"\ﬁﬁﬁw logic é&gp CLrCyitny by dRcreasingithe,

cal I's for theypgferiic DRAMMRnSSY ady.r Ay ée&kéxf such circufls #hd RER6AS WAl help

array, that address is transl ated to an address corresponding to a
operative 10 elimingteghe me|and expensecurently requnred\t@hmcdly altes Hieehip teéplaeibad |

col ums of ce ray can be effectively "substituted"
by directing %@sé%aggsfﬂﬁgg‘ggoces%f%ﬁ%h defective 20 colums to operative
colums in the same array. In the preferred enbodi ments, the

associative nenory is forned on the Sarre_ | nteratd circuit as the nenory

array al ong wWith circuitry e MONr the exi stence of

def ect | .
T e ot A ) i

i nventi on,15a iatsed tor ‘veork arougd Shat rems 2hd/of eolumnoof atislindinemoryneelliathay. For
array of nenory cellsg arranged jin rows, and.colu , each r ow
addressabl e b aﬂﬁ%{d@?“@s@&&ﬁﬁﬁ'@&“ﬂ%‘ﬁ g‘lqhd:ﬁb%fmglﬁaf’f:?s pEad ?fB‘?F"Gé'BwPBF‘fHS
generating in a MEMbASESartay! thACARIRESS MW&B%‘Q&&&SV&%s ofiing 352 6 vet
menory is coupled to the address generation circuitry for ransl at1 ng

a first addrewoﬂ@émmbrﬂm&matﬂme defectivgeolumansiof cellsi in the memorynd

ddr essi ng. anSBBEebe SRR Bk Thy bl AN BIEESS Ruchttective
the nenor 20 columns to operative @6lliniig i the%aﬁnéﬁﬁﬂﬂ Rthegrefeirt efiibofiifeniy hieent

i nvention, a data processing ystemis provided which includes a
control | er foRSSAGIMYSMemeRyds formed enalsq Bmedntegiatedcircyibgs the memory array along

2 WO 9@/
PCT/ US95/ 14307 nill%ﬁaﬁtry for testing the array for the existence of defective cells and programming

cu'cuitry to programthe associative memory.. .

%ecordmg to a first embodiment of the present invention, a data processing system
vl which. includes an array of memory cells arranged in rows and columns, each

rovﬁﬁi&essable by an address. Address generation circuitry is provided for generating
addresses for accessing corresponding rows. An associative memory is coupled to the
_ addr'ess generation circuitry for translating a first address, received from the address
generation circuitry and addressing a defective one of the rows, into a second address
30 addressing an operative one of the rows, the second address being sent to the memory.
According to a second embodiment of the present invention, a data processing

system is provided which includes a controller for having address generation circuitry for
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generating addresses to access an associated nenory. A nenory systemis
provi ded whi.ojpg9er1ssagi ncl udes an array of nmenory cells arrangegdrfgsesigsennd
col ums and decoding circuitry for sel ecting ones of the rows and
colums in response to received ones of the addresses. The dat a
processi ng system further includes associative nenory circuitry operable to

translate 5 . ogkleRtifgaddreseity acbess astdetatéddmemeoryl & mambryosysiemss proftided which
defective ones of the rows in a first space in the array into

addr esses addr ¢8cipdes a8 drrag shmpmpPTYcellparranged in rows gndeolumas andscoding:circuitry for
second space Ofsefeaﬁnoﬁﬁ ¢3%f the rows and column<ifi 3% tReited i s%f W@Q,t
[ | X e ich 1T ncludes

the present inven a processing system I provi
a menory havi nglataprecessing sfstenefurther inelulies associatige themory cirniteynapeiable to alansiats,

each colum addressable by.a colum address. Addre eneration circuitr
s <5 Rt arceiyb Bomue P loraad agareeries dRlertie OB ot he e v i
correspondi ng Ss%h@e%% arraH into @A&ressef add?é‘ssﬁx@ 'cUHE‘s%oncﬁ% enky 6F tHE RN sYin S

coupled to the address generation circuitry ranslating a first
addr ess, recei \seepndrspagetdighesitiiyess generation circuitry and addressing

a defective one of the colums.. into secand address addressing an .
operative ones of t ccggﬁ)%%f)&w “q @g@&f&emgtggvegﬁpﬁga Pﬁ?‘é‘égm VSt he
nmenory. provided whi€h ficiudéd Pmemofhaving af by 6f memus tellOfraaged Mlré®s and
enbodi ed in nmethods for workin around defective rows of cells in an
array of meldr fomnsseaﬁhp@ln@eegdmssnblﬁ@yamlm agdress. Addressigenerationgircuitry is

associ ative ne | r fict:St LBt : LYy IS
addressed and ,Eﬁgsgo%fréﬁﬁq% tggéeg?%ﬂﬁ%o sao# Elfehagﬁ%g\éreg?o rrag%s%é%?%r{eﬁéo&é#ﬁ %&g@done
defective cel | .onés gfthe solamtis] Anlassociativem@nayiséapledas thedddrssiengradorbEfRRE)

row in the arr X The first and second addresses are then stored in

the associativ riEAnslating a fpst ?‘Ff‘&?sst ﬁﬁ‘im thepddress;gengration pigguitry and addesssing e
assocl at1 ve NenQiefecHidone Jﬁ%& CHRtthn intd BSedohd M%@%&ti%-rﬂ?oﬂeiaﬁ% oﬁéigfﬁﬁs

i's then presented to the associative nenory su at the secon
addr ess i s But polumnscthe fecond address beingghrsersted tothe memoryy array. The second

row of the nmenory artay.is then tested.to ensure 25 .h th cond, y ow
i s operative. Next, tl&ﬁ%gafﬂpltgggﬂpg PresEy invegtign Are S'EP%‘{'?‘S}Q %ﬁﬂﬁ?ort%orkmg
access. at - | eastarduii@ defebtivedows o &S b Sflarf49'6f et céllsTartingeldfin kW and @oRifhs ! O
the sel ected row mat ches an address'to a detfective rowin the array,

the address of Firsicam asegiatingimemory is programaady é firstromsindhe rray of gheihemonsivr v

o o) de a ot naATHEdlebRE b0 Smite P RN bRk g G elec L

array of mea0r gecont hddress'is péreatéd for addressing a second@ow Gt arfay.r The fiRtand second
associ ative nmenmpry i s programred. Anong other thi ngg a first_ colum
in the menory AAdrEsses dreshemstored in the Assogiative memery suehsthat the, sacond address ispusn

'92 / ag;ggd L0 from the associative memory upon the input of the first address. Theirst address is tn

PCT/ US95/ 14307 presented to the associative memory such that the second address is output therefrom to

D

&' memory array The second row of the memory array is then tested to ensure

25 -t

. acceséat least one cell of a selected row of the array. If the address to the selected row

tond row is operative. Next, an address is input to the associative memory to

matches an address to a defective row in the array, the address of a corresponding
: opex:ative row is output to the memory atray S '
The principles of the present invention additionally provide a method of working
30 around columns of defective cells in an array of memory cells arranged in rows and
columns. First, an associative memory is programmed. Among other things, a first column

- in the memory array is addressed with a first address. That first address is tested to
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determine that the first columm contains at |east one defective cell. A
second agsy FrssisS generated for addressing a secondl;(}g* lilﬁﬂt he
array. The first and second addresses are then stored i n the

associ ative nenory such that upon the input to the associative nenory .
of the first address, the second address is output. The first address is

then presead@ashih@thhttfie firsbeolodin Goniihy & 16aNEe)defetiVe édliatA sddondaidedslisaddr ess
.is output to allow access to the second colum in the array. The

second col generates fopaddressing a geqond eplumndn thearray., The ficshang seeandaddresses are

oper ati ve. bR e}l ARl fli b Medtbry! d16n BaPGATHE iduth HResscRibedé ity | O L he
associ at'i ve menory can then-be Input® to actess at least one cell of a
sel ect ed cef therfirst hddréss, the sedpnd address isTdupput. The filse addiess ésthen preséntedatoltinct ed
row mat ches an address to_a defective row jn the array, 10 the address of a
cor r espondASRFIRYE mAMAR, sychthat dhegigeondaddrestis HIPULOANOVACPSS (BR8P o t he
Copoy Y & cblumn in the array. The sectnd CORAR iSBizh Seshld b BisuR! BREHE sdc&%c?éﬂlﬁﬂ igPr ovi de .
substanti al advantages over the exi sting art. Anong other things, the
circuits, opesatives Uponitheeomphttion6f the programming steps, an addressito itherassdciativaat e t he
need for expensive _and tinme consum.n hysi.cal alteration of an 15 array
of memor y TERPY SRR U5 e inri o 48pes At PER oL B el BB ot Y- cel | o
Further, t1n, if the addfS$ io'the @ldctedir6W GivatsHes ah addrésd Yo @ HefeStiveSowsn tHe@h@ps ed
since all testing i s-done on chip., _ Additionally, when the principles
of t hel®r dbeaddress\oé acomespandingpperative row iusput éom the @spoeiatiyegnemory to thst h
menory ci r&&&&wd logic circuitry on a single chip, the integrated yield
for the chi'p ‘can be substantially increased. 20 In this case,.
conpl et e funct iThe@niboyintehtstof therpeeserntinyntion providesdbstmtiakbddvwantaged ever the (

achi eved; the principles of the present invention my be applied to proVide
“suf fi ci enteXisting ast,, Among Qgher Mf"ﬁ‘ Eigculls) systems and,mgthgfly ofghe present o pe usabl e,

even if t L el free. , if 50%
functi onapﬁéﬁﬁgﬁéwgﬁtﬁe%ﬁﬁdgoéﬁ lge g%h@e%%ﬁﬁﬁm%ﬁgﬁé%{?ai i ' g?\gll‘nge may be
usabl el§ n asray ofl mesircetis ingordertto caplage defect®@xotve and ¢odurans af weldd. Humber2the nenory

can achieved thg. overall devige. . may fully usahle..Fi.nall ince preferably
Che ~C e giiaianay O an Y pEGPITR mtekned sBE el Eorpiest ol P

i ntegrity AdditidillySihYherindiples of theprdtefenvention &t Bpplied &Y @dvidel inigirRiigi Ve
cell's occur well after fabrication. . - The foregoi ng has outlined
rat her br &ath memogy cireuitry and logierincuign op @singlerhim thejasgrared yield for the ghiresent

i nvention | t. etail ed description of the invention that
fol |l ows ngbﬂgggﬂgég%@tl%%‘ger stood. Additional features and advant ages of
the inmaention \ihtHis duse, dompletefanktionality bfthe infedidry portibn adedfnot aiwiapebes ubj ect  of
the clains of the inventiopn, It shoul d be apprecjated . &y_those skilled
in the ar@ckigyad: the pripeplespk the Rresans inveptionmay, be; applisdip aravidsisubliciedt osed may be
P usos, TPsBHA iyt iy s o) deriey b waple cvenfhe mesmopy s o o,

desi gni ng compietely defeat free.cBorfesampleyif §0% dumtionaliteof the memory can be achieved
il device may be usable in a reduced configuration or if 90% functionality of the
25 _.__-b'e'a_e'hieir-ed, the overall device may fully usable., Finally, since preferably the

memetyarray is tested with each power up of the chip, the:integrity of the memory array

can be maintained, even if defective cells occur well after fabrication. . .
The foregoing has outlined rather broadly the features.and technical ad_vantagés of
the present invention-in order that the detailed description: of the invention that follows may
30 be better understood. Additional features and advantages of the invention will be described
 hereinafter which form the subject of the claims of the invention. It should be appreciated
by those skilled in the art that the conception and the specific embodiment disclosed may be
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sdne pur poses of the present invention. It should also be realized by those
skilled in tQgy difss3s that such equivalent constructions do pefpsspasdy

frromthe spirit and scope of the invention as set forth in the
appended clainms. 5 BRI EF DESCRI PTI ON OF THE
DRAW NG For a nore conpl ete understandi ng of the present

i nvention, and r¢ddfly atNzdtas g ®asis for modifging of desighiny atheratructuses forwanying outithe
foll owi ng descriptions taken in conjunction wth '

the ,

drawi ngs, in wsamepurposes of the Presentipyention. St wq#fbﬂsq”*&e/@#h% ¥ thase SkiieA 52k art
g f ; . . ! JHOCR

I GRES 24 and b ich¥abivefh (eBlcrons i GE5E oin e ofand scope of the nvention

display casietfortiein theappendedeldimé.f er depicted in FIGURE 1 according to
two enbodi nents of the present invention; 15 FIGURE 3 is a flow
chart descridi ng the onboard programmi ng of the associative menory

wor k ar ound

system shown in FI GURES 2A angpfEr DESCRIPEIIN DFTHE DRAWING
according to the principles o e present 1nvention; and
FIGURE 4 is a fl ow Ehea morksompldse nederstandingtof shaiprpsentinyentionandithe advantages

associ ative MoLy system sh i | G 2A..an . il :
def ective col um?'%’rrﬁf%cgfsd‘?ﬁ'omﬁ%gg Flﬁnf85°‘tf6'§t%§%m§?$‘ﬁ3?‘é§éﬁs 8% m%hg%é%nt
i nventi on. accompanying drawings, in which; DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The principles of the present invention and their advantages are best

under st ood ¥y FIGURE:ilrigja high leve] fusctionabblockdiagram:af @ gmpicsividso dafa F| GURES

1-4 of the dram’ Hgﬁ i jch 25 | i ke nunbers designate |ike parts.
Further, while e iﬁ'rgisﬂ%%‘l es of the present invention wll be

il US]E rated within FIGURBSRAXind2B a;eﬁoﬁgdd&ﬂkﬂﬁxﬁﬁgn@b@kdhﬁnmswjﬂte@hpl?l ock
transfer circuits, syste an cor di to these princi

may be enpl oyeG‘I"itFPlﬂ&hﬁ“d(fﬁ%y'%‘P“f er depispg&tgh%@ﬁ 3FS I &w%’ﬂﬁ?fi I rﬁfghees
FIGURE 1 is a kg&tmg%%;.unctional_ bl ock di agram of the portion of a
processing 30 “system "controlling the displ ay of graphics and/or video

data. Syste$ 100 i nFIGURE 3ds a flow chen tlesatibing tlweconboarg programming, of shesagsaciative us

102, a display controller 103, uf f.er. 104 . di gital-to-anal og
converter (DACTERSS systemshowaip g}éﬁggség flﬁ‘ga to mplement a defect fow Work arotnd
S WO 964dcerdifs to the principles %’gtbe present invention; and

PCT/ US95/ 14307 ) 1 controls the overa'l_.l oper ati on of
syst em 100, det er ni FESURE4 is 8 flowrchasy flescribing the-gnbgard programming-of the aseociative

.di spl ayed on. d imseﬁlo?ysy%@rﬁ[ sh%% in %RE§%& and Wg%pleﬂﬂgt aofe'i"gcﬁ('é@olumn work

20 around according to the principles of the present invention. : -

The principles of the present invention and their advantages are best understood by
Mig#to the illustrated embodiment depicted in FIGURES 1-4 of the drawings, in which
it s-designate like parts. Further, while the principles of the present invention will

25
. be illisstrated within the context of a graphics/video processing syétem; block transfer
circuits, systems and methods according to these principles may be employed in any one of
a number of processing applications. - '. B ' ,
. FIGURE lisa high level functional block diagram of the portion of a processing
30 system' 100 controlling the display of graphics and/or video data. System 100 includes a
central processing unit 101, a systexh bus 102, a display controller 103, a frame buffer 104,

 a digital-to-analog converter (DAC) 105 and a display device 106.
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various data processing functions. CPU 101 may be for exanple a general '
pur pose W& OPr ocessor used in commercial personal c CPU 101
’ connunicgyggaa#? t he 5 renmai nder of system 100 via sys?gﬁpéus 2, _

whi ch may be for exanple a local bus, an ISA bus or a PCl bus. DAC °
105 receives digital data fromcontroll.er 103 and outputs in ~ response
the anal og dat a CPUUD!I eentidls e iovérall opdthtivh of @Pstera DO, dtehines tHelton®meyti f i C

i npl ement ati on of system 100, DAC 105 may al So include a col or palette, YW

to RGB . anyrgsaphigs datatp be displayed on digplay iy 106 upderqser apmmands, apd perfarmst r y,

' Tf
'to nanme a f Welt ; N _ a CRT
ani £ qui RS f Bogessid funcrions. IR0 oy BE dFRatfi s YondiHlbte P )
pl asma di spicyopr&tesior used in tommetcid) persbnal compuasts.IEPUCO1 communithtes tvith itiep| ay's
i mages on a di spl a%é-scr een_as a plural it [

of pixels. o In the
i 11 ust r aP edreaRHRIER m@mQ%F@W%W%l%’%@@é‘E@ttﬁﬁ?Wﬁ lgcal puss pISAscr een
on displ ay N : : ' ' Ar poses of
illustrati Ogltf&%{gfpggﬁs.%gmﬁxyﬁﬁgg%@@@gb%@he d%ﬁtﬁgﬁﬁ)l ts of RGB
data (i.e.,regponsethe enalog data requited to drive digpley 106. ddepending on therspecifit he absol ute
maxi mum si ze of the physical r frame. buffer . 104 W | e 640
Tl ume. by etFmentoR ot Sisteg 100 BAC 168 mey 855 iaehic 8 olar paispep KUV O RES ¢ o
I't shoul d bRrAsivedousitircuitd) Candrdr kU ghd Pzadthifig ciduitry)Ro Hari®h fov SficREN May or
may not exactly map - to the stor agnguopaglpns in the physical nenory

of framtObuff er Display {ifroasibefgr exampiea arystahdisplaslg sel ect ed.
Further, al i | - def i h_pixel b -
physt ca 1 y lsckBluibetodts aiglef (EL) Pl BpiRP G1E5 oPdild PN alBlay devies,

whi ch case,witith displays ifgdsion% displdydcleen st axiadlityrof pixgisven page of a DRAM or
VRAM) or may be stored in three - different banks or rows of the

physi cal menor y Ibtheiliustrated gmbpdimeat, sysgem 100 is a VGAcpystgra-driving a display, pereen
detailed f . | | ' ' QY. CRRLT . .and frane
buf f er 104@% g@ﬁ? F%%‘éaeﬁgoﬁﬁgyn?@g? Pé’%s’cggégﬁéu&qs%&eﬁn%}ﬁwﬁg the .
pri nci pl¥s eath pikel will be assumied webd defined By 24-bitswf RGB HrGI(IRE, 8Bits aicks fdrasd,

controller 103 ing] udes graphics/video control]er logic_gircuitry 201,
Sadr eos gerEraR B bhe) T B aBsolRE etttk oY aLapestic of s puters

buf fer 104 108 il 88 84PéolahAsby 450 rEWEBY ¥4-6R4 pet piéefo fhitaY SA6! mePabytel OWS
and N col umms. 1The r ows ofg?ayrray Zgéglyare c%eztprol I'reagp?gel ec?ed) bgabyn 30

~associ at ed It shaulddeaated thay thevisualipixelss lon thedisplay-screqy may or map netaxpétlyomam

associ at ed; .dec - I.f i ' hi' decoder
25200150 o e WA SRRR R ARl i B byl Bk o000
\g/r ite) 200 mesoey fmaing cdlecred] rRathes all 24-bityofttolor data defining each pixel maybe

WO 96/ 15538 . . . . .l
PCT/ US95/ 1#Bysieally stored in sequential staage logations in physic memaqry ¢in which cageyall

Simlarly, ; der. - o i er
ci reut try 200 R BR SRR gt A DRAM o VRANE S e SoRiah ik
cel | s al ongifferent banks ©d rovesvofitie physipalmsemedry ofithe filamebuffeldiOdss recei ved t hr ough

DU O DU PR oS Gl i R UG S ST BRI 34 1 0

controller
.25 je.buffer 104 emphasizing one embodiment of the clrcmtry implementing the

prii;iples:'ofthé-pi'esent .inve.ntion. As shown in FIGURE 2A, display controller 103
includes graphics/video controller logic circuitry 201, address generator 202 and an
ass'ociative memory system 203. Frame buffer 104 includes-an array of memory cglls 204
Mged in M rows and-N columns. The rows of array 204 are controlled (selected) by an
30  associated row decoder 205 and the columns of array 204 are coupled to associated
column decoder/sense amplifier circuitry 206. Row decoder 205 selects a given row in

array 204 during a memory access (read or write) in response to row addresses received
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5° menory array 204 through nenory input/output circuitry 207 and col'um
decoder/ senseyooe/1ssagpl i fier circuitry 206. | n t hpcriusesiqser ed
enpodi nent, graphics/video controller logic circuitry 201 may be any
one of a number of known control lers nodified or programred, as described
bel ow, whi ch control the display of graphics and/or video data. For
exanpl e, gr aphithmbgh chemotyinput/cutpit tiequitrp0% Similady, thecopomnn d@pdtre of column

i mpl enented by stapdard VGA.contrall rcu Simlarl addr ess
generator 202 M %F"&“‘Wﬁé@& %{;‘&ﬁ%&{fﬁgg’g"-g’e‘ﬂgﬁﬂé’f{}}e memory
desi gns whi ch gRnesighga eéieh':&ﬁ%eﬁntr&sgbnsalté 2 \GblafintadalelSrecetiel thﬂ:ugﬁﬁfpﬁ%ﬂ tely
access storage |'0cations within nmenory array 204 via row decoder

and col urm dec cirevitry @03 e Data is exchanget between graphicy/yidegepntiofier Ipgic gireyity 2@hand

emory Cotnd. R i) 2 BReb ] ooy o287 i AR B AGE B

static random gr diREy206SRAM) cel I's. Simlarly, row decoder 205,
col um deco er/ sense ar‘rgl ifiers 206, and jnput/output circuit ré 207
are of a conventiondn d embodiment, gfaPh!GE/&dﬁ?F@‘@He‘ilﬂé‘cﬁFFﬂgy gPkmay pe

the present iny ﬁﬁﬁl& ig,?ﬁe f he
"wor k ar ound" a?&ghfgf Ive %ﬁ%ﬁro\(ﬁ F;Bror groupsrg?g e ef%%ésglgédbgrov} :
cell's within arwhish &inérol the display of)gra;ihlss:amimrdudeordatae [Fobexample, graphics/video pl es
of the resent_ i nvention a first rrbodl

subst i t ut i ol ofcoRtElish {qgicLircyFy, @?’ldwbsmpemew K %Wswﬂﬂmm
defective cel | sipihdy, %&@é&%ngﬁﬁ?ﬁ@z mhP¥e Ay &ielofa nﬁbb@ibﬂk%o@vﬁh&dfess generator
operatlonal In a secon ment, a given colum in the cell array of a
"by one" nbs:gn.ywlulah génecase aédressesahat adinwrmmoll:ee fzebtq appmpalateiy acgessistorage
replaced with "spare.. .col um 25 S  whi c 1,NS ef.ective
cell's. %‘fmg within memory, gy VI’a mﬂ descﬂged' ‘i\? ché’ggrg{jsr?P?ed t hat
typi cal DRAM dewipliier circuitryl 206! ndexe@&féﬁmemdimt,mﬁ&ﬁm 204 13\ahi afthy 6€! | S
than specified. Further, i'n graphics/video processi ng systens such as
system 100, 1% hdyewmdamcp@bmm gellsang theiassociazixg/memory is jplemented

o $0°" ot M Rafic shfdi Bedhd mod gpgp&g?'ﬁﬂmw B0 ALl S03, cbiifin?®

frame 30 buf en sone por e Tenal i ling Textra’ neno

space is used fdecodel’sensé anplifiers 206, and inpatforput yipartrp20Tiat of a emwenMabgesighe
CPU and/or display controller). For. exanple, a one ﬁ‘%g%te franme
buffer is typically Asserdingto ?Wc’?%P@WFd’F‘?ﬁ‘F‘éWeﬁBmHM’G Enany| sysfem

7 m "work d" of defect ll or groups of defectiv
heT Usos) 14307 28 for the vork around, of Al e ey e O P oo d 480

rows of 'pi x20 s menaori cﬁlmﬂnmma)gZQéefAsmaﬂ be dlscussedaﬁxrtﬂa' tblqu thef pringiplesfof the

“"true color." Since.thisg syst moI i

capacity for stPB?SFWd“‘é“&Eﬂ“{vﬁ"stg‘F ?%ﬁ%ﬂ'ﬁ 9"4/%%%{]8”&'85?“’8{ cellse
one negabyte  which conBiii ohe Bﬁﬁﬁfe’ﬁefééﬂ\'é&ils Mtdﬂo&l#?f& dte StoRsofaBAd whicR Sl
of extra menory space avail abl e, the ability to "wor k ar ound”

def ective rrem)rOpewn% Iora gcmdmlhwﬂlmﬁ,lasglmm in the cell arnay of & thycenel' y
possi bl e. A Ll whidhoftaifd oG of @Bre BreRfiNeellE darfle replaleduillf £40Bark Ldifion

25 oﬁ 1 ',..,,3__ hich contains no defective cells.

" As an initial matter, it should again be recognized that typlcal DRAM devices
include as many as ten percent more rows of cells than specified. Further, in graphics/video
, proz:essing systems, such as system 100, the entire available storage space of the frame
buffer memory (for example, frame buffer 104) is typically required for use as "frame
30 buffer" (often some portion of the remaining "extra" memory space. is used for the storage
of other types of data required by the CPU and/or display controller). For example, a one

megabyte frame buffer is typically used in a VGA system displaying data on a display
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space is.nmade available can still be used for other processing operations. *
I n the pikdeéiase enbodi ment, the "franme buffer space" of : S _
assigned to “the "l ower" address space. The renai ni n%ﬁgﬁ’&ﬂow
address space i's designated for 10 defective cell "work around” pur po_ses."
It should be noted that in alternate enbodi nents, - the designation of

the frame s aYBREI8y fidfe SF640Rb16; : nac : t

different a rn:arsssa g%glg%s in arrayaglgﬁl.gg@)?&g&gﬁn%fg?glf'%géqﬁgﬁe%%&d?%?edspace
may cor r eshy24tbits of datd for e colgpyIeSihce thiy systemanly requires 92h600byitésofwor k ar ound
space may. corr.espond .t o tn . "1 ower " roi/,v addr ess .égace of array 204.
In any eveffiPacipiior Sioungeas gﬁﬂbﬁf@@"aﬁm@ﬂ? Yiien perqent of fhe gne megabyiged i nto
frame buff geméRAre k , ' I

In the row sub_s.ti%??ggu%%bwggﬂ?a of t eﬂglrr@{sk,}eir?t%’f%ventl r??&tégﬁ?@er er 201
i ncl uded the ability tot"work around” defectivermemornycells ol greups wficalls becomies t he rows of

ool 1 < HeaLAaTR BN AP oy LR MBS v T

addr ess  t cspattis deile avdilble cawstillbe used fordffier Protéssing Spéraonso the address of an
20 operational_row in the work around space. Wiile the testing of array

204 is pref er agnyhe preferrpdembedimentythe Cframe butfer spacelphareay 264 isassignedriol | er

103, it s b . il o oo | S hi s
testing mt (oveE dUBERARLEL Tt iBhahide upper O FBREE eRECR SeTp Gy ot

buf f er 1A 03efective cdlTwuork atvond!’ purpysis. cIs shouttbise woted that ih iter”did embodimBhs, t O
access the d&f ective W_in gtr;& nme buffer space, the correspondi ng.

25 f
recei ved A flesignatin of the, frame wpe@sa:?git%&wv&mﬁwemycgmmms and i_n
- associ at eqfélefadresOspatk ‘?:Pﬁfr@t%mf‘%ré%d%é iR bty {gace fgévaelsﬁaﬁ

actual access is then'made to the correspondi ng operationa e work
around spdethe "upper" row address spaee avhile thedwernkiapolindspace ofiaytdoerespioad e thiachi ne i s

described. n FElGQJRE 3. The siate machi.ne operation starts _gf step 300
upon t he p!)%f W%‘%ﬁfé@f‘cﬁ%ﬁ%ﬁo@r I'lﬁ“ﬂ”ﬁ@'t’@‘a‘?ﬁ%“?@”“(ﬂ“f’ﬁ’él%y array
204 anth t fve ppititighéd it Fearh buFfer Svdce hhd RofEdIBling spaceli® My St nlfinfblr of ways€ach

power up cycle _allow continued mai ntenance of nmenory integrity. At step
301, the dnitheaaw suhstitution embedimentpfithe prasent inxention, donteller 2Bt inchidesir r ay

504 s lo%ﬁge(s%egorﬁﬂ%&{u& fer which tests the rows of cells in the frame buffer space of '
PCT/ US95/ 28204 and when aAlefetiise tonsie disetvered, progranisassaciafivs medosshsteinent
thi s addr is the l.owest address in. thtﬁ' a&dr_'ess_ space of array 204
(i.e., adgﬁig%mﬁw e/&?&@fsetﬂt fectiye rqw; in the frame butferspaggdo theaddrpss of an 5y r ay
204 (ipc! geld f ey _ : pl us one
peciforlfon) WO frolndSRT WAL (O Rl B8P 200 DRAGENY D

I s | oaded into a second coun . |
pr ef er r ed penfarmed by circuitry svithinisplay cobtroliexd03, it shouldde mecpgnizéddhatdn t he hi ghest

address t rr.ay 204. The.associ.ative nory, system. .. 203 (s reset at

step 303 glttf?ﬂa[? %MLW"%‘&E?%??“&HB@&%%&E t‘¥5tfﬁ‘§'¥“@f dispas ‘ﬁm‘ﬁ‘f‘lfml at ed
and béfféeri10B) Yy passed t hrough. - L :
21} when graphies/video controller 201 attempts to access the defective row in the

25 #Eaffer space, the corresponding received address is translated by associative memory
" systemmr 263"an'"d'an associated address to an-operational row is output to the memory. The
actual access is then made to the corresponding operational row. in the work around space.
: A preferred embodiment of the state machine is described in FIGURE 3. The state

machine operation starts at step 300 upon the power of display controller 107. Retésting

30" of the memory array 204 and the programming of associative memory systemn 203 with
each power up cycle allow continued maintenance of memory integrity. At step 301, the
address of the first row in the frame buffer Space of array 204 is loaded into a counter R1.
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At step 304, a test of the cells of the addressed rowis initiated. Step

304 may be. 9& mented for exanple by performng a convenipi W@W’
test in vvhrch grap Ics/video 10 controller 201 wites a pattern'o a
into the addressed row usi ng: row decoder 205 and .- columm decoders 206,
reads the pattern back fromthe addressed row using row decoder 205
and col utm  decoglgs; b@Wiﬂ the Bfeféried CHibbivneaf) bhis adifeds ifthe foWaltidaFest fifthe
data read back wth the data originally witten in to the address row.

It shoul d be ncaddeess space ofaray@M (i.e., addtbds@)ss‘\ttsbipa}mashemad@eqwgﬂﬁdnm%h

made o L1 an dPTR)708 UoEiins e Fare LR hf ) B8 wbrc P PRRpafly el 8 s a5

space is good tiig h Rtofl@BnlBPR2.! AS dRESs&Bsbove) if mwnmemsodmsmme addiess
Next, a test is perfornmed at step 306 to determine if the end of the

avai | abl e franelomﬂ@p cowuerdR his sheighest address to-array 204, e aRsogiptiviedperaery system
enbodi ment,  a %Régés&%?séeﬁsﬁ?gﬁh%ﬁxmﬁ‘ﬁgg rp?ésé&g% 1P% dtPieletd & not tr sf dai}.g

R2; when the twWO-addT essesl are Gqus space and
around 20 spaqeslhmlrsepassﬁdahedgleach ot her and no further. nenory space is

avail abl e for either purpose i he avajl a fr byf fer
space has in fact beak$t W@Q&%HStqueblFO 'lhﬁﬁ "'éFR-,W's mmatgg.dg gﬁﬁay%
counter Rl is q%r&r&&h?da% gtbygkggrtngr a bSiVehtithaProRde & T WA wh t%ﬁﬁwde?

conplete. If however at step nation 1s nmade t end o
the avail abl@ controflar20t wrisésf acpattemmenfelatadstorthe addeqsaedmaulwtgrommdnéos and

process continue t St 4 ere the ow _now addr essed

address in courﬁ° gg‘? 2@? &ngf i QTE?’E(?H"FK/ @‘y&rﬁsﬁ%& ToW using ecggoder
continues as defshnd eduﬁnh%&xﬁyse%&@anﬁﬂﬁr circuitry 206 and theh f:oxﬁpir@é’\thﬁ data@éadi NY
one or nore defective cells is detected at step 305, then at step 308

the count in cdask withile data originallyswritean ip 0 the adeess row; tltﬂlOUMﬁplqddbﬁéhPWo

ot o mance of iyt 83uR) SRER pRRER LBl RHNLR Rellolf ¥t 220 oliieh Bkd 8
t he hi ghest 15ddisssetation had Seeh enallé né triis¥atidf dcurdit If theapstédfdw of the framé befferi S
performed to determine if work arqound space is available. In the preferred

embodi ment t he SBaRsis §00d-thed atstep 36 the addeess incountepRi dnincremented. Nextap feskise

ngi!s 5;26 n the performed at step 306 to determine if the end of the available frame buffer space has beend'O

PCT/ US95/ 14307 reached. In the preferied einbodiment; a icomparison §s tade df ¢keraddonssas i countegis

t he processing ai ceeds to e and_.311. | f
at shep 300, O e R hef eruioaais S o apal he 3me DR e ndthe vork prpund
(address) 29 gaderhaﬁ?@ké@élﬁﬁ ebich othdiid b filrtHePméméry $Paceis avsilable feeiti@flrgose.

systemis progr to assocl ate 5 the address in counter RL with
address in courfthe emo(lhﬁevallablckfmmfet space hgsin fagt beengeached, thea@mtmélq trhe R1

results in the ress in c f.
the progranm n %gfegs '“ﬂ%‘“e{ﬁla af% gtefl ﬁmg%i&iﬁpearl%up% promgggocﬁé
associ ative mr&ﬁiple?&&fﬁuﬁbv&bﬁ&eﬁm dmmddﬁesm&yham@awmmmme
address output from. ~ ‘associative nenory 203 can itself be tested at

step 304. The tfrasiatmsdfes space hasnot beenge gy d;shen the process continues at step 304 where the
25 new #how-addressed by the address in counter R1 is tested for defective cells. The

process continues as described above at step 305.

Ifarow c‘ontaining' one or more defective cells is detected at step 305, then at step
308‘the count in counter R2 is decremented (since the initial count loaded into counter R2
" is the highest available address plus one, on the initial perfonnance of step 308, the address
30 in counter R2 is decremented to the highest address available to array 204). At step 309, a
| test is-performed to determine if work around space is available. In the preferred

embodiment the counts in R1 and R2 are again compared. If the counts are equal then the
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10 until the address in counter RL is associated with the address to an

oper at i Viyg stfiskig array 204, at which tinme processi nw&m& the

next row at step 306, or .until the entire avai | abl e "nenory %Zlce has
been used at step 311. Once associ ative nmenory system 203 has '
been progranmmed, graphics/video controller 201 is ready to process

gr aphi cs cavailitiespadeinimértiory haobeen tbhsufiel afkiithe processiiy agligieaseds 16 Sipd o! | er
201 (and associ ated address generator) generates an address which _
attenpts t0AdddL. 3 defective rowin the frame buffer space of array 204,
a match ocecurs Gl | t dress is
Subst i tuted v th TP 309, e 0 Rhdd e B uie W P UG ol einAlfhe OB BIEET
around spduoeounter R2, then at step 5123HRRssdElativrneheryaysterh ieprogiamnsydiie disbeiate of t he

present_.inventjon. In the 20 stem shown in FlGURE, 2B, the associative
nenor y %y#‘é?ﬁ%ﬁ)‘?%‘?‘ﬁ“% ﬁ'é‘m'z'é ﬁi‘ﬁcm“,m?’tzh(éﬂ*i Fuchishas therigputof theem 104
rather thaadisd miRY @siidlifheRitput 8f theaddbsR in CSundR2G! ternative,  the
circuitry required to test array 204 may be al so be di sposed within frame .
‘buffer 204. forfter the pregrapming:step3k2; thefaddressoioicaurnterR hisragain pseseritedno203 ,
Itself. not.her al t at v he testi of array.204 is perfornmed i
by i rcut BPPO T pBobrAdh e fhas e Fou adqrpreSb B eionflel ez pipun

enbodi mentassotiafitéiiEinoRE203a%n ASIEHE REES arwp 304N The tERGsH OnBhudafar &b
2A. I n the enbodi nent of FI GURE 2A, graphics/video controller 201 an

addr esi0 until the addresstim eounter R1is assogjated wiith tha-addfesstoramvaperatiye ewoingiranddr ess
bits to n : rlﬂpﬁe r e reaquired.for
convent i o%ﬁ’%%@%@%@?ﬁ |°(‘)’ﬁss{°bu eé‘? @(C)J %‘f“%’?ﬁ’gr‘é’t“ﬁﬂg*"e enu.readdi tional
‘addr ess biavailable mentory space hasien usedidostep®l k ar ound space of the nemory ar ffay
30 204. In thﬁ enbodi.nent of FI GURE_2B where the test circuitry is ' '
di sposed wi t hi HRCe 25S0Ciativg MeImqry, 8ys 3 hag beannrpgrammed, graphics(video” renor y

array 204chriroles 300 iSRAdH rw&F nghﬁ%‘?ﬁﬂ%ﬁ&ﬁa\’ﬁ aColinYioRi AghAdE™®d Wi t hout

the intervention of the contro
10 15 Wieneer coBadler 201 (and associated address generator) generates an address which

PCT/ US95/ 14307 necessary. addi ti an address bi are gener at ed
wi thin asTCETRE 1085 MF%C"%WéP g}eggr‘m‘?obu%ef:&?ﬁﬁfw 12 MAEH ogRprsin
continue asogaivemdmory k¥stéit 203 kndthat dddredsis SEtsGRsd WitlPthie didreds! of the

required to access the trame buffer space. It should be noted that in this
case eachCUTR§PUsling row infhe;workiasound/$pacst | er 201 may map to a | onger address

word when a WOEGIFRE L iaﬁ&n mpgﬁ- ‘rg?qh - . princi pl es
of the present 1 nven?lﬁgﬁblgtrsteaﬁa soatgﬁp' |'clé1§f'e t o“%“ﬁ%"‘é‘?’%"d’r‘?ﬂﬂ ye]ﬂ?lgctive

col um2® osyswarshown e FIGURBE 2B the yssaCidtivel merhdry Systeas 203 B ifiplemeined Gahmor or

m crocontroll er og&r]g)gl e to perfarmconventional colum and/or row

tests is {FEmmebyffersys Jathpr;than within display gentralles i3 As/ape aiematisi r ol | er

ayst en s arEy Rl it SHEFARARAY b dlsd REUHOSANN R i Bl dr |
case - examplegis part of associativeymemary system 20%itelfd Astancthenahemarive) theled i n
TEMDTY ar . Gt ;'n&‘)f Mg-%éjtfonned by circuitry within controller 103, as. was discussed | )
' embodunent of FIGURE 2B has advantages over the embodiment of FIGURE
2A. Iithé#'embodiment of FIGURE 2A, graphics/video-contt_'ollér. 201 an address.

generator 202, must be capable of generating enough address bit_s to not only address the

25

franfe buffer space required for conventional processing operations but also of generating
additional address bits to provide access to the work around space of the memory array
30 | 204. In the embodiment of FIGURE 2B where the test circuitry is disposed within |
_ associative memory system 203, the test of memory érray 204 is performed and the - '

associative memory programmed without the intervention of the.conu'ollei 201. Any

10.



to work around bad columms in the frame buffer space by passing each col um
addr ess WOPYLIB8 t he associ ative nmenory system 203. The asPCTIUSHS/N4307
menory progr anmm ng procedure’ is simlar to that of FIGURE 3 and is
shown in FIGURE 4. 15 Al t hough the present invention and its

advant ages have been described.in detail, it, . should be understood that
vari ous changesieceSi¥ Pﬁi‘&?‘i‘f’g &pits pregeneralsA vithin assoeiatiyg anamqry.,; Fherefore,

wi t hout departi I hdnts WiBber OF RIW & s def i by
I e e e
PCT/ US95/ 14307 required to access the frame buffer space. It should be noted that in this case @ichlaldfress
1. A data processin ) conpri sing: a g

i ncl udi ng an arlf%ﬁgfcoﬁgﬁ%ri},sg]g}ay r‘PéE@@S’ ?W?sﬁwrﬁwae'b%WBmﬂ?““drggggnéach
sai d row adds esg‘eafahﬁedgy an address; - _ address generation
circuitry for generating ones of said addresses for "_ 5 accessing sel ected
ones of said rows; &g principles of the present inventiomare alsg applicable ¢o werkmrqunsisiefective

to said addres o i o i r . ransl atj i rst sai
addr ess, recei \S/‘_:gc T oo?hHse%z’@? %%%éé%gied%érlﬁws o%as%'iar'@'ﬁm%wggﬁgo;&“cmcommlgr
addressing a dejpesbie\te parfirmdoneéitidnil@otumr dtidfor 20w e B16Ipreferablyp frbviies within
addressi ng an operative one of said rows, said_second address being

sent to said grygraphics/video controller 291 in the qmbodimentaf FIGURE ZAvwwrin fheassqciative

sal d oper at (/e el SyddinheiRFP Rt HRE 203 of the embgains’en@q{]gmgisﬁéﬁﬁegf&%%%

rowin first space ay. arm-
2 wherei n sai d of colsmn3eshany anused os eedundaht colembi prbeided in mem@ry aeray204am usad d
array. 4. The system of Claim | and further conprjsing

P 0g1 anmi ng ci AR PP oy bad colicyss y the Rafne puclr spase Eeassing cuhreligyaddest 4
programmi ng Ci igdbgh the BRBEAMNeSméory system 203. The associative niéMbrf progfanithing! Sai d
rowin said array with said first- address; test Said
first row to deresedurads similar thithat of FIKWWRE 3tand issshown ie EKFUREE. def ective 5
said cell; _ nerate sai.d second address; .. .. o

or ogr am sai 1 associ AROUEN bR Byl aion Aol vangss s e ceserfed in dall. i

i mput of said fkhduid beGkiesssod that various changes, substitutids f@ flterftiing cdr beSthade it S

to said associative nenory systeny
without departing from the spirit and scope of the invention as defined by the appended

claims.
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10 ]“ I Iéidrowin said array with said ':
second a tpu'fl mﬂ[mam:ﬂm" Fssoci ative nenory ing se to the
wo s : 4 rCpp

presentation of said rst a Ss; =and _ d _
second row to insure that said second row i's operati ve. 5. !
The system of Claim4 wherein said progranmng circuitry conprises a state
‘machi ne. - 3 : CLAIMS ' 12 WO

96/ 15538 . PCT/ US95/ 143017

6. The systeh of @6l dalapracesding systemscomprisinggr ani ng circuitry conprises a
m crocontroller. . . 'di7' : A%ata (%goc]:r‘ssi nqus stem conpri si ng:

a control | er includi AFEReR;nckdige an aory OERGTY GPHLSAap ‘éé??'ésr icRtymns,

addr esses each said3ow@@&essable bj af addrédsed Nenory; B a menory
systemincluding an array of nenory cells arranged in rows and 5 colums
and decodi ng ci rcui t address genezation cireritry frrgengrating ones ofsaidaddressds foms i n
responsg t . [of=1A . .Sa4 d addresses; ' L
associ a ivgccﬁsesrl’r.ﬁ{?&c '\éﬁ%to?eggﬁﬁésagﬁde to transl ate addresses received from
said controller and arsseimive hetoiyecdupled 0 54t address geabrativhTirctiu® fof 1 St space
in said ar(rxglk/ Into .,addresses addressi ng correspondi ng.operative ones
of said robfRislating adisst spid addresscrersived-from sgyd agqtpqgﬁengratxon circuitry and g, The
processin gacﬁﬁ‘e%:sﬂﬁg]a%fegi@ dhe of WiE FShs) intdth %}cﬁﬁ&' Ldi@hddedss QQ&Q&:@Q& o%e ive
di splay contro r. . S 9. e processing systemo aim?7
wher ei n saont af saidirows, said seaopd addressdeivigaent to said memony.| er . . 10.
The processing systemof-Caim?7 wherein said.controller includes circuitry
operable to program said associative nenmory circuitry to inplenent a said
translation. 2. Thesystem of Claim 1 wherein said operative row is in a second space in

Iy

said array and defective row in first space in said array.

3. “The. systém of Claim 2 wherein said first space comprises a frame buffer
space within said array. ' |
4, The sysiem of Claim 1 and further comprising.programming circixitry for

programming said associative memory, said programming circuitry operable to:
address a first said row in said array with said first address;
test said first row to determine said first row contains at least one defective
5 saidcell; |
| generate said second address;
| program said associative memory to output said second address upon the
Said first address; |
B present said first address to said associative memory system;

10 . address a second said row in said array with said second address output
from said associative memory in response to the presentation of said first address; and

test said second row to insure that said second row is operative.

5. The system of Claim 4 wherein said programming circuitry comprises a state

machine.
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11. The processing syste In said controller is operable
to: | oaglodeneadgr ess tcm“ﬂj“ﬂ “m Ill;lrﬂlﬁ/ into a first coulcusesnasor
| gad an address to a second sald row mnto & second counter;

access and test said first row for defective cells; 5 i f
said first row does not contain any defective cells, increnent said first
counter to obtain ad.i rstmeysmddfemm4wheremsaxdprogramnnngcirém&acalnﬁrisesi row
contains at |east one defective cell: decr enment
sai d second couRicEcop®ollest ai n a second new addr €ess; '

program sai d associative nmenory systemto output said second new

13 ' WD 96/ 15538

PCT/ US95/ 14307 70 Adataprocessltilgeystempmnphnpgxt of said first address;

present said first address to said assocjative nenory system .
address a second sai d r o %R wwwmﬁgggmogg%gnﬁy%fg@enmung addresses
addr ess out put tf)%él’f&ss?iﬁs&?a‘iﬂ&h@ﬁnb&e menory in response to the presentation

of said Irst address;” and 15 t est
said second row to insur amémwsvstejnwhxananmaygfmmpmqeuearrangedmrowsand

v T PrRCcaRid St bl Todet Rt Gl of oV BBl B ©
cells in resporys&,&eaoﬁegd,frsa{daddressesaddress said first address held in a

first counter; if said first row does not -contain any
defective cells: 5 associative memory circuitry mekéwl%msmss@cmm
in said first f

if said first ﬁsgf\%'lgg%?%egsaﬂ ?éﬁé%ﬁlglg d%%é%vrﬁa %31 %?%ssalsd REFs ?ﬁrsg%é%%nsal d array into

counter, decr ersdtiesses adtréssingicofrespohding b?erﬁdi)&eamﬁs ofdaill foiws 31t a setdndsracaintaid

stop; and said first new address is not
equal to saly @@ ess in said second 10 counter, test a said row
correspondi ng to said first new address for defective cel | S;
and if said first row contains at |east one defective
cell: 8. The processingdysterarof Claimai wherein said comtroliercomprisesd ai n a
second new addres I f said second new address
is equal to saidiFP %&&P@g‘é“qn said first 15 counter, decrenent said
first counter to obtain-said first address and stop; and :

9. The processing system of Claim 7 wherein said controller comprises a VGA

controller.

10.  The processing system of Claim 7 wherein said controller includes circuitry

“ operable to program said associative memory circuitry to implement a said translation.

The processing system of Claim 10 wherein said controller is operable to:

" Joad an address to a first said row into a first counter;

load an address to é second said row into a second counter;
- access and test said first row for defective cells;
5 : - if said first row does not contain any defective cells, increment said first
counter to obtain a first new address;
if said first row contains at least one defective cell:
decrement said second counter to obtain a second new address;

program said associative memory system to output said second new

13



menory sys second new addr ess upon I nput of
said first address; 2 present said first
address to said associative nmenory syst.em o
address 1§ Secon%d&&'kéjgﬂog%ﬁdioﬁé’ii&lfﬁfﬁdﬁx‘es@ﬁ th .said second new
address output fromsaid associative nenory in response to the presentation
of said first address; angresentsaid first address to said associative memory systemest sai d
second row to insure that aﬁ@ed second rowi.s operative.
14 VO 96/ 15538 _ ss a second said row in s
PCT/ US95/ 14307  address ouq[)ut from said @ssociativVéeneica$ @bebptiis® 10XThe pleSentdtion ofi¥ald
wherein said nenory system incl udes programmng circuitry operable to
program sai d asdustiaddresssapbnory circuitry to inpltement a said .
transl aggon. . o restdild secoJ&]?va{OQﬁﬁﬁfithsaw&&m Rl iSopddlived Wherein
said programming circuitry IS operabl'e to: | oad an
address to a first said rowinto a first said counter;

| oad an address to a_second said row_into a secqond said counter; 5
access and t est 12ai d Theprcessing sysiemof Claim; 10 vhegqip §‘§‘3°°"_“°ﬁ°’ is operable to: i f
said first row does holest Rl A FhG tr dfecti® el ih RSPERERSa 3 d 11 St
counter to obtain a first new aé ress; I'T sard first
row cont ai residmss, kaid fitst addresidielddin ia\firstcotnter;

decrenment said second, counter tpo obtain a seco c{ new address; 10

program sai d associ ath P HFstRgMAoes aqt cpntaiy aBY,?f)%’E N &P

*Second new

address gipon input of sai ghchdnhent said!fifs€adiress in said first counter to obtain a first new (
present said first address to said associative nenory system

address a secondddra$ssl row in said array with said second new

address output fromsaid Latjve ry | ; . sentation
of said 15 i r ot D3RR gfRaPis Labalod dFRRRREHR i LB T 2 700G
second row to i geutter, Hdvréméan sald fiest cowhteéravvobtaincsaidh firkt address and stop; and 15.

A processing system conprising: : :
P 9y P if said%rst new address is not equal to said address in said second

if said second new a | j al to said address_ in sai d_ fi rst
counter. o 9611%538 l'iﬂﬂmii""m'”mn _ ~ program said ﬁé’i‘%&ﬁﬁb&e
emto outpu M5«
0

azxg’ array with said second new

10 counter, tesf a said row corresponding to said first new address for defective cells;
and
if said first row contains at least one defective cell:
decrement said second counter to obtain a second new address;
_ if said second new address is equal to said address in said first
15 counter, decrement said first counter to obtain said first address and stop; and

if said second new address is not equal to said address in said first

. program said associative memory system to output said

~ second new address upon ixiput of said first address;

20 : : present said first address to said associative. memory system;
address a second said row in said array with said second new

address output from said associative memory. in response to the presentation

of said first address; and

test said second row to insure that said second row is

25 “operative.
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a menory including an array arranged in rows and colunns
addr essabl e wp gg/16538UM addrl"l“ﬁ"l““" m " ml addr ess ORWUSIS19307
circuitry for generating ones of sai dtaddresses for 5 accessing
correspondlng ones of said colums; and an associ ative .
menory coupled to said address generation circuitry for translating a
first said address, lBeceﬂ'heﬂrohcssiﬁgsyea’teinaﬂGlaks?vduraénsnidmnmoiyraystbwigclndad

addressing a def ective one of said col ums a second .sai d.addr.es
addr essi ng an PRI wﬂaﬁeeragleé%ms@mmdl@w% n?ma%@g@pfmb

presented to saisgidtRiSaton.
15 WO 96/ 15538

PCT/ US95/ 14307 16. The processing systemof Caim 15 and

further conprising 5091 | [ sai.d
associ ative menory Itqo | ngﬁgﬁ%’g?“‘gé%“‘%%? %?X%H%em&s%ﬁo%ung cireyitry is 1

processing sysiopéfable t6 ai m 16 wherein said programming circuitry is
operabl e to: | oad an address to a first said colum
into a first counter;  loadanaddress to a first said rey¥ dnta 4 figst gaid €£8uater: o second sai d

C.Ol um into a second COU ﬁldrésstoasecondsaldrowmtogggc%ﬁ?sﬂaggﬁrﬁ%Ssai d

first colum for defecti ve ce sal t colum
does not cordt ain any def mssmdmtéaﬂﬁrsmueﬁmedefeamedem r st counter to
obtain a first new addr ess sai cl jrst col um
contains at |east one def é@p ifigst roms dpes not contain any defecnve cells, increment said first

decrenment sai d g&f&16 ob@in’yf first few ffdks,n 2 second new address; 10
program sai d associ ative menory systemto output said second new

address upon input of saifdaiflifirstirowdontainsat least one defective cell:
present said first address to,said g ‘fc | at

addr ess. a second sai d col utm ‘h‘freé'éﬁn ?%9“%‘%‘#?‘%&? %ﬁéﬁ‘f-}%&ﬁﬁ’“ﬁé\ﬁ” address;

address outpgut from said ass gﬁmmw&m&ww&&m%ﬁww&e&s&a&won
of said 15 first address; and ,

said second col unn #dsiress gpeminputnf said fisst addressi col urm i s
operative. present said first address to said associative memory system;

- address a second said row in said array with said second new
address output from said associative memory in response to the presentation of said
15 - first address; and

test said second row to insure that said second row is operative.

15. A processing system comprising:
_ a memory including an array of memory cells arranged in rows and columns,
gl ;addressable by a column address; |
| .. address generation circuitry for generating ones of said addresses for

5 accessmg correspondmg ones of said columns; and
an associative memory coupled to said address generation circuitry for
trans’lating a first said address, received from said address generation circuitry and
addressing a defective one of said columns, into a second said address addressing an

. operative one of said columns, said second address being presented to said memory.

15



18. The processing system of ﬁl' | I Is' said programmng circuitry
S GivO'9g/s8agt O: M E[ﬁl mand test a ' |
colum for defective cells in reslI' stifst addrrgg)s‘ﬂgéﬂ‘aﬁfi rst

address held in a first counter; 5 _ : if said first colum *
does not contain any defectiye cells: . _ _ I ncr enent
said first addregs i NTheprécebdingdysemMmbTChind 5 aifartier eorﬁpdsﬁigﬂi mming

addr ess; if said first new address is equal to

an address ¢ieniny for progeamsing said associative mesmary teimplereent saidianslativy f i r st
counter to obtain said first address and stop; and 10

If said first new address is not equal to said address in said second
counter, test a BRi d Thelprisoessiy sysiem@fdldith 160vierdinlsdid progranenihg ciesu@ssisf or
defective - , - _ 16 WO
96/ 15538 operable to: : - .

- PCT/ US95/ 14397 load anaddreas ff?)eJ ﬁr§t;s . Hmn into a first counter;
colum contains at | east one defective cell: _
decrenent sai d secondoaianraddress © aslocandrsail cobumminitoesecerdichoester; 15

if said second new address jis equal to said address in said first
counter,§decremeht 'szi‘f’?fs??’}ds*s‘é%gﬁf%ﬁ&f@ncfﬁﬁ SruYecelst | st address and
stop; and if said first column does not donfafi £hyRfeRiivh ceRYViRAHN® Said Arsh Ot

equal to said address in said first _counter:
progr am saicouatersiowibtain g Ersypermagdressst em t o out put said 20

second new address u . d t td fi ad S .
present said first QEPMS@Q&S?U%%%ES?&F tioggg{‘g%ﬂ;we%yst em
address a second sai d col désternént Saiddecvnd @guntéritd obinth seshdéw address; (

new address output from said assqQciative nmenory in response to the
present ion of said firsProgrmm saidassacigtivegnemory system to output said second new
test said seconqd&.ggsq{pa t '5'(53‘5- it J‘@hmg id second colum is .
operative. “m’ﬂa. ﬁ% syst%m of Claim 15 wherein said
associ ative nmenory syst enpresenpsdid fisst address 2o stidigssaciative demonyg sysem; mTenory .

20, A Tethod for wor ki ng, pr Qung. QLSRN Uhd ubly B Bol ol ™Y

if said first

-address output from said éssociativ’e-memory in response to the presentation of said
15 - first address; and |
test said second column to insure that said second column is

operative.

18.  The processing system of Claim 16 wherein said programming circuitry is

operable to:. |

E- . access and test a said first column for defective cells in response to a first
satdfirst address held in a first counter; '

 if said first column does not contain any defective cells:
~ " increment said first address.in said first counter to abtain a first new
" address; R
if said first new address is equal to an address held in a second
counter, decrement said first counter to obtain said first address and stop; and
10 if said first new address is hot equal to said address in said second

counter, test a said column corresponding to said first new address for defective

16




orogrammi o wosengmat v rerory. 5o ot op| JNHEIHAE M moroessacer

the substeps of: 5 dresstngrastimst row in the
array with a first address; testing the first
row and to determine that the first row contains at - | east one
defective cell; . cells; and _ generating a second address to a

second row in the array; the first and

P . to
second addresses in the dg?&f“éi?mm%tﬁ?ﬁt%defemwceﬂ that the second

address is output upon the '”Wdéreﬁﬁ-.nttsgﬁsﬁécfnﬁtcoﬁﬁgfﬁ%&mnasecondnewaddress
presenting the first address to the associative nenory;

addr essi ng 8fe second row in ufmlcbsepmdnmaddrdselssQWrwsmHGHMmsaidfust
out put from the assqgl At} e ISR i ik SORENE Solih HIEARE SREES 3 90 gt S

PCT/ US95/ 14307 : if saideeorIeiv a8Afkss ishot equal to said address in said first
testing the second row to insure that the second row is operative;

i nputting an addr es¥ouBfer:he associ ati ve nenory to access at |east one cell

of a selected row of the ar : I.f e
address to the selected row mtcheéﬂéﬁmgg%?gsssgc@%veamgn?!gé ?t?/%lt?g Vtrftal%

the array, p@tput to the mmywmmﬁs@wammmmmmadu ng operative

r OW. 21. The net hod of Claim 20 wherein said step of
progranmm ng further ' conpri s BEpseny said fisst addressito saidasspeiative Aemeny s¥§teming

second addresses prior to said subgjen qfs ecogdsaidcﬁfuﬂﬁl'lﬂgmagngfggtﬁ%ﬁiedoﬁd

menory space is avail able for morklng arou
met hod of working around newfaddtess/mtme fiiom said Zssocaative ynenjoryimesponsetal the

arranged in rows and col urm conpfri the ste s of
programi ng an associ at i PES WH'{B% %‘3‘@3 ‘grogran’m ng conpri si ng

the substepgsof: 5 testsmdsecondc’iﬂﬂﬁ@ﬁﬁhﬂﬂe ﬁlaida'id;iec&ﬂiéﬂiﬁ}nﬂ
said array with a first addr ess; estlngthe
first rowto determnetlwacratlvﬂeflrst row contains at |east

one defective cell; , generating a second address
to a second colum in the array; ' S storing the

first and second addoess dhe systdnh6f CRERES Wheréh saiImBEtiative hemory system comprises

a static random access memory.

20. A method for working around defective cells in an array of memory cells
arranged in.rows and columns, comprising the steps of: -

prograxmmng an associative memory, said step of programmmg comprising

the substeps of: . _
5 R - addressing a first row in the array with a first address;
testing the first row and to determine that the first row contains at
Ieast one defective cell; | '
- generating a second address to a second row in the array;
‘ storing the first and second addresses in the associative memory such

10 that the second address is output upon the input of the first address;
' presenting the first address to the associative memory;
-addressing the second row in the array with the second address

output from the associative memory in response to the presentation of the first

17



10 that th ond address i.s nput of the first

e wonmn NG e,

colum in the array with the second addr ess. o output fromthe

. associative nenory in response to the presentation of the first _
address and 15 address; and testing the second columm to insure
that the second colum is operative;

i nputtidd an address to- tH@@sé&sea@nd/@mmupemathemgsdmwiswume cel

g]:jdress ?os'?lhgctsgldegt é@mo% %gy%%magglg sm?%ogtﬁé‘fcgﬁsﬁt&eé's‘l'mcF#°§o t he

|
array, out paseléctetiroiof thesatayt &rid ve: menory the. address of a correspondi ng . l
i
|

Y - row. - 18 WO
gg/erlggl?)\ée "™ ifthe address to the selected row matches an address to a defective row in

PCT/ US95/ 14&93rra Y, oufput to the memry the ad ss Stgg:sﬂe%‘:m(?hgbﬁ% Jf3g el n said step

of programm ng furt conpri ses t e aring the first and
second addresses prior to said substep of storing to determne if nenory

space is avail a@le f Olrhe\’\nﬁ)ertklx(c;dn oq' ngl?n% wherein said step of programming further
comprises the substep of companng-the first and second addresses prior to said substep of

storing to determine if memory space is available for working around.

2. A method of working around defective cells in an array of memory cells (
arranged in rows and columns, compnsmg the steps of: , B
programming an associative memory, said step of programming comprising ‘
the substeps of: o
5 addressing a ﬁrsf column in said array with a first address;
testing the first row to determine that the first row contains at least
one defective cell;
| generating a second address to a s_econd column in the array;
_ storing the first and second addresses.in the associative memory such
10 | that the second address is output upon the input of the first address;
presexitirig the first address to the associative memory;
addressing the second column in the array with the second address
So ntput from the associative memory in response to the presentation of the first
o add‘:ess', and-

15 testing the second column to insure that the second column is

| -opera‘tivé; _
' inputting an address to the associative memory to access at least one cell of
a selected column of the array; and -
if the address to the selected row matches an address to a defective row in
20 the array, output from the associative memory the address of a corresponding operative

" TOW.
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23. The.method of Claim 22 wherein said step of prdgramming further
comprises the substep of comparing the first and second addresses prior to said substep of -

storing to determine if memory space is available for working around.
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