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SOURCE-SYNCHRONOUS CLOCKING

BACKGROUND

[0001] Clock signals may play many roles in synchronous
systems. For example, data movement in various elements of
a synchronous circuit may be regulated by one or more clock
signals. In some cases, a large, pipelined circuit may com-
prise numerous clocked elements such as latches, flip-flops,
and the like. In others, a synchronous circuit may comprise
one or more clock domains each operating at a different
frequency. Other uses of clock signals in synchronous sys-
tems are also possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some embodiments of the disclosed technology are
illustrated by way of example and not limitation in the figures
of the accompanying drawings in which:

[0003] FIG.1isablockdiagram ofa system forimplement-
ing a source-synchronous clock network, according to vari-
ous embodiments of the invention;

[0004] FIG. 2 is a diagram of a balanced clock tree for
distributing a source-synchronous clock signal to multiple
groups of data buffers, according to various embodiments of
the invention;

[0005] FIG. 3 is a diagram of balanced clock tree for dis-
tributing the source-synchronous clock signal to data buffers
ofabutfer group of FIG. 2, according to various embodiments
of the invention;

[0006] FIG. 4 is a timing diagram for a capture scheme for
source-synchronous clock and data, according to various
embodiments of the invention;

[0007] FIG. 5 is a flow diagram illustrating a method of
distributing a source-synchronous clock signal, according to
various embodiments of the invention; and

[0008] FIG. 6 is a block diagram ofa machine, according to
various embodiments of the invention.

DETAILED DESCRIPTION

[0009] Example methods, circuits, and systems that imple-
ment balanced distribution of source-synchronous clock sig-
nals will now be described. In the following description,
numerous examples having example-specific details are set
forth to provide an understanding of example embodiments.
It will be evident, however, to one of ordinary skill in the art,
after reading this disclosure, that the present examples may be
practiced without these example-specific details, and/or with
different combinations of the details than are given here.
Thus, specific embodiments are given for the purpose of
simplified explanation, and not limitation.

[0010] Some embodiments described herein may comprise
a method including receiving multiple data sets together with
associated clock signals at a number of interface devices. The
multiple data sets may be captured in a number of data buff-
ers. The clock signals may be programmably distributed to a
group of the data bufters (a “buffer group”) that retain the data
sets, using a balanced clock network.

[0011] FIG.11isablock diagram of'a system 100 for imple-
menting a source-synchronous clock network, according to
various embodiments of the invention. The system 100 may
be implemented as an integrated circuit 115 to facilitate syn-
chronous operations on data stored in the one or more data
buffers 150. The integrated circuit 115 may comprise one or
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more interface devices 110, a number of clock input/output
(I/O) bufters 140, and one or more data buffers 150.

[0012] Theinterface devices 110 may be used to couple one
or more sub-systems, chips, or circuits to other systems,
chips, and/or circuits. Coupling may include the interchange
of'data synchronized by clock signals. For example, the inter-
face device 110 may receive a data set 120 comprising a
number of data bits and a clock signal 130. The clock signal
130 may be associated with the data set 120. The clock signal
130 and data bits of data set 120 may be aligned, in terms of
anedge (e.g., arising or a falling edge) of the clock signal 130,
at the interface device 110. In an embodiment, the clock
signal 130 may represent more than one clock signal. For
example, the clock signal 130 may represent a clock signal
and the inverse of that clock signal.

[0013] The data set 120 may be captured in a buffer group
160 of data buffers 150. The buffer group 160 may comprise
a pre-defined number (e.g., 8, 9, 16, 18, 32, 36, or other
numbers) of data buffers 150 each storing one data bit. The
clock signals 130 may be captured in the clock input/output
(I/0) bufters 140. The clock 1/0 buffers 140 may be capable
of both receiving and transmitting clock signals 130. In
embodiments, the clock I/O buffers may comprise two single-
ended buffers or one differential pair buffer. The clock signals
130 may comprise “source-synchronized” clock signals that
may be synchronized with a clock signal of a source from
which data sets originate. Therefore, to keep the synchroni-
zation of the clock signals 130 intact, the clock signal 130
may be distributed to the data buffers 150 using balanced
clock routing, as will be described below.

[0014] FIG. 2 is a diagram of a balanced clock tree 200 for
distributing a source-synchronous clock signal to multiple
buffer groups 210-240, according to various embodiments of
the invention. The number of data bits in a data set per clock
signal that are received by the interface device 110 of FIG. 1
may vary, depending on the type of interface. For example, in
some interface devices the source-synchronous clock signal
(e.g., the clock signal 130 of FIG. 1) is associated with a data
set 120 (FIG. 1) comprising, for example, 8, 16, or 32 bits of
data. In other interface devices, such as some memory inter-
faces, the clock signal 130 may be associated with a data set
120 comprising, for example, 9, 18, or 36 bits of data. Clock
routes 250, 260, and 270 shown in FI1G. 2 may facilitate clock
signal distribution from various types of interfaces to the
buffer groups 210-240.

[0015] Buffer groups 210, 220, 230, and 240 each may
comprise a number N (e.g., 8, 9, 12, etc.) of data buffers 150.
The number of data buffers may be different in different
groups. The clock signals 130 that are associated with N bits
of data may be routed, using one of the clock routes 250, to
one or more of the buffer groups 210, 220, 230, and 240. In
some embodiments, interface devices 110 may support data
sets 120 with 2N bits of data per clock signal, and the route
260 may be used to provide paths that direct clock signals 130
associated with the data sets 120 to two buffer groups (e.g.,
buffer groups 210 and 220, buffer groups 230 and 240, or
other combinations not shown in FIG. 2).

[0016] Other routing is possible. For example, when the
interface device 110 supports data sets 120 with 4N bits of
data per clock signal, the clock route 270 may be used to
couple the clock signal 130 to four buffer groups (e.g., buffer
groups 210, 220, 230, and 240). The coupling of the clock
signal 130 to various clock routes, such as clock routes 250-
270 may be programmable. The programmability may be
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implemented by using additional hardware or software to
vary the routing, as is well known to those of ordinary skill in
the art. The software may be executed by one or more pro-
cessors, such as the processor 660 shown in FIG. 6.

[0017] In some embodiments, the inverse of the clock sig-
nal 130 may also be programmably coupled to one or more of
the buffer groups 210-240, using separate routes, similar to
those shown for the clock routes 250-270. The clock routes
250-270 may be configured to provide substantially balanced
paths for the clock signals 130. The substantially balanced
paths may comprise two or more paths with approximately
equal latencies for the clock signals 130. In some embodi-
ments, the routes 250-270 may be configured so that the clock
signals 130 traveling from the clock I/O buffers 140 of FIG. 1
to different buffer groups experience approximately equal
latencies. For example, the clock routes 260 or 270 may
respectively provide balanced paths for the clock signal 130
to buffer groups 210 and 220, or buffer groups 210, 220, 230,
and 240. Balanced clock routes to distribute the clock signal
130 to the data buffers 150 of one of the buffer groups 210-
240 will be described below.

[0018] FIG. 3 is a diagram of a balanced clock tree 300 for
distributing the source-synchronous clock signal to data buft-
ers 150 of the bufter group 210 of FIG. 2, according to various
embodiments of the invention. In the example shown in FIG.
3, the buffer group 210 is assumed to comprise twelve data
buffers 150. The clock signal 308 entering the buffer group
210 may represent any of the clock signals that are directed
into the clock routes 250-270 of FIG. 2. A multiplexer 310
may be used to programmably direct reception by the driver
320 of one of the clock signal 308 or a replicated version of
the clock signal 308, perhaps delayed via a delay line 312.
The driver 320 may operate to fan out the received clock
signal, as the clock signal 322, to the drivers 330 and 340.
[0019] The paths from the driver 320 to drivers 330 and 340
may provide approximately equal latencies for the clock sig-
nal 322 in reaching the drivers 330 and 340. Similar routes
may be used to guide the clock signal 322 from drivers 330
and 340 to data buffers 150. Therefore, only the routes from
the driver 330 to data buffers 150 are described here. The
clock signal 324 may be fanned out with balanced routes to
drivers 350 and 360. The driver 360 may operate to drive the
clock signal 326 through three routes 362, 364 and 366 to data
buffers 150. The routes 362 and 366 may have approximately
equal lengths. In order to match the length of the route 364
with rotes 362 and 366, an additional path length 365 may be
added to the route 364. The routes from the driver 350 to the
data buffers 150 may be similar to the routes 362, 364, and
366.

[0020] The data bits of the data set (e.g., DATAO to
DATA11) associated with the clock signal 308 may be
coupled to the data buffers 150, via optional delay lines 372
through multiplexers 370. The detailed diagram 155 shows an
example structure of one data buffer 150. The flip-flops 152
and 154 may operate to receive clock signals with different
polarities. The clock signal 328 is shown including four clock
signals (e.g., including the clock signals from the clock routes
250-270 of FIG. 2), which may be programmably selected via
multiplexers 314 and 316. The four clock signals included in
the clock signal 328 may also be included in the clock signals
308, 322, 324, and 326.

[0021] FIG. 4 is a timing diagram for a capture scheme 400
for source-synchronous clock and data, according to various
embodiments of the invention. As shown in the data capture

Mar. 17,2011

scheme 400, the clock and data signals 410 and 420 may be
received as aligned signals. The clock and data signals 410
and 420 may come from a clock and data source and may also
be synchronized with the clock source. The clock and data
signals 410 and 420 may optionally be delayed via the delay
lines 312 and 372 of FIG. 3, respectively.

[0022] The settings of the delay lines 312 and 372 may be
such that the active transitions in a delayed clock signal 430
occur within a valid data time, such as approximately in the
center of the eye of, a delayed data signal 440. For example,
the rising edges 432, 434, 436, and 438 of the delayed clock
signal 430 are shown to be aligned approximately with the
centers of eyes D0, D1, D2, and D4 of the delayed data signal
440, respectively. The falling edges of the clock signal 430
may be similarly arranged with respect to the eyes of the data
signals 440 in some embodiments. This timing technique may
allow for an increase in useful timing margins when capturing
the clock and data signals 410 and 420 in, for example, in data
buffers 150 of FIG. 3.

[0023] FIG.51s a flow diagram illustrating a method 500 of
distributing a source-synchronous clock signal, according to
various embodiments of the invention. The method 500 may
start with operation 510, where the multiple data sets 120 of
FIG. 1 and one or more clock signals 130 of FIG. 1 associated
with one or more of the data sets 120 are received at the
interface device 110 of FIG. 1. At operation 520, the one or
more data sets 120 may be captured in multiple data buffers
150 of FIG. 1. The one or more clock signals 130 may, at
operation 530, be programmably distributed to data buffers
150 of the buffer group 160 of FIG. 1. The distribution may be
performed using balanced clock networks (e.g., using the
balanced clock trees 200 and 300 of FIG. 2 and FIG. 3,
respectively). The balanced clock trees 200, 300 of FIGS. 2
and 3, respectively, may operate to provide substantially bal-
anced clock routes for the clock signals 130. Substantially
balanced clock routs may comprise clock routs with approxi-
mately equal latencies for the clock signals 130.

[0024] FIG. 6 is a block diagram of a machine 600, accord-
ing to various embodiments of the invention. The machine
600 comprises a set of instructions that can be executed to
cause the machine 600 to perform any one or more of the
methodologies discussed herein. In alternative embodiments,
the machine 600 may operate as a standalone device or may
be connected (e.g., networked) to other systems. In a net-
worked deployment, the machine 600 may operate in the
capacity of a server or a client system in a server-client net-
work environment or as a peer system in a peer-to-peer (or
distributed) network environment. Machine 600 may be real-
ized as a specific machine in the form of a computer having a
display and/or multiple processors, as well as a network inter-
face. The machine 600 may operate to implement any one or
more of the elements illustrated in FIGS. 1-4, as well as the
methods described with respect to FIG. 5.

[0025] The machine 600 may comprise a server computer,
a client computer, a personal computer (PC), a tablet PC, an
integrated circuit, such as a field-programmable gate array
(FPGA), or any system capable of executing a set of instruc-
tions (sequential or otherwise) that specify actions to be taken
by that system. Further, while only a single machine is illus-
trated, the term “machine” shall also be taken to include any
collection of systems that individually or jointly execute a set
(or multiple sets) of instructions to perform any one or more
of the methodologies discussed herein.
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[0026] The example machine 600 may include the proces-
sor 660 (e.g., a central processing unit (CPU), a graphics
processing unit (GPU) or both), a main memory 670 and a
static memory 680, all of which communicate with each other
via a bus 608. The machine 600 may further include a video
display unit 610 (e.g., a liquid crystal display (LCD) or cath-
ode ray tube (CRT)). The machine 600 also may include an
alphanumeric input device 620 (e.g., a keyboard), a cursor
control device 630 (e.g., a mouse), a disk drive unit 640, a
signal generation device 650 (e.g., a speaker), and a network
interface device 690. The machine 600 may include one or
more of any of these elements.

[0027] The disk drive unit 640 may include a machine-
readable medium 622 on which is stored one or more sets of
instructions (e.g., software) 624 embodying any one or more
of the methodologies or functions described herein. The
instructions 624 may also reside, completely or at least par-
tially, within the main memory 670 and/or within the proces-
sor 660 during execution thereof by the machine 600, with the
main memory 670 and the processor 660 also constituting
machine-readable media. The instructions 624 may further be
transmitted or received over a network 682 via the network
interface device 690.

[0028] While the machine-readable medium 622 is shown
in an example embodiment to be a single medium, the term
“machine-readable medium” should be taken to include a
single medium or multiple media (e.g., a centralized or dis-
tributed database, and/or associated caches and servers) that
store the one or more sets of instructions. The term “machine-
readable medium” shall also be taken to include any medium
capable of storing, encoding, or carrying a set of instructions
for execution by the machine and that causes the machine to
perform any one or more of the methodologies of the present
technology. The term “machine-readable medium” shall
accordingly be taken to include, but not be limited to tangible
media, including solid-state memories and optical and mag-
netic media.

[0029] Various embodiments of a balanced clock tree for
distribution of source-synchronous clock signals have been
described. Implementing such clock trees in synchronous
circuits/systems may result in an improved performance and
possibly reduced power consumption, reduced die area, and
increased processing speed. The described embodiments may
improve performance of synchronous circuits/systems by
reducing the length of clock routes and/or providing low-slew
and substantially balanced clock routes.

[0030] Although wvarious embodiments have been
described, it will be evident, after reading this disclosure, that
modifications and changes may be made to these embodi-
ments. Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a restrictive sense.

[0031] The abstract of the Disclosure is provided to comply
with 37 C.F.R. § 1.72(b), requiring an abstract that allows the
reader to quickly ascertain the nature of the technical disclo-
sure. It is submitted with the understanding that it will not be
used to interpret or limit the claims. In addition, in the fore-
going Detailed Description, it may be seen that various fea-
tures are grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of dis-
closure is not to be interpreted as limiting the claims. Thus,
the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as
a separate embodiment.
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What is claimed is:

1. A computer-implemented method, comprising:

receiving at least one data set of a plurality of data sets

together with at least one clock signal of a plurality of
clock signals at each of one or more interface devices,
the at least one clock signal of the plurality of clock
signals being associated with the at least one data set of
the plurality of data sets;

capturing the plurality of data sets in a plurality of data

buffers; and

programmably distributing the at least one clock signal to

a group of the plurality of data buffers that retain the at
least one data set, using a balanced clock network.

2. The method of claim 1, wherein at least some of the one
or more interface devices support different numbers of data
bits per clock signal.

3. The method of claim 1, wherein at least some of the
plurality of clock signals are source-synchronized clock sig-
nals.

4. The method of claim 1, further comprising capturing at
least some ofthe clock signals ofthe plurality of clock signals
in clock input/output (I/O) buffers.

5. The method of claim 4, wherein at least some of the clock
1/0O buffers are to receive and/or transmit clock signals.

6. The method of claim 4, wherein at least some ofthe clock
1/O buffers can be used as at least one of a two single-ended
buffers or one differential pair buffer.

7. The method of claim 1, further comprising combining at
least some of the plurality of data buffers to form a plurality of
buffer groups, each buffer groups comprising a predefined
number of data bits.

8. The method of claim 4, further comprising coupling at
least one of the clock 1/0 buffers to at least some data buffers
of'one or more buffer groups of a plurality of buffer groups to
transmit the at least one clock signal to the at least some data
buffers of the one or more buffer groups.

9. The method of claim 8, wherein using of the balanced
clock network comprises balancing latencies of at least one
transmitted clock signal from the at least one of the clock I/O
buffer to the at least some data buffers.

10. The method of claim 8, wherein the coupling comprises
coupling via a delay line.

11. The method of claim 1, further comprising delaying the
at least one clock signal and at least some data of the plurality
of data sets so that the at least one clock signal actively
transitions approximately in a center of an eye of the at least
some data.

12. An integrated circuit comprising:

one or more interface devices, at least some of the interface

devices to receive one data set together with at least one
clock signal of a plurality of clock signals, the at least
one clock signal being associated with the at least one
data set of a plurality of data sets;

a plurality of data buffers to capture the plurality of data

sets; and

abalanced clock network to programmably distribute the at

least one clock signal to a group of the plurality of data
buffers that retain the at least one data set.

13. The integrated circuit of claim 12, further comprising
clock input/output (I/O) buffers to capture at least some clock
signals of the plurality of clock signals.

14. The integrated circuit of claim 12, further comprising a
plurality of buffer groups, each butfer group of the plurality of
buffer groups including a predefined number of data buffers.
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15. The integrated circuit of claim 14, further comprising
clock input/output (I/O) bufters coupled to at least some data
buffers of one or more buffer groups of the plurality to trans-
mit the at least one clock signal to the at least some data
buffers of the one or more buffer groups.

16. The integrated circuit of claim 15, wherein the balanced
clock network is to balance latencies of at least one transmit-
ted clock signal from at least one of the clock 1/O buffers to
the at least some data buffers.

17. The integrated circuit of claim 15, further comprising a
delay line to couple at least one of the clock 1/O buffers to the
at least some data buffers.

18. The integrated circuit of claim 17, wherein the delay
line is to delay the at least one clock signal and at least some
data of the plurality of data sets so that the at least one clock
signal actively transitions approximately in a center of an eye
of the at least some data.

19. A machine-readable medium comprising instructions
which, when executed by a machine, cause the machine to
perform a method, the method comprising:

receiving at least one data set of a plurality of data sets

together with at least one clock signal of a plurality of
clock signals at each of one or more interface devices,
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the at least one clock signal of the plurality of clock
signals being associated with the at least one data set of
the plurality of data sets;

capturing the plurality of data sets in a plurality of data
buffers; and

programmably distributing the at least one clock signal to
a group of the plurality of data buffers that retain the at
least one data set, using a balanced clock network.

20. A balanced clock network comprising:

at least one clock input output buffer to receive a source-
synchronous clock signal associated with a plurality of
data sets;

a delay line to receive the source-synchronous clock signal
and to generate a plurality of replicated clock signal of
the source-synchronous clock signal; and

a plurality of groups of clock routes, at least some of the
plurality of groups of clock routes to couple ones of the
plurality of replicated clock signals to at least some of a
plurality of groups of data buffers, the plurality of groups
of clock routes configured so that the ones of the plural-
ity of replicated clock signals reach at least some of the
plurality of groups of data buffers with approximately
equal latencies.
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