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FREGUENCY DOWN-CONVERTED WITH A FIRST UNIVERSAL FREQUENCY DOWN-
CONVERSION MODULE ACCORDING TO A CONTROL SIGNAL. THE INPUT SIGNAL IS
DOWN-CONVERTED TO AN IN-PHASE INFORMATION SIGNAL

'

THE CONTROL SIGNAL IS PHASE-SHIFTED 11606
THE SECOND BUFFERED (AND/OR SECOND SPLIT) RF I/Q MODULATED |- 11608

SIGNAL IS FREQUENCY DOWN-CONYERTED WITH A SECOND UNIVERSAL
FREQUENCY DOWN-CONVERSION MODULE ACCORDING TO THE PHASE-
SHIFTED CONTROL SIGNAL. THE INPUT SIGNAL IS DOWN-CONVERTED
T0 A QUADRATURE-PHASE INFORMATION SIGNAL
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AN INPUT SIGNAL IS FREQUENCY DOWN-CONVERTED WITH A FIRST
UNIVERSAL FREQUENCY DOWN-CONVERSION MODULE TO A FIRST
DOWN-CONVERTED SIGNAL, WHEREIN THE INPUT SIGNAL IS
OOWN-CONVERTED ACCORDING TO A CONTROL SIGNAL, WHEREIN
THE CONTROL SIGNAL COMPRISES A TRAIN OF PULSES, WHEREIN
PULSES OF THE CONTROL SIGNAL OCCUR EVERY 360 + 360 n
DEGREES OF A FREQUENCY OF THE INPUT SIGNAL, WHEREIN n IS

|- 11702

EQUAL TO AN INTEGER GREATER THAN OR EQUAL T0 0

1

THE CONTROL SIGNAL IS PHASE-SHIFTED, WHEREIN THE CONTROL
SIGNAL IS PHASE SHIFTED IN A RANGE BETWEEN O DEGREES AND
360 + 360 = n DEGREES OF A FREQUENCY OF THE INPUT SIGNAL

11704

l

THE INPUT SIGNAL IS FREQUENCY DOWN-CONVERTED WITH A SECOND
UNIVERSAL FREQUENCY DOWN-CONVERSION MODULE TO A SECOND
DOWN-CONVERTED SIGNAL, WHEREIN THE INPUT SIGNAL IS DOWN-
CONVERTED ACCORDING TO THE PHASE-SHIFTED CONTROL SIGNAL

|~ 11706

l

A SIGNAL IS RE-RADIATED THAT IS AT LEAST A FUNCTION OF THE
CONTROL SIGNAL AND THE PHASE-SHIFTED CONTROL SIGNAL

- 11708
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AN INPUT SIGNAL IS FREQUENCY DOWN-CONVERTED WITH A FIRST
UNIVERSAL FREQUENCY DOWN-CONVERSION MODULE TO A FIRST DOWN-
CONVERTED SIGNAL, WHEREIN THE INPUT SIGNAL IS DOWN-CONVERTED

ACCORDING TO A CONTROL SIGNAL, WHEREIN THE CONTROL SIGNAL

COMPRISES A TRAIN OF PULSES, WHEREIN THE PULSES HAVE WIDTHS LESS
THAN OR EQUAL T0 180 + 360 »n DEGREES OF A FREQUENCY OF THE

INPUT SIGNAL, WHEREIN n IS ANY INTEGER GREATER THAN OR EQUAL T0 0

11802

|

THE CONTROL SIGNAL IS PHASE SHIFTED, WHEREIN THE
CONTROL SIGNAL IS PHASE-SHIFTED BY 180 + 360 n
DEGREES OF A FREQUENCY OF THE INPUT SIGNAL

|~ 11804

1

THE INPUT SIGNAL I§ FREQUENCY DOWN-CONVERTED WITH A SECOND
UNIVERSAL FREQUENCY DOWN-CONVERSION MODULE TO A SECOND
OOWN-CONVERTED SIGNAL, WHEREIN THE INPUT SIGNAL IS DOWN-
CONVERTED ACCORDING TO THE PHASE-SHIFTED CONTROL SIGNAL

|~ 11806

l

A SIGNAL TS RE-RADIATED THAT IS AT LEAST A FUNCTION OF THE
CONTROL SIGNAL AND THE PHASE-SHIFTED CONTROL SIGNAL

|~ 11808
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FIG. 1188

11800 \
FROM STEP 11808

!

A PHASE-SHIFTED CONTROL SIGNAL IS PHASE SHIFTED L~ 11810
10 A FURTHER PHASE-SHIFTED CONTROL SIGNAL -

l

THE INPUT SIGNAL IS FREQUENCY DOWN-CONVERTED WITH A FURTHER |~ 11812
UNIVERSAL FREQUENCY DOWN-CONVERSION MODULE TO A CORRESPONDING
DOWN-CONVERTED SIGNAL, WHEREIN THE INPUT SIGNAL IS DOWN-CONVERTED
ACCORDING TO THE FURTHER PHASE-SHIFTED CONTROL SIGNAL

1

A SIGNAL IS RE-RADIATED THAT IS A FUNCTION OF AT LEAST THE |~ 11B14
CONTROL SIGNAL AND THE PHASE-SHIFTED CONTROL SIGNALS

l

OPERATION PROCEEDS T0 STEP 11810 IF THE NUMBER OF _~ 11816
UNIVERSAL FREQUENCY DOWN-CONVERSION MODULES (ADJACENT »
APERTURES) IS LESS THAN SOME DESIRED NUMBER x
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- FIG. 119
N

_~11302

A BIAS VOLTAGE IS APPLIED TO THE INPUT SIGNAL

1

THE BIASED INPUT SIGNAL IS FREQUENCY DOWN- |~ 11304
CONVERTED WITH A FIRST UNIVERSAL FREQUENCY DOWN-
CONVERSION MODULE TO A DOWN-CONVERTED SIGNAL
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12000\ FIG. 120

12002
s

AN INPUT SIGNAL IS RECEIVED

‘ r 12004

THE INPUT SIGNAL IS FREQUENCY DOWN-CONVERTED WITH A FIRST UNIVERSAL FREQUENCY DOWN-
CONVERSION MODULE TO A FIRST DOWN-CONVERTED SIGNAL, ACCORDING TO A FIRST CONTROL SIGNAL |

‘ r 12006 |

THE INPUT SIGNAL IS FRECUENCY DOWN-CONVERTED WITH A SECOND UNIVERSAL FREQUENCY DOWN-
CONVERSION MODULE TO A SECOND DOWN-CONVERTED SIGNAL, ACCORDING TO A SECOND CONTROL SIGNAL

l r 12008

THE SECOND DOWN-CONVERTED SIGNAL IS SUBTRACTED FROM THE FIRST
DOWN-CONVERTED SIGNAL TO FORM A FIRST OUTPUT SIGNAL

‘ r12010

THE INPUT SIGNAL IS FREQUENCY DOWN-CONVERTED WITH A THIRD UNIVERSAL FREQUENCY DOWN-
CONVERSION MODULE TO A THIAD DOWN-CONVERTED SIGNAL, ACCORDING TO A THIRD CONTROL SIGNAL

‘ | r 12012
THE INPUT SIGNAL IS FREQUENCY DOWN-CONVERTED WITH A FOURTH UNIVERSAL FREQUENCY DOWN-
CONVERSION MODULE TO A FOURTH DOWN-CONVERTED SIGMAL, ACCORDING TO A FOURTH CONTROL SIGNAL

l s 12014

THE FOURTH DOWN-CONVERTED SIGNAL IS SUBTRACTED FROM THE THIRD
DOWN-CONVERTED SIGNAL TO FORM A SECOND OUTPUT SIGNAL

‘ r 12016
A SIGNAL IS RE-RADIATED THAT COMPRISES ATTENUATED COMPONENTS OF FIRST, SECOND, ‘

THIRD, AND FOURTH CONTROL SIGNAL PULSES, WHEREIN THE ATTENUATED COMPONENTS OF THE
FIRST, SECOND, THIRD, AND FOURTH CONTROL SIGNAL PULSES FORM A CUMULATIVE FREQUENCY

‘ r 12018

THE FIRST, SECOND, THIRD, AND FOURTH CONTROL SIGNAL PULSES ARE CONFIGURED SUCH
THAT THE CUMULATIVE FREQUENCY IS GREATER THAN A FREQUENCY OF THE INPUT SIGNAL
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DOWN-CONVERSION OF AN
ELECTROMAGNETIC SIGNAL WITH
FEEDBACK CONTROL

[0001] This application is a continuation of pending U.S.
patent application Ser. No. 12/976,477, titled, “Down-Con-
version of an Electromagnetic Signal with Feedback Con-
trol,” filed on Dec. 22, 2010, which is a continuation of U.S.
Pat. No. 7,894,789, titled, “Down-Conversion of an Electro-
magnetic Signal with Feedback Control,” filed on Apr. 7,
2009, which is a continuation of U.S. Pat. No. 7,539,474, filed
Feb. 17, 2005, which is a continuation of U.S. Pat. No. 6,879,
817, filed Mar. 14, 2000, which claims the benefit of U.S.
Provisional Application, No. 60/171,502, filed Dec. 22,1999,
U.S. Provisional Application No. 60/177,705, filed Jan. 24,
2000, U.S. Provisional Application No. 60/129,839, filed
Apr. 16, 1999, U.S. Provisional Application No. 60/158,047,
filed Oct. 7, 1999, U.S. Provisional Application No. 60/171,
349, filed Dec. 21, 1999, U.S. Provisional Application No.
60/177,702, filed Jan. 24, 2000, U.S. Provisional Application
No. 60/180,667, filed Feb. 7, 2000, and U.S. Provisional
Application No. 60/171,496, filed Dec. 22, 1999, all of which
are incorporated by reference herein in their entireties.

CROSS-REFERENCE TO OTHER
APPLICATIONS

[0002] The following applications of common assignee are
related to the present application, and are herein incorporated
by reference in their entireties:

[0003] “Method and System for Down-Converting Electro-
magnetic Signals,” Ser. No. 09/176,022, filed Oct. 21,
1998.

[0004] “Method and System for Frequency Up-Conver-
sion,” Ser. No. 09/176,154, filed Oct. 21, 1998.

[0005] “Method and System for Ensuring Reception of a
Communications Signal,” Ser. No. 09/176,415, filed Oct.
21, 1998.

[0006] “Integrated Frequency Translation And Selectivity,”
Ser. No. 09/175,966, filed Oct. 21, 1998.

[0007] “Applications of Universal Frequency Translation,”
Ser. No. 09/261,129, filed Mar. 3, 1999.

[0008] “Method and System for Down-Converting Electro-
magnetic Signals Having Optimized Switch Structures,”
Ser. No. 09/293,095, filed Apr. 16, 1999.

[0009] “Method and System for Down-Converting Electro-
magnetic Signals Including Resonant Structures for
Enhanced Energy Transfer,” Ser. No. 09/293,342, filed
Apr. 16, 1999.

[0010] “Method and System for Frequency Up-Conversion
with a Variety of Transmitter Configurations,” Ser. No.
09/293,580, filed Apr. 16, 1999.

[0011] “Integrated Frequency Translation and Selectivity
with a Variety of Filter Embodiments,” Ser. No. 09/293,
283, filed Apr. 16, 1999.

[0012] “Matched Filter Characterization and Implementa-
tion of Universal Frequency Translation Method and Appa-
ratus,” Ser. No. (to be assigned), Atty. Docket No. 1744.
0920000, filed Mar. 9, 2000.

BACKGROUND OF THE INVENTION

[0013] 1. Field of the Invention

[0014] The present invention relates to down-conversion
and up-conversion of electromagnetic (EM) signals. More
particularly, the present invention relates to reducing or elimi-
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nating DC offset voltages and re-radiation that occurs during
down-conversion of EM signals to intermediate frequency or
baseband signals.

[0015] 2. Related Art

[0016] Electromagnetic (EM) information signals (base-
band signals) include, but are not limited to, video baseband
signals, voice baseband signals, computer baseband signals,
etc. Baseband signals include analog baseband signals and
digital baseband signals.

[0017] It is often beneficial to propagate EM signals at
higher frequencies. This is generally true regardless of
whether the propagation medium is wire, optic fiber, space,
air, liquid, etc. To enhance efficiency and practicality, such as
improved ability to radiate and added ability for multiple
channels of baseband signals, up-conversion to a higher fre-
quency is utilized. Conventional up-conversion processes
modulate higher frequency carrier signals with baseband sig-
nals. Modulation refers to a variety of techniques for impress-
ing information from the baseband signals onto the higher
frequency carrier signals. The resultant signals are referred to
herein as modulated carrier signals. For example, the ampli-
tude of an AM carrier signal varies in relation to changes in
the baseband signal, the frequency of an FM carrier signal
varies in relation to changes in the baseband signal, and the
phase of a PM carrier signal varies in relation to changes in the
baseband signal.

[0018] In order to process the information that was in the
baseband signal, the information must be extracted, or
demodulated, from the modulated carrier signal. However,
because conventional signal processing technology is limited
in operational speed, conventional signal processing technol-
ogy cannot easily demodulate a baseband signal from higher
frequency modulated carrier signal directly. Instead, higher
frequency modulated carrier signals must be down-converted
to an intermediate frequency (IF), from where a conventional
demodulator can demodulate the baseband signal.

[0019] Conventional down-converters include electrical
components whose properties are frequency dependent. As a
result, conventional down-converters are designed around
specific frequencies or frequency ranges and do not work well
outside their designed frequency range.

[0020] Conventional down-converters generate unwanted
image signals and thus must include filters for filtering the
unwanted image signals. However, such filters reduce the
power level of the modulated carrier signals. As a result,
conventional down-converters include power amplifiers,
which require external energy sources.

[0021] When a received modulated carrier signal is rela-
tively weak, as in, for example, a radio receiver, conventional
down-converters include additional power amplifiers, which
require additional external energy.

SUMMARY OF THE INVENTION

[0022] Briefly stated, the present invention is directed to
methods, systems, and apparatuses for down-converting an
electromagnetic (EM) signal by aliasing the EM signal, and
applications thereof. The present invention is further directed
to reducing or eliminating DC offset voltages and re-radiation
generated when down-converting an electromagnetic (EM)
signal. The present invention is still further directed to
improving receiver dynamic range.

[0023] Generally, the invention operates by receiving an
EM signal. The invention also receives an aliasing signal
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having an aliasing rate. The invention aliases the EM signal
according to the aliasing signal to down-convert the EM
signal.

[0024] Inan embodiment, the invention down-converts the
EM signal to an intermediate frequency (IF) signal.

[0025] In another embodiment, the invention down-con-
verts the EM signal to a demodulated baseband information
signal.

[0026] In another embodiment, the EM signal is a fre-
quency modulated (FM) signal, which is down-converted to a
non-FM signal, such as a phase modulated (PM) signal or an
amplitude modulated (AM) signal.

[0027] In another embodiment, the EM signal is an 1/Q
modulated signal, which is down-converted to an in-phase
information signal and a quadrature-phase information sig-
nal.

[0028] Theinventionis applicableto any type of EM signal,
including but not limited to, modulated carrier signals (the
invention is applicable to any modulation scheme or combi-
nation thereof) and unmodulated carrier signals.

[0029] Further features and advantages of the invention, as
well as the structure and operation of various embodiments of
the invention, are described in detail below with reference to
the accompanying drawings. In the drawings, like reference
numbers generally indicate identical, functionally similar,
and/or structurally similar elements. The drawing in which an
element first appears is generally indicated by the left-most
digit(s) in the corresponding reference number.

BRIEF DESCRIPTION OF THE FIGURES

[0030] The invention shall be described with reference to
the accompanying figures, wherein:

[0031] FIG.1A is ablock diagram of a universal frequency
translation (UFT) module according to an embodiment of the
invention.

[0032] FIG. 1B is a more detailed diagram of a universal
frequency translation (UFT) module according to an embodi-
ment of the invention.

[0033] FIG.1Cllustrates a UFT module used ina universal
frequency down-conversion (UFD) module according to an
embodiment of the invention.

[0034] FIG.1Dillustrates a UFT module used ina universal
frequency up-conversion (UFU) module according to an
embodiment of the invention.

[0035] FIG. 2 is a block diagram of a universal frequency
translation (UFT) module according to an alternative embodi-
ment of the invention.

[0036] FIG. 3 is a block diagram of a universal frequency
up-conversion (UFU) module according to an embodiment of
the invention.

[0037] FIG. 4 is a more detailed diagram of a universal
frequency up-conversion (UFU) module according to an
embodiment of the invention.

[0038] FIG. 5 is a block diagram of a universal frequency
up-conversion (UFU) module according to an alternative
embodiment of the invention.

[0039] FIGS. 6A-61 illustrate example waveforms used to
describe the operation of the UFU module.

[0040] FIG. 7 illustrates a UFT module used in a receiver
according to an embodiment of the invention.

[0041] FIG. 8illustrates a UFT module used in a transmitter
according to an embodiment of the invention.
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[0042] FIG. 9 illustrates an environment comprising a
transmitter and a receiver, each of which may be implemented
using a UFT module of the invention.

[0043] FIG. 10 illustrates a transceiver according to an
embodiment of the invention.

[0044] FIG. 11 illustrates a transceiver according to an
alternative embodiment of the invention.

[0045] FIG. 12 illustrates an environment comprising a
transmitter and a receiver, each of which may be implemented
using enhanced signal reception (ESR) components of the
invention.

[0046] FIG. 13 illustrates a UFT module used in a unified
down-conversion and filtering (UDF) module according to an
embodiment of the invention.

[0047] FIG. 14 illustrates an example receiver imple-
mented using a UDF module according to an embodiment of
the invention.

[0048] FIGS. 15A-15F illustrate example applications of
the UDF module according to embodiments of the invention.
[0049] FIG. 16 illustrates an environment comprising a
transmitter and a receiver, each of which may be implemented
using enhanced signal reception (ESR) components of the
invention, wherein the receiver may be further implemented
using one or more UFD modules of the invention.

[0050] FIG. 17 illustrates a unified down-converting and
filtering (UDF) module according to an embodiment of the
invention.

[0051] FIG. 18 is a table of example values at nodes in the
UDF module of FIG. 17.

[0052] FIGS. 19A and 19B together provide a detailed dia-
gram of an example UDF module according to an embodi-
ment of the invention.

[0053] FIGS. 20A and 20G are example aliasing modules
according to embodiments of the invention.

[0054] FIGS. 20B-20F are example waveforms used to
describe the operation of the aliasing modules of FIGS. 20A
and 20G.

[0055] FIG. 21 illustrates an enhanced signal reception sys-
tem according to an embodiment of the invention.

[0056] FIGS. 22A-22F are example waveforms used to
describe the system of FIG. 21.

[0057] FIG. 23A illustrates an example transmitter in an
enhanced signal reception system according to an embodi-
ment of the invention.

[0058] FIGS. 23B and 23C are example waveforms used to
further describe the enhanced signal reception system accord-
ing to an embodiment of the invention.

[0059] FIG. 23D illustrates another example transmitter in
an enhanced signal reception system according to an embodi-
ment of the invention.

[0060] FIGS. 23E and 23F are example waveforms used to
further describe the enhanced signal reception system accord-
ing to an embodiment of the invention.

[0061] FIG. 24A illustrates an example receiver in an
enhanced signal reception system according to an embodi-
ment of the invention.

[0062] FIGS. 24B-24] are example waveforms used to fur-
ther describe the enhanced signal reception system according
to an embodiment of the invention.

[0063] FIG. 25 illustrates an exemplary [/Q modulation
receiver, according to an embodiment of the present inven-
tion.
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[0064] FIG. 26 illustrates a I/QQ modulation control signal
generator, according to an embodiment of the present inven-
tion.

[0065] FIG. 27 illustrates example waveforms related to the
1/Q modulation control signal generator of FI1G. 26.

[0066] FIG. 28 illustrates example control signal wave-
forms overlaid upon an input RF signal.

[0067] FIG. 29 illustrates a I/Q modulation receiver circuit
diagram, according to an embodiment of the present inven-
tion.

[0068] FIGS. 30-40 illustrate example waveforms related
to the receiver of FIG. 29.

[0069] FIG. 41 illustrates a single channel receiver, accord-
ing to an embodiment of the present invention.

[0070] FIG. 42 illustrates an alternative 1/Q modulation
receiver, according to an embodiment of the present inven-
tion.

[0071] FIG. 43 illustrates an [/Q modulation transmitter,
according to an embodiment of the present invention.

[0072] FIG. 44A illustrates an example antenna that trans-
mits re-radiation.

[0073] FIGS. 44B-D illustrates example signals and fre-
quency spectrums related to re-radiation effects.

[0074] FIGS.45A-D illustrate example implementations of
a switch module according to embodiments of the invention.

[0075] FIGS. 46A-D illustrate example aperture genera-
tors.
[0076] FIG. 46E illustrates an oscillator according to an

embodiment of the present invention.

[0077] FIG. 47 illustrates an energy transfer system with an
optional energy transfer signal module according to an
embodiment of the invention.

[0078] FIG. 48 illustrates an aliasing module with input and
output impedance match according to an embodiment of the
invention.

[0079] FIG. 49A illustrates an example pulse generator.
[0080] FIGS. 49B and C illustrate example waveforms
related to the pulse generator of FIG. 49A.

[0081] FIG. 50 illustrates an example energy transfer mod-
ule with a switch module and a reactive storage module
according to an embodiment of the invention.

[0082] FIGS.51A-B illustrate example energy transfer sys-
tems according to embodiments of the invention.

[0083] FIG.52A illustrates an example energy transfer sig-
nal module according to an embodiment of the present inven-
tion.

[0084] FIG. 52B illustrates a flowchart of state machine
operation according to an embodiment of the present inven-
tion.

[0085] FIG.52C is an example energy transfer signal mod-
ule.
[0086] FIG.53 is a schematic diagram of a circuit to down-

convert a 915 MHZ signal to a 5 MHZ signal using a 101.1
MHZ clock according to an embodiment ofthe present inven-
tion.

[0087] FIG. 54 shows example simulation waveforms for
the circuit of FIG. 53 according to embodiments of the
present invention.

[0088] FIG. 55 is a schematic diagram of a circuit to down-
convert a 915 MHZ signal to a 5 MHZ signal using a 101
MHZ clock according to an embodiment ofthe present inven-
tion.
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[0089] FIG. 56 shows example simulation waveforms for
the circuit of FIG. 55 according to embodiments of the
present invention.

[0090] FIG. 57 is a schematic diagram of a circuit to down-
convert a 915 MHZ signal to a 5 MHZ signal using a 101.1
MHZ clock according to an embodiment of the present inven-
tion.

[0091] FIG. 58 shows example simulation waveforms for
the circuit of FIG. 57 according to an embodiment of the
present invention.

[0092] FIG. 59 shows a schematic of the circuit in FIG. 53
connected to an FSK source that alternates between 913 and
917 MHZ at a baud rate of 500 Kbaud according to an
embodiment of the present invention.

[0093] FIG. 60A illustrates an example energy transfer sys-
tem according to an embodiment of the invention.

[0094] FIGS. 60B-Cillustrate example timing diagrams for
the example system of FIG. 60A.

[0095] FIG. 61 illustrates an example bypass network
according to an embodiment of the invention.

[0096] FIG. 62 illustrates an example bypass network
according to an embodiment of the invention.

[0097] FIG. 63 illustrates an example embodiment of the
invention.
[0098] FIG. 64A illustrates an example real time aperture

control circuit according to an embodiment of the invention.
[0099] FIG. 64B illustrates a timing diagram of an example
clock signal for real time aperture control, according to an
embodiment of the invention.

[0100] FIG. 64C illustrates a timing diagram of an example
optional enable signal for real time aperture control, accord-
ing to an embodiment of the invention.

[0101] FIG. 64D illustrates a timing diagram of an inverted
clock signal for real time aperture control, according to an
embodiment of the invention.

[0102] FIG. 64E illustrates a timing diagram of an example
delayed clock signal for real time aperture control, according
to an embodiment of the invention.

[0103] FIG. 64F illustrates a timing diagram of an example
energy transfer including pulses having apertures that are
controlled in real time, according to an embodiment of the
invention.

[0104] FIG. 65 illustrates an example embodiment of the
invention.
[0105] FIG. 66 illustrates an example embodiment of the
invention.
[0106] FIG. 67 illustrates an example embodiment of the
invention.
[0107] FIG. 68 illustrates an example embodiment of the
invention.
[0108] FIG. 69A is a timing diagram for the example

embodiment of FIG. 65.
[0109] FIG. 69B is a timing diagram for the example
embodiment of FIG. 66.

[0110] FIG. 70A is a timing diagram for the example
embodiment of FIG. 67.
[0111] FIG. 70B is a timing diagram for the example
embodiment of FIG. 68.

[0112] FIG. 71A illustrates and example embodiment of
the invention.
[0113] FIG. 71B illustrates example equations for deter-

mining charge transfer, in accordance with the present inven-
tion.
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[0114] FIG.71C illustrates relationships between capacitor
charging and aperture, in accordance with an embodiment of
the present invention.

[0115] FIG. 71D illustrates relationships between capacitor
charging and aperture, in accordance with an embodiment of
the present invention.

[0116] FIG. 71E illustrates power-charge relationship
equations, in accordance with an embodiment of the present
invention.

[0117] FIG. 71F illustrates insertion loss equations, in
accordance with an embodiment of the present invention.
[0118] FIG. 72 shows the original FSK waveform 5902 and
the down-converted waveform 5904.

[0119] FIG. 73 illustrates a down-converter according to an
embodiment of the present invention, showing some DC oft-
set contributions.

[0120] FIG. 74 illustrates a down-converter according to an
embodiment of the present invention, that removes at least
some DC offset contributions.

[0121] FIGS. 75 and 76 illustrate circuit diagrams accord-
ing to embodiments of the present invention.

[0122] FIG. 77A illustrates an example clock pulse train.
[0123] FIG. 77B illustrates an example clock frequency
spectrum.

[0124] FIG. 78 illustrates a circuit diagram according to an

embodiment of the present invention, which may be used to
measure DC offsets.

[0125] FIGS. 79 and 80 illustrate example output offset
plots for the circuit diagram of FIG. 78, for a variety of clock
signals.

[0126] FIGS. 81 and 82 show example output offset plots
obtained for the circuit model of FIG. 78, with variations in
the bond wire inductance.

[0127] FIG. 83 illustrates exampleV -, response for a vari-
ety of clock signal rise and fall times.

[0128] FIGS. 84A, 84B, 85A and 85B show the results on
an I port of an I/Q receiver according to an embodiment of the
present invention, for a variety of LO drive levels and 3
operating channels, for two different assemblies.

[0129] FIG. 86A illustrates example complimentary archi-
tecture output offset for a variety of clock signal pulse widths.
[0130] FIG. 86B shows an example spectral plot of a carrier
tone at RF, corresponding to LO re-radiation at a UFD mod-
ule.

[0131] FIG. 86C illustrates the LO re-radiation spectrum
shown in FIG. 86B after modulation by an example modified
maximal length linear PN sequence.

[0132] FIG. 86D shows an example PN modulated output
of a UFD module.

[0133] FIG. 86E illustrates the result of FIG. 86D after PN
rectification or correlation.

[0134] FIG. 86F illustrates the result of FIG. 86E after low
pass filtering to recover the baseband beat note.

[0135] FIG. 86G illustrates an exemplary signal input har-
monic spectrum and conversion clock harmonic spectrum.
[0136] FIG. 86H illustrates an exemplary power series.
[0137] FIG. 861 illustrates an exemplary system block dia-
gram, according to an embodiment of the present invention.
[0138] FIG. 87 shows a conventional wireless communica-
tions down-conversion system.

[0139] FIG. 88A shows an exemplary down-conversion
system that reduces output DC offset, according to an
embodiment of the present invention.
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[0140] FIGS. 88B-H show example waveforms related to
the system of FIG. 88A, according to an embodiment of the
present invention.

[0141] FIG. 89 shows an exemplary down-conversion sys-
tem that reduces output DC offset, according to an embodi-
ment of the present invention.

[0142] FIG. 90 illustrates some aspects of charge injection
related to the present invention.

[0143] FIG. 91 illustrates an exemplary circuit configura-
tion for reducing DC offset voltage caused by charge injec-
tion, according to an embodiment of the present invention.
[0144] FIG. 92A illustrates an exemplary down-conversion
system, according to an embodiment of the present invention,
that may be used to indicate potential points in a signal path
where DC offset voltages may be injected.

[0145] FIG. 92B illustrates an exemplary auto-zero com-
pensation circuit for reducing or eliminating DC offset
inserted by circuit components, according to an embodiment
of the present invention.

[0146] FIG. 93 illustrates an exemplary differential DC
offset voltage cancellation circuit, according to an embodi-
ment of the present invention.

[0147] FIG. 94A illustrates a second exemplary differential
DC offset voltage cancellation circuit, according to an
embodiment of the present invention.

[0148] FIGS. 94B-H illustrate example waveforms related
to the circuit of FIG. 94 A, according to an embodiment of the
present invention.

[0149] FIG. 95 illustrates an exemplary differential
receiver circuit, according to an embodiment of the present
invention.

[0150] FIG. 96 illustrates an exemplary input RF signal and
exemplary control signal waveforms, according to embodi-
ments of the present invention.

[0151] FIG. 97 illustrates an exemplary [/Q modulation
receiver circuit, according to an embodiment of the present
invention.

[0152] FIGS. 98A-981 show an exemplary input RF 1/Q
signal, and several exemplary control signal waveforms.
[0153] FIG. 99 illustrates an exemplary buffered I/Q modu-
lation receiver circuit, according to an embodiment of the
present invention.

[0154] FIG. 100 illustrates an exemplary receiver with a
placebo circuit, according to an embodiment of the present
invention.

[0155] FIG. 101 shows an exemplary control signal wave-
form, and a corresponding exemplary placebo control signal
waveform.

[0156] FIG. 102 illustrates a receiver with adjacent aper-
tures circuit, according to an embodiment of the present
invention.

[0157] FIG. 103 shows an exemplary control signal wave-
form, and a corresponding m-shifted control signal waveform.
[0158] FIG. 104 illustrates an exemplary receiver with
adjacent apertures circuit, according to an embodiment of the
present invention.

[0159] FIG. 105 illustrates an exemplary circuit for
improving dynamic range, according to an embodiment of the
present invention.

[0160] FIGS. 106A-C illustrate exemplary waveforms
related to improving dynamic range.

[0161] FIG. 107 illustrates an exemplary bias circuit,
according to an embodiment of the present invention.
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[0162] FIG. 108 depicts a flowchart that illustrates opera-
tional steps for down-converting and spectrally spreading an
input signal, according to an embodiment of the present
invention.

[0163] FIG. 109 depicts a flowchart that illustrates opera-
tional steps for down-converting an input signal and reducing
a DC offset voltage, according to an embodiment of the
present invention.

[0164] FIG. 110 depicts a flowchart that illustrates opera-
tional steps for reducing DC offset in a signal path, according
to an embodiment of the present invention.

[0165] FIG. 111 depicts a flowchart that illustrates opera-
tional steps for down-converting an input signal and cancel-
ing DC offset voltages, according to an embodiment of the
present invention.

[0166] FIG. 112 depicts a flowchart that illustrates opera-
tional steps for down-converting an input signal and cancel-
ing DC offset voltages, according to an embodiment of the
present invention.

[0167] FIG. 113 depicts a flowchart that illustrates opera-
tional steps for differentially down-converting an input sig-
nal, according to an embodiment of the present invention.
[0168] FIG. 114 depicts a flowchart that illustrates opera-
tional steps for down-converting an input signal with a variety
of'control signal pulse widths, according to an embodiment of
the present invention.

[0169] FIG. 115 depicts a flowchart that illustrates opera-
tional steps for down-converting an RF 1/Q modulated input
signal, according to an embodiment of the present invention.
[0170] FIG. 116 depicts a flowchart that illustrates opera-
tional steps for down-converting an RF 1/Q modulated input
signal, according to an embodiment of the present invention.
[0171] FIG. 117 depicts a flowchart that illustrates opera-
tional steps for down-converting an input signal and altering
circuit re-radiation, according to an embodiment of the
present invention.

[0172] FIGS. 118A-B depict flowcharts that illustrate
operational steps for down-converting an input signal and
altering circuit re-radiation, according to an embodiment of
the present invention.

[0173] FIG. 119 depicts a flowchart that illustrates opera-
tional steps for improving dynamic range, according to an
embodiment of the present invention.

[0174] FIG. 120 depicts a flowchart that illustrates opera-
tional steps for down-converting a RF 1/Q modulated signal
and reducing DC offset voltages, according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
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[0205] 7.2.1.5 Reducing DC Offset with Differen-
tial Configurations
[0206] 7.2.1.6 Reducing DC Offset with Differen-
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[0212] 7.2.3 Additional DC Offset and Re-radiation
Reduction Embodiments

[0213] 7.3 Example Embodiments to Improve Dynamic
Range
[0214] 7.3.1 Adjusting Down-conversion Module

Dynamic Range
[0215] 7.4 Example Receiver and Transmitter

Embodiments for Addressing DC Offset and Re-ra-

diation

[0216] 7.4.1 Example 1/Q Modulation Receiver
Embodiments
[0217] 7.4.1.1 Example 1/Q Modulation Control

Signal Generator Embodiments

[0218] 7.4.1.2 Detailed Example 1/Q Modulation
Receiver Embodiment with Exemplary Waveforms

[0219] 7.4.1.3 Example Single Channel Receiver
Embodiment

[0220] 7.4.1.4 Alternative Example I/Q Modulation
Receiver Embodiment

[0221] 7.4.1.5 Example Transmitter Embodiment

8. Conclusion

1. OVERVIEW OF THE INVENTION

[0222] The present invention is directed to receivers imple-
mented using universal frequency translation (UFT) mod-
ules. The UFT modules perform frequency translation opera-
tions. Embodiments of the present invention incorporating
various applications of the UFT module are described below.
[0223] Receivers exhibit multiple advantages by using
UFT modules. These advantages include, but are not limited
to, lower power consumption, longer power source life, fewer
parts, lower required package size, lower package weight,
lower cost, less tuning, and more effective signal transmission
and reception. The receivers of the present invention can
receive and transmit signals across a broad frequency range.
Furthermore, the DC offset voltages and re-radiation gener-
ated by receivers are the present invention are reduced or
eliminated in embodiments. The structure and operation of
embodiments of the UFT module, and various applications of
the same, utilizing DC offset/re-radiation reduction, are
described in detail in the following sections.

2. UNIVERSAL FREQUENCY TRANSLATION

[0224] The present invention is related to frequency trans-
lation, and applications of same. Such applications include,
but are not limited to, frequency down-conversion, frequency
up-conversion, enhanced signal reception, unified down-con-
version and filtering, and combinations and applications of
same.

[0225] FIG. 1A illustrates a universal frequency translation
(UFT) module 102 according to embodiments of the inven-
tion. (The UFT module is also sometimes called a universal
frequency translator, or a universal translator.)

[0226] As indicated by the example of FIG. 1A, some
embodiments of the UFT module 102 include three ports
(nodes), designated in FIG. 1A as Port 1, Port 2, and Port 3.
Other UFT embodiments include other than three ports.
[0227] Generally, the UFT module 102 (perhaps in combi-
nation with other components) operates to generate an output
signal from an input signal, where the frequency of the output
signal differs from the frequency of the input signal. In other
words, the UFT module 102 (and perhaps other components)
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operates to generate the output signal from the input signal by
translating the frequency (and perhaps other characteristics)
of the input signal to the frequency (and perhaps other char-
acteristics) of the output signal.

[0228] Anexample embodiment of the UFT module 103 is
generally illustrated in FIG. 1B. Generally, the UFT module
103 includes a switch 106 controlled by a control signal 108.
The switch 106 is said to be a controlled switch.

[0229] As noted above, some UFT embodiments include
other than three ports. For example, and without limitation,
FIG. 2 illustrates an example UFT module 202. The example
UFT module 202 includes a diode 204 having two ports,
designated as Port 1 and Port 2/3. This embodiment does not
include a third port, as indicated by the dotted line around the
“Port 3” label.

[0230] The UFT module is a very powerful and flexible
device. Its flexibility is illustrated, in part, by the wide range
ofapplications in which it can be used. Its power is illustrated,
in part, by the usefulness and performance of such applica-
tions.

[0231] For example, a UFT module 115 can be used in a
universal frequency down-conversion (UFD) module 114, an
example of which is shown in FIG. 1C. In this capacity, the
UFT module 115 frequency down-converts an input signal to
an output signal.

[0232] As another example, as shown in FIG. 1D, a UFT
module 117 can be used in a universal frequency up-conver-
sion (UFU) module 116. In this capacity, the UFT module 117
frequency up-converts an input signal to an output signal.
[0233] These and other applications of the UFT module are
described below. Additional applications of the UFT module
will be apparent to persons skilled in the relevant art(s) based
on the teachings contained herein. In some applications, the
UFT module is a required component. In other applications,
the UFT module is an optional component.

3. FREQUENCY DOWN-CONVERSION

[0234] The present invention is directed to systems and
methods of universal frequency down-conversion, and appli-
cations of same.

[0235] In particular, the following discussion describes
down-converting using a Universal Frequency Translation
Module. The down-conversion of an EM signal by aliasing
the EM signal at an aliasing rate is fully described in co-
pending U.S. patent application entitled “Method and System
for Down-Converting Electromagnetic Signals,” Ser. No.
09/176,022, filed Oct. 21, 1998, the full disclosure of which is
incorporated herein by reference. A relevant portion of the
above mentioned patent application is summarized below to
describe down-converting an input signal to produce a down-
converted signal that exists at a lower frequency or a baseband
signal.

[0236] FIG. 20A illustrates an aliasing module 2000 for
down-conversion using a universal frequency translation
(UFT)module 2002 which down-converts an EM input signal
2004. In particular embodiments, aliasing module 2000
includes a switch 2008 and a capacitor 2010. The electronic
alignment of the circuit components is flexible. That is, in one
implementation, the switch 2008 is in series with input signal
2004 and capacitor 2010 is shunted to ground (although it
may be other than ground in configurations such as differen-
tial mode). In a second implementation (see FIG. 20G), the
capacitor 2010 is in series with the input signal 2004 and the
switch 2008 is shunted to ground (although it may be other
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than ground in configurations such as differential mode).
Aliasing module 2000 with UFT module 2002 can be easily
tailored to down-convert a wide variety of electromagnetic
signals using aliasing frequencies that are well below the
frequencies of the EM input signal 2004.

[0237] In one implementation, aliasing module 2000
down-converts the input signal 2004 to an intermediate fre-
quency (IF) signal. In another implementation, the aliasing
module 2000 down-converts the input signal 2004 to a
demodulated baseband signal. In yet another implementa-
tion, the input signal 2004 is a frequency modulated (FM)
signal, and the aliasing module 2000 down-converts it to a
non-FM signal, such as a phase modulated (PM) signal or an
amplitude modulated (AM) signal. Each of the above imple-
mentations is described below.

[0238] In an embodiment, the control signal 2006 includes
a train of pulses that repeat at an aliasing rate that is equal to,
or less than, twice the frequency of the input signal 2004. In
this embodiment, the control signal 2006 is referred to herein
as an aliasing signal because it is below the Nyquist rate for
the frequency of the input signal 2004. Preferably, the fre-
quency of control signal 2006 is much less than the input
signal 2004.

[0239] A train of pulses 2018 as shown in FIG. 20D con-
trols the switch 2008 to alias the input signal 2004 with the
control signal 2006 to generate a down-converted output sig-
nal 2012. More specifically, in an embodiment, switch 2008
closes on a first edge of each pulse 2020 of FIG. 20D and
opens on a second edge of each pulse. When the switch 2008
is closed, the input signal 2004 is coupled to the capacitor
2010, and charge is transferred from the input signal to the
capacitor 2010. The charge stored during successive pulses
forms down-converted output signal 2012.

[0240] Exemplary waveforms are shown in FIGS. 20B-
20F.
[0241] FIG. 20B illustrates an analog amplitude modulated

(AM) carrier signal 2014 that is an example of input signal
2004. For illustrative purposes, in FIG. 20C, an analog AM
carrier signal portion 2016 illustrates a portion of the analog
AM carrier signal 2014 on an expanded time scale. The ana-
log AM carrier signal portion 2016 illustrates the analog AM
carrier signal 2014 from time t, to time t;.

[0242] FIG. 20D illustrates an exemplary aliasing signal
2018 that is an example of control signal 2006. Aliasing
signal 2018 is on approximately the same time scale as the
analog AM carrier signal portion 2016. In the example shown
in FIG. 20D, the aliasing signal 2018 includes a train of pulses
2020 having negligible apertures that tend towards zero (the
invention is not limited to this embodiment, as discussed
below). The pulse aperture may also be referred to as the pulse
width as will be understood by those skilled in the art(s). The
pulses 2020 repeat at an aliasing rate, or pulse repetition rate
of aliasing signal 2018. The aliasing rate is determined as
described below, and further described in co-pending U.S.
patent application entitled “Method and System for Down-
converting Flectromagnetic Signals,” Ser. No. 09/176,022.
[0243] Asnoted above, thetrain of pulses 2020 (i.e., control
signal 2006) control the switch 2008 to alias the analog AM
carrier signal 2016 (i.e., input signal 2004) at the aliasing rate
of the aliasing signal 2018. Specifically, in this embodiment,
the switch 2008 closes on a first edge of each pulse and opens
on a second edge of each pulse. When the switch 2008 is
closed, input signal 2004 is coupled to the capacitor 2010, and
charge is transferred from the input signal 2004 to the capaci-
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tor 2010. The charge transferred during a pulse is referred to
herein as an under-sample. Exemplary under-samples 2022
form down-converted signal portion 2024 (FIG. 20E) that
corresponds to the analog AM carrier signal portion 2016
(FIG. 20C) and the train of pulses 2020 (FIG. 20D). The
charge stored during successive under-samples of AM carrier
signal 2014 form the down-converted signal 2024 (FIG. 20E)
that is an example of down-converted output signal 2012
(F1IG.20A). InFIG. 20F, a demodulated baseband signal 2026
represents the demodulated baseband signal 2024 after filter-
ing on a compressed time scale. As illustrated, down-con-
verted signal 2026 has substantially the same “amplitude
envelope” as AM carrier signal 2014. Therefore, FIGS. 20B-
20F illustrate down-conversion of AM carrier signal 2014.
[0244] The waveforms shown in FIGS. 20B-20F are dis-
cussed herein for illustrative purposes only, and are not lim-
iting. Additional exemplary time domain and frequency
domain drawings, and exemplary methods and systems of the
invention relating thereto, are disclosed in co-pending U.S.
patent application entitled “Method and System for Down-
converting Flectromagnetic Signals,” Ser. No. 09/176,022.
[0245] The aliasing rate of control signal 2006 determines
whether the input signal 2004 is down-converted to an IF
signal, down-converted to a demodulated baseband signal, or
down-converted from an FM signal to a PM or an AM signal.
Generally, relationships between the input signal 2004, the
aliasing rate of the control signal 2006, and the down-con-
verted output signal 2012 are illustrated below:

(Freq. of input signal 2004)=~-(Freq. of control signal
2006)=(Freq. of down-converted output signal
2012)

For the examples contained herein, only the “+” condition
will be discussed. The value of n represents a harmonic or
sub-harmonic of input signal 2004 (e.g., n=0.5,1,2,3,...).
[0246] When the aliasing rate of control signal 2006 is
off-set from the frequency of input signal 2004, or off-set
from a harmonic or sub-harmonic thereof, input signal 2004
is down-converted to an IF signal. This is because the under-
sampling pulses occur at different phases of subsequent
cycles of input signal 2004. As a result, the under-samples
form a lower frequency oscillating pattern. If the input signal
2004 includes lower frequency changes, such as amplitude,
frequency, phase, etc., or any combination thereof, the charge
stored during associated under-samples reflects the lower
frequency changes, resulting in similar changes on the down-
converted IF signal. For example, to down-convert a 901
MHZ input signal to a 1 MHZ IF signal, the frequency of the
control signal 2006 would be calculated as follows:

(Fredy, i Fredzm)/n=Fred oo

(901 MHZ-1 MHZ)/n=900/n

Forn=0.5, 1, 2, 3, 4, etc., the frequency of the control signal
2006 would be substantially equal to 1.8 GHz, 900 MHZ, 450
MHZ, 300 MHZ, 225 MHZ, etc.

[0247] Exemplary time domain and frequency domain
drawings, illustrating down-conversion of analog and digital
AM, PM and FM signals to IF signals, and exemplary meth-
ods and systems thereof, are disclosed in co-pending U.S.
patent application entitled “Method and System for Down-
converting Flectromagnetic Signals,” Ser. No. 09/176,022.
[0248] Alternatively, when the aliasing rate of the control
signal 2006 is substantially equal to the frequency ofthe input
signal 2004, or substantially equal to a harmonic or sub-
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harmonic thereof, input signal 2004 is directly down-con-
verted to a demodulated baseband signal. This is because,
without modulation, the under-sampling pulses occur at the
same point of subsequent cycles of the input signal 2004. As
a result, the under-samples form a constant output baseband
signal. If the input signal 2004 includes lower frequency
changes, such as amplitude, frequency, phase, etc., or any
combination thereof, the charge stored during associated
under-samples reflects the lower frequency changes, result-
ing in similar changes on the demodulated baseband signal.
For example, to directly down-convert a 900 MHZ input
signal to a demodulated baseband signal (i.e., zero IF), the
frequency of the control signal 2006 would be calculated as
follows:

(Freg e Freque) n=Fred,

(900 MHZ-0 MHZ)/n=900 MHZ/n

For n=0.5, 1, 2, 3, 4, etc., the frequency of the control signal
2006 should be substantially equal to 1.8 GHz, 900 MHZ, 450
MHZ, 300 MHZ, 225 MHZ, etc.

[0249] Exemplary time domain and frequency domain
drawings, illustrating direct down-conversion of analog and
digital AM and PM signals to demodulated baseband signals,
and exemplary methods and systems thereof, are disclosed in
the co-pending U.S. patent application entitled “Method and
System for Down-converting Electromagnetic Signals,” Ser.
No. 09/176,022.

[0250] Alternatively, to down-convert aninput FM signal to
anon-FM signal, a frequency within the FM bandwidth must
be down-converted to baseband (i.e., zero IF). As an example,
to down-convert a frequency shift keying (FSK) signal (a
sub-set of FM) to a phase shift keying (PSK) signal (a subset
of PM), the mid-point between a lower frequency F, and an
upper frequency F, (that s, [(F,+F,)+2]) of the FSK signal is
down-converted to zero IF. For example, to down-convert an
FSK signal having F, equal to 899 MHZ and F, equal to 901
MHZ, to a PSK signal, the aliasing rate of the control signal
2006 would be calculated as follows:

Frequency of the input= (F| + F,)+2
= (899 MHZ + 901 MHZ) =2
=900 MHZ

Frequency of the down-converted signal=0 (i.e., baseband)

(16~ Freq e n=Freq opro

(900 MHZ-0 MHZ)/n=900 MHZ/n

For n=0.5, 1, 2, 3, etc., the frequency of the control signal
2006 should be substantially equal to 1.8 GHz, 900 MHZ, 450
MHZ, 300 MHZ, 225 MHZ, etc. The frequency of the down-
converted PSK signal is substantially equal to one half the
difference between the lower frequency F, and the upper
frequency F,.

[0251] As another example, to down-convert a FSK signal
to an amplitude shift keying (ASK) signal (a subset of AM),
either the lower frequency F, or the upper frequency F, of the
FSK signal is down-converted to zero IF. For example, to
down-convert an FSK signal having F, equal to 900 MHZ and
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F,equalto 901 MHZ, to an ASK signal, the aliasing rate of the
control signal 2006 should be substantially equal to:

(900 MHZ-0 MHZ)/n=900 MHZ/n, or

(901 MHZ-0 MHZ)/n=901 MHZ/n.

For the former case of 900 MHZ/n, and for n=0.5, 1, 2, 3, 4,
etc., the frequency of the control signal 2006 should be sub-
stantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ,
225 MHZ, etc. For the latter case of 901 MHZ/n, and for
n=0.5,1, 2, 3, 4, etc., the frequency of the control signal 2006
should be substantially equal to 1.802 GHz, 901 MHZ, 450.5
MHZ,300.333 MHZ, 225.25 MHZ, etc. The frequency of the
down-converted AM signal is substantially equal to the dif-
ference between the lower frequency F, and the upper fre-
quency F, (i.e., 1 MHZ).

[0252] Exemplary time domain and frequency domain
drawings, illustrating down-conversion of FM signals to non-
FM signals, and exemplary methods and systems thereof, are
disclosed in the co-pending U.S. patent application entitled
“Method and System for Down-converting Electromagnetic
Signals,” Ser. No. 09/176,022.

[0253] In an embodiment, the pulses of the control signal
2006 have negligible apertures that tend towards zero. This
makes the UFT module 2002 a high input impedance device.
This configuration is useful for situations where minimal
disturbance of the input signal may be desired.

[0254] In another embodiment, the pulses of the control
signal 2006 have non-negligible apertures that tend away
from zero. This makes the UFT module 2002 a lower input
impedance device. This allows the lower input impedance of
the UFT module 2002 to be substantially matched with a
source impedance of the input signal 2004. This also
improves the energy transfer from the input signal 2004 to the
down-converted output signal 2012, and hence the efficiency
and signal to noise (s/n) ratio of UFT module 2002.

[0255] Exemplary systems and methods for generating and
optimizing the control signal 2006, and for otherwise improv-
ing energy transfer and s/n ratio, are disclosed in the co-
pending U.S. patent application entitled “Method and System
for Down-converting Electromagnetic Signals,” Ser. No.
09/176,022.

[0256] When the pulses of the control signal 2006 have
non-negligible apertures, the aliasing module 2000 is referred
to interchangeably herein as an energy transfer module or a
gated transfer module, and the control signal 2006 is referred
to as an energy transfer signal. Exemplary systems and meth-
ods for generating and optimizing the control signal 2006 and
for otherwise improving energy transfer and/or signal to noise
ratio in an energy transfer module are described below.
[0257] 3.1. Optional Energy Transfer Signal Module
[0258] FIG. 47 illustrates an energy transfer system 4701
that includes an optional energy transfer signal module 4702,
which can perform any of a variety of functions or combina-
tions of functions including, but not limited to, generating the
energy transfer signal 4506.

[0259] Inan embodiment, the optional energy transfer sig-
nal module 4702 includes an aperture generator, an example
of which is illustrated in FIG. 46C as an aperture generator
4620. The aperture generator 4620 generates non-negligible
aperture pulses 4626 from an input signal 4624. The input
signal 4624 can be any type of periodic signal, including, but
not limited to, a sinusoid, a square wave, a saw-tooth wave,
etc. Systems for generating the input signal 4624 are
described below.
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[0260] The width or aperture of the pulses 4626 is deter-
mined by delay through the branch 4622 of the aperture
generator 4620. Generally, as the desired pulse width
increases, the difficulty in meeting the requirements of the
aperture generator 4620 decrease. In other words, to generate
non-negligible aperture pulses for a given EM input fre-
quency, the components utilized in the example aperture gen-
erator 4620 do not require as fast reaction times as those that
are required in an under-sampling system operating with the
same EM input frequency.

[0261] Theexamplelogic andimplementation shown in the
aperture generator 4620 are provided for illustrative purposes
only, and are not limiting. The actual logic employed can take
many forms. The example aperture generator 4620 includes
an optional inverter 4628, which is shown for polarity con-
sistency with other examples provided herein.

[0262] Anexample implementation of the aperture genera-
tor 4620 is illustrated in FIG. 46D. Additional examples of
aperture generation logic are provided in FIGS. 46 A and 46B.
FIG. 46A illustrates a rising edge pulse generator 4640,
which generates pulses 4626 on rising edges of the input
signal 4624. FIG. 46B illustrates a falling edge pulse genera-
tor 4650, which generates pulses 4626 on falling edges of the
input signal 4624.

[0263] In an embodiment, the input signal 4624 is gener-
ated externally of the energy transfer signal module 4702, as
illustrated in FIG. 47. Alternatively, the input signal 4724 is
generated internally by the energy transfer signal module
4702. The input signal 4624 can be generated by an oscillator,
as illustrated in FIG. 46E by an oscillator 4630. The oscillator
4630 can be internal to the energy transfer signal module
4702 or external to the energy transfer signal module 4702.
The oscillator 4630 can be external to the energy transfer
system 4701. The output of the oscillator 4630 may be any
periodic waveform.

[0264] The type of down-conversion performed by the
energy transfer system 4701 depends upon the aliasing rate of
the energy transfer signal 4506, which is determined by the
frequency of the pulses 4626. The frequency of the pulses
4626 is determined by the frequency of the input signal 4624.
For example, when the frequency of the input signal 4624 is
substantially equal to a harmonic or a sub-harmonic of the
EM signal 4504, the EM signal 4504 is directly down-con-
verted to baseband (e.g. when the EM signal is an AM signal
or a PM signal), or converted from FM to a non-FM signal.
When the frequency of the input signal 4624 is substantially
equal to a harmonic or a sub-harmonic of a difference fre-
quency, the EM signal 4504 is down-converted to an inter-
mediate signal.

[0265] The optional energy transfer signal module 4702
can be implemented in hardware, software, firmware, or any
combination thereof.

[0266] 3.2 Smoothing the Down-Converted Signal

[0267] Referring back to FIG. 20A, the down-converted
output signal 2012 may be smoothed by filtering as desired.
[0268] 3.3. Impedance Matching

[0269] The energy transfer module 2000 has input and out-
put impedances generally defined by (1) the duty cycle of the
switch module (i.e., UFT 2002), and (2) the impedance of the
storage module (e.g., capacitor 2010), at the frequencies of
interest (e.g. at the EM input, and intermediate/baseband
frequencies).

[0270] Starting with an aperture width of approximately %2
the period of the EM signal being down-converted as a pre-
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ferred embodiment, this aperture width (e.g. the “closed
time”) can be decreased. As the aperture width is decreased,
the characteristic impedance at the input and the output of the
energy transfer module increases. Alternatively, as the aper-
ture width increases from % the period of the EM signal being
down-converted, the impedance of the energy transfer mod-
ule decreases.

[0271] One of the steps in determining the characteristic
input impedance of the energy transfer module could be to
measure its value. In an embodiment, the energy transfer
module’s characteristic input impedance is 300 ohms. An
impedance matching circuit can be utilized to efficiently
couple an input EM signal that has a source impedance of, for
example, 50 ohms, with the energy transfer module’s imped-
ance of, for example, 300 ohms. Matching these impedances
can be accomplished in various manners, including providing
the necessary impedance directly or the use of an impedance
match circuit as described below.

[0272] Referring to FIG. 48, a specific embodiment using
an RF signal as an input, assuming that the impedance 4812 is
a relatively low impedance of approximately 50 Ohms, for
example, and the input impedance 4816 is approximately 300
Ohms, an initial configuration for the input impedance match
module 4806 can include an inductor 5006 and a capacitor
5008, configured as shown in FIG. 50. The configuration of
the inductor 5006 and the capacitor 5008 is a possible con-
figuration when going from a low impedance to a high imped-
ance. Inductor 5006 and the capacitor 5008 constitute an L.
match, the calculation of the values which is well known to
those skilled in the relevant arts.

[0273] The output characteristic impedance can be imped-
ance matched to take into consideration the desired output
frequencies. One of the steps in determining the characteristic
output impedance of the energy transfer module could be to
measure its value. Balancing the very low impedance of the
storage module at the input EM frequency, the storage mod-
ule should have an impedance at the desired output frequen-
cies that is preferably greater than or equal to the load that is
intended to be driven (for example, in an embodiment, stor-
age module impedance at a desired 1 MHz output frequency
is 2K ohm and the desired load to be driven is 50 ohms). An
additional benefit of impedance matching is that filtering of
unwanted signals can also be accomplished with the same
components.

[0274] In an embodiment, the energy transfer module’s
characteristic output impedance is 2K ohms. An impedance
matching circuit can be utilized to efficiently couple the
down-converted signal with an output impedance of, for
example, 2K ohms, to a load of, for example, 50 ohms.
Matching these impedances can be accomplished in various
manners, including providing the necessary load impedance
directly or the use of an impedance match circuit as described
below.

[0275] When matching from a high impedance to a low
impedance, a capacitor 5014 and an inductor 5016 can be
configured as shown in FIG. 50. The capacitor 5014 and the
inductor 5016 constitute an L. match, the calculation of the
component values being well known to those skilled in the
relevant arts.

[0276] The configuration of the input impedance match
module 4806 and the output impedance match module 4808
are considered to be initial starting points for impedance
matching, in accordance with the present invention. In some
situations, the initial designs may be suitable without further
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optimization. In other situations, the initial designs can be
optimized in accordance with other various design criteria
and considerations.

[0277] As other optional optimizing structures and/or com-
ponents are utilized, their affect on the characteristic imped-
ance of the energy transfer module should be taken into
account in the match along with their own original criteria.
[0278] 3.4 Tanks and Resonant Structures

[0279] Resonant tank and other resonant structures can be
used to further optimize the energy transfer characteristics of
the invention. For example, resonant structures, resonant
about the input frequency, can be used to store energy from
the input signal when the switch is open, a period during
which one may conclude that the architecture would other-
wise be limited in its maximum possible efficiency. Resonant
tank and other resonant structures can include, but are not
limited to, surface acoustic wave (SAW) filters, dielectric
resonators, diplexers, capacitors, inductors, etc.

[0280] An example embodiment is shown in FIG. 60A.
Two additional embodiments are shown in FIG. 55 and FIG.
63. Alternate implementations will be apparent to persons
skilled in the relevant art(s) based on the teachings contained
herein. Alternate implementations fall within the scope and
spirit of the present invention. These implementations take
advantage of properties of series and parallel (tank) resonant
circuits.

[0281] FIG. 60A illustrates parallel tank circuits in a dif-
ferential implementation. A first parallel resonant or tank
circuit consists of a capacitor 6038 and an inductor 6020
(tank1). A second tank circuit consists of a capacitor 6034 and
an inductor 6036 (tank2).

[0282] As is apparent to one skilled in the relevant art(s),
parallel tank circuits provide:

[0283] low impedance to frequencies below resonance;
[0284] low impedance to frequencies above resonance;
and
[0285] high impedance to frequencies at and near reso-
nance.
[0286] In the illustrated example of FIG. 60A, the first and

second tank circuits resonate at approximately 920 MHz. At
and near resonance, the impedance of these circuits is rela-
tively high. Therefore, in the circuit configuration shown in
FIG. 60A, both tank circuits appear as relatively high imped-
ance to the input frequency of 950 MHz, while simulta-
neously appearing as relatively low impedance to frequencies
in the desired output range of 50 MHz.

[0287] An energy transfer signal 6042 controls a switch
6014. When the energy transfer signal 6042 controls the
switch 6014 to open and close, high frequency signal com-
ponents are not allowed to pass through tank1 or tank2. How-
ever, the lower signal components (50 Mhz in this embodi-
ment) generated by the system are allowed to pass through
tank1 and tank?2 with little attenuation. The effect of tank1 and
tank2 is to further separate the input and output signals from
the same node thereby producing a more stable input and
output impedance. Capacitors 6018 and 6040 act to store the
50 MHz output signal energy between energy transfer pulses.
[0288] Further energy transfer optimization is provided by
placing an inductor 6010 in series with a storage capacitor
6012 as shown. In the illustrated example, the series resonant
frequency of this circuit arrangement is approximately 1
GHz. This circuit increases the energy transfer characteristic
of the system. The ratio of the impedance of inductor 6010
and the impedance of the storage capacitor 6012 is preferably
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kept relatively small so that the majority of the energy avail-
able will be transferred to storage capacitor 6012 during
operation. Exemplary output signals A and B are illustrated in
FIGS. 60B and 60C, respectively.

[0289] In FIG. 60A, circuit components 6004 and 6006
form an input impedance match. Circuit components 6032
and 6030 form an output impedance match into a 50 ohm
resistor 6028. Circuit components 6022 and 6024 form a
second output impedance match into a 50 ohm resistor 6026.
Capacitors 6008 and 6012 act as storage capacitors for the
embodiment. Voltage source 6046 and resistor 6002 generate
a 950 MHz signal with a 50 ohm output impedance, which are
used as the input to the circuit. Circuit element 6016 includes
a 150 MHz oscillator and a pulse generator, which are used to
generate the energy transfer signal 6042.

[0290] FIG. 55 illustrates a shunt tank circuit 5510 in a
single-ended to-single-ended system 5512. Similarly, FIG.
63 illustrates a shunt tank circuit 6310 in a system 6312. The
tank circuits 5510 and 6310 lower driving source impedance,
which improves transient response. The tank circuits 5510
and 6310 are able store the energy from the input signal and
provide a low driving source impedance to transfer that
energy throughout the aperture of the closed switch. The
transient nature of the switch aperture can be viewed as hav-
ing a response that, in addition to including the input fre-
quency, has large component frequencies above the input
frequency, (i.e. higher frequencies than the input frequency
are also able to effectively pass through the aperture). Reso-
nant circuits or structures, for example resonant tanks 5510 or
6310, can take advantage of this by being able to transfer
energy throughout the switch’s transient frequency response
(i.e. the capacitor in the resonant tank appears as a low driving
source impedance during the transient period of the aperture).
[0291] The example tank and resonant structures described
above are for illustrative purposes and are not limiting. Alter-
nate configurations can be utilized. The various resonant
tanks and structures discussed can be combined or utilized
independently as is now apparent.

[0292] 3.5 Charge and Power Transfer Concepts

[0293] Concepts of charge transfer are now described with
reference to FIGS. 71A-F. FIG. 71 A illustrates a circuit 7102,
including a switch S and a capacitor 7106 having a capaci-
tance C. The switch S is controlled by a control signal 7108,
which includes pulses 19010 having apertures T.

[0294] InFIG. 71B, Equation 10 illustrates that the charge
q on a capacitor having a capacitance C, such as the capacitor
7106, is proportional to the voltage V across the capacitor,
where:

[0295] g=Charge in Coulombs
[0296] C=Capacitance in Farads
[0297] V=Voltage in Volts
[0298] A=Input Signal Amplitude
[0299] Where the voltage V is represented by Equation 11,

Equation 10 can be rewritten as Equation 12. The change in
charge Aq over time t is illustrated as in Equation 13 as Aq(t),
which can be rewritten as Equation 14. Using the sum-to-
product trigonometric identity of Equation 15, Equation 14
can be rewritten as Equation 16, which can be rewritten as
equation 17.

[0300] Note that the sin term in Equation 11 is a function of
the aperture T only. Thus, Aq(t) is at a maximum when T is
equal to an odd multiple of = (i.e., m, 37, 57, . . . ). Therefore,
the capacitor 7106 experiences the greatest change in charge
when the aperture T has a value of & or a time interval



US 2013/0122846 Al

representative of 180 degrees of the input sinusoid. Con-

versely, when T is equal to 2m, 4, 6m, . . ., minimal charge is
transferred.
[0301] Equations 18,19, and 20 solve for q(t) by integrating

Equation 10, allowing the charge on the capacitor 7106 with
respect to time to be graphed on the same axis as the input
sinusoid sin(t), as illustrated in the graph of FIG. 71C. As the
aperture T decreases in value or tends toward an impulse, the
phase between the charge on the capacitor C or q(t) and sin(t)
tend toward zero. This is illustrated in the graph of FIG. 71D,
which indicates that the maximum impulse charge transfer
occurs near the input voltage maxima. As this graph indicates,
considerably less charge is transferred as the value of T
decreases.

[0302] Power/charge relationships are illustrated in Equa-
tions 21-26 of FIG. 71E, where it is shown that power is
proportional to charge, and transferred charge is inversely
proportional to insertion loss.

[0303] Concepts of insertion loss are illustrated in FIG.
71F. Generally, the noise figure of a lossy passive device is
numerically equal to the device insertion loss. Alternatively,
the noise figure for any device cannot be less that its insertion
loss. Insertion loss can be expressed by Equation 27 or 28.
From the above discussion, it is observed that as the aperture
T increases, more charge is transferred from the input to the
capacitor 7106, which increases power transfer from the input
to the output. It has been observed that it is not necessary to
accurately reproduce the input voltage at the output because
relative modulated amplitude and phase information is
retained in the transferred power.

[0304] 3.6 Optimizing and Adjusting the Non-Negligible
Aperture Width/Duration

[0305] 3.6.1 Varying Input and Output Impedances

[0306] Inanembodiment of the invention, the energy trans-
fer signal (i.e., control signal 2006 in FIG. 20A), is used to
vary the input impedance seen by the EM Signal 2004 and to
vary the output impedance driving a load. An example of this
embodiment is described below using a gated transfer module
5101 shown in FIG. 51A. The method described below is not
limited to the gated transfer module 5101.

[0307] InFIG.51A, whenswitch5106 is closed, the imped-
ance looking into circuit 5102 is substantially the impedance
of a storage module, illustrated here as a storage capacitance
5108, in parallel with the impedance ofaload 5112. When the
switch 5106 is open, the impedance at point 5114 approaches
infinity. It follows that the average impedance at point 5114
can be varied from the impedance of the storage module
illustrated in parallel with the load 5112, to the highest obtain-
able impedance when switch 5106 is open, by varying the
ratio of the time that switch 5106 is open to the time switch
5106 is closed. The switch 5106 is controlled by an energy
transfer signal 5110. Thus the impedance at point 5114 can be
varied by controlling the aperture width of the energy transfer
signal in conjunction with the aliasing rate.

[0308] An example method of altering the energy transfer
signal 5106 of FIG. 51A is now described with reference to
FIG. 49A, where a circuit 4902 receives an input oscillating
signal 4906 and outputs a pulse train shown as doubler output
signal 4904. The circuit 4902 can be used to generate the
energy transfer signal 5106. Example waveforms of 4904 are
shown on FIG. 49C.

[0309] It can be shown that by varying the delay of the
signal propagated by the inverter 4908, the width of the pulses
in the doubler output signal 4904 can be varied. Increasing the
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delay of the signal propagated by inverter 4908, increases the
width of the pulses. The signal propagated by inverter 4908
can be delayed by introducing a R/C low pass network in the
output of inverter 4908. Other means of altering the delay of
the signal propagated by inverter 4908 will be well known to
those skilled in the art.

[0310] 3.6.2 Real Time Aperture Control

[0311] In an embodiment, the aperture width/duration is
adjusted in real time. For example, referring to the timing
diagrams in FIGS. 64B-F, a clock signal 6414 (FIG. 64B) is
utilized to generate an energy transfer signal 6416 (FIG. 64F),
which includes energy transfer pluses 6418, having variable
apertures 6420. In an embodiment, the clock signal 6414 is
inverted as illustrated by inverted clock signal 6422 (FIG.
64D). The clock signal 6414 is also delayed, as illustrated by
delayed clock signal 6424 (FIG. 64E). The inverted clock
signal 6414 and the delayed clock signal 6424 are then
ANDed together, generating an energy transfer signal 6416,
which is active—energy transfer pulses 6418—when the
delayed clock signal 6424 and the inverted clock signal 6422
are both active. The amount of delay imparted to the delayed
clock signal 6424 substantially determines the width or dura-
tion of the apertures 6420. By varying the delay in real time,
the apertures are adjusted in real time.

[0312] Inan alternative implementation, the inverted clock
signal 6422 is delayed relative to the original clock signal
6414, and then ANDed with the original clock signal 6414.
Alternatively, the original clock signal 6414 is delayed then
inverted, and the result ANDed with the original clock signal
6414.

[0313] FIG. 64A illustrates an exemplary real time aperture
control system 6402 that can be utilized to adjust apertures in
real time. The example real time aperture control system 6402
includes an RC circuit 6404, which includes a voltage vari-
able capacitor 6412 and aresistor 6426. The real time aperture
control system 6402 also includes an inverter 6406 and an
AND gate 6408. The AND gate 6408 optionally includes an
enable input 6410 for enabling/disabling the AND gate 6408.
The RC circuit 6404. The real time aperture control system
6402 optionally includes an amplifier 6428.

[0314] Operation of the real time aperture control circuit is
described with reference to the timing diagrams of FIGS.
64B-F. The real time control system 6402 receives the input
clock signal 6414, which is provided to both the inverter 6406
and to the RC circuit 6404. The inverter 6406 outputs the
inverted clock signal 6422 and presents it to the AND gate
6408. The RC circuit 6404 delays the clock signal 6414 and
outputs the delayed clock signal 6424. The delay is deter-
mined primarily by the capacitance of the voltage variable
capacitor 6412. Generally, as the capacitance decreases, the
delay decreases.

[0315] The delayed clock signal 6424 is optionally ampli-
fied by the optional amplifier 6428, before being presented to
the AND gate 6408. Amplification is desired, for example,
where the RC constant of the RC circuit 6404 attenuates the
signal below the threshold of the AND gate 6408.

[0316] The AND gate 6408 ANDs the delayed clock signal
6424, the inverted clock signal 6422, and the optional Enable
signal 6410, to generate the energy transfer signal 6416. The
apertures 6420 are adjusted in real time by varying the voltage
to the voltage variable capacitor 6412.

[0317] Inanembodiment, the apertures 6420 are controlled
to optimize power transfer. For example, in an embodiment,
the apertures 6420 are controlled to maximize power transfer.
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Alternatively, the apertures 6420 are controlled for variable
gain control (e.g. automatic gain control—AGC). In this
embodiment, power transfer is reduced by reducing the aper-
tures 6420.

[0318] As can now be readily seen from this disclosure,
many of the aperture circuits presented, and others, can be
modified as in circuits illustrated in FIGS. 46 H-K. Modifi-
cation or selection of the aperture can be done at the design
level to remain a fixed value in the circuit, or in an alternative
embodiment, may be dynamically adjusted to compensate
for, or address, various design goals such as receiving RF
signals with enhanced efficiency that are in distinctively dif-
ferent bands of operation, e.g. RF signals at 900 MHZ and 1.8
GHz.

[0319] 3.7 Adding a Bypass Network

[0320] In an embodiment of the invention, a bypass net-
work is added to improve the efficiency of the energy transfer
module. Such a bypass network can be viewed as a means of
synthetic aperture widening. Components for a bypass net-
work are selected so that the bypass network appears substan-
tially lower impedance to transients of the switch module
(i.e., frequencies greater than the received EM signal) and
appears as a moderate to high impedance to the input EM
signal (e.g., greater that 100 Ohms at the RF frequency).

[0321] The time that the input signal is now connected to
the opposite side of the switch module is lengthened due to
the shaping caused by this network, which in simple realiza-
tions may be a capacitor or series resonant inductor-capacitor.
A network that is series resonant above the input frequency
would be a typical implementation. This shaping improves
the conversion efficiency of an input signal that would other-
wise, if one considered the aperture of the energy transfer
signal only, be relatively low in frequency to be optimal.

[0322] For example, referring to FIG. 61 a bypass network
6102 (shown in this instance as capacitor 6112), is shown
bypassing switch module 6104. In this embodiment the
bypass network increases the efficiency of the energy transfer
module when, for example, less than optimal aperture widths
were chosen for a given input frequency on the energy trans-
fer signal 6106. The bypass network 6102 could be of differ-
ent configurations than shown in FIG. 61. Such an alternate is
illustrated in FIG. 57. Similarly, FIG. 62 illustrates another
example bypass network 6202, including a capacitor 6204.

[0323] The following discussion will demonstrate the
effects of a minimized aperture and the benefit provided by a
bypassing network. Beginning with an initial circuit having a
550 ps aperture in FIG. 65, its output is seen to be 2.8 mVpp
applied to a 50 ohm load in FIG. 69 A. Changing the aperture
to 270 ps as shown in FIG. 66 results in a diminished output
of'2.5 Vpp applied to a 50 ohm load as shown in FIG. 69B. To
compensate for this loss, a bypass network may be added, a
specific implementation is provided in FIG. 67. The result of
this addition is that 3.2 Vpp can now be applied to the 50 ohm
load as shown in FIG. 70A. The circuit with the bypass
network in FIG. 67 also had three values adjusted in the
surrounding circuit to compensate for the impedance changes
introduced by the bypass network and narrowed aperture.
FIG. 68 verifies that those changes added to the circuit, but
without the bypass network, did not themselves bring about
the increased efficiency demonstrated by the embodiment in
FIG. 67 with the bypass network. FIG. 70B shows the result
of'using the circuit in FIG. 68 in which only 1.88 Vpp was able
to be applied to a 50 ohm load.
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[0324] 3.8 Modifying the Energy Transfer Signal Utilizing
Feedback
[0325] FIG. 47 shows an embodiment of a system 4701

which uses down-converted Signal 4708B as feedback 4706
to control various characteristics of the energy transfer mod-
ule 4704 to modify the down-converted signal 4708B.

[0326] Generally, the amplitude of the down-converted sig-
nal 4708B varies as a function of the frequency and phase
differences between the EM signal 4504 and the energy trans-
fer signal 4506. In an embodiment, the down-converted signal
47088 is used as the feedback 4706 to control the frequency
and phase relationship between the EM signal 4504 and the
energy transfer signal 4506. This can be accomplished using
the example logic in FIG. 52A. The example circuit in FIG.
52A can be included in the energy transfer signal module
4702. Alternate implementations will be apparent to persons
skilled in the relevant art(s) based on the teachings contained
herein. Alternate implementations fall within the scope and
spirit of the present invention. In this embodiment a state-
machine is used as an example.

[0327] In the example of FIG. 52A, a state machine 5204
reads an analog to digital converter, A/D 5202, and controls a
digital to analog converter, DAC 5206. In an embodiment, the
state machine 5204 includes 2 memory locations, Previous
and Current, to store and recall the results of reading A/D
5202. In an embodiment, the state machine 5204 utilizes at
least one memory flag.

[0328] The DAC 5206 controls an input to a voltage con-
trolled oscillator, VCO 5208. VCO 5208 controls a frequency
input of a pulse generator 5210, which, in an embodiment, is
substantially similar to the pulse generator shown in FIG.
46C. The pulse generator 5210 generates energy transfer
signal 4506.

[0329] Inan embodiment, the state machine 5204 operates
in accordance with a state machine flowchart 5219 in FIG.
52B. The result of this operation is to modify the frequency
and phase relationship between the energy transfer signal
4506 and the EM signal 4504, to substantially maintain the
amplitude of the down-converted signal 4708B at an opti-
mum level.

[0330] The amplitude of the down-converted signal 4708B
can be made to vary with the amplitude of the energy transfer
signal 4506. In an embodiment where the switch module
6502 is a FET as shown in FIG. 45A, wherein the gate 4518
receives the energy transfer signal 4506, the amplitude of the
energy transfer signal 4506 can determine the “on” resistance
of the FET, which affects the amplitude of the down-con-
verted signal 4708B. The energy transfer signal module 4702,
as shown in FIG. 52C, can be an analog circuit that enables an
automatic gain control function. Alternate implementations
will be apparent to persons skilled in the relevant art(s) based
on the teachings contained herein. Alternate implementations
fall within the scope and spirit of the present invention.

[0331]

[0332] The implementations described above are provided
for purposes of illustration. These implementations are not
intended to limit the invention. Alternate implementations,
differing slightly or substantially from those described
herein, will be apparent to persons skilled in the relevant art(s)
based on the teachings contained herein. Such alternate
implementations fall within the scope and spirit of the present
invention.

3.9 Other Implementations
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[0333] 3.10 Example Energy Transfer Down-Converters
[0334] Example implementations are described below for
illustrative purposes. The invention is not limited to these
examples.

[0335] FIG. 53 is a schematic diagram of an exemplary
circuit to down convert a 915 MHZ signal to a 5 MHZ signal
using a 101.1 MHZ clock.

[0336] FIG. 54 shows example simulation waveforms for
the circuit of FIG. 53. Waveform 5302 is the input to the
circuit showing the distortions caused by the switch closure.
Waveform 5304 is the unfiltered output at the storage unit.
Waveform 5306 is the impedance matched output of the
down-converter on a different time scale.

[0337] FIG. 55 is a schematic diagram of an exemplary
circuit to down-convert a 915 MHZ signal to a 5 MHZ signal
using a 101.1 MHZ clock. The circuit has additional tank
circuitry to improve conversion efficiency.

[0338] FIG. 56 shows example simulation waveforms for
the circuit of FIG. 55. Waveform 5502 is the input to the
circuit showing the distortions caused by the switch closure.
Waveform 5504 is the unfiltered output at the storage unit.
Waveform 5506 is the output of the down-converter after the
impedance match circuit.

[0339] FIG. 57 is a schematic diagram of an exemplary
circuit to down-convert a 915 MHZ signal to a 5 MHZ signal
using a 101.1 MHZ clock. The circuit has switch bypass
circuitry to improve conversion efficiency.

[0340] FIG. 58 shows example simulation waveforms for
the circuit of FIG. 57. Waveform 5702 is the input to the
circuit showing the distortions caused by the switch closure.
Waveform 5704 is the unfiltered output at the storage unit.
Waveform 5706 is the output of the down-converter after the
impedance match circuit.

[0341] FIG. 59 shows a schematic of the example circuit in
FIG. 53 connected to an FSK source that alternates between
913 and 917 MHZ, at a baud rate of 500 Kbaud. FIG. 72
shows the original FSK waveform 5902 and the down-con-
verted waveform 5904 at the output of the load impedance
match circuit.

4. FREQUENCY UP-CONVERSION

[0342] The present invention is directed to systems and
methods of frequency up-conversion, and applications of
same.

[0343] Anexample frequency up-conversion system 300 is
illustrated in FIG. 3. The frequency up-conversion system
300 is now described.

[0344] Aninput signal 302 (designated as “Control Signal”
in FIG. 3) is accepted by a switch module 304. For purposes
of example only, assume that the input signal 302 is a FM
input signal 606, an example of which is shown in FIG. 6C.
FM input signal 606 may have been generated by modulating
information signal 602 onto oscillating signal 604 (FIGS. 6A
and 6B). It should be understood that the invention is not
limited to this embodiment. The information signal 602 can
be analog, digital, or any combination thereof, and any modu-
lation scheme can be used.

[0345] The output of switch module 304 is a harmonically
rich signal 306, shown for example in FIG. 6D as a harmoni-
cally rich signal 608. The harmonically rich signal 608 has a
continuous and periodic waveform.

[0346] FIG. 6E is an expanded view of two sections of
harmonically rich signal 608, section 610 and section 612.
The harmonically rich signal 608 may be a rectangular wave,
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such as a square wave or a pulse (although, the invention is not
limited to this embodiment). For ease of discussion, the term
“rectangular waveform” is used to refer to waveforms that are
substantially rectangular. In a similar manner, the term
“square wave” refers to those waveforms that are substan-
tially square and it is not the intent of the present invention
that a perfect square wave be generated or needed.

[0347] Harmonically rich signal 608 is comprised of a plu-
rality of sinusoidal waves whose frequencies are integer mul-
tiples of the fundamental frequency of the waveform of the
harmonically rich signal 608. These sinusoidal waves are
referred to as the harmonics of the underlying waveform, and
the fundamental frequency is referred to as the first harmonic.
FIG. 6F and FIG. 6G show separately the sinusoidal compo-
nents making up the first, third, and fifth harmonics of section
610 and section 612. (Note that in theory there may be an
infinite number of harmonics; in this example, because har-
monically rich signal 608 is shown as a square wave, there are
only odd harmonics). Three harmonics are shown simulta-
neously (but not summed) in FIG. 6H.

[0348] The relative amplitudes of the harmonics are gener-
ally a function of the relative widths of the pulses of harmoni-
cally rich signal 306 and the period of the fundamental fre-
quency, and can be determined by doing a Fourier analysis of
harmonically rich signal 306. According to an embodiment of
the invention, the input signal 606 may be shaped to ensure
that the amplitude of the desired harmonic is sufficient for its
intended use (e.g., transmission).

[0349] A filter 308 filters out any undesired frequencies
(harmonics), and outputs an electromagnetic (EM) signal at
the desired harmonic frequency or frequencies as an output
signal 310, shown for example as a filtered output signal 614
in FIG. 61.

[0350] FIG. 4 illustrates an example universal frequency
up-conversion (UFU) module 401. The UFU module 401
includes an example switch module 304, which comprises a
bias signal 402, a resistor or impedance 404, a universal
frequency translator (UFT) 450, and a ground 408. The UFT
450 includes a switch 406. The input signal 302 (designated
as “Control Signal” in FIG. 4) controls the switch 406 in the
UFT 450, and causes it to close and open. Harmonically rich
signal 306 is generated at anode 405 located between the
resistor or impedance 404 and the switch 406.

[0351] Also in FIG. 4, it can be seen that an example filter
308 is comprised of a capacitor 410 and an inductor 412
shunted to a ground 414. The filter is designed to filter out the
undesired harmonics of harmonically rich signal 306.
[0352] Theinvention is not limited to the UFU embodiment
shown in FIG. 4.

[0353] For example, in an alternate embodiment shown in
FIG. 5, an unshaped input signal 501 is routed to a pulse
shaping module 502. The pulse shaping module 502 modifies
the unshaped input signal 501 to generate a (modified) input
signal 302 (designated as the “Control Signal” in FI1G. 5). The
input signal 302 is routed to the switch module 304, which
operates in the manner described above. Also, the filter 308 of
FIG. 5 operates in the manner described above.

[0354] The purpose of the pulse shaping module 502 is to
define the pulse width of the input signal 302. Recall that the
input signal 302 controls the opening and closing of the
switch 406 in switch module 304. During such operation, the
pulse width of the input signal 302 establishes the pulse width
of the harmonically rich signal 306. As stated above, the
relative amplitudes of the harmonics of the harmonically rich
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signal 306 are a function of at least the pulse width of the
harmonically rich signal 306. As such, the pulse width of the
input signal 302 contributes to setting the relative amplitudes
of the harmonics of harmonically rich signal 306.

[0355] Further details of up-conversion as described in this
section are presented in pending U.S. application “Method
and System for Frequency Up-Conversion,” Ser. No. 09/176,
154, filed Oct. 21, 1998, incorporated herein by reference in
its entirety.

5. ENHANCED SIGNAL RECEPTION

[0356] The present invention is directed to systems and
methods of enhanced signal reception (ESR), and applica-
tions of same.

[0357] Referring to FIG. 21, transmitter 2104 accepts a
modulating baseband signal 2102 and generates (transmitted)
redundant spectrums 2106a-7, which are sent over commu-
nications medium 2108. Receiver 2112 recovers a demodu-
lated baseband signal 2114 from (received) redundant spec-
trums 2110g-z. Demodulated baseband signal 2114 is
representative of the modulating baseband signal 2102,
where the level of similarity between the modulating base-
band signal 2114 and the modulating baseband signal 2102 is
application dependent.

[0358] Modulating baseband signal 2102 is preferably any
information signal desired for transmission and/or reception.
An example modulating baseband signal 2202 is illustrated in
FIG. 22A, and has an associated modulating baseband spec-
trum 2204 and image spectrum 2203 that are illustrated in
FIG. 22B. Modulating baseband signal 2202 is illustrated as
ananalogsignal in FIG. 22a, but could also be a digital signal,
or combination thereof. Modulating baseband signal 2202
could be a voltage (or current) characterization of any number
of'real world occurrences, including for example and without
limitation, the voltage (or current) representation for a voice
signal.

[0359] Each transmitted redundant spectrum 21064-7 con-
tains the necessary information to substantially reconstruct
the modulating baseband signal 2102. In other words, each
redundant spectrum 2106a-» contains the necessary ampli-
tude, phase, and frequency information to reconstruct the
modulating baseband signal 2102.

[0360] FIG.22C illustrates example transmitted redundant
spectrums 2206b-d. Transmitted redundant spectrums
22065-d are illustrated to contain three redundant spectrums
for illustration purposes only. Any number of redundant spec-
trums could be generated and transmitted as will be explained
in following discussions.

[0361] Transmitted redundant spectrums 22065-d are cen-
tered at f;, with a frequency spacing f, between adjacent
spectrums. Frequencies f] and f, are dynamically adjustable
in real-time as will be shown below. FIG. 22D illustrates an
alternate embodiment, where redundant spectrums 2208¢,d
are centered on unmodulated oscillating signal 2209 at f;
(Hz). Oscillating signal 2209 may be suppressed if desired
using, for example, phasing techniques or filtering tech-
niques. Transmitted redundant spectrums are preferably
above baseband frequencies as is represented by break 2205
in the frequency axis of FIGS. 22C and 22D.

[0362] Received redundant spectrums 2110a-z are sub-
stantially similar to transmitted redundant spectrums 2106a-
n, except for the changes introduced by the communications
medium 2108. Such changes can include but are not limited to
signal attenuation, and signal interference. FIG. 22E illus-
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trates example received redundant spectrums 22105-d.
Received redundant spectrums 22105-d are substantially
similar to transmitted redundant spectrums 22065-d, except
that redundant spectrum 2210c¢ includes an undesired jam-
ming signal spectrum 2211 in order to illustrate some advan-
tages of the present invention. Jamming signal spectrum 2211
is a frequency spectrum associated with a jamming signal.
For purposes of this invention, a “jamming signal” refers to
any unwanted signal, regardless of origin, that may interfere
with the proper reception and reconstruction of an intended
signal. Furthermore, the jamming signal is not limited to
tones as depicted by spectrum 2211, and can have any spectral
shape, as will be understood by those skilled in the art(s).
[0363] As stated above, demodulated baseband signal 2114
is extracted from one or more of received redundant spec-
trums 22105-d. FIG. 22F illustrates example demodulated
baseband signal 2212 that is, in this example, substantially
similar to modulating baseband signal 2202 (FIG. 22A);
where in practice, the degree of similarity is application
dependent.

[0364] An advantage of the present invention should now
be apparent. The recovery of modulating baseband signal
2202 can be accomplished by receiver 2112 in spite of the fact
that high strength jamming signal(s) (e.g. jamming signal
spectrum 2211) exist on the communications medium. The
intended baseband signal can be recovered because multiple
redundant spectrums are transmitted, where each redundant
spectrum carries the necessary information to reconstruct the
baseband signal. At the destination, the redundant spectrums
are isolated from each other so that the baseband signal can be
recovered even if one or more of the redundant spectrums are
corrupted by a jamming signal.

[0365] Transmitter 2104 will now be explored in greater
detail. FIG. 23A illustrates transmitter 2301, which is one
embodiment of transmitter 2104 that generates redundant
spectrums configured similar to redundant spectrums 22065-
d. Transmitter 2301 includes generator 2303, optional spec-
trum processing module 2304, and optional medium interface
module 2320. Generator 2303 includes: first oscillator 2302,
second oscillator 2309, first stage modulator 2306, and sec-
ond stage modulator 2310.

[0366] Transmitter 2301 operates as follows. First oscilla-
tor 2302 and second oscillator 2309 generate a first oscillating
signal 2305 and second oscillating signal 2312, respectively.
First stage modulator 2306 modulates first oscillating signal
2305 with modulating baseband signal 2202, resulting in
modulated signal 2308. First stage modulator 2306 may
implement any type of modulation including but not limited
to: amplitude modulation, frequency modulation, phase
modulation, combinations thereof, or any other type of modu-
lation. Second stage modulator 2310 modulates modulated
signal 2308 with second oscillating signal 2312, resulting in
multiple redundant spectrums 22064-z shown in FIG. 23B.
Second stage modulator 2310 is preferably a phase modula-
tor, or a frequency modulator, although other types of modu-
lation may be implemented including but not limited to
amplitude modulation. Each redundant spectrum 2206a-»
contains the necessary amplitude, phase, and frequency infor-
mation to substantially reconstruct the modulating baseband
signal 2202.

[0367] Redundant spectrums 2206a-r are substantially
centered around f;, which is the characteristic frequency of
first oscillating signal 2305. Also, each redundant spectrum
2206a-n (except for 2206¢) is offset from f; by approximately
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a multiple of f, (Hz), where {, is the frequency of the second
oscillating signal 2312. Thus, each redundant spectrum
2206a-7 is offset from an adjacent redundant spectrum by f,
(Hz). This allows the spacing between adjacent redundant
spectrums to be adjusted (or tuned) by changing f, that is
associated with second oscillator 2309. Adjusting the spacing
between adjacent redundant spectrums allows for dynamic
real-time tuning of the bandwidth occupied by redundant
spectrums 2206a-n.

[0368] In one embodiment, the number of redundant spec-
trums 22064-7 generated by transmitter 2301 is arbitrary and
may be unlimited as indicated by the “a-n” designation for
redundant spectrums 2206a-1. However, a typical communi-
cations medium will have a physical and/or administrative
limitations (i.e. FCC regulations) that restrict the number of
redundant spectrums that can be practically transmitted over
the communications medium. Also, there may be other rea-
sons to limit the number of redundant spectrums transmitted.
Therefore, preferably, the transmitter 2301 will include an
optional spectrum processing module 2304 to process the
redundant spectrums 2206a-n prior to transmission over
communications medium 2108.

[0369] In one embodiment, spectrum processing module
2304 includes a filter with a passband 2207 (FIG. 23C) to
select redundant spectrums 22065-d for transmission. This
will substantially limit the frequency bandwidth occupied by
the redundant spectrums to the passband 2207. In one
embodiment, spectrum processing module 2304 also up con-
verts redundant spectrums and/or amplifies redundant spec-
trums prior to transmission over the communications medium
2108. Finally, medium interface module 2320 transmits
redundant spectrums over the communications medium
2108. In one embodiment, communications medium 2108 is
an over-the-air link and medium interface module 2320 is an
antenna. Other embodiments for communications medium
2108 and medium interface module 2320 will be understood
based on the teachings contained herein.

[0370] FIG. 23D illustrates transmitter 2321, which is one
embodiment of transmitter 2104 that generates redundant
spectrums configured similar to redundant spectrums
2208c¢-d and unmodulated spectrum 2209. Transmitter 2321
includes generator 2311, spectrum processing module 2304,
and (optional) medium interface module 2320. Generator
2311 includes: first oscillator 2302, second oscillator 2309,
first stage modulator 2306, and second stage modulator 2310.
[0371] As shown in FIG. 23D, many of the components in
transmitter 2321 are similar to those in transmitter 2301.
However, in this embodiment, modulating baseband signal
2202 modulates second oscillating signal 2312. Transmitter
2321 operates as follows. First stage modulator 2306 modu-
lates second oscillating signal 2312 with modulating base-
band signal 2202, resulting in modulated signal 2322. As
described earlier, first stage modulator 2306 can effect any
type of modulation including but not limited to: amplitude
modulation frequency modulation, combinations thereof, or
any other type of modulation. Second stage modulator 2310
modulates first oscillating signal 2304 with modulated signal
2322, resulting in redundant spectrums 2208a-7, as shown in
FIG. 23E. Second stage modulator 2310 is preferably a phase
or frequency modulator, although other modulators could
used including but not limited to an amplitude modulator.
[0372] Redundant spectrums 2208a-n are centered on
unmodulated spectrum 2209 (at f; Hz), and adjacent spec-
trums are separated by f, Hz. The number of redundant spec-
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trums 2208a-n generated by generator 2311 is arbitrary and
unlimited, similar to spectrums 2206a-r discussed above.
Therefore, optional spectrum processing module 2304 may
also include a filter with passband 2325 to select, for example,
spectrums 2208c,d for transmission over communications
medium 2108. In addition, optional spectrum processing
module 2304 may also include a filter (such as a bands top
filter) to attenuate unmodulated spectrum 2209. Alterna-
tively, unmodulated spectrum 2209 may be attenuated by
using phasing techniques during redundant spectrum genera-
tion. Finally, (optional) medium interface module 2320 trans-
mits redundant spectrums 2208c¢,d over communications
medium 2108.

[0373] Receiver 2112 will now be explored in greater detail
to illustrate recovery of a demodulated baseband signal from
received redundant spectrums. FIG. 24A illustrates receiver
2430, which is one embodiment of receiver 2112. Receiver
2430 includes optional medium interface module 2402,
down-converter 2404, spectrum isolation module 2408, and
data extraction module 2414. Spectrum isolation module
2408 includes filters 2410a-c. Data extraction module 2414
includes demodulators 2416a-c, error check modules 2420a-
¢, and arbitration module 2424. Receiver 2430 will be dis-
cussed in relation to the signal diagrams in FIGS. 24B-24].

[0374] In one embodiment, optional medium interface
module 2402 receives redundant spectrums 221056-d (FIG.
22K, and FIG. 24B). Each redundant spectrum 221056-d
includes the necessary amplitude, phase, and frequency infor-
mation to substantially reconstruct the modulating baseband
signal used to generated the redundant spectrums. However,
in the present example, spectrum 2210c¢ also contains jam-
ming signal 2211, which may interfere with the recovery of a
baseband signal from spectrum 2210c¢. Down-converter 2404
down-converts received redundant spectrums 221056-d to
lower intermediate frequencies, resulting in redundant spec-
trums 2406a-c¢ (FIG. 24C). Jamming signal 2211 is also
down-converted to jamming signal 2407, as it is contained
within redundant spectrum 24065. Spectrum isolation mod-
ule 2408 includes filters 2410a-c that isolate redundant spec-
trums 2406a-c¢ from each other (FIGS. 24D-24F, respec-
tively). Demodulators 2416a-c¢ independently demodulate
spectrums 2406a-c, resulting in demodulated baseband sig-
nals 2418a-c, respectively (FIGS. 24G-241). Error check
modules 2420a-c analyze demodulate baseband signal
2418a-c to detect any errors. In one embodiment, each error
check module 2420a-c sets an error flag 2422a-c whenever an
error is detected in a demodulated baseband signal. Arbitra-
tion module 2424 accepts the demodulated baseband signals
and associated error flags, and selects a substantially error-
free demodulated baseband signal (FIG. 247]). In one embodi-
ment, the substantially error-free demodulated baseband sig-
nal will be substantially similar to the modulating baseband
signal used to generate the received redundant spectrums,
where the degree of similarity is application dependent.

[0375] Referring to FIGS. 24G-I1, arbitration module 2424
will select either demodulated baseband signal 2418a or
2418c¢, because error check module 24205 will set the error
flag 2422p that is associated with demodulated baseband
signal 24185.

[0376] The error detection schemes implemented by the
error detection modules include but are not limited to: cyclic
redundancy check (CAC) and parity check for digital signals,
and various error detections schemes for analog signal.
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[0377] Further details of enhanced signal reception as
described in this section are presented in pending U.S. appli-
cation “Method and System for Ensuring Reception of a
Communications Signal,” Ser. No. 09/176,415, filed Oct. 21,
1998, incorporated herein by reference in its entirety.

6. UNIFIED DOWN-CONVERSION AND
FILTERING

[0378] The present invention is directed to systems and
methods of unified down-conversion and filtering (UDF), and
applications of same.

[0379] Inparticular, the present invention includes a unified
down-converting and filtering (UDF) module that performs
frequency selectivity and frequency translation in a unified
(i.e., integrated) manner. By operating in this manner, the
invention achieves high frequency selectivity prior to fre-
quency translation (the invention is not limited to this
embodiment). The invention achieves high frequency selec-
tivity at substantially any frequency, including but not limited
to RF (radio frequency) and greater frequencies. It should be
understood that the invention is not limited to this example of
RF and greater frequencies. The invention is intended,
adapted, and capable of working with lower than radio fre-
quencies.

[0380] FIG. 17 is a conceptual block diagram of a UDF
module 1702 according to an embodiment of the present
invention. The UDF module 1702 performs at least frequency
translation and frequency selectivity.

[0381] The effect achieved by the UDF module 1702 is to
perform the frequency selectivity operation prior to the per-
formance of the frequency translation operation. Thus, the
UDF module 1702 effectively performs input filtering.
[0382] According to embodiments of the present invention,
such input filtering involves a relatively narrow bandwidth.
For example, such input filtering may represent channel
select filtering, where the filter bandwidth may be, for
example, 50 KHz to 150 KHz. It should be understood, how-
ever, that the invention is not limited to these frequencies. The
invention is intended, adapted, and capable of achieving filter
bandwidths of less than and greater than these values.
[0383] Inembodiments ofthe invention, input signals 1704
received by the UDF module 1702 are at radio frequencies.
The UDF module 1702 effectively operates to input filter
these RF input signals 1704. Specifically, in these embodi-
ments, the UDF module 1702 effectively performs input,
channel select filtering of the RF input signal 1704. Accord-
ingly, the invention achieves high selectivity at high frequen-
cies.

[0384] The UDF module 1702 effectively performs various
types of filtering, including but not limited to bandpass filter-
ing, low pass filtering, high pass filtering, notch filtering, all
pass filtering, band stop filtering, etc., and combinations
thereof.

[0385] Conceptually, the UDF module 1702 includes a fre-
quency translator 1708. The frequency translator 1708 con-
ceptually represents that portion of the UDF module 1702
that performs frequency translation (down conversion).
[0386] The UDF module 1702 also conceptually includes
an apparent input filter 1706 (also sometimes called an input
filtering emulator). Conceptually, the apparent input filter
1706 represents that portion of the UDF module 1702 that
performs input filtering.

[0387] In practice, the input filtering operation performed
by the UDF module 1702 is integrated with the frequency
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translation operation. The input filtering operation can be
viewed as being performed concurrently with the frequency
translation operation. This is a reason why the input filter
1706 is herein referred to as an “apparent” input filter 1706.
[0388] The UDF module 1702 of the present invention
includes a number of advantages. For example, high selectiv-
ity at high frequencies is realizable using the UDF module
1702. This feature of the invention is evident by the high Q
factors that are attainable. For example, and without limita-
tion, the UDF module 1702 can be designed with a filter
center frequency f. on the order of 900 MHZ, and a filter
bandwidth on the order of 50 KHz. This represents a Q of
18,000 (Q is equal to the center frequency divided by the
bandwidth).

[0389] It should be understood that the invention is not
limited to filters with high Q factors. The filters contemplated
by the present invention may have lesser or greater Qs,
depending on the application, design, and/or implementation.
Also, the scope of the invention includes filters where Q
factor as discussed herein is not applicable.

[0390] The invention exhibits additional advantages. For
example, the filtering center frequency f.. of the UDF module
1702 can be electrically adjusted, either statically or dynami-
cally.

[0391] Also, the UDF module 1702 can be designed to
amplify input signals.

[0392] Further, the UDF module 1702 can be implemented
without large resistors, capacitors, or inductors. Also, the
UDF module 1702 does not require that tight tolerances be
maintained on the values of'its individual components, i.e., its
resistors, capacitors, inductors, etc. As a result, the architec-
ture of the UDF module 1702 is friendly to integrated circuit
design techniques and processes.

[0393] The features and advantages exhibited by the UDF
module 1702 are achieved at least in part by adopting a new
technological paradigm with respect to frequency selectivity
and translation. Specifically, according to the present inven-
tion, the UDF module 1702 performs the frequency selectiv-
ity operation and the frequency translation operation as a
single, unified (integrated) operation. According to the inven-
tion, operations relating to frequency translation also contrib-
ute to the performance of frequency selectivity, and vice
versa.

[0394] According to embodiments of the present invention,
the UDF module generates an output signal from an input
signal using samples/instances of the input signal and
samples/instances of the output signal.

[0395] More particularly, first, the input signal is under-
sampled. This input sample includes information (such as
amplitude, phase, etc.) representative of the input signal exist-
ing at the time the sample was taken.

[0396] As described further below, the effect of repetitively
performing this step is to translate the frequency (that is,
down-convert) of the input signal to a desired lower fre-
quency, such as an intermediate frequency (IF) or baseband.
[0397] Next, the input sample is held (that is, delayed).
[0398] Then, one or more delayed input samples (some of
which may have been scaled) are combined with one or more
delayed instances of the output signal (some of which may
have been scaled) to generate a current instance of the output
signal.

[0399] Thus, according to a preferred embodiment of the
invention, the output signal is generated from prior samples/
instances of the input signal and/or the output signal. (It is
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noted that, in some embodiments of the invention, current
samples/instances of the input signal and/or the output signal
may be used to generate current instances of the output sig-
nal.). By operating in this manner, the UDF module prefer-
ably performs input filtering and frequency down-conversion
in a unified manner.

[0400] FIGS. 19A and 19B together illustrate an example
implementation of the unified down-converting and filtering
(UDF) module 1922. The UDF module 1922 performs the
frequency translation operation and the frequency selectivity
operation in an integrated, unified manner as described above,
and as further described below.

[0401] Inthe example provided by FIGS. 19A and 19B, the
frequency selectivity operation performed by the UDF mod-
ule 1922 comprises a band-pass filtering operation according
to EQ. 1, below, which is an example representation of a
band-pass filtering transfer function.

VO=0,7"WI-B z ' VO-Bz 2 VO EQ. 1

[0402] Itshould be noted, however, that the invention is not
limited to band-pass filtering. Instead, the invention effec-
tively performs various types of filtering, including but not
limited to bandpass filtering, low pass filtering, high pass
filtering, notch filtering, all pass filtering, band stop filtering,
etc., and combinations thereof. As will be appreciated, there
are many representations of any given filter type. The inven-
tion is applicable to these filter representations. Thus, EQ. 1 is
referred to herein for illustrative purposes only, and is not
limiting.

[0403] The UDF module 1922 (shown in FIG. 19A and
FIG. 19B) includes a down-convert and delay module 1924
(shown in FIG. 19A), first and second delay modules 1928
and 1930 (both shown in FIG. 19B), first and second scaling
modules 1932 and 1934 (both shown in FIG. 19B), an output
sample and hold module 1936 (shown in FIG. 19B), and an
(optional) output smoothing module 1938 (shown in FIG.
19B. The down-convert and delay module 1924 and the con-
trol signal (sampling signal) together form a frequency trans-
lator 1708. Other embodiments of the UDF module will have
these components in different configurations, and/or a subset
of these components, and/or additional components. For
example, and without limitation, in the configuration shown
in FIG. 19B, the output smoothing module 1938 is optional.
[0404] As further described below, in the example provided
by FIGS. 19A and 19B, the down-convert and delay module
1924 and the first and second delay modules 1928 and 1930
include switches that are controlled by a clock having two
phases, ¢, and ¢,. ¢, and ¢, preferably have the same fre-
quency, and are non-overlapping (alternatively, a plurality
such as two clock signals having these characteristics could
be used). As used herein, the term “non-overlapping” is
defined as two or more signals where only one of the signals
is active at any given time. In some embodiments, signals are
“active” when they are high. In other embodiments, signals
are active when they are low.

[0405] Preferably, each of these switches closes on a rising
edge of ¢, or ¢,, and opens on the next corresponding falling
edge of ¢, or ¢,. However, the invention is not limited to this
example. As will be apparent to persons skilled in the relevant
art(s), other clock conventions can be used to control the
switches.

[0406] Intheexample provided by FIGS. 19A and 19B, itis
assumed that a,; is equal to one. Thus, the output of the
down-convert and delay module 1924 is not scaled. As evi-

May 16, 2013

dent from the embodiments described above, however, the
invention is not limited to this example.

[0407] The example UDF module 1922 has a filter center
frequency of 900.2 MHZ and a filter bandwidth of 570 KHz.
The pass band of the UDF module 1922 is on the order of
899.915 MHZ to 900.485 MHZ. The Q factor of the UDF
module 1922 is approximately 1879 (i.e., 900.2 MHZ divided
by 570 KHz).

[0408] Theoperation of the UDF module 1922 shall now be
described with reference to a Table 1802 (FIG. 18) that indi-
cates example values at nodes in the UDF module 1922 at a
number of consecutive time increments. It is assumed in
Table 1802 that the UDF module 1922 begins operating at
time t-1. As indicated below, the UDF module 1922 reaches
steady state a few time units after operation begins. The
number of time units necessary for a given UDF module to
reach steady state depends on the configuration of the UDF
module, and will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein.

[0409] At the rising edge of ¢, at time t-1, a switch 1950
(shown in FIG. 19A) in the down-convert and delay module
1924 closes. This allows a capacitor 1952 (shown in FIG.
19A) to charge to the current value of an input signal, VI,_|,
such that node 1902 (shown in FIG. 19A) is at VI,_,. This is
indicated by cell 1804 in FIG. 18. In effect, the combination
of'the switch 1950 and the capacitor 1952 in the down-convert
and delay module 1924 operates to translate the frequency of
the input signal VI to a desired lower frequency, such as IF or
baseband. Thus, the value stored in the capacitor 1952 repre-
sents an instance of a down-converted image of the input
signal VI.

[0410] The manner in which the down-convert and delay
module 1924 performs frequency down-conversion is further
described elsewhere in this application, and is additionally
described in pending U.S. application “Method and System
for Down-Converting Electromagnetic Signals,” Ser. No.
09/176,022, filed Oct. 21, 1998, which is herein incorporated
by reference in its entirety.

[0411] Also at the rising edge of ¢, at time t-1, a switch
1958 (shown in FIG. 19B) in the first delay module 1928
closes, allowing a capacitor 1960 (shown in FIG. 19B) to
charge to VO,_,, such that node 1906 (shown in FIG. 19B) is
at VO, ;. This is indicated by cell 1806 in Table 1802. (In
practice, VO,_, is undefined at this point. However, for ease of
understanding, VO,_; shall continue to be used for purposes
of explanation.)

[0412] Also at the rising edge of ¢, at time t-1, a switch
1966 (shown in FIG. 19B) in the second delay module 1930
closes, allowing a capacitor 1968 (shown in FIG. 19B) to
charge to a value stored in a capacitor 1964 (shown in FIG.
19B). At this time, however, the value in capacitor 1964 is
undefined, so the value in capacitor 1968 is undefined. This is
indicated by cell 1807 in table 1802.

[0413] At the rising edge of ¢, at time t-1, a switch 1954
(shown in FIG. 19A) in the down-convert and delay module
1924 closes, allowing a capacitor 1956 to charge to the level
of the capacitor 1952. Accordingly, the capacitor 1956
(shown in FIG. 19A) charges to VI,_,, such that node 1904
(shown in FIG. 19A) is at VI,_,. This is indicated by cell 1810
in Table 1802.

[0414] The UDF module 1922 may optionally include a
unity gain module 1990A (shown in FIG. 19A) between
capacitors 1952 and 1956. The unity gain module 1990A
operates as a current source to enable capacitor 1956 to
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charge without draining the charge from capacitor 1952. For
a similar reason, the UDF module 1922 may include other
unity gain modules 1990B (shown in FIG. 19A) through
1990G (1990C-1990G shown in FIG. 19B). It should be
understood that, for many embodiments and applications of
the invention, these unity gain modules 1990A-1990G are
optional. The structure and operation of the unity gain mod-
ules 1990 will be apparent to persons skilled in the relevant
art(s).

[0415] Also at the rising edge of ¢, at time t-1, a switch
1962 (shown in FIG. 19B) in the first delay module 1928
closes, allowing a capacitor 1964 to charge to the level of the
capacitor 1960. Accordingly, the capacitor 1964 charges to
VO,_,, such that node 1908 (shown in FIG. 19B) is at VO,_,.
This is indicated by cell 1814 in Table 1802.

[0416] Also at the rising edge of ¢, at time t-1, a switch
1970 (shown in FIG. 19B) in the second delay module 1930
closes, allowing a capacitor 1972 (shown in FIG. 19B) to
charge to a value stored in a capacitor 1968. At this time,
however, the value in capacitor 1968 is undefined, so the
value in capacitor 1972 is undefined. This is indicated by cell
1815 in table 1802.

[0417] Attimet, at the rising edge of ¢, , the switch 1950 in
the down-convert and delay module 1924 closes. This allows
the capacitor 1952 to charge to V1,, such that node 1902 is at
V1,. This is indicated in cell 1816 of Table 1802.

[0418] Also at the rising edge of ¢, at time t, the switch
1958 in the first delay module 1928 closes, thereby allowing
the capacitor 1960 to charge to VO,. Accordingly, node 1906
is at VO,. This is indicated in cell 1820 in Table 1802.
[0419] Further at the rising edge of ¢, at time t, the switch
1966 in the second delay module 1930 closes, allowing a
capacitor 1968 to charge to the level of the capacitor 1964.
Therefore, the capacitor 1968 charges to VO,_;, such that
node 1910 (shown in FIG. 19B) is at VO,_, . This is indicated
by cell 1824 in Table 1802.

[0420] At the rising edge of ¢, at time t, the switch 1954 in
the down-convert and delay module 1924 closes, allowing the
capacitor 1956 to charge to the level of the capacitor 1952.
Accordingly, the capacitor 1956 charges to V1, such that node
1904 is at VI,. This is indicated by cell 1828 in Table 1802.
[0421] Also at the rising edge of ¢, at time t, the switch
1962 in the first delay module 1928 closes, allowing the
capacitor 1964 to charge to the level in the capacitor 1960.
Therefore, the capacitor 1964 charges to VO,, such that node
1908 is at VO,. This is indicated by cell 1832 in Table 1802.
[0422] Further at the rising edge of ¢, at time t, the switch
1970 in the second delay module 1930 closes, allowing the
capacitor 1972 in the second delay module 1930 to charge to
the level of the capacitor 1968 in the second delay module
1930. Therefore, the capacitor 1972 charges to VO,_,, such
that node 1912 (shown in FIG. 19B) is at VO,_,. This is
indicated in cell 1836 of FIG. 18.

[0423] Attimet+], at the rising edge of ¢,, the switch 1950
in the down-convert and delay module 1924 closes, allowing
the capacitor 1952 to charge to VI, ;. Therefore, node 1902 is
atV,,,, as indicated by cell 1838 of Table 1802.

[0424] Also at the rising edge of ¢, at time t+1, the switch
1958 in the first delay module 1928 closes, allowing the
capacitor 1960 to charge to VO,, ;. Accordingly, node 1906 is
at VO,,,, as indicated by cell 1842 in Table 1802.

[0425] Furtherattherising edge of ¢, attimet+1, the switch
1966 in the second delay module 1930 closes, allowing the
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capacitor 1968 to charge to the level of the capacitor 1964.
Accordingly, the capacitor 1968 charges to VO,, as indicated
by cell 1846 of Table 1802.

[0426] Inthe example provided by FIGS. 19 A and 19B, the
first scaling module 1932 scales the value at node 1908 (i.e.,
the output of the first delay module 1928) by a scaling factor
of' -0.1. Accordingly, the value present at node 1914 (shown
in FIG. 19B) at time t+1 is -0.1*VO,. Similarly, the second
scaling module 1934 scales the value present at node 1912
(i.e., the output of the second scaling module 1930) by a
scaling factor of —0.8. Accordingly, the value present at node
1916 (shown in FIG. 19B) is -0.8*VO,_; at time t+1.

[0427] At time t+1, the values at the inputs of the summer
1926 (shown in FIG. 19B) are: VI, at node 1904, -0.1*VO, at
node 1914, and -0.8*VO,_, at node 1916 (in the example
provided by FIGS. 19A and 19B, the values at nodes 1914 and
1916 are summed by a second summer 1925 (shown in FIG.
19B), and this sum is presented to the summer 1926). Accord-
ingly, at time t+1, the summer 1926 generates a signal equal
to VI-0.1*VO,~0.8*VO,_,.

[0428] At the rising edge of ¢, at time t+1, a switch 1991
(shown in FIG. 19B) in the output sample and hold module
1936 closes, thereby allowing a capacitor 1992 (shown in
FIG. 19B) to charge to VO,_,. Accordingly, the capacitor
1992 charges to VO,, |, which is equal to the sum generated by
the adder 1926. As just noted, this value is equal to: VI,-0.
1*VO,-0.8*VO,_,. This is indicated in cell 1850 of Table
1802. This value is presented to the optional output smooth-
ing module 1938, which smoothes the signal to thereby gen-
erate the instance of the output signal VO,,,. That is, the
output signal at node 1920 is a low pass filtered version of the
value at node 1918. It is apparent from inspection that this
value of VO, | is consistent with the band pass filter transfer
function of EQ. 1.

[0429] Further details of unified down-conversion and fil-
tering as described in this section are presented in pending
U.S. application “Integrated Frequency Translation And
Selectivity,” Ser. No. 09/175,966, filed Oct. 21, 1998, incor-
porated herein by reference in its entirety.

7. EXAMPLE APPLICATION EMBODIMENTS
OF THE INVENTION

[0430] As noted above, the UFT module of the present
invention is a very powerful and flexible device. Its flexibility
is illustrated, in part, by the wide range of applications in
which it can be used. Its power is illustrated, in part, by the
usefulness and performance of such applications.

[0431] Example applications of the UFT module were
described above. In particular, frequency down-conversion,
frequency up-conversion, enhanced signal reception, and uni-
fied down-conversion and filtering applications of the UFT
module were summarized above, and are further described
below. These applications of the UFT module are discussed
herein for illustrative purposes. The invention is not limited to
these example applications. Additional applications of the
UFT module will be apparent to persons skilled in the relevant
art(s), based on the teachings contained herein.

[0432] For example, the present invention can be used in
applications that involve frequency down-conversion. This is
shown in FIG. 1C, for example, where an example UFT
module 115 is used in a down-conversion module 114. In this
capacity, the UFT module 115 frequency down-converts an
input signal to an output signal. This is also shown in FIG. 7,
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for example, where an example UFT module 706 is part of a
down-conversion module 704, which is part of areceiver 702.
[0433] The present invention can be used in applications
that involve frequency up-conversion. This is shown in FIG.
1D, for example, where an example UFT module 117 is used
in a frequency up-conversion module 116. In this capacity, the
UFT module 117 frequency up-converts an input signal to an
output signal. This is also shown in FIG. 8, for example,
where an example UFT module 806 is part of up-conversion
module 804, which is part of a transmitter 802.

[0434] The present invention can be used in environments
having one or more transmitters 902 and one or more receiv-
ers 906, as illustrated in FIG. 9. In such environments, one or
more of the transmitters 902 may be implemented using a
UFT module, as shown for example in FIG. 8. Also, one or
more of the receivers 906 may be implemented using a UFT
module, as shown for example in FIG. 7.

[0435] The invention can be used to implement a trans-
ceiver. An example transceiver 1002 is illustrated in FIG. 10.
The transceiver 1002 includes a transmitter 1004 and a
receiver 1008. Fither the transmitter 1004 or the receiver
1008 can be implemented using a UFT module. Alternatively,
the transmitter 1004 can be implemented usinga UFT module
1006, and the receiver 1008 can be implemented using a UFT
module 1010. This embodiment is shown in FIG. 10.

[0436] Another transceiver embodiment according to the
invention is shown in FIG. 11. In this transceiver 1102, the
transmitter 1104 and the receiver 1108 are implemented using
a single UFT module 1106. In other words, the transmitter
1104 and the receiver 1108 share a UFT module 1106.
[0437] As described elsewhere in this application, the
invention is directed to methods and systems for enhanced
signal reception (ESR). Various ESR embodiments include
an ESR module (transmit) in a transmitter 1202, and an ESR
module (receive) in a receiver 1210. An example ESR
embodiment configured in this manner is illustrated in FIG.
12.

[0438] The ESR module (transmit) 1204 includes a fre-
quency up-conversion module 1206. Some embodiments of
this frequency up-conversion module 1206 may be imple-
mented using a UFT module, such as that shown in FIG. 1D.
[0439] The ESR module (receive) 1212 includes a fre-
quency down-conversion module 1214. Some embodiments
of this frequency down-conversion module 1214 may be
implemented using a UFT module, such as that shown in FIG.
1C.

[0440] As described elsewhere in this application, the
invention is directed to methods and systems for unified
down-conversion and filtering (UDF). An example unified
down-conversion and filtering module 1302 is illustrated in
FIG. 13. The unified down-conversion and filtering module
1302 includes a frequency down-conversion module 1304
and a filtering module 1306. According to the invention, the
frequency down-conversion module 1304 and the filtering
module 1306 are implemented using a UFT module 1308, as
indicated in FIG. 13.

[0441] Unified down-conversion and filtering according to
the invention is useful in applications involving filtering and/
or frequency down-conversion. This is depicted, for example,
in FIGS. 15A-15F. FIGS. 15A-15C indicate that unified
down-conversion and filtering according to the invention is
useful in applications where filtering precedes, follows, or
both precedes and follows frequency down-conversion. FIG.
15D indicates that a unified down-conversion and filtering
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module 1524 according to the invention can be utilized as a
filter 1522 (i.e., where the extent of frequency down-conver-
sion by the down-converter in the unified down-conversion
and filtering module 1524 is minimized). FIG. 15E indicates
that a unified down-conversion and filtering module 1528
according to the invention can be utilized as a down-converter
1526 (i.e., where the filter in the unified down-conversion and
filtering module 1528 passes substantially all frequencies).
FIG. 15F illustrates that the unified down-conversion and
filtering module 1532 can be used as an amplifier. It is noted
that one or more UDF modules can be used in applications
that involve at least one or more of filtering, frequency trans-
lation, and amplification.

[0442] For example, receivers, which typically perform fil-
tering, down-conversion, and filtering operations, can be
implemented using one or more unified down-conversion and
filtering modules. This is illustrated, for example, in FIG. 14.

[0443] The methods and systems of unified down-conver-
sion and filtering of the invention have many other applica-
tions. For example, as discussed herein, the enhanced signal
reception (ESR) module (receive) operates to down-convert a
signal containing a plurality of spectrums. The ESR module
(receive) also operates to isolate the spectrums in the down-
converted signal, where such isolation is implemented via
filtering in some embodiments. According to embodiments of
the invention, the ESR module (receive) is implemented
using one or more unified down-conversion and filtering
(UDF)modules. This is illustrated, for example, in F1G. 16. In
the example of FIG. 16, one or more of the UDF modules
1610, 1612, 1614 operates to down-convert a received signal.
The UDF modules 1610, 1612, 1614 also operate to filter the
down-converted signal so as to isolate the spectrum(s) con-
tained therein. As noted above, the UDF modules 1610, 1612,
1614 are implemented using the universal frequency transla-
tion (UFT) modules of the invention.

[0444] Theinventionis not limited to the applications of the
UFT module described above. For example, and without limi-
tation, subsets of the applications (methods and/or structures)
described herein (and others that would be apparent to per-
sons skilled in the relevant art(s) based on the herein teach-
ings) can be associated to form useful combinations.

[0445] For example, transmitters and receivers are two
applications of the UFT module. FIG. 10 illustrates a trans-
ceiver 1002 that is formed by combining these two applica-
tions of the UFT module, i.e., by combining a transmitter
1004 with a receiver 1008.

[0446] Also, ESR (enhanced signal reception) and unified
down-conversion and filtering are two other applications of
the UFT module. FIG. 16 illustrates an example where ESR
and unified down-conversion and filtering are combined to
form a modified enhanced signal reception system.

[0447] The invention is not limited to the example applica-
tions ofthe UFT module discussed herein. Also, the invention
is not limited to the example combinations of applications of
the UFT module discussed herein. These examples were pro-
vided for illustrative purposes only, and are not limiting.
Other applications and combinations of such applications
will be apparent to persons skilled in the relevant art(s) based
on the teachings contained herein. Such applications and
combinations include, for example and without limitation,
applications/combinations comprising and/or involving one
or more of: (1) frequency translation; (2) frequency down-
conversion; (3) frequency up-conversion; (4) receiving; (5)
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transmitting; (6) filtering; and/or (7) signal transmission and
reception in environments containing potentially jamming
signals.

[0448] Additional examples are set forth below describing
applications of the UFT module with circuits that reduce or
eliminate unwanted DC offset and re-radiation, and improve
dynamic range.

[0449] 7.0 DC Offset, Re-Radiation, and Dynamic Range
Considerations and Corrections

[0450] Various embodiments related to the method(s) and
structure(s) described herein are presented in this section (and
its subsections). Problems related to DC offset, re-radiation,
and dynamic range are described below. Applications of the
UFT module are provided in relation to circuits used to reduce
or eliminate problems of DC offset and re-radiation, and to
improve dynamic range.

[0451] These embodiments are described herein for pur-
poses of illustration, and not limitation. The invention is not
limited to these embodiments. Alternate embodiments (in-
cluding equivalents, extensions, variations, deviations, etc.,
of the embodiments described herein) will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein. The invention is intended and adapted to
include such alternate embodiments.

[0452] 7.1 Overview of DC Offset and Re-Radiation
[0453] Receivers, and other electronic circuits, may suffer
from problems of DC offset and re-radiation. Generally, “DC
offset” refers to a DC voltage level that is added to a signal of
interest by related circuitry. The related circuitry creates the
DC offset voltage through a variety of mechanisms that are
well known. Some of these mechanisms are discussed in
further detail below. If a DC offset voltage value is significant,
it can degrade the quality of the signal of interest. In a
receiver, for example, the signal of interest may be a down-
converted signal. Unless reduced or eliminated, the added DC
offset voltage level may undesirably change the voltage value
of the down-converted signal. As a result, the actual voltage
value of the down-converted signal may be difficult to ascer-
tain by down-stream processing.

[0454] Generally, “re-radiation” is an undesired phenom-
enon where a signal comprising one or more frequency com-
ponents generated by receiving circuitry is transmitted by an
antenna. For example, the frequency components may be
generated by a local oscillator of the receiving circuitry.
When transmitted, these frequency components may undesir-
ably interfere with nearby receivers, or may be received back
by the same antenna that transmitted them. When the fre-
quency components are received back by the same antenna
that transmitted them, this may be referred to “re-radiation
recapture”. The phenomenon of re-radiation recapture may
further impair signals that are down-converted, and/or may
cause undesirable DC offset voltages that may impair the
down-converted signals. For instance, the re-radiated and
recaptured signal may appear to the receiver as unwanted
noise, within or without the frequency band(s) of interest, or
may combine with local signals to create an undesired DC
offset voltage. The phenomenon of creating a DC offset volt-
age by re-radiation recapture is described further below. Solu-
tions provided herein for eliminating unwanted DC offset
voltages apply to eliminating DC offset voltages produced
from re-radiation recapture.

[0455] Furthermore, signals in a receiver circuit may travel
or radiate to other receiver circuit sections, causing problems
similar to those of re-radiation recapture described above,
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including problems of noise and DC offset voltages. For
instance, local oscillator signals may undesirably transmit
through the circuit substrate, through the air, or through other
paths, to other receiver circuit sections, causing unwanted
noise problems and problems with unwanted DC offset volt-
ages being generated. Circuits provided herein for solving
problems with DC offsets, re-radiation, and re-radiation
recapture also apply to solving problems of noise and
unwanted DC offset voltages caused by this phenomenon.
[0456] The concepts of DC offset and re-radiation are fur-
ther described in the following sub-sections. Furthermore,
example methods and systems are provided in subsequent
sections below for reducing or eliminating unwanted DC
offset and re-radiation. Such methods and systems can be
used alone, or in combination with each other, to address
offset issues.

[0457] 7.1.1 Introduction

[0458] Embodiments of the UFT module may be used in
many communications applications. For some of these appli-
cations, the signal space may include waveforms with near
DC content. Such waveforms exist, for example, in signals
transmitted at radio frequencies. Hence, it may be advanta-
geous to limit the amount of artificial DC insertion or DC
offsets contributed by the UFT module or its complimentary
demodulation architecture.

[0459] This section presents an overview of DC offset con-
tributions of the UFT module, and related circuitry, relevant
for zero IF implementation. In addition, embodiments of the
present invention are presented for reducing the adverse
impacts of the DC offsets.

[0460] 7.1.2 DC Offset Model Overview

[0461] FIG. 73 illustrates a down-conversion circuit 7300
according to an embodiment of the present invention. The
down-conversion circuit 7300 of FIG. 73 provides a model
that indicates possible DC offset contributions. Down-con-
version circuit 7300 comprises a UFD module 7302. UFD
module 7302 comprises a UFT module (not shown).

[0462] There are at least three significant categories of oft-
sets.

[0463] 1. Clock Excitation or Charge Injected

[0464] 2. Re-radiation Offsets

[0465] 3. Intermodulation Distortion

[0466] Each category possesses its own mechanisms.
[0467] The following definitions in Table 1 set the back-

drop for analysis and understanding of the offset phenomena
from a high level model. At least some of the phenomena
relevant to the discussion in terms of device physics may be
lumped into one or more of the following model parameters.

RO=[r(0)thk kyC (1 ) +eokpCp(t p) R pnath s Ca(t )+

kpCa(T'B)CH)+<IC(8) >k, Eq. 29

(*The charge injection path associated with k, has been
ignored in Eq. 29. This component will be addressed sepa-
rately in a subsequent section.)

TABLE 1

r(t) = s(t) + 1(t) is the received signal of interest which consists of a
n(t);. modulated carrier s(t) and a noise component n(t).
ki k,C(t's;) or  This signal is a conditioned clock 7304 or transient
kC(t'y) waveform, which leaks to the core input of UFD module
7302 across free-space, substrate, etc.
t'41 is a delayed time variable.
tyr=t-ty—t, where t, is the delay of the specific (A)
path, and t, is the additional delay through the (1) path.
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TABLE 1-continued

kokzCa(t'sy) or  This signal is similar to the one described above except
kzCx(t's) that the leakage paths and delays are different and the
leakage signal is a raw clock 7306 rather than a
conditioned clock 7304.

This is a signal which is self-generating at UFD 7302
module, and is derived from the charge injection
phenomena at UFD 7302 module when the conditioned
clock 7304 or control is active. Essentially, the
conditioned clock C(t) is modified by a

nonlinear operation (in this case an abs function)
averaged or integrated over some interval and scaled by a
gain constant k,, and delayed by t;.

When C(t) is not active, then <|C(t)> - k,_— 0. This
offset term is summed effectively at the oui"put of UFD
module 7302.

<> denotes the expectation operation.

Gain constant associated with feed forward charge
injection path. This path is typically of interest when
interferences are present. Usually, offsets will not be
significant unless the S/I (Signal to Interference power) is
very low and I is very large.

<ICH)1>k 5

*kﬂ

[0468] There may be additional leakage terms, which are
not illustrated in the model.

[0469] 7.1.3 Clock Modulation Via PN Code

[0470] A system and method for addressing DC offset,
according to an embodiment of the present invention,
involves modifying the O (local oscillator) in such a manner
that the offsets are randomized and spectrally spread. After
some amount of amplification the randomized signal may be
de-spread coherently. At least some of the offset, particularly
that offset which is due to LO re-radiation, may be removed.
FIG. 74 illustrates a down-conversion circuit 7400, according
to an embodiment of the present invention, that removes at
least some offset. Down-conversion circuit 7400 comprises a
UFD module 7402. UFD module 7402 comprises a UFT
module (not shown).
[0471] Although only a single down-conversion channel is
illustrated in FIG. 74, in alternative embodiments the archi-
tecture may be extended to include both I and Q, especially if
two uncorrelated PN (Pseudo-random Noise) sequences are
utilized. Other dual or multiple channel embodiments are also
within the scope and spirit of the present invention. In an
embodiment, the PN code or similar sequence is formed by a
maximal length linear feed back shift register (or other logic)
and is modulated onto the clock and pulse conditioned to form
C(1). Cppft) is the baseband PN sequence waveform. C (1)
is virtually identical to Cp,(t) except for a very small time
shift. R'(t) may be given by:
R(1)=kppR(1=155)(Con(1)) Eq. 30
Which may be expanded to:

R'(Dkppl(r(=tpp)C(1')+ Z (t-135) i potX(-152) 1 Con

(O+(>1Ct-15p) 1>k 1 Jepp) Con(t) Eq. 31

where:

2 (1=t k4 C(1' )+ Calt ) CD)
(= Ot )+ Calt's))CO)
UxA(t-ty)

CO-C4) Eq. 32

[0472] It will be apparent to persons skilled in the relevant
art(s) from the teaching herein that examination of these

21
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equations, combined with the knowledge that C(t) can be a
pseudo random sequence, will reveal interesting cross corre-
lations for the math provided above.

[0473] For the moment, delays on the order of sub-carrier
cycle times and carrier cycle times may be ignored, thereby
considering many of the delay terms to be zero. While this
may not actually be the case, this does provide a substantially
worst case bounding view of cross-correlation properties of
the described signal in one dimension. The general result
would apply to the I/QQ complex signal representation. How-
ever, the first step for a single dimension is instructive and
therefore provided. The cross-correlation R - is calculated as
follows:

R)cx(l)éq{BBR(l)CPN(Z)>"‘<kBBR(Z‘ZBB)CPN(Z > Eq. 33
The result is:
R0 <[Rg ki pr (D)4 itk pn CO)C4 () Con)+
k2 pkaakppCO) Cp(D) Con(t)+hppk 4 C4 (1) C(D)+
kppkpCrt)Con(tH<1C(0) >k kppCon(t')[> Eq. 34

Cppa(), C (1), r(t), and Cx(t) average to zero over a long term,
if Cpp(t) is augmented. Even if r(t) does not average to zero,
r(t) is not considered because it is the signal of interest.
(NOTE: An “augmented” sequence refers to the process of
chip stuffing as required to provide ideal code balance.)

[0474] It will be known to persons skilled in the relevant
art(s) that C(t) and C4(t) are uncorrelated. It is also known that
IC(t)l and C,(t) are uncorrelated when C,(t) is bipolar. If
the cross-correlations indicated above are in fact indicative of
the process, then R (1) would approximately reduce to:

R0 Eq. 35

R (1) represents the DC offset that exists due to LO re-
radiation leaking into the front end of UFD module 7402 by
some ancillary path, such that it is converted into band at the
output of UFD module 7402 for the case where the leakage is
synchronous in part or whole to the UFD module transform,
plus charge injected offset. This synchronicity is actually rare
for cases where k, , ork, is large. Typically those gains would
be much less than 1.

[0475] What the above equation reveals is that little or no
DC offset effects remain if Cp,(t) and C(t) are balanced,
bipolar sequences.

[0476] In this case, a spreading sequence, spreading rate,
and sequence length are selected. This selection typically
requires careful examination of the signaling scheme, data
rate, etc. Also, the Cl path involving k shas not been accounted
for in this analysis.

[0477] 7.1.3.1 Interpretation of R _(t) and Required Leak-
age
[0478] It may be desirable that R_(t) be 3.16x107° volts

peak in a 5092 system for a number of applications. For a
system design where the UFD module possesses an output
impedance of 1KQ, a signal level of 63.2 uV peak may be
tolerated (-100 dBm).

[0479] In embodiments, clock port or control port signals
may swing as much as 2V peak internal to the UFD module.
If 2 volts must be reduced to 63.2 uV at the UFD module
output, then:
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» 63.2%107¢ Eq. 36
2V ko <632X 10" Vgt ke < ——5——
[0480] Hence:
k5 <31.6x1076<-90 dB(power) Eq. 37

Eq. 37 implies that the effective isolation from charge
injected DC must be on the order of 90 dB (power) or greater
at the UFD module in various embodiments.

[0481] In embodiments, it is unlikely that 90 dB of chip
isolation would be achieved in a system-on-a-chip design. It
may be more difficult to maintain isolations over temperature
and production lots. In an embodiment, the suppression is
such that the LO re-radiation in band @ 2450 MHZ for a n=5
system is —20 dBm.

[0482] A similar calculation for the aggregate LO re-radia-
tion components reveals the requirement of approximately
100 dB suppression, effectively.

[0483] 7.1.3.2 Charge Injected DC Offset

[0484] The charge injected DC offset phenomena may be
modeled as some rectification of the clock or control port
energy weighted by some gain constant, k_, . The amount of
DC offset introduced at the output of the UFD module may be
given as:

Clurpp A<ICE) Py, Eq. 38

[0485] However, it may also be of value to construct a
picture more closely associated with how this term arises.
Consider a down-conversion circuit 7500 shown in FIG. 75,
configured according to an embodiment of the present inven-
tion. Down-conversion circuit 7500 comprises a UFD module
7502. UFD module 7502 comprises a UFT module (not
shown). An equation can be written to describe the voltage at
the output due to C(t). The complex domain equation is:

Z1 - Z.Coreff - S Eq. 39
Vocils) = VC(S)( — Ol ]
12c +Z e+ 72y - Z)Copef S + (2 + 7]

R
Z. A Complex Load Impedance (ﬁ)
C-

L-SZs (s) )

ZIA Complex Source Impedance (Zmz) + m

[0486] V (s)A Complex Clock Signal driving the UFD
module -

[0487] VA The Complex Output Signal arising from
clock activity at UFD module 7502. This component is
considered as a voltage resulting from charge injection
due to the parasitic Cyy .z

There are some high level considerations which reveal impor-
tant aspects of the phenomena. The equation shows the fol-
lowing;

[0488] WhenV (s)isapure DC waveform, V ,,1s zero.
However, V(1) does possess both a transient and DC
offset component. If the DC offset component is zero
then V (t) would also be zero.

[0489] As the frequency content of the transients in
V (s) are lower, then so too V., will typically become
lower. However, this perceived monotonic correspon-
dence of V ;- to frequency components V ~(s) may not
always hold because of resonances in the complex
impedances surrounding UFD module 7502. The DC
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offset performance of UFD module 7502 is a strong
function of the Fourier signature for V (1), as is further
described below.

[0490] When C,,, ;—7ero, then V ,,—>zero.

[0491] Thelowerthe sourceimpedance and the lower the
load impedance, the lower V ,; becomes.

[0492]  Z ,rp o tends to provide some isolation from
input impedances over the frequency ranges where the
real [ Z rp moanze) S€riES component dominates. When
real [ Z ypp moawe] 18 significant, Z ; becomes a consid-
eration concerning V o

Coreps a parasitic which is well known and understood in
conventional receiver systems. There are processes available
which can reduce this parameter by a factor approaching 100.
A value in one embodiment of UFD module 7502 would be on
the order of:

Copeg~120pf Eq. 40

Hence, this could be reduced to 1-2 pf.

[0493] The amount of charge injected DC voltage variation

at the output of UFD module 7502 is related to one or more of

at least the following factors:

[0494] Z ((s): The Input Source Impedance, which is typi-
cally complex.

[0495] L: This is a typically used bias inductor. Other
arrangements are possible. This one is selected simply for
illustration purposes.

[0496] Z ~(s): The Output Impedance of the Clock Source
(C).

[0497] C,R,: Components utilized to load UFD module
7502.

[0498] C,; .z This capacitance is a process parasitic and is
shown as an effective capacitor formed from several physi-
cal capacitors, which usually dominates in terms of charge
injection path. Although shown on the output node it may
be actually split between output and input of UFD module
7502. In fact, the input typically provides a significant LO
re-radiation path.

[0499]  Z . rp moawe: Internal Impedance of UFD module
7502.

[0500] Because Z'g, %, and Z . are all complex imped-
ances, there is always the chance that resonance’s may occur
for certain Cy, 5 such that V-, could possess local maxima
even as C; ydecreases. In the case where Z e moduzer Z 15
Z s, and Z . are dominated by real parts, the injection attenu-
ation gains in dropping C;, - from 120 pf to 2 pf are enor-
mous. These attenuation gains may be roughly 35 dB in
power, and half that in voltage. Hence, DC offset due to
charge injection may be significantly attenuated by process
control. An example of process control may be related to
moving from CMOS (Complementary Metal Oxide Semi-
conductor) to DMOS (Double Diftused Metal Oxide Semi-
conductor). There are processes available which may include
both CMOS and DMOS on the same substrate, possibly pro-
viding important performance options, particularly in the
domain of gate overlap capacitance control. The effective
gate overlap capacitance C,;,1is a chief offender, which
results from process oxide capacitance in conjunction with
overlap parasitics related to transistor geometries.

[0501] Another method of artificially decreasing C,;,ris

by changing Z ., to incorporate a series capacitor, which is

much lower than C,,, - However, this must be done carefully
to avoid negative substrate transients. A further useful circuit
model allows
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1
Z -0, % _’OaZDZD_’OaZL_’_C .
N

An embodiment of this circuit is shown in FIG. 76, as down-
conversion circuit 7600. Down-conversion circuit 7600 com-
prises a UFD module 7602. UFD module 7602 comprises a
UFT module (not shown). Under these conditions:

Cox Eq. 41
Voo ~ —(Y]W-L)(vcp V-V

where:

[0503] C A Oxide Capacitance, Function of Process.

[0504] W, LA Fundamental Geometries related to the
UFD module, which affect parasitic overlap capaci-
tances.

[0505] V_,A Conditioned Clock Peak Excursion (unfil-
tered).

[0506] VA Threshold Voltage related to the Process.

Eq. 41 relates directly to the device physics of the UFD
module. Cy, srelates to Cy-and the parasitics formed due to
Wand L.

[0507] This model has some practical application because
it can be used to predict compromises in the charge injection
DC offset due to UFD module 7602 process parameters and
the output capacitor C. For example, the model can predict, to
a reasonable approximation, the results of a corresponding
simulation. In the situations where Z's, Z., and Z zp
modute May not be precisely known, a circuit designer may at
least select approximate specifications for UFD module 7602
designs using the simple model, and add more accurate
impedances as they become known. Furthermore, to the
degree Cpy, W, L, V4, and V, can be manipulated, the more
V 5 can be reduced.

[0502]

[0508] 7.1.3.3 Clock Waveform Impact on CI Induced Oft-
sets
[0509] The previous section illustrated that the clock wave-

form can impact the efficiency of CI DC offset build up. This
is an important concept because clock design is integral to the
UFD module theory. The following formulation provides a
Fourier series representation for a general clock pulse, and
provides some insight into the frequency content of the exci-
tation clock. The DC introduced by charge injection is a
strong function of complex impedances around the UFD
module. Signals which stimulate the UFD module may also
play a role in the DC offset, depending on the clock signal’s
Fourier signature.

[0510] Clock pulse train V(t) may be represented by a
Fourier series as follows:

Vo Ta & in(naTs /2 y) Eq. 42
Ve = —2 4, Z ZVCp(ism(mmA/ )](cos(—;:[)]

n=1

An ideal rectangular clock pulse is illustrated in FIG. 77A,
with zero rise and fall time. This may be considered to be a
worst case scenario. In reality the clock waveform will consist
of'a repeating pulse train with a basic pulse shape possessing
finite, non-zero, rise, and fall times.
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[0511] The calculated Fourier series for V(1) is a well
known result for sampling devices. As T, decreases, the Fou-
rier spectrum extends ever greater in the frequency domain
with significant harmonics.

[0512] FIG. 77B illustrates that the spectrum is a “picket
fence” with harmonics separated by f=T¢!, and nulls at
N+, where £, =T ,~'. Hence, the greater the value of ratio
TJ/T,, the greater the number of harmonics out to the first
null, and the greater number of components, spectrally, which
can excite the process parasitic at higher and higher frequen-
cies.

[0513] A sequence of plots in FIGS. 79-83 and 86A illus-
trate this concept of clock waveform attributes and relation-
ship to the DC offset.

[0514] FIG. 78 illustrates a down-conversion circuit 7800
used to determine DC offset due to charge injection, and
possibly LO feed through, according to an embodiment of the
present invention. Down-conversion circuit 7800 comprises a
UFD module 7802. UFD module 7802 comprises a UFT
module (not shown).

[0515] FIG. 79 shows the offset obtained with 3 different
clock pulse widths (T ) for the circuit of FIG. 78. The clock
is configured to operate on a 2.4-2.5 GHz band signal using a
5th harmonic technique. The clock for the offset plots of FIG.
79 was selected to down-convert 2.45 GHz.

[0516] FIG.79 shows that longer pulse widths may produce
lower Cl related offsets. FIG. 80 illustrates a situation similar
to that of FIG. 79 utilizing a 3rd harmonic clock approach. As
shown in FIG. 80, reducing the clock frequency components
did not continue to reduce V ;. This may be due in part to the
surrounding complex impedances which will possess local
resonances or favor certain Fourier spectrums.

[0517] The circuitry surrounding UFD module 7802 may
affect overall circuit performance. For example, FIG. 81
shows offsets obtained using slightly lower bond wire induc-
tance. FIG. 81 illustrates how the results of FIG. 79 may be
affected by these changes.

[0518] FIG. 82 illustrates the case of a fixed 204 ps T, with
10 ps rise and fall times, while permitting a variation in bond
wire inductance. FIG. 82 indicates that lower inductance may
be better in some situations.

[0519] The previous plots related to cases with clock wave-
forms V (t) possessing 10 ps rise and fall times. FIG. 83
illustrates the V5, response for a variety of rise and fall
times, 204 ps T, and 5th harmonic operation.

[0520] It is interesting to note that there are two local
minima for the DC offset performance with fast rise times
representing one of those cases. This implies resonance in the
complex impedances surrounding (and including) UFD mod-
ule 7802. Different circuit topologies will behave differently
and different component types would operate differently due
to their own parasitic elements. In addition, stretching to a 3x
or 5x aperture would produce different results.

[0521] 7.1.3.4 Bench Example

[0522] Experiments were conducted with hardware
designed to operate in the 2.4 GHz ISM (Industry, Scientific,
and Medical) band. 5th harmonic mode was utilized for the
clock, with the clock rate being varied between 482.4 MHZ
and 492.4 MHZ. The UFD module configuration was an 1/Q
receiver with matching networks and DC coupling. The input
to the I/Q assembly was terminated with 50Q.

[0523] The charts shown in FIGS. 84A, 84B, 85A, and 85B
record the results on the I port for a variety of LO drive levels
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and 3 operating channels, for two different assemblies: one
with a clock port match and one without.

[0524] 7.1.3.5 Complementary Architecture

[0525] Up to this point the UFD module cores analyzed
have been based on a non-complimentary structure. Comple-
mentary structures can be used with the important advantage
of lower UFD module losses and greater IP2, IP3 perfor-
mance. In addition, some charge injection cancellation
should be possible. The results in FIG. 86A correspond to
results recorded in FIG. 79. Careful examination shows that
there may be a 4.25 dB reduction in CI induced DC offset
possibly attributed either to the complementary UFD module
architecture or the resulting modification to Z ;zp yoduse
[0526] 7.1.3.6 Spreading Code Results

[0527] Sections 7.1.3 and 7.1.3.1 outline the concept of
using a local PN code to reduce the DC offset generated at a
UFD module, or created due to LO re-radiation recapture.
Maximal length codes, balanced codes, and other related
code types may be used. Furthermore, the statistical proper-
ties of a code may be tailored in the time domain or frequency
domain to accomplish desired DC reduction while minimiz-
ing the impact to the desired signal.

[0528] Experiments have been accomplished with UFD
module circuit embodiments to illustrate the potential of
these techniques. FIG. 86B shows an example spectral plot of
a carrier tone at RF, corresponding to LO re-radiation at a
UFD module.

[0529] FIG. 86C illustrates the LO re-radiation spectrum
shown in FIG. 86B after modulation by an example modified
maximal length linear PN sequence. In this example, the
power spectral density is substantially modified by the code.
On average, the power spectral density has been lowered by
approximately 32 dB. This benefit may not be completely
obtained unless the specification desired for re-radiation is
referenced to the resolution bandwidth of the analyzer sweep.
This is adjusted for wider bandwidth (faster) PN sequences
with long repetition intervals. That is, the processing gain of
interest here is the bandwidth expansion factor:

By = W Eq. 43
resBWpe.
Where:
[0530] BW A Bandwidth expansion factor (unitless)
[0531] Ban:A Double Sided Bandwidth of PN
Sequence
[0532] resBW,,, A Resolution bandwidth for a particu-

lar re-radiation sp%ciﬁcation that is dictated by standards
or regulatory agency.

Then:
[0533]

Ppy=10 log,o(BWy) dB Eq. 44

Py 1s the effective processing gain due to LO bandwidth
expansion factor alone, that is attained by using a special
sequence at a UFD module clock port superposed on the
clock. To some extent, BW,,, can be adjusted for a desired
effect, although there may be other practical system con-
straints.
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[0534] As predicted by equations in section 7.1.3, the DC
offset at a UFD module output may be canceled using a
special sequence, its correlation properties, and its effective
system processing gain.

[0535] FIG. 86D shows an example PN modulated output
of'a UFD module configured to receive a 870 MHZ RF signal
with a slight carrier frequency offset. A beat note represents
the slight carrier offset (envelope of the baseband). In addi-
tion, the PN code impressed on the received signal by the
special UFD module clock signal is visible.

[0536] The signal illustrated in FIG. 86D possesses sub-
stantial DC offset. FIG. 86E illustrates the result after PN
rectification or correlation. The DC offset produces a PN code
summed to the desired signal while the balanced PN modu-
lation envelope is removed by correlation. The power in the
remaining summed PN signal is directly proportional to the
original UFD module DC offset plus all system offsets there-
after up to the post-correlator. The bandwidth of this ancillary
PN code power is substantially wider than the bandwidth of
the baseband signal by design. Hence, the post filter (some-
times a baseband matched filter) can remove much of the
variance of'the PN sequence. FIG. 86F illustrates the low pass
output to recover the baseband beat note.

[0537] A goal is to choose an effective system processing
gain PG, which is high enough to drive significant variance

from the low pass result. PG, is defined as follows:

(BWp, [2)
BWuyr

Eq. 45

PGyyAl0log

[0538] BW,,A Double Sided PN Code Bandwidth
[0539] BW, A Filter Bandwidth

[0540] The example run in the lab utilized a 10 kHz base-
band signal bandwidth and a spreading rate of 5 MHz. In
addition, the code was modified as an R Z type. This tech-
nique may not provide all of the DC cancellation required but
can be a powerful tool for many applications.

[0541] 7.1.4 UFD Module DC Offsets from Non-Lineari-
ties
[0542] Because the UFD module is at least a conversion

device, an intercept point will determine output waveform
integrity to a large extent. Two tone 2”4 order intercept and
two tone 3" order intercept points are important. In particular,
the two tone second order intercept point, IP2, ,, relates to DC
offset. As the input begins to approach the UFD module rails,
harmonic spectrums are generated in the signal path. Because
the UFD module clock may excite harmonics, each harmonic
spectrum may down-convert to DC, adding some DC offset.
Because the phases of the down-conversion harmonics gen-
erally are complicated, the resulting DC offset may be non-
systematic, even though the process is predictable by using
complex math.

[0543] FIG. 86G illustrates an exemplary signal input har-
monic spectrum and conversion clock harmonic spectrum.
The harmonic spectrums for the input signal at f, and f;
become more significant as the UFD module is pushed harder
on its input.

[0544] Another concept useful in considering the IP2,,,
mechanism comes from a different view on the frequency
doubling phenomena. Frequency doubling occurs in a square



US 2013/0122846 Al

law device. Hence, for the 2"¢ order term, the non-linearity
from the UFD module output may be approximated by;

(A(D)cos(@e+P()) =124 (1), 1+cos 2wy +20(1))) Eq. 46

[0545] A(t)A Amplitude Domain Modulation
[0546] q)(t)A_ Phase Domain Modulation

[0547] A(t) could represent the complex envelope of modu-
lation from information impressed on the carrier (as well as
noise). Likewise, ¢(t) could contain information modulated
onto the carrier as well as phase noise. The above equation
illustrates that the 2x frequency component can be formed
from the non-linearity but that A(t)? is also formed. The
equation indicates that a DC component results from the
squared envelope. This DC component is not desirable. Like-
wise, higher order inter-modulation can contribute to the
problem, particularly even order terms.

[0548] In general, the output voltage of a non-linear system
can be expanded in terms of its input voltage by a power series
of the form shown in FIG. 86H. Usually it is difficult to
predict k,, k, . . . precisely. Extending properties of linear
systems to non-linear system descriptions permits another
useful and more general equation:

VO™ o SRy, th, )X )X (-1t) - . X

u,du,, dus, . .. du,) Eq. 47

where y, (1) is the system output and X(t) is the system input.
This is the so called nth order impulse response for the sys-
tem, found by an n-fold convolution kernel. FIG. 861 shows a
block diagram representation of this system.

[0549] y,(1) is the desired linear impulse response of the
system. y,(t) is the two-dimensional system convolution
involving X(t). y;(t) is the three-dimensional convolution of
X(t) and the impulse response h, (u,,u,,u5), etc. This isknown
as the Volterra functional series representation of a system.
For weak non-linearities, the first 3 terms of the series may
provide enough information to characterize a system. This is
the case for many communications systems.

[0550] Such nth order analysis in practice is often complex
and tedious, yielding only a general feel for the expected
result, unless circuit and network models are extraordinarily
accurate. Nevertheless, in the approximation, the 2”¢ order
term relating to the two tone 2 order input intercept (IP2,,)
is one useful metric for measuring down-conversion linearity.
Essentially, the DC offset from IP2,,, is bounded at the upper
end by the power of the 2"¢ order harmonic.

[0551] For instance, suppose that it is desired to suppress
the power of the 2" order term by 20 dB in a direct down-
conversion device (no interference present). If the highest
expected input RF signal of interest is -25 dBm, the system
will require an input intercept (IP2,,,) of =5 dBm. This estab-
lishes a signal-to-DC offset ratio of at least 20 dB due to the
2"¢ order non linearity.

[0552] Now consider the case where other unwanted sig-
nals are present at the input to the non-linearity along with the
signal of interest. Suppose the RF signal is at a level of =101
dBm, while the interference tone is a level of -30 dBm.
Furthermore, assume that the system noise floor is near
enough to —-101 under linear conditions such that we desire an
additional 10 dB margin on any 2" order non-linearity folded
back in band, so that our benchmark at 101 dBm is not
affected.

IP25=(~30+111)-30=51 dBm Eq. 48
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Therefore, IP2;,,can become a significant specification when
an interference or blocking tone is considered, and unfiltered
due to a zero IF architecture.

[0553] This type of non-linear effect is dependent on input
signal power to a great extent. Because the phenomenon is
based on even-order intermods, differential design can cancel
a significant portion of the difficulty, but imbalance may not
remove it all. For instance, suppose that the input to the UFD
module is at —15 dBm due to an LNA in front of the down-
conversion. Suppose this is an interfering tone. Also, assume
a 1KQ baseband operating impedance and a 12 dB UFD
module conversion loss. The suppression of the IP2,,; at the
UFD module output is then:

DC(IP2)=<-15-12-81 Eq. 49

If'the desired suppression is 81 dB, the output offset into 1K€Q
is less than 0.126 mV due to 2"¢ order non linearities. This
may be accommodated with an op amp circuit, for example.
If a differential architecture is assumed, then arguably this
signal can be processed in terms of common mode range.
[0554] Infact,in embodiments a UFD module with IP2,,,0f
+40 dBm could be tolerated if 10 dB of cancellation is avail-
able from a differential architecture. Differential architec-
tures may extend as great as a 30 dB benefit, for example,
without special trimming.

[0555] 7.2 Example Embodiments to Address DC Offset
and Re-Radiation Problems

[0556] Section 7.1 above discussed problems related to DC
offset and re-radiation that occur during and after the down-
conversion process, and were provided for illustrative pur-
poses, and are not limiting. Embodiments were also provided
for reducing or eliminating unwanted DC offset and re-radia-
tion using techniques of spectral spreading followed by de-
spreading, according to the present invention. Various
embodiments related to the problems, method(s), and struc-
ture(s) described above are presented in this section (and its
subsections). In particular, further applications of the UFT
module are provided below in circuit configurations that
reduce or eliminate problems of DC offset and re-radiation.
[0557] These embodiments are described herein for pur-
poses of illustration, and not limitation. The invention is not
limited to these embodiments. Alternate embodiments (in-
cluding equivalents, extensions, variations, deviations, etc.,
of the embodiments described herein) will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein. The invention is intended and adapted to
include such alternate embodiments.

[0558] 7.2.1 DC Offset

[0559] Exemplary embodiments are provided below for
reducing or eliminating unwanted DC offset voltages. These
unwanted DC offset voltages include unwanted DC offset
voltages created by any source, including non-ideal circuit
component operation, re-radiation recapture, local circuit sig-
nals traveling or radiating to other circuit sections, etc. The
embodiments provided below are not limited to this use, but
may have additional applications. For example, these
embodiments may be applicable to reducing or eliminating
unwanted circuit re-radiation.

[0560] 7.2.1.1 Reducing DC Offset by Spectral Spreading
and De-Spreading

[0561] Embodiments for reducing DC offset by spectral
spreading and de-spreading, as described above, are further
described in the following sub-sections, and additional
related embodiments are presented.
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[0562] 7.2.1.1.1 Conventional Wireless Communications
Receiver
[0563] FIG. 87 shows an example conventional wireless

communications down-conversion system 8700. Down-con-
version system 8700 comprises a down-conversion module
8702 and an amplifier 8704. Down-conversion module 8702
typically comprises a super-heterodyne receiver. Down-con-
version module 8702 may comprise multiple down-conver-
sion stages. Amplifier 8704 may comprise an amplifier, a
filter, other signal processing component(s), or any combina-
tion thereof.

[0564] Down-conversion module 8702 down-converts a
modulated carrier signal 8706, according to at least one local
oscillator signal 8708, to a down-converted baseband signal
8710.

[0565] Down-converted baseband signal 8710 is input to
amplifier 8704. Amplifier 8704 amplifies, filters, and/or oth-
erwise processes down-converted signal 8710, and outputs
baseband signal 8712.

[0566] As described above, and shown in FIG. 87, DC
offsets due to local oscillator signal 8708 may be input to the
signal path at several points, with some possible points indi-
cated by charge leakage and charge injection paths 8714,
8716, and 8718. As described above, charge leakage and
charge injection are well known effects. These DC offsets
disadvantageously affect at least the dynamic range and accu-
racy of baseband signal 8712. For instance, adding a signifi-
cant DC offset to baseband signal 8712 may cause the output
of subsequent amplifiers in the baseband signal path to
approach the level of their power supplies, potentially causing
the amplifiers to rail or become non-linear.

[0567] 7.2.1.1.2 Spread/De-Spread Receiver Embodi-
ments of the Present Invention

[0568] An embodiment of the present invention addresses
undesired DC offsets described above by modifying the local
oscillator in such a manner that offsets are randomized and
spectrally spread. This pseudo-random local oscillator signal
is used to down-convert an input signal, such as a modulated
carrier signal, and spread the spectrum of the down-converted
signal. After some amount of amplification, filtering, and/or
other optional processing, the randomized down-converted
signal may be spectrally de-spread to a baseband signal.
Because the down-converted signal is spectrally de-spread,
offsets are spectrally spread. At least some of the offset,
particularly the offset due to local oscillator re-radiation, is
reduced or removed from the resulting baseband signal. The
offset is spread over a frequency range.

[0569] FIG.88A shows an exemplary spreader/de-spreader
down-conversion system 8800, according to an embodiment
of the present invention. Spreader/de-spreader down-con-
verter system 8800 comprises a UFD module 8802, an ampli-
fier 8804, a first multiplier 8806, a second multiplier 8808, an
oscillator 8826, a pulse shaping circuit 8828, and a code
generator 8832. UFD module 8802 comprises at least one
UFT module. Amplifier 8804 may introduce an unwanted DC
offset voltage onto a signal being down-converted by system
8800. Spreader/de-spreader down-conversion system 8800
operates to reduce or eliminate this unwanted DC offset volt-
age.

[0570] Oscillator 8826 outputs oscillating signal 8830.
FIG. 88C shows an example waveform for oscillating signal
8830. Oscillating signal 8830 is preferably a periodic sine
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wave, but may be other periodic signal waveforms such as
square wave, triangle wave, ramp wave, and other wave-
forms.

[0571] Code generator 8832 outputs coded sequence signal
8816. Coded sequence signal 8816 is preferably a signal
coded according to a pseudo-random code sequence. For
example, acceptable pseudo-random coding includes PN
coding. Other applicable code schemes such as are also
within the scope of the present invention, such as square
waves and Manchester encoding. FIG. 88D shows at least a
portion of an example coded sequence signal 8816.

[0572] First multiplier 8806 receives oscillating signal
8830 and coded sequence signal 8816. First multiplier 8806
multiplies oscillating signal 8830 and coded sequence signal
8816, and outputs a coded oscillating signal 8814. Coded
oscillating signal 8814 comprises at least some cycles of
oscillating signal 8830 modified (or spread or coded) accord-
ing to coded sequence signal 8816. FIG. 88E shows an
example waveform for coded oscillating signal 8814.

[0573] In a preferred embodiment, when coded sequence
signal 8816 is a “high” signal and/or represents a “1”, the
phase of corresponding cycle(s) of oscillating signal 8830 are
not modified, and when coded sequence signal 8816 is a
“low” signal and/or represents a “0” or a “~17, the phase of
corresponding cycle(s) of coded oscillating signal 8814 are
shifted 180 degrees. For example, as shown in FIG. 88H, in
the time that occurs prior to time line 8834, coded sequence
signal 8816 is high, and hence coded oscillating signal 8814
is essentially equal to oscillating signal 8830. In the time
occurring between time lines 8834 and 8836, coded sequence
signal 8816 is low, and hence coded oscillating signal 8814 is
essentially equal to oscillating signal 8830 with its phase
shifted by 180 degrees.

[0574] Pulse-shaping circuit 8828 inputs coded oscillating
signal 8814. The output of pulse-shaping circuit 8828 is a
coded control signal 8818, which preferably comprises a
string of pulses. Coded control signal 8818 comprises at least
some pulses that are modified (or spread or coded) according
to coded sequence signal 8816. FIG. 88F shows an example
waveform for coded control signal 8818. Pulse-shaping cir-
cuit 8828 controls the pulse width of pulses of coded control
signal 8818.

[0575] UFD module 8802 receives an input RF signal 8812
(although it could be an unmodulated signal) and coded con-
trol signal 8818. FIG. 88B shows an example waveform for
input RF signal 8812. UFD module 8802 frequency down-
converts and spectrally spreads input RF signal 8812 to down-
converted spread spectrum signal 8820, according to coded
control signal 8818. FIG. 88G shows an example waveform
for down-converted spread spectrum signal 8820.

[0576] Forexample, FIG. 88F shows an embodiment where
coded control signal 8818 is PN coded. For a positive PN code
chip (for example, prior to time line 8834), the input RF signal
8812 is effectively down-converted to down-converted
spread spectrums signal 8820 in a normal, non-inverted fash-
ion. For a negative PN code chip (for example, between time
lines 8834 and 8836), the phase of one or more cycles of
coded control signal 8818 are shifted by 180 degrees, and
therefore the opposite phase of input RF signal 8812 is
sampled. Hence, for a negative PN code chip, a segment of
input RF signal 8812 is effectively inverted and down-con-
verted to down-converted spread spectrum signal 8820.
[0577] Down-converted spread spectrum signal 8820 is
optionally amplified and/or otherwise processed by amplifier
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8804 (or other circuitry or processing modules), and a pro-
cessed down-converted spread spectrum signal 8822 results.

[0578] Unwanted DC offset may be summed into down-
converted spread spectrum signal 8820 during and after
down-conversion and spectral spreading, and during and after
processing by amplifier 8804.

[0579] Second multiplier 8808 receives coded sequence
signal 8816 and processed down-converted spread spectrum
signal 8822. Second multiplier 8808 multiplies coded
sequence signal 8816 and amplified down-converted spread
spectrum signal 8822. Down-converted spread spectrum sig-
nal 8822 is spectrally de-spread in second multiplier 8808,
and baseband signal 8824 is output. FIG. 88H shows an
example waveform for baseband signal 8824. The unwanted
DC offset is spectrally spread in second multiplier 8808,
reducing or removing the offset from baseband signal 8822.
Baseband signal 8822 may be a baseband information signal,
or may be an intermediate frequency (IF) signal.

[0580] For example, in an embodiment using PN coding,
for a positive PN code chip, amplified down-converted spread
spectrum signal 8822 is multiplied by 1 (not inverted) in
second multiplier 8808. For a negative PN code chip, the
amplified down-converted spread spectrum signal 8822 is
multiplied by -1 (inverted). In this manner down-converted
spread spectrum signal 8822 is spectrally de-spread.

[0581] FIG. 88H shows a pulse 8838 in the example wave-
form of baseband signal 8824. Pulse 8838 may result from the
phase shift of coded oscillating signal 8814 in multiplier 8806
causing a delay between edges of coded sequence signal 8816
and down-converted spread spectrum signal 8820. In pre-
ferred embodiments, each chip or pulse of control signal 8816
may be equal in length to a substantial number of cycles of
oscillating signal 8830, potentially in the hundreds or greater
(the example of FIG. 88H does not show this). Because of
this, pulse 8838 will occur relatively infrequently on base-
band signal 8824, is of high frequency relative to baseband
signal 8824, and hence may be filtered out of baseband signal
8824 by a conventional filter.

[0582] Although only a single down-conversion channel is
illustrated in the example embodiment of FIG. 88A, the
present invention may be extended to two or more channel
embodiments, including I/Q modulation system embodi-
ments. The spreading sequence, spreading rate, and sequence
length may be selected according to the signaling scheme,
data rate, and other factors, as would be apparent to persons
skilled in the relevant art(s) from the teachings contained
herein. Furthermore, the present invention is applicable to
conventional down-converter embodiments, such as shown in
FIG. 89.

[0583] FIG. 108 depicts a flowchart 10800 that illustrates
operational steps corresponding to the structures of FIGS.
88A and 89, for down-converting and spectrally spreading an
input signal, according to an embodiment of the present
invention. The invention is not limited to this operational
description. Rather, it will be apparent to persons skilled in
the relevant art(s) from the teachings herein that other opera-
tional control flows are within the scope and spirit of the
present invention. In the following discussion, the steps in
FIG. 108 will be described.

[0584] Instep 10802, an input signal is down-converted. In
embodiments, the input signal is down-converted with a uni-
versal frequency down-conversion module according to a
coded control signal.
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[0585] In step 10804, the down-converted input signal is
spectrally spread to a down-converted spread spectrum sig-
nal. In embodiments, step 10804 may be at least partially
integral with step 10802.

[0586] Instep 10806, the down-converted spread spectrum
signal is processed. For instance, the down-converted spread
spectrum signal may be amplified, filtered, or otherwise pro-
cessed, as further described above. Furthermore, a DC offset
voltage may be summed with the down-converted spread
spectrum signal, as described further above.

[0587] Instep 10808, the down-converted spread spectrum
signal is spectrally de-spread to a baseband signal. The down-
converted spread spectrum signal is multiplied with a code
used to code the control signal. Furthermore, during this step,
the DC offset voltage is spectrally spread, as further described
above.

[0588] For illustrative purposes, the operation of the inven-
tion is often represented by flowcharts, such as flowchart
10800 in FIG. 108. It should be understood, however, that the
use of flowcharts is for illustrative purposes only, and is not
limiting. For example, the invention is not limited to the
operational embodiment(s) represented by the flowcharts.
Instead, alternative operational embodiments will be appar-
ent to persons skilled in the relevant art(s) based on the dis-
cussion contained herein. Also, the use of flowcharts should
not be interpreted as limiting the invention to discrete or
digital operation. In practice, as will be appreciated by per-
sons skilled in the relevant art(s) based on the herein discus-
sion, the invention can be achieved via discrete or continuous
operation, or a combination thereof. Further, the flow of con-
trol represented by the flowcharts is provided for illustrative
purposes only. Steps may occur in a different order than
shown. Furthermore, as will be appreciated by persons skilled
in the relevant art(s), other operational control flows are
within the scope and spirit of the present invention.

[0589] 7.2.1.3 Charge Injection Reduction Embodiment
[0590] The spectral spreading/de-spreading embodiments
described above reduce or eliminate DC offset from a variety
of sources. In this section, an alternative embodiment,
according to the present invention, is provided for reducing or
eliminating DC offset due at least to charge injection. FIG. 90
illustrates some aspects of charge injection related to the
present invention. FIG. 90 shows a UFD module 9000 com-
prising a UFT module 9002, a storage device 9004, and a
reference potential 9006. In an embodiment, UFT module
9002 comprises a MOSFET 9008, and storage device 9004
comprises a capacitor 9010, although the invention is not
limited to this example.

[0591] Aninput RF signal 9014 is received by a first termi-
nal 9028 of MOSFET 9008. A control signal 9018 is received
by asecond terminal 9030 of MOSFET 9008. A third terminal
9032 of MOSFET 9008 is coupled to a first terminal 9034 of
storage device 9004. A second terminal 9036 of storage
device 9004 is coupled to reference potential 9006 such as a
ground 9012, or some other potential. In an embodiment,
MOSFET 9008 contained within UFT module 9002 opens
and closes as a function of control signal 9018. As a result of
the opening and closing of this switch, a down-converted
signal, referred to as output signal 9016, results.

[0592] A well known phenomenon called charge injection
may occur in such a switching environment. As control signal
9018 applies a pulse waveform to the gate of MOSFET 9008,
MOSFET 9008 is caused to open and close. During this
operation, charge allowed to flow along a DC path 9024 may
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build on the gate-to-drain and/or gate-to-source junctions of
MOSFET 9008, as indicated on FIG. 90 as charge buildup
9020 (note that the source and drain terminals of MOSFET
9008 are essentially interchangeable). Charge buildup 9020
may leak from MOSFET 9020 through leakage path 9022,
and become stored on capacitor 9010. This charge that
becomes stored on capacitor 9010 may cause a change in the
voltage across capacitor 9010. This voltage change may
accordingly appear on output signal 9016 as a potentially
non-negligible DC offset voltage. This non-negligible DC
offset voltage on output signal 9016 may lead to difficulties in
recovering the baseband information content of output signal
9016. Hence, it would be advantageous to reduce or prevent
this potential generation of DC offset voltage caused by this
interaction of control signal 9018 with UFD module 9000.
[0593] FIG. 91 illustrates an exemplary circuit configura-
tion for reducing unwanted DC offset voltage caused by
charge injection, according to an embodiment of the present
invention.

[0594] FIG. 91 shows UFD module 9000 of FIG. 90, with a
capacitor 9126 coupled between input RF signal 9014 and
UFD module 9000. Capacitor 9126 is preferably a small
valued capacitor, such as, but not limited to, 10 pF. The value
for capacitor 9126 will vary depending upon the application,
and accordingly its characteristics are implementation and
application specific. Capacitor 9126 prevents DC current
from flowing along the path shown as DC path 9024 in FIG.
90, and thus reduces or prevents the flow of charge to, and
build up of charge on capacitor 9010. This in turn reduces or
prevents a DC offset voltage resulting from the above
described charge injection from appearing on output signal
9016. Hence, the baseband information content of output
signal 9016 may be more accurately ascertained.

[0595] FIG. 109 depicts a flowchart 10900 that illustrates
operational steps corresponding to FIG. 91, for down-con-
verting an input signal and reducing a DC offset voltage,
according to an embodiment of the present invention. The
invention is not limited to this operational description. Rather,
it will be apparent to persons skilled in the relevant art(s) from
the teachings herein that other operational control flows are
within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 109 will be described.
[0596] In step 10902, an input signal is coupled by a series
capacitor to an input of a universal frequency down-conver-
sion module.

[0597] In step 10904, the input signal is frequency down-
converted with the universal frequency down-conversion
module to a down-converted signal. The input signal is down-
converted according to a control signal. The control signal
under-samples the input signal.

[0598] In step 10906, a DC offset voltage in the down-
converted signal generated during step 10904 is reduced. In
an embodiment, the DC offset voltage is generated at least by
charge injection effects due to interaction of the control signal
with the universal frequency down-conversion module, as
further described above.

[0599] It should be understood that the above examples are
provided for illustrative purposes only. The invention is not
limited to this embodiment. Alternate embodiments (includ-
ing equivalents, extensions, variations, deviations, etc., of the
embodiments described herein) will be apparent to persons
skilled in the relevant art(s) based on the teachings contained
herein. The invention is intended and adapted to include such
alternate embodiments.
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[0600] 7.2.1.4 Auto-Zero Compensation

[0601] Unwanted DC offset may be injected by circuit
components in the intermediate frequency (IF) processing
path or baseband processing path following a UFD module.
In some cases, this DC offset voltage must be reduced or
eliminated. In some situations, the output signal down-con-
verted by the UFD module may be a low level signal, where
even small DC offsets inserted by components following the
UFD module may undesirably affect its value.

[0602] The previous section described inserting a series
capacitor prior to the UFD module to reduce DC offset volt-
ages due to charge injection. In embodiments, a capacitor
may be added in series in the baseband processing path after
a UFD module to reduce or eliminate DC offset voltages. In
some situations, however, adding a capacitor in series in the
baseband processing path after the UFD module is not desir-
able. For instance, in some situations, it may be difficult to
charge such a series capacitor reliably.

[0603] FIG. 92A illustrates an exemplary down-conversion
system 9252, according to an embodiment of the present
invention, that may be used to indicate potential points in a
signal path where DC offset voltages may be injected. Down-
conversion system 9252 comprises a UFD module 9246, a
filter 9248, an amplifier 9202, and an optional IF down-
converter 9250. UFD module 9246 comprises a UFT module
9254. UFD module 9246 down-converts an input RF signal
9256, as described elsewhere herein, and outputs a down-
converted signal 9258. Down-converted signal 9258 may bea
baseband signal, in which case IF down-converter 9250 is not
required, or may be an intermediate frequency signal. Filter
9248 receives and filters down-converted signal 9258, and
outputs a filtered signal 9260. Amplifier 9202 receives and
amplifies filtered signal 9260, and outputs an amplified signal
9262. Optional IF down-converter 9250, when present,
receives and further down-converts amplified signal 9262,
and outputs an output signal 9264. Additional IF down-con-
verter modules may be included as needed.

[0604] UFD module 9246, filter 9248, amplifier 9202, and
optional IF down-converter 9250 may each add a DC offset
voltage to their respective outputs signals. As described
above, the DC offset voltage may undesirably affect the value
of'the down-converted signal. It would be desirable to provide
a circuit that may be inserted for any of the components
shown in FIG. 92 A (such as following such components), and
any other applicable circuit components, to eliminate DC
offset voltages at that point.

[0605] FIG. 92B illustrates an exemplary auto-zero com-
pensation circuit 9200 for reducing or eliminating DC offset
inserted by any of the above described circuit components,
with amplifier 9202 of FIG. 92A shown as an example,
according to an embodiment of the present invention. The
present invention is also applicable to reducing or eliminating
DC offsets inserted by other types of circuit components.
[0606] Inthe example circuit shown, auto-zero compensa-
tion circuit 9200 is located following amplifier 9202 (see also
FIG. 92A). In other implementations, auto-zero compensa-
tion circuit 9200 may follow any applicable circuit compo-
nent in the down-converted signal path, including a UFD
module. While amplifier 9202 is located in the down-con-
verted signal path, components of auto-zero compensation
circuit 9200 are located largely outside of the down-converted
signal path. Auto-zero compensation circuit 9200 provides
many of the same advantages as having a capacitor located in
series in the down-converted signal path. Auto-zero compen-
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sation circuit 9200 comprises a resistor 9204, a switch 9206,
a capacitor 9208, a first summer 9210, a second summer
9212, a first voltage reference 9214, and a second voltage
reference 9216.

[0607] Amplifier 9202 receives an input signal 9260, and
outputs an amplified input signal 9262. Amplified input sig-
nal 9262 may comprise an unwanted DC offset voltage due to
amplifier 9202. While an ideal amplifier has zero input offset
voltage (i.e., DC offset voltage referred to the input) and no
offset voltage drift, most actual amplifiers have offset volt-
ages due to amismatch of input transistors and resistors on the
monolithic circuit. This input offset voltage may drift across
temperature, and hence most amplifiers are specified with an
input offset voltage temperature coefficient. An amplifier may
suffer from further offset voltage from input bias currents.
While an ideal amplifier has zero current flowing into and out
of'its inputs, most actual amplifiers have non-zero input bias
currents flowing into and out of their inputs. These currents
can create an input voltage that resembles a DC offset voltage
when they flow through resistors coupled to the amplifier
inputs. Auto-zero compensation circuit 9200 removes DC
offset voltages and voltage drift created by these mechanisms.
[0608] A first terminal 9226 of resistor 9204 and a first
terminal 9228 of switch 9206 are coupled to amplified input
signal 9262. A second terminal 9230 of resistor 9204 and a
second terminal 9232 of switch 9206 are coupled to a first
terminal 9234 of capacitor 9208 and a first input terminal
9236 of second summer 9212. A third terminal 9244 of switch
9206 is coupled to a receive mode signal 9242. A second
terminal 9238 of capacitor 9208 is coupled to first voltage
reference 9214. A second input terminal 9240 of second
summer 9212 is coupled to second voltage reference 9216.
First and second voltage references 9214 and 9216 may or
may not be equal to the same voltage value.

[0609] A receiver system may incorporate one or more
auto-zero compensation circuits 9200 in its down-converted
signal path. When such a receiver system enters a receive
mode, i.e., it has entered a mode where it is ready to down-
convert received signals, a receive mode signal 9242 is acti-
vated. Receive mode signal 9242 causes switch 9206 to close,
and capacitor 9208 charges to the output voltage of amplifier
9202. Hence, capacitor 9208 attains, or is charged with the
value of the output of amplifier 9202, which comprises any
DC offset voltage due to amplifier 9202. Capacitor 9208 may
be arelatively large value capacitor, such as 1.0-0.1 uF, but the
invention is not limited to this range.

[0610] After switch 9206 is closed for a length of time
sufficient to charge capacitor 9208 to the value of amplified
output signal 9262, (the output of amplifier 9202), receive
mode signal 9242 causes switch 9206 to open. When switch
9206 is open, the path from amplifier 9202 to the first terminal
9234 of capacitor 9208 is through resistor 9204. Resistor
9204 may be arelatively large value resistor, but the invention
is not limited to this example. In this configuration, capacitor
9208 relatively slowly follows the voltage of the output of
amplifier 9202. In this way, capacitor 9208 maintains the DC
offset voltage value of amplifier 9202, following any DC
offset voltage drift due to changes in environmental tempera-
ture and the like.

[0611] Second summer 9212 adds the voltage stored in
capacitor 9208 with the value of second voltage reference
9216, and outputs adjusted DC offset voltage 9224. Second
voltage reference 9216 may be used to adjust or center the
circuit output voltage, as described below. In alternate
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embodiments, second voltage reference 9216 and second
summer 9212 are not present, and the first terminal 9234 of
capacitor 9208 is coupled to first summer 9210.

[0612] First summer 9210 subtracts the adjusted DC offset
voltage 9224 from amplified input signal 9262, and outputs
DC offset adjusted output signal 9220 (which is received by
the IF down-converter 9250 in the example of FIG. 92A). DC
Offset adjusted output signal 9220 is substantially equal to
input signal 9260 amplified by amplifier 9202, centered
according to second voltage reference 9216 (if present), with
the DC offset due to amplifier 9202 substantially reduced or
eliminated.

[0613] FIG. 110 depicts a flowchart 11000 that illustrates
operational steps corresponding to FIG. 92B, for reducing
DC offset in a signal path, according to an embodiment of the
present invention. The invention is not limited to this opera-
tional description. Rather, it will be apparent to persons
skilled in the relevant art(s) from the teachings herein that
other operational control flows are within the scope and spirit
of'the present invention. In the following discussion, the steps
in FIG. 110 will be described.

[0614] Instep 11002, a DC offset voltage in an input signal
is stored while in a signal non-receive mode.

[0615] In step 11004, the mode is changed to a signal
receive mode.

[0616] Instep 11006, the input signal is followed relatively
slowly to maintain the DC offset voltage and any DC offset
voltage drift.

[0617] In step 11008, the maintained DC offset voltage is
summed with a centering voltage to form an adjusted DC
offset voltage signal. A centering voltage such as second
voltage reference 9216 may be used.

[0618] Instep 11010, the adjusted DC offset voltage signal
is subtracted from the input signal to form a DC offset
adjusted output signal.

[0619] It should be understood that the above examples are
provided for illustrative purposes only. The invention is not
limited to this embodiment. Alternate embodiments (includ-
ing equivalents, extensions, variations, deviations, etc., of the
embodiments described herein) will be apparent to persons
skilled in the relevant art(s) based on the teachings contained
herein. The invention is intended and adapted to include such
alternate embodiments.

[0620] 7.2.1.5 Reducing DC Offset with Differential Con-
figurations
[0621] DC offset voltages due to charge injection may also

be reduced or eliminated through the use of differential UFD
module configurations. Furthermore, circuit re-radiation may
be reduced or eliminated through the use of differential UFD
module configurations. Exemplary differential UFD module
circuit embodiments are described below. However, it should
be understood that these examples are provided for illustra-
tive purposes only. The invention is not limited to these
embodiments. Alternate embodiments (including equiva-
lents, extensions, variations, deviations, etc., of the embodi-
ments described herein) will be apparent to persons skilled in
the relevant art(s) based on the teachings contained herein.
The invention is intended and adapted to include such alter-
nate embodiments.

[0622] Inan embodiment, two UFD modules are arranged
in a differential configuration, where a first UFD module
receives an actual RF signal as an input, and a second UFD
module receives circuit ground, or some other circuit voltage,
as an input. Furthermore, both UFD modules receive the same
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control signal. As a result, the two UFD modules produce
substantially similar DC offset voltages due to charge injec-
tion. The UFD module output signals may be subtracted from
each other, and as a result the DC offset voltage due to charge
injection in the output of the first UFD module will be sub-
tracted out.

[0623] FIG. 93 illustrates an exemplary differential DC
offset voltage cancellation circuit 9300, according to an
embodiment of the present invention. Differential DC offset
voltage cancellation circuit 9300 includes an optional LNA
9302, a first UFD module 9358, a second UFD module 9360,
a control signal generator 9310, a dummy impedance 9312, a
second voltage reference 9314, and a summer 9322. In an
embodiment, first UFD module 9358 comprises a first UFT
module 9304, a first voltage reference 9306, and a first capaci-
tor 9308, and second UFD module 9360 comprises a second
UFT module 9316, a second capacitor 9318, and a third
voltage reference 9320.

[0624] Optional LNA 9302 receives an input RF signal
9324 and outputs an amplified input RF signal 9326.

[0625] Amplified input RF signal 9326 is received by a first
terminal 9356 of first UFT module 9304. A second terminal
9338 of first UFT module 9304 is coupled to a first terminal
9340 of first capacitor 9308. First capacitor 9308 may be any
type of applicable storage device. A third terminal 9342 of
first UFT module 9304 receives a control signal 9328. Control
signal 9328 is generated by control signal generator 9310.
First UFT module 9304 down-converts amplified input RF
signal 9326 according to control signal 9328 in a manner as
described elsewhere herein. First UFT module 9304 outputs
actual output signal 9330 (it is called the “actual” output
signal 9330 because it is derived from input RF signal 9324),
which is stored on first capacitor 9308. As described above,
first UFT module 9304 may add unwanted DC offset voltage
to actual output signal 9330, due to charge injection effects.
[0626] A first terminal 9344 of second UFT module 9316
receives dummy input signal 9332 (it is called a “dummy”
input signal 9332 because it is not a received signal, but is
instead generated to address offset issues) from a first termi-
nal 9346 of dummy impedance 9312. A second terminal 9348
of dummy impedance 9312 is coupled to second voltage
reference 9314. Second voltage reference 9314 is a circuit
voltage, preferably ground. Impedance 9312 approximates
for second UFT module 9316 the input impedance presented
to the input of first UFT module 9304 (that is, impedance
9312 is substantially equal to the input impedance of first
UFT module 9304). Impedance 9312 is implemented using
any well known combination of circuit elements. A second
terminal 9350 of second UFT module 9316 is coupled to a
first terminal 9352 of second capacitor 9318. A third terminal
9354 of second UFT module 9316 receives control signal
9328. Second UFT module 9316 down-converts dummy
input signal 9332 according to control signal 9328 in a similar
fashion as described above. Second UFT module 9316 out-
puts dummy output signal 9334, which is stored on second
capacitor 9318. Dummy output signal 9334 comprises
unwanted DC offset voltage due to charge injection effects in
second UFT module 9316, similar to that generated by first
UFT module 9304. The DC offset voltages due to charge
injection on actual output signal 9330 and dummy output
signal 9334 are substantially similar due to the similar UFT
module configurations.

[0627] Summer 9322 subtracts dummy output signal 9334
from actual output signal 9330, and outputs output signal
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9336. Output signal 9336 is a down-converted version of
input RF signal 9324, with DC offset due to charge injection
in UFT module 9304 substantially reduced or eliminated by
subtracting out the DC offset similarly created in UFT mod-
ule 9316.

[0628] Preferably, the noise entering on first terminals 9356
and 9344 of UFT modules 9304 and 9316 is matched. If the
frequency spectrum of the noise entering first UFT module
9304 on input RF signal 9324 is different than the noise
entering second UFT module 9316 from second voltage ref-
erence 9314, the difference may show up on output signal
9336. One example of where the noise spectrums may be
different is when there is a filter on input RF signal 9324 prior
to first UFT module 9304, which filters out some noise fre-
quencies. This difference may be solved, for example, by
placing a similar filter at the input of second UFT module
9316.

[0629] FIG. 111 depicts a flowchart 11100 that illustrates
operational steps, corresponding to the structure of FIG. 93,
for down-converting an input signal and canceling DC offset
voltages, according to an embodiment of the present inven-
tion. The invention is not limited to this operational descrip-
tion. Rather, it will be apparent to persons skilled in the
relevant art(s) from the teachings herein that other operational
control flows are within the scope and spirit of the present
invention. In the following discussion, the steps in FIG. 111
will be described.

[0630] Instep 11102, an input signal is received.

[0631] In step 11104, the input signal is frequency down-
converted with a first universal frequency down-conversion
module to an actual down-converted signal.

[0632] Instep 11106, a dummy input signal is received. In
an embodiment, a dummy impedance is matched with the
input impedance of an input of the first universal frequency
down-conversion module. The matched dummy impedance is
coupled to an input of the second universal frequency down-
conversion module to form the dummy input signal.

[0633] Instep 11108, the dummy signalis frequency down-
converted with a second universal frequency down-conver-
sion module to a dummy down-converted signal.

[0634] Instep 11110, the dummy down-converted signal is
subtracted from the actual down-converted signal to form an
output signal. DC offset voltages due to said first and said
second universal frequency down-conversion modules are
canceled by the subtraction of step 11110, as further
described above.

[0635] FIG. 94A illustrates a second exemplary differential
DC offset voltage cancellation circuit 9400, according to an
embodiment of the present invention. Differential DC offset
voltage cancellation circuit 9400 is effective at reducing or
eliminating DC offset voltages due to charge injection and at
reducing or eliminating circuit re-radiation. Differential DC
offset voltage cancellation circuit 9400 comprises a buffer/
inverter 9402, a first UFD module 9434, a second UFD mod-
ule 9436, a control signal generator 9410, and a summer
9422. In an embodiment, first UFD module 9434 comprises a
first UFT module 9404, a first voltage reference 9406, and a
first capacitor 9408, and second UFD module 9436 comprises
a second UFT module 9416, a second capacitor 9418, and a
second voltage reference 9420.

[0636] FIG. 94B illustrates example waveforms related to
differential DC offset voltage cancellation circuit 9400 of
FIG. 94A, according to an embodiment of the present inven-
tion.
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[0637] Buffer/inverter 9402 receives an input RF signal
9424. FIG. 94B shows an example waveform for input RF
signal 9424. Buffer/inverter 9402 outputs a non-inverted
amplified input RF signal 9412 and an inverted amplified
input RF signal 9414. Buffer/inverter 9402 may comprise any
circuit component or equivalent that receives a single-ended
signal and outputs a differential signal, such as a differential
driver. Non-inverted amplified input RF signal 9412 and
inverted amplified input RF signal 9414 are substantially
similar signals, but inverted images of each other. FIGS. 94C
and 94 D show example waveforms for non-inverted ampli-
fied input RF signal 9412 and inverted amplified input RF
signal 9414, respectively. In the example of FIGS. 94C and
94D, buffer/inverter 9402 has a gain of 2, and therefore the
amplitudes of non-inverted amplified input RF signal 9412
(FIG. 94C) and inverted amplified input RF signal 9414 (FIG.
94D) are two times greater than that of input RF signal 9424
(FIG. 94B).

[0638] First and second UFT modules 9404 and 9416 oper-
ate similarly to first and second UFT modules 9304 and 9316
of FIG. 93. First UFT module 9404 receives non-inverted
amplified input RF signal 9412. First UFT module 9404
operates to down-convert non-inverted amplified input RF
signal 9412 according to a control signal 9428, which is
output by control signal generator 9410. FIG. 94E shows an
example waveform for control signal 9428. First UFT module
9404 outputs a non-inverted output signal 9430. Non-inverted
output signal 9430 comprises DC offset voltage due to charge
injection effects in first UFT module 9404, as described
above.

[0639] FIG. 94F shows an example waveform for non-
inverted output signal 9430. In this example, amplified input
RF signal 9412 is down-converted to non-inverted output
signal 9430 at a value of 0.4 Volts, with a DC offset voltage of
0.1 Volts added, resulting in a total of 0.5 Volts.

[0640] Second UFT module 9416 receives inverted ampli-
fied input RF signal 9414. Second UFT module 9416 down-
converts inverted amplified input RF signal 9414 according to
control signal 9428, and outputs inverted output signal 9432.
Inverted output signal 9432 comprises DC offset voltage due
to charge injection in second UFT module 9416. FIG. 94G
shows an example waveform for inverted output signal 9432.
Due at least in part to the similarity in the layouts and circuit
configurations of first and second UFT modules 9404 and
9416, their resulting DC offset voltages due to charge injec-
tion will be substantially similar, and of the same polarity. In
the example of FIG. 94G, inverted amplified input RF signal
9414 is down-converted to inverted output signal 9432 at a
value of —0.4 Volts, with a DC offset voltage of 0.1 Volts
added, resulting in a total of —0.3 Volts. As shown in FIGS.
94F and 94G, the polarities of non-inverted output signal
9430 and inverted output signal 9432 are opposite. The DC
offset voltages added respectively to these signals by first
UFT module 9404 and second UFT module 9416 are equal at
0.1 Volts.

[0641] Summer 9422 subtracts inverted output signal 9432
from non-inverted output signal 9430, and outputs an output
signal 9426. FIG. 94H shows an example waveform for out-
putsignal 9426. Because non-inverted output signal 9430 and
inverted output signal 9432 comprise the same down-con-
verted signal, but of opposite polarities, when subtracted by
summer 9422, the respective down-converted signals will
add. Because the DC offset voltages in non-inverted output
signal 9430 and inverted output signal 9432 are of the same
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polarity and of substantially the same amplitude, when they
are subtracted by summer 9422 the DC offset voltages will
substantially cancel. As a result, any DC offset voltage in
output signal 9426 will be substantially reduced or elimi-
nated. As shown in the example of FIGS. 94F-94H, the ampli-
tudes of non-inverted output signal 9430 and inverted output
signal 9432 combine in summer 9422 to equal 0.8 Volts, while
the DC offset voltages of 0.1 Volts cancel each other. Thus, the
embodiment of FIG. 94 A both enhances signal amplitude and
addresses DC offset issues.

[0642] Additionally, re-radiation may be substantially
reduced or eliminated due to this configuration. Control sig-
nal noise produced in first and second UFT modules 9404 and
9416 due to pulses on control signal 9428 may travel back
through buffer/inverter 9402. If first and second UFT mod-
ules 9404 and 9416 are configured in a substantially similar
fashion and receive the same control signal, they will produce
substantially equivalent control signal noise. Because the
control signal noise from second UFT module 9416 will be
inverted by buffer/inverter 9402 when passing back through
buffer/inverter 9402, it will cancel when combined with the
non-inverted control signal noise from first UFT module 9404
passing back through buffer/inverter 9402. Furthermore, the
noise matching concerns of the prior differential circuit
embodiment of FIG. 93 are not present in this embodiment.

[0643] FIG. 112 depicts a flowchart 11200 that illustrates
operational steps, corresponding to the structure of FIG. 94A,
for down-converting an input signal and canceling DC offset
voltages, according to an embodiment of the present inven-
tion. The invention is not limited to this operational descrip-
tion. Rather, it will be apparent to persons skilled in the
relevant art(s) from the teachings herein that other operational
control flows are within the scope and spirit of the present
invention. In the following discussion, the steps in FIG. 112
will be described.

[0644]

[0645] Instep 11204, the received input signal is amplified
to a non-inverted output signal and an inverted output signal.

[0646] In step 11206, the non-inverted output signal is
down-converted with a first universal frequency down-con-
version module to a non-inverted down-converted signal.

[0647] In step 11208, the inverted output signal is down-
converted with a second universal frequency down-conver-
sion module to an inverted down-converted signal.

[0648] Instep 11210, the inverted down-converted signal is
subtracted from the non-inverted down-converted signal to
form an output signal. DC offset voltages in the non-inverted
down-converted signal and the inverted down-converted sig-
nal produced by the first and second universal frequency
down-conversion modules, respectively, are canceled.

[0649] In step 11212, the first universal frequency down-
conversion module and the second universal frequency down-
conversion module are configured to generate substantially
equal DC offset voltages given the same input signal.

[0650] It should be understood that the above examples are
provided for illustrative purposes only. The invention is not
limited to these embodiments. Alternate embodiments (in-
cluding equivalents, extensions, variations, deviations, etc.,
of the embodiments described herein) will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein. The invention is intended and adapted to
include such alternate embodiments.

In step 11202, an input signal is received.
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[0651] 7.2.1.6 Reducing DC Offset with Differential Out-
puts
[0652] Unwanted DC offset voltages may be reduced or

canceled through the use of differential receiver circuit out-
puts. FIG. 95 illustrates an exemplary differential receiver
circuit 9500, according to an embodiment of the present
invention. Differential receiver circuit 9500 comprises a first
impedance match 9502, a second impedance match 9504, a
tank circuit 9506, a differential UFD module 9508, a control
signal generator 9510, and a resistor 9512.

[0653] First and second impedance match 9502 and 9504
are optional, the necessity of which being determined on an
application-by-application basis. In a preferred embodiment,
first impedance match 9502 is a first inductor 9514. In a
preferred embodiment, second impedance match 9504 is a
second inductor 9516. However, other impedance match cir-
cuits may be used.

[0654] Tank circuit 9506 is optional, the necessity of which
being determined on an application-by-application basis. In a
preferred embodiment, tank circuit 9506 comprises a first
capacitor 9518 and a third inductor 9520, although other
circuits may be used.

[0655] In a preferred embodiment, differential UFD mod-
ule 9508 comprises a first UFT module 9522, a second UFT
module 9524, and a storage module 9534. In a preferred
embodiment, storage module 9534 comprises a second
capacitor 9526.

[0656] A positive or “plus” signal input of a differential RF
input signal 9528 is input through first impedance match 9502
to a first terminal 9536 of tank circuit 9506. A negative or
“minus” signal input of differential RF input signal 9528 is
input through second impedance match 9504 to a second
terminal 9538 of tank circuit 9506.

[0657] First UFT module 9522 is coupled to first terminal
9536 of tank circuit 9506, and receives the “plus” signal input
of differential RF input signal 9528. Second UFT module
9524 is coupled to second terminal 9538 of tank circuit 9506,
and receives the “minus” signal input of differential RF input
signal 9528.

[0658] First and second UFT modules 9522 and 9524
down-convert differential RF input signal 9528 according to
a control signal 9532, which is output by control signal gen-
erator 9510, in a manner as described elsewhere herein. The
outputs of first and second UFT modules 9522 and 9524 are
stored in storage module 9534, and output as differential
output signal 9530.

[0659] First UFT module 9522 outputs a “plus” output of
differential output signal 9530. Second UFT module 9524
outputs a “minus” output of differential output signal 9530.
Differential output signal 9530 is equal to the difference
voltage between these “plus” and “minus” outputs.

[0660] A first terminal 9540 of storage module 9534 is
coupled to the “plus” output of differential output signal
9530. A second terminal 9542 of storage module 9534 is
coupled to the “minus” output of differential output signal
9530.

[0661] Resistor 9512 is optional, the necessity of which
being determined on an application-by-application basis.
Resistor 9512, when present, operates as a load resistance, the
value of which may be determined on an application-by-
application basis. A first terminal 9544 of resistor 9512 is
coupled to the “plus” output of differential output signal
9530. A second terminal 9546 of resistor 9512 is coupled to
the “minus” output of differential output signal 9530.
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[0662] Due to theirsimilar layout and circuit configuration,
and due to control signal 9532, first UFT module 9522 and
second UFT module 9524 each generate substantially equal
DC offset voltages due to charge injection effects. The DC
offset voltage generated by first UFT module 9522 is applied
to first terminal 9540 of storage module 9534. The DC offset
voltage generated by second UFT module 9524 is applied to
second terminal 9542 of storage module 9534. Because dif-
ferential output signal 9532 is measured across storage mod-
ule 9534, the DC offset voltages due to first and second UFT
module 9522 and 9524 substantially cancel each other out.
[0663] FIG. 113 depicts a flowchart 11300 that illustrates
operational steps, corresponding to the structure of FIG. 95,
for differentially down-converting an input signal, according
to an embodiment of the present invention. The invention is
not limited to this operational description. Rather, it will be
apparent to persons skilled in the relevant art(s) from the
teachings herein that other operational control flows are
within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 113 will be described.
[0664] In step 11302, an input signal is differentially
received. For example, a positive node input signal and a
negative node input signal are received.

[0665] In step 11304, the differentially received input sig-
nal is down-converted with a differential universal frequency
down-conversion module to a differential down-converted
signal. The differential down-converted signal comprises a
positive node down-converted signal and a negative node
down-converted signal. In an embodiment, the differential
universal frequency down-conversion module comprises a
positive node switch (UFT) module and a negative node
switch (UFT) module. The positive node switch module and
the negative node switch module are configured to generate
substantially equal DC offset voltages in the positive node
down-converted signal and the negative node down-con-
verted signal, respectively, as described above.

[0666] In step 11306, the differential down-converted sig-
nal is measured between the positive node down-converted
signal and the negative node down-converted signal. The DC
offset voltages in the positive node down-converted signal
and the negative node down-converted signal substantially
cancel, as described above.

[0667] Further differential circuit configurations for can-
celing DC offset voltages will be apparent to persons skilled
in the relevant art(s) from the teaching herein. Exemplary
differential receiver circuit output embodiments are
described above. However, it should be understood that these
examples are provided for illustrative purposes only. The
invention is not limited to these embodiments. Alternate
embodiments (including equivalents, extensions, variations,
deviations, etc., of the embodiments described herein) will be
apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. The invention is intended and
adapted to include such alternate embodiments.

[0668] 7.2.2 Re-Radiation

[0669] Re-radiation, as described above, is an undesirable
phenomenon where a signal comprising one or more fre-
quency components generated by receiving circuitry is trans-
mitted by an antenna. FIG. 44A illustrates an antenna 4406
that transmits circuit re-radiation signals 4414 and 4420.
Receiving circuitry, for example shown as areceiver 4402 and
a local oscillator 4404, related to antenna 4406 may produce
the transmitted frequency components. For example, the fre-
quency components may be generated in part by local oscil-
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lator 4404. These generated frequency components may
travel along re-radiation path 4418, where they are transmit-
ted by antenna 4406 as re-radiation signals 4414 and 4420.
When transmitted, these frequency components may undesir-
ably interfere with one or more nearby receivers, such as
nearby receiver 4408. An antenna 4420 may receive re-radia-
tion signal 4420, which is down-converted by nearby receiver
4408. One or more of the frequency components of received
re-radiation signal 4420 may fall within a frequency range of
interest of nearby receiver 4408, interfering with the quality
of the signals intended to be down-converted by nearby
receiver 4408.

[0670] As described above, re-radiation may be undesir-
ably received back by the same antenna that transmitted the
re-radiation. As shown in FIG. 44 A, receiver 4402 may trans-
mit re-radiation signal 4414, which is subsequently reflected
by an object 4412 as reflected re-radiation 4416, which is then
received by antenna 4406. This is referred to as re-radiation
recapture. If frequency components are received back by the
same antenna that transmitted them, they may be down-con-
verted, may further impair signals that are down-converted,
and/or may cause undesirable DC offset voltages that may
impair the down-converted signals. FIG. 44B shows an
example local oscillator signal 4422, of a frequency of f. If a
signal such as local oscillator signal 4422 is re-radiated, and
subsequently received by the circuit that transmitted it, it may
combine with itself to create an undesired DC offset voltage.
FIG. 44C shows the Fourier transform of local oscillator
signal 4422, with spectral components 4424 and 4426 at
frequencies +f and —f. FIG. 44D shows a result of the convo-
Iution of local oscillator signal 4422 with itself, producing a
DC spectral component 4432 representing an undesired DC
offset voltage. FIG. 44D shows resulting spectral components
4428 and 4430 at frequencies +2f and -2f, and DC spectral
component 4432 at a frequency of zero. DC spectral compo-
nent 4432 may cause the same problems as DC offset voltages
created by other mechanisms, such as those described else-
where herein.

[0671] For at least these reasons, it is desirable to reduce or
eliminate circuit re-radiation. Exemplary embodiments are
provided below for reducing or eliminating circuit re-radia-
tion. The embodiments provided below are not limited to this
use, but may have additional applications. For example, these
embodiments may be applicable to reducing or eliminating
unwanted DC offset voltages.

[0672] 7.2.2.1 Reducing Re-Radiation by Adjusting Con-
trol Signal Attributes

[0673] In the present invention, a local oscillator may be
used to generate a control signal used to down-convert
received RF signals. The control signal may comprise fre-
quency components related to the local oscillator frequency
and its harmonics. As described above, one or more frequency
components of the local oscillator signal may leak from a
nearby antenna as circuit re-radiation. As a result, attributes of
circuit re-radiation are directly related to attributes of control
signal frequency components. Hence, re-radiation potentially
may be reduced or eliminated by adjusting one or more
attributes of the control signal frequency components. Con-
trol signal attributes that may be adjusted at least include
control pulses width, control pulse amplitude, and/or control
pulse phase.

[0674] FIG. 96 shows an exemplary input RF signal 9602.
A m-pulse length control signal 9604 is also shown that may
be applied to a UFD module to down-convert input RF signal
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9602. As shown, m-pulse length control signal 9604 com-
prises pulses that are of a length of @ radians. In a receiver
embodiment implementing a UFD module, a control signal
such as st-pulse length control signal 9604 may be re-radiated
from the receiver. In the time domain, the re-radiation may
appear as noise pulses that are shaped similarly to pulses of
the control signal. In certain situations, one or more of the
frequencies of the re-radiated signal may undesirably fall
within the output frequency bands of interest of the system
implementing the receiver circuit. For instance, when down-
converting a signal directly to baseband, a control signal
frequency may be substantially equal to the frequency of the
received RF carrier signal. If this control signal frequency is
re-radiated, and then subsequently received and down-con-
verted, it may result in one or more down-converted signal
frequencies near or equal to DC, or at baseband, in a similar
fashion to that described in FIGS. 44B-D above. It would be
beneficial if the re-radiated signal components within the
frequency bands of interest could be eliminated or moved.

[0675] In an exemplary embodiment for changing the fre-
quency content of the re-radiated signal, the pulse width of
the control pulses of the control signal may be lengthened. As
shown in FIG. 96, a 3-pulse length control signal 9606 has
control pulses of a length of 3. Because the control pulse
width of 3rt-pulse length control signal 9606 is wider than that
of'n-pulse length control signal 9604, 3x-pulse length control
signal 9606 is made up of lower frequency components. It is
well known that signals comprising substantially square or
rectangular pulses include a plurality of signals of various
frequencies that add together to form the pulse shapes. As
pulses become wider, the frequencies of the signals required
to form them tend to become lower. Because 3n-pulse length
control signal 9606 has wider pulses, and therefore contains
lower frequency components, a re-radiated signal due to
3m-pulse length control signal 9606 will have lower fre-
quency components. Even if the lower frequency components
are re-radiated, and then received and down-converted, the
down-converted components should be out-of-band. In an
embodiment, a 3m-pulse length control signal 9606 configu-
ration re-radiated at a 19 dB lower level than that of a t-pulse
length control signal 9604.

[0676] Frequency components of potential re-radiation can
be lowered more by further widening the control pulses. For
example, FIG. 96 shows a Smt-pulse length control signal 9608
with control signal pulses of a width of 5x. Sm-pulse length
control signal 9608 includes pulses wider than those of
3m-pulse length control signal 9606. Because of this, as
described above, St-pulse length control signal 9608 is made
up of lower frequency signal components relative to 3zt-pulse
length control signal 9606. Hence, relative to 3m-pulse length
control signal 9606, circuit re-radiation related to Sm-pulse
length control signal 9608 is of lower frequency.

[0677] A pulse width can be widened even more as would
be understood by persons skilled in the relevant arts from the
teachings herein. To what degree the pulse width may be
widened will be determined on an application by application
basis. The pulse width may be varied by whole increments of
7, or any fraction thereof. It should be understood that the
above pulse width examples are provided for illustrative pur-
poses only. The invention is not limited to these embodi-
ments. Alternate embodiments (including equivalents, exten-
sions, variations, deviations, etc., of the embodiments
described herein) will be apparent to persons skilled in the
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relevant art(s) based on the teachings contained herein. The
invention is intended and adapted to include such alternate
embodiments.

[0678] FIG. 114 depicts a flowchart 11400 that illustrates
operational steps for down-converting an input signal with a
variety of control signal pulse widths, according to an
embodiment of the present invention. The invention is not
limited to this operational description. Rather, it will be
apparent to persons skilled in the relevant art(s) from the
teachings herein that other operational control flows are
within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 114 will be described.
[0679] In step 11402, an input signal is frequency down-
converted with a universal frequency down-conversion mod-
ule to a down-converted signal. The input signal is down-
converted according to a control signal comprising a train of
pulses having pulse widths.

[0680] Instep 11404, asignal related to the control signal is
re-radiated.
[0681] In step 11406, the pulse widths are increased to

decrease a frequency of the re-radiated signal. In an embodi-
ment, the pulse widths may be selected according to the
equation: pulse width=180+360'n degrees of a frequency of
said input signal, wherein n is any integer Zzero. As n is
increased, a frequency of the re-radiated signal is decreased.
[0682] 7.2.2.1.1 I/Q Modulation Receiver Control Signal
Considerations and Embodiments

[0683] Design considerations exist for /Q modulation
receiver circuits in regard to control signals. The embodi-
ments provided above for changing control signal pulse
widths are applicable to I/QQ modulation receiver circuits.
However, when moditfying control signal pulse widths in
regards to I/QQ modulation receiver circuits to overcome prob-
lems with re-radiation as described above, or other problems,
certain design constraints may need to be considered. For
instance, in some embodiments, such as described below,
pulses of the [-phase control signal and pulses of the Q-phase
control signal may not overlap, and must be configured such
that they do not overlap to fulfill this requirement. In alternate
embodiments, such as described below, an I/Q modulation
receiver circuit may be configured such that I-phase and
Q-phase control signals may overlap. Exemplary embodi-
ments are provided below for overcoming at least some
design constraints related to control signal pulses for 1/Q
modulation receiver circuits, according to the present inven-
tion.

[0684] It should be understood that the following 1/Q
modulation receiver examples are provided for illustrative
purposes only. The invention is not limited to these embodi-
ments. Alternate embodiments (including equivalents, exten-
sions, variations, deviations, etc., of the embodiments
described herein) will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein. The
invention is intended and adapted to include such alternate
embodiments.

[0685] 7.2.2.1.1.1 Non-Overlapping I/Q Control Signal
Pulses Embodiments

[0686] FIG. 97 illustrates an exemplary 1/Q modulation
receiver circuit 9700, according to an embodiment of the
present invention. I/Q modulation receiver circuit 9700 com-
prises a first UFD module 9702, a second UFD module 9704,
a control signal generator 9706, and a phase shifter 9708. 1/Q
modulation circuit 9700 may use a variety of control signal
configurations to down-convert I/Q modulated signals.
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[0687] AninputRF I/Q signal 9722 is received by first UFD
module 9702. First UFD module 9702 down-converts the
I-phase signal portion of input RF 1/Q signal 9722 according
to a control signal 9728, which is output by control signal
generator 9706. First UFD module 9702 outputs an I output
signal 9724.

[0688] In an embodiment, first UFD module 9702 com-
prises a first UFT module 9710, a first storage module 9712,
and a first voltage reference 9714.

[0689] Control signal 9728 is received by phase shifter
9708. In an I/Q modulation embodiment, phase shifter 9708
preferably shifts the phase of control signal 9728 by 90
degrees, although other phase shifts are possible. Phase
shifter 9708 outputs phase-shifted control signal 9730.
[0690] InputRF I/Qsignal 9722 is received by second UFD
module 9704. Second UFD module 9704 down-converts the
Q-phase signal portion of input RF I/Q signal 9722 according
to phase-shifted control signal 9730. Second UFD module
9704 outputs a Q output signal 9726.

[0691] Inanembodiment, second UFD module 9704 com-
prises a second UFT module 9716, a second storage module
9718, and a second voltage reference 9720. First and second
voltage references 9714 and 9720 may or may not be equal to
the same voltage value.

[0692] FIGS. 98A-98] shows an exemplary input RF 1/Q
signal 9722, and several exemplary control signal waveforms,
which may be used to down-convert input RF I/Q signal 9722.
[0693] For example, an I-control signal 9802 is shown in
FIG. 98B. I-control signal 9802 may be used to down-convert
an I-phase signal portion of input RF I/Q signal 9722. A
corresponding Q-control signal 9804 is shown in FIG. 98C.
Q-control signal 9804 is output by phase shifter 9708. Q-con-
trol signal 9804 is shifted by 90 degrees from I-control signal
9802. Q-control signal 9804 may be used to down-convert a
Q-phase signal portion of input RF 1/Q signal 9722.

[0694] As illustrated in FIGS. 98B and 98C, pulses of
I-control signal 9802 overlap the corresponding phase-
shifted pulses of Q-control signal 9804. In some embodi-
ments where first and second UFT modules 9710 and 9716
comprises switches, overlapping pulses of I-control signal
9802 and Q-control signal 9804 will cause the switches in first
and second UFT modules 9710 and 9716 to be simulta-
neously closed during a period pulse of overlap. Due to the
overlap, first and second UFD modules 9702 and 9704 may
not be able to properly down-convert the I- and Q-phase
components of input RF 1/Q signal 9722. This is because
during the period that switches inside the first and second
UFD modules 9702 and 9704 are both closed, the switches
will be attempting to transter energy from input RF [/Q signal
9722 simultaneously. This may lead to non-negligible distor-
tion of input RF 1/Q signal 9722 in some embodiments.
Hence, less than desirable input signal down-conversion
accuracy may result.

[0695] In an another example, FIGS. 98D and 98E show a
3m I-control signal 9806 and a 3z Q-control signal 9808.
Pulses of 37 I-control signal 9806 and 3z Q-control signal
9808 overlap. Using these control signals, in some embodi-
ments first and second UFD modules 9702 and 9704 may not
be able to properly down-convert the I- and Q-phase compo-
nents of input RF 1/Q signal 9722.

[0696] The overlap problem may be overcome by creating
control signals with non-overlapping pulses. For example,
FIGS. 98F and 98G show a non-overlapping I-control signal
9810 and a non-overlapping Q-control signal 9812. Pulses on
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non-overlapping I-control signal 9810 are separated by 720
degrees, and may be used to down-convert the I-phase signal
component of input RF 1/Q signal 9722. Pulses on non-over-
lapping Q-control signal 9812 are phased-shifted from pulses
on non-overlapping I-control signal 9810 by 270 degrees, are
separated from each other by 720 degrees, and may be used to
down-convert the Q-phase signal component of input RF 1/Q
signal 9722.

[0697] In a further example, FIGS. 98H and 98I show a
non-overlapping I-control signal 9814 and a non-overlapping
Q-control signal 9816. Pulses on non-overlapping I-control
signal 9814 are separated by 540 degrees, and may be used to
down-convert the I-phase signal component of input RF 1/Q
signal 9722. (Note that when pulses on non-overlapping
I-control signal 9814 are separated by 180 degrees, 540
degrees, 900 degrees, etc., the information down-converted
on consecutive pulses may be inverted relative to one another,
and hence an inverter may be required to correct for this.)
Pulses on non-overlapping Q-control signal 9816 are phased-
shifted from pulses on non-overlapping I-control signal 9814
by 270 degrees, are separated from each other by 540 degrees,
and may be used to down-convert the Q-phase signal compo-
nent of input RF I/Q signal 9722. (Note that when pulses on
non-overlapping Q-control signal 9816 are separated by 180
degrees, 540 degrees, 900 degrees, ctc., the information
down-converted on consecutive pulses may be inverted rela-
tive to one another, and hence an inverter may be required to
correct for this.)

[0698] Further control signal waveform configurations
exist for implementing non-overlapping pulses, according to
embodiments of the present invention, as would be recog-
nized by persons skilled in the relevant art(s) from the teach-
ings herein. I- and Q-control signal pulses may be widened, or
made more narrow. I- and Q-control signal pulses may be
made to occur further apart or closer together. A Q-control
signal may be phase-shifted from a corresponding I-control
signal by 90 degrees, 270 degrees, 450 degrees, 630 degrees,
and so on, such that the I-control signal is matched with the
I-phase input RF signal component, and the Q-control signal
is matched with the Q-phase input RF signal component.
Pulses on an [-phase control signal may be shifted from each
other by any multiple of 180 (with one or more inverters
possibly required, as described above) or 360 degrees. I- and
Q-control signals may be formed to these requirements for
use in [/Q modulation receiver circuit 9700 of FIG. 97, as long
as their pulses do not overlap.

[0699] FIG. 115 depicts a flowchart 11500 that illustrates
operational steps corresponding to the structure of FIG. 97,
for down-converting an RF I/Q modulated input signal,
according to an embodiment of the present invention. The
invention is not limited to this operational description. Rather,
it will be apparent to persons skilled in the relevant art(s) from
the teachings herein that other operational control flows are
within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 115 will be described.
[0700] In step 11502, an input RF 1/Q modulated signal is
frequency down-converted with a first universal frequency
down-conversion module according to a control signal. The
input signal is down-converted to an in-phase information
signal. The control signal comprises a train of pulses. In an
embodiment, the train of pulses are generated to have aper-
tures approximately equal to 180+360-n degrees of a fre-
quency of said input RF I/Q modulated signal, wherein n is
any integer greater than or equal to 0.
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[0701] Instep 11504, the control signal is phase-shifted. In
embodiments, the control signal is phase-shifted by 90
degrees of a frequency of said input RF 1/Q modulated signal.
In alternative embodiments, the control signal may be shifted
by 90+m-180 degrees, wherein m is any integer greater than
or equal to 1. In embodiments, the control signal may be
phase shifted such that pulses on the control signal do not
overlap pulses on the phase-shifted control signal.

[0702] Instep 11506, the input RF I/Q modulated signal is
frequency down-converted with a second universal frequency
down-conversion module according to the phase-shifted con-
trol signal. The input signal is down-converted to a quadra-
ture-phase information signal.

[0703] 7.2.2.1.1.2 Buffered I/Q Modulation Receiver
Embodiment
[0704] Exemplary embodiments are provide below for I/Q

modulation receiver circuits where control signal pulses may
overlap. Such embodiments may provide advantages where it
is desirable to modify control signal pulse attributes as
described above to solve problems with circuit re-radiation,
and other problems. Additional and alternate embodiments
will be recognized by persons skilled in the relevant art(s)
from the teachings herein, and are within the scope of the
present invention.

[0705] FIG. 99 illustrates an exemplary buffered I/Q modu-
lation receiver circuit 9900, according to an embodiment of
the present invention. Buffered 1/Q modulation receiver cir-
cuit 9900 allows for overlapping I- and Q-control signal
pulses such as I-control signal 9802 and Q-control signal
9804 of FIG. 98.

[0706] Buffered I/Q modulation receiver circuit 9900 com-
prises an optional splitter 9902, a first low noise amplifier
(LNA) 9904, a second LNA 9908, a control signal generator
9910, a first UFD module 9912, a second UFD module 9914,
and a phase shifter 9916. Buffered 1/Q modulation receiver
circuit 9900 is configured substantially similar to, and oper-
ates in a similar fashion to I/Q modulation receiver circuit
9700 of FIG. 97, with the addition of optional splitter 9902,
first LNA 9904, and second LNA 9908.

[0707] Optional splitter 9902 optionally splits an input RF
1/Q signal 9930, and outputs a first split input RF 1/Q signal
9944 to first LNA 9904, and a second splitinput RF I/Q signal
9946 to second LNA 9908.

[0708] First LNA 9904 buffers and optionally amplifies
first splitinput RF I/Q signal 9944, and outputs a first buffered
input RF 1/Q signal 9936.

[0709] Second LNA 9908 buffers and optionally amplifies
second split input RF 1/Q signal 9946, and outputs a second
buffered input RF I/Q signal 9938.

[0710] First UFD module 9912 receives first buffered input
RF 1/Q signal 9936. First UFD module 9912 down-converts
first buffered input RF 1/QQ signal 9936 according to a control
signal 9940, which is output by control signal generator 9910.
First UFD module 9912 outputs I output signal 9932. In an
embodiment, first UFD module 9912 comprises a first UFT
module 9918, a first storage module 9920, and a first voltage
reference 9922.

[0711] Phase shifter 9916 receives control signal 9940, and
outputs a phase-shifted control signal 9942. Phase-shifted
control signal 9942 is preferably shifted by 90 degrees from
control signal 9940, but may also be shifted by 270 degrees,
450 degrees, 630 degrees, and so on.

[0712] Second UFD module 9914 receives second buffered
input RF 1/Q signal 9938. Second UFD module 9914 down-
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converts second buftered input RF 1/Q signal 9938 according
to phase-shifted control signal 9942. Second UFD module
9914 outputs Q output signal 9934. In an embodiment, sec-
ond UFD module 9914 comprises a second UFT module
9924, a second storage module 9926, and a second voltage
reference 9928.

[0713] As described elsewhere herein, when first UFT
module 9918 transfers energy from first buffered input RF I/Q
signal 9936, first buffered input RF I/Q signal 9936 will be
distorted to some degree. Likewise, when second UFT mod-
ule 9924 transfers energy from second buffered input RF I/Q
signal 9938, second buffered input RF I/Q signal 9938 will be
distorted to some degree. First and second LNA 9904 and
9908 bufter the input RF I/Q signals entering first and second
UFD modules 9912 and 9914 from input RF I/Q signal 9930.
Hence, input RF 1/Q signal 9930 will not be substantially
distorted by energy transfer occurring in either of first and
second UFD module 9912 and 9914. Because of this, the I-
and Q-control signals used to cause first and second UFD
modules 9912 and 9914 to down-convert their respective
input RF I/Q signals may have overlapping I- and Q-pulses.
Hence, for example, control signal 9940 may appear as I-con-
trol signal 9802 of FIG. 98, and phase-shifted control signal
9942 may appear as Q-control signal 9804, phase-shifted by
90 degrees from, and having pulses overlapping with, control
signal 9940. It is noted that the invention is not limited to the
example of FIG. 99. Other components to buffer or isolate
first and second UFT modules 9918, 9924 from each other
could alternatively be used.

[0714] FIG. 116 depicts a flowchart 11600 that illustrates
operational steps corresponding to the structure of FIG. 99,
for down-converting an RF I/Q modulated input signal,
according to an embodiment of the present invention. The
invention is not limited to this operational description. Rather,
it will be apparent to persons skilled in the relevant art(s) from
the teachings herein that other operational control flows are
within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 116 will be described.
[0715] Instep 11602, an input RF 1/Q modulated signal is
buffered with a first low noise amplifier and a second low
noise amplifier. In an alternative embodiment, instead of or in
addition to buffering the input RF I/Q modulated signal as just
described, the input RF [/Q modulated signal may be split into
afirst split RF I/QQ modulated signal and a second split RF 1/Q
modulated signal.

[0716] In step 11604, the first buffered (and/or first split)
RF 1/Q modulated signal is frequency down-converted with a
first universal frequency down-conversion module according
to a control signal. The input signal is down-converted to an
in-phase information signal. The control signal comprises a
train of pulses. In an embodiment, the train of pulses are
generated to have apertures approximately equal to 180+
360-n degrees of a frequency of said input RF 1/Q modulated
signal, wherein n is any integer greater than or equal to 0.
[0717] Instep 11606, the control signal is phase-shifted. In
embodiments, the control signal is phase-shifted by
90+m-180 degrees of a frequency of said input RF 1/Q modu-
lated signal, wherein m is any integer greater than or equal to
0. In embodiments, the control signal may be phase shifted
such that pulses on the control signal overlap pulses on the
phase-shifted control signal.

[0718] In step 11608, the second buffered (and/or second
split) RF 1/Q modulated signal is frequency down-converted
with a second universal frequency down-conversion module
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according to the phase-shifted control signal. The input signal
is down-converted to a quadrature-phase information signal.
[0719] 7.2.2.2 Reducing Re-Radiation with Placebo
Down-Conversion Modules

[0720] FIG. 100 illustrates an exemplary receiver 10000
with placebo circuit 10004, according to an embodiment of
the present invention. Receiver 10000 with placebo circuit
10004 reduces or frequency shifts potentially re-radiated con-
trol signal components such that their potentially adverse
impact on a down-converted signal is reduced. The poten-
tially re-radiated control signal components may be shifted
out of the frequency bands of interest, such that they will have
a reduced adverse impact on the down-converted signal.
[0721] Control signal frequency components may be
adjusted or shifted through the use of one or more UFT
modules, called “placebo” UFT modules, and one or more
corresponding “placebo” control signals. In a placebo
embodiment, an “actual” UFT module receives and down-
converts a received RF input signal with an “actual” control
signal as described elsewhere herein. Furthermore, a placebo
UFT module receives a placebo control signal, and may also
down-convert the received RF input signal, to output a down-
converted signal. The actual control signal and one or more
placebo control signals may cause circuit re-radiation. This
resulting circuit re-radiation will be related to a combination
of the actual control signal waveform and the one or more
placebo control signal waveforms. Hence, attributes of the
resulting circuit re-radiation may be manipulated by using
various placebo control signal waveforms, to cause overall
circuit re-radiation to be less harmful to circuit performance.
Characteristics of a particular placebo control signal wave-
form may be determined on an application-by-application
basis. The term “placebo” is used because the signal down-
converted by the placebo circuitry is not necessarily used by
subsequent signal processing hardware and software, but may
actually remain unutilized. The signal down-converted by the
“actual” circuitry is used by subsequent signal processing.
[0722] Receiver 10000 with placebo circuit 10004 com-
prises an actual UFD module 10002, a placebo UFD module
10004, a control signal generator 10006, and a phase shifter
10008.

[0723] Actual UFD module 10002 receives an input RF
signal 10022. Actual UFD module 10002 down-converts
actual input RF signal 10022 according to a control signal
10028, which is output by control signal generator 10006, in
a manner as described elsewhere herein. Actual UFD module
10002 outputs an actual output signal 10024. In an embodi-
ment, actual UFD module 10002 comprises an actual UFT
module 10010, an actual storage module 10012, and an actual
voltage reference 10014.

[0724] Phase shifter 10008 receives control signal 10028,
and outputs a phase-shifted placebo control signal 10030.
Phase-shifted placebo control signal 10030 is preferably
shifted such that pulses on phase-shifted placebo control sig-
nal 10030 do not overlap with pulses on control signal 10028.
In other embodiments, pulses on phase-shifted placebo con-
trol signal 10030 may overlap pulses on control signal 10028,
as would be understood by persons skilled in the relevant
art(s) from the teachings herein.

[0725] Placebo UFD module 10004 receives input RF sig-
nal 10022. Placebo UFD module 10004 down-converts input
RF signal 10022 according to phase-shifted placebo control
signal 10030. Placebo UFD module 10004 outputs placebo
output signal 10026. In an embodiment, placebo UFD mod-
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ule 10004 comprises a placebo UFT module 10016, a placebo
storage module 10018, and a placebo voltage reference
10020.

[0726] FIG. 101 shows an exemplary control signal wave-
form 10102, and a corresponding exemplary placebo control
signal waveform 10104 that is a delayed (or phase-shifted)
version of control signal waveform 10102. Control signal
10028 may comprise a control signal waveform such as con-
trol signal waveform 10102. Phase-shifted placebo control
signal 10030 may comprise a corresponding control signal
waveform such as placebo control signal waveform 10104.
[0727] In a receiver circuit embodiment that does not
include a placebo UFD module 10004, potential circuit re-
radiation (and the frequency spectrum of such re-radiation)
will be related to the control signal waveform being used,
such as control signal waveform 10102. In a receiver circuit
embodiment that includes a placebo UFD module 10004, the
potential circuit re-radiation (and the frequency spectrum of
such re-radiation) will be related to the control signal being
used, such as control signal waveform 10102, and the placebo
control signal waveform being used, such as placebo control
signal waveform 10104.

[0728] FIG.101 shows a combined signal waveform 10106
that represents a combination of control signal waveform
10102 and placebo control signal waveform 10104. The
potential circuit re-radiation (and the frequency spectrum
thereof) due to control signal waveform 10102 and placebo
control signal waveform 10104 will be related to combined
signal waveform 10106 (and the frequency spectrum
thereof). As would be apparent to persons skilled in the rel-
evant art(s ), combined signal waveform 10106 has a different
frequency spectrum than control signal waveform 10102. By
utilizing at least one placebo control signal in addition to an
actual control signal, a potentially re-radiated frequency
spectrum can be adjusted to move potentially harmful circuit
noise and potentially resulting DC offset and/or re-radiated
components to a non-critical frequency band in output signal
10024.

[0729] Furthermore, as shown in FIG. 101, placebo control
signal waveform 10104 may be phase-shifted by lesser or
greater amounts from control signal waveform 10102.
Arrows 10108, 10110, 10112, and 10114 indicate possible
variations in the phase of placebo control signal waveform
10104, with the corresponding variations in combined signal
waveform 10106 indicated by arrows 10116, 10118, 10120,
and 10122. By changing the phase of placebo control signal
waveform 10104 in relation to control signal waveform
10102, the frequency spectrum of potential re-radiation may
be adjusted. Furthermore, changes in the amplitude and/or
width of pulses on placebo control signal waveform 10104
may also be used to adjust the frequency spectrum and ampli-
tude of potential re-radiation.

[0730] Inembodiments, placebo output signal 10026 is not
used in down-stream information signal processing. In alter-
native embodiments, placebo output signal 10026 may be
used in down-stream information signal processing.

[0731] FIG. 117 depicts a flowchart 11700 that illustrates
operational steps corresponding to the structure of FIG. 100
and waveforms of FIG. 101, for down-converting an input
signal and altering circuit re-radiation, according to an
embodiment of the present invention. The invention is not
limited to this operational description. Rather, it will be
apparent to persons skilled in the relevant art(s) from the
teachings herein that other operational control flows are
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within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 117 will be described.
[0732] In step 11702, an input signal is frequency down-
converted with a first universal frequency down-conversion
module to a first down-converted signal, wherein the input
signal is down-converted according to a control signal,
wherein the control signal comprises a train of pulses,
wherein pulses of the control signal occur every 360+360-n
degrees of a frequency of the input signal, wherein n is equal
to any integer greater or equal O.

[0733] In step 11704, the control signal is phase-shifted,
wherein the control signal is phase shifted in a range between
0 degrees and 360+360-n degrees of a frequency of the input
signal (pulses of control signal and phase-shifted control
signal may overlap). In alternative embodiments, the pulses
are of width m degrees, and the control signal is phase-shifted
in a range between m degrees and 360-m+360-n degrees of a
frequency of the input signal (no overlap of pulses between
control signal and phase-shifted control signal). In embodi-
ments, the control signal is phase shifted to a phase-shifted
control signal in order to adjust at least one frequency of the
re-radiated signal. In further embodiments, the control signal
is phase shifted to a phase-shifted control signal in order to
adjust at least one frequency of the re-radiated signal to be
above a frequency range of interest of the input signal.
[0734] In step 11706, the input signal is frequency down-
converted with a second universal frequency down-conver-
sion module to a second down-converted signal, wherein the
input signal is down-converted according to the phase-shifted
control signal. The second universal frequency down-conver-
sion module is used as a placebo universal frequency down-
conversion module.

[0735] Instep 11708, a signal is re-radiated that is at least a
function of the control signal and the phase-shifted control
signal.

[0736] Exemplary receiver with placebo circuit embodi-
ments are described above. However, it should be understood
that these examples are provided for illustrative purposes
only. The invention is not limited to these embodiments.
Alternate embodiments (including equivalents, extensions,
variations, deviations, etc., of the embodiments described
herein) will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. For example,
further placebo UFD modules with additional placebo control
signals may be added. The invention is intended and adapted
to include such alternate embodiments.

[0737] 7.2.2.3 Reducing Re-Radiation with Adjacent Aper-
tures
[0738] Potential control signal circuit re-radiation may be

reduced or eliminated by the use of adjacent control signal
pulses or apertures. By creating control signal pulses that are
adjacent, the rising and falling edges of adjacent pulses may
partially or entirely cancel out any re-radiation due to the
individual pulses.

[0739] FIG. 102 illustrates an adjacent apertures receiver
circuit 10200, according to an embodiment of the present
invention. Adjacent apertures receiver circuit 10200 com-
prises a first UFD module 10202, a second UFD module
10204, a control signal generator 10206, and a phase shifter
10208.

[0740] An input RF signal 10214 is received by first UFD
module 10202. First UFD module 10202 down-converts
input RF signal 10214 according to a control signal 10220,
which is output by control signal generator 10206, in a man-
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ner as described elsewhere herein. First UFD module 10202
outputs first output signal 10216. First UFD module 10202
comprises a first UFT module 10210.

[0741] Phase shifter 10208 receives control signal 10220,
and outputs a phase-shifted control signal 10222. In an
embodiment, the width of pulses on control signal 10220 and
on phase-shifted control signal 10222 approach n radians,
although other values could be used. Phase-shifted control
signal 10222 is preferably shifted by & radians from control
signal 10220, although other values could be used.

[0742] Input RF signal 10214 is received by second UFD
module 10204. Second UFD module 10204 down-converts
input RF signal 10214 according to phase-shifted control
signal 10222, in a manner as described elsewhere herein.
Second UFD module 10204 outputs second output signal
10218. Second UFD module 10204 comprises a second UFT
module 10212.

[0743] FIG. 103 shows an exemplary control signal wave-
form 10302, and a corresponding m-shifted control signal
waveform 10304. The potentially re-radiated signals (and
their associated frequency spectrums) due to control signal
10220 and phase-shifted control signal 10222 will be related
to their waveforms and frequency spectrums, which may be
represented by control signal waveform 10302 and rt-shifted
control signal waveform 10304, respectively, for example.
[0744] Because the width of pulses on control signal wave-
form 10302 and nt-shifted control signal waveform 10304 are
equal to or less than m radians, their combined potentially
re-radiated signal will be related to combined signal wave-
form 10306. As control signal waveform 10302 and rt-shifted
control signal waveform 10306 approach having pulse widths
equal to m radians, combined signal waveform 10306 will
approach the equivalent of a DC level, with a voltage level
substantially equivalent to the pulse amplitudes. In other
words, combined signal waveform 10306 will approacha DC
level because as pulses of waveforms 10302 and 10304
approach a width of m, the rising and falling edges of the
waveforms 10302 and 10304 will increasingly cancel each
other.

[0745] The use of adjacent apertures may lead to reduced
levels of circuit re-radiation, and improved circuit perfor-
mance. Re-radiated signal components will be due to com-
bined signal waveform 10306. Specifically, re-radiated signal
components will be due to transitions from low to high and
high to low in waveform 10306, shown as spikes 10308, but
the frequency content of such re-radiated signal components
due to spikes 10308 will primarily be above the frequency
bands of interest.

[0746] FIG.118A depicts a flowchart 11800 that illustrates
operational steps corresponding to the structure of FIG. 102
and waveforms of FIG. 103, for down-converting an input
signal and altering circuit re-radiation, according to an
embodiment of the present invention. The invention is not
limited to this operational description. Rather, it will be
apparent to persons skilled in the relevant art(s) from the
teachings herein that other operational control flows are
within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 118A will be
described.

[0747] In step 11802, an input signal is frequency down-
converted with a first universal frequency down-conversion
module to a first down-converted signal, wherein the input
signal is down-converted according to a control signal,
wherein the control signal comprises a train of pulses,
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wherein the pulses have widths less than or equal to 180+
360-n degrees of a frequency of the input signal, wherein n is
any integer greater than or equal to 0.

[0748] In step 11804, the control signal is phase shifted,
wherein the control signal is phase-shifted by 180+360-n
degrees of a frequency of the input signal. In an embodiment,
the pulses of the control signal are substantially adjacent to
pulses of the phase-shifted control signal.

[0749] In step 11806, the input signal is frequency down-
converted with a second universal frequency down-conver-
sion module to a second down-converted signal, wherein the
input signal is down-converted according to the phase-shifted
control signal.

[0750] Instep 11808, a signal is re-radiated that is at least a
function of the control signal and the phase-shifted control
signal. In an embodiment, a spike is formed in the re-radiated
signal at a transition of the adjacent pulses of the control
signal and the phase-shifted control signal. In an embodi-
ment, a voltage amplitude of the spike approaches zero as the
pulses of the control signal and the pulses of the phase-shifted
control signal approach 180+360-n degrees in width (i.e., the
pulses become more adjacent). In an embodiment, at least one
frequency of the spike is above a frequency range of interest
of the input signal. In embodiments, as the pulse widths
approach 180+360-n degrees of a frequency of the input sig-
nal, the re-radiated signal approaches a DC level.

[0751] In alternate embodiments, other adjacent control
signal pulse configurations may be used. FIG. 104 illustrates
an exemplary adjacent apertures receiver circuit 10400,
according to an embodiment of the present invention. Circuit
10400 operates substantially similarly to circuit 10200, but
produces four control signals instead of two. Control signal
generator 10410 outputs control signal 10432, with pulse
widths of 7, which occur once every 4m radians. Circuit 10400
comprises a first phase shifter 10412, a second phase shifter
10440, and a third phase shifter 10442, each of which further
shifts the phase of control signal 10432 by & radians. In this
manner, four adjacent control signal generator pulses, each of
pulse width radians, are generated that approach the equiva-
lent of a DC level. Other control signal aperture durations
and/or sequences will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein.
[0752] Additional control signals may be used to produce
even longer strings of adjacent pulses.

[0753] Furthermore, the use of adjacent apertures may
reduce the need for input impedance matching and tank cir-
cuitry. This is because with adjacent apertures, the UFT mod-
ules in combination are closed for longer fractions ofa control
signal cycle and hence, the input signal is being stored more
continuously (by a storage module, for example). Because the
input signal is being stored more continuously, there is less
opportunity or need to store the input signal in one or more
input tank circuits during the periods when the UFT modules
are open. In other words, more of the energy of the input
waveform is being stored and used with adjacent apertures.
Furthermore, having the UFT module(s) closed for longer
periods of time affects the circuit input impedance, and may
alter or decrease the need for input impedance matching.
[0754] FIG. 118B depicts a continuation of flowchart
11800 that illustrates additional operational steps to those
shown in FIG. 118A corresponding to further adjacent aper-
ture generators, such as shown in FIG. 104, for down-con-
verting an input signal and altering circuit re-radiation,
according to an embodiment of the present invention. The
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invention is not limited to this operational description. Rather,
it will be apparent to persons skilled in the relevant art(s) from
the teachings herein that other operational control flows are
within the scope and spirit of the present invention. In the
following discussion, the steps in FIG. 118B will be
described.

[0755] Instep 11810, a phase-shifted control signal is phase
shifted to a further phase-shifted control signal. The phase-
control signal is phase shifted by the same amount as the prior
phase shifter. This causes the current aperture or pulse to be
the same width as, and adjacent to, the prior aperture.
[0756] In step 11812, the input signal is frequency down-
converted with a further universal frequency down-conver-
sion module to a corresponding down-converted signal,
wherein the input signal is down-converted according to the
further phase-shifted control signal.

[0757] Instep 11814, a signal is re-radiated that is a func-
tion of at least the control signal and the phase-shifted control
signals.

[0758] In step 11816, operation proceeds to step 11810 if
the number of universal frequency down-conversion modules
(adjacent apertures) is less than some desired number x. This
process forms a chain of adjacent apertures, of a number of
pulses x.

[0759] Exemplary receivers using adjacent apertures
embodiments are described above. However, it should be
understood that these examples are provided for illustrative
purposes only. The invention is not limited to these embodi-
ments. Alternate embodiments (including equivalents, exten-
sions, variations, deviations, etc., of the embodiments
described herein) will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein. For
example, control signals with pulses of widths other than =
radians where the control signals have different pulse widths,
may be used. The invention is intended and adapted to include
such alternate embodiments.

[0760] 7.2.3 Additional DC Offset and Re-Radiation
Reduction Embodiments

[0761] Exemplary embodiments for DC Offset and/or re-
radiation reduction or cancellation are described above. Such
embodiments may be used alone or in combination, based on
the application and on implementation issues. It should be
understood that these examples are provided for illustrative
purposes only. The invention is not limited to these embodi-
ments. Alternate embodiments (including equivalents, exten-
sions, variations, deviations, etc., of the embodiments
described herein) will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein. For
example, many of the components described herein are
optional, whether or not explicitly indicated as such. The
invention is intended and adapted to include such alternate
embodiments.

[0762] 7.3 Example Embodiments to Improve Dynamic
Range
[0763] Receivers, amplifiers, and other electronic circuits,

may suffer from problems related to dynamic range. Gener-
ally, “dynamic range” refers to the ratio of the maximum to
minimum signal input capability over which an amplifier or
other component can operate within some specified range of
performance. For instance, if an input signal to an amplifier
causes the amplifier to exceed its dynamic range, i.e., the
input signal amplitude is too large, the amplifier may no
longer amplify properly, the amplifier may rail, and/or may
operate in a non-linear region. In a receiver, the signal being
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amplified may be a down-converted signal. If the dynamic
range of the amplifier, or other component, is exceeded, the
value of the down-converted signal may be adversely
affected.

[0764] The concept of dynamic range is further described
in the following sub-sections. Furthermore, example methods
and systems are provided in subsequent sections below for
improving dynamic range.

[0765] 7.3.1 Adjusting Universal Frequency Down-Con-
version Module Dynamic Range

[0766] Some circuit implementations may suffer from a
lack of dynamic range. For instance, when input RF signals
become too high or too low, they may cause a switchina UFT
module to remain continuously open or closed, regardless of
the level of the control signal. This may result in problems
with output signal linearity and output signal clipping, which
may lead to errors in decoding the baseband output signal.

[0767] FIG. 105 illustrates an exemplary circuit for
improving dynamic range, according to an embodiment of the
present invention. Improved dynamic range circuit 10500 of
FIG. 105 comprises a impedance match 10502, a tank circuit
10504, a UFD module 10506, and a bias circuit 10508. Bias
circuit 10508 is used to adjust the center point of the input
voltage range for UFD module 10506, providing for greater
input signal range.

[0768] In an embodiment, impedance match 10502 com-
prises an inductor 10510. The operation of the present and of
additional embodiments for impedance match 10502 are fur-
ther described elsewhere herein.

[0769] In an embodiment, tank circuit 10504 comprises a
capacitor 10512 and an inductor 10514. The operation of the
present and of additional embodiments for tank circuit 10504
are further described elsewhere herein.

[0770] UFD module 10506 comprises a UFT module
10516, a storage module 10520, and a first voltage reference
10524. The operation of the present and of additional embodi-
ments for UFD module 10506 are further described elsewhere
herein. UFT module 10516 comprises a MOSFET switch
10518 in the example embodiment of FIG. 105. Storage mod-
ule 10520 comprises a capacitor 10522 in the example
embodiment of FIG. 105. The structure and operation of the
present and of additional embodiments for UFT module
10516 and storage module 10520 are further described else-
where herein.

[0771] An input RF signal 10540 is input through imped-
ance match 10502 to be received by a first terminal 10550 of
UFD module 10506. First terminal 10550 of UFD module
10506 is coupled to a first terminal 10552 of tank circuit
10504. MOSFET switch 10518 in UFD module 10506 down-
converts input RF signal 10540 according to a control signal
10548, which is output by control signal generator 10526.
The output of MOSFET switch 10518 is stored in storage
module 10520. MOSFET switch 10518 outputs an output
signal 10542. In the example embodiment of FIG. 105, MOS-
FET switch 10518 comprises a first terminal 10564 coupled
to first terminal 10552 of tank circuit 10504, a second termi-
nal 10566 coupled to output signal 10542, and a third terminal
10568 (gate) coupled to control signal 10548.

[0772] Control signal generator 10526 generates control
signal 10548, as described elsewhere herein. Control signal
10548 preferably comprises a periodic signal, which prefer-
ably comprises a string of pulses. These pulses vary between
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a minimum and maximum voltage. For example, control sig-
nal 10548 may output pulses that vary between 0 volts and 2
volts, as shown in FIG. 106A.

[0773] Input RF signal 10540 also comprises a range of
signal values. For instance, input RF signal 10540 may vary
between +0.75 volts and —0.75 volts, as shown in FIG. 106B.
In the current example, when the value of input RF signal
10540 is equal to -0.75 volts, this value is less than the
minimum voltage of control signal 10548 (0 volts) applied to
MOSFET switch 10518, and hence MOSFET switch 10518
will be inthe closed state for all values of control signal 10548
because the voltage from terminal 10568 (gate) to terminal
10564 of MOSFET switch 10518 is always positive, causing
MOSFET switch 10518 to always conduct.

[0774] Likewise, it will be recognized by persons skilled in
the relevant art(s) that input RF signal 10540 may comprise
signal amplitudes greater than the maximum voltage of con-
trol signal 10548 (not illustrated in FIGS. 106A and 106B)
applied to MOSFET switch 10518. When input RF signal
10540 is equal to such a value, MOSFET switch 10518 will
remain in the open state, for all values of control signal 10548,
because the voltage from terminal 10568 (gate) to terminal
10564 of MOSFET switch 10518 would always be negative,
preventing MOSFET switch 10518 from ever conducting.
Both conditions where control signal 10548 cannot effect
switching of MOSFET switch 10518 are undesirable.
[0775] One solution is to modify the voltage swing of con-
trol signal 10548 such that it varies from +0.75 to -0.75 volts
or greater, as does input RF signal 10540. This solution may
not be possible in all situations, however. For instance, this
solution may not be possible when only a single voltage
supply is available.

[0776] A further solution for this problem is to bias input
RF signal 10540 such that it varies within the maximum and
minimum voltage range of pulses of control signal 10548.
Thus, as long as input RF signal 10540 varies within the
voltage range of control signal 10548, control signal 10548
will control the turning on and turning off of MOSFET switch
10518. FIG. 106C shows an example biased input RF signal
10544, that is biased to vary between +1.75 and +0.25 volts,
within the range of control signal 10548.

[0777] Bias circuit 10508 is used to adjust the bias applied
to input RF signal 10540. (It is noted that other bias configu-
rations could alternatively be used.) Bias circuit 10508 com-
prises a second voltage reference 10528, a first resistor 10530,
an optional capacitor 10532, a third voltage reference 10534,
asecondresistor 10536, and a fourth voltage reference 10538.
[0778] A first terminal 10554 of first resistor 10530 is
coupled to a first voltage reference 10528. A second terminal
10556 of first resistor 10530 is coupled to a first terminal
10558 of second resistor 10536 to create a bias point 10546.
Bias point 10546 is coupled to a second terminal 10560 of
tank circuit 10504. A second terminal 10562 of second resis-
tor 10536 is coupled to fourth voltage reference 10538.
[0779] First resistor 10530 and second resistor 10536 form
a voltage divider circuit, to create bias point 10546, as would
be understood by persons skilled in the relevant art(s) from
the teachings herein. Bias point 10546 provides a biasing
voltage for input RF signal 10540. A biased input RF signal
10544 is equal to input RF signal 10540 adjusted (e.g., added
or subtracted) by the amount of voltage at bias point 10546. In
a preferred embodiment, biased input RF signal 10544 may
be biased at the midpoint of the voltage swing of control
signal 10548. For example, biased input RF signal 10544 may
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be biased by bias point 10546 with a level of one volt, fora 0
volt to 2 volt varying control signal 10548.

[0780] Optional capacitor 10532 coupled between bias
point 10546 and third voltage reference 10534 may be option-
ally inserted to aid in stabilizing bias point 10546.

[0781] Other embodiments for bias circuit 10508 will be
apparent to persons skilled in the relevant art(s) from the
teachings herein. For instance, FIG. 107 illustrates an exem-
plary bias circuit 10708 according to an embodiment of the
present invention, wherein a tank circuit 10504 and/or an
impedance match circuit 10502 as shown in FIG. 105 are not
present. Bias circuit 10708 in F1G. 107 adjusts a bias point for
an input to UFD module 10506. Bias circuit 10708 of FIG.
107 places a bias directly on input RF signal 10540, as
opposed to bias circuit 10508 of FIG. 105 which applies a bias
voltage through tank circuit 10504.

[0782] FIG. 119 depicts a flowchart 11900 that illustrates
operational steps corresponding to FIGS. 105-107, for
improving dynamic range, according to an embodiment of the
present invention. The invention is not limited to this opera-
tional description. Rather, it will be apparent to persons
skilled in the relevant art(s) from the teachings herein that
other operational control flows are within the scope and spirit
of'the present invention. In the following discussion, the steps
in FIG. 119 will be described.

[0783] In step 11902, a bias voltage is applied to an input
signal. In embodiments, the center voltage of the input signal
is adjusted by application of the bias voltage. In embodi-
ments, the input signal is coupled to a center terminal of a
resistor divider circuit, which supplies the bias voltage. In an
embodiment, a tank circuit is used to couple the input signal
to the center terminal of the resistor divider circuit.

[0784] In step 11904, the biased input signal is frequency
down-converted with a first universal frequency down-con-
version module to a down-converted signal.

[0785] Other embodiments for improving dynamic range
include the use of complementary FETs. Complementary
FET embodiments are further described in the co-pending
U.S. patent application entitled “Method and System for
Down-converting Electromagnetic Signals Having Opti-
mized Switch Structures,” Ser. No. 09/293,095. Complemen-
tary FETs also have the advantage of using control signals of
opposite polarity, which tends to reduce or cancel re-radiation
due to a control signal.

[0786] Other circuit embodiments for improving dynamic
range include modifying control signal pulse amplitude, and/
ormodifying the switch, or FET, size, as would be understood
by persons skilled in the relevant art(s) from the teachings
herein. It should be understood that the above bias circuit
examples are provided for illustrative purposes only. The
invention is not limited to these embodiments. Alternate
embodiments (including equivalents, extensions, variations,
deviations, etc., of the embodiments described herein) will be
apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. The invention is intended and
adapted to include such alternate embodiments.

[0787] 7.4 Example Receiver and Transmitter Embodi-
ments for Addressing DC Offset and Re-Radiation

[0788] In this section, embodiments, according to the
present invention, are provided for reducing or eliminating
DC offset and/or reducing or eliminating circuit re-radiation
in receivers, including I/Q modulation receivers and other
modulation scheme receivers. These embodiments are
described herein for purposes of illustration, and not limita-
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tion. The invention is not limited to these embodiments. Alter-
nate embodiments (including equivalents, extensions, varia-
tions, deviations, etc., of the embodiments described herein)
will be apparent to persons skilled in the relevant art(s) based
on the teachings contained herein. The invention is intended
and adapted to include such alternate embodiments.

[0789] 7.4.1 Example I/Q Modulation Receiver Embodi-
ments
[0790] FIG. 25 illustrates an exemplary 1/Q modulation

receiver 2500, according to an embodiment of the present
invention. 1/Q modulation receiver 2500 has additional
advantages of reducing or eliminating unwanted DC offsets
and circuit re-radiation.

[0791] 1/Q modulation receiver 2500 comprises a first UFD
module 2502, a first optional filter 2504, a second UFD mod-
ule 2506, a second optional filter 2508, a third UFD module
2510, a third optional filter 2512, a fourth UFD module 2514,
a fourth filter 2516, an optional LNA 2518, a first differential
amplifier 2520, a second differential amplifier 2522, and an
antenna 2572.

[0792] 1/Q modulation receiver 2500 receives, down-con-
verts, and demodulates a I/Q modulated RF input signal 2582
to an I baseband output signal 2584, and a I/Q baseband
output signal 2586. I/Q modulated RF input signal comprises
afirst information signal and a second information signal that
are 1/Q modulated onto an RF carrier signal. I baseband
output signal 2584 comprises the first baseband information
signal. Q baseband output signal 2586 comprises the second
baseband information signal.

[0793] Antenna 2572 receives 1/Q modulated RF input sig-
nal 2582. 1/Q modulated RF input signal 2582 is output by
antenna 2572 and received by optional LNA 2518. When
present, LNA 2518 amplifies I/Q modulated RF input signal
2582, and outputs amplified 1Q signal 2588.

[0794] First UFD module 2502 receives amplified I/Q sig-
nal 2588. First UFD module 2502 down-converts the [-phase
signal portion of amplified input I/Q signal 2588 according to
an [ control signal 2590. First UFD module 2502 outputs an |
output signal 2598.

[0795] In an embodiment, first UFD module 2502 com-
prises a first storage module 2524, a first UFT module 2526,
and a first voltage reference 2528. Inan embodiment, a switch
contained within first UFT module 2526 opens and closes as
a function of I control signal 2590. As a result of the opening
and closing of this switch, which respectively couples and
de-couples first storage module 2524 to and from first voltage
reference 2528, a down-converted signal, referred to as I
output signal 2598, results. First voltage reference 2528 may
be any reference voltage, and is preferably ground. I output
signal 2598 is stored by first storage module 2524.

[0796] In a preferred embodiment, first storage module
2524 comprises a first capacitor 2574. In addition to storing |
output signal 2598, first capacitor 2574 reduces or prevents a
DC offset voltage resulting from above described charge
injection from appearing on I output signal 2598, in a similar
fashion to that of capacitor 9126 shown in FIG. 91. Refer to
section 7.2.1.3 above for further discussion on reducing or
eliminating charge injection with a series capacitor such as
capacitor 9126.

[0797] 1 output signal 2598 is received by optional first
filter 2504. When present, first filter 2504 is a high pass filter
to at least filter I output signal 2598 to remove any carrier
signal “bleed through”. In a preferred embodiment, when
present, first filter 2504 comprises a first resistor 2530, a first
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filter capacitor 2532, and a first filter voltage reference 2534.
Preferably, first resistor 2530 is coupled between I output
signal 2598 and a filtered I output signal 2507, and first filter
capacitor 2532 is coupled between filtered 1 output signal
2507 and first filter voltage reference 2534. Alternately, first
filter 2504 may comprise any other applicable filter configu-
ration as would be understood by persons skilled in the rel-
evant art(s). First filter 2504 outputs filtered I output signal
2507.

[0798] Second UFD module 2506 receives amplified 1/Q
signal 2588. Second UFD module 2506 down-converts the
inverted I-phase signal portion of amplified input I/Q signal
2588 according to an inverted I control signal 2592. Second
UFD module 2506 outputs an inverted I output signal 2501.
[0799] Inanembodiment, second UFD module 2506 com-
prises a second storage module 2536, a second UFT module
2538, and a second voltage reference 2540. In an embodi-
ment, a switch contained within second UFT module 2538
opens and closes as a function of inverted I control signal
2592. As a result of the opening and closing of this switch,
which respectively couples and de-couples second storage
module 2536 to and from second voltage reference 2540, a
down-converted signal, referred to as inverted I output signal
2501, results. Second voltage reference 2540 may be any
reference voltage, and is preferably ground. Inverted I output
signal 2501 is stored by second storage module 2536.
[0800] In a preferred embodiment, second storage module
2536 comprises a second capacitor 2576. In addition to stor-
ing inverted I output signal 2501, second capacitor 2576
reduces or prevents a DC offset voltage resulting from above
described charge injection from appearing on inverted I out-
put signal 2501, in a similar fashion to that of capacitor 9126
shown in FIG. 91. Refer to section 7.2.1.3 above for further
discussion on reducing or eliminating charge injection with a
series capacitor such as capacitor 9126.

[0801] InvertedIoutput signal 2501 is received by optional
second filter 2508. When present, second filter 2508 is a high
pass filter to at least filter inverted I output signal 2501 to
remove any carrier signal “bleed through”. In a preferred
embodiment, when present, second filter 2508 comprises a
second resistor 2542, a second filter capacitor 2544, and a
second filter voltage reference 2546. Preferably, second resis-
tor 2542 is coupled between inverted I output signal 2501 and
a filtered inverted I output signal 2509, and second filter
capacitor 2544 is coupled between filtered inverted I output
signal 2509 and second filter voltage reference 2546. Alter-
nately, second filter 2508 may comprise any other applicable
filter configuration as would be understood by persons skilled
in the relevant art(s). Second filter 2508 outputs filtered
inverted I output signal 2509.

[0802] First differential amplifier 2520 receives filtered I
output signal 2507 at its non-inverting input and receives
filtered inverted I output signal 2509 at its inverting input.
First differential amplifier 2520 subtracts filtered inverted I
output signal 2509 from filtered I output signal 2507, ampli-
fies the result, and outputs I baseband output signal 2584.
Other suitable subtractor and/or amplification modules may
be substituted for first differential amplifier 2520, and second
differential amplifier 2522, as would be understood by per-
sons skilled in the relevant art(s) from the teachings herein.
Because filtered inverted I output signal 2509 is substantially
equal to an inverted version of filtered I output signal 2507, 1
baseband output signal 2584 is substantially equal to filtered
1 output signal 2509, with its amplitude doubled. Further-
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more, filtered 1 output signal 2507 and filtered inverted I
output signal 2509 may comprise substantially equal noise
and DC offset contributions of the same polarity from prior
down-conversion circuitry, including first UFD module 2502
and second UFD module 2506, respectively. When first dif-
ferential amplifier 2520 subtracts filtered inverted I output
signal 2509 from filtered [ output signal 2507, these noise and
DC offset contributions substantially cancel each other.

[0803] Third UFD module 2510 receives amplified I/Q sig-
nal 2588. Third UFD module 2510 down-converts the
Q-phase signal portion of amplified input I/Q signal 2588
according to an Q control signal 2594. Third UFD module
2510 outputs an Q output signal 2503.

[0804] In an embodiment, third UFD module 2510 com-
prises a third storage module 2548, a third UFT module 2550,
and a third voltage reference 2552. In an embodiment, a
switch contained within third UFT module 2550 opens and
closes as a function of Q control signal 2594. As a result of the
opening and closing of this switch, which respectively
couples and de-couples third storage module 2548 to and
from third voltage reference 2552, a down-converted signal,
referred to as Q output signal 2503, results. Third voltage
reference 2552 may be any reference voltage, and is prefer-
ably ground. Q output signal 2503 is stored by third storage
module 2548.

[0805] In a preferred embodiment, third storage module
2548 comprises a third capacitor 2578. In addition to storing
Q output signal 2503, third capacitor 2578 reduces or pre-
vents a DC offset voltage resulting from above described
charge injection from appearing on Q output signal 2503, in a
similar fashion to that of capacitor 9126 shown in FIG. 91.
Referto section7.2.1.3 above for further discussion on reduc-
ing or eliminating charge injection with a series capacitor
such as capacitor 9126.

[0806] Q output signal 2503 is received by optional third
filter 2512. When present, third filter 2512 is a high pass filter
to at least filter Q output signal 2503 to remove any carrier
signal “bleed through”. In a preferred embodiment, when
present, third filter 2512 comprises a third resistor 2554, a
third filter capacitor 2558, and a third filter voltage reference
2558. Preferably, third resistor 2554 is coupled between Q
output signal 2503 and a filtered Q output signal 2511, and
third filter capacitor 2556 is coupled between filtered Q out-
put signal 2511 and third filter voltage reference 2558. Alter-
nately, third filter 2512 may comprise any other applicable
filter configuration as would be understood by persons skilled
in the relevant art(s). Third filter 2512 outputs filtered Q
output signal 2511.

[0807] Fourth UFD module 2514 receives amplified 1/Q
signal 2588. Fourth UFD module 2514 down-converts the
inverted Q-phase signal portion of amplified input I/Q signal
2588 according to an inverted Q control signal 2596. Fourth
UFD module 2514 outputs an inverted Q output signal 2505.

[0808] In an embodiment, fourth UFD module 2514 com-
prises a fourth storage module 2560, a fourth UFT module
2562, and a fourth voltage reference 2564. In an embodiment,
a switch contained within fourth UFT module 2562 opens and
closes as a function of inverted Q control signal 2596. As a
result of the opening and closing of this switch, which respec-
tively couples and de-couples fourth storage module 2560 to
and from fourth voltage reference 2564, a down-converted
signal, referred to as inverted QQ output signal 2505, results.
Fourth voltage reference 2564 may be any reference voltage,
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and is preferably ground. Inverted Q output signal 2505 is
stored by fourth storage module 2560.

[0809] In a preferred embodiment, fourth storage module
2560 comprises a fourth capacitor 2580. In addition to storing
inverted Q output signal 2505, fourth capacitor 2580 reduces
or prevents a DC offset voltage resulting from above
described charge injection from appearing on inverted Q out-
put signal 2505, in a similar fashion to that of capacitor 9126
shown in FIG. 91. Refer to section 7.2.1.3 above for further
discussion on reducing or eliminating charge injection with a
series capacitor such as capacitor 9126.

[0810] Inverted Q output signal 2505 is received by
optional fourth filter 2516. When present, fourth filter 2516 is
ahigh pass filter to at least filter inverted Q output signal 2505
to remove any carrier signal “bleed through”. In a preferred
embodiment, when present, fourth filter 2516 comprises a
fourth resistor 2566, a fourth filter capacitor 2568, and a
fourth filter voltage reference 2570. Preferably, fourth resis-
tor 2566 is coupled between inverted Q output signal 2505
and a filtered inverted Q output signal 2513, and fourth filter
capacitor 2568 is coupled between filtered inverted Q output
signal 2513 and fourth filter voltage reference 2570. Alter-
nately, fourth filter 2516 may comprise any other applicable
filter configuration as would be understood by persons skilled
in the relevant art(s). Fourth filter 2516 outputs filtered
inverted Q output signal 2513.

[0811] Second differential amplifier 2522 receives filtered
Q output signal 2511 at its non-inverting input and receives
filtered inverted Q output signal 2513 at its inverting input.
Second differential amplifier 2522 subtracts filtered inverted
Q output signal 2513 from filtered Q output signal 2511,
amplifies the result, and outputs Q baseband output signal
2586. Because filtered inverted Q output signal 2513 is sub-
stantially equal to an inverted version of filtered Q output
signal 2511, Q baseband output signal 2586 is substantially
equal to filtered Q output signal 2513, with its amplitude
doubled. Furthermore, filtered Q output signal 2511 and fil-
tered inverted Q output signal 2513 may comprise substan-
tially equal noise and DC offset contributions of the same
polarity from prior down-conversion circuitry, including third
UFD module 2510 and fourth UFD module 2514, respec-
tively. When second differential amplifier 2522 subtracts fil-
tered inverted Q output signal 2513 from filtered Q output
signal 2511, these noise and DC offset contributions substan-
tially cancel each other.

[0812] FIG. 120 depicts a flowchart 12000 that illustrates
operational steps corresponding to FIG. 25, for down-con-
verting a RF I/Q modulated signal and reducing DC offset
voltages, according to an embodiment of the present inven-
tion. The invention is not limited to this operational descrip-
tion. Rather, it will be apparent to persons skilled in the
relevant art(s) from the teachings herein that other operational
control flows are within the scope and spirit of the present
invention. In the following discussion, the steps in FIG. 120
will be described.

[0813] In step 12002, an input signal is received, wherein
the input signal comprises an RF I/Q modulated signal.
[0814] In step 12004, the input signal is frequency down-
converted with a first universal frequency down-conversion
module to a first down-converted signal, according to a first
control signal. In an embodiment, the input signal is fre-
quency down-converted to a non-inverted I-phase signal por-
tion of the RF I/Q modulated signal. For instance, in an
embodiment, a first phase of the in-phase signal portion of the
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RF 1/Q modulated signal is under-sampled. In an embodi-
ment, the RF I/Q modulated signal may be under-sampled
every 3.0 cycles of a frequency of the RF 1/Q modulated
signal by the first control signal. Furthermore, in embodi-
ments, a first DC offset voltage in the first down-converted
signal is reduced by a capacitor of the first universal fre-
quency down-conversion module.

[0815] In step 12006, the input signal is frequency down-
converted with a second universal frequency down-conver-
sion module to a second down-converted signal, according to
a second control signal. In an embodiment, the input signal is
frequency down-converted to an inverted I-phase signal por-
tion of the RF I/Q modulated signal. For instance, in an
embodiment, a second phase of the in-phase signal portion of
the RF I/QQ modulated signal is under-sampled, wherein the
second phase of the in-phase signal portion is of an opposite
phase to the first phase under-sampled of the in-phase signal
portion. The RF I/QQ modulated signal may be sampled 1.5
cycles of a frequency of the RF 1/Q modulated signal after
under-sampling the RF I/QQ modulated signal in step 12004,
for example. Furthermore, in embodiments, a second DC
offset voltage in the second down-converted signal is reduced
by a capacitor of the second universal frequency down-con-
version module.

[0816] In step 12008, the second down-converted signal is
subtracted from the first down-converted signal to form a first
output signal. In embodiments, a first DC offset voltage in the
first down-converted signal and a second DC offset voltage in
the second down-converted signal cancel one another.
[0817] In step 12010, the input signal is frequency down-
converted with a third universal frequency down-conversion
module to a third down-converted signal, according to a third
control signal. In an embodiment, the input signal is fre-
quency down-converted to a non-inverted Q-phase signal por-
tion of the RF I/Q modulated signal. For instance, in an
embodiment, a third phase of the quadrature-phase signal
portion of the RF I/QQ modulated signal is under-sampled. The
RF I/QQ modulated signal may be under-sampled 0.75 cycles
of the frequency of the RF I/QQ modulated signal after under-
sampling of the RF I/Q modulated signal occurs in step
12004, for example. Furthermore, in embodiments, a third
DC offset voltage in the third down-converted signal is
reduced by a capacitor of the third universal frequency down-
conversion module.

[0818] In step 12012, the input signal is frequency down-
converted with a fourth universal frequency down-conversion
module to a fourth down-converted signal, according to a
fourth control signal. In an embodiment, the input signal is
frequency down-converted to an inverted Q-phase signal por-
tion of the RF I/Q modulated signal. For instance, in an
embodiment, a fourth phase of the quadrature-phase signal
portion of the RF I/QQ modulated signal is under-sampled,
wherein the fourth phase of the quadrature-phase signal por-
tion is of an opposite phase to the third phase under-sampled
of'the quadrature-phase signal portion. In an embodiment, the
RF 1/Q modulated signal may be sampled 1.5 cycles of the
frequency of the RF I/QQ modulated signal after under-sam-
pling of the RF I/QQ modulated signal occurs in step 12010, for
example. Furthermore, in embodiments, a fourth DC offset
voltage in the fourth down-converted signal is reduced by a
capacitor of fourth universal frequency down-conversion
module.

[0819] In step 12014, the fourth down-converted signal is
subtracted from the third down-converted signal to form a
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second output signal. In embodiments, a third DC offset
voltage in the third down-converted signal and a fourth DC
offset voltage in the fourth down-converted signal cancel one
another.

[0820] Instep 12016, a signal is re-radiated that comprises
attenuated components of first, second, third, and fourth con-
trol signal pulses, wherein the attenuated components of the
first, second, third, and fourth control signal pulses form a
cumulative frequency, as discussed above.

[0821] In step 12018, the first, second, third, and fourth
control signal pulses are configured such that the cumulative
frequency is greater than a frequency of the input signal, as
discussed above.

[0822] 7.4.1.1 Example 1/Q Modulation Control Signal
Generator Embodiments

[0823] FIG. 26 illustrates an exemplary block diagram for
1/Qmodulation control signal generator 2600, according to an
embodiment of the present invention. [/Q modulation control
signal generator 2600 generates I control signal 2590,
inverted I control signal 2592, Q control signal 2594, and
inverted Q control signal 2596 used by I/Q modulation
receiver 2500 of FIG. 25. I control signal 2590 and inverted I
control signal 2592 operate to down-convert the I[-phase por-
tion of an input I/Q modulated RF signal. Q control signal
2594 and inverted Q control signal 2596 act to down-convert
the Q-phase portion of the input I/Q modulated RF signal.
Furthermore, 1/Q modulation control signal generator 2600
has the advantage of generating control signals in a manner
such that resulting collective circuit re-radiation is radiated at
one or more frequencies outside of the frequency range of
interest. For instance, potential circuit re-radiation is radiated
at a frequency substantially greater than that of the input RF
carrier signal frequency.

[0824] 1/Q modulation control signal generator 2600 com-
prises a local oscillator 2602, a first divide-by-two module
2604, a 180 degree phase shifter 2606, a second divide-by-
two module 2608, a first pulse generator 2610, a second pulse
generator 2612, a third pulse generator 2614, and a fourth
pulse generator 2616.

[0825] Local oscillator 2602 outputs an oscillating signal
2618. FIG. 27 shows an exemplary oscillating signal 2618.
[0826] First divide-by-two module 2604 receives oscillat-
ing signal 2618, divides oscillating signal 2618 by two, and
outputs a half frequency LO signal 2620 and a half frequency
inverted LO signal 2626. FIG. 27 shows an exemplary half
frequency O signal 2620. Half frequency inverted LO signal
2626 is an inverted version of half frequency LO signal 2620.
First divide-by-two module 2604 may be implemented in
circuit logic, hardware, software, or any combination thereof,
as would be known by persons skilled in the relevant art(s).
[0827] 180 degree phase shifter 2606 receives oscillating
signal 2618, shifts the phase of oscillating signal 2618 by 180
degrees, and outputs phase-shifted LO signal 2622. 180
degree phase shifter 2606 may be implemented in circuit
logic, hardware, software, or any combination thereof, as
would be known by persons skilled in the relevant art(s). In
alternative embodiments, other amounts of phase shift may
be used.

[0828] Second divide-by two module 2608 receives phase-
shifted LO signal 2622, divides phase-shifted LO signal 2622
by two, and outputs a half frequency phase-shifted LO signal
2624 and a half frequency inverted phase-shifted L.O signal
2628. FIG. 27 shows an exemplary half frequency phase-
shifted LO signal 2624. Half frequency inverted phase-
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shifted LO signal 2628 is an inverted version of half fre-
quency phase-shifted LO signal 2624. Second divide-by-two
module 2608 may be implemented in circuit logic, hardware,
software, or any combination thereof, as would be known by
persons skilled in the relevant art(s).

[0829] First pulse generator 2610 receives half frequency
LO signal 2620, generates an output pulse whenever a rising
edge is received on half frequency LO signal 2620, and out-
puts I control signal 2590. FIG. 27 shows an exemplary |
control signal 2590.

[0830] Second pulse generator 2612 receives half fre-
quency inverted LO signal 2626, generates an output pulse
whenever a rising edge is received on half frequency inverted
LO signal 2626, and outputs inverted I control signal 2592.
FIG. 27 shows an exemplary inverted I control signal 2592.
[0831] Third pulse generator 2614 receives half frequency
phase-shifted LO signal 2624, generates an output pulse
whenever a rising edge is received on half frequency phase-
shifted LO signal 2624, and outputs Q control signal 2594.
FIG. 27 shows an exemplary Q control signal 2594.

[0832] Fourth pulse generator 2616 receives half frequency
inverted phase-shifted LO signal 2628, generates an output
pulse whenever a rising edge is received on half frequency
inverted phase-shifted LO signal 2628, and outputs inverted
Q control signal 2596. FIG. 27 shows an exemplary inverted
Q control signal 2596.

[0833] In a preferred embodiment, control signals 2590,
2592, 2594 and 2596 output pulses having a width equal to
one-half of a period of I/Q modulated RF input signal 2582.
The invention, however, is not limited to these pulse widths,
and control signals 2590, 2592, 2594, and 2596 may comprise
pulse widths of any fraction of, or multiple and fraction of, a
period of I/QQ modulated RF input signal 2582.

[0834] First, second, third, and fourth pulse generators
2610, 2612, 2614, and 2616 may be implemented in circuit
logic, hardware, software, or any combination thereof, as
would be known by persons skilled in the relevant art(s).
[0835] As shown in FIG. 27, control signals 2590, 2592,
2594, and 2596 comprise pulses that are non-overlapping.
Furthermore, in this example, pulses appear on these signals
in the following order: I control signal 2590, Q control signal
2594, inverted I control signal 2592, and inverted Q control
signal 2596. Potential circuit re-radiation from 1/Q modula-
tionreceiver 2500 may comprise frequency components from
a combination of these control signals.

[0836] For example, FIG. 28 shows an overlay of pulses
from I control signal 2590, Q control signal 2594, inverted I
control signal 2592, and inverted Q control signal 2596.
When pulses from these control signals leak to through first,
second, third, and fourth UFD modules 2502, 2506, 2510, and
2514 of to antenna 2582 (shown in FIG. 25), they may be
radiated from I/Q modulation receiver 2500, with a combined
waveform that appears to have a primary frequency equal to
four times the frequency of any single one of control signals
2590, 2592, 2594, and 2596. FIG. 27 shows an example
combined control signal 2702.

[0837] FIG. 28 also shows an example I/Q modulation RF
input signal 2582 overlaid upon control signals 2590, 2592,
2594, and 2596. As shown in FIG. 28, pulses on I control
signal 2590 overlay and act to down-convert a positive
I-phase portion of I/QQ modulation RF input signal 2582.
Pulses on inverted I control signal 2592 overlay and act to
down-convert a negative I-phase portion of I/Q modulation
RF input signal 2582. Pulses on Q control signal 2594 overlay
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and act to down-convert a rising Q-phase portion of 1/Q
modulation RF input signal 2582. Pulses on inverted Q con-
trol signal 2596 overlay and act to down-convert a falling
Q-phase portion of I/Q modulation RF input signal 2582.
[0838] As FIG. 28 further shows in this example, the fre-
quency ratio between the combination of control signals
2590, 2592, 2594, and 2596 and 1/Q modulation RF input
signal 2582 is 4:3. Because the frequency of the potentially
re-radiated signal, combined control signal 2702, is substan-
tially different from that of the signal being down-converted,
1/Q modulation RF input signal 2582, it does not interfere
with signal down-conversion as it is out of the frequency band
of interest, and hence may be filtered out. In this manner, 1/Q
modulation receiver 2500 reduces problems due to circuit
re-radiation. As will be understood by persons skilled in the
relevant art(s) from the teachings herein, frequency ratios
other than 4:3 may be implemented to achieve similar reduc-
tion of problems of circuit re-radiation.

[0839] Itshould be understood that the above control signal
generator circuit example is provided for illustrative purposes
only. The invention is not limited to these embodiments.
Alternative embodiments (including equivalents, extensions,
variations, deviations, etc., of the embodiments described
herein) for [/Q modulation control signal generator 2600 will
be apparent to persons skilled in the relevant art(s) from the
teachings herein, and are within the scope of the present
invention.

[0840] 7.4.1.2 Detailed Example 1/QQ Modulation Receiver
Embodiment with Exemplary Waveforms

[0841] FIG. 29 illustrates a more detailed example circuit
implementation of I/QQ modulation receiver 2500, according
to an embodiment of the present invention.

[0842] FIGS. 30-40 show waveforms related to an example
implementation of I/Q modulation receiver 2500 of FIG. 29.
[0843] FIGS. 30 and 31 show first and second input data
signals 2902 and 2904 to be 1/Q modulated with a RF carrier
signal frequency as the I-phase and Q-phase information
signals, respectively.

[0844] FIGS. 33 and 34 show the signals of FIGS. 30 and 31
after modulation with a RF carrier signal frequency, respec-
tively, as I-modulated signal 2906 and Q-modulated signal
2908.

[0845] FIG. 32 shows an I/Q modulation RF input signal
2582 formed from [-modulated signal 2906 and Q-modulated
signal 2908 of FIGS. 33 and 34, respectively.

[0846] FIG. 39 shows an overlaid view of filtered I output
signal 3902 and filtered inverted I output signal 3904.
[0847] FIG. 40 shows an overlaid view of filtered Q output
signal 4002 and filtered inverted Q output signal 4004.
[0848] FIGS.35 and 36 show [ baseband output signal 2584
and Q baseband output signal 2586, respectfully. A data tran-
sition 3202 is indicated in both I baseband output signal 2584
and Q baseband output signal 2586. The corresponding data
transition 3202 is indicated in I-modulated signal 2906 of
FIG. 33, Q-modulated signal 2908 of FIG. 34, and 1/Q modu-
lation RF input signal 2582 of FIG. 32.

[0849] FIGS.37 and 38 show [ baseband output signal 2584
and Q baseband output signal 2586 over a wider time interval.

[0850] 7.4.1.3 Example Single Channel Receiver Embodi-
ment
[0851] FIG. 41 illustrates an exemplary single channel

receiver 4100, corresponding to either the I or Q channel of
1/Q modulation receiver 2500, according to an embodiment
of the present invention. Single channel receiver 4100 can
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down-convert an input RF signal 4106 modulated according
to AM, PM, FM, and other modulation schemes. Refer to
section 7.4.1 above for further description on the operation of
single channel receiver 4100.

[0852] 7.4.1.4 Alternative Example 1/Q Modulation
Receiver Embodiment

[0853] FIG. 42 illustrates an exemplary 1/Q modulation
receiver 4200, according to an embodiment of the present
invention. I/QQ modulation receiver 4200 receives, down-con-
verts, and demodulates an 1/Q modulated RF input signal
2582 to an I baseband output signal 2584, and a Q baseband
output signal 2586. 1/QQ modulation receiver 4200 has addi-
tional advantages of reducing or eliminating unwanted DC
offsets and circuit re-radiation, in a similar fashion to that of
1/Q modulation receiver 2500 described above.

[0854]

[0855] FIG. 43 illustrates an exemplary 1/Q modulation
transmitter 4300 (only I channel is shown), according to an
embodiment of the present invention. I/QQ modulation trans-
mitter has a configuration substantially similar to I/Q modu-
lation receiver 2500. Hence, an I/Q modulation transmitter
4300 and an I/QQ modulation receiver 2500 may be imple-
mented with at least some common circuit components.

[0856] 1/Q modulation transmitter 4300 comprises an
optional first filter 4302, a second optional filter 4306, and a
third optional filter 4310. When present, second and third
optional filters 4306 and 4310 may comprise first and second
resistors 4334 and 4336, respectively. In alternative embodi-
ments, second and third optional filters 4306 and 4310 may

7.4.1.5 Example Transmitter Embodiment
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comprise inductors, capacitors, and/or other filtering ele-
ments, alone or in combination.

8. CONCLUSION

[0857] Whilevarious embodiments of the present invention
have been described above, it should be understood that they
have been presented by way of example only, and not limita-
tion. It will be apparent to persons skilled in the relevant art
that various changes in form and detail can be made therein
without departing from the spirit and scope of the invention.
Thus, 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. An apparatus for down-converting an electromagnetic
signal and reducing DC offset voltages and re-radiation, com-
prising:

a first UFD module that receives an input signal, wherein
said first UFD module down-converts said input signal
according to a first control signal and outputs a first
down-converted signal;

a second UFD module that receives said input signal,
wherein said second UFD module down-converts said
input signal according to a second control signal and
outputs a second down-converted signal; and

a first subtractor module that subtracts said second down-
converted signal from said first down-converted signal
and outputs a first channel down-converted signal.
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