;e3et\FH6 Tt6 3 SEP 2003 ADDRESS WRAP FUNCTI ON FOR ADDRESSABLE NEMORY
DEVICES Field of the invention The invention relates to thecumm’mmummumlnmﬂ a
wrap function useable in connection with an addressabl e rand

menory that will wap the address portion of data for additional *uae+

Wi t hout disturbing the contents of the nmenory elenent and in particular to

a special command or function capability that wl I_(s;glgg al bypass t he
storage part of the nenory assenbly and pass the ad ?'-% Béeon on for use

in collateral applications. Background _, In many data processing
operations the informati on being processed is in the formof increnents or
words that carry an accunul ation portion that is to be stored and an

i dentificati onADDRESSIWRAP FUNCBIONBOREADDRESSABL. MREINORY PEVICES As
progress in the art has taken place the arrays have becone huge, the
housekeepi ng and control circuitry very conplex end the stored information
both | arge and valuable. "there have |ong been problems wth such arrays in
the ever [ifaLeasd iR%emiged and size environment with testing, with timng
and with conponent drift as exanples. Wiere the nenory array is nmade up of
addressabl e el enments assenbled into sem conductor integrated circuitry,
accessability and operational constraints severely limt quality and
reliability maintenance testing and the adding of further capabilities. As

progress HeORReSor kelitBe t@the ipkovidingXd7e£ bnaflp th@ftioh usete filt dhBediRAWIE an
addressabl e arrays of devices will utilize signaling techniques that
requi re #dpigssabishtadommpceess meppy; hat Wdh wramthe address gostiopor et & additisaiahg

gggger ly Jsgqgiitﬁlo%q’diﬁ%iﬂ@tﬁehgorﬂéd@ g tfl)J nygprﬁ)'?y %?etn?en't Sanhaiﬁnﬁﬁﬁaﬂﬁr to a s%eél'gp

command or function capability that will selectably bypass the storage part of the memory

assembly and pass the address portion on for use in collateral applications.
Background

In many data processing operations the information being processed is in the form of
increments or words that carry an accumulation portion that is to be stored and an identification
portion that tells the memory array where to put it. As progress in the art has taken place the
- arrays have become huge, the housekeeping and control circuitry very complex and the stored
information both large and valuable. There have long been problems with such arrays in the
ever increasing speed and size environment with testing, with timing and with component drift
as examples. Where the memory array is made up of addressable elements assembled into
semiconductor integrated circuitry, accessability and operational constraints severely limit
quality and reliability maintenance testing and the adding

of further capabilities.

As progress proceeds in the art it is expected that in the future dynamic addressable arrays of
devices will utilize signaling techniques that require adjustments, in the verification that

address information is being properly received, and in the timing of when data is launched or
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2 captured. It wll further be desirable to periodically re-initialize
timng as conponents drift or where addressabl e devices, on com ng out of a
| ong period of inactivity. may be found to have undergone a tim ng change
due to tenperature or voltage variation. A need is devel Qpi in the art to
be able to maintain and to reestablish conditions at i m%végﬁlmﬁﬁmry
elenments in an array without tanpering with the information stored in the
array. Summary of the invention The invention is a selectable function that
permts the address portion of data words to be separated fromthe storable
content portion and that address portion to be used for different purposes
W t hout disturbing the stored contents in the. nenory array. The invention
may be viap@ebdas @ilCRANBNE: 8anablel tb téribMaillPRL] HafizaNRiNShScdfipsHeaRal gt bor
errors in such itens as addresses, inpedance calibration, timng, and
conponentwhtre pddressable deviepsopnicamarmowex wdett pasidor snastivan lwebca‘?dundmbaw
array. A ni g f j r | 1S anced whereby information on
t he addré@gggﬁge%ﬁngp%éﬁﬁééagf@%%ﬂﬁaéhgﬁobgﬂgggéﬁfggﬁductor i nt egrated
elenment is routed directly to the data pins of the el enent and driven back
to the controller of the elenent, so that by c nparinq_the i.nformation that
t he cont ronftis derloRjAL thi@e akdp &8 8blejtp axmigy PR TeRT BT BIIPBLE iR

the data bifas cldhefiéh ML Rehrclink DEHANAIFofMoh ol ihiind fig,addr ess

or data |1 nes. thout disturbing t contents o e nenory array.
Techni ques are advanced invol ving data responsive sel ectable array
circuitry nodification whereby the storage portion of the array is isolated
and the address portion of the data is rerouted and refunctioned for such
oper at i onsundfadyi ITtRinv¥@idnf | cation and conmponent drift correction purposes.
3 SEP 2003 thé principles are illustrated with nmenory systens built of
Synchronous Dynam ¢ Random Access Menory with Doubl e Data Rate (SDRAM DDR)
el enents. Brief Description of the Drawings Figures 1 - 9 illustrate the
application of the principles of the invention to the analysis of the

i nt egritylef inaddiess ©ksgaakblde dandtivaythar perpiitophgat@dsst pordog fof alataaddriswabd e

menory array, erein: Figures 1 - 6. illustrate the assignpent of reference

nuneral s Sﬁé?rf‘té\fm?% LQ‘E)SW?E’T‘? F\Q/‘E?Htiwl‘?rba@h@w _ esﬁd?f_égmbgo _gg {45551 fﬁild‘}ferem

st andar d {jupdsBe vAthbuPEdlPSAA RhE sRMEMIHYSTEMe rhémdWi £y, ThOWhRndon may be

illustrates a basic addressable nmenory el enment such”as a sem conduct or

i nt egr at edewed as a command capability that permits analysis of signals for errors in such items as
addresses, impedance calibration, timing, and component drift that develop in and between

regions of an overall memory array.

A technique of testing addressing is advanced whereby information on the address bus of a
memory element such as a semiconductor integrated element is routed directly to the data pins
of the element and driven back to the controller of the element, so that by comparing the
information that the controller sent on the address lines, to the information received on the data
lines, it can be determined if there are any fails in the address or data lines. without disturbing

the stored contents of the memory array.

Techniques are advanced involving data responsive selectable array circuitry modification
whereby the storage portion of the array is isolated and the address portion of the data is
rerouted and refunctioned for such operations as timing, verification and component drift

correction purposes.



circuit, in a typical package such as a dual in line package, with
reference nunerals assigned to pins and termnals that will be involved in
the illustration of the invention. Figure 2 illustrates _the jnterconnected
functional elements of a, typical in the art, Doubl e&DatSEFBtglﬁnchronous
Dynam ¢ Random Access Menory (SDRAMDDR), with reference nuneral s assigned
to elenents pertaining to the invention. Figure 3 is an illustration of a
function truth table for a typical in the art SDRAM DDR, such as
illustrated in Fig. 2. Figure 4 is an ilTustration of a | ayout on a
subassenbly nenber or card of a two nenory bank SDRAM DDR of the type
illustrated in Figs. 1 - 3 with reference nunerals added pertaining to this

i nvent i orthe prihcHHR A00Bustradfddyuith rberhsryadysichlsUusiilt af iSyActabnsusSonemEt i Random
diagram of a typical in_the art {wo nmory hank SDRAM - DDR of the type

i || ust r at¥dessiVipngy ‘i"ﬂ? D@L‘ghet@?t? éf‘@r(gﬁgé“ﬂipr@?\é?@mﬁﬁlﬁed pertaining to this
invention, Figure Gis a perspective illustration of the arrangenent of the
SDRAM DDR type menory cards in a typical in the art conputer system as
illustrated in Figs 1 - J with reference nunerals

Brief Description of the Drawings

Figures 1 - 9 illustrate the application of the principles of the invention to the analysis of the
integrity of address signals as they are propagated through an addressable memory array;
wherein: Figures 1 - 6 illustrate the assignment of reference numerals pertaining to the
invention to selected nodes of a typical standard in the art addressable memory system, in

which:

Figure 1 illustrates a basic addressable memory element such as a semiconductor integrated
circuit, in a typical package such as a dual in line package, with reference numerals assigned to

pins and terminals that will be involved in the illustration of the invention.

Figure 2 illustrates the interconnected functional elements of a, typical in the art, Double Data
Rate Synchronous Dynamic Random Access Memory (SDRAM-DDR), with reference

numerals assigned to elements pertaining to the invention.

Figure 3 is an illustration of a function truth table for a typical in the art SDRAM-DDR, such
as illustrated in Fig. 2.

Figure 4 is an illustration of a layout on a subassembly member or card of a two memory bank
SDRAM-DDR of the type illustrated in Figs. 1 - 3 with reference numerals added pertaining to

this invention.



added pertaining to this invention, and in which Figures 7 - 9 are
structure, flow and timng diagrans illustrating the by pass inplenentation
of the invention, wherein, Figure 7 illustrates a bypass circuitry
capability within the functional diagramof Fig. 2 conveying address and

data port information with reference nuneral s pertaini @(?SE;P? ention.
Figure 8 illustrates the information flow of the inventidn Q@grputer

system such as that of Fig. 6 with refefence nunerals pertaining to the
invention, and, Figure 9 illustrates in a timng diagramthe performance
when the systemis in the wap function or echo function node of the
invention with reference nunerals pertaining to the invention. Figures 10 -
13 il ustnat & isha Applattat 608 sofentdtie Padraei @l €sypdfal tihehd nveRbiBEmbE bk
control of the jnpedance of an Of Chip . Drjver, standard conponent used in
the art SHR/Dyhahy ﬁg%*adm%%é%agemg 1(-DRAN] TeisedRn nhestaldiiedipsrtaipingur e
10 i1l uss il gSe@idypPi cal DRAM data path through the assenbly for witing
dat a. 3 SEP 2003 5 Figure 11 illustrates one arrangenent of adjustnent
additions to a witing typical data path

Figure 6 is a perspective illustration of the arrangement of the SDRAM-DDR type memory
cards in a typical in the art computer system as illustrated in Figs 1 - 5 with reference numerals

added pertaining to this invention, and in which

Figures 7 - 9 are structure, flow and timing diagrams illustrating the by pass implementation of

the invention, wherein,

Figure 7 illustrates a bypass circuitry capability within the functional diagram of Fig. 2
conveying address and data port information with reference numerals pertaining to the

invention.

Figure 8 illustrates the information flow of the invention in a computer system such as that of

Fig. 6 with reference numerals pertaining to the invention, and,

Figure 9 illustrates in a timing diagram the performance when the system is in the wrap
function or echo function mode of the invention with reference numerals pertaining to the

wnvention.
Figures 10 - 13 illustrate the application of the principles of the invention to the control of the
impedance of an Off Chip Driver, standard component used in the art in Dynamic Random

Access Memory (DRAM) assemblies; wherein:

Figure 10 illustrates a typical DRAM data path through the assembly for writing data.



such as is shown in Figure 10 in order to inplenent the principles of the
invention figure 12 is a timng chart illustrating the effect of the

adj ustment additions of Figure 1 1. Figure 13 illustrates an alternate
arrangenment of adjustnent additions to a typical data path such as is shown
in Fig. 10 in inplementing the principles of the inventign. Fiqures 14 -16
illustrate the application of the principles of the iqzﬁﬁ ) %

rerouting inplementation to the evaluatipn and control of timng in

menory assenblies. wherein: Figure 14 is a block diagramillustrating a
typical timng control data path in a DRAM assenbly. Figure 15 illustrates
an arrangenent of adjustnent additions to a data path of the type shown in
© Fig. 1figure thellinpkendet @tdn@Bmeht éhaljtmesl aldesorefto taheritiRy eptibAHakd path
timng calibration., and, Figure 16 is a timing chart illustrating the
condi t i orhgEaushosd lunrflgwmlﬁgnw%f b gl eseiin Priawinles dnke wrentitade in a
typical data path such as is illustrated in Fig. 15. Description of the

i nvention The sel ectable function of the invention that permts the address
porti on OfgudatAistatihmgshparlhisedtifig dmetioet Httlor atphemeantenionpof Figore S0 t hat

t hat address portion can be used for different purposes, can be inplenented
in many ways such as through hardware additions, software instructions and
conbi nat ri@@e tlhem@ﬁifates-rehleal'té?PAt@ ARRASN DD DT fa@julstlﬂé\? gd&ﬁ@h'soﬁ) M)ﬁﬁlgaltct&@a path

st orage 2003 arrays are by passed and groups where the storage
arrays aﬁ@*w§0$éﬂéﬂl@dﬂgtﬁbnaﬁakéyﬁﬂd%ﬂwIﬂmcwéﬁdﬁﬂédnaﬁwoused for other
purposes. In both types of groups the nmenory content renmains undi sturbed.
The invention may be viewed as being a conmand or wap function that
permits amakysis, -1@anhit'rawtﬂh@ap@wdu@mrdfaﬁé ipeihciplesvalr that ingBisidnnirs HCRrdlRing
pat hs as address, timn edance vari atign_and conponent drift in

addr essabﬁ@'e%ﬁ@?lw ads |e.\é aipq Redtcoatret of Pinmget Re DEAIY ememery apembticsial
stored daka.kn the menory assenbly. The nmenory assenbly is nade up of an
interrel ated arrangenment of storage and control entities. In Figures 1 -6
there is illustrated a typical Dynam c Random Access Menory (DRAM made up
of conponents nd d pat hs a controls assenbl ed on standard.in e grt
packag, nbiBHe a3t B Rate” Mhiferng, fefipRoh SanG cPRESHE Gal i Br B ing
a capabi hisepbfyor anal yzing critical types of data paths and providing
correction so as to keep the interrelationship within proper limts wthout
di sturbing data that may be stored in the nenory.

Figure 15 illustrates an arrangement of adjustment additions to a data path of the type shown in

Fig. 14 in the implementation of the principles of the invention in timing calibration., and,

Figure 16 is a timing chart illustrating the conditions produced in timing where adjustment

additions are made in a typical data path such as is illustrated in Fig. 15.
Description of the invention

The selectable function of the invention that permits the address portion of data to be separated
from the storable content portion so that that address portion can be used for different
purposes, can be implemented in many ways such as through hardware additions, software

instructions and combinations thereof. The implementations fall into groups where the storage



Referring to Figures 1 to 6, in Fig. 1 there is shown a basic addressabl e
menory el ement such as a sem conductor integrated circuit. in a typica
package such as a dual in |line package, with reference nunerals assigned to
pins and termnals that will be involved in the illustration of the
invention. In Fig. 1 the sem conductor integrated crrcusgég @magqg

| abel l ed 101 and all signal pins are listed. There are ress s AO Al2,
| abel I ed 102, for addressing the nenory gcontents by row and colum. There
are banks of select pins BAO BAl, | abel 1%d 103, for addressing one of the.
4 internal menory banks, command pins RAS, CAS, VIE, and CS, |abelled |04,
whi ch respectively refer to row address, columm address, wite enable, and
chip sel §6ys o8] SaiRd aang'gfl(gtﬁfse\mér@-lthecs!t&% Gk Gl dpabd and BReldiRYs %Qtﬁ’rsf or
synchroni zi'ng operations w thin the chi o a system cl ock, and a clock
enabl e picrouGkENd abesl fasdthaamurpeses. elmalmt{)rtgaeand gipwpsbihie ngemrme @ingak reMhies e
ot AR CPABON R e BB PR RORER FRadFRENS, 6% RIRh0F,,
each 8 datadyshy. t\seufw@oxdaha dodret Sorflbe Wasietorsoirs eiich R&A@atm @k NRitiesn dat@s, or
receive WRITE information data. The strobe is driven wth the data on a
read andMEgancge’apiBEemaIbE MRABED HH! trasddresradlg @ﬁméf\ seniigs withouhdigat ing

pr esent i I

Bl oo vol P saReliub SOl fafe? bl O BEFEI AL ettt AR SmBHLE B PR T, Pl
vol t age spipdlan uné*reﬂi&étt 2088geniinn » \ADIDAE @ Akl ‘d&S@lf tﬁmtrhhe[ndﬁt;,areanﬂ -Stthabes

pi ns, are erenc olta Vref pin for rec a Figure 1 and

Fi gure ZH‘tué‘g%IthitérW e See Repdon ftsrrsdheerom TARE T Sl e Bang.
typical D&kﬁ@]s ahl 100{11%!9 laSscPM & (ﬁﬁ&tﬁn@@ﬁhﬂ@%c@g}ﬁ%‘bﬁ cRRB IAMHOEEIS Bhis
Menory (S . reference nuneral s assi o el enents pertaining
to the imyemridnos dsmdetl tsg’emrherovgrbseﬁ canrabgdiy értrdlméls'glaglcetls@m;@@mﬂ d@ta@ﬂttmevdce
W th an X g{de cc?trr]e%tlggtsg abPf fieelpvmé E‘her%lgtl 1%&1?1%1%”1 tpg ?flglgtts Wi h%%?zhs in

anal ysi s"o ess accuracy fagramirs 8

W th conm@tua@n&ytb@ stdred maqhemeparry S of t he Random Access I\/Ermr y ( RAM
device. In figure 2, the clock is labelled (202). it is used in this
instance. to receive in the address register, labelled (212), the address,

| abel | ed : | éﬁ?
reglsterRE%abe ?@g?§%gfgﬁgﬂ£y§r3@%:§g%%§a%f§&§ggﬁwﬁg @%&m %%QﬁﬂgﬁgL
sel ect comreandicohdlpedrlip@gaRdiciicnitama tyheak peskageasich and dwel iodmeaadsige, with

a0l 0 CR03) TS 051 R SARLETA 57 Bl RS bbb

synchr onirefigor. 1€ FaUtIpit seidicdnditiér iheaehtParoait eddindriD1agellddnEn 104HdRlL signal
buffer, labelled (216), such that the cl ock and outﬁut data are in phase.
The ti m AgSrasgilistedr Thppsyre addiessping Afefd?nlahellqds 194 efon ddessng (e megpay| ed
(210), i e e I

but 1er, TaDelT N Tab0nY R Py Rl PGt R AL B SR o o
exanpl e, addredshgy cid pf sled dcinteqi20Ingmaory bamks, aommadik pmasRAS, Caw, WAd attdhé?S:as

is high 0 reas a read.or wite. or columm Iectlon uId cur
for  exanpPeled FO4mCL Bt ve BT o 8% aiiandor i i cuuhinaboa)

both | owselbd. Thabli€a ditfeh@iial éidcleCLK CURY r)atnmu@a 1@5 fUnGidcRRdntAM @petramn@
whi ch indicates the conditions in the DRAM SEP 2003 Returning to

Fi gure 2within thecbimiord aystanmelosks and a Jacl gnabis @ét(e[eﬁ tipatled H86 s loneaahdingswdj s

apeci ry Oabilfe GRYIEC R e £ TR b0l Gl IR DR} S MeSding
There. abge the ﬂatssmtitteotamea:ylga sticwdatmnstrbleesRTDQS2 LB@Smhl&,lleaﬂ He7desi foe@dacin® t o

be activated wil| be determ ned by a bank selec | abel | ed (224)
i mpor t anfaiBobitt thy atanparkdatsi peed &ﬁ@&f REcATp gt %B%r?@taad&reg%a %Iifﬁi s

I nventi thfbﬁnat{e%tdataa‘tfh& Qﬂr?lfqu liBhen Shch t tfSra t&ﬁ%ﬁﬁ’%o‘eﬁ@’op&‘éﬁﬂn LrdBie
|naccuracy I'S present contain sufficient information to be executed
and wil |l ﬁarmdoapﬁearockowtthdatammem cappdr gsing aad faleigngigeadd die stfohespulief Thérer e
were to be an error on.are caus d for ex a b oken
bonnecti O T THiss stbiel s ag YaSFE e ar Rl Ry e SAS TPLEu R P i
be the nenory controller of lag, 6, to be | ater described, and the nenory
device, the transmtted data would still be sent or received. and the error
could be difficult to detect. Returning again to Figure 2, once a row has
been sel ected, then the desired colum, or colums of that row are
selected. the data in the colum buffer is then sent to the colum decoder,
| abel l ed (226), which selects the required data bits fromthe final sense
anplifiers (234). Since this is a double data rate nmenory, which in essence
means that 2 data blts are to be transferred per DQ port for every cl ock

_____ . -, " o, ' i s o P o I R



3 SEP 2003 9 address and conmand it sent to the addressabl e device, was
actually received correctly, by inspection of the data |ines. This
invention will not affect the contents of the RAM or the normal operation
of the addressable device, as the invention will provide a separate bus.
Continuing to refer to figure 2, on a read operation, t® he 2-bit
colomm prefetch unit (236) are driven to the output b%fdgéggﬁgﬁm ed(216)
and out the data ports | abelled DQ and (250). At the sanme tinme the data
strobes UDQS and LDQS at el ement | abell ed(214) are driven. The receiving
devi ce can use these strobes in the same manner as the RAMto register the
data. The timng register controls when the data is driven through the I/0O

control LldlVbpd ahesuh (8o dathandatdbé il bNER RferdndWdttage WIeE pin for
| abel | edk(12862), %Iet er rms when athenburlst ?)g oGer andlsimtgana(ﬁ%b% We]jegtlﬂnptrﬁl

buf fer. Tiveiviugda. of cycl es between the read command and the data (the
| atency) is progranmable as is the length of the burst, the progranmng is
done by a nenory controller or other external device by using a special

command (imge | pagirsiiee 2ubgdiesr ibystiateofe intsebitdciedrtuadtionhle:leaemmads, tyskel inCs,
ras, cas, and we, that enter the tim.ng register é205)' the conmmand it sel

f
i s cont ailifediti ouHe atuRalssSycriogoustRysanisel aigare gceﬁawnp(abéﬁpgd\h(@@){%i s
di rect ed @S¢k Gk MGnPHEa Sf‘g?l'eéE@éleh@@@lﬁeﬁgnﬁﬁng)ﬂae M\{%ﬁ%ndﬁglqggeﬁ W MRscrily
et anong ot her

instructions during itnitialization an ermnes, t hi ngs, tehe
bur st | engtadd@schbleatemncondudior sleviow evith anadvhkssindshtopora winde areegissitenl dhar

menory devi (ies wher e ai/ai Iogbl and a special command is provided to direct
the addr @89 IBeaLiopg i aalygisiol addhesy 35CBif%r words to achi eve the address wrap

function. The same address wap function nay be provided in other devices
w thout a node register by progranmmng. Returning to Figure 2, simlarly if
data is beFrprofia fungtiorpl dipgraRaig shoamawitle @ingedonsyto tthrempiop parthof the Rangdam)

5, 3SR ER SRR B0 FE . ek 1E ey 9Bl R, (AR

ri sing edgeanet, wirecdie: tnte adPreSER RO Slabeliddud 2)s tireegidedser labelfed GDOE)Nend the

recelver n?érlllgjor(})' rlljagl? gdérgésl, iarl])glleedd&%4f Ig ?l?eot?rgin%af%gigger,r]glg]e(fleed t(2h()e5),d t?llél %lo%k (202), is
received along with the chip select command, labelled (201), and the ras, cas. and we
commands, labelled (203). The clock signal, delayed by a delay locked loop, labelled (208), is
used to drive a data strobe generator, labelled (214), in synchronizing the output data in a read

operation through the output buffer, labelled (216), such that the clock and output data are in

phase.

The timing register (205) is used to determine if the address bus, labelled (210), is directed to
the row buffer, labelled (218), or to the column buffer, labelled (220). A bank activate, or row
selection, would occur, for example, if the chip select (201) is low, and the ras is low, and the
cas is high of (203); whereas a read or write or column selection, would occur, for example, if

chip select (201) is low, and ras, and cas of ( 203) are both low.

In Figure 3 there is an illustration of a function truth table which indicates the conditions in the

DRAM..



data rate. Wth respect to the problem being 'addressed, again all
addresses appear to be valid. If there .vas an error on a received address,
due to exanple a broken connection in the path between the device creating
t he address, such as the nmenory controller, to be discussed in connection
with Fig 6, and the nenory device, the data to be stor ' ry

woul d still be witten, lust to the wong address. Thi gaaﬁgegzme

ot herwi se correct data and can have seripous consequences in nmany conputers.
It is possible to mask, or block, certain data frombeing witten and m
fact on sone earlier nenory devices certain data could be masked for both a
read and a wite operation. Wth this invention, the mask operation is
enabl ed RbnAHENBIRuRl 2. g coREKoPWASIe thDMvARGlBM theatBl k&Y 2l ZRW is dbiMed
masks signals at termnal DB-15 and LDM masks signals at term nal DQO 7,
from bei Iy tver iy dacadgr.tlrlellgd r(@32). heel opddrass bis weuldhipeeigh onhef §éhemassia of
the i DM si gnal, | abel | ed (2 , he timng register, (205 ;g,JnIro uced
nto e oMb g p ES e el B, PRGe b P PR Sn T P g 17 2 b on
of a fungkidesirddrdieho bahteydar will beydut@alinddrbyt higankrstleSORAMIDGR(2BIICh as
illustrated in Fig. 2. and which shows the commands that can be created for
t he SDRAM DDR nenory devices through use of the conmands cke, cs, ras, cas.
we, and ami30fadihRiRAdbERSed Wit £§RE: BN YoblehsGATTRAASHNANEnPERRN is that

di scusse alllllo{gvegfl ?)hle ot her gom‘rand%%are no 0i r?posrtantgb?or\ tﬁi gb@negﬁstﬁhgﬁ
but are sHbisrpoimor alt addrtstiefoesstiorFiegen i€ sdme snaacuradyl wgtresant. ol ofntainl saffoenton
a subassenbly nenber or card of a two nenory bank SDRAM DDR of the. type

1 T ust r aP AR e eecuied o il A PBREdO MiBFEPY ARABipor M g ¢ By
his i nveftthQB . wel8& b@X®¥troPbn FirfbeividiaddREs, %a&s\é@'f@taéxa% Pegabied olYRctibR4

pin registered 8byte Dual Inline Menory Modul e (D MV) ich uses 18, 64 M

( megabi t n BERANM DDReeethicaisyice |cadaeing dap gty wintlewsuld\ts Hewaewy goptrgligryof
simlar tg the stand - evi ut, W ' capagity and thus
 Fewer haboB S RREALPEE MR aBSNLEES At Henfinv it i RRREMEY b3

an exanpleeci@td.aind@hd @edr conldofe difftbuiizsdbke. devi ces with a comon address
bus. There will be many card constructions involving capabilities that wll
not be involved nor do they affect this invention. Such capabilities are
redrive RERCHhOBSaih 3PEIdRD (hkd roW REY BeelsBle@bd AndAihR deW Gk N, AP 8blufifhs
(422) shown On"the backside, such data switches are used to isolate the
menory deVilmeésowmre selectofl, Mhv|dafa onthet dodumibDIbiRET wshdwn rvantt fopthe cDluvve dsdralee a

conmon d b The .presence or absence .of . these.data swi tches ha 0
bear i ng DroRRtaguroul DGR B R SRET R R TRT e g Lo TR 23D Shee
const r uctiionRS Mawe: &Rlde FeRRONVEHiah R dsechck 42hs Wt Claeditkatd® washkidptedve
i nfformati on _about the DIMM The presence or absence of this EEPROM has no

bearing Bff BErPIrhdonauire stockraplee drtvmbitothon miust Phjeiptadoliom thy afrayss2 ik foin
HTustr aHé?g QARG NOWR dYIRESSS HitdQs %%g@% 2t imrﬁﬁilf!:?"ﬂ)}p% D f:c%"nna”d
back of a card as 'shown in Fig. 4 are wr together. Referring to Figure
5, the SpRAMEIDDRItd&belas (236¢ babebéan(@0Ry, lowhedeaddrlass addgiss (BkG labaled

| abel | ed ,Aan .data switches are |apell S The address bus
o al | R BieFRP e if Qi ot 6 nle Tl REs a8 Tl i e s g o
the DI Mpf wWritdep&attoh Srof@E a3 Wirdshlab&igedd2RNVR/h pdritd AeterBinitc@allnMwvol N
Figure 6 there is shown a perspective illustration of the arrangenent of

t he SDRARIDBRevgHen tatslopk ex¢lego ththg pronst eddressn the art conputer system as
has been di scussed in connection with Figures 1-5 with reference nunerals
added pertaining to this invention. Referring to Fig. 6 there is showm a

hi gh | evéihe sclbofMIAGK238) it hapsreano irytha nddpsoaassoraspat bif drsinodntidn do wipi itk a
system There is a processor or processors called m ¢roprocessors and

| abel | ed 1qeation Whetreadsdress daioppation saHrb it kg da RPTHRRBF {1 1Bt Anyeapen Ped(
620). In eBATE 1O HIVGF e Bddre [ BRESHATnRARAEGITBE ¥s £A8 56k heposTYe, RS tHeN

t he same“sem conduttor i1 ntegrated circuit device. There Is a service

pr ocessodataghetidredt (830)p, pfavidipg dhd ahihy Hutie ihfmokfionsecaiyed psttearnddress and

initialization ,and error processing. Again the service processor. exi st
with the AMBERLdEes e REO T TE oot PRt SR ME BERE LY of ¢ he
processor design. A distinction is made between processor and service
processor in this discussion to facilitate explaining data being entered
and data that exists in the nmenory in application of the address wap
function of the 3 SEP 2003 invention. The nenory controller controls the
addr essabl e nenory devices |labelled (&40), which could be SDRAM DDR nenory
devices as in figures | and 2. in this case shown on nenory cards |abelled
(650) as is typical in the industry at this tinme. exanples of which have
been described in connection wth Figures 4 and 5. The nenory controller

P~ N\ o o -, N T T



whi ch are addressed by the additional command capability provided with this
i nvention. One problemis that while all addresses to the nenory contain
valid information but if there is some nmalfunction in the nmenory assenbly,
such as a wiring break, all the information may not be included. Thus it is
difficult to know if an address has been properly received. As bus speeds

i ncrease, this problem becones nore evident. At the pr Esns B{B)f t he
art, the approach used in testing the ngmor y assenbly to determne if
addresses are being properly received is by alternatively witing and
réading certain data patterns into the RAM at different |ocations, but this
however takes a | arge nunber of data transfers to performand it destroys

t he cont@i&s Qfndtddgh BRI Ysent TIIETE adBIsdiBl BN, @RS ORTIANELE 1dd LSy, by
desirable to have to 3 S E P 2003 destroy the contents of a nenmory. In
accor dan®@epsgfiph of Hbe dataefites ohhis 1reention ofilh eytdffeg! tlivecaderiess puB AN or the
provi ded | , Anot her
pr obl em %n}%h %é%tr%éfegggﬁih%%ﬁ@eg?‘tlcéjh%ﬁl{eqé\%ﬁ?}g%gp ﬁ‘i}{'?@ngz"t nl%sues t hat
i nvol ve adjustnents in the tlning of when data is launched or captured. In

systens such as shogg Flgg t he speeds of th ad ress and data
busses cafMHBLHHE I Qoﬁééte aﬂhafﬁ@‘HET jone et ifiph greot-Ott el Breteif i Hnit

respect paglhe addhesshe QJME%l@(ﬂ)uff@ﬁQaBél%d@B%? afd roabﬁhevwattt p6ﬁ§ FPeﬁ)%IleJ & hd
dat a becones nore strlngent woul desirable to be able
peri odi c@&5Dy Acteha: santa @ik 2lee @ula:strdmg éJéEQS And LPbrert epamodnlt etbﬁha:lﬂb‘é) are dmen

encount er.ed w eed r other address

Com n. olFCrsfei el dteSRE B BFabts Sip SRS Re AR R e ARGT IR dof
encount eTrd tighifg treritteNMBETtAIY ivdieR Ithe Ahtadig @irM@n i tAlougR -thd 1/0 somtesi tnﬁtbltgoetled
have a neans of re-establishing tlnlngﬂbetmeen t he addressabl e devi ce and

t he cont 26R).iThg deea/is clivenps hé’HtSt atnitdabglisd (2670, deterpnyes Whemibie dueshncevasiand

t he inve (o) [

addi 1 ongPh DR bl el Cr SR ?Q@gﬁﬁ%ﬁﬁg P Calhall 24 P lne
accessed! awmdernsqmasgramtnacbfe B mmltmlleygth@xftthie)blhretr tt&rprag&emdhges porecless aremauch
as shown ingE The rpose of the address w or, address .echo

capabi | i §§PUSIey Pirother T (e e 05 uging i e Qg (Grode ARSI Y proper

i nf or mat ké?&tt@hr&Ctﬁé YorhRahfte cRYULRUIas VOB Bnd Ive ClAL Qﬁeﬁﬁh@ltﬁﬁﬁlg%gﬁ@&h@%) the
interfering with the nmenory contents. The following is an rllustrative

i mpl erren@(&tlmond n@:ﬂé in@pntamed ont thel address flightt Tlow the atddrq@ts wthdéaballeb@ﬂmmst 0
t he node re gr of .t he addressa dev

in Fig. 2odr %cﬁﬁ8h@ugm ﬁ%le%S%rqu:egﬁggﬁgter
synchr oniitsal EANSar{ dSTIrAMI RIIRIm gy @h&rahinga th@hlmtrlemtﬁtamﬂ lat@lcgrent 272 in
Fi'g. 2, and an extended node register, known in the art as an (EMR), not
separately shown in Fig.2. Address pins A4 are Shown 111 Fig.l. The node
bits A4 irfyistiRGenENR ke SERAN DRRIALBisS EHhEm¥R RV RES WiBR Dy BilabIO hPE dp 33
echo node and 1 = address echo nod Referring to Figure 7 there is

i |l ustratedmand isapISEi@leQ(t@Shrewpagédtessr busi torthe dagadbyis|in topher wordd fo adigeve the
functlona$ dla ra of, Fig. 2 that conveys address and data port information
with ref 8RS ‘QPE pertaining to the invention. In Fig 7 an address
serializes IabeIIed (770). takes address information fromthe address

regi ster 212 and conveys it on channel | abelled é??l ) directly to the

out put bithe same addrassaviep dbnationdnaebs arovided ip ather Pesdegs 7aithout aleedecegitien @y
|nfornat r&ﬁﬁp%%he timng regi ster 205 and conveys it on channel |abelled
(781) to t buffer 216. Referring to Figure 8 there is illustrated
the information flow of the invention in a conputer systentsuch as that of

Fi 6 erein th i nf or mat,i abel | ed 0 con na
o © hoReteg L Bt TR0 Ra s bEPE endingn R oRAM SRS A R g
card 650nafg g%/@ alte%téa%rtﬂé sAEAEE W laRd @b mht ra%ytltteu@attm) Pl figw of

the sel ected to an evaluation | ocation not shown. Referring to Figure
9 there bsobdsUBQBandd DT amviuseyl @i cdapkamttef datd ¢hap és; borimmg cdgavbiesirobhensy st em
is in the wap function or echo function node of the invention. Addresses
and commands on the address / command bus show up several cycles |ater on
the data bus. There are no new signals. On cycle n+2, starting fromall DQ
pins on the sane side of the package, serially readout of the address and
control pins |located on the sane side of the package as presented to the
DRAM on cycle n. The order is in ascending pin nunber for signals |ocated
on the side of the package containing pin |, and is descending pin nunbers
for the other side of the package. The serial readout should be the sane
frequency as read data, and obey the sane |aunch and hold tine
speC|f|cat|ons mnth the sane drlver |npedance The serlal readout

o, Y T o . o o o
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3 SEP 2003 simlarly there could be different nunber of cycles (I. 2. 3
etc. ) between address |atch and data output. The preferred arrangenent for
sinplicity is to have the timng for the address echo function of the
invention be the same as a normal read timng of the nmenory assenbly. This
is best for the controller and the RAM as it preserves t &Enatural timngs

for normal reads and wites. The address coul d be seri ut put as
serial streamout of one or nore data Ii15|es. All net hods will produce t he
required information. That is, the value of the address and control I|ines

will be output fromthe data lines, allowing the controlling device to
sense if the sent address (or control) matches the received address (or
control ) gathfn &hH laesea fRnd IRGEERANGMd oB ithd@NiddhR1gaddE&ss ciahﬂ? Heficd@d-do@blet he
data line. The difference can be determ ned by rmore conplicated functions,
for exangterabternating the order of address readout every other cycle. The
EWR can be witten at slow speed to i nprove the chance of a success in the
event of a high speed address line problem To the extent that sone. of the
| i nes towieh t@ptddo aAlieplobliuti beidg taddmsicieagdne aEMRArekdee abpsdr th eivaGan @ée.
However, failure to enter the address echo node is itself an indication of
addr ess [MAh@NCRIOF @R TeAR Vel ARt AV IWEXAMIE A AVYIeE ORBeCH9arR e Bath detween
functionupfy t r u

Finot 1 on TP B S S B D o SR R R

it could“mmlﬁgquamédwnhanmﬁx@\wbhheAWMGGbeemhahgeh@hnnume“wskuththuhaa
bur st s;ﬁg nﬂa @ieat a new comnand 4%% hen the. burst
stop comtehd® 4d% & r%‘ég BYESe I ButAAER Ve Qleh‘”‘é‘h “P‘Ere%e ap éa'h VTSP,
the addr esgseMliciRePin AAH @3 l@gpo function of this invention. Wien this new
command i s given then aII addresses and conmands are w apped to the data.
There are two readily useable applications for this nem/connand t echni que.
T Tt oot bkt nadLP R RUSSES of] 408 IBIOLMGLESLET R o MlofcoERRLal ©
conmput er sy e € register o I's

t he cont hadm®@y defllcése&trﬁrn @Ht@gmadmjednatsﬁed fak@oth a read and a wrlte opelatloB \'Eﬁiﬂ tB&OS

conpare the driven address to the ei ved dat a. agre
there i s enapih-(he ik pReRtionsis) snebled ShiRsiel ito! dihgt'aﬁﬂ? pite EShvERuStoM.
nmemory, apditd %‘ﬁ)?‘)tU%ﬁ‘ n?e%k?@irgﬁzﬂﬁ %?%Erfﬁ‘ina@'ﬂ)()g i SMnd IW%RESQE‘@lgnﬁlste@ Egalt he

timng of the assenbly to allow high speed operation of address and data
busses. OQG-Aefrmeniriyg veistero thy arrayn Thespewmtianas duopgit de pstaton oatltﬁomMof

or oot ammdEto kg P iy e T GBR oS e Bl AT B o el BFD G o

is not received correctly, it mght be a broken contact or it m ght be that
the timng relation betmeen address and clock (or data_and strobeg i's not
opti i ze®efqgpe éx Argre i whigh soraiiiushirtion pla denstipe ugh tabigstor & typisak Wethagtta
strobe V\’@']ﬁi!&MSIB@rR Vabh 'aE' 195@1%?6&’\4 t B r%t he aﬂ@t\%lcﬁ gh&&@ tl?ee Bbifialds h?f datR
pul se so as to I'nsensitive to changes i n timng. Is very d icult to
know whereeatedefoc gret HPRAM-DAR denwrpdégecsi thrOUEhQSfEQf'lﬂlﬁ @birmandankts @arras he@s.

strobe mtine th respe he da and note he data f

because i1 45 Hbanil 3R giress The Sead SnenRneo RSt ERs bo5L (BB Lide: Hisve
is too | atRr chninahBhreindt ﬁwaﬁe@)r t19¢ inbvBrtfort 188 bird sholRdbr ddApI&emdss ol | er know
the data pattern that is to be read. Thus, the address echo or wap

function of the invention allows any data pattern to be sent and then read,
in analy d t 0 r As
the perl j)*rl ggés Xxfng/{rﬁt%r{ %‘Q&w% chggésggweﬁﬁﬁﬂ%%g}éf@a%& ?1%'1%% Hank
processi IAPRAM-PIR of the lt}qﬁsﬂf;stxtatbden@ﬁgshﬂ ghewit referasseaiv@seralp hédddgeraiidy ol
of the data i nput and out put nor. y sse y. becones, cr al
Lo ensur AhiE RYIpARY NG @yw&qua}ﬁge‘% paical ﬁ%@ﬁ%‘%ﬁtﬁﬁ%) HACID PRSI u%
one of t@)?teaﬁﬁanm He %emﬁ'\ﬁom@t (DTRING) wﬂlcmgemmwwos&ﬁsgaw% SORAMUSORI N

that precrse control abi | to adjust the I npedance of the drivers
t hat novelevices, daltclled 144N eThe 64 Mb Hih‘ec@rarveym' simglas epthe standandi 23 kibodavides,

| mpeaanca by’ e Pt AR AT e R EREAS El e e YR BIMRIE hedites



taken while the OCD is driving a known | ogical state |oad and the inpedance
is adjusted until the required |-V characteristic is obtained. To
acconpl i sh such an operation however. the 3 S EP 2003 17 nmenory
controller nmust be able. to establish a desired |ogical state for the OCD

| oad and then C .0117117L1111Cate ad,JlIStlllellt 111StrL CtloIIS to the
DRAlI ~~1 The situation is illustrated in connection wath ﬁ@mnl
which illustrate the application of the principles o(~ the |nvent o] th
control of the inpedance of an OCD whereéin in Figure | O there is
illustrated a typical DRAM data path for witing data. In Figure 10 a

di agram depicts the itens essential in the wite operation. This particular
DRAI VI haseaonile bndepaedrntofdatifesaibleaye B Kt thmida ddgrdswoi. tihesalhdl] Bys
conmmruni cati on channel for the data | abelled Rva%. The data on the RAD is

nul ti pl exewy Faf sonfBICHPRuNEOIDING Gagakilitips hat wihiaimg, inydecdmprgdosiiet afieqiithises
the DRAM
b onan o B ST i EE B, TR L, P S

and may llaeelssyinmuamha\eni oni the teackldia sith alen bwitdek ede (BXIS)o idouté hite enveardry
that the archite turﬁﬂls of tgﬁﬂﬁrefetch ty several bits of seria

dat a ar edqviges wadhisnPRAM,frpgy ot Bﬂwc\mqw@gkup&?ﬁﬁ & dere g GemmeR HtHaYs be

reor der egld {)1 cBEED? Ab¥enkd o HEW HAR |s€€%€l§es'h%9%b gk AR Tife Mei?@ss \xl Qp %bﬁqﬁﬁhd
case the data is then driven onto the bid |rect|on21 bus

i s finalblytss aneehtion. tSeeemeandr Wlﬁﬁu@wllad@ezc groadt rEﬂPPdPMtSh@bdtﬂduW%owhmbl

and decodi ng ci,rcuitr n F| re is shov~. ~ t he
ot o Gornt HEEHbL et byt RUMARL P BrefBY o abseBrGSPE ERBROM
essent i alhzlsmottkt@nﬁ@aﬁoasmetab@rewwta@ cdaingandatf thi9fnvEh@ir € 10, and in addition

there is illustrated, within the dotted bordered section, the features used
in providing calibration and control of the inpedance of off chip drivers.

Referri nglggpe %: hsgél'lﬁ)gﬁ:\%?ratl lgq@ghé 'h8@ ts}%ﬁ:gf {v% béﬂkg,rb%l mél 5’1’%'& Qﬁ:eg D -Danbs

gener at ed CT I CUi I'n response to a node regls er set
c onmmand Bzrdhmftahardmmﬂrowmo ig.od hrerwirddhtegethdre RABﬂrU&Ttoc}bgmarnd thesSRBAM-E)DR he

RWD bus i s .di sconnecgt fromt data.arra ~~rite co nd to
the col uffyises agab%aﬂ@g@ B3 e o gt a%yﬁﬁgf 3 810 ke ﬁ%ﬂ?t@ Savetrcgm%ﬂ |
remai n upgk; %@{rbgﬂ e Galess bikao METOAMsAE EldYed. AISH &a@h&%&mm&mwbm&mnd
storing data herefore. with the ADJUST command active, data can be

Witten onhe froneofMDDENEV a8 fightert is shasedrmiithig 9 BANShevmihg bapluef thadIyAYla

cannot be stored in the nenory array. It will be apparent 3 S E P 2003
that if at the tine the inpedance calibration is to be perforned. the
Menory ald Bigustoeshai®is dommnad perdpdcave daistratbrt of the anagshdnt béthe SDRANGEIBRL S
to inhibit storas~e wquld not .be redun-ed f h~ rl I JST,comm d further
enabl es BRE MUY BBtR 1LY PIFalHR et emppyiey-sp BRITHETUSSSG NPT o

receive REAGHA NG vl‘ﬁﬂ-l%tférkllugﬂu%érﬁs bR dehgintatie tl‘HE‘ 1ﬁvléﬁt1(ﬁy %D bus. The

control is clocked using the wite command control signal together with a
del ayed version of the signal. The OCD INHPEDANCE CONTROL el enent

interprets.the r in nstr generat es vect ors mh Five
e 00De RalRE Ge FRcRIED: CrbORh el R PR RENS o Rml AR B g
exanpl e geh compiet idieral Thise ad h@r@eﬁsbr B Broaesots| dausd hﬁ&@ﬁrdc@ss&&hirﬂ 13bell<C>
DQx 1 >pQx0>X00000101101011 Table nmand Do not hi ng
| ncre ase( @ |H&,mo¢q$ﬁgd§ﬁ@@ected to a memory controller labelled( 620). In some constructions
the processor and memory controller may be in the same semiconductor integrated circuit
device. There is a service processor labelled (630), for providing such functions as system
initialization and error processing. Again the service processor may exist with the processor, or
the service processor function can be a part of the processor design. A distinction is made

between processor and service processor in this discussion to facilitate explaining data being

entered and data that exists in the memory in application of the address wrap function of the



Decrease pul | dow-n i npedance Reset pulldown to default inpedance Increase
pul ' up i npedance 0 Decrease pullup inpedance 1 Reset pullup to default
i npedance Thus with the ADJUST signal activated, a normal wite conmand is
useabl e to programthe OCD i npedance fromdata on the DQ i nputs. 3SEP
2~u~ 19 Referring to Figure 12 a timng chart is provided that S| OA5

e7~allll)I C t1inl 11gS for this Qpel'atldl. The wite I | gnal 1S
| abel | ed PCAS Q| |lle Chad alld the QALITIIII CGI?$I§E%%@~

abelled OCAS. The tllIllIl1lg chart O FIgLICe 1 ~ aSSLI 117eS the standard
|11 tile art wite data I)LIrst al"CllteCLLI1l'e O 1-CLIl" bltS. dlly
the tIrSt bit O a bLIrSI 1r0111 a SLIbSeL O 11 DQS 1S Used fO1'

~) (1 Ogl " hdakibhl ihe chéhdQr anaiolBd TontAl$ enaldryehmI&om&hdh SEChdet 1Rl G481 a
bLIT"St COLIld COltalll pl'Cgl"alllnling I'l1fQ" I nat1011. An exanpl e

pr ot ocol Whigh caeki ka/sREAMD PRyeemeiyedeaiictiat e ALuigs | wslc? i ipdlisicasc gnmerenon
with Fi 1 | |. oV e I r egi [.S&t:
et vat ebe Bl el R @S0 hA RS B ERE o8 TR PR B B0 Thish hwe
hi gh i npledaniscniizdeinactthndetzmbivels Rip@eswdi drel §olhamncniay tdeatrclddrui@a0) Tdeives
ADJUST npde si gnal, al so epares the i dapce control circuit to
recei ve Gdskershes [ Wal LA bne r%l%ﬁf%&f@ﬂ%%% t@cB%léE%J%éa(B?% &8¢ CART TS
‘and driveq hOKRONOrchder BYRSrinch® ﬂch'r(ﬁ%thdtlﬁé knf?f / GG BV S 1881IQE 765 While

contai ns the inpedance adjustnment conmand. An exanple conmand table 1I's
Tabl e 1.separate data busses and cntrl / address busses, may go to each DIMM. or DRAM or they can

be made common, the wrap function of the invention would apply.

It is now common in the industry to have addresses, commmands, and data referenced to a clock.
The clock can come from a separate chip which synchronizes all components. or, in the case of
SDRAM-DDR, or other high speed devices, the practice of sending the clock with the address,
command, and data (source synchronous design), is being practiced in the industry. In Fig. 6
the memory controller(620) is shown with separate clock busses labelled (680). How clocking
is done is not important for this invention, what is important is that the address wrap, when it

occurs, follows the same timing as normal operations.

There is and have been some problems with systems such as those described in Figures 1-6,

which are addressed by the additional command capability provided with this invention.

One problem is that while all addresses to the memory contain valid information but if there is
some malfunction in the memory assembly, such as a wiring break, all the information may not
be included. Thus it is difficult to know if an address has been properly received. As bus
speeds increase, this problem becomes more evident. At the present state of the art, the
approach used in testing the memory assembly to determine if addresses are being properly
received is by alternatively writing and reading certain data patterns into the RAM at different
locations, but this however takes a large number of data transfers to perform and it destroys the

contents of the memory. There may be many reasons where it is not desirable to have to



Anot her option is to wite the inpedance vectors directly to each OCD
circuit utilizing the RAD bus to transfer the data to all OCDs and storing
the value in a latch at each OCD. This would require that the cl ocking and
node signals PCAS and ADJUST be distributed to each OCD circuit. Since the
existing RWD bus is available to transfer the data to all OCDs the vector
bus fromthe OCD i npedance control would no | onger be needed thereby saving
W ring space. 3 S EP 2003 ?0 I~ figure 13 illustratg: g at e
arrangenent of adjustnment additions to one DQcircuit In a Typrcal data
path such aS 1S shOWNI| 111 Flg. 1 ~ 111 IIlllplelllelltlllg the pl'IlIClpleS
U the Illvelltl01l1l. Referring to Figure 13, the arrangenent does not

invol ve dRkgoRWR domsendl ofal thedbf). FilidcbRIanéd WML eaAGhIORR hnb8r Ws@lgi gpmed

i ndependently. In the arrangenent of Fig. I 3 two progranmm ng node signals
are i nvolddess bgnis rayded Bt sAptiandroes mot desttayr tha @putsats oEmepwiry.up and

anot her | abelled (ADJUST - PD) for adjust OCD pul |l down. Each can be
activated at different tines by a node register set command. V%en either
nmode i s Aabthwe ptdbéemwis ithe @peread ionhd artt gl asquay sighainppeassrds agatdipseribed
previ ouslc?/ in connection with Fig, } l?t Df:{ri_n?1 aEe\é\{rite command to the
DRAM  setd&imgaisdn it Haing QleWhey J4inds BHReheH op CRRUES: b ) sueh a8a8RYDM and
stored imgpar &l {helspdddst drethPQRAVRLS bnd-0diGhhusdR e af 8ck-Bne RMES fast et Jﬂev&ﬂiiﬁédbe
four bits. In a usual wite command the data woul d be witten in parallel
over t helilRWB ®ube alngkiwithoresprst trethoragdrgsy agonpmand, hed ARIWST stRWbcowitNDIPST tPD
node preyen it. Instead, the ral l.el, data iis stored directly into.the
"ot ches  VEckPebtenast T8 eatndrf S0 s BoReUF HEbFRER A RGBS Geiin B Bildle

i npedancaich®isekt her the pullup or pL111dOWI1 whlCh Call then be decoded
to select the desired OCD i npedance. Therefore with the ADJUST PD or

ADJUST PU signal activated a nornal wite conmand can be used to program

the OCD j ith.t ' - e [ ' . Ser] rst
Fashi on SuagHehIA8RE] Hat BE chRARANER (N BICTER! 1l ol BB Rt P isdln;
i npedancasserabliesinfeomingout oif ¢ leng¥Jriod of hatti vinddpethe sigtchpingeg haayrbengicofintered
different OCDs is enabl gq. |t shoulld.aéﬁ%o further be not?q th t.ﬁ\jth, this
met hod t '8 'PBPHBIUF Q% YAl ees SRt nall {IRITRRIE IOAve @ eadn gt Fe-esipPlishimg sinaing
pr ot ocol diRternhiagiichgble iR viddRad ACRNALIIMS lHERIE, Withdle ackbdadin ldaipect i on
with Figure 13 would be as follows. The extended node register set

activates the ADJUST -PU or PD node. - 3 S EP 2003 hie AD,1UST_ PU or PD
nmode si gna he RV D i\ ~' | I a Ll oCle. alld
0 S ool heBLRREE vhlieulSin Rl sotioh «f g hydd P REAIOE el it %,

each DQ addifienal aicele fasclon @llsdadidessmvtdpe of addreditechBuwhizhtdag b@Bcdsee NI K
synchroni zation, the four b'\t burst. is transferred to the_ pullup or
control of a memory controller or a service processor, such as shown in Fig. 6. The purpose of
the address wrap or address echo capability of the invention is to provide a bypass of the
address information directly to the output where it can be evaluated without interfering with

the memory contents.

The following is an illustrative implementation. One way to control the function is to provide a
command to the mode register of the addressable device, such as shown as element 272 in
Fig.2. Synchronous DRAMs use a mode register, and clock doubled synchronous DRAMs
(SDRAM-DDR) have both a mode register, element 272 in Fig. 2, and an extended mode
register, known in the art as an (EMR), not separately shown in Fig.2. Address pins A4 are
shown in Fig.1. The mode bits A4 in the EMR of SDRAM-DDR are useable when assigned 0

= no address echo mode and 1 = address echo mode. Referring to Figure 7 there is illustrated a



hul | down i npedance | atch and decoder. The extended node register set
deacti vates the ADJUST- PU or PD m)de signal. The nenory controller
performs the inpedance neasurement. "fhe procedure is repeated until the
adj ustment is conplete. Anong the applications of the principles of the
invention a val uabl e assistance in the control of the -bslsgpézgga onshi ps
i's achieved. As the performance of DRAMs is pushed to ever ~hi'gher

ti ~eduenci es, precise control of the data going in and out of the nenory
systemis cruci al to ensuring the reliability of the data. Paranount anong
the influencing aspects is the ability to adjust for timng skew that

devel ops in the system It is desirable to have the ability to place the
syst em i byfasstiadBrveapsilay knievn (8¢ nermoadl datrani & tipe2 ondpishvdysoiididie «g8Ds
so t hat the menory controller can adjust for timng skew usin t he

st andar dd4th PPRenigFmatiqreWHh spferepse nynaalsrreraring ot the dnvegtiomdp fded anaasidecsshat
t he dat 8 (<] G of
dat o, Ty B Rl (P e s, AL ! e TR b L T2 o RPRRRSER
possi bl eoit ohamhtk Rbelédtda(770) dietiPRANMS outhitetsgfery 6 nad abﬁ:)nﬁﬂarﬁlpiel ializdr Oat:idlll&’m y
read and wite data to the array. Referring to Figures 14 -16 whic

i 11 ust r at’@%% fRkesspmuand; i§ rshtltryrémﬁr ithc Y S EPED] ABROTEAS oot rrélannel
eval uati gge qaéachgp)%rtgg Oqu)uttgumepglé n DRAM nenory assenblies. Figure 14 is a
depi ction of OU 22 a typical data path in a DRAM assenbly.
This particul ar DRAM has four dat a array banks with the read%wite data

(RAD) mu |l exed ont o t ration,
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the columm access tine oi~ the array, the R~~"D bus will be driven with the

data to Bamdhe piemasy cemeollortl b %?chrrél WOOobike DRAMs Gitletnethe Rardr@Riand daligs e
t hi dat t
ot nt er sl i @by P Rt i I EURE BuliE! STES ielad chiAR Al dlighpy

cycl e, themidmhaostshotwhn@ebatdngss ﬁirgate Bethbel & ulhistrhtedegdedingodiggner affethehe

out put pointers. ferrrn to Figure 15 which il trates an aryangenent of
adj ust meRtTEEPES Bl i 4 G5 PARNVEP ftlﬂ@lorwé:clg%? tipR myedg of the yepen

i mpl enenglideqdts @hd tcbanparnu@@hnhteéd(ﬁtsst/tt%rﬂrﬂararﬁus%owtttbereererar cPd18s BEdidn @pal
control signal labelled ALIG~I that is gener ated by the control

ci r cui t sdatp bpedhertsae ne nawisaelsy @gicyelent e&taraagrffaﬁwltlp@mmm@ theseng side of
controll I V. i nne
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the RWD bus to be driyen wit ;i-om.the, bus_.durjng a nornal
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nunber of consecutive read operations nay be performed causi'ng any conpl ex
sequenceObﬂy tHatame taubeh aed peld tine spieific@ivms onitlo thehremP@rivas impadanes. dbe setidlhat
t he CC]_ADD not .be,as W as the, RWD bu nd therefore out is
Foqui 1 ed Pe HpTrbaRE aget s e ES AReb RS oA Huk EBITEF BRIl Dl
FANCUT f tysté (a8t LCidid Borleand eralyhe t%]iATbmnémﬁcDrs mMRtipAdt forpvide teevaud/af thet y
of conplex vectors. One exanple of this wuld be to also drive the

conpl enetdress aeoppalAmnss sl §utpﬁt frasy the data diaet, alypgewkg santigilingedevice to sense
conpl emeft gy AlRidrdsy (afh%hfr&?' Rt s%leaggelpé& %25}1%93] gOIbEOIHf(ﬁp ItfothglleI fw,
nore than one uni que vector pef read operation. ternatively o a subset
of OCDs dmyrepanayegithereble dddressdinehis aad anr therdath dinthTlse didieeenat IcarRMDdletenamedeed

not be set to a known P .2u~~ 23. hhe,cl epicti ons of Fi 514
Tnd 15 abk M orTRiRd tohctions, et Bl BREE I ORI O urdss fexout st
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| ess than the burst Iength. a COUlter nl11ll15t be used to issue the data

f r om DATA! piBirEssdlines Ihfécfmddmeqyclﬁr meould be eipufitbrosgls all deta ioeeeh evde ntidi ng t he
starting address DQADD to reorder the burst data in conjunction with a
decodi ng function (e.g. FANOQUT) allows the width of the DATA bus to be i
educed. For exanple the six patterns 0000, 0001, 0011. 01 O1, O11 1, and
11 1 1 could be used to produce the ten other possible four bit patterns by
sinply starting the burst froma different address. Alternatively, DQADD
could be forced to a known state by the ALIGN signal and the COLADD bits
whi ch are used for the starting address could be used to supply the DATA
bus instead. Referring to Figure 16 a timng chart is provided illustrating
the conditions produced in timng where adjustnment additions are made in a
typical data path such ‘as IS |Ilustrated in Fig. 15. A protocol for vernier

o r 1



The extended node register Se.t would activate the ALI GN node signal The.
ALI GN node signal places the RWD MJX in the high -inpedance node and the
driver A takes control of the RADs. Any nunber of normal CAS read commands
may follow. In this node, COLADD < 0,1 > determnes the start address and
COLADD < 2:5 > provides the data for the four bit burst, The_ext ed node

regi ster set deactivates the ALIGN node signal. There ag53§§ vations
that may assist in weighing options. 3 S E P 2003 24 hhe tr~statable
drivers Ain Fig. | ~ can be small S|ncb t hey have the full colum to the

RW access tine their level. Address information is latched with an
i nternal CAS command (PCAS). The FANOUT in Figure 1 ~ is used to distribute

the four R PURSE bBIdMY GirRl & aﬁwasoio&cﬁéatm RVODg.. )T@RK%@QES Qredh 3 ands

useable as the first two bits of the four bit burst when the ALIGN np
si gnal ebktabllpghes t he DQADD<O, 1> at a known val ue. The COLADD<Q n> is
decodable to select one of 2 predefined burst patterns, FANOUT is useable
in generating true and conplenent data so that adjacent DQ can switch in

0pposi t erld grefelre@Agranddmicnt €8 sufipliagok &S Ea% tHe GRS (o Blic &KadRlcehCRHARE) ©6: 9>

are useabl e to produce nore
the invention be the same as a normal read timing of the memory assembly. This is best for the
controller and the RAM, as it preserves the natural timings for normal reads and writes. The
address could be serialized, and output as serial stream out of one or more data lines. All
methods will produce the required information. That is, the value of the address and control
lines will be output from the data lines, allowing the controlling device to sense if the sent
address (or control) matches the received address (or control). If there is a discrepancy, either
the address line is bad, or the data line. The difference can be determined by more complicated
functions. for example alternating the order of address readout every other cycle. The EMR can
be written at slow speed to improve the chance of a success in the event of a high speed
address line problem. To the extent that some of the lines to be tested are required to write the

EMR. the test is incomplete. However, failure to enter the address echo mode is itself an

indication of address line failure.

An alternative way to invoke the address echo function of the invention is that. referring to
figure 3, the SDRAM-DDR function truth table, there is room to define a new command. For
example, it could be required that A10, the auto-precharge pin, be used with the burst stop
command to create a new command. When A10 is low then the burst stop command acts as
before, but when it is high it means the new command, the address wrap or address echo
function of this invention. When this new command is given then all addresses and commands

are wrapped to the data. .
There are two readily useable applications for this new command technique.

The first is to test address busses. On the memory tester, or in a separate computer system, a

copy of the mode register of the device is written and the controller or tester programmed to



t han one unidue four bit burst sequences. What has been described is a
control function for a dynam c random access storage array that selectively
can bypass the stored nmenory and pernmt the address portion of the data to
be diverted for analysis, verification and internal control. The control
function can be realized with additional structure and by the selective
rerouting through existing structure. 3 S E P 2003 ~~h%$§ é hge

1. In a data processing nenory assenblyupf the type haw P ﬁ port

an out put port, and containing information stored ma plurality of
addressabl e storage | ocations, said nenory assenbly being responsive in
processing to data having an address information portion and a to be stored
por ti on,cohip@rd (P UAVETRRMreE QR 18 dhebdSRtL [ PNOC &S RbMNGrdcN HedisRd @ SEleacitiive
capability of directing said address infornation portion of said data
appear i rigstnl dogtatca dpsairh thacossings gfiraenartivt yndohuad drebspdbl@mst of agelihocat i ons
in a separate processing path without disturbing said information stored in
said plurality of addressable storage |ocations, wherein said selective
capabi | i'th¢ defsdUdes tiheIBP B o uthd aeesbil N fooal Rt higA speddio i alsnch st ghss and
addressabl e storage | ocations to said output port, and, a processing
|nstrucﬁP5H“ﬁﬁﬁlenentlng the directing of said address infornmation portion
of said data to said separate path, and including a data processing
capability responsive to data through said separate path delivered to said
out put por the mwhamoei teseai o i&epa&rpataee eddpw@sissyisreo ravetpyort qhanmndesmfgtsmmodinhe
address register. in said rou h a serializer

b for 1457 Bkt DAY W SRt S e pPbRas: Ryt T G oAt Pl a
timng reaisddedatd. Nf ﬂ&ég(ihtaﬁlsslﬂft'r@de‘iﬂeﬂ%oh@ctﬁ}ahﬁm% Bilta H%'lfécnecrontdat §ﬁltdn1@ﬁm?é y
assenbly. 2. In a data processing menory assenbly of the type having an

i nput pohat, thatingog pelatigobetweamad éwmdrﬁlﬁ@( {orifdetanadi Biebs) ried opfimazed. For
e | ka8 AR @R 15 ARG AER RN Rie 3L S TIREY W ARRALRRYPE ke
responsi ve tn processin 0 dat'a having an ress 1nforna ti%on*and
a to be \Sﬂtlﬁ)flﬁddemﬂrtb nlwcentté’re)fith@dwe;metsoe@m@bé $ilsBgkitive to&lﬁE@ésBﬁQ&nﬂ@ gds d
processi ng |nclud|ng a selec ive capability of directing said address

i nf or natYcBhdEBeE!E Enkeerw ¥Re Garente éa? g ufseds @F&Oﬁ%{?lﬂﬁrtcaneearuthse&rpafr| ty

of addr 5@l &if QAU kRCAIA, ARG nbiR heRQRAIAA RiRMRCRSS kAR b t%teQﬂUEnd
di sturbing said infot-~nation stored in sad plurality of addressable

st or age Womathe oeed faplsdeeduse sld sirabgl iedeq late. ddp disit i teguired Ifcudeg tastgemlaﬁrtathe
address info pa ald addr abI rage,locatio

out put - ponrol AR L R A BEHE el B 8 RIPSE TR Bs ABFAT o & FrE g 57 ¢
sai d addnessvenfibAramaivs Gy Flﬁlfet bater@fio $ai @ndaddted 8ad.dnS@pBLRt S dPRdrTicatitidl
wherein said processing instruction disables entry of to be stored
|nfornBIWEWPW$ﬁ%W§HEdh%F%F€F$P@m@moaﬁdressable storage locations. 3. In a
data processing nenory assenbly of the type having an input port, an out put
port, and containing information stored in a plurality of addressable

st or age A9¢mibammmumaé@fd&wﬂmycdkmdnmlycbssﬂgmnegﬁoﬁﬂhﬂeﬁbmnuMUmesakngngo

dat a haV|n an address infqrnation ortlon an tored porti .1 he
ot overNETEaNRRES R g Sadi s CeguPRies REr g i BRI AR o
di recti n@e $Rintbra dgl§iemSasbdhiely MRERE @Ok ©endire 3t dhdtaiBreBpple dfaher inlo andat a
path to said plurality of addressable storage |locations in a separate
processi 9 Qhaeph Widindual @quflﬂhblaﬁ‘@nﬁ%x Qf Pr%f%%\’lﬁrﬁlﬁ%ﬁa ket ¢t B¢ ameRy gsembly.
pluralit d r: | Y ,
Capan | 1 5 RREROREEBARLE B0 Tg ARY BARel B bRAR, B BE AL Byt move
addr essaﬂhb dati lt}&@&rdyoifﬁé tonss e sspardtemuttplamovmomtthe amds off chipodré®sd (TYCD)s.
instruction Inplenmenting the directing of said address information portion
of said data to said separate path, and wherein said processing instruction
enpl oys g ca'l%faﬁ%& Qride %&eagqﬁraqd% EQEe eye@b@a@n@ctdtmnpﬂleésu}eﬁén@e&n bo
conbi nation wt bur st op C In said nenory assenbly. 4. In an
addr essalkeker whildthm @68@5 sirlwmgmr lyncm’fn togeat ypte ltbmﬂvalﬁgheuppqﬁaam tswdmstesittomége

| ocation belng r troc Q% ﬁﬂs |ncre Q&

addr ess PEFEIU a"nd ar? e lcéf 8 8‘&‘6% 4% ﬂmpg 45B9t B4 ?‘b ?‘%?\?F Or
direction of specific data increnents to specific ones of said plurality of
storage |l ocations, the nethod of verifying that the location in said
plurality of



3 SEP ~OO~ storage |locations to which a specific increnent of said data
increnments was directed is the location in which it resides, conprising the
steps of: directing said address information portion of said data,
appearing in a data path to said plurality of addressabl e storage

| ocations, through a separate path around said plurality of addressable

storage |ocations, to an output location, providing at g sE)Et%@(Psl ocation
access in said register to the assi gnedml ocation in which eac at a

increnent was to be stored, and, conparing the data in said separate path
with said register for a difference of storage |ocation. 5. The nethod of
claim4 wherein said separate path is a path between an address register

el ement adnghr§ b M@ Rist BuhbRro @k@pkita dGired MgsisB LhRARthcbaiPmoad Whe g
said register for direction of specific data increnments to specific ones of

sai d pl ypamuycagt adjusmanlel nbeeaiond s thesDBAND deher egpderers idbetrest in emdreetiind

out put | ogati on.i$ ans Qut pu Meat . . th f ¢claim
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I n an addressabl e random access nenory of the type having a plurality of

st or age 9PECcBAY JAS W BRI e‘§p§ﬁ§’ievé0 FriipFraRes sl riy o aRE &sintlefees AV ng
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During a write command, the RW switch places the DRAM in a state to receive and store data.
Data is input to the DRAM through the DQ Off-Chip Receivers at a location labelled
(OCRs&DQs SYNC) and may be synchronized with a data strobe labelled (DQS). In the event
that the architecture is of the prefetch type, where several bits of serial data are latched in
parallel on consecutive clock cycles, such data may be reordered if necessary in a multiplexer
labelled (WRITE MUX). In either case the data is then driven onto the bidirectional bus
labelled (RWD) and is finally stored in the memory array under control of the column control

and decoding circuitry.

In Figure 11, there is shown a depiction of the write data path of a DRAM that contains the
[eatures of, and operates essentially the same as, the write data path of Figure 10, and in
addition there is illustrated, within the dotted bordered section, the features used in providing
calibration and control of the impedance of off chip drivers. Referring to Figure 11. an
additional control signal labelled (ADJUST) is generated by the DRAM control circuits in
response to a mode register set command from the memory controller. When the ADJUST
command is active, the RWD bus is disconnected from the data array banks and the write
command to the column is suppressed. In other words any data in the memory array will
remain undisturbed because the memory array is disabled from accepting and storing data.
Therefore. with the ADJUST command active, data can be written onto the RWD bus as with a

normal write command, but the data cannot be stored in the memory array. It will be apparent



28 assenbly for optim zation of said address portion of a data increnent
and the clock function of said nenory, conprising the steps of: directing
said address information portion of said data, appearing ma data path to
said plurality of addressable storage |ocations, through a separate path
around said plurality of addressable storage |ocations, tSB-B mut
| ocation, providing at said output |ocation separately 3t d enent s
said clock function and separately stored address portions of said data,
and, conparing the data in said separately stored address portions of said
data with a correspondi ng pul se fromsaid clock function and identifying
events where said clock function pul se occurred other than during said
addr ess RNt hOthefms Wi figidanRatNibWitol i§ b berRabsh&l hometdil LGl elee nef
storage location. 9. The nethod of claim8 including the step of adjusting
t he out puttapf dadesicgkde loefudistirbed. tnapeesicnison Bhibd storgeespoddion§e pedwedt o

Ua AL Rero ARG, B A Al TP AR RBIeR o B Bhe PR AR Rty
- A9! & Al CONAROAN cirA&trAlty rad&fve IproghdmAdn AinkidBYohNiizthe Mhta on the RWD bus. The
control is clocked using the write command control signal together with a delayed version of
the signal. The OCD IMPEDANCE CONTROL element interprets the programming
mstructions and generates vectors which drive the OCDs and set them to the desired pull up

and pull down levels. An example set of commands and settings are illustrated in Table 1.

Table 1
DQ<2> DQ<1> DQ<0> Command
X 0 0 Do nothing
0 0 1 Increase pulldown impedance
0 1 0 Decrease pulldown impedance
0 1 | Reset pulldown to default impedance
1 0 ] Increase pullup impedance
1 1 0 Decrease pullup impedance
1 1 1 Reset pullup to default impedance

Thus with the ADJUST signal activated, a normal write command is useable to program the

OCD impedance from data on the DQ inputs.
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The ADJUST mode signal places the RWD MUX in a high impedance mode and disables the

write command to the column.

The ADJUST mode signal also prepares the OCD impedance control circuit to receive

adjustment instructions.
A single write command captures the DQs and drives them onto the RWDs.

The first bit of the burst on DQ< 0O:n > contains the impedance adjustment command. An

example command table is Table 1.

Another option is to write the impedance vectors directly to each OCD circuit utilizing the
RWD bus to transfer the data to all OCDs and storing the value in a latch at each OCD. This
would require that the clocking and mode signals PCAS and ADJUST be distributed to each
OCD circuit. Since the existing RWD bus is available to transfer the data to all OCDs the
vector bus from the OCD impedance control would no longer be needed thereby saving wiring

space.
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cach OCD to be programmed independently. In the arrangement of [lig. 13 two programming
mode signals are involved. one labelled (ADJUST _ PU) for adjust OCD pullup and another
labelled (ADJUST _ PD) for adjust OCD pulldown. Each can be activated at different times by
a mode register set command. When either mode is active the write operation to the array is

suppressed as described previously in connection with Fig,11.

During a write command to the DRAM, serial data is received by the off chip receiver(OCR) at
cach DQ and stored in parallel at the DQ WRITE LATCH. The serial burst length would be
lour bits. In a usual write command the data would be written in parallel over the RWD bus
and into the memory array but the ADJUST PU or ADJUST PD mode prevents it. Instead the
parallel data is stored directly into the latches located near the OCD. This data contains the
value of the desired impedance for either the pullup or pulldown which can then be decoded to

select the desired OCD impedance.

Therefore with the ADJUST PD or ADJUST PU signal activated a normal write command
can be used to program the OCD impedance with the impedance values provided in a serial
burst fashion over the DQ inputs. It should be noted that each OCD receives the impedance
values from a unique DQ so that independent programming of different OCDs is enabled. It
should also further be noted that with this method there is no restriction to a four bit burst

length.

An example protocol for achieving the impedance adjustment as described in connection with

Figure 13 would be as follows.

The extended mode register set activates the ADJUST PU or PD mode.
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'he ADJUST_ PU or PD mode signal places the RWD MUX in a high impedance mode and

disables the write command to the column.
A four bit burst is written to each DQ write latch as in a normal write command.

During the DQS to WRTCLK synchronization, the four bit burst is transferred to the pullup or

pulldown impedance latch and decoder.

The extended mode register set deactivates the ADJUST PU or PD mode signal.
The memory controller performs the impedance measurement.

The procedure is repeated until the adjustment is complete.

Among the applications of the principles of the invention a valuable assistance in the control of
the timing relationships is achieved. As the performance of DRAMs is pushed to ever higher
frequencies, precise control of the data going in and out of the memory system is crucial to
ensuring the reliability of the data. Paramount among the influencing aspects is the ability to

adjust for timing skew that develops in the system.

It is desirable to have the ability to place the system in a state where a known stream of data is
the output from the OCDs so that the memory controller can adjust for timing skew using, the
standard in the art, vernier type measurement. It is further desirable that the data stream be
{lexible to allow exercising many different sequences of data. There are situations where prior
to calibration it may not be possible to write data to the DRAM so there may not be an option

to simply read and write data to the array.

Referring to Figures 14 -16 which illustrate the application of the principles of the invention to

the evaluation and control of timing in DRAM memory assemblies. Figure 14 is a depiction of
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a typical data path in a DRAM assembly. This particular DRAM has {our data array banks with
the read/write data (RWD) multiplexed onto a common data bus. During a read operation. the
signal PCAS is pulsed low while a column address supplied by the memory controller is
simultaneously presented on the internal COLADD bus. Within the column access time of the
array, the RWD bus will be driven with the data to be output by the OCDs onto the DQ bus. In
a prefetch architecture this data is first serialized at the FIFO latches using input and output
pointers. if the COLADD bus is not guaranteed until the end of the read cycle, then the starting

address must be held until needed to generate the output pointers.

Referring to Figure 15 which illustrates an arrangement of adjustment additions to a data path
of the type shown in Fig. 14 in the implementation of the principles of the invention. there is
one additional control signal labelled ALIGN that is generated by the DRAM control circuits
in response to a mode register set command from the memory controller, When the ALIGN
signal is active, the RWD bus is disconnected from the data array banks and connected to the
DATA bus via tri-state control. Data is supplied to the DATA bus via the COLADD bus. This
allows the RWD bus to be driven with data from the COLADD bus during a normal read
operation. The COLADD information is not needed by the column decoder since the data array
banks are disconnected from the RWD bus. Therefore any number of consecutive read
operations may be performed causing any complex sequence of data to be output by the OCDs

onto the DQ bus.

[t is noted that the COLADD bus may not be as wide as the RWD bus and therefore a fanout is
required to duplicate data across all bits of the bus. Furthermore, the FANOUT function could
decode the DATA bus information to produce a variety of complex vectors. One example of
this would be to also drive the complement of the DATA bus such that adjacent OCDs would
drive complementary data. In addition more Coladd bits could be used to allow more than one
unique vector per read operation. Alternatively only a subset of OCDs may be required for

calibration and in this case all RWD lines need not be set to a known state.



10 10" +#109%&' ()-9  +#10%&' ()-9 ' !110%& ()-Lf&" 10%& ()-L$109%& () -

9, $10%&' ()-' h”i AvAA"  pbuV7/

10L9$10%&' () -9$109%& () - 9$10%& () - HO10%&' ()-9! 109%& ()- !109%& ()-F
10pbRAf fffffh~ @ 10L, $10%&' ()-10%& ()-!S 10%& ()-1 10 10 10LY. $10%& () -
L, #$10%&’ () - hl pnpnpopzp{ ppp~_@ 10&*10% & () - &S#10% & ()-10% & ()-!
10%"& ()-m 10 10 10LY$10%&' () - puuwwxxxxxdYNC 10 10"-]3)'SEP ZUUJ
10"L, 8"10% & ()- @1 3#10% & ()- H 3#10%&.()- 9&$10% & (-

[he depictions of Figs 14 and 15 are illustrative of a synchronous DRAM with a four bit
prefetch and a fixed burst length of four bits. In the case where the prefetch is less than the
burst length. a counter must be used to issue the data from DATA HOLD at the proper tume. It
should also be noted that using the starting address DQADD to reorder the burst data in
conjunction with a decoding function (e.g. FANOUT) allows the width of the DATA bus to be
reduced. IFor example the six patterns 0000, 0001, 0011, 0101, 0111.and 1111 could be used to
produce the ten other possible four bit patterns by simply starting the burst from a ditterent
address. Alternatively, DQADD could be forced to a known state by the ALIGN signal and the
COLADD bits which are used for the starting address could be used to supply the DATA bus

mstead.

Referring to Figure 16 a timing chart is provided illustrating the conditions produced in timing

where adjustment additions are made in a typical data path such as is illustrated in Fig. 15.
A protocol for vernier type alignment would be as follows:
The extended mode register Set would activate the ALIGN mode signal

The ALIGN mode signal places the RWD MUX in the high -impedance mode and the driver A
takes control of the RWDs.

Any number of normal CAS read commands may follow. In this mode, COLADD < 0,1 >

determines the start address and COLADD < 2:5 > provides the data for the four bit burst.
The extended mode register set deactivates the ALIGN mode signal.

There are some observations that may assist in weighing options.
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Che tristatable drivers A 1n Fig. 15 can be small since they have the full column to the RWD

access time their level.
Address information is latched with an internal CAS command (PCAS).

The FANOUT in Figure 15 is used to distribute the four bit burst to multiple groups of four
RWDs.

The COLADD< 0:1> is useable as the first two bits of the four bit burst when the ALIGN

mode signal establishes the DQADD<0,1> at a known value.

The COLADD<0:n> is decodable to select one of 2 predetined burst patterns, FANOUT is
useable in generating true and complement data so that adjacent DQs can switch in opposite

directions.

More column addresses such as for example COLADD <6:9> are useable to produce more

than one unique four bit burst sequences.

What has been described is a control function for a dynamic random access storage array that
selectively can bypass the stored memory and permit the address portion of the data to be
diverted for analysis, verification and internal control. The control function can be realized

with additional structure and by the selective rerouting through existing structure.
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What is claimed 1s.

1. In a data processing memory assembly of the type having an input port, an output port, and
containing information stored 1n a plurality of addressable storage locations, said memory
assembly being responsive in processing to data having an address information portion and a to

be stored portion, the umprovement comprising

said processing including a selective capability of directing said address information portion of
said data appearing in a data path to said plurality of addressable storage locations in a
separate processing path without disturbing said information stored in said plurality of
addressable storage locations, wherein said selective capability includes a separate address
information path around said addressable storage locations to said output port, and, a
processing instruction implementing the directing of said address information portion of said

data to said separate path, and

including a data processing capability responsive to data through said separate path delivered
to said output port, wherein said separate address information path is from an address register
in said memory assembly through a serializer to an output buffer in said memory assembly,
and said processing instruction is from a timing register through a serializer to said output

buffer in said memory assembly.

2. In a data processing memory assembly of the type having an input port, an output port, and
containing information stored in a plurality of addressable storage locations, said memory
assembly being responsive in processing to data having an address information portion and a to

be stored portion, the improvement comprising
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said data appearing in a data path to said plurality of addressable storage locations in a
separate processing path without disturbing said information stored in said plurality of
addressable storage locations, wherem said selective capability includes a separate address
information path around said addressable storage locations to said output port, and, a
processing instruction implementing the directing of said address information portion of said
data to said separate path, and wherein said processing instruction disables entry of to be stored

information into said plurality of addressable storage locations.

3. In a data processing memory assembly of the type having an input port, an output port, and
containing information stored in a plurality of addressable storage locations, said memory
assembly being responsive in processing to data having an address information portion and a to

be stored portion, the improvement comprising

said processing including a selective capability of directing said address information portion of
said data appearing in a data path to said plurality of addressable storage locations in a
separate processing path without disturbing said information stored in said plurality of
addressable storage locations, wherein said selective capability includes a separate address
information path around said addressable storage locations to said output port, and, a
processing instruction implementing the directing of said address information portion of said
data to said separate path, and wherein said processing instruction employs an unused in a
standard storage event condition on a terminal in combination with a burst stop command in

said memory assembly.

4. In an addressable random access memory of the type having a plurality of storage locations,
being responsive in processing to data increments having an address portion and a to be stored
portion, and having a register for direction of specific data increments to specific ones of said

plurality of storage locations, the method of verifying that the location in said plurality of
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storage locations to which a specific increment of said data increments was directed 1s the

location in which 1t resides, comprising the steps of:

directing said address information portion of said data, appearing in a data path to said plurality
of addressable storage locations, through a separate path around said plurality of addressable

storage locations, to an output location,

providing at said output location access in said register to the assigned location in which each

data imcrement was to be stored, and,

comparing the data in said separate path with said register for a difference of storage location.

5. The method of claim 4 wherein said separate path is a path between an address register

element and said output buffer element.

6. The method of claim 5 wherein said register for direction of specific data increments to
specific ones of said plurality of storage locations is a mode register element, and said output

location is an output buffer element.

7. The method of claim 6 wherein a copy of the entries in said mode register element is stored

in separate computation apparatus connected to said output buffer element.

8. In an addressable random access memory of the type having a plurality of storage locations,
being responsive in processing to data increments having an address portion and a to be stored
portion, and having a register for direction of specific data increments to specific ones of said

plurality of storage locations, the method of tuning the timing of said random access memory
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said memory, comprising the steps of:

directing said address information portion of said data, appearing in a data path to said plurality
of addressable storage locations, through a separate path around said plurality of addressable

storage locations, to an output location,

providing at said output location separately stored increments said clock function and

separately stored address portions of said data, and,

comparing the data in said separately stored address portions of said data with a corresponding
pulse from said clock function and identifying events where said clock function pulse occurred
other than during said address portion of said data path with said register for a difference of

storage location.

9. The method of claim & including the step of adjusting the output of said clock function to
position said corresponding pulse to the center of the duration of said address portion of said

data.



