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troller receives an input clock and generates first and second clock signals based on the input clock, the first and second clock sig-
nals having different clock rates and being provided to each of a plurality of communication link bundles.
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CLOCK SIGNALS FOR DYNAMIC RECONFIGURATION
OF COMMUNICATION LINK BUNDLES

BACKGROUND

[0001] Electronic devices (e.g., computers) have many different components
that communicate with each other. As technologies are developed, components
and corresponding communication protocols evolve. Often, there is a need to
support backwards compatibility between a previous generation of
components/protocols and a next generation of components/protocols. This is
because upgrading to the next generation components/protocols (or
corresponding devices) is expensive and may be unnecessary for many
consumers. Thus, the upgrade process occurs over time and does not
necessarily involve all consumer products or components.

[0002] One example of a developing technology is the Peripheral Component
Interconnect (PCIl) Express architecture. PCIl Express implements serial
communication lanes to support high-speed communications between different
computer components and/or peripherals, where the number of serial
communication lanes allocated to each component/peripheral can vary (e.g., 1x,
2x, 4x, 8x, 16x and so on). The PCI Express lanes fan out from an interconnect
(i.e., a switch) that enables PCI Express components to communicate with each
other and also that enables PCI Express components to communicate with the
host system. Different interconnects provide similar functionality as dictated by
the PCI Express specification, but may vary with respect to capability (e.g., the
total number of components/peripherals that can be supported, the total number
of communication lanes that can be supported, the configuration of lanes, etc.).
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[0003] As do many technologies, PCI Express is evolving from one generation
to a next generation (Gen1 to Gen2) and there is ongoing development for future
generations (Gen3) yet to be implemented. The PCI Express specification
mandates that Gen2 components be compatible with Gen1 components. In part,
this means that Gen2 components and links (each link has one or more lanes)
need to be able to operate at a Gen2 data rate (5.0 Gbps) and at a Gen1 data
rate (2.5 Gbps). Providing efficient solutions to the backwards compatibility
requirements of PCI Express or other communication architectures is desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] For a detailed description of exemplary embodiments of the invention,
reference will now be made to the accompanying drawings in which:
[0005] Fig. 1 shows an electronic device in accordance with an embodiment of
the disclosure;
[0006] Fig. 2 shows a serial communication link controller in accordance with an
embodiment of the disclosure;
[0007] Fig. 3 shows clock divider logic in accordance with an embodiment of the
disclosure;
[0008] Fig. 4 shows clock selection logic in accordance with an embodiment of
the disclosure; and
[0009] Fig. 5 shows a method in accordance with an embodiment of the
disclosure.

NOTATION AND NOMENCLATURE

[0010] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,
computer companies may refer to a component by different names. This
document does not intend to distinguish between components that differ in name
but not function. In the following discussion and in the claims, the terms
“‘including” and “comprising” are used in an open-ended fashion, and thus should
be interpreted to mean “including, but not limited to... .” Also, the term “couple” or
‘couples” is intended to mean either an indirect, direct, optical or wireless
electrical connection. Thus, if a first device couples to a second device, that
connection may be through a direct electrical connection, through an indirect
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electrical connection via other devices and connections, through an optical
electrical connection, or through a wireless electrical connection.

DETAILED DESCRIPTION
[0011] The following discussion is directed to various embodiments of the
invention. Although one or more of these embodiments may be preferred, the
embodiments disclosed should not be interpreted, or otherwise used, as limiting
the scope of the disclosure, including the claims. In addition, one skilled in the art
will understand that the following description has broad application, and the
discussion of any embodiment is meant only to be exemplary of that embodiment,
and not intended to intimate that the scope of the disclosure, including the claims,
is limited to that embodiment.
[0012] Embodiments of the disclosure provide a mechanism for multi-clock
generation, alignment, distribution, selection, and use. In accordance with at
least some embodiments, the mechanism is applied to a PCI Express link
controller chip. However, at least some components implemented for the multi-
clock generation, alignment, distribution, and selection disclosed herein, may
alternatively be provided external to the PCI Express link controller chip. Further,
the mechanism described herein could be applied to other communication
protocols (besides PCI Express) that would benefit from multi-clock generation,
alignment, distribution, and selection. As an example, communication protocols
that mandate backwards compatibility, where different clock signals are used for
the previous generation and the next generation, could benefit from the disclosed
multi-clock solution.
[0013] Fig. 1 shows an embodiment of an electronic device 102 in accordance
with the disclosure. The electronic device 102 is representative of a desktop
computer, a laptop computer, a server, a smart phone, a personal digital assistant
(PDA), or other electronic devices that are now known or later developed. As
shown, the electronic device 102 comprises at least one central processor unit
(CPU) 104, which may correspond to at least one of a variety of semiconductor
devices such as microprocessors, microcontrollers, main processing units
(MPUs), digital signal processors (DSPs), advanced reduced instruction set
computing (RISC) machines, ARM processors, application specific integrated
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circuits (ASICs), field programmable gate arrays (FPGAs) or other processing
devices. The CPU 104 performs a set of predetermined operations based on
data/instructions stored in or accessible to the CPU 104. In at least some
embodiments, the CPU 104 couples to a memory 106 that stores
data/instructions for use by the CPU 104.

[0014] The CPU 104 also couples to a serial communication link controller 110,
which provides a communication interface for various internal components 112
and/or external components 114. For example, the serial communication link
controller 110 may enable the internal components 112 and/or the external
components 114 to communicate with each other in accordance with a
predetermined communication protocol. The serial communication link controller
110 also may provide a protocol conversion function that enables the internal
components 112 and/or the external components 114 to communicate with the
CPU 102 or other host system components.

[0015] In accordance with some embodiments, the serial communication link
controller 110 represents PCl Express 2.0 control logic or a PCI Express 2.0
chipset. In such case, the serial communication link controller 110
interconnects/manages a plurality of PCI Express communication lanes for use
by the internal components 112 and/or the external components 114. The PCI
Express standard currently defines a generation 1.0 (Gen1) data rate of 2.5Gbps
and a generation 2.0 (Gen2) data rate of 5.0Gbps. The PCIl Express standard
also mandates that any Gen2 link (having one or more lanes) must also support
Gen1 operations. In accordance with embodiments, the numerous
communication lanes in a PCl Express implementation may be combined in
different ways to form a plurality of links having different bandwidths.

[0016] As shown, the serial communication link controller 110 receives or has
access to a single clock source (“Input CIk”). As will later be described in greater
detail, this clock source is used to generate at least two separate clock signals
(e.g., a Gen1 clock signal and a Gen2 clock signal). A fixed phase relationship
between the two separate clock signals is maintained. Also, a low-skew clock
distribution and selection scheme is implemented that enables the same logic to
be used for data flow, regardless of whether a communication link operates with a
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first clock signal (e.g., a Gen2 clock) or a second clock signal (e.g., a Gen1 clock)
and regardless of whether changes are made in the aggregation of
communication lanes into links or “oundles.” In accordance with at least some
embodiments, the first clock signal is a buffered version of Input Clk and the
second clock signal is a buffered and divided version of Input Clk. The phase
alignment of the first clock signal with respect to the second clock signal is
maintained even if communication lane assignments and/or link speeds change.
[0017] Fig. 2 shows an embodiment of the serial communication link controller
110 of Fig. 1 in accordance with the disclosure. As shown, the serial
communication link controller 110 comprises a plurality of bundles 210A-210N.
Each of the bundles 210A-210N is an aggregation of at least one communication
lane and associated physical layer logic. In accordance with at least some
embodiments, each of the bundles 210A-210N is able to dynamically select one
of multiple clock signals to support communications or other functions. For
example, in a PCl Express embodiment, each of the bundles 210A-210N is able
to dynamically select a Gen1 clock signal or a Gen2 clock signal. Alternatively,
once Gen3 is implemented, each of the bundles 210A-210N is able to
dynamically select a Gen1 clock signal, a Gen2 clock signal, or a Gen3 clock
signal. For each of the bundles 210A-210N, the selected clock signal may be
provided to respective link control logic 230A-230N, where each link control logic
230A-230N supports communication functions (e.g., decoding, symbol alignment,
or other functions) for its respective bundle.

[0018] As shown, the first and second clocks are distributed from a clock
distribution hub 202 having a clock divider 204 and buffers 206 and 208. In
accordance with some embodiments, the clock divider 204 receives an input
differential clock and generates two separate output differential clocks. One of
the output differential clocks passes through the buffer 206 and the other passes
through the buffer 208. In some embodiments, one output differential clock may
have the same frequency as the input differential clock while the other has half
the frequency of the input differential clock. The clock divider 204 may
additionally or alternatively support other clock frequencies based on the input
clock (e.g., by dividing by a value greater than 2). This would be the case, for
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example, if the clock divider 204 is configured to output a Gen3 clock signal, a
Gen2 clock signal and a Gen1 clock signal. Once the division and buffering steps
have occurred, the clock distribution hub 202 outputs the resulting clock signals
for distribution to each of the bundles 210A-210N.

[0019] Each bundle 210A-210N respectively comprises clock selection logic
220A-220N that receives the resulting clock signals and that selects one of the
resulting clock signals for use with bundle communications. The selection
process may be based on a separate control signal (“select”) received by each
clock selection logic 220A-220N. In accordance with at least some embodiments,
each clock selection logic 220A-220N is able to dynamically switch between the
received clock signals. Also, in some embodiments, the bundles 210A-210N are
subject to dynamic re-bundling, which changes the number of lanes assigned to
each bundle. Further, in some embodiments, different bundles may have multiple
copies of the clock selection logic 220 so as to select multiple clock signal copies
for use by the given bundle. In other words, the number of clock signal copies
used by each bundle 210A-210N may vary depending on the number of
communication lanes assigned or other reasons.

[0020] Fig. 3 shows an embodiment of clock divider logic 300 in accordance
with the disclosure. The clock divider logic 300 would be repeated for each clock
signal to be output from the clock distribution hub 202. Thus, in some PCI
Express embodiments, the clock divider 204 has two copies of the clock divider
logic 300 (one copy of the clock divider logic 300 is used to output a Gen1
differential clock to the buffer 206 and another copy is used to output a Gen2
differential clock to the buffer 208). Alternatively, the clock divider 204 could have
additional copies of the clock divider logic 300 (e.g., if Gen3 is supported). An
example of generating a Gen1 differential clock and a Gen2 differential clock
using copies of the clock divider logic 300 will now be given.

[0021] To generate the Gen2 differential clock, the input A is tied to a supply
voltage (VDD) and the input B is tied to ground (GND). As shown, the input A is
provided to an inverter 310A, which outputs NA (“not” A). As used herein, “not”
refers the logical opposite (logical “highs” and “lows”). NA then passes through
inverter 312A, which outputs Agy (a buffered version of A). Meanwhile, A passes
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through inverter 314A, which outputs NAgy (“not” Agy). Similarly, the input B is
provided to an inverter 310B, which outputs NB (“not” B). NB then passes
through inverter 312B, which outputs Bgys (a buffered version of B). Meanwhile, B
passes through inverter 314B, which outputs NBgys (“not” Bgus).

[0022] In the clock divider logic 300, pulse-based signals (PCKA, NPCKA) are
provided by inputting a clock signal (CKA) to link drive pulse logic 302A having a
pulse generator 304A. As shown, an enable signal (“Enable A”) is passed
through a buffer 308A and on to the pulse generator 304A to selectively enable
pulse generation. The output of the pulse generator 304A is a pulsed version of
CKA (“PCKA”). For example, PCKA may comprise a pulse for each rising clock
edge of CKA. PCKA is provided to an inverter 306A, which outputs NPCKA (“not”
PCKA).

[0023] Similarly, additional pulse-based signals (PCKB, NPCKB) are provided
by inputting a clock signal (CKB) to link drive pulse logic 302B having a pulse
generator 304B. As shown, an enable signal (“Enable B”) is passed through a
buffer 308B and on to the pulse generator 304B to selectively enable pulse
generation. The output of the pulse generator 304B is a pulsed version of CKB
(“PCKB”). For example, PCKB may comprise a pulse for each rising clock edge
of CKB. PCKB is provided to an inverter 306B, which outputs NPCKB (“not”
PCKB). In accordance with some embodiments, CKA and CKB are obtained
from a differential Gen2 clock input to the clock divider 204. In alternative
embodiments, CKA and CKB could be a Gen3 clock input or another highest
speed clock signal in a configuration.

[0024] As shown, the clock divider logic 300 also comprises pass signal logic
320 and 322 that corresponds to a pass signal gate topology. The pass signal
logic 320 receives Ay and Bgys as inputs and passes one of these signals based
on the pulsed signals (PCKA, NPCKA, PCKB, NPCKB). Similarly, the pass
signal logic 322 receives NAgy and NBgy as inputs and passes one of these
signals based on the pulsed signals (PCKA, NPCKA, PCKB, NPCKB). The pass
signal logic 320 provides its output (NOUTN) to an inverter 326A, which outputs
OUTN from the clock divider logic 300. Meanwhile, the pass signal logic 322
provides its output (NOUTP) to an inverter 326B, which outputs OUTB from the
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clock divider logic 300. As shown in Fig. 3, cross-coupling differential inverters
324 are placed between the outputs of the pass signal logic 320 and 322 to
ensure a differential clock output. In the example provided, the OUTN and OUTP
from the clock divider logic 300 may correspond to a Gen2 differential clock that
is output from the clock divider 204 of Fig. 2 and is provided to the buffer 208.
[0025] As previously mentioned, another copy of the clock divider logic 300 can
be used to output a Gen1 differential clock to the buffer 206. In such case, the
input A is tied to supply voltage (VDD) and the input B is tied to ground (GND),
but the polarity of A and B are switched every other clock cycle (assuming the
clock cycles of a Gen2 input clock).

[0026] Using copies of the clock divider logic 300, the clock divider 204 is able
to receive a single input clock and create at least two separate clock signals from
the input clock, where one of the clock signals is one half the frequency of the
other clock signal. In at least some embodiments, the input clock corresponds to
the output of a transmit phase-locked loop (PLL) that is part of a PCI Express 2.0
chipset. The clock divider logic 300 edge-aligns the two separate clock signals to
within a narrow (or tight) tolerance. For example, in some embodiments, the
falling edge of one of the clock signals never precedes nor trails the falling edge
of the other clock signal by more than 10 picoseconds. These edge-aligned clock
signals are distributed to the communication link bundles, where one of the clock
signals is selected for each given communication lane based on the each lane’s
bundle assignment (sometimes referred to as “bifurcation”) and data-rate
characteristics.

[0027] The combination of tightly aligned clock signals and a low-skew
distribution and selection scheme enables the distribution of both clock signals to
the entire PCI Express control logic (i.e., to every point that uses the clock
signals) with a low clock skew (e.g., 100 picoseconds). In accordance with some
embodiments, the edge-alignment, distribution, and selection scheme enable a
single instantiation of all the PCI Express control logic. Also, pre-existing logic
signals can be used to select which of the at least two clock signals output from

the clock distribution hub 202 is used for each communication link bundle.
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[0028] By creating separate clock signals having a precise and invariant edge-
alignment to each other, switching between the two clock signals (on transition
from one data rate to the other) can occur without creating glitches (small pulses
that can cause electrical malfunctions). In accordance with at least some
embodiments, switching between the two clock signals occurs when the clock
signals have the same voltage level (e.g., both are “high”).

[0029] Fig. 4 shows an embodiment of the clock selection logic 220 of Fig. 2 in
accordance with the disclosure. As shown, the clock selection logic 220 may
comprise a multiplexer 412 that receives multiple clock signals (“clk1” and “clk2”)
from the clock distribution hub 202. In alternative embodiments, the multiplexer
412 selects from three or more clock signals having different clock rates. In at
least some embodiments, clk1 has a higher frequency that clk2 (e.g., clk1 may
correspond to a Gen2 clock and clk2 may correspond to a Gen1 clock).

[0030] The control signal (“sel”) for the multiplexer propagates through a flip flop
chain that includes flip flop 406 in series with flip flop 410. This flip flop chain may
be referred to as “glitch control logic.” In at least some embodiments, the flip flop
406 corresponds to a “slow clock flip flop” because it is clocked by clk2 and the
flip flop 410 corresponds to a “fast clock flip flop” because it is clocked by clk1. In
operation, the output state of the flip flops 406 and 410 change on the rising edge
of their respective input clocks. Accordingly, the flip flop 406 propagates any
changes to a corresponding control signal (“select”) on the rising edge of clk2 (the
slower clock signal). The output of flip flop 406 is buffered by buffer 408 and is
then input to flip flop 410, which propagates any changes to the control signal on
the rising edge of clk1 (the faster clock signal). Thus, any changes to the control
signal of the multiplexer 412 will only be received by the multiplexer 412 when
clk1 and clk2 are at the same voltage level (a logical “high”). In this manner,
glitches due to switching between clk1 and clk2 are prevented.

[0031] Fig. 5 shows a method 500 in accordance with embodiments of the
disclosure. The method 500 comprises receiving an input clock (block 502). At
block 504, the input clock is divided and low-skew, buffered versions of the input
clock and the divided input clock are output. At block 506, the low-skew, buffered
versions of the input clock and the divided input clock are provided to each of a
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plurality of communication link bundles. The method 500 further comprises
dynamically selecting one of the low-skew, buffered versions of the input clock
and the divided input clock for each bundle (block 510). If the bundles are
modified (determination block 508), the method 500 returns to block 510. The
method 500 may alternatively include additional or fewer steps.

[0032] For example, in at least some embodiments, the method 500 may
comprise maintaining an edge-alignment of the first and second clock signal
using a pass signal gate topology. Also, the method 500 may comprise
dynamically selecting one of the low-skew, buffered versions of the input clock
and the divided input clock for each bundle by causing switches between the first
and second clock signals to occur when both the first and second clock signals
are asserted.

[0033] The above discussion is meant to be illustrative of the principles and
various embodiments of the present invention. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be

interpreted to embrace all such variations and modifications.
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CLAIMS
What is claimed is:

1. A electronic device, comprising:

a processor;

a memory coupled to the processor; and

a serial communication link controller coupled to the processor, the serial
communication link controller supporting dynamic reconfiguration of a plurality of
communication link bundles,

wherein the serial communication link controller receives an input clock
and generates first and second clock signals based on the input clock, the first
and second clock signals having different clock rates and being provided to each
of the plurality of communication link bundles.

2. The electronic device of claim 1 wherein the first clock signal is a buffered
version of the input clock and the second clock signal is a buffered and divided
version of the input clock.

3. The electronic device of claim 1 wherein the first clock signal supports a
data rate of 5.0 Gbps and the second clock signal supports a data rate of 2.5
Gbps.

4. The electronic device of claim 1 wherein the serial communication link

controller is compatible with PCI Express.

5. The electronic device of claim 1 wherein phase alignment of the first clock
signal with respect to the second clock signal is maintained even if said

communication link bundles are reconfigured.
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6. Serial communication link logic, comprising:

a clock divider that receives an input clock and generates first and second
clock signals based on the input clock, the first and second clock signals having
different clock rates; and

a plurality of reconfigurable communication link bundles, wherein each
bundle has clock selection logic that receives the first and second clock signals
from the clock divider and that dynamically selects either the first clock signal or
the second clock signal for use by the bundle.

7. The serial communication link logic of claim 6 wherein the clock divider
maintains an edge-alignment of the first and second clock signals to within 10

picoseconds.

8. The serial communication link logic of claim 6 wherein the clock divider

comprises a pass signal gate topology.

9. The serial communication link logic of claim 6 wherein each clock selection
logic comprises glitch control logic for preventing glitches when switching

between the first and second clocks signals.

10.  The serial communication link logic of claim 9 wherein the glitch control
logic comprises a flip flop chain that propagates a control signal for switching
between the first and second clock signals, the flip flop chain having a first flip flop
clocked by the second clock signal in series with a second flip flop clocked by the
first clock signal, wherein the second clock signal has a slower clock rate than the
first clock signal.

11.  The serial communication link logic of claim 6 further comprising at least
one bundle having a plurality of multiplexers that receive and select multiple
distributed copies of the first clock signal or the second clock signal to control

physical layer data flow.
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12. A method, comprising:

receiving an input clock;

dividing the input clock and outputting low-skew and buffered versions of
the input clock and the divided input clock;

distributing the low-skew buffered versions of the input clock and the
divided input clock to each of a plurality of reconfigurable communication link
bundles; and

dynamically selecting the low-skew buffered version of the input clock or
the low-skew buffered version of the divided input clock for each bundle.

13.  The method of claim 12 further comprising selectively modifying the

number of communication lanes assigned to at least some of said bundles.

14.  The method of claim 12 further comprising maintaining an edge-alignment

of the first and second clock signals based on a pass signal gate topology.

15.  The method of claim 12 wherein dynamically selecting one of the low-skew
buffered versions of the input clock and the divided input clock for each bundle
comprises causing switches between the first and second clock signals to occur

when both the first and second clock signals are asserted.



WO 2010/071634 PCT/US2008/087032

1 / 4
102
FIG. 1 ELECTRONIC DEVICE
104 106
] |~
CPU MEMORY
110
EXTERNAL SERIAL
COMPONENTS COMMUNICATION |~—— INPUT CLK
114 LINK CONTROLLER
112
INTERMAL
COMPONENTS

500

502

RECEIVE INPUT CLOCK

504

DVIDE INPUT CLOCK AND OUTPUT LOW-SKEW BUFFERED
VERSIONS OF INPUT CLOCK AND DIVIDED INPUT CLOCK

506

DISTRIBUTE LOW—SKEW BUFFERED VERSIONS OF THE
INPUT CLOCK AND THE DIMIDED INPUT CLOCK TO EACH
OF A PLURALITY OF COMMUNICATION LINK BUNDLES

DYNAMICALLY SELECT ONE OF THE LOW-SKEW BUFFERED
VERSIONS OF THE INPUT CLOCK AND THE DIMIDED INPUT
CLOCK FOR EACH BUNDLE

510

|~

508

BUNDLES
MODIFIED?

FIG.5




WO 2010/071634

2/4

PCT/US2008/087032

FIG.2

110

INPUT
CLK

SELECT BUNDLE n
| 220N
c 230N
CLOCK LINK
SELECTION CONTROL
LOGIC LOGIC
210N
SELECT BUNDLE n-1
; 220M
v 230M
CLOCK LNk
SELECTION CONTROL
LOGIC LOGIC
210M
202—__
206 INPUT CLK x 1/2
GEN 1 cLock | L~ 204
E L crock
DIVIDER
6EN 2 clock | (|
NPT ok x 1
SELECT BUNDLE 2
| 220c
v 230C
CLOCK LNk
SELECTION CONTROL
LOGIC LOGIC
10C
SELECT BUNDLE 1
| 2208
Va 2308
CLOCK LINK
SELECTION CONTROL
LOGIC LOGIC
2108
SELECT BUNDLE 0
220A
I 230A
CLOCK LINK
SELECTION CONTROL
LOGIC LOGIC
210A




PCT/US2008/087032

WO 2010/071634

3/4

A ggos |
| g 31gvN7 |
i mxwmz mvﬂom gr0E- d |
| OGN ~—) s |1 YOLVYINFO 3STNd 8o |
| wron | ~—dNdgy 21901 3S1nd |
__ NG HINIT —
dino— 89z¢ 1 Cira g > 7A1]y i
I I
| | SSvd ——dndyy  ggog |
| | * * ANBgy ~—| YALIIANI |
I e I
| | W¥OdN  ¥od arie 0 |
I I
| WUNFHHIT gzis |
| | 9NIdN0o-ssoyo |
vz | ANy ——] HZL3ANI |
| | mxwmz mvﬂom e _woiE |
| | NGy —— MALHTANI [t MTLHTANI |
| | == |~—dng — N _
| * 0z¢ g veis |
A= 21907
Nino—=r  voet NLNON | TYNOIS v8oc |
SSVd  |-— v 378vN3
| ANey VrOE- ~ |
I I
| * T voiog = szt e HOLVYINFO 3STNd VIO i
| VRN ¥oAOd p 21901 3STNd |
NG YINIT —
4 v90¢ veoe |
oo | ________owe —J]  — N



PCT/US2008/087032

WO 2010/071634

4/4

1N0~ X0

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| |_
|

|

2010 |
|

|

IX10 |
|

g0 o0 |

|

- |

do14 dit4 do1d ditd _
X207 1S¥4 Z 201D MOTS 103138 |
|

15108 \_ oL z)108 |
|

\ |

V/T oM |

g20b |

|

|

e |

V/Tt:o _

|

vZO¥ |

|
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| _



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2008/087032

A. CLASSIFICATION OF SUBJECT MATTER

HO41L 25/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC: HO4L 25/02

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility Models and applications for Utility Models since 1975
Japanese Utility Models and applications for Utility Models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: clock, clock rate, communication link bundle

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2006-0288249 A1 (LAWRENCE EDWARD KNEPPER et al.) 21 December 2006 1.6
See abstract, paragraphs [0008],[0013],[0014][0025-0026],[0036]; fig.1,3-4
A 2-5,7-15
A US 2008-0270818 A1 (GEERTJAN JOORDENS) 30 October 2008 1-15

See abstract, paragraph [0009-0012],[0020],[0039-0041][0045]; fig.2-4

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:
"A"  document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

wn

e

yn

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

26 AUGUST 2009 (26.08.2009)

Date of mailing of the international search report

26 AUGUST 2009 (26.08.2009)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo-
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer ; :

Telephone No.

Choit, Jin Ho

82-42-481-5406

Form PCT/ISA/210 (second sheet) (July 2008)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2008/087032

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2006-0288249 A1l 21.12.2006 None

US 2008-0270818 At 30.10.2008 CN 101326476 A 17.12.2008
EP 1938169 A2 02.07.2008
JP 2009-512052 A 19.03.2009
W0 2007-042997 A2 19.04.2007
WO 2007-042997 A3 19.04.2007

Form PCT/ISA/210 (patent family annex) (July 2008)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

