22 August 2005 THE OP | NVENTI ON | MPROVED HI GH SPEED DATA CAPTURE Cl RCU T
FORA DI G TAL DEVICE FI ELD OF THE | NVENTI ON The present invention rel ates
to the circuitry used to capture data entering a high speed di@#&&ﬁE
device, for exanple, a high speed nenory device. 10 BACKGRAGKES

| NVENTI ON On hi gh speed digital devices, for exanple, high speed nenory
devices, one of the nore difficult specifications to guarantee is data

i nput setup and hold tine. The difficulty stens froman inability to
exactly tinme an arriving data capture dock with arriving data signals
appearing at each capture latch. In 15 general, the incom ng clock is
distributed in sone form e.g., dock distribution circuitry, so that the
dock signal appearing at each capture |atch has the sane phase (tim ng).
The dock distribution circuitry introduces a finite delay to the dock such
that the dock and data, as they appear at the latch, do not have the sane
timng relationship as they hdfTAE OFRINMENTEONnput terninals.

Hi storically, 20 designers have either resorted to one of two approaches to
correct this problem The first is to add sone formof delay to the data

si gnal bef org I %ﬁ MREUTE FOR BODGERAL he anmount
of del ay exp@#’g@@ﬂﬁ@ enggbé&llé%a as It propagates through the dock

distribution circuitry. In general tEVHSEay circuit only approximates the
act ual ‘dsel ay. The second approach enploys a delay lock 1

FIELD QOF THE INVENTION

The present invention relates to the circuitry used to capture data
entering a high speed digital device, for example, a high speed memory device.

10 BACKGROUND OF THE INVENTION
On high speed digital devices, for example, high speed memory

devices, one of the more difficult specifications to guarantee is data input setup
and hold time. The difficulty stems from an inability to exactly time an arriving
data capture clock with arriving data signals appearing at each capture latch. In

15 general, the incoming clock is distributed in some form, ¢.8., clock distribution
circuitry, so that the clock signal appearing at cach capture latch has the same
phase (timing). The clock distribution circuitry introduces a finite delay to the
clock such that the clock and data, as they appear at the latch, do not have the
same timing relationship as they had at the device input terminals. Historically,

20  designers have cither resorted to one of two approaches to correct this problem.
The first is to add some form of delay to the data signal before it enters the latch.
Ideally, this delay matches the amount of delay expericnced by the diock signal as
it propagates through the clock distribution circuitry. In general the delay circuit
only approximates the actual delay. The second approach employs a delay lock




22 August 2005 loop (DLL) to add additional delay to the clock such that it
appears at the latch wth the correct timng relative to the data. The
amount of additional delay is adjusted with feedback to ag&ggnttéﬁ% t he
dock distribution delay and any additional delays due to Mfi*$t8fS 4heous

| nput/Qutput (I/O circuits. In nost 5 cases, the clock that appears at the
| atch will be delayed by N x (dock period), where Nis an integer. As a
result, a given data bit will be captured by a dock edge which preceded
the data hit by multiple dock cycles. The use of a DLL is disadvantageous
for a high speed nenory device needing tight (low tolerance) setup and
hold tinmes for several reasons. First, the DLL introduces additional 10
jitter to the dock signal, which reduces the accuracy of the clock timng.
Second, since the clock edge which captures the data is not the sanme cl ock
edge that was transmtted with that data and cycle-to-cycle jitter

probl ens may M@ﬂ%@%&%ﬁ%ﬁ ié&gégﬂ{g&é& SucH R it dppehi@e SRllach S

captured wt then cycle to cyclejltter can be
ignored in thutlmhbu:prrmmmgdeliﬁrctmdlyedam Alhemameum of addittandldalay isone ti ni ng

uncertainty since it s, upon the, nat an L0 to actual

1/ O circui t s adpsted F‘ijb“k @W@ﬁ@%%%ﬁ%mﬁqnst ant aneous

changes in dgliay 09%&[}25 % RlscdBhé® ugwy@aqﬁtq;ﬁ)) trcdiBY In@losbee t hese
y 0

changes or it m slow to correct for them Accordingly
convent i oBal casegtthe dockdnuappc;rsusthegatimlbbe delnyed WINMCIOEBPGEI%@)H buti on

R e A
edge which prccedcd thc data hit by multiple clock cycles. The use of a DLL is
disadvantageous for a high speed memory device needing tight (low tolerance)
setup and hold times for several reasons. First, the DLL introduces additional

10 jitter to the clock signal, which reduces the accuracy of the clock timing.
Sccond, since the clock edge which captures the data is not the same clock edge
that was transmitted with that data and cycle-to-cycle jitter problems may be
introduced into the capture timing. If the data is captured with the concurrent
clock edge, then cycle to cycle jitter can be ignored in the setup and hold

15 budget. Also,a DLL introduces some timing uncertainty since it relies upon the
matching of an I/O model to actual I/O circuits. Furthermore, the DLL is not
able to track out instantancous changes in delay of the clock or data circuits since

it may not see these changes or it may be too slow to correct for them.

Accordingly, conventional capture circuitry using DLL or other clock
20 distribution may not perform well in high speed memory devices which have
tight set up and hold times.
SUMMARY OF THE INVENTION
The present invention provides an improved method and apparatus
for capturing data in high speed digital devices, ¢.g., memory devices which does




The present invention provides an inproved nethod and apparatus for
capturing data in high speed digital devices, e.g., nenory devices which
does 2 22 August 2005 not require use of a DLL to properly ti,me rrival
of the clock and data at a data capture latch. In one aspé%{mgwﬁgﬁgﬁ
invention, a data capture circuit for a digital device, e.g., a nenory
device, is provided in which the capture clock and data 5 signal are
respectively routed froman incomng clock terminal (or a clock buffer)

and an input data termnal (or a data buffer) to each capture latch in a
poi nt-to- point fashion wth approximately the same signal path length from
each of the termnals to the latch. For nultiple data inputs, the path

| engt h between the dock input termnal (or dock buffer) and a latch
associated wth a data i nput and 10 between the latch and the data input
termnal (or data buffer) are approximtely equal for each latch, and the
path | engths Jpbeqilie obd G 18LE o6 PRIGLE dnitd GRQENARYS thE cloaRpnademmat el y equal
or unequal. I'n an er aspect of the’invention, the latch is physically

| ocat ed on a dati @ptust lashe at a position which is approxi mately m dway of

t he physical distance 15 between a dock termnal (or clock buffer) and

advant ages. and f eat cjeceeegpPet 8f e fuiepiolh L cfplie scuie B SapBRICCC S
fromthe fol |l QuicOq glet AkiBe dboReis pidvitiedh wdich the papruredelock and data
5 signalarerespccﬁvclymumd&omaninwnﬁngdocktcnninal(oradockbuﬁer)
and an input data terminal (or a data buffer) to cach capture latch in a point-to-
point fashion with approximately the same signal path length from each of the
terminals to the latch. For multiple data inputs, the path length between the
dockmputmnninal(orcbckbuﬁ'cr)andalamhassodawdwithadauinputand
10 bctwecnthehhchandthcdaminputtcrminal(ordmbuﬁc:)mappmximatdy
equalforcachhtch,anddlcpathlcngd:sforaﬂthedatacapmmlamhcsmaybe
approximately equal or unequal.

In another aspect of the invention, the latch is physically located on a
digital die ar a position which is approximately midway of the physical distance
15 between a clock terminal (or clock buffer) and data terminal (or data buffer) of
the memory device.

These and other advantages and features of the invention will be more
clearly recognized from the following detailed description which is provided in
connection with the accompanying drawings.

20 BRIEF SUMMARY OF THE INVENTION

Figure 1 is a simplified block diagram illustrating 2 first embodiment
of a data capture arrangement in a digital device in accordance with the

invention;




connection with the acconpanyi ng draw ngs. SUMVARY OF THE | NVENTI ON Fi gure
1lis asinplified block diagramillustrating a first enbodinent of a data
capture arrangenent in a digital device in accordance Vth]4%QH tion;

3 22 August 2005 . Figure 2 is a sinplified block diagram:i §?$2¥ﬁﬂ
second enbodi nent of a data capture arrangenent in a digital device |n
accordance with the invention; Figure 3 illustrates the Figure 1
enbodiment in a digital device with a 5 plurality of data inputs; Figure 4
illustrates the Figure 2 enbodinent in a digital device with a plurality
of data inputs; Figure 5 is a block diagramillustrating a third enbodi nent
of a data capture arrangenent in a digital device in accordance with the

i nvention; 10 Figure 6 is a block diagramillustrating a fourth enbodi nent
of a data capture arrangenent in a digital device in accordance with the
invention; Figure 7 is a block diagramillustrating a fifth enbodi ment of a

data capture arrangﬁgg&t Wmmmgam with the
i nvention; and Figure IS a %.nock di agram of r system

15 cont ai ni ngmblodinerit of a\datemptire atrangeneakhis anth@?‘ﬁnel a#%’ﬁg&%ééﬁl PTI ON

OF THE | NVENTI ON .
the invention;

Figure 3 illustrates the Figure 1 embodiment in a digital device with a
5 plurality of data inputs;
Figure 4 illustrates the Figure 2 embodiment in a digital device with a
plurality of data inputs;
Figure § is a block diagram illustrating a third embodiment of a data
capture arrangement in a digital device in accordance with the invention;
10 Figurcéisablockdiagramﬂlustraﬁngafounhembodimcntofadam
capture arrangement in a digital device in accordance with the invention;

Pigure 7 is a block diagram illustrating a fifth embodiment of a data
capture arrangement in a digital device in accordance with the invention; and

Figure 8 is a block diagram of an exemplary processor system
15  containing digital devices which may employ the invention.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 illustrates a first simplified embodiment of the invention in
whichada&capunccircuitadigimldcviu?isillusmmd. The digital device 7 is
20 fabricated as an integrated circuit to include a clock terminal 11 for receiving an
externally applied clock signal and a data terminal 15 for receiving an externally




Figure 1 illustrates a first sinplified enbodi nent of the invention in
which a data capture circuit a digital device 7 is illustrated. The digital
device 7 is 20 fabricated as an integrated circuit to include a S@g{:k
termnal 11 for receiving an externally applied dock si gnalzzﬁﬁ'g”sé a
termnal 15 for receiving an externally 4 22 August 2005 applied data
signal which is to be captured by the digital device 7. A data latch 13
having a data output 14 is also provided for latching in data applied to
data term nal 15 under control of a clock signal which is applied to dock
termnal 11. Only one of several data termnals 15 is shown in Figure 1
for sinplicity. As 5 further illustrated in Figure 1, the latch for

| at ching data applied to termnal 15 is connected to each of the clock
termnal 11 and data term nal 15 by a point-to- point connection. The

poi nt -t o- poi nt connection between the latch 13 and dock termnal 11 is

il lustrated g,-'?m WAy | | dvizent ction

bet ween t he g‘g g@ﬂ#ﬁi al 15 alrslgglbat kferfgminystﬂi@f[%%lirat eg' gsdﬁ%%ctive 10
path 19. | n dé&cmvitgrcdatanbutput R4 is aisceprovided forkeching in danepplied 06 datae
conductive paths 17 and 19 are nmade to he approxi gt el ual. .

Appr oxi mat el }‘%‘Hﬁllllrﬁ qﬁ@%ﬁéﬁ&‘bﬁ@ﬁﬂ&ﬁ?éﬁ%#i%% that one
path i's no nEhglyloaeBf ddebal 440 Gemills $'R5hSWn id igulcProp kiltipliciBA L As _
Preferably, the conductive paths 17 and 15 19 are substanti‘ally equal in

| ength. B erfenhé¢mibustiated intéguro d¢ithetlatel fordatahing datarapplicsl torterminal 15 is

approxi mately equal. | engt t he,data i ed, on _dat mnpal 15 is
qui ckly and rcgﬁn%ﬁufc{;qcéf;@ﬁgﬂ:c téroinal 11 an%da&mnnmglf§5yapomt%o
point connection. The point-to-point connection between the latch 13 and
clock terminal 11 is illustrated as conductive path 17 while the point-to-point
connection between the data terminal 15 and latch 13 is illustrated as conductive

10 path 19.

In accordance with the inveation, the path lengths of the conductive
paths 17 and 19 are made to be approximately equal. Approximately equal in
the context of the present invention means that one path is no more than 10%
longer or shorter than the other path. Preferably, the conductive paths 17 and
15 19 are substantially equal in length.

By ensuring that the conductive paths 17 and 19 are of approximately
equal length, the data applied on data terminal 15 is quickly and reliably latched
by the clock signal appearing on clock terminal 11. Morcover, by having path
length 17 approximately equal to path length 19, a tight set up and hold

20  specification can be obtained while minimizing data capture circuit cost and

required power.

The arrangement illustrated in Figure 1 assumes that there are no
clock or data buffers between the clock terminal 11 and the latch 13, or between



by the clock signal appearing on dock term nal 11. Moreover, by having path
| ength 17 approximately equal to path length 19, a tight set up and hold 20
specification can be obtained while mnimzing data captur%¥circq%%m§ost
and required power. The arrangenent illustrated in Figure AGETIRY t hat
there are no dock or data buffers between the dock term nal 11 and the

| atch 13, or between 5 22 August 2005 the data termnal 15 and |atch 13.
However, the invention would also be applicable if buffer circuits were
provi ded for each of the clock termnal 11 and data termnal 15 wth the
buffers being provided at the |ocations of respective termnals and the
paths 17 and 19 bei ng approxi mately equal between the clock 5 and data

buffers and latch 13. The Figure 1 arrangenent illustrates an arrangenent
in which the data latch 13 is provided in relatively close proximty to an
associated data termnal 15. Figure 2 illustrates an alternative

arrangenent i thewhtactariniial 1% hmd latchtldh Hewéver, abpinyition wpyldpkodecal | y

centered between the | ocation of the clo 10, t i nal, 11 _an t erm nal

15. In this atRPHGRE bulter Fermts Kers o9 f@ﬁﬁ%@ﬁ%@mﬁg%g ermnal 11

and latch 13 @&ﬂﬁﬁhﬁ@%@h%ﬁcmgwwﬂﬁuﬁﬁoﬁﬁbﬁt@mn | at ch
’1 H

13 and the data term nal i s agal n shown as 19. Once again, the path
| engths of comeninalsaadhe path? 17 anti 19 being approxigarely equal betweem thesslodkat el y

13 Bt woers ¢ HPAAR PR APRIR NG G5 tor i nal 15 i n the Xdie o
The Figure 1 arrangement illustrates an arrangement in which the

data latch 13 is provided in relatively close proximity to an associated data
terminal 15. Figure 2 illustrates an alternative arrangement in which the data
latch 13 is approximately physically centered between the location of the clock

10  terminal 11 and data terminal 15, In this arrangement, the conductive path
between the clock terminal 11 and latch 13 is again shown as 17, and the
conductive path between latch 13 and the data terminal 15 is again shown as 19.
Once again, the path lengths of conductive path 17 and conductive path 19 are
approximately equal to on¢ another due to the approximate physical centering of

15 latch 13 between the clock terminal 11 and data terminal 15 in the X die
direction illustrated in Figure 2.

One of the advantages of the Figure 2 arrangement is that a single
long conductive track can be laid on the intchfated circuit die to form the
respective data conductive paths 17 and 19 which have path portions which are

20  co-linear with each other, whercas in the Figure 1 arrangement several different
tracks or conductive segments are needed in the X and Y directions of the dic to
form each of the conductive data paths 17 and 19. More specifically, three X
direction tracks are iliustrated in Figure 1 in order to form the conductive paths




direction illustrated in Figure 2. One of the advantages of the Figure 2
arrangenent is that a single 1ong conductive track can be laid on the
integrated circuit die to formthe respective data conductjve ﬁ%%&ih%7 and
19 which have path portions which are 20 co-linear with each ¥ ; er eas
in the Figure 1 arrangenent several different tracks or conductive
segnents are needed in the X and Y directions of the die to formeach of

t he conductive data paths 17 and 19. Mre specifically, three X direction
tracks are illustrated in Figure 1 in order to formthe conductive paths 6
22 August 2005 17 and 19, whereas only a single X direction conductive
track is required in Figure 2. Thus far the invention has been described
in sinplified formwith respect to only a single data input term nal 15.
For nost digital devices such as 5 processors, nenories, etc. a plurality
of data input termnals will be provided. Accordingly, Figure 3

Il lustrates awarrggw&a 4@%@@&%&4&*&%&%& {éﬁg@ﬂfsl s 15a,

15b, 15c, 15d a?'édpr 'on W espective
| atches 13a, figare 43c, 13d. The latches are respectively coupled to data
termnals by a first conductive path 19a, 19b, 19c, 19d, and are al so

coupled 10 to a co cl.ock termnal 11 by respective. duct iye paths
17a, 17b, 17c, and 17d W@%&VWW%W%m%gm%r | at ches
and associ at e &oﬂgﬁ'ﬁnﬁﬁlc&nﬁnﬁuﬂﬂchﬂﬁﬂﬂﬁ eRbririost et deiceb Qichsis ! i ci ty
any nunber of l"atches and “associated data term nals can be provided.
5  processors, memorics, ctc, a plurality of data input terminals will be provided.
Accordingly, Figure 3 illustrates an arrangement in which a plurality of data
terminals 15a, 15b, 15¢, 15d are provided in association with a plurality of
respective latches 13a, 13b, 13c, 13d. The latches are respectively coupled to
data terminals by a first conductive path 19a, 19b, 19¢, 19d, and arc also coupled
10 to a common clock terminal 11 by respective conductive paths 172, 17b, 17¢,
and 17d. It should be understood that although four latches and associated data
terminals are illustrated in Figure 3, for simplicity any number of latches and
associated data terminals can be provided.

i
Similar to the Figure 1 arrangement, each of the latches 13a . .. 13d
15  are provided in close proximity to respective data terminals 15a . . . 15d. Once
again, the conductive paths between cach of the latches 13a . . . 13d and the
clock terminal 11 are of approximately the same length as the conductive paths
19a. .. 19d connecting the latches 13a . . . 13d to their respective data terminals
15a. ..15d. Figure 3 also illustrates that in the illustrated implementation a
20  scrpentine path is required in order to ensure that the conductive paths
17a. .. 17d arc approximatcly equal in length to their counterpart conductive
paths 19a . . . 19d. In the Figure 3 arrangement all of the conductive paths are
approximately equal.



Simlar to the Figure 1 arrangenent, each of the latches 13a. .. 13d 15
are provided in dose proximty to respective data termnals 15a ... 15d.

Once again, the conductive paths between each of the latches 13a ... 13d
and the clock terninal 11 are of approximately the same | fugusi€00%e
conductive paths 19a ... 19d connecting the latches 13a ... 13d to their
respective data termnals 15a ... 15d. Figure 3 also illustrates that in
the illustrated i nplenentation a 20 serpentine path is required in order to
ensure that the conductive paths 17a ... 17d are approximately equal in

l ength to their counterpart conductive paths 19a ... 19d. In the Figure 3
arrangenent all of the conductive paths are approximately equal. 7 22
August 2005 Figure 4 illustrates a centered |atch enbodi ment simlar that
of Figure 2, but nowin the context of a data device having a plurality of
data termnals 15a ... 15d and associated data |atches 13a ... 13d. In the

Figure 4 arr angem?ntFguﬁﬂ&ﬂlu@&at&d”@cdrﬁ&x@h%cﬂ&ﬁbodxmcheﬁhﬂihﬂbasefﬂgmed
conductive paths 17a_and 19a, 5_which are approx e qual %ne
another. In é’dbﬂtﬂ%m%ﬁlﬂm?ﬁ%dﬂ&t‘j&ﬁé@hﬁ@s ) irsoinali f ba

appr oxi mat el y xvg%lgi In? qp:ﬁﬁr nal ta
termnal 15 ¥’ nmtl'l&ﬁi Irection o ﬂéle léh&cggagal ﬁ&%thls sinplifies

routing of theccefittle birches 1881 hslﬁdshﬂash:cﬂtcddwdumqmthmﬂé’apndwpm rs 17a,
Ilgflchégbﬁ;g?” clhzchgaégc and g\?ﬂ 19d are coe{dll% (gfc'%] he dat a
direction, as, h?s?&ﬁ?%éﬁd%%m&ﬁﬁﬁ%hm of the Bk tfntiRg 111 &d'2e

respective data terminal 15 in the X direction of the die. Once again, this

simplifies routing of the conductive paths as each of the respective path pairs 174,

19a: 17b, 19b; 17c, 19¢; and 17d, 19d are co-lincar.

10 Because the data latches 13a . . . 13d are approximately centered
physically in the X direction, as opposed to the latches 13a . . . 13c in the Figure
3 arrangement, each latch 13a . . . 13d in the Figure 4 requires only four
conductive tracks in the X direction, one for each latch, whereas in the Figure 3
embodiment, multiple tracks formed by scrpentine conductive paths are required

15 in the dic X direction in order to ensure that the conductive paths of a latch
which connect to the clock terminal 11 and to a respective data terminal 15 arc
approximately equal. Although the conductive paths 17a, 17b, 17, 17d, and
193, 19b, 19¢, 19d for a given latch in Figure 4 are approximately equal in
length, the conductive paths from latch-to-latch need not be of approximately

20  equal length.

It should be restated that although the invention is being described
with respect to approximately equal conductive path 17, 19 lengths for cach
latch, in the most preferred embodiment the conductive paths 17, 19 will
actually be substantially equal in length for cach latch.



3 arrangenent, each latch 13a ... 13d in the Figure 4 requires only four
conductive tracks in the X direction, one for each latch, whereas in the
Figure 3 enbodinment, nultiple tracks formed by serpentine . condugtj pat hs
are required. 15 in the die X direction in order to ensurezﬁﬁﬁ@“¥%@&$
conductive paths of a latch which connect to the clock termnal Il and to
a respective data termnal 15 are approximately equal. Al though the
conductive paths | 7a, 17b, 17c, 17d, and 19a, 19b, 19c, 19d for a given
latch in Figure 4 are approximtely equal in |ength, the conductive paths
fromlatch-to-latch need not be of approximately 20 equal |ength. It
shoul d be restated that although the invention is being described wth
respect to approxi mately equal conductive path 17,19 |lengths for each

| atch, in the nost preferred enbodi nent the conductive paths 17,19 wl|
actually be substantially equal in length for each latch. 8 22 August 2005

Figure 5 illustrat espiygle Silldbibes R aAstheRdMbolimeicof thy aiventvh wiicleis | s
simlar to that of Figqure 4, but 1n which all of the Iatchggml?)a ... 13d

are cent er edmilar ep thavof Bignreed,rhus o whichall ghthe laghes 139 .s - 13 15d in the

X direction of the,d.e a [0 %ggl ' : t chasy g, gd such
that all of fHe 5 cond th){}g%rcpsgf S g%{a%een ]é'r'}'a‘ra'e's'pectl'la\}:ge atch and a dock,

i.e., 17a .. of théWic M in addition] thetlathes arpuahteieal shich thde allfof theonduct i ve pat hs
19a ... 19d between the I|atches and th remc%{o\éﬁ dat teri%"gal s 15a ...
15d. Fi guPe eonductiva pathubereen theofespecavs A ¥l BnvetthdfF i n which

approximately equal to all of the conductive paths 19a . . . 19d betwcen the
latches and the respective data terminals 15a . . . 15d.

O

Figure 6 illustrates yet another embodiment of the invention in which

each of the latches 13a . . . 13d is arrayed on the digital device die along a lincar

10 path 29 in the Y direction of the dic. Once again, the conductive paths
17a...17d and 19a . . . 19d for any given latch are approximately equal to one
another. Moreover, in the Figure 6 arrangement, the conductive paths
17a...17d and 19a . . . 19d are for all latches approximately equal to one
another. As in other embodiments, Figure 6 shows many of the conductive

15 paths17a...17d and 19a. . . 19d as having serpentine configurations in which
the conductive path runs back and forth across the die in order to achieve the
desired conductve path length matching.

As discussed above with reference to the Figure 4 arrangement, it is
not necessary in the Figure 4 arrangement that each pair of conductive paths 17,
20 19 associated with a given latch be approximately cqual in length to the pair of
conductive paths 17, 19 for another latch. That is, the conductive paths 172 and
192 for latch 13a may be approximately cqual to one another, but need not be
approximately equal to the conductive paths 17b and 19b for latch 13b. In the



each of the latches 13a ... 13d is arrayed on the digital device die along
a linear 10 path 29 in the Y direction of the die. Once again, the
conductive paths 17a ... 17d and 19a ... 19d for any given latch are
approxi mately equal to one another. Mreover, in the Figurd 9% enment,
the conductive paths 17a ... 17d and 19a ... 19d are for all |atches
approxi mately equal to one another. As in other enbodinents, Figure 6
shows many of the conductive 15 paths 17a ... 17d and 19a ... 19d as having
serpentine configurations in which the conductive path runs back and forth
across the die in order to achieve the desired conductive path |ength

mat chi ng. As di scussed above with reference to the Figure 4 arrangenent, it
is not necessary in the Figure 4 arrangenent that each pair of conductive
paths 17, 20 19 associated with a given |atch be approximtely equal in

| ength to the pair of conductive paths 17,19 for another |atch. That is,

the conducti vey §rr;1é%n§:‘?1 Jp%ﬂ:fcﬁ aveh, 1% ad)9he . afjpd arei nat el y equal
to one anot he?,‘éz’g{)t@ ne no'?’all ﬁtbk

be approximately equal to the conductive
pat hs 17b andaproxiimtely equahtal @he anatharhe 9 22 August 2005 Figure 6
arrangenment, all path lengths 17a ... 17d and 19a ... 19d are

approxi mately equal tQ one,. r | botinidns il whiRh edé ofhet her
enbodi ment i n which WZ‘%Q&I%%@%%&%& 13b, 13c, 13d are p_kﬁsi cally

centered bet Wpighes ﬂsacﬂmksci,aBﬁiambhyﬁtaUy&mmcuﬁh@ e data
| hear pat$ 3 ani rachuabSaervspestive i sl Bt oo bl fE VAR WY Bt 09 2
are now arrayed along a linear path 31 in substantially the X direction of the die:
that is, the direction along which the clock and data terminals are arrayed. The
data conductive paths 17a, 17b, 17¢, 17d are approximately equal to the
conductive paths 19a, 19b, 19¢, 19d for each latch 13a, 13b, 13c, and 13d, and

10  the conductive paths from latch-to-latch may be approximately equal or not.

The data capture circuit of the invention may be applied to any digital
device which is capable of capturing data off of a data bus or from another digital
device. This would include processors and memory devices, as well as other
digital devices. The invention is particularly uscful for high speced DRAM

15 memory devices, and for a memory module containing a mounting substratc on

which a plurality of DRAM memory devices are arranged.

While the various embodiments of the invention have been described
and illustrated with reference to connecting a latch 13 with a point-to-point
connections to a clock terminal 11 and a data terminal 15, all embodiments ¢can

20  also be used with a clock buffer and /or data buffer connected to respective clock
and data terminals as long as the path length rules described above are still used
from the output of the buffers to the latches. '

10




that is, the direction along which the dock and data termnals are arrayed.
The data conductive paths 17a, 17b, 17c, 17d are approximtely equal to
the conductive paths 19a, 19b, 19c, 19d for each latch 13a,13b, 1% and
13d, and 10 the conductive paths fromlatch-to-latch may bef2H9Hg ﬁ%ﬁtely
equal or not. The data capture circuit of the invention nmay be applied to
any digital device which is capable of capturing data off of a data bus or
fromanother digital device. This would include processors and nmenory
devices, as well as other digital devices. The invention is particularly
useful for high speed DRAM 15 nenory devices, and for a nenory nodul e
contai ning a nounting substrate on which a plurality of DRAM nenory
devices are arranged. Wiile the various enbodi nents of the invention have
been described and illustrated with reference to connecting a latch 13
with a point-to-point connections to a dock termnal 11 and a data

termnal 15, all enb%ﬂi[pg :E|E§&, EatlS 2 delies&iwiighf er and/ or
data but connected to espg&fsl ve cpoc nd dat a ter%nal s as long as the

path | ength rigterposiestheiibemitiohove are still used fromthe output of the
buffers to the latches. 10 22 August 2005 Figure 8 illustrates a processor

system having digital Vi ces,whi L ncor ly shown I n
Figure 8, a processof$ §§g‘!”é i f#qég ﬁ%‘gﬁ&ﬁ’ sysafsem%ﬁﬁl
general |y i nchopdasnile, gRAkMAY inBlhenscntial pioicksiig bhit OPU 210, f&@iﬂi;m:,aa 5
m cr oprocessor, that comrunicates with one or nore in ut/ou{}gt (170
5  microprocessor, that communicates with one or more input/output {
devzccs240, 250 over a bus 270. The processor systern 200 also includes
random access memory RAM 260, coupled to CPU 210. RAM 260 may be
formed of one or more separatc memory devices arranged, for example, on a
memory module. Alternatively, RAM 260 may be integrated on the same dic as
10 CPU 210. The processor system may also include a read only memory ROM
280 and may include peripheral devices such as a floppy disk drive 220 and a
compact disk CD ROM drive 230 which also communicate with CPU 210 over
the bus 270. At least one of the CPU 210 and the memory devices forming

RAM 260 has the data capture circuit described above and illust.ratcd with

15 respect to Figures 1 - 7.

While the invention has been described and illustrated with reference
to specific exemplary embodiments, it should be understood that many
modifications and substitutions ¢an be made without departing from the spirit
and scope of the invention. Accordingly, the invention is not to be considerea as

20 limited by the foregoing description but is only limited by the scope of the
appended claims.

11



devi ces 240, 250 over a bus 270. The processor system 200 al so i ncl udes
random access nenory RAM 260, coupled to CPU 210. RAM 260 may be forned of
one or nore separate nenory devices arranged, for exanple, on a nenory
nodul e. Alternatively, RAM 260 nay be integrated on the sane die as 10 CPU
210. The processor systemmay al so include_a read only nmenory 2%903§d
may i nclude peripheral devices such as a ﬂpoppy di sk drive 220 g4
conpact disk CD ROM drive 230 which al so communicate with CPU 210 over the
bus 270. At |east one of the CPU 210 and the nmenory devices form ng RAM
260 has the data capture circuit described above and illustrated with 15
respect to Figures 1 - 7. Wihile the invention has been described and
illustrated with reference to specifingégﬁplary enbodi ments, it should be
understood that many nodifications and substitutions Si be nade w thout
departing fromthe sWhatisclanddscope of the invention. Accordingly, the
invention is not to be considerea as 20 |imted by the foregoing
description but is only limted hy. the scope af. the appended clains. 11 12
22 August 2005 CLAI M5 ﬁw&pwggﬂ%hgéﬁ@dby§90 MPRAHNENt egrat ed di gi tal device
conprising; at |least one data termnal for receiving an externally applied

data Isi gnal ; 5 a cl pOkast 8hetiAakerhal THIGRENVIAY af@x R8I APblidd @édkigesl; cl ock
si gnal ;

5 a clock terminal for receiving an externally applied clock signal;

at least one latch for latching in data received at said at least one data

terminal in accordance with a clock signal received at said clock terminal;

at least one first conductive path connecting said at least one data terminal

to said latch; and

10 at least one second conductive path connecting said clock terminal to said

at least one latch;

said at least one first and second conductive paths being approximately

equal in length.

2. An integrated digital device as in claim 1 further comprising a plurality

15  of data terminals for respectively receiving externally applied data signals,

a plurality of latches for latching in data signals received at respective data

terminals in accordance with a clock signal received at said clock terminal;

20



at least one latch for latching in data received at said at | east one data
termnal in accordance with a clock signal received at said clock term nal
at | east one first conductive path connecting said at | east one data
termnal to said latch; and 10 at | east one second conductive path
connecting said clock termnal to said at _|east one |atch; sa

one first and second conductive paths belﬂé approxi mately equ A]ﬁmﬂgﬁgéh
2. An integrated digital device as in claim1l further conprising a
plurality 15 of data termnals for respectively receiving externally
applied data signals, a plurality of latches for latching in data signals
received at respective data termnals in accordance wth a clock signal

received at said cl Ocﬁﬁrﬁﬁgio%ﬂ‘s't c&?d]fc?iv@ﬁ%}g%'g&@ t%_%(i ¥e§pé@t&%ﬁ5ﬂat¢¥mﬁﬁalf! rst

conductive paths confi a respective respective
l'atch; a pl upvadhiatréspettigeoohgd conductive paths connecting said clock
termnal with a respective latch; 5 the first and second conducti ve pat hs

for a said latch being appr0|mat ual nIenth 3, An inte
digital device as i naﬂuéﬂﬁ’ gi"%“‘l‘ﬁ V‘?P"?“L‘? C%fﬁ’ﬂ doglf)h: 3%? pat hs

for a said "Qi‘tr{]sg ?3[{‘,% thgrom matel y equal in length to the first and second
conductive pat anot her | atch.

5 the first and second conductive paths for a said latch being approximately

equal in length.

3. An integrated digital device as in claim 2 wherein the first and second
conductive paths for a said latch are approximately equal in length to the first and

second conductive paths for another latch.

10 4. An integrated digital device as in claim 2 wherein the first and second
conductive paths for a said latch are not approximately equal in length to the first and

second conductive paths for another latch.

5. An integrated digital device as in claim 2 wherein said latches are
provided within said integrated digital device at locations which are near the

15 respective data terminals to which said latches are connected.

6. An integrated digital device as in claim 2 wherein said latches are
provided within said integrated digital device at locations which are spaced away

from the respective data terminals to which said latches are connected.

7. An integrated digital device as in claim 6 wherein at least one of said
20 latches is spaced approximately midway in a predetermined direction of said device

between said clock terminal and a respective data terminal.



10 4. An integrated digital device as in claim2 wherein the first and
second conductive paths for a said latch are not approxi mately equal in

|l ength to the first and second conductive paths for another latch. 5. An
integrated digital device as in claim2 wherein said |atches are provided
within said integrated digital device at |ocations which are nsgr thegzags
respective data terminals to which said | dches are connect ed. 26 AVEHS
integrated digital device as in claim2 wherein said | atches are provided
within said integrated digital device at |ocations which are spaced away
fromthe respective data termnals to which said |atches are connected. 7.
An integrated digital device as in claim6 wherein at |east one of said 20
| atches is spaced apﬁr%f gﬁité/d WaylcB 4 iR E‘i"ﬁﬁ%ﬂé Bﬁ%a&'%?&ia&df%&lﬁﬁ sai d
device between said c erm and a respective Jata term na

August 2005 & spéaced aptpﬁg:nmhew widyvdych agesdetarnised direction of shidwievies betwaeh of
said | atches s spaced approximately mdway jn a predeterm ned direction
of said devi &id E@ché‘éwm%léﬂéaé?s@&“k“‘fe&aﬁﬁﬁgpm%d a respective data terninal.
9. An integrated digital device as in claim3 wherein the first and second
5 conductive paths abeAﬁ‘aFlH{egi‘dté“tP&l 1t ReHéRlas h{‘clhi%{‘QR\Fhe’Eéﬁiﬂ{é'ﬁrspindSs%b&ld

| atches. 10. An integrated digitall device as Iin claim2 wherein at |east
sone of %ai dorductve patbs srmiagpaiatelyequalfindength foeapefisaiddatelasduct i ve pat h.
11. An integrated digital device as in claim9 wherein at | east some of

id fi d said
A i nt ograt ed di or t alatvigseated e eRe B PR £ VAR s bilepl o

said first and said conductors form a serpentine conductive path.

11. An integrated digital device as in claim 9 wherein at least some of said

first and said conductors form a serpentine conductive path.

10 12. An integrated digital device as in claim 10 wherein all of said latches

are arrayed along a linear path within said integrated circuit.

13. An integrated digital device as in claim 11 wherein all of said latches

are arrayed along a linear path within said integrated digital device.

14. An integrated digital device as in claim 10 wherein all of said latches

15  are not arrayed along a linear path within said integrated digital device.

15. An integrated digital device as in claim 11 wherein all of said latches

are not arrayed along a linear path with said integrated digital device.

16. An integrated digital device as in claim 1 wherein a portion of said at
least one first conductive path which connects with said at least one latch is co-linear
20  with a portion of said at least one second conductive path which connects with said at

least one latch.



are arrayed along a linear path within said integrated circuit. 13. An
integrated digital device as in claim1l wherein all of said |atches are
arrayed along a linear path within said integrated digital device. 14. An
integrated digital device as in claim10 wherein all of said |atches 15
are not arrayed along a linear path within said integrated digital device.
15. An integrated digital device as in cla&’mn 11 wherein all ofbigiugu’?tépﬁﬁes
are not arrayed along a linear path with said integrated digital device.

16. An integrated digital device as in claim1l wherein a portion of said at
| east one first conductive path which connects with said at |east one latch
is co-linear 20 with a portion of said at | east one second conductive path
whi ch connects with [ . : 3 :An

i ntegrated digital a8l g‘e‘a}}é‘s?g’%aﬁeadi%ﬁ%ﬁlgl’%% g%inaﬁ]"?{s"%% 0/5\%“@& \}\h%g&gi“zl%r%@i d at
| east one fi k4l afledstoR6 Pt 60 Belivat icuedyediv e paths eresubstiuatiullyadqhiyl indergth.i n

|l ength. 18. An integrated digital device as in claim3 wherein the first
and second conductivye paths for a said |atch afr_e u stanthiqg_l Iqlagﬁgual in
length to the first &HdAD iBleawirg gt JeYice as BrifE ¢ Jrhergy ingdps feonflg  An
i ntegrated digi . i i I Whelig) i nd
conducti ve pgﬁi&gygﬁﬁh gotrgﬁ? 1dgrﬁzb%1ée{qglﬂl§f't In lﬁeé%lgtglﬁﬁfléﬁrgﬂzlgol ﬁg:‘h rit:alﬁg | at ches.
20. An i ni egsarived cominotiye pathe firtancthaplaichi ng: at | east one data termnal for
using an externally applied data signal for 10 storage in a storage array
g; p|s ialeg gFggLy S IC Ig :] ;:J I.l b A% iﬁtlegl%lt(edtcﬁ éiccgl Ql%vlficfa gsr inrc &?A Ierllgre?'l‘ll’] th%)ﬁrgtrarfﬁl sleé/ond

conductive paths are substantially equal in length for all of said latches.

20. An integrated memory circuit comprising:

at least one data terminal for using an externally applied data signal for

10  storage in a storage array of said memory circuit;
a clock terminal for receiving an externally applied clock signal;

at least one latch for latching in data received at said at least
one data terminal in accordance with a clock signal received at
said clock terminal and having an output for providing a data

15 signal to said storage array;

at least one first conductive path connecting said at least one data terminal

to said latch; and

at least one second conductive path connecting said clock terminal to said

at least one latch;

20



15 at least one latch for latching in data received at said at |east one
data termnal in accordance with a clock signal received at said clock
term nal and having an output for providing a data signal to said storage
array; at |east one first conductive path connecting said at | east one data
termnal to said latch; and at | east one second conductive pa conne g#ng
said clock termnal to said at |east onelﬁatch; 20 16 22 Augu Aygps @ d
at | east one first and second conductive paths being approximately equal
in length. 21. An integrated nmenory circuit as in claim20 further
conprising: a plurality of data termnals for respectively receiving
externally applied 5 data signals, a plurality of latches for latching in

GeLa, SLonal o eoe Vel LERRRETIY End RALFAILIOL oo SRABRTRRN "

cl ock signal receive erm nal;, ra I st
conductive pa(Fmimnﬁgmcti ng a respective data termnal wth a respective
| atch; 10 a plurality of second conductive paths connecting said cl ock

termnal with a respective latch; the first and se d .conduct.i.ve pat hs
for a said latch bei Ak éﬂﬂp‘f@gliapﬁéltrgmory c1rculst as?nﬂalm 56 Rirther comprising: P

a plurality of data terminals for respectively receiving externally applied

5  data signals,

a plurality of latches for latching in data signals received at respective data

terminals in accordance with a clock signal received at said clock terminal;

a plurality of first conductive paths connecting a respective data terminal

with a respective latch;

10 a plurality of second conductive paths connecting said clock terminal with

a respective latch,

the first and second conductive paths for a said latch being approximately

equal in length.

22. An integrated memory circuit as in claim 21 wherein the first and
15  second conductive paths for a said latch are approximately equal in length to the first

and second conductive paths for another latch.

23. An integrated memory circuit as in claim 21 wherein the first and
second conductive paths for a said latch are not approximately equal in length to the

first and second conductive paths for another latch.

20



equal in length. 22. An integrated nmenory circuit as in claim21 wherein
the first and 15 second conductive paths for a said |atch are approxi mately
equal in length to the first and second conductive paths for another

| atch. 23. An integrated nmenory circuit as in claim21 wherein the first
and second conductive paths for a said |latch are not approxinatg}y eggg%
inlength to the first and second conductli’ve paths for anot hefZ PYBEH:

17 22 August 2005 24. An integrated nmenory circuit as in claim2l wherein
said latches are provided within said integrated nmenory circuit at

| ocations which are near the respective data termnals to which said

| at ches are connected. 25. An integrated nenory circuit as in claim?2l

wherein said | atches,arg . [ i &N id. . ircuit
at | ocations which a%‘g gﬂé%@%ra%&a@gg?&é:ﬁngmgg?{egﬁlgg%f\%gfg?%ﬁg@%&%%i to
whi ch sai d | pfowiiRd vitlin 6410 Meegrattd r2émoritirciit egloadtits whigl ate@esrcthet as in
claim25 wherein at | east one of _said |latches is spaced approxi mately
mdway in a peRessivedatadermigals &owhish said latghes argeqnreetedet ween sai d cl ock
termnal and a respective data termnal. 10 27. An integrated nenory

circuit as in claimzg M?ﬁt@%@teﬁ%é}nﬁg cfﬁghﬁash?él&iﬁ‘??l bhertRfGAd latches are

approximately mdway 1n a predeterm Irection of said device between
sai d cl ock t provided|widnnl s@d iesgrettimvanagtcarctie anfopations 2hichrare ispaced asagd
menory circuiit as in claim?22 wherein the first and seco conductive
paths are apBPBRPRIESBRGEGHE tevwnﬁléﬁwﬁr@o“@ldalﬁﬁcha% arg PP c hes.
26. An integrated memory circuit as in claim 25 wherein at least one of
said latches is spaced approximately midway in a predetermined direction of said

device between said clock terminal and a respective data terminal.

10 27. An integrated memory circuit as in claim 26 wherein each of said
latches is spaced approximately midway in a predetermined direction of said device

between said clock terminal and a respective data terminal.

28. An integrated memory circuit as in claim 22 wherein the first and

second conductive paths are approximately equal in length for all of said latches.

15 29. An integrated memory circuit as in claim 21 wherein at least some of

said first and said conductors form a serpentine conductive path.

30. An integrated memory circuit as in claim 28 wherein at least some of

said first and said conductors form a serpentine conductive path.

31. An integrated memory circuit as in claim 29 wherein all of said

20  latches are arrayed along a linear path within said integrated circuit.




15 29. An integrated nenory circuit as in claim?21 wherein at |east sone of
said first and said conductors forma serpentine conductive path. 30. An
integrated nmenory circuit as in claim?28 wherein at |east sone of said
first and said conductors forma serpentine conductive path. 31. An
integrated nenory circuit as in claim?29 wherein all of said | at

are arrayed along a linear path within sai@ integrated circui t%’fsgg%g%aS
August 2005 32. An integrated nenory circuit as in claim30 wherein all of
said latches are arrayed along a |linear path within said integrated
circuit. 33. An integrated nmenory circuit as in claim?21 wherein all of
said latches are not arrayed along a linear path with said integrated
reimory Gl reult. S 3430 ARnlife Bt it BR Bt 6L {iFlhfm 36 wHrih 8l BT & vher el n
all of said |latches are not~arraye long a [1near path wth said

i nt egrat ed clatches bre Sfayednlongtadipear ph withor saidcintegnated gisciih cl ai m 20 wherein
a portion of said at |east one first conductive path which connects with
said at |least one latgh,is co- linear w.th.a portiopn,of said. at_ l.east one
second conducti ve pa%ﬁ' (R SR TR ery GUEcH aig"%lﬁﬁnbagtvvqeﬁeé%%mkﬁm atch. 36.
An i nt egr at eghdRYBfYndtlaF8d a188g 4 NnéHR Pa®QitPéaid iibgthted hehisty 2ircuither ei n
said at |east one first and second conductive paths are substantially equal
in length. 37. An integrated menory circuit as in claim22 wherein the
first and® 15 second3¢ohausteptatedinemeryigicul as i elainy28 wherein slipEsaidt i al | y

Fqual in enga%hets %retrpo‘% aI'r'aglé(f alo@gihﬁga?%gg ! ga':f& Eﬂtgﬁa@:ﬁkﬂéui{.or anot her

at ch.

35. An integrated memory circuit as in claim 20 wherein a portion of said
at least one first conductive path which connects with said at least one latch is co-
linear with a portion of said at least one second conductive path which connects with

10  said at least one latch.

36. An integrated memory circuit as in any one of claims 20 and 21
wherein said at least one first and second conductive paths are substantially equal in

length.

37. An integrated memory circuit as in claim 22 wherein the first and
15  second conductive paths for a said latch are substantially equal in length to the first

and second conductive paths for another latch.

38. An integrated memory circuit as in claim 37 wherein the first and

second conductive paths are substantially equal in length for all of said latches.
39. A processing system comprising:

20 a processor for processing data; and



38. An integrated nenory circuit as in claim37 wherein the first and
second conductive paths are substantially equal in length for all of said
| atches. 39. A processing system conprising: 20 a processor for processi ng
data; and 19 22 August 2005 a nenory device coupled to said processor;

| east one of said processor and nenory devi

ce conprising a dat
circuit, said data capture circuit conpri |9ng at least one d ?%1 ﬁ#h@?

for receiving an externally applied data signal; 5 a clock ternlnal for
receiving an externally applied clock signal; at |east one latch for

| atching in data received at said at |east one data termnal in accordance
with a clock signal received at said clock termnal; at |east one first

conductive path conngw},?@hg @tgul? é&atﬁtsaﬂgﬁo&% .terminal to said at

| east one | atch; and YA e second conduttive path connecting said
clock termnal to said at |east one latch; said at |east one first and
second conductive paathsasbehangf aﬁxbpmx:éssmmdynemquadevim compyising addata A
processi ng sgstem as in cj further rising: 15 a plurality of data

termnals foF2RlWESEEYE 8] artae@@it‘VFﬁEC‘BR?‘EP 998 applied data signals, a

plurality of latches for latching in data signals received at a respecti ve
data termnal in accgriganese dath fermitdl Gtresditinglan bRRA VIS GpplieBddtsl sighaek

term nal ;
5 a clock terminal for receiving an externally applied clock signal;

at least one latch for latching in data received at said at least one data

terminal in accordance with a clock signal received at said clock terminal;

at least one first conductive path connecting said at least one data terminal

to said at least one latch; and

10 at least one second conductive path connecting said clock terminal to said

at least one latch;

said at least one first and second conductive paths being approximately

equal in length.
40. A processing system as in claim 39 further comprising:

15 a plurality of data terminals for respectively receiving externally applied

data signals,

a plurality of latches for latching in data signals received at a respective

data terminal in accordance with a clock signal received at said clock terminal;

20



20 20 22 August 2005 a plurality of first conductive paths connecting a
respective data termnal wth a respective latch; a plurality of second
conductive paths connecting said clock termnal with a respective latch; 5
the first and second conductive paths for a said |atch being approximtely
equal in length. 41. A processing systemas in claim40 whereip, the firﬁg
and second conductive paths for a said | #ch are appr oxi mat el @H t2p
length to the first and second conductive paths for another latch. 10 42.
A processing systemas in claim40 wherein the first and second conductive
paths for a said |latch are not approximately equal in length to the first
and second conductive paths for another |latch. 43. A processing system as

in claim40 wherein | i ol i, g astingne
processor and nenor yggle“\(;?l(k:tgtogp?ﬁ?S%ﬁcg(ﬁgi‘\é/\tﬂl?g%m%@%ggr ﬁ%%géhi%qr eéf%ect ive
dat a t er m naivdthtaxesgective meadhgd | at ches are connected. 44. A processing system

as in claim40 wherein said |atches are provided wthin said at |east one

processor and nenory device at |ocations which are space from.t he
respective data ter nfRHFIY B?Wﬁ% cangugiiye,p %%O@F%tlrg%ﬁ?ﬁfg%]?g&m?%agfl 2
August 2005 4PespbrififeQsteRsSi Ng systemas in claim44 wherein at |east one of
sai d ’

5 the first and second conductive paths for a said latch being approximately

equal in length.

41. A processing system as in claim 40 wherein the first and second
conductive paths for a said latch are approximately equal in length to the first and

second conductive paths for another latch.

10 42. A processing system as in claim 40 wherein the first and second
conductive paths for a said latch are not approximately equal in length to the first and

second conductive paths for another latch.

43. A processing system as in claim 40 wherein said latches are provided
within said at least one processor and memory device at locations which are near the

15  respective data terminals to which said latches are connected.

44, A processing system as in claim 40 wherein said latches are provided
within said at least one processor and memory device at locations which arc spaced

away from the respective data terminals to which said latches are connected.

20



| at ches is spaced approxi mately m dway between said clock termnal and a
respective data termnal. 46. A processing systemas in claim45 wherein
each of said latches is 5 spaced approxi mately hal fway between said cl ock
termnal and a respective data termnal. 47. A processing systemas in
claim4l wherein the first and second conductive paths are approxi matS g/
equal in length for all of said |atches. 48. A processing syst Hgustd

claim 40 wherein at |east some of said first 10 and said conductors forma
serpenti ne conductive path. 49. A processing systemas in claim47 wherein
at |l east sone of said first and said conductors forma serpentine
conductive path. 50. A processing systemas in claim48 wherein all of said
| at ches are arrayed I N t processor
and nenory devi ce. ‘%qg%&ﬁélhgggsi?ﬁgg Es}ly&%lé&h‘gg%?{r?ﬂlc% 1648?%@‘; \Aﬁ%?del n all of
sai d | at cheslatdhes 1sadpa@adeii>pah@mgtew midvedibepatdn sald dlb¢k ®Ahihabind £rspectine
processor and nenory device. 52. A processing systemas in claim40 wherein
all of said fldeéssanadr e not arrayed along a linear path with said at | east
one processor and nenory device. 20 22 22 August 2005 53. A processing

Sy e A LB e MRSk bydilm 38 i 8 GheRPeRlor R TAUEA 8,00 2
l'inear path with said at east rocessor nmenor evi ce.

processi ng sy;mt:ectmmomm@lahaﬂf@@ybﬁwem smdickooktermmabfa.nd;alrd;pactmdew one
first conductlve Path whi ch connects with said at |east one latch is
co-linear w

47. A processing system as in claim 41 wherein the first and second

conductive paths are approximately equal in length for all of said latches.

48. A processing system as in claim 40 wherein at least some of said first

10 and said conductors form a serpentine conductive path.

49, A processing system as in claim 47 wherein at least some of said first

and said conductors form a serpentine conductive path.

50. A processing system as in claim 48 wherein all of said latches are

arrayed along a linear path within said at least one processor and memory device.

15 51. A processing system as in ¢laim 49 wherein all of said latches are

arrayed along a linear path within said at least one processor and memory device.

52. A processing system as in claim 40 wherein all of said latches are not

arrayed along a linear path with said at least one processor and memory device.

20



5 a portion of said at | east one second conductive path which connects with
said at |least one latch. 55. A processing systemas in any one of clains
39 and 40 wherein said at |east one first and second conductive paths are
substantially equal in Iength. 56. A processing systemas in claim41l
wherein the first and second 10 conductive paths for a said | h ar
substantially equal in length to the first2and second conduct éu§§¥ﬁ90§or
anot her latch. 57. A processing systemas in claim46 wherein the first and
second conductive paths are substantially equal in length for all of said
| at ches. 58. An integrated circuit nenory device conprising: 15 at |east
one data termnal for receiving an externally applied data signal for

storage in a storagecary f .54l : | : i r
recei ving an exter na??yAg%% |S%§g%%6%]ﬁgg%ﬂglﬁgg%§r§ﬁ?@ gﬁ%ﬁ%ﬁ%gglc&{{&l east
one | atch foarrd@dcingch limeatlpith witlcid sidest oseprdcasorl f@gheraory déxice. t er mi nal

in accordance with a clock signal received at said clock term nal and
i to.said stora y; at

having an output for providing said data si I ray;
| east one first condefbt AUREOGEaEAS SWiTRR RS Ph?ja@'g?%‘“’gf’re%%g?rt‘(?ﬁé’f&%ﬁ5?[38§m nal

51to said '%@{irgagg}dgaﬁ%f@% Wit RRAQIWRARGIGE 48 c??ﬁtlﬁ'tcﬁi%f%eﬁﬁéaﬂﬂzitﬁai d

cl ock term na ast one latch; said at | east one first and

second cdhdueponenpdishid abbHastgnappeondicoadwitiye path which connects with said at least
one latch.

55. A processing sysiem as in any one of claims 39 and 40 wherein said

at least one first and second conductive paths are substantially equal in length.

56. A processing system as in claim 41 wherein the first and second
10 conductive paths for a said latch are substantially equal in length to the first and

second conductive paths for another latch.

57. A processing system as in claim 46 wherein the first and second

conductive paths are substantially equal in length for all of said latches.
58. An integrated circuit memory device comprising:

15 at least one data terminal for receiving an externally applied data signal

for storage in a storage array of said memory circuit;

a clock terminal for receiving an externally applied clock signal;

20



equal in length; 10 wherein a portion of each of said first and second
conductive paths are co- linear. 59. An integrated digital device as in
claim58 further conprising: a plurality of data termnals for respectively
receiving externally applied data signals, 15 a plurality of |atches for

| atching in data signals received at res tive data termnalgs,in
accordagce wth a c?ock signal received gﬁgsaid cl ock terninal22§”§Wﬁ?8??ty
of first conductive paths connecting a respective data termnal wth a
respective latch; a plurality of second conductive paths connecting said
clock termnal with 20 a respective latch; wherein a portion of each of
said first and second conductive paths, wherein said paths connect to a

given latch, are co-Ljpgar e%ﬂck?ﬁ)r’ﬂ{%gﬁ%irgﬁ@%?raefigive&‘a?ﬁ@@ﬁﬁ’leﬁ‘PGHé Bata

conprising: a nmounting substrate; a Ity of nmenory devices

provi ded on wamthabithatoriaace with hehwk signal wteivedatdaitestock/tedvinatbagl having
conprising: 5 at Ietast one dat.g term nEI for receiving an externally

appl i ed dat a?%PYRYY Lor pEv: P%F%{géla'iaﬁl%‘a OFPUIOERE AT%f said nenmory circuit;
a clock termnal for receiving an externally applied clock signal; at |east
one latch for |atchi ageidd of@tiast EOERICMEOSpRh c8icdtind sdi€ ableadtdRe dataderminal

5  to said latch; and

at least one second conductive path connecting said clock terminal to said

at least one latch;

said at least one first and second conductive paths being approximately

equal in length;

10 wherein a portion of each of said first and second conductive paths are co-

linear.
59. An integrated digital device as in claim 58 further comprising:

a plurality of data terminals for respectively receiving externally applied
data signals,

15 a plurality of latches for latching in data signals received at respective data

terminals in accordance with a clock signal received at said clock terminal,

a plurality of first conductive paths connecting a respective data terminal

with a respective latch;

a plurality of second conductive paths connecting said clock terminal with

20  arespective latch;

wherein a portion of each of said first and second conductive paths,

wherein said paths connect to a given latch, are co-linear.



termnal in accordance with a clock signal received at said term nal and
having an 10 output for providing said data signal to said storage array;,
at | east one first conductive path connecting said at | east one data
termnal to said latch; and at | east one second conductive path connecting
said clock termnal to said at |east one,atch; 15 said at |e n he St
and second conductive paths being approxiﬁétely equal in leng?%&m%TSZng
menory nodule as in claim60 wherein said at | east one nenory device
further conprises: 20 25 22 August 2005 a plurality of data terminals for
respectively receiving externally applied data signals, a plurality of

| atches for latching in data signals received at respective data termnals

in accordance with age! AGKkemdINROINIECSEhMEEnSt said clock terminal; 5 a
plurality of first conductive paths connecting a respective data term nal

with a respective latch;, a plurality of second conductive paths connecting
said clock terninal sumnounting subsiaterdnde | atch; the first and second
conductive paths for a said |latch being approxinmately 10 equal in |ength.

62. A menory nodul e gﬁluirzﬂitg loﬂnrgrn%%y }Q@ﬁée%ip'?os;iﬁgd (f;ﬁ £a§& sﬁﬂq‘at%,egtqggt one of

said memory devices comprising:

5 at least one data terminal for receiving an externally applied data signal

for storage in a storage array of said memory circuit;
a clock terminal for receiving an externally applied clock signal;

at least one latch for latching in data received at said at least one data
terminal in accordance with a clock signal received at said terminal and having an

10 output for providing said data signal to said storage atray;

at least one first conductive path connecting said at least one data terminal

to said latch; and

at least one second conductive path connecting said clock terminal to said

at least one latch;

15 said at least one first and second conductive paths being approximately

equal in length.

61. A memory module as in claim 60 wherein said at least one memory

device further comprises:

20




conductive paths for a said latch are approxinmately equal in length to the
first and second conductive paths for another |atch. 63. A nenory nodul e
as in claim6l wherein said |latches are provided 15 within said integrated
menory circuit at |ocations which are spaced away fromthe respective data
termnals to which said | atches are connected. 64. A nenory nogul e as 58
claim63 wherein at |east one of said latdles is spaced appro ﬁag@¥§ 5

m dway in a predeterm ned direction of said device between said clock
termnal and a respective data termnal. 20 26 22 August 2005 65. A nenory
nmodul e as in claim®64 wherein each of said |latches is spaced approxinmtely
mdway in a predeterm ned direction of said device between said clock

term nal and a respecti \va; ): . i:pqclaim
64 whorei n the fir ot BALE RS By SRt forpeBBor b PREB R AL PRAIR 2
in length fodatakignalk, sai d | atches. 67. A nenory nodule as in any one of

claine 63 and 64 wherein said at |east one first and second conductive
pat hs are substanti all ual..in length . 68. A nenory nodul e as_in c]aim64
wherein the first an_ﬁlpé’éﬁgﬁéﬁ 131‘8“&3‘?1’3@_89%@ Bg@ﬁw@@%l@iaﬁr?s&g}yeg@
substanti al | g’ré'j?éin'a@cérﬁﬁg:temiﬁp? Lidex Ei@ﬁﬁtrfc% Wb a3 84 RebckABdMRALL Ve paths for

anot her | atch. A nmenory nmodul e as in claim38 wherein the first and
second conductive paths are substantially equal in length for all of said
| at ches. 570. A net hoapbiralitzbf ficshcomipctivelpaths ecnpeciing arespestive flata tegminal

integrated ... respective latch;

a plurality of second conductive paths connecting said clock terminal with

a respective latch;

the first and second conductive paths for a said latch being approximately

10  equal in length.

62. A memory module as in claim 61 wherein the first and second
conductive paths for a said latch are approximately equal in length to the first and

second conductive paths for another latch.

63. A memory module as in claim 61 wherein said latches are provided
15  within said integrated memory circuit at locations which are spaced away from the

respective data terminals to which said latches are connected.

64. A memory module as in claim 63 wherein at least one of said latches
is spaced approximately midway in a predetermined direction of said device between

said clock terminal and a respective data terminal.

20



15 circuit, said method conprising: formng at |least one latch circuit
within said integrated circuit; formng at |east one data termnal for
receiving an externally supplies data signal; formng a clock term nal for
receiving an externally applied clock signal; 20 form ng at |east one first
conductive path connecting said at | east gne data termnal to i d aé

| east one latch circuit; 27 22 August 200§6f0rning a second coﬁggﬂﬁﬁﬂ Og%th
connecting said clock termnal to said at |east one latch circuit; and
arrangi ng respective path lengths of said forned first and second
conductive paths to be approximately equal. 5 71. A nethod as in claim70
further conprising: formng a plurality of data termnals for respectively
receiving externally applied data signals; formng a plurality of |atches
for latching in data signals received at respective data termnals in
accordance with a clock signal received at said clock 10 termnal; formng
a plurality of first6foAdnahoryempdildss manaiecsd wherainr eash o€ said tatches as

terminal with a respective latch; form.ng a raljty .of, .second conductive
ot s oo SEraK Ik IRk AT ERRNBS HEsioD o FHi SEECE BESTRRT ang! g

said first apfy3ReRMniRAIHEL rpetfiefatd Bfmial. at ch to be

5 66. A memory module as in claim 64 wherein the first and second

conductive paths are approximately equal in length for all of said latches.

67. A memory module as in any one of claims 63 and 64 wherein said at

least one first and second conductive paths are substantially equal in length.

68. A memory module as in claim 64 wherein the first and second
10 conductive paths for a said latch are substantially equal in length to the first and

second conductive paths for another latch.

69. A memory module as in claim 38 wherein the first and second

conductive paths are substantially equal in length for all of said latches.

70. A method of fabricating a data capture circuit for an integrated

15  circuit, said method comprising:
forming at least one latch circuit within said integrated circuit;

forming at least one data terminal for receiving an externally supplies data

signal;
forming a clock terminal for receiving an externally applied clock signal;

20 forming at least one first conductive path connecting said at least one data

terminal to said at least one latch circuit;



approximately equal in length. 72. A nethod as in claim71 further
conprising arranging the first and second conductive paths for a said

| atch to be approximately equal in length to the first and second
conductive paths for another latch. 20 28 22 August 2005 73. A nmethod as in
claim71 further conprising arranging the first and second co ctiy

paths for a said latch to be approxi matel y¥’equal in length to ?ﬂéug'ﬂslt?@?s
and second conductive paths for another latch. 74. A nmethod as in claim71
further conprising arranging said latches 5 within said integrated circuit
at | ocations which are near the respective data termnals to which said

| at ches are connected. 75. A nmethod as in claim71 further conprising

arranging said Iatchﬁﬁp- | 1 B b h& il bk hGRrAtd]l e sajgvhi ch
are spaced away fromt ﬂ%%ﬁ@g?%@&ﬁ%ﬁf@&?é?ﬁﬁ%% tlocwhi ch said Ialltches
are connect eat ledsd ol latoh e¢immitpashdas in claim 75 further conprising arrangi ng

at |least one of said latches to be approximately m dway between said cl ock
termnal and a respective data .termnal.. 77 th S inclaim76
further compr psi g e ARG GREHS R g TrspiBEn e sk ol Be8af vt ol y

m dvay bet wegshdh@iigh FdiREHH geeaﬁg}dg@,haﬁﬁdeq%a[especti ve data 15 termnal. 78.
A nethod as in claim 73 further conprising arranging the first and second

conductive paths are_approximately equal in length for all of said |atches.
5 71. A method as in claim 70 further comprising:
forming a plurality of data terminals for respectively receiving externally

applied data signals;

forming a plurality of latches for latching in data signals received at
respective data terminals in accordance with a clock signal received at said clock

10  terminal;

forming a plurality of first conductive paths connecting a respective data

terminal with a respective latch;

forming a plurality of second conductive paths connecting said clock

terminal with respective latches;

15 arranging said first and second conductive paths for a latch to be

approximately equal in length.

72. A method as in claim 71 further comprising arranging the first and
second conductive paths for a said latch to be approximately equal in length to the

first and second conductive paths for another latch.

20




79. A nmethod as in claim72 further conprising arranging at | east sonme of
said first and said conductors in a serpentine conductive path. 20 29 22
August 2005 80. A nmethod as in claim 78 further conprising arrangi ng at

| east some of said first and said conductors in a serpentine conductive
path. 81. A nmethod as in claim 79 further _conprising arrangin id | es
along a linear path within said integrat eagci rcuit. 5 82. A n&ﬁ‘gﬂg‘%a{)@q
claim80 further conprising arranging all of said I|atches along a |inear
path within said integrated circuit. 83. A nethod as in claim72 wherein
said integrated circuit is an integrated nenory circuit. 84. A nmethod as
in claim70 further conprising arranging a portion of 10 said at |east one
first conductive pat i jt j : be
co-linear with a porﬁ'\gg 0 h@cﬁ%‘ﬁ%ﬁaﬁwgés@rtg%e&gg}&sk coagg%%ttbggfégg%‘ﬁ whi ch
connects Wi ¢ddofdtshdattivepdhs fona shidtiatbh tdBbe appromimatedy equal in lengthdo ¢heof

clainms 70 and 71 further conprising, arranging at |east one first and
second conduﬁﬂ@@%P%CQT@“%V%%E%@HW‘%{WTaa@ ual in 15 length. 86. A
method as in claim 72 further conprising arranging the first and second
conductive paths for | : i He dalil A& h to
the first and seconéﬁc%%%%%{%%ﬂggét?ws f%ﬁhiﬁﬁﬁﬁq%ﬁg §7_ A net hod as
in clai m58 withinheid intagpated cinmiteat lematpmywhich afd negt therrdspective data terminals

to which said latches are connected.

75. A method as in claim 71 further comprising arranging said latches
within said integrated circuit at locations which are spaced away from the respective

data terminals to which said latches are connected.

10 76. A method as in claim 75 further comprising arranging at least one of
said latches to be approximately midway between said clock terminal and a respective

data terminal.

77. A method as in claim 76 further comprising arranging each of said
latches to be approximately midway between said clock terminal and a respective data

15 terminal.

78. A method as in claim 73 further comprising arranging the first and

second conductive paths are approximately equal in length for all of said latches.

79. A method as in claim 72 further comprising arranging at least some of

said first and said conductors in a serpentine conductive path.

20



20 second conductive paths to be substantially equal in length for all of
sai d | at ches.

10

15

20
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80. A method as in claim 78 further comprising arranging at least some of

said first and said conductors in a serpentine conductive path.

81. A method as in claim 79 further comprising arranging said latches

along a linear path within said integrated circuit.

82. A method as in claim 80 further comprising arranging all of said

latches along a linear path within said integrated circuit.

83. A method as in claim 72 wherein said integrated circuit is an

integrated memory circuit.

84. A method as in claim 70 further comprising arranging a portion of
said at least one first conductive path which connects with said at least one latch to be
co-linear with a portion of said at least one second conductive path which connects

with said at least one latch.

85. A method as in any one of claims 70 and 71 further comprising

arranging at least one first and second conductive paths to be substantially equal in

length.

86. A method as in claim 72 further comprising arranging the first and
second conductive paths for a said latch to be substantially equal in length to the first

and second conductive paths for another latch.

87. A method as in claim 78 further comprising arranging the first and

second conductive paths to be substantially equal in length for all of said latches.



