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SHARED BYPASS CAPACITOR MATCHING NETWORK

TECHNICAL FIELD

[0001] The present disclosure relates generally to electronic communications. More
specifically, the present disclosure relates to systems and methods for a shared bypass capacitor

matching network.

BACKGROUND

[0002] Wireless communication systems are widely deployed to provide various types of
communication content such as voice, video, data, and so on. These systems may be multiple-
access systems capable of supporting simultaneous communication of multiple terminals with
one or more base stations.

[0003] A terminal or a base station may include one or more integrated circuits. These
integrated circuits may include analog and digital circuitry necessary for wireless
communication. Such circuitry may include inductors and capacitors. As the technology used to
build integrated circuits progresses, active elements on the integrated circuit such as transistors
continue to decrease in size. Passive elements on the integrated circuit such as inductors and
capacitors may not decrease in size relative to the active elements. Therefore, integrated circuits
built with progressive technology may require increasing percentages of area on the integrated
circuit for passive elements.

[0004] As terminals and base stations become more expensive, designers look to reduce costs
by reducing the number of components and/or the board area used by components. If a
component can be removed or shared, the cost of the terminal and/or the base station may be
reduced. Benefits may be realized by removing redundant components from circuits within a

terminal or a base station.



WO 2013/134555 PCT/US2013/029705

SUMMARY

[0005] A receiver is described. The receiver includes a first amplifier on an integrated
circuit. The receiver also includes a second amplifier on the integrated circuit. The receiver
further includes a first inductor coupled to the first amplifier. The receiver also includes a second
inductor coupled to the second amplifier. The receiver further includes a first capacitor coupled
to the first inductor, the second inductor, and to ground. The first capacitor is shared between a
first matching network for the first amplifier and a second matching network for the second
amplifier.

[0006] The first inductor and the second inductor may be shunt inductors. The first capacitor
may be a shared bypass capacitor. A first input may be coupled to the first amplifier and a
second input may be coupled to the second amplifier. The first input may be coupled to a first
duplexer. The second input may be coupled to a second duplexer. The first duplexer and the
second duplexer may be coupled to an antenna via a switch.

[0007] The receiver may include a third inductor that is coupled between a first input and the
first amplifier. The receiver may also include a fourth inductor that is coupled between a first
input and the second amplifier. The first amplifier and the second amplifier may both be low
noise amplifiers. The first amplifier may be one of a highband low noise amplifier, a midband
low noise amplifier, and a lowband low noise amplifier. The second amplifier may be one of a
highband low noise amplifier, a midband low noise amplifier, and a lowband low noise
amplifier.

[0008] The receiver may be part of a base station or part of a wireless communication device.
The receiver may be used to receive radio frequency signals. The first inductor, the second
inductor and the first capacitor may form an impedance matching network.

[0009] The receiver may include a third amplifier on the integrated circuit. The receiver may
also include a fourth amplifier on the integrated circuit. The receiver may further include a third
inductor coupled to the third amplifier. The receiver may also include a fourth inductor coupled
to the fourth amplifier. The receiver may further include a second capacitor coupled to the third

inductor, the fourth inductor, and to ground.
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[0010] A method for impedance matching is also described. A signal is received from a
source. The signal requires impedance matching between the source and a load. The signal is
provided to an impedance matching network that shares a first capacitor for multiple amplifiers.
An output of the impedance matching network is provided to one of the amplifiers.

[0011] The multiple amplifiers may be on an integrated circuit. The first capacitor may be a
shared bypass capacitor. The method may be performed by an electronic device.

[0012] An apparatus is described. The apparatus includes means for receiving a signal from
a source. The signal requires impedance matching between the source and a load. The apparatus
also includes means for providing the signal to an impedance matching network. The impedance
matching network shares a first capacitor for multiple amplifiers. The apparatus further includes
means for providing an output of the impedance matching network to one of the amplifiers.
[0013] A computer-program product for impedance matching is described. The computer-
program product includes a non-transitory computer-readable medium having instructions
thereon. The instructions include code for causing an electronic device to receive a signal from a
source. The signal requires impedance matching between the source and a load. The instructions
also include code for causing the electronic device to provide the signal to an impedance
matching network. The impedance matching network shares a first capacitor for multiple
amplifiers. The instructions further include code for causing the electronic device to provide an

output of the impedance matching network to one of the amplifiers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a block diagram of an electronic device for use in the present systems and
methods;
[0015] Figure 2 is a block diagram of a wireless device for use in the present systems and
methods;
[0016] Figure 3 is a flow diagram of a method for impedance matching using a shared bypass

capacitor matching network;
[0017] Figure 4 is a block diagram illustrating one configuration of a shared bypass capacitor

matching network coupled to an integrated circuit;
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[0018] Figure 5 is block diagram illustrating another configuration of a shared bypass
capacitor matching network coupled to an integrated circuit;
[0019] Figure 6 is block diagram illustrating yet another configuration of a shared bypass
capacitor matching network coupled to an integrated circuit;
[0020] Figure 7 illustrates certain components that may be included within a base station; and
[0021] Figure 8 illustrates certain components that may be included within a wireless

communication device.

DETAILED DESCRIPTION

[0022] The 3" Generation Partnership Project (3GPP) is a collaboration between groups of
telecommunications associations that aims to define a globally applicable 31 generation (3G)
mobile phone specification. 3GPP Long Term Evolution (LTE) is a 3GPP project aimed at
improving the Universal Mobile Telecommunications System (UMTS) mobile phone standard.
The 3GPP may define specifications for the next generation of mobile networks, mobile systems
and mobile devices. In 3GPP LTE, a mobile station or device may be referred to as a “user
equipment” (UE).

[0023] 3GPP specifications are based on evolved Global System for Mobile Communications
(GSM) specifications, which are generally known as the Universal Mobile Telecommunications
System (UMTS). 3GPP standards are structured as releases. Discussion of 3GPP thus frequently
refers to the functionality in one release or another. For example, Release 99 specifies the first
UMTS third generation (3G) networks, incorporating a code division multiple access (CDMA)
air interface. Release 6 integrates operation with wireless local area networks (LAN) networks
and adds High Speed Uplink Packet Access (HSUPA). Release 8§ introduces dual downlink
carriers and Release 9 extends dual carrier operation to uplink for UMTS.

[0024] CDMAZ2000 is a family of third generation (3G) technology standards that use code
division multiple access (CDMA) to send voice, data and signaling between wireless devices.
CDMA2000 may include CDMA2000 1X, CDMA2000 EV-DO Rev. 0, CDMA2000 EV-DO
Rev. A and CDMA2000 EV-DO Rev. B. 1x or 1xRTT refers to the core CDMA2000 wireless

air interface standard. 1x more specifically refers to 1 times Radio Transmission Technology and
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indicates the same radio frequency (RF) bandwidth as used in IS-95. 1xRTT adds 64 additional
traffic channels to the forward link. EV-DO refers to Evolution-Data Optimized. EV-DO is a
telecommunications standard for the wireless transmission of data through radio signals.

[0025] A base station is a station that communicates with one or more wireless
communication devices. A base station may also be referred to as, and may include some or all
of the functionality of, an access point, a broadcast transmitter, a NodeB, an evolved NodeB, etc.
Each base station provides communication coverage for a particular geographic area. A base
station may provide communication coverage for one or more wireless communication devices.
The term “cell” can refer to a base station and/or its coverage area depending on the context in
which the term is used.

[0026] A wireless communication device may also be referred to as, and may include some
or all of the functionality of, a terminal, an access terminal, a user equipment (UE), a subscriber
unit, a station, etc. A wireless communication device may be a cellular phone, a personal digital
assistant (PDA), a wireless device, a wireless modem, a handheld device, a laptop computer, etc.
[0027] Communications in a wireless system (e.g., a multiple-access system) may be
achieved through transmissions over a wireless link. Such a communication link may be
established via a single-input and single-output (SISO), multiple-input and single-output (MISO)
or a multiple-input and multiple-output (MIMO) system. A multiple-input and multiple-output
(MIMO) system includes transmitter(s) and receiver(s) equipped, respectively, with multiple
(NT) transmit antennas and multiple (NR) receive antennas for data transmission. The multiple-
input and multiple-output (MIMO) system can provide improved performance (e.g., higher
throughput, greater capacity or improved reliability) if the additional dimensionalities created by
the multiple transmit and receive antennas are utilized.

[0028] A wireless communication system may utilize both multiple-input and single-output
(MISO) and multiple-input and multiple-output (MIMO). A wireless communication system
may be a multiple-access system capable of supporting communication with multiple wireless
communication devices by sharing the available system resources (e.g., bandwidth and transmit
power). Examples of such multiple-access systems include code division multiple access

(CDMA) systems, wideband code division multiple access (W-CDMA) systems, time division
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multiple access (TDMA) systems, frequency division multiple access (FDMA) systems,
orthogonal frequency division multiple access (OFDMA) systems, single-carrier frequency
division multiple access (SC-FDMA) systems, 3" Generation Partnership Project (3GPP) Long
Term Evolution (LTE) systems and spatial division multiple access (SDMA) systems.

[0029] The terms “networks” and “systems” are often used interchangeably. A CDMA
network may implement a radio technology such as Universal Terrestrial Radio Access (UTRA),
cdma2000, etc. UTRA includes W-CDMA and Low Chip Rate (LCR) while cdma2000 covers
IS-2000, IS-95 and IS-856 standards. A TDMA network may implement a radio technology such
as Global System for Mobile Communications (GSM). An OFDMA network may implement a
radio technology such as Evolved UTRA (E-UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20,
Flash-OFDMA, etc. UTRA, E-UTRA, and GSM are part of Universal Mobile
Telecommunication System (UMTS). Long Term Evolution (LTE) is a release of UMTS that
uses E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are described in documents from an
organization named ‘“3rd Generation Partnership Project” (3GPP). ¢dma2000 is described in
documents from an organization named “3rd Generation Partnership Project 2 (3GPP2). For
clarity, certain aspects of the techniques are described below for LTE, and LTE terminology is
used in much of the description below.

[0030] Figure 1 is a block diagram of an electronic device 102 for use in the present systems
and methods. The electronic device 102 may be a base station, a wireless communication device,
or other device that uses electricity. The electronic device 102 may include a radio frequency
(RF) receiver 120. The receiver 120 may include an integrated circuit 104 with multiple low
noise amplifiers (LNAs) 106. The integrated circuit 104 may include a combination of highband
low noise amplifiers (LNAs) 106, midband low noise amplifiers (LNAs) 106 and lowband low
noise amplifiers (LNAs) 106. In one configuration, the integrated circuit 104 may include ten
low noise amplifiers (LNAs) 106. The receiver 120 may also include a shared bypass capacitor
matching network 108. Two or more of the low noise amplifiers (LNAs) 106 on the integrated
circuit 104 may be coupled to the shared bypass capacitor matching network 108. In one
configuration, all of the low noise amplifiers (LNAs) 106 on the integrated circuit 104 may be

coupled to the shared bypass capacitor matching network 108.
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[0031] Receivers 120 may include matching networks. A matching network may use
impedance matching to match the output impedance of a signal source to the input impedance of
an electrical load. Impedance matching may maximize the power transfer and/or minimize
reflections from the load. In a receiver 120, a matching network may be needed between an
antenna and a low noise amplifier (LNA) 106.

[0032] Matching circuit design often involves multiple inductor components. Inductors are
passive devices; as integrated circuit process sizes decrease, the sizes of passive devices remain
the same. Thus, in smaller integrated circuit process sizes, inductors may dominate the die area
used. The large form factor of inductors makes integration onto planar technology infeasible.
Thus, a matching network (such as the shared bypass capacitor matching network 108) may not
be included on an integrated circuit 104. A matching network may use capacitors and inductors
in different combinations to match the impedance between a source and a load.

[0033] A matching network may be used for low noise amplifiers (LNAs) 106 that are
differential ended (DE) and low noise amplifiers (LNAs) 106 that are single ended (SE). For
each differential ended (DE) low noise amplifier (LNA) 106, there may be three impedance
matching components in the matching network. Also, for each single ended (SE) low noise
amplifier (LNA) 106, there may be three impedance matching components in the matching
network. Some electronic devices 102 may use an integrated circuit 104 with ten or more low
noise amplifiers (LNAs) 106. The matching network may thus include a large number of
inductors and/or capacitors. For example, for an integrated circuit 104 with ten low noise
amplifiers (LNAs) 106, a matching network may include thirty impedance matching components.
By reducing the number of impedance matching components in a matching network, the cost of
an electronic device 102 may be reduced. One such way to reduce the number of impedance
matching components in a matching network is to use shared bypass capacitors 112 in a shared
bypass capacitor matching network 108. A shared bypass capacitor 112 may be shared between
two or more low noise amplifiers (LNAs) 106. In one configuration, a shared bypass capacitor
112 may be shared between all the low noise amplifiers (LNAs) 106 on an integrated circuit 104.
The shared bypass capacitor matching network 108 may also include shunt inductors 110 for

each low noise amplifier (LNA) 106.
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[0034] Figure 2 is a block diagram of a wireless device 202 for use in the present systems
and methods. The wireless device 202 of Figure 2 may be one configuration of the electronic
device 102 of Figure 1. The wireless device 202 may be a base station or a wireless
communication device.

[0035] The wireless device 202 may include an antenna 214. The wireless device 202 may
use the antenna 214 to receive multi-band signals. The wireless device 202 may include multiple
duplexers 216. Each duplexer 216 may be used for a different band. A switch 218 may be
coupled between the duplexers 216 and the antenna 214 to ensure that the appropriate duplexer
216 is coupled to the antenna 214 (depending on the receiving band). The switch 218 may allow
the wireless device 202 to switch signals output from the antenna 214 to the appropriate duplexer
216 and low noise amplifier (LNA) 206 on an integrated circuit 204 on the wireless device 202.
An impedance matching network may be needed between the antenna 214 and the low noise
amplifiers (LNAs) 206.

[0036] The wireless device 202 may include a shared bypass capacitor matching network 208
coupled to the duplexers 216. The shared bypass capacitor matching network 208 may be an
impedance matching network. The shared bypass capacitor matching network 208 may include
shunt inductors 110 and shared bypass capacitors 112. By using shared bypass capacitors 112,
the number of bypass capacitors in the matching network may be reduced, reducing the total cost
of the wireless device 202. For example, if using shared bypass capacitors 112 reduces the
number of bypass capacitors by four, the cost savings achieved may include the saved cost of the
four bypass capacitors and the saved board area (which may be approximately ten times the cost
of the components).

[0037] The shared bypass capacitor matching network 208 may be coupled to one or more
low noise amplifiers (LNAs) 206 on the integrated circuit 204 of the wireless device 202. In one
configuration, each of the low noise amplifiers (LNAs) 206 may be used for a different band.
The low noise amplifiers (LNAs) 206 may be coupled to a mixer 222 on the integrated circuit
204. The mixer 222 may receive a downconverting frequency from a DIV 2/4 stage 224 that is
used to downconvert signals received from a low noise amplifier (LNA) 206 to the baseband

frequency. The mixer 222 may be coupled to a receiver (Rx) baseband filter 226 on the
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integrated circuit 204. The shared bypass capacitor matching network 208, low noise amplifiers
(LNAs) 206, mixer 222, DIV 2/4 stage 224 and receiver (Rx) baseband filter 226 may be part of
a receiver 220 on the wireless device 202.

[0038] Figure 3 is a flow diagram of a method 300 for impedance matching using a shared
bypass capacitor matching network 108. The method 300 may be performed on an electronic
device 102. The electronic device 102 may receive 302 a signal requiring impedance matching
between a source and a load from the source. The electronic device 102 may provide 304 the
signal to a shared bypass capacitor matching network 108 that shares a bypass capacitor 112 for
multiple low noise amplifiers (LNAs) 106. One of the low noise amplifiers (LNAs) 106 may be
the load. The electronic device 102 may then provide 306 an output of the shared bypass
capacitor matching network 108 to one of the low noise amplifiers (LNAs) 106.

[0039] Figure 4 is a block diagram illustrating one configuration of a shared bypass capacitor
matching network 408 coupled to an integrated circuit 404. The shared bypass capacitor
matching network 408 of Figure 4 may be one configuration of the shared bypass capacitor
matching network 108 of Figure 1. The integrated circuit 404 of Figure 4 may be one
configuration of the integrated circuit 104 of Figure 1. The integrated circuit 404 may include a
first highband low noise amplifier (LNA) 406a, a second highband low noise amplifier (LNA)
406b, a third highband low noise amplifier (LNA) 406c, a first midband low noise amplifier
(LNA) 406d, a second midband low noise amplifier (LNA) 406e, a third midband low noise
amplifier (LNA) 406f, a first lowband low noise amplifier (LNA) 406g, a second lowband low
noise amplifier (LNA) 406h and a third lowband low noise amplifier (LNA) 406i. In the
configuration shown, each of the highband low noise amplifiers (LNAs) 406a-c, midband low
noise amplifiers (LNAs) 406d-f and lowband low noise amplifiers (LNAs) 406g-1 may share a
single shared bypass capacitor 412.

[0040] The first highband low noise amplifier (LNA) 406a may be coupled to a first
highband input 428a. The first highband input 428a may be coupled to a duplexer 216 for the
highband. The first highband low noise amplifier (LNA) 406a may also be coupled to an
inductor 410a. The inductor 410a may be a shunt inductor 110. The shared bypass capacitor 412

may be coupled between the inductor 410a and ground. The second highband low noise
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amplifier (LNA) 406b may be coupled to a second highband input 428b. The second highband
input 428b may be coupled to a duplexer 216 for the highband. The second highband low noise
amplifier (LNA) 406b may also be coupled to an inductor 410b. The inductor 410b may be a
shunt inductor 110. The inductor 410b may also be coupled to the shared bypass capacitor 412.
The third highband low noise amplifier (LNA) 406¢c may be coupled to a third highband input
428c. The third highband input 428c may be coupled to a duplexer 216 for the highband. The
third highband low noise amplifier (LNA) 406¢c may be coupled to an inductor 410c. The
inductor 410c may be a shunt inductor 110. The inductor 410c may also be coupled to the shared
bypass capacitor 412. In one configuration, the first highband low noise amplifier (LNA) 406a,
the second highband low noise amplifier (LNA) 406b and the third highband low noise amplifier
(LNA) 406c may each represent different portions of the high band. Each of the highband low
noise amplifiers (LNAs) 406a-c may be coupled to a different duplexer 216.

[0041] The first midband low noise amplifier (LNA) 406d may be coupled to a first midband
input 428d. The first midband input 428d may be coupled to a duplexer 216 for the midband.
The first midband low noise amplifier (LNA) 406d may also be coupled to an inductor 410d.
The inductor 410d may be a shunt inductor 110. The inductor 410d may be coupled to the shared
bypass capacitor 412. The second midband low noise amplifier (LNA) 406e may be coupled to a
second midband input 428e. The second midband input 428e may also be coupled to a duplexer
216 for the midband. The second midband low noise amplifier (LNA) 406e may also be coupled
to an inductor 410e. The inductor 410e may be a shunt inductor 110. The inductor 410e may
also be coupled to the shared bypass capacitor 412. The third midband low noise amplifier
(LNA) 406f may be coupled to a third midband input 428f. The third midband input 428f may
be coupled to a duplexer 216 for the midband. The third midband low noise amplifier (LNA)
406f may be coupled to an inductor 410f. The inductor 410f may be a shunt inductor 110. The
inductor 410f may also be coupled to the shared bypass capacitor 412. In one configuration, the
first midband low noise amplifier (LNA) 406d, the second midband low noise amplifier (LNA)
406e and the third midband low noise amplifier (LNA) 406f may each represent different
portions of the midband. Each of the midband low noise amplifiers (LNAs) 406d-f may be
coupled to a different duplexer 216.
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[0042] The first lowband low noise amplifier (LNA) 406g may be coupled to a first lowband
input 428g. The first lowband input 428g may be coupled to a duplexer 216 for the lowband.
The first lowband low noise amplifier (LNA) 406g may also be coupled to an inductor 410g.
The inductor 410g may be a shunt inductor 110. The inductor 410g may be coupled to the shared
bypass capacitor 412. The second lowband low noise amplifier (LNA) 406h may be coupled to a
second lowband input 428h. The second lowband input 428h may also be coupled to a duplexer
216 for the lowband. The second lowband low noise amplifier (LNA) 406h may also be coupled
to an inductor 410h. The inductor 410h may be a shunt inductor 110. The inductor 410h may
also be coupled to the shared bypass capacitor 412. The third lowband low noise amplifier
(LNA) 4061 may be coupled to a third lowband input 428i. The third lowband input 4281 may be
coupled to a duplexer 216 for the low. The third lowband low noise amplifier (LNA) 4061 may
be coupled to an inductor 410i. The inductor 4101 may be a shunt inductor 110. The inductor
4101 may also be coupled to the shared bypass capacitor 412. Thus, each of the low noise
amplifiers (LNAs) 406 may share a single shared bypass capacitor 412. In one configuration, the
first lowband low noise amplifier (LNA) 406g, the second lowband low noise amplifier (LNA)
406h and the third lowband low noise amplifier (LNA) 4061 may each represent different
portions of the lowband. Each of the lowband low noise amplifiers (LNAs) 406g-i may be
coupled to a different duplexer 216.

[0043] To prevent a DC voltage at the node 428a from biasing the low noise amplifiers
(LNAs) 406 that share the shared bypass capacitor 412, each low noise amplifier (LNA) 406 may
include an internal switch, which can be used to prevent this DC biasing.

[0044] Figure 5 is block diagram illustrating another configuration of a shared bypass
capacitor matching network 508 coupled to an integrated circuit 504. The shared bypass
capacitor matching network 508 of Figure 5 may be one configuration of the shared bypass
capacitor matching network 108 of Figure 1. The integrated circuit 504 of Figure 5 may be one
configuration of the integrated circuit 104 of Figure 1. The integrated circuit 504 may include a
first highband low noise amplifier (LNA) 506a, a second highband low noise amplifier (LNA)
506b, a third highband low noise amplifier (LNA) 506¢, a first midband low noise amplifier
(LNA) 506d, a second midband low noise amplifier (LNA) 506e, a third midband low noise
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amplifier (LNA) 506f, a first lowband low noise amplifier (LNA) 506g, a second lowband low
noise amplifier (LNA) 506h and a third lowband low noise amplifier (LNA) 506i. The shared
bypass capacitor matching network 508 may include a first shared bypass capacitor 512a, a
second shared bypass capacitor 512b and a third shared bypass capacitor 512c. In the
configuration shown, each of the highband low noise amplifiers (LNAs) 506a-c may share the
first shared bypass capacitor 512a, each of the midband low noise amplifiers (LNAs) 506d-f may
share the second shared bypass capacitor 512b and each of the lowband low noise amplifiers
(LNAs) 506g-1 may share the third shared bypass capacitor 512c.

[0045] An inductor 530a may be coupled between the first highband low noise amplifier
(LNA) 506a and a first highband input 528a. The first highband input 528a may be coupled to a
duplexer 216. A shunt inductor 510a may be coupled between the first highband input 528a and
the first shared bypass capacitor 512a. The first shared bypass capacitor 512a may also be
coupled to ground. An inductor 530b may be coupled between the second highband low noise
amplifier (LNA) 506b and a second highband input 528b. The second highband input 528b may
be coupled to a duplexer 216. A shunt inductor 510b may be coupled between the second
highband input 528b and the first shared bypass capacitor 512a. An inductor 530c may be
coupled between the third highband low noise amplifier (LNA) 506c¢ and a third highband input
528c. The third highband input 528c may be coupled to a duplexer 216. A shunt inductor 510c
may be coupled between the third highband input 528c and the first shared bypass capacitor
512a. Each of the highband low noise amplifiers (LNAs) 506a-c may be coupled to a different
duplexer 216.

[0046] An inductor 530d may be coupled between the first midband low noise amplifier
(LNA) 506d and a first midband input 528d. The first midband input 528d may be coupled to a
duplexer 216. A shunt inductor 510d may be coupled between the first midband input 528d and
the second shared bypass capacitor 512b. The second shared bypass capacitor 512b may also be
coupled to ground. An inductor 530e may be coupled between the second midband low noise
amplifier (LNA) 506e and a second midband input 528e. The second midband input 528e may
be coupled to a duplexer 216. A shunt inductor 510e may be coupled between the second

midband input 528e and the second shared bypass capacitor 512b. An inductor 530f may be
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coupled between the third midband low noise amplifier (LNA) 506f and a third midband input
528f. The third midband input 528f may be coupled to a duplexer 216. A shunt inductor 510f
may be coupled between the third midband input 528f and the second shared bypass capacitor
512b. Each of the midband low noise amplifiers (LNAs) 506d-f may be coupled to a different
duplexer 216.

[0047] An inductor 530g may be coupled between the first lowband low noise amplifier
(LNA) 506¢g and a first lowband input 528¢g. The first lowband input 528g may be coupled to a
duplexer 216. A shunt inductor 510g may be coupled between the first lowband input 528¢g and
the third shared bypass capacitor 512c. The third shared bypass capacitor 512c may also be
coupled to ground. An inductor 530h may be coupled between the second lowband low noise
amplifier (LNA) 506h and a second lowband input 528h. The second lowband input 528h may
be coupled to a duplexer 216. A shunt inductor 510h may be coupled between the second
lowband input 528h and the third shared bypass capacitor 512c. An inductor 530i may be
coupled between the third lowband low noise amplifier (LNA) 5061 and a third lowband input
528i. The third lowband input 5281 may be coupled to a duplexer 216. A shunt inductor 5101
may be coupled between the third lowband input 528i and the third shared bypass capacitor 512c.
Each of the lowband low noise amplifiers (LNAs) 506g-1 may be coupled to a different duplexer
216.

[0048] Figure 6 is a block diagram illustrating yet another configuration of a shared bypass
capacitor matching network 608 coupled to an integrated circuit 604. The shared bypass
capacitor matching network 608 of Figure 6 may be one configuration of the shared bypass
capacitor matching network 108 of Figure 1. The integrated circuit 604 of Figure 6 may be one
configuration of the integrated circuit 104 of Figure 1. The integrated circuit 604 may include a
first low noise amplifier (LNA) 606a and a second low noise amplifier (LNA) 606b. The shared
bypass capacitor matching network 608 may include a shared bypass capacitor 612, a first shunt
inductor 610a, a second shunt inductor 610b, a first inductor 630a and a second inductor 630b.
[0049] The first inductor 630a may be coupled between a first low noise amplifier (LNA)
input 628a and the first low noise amplifier (LNA) 606a. The first shunt inductor 610a may be

coupled between the first low noise amplifier (LNA) input 628a and the shared bypass capacitor
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612. The shared bypass capacitor 612 may also be coupled to ground. The second inductor 630b
may be coupled between a second low noise amplifier (LNA) input 628b and the second low
noise amplifier (LNA) 606b. The second shunt inductor 610b may be coupled between the
second low noise amplifier (LNA) input 628b and the shared bypass capacitor 612.

[0050] Figure 7 illustrates certain components that may be included within a base station
702. A base station may also be referred to as, and may include some or all of the functionality
of, an access point, a broadcast transmitter, a NodeB, an evolved NodeB, etc. The base station
702 includes a processor 703. The processor 703 may be a general purpose single- or multi-chip
microprocessor (e.g., an ARM), a special purpose microprocessor (e.g., a digital signal processor
(DSP)), a microcontroller, a programmable gate array, etc. The processor 703 may be referred to
as a central processing unit (CPU). Although just a single processor 703 is shown in the base
station 702 of Figure 7, in an alternative configuration, a combination of processors (e.g., an
ARM and DSP) could be used.

[0051] The base station 702 also includes memory 705. The memory 705 may be any
electronic component capable of storing electronic information. The memory 705 may be
embodied as random access memory (RAM), read only memory (ROM), magnetic disk storage
media, optical storage media, flash memory devices in RAM, on-board memory included with
the processor, EPROM memory, EEPROM memory, registers, and so forth, including
combinations thereof.

[0052] Data 707a and instructions 709a may be stored in the memory 705. The instructions
709a may be executable by the processor 703 to implement the methods disclosed herein.
Executing the instructions 709a may involve the use of the data 707a that is stored in the memory
705. When the processor 703 executes the instructions 709a, various portions of the instructions
709b may be loaded onto the processor 703, and various pieces of data 707b may be loaded onto
the processor 703.

[0053] The base station 702 may also include a transmitter 711 and a receiver 713 to allow
transmission and reception of signals to and from the base station 702. The transmitter 711 and

receiver 713 may be collectively referred to as a transceiver 715. An antenna 717 may be
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electrically coupled to the transceiver 715. The base station 702 may also include (not shown)
multiple transmitters, multiple receivers, multiple transceivers and/or multiple antennas.

[0054] The base station 702 may include a digital signal processor (DSP) 721. The base
station 702 may also include a communications interface 723. The communications interface
723 may allow a user to interact with the base station 702.

[0055] The various components of the base station 702 may be coupled together by one or
more buses, which may include a power bus, a control signal bus, a status signal bus, a data bus,
etc. For the sake of clarity, the various buses are illustrated in Figure 7 as a bus system 719.
[0056] Figure 8 illustrates certain components that may be included within a wireless
communication device 802. The wireless communication device 802 may be an access terminal,
a mobile station, a user equipment (UE), etc. The wireless communication device 802 includes a
processor 803. The processor 803 may be a general purpose single- or multi-chip microprocessor
(e.g., an ARM), a special purpose microprocessor (e.g., a digital signal processor (DSP)), a
microcontroller, a programmable gate array, etc. The processor 803 may be referred to as a
central processing unit (CPU). Although just a single processor 803 is shown in the wireless
communication device 802 of Figure 8, in an alternative configuration, a combination of
processors (e.g., an ARM and DSP) could be used.

[0057] The wireless communication device 802 also includes memory 805. The memory 805
may be any electronic component capable of storing electronic information. The memory 805
may be embodied as random access memory (RAM), read-only memory (ROM), magnetic disk
storage media, optical storage media, flash memory devices in RAM, on-board memory included
with the processor, EPROM memory, EEPROM memory, registers, and so forth, including
combinations thereof.

[0058] Data 807a and instructions 809a may be stored in the memory 805. The instructions
809a may be executable by the processor 803 to implement the methods disclosed herein.
Executing the instructions 809a may involve the use of the data 807a that is stored in the memory
805. When the processor 803 executes the instructions 809a, various portions of the instructions
809b may be loaded onto the processor 803, and various pieces of data 807b may be loaded onto

the processor 803.
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[0059] The wireless communication device 802 may also include a transmitter 811 and a
receiver 813 to allow transmission and reception of signals to and from the wireless
communication device 802. The transmitter 811 and receiver 813 may be collectively referred to
as a transceiver 815. An antenna 817 may be electrically coupled to the transceiver 815. The
wireless communication device 802 may also include (not shown) multiple transmitters, multiple
receivers, multiple transceivers and/or multiple antennas.

[0060] The wireless communication device 802 may include a digital signal processor (DSP)
821. The wireless communication device 802 may also include a communications interface 823.
The communications interface 823 may allow a user to interact with the wireless communication
device 802.

[0061] The various components of the wireless communication device 802 may be coupled
together by one or more buses, which may include a power bus, a control signal bus, a status
signal bus, a data bus, etc. For the sake of clarity, the various buses are illustrated in Figure § as
a bus system §19.

[0062] The techniques described herein may be used for various communication systems,
including communication systems that are based on an orthogonal multiplexing scheme.
Examples of such communication systems include Orthogonal Frequency Division Multiple
Access (OFDMA) systems, Single-Carrier Frequency Division Multiple Access (SC-FDMA)
systems, and so forth. An OFDMA system utilizes orthogonal frequency division multiplexing
(OFDM), which is a modulation technique that partitions the overall system bandwidth into
multiple orthogonal sub-carriers. These sub-carriers may also be called tones, bins, etc. With
OFDM, each sub-carrier may be independently modulated with data. An SC-FDMA system may
utilize interleaved FDMA (IFDMA) to transmit on sub-carriers that are distributed across the
system bandwidth, localized FDMA (LFDMA) to transmit on a block of adjacent sub-carriers, or
enhanced FDMA (EFDMA) to transmit on multiple blocks of adjacent sub-carriers. In general,
modulation symbols are sent in the frequency domain with OFDM and in the time domain with
SC-FDMA.

[0063] In the above description, reference numbers have sometimes been used in connection

with various terms. Where a term is used in connection with a reference number, this may be
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meant to refer to a specific element that is shown in one or more of the Figures. Where a term is
used without a reference number, this may be meant to refer generally to the term without
limitation to any particular Figure.

[0064] The term “determining” encompasses a wide variety of actions and, therefore,
“determining” can include calculating, computing, processing, deriving, investigating, looking up
(e.g., looking up in a table, a database or another data structure), ascertaining and the like. Also,
“determining” can include receiving (e.g., receiving information), accessing (e.g., accessing data
in a memory) and the like. Also, “determining” can include resolving, selecting, choosing,
establishing and the like.

[0065] The phrase “based on” does not mean “based only on,” unless expressly specified
otherwise. In other words, the phrase “based on” describes both “based only on” and “based at
least on.”

[0066] The functions described herein may be stored as one or more instructions on a
processor-readable or computer-readable medium. The term “computer-readable medium” refers
to any available medium that can be accessed by a computer or processor. By way of example,
and not limitation, such a medium may comprise RAM, ROM, EEPROM, flash memory, CD-
ROM or other optical disk storage, magnetic disk storage or other magnetic storage devices, or
any other medium that can be used to store desired program code in the form of instructions or
data structures and that can be accessed by a computer or processor. Disk and disc, as used
herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and Blu-ray® disc where disks usually reproduce data magnetically, while discs reproduce
data optically with lasers. It should be noted that a computer-readable medium may be tangible
and non-transitory. The term “computer-program product” refers to a computing device or
processor in combination with code or instructions (e.g., a “program”) that may be executed,
processed or computed by the computing device or processor. As used herein, the term “code”
may refer to software, instructions, code or data that is/are executable by a computing device or
processor.

[0067] Software or instructions may also be transmitted over a transmission medium. For

example, if the software is transmitted from a website, server, or other remote source using a
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coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL) or wireless
technologies such as infrared, radio and microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL or wireless technologies such as infrared, radio and microwave are included in
the definition of transmission medium.

[0068] The methods disclosed herein comprise one or more steps or actions for achieving the
described method. The method steps and/or actions may be interchanged with one another
without departing from the scope of the claims. In other words, unless a specific order of steps
or actions is required for proper operation of the method that is being described, the order and/or
use of specific steps and/or actions may be modified without departing from the scope of the
claims.

[0069] Further, it should be appreciated that modules and/or other appropriate means for
performing the methods and techniques described herein, such as those illustrated by Figure 3,
can be downloaded and/or otherwise obtained by a device. For example, a device may be
coupled to a server to facilitate the transfer of means for performing the methods described
herein. Alternatively, various methods described herein can be provided via a storage means
(e.g., random access memory (RAM), read-only memory (ROM), a physical storage medium
such as a compact disc (CD) or floppy disk, etc.), such that a device may obtain the various
methods upon coupling or providing the storage means to the device. Moreover, any other
suitable technique for providing the methods and techniques described herein to a device can be
utilized.

[0070] It is to be understood that the claims are not limited to the precise configuration and
components illustrated above. Various modifications, changes and variations may be made in the
arrangement, operation and details of the systems, methods, and apparatus described herein
without departing from the scope of the claims.

[0071] No claim element is to be construed under the provisions of 35 U.S.C. § 112, sixth
paragraph, unless the element is expressly recited using the phrase “means for” or, in the case of
a method claim, the element is recited using the phrase “step for.”

[0072] What is claimed is:
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CLAIMS

1. A receiver, comprising:
a first amplifier on an integrated circuit;
a second amplifier on the integrated circuit;
a first inductor coupled to the first amplifier;
a second inductor coupled to the second amplifier; and
a first capacitor coupled to the first inductor, the second inductor, and to ground, wherein
the first capacitor is shared between a first matching network for the first amplifier

and a second matching network for the second amplifier.

2. The receiver of claim 1, wherein the first inductor and the second inductor are shunt

inductors, and wherein the first capacitor is a shared bypass capacitor.

3. The receiver of claim 1, wherein a first input is coupled to the first amplifier, and wherein

a second input is coupled to the second amplifier.

4. The receiver of claim 3, wherein the first input is coupled to a first duplexer, and wherein

the second input is coupled to a second duplexer.

5. The receiver of claim 4, wherein the first duplexer and the second duplexer are coupled to

an antenna via a switch.

6. The receiver of claim 1, further comprising:
a third inductor, wherein the third inductor is coupled between a first input and the first
amplifier; and
a fourth inductor, wherein the fourth inductor is coupled between a first input and the

second amplifier.
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7. The receiver of claim 1, wherein the first amplifier is a low noise amplifier, and wherein
the second amplifier is a low noise amplifier.
8. The receiver of claim 1, wherein the first amplifier is one of a highband low noise

amplifier, a midband low noise amplifier, and a lowband low noise amplifier, and wherein the
second amplifier is one of a highband low noise amplifier, a midband low noise amplifier, and a

lowband low noise amplifier.

9. The receiver of claim 1, wherein the receiver is part of a base station, and wherein the

receiver is used to receive radio frequency signals.

10. The receiver of claim 1, wherein the receiver is part of a wireless communication device,

and wherein the receiver is used to receive radio frequency signals.

11. The receiver of claim 1, wherein the first inductor, the second inductor and the first

capacitor form an impedance matching network.

12. The receiver of claim 1, further comprising:
a third amplifier on the integrated circuit;
a fourth amplifier on the integrated circuit;
a third inductor coupled to the third amplifier;
a fourth inductor coupled to the fourth amplifier; and

a second capacitor coupled to the third inductor, the fourth inductor, and to ground.

13. A method for impedance matching, comprising:
receiving a signal from a source, wherein the signal requires impedance matching
between the source and a load;
providing the signal to an impedance matching network, wherein the impedance matching
network shares a first capacitor for multiple amplifiers; and

providing an output of the impedance matching network to one of the amplifiers.
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14. The method of claim 13, wherein the multiple amplifiers are on an integrated circuit, and

wherein the first capacitor is a shared bypass capacitor.

15. The method of claim 13, wherein the method is performed by an electronic device.

16. The method of claim 15, wherein the electronic device comprises a receiver comprising:
a first amplifier on an integrated circuit;
a second amplifier on the integrated circuit;
a first inductor coupled to the first amplifier; and
a second inductor coupled to the second amplifier, wherein the first capacitor is coupled
to the first inductor, the second inductor, and to ground, and wherein the first
capacitor is shared between a first matching network for the first amplifier and a

second matching network for the second amplifier.

17. The method of claim 16, wherein the first inductor and the second inductor are shunt
inductors.
18. The method of claim 16, wherein a first input is coupled to the first amplifier, and

wherein a second input is coupled to the second amplifier.

19. The method of claim 18, wherein the first input is coupled to a first duplexer, and

wherein the second input is coupled to a second duplexer.

20. The method of claim 19, wherein the first duplexer and the second duplexer are coupled

to an antenna via a switch.

21. The method of claim 16, wherein the receiver further comprises:
a third inductor, wherein the third inductor is coupled between a first input and the first

amplifier; and
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a fourth inductor, wherein the fourth inductor is coupled between a first input and the

second amplifier.

22. The method of claim 16, wherein the first amplifier is a low noise amplifier, and wherein

the second amplifier is a low noise amplifier.

23. The method of claim 16, wherein the first amplifier is one of a highband low noise
amplifier, a midband low noise amplifier, and a lowband low noise amplifier, and wherein the
second amplifier is one of a highband low noise amplifier, a midband low noise amplifier, and a

lowband low noise amplifier.

24, The method of claim 16, wherein the electronic device is a base station, and wherein the

receiver is used to receive radio frequency signals.

25. The method of claim 16, wherein the electronic device is a wireless communication

device, and wherein the receiver is used to receive radio frequency signals.

26. The method of claim 16, wherein the first inductor, the second inductor and the first

capacitor form an impedance matching network.

27. The method of claim 16, wherein the receiver further comprises:
a third amplifier on the integrated circuit;
a fourth amplifier on the integrated circuit;
a third inductor coupled to the third amplifier;
a fourth inductor coupled to the fourth amplifier; and

a second capacitor coupled to the third inductor, the fourth inductor, and to ground.

28. An apparatus, comprising:
means for receiving a signal from a source, wherein the signal requires impedance

matching between the source and a load;
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means for providing the signal to an impedance matching network, wherein the
impedance matching network shares a first capacitor for multiple amplifiers; and
means for providing an output of the impedance matching network to one of the

amplifiers.

29. The apparatus of claim 28, wherein the multiple amplifiers are on an integrated circuit,

and wherein the first capacitor is a shared bypass capacitor.

30. The apparatus of claim 28, wherein the apparatus comprises a receiver comprising:
a first amplifier on an integrated circuit;
a second amplifier on the integrated circuit;
a first inductor coupled to the first amplifier; and
a second inductor coupled to the second amplifier, wherein the first capacitor is coupled
to the first inductor, the second inductor, and to ground, and wherein the first
capacitor is shared between a first matching network for the first amplifier and a

second matching network for the second amplifier.

31. A computer-program product for impedance matching, the computer-program product
comprising a non-transitory computer-readable medium having instructions thereon, the
instructions comprising:
code for causing an electronic device to receive a signal from a source, wherein the signal
requires impedance matching between the source and a load;
code for causing the electronic device to provide the signal to an impedance matching
network, wherein the impedance matching network shares a first capacitor for
multiple amplifiers; and
code for causing the electronic device to provide an output of the impedance matching

network to one of the amplifiers.

32. The computer-program product of claim 31, wherein the multiple amplifiers are on an

integrated circuit, and wherein the first capacitor is a shared bypass capacitor.
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33. The computer-program product of claim 31, wherein the electronic device comprises a
receiver comprising:
a first amplifier on an integrated circuit;
a second amplifier on the integrated circuit;
a first inductor coupled to the first amplifier; and
a second inductor coupled to the second amplifier, wherein the first capacitor is coupled
to the first inductor, the second inductor, and to ground, and wherein the first
capacitor is shared between a first matching network for the first amplifier and a

second matching network for the second amplifier.



PCT/US2013/029705

1/8

41
. sJojoeden
ssedAg paleys

(VNT) Jeyljdwy 8SION MO sJ0)oNpu| Junys

L 80T omiaN Buiyojep
FOT ynoliD pajelbsyul Joyoeden ssedAg paJieys

[}

[}

[}

[}

[}

[}

[}

[}

[}

[}

[}

[}

[}

] — [E—
! 907 0Tl
[}

[}

[}

[}

[}

[}

[}

[}

[}

]

]

]

| 021 Joneoay
]

20 93IA8(J 21u0.109|3

WO 2013/134555




PCT/US2013/029705

WO 2013/134555

2/8

0zc Jonleoay

#0Z 1noJID pejelbey|

Z0Z 921A8(] SSO[BJIM

1244
¥/c ANId
A— . 502
* }IOMION
—_ Buiyoiep
(744 — !
44 . Joyoeden
(d949) J94id  |— —
puegeseg Xy XN 1 90C ssedAg
(WN1) Joyi|dwy asloN moT] paleys

9Ic
Jaxs|dnQg

8Ic
YoIMs

1474



PCT/US2013/029705

WO 2013/134555

3/8

€ 'Old

90€~ (SYN1) sto11dwe asiou mo| ayj JO U0 0} yJomiau Buiydjew Joyoeded ssedAq paseys 8y} JoO INdiNo ue apiAoid
ey (SYN1) st dwe asiou
mo| ajdinjinwi Joy Jouoedeo ssedAg e saseys 18Y) yJiomiau Buiyojew Jonoedes ssedAq paleys e 0] |eubis ay) apInoid
C0E~ 92JN0S dY] WOJ] PEO| B PUB 924N0S B usamiaq buiyojew asuepaduwi Buliinbald jeubis e aAI90oy
—~N
00¢




PCT/US2013/029705

WO 2013/134555

4/8

1907 (YN1) Joiijdwy 8SION MO pueqmoT]

AN %
Joyoeden

ssedAg

7907 (WN1) Jouljdwy 8SION MO pUBgMOT]

b0 (YNT) Jouijdwy 8SION MO PUBGMOT]

PaIRyS, =

J90% (WN1) Jayiidwyy 8SION MO pueqpli

3907 (VN1) Jeulidwy 8sIoN moT puedpiiy

P07 (YN1) Jouyidwy 8SION MO pueqpln

3907 (YN1) Jeiijdwy 8sioN moT pueqybiy

§90% (¥NT) Jeulldwy asioN moT pueqybiy

2907 (VWN1) Jeuljdwy 8sioN moT pueqybiH

FOF 1N2UID pajelbau

901 ¥
a8zt N 9oL
paZY N eoLy
28Zp N
agzy mmw@



PCT/US2013/029705

WO 2013/134555

5/8

G Old

= 2¢LS

190G (¥N1) Joul|dwy SSION MO PUBGMOT]

790G (VYN1) Joyljdwy 8SION MO puBgMOT

bg0S (VYNT) Joiijdwy 8SION MO PUBGMOT]

H\/\Log_omqmo
_mmm |_| ssedAg
rtx paleys
10€S mcos N PAUL
o, | Tigzs
% e
e Ml |G 8¢S
azLs

mwwm T Jojoeded
Boes m 10LS L ssedAg
T peseus

A

790G (VN1) J81[dwy 8SION MO puegplp

o
/ puU02aS
mo _\m

390G (VYN1) Jauidwy 8SION MO puBgpIA

P30S (WN1) J81dwy SSION MO pueqpIn

JOES

%wmm
N 2]
20eS mMHoorm 8cs
POES

3905 (VYN1) Joii|dwy 8sioN mo puequbiH

§90G (¥NT) Jeuildwy 8sIoN moT pueqybiH

290G (VYN1) Jeuljdwy asioN moT pueqybiH

70G 1N2uID pajelbau

BCLS

m = Joyoeden
PBcS 2015 H\)"l\ ssedAg
|_| paJeys isii



PCT/US2013/029705

WO 2013/134555

6/8

G909
(WNT) Jol|dwy SSION MOT

2909
(VN1) Joii|dwy SSIoN moT]

£09 1nouID pajelbau

yIomiaN buiyoiepy Jonoeden ssedAg paleys

[}

[}

[}

[}

[}

1

1

1

“ q019

| 219
1 -

i — Jojoeden
| 9829 H\/\ ssedAg
| doc9 |_| paJeys
! °

[}

[}

[}

[}

“

“ e0L9

[}

[}

i

“ egz9

! B0g9

[}

[}

“ 809

“

[}



PCT/US2013/029705

WO 2013/134555

718

Gz

L

Old

£0Z 10SS820.d

€27 ooeua|
SUOIJBIUNWIWOD

|27

(dsq) J0sse00.d
|leubis |eybiq

TI7 Jansosy

Lz

yAYA

Jeniwsued |

BGOZ suononisu|

4

€/0/ eied

S0Z fAowasy

7 uones eseg




PCT/US2013/029705

WO 2013/134555

8/8

GlL8

8 'Old

£0g 10SS820.d

£28 ooeLiau|
SUONBIUNWIWOYD

[24¢]

(dsq) J0sse201d
|leubis |exbiq

BGOZ SuononJsu|

TLg Janao8y

L8

/18

Jeniwsuel |

€/08 ejed

S0g Aows

Z0g 901A8(] UOIBIIUNLIWOYD) SSS[BJIAN




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/029705

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4B1/18
ADD.

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

B. FIELDS SEARCHED

HO4B HO3F

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

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

abstract
figure 5
figure 10
figure 12
abstract

3-4

X US 2003/025555 Al (OHNISHI MASAMI [JP] ET
AL) 6 February 2003 (2003-02-06)

paragraph [0038] - paragraph [0039];
paragraph [0048] - paragraph [0051];
paragraph [0056] - paragraph [0058];

X EP 0 837 559 Al (MATSUSHITA ELECTRIC IND
CO LTD [JP]) 22 April 1998 (1998-04-22)

page 7, line 8 - page 7, line 34; figures

1-33

1-33

_/__

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 another 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

"T" 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

"X" 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

"Y" 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

17 May 2013

Date of mailing of the international search report

29/05/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ayala Perriello, M

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/029705

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2009/068963 Al (CABANILLAS JOSE [US] ET
AL) 12 March 2009 (2009-03-12)

abstract

paragraph [0039] - paragraph [0040];
figures 3-4

1-33

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/029705
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2003025555 Al 06-02-2003  CN 1407829 A 02-04-2003
JP 3947373 B2 18-07-2007
JP 2003046340 A 14-02-2003
US 2003025555 Al 06-02-2003
US 2005110573 Al 26-05-2005
US 2006012425 Al 19-01-2006

EP 0837559 Al 22-04-1998 CN 1183673 A 03-06-1998
DE 69727110 D1 12-02-2004
DE 69727110 T2 09-06-2004
EP 0837559 Al 22-04-1998
us 5973557 A 26-10-1999

US 2009068963 Al 12-03-2009 AT 497654 T 15-02-2011
CA 2697906 Al 19-03-2009
CN 101803215 A 11-08-2010
EP 2186208 Al 19-05-2010
ES 2360690 T3 08-06-2011
JP 2010539798 A 16-12-2010
KR 20100061529 A 07-06-2010
RU 2010114275 A 20-10-2011
TW 200926632 A 16-06-2009
US 2009068963 Al 12-03-2009
WO 2009036080 Al 19-03-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	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 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

