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(57) Abstract: An apparatus, system, and method, the method including receiving clock frequency parameter information for a least
one clock source; receiving radio parameter information for at least one radio receiver; determining one or more spread spectrum
clocking (SSC) profiles for the at least one clock source and the at least one radio receiver, each SSC profile to reduce radio fre-
quency interference between the clock and radio receivers; and storing the SSC profiles.
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ADAPTIVE CLOCK SPREADING FOR PLATFORM RFI MITIGATION

BACKGROUND OF THE INVENTION

Electromagnetic interference (EMI) isthe disturbance or distortion to an electrical
circuit that i s caused by electromagnetic induction or radiation from an external source. A
number of EMI standards have been imposed by various governmental and/or regulatory
agencies to place limits on the amount of EMI that can permissibly be emitted by
electronic devices. Inresponse to EMI regulations, spread spectrum clocking (SSC) has
been used to reduce the amplitude of the EMI emissions.

In addition to interference that may be caused by external sources, devices having
wireless radios may introduce interference to components of the device or platform
comprising the wireless radio. This interference isreferred to asradio frequency
interference (RFI). Additionally, modern devices may include more than one radio, such
as amulti-band or "world" phone mobile phone that includes multiple radios to
accommodate the differing mobile phone standards in different regions of the world.

As such, thereis an increasing need to reduce or eliminate RFl while also
maintaining compliance with EMI standards. However, conventional EMI reducing
techniques such as SSC do not address RFI considerations. Conventional SSC spreads a
signal over awider frequency spectrum, but such a spread signal may actually overlap
frequencies of the radios used by one or more platform radios.

Thus, there is a general need for amethod and system for efficient platform RFI

mitigation.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure herein are illustrated by way of example and not
by way of limitation in the accompanying figures. For purposes related to simplicity and
clarity of illustration rather than limitation, aspects illustrated in the figures are not
necessarily drawn to scale. Further, where considered appropriate, reference labels have
been repeated among the figures to indicate corresponding or analogous elements.

FIG. lisaflow diagram of aprocess, in accordance with one embodiment.

FIG. 2isaflow diagram of another process, in accordance with one embodiment.

FIG. 3isanillustrative depiction of a graphical user interface, in accordance with

one embodiment.
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FIG. 4isanillustrative depiction of clock parameter data, in accordance with an
embodiment.

FIG. 5 anillustrative depiction of radio parameter data, in accordance with an
embodiment.

FIG. 6illustrates ablock diagram of an RFI control system, in accordance with

some embodiments herein.

DETAILED DESCRIPTION

The disclosure herein provides numerous specific details such asregarding a
system for implementing various processes and operations. However, it will be
appreciated by one skilled in the art(s) related hereto that embodiments of the present
disclosure may be practiced without such specific details. Thus, in some instances aspects
such as control mechanisms and full software instruction sequences have not been shown
in detail in order not to obscure other aspects of the present disclosure. Those of ordinary
skill in the art will be able to implement appropriate functionality without undue
experimentation given the included descriptions herein.

References in the specification to "one embodiment”, "some embodiments’, "an

embodiment”, "an example embodiment”, "an instance", "some instances"' indicate that
the embodiment described may include aparticular feature, structure, or characteristic, but
that every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases are not necessarily referring to the same
embodiment. Further, when aparticular feature, structure, or characteristic isdescribed in
connection with an embodiment, it is submitted that it i swithin the knowledge of one
skilled in the art to affect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

Some embodiments herein may be implemented in hardware, firmware, software,
or any combinations thereof. Embodiments may also be implemented as executable
instructions stored on a machine-readable medium that may be read and executed by one
or more processors. A machine-readable storage medium may include any tangible non-
transitory mechanism for storing information in aform readable by a machine (e.g., a
computing device). In some aspects, a machine-readable storage medium may include
read only memory (ROM); random access memory (RAM); magnetic disk storage media;
optical storage media; flash memory devices; and electrical and optical forms of signals.

2
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While firmware, software, routines, and instructions may be described herein as
performing certain actions, it should be appreciated that such descriptions are merely for
convenience and that such actions are in fact result from computing devices, processors,
controllers, and other devices executing the firmware, software, routines, and instructions.

FIG. lisaflow diagram of aprocess 100 related to one embodiment of aradio
frequency interference (RFI) mitigation method, tool, system, and apparatus. Process 100
may, in some aspects, provide amechanism to determine sources of platform radio
interference attributable to one or more platform clock sources and to adjust system clock
parameters accordingly to reduce or eliminate the RFI caused by the clock sources. At
operation 105, radio channel information related to aplurality of platform radios is
received. The plurality of radios herein may include (without limitation) avariety of
devices that may communicate using anumber of different protocols and techniques,
including aFM radio, mobile telephony protocols, aglobal positioning satellite receiver
without limitation herein.

At operation 110, clock parameter information associated with one or more system
or platform clock signal sources (also referred to as "clock™ herein) may bereceived. The
clock parameter information may include the operationa frequencies of the clocks,
including information regarding the limit(s) of the clock signals. The particular data
received at operations 105 and 110 may include, at least, the information needed to
determine whether the clock signals from the platform clocks and the radio signals from
the radios of the platform have apotentia to interfere (e.g., RFI) with each other.

Operation 115 of FIG. lincludes determining aplurality of SSC profiles for the
one or more clock sources and at least one of the radios, where operating the clock sources
in accordance with the determined SSC profiles reduces or eliminates the RFI between the
clock sources and the radio receivers. A SSC generator device, (sub)system, or module
may operate to generate the SSC profiles.

FIG. 2isaflow diagram for aprocess 200 associated with reducing or eliminating
RFI between at least one platform or system clock source and multiple radios of the same
platform. In some aspects, FIG. 2 may be an extension of operation 115 of FIG. 1. It
should be further understood by one skilled in the arts associated herewith that operation
115 may be implemented by mechanisms, techniques, and methods other than the example

of FIG. 2. In some embodiments, aprocess for determining aplurality of SSC profiles for
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the one or more clock sources at operation 115 may include, more, few, other aternative
or substitute operations than those particularly disclosed in FIG. 2.

At operation 205, based on information regarding the clock parameters and radio
parameters for aplatform, system, or device, acalculation of the harmonics for at least one
clock source within aband of at least one of the platform clocks isperformed. In some
embodiments, some processes herein may treat each selected clock independently. In
some other embodiments, multiple clocks may be considered collectively in the generation
of SSC profiles. Operation 205 may calculate al harmonics of a selected clock that lie
within the band of any of the selected radios. In some aspects, multiple radios may be
selected to design a spreading profile that reduces clock harmonics in all selected bands
simultaneously.

In some embodiments, the harmonic numbers having an interference potential for a
given clock and radio are found by the following code snippet:

Ceil(min radio freg/ max clock freq) toFloor(max radio freg/ min clock freq)

Asan example, consider aPCl 33MHz clock and aWiFi channel 1asdepicted in
graphical user interface (GUI) 300 of FIG. 3. GUI 300 includes apresentation of platform
clocks at display window 305 and a presentation of platform radios at display window
310. Sample detailed information regarding the platform clocks and radios islisted in the
sample clock parameters data shown in FIG. 4 and the radio parameters data shown in
FIG. 5, respectively. Based on the code above, calculation of the interference harmonics
may include determining the lowest potentially interfering harmonic as ceil [(2412MHz -
22MHZz/2) | 33.333MHZ] = ceil[72.33] = 73. In this example, since the 72 harmonic will
fall below the lower edge of this WiFi channel, the result isrounded up ("ceil” function in
Matlab). The highest harmonic with an interference potential isdetermined as
floor[(2412MHz + 22MHz/2) / (33.333MHz - 1.5%)] = floor(73.80) = 73. The result here
isrounded down because the next higher harmonic including downspread will be fully
above upper edge of the radio channel. In this example, there is only one harmonic of
concern, although for other clock signals and radios there may be more than one potential
interference harmonic.

Referring to process 200 at operation 210, the harmonics with a potential for
interference are used to calculate the actual range of clock frequencies that may have
harmonic content inside the selected radio channel(s) or band(s). The actual range of
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clock frequencies harmonic numbers that may have harmonic content inside the selected
radio channel(s) or band(s) may be found by the following code snippet:

Min radio freg/ harmonic number to

Max radio freq / harmonic number

Continuing the example introduced above, the range of clock frequencies of
concern isfrom (2412MHz - 22MHZz/2) / 73 = 32.890MHz to (2412MHz + 22MHZz/2) | 73
= 33.192MHz. Here, only aportion of this range i swithin the conventional PCI-33 spread
range of 33.166 to 33.333 MHz, however the entire interference range isretained to allow
for alternative spread ranges.

Process 200 continues to operation 215 where aplurality of the radio-friendly SSC
profiles are generated for the at least one clock source and the at least one radio receiver,
based on the calculations of operations 205 and 210. A number of steps may beinvolved
in generating the radio-friendly clocking profile(s) herein. A number of different
approaches may be performed to generate the radio-friendly clocking profile(s), but one
such example process will be disclosed herein below to demonstrate the concept of an
automatic SSC profile generation engine. It should be appreciated that certain details may
be altered or modified within the scope of the present disclosure.

In some embodiments, a candidate profile(s) may be determined. The candidate
clocking frequency range may be larger than the range used in a conventional 0.5%
downspread range typicaly used in computing platforms. The candidate range may be
defined by the maximum negative clock deviation percentages set in aclock parameters
file,such asillustrated in FIG. 4. For the PCI-33 settings shown in the spreadsheet data of
FIG. 4 at 405, thisrange is 33.333MHz - 1.5% to 33.333MHz (note that the 1.5% negative
limit is not based on any specification or known circuit limitation, but is chosen here for
demonstration purposes only).

The candidate frequency range may be converted from clock frequencies to clock
periods in order to model the behavior of, for example, an integrated SSC generator that
uses delay lines to generate spread. The candidate range in this example becomes 30.000
to 30.457 ns.

The SSC generator resolution may be defined by parameters in a clocking
parameters file as shown in column K of FIG. 4 for example. In some embodiments this

detail may not normally be important for determining interference, but is only for
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accommodating the limited frequency agility of digitally controlled SSC generators when
determining the desired SSC profile(s).

The candidate clocking range may be represented as a one-dimensional array of
clock periods. For the purpose of illustration, an SSC generator resolution of 5.0ps would
result in the following matrix for the PCI-33 example used above: [30.000 30.005 30.010
... 30.445 30.450 30.455] ns.

The range of potential interference frequencies determined previously may be
converted from clock frequencies to clock periods in the same way as the candidate clock
frequency range. Inthe example here, the interference range becomes 1/33.192MHz =
30. 128ns to 1/32.890MHz = 30.404ns. All elements of the candidate range array
described above that are within this interference range are removed from the candidate
range array as shown below:

[30.000 30.005 ... 30.120 30.125-30.130——30.100 30.405 30.410 ... 30.450
30.455] ns

In some aspects, the methods and processes herein may alow for (inevitable)
spectral spreading by adding a pre-defined margin to either end of the interference range.
The amount of margin for real systems may be determined from measured data on spectral
spreading and the SSC frequency resolution. A margin of one resolution point isused to
illustrate this aspect below:

[30.000 30.005 ... 30.120-30.125-30.130——30.100-30.105 30.410 ... 30.450
30.455] ns

In some embodiments, the candidate clock range determined above may exceed the
maximum allowable spreading. If thisisthe case, the matrix istruncated appropriately.
In the example here, the maximum downspread is 1.5%, equal to the maximum negative
clock frequency deviation. Thus, no truncation is necessary. |If the maximum downspread
had been limited to 1.0% for example, then the candidate clock range could be truncated
above 1/(33.333MHz - 1%) = 30.303ns. Asan example:

[30.000 30.005 ... 30.120 30.125-30.130——30.100-30.105-30.1-10—-30.150
30.155] ns

In one embodiment, the methods and processes herein allow for enforcement of a
minimum spread limit to ensure EMI compliance. The elimination of some of the
candidate clocking range to avoid radio interference reduces the effective spread of the
clock from an EMI perspective. In the example here, the candidate spread isinitially

6
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1.5%. After elimination of the interference range, the effective spread isreduced to
(1/30.000ns) - (1/30.120ns) + (1/30.410ns) - (1/30.455ns) = 0.181 MHz or 0.543%.

In this example, the remaining effective spread exceeds the minimum limit of 0.2%
set in the clock parameters file, so that no action isneeded. However, in the instance the
remaining spread had been less than the minimum limit, the processed herein may begin to
restore frequencies to the candidate range beginning at the edges of the interference range
until the minimum spread limit was met. In some embodiments, EMI consideration may
outweigh RFI considerations. In some instances having multiple interference ranges
(whether arising from a single radio channel, multiple channels or even multiple radios),
high priority radios may be exempted from this process at the expense of lower priority
radios. Priority assignments can vary by platform type or customer preference.

In this manner, the radio-friendly clocking profile(s) may be generated. Again, it
isnoted that different approaches may be used in determining the radio-friendly clocking
profile(s).

Referring to FIG. 3, an example SSC profile generated in accordance with the
present disclosure is depicted in display window 315 at 325. As shown, the generated
SSC profile spreads the frequency of the clock signal and includes a number of gaps or
notches in the profile. The gaps in the SSC profile are provided so that the clock signal
avoids or "jumps"’ the frequencies that cause RFI with the platform radios. Asillustrated,
anumber of potential RFI frequencies may be accommodated by the SSC profiles
generated herein. Display window 320 shows the radio spectrum for aclock signal
operating under control of the SSC profile 325. Asdepicted at 325, the clock operates
outside of theradio channel of interest (WiFi 1lb, channel 1). Also shown for
comparison purposes, aclock operating in accordance with a conventional spread profile
depicted at 330 in display window 315 has afrequency that overlaps (i.e., interferes with)
the channel of interest as shown in display window 320.

FIG. 6isablock diagram overview of a system or apparatus 600 according to
some embodiments. System 600 may be, for example, associated with any device to
implement the methods and processes described herein, including for example client
devices and a server of abusiness service provider that provisions software products.
System 600 comprises aprocessor 605, such as one or more commercially available
Central Processing Units (CPUs) in the form of one-chip microprocessors or a multi-core
processor, coupled to acommunication device 615 configured to communicate via a

7
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communication network (not shown in FIG. 6) to another device or system. In the
instance system 600 comprises an application server, communication device 615 may
provide ameans for system 600 to interface with aclient device. System 600 may aso
include alocal memory 610, such as RAM memory modules. The system 600 further
includes an input device 620 (e.g., atouch screen, mouse and/or keyboard to enter content)
and an output device 625 (e.g., acomputer monitor to display auser interface element).

Processor 605 communicates with a storage device 630. Storage device 630 may
comprise any appropriate information storage device, including combinations of magnetic
storage devices (e.g., ahard disk drive), optical storage devices, and/or semiconductor
memory devices. In some embodiments, storage device may comprise a database system.

Storage device 630 stores aprogram code 635 that may provide computer
executable instructions for processing requests from, for example, client devicesin
accordance with processes herein. Processor 605 may perform the instructions of the
program 635 to thereby operate in accordance with any of the embodiments described
herein. Program code 635 may be stored in a compressed, uncompiled and/or encrypted
format. Program code 635 may furthermore include other program elements, such as an
operating system, a database management system, and/or device drivers used by the
processor 605 to interface with, for example, peripheral devices. Storage device 630 may
also include data 645. Data 645, in conjunction with SSC profile generation engine 640,
may be used by system 600, in some aspects, in performing the processes herein, such as
processes 100 and 200. In some embodiments, data 645 may include clock parameter
information records and radio parameter information records. In some embodiments, the
clock parameter information records and radio parameter information records may be
received from an external source viainput devices 620 or communication device 615 that
may interface with acommunication network.

In some embodiments, components of a system, device, or other apparatus to
implement the methods of the present disclosure may include one or more clock signal
sources with an adjustable or controllable clock frequency, a source of information
regarding limits on valid frequencies for each clock source, a source of information
regarding frequencies used by one or more platform radios, and amodule with interfaces
to the above components for determining the desired clocking parameters and controlling
the clock signal source(s). In some aspects, the source of the radio frequency information
and the source of the clock information may be the same, though not limited as such. In

8
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some embodiments, the sources of the radio and clock information may be afile, whether
stored locally or remotely, received aspart of amessage, received in adata stream, or
generated by adevice or system including the module for determining the desired clocking
parameters and controlling the clock signal sources. In some aspects, the controller
module (e.g., aprocessor, RFI controller "engine", etc. may beimplemented in hardware,
firmware, software, and acombination thereof.

In some embodiments, aspects of the present disclosure operate to adjust clock
frequency and clock frequency variations to remove clock harmonic energy from radio
reception frequencies in use by aplatform. Itisnoted that changes to clock frequency
variations herein are not limited to maximum and minimum spreading frequencies, but
more generally to the clock spreading profile (i.e., the relationship of clock frequency to
time) that generates the spread clock(s). The present disclosure uses information about
valid platform clock frequency ranges and radio channels used by the platform to
determine optimum clock parameters. The optimum clock parameters may be used to
dynamically adjust the platform clock(s) in response to the particular radios operating in
the platform.

In some aspects, the present disclosure may be implemented to provide abuilt-in
RFI solution that may accommodate the integration of different components having a
wireless radio. In some embodiments, aplatform, device, apparatus, or System may
automatically invoke one of aplurality of SSC profiles generated in accordance with
aspects herein, as needed, during the operation of the platform, device, apparatus, or
system. In this manner, uninterrupted and interference free operation of the platform may
be achieved.

All systems and processes discussed herein may be embodied in program code
stored on one or more computer-readable media. Such media may include, for example, a
floppy disk, aCD-ROM, aDVD-ROM, one or more types of "discs', magnetic tape, a
memory card, aflash drive, a solid state drive, and solid state Random Access Memory
(RAM) or Read Only Memory (ROM) storage units. Embodiments are therefore not
limited to any specific combination of hardware and software.

Embodiments have been described herein solely for the purpose of illustration.
Persons skilled in the art will recognize from this description that embodiments are not
limited to those described, but may be practiced with modifications and alterations limited
only by the spirit and scope of the appended claims.

9
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CLAIMS

What isclamed is:

1. A computer-implemented method, the method comprising:

receiving clock frequency parameter information for at least one clock source;

receiving radio parameter information for at least one radio receiver;

determining, by aprocessor, one or more spread spectrum clocking (SSC) profiles
for the at least one clock source and the at least one radio receiver, each SSC profile to
reduce radio frequency interference between the clock and radio receivers; and

storing the SSC profiles.

2. The method of claim 1, wherein each SSC profile includes agap in at least
apart of afrequency range of the clock signal source.

3. The method of claim 1, wherein the determining of the one or more SSC
profiles for the at least one clock source and the at least one radio receiver comprises:

calculating harmonics of the at least one clock source within aband of one of the at
least oneradio receiver;

calculating, based on the calculated harmonics, arange of clock frequencies having
apotentia to include harmonic content within the band of one of the at least oneradio
receiver; and

determining of the one or more SSC profiles for the at least one clock source and
the at least one radio receiver based on the calculated harmonics, the range of clock
frequencies having apotential to include harmonic content, and at least one of: a

maximum spread limit, aminimum spread limit, and a combination thereof.

4. The method of claim 1, wherein the at least one clock sourceis one clock

and the at least one radio receiver isaplurality of radio receivers.
5. The method of claim 1, further comprising operating adevice including the

at least one clock source and the at least one radio signal in accordance with the one or

more SSC profiles.

10
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6. The method of claim 5, wherein a specific one the SSC profiles used in
operating the device is automatically invoked depending on which of the at least one clock

source and which of the at least one radio signal the deviceis actively using.

7. An apparatus, the apparatus comprising:

at least one radio receiver;

at least one clock source;

aprocessor to:

receive clock frequency parameter information for the at least one clock source;

receive radio parameter information for the at least one radio receiver; and

determine one or more SSC profiles for the at least one clock source and the at
least one radio receiver, each SSC profile to reduce radio frequency interference between
the clock and radio receivers; and

amemory to store the SSC profiles.

8. The apparatus of claim 7, wherein each SSC profile includes agap in at
least apart of afrequency range of the clock source.

9. The apparatus of claim 7, wherein the determining of the one or more SSC
profiles for the at least one clock source and the at least one radio receiver comprises:

calculating harmonics of the at least one clock source within aband of one of the at
least oneradio receiver;

calculating, based on the calculated harmonics, arange of clock frequencies having
apotentia to include harmonic content within the band of one of the at least oneradio
receiver; and

calculating of the one or more SSC profiles for the at least one clock source and
the at least one radio receiver based on the calculated harmonics, the range of clock
frequencies having apotential to include harmonic content, and at least one of: a

maximum spread limit, aminimum spread limit, and a combination thereof.

10. The apparatus of claim 7, wherein the at least one clock source is one clock
and the at least one radio receiver isaplurality of radio receivers.

11
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11. The apparatus method of claim 7, further comprising operating the
apparatus including the at least one clock source and the at least one radio signal in

accordance with one or more of the SSC profiles.

12. The apparatus of claim 11, wherein a specific one the SSC profiles used in
operating the apparatus i s automatically invoked depending on which of the at least one

clock source and which of the at least one radio signal the apparatus is actively using.

13. A system, the system comprising:

adata storage device;

at least one radio receiver;

at least one controllable clock;

aprocessor to:

receive clock frequency parameter information for the at least one clock source;

receive radio parameter information for the at least one radio receiver; and

determine one or more SSC profiles for the at least one clock source and the at
least one radio receiver, each SSC profile to reduce radio frequency interference between
the clock and radio receivers; and

amemory to store the SSC profiles.

14. The system of claim 13, wherein each SSC profile includes agap in at least

apart of afrequency range of the clock source.

15. The system of claim 13, wherein the determining of one or more SSC
profiles for the at least one clock source and the at least one radio receiver comprises:

calculating harmonics of the at least one clock source within aband of one of the at
least oneradio receiver;

calculating, based on the calculated harmonics, arange of clock frequencies having
apotentia to include harmonic content within the band of one of the at least oneradio
receiver; and

calculating the one or more SSC profiles for the at least one clock source and the at
least oneradio receiver based on the calculated harmonics, the range of clock frequencies

12
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having apotential to include harmonic content, and at least one of: amaximum spread

[imit, aminimum spread limit, and a combination thereof.

16. The system of claim 13, wherein the at least one clock sourceis one clock
and the at least one radio receiver isaplurality of radio receivers.

17. The system method of claim 13, further comprising operating the system
including the at least one clock source and the at least oneradio signal in accordance with

the one or more SSC profiles.
18. The system of claim 17, wherein a specific one the plurality of SSC profiles

used in operating the system is automatically invoked depending on which of the at least
one clock source and which of the at least one radio signal the system is actively using.

13



WO 2013/101159 PCT/US2011/068042

1/6

100

RECEIVE CLOCK FREQUENCY PARAMETER INFORMATION
FOR AT LEAST ONE CLOCK SOURCE

BN
o

RECEIVE RADIO PARAMETER INFORMATION FOR AT
LEAST ONE RADIO SIGNAL SOURCE

—
—\

DETERMINE A PLURALITY OF SSC PROFILES FOR THE AT LEAST
ONE CLOCK SOURCE AND THE AT LEAST ONE RADIO SIGNAL
SOURCE TO REDUCE RADIO FREQUENCY INTERFERENCE
BETWEEN THE CLOCK AND RADIO SIGNAL SOURCES

—\
—
[&)]

FIG. 1



WO 2013/101159 PCT/US2011/068042
2/6

|
o
<_

CALCULATE HARMONICS OF THE AT LEAST CLOCK
SOURCE WITHIN A BAND OF ONE OF AT LEAST ONE
RADIO SIGNAL SOURCE

N
[&)]

CALCULATE, BASED ON THE CALCULATED HARMONICS, A RANGE
OF CLOCK FREQUENCIES HAVING A POTENTIAL TO INCLUDE
HARMONIC CONTENT WITHIN THE BAND OF ONE OF THE AT
LEAST ONE RADIO SIGNAL SOURCE

N
—
o

CALCULATE THE PLURALITY OF SSC PROFILES FOR THE AT LEAST
ONE CLOCK SOURCE AND THE AT LEAST ONE RADIO SIGNAL
SOURCE BASED ON THE CALCULATED HARMONICS, THE RANGE OF
CLOCK FREQUENCIES HAVING A POTENTIAL TO INCLUDE
HARMONIC CONTENT, AND AT LEAST ONE OF: A MAXIMUM SPREAD
LIMIT, A MINIMUM SPREAD LIMIT, AND A COMBINATION THEREOF

215

FIG. 2



WO 2013/101159 PCT/US2011/068042

3/6
o P
o W H e &
3] o

h

SRR

iy Profile

Lok Bpread

feh

FIG. 3

®Bagdis-Friendly Clooking Tout By

MW@W Batow

4
o
2 5/ o/
3 ® )

SUBSTITUTE SHEET (RULE 26)



WO 2013/101159 PCT/US2011/068042

Bl ey TR
ERHE I W

TR

N

X

T

:‘ . & YRR A w8
R X

& o

ﬁ

B
S
£

¥

D &

e

NS R
N R RO G
oo * WA T ]

O *

[F R

¥

2

N N T A

P
B4

savaiog "
2

FiG. 4

o NIRRT PN
B o . :
5 :
oW
N
WA

£ R

¥ . W

W =

% 2

& D

T ) E T R R ER R

3 - W

§ L

»'& o

%5,

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/068042
5/6

WO 2013/101159

(oY

e 2 g g

g 258 53 W
2 o
) wr

7 : 7
g -y
7

A
A

SUBSTITUTE SHEET (RULE 26)



WO 2013/101159 PCT/US2011/068042
6/6

Fr--TTTTTTTTTT TS T T T T T T T T T T T T T T T T T T T |
| 600 !
| I
| |
| |
. o . Output
: Input Device(s) Communication Device Devic?e(s) :
| 620 615 625 |
| [ 3 3 |
l |
| |
| I
| |
| |
| |
l |
: Processor !
| |
| 605 |
' 7 Y yy |
| |
| |
| Memory :
| 610 | |
| |
I — v T |
: ~— oy :
| |
| { A I
: \ Program Code 615 | :
| |
I 4 I :
: 630 RFI Generation .
: \ Engine 640 | :
| |
| |
! Data |
| 645 |
: ~ -~ :
| |
| |
| |



INTERNATIONAL SEARCH REPORT International - gpplication No.
PCT/US20 11/068042

A. CLASSIFICATION OF SUBJECT MATTER

HO4B 15/04(2006.01)i, HO3L 7/00(2006.01)1, HO4B 1/69(2011.01)1

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4B; HO4L; HO3D

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
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: SSC, clock, harmonic

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A Us 2009-0080583 Al (SKINNER et al.) 26 March 2009 1-18
See paragraphs  [0014] , [0019] , [0048] , clams 1, 13.

A Us 2010-0158169 Al (SREERAMA et al .) 24 June 2010 1-18
See paragraphs  [0011] , [0027] , clams 1, 8, 13.

A US 2008-0063130 Al (CHEN) 13 Mar 2008 1-18
See paragraph  [0031] , clams 1, 10, and figures 5, 6.

|:| Further documents are listed in the continuation of Box C. & See patent family annex.
* Special categories of cited documents: "T" |ater document published after the international filing date or priority
"A"  document defining the general state of the art which isnot considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document istaken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special  reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an ord disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to aperson skilled inthe art
"P'"  document published prior tothe international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
24 JULY 2012 (24.07.2012) 25JULY 2012 (25.07.2012)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan SOHN, Hyun-Woong
City' 30270 1+ Repubyjic 0f Kgrea

Fa(;:c‘imile No. 82-42-472-7140 Telephone No.  82-42-481-5973
Form PCT/ISA/210 (second sheet) (My 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2011/068042

Patent document Publication Patent family Publication

cited in search report date member(s) date

us 2009--0080583 a1 26.03.2009 cN 101809901 A 18.08.2010
pe 112008002552 T5 14. 10.2010
B 201004601 po 05. 05.2010
B 2465520 A 26. 05.2010
Us 201 1-293054 Al 01.12.2011
us 7907694 B2 15.03.201 1
Wo 2009-04243 1 Al 02. 04. 2009

us 2010-0158169 A1 24.06.2010 None

us 2008--0063130 A1 13.03.2008 cn 101034885 A 12. 09.2007
cn 101034885 B 11.05.201 1
Tw 200814537 A 16. 03.2008
Tw 1332762 A 01.11.2010
us 7508278 B2 24.03.2009

Form PCT/ISA/210 (patent family annex) (July 2009)




	abstract
	description
	claims
	drawings
	wo-search-report

