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FIELD

[0002] The present invention relates to the field of semiconductor manufacturing.
“In particular, the present invention relates to a system and method for dynamically

configuring operational characteristics of functional components within an integrated

circuit.
BACKGROUND
[0003] “Electronic systems and circuits have made a significant contribution

towards the advancement of modern society and are utilized in a number of applications



facilitated i ncreased productivity and reduced costs

in anal yzi ng and conmuni cating data in nost areas of
woueisnesr9 sci ence, education and entertai NMenPCT/US2004/030127

El ectronic systens providing these advant ageous

results often include integrated circuits. It is

desirable to wutilize integrated circuits with very

high reliability characteristics to prevent erroneous
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¢i.rcuits is highly conplex and resource intensive,
faqilfgted fnongased ar@gmtwﬁg angyeedpged casls i anglyring and cammunicating data
_ expensive, resource intensive activity, in which
in mostearens o busipess sscicnvra bducatignomd entertainmentn dlectegid systams
single integrated circuit unit. The conmputationa
previdipg thesd advantegemmis adstilys ofeq unoheld ihteglaedcapaitd. gt Rfdesirable to
performng a variety of tasks with very high

utilied inedgtdtdd dtrcultevith werydid deGailitgRBaraétb@flics FESHeV ¢ erroneous
different performance levels and functionality.
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predeterm ned quantity of properly perform ng
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there be few or no defective conponents included in
the integrated circuit. [0005] Conventionally,
[ Nt egr at circuits are mgnufactured in wafers | )
W@Qi&p ri si NGauiachiing artegsitedipipruityis gy CXRENIVE] KSABPRIRIcaFiFY
an integrated circuit having nunerous  functional
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fromthe wafer. It is desirable to maintain relatively
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and speed-up the effective manufacturing :
require different performance levels and functionality. Traditionally, each die is

fabricated with a predetermined quantity of properly performing components providing
set functionality. However, providing appropriate and efficient functionality at
acceptable reliability is often difficult. For example, many traditional approaches require

that there be few or no defective components included in the integrated circuit.

[0005] Conventionally, integrated circuits are manufactured in wafers comprising
a number of die, with each die comprising an integrated circuit having numerous

functional components. The number of die that are functionally acceptable from a given



time for a given nunber of die. Yields for wafers with
hi gh performance die with a | arge nunber of

woanpmmends can be very |ow. [0006] One net hodrPasas209y/030127
menory chip makers for mitigating the inpact of the
occurrence of defective conponents within an
integrated circuit die is to produce the die wth
nore conponents, e.g. nenory cells, than required | f

here.is def ectjve cqnpo en the .defectiv
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.ls.utilize Thi s proach usually results |n
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on fabricating conponents that renmain "surplus" even

timgfores giverpnuaehen gf dief iddsder walsHpwitle high peorstanes dip with a large
conponents do not contribute to functionality and/or

nupbgrofitompeieniscadbevéryldaw.. A signi ficant nunber of die
end up having nunerous "surplus" conponents with
perfectly good operational capabilities that are not
utilized. [0007] Another traditional attenpt at
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functional capability if one functional conmponent
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For exanple, if a floating point acceleration
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poi nt a er at em)ve
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and that does not provide a fu]l range of
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poi nt oger ations). 3 WD 2005/029329 PCT/ US2004/ 030127
conmpIRRIRY Spdcua]lusTasneReedn netsprinbitisrio Sinstienalityzand/or
nmet hods enable configuration of
operational productivity. A significant number of die end up having numerous “surplus”

components with perfectly good operational capabilities that are not utilized.

[0007] Another traditional attempt at addressing defective components is to
remove functional capability if one functional component associated with a particular
function is defective. For example, if a floating point acceleration component of a
processor is defective, the floating point acceleration functionality is removed or disabled
using conventional repair techniques, and the processor becomes a non-floating point
acceleration processor. In addition, the end result is a usable integrated circuit with

limited capability and that does not provide a full range of functionality (e.g., not able to

perform floating point operations).



functional conponents in integrated circuits. A

present invention system and nmethod can flexibly
wohensgeszhe operational characteristics of funecrmsaios/030127

conmponents in an integrated circuit die based upon a

variety of factors including manufacturing defects,

conpatibility characteristics, performance

requi renents, and systemhealth (e.g., the nunber of

nts operating properly). In one enbodi ment of

Suﬁﬁgﬁgfgsent i nvention, functional conmponent

oper ati onal behavior is analyzed. The anal ysis can be

performed at various |evels of configuration

abstraction and conponent organi zation (e.g.,
[0008pol ogi ¢h¢ presenymventinn systainy sidspethods anablebenfigurdtionmgd

in parallel for a plurality of functional conponents.
funCpenad comperentshmimegrated sirduits.s Atprésagsinaenéionl eyseammamblethod can

based upon results of the analysis. In one
fleeiblyadiangnthe opdisticapbdtatdcafisfics Of aAmaadeil behpsienis e in MeSprated

are determned at various levels of configuration
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conponent reconfiguration process is perfornmed in
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settings. In one exenplary i enentatl&ﬁ
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onfiguration.alteration i lid: directin .
cofyHepEbog Rpb R el Yoamalont e St biiforgion at vpious

nd_.di verti.ng workflow in accordance with the )
levElR OF FORTE3FIGH abHaCHOT AN ORRPICE BHBUAEINN E8ntarglaeisel on.
. [ 0009] Functional conponent configuration related
nversiosaralysishand £An Be perfemen itppralleh foy aphirplityypf §mctional
conveni ent formats including a graphical user
companepis g@perptiup) charagtesigiec FHthinds 260K1c0R0BA Hased upon results of the
PCT/ US2004/ 030127 enbodi nent, the GUJ indicates a pass
anadysist dilone embemeny the wpebticnbthacanpistiesrssttings hrdidegrmined at
bl ocks at various |evels of granularity and in real
vartousbevellhd copfipnbitionlabsteetion aidebhpofent afpanization. A functional

component reconfiguration process is performed in accordance with the operational
characteristic settings. In one exemplary implementation, the functional component
reconfiguration process includes determining if an indicated functional component
configuration alteration is valid; directing alteration of the functional component
configuration; and diverting workflow in accordance with the alteration of the funcﬁonal

component configuration.

[0009] Functional component configuration related information can be presented

in a variety of convenient formats including a graphical user interface (GUT). In one



present topol ogical inversion information in a user

friendly manner that are otherwi se dispersed in an
wonpesrokexd Cartesi an order. The graphi cal user PCT/US2004/030127

interface can also facilitate wuser interaction with

various functional conponent operational behavior

anal yzing features and operational characteristics

settings determ ning features. For exanple, the

raphi t interface cap facpli.tate user o
enftofa the O ek o Lo bt Bislioad R Shoonent buitding
(g}li(oductj on test tuning and field configuration
blagks g YaeHs Leaiplsof sraprlarity gud i ropl fineg el herasaimaab pter ingerface can
present invention configuration systemincludes ~
prosgifdepalegiral dwrepdmmanfosmatipndn stuserfticndin maongy dles ate, otlzerwise
functional conponent configuration controller and
disppisedinednl ignparfen agestiancordero Mhe geaphicalfiser ihtenfatd @inalso facilitate
conponents perform processing operations (e.g.,
usgriatehiction with vasais fghotipedl binphrsent deBiohflbeRSitd analyzing
operations, etc.). The distribution conponent
feahirsd adfeRBiondlchkirbeidiial SutiimlsideRrhing: feat@e@PPor&Rample, the
processing information, floating point processing
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ancti onal conponent configuration controller
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"collects" the output or results fromtheTunctiona
conponents and aggregates the results of the
rations for .use in achieving a conpon objective,
Q85117 | H epree oAk APTFRE IBHRHPR EPBIRTAENG Stieh elides
operational characteristics of a functional conponent
ﬁlﬂ&ﬁ@ﬂ SEMBPREREsed diRiribHtiomentproncRtoa Bingenal eqmpanerfiranfiguration
conponents, Workfl ow scheduling and distribution is
congradlsr af] estonalibnendigetion opsharoThefurdivnabaetphnesspd form
upon the changes to the operational characteristics of
prachssitfa apstationsi(e. go @mpbivs praessigr opemtiany fleatitgwint operations,
functional conponent configuration controller changes
etct)h @ ho distrétiution abmpariear disttibuteswbkslosdhformgon0g., Rrapkicsles
an indication of the changes to a workfl ow
processing information, floating point processing information, etc.) to the functional

components. The functional component configuration controller configures operational
characteristics of the functional components. The collection component “collects” the
output or results from the functional components and aggregates the results of the

operations for use in achieving a common objective.

[0011] In one exemplary implementation, the changes to operational
characteristics of a functional component are coordinated with changes to other

functional components. Workflow scheduling and distribution is also adjusted based



di stribution conponent. The workfl ow distribution

conponent changes the workfl ow schedul e based upon
woOhersopenat i onal characteristics settings. Forprexaspiogn30127

the work flow is diverted to or away from particul ar

functional conmponents. [0012] The present invention

system and nethod can be utilized in a variety

testing operations. A chipis tested (e.g., in

a ordance th bUI| in sel nd. defectjv
g e EhpRg b arseRea brraeisicn op B8 o e Rpatemsy Rer
testing can be perfornmed in parallel and at probe or
exgqmme thesfypetionpleGommopgH gor@ﬁelret@t qongoller changes the pperational

provi des cost savings and faster results. The present
charappegisticsonstiings pud pravided 4n indisation ¢fRheSRAngas 40 amoskfofw
di sabl i ng defective conponents and enabli ng
distribptie esnepuinento e ekt fovpdistribdden eonmontxerchargks tHeanirkil@w
features. For exanple, enable integrated circuit chips
schediiilB bskel @B the opériiidiial SRAdctERADOIRAMES ¥ eRample] ha otk flow
and facilitate |ncreased wafer yield in integrated
is divdrieHitd ox’%b@rffﬁﬁﬁ Artif\ar finQlRaPERGhaRE -
Traditional | the integrated circuits with the
defective functlonal conponents woul d ot herwi se be
discarded resulting in the costs of producing a wafer
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the chip. [0013] In gne enbodinent, centralized
defﬁe%lm%enaé camgpRenisAtdhg thip pre identified; uhe festine @ heggdermed
_integrated circuits. A renote functional conponent
in meésfﬂﬁ? gt dorade oz fiedlspd c Perferming teltesting expasallet Pigyidss ¢ash
of functional conponents included in a renotely
savingsané ths@r wWenlR0 0Be@2S8@dn RETipUBRINGH A0 B0 paAT (BISRe frabureschf
circuit die. In one exenplary inplenentation a die
disthlingtdefontve @ampaeaenind snabling teplaca@hdnd comeopdsts prqvides @ ember
is engaged in wherein a systemrequests a
of flegele féagiteat iIFdRexample, enable integrated circuit chips with defective

functional components to be salvaged and facilitate increased wafer yield in integrated
circuit manufacturing in one embodiment. Traditionally, the integrated circuits with ﬁm
defective functional components would otherwise be discarded resulting in the costs of
producing a wafer being assigned to fewer acceptable die. In one embodiment, a present
invention system and method disables defective functional components in the die in a
manner that maintains the basic functionality of the chip.

[0013] In one embodiment, centralized resources are utilized in the configuration
of remote integrated circuits. A remote functional component configuration architecture

facilitates configuration of functional components included in a remotely located



code froma renote resource. The code request includes
a reconfiguration code permssion indicator that
wondispasrs t he requester is authorized to recePEUS2004/030127
reconfiguration code (e.g., the requester has made a
requi site paynment, has an authorized system etc.). A
reconfiguration code production process is executed in
whi ch a request for a reconfiguration code and a
. perm.ssiqn_indicator are received, validity of the
ln‘%@ia??fi§§f"8hdlei TPReGHIP ey yERgAtion gide fimetional component
reconfiguration code is provided. A die functiona
reqop gy ABoN reparsbpoces ivengagedpn vhetsn 4 sysisayeaussisc reeonfigaration
die when an appropriate reconfiguration code is
codefremagdmbig resvarati §he FodaDe@RASNAIRGB AT econfiguration code
PCT/ US2004/ 030127 DESCRI PTI ON OF THE DRAW NGS [ 0014]
peithigsiacinditp@n ytiad thdibatsitizgsquevtbi i€ Buthbizddne edcpive atresbniiBuration
and forma part of this specification, illustrate
el .,Im@ftqaes@ér_hbbﬁl_aaay@gaﬂsi@éépd@meﬂ@na% AARVTREE sRReh, RRL). A
by way of limtation. The drawings referred to in
' L i i . 1 bei ng
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cordance w one e n he priesen
.. tion. [0016] Fi .IBi.s.a bl. ' f
R
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Cis a_block diagramof a multiprocessor integrated

reconfigyption ¢pdg dcisPeiEety the dis- one enbodi ment of the
present invention. [0018] Figure 1D is a block diagram
of an exenplary nmask array inplenentation




i n accordance with one enbodi nent of the present

invention to control different objectives. [0019]
weigsred2oi s a bl ock di agram of a conputer sysPemiuSz04/030127

whi ch enbodi ments of the present invention can be

i mpl emented. 8 WD 2005/ 029329 PCT/ US2004/ 030127

[0020] Figure 3 is a block diagram of a graphics

pi peline in accordance with one enbodi nent of the

gresent invention. [0021] Figure 4 is a flow chart of
DE Ckﬂﬁgﬁﬁﬁﬁgﬂjﬂ%ﬁﬁéﬁkﬂﬁ3%onfiguration net hod in

accordance with one enbodi nent of the present
i nvention. [0022] Figure 5is a flowchart of a
reduced performance circuit sal vage nethod in
[00&a4)c or danTlee avicdihpanyingeiriveidgsywhichofre tnoerppratgicintaind form a part of
i nvention. [0023] Figure 6 is a block diagram of a

thid ?&&iﬁﬁ@i@ﬁﬂlﬁﬁt@dﬂ@@ﬁbod@eﬁ@ 66thd afestiod byhweyef exalpliai® abt by
of the present invention. [0024] Figure 7 is a flow

wa$ BAfithitorn? THe %ﬁlﬁ?ﬁefe&&@% RANhiR kP& ERatibA stmiBed@&8tood as
W th one enbodi nent of the present invention. [0025]

notgllgglg:cga\gn {osscé‘ie*%k&ﬁgifgh%gﬁd@g%%te& processing unit in

ance wth o nt of the present
invention. [0026] Figure 9 is a flow chart of a wafer
yield optim zation nmethod in accordance with one

[00&,@? glsgeogitg,lr%fsl@?ﬂgg bPorcﬁsd?a%tranll Q%I a%nitn![e%paitedg cirvc\ll?it %1(1) gcsc{)r %ngc?é%v%th

one embodiment of the present invention.

[0016] Figure 1B is a block diagram of an integrated circuit having functional
components organized in pipelines in accordance with one embodiment of the present

invention.

[0017] Figure 1C is a block diagram of a multiprocessor integrated circuit in

accordance with one embodiment of the present invention.

[0018] Figure 1D is a block diagram of an exemplary mask array implementation
in accordance with one embodiment of the present invention to control different

objectives.

[0019] Figure 2 is a block diagram of a computer system in which embodiments

of the present invention can be implemented.



[0027] Figure 10 is a block diagramof a functiona
conponent configuration architecture in accordance
won0ds/0a9329 enbodi ment of the present invention. PCO@RB[04/030127
Figure I | is a flow chart of a renpote reconfiguration
method in accordance wth one enbodi nent of the
present invention. [0029] Figure 12 is a bl ock diagram
of another exenplary functional conponent
configuration systemin accordance with one enbodi nment
of the present invention. [0030] Figure 13 is a flow
chart of a functional conponent configuration analysis
[0080bcess Figureckis rddorkeliagiarh obm graphibopipetingtin adcotdasce with one
present invention. [003 1] Figure 14 is a flow chart
embddimeil eithdpresanninggitivhed circuit testing nethod in
accordance with one enbodi nent of the present
i nvention. [0032] Figure 15 is a block diagram of an
integrated circuit analysis systemin accordance wth

errboﬂ is A0\ @aR 0% S SiMctibiN €8hb Mt dfi atlon method in
20 5/ 029329 DETAl LED DESCRI PTI ON PCT U82004/ 127

f il detail to the
zw&ﬂ%ﬁ%%g@%o@%@%@lnentg ggﬂ%%gnﬂ?ﬂ%En ion, exanpl es of
mhlch are illustrated in the acconpanyi ng draw ngs.

Wiile the invention will be described in conjunction
ith the ref rr enbadi_nen it wll be ersto
[Ooﬁdﬁfat t he§ g%’ A8t n‘ia:gftd)é are °F4 pRforpaRge; CH%H G8e F’&
. these enbodi nents. On the contrary, the invention is
in geRprdaRREdVitthonemhodimneng phike pvesent imsation cat i ons and
equi val ents, which may be included within the spirit
and scope of the invention as defined by the appended
clainms. Furthernore, in the follow ng detailed
[0088kcr i pt Fignredf is atéocjdégeann of a testing environment in accordance with

one embodiment of the present invention.

[0024] Figure 7 is a flow chart of a die classification process in accordance with

one embodiment of the present invention.

[0025] Figure 8 is a block diagram of a processing unit in accordance with one

embodiment of the present invention.

[0026] Figure 9 is a flow chart of a wafer yield optimization method in

accordance with one embodiment of the present invention.



i nvention, nunmerous specific details are set forth in

order to provide a thorough understanding of the
wonresan®32p nventi on. However, it will be obvi ousCcrwsema 030127

of ordinary skill in the art that the present

i nvention may be practiced w thout these specific

details. In other instances, well known nethods,

procedures, conponents, and circuits have not been

ribed_in detail as not to upnecessarily obscure

[@égi cts oFlgPFFeleOp‘ts é?@‘ff‘ diagtaanef pimctiqpabepmposert conligurdion
of .the detail ed descriptions which follow are
aspdectye 0g argprdqnse withope prbedisgnted the pyedent inventios,
processi ng, and other synbolic representations of
operations on data bits wthin a conputer nenory.
These descriptions and representations are the neans
[Q928Er al | yFigeeed! 1hy a flowsbars kf 4 teptbté Recolaipardtion aaHIsIdNE

arts to effectively convey the substance of their
aovordantowih bes embddimbRdf i préientIhitentifn PY oCedur e, | ogi
bl ock, process, etc., is here, and generally,
conceived to be a self-consistent sequence of steps
or instructions leading to a desired result. The steps

jons] ud .Gl | | £ physi .
o2l 1 atsiscRis ROk b 3o BLRIART fmetonalgomponent
i . 05/.029329 PCT/US2004/ 030127, t ak

oHERUb ok Syl e e ViR strbimgnl lhy pregiat s

signal s capabl e of being stored, transferred,
conbi ned, conpared, and ot herw se mani pulated in a

uter stem. It has proven convenient at tines,
m&?&ﬁ ci pal Il'ilé“f’ (-}5]1§ a Howsharhet a-nstinmal compenent sonfaguaption@nalysis
these signals as bits, values, elenents, synbols,
PIOFESP Hracspslangeayitis ongrmhedinesnt of the peesénit kyentfi@035] | t
shoul d be borne in mnd, however, that all of these
and simlar terns are associated with the appropriate
physi cal quantities and are nerely convenient | abels
[08phl Figaretld is hésw caraot 4 fléxélsle itegdratsd cisqmiabdting ahdthod in
stated otherwi se as apparent fromthe follow ng
acdorglantesiitnsne dnibodimenppf 86 pab&d idvealiod hr oughout t he
present application,

[0032] Figure 15 is a block diagram of an integrated circuit analysis system in

accordance with one embodiment of the present invention.
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di scussions utilizing terns such as "processing",
"“conputing", "calculating", "determning",
woOdisphed ng" or the like, refer to the acti onpamas2004/030127
processes of a conmputer system or simlar processing
device (e.g., an electrical, optical, or quantum
conputing device) , that manipul ates and transforns
data represented as physical (e.g., electronic)
D§ EbISEscRIpg1GRT M refer to actions and processes
of the processing devices that rmanipul ate or
transf orm physical quantities within a conputer
systeni s conponent (e.g., registers, nenories, other

i nf tion storage, transm ssion or displa

[Oﬁg&h ces, Oé%’ér.e?ce Wit o WosTardedn dgtad it%fhemf@mcqu@gmmof the
. as physical quantities within other conponents. [0036]
infeRipneciamples o4 whichake dustiptedhindlie aacompamtiertirewingsi Whilothe
_in accordance with one enbodi nent of the present
myentiontwillipe deseribert mtcodjuoctionuwith the@refemaat dnsteiments, it will be

di stribution conponent 110, functional conponent
unglerstaogutha theyrarenottintotded to kAd, theBlvEivhit6 theSOSVIBALNL 46n the

and functional conponents 131, 132, 133 and 134.

coibirattyt tHeuiivention HUMBATANGS cdvPaltmARMR skt Qb RHI G
conponents 131, 132, 133 ang 134, whi cr11 arleﬁgrl%lh\f%ﬁ%lems’

WHIOR 2120 29 32 BEWiHR2A0 4R o s OMRhE Hlvgxﬁioﬁ%ls h?ﬁ%eﬁ%@z the

conponent 140. Functional conponent contfigura
et F | : I.striQuti.on conponent
ap%10, functi ona nié%ﬁ%g%n’?go%fﬁeﬁﬁ{l Q%Sﬁgpté%uo?ﬁ}i)%gf?seﬁhd
: | ' ent .140. ne e dinment of th
in Mo R0 SRR R Rl Rofia oS0 b o powenth
Lreuit 1 are included jin a single die. The ]
unls g DL s BrSens oS e Pesti f Vi iy fmenaatiopdinary
kﬁger te {ho tﬁerfor m.i nf ormati on processing (e.g., data
S iPBUPL LTS Propent dienauLraY be prapiissd avitentthpssspecifiredetails.
conponents of integrated circuit 100 perform
In oHyep istansesnwilt ke maods procediress cempanentsyandisjrenits hage not
(e.qg., graphics pipeline processing associated with
begqt é@g@qugn detail gaget)to unnecessarily obscure aspects of the present invention.

[0034] Some portions of the detailed descriptions which follow are presented in
terms of procedures, logic blocks, processing, and other symbolic representations of
operations on data bits within a computer memory. These descriptions and
representations are the means generally used by those skilled in data processing arts to
effectively convey the substance of their work to others skilled in the art. A procedure,
logic block, process, etc., is here, and generally, conceived to be a self-consistent
sequence of steps or instructions leading to a desired result. The steps include physical

manipulations of physical quantities. Usually, though not necessarily, these quantities
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[0037] Distribution conponent | 10 sel ectively
distributes information to functional conponents 131
wo 20842¢x29g., enabl ed functional components). PCTiUS2004/030127
appreciated that distribution conmponent | 10 can
di stribute a variety of information. For exanple,
di stribution conponent 110 can distribute workfl ow
i nformati on. The wor kf ow infon-nation can be
nfornatlon ata fQr processing in association with
ajé e thg fergnot & 1 1)2gnetE OPHGah A5 Bantyp sigals kanablg of being stored,
|nfornat|on can be graphics related i nformati on
trqnsfegred, ombingg) eoreparedh andpthervissrmanipudated in avwingluter aystonsIt
parts of the information stream include pixe
has pforemreonenichoat taws enivdilly oraeasbaguficothnminighge, tf refud to these
image). In one exenplary inplenentation, distribution
sigigbén} vahiks, danity, §$mbols, dighetes] M hekberd/r id 100,
information or data (e.g., graphics data) and
di stributes the workflow information to functiona
components 131 - 134. For exanple, the single stream

[0@§5 | nf orBloh A beGifind dﬁ%l'dg %o'vfét/%r fiBt 4 eLP& &fxéask e grrﬁlgr frms are

|rst pi xel, a second pi xel

as%c%%%dxxg#ﬁ &h%;bgﬁl%gﬁgféﬁ)ﬂ%mg‘é %uanet‘?g Suaéc%]llélztgrei{f (%XEIR%IF 4@}eb
e G B iRy Doy °Ef%§?lly%3a§%€ot%w%%§ oD arhe

o the. first |xel to, functional conponent 131 t he
th P%?FP“FS‘F raparepgtadiiaat drevahguigh Bresent goi ligatian: onal
nponent 132 and the information related to the third
dlfﬁ“ﬁsé‘l’nst%ﬂl?@ﬂé%m@ﬁwh asc prgsessensts "temputing” dlsaleweting”,
exenpl ary inplenentation, the distribution conponent
"ditmmm Celdisptayingt pn@ieélks,t refeatn thé agtivhandmptdcesses &l aatoerputer
to fl oatl ng poi nt cal cul ati ons and distributes
systafporsnilarprasssiog deeck (el g fanaletiricst ofticah bt Gernpmh,Rbmputing
calculation to functional conponent 131, information
deaispahattredhipilitts andseefddnt Haatdphgenal iphgatayt.al blesirduik)

functional conponent 132, and I nformation associ ated
quidhtitiesa ThB terfhs tdfaabiaBBorR@hf brocesses of the processing devices that
manipulate or transform physical quantities within a computer system's component (e.g.,

registers, memories, other such information storage, transmission or display devices, etc.)

into other data similarly represented as physical quantities within other components.

[0036] Figure 1A is a block diagram of integrated cir;:uit 100 in accordance with
one embodiment of the present invention. Integrated circuit 100 comprises distribution
component 110, functional component configuration controller 120, collection
component A14O and functional components 131, 132, 133 and 134. Distribution

component 110 is coupled to functional components 131, 132, 133 and 134, which are
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calculation to functional conmponent 133. In one

enbodi nent, distribution conponent 110 can al so
woecewiozgs2oul tiple i nformation streans and di st PCDAS2004/030127

the information to the functional conponents 131-134.

It is appreciated that distribution conponent 110 can

be inplenmented in a variety of enbodi nents, i ncluding

enbodi ments in which distribution conmponent 110

rovi des, functions or. perforns tasks in addition to
oo P torpomn o bhiba eampanent ¢ GuByaton comroller
Functignal conponents 131 - 134 can_include a vari et
12011s conplesie distibusion compongt biP, funstipnah eempnngntsda ﬁxﬂéﬁe]r%sand
131 - 134 performdifferent functional operations or
13dagndscolleeficurrommepend iL A nin dngsobodinsent efthppresent snvedton, the
134 provide simlar functionality (e.g., perform
copmoatttedf inFperatd arsit.100-ar isctadudlie a singleatie Bidbaaiporeits of
functi onal conponents 131 - 134 can perform graphics
infepneAsticnly 106 badpRehtively operaR 1@ perfGhividfor@ation probatkinph.g., data
occlusion culling, etc). In another enbodi nent,
midifditic)ain 6RIBReMBREPimpldmentakidd, §8BompsleRlsBrh ' i
p0|nt($2Iated progeéiing. 14 WO 2005/ 29323th&Q%k@&nmn

IOIIB%-EHH%Z QRGP ?oce&sg‘%%%ﬂate@% Iﬁ%gﬂh 31 oﬁ_]%g%%agr%ﬁxics

coll ects” the output or resu rom

: S }g ~ - iyrent, collection
P”%%ﬁggﬂgﬁ% 4 &%gﬁcé%g%ggggag %yggg?ggates the results
of the operations for use in achieving the common
obj ective. For exanple, the collection conponent 140
aggregate the results for comrunication to a
§FHphi s Wi paton GormReL) SrSE TR DU HErEBRR e on
conponent 140 is a graphics_ buffer. In yet another
fupgtiondli seamenents |3 lect34dp 8c sMbdaseHnctinnel compoaenise dtis epnrerated
results of floating point calculations. [0040] The
that gligdnsionsombonent & eanalistdbute a varictp of imfagmation. For example,
cooperatively operate to
distribution component 110 can distribute workflow information. The workflow

information can be information or data for processing in association with a common
objective. For example, the workflow information can be graphics related information
(e.g., asingle stream of information in which various parts of the information stream
include pixel information for sequentially configured pixels of an image). In one
exemplary implementation, distribution component 110 receives a single stream of
workflow information or data (e.g., graphics data) and dis@ibutes the workflow
information to functional components 131 — 134. For example, the single stream of
information can include information related to a first pixel, a second pixel, and a third
pixel. Distribution component 110 receives the single stream of i)ixel information (e.g.,

a sequence of packets) and distributes the information (e.g., as individual packets) related
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flexibly configure functional conponent operationa
characteristics (e.g., enable/disable a functiona

woaoponend, change cl ock speed, change oper ati RQT/US2004/030127
vol tage, etc.). Functional conponent configuration
controller 120 controls adjustnents in operationa
characteristics (e.g., disable/enable, etc.) of one or
nore of the functional conponents 131 - 134 and can

provide.information to distrjbutjqn conponent 110 and .
1o it Bixs o TebsRentmpomsst | Shabennigmene aedde feesond pixel
For exanple, functional conponent configuration
todypgtionpl comppaentdad apd thenfermationrglsted taithe trinsttpiizel 40 functional
conmponent (e.g., disable or enable functiona
canepapeniclIS. 1B anoth¢enenploryHinpbammiation; the distribgtisraddngronent 110
controller 120 can notify distribution conponent 110
reodivedresiogiasiyennt of hfomubiianelataiaomioagiy polmd 2alclpgstahd g
characteristics (e.g., which of the functiona

distitipeRs @ifbiendtion @Bbilagd with Sfdet B6hting bt dalcull4dd 1 functional
Di stribution conponent 110 can use information about

conhidneRerat in@halatich MNsaGhed "\)v?thia(‘séc&{g ff{ogt\ﬁ;}v% ﬂoﬁ}ﬁ Qhiculation to, -

~conmponent 132 in distributing wor nf ormat i on.

fufBormrhPodffi o2 @RoY ﬁ?%ﬁfoﬁgtéoﬁ{%g&%t&ﬁg%%% ’(c)hrlr%ﬁ%)glgr'lg St

the di stribution” conponen can

j [ f ti I ts, i nt
ooidobdh A0 copShenl 35,1 BB B B iR
RS OB o Sl B e

disabLed (e.qg., . because it is defective), distribution
fupciinsghearmronetss 43 St A phutt ésarprreiated thefdisiibusian componsnt 110 can
ot her renmining processor functional conponents to
beigpégreeniedan aysrirty of pahedinEnis, agliding smbpdimfuts &t whichl
conponent 132 is disabled by functional conponent
digtghptiapeommponentdd A provides furtBons i etommtbsks m additpartent
110 is notified that functiona
distributing the workflow information.

[0038] Functional components 131 - 134 can include a variety of implementations
in which the functional components 131 — 134 perform different functional operations or
tasks. In one embodiment functional components 131 - 134 provide similar functionality
(e.g., perform parallel operations). For example, in one embodiment functional
components 131 — 134 can perform graphics processing related tasks (e.g., shading,
texturing, occlusion culling, etc). In another embodiment, functional components 131 —

134 can perform floating point related processing.
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conponent 132 is disabled and distribution conponent
110 can route workflow to other. functiona

woaopmnends (e.g., 131, 133, and/or 134). |f feacwisewabso127
conponent 132 is enabled by functional conponent
configuration controller 120, distribution conponent
110 is notified that functional conponent 132 is
enabl ed and di stribution conponent 110 can route

kikgﬁéﬁlféy%b%gﬁ%ﬁ%%ﬂ?%%i Bie rbraErS Pofpgon

renalnln enabl ed funct i onal nPonents based upon
c e %r#l.oga ﬁ@bp@ﬁw’(ﬂeﬂdl 104} GRORPoBFEd4) Ce?ca{qrféfes or
functlonal onents. In one exenplary

aggrng@srélwasmit@n the apratiqustfor use enachicvprthoeommenr objestiied $or
(e.g., critical tasks) are routed to functiona
exemptwﬁembﬂeoﬂon hogpesntt4Openfaggregatechalesul s dorronyhimeation to a
capabilities (e.g., faster). For exanple, three
grap By HRifRA aln An3@kr ghbqiines, the tellertdn commannt 140 i opiaphics
to a high performance (e.g., high speed) graphics

bulffeP el 128 atitbr Mo finiERh) %bl%ﬁbn cdntpdneht BIDRLE Sggregate the results
i nformation can be routed to a | ower performance

%m%? £ graphi cs pipeline. In one

Of(f?r)ngé%%% 1ea%llgn$or mation is distributed in
accordance with scoreboarding algorithnms. 16 WO
2005/ 029329 PCT/ U82004/ 030127 [0042] In one enbodi nent

PSR SR Bt Ry o
RS R e

t he perfornance of functional conponents 131 -
fupefonakemmtoncnts ¢hapes gt speeshphanen CPHBHIS WIAER iotn- Hinctional

controller 120 can chan%e an operational
copfpmmnentcenfigiritiongoatrellesfl 29 perdrolsadiustraeripimpatagonal 31 -

134 (e.g., enable or disable the functiona
c}mmnmn‘ecm(): g., isablaenghie ml )arfypne or more of the functional components
131 - 134 and can provide information to distribution component 110 and collection
component 140 regarding the adjustment. For example, functional component
configuration controller 120 can disable or enable a functional component (e.g., disable
or enable functional component 132). Functional component configuration controller
120 can notify distribution component 110 of the change to functional component 132

operating characteristics (e.g., which of the functional components is enabled, disabled,

etc.).

[0041] Distribution component 110 can use information about the operational

characteristics of functional component 132 in distributing workflow information. In one
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i mpl ement ati on, functional conponent configuration
controller 120 can alter the speed at which a
wouoistozgznal conponent operates (e.g., by changpPagus2004/030127
cl ock frequency) and/or the power consunmed by a
functi onal conponent (e.g., by changing the voltage
supplied to the functional conponent). For exanpl e,
functi onal conponent configuration controller 120 can
direct clock source 137 to change a frequency of a
cfpel R SR s eR O Srpstor thesapBesion ota -
134 aqd/or power supply 138 to change the voltage of a
fm@@?a SPEwarentsigplistalution dfimformationl (c.go mpddlmt mclidihg data for
134. [0043] It is appreciated that the present
Praepwsifte) ¢ thedunaiauilicpmpdagits OF end afithe protdssarafmidnalichpanents
~variety of functional conponents. Functiona
iscdispbbae(ates beGihse it 3defeutive)) disfribnGén estdponeni 119 Edhdutes the
provide a variety of different functions (e.g.,
irffomadtiongo feiotier réthaifiing pidtadbM Sinciidial @nﬁ%pﬂ?@&ls WPhandle the “work
storage, buffering, etc.). In one exenplary
flowp! E5EHaipl) % | n _perform
simlar operétﬁgﬁgﬁgﬁfsu s?gﬂ??%ﬁ$€Q@E§ﬂ§§R%§ pﬁgo&monmﬁ
c i R by . one.. di ment qf
girtioR QORI To0 ittt Rh ikt LD R NG0B R HE e
The ti ona

' ' Lt s, f
R L C Ll 008l DR Bbr oAt 10 4 tmgesrihars o other
hzed | / .Q9., buildi
R Caledinl E8" T2 E0 b Tafl 4 Brtsiendl smponen Ioe
i ment. of th t 17 WD 2005/ 029329
S T R e e e p——

tested_and/or reconfigured individually. For exanple,

110 is gptified thay fupefianakepmnsacnsl 3B issvhablad ind disiribatiorecbniponent 110
accordance with present invention reconfiguration

capgarpty meskilgw guihctionaberenpnbig did e Distribitnfoomebhadn @l 0 can also
conponents are processor conponents

distribute the information to remaining enabled functional components based upon the

performance configuration (e.g., clock speed) of the functional components. In one
exemplary implementation, tasks with greater performance demands (e.g., critical tasks)
are routed to functional components with greater performance characteristics or |
capabilities (e.g., faster). For example, three dimensional (3D) graphics information can
be routed to a high performance (e.g., high speed) graphics pipeline and two dimensional
(2D) graphics information can be routed to a lower performance (e.g., slower speed)
graphics pipeline. In one embodiment the information is distributed in accordance with

scoreboarding algorithms.
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(e.g., floating point conmponents, pixel shader

conponents, vertex processor components, etc.)
wonedsidexdoi n a processing unit. It is appreci aret/uskhay/ 030127

the present invention can be readily inplenmented in a

variety of processing units, including a centra

processing unit (CPU), a graphics processing unit

(GPU), and/or an enbedded processing unit. In one

lary. i npl enent ation, the processi uni t includes
[@égﬂg rebo rO% ¥ E@E‘é‘?ﬁr‘# ?ﬂ%e PP erf? qvegan tl?né’i RYRRCRt o
rocessor functi | conponents (e, g., _ floating point
Qe pegtolion 2 dissis langes 1 hseatiodidheRpoieRgics of functional
processor functional conponents the scoreboard tracks
coipporgnis dat ahdrt-i The engrationd dbgragtenstiss exsiomatt the pérbmance of
conponent and schedules it. The results fromthe
funaigenal ehmponsnisdd s d34.f Enreikampla) fusdinpeientpenas vofguration
conbined to provide an overall result. The scoreboard
cardrol1éai20amn ahdnge ah bperatiortb cipgavestistic stk o Andtib@i coif dhents
the scheduling of tasks. For exanple, if one of the

130 OI33568.8(, chable bi difdle 16O MRRASHHI SothFones) S APSRAEXERPGry
because it is defective), the scoreboard reschedul’es

it} &, fBEBbM BlnpdeRCRRR irafi b hirQiG!
1{% handl e t he propes%ing mor2.?ROML.Fg%%gfggﬁggggggéﬁ%aim
e | e. g
B 6 e BGOSR ki) Gnfor e
[ Fi 1B is a. bl oc i agram of . pi pel i ne
R SBHRY vy, Ao RBmoin o 8P s E PGt e Sl o he
enbodj nent of .the preseni inveption. Pipeline,
R G EPtongh-c i RaSaf: bansfPr it aoR G ion contoller 120
i2§F rated circgit 100 in_which the 18 WD 2005/ 029329
caBEtp £PB86 12719 (13885 dHsqucashfcrrdonksignebsupplied tofeastional
Integrated circuit 150 conprises distribution
capopeHehdl 1334 andior pewHSLPRIBAPS tredhangedthe Woltagatof apower signal
control ler 152, collection conponent 154 and
supplied tofesctional compopents7Blanid4174. Pipelines 171, 172,
173 and 174 perform pipeline operations (e.g., fetch,
decode and execute instructions). Functiona

[0043] It is appreciated that the present invention is readily adaptable for
utilization with a variety of functional components. Functional components 131 -134 can
be functional units that provide a variety of different functions (e.g., floating point, pixel
shading, vertex shading, storage, buffering, etc.). In one exemplary implementation, the
functional components can perform similaf operations at substantially the same time
(e.g., concurrently in parallel). In one embodiment of the present invention, the
functional components are active functional components.  The functional components
can also include a number of components organized in a core and/or sub cores (e.g.,

building blocks associated with a particular function). In one embodiment of the present
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conmponent configuration controller 152 controls the
operational characteristics of pipelines 171 through
wa2dosangd2al so provides information to distri buPCows2004/030127
conponent 151 and coll ecti on conponent 154 regardi ng
operational characteristics of pipelines 171 through
174 (e.qg., information regardi ng which of the
functional conponents is disabled and/or enabled).
The, control of operatlonal characteristics can be
InXeNtioBy CRIES o SUPzROuTSFaN befeststh pad/pi spcontignred iadividuallya For
pi peline can include nmultiple individual functiona
SXaBHbR Adatticulas seresian ha pnabladrand/oe distbled inslctordanshivdth prasant
al so be configured (e.g., enabled, disabled, etc.) on
ingentiondeaanfigatatibn fichiremal conponent basi s. [0046] The
conponents of pipeline integrated circuit 150 operate
simlar to the conponents of integrated circuit 100.
For exanple, workflow information is diverted or

[oop4it ed i rﬂn@n%'efﬂﬂoéﬁnéﬁ@@l%nctﬁiﬂ@%h%@ﬁén@ RREXL: components

configuration control 'er 152 provi rnat I on

(e(%1 SidaliRh b]ﬁf‘ccﬁﬁ;‘;@i@ﬂ@ﬂﬁxé ?ﬂadéfe n&:{n@&ts t\’%ﬁe)? Egstféro rc]ﬁlponents

aracteristics of unctri o one
| ed It )
oty tholap i BroR BRIl N0 SiReci ST i Bt ivelth qs%cap&e
171 174 based in upon the

I
o5, ORSRLRSE 022 e BT BB e

tribut.es morkflom1|nfornat jon to enabled
@Eﬂﬁcﬁ f.%ra £ Pospse (GRYE), %WOHP%@BP@&@ PieEesS@g amit. In one

nents). Collection conponent 140 "coll ects”
exeBplyy

iRl piagntation, die nspcesyieg wrjbinekles hisorshogrdingelgorithm for
pi pelines 171 - 174 (e.g., concatenates or aggregates
allp??émeéeikrs tastheproosssor Ametioml eompaehis (s g bilbdtmg)point boaprments).
19 WD 2005/ 029329 PCT/ US2004/ 030127 enbodi nent,
Asrgsidtsiaphpilocessep oy thetpraessbi fimetdriaboongnbiite keatortbar€ aicks
direct clock source 175 to change a frequency of a
whithoperaidgn adquired bl i @dodesof fimElidrANSImSABRAAE Jétddédit- The

174 and/or power supply 177 to change the vol tage of
resultp GOBT ths igvidusd YRekRE filnbtiddaN 6dth@@hts can be combined to provide
an overall result. The scoreboard can factor a functional component configuration into
the scheduling of tasks. For example, if one of the processor functional components is

disabled (e.g., because it is defective), the scoreboard reschedules the other remaining

processor functional components to handle the processing work flow.

[0045] The present invention can be implemented in a pipeline type (e.g., a vector
type, thread type, etc.) processing environment. Figure 1B is a block diagram of pipeline
integrated circuit 150 in accordance with one embodiment of the present invention.

Pipeline integrated circuit 150 is an implementation of integrated circuit 100 in which the
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conponents 171 - 174. [0047] A present invention
integrated circuit can be inplenented at a variety of
wonesgeedon | evels (e.g., a variety of die hiecamuskoess3o127
and architectures). Figure 1 Cis a block diagram of
mul ti processor integrated circuit 190, another
enbodi nent of a present invention die hierarchy. The
conmponents of nultiprocessor integrated circuit 190
are imlar to integrated circuit, 0 except .the .
Fufimpe oD i R Gesa el elsde St 150 coparibs v buiogr
integrated circuit 190 conprises distribution
copprpentd A, funetionpl semiponend conlpmyrgionenntrellsni % apliaction
controller 192, collection conponent 194 and
copiponed d 64 end pibelines 471, 17981 73read 199.. Pipalimasd 75 ri7adl Tent 174
processors 195, 197, 198 and 199 are included in a
pesfony pipetiheoanations (pf.cfttdhpd@ode ambex ecite striions)y Functional
Functi onal conponent configuration controller 192 can

coflipbféit comgfuadtionnahtrélian 82 t@tiold the Sp@atidast dRALGrikifos @,
di sabl es/ enabl es) to one or nore of the processors 195

pipelih@®1 AN RIzRM 74884 ARSHBY IO ANfornREh ﬁﬁﬁ%i}lﬁfoh(éomponent 151
informationto distribution conmponent 191 an _
ang %Ml&:‘ﬁbh g&n?&f%p %g%@é@ Sog%}gﬁqxg% E@egi%%’%?gsoog{pﬂ;e'ﬁﬁ&af 71

aracteristics of P

i ndi S i rocesspr is. di sabled/.enabled). ]ln on
lgleh T 52 IngP Rl SRS e P B PR S P dsgs s @0biea
i1l .provides co ete functionality even i )
anfl vt 156 FrptiRLRE Senion Fhagpr Hsted 6 fegreriopmegtys varying
di ?abl es a processor_(e.g., . 195, 197, 198, or 199). 20
sransl By s o7 2ran  eprpipekinrh eeledeyultiplpdivigrl festipetient s
of multiprocessor integrated circuit 190 operate
cogipapendy (nobshommg wilbinrsale pipslinst whigh e dlsaler wopfigwed (e190.
For exanple, workflow information is diverted or
enpled, elisabled sets) o hmindividvab functiomat tompradentdasiponent
configuration controller 192

[0046] The components of pipeline integrated circuit 150 operate similar to the
components of integrated circuit 100. For example, workflow information is diverted or
routed in a similar manner. Functional component configuration controller 152 provides
information to distribution component 151 regarding the operational characteristics of the
functional components 171 — 174 (e.g., disabled, enabled, speed, Voltagé, etc).
Distribution component 151 distributes information to the pipelines 171 — 174 based in
part upon the operation characteristic information (e.g., distributes workflow information
to enabled functional components and not disabled functional components). Collection
component 140 “collects” (e.g., concatenates or aggregates) the output of pipelines 171 —

174 (e.g., concatenates or aggregates the results for storage in a graphics buffer). In one
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provides information to distribution conponent 191
regardi ng operational characteristics of the
wouoistozgnal conponents (e.g., disabled, enabl edcTA2®d030127
voltage, etc). Distribution conponent 191 distributes
information (e.g., workflow data) to the processors
195 - 199. The distribution is based in part upon the
operation characteristic information (e.qg.
distrlbu%@g morkflom1|nfornat|on to enabl ed functiona
erpbndiantiactiongl ersepamesaonEauratonrontrelie| 1 53 srpdinesheloyk source
I n one exenplary inplenmentation, collection conponent
1'"Ba changez fragprency of @ cfpck signalowmpliedda dineliondh catponents 171 — 174
"col l ects" or stores the output of processors 195 -
arig® poiver supplyeltyad ichamge thd wiliege effgdowed sigaalepplied to functional
configuration controller 192 can direct clock source
cobibbntitts ¢hpnge.a frequency of a clock signal supplied
to functional conponents 195 - 199 and/or power
supply 182 to change the voltage of a power signa
supplied to functional conponents 195 - 199. [0049] A

O@h tinctig Preisélt mﬁti&?ﬁl\rﬁ%‘?ﬁeﬁﬁfc{lﬁ [ ﬁ?ﬁﬁnﬁélgentec} at a variety of

ctionality I n one ment e pre en

m%fgﬁa%“%“’%ls ¢ BT SRR e R g e T i o
oper.at i onal racterlstlc n 1 e that, a

blgch gt @Eﬁgce&forflﬁtﬁaare st {50 RGHaS spmbpfingéap e present

in of beln perforped even though the function or task

éheg%‘ BIgFRYY g:ﬁ% gogpongnigiof F’é‘i@ﬁ?oeﬁﬁ@F iogepd eirquas 490 are

In one enbodi nent, a functional conponent

siBattp ditiperetcd sirewhi (excent thivfiactingel aimpehenss arelpracassors.
functional conponents capable of perform ng tasks in

Mplipedceesior infegrate eirquitel 90ichmaristis distritaitipwoompareat 19, functional
floating point functional conponents in a processor

coanpdnéni wonfigmationcontrolie 102 2:bl1MB0RA GODHGRABLY! and processors 195,
PCT/ US2004/ 030127 configuration alters the enabl enent

190N 89 8oarideli90s Ik neddmisddavhent( Rokssorsli SRBHEIPL aR@19S ark i luded in

a single die and coupled to a common cache memory. Funétional component
configuration controller 192 can direct operational characteristics adjustments (e.g.,
disables/enables) to one or more of the processors 195 - 199 and provides operational
characteristic information to distribution component 191 and collection component 194
indicating the operational characteristics of processors 195 — 199 (e.g., indicates if a
processor is disabled/enabled). In one exemplary implementation, integrated circuit 190
still provides complete functionality even if functional component configuration

controller 192 disables a processor (e.g., 195, 197, 198, or 199).
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floating point functional conponents, the work flowis
"rerouted” to the remaining enabled floating point
wouoistoegal conponents. The perfornmance | evel ®8€T/US2004/030127
floating point activities may change (e.g., slow
down) since the work flow is being handl ed by one
floating point functional conponent instead of two.
However, the die still has the ability to provide the
functionality or.task (e.g., performthe floatin
L0 L it e S b P B BB ifveitdO ppaate similar to
t.h%)resent in¥ention, |ntegrated circuits (e.g.,
F HYTRRIIGRES P! dntegrgted caenit 10041 Kag exarenle, ovarktiow iifsOyation is diverted
integrated circuit 190, etc.) are marked with a
or gyt Mayimdar manneyt Bunational comppigip cordigutasioh kentroller 192
performance capabilities (e.g., the nunber of
Providestinfomantigowptstabitiont doatpoasre 19N alphieith gdHdfMional characteristics
di sabl ed). The marking can be an electronically

of thedfiiattionahaumigongnta ielg.0 idisablell dhabIBd, k&, 6@1@@ et@N Distribution
die). The marking can be an indicator of the quality

cofnpbidig 191 disifouteRtiLBIARARRA (6lo! Wokilflow ﬁ‘ﬁ%)r{@nd}fé ﬂ}gce\%&)?%?df 29199,

correspond to a performance netric associ at'e the

Thie ABIRARGs GAsed ;Ba[r% ngg%]'thei ?})elrzﬂiroﬁ %ﬁirﬁét&%tfcgﬁ@gfg?ﬁopﬁ% g.,

bandwi dth, etc.). S apprecrate

£ i ' ti troll 20,
iR R0 ® RO 5 M R Bl S e ot dcbied

in_accordance with a variety of obhjectives.
f‘“&grgﬂag?gm P%":n‘%s S ‘?XSH‘Q’&?& SRR CREH o Rl egtipmequenonent 194 is
apsontroller can al tegwg%ilé‘ati onal characteristics of
TR (Bfal OB rachs gollgstsn oy pterey thesenens of processors 195
gﬁngﬁtibilit i ssues, performance issues, system
— 15 e It eprembadimaent, fipetional cqnepoakrieonfigpatio @ntdllerH8? can direct
functional conponent configuration controllers 120,

cloglssourgg Hyldp chamegaeq@enapo 20054682 pplied to functional
PCT/ US2004/ 030127 include a variety of inplenentations
compprgetiiléve INeamsbijraoriey apply 182 todhaige thesaflfap@b® power si gnal

supplied to functional components 195 - 199.

[0049] A distinction is made between performance and functionality in one
embodiment of the present invention. In some instances, the present invention does not
limit functionality when changing operational characteristics in the sense that a particular
type of function or task is still capable of being performed even though the function or
task may be accomplished at a different performance level. In one embodiment, a
functional component configuration controller does not disable all the functional
components capable of performing tasks in parallel. For example, if a die has two

parallel floating point functional components in a processor and functional component
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programmabl e regi ster or mask, hardcoded nmask, etc.

[ 0052] In one enbodi nent, a functional conponent
woaodsioges2at i on.controller (e.g., 120, 152 andPor/usSmdy/030127

directs changes in the operational characteristics of

functional conponents to address yield issues. The

present invention has the benefit of facilitating

i ncreased wafer yield in integrated circuit

facturing, A present inyention system. d. net hod
B A e el Pt i S (for el cpbone of he
functional conponents to be salvaged. Traditionally,
ﬂﬂf‘t@W‘llleaiJB%‘?t’é’éf‘]i SPEPORRIS, ithserk dlompis nesseuieds e theirewainmad
resulting in the costs of producing a wafer being
epablgdfiaging pomé (iimetionat eqmpasicstsdTee p @devd of floating point
invention permts sone die wth defective functional
agfiiitics may dhengs . tsbowpdownrsince e waikelovt i peimg Gfindled by one
functions and thereby maintain functionality even
flofimggivittifendionaltompendnt afstdall f tvele RSV 1ECP SNERsShe ability
may i npact performance. |ncreasing the nunber of
tausetidb tih sanefugction@fte br RSK (6.4, Spd 8 #RSfioaah Efunctions).
production to be as;?gned ?ggi)greater %hn%gghd@ncmmg
acceptable die. By permtting the fixed cost of wafer
production to be assigned to a greater nunber of die,
doB6 cost Rl -t hough t he. | ower
(003} o i s o SR E AR S R e G .

perTorm ng ie m
. At danvention .f acil.ht.ates "sal vagi ng" of di X
inf B ER R o B L S gob RlfPus SR T Y Prepaea vien
erformance. l evels. In one exenplary inplenentation,
a BREOriiencs Wdicatnb Hiefc st Lo g @b iens reatilibosdsize tieo
@ﬁovégggéPe jame functionalitg in the sense that the
nypher 1gngl camponeptsithal @rqymabled agd/ordpabledh nphemarking can be
processor with parallel floating point functional
anelagseomisaly readpble marking prd/ Stk mafkingfeigngnpalie)t The marking
operations is 23 WD 2005/029329 PCT/ US2004/ 030127
cagttie|an indiPaon of theqiaditywafihg af the gntppited ciopetr dthiconskiap tatalso

i n one enbodi ment the present
correspond to a performance metric associated with the integrated circuit (e.g., a

processing speed, bandwidth, etc.).

[0051] It is appreciated that fhe functional component configuration controllers
120, 152, and/or 192 can direct functional component changes in accordance with a
variety of objectives. For example, a functional component configuration controller can
alter operational characteristics of ﬁlnctiénal components based upon yield issues,
compatibility issues, performance issues, system “health” issues, etc. It is also

appreciated that functional component configuration controllers 120, 152, and/or 192 can
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i nvention does not disable all the parallel floating

poi nt conponents and "reroutes"” workflow fromthe
wdizeskexto paral | el floating point conponents t®CcTs2004/030127

remai ning floating point conponents. Die with nore

di sabl ed conmponents may performthe tasks at a

different level (e.g., slower) because sone parall el

conmponents are di sabl ed. Hovvever the die still has

. abi | i ovi.de the. sa nctionaljty (e

incl %ﬁﬁ%éf R Spi5E e i, rbolenen
functl .conponent caonfjiguration controller (e.g.,

g@ IEgisieber mask) %FFI?%]GS yaghefaat i onal

characterlstlc changes (e.g., enable, disable, etc.)
to functional conponents during manufacturing testing.
For exanple, a functional conponent configuration

[0062ht r ol | dn ofieemybodid2, a fibi2tianal t@RYorsthismiafigeadon controller (e.g.,
functional conponent (e.g., 132, 173, or 198

120, d Spentlior DY) difectstbsiiges th the dp&ati@nl theactemBtds dTFctional
conponent is defective and enabl es a functiona

comfRABedtadRsdyieldlisshes. 1T prdsddt int &3R8 Ghd 1€ b¥efi 't t)f facilitating

testing indicates the functional conponent Is

incR8E &L valee yil PRTRle F}a'ﬂedq,nl%uﬁ RRAEHLEERR OA }ant@{n?eﬁﬁgﬁ system

i nvention; a funcfional conponent I guratl

andi8 oﬁleh%leé F&-ap(iq 1tg‘ %P%Q}g/ a5 feg't? ffulgl {ﬁ’ﬁ? tcéﬁl%pggngs to be

In the operati arac erIStICS O

By S B AR i

ntroI er .addresses self health_ issues in
in tﬁ? Fififot Bpahe f Sl et ashein fover sriepRble de. The present
mapufactyrer. In one exenplary inplenentation, an
inven{tIyperry seie dis With defeliys fimstional imtmiorh sed tomerfpine g same
"self-health" tests. For exanple, if a "self-health"
typeseaf fupeiienstand itherehy hpigtaiefunetivnelitysevdetheugli the disablement of the
functional 24 WD 2005/ 029329 PCT/ US2004/ 030127
defective components may impact performance. Increasing the number of useful die on a

wafer permits the cost of wafer production to be assigned to a greater number of
acceptable die. By permitting the fixed cost of wafer production to be assigned to a
greater number of die, the cost per die can decrease, even though the lower performing

die may be sold at a lower price.

[0053] The present invention facilitates “salvaging” of die even though some of
the die may operate at different performance levels. In one exemplary implementation,
the die that would otherwise be discarded are able to provide the same functionality in the
sense that the die execute the same type of tasks. For example, a processor with parallel

floating point functional components capable of performing floating point operations is
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conponent, a functional conmponent configuratiori
contiolier (e.g., 120, 152 and/or 192) disables the
wdebmsokeaze f uncti onal conponent and provi des aRCT/US2004/030127
indication that the finctional conponent is disabled
to a distribution conmponent (e.g., 110, 150, or 19 1).
In. one enboclinment of the present invention, the
self health test is conpliant with Internationa
Electrical d El ectronic. Engi neerin EEEE) St andar.d
st 36184 bifrufiiasine PFol SikiionS Pt oo ulbostimen e oty
. (JTAG testing%. ln an alternate enbodi ment, tbe selj
nvgatien foss aet disdleall the paraflel flgaping paipt ¢qsmpngais Rad GeroHtes
operational integrity of the system In yet another
worlsflyd fresrihe dwablepgmra aloatigmsinicamppsenihigihemiatning floating
"self health" test in the field indicates the
poifitipenpawats. Eoepithenire disabied cabgfometts veny pefOfabiheltasky et a
anot her enbodi ment, if a non-enabl ed non-defective
diffeneint téveh@l g., stongrpbeaiisetsofie paetltldoioabnts hiddisable@SHowever,
tasks or functions as a defective functiona
the GREBANEA thé SbiBNab pARAE thé Send RAcERMANAE.gN ?Qrf&fﬁ{ fekine
functi onal conmponent is enabled if the ge ective
mdggnponen; i s disabled. For exanple, integrated circuit
100 of figure 1 can be initially shipped with
functional conponents 131 and 132 enabl ed and
functional conmponents 133 and 134 di sabl ed even

ough they are .non.defectiv e.g., fo r ket
0038 ant ol i SRR ThEGjontfecfoen aPafidianofie e,
t | at er j.ndi cates that functjgnal conponent 132
120,33 R LR ipdE oo eiel dhECtSD HBAES (Edn CheAls Sjsable ctc)
120 can di sable functional conponent 132 and enabl e
to fpgafiqnabsampnspis drERg manfagidng isptkog |koncxaranle, afgudtignal
have flowed to functional conponent 132 if it was not
congpengbt eanfigyragips conttolicn-g.6.28: 152 d45y198) disatil¢sut funetional
conmponent | 10) to functional conponent 13 3. Thus,
conaipeyeebt (ergy, 1BANtT3, omd P8 respentivalghif tdBig imliefdselot funeivnules
the problens associated with defects in functiona
congporpanBriefctBes andtenbiseen Akiinigl praponetisie)s.,ds $atdeth7
functional conponent 133 permits 25
respectively) if testing indicates the functional component is not defective.

[0055] In one embodiment of the present invention, a functional component
configuration controller (e.g., 120, 152 and/or 192) directs changes in the operational
characteristics of functional components to address “self health” issues. In one
exemplary implementation, the functional component controller addresses self health
issues in the “field” or after initial shipment from the manufacturer. In one exemplary
implementation, an integrated circuit is capable of running in the field “self-health” tests.

For example, if a “self-health” test results in an indication of a defective functional
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I WD 2005/ 029329 PCT/ US2004/ 030127 the sanme type of

functionality or tasks to be perforned on the workfl ow
wabtodasiesranme performance | evel and thereby thepreyaisemmu/ 030127

is effectively "self healing”. [0057] In one

enbodi nent of the present invention, a functiona

conponent configuration controller (e.g., 120, 152

and/ or 192) directs changes in the operationa

i SLi ' | ..conmpon dd
BB £ 58S I Bl ERRERRRY 2 o8 8o
o PR SO B G L SO, o

are co tible with features of the graphics
COmRRReTH Eg‘?léﬁ‘b?%tﬁ aistHpetionseamanens fag-» gltﬁ)ambtoe 198t iieenof
the graphi cs accelerator accordingly. For exanple, if
emppdinient of thepassertdnyrmtiont the eelf haglth &ist is nomplivnt elithdnteirgtional
controlling operational characteristics of graphics
Elgsirjxesl andElectromic Boginterma(IEEBStamntrd 11490ntise wfairédid as Joint
cpnt(pller.can enabl e a hi gher nunber of graphics
Taghi AetiomEsoupf (JTAS) €iifg)s &h an SMRRAE bfbddim@ROthb Self health test is a
conpatible with the utilization of a higher nunber of
progfiafity 6t fop cR@kindahe of@hti % PRRAty & ( hC SI.B yet another
ured by ihe

accel erator and a chip set are nanufac

emB@1ien B AUTAGIMAES A i PE ht
controller incIué@gﬁ?ﬁ1?ﬁgkggggt€ggkh%@%%ﬁ%f%?ﬁ?ﬁ%@n
indf GBS ' 'QEH ifying a chip set included in
lnthe g%ﬁgﬁ§§§%£§$%ﬁ Lkré#%%ﬁ%gg'accelerator. In one
enbodi ment of the present invention, conpatibility is
establ i shed by a driver and a functional conmponent

Umg@ntrollﬁ{ Qire ts changes to the operational '

ar act er' £FApethey empbadupent i e sanensblsdnonedefestive functional
accordi ngly, [00581 I n one enbodi nent of the present

comppreht thghperiorig sigtilag fimes ebiaplsime fitnctionsrsiaglefeativofunctional
controller_(e.g., 120, 152 and/or 192) directs changes

commeneREls aygiably, f -engblad act defegtiviefisctibndl comporenals enabled if

conmponents to address performance issues. In one
the defective component is disabled. For example, integrated circuit 100 of figure 1 can

be initially shipped with functional components 131 and 132 enabled and functional
components 133 and 134 disabled even through they are non defective (e.g., for market
seémentation reasons, etc.). If a field self health test later indicates that functional
component 132 becomes defective, functional component controller'120 can disable
functional component 132 and enable functional component 133 and work flow that
would have flowed to functional component 132 if it was not disabled is distributed (e.g.,
by distribution component 110) to functional component 133. Thus, disabling functional
component 132 in effect removes the problems associated with defects in functional

component 132, while enabling previously disabled functional component 133 permits

25



26 WD 2005/ 029329 PCT/ US2004/ 030127 enbodi nent,
performance nmask 40 provides an indication of

wopersaksnmal characteristics for functional ceapwsents30127
based upon performance issues. For exanple, a
particular application is being run and desirable
supported functional conponent operationa
characteristics are enabled. If the application is a

o P 80 b3

raphic pllcatlon pi pel i nes _can be |ncreased I n
Pe‘%‘?@ ffdrpﬁ%ﬁ‘t hereby the spvters dneffacHveln{sebirhealing’. t ype of
the systemcan be factored into performance
operati onal changes, for exanple in nobile devices the
performance can be adjusted to conserve power. [0059]
[005¥] i s ap/u end ehbatlimbattof tlegpreseat mventioay a finytical component
functi onal conmponent configuration controller

cortfigntatiommiohgoll @' (elgMbe BN tahd/ar UIBP Qire &8 BhanGBMMAANE B erational
changes in accordance with different objectlves

charAc@tiRicd BY iuhcBordl B6dip &ieﬁ@ﬁ:@gﬂcﬁgss%ﬁl at"ﬁﬁﬁ%yi shls. Tn one
utilized by a functlona conmponent contr f in

emBEHERHRAGE Mo loﬁgmggfé PR iR ud%&?n 3 glrasl’?lég acceleratar is

Inventi'on to cont rent o jeC

caﬂgglg rcg‘t‘orI %@J ste&algat a eocrormes fg%xp %ugrgprhlcs
tio a ri se i el d mask

accsfR TR .%P?aﬁﬁ%%la%ﬁ %B‘%ﬁ?‘f‘ FEEohieY Rt
alln %ggln one exenpl ar . )
aCCPHJ&%‘Pfe PEETPIS d5ibR Tisisfighi| CompoIbEAaREBtipg controller is

associ at ed mnth one of eight functional conponents.
contralingeneratiopakcharasisristicgy grapbics pipslings, theFfenctionaeamponent
characteristic setting value. For exanple, an
congigerationgaairoltdr samenable shigbergwirbenef gropticsepipdlinkoifiticathip set
one can correspond to enabling the functiona

suppontpUraed s cangutigle wittothk utifigeiod of @ highbemaasgp of gfibhica

hi gh voltage | evel for the conponent, etc. Conversely
pipélines. For example, a graphics accelerator and a chip set are manufactured by the
same manufacturer and the functional component controller included in the graphics
accelerator can receive a signal identifying a chip set included in the same system as the
graphics accelerator. In one embodiment of the present invention, compatibility is

established by a driver and a functional component controller directs changes to the

operational characteristics of the functional components accordingly.
[0058] In one embodiment of the present invention, a functional component

configuration controller (e.g., 120, 152 and/or 192) directs changes in the.operational

characteristics of functional components to address performance issues. In one
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operational characteristic setting value of |ogica

zero can correspond to disabling the functional
woaopmnend, a | ow cl ock speed for the conponenPCTaSk@mwo30127

vol tage |l evel for the 27 WD 2005/ 029329

PCT/ US2004/ 030127 conponent, etc. It is appreciated

that the present invention is readily adaptable for

operational characteristic setting values that have

arying inerements of granularity (e.g., very high .
el B SRR ok i b andivin dp estiopahapafgigpistics
speed). In one exenplary inplenmentation, nmask array
forlig‘wggqahﬁ?%mw@d?aﬁ%n upop pgifermance ispugy. Forgmemple, a particular
Priorities can be assigned to the different objectives
applicatign fisbeipgrun andlepirable sppportbdrfasdtiond compotrat aysatipnald
a higher priority than performance mask 40. In this
chanetepbless arhenabjedr af the applicatiar ia atgeaphidsiapplivatiéd Alitioahlugaphics
in cell 98 controls over the operationa
pipehiacacinedse esinbled agd/bf thg choak biseell B 68ktingSfaphlds apflRation pipelines
setting value in cell 98 indicates that the
carf BOGick@B&l. TRQHRABBYinRBESG] idVRn mml: '
di sabl ed, the functionalgggﬁﬁggﬁgkﬁgygm’lsa gghﬁsyﬂmncml
i . . y _
be FRAGE RS peyrm e BTl MG, o eEiiphe RimonlRRCUEHS
peﬂgﬂﬂﬁﬂgg IEEEF bé g@ﬁst@c? %)OC%ngréeo ov@er .Var I et y o.f
considerations I n determming ‘an operationa
characteristic setting that is inplenented by a
functional conponent configuration controller.
61] Yield mask 20 provides an indication of
[O(’%g‘ ctiondi’s éBWﬁ%lﬁ@ﬁtﬂgat thezg arg p yarigfy of Bngiiongleompensiite| d
%ssues (e.g. defects). For exanple, yield mask 20
configyrafingsconspleramhodimenshiar ienlemprtingduscsionsl sgmperientehanges in
that cause functional conponents to be disabled if
accppdance et diffetentcdigstiesn tlgira VB iaa btock Umgtaur dfigask efrey 10
In one exenplary inplenentation, a functiona
utilgzsddurefinciienap esmpareatcontrole inlhembdande with biesnebddiment of the

pregenlgctililferntion to control different objectives. Each mask in the mask array can
correspond to a particular operational objective. In one exemplary implementation, mask
array 10 comprises yield mask 20, compatibility mask 30, performance mask 40, and self
healing mask 50. In one exemplary implementation, each column 11 through 18 is
associated with one of eight functional components. Each cell (e.g., cell 99) includes an
operational characteristic setting value. For example, an operational characteristic setting
value of logical one can correspond to enabling the functional component, a high clock
speed for the component, a high voltage level for the component, etc. Conversely an

operational characteristic setting value of logical zero can correspond to disabling the

functional component, a low clock speed for the component, a low voltage level for the
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operational functional conponent that can handle the

work flow 28 WO 2005/029329 PCT/ US2004/ 030127 [0062]
waaopakdad | ity mask 30 provides an indication 8€T/US2004/030127

operational characteristics for functional,

conmponent s based upon conpatibility issues. For

exanple, a particular processor and chip set can

exchange identification with one another and based

he exchange.qf . j.dentification, co tible
colfblfes' S AT Grdlra LFDG RESET iD{SEHa oAty adaptable for
characteristi.cs can be enabled. In one enbodi nent of
OPERBOT CBRECTircT g alues b BRI IR Inprsmes s ab Erosietity (o2,
by a driver and a correspondi ng operationa
vephlph sread; Bigh speedemeding spagd.bow spesthtvsreldwi speed). In one
conpatibility mask 30. [0063] Performance mask 40
expimnphaiydasplemeitatitorg atas aray 1 bisdmpleimente i hasgitdrariagt i CS
for functional conponents based upon performance
I ssues. For exanple, a particular application is
being run and a value is entered into performance nmask

[066D] enabl iPipritie®EAnenenghaito desdifeRheotjsRRe diShhsks. For
functi onal conponent operational characteristics. It

exiifle 3RBId A 1Vt ah Be s FERRAIE efgngé)ﬂtgﬁlgﬁng{%d?%éntgk g{c}’% 40. In

graphi cs pipelines can be enab

. ; Po : . . ool |
iF RIS S Shrat i AR RS Bfed M SRR RO RIS B
. t . into . g

op Ay BBl S RE S S BentEt 1T B! Eimiigie n etk pieates

vices.a value entered in . performance mask 40 can
ey AR hal erioncBt iy e Foroms 18 g st isunctions
exanpl e, . direct changes to operational characteristics
COIBPOIR;BWa digablgd rg%q{glgﬁﬁg?ﬁtgq settﬁrfgcya@}m iggell 97. The values in mask array
di sabl i ng/.enabling functional conponents, adjusting
10 sprealep be Bhilizeddn agedety of plpogtimssbatiacenaat fomg vABEK 060
provi des an indication of operational characteristics
considerations in determining an operational characteristic setting that is implemented by

a functional component configuration controller.

[0061] Yield mask 20 provides an indication of functional components that are
disabled due to yield issues (e.g., defects). For example, yield mask 20 includes
operational characteristic setting values that cause functional components to be disabled
if the functional components have a manufacturing defect. In one exemplary
implementation, a functional component is permitted to be disabled if there is another

operational functional component that can handle the work flow.
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for functional conponents based upon field testing

i ssues. For exanple, results from testing operations
wanesweed2d zed to determ ne changes i n operati orair/us2004/030127

characteristics for 29 WO 2005/ 029329

PCT/ US2004/ 030127 functional conponents. In one
exenplary inplenentation, a field test indicates that
enabl ed first functional conponent is defective.

an
' I, .¢h i Sti tLi I in the
10388, i CREPHPE 2Rk S bk ol ircligbfo of Sporpiionn
f t t i d to indicate the first
chpiitisBiior EBRROMEAmp R RBRapOR AaDHI Gy arnes Fnnpample

characteristic setting value in the self healing mask
a pagiiqulargureeqssaragd whipiselras sy ehatge idanftfidatiomvith onp envéle and
that is disabled is changed to indicate the second
bagegripanghe Exchangepefridentificaticn edrhjertibleByippdraddingiohil &omponent
respective operational characteristic setting values
opefatiomal chirasteristivd carbeashbladn ¢h banahb&ABRVE HSprédest invention,
defective first conponent is disabled and prevented

cofupatibidityid esiablgshe® be a lAFHOEY Sid% o@ﬁgsﬁ%ﬁé}{rﬁg iofi&aﬁorﬁ;'lj SiaPdcRSistic

second functional conponent allows the secon

seftiif hlveNAtnteRAMPESatibRitP §lafi0sdN t he workflow that
woul d otherwi se be routed to the first functional

conmponent and thus the systemin effect heals itself
in that the sane work flowis still able to be

forme | ts. .10065] . .Fi.gure 2 is | ock
O . L.
[ (g)?lgr am g)fe Wghg%l% lﬁl?a gi;( ﬁg Vgcfvé Sfﬁém%ﬂ - 8?7‘59?5?%5‘ cg@fa"te’ésucs
uter system upon whi ch enbodi nents_of the present
for TR Qb eomRRoneR's %g?eﬁdﬂpsﬁaﬁﬁf@a%an%ﬁﬂ%e%?wﬂ@m@%ﬁ ppticular
an.udes central processor unit 201, main nenory 202
applicaiion 15 being i and a yalugdhentgred inigypsstarmenceymaski4Orenatdingh
bri dge 209 and south bridge 205, renovable data
coggspPagias desirable sppmrortad fpugtiogehonwonrant operaeral characteristics. If
communi cations port 208, and graphics subsystem 210
thageplieation is 8 gpipbies epplitetion additkaR] grepiipupipelines yat erona6ed
and/or the clock speed of existing graphics application pipelines can increase. In one
embodiment of the present invention, the type of the system can be factored into
performance operational changes, for example in mobile devices a value entered in
performance mask 40 can direct a performance adjustment to conserve power. For

example, direct changes to operational characteristics of functional components,

including disabling/enabling functional components, adjusting speed, voltage, etc.).
[0064] Self healing mask 50 provides an indication of operational characteristics

for functional components based upon field testing issues. For example, results from

testing operations are utilized to determine changes in operational characteristics for
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i ncl udes several busses for comunicatively coupling

t he conponents of conputer system 200. Conmmuni cati on
woueosaad2ge. g., a front side bus) coupl es nort RCimseya 030127

209 of chipset 203 to central processor unit 201.

Communi cation bus 292 (e.g., a main nenory bus)

coupl es north bridge 209 of chipset 203 to nmain nenory

202. Conmmuni cation bus 30 WD 2005/ 029329

PCT/ US2004/ 030127 292 (e.g., the Advanced G aphics
f“ﬁﬁcf?‘lna i SPTBEPIneRlsy 1R g pRembisy tHPIsHicRgioms f fiekd tosf dndicatss thas an

grap%}c subsystem 210. Conmuni cation buses 294 - 297
enepleg first fupstionpl compeaensiivdefesiive. The ppRyaionalchafactehiste sHing

203 to renovabl e data storage device 204, input device
vapugn theisphhealisp masinedldssaniedwith 1RERstrfasgeail coalpynent is

G aphi cs subsystem 210 i ncl udes graphics processor
chadgeddmhdjeap thedirstiuhdtRnalbipon&R&Slisaba &aMROARMiSnAT

conmput er system 200 cooperatively operate to provide
chueesastd stlingredliOmnahd teIf l%ﬂﬁn?ﬁfaﬁ@ée‘ﬁ%@&%iateﬁhﬁﬂfﬁ’%rc dng

uded |

characteristics of functiona conponents inc n

fufHERM B IS hia 49 Bis At fél'étﬁﬁ%ﬁg gcy RANLERhd Qé}pox%:cgfﬁl%%?)g?l

exenpl ary i npl enmentation nmponent's O
ot ety et e RELA b DT Kb Frtminie swtive
i B AELLR0R GRIRRASI Do HOaG D oL L
o Py 0B SRR 5t T o

202 stores information and instructions for

fu?ncﬁisng%r! Bémpgpelz}rage% hsrseomd fupgtipnolaomponint to parfrmdle workflow

device 204 also stores information and instructions
that gvogld othgrvisg eaionted de the firstrfiyactiomflmompbian andthes theispstem in

I nput device 206 provides a mechanismfor inputting
effetthealpritseld in tatihe sathowopgoflow iswillt ableotn be PexdbrimiedFtiihogt defects.

informati on on display 220. Signal conmmunication port

208 provides a
[0065] Figure 2 is a block diagram of a computer system 200, one embodiment of
a computer system upon which embodiments of the present invention can be
implemented. Computer system 200 includes central processor unit 201, main memory
202 (e.g., random access memory), chip set 203 with north bridge 209 and south bridge
205, removable data storage device 204, input device 207, signal communications port
208, and graphics subsystem 210 which is coupled to display 220. Computer system 200
includes several busses for communicatively coupling the components of computer
system 200. Communication bus 291 (e.g., a front side bus) couples north bridge 209 of

chipset 203 to central processor unit 201, Communication bus 292 (e.g., a main memory

bus) couples north bridge 209 of chipset 203 to main memory 202. Communication bus
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conmuni cation interface to exterior devices (e.g., an
interface with a network). Display device 220
wdizepFiayxrei nf ormati on i n accordance with data BCoUS00#M30127
frame buffer 215. G aphics processor 211 processes
graphi cs commands from central processor 201 and
provides the resulting data to graphics buffers 215
for storage and retrieval by display nonitor 220. 31
WD 2005/ 029329 PCT/ US2004/ 030127 [0067] The
298 fret-atip ohdyaneghBraghica Ppi igerdice) prapleg merth bridge of chipset 203 to
conponents included in conputer system 200 are
graphiosubsystend 3p0.abbmntunicatien busey 294 €297 Gig..cP@ctuisy emiple south
For exanple, operational configurations of the
brifipe20Si afiwtlip se2Pd nerdnsvabie ldatdetbrage doiqaB0al inpitsdedite 201 signal
are configurable to maintain execution of a type of

cofntifickRBneNR 208 resutavaly. Ghghick Yissbenal10 GRINRRE §Ribics
are disabled. In one exenplary inplenentation, centra

pr&@@g@ppgndgt%hl@pgu@gr@qgl cs processor 211 are still
capabl e of executing the sane type of processing

functions and main nenory 202 stores information even
through sone of the functional conponents (e. g ,

ating int conpo >nt gﬁ(grco
[06&6 ry cel comgﬂ%egﬁ n‘fé)il%f Feén cqppgrgtt eﬁx OB?{gte to provide
the cessor ncl ude lurality. of
Verﬁﬁtﬁﬂs R Tiapaliss A0 Rer e SE@%P&W& h5pesieiages figfanctional
erations. The operational characteristics of the

copheeisiRaR deb iR OREMEcE SEdem BRO san dheage dymaminstly. In one

enbodi ment, the processors include a plurality of
exqnipleny i BPA I eTRHSo Exstcombenenticaticompitey systave 28k ¢avgeratively

operations, wherein defective functional conponents
opé¢rate lteipiedidepredeemmiineditypesyof dfinctionality, eveathooghmumneant the

are di sabl ed. The processors al so include a workfl ow
furctodal obmponentoimehided o cothipmifee Bdtag 200 fisf bedefeerivnabl ed

processi ng conponents and preventing
Communications bus 291, 292, 293, 294, 295 and 297 communicate information. Central
processor 201 processes information. Main memory 202 stores information and
instructions for the central processor 201. Removable data storage device 204 also stores
information and instructions (e.g., functioning as a large information reservoir). Input
device 206 provides a mechanism for inputting information and/or for pointing to or
highlighting information on display 220. Signal communication port 208 provides a
communication interface to exterior devices (e.g., an interface with a network). Display
device 220 displays information in accordance with data stored in frame buffer 215.
Graphics processor 211 processes graphics commands from central processor 201 and

provides the resulting data to graphics buffers 215 for storage and retrieval by display

monitor 220.
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di stribution of workflow to the disabled defective

conponents. In one exenplary inplenentation, conputer
woeyetsay200 can continue to provide full functpomalsedoy/030127

even through the functionality may be provided at a

reduced performance level (e.g., slower). [0068] It is

appreci ated that the present invention can be

i nplenented in a variety of enbodinents. In one

exenpl ary inplenentation the present invention can be

utilized 1in processing systens utilized to provide a

iety raphi cs applications including 32 WO
[Oé@@s/ ozgg@yg%%tmmzlﬁemtlw of ithpfgncjignelsompaments included in
exanpl e, the present invention can be utilized to
CORIPY LS| S¥stera 200 ars/Bexibly agantahie to meeta vgdetp oL ajesdives. For example,
personal conputer, personal digital assistant, cel
opgtatigeal configurptionsmifdire fohctjrnal donipohedto incivad BB sRtem 200
video gane. It is also appreciated that referéences to
arg/opdigugabietoangihiatred:iecutionzla @YE 6 fH GBS oRdGF &fﬁ%‘ér’]ﬁ}‘tﬁ\g y
and the present invention is not l[imted to these
funotiphehenimnéds sre iiQBRA] bR DIAS] iofl m of
gr aphi cs pi peline 300 in accor g%n%%lr%l?h&&%ﬁ)g’ St processor
20¢ aid gHaphit pRicedde2 Pr 868 o4 i . hi cs, pi peline .
300 (e.g., pa cgi xel pr og{é]lg géllﬂr%@%fieg%ulhg%@g 8%9’8% ggprocessmg
fulRtibgs hftemhi rocessorg 311 through 314,
rasteri zer g%m&%%o% éﬁ’%sh aé’g’%mgﬂ’e{l ﬁF@ﬂ%‘ﬁo’QQ Q,%Ig]e functional
Rb& iop (ROP) conmponent 330, raster
o - (AR RLecoPony B hades component, memott ik
34 d_ funct.i on conmponent, configuration controller
cofath ARG OIRCHAARG, FB A ﬁ@g%%wremg ihepracspromsanelvdst 4 pnralig0of
[ oupl ed to, pipeline input 310, vertex processors
f‘mﬁ'ﬁlﬁlﬁ ﬁP‘E‘B&Wnésl@}‘ PeriQrining prepessipg opgratiers. Thbaptestional 1
hthrou h 324, pre-raster operation (ROP) conponent 330,
characiaristics geihs fimsHona semperantsscad Bt attbredulphond 3dibodin@nt, the

i peline output 340. Pipeline input 310 is coupled to
processors include a plurality of functional components for performing processing

operations, wherein defective functional components included in the plurality of
functional components are disabled. The processors also include a workflow control
component for dispensing workflow to enabled processing components and preventing
distribution of workflow to the disabled defective components. In one exemplary
implementation, computer system 200 can continue to provide full functionality even

through the functionality may be provided at a reduced performance level (e.g., slower).

[0068] It is appreciated that the present invention can be implemented in a variety

of embodiments. In one exemplary implementation the present invention can be utilized

in processing systems utilized to provide a variety of graphics applications including
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vertex processors 311 through 314 which are coupled to

rasterizer 320. Rasterizer 320 is coupled to pixe
woehedare32821 t hrough 324 which are coupled to PCT/US2004/030127

pre-raster operation conponent 330_ Pre-raster

operation (ROP) conponent 330 is coupled to raster

operati on conponents 331 through 334 which are coupl ed

to pipeline output 340. In one enbodinment, graphics

ideb b [ S1S#,A1 t. l.peline integrated circuit
ViR R R e b Bl ALBE e P i dsfectve
[ ,..pi xel shader 321 and ROP 331; pipeline
ol BRESHIn et RIS peROi Ehmpsn parsonal digital assiftanie celBptone
and 332;..pi peline 153 can include vertex processor
oray é‘?‘ﬁg& 8‘?3 ﬁ%ﬁ&a&g‘%@lﬁﬁaﬁw ide®, gaared Ipis plsbiapprediated 3t
WD 2005/.029329 PCT/ US2004/ 030127 can incl ude vertex

refgrenses @S eagame gplisptianaplemazaioasn sreREPMAAHA atidithe present
. pipeline input 310, rasterizer 320, pre ROP 330 and
nventiea s e louitsiio tB46 inplementationspi pel i nes 151 - 154,
[ 0070] The conponents of graphics pipeline 300
cooperatively operate to perform graphics pipeline
operations even if some of the operationa

[006Har act efipsiei3ds a Bfock WipkiR eﬁgﬁag%g{gg?lﬁ{é%o'ng ?éc%redance with

pi pel i ne are changed (e.g., enabl é
one letib6di@h@ bf 0 PRABANAvenGiBh T | L0N.c0 | I er .350 can.
B T O AR B30 Qg nisel procesing

change t he opérati onal

pipdlin/ ses ﬁg)éhﬁé'ihﬁﬁ’t% 03 étex %&%c%lﬁﬁﬁgszgﬂte@%ggﬁg {AL E%%%gr 320,

324, and/or”raster operation ( .
ixcB o5 URG! gﬂ onent configuration controller 350
pixef Shlers 30 GR0B P PRORS I anGReon o h s Oapencat b st
eristi.Gs,, I ncludj ng enabling/disabling a
orefURLRFRE swane: 48 afboingoune oot bepseu ohmprent
confidn tional ﬁoggonent and/ or increase the voltage
%W CFPRE Plndrndicanl comoanteontigivatidumontrole a0 is
]ﬁﬁgﬁonent configuration controller 350 can make the
cou @agelmsﬁnralt va,ivettyx pfocessasdn § through 3idi Rgterizer 320, pixel
shaders 321 through 324, pre-raster operation (ROP) component 330, raster operation
components 33 1 through 334, and pipeline output 340. Pipeline input 310 is coupled to
vertex processors 311 through 314 which are coupled to rasterizer 320. Rasterizer 320 is
coupled to pixel shaders 321 through 324 which are coupled to pre-raster operation
component 330. Pre-raster operation (ROP) component 330 is coupled to raster
operation components 331 through 334 which are coupled to pipeline output 340. In one
embodiment, graphics pipeline 300 is similar to pipeline integrated circuit 150, For
example, pipeline 151 can include vertex processor 311, pixel shader 321 and ROP 331;

pipeline 152 can include vertex processor 312, pixel shader 322 and ROP 332; pipeline

153 can include vertex processor 313, pixel shader 323 and ROP 333; and pipeline 154
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yield issues (e.g., the function conponent is
defective and/or associated with a defective
woaopanend ), conpatibility issues, perfornmancePCTAISEB4/030127
and /or system "health" issues. Functional conponent
configuration controller 350 also provides information
on operational characteristic changes to pipeline
i nput 310, rasterizer 320, pre-raster operation (ROP)
PR and, pi pel j ne.o ut 340. Pipeline input
calgfgn'po n S/'r%]{'tegg%besrs 8&%{/8@“’9&’&6%%@% apd BOP; 33¢ Wity wipetiae input 310,
nd distri s.correspondi ng packetized graphics
,ras%unﬁ%ﬂ" ﬁwde pf “rt#{??n%éq K Toerlige pripRt seasserto pslinesit5dudhs .
314 remai ni ng enabl ed. Vertex processors 311 through
314 perform vector shading on the respectively
recei ved graphics pi peline informati on and forward
[0070k r esulfhe aguperfentsmeteraphics pipetiaé 300 @RperdRPol operate to perform
Sisterizer 320 determ nes which pixels to s%ade anJ)
graphisy pipeliv@spepatidos iciarid svae bPihe SHAFEcha bR G St i
2005/ 029329 PCT/ US2004/ 030127 Ei pel i ne iInfor &%ﬁf\gﬁl‘?‘éml
conionehtssh daagipel 3 brd ¢Hall 32 AisabledR d
t hr ough 323 perforn1p|xee%§h§giﬁg %% %ﬁlg f%%éégﬁmPﬁ%ﬂ“
configGietioh 2688 NRE BSY calaff . Lipeld e,
i nf ormation and forwar dget %E%P %Jgﬁfl}agél?agacﬁ?gp?sa%f[vgpex
roQB§x8 i P b 0Pzl 1n, one »
P enbodi nent, %“%?%%Fﬁéﬁéggggﬂgégggﬁ%o I 338Ier ORFFatigns o
8 r rations. The texture_operations
confihd s S3L ML B FpEiortl Srupnguicon i gimmbamnaole 330 san
rresponding to the pixel shaders). Pre-raster
mal%gae‘{aarfefg%ﬂp?ﬁgﬁs to the sFrtional sheragtarifiies.onelhding ewrbling/disabling
gﬁa%&gg i nformation and distributes packetized pixe
a fupgtiomal CompeneRh chagmedhe sloek spesp of te ifarvtionshzomeodeat @@or
. through 334. Raster operation conponents 331 through
ncreasg theveliesserrdy ta e finctiasdl epinpomegt. priechssiong] @hpbidht
acketized pixel shaded information (e.g., performng
conggiraiionbeadiotgr 3i{bocati nakieftes changmEssd VietPéitkeasons, including

yield issues (e.g., the function component is defective and/or associated with a defective
component), compatibility issues, performance issues and /or system “health” issues.
Functional component configuration controller 350 also provides information on
operational characteristic changes to pipeline input 310, rasterizer 320, pre-raster
operation (ROP) component 330, and pipeline output 340. Pipeline input component 310
receives graphics pipeline information and distributes corresponding packetized graphics
pipeline information to vertex processors 311 through 314 remaining enabled. Vertex
processors 311 through 314 perform vector shading on the respectively received graphics
pipeline information and forward the resulting information to rasterizer 320. Rasterizer

320 determines which pixels to shade and distributes packetized vector shaded graphics
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forwards the results to pipeline output 340. Pipeline

out put 340 aggregates the graphics pipeline
wonbt@roae2don i nto a single output stream PCT/US2004/030127

Al ternatively, the Functional Conponent Configuration

Controller 350 may be inplenented as a cross bar or

mul ti pl exer structure positioned between the

respective | evels of the functional conponents in the

.pk.pel i.ne. 10Q72] The .pr t invention can al so be
piRBF IRagtogds Bhshdabsa3F M Bixel Fides Pab dirovehe323
e spl iﬁi“éi nto multiple partitions. In one exenplary
Peﬁrﬂ‘ﬁr @ﬁ%l g calcplaiions omthe packetised veqtos shiaded giapkicsipipaline

. multiple simlar nodules that operate as functiona
inforpation end Sorvrad thegamlintepregastért dperatior ROP) ¢@umnentd 30,
portion of a DRAMthat makes up the frane buffer)

If one of the nodul es are defective it can be disabl ed
and the workload of the defective nodule is

[0078hssi gnadoh®eabwlifest, Meehiled skaled 321 M LRE perf:
portion of 35 WO 2005/ 029329 PCT/ US2004/ 030127 %‘ﬁepe orm

texNBEBpYatRAY ATBeSKAIPEIALATL Wik E)S#f?xg}éaﬁ)gftj{eﬁ%%% éeil%{ier

exanpl e, the mapping of frane er
comPiHhe ge. &0 M ped. so atg%fg@]

entir e%err% for ygé:brg d@ g ?(f ﬁ\%i)\?/;gall %@F{es? {.[%%tr ﬁsgercql?faﬁ.ml[‘

i ' I chart. of. functional, . conponent . i
cop et sritadle BiebeELRaisd mbol s e scd pine
¥ odiment of the present invention. Functiona
Shagég&)n%%’ﬁ%’ﬁ{}on VLY BF%{??%C‘B?H?%%% 3abthreughi3Bit; Rester operation

flexi bgff configuration of functional conponents in an
compangnfs 33 b dhropglt 314 perfogm additiepplaasterimieg propessing omfureniketized

,conf%%uration process 400 directs changes to the
Pixglsbaded infeamatiom (e earfosmingseofar bipdingareld yffatipsabising) and

chang: speed, change voltage, etc.) of functional
forgeiip Br eesntsitp pipelinnowputded Piietioeibitput M0iaggr@paeeibb aiagHics
pipeline information into a single output stream. Alternatively, the Functional
Component Configuration Controller 350 may be implemented as a cross bar or
multiplexer structure positioned bétween the respective levels of the functional

components in the pipeline.

[0072] The present invention can also be applied to portions of a frame buffer
interface that are split into multiple partitions. In one exemplary implementation, the
frame buffer intexface includes multiple similar modules that operate as functional
components that communicate with a memory (e.g., a portion of a DRAM that makes up
the frame buffer). If one of the modules are defective it caﬁ be disabled and the workload

of the defective module is reassigned to another module (e.g., based upon the portion of
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that functional conponent configuration process 400
can be utilized to reconfigure operational
wohersaeexrei stics of a functional component in PCT/US2004/030127
accordance with a variety of objectives (e.qg.
. increase yield, provide flexible performance,
facilitate self-healing, etc.). [In one enbodi nent,
functi onal conponent configuration process 400 al so

thef i€ brytadldessseseis§d cfdt&ith ﬁfe%i&%ﬂé) 0 @‘mlp [OGS ger h%%n%\g)gngolf Hame

managenment. [0074] In ste
buffenieed@no Quration ..0.,, .operational
characteri Stﬁﬁf@?ﬁﬂﬁ?& 1§,o ?els iaEgrgPlaéRﬁéiﬁP thag theeengiramemory is
odi,nent of the present invention, the
ﬂﬂl&gﬁ ?ggho Rhe alteration trigger event is received
by a functional conponent controller (e.g., 120,
etc.). The indication can include an i ndi cation of the

()éggflguratlon change to be nmade (e.g., disable,
[00d3kp| e, Figvrehisey ek ckatef fopaiedalandiponent vodfigu@ion process

etc.). In one enbodi nent, the functional conponent
400; raceerdeacs withahe embodiowent dfith@presene ¥@BitidnS F%ﬁ&ﬁin‘éﬁc%mponent
froman internal conponent of the integrated circu

configugtion procdss A0 AGOMAZRIDY: RETLHIRNDHF R3X ikl %o%p?)haﬁé in

testing system a driver, an application, etc.

an infogiiatealtdiamito fFoR c§ 4nE, |mﬁ@iona1%%ﬁ§gﬂ§g r@%@f&tgg ngécggﬁ”@o

alteration trigger ‘event can al I've

direcBRPSIFLS tto t@ﬁp@faﬁ@haltcﬁafa&%ﬁtﬁ% g@é.a%n%gleg{lingbiei tchégnegé %péed

an external testing system
e T EHaRhRuT b hinGebifontialiprpprecard
that Sl PO #ﬂ%%él?ﬁ%?ﬂ%ﬁ%%%r&%% T Sadequlaponreoatoon
vty %ﬂscf%pﬁta%‘&%?‘%w AR bRk stsendeing Wil ity of
ssue. For exanple, the event can be associ ated

obj e““ffﬁ (z‘f B3 I ERSS pislhironde Bevilele perigrnunce, facilitate self-healing, etc.).

In one embodiment, functional component configuration process 400 also facilitates

efficient information processing workflow management.

[0074] In step 410, an indication of a functional component configuration (e.g.,
operational characteristic) alteration trigger event is received. In one embodiment of the
present invention, the indication of the alteration trigger event is received by a functional
component controller (e.g.,120, etc.). The indication can include an indication of the
configuration change to be made (e.g., disable, enable, increase/decrease speed and/or
voltage, etc.). In one embodiment, the finctional component configuration alteration

trigger event is received from an internal component of the integrated circuit (e.g., an

\
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defective functional conponent and an indication

identifying the defective functional conponent is
woeesineeds (e. g., by a functional conmponent conPCoiUSE0Y/030127

I n one enbodi rent of the present invention, the

i ndication of a defective functional conponent is

received froma testing system For exanple, an

International Electrical and El ectronic Engineering

intéhEEEH it r -%59. lso referred.tg as Joint Task
HlAction“%?ﬁﬂ%E%g?é %’Pééﬁgﬁﬁﬁmﬁﬁ 'f@ﬁ?m£g$PPﬁ§a§¥§?@ﬁ¥
proprietary operational integrity test
coftBOtiel o effifion i ot Bzt et crecifariarpivosom a component
tglt rﬁéipn trigger,event can be associated wth a
ox swﬂﬁtgt bimtegrgied eugt (eppanextemal testing syistpma theiinidinegti ng
a ﬁonponent has a predeterm ned conpatibility is
centighiggd coptigppatian systemictm). t ri gger event can be
associated wth a performance issue. For exanple, a
signal is received indicating a new and/or different
application is being | oaded, a pay per use
[00a5ik hor i Ziatis appréciates Mat @6 indiadbRbnd BshfighfHigy L?érﬁfém trigger
circuit is included in a nobile device in I C pom%g
evenDEMBdic\ea dolled WitHavhAiah g | & | FNeTelle
event can al so be ass%gioa?%eé W t L @éﬁgfev:e?&tgtésap&gcﬁém’ pay per
usel@atde M oirthition f YO PCT/.US2004/ 030127, .
[0076] Fn step 420 a et er i R RO AT Vit a yietd
issueN@oeat ' component . conf.iguration '
Sl ter atalﬁg%lg’k{g? %‘If’e?lpg%lebreaafglpoé: hag?& ‘gﬁ]g?egé‘?é?ﬁeﬁ“ioﬂs detecting a
; I is valid.  For exanple, a determ nation of
st EERRIORY chbpint i oo BRS idbisity Betee degretvanctiona
COIﬂ‘uncti.onal.c(gg;po ent _ is made. In one enbodi nent, the
IPRBFIE &Y F°GRVPL (e8-/0tR fupctdenal comprriest epatrelier) dladnb etbodiment
¢ tream. The bit streamis decoded and the resulting
© Tgeent @veRtinn, thedndigetiopgfiagiefestivhibmotietal amnponentris ggeved
a functional conponent configuration alteration. In
frory g destipgHestiere Hor examplee ap frdsmatioriahERotricainnd Eecapgioded
i ndi cator is analyzed. The anal ysis includes decoding
Engiricering\dEEE) Standard 1d 9 dalsogpfirted to an JaheTRk Acfbl@rbubi St
of different
(JTAG) testing) compliant testing system and/or a proprietary operational integrity test

(e.g., a proprietary scan test mechanism). An alteration trigger event can be associated
with a compatibility issue. For example, a signal indicating a component has a
predetermined compatibility is received. An alteration trigger event can be associated
with a performance issue. For example, a signal is received indicating a new and/or
different application is being loaded, a pay per use authorization is granted, and/or the
integrated circuit is included in a mobile device in which power conservation is desirable.

An alteration trigger event can also be associated with a self test and healing issue.
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possi bl e operational characteristic settings for the

functional conponent. For exanple, the value of the
wdecetees20o ndi cator is conpared to val ues in a PCT/US2004/030127

predetermned |ist of authorized trigger indications

or values, wherein the values in the list are

associated with a particul ar operationa

characteristic setting [0077] It one enbodinent of

present he func nal onent
toé’éif g G A OB it Re 4 B L oaindb e dicaany spmponent
v lidity., For exanple, when performng a_functional
1ogltergtion &9- én@l?ﬁra‘ilqnabweatsn@ pltptian) 5 valid. Faiexample,
self heal i ng issues, in one enbodinent a
a dgisrminatiomef aprauithorivad epérhtionat characteristis &u dnelfuhtivtl amajonent
conponent (e.g., in parallel) that can performsimlar
is madec thh ons emb‘odihmnt;\nitddhﬂicmoﬂ éavedinisep 410 ad anv@idbdbday e
ot herwi se went to a defective functional conponent.

strézoi. TleoGitgiteam 8 ddaided ahd e r@ﬁﬂﬂnﬁg VERESs bXandin€tefog Ghli €
functional conponent is one of a plurality of simlar

authbifakibR BprigE SFPRMGAI cdBp ARt @dﬁg@faﬁgﬁl b1t@htidn8n one
pr esent |nvent|on the type defective conponent is

emgemme&tﬁégpﬁséﬂtﬁveﬁ ot h tthol d‘fxﬂﬂ%‘?&gﬁé& nga@t TRL QY&

simlar ncti ons or exanpl e

SRS S e B bl o

e identified

2 |
PO SORpREREe Faisgs e SeagEa Rempapnt-oHo srample,
oot AL IACBREISREICSS R kR iaraine ot

other simlar conponents are examned to determne if
autheraapd i geepidagations enyrbensehereinghe wuesén dutlisyare associated with

functional conponent. If there is a second functiona
apé@ﬁ‘pi@maﬁphalcwtqmm setting.he wor kfl ow the first

functi onal conponent can be disabled (e.g., if the

first functional conponent is

[0077] It one embodiment of the present invention, the functional component
configuration alteration action is also checked for validity. For example, when
performing a functional component disablement in association with yield and self healing
issues, in one embodiment a determination is made if there is a second functional
component (e.g., in parallel) that can perform similar functions on the workflow
information that would have otherwise went to a defective functional component. For
example, a determination is made if a defective functional component is one of a plurality
of similar functional components. In one embodiment of the present invention, the type
of defective component is compared to a list of multiple components that provide similar

functions. For example, the defective component is identified (e.g., a pixel shader, vertex
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defective). [0078] In step 430, a functional conponent

configuration alteration is directed. |In one
wendeyent of the present invention, the funcpComakoos/030127

conponent configuration alteration (e.g., operationa

characteristic alteration) is directed by a functiona

conponent controller (e.g., 120, 152, 192, etc.). In

one enbodi nent of the present invention, the

prdi6H, 18R 8hg BOIPOENn G0 e Ut Bl os At Jomponent i

] a,value (e,g., in a register) that
cofiped ALt efotheUpieH drmonctys thakgse panvidngi same
cgar?gtﬁéistics) of the functional conponent. Based
fungeneltst i qng eremplry weplermentatian; the offieg imbildr sompetentsare
the functional conponent which changes the
examipgd (g dletarmine if éhey.are plirslidh cemponenana tleakfeclys fnclidigl
conponent. In one exenplary inplenentation, the
conypeingels I there brfseguimdeinétional doaglonéf 6t cal B the WhridSw the
appreciated that there are a variety of” present

first fwnetiviniaboomPbiede Tah BE dRhBISd Fﬂ@ it bR Qb téog{fnoxéent is

(e.g., altering operational characteristics

defédiine) i onal conponent. For exanple, the disabling of a
def ective functional conponent can acconplished by
fusing comunication lines to the defective

functional conponent. The defective functiona
di.sabl ed |in nner that ensures

one | b
0RO B OB B
2004/ 030127 conponent does not generate
In oﬁgﬁ%eﬁ 3? Ieg_rese‘;ptﬁlg%gpgp,ﬁbe @gﬁ%qbq&qmmntajogﬁgtbaion

spurious
ified of a dffective,conponent and programred to

not | € " . a
alteya %Eeeg"i PPBHPR! ehprectaristig akteration) dsdiregtetldyta fuactional
functi onal conponent. Functional conmponent

companfnf eRRERLIeE fae-¢ 20, 462 019% etcg) the pedlerhlyodimbit a9 flesent

. et hods. )
Invention, the functional component configuration change (e.g., disabling, enabling, etc.)

is accomplished by programming a value (e.g., in a register) that controls the
configuration (e.g., operational characteristics) of the functional component. Based upon
the value in the register a signal is sent to the functional component which changes the
configuration (e.g., disables, enables, etc.) the component. Tn one exemplary
implementation, the values are configured in a mask (e.g., mask10). It is appreciated that
there are a variety of present invention methods for altering the configuration (e.g.,
altering operational characteristics) of a functional component. For example, the
disabling of a defective functional component can accomplished by fusing
communication lines to the defective functional component. The defective functional

component can also be disabled in manner that ensures the defective functional
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[0079] In one enbodi nent, on goi ng operations of the

functional conponents are nonitored and factored into
woOheospasd2d gur ati on operations of step 430. For pexaispiog/n30127

the system "health” is checked or tested and the

results are utilized in determ ning changes to

operational characteristics. For exanple, if a first

functional conponent fails a self diagnhostic test the

ctional .component .can be disabled. If a second
cohieh GREpor ERRRI RheiSRlkalfi rormreivine comptiset gaspdeed
to "replace" the first functional conponent. For
n"‘é@%ﬁ‘lﬁﬂaé}? PV e HRMRIEB R dpRiamBSIed] to ignatroinfmmatipy doming from
perfectly fine but was previously disabled for sone
thedlefrstive ngisnal sempansnb dusatitriabdomponeaptanfigurtitiens can also be
functional conponent that failed the test. In one
alteradbipiodiropdednmietinelst at i on, application activation is
nonitored and operational characteristics of
functional conponents altered accordingly. For
exanple, if a high performance graphics application
[0078] act i VialogélendHd@inRRe oAl doRAbperRNE6F BE infcliGl ?<f>m onents are
functi onal conponents can be i ncrease e.g., Aot er
mofiltteKarkBthdthiad )i ol i i |
bR koW, Sop Rl o BBk IS Fargeamply, e
‘ » ' 080] ..Changes of conponents
sy O e il PR Bl RS AR O ERe D ERRREL anees o
[.1:0 nd. operational .characgteristics changed to
or R S PR ol Bt £ i GGl S e 1 el
. particular. type of graphics processor is coupled to a
diaigiosti g3} fapgFional porpgisnt éan becdisablisin i 4 resend ctional
I ndi cation _can be_comuni cated and the 40 WO
compepent dvyapablpitrands eoldyatsine Sreptaset theifustdlinctional component.
characteristics of functional conponents can be
For graapled! the eenogidnghstionthempodenttwdrks perfeotly fiee hiittvas previously
_ predeterm nation of conpatibility and support for A
disapteddeocsothe diteatraases, it tan bnamaklet odliefpbiot thetfifctional component that
identification is encoded. The encodi ng prevents
failed the test. In one ex emplary implementation, application activation is monitored and

operational characteristics of functional components altered accordingly. For example, if
a high performance graphics application is activated, the operational characteristics of
functional components can be increased (e.g., faster clock setting) and/or additional

functional components (e.g., additional graphics pipelines) can be enabled or disabled.

[0080] Changes of components in a system (e.g., adding new components) can
also be monitored and operational characteristics changed to accommodate the
component changes. For example, if a particular type of graphics processor is coupled to

a particular type of chip set, an identification indication can be communicated and the
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mal i ci ous tanpering wth operational characteristic

settings. For exanple, encoding provides protection
wonwmoatenpts at i nappropriately reduci ng opeprariusmmi/030127

characteristics of functional conponents and/or

I ncreasi ng operational characteristics wthout

conpatibility assurance which coul d ot herw se

potentially introduce conplex faults that are

L L dentkfy.. 081] In one enbodj nent of the
g picist s R blfiorf S ons Rl o hER rbracp gy, The
. nges are_ coor.di nated anpngst functional conponents.
ldéégﬁc"’gﬁ?ﬁ REts prefivtgruppton of sempetibilityragd sennerpr enhanced

0 nent that is closely associated with a changed

fea?‘ﬁﬁn%:)t Sharmbedimsahdhe idertifipation is anhededaifbe piqodingipesvents

thread, etc) can also be changed. In one exenplary
maligigpeismpering vith apoeatianal chahctetistivgesings. eF ot @RArHlp182dneeding

anongst functional conmponents to nmaintain product
progides progevtipm ficom attdhapts epiaspprepriatdly feduME bpReidnal SRR eristics

chip is specified as having one | ess pixel shading
of ot beimpREnBRadlot Sfrasihl 8BeriRGHAl BthrackYRRANGMiout POt h

a pi xel shadi ng conponent and a vertex shadi ng

corBSatiBiite Rsudide RAichd i AL {
o ot e Mich SRSV SR BB SChplex fautsthat
areQiffiglt RAdbRifgccordance with the alteration to a
functional conponent. For exanple, the work flow can
be diverted to other simlar functional conponents.
I n one enbodi nent, diverting the workflow is
ompl i.shed b rovi di,ng notification of the
oo b BERS P torBRa pElre Becsiitimsmn dtommerationsl charactrisic
h di sabl ement, St c.) 41 WD 2005/029329 PCT/ US2004/ 030127
¢ aP%eSa‘i‘rec?ﬂ%‘gﬂ%tﬁ amegest Sundipnpl sempepanis i foa example fagremriyon
to the altered functional conponent. For exanple, a
operaiing finsHanal compenerithat dmelessiy assoqigedywith 2 2Banged unptional
rovi des an
comrl)aonent (e-g., in the same pipeline, thread, etc) can also be changed. In one

exemplary implementation, operational changes are coordinated amongst functional
components to maintain product differentiation. For example, if a lower performance
chip is specified as having one less pixel shading component and one less vertex shading
component, both a pixel shading component and a vert,ex shading component can be

disabled to maintain product differentiation. "

[0082] In step 440, workflow is diverted in accordance with the alteration to a
functional component. For example, the work flow can be diverted to other similar
functional components. In one embodiment, diverting the workflow is accomplished by

providing notification of the configuration alteration (e.g., enablement, disablement, etc.)
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i ndication of a functional conponent configuration
alteration (e.g., change in operational
wohersaeexrei stic) to a distribution conponent (®CGUS2004/030127
110, etc.) and the distribution conmponent routes work
flow informati on accordingly. For exanple, if a first
functional conponent 'is enabled workflow is routed or
schedul ed and forwarded to the first functional
; cogHonent If a first functional conponent is disabled
© § FANRARERhY R ther wiss sommnBHicates dpforrnatiom to dhesistedenctional
enabl ed functional conponent. [0083] In one exenplary
COmpRACBIEIOr §¥atBple, 2 Ractipnak foroperiest etintroHlerd(d.gor 20,ait. pstovides an
. faster or slower functional conponents. For exanpl e,
indigstir pHmfupethonah temporenacmifignetion aletaia (e%., ahatdeen operational
wor kf | ow associ ated with higher performance activities
chagaceristicittad di siributidrasi@onéntne s, Q0@ et PHIARE BiktribGtich confbonent
functi onal conponent operating at a higher clock K
route8tvrk A0W iRRIringti6H adcBRIiNEN Kb APROH a%r?t]dﬂﬂ‘étfoﬁall B¥pbnent
performance activities are routed to a slower
is ehated { ' i 0 aphi ¢
o S P ARE 0 et ind PrAPafl B b AREBRGE o
[ ca routed to .a faster
coelte T Efr® Bt SRR SRS Sl e
' in.an a of graphics image that are changi ng
Sm%%%‘?x’a(‘g‘.h%r. ?naéﬁg&%"@aaa%g’o{l% edge of the display)
are routed to a slower functional conponent (e.g.,
| ow cl ocked shader). [0084] The functional conponent

gﬁer atignal characteristic changes (e.g., disabling,
[0083]c. ) cdR ope cxeraplanrapiamantationniia morkdvais diegied esrouted to
i npacts to other conponents. |n one enbodi nent,

fastgr ooy fimstiontlicogppboents. i knrakarmplepwoddlioss warnisare analyzed
programed or 42 WO 2005/ 029329 PCT/ US2004/ 030127

andipatss of thg woddflaw atsecibiet evithritigled pposiShdake agpita g h&edto a
i1l egal signal conbinations) on the

faster functional component (e.g., a functional component operating at a higher clock

rate) and parts of the workflow associated with lower performance activities are routed to

a slower functional component. Pixels in an area of graphics image that are changing

rapidly (e.g., pixels towards the center of the display) can be routed to a faster functional

component (e.g., high clocked shader) and pixels in an area of graphics image that are

changing slowly (e.g., pixels towards the edge of the display) are routed to a slower

functional component (e.g., low clocked shader).
[0084] The functional component operational characteristic changes (e.g.,

disabling, etc.) can be coordinated in a manner that reduces impacts to other components.

In one embodiment, properly operating functional components can be programmed or
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out puts of the disabled conponents. For exanple, a
properly operating functional conponent can be
wdiospeexdot o i gnore informati on from a di sabl eBCT/US2004/030127
conmponent. A receiving conmponent’ (e.g., collection
conmponent 140) can also be notified of an operationa
characteristic change in a functional conponent and
programmed to react accordingly. For exanple, if the

d of .t fupctional copponent .is | owered the,
reREBR oo w0 nptREhe SOl BEPTERLERaitial S0 sembigaions) on the
V\h{ﬁlf %ng for information comng fromthe
ouphts Of thgiisedlet rpmpenents For csamples & prsasity pearafingdhngtionalhe
functional conponent is disabled to ignore
companspifnibe diretteshte ignofeinforingtier fromrbsabletl coinpondne. A
functional conponent is disabled the receiving
receymgenmponad (e.He coliastvpa nomportent 149 eaealsébgnet fedforam
the functional conponent. [0085] Figure 5is a flow

oparhtambl dhbracedstizechapge i105 ABREENA chifpdientHMAES B react
500, in accordance with one enbodi nent of the present

accoRtNigily. 1 Pot-exiaplies ecth sy E)Fﬁﬁ@@n@tﬁ)hﬁl%hﬁmﬁﬁt ‘gﬂg?ﬁféﬁ typod

500 facilitates redenption of die that wo erw se

recBi9ing Ab2paLAehn Eér‘%lt%%gaaﬁg%ﬁ%tqg Rite {ylﬁgéj&/gﬁjlgg 2‘5{, Lgf)ogg% foh

circuit sal vage O tests an

: ' ' I ent.s i,n nner .t hat .
corffie Bl K ARGt A0 Rpo R ATBANGh ol P TR ik Al

. l.n,st .510, .a. chip i repared for testing, A

corgintitls GRikER ippoty irolrdhy' fad LRORnGHwalsaunoneny ighe
funsgst mis i i't(}]'aliazgﬂjﬁ | n _.one enbodi nent of the _

B LTAMHOREY At fisAble TepAying Fempenenpeanequegrammet toigaore
ent§red in scan test cells. For exanple, the chip can

signals frogp dhefpacional ceraranenty i n accor dance with

International Electrical and El ectronic 43 WD
2005/ 029329 PCT/ US2004/ 030127

[0085] Figure 5 is a flow chart of reduced performance circuit salvage method
500, in accordance with one embodiment of the present invention. Reduced performance
circuit salvage method 500 facilitates redemption of die that would otherwise be
discarded. In one embodiment reduced performance circuit salvage method 500 tests die
and disables defective functional components in a manner that ensures the functionality

of the die is maintained.

[0086] In step 510, a chip is prepared for testing. A chip is placed in a testing
system and the testing system is initialized. ' In one embodiment of the present invention,
initial states for a scan test are entered in scan test cells. For example, the chip can be

prepared for testing in accordance with International Electrical and Electronic
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Engi neering (I EEE) Standard 1149.1 (also referred to
as Joint Task Action Goup (JTAG testing). In one
wendeyent of the present invention, a custonmPCyus2#/030127
testing that is conpatible with testing capabilities
of the chip (e.g., a proprietary and/or non-
JTAG conpliant testing) is utilized. [0087] In step
520 the chip is tested. In one enbodi ment of the
resent jnvention_ the testing conprises identifying
Engiseaig itk apfgddi 43 bfglenisheedde as FantcFask Action Gnep
exenpl ary inplenmentation of the present invention, a
(AR testing).s b gnet esshodiiBag DY thegpresoat ihwentied, a Gstone kaepf ©sting
a scan test is included in the BIST in which test
thay éctompstilele evithateptin ganipataliti¢s ofithedtep (L4 propASRLCdnd/oP hod
circuit (e.g., a functional |ogic conponent) and the
JTAGsednipliagt testingd tis dtflpent he circuit is captured. The
scan test chain is designed to scan or shift scan
test information (e.g., test vectors) to functiona
conponents in a circuit via a scan test chain, cause
uncti {. e erati.on _on t.he .
o e in AT ARl T SE R B br¥ind i enion
j ' hen shift the.resulting infornatiqn
tne e b AhuletR B i Echpnonties B fhiorifone
eXreslultin% inf@rna i,on i s then anal%éﬁd for errors
1YY Impimsaiaggn of thenuesepiEnkeion. 2 brilidp self st (BISH) is The
est vector patterns can _be provided by an automated
perirayed Bt examinlis Rera teghds insivdgyl in e BIST dowbich test sentors are
embodi nrent of the present invention, particular
appligA é ftisptpte cerbaipaRRastsofrarTdcuiA (Be de fimetionad lagiecomponent) and
identified. In one exenplary inplenmentation, the
thegesuing outpsitifrom thie circwit Brvaptesdd. Hestatetestnhhinds daignedtoakan
whi ch functional conponents are defective. For
or shifasqah ésst infi@ntagion (paL, teat Vect@S)Ub tfanclibfal 2B RpYAEEk ARGikhevia a
defective functional conponents identified. The
scafttesseinin, case atfudstidhanc £ tB BerfbrnParll§S SRIdn\dR the scan test
functional 44 WO 2005/ 029329

information, capture the resulting information and then shift the resulting information out
Yia scan test cells of the scan test chain. The resulting information is then analyzed for
errors (e.g., compared to predetermined correct results). The test vector patterns can be

provided by an automated test pattern generation (ATPG) tool.

[0088] In one embodiment of the present invention, particular functional
components that are defective are identified. In one exemplary implementation, the
output results of a scan test provide an indication of which functional components are
defective. For example, the test pattern results are analyzed and the defective functional

components identified. The present invention can determine if a defective functional
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PCT/ US2004/ 030127 conponent i s one which does not have
anot her functional conponent included in the die that
woO0msiavd2ar . I n one enbodi ment, a distinction PETBA®4/030127
if the defective functional conponent is critica
and/ or the di e does not have another functiona
conponent that can handle the work flowif the
defective functional conponent is disabled. If such a
functional conponent is identified, the die is
cogpanent §oFe MHich sleciatdu eranathesfundiionpl companent inviusied irothe die
since_the die could not provide full functionality.
that egoilan fn eppccrehadddmten tistfictionds prds ifrhe defoctivg figidtional
di sabl i ng conmponents are utilized to facilitate
complenent i icutital eml/afthaditedees hoMeve anmBaceihetionbl d®ifponent that can
exenplary inplenentation, test vector operations are
harpits the fvell {16y iBtheHefeadivd fnSfonsi &4 Linpal
conponents (e.g., pixel shaderghhZfe?ﬁ?gﬁgﬂa%égf?dﬁ%
furkc &8 cb idhid g L 09cdsS
ot o Rl RRERE ERUL R aTh ond EpOMBEN S e presen

InveRERQE ; i - r..321) is disabled by a
lndisab |Egiﬁg§%%%%% ]éﬁgm?zgfﬂgg%?gikbperations are
performed by the remaining functional conponents.

Alternatively, in the testing process software
hqrul ati.on can be utiljzed to simnulate the disabl enent
(003015 £ L iBong Fabodimastyh BB presens inveptim [disablipacsmpsherts are
.32& Is disapl ed and test vector operations are
utilized £q, tgilenfification; wha defegpe commengh. BRdneaxdmpley
. results analyzed. If there are no erroneous results
impleraentatiog; tetyigeter enseationsmpopraformied by dehiratity ef siaglapfunctional
defecti ve conmponent. If there are continued erroneous
compongits &9, rind challes B lothraugh 304 )l Tif therofs af ¥AGhdoan Bdsult further
conmponents (e.g., pixel shader 321) is disabled by a

testitigiapérfarmed.oAfrstant ofaclireliy of €6iclibnal GBRAHAHdnANE. 2 kel
performed by the remai ning functional conponents. It

shatiérSne) @ARabled beh ERASKASIRSHbhSniNEt S8GAWHefHBEL 40N

a
conponent is identified as a defective conponent. The

per?[gﬁn%(gﬁyztrl]lt@ fr?rgélilng% ?tﬁlltc%:ii%gadl%ﬂﬁ)bﬁé{ﬁsc’ MﬂéﬂnLuJeR?, n‘gﬁfe %c%lﬁél Srocess
software simulation can be utilized to simulate the disablement of a functional
component. For example, pixel shader 321 is disabled and test vector operations are
performed by pixel shader 322 through 324 and the results analyzed. If there are no
erroneous results the first functional component is identified as a defective component. If
there are continued erroneous results a second one of a plurality of functional

components (e.g., pixel shader 321) is disabled by a disabling component and test vector
operations are performed by the remaining functional components. If there are no

erroneous results the second functional component is identified as a defective component.

The process of elimination continues until the defective component is identified.
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45 WD 2005/ 029329 PCT/ US2004/ 030127 [0090] In step
530, a functional conponent configuration
wonosaes2e. g., functional conponent confi gur aPCoWS2004/030127
process 400) is perfornmed on the chip based upon
results of the testing. In one enbodi nent of the
present invention, the functional conponent
configuration process di sables one or nore of a
plurality of honogenous functional conponents (e.g.,
execution conponents) of the chip if the functiona
nponents are defective. For exanple, a disable )
[009(5‘03 gnal E%Stﬁ% é@e & fpactional eppqnopent rentfigiationirasess(e.g., functional
conmponent . Qoogl] I'n one enbodi nent, reduced
compangng eortizsention predess 4M)) sppalonmed ol tteohip hased wrhmgesults of the
progranmmably reconfiguring the chip to permt other
testihgn bt ¢nsreatbodiorepd € tiepresent ipeerftionstht fiectiomad tompenenf t he
di sabl ed functional conponent. For exanple, a mask is
configrogicarmredss ditables chiesirmhdit bf # gluedirp enedhodeRaids functional
identifies disabled functional conponents and the
comP@ﬂéﬁts_f (@Wetantibe cgin?bﬁén:%? betheRaipear fhQioh8IMmBkpoRhts are
S.

uncti onal conponen can be programmed as either

defeBtivD HOPRL £nph 10 2RI §igﬂ<{1 ${ Bhucfto e RELEOIRL A i(c&%&%ent.
programthat is perforned at test tine. ere are
vari ety of techniques that can be utilized including

programmabl e non-vol atile nmenory, fuses, wre bond

raps, retc. [[0092] In.one enbodi nent a educe

[OOQEL f or mEh&E Eee %I'J(P%mslﬁfi\}“ae @ HBTRBEC %’58?1[ %?livaﬁ? H’gfa‘é‘ﬂépﬂ

. .the tester ,includes definitions of characteristics of

inclydes proEFmapLy e o gripe the ghip dp Rerfe ko s Anctionl components to
exenpl ary inpl enentation, the tester includes an

perforgythe fgnchanst theydigabled funetional cempenant. sEonskampls, amesk is
performance | evel. For exanple, the tester can

progravpmedibiga diskibutipg componant that ideetifigsdisshled fumtibnal sbmponents
plurality of parallel functional conponents can be

and thegairk 8dwand badistdlanet pewbar thenasaihiayg dlindtionalobmporgents. It
second plurality 46

can be programmed as either a software loadable register or a hardcoded mask type

program that is performed at test time. There are a variety of techniques that can be

utilized including programmable non-volatile memory, fuses, wire bond straps, etc.

[0092] In one embodiment of reduced performance circuit salvage method 500, a
program in the tester includes definitions of characteristics of a die for a particular
performance level. In one exemplary implementation, the tester includes an indication of
what defects are permissible in each performance level. For example, the tester can
include a first performance level in which a first plurality of parallel functional

components can be disabled and a second performance level in which a second plurality
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WD 2005/ 029329 PCT/ US2004/ 030127 of parall el
functional conponents can be di sabl ed. The performance
woevslzgan al so correspond to the nunber of feaTwisemwalso127
conponents that are enabled. The present invention
.can also facilitate automati c binning of the die based
upon performance | evels as part of the testing
procedure. [0093] Figure 6 is a bl ock diagram of

of peealtel AghcRENA ERFBRBAts BIR be AichBIS. ' nt in

viron
accordance with one embodi ment o?g?%eg'ﬁoﬁj?lé’%% vel can also
corteRy&atth YL ] § ronnent ggq(‘i&i(ncl s_die 610
D i bl b s RO PR s bt abied: abe preeen
-l r di stributor 631 and functional
.mvgdgfr?%g%@% 5 %ﬁ&at% ﬁﬁ%@ﬁcg’wnmr} e dig basediupar prieratance levels
nent. and distributor 631 including scan test
asP%@W?‘eéﬁmﬂﬂ%a €625 respectively. Die salvage
testing system 650 conprises testing nodule 680 and
defective conponent resol ution nodule 670, which
i ncludes functionality maintenance nodule 671,
[00%r r espdigiirag Ispovipdinbiagrateofestingrenieithént 668, a testin
di sabling nodul e 673 and die rejection nodule 674,
envirgogen irDhegosiabocarjth dresdhbalisystE MO Osch el Sntiine 1848
Testing nodule 680 provides test vectors to testl n&
envirgitngent 60@in6Ridestié 610 HAS &88nd KBtehe 4.9 .scan
test cells 621 through 62 .%’ﬁe ﬁof\g?%?{%%ﬁﬁ%seg’ctﬁimg
intetf&2t636 edibtsib®3d631ne U A | Y4 9ol U el | onal
conponents 611 thr oughCGﬁlggﬁpéﬁgﬁ@%&{’rﬂl&%%%‘W%ie@ﬂ“
funcHBhdl @6 EkEnP RN Adil scan test inf tion.
The reg%l ts are a @@"ﬁgg% }dllrgglgn}%/sc??:gﬁt t §{58£$‘P"£}1§@§
bk i .commni ed to testing interface 633
ePuhi é"%’g?&% S%Zag? E%th% %%B%Sﬁ gormbuses fesgng modple 630 ang defective
' dul e. 680 anal.yzes the results and provides
comg(ﬁélhg%?cga 0 O%'?e &gef’gﬁ%ﬁf peludesnetinnalityconiptenare snddole

671 def ective resolution nodule 670. Defective
» corresponding component detection module 672, disabling module 673 and die

rejection module 674.

[0094] Die salvage testing sy'stem 650 tests die 610. Testing module 680
provides test vectors to testing interface 633 which passes the test vectors on to scan test
cells 621 through 625. The information in scan test cells 621 through 625 are fed into
functional components 611 through 614 and distributor 631, which perform an operation
on the scan test information. The results are also captured by scan test cells 621 through
625 and communicated to testing interface 633 which passes them to testing system 650
for analysis. Testing module 680 analyzes the results and provides an indication of

defective functional components to defective resolution module 670. Defective

47



47 WD 2005/ 029329 PCT/ US2004/ 030127 resol uti on nodul e
670 determnes if a die can be sal vaged by disabling
wouoistozgnal  conponents. [0095] Functional ity PCT/US2004/030127
mai nt enance nodul e 671 determnes if the identified
functional conponent is included in a group that is
permtted to be disabled. In one enbodinent,
functionality mai ntenance nodul e 671 determ nes if

Lhas f.uncti onal conponents that can handle
resbliEE £ 870 HierdiCls B Candty S agd biodpebiog paytions
cm{l#{gl%ti onal conponent. For exanple, the workflow can be

K4Ferred or rerouted to another functional
conponent. In one exenplary inplenmentation,
functionality maintenance nodule 671 checks the
identified functional conponent against a

[008rledet erinefianalitysnainfenanrepnodiié 671 daémang iatHeQNBRALE
be di sabl ed (e.. g., other conponents can handle the
fungpénniak dopwpnert mﬁﬂﬁ@éﬂ)ﬂ@@mﬁ eHald 9 FPRRRA be Qﬁ%ﬁ&i.' Bne

nodul e 672 determnes if there are related functional
emtpdimpandsionilay nsiashHheb tddufa r%kh% ted

functional conponents can be prg%éer y Efﬁdé%’eéﬁ%‘&er
funetvARRLNbSentd AR hEHRR res .

i nvention, a functional q%é(}%ng%(rt;%&vt541‘%%@6?%&@:(8%@9&“”3)
fun@R8AToAhHETENM egtive . functional conponent

(e.g., |bn th eﬁé}ﬁnemﬂﬁepe Ghe. ?Wrcéﬁgf’ %é?%.el}"éa[)%r rerouted to
i f the unctional conponent

. D < i

alm{ihs O%’??‘%ggﬁ%?ndn@g%@gg}glw% w@Hon, fupcdiopalgger | v
. L oni t .can be di sabl ed .g., d

maiigRt B0 0P 6T LRt e dfiigpes senctonalicembancht gtincta

L£orres ndi.ng power consunption. In one exenplary

prede -?Bf“é‘ﬁ‘gﬁ%té?f FRfAPonents thati asmalloveshiodeaiiabled 40 gbothei cmtpodehts

Canﬁa%dlga&lg‘twg\;kgoevg.oduct differentiation. |If other

[0096] Corresponding component detection module 672 determines if there are
related functional components that should be disabled. The related functional
components can be properly functioning components. In one embodiment of the present
invention, a functional component that is closely associated with a defective finctional
component (e.g., in the same pipeline, thread, etc.) is identified. For example, if the
functional component is downstream from a defective component, the properly
functioning component can be disabled (e.g., powered down) to prevent switching
activities and corresponding power consumption. In one exemplary implementation,
functional components can be disabled to maintain product differentiation. If other

functional components that should be disabled are identified, the identity of these
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functional conmponents that shoul d be disabled are
identified, the identity of these 48 WO 2005/ 029329

WOeCHs320204/ 030127 conponents i s fed back i nt oPCT/US2004/030127
functionality mai ntenance nodule 671 to determne if
di sabling them woul d inpact functionality. [0097]
Di sabling nmodule 673 directs functional conponent
di sabl enent (e.g., disablenent of functional

conpo enis 61%, 6ﬁ§¢,613hor 614). In one enbodi nent of
CopRY en%rlé CX e ocanaldy awptenageqmadule 687 B daterdinedf
.dj sabl ement signal directly to a functional conponent
dls\?{’]én&thﬁnt“@élid agtfugeiéorgBl. In an alternate
enbodi nent, disabling nodule 673 sends a signhal to a
di sabl i ng conponent (not shown) in die 610. D sabling
nodul e 673 di sabl es a functional conponent if

[0G%Thct i onBisablngmbdile 63 Aiedt® i Gorfal dompordi desblahent (c.g.,
indication that it is permssible to disable the

disabismet @ furlcBofhl comboédtd 6110612, @15 1Tk @946)? In one embodiment of the
functionality). In one exenplary inplenentation,

rek R $ivieRNG. | j ] ows. di.sabling
B i e e SR,
oL I as.Jl,ong _as. it does not reduce
furonel B R8s R ot IR Airie 2B Pactenl Ssdbitne
Le. ne enbodi nent .of the present. invention, die
o7, Sero & R 4 ke soribalenE it e 610, Disabling
effgéga e c itergﬁ. Die marking nodule 674 al so
m"ﬁ? 5§97 digsables g fypctienab compepeatitifeietionalty maintenaneeedule 671
The die can be rejected_because functionality
profiges, bindicaiondatit & rermissiblsodkssblerthe pativoceiiofe.gt, iawill wmot
.defective functional conponent should not be disabled
elingigie dinctinealiie). flo one ersenplfrytimplendintatibnofuactivelativy raaintenance
predeterm ned |l evel. In one exenplary inplenmentation,
mogduldvél aldowsndisdbidg hmslett G73dn dishile fafiadtionMalon HOARR RO $ it
that are disabled. For exanple, if a
reduces performance, as long as it does not reduce functionality.

[0098] Die marking module 674 marks a die. In one embodiment of the present
invention, die marking module 674 marks a die based upon a performance criteria. Die
marking module 674 also provides a marking or indication if a die is rejected. The die
can be rej ectgd because functionality maintenance module 671 provides an indication that
a defective functional component should not be disabled and/or the performance of the
die drops below a predetermined level. In one exemplary implementation, a die is
marked based upon the functional components that are disabled. For example, if a
predetermined number and/or type of functional component is disabled the die is marked

accordingly.
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predet erm ned nunber and/or type of functiona
conponent is disabled the die is marked accordingly.
WO 20040280205/ 029329 PCT/ US2004/ 030127 [0099] | RCODMWS2004/030127
enbodi mnent of the present invention, die marking
nodul e 674 also marks a wafer upon which the die is
| ocated. In one enbodi nent of the present invention,
di e marki ng nodul e 674 marks a wafer based upon a
yield criteria. The yield criteria can be segnented
for difference performance |evels. For exanple, the
ield marking can indicate that a certain nunber or
W{?@ﬂ cent ageonsrembedingntof the presattanvantive, dio madiisginodde 674 also
functional conponents, a certain nunber or percentage
magks aiwafehupon whigtethe dienb bcatedf Inlbsadrmhbetlifiamaifitossksent
conponents, and a certain nunber or die are rejected
invention daharkipgaiidele 780H:00] a Fiagubasel ipdna Yidl@WHERA! Thofield
die classification process 700, one enbodinent of a

critttie cod BSSdghiehdll FRi IO pErfofinAes PN GRr Wk i
enbodi nent of the pr ese?t i nvention. Di é H{blg’r}ﬁeyleld

oliag si b ' hagLY
el Sl Rk Ak PEAGASRunfids rBERARe e BRI S e o
; ' [ r . levels. .In n
e B A s O 3 e R R P Somodhor e et avber
- rication process . are,classified based
of B8 SR el o Rhb Rl RREEESTun Biboie e samieaed o o
hfve %Ee same nunber of functional conponents (e.g.,
UNPVRREO S ors) but some are disabled in a manner that
does not prevent execution of a function but nay
i mpact performance. Die classification process 700
facilitates the classification and distribution of
[00dP@s wi t h t hFigwatas 4 flowe chartaf ilieyclawsidicalidif mroesst 700, one

erformance | evels.
embodiment of a die classification process in accordance with one embodiment of the

present invention. Die classification process 700 involves the manufacturing and
classification of die with similar configurations at differentiated performance levels. In
one exemplary implementation, die that are manufactured in the same fabrication process
are classified based upon different performance levels. For example, die have the same
number of functional components (e.g., transistors) but some are disabled in a manner
that does not prevent execution of a function but may impact performance. Die
classification process 700 facilitates the classification and distribution of dies with the

same functionality and different performance levels.

[0101] In step 710, a plurality of die with similar configurations are fabricated. In

one embodiment of the present invention, the plurality of die are fabricated on a single
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[0101] In step 710, a plurality of die wwth simlar

configurations are fabricated. In one enbodi nent of
woOhersprexrent i nvention, the plurality of di e aPeT/uS2004/030127

fabricated on a single 50 WD 2005/ 029329

PCT/ US2004/ 030127 wafer. I n one enbodi nent of the

present invention, the simlar configurations enable

each of the plurality of die to performa

AR CHEL BN f functionality.. I n one exenplary
v ﬁpl e‘%%n%@?%ﬁ%ﬂygﬁggggﬁgnﬁ YR LBR simiky senfiguratioppenable

r tilized to fabricate the plurality of die. In

cacB OBt st e @ Prorn a pprdeicgmimad e ofdmdtienlity. In one

deierm’ nled by . review ng data sheet information on the
OGPy g eRgniatine thespmed Hhegraphde procedsstepatieanilieadio fabricate

i nclude the die size (e.g., nunber of transistors),
theppiality ghdiei fyonerrmibodiroest, siaridf configpeniba CHBHE Gotermined by

i ndicators, and/or information on product lines the
revighing Gtabsdiiatraationiobite (. For chmel 86 WAL Wi d3E can

die is sold for). Simlar configuration can also be
inclurelthe dicestizel (£.gf, AEMBEQT thakRiHDAMARLIAH ; S

fabrication costs. [0102] In%steplmal %}Jléd{:cg%faso%geﬁrz?r i's
perforesen ificakdrd @B tnkSrnPaioh NS {J i ve . . X

contribution W thin one of t erg%fagirqlg#ﬁb@&gfls%ﬁs‘ématedw‘th
(e.gWibks et tmigt do R e gL § Iyid.y..of the die to perform

g\é\lﬁb?u ncti on gz?é s og’;"'g?" elg rk\%lk?ﬁ)ri héel%é%%%’ﬁgﬁ?tloﬁl Retplee be
indiSRPF .gsept invention, the renoval of
- conpogﬂeéﬁ{}ésp}%g%l%‘%%a@tﬁ%?ryﬂﬁ)ﬁaﬁnﬁ%@ﬁc%@}?WF%&nce but does

not elimnate the type of functionality. In one

exenpl ary inpl enentation, the conponent is prevented
om participating in productive contribution by
[o1 dé’:l sabl i t‘qugZ%@ B Apraprarint 1svevenigsk forh pasticipfatingm productive
d'bsabl ed .conponent can be redirected to other
CONEBHHBTEHAIR ong of theipluradiits od divewithoup elimmatinnhe abTOPPIORE Ble to
fromparticipating in productive contribution can be
perforgy %Bﬁlé@orpa}ssmythhgammmun lon¢ eBBdiRh of T present
. exanple, if a die has a product
Invention, the removal of component productivity may impact performance but does not

eliminate the type of functionality. In one exemplary implementation, the component is
prevented from participating in productive contribution by disabling the component. The
work flow of the disabled component can be redirected to other components. In one
embodiment, preventing a component from participating in productive contribution can
be detected by analyzing data sheet information. For example, if a die has a product
sheet applicable to a product line that provides the same types of functionality at different
performance levels. Alternatively, another indication of whether a component is
prevented from participating in productive contribution is if a determination of which

data sheet information applies to a die is not made until after testing is performed (e.g.
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sheet applicable to a product |line that provides the
sane types of functionality at different performance
woevsle9z2dl t ernati vel y, another indication of woetiser4a30127
conponent is prevented fromparticipating in
productive contribution is if a determ nation of which
data sheet information applies to a die is not nmade
until after testing is perforned (e.g., 51 WO
2005/%22%29 PCT/U82004/030127 sel ection of a data
selgpfion ofia et shegt ifArmation semesneaads i alieratipag indhe dierronipenents

di e conponents based upon the results of testing).
based1ipan thegesylis pL teptingh ural ity of die are classified in
step 730 based on differentiated performance |evels

for the functionality. In one exenplary
i npl enentation, the die are included in products that

[0E8¢ di st Eadhudfabl siurati! of dad ard cfdssifiedin stélf 75ESaskd on
correlation to the perfornmance Ievel at whi ch the

diffeseittiate@petfbinyanks 1R6IS Yordam A siSlinyV E*éﬁelﬁ?l deS' gn
el

are distributed with different perfornance

nnﬁl%mgntatléh ftﬁeedl@&ﬁ inchitfe§ %‘f‘?roﬁ&qg aqtzl?e dl?%l%& sé)@ af dgferent

mbodi ment  of e presen |nve

i3 3l
k3 A ks o i
ventlo In o di of th res |nvent|on
witg M Bl e %ﬁﬁﬂt’@wﬂ?ﬂffm ReroaREG itk Cifadiot
conput er systen1200) In one exenplary
Spqeﬁia‘i’é":;aé’\s@@t Pig In oo sbodinieat offihe roesont igvention) ar t o
central processing unit 201 and/or graphics
processing unit 211. Processing unit 800 conprises
al | ocation conponent 810, perfornmance nmanagenent
[019¢ht e coFiguiednis adROk diagrappefimbLeminganitiR00 én hecoBBihce with one
t hrough 834. In one enbodi nent, allocation conponent
emBddimest «fithd present inverdiost d (blid:tdnﬂbbdimﬁiﬁmf@}iﬁ prédeddt invention,
per f ormance managenent state conponent 820 is simlar
processing unit 800 is included in a computer based system (e.g., computer system 200).
In one exemplary implementation, processing unit 800 is similar to central processing
unit 201 and/or graphics processing unit 211. Processing unit 800 comprises allocation
component 810, performance management state component 820 and operation
components 831 through 834. In one embodiment, allocation component 810 is similar
to distribution component 110, performance management state component 820 is similar
to functional component controller 120, and operation components 831 - 834 are similar
to functional components 131-134. Each of the operation components 831 through 834
perform processing operations associated with various tasks (e.g., floating point

calculations, graphics data manipulation, etc.). In one embodiment, the operation

components 831-834 perform similar tasks or funictions. Performance management
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to functional conponent controller 120, and operation

conponents 831 - 834 are simlar to functional
woaoponends 131-134. Each of the operation conmpom@ist®4/030127

831 through 834 perform processing operations

associated with various tasks (e.g., floating point

cal cul ations, graphics data mani pulation, etc.). In

one enbodi nent, the operation conponents 831-834

oL R385 B S bt SRR e

nent 82 el ectively manages changes in the
eng Y GPrilFasiog ALFAEOBS PLE APopEoS ComParts B thigehHes,
etc.) of each one of the operation conponents 831
Aljggptinnpempauent 81 isgeupledie ermigimeemmenents 83t thapighd3tend
operati on conponents 831 through 834 and performance
pe esmpanagevapeoapondp 820 AAllocaionmompongi3da all&hies
all ocates information to each one of the functiona

infoongiionéméassh 88d of the fungtio®3 4otripaheras &3 etk @34 I bre enabled.
exanpl e, allocation conponent 810 allocates (e.g.,

Foél esgdntpl &) Wl @8 iorPé iEmsiht 30 0 oK atbd &%, distiBn o sdifg work flow
operati on conponent 831 through 4 if the operation

infeARAHON 8 bpetstion SOAPbES 83 Pﬁ&%@%ﬂ%&@' mx%g%raﬁeﬁ LORPpORAER

managenment state conponent 8 oper at i on

en SR BRL Snbbaimb r;g#@ﬁf@géea@%%@%&@y e ?8%%&{%% b naly

conponent contro unctil ona nponent s
- 4'1$0 q%rPe mance..manggenent. conponent %ﬁ%
oo osBbener S HRbrobh PRUFBA PG a TR PBoBBL o
0 nents. For exapple, a test result indicates that

ugﬁnr%%ﬂ?tﬁ?‘%ocﬁmp% %gﬁn'tg?’l“s def ective. Performance

managenment conponent 820 identifies a subset of

operati on conponents 831 through 834 that the

i nformation applies to. For exanple, a subset of
[0188&r at i oPertosmprasaranggentraxt camponiett 820 receivas thfomzation indicating

subset is not enabled for use. 1In one exenplary
a chimgk éneperation compeneatsb $ot exdaplej stenatesulefdichiey éhat an operation

enabl ed. For exanpl e,
component is defective. Performance management component 820 identifies a subset of
operation components 831 through 834 that the information applies to. For example, a
subset of operation components that are defective and that subset is not enabled for use.
In one exemplary implementation, a subset that is not defective is enabled. For example,
if testing results indicate that operation component 831 and 834 are defective then
operation component 820 enables operation component 832 and 833 but does not enable
operation component 831 and 834. If operation component 831 and 834 are enabled
performance management component 820 disables them. Performance management

component 820 also provides an operational characteristic status indication to allocation

component 810. For example, the operational characteristic status indication indicates
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if testing results indicate that operation conponent
831 and 834 are defective then operation conponent 820
weneadsiess2oper ati on conmponent 832 and 833 but dees/us@ios/030127
enabl e operation conponent 831 and 834. |f operation
conponent 831 and 834 are enabl ed performance
managenent conponent 820 di sables them Perfornmance
managenent conponent 820 al so provi des an operationa
characteristic status indication to allocation
which,08 isdhrctpngl componeis igsnebled hed whishds disstd¢d. Each of the
characteristic status indication indicates 53 WO
OPQ2TB/ ORPIRNPETY WS2EDIEDBO L2vablendfiexbeutihg tsingil finetivesaht
conponents i s enabled and which is disabled. Each of
wotldethepywize at exscutediby tine opsatidhadondogea et £d not &asRAAD! €
of executing simlar functions that would otherw se
be executed by the operation conponents that are not
enabl ed. [0106] Figure 9 is a flow chart of wafer

[012&;5' d O%Flﬁﬂeé% b%wreﬁtaPtQﬁ“%‘P& idd oﬁﬁ&%ﬁ&{‘&%ﬂ}@ gﬁo ghe

odi nmen f the present |nv ntio

acoBRishdD G b LmiTRAGH PO | rngeaoﬁgs% Wﬁw% dptimization

usea rom a wa

mes 8 Pﬁ@%@%&*?@# ViRt este M et ol axeBhBhont <

. Hhat woul d ot herw se be. discarded fron1a wafer to
IMRSRFULALE. VRS Ykt eptimigatignamethedidQD fpatisies plysemp of die with
step 910, a wafer is fabricated. The wafer includes a
defiﬂﬁe(? spmpsnests thgtavoulthethempe bmdisestdedHeom b wadidrite jncofasaithe
have a functional conponent capable of performing a
ovepAlliviglldiftoyn @fvabub- t asks in parallel using a plurality
of functional sub-conponents. For exanple, each die
can include a pipeline that perforns a variety of
graphi cs sub-tasks (e.g., shading, texturing,
[01@d]i asi ndn stepSl rd whfelis febicatedd YTht WEéd igdlades a plurality of die

sub- conponents (e.g., a
and each one of the plurality of die have a functional component capable of performing a
plurality of sub-tasks in parallel using a plurality of functional sub-comp;nents. For
example, each die can include a pipeline that performs a variety of graphics sub-tasks
(e.g., shading, texturing, aliasing, rasterizing, etc.) by functional sub-components (e.g.,a

shader, a rasterizer, etc). In one embodiment of the present invention the wafer is

fabricated using lithographic processes.

[0108] In step 920, for each die each one of the plurality of functional sub-
components that are operable and each one of the plurality of functional sub-components
that are not operable are identified. In one embodiment, the operable and non operable

functional sub-components are identified as part of a conventional circuit testing process.

54



shader, a rasterizer, etc). In one enbodi nent of the
present invention the wafer is fabricated using
woiodsmgsaphi ¢ processes. [0108] In step 920, fecTaaeiw4/030127
di e each one of the plurality of functional sub-
conponents that are operable and each one of the
plurality of functional sub-conponents that are not
operable are identified. In one enbodi nent, the
operabl e and non operabl e functional sub-conponents
Fog pxample prodeteapingdinpfrare ded nted fnstionad sal-cethpenent and the
testing process. 54 WD 2005/ 029329 PCT/ US2004/ 030127
requiiingeugmupisexamined el ovtpetdnfonpatioraisexhmihed fioroeravrs (e.g., the
functional sub-conponent and the resulting output is
oupidiisi comPared Repredetephiinet fopretbieblty).i B thxautpitdaifol@ition includes
errors (e.g., the output is conpared to predeterm ned

an@ROF @G, if 18 B8 doed hotthStcR Brdidteriatfe cREN 9kultGhe!#RStional
an error (e.g., if the output does not match

sub b SEBb R %ﬁﬁﬁéararsgﬁoﬂegéuu s) the functional

sub-conponent 1s 1dentified as not operable. [0109] In
step 930, operation of each one of said plurality of
functional sub- conponents that are identified as not

rabl e i [.5abl ed. In. one enbodi rent.. each one . o
RS 01 L0 peiie A ot Bl Tohaipra 8-
identifjed as operable can_be. enapled. In one.
CO%IHBW%W{G At A° ’éﬂ}é?P&B%bge s @ﬂﬁ@?ﬁén A ong RQskpentesach one
are disabl ed and operable functional sub-conponents
of gaid phyaliy elfupsfiogal ﬁ&gﬂom@a@as thebarg adansified poeperaaeanl be,
foundry laser trimbits are utilized to configure or
enghiledhldnen¢ embadimerd) ths nén operaplerfemttionall subaxoipheents are disabled
enbodi nent, software progranmable information is
andibpdrabd e fintthonatsmbcogpoeete ag:. enablied diplachant “ceded? iRgchanism. For
functional sub-conponents. [0110] In step 940, each
exafigle dbuidielapdriti@lbits Mreaftilthed tabehord @MitablOfulctional sub-
performance class based on the operable status (e.g.,
coRBHRARE M Endtitte BlnbddifEn @ So ARG & aRinaBRL inRRRLAR i€ utilized to

configure (e.g., disable or enable) functional sub-components.

[0110] In step 940, each one of the plurality of die are sorted into a performance
class based on the operable status (e.g., components identified as operable or not operable
in step 930). For example, the die can be sorted into a high performance class in which
all or a significant percentage of the functional sub components are operable and enabled.
The die can be sorted into a medium performance range class in which less of the
functional sub-components remain enabled. These performance ranges can be designated

as salvageable. There can also be a performance class in which the die do not meet a
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in step 930). For exanple, the die can be sorted into
a high performance class in which all or a
weigsiksxrant percentage of the functional sub PCT/US2004/030127
conmponents are operable and enabl ed. The die can be
sorted into a nmedi um performance range class in which
| ess of the functional sub-conponents remain enabl ed.
These perfornmance ranges can be designated as
sal vageabl e.. There can also be a performance class in
migiyn apdhare digcagisder subissted 4o sEnY@heEseo®@3Rton to possibly fix
PCT/ US2004/ 030127 m ni mum and are di scarded (or
thepreblesd.ed to sone other corrective action to possibly
fix the problenm). [0111] In step 950, the die sorted
in a performance cl ass designed as sal vageable are
sal vaged. For exanple, a die with sone disabl ed

[ofunct i ong stepl056.aHPBRABES] inS PesREmatcR cPRS HQidRed as salvageable
processi ng tasks, even though the speed at I ch t%e

ard ABMSeARr %?(Eﬁlg[efrﬁ did With 5&1?@&1@&716& Afdifdna @b ertis Bsed
bl ock di agram of functional conponent renote
j I: ' t 0,.1n.a rdance w t.h .
to GARFLOA AR AE W REBLHER ORI o BuRRIRE EREe Pifemeass
Qoponent renote configuration architecture 1100
acilitates configuration of functional conponents
included in an integrated circuit die. For exanple,
the configuration is controlled froman external or
renote system Functional conponent renote
[0Wdht i gur 1@ psrblpekediggramiof dangsionslicamporent remote
architecture in which operational characteristics of
copfigugationiaghiflecairptife int accendaiye veith eresuhtiodimens of thegraast
control l ed manner to achi eve a nunber of desirable
invientpdne rismttadnad wemppiht Bimdie cwtfpuemniof iaghitadtinern 100 facilitates
envi ronnent 1100 includes integrated circuit die 1110
comffpdratienot turtiohhlgivhpbheils BoORdedIn AgbR el uit die. For
Integrated circuit die 1110

example, the configuration is controlled from an external or remote system. Functional

Ic

component remote configuration architecture 1100 provides an architecture in which
operational characteristics of a functional component can be altered in a secure and

controlled manner to achieve a number of desirable implementations.

[0113] Remote configuration environment 1100 includes integrated circuit die
1110 and remote configuration control module 1150. Integrated circuit die 1110
comprises, configuration module 1133, distribution component 1131 and functional
components 1111 through 1114, with each functional component and distribution

component 1131 including operational characteristic registers 1121 through 1125
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conprises, configuration nodule 1133, distribution
conponent 1131 and functional conponents 1111 through
waRdes/ 029920 h each functional conponent and di st PCDAS2@A030127
conmponent 1131 including operational characteristic
regi sters 1121 through 1125 56 WO 2005/ 029329
PCT/ US2004/ 030127 respectively. Renote configuration
controll er nodul e 1150 conprises encodi ng nodule 1180
and. confjiguration resolution nodule 1170. [0114]
res,ﬂ&“r‘iﬂ?gy- cRemetg GraigriuienielleranoduriL S8 compises sneadingsmodule
configuration of functional conponents in integrated
1180 and¢cenfigueation repolutionopedubnbld@i nent, renote
configuration controller nodule 1150 is off chip
(e.g., in adriver). Configuration resolution nodule
1170 determ nes the operational characteristic
[0Hd] t i ngs Reafoté etiiguamioh coRedRPRRANIS 1050 R RhBuration of
circuit die 1110. In one exenplary inplenentation,
fure@8idl Pehipoh&ils AR TR £1161 40 .oH@E&b&diﬁ@ﬁt??erﬂo@e
an automated functronality negotiation process’ (e.g.,
&@ﬁﬁ&' SRS | [ e .1 S5 reached on
T ag&é%cog)ﬂgg ratio n%} {Bco\t?g P glf:bt}%?{e%f’iq%g Hgk%)‘aémﬁ{]gumtwn
[ ' indicator. is dynam cally.changed _a .
resb R RSN L0\ A RS e efrl GO0 i pen SE88E: fofwetiona
operatiognal characteristics are set fo  maintain
°°‘B$%‘88 % Oﬁfﬂﬁﬂr@%@rﬂﬁ%ﬁ i ify &h%ﬁf‘e%é%faéﬁf ipplementation,
i mpl eprent at i on. qggfi uration resolution nodule 1170
COI?@WQWCS%W%? lg ég7aq Pahapaes @apgutogated dhuectionglity
val ue to encoding nodule 1180. Encodi ng nodul e 1180
negoHalinIR BTACh® (8Fe canactyiah demanddn shichtaigreemaui is edaced on
value (e.g., with a key, hash value, etc.) and
upgradodenmsationel dhncotteisticpadatfimmstmhalitg irali@eirés dyiaingcally changed
i ndi cator value to configuration nodule 113 3. [0115]
as Rondfithe fiatctiomalitp dedotiati d:BProdéss  The opdditivhbiodhatacARRAARI et to
configuration.
maintain product differentiation in one exemplary implementation. Configuration

resolution module 1170 forwards an operational characteristic indicator value to encoding
module 11 80. Encoding module 1180 encodes the operational characteristic indicator
value (e.g., with a key, hash value, etc.) and forwards the encoded operational

characteristic indicator value to configuration module 1133.

[0115] Configuration module 1133 directs functional component configuration.
For example, cdnﬁguration module 1133 directs changes to functional component
operational characteristic settings (e.g., for functional components 1111, 1112, 1113 or
1114) based upon the encoded operational characteristic setting value received from

encoding module 1180. Configuration module 1133 can decode the functional
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For exanple, configuration nodule 113 3 directs
changes to functional conponent operationa
wohersaeexei stic settings (e.g., for functional PCT/US2004/030127
conponents 1111, 1112, 1113 or 1114) based upon the
encoded operational characteristic setting val ue
received from encoding niodule 1180. Configuration
nodul e 1133 can decode the functional 57 WO
2005/ 029329 PCT/ US2004/ 030127 conponent operation
cogpapenttopeiation eharardiristie dndicater yalue.Oonafiguration naeduteold 38 dorwards
1133 forwards the decoded value to functionality
the¢ derolledigalne thufuectibhalityfiackiog mopdnlied @87 far camparison to a
correspondi ng operational characteristic setting.
cofrespbbfiinizlopetationd chariictérisicsetiigg. modul e 1137 directs
mai nt enance of functional conponent operationa
characteristics. In one exenplary inplenmentation,
functionality tracking nodule 1137 provides a

[ofRy]" el at i @&hﬂ%ﬁ&} Q%&%@lf%@ﬁf&aﬁ%ﬁ@(w&@?ﬁﬁﬁ‘&%ﬂ

val'ue and a particul ar “oper at aracteris

co%%é%é exF afbnat Xﬁg}g’ teﬂstl n]t%t ng Q)? ué;‘]Xrg rlmggc K @ﬂorg%mc ionality

cks R HIRTETons

4 correlatlo . st of r.a e
“agﬁgg Sl @?%f%il?sl atgulionbiliveas AR IGE bR imgliornlisator
137 .can al determne if there are other functiona
g Rty aﬁ R apcrationa encieriigs sy TF cspmple.duetipralisy
functlonal onent. [0117] Figure 11 is a flow chart
tragking apastule Héé’ gEﬁqu @rfandtienalite uwmto:r_ 20405t prqumh garelation
wi th one enbodi nent of the present invention. Renote
list efcanefatipoalathamnteristit detithgd. 2Pdciomlitygackingmeehidn] Shchmelso
mai ntai ni ng renote control of reconfiguration
detppeimgtif these aré nthenfineti@aptaiponentp tharednt lakhile fvorkfwé fan
reconfiguration nethod 1200 is wutilized in a pay per
ldaﬁlﬁe@mﬁ;ﬁsﬁambﬁlpsmdm utilization of certain
configuration features require additional paynents.
For exanple, if a user desires additional functiona

[0117] Figure 11 is a flow chart of remote reconfiguration method 1200 in
accordance with one embodiment of the present invention. Remote reconfiguration -
method 1200 provides a mechanism for maintaining remote control of reconfiguration
operations. In one exemplary implementation, remote reconfiguration method 1200 is
utilized in a pay per use process wherein utilization of certain configuration features
require additional payments. For example, if a user desires additional functional
components to be activated (e.g., additional graphics pipelines, floating point

components, etc.) the user has to make additional payments.
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conmponents to be activated (e.g., additional graphics
pi pelines, floating point conponents, etc.) the user
wboaseostoaarake addi tional paynents. 58 WO 2005/ 0R@8232004/030127
PCT/ US2004/ 030127 [0118] In step 1210, a die
functi onal conponent reconfiguration request process
is engaged in wherein a systemrequests a
reconfiguration code fron1a renote resource. In one
diment, a reconfiguration request process includes
915813 esti n@ Séﬁﬁ’dlzrlgcae‘ihe tignal gprapPAOGRACEFNEEPTat oR prRapest process
reconfiguration code. In one exenplary inplenentation,
istenaagediie whersorf $ygignateinessts @oconfiguration ¢ade dromya semote resource.
functional conponent controller (e.g., 120, etc.) to
Iy @cenitiodiument, faraainfignatioc sapanpntass iddudes raapestiag aad fdeiving a
the request and receipt of a die functional conponent

dicdnanibha) combbidnt EREESGRAI0RR 0N AL @ﬁénqﬂa?g hﬁp@m\éﬁfahsﬁ ¥he
of comuni cation systens. For exanple, e request

did rﬂéi:ohﬂ@ur@ﬂl& d0dB &4 wtARRY b ¢ 9 ARLAGHH co }tﬁﬁl‘éﬂg doﬂHSl%r'(Q B, $96/&tc)

can be communi cated via the Interne

SE o R chGRUERL 1 E%é#@aﬁfgaéﬁfﬁé‘ﬁﬁ%%ﬁgéq Ty

ﬂ%ﬂﬁ%ﬁ}%&ﬁ%@g M AR tt5 -
011

BRI St o St IR A

rocess, i ncludes a reconfiguration code perm ssi on

eF JesatioR CP@ﬁfé Cﬁ@@%}’@we’g diaghe Hiternef. In ercmmpbhagiment; the
code perm ssion_indicator. In one exenplary

refpsst Exiidesa te@@nﬁgum@on@e@erm@umn iinsticatay dleat presticrites shorgquester
i ndi cat or request process conprises forwarding a

is putesred tameteivequesinfigomtion @ele ¢85 themequesttda atadaadequisite
receiving a response to the request and paynent for

pdylmenp dnsarsasitlonized gyseai, @tc.). For exanpl e, a customner or
user makes an electronic paynent via the internet to
a renpote central resource and receives a perm ssion

[0119] In one embodiment, the die functional component reconfiguration request
process includeé a reconfiguration code permission indicator request process to obtain a
reconfiguration code permission indicator. In one exemplary implementation, the
reconfiguration code permission indicator request process comprises forwarding a
payment and request for a permission indicator and receiving a response to the request
and payment for the permission indicator. For example, a customer or user makes an
electronic payment via the internet to a remote central resource and receives a permission

indicator (e.g., bit stream code) in return.
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i ndicator (e.g., bit streamcode) in return. 59 WO
2005/ 029329 PCT/ US2004/ 030127 [0120] In step 1220, a
woeeERer ati on code producti on process i S executusgno4/030127
In one exenplary inplenentation, a renote resource
processes the request for the reconfiguration code.
I n one enbodi nent, the reconfiguration code production
process conprises receiving a request for a
reconfiguration code and a perm ssion indicator,
(04201 yzi ngmispild29.\» re¢ondiguratien padegiraductionproaessiis exetded. Tn
providing a reconfiguration code if the perm ssion
oneredPloplagy inipdemertitibn, Fomodxepires pracdseatherdqBE0 i €
receives a request to increase the nunber of graphics
repinfigliation codd. i aheembadimesty #e@EBonfip@ ahi GIBIR pr&ROH G Rocess
anal yzes if the requester has nmade a requisite

coRpyiRB Yeceivihg hhequeqdtl StknRAYARA o dkb:_tl?éfnﬁsgﬁg gldtl for,
r I On code Tor

renote resource forwards the reconfigu

anhﬂ&ﬁl%%ﬁ&gy $ﬂlﬁ%‘!@l%ﬁ&fon%dicﬂ&ﬁ‘glgﬂﬁrﬁg@ﬁ:%ealarieggn g%f:a ii01\1/ gctx?eqf the

in a system n one e
s b OHd I roducti on process i ncl udes
pee n ggg{‘ F]Igﬂ{aﬁc;ré??aehgig i g’b“r’" L]l?’ SA° B%éesﬁglfcﬁir CCETVER a request to

. .ndicator response pr.ocess tp respond to a request

ingrbie b A BoRie” PRt pejlipiet oA See. Dlp fomty rsspurce
indicator. In one exenplary inplenmentation the

an?lé%‘??d?ﬁ“ﬁa?‘&’teﬁts&haé Frpdle gapqistsipaymenid Lithe enquisits paymaeat has been
process includes receiving annent for a perm ssion

madg dhcremete mepRpreionstrds thg redenlipuativmseide for incheasittecthe inmber of
response to receiving the paynent. [0122] In step

graph8g pipelidesactivated inonsistesonponent reconfi gurati on
process is perforned if the reconfiguration code is
received by a system(e.g., received froma renote
resource). The die functional conponent

[0¥2d4¢onf i gl 8id @bAANERSEreb SIS code production process includes

engaging in a reconfiguration code permission indicator response process to respond to a

request process to obtain a reconfiguration code permission indicator. In one exemplary

implementation the reconfiguration code permission indicator response process includes

receiving payment for a permission indicator and forwarding the permission indicator in

response to receiving the payment.

[0122] In step 1230, a die functional component reconfiguration process is
performed if the reconfiguration code is received by a system (e.g., received from a
remote resource). The die functional component reéonﬁguration process includes
reconfiguring a die functional component (e.g., functional component 131, 132, 133, 134,

etc.) in accordance with the reconfiguration code. In one embodiment the die functional
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reconfiguring a die functional conponent (e.g.,

functional conponent 131, 132, 133, 134, etc.) in
weacerdgnnge wWith the reconfiguration code. | n ®AEUS2004/030127

enbodi nent the die functional 60 WO 2005/ 029329

PCT/ US2004/ 030127 conponent reconfiguration process

is simlar to functional conponent configuration

process 400. [0123] The present invention can be

[ Ienenteg in a variety of systens and can include a
¢ peRtFeconliguatianpopess isvmiarto Suictional gorsprmeatdontjguration

functional conmponent configuration infornmation to a
proessy 400si gure 12 is a bl ock di agram of functi onal

conmponent configuration system 1300 in accordance with

one enbodi nent of the present invention. Functiona

conponent configuration system 1300 incl udes processor
[0LZ]0, cameypndsemtindeativn CAUR ighlduRnfRITRE Yarly

di splay 1330. In one exenpla?% inpleneﬁtatlggéggmmandCM1

ind1bdd vRTRE) oCAETAMEAL fir QoA ARl LA e 'egtﬁﬁ{&i&éaq Qo%g(ﬁl_ent

communi catively coupled to integra circurt
cohfdtAlon AR AABPAAN S, HiglidN5 54 S8 BRRRT Rt

co%%igura?fon con?ﬁ%lﬁg§ léﬁgléﬁgﬁd%% é&%ﬁ?PQMI

esent | mat i on associ ated. with

cof R ol bl R S TS0 et GaR SR e Gbeliatenefths present
ﬁngﬁgceﬁées.infornation and instructions, including

I APSH nEICBRRY SAMPORSPT SROEIEBREOR systcm f 300 inslys grocessor 1310,

functiqQnal conponent confi@uration anal ysi s process.
comERgicaiyely sounles teanamay il A2 anddisnhay 1338, Iheteraxemplans,
. including information and instructions for performng
imglemgpiatipn fanctivashsompanent oerfigywatian system 2304 iy sommmunicatively

process. Display 1330 presents a graphical user
coypledsiofinicgrapadadtenit 400.on of the information and

functi onal conmponent configuration operationa

settings including
[0124] The components of functional component bonﬁguration control system
1300 cooperatively operate to present information associated with functional component
configuration. Processor 1310 processes information and instructions, including
information and instructions for performing a functional component configuration
analysis process. Memory 1320 stores the information and instructions, including
information and instructions for performing a functional component configuration
analysis process. Display 1330 presents a graphical user interface presentation of the
information and functional component configuration operational settings including

information associated with the analyzing functional component operational behavior and

determining operational characteristic settings in a convenient graphical user interface.
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i nformati on associated with the anal yzing functiona
conponent operational behavior and determ ning
wopersaksnmal characteristic settings in a convedrastoo4/030127
graphi cal user interface. 61 WO 2005/ 029329
PCT/ US2004/ 030127 Functional conponent configuration
control system 1300 can be inplenented within
aut omat ed test equi pnment (ATE) or alternatively
interface with ATE. [0125] Functional conponent
Fegstiongh sogipoaent configusationpenteohsyge0 130Mcaprteseptentdneed within
information in a variety of convenient formats. In one
atameigdtesh equipthentd AABhorcadlernatieely interéich adith ATEL cates a
pass or fail status for functional conponent buil ding
bl ocks (e.g., functional conponent 131, etc.) at
various |evels of granularity and in real tinme. In one
[C226TP! ar YRidBabRATRBinBéieANconfigHaAR k&l é&%%%iiﬂo%fl%&% nt the
di splays an image simlar t0 Figure 3 wth conpo ents
inffd il ' : S nd.r for.
R EPHOTE £ Sty OF QR0 (FpRES Tn SRR GBS eiPlic e
. 1 [ L.on information in a user. friendly
ik IR0L BT BN Tl LG OR o8 oot Pt B6eklee,
‘tesian orde Th raphi cal. user interface can
Rl p e 1, 28 o e B EF oo i Gt e fseal . Tn one
functional conponent operational behavior analyzing
YTAY SEP R e ophicel B5ea iR eseidiplavs as ismagersysilar o Figuro
determ ning features. For exanple, the graphical user
3 Mifb.&Prrererésghlightqdiin green forarpasy viates anskied for (acfaif statugi Fhe
a nmouse) in debug operations including failing pattern
graphdend mperiiatarfaceman grserit dopotceital tnvaisiog imfoendtioalifl a user friendly
configuration algorithm adjustnent. [0126] Figure 13
mpmneathial pwilehaist dspedediatah dnpdrieco Cp@RRMor€@N The BfaphicAMiser
anal ysis process 1370 in accordance with one
inenfacelt aueado fadilitafieusef @ELRtion MEBNaHON fuhQibadlcoldpofliP
1371 functional conponent operational behavior is
opftilodZ Bhavidk analyzing features and operational characteristics settings

determining features. For example, the graphical user interface can facilitate user
interaction (e.g., via a mouse) in debug operations including failing pattern recognition,

production test tuning and field configuration algorithm adjustment.

[0126] Figure 13 is a flow chart of functional component configuration analysis

process 1370 in accordance with one embodiment of the present invention.
[0127] In step 1371 functional component operational behavior is analyzed. In

one embodiment, the analysis of the functional component operational behavior is

performed in parallel for a plurality of functional components. In one exemplary
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one enbodi nent, the analysis of the functiona
conponent operational behavior is perforned in
woao@iked2of or a plurality of functional conmponedarais2dom030127
one exenplary 62 WD 2005/ 029329 PCT/ US2004/ 030127
I mpl ement ati on, anal yzing the functional conponent
oper ati onal behavior includes topological inversion
anal ysis. The anal ysis can al so be perforned at
. various |levels of configuration abstraction and
lmfgl‘ﬂfélf?é‘ﬁ?: alyzing the fusetiongbeonepoaens|operationsl Yetiamigr includes
functional conponent operational behavior can include
tOMle@ﬂiﬁntsiQIe&mlys'g. iTif enatpdis om dsarbe perfpimedak vigousievels of
functional conponents at various functional conponent
configuraticr dtistractiof and c@apirRat dr@imitAa! For ¥RPINIMAGidRe
testing informati on at various functional conponent

fugttianall dfripber BBl AN daY o Barl iﬁé’lﬁh@éxﬁ%sgﬁ%%? gﬁ@ggag%n for

operational characteristic setting adju

a phitahi§Hf Iﬁ&ti@ﬁﬂkgﬁg&ﬁfg AILHQR: c%égﬁ]coﬁlﬂ%;ie%lg Er?#lﬁ%rﬁ:y and

operational characteristic settings are

oo RO SIS et B0 Gialon i Bfap fuheonalcoitpehent
characteristi.cs. settings, are.determ ned at various
FRREAG SrBiiatigh Taelso A SErstets brrrativael humpndisetting
organi zati on. For exanpl e, qgperational characteristics
ad]é‘%‘%}eﬂl!ﬁé?s@aw rﬁﬂﬁtsdglﬂ@r‘?@ﬁg@“&% a pipeline level, a
pi pel i ne conponent |evel (e.g., raster conponent,
shader conponent, etc.), or at a logic gate |evel
e.g., AND gate, OR gate, etc.). A nunber of
[01d8ti si onin gem1 Ve, opatetionelydndicterstitettmge aratdeenained based upon
settings. For exanple, the clock speed of a pipeline
resglimoiizbe amdysimsefbrmed thetapesd 0dIn dreeeniiodhdnfl@hEdRrHi®nal
enabl ed or disabled, etc. [0129] In step 1373,

chdratnerstionsditings MROdEifin A8 vaasuk | GlseR cbitiBE£Bh SRS Ston and
with the operational characteristic settings. In one

corfpiRet sRMizfon! Fer BYBHE) bpiaY Gl biRfackeristics settings can be

%)

gr

determined at a pipeline level, a pipeline component level (e.g., raster component, shader
component, etc.), or at a logic gate level (e.g., AND gate, OR gate, etc.). A number of
decisions can be made regarding the operational settings. For example, the clock speed

of a pipeline can be increased or decreased, the pipeline can be enabled or disabled, etc.

[0129] In step 1373, functional components are configured in accordance with the
operational characteristic settings. In one embodiment of the present invention a
functional component reconfiguration process is performed (e.g., functional component
reconfiguration process 400). Configuring fupctional components in accordance with the

operational characteristic settings can include determining if an indicated functional
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functional conponent reconfiguration process is

perfornmed (e.g., functional conponent reconfiguration
wonrosaes32400) . Configuring functional conmponenPETiUS2004/030127

accordance with the operational characteristic

settings can include determning if an indicated

functional 63 WO 2005/ 029329 PCT/ US2004/ 030127

conmponent configuration alteration is valid; directing
nctio conmpanent configuration;

ti of.. t he fu. l ..
e o i e Vet aiaieratoniet Bconctiona
Ca.Iter tion of .the functional conponent configuration.
N RCHEL)] C%‘E&H‘%‘l%ﬁl}@l&@ﬁm& Workflgmtin eecordange biith the alteration of the
integrated circuit testing nethod 1400 in accordance
fupgtionalsompenet gPrfigatist. t he present i nvention. Flexible
integrated circuit testing nethod 1400 permts
conservation of resources and costs for production
and/or in the field testing. In one enbodi ment,
[03303xi bl e Figure it Blacfbve bhtififlok DR ihigrabEl it 1409 method 1400
permts relatively | ow cost automatic test eqU|%nent
in GADE)antOwhe ok éhbd@sheRiUs tHeQrt ,l(figé iho. | | £ b 888 cirows
(BIST) and built in selfr éaéug?t |n&§é5' Fidxible inteptited circuit
teshifid ibthodN 460 BBmiA LBndrPhibh BF febdhntlh A pLeQ At ed circuits
ar% preparedﬁfor tegtrﬁggﬁ$t%£¥%(ﬁﬁg Fe é#p$ﬂ¥@§PéP€@WHI
theCfidl§ WetiSo. - rtesting in. an organi zed
RS Nt AonP ROl Beub B iroeifisd isclhs Reipahod oo

th , : ud ari | I f
pe R A A M LS

. e est.ing.can be perforned at a wafer

n {egtf/%ﬁ){ﬁgqué aP‘?—:b tl’élsqur@ﬂ’@t‘ﬁ EBISBA fhatusemponent | evel
within a die. [0132] In step 1420, the plurality of
integrated circuits are tested. The present invention
can be flexibly inplenmented at a variety of testing

[0l{hges alicktan 140 rdurkkigroginttegrated tiraugts BRGREparddOor testing. The
exanple, the testing can be perforned at a wafer probe

plusalityyef iatedrated crcuits are prepared for testing in an organized testing hierarchy.

In one embodiment, the organized testing hierarchy includes various levels of functional
component granularity and organization. For example, testing can be performed at a

wafer level, die level or a functional component level within a die.

[0132] In step 1420, the plurality of integrated circuits are tested. The present
invention can be flexibly implemented at a variety of testing stages and within different
testing modes. For example, the testing can be performed at a wafer probe stage and/or a
final sort stage. Testing can also include at speed testing. The plurality of integrated
circuits can be tested in parallel. Testing in parallel reduces the time and costs for overall

testing of a wafer.
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final sort stage. Testing can also include at speed
testing. The plurality of integrated circuits can be
woestsadoazen parallel. Testing in parallel reduceeTiisen4/030127
time and costs for overall testing of a wafer. 64 WO
2005/ 029329 PCT/ US2004/ 030127 [0133] In step 1430 a
functional conponent configuration process is
performed on the plurality of integrated circuits
based upon results of the testing. In one enbodi nent
of the present invention, a functional conponent
reconfigurati rocess simlar to functiona
[0133hponentn step éﬂﬁ(f@ fimationshcompanentonfigurasorpeotess isgerforned
vari ety of functional conmponent configurations can be
onithaipluralifst efdntsgrateinipuitsbadsedufonnedults DAthe tEHRpOREHe
operating settings,. including enabling or disabling
embodiotendokihe praspaievshtion, [aGltetbndl ttomPoddb FREARG R4 dnhadcess
the testing and the functi onal conponent

singikintd QAE@GHal BorRpRRBEREGh Rhratibs Brotéd %08 e 2N vgﬁety of
perfornmed at various |levels |n an organi zed testing

furtiSfAcERYonechi @orﬁf 1oﬁ§9antlﬁsl1tnbfegnemeﬂr ﬁrnﬁ)\f%lﬁﬁ :ﬁl][%l %Ia

various Ievels functiona one

l. i on,
coffhell SAER e ﬁfﬁe A0 SRBIR: B doolBe btk eomboneats
results directed to topological inversion analysis
providing testing results in an engineering node and

figurjng functi devi ces, accordi ngly. For
[Olggj;nplge hg® A5 FREFChTte @ab@e ipatinganddte fmstiensl gpmpongnt

pel ine being enabled or disabled are
CO&@BE?@PB PHICEEICE 9T iep d# 2y KIgP centbonesformed pevagivesleals in an
in engineeri node are shown as one conponent that
orgpwizesbiepignadrigiar ‘gﬂd dihe digaizbd thstingMitrarchacany eiciude ¥gous levels
testing and the functional conmponent configuration

of fynesxme becammponepiegriwrlarnitgl ahdo@agizaiduc Th ofe REBIary ifplementation,
testing and the functional conponent configuration

the organized testing hierarchy can accommodate results directed to topological inversion

analysis providing testing results in an engineering mode and configuring functional
devices accordingly. For example, a plurality of gates associated with a pipeline being
enabled or disabled are topographically diversely spread over a die area but in
engineering mode are shown as one component that is being enabled or disabled.
Alternatively, the testing and the functional component configuration process are
performed in a production mode. The testing and the functional component configuration

processes can also be performed in parallel on the plurality of integrated circuits.

[0135] In one embodiment of the present invention, information associated with

testing results (e.g., fail map data) and configurations adjustments can be stored. For
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processes can also be perfornmed in parallel on the
plurality of integrated circuits. [0135] In one
wenhdeyent of the present invention, informtPOW/US2004/030127

associated with testing results (e.g., fail map data)

and configurations adjustnents can be stored. For 65

WO 2005/ 029329 PCT/ US2004/ 030127 exanple, the

i nformation can be stored on chip and/or in a renote
hﬁp The. rmati on can be coll ected, organized

1?/‘5?58“51“ cﬁn 35 stoedyoneshipansl/or e i reaite datebase. The

%r chi. teCt:Jbr al levels (e on a chip basis, wafer
afton ggbeicolleptsds Orgéméﬂ? andmwelyizert grarvatietyof hizedici@l and

¥%¢I|zed inreal time wafer production yield analysis.
ctg;@é}pﬁp]@ (e-g4 am p shipasis, veafad besissbath tasif i ). ARUE foRARion
facilitate identification of redundant fail ure areas
cay be ytilized ipieabtime M®foﬁuﬁo$heﬁ%al¥5§t F&@Rafiple, statisfical
di sproportionate inmpact on yield. The |npactg Be
angpsis &f y dia debioascadadlifaten odt@RLii : i
5 i flrgctﬁﬁﬁ%r{t f:% ﬁté(g V\B?SEP g., a pixel

and design. Simlarly, process s

T reto o0y ?‘?ﬁ%@fﬁéﬁr@ﬁ‘ﬁﬁ?ﬁ@?ﬂﬁ%ﬁ@@@ %ﬁ%ﬁé’ﬂa‘é%&gﬁ ht X
maps t hat

d f
quff@lldﬁdﬂi%@éeﬁghh{}% e'st\%/\nﬁ ﬁ‘irp ?151’ Bg%{*/atn%&em%r 1frplagﬁ,tpr0@ﬁsjsh1ft

regil ons

n fabrication, test and
ot e Bt %g?%%aééﬁiégé’ve tekesEaPo RobOBER aiugianss afade i igrest

ir anal stem 1500 in accordance wth one
ShlfeE rrblgé %7 @15 eRgAttoring is penfesmeil on ytebdwwafienmepginteflag

reoihd: tr[% circuit analysis system 1500 includes
g1°ﬁ‘f 84¥4 6“1 Pt i oyt zand requirsrati@htidn facetip fdlication, test

c nponent coordi nati on device 1520. Integrated
CPIZHIPEOCESSE® i ncl udes a plurality of functional

conmponents 1512 t hrough 1515, a distribution conponent

1511, functional conponent configuration controller

1517, testing controller 1518 and a configuration
[01%@nmuni oablook diagram of integrated circuit analysis system 1500 in accordance
with one embodiment of the present invention is shown in Figure 15. Integrated circuit
analysis system 1500 includes integrated circuit 1510 and external functional component
coordination device 1520. Integrated circuit 1510 inclides a plurality of functional
components 1512 through 1515, a distribution component 1511, functional component
configuration controller 1517, testing controller 1518 and a configuration communication

interface 1519. The components of integrated circuit 1510 cooperatively operate to

provide a configurable integrated circuit,

[0137] Functional components 1511 through 1515 perform processing operations

(e.g. similar to functional components 131 through 134 of integrated circuit 100 shown in
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interface 1519. The conponents of integrated circuit
1510 cooperatively operate to provide a configurable
wonvesgeeed circuit. [0137] Functional conponeRCT/USRD1/030127
t hrough 1515 perform processi ng operations (e.qg.
simlar to functional conponents 131 through 134 of
integrated circuit 100 shown in 66 WO 2005/ 029329
PCT/ US2004/ 030127 Figure 1). Distribution conmponent
1511 . distributes information to the plurality of
Figih &; P&F&x‘i‘b‘ﬁ’&HﬁSWBﬂ%%ﬂ {2l flisteibyiey information tetthe plutalitsnof
conmponent 110). Functional conponent configuration
ﬁ”&‘ﬁ’r?flf‘]?ﬂ%oni@i t©-& sinilay to distribpliomednmoatntdhO). Fanetidmt i cs
of one or nore of the plurality of functiona
coppRpeIr eprfsguraian congoliar|14t7 ¢amfibures bpa@ntdnaCeaRRRERtics of one or
configuration controller 120). Configuration
mao whitheirdetlityrofifndotibha eempsikts (6.2/YBkilliaf & ffct AL TRohaR
related to the operational characteristics of the one

configuratich @htroll&e120). UCadiduyatish c{)ﬂﬁﬁhijcgﬁ’tﬁ! inRYRO[EL s to

and from an external device. 0138] I n one enbodi nent,

coﬁlﬁﬁﬁi(ﬁthrs %foﬁﬁatfiﬁ'@é&??@iﬂe% Cljﬁ{i‘ rgaﬁ {:Iﬁag%ée)h%éc?s nog"lthed%t}?l QI gnore of

comuni cates test Informatto
thd FluAs, SHEAR ' taticon the testi.n
ilﬂf or ﬁ;ati on g)n %Chg}%k %{rﬁ{giagﬁgionﬁﬂ%‘g%ﬁ?%‘&%fi guration
informati on are comunicated by the configuration
conmuni cation interface 1519 at various |evels of
f.ynctional conmponent granul arity and organi zation. For
01388101 o, T3 o6 SRR, ConB Byl o AP caidD nterdiss 1618 cal
i nversion analysis information. The information can be
COREIHGATCE sbiaformation foghe extemelj degicst Hyens. exFoplasxiambmentation
the testing information includes wafer probe stage
the;testipe prformatioarand she fundtiondiewniponait cemfiguration geformation are

information. [0139] The configuration conmmunication
compupichtad by tEl@nfigmratibisenuawdéat®n interface 1519 at various levels of

functional component granularity and organization. For example, the testing information
includes topological inversion analysis information. The information can be
communicated at various testing stages. For example, the testing information includes

wafer probe stage information and/or includes final sort stage information.

[0139] The configuration communication interface 1519 can also receive
operational character setting information. For example, the configuration communication
interface 1519 can receive operational character setting information associated with
failing pattern recognition, production test tuning and field configuration algorithm

adjustment.
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operational character setting information. For
exanpl e, the configuration communication interface
wa3dBG/een9r ecei ve operational character setti ngCT/US2004/030127
i nformati on associated with failing pattern
recogni tion, production test tuning and field
configuration algorithm adjustnent. 67 WO 2005/ 029329
PCT/ US2004/ 030127 [0140] Wth reference still to
figure 15  a bl ock di agram of external functiona
[0 &%ﬂp onent WEB ssfetenea stiblo digyieds, a Bipok diageans of extamma finetional
accordance w th one enbodi nent of the present
compeaenticeerdingiiorderate ¥32Ads dlemshiowndnmporvedince with dhaahbatiment
devi ce 1520 includes testing nodul e 1521, functiona
of tlpreseahinvegema tHxomad] fmetibhal gompondne cdddidationaRdice 1520
anal ysi s nodul e 1555. [0141] Testing nodul e 1521
ingadsteatiag rodale 152¢ RAGIChAN cobipofbt QPatiGATRAME
exanple,gvectors conpl i ant &#?h I nt er nat i onal éﬁﬂeﬁg&’
anBhefl it salu@ngdss! ectroni ¢ Engineering (I EEE) Standard
1149.1 (also referred to as Joint Task Action G oup
(JTAG testing). [0142] Functional conponent
operational setting nodul e 1522 determ nes

0BT 1oy M RO ol L PLLRTRL SERRIER

conmponent operati.onal. setting modul e 1522 conprises a .
Fof GHET e P olpliaes i Fimstenaleetriel sad Elseimpmie Roginsering
unctj onal conponents operational settings can be
([E%E}%Lé%‘afi 1494 (plsp eetarres] te as fontBask Avsion Sreum@BAG) testing).
anal yzes test information associated with the
functi onal conmponents. In one enbodi nent, the analysis

Is perfornmed according to a
[0142] Functional component operational setting module 1522 determines

operational settings for the functional components. In one embodiment of the present
invention, functional component operational setting module 1522 comprises a defective
resolution module 1553 for determining if the functional components operational settings

can be adjusted to salvage a die.

[0143] Analysis module 1555 analyzes test information associated with the
functional components. In one embodiment, the analysis is performed according to a
hierarchical architecture of functional component granularity and organization. For
example, the analysis can be performed at the wafer probe stage information and/or final
sort stage information. The analysis can also include identifying pattern recognition of
testing failures. For example, production statistical analysis of the die layout can identify

redundant failure areas that have a disproportionate impact on die yield (e.g., a particular
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hi erarchi cal architecture of functional conponent
granularity and organi zation. For exanple, the

wanealsyeIrcan be perfornmed at the wafer probe BCaES2004/030127
informati on and/or final sort stage information. The
anal ysis can al so include identifying pattern
recognition of testing failures. For exanple,
production statistical analysis of the die |ayout can
,iqe tjf rredundant failure areas that have a

Pl adsp e ek pempansahatgisrapRoryarelcly s g hasdlefocts). The
particul ar 68 WO 2005/ 029329 PCT/ US2004/ 030127 pi xe

analysig ean alsgidentfyairodistipo mintg isdues. Fiir spanopleyr theanalysis yan
fails or has defects). The analysis can also identify

ingiundsridentifgingtdispropgrtiamtecfailuboin spaaionla regiditofanmdisind
can include identifying disproportionate failures in

suggeptiid & polential hEginetornéaude MR THRITAiBRE (e Y ?B&:%&é dAG)2 In addition
potential production cause for the failures (e.g.,

thd Scaf ddati Lkl WS S 1. [dentify
R S R Pl U
[0144] Testing information organization nodul e 1557
organi zes test information associated with the

ction 0 nents. The test infaqrpation, can he .
10 %trﬁg ani ze glesén&qgg)a?lﬁtéoq Feamgitiop gfoélﬂ{egg E?S’Egélﬂﬁz?%t@ftd’i‘f@r%‘fm’n
funct.i ona omponent granularity and aqrgani zation.
35598?&&2‘5%1’8 ?“‘%8“5 éQF‘%P?RD& neeitEhidmagen exgaarganizednd
resented at a transistor level, a gate level, a
ac‘g’fﬁﬁi‘eg iOhBieraeHe Arhiteqtesg o fimstional corapiment gramdargy encr |
etc.), rocessor |evel, pipeline level, etc. The
orgapzeliony Forfeaamalei Gia teshinfonmmationleantefoeganirediaed pteagreed at a
information and final sort stage information. In one
trapgigfodieneng gak lavhk a fuetiond]l compereht lenel (¢.85 hddeg, multiplexer, etc.),
i nformati on organi zati on nodul e 1557 interfaces with a

procassoeleyelopipeliiad latsisas. Thelestdigiaforastionlsn ehdifd@Wamér probe stage
types of information related to functional conponent

infopedtdhiagd fiafichofRige @oAhAtRA. [fortk emPBoBfhINGS the present

i nformation, productions
invention, testing information organization module 1557 interfaces with a variety of
databases including various different types of information related to functional
component operation and configuration (e.g., testing information, productions

information, field performance information, marketing information, inventory

information, etc).

[0145] Global operation setting adjustment module 1558 creates global
operational setting adjustments for the functional components and provides information
regarding the global operation setting adjustments to the functional component

operational setting module for use in determining operational settings for the functional
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information, field performance information, marketing
information, inventory information, etc). [0145]
wahoeizakonper ati on setting adjustnent nodul e 15B8T/US2004/030127
creates gl obal operational setting adjustnents for
the functional conponents and provides information
regardi ng the gl obal operation setting adjustnents to
the functional conponent operational setting nodul e
for use _|n determning operational settings for the
COMROREF0 T CHITRE R ot pretiice adissutal Bagulp 1558 can create a
conponents. For exanple, global operation setting
glohal apsrationtsetiing afiastasngfos fmctowd temponeyisab dies op apaticalar
setting adjustnent for functional conponents in dies
regom &f goeiafei mulesponse gl wodwtionpivbiear (d g, presposiif).t o a
production problem (e.g., process shift). [0146] The
present invention is readily adaptable to a variety of
flexible inplenentations. The reconfiguration
[0148Rt Ur eSTAE piddeht RFRARSH is rEMRP LRI Dericky B RABIY ed
in a variety of hierarchical "levels at different
hnlgéﬁ%ﬁ&ﬂst Wf@qgcoﬁﬁg%ﬂagbﬁ fihyPdL O?El% ; LAt 159%§§P%3§§£E S-

or exan‘pfe, testi and reconfiguration ures can

: Lk b . ' d."hotkzaontal l y".in .
m@?@%&% erﬁligwei{e ﬂ%%{ﬂ?%?? feely d %f{éreat %g;ra%ia}tmagf‘genﬁlgrmmn
unctiopal co nents in paralle nd/or “vertically',

orgpliPi iRl e BRTCEN Senuleetepegnd FedouBRiaGon e Grapspape dilized

basis, dje basis, |0gi¢ gate basis, etc.). The testing
or ’m?zem%lgﬁfiq fel}ogﬁ%t?% nin 3 graichisal ssherae (e g teging @ niwrplity 2€d

for various analysis operations. In one exenplary
funphienad sempenantsin priabiel) aed/em yertiseldyitin gihiertichisal scheme (e.g.,

i nformati on can be used in-engineering and production
testingien awafey basis, oipebanisi lvgs. gafediadiz] etdhuhe tetmgpmd seohfiguration

i nvention enabl es flexible operational configuration
infoMmationtegalatd beluiilized fort vativesamhdisepbations Inoaeetdmplary

differentiation. The dies can be utilized in a
implementation, testing and reconfiguration information can be used in-engineering and

production mode analysis operations.

[0147] Thus, the present invention enables flexible operational configuration of
integrated circuit dies and enhances product differentiation. The dies can be utilized in a
product line with multiple performance levels. The present invention also facilitates the
manufacture of single die capable of being dynamically configured for high performance
tasks or low performance tasks permitting power savings and economic differentiation.
The present invention also facilitates conservation of manufacturing and testing resources
permitting cost savings. For example, the “on-chip” testing and reconfiguration features

of the present invention provide a variety of testing and reconfiguration functions that
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product line with nultiple performance |evels. The
present invention also facilitates the nmanufacture of
weioglesxtp e capabl e of being dynam cally confi garas2doen3o127
hi gh performance tasks or |ow performance tasks
permtting power savings and econom c differentiation.
woultteshgywissdnave tabegrerfoomedbg mofesiphistiedtebanclens ensiad fepdtedksting
manuf acturing and testing resources permtting cost

equiiAdHtNThe pRRENtEXPHBbE fackltftes RitertdtoR wittels daﬁl\}ﬁfagted automated test
, reconfiguration features of the present invention

. [ I e £t N nd reconfiqurati.o .
i A TR b EBs B Too-eT Ot s Pesien o, in
uld ot herwi se have to be perfornmed by nore
parallelhhi sti cated and expensive renote testing equi prent.
The present invention facilitates interaction with
| ess conplicated automated test equi pnent (ATE)
systens and permts testing to be performed nore
[014&f f i ci elntbrgad sinymary, this wrétirgl Hae ldpscriped gy@lemisrn mostiods to enable
summary, this witing has described systens and
configmationl sf fubcttiald bempsieafsiif itairhRd cRéuifsU Chie@A@invention system and
conmponents in integrated circuits. A present invention

meth§Y SLEMAPY chgg%&gg o,geqaiJdaﬁaﬂapiderﬁﬁ&%ﬁl%ﬁagcﬁaﬁtohgn%%n an

characterist uncti onal conpon
. i ntegrate ircuit die. bas upon .a variety of factors
integfefR g 11 e 1ol ek e Molgdp mep e ipe et
characteristics, performance requirenents, and system
comprBhilifhclasacieristich gerformrace raghirenapsned systapbeath (eg., the number
properly). Functional conponent operational behavior

of compoh@ns eskraig propalyy.z BehotibnMabhPbsent 6¥&hiSorR behavior is tested and
configuration abstraction and conponent organi zation

S g e b A A cop ok B DS e
funct.ional conponents, Functjonal.conponent .

topolggiifli i en GRIF adt bt SHF BFHbEIRDS CEh bp PEGUHIedn piyaiel on
graphical user interface (GJ) at various |evels of _

numegugs finaiongl commenpris.r Bajctiongleompphent gpnfigviation reketsd information is
interface can facilitate user interaction in

presented @gagziphpal wdel int@fqpa{GONNS various levels of granularity and in real time.

The graphical user interface can facilitate user interaction in recognizing failure patterns,
production test tuning and field configuration algorithm adjustment. The testing and analysis

information can also be organized in a variety of convenient database formats.
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production test tuning and field configuration
al gorithm adjustnent. The testing and anal ysis
wonb@roae2d on can al so be organi zed in a vari et pCofUS2004/030127
conveni ent database formats. 71 WD 2005/ 029329 The
Tiherfogion Masoreaaigdercrieans RASwilFcdebbh@Qw ng
concepts. PCT/ U82804/ 030127 1 A pr;rbi%gssllgt%g unit
conprising: a plurality of functional conponents for
perform ng processing operations, wherein defective
1f unchi RBdds Wp Jincluded in. said plurality of
funct irgnal Sc mongdg{]@'lgér{rbg di sabl ed and non-defective
and a

f ' : | ivel. bl ed;
 vor kPR of AERAGR cBn Bkt 1 Geuimbe Moumseinnt ow 1 o
| | vel bl ed f [ | d
Reelon B BB i beo ioehran icides n saickalniesty

ional conmponents. 2. The processing unit of
oL HREhY P RormRB PR 526 seed AR mby eiecive finstona
omponent s rfor aral | el processing activities. 3.
C%ﬂggﬂ? aggg?%gch %éhﬂS%EEHB@pt 2 wherein said paralle
processiQ% activities are included in a processing
pi pef MeEkiTow corirol germperast fay dismensing wetkftespto seigvher ei n
sai d workflow is dispensed in packetized units. 5.
saiRelivisnoRakisthiyingtional spmpenardpand prdventrigdistibdtion of
processing unit is a central processing unit. 6. The
whrkilewdsisaly dipahledfunstionsi somsomgrdsei n said plurality of
processi ng

2. The processing unit of concept 1 wherein said plurality of processing

components perform parallel proceésing activities.

3. The processing unit of concept 2 wherein said parallel processing

activities are included in a processing pipeline.

4. The processing unit of concept 1 wherein said workflow is dispensed in

packetized units.

5. The processing unit of concept 1 wherein said processing unit is a

central processing unit.

6. The processing unit of concept 5 wherein said plurality of processing

components are floating point components.
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conponents are floating point conponents. 72 WO

2005/ 029329 PCT/ US2004/ 030127 7. The processing unit
wohosonerpt 1 wherein said processing unit i s RCT/US2004/030127

gr aphi cs processing unit. 8. The processing unit of

concept 7 wherein said plurality of processing

conponents are shadi ng conponents. 9. The processing

7! 196 668 IR Uk B bloko Rl AP RSS! 1O

conponents are partition ons O

dr& El‘éfcfe%inéﬂﬁi?rface' 10. A functional conponent
configuration process conprising: receiving an

i ndi cation of a defective functional conponent;
determning if said defective functional conponent is
conponent s;

one luralit f _simlar functional .
B sagf“F 2’5‘9"39&?%90‘5%&3@0%99‘ d H@i%rﬁ'ﬁaﬁa'dcaHf?&tveqftprwessmgi s
e of said pluralit of simlar functional

Cgmgﬁ%tﬁt%? SE"F@BQ FHEP{’BH%nth nore non-def ective

functi onal conponents; ‘and providing notification of
said disabling and said enabling to a conponent that
ot herwi se communi cates information to said defective
% unc i@ REACESBIRE MREMF concept Tierein seldoplalalitymfpotessing
configuration process of concept 10 wherein said
COmEPRefts gfe partiorrd petipheof a grphiss dianmebyftanérterface.
received froma testing system

10.  Afunctional component configuration process comprising:

receiving an indication of a defective functional component;

determining if said defective functional component is one of a plurality
of similar functional components;

disabling said defective functional component if it is one of said plurality
of similar functional components;

enabling one or more non-defective functional components; and

pfoviding notification of said disabling and said enabling to a
component that otherwise communicates information to said defective

functional component.

11. The functional component configuration process of concept 10 wherein
said indication of a defective functional component is received from a testing

system.
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73 WD 2005/ 029329 PCT/ US2004/ 030127 12. The functi onal

conponent configuration process of concept 10 wherein
wealm/ddxrabl i ng and enabling i s acconplished bpCT/US2004/030127

programm ng a register that controls enabl enent of

id i ' The .

et A R Bon REBA HROoso8 S0 caMBt 4B erain
' iq.di i .S acconplished by fusi
S bl and bt NGy B S Pl B Bpatne: (18
usabl.e_st prage ped].um havi ng conput er

dr%gggar%ﬁa%ﬁergpggrog%@é%ée%%%c gl ﬁ‘é‘i”QP'ﬁe'?tor causing a
testing systemto i nplenment defective resolution
nodul e instructions conprising: a functionality
I ntengnce, nodul e for determning if an identified
: nctt‘f?‘sﬁamcfwaﬁb%ﬂmﬂneinécwwpméa prasess gf ernsephs® wherein
permtted to be disabled; a corresponding conponent
S&l—f»{ dsablpg ispaeanarlisbed by flesing eprgunitationdinesde saidedefitativre
functi onal conponents associated with said identified
copBmepRBht  that shoul d be disabl ed; and a disabling
nodul e for directing functional conponent disabl enent.
15. The conputer usabl e storage nmedi um of concept 14
wherein said instructions are a driver. 16. The
1donp dt eampudablisablet stocege mediin maeihg conpepdr réddatier ei n
said driver is distributed via a network. 74
program code embodied therein for causing a testing system to implement

defective resolution module instructions comprising:
a functionality maintenance module for determining if an identified
functional component is included in a group that is permitted to be disabled:;
a corresponding component detection module for determining if there
are related functional components associated with said identified component
that should be disabled; and

a disabling module for directing functional component disablement.

15.  The computer usable storage medium of concept 14 wherein said

instructions are a driver.

16. The computer usable storage medium of concept 14 wherein said

driver is distributed via a network.
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WO 2005/ 029329 PCT/ US2004/ 030127 17. The conputer

usabl e storage nedi um of concept 14 wherein said
woumstoegmal i ty mai nt.enance nodul e det erm nes i PCriuse@®4/030127

are other functional conponents that can handl e

or kThewonfpussriudabldestdrafé atbdivm of bEHEabt P@WPI@FB?nT%aid 18.
The conputer usabl e storage nedi um of concept

fostotioraly adistenéndoinbonaldetemifRls!i HBRNGS AUl SEASCKS
said functional conponent identitication agains

cOMPORsets Mhat@dn! HavbleAhorkAEwR 8p %g ?dee?tltrt é’d’\ﬁtﬁch&% %ampgoent

di sabl ed. 19. The conputer usa or age
concept 14 wherein said related functional components

are di sabled to nmai ntain product perfgrnance
i ff j usa ora
1ﬂediﬁl?§g§mggiﬁggs?ﬁgitomﬁ ¥ ein %ﬁig %qnci%%t ﬁh’ﬁé gg?é(nds a
' I e ntifie
RS ArER nt%%aﬂ%%nna%ttﬁegéé%s A BnfliosRf Gmbosnt e
di of concept 14 wherein
iaghifpaigh é%ﬁr% (st it oheamegnants slogecadel onal
nent controller included in a tested die. 22.
déﬁgggonputer usabl e storage nedi um of concept 14 _
wherein disabling nodule directs disablenent of said

identified functional conponent if said functionality
provides an indication that it is

' dul
1er Et%‘?%ﬁéutg?sé*aﬁ% Hbragesmpd UM e oneeRdd 4nwinereincsai

Fon(‘? nent .
related functional components are disabled to maintain product performance

differentiation.

20.  The computer usable storage medium of concept 14 wherein disabling
module sends a disablement signal directly to said identified functional

component via a test interface.

21.  The computer usable storage medium of’concept 14 wherein said
disabling module sends a signal to a functional component controller included

in a tested die.

22.  The computer usable storage medium of concept 14 wherein disabling
module directs disablement of said identified functional component if said
functionality maintenance module provides an indication that it is permissible

to disable said identified functional component.
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WO 2005/ 029329 PCT/ US2004/ 030127 23. The conput er
usabl e storage nedi um of concept 14 further conprising

wa 205299 ki ng nodul e for directing di e marki ngCT2%2004/030127
The conputer usabl e storage nedi um of concept 23
wherein die marking nodule directs marking of a die
based upon one or nore criteria. 25. The conputer

ab staora nedi um of concept .23 wh Ln die ..
A kg CHOWORE FRPE a8t RGP or SnotpEl €186t foraaiising
identified functional,k c onent is disabled. 26. A
%&88&%{ 'i“ﬂd,“%ﬁiﬁ? Fﬂgg}fﬁ?fff’gi Cﬁg?”aék'ﬁg-ur ality of functional
conmponent s wherein each one of said plurality of
functi onal components performsimlar functions; a
component for sel ectively enabling each one of said
26+ ur dhe computeriugableisiniage mweipeneheencenieB whersin dieat i on
conponent coupled to said plurality of functional .
meylsinemeedule difects madkiag abé dregbassdpposone os aiade criteria.
al ' ocati on component for allocating information to
said each one of said plurality of functiona
conponents that is enabl ed and preventing all ocation
26f i mhecasiputen usabls statagelimedhing df corppirEwsere®i/die The
processing unit as described in concept 26 wherein
nsakidgenahlle digeats maokiegbf & dentpdhi ibsaid idenbiet fuatticai d
plurality of functional conponents that 76 WO
c20PbHhORAAS AR aPEed/ US2004/ 030127 are defective and said
subset of functional conponents are not enabled for

26. A processing unit comprising:

a plurality of functional components whérein each one of said plurality
of functional components perform similar functions;

a component for selectively enabling each one of said plurality of
functional components; and

an allocation component coupled to said plurality of functional
compoﬁents and said enabling component, said allocation component for
allocating information to said each one of said plurality of functional
components that is enabled and preventing allocation of information to said

disabled componenté.

27.  The processing unit as described in concept 26 wherein said enabling

component identifies a subset of said plurality of functional components that
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use. 28. The processing unit as described in concept
26 wherein said processing unit is included in a
woaopueene based system 29. The processi ng uni PCRAIS2004/030127
descri bed in concept 26 -wherein said enabling corn
0 t.provides ap e | epent, indicatjon to, sa
B PEeHPE A SRR ADAE SN FlPER foBtHobBis e b ittea for
i ndi cation indicates which said each one of said
Usturality of functional conponents is enabled. 30. The
processing unit as described in concept 26 wherein
sai d enabling conponent selectively enabl es each one
of said plurality of functional conponents based upon
28.est iTHE Popcassing Wilcas dareribed waoacent Zbavherginstaid
functional corn ponents. 31. The processing unit as
Ppesassingaditia incditiedin aa®nwhderdiased aystemnabl i ng
conmponent sel ectively enabl es each one of said
plurality of functional conponents which said testing
i ndi cates operates correctly. 32. The processing unit
2%s débeprdmdsing uniresegescBiedinevatcept 28iwherainlsatthenaklihg
said plurality of functional conmponents that is
canpbhent @oeideapal@inablinent keiivation o s:d diledatibh @6mponent,
functions that woul d otherwi se be executed by said
wh@erdinear @fabierhentihditationtifdibtes Whidhi L2BbadtOSROGRIHiIE
that is not enabled. 77 WD 2005/029329 33. A
plRF AP D fum@tiohl lcofPIRBhEIiNEnatiéd / US2004/ 030127 a
plurality.of functional conponents for perform ng
processi ng

30. The processing unit as described in concept 26 wherein said enabling
component selectively enables each one of said plurality of functional
components based upon testing of said each one of said plurality of functional

components.

31. The processihg unit as described in concept 26 wherein said enabling
component selectively enables each one of said plurality of functional

components which said testing indicates operates correctly.

32. The processing unit as described in concept 31 wherein said each one
of saiid plurality of functional components that is enabled are capable of
executing said similar functions that would otherwise be executed by said

each one of said plurality of functional components that is not enabled.
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operations, wherein defective functional conponents

included in said plurality of functional conponents
wanestisabpl ed; and a wor kfl ow control conmponenPCTmS2004/030127

preventing distribution of workflow to said disabled

onp .34, T rocessing unit of concept 33
%er&r@'gg%ﬁmykﬁww@‘di spensed to enabl ed
conponent s included in said pluraljty of processing
conp ey Sl cPrvancyS Srmariomine Reepin 3
wherein said plyrality of processing conponents
oBEfAiG s Wiakrain dategie dWadiony wemonPnisdacluged e plurality
ocessing unit of concept 35 wherein said paralle
Og Hangl ggmpepentsiare disabled; anttl uded in a processing
pi peline. 37. The processing unit of concept 33
wher 8Wwerkflgwiceiitet sempagention prevendingglistpbirtion ¢f markiosd tog
unit. 38. An integrated circuit conprising: a
saidishisabled cgnpenenis.i onal conponents for perform ng
processing operations; a distribution conmponent for
distributing information to said plurality of
functional components; and 78 WO 2005/ 029329

3#CT/ U2 pee68ad Rt af Eorvebt 83 aherMPAIE Skl fsi disPeRbe®N
controller for configuring operational _

tocdraatiead eomponarts dicludee i9EaitPIBalt) of BiddeBliHg Bbb¥nds.
functional conponents.

35.  The processing unit of concept 33 wherein said plurality of processing

components perform parallel processing activities.

36.  The processing unit of concept 35 wherein said parallel processing

activities are included in a processing pipeline.

37.  The processing unit of concept 33 wherein said processing unit is a

graphics processing unit.

38. Anintegrated circuit comprising:
a plurality of functional components for performing processing

operations;
a distribution component for distributing information to said plurality of

functional components; and
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39. The integrated circuit of concept 38 wherein said
functional conponent configuration controller

wonresioderoi nformati on to said distribution compomaistoo4/030127
regardi ng said operational characteristics of said

nt ogt brEie Pgﬂlﬁ’?h%@‘aégeﬁ@?%?g@%”f&%a?rﬁgwiﬁﬁanng
esaTiet EndteclH8ile e of PR Sg i Bl Eppiow " °

%) S38 wherein said distribution conponent .
actors said operational characteristic configuration
into distribution of said information to said
plurality of functional conponents. 42. The integrated

ircuit .of can t .38 wherein said functional
? ﬁ‘&d?tegﬁ%ﬁg PG itqficoncens SBrwherein seigifinefionekcarapanent

rat onal characteristics in accordance with a
CS’BEQ%TP jory coRliRlleE pravides infermatinn tosaisklistribationi campdneat
concept 38 further conprising a mask array wherein
reeRAINgssAld pRefatioral charasterigticrmeicat planglityaf fersgionals t o
an operational objective and provides an indication
c@mpepentst i onal characteristics of said plurality of

functi onal conponents. 79 WD 2005/ 029329

PCT/ US2004/ 030127 44. The integrated circuit of
concept 43 wherein said mask array includes a vyield

4@ask Theiintpgrave dicirayita comeipt 38 wdereih sl Wblﬁ&f_@ﬂfun@ﬁonal
sai d defective functional conponents.

compeygeris ede dridwigidtin afgragmeepiocdkonher ei n sai d mask
array further

41.  The integrated circuit of concept 38 wherein said distribution

component factors said operational characteristic configuration into

distribution of said information to said plurality of functional components.

42.  The integrated circuit of concept 38 wherein said functional component
configuration controller configures said operational characteristics in

accordance with a variety of objectives.

43.  The integrated circuit of concept 38 further comprising a mask array
wherein each mask included in said mask array corresponds to an operational
objective and provides an indication of operational characteristics of said

plurality of functional components.
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conprises: a conpatibility mask for indicating
enabl ement of conpati bl e supported operational
wohersaeexrei stics of said plurality of functi onaCT/US2004/030127

conmponents; a perfornmnce mask folr._ i ndi C?ti‘n%cti .

: LitV, O unct,
o R
ViR FhAML R Broict 3 tic b clsBbisPhart Podid dpfesve ao.

' circuit of concept 38 wherein said
fu%ﬁﬁ¥g¥%§®b§égﬁahctional conmponents includes a
pi peline. 47. A functional conponent configuration
process conprising: receiving an indication of a

unctional conponent configuration alteration trigger
45f9ve(r:11§r!e il Fiyt pircopserf 44neneratnespid mesk momulfurther
component configuration alteration is valid;
Coﬂ‘lpFE@f*i ng alteration of said functional conponent

configuration; and diverting workflow in accordance
wi t 1@ anRptiilihemask & indicafingeerablamend oatompatitpe sepyorted
configuration. 80 WO 2005/029329 PCT/ US2004/ 030127
opgeatiorgbchaineteristits of seidmurality of durfatignalabimponphgess of
concept 47 further conprising checking an indication
of geeiformaoce oveak fadngticateyt pesformandeRatls for said plurality
characteristics. 49. The functional conponent
of twetiogalreanippmeptsperds of concept 47 wherein
a self healing mask for indicating operational characteristics for plurality

of functional components based upon field testing.

46.  The integrated circuit of concept 38 wherein said plurality of functional

components includes a pipeline.

47.  Afunctional component configuration process comprising:

receiving an indication of a functional component configuration
alteration trigger event;

determining if said indicated functional component configuration
alteration is valid;

directing alteration of said functional component configuration; and

diverting workflow in accordance with said alteration of said functional

component configuration.
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said configuring of said functional conponent is

acconpl i shed by programm ng a value that controls
weneadsieseat of said functional conponent. 50. PO®US2004/030127

functi onal conponent configuration process of concept

S g o el SR fion hcosh SR EARPET ayer

; C . d. of said functional .
Bl s etk BB SHe SR Eatioensnt Pusretiena
rocess of concept 47 further conprising dispensing
C&S?ﬁ?r&”c?'o said plurality of functional conponents
based upon said operational characteristics. 52. The
functi onal conponent configuration process of concept
47 further conprising preventing distribution of
4Ror kilheiHRGiosal ePrrranent eenfiouradiep Greaess iof congebt47 wherein
functi onal conponent is disabled. 53. The functi onal
saihepiiigHiing ehsaig finstipeal comperert inacenmmdished by wher ei n
determ ning said operational characteristics includes
PERETaMImIng @ @hiea fitat conivoldienaliemenbéf said fuookorap esrapomaTsl
obj ectives. 81 WD 2005/029329 PCT/ US2004/ 030127 54. An
integrated circuit conprising: a plurality of
functi onal conponents for performng simlar parall el
SQper afheoiuscticnal oormpomeTd lcoofayypativenirocasstaf ebhespt #or
control ling enabl enent and disabl ement of one or nore
woierainisdidodanfigliigy ofdaid fumetioreh abmpongr ieadcdmpisited by

programming a register that controls a clock speed of said functional

component.

91.  The functional component configuration process of concept 47 further
comprising dispensing workflow to said plurality of functional components

based upon said operational characteristics.

52.  The functional combonent configuration process of concept 47 further
comprising preventing distribution of workflow to said functional component if

said functional component is disabled.
53. ° The functional component configuration process of concept 47 wherein

determining said operational characteristics includes consideration and

coordination of various operational objectives.
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a distribution conmponent for distributing information
to enabl ed functional conponents included in said
wohosakexy of functional conponents and preveRCTUg2004/030127
distribution to of information to disabled functional
0 nents .ncluded in.said plurality of functional
5%'0% 'Héﬂ{eg.rat%%.c'r%ﬂgcqrﬁ?résé?%t ed circuit of concept 54
wherein said. functional conponent _contraller provides
| nf of RATAE of HNSiPRal FosRaNS OIS e P e SIS picte Al ng
which of said plurality of functional conponents is
OB‘?@E\W%. 56. The integrated circuit of concept 54
wherein said functi.onal conponent controller provides
i nf o} fdtGtigRak eprargnendcentraller for santedingerabiemenjaandi ng
which of said plurality of functional conponents is
digablpmexnt o§gne Phamadre kb gaidpbuality otiunttiarfal compemntgand
wherein said plurality of functional conponents
conp ¢ istdb uioni cpmnpfameot foo distribeting oriemiation 38 endliled
integrated circuit of concept 56 wherein said
fudictanal lwotriponentsripcnded indsasd piubalityest fuadtiohbbswmponents and
informati on. 82 WD 2005/ 029329 PCT/ US2004/ 030127 59.
prefientingg digtribiuéidn ¢ otinfdrmetios @@isatle ST nehiehdticBmpahéhts
functional conmponent controller conprises a software
inpluded armsaildl Rubigi & f@ictioR8l colfpnenfsegr ated circuit of
concept 58 wherein said functional conponent
controller conprises a hardcoded mask. 61. The
integrated circuit of concept 59 wherein said
55.nt aHRIneshraicuiiclit of combk S8 wWiktdih 8ail %rﬁ&iﬁﬂglgfbﬁﬂnponent

i ndi cator that corresponds to a nunber of sali
controller provides information to said distribution component regarding which

of said plurality of functional components is disabled.
96.  The integrated circuit of concept 54 wherein said functional component
controller provides information to said distribution component regarding which

of said plurality of functional components is enabled.

57. The integrated circuit of concept 55 wherein said plurality of functional

components comprises active functional components.

98. The integrated circuit of concept 56 wherein said distribution

component distributes workflow information.
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plurality of functional conponents that are disabl ed.

62. The integrated circuit of concept 60 wherein said
wonesgeeed circuit is marked with a perfor maRCEUS2004/030127

i ndi cator that corresponds to a nunber of said

lurality of functional co nents that are enabl ed.
585" R bfedatpd AiEH AR BondBER BhPte 570 dgabtopalipnponint
C i sing:. reparing a chip for testing; testing -
C@grirzglre&ﬁp ,”aﬁga65&%@&@@65%%%{@%#@1- conponent
configuration process on said chip based upon results
of said testing. 64. The reduced performance circuit
sal vage net hod of concept 63 wherein said testing
GQ:oinﬁ% ddegratasiicHij oheoneeabbewherein said dunalinaal component
conponent; 83 WD 2005/ 029329 PCT/ US2004/ 030127
cEdlencampgses a hagicedéd maskon- def ecti ve functi onal
component included in said integrated circuit,
wher ei n sai d non-defective functional conponent
perfornms a simlar function as said defective
67. uncthemégratedmincein bf calespoftahagirssdid irefratdd sieuit is
functional conponent for non use if said

mankeddeitie atpeviermangaandipatotr thait belrehRAds o 8 pucthbeRbegdiat ed
circuit; and marking said integrated circuit as

plarefipcof fuactidnas ebrdporntsigiaeatd digamtédrponent t hat
perfornms said simlar function in not is included in

said integrated circuit.
62.  The integrated circuit of concept 60 wherein said integrated circuit is
marked with a performance indicator that corresponds to a number of said

plurality of functional components that are enabled.

63.  Areduced performance circuit salvage method comprising:
preparing a chip for testing;
testing said chip; and
performing a functional component configuration process on said chip

based upon results of said testing.
64.  The reduced performance circuit salvage method of concept 63

wherein said testing comprises:

identifying a defective functional component;
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65. The reduced performance circuit sal vage net hod of

concept 63 wherein one of a plurality of honobgenous
wexersiesnm conponents of said chip is di sabl eBCD/US2004/030127

enabl ed. 66. The reduced performance circuit s?lvage

met hod of . concept 63 further conprising reconfiguring

oo oI 8Rie £ s efoHuE RRPTE GHpBReRTdndlied I
erformfupctigns of said di sabled functiona
g%%ﬁg%’ﬁlf‘%dq greultTwherelysrid fopsiefentive fnstional samporentvage
nmef hod of concept 63 wherein said functiona

Aeheimilgnfungtiomes saidsiedective funslipral semponendei vi ng

an indication of a defective functional conponent;

det efanignafing Jaid gefgctive fapetianal tomponant &ir noomserifessid i s
one of a plurality of simlar functional conponents;
rAnsdsheclivg ecthponst éscincluded imszid ovedratedgroniermindi f it i s
one of said plurality of simlar functiona

conpoalfing saidriaiepiater drrvitas dafedive disattefi®@ctéféetive
functi onal conponents; and 84 WO 2005/ 029329
CHrQIUne® A0l 3fotag spidmimitantgnetizin if inetikiioludad i6 abid

di sabling and said enabling to a conponent that
integnatesM gdreuitomruni cates i nformation to said defective
functional conmponent. 68. The reduced performance
circuit sal vage nethod of concept 63 wherein said

i ndi cation of a defective functional conponent is

65.ec aiheerbducOipariofn@sidetercal 851985 BRithot HicBneept 63

classification process conprising: ‘
wherein one of a plurality of homogenous execution components of said chip

2]

is disabled or enabled.

66. The reduced performance circuit salvage method of concept 63 further
comprising reconfiguring said chip to permit other functional components to

perform functions of said disabled functional component.

67. The reduced performance circuit salvage method of concept 63
wherein said functional component configuration process comprises:
receiving an indication of a defective functional component;
determining if said defective functional component is one of a plurality
of similar functional components;
disabling said defective functional component if it is one of said plurality
of similar functional components;

enabling one or more non-defective functional components; and
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fabricating a plurality of die with simlar
configurations; preventing a conponent from
weoaodsioedsaat i ng i n productive contribution

W t RCT/USR®4/030127
of said plurality of die without elimnating the
ability of said one of . . said, plurali, f die to
peerfP}ﬁ/H QH%[E"F?@?P 8@%‘%55@@5&/@'}%@2%&3'8%Bﬁem; and
classifying said plurality of die based on )

coIPppaan: HhaChtBeries FPmMAICcEtes WpENatandp Sai Gpfective
functionalit

. 70. The die classification process of
furghienah cOBPORRBL ei n said plurality of die are

fabricated on a single wafer. -71-.- - -
The-di e-classification -process-of-concept-69-wherein
simlar-

- configuration is determ ned by review ng
68lat al shi@sduced perfaananne aneuld adldagemethaid afycootentied. 85

WD 2005/ 029329 PCT/ US2004/ 030127 72. The die
wbereis$did drdicationpfecdafective foustioapt cod®onleat isiracaived fram a
configuration is determned if dies have substantially
testieg systef abri cation costs. 73. The die

cl assification process of concept 69 wherein said
conponent is prevented fromparticipating in
productive contribution by disabling said

conponent .
694. At dassifidzaidaiprocaticompasiagess of concept 69
wherein a determination of which data sheet
i nf GapmIAtRIy RpRtigsofdle ditHistnildtebhf@fatidhssai d
plurality of die is not made until after testing is
per fpévEsting a component from participating in productive contribution

within one of said plurality of die without eliminating the ability of said one of
said plurality of die to perform a function associated with said component; and

classifying said plurality of die based on differentiated performance
levels for said functionality.

70.  The die classification process of concept 69 wherein said plurality of

die are fabricated on a single wafer.

71.- — - The-die-classification process-of-concept-69-wherein similar- -

configuration is determined by reviewing data sheet information on said
plurality of die.
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75. The die classification process of concept 69
wherein a first die and a second die included in said
wohowsakey of die are included in different predoass04/030127
that are sold at different prices in correlation to a
functi lity is, provided.

e RS Bob PN e oS BT ki
oM oS B0 SR e e Bt

vmgh different performance levels. 77. A nethod for
CP%@Teasing the yield of useable die froma wafer
conprising: fabricating a wafer, wherein said wafer
includes a plurality of die and wherein each one of
said_plurality of die have a functional conponent
7§-apaE'B§ difsclagsitetion grocss oPcaags 69 hesdn 2aid cofponent is
performng a plurality of sub-tasks in parallel using
peevpnigdirempasicipatingtin preductieutortibigiondrytdisabiicg s4idf yi ng
each one of said plurality of functiona
cgupepentponents that are operable and that not

oper abl e; di sabling operation of each one of said
plurality of functional sub- conmponents that are
identified as not operable; enabling selective

T4perBheé die déssifaation peodeks datchaRptERWhEIEIPE dEIEABINLBRRbT
sub- conponents that are identified as operable;

whichidatg sheétdnfeanhtiomapisies $¢tb didindiuabd s pRikSlity e B
performance cl ass

not made until after testing is performed.

75.  The die classification process of concept 69 wherein a first die and a
second die included in said plurality of die are included in different products
that are sold at different prices in correlation to a performance level at which

functionality is provided.

76.  The die classification process of concept 69 wherein each one of said
plurality of dies are fabricated with the same design and are distributed with

different performance levels.

77. A method for increasing the yield of useable die from a wafer
comprising:
fabricating a wafer, wherein said wafer includes a plurality of die and

wherein each one of said plurality of die have a functional component capable
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based on the operable status of said functiona

sub- conponents; and salvaging one of said plurality
wohomsanes2di e havi ng functional sub conponents PORUSA08/030127

not operable if said one of said plurality of said die

| [ | ass desi ted as,

of Ssrictich phitafly & RS- B el kel e, ebtuevogal o
10~ gﬁg}'nclude raphics sub-tasks. 79. The net hod

S@?B%@ﬁcept515 mherginpsaid non operabl e functiona

sub-, nent re.identified as-part of a testing
or odd€2ag S3eR ok o soid Rivrality it Sinclionsl aiercamposents that

vagi n of said plurality of said die includes
a%a%f%ﬂ;e gﬁagﬁ%‘i@t\ﬂpﬁ?bge;perf or mance i ndi cator t hat
corzpes ﬁnds to E)%rfor mance capabilities of said one of
sai '?ﬁ% by Pefation of grah ane of s7id\nfuraliip 5F Heesesal sub-
PCT/ US%OO4/ 030127 81. The method of concept 15 wherein
cQupapepisdhat awyidantifiedran natywpefableii d die i ncl udes
graphi cs processing pi peline functional conponents.
82. enAklingeseleativefopasatiarpel eeBhfanetdi eaidqiualifysif fighctional
di scarding one of said plurality of said die that
sposnpnsentss that gee itlantifiediascopesaiej ty. 83. A conput er
usabl e storage nedi um havi ng conputer readable
pr o§PEing sadd eactbonk etisdit phuzality bbdie Giftt $i ;IfRMBHES Hibks t O
i mpl enment functional conmponent configuration nodul e
bgsad on dlot dpesbiosptissifrgld @nétionel bwad)mbwnérrt@,Célﬂdng

nodul e f.or directing mai ntenance of functiona
conpainaging aper citsahpllratityesfasiedib Hal Bg fud@nal sub-

components that are not operable if said one of said plurality of said die is

sqrted into a performance class designated as salvageable.

78.  The method of concept 15 wherein said sub-tasks include graphics

sub-tasks.

79.  The method of concept 15 wherein said non operable functional sub-

components are identified as part of a testing process.

80. The method of concept 15 wherein said salvaging one of said plurality
of said .die includes marking said die with a performance indicator that
corresponds to performance capabilities of said one of said plurality of said

die.
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a configuration nodule for directing functional

conponent configuration _ 84. The conputer usable
webtaersages2oedi um of concept 83 wherein said PCT/US2004/030127

functionality tracking nodule determnes if there are

th funct i e onents that c handl e _wor kf | ow
845 i Ead TR e ehl o PN SR P salhBLrfiggof said die
. conput er usabl e storage. nedi um of concept 83 wherein
ingdts OrpiRhES IRSPTITP RPSR HECHRBLAQIRIels =
functionality indicator against a predeterm ned
correlation list of operational characteristic
settings. 86. The conputer usabl e storage medi um of
82 ond8ptmgthodipficraeert dfvitRerrgmpdigingrdissarding ohanfsaid
said functionality indicator as part of a
plyralitytof said dieyihatriagstriohpiayidedul Smsionagisy. WO 2005/ 029329
PCT/ US2004/ 030127 87. The conputer usabl e storage
medi um of concept 83 wherein said operational
characteristics are set to nmaintain product
83di f Aesoanputer Leable 8Rraddmedinmphiiveig osrapliter sdaoabige
medi um of concept 84 wherein a plurality of

prégract ¢ooleaémbotied theeirsforcusintca vt tb fmplesiahd fuiclorl
89. The conputer usabl e storage nedi um of concept 85

confpenentrcardigiiratioptmodile aseusiichsofigriémy: 90. The
comput er usabl e storage medi um of concept 86 wherein

sai d fahidtisialitystrabkiig hdatie or\dirdcind RbInRSHanc8 b fudcliGispt €
reconfiguration nethod:
component operational characteristics; and
a configuration module for directing functional component

configuration.

84.  The computer usable storage medium of concept 83 wherein said
functionality tracking module determines if there are other functional

components that can handle workflow of an identified functional component.

85.  The computer usable storage medium of concept 83 wherein said
functionality tracking module checks a functionality indicator against a

predetermined correlation list of operational characteristic settings.
86.  The computer usable storage medium of concept 83 further comprising

dynamically changing said functionality indicator as part of a functionality

negotiation process.
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engaging in a die functional conmponent reconfiguration
request process wherein a systemrequests a

woeeEker ati on code froma renote resource; PCT/US2004/030127
executing a reconfiguration code production process
wherein said renote resource proces ses said request
for said reconfiguration code; and performng a die
uncti onal ¢ onent  reconfiguration process if said

B acohiS GUPBERBHSALS lorPes Mephim BHespeps aMbgrsiresma
wherein a die functional conponent is reconfigured in
OREUPAA R ARATSIEH PR 3 SO AT AINR PPt disfeeentiotion The
renote reconfiguration nmethod of concept 91 wherein
said reconfiguration request process conprises: 89 WO
2005/ 029329 PCT/ US2004/ 030127 requesting said die
88.uncthermpelsnpeaita starageomedigon af ¢ancepiiliewheneth a plurality
receiving said die functional conponent

of fsbeithaleprapoents etteinclaged Fhe singtendie. r econf i gur ati on
met hod of concept 91 further conprising engaging in a
reconfiguration code permn ssion indicator request
process to obtain a reconfiguration code perm ssion
89.ndi Tretcomp@ér udire serageemedioandi @ncabt ST winabinoshief
concept 93 wherein said reconfiguration code

inpteuctions a@naidigecat or request process conpri ses:
forwardi ng a request and paynent for a perm ssion
indicator; and receiving a response to said request
and paynent for said perm ssion indicator.

90.  The computer usable storage medium of concept 86 wherein said

driver is distributed via a network.

91. Aremote reconfiguration method:
engaging in a die functional component reconfiguration request
process wherein a system requests a reconfiguration code from a remote
resource;
| executing a reconfiguration code production process wherein said
remote resource procesées said request for said reconfiguration code; and
performing a die functional component reconfiguration process if said
reconfiguration code is received by said system wherein a die functional

component is reconfigured in accordance with said reconfiguration code.

92.  The remote reconfiguration method of concept 91 wherein said

reconfiguration request process comprises:
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95. The renote reconfiguration nmethod of concept 91
further conprising engaging in a reconfiguration code

woenisiesizen i ndi cator response process to respomWSk®4@30127
request process to obtain a reconfiguration code

ernmissign indicator,. 96. The renote reconfiguration
ﬁet h&§GUst '“&b?%g gie @‘fcﬁ‘?m? RYPPRRAHS Fecanfiguration seds;iang
paynment. for a pern ssion indicator; and forwarding
sai depRVIREsaid His fHprlionabeomponast rrasstiguratiorseedeyi ng
said paynent. 97. The renote reconfiguration nethod
of concept 91 wherein said reconfiguration code

roducti on process conprises: 90 WO 2005/ 029329

9£CT 1 Ursprgnpte 3eaarvigrestionvinethod of eanwept 9 urthar comprising
reconfiguration code and a perm ssion indicator;

ergagingin@yecahfigiration todmpernpssion slicator reyfliesapiecessird
providing a reconfiguration code if said pernission

obtaidi acretconfigigratiarh cdde p&rmiddien inglfdatdre reconfi gurati on
met hod 97 wherein said reconfiguration code
production process conprises forwardi ng deni al .
indication if said permssion indicator is not valid.

949. Theframoteé peInfig QAEON SMSthEP B ddiieE Bt IPRhAERCEFS
conprising: receiving an indication of a functional
recoMRuReivh ot petisdionindicaldr e6idsPProc8st Esthprises:
forwarding a request and payment for a permission indicator; and

receiving a response to said request and payment for said permission

indicator.

95.  The remote reconfiguration method of concept 91 further comprising
engaging in a reconfiguration code permission indicator response process to
respond to a request process to obtain a reconfiguration code permission

indicator.

96. The remote reconfiguration method of concept 91 further comprising:
receiving payment for a permission indicator; and
forwarding said permission indicator in response to receiving said

payment.

97.  The remote reconfiguration method of concept 91 wherein said

reconfiguration code production process comprises:

90



determning if said indicated functional conponent

configuration alteration is authorized; and directing
wahom@ratizeon of said functional conponent confi garasemmo30127

100. The functional conponent configuration process of

of " SEPAE AL bR for S RRBIER e PG o Permisior™ | "

in@%ﬁ{ﬁ_oteristics. 101. The functional conponent
I'guration process of concept 99 wherein said

confiqgurin f.saiLd functjonal conponent is
accﬁ?%wizgﬁ-g\éfﬂwy ot?%arpﬁfﬁﬂsﬁ'ﬁnéﬁq}%tﬁré apfat control s
said alteration of said functional conponent. 91 WO
200 OIYBIR EEPMigyaien expibsaid permisaienfindieatbion aklid.
conmponent configuration process of concept 99 wherein
determ ning said operational characteristics includes
consi deration and coordination of various operational
9% bj dieirgewte 1R nfiguration Metined 97T whpmire said cecdnfigunation on
anal ysi s process conprising: analyzing functional
coglsriedistionaysecesssi comaprisee fietwiaoding detial indicatien if said
operational characteristic settings based upon results
pentissimiiodimatdryznotgzalidnd confi guri ng functi onal
conponents in accordance with said operational
characteristic settings. 104. The functional conponent
configuration anal ysis process of concept
99.  Afunctional component configuration process comprising:

receiving an indication of a functional component configuration
alteration request;

determining if said indicated functional component configuration
alteration is authorized; and

directing alteration of said functional component configuration.

100. The functional component configuration process of concept 99 further
comprising checking an indication of said functional component 6perational

characteristics.

101.  The functional component configuration process of concept 99 wherein
said configuring of said functional component is accomplished by
programming a value that controls said alteration of said functional

component.
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103 wherein said anal yzing functi onal conponent

operati onal behavior is perforned in parallel for a
wohosakexy of functional conponents. 105. The PCT/US2004/030127

functi onal conponent configuration anal ysi s process of

erein ald anal yzi ng functi onal

it Hpéfwér’gwaﬁa? HSORAGHTaIST PREeTRIBECaSae) SRmbrein
d|,[nver sion nalryﬁ %06 The functi onal _congonent
%SH?'P@Q@Q gHang) sharasfesistiss insludes Gersideration anser ei n
said analyzing is perforned at various |evels of
ceidinatian ‘1’36ﬁU32%§f511'86F|| qhieddives.conponent or gani zati on.
92 WD 2005/ 029329 PCT/ US2004/ 030127 107. The

functi onal conponent configuration analysis process of
concept 103 wherein said operational characteristics
1&%t tA &@Q’flm caetponaiianfigurationnalysis Ipesasiss comprising:
configuration abstracti on and conponent organi zati on.
108 .ang@lyegingfundtianah toropompent eperationdli tghasibir;on anal ysi s
process of concept 103 wherein said anal yzing

f uncletemiting oppratient! dhpedcitristicalettingd dubed upor tdalts of
conprises: extracting testing information for a
sgid amalyditgy, amd f uncti onal conponents at various

functi onal conmponent granularity and organization

| evebsfigiemgiumdtivghas driipdrsits MoadcBFRINGB WA} oYaalicHE?
functional conponent granularity and organization

cHaexéristic@ettingsl shi ng operational characteristic
setting adjustnents based on

104. The functional component configuration analysis process of concept

103 wherein said analyzing functional component operational behavior is

performed in parallel for a plurality of functional components.

105. The functional component configuration analysis process of concept
103 wherein said analyzing functional component operational behavior

includes topological inversion analysis.
106. The functional component configuration analysis process of concept

103 wherein said analyzing is performed at various levels of configuration

abstraction and component organization.

92



results of said exam nation; and factoring said
operational characteristic setting adjustments into
weaiw/o2eper m ni ng of operational characteristPCT/US2004/030127
setltl ngs. 109. The functional conponent configuration
anal ysis process of concept 103 erein sai
todonr B ncHaPALGRTRUIRG COS RHEHIN N e eSS
sai operational characteristic settin C ises:
108 B eI FRISLOPeTaNS RIS IR ARG AP HEFIURR!
configuration alteration is valid; directing .
vagptslesels of configyrtion abwtaciparnd SapbARRRE %’%@ﬁ'gﬁlﬂnat i on;
and diverting workflow in accordance with said
alteration of said functional conponent
configuration. 93 WO 2005/029329 PCT/ US2004/ 030127
10810 ThA fiinctiohabexarhparend oomfiguratom arplysig proaess eftconcept
conprising: a bus for conmunicating infornation and
103nstructions; a processor for processing said
information and instructions, including information
wiRREini sasd aney2ing suriationgenfrponiengoper btiorel bemaiordomipnent
configuration analysis process; a nmenory for storing
corfiirides:nf or mation and instructions, including
informati on and instructions for performng a

f unlirg@mly 168 MesHnatien fér OpIuAilitost fanctonal conmyoreessat
and a display for displaying a graphical user
variBhE FfREE A 'RPeSYrht §anafariPdrfl organization levels;
examining said testing information at various functional component
granularity and organization levels;
establishing operational characteristic setting adjustments based on
results of said examination; and

factoring said operational characteristic setting adjustments into said

determining of operational characteristic settings.

109. The functional component configuration analysis process of concept
103 wherein said configuring functional components in accordance with said
operational characteristic settings comprises:

determining if an indicated functional component configuration
alteration is valid;

directing alteration of said functional component configuration; and

diverﬁng workflow in accordance with said alteration of said functional

component configuration.
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i nformati on and functional conponent configuration
operational settings, including informtion

wazswozeed wi th anal ysis of functional conponear/us2004/030127
oper ati onal behavi or and determ nati on of operationa
characteristic settings. 111. The functional conponent
configuration anal ysis process of concept 110 wherein

id,graphical user interface indicates a pass or fai
@@at &{Uﬁglo“a??ﬂW?Mlcoef&%mﬁys&m camRgsiBgocks at
various |l evels of granularity and in real tine. 112.
The PINEIPFPAIMEisBlNGiIRformetion gud instroistiensal ysi s
process of concept 110 wherein said graphical user
i nt e BfPARESpRIdeipkaressipa isaigiisfarmatinreasd mstrudtivher ineludiog
in a user friendly manner. 94 WO 2005/ 029329
idoaispcod/icgutiang i@ peThemingrecfuinctitalal comporment
configuration analysis process of concept 110 wherein

configlrgtiensrnatysls proeess;nt er f ace facilitates user
interaction with various functional conponent

oper atmenarly fareteningsaid iebisatbnaird inpRicbheNAdluding
characteristic setting features. 114. The functi onal

infompativersnd destlicgonstdr arfamaihy Si fBneHPRESSmSBnenPnCept
110 wherein said graphical user interface facilitates

casfigurativnerrad/sispirocsd; @nbi Ng  pattern recogni tion,
production test tuning and field configuration
al goaidispray for displaying a graphical user interface presentation of said
information and functional component configuration operational settings,

including information associated with analysis of functional component

operational behavior and determination of operational characteristic settings.

111.  The functional cornponent configuration analysis process of concept
110 |

wherein said graphical user interface indicates a pass or fail status for
functional compoﬁent building blocks at various levels of granularity and in

real time.

112.  The functional component configuration analysis process of concept
110
wherein said graphical user interface presents topological inversion‘

information in a user friendly manner.
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adjustnment. 115. A flexible integrated circuit testing
nmet hod conprising: preparing a plurality of
wonoesgeeed circuits for testing; testing sai BCT/US2004/030127
plurality of integrated circuits; and performng a
ncLi opal . copponent confi gurati on process on said
1@% § '{ﬁyct&wa %@Pa?%focoaﬂawa 9% aBalres PIRSSSS PESRNAER! of
1?@id testing. 116. The flexible integrated circuit
sting nethod of concept 115 wherein said testing
and sai d functional conponent configuration processes
wherein srid geanhical Yaepiatasiace fadiatesiusepintaractionwitt various
integrated circuits. 117. The flexible integrated
fuprtianal compenanh gperational béhavim eoptysisEhdviperatiamal sai d
testing and said functional conponent configuration
charadietsficaetiingdeafwesred i n an organi zed testing
hi erarchy. 95 WD 2005/ 029329 PCT/ US2004/ 030127 118.
The flexible integrated circuit testing nethod of
concept 117 wherein said organized testing hierarchy
114 clTedanctmnaloesmpenaitonfigireiot asdpdis paeebs BESSncept
granul arity and organi zation. 119. The flexible
1ftegrated circuit testing nmethod of concept 118
wherein said organized testing hierarchy accomodat es

wheé&i da5d gﬂaFﬁiéhﬁﬂsérane@f@@é e4dilkates UsBVIRIPAQdNAN BliVR 3 :

120. The flexible integrated circuit testing method of

pARRAE RRbogAliSn, WAEH BEtbN ©81 BinfrgSHrdReid SorRLfAoRBiyRhR

waf er probe stage.
adjustment.

115.  Aflexible integrated circuit testing method comprising:
preparing a plurality of integrated circuits for testing;
testing said plurality of integrated circuits; and
performing a functional component configuration process on said

plurality of integrated circuits based upon results of said testing.

116. The flexible integrated circuit testing method of concept 115 wherein
said testing and said functional component configuration processes are

performed in parallel on said plurality of integrated circuits.
117. The flexible integrated circuit testing method of concept 115 wherein

said testing and said functional component configuration process are

performed in an organized testing hierarchy.
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121. The flexible integrated circuit testing nmethod of

concept 115 wherein said testing is perforned at a
woioEl2enst stage. 122. The f| exi bl e i ntegrat eBCTiUSZM04030127

testing nmethod of concept 115 wherein said testing

and said functional conponent configuration process

are per-fornmed in an engi neering node. 123. The

exible jntegrated circuit testing nethod of concept

18, £ TR aealble FEarid cbeiibipsiing maibar ot RAceshil 7 whoron

C onent configuration process are perforned in a
Saﬁf? %QBFPG ftesipa dierarchy ingledes esriobs deviely efgnctihati r cui t

testing nmethod of concept 115 wherein said testing
cComMRANgakgrantlagiyasd Qregnization.96 WO 2005/ 029329

PCT/ US2004/ 030127 125. An integrated circuit

conprising: a plurality of functional conponents for

perform ng processing operations; a distribution
1M@onpbadlexibfedintediated ichrotit tegting frexthnmt dfcconicepisti Bwherein

plurality of functional conponents; a functional
sagborgenized testing higrarahl @ccomniodatdsaesiiey ditstidd @UbpHlBgical

operational characteristics of one or nore of said
iny@rsioabnslysief functional conponents; and a

configuration conmuni cation interface for

communi cating information related to said operational

characteristics of said one or nore of said plurality

120f  THeGbkiBRAhtcg AR RRAIStekth AR HIHN RRCEH A5 \Rherein

devi ce.
said testing is performed at a wafer probe stage.

121. The flexible integrated circuit testing method of concept 115 wherein

said testing is performed at a final sort stage.

122.  The flexible integrated circuit testing method of concept 115 wherein
said testing and said functional component configuration process are

performed in an engineering mode.
123. The flexible integrated circuit testing method of concept 115 wherein
said testing and said functional component configuration process are

performed in a production mode.

124. The flexible integrated circuit testing method of concept 115 wherein

said testing includes at speed testing.
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126. The integrated circuit of concept 125 wherein

said configuration comunication interface
woammmdxrat es test information to said externaPbPCT/US2004/030127

device. 127. The flexible integrated circuit testing

met hod of concept 125 wherein said testing

i nformati on and said functional conponent

nfjguration . information are conmuni cated by said

1§€nf"|&rglﬁ‘lteé¥?téﬁ CHEWHERIMBESINGn i nterface at various

l evel s of functional conponent granularity and

or gahPlzElifyoRf fungtignalTermponsitsios perfowring peetessingui t

testing nmethod of concept 126 wherein said testing
opegipiaN®at i on i ncl udes topol ogi cal inversion analysis

information. 97 WD 2005/ 029329 PCT/ US2004/ 030127 129.

The # tlielibblian cortpaeatt éat distributirg infosmiation teesdid gluedlity of

concept 126 wherein said testing information includes
funafi@al poropenesttgge | nformation. 130. The flexible

integrated circuit testing nethod of concept 126

whereefuncticsal corhpsridnt @ohfiguratiar cortrdlieciondesfiduring! sort

stage information. 131. The integrated circuit of
osratERl catlctehsticeion omaioi nfrafdr gHidadlinality of euRBiph&aat i on

interface receives operational character setting

cofipsHeres k@@ associated with failing pattern
recogni tion, production test tuning and field

confg éBHFinFH'aQBn BbERTUIi oA GhiB FhER Fr cofptuni i R‘g XhBEiRon

functional conmponent coordination device conprising: a

rel£&d H’&id@ﬁé’r%ﬁoﬁa‘%h&%%r%ﬁ%é‘ef 448 Ton?! SF kS of Sid plurality

functi onal conponent s; uncti onal conponent

of 3R BhAIRRA ponghisitd It %nfe%fe};rﬂglt i ng

operational settings for sai uncti onal conponents;
and

126. The integrated circuit of concept 125 wherein said configuration
communication interface communicates test information to said external

device.

127. The flexible integrated circuit testing method of concept 125 wherein
said testing information and said functional component configuration-
information are communicated by said configuration communication interface

at various levels of functional component granularity and organization.

128. The flexible integrated circuit testing method of concept 126 wherein

said testing information includes topological inversion analysis information.
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a testing information organi zati on nodul e for

organi zing test information associated with said
wouoistozgnal conponents. 133. The external funcPComakoo4/030127

conponent coordi nati on device of concept 132 further

i sing.a. gl obal K qperation setting adjustnent
128 dul s Yol et © uaﬁ%ﬁfmsg@?thpﬂ& gpncept f 2@ yherein
agj{)u?,tme ts for said functional conponents and
SHF SRAURE HYOTMAtoP AREIHERS Watesprrhegstage infefimasian. oper at i on
setting adjustnments to said functional conponent
operational setting nodule for use in determning
operational settings for said functional conponents.
138 iheAtrxivlonirergtencivoui texting 03ethod of Ganceph 2@ wheraal
functional conmponent coordination device of concept
saig festing ferimationiiniclfiderclinad sait stagepofoematiaper at i onal
setting nodul e conprises a defective resolution
nodul e for determining if said functional conponents
operational settings can be adjusted to sal vage a die.
13135. Thetetegreted cisduif ofretinceptal 2500mgremestid 606 Tg@iratini on
devi ce of concept 132 wherein said test information

cdrsmonigatiirziatériace pectivis dperatidhiaf ERdrebiet abtting irfBint &phur €
of functional conponent granularity and organi zati on.

asb3biatetihgitreraliing pattefRoyRilah, (FOIRAIRANESIGOMNE AR iR
ng

devi ce of concept 132 wherein said testi

cdnfib@aieh bRBrithAthddeenaaf er probe stage information and
final sort stage information. 137. The external
functional cornponent coordinati on device of concept

132 wherein said operational character setting
1320 QP& AAI LA Eomponent coordination device comprising:

a testing module for generating test vectors for functional components;
a functional component operational setting module for determining
operational settings for said functional components; and
“atesting information organization module for organizing test

information associated with said functional components.

133. The external functional component coordination device of concept 132
further comprising a global operation setting adjustment module for creating
global operational setting adjustments for said functional components and
providing information regarding said global operation setting adjustments to
said functional component operational setting module for use in determining

operational settings for said functional components.
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information related to failing pattern recognition,
production test tuning and field configuration
wablgErozedzon adj ust rent. 99 WO 2005/ 029329 PCT/US2004/030127

PCT/ US2004/ 030127 [0149] The for egoi ng descri ptions of
R O e o i o BB ATt P angosi 132
ST L S S M
SPGB PR i

e enbodi nments were chgsen and descri bed

Oﬁ"?{aﬁqrﬁége@[}g%@}b%ﬂ‘ﬂi”gﬁﬁ togalveee Adigl es of the
invention and its practical application, to thereby
enabl e others skilled in the art to best utilize the
| nvention and various enbodi nents with various

13fdi Fhecatiersalfuagiioapleconinanant coomdinatipa devicalof conmapt 132
contenplated. It is intended that the scope of the

wherelsheaid fesbinfaietionts digamized Bcednding tagpdacechiter et 0
and their equivalents. 100 WD 2005/ 029329 :

arpEiRase 06 nsBe kL Zompbirant igracllalityehdi ggardizathrpr ocessi ng
unit conprising: a plurality of functional conponents.
for perform ng processing operations, wherein
defective functional conponents included in said

1381, urTddei exgernalffuriationali congdo reppesTEMation devidh SRbb@pansh
non- def ective functional conponents are selecti veI y

wieateiol szl teathey iaforndaton moluRRRIVATEr ﬁl@ﬁ@%@@lnf&hatlon and
di spensi ng workflow to said

final sort stage information.

137. The external functional component coordination device of concept
132 wherein said operational character setting information includes
information related to failing pattern recognition, production test tuning and

field configuration algorithm adjustment.
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sel ectively enabl ed functional conponents and
preventing distribution of workflow to said disabl ed

wouoistozgal conponents. 2. The processi ng uni t POT/USk@itn30127
1 wherein said plurality of processing conponents
wM&erf orm parall el processing activities. 3. The

r oces sThedforegoing dbsdigtions 3f YRR é&nﬁﬂiﬂeﬁ? Bf‘hfegmlr%s«gmt invention

processing activities are included In a proces

; e i ' f.dl ai wher ei
have Bbd réd%ﬁte]g l‘for \EI?EOS% g‘g gﬁ’%*efg@%u%%ﬁ%%‘ilﬁ%f% %ytage%o_etz Ii]:ggnded to be

said workflo
T rocessing unit of Claim| wherein said
e"ha‘bs@g%%lg@ ?ﬁ?&?@lﬁﬂ%" queon o thepreeise fopme disskvserdy audobviotsly Thagy

_ d,gr ocessing unit of Claimb5 wherein said plurality of
modiyayersandigriadenymonpossblaielifhiaithe wbore techiH@ MR &b S diments
101 WO 2005/ 029329 PCT/ US2004/.030127 7. The processi ng
were chuisén arfd dek@iba lin WIRE 2 Pest @klafy I AN o
gr aphi cs processing- uni . 8@3%1@8@%&6@%%%8‘6%@%8? and its
ractiéd] 34 i | aid plurality of processing ] o
prac co n%%ﬂ ot é%ét‘ﬁ;%gﬁigp@ ae&ah’% Og%%ﬁélﬂﬁﬁ‘fgl_ t%Q art-$, fest uti s this fiyention

and uni t oé (f:l aim7 wherein said plurality of processing
VST SHBNEerts avifhayariqusgnedifipaions enarestited r thp pirtisular use
. frame buffer interface. 10. A functional conponent
contergplpiell. g liisintanded that desscopapf ihsiimgntion 86 868hdi%hyARe Claims
i ndication of a defective functional conponent; -
appendieltterdtd andiheirfoggidhidnglef ective functional conponent is
one of a plurality :
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of simlar functional conponents; disabling said
defective functional conponent if it is one of said
wohosakexzy of simlar functional conponents; edaaiSzmg030127
one or nore non-defective functional conponents; and
providing notification of said disabling and said
WHYERPAIbIMSed R:@ conponent that ot herw se communi cat es
Information to said defective functional. conponent.
11. The functional conponent configuration process of
claim 10 wherein said indication of a defective
functional conmponent is received froma testing
1. sy i PReceRsingmibewrBpiisingi2o PCT/ US2004/ 030127 12. The
functi onal conponent configuration process of claiml10
whea plunality aif frdtiondl dompoarehts fatperfarming peocagsing hed
by programmi ng a register that controls enabl enent of
opetalishg] iRsibindeféstivelfuRiR ndl LoRTIBEINts ﬂa%ludﬂbeip sgid plurality
functi onal conponent configuration process of claim 16
of fRAeM cofPiofefits s desBied aR TRTRICOR RACHBAM® 14
A conputer u | e stqr.age di um havi ng conput er
~°°*P%°J!F§E? gre ﬁ?%gﬁ‘é@(% e%nﬁ'g@i ed therein for causing a
testing systemto inplenment defective resolution
nocﬁjweﬂsﬂw seritql sampeBaRt: fosidispensindwetkflovata sgid
mai nt enance nodul e for determnning if an identified
sel¢dlivelyi enatiled fumstinraltcompoinerits aad praventingodistrithdion of
permtted to be disabl ed;
workflow to said disabled functional components.

2. The processing unit of Claim 1 wherein said plurality of processing

components perform parallel processing activities.

3. The processing unit of Claim 2 wherein said paralle! processing

activities are included in a processing pipeline. -

4. The processin.g unit of Claim 1 wherein said workflow is dispensed in

packetized units.

5. The. processing unit of Claim 1 wherein said processing unit is a central

processing unit.

6. The pfoceésing unit of Claim 5 wherein said plurality of processing
components are floating point'compon_ents.
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a correspondi ng conponent detection nodule for

determning if there are related functional conponents
weazsoneed with said identified component thatCTaisewkd30127

be di sabl ed; and a disabling nodule for directing

functional conponent disablenment. 15. The conputer

usabl e storage nedi um of claim 14 wherein said

instructions are a driver. 16. The conputer usable

st . f. clai.m 14 wherein said driver, is
7. G SIReBrtBatll sy Bl i WHei e Bbsething ot a
PCT/ US2004/ 030127 17. The conputer usabl e storage
grapbigs oSS 14 wherein said functionality
mai nt enance nodul e determnes if there are other
functi onal conponents that can, handl e workfl ow of
said identified functional conponent. 18. The conputer

8. usafepricessiag uMRAT ORI 7oV iRérdinl daidhiiaiify é@ér@cessing

functionality maintenance nodul e checks sal

corfr]) 98/ swgﬁﬁ%{méﬁ@nt i fication against-a

redetermn conponents-all owed to be
di sabl ed. 19. The conputer usable storage nmedi um of
claim 14 wherein said related functional conponents
are_di sabl ed to maintain_product performanc

T . |3 < . H e .
9. di f Fha RieCPasIng MNIte Clare vipsainesaid Phwaltysefqragessing
medi um of claim 14 wherein disabling nodule sends a
conpanssiteammparétigned paitions afy graphidsdrame iaiffer éderface.
functional - conponent via a test interface.
10. A functional componeni configuration process comprising:
receiving an indication of a defective functional component;
determining if said defective functional componént is one of a plurality
of similar functiorial components;
disabling said defective functional component if if is one of said plurality
of similar functional éomponents;
enabling one or more non-defective functional components; and
providing notification of said disabling and said enabling to a

component that otherwise communicates information to said defective

functional componenf. A
11.  The functional component configuration process of claim 10 wherein

said indication of a defective functional compoﬁent is received from a testing

system.
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21. The conputer usable storage nediumof claim 14
wherein said disabling-nodule sends a signal to a
wouestozgazal conponent controller included in acrast®do30127
die. 22. The conputer usabl e storage medi um of claim
14 wherein disabling nodule directs disabl enent of
12.5ai Gihe fenationakeeprpenenicsaifigucatioonenocess ofalaim 10 wherein
functionality maintenance nodul e provi des an
saidniifabiing @ndtdrabling is acpemplisisedby |1orc§g?raﬁ1rﬁiﬁ | Lredter that
identified functional conponent. 104 WO 2005/ 029329
: U8 st orage
Coﬁegdré Eﬁg@fg ﬂ{(ﬁ?ﬁ??—ng%g ﬁre? ﬂ\&ef conpﬂ%'??'?gﬁ (Zﬁgrgi e mar ki ng
nodul e for directing die marking. 24. The conputer
usabl e storage nmedi um of claim 23 wherein die marking
nodﬁgg directs marking of a die based upon one or nore
13.cr i {fag fupctiogal W%@Mgu%&n@rogeﬁ abelaime dOyvherein
~ claim 23 wherein die marking nodule directs marking
said tisabling iacconmplishad by fusing communicationdings tosatbdelective
is disabled. 26. A processing unit conprising: a
comporiexit ty of functional conponents wherein each one of
said plurality of functional conponents perform
simlar functions; a conponent for selectively
enabl i ng each one of said plurality of functional

10, SRR o G BB AR GRS fBhah°
prospa%ﬁ) lciogg e%%}}’dolé‘(f H'}éref?lalio? c%hlsi%%aat {e%%ng %@Et%ﬂ? cE in];&rement
defective resolution module instructions comprising:

a functionality mainteriance module for determining if an identified
functional component is included in a group that is permitted to be disabled;

a corresponding component detection mo'd'ule for determining if there
are related fﬁnctiohal components associated with said identified component
that should be disabled; and

a disabling module for directing functional component disablement.

15. The compufer usable storage medium of claim 14 wherein said

instructions are a driver.

16.  The computer usable storage medium of claim 14 wherein said driver

is distributed via a network. -
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allocating information to said each one of said
plurality of functional conponents that is enabl ed
wandspeeeent i ng al |l ocati on of information to sacwd/US2004/030127
di sabl ed conponents. 27. The processing unit
as,described in claim26 wherein said enabling
17. cohemempuitetassable storapesmesirimalf claini1$ wWheabintsaidf
functional conponents that 105 WD 2005/ 029329
funcREHANIPAMIHEABAS iUk B6kRfireeif ﬁf&esa?é%tﬁélbﬁl%ggﬁalme

functional conponents are not enabl ed for use.

, . . . . . .

comBOAEES thaua Mindte weRRkH BEEpilaEn Tl RRHBiaCdinsaicht
system 29. The processing unit as described.in claim
26 wherein said enabling conponent provides an

enabl erent .indication to said allocation conponent,
18. whkhecampater usabia drtage meditiataf elaimntd whessinwaid h
said each one of said plurality of functional
functiomalivn evaistengnemaiodete ciscks Bedd furctiessl ogmponents
described in claim26 wherein said enabling conponent

identifidetiohi agelinst ensrelierawdt vt of Qonfsurénd HNéved Yo B

functional conponents based upon testing of said each
disapeg. of said plurality of functional conponents. 31
The processing unit as'described in claim26 wherein
said enabling conponent selectively enabl es each one
of said plurality of functional -conmponents which said

testing indicat erates correctly., 32. The . -
19. et B8yt et tR s Madlon ot Claiit B haan sl wiatgd
h f ‘
funct(iegrfal c%%epo?wents are disabled to maintain product performance

differentiation.

20. The computer usable s"torage medium of claim 14 wherein disabling
module sends a disablement signal directly to said identified functional

component via a test interface.

21. The computer usable sforage mediumi of claim 14 wherein said
disabling'module sends a signal to a functional component controller included

in a tested die.

22.  The computer usable storage medium of claim 14 wherein disabling
module directs disablement of said identified functional component if said
functionality maintenance module provides an indication that it is permissible

to disable said identified funcﬁbnal component.
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said plurality of functional conponents that is
enabl ed are capable of executing said simlar

wouoistozga2s t hat woul d ot herwi se be execut ed byPe®ius2004/030127
each one of said .plurality of functional conponents
that is not enabled. 106 WO 2005/ 029329
PCT/ US2004/ 030127 33. A processing unit conprising: a
plurality of functional conponents for perform ng

23pr oTies BomPutereRBbRIStOREge MRNIGhOIGRIIBFL14 YertheInmSisthg a
conmponents included in said plurality of functional

i =T ' ; ; kf trol
due@ﬁ%@@ﬁ?&g%{f@rdir@&ﬂﬁrg @?&Ir wor kTl ow contro

preven bution of workflow to
sai d di sabl ed conponents. 34. The processing unit of
Cl aim 33 wherein said workflow is dispensed to enabl ed
conponents included in said plurality of processing
24 onpmesmBUtss Sisablestpragr nadim e iciaily 2bmereaiic marking
wherein said plurality of processing conmponents
mogalef diratpmanking lof prdie basied it e of sxore 3Biterkhe
processing unit of Claim 35 wherein said paralle
processing activities are included in a processing
pi peline. 37. The processing unit of C aim 33 wherein

25.§ai ThPEopaRiridatR éto?afﬁ;é‘meﬁfi@ﬁf&f%ﬁaiﬁf@@%%r@i& dJlQin‘iz?rking

8. An integrated circdit conprising: a plurality o

o RARnaF ARG REEE yoP PR A RhAe P AERR G0 hmmponsyt s

I nf ti t id pl it f
dis!agleg.”m,lon o said plurali y{o

26. A processing unit comprising:

a plurality of fﬁnctional components wherein each one of said plurality
of functional components perform similar functions;

a componént for select‘_ively enabling each one of said plurality of
functional components; and -

an allocation éomponent coupled to said plurality of functional
components and said enabling component, said allocation component for
allocating informétion to said each one of said pldrality of functional
components that is enabled and preventing allocétion of information to said

disabled components.

27. The processing unit as.described in claim 26 wherein said enabling

component identiﬁes. a subset of said plurality of functional components that
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functional components; and 107 WO 2005/ 029329
PCT/ US2004/ 030127 a functional conponent configuration
woanisroadd2er for configuring operational PCT/US2004/030127
characteristics of one or nore of said plurality of
functional - conponents.. 39. The integrated circuit of
arefiefestieBand spid subset af functionad eomppongrds @ne not enabled for
- configuration controller provides information to said
useli stri buti on conponent regarding said operational
characteristics of said plurality of functional
conponents. 40. The integrated circuit of C aim 38
wherein said-plurality of functional conponents 'are

i nc ' ' . wes i ont.earat ed.
28, 'y CHP ProgetahaP et SRatRi T S P iolEin B PBsing
conponent, . factors said erational characteristic
un'gbsg'BPG@Pgt"i" @r}cq'ﬂ‘?‘geﬂa"’:‘ﬁerqo%ﬁi‘?rﬂn of said information
to said plurality of functional conponents. 42. The
integrated circuit of Claim38 wherein said functional
conponent configuration controller configures said
29.0peThe poosdssirigpurit agdesdribed in wlaiat 26 vadserein sait lenabling
variety of objectives. 43. The integrated circuit of

corfbahentIstolidet T edi@nbat indicatioRl sald aocatibfrnip@st,
mask included in said mask array corresponds to an

wheRsh Q%i%bleﬁ%?ﬁﬁicéﬁoﬁ ﬂf&iéﬁ't?é'svgiiﬁgh %gfduc?éa’l(frf %é g:f s8fd

operatl characteristics o

pluf'ém)‘;tojf %%%ioﬁ&@o%&ﬁeﬁs I]soe%abled .

30. The processing unit as described in-claim 26 wherein said enabling
componént selectively enables each one of said plurality of functional
components based upon testing of said each one of said plurality of functional

components.

31. The processing unit as'described in claim 26 wherein said enabling
component selectively enables each one of said plurality of functional

components which said testing indicates operates cofrectly.

32. The processing unit as'described in claim 31 wherein said each one of
said plurality of functional components that is enabled are capable of
executing said similar functions that would otherwise be executed by said

each one of said .piurality of functional com})onenté that is not enabled.
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WD 2005/ 029329 PCT/ US2004/ 030127 44. The integrated
circuit of Caim43 wherein said mask array includes a
we@izelst2emsk for providing an indication of di sabrasemni/ 030127
of said defective functional conponents. 45. The
integrated circuit of C aim 44 wherein said mask array
33.f urA PegcessBFMItRIMPIISIRG Npat i bil ity mask for
i ndi cati ng. enabl enment of conpati bl e supported
opea plurality bf frinatiaal eohgroneats forqeerfbrpling prodessiviy.
functional conponents; a performance mask for
opdrafiors iwhegein lefeutive TGsctiordPESnipdine®td fhchldedihisayd pRirality
functional components; and a self healing mask for

aler A [ I eristics for plurality
Off%w*%%%ﬁgﬁ%g%ﬁgﬁggpﬁég% upon field testing. 46:
The_integrate ircuit of Claim 38 wherein sai.d
ol (& WorKTPWEontEol coingRuert fof pbeviting TRlriied o workfiow to
pipeline. 47. A functional conponent configuration
saighdigabled campneiithy: . receiving an indication of a
functional conponent configuration alteration trigger
event; determning if said indicated functional
conmponent configuration alteration is valid,

34.di r'ries progegding uattiod Claiin 3awthdraimcdaid nadrkffoniodgptnsed to
configuration; and diverting workflow in accordance

enaﬁlécpcéﬁpenéﬂté N dRinaid phialityGitrobadsing eBRMABALS.
conf i guration. ‘ -
35. The processin‘g unit of Claim 33 wherein said plurality of processing

components perform parallel processing activities.

36.  The processing unit of Claim 35 wherein said parallel processing

activities are included in a processing pipeline.

|

37. The 'p‘roce_ssing unit of Claim 33 wherein said processing unit is a

graphics processing unit.

38. Anintegrated circuit comprising:

ka plurélity of functional components.’for’ performing processing
operations;

a distribution component for distributing information to said plurality of

functional components; and
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109 WO 2005/ 029329 PCT/ US2004/ 030127 48. The

functional conponent configuration process of claim47
wouodsiess29o conpri si ng checki ng an i ndi cati on of PE®RiIUS2004/030127

functi onal conponent operational characteristics. 49.

The functi onal one 1 configuratjo rocess of
cl &if Hﬂqﬁp"\ﬂ(‘:é?@?ﬁn fa?‘?ﬁ ourat l%g 'l?FQQ SORIGUIRGt i onal
conmponent is-acconplished by progranm ng a val ue that

opetsdionabtiaractenisticshehonebr swrel of saist plorality obfusetional.  50.
: The functional conponent confi gurat| on process of
con@bﬂbﬁtsﬁ wherein said configuring of said functional
conponent i's acconplished by programing a register
that controls a clock speed of said functional
conponent. 51. The functional conponent configuration

0. volRFIR [ 3&@@5&%&? W%?%ﬁf%ﬁ?%ﬂﬁcqéﬁﬁﬁgﬁbﬁ?%ent
confGinativn RaTtralspsRaHEs NRTIRAN SAC SieERUioR corPRNA:7

further conprising preventing distribution of
regatdinigf saigvoperatighel ¢characiesiatics @ge@'drmmahtw of faaptional
functional. conponent is disabled. 53. The functiona
componpatyent configuration process of claim47 wherein
determ ning said operational characteristics includes
consi deration and coordination of various operationa
obj ectives. 110 WD 2005/ 029329 PCT/ US2004/ 030127

40. The integrated circuit of Claim 38 wherein said plurality of functional

components are included in a graphics processor.

41.  The integrated circuit of Claim 38 wherein said distribution component
factors said operational characteristic configuration into distribution of said

information to said plurality of functional components.

42. The integrated circuit of Claim 38 wherein said functional component
configuration controller configures said operational characteristics in

accordance with a variety of objectives.

43. The integrated circuit of Claim 38 further comprising a mask array
wherein each mask included in said mask array 'correéponds to an operational
objective and provides an indication of operational chiaracteristics of said

plurality of functional components.
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54. An integrated circuit conprising: a plurality of
functional conponents for performng simlar paralle
wopersa9nms; a functional, conponent control | er PEDUS2004/030127

control I ing enabl enent and di sabl ement of one or nore
of _said plurality of functional conponents; and a

44. di Iheiinfeoraind chaybatGlaim dd wher pald mgskarenniReiugas @
enabl ed functional conponents included in said

yielpmasalfot grovididgiac indicationcaf disabdernent ofi saidrdafeotiveng
distribution to of information to disabled functional

functioRBrssAbGneritgic uded in said plurality of functional
conmponents. 55. , The integrated circuit of C aimb54

wherein said functional conmponent controller provides
information to said distribution conponent regarding

which. of said. pl.uraljt f functiQ ‘ nents | s

45. & g ieBoraR8 St BFCIaS Rouhe i s e SRR Wlhel
wherein said functional conponent controller provides

compiise®nmati on to said distribution conponent regarding
which of said plurality of functional conponents is
enaldomupatibility Weskifor indicatieg eoableonentosf corapatitys supported
wherein said plurality of functional - conponents

opefRithkI Sefadetistics dflaxtd plurality of fanastioma componghts;
integrated circuit of Caimb56 wherein said

di Stddrta icHtinG ainvarkiesvor said pluralit
! BlperiitinaiBe HUSKIBE Bidicatinh chieBneRklelor said plurality

of f%ﬁgt@g%g%%%%hgﬁgl t of Caim57 wherein said

a self healing mask for indicating operational characteristics for plurality

of functional components based upon field testing.

46: The integrated circuit c;f Claim 38 wherein said plurality of functional

components includes a pipeline.

47. A functioh'a!A component conﬁguraﬁo\n process combrising:

receiving an indication ..of a functional t;somp'onent configuration
alteration trigger event;

determin.ing' if said indicated functional com_péS‘nent configuration
alteration is validj | |

difecting alteration of séid functional corhpbnent configuration; and

diverting workflow in accordance with said alteration of said functional

component configuration.
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control l er conprises a software programmuabl e register.
60. The integrated. circuit of Claim58 wherein said
wouoistozgal conponent  control |l er conprises a haradseweds3o127
mask. 61. The integrated circuit of C aim59 wherein
said integrated circuit is mnmarked wth a performance
48.i ndihesfupclional coatmonesperniiguration preasss affclaim 47 further
plurality of functional conponents ‘that are di sabl ed.
conbgrisindh ehéckirgpaa ireticationcefisaidfuridtional 6Ompbaeri cperational
integrated circuit is marked with a performance
chdrdélesticer that corresponds to a nunber of said
plurality of functional conponents that are enabl ed.
63. A reduced performance circuit sal vage net hod
conprising: preparing a chip for testing; testing.

said chi p.. and performng a functional component .
49. 3o hecunBiori caRipongbl bitalration biocsa S RIBA heirns
of said testing. 64. The' reduced perforpmance circuit

said smfwg@mﬁafﬁau? winctional epawonesit ds Acaqmalishest bng
conprises:-identifying a defective functiona
programmingra yalug2thabcaindls eéaabzenetiofsid duiddabomponent.
determining if. there is a non-defective functional
conmponent included in said integrated circuit,
wherei n sai d non-defective functional conponent

50.P€r TRE fn 'oﬁéf@érﬁboﬁéiﬂgbhﬁ r%ﬁi.o‘ﬁgbr@cgﬁé SFiglh}f'ﬁ 47 wherein
functional conponent; designating said defective
said BORAdu NG or SAIPRIMEREndI YonThoRett & hciAbRshed by

programming a register that controls a clock spéed of said functional

component.

51.  The functional component configuration process of claim 47 further
comprising dispensing workflow to said plurality of functional components

based upon said operational characteristics.

52. The fljnctiphal component configuration process of claim 47 further
comprising preventing distribution of workflow to said functional component if

said functional component is disabled.
53. The ftjnctional component configuration p(dcess of claim 47 wherein

determining said operational characteristics includes consideration and

coordination of various operational objectives.
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non- def ecti ve conponent is included in said integrated
circuit; and marking said integrated circuit as
wdebsokeze i f sai d non-defective conmponent thaPCT/US2004/030127
perfornms said simlar function in not is included in
said integrated circuit. 65. The reduced perfornmance
54. ci Aouintegsated Rijeuifreompeising: cl ai m 63 wherein one of a
plurality of honbgenous executi on conponents of said

Chiamltiu%'litbefSah)d:tMa@bomP@hémd forgserfoFheing atimiladparallel

performance circuit salvage nmethod of claim®63 further

opel‘é‘ﬁgﬁéﬂ sing reconfiguring said chip to permt other
unctional conponents to performfunctions of said

pch R iinel Bt pBHRh CHFPIRERS coftfndd SEAE ang . .

aid functional conponent confjguration process -
disalemant <l one el daord igakhpiurlite af fariomalcdmpepshtss and
functional conponent; determning if said defective
f uaclistobatiorceempeaeent fosdistibuting infprroatipn tg enablest ni | ar
functional conponents; disabling said defective
functionalt dopngdnettsinehelsd infsaid plusaliphef fuh cliandl pdrapehéents and
of simlar functional conponents; enabling one or nore

prev%ﬁﬂng afesbition bWitiopnaliot @ @easial funatishal bdnidnents -
20057 029329 PCT/ US2004/ 030127 providing notification

incl egfiﬁiost%hogbﬁl?glt)i/ Bgftﬁﬁﬂoﬁﬁicgn?d%?hwg to a conponent

W Se’ communi cates 't nformation to said
defective

55. © The integrated circuit of Claim 54 wherein said functional component ‘
controller prdvides'information to said distribution com ponent regarding which

of said plurality of functional components is disabled.
56. The integrated circuit of Claim 54 wherein said functional component
controller provides.information to said distr_ibutiqn 6omponent regarding which

| of said plurality of functional cbmpone’nts is enabled.

57. The integrated circuit of Claim 55 wherein said plurality of functional

components comprises active functional components.

58. The integrated circuit of Claim 56 wherein said‘distribution component

distributes wprkﬂow information.
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functional conmponent. 68. The reduced performance
circuit sal vage nethod of claim63 wherein said

wondispatizen of a defective functional conmponenPCTAIS2004/030127
received froma testing system 69. A die
clagsification process conprising: fabricating a

59| udbriietegratedicucuit of ClaimiS7avhereirt saidrfanictiosal component
preventing ‘a conponent from participating in

contralbbrconyerises et soffndré progratrinialsle pegisedr, sai d plurality
of die without elimnating the abiTity of said one of
said plurality of die to perform a function
associated with said conponent; and classifying said

plu is ' nedif.f erentiated perfornmance

607 oy Ift o Pted eI 6P o o4 ifetial Somponent
| gssification process of claim 69 wherein said

°°@F‘ﬂ!seé|CPmP"éPSai@f dimBsk.cat ed on a single wafer.

71. The die classification process of claim®69 wherein

simlar configuration is determ ned by review ng data

sheet information on said plurality of die. 72. The
61.di eThe irdegifatehtirauit ¢fiClaias 59 efhetéini saif Fiteheated Tisumis ar

configuration is determned if dies have

masketsWiR il FarfofmiahRee \ ' ‘ | .
2005/ 029329 PCT/ u%?’%’%%@‘@?‘z‘?@@%%’ﬁ?ﬁé nbbbef(3f said

plugeg%?f fUnEAbRARRIBAEAS 1Rkt &Hea&igéﬁﬁga‘“’”ef ei n said

onent I's preven romparticCipating in
productive contribution by disabling said conponent.
74. The die classification process of claim69 wherein

a termnation o
62. Ol'Fhe n egraged é}rcuflt of Claim 60 wherein said integrated circuit is
marked with a performance indicator that corres'pond‘é to a number of said

plurality of functional components that are enabled.

63. A reduced performance circuit salvage method comprising:
preparing a chip forltesting; |
testinQ said chip; and |
performing a functional component configuration process on said chip

based upon results of said testing.
64. Thereduced performance circuit salvage method of claim 63 wherein

said testing comprises:

identifying a defective functional compoﬁent;
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whi ch data sheet information applies to a die included

in said plurality of die is not nmade until after
woesdsings20s perforned. 75. The die cl assifi cat POWUS2004/030127

process of claim69 wherein a first die and a second

die included_ in said plurality of die are included in

di f9eiernining bgee & aneardelpetivedumctiondli aarapengntingluded in.

in correlation to a performance |evel at which
safcLintggrated| ditcyit; wheneiv saidchoréefettiee dirctionat sofpoatihbn

process. of claim69 wherein each one of said

peorhe i dimilaf fufichien as eafpdsfeemiefindtibhal &smpangnidesi gn
and are distributed with different performance

el SR SRR S

use

waf er ... wherei n_sai d. waf er, .i ncl udes a ural.jty of die
nolfieTecivBiarip et < metsPadh Bl ierdidd Sifiibohave. o
functional component capable of performng a
pl Unalking sajd infagrated ekcyihap defactive i said pon-gefective ¢ y
of functional sub-conponents,; identifying each one of
corgpanen that gieirfioyme fsafdusionilias functionin cwirjsoinchided: inaaid ar e
operabl e and that not operable; 115 WD 2005/ 029329
intelgeRtet/SRO0M,/ 030127 di sabling operation of each one of
said plurality of functional sub- conponents that are
identified as not operable; enabling selective
operation of each one of said plurality of functional

65.5 “br‘ri"eon’éﬁ%s&*pérfbﬁﬁénéé Eird AP A IS hARo® BF %3 wherein

one of a plurality of homogenous execution components of said chip is

disabled or enabled.

66. The reduced performance circuit salvage method of claim 63 further
comprising reconfiguring said chip to permit other functionél components to

perform functions of said disabled functional component.

67.  The reduced performance circuit salvage method of claim 63 wherein
said functional component configuration process comprises:

receiving an indication ‘of a defective funbtidna| component;

determining if said defective functional component is one of a plurality
of similar functional components;

disabling said defec:tivef functional component if it is one of said plurality
of similar functional components; -

enabling one or more non-defective functional components; and
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sorting said each one of said plurality of die into a
performance class based on the operable status of
weaimh/okemet i onal sub-conponents; and sal vagi ngCouS2#/030127
said plurality of said die having functional sub
conponents that are not operable if said gne of said
pl (Rraviding netification af said disabling aadisaichenapling & Aance
cl ass designated as'sal vageable. 78. The nethod of
conipenent thatwitkemiise samhumidatesfarmatiohidesajd aefiectives ub-
tasks. 79. The nethod of Claim 15 wherein said non
funisia ebmponeat.i onal sub- conponents are identified as
part of a testing process. 80. The nmethod of Caim 15
wherei n said sal vagi ng one of said plurality of said
die includes marking said die with a performance

indLcator that . corresponds to perfornance, . ; .
68 n i 1eciced tisr o PGS BRATCanadtrp RS B Elpiny 63 whgrein
die. 81. The nmethod of C aim 15 wherein said one ?f,
said indicafionrefla defestveshingtional corpongetis geshasksirom a testing
processi ng pipeline functional conponents. 116 WO
sysBIi5/ 029329 PCT/ US2004/ 030127 82. The nethod of C aim

15 further conprising discarding one of said
plurality of said die that does not provide ful
functionality. 83. A conputer usable storage nmedi um

69 havh pgk g@ggﬁgﬁgm{&@gg@ Somprigigam code enbodi ed

therein tor causing:a circuit to-inplenment functional

corPEing & BHHt RSB cDRRAMEHIGRRE (o,

d r;?r%%%g”%ic%%%%réﬁte frc% pfalmé:utaiat?nrbaljn productive contribution
within one of said plurality of die without' eliminating the ability of said one of
séid plurality of dfe to perform, a function assocfafed with said component; and

classifying said plurality of die based on differentiated performance

levels for said functionatlity.

70. The die classification process of claim. 69 wherein said plurality of die

are fabricated on a single wafer.

71.  The die classification process of claim 69 wherein similar configuration

is determined by reviewing data sheet information on said plurality of die.

72. The die classification process of claim 69 wherein similar configuration

is determined if dies have substantially th‘e.'same.fabrication costs.
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conmponent operational characteristics; and a
configuration nodule for directing-functiona
woaoponend configuration. 84. The conputer usabiras2004/030127
storage nedi um of claim83 wherein said functionality
tracking nodul e determnes if there are other
73f undhe gieaclasdfigationrprocesmof daim 6avdhereivsitl compdnemt is
identified functional conponent. 85. The conputer
praveatsdefrorqaricipatid) inproductivei donéib Lk By QiseMliAg said
functionality tracking nodul e checks a unctlo%allty
compéh&att or against a predetermned correlation |ist of
operational characteristic settings. 86. The conputer
usabl e storage medi um of claim83 further conprising

dynam cal | y changing said functionality indicator as
87.. The

part, of,. a functionalit negotiation process. 87..
74'con:thu% die glesiiication fragsss elaim &9 whetein adefgimination of
said operational characteristics are set to maintain
whighginia sheetrintormatioaapplies to diaineloeidoingeadplurality of die is
PCT/ US2004/ 030127 88. The conputer usabl e storage

notmadde omtif aftdr destingds peeformeda plurality of functi onal
conponents are included in a single die. 89. The
conmput er usabl e storage medi um of claim85 wherein
said instructions are a driver. 90. The conputer

us t i | ai: ' LEj i i ver
75 S&@#ggr%i_cgégsg@agﬁg pHOes SFlcif SPwHTER £ rirt ol 8h %
second die included in said plurality of die are inquded in different products
that are sold at different prices in correlation to a performance level at which

functionality is provided.

76.  The die classification process of claim 69 wherein each one of said
plurality of dies are fabricated with the same desig‘n and are distributed with

different performance levels.

77. A method for increasing the yield of useable die from a wafer
comprising: | | |

fabricating a wafer, wherein said wafer includes a plurality of die and
wherein each one 6f said plurality of die have a functional component capable
of performing a pﬁurality of sub-tasks in parallel using a plurality of functional
sub-components; | B

identifying each one of said plurality of functional sub-components that

are operable and that not operable;
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91. A renote reconfiguration nethod: engaging in a die

functional conponent reconfiguration request process
wohersays2a system requests a reconfigurati on cedeuSeman3o127

a renote resource; executing a reconfiguration code

production process wherein said renote resource

pr disabling operationaxfieash dnerofsaidipluealibn6f fymctiohahsuiwde;

and perform'ng a die functional conponent

comphenty Giat afd BN as hot bperabl: - r econfiguration code
I's recelved by said systemwherein a die functional

co C) : : - e
o CRRPH sorh R SRty 5 eqth SFE B PARFR A of fhfrigel
- net hod of im 9 erein said reconfiguration
subripiRaens Bt el nbied 85 BppfRist i ng sald di e
functional corrﬁonent reconfi guration code; and
r esortingzpid grah ane of satsk pleredify efslip d1e @ performance class
reconfiguration code. 118 WD 2005/ 029329

basBCBhUba @pérdl86 sRitud 8f sditl dumativnaksubecompbyents:; iamd
met hod of Claim91 further conprising engaging in a

r egaNagiiy Giid BNs4lQ PeurBity 16f 8aidaie hadingaliactid eal®t
process to obtain a reconfiguration code perm ssion

con a;e&?stg@%\t/\ﬁ%dfnotﬁb%ré@@?f@aia %perbfrisgwrm&}aqagdmaaddisfis

erelrn sal reconfiguration code' perm ssion

sortel % PR PR T aRInHBTRS s2F0erBlE ot or - and
receiving a response to said request and paynent for
said perm ssion indicator.

78.  The method of Claim 15 wherein said sub-tasks include graphics sub-

tasks.

~ 79. The method of Claim 15 wherein said non operable functiorial sub-

components are identified as part of a testing process.

80. The methbd of Claim 15 wherein said salvaging one of said plurality of
said die includes marking said die with a perforniance indicator that
corresponds to performance capabilities of‘said, one of said plurality of said

die.

81. The method of Claim 15 wherein said one of said plurality of said die

includes graphics processing pipeline functional components.
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95. The renote reconfiguration nmethod of Caim91l

further conprising engaging in a reconfiguration code
WQe00F(esi2en i ndi cat or response process to responaSkm4/a30127

request process to obtain a reconfiguration code

perm ssi-on indicator; 96. .-The renote reconfiguration
82net Abe roethod0fiGlgim 1& further comppisirg digcarding eheiofgaid

paynment for a perm ssion indicator; and forwarding

plusalitg afeaid dieithat doedi Fmb%vidélfmlq&ﬁ@ﬁtﬁ%li‘t@ recei ving
'said paynent. 97. The renote reconfigurati on nethod

of Claim91 wherein said reconfiguration code
production process conprises: receiving a request for

5P D 0 P e R

119 WD 2005/ 0293 US2004/ 030127 pr.oviding a

39 PCT, . ,
Prodigmhrads praPPdieddberein for savsing & sicsiitarimpiement Binctignal
valid. 98. The renot.e reconfiguration method 97
compenentcardiggratinnonoedygeinstiustions cdmprisioguct i on process
conprises. forwarding denial. indication if said
per aifssdtiomalitycirackirgr moduledor disddtihg rAQinténanes bf RiMational
conponent configuration process conprising: receiving

comPoheﬁﬂ' GRrafiond chardcedtistic@nald conponent confi guration
alteration request; . determning if said indicated

f ung toARGHraBBAMELEIR 1ot AHek RicBBnal component

configuration.

84.  The computer usable storage medium of claim 83 wherein said
functionality tracking module determines if there are other functional

components that can handle Workﬂow of an identified functional component.

85.  The computer usable storage medium of claim 83 wherein said
functionality tracking module checks a function.ality indicator against a

predetermined correlation list of operational characteristic settings.

86. The computer usable storage medium of claim 83 further comprising
dynamically chariging said functionality indicator as part of a functionality

negotiation process.

87.  The computer usable storage medium of claim 83 wherein said

operational characteristics are set to maintain product differentiation.
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alteration is authorized; and directing alteration of

sai d functional conponent configuration. 100. The
wouoistozgzal conponent configuration process of PCraism09930127

further conprising checking an indication of said

functi onal conmponent operational characteristics.

101. The f.unctional conponent configuration process of

claim99 wherein said configuring of said functiona

88. COMMRNINipULEr G BIIraHE theumRiT QIS w?emaé BRirARlof

controls said alteration of said functiona

funERERGRonditE e B sRTh L IRGerdRTO NNy carg O

operational characteristics includes consideration and
coordi nation of various operational objectives. 120 WO
2005/ 029329 PCT/ US2004/ 030127 103. A functiopal .

89. conperrampuientsaile starage mediymiof driH@8 whasaiysaidng:
anal yzi ng functi onal conponent operational behavior;
insteedtiensrare adlrioper at i onal characteristic setti.ngs based
upon results of said analyzing; and configuring

functional conponents in accordance with said
operational characteristic settings. 104. The

90. Gugﬁ{e# %@utgﬁa@ém& Qfor&%é‘gdr%ﬂtﬂtdf%lﬁ"@éw&em@éi&%ﬁw@?

erel n sali yzing functional conponent

is diSH ru L4 O3l nBflg! or TS

91. Aremote feconﬁguratiqn method:

engaging in a die functional component reconfiguration request
process wherein a system requests a reconfiguration code from a remote
resource;

executing a reconfiguration code prbducﬁién process wherein said
remote resource processes said request for said reconfiguration code; and

performing a die functional component reconfiguration process if said |
reconfiguration code is received by said system wherein a die functional

component is reconfigured in accordance with said reconfiguration code.

92. The remote reconfiguration method of Claim 91 wherein said
reconﬁguratibn request process comprises:
requesting said die functional component reconfiguration code; and

receiving said die functional component reconfiguration code.
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performed in parallel for a plurality of functiona
conponents. 105. The functional conponent
woaodsioges2at i on anal ysis process of Caim 103 ROEUSRW4/030127
sai d anal yzi ng functional conmponent op erationa
behavi or ircludes t.opol ogical inversion analysis.
93-106Therﬁ@nptﬁ1@qoaﬁawa&@ ked ot Glaim QI furthen camprising
process of Claim 103 wherein said analyzing is
engaging imadeconfiguratirscddevmarmissiorcindidaipirretjuest process to
abstraction and conponent organi zation. 107. The
obfaina reeuifigubiaPrssid pafiMdidiindicatst, anal ysi s process of
Claim 103" wherein said operational characteristics
settings are determ ned at various |evels of
configuration abstracti on and conponent organi zati on.

108, The functional conmponen figuration analysis
941 oBus SgptiecoRfidatian o eigs/am S dhersin 3ai
PCT/ US2004/ 030127 wherei n sai d anal yzi ng functiona
recopfigirtian cegebsrmissian ipdsalar spayast Prgess campprisrss:
extracting testing information for a plurality of
f unforwarding aseguesians paymeanh fareugermission indicatanpodent
granul arity-and organi zation | evel s; exanining. said
t estacBying 4 eespirisertodaidvi@questaridipeimentabr salthpaeission
granularity and organi zation | evels; establishing
indiagsrat i onal characteristic setting adjustnents based
on results of said exam nation; and factoring said
operational characteristic.setting adjustnents into
said determ ning of operational .characteristic

95.Set+|l1t=p 9esrhote reconfiguration method of Claim 91 further comprising
engaging in a rec'onﬁguration' code permission indicator response process to
respond fo a request process to obtain a reconﬁg'uration code permission

indicator;

96. The remote reconfiguration method'of‘Cla'im 91 further comprising:
receiving payment for a permission indicator; and
forwarding said permission indicator in response to receiving said

payment.

97. The remote reconfiguration method of Clai.m 91 wherein saiAd
reconfiguration code‘production process comprises:

receiving a request for a reconfiguration code and a permission
indicator; | | |

analyzing validity of said permission indicator; and
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109. The functional conponent configuration analysis
process of Claim 103 wherein said configuring

wouoistozgzal conponents in accordance wth sai dPCT/US2004/030127
operati onal characteristic settings conprises:

determ i ndi cat ed_ fyncti opal, conponent
conffioy 85?100“3 @2'8{'&%‘9 lfssa)%hneam%ﬁ'%m iegfor is valid.

al t eratl on.of said functional conmponent configuration;
and diverting workflow in accordance with said
alteration of said functional "conponent

98.cornThey reradteaecorifigrativrf metHododivheestn aseia reconfiguration
confl guration systemconprising: a bus for

JROpFENE GH ff)l%ewf:@rh &éé’fbr@ﬁﬂﬂh@ ?Eﬁié‘?'ih&iﬂéﬁonr?uf said

processor proce S|ng sal ormati on

perbﬁééué#ﬁdué%ﬁér 'SI'@‘E}’&@C“ onl nformation and i nstr uct! ons

or m ng, al conponent configuration

anal ysi s process; 122 WD 2005/ 029329 PCT/ US2004/ 030127

a. menory for storing said informati on and

instructions, including information and instructions
99. orA fenctienai Ginporant sonfigiiatien PSSR CorapRSIngUr at i on

anal ysis process; and a display for displaying a

gr apheiving arsindicatior of adenglioesbcomponenbtonfiidation

information and functional conponent configuration

alteptesratdopiest; settings, including information
associ ated with anal ysis of functional conponent

OPRI AR .Pgaavﬁda&ataa%rﬁﬁfﬁé%&ﬁpbﬁénp& rafigrPnal

characteriStic settings uncti ona conponent

a|te?élﬁg,{ %‘Hﬁﬁér%d?gﬁ‘éyS' s process of Claim110

directing alteration of said functional component configuration.

100. The functional component configuration brocess of claim 99 further
comprising checking an indication of said functional component operational

characteristics.

101. The functional component configuration process of claim 99 wherein
said configuring of said functional component is accomplished by
programming a value that controls said alteration of said functional

component.

102. The functional component configuration process of claim 99 wherein
determining said operational characteristics includes consideration and

coordination of various operational objectives.
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wher ei n sai d-graphi cal user interface indicates a pass
or fail status for functional conponent buil ding
wohoiskgozad vari ous |evels of granularity and i RCT/US2104/030127
time. 112." The functional conmponent configuration
anal ysis process of Claim 110 wherein said graphical
user interface presents topological inversion
information in a user friendly manner. 113. The
103. un& ffistishatccomporearit coafifurgtiom analysisabgess conprisisgy: of
Caim 110 wherein said graphical user interface

f acahdiAhg funttiBhal dUrapGdrit @PemitiohaMsatizawer; functi onal
conponent ~oper ati onal behavi or anal ysi s and

oPeig %E’ﬁ@ﬁ’lgcé}saéﬁ@ il &eﬁ%@eﬁ%g%ﬁé@c?ﬁpoﬁ Hsuitt6r

con uration rocess of
110 123 MD 2005/029329 PCT/USZOO4/030127 wher ei n

Sa'gé‘lnﬁyé%ﬁp al user interface facilitates user
interaction in failing pattern recogniti,

pr ceRNfGUERY fwmtmamqmpww ineRerogeRGeg WA %% operational

algorithm adjustnent. 115. A flexible integrated
charactevistic setfihgsig nmet hod conpri'sing: preparing a

plurality of integrated circuits for testing; testing

said plurality of integrated circuits; and perform ng

a functional conponent configuration process on said

108! UFRd fddétl@ﬁal' W@ﬁ%ﬁfg&%d@@%é proeass f wldu‘fh 63

sai d testing. lexible integrated circuit
| d
whi T SHR eI RinshpiTohibnthrbfapafar ok &6t B9 I1C

pe#§rH§J ﬂ%e garaliel for a plurality of functlonal‘components.

105. The functional component configuration analysis process of Claim 103
wherein said analyzing functional component operational behavior includes

topological inversion analysis.

106. The functional component éonﬁguration analysis process of Claim 103
wherein said analyzing ié performed at various levels of configuration

abstraction and component organization. -

107. The functional component configuration analysis process of Claim 103
wherein said operational characteristics settings are determined at various

levels of configuration abstraction and component organization.

108. The functional component configuration analys,is process of Claim 103
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in parallel on said plurality of integrated circuits:
117. The flexible integrated circuit testing nmethod of
wGCheismaed wherein said testing and said funcPComakoo4/030127
conmponent configuration process are perfornmed in .an
organi zed testing hierarchy. 118. The flexible
whéretregaidaadlyzingdunctionad comgomenh operstioBlabbehavigr funtheei n
said organized testing hierarchy includes various
comigess of functional conponent granularity and
~organi zation. 119. The flexible integrated circuit

estinm. ) o o N

t oo BfFieei Molh Ao £ BLFARy o R londl #abpREnts a

topal ogi ca iLnversion analysis. 12-4 W) 2005/ 029329
varige clona) sosarEnt s By PN <Y By ci 1 cui

testing method of C aim 115 wherein said. testing is

pe SXaniiing seidtegting infeinaafions ehyariousfinctigeal component

flexible integrated. circuit testing nmethod of C aim
granularityarel @iganization levels;i ng is performed at a final

tort stage, 122. The flexible integrated circuit

t esdstdigishin lopération@l aharabidristiaseatting sdjudtmeatt baxbdadid

said functional conmponent configuration process are

res@%é@dﬁ@gﬁlﬂinaﬁane&% neering node. 123. The flexible

Integrated circuit testing method of C aim 115 wherein

 corrgiabrRbRRaaR ot AT R ents i s
node, 124. The flexible iptegrated circuit testing
det§iBtinpg & pperationeh Sherarerisfic, SSifgs:

109. The functional component configuration analysis process of Claim 103
wherein said configuring functional components in accordance with said
operational characteristic setti'ngs comprises:

determining if an indicated functional component configuration
alteration is valid;

directing alteration of sgid functional component configuration; and

diverting workflow in accordance with sa.id'élteration of said functional

component configuration.

110. A functionél component conﬁguratién syStém comprising:
"a bus for communicating information and iﬁstructions;
a processor fc;r processing said information and instructions, including
information and instructions for performing .a functional component

configuration analysis process;
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testing includes at speed testing. 125. An integrated
circuit conprising: a plurality of functional

woaopmnends for perform ng processing operati 8as/US2004/030127
di stribution conponent for di stri buting information to

sal d El uraldl f)é? %%@Q ion.an Qﬁ@fwgﬁ@s dawgvgwsm

confl guration controller for configuring operational
infosmatian eadiisstredions fonpedermipge tinclienal gempenenty of
functional conponents; and a'configuration

corrﬁgm'amhcamailysis prtowssaandf or communi cating i nformation
related to said operational characteristics of said

oney gfs Wf@r 8fsp ﬁsgﬁﬁ’g B'g#éﬁhlbbb’usé?fmt%ﬁﬁ@é 'p‘?@s”éntatlon of said

conmpon nts to fTom an external device.
infopBifiBh 3pitufindord) GeftincrieRt Bhrivaty it 8 fc%%'nseﬁ'{‘%s’
f ti t t .. d 127.
inch o bReMab ghaecktel Wit AhaBs pH RO T sobPselt
125 wherein said testing information and sai-d )
operratienal behnvioo ape ﬁ@i@rmmgo@ of ape@tionak eiaractesistic gettings.
comuni cat ed by said configuration comruni cation

interface at various |evels of functional conponent
granul arity and organi zation. 128. The flexible

111, ntﬁsﬁ firktosalrcomp ohérstidondgoritivncareflysid picoets of @lgiel 10
sai d

wherein said graphical user interface indicates a pass or fail status for

functional component building blocks at vérious' levels of granularity and in

real time.

112. The functional component configuration analysis process of Claim 110
wherein said graphical user interface presents topological inversion

information in a user friendly manner.

113. The functional component configuration analysis process of Claim 110
wherein said graphical user interface facilitates user interaction with various
functional component operational behavior analysis and operational

characteristic setting features.

114. The functional component configuration analysis process of Claim 110
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testing information includes topol ogical inversion

analysis information. 129. The flexible integrated
woioasez2b esti ng met hod of C aim 126 wherei n saCcT/US2004/030127

testing information includes wafer. probe stage

informgtion.. 130. The flexible integrajed circuit,
whelBlT A8 arehiea bsercariacesaciites HRcLBlTact fitaing

i nformation includes final sort stage information. 126
patigo reamniticrg pyofuttianstest iunisg and fekl corfiguratiorealgatitun

circuit of Caim125 wherein said configuration
adjustmamti cati on i nterface receives operational character

setting information associated 'with failing pattern

recognition, production test tuning and field
' configuration. algorithmadjustnment. 132. An externa

u : e LCOnMprising: a

119 B e o st e Pl EOHRL G

for-functional nents: a functipnal. conponent

opdirabrtaf KUty B iiearted Gredear feefingyg

operational settings for said functional conponents;

andestingsaid puralitophiatearatast gisstitsad@nédn nodul e for

organi zing test information associated with said

f urperfooming adupotienal somiBhent benigurationpréagsstancsaid |

conponent coordi nation device of Caim 132 further
plu@mgmsfi iflegBatadotinhuts begedaiponresalis ofigaiddpstirigrent

nodul e for creating global operational setting

adj ustnents f.or said functional conponents and

providing information regarding said global, operation

et ' 0 SA - . o
116 s R R RD AfaiTRb g MRS RPN grein sai
testing and said functional component configuration processes are performed

in parallel on said plurality of ihtegrated circuits; '

117.  The flexible integrated circuit testing method of Claim 115 wherein said
testing and said functional component configuration proceés are performed in

an organized testing hierarchy.

118. The ﬂex‘ible‘integrated circuit testing method of Claim 117 wherein said
organized testing hierarchy includes various levels of functional component

granularity and organization.

119. The flexible integrated circuit testing method of Claim 118 wherein said
organized testing. hierarchy aqcommodate's results directed to topological

inversion analysis.
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operational settings for said functional conponents.
134. The external functional conponent coordination

wdevispesnd Cl aim 132 wherein said functional eomusSz®an30127

operational setting nodule conprises a defective
resol ution nodule for determning if said functional
conponents operational settings can be adjusted to
sal vage a_die. 127 WO 2005/ 029329 PCT/ US2004/ 030127
120135Th¢rf@x@@ mtwﬁtemﬁ%¢ulbtﬁ§tin@ pte’ AT Claigy tidwhetsin said

"device of Claim132 wherein said test information is
testing as peddrnaed at diwafet praberdtagerr chi cal  architecture of
functional conponent granularity and organi zation.
136. The external functional conponent coordination
“device of Claim132 wherein said testing information

124,75 THE R RfiodiefbbOBstifl HAS) BPCRIf 119 fiflerch?hid
onpone (? ﬂ r}a Lon devjce of Claim 132 wherein
tesitag i pSﬁQVQ? ghaginna g?lggaé;[e setting i nformation

includes information related to failing pattern
recogni tion, production test tuning and field

configuration algorithm adjustnment. 128
122. The flexible integrated circuit testing method of Claim 115 wherein said

testing and said functional component configuration process are performed in

an engineering mode.

123. The flexible integrated circuit testing method of Claim 115 wherein said
testing and said functional component conﬁguration process are performed in

a production mode.

124. The flexible integrated circuit festing method of Claim 115 wherein said

testing includes at speed testing.

125. Anintegrated circuit comprising:
a plurality of functional components for performing processing
operations;

a distribution component for distributing information to said plurality of

functional components;
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a functional component configuration controller for configuring
operational characteristics of one or more of said plurélity of functional
components: and

a configuration communication interface for communicating information
related to said operational characteristics of said one or more of said plurality

of functional components to and from an external device.

126. The integrated circuit of Claim 125 wherein said configuration
communication interface communicates test information to said external |

device.

127. The flexible integratéd bircuit testing method of Claim 125 wherein said
testing information and said functional component configuration information
are communicated by said configuration communication interface at various

levels of functional component granularity and organization.

128. The flexible integrated circuit testing method of Claim 126 wherein said

testing information includes topological inversion analysis information.

129. The flexible integrated circuit testing mefhéd of Claim 126 wherein said

testing information in.cludes‘ wafer probe stage information.

130. The flexible integrated circuit testing method of Claim 126 wherein said

testing information includes final sort stage information.
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131. The integrated circuit of C|a|m 125 wherein said conﬁguratlon
communication interface receives opera‘uonal character settmg mformatuon
associated with fallmg pattern recognition, production test tuning and field

configuration algorithm adjustment.

132. An external functional component coordination device comprising:
a testing modﬁle for generating test vectors for. functional componenté;
a functional component operational setting module for determining
operétional settin'gs for said fqnctional c’omponen'ts; and
a testing information organization modulé for organizing test

informatioh associated with said functional components.

13‘3. The exterﬁal functionai,_ component coordination device of Claim 132
further comprising a global operation setting adjuétment module for creating
global operational setting adjustments for said functional components and

providing lnfOrma’uon regarding said global operation setting adjustments to
said functional component operational settlng module for use in determining

operational settings for said functional components.

134. The external functional component coordination device of Claim 132
wherein said functional compenent operational setting module comprises a
defective resolution module for determining if said functional components

operational settings can be adjusted to salvage a die.
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135. The external functional component coordination device of Claim 132
wherein said'test. information is organized according to a hierarchical

architecture of functional component granularity and organization.

136. The external functional component coordination device of Claim 132
wherein said‘testin'g information includes wafer prbbe stage information and

final sort stage information.

137. The external functional.component coordination device of Claim
132 wherein said. 6perational~character seﬁing i.nformat‘ion includes
information related to failing pattern recognition, production test tuning and

field configuration algorithm adjustment.

128



