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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 been 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
SDRAMs 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). |t is also recognized
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To address such considerations, an approach referred to as “delay-locked loop” or

30 “DLL” can be employed. 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 internal

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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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 specification that it be
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predetermined patterns of bits may be addressed to cause the device to begin operating in
alternative modes, such as a test mode. In such an approach, decoder circuitry coupled to
the mode register is conditioned to detect certain predetermined patterns of bits and to issue
appropriate control signals and make appropriate internal adjustments to enable the device
30 to operate a mode corresponding to the predetermined pattern of bits.

Operation in a test mode may involve temporarily disabling certain internal
subcircuits, such as DLL circuitry, that might otherwise prohibit proper operation of the
device at clock speeds substantially 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 powered-down or
30 disabled, and subsequently restored to normal operation.
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30 In one disclosed embodiment, the semiconductor device enables both the
deactivation and activation of internal processes relating to the generation of synchronous
signals. In a particular embodiment, the invention encompasses the disabling and
subsequent enabling of an internal 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 internal DLL subcircuit is accomplished

by means of application of signals to the one or more input pins adapted in normal operation
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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.

30 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

another. Moreover, attention will necessarily be paid to proper engineering practices for the
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Control circuit 52 is coupled to address circuit 56 and receives various external control
30  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 strobe (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 69. Those of ordinary skill in the art will be familiar
35  with the various control signals applied to device 50 via command bus 69. Although not shown
in Figure 2, control circuitry 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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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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appl i ed""ﬁ%‘z%/%g‘ 2P &JS???FBUP"“‘?& ‘é{t%{ ogveé||508Qph§$é%gﬁn%lgo%§5§ﬁ%§? InBe grnéetsent
for a @heﬁﬂﬁ iA rammadeweéq@dcax&o avonedévicarlatel-app Ader A0GEer supiieand referereset
comand aodi nent is a
og1 cavoRgs 6 Flebag ook aond Tk Sl iR EoRRTRL RS Fhos SIRTREK o0l
CS o25r ermusfwe@tesanﬂ 1604 prbetemminé®yelod of hgaior exdnepld2BEISeand CS inputs are
part of command bus 69 in
Next, a reset command must be issued. In the disclosed embodiment, a reset
command is a logical high pulse 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 69 in
Figure 2). In one embodiment, the RESET pulse must have some minimum duration. The reset
30 command initiates and synchronizes (locks) the DLL clock signals and precharges memory
banks 60.
Referring to Figure 3a, the clock signal CLK is generated starting at time t;, and remains
stable for 200pSec, 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 trstew in Figure 3, until time
t;. At time t,, the RESET signal is deasserted (logical low). Following another minimum time
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Figure 2). In one enbodi ment, the RESET pul se nust have sone m ni num

duration. The reset 30 command initiates and synchroni zes (locks) the DLL
cl ock si gwa ®/a8d0 pr echarges nenory banks 60. Referring trReTRigane4da, the
clock signal CLK is generated starting at time t,, and remains stable for

fZOOSec intéroall ldebigh@ted 2restNinoRigueBadoperation of delics i5@na$ntlﬂlé§ withi dnasfessh
requenc

.on the order of 200 t.o 30QnHz SET, si | is
assert éa%maaai W&Fh mvﬁﬁ?s il CffgfheanHB SS@Q&%&'W@L aty |m13 g’aﬁtE E g{]ﬁ%m
pﬁr I %g éﬁé_‘lt_ dt.uhrligathedéﬁt gammﬁd RS HEYMA ngE:IegTH G’ne3c;hlpu§éle¢t (Csmgneﬂﬁs méintdiriege t 3,
t he si. gn s deassert ica oW). not her
tinme 16t 9% g’%&% %@M%@LWW% ion Sgg?vé"‘f?aé‘tg@at(s m?'né%:? gure
3a, 5Fp%béﬁatl@rﬂ i CS%ignQHE hot aseértedrummnvuntlynm tr@fmmrm sugmrmrmd/,ncemrsm ]
i nvol ves assertion of t. to be
noted that 'JUMPHEPY I?e"£ 'Q‘é@ép tB ﬁ?f“ﬁ‘eﬁ)(is%‘f‘ Fﬁn&pca’[ﬁsgmﬁng tPH@ '%'ﬁ?tf?nsel ect
( CS) siogadlicd 50 imed ??rgjdaetﬂwhi%h DL I cabitcsd |s|dﬁ!§e(bI (edngS'fBL%eﬂ)ndde\beAs sFI'dSVﬁ‘t |nlcg

uring o t|o 0 evj ce its norm e 0 er t he
SI gnal F@' E%'@?tﬂ%’d“@dh%gglr BEfTP%?'e\HeQWS 8 ﬁ%ﬁ?ﬂ?i”é’ﬁﬁl C?%%eq%“itégn%r sa.
Tur ni n@m&mﬁas%gw@dﬁae with @he absect bfakelingerition] the ctrbclaggmnvwm isdspddelitng t o
initializatjon, of devjce g into a e igb\/\/nich DLL circuit 54 is
di sBbl &8 P{?ge dysing thag 'In't'?&?@ Oy SEARENE Figure 3b, initialization into
t he DLL off 'lmi@d@mb%llleatss@mélhmhdﬁﬂaeamrtéd ?dﬂ” ﬁfmmhwnﬂpepocs«ef ¢imie desgmﬂted CSI at
tinme t cor n e aspec t he ention na
WOk i & Vionon i EigiTeL b Thert gt S e a RaBR e hpabmir N Besertin (oBRaCugfiérihe”n;
Fi gur S RHESETT$IgnatTHe Crggétmtsesﬁésgfai reBHlSﬁB gllém_?_latamEingm Untirtinee i whenLRESET llsod of
ti ne desi t t i gyr.e en t reset pulse
begi ns C\‘Rﬁgﬁ?ﬁﬁﬁ&%&? ?‘98_# ({:gbﬂggailh%edﬁﬁ r%?a@%asseﬁéE?%Sﬁ ' eﬁsg%gset
Sul se lapat m fherpressmly dmdlcssedientbedmnttrﬁﬁ&%y asddriedtforma mmmmdnemterﬁasm i's
eassert

. Ih Chl sel ec wever, remai ns asserted as RESET
is deaé'é'gg{-gh'- F%W'a ea?ﬁ‘? Hg’@gtﬁ?rwmd'i"?cf’ osed enbodi ment, nust stay
asserted f OIFoaow‘hgltmmgL oty RESEDT and HSSrehdin fdelakswtedgmﬂbas smet\nabtbLL@‘ép
RESET, unt t 8, bot
enseeoluTRiddessah fm it M Bt ol TR RS oot
tinme Tﬁetmae 5elirapkle dif made eah commene, tG@rtinglvathespplication ofa@clad:h signadfo thel@\hKce 50
in DLL.off node can ca C r Lt h n nal
to Fhe ik 1BGCRfiates TID G BruE B Pasho R BL B o B SR
DLL ci rsigmiatl inyFigdred3tsedrl bel subétmt@Mdlfferieghaianithatl—‘sp@mﬁed By destice [ in normal
substantlall Lfferen h C I
oper at 1R RE g 6 Kl g P 3B g e RECE cRlieb BB L o o1y o
devi ce rdtel qandoelRn ordérf of mragd@oteaun nioge alower than ChK sm@hlntnmd’ealmperatpe Thiuewer
t han n in.n e I may be
200t 0 M5OI gt PER s 2 B ooThinFigtESE R SRR LT ione'STDY
exampl enaylBe for Eahiple, 'ﬂl@ome5@JﬁHz)r'ﬂ1|qsarqf aRinkty kil umtheaaltt Wil Ialppagpteeﬁ‘l%tt e
the adva 0 | ;
par t1 ot g Ha i i Bbosed S BHIRARRReRy) iRy SR B8P0 bk becn,
devi cesnmmleecanmtorthedmbeff traartee dheu slevicesc operetitini caralbe tested using conventional

technigues and testing equipment while operating 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 external clock frequency of no less than, for example, 100mHz (sometimes

referred to as a "part rating"), whereas in DLL off mode, the device may be operated in testing
mode at a substantially lower frequency, for example, less than 50mHz.

Moreover, those of ordinary skill in the art will appreciate the desirability of not utilizing a

35  mode register for the purposes of switching between the normal mode of operation and the DLL

off mode of operation. Specifically, the present invention does not require any of the limited
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techni ques and testing equi pnent while operating at a synchronous cl ock
frequency that is substantially |less than the m ni mum normal operating

f requencywspsaisgdzed for the device. As 30 noted above, a FOIRUS02/40447

sem conductor device may be specified by the manufacturer to operate wth

a SyNCRIARIEE rﬁaae%gaier blt pRkterhs @506 Aedicated If@tHeeISEL o dumctibreiitye reiepd, ethe 100mHz
(sonetines referre "

to as a "part ratlgpag% ere%i l,n DLL off node, the
devi cePieagnt ivepiinsydaes Mot WQF'E%WPﬁ(}‘)'SteH% mode Egite el al 1y 1 ower frequency,
for exanpl ey, 4 pefertdddinidirhént oM anéation, bhesRstiig iartkk DEL yif siddel hasrbethe art
L ekt chvie, SR St ko Ao F RroFbA 2 ofsraf PR S Che o
t he puf do I e DLL
of f 5 NoESVehtPRERBSED BomPRAG iab desthibyd aidve. present invention does not require
any of the limted 11 WD 03/ 058630 PCT/ ?2/ 40447 nunbe Maévaﬁg}ge re ster

bit patter nds fetaseabaygi the:REesanb InvRRHopLiB PSHEVed IR B8 SiREFIR &gus
pr eSen?achlfh‘(lﬁﬁtthgﬂeﬁﬁ@soﬂﬁfen‘fo%q'dlsVl@esl i edradrg niRicef 5@ aftedmmtmga smanorat all .

In a preferred enbodi nent of thelgﬂegilon ﬁetefstih 'lnthe%{

node hd@\"%el?ﬁvec*eﬁ?& Bewdted BB P h@ail BRe P gnpynsin %Fhal
oper at iR MEMSy DdrobSIE UISIAND oS dGAMY-Riie lnﬁ)élﬁd)ryRESEﬂ' ecmmm/r)dvamtlelastm.s bied
above. As noted above, the present inv eC| al |

| onis. b e
adviant BeEdSe Mest testing ﬁ‘ﬁpﬂ'é'?‘feﬁgfo'f Bl @9 Y 3% ”Hbﬁg?@;e%g‘?}] wEL |°ink(§ Vif€or y
devi ceypdbraédiadt 1M $pdelfied MREmRY' opé%ﬂngetﬁodkaspee@@eimlmmbedromnmtm.frmau t

board, such as those of the well-known sin AL} (SI MM
or duaindiifue] MENAEKErYCsRIRGPROBISINP ﬁlﬁ\ofi%lgl E5]+h?|gcu%§/ éléctgﬁg
testi n%ea@IQ\lNélaBE@fétlﬁg)rspééd‘é"omdltbgﬁgaé@hﬁﬂée aﬂ.&ﬁlhgdwoﬁl\ofrocm@.rram dhenéem;l ces

under test at their ecified "nornal rating . clock speeds...T can be
pr obl efeewn apillustration ﬂfcﬁ Y50 WEWBPW'H% ‘ﬂ%e( JP?{B?%C%H'CF?ﬁPB Oﬁﬁlﬁul e

Use;s DLIsoCédrﬁ;sHs%éya n&fculbbard oezacﬁa{ah t® leIn’@EtySbﬂ)W&iilerwrraémag dedests 50f t he
testing appliance. Turni |II ératlon

of 2 SPNREGE S R e AEPHar Nel @Iﬂ&sef?ﬂs%er& auRede hdib fibests
CoNnpr i §RFech. th Hidlbmbb@iRicht, FRodiRveBE o tid UERECtandahdushyistardiaed 72rpimitype,

devi ces 50 substantl al | \é th@}qgarrﬁ @E descri bed herein with reference to
Fi gur edvhish may haye, fosexamelse J8B of REMESAPACHCS hi s enbodi ment, nmodule 80 is

of the JEDEEr@Adhé Retegdiny dataaéumstnzﬁorpbﬂs;bgqtfe embddimbntesf tieireentiaoy; it
exanp or 32MB capacities Fromt r ng ! i e tion
of @peéh?qji‘i B‘Eﬁfﬁ%&hé?&r memery AGHRT i°8R? Ei? to(? %% thu'ﬂdétglggéégtﬁ)"g’r ﬁfb{j la?hat a
Menor y wiekie & ﬁﬁéahmo% edrtairp euladircuit(s) of tht rheasty devicenisthes disabledrieisrbeen one
node cert | n s i reui t nmemory devi,c e S een
di scl 0958 ‘%f tp‘ﬁzfeésﬁinﬁgs‘éﬁcﬁ DemaRdr SRR evﬁ{cag‘g h%tl\g/éé %té bs'&g%e&
di scl ossﬂdanta@@ufsryt gL PresSkit, intdntiopesenbt iltilize rat mode degistemfor thet plrpesesacfinode
reglster for of nablln t he en a
orral ShatRadhe JpBie B sufthed BEREeh AhariL 5t BFoddlatt sid BOF B
spesi f iof operatist. ethbagiobpddific émbaihernta olhmeembeﬁmnd'las'elbeeﬁedlshbsed herem in
some detail, this has been done solely for the purposes of describing various features and
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 been 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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sone detail, this has been done solely for the purposes of describing
various features and aspects of the invention, and is not intended to be
limting wads/osespect to the scope of the invention. |t irCTcEsWEMalat ed
that various substitutions, alterations, and/or nodifications may be nade

to t hepqisclsasicsiveEd®di ment, including but not limted to those
i npl ementation 30 variations which may have been suggested herein, nmay be

de to the discl d nbodi W t hout d ti f d
scope o1t b SRTEARGPTIcREhPRERe S Snscabia SERRovend gk obrlAraR i b o, 12
WO 03/ gaBRadfe Mhddd 5ibpedlidd /comtifisingS CLAIMED |S: 1. A synchronous

sem conduct or, devi ce OE‘SLft%bl elna tnormal hm)de af C{%era[_i on and an

al t er nat i ve? HEA &Ryt tegp F BPeVOg R PASHEeNraneYSQRUSINR, ¢ er mi nal for

recgi vi ng aafddcahd anpticlfminausori rapeiving i ysatondd asyreammods iimpuitsigret,msaidl f or
recei ving a second asynchronous input.signal, sal.d, secgn Y, us

i nput si gnal andSe¢And ?%VP&WO&%%&?BEWGQPEP%ﬁé‘f"ah@% as @c&g&qo@% %@%‘éﬁr&?ent ly
duri ng oper ati onaederdicdnéleente dithgsepetiativnrsfehidraedier imbaitl @asnal omelei nput
buffer for receivi nq a ;ﬁﬁci}r onous, i nput si nal.h tat | past one cl ock
termnal foft IPetangiipRyt SHITE: Prerreﬁ%{Y'n%Iac?é’RdEP'S%', PY5'A¥Yel ay 1 ock | oop
circuit, cogpksgst dne dtetkderdling fortreteWimphn axtdriatsipdasigral; t o said ext ernal
clock signal to generate at |east one internal clock si to b plied
to'8aid at Pe‘%@?ﬁﬁﬁg iR TCHGf g%p!eds§ ﬁa'ae‘fl%% Feé'@f{‘ab((? 89@%0&?&? g)da%{}ed to
be activated duriep@rididboRosigndl toustmendte Gdeadti @ mtetnaloclbek digastt tovbeed
during said alternative npde, of, 6 operation: 15 control, ci ne led to
said first and s@ Pﬁﬂ’tPﬁﬁﬁta%ﬂ%\smrfﬁalpgu’[ﬁ@%f’3%%%&“&8?5@06%'g%[}{%/doag%%gprcui t,
said control cir ggiddiyateei dging earbAsin® rmedec ohopemton andde dret deactivétedai d

first and second asynchropous,.input signals to deactivate said delay |ock
| oop circuit, thé’f“@'%ﬂ/s?ﬁ’é ‘Frﬁat“’seéﬁﬁ‘sed \H%(‘?Eat'loﬂt o said alternative node of
opekati on. 2@ntlol ofkcHit) caupilidCionsaidifiet and isecarat mpdiatecrainalst andcloasaid Uelagher ei n

said device is a em conduct or . neno devi.ce., 3. i.conduct or ice in
accordance with é‘?%i Fﬁ% ClRFEL e?arﬁéf%ﬁnhxldec\'fwgyi keing A}s?%ﬁ%ﬁ%ngﬁséog&%a‘?nﬁc
random access MeRBsefttiont of Aaiddétcanadseriond sdgndéhrendus inpwosighmiecto deadbivateai m 2,
wh i idfirst, .25 t Sj J . RE i 5. A
Som conduct or  desPELey ReRaTtbrEat ineRbY, g el iedicE e ahl SRihaty8

asynchronous i npufods gflopkratisna chi p sel ect signal. 6. A sem conductor
device in accordance with claim1l, wherein said alternati ve node of

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 semiconductor 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.

3 7. A semiconductor device in accordance with claim 1, wherein the frequency of said

clock signal is lower for said alternative mode of operation than for said normal mode of

operation.
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operation is a test node. 30 7. A sem conductor device in accordance with
claim1, wherein the frequency of said clock signal is |ower for said

al t er nat i w® ospdss3ef operation than for said normal nopde ofpCTopsseatdson. 13
WD 03/ 058630 PCT/ US02/ 40447 8. A sem conductor device in accordance with
C:c ai m g, Mﬂréénﬁc@ﬁtﬁlcfdr%ﬁﬁéw aeéora%cg rmtzﬂ agim ii ghaleir m; fseajmn?oomid mode
of operatjon is greater an_about nHz. 9. sem ctor device in
accord&l?&%s‘ﬂp?'ﬁo'g‘faé H?rﬁlatlW?g’?&?ﬂp?rﬂ%oW'F@%ﬂépa%?b%ﬁgamgﬁock si gnal for
said alternative node of operation is |ess than about 50nHz. 5 10. A
synchr @nous Asssrhieomilictir devide ih aecaedrest witretigino 8e whbtein the equenonbf saide of

operation and an al.ternative de of eratio C rd-sling: a first input
t er mi n&lock §iONAlIES3) ﬂ@efaatf‘ﬁer@%?eaéfﬁc%mﬂg'ﬁbsﬁssﬁ ﬁsﬂtaggﬁgér@@a second i nput
termnal for receiving a second asynchronous input signal; a comand bus
for srecei vi Agspnddkaroaki $emiobnduytoc fiegice uselentingly odpesalgadh s3 noona wiode kof

termnal far recgeivin n external cloc ' l; an clocking circuit,

coupl e&PF@%g%FB&EPSh?ﬂ?@fWﬂéﬁf? osogfaglo& %O@%r%&%(':i rcuit being responsive to
sai (cji gl ock &ifgstarhpdtmrgmrc?trecamg ?_ﬁrst agymehiionbes inplt sigretk si gnal ; yvherlei n
sai evice is responsive. assertian - nous signa
while said §§@8%§E@yﬁt@ﬁ?'{}ﬂlgfﬁgreg?'&'ﬁ%% slegéradzgésygglﬁr{oégﬁﬁ @B%te%? g‘r)’m a first
function i nasgintmaat e for isevingea mdralitp ef syrichronans corgtral eigpalassi ve t o
assertion of aiai c{ secqu as%(.nchr oréog.l§narsl|i l%nl%i *\gi le said first asynchronous
siglal is dELPRYNR!OEPFYPERE SEEBhE FuRE T on in said normal  node of
Opga(r]I a]Ei oné angcroble'n@icgrcemi dogjged de said rmommml,tsaidpm&kmgeptrma;sbemi ;)_n of
sai irst and second. asynchrponous _si Q rnative
mode of operati oﬁ.eSpf@S'Y‘i%gﬁa'a@@F‘gg@P% t%@%%?sra{aenaézé%s\n‘?mé @Feg?arﬁnélfgk g\%hglr’_ei n

sai d cl ocki mgheedin saidtdeviceds sespbrsive to asaertion af said fiest @eynchistous sigoglevhilei on.

12. A deyjce in accordance Wi th clai I i | ced:

sem cortd C%W”ﬂ&%? ronodIS “SINAL§ @8%3%%%3%%%@%&?%1%8 gc?ﬂm&ﬁé,lév?h%remaeli n
sai 4 dewddeeofi dhesatidy remuiis respodsive Rbassetionf seitaegond asynshipeoig eighal while
accordance.wth claim11l r el r C } r Kk
si gnal ﬁaéde ilr\é\t\@yr}ch\:ongg? 3@&‘@?%%%3@?%%%”&1 &tb?&o%gr%g?ﬁt]ﬁf e aﬁ %%thngl-@gli d
nor mal madieof@iperatiper ati on. 15. A device in accordance with claim 10,

wherein said fir S h; Qpou i oo RESELerfby R st drss & first
function in %5 ‘Hﬁ%rgﬁné?ﬁrr% éC%I gs gésggl?é\{é ?ou%(???tgrn. © )
second asynchronous signals to enter into said alternatiye mode of operation.
20 11. A device in accordance with claim 10, wherein said clocking circuit is disabled in said

alternative mode of operation.

12. A device in accordance with claim 11, wherein said 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

30 RESET signal and said first function in said normal mode is a reset function.
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14 WO 03/ 058630 PCT/ US02/ 40447 16. A device in accordance with claim 15,
wherein said second asynchronous signal is a chip select signal and said
section fwuacdsiosgs3dn sai d normal node conprises enabling ofr@/usvemmend
decoder coupled to said command bus. 17. A device in accordance with claim

14, whepei natdsiderie absdteandef wigatisime1s, eheadin ehidadecomd agynshiodounsigrdl isrede  of
operation is greater than about 100nHz. 18. A device in accordapnce with

cl ai m £hp W’?@? &igrat ard P?'aqﬁf@H‘Eﬁ/f"@Pﬂ%\r‘dsaé‘it'@%%Im%&%ﬁ%nprﬁsesseé'\agm}ﬂ P%ém?nat i ve
mode ofcoRRRhaideedddreolifies td Sud cahmeaid BOsTHz. 19. A device in accordance with
claim 10, wherein said clocking circuit conprises a delay |ock |oop

oper abllE. | ARG RPCoT oot B, el T LD G FULong e odic' ©°

opesat isgid,nofrRaIhodd Sibpetatibnlisgeatedtiag doouatiriiiZz.on of a first asynchronous
i nput signal and deassertion of a second asynchronous signal to performa

nput - si gnal and dea | nchr | “per
ascer 11 of yidh 8 aecBeRE T Pa s wrEAA e fuaba. i d SRERBUGLK°,

asynchrsgidciterretign alode @f pparbtismis dessdlcamabdubifemHan i n sai d normal  node of
operation; and (c) responding to concurrent assertion of said first and

operat iton, - S R abke RS et kgl PRl BB RIRES a Bole o o

i S respeokIoopecitcpitentering into said alternative node of operation to
di sable an internal clocking circuit. 22. A nethod in accordance with claim

20, wheyein  said fi chr, ' S li8vicd JBERBIE M &Mtmaland
sai @ fiTst f'\ﬁc‘?ﬂ}°gn&is‘§.‘°62§ﬁ¥'@ %ggﬁ%\%nﬁ%jggslémé%%g?ﬂg{ i_d(%\rlllcléls & Teset function.
23. A meddeodf operatioc and anatemative robde of greratisheeamprisiig d second asynchronous

input 25 signal ]S hj | j SFQ%%% i k3 said
nor mal node(%fr%(%%%'fdé'?q %néslggﬁ'%b ﬁogtaefﬁégge{%%%hrgﬁ%gﬁs Lﬂc Qggﬁ%aﬁg%}gﬁg#%put
buffer. 24. A netseochd asyackronoémgignahta pertdrai anfirspiungliesrie saidswmaldesdecd i s a
synchr onous nerr%rggraqing ce. 25. A nethod in accordance with claim 24,
wherein said deviCe 1's a synchronous 30 dynam c random access menory
devisce. 15 \(§) GSpOSHERM MSEHUBOST stBiligscopd aspnersenneg Signahenddgasreation th

claim 20, furt hersafboﬁ@f ia§3i/rﬁﬂ'ronous signal to perform a second function in said normal

mode of operation; and
(c) responding to concurrent assertion of said first and second asynchronous signals

to enter into said alternative mode of operation.

20 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
25  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

30 dynamic random access memory device.
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(d) operating at a slower synchronous clock speed in said alternative node
of operation relative to said nornmal node of operation. 27. A nethod of
testi ng awsymmasamous sem conduct or devi ce havi ng both symdwusveuedsy 5 and
asynchronously captured input termnals and a clock input termnal, and

speci f3ed tOreRRYdEh actdidandeatitiadlaimozie fathenoomersing:han a ni ni mum synchr onous

| ock f , i Sing: | vi ' f
asynohr onodd | ninrearg % Sivet Rnd il heh SHEES T Bal¥ AEHAREE00E of

initialize said gyt relative ® dakbhdrmgl mode pf digrétipn. i n response to
initialization into said testing node, disabling an internal clocking

circuit_in said device:; (c) applying a cl i_gnal i y | ess
Chan 58" h RIS Sy RaRecoEERap LR P AT SefGe el bph fnpirenbinty
t ergri ngdd agynenioadudie shptagdoppuiatermimaisfartiche dibekiinputdpemiagl, mpd ispesifieédita est i ng
node. 15 28. A nethod in, accordance with cl.ai 7 [ i ce is a
seni coPRRTREEOP an%?%‘rae MR ég'nozéss Eh%tah(%m Hma(%(\f%crh\g@ﬁ{:ug \?'mo?ﬁ f%ﬂg%y%,
wher ei gorg@tisthgtlevi ce is a dynami ¢ random access nenory device. 20 30. A
met hod in accordance with claim 27, wherein i 1. ce of
asynchr onou®) i ngs iagﬁéqd?ge(f@r'ﬁﬁdi §%°sue@8?1cﬁr?s§ﬁf: g&ﬁé@?ﬁ rit'léca}fr’%ngc') \/\38%@
asynchronous i npaggncrsrbgaad iBpucternanals to initialideysaick devitesidtodaitesting moderal

evi c

operation of the e.. 31. A nethaod ,i.n C i i aher ei n
Al o asPheniRsatRS tepleizatRae S e ecBoae Hidethd Bnihha slckiyE]
sel ect signal. 25rc3|2.ir|1 éaigabifnoei in accordance with claim 27, wherein said

m ni mum synchronous clock . frequency,is a A

accor dance '?Hgléf'f’ﬁi%ﬁl%% Sl %3%1"%’%‘%%?%9@%8%%%@3%% nﬁﬁgﬂﬁ s%n%iohgnum
Zynchronous cl ocloéK Repiency td said elssk inpatrtemtinalt algDntHz. 34. A synchronous
ynam c random access nmory devi ce operabl e. | | node 30 of

oper ati on a&jgt%%F%gP?rﬁ 0'?78%361?‘”8?)8?%{?&@3 Sggr#%?tﬂwsg’lqﬁé@a plurality of
syntghrono_usl yt capt urledti nput Isi gnal tergi nal s; a’lt:) I/east ';2/0 asynchronously
capt ur i npu i gnal _termnals; ' , .

synchrggrous C'F’S@]I?gt'ﬂr Cﬂg‘{gn?%rwwheégﬁmﬁgwggﬁezﬁé g'rdna VI%:#SE%I? %ﬁ‘éﬁ% ;ucgrr]

i nt er nglenfrpéaduicty circuit coupled to the synchronous clock term nal and
responsive to said external clock signal to generate at |east one internal

¢l ock ggln ﬁ%upeti'lggﬁé%lccgridéﬁég IRl cBRHPIgE iRt 3hfh Blvitedls! & MyRdmigyaRdeRnous! y

capt ur
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 less 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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5 termnals and to said at |east two asynchronously captured input signal
termnals; wherein said nenory device is specified to operate in nornal
node usi ngoans/ossdser nal cl ock signal having a frequency alrmeUsn2/40447
predet erm ned m ni nrum normal operating frequency; 10 and wherein said
control cir awyhthrohsus dsgktamnival fororeeeiying deegtemat ebcls eignaince of

h I, i | s. | i ed i
captured | na0iMEIshEpEce FriouREs Gira T Tt B iecaP e oY .,
and thereafter apenatextaaaldiookrsignal daenermte arleastiode irdsinahgjockosignalif

er e e eenomte it _ il
Coct ing mbagonrel Geraissh thaecarkFIRCEn 3y Aendlby. RudRs AblGlond "7

m nismum nor mal apeniablisngnd fto espick rat yieas StwoA arpobronodsly | captiinad aiopuir dignale wi t h
claim 34, wherei,n said predeterm ned sequence of asynchronous input

signal s conpri sd§™A%urrent assertion of two asynchronous input signals.
20 36. A nermeyeid exideeerhory alecioe tispeeified tdopdratierim 86rmalrerdei usingaindexteroal

asynchronpus i nput . si | s comprise a REQET si . a i I

o onal o087, SabdlEhaviod (. Teckierty ToGHT A e TN el aninl i " pe, oy

i nter nm}gqqémki ng ci rcgi t corrp[]i st a delay locked loop circuit. 38. A
menory device  in accordance, wt. aim 34 ey ei i r [.ne

m nPmum 25 2R rHREE ! tqoﬁﬁgff PER @(n@yrelsecbrhs\é\%u{o f%%ﬁét.gr@bs&jgeﬁ%%rgy&devi ce
in gctccsrsglmm ddﬂ@sﬁﬂfpmb'@h%%fnliemkersai@tshﬁsﬂt\ﬁdmnehrwodxsk)ssapttmd ilmitdignalA
predet erm.n m,.ni qum nar el oper.ating.fr : -

ermor y HOUEO USHF retng e PRRARS plurdr e Aty SRl Rte e e
dfewd_ceSn smwstiaglnmméia)fppenatigrd ci rcui Ei board, wherein each of said pl urgl [ t]}/
of discrete sem conduct.qr nenor Vi | N, .. Nor e o
oper ati on ar?&ga‘ﬁh%{ﬂne??fgt?%%nﬁloggc%fs'g%%lp@?@"{gi §%§)’%§%@@ %ﬁ@ctregF@O iBte &P
semiscoryperition maEner Yredasnaye lessntirans said: pradéterrsined npinimurr nomedl  drearating

recei vifn a first asynchronous input signal; a second input termnal for
recei ving"8'Yecond asynchronous input signal; 17 WD 03/ 058630

PCT/ US02/ 40447 a command bus for receiving a plurality of synchronous
cont r ol35si grfalmeemory cevick inerntardanceomith eclginvi 3y wherext eaithlpredetriRingdgnal ;

an cl ocki ireui d.to.sai I £LJm nal i 4, [ jg cui t
poi ng. PSR o bRl e SBofaf! BaplET QfourSR BebelRK' PR BTl
cl ock Ssgmebironcbiswigait eignalsai d device is responsive to assertion of said

first asynchronous signal while said second asynchronous signal is

deagserded LORRHPESYEe i SRbrdarBE Wit Riaih 352iHerRM SHid two asynchronous input

signals comprise a RESET signal and a chip select signal.

37. A memory device in accordance with claim 34, wherein said internal 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
30 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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node of operation and is responsive to assertion of said second
asynchronous signal while said first asynchronous signal is deasserted to
perform awsemsmagbsd unction in said normal node of operati @gT/UD2amd7wher ei n
said device is responsive to concurrent assertion of said first and second
asynchronousa csjngnam¢bmsdoeraceivinigrat piumﬁﬁyobfaynchromuisvzentrma@neis oper at ion. 41.

A device In cj?c%rter ﬁgl fw }egeﬁlh%g]e Pe(nd‘i"@% I?néla' d clocking circuit is
€0

disabled in% eérnatrve opera 42. A device in accordance
wi th cl ai m hh, clebkingi circaii doujsed de $aid aclcm(rrtarmn‘dlhcswd disckigrsirguit HBINgA

devi ce i n accordance r.ej ' ' ' LC random
focecs momory. aqosRriivbite SR ek Sundl1E behd R UhS frd Ak ALE
freguency ofwreseid seiitdavitalis cdspoksivesiogasakrtios of eaid first asyrsdhirehoss signakwihilee nmode

of operal O?r,]a I l%y'aﬁ\:/@oénﬁ,l S%'%rgel\,l 2:? rdgg gqo erfoawq Oﬁr@f mn'c%h 1n4§a|d 'Ar\oq*ﬂé{l' ce in

accor daff asynchronous si
RESET shogeadf apedatioai aohdfis rapohmm:to assertmns:ilsmdrmcnad aayrd:bror@uasgesleuhlle

function., 46, A device in I : nd
nsynchrBib ISt aPaiorple sbrah R ieRRaTe s Helor T soRond AEielld s7 8 rRfal, |
sai d nanoadd ofmpémtlon;rrprl ses enabl ing of a 25 comand decoder coupl ed to
sai d conmand bus d V. ce | rd he
greaters asyinolrton S ntéy idewsat em wem epwal cIa|m17,
wherein the frequency of said external clock in said alternative node of

operatign i Sn ith
cl ai m 10; V\helrjg\lﬁ%sle IIJ;al goﬂ?ﬂ&%(wm% éﬁ%ﬁé?gpréra @géefés%gd&lcgﬁ%qf %Sgsb
circui talteﬂrﬂatlve mode of operation.

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

15 memory.

43. A device in accordance with claim 12, wHerein said device is a dynamic random

access memory.

44. 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

20  operation.

45. A device in accordance with claim 10, 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 15, wherein said second asynchronous signal is a
chip select signal and said section function in said normal mode comprises enabling of a

25  command decoder coupled to said command bus.

47. A device in accordance with claim 14, 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 17, wherein the frequency of said external clock in

said alternative mode of operation is less than about 50mHz.

30 49. A device in accordance with claim 10, wherein said clocking circuit comprises a delay

lock loop circuit.
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