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One approach that has been used to optimize the desirable properties of DRAM has
25  been to design such devices such that they are accessible synchronously. A synchronous
DRAM typically requires an externally-applied clocking signal, as well as other externally-
applied control signals whose timing must bear certain predetermined relationships with the
clock signal. Likewise, digital data is read from and written to a synchronous memory device
in a synchronous relationship to the externally-applied clock signal. Synchronous DRAM
30 technologies have besn under development for many years, and synchronous DRAM
(frequently referred to as "SDRAM") is used in a broad spectrum of commercial and

industrial applications, including the personal computer industry. :
Those of ordinary skill in the art will appreciate that, as the storage capacity of
SDRAMSs is increased, so too does the die size of the semiconductor substrate usually
35 increase (notwithstanding concurrent improvements in semiconductor processing
technologies allowing for higher-density memory storage per unit area). it is also recognized
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To address such considerations, an approach refered to as “delay-locked loop® or
30 “DLL" can be empioyed. Figure 1 is illustrative of a simple example of DLL implementation.
In Figure 1, an externally-applied clock signal CLK is applied to an input pin 12 of a
hypothetical memory device 10. As shown in Figure 1, the externally-applied CLK signal is
applied to a DLL block 20. DLL block 20 operates to derive a plurality of separate Intemal
clock signals which are then provided to the various subcircuits of memory device 10 on
35 lines 22, 24, and 26. (Although only three internal clock signals are depicted in Figure 1,
those of ordinary skill will appreciate that more than three internal clock signals may be
required in any given implementation.) The function of DLL block 20 (which may represent
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generally with the concapt of DLLs in semiconductor devices. Various examples of DLL
implementations for synchronous memory devices are proposed in U.S. Patent No.
5,020,518 to Harrison et al., entitied “Synchronous Clock Generator Including Delay-Locked
Loop;" U.S. Patent No. 8,201,424B1 to Harison, entitied “Synchronous Clock Generator

30 including a Delay-Locked Loop Signal-Loss Detector;” and U.S. Patent No. 6,130,856 to
Mclaury, entitted “Method and Apparatus for Multiple Latency Synchronous Dynamic
Random Access Memory.” The aforementionad '518, '424, and '856 patents are each
commonly assigned to the Assignee of the present invention and each ars hereby
incorporated by referenice hersin in their respective entireties.

35 Those of ordinary skill in the art will appreciate that DLLs are frequently implemented
in a manner specific to an intended operational speed of a clocked semiconductor device.
For example, an SDRAM (and its DLLs) may be designed with a spacification that it be
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in a manner specific to an Intended operational speed of a docked
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appropriate control signals and make appropriate internal adjustments to enable the device
30 o operate a mode corresponding to the predetermined pattem of bits.

Operation in a test mode may involve temporarily disabling certain intarnal
subcircuits, such as DLL circultry, that might otherwise prohibit proper operation of the
device at clock spesds substantlally differing from the device’s *normal”® operating speed.
Once the circuitry in question has been disabled, operation in a test mode (e.g., a mode

35 involving a substantially slower operating speed) can commence without concern about such
adverse effects.
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Thus, It is believed that there remains a need for an improved method and apparatus
by which a subcircuit within an integrated circuit device can be temporarily powerad-down or
30 disabled, and subsaquently restored to normal operation.



SUMVARY OF THE | NVENTI ON The present invention relates to an apparatus and
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nternal | oBpaghditiith bnefors Inddignald that 36 RSN focblel wiRéit aivaivement

concei vabl e Iments of the Invention, a conbjnatjon of one or.isS nore

ext er nal | y-ShemaPld-wliant subgroyltssib s é'SFrGﬂPPWWFelPP@@ E'E?n?f;dfq"aﬁg’ Hized Ry ce

t Ft oper ?,t € pldcB daasémédhdabtbfdéifﬂi‘ei o érp?lﬁrﬁdﬂ(lbé Fide lw?ﬁéraﬁdmi_g wmaheoneSmuhd ore

alternative no refera ut. .not exclusively) conprises a node in

whi ch tHe Wﬁ@?ﬁbﬁgﬁl&“g‘ é'?g‘i’%?hﬁﬂous device responsive in a normal node

to operate in almbnesmbodiment, thespresemtl inverdion domprisdsea eynchbronaws DRAMRRYINGt o

operate In i t ' ﬁmfﬁfy

synchr onous"“g%ﬁﬁsﬂoﬁgg,e*lsﬂé%%% eaﬁ?gt\;e\ﬁéna%rwﬁfﬂgﬁ%ﬁﬁ?h@p Elre'rﬁeafgt I vV btyo its

normal nodenesns netdmeiNingd synsheonizatien with s intsmallyraenenatado Rhk sk ggnal. In

synchr OHPU%&?&‘#@%W% dohekiviblel misfdinhéHed '&F thé MFertida, 4 B6mbifatioR @ bivecor

signals in synchronization wth one or npre | te%ﬂ@é- H%r at 3d cl o&k

si gnal s‘5deN%&WP’@FN‘&EPI%&BW%FFéaé?F‘@Pﬁ‘?}IcW-dﬁgﬁ? £ VIR RP & Fgnal |

t he onaﬁré%rgrnqbded I rulﬁﬁiwl kd ?ﬂ-aﬂ%ﬂﬁ) att eﬁarﬁtil ngoﬁ Sacth aitdvml | ative mpsiecprefistaplyr (bﬁteu ed

to as ock |loop) signals.,. i ti t he e

has at |eadPt %ﬁ@‘;’%‘?@ W&?&E& 9"’8?35“'”'%319 8%}%‘ a%ianﬁt gd"?‘%@ é@%i g%J?BA

signal s asyesponsivinsd pormial inodectoraperate in mglyer maanatas Icprdiioned in the attemative

ext er nal | y'nqﬁﬁ% %h&?teqﬂ% &4 en Man 'eﬁébfﬁﬁtea RWBPLASIgHE? raté oEsyfRhdhasal S
chr sly y W

either syn ono or “asynchronous respect to any internally- or

ext er nadol y-speeshbe.agiilowsr ofigher clack rete relativede &8 pe@limad®odi nent , "t he

seni conduct or  deybfeerRbstithé, the plesbitanvefigidonisedd sritiircrols DRAMavInG a

par £1 cul ar PHFBIBE PRTAS ANScadapich 9 HFSHR ARRARS Co EmENBRgREaRy P pha gl more | 7 2

subsequent istanaly-gehefiteddiodkuighaisaderided fram ablelisti cne pxieninily-applied eitema) gock

20! o kBl B i (380l P bS] bl leRr e o

ext er nadsl y-{deigy loskllooplosignais. Additienally, thediscloredrRRAMihes ableastangeand prpferably.

Lo < a5 G A S A o S bl 1<

pi ns adapt @¥temallyrgenagated pelpek jsignal, or which are adapted to recelve signals e
synchronously or asynchronously with respect to any intemally- or extemnally- generated
signals.

30 In one disclosed embodiment, the semiconductor device enables both the
deactivation and activation of intemal processes relating to the generation of synchronous
signals. In a particular embodiment, the invention encompasses the disabling and
subsequent enabling of an intsmal delay lock loop subcircuit that is adapted in normal
operation to coordinate the generation of one or more internal clocking signals with the

35 application of one or more externally-applied clock signals. In accordance with one aspect of
the invention, the deactivation and activation of the intema! DLL. subcircuit is accomplished
by means of application of signals to the one or mors Input pins adapted in normal operation
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8 15 May 2006 to receive signals asynchronously with respect to any
internally- or externally-generated clock signals. In one specifically
di scl osed enbodi nent, the invention Involves the use of gg%ﬁﬁg% "reset”
and "chip select" Inputs to an SDRAM In this particulaﬂ ﬁent when
an 5 external "reset" signal |Is asserted upon an external input to the

001 1 cvalo (S5oRRHarBl sipdiausl i Topdis © e ipnal: oF iEefdBe 0

In a nornﬂb&c@m& but when the 'reset" signal is asserted wth the "chip

sel ect™ input b El'%g s}?éhéa‘ﬁg dﬁ&lo fﬁ%érﬂ%g lrlvg tﬁ)ln in\;olﬂfasm b‘lsextemal

conditioned to o operation_ in

certain defraget! sok Td)mpsqliﬂl_"mpllts te AnCEPBAM: fry thi PWW'QWBEW-WI‘H yhm #p| ed.
Wth the the%‘df)%{e‘f"tﬁlé aVIs%&@'QHQ@on Enﬁxtgﬁﬁﬁﬁbbﬁo tHePSORAR vaith tﬁ@%kl@tnamg In

an ot herw se era

|
subst ant i aPPRlied F’i“ﬁrﬂ?iﬂd’fm%ﬁd%ﬁéa"ebﬁ%rﬁ §E§&Q"‘? g{‘!ﬂf §C9r O'?@:%&Wﬁ?' B%é‘l’g‘?l on

t[))EIS?:gRI P?Fpoﬁm fs @ohdiffon@d & Q)'_?rd@irfh Tofridl” rabds) dlt mumms reset’ dijtlabis assertedt f
e fore an s o

the presenWit] M%Péw I'qmb@'?%gqp"e%ﬁ{i%g%c[o&gm% gﬁ%%% @ﬂ&%ﬁ

fol | owi ng tebpératedindars Gitembiivenmodie af spewtion in mlnlwhdmmmt deay ladkclopp (@K on,

when regad '{}bcwrgwmmgbﬁm;msamommmw %%nﬂ@%;sdmrﬁb%nﬂwwe 1

is asc lagram of a prior art sem con devi ce hawgg one

20 or rmr e capabler nhope;atgurieramt ethenwiseayormat RICH® ¢ Perations iyt with 4, clocl sfg
schemati c/ %ﬁ@& lﬂﬁ{a?:ﬂ&iﬁf differ@RMrEqURALL tRh SPRRRBY fsicid aemidl o gamen d:amge

with one e e invention: Figure 3a is a timng diagram
i |lustrati ﬁ@%’%?&“‘l%‘&l"&"&%@%‘%@b‘&?‘&? ed with initiation of the menory

device of Figure 2 Into a first node of operation; 25 Figure 3b is a timng
diagramillustrating ele initiation of the
menory evice of Figure gé‘hﬁﬁ#@%@@@ﬁ"%éﬁ and Figure 4 is
a diagramill usmafdreg:ir@ srRhGther feadies aanduspecte bhthemesenpinvertiontwill b6 beste

T i Wl ke R i ol P e

i nterest othedheantiory wheotrees it cammcﬁmrewummeac@qmanvmﬂmawwg are
descri bed. It V‘ﬁghreof is QHhSratiRhIGHR Fdn%ieéjpﬁd?%& shiichbRductl? \dBlied RiViig de any

such act ual ment atlon, as in any Such broject, numerous engineering
and prd@raﬂhﬂﬁ@ intemnall-penesated delaylociioars therele hi eve t he devel opers' specifi c

goal s and subgopiggre(2- 8- a s%Eerﬁ&imiMnaﬂgw bf 3 sémicoriiudtor enémoryadevice in
constraints), with wll va 8133 | ementation to another. Moreover,
ﬁ%ﬁ"&

attention \EPW“’?{EE@@EQF‘?P?' r engineering practices for the
7 Figure 3a is a timing diagram illustrating electrical signals associated with initiation of

the memory device of Figure 2 into a first mode of operation;
25 Figure 3b is a timing diagram illustrating electrical signals associated with initiation of
the memory device of Figure 2 into a second mode of operation; and
Figure 4 is a diagram illustrating a memory module incorporating a plurality of the
memory devices of Figure 2 therein.

20 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION
In the disclosure that follows, in the interest of clarity, not all features of actual
implementations are described. It will of course be appreciated that in the development of any
such actual implementation, as in any such project, numerous engineering and programming
decisions must be made to achieve the developers' specific goals and subgoals (e.g.
35 compliance with system and technical constraints), which will vary from one implementation to
anocther. Moréover, attention will necessarily be paid to proper engineering practices for the



15 May 2006 environment in question. It will be appreciated that such a
devel opnent effort m ght be conplex and time-consum ng, but would
nevert hel ess be a routine undertaking for those of ordlnary skill in the
relevant fields. Referring to Figure 2, there is shown d5MNght9P6sinplifi ed
schematic/block diagramof a s seni conduct or menory device 50 In
accordance wth one enbodi nent of the invention. In the disclosed

enbodi rrent enmmwylt il @uiestion.30will be appraciatest thatsuch aigevalepment affad might be semplexnpr y
( SDRAM , B%Hﬁfbohélﬁﬁﬁg [ﬁ\fb’uﬂi HeRbheftist bb airdliihd Gnd%&&kiﬁq?fét fhesd JSF%rchWémlt of

t he present I scl osure appreciate that the invention is not limted
in scope tdnHepmelevantfields. | n SDRAM only. It will also be understood that

SERAM ?0 i ncor pfﬂeﬁnﬁﬁ‘g Y Fﬁgtb&taﬁérb]?d smwmgw smprlﬁﬁdlﬁdiamatwbmdkhdhgmm ¢f@ no

t hose unct i ona nmponent i.fi cal regresent.e ver,
such ot Her s@f"ﬂ'@ﬂﬁ"‘f‘?‘i‘; ﬁ%’%ﬁ%mﬁ‘ e aﬁﬂe 'Ten?"étpg %ﬂ%ree'%l \rﬁ%
clarity, sidsmsediemnbadiment; memoryuemﬁsokmncrnmous dyrmpniofandon iapcasy rrpmom in
the art andef t ' I f

nvent i on GPRANY R e plorfin’ 4Rl h of htal AEbbRG: Sind fSedif B3dlre |
SDRAM 50 i rwil epheeciate thatthe inventioh lsmotitmeslma@opatmpwﬂqrda RERANLRIRY- éﬁw"l:!hq 54,

an addr essmgguﬁaefs@dautméﬁsnw'ﬁ%drﬁaﬁtayb gubétettial amasht BRIty iASdUaRo® B

sense anplifier circuitry 62, colunn decoder circuit and row. decoder
ci rcuit1oy daesefuncional eompRanere ARectinalirserRieseats &FEW@O%W\?& "&#ﬁ’

(e.g., f OurﬁasQfeen BRI B isRres, of tRdVity aﬁm&lamny SificeCsuch Wwirtuitnb 18, wetlicknovam to

and. dr awi ndRoRR G ARG SO e o et el i o S REER I e b= €

depi ct ed. \liiehtiaront i nued r ef er ence to Figure 2, SDRAM 50 has a plurality

(e.g., eight) A‘P%é%to?u&ai‘p?ﬁ@d r§§ u@ﬂﬁﬁe\%éeﬁ@ﬁ( 50°ARkGest)

contains an arra ged inro s and are

connect #d tmn@lmw&@tad@ammmw &n @ddressing urawbﬁ ﬂn Putmpetﬁi'ic““az
Each nmenor ygbaitinond bahiaOss; Yeh&F b m&pqw&wtézotbbm decbdati dircGifly 64hamd rivs 2s

ted to th | décod ut / t t 58 |
Rt R SN ) M R T o R

menory banhﬁm\o Bania 60) Serisd Bivplifien Birdifls 62, |colutin/devbderd Bcaﬁd:mwtdabdms BBdtides

on DATA pi A% YeYé' Vit e el S0 AR, ohO el B bl UREE i)

addr ess2o0ci rmumDnSﬁmddpluetel ves various external control 30 signals as

i nputs. By way Q{ﬁﬂ-\eect P%# reR&Y t+ #g].j.@tz Ogamnséq%as%rﬂwny %gﬁw ht)

receive a chip

d a RESET al t ho to
e Cher o hiowast (ATAYRRAEE. BRNel thy Mempry SENER.S0 I ap ST &l ﬁ@m?fwﬁs
signals, sugan g ih QW ESH SSMHEaNA &S BSiheStbd &S rdspédtivé roiv d&%&r 86 @wbdense

wite enabl e r%?é‘n%e?aﬁ?/and SO On(ﬁ&m%%ﬁ b #;Mm |

signal s
In the art comhéctddetoftamdomrn Szodiér{sh 64h mputzoutput sircuttrSs hbludeagnutventbpgllmw to

Vet vy S8 TR BRoRY S R B TR b 05 e o

conmponent s Input/output circuit also includes conventional write circuitry (also not shown) for inputting
received on DATA pins 68 into memory bank(s) 60,

Control circult 52 is coupled to address circuit 56 and receives various extemal control

a0 signals as inputs. By way of example but not limitation, control circuit 52 may receive a chip

select (CS#) signal and a RESET signal, although It is to be understood that a typical DRAM

will receive numerous other control signals, such as row and column address sirobe (RAS and

CAS) signals, a write enable (WE#) signal, and so on. In Figure 2, the various control signals

are represented by command (CMD) bus 68. Those of ordinary skill in the art will be familiar

35  with the various control signals applied to device 50 via command bus 89. Although not shown

in Figure 2, control circuftry 52 is likely to be coupled to most of the other functional components

of device 60, in a conventional arrangement, such that control circuitry 52 is capable of
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of device 60, in a conventional arrangenent, such that control circuitry 52
|'s capable of 8 15 May 2006 interpreting the various control signals
applied thereto and drive and control the overall operatlon of t he
remaining circuitry in device 50. It is to be under st ood> Mt 0<9I6though t he
various functional conponents of device 50 depicted in Figure 2 are shown
as separate, discrete circuits disposed a well-defined s I al

rel ati onshllfﬁe'm'ﬁﬁm thes pariaus { il Signalst W'Jw&i‘gl di "gn%‘ﬁ&élt F'Sn V%ﬁq

vari ous ci rogwaﬁ@&mfé@nhﬁlnydr&t@m&m%sed throughout part or aII of the

Eglmngolngtjg g%?!’ﬁ%%ﬁ%&%@%%ﬁ? \%&6ﬁugur e WS deV| ce 50

froma fundepioediin Figurs2ears sk astdeparatehdiscrete cireyits disposed in @ welsafiopd
perspectiv I\ePari fd?@lk I ock
si gnal %ﬁ%@‘%&ﬁ@gﬁw@% enefa&%&gﬁ%{%ﬁtﬁﬁ of |%e§?gﬂ goéﬁw

signal s INT@bﬁthsPerBeﬂ'mmm padprdteﬂthweralponstyﬁtsnﬁ ubstrale, withchogions Mo f
the I NTCLKY, n%d’n% %bﬁeﬂo@t&rdﬁﬂt%cmmzaapmwwsot he
ot her functlon

onent s Wlthl n devjc 50 For clari tx% n the draw ngs,
only a fewf@MﬁS‘F | pecsReive 1atiesthaa s FP ot her
functional circpelsy-edked ﬁ,ep(m_u_)adrcumsﬁegewa é‘textarnat bleclﬂjgrarﬂeﬁ dtancmmtmﬂt

cormonett s agneraied acpiiishy oGl Sock ke IRTGERT (MFEIRAe & phifiy o ttpudS 2
i s to genenidrecf] Bah ofdhe NKCLKx iogtpedsfrom Dbl ciull 5&&%!?"%9%’ spereaeranorepfithest ed
et 2 S B HAERBR Wk oSl o oo mesirminr, o

t he devi ce. r.nal

as.recejvin
dock si gnalwnmmmowmﬂﬁé@m %fﬁm @’%MHIJ?B"*@ Q}Wcﬁr'tonous
devi ce, rﬂang &ﬁ%ﬁﬁfat Rtethal Wgﬁtﬂu@%ﬁ:@u@h& priolifeddionBanyrother functional

n

synchroni zat | he external K signal in order for the address
i nf or matéi orFOMBoPRNSRfSBEE 99 captured’ by addressing circuit 58. Likewi se,
data witten to ﬁ@rdxsrcaﬁéd sbbmthddurictien 6ADLLEuiepisdo gmeratamamlopiwgmlﬁm

nvent 1 on, BHR/ERGY P aeD i BE e 1B RE SytivihepE T SagC bt shltho

test node _Ipnopdnppératml_ofthertbm 54 is di sabl ed. To provide for such
functionality, wn&gghﬁe tq%e"ré Fécbﬁlﬁbtahlhtgtﬁallcﬁd@ lqmwmgdsiﬁg) be
erm ne pa rn o

§{ ghal son ArGHkEh Bestyes SORAM 2 v Y BSERATeS TR sethed o
oper at i ﬁn qﬁ? (;L;ejr%pflqm‘égn axrér@omwﬁ the IeghegaﬁdLQLéigrﬁ in fmlde)'or the adBieks gL fS
et onat e oo e o Sy B B el e 1 o
| NTCLK doc roti @évideS0ga e & eachninput/BlthutATA pins 684:\ llswmhton@LS_mmnebw t 54
hay, i th devi odh SEHSHIPR ofth sRe sasct 8 e IRt BERASY E‘tﬂ’t“@%‘ e gt s
dock speedyperatiog adlahgaﬁ onectest readedn aﬁliltchaﬂl-ﬂ-ycl@ﬂ'b%#' Qiﬂ?&!?dt %’g’
Sper st che EAABMER 5 g S B Sy Sl b -
predstermined pattern of externally-appl na s on command bus 89 to disable DLL
circuitry 54 and commence operation of device 50 In a test mode (le., a *DLL of” mode). In
DLL off mode, the extemally-applied CLK signal is applied directly to the various functional
30 components of device 50 which nommally would receive the INTCLK clock signals generated by
DLL circuit 54, i.e., DLL circuit 54 would perform no adjustment to the externally-applied CLK
signal. !nthisway,MﬁdevioeSOopemﬁnginDLLoffmode,itcanbeoperehedatanydodc
speed, including a speed substantially slower than the device's normal operating speed. For
 example, a memory specified in normal operation to use a 100MHz clock could be operated for
35 testing purposes at 10MHz in a DLL off mode.
In accordance with another aspect of the invention, the control signals involved in
placing device 50 into and out of a DLL off mode are asynchronous, or un-clocked, signals,
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35 testing purposes at 10MHz in a DLL off node. In accordance w th anot her

aspect of the invention, the control signals Involved in placing device 50
into and out of a DLL off npbde are asynchronous, or umclaocked, signals, 9

15 May 2006 such as a chip select (CS#) and RESET# signéﬁlﬂﬁﬁgﬁgﬁ to device
50 via command bus 69. The significance of this lies in the ability to

restore device 50 to a "normal' operating node after__being in a of f
node. |f spudAsEiiRseleck(CSHY ET#fiane WFBVIMW"ﬂB?'HtW§%t%ose
of chaggi RgnRaMCalof Bk MERAR ShePdbillets réttofe(devich 5020 lad'nbrenalti dpbrating thotlé aftest

| npossi bl e

t devyi 50 t l t] '

been pl acodoRa IR BE- GHERR: Faychmets (6 AR st VTl oy 84 r 88 oo 47°
Ref erring tcharigingloperaling miodes &f desice B@)incoaldtbendiffiultd nod irapnssible W regtordeviceat e

; {ai . | : : ; i q
oF Cer L, % 1B BRRAEHGMh e R B! Ao aink gL roce
devi ce 50 mingit S4ds disahied. upon its bei ng powered io up. To this and, command
pus 69 1 ncl udes pareffngh Fiduip 4, thid id fowh o Ghik) MbgraneRdiry thafdtie oboqttanl

ance t S

Li kewi se, in accorde A convent1 onal M I n%l eqr{ent af i OEi de,-‘éi ce 50
recei ves &0PflF gseqciaiad withceperation, g{,device RN agiemaalgnede; of OpATAM, i $TEY8Y® The
chip _s;al ecwe&mnﬁa?uh}p&hﬁiﬁﬁzz{?ﬁ%u?m. ﬁ:ﬁ%&mﬁ&mawmw
circuitry withip.control cifcui su hat, varl qus REL rput
commantfs) ‘B é‘oerldomﬂjs dneies g e'?f’"&#gn t'ﬁekéi'ckﬁa eﬁg% nal
(16 i ndi c%a@ﬁhlhﬁkemm irc adgprdancenwith coabertions SD&AMipwementstion, Hﬁe@s%mm%: gnal
manner, t | | r dﬁ@%éﬁﬁm‘d
systens | n%o@&%ﬁﬁfi%%&%ﬁéwﬁg%¢ﬂ%§g%%§%@ ﬁg%c gﬂr&gﬂiﬁgni n %@H?a:?
t repa isgbles cetaik ga@ﬂmeé%m oontEe) iciieHit e _ f
the | nvent s§Rals RBdimbLR) GBhid 35 cSifinahd"Bld 601e iisRéd whéiFtHaTehlp bapet!sgrar e
asynchronous 1 nputs, neaning that the state of ther%S# and RESET#, 2
si gnal s'sapHidicatestthatithe ship isTiot selecigd-fo paration. I;a ¢RSVRNEPRA] Mmagner, e chip i
CLK) si vides<RF BASHS bahit Selethen/iapyd Incorpavhatirgamidiipie memonyalevices
ﬁrust ) b:l gg\?\ﬁeprmege ﬁfd I n?tﬁiﬂgtl i Zﬁd ilﬁ@?ﬁﬂﬁﬁg’%ﬂ? rranu:\péar?mza?t er power is
appl i ed to % B%E"ﬁg\%ﬁ-sgwyn? ﬂﬂ'@le(awg' own)' in a specified sequence
(to a;/oi)fj devi cén hem_cdlncilp)vithbm_umwﬁ_ﬂ@mn@;w;ymprm@%ﬂ"@méﬁhgﬁs
are stabl e, c
RESERG pPlbDBR scyirpud MRl Shodri et (9 el SO oo d e

signal CI X edeterm ned period.of time (for

exanpl ez 2@kvae aprliefdxtheseinpuis are %MW%@“@@%%(CMW% di scl osed
enbodi ment, a1 ¢ GécordeRBIMIN chfvertioh&ldingBmehiatidh, BeVicee5R MBS ldpdwerddep BISET

(AGI .t haHEIERTIn A redsine, SHGNT A0S POUET Brepie 2 YR HEB I Lot
I n one enbadbwm)i a shéifiedsSquUENpa {te svol dalvich iteh-up).Aftenallpawersupplyand seferembe:
ind pr echar GRSk o5 e Yap CLicis AphiR Sy fre ok ipld R oble o ighateldal
CLK i s genanust balpesent for agredetsimhingd period aftilne @ormixamgple, 200pSec).

Next, a resst command must be issued. [n the disclosed embodiment, a reset
command is a logical high puise applied to the RESET input while the chip select signal cs
remains at a logical low level. (Again, the RESET and CS inputs are part of command bus 69in
Figure 2). In one embodiment, the RESET pulse must have some minimum duration. The reset

30 command Inftiates and synchronizes (locks) the DLL. clock signals and precharges memory
banks 80.

Referring to Figure 3a, the clock signal CLK is generated starting at time t;, and remains
stable for 200uSec, until time t,. In one embodiment, clock signal CLK may have a frequency
on the order of 200 to 300mHz. At time t,, the RESET signal is asserted (logical high) and

35 remains asserted for at least a minimum period of time, designated tasrew in Figure 3, until time
t,. At time t,, the RESET signal is deasserted (logical low). Following ancther minimum time
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stable for 200pSec, until time tz. In one enbodi nent, dock signal CLK may
have a frequency on the order of 200 to 300mHz. At tinme t2, the RESET
signal is asserted (logical high) and ss renains assertﬁs f or | east a
m ni mum period of time, designated tnsmw In Figure 3 iylay ? t3. At
time t3, the RESET signal is deasserted (logical |ow). Follow ng anther

oper at§ on derh AeaNed. ey Qs 19, ST 2L o) SR Ve ' otmet

assertion @bminansd, aimigh Ilmil\astas(ﬁh csﬁxgrmtp sefect (GS)wsiondl, at time 4. |t i5 tbbemotedd
that durin CS)
signal Is %‘a&a ned'tes&tmgl ca egésg%gr%é;’?al?% %iﬁ?ﬁlal;éﬁilagﬁineﬁrl ng
operation @famlﬁaﬂeﬂwﬂﬁwﬂedHWﬂbrMB rﬁyﬂfég eperatiop #%i‘lqecﬁq in jtg, porpnal @P%eh%

not fssg”%geﬁ%a@%teplc%%ﬁdm iéﬂnuhské}ﬁdtB&%E}er&!ywhe RESEVdigial, wad tios verda.r ni ng
now to Figure ere Is shown a tim ram corres

initialization wna@m%ﬁgwﬁhttbera'srﬁbaﬁﬁﬁmwg @%WPMWI{%&&@@"“

di sabl ed (toh@evide!0 isthla rmdusan whichBLE Bifsoth 54 is disabipdr(the 3DLL offimbdef). iAsahowmini nt o

EPrGreDIL_JL ?LfFﬂ'Fgﬁﬂmﬁgﬁf'\wa& %%Bgsgisertwﬁ%‘hnven%go% EFJ}QSEQB%IQ ?nallcsva

is in a "das dttmerts beacesrdsricatvith dne aspgdtoh&\elinwnﬂml mﬂm%ﬁmﬁ:@"o ot gur e
3b. The chlcgms%%nﬁqﬂg@mm%%gu r a mnimum period of tine
en

desi gna’t tsas_ou tl e ti e, a resetr@ggl S€ gl ns

with the assertT&uctwbo@I%pbmlg'nqst@P a%bdﬁesewg perioggf
| asts for r@@ﬁi In@#u?@Sb Theh, \iitimé §)5d id¥et pwaé bégitis With maassehian uw&mh)sofme
e cni

e eas e, RERET sighah e [eot e e pupe oL e e W EFs2 ST

asserted f Qeagsendd)Thy rmhip BeletMEE) signal, holkéveblrembins hssertad asl RESET g dmmted
RESET, or | EFoll o
deasser ¥ed amartir'ltﬁ%\ &M@%ﬁ'o? "&8@’?‘% h"gmd&gisé‘%g?gﬁ q@l‘ﬁ] at t| me T7

has el apse(i-ICSrDuh*fb!IdmngdeassauonﬁﬁBE%'ﬂ” oeuntil tipekat i on of device 50 in DLL

of f node can co I i . y A : LL
CLK 20 i nput. |%gﬁ%§lé o one aﬁg%s%éuﬂrheﬁgseﬂe& _ rﬂiﬁ th Dot

ature of the inventio W t DL{_
circuitry Holiowing seassertion RERESET atdimerfyhas ﬁ'aﬁegu?'é"@d'“leatﬁe@@‘?ﬂ%s?%m%af’
the GLK s té’;%& 5?“?L”“r"e*“5d8%fd8"?‘2mi‘§§;‘ﬁ“t ﬁ“”tdﬁi%e“' 'gw‘ ”yﬁm‘%ﬂgm mrgﬁbh

i | i gu Wi i ni 2P He
off no¥e %‘?‘%f' P"%%@Hﬁ 'gye "h’m‘ {ehan Sf gna
nor nal gpersghaldn Figuine!Sb canibe rsﬂbslamiollykdiﬁerqnalharﬂhm wﬁbda@@bvm)%dmnma! n
Fi gure 3a f é@ﬁ% 0
50nHz. Thosgg’a‘( ?\g{}%&r s@@ﬁ';qaﬁ”t':ﬁe ar VW% ap reC| at e 5 Ltéin&\;/)%%t tétffges
of this formadacaptbe pngebr off magniiuderon mgea/slewer fmn PIRUOS. T ce
50 has beeRnelddk iogk hﬁﬁﬁfl gr:].gﬁt.ﬂaﬂbe%@ltba@ciu%% Gsgurd lss &&ws@ﬁﬂ cmeihﬂauw?-tﬁan

be tested using conve ues and testjn t _while
oper at i #g AMaYabes FAT RXIMRIAS10: foo Bmii%: of; opdingry FE“’%%E% 'gmalpﬁ?mt%&e t han
the mni ”Umboﬂhﬁrfa’ith@ rﬁéﬁﬁﬁﬂaﬂhﬁgﬂﬁﬂﬁﬁo wpénmummmhasbm

Tant act or SEERtG BB gL ol e, e FovsRS AEeIRUDE 3R S ks plie [chfier off no
| ess t han, téahnhiqeesaamd testirigdeqdifmens ehile pparating at a synchronous clock frequency that is
substantially less than the minimum normal operating frequency specified for the device. As
30 noted above, a given semiconductor device may be specified by the manufacturer to operate
with a synchronous extemal clock frequency of no less than, for exampie, 100mHz (sometimes
referred to as a "part rating”), whereas in DLL off mode, the device may be operated in testing
moda at a substantially lower frequency, for example, less than SOmHz.
Moreover, those of ordinary skill in the art will appreciate the desirability of not utilizing a
s  mode register for the purposes of switching between the normal mode of operation and the DLL
off mode of oparation. Specifically, the present invention does not require any of the fimited
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referred to as a "part rating"), whereas In DLL off node, the device may be
operated in testing node at a substantially |ower frequency, for exanple,

| ess than 50nmHz. Moreover, those of ordinary skill In the art _wll
appreciate the desirability of not utilizing a as node PdrE2e0 for the
pur poses of sw tching between the normal node of operation and the DLL off
node of operation. Specifically, the present Invention does not u're any

of the |i nmnumberbf mbge registertidicratiems & bededigstad tpdlag Blle off fiinctionatity- e' be
dedi cat ed g ﬁrﬁ‘ﬁwg\don‘aﬁésM%i@%%ﬂm'dﬁﬂ%ﬁéer&d&raﬁémsem i nventi on does

not require t
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il Ll Pl e TRtaNing 464 1Ry o Yer raegzlaéné;gmdm%o@ GbVide'58 ahBCiriliipe hEmoq

those of the kKnown nmenory nodul e
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conpri ses dhecslower 0pdmtmgdsp$§dmai/thage$lnplamphﬁm@yT'JﬂlnﬂrfmTGlféQ"f?rénme?

devi ces >0 gnshiPy glﬂgttﬁﬂgh%fw inBoTp&Iafty inlBBle 192)Ghémdy (daviea¥ 50. Mstlet O

Fi gures 2, a an ereon I'n thIS enb nmodul e S
of the BEDEE @mpnisﬂ%@pmﬂsbaﬁfaa&?d having,ian Plupglly of @‘ﬂ-‘ﬁ?ﬁmef %%
e?arrpl e, f 1§|}ﬁ’snt%iﬁxaﬂ§2twgtsﬁﬁﬁ?§|tdﬁé&ﬁed héreim viiihcrefefsned @ Figurdes 2n84, add amspow. ?n
of specific enbodi'nents o e inye S at a
menory dewﬂ??ée‘ﬁ‘agh |é@ﬂ°%df‘?%ﬁ] é’FthPélgﬁE%{t)%‘Pﬁg%fg?Q%nmﬁﬂ?@% Pjﬁgone
node cer t aiwhichuheyi Have, fol example, 1MB ve32ME capacities i s/ are di sabl ed has been
di scl osed. Met hads § fon. it
di scl osed. Adv mg‘@o@gﬁ%%t%%"%gé%ﬁf’t%%% I'on @E%&gﬁﬁ@sfﬁtt&? @% oan node
regi st em f@hould]@epanppmshaifa memonl denice: prpabiey ofc eparatingeinati [Bash dwo feedften a
nor el 00 Gy BfeiPRESRY Ble @ifaiR shbdiodi(d) TN oy devicY Rlare Uisathed hasgsen
specific e nments o I nventi on have beeggg g_lfa(‘)'ge ebas dlg?“g
detail, thidcksad. bUeﬂiioe’brfg glaﬂreti"y PUsh #nEemgeY, 5% I3
f eaﬁlur es anaWh 515, 10 pméf nt Riventibh oes o ditiiize & afods megmetefdrtra mmpdsesrpt i ng
with respect to e scope. o Lhvention. Lt
vari ous sul?g?l?“ﬂ‘ﬁ%’?eoq%" 3? Fﬂﬁ%ﬁgemgﬂ'&fgf’%quleéﬁl TR Etg' e to
t he di ssl o2fdparativodiaitenigh spacificiefibalirberts ofthe lirventionchave bpnmgecipaﬂﬂl fawmrat i on
S’?S‘C’ﬁ{)'sgfj' Whe ket Nas BR5R dbRE Boitly F6HRL PUrpdEEL o desBRbing  FaridBs foatites B
aspects of the invention, and is not intended to be limiting with respect to the scope of the
invention. It is contemplated that various substitutions, alterations, and/or modifications may
be made to the disclosed embodiment, including but not limited to those implementation
30 variations which may have besn suggested herein, may be made to the disclosed
embodiments without departing from the spirit and scope of the invention as defined by the

appended claims, which follow.
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enbodi nents wi thout departing fromthe spirit and scope of the invention as
defined by the appended clains, which follow 12 15 May 2006 WHAT IS
CLAIMED I S: 1. A synchronous sem conductor device operable in &) ormal node
of operation and an alternative node of operation, conﬁ?@é@h%. first

I nput termnal for receiving a first asynchronous Input signal; 5 a second
I nput termnal for receiving a second asynchronous input signal, said
second asyWHATIBGIAMEBH®: signal and said first asynchronous signal not
asserted concurrently during operation of said device in said nornal node;
at |east ome i nmeynchttnbes sémitondacter devivg cperabiadia onmeal mode of opsralien and ap ¢

| east one clock term nal far r L¥i. g an external clock signal; 10 a del ay
| ock | oop 84‘%%?’?,’“888@?%95&[05" gog%%hgbk termnal and responsive to said
external clock sfighiaputiterminat for seceiving alf@ﬁgﬁvf@h@"P‘Fﬁ'@P‘Héigné'l- ock signal to be
appl i ed,t0 sal da PoohftfftiuO HimindPHr BUNIAY @ SeBbAY dsjrictrdnocd: idpobpigoalr eaif
adapted'to be activated during said nornal m)dei rsgpera%‘lmog f@%lnglon&e
deactivated during s86pRH ABYNShieapys, P 8igNa)rand ald, firsh sy s
circuitry, coupled tgsss@ddiednciéntiiBorirgaperstion oisald desiceimsdid nemal modesai d
delay lock loop circuit, said contral circui bei sponsive to
concur r ent ass&r'?%ﬂ"%'l"pg Lﬂe‘ffﬁ'?fe"ﬂ%ag\%’g*?ha%ssﬁﬁ%t%%gus i nput signal s
to deactivate stdeskt 8ned ayck tenhinaldorpecsivinguan extertal cloblysiphalci ng sai d devi ce
into said alternative p Lan. rRGHA %aq-gg,joagivdwigaﬁ in
accor daflce wi t haccfeyﬂynpﬁk??‘%i’egie*ﬁ' gcg%uggvsla@gdﬁgkﬁe sem conciég(tor rrzmr)P%y
device. 3. A seni coneiesnalrcloci sigealitn aesergtedathleast,pne, interaainglack signal o bes ;i 4
device i's a  synchr ogougy §YiiThledsPEiATHASURS Ssh 08ty ook oopcieetiadaptettiot or
device in accordance t% c [

alm2, whereip sald.first._as Lan ;

i nput signal is a RESERclvatagaguring sajd g@?ﬁﬂﬁ&?@ﬁ@!d’@@@% gé@ﬁ% bgc‘?:%?u ance
with claimd4, whereigurigisdidstemative modedfoperatiars | nput signal is a chip
select signal. 6. A sem.conduct device, i ] lsgi
wher o nifsa d 2l CRMBLEI GRS o St pEC e s 8RS WPAE fmbiglury 3!5alc delay
seni conduct or devi celotk laag cirdait) csaidyi controlacimuitry RRIBE crespensiver 19 FERFHERM ¢
said clock signal i g.Jefilorfadis el hadeSiciyndfroRfeinplt Atisol deachamn f or

eration.

said normal node of "0 o _ _
saicFI) delay lock loop circuit, thereby placing said device into said altemative

mode of operation.

20 2. A semiconductor device in accordance with claim 1, wherein said device is a

semiconductor memory device.

3. A semiconductor device in accordance with claim 2, wherein said device is a

synchronous dynamic random access memory.

4, A semiconductor device in accordance with claim 2, wherein said first asynchronous

25 input signal is a RESET signal.

5. A semiconducter device in accordance with claim 4, wherein said second
asynchronous input signal is a chip select signal.

6. A semiconductor device in accordance with claim 1, wherein said alternative mode of
operation is a test mode.

30 7. A semiconductor device in accordance with claim 1, wherein the frequency of said
clock signal is lower for said altemative mode of operation than for said normal mode of

operation.
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13 15 May 2006 8. A sem conductor device In accordance with claim7,
wherein the frequency of said clock signal for said normal nobde of
operation is greater than about 100mHz. 8. A seniconductor device in
accordance with claim8, wherein the frequency of said 13&6@&3@Wgnal for
said alternative node of operation is | ess than about 50nHz s 10. A

synchronous sem conductor device sel ectively operable in a nornal de of
operation d&ad ah mi@qnﬁmtow@vimdeawwg@aﬁ/&ﬁfméo»ﬁ?w Wﬁ:freg“?'fcys"?%?'ﬁput

term nal f Qiock BigRAIYéradidhotrhal Thodd Y BEdratoN M \SreatePMan banabomiez.second i nput
termnal for recelving a second asynchronous input signal; a comand bus

for receiving a,plurality of synchronous cant ' ' | Glid
termnal fdb reéesfeﬁﬂi??d'dﬂ%weéﬂvé%r{ﬁlacﬁq@%ﬁe %r?gal% @W@@é’ﬁﬂenﬁﬁgﬁdgui t,

coupl ed t o ciek dignaldarisaldaiteimative meds of operatidd in ipse thap @beutfOMiE. r esponsi ve to
'said clock signal to generate at |east one internal clock signal; wherein

sald dev] cegl S CSHRARHYS banREAr Aevied s8RLflely bidrasie W o ol amadegetal

whi | e sal d second ‘asynchronous signal |s deasserted to performa first

function i rPpeeatien arst fualternativemgde BFopsrAlPRCPBRMHA i s responsive to
assertion of saiyGirdl RipRNEmARANIS TEEENMEa fisiGPhchrdriolie inpatsighal;i r st asynchronous

signal is deasserted t.o0 rforma second functi | | |  node of
operation; and mem%"@@fﬂmﬁﬁH%E’%‘“? Egﬁ%’ﬁé Igé%?gﬂg@%fgﬂtﬂt%%?ﬁ assertion of
said first and asemerandaay furhsmivinga Murglitpbfsynchrenoue contral 8igeal$id al ternati ve
node of operati | ' ith claim 10, wherein

sai d cl 8ki ng c%'r]’%%fﬁ?”e“i"abfl%ég%%?ﬁé’@8|“h@’§§f‘§%’%?@?‘3ﬁ i ve nnde, of _@gr at.i on.
12. A devi ce i nanccdoskingnciculti toouplediitensaid claple termingl o p3id @ 7 being

sem conduct or Menor Yy raglchsive 6l SHkiCfock Bigidl tjetRitCatibdst o intemal Slockdigeti n

said device is a dynam c random 25 access menury. A device .|

accor dance wi t h Whekimsaid devigeds £pspopsie tp B8 %'f’ ﬁé%iaawb"g[oép%aflb%l whie

Si gna: | Sdl QWP Eechhd aﬁ?{cﬁroﬁbifﬁﬁiﬁzéiidiyﬂ_emémd)fo petormats frst _funelialt ihmic::w norgel d
normal node of .operation,. 15. A device i.n

wher ei n'%ai 'B"‘;el 9@[56%3%6?9 Brfﬁfﬁf’"g'?'%{?a?sgﬂ'c’%y%gé %@E&E‘g’%ﬁ?ﬁ %nﬂb_ e st
function i neatthfidt asynoirbnousdeigria Isdesssetedftarpetforn a sagond; fupstoroip(rgid Rormal

device in r .th claim15, wherein said second asynchronous
signal is 213%%54%@%&3%‘1- signal and said second function i.n Sﬁﬁ'&%ﬁn rQQII‘d node

conprises enablandgwhsrein saishdayier ifcEsERISIVECIRPRAGUTRAI B8SEIIER)
- gecond asynchronous signals to enter into said altemativ_e mode of operation.
20 11. A device in accordance with claim 10, wherein said clocking clrcutt is disabled in said
alternative mode of operation.

42. A device in accordance with claim 11, wherein sald device is a semiconductor

memory.

13. A device in accordance with claim 12, wherein said device is a dynamic random

25  access memory.

14. A device in accordance with claim 11, wherein the frequency of said external clock
signal is lower for said alternative mode of operation relative to said normal mode of

operation.

15. A device in accordance with claim 10, wherein said first asynchronous signal is a
s0 RESET signal and said first function in said normal mode is a reset function.
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17. A device in accordance with claim 14, wherein the frequency of said
external clock in said normal node of operation is greater than about
100mHz. 18. A device in accordance with claim 17, wherein the {) guency of
said external <clock in said alternative node of operatllérM?%2 @és t han
about 50nmHz. 19. A device in accordance wth claim 10, wherein said

cl ocki ng CI rcuit conprises a del a% | ock | oog circuit. 20. A nethod of
operating1@ syficApibins aseaffansgunitorcizig { eeWopEnprid $5roRd FYPFUPNMTde of

oper ati ongigR4 g8 d?atpt Sd10@lsighal SMIIEai ke8RS AhEtRA. in %Q@n’fdrmaﬂﬂlodé apmbasgondi ng
to assertion of first asynchronous input signal and deassertion of a

second as?'ﬂﬁ!ﬂ'ﬂ@%ﬁ§°§1"@ﬁ‘9l ecodgfcopplerhiasaid ,eMMaH AU on i n said nornal node

of operatipn; ARevic@SiAUrEbiEnéD wih TRlithi ) wherdatice ﬁ@@@iﬂr&ﬁ%@"@;@é\ﬂuﬁ
signal and deassertion of said first asynchronous Si to performa

second f GRE% ingieid peredl mode charerativibis greaipidhan pBort 19A%HZe) responding to

concurr enqgassgraém ﬁfac'éél‘d‘éntf;é Wh R 7S G@RekiIn Qﬁé’ﬂé MO WS sé!dgébélérﬁart 0]
enter into said alternative node of op eration. net hod i n accor dance

with cl ai fiPgoin malarmatyaur@pmweratlgnﬂ%@&%@ﬂ@@ow&%@#& ering into said

alternativye mﬂ%e@fce@rﬁ’ﬁéz%raé}{betvﬂtrﬁdlﬁﬁbio? whrdimE Sitl tRickinb irklineorpriserial . 22.
A nethod in accordance wth claim20, wherein said first asynchronous i nput

signal i sdglarieskEfoapi@igdlt, and said first function in said normal node of

operationzgs aa hReRld BP'&Eéﬂaﬂﬁg 2 3yncdhrORIR0SerhiBoRiESH BANES opbtdbie limiam 22,
wherein said second asynchronous i nput S|gnal is a chip select signal, and

sai d secoRemalmadedh OPWE@Q” ang,an ﬁﬁ?f”ﬁ’ﬁ{?e“"ﬁ e ofpreralianofPNRMIS™ME enabl i ng of a
synchronous Cofﬂ}ﬁndrésfibBH&mQUﬂBf QEserfidh dh ﬂeﬁrbp%syﬁbrﬁmgdmi\me ag]rtam glgai m 20,

wherein said device is a synchronous nenory device od i n
accordance with cl aﬂﬁamﬂlmﬁéwogﬁaamémr@és signal yrestorafollst Tuggesii ¢
random access mem)r)hmhg@nm Toabf Mpyrat@P6 26. A method in accordance with
claim 20, further conprising: (d) operating at a slower synchronous cl ock
speed in said @ter mpv@”%@eaéwm%éﬁfaﬁ' nsqcéf"étt?ﬁ)@c'f'ré’"g'éﬁ SR 9 node

of operation. 27. Aggridaambnobs tsﬁ@thr%g RyROHGTHLRNGHRaISRITHEABHY & QEcsIRYi Ce

havi ng both synchronously 5 and asynchionously captured input termnals
and a clock input t&mnetierain saitharrgigbeiode eloresatilhéidte in a normal node at

no Iess than awgyi ni REPLAYAGHRONeYScUHRAK BSRAPNCHf. saiPMArfst SkAG: second
asynchronous signals to enter into said alternative mode of operation.
21. A method in accordance with claim 20, wherein said device is responsive to
entering into said alternative mode of operation to disable an internal clocking circuit.
22, A method in accordance with claim 20, wherein said first asynchronous input
signal is a RESET signal, and said first function in said normal mode of operation is a
reset function.
23. A method in accordance with claim 22, wherein said second asynchronous
input signal is a chip select signal, and said second function in said normal mode of
operation is the enabling of a synchronous command input buffer.
24, A method in accordance with claim 20, wherein said device is a synchronous
memory device.
25. A method in accordance with claim 24, wherein said device is a synchronous
dynamic random access memory device.
15



(a) applying a predeterm ned sequence of asynchronous input signals to said
asynchronous input termnals to initialize said device into a testing node;
10 (b) in response to initialization into said testing node, disabling an
internal docking circuit in said device; (c) applying a>M8¢k%¢ gnal

havi ng a frequency | ess than said m ni mum synchronous clock frequency to

said clock input termnal; and (d) t_estwﬁ@operati on of the device
operating 2 sd meihedin segordatge withtclaig 20 rEBAPISNG: c cor dance with claim
27, wherein saig dewperting aa SRiet efiittiohous cloeknspesd de saideatterrativermede 18bd i n
accordance with claim?2 rejn_sai ' | dynam ¢ random access
menory device. 20 30Peﬂ§%%*°ﬁagac@grp%ﬁdgg%\fmb%@& aim 27, wherein said
predet er mi ned sequence of asynchronous i nput sidgn,al S conpr,j ses,concyrrent
assertion BT. twomethpdohtesting.a synehmnousssegticenducielideviss baylpg Reth synebmrop
during por | %@nﬁ&e BiVieffinals hnd A ABIKNAGULi termeicalpanthsyeeified tth
claim 3%, ﬁe?@ﬁﬁ‘@i‘%tﬁ@t asylr??hronoﬂg I nput . si gnal c?lrrpél&&e T

si gnal andoperatpiip & eéwapal Apdm At noplgss shanya rfE'f‘WH’é" isﬁng'é%'l? Qance W laim
27, wher ei Bonggiisgi Ni mum synchronous clock frequency is about 100mHz. 33.
A method in accordance with claim32 wherei i J dn@RStot bag said
m ni mum synchrdﬁb@?p'a'ﬁﬁkafﬂ’%%lﬁm igequgrgcg Pﬂ&%ﬁ‘gﬁ’é’h?@%m&% ,g_
synchronous dynani ¢ sspicamoas inpetterminals i initialize eaid geviceone 3 testingierdeal node

30 of ti d ' ; i 8O3 | glgcRing t f
SR, TR, P o, Al i e ¢

synchr dhousl y 0(3 I erm nal s; | east two asynchronously
captured input signalrcgitinsaidgevice;16 15 May 2006 a synchronous dock term nal

for receiving l i a fRlduéritl 9saaharcéaid kimgumi synchronasupl ed
to the synchr Oﬁ‘%{,%ﬁ%ﬁﬂ"ﬁf?@ﬂ%@% ’ar_f?g I-‘r?gj VE 0 said external dock
signal to generate a@“*é@ﬁ'ﬂerﬁhé’ﬁﬁ@ﬁﬁ‘p‘gﬁ@waﬁ?ﬁ%al; control circuitry
coupl ed to sai d(dee‘éfu? dpleratioh oSthe clavieeopesdting drogiditesting meda. si gnal 5
termnals and to said at | east two asynchronously captured | nput signal
ternindPs; wherein said menory device is specified to operate in ngrrral
mode using28n eXtmethad in atavedanse gvithl claion 2T gwherein cagisk Aevjce ifo @ semiconductor
predet er m neﬁl'ow' w&m normal operating frequency; 10 and wherein said
control ci M r@ I'S" responsive to a predeterm ned sequence of

20. A method in accordance with claim 28, whereln said device is a dynamic random

access memory device.

20 30. A method in accordance with claim 27, wherein said predetermined sequence of
asynchronous input signals comprises concurrent assertion of two asynchronous input
signals not concurrently asserted during normal operation of the device.

31. A method in accordance with claim 30, wherein said two asynchronous input signals
comprise a RESET signal and a chip select signal.

25 32. A method In accordance with claim 27, wherein said minimum synchronous clock
frequency is about 100mHz.

33. A method in accordance with claim 32, wherein said frequency less than said
minimum synchronous clock frequency is lass than about 50mHz.

34. A synchronous dynamic random access memory device operable in a normal mode
30 of operation and a testing mode of operation, comprising:
a plurality of synchronously captured input signal terminals;
at least two asynchronously captured input signal terminals;
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asynchronous | nput signals applied to said at |east two asynchronously
captured input signal termnals to disable said internal clocking circuit
and thereafter operate said nmenory device in said testing node of
operation; and wherein said external clock signal during3)a¥at®n in said
testing node of 15 operation has a frequency |ess than said predeterm ned

m ni mum normal operating frequency. 35, A nmenpr g]evi ce in accordance with
cl ai m 34, wher e fynehronops elaekteminal m‘?@ﬁ'@éﬁfg%ﬁa' 5%%W%nous i nput

si gnal s conpri Sgsintendl diotkng ciect ebupledtodhie symohronsusidtk deroinal angresparisiypal s.
20 36. A nenory device.ln 0 ] ' g\,ﬁ? | Eidnd WO
asynchr onous i nput ,tos‘fa&?ft%%gloch%?ig@gal\ggM%ﬁg?nan rgélc%lr??ﬁslgg%"ept
signal . 37. A neoninol cileuitiyc eotpteda toc said apieralityiof WWWQ!,%‘EFW”&&PB“'

i nternal, docking ci i GRAMG | AP of IR B0 |picARroeap cablifed InpuBignd

menory device in accorg%nce with claim34, wherein said predeterm ned
m ni mum 25 normal Y@INgls ng frequency is about 100mHz. 39. A menory device

i n gctcordancg V‘@vﬁ&eﬁ's@id&&%ow‘d@ﬁb@%s&pﬁ@i@ tb bpsIRIe Horhms motidasing an external
predet erm ned m ni pum normal operatin requency. i : .
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signals comprise a RESET signal and a chip select signal.

37. A memory device in accordance with claim 34, wherein said intemal clocking circuit
comprises a delay locked loop circuit.

38. A memory device in accordance with claim 34, wherein said predetermined minimum
25 normal operating frequency is about 100mHz.

39. A memory device in accordance with claim 38, wherein said frequency less than said
predetermined minimum normal operating frequency is about 50mHz.

40. A memory module, comprising a plurality of discrete semiconductor memory devices
mounted on a printed circuit board, wherein each of said plurality of discrete semiconductor
a0 memory devices is operable in a normal mode of operation and an alternative mode of
operation, each discrete semiconductor memory device comprising:
a first input terminal for receiving a first asynchronous input signal;
a second input terminal for receiving a second asynchronous input signal;
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41. A device in accordance with claim40, wherein said clocking circuit is
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signal while said first asynchronous S|gnal is deasserted to perform a second function

in said normal mode of operation;

and wherein said device is responsive to concurrent assertion of said first and
second asynchronous signals to enter into said alternative mode of operation.
41, A device in accordance with claim 40, wherein said clocking circuit is disabled
in said alternative mode of operation.
42. A device in accordance with claim 41, wherein said device is a semiconductor
memory.
43, A device in accordance with claim 42, wherein said device is a dynamic
random access memory.
44, A device in accordance with claim 41, wherein the frequency of said external
clock signal is lower for said alternative mode of operation relative to said normal
mode of operation.
45, A device in accordance with claim 40, wherein said first asynchronous signal is
a RESET signal and said first function in said normal mode is a reset function.
46. A device in accordance with claim 45, wherein said second asynchronous
signal is a chip select signal and said second function in said normal mode comprises
enabling of a command decoder coupled to said command bus.
47. A device in accordance with claim 44, wherein the frequency of said external
clock in said normal mode of operation is greater than about 100mHz.
48. A device in accordance with claim 47, wherein the frequency of said external
clock in said alternative mode of operation is less than about 50mHz.
49, A device in accordance with claim 40, wherein said clocking circuit comprises a
delay lock loop circuit.
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