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SYSTEMS AND METHODS OF RF POWER TRANSMISSION,
MODULATION,AND AMPLIFICATION

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to RF (radio frequency) power

transmission, modulation, amplification, reception, and demodulation.

Background Art

[0002] A main objective in the design of high-speed mobile communication transceivers

is to enable the transceiver to support as many communication applications as possible,

which allows the transceiver to operate over as many major networks worldwide as

possible. However, as TX-RX isolation requirements vary from one communication

application to another, enabling a worldwide operable transceiver requires meeting the

TX-RX isolation requirement of each of the supported communication applications.

BRIEF SUMMARY OF THE INVENTION

[0003] The present invention relates generally to RF power transmission, modulation,

amplification, reception, and demodulation.

[0004] Embodiments of the present invention reduce or eliminate the need for fixed

frequency high Q band filtering for both full duplex (FDD) and half duplex (TDD)

systems. In traditional architectures, the fixed frequency high Q band filter

requirements are met using surface acoustic wave (SAW) filters and duplexers.

[0005] Transceiver architectures according to embodiments of the present invention can

be designed to have a single input/output for both FDD and TDD based standards.

Further, according to embodiments, because the duplexer and/or SAW power losses are

lowered or removed altogether, the system power output requirements can be met more

easily and with higher efficiency.

[0006] Further still, according to embodiments, the transmitter chain can be connected

directly to the antenna, without any intervening fixed filter elements. In addition,

according to embodiments, multiple frequency bands can be covered by a single design

without having to provide multiple fixed frequency SAW filters and duplexers and/or

multiple switches and control signals. As a result, the design complexity, cost, and size



of embodiments of the present invention are significantly reduced compared to

conventional architectures.

[0007] According to embodiments of the present invention, all required transmit and

receive specifications can be met simultaneously, including the TX-RX noise floor

requirements which are often very close in frequency or have a small frequency offset.

Further, according to embodiments, this is achieved by only shaping the transmit

waveform, without applying any modifications to the receive chain(s) of the transceiver.

[0008] Further embodiments, features, and advantages of the present invention, as well

as the structure and operation of the various embodiments of the present invention, are

described in detail below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRA WINGS/FIGURES

[0009] The accompanying drawings, which are incorporated herein and form a part of

the specification, illustrate the present invention and, together with the description,

further serve to explain the principles of the invention and to enable a person skilled in

the pertinent art to make and use the invention.

[0010] FIG. IA is an example illustration of phase noise on a signal.

[0011] FIG. IB is an example illustration of phase noise on a signal.

[0012] FIG. 2A illustrates an example noise floor requirement of a TDD application.

[0013] FIG. 2B illustrates an example noise floor requirement of a FDD application.

[0014] FIG. 3 is an example which illustrates the effects of phase noise on compliant

waveform generation by an example transmitter.

[0015] FIGS. 4-6 illustrate frequency allocations for various frequency bands associated

with different mobile communication standards.

[0016] FIG. 7 illustrates the operating frequency bands for the FDD-mode of UMTS

(Universal Mobile Telecommunications System).

[0017] FIG. 8 illustrates a typical FDD section of a conventional transceiver architecture.

[0018] FIG. 9 illustrates an example band-pass filter response.

[0019] FIG. 10. illustrates a conventional transceiver architecture

[0020] FIG. 11 is a block diagram that illustrates an example FDD section architecture

according to an embodiment of the present invention.

[0021] FIG. 12 is a block diagram that illustrates an example TDD section architecture

according to an embodiment of the present invention.



[0022] FIG. 13 illustrates an example transceiver architecture according to an

embodiment of the present invention.

[0023] FIG. 14 illustrates an example transceiver architecture according to an

embodiment of the present invention.

[0024] FIG. 15 illustrates an example VPA transmitter according to an embodiment of

the present invention.

[0025] FIG. 16 illustrates an example notch filter response.

[0026] FIG. 17 provides an example output waveform according to an embodiment of

the present invention.

[0027] FIG. 18 provides an example output waveform according to an embodiment of

the present invention.

[0028] FIG. 19 illustrates exemplary notch filter designs according to embodiments of

the present invention.

[0029] The present invention will be described with reference to the accompanying

drawings. Generally, the drawing in which an element first appears is typically indicated

by the leftmost digit(s) in the corresponding reference number.

DETAILED DESCRIPTION OF EMBODIMENT(S)

1. Introduction

[0030] The present application is related to U.S. Patent Application No. 11/256,172,

filed October 24, 2005, now U.S. Patent 7,184,723 (Attv. Docket No. 1744.1900006) and

U.S. Patent Application No. 11/508,989, filed August 24, 2006, now U.S. Patent

7,355,470 (Attv. Docket No. 1744.2160000 . both of which are incorporated herein by

reference in their entireties.

[0031] hi commonly owned U.S. patent(s) and application(s), cross-referenced above,

VPA (Vector Power Amplification) and MISO (Multiple-Input-Single-Output)

amplification embodiments were introduced. VPA and MISO provide RF power

amplification that results in high power amplifier efficiency. In particular, the above

cross-referenced patent(s) and application(s) provide several VPA architectures capable

of concurrently supporting, multiple frequency bands and/or technology modes for data

transmission. In embodiments, the VPA architectures provided allow for the use of a

single power amplifier (PA) branch for supporting both TDD (Time Division Duplex)

and FDD (Frequency Division Duplex) based communication standards.



- A-
[0032] As would be appreciated by a person skilled in the art, VPA embodiments can be

readily integrated in a transceiver architecture, to provide the transmitter section of such

a transceiver architecture. As a result, the transmitter section can be optimized according

to various performance parameters, including linearity, power efficiency, and power

control, as described in the above noted U.S. patent(s) and application(s). In addition, as

will be shown in the present disclosure, by integrating a VPA within a transceiver

architecture, certain conventional elements of transceivers can be eliminated, reducing

the design complexity, cost, size and power loss (increased efficiency) of the overall

architecture.

2. Phase Noise and Compliant Waveform Generation

[0033] Ideally, in synthesizing a desired signal, all of the generated power will be

entirely located at the carrier frequency of the signal hi practice, however, the situation

is quite different hi fact, the generated power will be spread around the carrier

frequency, forming a power spectral density curve hi general, this behavior, known as

phase noise, is caused by small phase (and hence frequency) perturbations on the signal

manifesting themselves as noise spreading on either side of the carrier frequency of the

signal. FIG. IA is an example illustration of phase noise on a signal. As shown in FIG.

IA, the signal power is spread in the form of carrier power at the carrier frequency and

phase noise power on either side of the carrier frequency.

[0034] One of the main causes of phase noise is the inability of signal sources (e.g.,

oscillators, frequency synthesizers, etc.) to maintain the same frequency over an

extended period of time in synthesizing a signal. Naturally, signal sources vary with

respect to phase noise performance. However, as would be expected, signal sources with

high phase noise performance come at equally high cost, making them incompatible with

the design goal of low production costs of most transmitters/receivers.

[0035] Generally, the phase noise performance of a signal source is specified in units of

dBc/Hz as shown in FIG. IB. The term dBc simply refers to the level of noise relative to

carrier. For example, -10 dBc means that the level is 10 dB lower than the level at the

carrier. Equivalently, the phase noise performance can be specified in absolute units of

dBm/Hz. Further, the phase noise performance is specified at a given offset from the

carrier. This is because the level of phase noise varies as different offsets from the

carrier frequency are taken.



[0036] In the context of transmitter design, phase noise affects directly the quality of

waveforms generated by a transmitter as well as the total frequency response of the

transmitter. Phase noise extends a portion of the transmitted signal power according to

the phase noise curve beyond the desired transmitted waveform. This extension of the

desired transmitted frequency due to practical frequency generation circuitry such as a

frequency synthesizer can affect adjacent transmit channels and nearby receiver

channels. A practical example of this principle is shown in FIG. 2 which graphically

illustrates part of the GSM standard requirements where the transmitter is transmitting on

the highest channel frequency allowed, 849 MHz. A nearby receiver operating on the

lowest allowed receive frequency of 869 MHz, may experience a loss of sensitivity due

to the transmitter signal present in the receive channel.

[0037] For further clarification, FIG. 2A illustrates an example specification requirement

of a communication application. In particular, FIG. 2A illustrates an absolute TX noise

floor level requirement in a TDD application. For illustration only, the application is

assumed to be a GSM application in the GSM 850 frequency band. Accordingly, the TX

uplink band corresponds to the 824-849 MHz band, and the RX downlink band

corresponds to the 869-894 MHz band. The RX-TX frequency separation is equal to 45

MHz, and the minimum uplink-downlink band separation is 20 MHz.

[0038] Waveform 202 in FIG. 2A represents the power output waveform of an example

transmitter. As shown, waveform 202 has a carrier frequency centered at 849 MHz. At

the carrier frequency, the waveform power is equal to +33 dBm. Outside the carrier

frequency and the desired modulated waveform, the remaining signal power represents

phase noise power.

[0039] As shown in FIG. 2A, the phase noise power decreases as frequency tends away

from the carrier frequency. Nonetheless, phase noise power remains significant and

measurable inside the receiver band (i.e., 869-894 MHz). As a result, phase noise power

due to waveform 202 could cause noise interference at a nearby receiver resulting in loss

of receiver sensitivity. Communication applications specify absolute TX noise floor

level requirements in the receive bands which define the maximum allowable phase

noise power due to a transmitted waveform per bandwidth unit that may be transmitted.

In other words, the TX noise floor level requirement specifies a maximum phase noise

density level allowable within the receiver band. As would be understood by a person

skilled in the art, to compliantly support a communication application, a transmitter is

required, among other criteria, to satisfy the absolute TX noise floor requirement



specified by the communication application. In the example application illustrated in

FIG. 2A, the absolute TX noise floor level requirement is equal to -129 dBm/Hz. Thus,

in order for a transmitter to compliantly support a GSM waveform in the GSM 850 band,

the transmitter power output waveform must have a phase noise power level of -129

dBm/Hz at a 20 MHz offset from the carrier frequency.

[0040] FIG. 2B is an example of a FDD application wherein the transmitter and receiver

are operating simultaneously. In this example, the transmit and receive frequencies are

separated by 45 MHz. hi FDD designs, in order for the co-located receiver to meet its

sensitivity requirements, noise from the transmitter on the receive frequency must be

attenuated hi both W-CDMA and CDMA standards, it can be shown that the noise

power from the transmitter must be at or below -17OdBnVHz approximately.

[0041] FIG. 3 is an example which further illustrates this concept with reference to an

example VPA 300. It is noted that figures used in the example of FIG. 3 are for the

purpose of illustration only and are not necessarily representative of the performance of

VPA elements or components. Further, it is noted that example VPA 300 is purposely

simplified by omitting certain components in order to illustrate the problem created by

phase noise.

[0042] As shown in FIG. 3, example VPA 300 includes a Virtual Synthesis Engine

(VSE) 302, VPA circuitry, and synthesizer circuitry. This illustration includes a

frequency synthesizer 304, vector modulators 306 and 308, drivers 310 and 312, and a

MISO amplifier 314. Further detail regarding the operation of VSE 302 and VPA

circuitry can be found in the above referenced commonly owned U.S. patents and patent

applications

[0043] For the purpose of illustration, it is assumed that the frequency synthesizer has a

phase noise performance of -145 dBm/Hz at a 20 MHz offset. Further, as shown in FIG.

3, each stage of the VPA analog core (i.e., vector modulation stage, driver stage, MISO

stage) has associated with it a noise figure (NF) and a gain figure, both represented in dB

units. The noise figure of a device is a measure of the degradation in the signal to noise

ratio (SNR) between the input and the output of the device. Based on the example

figures in FIG. 3, the total noise figure of VPA 300 is approximately 8.7dB and the total

power gain of VPA 300 is approximately 33dB [ (3dB + 15dB) + 3dB(upper branch plus

lower branch) + 12dB (MISO) = 33dB]. The phase noise power that can be expected on

output 316 is -145dBm/Hz + 33dB + 8.7dB which equals -103.3dBm / Hz.



[0044] Referring back to the example of FIG. 2A, note that the absolute TX noise floor

requirement of the GSM application required a phase noise of -129 dBm/Hz at a 20 MHz

offset. Thus, VPA 300 as illustrated in the example of FIG. 3 would require gain

attenuation at a 20 MHz offset in order to generate an output signal waveform compliant

with the GSM application. In particular, a gain attenuation which further decreases the

phase noise by -25.7 dB at a 20 MHz offset will be needed. In traditional architectures,

the required additional phase noise attenuation is accomplished using a high Q fixed

frequency filter such as a SAW filter. Embodiments according to the present invention

for implementing such gain attenuation of the phase noise for compliant waveform

generation with reduced high Q fixed frequency filtering will be provided below.

Furthermore, embodiments according to the present invention for implementing such

gain attenuation of the phase noise for compliant waveform generation which eliminate

high Q fixed filtering will be provided below. Also, it will be shown that embodiments

of the present invention will be applicable to both TDD and FDD applications that

include both SAW filters and duplexers.

3. Phase Noise and TX-RX Isolation

[0045] As described above, phase noise causes the power output of a transmitter to be

spread around the carrier frequency according to the noise power spectral density. The

most direct result of phase noise is noise interference caused by the transmitter output

and observed at nearby receiver bands. In FDD-based applications, the transmitter and

the receiver in a transceiver unit operate simultaneously to transmit and receive signals in

respective separate frequency bands. Accordingly, the phase noise due to a transmitter

power output may cause noise interference at a co-located receiver. In TDD-based

applications, the transmitter and the receiver in a transceiver unit operate at different time

intervals to transmit and receive signals. Thus, a transmitter does not cause noise

interference at a co-located receiver, if any; however, the transmitter may still cause

noise interference at receivers operating at nearby bands and located in nearby or

adjacent receiver/transceiver units.

[0046] As a result, isolation will be needed between a transmitter and a receiver most

directly subject to noise interference from the transmitter. Further, as will be described

below, this isolation can be achieved using different techniques and can be generated at

different locations in the communication path between the transmitter and the receiver.

For example, the isolation may be implemented at the transmitter, at the receiver, or



both. In addition, as will be described below, the level of isolation needed depends in

part on the communication application used. In the following discussion, the isolation

between the transmitter and the receiver will be referred to as TX-RX isolation.

4. TX-RX Isolation and TX-RX Frequency Separation

[0047] Another factor which affects the required TX-RX isolation is the required

frequency separation between the transmit frequency and the receive frequency, between

which noise interference due to phase noise is a primary concern. This frequency

separation is hereinafter referred to as the TX-RX frequency separation, and is

determined differently depending on whether the application is TDD-based or FDD-

based. In TDD-based applications, the TX-RX frequency separation refers to the

difference in frequency between the maximum frequency of the transmit band and the

minimum frequency of the receive band. This is because in TDD noise interference due

to phase noise is a primary concern between a transmitter transmitting at the maximum

frequency of the transmit band and an adjacent receiver receiving at the minimum

frequency of the receive band. In FDD-based applications, the TX-RX frequency

separation refers to the difference in frequency between a transmit frequency in the

transmit band and its corresponding receive frequency in the receive band. This is

because in FDD-based applications noise interference due to phase noise is a primary

concern between a transmitter and a co-located receiver.

[0048] Accordingly, the TX-RX frequency separation depends on the communication

application used (which determines whether the application is TDD-based or FDD-based

and the operating frequency band).

[0049] For the purpose of illustration, FIGS. 4-6 illustrate frequency allocations for

various frequency bands associated with different mobile communication standards. For

example, FIG. 4 shows the frequency allocation for bands 1-5 and 8 of the Evolved

UMTS Terrestrial Radio Access (E-UTRA) mobile communication standard (an FDD

standard). As shown in FIG. 4, the TX-RX frequency separation varies according to

which band of E-UTRA band is used, and ranges from 45 MHz for bands 5 and 8 up to

400 MHz for band 4. FIG. 5 shows the frequency allocation for various GSM bands

(GSM is a TDD standard). FIG. 6 shows the frequency allocation for band class 0 of the

CDMA2000 mobile communication standard (CDMA2000 is an FDD standard).

[0050] As can be noted from FIGS. 4-6, the TX-RX frequency separation is generally

much higher for FDD-based standards than for TDD-based standards. This is because,



as noted above, in TDD-based standards the TX-RX frequency separation is mandated to

reduce interference between transmitter(s) and receiver(s) of nearby and adjacent mobile

units, while, on the other hand, in FDD-based standards, the TX-RX frequency

separation is required to reduce interference between co-located transmitters) and

receiver(s).

5. TX-RX Isolation Requirements for Enabling Worlwide Operable Transceiver

[0051] A main objective in the design of high-speed mobile communication transceivers

is to enable the transceiver to support as many communication applications as possible,

which allows the transceiver to operate over as many major networks worldwide as

possible. However, as TX-RX isolation requirements vary from one communication

application to another, enabling a worldwide operable transceiver requires meeting the

TX-RX isolation requirement of each of the supported communication applications.

[0052] In the following, an example is provided to illustrate the isolation design

requirements of a transceiver worldwide operable with both 3GPP and 3GPP2 systems.

In particular, the transceiver enables communication applications using, among others,

WCDMA, GSM, EDGE, HSPA, and CDMA2000.

[0053] One design choice involves selecting the operating frequency bands to support by

the transceiver. Two criteria govern this selection: 1) selecting bands over which the

above noted communication standards can be enabled; and 2) selecting bands having on

the aggregate worldwide approved geographical use.

[0054] FIG. 7 illustrates the operating frequency bands for the FDD-mode of UMTS

(Universal Mobile Telecommunications System) as well as the primary approved

locations and communication standards supported in each band. According to an

example embodiment of the present invention (for enabling a HEDGE transceiver),

bands I, II, V, and VI of the FDD-UMTS bands are selected for support by the

transceiver. As such, nearly worldwide operability can be enabled. Indeed, as shown in

FIG. 7, by supporting bands I, II, V, and VI, HSUPA, WCDMA, GSM, and EDGE can

be supported over both a low band and a high band in North America and South

America. HSUPA, WCDMA, GSM, and EDGE can be supported over a low band in

Asia, Australia, and Japan. Further, HSUPA and WCDMA can be supported over a high

band in Europe and Asia.



[0055] The minimum required TX-RX frequency separations associated with the

selected bands drive the TX-RX isolation requirements of the transceiver. For example,

from FIG. 7, it can be noted that the minimum frequency separation for FDD waveforms

and TDD waveforms can be written as follows:

■ 45 MHz TX-RX for FDD low band applications (i.e., 824 MHz to
894MHz)

■ 80 MHz TX_RX for FDD high band applications (i.e., 1850 MHz to 2170
MHz).

■ 20 MHz band separation for GSM and EDGE TDD low band and high
band applications.

[0056] At each of these frequency offsets, the TX-RX isolation performance must meet

minimum standards in order for the transceiver to function properly. In other words, the

isolation performance must satisfy the FDD TX-RX noise floor level requirements of

both HSPA and W-CDMA, measured at a 45 MHz frequency offset at a co-located

receiver in the selected low bands and 80 MHz frequency offset at a co-located receiver

in the selected high bands. Further, the isolation performance must satisfy the TX-RX

noise floor level requirements of both GSM and EDGE measured at a 20 MHz offset.

6. Conventional TransceiverArchitectures

[0057] Conventional industry approaches for satisfying isolation performance employ

fixed frequency filters to isolate the bands of interest and achieve the required TX-RX

noise floor levels. Typically, these filters are band-pass filters constructed from SAW,

BAW, or DR resonators. For example, commonly, TX-RX isolation for FDD-based

communication applications is achieved by means of a duplexer, coupled between the

transmit/receive chain and the antenna of the transceiver, as illustrated in FIG. 8, for

example. In practice, a duplexer is equivalent to two very high Q fixed frequency filters;

one for the transmit chain and one for the receive chain of the transceiver.

[0058] For TDD-based communication applications, TX-RX isolation is typically

achieved by means of high Q fixed frequency-band-pass filters such as SAW filters in

the transmit chain of the transceiver.

[0059] FIG. 9 illustrates an example filter response of a band-pass filter for a fixed FDD

application in band 5. Similar band-pass filters are generally used in conventional

transceiver architectures, as described above. However, the band-pass filter response



attenuates out of band frequencies (high Q) rapidly. For example, as shown in FIG. 5, the

dB attenuation is approximately -37 dB at 867.5 MHz.

[0060] What is particularly relevant, however, for achieving TX noise floor requirements

is the power attenuation at the minimum TX-RX frequency separation for the frequency

range and waveform of interest. This, as noted above, varies according to the

communication application used. For example, as shown in FIG. 3, for a fixed FDD

application in band 5, the minimum TX-RX frequency separation is 45 MHz. Thus, in

order to satisfy TX noise floor requirements for an FDD application in band 5, the band¬

pass filter illustrated in FIG. 9 will need to provide sufficient attenuation at a 45 MHz

offset from the carrier frequency so as to allow the co located receiver to meet its

specified sensitivity. It is important to note that in conventional architectures, each band

that supports FDD operation of the transceiver requires a filter which is typically a

duplexer. Using the design example above, to support the three (3) bands that require

HSPA and W-CDMA would require three (3) duplexers.

[0061] However, as noted above, when more stringent TX noise floor requirements are

demanded, the design complexity of band-pass filters that meet such requirements

becomes increasingly more difficult. What is done generally to overcome this problem

is to construct the desired filter response using multiple filters located at various points

within the transmit/receive chain. However, while this lessens the design complexity of

the filters, the cost and size associated with such a solution cannot be neglected.

[0062] For the purpose of illustration, FIG. 10 shows a conventional UMTS transceiver

architecture 1000. As shown in FIG. 10, transceiver 1000 includes a first section 1002

for enabling FDD-based communication applications (e.g., WCDMA) and a second

section 1004 for enabling TDD-based communication applications (e.g., GSM,

DCS/PCS). Further, transceiver 1000 includes a mode switch 1006, which allows for

coupling the appropriate section of the transceiver to an antenna depending on the

selected communication standard.

[0063] As shown in FIG. 10, each section of transceiver 1000 includes a transmit chain

and a receive chain. The transmit chain generally includes a digital portion followed by

an analog portion. For example, in section 1002, the transmit chain includes a digital

portion comprising a digital section, a digital filter, and a DAC, followed by an analog

portion comprising I/Q filters, VQ modulators, and a power amplifier (PA).

[0064] In addition, the transmit chain may include frequency band filters, for

configuring/shaping the transmit signal according to the selected frequency band



requirements. For example, in section 1002, multi-band filters 1012 are used in order to

accommodate various frequency bands of the W-CDMA communication standard.

Similarly, in section 1004, filters 1014 and 1016 are used to satisfy GSM and DCS/PCS

requirements.

[0065] As noted above, filters such as filters 1012, 1014, and 1016 are conventionally

used in transceivers to achieve, among other things, the desired TX-RX isolation

requirements. However, as TX-RX isolation requirements increase (e.g., 45-50 dB), the

design complexity of such filters increases. This is especially the case in designing

band-pass filters for FDD-based communication applications, for which higher TX-RX

isolation requirements are generally required than for TDD-based applications.

[0066] As shown in FIG. 10, transceiver architecture 1000 also uses three duplexers

1008 in FDD section 1002. As noted above, a duplexer is a common solution used in

conventional architectures in order to provide the required isolation between the FDD

transmit and receive chains of the transceiver. Such a solution, however, has several

drawbacks. For example, because a duplexer is not a tunable device and thus a duplexer

is required for each band of FDD operation. In practice a duplexer solution will require

two different inputs/outputs in the transceiver architecture, one for the FDD section and

one for the TDD section. Another disadvantage of a duplexer solution relates to the

power loss that results from the duplexer. Indeed, with a power loss of approximately

1.5dB to 4 dB, a duplexer solution would require higher power output from the

transmitter, resulting in increased power consumption.

7. TransceiverArchitectures Preferred Embodiments

[0067] Embodiments of the present invention provide transceiver architecture solutions

for worldwide operable transceivers that do not require fixed frequency high Q filters

such as duplexers and SAW filters. As a result, transceiver architectures according to

embodiments of the present invention can be designed to have a single input/output for

both FDD and TDD-based standards. Further, because the duplexer power loss is

removed, power output requirements can be met more easily with transceiver

architectures according to embodiments of the present invention. Further still, according

to embodiments, the transmitter chain can be connected directly to the antenna, without

any intervening elements.

[0068] Further, according to embodiments of the present invention, fixed frequency high

Q band pass filters that are generally used in conventional architectures can be



eliminated. As a result, the design complexity and cost of embodiments of the present

invention are significantly reduced compared to conventional architectures.

[0069] According to embodiments of the present invention, TX noise floor requirements

can be met with a tunable filter design that enables true frequency agility and reduces

complexity and cost. Further, according to embodiments, this can be achieved by

shaping the transmit waveform, without applying any modifications to the receive

chain(s) of the transceiver.

[0070] Embodiments of the present invention recognize the need to achieve TX noise

floor requirements at specific frequency offsets from the transmit channel frequency

range. As a result, a band-pass filter solution as described above can be replaced with a

solution that only targets those frequency ranges for which TX noise floor requirements

exist. This type of localized solution, as will be further described below, is not only

simpler to design and less expensive (in terms of actual cost and circuit real estate) than

conventional solutions but also comes with significant gains in terms of lower power loss

and consumption in the overall transceiver.

[0071] According to embodiments, a localized solution as described above can be

realized using notch fϊ lter(s) and/or band reject filter(s). Indeed, notch and/or band reject

filters according to embodiments of the present invention can be designed to efficiently

remove energy at specified frequencies so as to meet TX noise floor requirements.

Further, notch and/or band reject filters according to embodiments of the present

invention can be designed to be configurable according to the requirements of the

communication application used.

[0072] FIG. 11 is a block diagram that illustrates an example FDD section architecture

110OA according to an embodiment of the present invention. As shown in FIG. 11,

unlike conventional transceiver architectures, architecture 1100 does not use any

duplexers between transmitter 1102A, receiver 1104A, and antenna 1106A. Instead,

transmitter 1102A is directly coupled to antenna 1106A.

[0073] In an embodiment, transmitter 1102A includes a VPA having TX-RX filter

solutions according to embodiments of the present invention. In particular, transmitter

1102A provides the required TX-RX isolation for FDD-based applications. Receiver

1104A can be a conventional receiver that meets the required receive specifications.

Receiver 1104A's input is coupled to filter 111OA which provides the interface between

receiver 1104A, transmitter 1102A, and antenna 1106A. Filter 111OA is designed such

that the filter input impedance is optimal in the receiver frequency band and sub-optimal



in the transmitter frequency band. For example, in a FDD application in band 5,

receiver 1104 may have an impedance greater than 500 Ohms at a transmit frequency of

824 MHz and an impedance of 50 Ohms at a receive frequency of 869 MHz.

[0074] FIG. 12 is a block diagram that illustrates an example TDD section architecture

1200 according to an embodiment of the present invention. As shown in FIG. 12,

architecture 1200 uses a T/R switch 1208 to alternately couple transmitter 1202 and

receiver 1204 to antenna 1206. In an embodiment, transmitter 1202 includes a VPA

having TX-RX isolation solutions according to embodiments of the present invention

that meets or exceed the required RX band noise performance. Receiver 1204 can be a

conventional receiver that meets the required receive specifications.

[0075] FIG. 13 is a block diagram that illustrates an example transceiver architecture

1300 according to an embodiment of the present invention. Architecture 1300 may

represent, for example, the low band or the high band section of a multi-band transceiver

architecture according to an embodiment of the present invention.

[0076] As shown in FIG. 13, transceiver architecture 1300 includes a transmitter section

and a receiver section. The transmitter section includes a transmitter 1302, which in an

embodiment includes a VPA having TX-RX isolation solutions according to

embodiments of the present invention. Transmitter 1302 can be coupled to antenna 1308

via a TDD TX branch 1316 or an FDD TX branch 1318 according to the communication

application used hi an embodiment, TDD TX branch 1316 may include one or more

amplifiers 1314, as shown in FIG. 13. In an embodiment, a switch 1310 operates to

couple TDD TX branch 1316 or FDD TX branch 1318 to antenna 1308. Further, switch

1310 works as a T/R switch between the transmitter and receiver sections when the

transceiver is operated according to a TDD communication application.

[0077] In an FDD application, switch 1310 remains coupled to node 1322 shown in FIG.

13. Thus, switch 1310 couples antenna 1308 simultaneously to FDD TX branch 1318

and FDD/TDD RX branch 1320. It is noted that FDD TX branch 1318 and FDD/TDD

RX branch 1320 are directly coupled antenna 1308, with no intervening duplex er

elements.

[0078] The receiver section of transceiver architecture 1300 includes a receiver 1304.

Receiver 1304 can be a conventional receiver that meets the required receive

specifications. Receiver 1304 is coupled to antenna 1308 via FDD/TDD RX branch

1320. In an embodiment branch 1320 includes a filter 1312, which operates similarly to

filter 11 1OA by providing an optimal receiver input impedance in the receive frequency



band and a sub-optimal receiver input impedance in the transmit frequency band.

Transceiver architecture 1300 also includes a frequency synthesizer 1306, including a

RX synthesizer and a TX synthesizer. Frequency synthesizer 1306 provides transmitter

1302 and receiver 1306 with signals for signal generation and demodulation,

respectively.

[0079] FIG. 14 is a block diagram that illustrates an example transceiver architecture

1400 according to an embodiment of the present invention. Architecture 1400 may

represent, for example, a multi-band transceiver architecture according to an embodiment

of the present invention.

[0080] For the purpose of illustration, it is assumed that transceiver architecture 1400

supports bands I, II, V, and VI of the FDD-UMTS spectrum. However, it is noted that

transceiver architectures according to embodiments of the present invention are not

limited to the example implementation illustrated by architecture 1400. For example,

transceiver architectures according to embodiments of the present may be implemented

to support any combination of bands of the FDD-UMTS spectrum.

[0081] As shown in FIG. 14, transceiver architecture 1400 includes a high band

transmitter subsystem 1402, a low band transmitter subsystem 1404, a receiver 1406, and

a frequency synthesizer 1408.

[0082] Transmitter subsystems 1402 and 1404 include in an embodiment VPAs having

TX-RX isolation solutions according to embodiments of the present invention. Receiver

1406 can be a conventional receiver that meets the required receive specifications.

[0083] As shown in FIG. 14, transceiver architecture 1400 includes a band switch 1410,

which couples antenna 1412 to either a high band branch 1414 or a low band branch

1416 of the transceiver according to the communication application used. Alternately,

switch 1410 could be replaced by two antennas, one antenna for the low band and one

antenna for the high band.

[0084] High band branch 1414 includes switches 1418 and 1420. Switches 1418 and

1420 operate to couple various TX/RX branches of the transceiver to antenna 1412. For

example, in a TDD Band I application, switches 1418 and 1420 act in combination as a

T/R switch to alternately couple branch 1422 and branch 1426 to antenna 1412.

Similarly, in a TDD Band II application, switches 1418 and 1420 act in combination as a

T/R switch to alternately couple branch 1422 and branch 1424 to antenna 1412. Further,

in FDD applications, switches 1418 and 1420 act to couple the respective TX and RX



branches to the antenna. For example, in a Band II FDD application, switches 1418 and

1420 act to couple branches 1428 and 1426 to antenna 1412.

[0085] Low band branch 1416 includes a switch 1432, which acts as both a mode switch

or a T/R. For example, in a TDD application, switch 1432 acts to alternately couple TX

branch 1434 and RX branch 1436 to antenna 1412. In a FDD application, switch 1432

acts as a mode switch, coupling TX branch 1438 and RX branch 1436 to antenna 1412.

[0086] It is noted that transceiver architecture 1400 does not use any duplexer elements

to couple the TX/RX branches to antenna 1412.

[0087] FIG. 15 is an example VPA transmitter 1500 according to an embodiment of the

present invention. VPA transmitter 1500 can be used as transmitter 1102, 1202, 1302,

1402, and 1404 described above, for example. As shown in FIG. 15, VPA transmitter

1500 includes notch filters 1502 and 1504 located in each of its outphasing branches.

Notch filters 1502 and 1504 can be fixed in frequency or tunable in frequency.

[0088] As would be understood by a person skilled in the art based on the teachings

herein, notch filters can be placed at various points within VPA transmitter 1500. hi an

embodiment, as shown in FIG. 15, notch filters 1502 and 1504 are located at the outputs

of vector modulators 306 and 308. Alternatively, notch filters 1502 and 1504 are placed

at the outputs of drivers 310 and 312. hi another embodiment, a notch filter is placed at

the output of MISO 314. In another embodiment, one or more notch filters are used

within each branch of VPA transmitter 1500 and/or at the output of MISO 314. When

frequency tunable notch filters are employed, they are tuned to the same notch

frequency. For example in an embodiment three frequency tunable notch filters are

employed and are located at the output of driver 310, the output of driver 312 and the

output of MISO 314. All three notch filters are tuned to the same notch frequency to

provide the maximum attenuation at the desired frequency.

[0089] Notch filters 1502 and 1504 operate to remove energy content at specified

frequencies from the output of VPA transmitter 1500, according to the communication

application used. In an embodiment, notch filters 1502 and 1504 are configurable

according to the communication application hi another embodiment, notch filters

include tunable elements, which allow their frequency responses to be dynamically

adjusted according to the required TX-RX frequency separation, isolation and/or noise

floor requirements.

[0090] hi an embodiment, a desired notch filter frequency response is generated as an

aggregate result of multiple notch filters located at various points of the VPA transmitter.



Accordingly, classical filter topologies as well as multiple staggered topologies can be

used according to embodiments of the present invention.

[0091] According to an embodiment, notch filters are replaced or used in conjunction

with band reject filters to provide for wider band rejection for certain applications.

[0092] FIG. 16 illustrates an example notch filter frequency response. Generally, the

depth (attenuation) and the width of the "notch" depend on the Q of the filter. According

to embodiments of the present invention, notch filters of various depths and widths can

be readily designed. Moreover, tunable notch filters can be designed according to

embodiments of the present invention.

[0093] FIG. 17 provides an example output waveform 1702 according to an embodiment

of the present invention. In this FDD example the notch filters are tuned to accommodate

a 45 MHz frequency offset between the transmit and receive frequencies. The maximum

attenuation of the transmitted signal occurs at the center frequency of the notch filter(s).

In the case of FDD waveforms, each time the transmit frequency changes, the notch

filter(s) are tuned to maintain the required 45 MHz frequency offset. In this manner, the

minimum transmitter noise always corresponds to the desired receive frequency.

[0094] FIG. 18 provides an example output waveform 1802 according to an embodiment

of the present invention. In this TDD example the notch filters can have either a fixed

center frequency or a tunable center frequency and the maximum attenuation of the

transmitted signal occurs at the first receive frequency in the receive band. It should be

apparent that by using a tunable notch filter design, both FDD and TDD standards can be

accommodated using a single design and a single design with a single output can support

multiple frequency bands.

[0095] Notch filter and band reject filter design and implementation are well known in

the art of electronics and can be designed in various ways using multiple topologies.

FIG. 19 shows exemplary notch filter designs according to embodiments of the present

invention. Notch filters 1902 and 1904 are fixed frequency designs, and notch filters

1906 and 1908 are variable frequency (tunable) designs.

[0096] As has been shown in certain preferred embodiments high Q fixed frequency

filters such as duplexers and SAWs can be eliminated. In other embodiments, the

requirements of the high Q fixed frequency filters may be relaxed or reduced. The

reduced filter requirements enable smaller filter sizes and lower costs.

8. Conclusion



[0097] It is to be appreciated that the Detailed Description section, and not the Summary

and Abstract sections, is intended to be used to interpret the claims. The Summary and

Abstract sections may set forth one or more but not all exemplary embodiments of the

present invention as contemplated by the inventor(s), and thus, are not intended to limit

the present invention and the appended claims in any way.

[0098] The present invention has been described above with the aid of functional

building blocks illustrating the implementation of specified functions and relationships

thereof. The boundaries of these functional building blocks have been arbitrarily defined

herein for the convenience of the description. Alternate boundaries can be defined so

long as the specified functions and relationships thereof are appropriately performed.

[0099] The foregoing description of the specific embodiments will so fully reveal the

general nature of the invention that others can, by applying knowledge within the skill of

the art, readily modify and/or adapt for various applications such specific embodiments,

without undue experimentation, without departing from the general concept of the

present invention. Therefore, such adaptations and modifications are intended to be

within the meaning and range of equivalents of the disclosed embodiments, based on the

teaching and guidance presented herein. It is to be understood that the phraseology or

terminology herein is for the purpose of description and not of limitation, such that the

terminology or phraseology of the present specification is to be interpreted by the skilled

artisan in light of the teachings and guidance.

[00100] The breadth and scope of the present invention should not be limited by any of

the above-described exemplary embodiments, but should be defined only in accordance

with the following claims and their equivalents.



WHAT IS CLAIMED IS:

1. A method, comprising:

determining a transmit frequency and a receive frequency;

determining a noise floor requirement based on the transmit frequency and the receive

frequency; and

adaptively configuring a transmit waveform at the transmit frequency such that the noise

floor requirement is satisfied at the receive frequency.
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