
31 August 2005 TITLE. OF INVENTION IMPROVED HIGH SPEED DATA CAPTURE CIRCUIT
FORA DIGITAL  DEVICE FIELD OF THE The present invention relates to the
circuitry used to capture data  entering a high speed digital device, Sr
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, e.g.,
dock distribution  circuitry, so that the clock signal appearing at each
capture latch has the same  phase (timing). 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  same timing relationship as they had
at the device input terminals. Historically, 20 designers have either
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 clock
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 I 



31 August 2005 loop (DLL) to add additional delay to the clock such that it
appears at the latch  with the correct timing relative to the data. The
amount of additional delay is  adjusted with feedback to account for the
clock distribution delay and any  additional delays due to miscellaneous
Input/Output (I/O) circuits. In most 5 cases, the clock that appears at the
latch will be delayed by N x (clock period),  where N is 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 memory device needing tight (low tolerance)  setup and
hold times for several reasons. First, the DLL introduces additional 10
jitter to the dock signal, which reduces the accuracy of the clock timing.
Second, 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 bold 15 budget Also, it 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 instantaneous
changes in delay of the clock or data circuits since  it may not we these
changes or it may be too slow to correct for them. Accordingly,
conventional capture circuitry using DLL or other dock  20 distribution may
not perform well in high speed memory devices which have  tight set up and
hold times. SUMMARY OF TF R rNVENTION 



The present invention provides an improved method and apparatus  for
capturing data in high speed digital devices, e.g., memory devices which
does 2 31 August 2005 not require use of a DLL to properly time the arrival
of the clock and data at a  data capture latch. In one aspect of the
invention, a data capture circuit for a digital  device, e.g., a memory
device, is provided in which the capture clock and data 5 signal arc
respectively routed from an incoming dock terminal (or & dock 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 buffer) and a latch
associated with a data input and 10 between the latch and the data input
terminal (or dam buffer) are approximately  equal for each 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 a  digital die at 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. 20 These and other
advantages and features of the invention will be more  dearly recognized
from the following detailed description which is provided in  



connection with the accompanying drawings. BRIEF SUMMARY O 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; 3 31 August 2005 . Figure 2 is a simplified block diagram
illustrating a second  embodiment of a data capture arrangement in a
digital device in accordance with  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 5 is a block diagram illustrating a third
embodiment of a data  capture arrangement in a digital device in accordance
with the invention; 10 Figure 6 is a block diagram illustrating a fourth
embodiment of a data  capture arrangement in a digital device in accordance
with the invention; Figure 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 D scRwrrow OF TFTR 



Figure 1 illustrates a first simplified embodiment 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 applied clock signal and a data
terminal 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  terminal 15 under control of a clock signal which is applied to clock
terminal 11.  Only one of several data terminals 15 is shown in Figure 1St
simplicity. As 5 further illustrated in Figure 1, the latch Sr hitching
data applied to terminal 15 is  connected to each of the clock terminal 11
and data terminal 15 by a point-to- point connection. The point-to-point
connection between the latch 13 and  dock 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 invention, the path lengths of the conductive  paths 17
and 19 are made to be approximately equal. Approximately equal in  the
contest 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 dock terminal 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 minimizing data capture circuit cost
and  required power. The arrangement illustrated in Figure 1 assumes that
there are no  dock or data buffers between the dock terminal 11 and the
latch 13, or between 5 31 August 2005 the data terminal 15 and latch 13.
However, the invention would also be  applicable if but circuits were
provided for each of the clock terminal 11 and  data terminal 15, with the
buffers being provided at the locations of respective  terminals and the
paths 17 and 19 being approximately equal between the dock  5 and data
buffers and latch 13. 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 one another due to the approximate physical
centering of 15 latch 13 between the dock 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 20 co-linear with each other, whereas
in the Figure 1 arrangement several different  tracks or conductive
segments are needed in the X and Y directions of the die to  form each of
the conductive data paths 17 and 19. More specifically, three X  direction
tracks are illustrated in Figure 1 in order to form the 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 simplified form with  respect to only a single data input terminal 15.
For most digital devices such as 5 processors, memories, etc. a plurality
of data input terminals will be provided.  Accordingly, Figure 3
illustrates an arrangement in which a plurality of data  terminals
15a,15b,15c,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, 19c, 19d, and arc also
coupled 10 to a common clock terminal 11 by respective conductive paths
17a,17b,17c,  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. 



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 serpentine path is required in order to
ensure that the conductive paths 17a ... 17d are approximately equal in
length to their counterpart conductive  paths 19a ....19d. In the Figure 3
arrangement all of the conductive paths are  approximately equal. 7 31
August 2005 Figure 4 illustrates a centered latch embodiment similar that
of Figure  2, but now in the contest of a data device having a plurality of
data terminals 15a  ...15d and associated data latches 13a. .. 13d. In the
Figure 4 arrangement,  each of the latches 13a ...13d has associated
conductive paths 17a and 19a, 5 which are approximately equal to one
another. In addition, each of the latches is  physically centered
approximately midway of the dock terminal 11 and a  respective data
terminal 15 in the X direction of the die. Once again, this simplifi es
routing of the conductive paths as each of the respective path pairs 17a,
19a; 17b, 19b; 17c, 19c; 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 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 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, 17c, 17d, and  19a, 19b, 19c, 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 each
latch, in the most preferred embodiment the conductive paths 17,19 will
actually be substantially equal in length for each latch. 8 31 August 2005
Figure 5 illustrates yet another embodiment of the invention which is
similar to that of Figure 4, but in which all of the latches 13a ...13d are
centered relative to the respective data terminals 15a ... 15d in the X
direction  of the die and, in addition, the latches are centered such that
all of the 5 conductive paths between the respective latch and a dock,
i.e., 17a ...17d, are  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 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
approximately equal to one  another. Moreover, in the Figure 6 anangement,
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 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 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 equal in
length to the pair of  conductive paths 17,19 for another latch. That is,
the conductive paths 17a and  19a for latch Na 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 9 31 August 2005 Figure 6
arrangement, all path lengths 17a ...17d and 19a. ... 19d are
approximately equal to one another. Figure 7 illustrates yet another
embodiment in which each of the  lathes 13a,13b,13c,13d are physically
centered between the clock terminal 11 5 and each of the respective data
terminals 15a ...15d, but in which the latches  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, 17c, 17d are approximately
equal to the  conductive paths 19a, 19b, 19c, 19d for each latch
13a,13b,13c, and 13d, and 10 the conductive paths from larch-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 useful for high speed DRAM 15 memory devices, and
for a memory module containing a mounting substrate on  which a plurality
of DRAM memory devices are arranged. While the various embodiments of the
invention have been described  and illustrated with re&rence 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 dock  and data terminals as long
as the path length rules d scribed above are still used  from the output of
the buffers to the latches. 10 31 August 2005 Figure 8 illustrates a
processor system having digital devices which  incorporate the invention.
As shown in Figure 8, a processor system, such as a computer system,  for
example, generally includes a central processing unit CPU 210, for example,
a 5 microprocessor, that communicates with one or more input/output (I/O)  



devices 240, 250 over a bus 270. The processor system 200 also includes
random access memory RAM 260, coupled to CPU 210. RAM 260 may be  formed of
one or more separate memory devices arranged, for example, on a  memory
module. Alternatively, RAM 260 may be integrated on the same die as 10 CPU
210. The processor system may also include a read only memory ROM  280 and
may include peripheral devices such as a Soppy 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 toFigures l - 7. While the invention has been described and
illustrated with reference  to specific exemplary embodiments, it should be
understood that many  modifications and substitutions tan be made without
departing from the spirit  and scope of the invention. Accordingly, the
invention is not to be considered as 20 limited by the foregoing
description but is only limited by the scope of the  .appended claims. 11
12 31 August 2005 CLAIMS What is claimed is: 1. An integrated digital
device comprising; at least one data terminal for receiving an externally
applied data 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 13 31 August 2005 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  a respective latch; 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. 14 31
August 2005 8. An integrated digital device as in claim 7 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.
9. An integrated digital device as in claim 3 wherein the first and second
5 conductive paths are approximately equal in length for all of said
latches. 10. An integrated digital device as in claim 2 wherein at least
some of  said first and 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 1 I 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. 15 31 August 2005 17. An
integrated digital device as in any one of claims 1 and 2 wherein  said at
least one first and second conductive paths are substantially equal in
length. 18. An integrated digital device as in claim 3 wherein the first
and second  conductive paths for one said latch are substantially equal in
length to the first and 5 second conductive paths for another said latch.
19. An integrated digital device as in claim 9 wherein the first and second
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; 



15 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  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 16 31 August 2005 said
at least one first and second conductive paths being approximately  equal
in length. 21. An integrated memory circuit as in claim 20 further
comprising: 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 17 31 August 2005 24. An integrated memory circuit
as in claim 21 wherein said latches are  provided within said integrated
memory circuit at locations which are near the  respective data terminals
to which said latches are connected. 25. An integrated memory circuit as in
claim 21 wherein said latches are  5 provided within said integrated memory
circuit at locations which are spaced away  from the respective data
terminals to which said latches are connected. 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. 18
31 August 2005 32. An integrated memory circuit as in claim 30 wherein all
of said  latches are arrayed along a linear path within said integrated
circuit. 33. An integrated memory circuit as in claim 21 wherein all of
said  latches are not arrayed along a linear path with said integrated
memory circuit. 5 34. An integrated memory circuit as in claim 28 wherein
all of said  latches are not arrayed along a linear path with said
integrated circuit. 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 19 31 August 2005 a memory device coupled to said processor; at
least one of said processor and memory device comprising a data  capture
circuit, said data capture circuit comprising: at least one data terminal
for receiving an externally applied data 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 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 31 August 2005 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  a respective latch; 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 21 31 August 2005 45. A processing system as in
claim 44 wherein at least one of said  



latches is spaced approximately midway between said clock terminal and a
respective  data terminal. 46. A processing system as in claim 45 wherein
each of said latches is  5 spaced approximately halfway between said clock
terminal and a respective data  terminal. 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 22 31 August 2005 53. A processing
system as in claim 47 wherein all of said latches are not  arrayed along a
linear path with said at least one processor and memory device. 54. A
processing system as in claim 39 wherein a portion of said at least  one
first conductive path which connects with said at least one latch is
co-linear with 



5 a portion of said at least one second conductive 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 23 31 August 2005 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 said data signal to said storage array; at
least one first conductive path connecting said at least one data terminal
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 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-linear. 24 31 August 2005 60. A memory module
comprising: a mounting substrate; and a plurality of memory devices
provided on said substrate, at least 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 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 25 31 August 2005 a plurality 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; 5 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  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 26 31 August 2005
65. A memory module as in claim 64 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. 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; 27 31 August 2005 forming a second conductive path
connecting said clock terminal to said  at least one latch circuit; and
arranging respective path lengths of said formed first and second
conductive paths to be approximately equal. 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 one said
latch to be approximately equal in length to the  first and second
conductive paths for another said latch. 20 28 31 August 2005 73. 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. 74. A method
as in claim 71 further comprising arranging said latches 5 within said
integrated circuit at locations which are near the respective 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 second conductive paths in a serpentine conductive path. 20
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 portion 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. 


