WO 02/ 099661 PCT/ US02/ 17849 NMETHOD AND APPARATUS FOR DETERM NI NG ACTUAL
VWRI TE LATENCY AND ACCURATELY ALI GNI NG THE START OF DATA CAPTURE W TH THE
ARRI VAL QFODAT#96AT A MEMORY DEVI CE BACKGROUND OF THE | NVEWNTIUSBR/57839 Fi el d
of the Invention [0001] The present invention relates generally to high
speed syncMETHODRAND ARPARATFUSSRORDETERMINING ACTUAIa WRITEI and

apparatus  fpATIEVENMAND AOCURATHLY ALRCRING TRE SEARY GRDAEA and

o ooy doUta URgE FTERC R AXRETAS, CRPLACA Nl MENORY Pledices 2

conputer system a processor interfaces with a nenory device over a bus,
typically through a menmnBACKGROUND.OMWTHEANVENTION er submits a READ
request to a nenory device, the response fromthe nenory device can be
read by the controller fromthe bus after a delay of tinme, 15 referred to
as a READ "latency." If a controller submts a WRITE request, a nenory
devi ge inlLﬂﬁdﬂEﬂR%iL%&iﬁﬁg‘can then receive the data fromthe bus and
start to capture the data for storage after a certain wite "latency."

[ 0003] The anmount of |atency can vary depending on the type of device. The
anount of |atency can al so vary dependi ng upon the type of request. 20 For

exanpl e, a rremgoaogﬂgcgfgg?ré&ﬂyiﬂv%n&@ﬁ}éaﬂ@geﬁ@r&mn%hgﬁr%gé&ond to a read

request, but only econds to respond“to a wit uest. [0004] A

menory cont rs?h#l‘lﬁfg oiié"m%ﬂ&’cﬁ?\%/gslt%s | $RIULBE: SarfEdRAY, hSkeHod aﬁd:V @ggﬂethé’

stores a specl atency ue for each type of’ request an ach type
for determining actual write latencies of memory devices and accurately aligning

the start of data capture with the arrival of data at a memory device.

10 2. Description of the Related

[0002] In a typical computer system, a processor interfaces with a
memory device over a bus, typically through a memory controller. When a
controller submits a READ request to a memory device, the response from the
memory device can be read by the controller from the bus after a delay of time,
15 referred to as a READ "latency." If a controller submits a WRITE request, a
memory device in the memory system can then receive the data from the bus and
start to capture the data for storage after a certain write “latency.”
[0003] The amount of latency can vary depending on the type of
device. The amount of latency can also vary depending upon the type of request.
20 For example, a memory device may require 10-15 nanoseconds to respond to a
read request, but only 5-10 nanoseconds to respond to a write request.
[0004] A memor); controller, in advance of issuing a memory request,

typically stores a specified latency value for each type of request and for each type



WO 02/ 099661 PCT/ US02/17849 of device. Therefore, when issuing a request,
the controller can determne the period of tinme that it nust wait before
provi di ngwoarat661 or recei ving data from the bus. [0005] paa/EeENESary
conputer systemis illustrated in FIG 1. The 5 conputer systemincludes a
processor 50, a nmenmory subsystem 10, and an _expansion bus controller 52.
The nenory stidevjes. ekhamforadwhem isssipgageanestiibe coproller fasy deggormipe theupl ed to
the processor 50 via a |ocal bus 54. The expansion bus controller 52 is

al so coupl egetied af timsadat smaussypanbifore providieg dew twhirokceiviagidetistroayr i pher al
devi ces 57-59 such as nmass storage devices, keyboard, nouse, 10 graphic
adapters, atieebmd.ti nedi a adapters nmay be attached. [0006] The nenory
subsystem 10 i ncludes a nenory controller 40 which is coupled to a
plurality of @06y noduAesex@8pR#& cormapwtepbystanh it Ylusdrated gn&G. Li Ads 41a- 41d,
42, 43, 44, 45a-45d, 46a-46d. The plurality of data signal |lines 4la-41d

are fised by compur@nptymdadiudes 4 procéfioasdd, & heenidyoupsyvodn1€s addan 32 15 to
exchange DATA. Addresses ADDR are signaled over a plurality of address

si gnal | i nesxphasiontbusecon@roiends. Qe raémosi gitsy@emoMBind thy ekpahdiby bak
command signal lines 42. The menory nodul es 30, 32 include a plurality of

nmenory  devi&@follek-5Pharetdupldlid, the eResdor \B8 Ha a db€hl baS BeCtTheexpagkisn er s 21,
22. Each nenory device 11-18 is a high speed synchronous nenory devi ce.

Al t hough 20b9@£an&mrmramor&@glea&o%9 lea3CoRN xRSl isBh, 3 Whdh | | nes
41a-41d, 42, 43, 44, 45a-45d, 46a-46d are shown in FIG i, it should be

oo L1t St Y SOl o bAgSEcl g el o)
devjges can gpa%hm &a’abﬁég, and multimedia adapters may be attached.

[0006] The memory subsystem 10 includes a memory controller 40
which is coupled to a plurality of memory modules 30-32 via a plurality of signal
lines 41a-41d, 42, 43, 44, 45a-45d, 46a-46d. The plurality of data signal lines
4]a-41d are used by the memory controller 40 and the memory modules 30, 32

15 to exchange DATA. Addresses ADDR are signaled over a plurality of address
signal lines 43, while commands CMD are signaled over a plurality of command
signal lines 42. The memory modules 30, 32 include a plurality of memory
devices 11-14 and 15-18, respectively, and respective registers 21, 22. Fach
memory device 11-18 is a high speed synchronous memory device. Although

20 only two memory modules 30, 32 and associated signal lines 41a-41d, 42, 43, 44,
45a-45d, 46a-46d are shown in FIG. 1, it should be noted that any number of
memory modules can be used. In addition, although only four memory devices
are shown per memory module, fewer or more memory devices can be provided
on each module.

25 [0007] The plurality of signal lines 41a-41d, 42, 43, 44, 45a-45d, 46a-

46d which couple the memory modules 30, 32 to the memory controller 40 are



on each nodul e. 25 [0007] The plurality of signal |ines 4la-41d, 42, 43,
44, 45a-45d, 46a- 46d which couple the nenory nodul es 30, 32 to the nenory
control | ewo4dQ/0g9661 2 WO 02/ 099661 PCT/ US02/ 17849 known a®Crhmsoremssyy bus

15. The nmenory bus 15 nmay have additional signal I|ines which are well
known in the art, for exanple chip _select lines, which are not illustrated
for sinplicifpwikthespsnarn bes Hendhy rermerdausith may hage addifiepalisigngban t he

menory bus 15 is known as a rank of menory. Generally, single side 5 nmenory
nodul es, e. dinesmingh wsiwrll lenasvm iy thenart, foe example whivpslgcs dines idtickhare rate ones
illustrated in FIG 1, contain a single rank of nmenory. However, double

si ded nenor yillnsstased or semplicity. Miach( @bann| of mémeryvievicep Ilbti) B )8 vddeh ai ni ng

two ranks of nenory may al so be enployed. [0008] A plurality of data signal
| i nes 4la- 4kgpan chgpimentdre bue dbdriy knd@nde viresls of hefr®ry o Gdnerallypsinglesalet r ol | er

40. Read data is output serially synchronized to a read clock signal RCLK,
whi ch i s drimemoacmoslsle, @guSEVIMs/(Sifigle Seded Inl-bizk Miegrey Moddss)4aeh 46d. The
read cl ock signal RCLK is generated by a read clock generator 41 which is

applied to tthe omesiliugtratediin @Gl 1; t8nain 4 kiaglenmanb by nistlodye FI3RevesDdowtsld t o
the nenory controller 40. 15 [0009] Al though shown as separate fromthe

menory nodulsided3i®emdly ndcdfulds| bgs DTMMsg Dl DS fise Mdigoryaadaledck generat or
41 is often provided within the nenory devices 11-18 thensel ves and the

read clock siogidhiniglt) Bk méRfbr hey alkd Belensd] .signals applied to the
menory devi ces. [Oglo] Wite data 1s i'nput serially synchronized to the
wite clock sigo@ig] A plurality of data signal lines 41a-41d couple the memory

10 devices 11-18 to the memory controller 40. Read data is output serially
synchronized to a read clock signal RCLK, which is driven across a plurality of
read clock signal lines 45a-45d. The read clock signal RCLK is generated by a
read clock generator 41 which is applied to the memory devices 11-18 of the
memory modules 32, 30, and to the memory controller 40.

15 [0009] Although shown as separate from the memory modules 30, 32
for illustrative purposes, the read clock generator 41 is often provided within the
memory devices 11-18 themselves and the read clock signals may be derived from
other clock signals applied to the memory devices.

[0010] Write data is input serially synchronized to the write clock signal

20 - WCLK, which is driven across a plurality of write clock signal lines 46a-46d by
the memory controller 40. Commands and addresses are clocked using a
command clock signal CCLK which is driven by the memory controller across the
registers 21, 22 of the memory modules 30, 32, to a terminator 48. The
command, address, and command clock signal lines 42-44 are directly coupled to

25 the registers 21, 22 of the memory modules 30, 32. The registers 21, 22 buffer

these signals before they are distributed to the memory devices 11-18 of the



20 WCLK, which is driven across a plurality of wite clock signal |ines
46a-46d by the nenory controller 40. Commands and addresses are cl ocked
using a wommsger| ock signal CCLK which is driven by theprogmsoyi1msaentrol | er
across the registers 21, 22 of the nenory nodules 30, 32, to a term nator
48. The command, address, and command cl ock signal |ines 42-44 are
directly couptmdryt mopslasdd, 38gilteamenpty ssysent he tharafors operdtes emdsda 32.
The registers 21, 22 buffer these signals before they are distributed to
the menory dbxdeadeckidehgingi.ct, haeeRl SOcAO0RDEGAvdPATd URERY Acad 4ckiRGDBKY a
nodul es 30, 32. The nenory subsystem 10 therefore operates under a three
cl ock domai mwrite.cbock domeimcoventdd tslothei wrigoaledkBICY, dfika c@mchanldatdckRCLK, a
write clock domain governed by the wite clock WCLK, and a conmmand cl ock

domai n goverdeeghib povbted Bynae doginatd SotiKCAIK A Thwawel dedk dowminy the he 5
third clock domain CCLK does not exist and the wite cl ock WCLK serves the

dual 5pur posehill ddki dorfl@ihaCCREL dbe8 ndRdxeoamd e Reeh 856k WADLK servef BR11] When
a nmenory device 11-18 accepts a read command, a data associated with that

read commandivabpifioseef Ritte ARtatABrdFe ARA Yoltfard/dddlkdss captuser t ai n anmount of
time has el apsed as determ ned by the command cl ock CCLK. 10 This tine is

known as devi cpogedd | at eyisch ShmenfdrJRIBICY 19818 S&e?)‘gs'aji%a& 2BrhdiRl) a L3

programmed to operate at any one of "a plurality of device read I'atencies,

rangi ng fronka el WR devisea cbﬁﬁﬂaﬁ%g{g%b#ﬁ(gés&@ ﬁgﬁffgg)(ﬁ; 5 6\ tg

device) to a maximumread | atency. I"at ency

(0}
each devi ce deaafitRUhalof EhethY BlabRd 2Uckitified BH Ule EbRfnt G cLR three

cl ock domain as ove, or
10 This time is known as device read latency CL. A memory device 11-18 can often

be programmed to operate at any one of a plurality of device read latencies,
ranging from a minimum device read latency (which varies from device to device)
to a maximum read latency.
[0012] Thus, the read latency CL of each device is measured relative to
15 the command clock (CCLK) in a three clock domain as described above, or the
write clock WCLK in a two clock domain as described above, since in the two
clock domain the write clock WCLK serves the dual purpose of write data capture
and command/address capture. Current specifications for a two clock domain
require a write latency of CL — 1, i.e., one clock cycle less than the read latency,
20 or CL -2, i.e., two clock cycles less than the read latency. However, because the
read clock signal RCLK is typically compensated for by a delay locked-loop circuit
with an output model of the system, the true read latency CL relative to the write
clock WCLK is unknown. Therefore, specifying the write latency relative to the

read latency may not accurately predict the arrival of data at the device relative to

25 the write clock.



wite clock WoLK in a two cl ock domain as descri bed above, since in the two
clock domain the wite clock WCLK serves the dual purpose of wite data
capture wod20genand/ address capture. Current specificati @03/1{S02/1849 WO
clock domain require a wite latency of CL - 1, i.e., one clock cycle |ess
than the read latency, 20 or CL - 2, i.e., two clock cycles |less than the
read | atency. HO0R3Er, bdoadslitiomghe meitd lastmeylofsiagn deviRCistorls ony pouiid y
conpensated for by a delay | ocked-loop circuit wth an output nodel of the
system the ofthe wrtgdateateseen 6l theahahowecdmraliee 46 i Theis tatablatenyChdéni tsy
unknown. Therefore, specifying the wite latency relative to the read

| at ency nay tiztmemouy ebretryllqy kxldowh at hyatean tdteady, bfthdatim of thehievide wirite
relative to 25 the wite clock. 4 WD 02/099661 PCT/ US02/ 17849 [0013] In
addi tion, thiatancytadltht breycycfausalhy drvdfieet bfsigidlpropapapontimabedveehe write
| at ency seen by the nenory controller 40. This total |atency seen by the

nmenorsy cont r el iBEmokN@icasl 1Y 8 aaithe bty dofitrtoller 80M Pfhetsimaflevi ce write
| at ency and the | atency caused by the effect of signal propagation tine

between 5 t hgropeg@ioh BeweeB%adH nmkdn@pdictide 1TeI®hNd q%ﬁh{eﬁidrﬁrcom@ouérfm he
signal propagation between each nenbdry device 11-18 and the nenory

control l er 4Qerei@EStidallankilG@hey ﬁﬂ%cé&Bstiéﬁﬂ??ﬁ?aé&ﬁthﬁnﬁ%ﬁﬁi be

propagation time woul d be constant and equall fect each nenory device

11-18. Howev, ' ‘ _ﬁVDH AgDR and
t he conmand %fngf:@éa%{i%qfo %?ﬂgé#ﬁ?{kﬁglﬁﬁjf gﬁ.}igggtio r'eglogﬁgélg%%g&? before

th di . I : 1. I :
1lfa>1/4fir ES- Ilgﬁl(q)l%@éé&ﬁgr?ory m)dul e g%c,ldrg%gé I'S i%‘taﬂ e81 a% a gﬁ?fnjg\réléng Ia. gt ance
fromg he r eg&rﬁth'ﬁrtial?r}lro&gd td rﬂé’gcist%?s%,%r@erfé(re they are distributed to the memory

devices 11-18. Each memory device 11-14, 15-18 on a memory module 30, 32

is located at a different distance from the register 21, 22. Thus each memory
device 11-14 will receive a command and/or data issued by the memory
controller 40 at different times. Additionally, there are also differences in distance
15 between the memory controller 40 and the registers 21, 22 of the two memory
modules 30, 32. Register 21 (on memory module 30) is closer to the memory
controller 40 and will therefore receive commands, addresses, and the command
clock before register 22 (on memory module 32). Thus, every memory device
11-18 of the memory subsystem 10 has a different signal path length to the
20 memory controller for its command CMD, address ADDR, and cdinmand clock
CCLK signals and will receive commands and/or data issued by the memory
controller at varying times.
[0014] Due to differences in each memory device’s 11-18 minimum
device write latency and differences in their command CMD, address ADDR, and
25 command clock CCLK signal propagation, each memory device 11-18 may have

a different system latency. This further prevents accurate predictions in discrete



device 11-14 wll receive a command and/or data issued by the nmenory
controller 40 at different tines. Additionally, there are also differences

i n di starwe 0289956t ween the nmenory controller 40 and the r@®giraiSer/s7s2d, 22 of
the two nenory nodules 30, 32. Register 21 (on nenory nodule 30) is closer
to the nmenory controller 40 and will therefore receive comuands,

addr esses, atstkidyeles asmmevten dhaokillaefios & 4 pgtistlar nitndryrienizaddyl 8rodul e 32) .
Thus, every nenory device 11-18 of the nmenory subsystem 10 has a different
si gnal pat h rklafige to the Wwhe QKWK control ler for its command CVD, address
ADDR, and command cl ock CCLK signals and will receive commands and/or data

i ssued by the PEI®]Y CcOThiglthéfe istyany¥ddibria Eod LldHpakdies foR
di fferences in each nmenory device's 11-18 mini mum device wite | at ency and

di fferences jdepuhfed} dereRFmns tHeMtuAdeHiR@ I ARDRe. aRGval P dsQIBR ek CCLK
si gnal propagation, each nenory' device 11- 18 may have a different System

| atemicy. ThigfHiERge ff @SR A6GURE ﬁigl?ﬁr?gjﬂfététﬂ@?fﬂ% &éﬁa%agafc with'\O

02/ 099661 PCT/ US02/17849 clock cycles as to when data will ‘arrive at a
par i cul ar RRERAKaHEMHE It adkBcialcBl Ath ¥ Sydi@ cbltfniifd L e Cl ock VICLK. [0015]
Thus, there exists a neec"li or a nethod and apparatus for accurately
determ ning the actual wite latency, i.e., arrival of data, at a nenory 5
device relative to the wite clock and aligning the start of the data
capture with the arrival of the data associated with a wite conmmand.

SUMMARY OF THE | NVENTI ON [ 0016! The present invention provides a nethod and
appar atus for SU Y OF THE INVENTION
[0016] The present invention provides a method and apparatus for
10 accurately determining the arrival of data at a memory device and aligning the

start of the data capture with the arrival of the data associated with a write
command.
{0017] In accordance with the present invention, the actual time of
arrival of data at the inputs to a memory device is determined during a calibration
15 period by sending back-to-back write commands along with a predetermined data
pattern to the memory device. The data pattern is stored in a register and any
difference between the predicted arrival time of the data and the actual arrival
time of the data is determined by logic circuitry. Any determined difference can
then be compensated for by utilizing a counter to delay the start of the capture of
20 the data at the memory device from the receipt of a write command, thereby
accurately aligning the start of the data capture and the arrival of the data at the

memory device.



10 accurately determning the arrival of data at a nenory device and
aligning the start of the data capture with the arrival of the data

associ at esoweopeeéal write conmmand. [0017] In accordance w PRTHUSe2/pIseSsent
invention, the actual time of arrival of data at the inputs to a nmenory
device is determned during a calibration 15 period by sending ‘

back-t o- back wW((l8]comuahtesecandrmher idvantages ded framme df detinavguionewill t o t he
menory device. The data pattern is stored in a register and any difference
bet ween t he bet@te shed rasdilyvappateneéront thafolibating dodiled deseeiptiah ofithé val  time
of the data is determned by logic circuitry. Any determ ned difference can
then be comperséibadviiioh idyrovidetiid icognectioaumithithé acdbetmwyingedrawaigs. of the
capture of 20 the data at the nmenory device fromthe receipt of a wite
command, thereby accurately aligning the start of the data capture and the
arrival of the data at the nenory device. 6 WO 02/099661 PCT/ US02/ 17849

[ 0018] These and ot her advantages and features of the invention will becone
nore readily apparent fromthe follow ng detail ed description of the

i nveption which is proy ' [ i anyi ng draw ngs.
5 BRf EF DESCRI PTI ON O:ﬁ?&gﬁdézﬁ%@ﬁ@éﬁm% bﬁﬁﬁﬁﬁat es in block
diagram form a conventional conputer system [0020] FIG 2 illustrates in
bl ock diagramforma circuit for determning the actual wite |atency and

o gm0 the SN o BRSO A o BB CeVIce
computer system;
[0020] FIG. 2 illustrates in block diagram form a circuit for
determining the actual write latency and aligning the arrival of a write command
10 and data at a memory device according to the present invention;
[0021] FIGS. 3A-3D illustrate a data register from the circuit of FIG. 2
according to the present invention;
[0022] FIG. 4 illustrates a timing diagram of selected signals from the
circuit of FIG. 2 according to the present invention; and

15 [0023] FIG. 5 illustrates another timing diagram of selected signals

from the circuit of FIG. 2 according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] The present invention will be described as set forth in the
20 exemplary embodiments illustrated in FIGS. 2-5. Other embodiments may be

utilized and structural or logical changes may be made without departing from



[0021] FIGS. 3A-3Dillustrate a data register fromthe circuit of FIG 2

according to the present invention; [0022] FIG 4 illustrates a timng
di agram ovogelewbed signals fromthe circuit of FIG 2 aecornsongssd the
present invention; and 15 [0023] FIG 5 illustrates another tim ng diagram

of selected signals fromthe circuit of FIG 2 according to the present

i nvention. DETAPIHEDT BEGERME Oresent nventipErERREBnEVBODfoER S0 bydike4] The
present invention will be described as set forth in the 20 exenplary
enmbodi nent s referanse mameatalsn FI GS. 2-5. Other enbodiments may be utilized
and structural or |ogical changes nay be nade w thout departing from 7 WO
02/ 099661 PCT/ [4823/]178491n htwrdpiceivitiothesmogmt divenhienp thesanal idinveof i on.
Like itens are referred to by like reference nunerals. [0025] In

accor dance \itival bfidatarae shainpuy ent nemory ke vige ividdteirhined ahd aay deweainindd dat a
at the inputs to a nenory device is determ ned and any determned 5

di ffBrence hitffoverde bdrevepn ekl preeiicrad tirival tifnienBdaiehiad airital tidder dad @hert bee can
t hen be conpensated for by delaying the start of the capture of the data at

the menory deipeasated fartpbielagapi i shit oflthe Biptard bEthetpid a@tﬂletrﬁlﬁn&glt g ,

capture and the arrival of the data at the nenory device. [0026]

i Il ustrates dehich| theletiieriarely Ahighidg ¢hé shiclof 10 dh@rcaphile 48 AMRVALGE he
actual arrival tinme of data and aligning the start of the data capture

with the arrhyahtaQk the@hRnddrydicyRRDr Y device according to the present
invention. Crcuit 100 woul d be provided wi thin each menory device 11-18 of
[0026] FIG. 2 illustrates in block diagram form a circuit 100 for
10 determining the actual arrival time of data and aligning the start of the data

capture with the arrival of data at a memory device according to the present

invention. Circuit 100 would be provided within each memory device 11-18 of

FIG. 1.
[0027] Although only one circuit 100 is shown in FIG. 2, it should be
15 understood that a plurality of circuits 100 may be used at each memory device

11-18 to assist in data capture using a plurality of data paths of a multi-bit data
bus. Alternatively, certain portions of the circuit 100 may be duplicated at each
memory device 11-18, and certain other portions of the circuit 100 may be
shared among the plurality of data paths, in order to conserve area on the

20 integrated circuit die.

[0028] Circuit 100 includes a register 102 that is used to determine the

actual arrival time of data from the memory controller 40. Register 102, as
illustrated in FIG. 2, is a 16 bit register. The memory controller 40 will send a
command signal via CMD line 42 to one or more of the DRAMs 11-18 to

25 indicate that the DRAMs 11-18 are to enter a calibration (training) mode. The
controller 40 will then send back-to-back WRITE commands to the DRAMs 11-



FIG 1. [0027] Al though only one circuit 100 is shown in FIG 2, it should
be 15 understood that a plurality of circuits 100 may be used at each
menory dewDae/099bgtr 18 to assist in data capture using a pl @CaUsSHY1BH9 dat a
paths of a nmulti-bit data bus. Alternatively, certain portions of the
circuit 100 nmay be duplicated at each_ _nenory device 11-18, and certain

ot her porti éﬁ*s%ﬁ arep the ealibretiammadsy Hhe C@ﬁwlk@a'ignﬁﬂgh@héﬂﬁ @ality of
data paths, in order to conserve area on the 20 integrated circuit die.
[0028] Gi r c@procingsl vithithe backate-bagls Wkl TRy commands at thespeeifed atrise fatercyt he
actual arrival time of data fromthe nenory controller 40. Register 102, as
i |1 ustrat ed fontheltgpe of request angl tspe of dgvies,shich Thior esarople Gbnk poClle?, 49 wi l |
send a conmmand signal via CMD line 42 to one or nore of the DRAMs 11-18 to
25 i ndi cat e prérousihdesopéd, abd-the RRAM d1elf will stact alatdeaptiemt @nrinpuwt peg)

node. The controller 40 wll then send back-to-back WRI TE conmands to the
DRAM 11- 8 10 02l 99 6Grur(atdiPY, bE 8&iestd byhdie VWRET Ercontivmandkighalat i on
node. The controller 40 will then send data associated with the

back-t o- back WRIORR |commufisiaoaid dbose sipewdvier aidhe wpedified wiienkyend oniayt fsr t ype of
request and type of device, such as for exanple CL-1 or CL-2, as

previously deanuteheskedrinthd hauRAN A bf 18 Bhtalar SieaDR AL Hl -¢ 8pind ehidtthan
i nput pad 5 120 and data capture latch 122, as requested by the WRI TE

command si griata capt@®@2H]thADRAMEA] ADMRY ndRWERYEL the BENE BREd id B aWival 8f
| atency may not accurately predict the actual arrival of the data at the

Exl\/ls ;Ll E-n-a 1'[8| ntgﬁggﬁaFﬁlZO g{?{n;g?t%? CRirdh& Botwieb® titeiMe A8 stByoMBt datart at
10 capture by the DRAM 11-18 and the receipt of the data associated with the write
command according to the present invention, the data associated with the back-
to-back write commands is a predetermined training data pattern. Preferably, the
training data is a pair of 8-bit words, i.e., 16 bits, in which the first bit is a “0”
and all subsequent bits are a “1.” It should be noted that the use of a pair of data
15 words is preferable to provide a greater number of bits with which to determine
when the data actually arrives at the DRAM 11-18, since the maximum specified
latency for DRAMSs 11-18 is typically up to eight clock cycles, thus requiring a
two-byte training data pattern as will be further described below.
[0030] The training data from the controller 40 arrives at an input pad
20 120 and is latched in a data capture latch 122. The training data is passed
through a deserializer 124 and x8 registers 126, 128, and stored in register 102.
If the start of the data capture in the DRAM 11-18 (e.g., in the data capture latch
122 and the deserializer 124) and the arrival of the training data are accurately
aligned, the first data bit of the training data, i.e., the bit having a “0” value, will
25 be stored in the first location, i.e., the location 0a, of register 102 as illustrated in

FIG. 3A. Accordingly, since the start of the data capture and the arrival of the



the data. To determ ne the difference between the tine of the start of the
data 10 capture by the DRAM 11-18 and the receipt of the data associ ated
wi t h t he wpioke99s6pbmand according to the present inventi oRCTiUSe2/tHmI%A
associated with the back- to-back wite commands is a predeterm ned
training data pattern. Preferably, the training data is a pair of 8-bit
wor ds, i.e. dat®atsacsurately phigrad, itfgogldmat b necessayy toadjusg thae stprt of the equent
bits are a "1." It should be noted that the use of a pair of data 15 words
i s preferabldata eapsnossi de a greater nunber of bits with which to deternine
when the data actually arrives at the DRAM 11-18, since the maxi num
specified |atéE0R31For DRANMowEYer]8hd stattyofitbaldrta aapture asd ghe awivekdf thecl es,
thus requiring a two-byte training data pattern as will be further

descri bed belrzning] d336te dbeactnaialy aligrtsl, thd fismdbtacbicdmt,rthé berhatihgar f0Ves at
an input pad 20 120 and is latched in a data capture |atch 122. The

trai 6i ng datvalies wihsiwe e stdred itgthedfirdelesticn of sigisted] GhBuxBill bgiesd des 126,
128, and stored in register 102. |If the start of the data capture in the

DRAM 11-18 (stoi@d.iniansubb&yu@dat boceadh.uleshoald Be uhd@rsedst tHae tisledan isdenzer 124)
and the arrival of the training data are accurately aligned, the first

data bit of syhehohauslyRetidadc risingeand Rl dgceMhB@IRLK sEnaVWUEK, #id | 25 be
stored in the first location, i.e., the l'ocation Oa, of register 102 as

i 'l ustrated the dafd &GptdR wilicsidy thAWYa riﬁiégcc@ R B¢ Alokk Signhlh %&a&«mg&pt ure
and the arrival of the 9 WD 02/ 099661 PCT/US02/ 17849 data are accurately

aligned, it geWd DRl bROMBEBIRAMY dbQ ﬁﬁi&ﬁ*gé gﬁn:é& # 4 1QhbAghardat a

capture. [0031] If, however, the Start of t ata capture and the arrival

gL etlgiet t ;3: arysfegp&ga@toa{ fisilRed8C 6PAR @bk SbhANathust AR Akt Bit ofALA Wlithe ' - ©-
stored only in an even location of register 102, i.e., location 0a, 2a, 4a, 6a, Ob,
2b, 4b or 6b.
[0032] For example, if the data arrives one clock cycle later than the

specified write latency, the first data bit will be stored in location 2a of register

15 102 as illustrated in FIG. 3B. If the data arrives two clock cycles later than the
specified write latency, the first data bit will be stored in location 4a of register
102 as illustrated in FIG. 3C. If the data arrives four clock cycles later than the
specified write latency, the first data bit will be stored in location Ob of register
102 as illustrated in FIG. 3D. It should be understood that in those instances

20 where the data is arriving later than expected, such as for example in FIGS. 3B,
3C and 3D, the data that will be stored in the register locations prior to the actual
receipt of the training data, i.e., locations Oa, 1a in FIG. 3B, locations 0a, la, 2a
and 3a in FIG. 3C, and locations 0a, 1a, 2a, 3a, 4a, 5a, 6a and 7a in FIG. 3D will
have a value of “1,” since the data drivers are pull-down only, i.e., a “1” value is

25 present unless the controller activates the data drivers to pull-down the value to a

“0.” Accordingly, if no data is present, the value stored in the register 102 will

10



5 value, will not be stored in the first |ocation of register 102 but wll
I nstead be stored in a subsequent |ocation. It should be understood that

t he dat a we 039661 synchronously with each rising and fall ipeg/usdyersed t he
clock signal WCLK, and the data capture will only start on a rising edge
of the clock signal. Accordingly, the first data bit of the training data
wi Il only bedeftudred (h” saluec dtlteomativielyt, tiiOcansrolles gonldsdiive data havingaedge of
the clock signal. Thus, the first bit of data will be stored only in an
even | ocat i onlefofrddi witidrthd 62yt of the trdimiogidatmtoQmsudathedaludator@bin tieb, 4b
or 6b. [0032] For exanple, if the data arrives one clock cycle later than
the specifiregiswi befort aiefisy bittdfaht itragting dhea ibrdceivietlhabe astldrvebhei n | ocat i on
2a of register 15 102 as illustrated in FIG 3B. If the data arrives two

clock cycles | #0633]t han UOiretheedalnifg dufai Hae beah &t totrogister 192, drtdatdi t
will be stored in location 4a of register 102 as illustrated in FIG 3C

I'f the data Rgddi@swithack |rﬁﬁi% | sFht AIRK, L) athel diRa seReLid thRAvef i t e
| atency, the first data bit will be stored In {ocation O of regi ster 102

as il ustratigearidns o fegidter 102 (Retbsh BE 24neret 08026 e ahd 6bhAsBphi L ances

20 where the data is arriving later than expected, such as for exanple in

FIGS. 3B, 3f ﬁﬁ@dg’tDlOALh@rﬂ?H?e §hatomh khe BRNIL&URShsIIF rE@@tef goh gt er

| ocations prior to the actual receipt of the training data, i.e.

00at 1 0NS Cohech oy Jek G A BiL6H MR b PwilP w3 o' b6 cdfe and

Ioc?tigns_ca, a, "2a, 3a, 4a, S 7ain FIG"3D wl o a”val ue
o e B ORE AL NSRBI B s fon Sl |2
YL PRI o L B e D0 et
digit binary number based upon the location of register 102 in which the first bit
of the training data (value “0”) is stored. This location represents the number of
clock cycles that the capture of the data should be delayed to properly
synchronize with the arrival of the data.
15 [0034] For example, if the start of the data capture and the arrival of
the data are accurately aligned as illustrated in FIG. 3A, the input to encoder 104
from register 102 will be 01111111, indicating the first bit of the training data is
stored in location Oa of register 102. Encoder 104 will output the binary number
000, which represents the location 0a of register 102 and indicates the start of the
20 data capture and the arrival of the data occurred on the same clock cycle. If the
start of the data capture is one clock cycle too early as illustrated in FIG. 3B, the
input to encoder 104 will be 10111111, Encoder 104 will output the binary
number 001, which represents the location 2a of register 102 and indicates the
start of the data capture occurred one clock cycle too early. If the start of the
25 data capture is two clock cycles too early as illustrated in FIG. 3C, the input to

encoder 104 will be 11011111. Encoder 104 will output the binary number

11



default to a "1" value. Alternatively, the controller could drive data
having a value of "1" until the start of the training data to ensure the
val ues stwoadopset he register before the first bit of thecrrsoniisg data is
recei ved have a "1" value. [0033] Once the training data has been input to
regi ster 102, the data 5 associated with each rising edge of the clock,
i.e., the da@H),svivck deprasentsethedecntionotmof mgistasfl (2etidsindicatedzh¢ bactef thas Ca,
2a, 4a, 6a, (b, 2b, 4b and 6b) is input to an encoder 104. Only the data
fromthe evedathcapturooscusfedrisg dods cyild tbe earlpc Etharstars ohthe date céptnst isbi t

of the training data will always occur on-a rising edge of the clock
signal, and foeckichcgclbetdoomalyed illustiancdineflG.@d12} theinpiEnoodeod O 104 /il | |
encode the 8-bit input, i.e., the even locations of register 102, into a
three digitbdilhht§l HunBetodead@d wiflwutphethedsinidyGruntber 1€, sitech ddp2esetswhi ch
the first bit of the training data (value "0") is stored. This l|ocation
représents tihe locurier 0bf regliseerkl 02y sl R indidhads thb §raeedl dhela®f cdpteredadcarghoul d
be del ayed to properly synchronize with the arrival of the data. 15 [0034]
For exanpl e, fduk cldiR c§élad toodarliyhe data capture and the arrival of the data
are accurately aligned as illustrated in FIG 3A, the input to encoder 104

fromregister ;[@QSS;]{ 'l b@\.t%]aﬁailééhat-é B Catdrfe Eﬁﬁﬁﬁ%ﬁﬁa Risthelh rédired

training data is ored in |ocation OCa of register 102. Encoder 104 wil|

out put the binN@FXAUBRSId &PRBdedMH ElJRP10%EMSnidifz ntgﬁflwg?a;}ﬁﬂ regi ster

102 and indicates the start of the 20 data capture a al of the

data_occurr skl KiechagRacbask auehos, Hnd Hh SER Rfal BE dRba sABLUTe | S

one clock cycle too ear as Illustrate e | 0 encoder

O4q¢ill b : 1 ' 1, which
reptosents (R 5oart ahtaaoqr ofdf (ise ) Bl HigBLEBpy IR ERGRER, e
data captur e O£ CHL b LME ALoutbil RohPhcBAel You tuildls SAldmBL: &®

clock cycles too early that the data capture started before the data actually arrived.

When latch 106 receives a latch signal, it latches the stored value from encoder
104 for use in the counters 108a, 108b. Each counter 108a, 108b is a down-

15 counter which uses the value from latch 106 as a starting point, counts down to
zero, and resets to a non-zero value (e.g., binary “111” or decimal “77).

[0036] As shown in FIG. 2, two counters 108a, 108b may be used to
permit back-to-back write commands to be received and properly timed to the
correct latency. As noted, two counters 108a, 108b may be required because the

20 maximum specified latency for DRAMs 11-18 may be typically up to eight clock
cycles, and for a WRITE burst length of eight bits (4 clock cycles), proper timing
of back-to-back WRITE operations may require overlapping countdowns and
thus two independent counters.

[0037] The toggle circuit 114 alternately selects a first counter, e.g.,

25 counter 108a, and then a second counter, e.g., counter 108b, each time it

receives a write capture signal from controller 40 via the command

12



25 data capture is two clock cycles too early as illustrated in FIG 3C,
the input to encoder 104 willbe 11011111. Encoder 104 w || output the

bi nary nuwber/099sé1 WO 02/ 099661 PCT/ US02/ 17849 010, whi chPCceprsezemnsss t he

| ocation 4a of register 102 and indicates the start of the data capture
occurred two clock cycles too early. If the start of the data capture is
four clock clecbés Soguenaet Y4@sThe fingtandtsecondhcdersd@8at he8h aput t 0 encoder
104 will be 11110111. Encoder 104 will output the binary nunmber 100, which
represent s sonhecttdcatfirsrnndsecdnd eyipsteof d§2rtatehd lodicaatces 1libethst, asingof t he
data capture occurred four clock cycles too early. [0035] At an

appropri at e the met@pittafitopple dircaitlilAgscladtawhich bfthie doraedry £08a,ill@8begi ster 102
and encoded in encoder 104, the initialization logic 150 will output a

| at ch si gnalretdivdstBe hakicdtart Iload $igeial @t bépid @Bumtihg doaine Whbg aeuupter of the
10 encoder 104 in the formof the three digit binary nunber output from

encoder  104.0825108b e&tcaRoY Btart NGadéibRalt itfwegmsedwgﬁﬁg dbh o€ 2kRs it he
nunber of clock cycles too early that the data capture started before the

data act ual lsyn@irbhy @dech chéhehrel AGIWEIK ! REfingSFod thalale ShgIIRL by hedhat ches

the stored value fromencoder 104 for use in the counters 108a,” 108b. Each

counter 1083,06108Kc, L%aéhjﬁg%rol, RadPfEr Y‘@«‘Saﬁ;l G2 sdtd by Mehyf-Lfo@b AL ch 106

as a starti ng point, counts dowmn to zero, a resets to a non-zero val ue

(e 8o D et g Wby 0L 4O Wlirndl 7). QO Bbufier 00U O £bR cctumditl

counters 10 may be use

received anglgyngg%ﬂiﬂ%ﬁ:ﬁé@dﬁgé Z érl Tf) ?ﬁgf)&gg&ek %ugﬁé{mcﬁ&aﬂﬁgoggisgn% counters

108a, 108b e require use’ th maxi frum specl ericy for
DRAYp 11-18 mak’O(p%]t yp! CQJhlcyou%)utto% St Iglbuﬁtle?(ilf)éia, 108b is input to a respective

zero detector 110a, 110b. The outputs of the zero detectors 110a, 110b are

coupled to at least one OR gate 112, which outputs a Start Capture signal when

the value of either one of the counters 108a, 108b reaches zero. The Start

Capture signal is received by the deserializer 124, at which time the deserializer
15 124 begins capturing data received from the data capture latch 122.

[0039] Although two counters 108a, 108D are illustrated in FIG. 2, it
should be understood that this is not required and any number of counters, for
example a single counter, may be used in accordance with the invention.

[0040] Calibration typically is complete after one two-byte training

20 pattern is received at the DRAM 11-18. Further calibration may result in an
incorrect value stored in latch 106. However, redundant calibration operations
may be performed if desired, so long as the value stored in latch 106 is reset to
zero (“0”) prior to each calibration operation.

[0041] Once the training mode is complete, i.e., the latch 106 has

25 stored a value for the start of counters 108a, 108b, then the circuit 100 can

accurately align the start of the data capture and the arrival of the input data at

13



cycles, and for a WRITE burst |length of eight bits (4 clock cycles), proper
timng of back-to-back WRI TE operations nay require overl appi hg count downs
and thuswowe/odssdependent counters. [0037] The toggl e cir @artustd47849
alternately selects a first counter, e.g., 25 counter 108a, and then a
second counter, e.g., counter 108b, each tine it receives a wite capture
si gnal from themtembiyedevid. VIihud, fier eampladf the stbr 02046 tapiafd i9Sm2/ 17849
decoder/sequencer 140. The first and second counters 108a, 108b are

connect ed t oclbik sicletat elyar dlvdtapad & FIG. BB tthe value agphg @udtdre 108a,116
that, using the output of toggle circuit 114, selects which of the

counters 108R0SLLESH latCHI® &8l bDOONEXIhiStand HilbBE 5 gafding poiR€Mrn counting
down. When a counter 5 108a, 108b receives a start/load signal, it begins

count i ng dowa @8 10SEEIOBD tdcoSUIHORBNAH &R RMdHES 760 Tor WEb K,
starting fromthe val ue supplied by latch 106. After reaching zero, each

counger  108agxa{pDilRGERHed ih FIE. SB) Qe ZRIR ¢ gﬁk Yter & Rofnter 10BAr DOSHLLL" oOF

decimal "7"). Each counter 108a, 108b stops counting upon reaching the

val ue 7 (111).QkteHP@I: dRHE Wil Peac %w%dsatl%g%é ckivedes) 80Bleor 1904 OGFB] The

out put of each counter 108a, 108 I's’input to a respective ~zero detector

Feod ool IR PE Ak AR %0 HE QR OFE LiA0R IRl B0 o GQHP) 2T 10 &

| east one OR gate ts a pture si gna t he val ue

o et g b U A SV&%‘ e,
15 128 Do S R R TR 08 el 25
10 data. If the start of the data capture is properly aligned with the arrival of the
input data as illustrated in FIG. 3A, the value input to counters 108a, 108b from
latch 106 will be 000, and thus the start of the data capture will not be delayed
since it is already accurately aligned with the actual arrival of the input data.
[0042] The input of data to a memory device 11-18 after the training
15 mode has been completed is as follows. Suppose for example data is to be input
to DRAM 12, which during the training mode determined the start of the data
capture occurred one cycle too early as illustrated in FIG. 3B. Accordingly, the
value stored in latch 106 for DRAM 12 would be 001. Controller 40 will issue a
write command and then send the associated input data after the specified write
20 latency for DRAM 12. The command decoder/sequencer 140 will send a Write
Capture signal to the toggle circuit 114, start/load logic circuit 116 and
initialization logic circuit 150. Initialization logic circuit 150 is used to control
the latch signal sent to latch 106 and toggle circuit 114. Initialization logic
circuit 150 will determine when 16 bits of data have been received relative to the
25 Write Capture signal being asserted and then send a latch signal to latch 106 and

the toggle circuit 114. The determination by initialization logic 150 can be done

14



shoul d be understood that this is not required and any nunber of counters,
for exanple a single counter, may be used in accordance with the

i nvent i orvwO[0R0%%8p1 Cal i bration typically is conpl ete after PORAISONOSIEYL €
training 20 pattern is received at the DRAM 11-18. Further calibration may
result in an incorrect value stored in latch 106. However, redundant

cal i br at i on fepetamplemith adsbibeoyser dratedunts chskicydds. Batchdil$ widl eutpuval ue
stored in latch 106 is reset to zero ("0") prior to each calibration
operation. [hosmredyadee ththe caninémd 08adb08ls, wuink iretesponseeto, stathélohdt ch 106
has 25 stored a value for the start of counters 108a, 108b, then the
circuit 100 siganls aitematcy edsyrtadl bgrihe hersflaad logic ¢itmitdbl @ veillstart eowartthg he
arrival of the input data at 13 WD 02/ 099661 PCT/ US02/ 17849 the nenory
devi ce. Thuslowofromxhephine reéeitdiefrsinalatchof06.he data capture is one clock
cycle too early as illustrated in FIG 3B, the value input to counters
10825 108b fri00433t ch 1B&hwf thelroudeeks 1084,5108Y ivpravitiéd Betht hStast/Aichting
point for counters 108a, 108b to count down fromuntil each reaches zero.

For the 5 ex@smlwhich kéteiveat §ehri Nokd SigndBro@neare/ 186k 161€ 1 26afTR  sighag OUNt er
108a, 108b is activated, the count will reach zero, and a respective zero

detector 11@guckdGhc Swirt /LS4 Dbt Bf ERMC ARLECLOSA], 908b id QecbARiInER Lot 12,
which will issue a Start Capture signal. Thus, fhe start of the data

capture Wil khdsugfiayesk Eeae M K14 ChREk selveh Deapctd Mol Shaiés Ros

accurately aligned with the actual arrival of the input 10 data. I?’ t he

f th | ' "l I RLei
S o L0888 JERRIhE el GIRRIL Uf BT ack el A ARAGYRLei0Ld bEE

. . e
i nput data as illustrated in F e value 1 nput to counters

108jp from |c8¥f§g;§lrécg@ccwidlﬂl/ 8% 00%r PP HUARK18%att Hirfre ROmMIGH AT LAREYT €

will not be del

during data input, a first counter, e.g., counter 108a, counts down to synchronize
the first write command, and a second counter, e.g., counter 108b, counts down
to synchronize the second write command. Accordingly, controller 40 may issue
a write command spaced one burst length from the previous write command,

15 causing the zero detect circuits 110a, 110b to fire at a minimum time spacing of
the data burst length (e.g., 8 ticks or 4 clock cycles). The zero detect circuits
110a, 110b are coupled through an OR gate 112 to detect when one of the zero
detect circuits 110a, 110b goes high. Each of the zero detect circuits 110a, 110b

remains high for one clock cycle only after firing, because, as noted, the output of

20 the counters 108a, 108b, is either reset or stops counting at the value 7 (binary
111).
[0044] The input data associated with the write command is sent to a

pad 120 of DRAM 12 which sends the input data to a data capture latch 122. As

noted in the example above, the receipt of the input data may lag the start of the
25 data capture by one clock cycle. The data capture latch 122 will drive the input

data DATA QP to deserializer 124, which will be enabled upon receipt of the

15



since it is already accurately aligned with the actual arrival of the input
data. [00421 The input of data to a nenory device 11-18 after the training
15 node Mo obwesséconpl eted is as foll ows. Suppose for examprasdaim4¢s to be
input to DRAM 12, which during the training node determ ned the start of
the data capture occurred one cycle too early as illustrated in FIG 3B.
Accor di ngl yStarh€aptrat signsk fsemdhe OReathl 126 Thus, iDRMvpleseniotiampheteo .
Controller 40 will issue a wite command and then send the associ at ed

i nput dat a désceinlizdvel Bpwill fiotet ewabled @till aftes ooy clavk cPEtaliad passahwithonmand
decoder/sequencer 140 will send a Wite Capture signal to the toggle
circuit 1l4resptartb/winadtieadte was suppased i havedarrived tndthuseid amoutaogyc ci rcui t
150. Initialization logic circuit 150 is used to control the latch signal
sent to | at aligrkdwithdht agghkrecéipcof thelihput davat iDdsedizeoh24 dgietialiedsrthei t 150
wi |l determ ne when 16 bits of data have been received relative to the 25

Wi tse Capt ulipusidaaD ARA QP 86 8- bievorasahd providRthnds -batwrdsiognfdst k® | at ch
106 and the toggle circuit 114. The determination by initialization |ogic

150 can be dgidter 136 WhRR/POABE1HRGT M4 15 848 oriOis R%ARE E28M The a 3- bi t

counter that counts clock cycles. Latch 106 will output the stored val ue

to the countQobadi¥BReistQ3iR8 WokGAdédtd SRRPIBEDRANL BY td EQREre HIHEB:iS

alternately asserted by the start/load logic circuit 116, wll start

counting downdd bRR-{IBadd HR HBAEHNEGs fHRchats i 108y oPDEMNI3I2 Each of the

counters 108a, 108b is provided wth a Start/Load 1 nput which receives a

start/!oad sh@pgl e HRVeal 0h oAy AGIHE Hldfing THEAS 0MBleq | NPUL O the

Start/Load | ngut of each counter s det’erm ned based on the

outpt of the figpaghe ci repid sl 5 WHG PR BinfRL WEG arhl for SAURG IR 1082,
in which the start of data capture has been determined to be three clock cycles
too early. Referring to FIG. 4, the output of latch 106 (LATCHX3) having been
previously determined to be three (binary 011), the selected counter
(COUNTERO) begins counting down from three toward zero in synchrony with

15 the write clock (WCLK), when the start/load signal (START /LOADO) goes
high. The start/load signal (START /LOADO) goes high for the selected
counter when the WRITE CAPTURE signal goes high, which also causes the
TOGGLE signal to switch states. As shown in FIG. 4, the TOGGLE signal
switches from high to low or low to high at each occurrence of the falling edge of

20 the WRITE CAPTURE signal.

[0046] When the output of the selected counter (COUNTERO)
reaches zero, it causes the output signal of the OR gate 112 (OR GATE) to go
high for one clock cycle. As illustrated by the dotted line in FIG. 4, when the
output of the OR gate 112 (OR GATE) goes high, the deserializer 124 begins

25 capturing input data from the data capture latch 122. Because the output of the

OR gate 112 (OR GATE) is delayed (e.g., three) clock cycles from receipt of the
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108b to permit the correct timng of back-to-back wite commands received
by 10 command decoder/ sequencer 140. |f back-to-back wite commands are
recei ved wouweiogsgédat a i nput, a first counter, e.g., count@CTAG8A]178¢DuNt S
down to synchronize the first wite conmand, and a second counter, e.g.,
counter 108b, counts down to synchronize the second wite conmand.

Accor di ngl y,W@@m@PmrténgAb(WT\és@ABTW, ithestarrofedate capsavechtohe bur st

|l ength fromthe previous wite conmand, 15 causing the zero detect circuits
110a, 110b tdes¢rializerml 24 nmyrhenadvantageosshadigngdorith theaminelofithe sorre@ngt h
(e.g., 8 ticks or 4 clock cycles). The zero detect circuits 110a, | 1Ob
are coupl ed inputodegh atitheGRegatre divize {og.dERAM When one of the zero detect
circuits | 10a, 110b goes high. Each of the zero detect circuits 11Ca, 11(b
remai ns hi gh f04te cl oBkfarsingeo @Gy Safliednpiit ditaINPELRIFTAkS castueel t he
out put of 20 the counters 108a, 108b, is either reset or stops counting at

the Bal ue 7 drbtheaising ddde) of {HeGHde cldvk (WICLK) detide aaseeprir€thteh 120 tHigigw i te
command is sent to a pad 120 of DRAM 12 which sends the input data to a

data capt ur elrheh @ thdbutpet (DATRIQP) of e @xaperabete122 ba theedify of the
input data may |lag the start of the 25 data capture by one clock cycle. The

data captur Gk_dl[g@b@ lbhe 2itdtlokck FWEEKS. Mehé BRY a6tk fn BT deseRall R dg@r i al i zer
124, which will be enabl ed upon receipt of the 15 WD 02/099661

PCT/ US02/ 17848rursdl 8hithEaBkHFiging e@BAbf &fe%i&k@o&;ewggg@%c Tﬁfﬂ% eacli%@ dJehe

present exanple the deserializer 124 will not | ed unti ter one

o0k 1EL < UEeuBRESSEntl g CReBfE ORI e ypysuRepagi o Peve
I npyp data. 1Resen ik WS celdestfifRt 3bi 3R8irk Repturing the input data when both
thc/: write clock (WCLK) and the output signal of the OR gate 112 is high.

[0048] Thus, according to the present invention, the difference
between the specified write latency and the actual time of arrival of input data at
the inputs to a memory device is determined. Any determined difference is then

15 compensated for by utilizing a counter to delay the start of the capture of the data
at the memory device, thereby accurately aligning the start of the data capture
and the arrival of the data at the memory device.

[0049] While preferred embodiments of the invention have been
described and illustrated above, it should be understood that these are exemplary

20 of the invention and are not to be considered as limiting. Additions, deletions,
substitutions, and other modifications can be made without departing from the

spirit or scope of the present invention. Accordingly, the invention is not to be

considered as limited by the foregoing description but is only limited by the scope

of the appended claims.
25 [0050] What is claimed as new and desired to be protected by Letters
Patent is:
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5 input data DATA QP into 8-bit words and provides an 8-bit word to a first
x8 register 126, which provides the input data to a second x8 register

128. The woacomi6k8 regi ster 128 is provided to all ow t he PDRANOYE788D
capture two 8-bit words back-to-back. The input data is then sent to an
array of DRAM 12, and/or to the register 102 when in the training node, as
noted. 10 1] 004 cikhi@Stor ﬁcaﬂiﬂuiﬁnghﬂ\l‘&qmﬂa} 8f ¥ nlchiBri Aeticagbmiphisingt an
exanple in which the start of data capture has been determned to be three
clock cycles too early. Referring to FIG 4, the output of latch 106
(LATCHX3) having been previously determned to be three (binary 011), the
sel ect ed count erregisCObMIERG)plhedjinef looatmmnguaﬂmgnstélrmwhumdtmgatzero in
synchrony with 15 the wite clock (WCLK), when the start/|oad signal

(START/ LONGRD 2 g0ffon OF SbredEREmBIA ddth e Onal ( START/ LOAD) goes high f or
the selected counter en the WRI TE CAPTURE si gnal goes hi gh, which also
causes the TOGGELE signal to switch states. As shown in FIG 4, the TOGG.E
signal switches fromhigh to low or lowto high at each occurrence of the
falling edge ofan edboddrecWBlctfoGartdREsta] guidikncddee AGYinhearinphecqiplqito of the
sel ected counter (COUNTERO reaches zero, it causes the output signal of

by the dorran o Re ore P 1P pofhof Sid PREY PP o YRS salferebl 2 it

goes hi gh, deserializer 124 begj.ps 25 capturl ng input data fromthe
data capt HF%VI&&@&? qQUPUL KPEGHGRENE H@&‘EFFBE& Ffveepan a@wgacélpmzl ORAIATE) s
del ayed (e.g., three) clock cycles fromreceipt of the 16 W 02/099661
PCT/ US02/ pré#dermined data pattern and an expected receipt time of said predetermined data

pattern.
2. The circuit according to claim 1, wherein said register has sixteen locations.
10 3. The circuit according to claim 2, wherein said portion of said plurality of

locations includes eight locations.

4. The circuit according to claim 3, wherein said eight locations are even

locations of said register.

5. The circuit according to claim 3, wherein said eight locations are odd
15 locations of said register.
6. The circuit according to claim 3, wherein said encoder encodes data stored in

said eight locations into a number, said number representing a location of said

plurality of locations where a first bit of said predetermined data pattern is stored,
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wite capture signal (WRITE CAPTURE), the start of data capture at the
deserializer 124 may be advantageously aligned with the arrival of the
correct Wwopoatdata at the nenory device (e.g., DRAM 12). pC@0A63}/118ed erri ng
to FIG 5, the input data (I NPUT DATA) is captured 5 on the rising edge of

the writ esaid RedstibNEHHEYe adid g bied s deRrmdldaka & storetl represelitingeqridn the
out put (DATA QP) of the data capture Tatch 122 on the falling edge of the

wite cl oG (WCLK). first..data bit in the deseriglizer 4 i-s_. captured
on the. netierore it fBet noRhid Tk el BER' CReb e diE o Sig o0y
the output signal of the OR gate 112 (OR GATE in FIG 4), whichever occurs
10 | ast. Ppiedetarmingd date pattamsand waid expecteglrepeigt imecefsridrpradeterminedislata dat a
when both the wite clock (WCLK) and the output signal of the OR gate 112
is high. pd{teQ48] Thus, according to the present invention, the difference
bet ween t%e specified wite latency and the actual tine of arrival of input
data at the inputs to a nenory device is determ ned. Any determ ned
difference is then 15 conpensated for by utilizing a counter to delay the
stard of The cibtuheumhcmhém@apahmm6¢WM£mmmmmyndeikné@iﬂhewebynbmturateIy
aligning the start of the data capture and the arrival of the data at the
menory device. [0049] Wile preferred enbodi nents of the invention have
been desgribed, and illustrated ahove,.it shoul d be understood that these
are exempPary %56CHF“?ﬁ@xFﬁW@ﬁﬁé%¥ndﬁﬁh§%€rﬁ@PPPSHSé consi dered as
limting. Additions, deletions, substitutions, and other nodifications can
be made wi thout departing fromthe spirit or scope of the present

nvention. ACCOLALIabYch S ARl AU ad SuBR sufPRBRESLCT a5 |1t ed

by the foregoing cr ion is only e scope of the
appended cl ai ns.

9. The circuit according to claim 1, wherein said predetermined data pattern is

sixteen bits long.

10 10.  The circuit according to claim 9, wherein said predetermined data pattern

includes a first bit having a first value and all remaining bits having a second value.

11.  The circuit according to claim 1, wherein said difference between said actual
receipt time of said predetermined data pattern and said expected receipt time of said

predetermined data pattern is measured by cycles of a clock signal.

15 12. A circuit for aligning a start time for capture of input data with actual receipt

of said input data comprising;

a first circuit to determine a time difference between an actual arrival time of

said input data and an expected arrival time of said input data;
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25 [0050] What is claimed as new and desired to be protected by Letters
Patent is: 17 WO 02/ 099661 PCT/ US02/17849 1. A circuit for determ ning
wite | atwoay/oefe6n menory device conprising: a register haerrupoaishural ity
of locations, said register receiving and storing at |east a portion of a

predet ermi ned daddaypéitdudt coupded eonsadiGfst epeuit, adid delsptidciie@elsfins said Stast
encoder having an input coupled to 5 receive data stored in at least a

portion of.sai | et Vs i , I ery i i_di Qut put
Fepr esent 1 nae 0t RApHER driathpb iRk bNT of B dBRERGRY (ERYELERAR 21
predet er m ned dat a Batter n, and an expected receipt tinme of said V
pr edet er mi 378 auival tmgqispid input data 2pd saidiexpacied amivay tims: of widnput dater ei n
said regi ster has sixteen locations. 10 3. The circuit according to claim
2, wherein said portion of said plurality of [|ocations includes eight

| ocations.{ 4. e ¢lLreuit accordi t,q claim 3.. erein.said eight .
| ocati ons 1a‘"?e zlf/}gn&ﬁuétc%cff’ﬁcﬁgg & C@%Pc}ar g&c’éet“é pid girstygireus tﬁﬁ%‘f"ﬁ C(gEB’Eﬁeﬁi ng to
claim 3, wherein said eight |locations are odd 15 |locations of said
register. 6. The circuit according to claim3, wherein said encoder encodes

data stored in asaiideLhahh hgﬁ%ing}%&% 8 AYRSsrerSAE de w@ i
representing a | gﬁgz;tieon ofgs id l urali t)r/1 of | o%gt?ons V\(;n%er %n%?t%l{lgbi t

DCT tsoz] 1 aste Boftish 871 BrRidSlifled BudphEh; 18 VIO 02/ 099061

an encoder coupled to said register, said encoder having an input to receive
data stored in at least a portion of said plurality of locations, said encoder providing
an output representing a difference between an actual arrival time of said
10 predetermined data pattern and an expected arrival time of said predetermined data

pattern.

14.  The circuit according to claim 13, wherein said encoder encodes said data
stored in said at least a portion of said plurality of locations into a number, said
number representing a location of said plurality of locations where a first bit of said

15 predetermined data pattern is stored, said location where said first bit of said
predetermined data is stored representing said difference between said actual arrival
time of said predetermined data pattern and said expected arrival time of said

predetermined data pattern.

15.  The circuit according to claim 13, further comprising:
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said | ocation where said first bit of said predeterm ned data is stored
representing said difference with respect to said clock signal between

sai d act vaiD oeee®spt tinme of said predeterm ned data patt @cm/usoziizsad d
expected receipt tinme of said predeterm ned data pattern. 5 7. The circuit
accordi ng to clalmhGouphedr @ saideiabdennderceive aadsiorasyidmumhber. 8. The
circuit according to claim6, further conprising: a latch coupled to said
encoder to receive and store said nunber. 9. The circuit according to claim
1, wherei ai d predeterm ned data, pattern is sixteen bits |long. 10 10.
The circu 5163 ac gB‘P"d?‘ng“tt a5 cerding o clajip dide whesen gaid @Rt B gnE@mpHseser n
includes a first bit having a first value and all remaining bits having a
second value. 11. The circuit according to claim1l1, wherein said

diff b id I i pL (b f id .pred i, d
pat torn and sai B apan by eq o Bl e GuPlRiRhE, R A% Cor n

is measured by cycles of a clock signal. 15 12. A circuit for aligning a
start ti memegiougsgtusing id nupber aut staingpeiot takovrisengdt of sai d i nput
data conprising: a first circuit to determne a tine difference between an
actual arrival tinme of said input data and an expected arrival tinme of
sai d éf nput dat a; Jt9 tV\D 0%/ 099@91 PEC{IS'{ US02/ 17849 a del g{g circuit coupled to
said¥irst circ feCetSHeRt gaPRicd i sais Fel QDF AGURLET (o Shlerping VR ¢t at

capture of said input data based on said determ ned difference between said
act ual ar d¢asapne coentsf reaches 4 prsdetedanizedhndmber dusixg exdd eduat, siidalet¢dtne of
said input data. 13. The circuit according to claim12, wherein said first
circui t fuwikORpré@ERIg &ESuitput signal to start said capture of said input data when said

predetermined number has been reached.

17.  The circuit according to claim 16, wherein said at least one counter includes
10 first and second counters coupled to said latch, said first counter receiving said

number and counting independently of said second counter.

18.  The circuit according to claim 16, wherein said at least one counter is a down-

counter and said predetermined number is zero.

19.  The circuit according to claim 18, wherein said detect circuit includes at least

15 one zero detect circuit.

20.  The circuit according to claim 19, wherein said detect circuit includes at least

one OR gate coupled to an output of each said at least one zero detect circuit.
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5 a register having a plurality of l|locations, said register for receiving
and storing at least a portion of a predeterm ned data pattern; an encoder
coupl ed twogloghésegi ster, said encoder having an input toPCEASI¥vers4dat a
stored in at least a portion of said plurality of |ocations, said encoder

provi di ngyy an gﬁ%ggg%{tg%ﬁggigégm #6 L ALRIFGI B! MR R GARI A Hclidd val

time of sard 1 ata pattern and an expected arrival tine of
said predeterm ned datg pattern. 14. The circuit accarding to ;ﬁl aim 13,
wher ei n s¥i l§ast r?&‘&désrpeéﬁ%’g?é%t lgpprtayeeve &t f?@%tooqen‘feé%ﬁcﬁ"%fes U8R L0 F&et i on
of said plurality of locations into a nunber, said nunber representing a
| ocat i on sxid anledstpdner@untgr. of | ocati ons where a first bit of said 15
predeterm ned data pattern is stored, said |location where said first bit of
said predetermned data is stored representing said difference between
said actual arrjval time of said predeterm ned data pattern and said
expect ed &#ri vahecirapit gecasding toplaimel @ fitrthes compasigt t ern. 15. The circuit
according to claim 13, further conprising: 20 WD 02/099661 PCT/ US02/ 17849
a latch coupled to said encoder to receive and store said nunber. 16. The

circgit accordj to,.claimlb erein sajd delay citcuit furth

conpbi see. - at *Alspugt st a0 Eistoliled ©FelySeid Shiprsiebffomy 4
number, said at |east one counter using said nunber as a starting point to
count ; anthiddgtegbtisentit and eaﬁtqondouplute@bupgeém tecaive lsaid dnpwirdate,oulmiren t o
determ ne when said at |east one counter reaches a predeterm ned nunber

during saidbpERUM saidSimipt d8ta8s Helafdd Gkiltsaldl Sivipdk BignaNGOHtshidt dtb@R@dcultQs St ar t
said capture of said input data when said

received.
23. A memory device comprising:

10 a first circuit to determine a time difference between an actual arrival time of
test data and an expected arrival time of said test data at said memory device, said

time difference being measured by cycles of a clock signal; and

a delay circuit coupled to said first circuit, said delay circuit delaying a start
time for capture of input data to said memory device based on said determined
15 difference to align said start time for capture of said input data with an actual arrival

time of said input data at said memory device.

24.  The memory device according to claim 23, wherein said first circuit further

comprises:
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predet erm ned nunber has been reached. 17. The circuit according to claim
16, wherein said at | east one counter includes 10 first and second

count ers wouwploget o said | atch, said first counter receiviPeg/usat/dis4nhunber
and counting i ndependently of said second counter. 18. The circuit
according to cd adgidtdiShavidie b @lurakgiof ledatioagshidregiseaubt edceivingpardbstoringount er
and said predeterm ned nunber is zero. 19. The circuit according to claim

18, Where%t%eﬁ#h%o@ﬁ&ﬁ%?a%&%& includes at |east 15 one zero detect

circuit. crrcult according to claim19, wherein said detect circuit
includes at |least one OR gate coupled to an output of each said at |east
one zero detect circuit. 21 WD 02/099661 PCT/ US02/17849 21. The circuit

according to cirakmeoter coligleditd ssidiregisder, saRBéncOder ERHNE 8h infeltbFe&iveat | east
one respective reset 1nput to recelve at | east one respective reset si gnal

to reset [ .| east aone unteer.., 22...The.circuit aecordjng to,claim 16,
further cOiBpfuf it BRI PRI St RGN OH Rl R B8t r by
receive said output signal from said detect circuit and a second i nput
coupPed t¥n peipaitvepresgndingfeist diffareace hpevesinrsaideagsual merival tiseg of testplata ad a i s
del ayed until said output signal fromsaid detect circuit is received. 23.
A nenory gelegrctngtival digle ofGaid tdst Hata #ishiduhtmbogy defies M ne a tine
di fference between an actual arrival time of test data and an expected
arrival tinme of said test data at said nmenory device, said tinme difference
bei ng neasured by cycles of a clock signal; and

25.  The memory device according to claim 24, wherein said register has sixteen

locations.

26.  The memory device according to claim 25, wherein said at least a portion of

10 said plurality of locations includes eight locations.

27.  The memory device according to claim 26, wherein said eight locations are

even locations of said register.

28.  The memory device according to claim 26, wherein said eight locations are

odd locations of said register.

15 29.  The memory device according to claim 26, wherein said encoder encodes data
stored in said eight locations into a number, said number representing a location of
said plurality of locations where a first bit of said test data is stored, said location

where said first bit of said test data is stored representing said difference between said
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a delay circuit coupled to said first circuit, said delay circuit delaying
a start tine for capture of input data to said nenory device based on said
det er m new 013/ 0gki6hf erence to align said start tine for captraraset/1sa d i nput
data with an actual arrival tinme of said input data at said nmenory device.
24. The neonl yrrialtise deardhitngnd sid bapatretBarriviletigie pf seiddedtidagt atGaidc ui t
further conprises: 22 WD 02/099661 PCT/ US02/ 17849 a regi ster having a

plurality gr[,lo%}p&fq}ié ons, said register for receiving and storing at |east a
T A test o

portion o ata; an encoder coupled to said register, said encoder

having an input to receive data stored in at |east a portion of said
plurality of |ocations, said encoder providing 5 an output representing

sai d di f {3, encEhd@leWRRD dedice adlrdil 18/ddied9 el salEstmbet 8 adifarysai d
expected arrival tinme of said test data at said nenory device 25. The

menory devi ce according to claim?24, wherein said register has sixteen

| ocat i onsn.un;t%c.r' The nmenory device according to claim25, wherein said at

| east a portion of 10 said plurality of |ocations includes eight

| ocations. 27. The nenory device according to claim26, wherein said eight

| ocad i onszjare Tl?élﬁl@rﬂd}?@te{rﬁgﬁc@rdﬁ itd IBQ 39 Farth€Beorh fsifBory devi ce
according to claim26, wherein said eight |ocations are odd |ocations of

said register. 15 29. The nenory device according to claim 26, wherein said
encoder encodes data stored in said eight locations into a nunber, said
nunber repr eseanhichgromplatat satdewfoder to receive and store said number.

32.  The memory device according to claim 31, wherein said delay circuit further

comprises:

at least one counter coupled to said latch to receive said number, said at least

10 one counter using said number as a starting point to count; and

a detect circuit coupled to said at least one counter to determine when said at
least one counter reaches a predetermined number during said count, said detect
circuit providing an output signal to start said capture of said input data when said

predetermined number has been reached.

15 33.  The memory device according to claim 32, wherein said at least one counter
includes first and second counters coupled to said latch, said first counter receiving

said number and counting independently of said second counter.
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said plurality of locations where a first bit of said test data is stored,
said location where said first bit of said test data is stored

repr esentwog2mgtes di f f erence between said 23 WO 02/ 099661 PRTN/SUB0BAL 7849
actual arrival tinme of test data and said expected arrival tinme of said
test data3dét sEhdmamomyrdevitevaceardindito cliien 82whyreilevdid at kas@ndicognte icl ai m
29, wherein said nunber is a binary nunber. 5 31. The nenory device

accordi ng, H&Nglcq;u@t&%&‘%j&rlﬁﬁigggﬁg?dsﬂﬂﬂgberigzgpc;.ch coupl ed to said encoder

to receive and store sal menory device according to claim
31, wherein said delay circuit further conprises: at |east one counter
coupled to said latch to receive said nunber, said at |least 10 one counter

usi ng sai 85.nuNPk¢ ndsnGrySdedicei 2dgodighto difint 84 WvhereitlsAd dete€ tir&iit @diides
coupled to said at | east one counter to determ ne when said at |east one

counter rSﬂ&ﬂ?Bg@zQﬁF&S%@{@L%ﬁg nunber during said count, said detect
circuit providing an ou pu% Signal to start said capture of said input data

when said predeterm ned nunber has been reached. 15 33. The nenory device
according to claim 32, wherein said at |east one counter includes first

and gecongls counhe irfenfOy Rl ctalcsink dAllSih 35 v Hefdid §did ettt Bfcuiemeinded
sai d nunber and counting independently of sald second counter. 24 WO

021 099661, RCI| US0R41 7945, 34.., The, Temery cdey] o acgording L0 gl af m 32

circuit,

37.  The memory device according to claim 32, wherein said at least one counter
includes at least one respective reset input to receive at least one respective reset

10 signal to reset said at least one counter.
38.  The memory device according to claim 32, further comprising:

a deserializer having a first input coupled to receive said output signal from
said detect circuit and a second input coupled to receive said input data, wherein
capture of said input data is delayed until said output signal from said detect circuit is

15 received.

39.  The memory device according to claim 24, wherein said test data is sixteen

bits long.

40. The memory device according to claim 39, wherein said test data includes a

first bit having a first value and all remaining bits having a second value.
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a down-counter and said predeterm ned nunber is zero. 35. The nmenory device
according to claim 34, wherein said detect circuit includes at |east one
zero detewDocioowoit. 5 36. The nmenory devi ce accordi ng toPcCITaiSn?/BB49 wher ei n
said detect circuit includes at |east one OR gate coupled to an out put of
each sai dtlat |fasém &ideCcod@prd@ig:circuit. 37. The nmenory device
according to claim 32, wherein said at | east one counter includes at | east
one respective reset input to receive at |east one respective reset 10
signal to reset said at | east one counter. 38. The nmenory device according
to claim32, fagrinpetpedhpries¢ivipg inpwedssi alizer having a first input
coupled to receive said output signal from said detect circuit and a
second i nput coupled to receive said input data, wherein capture of said

input data is delayed until said output signal fromsaid detect circuit is
15 recei ved. 3"9&65‘? %#ﬁyvg@e%‘b’é‘%g%@%ﬁ?‘%éoﬁ%ddﬁl@ﬁﬁ%?n erein said test
data is sixteen bits long. 40. The nenory device according to claim 39,
wherein said test data includes a first bit having a first value and all

remaining bits, &ﬁn%f;?’ B9cdie ﬁ%ﬁﬂggn\éﬁlttﬁ{gcécga@em&azgegggg %%ﬂsggg%/gé,r?agégr, 4l A

menory device co Ising: an”inpu or receiving
deseri al i zer%avi,ng_a fi [%é i nput coupled to _said_ input pad; and a del ay
circtit LA PIRVIEBE SRR signad 6o sald ideprrialiser, st glesrsiabizerani zer

response to said output signal starting to capture said input data,

wherein said delay circuit delays said start time of said capture of said input

data to align said start time with arrival of said input data at said memory device.

42.  The memory device according to claim 41, wherein said delay circuit further

10 comprises:

at least one counter having an input coupled to receive a predetermined

number, said at least one counter using said number as a starting point to count; and

a detect circuit coupled to said at least one counter to determine when said at
least one counter reaches a predetermined number during said count, said detect
15 circuit providing said output signal to start said capture of said input data when said

predetermined number has been reached.
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5 said delay circuit providing an output signal to said deserializer, said
deserializer in response to said output signal starting to capture said

i nput datwp oaeggeei n said delay circuit delays said start PCraSot/1783¢ d
capture of said input data to align said start time with arrival of said

i nput datggat PR thdBOR devilRUcESdirtro it ABWh¥relEWid 8t Rek ndicBEnte? Clai m
41, wherein said delay 'circuit further 10 conprises: at |east one counter

havi ng an. i nput .coupl,ed to, recei ve a predet.erm ned. punber. said. at | east
one. count FUST 5T eld secaiterunies oyl fo sy ehe e hisbaRpocet sy et
circuit coupled to said at |east one counter to determ ne when said at

| east onesacguvnmb' er padichenting prdegendantiyroddaidisebend domnitayy sai d count, said
detect 15 circuit providing said output signal to start said capture of

said input data when said predeterm ned nunber has been reached. 26 WO

02/099661‘¥CTLf 02/ 17849, 43. Th .nennré_dg i ce accor in@ to claim4z2,
wherei n si¥d at N BMIRoRy flevics areding tocqlajp €2+ Whercinsaid aplcast ene soHpEsE &

coupled to said latch, said first counter receiving said nunber and

counbi ng a ddepemdantd andofaids predesentnred monbereis zedd. The nmenory devi ce
according to claim42, wherein said at |east one counter is 5 a
down-counter and said predeterm ned nunber is zero. 45. A processor system
conprising. a processing unit; and a nenory device connected to said
processi n‘SS-uni@,Prgﬁfisﬁf’frﬁéfﬁ‘iﬁﬂyc%ml%%g: conprising: 10 a first circuit to
determne a difference between an actual arrival time of

a processing unit; and

a memory device connected to said processing unit, said memory device

comprising:

10 a first circuit to determine a difference between an actual arrival time of

test data and an expected arrival time of said test data at said memory device; and

a delay circuit coupled to said first circuit, said delay circuit delaying a
start time for capture of input data to said memory device based on said determined
difference to align said start time for capture of said input data with an actual arrival

15 time of said input data at said memory device.

46.  The processor system according to claim 45, wherein said first circuit further

comprises:
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test data and an expected arrival time of said test data at said nenory
device; and a delay circuit coupled to said first circuit, said delay
circuit dwbagiosmgern start time for capture of input data PeTABIU1TSENOrY
devi ce based on said determned difference to align said start tinme for
capture of saiatregiRRtthathiigta tﬂu&iﬁt?ﬁf RechtiGhs, 84id ir¥@ibter ¥r reté®ingfandatdtingput
data at said nenory device. 46. The processor system according to claim45,
wherein said fi .cireuit further conprises: 27 WO 02/099661

PCT/ US02/ ﬁﬁ%af)(g}t}oélg?f; Ee tﬁ%’@? ng a plurality of locations, said register
for receiving and storing at |least a portion of a test data; an encoder
coupled to said register, said encoder having an input to receive data

stored in at |aﬁ%skoaep&fdﬂlwt&§@é?égﬂst&, %‘a[i_é'ehwdé}fhdvﬁfgta&d t té Adcdivencoder
providing 5 an output representing said difference between said actual

at sara AR e 8 pbpon PR BEPIEY R bt el e dendiving.

wherein said register has sixteen |locations. 48. The processor system
accdr di ngunt entpliafepresenting eaididiffersinc: puweensidfacgml drrivaDtipleof a¢st dytacind
| ocations includes eight |ocations. 49. The processor systemaccording to

cl ai m 48, s2h8petddd il SinddIbr L8 Blst QN8 aPEAd nRUBHy AGRLI Ons of said
regi ster. 50. The processor systemaccording to ¢laim48, wherein said

ei ght locations are odd |ocations of said register. 15 51. The processor
system according to claim48, wherein said encoder encodes
47.  The processor system according to claim 46, wherein said register has sixteen

1

locations.

48.  The processor system according to claim 47, wherein said portion of said

10 plurality of locations includes eight locations.

49.  The processor system according to claim 48, wherein said eight locations are

even locations of said register.

50.  The processor system according to claim 48, wherein said eight locations are

odd locations of said register.

15 51.  The processor system according to claim 48, wherein said encoder encodes
data stored in said eight locations into a number, said number representing a location
of said plurality of locations where a first bit of said test data is stored, said location

where said first bit of said test data is stored representing said difference between said
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data stored in said eight |locations into a nunber, said nunber representing
a location of said plurality of |locations where a first bit of said test
data is sworeea9osésni d | ocati on where said first bit of saiPdTiussr/18ad a i s
stored representing said difference between said 28 WD 02/ 099661
PCT/ US02/ d&ctid rrival tined ofaest deah ahd sad ekpdeest adiblatimedfsaiddesvdaecitesdidar ri val
time of said test data at said nenory device. 52. The processor system
accordi ngm{.:&ogl alyteol, wherein said nunber is a binary nunber. 5 53. The
processor syst'em according to claimb51, further conprising: a latch
coupled to said encoder to receive and store said nunber. 54. The processor
system according to claim5 3, wherein said delay circuit further
conpri sess2.at Tieapiocesner sptthatcsrdingl @ldit SR wihérahichid Auindeeis\uebiaatyd
nunber, said at |least 10 one counter using said nunber as a starting point
to count;n@ﬁgmg detect circuit coupled to said at | east one counter to
det er m ne en‘said at |east one counter reaches a predeterm ned nunber
during said count, said detect <circuit providing an output signal to start
said capture of said input data when said predeterm ned nunber has been
reached. 3% SSThelPROMPREOE SFstéth aBYSHRIP RGNS NOfuk et kdinprisihg: Wherein said at
| east one counter” includes first and second counters coupled to said
| atch, said first counter receiving said nunber and counting independently
of said second counter. 29 WD 02/099661 PCT/ US02/ 17849

a latch coupled to said encoder to receive and store said number.

54.  The processor system according to claim 53, wherein said delay circuit further

comprises:

at least one counter coupled to said latch to receive said number, said at least

10 one counter using said number as a starting point to count; and

a detect circuit coupled to said at least one counter to determine when said at
least one counter reaches a predetermined number during said count, said detect
circuit providing an output signal to start said capture of said input data when said

predetermined number has been reached.

15 55.  The processor system according to claim 54, wherein said at least one counter
includes first and second counters coupled to said latch, said first counter receiving

said number and counting independently of said second counter.
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56. The processor system according to claim 54, wherein said at | east one
counter is a down-counter and said predeterm ned nunber is zero. 57. The
processorweymggssaccordi ng to clai mb56, wherein said det e®CTAiSOTUISH9

i ncludes at |east one zero detect circuit. 5 58. The processor system

accor di ng54.0 Clfad ProeéssoVbiéh Ac&tdthed@t @filn 541 WHerein $¢ htReF o cbfARdr one
OR gate coupled to an output of each said at 1 east one zero detect

ircuit. 59.. Th .Syst ding to claimb54, wherei id at
east ond BSTTETOUT R I BI BT PR 841G T st T nput to recel ve

at | east one respective reset 10 signal to reset said at | east one counter.
60. The processor system according to claimb54, wherein said nenory device

further coypr i’Pl‘i‘é{b Rcbio? skah € &8rdiVid\Gaith 567 wherelPitid GOMPL GFL GO Tecei ve
said output signal from said detect circuit and a second input coupled to

receive said.,n Lit data, wherein . 15 capture of said input data is del ayed
unti | sai‘&dﬁéﬁjﬁt S PREIZCFQ B CELF EH Wet ect circuit is received. 61. The

processor system according to claim45, wherein said processing unit and
said nenory device are on a sanme chip. 62. A processor system conpri sing:

30 VI 02/ §99664, £ ﬁ@c%’ég%ﬁs@ﬁ%cc&dﬂ{g%gﬂﬁh{‘% U@jaéfcirf‘&gd QBN evi ce
connected to said processing unit, Said nenbry device conprising:
includes at least one OR gate coupled to an output of each said at least one zero

detect circuit.

59.  The processor system according to claim 54, wherein said at least one counter
includes at least one respective reset input to receive at least one respective reset

10 signal to reset said at least one counter.

60. The processor system according to claim 54, wherein said memory device

further comprises:

a deserializer having a first input coupled to receive said output signal from
said detect circuit and a second input coupled to receive said input data, wherein
15 capture of said input data is delayed until said output signal from said detect circuit is

received.

61.  The processor system according to claim 45, wherein said processing unit and

said memory device are on a same chip.

62. A processor system comprising;
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an input pad for receiving input data; 5 a deserializer having a first

i nput coupled to said input pad; and a delay circuit having an out put

coupl ed twoazsewond i nput of said deserializer, said del TaAiSPLUI8HY

provi ding an output signal to said deserializer, said deserializer in
response to saipkooedsingf wst;gmal starting to capture said input data, wherein
said delay circuit delays said start tinme of said capture of said input 10
data to align said start tinme with arrival of said input data at said
menory device. 63. The processor system according to claim®62, wherein said
del ay circuit ¥@emesy deyiserpeniecsed in sai¢ pEACCHIRG BBiintaid MemQIHglesise | nput
coupled to receive a predeterm ned nunber, said at | east one counter using
sai d nunmb&mpssigg:starting point to count; and 15 a detect circuit coupled
to said at | east one counter to determ ne when said at | east one counter
reaches a predeterm ned nunber during said count, said detect «circuit
providing said output signal to start said capture of said input data when
sai d predet er m necmigpbepadh&er tgeeiningdapifedata;31 WO 02/ 099661 PCT/ US02/ 17849
64. The processor system according to claim®63, wherein said at | east one
counter includes first and second counters coupled to said latch, said
first counter receiving. said nunbetr and counting independently of said
second counter. 65.% 4FEINIZSE W%@é‘i’é‘ﬁ?&ﬁ%‘&ﬂlﬁﬁig@s? 1-&P‘%ﬁl?ﬂlgl('iﬁlf\{dvvherei n
said at |east one counter 5 is a down-counter and said predeterm ned
nunber is zero. 66. The processor system according to claim62, wherein

sai d processing unif dﬁﬁ'}dciréﬁjc Ha\;ﬁg% %uglﬁ&i OapRroséonid rﬁ?pt&mfgaid
deserializer, said delay circuit providing an output signal to said deserializer, said

deserializer in response to said output signal starting to capture said input data,

wherein said delay circuit delays said start time of said capture of said input

10 data to align said start time with arrival of said input data at said memory device.

63.  The processor system according to claim 62, wherein said delay circuit further

comprises:

at least one counter having an input coupled to receive a predetermined

number, said at least one counter using said number as a starting point to count; and

15 a detect circuit coupled to said at least one counter to determine when said at
least one counter reaches a predetermined number during said count, said detect
circuit providing said output signal to start said capture of said input data when said

predetermined number has been reached.
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67. A nmethod for witing input data to a nenory device conprising the steps
of: determning a difference between an actual receipt tinme of test data

by sai d 1WOrmewmeyl devi ce and an expected receipt tine of earwsSozsissdata by
said nenory device; receiving a wite command to wite said input data to

sai d nmenoé4. deYhe procesydd spkebydcogrdingtadliint 68Ewhtret@pdid e laadt @Rl duinbgut
data based on said determned difference to align said start tine of

ool m 67 tnbfhdeERek Bhd Sleqh B lcafiBhf ro Sq ke D6 BRLUBHAREFRANTY 1O
test data pattern to said nenory device; and 32 WO 02/ 099661
PCT/ usoz/mzmm ébﬁ%??%u&?ﬁ%ﬂl@%ﬁlsﬁﬂ serord ePuRtSEr.d test data pattern

to an expected receipt tine of said test data pattern. 69. The net hod
according to claim68, wherein said step of conparing further conprises: 5

storing said test data attern in e ste hain a.plurality of

| ocat i onsgg andﬁsl(agf%ﬁgﬁﬁ PHECR a|c8%r£ril ng é ?rafq@)?y{ﬁ“tl (H%actoluf)lﬁesr a
first bit of said test data pattern is storedln said | ocation
repr5sentisﬁgimvrtimtﬂletﬁew@fésmdtmed@sq@@atdnnnépecllmo si gnal between said

actual receipt tine of said test data pattern and said expected receipt
time of said test data pattern. 10 70. The nmethod according to claim @69,

wherein said spep of deteruining further . cogprises: determning a value

said memory device are on a same chip.
67. A method for writing input data to a memory device comprising the steps of:

determining a difference between an actual receipt time of test data by said

10 memory device and an expected receipt time of said test data by said memory device;

receiving a write command to write said input data to said memory device;

and

delaying a start time of capture of said input data based on said determined

difference to align said start time of capture with receipt of said input data.

15 68.  The method according to claim 67, wherein said step of determining further

comprises:

sending a test data pattern to said memory device; and
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storing said value. 71. The nethod according to claim 70, wherein said step
of delaying further 15 conprises: counting to a predeterm ned val ue using
sai d det ewpiopegbévnl ue as a starting value; detecting whemCTaiSd2/17849

predet ermi ned val ue has been reached; and 33 WD 02/099661 PCT/ US02/ 17849
providi ng a si@naparing &i frtial ceqaipttmeiof sad dedtriati paedra toharexpedted
predeterm ned value has been reached. 72. The nethod of claim 71, wherein

sai d pre@@ée‘gﬁ{%&%q)f‘éﬁild gsticﬁFaZ]g:{thrﬁnd said step of counting further
r

conpri ses: counting down m sai d determ ned value to zero. 73. A method
for witing data to a nenory device conprising the steps of: sending a
wite command to said nenory device; sending said data to said nenory

devi ce afdder Viphd meeh@l sRetdihy ¢d cmwa,'vﬂ{ereihisma,st@ﬂbﬂcc&ﬁgﬁiﬁg' fgtrgount  of
time based on a specified wite |atency of said nenory 10 device; and

del ayi ng an?ﬁr?sreg. of capture of said data a predeterm ned anount of tine,
said predettermned anount of tine based on an actual wite |atency of said
menory device, to align said start of capture of said data with receipt of
said data by said nenory device. 15 74. The nethod according to claim 73,

whergei n sai d sk6iin@baidedstMhapakisth B re SABPRAEES a plurality of locations; and

[
determining a location of said plurality of locations a first bit of said test data

pattern is stored in, said location representing a difference with respect to a clock
signal between said actual receipt time of said test data pattern and said expected

receipt time of said test data pattern.

10 70.  The method according to claim 69, wherein said step of determining further

comprises:
determining a value based on said location; and
storing said value.

71.  The method according to claim 70, wherein said step of delaying further

15 comprises:

counting to a predetermined value using said determined value as a starting

value;

detecting when said predetermined value has been reached; and
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del aying said start of capture by a predeterm ned nunber of clock cycles.
34
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providing a signal to start capture of said input data when said predetermined

value has been reached.

72.  The method of claim 71, wherein said predetermined value is zero and said

step of counting further comprises:
counting down from said determined value to zero.

73. A method for writing data to a memory device comprising the steps of:
sending a write command to said memory device;

sending said data to said memory device after waiting a specified amount of
time, said specified amount of time based on a specified write latency of said memory

device; and

delaying a start of capture of said data a predetermined amount of time, said
predetermined amount of time based on an actual write latency of said memory
device, to align said start of capture of said data with receipt of said data by said

memory device.

74.  The method according to claim 73, wherein said step of delaying further

comprises:

delaying said start of capture by a predetermined number of clock cycles.
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