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Background

[0003] As CMOS technology is continually scaled to smaller dimensions, process
variations due to process control limitations as well as fundamental physical limits tend
to increase. Embedded memories such as embedded SRAM are particularly susceptible
to large process variations because of aggressive design rules and their small size
compared to other digital logic. To deal with this large increase in process variations,
memory circuit designers typically use overly conservative design approaches in order
to achieve high parametric and functional yield.

[0004] For example, a designer may trade-off performance (e.g., speed) and/or power
consumption for yield by designing a particular integrated circuit (IC) to function over a
broad range of process variations, including both local (within each IC) and global
(among ICs) variation. This results in a larger percentage of the ICs produced being
operational (i.e., increased yield), but the sacrifices in performance and/or power
consumption may be substantial in those ICs that are not subjected to the full range of
process variations. Due to the statistical nature of process variations, the actual number
of ICs experiencing substantial performance and/or power consumption degradation
may be quite high.

[0005] FIG. 1 is a schematic diagram illustrating a conventional memory system 100

that reads/writes data in accordance with a word line (WL) pulse. The memory system
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[0008] This approach has several limitations. One limitation is that the WL pulse width

is fixed for all ICs based on extreme process variations. As discussed above, many if not
most of the ICs do not experience such extreme process variation. Therefore, large
performance loss and additional power consumption may affect a majority of ICs
produced. Another himitation is that large testing time is required to measure the large
sample sizes needed to accurately determine the value of the optimum WL pulse width

for a given target yield.

SUMMARY
[0009] Exemplary embodiments of the invention are directed to systems, circuits and
methods for adapting WL pulse widths used in memory systems.
[0010] One embodiment of the invention is directed to an apparatus comprising a
memory system. The memory system comprises: a memory operating according to a

wordline (WL) pulse with an associated WL pulse width; a built-in self-test (BIST) unit
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present ed tnch?dir?g sets o 1%5'(91?0 I%rnls xecu{?abf% by a processor to adjust a wordline (WL) pulse
width in a memory system including a memory operating according to a WL pulse. The
computef readable medium comprises: a first set of instructions executable by the
processor to perform a self-test on the memory system to test the internal functionality
of the memory under the current WL pulse width; and a second set of instructions
executable by the processor to adjust the WL pulse width of the memory based on the

results of the self-test.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The accompanying drawings are presented to aid in the description of
embodiments of the invention and are provided solely for illustration of the
embodiments and not limitation thereof.
[0015] FIG. 1 1s a schematic diagram illustrating a conventional memory system that
reads/writes data in accordance with a word line (WL) pulse.

[0016] FIG. 2 1llustrates a memory system.



enbodi nents of the invention and are provided solely for illustration
of the enbodinents and not limtation thereof. [0015]FIG 1 is a
schematic diagramillustrating a convenyional nmenmory systemthat
reads/wites data in accordance with a word line (W) pulse.
100161FIG 2 illustrates a nenory system 4 [0017]FIG 3 is a flow
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wirel é@gglcorrrrunh@t | 6lrslnu NSE iff EE%G g@?‘#‘??g\? pulsE Wi contrdiler of
FIG. 2 using an n-bit counter.
[0019] FIG. 5 shows a block diagram of a design of a wireless communication device in

a wireless communication system.

DETAILED DESCRIPTION

[0020] Aspects of embodiments of the invention are disclosed in the following
description and related drawings directed to specific embodiments of the invention.
Alternate embodiments may be devised without departing from the scope of the
invention. Additionally, well-known elements of the invention will not be described in
detail or will be omitted so as not to obscure the relevant details of the invention.

[0021] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments. Likewise, the term
“embodiments of the invention” does not require that all embodiments of the invention
include the discussed feature, advantage or mode of operation.

[0022] As discussed in the background, the conventional approach to optimizing word
line (WL) pulse widths for memory systems in a given batch of integrated circuits (ICs)
accounts for a wide range of process variations by trading-off performance and/or
power consumption in individual ICs to increase overall yield. However, this approach
is typically overly conservative for many if not most of the memory systems in the ICs.
To increase the performance and reduce the power consumption, while still maintaining
and potentially increasing the overall yield, embodiments of the invention adjust the
WL pulse width for each IC individually. Whereas conventional approaches restrict the
WL pulse width in each IC to a conservative value based on average measurements for
the group of ICs, embodiments of the invention allow the WL pulse width to be adapted
to each IC individually in order to optimize performance and power consumption in
view of the actual process variations experienced by that IC.

[0023] FIG. 2 illustrates a memory system 200 according to an embodiment of the
invention. Memory system 200 includes a memory 210, a built-in self-test (BIST)
circuit 220, and a pulse width set module 230, similar to the conventional memory 100

described in the background. However, memory system 200 adds an adaptive WL pulse
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[0026] Adaptive WL pulse control module 240 communicates with pulse width
controller 250 by sending a load signal and an up/down signal. The load signal instructs
pulse width controller 250 to load the initial WL pulse width code. The initial WL pulse
width code may be provided to pulse width controller 250 by the system controller, for
example. The initial WL pulse width code value may be determined based on
simulations, for example, taking into account the range of process variations, etc.

Because the initial WL pulse width code may indicate a WL pulse width that may not be
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set nodul ecoBlien 250rdurmgt Wi pulstywidtl detewniiationy sedfréwr codsaxtprogrémming

or witing._t 210. 00301 .Lt wiJl, be appreciated b n f
or dimar y " SRIRRETRE e TBe Wit 2BRGhiftn. dsts® B b R BR Rt BRw R mire
| oop 280 t evigBadodbs i RAtRBEsatilyVEavRU SRndtdhid rdRRRshibab RRual WL pulse
optim zed code wi thout keeping track of which codes have been

sear ched byvidhardaspdrg 268 18 usechiyl wmap g dseedenepcl ¥ Eandsenyidth ceds sothat the
However, t f o] 2 Is. phot i.ntended to.liqg.t . the e of
vari ous enggt&’:d?ren S pgfs(ét %@&t}ln\%rgﬁjt i%ﬂs,e \I%I?tf:rlh ngrtm}n%q%%eer frat ive aﬁéggéézreaases
menory or hiveotonk@lly aviketdp ptd-dedoded Wihpalke 608 oba \PailReegidtt &8 hediule 230
[0031] FIG 3 is a flowdjiagramillustrating the operation of an

adapti ve WD @@nistoihe| Wb pulse soddiused fos reading ihonioamitingfto premoryigdhit i on.

The o tion o i, dit:h -of

a1 B oot PR Sl By e PEL Rkl BN IR o RO BIY BRLER s
reference udarttive Wontantdol $oqpna8G talesuch Hedpatbotisd. WLORRR] Addth rodileg fdroan
enbodi nents of .the invepntian, each ] C_i ndependently sets its .own ,
pul se wi dt ﬂl?ﬁﬂ‘lrﬁeg s VB0 ﬁwsyms&acjbﬁ&m%a Cagks Payehesn SRS . Ripseaging
whenever ngedednoEQh @ﬁ‘sﬁi@”&e% | 4 ! g t y i
degradati on ef f%gct s,crsuch asreﬁ\é\@%céﬁ?g@ Ig??gﬁl%’g,ﬁﬁg%gaﬁ ve ?ra%m s nof
t enper at ur etemistlatoi linity theNBDpy «f faoius, eshadimentayofr thduimeerttiva, which may

f f th ime. . It be. desj rabl e, t fore,
o ad) uet - EiEng Tl ini ihs e ockveP St fichgodes Panparietid
of theosnventi orFIGOB @M How Middrahl iMustiidhg 3hS Op SHRSLHUSN hiapti® WL control

optim ze nenory operation in |'1ght of degraded IC charactéristics.
[ 0033] Oncelaoeacsgudingrtp @arenhorinagnt @f disl iskentive. Baaprarationf optintiziog theovp.

220 11 0 bUeFATH 5 IR b BB A PR RELB R SRkt o

| oad_code Fi@Ral and’S]apd with rt¥erdiidk sethe@bhtiell sighathdcecrid@ absivd, ur n
instructs pulse width controller 250 tq |load the initial ul se

WL
wi dt h{Wadle us: ndcePingyacmiogiammts phiheanvanden @ehit crdependestly seis pisiosm
ui dt h 8 FpidinEdas Behs
tots The w DB Rl 80 ERBe WBnaoEP ILimBRD pn il oo GINE hdneer

nodul e 230needdd| B&3Xkptipie wehickndvnpagesdependint) menagtdegadaipdn sffec, such as
pul se control nodulg 240 instructs BI ST 220 t. f a self-test on
merory 210 MsTRER T ECEnesLYe b e rsia By (N gy oS, sismapaeduce
the self-tgal,@REMhAY ShE e ot} Biel R nifiFpAgaRED e WerRE! RCadjust the
control nodul'e 240 using the donhe signal. BI'ST 220 al so passes tﬁe

resul ts of Wheutsel widtlhest theomamart accerdiig puksdodiorentsodf fedoventi2dtot only

ne pass sranap: o dse albSalenBk ontier Pl AR ol g of Saedic

speci fi cat cpfisctergieer di ngly, adaptive W. pul se control nodul e 240

wll attenpt to increase performance and reduce power consunption of
this P¥R3li cul ar Onee theosygismsepntiplighenabées\ihe pdaptize Mohicestroldpe 80 2gi0g the

W ol son SRS RN B ER diRp@wd SHE, St pllulelad 6 m3IARM WE

decrease t pels¥vifhlcade Wit hedos® cdé signdlhadapiveovn paisgrdhtrélthedlic 240 in
332). Decreasing the W. pul se wi dth _code, and gQr_resEondi ngly the WL
pul se wi dt Hl,mnaigm&m R Hidlth eonteplienAs i loadithemitind PR hgwipepidtty eorerising

and reduceg, pRug rsig‘figlr.]%ﬂggtvé/iﬁﬁr co-ml%llgluﬁ(? BllrltpWS Y !irﬁf?al%t lghléesw?cﬂf? lci)t?edto
decoder 260, which subsequently sets the WL pulse width to the initial value through
pulse width set module 230.



240 instructs BI ST 220 to perform a subsequent self-test on nenory
210 using the en_bist signal to test if nmenory 210 is operational
under the current W pulse wi dth value @gblock 334). As before, BIST
220 performs the self-test and indicates conpletion to the adaptive
WL pul se control nodul e 240 using the done signal. BIST 220 al so
passeqoBine r esuldnse e WhusRliditeis et Qda@ﬂﬂ@ww?‘ulwc@ﬂi& hod@RtZ40linstructs
modul e 240 u5|ng the pass signal (block 336). If nenory 210 passes

thi s subseBiehi22840 pexfern a seti-tpy ot pemonp2ihnsingndic ey bist gignelr (blgek 310).

wdth adabl D@ en i EE G ROPERT aBhiRL e Qb &5 BLERRRR gD b
i ncrease pesifta iddtite 240udiglthecioneWeihall BISTITRD iakia [Fabldek MRS rebiits of the seli-
repeati ng the above o‘{%erati ons (bl ocks 332 through 336) in an

iterative fghiverdapting YVLadssropntralonedyle 24Qugng eqasntizuge (Flogke320).

[ 0037 e a faid i S.d ndi y e Lf - , "
oper al@; al i mﬁt g p?)?g fé&%@%ﬁ@f& tﬁ?\%ﬁ%%@ﬁﬁr g{zfcﬁég at;%?:%)trralégnlg yr,mmrnUlm
adaptive Wilegigi secifieatiom] Awtatdingly? 40aptive tWLGlussecodolr pdude) LAOVWiilh gttempt
nodul e 270 using the wite code signal to programthe |ast W pul se
wi dt h code!® Bsteaserafarpgnesand rsduce pay et sppsupydion of tus pagticalap fey ¢ dq so,

W pul se wi _ : \ i R
Ul 6. i Y WE phlde b ol AT 0 Gftfrs 33 Uptinfipatiof Jadlelb e gl 330),
adapti ve Wn pu$ sedepadaptive Mod yluéseZb@trof niodile 246 metrtdie polve mtidadcontroller
signal. If ry 210 sti asses.t he subsequent seglf-test with t

o Pini mum 900 g1 ety W& e i SR JOTS T BORORBCRETR | lagk 352
progr ammed DeBlefsif O UR: WAPHALE HTHINGDIEPEMH Bordeh ondiﬁgfgﬂéfvﬁg?mse%nm, BYay

entering the optim zation node, an adaptive con p accordi ng
to enbodi mehew thd IE e fungtiem widninmeysed qresiernahdeyand redwecsd @owier consumption.

f d he . ti ticul | C .
(5030 Rot u e At Bwl £ §o e PR o AR TReEL P fA ot B o 3h) P v
fail is indbdaiherk Rynidi@eaned sbarabs the MetAIGVLURIwidBEiJd8Y t he
m ni mum desi gn sqpngm fications. In conventional nmenory system 100,

this W9&86ld meanOngathe Wilspules widtlyhay beeg updatges asiepiive Wanpulop eardroh snasiule
to be disc j t j ' Je

this parti o A ERnEl 20 S Yelbb oL GusHeet BEELS: 8 el HObRE e
may pot ent ealbiy denairid tegaifadehyry 21@r Bagicrgiohflenrtden hen@irgnn WL pelse width
i ncreasing the W. pulse width). To do so, adaptive W. pul se control .
modul e 240 V&HE él?lgcla%@cé\?é’ﬁfm T B0xexogny s ssigpst apd indigatesgompletion
adapti ve I IS : ks Hohl
250 10 1 nerense rha i Se ek eduReH e P Bl PRS2 o
(bl ock 341passentheeaasiltsgoit the sUlf-tepulis edaptioe WEqddse amdrot orodekpbtidusigg yhe

the WL pul se wi.dth, ow.the 1C ta stably.function beit.at .
reduced pePfBr i e(bﬁé ﬁé)h\f%amr?fnéﬁ%rmgo%ﬁesc%ﬂl&ﬁ gt S%‘ées&u‘rtr‘én?ﬂl
W pul se Wogéhtidil 8RRl diRier 1@ iRBEREY ﬁ%ﬁb@oﬁﬂ%@ﬁﬂ%ﬁleﬁwaﬁ%ﬁ?ﬂjt\!fnﬂlélcﬁa%reased
wi dth code I n the manner descri bed above for the initiall W. pul se

wi dt h code WL posevaaihe Adaptivgl Wupwse edmdroh ninglaleh2ddhwilp than etiemptitapinisease
WL pul se control nodule 240 instructs BISI 220.t0 per.form .

subbequent TR P fesie e ELA SR p Ry hd L kY BrBRtng Biffbors oparapions
i f menmory 230cksS3p@ralch@1al inafeferdive reatne thtiMbeRubhs Bl ML MdkdtRent
(bl ock 343). As before, BIST 220 perfornms the self-test and indicates
conpl eti onSelEt®Bhe adaptive W. pul se control nodul e 240 using the done
si gna | ST 22 0 : sul selfate IYAY

WL pu:[osogﬁcont rol%n%giuragﬁzszgﬁiﬁ%?%gﬁfh% S]E)lgsse(g&eglk gglafﬁg ,bfhgciﬁei;,%%ngfjfi& its" 5

menory 210nfemdrs 210ibavs besegueird. setdrdingbyt, adaptivieswst pullde dotrol module 240
operational even under the decreased functional requirements arisi n%n
from the i HSFESE cadguensgraampg medules? 100w therwatenepde pignahiq BiRgr the

W pul se wyg} Wﬂ]ﬁﬁs@%dtﬂ 86 HEAChRaGR Ia%%gsil?gégelf—teﬁd(ﬁgf {h\é%ré%omepulse
width code in this mode) (block 338). If the minimum WL pulse width code is reached,
pulse width controller 250 will alert adaptive WL pulse control module 240 of this using
the overload signal. If memory 210 still passes the subsequent self-test with the



menory 210 have been reached. Accordingly, adaptive W. pul se control
nodul e 240 instructs code reprogranm ng nodul e 270 using the
write_code signal to programthe 10 |lagt W pulse wi dth code that
resulted in a passing self-test (i.e., the current WL pul se width
code in this node) (block 350). If the maxi mnum W. pul se width code is

reached anehingimi WI2pQsstvidth, thatdisintupe WaUPpSiesiWweiih cod Wil lrSirogating® into
width controller 250 will alert_ adaptive W. pul se control nodule 240
of this usFofif EPOZMERINGAROMIGAH). (bl ock 347). In this case, this

P W, T RS P P O SR o

menory systeamrdiag os ehibgdintenesod thenmnémionf mbih @ofentiglt inereag@yhe performance

potentially increase yield by recovering I.Cs that do not neet the
m ni mum or ?@C, FFQP%%%P@WG‘F%W&FWE%H?%&Mg%l?felcsti |1 able to function

under uced r e t . | I : :
urder 81000 | SUUETRILSp HElniffoNds, SO (ARl RGOBRLERRycd oy
the syst enmtengbise signghatheny bendeacdeiiugt e arcdntube ddi@nt speifihtions. In

control |oop 28Q disabled. At this. point, the tim zed final . .
Pl e wi d FOrSBaRofRL TR vt tite (R eult i A ABHGRaIRD T o defective
passed to deeadald RO tb Bk dUSSded HBERRIY, a%é@rdh{gotg%ﬂﬂoﬁiﬂ%ﬂté oPfie invention,

appreci ated by one of ordinary skill in the art that the Increnental
sear chi ng #ligpattitlar Hewey iybidut sabaged. iFor sxammie.fthe BIST {mlureamay potentially be

urposes, and is. hot intended to lint.the range_of,,searchi

P aor ¢ s e B inste R A sh® st oot iSRS B WadS g iR e so.
of the i nvemptied WEGRulRXMRbEmodule B0 &R&E Ghiebdlea) 8RIE (Bt @rd@nﬁwp In
searching algorith or other searching algorithnms that are well
known in tH&S mosientgiﬁpﬁv%wlbeula@é@mﬁdémdﬂim 4Q tnstuets oulse evidibdiontatler B0

(he oy \PRedBRlR S S AL, AL B ApITL AT 1908l
the WL pulse width code, and correspondingly the WL pulse width, may allow the IC to
stably function, albeit at reduced performance and with a higher power consumption.
The current WL pulse width is applied to memory 210 from the current WL pulse width
code in the manner described above for the initial WL pulse width code.

[0040] Once the WL pulse width has been updated, adaptive WL pulse control module
240 instructs BIST 220 to perform a subsequent self-test on memory 210 using the
en_bist signal to test if memory 210 is operational under the current WL pulse width
value (block 343). As before, BIST 220 performs the self-test and indicates completion
to the adaptive WL pulse confrol module 240 using the done signal. BIST 220 also
passes the results of the self-test to adaptive WL pulse control module 240 using the
pass signal (block 345). If memory 210 fails this subsequent self-test, it is still not
operational even under the decreased functional requirements arising from the increased
WL pulse width. As long as the maximum allowable WL pulse width has not been
reached (block 347), adaptive WL pulse control module 240 will then attempt to
decrease the functional requirements even further by repeating the above operations
(blocks 341 through 345) in an iterative manner until memory 210 passes a subsequent
self-test.

[0041] Once a pass is indicated by the subsequent self-tests, the operational limits of
memory 210 have been reached. Accordingly, adaptive WL pulse control module 240

instructs code reprogramming module 270 using the write code signal to program the



[ 0046] As shown, an n-bit counter 410 receives a |oad signal, an

up/ down signal, and a clk_cout signal. As described above with
reference to FIG 2, these control signgis may be outputted from
adaptive W. pul se control nodule 240. N-bit counter 410 al so receives
an n-bit initial W. pul se wdth code froma systemcontroller or the

like. N bi lasc®Dpelse 410h@dtio tas ra0liet B 4 pasingesli-tW (8] Be cwhditweosigse
and an overload si gnal As described above with reference to FIG 2,

t hg Fverl odad Icﬁﬁ%ﬂm thisympde)(blosk Jad)- Btha aasenye W nwlieswidfuendeds reached
240
R T

count er 41@dapmbﬂ7de$utse rcomﬂr(blrmodm 24nof tissushgy e Gvedcadesigiah (hlole347). In
initial ul se de in accordance with the operations

descri bed %Ge%ﬁiwf &Rraeory agfaded recoyery and IW%%ldél‘eldd%P%ﬁ%QﬂOCk
i's receivedqg 49Y)- bit counter 410 loads the initial W pul se width code
val ues b0 through bn into a series of bit storage devices (e.qg.
flip-[0042] f| opsAccoiierglyrbyupidtchiomg tisd cpealery smods e mmormsmtém(}mumﬂﬁrg to

410 ncrenen or de ments .t he stored ulse th code, i
accolr dance i ?’ﬁmfeﬁ Q?‘the dpghtiy ﬁﬁﬁlpot?gflﬁlglgg{ﬁﬁ‘?%w %EﬁCPY?’“thLQS that do
wel | known nb@m@&@h@h{mmﬁﬂﬁl oft gl &é@ﬁ%ﬂ I&ﬁﬁ?&hﬁﬂfté Bt RE st 51@ thbxt) ctief under

omtted here. [0048] Once the curre pul se w dth co e has been
updat ed, i redusednggpuemerss that pl@mde\smnpdﬂ@boi}\aodcmahiodeemadﬂues Q-

t hat be use adj.ust.,the ;W se.wdth, etc

oper a5 a1 5o Lok 4 P us wBith SPat o Bt Y e S5HY shitip ienal
cal cul at i ofRsy be@eaetreitéd O DistaRa@ie WIT Batrol $6dp0280NGissHIE&d. IMISSp(ﬁﬁtakhe
to indicate that a naximum or m nimum val ue has been reached.

di scussed ap@émized dimpkWispusewidth icpdariststared i ergeirppragivemuiing mqﬂule 270 and
m ni mum f “ﬁ&és%(?{ba&é&)é(eg%é fgﬁﬁg i 81%8{2)? 214.0049] The t echni ques

descri bed Rerern may vari-ous el ectroni cs devices such as

wi r el gEg4icomuniiicaill ba agpreciaes, b)haﬁkd lp€ logklidayi skéls in @@d‘fhrlﬂghaifithb @@Semental
conputing devices, conputers, |aptop conputers,_consunmer electronic
devi ces, eferchipg @ ‘ieﬁswdo?bot"ﬁelst@@?‘\’ﬁl fucllustitivg REtPsEBsand s not

communi cat i Qi {A8YY Gfnit Se ‘ilﬁlgéérdft%@&cﬁﬁé QYborithms that may be implemented according

to various embodiments of the invention. For example, a trec searching algorithm, a
random searching algorithm, or other searching algorithms that are well known in the
art may also be used according to various embodiments of the invention.

[0045] FIG. 4 illustrates an example implementation of the pulse width controller of
FIG. 2 using an n-bit counter,

[0046] As shown, an n-bit counter 410 receives a load signal, an up/down signal, and a
clk_cout signal. As described above with reference to FIG. 2, these control signals may
be outputted from adaptive WL pulse control module 240. N-bit counter 410 also
receives an n-bit initial WL pulse width code from a system controller or the like. N-bit
counter 410 outputs an n-bit current WL pulse width code and an overload signal. As
described above with reference to FIG. 2, the overload signal may be received by
adaptive WL pulse control module 240, and the n-bit current WL pulse width code may
be received by decoder 260 and/or code reprogramming module 270.

[0047] N-bit counter 410 includes circuitry for increasing and decreasing the initial WL
pulse width code in accordance with the operations described above with reference to
FIGS. 2 and 3. When a load signal is received, n-bit counter 410 loads the initial WL

pulse width code values b0 through bn into a series of bit storage devices (e.g., flip-



[0050] FIG 5 shows a block diagram of a design of a wreless

comuni cation device 500 in a wirel ess communi cati on system Wreless
device 500 may be a cellular phone, a tgrmnal, a handset, a personal
digital assistant (PDA), etc. The wi rel ess conmunication system nmay
be a Code Division Miultiple Access (CDVA) system a d obal System for
Mobi | e Comfivpi)c@llienns u(afaswl sigtal Bmecattead], nfti0Lhidf A ed BREentevd eraddfithdnss
capabl e of providin -directional comrunication via a receive path

and a tran&ﬁ%orﬁét\?{% RF}lﬁet‘f‘ﬂémi‘ geds Weadgsagdances ek 4he clio goid signebusipg calaﬁ@r
Feceiver (EUERy B ls BEPIASTELYE Rty ARKEPARCAHEAMLAEE RIAEE of

provi des ahemnal og i nput signal to an appl icati on specific int egrat ed
circuit ASI O 0. On the ansm t transmtt (TMIR) 516

recei \Wé?é nd LoRcE gt gha%e eﬁfﬁ dgﬁ@mqeﬂfqpéﬁﬁeislté SpltAgpurrent
gener ates gypditbaligth &agRalues 52 dt’ﬁa@;ﬁ%ﬁ%@‘u&é@% it B RANGuId Fidih,

the base stations. [0052] ASIC5 may 1 ncl ude vari 8us pr ocessi ng,
i nterface, eendheerontingueperaiomudbo asgps dragk ofeanygmem&dk@@rf(ﬂ( bAD@om the

Fﬁgt r 3(:{ Ir gg rgnlél% @@C T)Bﬁar% %é a&g?(a.gglgs%}rpgst%%eosvgﬁoads SIgnaia}o 1n91cate that a

control | er HpkAGQASE mAFRumAhOhA! Hdh BRFREY ASIscuded exbes, QH&E 1?‘1!1§eful in
interface 534, an input/output (I110) driver 536, an audio driver

538, and advtnedémnmtamaxueummmmmrmmcgmaldy ga&begeseatch@i anal 0g

i nput nal fr tver 514.a rovid

or ooe D4 Soe! " T EERIUES aBitinRl heit S B AP f v PR e b piss dgyipes
526 from digiH & wﬁ@e@%mmoﬁrd@wcéﬁaﬁdmmw@@ Suiiipy de it &) abmpSting
transmtter 516. Mbdem processor 526 12 perforns_processing for data

transni ssi GAVIEeFd CPBBREKS) BRtopecaIpUtEhBFHTET Slesdionia qlqwesa@ﬁoﬂm esemplaTy
decodi ng, %%é:of tﬁé 911&218@%%13 9 (Nn%geg% E@[Mmﬁﬁfcgt%ﬂe\@rfe 1§)H§sfc}1¥9c?§ d
evi ce . or Vi aeo

processing for wre processi ng )
gr aphiiasg] hi gheFIGay shoveppblavitdignsnm cﬁ‘tacdesf;mrnfraohrhxereés)émemﬁmati&;’sﬂ)evice

may direct e operation of various praqcessing and jnterface units
within ASI ébgzbaew?eé? REPTWBHBHN BystEngt YHElesy Véceaﬁﬂﬁ)/%?ypﬁéth ﬁqme

for varioug wihligyWd hiaade! G %?epsonglo n%la'l_:B!ass d‘l's} t %fce; %é anstts

of data between ASI C 520 and a main nme er drives
an 1/ 0 deviomnbuatipm spsteranadoge @rC@Heth\ailom M\dnphcﬁccegméﬁJBMA) system, a

DAC/ d d h b ker,
neadset afad viee oePeBHE et BicTaR (MEaG A s o di oplay uni
550, \MUSQP nay  [Wirdledsi ddvicd S00YS balab SRIreVidlne@DdireBlichal E&Q%Hcﬁﬁ&{ 9ala

menory 532, main nenory 544, and/or other units may inplenent the
t echni ques refeiEr Pask hnk et éllaﬂsmFd?aﬂ'BX@ﬁ‘ﬁh‘é Jrecgine pithy hlgﬂﬁé rtrﬁﬂﬁlgﬁtetdalyy these

gener at ed tlg,ﬁ's?(;%{'a gﬂ},ﬁgh% LQCPE;%%am T %‘%lﬁhp(eggf 0] Dbt \@Vﬁ)

be appreciate Faven SO | cIu

met hods f os1perdceivet B4 tchﬁhtﬁojmhct fHdSived ﬁ@ﬁﬁnﬁlﬁ pebviaet axpﬁﬁlcﬁgrid{aﬁrmgnal to
al gorithms described herein. For exanple, a nethod of adapting W

pul se wi dt A8 aHRIAUIPR SPRSHESY iptegjlederEc UM SHE) Helk Qs the dransiniaea®y o rapsanitter
with the fl(%ﬂ)@f@?@c’efv‘e&’%hﬁ AoGitioRs ahcﬁna?bg output signal from ASIC 520 and

generates a modulated signal, which is transmitted via antenna 512 to the base stations.
[0052] ASIC 520 may include various processing, interface, and memory units such as,
e.g., areceive ADC (Rx ADC) 522, a transmit DAC (Tx DAC) 524, a modem processor
526, a reduced instruction set computing (RISC) processor 528, a controller/processor
530, an internal memory 532, an external bus interface 534, an input/output (I/O) driver
536, an audio DAC/driver 538, and a video DAC/driver 540. Rx ADC 522 digitizes the
analog input signal from receiver 514 and provides samples to modem processor 526.
Tx DAC 524 converts output chips from modem processor 526 from digital to analog

and provides the analog output signal to transmitter 516. Modem processor 526



1005611t will also be appreciated that the methods according to
enbodi nents of the invention may be inplenented in hardware and/ or
sof tware. The hardware/software inpl emepniations may include a

conbi nati on of processor(s) and article(s) of manufacture. For

exanpl e, RI SC processor 528 may be configured to inplenent the

t echni ques péltﬁmnmdmpt:émmgw)r atasieanshridshen aiek cackptiv, kgt eetotimgp piddadazien,
t he operatl on ﬁ%ﬁ internal. menory 532 and/or main nenory 544. The

arti cl e(s) IGROFHRATA 5GP LN Em FiCF lﬁ‘llsﬁ:ePrqcﬁ%?OdeézgsWa@%r ‘?FEHW&“a‘Ffd types of
execut abl e e

P oduct st B oo R e i L e bR e foyer
progr an( s) appications, ucte mgroﬁér/prnsassmcﬁm nsiay odjpeut f ﬂrenbpératiﬁkesmfr Wbﬂﬁhs

operations or functians.. It wll ted that as_used rein a
ot of | e PRt ANt aHG ANTErsap oI AL g1y 33 Stores dats be/cr

[ 0057] Embogisiaetichs Fbr +Rub BYI&NEA AReogbed above of fer several
advant ages over conventional techniques. For exanple, the techniques

descr il9&8¥d her ei EBp53Yifekelithtss trahder elcdwabgtwotn ASIC tSBatanalraynammammy 544,

th i gi ' fi b i d
ner oase | HOo08T4T P3G REFE “RQ HEbirs oib piross cehpRsn SeupifireeaAugi
not assumDA\@dQO&%IW@A&EP&TAdA‘ﬁ?Q@&/cQ%%%hﬂ& %E'acﬁfeﬁk&cﬁ%ﬁds%t an

process variations, resulting in a reduction of ulse w

Phat “nay | APiSPE. BerYGPmithQ UG Hwinesondaniy boR SShavhich enisees e diguid
as well as tability, for exanple, by reducing the

pr obabi | i tﬁll 81%@135?#3D§ ecause of the tighter distribution of

power [g@egisunpt i Qﬁex@uﬁmeﬁlb@/ §87, nedie Rlenldsp 544, hedeor roer R@ith alal/dimplement the
prediction of total IC power. In addition, because a larger portion
of the fabfSCEBiAuE @@gﬂh%h%a% Fpp aenpleveily ebRsunpnpees maydeateaemisd as
power cons QILFI@Q all fabricated I1Cs nmay be reduced. The sense
margin may a e reduced as long as the nmenory does not fail, which
| eads [(065]a fast &r vensd ther firegaies pionsdl bEheppsaiaed rth:{tgembcﬁthmeaﬂsS@f k’i&:

ober at o cof eI, SRES 3R PEROTR L HoLTTE 1 THPSEmheHrgiesI o actions
since the E&gbpla%ﬁ&ﬁﬁnﬂse%%hb@@ MRS Porlsente 9%&%@ P! adk ?ﬂ{?% BN ulse

the W pulse wd does not require additional exte

t esting. 1@@@8&Wﬂdl in meneorf eyterns mgy de petfosurdeinskowdarice witt thatfiowediagram
enbodi nment E tt he E@l ntion, it should be noted that various changes
and nodi fi %ﬁg e "be nmade herein w thout departing fromthe

scope jmbke6]t he I nveRtli 8lRo d% Gpfdcnes Mt &Hben@ﬂﬂe@%@br@;hgltmﬂwmems of the
example, it will be appreciated by one of ordinar in the art

that the | HVEBREhOWY Reinplemenied|ipdardware @@d&rm&wa@@b&l@ hasdyere{soBwere

o oo HpRREaRLAS N TALRE" o TRYmBEAGAID] ATSNEEAE T Metesy of

optim zed Se w dt ree sear ching“*al gori ran

sear chi ng alagofactubsnFoprexamprl RISArmbicaghrad2Bomuy hascohfigireare iMpldment the
known in the art may al so he_used accordi nqﬁéo vari ous _enbodi nents of
t he i nvent fe@]qmqtﬁ%fog aftingn¥ L ilsspridihseseringdihensin to ppiimie e ppdation of

claims | n AREARCAARNE - SHBACLERBLS 584 THE JHANAR! bE RARRELIDGh
her ei n neegﬁnot g{é pe}\ersorrre I n any parblﬁcul ar oragI &QFurt Ter hor e Y
al t hough efethentisclode ttoeagenmediti ordl meecutabledeanpitte gropramisyi fGSECbXElmpld”I@
singular, the plural is coal mt)l aéed unl ess i mé%{l on.to the
singul ar i gorgﬂpﬂsg @}‘o[grfsgnsqr stored on a computer readable medium. The executable
computer program(s) may include sets of instructions to perform the described
operations or functions. It will be appreciated that as used herein a set of instructions
may include one or more instructions.
[0057] Embodmments of the invention described above offer several advantages over
conventional techniques. For example, the techniques described herein provide for the
recovery of ICs that may not meet the original design specifications, and hence, provide

for an increase in overall yield. Furthermore, the ICs that are produced do not assume



14 CLAIMS WHAT IS CLAIMVED I S: 1. An apparatus conprising a

nmenory system the menory system conprising, in conbination: a
menory operating according to a wordline (W) pulse with an .
associ at edVROGIOIBS7 wi dt h; a built-in self-test (PRITREPoNEIS34

that interfaces with the nmenory, the BIST unit being configured to
run a self-test of the internal functionality of the nenory and
provide a signal indicating if the nmeno passed or failed the
self-test; and an adaptive WL control circuit that interfaces

with the BI Shoritaie- @@ﬁrﬁﬁﬁoé@%@éﬁ’aﬁoﬁsh?e%@g& t%\éq?%ﬁ&? 0F (Rl we u?q:’gl:"&udth

bei ng configured to adjust the W. pulse w e nmenory
pr edet er m ng'@fit ARSI #ﬂnmamerﬁ)mamemaad I pcmed cohsumption qhamtﬂansmlsuws wedssd

O e nahoR oS, SHOBAST 0 bycios oo eu L8 AR b o
i ncrease t héha/tlghpin |dsseribwiticlt lof p(fwetrhensﬁngnalh opdralvd dﬁgrebtyldé h@eBnl; Btéhflieitw

f dth f-test and to decrease e
Ul 6w dt h PTG O RERAE H5P 6y 110 8y asErb S1er G Ro-HcHidRE Brieaie 1Cs
t he menory pa@Slﬁde ldver pewtr do@Skmption, the avéagel Pov@RBAGAHSn $r a(fll ﬁbrﬁéa?ed
wherein the 8daptLve W. control circuit is further configured

i nstruct t h&-BPRbg FRdtcade Thstenss mirginyastilanke syded pebong as)fhetrmmnory does
internal fufetfa@nahichYesal td Q?as'é@? ¥ gﬁl r}@stpé\lrsep?l-lf Eei g,‘ta%] Pha alsp be

i ncreased or decreased until the res ang
a pass to aOp@nizedriof rcaeh andnzry lnd)lvaiup@ssm requl_red fot. thihae:ap@atcatop&a@f

claim3, wh t v o0t T ured,to. set
the W pul sg&\?\%c(likh?g% Mﬁ»gtt on %qt e tl'he?lqwe ]@il%é%‘; fhﬁq ﬂ{%%%&ﬂbed
i medi at el yhirefnonse thh eonseif BﬁﬁEtto (ahmgb@l W]L Qulspasigtt i@ Hoes not requn%
The appar at wherein the adaptive W. control circuit

u
confi gur ed g@dlg%qa??ﬁgn@@éséﬁgse width of the memory to the W pul se
Wi dth vesgle usedwiethd faeogdRlyididcRBireGRARIBRstARTfBbdimefts RRER invehfon,

it should be noted that various changes and modifications could be made herein without
departing from the scope of the invention as defined by the appended claims. For
example, it will be appreciated by onc of ordinary skill in the art that the incremental
searching algorithm described above is only one of many searching algorithms that may
be implemented to find an optimized WL pulse width code. A tree searching algorithm,
a random scarching algorithm, or other searching algorithms that arc well known in the
art may also be used according to various embodiments of the invention. The functions,
steps and/or actions of the method claims in accordance with the embodiments of the
invention described herein need not be performed in any particular order. Furthermore,
although elements of the invention may be described or claimed in the singular, the

plural is contemplated unless limitation to the singular is explicitly stated.



6. The apparatus of claim3, wherein the adaptive W. control circuit
is configured to increase or decrease the W. pul se width from an
initial value in the manner of a feedbagk | oop by providing a new

val ue determ ned based on the signal provided by the BI ST unit.

7. The apparatus of claim®6, wherein the adaptive W. control circuit
is configured to increment or decrengfiiAINI® W. pul se wi dth. 8.
The apparatus of claiml, wherein the adaptive WL control circuit
conpri ses: WHAT IS GLAIMED {34 r o/ circuit that interfaces with the

BI ST unit, the first control circuit being configured to determ nes
whet her to increase or decrease the W. pul se wdth of the nenory
based on the signal pmowappratubycdrygidBifST unéerhogndydtempribe i glemaryf isystem
control signal .i.ndi.cating determ ned adjustnents to the W pul se

Wi dth; and®OMPrISINg, 40 CUMBMANNEnt r o] circuit that interfaces with the
first control chhtidry o a%tiﬁgﬁ%%ﬁgm%rweqwm BBk AR hEQURRA W,
adj ust the WL pul se width baSed on the first control signal provided
by the firgtlsewndthpl circuit. 9. The apparatus of claim S8,

wh in the fi t Cl 1Lt determpes to ipcrease the | se
Wdth 11 the si GRACEE SOrEuURY T) MaRHRETnRRess Wil & Bemonacig ST R
menory fai begdgtdafigabl-tbash aB6l it deGhe agemhh tuinblioRitts & Whél therhdryt 1
signal provided by the BIST unit indicates that the nenory passed't he

sel f - t est . provide a sigmpl infieatiag pathemesosy paised on Bileduheseliftest;iadsecond

control circuit _is £t h o Lgur 0. .provide an,oyer si.gnal
to the first cof rag I!'jjt(I:‘ller g‘?}i’ tC%S%él?gg?lﬁ%téhatt hlgfér he V(Ethp s%&%d&llpﬁ ‘?@s the

reached t heepfoegl@hesduptied WinsbnoNcOEuifbéhguenfiduk e ddjikt BidlWE pisdivdth
val ue. 11. The apparatus of claim 10, wherein the second

control ci PEtetEmBory Vgih Pesdetesnineg uradmen andapiairewn dpwad Wemike Wind
W pul se %ngsya‘%d‘?n ?rfé(\s?%l% Py C%dﬁ)g??gbfss’l{lgﬁ?nt rol signal provided
, and con

by the first control circurt I'gure o provide the adjusted
WL pul se width as the increnented/ decrenented val ue and provi de the
over | oad signalzas t?ﬁaoverfIOM/biL of the incre ntldgﬁrenent

operation. 16 SPPAFAYS A Flaimy s Wherel Qienqdaptiie & ki Gonrpk circuit is
adaptive i i i . y i
P V‘éorﬂ%ﬁé@{o fict&ud khd Wit }blﬁfse_\ﬂﬁhyﬁeﬁleaszgﬁ??g(g\fel?édgg the BIST unit

interfaces w the second control circuit, the de ng
conf i gur edindecapegghatiibe agimosy &udledthepselbtestndtth deoreadel thedbl @ulsk widthsi€ the

w dt hs of the .nmemory,,n.a otonically.increasing or cr i ng
manner.  Signalpfgvid '@'E&géﬁﬁ% ! ‘%C%?%ﬁhﬁtiqge ngp?ﬁs?ﬁﬁwéglgg?siﬁve W
control circuit further
3. The apparatus of claim 2, wherein the adaptive WL control circuit is
further configured to instruct the BIST unit to perform subsequent self-tests of the

internal functionality of the memory as the WL pulse width is increased or decreased

until the result of the self-test changes from a pass to a fail or from a fail to a pass.

4. The apparatus of claim 3, wherein the adaptive WL control circuit is
configured to set the WL pulse width of the memory to the WL pulse width value used

immediately before the self-test changed from pass to fail.

5. The apparatus of claim 3, wherein the adaptive WL control circuit is
configured to set the WL pulse width of the memory to the WL pulse width value used

when the self-test changes from fail to pass.



i ncl udes a reprogramm ng nodule that interfaces with the first and
second control circuits, the second control circuit being configured
to provide the adjusted W. pul se width yalue to the reprogramm ng
nodul e, the first control circuit being configured to provide a wite
signal instructing the reprogramm ng nodule to store the adjusted W
pul se wi dth val Ge pr due deparbips tdfeclsec Ondrheent thed adaptieeiWl. ntol biecuit is

reprogranmmn | e confl ured to prayj.de non latile stora of
o o et e At rese Me WIS uie Vel Bmiemn tioalayiles t dhe
8, wher ei npl iR ARPATREYRK Bof by ﬂr@%ﬁﬁ% &HW&!&G&&&%%V&%&& ohhﬁe signal
apparatus further conprising a systemcontrol

appar at us pfovedediby thelBISWhenieéi n t he system cont roI ler is confl gured to
instruct the nmenory systemto adjust the WL pul se wi dth upon two or
nore power-ups of the wrel ess conmuni cati on devi ce. 16. The

apparatus of cl ai m 14nhe Wagsraiul Jth@aisy 8! wmb&qmﬁe%da%ﬁvé WE%BtrsuEi@@lni &
instruct the nenory systemto adjust the W pul se width periodically

accor di ng p@f@t@@dx@nmrnmemt\mlde@ﬁmntr@e WL pulse width. A net hod of
adjusting a wordline (W) pulse width in a nenory systemincluding a
menory operating according to a W. pul se, the nethod conprising, in

conbi nation, the, st elte Gpparatus of RREhONNivAGreth 318 kddRSt WL LbRrdTepPEwt
systemto test the internal functi onallty of the menory under the

current _V\chﬁﬁpgﬁsw dth; and adjusting the W. pul se width of the
TeOTY, W, DESHEETANESk LU APE: AL LISt DOt Wi LR i
adapti ve \Wheingrbnfifured tocddtemiyines Hether to increase or decrease the WL pulse width of
the memory based on the signal provided by the BIST unit and to provide a first control
signal indicating determined adjustments to the WL pulse width; and
a second control circuit that interfaces with the first control circuit, the second
control circuit being configured to adjust the WL pulse width based on the first control

signal provided by the first control circuit.

9. The apparatus of claim 8, wherein the first control circuit determines to
increase the WL pulse width if the signal provided by the BIST unit indicates that the
memory failed the self-test and to decrease the WL pulse width if the signal provided by
the BIST unit indicates that the memory passed the self-test.

10.  The apparatus of claim 8, wherein the second control circuit is further
configured to provide an overload signal to the first control circuit indicating that the
WL pulse width has reached the predetermined maximum or minimum allowed WL

pulse width value.

11.  The apparatus of claim 10, wherein the second control circuit is a counter
configured to increment or decrement the WL pulse width value according to the first
control signal provided by the first control circuit, and configured to provide the
adjusted WL pulse width as the incremented/decremented value and provide the

overload signal as the overflow bit of the increment/decrement operation.



18. The method of claim 17, wherein the adjusting includes increasing
the W. pulse width if the nenory fails the self-test and decreasing
the W. pulse wwdth if the nenory passesig he self-test. 19. The
nmet hod of claim 18, further conprising the step of: repeati ng
the performng and the adjusting until the result of the self-test
changes from a pass flbe apifasatis @ﬁclzﬁirromvahdra'hltha ztdaatimﬁﬁ_, control circudiQfurther

he aaj ust BEYES AteBa B G TasE Uit DEOTHUPEUI PN e derBier el

nmenory in eoﬁﬁg%@écpw 213 lie Adjﬁgt&awwug& \ﬂ@ﬁfﬁaﬁlo%bféaﬂﬁlefmlse w1dths 012]:he
The met hod of claim 19, further conprising the step of ting

the WL pul g@nwrmmambn@ﬂqelcn%mmcyeasmgpnéewwmgmmwdth val ue used
i mredi ately before the self-test changed frompass to fail.
22. The nethod of claim 19, further conprising the step of:

setting the W pgl seTvt gppureths $h@aifBSOIDeréin tﬁéﬁzﬁia%v@m%n\fﬂoﬂb&m@ﬁuuﬁer
used when the self-test changes fromfail to pass.

met hod of #ickides B7repfpmspamang Feodpler thef Antagaces dvid jtbl%tﬁrﬁgar@péﬁcaﬂd cmgtrol
are initi a%?gﬂ{‘égﬁ’ﬁcﬁteal d ﬁofl%\,\glraﬁ%éi %gnf?é'l.}rg&]?o W?J%hg%ﬁwgﬁdnng pulse

24. The ne erern e pertorm hg an

oper at i ons wadt@ viahicttb ahe eeppegriuahigainodulac terfitsngntiol dir@iiveding Béﬁigdﬁéd to
of tine. 25. An apparatus for adjusting a wordline pul se

wi dth in aPTRYST§ WaY& slgmli YIRS e RErgsymigenadiln g a@afbt(h@ qqi@mteé WL
W pul se, bﬂl@e a«ﬁgﬁf h1dS O}ﬁ‘QU]ﬁE& ?gnﬂle bdLof @ RLAAE | L28it, aﬁld the%?ﬂ%rglﬂﬁung

performng a self-test mory systemto test 't nte
functi onal ntogdulef caigurmemar provitddenon-haaicler stemape \ME thellagmsted AW, palse width

value.

14, The apparatus of claim 8, wherein the apparatus is a wireless

communication device, the apparatus further comprising a system controller.

15.  The apparatus of claim 14, wherein the system controller is configured to
instruct the memory system to adjust the WL pulse width upon two or more power-ups

of the wireless communication device.

16.  The apparatus of claim 14, wherein the system controller is configured to
instruct the memory system to adjust the WL pulse width periodically according to a

given interval of time.

17. A method of adjusting a wordline (WL} pulse width in a memory system
including a memory operating according to a WL pulse, the method comprising, in
combination, the steps of:

performing a self-test on the memory system to test the internal functionality of
the memory under the current WL pulse width; and

adjusting the WL pulse width of the memory within predetermined maximum
and minimum allowed WL pulse width values based on the results of the self-test using

on-chip adaptive WL control circuitry.



on-chip neans for adjusting the W. pul se width of the nenory within
predet er mi ned maxi num and m ni num al |l owed W. pul se wi dth val ues based
on the results of the self-test. 18 17 26. The apparatus of

cl aim 25, wherein the nmeans for adjusting includes neans for
increasing the W. pulse width if the nenory fails the self-test and
means for decread8i ngThhendfhodaf skeinnildt Whiefein He adwoing ipdsdesintieesing the

sel f-test. ara sof aim 26, further rising. .
means for repdit SFﬁﬁgwg%e‘?lE %@Sta?di‘ziufgef’feﬁﬁ}n%ﬁﬁ ﬁﬁtnﬁélser E’é‘ghtlf
of the sel thd@sto @gg%ggeqme@_ pass to a fail or froma fail to a
pass. 28. The apparatus of claim 27, further conprising:

means for mapping the adjusted W. pul se width to all owabl e W. pul se
wi dt hs of the ry-4n_a n I i ncreasi.ng,,or decreasing
mnner. I AL R B, R SRR S r 21 n:
nmeans for setti fgpehing \Me PuidEningdida ee bifastiRMandl R FREIH W Mel §&8f-test

w dth val ue used immedi ately before the self-test changed from pass
to fail. changesggm a’lwésam)éﬂaxrlf@%ﬁf@l@waw further conprising:
means for setting the W. pul se width of the nenory to the W. pul se
wi dt h val ue used when the self-test changes fromfail to pass.

31. A conputer eeadahhe nisgtidwhcldiel 19dfutthes edBpiing Metstep@ifi ons
execut abl e by a processor to adjust a wordline (W) pulse width in_a
menory system i BEPHEENGe AdHstRg vyloﬁélrsétwllq@ Kbé’é‘?‘ﬂﬁh}@ Wb nulsy wilibss ef the

the conput §le{ P HAPLRnIRAURY FRIREIS P Uecreasing manner.

21.  The method of claim 19, further comprising the step of?
setting the WL pulse width of the memory to the WL pulse width value used

immediately before the self-test changed from pass to fail.

22.  The method of claim 19, further comprising the step of:
setting the WL pulse width of the memory to the WL pulse width value used

when the self-test changes from fail to pass.

23.  The method of claim 17, wherein the performing and adjusting

operations are initiated upon two or more power-ups of the memory system.

24, The method of claim 17, wherein the performing and adjusting

operations are initiated periodically according to a given interval of time.

25.  An apparatus for adjusting a wordline (WL) pulse width in a memory
system including a memory operating according to a WL pulse, the apparatus
comprising, in combination:

means for performing a self-test on the memory system to test the internal
functionality of the memory under the current WL pulse width; and

on-chip means for adjusting the WL pulse width of the memory within
predetermined maximum and minimum allowed WL pulse width values based on the

results of the seli-test.



a first set of instructions to performa self-test on the nenory
systemto test the internal functionality of the menory under the
current WL pul se wdth; and a serpnd set of instructions to
adj ust the W. pul se width of the nmenory within predeterm ned maxi mum
and mnimum al | oned W. pul se wi dth val ues based on the results of the
self-test. 32. The conputer readabl e nmedi um of claim 31,

wherein the second s i nstruycti.on | udes instrugtions,. .

oxecut abl o by ¢ A% pr SheebRaEs dfipEn2s’ PREH T, PRbi i fiRying factudes
menory fai f@akd@r ﬁﬁ;kéasﬁlg&ﬁe Wldpﬁl@e WeRh eRAE nichforY\kaiRUhS &1 fest dhdithean €or
menory passes the self-test. 19 33. The conputer readabl e nmedi um

of cl ai m 3gecreasingihe Wonwee widihif the memony pessesohe sel&tastict i ons t o
repeat the first and second sets of instructions until the result of
the self-test changes froma pass to a fail or froma fail to a pass.

34. The conput ep7r eattbbhspan@dd oiolgin 24 aﬁrmheiaomﬁﬁmhgrer corrprisi ng a
fourth set of instructions to map the adjusted W, pul

al | owabl e W. pult§ansyfog fepeating th@@erfeﬁ%mg angd the ﬁds%tnamnehrhweﬁ%@feta% selg
or decreasjfg. mg&%omapass%fatf%p ﬁg%%)&lfaﬁrt? 5@@ abl e medi um of claim

33, further conprising Instructions to set the W
pul se width of the nenory to the W pulse w dt h val ue used

i mredi ately befgre t sel f-test .cha frompass to fail. 36.
The conput er regg‘abl Eﬁ%ﬂ?aﬁ?{"%?gﬁﬁ% 2?%@“ her GPRREFNEonpri sing: a si xth
set of inStruct {Ras kP rSfhiddRe Wiiulish SPL Wulehwiafh fNBIWBIRIWL! Qi Gidis
pul se wi dth val ue used “\’73‘51’2}1 thg\é\gjél I'f- tes\tyuchanlges fr(())m ?E tlgl pasls
37. The conf)t]ueemenncafaéhabInmnn'emauqaﬂymicr@smgmrz&preamgtmennaronpr| sing: a

seventh set of instructions to run the first and second set of
instructions upon two or nore power-ups of the menory system 38.

The conputer readabl gheBehat9bs Qhigi 27, Fsthdr¥biPAEIngONPri sing: an
eighth set of instructions to run the first and secCond set of

i nstructions pemiest &al seftingcibo rWi-rigplseowaltlyiof dhe mvrwry 40 thef Wl galse width

value used immediately before the self-test changed from pass to fail.

30.  The apparatus of claim 27, further comprising:
means for setting the WL pulse width of the memory to the WL pulse width

value used when the self-test changes from fail to pass.

31. A computer readable medium including sets of instructions executable
by a processor to adjust a wordline (WL) pulse width in a memory system including a
memory operating according to a WL pulse, the computer readable medium comprising:

a first set of instructions to perform a self-test on the memory system to test the
internal functionality of the memory under the current WL pulse width; and

a second set of instructions to adjust the WL pulse width of the memory within
predetermined maximum and minimum allowed WL pulse width values based on the

results of the self-test.

32.  The computer readable medium of claim 31, wherein the second set of
instructions includes instructions executable by the processor to increase the WL pulse
width if the memory fails the self-test and to decrease the WL pulse width if the

memory passes the self-test.
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33.  The computer readable medium of claim 32, further comprising:
a third set of instructions to repeat the first and second sets of instructions until

the result of the self-test changes from a pass to a fail or from a fail to a pass.

34.  The computer readable medium of claim 33, further comprising:
a fourth set of instructions to map the adjusted WL pulse width to allowable WL

pulse widths of the memory in a monotonically increasing or decreasing manner.

35.  The computer readable medium of claim 33, further comprising;
a fifth set of instructions to set the WL pulse width of the memory to the WL

pulse width value used immediately before the self-test changed from pass to fail.

36.  The computer readable medium of claim 33, further comprising;
a sixth set of instructions to set the WL pulse width of the memory to the WL

pulse width value used when the self-test changes from fail to pass.

37.  The computer readable medium of claim 31, further comprising:
a seventh set of instructions to run the first and second set of instructions upon

two or more power-ups of the memory system.

38.  The computer readable medium of claim 31, further comprising:
an eighth set of instructions to run the first and second set of instructions

periodically according to a given interval of time.



