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compared td ather digitahlqgid. S ddatiwhthstis large increase in process variations,

memory circuit designers typically use overly conservative design approaches in order

to achieve high parametric and functional yield.

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.c., 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.

FIG. 1 is a schematic diagram illustrating a conventional memory system 100
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SUMMARY
Exemplary embodiments of the invention are directed to systems, circuits and
methods for adapting WL pulse widths used in memory systems.

One embodiment of the invention is directed to an apparatus comprising a
wordline (WL) pulse with an associated WL pulse width; a built-in self-test (BIST) unit
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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
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.
FIG. 1 is a schematic diagram illustrating a conventional memory system that

reads/writes data in accordance with a word line (WL) pulse.
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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.

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)

described in the background. However, memory system 200 adds an adaptive WL pulse
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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

Because the initial WL pulse width code may indicate a WL pulse width that may not be
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With 01t instzetdngd covelrepbgruimi@gwhetiule 200 progiamathe final code and a

‘0’ instructing code reprogramming module 270 not to program the final code, for
example, or by using a more elaborate scheme. The code reprogramming module 270
allows for the dynamic real-time reprogramming of memory system 100, and for the
permanent storage of the optimized final WL pulse width code. In some applications,
the memory in code reprogramming module 270 may be a non-volatile memory capable
of storing the optimized final WL pulse code indefinitely. For example, code
reprogramming module 270 may be implemented with an eFUSE memory or any other

well known programmable non-volatile memory. However, in other applications it may

applications, a volatile memory may be used.
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wi dth controller 250 during pul se w d

detuer sdtnthe iVBh pube widtbmsebtbe readpreigera mnwmglngm@ ulcenozy 010.

once t he. u th co e has n fina )

Gecauls e el by Put B Sl 50 ot Rk degader 260 attows
iva wnn&inﬁal CodpeR &Y kP B&REHP tHeOptehtitd I WIN Il §&ith codes for an

WI ths, decoder 260 is used to nmap or decode each W

pnm@@ed\ncadmwetb@lé kegping dtack ﬁéW@mhm%iewa‘mh@@ soireliag by searching
11{ 91 nggqué 35 ri\gﬂs%{ I?(%e%?c[aﬁlﬂgddﬂe%t gI§ grabv%ﬁaﬁ% Cfrgftacﬁggr 260 is not

pr e~ déc

maﬁied Rol Bﬁmtmﬁt fopetoMudtivue eddbddirnerityirof &etlavéxh@ny\&vhlch may
puI se.wdth used for reading fromor witi

oHgnathshzeie 4 mempry oriee Bisploderniraek Hhyvlink &?@S@ﬁmn'?@wested
Sty dIG; 808 by i ShOAE g oL GhcrRth GEAPMEIWL control

control [ oop 0O to searc
\lzmoqbtdccmddgsto fao renebo doypdnit of ﬂEdnwrﬂlenV\Thdwmﬁratioae}f opgmizing the WL

track .of ich codes h n searched.b arch n

PSS g oo AL T H0ePabaP N DU FRCLrb e pb R pefkference to
FRES usgdof, afg GAHGEfcABRe tSthB QBntk&ts?gﬁg%CHeﬁ&lﬂeﬂ Abdvd he

scope of vari ous enbodi ments of the invention, which

nray aIAtcecpndmgl toeimpodaecrds ofetlo rnyvemtlom hf@clil 1[04 enctepemrjy sets its own

S S S AT h e e P xR o B PR Abwr & of whenever

ﬁ@@i{éﬂl F& M) il koQ@PagdtdepétticRY ridm@h depiashideetrec®d, such as
the invention. The operation of opti m2| ng the W

poil i exi cfepts orceabYRPIYS @meéqwrzonﬁtwumy ( b@ff%ré% €fci-iyeay reduce
Bel &e%oanltﬂceroqf 5%%?0& %Vgll t%e H% dbesdesgglg V‘f%l'élt%fore to adjust the

ref'erence to t e cont ESCTI

MO0 32]sec Acidar df thg memefyom&bfcﬁmg $o eimbbddieentyvehihe dfiveniat mot only
1n1t1alﬂr(,j %u‘? Ql(gg 2{1 syeqlsleenttgl tlotosptlcr)nlege memory operation in light of degraded IC
characteristics.

Once the system controller enables the adaptive WL control loop 280 using the
enable signal, it instructs adaptive WL pulse control module 240 to load the initial WL
pulse width code using the load code signal. Adaptive WL pulse control module 240 in
turn instructs pulse width controller 250 to load the initial WL pulse width code using
the load signal. Pulse width controller 250 outputs the initial WL pulse width code to

decoder 260, which subsequently sets the WL pulse width to the initial value through



WL pul se width. This may be done, for exanple, on
initial power-up, or whenever needed. For exanpl e,

wWawRiv/0keTwn age- dependent, nenory degradati on BET/E81088/086834

[0034]

[0035]

[0036]

[0037]

such as hot carrier effects, negative bias tenperature
instability (NBTI) effects, etc., may reduce the
perfornmance of the nenory ovel8 tlms It may be
deS|rabIe therefore, to adjust the W pulse width of

t he n 0._enbo t he t

ot ontse TeFE A Wightts STCHATEE B, Bt (s ERRMIEAg imstrucs
BH?STDIZSZO Q@@éﬁ‘bﬂnﬁ)la def-tbdt @nt m@ﬁlo@egr(ﬁdﬁﬂg lt@ en_bist signal (block 310).
characteristics. [0033] Once the systemcontroller

Bhabi228 nertoras dhs W&t apdndigatey egprloven i thegadapsve WL pulse
CORR APl vl RSB EFAR] 228 LD USRS b e s
test toqudaéve Wazpm@dmnﬁolgnadlule M@ammg ehe\paspeipisad (ldoek 3240).

nodul 240|nt instructs ulse Wlﬁfh cotrolle

250 t gf # HAY BHE ﬁC?ﬁe@ X( thwa& ighalythet &Soﬁ'ite a%.rﬁaettnﬁemlmmum

egﬁﬁlatlorﬁu AR gor‘dﬂn%}h aGVE AT 8Ju1s@Bn @4t rﬁb‘&ﬁe Qkﬂ@ will attempt

n |a W. pul se wi dt h "Code to decoder 260, which
sulnsegsepdrformeetcsantdiediie m@@omummlon@)ftthe parictiaallC. To do so,

il YL GRS P R eSSt B i gl Btk roup 330).
P2 6hi§ encle m};ﬁw WE éfuisfeec%tntrﬁﬂnﬁﬁﬁlérﬂlozﬂa@tr&b&é Eﬁllsé Red@ncontroller
bi st si gnal bl ock 310). BI ST 220 perforns t

380 ftotdﬁﬁtea&ﬁh ¢cha NGk datl@sW@BHmOém@mg thet he/dawapslgnﬁé (Wock 332).
DAL 0650, TR G P RS SRR R RSV, may

ankap ttlhel ' W fiputise wﬁmmhb&hsddqtéufoﬁn&ﬁ@ dindli Bdudcl @opas Sonsurnptlon
gnal (bl ock 320). [0035] If a pass_is indicated
tT h@ cwa%lg VL ks | Wlfhllﬁ‘és @heé tamemosy £ 1 e g cHirAinY Ln pulse width
[ pul se
o SRR CESEE 0N S ATERC HAAVLARREL M el
per f oOman de Wlﬁ.dpulmiwtth!h bﬂ)s/\ba’enmpdstudmdapﬁnva)WH piilse control module

ticul ar t |ve V\L ul se control
DTS RBIST, 27€ & Redtim B SR alEn SB o SR8 a0 using the
§§Qﬁst sighal B RsMURem&9aPlY ¥ &pWatiBHAISEdEP e! QAP AL Sulse width

240 instructs pulse width control | er 250 to decrease
hlge WloguB¥b. Mdi)ﬁf@r@diﬁﬂ@O@rﬁohes ths/ ebvtest shdmedicates completion

RS gAY NPT, B B S B 220 o

b@sséyﬂ&tﬂegntsvuftthe lsam@awdd@ﬁ% ONVDEALE entrol edGRM40 using the
power consunption. The current WL pulse width is

appl vigenl tGlosendio). Ml memosm2lAepaseasr Gt sWsCepians scifiterthit is still

1 BB S AN R 5 B
Wele pulsp aatitao A dapkaat WepWe gantié naeinter 240 willthles aﬁéiﬁipt to increase

instructs %ST 220 to performa subsg quent sel f-test
aﬁ‘rfmpei, trdyss H@wgrh%)nsumptlon further by repeating the above operations

(blocks 332 through 336) in an iterative manner until memory 210 fails a subsequent

self-test.

Once a fail is indicated by a subsequent self-test, 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
last WL pulse width code that resulted in a passing self-test (i.e., the previous WL pulse

width code in this mode) (block 338). If the minimum WL pulse width code is reached,
the overload signal. If memory 210 still passes the subsequent self-test with the



en bist signal to test if nmenory 210 is operationa
under the current WL pul se width value (block 334). As

whedoon®4sBl ST 220 perforns the self-test and i PCi/v81008086834

[0038]

[0039]

[0040]

[0041]

conpletion to the adapti ve W. pul se control nodule 240
usi ng the done signal. BIST 220 al so passes the
results of the self-test to aaaptlve WL pul se contro
nodul e 240 usi ng the pass signal (block 336). If

0 asse his.subseguent se
B Rfofn S S RERn 0L R HRRT TR A LR il foh Bpgmmed nc
b6dpich DYRMiBIngedulg2fo.om t he decreased W pul se
wi dt h. Adaptive W. pul se control_ nodule 240 will the

at t ew&w@rémghe r@a@%@rw@s%ﬁ@@t@ﬁm% e edppiiysr WL control loop
%@1% ﬂgkggg%gr i ggng)lﬁ%ﬁfoh%a;t psteﬁ!?&ngﬁm%%g@meo formance

an 1terative ‘manner
amdmdycthd pbakt onaumpticeefeprticdif [t est. [ 0037] Once a

oper aRFBHANE DM PTbiHArR) PEbHEGOBeeh - Eadhbis indicated by
| ns?‘é&' Rhy, @dapti denyiL nRiling GeNHAMuIPAUS Zél%cﬁ'lcatlons In

ructs code reprogranm ng nodul e 270 u5|ng
woiivceticod engngpalystem (0o griamoulemeas thay\thip ph@euw #€ hs defective
co tr [ted i.n assin lf-test (ji.e. e. .
58 Goblb 5 e eBane hESEEN RodRing hodtptrafiisef (8 invention
38 partitdlat emay HbiBEBaWag Sl IFSE cUndli1b) tROBEST ﬁallﬁl%iﬁ?lbﬁ Hotentially be
the overload signal. |If nenory 210 stlll<€gsses

m%&aéqb@ntncge@mﬂg thasteadumargin iedri inrreasmshepiLauilsei widh). To do so,
Eﬁ]at%tl ﬂli)mlse co%Hr Is&o\édul%tﬁl G%E&%?O\Jeé?\%gﬁgio(ag (Qigne%roup 340). In

Veode Teprogr amm ng o4

Atc alode rtgiaynvdawlepﬁleé cogrdl igodudd 240 airbas posd @vldﬁhl’bontroller 250
adapti ve control | oop according to enbodi pents of

f%@crq%%m% PriSe pisite Aedearsine thecipadasen sigeal dBlorl Shhh dicreasing
Frléd\g/%]% %Hﬁleco%"‘ﬁ{d &%wmﬁgpthefwﬁ Pg%%% GGl laﬁ’ow the IC to

et urni ng now to t i al ass/
stablycn@G) alticft @ rEdided ipsrformancataad viayh Hhﬂghmspswer consumption.

| gnal | C is nat eting the nini.nu deS|
Therne aPF he \iaha it 6 et o) YO bt ST BV pulse width
E&lesm‘@ﬁ’élﬁlgnﬂ@ ABschBad alScWe?mpﬁiE il WL ﬂu@,e'vﬁdﬂleédﬁ@t | ve
and woul d have to be discarded. However, according to

enbodOmeaiths WiL ptﬂ@ Wtd\ﬂ@ haa bm:n upldatsd p@iaptummar pul® eangrol module
ure na

550 anfrif YRR I AT SoalBaClag it Plag: pine e

Eh st signal tceaﬁt FomédieryW1 0Pl spRratiodilNdnded ehed@ure@t WL pulse width
adapti ve WL pul se control nodul e 240 enters a _recovery

m@ (1(1@%«}&3)9% @sfosfzuﬁISTﬂr?Otmrf@rrﬁ@&@ scldiagitang éndpgates completion
CONRF PR 30 TRE, Bardoek Bk Bl B Mg isT 220 o
pssSagtHehesmts/ afohe sslif-gesalto ddpoick VBH Ijulsel ¢cwitreasiodgle 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.

Once a pass is indicated by the subsequent self-tests, the operational limits of

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



the W. pul se wdth code, and correspondingly the W
pulse wwdth, may allow the ICto stably function,

wW@lkmehr94ar reduced performance and with a hi ghrCT/pe2es/086834

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

consunption. The current W pulse width is applied to
menory 210 fromthe current pul se width code in the
manner descri bed above for thg)lnltla| WL pul se width

code. [0040] Once the V[ pul se wi dth has been updat ed,
%%g%ﬂ \ﬁlglée &@fﬂncgg ﬁzgp teQ i te 1nda1l'I efss%né SplfS It r%estt :(rgec {Be %Igl%gnt WL pulse
wsdth@olldhér @i Mb&d) (Blogh ab'O)t of ﬂleﬁtaxirﬁurﬁmrpjﬂs%m&lﬁcode is reached

operational under the current WL pul se width valu
elgj;l 5@@0@4%} stk fapls tlg @bsmugq‘t @ﬁbteﬁeptpl& nidth ﬁ@ntroller 250 will alert

ﬁﬁd[pfth SFL lpﬁﬁ? cb&%l%@%ﬁmf ftd 1%2[1%@% tgggﬁlﬁaﬂﬁﬁ‘%ﬂaﬁ%% 347). In

con nodul e using t
ﬂﬁ@cab,sthisgmmisaﬂrﬂmndry&ad; fasledfecoherysal fis ¢amsideted inoperable (block
gﬂgptive WL pul se control nodul e 240 using the pass
nal (block 345). If menory 210 fails this

subsequentiing®/, oyt E8trind thd fecdldrl ImORL ORRIRE YRREm ENERding to

under the decreased functional Ffequifenents ar|S|ng
tmbadinfestsi afche asfedtlcw_mp}a Ipstentiiltft increase yishigbyasscohaing ICs that do

ble W p dth h t b hed.
OB e T ry A, Brshoal S R CustEs b i ot 01548 Tifition under
FdiRBe Bl BitdheitOthdEFOORIS Boinb gevieHBICidcOftable bESHEHiGEMENt S
even further by repeating the above operations (bl ocks

341 t Rmeede Bad)Wlnpuse Wtdéh g0y s pregvemedhthq sypiapp epable signal
%an HRARs d‘f t?vage(ﬁyrp(f ﬁ% UBptiv e{NfL §on§110 flcl%%ofgd dl%}ﬁgd W PARS point, the

I'S |n € supsequen

optihided dinal WL pillEeSWthth lcbdd Kedrsd GosRerefd @@RAMAR Mehdule 270 and
nodul e 270 using the wite code signal to program
prerhita dogp: %}ﬁg OLisgihMeBEY £Hht esul ted in a passing

sel f - eﬁhs E(\ b?greﬁltal%g o@“ Bﬁ? 3k ow'm G %ehali? R thd 11%crernental

this the ma |nun1Vl pul se w d
S@d@hlm§ afgeaittire ddcacribadeatmrvg 2 1osmi for ilasttasivt hmirposes, and is not
subse ntroller. 2

| f-test u dth c 0O wll .
Sitered e s e et e B BR iR Un b mau e g plagegted according
%@bﬂ%&@n@ﬂ%éﬁ@@f $hd Hﬁilent(l&{ (TQ% Rérhple, lar{réehéeﬁr&lﬁ%ealgorlthm a

this particular nmenory | ed recovery and is
camdgmmmlngrm%ntam, er ptheo @kargn@g alg[ooﬁmq that egrwi¢lhighgwn in the

ent r|n the re ste
B e oo S L RS R Lorbp EmuB e RERiaf oY B Mon
pot enFl(aI 4 b JiGtes amecyahilldl 1rbﬁ)’leﬁ1%ﬁt@ti@1{ lohghd Felsé Radthd@ntroller of
not neet the m ninmum original design requirenments but
Ei@- Lesing ampibé cownteiuncti on under reduced requirenents

it PR, RO S ACGRB! S 0BT 8B . n
plkogrnaripadl. Ashizsajirt abvoenalih eefsregoato 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.

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

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



may be deactivated and the adaptive WL control | oop
280 disabled. At this point, the optim zed final W

W@eose7stt h code is stored in code reprogranmPEyUS2008/086834

[0048]

[0049]

[0050]

[0051]

[0052]

nodul e 270 and passed to decoder 260 for use in nmenory

210. [0044] It will be appreciated by one of ordinary

skill in the art that the inctenental sear ching

al gorithm descri bed above is shown for illustrative

ﬁug ﬁﬁﬁigl arg Flg/ dlol%vtn%?éna{ ﬂsf{eceq\?e B%lt cr%lpger Elﬂfm&reélgeé%sr eéjrernents
tHe st@dct OMB, Rideodlidife b de @f adcbﬁlah@:\/ﬁ[th ithd clkFedut e;igmphﬁng counter
a tree searching algorithm a random searchin

sirguty thatis well brover instbg pethinsp Birger desprpioneftw gfa%%b@ omitted

wn in the art may al so be used according to various
enbodi nents of the invention. [0045] FIG 4
i |l usOnat €& anrcexk®ippelse mpdteredt bid beenalpdated, ipid eeput as current

'dthcon roll.er of EIG 2 usin it counte )
RBlsc pd @rﬁs\%ﬁ Vafilﬁ s Q07 QncBtimay b9 1o f@caé*ﬂklﬁé@* - Wlogglse width,
S1cITRE coRngPo MBS Rbops 3RFK Bf %lny é&ﬁé&ratea'cgz'%ﬁilow Pis from the

descri bed above wth reference to hese
cdntlniadnss iTn averflony bive arguiytitttusthef thoravadeqst sigeal \W. indicate that a

ul se control nodul e 24 N- bi ounter 41 [so . . )
R BB & iR v ot it oA R B Es aBofe ghis ds seful in
aVtSE@IMIngant hkiBim QF ntifigndnh Rictibhddity h&s086eh efacHId
outputs an n-bit current W. pul se wdth code and an

over | 84 tedhgiaies dageriged dierdye dnayblss @sefl o Yagipes slesonigs devices
21%apatSiV{]/Iéé1€§ c%%%ﬁun‘i)cadglo Idg 1%%5 g%%(dh%gidf%ev ceelsveq(hlgé/ de%lcet‘s computing

Se con

dwlc@nt:oﬁoi%utsﬁsl BiBtopl cﬂhﬁpuwa&oﬁaynéi&lémﬁicvwldey, decatlexcmplary
260 and/ or code_ reprogramm ng nodul e 270. [0047] N-bit
HER Rt tBe te&h@qv%cfpnwére St EQAMMPicaam deyisedndesqgbehelow.

decr e@isd} ng sﬁ&ﬁjﬁ 'BL ekg% e%’\f\!m Fb‘f" S@eggngc;rffbb&fgrgﬁg Ebrnrnunlﬁatlon device

accor dance Wt ations ove Wt
660 er & naieldso cqpumseicafiat Sy stodeViralessedevin® 308rmoaygbe brellular phone,

|ntoa eri f bit storage.deyices

BTy UG o URTBRe GHEharore] DAk gcten g wircless
G&Hﬁﬁlﬁfcaﬁ’&p sy IRGhH GRRNBS a(@odéegfv‘?ﬁ@rpmlflﬂ% &éd@ﬁseftlyK/IA) system, a
pul se wi dth code in accordance with the clk cout

Silgheh Sysienrigr Hobie @pnmunwtlony(ﬁﬁﬁ‘é) Sys@nw@ltd known in
the a

o £ HER a1 et OB exre B PviPPete-diE Lk iy igasion via

eRdRchpush haen waAahiehath. tOh ShO UM pe&hcsagﬁﬁmttraw&mltted by base
pul se wi dth code values QO - (On that may be used

slafigrst (nehdown) pigl rsecivigddphan axtennaha apd previdgs! f@ﬁeﬁeaftlwr(RCVR)
S RAFRR0 4 s 0, 0B LA BYSHLLR  bA s
i epplwaﬁdno getcHicgnerdiql ¢iraitqASECY S Om the transmit path, a transmitter
(TMTR) 516 receives and conditions an analog output signal from ASIC 520 and
generates a modulated signal, which is transmitted via antenna 512 to the base stations.
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.

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



maxi mum or m ni nrum val ue has been reached. As
di scussed above, this is useful in determining if a

WOoreoopmsdr mi ni num functional ity has been reak¢iBUS2008/086834

[0053]

[0054]

[0055]

[0056]

[0057]

[ 0049] The techni ques described herein may be used for

various el ectronics devices such as w rel ess

comuni cation devi ces, handheld devi ces, gam ng

devi ces, conputing devices, conputers, Iaptop

gxggn;tsgprrsobesgglgst%n%%taetiraen%hlﬁlon612%19 Vlc(e:lgg’ ete%C %ncodlng, modulation,

dempanatal | dodiay] ek. iBISdepeddehod 308l ey p&EREB] vEH6us Bypes of

shows a bl ock diagramof a design of a wreless

eEeRRsHICC B o les ety ioB-aliRF e IngsieT ciintu ATapaic opigher layer

I a I

kgt 46, TRURMHEGoR B By i Mo opBIAF: of various

(oféiaéésing%xd infEhfecamiri sl veigan AATEURD chitdroal msgrsdreri3Bwiorésedata and/or
Code Division Miltiple Access .(CDMA) system a d oba

S%‘P%ti‘ﬂnﬁé?r oboHs lém@o‘i‘ﬁﬁlﬂﬂl%ﬁé Sgﬁs (GSM) system etc.

[ 0051EBYV5B2lrRS5tads Hah&erHd S baRRAP W&TOH20LAY L Fh S emory 544,
bi -directional communication via a receive path and

{/Oadgwert SpatdhveOan tife dertei ¥ pat hu agilggadrsdigital 1nterface Audio
r mtt base statj ons ot are received

ﬁ?ﬁ* “%?ﬁgﬁ g P A al 1?)98%’108&%@ gh%% r%&% PG é sne R)a%ea‘dSet an

SdpiccResei Viko DIKCAAREH 3400M8ves hedigeguMRd 58] @Arh nddbe a liquid
rOV|&es an anal og input signal to an appllcatlon

§1D’é‘@ifillsﬁla}’|6]t~@@9§(“éd C|rCU|t (ASI C) 520. On the

cond T1'GRE Araflat 55 PR blFloct gk P RSB LB FRffioment the

geheiqadedesaribidhdraine tos Iemiﬂible, whi ehthesmémansminky &@d gtnadrated as
antenna 512 to the base stations. [0052] ASIC 520 may
iyl 1adi ous processing, interface, and menory

uni tsys L{E%\IA ?( the- %ﬁ@éﬁnséiff eliE bg‘tﬁr?ﬁ (ré@fatMatsé‘g%ocﬂ%lents of the

transmt processor
ieduotted camslso mmxﬂmd:enmsﬁelbds: ﬁwrmﬁrfom@n{gRihS@mqnms,&qunce of actions

a, cantrol |l er cessor. 530, n i nt ernal .menor.
3aor 2108l HerribbE FRRER: Pt e aMeRHoF GUPRiRe WL pulse

(idt ughdiiv Sen3b @&n@ﬂﬁg Be ?&%ﬁﬁéd"lﬁ faceotdancd Q}ch”‘t& iMd@Odiagram
DAC/ dri ver 540. ADC 5 igitizes the anal og input

dlughvatied fir BYy.3ecei ver 514 and prOV|des sanpl es to nodem

ot ing e <Sr L ARE ocBeR d5ptbRab ablvBfhens of the

RIVREESS nlag BOImplainantedl 4 ik &Sdre inditd soGaRL. IR, heﬁrd@am/software
encodi ng, nodul ation, denodul ati on, decoding

FEPE@%W@B@@S cma3521801r¢d9 peFPBPIRRQLY |quspf<t<§%°@§<5bf and article(s) of
%ﬁﬁﬁ&gﬁr@ %ofr Oe&a%%)fee lR?%é gﬁgé@s o? 5%% bxg; c’ Pﬁ%&%& 35! 11919lernent the

ayer
tohiitadd fr /a@afpmlgS\U OrpubseOwidehs @Bﬁﬁ&ﬁ Hek’ﬁn P eptahize I’ﬁh@f)peratlon of
varlous proceSS|n and interface units within ASIC
gygnal ACBIORA P SreiSr B30 BEFPES Sdat Ahaatidi(s) of manufacture may

further include storage media and executable computer program(s), for example, a
computer program product 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.

Embodiments of the invention described above offer several advantages over

conventional techniques. For example, the techniques described herein provide for the

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



instructions for various units within ASIC 520. [0053]
EBI 534 facilitates transfer of data between ASI C 520

w@ae@a7asei n nenory 544. 1/O driver 536 drives BEI/USI008/086834

[0058]

device 546 via an analog or digital interface. Audio
DAC/ driver 538 drives an audi o device 548, which may
be a speaker, a headset, an ealpiece, etc. Video

DAC/ driver 540 drives a display unit 550, which nay be

aho SRR P Bt s UaR o el ot A E RS potse widt

tlﬁphﬁzﬂ;ﬁ Mdpiote ﬁe@fdﬂmaﬁbéesncﬁ oGkt Refsun@itidinNchardteristics, as well as

exanp of the nenories nay be generated as shown

irnprpvace izstag@l@vs gpr @anl%vbwedv%g fk@r@@b@hﬁlgty qftceldiflip. Because of

t,

P A o FEROLLIRIBAN o)t R 26, 288 B B botter

pfedambn@lﬁssota]nlﬂ powal foadditiors bdease nlagehposrabm of Ber fabricated 1Cs

exanpl e, a method of adapting W. pul se widths used in. . .

Wéafﬁfay © SRy ShEgBIPHER £ GF FEEFOR DOR EiofaHBRIGH {08 ol fabricated

iCOMafbaedRtd. MhlSEAR 8B ginmdy) fio Be rddQ0REs 1bdg QM tIhE memory does

al so be appreciated that the 'net hods accordi ng

eotbadi wbrchsleats to efataw egmise mrgtayemnsarﬁlhemenﬂeefdangm may also be

har dwar. e. and/ pr sof t war har dwar e ftwa

Pﬁ%%% okt ?asﬁsmﬁ@w il GSLEHRER] I fRemory 1o operate
?IS Phé $h @H@@n&éi‘ch{g' t@hs s fo M@lﬂ@tsﬁfc@ th&@Ichniques described

exanp RI S processor 528 may be configured to

hergine esn thet orechip BN Tgtre gdans rthadébtnudty Widthuwehydags ot require

to optimze the operation of internal
ggé%ﬁakfgﬁtfgl%i% {ne. ‘main menory 544. The article(s) of

manuf &¢ciile t@e mcaygcfmg dhelosichole 11ﬁ1ts@ata@emﬂﬁﬂ1ilraexam df the invention,
execut abl e conputer progran(s), far exanple

Eshoud de notcddhainppeuchanses andanodifications apuld be maéiadlgfﬂué without
Hg@%g@r DAL HRXSGpt Al e ﬁl%}#foﬁr aspﬁ%{gg%f)t%érgﬁpénﬁgd Wi€ms. For

|nstruct|ons to performt
openEt, ibrwsll dre afpprm:talt@hby oh¢ of\btdinde skiplpinetbe attetlatt thatincremental
a sed herein ,a set instructions may inclu one
Serdiee RRET Redi Moon AT ERBON RERt SR g Lortins that may
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|ncre%§e i n ogera 1§ el d. Furﬁy rnore %pe In t hat nction
A& HULEWCH SO IR LS AR oS R S RS TR i disd unctions,
vidpd add/Onsctiohe ®Bkitd MPthbd ctaifn dblatéRdaret vittethdleniBddsifients of the
wi dt h t hat nprove performnce and power
éb’ﬁ%ﬁ?p@@séﬁb%%@rf%l@tnéﬂ 8ot hegperipsmog ) angygparticular 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.



i nprove cell stability, for exanple, by reducing the
probability of cell flip. Because of the tighter
waele@voiaet i on of power consunption over the di PEEUSIS/086834
ICs, there may be better prediction of total 1C power.
In addition, because a |arger_ portion of the
fabricated I Cs may have | ower %omer consunption, the
aver age power consunption for all fabricated |ICs nay
be reduced. The sense narguﬂ% al so be reduced as
| ong as the menory does not fail,; which |leads to a
WeHNGT ISEDAEMED @SN response. The sense nmargin may
al so be optim zed for each nenory individually as
required for the nmenory to operate correctly. The

i mpact on S [
techn?queshge%kﬁggé%nﬁlh 1ﬁﬂ se t%h&%;@%ﬁmﬁ %ﬁ§f5g%myksyﬁmﬂ
aclaptisihgte WL pul se wi dt h, mhlch does not require

additional external tes Wil e t forego

di scl BSRRROTE KBRS F‘%@F‘al% & VORI (EPZH ftH gn associated WL
baentdn, it should be noted that various changes and
nmodi fi cations could be nmade herein w thout departing

f r om tHwilsoopaf-tht (HST) mmérthattantea@ced;emth el byentomxe the BIST unit
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bREAREAER ikkatiapinge ey bhvirdestibbad s@tméfse dand
only one of many searching algorithnms that may be
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searc Ing a

kNthamndniory baseardn thaylgﬁdﬂqﬁoxbeewls;edleeBIStDnﬁitng to various
enbodi nents of the invention. The functions, steps
and/ or actions of the nethod clains in accordance with

the enbodi rRatatuk N dRKER LABAPSRs ADRHLDSYR! dalPdircuit s

not be per in any particular order urt her nor
abﬁﬂgmmgh teeirenent shoWit palsenwiit ifothenagnab eraledad bpeble @IST unit

L B LB S AT A v
SRl IgHoFHA! l%BthWEIﬁ@T LRt Gt AYEDhhShe henfiy BRRET AlWSIf-test.

conprising a menmory system the nmenory system

conprising: a nenory operatlng according to a wordline

(W) pul se th an assogi ul,s

bui 1¢5n- sl Pe@Pul BREHR, aF s R P oppor cieuit s

filehcFROBRfiYured e iBtREt Wy BISEIung ©OpdrFaH Sebst e'htl Relftests of the
self-test of the internal functionality of t menory
Hhernal functionality of the memory as the WL pulse Wldth 18 1ncreased 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.

configured to increase or decrease the WL pulse width from an initial value in the



provide a signal indicating if the nmenory passed or
failed the self-test; and an adaptive W. contro

W@R0eHTH5T hat interfaces with the BI ST unit aneCT/b82008/086834
menory, the adaptive WL control circuit being
configured to adjust the W. pul se width of the nenory
based on the signal provided 5@ the BIST unit. 2. The
appar at us of clain11 wherei n the adaptive W. contro
circuit d to .increase t ul se, w. dt h
it BoePs 800 BBy PRECBRE M0 i Eh e bl dpe siena
phﬁumﬁmgnyeBayraﬁtthe self test and to decrease the W
pulse wdth if the signal provided by the BIST unit
i ndicates that the nmenory passed the self-test. 3. The
appar at us n 0 R
reurt 1 s PerpRuE o IBheln R AR WERGRS! ciruit i
oovifigutral tpendromomtsurhis eguent ths 8V ptilestwgdtbf t he i nterna
functionality of the menory as the WL pulse width is
I ncreased or decreased until the result of the
sel f - gest QB@Q%E%aEBOHF%bHﬁsﬁ k@m%nf@%!a@étﬁ%oﬁﬁﬁcBﬁﬁélcnmnt
to a pass. e apparatus of clalm 3, mhereln t he
aclaptisose WL control circuit is configured to set the

val ben dGdonisbaraticnsl Bevare b e BT dul ffydgntol cireui

beiapcpassurt®td aétlmmﬁes whehappanhatass Rfdeeleadd™8 WL pulse width of
wherein t he adaptive W. control circuit is configured

thy r@@powrt@sworpmeww proridsfl by ec WYt st ormwoviic a first control
? ghfc‘l ?Q{Y'cﬂ g el Con %fusﬁ@?e S {oqﬁe & éultseesédtﬁ ianges from

I NCreas ecrease the

W. pu thechdddolﬁtrbr amlﬁmthaminterailceyamh ehé¢ firdt tmeﬁfadslrtﬁfcuﬁf th@ second
f eedback | oop by ﬁprovidiqg a new val ue determ
AEUTE B3

BRIYER cHAUif heingicy e thy Wlheulgg wrdth, Fhsed o thfnﬁést control
%%?%Jﬂ&%ﬁaf@yﬁ?ﬁhﬁkﬁgn$ﬂﬁﬁﬁhn the adaptive WL contro

I's configured to I ncrenent or decrenment the W
pul se width. 8. The apparatus of claim1, wherein the
control cir

adaptive uit c rises. a first.cant

LDy Db PRiuitis 86 £t i3, SIRE RS isheqntie syl fgimines fo
GRALLO |theC‘W'LCfa’t!dEe REIR Y 4 %ﬁgng V\Ef‘o@lde@ @eﬁl@ IBTISM %n"‘ih&dfcﬁ't% that the
to i ncrease or decrease th ulse"wdth of th

menwory fdled et seif- ttesitetné ity d@qreapﬁ dm Wéopvégﬁ widéh EItISngml provided by
ggqgﬁi. roglge a 'ﬁ@t cqptroé | eLftlndlcatlng
a‘ diges Y WIR% °dE%hi dth: and a

second contr ol C|rcuit that interfaces with the first

control circuit, the second
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 a maximum or minimum allowed 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.

12. The apparatus of claim 8, wherein the adaptive WL control circuit further



control circuit being configured to adjust the W

pul se wi dth based on the first control signal provided
Whe0owhe48T rst control circuit. 9. The appar at uBCT1S2008/086834

claim8, wherein the first control circuit determ nes

to increase the W. pulse width if the signal provided

by the BIST unit indicates th¥ the menory failed the

self-test and to decrease the W. pulse width if the

si gnal ovi ded by th ST, uni t. .1 ndicat at it he.

S D0l T Qulrf v B Db R ERER I byp St of the
aledioly & a MBS IRalNBIcERCIARdr deutédstig mhrdeti t s further
configured to provide an overload signal to the first
control circuit indicating that the W. pul se wi dth has
reach a ' AT . . 1 s

appar g?'us (T? ¢ (%1 Ea| r%ﬁa?)f%l%’emiv lﬁérélﬁ\gﬁégae&ég{ﬁg C & n‘f]Urn(tJ]i-gh Sircuit further
oichaigs ta repraprammie moglohef thgunietdrfbaesi weh ehefirstoand second control

decr.ement the W | se . wjdth value accordipg,to.the
FirFwts Bnergd %mﬁﬁplw%?la%&o JeUrRd 4 Pm({%c%ﬁ@ﬁmsted WL pulse
Qidth Walue BB RYRS btk TRIREOM ARt QB O vaLeek Y c%nﬁgured to

pul se wdth as the i ncrenmented/ decrenented val ue an
proovwdede wrihe sige@rihgadtisg ¢heatcpagrarhmingvmodulov biote e adhsted WL

o5 S S PP RS0 kool FofPE AL Rhrogrummin
HodhRess@plutdUioe ProvRlcNBeh-VhletiRttha b€ & f ke REjusRIWMIE Bulse width
to allowabl e W. pul se widths of the nmenory In a

M®H®t oni cal | y increasing or decreasing manner. 13. The
apparatus of claim@8, wherein the adaptive W. contro
circuit further includes a reprograming nodul e that

i nt er fiaces The t dpputitusf iof s¢laidh R, seberth contremoghintringt odule is
the second control circuit being configured to provide
tRlengpigd pean EURE M dt h val ue to the reprogranmm ng
nodul e, the first control circuit being configured to
provide a wite signal instructing the reprogranm ng

nodul é5t o Sher epparuadifustaed WL whirsm whatdppembuse is a wireless

provi ded .by the second control circuit, and the

PRIBIBICANON 7y 550 D 48P RBIHF 1t oE 0TI gistidom controllr.

non-vol atil e storage of the adjusted W. pul se width

val ue. 14. The apparatus of claim8, wherein the

r epr ogb-ammilThg apmiatheof dainmpl.evtentie theatysem amuskHer is configured to

ARRRr e e s PR UR R Buleci LSRG M Bower-up of the

PR MEMUNICLIGT dSQWri sing a systemcontroller. 16.
The apparatus of claim 15, wherein the system

controller is configured to
17. The apparatus of claim 15, 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.

18. 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:

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 based on the results of the self-test

using on-chip adaptive WL control circuitry.



instruct the nmenory systemto adjust the W. pul se
Wi dth upon initial power-up of the w rel ess

w@oare46at i on device. 17. The apparatus of clBCTUIH08/086834
wherein the systemcontroller is configured to
instruct the nmenory systemto_adjust the W. pul se
wi dth periodically according 1o a gi ven interval of
time. 18. A nethod of adjusting a wordline (W) pul se
width jn a nor, tem igcl udi ng..a nNenory .operating. .
accor d'ng 18T AL PERRIT HE: REHUR R TRE §Hec nbiasing the
Ml palseivwidthaf gl thetest fadln tHohe I festany deyiehéng the WeSpulse width if
the internal functionality of the menory under the
egrpenerymessss theesclfrtasth; and adj usting the W pul se
wi dth of the nenory based on the results of the
sel f-test using on-chip adaptive W. contr ol
ci rcuéry. T8c mebedndichad 16f fucthar con@jsivgher ei n t he

adj usting.includes. i ncreasi the WL pul.se width i

the n&m?%}lgr 419 SeThan G B, Sdlivamge Biea enbesvlﬁeof{/@e self-test
Bitrg8s Mol hasE tdf PBiIIBTRIY 2 PASRES ke sel f-test. 20.

The “met hod ‘of claim 19, further ‘conprising: repeating

the performng and the adjusting until the result of

th f-test f to.a fail f
a1t o pheeRn Sl RefErortitie 20, fur her

CONpr btz (TBRRjREd! 1. Adisuistiath NLamil e W HhldcOwidths of the
al | owabl e pul se widths of the nmenory in a

mSHED HI ¢aongtonisell e sragging or dedpasti Agnganner . 22. The

nmet hod of claim 20, further conprising: setting the W

pul se width of the menory to the WL pul se wi dth val ue

used ppmediTat elcyhddaffetemtioefiselef cdmggisighanged from

pass to fail. 23. The nethod of claim20, further,

conpr PEfing thes Wit prise pREh\E the macanegy dp ho fVh malseerigdihyvalue used
: i 1 he self-test

E:fﬁ%l%glgge&?égyn}eﬁ g? %glf%gtp%%éé& Zﬁéﬁ%g}ﬁg\? od of claim 18,

wherein the perform ng and adjusting operations are

initiafed on initial . -yp of the menory system
25. T%é ne#ﬁﬁalegpd&félﬁ%g,’eﬁmﬁ PR per f or mi ng and
adj ustdihgs aRenat hoRs wal@ dfitht 'nge]tcnﬁ‘(?lyﬁgrth@WIQ uls¥ width value used

according to a given interval
when the self-test changes from fail to pass.

24. The method of claim 18, wherein the performing and adjusting

operations are initiated upon initial power-up of the memory system.

25. The method of claim 18, wherein the performing and adjusting

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

26.  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:

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 based on the



26. An apparatus for adjusting a wordline (W) pulse
width in a nenory systemincluding a nenory operating
wWaewondi4ey to a W pul se, the apparatus conpriBCTHS2008/086834

nmeans for performng a self-test on the nenory system

to test the internal functionality of the nenory under

the current WL pul se wi dth; ahtt on-chi p neans for

adjusting the W. pul se width of the nenory based on

t he27,-,The par.at us cl aiym 2 wherein the nmeans. .

for  alust TG PhartRed siuhel; SerelERSlal FcRifing includes

piehsefonind-dhsink thO & INpaweE Widtaif the bivencs¢ffilsttes telffegt and means for

nmeans for decreasing the W. pulse width if the nenory

gegering the Wepplse width ifxge mpmory ppsesathaselbtest| ai m 27,

further conprising: nmeans for repeating the perform ng

and the adjusting until the result of the selftest

chang@s. f r @he appastss dioclainf 20, Ifudlicr fcomprigingai | to a

pass. 29. The apparatus of cl ai 8, .further,.

conpr P?@nggr RNy B mﬁfgﬁflwg @Wéhz%(}m%{n@di%thﬁdﬁw of the self-

Y@s@'élﬁng& t%rh‘é‘@;ﬁ@ % athil BHESE Mailich s p_%s. the menory in a

nonot oni cal 'y i ncreasi ng or decreasing manner. 30. The

apparatus of claim 28, further conprising: neans for

setti the, W pul se wi.dt h,of. the menory to the W

oul se dt RGP BE ek i ur b OBERIPE ¢ he

sel f - hghs fohangpchef the AURSEE WP pultelwidthlto alld®aBRPAILAbMSe widths

of claim28, further conprising: nmeans for setting the

o the imeseonyjie)  asptonirallrdtseapingr deercyyingmpBre dt h

val ue used when the self-test changes fromfail to

pass. 32. A conputer readable medi umincluding sets of

I nstrBoti oMac epeeathabl daiby2$ fptineessprisihg: adj ust a

wordline (W) Pulse width in a menory systen1inc|udin? ,

a menBrgnofErsstinggtha M brilisgwidsh #F e pisimesy te fre WL pulse width
r ' iSRG ' et of
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systemto test the internal functionality of the

menor y. und t he current. ul se wi dt.h; and a second

Cet o1 meThe apreibs el T PURRE cEPHaRE S wi dt b of

t he MRBAY fhaS8HOMe tHE ﬁlﬁﬁul;vicﬁh Qf tﬁé‘ ﬁw%%'r;fz 14 eRd WIS Pulse width
The conput er reagable medi um of claim 32, wherein the

seloonsbdsehenghe pelbtasudangmsramddiliggmss.nst r uct i ons
execut abl e by the processor to increase the W. pul se

32. 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 based

on the results of the self-test.

33.  The computer readable medium of claim 32, 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.

34.  The computer readable medium of claim 33, further comprising:



width if the nenory fails the self-test and to

decrease the W. pulse width if the nenory passes the
w@e00p/r|st. 34. The conputer readabl e medi um oPCTIUSI0NS/086834

33, further conprising:a third set of instructions to

repeat the first and second sets of instructions until

the result of the self-test cH%nges froma pass to a

fail or froma fail to a pass. 35. The conputer

dabl [ f claim3 h i Si.ng. . . .
Four t A el e g e Gdhies el i SR L RO ipRructions wni

pHel S gulvé fdhdsdl Ptead dhanaddl feon\b pResits @ vl B RSmOS fail hea PBYDT Y
in a nonotonically increasing or decreasing nanner.

36. The conputer readable nmediumof claim34, further

conpr ksi ng: Nk - -

pul o6 b praporppith eke:d! i BRR SRHANR, KuREbahblsifE

used hiomdi st of insthedtione td map sted 4djisest Wt hangeslidih mmallowable WL

pass to fajil. 37. The conputer readabl e nedi um of

BHLAF idihs Ol pivgiory ShpMoSpRGIcay SCKenng of degroasing manncr.
instructions to set the W. pul se wwdth of the nenory
to the W. pul se width val ue used when the self-test
changaé. fr dhe famputtorepdabde m8diunildfecl ponisli figther eamiphding:

medi um clai.m 32, .further .c ri sing: venth se

oF 1 et Rt SEErom Prt e B bt sk oh RSPegpRto the wi
biIsé Gidth vaRS usRPIfrhétitkiR beRFWRTe S F-t08t chi\s BB Mass to fail.
system 39. The conputer readable nmedi umof clam 32,

further conprising: an eighth set of instructions to

run t g? fi rTﬁ% coarlﬂygutsre 228 %les r%tedfl)&n of! cﬁi{rnuﬁf Ifll(l)l’ﬂlse{ c?mprreising:
periodical 'y according to a given interval of tite.
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.

38.  The computer readable medium of claim 32, further comprising:
a seventh set of instructions to run the first and second set of instructions upon

initial power-up of the memory system.

39.  The computer readable medium of claim 32, further comprising:
an eighth set of instructions to run the first and second set of instructions

periodically according to a given interval of time.



