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Wireless Local Area Network (WLAN) Using Universal
Frequency Translation Technology

Cross-Reference to Other Applications

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

"Method and System for Down-Converting Electromagnetic Signals," Ser. No. 09/176,022,
filed October 21, 1998.

"Method and System for Down-Converting Electromagnetic Signals Having Optimized
Switch Structures," Ser. No. 09/293,095, filed April 16, 1999.

"Method and System for Down-Converting Electromagnetic Signals Including Resonant
Structures for Enhanced Energy Transfer," Ser. No. 09/293,342, filed April 16, 1999.

"Method and System for Frequency Up-Conversion," Ser. No. 09/176,154, filed October 21,
1998.

"Method and System for Frequency Up-Conversion Having Optimized Switch Structures,"
Ser. No. 09/293,097, filed April 16, 1999.

"Method and System for Frequency Up-Conversion with a Variety of Transmitter

Configurations,”" Ser. No. 09/293,580, filed April 16, 1999.
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"Method and System for Ensuring Reception of a Communications Signal," Ser. No.
09/176,415, filed October 21, 1998.

"Integrated Frequency Translation And Selectivity," Ser. No. 09/175,966, filed October 21,
1998.

"Integrated Frequency Translation and Selectivity with a Variety of Filter Embodiments," Ser.
No. 09/293,283, filed April 16, 1999.

"Universal Frequency Translation, and Applications of Same," Ser. No. 09/176,027, filed
October 21, 1998.

" Applications of Universal Frequency Translation," Ser. No. 09/261,129, filed March 3, 1999.
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Background of the Invention

Field of the Invention

The present invention is generally related to frequency translation, and applications of same.

Related Art

Various communication components exist for performing frequency down-conversion,
frequency up-conversion, and filtering. Also, schemes exist for signal reception in the face of

potential jamming signals.

Summary of the Invention

The present invention is related to frequency translation, and applications of same. Such
applications include, but are not limited to, frequency down-conversion, frequency up-conversion,
enhanced signal reception, unified down-conversion and filtering, and combinations and applications
of same.

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. The drawing in which an element first appears is typically indicated by the

leftmost character(s) and/or digit(s) in the corresponding reference number.
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Brief Description of the Figures

The present invention will be described with reference to the accompanying drawings,
wherein:

FIG. 1A is a block diagram of a universal frequency translation (UFT) module according to
an embodiment of the invention;

FIG. 1B is a more detailed diagram of a universal frequency translation (UFT) module
according to an embodiment of the invention;

FIG. 1C illustrates a UFT module used in a universal frequency down-conversion (UFD)
module according to an embodiment of the invention,

FIG. 1D illustrates a UFT module used in a universal frequency up-conversion (UFU) module
according to an embodiment of the invention,

FIG. 2 is a block diagram of a universal frequency translation (UFT) module according to an
alternative embodiment of the invention;

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

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

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

FIGS. 6A-6T illustrate example waveforms used to describe the operation of the UFU module;

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

FIG. 8 illustrates a UFT module used in a transmitter according to an embodiment of the
invention;

FIG. 9 illustrates an environment comprising a transmitter and a receiver, each of which may

be implemented using a UFT module of the invention;

August 4, 1999
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FIG. 10 illustrates a transceiver according to an embodiment of the invention,

FIG. 11 illustrates a transceiver according to an alternative embodiment of the invention;

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;

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

FIG. 14 illustrates an example receiver implemented using a UDF module according to an
embodiment of the invention;

FIGS. 15A-15F illustrate example applications of the UDF module according to embodiments
of the invention;

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;

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

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

FIG. 19is a detailed diagram of an example UDF module according to an embodiment of the
invention;

FIGS. 20A and 20A-1 are example aliasing modules according to embodiments of the
invention;

FIGS. 20B-20F are example waveforms used to describe the operation of the aliasing modules
of FIGS. 20A and 20A-1;

FIG. 21 illustrates an enhanced signal reception system according to an embodiment of the
invention;

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

FIG. 23 A illustrates an example transmitter in an enhanced signal reception system according

to an embodiment of the invention;
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FIGS. 23B and 23C are example waveforms used to further describe the enhanced signal
reception system according to an embodiment of the invention;

FIG. 23D illustrates another example transmitter in an enhanced signal reception system
according to an embodiment of the invention;

FIGS. 23E and 23F are example waveforms used to further describe the enhanced signal
reception system according to an embodiment of the invention,

FIG. 24A illustrates an example receiver in an enhanced signal reception system according
to an embodiment of the invention;

FIGS. 24B-24] are example waveforms used to further describe the enhanced signal
reception system according to an embodiment of the invention;

FIG. 25 illustrates a block diagram of an example computer network;

FIG. 26 illustrates a block diagram of an example computer network;

FIG. 27 illustrates a block diagram of an example wireless interface;

FIG. 28 illustrates an example heterodyne implementation of the wireless interface illustrated
in FIG. 27,

FIG. 29 illustrates an example in-phase/quadrature-phase (I/Q) heterodyne implementation
of the interface illustrated in FIG. 27,

FIG. 30 illustrates an example high level block diagram of the interface illustrated in FIG. 27,
in accordance with the present invention,

FIG. 31 illustrates a example block diagram of the interface illustrated in FIG. 29, in
accordance with the invention;

FIG. 32 illustrates an example I/Q implementation of the interface illustrated in FIG.31;

FIGS. 33-38 illustrate example environments encompassed by the invention;

FIG. 39 illustrates a block diagram of a WLAN interface according to an embodiment of the
invention;

FIG. 40 illustrates a WLAN receiver according to an embodiment of the invention,

FIG. 41 illustrates a WLAN transmitter according to an embodiment of the invention;

August 4, 1999
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FIGS. 42-44 are example implementations of a WLAN interface;

FIGS. 45, 46A, and 46B relate to an example MAC interface for an example WLAN interface
embodiment;

FIGS. 47, 48, 49A, and 49B relate to an example demodulator/modulator facilitation module
for an example WLAN interface embodiment;

FIGS. 50, 51, 52A, and 52B relate to an example alternate demodulator/modulator facilitation
module for an example WLAN interface embodiment;

FIGS. 53 and 54 relate to an example receiver for an example WLAN interface embodiment;

FIGS. 55, 56A, and 56B relate to an example synthesizer for an example WLAN interface
embodiment;

FIGS. 57, 58, 59, 60, 61A, and 61B relate to an example transmitter for an example WLAN
interface embodiment;

FIGS. 62 and 63 relate to an example motherboard for an example WLAN interface
embodiment;

FIGS. 64, 65, and 66 relate to example LNAs for an example WLAN interface embodiment;

FIGS. 67-101 illustrate test results for an example WLAN interface embodiment of the
invention; and

FIG. 102 is an example PCMCIA test bed assembly for a WLAN interface according to an

embodiment of the invention.
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Detailed Description of the Preferred Embodiments
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1 Universal Frequency Translation

The present invention is related to frequency translation, and applications of same. Such
applications include, but are not limited to, frequency down-conversion, frequency up-conversion,
enhanced signal reception, unified down-conversion and filtering, and combinations and applications
of same.

FIG. 1A illustrates a universal frequency translation (UFT) module 102 according to
embodiments of the invention. (The UFT module is also sometimes called a universal frequency
translator, or a universal translator.)

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.

Generally, the UFT module 102 (perhaps in combination 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) 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
characteristics) of the output signal.

An example 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.

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.

August 4, 1999
SKGF Ref: 1744.0630000
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The UFT module 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.

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.

As another example, as shown in FIG. 1D, a UFT module 117 can be used in a universal
frequency up-conversion (UFU) module 116. In this capacity, the UFT module 117 frequency up-
converts an input signal to an output signal.

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.

2. Frequency Down-Conversion

The present invention is directed to systems and methods of universal frequency down-
conversion, and applications of same.

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 October 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.

FIG. 20A illustrates an aliasing module 2000 (also called a universal frequency down-
conversion module) for down-conversionusing a universal frequency translation (UFT) module 2002

August 4, 1999
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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
differential mode). Ina second implementation (see FIG. 20A-1), the capacitor 2010 is in series with
the input signal 2004 and the switch 2008 is shunted to ground (although it may be other 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,

In one implementation, aliasing module 2000 down-converts the input signal 2004 to an
intermediate frequency (IF) signal. In another implementation, the aliasing module 2000 down-
converts the input signal 2004 to a demodulated baseband signal. In yet another implementation, 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 implementations is described below.

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 frequency of control signal 2006 is much
less than the input signal 2004.

A train of pulses 2018 as shown in FIG. 20D controls the switch 2008 to alias the input signal
2004 with the control signal 2006 to generate a down-converted output signal 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.

Exemplary waveforms are shown in FIGS. 20B-20F.

August 4, 1999
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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 analog AM carrier signal portion 2016 illustrates the analog AM carrier signal 2014 from time
t, to time t,.

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
Electromagnetic Signals,” Application No. 09/176,022, Attorney Docket Number 1744.0010000.

As noted above, the train 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 capacitor
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 (FIG. 20A). In
FIG. 20F, a demodulated baseband signal 2026 represents the demodulated baseband signal 2024

after filtering on a compressed time scale. As illustrated, down-converted signal 2026 has
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substantially the same “amplitude envelope” as AM carrier signal 2014. Therefore, FIGS. 20B-20F
illustrate down-conversion of AM carrier signal 2014.

The waveforms shown in FIGS. 20B-20F are discussed herein for illustrative purposes only,
and are not limiting. 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 Electromagnetic Signals,”
Application No.09/176,022, Attorney Docket Number 1744.0010000.

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-converted output signal 2012 are illustrated

below:

(Freq. of input signal 2004) = ne(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,...).

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:

August 4, 1999
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(Freqinput - FrquF)/ n = Freqcontrol
(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.

Exemplary time domain and frequency domain drawings, illustrating down-conversion of
analog and digital AM, PM and FM signals to IF signals, and exemplary methods and systems thereof,
are disclosed in co-pending U.S. Patent Application entitled “Method and System for Down-
converting Electromagnetic Signals,” Application No. 09/176,022, Attorney Docket Number
1744.0010000.

Alternatively, when the aliasing rate of the control signal 2006 is substantially equal to the
frequency of the input signal 2004, or substantially equal to a harmonic or sub-harmonic thereof,
input signal 2004 is directly down-converted 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 aresult, the under-samples form a constant output baseband signal. Ifthe 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 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:

(-Freqinput - FrquF)/ nh = Freqcantrol
(900 MHZ - 0 MHZ)/n = 900 MHZ/n

Forn=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.
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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,” Application No. _09/176,022, Attorney
Docket Number 1744.0010000.

Alternatively, to down-convert an input FM signal to a non-FM signal, a frequency within the
FM bandwidth must be down-converted to baseband (i.e., zero IF). Asan 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 is, [(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)

(Freqinput - FrquF)/ n= Freqcomrol
(900 MHZ - 0 MHZ)/n = 900 MHZ/n

Forn=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,.

August 4, 1999
SKGF Ref: 1744.0630000

Page 19 of 177



e

== e

20

—16-

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
F, equal to 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 forn=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. For
the latter case of 901 MHZ/n, and forn=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 difference between
the lower frequency F, and the upper frequency F, (i.e., 1 MHZ).

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,” Application No. 09/176,022, Attorney Docket Number 1744.0010000.

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.

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
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to the down-converted output signal 2012, and hence the efficiency and signal to noise (s/n) ratio of
UFT module 2002.

Exemplary systems and methods for generating and optimizing the control signal 2006 _and
for otherwise improving 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,” Application
No. 09/176,022, Attorney Docket Number 1744.0010000.

3. Frequency Up-Conversion

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

An example frequency up-conversion system 300 is illustrated in FIG. 3. The frequency up-
conversion system 300 is now described.

Aninput signal 302 (designated as "Control Signal" inFIG. 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 modulation scheme can be used.

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

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, 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. Ina
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similar manner, the term "square wave" refers to those waveforms that are substantially square and
it is not the intent of the present invention that a perfect square wave be generated or needed.

Harmonically rich signal 608 is comprised of a plurality of sinusoidal waves whose frequencies
are integer multiples 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 components 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
harmonically rich signal 608 is shown as a square wave, there are only odd harmonics). Three
harmonics are shown simultaneously (but not summed) in FIG. 6H.

The relative amplitudes of the harmonics are generally a function of the relative widths of the
pulses of harmonically rich signal 306 and the period of the fundamental frequency, 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).

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. 6L

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 (UF T) 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 a node 405 located between the resistor or impedance 404 and the switch 406.

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.

August 4, 1999
SKGF Ref: 1744.0630000

Page 22 of 177



20

25

— 19—

The invention is not limited to the UFU embodiment shown in FIG. 4.

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 FIG. 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.

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 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.

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 October

21, 1998, incorporated herein by reference in its entirety.

4. Enhanced Signal Reception

The present invention is directed to systems and methods of enhanced signal reception (ESR),
and applications of same.

Referring to FIG. 21, transmitter 2104 accepts a modulating baseband signal 2102 and
generates (transmitted) redundant spectrums 2106a-n, which are sent over communications medium
2108. Receiver 2112 recovers a demodulated baseband signal 2114 from (received) redundant
spectrums 2110a-n. Demodulated baseband signal 2114 is representative of the modulating baseband
signal 2102, where the level of similarity between the modulating baseband signal 2114 and the

modulating baseband signal 2102 is application dependent.
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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 spectrum 2204 and image spectrum 2203 that are illustrated in
FIG. 22B. Modulating baseband signal 2202 is illustrated as an analog signal 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.

Each transmitted redundant spectrum 2106a-n contains the necessary information to
substantially reconstruct the modulating baseband signal 2102. In other words, each redundant
spectrum 2106a-n contains the necessary amplitude, phase, and frequency information to reconstruct
the modulating baseband signal 2102.

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

Transmitted redundant spectrums 2206b-d are centered 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 2208c,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 techniques. Transmitted redundant
spectrums are preferably above baseband frequencies as is represented by break 2205 in the frequency
axis of FIGS. 22C and 22D.

Received redundant spectrums 2110a-n are substantially 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
illustrates example received redundant spectrums 2210b-d. Received redundant spectrums 2210b-d
are substantially similar to transmitted redundant spectrums 2206b-d, except that redundant spectrum

August 4, 1999
SKGF Ref: 1744.0630000

Page 24 of 177



20

25

21—

2210c includes an undesired jamming signal spectrum 2211 in order to illustrate some advantages 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).

As stated above, demodulated baseband signal 2114 is extracted from one or more of received
redundant spectrums 2210b-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.

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.

Transmitter 2104 will now be explored in greater detail. FIG. 23 A illustrates transmitter 2301,
which is one embodiment of transmitter 2104 that generates redundant spectrums configured similar
to redundant spectrums 2206b-d. Transmitter 2301 includes generator 2303, optional spectrum
processing module 2304, and optional medium interface module 2320. Generator 2303 includes: first
oscillator 2302, second oscillator 2309, first stage modulator 2306, and second stage modulator
2310.

Transmitter 2301 operates as follows. First oscillator 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
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modulation including but not limited to: amplitude modulation, frequency modulation, phase
modulation, combinations thereof, or any other type of modulation. Second stage modulator 2310
modulates modulated signal 2308 with second oscillating signal 2312, resulting in multiple redundant
spectrums 2206a-n shown in FIG. 23B. Second stage modulator 2310 is preferably a phase
modulator, or a frequency modulator, although other types of modulation may be implemented
including but not limited to amplitude modulation. Each redundant spectrum 2206a-n contains the
necessary amplitude, phase, and frequency information to substantially reconstruct the modulating
baseband signal 2202.

Redundant spectrums 2206a-n are substantially centered around f;, which is the characteristic
frequency of first oscillating signal 2305. Also, each redundant spectrum 2206a-n (except for 2206c)
is offset from f; by approximately a multiple of f, (Hz), where f, is the frequency of the second
oscillating signal 2312. Thus, each redundant spectrum 2206a-n 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.

In one embodiment, the number of redundant spectrums 2206a-n generated by transmitter
2301 is arbitrary and may be unlimited as indicated by the “a-n” designation for redundant spectrums
2206a-n. However, a typical communications 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 reasons 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.

In one embodiment, spectrum processing module 2304 includes a filter with a passband 2207
(FIG. 23C) to select redundant spectrums 2206b-d for transmission. This will substantially limit the
frequency bandwidth occupied by the redundant spectrums to the passband 2207. In one embodiment,
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spectrum processing module 2304 also up converts redundant spectrums and/or amplifies redundant
spectrums 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.

FIG. 23D illustrates transmitter 2321, which is one embodiment of transmitter 2104 that
generates redundant spectrums configured similar to redundant spectrums 2208¢-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.

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 modulates
second oscillating signal 2312 with modulating baseband 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-n, as shown in FIG. 23E. Second
stage modulator 2310is preferably a phase or frequency modulator, although other modulators could
used including but not limited to an amplitude modulator.

Redundant spectrums 2208a-n are centered on unmodulated spectrum 2209 (at f; Hz), and
adjacent spectrums are separated by f, Hz. The number of redundant spectrums 2208a-n generated
by generator 2311 is arbitrary and unlimited, similar to spectrums 2206a-n 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 bandstop
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filter) to attenuate unmodulated spectrum 2209. Alternatively, unmodulated spectrum 2209 may be
attenuated by using phasing techniques during redundant spectrum generation. Finally, (optional)
medium interface module 2320 transmits redundant spectrums 2208c,d over communications medium
2108.

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-c, and arbitration module 2424. Receiver 2430 will be discussed
in relation to the signal diagrams in FIGS. 24B-24J.

In one embodiment, optional medium interface module 2402 receives redundant spectrums
2210b-d (FIG. 22E, and FIG. 24B). Each redundant spectrum 2210b-d includes the necessary
amplitude, phase, and frequency information to substantially reconstruct the modulating baseband
signal used to generated the redundant spectrums. However, in the present example, spectrum 2210c
also contains jamming signal 2211, which may interfere with the recovery of a baseband signal from
spectrum 2210c. Down-converter 2404 down-converts received redundant spectrums 2210b-d to
lower intermediate frequencies, resulting in redundant spectrums 2406a-c (FIG. 24C).J amming signal
2211 is also down-converted to jamming signal 2407, as it is contained within redundant spectrum
2406b. Spectrum isolation module 2408 includes filters 2410a-c that isolate redundant spectrums
2406a-c from each other (FIGS. 24D-24F, respectively). Demodulators 2416a-c independently
demodulate spectrums 2406a-c, resulting in demodulated baseband signals 2413a-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. Arbitration module 2424 accepts
the demodulated baseband signals and associated error flags, and selects a substantially error-free

demodulated baseband signal (FIG. 247). In one embodiment, the substantially error-free
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demodulated baseband signal will be substantially similar to the modulating baseband signal used to
generate the received redundant spectrums, where the degree of similarity is application dependent.

Referring to FIGS. 24G-1, arbitration module 2424 will select either demodulated baseband
signal 2418a or 2418c, because error check module 2420b will set the error flag 2422b that is
associated with demodulated baseband signal 2418b.

The error detection schemes implemented by the error detection modules include but are not
limited to: cyclic redundancy check (CRC) and parity check for digital signals, and various error
detections schemes for analog signal.

Further details of enhanced signal reception as described in this section are presented in
pending U.S. application "Method and System for Ensuring Reception of a Communications Signal,"

Ser. No. 09/176,415, filed October 21, 1998, incorporated herein by reference in its entirety.

5. Unified Down-Conversion and Filtering

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

In particular, 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
frequency translation (the invention is not limited to this embodiment). The invention achieves high
frequency selectivity 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 frequencies.

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.
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The effect achieved by the UDF module 1702 is to perform the frequency selectivity operation
prior to the performance of the frequency translation operation. Thus, the UDF module 1702
effectively performs input filtering.

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, however,
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.

In embodiments of the 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 embodiments, the UDF module 1702 effectively performs input, channel
select filtering of the RF input signal 1704. Accordingly, the invention achieves high selectivity at
high frequencies.

The UDF module 1702 effectively 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.

Conceptually, the UDF module 1702 includes a frequency translator 1708. The frequency
translator 1708 conceptually represents that portion of the UDF module 1702 that performs
frequency translation (down conversion).

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.

In practice, the input filtering operation performed by the UDF module 1702 is integrated with
the frequency 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.
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The UDF module 1702 of the present invention includes a number of advantages. For
example, high selectivity 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
limitation, 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).

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.

The invention exhibits additional advantages. For example, the filtering center frequency f,
of the UDF module 1702 can be electrically adjusted, either statically or dynamically.

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

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
architecture of the UDF module 1702 is friendly to integrated circuit design techniques and processes.

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 invention, the UDF module 1702 performs the frequency
selectivity operation and the frequency translation operation as a single, unified (integrated)
operation. According to the invention, operations relating to frequency translation also contribute
to the performance of frequency selectivity, and vice versa.

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

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 frequency, such as an
intermediate frequency (IF) or baseband.

Next, the input sample is held (that is, delayed).

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.

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 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 signal.). By operating in this manner, the
UDF module preferably performs input filtering and frequency down-conversion in a unified manner.

FIG. 19 illustrates 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.

In the example of FIG. 19, the frequency selectivity operation performed by the UDF module
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=a,z'VI- gz'VO- §z°VO EQ. 1
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It should be noted, however, that the invention is not limited to band-pass filtering. Instead,
the invention effectively 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 invention is applicable to these filter representations. Thus, EQ. 1 is referred to
herein for illustrative purposes only, and is not limiting.

The UDF module 1922 includes a down-convert and delay module 1924, first and second
delay modules 1928 and 1930, first and second scaling modules 1932 and 1934, an output sample and
hold module 1936, and an (optional) output smoothing module 1938. 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. 19, the output smoothing module 1938 is optional.

As further described below, in the example of FIG. 19, 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 frequency, 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.

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.

In the example of FIG. 19, it is assumed that «, is equal to one. Thus, the output of the
down-convert and delay module 1924 is not scaled. As evident from the embodiments described

above, however, the invention is not limited to this example.
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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
t0 900.485 MHZ. The Q factor of the UDF module 1922 is approximately 1879 (i.e., 900.2 MHZ
divided by 570 KHz).

The operation of the UDF module 1922 shall now be described with reference to a Table 1802
(FIG. 18) that indicates 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.

At the rising edge of ¢, at time t-1, a switch 1950 in the down-convert and delay module
1924 closes. This allows a capacitor 1952 to charge to the current value of an input signal, VI,_,,
such that node 1902 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 represents an instance of a down-converted image of the
input signal V1.

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 October 21, 1998, which is herein incorporated by reference in its entirety.

Also at the rising edge of ¢, at time t-1, a switch 1958 in the first delay module 1928 closes,
allowing a capacitor 1960 to charge to VO,_,, such that node 1906 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.)
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Also at the rising edge of ¢, at time t-1, a switch 1966 in the second delay module 1930
closes, allowing a capacitor 1968 to charge to a value stored in a capacitor 1964. 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.

At the rising edge of ¢, at time t-1, a switch 1954 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 charges to VI,_,, such that node 1904 is at VI,_,. This is indicated by cell 1810 in
Table 1802.

The UDF module 1922 may optionally include a unity gain module 1990A between capacitors
1952 and 1956. The unity gain module 1990A operates as a current source to enable capacitor 1956
to charge without draining the charge from capacitor 1952. For a similar reason, the UDF module
1922 may include other unity gain modules 1990B-1990G. 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 modules 1990 will be apparent to persons skilled in the
relevant art(s).

Also at the rising edge of ¢, at time t- 1, a switch 1962 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 is at VO,_,. This is indicated by cell 1814 in Table 1802.

Also at the rising edge of ¢, at time t-1, a switch 1970 in the second delay module 1930
closes, allowing a capacitor 1972 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.

At time t, 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 VI,, such that node 1902 is at VI,. This is
indicated in cell 1816 of Table 1802.
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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.

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,j, such that node 1910 is at VO, ;. This is indicated by cell 1824 in
Table 1802.

At the rising edge of §, at time , 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 VI, such that node 1904 is at VI.. This is indicated by cell 1828 in Table
1802.

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.

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 is at VO, ;. This is indicated in cell 1836 of FIG. 18.

At time t+1, 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 at VI,,,, as
indicated by cell 1838 of Table 1802.

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.

Further at the rising edge of ¢, at time t+1, the switch 1966 in the second delay module 1930
closes, allowing the 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.
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In the example of FIG. 19, 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 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 is -0.8 * VO, at time t+1.

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

At the rising edge of ¢, at time t+1, a switch 1991 in the output sample and hold module 1936
closes, thereby allowing a capacitor 1992 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, ;. Thisis indicated in cell 1850 of Table 1802. This value
is presented to the optional output smoothing module 1938, which smooths the signal to thereby
generate the instance of the output signal VO,,;. It is apparent from inspection that this value of
VO, is consistent with the band pass filter transfer function of EQ. 1.

Further details of unified down-conversion and filtering as described in this section are
presented in pending U.S. application "Integrated Frequency Translation And Selectivity," Ser. No.
09/175,966, filed October 21, 1998, incorporated herein by reference in its entirety.

6. Example Application Embodiments of the Invention

As noted above, the UFT module of the present invention is a very powerful and flexible
device. Tts 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.

Example applications of the UFT module were described above. In particular, frequency

down-conversion, frequency up-conversion, enhanced signal reception, and unified down-conversion
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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.

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, for example, where an example UFT
module 706 is part of a down-conversion module 704, which is part of a receiver 702.

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.

The present invention can be used in environments having one or more transmitters 902 and
one or more receivers 906, as illustrated in FIG. 9. In such environments, one or more of the
transmitters 902 may be implemented using 2 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.

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

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.
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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) inareceiver 1210. An example ESR embodiment
configured in this manner is illustrated in FIG. 12.

The ESR module (transmit) 1204 includes a frequency up-conversion module 1206. Some
embodiments of this frequency up-conversion module 1206 may be implemented using a UFT
module, such as that shown in FIG. 1D.

The ESR module (receive) 1212 includes a frequency 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.

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.

Unified down-conversion and filtering according to the invention is useful in applications
involving filtering and/or frequency down-conversion. Thisis 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 module 1524
according to the invention can be utilized as a filter 1522 (i.e,, where the extent of frequency down-
conversion 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. Itis noted that
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one or more UDF modules can be used in applications that involve at least one or more of filtering,
frequency translation, and amplification.

For example, receivers, which typically perform filtering, 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.

The methods and systems of unified down-conversion and filtering of the invention have many
other applications. 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-conversionand filtering (UDF)
modules. This is illustrated, for example, in FIG. 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)
contained therein. As noted above, the UDF modules 1610, 1612, 1614 are implemented using the
universal frequency translation (UFT) modules of the invention.

The invention is not limited to the applications of the UFT module described above. For
example, and without limitation, subsets of the applications (methods and/or structures) described
herein (and others that would be apparent to persons skilled in the relevant art(s) based on the herein
teachings) can be associated to form useful combinations.

For example, transmitters and receivers are two applications of the UFT module. FIG. 10
illustrates a transceiver 1002 that is formed by combining these two applications of the UFT module,
i.e., by combining a transmitter 1004 with a receiver 1008.

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.
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The invention is not limited to the example applications of the 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 provided 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) transmitting; (6) filtering; and/or (7) signal transmission and reception in environments
containing potentially jamming signals.

Additional example applications are described below.

6.1 Data Communication

The invention is directed to data communication among data processing devices. For
example, and without limitation, the invention is directed to computer networks such as, for example,
local area networks (LANs), wide area networks (WANS), including wireless LANs (WLANs) and
wireless WANs, modulator/demodulators (modems), including wireless modems, etc.

FIG. 25 illustrates an example environment 2502 wherein computers 2504, 2512, and 2526
communicate with one another via a computer network 2534. In the example of FIG. 25, computer
2504 is communicating with the network 2534 via a wired link, whereas computers 2512 and 2526
are communicating with the network 2534 via wireless links.

In the teachings contained herein, for illustrative purposes, a link may be designated as being
a wired link or a wireless link. Such designations are for example purposes only, and are not limiting.
A link designated as being wireless may alternatively be wired. Similarly, a link designated as being
wired may alternatively be wireless. This is applicable throughout the entire application.

The computers 2504, 2512 and 2526 each include an interface 2506, 2514, and 2528,
respectively, for communicating with the network 2534. Theinterfaces 2506,2514, and 2528 include
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transmitters 2508, 2516, and 2530 respectively. Also, the interfaces 2506, 2514 and 2528 include
receivers 2510, 2518, and 2532 respectively. In embodiments of the invention, the transmitters 2508,
2516 and 2530 are implemented using UFT modules for performing frequency up-conversion
operations (see, for example, FIG. 8). In embodiments, the receivers 2510, 2518 and 2532 are
implemented using UFT modules for performing frequency down-conversion operations (see, for
example, FIG. 7).

As noted above, the computers 2512 and 2526 interact with the network 2534 via wireless
links. In embodiments of the invention, the interfaces 2514, 2528 in computers 2512, 2526 represent
modulator/demodulators (modems).

In embodiments, the network 2534 includes an interface or modem 2520 for communicating
with the modems 2514, 2528 in the computers 2512, 2526. In embodiments, the interface 2520
includes a transmitter 2522, and a receiver 2524. Either or both of the transmitter 2522, and the
receiver 2524 are implemented using UFT modules for performing frequency translation operations
(see, for example, FIGS. 7 and 8).

In alternative embodiments, one or more of the interfaces 2506, 2514, 2520, and 2528 are
implemented using transceivers that employ one or more UFT modules for performing frequency
translation operations (see, for example, FIGS. 10 and 11).

FIG. 26 illustrates another example data communication embodiment 2602. Each of a
plurality of computers 2604, 2612, 2614 and 2616 includes an interface, such as an interface 2606
shown in the computer 2604. It should be understood that the other computers 2612, 2614, 2616
also include an interface such as an interface 2606. The computers 2604, 2612, 2614 and 2616
communicate with each other via interfaces 2606 and wireless or wired links, thereby collectively
representing a data communication network.

The interfaces 2606 may represent any computer interface or port, such as but not limited to
a high speed internal interface, a wireless serial port, a wireless PS2 port, a wireless USB port,

PCMCIA port, etc.
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The interface 2606 includes a transmitter 2608 and a receiver 2610. In embodiments of the
invention, either or both of the transmitter 2608 and the receiver 2610 are implemented using UFT
modules for frequency up-conversion and down-conversion (see, for example, FIGS. 7 and 8).
Alternatively, the interfaces 2806 can be implemented using a transceiver having one or more UFT
modules for performing frequency translation operations (see, for example, FIGS. 10 and 11).

FIGS. 33-38 illustrate other scenarios envisioned and encompassed by the invention. FIG.
33 illustrates a data processing environment 3302 wherein a wired network, such as an Ethernet
network 3304, is linked to another network, such as a WLAN 3306, via a wireless link 3308. The
wireless link 3308 is established via interfaces 3310, 3312 which are preferably implemented using
universal frequency translation modules.

The invention includes multiple networks linked together. The invention also envisions
wireless networks conforming to any known or custom standard or specification. This is shown in
FIG. 34, for example, where any combination of WLANs conforming to any WLAN standard or
configuration, such as TEEE 802.11, any cellular telephone standard or specification, any type of
radio links, any custom standard or specification, etc., can be implemented using the universal
frequency translation technology described herein. Also, any combination of these networks may be
coupled together, as illustrated in FIG. 34.

The invention supports WLANS that are located in one or multiple buildings, as shown in
FIGS. 35 and 36. The invention also supports WLANS that are located in an area including and
external to one or more buildings, as shown in FIG. 37. In fact, the invention is directed to networks
that cover any defined geographical area, as shown in FIG. 38. Inthe embodiments described above,

wireless links are preferably established using WLAN interfaces as described herein.

6.1.1. Example Implementations: Interfaces, Wireless Modems, Wireless LANG,

efc.
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The present invention is now described as implemented in an interface, such as a wireless
modem, which can be utilized to implement a wireless local area network (WLAN) or wireless wide
area network (WWAN), for example. In an embodiment, the present invention is implemented in a
WLAN to support IEEE WLAN Standard 802.11, but this embodiment is mentioned for illustrative
purposes only. The invention is not limited to this standard.

Conventional wireless modems are described in, for example, U.S. Patent 5,764,693, titled,
"Wireless Radio Modem with Minimal Inter-Device RF Interference," incorporated herein by
reference in its entirety. The present invention replaces a substantial portion of conventional wireless
modems with one or more universal frequency translators (UFTs). The resultant improved wireless
modem consumes less power that conventional wireless modems and is easier and less expensive to
design and build. A wireless modem in accordance with the present invention can be implemented
in a PC-MCIA card or within a main housing of a computer, for example.

FIG. 27 illustrates an example block diagram of a computer system 2710, which can be
wirelessly coupled to a LAN, as illustrated in FIGS. 25 and 26. The computer system 2710 includes
an interface 2714 and an antenna 2712. The interface 2714 includes a transmitter module 2716 that
receives information from a digital signal processor (DSP) 2720, and modulates and up-converts the
information for transmission from the antenna 2712. The interface 2714 also includes a receiver
module 2718 that receives modulated carrier signals via the antenna 2712. The receiver module2718
down-converts and demodulates the modulated carrier signals to baseband information, and provides
the baseband information to the DSP 2720. The DSP 2720 can include a central processing unit
(CPU) and other components of the computer 2712. Conventionally, the interface 2714 is
implemented with heterodyne components.

FIG. 28 illustrates an example interface 2810 implemented with heterodyne components. The
interface 2810 includes a transmitter module 2812 and a receiver module 2824. The receiver module
2824 includes an RF section 2830, one or more IF sections 2828, a demodulator section 2826, an
optional analog to digital (A/D) converter 2834, and a frequency generator/synthesizer 2832. The

transmitter module 2812 includes an optional digital to analog (D/A) converter 2822, a modulator
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section 2818, one or more IF sections 2816, an RF section 2814, and a frequency
generator/synthesizer 2820. Operation of the interface 2810 will be apparent to one skilled in the
relevant art(s), based on the description herein.

FIG. 29 illustrates an example in-phase/quadrature-phase (I/Q) interface 2910 implemented
with heterodyne components. 1/Q implementations allow two channels of information to be
communicated on a carrier signal and thus can be utilized to increase data transmission.

The interface 2910 includes a transmitter module 2912 and a receiver module 2934. The
receiver module 2934 includes an RF section 2936, one or more IF sections 2938, an 1/Q
demodulator section 2940, an optional A/D converter 2944, and a frequency generator/synthesizer
2942. The I/Q demodulator section 2940 includes a signal splitter 2946, mixers 2948, and a phase
shifter 2950. The signal splitter 2946 provides a received signal to the mixers 2948. The phase
shifter 2950 operates the mixers 2948 ninety degrees out of phase with one another to generate I and
Q information channels 2952 and 2954, respectively, which are provided to a DSP 2956 through the
optional A/D converter 2944.

The transmitter module 2912 includes an optional D/A converter 2922, an I/Q modulator
section 2918, one or more IF sections 2916, an RF section 2914, and a frequency
generator/synthesizer 2920. The I/Q modulator section 2918 includes mixers 2924, a phase shifter
2926, and a signal combiner 2928. The phase shifter 2926 operates the mixers 2924 ninety degrees
out of phase with one another to generate I and Q modulated information signals 2930 and 2932,
respectively, which are combined by the signal combiner 2928. The IF section(s) 2916 and RF
section 2914 up-convert the combined I and Q modulated information signals 2930 and 2932 to RF
for transmission by the antenna, in a manner well known in the relevant art(s).

Heterodyne implementations, such as those illustrated in FIGS. 28 and 29, are expensive and
difficult to design, manufacture and tune. In accordance with the present invention, therefore, the
interface 2714 (FIG. 27) is preferably implemented with one or more universal frequency translation
(UFT) modules, such as the UFT module 102 (FIG. 1A). Thus previously described benefits of the

present invention are obtained in wireless modems, WLANS, etc.
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FIG. 30 illustrates an example block diagram embodiment of the interface 2714 that is
associated with a computer or any other data processing device. In FIG. 30, the receiver module
2718 includes a universal frequency down-converter (UFD) module 3014 and an optional analog to
digital (A/D) converter 3016, which converts an analog output from the UFD 3014 to a digital format
for the DSP 2720. The transmitter module 2716 includes an optional modulator 3012 and a universal
frequency up-converter (UFU) module 3010. The optional modulator 3012 can be a variety of types
of modulators, including conventional modulators. Alternatively, the UFU module 3010 includes
modulator functionality. The example implementation of FIG. 30 operates substantially as described
above and in co-pending U.S. Patent Applications titled, "Method and System for Down-Converting
Electromagnetic Signals," Ser. No. 09/176,022, filed October 21, 1998, and "Method and System for
Frequency Up-Conversion," Ser. No. 09/176,154, filed October 21, 1998.

FIG. 31 illustrates an example implementation of the interface 2714 illustrated in FIG. 30,
wherein the receiver UFD 3014 includes a UFT module 3112, and the transmitter UFU 3010 includes
a universal frequency translation (UFT) module 3110. This example implementation operates
substantially as described above and in co-pending U.S. Patent Applications titled, "Method and
System for Down-Converting Electromagnetic Signals," Ser. No. 09/176,022, filed October21, 1998,
and "Method and System for Frequency Up-Conversion," Ser. No. 09/176,154, filed October 21,
1998.

FIG. 32 illustrates an example I/Q implementation of the interface module 2710. Other 1/Q
implementations are also contemplated and are within the scope of the present invention.

In the example of FIG. 32, the receiver UFD module 3014 includes a signal divider 3228 that
provides a received I/Q modulated carrier signal 3230 between a third UFT module 3224 and a fourth
UFT module 3226. A phase shifter 3232, illustrated here as a 90 degree phase shifter, controls the
third and fourth UFT modules 3224 and 3226 to operate 90 degrees out of phase with one another.
As a result, the third and fourth UFT modules 3224 and 3226 down-convert and demodulate the
received I/Q modulated carrier signal 3230, and output I and Q channels 3234 and 3236, respectively,
which are provided to the DSP 2720 through the optional A/D converter 3016.
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In the example of FIG. 32, the transmitter UFU module 3010 includes first and second UFT
modules 3212 and 3214 and a phase shifter 3210, which is illustrated here as a 90 degree phase
shifter. The phase shifter 3210 receives a lower frequency modulated carrier signal 3238 from the
modulator 3012. The phase shifter 3210 controls the first and second UFT modules 3212 and 3214
to operate 90 degrees out of phase with one another. The first and second UFT modules 3212 and
3214 up-convert the lower frequency modulated carrier signal 3238, which are output as higher
frequency modulated I and Q carrier channels 3218 and 3220, respectively. A signal combiner 3216
combines the higher frequency modulated I and Q carrier channels 3218 and 3220 into a single higher
frequency modulated I/Q carrier signal 3222 for transmitting by the antenna 2712

The example implementations of the interfaces described above, and variations thereof, can
also be used to implement network interfaces, such as the network interface 2520 illustrated inFIG.

25.

6.1.2. Example Modifications

The RF modem applications, WLAN applications, etc., described herein, can be modified by
incorporating one or more of the enhanced signal reception (ESR) techniques described herein. Use
of ESR embodiments with the network embodiments described herein will be apparent to persons
skilled in the relevant art(s) based on the teachings contained herein.

The RF modem applications, WLAN applications, etc., described herein can be enhanced by
incorporating one or more of the unified down-conversion and filtering (UDF) techniques described
herein. Use of UDF embodiments with the network embodiments described herein will be apparent

to persons skilled in the relevant art(s) based on the teachings contained herein.

6.2.  Other Example Applications
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The application embodiments described above are provided for purposes ofillustration. These
applications and embodiments are not intended to limit the invention. Alternate and additional
applications and embodiments, 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. For
example, such alternate and additional applications and embodiments include combinations of those
described above. Such combinations will be apparent to persons skilled in the relevant art(s) based

on the herein teachings.

6.3. Example WLAN Implementation Embodiments

6.3.1. Architecture

FIG. 39 is a block diagram of a WLAN interface 3902 (also referred to as a WLAN modem
herein) according to an embodiment of the invention. The WLAN interface/modem 3902 includes
an antenna 3904, a low noise amplifier or power amplifier (LNA/PA) 3904, a receiver 3906, a
transmitter 3910, a control signal generator 3908, a demodulator/modulator facilitation module 3912,
and a media access controller (MAC) interface 3914. The MAC interface 3914 couples the WLAN
interface/modem 3902 to a computer 3916 or other data processing device. The computer 3916
preferably includes a MAC 3918.

The WLAN interface/modem 3902 represents a transmit and receive application that utilizes
the universal frequency translation technology described herein. It also represents a zero IF (or
direct-to-data) WLAN architecture.

The WLAN interface/modem 3902 also represents a vector modulator and a vector
demodulator using the universal frequency translation (UFT) technology described herein. Use of
the UFT technology enhances the flexibility of the WLAN application (i.e., makes it universal).

In the embodiment shown in FIG. 39, the WLAN interface/modem 3902 is compliant with
WLAN standard IEEE 802.11. However, the invention is not limited to this standard. The invention
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is applicable to any communication standard or specification, as will be appreciated by persons skilled
in the relevant art(s) based on the teachings contained herein. Any modifications to the invention to
operate with other standards or specifications will be apparent to persons skilled in the relevant art(s)
based on the teachings contained herein.

Tn the embodiment shown in FIG. 39, the WLAN interface/modem 3902 provides half duplex
communication. However, the invention is not limited to this communication mode. The invention
is applicable and directed to other communication modes, as will be appreciated by persons skilled
in the relevant art(s) based on the teachings contained herein.

In the embodiment shown in FIG. 39, the modulation/demodulation performed by the WLAN
interface/modem 3902 is preferably direct sequence spread spectrum QPSK (quadrature phase shift
keying) with differential encoding. = However, the invention is not limited to this
modulation/demodulation mode. The invention is applicable and directed to other modulation and
demodulation modes, such as but not limited to those described herein, as well as frequency hopping
according to IEEE 802.11, OFDM (orthogonal frequency division multiplexing), as well as others.
These modulation/demodulation modes will be appreciated by persons skilled in the relevant art(s)
based on the teachings contained herein.

The operation of the WLAN interface/modem 3902 when receiving shall now be described.

Signals 3922 received by the antenna 3904 are amplified by the LNA/PA 3904. The amplified
signals 3924 are down-converted and demodulated by the receiver 3906. The receiver 3906 outputs
I signal 3926 and Q signal 3928.

FIG. 40 illustrates an example receiver 3906 according to an embodiment of the invention.
Tt is noted that the receiver 3906 shown in FIG. 40 represents a vector modulator. The "receiving"
function performed by the WLAN interface/modem 3902 can be considered to be all processing
performed by the WLAN interface/modem 3902 from the LNA/PA 3904 to generation of baseband
information.

Signal 3924 is split by a 90 degree splitter 4001 to produce an I signal 4006A and Q signal
4006B that are preferably 90 degrees apart in phase. I and Q signals 4006A, 4006B are down-
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converted by UFD (universal frequency down-conversion) modules 4002A, 4002B. The UDF
modules 4002A, 4002B output down-converted I and Q signals 3926, 3928. The UFD modules
4002A, 4002B each includes at least one UFT (universal frequency translation) module 4004A. UFD
and UFT modules are described above.

The demodulator/modulator facilitation module 3912 receives theI and Q signals 3926, 3928.
The demodulator/modulator facilitation module 3912 amplifies and filters the I and Q signals 3926,
3928. The demodulator/modulator facilitation module 3912 also performs automatic gain control
(AGC) functions. The AGC function is coupled with the universal frequency translation technology
described herein. The demodulator/modulator facilitation module 3912 outputs processed I and Q
signals 3930, 3932.

The MAC interface 3914 receives the processed I and Q signals 3930, 3932. The MAC
interface 3914 preferably includes a baseband processor. The MAC interface 3914 preferably
performs functions such as combining the I and Q signals 3930, 3932, and arranging the data
according to the protocol/file formal being used. Other functions performed by the MAC interface
3914 and the baseband processor contained therein will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. The MAC interface 3914 outputs the baseband
information signal, which is received and processed by the computer 3916 in an implementation and
application specific manner.

In the example embodiment of FIG. 39, the demodulation function is distributed among the
receiver 3906, the demodulator/modulator facilitation module 3912, and a baseband processor
contained in the MAC interface 3914. The functions collectively performed by these components
include, but are not limited to, despreading the information, differentially decoding the information,
tracking the carrier phase, descrambling, recreating the data clock, and combining the I and Q signals.
The invention is not limited to this arrangement. These demodulation-type functions can be
centralized in a single component, or distributed in other ways.

The operation of the WLAN interface/modem 3902 when transmitting shall now be described.
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A baseband information signal 3936 is received by the MAC interface 3914 from the computer
3916. The MAC interface 3914 preferably performs functions such as splitting the baseband
information signal to form I and Q signals 3930, 3932, and arranging the data according to the
protocol/file formal being used. Other functions performed by the MAC interface 3914 and the
baseband processor contained therein will be apparent to persons skilled in the relevant art(s) based
on the teachings contained herein.

The demodulator/modulator facilitation module 3912 filters and amplifies the I and Q signals
3930, 3932. The demodulator/modulator facilitation module 3912 outputs processed I and Q signals
3942, 3944. Preferably, at least some filtering and/or amplifying components in the
demodulator/modulator facilitation module 3912 are used for both the transmit and receive paths.

The transmitter 3910 up-converts the processed I and Q signals 3942, 3944, and combines
the up-converted I and Q signals. This up-converted/combined signal is amplified by the LNA/PA
3904, and then transmitted via the antenna 3904.

FIG. 41 illustrates an example transmitter 3910 according to an embodiment of the invention.
The device in FIG. 41 can also be called a vector modulator. The "transmit" function performed by
the WLAN interface/modem 3902 can be considered to be all processing performed by the WLAN
interface/modem 3902 from receipt of baseband information through the LNA/PA 3904.

Tand Q signals 3942, 3944 are received by UFU (universal frequency up-conversion) modules
4102A, 4102B. The UFU modules 41024, 4102B each includes at least one UFT module 4104A,
4104B. The UFU modules 4102A, 4102B up-convert I and Q signals 3942, 3944. The UFU
modules 4102A, 4102B output up-converted I and Q signals 4106, 4108. The 90 degree combiner
4110 effectively phase shifts either the I signal 4106 or the Q signal 4108 by 90 degrees, and then
combines the phase shifted signal with the unshifted signal to generate a combined, up-converted /Q
signal 3946.

In the example embodiment of FIG. 39, the modulation function is distributed among the
transmitter 3910, the demodulator/modulator facilitation module 3912, and a baseband processor

contained in the MAC interface 3914. The functions collectively performed by these components
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include, but are not limited to, differentially encoding data, splitting the baseband information signal
into T and Q signals, scambling data, and data spreading. The invention is not limited to this
arrangement. These modulation-type functions can be centralized in a single component, or
distributed in other ways.

The components in the WLAN interface/modem 3902 are preferably controlled by the MAC
interface 3914 in operation with the MAC 3918 in the computer 3916. This is represented by the
distributed control arrow 3940 in FIG. 39. Such control includes setting the frequency, data rate,
whether receiving or transmitting, and other communication characteristics/modes that will be
apparent to persons skilled in the relevant art(s) based on the teachings contained herein.

FIG. 42 illustrates an example implementation of the WLAN interface/modem 3902. It is
noted that in this implementation example, the MAC interface 3914 is located on a different board.
FIG. 62 is an example motherboard corresponding to FIG. 42. FIG. 63 isan example bill-of-materials
(BOM) list for the motherboard of FIG. 62. This and other implementations are provided herein for
example purposes only. Other implementations will be apparent to persons skilled in the relevant
art(s), and the invention is directed to such other implementations.

FIG. 102 illustrates an alternate example PCMCIA test bed assembly for a WLAN
interface/modem 3902 according to an embodiment of the invention. In this embodiment, the
baseband processor 10202 is separate from the MAC interface 3914.

In some applications, it is desired to separate the receive path and the transmit path. FIG. 43
illustrates an example receive implementation, and FIG. 44 illustrates an example transmit

implementation.

6.3.2. Receiver

An example implementation of the receiver 3906 (vector demodulator) is shown in FIG. 53.

An example BOM list for the receiver 3906 of FIG. 53 is shown in FIG. 54.
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6.3.3. Transmitter

An example implementation of the transmitter 3910 (vector modulator) is shownin FIGS. 57-
60. The data conditioning interfaces 5802 in FIG. 58 effectively pre-process the I and Q signals

3942, 3944 before being received by the UFU modules 4102. An example BOM list for the
transmitter 3910 of FIGS. 57-60 is shown in FIGS. 61A and 61B.

6.3.4. Demodulator/Modulator Facilitation Module

An example demodulator/modulator facilitation module 3912 is shown in FIGS. 47 and 48.
A corresponding BOM list is shown in FIGS. 49A and 49B.

An alternate example demodulator/modulator facilitation module 3912 is shown in FIGS. 50
and 51. A corresponding BOM list is shown in FIGS. 52A and 52B.

6.3.5. MAC Interface

An example MAC interface 3914 is shown in FIG. 45. A corresponding BOM list is shown
in FIGS. 46A and 46B.

6.3.6. Control Signal Generator - Synthesizer

15

In an embodiment, the control signal generator 3908 is preferably implemented using a

synthesizer. An example synthesizer is shown in FIG. 55. A corresponding BOM list is shown in
FIGS. 56A and 56B.

6.3.7. LNA/PA
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Anexample LNA/PA 3904 is shown in FIGS. 64 and 65. A corresponding BOM list is shown
in FIG. 66.

6.3.8. Test Results

Test results relating to the operation of the WLAN interface/modem 3902 are shown
5 in FIGS. 67-94. FIGS. 95-100 relate to IIP2 and ITP3, and FIG. 101 relates to power consumption.

7. Conclusions

Example implementations of the systems and components of the invention have been

described herein. As noted elsewhere, these example implementations have been described for

10 illustrative purposes only, and are not limiting. Other implementation embodiments are possible and

covered by the invention, such as but not limited to software and software/hardware implementations

of the systems and components of the invention. Such implementation embodiments will be apparent

to persons skilled in the relevant art(s) based on the teachings contained herein.

While various application embodiments of the present invention have been described above,

15 it should be understood that they have been presented by way of example only, and not limitation.
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.
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What Is Claimed Is:

1.

A wireless modem apparatus, comprising:
a universal frequency up-converter(UFU) module; and

a universal frequency down-converter (UFD) module.

The apparatus according to claim 1, wherein said UFU module comprises a first universal

frequency translation (UFT) module.

The apparatus according to claim 2, wherein said UFU module further comprises a second
UFT module, wherein said first and second UFT modules are configured to modulate and up-

convert information signals to in-phase and quadrature-phase channels.

The apparatus according to claim 1, wherein said UFD comprises a third universal frequency

translation (UFT) module.

The apparatus according to claim 4, wherein said UFD further comprises a fourth UFT
module, wherein said third and fourth UFT modules are configured to down-convert and

demodulate in-phase and quadrature-phase components of a received signal.

A computer apparatus, comprising:
an antenna,
a data processing device; and

a wireless interface coupled between said antenna and said data processing device, said

wireless interface including;

a universal frequency up-converter(UFU) module, and

a universal frequency down-converter (UFD) module.
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10.

57

The apparatus according to claim 6, wherein said UFU module comprises a first universal

frequency translation (UFT) module.

The apparatus according to claim 7, wherein said UFU module further comprises a second
UFT module, wherein said first and second UFT modules are configured to modulate and up-

convert information signals to in-phase and quadrature-phase channels.

The apparatus according to claim 6, wherein said UFD comprises a third universal frequency

translation (UFT) module.

The apparatus according to claim 9, wherein said UFD further comprises a fourth UFT
module, wherein said third and fourth UFT modules are configured to down-convert and

demodulate in-phase and quadrature-phase components of a received signal.
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Wireless Local Area Network (WLAN) Using Universal
Frequency Translation Technology

Abstract

Frequency translation and applications of same are described herein, including RF modem and
wireless local area access (WLAN) applications. Such applications include, but are not limited to,

frequency down-conversion, frequency up-conversion, enhanced signal reception, unified down-

conversion and filtering, and combinations and applications of same.

C:\Work\Matters\1 744\Trip\WLAN application\17440630000.app 080499
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PCMCIA Radio, Demod Revised: Monday, July 26, 1999

ST8500-532-003 V14.00 Revision: N
SIGNAL TECHNOLOGIES INC.
July i Page1
item | Quantity Reference Part Part Number Manufacturer
1 4 C3,C52,C108,C110 4.7uF T491A475K006AS KEMET
2 26 C61,C54,C57,C58,C60,C61, ]0.1uF GRM39Y5V104Z2016 |Murata
C67,£68,C69,C77,C79,C80,
C81,C83,C89,£90,C91,C111,
C112,C113,C114,C115,C116,
C117,C118,C119
3 1 C55 DNP T491A475K006AS KEMET
4 8 C566,C59,C78,C82,£99,C101, J0.01uF GRM39X7R103K050 [Murata
C103,C104
5 8 C62,C63,C66,C73,C84,C85, |1uF GRM40Y5V105Z016 {Murata
C88,C95
=16 4 C64,C75,C86,C97 120pF GRM39C0OG121J050 [Murata
=7 2 C65,C87 180pF GRM39C0OG181J050 |Murata
=8 2 C70,C92 390pF GRM39C0OG391J050 |{Murata
39 2 C71,C93 470pF GRM39C0OG471J050 |Murata
10 2 C72,C94 DNP GRM40Y5V105Z016 |[Murata
I 2 C74,C9%6 82pF GRM39C0G820J050 |Murata
4 2 C100,C106 DNP DNP Murata
5113 2 C105,C102 1000pF GRM39COG 102K050 |Murata
14 2 D3,D1 BAWS6WT1 |BAWS6WT1 Motorola
15 2 D4,D2 BAV70LT1 BAV70LT1 Motorola
=16 1 JP1 HEADER 7X2 |FTSH-107-02-L-D Samtec
17 9 J1,43,45,J7,J9,J10,J11, 82MMCX 82MMCX-50-0-1 Suhner
£ J12,J13
118 1 L1 BLM11A121S |BLM11A121S Murata
19 2 123,028 2.2uH LQG21N2R2K10 Murata
20 2 L29,L.24 1uH LQG21N1R0OK10 Murata
21 2 L30,L.25 680nH LQG21NR68K10 Murata
22 2 126,131 1.8uH LQG21N1R8K10 Murata
23 2 132,127 390nH LQG21NR39K10 Murata
24 4 Q1,Q5,Q10,Q14 SD404CY SD404CY Calogic
25 4 Q2,Q04,Q12,Q13 BFM505 BFM505 Philips
26 4 Q3,Q7,Q11,Q16 SD213 SD213 Calogic
27 2 Q17,Q8 BFR520 BFR520 Philips
28 4 R19,R20,R21,R83 0 ERJ3GSYOR00 Panasonic
29 8 R23,R26,R34,R45,R52,R57, |33K ERJ3GSYJ333 Panasonic
R63,R74
30 4 R24,R27,R53,R58 475 ERJ3EKF4750 Panasonic
31 6 R25,R28,R47,R54,R59,R76 1402 ERJ3EKF4020 Panasonic
32 4 R29,R30,R55,R56 221 ERJ3EKF2210 Panasonic
33 2 R32,R61 200 ERJ3GSYJ201 Panasonic
~4 2 R33,R62 33.2K ERJ3GSYJ333 Panasonic
4 R35,R46,R64,R75 68.1 ERJ3EKF68R1 Panasonic
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{36 2 R36,R65 200 ERJ3EKF2000 Panasonic
7 6 R37,R44,R66,R73,R171, 49.9 ERJ3EKF49R9 Panasonic
R173
38 6 R40,R68,R78,R79,R80,R89 |1K ERJ3EKF1001 Panasonic
39 2 R42 R71 62 ERJ3GSYJ620 Panasonic
40 2 R43,R72 162 ERJ3EKF1620 Panasonic
41 2 R77,R48 DNP ERJ3GSYJ330 Panasonic
42 4 R81,R82,R85,R87 2K ERJ3EKF2001 Panasonic
143 1 R84 909 ERJ3EKF9090" Panasonic
44 1 R88 15K ERJ3EKF1502 Panasonic
45 1 R90 10K ERJ3EKF 1002 Panasonic
46 2 R91,R92 100 ERJ3EKF1000 Panasonic
47 6 R164,R165,R166,R167,R168, {TBD Panasonic
R169
2 R170,R172 OPEN Panasonic
6 TP1,TP2,TP3,TP4,TP5,TP6 |TP-105-01-00
2 U42,U6 NC7S04M5 NC7S04M5 National Semiconductor
1 u7 ADB8052AR AD8052AR Analog Devices
1 Us AD1582 AD1582 Analog Devices
1 Ug ADB05AR ADB05SAR Analog Devices
1 U43 TK11235AMTL {TK11235BM Toko
l .?m,) 85 oo, 54’1. co3 Vid.of

o
e it

i

cxc. A6
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PCMCIA Radio, Demod Revised: Tuesday, March 09, 1999

ST8500-532-003 V11.00 Revision: K
SIGNAL TECHNOLOGIES INC. Page1
Bill Of Materials July 27,1999  11:20:09
Quantity {Reference Part Part Number Manufacturer
3 C3,C52,C55 4.7uF T491A475K006AS KEMET
26 C51,C54,C57,C58,C60,C61, ]0.1uF GRM39Y5V104Z016 |Murata
C67,C68,C69,C77,C79,C80,
C81,£83,C89,C90,C91,C111,
C112,C113,C114,C115,C116,
C117,C118,C119
8 C56,C59,C78,C82,£99,C101, |0.01uF GRM39X7R103K050 jMurata
C103,C104
4 10 €62,£63,C66,C72,C73,C84, |1uF GRM40Y5V1052016 |Murata
C85,C88,C94,C95
H5 4 C64,C75,C86,C97 120pF GRM38C0G121J050 |Murata
16 2 C87,C65 180pF GRM39C0OG181J050 |Murata
=7 2 C70,C92 390pF GRM39C0G391J050 {Murata
=18 2 C71,C93 470pF GRM39C0G471J050 {Murata
49 2 C96,C74 82pF GRM39C0G820J050 |Murata
HID 5 €100,C102,C105,C106,C107 |100pF GRM39COG101K050 [Murata
22241 1 C108 1uF
1 C110 4.7uF
o 2 D3,D1 BAWS6WT1 |BAWSBWT1 Motorola
il 2 D4,D2 BAV70LT1 BAV70LT1 Motorola
o 2 JP2,JP1 HEADER 7X2
= 6 J1,43,J5,47,J10,J11 82MMCX 142-0701-231 Johnson
4] 1 J9 82MMCX 82MMCX-50-0-1 Suhner
£ 1 L1 BLM11A121S |BLM11A121S Murata
2 128,123 2.2uH LQG21N2R2K10 Murata
2 124,129 fuH LQG21N1ROK10 Murata
2 L30,L25 680nH LQG21NR68K10 Murata
2 126,L31 1.8uH LQG21N1R8K10 Murata
2 127,L32 390nH LQG21NR39K10 Murata
4 Q1,Q5,Q10,Q14 SD404CY SD404CY Calogic
4 Q2,04,Q12,Q13 BFMS505 BFM505 Philips
4 Q3,Q7,Q11,Q16 SD213 SD213 Calogic
2 Q17,Q8 BFR520 BFR505 Philips
5 R19,R20,R21,R171,R173 0
8 R23,R26,R34,R45,R52,R57, {33K ERJ3GSY.J333 Panasonic
R63,R74 -
4 R24 R27,R53 R58 475 ERJ3EKF4750 Panasonic
6 R25,R28,R47,R54,R59,R76 |402 ERJ3EKF4020 Panasonic
4 R29,R30,R55,R56 221 ERJ3EKF2210 Panasonic
2 R32,R61 200 ERJ3GSYJ201 Panasonic
2 R33,R62 33.2K ERJ3GSYJ333 Panasonic
4 R35,R46,R64,R75 68.1 ERJ3EKF68R1 Panasonic
2 R36,R65 200 ERJ3EKF2000 Panasonic

TIL. ST
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137 2 R66,R37 49.9 ERJ3EKF49R9 Panasonic
8 6 R40,R68,R78,R79,R80,R89 1K ERJ3EKF1001 Panasonic
39 2 R42,R71 62 ERJ3GSYJ620 Panasonic
40 2 R43,R72 162 ERJ3EKF6810 Panasonic
41 2 R44,R73 49.9 ERJ3EKF1001 Panasonic
42 2 R77,R48 33 ERJ3GSYJ330 Panasonic
43 4 R81,R82,R85,R87 2K ERJ3EKF2001 Panasonic
44 1 R83 0 ERJGSYOR00 Panasonic
45 1 R84 1.1K ERJ3EKF2001 Panasonic
46 1 R88 15K ERJ3EKF1502 Panasonic
47 1 R90 10K ERJ3EKF1002 Panasonic
48 2 R91,R92 100 ERJ3EKF1000 Panasonic
49 6 R164,R165,R166,R167,R168, JTBD
R169
2 R170,R172 OPEN
6 TP1,TP2,TP3,TP4,TP5TP6 |TP-105-01-00
2 U42,U6 NC7S04M5 National Semiconductor
1 u7 ADB032AR AD8032AR Analog Devices
1 U8 AD1582 AD1582 Analog Devices
1 U9 AD605AR AD605AR Analog Devices
1 U43 TK11235AMTL | TK11235AMTL Toko

1. 516
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D2D_V4 Eval 3 Revised: Monday, July 26, 1999

ST8500-532-001 V05.00

Revision: E

Signal Technologies Inc.

July Paget
Iitem |Quantity |Reference Part Part Number Manufacturer
1 10 C/R7,C/IR15,C16,C17,C18, |0.1uF GRM38Y5V1042016 |Murata
C19,C21,C22,C23,C24
2 6 C1,C3,C6,C8,C9,C12 22pF GRM39C0G220J050 [Murata
3 3 C2,C4,C11 0.1uF GRM39X7R104K016 [Murata
4 2 C5,C15 47pF GRM39C0OG470J050 |Murata
5 2 C10,C7 1000pF GRM39X7R102K050 [Murata
6 1 C13 100pF GRM39X7R101J050 |Murata
7 1 C14 3pF GRM40COG030B50V |Murata
8 2 C20,C25 1uF GRM40Y5V105Z2016 [Murata
9 1 JP1 69190403 69190403 BERG
10 1 JP2 69190-402 69190402 BERG
11 4 J1,J2,J3,J4 82MMCX-50-0-1{82MMCX-50-0-1 Suhner
12 2 L3,L1 DNP L TOKO
13 2 L4,12 4.7nH LL1608-FAN7K TOKO
14 1 LS 15nH LL2012FH15NJ TOKO
15 1 L6 DNP DNP TOKO
16 2 Q1,Q2 BFR520 BFR520 Philips
17 2 R1,R3 2K ERJ3GSYJ202 Panasonic
18 1 R2 51 ERJ3GSYJ510 Panasonic
19 2 R4,R12 221 ERJ3EKF2210 Panasonic
20 6 R5,R6,R8,R13,R14,R16 33.2K ERJ3EKF3322 Panasonic
21 2 R9,R17 DNP ERJ3EKF1001 Panasonic
22 2 R10,R18 249 ERJ3EKF2490 Panasonic
23 2 R11,R19 10 ERJ3GSYJ100 Panasonic
24 1 U1 D2D_Vv4 D2D V4 Parker Vision
25 1 U2 1X603 1X603 Anaren
26 1 U3 ADB032AR AD8032AR Analog Devices
27 / Dore D Sr8sco taro00/ V3. Do

g, S8
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QPSK Tx, Q Channel Revised: Monday, July 26, 1999
ST8500-532-021 V06.00 Revision: F

Signal Technologies Inc. Page1

8ill Of Materials July 27,1999  9:51:54

Jitem] Quantity Reference Part Part Number Manufacturer
1 321 C3,06,C8,010,C14,C38,C44, [0.1uF GRM39X7R104K016 [Murata
SRNE C46,C51,C71,C72,C77,C78,
C79,C84,C85,C86,C93,C05,
C96,C98
2 |6 C5,C7,C15,C43,C52,C75 22pF GRM39C0G220J050 [Murata
3 5 C9,C16,C45,C53,C89 1uF GRM40Y5V1052016 [Murata
4 |8 C11.C23,C25,C47,C61,C63, |1000pF GRM39X7R102K050 |Murata
C80,C87
5 ]2 C58,C21 1pF GRM39COG010B50V [Murata
3 7 C82,C33 4.7uF T491A475K006AS  [KEMET
712 C59,C35 0 ohm GRM39C0OGx0x50V [Murata
8 | c73 470pF GRM39C0OG471J050 [Murata
9 |1 C83 1uF T491AT05M016AS  [Kemet
10 |3 C90,C91,C92 100pF ECU-VIH101JCV
11 |2 C94,C97 0.01uF GRM39X7R103K016 |Murata
12 1 FL1 MDR642E MDR642E Soshin
13 |1 JP1 Shunt 69190-402 BERG
1a |1 JP2 69190403 69190-403 BERG
15 |4 J7,J8,J9,J10 82MMCX-50-0-1}82MMCX-50-0-1 Suhner
16 |1 £10 22nH LL1608-F22NK Coilcraft
17 | £12 BLM11A121S  |BLM11A121S Murata
18 |1 13 330nH LL2012-FR33K
19 |10 R5,R6,R12,R13,R32,R33, 10K ERJ3EKF1002 Panasonic
R39,R40,R95,R100
20 |2 R34,R7 6.04K ERJ3EKF6041 Panasonic
21 |4 R8,R10,R35,R37 1K 3224W-1-102 Boumns
22 |4 RO,R36,R90,R103 2K ERJ3EKF2001 Panasonic
23 |2 R38,R11 15K ERJ3EKF1501 Panasonic
24 |3 R56,R94,R99 0 ohm ERJ3GSYORO0 Panasonic
25 1 R59 51 ERJ3GSYJ510 Panasonic
26 |7 R60.R61,R62,R84,R85,R86, [0 ERJ3GSYOR00 Panasonic
R87
27 6 R63,R64,R66,R69,R70,l?7'2 1K ERJ3EKF1001 Panasonic
28 |2 R71,R65 1T.1K ERJ3EKF1101 Panasonic
29 |2 R80,R79 RESISTOR
30 I3 R81,R82,R83 R
31 |4 R88,R91,R96,R101 1.33K ERJ3EKF1331 Panasonic
32 |2 R102,R89 4.02K ERJ3EKF4021 Panasonic
33 |2 R92,R97 499 ERJ3EKF4990 Panasonic
34 |19 TP1,1P2.1P3.1P4,1P5,1P6, |1P-105-01-00

T W\ &

Page 135 of 177



TPS,1PO,1P11,1P12,1P13,

TP14,TP15,1P16,1P18,1P19,

TP20,1P21,1P22
35 |3 U1,U6,U19 AD8052AR AD8052AR Analog Devices
36 |2 u7,02 D2D_V11 D2D_Vi1 Parker Vision
37 N U11 MAAM22010  [MAAM22010 MACOM |
38 [ U112 1X603 1X603 Anaren
39 | U4 AD1582 AD1582 Analog Devices
40 [1 U15 UPG1678 UPG1678GV NEC
a1 |1 U16 ADP-2-10-75  JADP-2-10-75 |Mini-Circuits
422 Foaed BS00. 4| . D2 VOS./0

6 W&

Page 136 of 177



0

Demodulator TX_b2D
8500003K Module 850000xx Module

”
e g8 Wp——LE
ar mm R R0 qu  RY AW RS RN U] ‘e WY ;.NQC
w oW W W W W W W W W .llxu.ul.b
w f—ds ¢ 0. —
u—3 : S8 fad
<
e LA
v v f\\.&

c1s,
oo nsa@

AS ORIGINALLY FILED

PRINT OF DRAWINGD

Receive D2D
M Am 8500001 Module
m o s o AR /c L LNA/PA
_® ..AT =z 5|58 5= ;w\ 11 8500002 Module
; 1H 2 be
o M - Jou oot 5 2|
Hm PALIENS " o
= AT —ia
Nm m.l ATER Q ool
(VI ] e M 7T
£ | s
an 5] m SYNTH QATA
S SINTMLE
< |z e .
g U ; ~
m oy S arﬁnﬁ.g wl sa —
8! 8B Module -
s L . tpod . , o
m )| — - 5
w o jH
= Rad T ~
wp— W
S . oy
p—v v uw
i © o h o s ToTronsmit ©
R S o oL kel o
|—r RH "N. " 100 ! urQen 100F
oni: " e

W o
\ o Formta Gead

g:

Pl ey a
I oo e
o 2 ToReceve

i
ﬁx‘: lm “““ﬁ
q BE|
n m.. _L, Module

v;h x:w 100F _ﬁ‘ woten  0F

i ‘ Debug
J\
ﬂ(\@. wa»v STGNAL TECHNOLOGTES INC.

MOTHER BOARD FOR PCMCIA TEST BED

QUSRS Rt T




£ 7513

/@100 2Q 4N eaSBLS Qg | S27
[EUOHIEN NWMZ9gesd Jayng QI 298esd N b ¥C
SHNJIDIUIN gL-0l-2-dav JONNAS Iy G.-01-¢-daVv £Nn L €2
|BUOJIEN LLIENT Joje|nBay 8BE)jOA ‘O LIEWT zn'vn [4 44
03N AD8.919dN Jajng 4y Ol 8.919dN in'sn| 2| ie
LeY '0eY ‘62 ‘82Y ‘L2Y
oluoseued I6ELASOE-rY3 €090 ‘%S ‘WU 06¢ 'S8y 06¢ ‘oz 'e2Y 'vey 'ty ‘zed| 0L o0z
12d ‘0zd ‘61Y ‘81N 'LIY
dluoseued L18LLASOE-rY3 £090 ‘%S ‘'Wyo 081 ‘say 08} ‘ol ‘Siy ‘pry el 'eid| 0L 6l
suinog 205 L 00M962E %0} ‘MG 'Sy JeA AS ou'gy Z| 8l
oluoseued 0C8rASOE-rd3 €090 '%S ‘WYyO Z8 'say [4°) Lry'oLy'eN vy vl Ll
oluoseued LYZrASOE-ryg £090 ‘%S ‘'Wyo 042 ‘say 0¥c £d'Ly | 9~
dluoseued 0L6rASOE-MY3 €090 '%S ‘'WyoO 16 'sey 16 2y'ey 11
OJuoseued £090 ‘say dNd 3= Ll ¥1|O
o030l ACEH4-2L0ZT] G080 ‘%01 'HUQEE ‘pul Huogee 21 2| €110
eleiniy SlZIlviZNIg G080 'peag o4 peeg ajuied 17'e1 el Clik—
Jauyng 1-0-0G-XOWNINZ8 Y '40}03uU0) 1-0-06-XOWINZ8 zir'iir'se gl Lo
Jyojueg d-s-10-04--1H3 wwg ‘uidzxgl ‘uoqqu ‘JepeaH a-S-10-01-1-LH3 ar L 0l %
Jajuweg d-S-171-60L-ON-S 050" 'uidgxg 'ajoeidesay X6 ¥3Aav3aH 8dl 3 60
Jjolues a-s-171-0LL-ON-S 050’ 'uldZxg} 'sjoridaday ZX0l ¥3avaH Ldr b 8
Lidrolre
Bieg £0¥-06169 ,004" ‘uidg ‘Japesy ENOD| ‘Br'sdr ‘Lr‘or e 'y 'bdr 6 L
Jy|jueg a-S-11-L01-ON4S 050’ 'uldgx, 'sjoejdadey ZX.L ¥3Av3H odr'zdr 4 9
1oWway SVOZONSLYOLEY.L AOZ ‘%02 ‘Jnl'y el ‘ded g0l 810°'L10'910'6LD 14 S
jouia)y SVY0Z0WNgZealeyl A0Z ‘%02 'dngz uel ‘ded 4nee 610'710'€LD £ 14
ejeiniy €090 'ASA '%02-08+ 'd4n}’ ‘ded 4n}’ 60'6D Z €
ojuoseued AOlLOLHIA-NO3 €090 '©09 ‘%6 '4doo} ‘ded 4400} 210'110'80'$0'€D'2D 9 [4
ejeiniy AVOL0ZSOLASAOYINYD 5080 '%02-08+ '4n} ‘ded Jni 010'20'92'LD 14 l
JOpUap _ JequInN Med uonduoseq ued adualejey| AD| wey
05:0v'6 666102 keI w_mE_%s_ __o g
Y :UoIsjAey L0'LOA £20-2€5-00681S
6661 ‘9z Ae|\ ‘Kepseupepn ‘pesirey a39 1S3L VIOWOd




AS ORIGINALLY FILED

PRINT OF DRAWINGS

UPGS2T SWITCHLOGIC TABLE

| om
OFF | OFF
ON OFF

2 +SVRX1 )} _'P\J

o
\\l 01uF
_ — 1]
i
«
3306
T
40 ohm, L=100 mil, W20 mik
ur
o
RF2126P
c10 20F
~ _ n
oF BiAs 5 AVs%pESa_.sﬁ il
102 chm, L=220 il W=10md
"
&7 o, L<200 i, W=7 il

PCB Matenal = FR4, Thickness = 003

+SVRXH

Tk

™
100 ohen, L=200 mil, W=10.7 it

s e EEEETI— | EE T
T i e

[ ———
ox pommm s

o U
100F  BZMMOXS04-

2R}
MDR642E

Signal Technologies, Inc.
tle

“Low-Noise, Low Power 2.5 GHz Front End"

Document Number

Page 139 of 177



[t T}

BLMI1A121S

rom————

M +5VRX1 1

Mesvrez 1

L POWERIN

\ M) TXAMP PC 1
R
¢ vv.qu 1

PWR TXRXB

AS ORIGINALLY FILED

PRINT OF DRAWINGS

45V

7} L6
1 BLMIAI21S

p—————
[ Sty

€62

b

0 WF

SWTXRXB

IIVCONT1 1

IPVCONT2 1

Signal Technologies, Inc.

“Low-Noise, Low Power 2.5 GHz Front End"

P e

Page 140 of 177




L. hb

'd

100429 190 wee b =
dgeiedy Jaylidwy Jeaulr Jamod Wnipsy an-y dgZlz4y LN L 1e
g0E2LIML Joye|nbay abejjoA OMO.L g0EZLIML AN L o¢
SWY0SLON JayaAu| [euoneN SWY0SLON gin'gln‘'aln'zin‘tinl 6| 62
Vv.12519dN YoUMS 4 23N Vv1Z519dN ¥n 1| sz
01L0ZZWYVYN VN1 ZHD §'2-+'2 WOOVYW 0L0ZZWNVYVYIN m'an‘enznl ¥ L2
NW 2'0L=M ‘llw 002=7'Wyo 00L|{  IW 2'0L=AM ‘lIW 00Z="1 ‘WYo 001 GL L 9z
W 2'0e=M ‘lIW 00Z=1 ‘WYo /9 W 2'0€=M 'lW 002=" 'Wyo /9 yL L 2
W 0L=M ‘llw 022=1 'Wyo ol W OL=M "I 0ZZ= 'WYo 20} . el ARz
W $G=A ‘IIW 001L=" 'WYo 0§ W $G=pA ‘JIW 00L=T 'WYo 0§ Zl L €2
[1W 0Z=M ‘llW 001=1 'Wyo 08 W 0Z=M "W 00} =" 'Wyo 08 LL L 22
29E--ASOE- Y3 M 9171 ‘%G 'M9'¢ ‘€090 oluoseued Mo'E y1d A
ZLY-r-ASOE- Y3 M 9L/L ‘%S "MLy '€090 ojuoseued MLy pzy'ozy'siy'zid'old s oz
LOL-r-ASOE-ry3 M 9L/L ‘%S '00L '€090 Jjuoseued 00} yo'ed|  zZ| 61
61y'8LN'Z1d'9LY'ELY
oluoseued S| ‘Lid'eu . y'od'sH'zy L] 2L 8l
d9geSAN 134 [duueyd-d jeuolieN d9eESAN YO'ED'ZO D] v L1
9171's11
SIZLVLINIG peag 4y elesniy SIZIVIINIE ‘PLI'€L1'2L1'LL7'67'81°L] 6] 9l
08-X022-S05080 %S '(2102) S05080 ‘HuZZ HeJOj10D HU 22 971'671'e1'21 ¥ G
H109VIZWNIgG] peag siulad YW 005 ‘'ZHIN00 L @SWYo 009 BlRINA y109viZNIg Lol 2l vl
HEOY-06169 Da| 8Anualas m Jepeay uld € blag ENOD oLr'srLr'or'se'yre 9] €l
1-0-05-XOWWZ8 J0JBUU0D JY Jauyng| 1-0-05-XOWINZ8 er'zriir] el 2L
Qa-4-10-20}L-HS 14 Mol Jad suid / ‘moy |eng J9jWes X/, ¥3avaH Ldr VoLl
JZyoHan 4dg ZHOS'Z-¥'2 ulysos 3Zyoyan 24’13 2] ol
0SOMOEEDODIBENHD 05'%01'909'¢090'4doce ejedniy 4dgg 250 Ll 6
HS.LPADL1-803 A9} ‘wnjejue} 4n /'y ojuoseued 4Ny LyD'eyD'6edl € 8
190850
0S0ML0LDOD6EWNHD 05'%01'902'¢090'4d00L elRINA 4dooL}] 'v60'060'220'LZ0'9LO'6LO] 8l L
0S0X080D0D6EWHD 05'%01'©902'¢090'4d8 ejleJniN -4dg [4%e) } 9
0S0M00LOOI6ENHD 05'%01'900'¢090'4d0L eleInp 4doL|  949'220'920'62D'eLD'LLD| 9] &
0SOMLLYOODBEWNHD 05'%01'909'¢090°'4d0Ly BlRIni 4doLy $20'€20'60'80| v| ¥
050Y02Z9026EWHD 05'%01'900'¢090'4dZ2 ejeInN 4dzz 10010 2| ¢
050X LEEDODEENWHD 05'%01'©00'¢090'4doce eleJniy 4doge [20) A
292'090'6560'250'960
'660'8¥0'PHO'L¥D'0¥D'8ED
'20'9£0'6£0'820'020'610
9LOWYOLYLXBEWND A9 %02 HLX'€090'4NL° gleIni 4n1°0 '810'£10'90'60'€0'20'10| ¥2 !
JaquinN ded uonduosaq ved Jasnpejnuein Hed aoualajay| AID| wey
15:06:2L  6661'02 ABN s|elseW JO 1lig

‘ou| ‘saibojouyoa |eubig

v -UoIS|ASY

L0'LOA ¥20-2€5-0058

“ION-MO"

~6} ‘9z Ae ‘Aepsa
A

Mm

UPBAA :pasIAeY PUT W0Jd ZHO G'Z J8MOd MC

Page 141 of 177



5 . C e wvemy o g it - P o -~ e & OgE ey ) X T/ & O X
/

>*ATTEN 20dB IOIMEKR lwm“mhﬂw
RL 5.0dBm 10dB ./ —15 . 83MH=

AMK R 'l
—15/.83 |MH=z

—33]. 84 dB

X0 b

CENTER 2.41200GHz SPAN 50.00MH=z=
*RBW 100kH=z=Z *VBW 30kHZ=z SWP 50.0ms

o B L T ST LRl SR
BLINOU I 2 JPON RN 1 599 i ar seable B wthh B RLGEE dheadE il 3t NI pet il

Page 142 of 177



k\:\% b el o M T D ﬁﬁku\\‘u\ox L L 8 C AT g \ 7X =/ * 00568

ATTEN 20dB AMKR —50.34dB
RL 5.0dBm 10adB8/ —23 . 7MHZ

A2MEK R
—23|. /7 MH=Zz

—50|.34 |dB

[SANSRRY

Page 143 of 177

CENTER 2.4120GHZ=zZ SFPAN 100 .0OMHZ
*RBW 100Kk HZ XVBW 3OkH=zZ SWPFP 84.0ms

N T R T T —
o ot Bl el R T Bl



€ epuss IS TS TE DS ey Na.wu \\.W,QB\R\\,\\ N..H\N.M\\u\\‘q.v Tx 2, FToosSes8

XA TTEN 20dB MK R —12 .83dBm
ML 5 .0dBm 10dB8 ./ =2 . 4412008066 H=
R
MK R
2. 412080 SH=zZ A N
vawa iwi Al ViR \
/ﬂ | A k N A

TI6 b9

CENTER 2.4120000GHz=z= SPAN 200 .0kHZz=
RBEBW 3.0kH= VBW 30kH=Z SWP 87 .0ms

Page 144 of 177



ATTEN 20dB OMKR —34 ., 16dB

RL 5 .0dBm 10dB/ —13 . 00MHZ

,__1___::::_1.@ ' g___ it _:,.:2__ * _.
1d R P o

. ' ””.mm_a_:_,_az._ ._LFH%.__:_ 7_.“_‘.. _;_“ f
LMK R ff;. . <L§.

—13[.00 |MHz o
—34l. 16 [dB L

RIS

Y16 D

" Page 145 0f 177

CENTER 2.43200GHZz SPAN 50 .00MHZ
RBW 100KkHZ xVBW 3OKkHZ SWFP 50.0ms

T T LTIl —
LY} OO A RN R Y NN I8 1 T R A R O
S L Sl P R R T N R



TT6. W

D I Z D o \Dh\hqva\u\»\c s/ w,mr\ﬁx\\\\.u\ FxEE H 0OSes

xATTEN 20dB AMKR —50 .34dB
RL 5.0dBm 10adB ./ —_—p4 . 7MHZ
AMEK R
—24|. 7 MH=zZ
—50|. 34 |dB
_ |
CENTER 2 .4320GHz=z= SPAN 100 . OMHZ

»xRBW 41400kHZ »xVBW 30kHZ SWP 84.0ms

Page 146 of 177




vIb. V7

- \..:N e ‘e T 4D T D ey [ .- L b\&h\“‘\d\ ya = ol -W.V\.\“\i\\ k 7T X 5 R“OU\K&%

ATTEN 20dB MKR —40 .83dBm
RL 5 .0dBm 10dB/ =2 . .4320006G6H=zZ

A

MK R \/
> . 4B20 Gz Al

ST ol |

©N

™

Page 147 of 177

—— =
———
— RS

CENTER 2.4320000G6H=z SFPAN 200 .0kHZ
RBW 3.0kHZ XxVBEBW 3BOkH=Z SWP B887.0mMms

o G g e g B I T T
ety oy NloeeHeipe gl CeopedtSall mi“ i B w_ r.ﬁ ;.Lm



T . N3

2. 51999 Po > 12.%dBu, (§:94dBm [ =100 T TXTI Tp0SEQ

xATTEN 20dB OMEK R lmmPOOﬂm
RL 5.0dBm 10dB/ —413.67MHZzZ

LMK
—13.687 MHZ

—38|. 00 |dB

Page 148 of 177

L v T

CENTER 2.4682006GH=zZ SPAN 50 .00MH=Z=Z
>*xRBW 41400kHZ »VBW 30kHZ SWFP 50 .0ms

B o O S e i 1
o Bt A e G W e AR

— = = pr— —
= = i = [ e e T



2/ 1999 Foz12.948m (= 94dBm, J=/0.0dF NTX¥ || 2po5¢@

ATTEN 20dB

RL 95

. OdBm

10dB/

AMKR —52.00dB
—28 . 7MH=Z=

LMK

—28|.

—B52].

age 149 of 177

CENTER 2.468200GHZ

XRBW

100KkkHZ

XVEBEBW 3IOKkH=Z

o

G e e e e g e
B o Bl S T U R e

SFPAN 100 . 0OMHZ
SWF 84.0ms



2 " 1799 Fo: I2.9dBm (Q: 14dBm [210.046-" TX"/| ¥

XATTEN 20dB
RL 5.0dBm 10dB/

0056%

MK R

—8 .

17dBm

=2 .46820087G6H=

A

MK R
2.4a4B820087 GH=z

Il ¢

LA~ A~ aa~a,

Page 150 of TH7

CENTER 2.46820000GH=z=
RBW 3.0kH=z=z VBW 3BOKH=z

B 2 R

SPAN 200 .0kHZ

WZH 687 .0ms



p: \f% s o B e B 2 PP P2 gy /) =, 7 T2 T ops70

AT TEN 20dB OAMKR —32 .83dB
RL 55.0dBm 10dB/ —10 . 50MH=z

AMK R | |
—10|l.50 |MHz

—32.83 |dB

L.

Aana 151 of 1'7'7

aygv 7T TUT

CENTER 2.41200GHZz SPAN 50.00MH=z=
RBEBW  100kHZ= VEBW 3BOkH=z=Z SWFP 50.0ms

FEOMONE {hide| TR U SR AIELY | Uotad (10 oot SN { S0 N0 0O0¢ 1 O O A ot O
o I T g R B R



Z oy P P TSI A U TGy | F 2 S C STy ) SRy X %2 * ooS 70

XATTEN 20dB OMKR —52 . 16dB
RL S5 .0dBm 10dB ./ —23 . 3MHZzZ

AOMEK R
—=23. 3 MH=z

—52|.146 |dB

FIC.

aqge 152 of 77

~J

bl

CENTER 2.4120GHZz SPAN 100 .0MH=
*RBW  100kkHZ=Z »VBW 3OkH=z= SWFP 84.0ms

A N e e o B 24 R N P
Feadl Dondl i [T o aadln i W RLE . -l Bl 3 Rt i



e S SN PP R - ca o T ) CH 2y /x T oo S o

-
*xATTEN 20dB MKR —141.00dBm
RL 5.0dBm 10408/ 2.4120083GHz
MK R
2412083 GH=z A A Al p
v al . O m
C \ AVAEN \ “
3 “
. 1 |~
L | | |
q
B I
CENTER 2.4120000G6Hz SPAN 200 .0kHz

RBW 3.0KkKHZ xVBW 3SOKkHZ SWFP 687 .0ms

JOIO UL 11717

I ady



A R TR “ e T A S =22~ e’ 4 s /B F o0 S P
’

ATTEN 20dB AMKR —32.50dB
RL 5 .0dBm i10dB/ —10 .50MH=

LMK R
—10|.50 MH=

—32. 50 |dB

Y0, N4

age 194 of 177

"

CENTER 2.43200GH=z= SPAN B50.00MH=Z
RBW - 100KKHZ VBW 3O0OKKHZ SWFP 50.0ms

g TSR L
B Wt e T el el A T G




« \?N s d o *

xATTEN 20

/4.4 Ty (U 7 UL L dT T,

aB

RL 5.0dBm

10dB ./

C 2.0 dOa ) OHTS TX T2 TE9S 2

MKR —55 . 147dB
—22 . 0MHZz=Z

AMK R
—22|!.0 MH=z=z
eS| 47 |dB !
o _ 1
o ;i
. %
S 4
- q
2
v a1

CENTER 2.432006H=z

»RBW 100K

H=

»VBW 30kHZz=Z

SFPAN 414100 .0OMHZ
SWP 84.0ms




R R 2 I T N I AR AV X &2 S oo S Ze

xATTEN 20dB MKR —12 .83dBm
RL 5.0dBm 10dB/ 2 .432008306H=zZ

MK R \/
oh 4B2QOB3 GHz

uﬁ.m | 3>, AW YA \

1. B\
Ao 0o £ A4 -
agC—To0 0T 177

CENTER 2.4320000GHZz=Z SFPFAN 200 .0KkHZ
REBW 3.0kH= »xVBW 30kHZ SWFP 87 .0ms

BHlE a4 p g g msen W pogy
mﬁ# ﬂmw. ..“mn..._:m: .m,_,z ,,,,‘mw.aﬁ%:m.um wl ﬂm.mm _W.:WW wwm mm: mﬁm Fm,m



= \\Yw /S A S -

s DSl s oy C e -

X ATTEN 20dB

TLG. o

RL 5 .0dBm

. 0 T g, ) CH Ry T o o087

AMKR —33.00dB

—210 .58MHZ=Z

LMK
— 10

.58

MHZ=Z

—33].

OO

dB

AU 7 ok 477
rIT1T Ul ri

CENTER 2.468200GHZ=
»xVBW 30KkHZ=Z

RBW " 100kHZ

e w g g g g e e
i T R e 2 R AR

o e e
o 0 B

SPAN 50.00MH=z
SWFP 50.0ms



vl 473

I \vvrf%\ \Vx&nh\

K2 1386 dB e (R 2 TP A e L 2,0 7080 ) cr ¥/ TRKFQ Fo0S70
’

ATTEN 20dB
RL 5.0dBm

10dB/

OMKR —53 . 147dB
— 19 . 7MH=

OMK R
—419|. 7 MH=
—53. 47 dB
N
N~
©
e 0]
0
(O]
O
o T

CENTER 2.46820GHZz=z
RBW. 100kHZ

VBW 3BOKH=

SFPFAN 100 .0MH=z
SWF 84.0ms




=1 \F\\\\ovwr B s lF 20 AT (L S Ay | L SO T A, ) Fos X T2 * oosS 7o

ATTEN 20dB MKR —19 .33dBm
RL 5.0dBm 10dB/ =2 .468200906GHZ=Z

N <
A

qu
p'
~ [N T

S 200890 GH=

== AANAA AN AN

YIG.
T
e
n,uL ” AE RTINS

ayvv Ty Ul T

CENTER 2.46820000GHZ=Z= SPAN 200 .0kH=z=
RBW 3.0kHZ=Z »VBW 30OkkHZ SWP 87 .0ms

i I A e Y R



SWO "vrg8 dMs ZHAOE MgGA» ZH>AOOT Mga-»
ZHWO " OO T NVddS <HSDOOS TP "2 dJd=31LN3O

Yro.¢g

ZHW 4 €7
AN

ZHWZL " €T /9POT wagpo T4y
gPEE "ScE— dOXNWV P02 N3 L1V

S ((Hewiz Qo SPE) cwgpsocs o2 -1
EN LA STRTITE Tt Y D et St ch fums £ Z

Page 160 of 177



SWO "8 JdMS ZH>0&E MYA» ZH>O0OO0OT Mgd»
ZHIWO " OO T NVdAS ZHOOeeEtr "2 d"H3ILNZ=ZO

TIC. %,

, ; gpP OS '|\re—

ZHN £ ST —
LI g

ZHWE "S T — /9P OT wgagPOo " OT Yy
g8P0OS "tE— HXHINW P02 NI3ILLWV»

/

. NQQQMN\M.uw;q%hnQ\wu?kw%@h\m\ﬁu&k\v\wkhq¢\6N\N.\Nn\‘“\ .\ W\\V\\ﬁ%\k
6 \ t }%\
_ 7t Qaq P el R I i !

Page 161 of 177



SWO "P8 4dMSsS ZH>X0&E MAA ZH>SOOT Ma-dx
ZHIWO " OO0 T NVddS Z2HS9OeEYr "2 "3 1LNZ=ZO

::—__ r

Yo OO

gaP ST 'jEe—

ZHIN & |1 T —
=g ANV

ZHWE " T — /89POT wgpo Y
gPT "E&— OXHNWV P02 N3 L LWV
*e 2z jroowg Sy GrE) Cegrypl L Sakd  gefr7/L

T W A AN A
Fomg ol Bl T gl W et B

Page 162 of 177



SWO "8 dMS ZH>A0E MGEANAX* ZH>XOO0OT Mdadyx
ZHIWO "OOT NVdAS ZHODOZES TP "= d31LN=30O

Q

g__: i 3_____3_%,_é___, | G | TR LA

i

ﬁ !
L | _ X
N E__,___ [N | IRAN A
: _.ﬁ",,p‘ il 4 . ”.n.._m
i - M.w..... . . : .

Vig, <

ZHIWO " 82— /8POT wgp o 1Y
GPrPeE8 ' SS— dXAnN SP0O0=E NI3I L LV

T T T T Wt o T .
et QT B AW e R o grEe = Lakdt 'L %\ 2s

Page 163 of 177



SWO "r8 4dMS ZHAHAOE MYAN > ZH>XO0OO0OT M
ZHWO " OO T NVdSsS ZHOOESSYr "2 "H3ILN=ZO

o o ||

TIe, e

ZHIW g " T2
H AW

<ZHWE " T &2 /89RPOT wgpOo Td
mUh.ﬁ.le g9 AN P02 NI3I L LV

FLoQaq R ﬁ Lozt OPE) CUHPLEI S Wp#O s N
o el T N R :

Page 164 of 177



SUWOoOtrT dMS ZH>O0O " & MYAN ZH>0 " & Mgd
ZH>O T 008 NVdS ZHOO0000eEestrr "2 d=a3LNI=30

Y. Yo

—

! : <<< TN V
;%; I o " { VLA i \C ,\;C

wgp €8 ''ec—
zZHY Eegloo=2gyr "2

=HHAIN
ZHOESOOO0ESYr T 2 /a9P0OT wgpo " o2 T1d
wgpes "eEcS— Y9N gP0E NILLV

ﬁ@\ M.N\N Y1 Q2 g 0 A T g R I

Page 165 of 177



SWOPrT aSMS ZH>HO " &€ MgaAn <HAHO " E Mgad

M T ! 1 |
S0 TVt TNV LY O O
WA QMU | AT WY UV A

vy v ( vy

NIﬂ OCOolooET|t- " 2

93 14UN=3D
Z2HOESO0O0ES Tt " 2 /4a9POT WapPO " o2 g
WagPOO " 27T — YHXHW 8P0E NI3ILLV

TS Swazg,,,
L et g

I .
R G S R R G A

Page 166 of 177



SWOotrT
ZH>YO T O0S NVddS

adMS

ZH>O0 " & MgaAn
Z2HOO0O000OESEY "2 "3 LN3O0

ZH>YO " Mgdy

YL, o2

wapaLt

: %\\MN\\\

BT —
L qzq

AN

1

T 1
I
[

; al ,:3 B Ll
ol %;é VT T
A1 AL A

SPOE N3ILLV

LI
|
i

Page 167 of 177



Y1, 47

ol e e g g g g S g S U PY

62:6T:2T :OUTL 1 abegd 6661 ‘12 ATnp :e83eq
Adusnbaag
(1:v1)E0A D
ZHHWOZ ZHWGT ZHWOT ZHRWS ZHRO
T IIIIIIIIIIII P ek Jr Uupoues R - e an e e em w e wn m e am am am Llllllllllllllllll!.llllll_lllllllll’lllllllllllll-TONH'
| . . . “
H ]
I )
! . . . !
| ]
! . (r22'€0T~'WSET"ET) "
: . . . . . . . . . . . . . . . . . vOOﬁl
] i
] . . |
' |
] i
] M . t
! |
| f . !
! )
] ]
1 . , . . f . . . . . 08~
. . "
|
!
. . !
!
+ . _
]
i
. . . . . . . . . “IOWII
. . |
)
1]
. . ]
i
f . |
"
. (S0%"06-'W69T"TT) . . . . . ~0p-
)
I
1
]
]

lllllllll'lllIll.l.lllli.l-I..lll.llll.l'lll_l.l'l.llIlllllll'lll|IIll’ll.ll.lll'l.ll.ll.l|I.llll|.lll||l-ll.ll.l.ll|

. . . . . . . .

iy

L0z~

| R ———

193713 (V)

0°'LZ :oanjexadwa]

EE€:GTCT 66/12/L0

- _ ‘unx swtlL/93eq
YOS 183 TTI\AOKIA YOLOAA\STTIO\s3I0a(0xd\8 WTSH\ D «

Page 168 of 177



TT 0. Y

ZESLTCT :SWTL 1 °beg 6661 ‘1z ATnp :s83eq
Aouanbaxg
(1:p7)€8aA D
ZHNWOOT ZHWOE ZHWOT ZHWO "€ ZHRO'T ZHMO00€E ZHY00T
Tllllllll lllll P I N L lllllllrxlllll!lllllllLllllllllllllllll.rllllllllllllll-TOm.ﬂl
“
]
. . . . :
]
)
]
. . . . "
1
1
]
. . . . .
]
]
. . . '
(V22 €0T-'WSET"€T) “
1
PO . . . . . . PR . . . . . “IOOHI.
1
. . . "
| "
i . . . )
I 3
] |
] ]
) . . . {
| t
i ]
1 [}
] . . . . ]
! ]
¥ t
} ]
" P . . . . . . . . P Y . . . . _roml
! ]
] t
1 . . . . ]
] i
' (T6L° 8~ "HESO"TT) !
" . . . . "
| ]
| ]
“ . . \ . . . “
H . (662°92-'HWOTTIS"S) |
“ . . . . . “
i !
! ]
| I - - e S W . e o Gm G B ) e A MR SR GBS e e S Ge G0 PR M Om 4 An AR M em e . S me ey = o G - S S Gm G Gm em N We AR G6 R R e En P Ge e e R G S Gu G % R M W W S G A m AR e M e lLuo

I93TTF (Y)

0°Lz :®anjexadwal

€€:GT:2T 66/12/L0 :UNI SswWIL/23eq

yos *193 T13\AONEA ¥WOLOIA\STTAO\S3I00L0xd\ 8 WISH\:D «

Page 169 of 177



SWos dMs ZH>AOT MdaEA ZH>0T Mgl
<HNOOO " T NVY4HS <HWOO0OE " T =H=ILN3O

e, _2%}\2.}%%{
NN

§

716 45
<]
//
—
//
S

T

\.

.\
0

| | | e8| oore
| | A

<H>00& -~ AEPOT wWwagpOo " 07T 4
HPO0OO " TS — BN o8 DAVA dgdPoZ2 N3LLV
*\q,&:\mkwib Mdm; m.""w,.wh.m_.a L L . 2 H i
SrSBe 2 EAtt gt f0500 )RS Y Seg I M 2001y i v serz £

Page 170 of 177



SWO S

ZHINCOO " T

dMS
NY S

w1 O E o META

-
Ve
Lo

ZHWooE

H>OT

MNE e

T d=2LALN=O0

Vil

PR

. ?(zf;/xr LAY A
AN

|

R

vl 4%

gp| €8 Ts—
ZH> doa-
] > NS

- >HOooE -~
HSPES " TS— BHMHNWV

S EPOY
B DAVA

.........

UL el
~2P B BP+ “FJm *3\3\\ -WQ_Q_M_WKW. Bt it ot m_?ﬁ]n\lw

WE PO " 07
gpPoZ N=.L1V

Tl

Page 171 of 177



SWOoOO0E dMs Zi->H 0O T e MelA <0 TE Mg %
ZHWOOO " T NVJAdS <HHOOE " T = ILINEO

|y o v

e
s
¥
=

-~
2
e

| ——

¢
V- d
2SR OO0 '|(tr-—
<> goe—
b H N7
ZHHOoOOZ - SEIPOT WeIkO " OT — Ty
EPO0O0 " D~ MW TE O BATYA €0 T NZBLLV

PIAFS T S L i g P
“OSPS s 2 Erm peds PRI GPRSEE L i TTAED) TN preaPE 2 2aTE
s A2 (PR LE) BT ce b7 - s w fin

Page 172 of 177



SWwOOoe
4O 00O T T

cd N SS
N e =)

TR

EdN A0 TE Meludx

LN OQOE T T R ANTET

Hi

i

pall)

L6, A%

I

Page 173 of 177

P L NG —

.
i
Ny

1 JOtr—

{L. _2/

ey
o

O O e

Ed gL I
PIVOES D 2
/O Ea0 [ORADijeos iy
Lomin

'ls

=R

-
—

&@Wﬂw%h e S0 0 s

T WeIipo * OT - el
IR =HROT N L LW

:\,Eﬂﬁ\vhﬂlw @\\\V FSp2 N\\\W
/e 7/C

P e A



SWOoS diMSs ZHAHA0E MaEAN ZHYMOE MdYd
ZHNOOtT " & NVdJdSsS ZHWOoOOo2 " T dH=ZELN=O0

[V PR

FI 4
d
.

=
=

——
= ol
//
—
'\
'\
o]
//
0
Page 174 of 177

> 086 —
B H W

[ ——
|
—— ]

N

Zp->HO 36—~ AEIOOT W&EPPO " O7F — MY
HRPO0 T St — il CO7T 10 VAN CAVAN S0 T N= 1L LWV
VM D TP = r L

‘ . -zx7g
ook 174 <z prttvs I eFen (oglyRcaseamy (AFERGEOL2) NI EELS
oy \Jdl\z (ap4 \\&\\\\ e, 2. ) AL, s CEHZ \\\mﬂu

———— T
EE e ————————— —




SUWOS dMS ZHYO0E M&EA ZH>¥0oE M&u

oy

ZHNOOtT " & NVYVdS ZHINOO0O&Z T T W= LNZ=0O

PP T
|| \n / | )

Y16 \6D

=
WAN RS

\ \

Voo

ZHH OB G~ SEB0T waspOo " O7 —  Tid
CSPO0S T~ HMYINW 1= B g 2D IVANR VANAN SPOT N3 L LYWV

DFGvns s> gz ¢ LL . . . f.

s oigon roo 19y esaig bkt (O THECKAY THYPESPZ ke

%, .
%\\h:“\i. = ﬂ\\\\x\\)\\ AT \Aal\: o~/ r \\s\\tx L 2 ) w2 iy P e vﬁu‘\u.m.n

Page 175 of 177



- T 6. 0L

TX TEST BED

Board Current Consumption (mA) Voltage
ST8500-641-021E 112.8 5
ST8500-641-024 75 5
ST8500-641-003 0 0
ST8500-641-008 41 5
ST8500-641-023 280 75

Total 508.8

(513 measured)

o o it
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