31 August 2005 TITLE. OF | NVENTI ON | MPROVED Hl GH SPEED DATA CAPTURE CIRCU T
FORA DI A TAL DEVICE FIELD OF THE The present invention relates to the
circuirtry used to capture data entering a high speed digital device, Sr
exanpl e, a hi gh speed menory device. 10 BACKGROUND OF THE | &iVAMERSEIO8n hi gh
speed digital devices, for exanple, high speed nenory devices, one of the
nore difficult specifications to guarantee is data input setup and hold
time. The difficulty stems froman inability to exactly tinme an arriving
data capture clock with arriving data signals appearing at each capture

| atch. In 15 general, the incomng clock is distributed in sonme form e.g.,
dock distribution <circuitry, so that the clock signal appearing at each
capture latch has the same phase (timng). 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 had
at the device input terninals.Imﬂhﬁﬁﬂ&ﬂﬁggﬂnﬂﬂﬁﬂesigners have eit her
resorted to one of two approaches to correct this problem The first is to
add sonme formof delay to the data signal before it enters the |atch

I deal |y, thi I\MPROVEDIIGH SPEEDDATA CAPTURECIRCIAT FORADIGITAE cl ock

signal as it propagates through the clock distribution circuitry. In
general the delay circuit only appr@ﬂﬂﬁﬁﬂ%s t he actual delay. The second
approachsenploys a delay |ock

FIELD OF 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 specd digital devices, for example, high speed memory
g devices, one of the more difficult specifications to guarantee is data input setup
and hold time. The difficulty stems from an inability to exactly ime an acriving
data capture clock with arriving data signals appearing at cach capture latch. In
15 general, the incoming clock is distributed in some form, ¢.g., clock distribution
dmmﬁny,s:dﬁmthcckmkﬁgnalqnnnﬁngatcuh«mpnuehmdahuthcsnnc
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 cerminals. 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 experienced by the dock 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



31 August 2005 | oop (DLL) to add additional delay to the clock such that it
appears at the latch wth the correct timng relative to the data. The
anount of additional delay is adjusted with feedback to account for the
clock distribution delay and any additional delays due to %1 4¢ae3¥R8ous

| nput/Qutput (I/O circuits. In nost 5 cases, the clock that appears at the
|l atch will be delayed by N x (clock period), where Nis an integer. Asa
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

Eggflu?gg W?hb?@@%@gﬁ:%%%E%&@ﬂﬁg#%ﬁ?{%%?ﬁ@ can be
ignored in the with the cofdchi@hihglrelativid@ahe dits OThe amiduht bf iddidieiatdelayis® ti m ng

uncertainty since it relies upon the matchi ng of an 1/0 nodel to actual
|/Ocircuits. fapthe slistgbution: Wyt ant aneous
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not performwell, in _high_ spe menory devices which have tjght set up and
hol d times. SuUNHereNdgan integer\is a given data bit will be captured by a clock

edge which preceded the 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 scveral 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/0 model to actual I/0 circuits. Furthermore, the DLL is not
able to track out instantaneous 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., menory devices which
does 2 31 August 2005 not require use of a DLL to properly %{ne t@ﬁ grrlval
of the clock and data at a data capture latch. In one aspe Aggust4yQ

I nvention, a data capture circuit for a digital device, e.g., a nenory
devi ce, is provided in which the capture clock and data 5 signal arc
respectively routed froman incom ng dock termnal (or & dock 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 <clock input termnal (or clock buffer) and a latch
associated wth a data i nput and 10 between the latch and the data input
term nal (or dam buffer) are approximtely equal for each latch, and the

path lengths for .all .t he dat ture Qﬁl equal
or unequal. In ot SEPaE B€ ﬁLg‘f%gMW| ona'EEii h atc E s %ﬁgﬁal ly _
| ocated on a Qe wéllagchat a position which is approxi mately nidway of
t he Physical distance 15 between a clock term nal (or clock buffer) and

data termnal (or data buffer) the menory device. , 20 The d ot her
advant ages and feat ur el P%@éﬁ?‘f"&ﬂo%’r APhe Mogm zed

fromthe follo deeéaihﬁﬂoﬂﬁm%b%m:ﬁ%&ﬁ%&mmdm

§ signal are respectively routed from an incoming clock terminal (or a clock buffer)
and an input data terminal (or a data buffer) to each 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
clock input terminal (or clock buffier) and a latch associated with a data input and

10  between the latch and the data input terminal (or data buffer) are approximately
equal for cach latch, and the path lengths for all the data capture latches may be
approximately equal or unequal.

In another aspect of the invention, the latch is physically located on 2
digital die at a position which is approximately midway of the physical distance
15 between a dock terminal (or clock buffer) and data terminal (or data buffer) of
the memory device.
Thuwamdodmradwumqysandﬁﬁnntsofﬂm:knmnﬁonwdﬂbcnuwc
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 a first embodiment
of a data capture arrangement in a digital device in accordance with the
invention;




connection with the acconpanyi ng draw ngs. BRI EF SUMVARY O THE | NVENTI ON
Figure 1 is a sinplified block diagramillustrating a first enbodi rrent of
a data capture arrangenent in a digital device in accordance with th

i nvention; 3 31 August 2005 . Figure 2 is a sinplified bl ock! ﬁ?%’@’r%’ﬁf’
illustrating a second enbodi nent of a data capture arrangenment in a

digital device in accordance with the invention; Figure 3 illustrates the
Figure 1 enbodinent in a digital device with a 5 plurality of data inputs;
Figure 4 illustrates the Figure 2 enbodinment 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 invention; 10 Figure 6 is a block diagramillustrating a fourth
enbodi mrent of a data capture arrangenent in a digital device in accordance
with the invention; Figure 7 s a bl ock diagramillustrating afifth

enbodi ment of a data EE?BEW@PEI: el%qm W I n accordance
with the invention; anﬁ"al |agramof a

n exenpl ary,
pr ocessor systWr&faldaw iatrahgeteent incs digitakdevieg Q‘Wﬁrg?*t
I nvention. DETAILED D scRw row TFTR

Figmesﬂlﬁmﬂchigmlcmbodimmtinadiginldeviccwiﬂla
5 plurality of data inputs;
Fxgnre4illusuatesﬂ:cFigurc2embodimcntinadigiuldcvicewidu
plurality of data inputs;
FigurcSisablockdizmmﬂlumﬁngathirdembodimmtofadau
capmreamngcmentinadiginldcviccinaccordancewiﬂadaeinmﬁon;r
10 . Fignmdisablockdiagramillumﬁngaﬁmmhcmbodimcntofa@
capmreamngcmcnxinadigiuldcviccinacco:danccwiththeinvcnﬁon;
Fxgum?isablockdiagnmillumﬁngaﬁfthcmbodimmtofadau
capmreamngcmcntinadigiuldcvioeinaccordancewiththcinvcnﬁon;and

Figure 8 is a block diagram of an exemplary processor system
15 conuiningdigiuldcviceswhichmayemploycheinvcndon.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 illustrates a first simplified embodiment of the invention in
which a data capture circuit a digital device 7 is illustraced. The digital device 7 is
20 ﬁbﬁatedasaninmgrawdcimﬁtmindudcadockmmimlll 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 clock
terminal 11 for receiving an externally applled cl ock si gnabl Avayst2dat a
~termnal 16 for receiving an externally' 4 31 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 clock
termnal 11. Only one of several data termnals 15 is shown in Figure 1St
sinplicity. As 5 further illustrated in Figure 1, the latch Sr hitching
data applied to termnal 15 is connected to each of the clock termnal 11
and data termnal 15 by a point-to- point connection. The point-to-point
connecti on between the latch 13 and dock terminal 11 is illustrated as

Corninal ' 15" andpied i Seha it B b AR by 0 BGRM SN 5, IRl g, (81 2
accor dance WtMShamgw&thbﬂlputtlllﬁsﬂﬂiﬁmbﬂadf&ﬁaﬂm hfdm%lb&lwdmpat hs 17

and 19 are nade to, be pprOX| mat el y equa) . OXi mately equal in__the
contest of the sa Qfé ‘Uﬁ@h appliedsoclockserminal 1}. 109

| onger or short ;gﬁ.lp g{ﬁgg ! E %ghlﬁipv pat hs 17
and 15 19 are(gu tsotplg%tfl a ya‘te]%:i%f eng Bl nsur| ng %e

conducti ve Ppat Hfarther ilestratcd inRiguré laﬂwlmhm{ applied i teomihdld Sdat a
appl i ed on data terﬁalﬁd&q&&wqf&l&%c Segyapomt-m-
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 patch19.

In accordance with the invention, the path lengths of the conductive
paths 17 and 19 are made to be approximately equal. Approximatcly 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 applicd on data terminal 15 is quickly and reliably latched
by the clock signal appearing on clock terminal 11. Moreover, by having path
length 17 approximately equal to path length 19, a tight set up and hold T

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
length 17 approximately equal to path length 19, a tight set up and hold 20
specification can be obtained while mnimzing data capture_circuit cost
and required power. The arrangement illustrated in Figure 31 A4843he®05 hat
~there are no dock or data buffers between the dock termnal 11 and the

| atch 13, or between 5 31 August 2005 the data termnal 15 and |atch 13.
However, the invention would also be applicable if but circuits were

provi ded for each of the clock termnal 11 and data termnal 15, with the
buffers being provided at the |ocations of respective termnals and the
paths 17 and 19 bei ng approxi mately equal between the dock 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

arrangement in i gat &Bﬁ:ﬁlsm&mflsﬂt{bﬁeﬁpﬁh@ﬂmﬁ%ﬂmﬁbﬁl ly

centered between the location of the clock 10 term nal 11- and data
terninal 15. | napplicsbleifritafigedrauits wedegrovides for pach of sheclogh-teymisal 1hand | ock
termnal 11 and,latch.l n as _17. at h
bet ween | atch 1?%M 1&&?@%%%?@5@ ﬁd’gww
again, the pat hterpitishndthe paths V7 bhd/ P9 béhp 8guit betweew tlid'cldék ar e
approximately equal to one another due to the approxi rrate physi cal -

centering of5 15anddashbuffers ardilatth k3e dock terninal 11 and data termnal 15
in the X die

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
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 one another due to the approximate physical centering of
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 integrated circuit die to form the
respective data conductive paths 17 and 19 which have path portions which are
co-linear with each other, whereas in the Figure 1 arrangement several different
tracks or conductive segments are nceded 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 illustrated in Fignre 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 1|ong conductive track can be laid on the
integrated circuit die to formthe respective data conductive paths 17 and
19 whi ch have path portions which are 20 co-linear wth eacR1éugust200fher 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
31 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

15, 15b. 150, 150 18407 D0yPerse ool 2 S26E Aliecron sl thek # FSPA 8 ospec | ve

latches 13a, 13lmgyladg, 13d. The latches are respectlvely coupled to data
termnals by a first conductive path 19a, 19b, 19c, 19d, and arc al so
coupled 10 to a common clock termnal 11 by respective conductlve pat hs
17a, 17b, 17c, and 17d. Thusfarshe invertonhwe n simplified fomp with| at ches

223 ﬁafr‘ggira;?dl g@%&s gﬁlg] r@ggm :fmguda a er I nal@m%%ﬁl ety

5 processors, memories, etc. a plurality of data input terminals will be provided.

* Accordingly, Figure 3 illustrates an arrangement in which a phurality of data
terminals 152, 15b, 15¢, 15d are provided in association with a plurality of
respective latches 13a, 13b, 13¢, 13d. The latches are respectively coupled to
data terminals by a first conductive path 19a, 19b, 19¢c, 19d, and are aiso coupled

10 toa common clock terminal 11 by respective conductive paths 17a, 17b, 17¢,
and 17d. It should be understood that although four latches and associated data
terminals are jllustrated in Figure 3, for simplicity any number of latches and
associated data terminals can be provided.

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 each 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 approximately 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 close proximty to respective data termnals 15a ... 15d.
Once again, the conductive paths between each of the latches 13a ... 13d
and the clock ternminal 11 are of approximately the same | eAdPHgust230%e
conductive paths 19a. ... 19d connecting the latches 13a... 13d to their
respective data termnals 15a ... 15d. Figure 3 also iIIustrates 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 approxinmately equal. 7 31
August 2005 Figure 4 illustrates a centered |atch enbodi ment simlar that
of Figure 2, but nowin the contest of a data device having a plurality of
data termnals 15a ...15d and associ ated data |latches 13a. .. 13d. In the
Figure 4 arrangenent, 4 Aiuskrkves b 84rtBR4 12638 embodiind Snik BAE bARgHre
conductive paths 17a and 19a, 5 which are approxi nately equal to one
another. In adon,tbmnoweamgmmefamga“m plurality pf gmmh 152

appr oxi mat el y md he_dack t 11 d CL&#‘?’T

termnal 15 in t'hé §’§£r‘é8§’%§d§?l%ﬁg&ﬁe’ ?g %ﬁgh‘nﬁ&% S SI es
routing of the achdfeiilmchdd3as . ab3dhss assici R Faﬁﬁmtahdrlah,rs 17a,
19a; 17b, 19b;  17c, 19c; and 17d, 19d are co- Ilnear Becausehtgrf]g” data

| at ches 13a5 W’?Edbl”&r‘ﬁl’

direction, ng%e I atc:hﬁsl 1%‘% yo}ﬁx !Iglttgt%nﬁhqirﬁda
respective data terminal 15 in the X direction of the dic. Once again, this
simplifies routing of the conductive paths as cach of the respective path pairs 17,
192; 17b, 19b; 17c, 19¢; and 17d, 19d are co-linear.

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 amangement, cach latch 13a .. . . 13d in the Figure 4 requires only four
conductive tracks in the X direction, one for cach latch, whereas in the Figure 3
embodiment, multiple tracks formed by serpentine conductive paths are required

15 in the die 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 are
approximately equal. Although the conductive paths 17a, 17b, 17¢, 17d, and
19a, 19b, 19¢, 19d for 2 given latch in Figure 4 are approximarcly 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 each
latch, in the most preferred embodiment the conductive paths 17, 19 will
actually be substantially equal in length for each 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 conductlve pat hs
are required. 15 in the die X direction in order to ensure OhAUIYSE005
conductive paths of a latch which connect to the clock tern1na| 11 and to
a respective data termnal 15 are approximately equal. Al though the
conductive paths 17a, 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 Iength for each latch. 8 31 August 2005

Figure 5 illustrates p;%“ﬂ.'rp Gﬁ&t ﬂ%uqﬁgﬂ tﬂhp_gum, isS
simlar to that of Figufe 4, but In"whic t eaf,atc es 13a ...13d are

centered rel at mmlataotﬁ:eofmﬂhmdathuhtaﬂloﬁthdh&hﬁhk .18ddrei n the X

g: Ire?nEI?Ee gf Ct he dlie lg addltLon ﬁ t he , Ig igﬁv.ea:{%.c%grfed sugE t hat

e, 173 ... 1%ftheti€and iR e.am flolatPRiate deeeitd sh chitqlicaskuCt | ve pat hs
19a. ...19d bet ween t he "l atches and the res ectlve data term pnals 15a
... 15d. Fi gBr e canductive paths berween then muvedmﬁ wlockfi.q.hEai.nyfdhiath in
whi ch

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

Figure 6 illustrates yet another embodiment of the invention in which

each of the latches 13a . . . 13d is arrayed on the digital device dic aloag 2 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 onc
another. Moreover, in the Figure 6 armngement, the conductive paths
17a...17d and 19a. . . 19d are for all latches approximately equal to one
another. As in other embodiments, Pigure 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 conductive path length matching.

As discussed above with reference to the Figure 4 arrangement, it is
not necessary in the Figure 4 arrangement that cach pair of conductive paths 17,
20 19 associated with a given latch be approximately equal in length to the pair of
conductive paths 17, 19 for another latch. That is, the conductive paths 17a and
19a for latch 13a may be approximately equal 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 Figuréléuawadfénent
the conductive paths 17a ... 17d and 19a . . . 19d are for all latches
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,

t he conducti ve p%ggé "%}“ﬁm"ﬂ R N2 IPY a1 GO0 BRedé el y equal
t o one anot her, t nee % g&£ |nately equal to the conductive
paths 17b and 1app onbmnoMQ 31 August 2005 Figure 6
arrangenment, all path Iengths 17a ...17d and 19a. ... 19d are

approxi el y ol Lo R M i chpddiskigh S chop e b

centered bet weenaiches X3aptsb, t1emmmww&nmwmermm
T?LZ‘aPaLZt R RO ML KU RLCHIEN Tl P T AR S
are now arrayed along a linear path 31 in substantiaily 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, 17c, 17d are approximately equal to the
conductive paths 19a, 19b, 19¢, 19d for each latch 13, 13b, 13c, and 13d, and
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
tﬁwﬁzvﬂﬁd:k«:pﬂﬂcofcqnuﬁngdm:o&hfadmabusorﬂmmnanoﬂurdﬁﬁud
device. This would include processors and memory devices, as well as other
digital devices. The invention is particularly uscful for high speed DRAM
nummnydqugamdﬁmaumummyuwdmbamuﬂﬁnganmmmﬁnguﬂnum: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
also be used with a clock buffer and /or datz 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 clock and data termnals are
arrayed. The data conductive paths 17a, 17b, 17c, 17d are approxi mately
equal to the conductive paths 19a, 19b, 19c, 19d for each latch

13a, 13b, 13c, and 13d, and 10 the conductive paths from | ar cB1AYgesh2Rds nay
be approxi mately 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 fromanother digital device. This would include
processors and nenory devices, as well as other digital devices. The
invention is particularly useful for high speed DRAM 15 nenory devi ces, and
for a nmenory nodul e containing a nounting substrate on which a plurality
of DRAM nenory devi ces are arranged. Wile the various enbodi nents of the
i nvention have been described and illustrated with re& ence to connecting
a latch 13 wth a point-to-point connections to a clock term nal 11 and a

data termnal 15, all nts can 20 als e, used,w t.h, a cl buf fer
and/ or data buffer con#%B%bBW%&% WM@% as |long
as the path | engbdiporabethedn®eaibhed above are still used fromthe output of
the buffers to the latches. 10 31 August 2005 Figure 8 illustrates a

processor system having djgital_devices which incorporate the I nventi on.
As shown in Fi gure 8, g’ mﬁe Eug‘cﬁﬂ for

exanpl e, gener ag} exanpl e,
a 5 microprocessor, at conmmtuni cates Wltﬁ one %r nor e |npllt¥§)lw out p t |1/ O
§ microprocessor, that communicates with one or more input/output (1/0)

dcvmesm,zsooverabuszm. The processor system 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 mzy 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 illustrated with

15 respect to Figures 1 - 7.
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

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 may be integrated on the sane die as 10 CPU
210. The processor systemmay al so include a read only nmenory 280 and
may i nclude peripheral devices such as a Sﬁbpy di sk drive 220 éﬂd“%uﬂzoos
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 toFigures | - 7. Wiile the invention has been described and
illustrated with reference to speciflgjfﬁ@mglary enbodi ments, it should be
understood that many nodifications and substitutions tan be nade wi t hout
departing fromthe spWhittis clafidedsisope of the invention. Accordingly, the
invention is not to be considered as 20 |imted by the foregoing

description but is only limted hy the scope of the .appended clains. 11
12 31 August 2005 CLA WW“F@dtﬂlt&M%q@mpﬁs% i nt egrated digital
device conprising; at |east one data termnal for receiving an externally

applied data signal; s Rag dnkats (ER%iRANS rdcBivilgSRExYdrhal 1 PabpTel @hfat dovl;

applied cl ock signal;

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; sai %
one first and second conductive paths bei ng’ approxi mately equ 44&%@?@’h.
2. An integrated digital device as in claim1 further conpri5|ng 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
recet ved at sal d ol gl A Aflalchdha i WitecaRR iRl Alsd tenffaf 1
conductive paths conn a respec 3 erm nal respective

| at ch; a pl umlth 4 yespéctivedaield conducti ve pat hs connecting said clock
terninal with a respective Iatch 5 the first and second conductive paths

f dlatch b I t t.
(igi Cal evi oo as. | n A AAD G Ao ipelE AL A ol IR0t that s

for one said i@ Rich pI‘OXI mately equal in length to the first and
second conducti ve pat hs anot her said | 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 one said latch are approximately equal in length to the first and

second conductive paths for another said latch.

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

and second conductive paths for another said 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 one said |atch are not approximtely equal in
|l ength to the first and second conductive paths for another said |atch. 5.
An integrated digital device as in claim2 wherein said |atches are
provided within said integrated digital device at |ocations whi ar r
the 15 respective data termnals to whi chelsd’ai d latches are con%ggf“@é&zg&?m
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
| at ches is spaced apprqxi; ' i ; t ' j i pechef said
devi ce between sai dg'c?%lclgg er%q %rgﬁmgﬁgicg %é@%@gﬁiﬁgﬁeég@ga%?ﬁ%%% 14 31
August 2005 & spéced apbegpimbety didywdyah ageedetamdsed direction of sidvlevied petwagh of
said | atches i s spaced approximately mdway jn a predeterm ned direction
of said devi é%dﬁ@PgéWmaé&g@aé?S@E‘RmfeéWﬁtﬁ’éﬁlgjﬁLd a respective data terninal.
9. An integrated digital device as in claim3 wherein the first and second

5 conductive paths a9emafegﬁt¢m&gitm R8s ifclhign Itlhefdn tdl firsOdndsstshd
| atches. 10. An integrated digital device as in claim2 wherein at |east

sone of $ai dorfiductive patbs sreappdxnatdiycrislan pengths for ol wf s2id datpleast | ne
conductive path. 11. An integrated digital device as in claim9 wherein at

| east some of said LISt .an n Y Rs i ne
conductive path. 10 ig iﬁﬁe%azeéf‘ﬁ?g‘ﬂ%g?%%%{“ Cgew cgﬁlgltse%? %@lg?sg?%ﬂggf-vmg ein
all of said kfll¢hRr&€%nd second conductive paths form a serpentine conductive path.

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

first and second conductive paths 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 claim1 | wherein all of said |latches 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 di g|t§f dewoz)ﬁ
es

15. An integrated digital device as in clald 11 wherein al | of 344YUBuptA
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 porti on of said at |east one second conductive path

whi ch connects with [ n
integrated digital dé\?l ?\5‘ %egfﬁgd;{lul§8%ne o%%gﬁnaglﬁ%é% m%{%ts\}h%g@% ‘%Kergfgl\l d at
| east one fiksid a8 RAsiSERANISE HAnRdettid coadinaive paths Aressubstantidllyedquyl @dewdthi n

|l ength. 18. An integrated digital device as in claim3 wherein the first

and second conductive paths for_one said |latch are substant | y. equa
length to the first afd#s Bisgiied %ﬁemm%sm ﬁ%ﬂ%&hea%arﬁﬁm&a{%ﬁeg

19 ian. It corah ittt B8 hoddsaR 188 b bR UARKIEh Terdhed it S 3Rd second

conducti ve pat S are su stantl a equa of sald | atches.
20. An |nﬁegrsadcmdcnn@untmeqnaﬂmdmﬁmdrepsmdilai@ at | east one data term nal for
using an externally applied data signal for 10 storage in a storage array

ngf ?;g ZF gg Lysflg:lgrllb £ 1%%&3%&53& glgmalncﬁmc];%g in Slatm 9'wikrdh tl?exttlr% Qnad sletY,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 paéf conne g'ng
said clock termnal to said at |east one Watch: 20 16 31 AugustA¥&H% @ #d
at | east one first and second conductive paths being approximately equal
inlength. 21. An integrated nenory 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

data signals receiveg.at. [ ' ' q ReSth a
cl ock si gnal receive%ng%t?%?gﬁgﬁg¥gm?§%ﬁP%g@?ﬂ%H%%ﬁ?%???yggﬁﬂglrstM&
conductive pajuabirckengiacti 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.conducti.ve pat hs
for a said | atch bei b. éﬁﬂ]il’fﬁﬁ]iapf‘élttg?l’gory circuit as 1n claim 58 :rt]urther 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 one said latch are approximately equal in length to the

first and second conductive paths for another said latch.

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

the first and second conductive paths for another said latch.

20



equal in length. 22. An integrated nmenory circuit as in claim21 wherein
the first and 15 second conductive paths for one said |latch are
approximately equal in length to the first and second conductive paths for
anot her said latch. 23. An integrated nmenory circuit as in claim21 wherein
the first and second conductive paths for_one said |atch are t
approximately equal in length to the first” and second conduct?@é“ﬁ&ﬂﬁ@o?or
anot her said latch. 20 17 31 August 2005 24. An integrated nmenory circuit
as in claim?2l wherein said |latches are provided within said integrated
menory circuit at |locations which are near the respective data termnals
to which said | atches are connected. 25. An integrated nenory circuit as in

claim 21 wherein saidyl : J WLt D i1 ats nory
circuit at Iocationsgﬁh?%ﬁﬂgggﬁéggggagéag?ﬁ%gPgﬁ%?%gl?@Eﬁ%%?%ggﬁggﬁg?@e
term nal s t opvdviddd wizhid shidtinfegmtal recreonynecugdt l28tiondrwhioh exgreaethenenor y
circuit as in clajm25 wherejn aélileas one of said |atches is spaced

appr oxi mat el VSREHUR ataferminals do pdich salaihesateicomnesteds ai . devi ce bet ween

said clock terminal and a respective data termnal. 10 27. An integrated

menory circuit as inagl alheBrhieheinbrP@rdnitak i dlafn 2 MHehas sdid 1aPRE sk
approximately mdway in a prédetermnéd direction of said device between

sai d cl ock t grovidesl withhid saidristsgratad memoint carcuis ahiosafionsyghichare) spaesgrastaed
menory circuild as in clai 2. wherein the fi and second, conductive
paths are. ap@PBkFAREySqrs o meg pipseid org e PRSI, ros

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 second conductive paths form a serpentine conductive path.

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

said first and second conductive paths 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 second conductive paths forma serpentine conductive path.
30. An integrated nenory circuit as in claim?28 wherein at |east sone of
said first and second conductive paths form a serpentine conductive path.
31. An integrated nmenory circuit as in clgiim?29 wherein all of i d

| at ches aregarrayed an%g a linear path mﬁ@hin sai d integrated3igpgﬁ¥§8038
31 August 2005 32. An integrated nmenory circuit as in claim30 wherein al
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

memory cireuit. S 343y AlnifbBAlAREnSRIENCHi: G fifdlhin 30 wherefl A1 67 &fid wher el n

all of said latches are not~array l'ong a linear path with said
i nt egrat ed clatches tire dBfayed\alonp héimeart path withiorspidcinteguated aiscuita cl ai m 20 wherein
a portion of said at |east one first conductive path which connects with

said at |least one latch,is co- linear w.th. a portion. of said. at l.east one
second conductive pai‘ﬁ_ f%ﬁilﬂtﬁg@mﬂ'@?’f‘%ry\)ﬁn‘tcﬁlt aigl%lﬁlfbgﬁf”fhfﬁee&%l S%Seal atch. 36.
An i nt egr at eghdiRERFhdt airbitd aléss 4 Andi Ya@RfiiPdaid rdgiited theitity Zikcuinher 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 second 3bndudutegratedanemonypircniies yuelaim 33 wherpinalt gbstidint i al | y

equal i n | engif | 605 ofhff atofH1iR6E B ANGHE bk FaRBLBGLOT anot her sal d

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 one said latch are substantially equal in length to the first

and second conductive paths for another said 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
| at ches. 39. A processing systemconprising: 20 a processor for processing
data; and 19 31 August 2005 a nenory device coupled to said processor; a
| east one of said processor and nenory devjce conprising a dat capt ur
circuit, said data capture circuit conpris“%g: at | east one dagéAWSBﬁgﬁﬁ
for receiving an externally applied data signal; 5 a clock term nal 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 conn i i t .termnal to said at

| east one | atch; andg%%h%%yﬁggg?%%ngggﬁ%n 8ongﬁbtive pat h connecting said
clock termnal to said at |east one latch; said at |east one first and
second conductive pathkadienagf sqidpmcessat admemqriadevice doemygising aldata A
processi ng systemas |n gigin139 further conyrising: 15 a plurality of data
term nal s foF2RUBESFAEHIL/ Y I31% EAAHC Sy OB COPAEYING appl i ed data signals, a
plurality of latches for latching in data signals received at a respective

f'at a telrm' nal in accgf(BanGhe Whthhermifidl F5Kreeigimglan'eREc@halBhpplicd dhtd sipheE K
erm nal ,

t
P

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 31 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 each said | atch being
approximately equal in length. 41. A processing systemas in c%gin14 2005
wherein the first and second conductive ths for one said |l a ﬁugys
approximately equal in length to the first and second conductive paths for
anot her said latch. 10 42. A processing systemas in claimd40 wherein the
first and second conductive paths for one said |latch are not approxi mately
equal in length to the first and second conductive paths for another said

latch. 43. A process gas b Sohdical@hhdotten drcpidtivh BhaNamiAlC

provi ded within sai ast one processor a menory devi ce at | ocations
whi ch ar e neatthtahespetbve Iatghecti ve data termnals to which said | atches are
connected. 44. A processing systemas in claim40 wherein said |atches are
provided wthin said

| d . : ' cat i
i ch are Spaced - avaPURTRO ORI STRBERVGPULT SR CopRE Tl 8y O

latches are gonpegivRdatckO 21 31 August 2005 45. A processing systemas in
claim44 wherein at |east one of said

5 the first and second conductive paths for each said latch being

approximately equal in length.

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

second conductive paths for another said latch.

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

and second conductive paths for another said 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 are 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 systen1as in
claim4l wherein the first and second conductive paths are ap ésbg
equal in length for all of said |atches. 4#38. A processing syst gu$
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,al ] processor
and nenory devi ce. 1%§5%&§%§B%ggg§%?ﬁgg§§&%%£$£§%?%ﬂ%%Je&ﬁgé§0 %@%ln all of

sai d | at cheslatghes isadphesdegppidxdimgtedy midven bepaédh said ¢lock ®ahthabind £espective
processor and nenory device. 52. A processing systemas in claim40 wherein

all of said flapéeanar e not arrayed along a linear path with said at | east
one processor and nmenory device. 20 22 31 August 2005 53. A processing

systemas in claim 44c wagt, seeaaﬁ%kys@émﬁehﬁam §8eheRifedifilor siliategd is! ong 2

l'inear path with said at east rocessor menory devi ce. .
processi ny sy;mk:edmmommatdlyharhf@@yhﬁmem smdickmokternmatim@awspacttmcehm one
first conductlve E)ath 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 claim 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 one said L tch r&
substantially equal in length to the first?2and second conduct? g“ﬁﬁ? 903 or
anot her said latch. 57. A processing systemas in claim46 wherein the
first and second conductive paths are substantially equal in length for

all of said latches. 58. An integrated circuit nmenory device conprising: 15
at least one data termnal for receiving an externally applied data signa

for storage in a stocag A i / i it : i nal for
recei ving an exter na??ygégé{ﬁ%éagfg?,%%{}qg%ﬁgﬁzlgg‘}hg%'l%ingﬂ%gﬁ&ﬂ%g?yaﬁl east
one | atch foarhaideéni limead phth widceiid edesst osapbeedsot arishermbry diviee. t er mi nal

in accordance with a clock signal received at said clock term nal and
having an out put for provi

di ng said dat i | .to.said st ;o at
| east one first conddtt moﬁéflggég%ﬁﬁgéﬁa Flﬁ‘glg’g‘gSgwgyquuiglgf’n%ﬁgfg%ﬁéﬂeé% ngl
5 to said | aBﬁ@ﬁrs@@&r%Eﬁ%?ﬁ%ﬂﬁ% SRR wHARGAGK 'lééi?t Rrtibich ANOLEAdA KAl d

clock termnal to sail ast one latch; said | east one first and

second caohduepbstinpdishisl db édasippraspeamd ovatedtive path which connects with said at least
one latch.

55. A processing system 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 one said latch are substantially equal in length to the first and

second conductive paths for another said 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 respective data termnals in
accordance with a clock signal received att3sai d cl ock terninal?1€WﬁN%29?§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-ljnear. 3 . ) ;

conprising: a nounti ﬁlgfégﬁl?gf’ fag?létlori%#%ﬂgé b‘f%aggfﬁgg 13\/“301"1 {%E@n%ﬁgggg@% gaet%
provi ded on fahthablibsdcbriatice with hehkk siphal eteivaditdaitaoliorkytetpinaCar] having
conprising: 5 at |east one data termnal for receiving an externally

appl i ed dat aaspennl for prviding said datesignakiodalioraee aa¥sf said nemory circuit;
a clock termnal for receiving an externally applied clock signal; at |east

one latch for |atchigg.id okt bGERLN A cSiHeltiRg sdi€abiadt Bhe HataFerminal
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 |east one fb§5t
and second conductive paths being approxi fdtely equal in | engthAugust 2
menory nodule as in claim60 wherein said at | east one nenory device
further conprises: 20 25 31 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 acc_ordance yvith aggd ‘F?‘ﬁé {JL{lgggIlﬂﬁ d t said clock termnal; 5 a

plurality of first c s con ng a respective data terninal
with a respective latch; a pl ural ity of second conductive paths connecting
said clock term nal whiduntifg seispert ane | atch; the first and second
conductive paths for each said latch being 10 approxi mately equal in
| ength. 62. A nmenor dule as in clai.m6l erein. flrst nd secpnd

J y rTP rality o%memory devices provided on sai strate at laas(iJ one oP

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 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;

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 one said latch are approxinmately equal in length to
the first and second conductive paths for another said |atch. 63. A nenory
nodul e as in claim6l wherein said |atches are provided 15 within said
integrated nmenory circuit at |ocations which are spaced away fromthe
respective data termnals to which said Ig%ches are connected.364. A HEHDr Y
nodul e as in claim63 wherein at | east one&”of said |atches 1is %ﬁﬁ@gﬁ
approximately mdway in a predeterm ned direction of said device between
said clock termnal and a respective data termnal. 20 26 31 August 2005
65. A nenory nodule as in claim®64 wherein each of said |atches is spaced
approximately mdway in a predeterm ned direction of said device between
said clock term nal : Ct ' : apdul e
ae in claim 64 wher of RUFALY BFERRNIKEACHE BLTIAR repclvB exbrRIpHIER

appr oxi mat el gategigahlsj n | ength for all of said |atches. 67. A nmenory nodul e
as in any one of clains 63 and 64 wherein said at |east one first and
second conductive path re bstantially equal in Jength.. 68. A ne y
nodul e as in clai m6aP }%Pﬁaﬁﬁ’@s ?‘?rr@idiéﬁdnl@@&3%51]3?66‘%6%8&2{?593"%&%@ f or

one said | at ehmfaf ifYesdraitceabitya @1%1@5%11 rb@@idht bald ek fémsihaland  second

conductive paths for another said latch. 69. A nenory nodule as in claim 38
wherein the first and second conductive paths are substantially equal in
length for all of saigluralityoé&rst zondustivepaibsicamesting 3 wapschiye datgdersibapt ur e

ircuit for in r
cireurt to %ﬂr{har%se cntfeeatch;

a plurality of second conductive paths connecting said clock terminal with

a respective latch;

the first and second conductive paths for each said latch being

10 approximately equal in length.

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

second conductive paths for another said 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 one data termnal to_said aé

| east one latch circuit; 27 31 August 200§6f0rning a second coRH{MENS OB%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 firstéasoAddehbiempdildas maolaiace4 whemrin @xshef tdid datclas as

termnal with a respective latch; formng raljty of secpn% conductive

. : a pl .
paths con necthased apprexisaely mlﬂ\é’?ﬁ%l’reﬂﬁt?ﬁnmg% g’éﬁ"ct’io\?é’flséﬁlcgﬁ@@? $8YeSRr angi ng
said first agfi3ReR i dHE bIVpeldetftd Rfmital @t 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 one said latch are substantially equal in length to the first and

second conductive paths for another said 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 one said

| atch to be approximately equal in length to the first and second
conductive paths for another said |atch. 20 28 31 August 2005 73. A nethod
as in claim71 further conprising arranging the first and secgn

conductive paths for one said latch to be 2 pproxi matel y equal fth@W%?ﬂP§o
the first and second conductive paths for another said latch. 74. A rethod
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 | atches are connected. 75. A nethod as in claim?71

further conprising r j i 0 it e k6l 1oBk 66 Shid cui t
at | ocations which gﬁogﬁg%%%a&gdmyrld??tg‘%eﬁ%%x\é%%%%hg%vdejC g%ta tearrri nals to
whi ch sai d | atiedsesn@laechaorocamid. 10 76. A nmethod as in claim 75 further

conprising arranging at |east one of said |atches to be approxi mately

m dway between said cl ock term nal atE? a_respe ttj ve@agaEa&erm al. 77. A
met hod as in clai m 78TaHRGTEFPEHRDPFY| Y éﬁ‘ai AL 319 5P 1 atches to
be appr oxi mag &N WS e SR AgK term nal and a respective data
15 term nal .£78. cA %So% a\gﬁ?nxcl al ﬁ% further conprising arranging the
first and second conductive paths are approxi mately equal in length for
all of sd& d |atches.71. Amethod as in claim 70 er 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 one said latch to be approximately equal in length to the

first and second conductive paths for another said latch.

20



79. A nmethod as in claim72 further conprising arranging at | east sonme of
said first and second conductive paths in a serpentine conductive path. 20
29 31 August 2005 80. A nmethod as in claim 78 further conprising arranging
at least sone of said first and second conductive paths in a serpentine
conductive path. 81. A nethod as in claim_/{9 further conprisin rrangj
said latches along a linear path within 28id int egrated ci rcu?l[‘gugu%gb@%
method as in claim80 further conprising arranging all of said |atches
along a linear path within said integrated circuit. 83. A nethod as in
claim72 wherein said integrated circuit is an integrated nenory circuit.
84. A nethod as in claim70 further conprising arranging a portion of 10
said at | east one fisst j 2 t ' ' [ | east
one latch to be co-??n‘égl?&g\n&f# l\aé%éagﬁﬁo%g?allg ggﬁégfg@otﬁgﬁg%?%%d
conducti ve pgicbndbbinctienpahs for ont sdid Sadlttodte dppesdtimately ¢opuntim le@Bh todtheet hod
as in any one of clains 70 and 71 f rthe{l co%@i ng arranging at |east
one first anﬁf%é%moﬁ%mﬁl%P%ﬁiﬁéa{‘@ Hed antially equal in 15

| ength. 86. A nethod as in claim72 further conprising arranging the first

and - second conduct iy R3hfiod 8 inQMimSAl Srthdf CiniRirParkaslpfigaiaid Ridhys equal

inlength to the first and second conductive paths Tor another said |atch.

87. A nethodwithin saitingignat@cifenit didecationpwhishare rear thegiesngctivredstp ferminaly

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 second conductive paths in a serpentine conductive path.

20



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

29 31 August 2005

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

said first and second conductive paths 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.

5 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 potrtion of
10 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

15 length.

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

first and second conductive paths for another said latch.

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

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



