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PATENT CLAIM AT ISSUE 

U.S. Patent No. 7,110,444 B1, Claim 3: 

3. A wireless modem apparatus, comprising: 

a receiver for frequency down-converting an input signal including, 

a first frequency down-conversion module to down-convert the input signal, 

wherein said first frequency down-conversion module down-converts said input 

signal according to a first control signal and outputs a first down-converted signal; 

a second frequency down-conversion module to down-convert said input 

signal, wherein said second frequency down-conversion module down-converts 

said input signal according to a second control signal and outputs a second down-

converted signal; and 

a subtractor module that subtracts said second down-converted signal from 

said first down-converted signal and outputs a down-converted signal; 

wherein said first and said second frequency down-conversion modules each 

comprise a switch and a storage element. 
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STATEMENT OF RELATED CASES 

No appeal in or from the same proceedings in the United States Patent and 

Trademark Office Patent Trial and Appeal Board (“PTAB” or “Board”) was 

previously before this Court or any other appellate court. ParkerVision, Inc. 

(“ParkerVision” or “Appellant”) has asserted U.S. Patent No. 7,110,444 (“the ’444 

patent”) in the following district court cases: 

• ParkerVision, Inc. v. Intel Corp., Case No. 6:20-cv-00108-ADA 

(W.D. Tex.);  

• ParkerVision, Inc. v. TCL Indus. Holdings Co. et al., Case No. 6:20-

cv-00945-ADA (W.D. Tex.);  

• ParkerVision, Inc. v. Hisense Co., Ltd. et al., Case No. 6:20-cv-

00870-ADA (W.D. Tex.);  

• ParkerVision, Inc. v. LG Elecs., Inc., Case No. 6:21-cv-00520-ADA 

(W.D. Tex.);  

The ’444 patent is currently involved in the following proceedings before the 

United States Patent and Trademark Office Patent Trial and Appeal Board 

(“PTAB”): 

• TCL Industries Holdings Co., Ltd. et al. v. ParkerVision, Inc., Case 

No. IPR2021-00990 (PTAB); 
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• LG Elecs. Inc. v. ParkerVision, Inc., Case No. IPR2022-00245 

(PTAB) (joined with IPR2021-00990) (collectively no. IPR2021-

00990 and IPR2022-00245 are referred to as “the TCL IPR”). 

ParkerVision submits that the PTAB’s Final Written Decision in the TCL 

IPR referenced above, which is expected to issue on or before November 22, 2022 

and any subsequent appeal thereof, will directly affect or be directly affected by 

this Court’s decision in this appeal. 
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JURISDICTIONAL STATEMENT 

The PTAB had jurisdiction over the petition for inter partes review 

(“Petition”) brought by Intel Corporation (“Intel”) under 35 U.S.C. § 6 that is the 

subject of this appeal: IPR2020-01265. The PTAB issued its Final Written 

Decision in IPR2020-01265 on January 21, 2022. Appx1. Appellant ParkerVision 

timely filed a notice of appeal on March 18, 2022. Appx1273. This Court has 

jurisdiction under 35 U.S.C. § 141(c) and 319 and 28 U.S.C. § 1295(a)(4)(A). 

STATEMENT OF THE ISSUES 

1. Whether the PTAB erred by invalidating claim 3 of the ’444 patent 

based on an incorrect claim construction of “storage element,” where the PTAB 

failed to consider the complete disclosure of the patent specification. 

2. Whether the PTAB erred when it based its unpatentability decision on 

theories not presented in the Petition but, instead, were raised for the first time in 

Intel’s Reply. 

3. Whether the PTAB abused its discretion by striking arguments 

properly raised in Patent Owner’s Sur-Reply in response to newly raised arguments 

in Intel’s Reply. 

4. Whether the PTAB erred by invalidating claim 3 of the ’444 patent 

under the PTAB’s claim construction of “storage element” (which stores non-
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negligible amounts of energy) where the prior art reference the Board relied on 

discloses “holding elements” (which hold negligible amounts of energy). 

STATEMENT OF THE CASE 

This case is an appeal of the PTAB’s Final Written Decision (“FWD”) in 

IPR2020-01265, which challenged claim 3 of the ’444 patent.  

I. OVERVIEW OF WIRELESS TECHNOLOGY.  

The ’444 patent relates to wireless communication and, more particularly, to 

frequency up-conversion and down-conversion of electromagnetic (EM) signals. 

Appx5349(¶ 26). 

A. Wired Communications. 

Traditional wired communications networks transmit audio signals over wire 

lines by converting audio signals to electrical signals and back to audio signals. 

Appx5349(¶ 27).  

 

When Bob speaks into a phone, Bob’s phone converts his voice (low 

frequency audio signals) into electrical signals. Electrical signals are transmitted 

over wires to Alice’s phone, which converts the electrical signals back into audio 

signals so that Alice can hear Bob’s voice. Appx5349-5350(¶ 28). 
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B. Wireless Communications. 

Similar to wired communications, in wireless communications, low 

frequency audio signals are converted into electrical signals. But instead of 

travelling through wires, the signals are transmitted through air as radio waves 

(electromagnetic (EM) waves). Appx5350(¶ 29). 

 

As shown above, wireless devices use high radio frequency (RF) signals 

(e.g., above 300 MHz (red)) because high frequency signals can carry more 

information and because high frequency antennas can physically fit within small 

devices such as cellular phones. Appx5350(¶ 30). 

 

In a wireless communication, when Bob speaks into his cell phone, Bob’s 

cell phone converts his voice (low frequency audio signals) into a high frequency 
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RF signal. The RF signal is transmitted over the air to Alice’s cell phone. Alice’s 

cell phone then converts the RF signal back into a low frequency audio signal and 

Alice can hear Bob’s voice. Appx5350-5351(¶ 31). 

C. Frequency. 

Frequency is the number of cycles of a wave per unit time (second). 

Appx5351(¶ 32). 

 

As shown above, a high frequency signal has more cycles of a wave per 

second than a low frequency signal. Notably, the frequency of an audio wave can 

be one thousand cycles per second whereas the frequency of a radio wave can be 

one billion cycles per second. Appx5351(¶ 33). 
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D. Up-conversion. 

To transmit an audio signal over air, a wireless device must transform the 

audio signal to an RF signal. Because the RF signal is used to carry the information 

in the audio signal, the RF signal is referred to as a “carrier signal.” And since 

audio waves are at a low frequency, they are referred to as “baseband,” a 

“baseband signal” or at a “baseband frequency.” Appx5351-5352(¶ 34). 

 

To transport the baseband signal (e.g., audio signal), the transmitting 

wireless device (e.g., Bob’s cell phone) modifies the carrier (RF) signal. As shown 

above, the baseband signal is impressed upon the carrier signal (above left), 

thereby modulating/changing the shape of the carrier signal to approximate the 

shape of the baseband (audio) signal (above right).1 The modified signal is referred 

to as a “modulated carrier signal.” The process is referred to as “up-conversion” 

because the low frequency signal is being up-converted to a high frequency signal. 

Appx5352(¶ 35); see also Appx5373(¶¶ 103-104), Appx5373-5374(¶ 105). 

 

1 This type of modification is referred to as amplitude modulation. But other types 

of modulation can be used. Appx5352(¶ 35 n.1). 
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E. Down-conversion. 

In order for the receiving wireless device (e.g., Alice’s cell phone) to recover 

the baseband (audio) signal (and the information that it carries) from the modulated 

carrier signal, the receiving wireless device must transform the modulated carrier 

signal back to a baseband signal (e.g., audio signal). This process is referred to as 

“demodulation” or “down-conversion” because a high frequency signal is being 

down-converted to a low frequency signal. Appx5352-5353(¶ 36); Appx5377(¶ 

113). 

Demodulation is the inverse of modulation and results in the extraction of 

the baseband signal from the modulated carrier signal. Appx5377(¶ 114). 

 

As shown above, “down-conversion” is the process by which the baseband 

(audio) signal is recovered from the carrier signal. Down-conversion is the subject 

of claim 3 of the ’444 patent. Appx5353(¶ 37). 

Today, a receiver can down-convert from an RF signal to a baseband signal 

in one-stage or multiple-stages. In a one-stage configuration, the RF signal is 

directly converted to a baseband signal. This is referred to as direct down-

conversion. In a multiple-stage configuration, the RF signal is first down-converted 
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to an intermediate frequency (IF) signal, which is then down-converted to a 

baseband signal. Appx5379(¶ 120). 

At the time of the invention of the ’444 patent, in the late 1990s through 

March 2000, however, direct down-conversion was not well developed. At that 

time, receivers generally used multiple-stage conversion. There was, however, 

significant research and development dedicated to finding ways to accomplishing 

direct down-conversion using a single conversion stage. Many companies failed in 

this endeavor and the solutions that were developed had significant technical and 

practical limitations. Appx5379-5380(¶ 121). 

II. CONCEPTS RELATED TO WIRELESS TECHNOLOGY. 

A. Basic circuit concepts. 

RF signals are created using electronic circuits. To understand circuits, it is 

important to understand the concepts of charge, voltage, current, energy, power, 

resistance and impedance. Appx5356(¶ 43). 

Charge: In a circuit, there are two physical types of charge – positive charge 

and negative charge. Protons have a positive charge (+) and electrons have a 

negative charge (–). Appx5356(¶ 44). 

Circuits operate based on the movement of electrons and the movement of 

charge transfers energy. Charge may build up to establish a voltage signal. Here, a 

voltage signal refers to information that is almost entirely conveyed as a voltage. 
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Alternatively, the movement of charge, the rate of which is current, may itself be 

the signal. Appx5357(¶ 47). 

Voltage: Voltage is the difference in an electron’s potential energy, per unit 

charge, between two points. In other words, voltage is the amount of potential 

(electrical) energy available, per unit charge. Negative charges (electrons) are 

pulled towards higher voltages, while positive charges (protons) are pulled towards 

lower voltages. Appx5357(¶ 48). 

Electric current: An electric current is the movement/flow of charge in a 

circuit (in a conductor or into, out of, or through an electrical component). Current 

(the net rate of movement of positive charges) flows from positive voltage to 

negative voltage. Appx5358(¶ 49). 

Electric energy: Electric energy is energy that results from the movement of 

a charge in a circuit. The faster the charges move and the more charges that move, 

the more energy they carry. The only way to transfer energy is by transferring 

charge. So, movement of a charge indicates movement of energy. Appx5358(¶ 50). 

Energy is not the same as voltage. Energy and voltage are used in circuits in 

different ways. Appx5359(¶ 53). 

Power: Power is the amount of energy transferred per unit time. Power is the 

average rate at which energy is transferred by charges. Appx5359(¶ 54). 
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Resistance: Resistance is a measure of the difficulty of passing an electric 

current through a conductor. Appx5359(¶ 55). 

Impedance: Impedance is the measure of the opposition that a circuit 

presents to a current when a voltage is applied. Impedance is related to, but not the 

same as, resistance. Resistance is one component of impedance. In addition, 

impedance describes the ability of a circuit element to store and/or return electrical 

energy (referred to as reactance). A circuit component with high resistance has 

high impedance. Appx5359-5360(¶ 56). 

B. Circuit diagrams. 

Circuit designers/engineers use circuit diagrams to illustrate how circuit 

elements are connected together. Appx5362(¶ 64).   
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The exemplary circuit diagram above shows various circuit elements 

connected together by wires/traces (shown by lines). Transistors, capacitors, and 

resistors shown in the diagram are described below.2 Appx5363(¶ 65). 

Each circuit element has a particular effect(s) on voltage, current, charge, 

and energy. By combining circuit elements in different numbers and/or ways and 

using circuit elements that have certain values, circuit designers/engineers can 

create circuits that perform a wide variety of different functions. Appx5363(¶ 66). 

1. Transistors. 

 A transistor is a semiconductor device used to switch or amplify electronic 

signals and electrical power. A transistor has at least three terminals for connection 

to an external circuit. Key to the functionality of a transistor is that a controlling 

voltage or current at one terminal can control a current between two of the other 

terminals. Appx5363(¶ 67). 

Whether a transistor is used as a switch or performs another function 

depends on the signals applied to the terminals of the transistor, and on the circuit 

in which the transistor is located. Appx5363-5364(¶ 68). 

 

2 “Ground” (shown as an upside-down triangle) is a connection to a fixed potential 

which is defined as zero volts and a “node” (shown as a dot) is a location where three 

or more wires/leads come together. Appx5363(¶ 65). 
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2. Capacitors. 

A capacitor is a circuit element used to store (accumulate) energy. A 

capacitor stores electric charge in an electric field by separating charges over a 

distance. Appx5364(¶ 72).  

                           

As shown above left, a capacitor is constructed with two conductive (metal) 

plates with a dielectric (or air) separating the plates by a distance d. The 

dielectric/air does not allow current to pass. Appx5365(¶ 75). The symbol for one 

type of capacitor is shown above right. Appx5364-5365(¶ 73).  

A capacitor can be used in different ways within a circuit. In particular, the 

capacitance of a capacitor and the electric elements connected to a capacitor dictate 

how the capacitor operates in a circuit. Appx5367(¶ 83) 

3. Resistor. 

A resistor is a circuit element that introduces resistance into a circuit. The 

symbol for one type of resistor is shown below. Appx5367(¶ 84). 
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Resistors are used, for example, to reduce current flow, adjust signal levels, 

divide voltages, bias active elements, and terminate transmission lines. 

Appx5367(¶ 85). 

4. Differential amplifier. 

A differential amplifier is an electrical element that amplifies voltage or 

current. It has two input terminals and either one or two output terminals. The 

symbol for a single-output differential amplifier is shown below. Appx5358(¶¶ 88-

89). 

 

C. Electrical load. 

An electrical load is an electrical element or portion of a circuit that absorbs 

power and converts it into a desired form. Appx5274. Whereas a power source 

supplies energy, a load extracts/uses energy. For example, a resistor is a type of 

load and a differential amplifier is another type of load. Appx5369(¶ 92). 

Connecting a load to a capacitor affects the operation of the capacitor and, 

thus, the way the capacitor is used in a circuit. Appx5369(¶ 91). 

There are high impedance loads and low impedance loads. A high 

impedance load inhibits current from moving in a circuit and absorbs very little 
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electrical energy. A low impedance load provides little constraint to current 

moving in a circuit and absorbs electrical energy. Thus, a low impedance load must 

have a low resistance, whereas a load with a high resistance is a high impedance 

load. Appx5369-5370(¶ 93). 

Since a load is connected to the output of other circuitry, the circuitry (e.g., 

capacitor, source, transistors) is said to be driving the load (when substantial 

current flows from the circuitry to the load). For example, when circuitry is 

connected to a low impedance load, the circuitry is said to be driving a low 

impedance load. Appx5370(¶ 94). 

III. VOLTAGE SAMPLING V. ENERGY SAMPLING. 

The ’444 patent discloses only two systems/technologies – voltage sampling 

and energy sampling. The difference between these technologies is critical to 

understanding why Intel’s prior art fails to invalidate claim 3.  

Claim 3 covers only energy sampling. On the other hand, Tayloe (Intel’s 

main prior art reference) pertains to voltage sampling. But energy sampling and 

voltage sampling are fundamentally different and competing systems. And these 

differences are why Intel’s prior art fails to disclose the claimed “storage element.”  

A. Sample-and-hold (voltage sampling). 

At the time of the’444 patent invention, in the late 1990s through March 

2000, a technology being considered for direct down-conversion (to recover the 
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baseband signal directly from the RF signal without using IF) was sample-and-hold 

(voltage sampling). There are different types of sample-and-hold (voltage 

sampling) systems. Appx5387-5388(¶¶ 141-144). 

All such systems, however, attempted to replicate the voltage of the RF 

signal with as little distortion as possible. In the late 1990s through March 2000, it 

was thought that the best (and most accurate) way to replicate the voltage of the RF 

signal, while distorting the RF signal as little as possible, was to sample the voltage 

of the RF signal itself. Based on numerous readings of the voltage, sample-and-

hold (voltage sampling) systems could derive a baseband signal (which is a 

representation of the baseband signal sent from a transmitting device). Appx5387-

5388(¶142). 

The diagram below illustrates an exemplary sample-and-hold (voltage 

sampling) system. 
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As shown above, a sample-and-hold (voltage sampling) system includes a 

switch (blue), a holding element (capacitor) (pink) coupled to ground, and a high 

impedance load (orange). The ’444 patent specifically reserves the term “holding” 

module/element to refer to an element (e.g., capacitor) used in a sample-and-hold 

(voltage sampling) system because, as discussed in Section IV.B.2 below, the use 

of a high impedance load causes the capacitor to hold energy (i.e., prevent energy 

in the capacitor from being discharged to form the down-converted signal – the 

discharged energy itself does not becomes part of the down-converted signal). 

Appx5389-5390(¶ 146); Appx5387-5394; Appx5401-5402; Appx5417-5421. 

B. Energy Sampling. 

The diagram below illustrates ParkerVision’s implementation of an energy 

transfer (energy sampling) system for radio communications. See, e.g., 

Appx5394(¶ 156); Appx5402(¶ 176). 

 

ParkerVision’s energy transfer (energy sampling) system includes a switch 

(blue), a storage element (capacitor) (orange) coupled to ground, and a low 

impedance load (yellow). Using a low impedance load is significant in the design 
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of ParkerVision’s inventive energy transfer (energy sampling) system. Appx5395(¶ 

159). 

The ’444 patent specifically reserves the term “storage” module/element to 

refer to an element (e.g., capacitor) used in an energy sampling system because, as 

discussed below, the use of a low impedance load enables the capacitor to store 

energy and subsequently discharge the energy to form the baseband signal (i.e., the 

discharged energy itself becomes part of the baseband signal). The ability to store 

and discharge energy to form the down-converted signal is critical to 

ParkerVision’s invention. Appx5395-5396(¶ 160); Appx5394-5402; Appx5412-

5417; see also Section IV.B.1 below. 

C. Key take-aways. 

What is critical to understand is that while both energy sampling and voltage 

sampling use similar components (e.g., switches, capacitors and loads), these 

components are used in different ways in a circuit to create a desired result. 

Appx5401-5402(¶ 173). 

But the way in which the components are used is significant. Whereas a 

voltage sampling circuit discards energy without using the energy in the down-

converted signal (thereby wasting energy), an energy sampling circuit discharges 

energy into a load so that the energy itself becomes part of the down-converted 

signal. Id. 
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Though the Board acknowledged the differences between these two systems 

as described throughout the specification, it then improperly ignored them.  

IV. THE ’444 PATENT. 

A. Overview. 

The ’444 patent relates to a system and method to up-convert and down-

convert an electromagnetic signal (radio frequency signal). Appx447(2:20-22, 25-

28; Appx451(9:27-29); see also Appx5387-5394; Appx5401-5402; Appx5417-

5421. Since claim 3 relates to down-conversion, this section focuses on down-

conversion.  

 

Figure 20A (above left) shows the basic configuration of a universal 

frequency down-conversion (UFD) module, which is also referred to as an aliasing 

module. Appx451(9:43-48). Aliasing (UFD) module 2000 (yellow) includes (1) a 

universal frequency translation (UFT) module 2002 (implemented as a switch 2008 
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(blue) with a control signal 2006 (green) for controlling the switch) and (2) a 

capacitor 2010 (orange) for storing and discharging energy. Id. The switch receives 

an input signal 2004 (purple arrow), processes the signal as discussed below, and 

outputs a down-converted output signal 2012 (red arrow). Id. at 9:61-10:20. In this 

configuration, the switch 2008 is in series with input signal 2004 and capacitor 

2010 is shunted to e.g., ground. Id. at 9:49-53.  

Figure 20A-1 (above right) shows an alternative configuration of the 

universal frequency down-conversion (UFD) module of Figure 20A. In Figure 

20A-1, the capacitor 2010 is in series with the input signal 2004 and the switch 

2008 is shunted to e.g., ground. Id. at 9:53-57.  

Nevertheless, the configurations of Figures 20A and 20A-1 operate in the 

same way. Appx5404(¶ 180). 

The ’444 patent discloses various embodiments of receivers into which the 

aliasing module of Figures 20A and 20A-1 can be incorporated, such as, for 

example, into the receiver 7000 of Figures 70A and 70A-1.  
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Figures 70A and 70A-1 illustrate an exemplary I/Q modulation receiver 

7000. Appx464(35:36-50). Figure 70A illustrates the portion of the receiver 7000 

that handles the I-phase signal and Figure 70A-1 (now shown) illustrates the 

portion of the receiver 7000 that handles the Q-phase signal. The receiver 7000 
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receives, down-converts, and demodulates an I/Q modulated RF input signal 7082. 

Id. at 35:51-54.  

RF input signal 7082 comprises a first and second information signal that are 

I/Q modulated onto an RF carrier signal. Appx464(35:54-56). I baseband output 

signal 7084 (Figure 70A) comprises the first baseband information signal and Q 

baseband output signal 7086 (Figure 70A-1) comprises the second baseband 

information signal. Id. at 35:56-59.  

In particular, antenna 7072 receives I/Q modulated RF input signal 7082, 

which is sent to a low noise amplifier (LNA) 7018. Appx464(35:60-62). The LNA 

7018 amplifies I/Q modulated RF input signal 7082 and sends the amplified I/Q 

signal 7088 to UFD modules 7002, 7006 (Figure 70A) and UFD modules 7010, 

7014 (Figure 70A-1). Appx464(35:62-65); Appx464(36:33-34); Appx465(37:21-

22, 57-58).   

Other than processing signals with different phase shifts, Figures 70A and 

70A-1 operate the same and, thus, the operation of the circuits will be explained in 

the context of Figure 70A. Figure 70A (above) includes aliasing (UFD) modules 

7002, 7006 (yellow) (aliasing modules having the configuration as shown in Figure 

20A-1). The UFD modules 7002, 7006 (yellow) include UFT modules 7026, 7038 

(blue), respectively, which can include a switch such as shown in Figure 20A-1. 

Appx464(36:3-7, 38-42). The UFD modules 7002, 7006 also include storage 
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modules 7024, 7036 (another name for “storage element”). Appx464(36:3-5, 38-

40). The specification specifically refers to and identifies storage modules 7024, 

7036 (pink) separately from capacitors 7074, 7076 (orange) respectively. 

Appx464(36:14-15, 50-51).  

A switch in the UFT module 7026 is turned ON (closes) and OFF (opens) 

based on a control signal 7090 (green). Appx464(36:5-7). As the switch opens and 

closes, a down-converted signal (I output signal 7098) is formed. See Section 

VI.B.1 below; Appx464(36:7-11). The I output signal 7098 may be received by a 

filter 7004 (which is optional), which filters the signal. Appx464(36:19-32).  

Similarly, a switch in the UFT module 7038 is turned ON (closes) and OFF 

(opens) based on a control signal 7092 (green). Appx464(36:40-42). As the switch 

opens and closes, a down-converted signal (inverted I output signal 7001) is 

formed. See Section VI.B.1 below; Appx464(36:42-47). The inverted I output 

signal 7001 may be received by a filter 7008 (which is optional), which filters the 

signal. Appx464-465(36:55-37:2).  

As shown by the red arrow, UFD module 7002 (yellow) outputs an I output 

signal 7098, which can be filtered to produce a filtered I output signal 7007. As 

shown by the purple arrow, UFD module 7006 (yellow) outputs an inverted I 

output signal 7001, which can be filtered to produce a filtered inverted I output 

signal 7009. Regardless of whether a filter is used, the I output signal and inverted 

Case: 22-1548      Document: 19     Page: 33     Filed: 07/15/2022



22 

I output signal are sent to a subtractor module (differential amplifier 7020). The 

differential amplifier 7020 subtracts the inverted I output signal from the I output 

signal, amplifies the result, and outputs I baseband output signal 7084. 

Appx465(37:3-8). 

Figures 67A, 67B, 68A, 68B, 69A, 69B, 70Q, 70S, 70S-1 illustrate other 

receiver embodiments using the aliasing modules of Figures 20A and 20A-1 

(although, in certain embodiments, a UFT module can also be implemented as 

FETs such as shown in Figures 69A, 69B and 70S, 70S-1. Appx464(35:29-35); 

Appx466(40:65-67). 

Similar to Figures 70A and 70A-1, Figures 67A, 67B, 68A, 68B, 69A, 69B, 

70Q, 70S, 70S-1 also refer to storage modules 6704A, 6704B, 7024, 7036, 7048, 

7060 separately from capacitors. See, e.g., Appx463(34:17-30). 

The reason the ’444 patent describes a “storage” module/element and a 

capacitor separately is because a capacitor used as a “storage” module/element is a 

specific implementation where a capacitor is used as an element of an energy 

transfer (energy sampling) system (where energy itself becomes part of the 

baseband/down-converted signal). See Section VI.B.1 below. 

In other words, whether a capacitor is a “storage” module/element depends 

on the way in which the capacitor is being used. Just because a capacitor is being 

used does not mean the capacitor is a “storage” module/element. As discussed in 
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Section IV.B.2 below, a capacitor(s) is a “holding” module/element when used in a 

sample-and-hold (voltage sampling) system (where voltage readings are used for 

down-converting a signal).  

The Board ignores this critical detail and distinction in its FWD and the 

import this has to the analysis of “storage element” of claim 3 and Intel’s prior art 

references.  

The specification of the ’444 patent specifically states that the details 

regarding the aliasing (UFD) module and down-conversion are set forth in U.S. 

Patent No. 6,061,551 (“the ’551 patent”). Appx5066-5271. Thus, a POSITA would 

look to and review the ’551 patent in order to further his/her understanding of the 

technology of the ’444 patent. Appx5409-5410(¶ 194). 

B. The patent discloses two fundamental different and competing 
systems for down-conversion. 

 The ’551 patent and, thus, the ’444 patent, goes into great detail regarding 

the difference between “storage” module/element (which the ’551 patent explains 

is an element of an energy transfer (energy sampling) system) and a “holding” 

module/element (which the ’551 patent explains is an element of a sample-and-

hold (voltage sampling) system). Appx5410(¶ 195). 

The ’551 patent and, thus, the ’444 patent discloses two systems for down-

conversion: (1) energy transfer (i.e., energy sampling) and (2) sample-and-hold 

(i.e., voltage sampling). Appx5410(¶ 196). Challenged claim 3 of the ’444 patent is 
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directed to energy transfer because the claim uses a term that the patentees 

reserved specifically to connote energy transfer – “storage element.” Id. The patent 

draws a sharp contrast between a “storage” module/element, which connotes 

energy transfer (energy sampling), and a “holding” module/element, which 

connotes sample-and-hold (voltage sampling). See, e.g., Appx5234(66:55-67). 

Indeed, as discussed above, energy transfer (energy sampling) and sample-

and-hold (voltage sampling) are distinctly different technologies. In energy 

transfer, the down-converted signal includes the energy3 from the RF signal; in 

sample-and-hold, the down-converted signal is derived from reading discrete 

points of voltage of the RF signal. Compare Appx5234-5235(66:33-68:15) 

(describing an energy transfer system) with Appx5228-5229(54:45-55:29) 

(describing a sample and hold system). Though energy transfer and sample/hold 

both result in down-converted signals, an energy transfer system results in a higher 

quality baseband signal and, therefore, allows for wireless devices with fewer 

components, reduced size and cost, and increased battery life. Appx5232(62:60-63, 

66:34-54); Appx5410-5411(¶ 197). 

 

3 Energy and voltage are not the same thing. 
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As disclosed in the ’551 patent (and, thus, the ’444 patent), the following 

table identifies some key features that distinguish energy transfer (i.e., energy 

sampling) from sample-and-hold (i.e., voltage sampling).   

Energy Transfer (Energy Sampling) Sample and Hold (Voltage Sampling) 
Non-negligible sampling aperture Negligible sampling aperture 
“Storage” module  “Holding” module 
Low impedance load High impedance load  
Down-converted signal includes the 
energy transferred from the RF signal 
to the load (i.e., energy sent to the load 
makes up the down-converted signal) 

Down-converted signal is based on 
discrete voltage measurements of the 
RF signal 

1. Energy transfer (energy sampling). 

Figure 82B of the ’551 patent (below) illustrates an energy transfer (energy 

sampling) system, which would be incorporated into a transceiver chip of a 

wireless device. Appx5412(¶ 199). 

 

The system includes a switch 8206 (blue), a control signal 8210 (green) for 

controlling the switch, a “storage” capacitor 8208 (orange) for storing and 
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discharging energy, and a low impedance load (red).4 Notably, there are several 

key features (yellow highlights) that distinguish an energy transfer system from 

sample-and-hold. In particular, an energy transfer system uses (1) a control signal 

having a pulse with a non-negligible aperture/duration, and (2) a “storage” 

capacitor for storing and discharging non-negligible amounts of energy for driving 

a low impedance load.5 Indeed, low impedance is what enables a “storage” 

capacitor to discharge its energy when the switch is OFF (open). If the impedance 

were high, the “storage” capacitor could not discharge sufficient energy for the 

system to perform energy transfer (energy sampling) and form a down-converted 

signal from energy transferred to the low impedance load. Appx5412-5413(¶ 200). 

 

4 All emphasis has been added unless otherwise noted. 

5 Unlike a battery that produces energy, a load is an electrical component (e.g., 

resistor) that consumes energy (similar to how a light bulb consumes energy). 

Impedance refers to the opposition that a component presents to the flow of electrical 

current. A low impedance load is an electrical component that consumes energy and 

provides low resistance to the flow of current. Appx5413(¶ 200 n.11). 
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The annotations in Figure 82B above illustrate how an energy transfer 

system down-converts a high frequency input EM signal 8204 (e.g., modulated 

carrier signal (red)) to a baseband signal. In particular, down-conversion occurs by 

repetitively opening and closing the switch 8206. Appx5413-5414(¶ 201). 

 

As shown in Figure 83C above, the switch is turned ON (closed) by sending 

a pulse 8306 (green) to the switch. The switch is kept ON (kept closed) for the 

duration of the pulse (i.e., a non-negligible aperture (purple) of the pulse). As 

shown by the repetitive pulses 8306, this opening and closing of the switch repeats 

continuously over time. Appx5414(¶ 202). 

As shown in Figure 82B above (left), when the switch is ON (during the 

aperture), a portion of the input EM signal 8204 (blue) passes to the “storage” 
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capacitor 8208 and the low impendence load 8218. When the pulse 8306 (green) 

stops, the switch is turned OFF (opened), and the input EM signal is prevented 

from passing through the switch. Since the load is low impedance, when the switch 

is OFF (opened), as shown in Figure 82B above (right), energy (orange) stored in 

the “storage” capacitor 8208 is discharged to the low impedance load 8218. For 

this reason, the “storage” capacitor is said to “drive the load.” Appx5235(67:42-

46); Appx5414-5415(¶ 203). 

 

The repetitive opening and closing of the switch results in the waveform 

(blue/orange) shown above in Figure 83E at terminal 8216. The waveform is made 

up of energy (blue) from the EM signal and discharged energy (orange) from the 

“storage” capacitor. Indeed, the discharged energy (orange) from the “storage” 

capacitor is essential. Without the discharged energy, the waveform of Figure 83E 

would be incomplete (the orange portions would be missing), thereby producing a 

Case: 22-1548      Document: 19     Page: 40     Filed: 07/15/2022



29 

degraded and/or unusable signal that could not be properly processed by a 

receiving wireless device. Appx5415-5416(¶ 204). 

 

As shown above, the waveform of Figure 83E is filtered to create a smooth 

waveform (dark blue) as shown in Figure 83F. Appx5235(68:2-4). The smooth 

waveform is the baseband (audio) signal that was sent from the transmitting 

wireless device (e.g., Bob’s cell). The baseband signal can be processed by the 

receiving wireless device (e.g., Alice’s cell) and Alice can hear Bob’s voice. 

Appx5416 (¶ 205). 

The figures below illustrate a close-up view of another embodiment of a 

down-converted signal in an energy transfer system. Appx5416-5417(¶ 206). 
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Figures 57E shows a segment 5712 of the down-converted signal 5716 of 

Figure 57F. The down-converted signal of Figure 57E is made up of two portions - 

portion 5710A (i.e., energy (blue) from the EM signal) and portion 5710B (i.e., 

discharged energy (orange) from the “storage” capacitor). Appx5244(85:48-58); 

Appx5417(¶ 207). 

2. Sample-and-hold (voltage sampling). 

Figure 78B of the ’551 patent illustrates a sample-and-hold (voltage 

sampling) system. Appx5417-5418(¶ 208). 

Case: 22-1548      Document: 19     Page: 42     Filed: 07/15/2022



31 

 

The system includes a switch 7806 (blue), a control signal 7810 (green) for 

controlling the switch, a “holding” capacitor 7808 (orange) for holding a voltage 

across the capacitor, and a high impedance load (red). Unlike an energy transfer 

system, a sample and hold system uses (1) a control signal having a pulse with a 

negligible aperture/duration, (2) a “holding” capacitor for holding a constant 

voltage across the capacitor and (3) a high impedance load (yellow highlights). The 

capacitor is referred to as a “holding” capacitor because, unlike the “storage” 

capacitor in an energy transfer system, a “holding” capacitor does not discharge 

any significant energy to the load. Indeed, the high impedance load is specifically 

included to prevent the holding capacitor from discharging energy, which would 

degrade the discrete voltage measurements and adversely affect the system 

performing sample and hold (voltage sampling). Appx5418-5419(¶ 209). 
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The annotations in Figure 78B (below) illustrate how a sample and hold 

system down-converts a high frequency input EM signal 7804 (e.g., modulated 

carrier signal (red)) to a baseband signal. Appx5419(¶ 210). 

 

As shown in Figure 79C (above), the switch is turned ON (closed) by 

sending a pulse 7904 (green vertical line) of an extremely short/negligible duration 

to the switch. Thus, the aperture (purple) of a pulse is referred to as a negligible 

aperture because the pulse width “tend[s] toward zero time.” Appx5233(63:45-47). 

As shown by the repetitive pulses 7904, this opening and closing of the switch 

repeats continuously over time. Appx5419(¶ 211). 

As shown in Figure 78B above, when the switch is ON (closed) (during the 

aperture), the EM signal 7804 (blue) is sent to the “holding” capacitor 7808. When 

the pulse 7904 (green) stops, the switch is turned OFF (opened). But unlike energy 
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transfer (energy sampling), since sample-and-hold uses a high impedance load, 

when the switch is OFF (opened), there is high resistance to the flow of current 

and, thus, the “holding” capacitor holds a constant voltage value. Because there is 

no significant energy discharge between pulses, the terminal 7816 maintains a 

constant voltage value until the next pulse. Appx5233(64:21-26). The voltage 

value serves as the “sample” of a discrete voltage value that the system uses to 

recover the baseband signal. In particular, the system uses each discrete change 

(increase/decrease) in the voltage value over time to recover the baseband. This is 

unlike energy transfer (energy sampling) which uses the energy from the input EM 

signal provided to a low impedance load to recover the baseband. Appx5419-

5420(¶ 212). 
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As shown in Figure 79E (above), sample-and-hold produces a voltage wave 

with a stair step pattern. The vertical part of the step represents the “sample” of the 

voltage value which occurs at the time of pulse 7904. The horizontal portion of the 

step represents the “holding” of that voltage value until the next pulse when the 

next sample of voltage is taken. Appx5233(64:26-30); Appx5420-5421(¶ 213). 

 

As shown above, the waveform of Figure 79E is filtered to create a smooth 

waveform (dark blue) as shown in Figure 79F. Appx5233(64:32-34). The smooth 

waveform is the baseband (audio) signal that was sent from the transmitting 

wireless device (e.g., Bob’s cell). The baseband signal can be processed by the 

receiving wireless device (e.g., Alice’s cell) and Alice can hear Bob’s voice. 

Appx5421(¶ 214).  

V. PRIOR ART REFERENCES. 

 Intel’s petition challenged claim 3 under 35 U.S.C. § 103(a) in view of U.S. 

Patent No. 6,230,000 (“Tayloe”) and a Texas Instruments Datasheet for 
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SN74CBT3253 DUAL 1-OF-4 FET MULTIPLEXER/DEMULTIPLEXER (“TI 

Datasheet”) (collectively “Ground I”)6. 

Tayloe was filed October 15, 1998. At this time, other than non-sampling 

mixing (e.g., heterodyning), the radio (cellular/wireless) industry was focused on 

voltage sampling solutions for direct down-conversion of RF signals. Appx5432(¶ 

240). 

Tayloe discloses a voltage sampling system for direct down-conversion of 

an RF signal. Because Tayloe is a voltage sampling system, Tayloe does not 

disclose the use of the claimed “storage elements” (a term reserved for elements of 

an energy transfer (energy sampling) system). Instead, Tayloe uses “holding” 

elements which is the term the ’444 patent uses to describe elements (e.g., 

capacitors) of a voltage sampling system. Appx54322(¶ 241). 

Notably, the word “voltage” is used throughout the Tayloe specification to 

describe how the circuits disclosed in Tayloe operate. Indeed, a POSITA would 

understand that all of the concepts taught in Tayloe relate to the use of voltage and 

voltage sampling to perform down-conversion of an RF signal. The word “energy” 

 

6 The Board did not reach a decision on Ground II of Intel’s Petition, Tayloe in 

view of U.S. Patent No. 4,985,647 (“Kawada”). Appx65. Thus, the scope of this 

appeal is focused on Ground I.  
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does not appear anywhere in Tayloe nor would a POSITA understand Tayloe to 

disclose, teach or suggest the use of energy or energy sampling to perform down-

conversion of an RF signal. Appx5432-5433(¶ 242). 

The “Background of the Invention” section of Tayloe begins by discussing 

direct down-conversion of RF signals and the problem associated with existing 

solutions. Appx2698(Figs. 1, 2); Appx2701(1:10-45). Tayloe proposes a method 

and apparatus that purportedly solves the problem. Appx5433(¶ 243). 

Tayloe discloses a product detector (part of a down-converter) for 

converting an RF signal to a baseband signal using a switch, which samples an RF 

signal (waveform) during periods of the RF signal. Appx2697(Abstract). “The 

samples are integrated over time to produce an average voltage . . . .” Id. 

According to Tayloe, the “average voltage” is the baseband (down-converted) 

signal. Id.; Appx5433(¶ 244). 
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Figure 3 of Tayloe discloses a receiver 30 having a commutating switch 38 

(blue), capacitors 72, 74, 76, 78 (pink), and summing amplifiers 50, 52 (orange). 

Appx2701(2:6-12). Tayloe refers to the area in the purple dashed box as the 

“product detector” or “Tayloe Product Detector.” Appx2702(3:1-4); see also 

Appx5434(¶ 245). 

An RF or IF signal f1 (red arrow) is sent from a radio frequency source to 

resistor RFILTER 32, which forms a filter when combined with the capacitors 72, 74, 

76, 78. Appx2701(2:13-15). The input signal f1 (red arrow) is subsequently 

received by the commutating switch 38 (blue). Id. at 2:16-17; Appx5434(¶ 246). 

The commutating switch 38 has one input 36 and four outputs 42, 44, 46, 48. 

Appx2701(2:17-18). Upon receiving a control signal (green) at control input 40, 

the commutating switch 38 can move to one of four different positions: (1) at time 
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T1, the commutating switch 38 connects input 36 to output 42, (2) at time T2, the 

commutating switch 38 connects input 36 to output 44; (3) at time T3, the 

commutating switch 38 connects input 36 to output 46, and (4) at time T4, the 

commutating switch 38 connects input 36 to output 48. Id. at 2:18-26; Appx5434(¶ 

247). 

The input 36 is switched to each of the four outputs 42, 44, 46, 48 

substantially once during each period of the input signal f1. Appx2701(2:24-26). 

The commutating switch 38 remains closed at each of the four outputs for 90 

degrees or less of the input signal f1. Appx2702(3:27-31); Appx5434-5435(¶ 248). 

 

 

As shown in the figures above, during the time that the commutating switch 

38 connects input signal 36 to output 42 (top left), charge builds up on capacitor 

72. When the commutating switch 38 connects input signal 36 to output 44 (top 

right), charge builds up on capacitor 74. When the commutating switch 38 
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connects input signal 36 to output 46 (bottom left), charge builds up on capacitor 

76. When the commutating switch 38 connects input signal 36 to output 48 

(bottom right), charge builds up on capacitor 78. Appx2701(2:32-38); Appx5435(¶ 

249). 

In particular, “[a]s commutating switch 38 cycles through the four outputs, 

capacitors 72-78 charge to voltage values substantially equal to the average value 

of the input signal during their respective quadrants.” Appx2701(2:38-41). 

According to Tayloe, each of the capacitors function as a separate integrator, 

which each integrate a separate quarter wave of the input signal f1. Id. at 2:40-43; 

Appx5435-5436(¶ 250). 

 

As shown above in Figure 3, “the outputs of commutating switch 38 are 

input to summing amplifiers 50 and 52. Summing amplifier 50 differentially sums 
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the 0 degree output and the 180 degree output, thereby producing baseband in-

phase signal 54. Summing amplifier 52 differentially sums the 90 degree output 

and the 270 degree output, thereby producing baseband quadrature signal 56.” 

Appx2701(2:56-61); Appx5436-5437(¶ 251). 

Figure 4 of Tayloe illustrates how the system uses the input signal f1 to 

determine the voltage to which to charge each capacitor. Figure 4 shows a 

waveform 100 includes a signal 125 corresponding to input signal f1. 

Appx2702(3:40-42). 

 

As shown in Figure 4: “Point 105 represents the voltage to which capacitor 

72 (FIG. 3) charges. Likewise, point 110 represents the voltage to which capacitor 

74 charges, point 115 represents the voltage to which capacitor 76 charges, and 

point 120 represents the voltage to which capacitor 78 charges.” Id. at 3:43-48; 

Appx5437(¶ 253). 

Case: 22-1548      Document: 19     Page: 52     Filed: 07/15/2022



41 

According to Tayloe, outputs 42, 44, 46, 48 represent average values of the 

input signal f1 during quarter waves of a period. Appx2701(2:45-54).7 In other 

words, the points 105, 110, 115, 120 in Figure 4 represent the average value of 

voltage at 0°, 90°, 180°, 270°, respectively, of the input signal f1. Thus, the 

capacitors 72, 74, 76, 78 are charging to the average voltage as shown by points 

105, 110, 115, 120, respectively. Appx5437-5438(¶ 254). See also 

Appx2702(3:44-48); Appx5438(¶ 256). 

Accordingly, a POSITA would understand that Tayloe is a voltage sampling 

system, which uses a high impedance load. The high impedance load causes each 

capacitor of Tayloe to hold energy (i.e., prevent energy in the capacitor from being 

discharged to form the down-converted signal) when it is not connected to input 

36, so that an accurate voltage across each capacitor can be determined. As the 

energy is being held, the system determines the voltage across the capacitor (i.e., 

the voltage level). At the next sampling interval (i.e., when the capacitor is again 

connected to input 36), the voltage on the capacitor will charge to the next average 

voltage value. Using multiple voltage readings, the system derives a baseband 

 

7 Tayloe’s use of 25% of the input signal (one quarter of the wave) does not indicate 

or imply energy transfer. See Appx5438(¶254 n. 13). 
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signal (which is a representation of the original baseband signal sent from the 

transmitting device).8 Appx5439-5440(¶ 257). 

In order to demonstrate that Tayloe is a voltage sampling system, which uses 

a high impedance load, a circuit diagram (below) illustrates a single path of Figure 

3 (output 44, capacitor 74 and summing amplifier 52). The analysis below, 

however, applies to all other paths (and other outputs and capacitors and summing 

amplifier 54) of Figure 3. Appx5440(¶ 258). 

The radio frequency source (shown in the dashed blue box below) is what a 

POSITA would use to represent the input signal f1. Appx5440(¶ 259). 

 

As shown above, a POSITA would model a radio frequency source as 

having an ideal voltage source and a resistance RS. Appx5440-5441(¶ 260); see 

also Appx5328-5329; Appx5332; Appx5333-5335. 

 

8 If needed, energy in the capacitor will leave the capacitor and be dissipated in 

RFILTER 32. 
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Based on Tayloe’s disclosure, RLOAD is ideally infinite so that no current (no 

energy) flows into RLOAD (i.e., no energy will be discharged to the summing 

amplifier 52). Although in the real world, as discussed below, RLOAD would be a 

very high value in order for the system of Tayloe to work and, thus, RLOAD is a high 

impedance load. Appx5441(¶ 261). 

 

As shown above right (red path), when the commutating switch 38 closes 

during the 90o phase of the input signal f1 (i.e., when the input 36 of the switch is 

connected to the output 44), capacitor 74 charges to the average voltage of the 

input signal f1 during the second quarter-wave of the cycle, i.e. at the 90o phase. As 

shown above left, the average voltage at the 90o phase is represented by point 110 

(yellow). Appx2701(2:47-49); Appx2702(4:45-46). When the commutating switch 

38 moves to the next phase (the 180o phase), the input 36 of the switch 38 is 

disconnected from the output 44 (the switch is open for the path (red path)) and the 

voltage on capacitor 74 is held constant until the switch closes again at the next 90o 

phase (i.e., the next time the input 36 of the switch is connected to the output 
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44). The analysis above applies to each path and capacitor. Appx5441-5442(¶ 

262). 

For the average voltage to be held constant, the voltage on capacitor 74 

should not change when the switch is open for the red path. Otherwise, the voltage 

on capacitor 74 would not be maintained as the average voltage of point 110 and 

the system could not derive the baseband signal. Appx5442(¶ 263). 

A POSITA knows that for the voltage on the capacitor 74 to equal the 

average voltage represented by point 110, there is only a small amount of current 

and, thus, only a small amount of energy flowing through RFILTER 32. And in order 

for the voltage on the capacitor 74 to equal the average voltage represented by 

point 110 and be held constant, RLOAD must be very high. Otherwise, current would 

continuously flow through RFILTER to RLOAD. If current flows through RFILTER, there 

would be a voltage drop across RFILTER and the voltage on the capacitor, VCAP, 

could not approximate the average value of the voltage at f1, Vx, as required by 

Tayloe. Since Tayloe states that the voltage on the capacitor is the average value of 

the voltage at f1, RLOAD must be a high-impedance load to prevent the voltage drop 

across RFILTER. Appx5442-5443(¶ 264). 

In view of the forgoing, each summing amplifier 52, 54 must be a high 

impedance load, which will cause the capacitors to hold the voltage. In other 

words, the high impedance load prevents energy in the capacitor from being 
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discharged to form the down-converted signal. This demonstrates that Tayloe is a 

voltage sampling system. Appx5443(¶ 265). 

Moreover, there is additional evidence that Tayloe is a voltage sampling 

system. In particular, Tayloe asserts that “[o]ne advantage [of the Tayloe Product 

Detector of Figure 3] is low conversion loss.” Appx2702(3:5-6). Tayloe then states 

that “[t]he Tayloe Product Detector can exhibit less than 1 dB of conversion loss.” 

Id. at 3:6-7; Appx5443(¶ 266).  

As shown below, this 1 dB conversion loss refers to a voltage conversion 

loss. This voltage conversion loss is the loss of voltage from the output of the radio 

frequency source to the voltage across the capacitors. Again, capacitor 74 and the 

average voltage represented by point 110 (which will be referred to as V110) are 

used to illustrate this point. The analysis below, however, applies to all other paths 

(and other outputs and capacitors and summing amplifier 54) of Figure 3. 

Appx5443-5444(¶ 267). 
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For the 90° path, the voltage conversion loss CLv is calculated using the 

following formula. CLv = VCAP / V110. In an ideal circuit, the resistance of the 

switch (RSWITCH) is 0 ohms, RLOAD is equal to infinite ohms and CLv equals 1. 

Appx5444(¶ 268). 

Radio engineers, however, express ratios in decibels, so the formula for 

conversion loss in decibels is: CLv(dB) = −20 x log(VCAP / V110). In an ideal Tayloe 

circuit, VCAP = V110 and CLv(dB) is equal to 0 dB. Appx5444(¶ 269). 

In the real world, however, RSWITCH will not be 0 ohms and RLOAD will not be 

infinite ohms. So VCAP will be slightly less than V110 as long as RSWITCH is very 

small and RLOAD is very large. For example, if VCAP = 89% of V110, the non-ideal 

voltage conversion loss will be CLv = (VCAP / V110) = 0.89. In decibels the voltage 

conversion loss is CLv(dB) = −20 x log(VCAP / V110) = −20 x log(0.89) = 1 dB. So if 

RSWITCH is closer to zero ohms and RLOAD is closer to infinity, the voltage 

conversion loss will be “less than 1 dB” of conversion loss just as Tayloe 

claims. Appx2702(3:6-7); Appx5444(¶ 270). 

In view of the foregoing, Figure 3 of Tayloe is operating as a voltage 

sampling system, not as an energy transfer (energy sampling) system. Thus, the 

capacitors 72, 74, 76, 78 are all “holding” elements, not “storage elements” as set 

forth in claim 3 of the ’444 patent. Appx5444-5445(¶ 271). 
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As shown above, Figure 5 of Tayloe discloses an alternative embodiment of 

a product detector 150 (purple dashed box). Appx2702(4:9-15). According to 

Tayloe, “[p]roduct detector 150 can be substituted into direct conversion receiver 

30 (FIG. 3)” (id. at 4:42-44) and the only difference between Figure 3 and Figure 5 

is that Figure 5 only has two outputs. Id. at 4:13-15. The circuit of Figure 5 works 

the same as the circuit of Figure 3 with regards to holding the average voltages on 

the capacitors and the analysis of Figure 3 above would apply to Figure 5. 

Appx5445(¶ 272). 

 

As shown above, Figure 6 of Tayloe discloses another alternative 

embodiment of a product detector 170 (purple dashed box). Appx2702(4:46-49). 
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As shown above, a POSITA would understand that Figure 6 would be connected to 

the summing amplifier 50, 52 just like Figure 3. Appx5446(¶ 274). 

The circuit of Figure 6 works the same as Figure 3 with regard to holding the 

average voltages on the capacitors 175, 176, 177, 178 and the analysis of Figure 3 

above applies to Figure 6. Appx5446-5447(¶ 275). 

Moreover, with regard to Figure 6, Tayloe clearly focuses on voltage and 

how voltage is controlled by the combination of the capacitor and resistor. 

Appx2702(4:49-57). The summing amplifiers 50, 52 and/or other circuitry to the 

right of the capacitors 175, 176, 177, 178 is a high impedance load to each 

capacitor, which is a characteristic of a voltage sampling system. Appx5447(¶ 

276). 

 

As shown above, Figure 7 of Tayloe discloses another alternative 

embodiment of a product detector (purple dashed box). Appx2703(5:1-2). Since 
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Tayloe refers to Figure 7 as the product detector and Tayloe explains that the 

receiver design of Figure 7 is “the same as direct conversion receiver 30 (FIG. 3)” 

(other than the analog MUX 202 and a digital counter 220) (id. at 5:31-34), a 

POSITA would understand that if only two outputs 210, 212 are being used, those 

outputs are connected to summing amplifier 60 (of Figure 3). Appx5448(¶ 278). 

Moreover, a POSITA would understand that if output 210, output 212, as 

well as 180° and 270° outputs are being used, Figure 7 would be connected to the 

summing amplifier 50, 52 just like Figure 3. Appx5448(¶ 279). 

The circuit of Figure 7 works the same as Figures 3 and 5 (depending on 

how many outputs are used) with regard to holding the average voltages on the 

capacitors 206, 208 (as well as capacitors for the 180° and 270° paths) and the 

analysis of Figures 3 and 5 above applies to Figure 7. Appx5449(¶ 280). 

In view of the foregoing, Figures 5, 6 and 7 of Tayloe are operating as a 

voltage sampling system. Thus, the capacitors in these figures are all “holding” 

elements, not “storage elements” as set forth in claim 3. Appx5449(¶ 281). 

VI. PROCEDURAL HISTORY. 

A. Intel’s Petition. 

Intel filed its Petition on July 13, 2020. The Petition alleged that claim 3 was 

obvious in view of Tayloe and the TI Datasheet. Appx563-567. In applying 

Tayloe, the Petition asserted that capacitors 72, 74, 76, and 78 of Tayloe were the 
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claimed “storage element.” Intel did not propose “storage element” as a term for 

construction and merely asserted that “[a] capacitor is a well-known storage 

element.” Appx565. That was the entirety of Intel’s basis for arguing that Tayloe 

met this claim element. 

Further, the Petition made no mention at all of “non-negligible” amounts of 

energy or whether a Tayloe capacitor stores “non-negligible” amounts of energy.  

The Board instituted the IPR proceeding on January 28, 2021.  

B. Patent Owner Response. 

On May 11, 2021, ParkerVision filed its Patent Owner Response (“POR”). 

Adopting the construction of the U.S. District Court for the Western District of 

Texas (“District Court”), ParkerVision proposed construing “storage element” as 

“an element of an energy transfer system that stores non-negligible amounts of 

energy from an input electromagnetic signal.” Appx727-728; Appx757-762; 

Appx770-774. 

ParkerVision asserted that claim 3 was patentable over Tayloe, because 

Tayloe was a voltage sampling system (which the patent describes as using 

“holding” elements that hold negligible amounts of energy) and, thus, the Tayloe 

capacitors were “holding” elements, not the claimed “storage” element. Appx726-

727; Appx796-799.  
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C. Intel’s Reply. 

Intel filed its Reply on August 5, 2021. For the first time, Intel provided a 

construction of “storage element.” In doing so, Intel agreed that a “storage 

element” stores “non-negligible” amounts of energy.9 Appx821-827. Intel then 

argued, for the first time, that a Tayloe capacitor stores non-negligible amounts of 

energy and disclosed new evidence –providing an energy calculation and pointing 

to the size of Tayloe’s capacitors. See e.g., Appx830. 

D. ParkerVision’s Sur-Reply. 

On September 14, 2021, ParkerVision filed its Patent Owner Sur-Reply 

(“POSR”). ParkerVision pointed out that the District Court considered and 

reaffirmed its construction of “storage element” in another litigation. Appx873-

877. Moreover, based on the positions contained in its POR, ParkerVision refuted 

the arguments in Intel’s Reply and explained why (1) the capacitors of Tayloe only 

hold negligible amounts of energy, and (2) the “operational amplifier” of Tayloe is 

a high impedance load. Appx866-877.  

 

9 In asserting that the construction of “storage” element is not limited to an element 

of an “energy transfer system,” Intel made the same claim construction arguments 

to the Board that the District Court previously rejected. 
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In particular, ParkerVision used a set of calculations in its POSR, 

demonstrating that the claimed storage elements stored non-negligible amounts of 

energy (nearly 60% of the available energy) relative to the input signal, while 

Tayloe’s capacitors only held negligible amounts of energy (nearly zero). 

Appx877-889.  

E. Intel’s motion to exclude. 

On October 7, 2021, Intel moved to exclude portions of the POSR, alleging 

that it violated PTAB procedural rules and was unfairly prejudicial to Intel. 

Appx936-953. ParkerVision opposed Intel’s motion. 

In a pre-hearing conference on October 27, 2021, the Board excluded 

portions of the POSR related to ParkerVision’s arguments that Tayloe capacitors 

do not store “non-negligible” amounts of energy. Appx55-56.  

The parties conducted oral argument on November 1, 2021. 

SUMMARY OF THE ARGUMENT 

The PTAB’s claim construction of “storage element” is wrong. Thus, the 

PTAB erred in finding claim 3 invalid in view of that erroneous construction. But 

even if the PTAB’s construction were correct—which it is not—the PTAB still 

erred in finding claim 3 invalid, because the prior art does not disclose elements 

that store non-negligible amounts of energy from an input EM signal. 
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Further, the PTAB erred by basing its patentability decision on theories not 

presented in the Petition but instead, were raised for the first time (and based on 

new evidence) in Intel’s Reply. 

Finally, the PTAB abused its discretion by excluding certain arguments in 

the POSR. Contrary to PTAB’s finding, Patent Owner’s arguments were based on 

positions in its POR and responded to newly-raised arguments in Intel’s Reply.  

ARGUMENT 

VII. STANDARDS OF REVIEW. 

Obviousness is a legal question based on underlying findings of fact. Univ. 

of Strathclyde v. Clear-Vu Lighting LLC, 17 F.4th 155, 160 (Fed. Cir. 2021). The 

Court reviews the Board’s ultimate obviousness determination de novo and 

underlying factual findings for substantial evidence. LG Elecs. Inc. v. Immervision, 

Inc., Case No. 21-2037, 2022 U.S. App. LEXIS 18948, at *11 (Fed. Cir. July 11, 

2022). “The substantial evidence standard asks ‘whether a reasonable fact finder 

could have arrived at the agency’s decision.’” OSI Pharms., LLC v. Apotex Inc., 

939 F.3d 1375, 1381–82 (Fed. Cir. 2019) (quoting In re Gartside, 203 F.3d 1305, 

1312 (Fed. Cir. 2000)). 

“The PTAB’s evidentiary rulings are reviewed on the standard of abuse of 

discretion.” Vidstream LLC v. Twitter, Inc., 981 F.3d 1060, 1064 (Fed. Cir. 2020) 

(citing Belden Inc. v. Berk-Tek LLC, 805 F.3d 1064, 1078 (Fed Cir. 2015)). “Abuse 
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of discretion arises if the ruling: ‘(1) is clearly unreasonable, arbitrary, or fanciful; 

(2) is based on an erroneous conclusion of law; (3) rests on clearly erroneous fact 

findings; or (4) follows from a record that contains no evidence on which 

the Board could rationally base its decision.’” Vidstream, 981 F.3d at 1064 

(quoting Chen v. Bouchard, 347 F.3d 1299, 1307 (Fed. Cir. 2003)). 

VIII. PTAB’S INVALIDATION OF CLAIM 3 WAS IMPROPER BECAUSE 
IT IS BASED ON AN INCORRECT CONSTRUCTION OF 
“STORAGE ELEMENT.”  

A. The Board’s construction of “storage element” is wrong. 

Claim 3 includes the term “storage element.” Before the PTAB’s FWD, the 

District Court already considered and construed this term on three separate 

occasions in litigations against Intel, TCL, and Hisense. The District Court 

consistently maintained its construction (which ParkerVision adopted as its 

proposed construction in the IPR) — “an element of an energy transfer system that 

stores non-negligible amounts of energy from an input electromagnetic signal.” 

Appx5310-5311; Appx4949; ParkerVision, Inc. v. Hisense Co., Ltd. et al., Case 

No. WDTX-6-20-cv-00870, D.I. 51 at 5 (W. D. Tex. Oct. 29, 2021).  

The Board considered the exact same arguments that Intel twice made to the 

District Court (and the court twice rejected). And despite being aware of the 

District Court’s construction, the Board afforded no deference to the District Court 

and expressly rejected its construction. Instead, the Board found that “one of 
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ordinary skill in the art would understand ‘storage element’ to mean ‘an element of 

a system that stores non-negligible amounts of energy from an input EM signal.’” 

Appx41. The Board’s finding and rationale are wrong. 

1. The intrinsic evidence supports ParkerVision’s 
construction. 

 “Storage element” is a claim term reserved exclusively for a component of 

an energy transfer (energy sampling) system. On the other hand, a “holding” 

element is a term reserved exclusively for a component of a voltage sampling 

system. The patent specification distinguishes clearly between the two. Thus, a 

“storage” element must be construed in a way that distinguishes it from a 

“holding” element.10 The distinctions between a “storage” element in an energy 

transfer system and a “holding” element in a sample-and-hold/voltage sampling 

system are spelled out in the patent specification. Yet, this is what the Board 

ignores. 

 

10 See Apple Inc. v. Andrea Elecs. Corp., 949 F.3d 697, 708 (Fed. Cir. 2020) (“As 

we have held, ‘[when] the patent describes multiple embodiments, every claim 

does not need to cover every embodiment. This is particularly true [when] the plain 

language of a limitation of the claim does not appear to cover that embodiment.’”). 
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The Board agrees that a “storage” element “stores non-negligible amounts of 

energy from an input electromagnetic (EM) signal.” But this feature alone does not 

distinguish a “storage” element from a “holding” element. There is a key 

distinguishing feature—the “storage” element is part “of an energy transfer 

system.” 

Unlike an energy transfer system which, as the name implies, uses a low 

impedance load to transfer (discharge) non-negligible amounts of energy, a 

sample-and-hold (voltage sampling system) uses a high impedance load to hold 

(i.e., not transfer/discharge) voltage/charge. In other words, whereas a “storage” 

element stores energy for subsequent transfers/discharges of energy, a “holding” 

element is “holding a voltage value.” Appx771. Indeed, the specification 

specifically calls out driving a low impedance load as a “benefit” of an energy 

transfer system. Appx5235(67:37-46). Without a “storage” element driving a low 

impedance load, sufficient energy could not be transferred/discharged from the 

“storage” element in order to recover a down-converted signal from an input EM 

signal. Thus, the specification is clear that the term “storage” element is specific to 

an “energy transfer system” and a “holding” element is specific to a sample-and-

hold/voltage sampling system.  

In addition to the textual description in the specification, this distinction 

between “storage” and “holding” elements is readily apparent in the patent figures. 
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For example, as shown in Figures 68G and 82B above, when discussing an 

energy transfer system, the specification uses the term “storage” 

module/capacitance (green). See also Appx5149(Figs 65); Appx5153-5155(Figs. 

68A-G); Appx5161(Fig. 74); Appx5173(Figs. 82A-82B); Appx5189(Fig. 95). But 

as Figures 29G and 78B show above, when discussing a sample-and-hold system, 

the specification uses the term “holding” module/capacitance (yellow). See also id. 
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at Appx5097(Fig. 24A); Appx5101(Fig. 27); Appx5103-5105(Figs. 29A-G); 

Appx5121(Fig. 42); Appx5149(Fig. 65); Appx5169(Figs. 78A-78B).  

Moreover, the patents include a section entitled “0.1.2 Introduction to 

Energy Transfer”, which states:  

FIG. 82A illustrates an exemplary energy transfer system 8202 for 

down-converting an input EM signal 8204. The energy transfer 

system 8202 includes a switching module 8206 and a storage module 

illustrated as a storage capacitance 8208. The terms storage module 

and storage capacitance, as used herein, are distinguishable from the 

terms holding module and holding capacitance, respectively. Holding 

modules and holding capacitances, as used above, identify systems 

that store negligible amounts of energy from an under-sampled input 

EM signal with the intent of ‘holding’ a voltage value. Storage 

modules and storage capacitances, on the other hand, refer to systems 

that store non-negligible amounts of energy from an input EM signal. 

 
Appx5234(66:55-67); see also Appx5228-5231(54:20-59:19) (sample-and-hold 

systems); Appx5234-5235(66:35-68:15); Appx5250-5252(97:39-101:32) (energy 

transfer systems).  

Notably, the Board recognized that there are only two systems disclosed in 

the patent: (1) energy transfer and (2) under-sampling. Appx33-34. The Board also 

acknowledged that a “holding module” is “expressly link[ed]” to an under-

sampling system. Appx37 (“The above-quoted paragraph of the ’551 patent 
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expressly links ‘holding module’ to an under-sampling method, by expressly 

including the phrase ‘from an under-sampled input EM signal.”). Logically, if 

there are only two systems and a “holding” element is only used in an “under-

sampling” system, then, consistent with ParkerVision’s construction, a “storage” 

element must necessarily be an element of an energy transfer system.  

Indeed, as previously discussed, the specification makes it clear that 

“storage” elements are inseparably intertwined with energy transfer systems.  

2. The Board’s construction is technically and legally wrong. 

The Board’s construction incorrectly omits the fact that, based on the 

patent’s disclosure, a storage element is a component of an “energy transfer 

system.” In particular, the Board points to a single sentence from the specification 

(shown in the passage in red above) and asserts that this one sentence, standing 

alone, is enough to define “storage element.” The Board asserts that the last 

sentence (in red above) is lexicography and ignores the specification’s full 

description. 

But this last sentence is not a lexicographic definition of storage element. 

The sentence is comparative, not definitional. 

In particular, the entire passage quoted above focuses on characteristics of 

systems. Specifically, the passage states that holding and storage 

modules/capacitances “identify”/ “refer to” systems that have certain 
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characteristics—storing negligible or non-negligible amounts of energy. When 

read in context, this passage describes the operation of an element in an energy 

transfer system (i.e., the “storage capacitance” and “storage module”) as compared 

to the operation of the corresponding element in a sample-and-hold/voltage 

sampling system (i.e., the “holding capacitance” and “holding module”). The 

Board’s reliance on, and misreading of the last sentence (in red above), is not only 

wrong but cannot negate the entirety of the specification’s teachings regarding 

“storage element.” See, e.g., Baxalta Inc. v. Genentech, Inc. 972 F.3d 1341, 1346-

47 (Fed. Cir. 2020). 

Notably, in its FWD, the Board expressly qualified its claim construction 

analysis, stating that while the Board had considered the District Court’s claim 

construction “to the extent possible on the record before us,” “the district court’s 

claim construction is set forth in a chart format without providing the benefit of the 

district court’s informed analysis as to how that construction was determined,” and 

that “the lack of explanation is particularly of note here because the district court 

did not adopt either party’s proposed construction in full.” Appx31.  

But the District Court has now provided the guidance the Board was looking 

for. Appx5877-5921 (ParkerVision, Inc. v. LG Electronics, Inc., Case No. 6:21-cv-

00520-ADA, D.I. 55 (W.D. Tex., June 21, 2022)). The District Court’s decision 
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confirms for a fourth time11 that the Board and Intel’s construction for “storage 

element” is incorrect. 

In particular, in a recent a claim construction order, Magistrate Judge 

Gilliland construed “storage element” consistent with ParkerVision’s (and the 

District Court’s prior constructions) and expressly disagreed with the Board’s 

construction. The court held “the PTAB incorrectly put too much weight and focus 

on the alleged definitional sentence while also incorrectly ignoring teachings found 

throughout the specification.” Appx5895.  

Specifically, the court analyzed the single sentence that the Board relied 

upon, finding that it did not “rise[] to the ‘exacting standards’ necessary for 

lexicography” because, inter alia, the language of the sentence itself references 

additional context of the technical disclosure. Appx5892 (quoting Hill-Rom Servs., 

Inc. v. Stryker Corp., 755 F.3d 1367, 1371 (Fed. Cir. 2014)). The court further 

found that, given the technical context, a POSITA “would likely understand that 

the storage capacitance’s place and role in an electrical system—and not any 

inherent property of the storage capacitance itself—is why the storage 

 

11 The Western District of Texas has construed the “storage element” term in four 

separate cases, three of which specifically involved claim 3 of the ’444 patent, and 

each time, the district court limited term to “an energy transfer system.” 
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capacitance[/element] only stores a non-negligible amount of energy from an input 

EM signal.” Appx5892-5893. And in the context of the passage as a whole, “a 

POSITA would understand this snippet as describing that one can identify whether 

a system is an energy transfer system or a sample-and-hold system based on how 

the capacitor operates within the system and/or its size (for a given input EM 

signal, sampling aperture, and load impedance).” Appx5893.  

The court also found that the specification as a whole provides “definitive 

confirmation that the patentees did not intend for the [] sentence [in question] to be 

a lexicographical statement,” because the specification repeatedly compares 

storage elements “in the context of an energy transfer system” with holding 

elements “in the context of a sample-and-hold system.” The court concluded that 

the patentees did not “clearly express an intent’ to [define] the term,” but rather 

simply contrast the operation of the capacitor in an energy transfer system with the 

capacitor in a sample-and-hold system. Appx5894. 

3. ParkerVision’s prior arguments do not support the Board’s 
construction. 

The Board relies on ParkerVision’s proposed construction of “storage 

module” in IPR2014-00948 from 2014 as supporting its determination that the 

patentees acted as lexicographers. Appx39. But as this Court is aware, in 2014, the 

USPTO used the broadest reasonable interpretation (BRI) standard for construing 

terms—a different standard than the one federal courts use under Phillips v. AWH 
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Corp., 415 F.3d 1303 (Fed. Cir. 2005) and its progeny. Indeed, in 2018, the 

USPTO eliminated the BRI standard and harmonized the USPTO standard with the 

standard federal courts use.  

Further, the Board implies that during the IPR, ParkerVision conceded that 

the last sentence (in red above) alone is lexicography. But the Board is wrong. 

ParkerVision did no such thing. More specifically, the Board points to 

ParkerVision’s statement that “[t]he Specification provides an explicit definition 

that supports this construction.” Appx39. The Board fails to mention that when 

ParkerVision made these statements, ParkerVision pointed to the same passage 

quoted above in its entirety, not merely the last sentence in red.  

For the reasons set forth above, “storage element” should be construed as 

“an element of an energy transfer system that stores non-negligible amounts of 

energy from an input electromagnetic signal.” The Court should therefore reverse 

the Board’s decision and remand for further proceedings based on the correct 

construction. 

B. Under the proper construction, Tayloe does not disclose a 
“storage element.” 

As discussed in above, a “storage element” is an element of an “energy 

transfer system.” Tayloe discloses a voltage sampling system; thus, the Tayloe 

capacitors are not elements of an energy transfer system. See Section V. Moreover, 

as discussed in Section XI below, Tayloe capacitors do not store non-negligible 
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amounts of energy. Under the proper construction, claim 3 is not obvious in view 

of Tayloe. 

IX. THE BOARD ERRED BY BASING ITS UNPATENTABILITY 
DECISION ON THEORIES NOT PRESENTED IN THE PETITION. 

The Board may not base its patentability decision on evidence and theories 

not presented in the Petition. See Dell Inc. v. Acceleron, LLC, 818 F.3d 1293, 1301 

(Fed. Cir. 2016). Yet, that is what the Board did here. 

A patent owner must be given adequate notice of the unpatentability theories 

and evidence it faces, so that it may rebut those theories and evidence in its Patent 

Owner Response. Id.; Belden, Inc. v. Berk-Tek LLC, 805 F.3d 1064, 1080 (Fed. 

Cir. 2015). Indeed, 35 U.S.C. § 312(a)(3) requires that all of the Petitioner’s 

arguments and evidence must be presented “with particularity” in the petition. 

Intelligent Bio-Systems, Inc. v. Illumina Cambridge, Ltd., 821 F.3d 1359, 1369 

(Fed. Cir. 2016). This is because “[u]nlike district court litigation—where parties 

have greater freedom to revise and develop their arguments over time and in 

response to newly discovered material—the expedited nature of IPRs bring with it 

an obligation for petitioners to make their case in their petition to institute.” Id.; 

see also In re NuVasive, Inc., 841 F.3d 966, 969-73 (Fed. Cir. 2016). 

The Board, however, invalidated claim 3 in view of Tayloe based on an 

untimely disclosed theory that was not presented in Intel’s Petition. The Board’s 

determination of unpatentability was therefore improper and should be reversed. 
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In particular, Intel’s Petition did not provide a construction of “storage 

element.” Moreover, Intel merely identified a “storage element” as capacitor 72, 76 

in Tayloe and stated that “[a] capacitor is a well-known storage element” 

Appx564-566. This is all that Intel said as to this claim element. 

Then, for the first time in its Reply, Intel defined “storage element” as “an 

element that stores a nonnegligible amount of energy from an input 

electromagnetic (EM) signal,” and addressed Tayloe capacitors storing non-

negligible amounts of energy. Appx831-838. In doing so, Intel submitted new 

evidence – a supplemental declaration from Intel’s expert, Dr. Subramanian, newly 

“analyzing the amount of energy stored by Tayloe’s capacitors.” Appx4769-4774. 

A reply, however, “may only respond to arguments raised in the . . . patent 

owner response . . . .” 37 C.F.R. § 42.23(b). See Intelligent Bio-Systems, 821 F.3d 

at 1366, 1369-70 (affirming the Board’s finding that the petitioner “ran afoul of § 

42.23(b) by presenting a new argument for the first time in its reply brief”); SAS 

Institute Inc. v. Iancu, 138 S.Ct. 1348 (2018). 

By arguing (and presenting never before disclosed evidence) that capacitors 

in Tayloe “store non-negligible amounts of energy,” Intel proceeded in a new 

direction with a new approach compared to the positions it took in the Petition. 

Based on Intel’s impermissible new theory, the Board determined that 

“Tayloe’s capacitors 72–78 teach the recited ‘storage element’ because Petitioner 

Case: 22-1548      Document: 19     Page: 77     Filed: 07/15/2022



66 

establishes sufficiently that Tayloe’s capacitors are ‘element[s] of a system that 

store[] non-negligible amounts of energy from an input EM signal.’ Appx57. The 

Board relied on Dr. Subramanian’s newly-disclosed analysis discussing the size of 

the capacitor and including an equation for calculating the amount of energy that a 

capacitor stores. 

Intel had no basis whatsoever and zero record evidence in its Petition to 

show that Tayloe’s capacitors store non-negligible amounts of energy. For this 

reason alone, Intel’s Petition failed to meet its burden. The Petition was completely 

silent as to whether a Tayloe capacitor stores “non-negligible” amounts of energy. 

Appx566-567. This lapse cannot be fixed in a reply. But this is what the Board 

allowed Intel to do.  

Because Intel’s new theory and Subramanian analysis are untimely, the 

Board’s reliance on them is improper. Indeed, the Board should not have 

considered them at all. Intelligent Bio-Systems, 821 F.3d at 1366, 1369-70; see 

also,  SAS Institute Inc. v. Iancu, 138 S.Ct. 1348 (2018). 

X. THE BOARD ABUSED ITS DISCRETION BY STRIKING 
ARGUMENTS PROPERLY RAISED IN PARKERVISION’S SUR-
REPLY. 

To make the matter worse, the Board abused its discretion by striking the 

very portions of ParkerVision’s Sur-Reply that addressed Intel’s newly-raised 

arguments. 
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A sur-reply, however, is supposed to afford a patent owner the opportunity 

to respond to arguments raised in the corresponding reply. 37 C.F.R. § 42.23(b). 

“In most cases, the Board is capable of identifying new issues or belatedly 

presented evidence . . . and disregarding any new issues or belatedly presented 

evidence . . . .” Consolidated TPG, 80.12 “As such, striking the entirety or a portion 

of a party’s brief is an exceptional remedy that the Board expects will be granted 

rarely.” Id. 

Here, the Board’s “exceptional remedy” of striking portions of 

ParkerVision’s Sur-Reply is wholly unjustified and should be reversed. Contrary to 

the Board’s assertion, the arguments presented in ParkerVision’s Sur-Reply did not 

introduce a “new theory” nor “proceed in a new direction with a new approach.” 

Instead, ParkerVision’s Sur-Reply arguments properly built on arguments already 

in its POR and responded to arguments and evidence raised, for the first time, in 

Intel’s Reply. 

A. ParkerVision’s Sur-Reply arguments did not “proceed in a new 
direction.” 

ParkerVision’s Sur-Reply does not contain any “new theory.” Rather, the 

arguments in ParkerVision’s Sur-Reply are simply an expansion of previously 

 

12 See https://www.uspto.gov/sites/default/files/documents/tpgnov.pdf 
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argued rationale, which this Court has deemed permissible. See Ericsson Inc. v. 

Intellectual Ventures I LLC, 901 F.3d 1374 (Fed. Cir. 2018).  

The Board justified excluding ParkerVision’s arguments by alleging “Patent 

Owner did not assert, in its Patent Owner Response, that Tayloe’s capacitors did 

not teach a ‘storage element’ because they did not store a non-negligible amount of 

energy.” See Appx68. But that is incorrect.  

In the POR, ParkerVision argued that Tayloe did not disclose the claimed 

“storage element” under ParkerVision’s construction. See Appx5451(¶ 287) (“none 

of the capacitors in Tayloe is an “element of an energy transfer system that stores 

non-negligible amounts of energy from an input electromagnetic signal.”).  

In particular, ParkerVision argued that Tayloe is a voltage sampling 

system—a fundamentally different and competing technology to energy transfer 

(energy sampling). See Appx743; Appx778. As ParkerVision pointed out, Tayloe 

uses “holding elements” which is the term the ’444 patent uses to describe 

elements (such as capacitors) of a voltage sampling system that “store negligible 

amounts of energy from an under-sampled input EM signal with the intent of 

‘holding’ a voltage value.” Appx771; Appx797. 

The POR noted that the ’444 patent draws a sharp contrast between a 

“storage” element, which connotes energy transfer (energy sampling), and a 

“holding” element, which connotes sample-and-hold/voltage sampling. Appx755.  
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The POR also provided a detailed explanation of the differences between 

energy transfer (energy sampling) and sample-and-hold. To that end, ParkerVision 

noted that while a “storage” capacitor of an energy transfer system stores and 

discharges non-negligible amounts of energy, Appx757, a “holding” capacitor of a 

sample-and-hold/voltage sampling system holds a constant voltage across the 

capacitor and does not discharge any significant energy to the load. Appx763.  

Moreover, ParkerVision analyzed the Tayloe circuit and explained that the 

capacitors in Tayloe hold negligible amounts of energy. When discussing Tayloe, 

for example, ParkerVision noted that “[a]s commutating switch 38 cycles through 

the four outputs, capacitors 72-78 charge to voltage values substantially equal to 

the average value of the input signal during their respective quadrants.” Appx781. 

ParkerVision then explained that: 

A POSITA knows that for the voltage on the capacitor 74 to equal the 

average voltage represented by [the input signal], there is only a small 

amount of current and, thus, only a small amount of energy flowing 

through RFILTER 32. . . . If current flows through RFILTER, there 

would be a voltage drop across RFILTER and the voltage on the 

capacitor, VCAP, could not approximate the average value of the 

voltage at f1, Vx, as required by Tayloe. 

Appx787-788. In other words, the POR asserted that there is no (or negligible) 

amounts of energy flowing through RFILTER. Thus, logically, there is no (or 

negligible) amounts of energy, reaching Tayloe’s capacitors. Otherwise (if there 
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was non-negligible energy flow through RFILTER), there would be a voltage drop 

across RFILTER, and the voltage on the capacitors in Tayloe could not approximate 

the average voltage value of the input signal – which is how Tayloe describes its 

capacitors working. 

The excluded portions of ParkerVision’s Sur-Reply merely built on these 

POR arguments. Because the Board overlooked these arguments, its exclusion of 

these arguments was improper. 

B. The arguments in ParkerVision’s Sur-Reply properly respond to 
Intel’s Reply. 

Moreover, the arguments in the Sur-Reply are proper because they are in 

direct response to new arguments in Intel’s Reply. 

Intel attempted to prove through calculations by its expert in its Reply that 

the capacitors of Tayloe stored non-negligible amounts of energy. Appx57; 

Appx4773-4774(¶ 12).  

To address Dr. Subramanian’s (and Intel’s) new evidence/theories, 

ParkerVision’s counsel took the deposition of Dr. Subramanian on September 10, 

2021. As part of that examination, ParkerVision’s counsel probed the issue of 

energy transfer (and the amount of energy stored by capacitors) through well-

known concepts and equations—equations that were absent from Dr. 

Subramanian’s analysis. Appx5503-5527; Appx5553-5608. ParkerVision then 

used these equations in its Sur-Reply to directly contradict and underscore the 
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deficiencies in Dr. Subramanian’s approach. In particular, ParkerVision explained 

why Intel’s theory was predicated on an incorrect assumption of the meaning of 

“non-negligible” energy—an assumption that was entirely untethered the ’444 

patent disclosures. ParkerVision’s methodology for determining non-negligible 

energy was, therefore, offered in direct response to the methodology that Intel 

advanced (improperly) for the first time in its Reply. 

C. The portions of ParkerVision’s Sur-Reply the Board struck 
demonstrated that Tayloe did not disclose a “storage element” 

ParkerVision’s Sur-Reply demonstrated through mathematical proofs that 

the claimed storage elements stored non-negligible amounts of energy (nearly 60% 

of the available energy) relative to the input signal, while Tayloe’s capacitors only 

held negligible amounts of energy (nearly zero). Appx877-889. In his deposition, 

Dr. Subramanian confirmed that ParkerVision’s calculations (not present in Dr. 

Subramanian’s Reply Declaration) were appropriate for a proper determination of 

energy storage by a capacitor in a circuit like Tayloe. Appx5553-5608. By striking 

this calculation, the only evidence the Board considered on this issue was the new 

evidence that Dr. Subramanian provided in Intel’s Reply, which merely pointed to 

the size of the capacitors (which says nothing about whether the capacitors are 

actually storing non-negligible amounts of energy) and inappropriately relied on a 

simplistic equation for calculating the amount of energy that a capacitor stores 

based on the amount of work needed to charge the capacitor to a particular voltage 
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level (which does not take into account Tayloe’s circuit configuration). Appx4770; 

Appx4773-4774. 

Had the Board not struck ParkerVision’s Sur-Reply arguments, the Board 

would have had to consider ParkerVision’s sound mathematical proofs that Dr. 

Subramanian verified at his deposition. 

Unlike the Board and Intel, who improperly considered Tayloe’s capacitors 

in isolation, ParkerVision’s energy calculations considered the capacitors in the 

context of Tayloe’s actual circuit configuration, And ParkerVision’s calculations 

show that Tayloe’s capacitors hold only negligible amounts of energy (a fraction of 

a percentage). Notably, ParkerVision’s mathematical proofs are consistent with the 

fact that Tayloe is a voltage sampling system (see Section V above), which uses 

capacitors as holding elements that hold negligible amounts of energy. 

Accordingly, Tayloe cannot render claim 3 of the ’444 patent obvious. Because the 

Board abused its discretion in excluding Patent Owner’s arguments and evidence, 

the Board’s decision should be reversed and remanded. 

XI. TAYLOE DOES NOT DISCLOSE ELEMENTS THAT STORE “NON-
NEGLIGIBLE ENERGY.” 

 Even if this Court determines that Intel’s Reply arguments are timely 

(which, as discussed above, they are not), they are insufficient to meet Petitioner’s 

burden of proof. Appx864; Appx878; Appx880. ParkerVision’s expert specifically 
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noted that “in order to understand the operation of a circuit, one must view a circuit 

as a whole.” Appx5401(¶172). Dr. Steer further explained:   

One cannot simply look at individual components of the circuit. This 

is because the same components used in different circuits can be used 

in different ways depending on the value of the component (e.g., 

resistor with low or high resistance, capacitor with low or high 

capacitance) and/or the other components in the circuit. 

Appx5401-5402 (¶¶ 172-173).  

Yet, this is exactly what Intel did in its Reply. Contrary to the Board’s 

assertion that Petitioner’s analysis considers “the specific components/ 

configuration of [Tayloe’s] system,” Appx58, Intel failed to properly consider the 

system of Tayloe’s circuit as a whole. Instead, as ParkerVision asserted in its Sur-

Reply, Intel provides only a superficial analysis of Tayloe’s capacitors that does 

not reflect how the capacitors/circuits of Tayloe actually operate. Appx864, 

Appx880. Because the Board based its unpatentability decision on Intel’s cursory 

analysis, it is improper and should be reversed.   

 As discussed above, for the first time in its Reply, Intel argued that Tayloe’s 

capacitors “store non-negligible amounts of energy.” Appx829. To supports its 

new position, Intel relied on new evidence: (1) the size of Tayloe’s capacitors; (2) 

Tayloe’s disclosure describing the capacitors as “integrating the input signal,” and 

(3) a calculation that Intel’s expert set forth in a supplemental declaration that 
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calculates the amount of energy that a capacitor stores based on the amount of 

work needed to charge the capacitor to a particular voltage level. The Board cited 

exclusively to this evidence to support its determination that Tayloe met the 

“storage element” limitation.  

But on its face Intel’s support is limited to an analysis of only an individual 

component—a capacitor. Neither Intel nor the Board analyzes any other circuit 

component, let alone the Tayloe circuit in its entirety, when determining whether 

the Tayloe capacitors store “non-negligible amounts of energy.” Without that 

additional analysis, Intel (and the Board) performed, at best, a cursory and 

incomplete review of Tayloe. This is not substantial evidence. 

Indeed, the arguments and evidence set forth in Intel’s Reply (and the 

Board’s decision) fail to give insight into the actual operation of Tayloe’s 

capacitors. First, Intel argued that because Tayloe’s capacitors are tens of 

thousands of times larger than the capacitors in the energy transfer embodiments of 

the ’551 patent, they are capable of storing non-negligible amounts of energy. 

Appx882. But the inquiry is not whether a capacitor “is capable” of storing non-

negligible amounts of energy,” but rather whether it actually does. The question is, 

do Tayloe’s capacitors actually store a non-negligible amount of energy? See Ball 

Aerosol & Specialty Container, Inc. v. Ltd. Brands, Inc., 555 F.3d 984, 994-95 

(Fed. Cir. 2009) (“[Patent owner’s] reliance on cases that found infringement by 
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accused products that were reasonably capable of operating in an infringing 

manner is misplaced, since that line of cases is relevant only to claim language that 

specifies that the claim is drawn to capability.” (internal citations omitted)).  

A proper analysis of Tayloe’s circuit, which ParkerVision performed and is 

discussed above, demonstrates that Tayloe’s capacitors do not. In fact, the size of 

Tayloe’s capacitors says nothing about whether the capacitors are actually storing 

non-negligible amounts of energy. Instead, the size of Tayloe’s capacitors was 

selected to form a filter. Appx5434(¶ 246). As set forth in Tayloe, each capacitor 

operates with a resistor to form a low-pass filter. Appx2701(2:14-15); 

Appx2702(3:21-22). A low pass filter filters out signals at a frequency higher than 

a cutoff frequency and passes signals at a frequency lower than the cutoff 

frequency. Tayloe uses a higher capacitance, because the higher the capacitance, 

the lower the cutoff frequency, which makes for a better low pass filter.  

Second, the Board’s reliance on Intel’s assertion that “Tayloe describes the 

capacitors as integrating the input signal, which indicates an accumulation of 

energy and matches the ’551 patent’s description of a storage module’s operation” 

(Appx830) is incorrect. In fact, the word “energy” does not appear anywhere in 

Tayloe nor would a POSITA understand Tayloe to disclose, teach or suggest the 

use of energy or energy sampling to perform down-conversion of an RF signal. 

Appx778. As explained in the POR, Tayloe discloses a voltage sampling system 
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that seeks to accurately represent the “voltage values substantially equal to the 

average value of the input signal during their respective quadrants.” Appx781. 

Tayloe does this by integrating the input signal and holding the voltage value on a 

capacitor. Appx870, n.4. Unlike voltage sampling, the ’551 patent explains that 

energy sampling systems cannot accurately represent the voltage of the input signal 

because a non-negligible amount of energy in the storage element is being 

transferred to a low impedance load, even between samples. Appx870, n.4. 

Third, the Board’s/Intel’s reliance on Dr. Subramanian’s storage calculation 

as proving the “quantity of energy stored on Tayloe’s capacitors is plainly non-

negligible” is misplaced. See Appx831. The energy formula, by itself, fails to take 

Tayloe’s configuration into account. Instead, it merely provides the maximum 

amount of energy that can be stored (not that it actually is stored) in a capacitor 

given a source voltage. The portions of ParkerVision’s Sur-Reply, which the Board 

improperly excluded, further demonstrate the errors in Dr. Subramanian’s analysis. 

See Appx884-885 (utilizing the same formula with accurate variables). 

Intel (and the Board’s) evidence fails to prove Tayloe’s capacitors store non-

negligible amounts of energy because they simply do not. Instead, and as explained 

above, Tayloe discloses a voltage sampling system that uses “holding” elements to 

“store negligible amounts of energy from an under-sampled input EM signal with 

the intent of ‘holding’ a voltage value.” Appx771; Appx797. 
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CONCLUSION 

For all of the reasons set forth above, the Board’s decision and judgment 

must be reversed and vacated, and/or remanded. 
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Trials@uspto.gov 
571-272-7822 

Paper44 
Date: January 21, 2022 

UNITED ST ATES PATENT AND TRADEMARK OFFICE 

BEFORE THE PATENT TRIAL AND APPEAL BOARD 

INTEL CORPORATION, 
Petitioner, 

V. 

P ARKERVISION, INC., 
Patent Owner. 

IPR2020-01265 
Patent 7,110,444 Bl 

BeforeMICHAELR. ZECHER, BART A. GERSTENBLITH,and 
IFTIKHAR AHMED, Administrative Patent Judges. 

GERS TENBLITH, Administrative Patent Judge. 

JUDGMENT 
Final Written Decision 

Determining Non-Disclaimed Challenged Claim Unpatentable 
Granting Petitioner's Request to Exclude Improper Arguments 

Raised in Patent Owner's Sur-reply 
Granting Petitioner's Motion to Exclude 

Denying Petitioner's Motion to Seal 
35 US.C. § 318(a) 
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IPR2020-01265 
Patent 7, 110,444B1 

A. Background 

I. INTRODUCTION 

Intel Corporation ("Petitioner") filed a Petition (Paper 3, "Pet.") 

requesting institution of inter partes review of claims 1, 3, and 5 of 

U.S. Patent No. 7,110,444Bl (Ex. 1001, "the '444 patent"). ParkerVision, 

Inc. ("Patent Owner") filed an Amended Preliminary Response (Paper 9). 1 

Applying the standard set forth in 35 U.S.C. § 314(a), we instituted an inter 

partes review as to all claims and grounds set forth in the Petition. Paper 10 

("lnst. Dec."). 

After institution, Patent Owner filed a Patent Owner Response 

(Paper 18, "PO Resp."), Petitioner filed a Reply to Patent Owner's Response 

(Paper21, "Pet. Reply"), and Patent Owner filed a Sur-reply (Paper26, "PO 

Sur-reply"). Additionally, Petitioner filed a Motion to Exclude Exhibit 2022 

(Paper 34, "Mot. Exe."), Patent Owner filed an Opposition to Petitioner's 

Motion to Exclude (Paper 36, "Opp."), and Petitioner filed a Reply in 

Support of its Motion to Exclude (Paper 37, "Mot. Reply"). With our prior 

1 Patent Owner filed a timely Preliminary Response on November 23, 2020 
(Paper 8), and, a day later, filed the Amended Preliminary Response. The 
Notice of Filing Date Accorded to Petition and Time for Filing Patent 
Owner Preliminary Response (Paper 4) was entered August 21, 2020. A 
preliminary response was thus due by November 23, 2020 (November 21st 
and 2211

d fell on a weekend). Patent Owner should have requested 
authorization from the Board prior to filing its Amended Preliminary 
Response. Nonetheless, despite Patent Owner's failure to request 
authorization, we exercised our discretion under 3 7 C.F .R. § 42. 5(b) to 
waive, by one day, the timing requirement under 3 7 C.F.R. § 42.107(b) 
because ( l) Petitioner has not asserted that the additional day resulted in any 
prejudice to Petitioner and (2) the Amended Preliminary Response appears 
to be nearly identical to the timely filed Preliminary Response. Paper 10 
("Inst. Dec."), 2 n. l. 

2 
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IPR2020-01265 
Patent 7, 110,444B1 

authorization (Paper 31, "Order"), Petitioner filed an Identification of 

Improper New Evidence and Arguments in [Patent Owner's] Sur-Reply 

(Paper 32, "Petitioner's Identification") and Patent Owner filed a Response 

to Petitioner's Identification (Paper 3 5, "Patent Owner's Response to 

Identification"). Petitioner also filed an unopposed Motion to Seal 

Exhibit 1029, which is the deposition transcript of Michael Steer, Ph.D. 

(Paper 22, "Mot. Seal"). 

Additionally, Patent Owner filed a Notice of Statutory Disclaimer 

(Paper40, "PatentOwner'sDisclaimer Notice") to which Patent Owner 

attached a copy of its disclaimer under 3 7 C. F .R. § 1. 3 21 (a), wherein Patent 

Ownerdisclaimed claims 1 and5 ofthe '444patent(Paper40,Ex. A). 

Patent Owner's disclaimer effectively eliminated claims 1 and 5 from the 

'444 patent, leaving the patent as if those claims never existed. See Sanofi­

A ven tis US., LLC v. Dr. Reddy's Labs., Inc., 933F.3d1367, 1373 (Fed. Cir. 

2019) (noting that disclaiming claims effectively eliminates those claims 

from the patent as though the disclaimed claims had never existed (internal 

quotations and citations omitted)); see alsoAsetekDanmarkA/Sv. CoolIT 

Sys .. Inc., IPR2020-00747,Paper42 at 6 (PT AB Sept. 30, 2021) 

(determining that a statutory disclaimer removed a disclaimed claim from an 

inter partes review proceeding). Thus, claims 1 and 5 are no longer part of 

this proceeding. 

At Petitioner's request, we held a pre-hearing conference on 

October 26, 2021, during which we addressed, inter alia, Petitioner's 

Motion to Exclude and related briefing, Petitioner's Identification and Patent 

Owner's Response to Identification, and Petitioner's Motion to Seal. Each is 

addressed in more detail below. An oral hearing was held on November 1, 
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2021, and a copy of the transcript was entered in the record. Paper 42 

("Tr."). 

We have jurisdiction pursuant to 35 U.S.C. § 6. This Decision is a 

Final Written Decision under 35 U.S.C. § 318(a) and 37 C.F.R. § 42. 73 as to 

the patentability of claim 3, the sole claim remaining in the trial. Petitioner 

bears the burden of proving unpatentability of the challenged claim. 

Dynamic Drinkware, LLC v. Nat'! Graphics, Inc., 800F.3d1375, 1378 

(Fed. Cir. 2015). To prevail, Petitioner must prove unpatentability by a 

preponderance of the evidence. See 35 U.S.C. § 316(e) (2018); 37 C.F.R. 

§ 42. l(d) (2019). Havingreviewed the arguments and the supporting 

evidence, we determine that Petitioner has shown, by a preponderance of the 

evidence, that claim 3 of the '444 patent is unpatentable. 

B. Related Proceedings 

Petitioner and Patent Owner identify the following related matter: 

Parker Vision, lnc. v. lntel Corp., No. 6:20-cv-108-ADA(W.D. Tex.)("the 

related litigation"). Pet. 7; Paper 5 (Patent Owner's Mandatory Notices), 2. 

Patent Owner also states that the' 444 patent is asserted in Parker Vision, Inc. 

v. TCL Technology Group Corp., No. 5:20-cv-01030-GW-SHK(C.D. Cal.). 

Paper 5, 2. In addition, Petitioner filed a petition challenging several claims 

of U.S. Patent No. 7,539,474 B2, which is related to the '444 patent, in 

IPR2020-01302. 

C Rea!Partiesininterest 

Petitioner identifies Intel Corporation as the real party in interest. 

Pet. 7. Patent Owner identifies Parker Vision, Inc. as the real party in 

interest. Paper 5, 2. 
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D. The Asserted Grounds of Unpatentability and Declaration 
Evidence 

Petitioner asserts the following grounds of unpatentability: 

Claim(s) Challenged2 35 u.s.c. §3 Reference( s )/Basis 

3 103(a) Tayloe, 4 TIDatasheet5 

3 103(a) Tayloe, Kawada6 

Pet. 10. Petitioner supports its challenge with two declarations by Vivek 

Subramanian, Ph.D., one submitted with the Petition (Ex. 1002 (Declaration 

ofVivek Subramanian, Ph.D.)) and the other submitted with Petitioner's 

Reply (Ex. 1030 (Reply Declaration ofVivek Subramanian, Ph.D.)), and a 

Declaration ofMaureenM. Honeycutt(Ex. 1019). Patent Owner supports 

its arguments with a Declaration of Michael Steer, Ph.D. (Ex. 2021 ). 

2 Claim 3 is the sole challenged claim remaining in the case following Patent 
Owner's disclaimer of claims 1 and 5. 
3 The Leahy-Smith America Invents Act ("AIA") included revisions to 
35 U.S.C. § 103 that became effective on March 16, 2013. Because the 
'444 patent has an effective filing date before March 16, 2013, we apply the 
pre-AIA versions of the statutory bases for unpatentability. 
4 U.S. Patent No. 6,230,000BI, issued May 8, 2001 (Ex. 1004, "Tayloe"). 
5 SN74CBT3253 Dual l-of-4 FET Multiplexer/Demultiplexer (rev. ed. 
May 1998) (Ex. 1005, "TI Datasheet"). Petitioner refers to this exhibit, in at 
least one instance, as "SN74CBT3253D." Pet. 9. The exhibit itself: 
however, does not include the letter "D" in the product number. Ex. 1005. 
Petitioner explains that "the 'D' in the product number refers simply to a 
packaging option" (Pet. 38 n.5), which is confrrmed by the description on 
the first page stating "Package Options Include Plastic Small-Outline (D)." 
Ex. 1005, 1. Neither party asserts that the packaging option results in a 
difference of any significance to the issues before us. 
6 U.S. Patent No. 4,985,647, issued January 15, 1991 (Ex. 1008, "Kawada"). 
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E. The '444 Patent 

The' 444 patent is directed to "a wireless local area network (WLAN) 

that includes one or more WLAN devices (also called stations, terminals, 

access points, client devices, or infrastructure devices) for effecting wireless 

communications over the WLAN." Ex. 1001, 2:10-14. The '444 patent 

explains that "[t]he WLAN device includes at least an antenna, a receiver, 

and a transmitter. . . . The WLAN receiver includes at least one universal 

frequency translation module that frequency down-converts a received 

electromagnetic (EM) signal." Id. at 2:14-22. 

Figure 70A is reproduced below: 

7000 

7004 

7072 

7024 --7002 \ 
', 1 -- I 
---- -L- - --- - -, r-- L - --, 

7098 I 
I 
I 

7088 

TO RG.70A-1 

FIG.70A 

Figure 70A of the '444 patent "illustrates an IQ receiver having shunt UFT 

[universal frequency translation] modules." Ex. 1001, 5:34-35. The 

'444 patent explains that "I/Q modulation receiver 7000 receives, down-
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converts, and demodulates a[ n] I/Q modulated RF input signal 7082 to an 

I baseband output signal 7084, and a Q baseband output signal 7086." Id. at 

35:51-54; see id. at 35:60-62 (Antenna 7072 receives and outputs I/Q 

modulated RF input signal 7082. ). The '444 patent states that,"[ w ]hen 

present, LNA 7018 amplifies I/Q modulated RF input signal 7082, and 

outputs amplified I/Q signal 7088." Id. at 35:62-64. Thereafter, "[f]irst 

UFD [universal frequency down-conversion] module 7002, receives 

amplified I/Q signal 7088 .... [,] down-converts the I-phase signal portion 

of amplified input I/Q signal 7088 according to an I control signal 7090 .... 

[,and] outputs an I output signal 7098." Id. at 35:65-36:2. Similarly, UFD 

module 7006 "receives amplified I/Q signal 7088[,]" "down-converts the 

inverted I-phase signal p011ion of amplified input I/Q signal 7088 according 

to an inverted I control signal 7092[,]" and "outputs an inverted I output 

signal 7001." Id. at36:33-37. Thereafter, "[f]irstdifferential 

amplifier 7020 receives filtered I output signal 7007 .... subtracts filtered 

inverted I output signal 7009 from filtered I output signal 7007, amplifies the 

result, and outputs I baseband output signal 7084." Id. at 37:3-8. 

The '444 patent's first and second UFD modules in Figure 70A 

include capacitors 7074 and 7076, respectively, and UFT modules 7026 and 

7038, respectively. See Ex. 1001, 36:3-5 (first UFD module 7002 comprises 

first storage module 7024 and first UFT module 7026), 36:14-15 (first 

storage module 7024 comprises first capacitor 7074), 36:38--40 (second 

UFD module 7006 comprises second storage module 7036 and second UFT 

module 7038), 36:50-51 (second storage module 7036 comprises second 

capacitor 707 6). 
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Figure lB is reproduced below: 

r UNIVERSAL FREQUENCY 

106~ 

PORT 1 u----1-----

TRANSLATION (UFT) 
MODULE 103 

------o PORT 2 

PORT 3 

CONTROL SIGNAL 108 

FIG.1 B 

Figure lB of the '444 patent "is a more detailed diagram of a universal 

frequency translation (UFT) module." id. at2:56-58. The '444 patent 

explains that, "[g]enerally, the UFT module 103 includes a switch 106 

controlled by a control circuit 108." Id. at 8:62-64 (noting that switch 106 is 

referred to as a controlled switch); see id. at 36:5-7 (first UFT module, 

shown in Figure 70A, contains a switch that opens and closes as a function 

ofl control signal 7090), 36:40--42 (second UFT module, also shown in 

Figure 70A, contains a switch that opens and closes as a function of inverted 

I control signal 7092). 
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The '444 patent includes two alternative configurations of switches 

and capacitors in UFD modules (Ex. 1001, 9 :4 3-5 7), as shown in 

Figures 20A and 20A-l reproduced below: 

r------, 
I I 
I I 2002 

ALIASING 
~ODULE 

21)00 

: 200 ~ ,' INPUT 
INPUl I I DOWN-CO~ITD SIGNAL 

2010 

/>il\SING 
MODULE 

1000 

DOWN-CONVERTED 
OUTPUT SIGNAL 

SIGIW I I OUWUT SIGAAL ~-+---_____, 1----~-----+-~-

~+-'-~! o>----'-i:--~-.---201-0 

~· i N-~· T 
: CONTROL : ~ 
I SIGNAL I 

1004 
r------ ------.., 
I CON1ROL I 
I SIGNAL 2008 I 
I~ I 

! 2006 I ! : v :1002 
I I 1 
I r/ 

2012 
2012 

I I L------------- ..J 
L------.J 

FIG.20A FIG.20A-1 

Figures 20A and 20A-l of the '444 patent "are example aliasing modules." 

Id. at 3:50-51. The '444patent explains that, in Figure 20A, switch 2008 is 

in series with input signal 2004 and capacitor 2010 is shunted to ground; in 

Figure 20A-l, however, capacitor 2010 is :in series with input signal 2004 

and switch 2008 is shunted to ground. Id. at 9:48-57 (also noting that "[t]he 

electronic alignment of the circuit components is flexible"). 

The '444 patent states that "[ t ]he down-conversion of an EM signal by 

aliasing the EM signal at an aliasing rate is fully described in" U.S. Patent 

No. 6,061,551 ("the' 551 patent"), "the full disclosure of which is 

incorporated herein by reference." Ex. 1001, 9:32-38. And, the '444patent 

further states that "[d]own-conversion utilizing a UFD module (also called 

an aliasing module)is further described in the" '551 patent. ld. at34:54-58. 
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F. Illustrative Claim 

Claim 3, the sole claim remaining in this proceeding, is illustrative of 

the claimed subject matter and reproduced below with Petitioner's 

bracketing added for reference: 

3. [3 preamble] A wireless modem apparatus, comprising: 

[3A] a receiver for frequency down-converting an input 
signal including, 

[3B] a first frequency down-conversion module to 
down-convert the input signal, wherein said first 
frequency down-conversion module down-converts said 
input signal according to a first control signal and outputs 
a first down-converted signal; 

[3C] a second frequency down-conversion module 
to down-convert said input signal, wherein said second 
frequency down-conversion module down-converts said 
input signal according to a second control signal and 
outputs a second down-converted signal; and 

[3D] a subtractormodule that subtracts said second 
down-converted signal from said first down-converted 
signal and outputs a down-converted signal; 

[3E] wherein said first and said second frequency down­
conversion modules each comprise a switch and a storage 
element. 

Ex. 1001, 61:1-18. 

G. Level of Ordinary Skill in theArt 

Petitioner, supported by Dr. Subramanian's testimony, proposes that a 

person of ordinary skill in the art at the time of the invention would have had 

"at least a bachelor's degree in electrical engineering or a related subject and 

two or more years of experience in the field of RF circuit design." Pet. 4 7 

(citing Ex. 1002 iJ 25). Petitioner explains that "[l]ess work experience may 

10 
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be compensated by a higher level of education, such as a master's degree." 

Id. (citing Ex. 1002 ii 25). 

In the Institution Decision, we noted that Patent Owner had not 

expressed a position on the level of ordinary skill in the art in the 

Preliminary Response, and, on the preliminary record, we adopted 

Petitioner's unopposed position, finding it consistent with the level of 

ordinary skill in the art reflected by the '444 patent and the prior art of 

record. Inst. Dec. 9 (citing Okajima v. Bourdeau, 261F.3d1350, 1355 (Fed. 

Cir. 2001);/n re GPAC!nc., 57F.3d 1573, 1579 (Fed. Cir. 1995);/n re 

Oelrich, 579F.2d86, 91 (CCPA1978)). 

In the Patent Owner Response, Patent Owner, supported by 

Dr. Steer' s testimony, proposes that a person of ordinary skill in the art at 

the time of the invention would have 

(a) a Bachelor of Science degree in electrical or computer 
engineering (or a related academic field), and at least 
two (2) additional years of work experience in the design and 
development of radio frequency circuits and/or systems, or 
(b) at least five ( 5) years of work experience and training in the 
design and development of radio frequency circuits and/ or 
systems. 

PO Resp. 4 (citing Ex. 2021 ii 24). Neither Patent Owner nor Dr. Steer 

explains why their proposal materially differs from that proposed by 

Petitioner. 

Patent Owner's option (a) is substantially the same as Petitioner's 

proposal-both require a bachelor's degree in the same or a related subject 

and two additional years of related work experience. Patent Owner's 

option (b) adds an additional option based on work experience in lieu of a 

fom1al degree. Patent Owner's option (b ), however, is consistent with 

11 
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Dr. Subramanian's testimony, which states "[l]ess work experience may be 

compensated by a higher level of education, such as a master's degree, and 

vice versa." Ex. 1002 if 25 (emphasis added). It is not clear why 

Petitioner's proposal, as set forth in the Petition, did not include the 

additional option of providing greater work experience in compensation for 

a lower level of education. 

Neither paiiy contends that the differences in proposals affect the 

outcome of this proceeding and we do not find that they do. Nonetheless, on 

the full record before us, we find that our identification of the level of 

ordinary skill in art in the Institution Decision as well as Patent Owner's 

option (b) are supported by the prior art of record, the '444 patent, and the 

opinions ofDrs. Subramanian and Steer (which, as discussed above, 

recognize that additional work experience can compensate for the lack of a 

formal degree). Accordingly, we modify our preliminary finding to include 

option (b) from Patent Owner's proposal. Thus, we find that one of ordinary 

skill in the art would have at least a bachelor's degree in electrical 

engineering or a related subject and two or more years of experience in the 

field of RF circuit design, or at least five years of work experience and 

training in the design and development of RF circuits and/or systems. We 

also fmd that less work experience may be compensated by a higher level of 

education, such as a master's degree. 

II. CLAIM CONSTRUCTION 

In this inter partes review, claims are construed using the same claim 

construction standard that would be used to construe the claims in a civil 

action under35 U.S.C. § 282(b). See 37 C.F.R. § 42.100(b)(2019). The 

claim construction standard includes construing claims in accordance with 
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the ordinary and customary meaning of such claims as understood by one of 

ordinary skill in the art at the time of the invention. See id.; Phillips v. A WH 

Corp., 415F.3d1303, 1312-14 (Fed. Cir. 2005)(en bane). In construing 

claims in accordance with their ordinary and customary meaning, we take 

into account the specification and prosecution history. Phi /lips, 415 F. 3d at 

1315-17. 

If the specification "reveal[s] a special definition given to a claim 

term by the patentee that differs from the meaning it would otherwise 

possess[,] ... the inventor's lexicography governs." Phillips, 415 F.3d at 

1316 (citing CCS Fitness, Inc. v. Brunswick Corp., 288F.3d1359, 1366 

(Fed. Cir. 2002) ). Another exception to the general rule that claims are 

given their ordinary and customary meaning is "when the patentee disavows 

the full scope of a claim term either in the specification or during 

prosecution." Us hip Intellectual Props., LLC v. United States, 714 F. 3d 

1311, 1313 (Fed. Cir. 2013)(quoting Thornerv. Sony Computer Entm 'tAm., 

LLC, 669F.3d1362, 1365 (Fed. Cir. 2012)). 

Additionally, only terms that are in controversy need to be construed, 

and these need be construed only to the extent necessary to resolve the 

controversy. See Vivid Techs., Inc. v. Am. Sci. & Eng 'g, Inc., 200 F.3d 795, 

803 (Fed. Cir. 1999) (holding that "only those tem1s need be construed that 

are in controversy, and only to the extent necessary to resolve the 

controversy"); Nidec Motor Corp. v. Zhongshan Broad Ocean Motor Co., 

868 F.3d 1013, 1017 (Fed. Cir. 2017)( citing Vivid Techs. in the context of 

an inter partes review). 
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A. "storage element "7 

In the Institution Decision, we did not constme any claim terms 

expressly because none of the terms were in dispute. Inst. Dec. 10 (citation 

omitted). In the briefmg following institution, Patent Owner proposed a 

constmction for the term "storage element," see, e.g., PO Resp. 2--4, 45-59, 

and it became clear that the parties dispute the meaning of the term. 

Additionally, because many of Patent Owner's arguments hinge on the 

meaning of this term, its proper construction is important to address the 

issues presented in this proceeding. Further, the parties' arguments rely, 

almost exclusively, on disclosures in the '551 patent, incorporated by 

reference into the '444 patent. Accordingly, we address the parties' 

arguments and proposed constructions. 

1. The Parties' Arguments 

In the Petition, Petitioner does not propose a construction for "storage 

element," but does assert that each "storage element" is taught by Tayloe's 

capacitors, illustrated in Tayloe'sFigure 3. Pet. 75-78 (citations omitted). 

Petitioner contends that "[a] capacitor is a well-known storage element, and 

in fact, the '444 patent embodiment discloses a capacitor as the storage 

element." id. at 77 (citations omitted). 

In the Patent Owner Response, Patent Owner notes that the district 

court construed "storage element" in the related litigation as "an element of 

7 The parties agree that the terms "storage element" and "storage module" 
are synonymous. See PO Resp. 27 (noting that "storage module" is "another 
name for 'storage element"'); Pet. Reply 10 n.2 ("The '551 patent uses the 
term 'storage module,' whereas challenged claim 3 uses 'storage element.' 
As [Patent Owner] appears to admit (e.g., [PO Resp.] 46), 'storage module' 
and 'storage element' are synonymous."). 
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an energy transfer system that stores non-negligible amounts of energy from 

an input electromagnetic signal." PO Resp. 45; see also id. at 3--4 (citing 

Ex. 2012 (Document75, Claim Construction Order), 5). Patent Owner 

contends that the district court previously considered the construction of 

"storage element" proposed by Petitioner in that forum-"an element that 

stores a non-negligible amount of energy from an input electromagnetic 

(EM) signal." Id. at 46. Patent Owner asserts that the district court included 

the phrase "of an energy transfer system" from Patent Owner's proposed 

construction "to distinguish a 'storage element' (an element of an energy 

transfer system) from a 'holding element' (an element of a sample and hold 

system - the type of element used in [Petitioner's] primary prior art 

reference, Tayloe)." Id. 

Patent Owner contends that the' 444 patent (based on the incorporated 

'551 patent disclosure) teaches two different systems: (1) a "sample-and­

hold" or "voltage sampling" system and (2) an "energy transfer" or "energy 

sampling'' system. PO Resp. 19, 2l;seealso id. at31 (citing Ex. 2021 

if 196). Patent Owner asserts that a sample-and-hold system includes ( 1) a 

switch, (2) a holding element, and (3) a high impedance load. Id. at 20. 

Patent Owner contends, 

The '444 patent specifically reserves the tem1 "holding" 
module/elementto refer to an element (e.g., capacitor) used in a 
sample-and-hold (voltage sampling) system because ... the use 
of a high impedance load causes the capacitor to hold energy 
(i.e., prevent energy in the capacitor from being discharged to 
form the down-converted signal - the discharged energy itself 
does not become part of the down-converted signal). 

15 
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Id. (citing Ex. 2021 ii 146). In contrast, Patent Owner contends that an 

energy transfer system includes ( 1) a switch, (2) a storage element, and (3) a 

low impedance load. Id. at 21. Patent Owner asserts, 

The '444 patent specifically reserves the term "storage" 
module/elementto refer to an element (e.g., capacitor) used in 
an energy sampling system because ... the use of a low 
impedance load enables the capacitor to store energy and 
subsequently discharge the energy to fonn the baseband signal 
(i.e., the discharged energy itself becomes part of the baseband 
signal). 

Id. at 22 (citing Ex. 2021 ii 160). 

Patent Owner contends that"[ w ]hat is critical to understand is that 

while both energy sampling and voltage sampling use similar components 

(e.g., switches, capacitors and loads), these components are used in different 

ways in a circuit to create a desired result." PO Resp. 22 (citing Ex. 2021 

ii 173). Patent Owner asserts that "the way in which the components are 

used is significant and make these systems fundamentally different and 

competing systems." Id. In particular, Patent Owner contends that 

"[w]hereas a voltage sampling circuit discards energy without using the 

energy in the down-converted signal (thereby wasting energy), an energy 

sampling circuit discharges energy into a load so that the energy itself 

becomespartofthedown-convertedsignal." Id. (citing Ex. 2021ii173). 

Patent Owner argues that "[t]hese differences ... [are] why claim 3 of the 

'444 patent specifically recites 'storage element' (an element of an energy 

transfer (energy sampling) system) instead of' holding element' (an element 

of a sample-and-hold (voltage sampling) system)." Id.; see id. at 31 

("Challenged claim 3 of the '444 patent is directed to energy transfer 

because it uses a tenn that the patentees reserved specifically to connote 
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energy transfer- 'storage element. "')(citing Ex. 2021,-i196). Patent 

Owner asserts that "[ t ]he different terms distinguish between the different 

function/operation of the capacitors and different type ofloads used with the 

capacitors." Id. Patent Owner further explains, "[i]n other words, whether a 

capacitor is a 'storage' module/element depends on the way in which the 

capacitor is being used. Just because a capacitor is being used does not 

mean that the capacitor is a 'storage' module/element." Id. at 29. 

Patent Owner includes the following table that it contends "identifies 

key features that distinguish energy transfer (i.e., energy sampling) from 

sample-and-hold (i.e., voltage sampling)" systems: 

Energy Transfer (Energy Sample and Hold (Voltage 
Sam lin Sam lin 

"Storage" module 
Low im cdancc load 
Down-converted signal includes 
the energy transferred from the RF 
signal to the load (i.e., energy sent 
to the load makes up the down­
converted si al 

PO Resp. 32 (footnote omitted). 

"Holding" module 

Down-converted signal is based on 
discrete voltage measurements of the 
RF signal 

Relying on Figure 82B of the '551 patent, reproduced below, Patent 

Owner explains the operation of an energy transfer (energy sampling) 

system. 
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Ex. 2007, Fig. 82B; see PO Resp. 33. Figure 82B of the '551 patent 

illustrates an exemplary energy transfer system. Ex. 2007, 7:47-48. 

According to Patent Owner, "an energy transfer system uses ( 1) a control 

signal having a pulse with a non-negligible aperture/duration, and (2) a 

'storage' capacitor for storing and discharging non-negligible amounts of 

energy for driving a low impedance load." PO Resp. 33-34. Patent Owner 

asserts that, "[i]f the impedance were high, the 'storage' capacitor could not 

discharge sufficient energy for the system to perform energy transfer (energy 

sampling) and form a down-converted signal from energy transferred to the 

low impedance load." Id. at 34 (citing Ex. 2021i-f200). Patent Owner 

provides further explanation as to how it contends an energy transfer system 

functions, based on the teachings of the '5 51 patent, to produce the baseband 

signal sent from a transmitting device. Id. at 33-38 (citations omitted). 

In comparison, Patent Owner relies on Figure 78B of the '551 patent, 

reproduced below, to explain the operation of a sample-and-hold system. 
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Ex. 2007,Fig. 78B;seePOResp. 39. Figure 78B of the '551 patent 

illustrates an exemplary embodiment of an under-sampling system. 

Ex. 2007, 7:36-37. According to Patent Owner, "a sample and hold system 

uses ( 1) a control signal having a pulse with a negligible aperture/duration, 

(2) a 'holding' capacitor for holding a constant voltage across the capacitor 

and (3) a high impedance load." PO Resp. 39. Patent Owner asserts that the 

capacitor is referred to as a "holding" capacitor "because, unlike the 

'storage' capacitor in an energy transfer system, a 'holding' capacitor does 

not discharge any significant energy to the load." Id. Patent Owner 

contends that "the high impedance load is specifically included to prevent 

the holding capacitor from discharging energy, which would degrade the 

discrete voltage measurements and adversely affect the system performing 

sample and hold (voltage sampling)." Id. (citing Ex. 2021if209). Patent 

Owner provides further explanation as to how it contends a sample and hold 

system functions, based on the teachings of the '551 patent, to produce the 

baseband signal sent from a transmitting device. Id. at 38--42 (citations 

omitted). 

Patent Owner contends that"[ a] 'storage element' (or 'storage 

module') is a term reserved exclusively for a component of an energy 
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transfer (energy sampling) system" whereas "a 'holding' module/element is 

a term reserved exclusively for a component of a sample-and-hold (voltage 

sampling) system." PO Resp. 46. Therefore, Patent Owner asserts that "an 

energy 'storage' module/ element must be construed in a way that 

distinguishes it from a 'holding' module/element." Id. (citations omitted). 

Patent Owner argues that the specification of the '5 51 patent "is clear 

that the term 'storage' module/element is specific to an 'energy transfer 

system' and a 'holding' module/element, as thename implies, is specific to a 

sample-and-hold (voltage sampling) system." PO Resp. 4 7. In particular, 

Patent Ownerrelies on the following paragraph of the '5 51 patent: 

FIG. 82A illustrates an exemplary energy transfer 
system 8202 for down-converting an input EM signal 8204. 
The energy transfer system 8202 includes a switching 
module 8206 and a storage module illustrated as a storage 
capacitance 8208. The terms storage module and storage 
capacitance, as used herein, are distinguishable from the terms 
holding module and holding capacitance, respectively. Holding 
modules and holding capacitances, as used above, identify 
systems that store negligible amounts of energy from an under­
sampled input EM signal with the intent of"holding" a voltage 
value. Storage modules and storage capacitances, on the other 
hand, refer to systems that store non-negligible amounts of 
energy from an input EM signal. 

Ex. 2007, 66:55-67, quoted in PO Resp. 47. PatentOwneralsorelies on the 

'551 patent's use of "storage" in Figures 68G and 82B compared to the use 

of"holding" in Figures 29G and 78B. PO Resp. 48--49 (comparing 

"STORAGE MODULE" and "CAPACITIVE STORAGE MODULE" in 

Figure 680 and "STORAGE CAPACITANCE" in Figure 82B to 

"HOLDING MODULE" and "CAPACITIVE HOLDING MODULE" in 
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Figure 290 and "HOLDING CAPACITANCE" in Figure 78B (emphases 

added)). 

Patent Owner contends that "[a] storage element is synonymous with 

a low impedance load. Indeed, a low impedance load is what makes a 

module a 'storage' module/ element as opposed to a 'holding' 

module/element." PO Resp. 49. Patent Owner asserts that "a low 

impedance load provides little resistance to electrical current and, thus, 

energy can be transferred/ discharged from a 'storage' module/ element. This 

unique feature of an energy transfer system is what enables the 'storage' 

module/element to drive a low impedance load." Id. In contrast, Patent 

Owner argues that, if "a load is high impedance, there would be high 

resistance to current and the module would 'hold' a voltage. In other words, 

with a high impedance load, the module would be a 'holding' module/ 

element, not a 'storage' module/element." Id. As further support for its 

argument, Patent Owner points to the following statement in the '551 patent, 

which notes that a benefit of energy transfer system 8202 is driving a low 

impedance load: 

Another benefit of the energy transfer system 8202 is that the 
non-negligible amounts of transferred energy permit the energy 
transfer system 8202 to effectively drive loads that would 
otherwise be classified as low impedance loads in under­
sampling systems and conventional sampling systems. In other 
words, the nonnegligtble amounts of transferred energy ensure 
that, even for lower impedance loads, the storage 
capacitance 8208 accepts and maintains sufficient energy or 
charge to drive the load 8202. 

Ex. 2007, 67:37--46, quoted in PO Resp. 49-50. Patent Owner asserts that 

"[w]ithouta 'storage' module/elementdriving a low impedance load, 

sufficient energy could not be transferred/discharged from the 'storage' 
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module/element in order to recover a down-converted signal from an input 

EM signal. In such a case, the module/ element would be a 'holding' 

module/element." PO Resp. 50. 

Petitioner contests Patent Owner's characterization of the '444 and 

'551 patents as well as Patent Owner's construction of"storage element." 

See, e.g., Pet. Reply 4-16. We discuss both patents, as we did with respect 

to Patent Owner's argument, because the distinction informs as to how the 

parties understand these two patents and, specifically, claim 3 of the 

'444 patent. With respect to the characterization of the patents, Petitioner 

relies on a portion of the Summary of the Invention of the '551 patent, which 

states: 

Briefly stated, the present invention is directed to 
methods, systems, and apparatuses for down-converting an 
electromagnetic (EM) signal by aliasing the EM signal, and 
applications thereof. Generally, the invention operates by 
receiving an EM signal. The invention also receives an aliasing 
signal having an aliasing rate. The invention aliases the EM 
signal according to the aliasing signal to down-convert the EM 
signal. The term aliasing, as used herein and as covered by the 
invention refers to both down-converting an EM signal by 
under-sampling the EM signal at an aliasing rate, and down­
converting an EM signal by transferring energy from the EM 
signal at the aliasing rate. 

Ex. 2007, 2:53-65 (emphases added), quoted in Pet. Reply 5-6. 

Relying on the above-disclosure from the '5 51 patent, Petitioner 

explains that "aliasing" refers to down-converting an EM signal by 

( 1) under-sampling the EM signal at an aliasing rate and (2) transferring 

energy from the EM signal at the aliasing rate. Pet. Reply 6 (citing 

Ex. 2007, 2:60-65, 20:7-11, 21 :4-7). Additionally, Petitioner points to the 

Table of Contents in the '551 patent and, specifically, the Overview of the 
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Invention section that organizes its discussion around these two concepts as 

well as Figure 45A, which shows a Venn diagram in which 

"UNDERSAMPLING" and "TRANSFERRING ENERGY" are shown as 

subsets of"ALIASING." Id. at 6-8 (citing Ex. 2007, 9:1-21, 20:63-21 :2, 

Fig. 45A). Further, Petitioner points to an express statement by Patent 

Owner in a previous inter partes review (IPR2014-00948), where Patent 

Owner stated that the '551 patent describes "two sampling mechanisms: 

( 1) under-sampling; and (2) energy transfer." Id. at 8 (citing Ex. 1031 

(Patent Owner's Response to Petition in IPR2014-00948, Paper 25), 17). 8 

Petitioner contends that neither patent (the '444 patent or the 

'551 patent) refers to "energy sampling" or "voltage sampling," and neither 

refers to "any sample of'energy"' measured in units of energy, such as 

joules. Pet. Reply 8-9. Rather, Petitioner asserts that "the down-converted 

waveforms for all embodiments-including those that [Patent Owner] 

identifies as 'energy transfer' embodiments-show samples measured in 

units of voltage ('millivolts' or 'mV')." Id. (citing Ex. 2007, Figs. 83E-

83F). Thus, Petitioner argues that Patent Owner's characterization is 

incorrect because the distinction in the '551 patent is not between "energy 

sampling'' and "voltage sampling''; rather, the distinction is between 

"under-sampling" and "energy transfer." See, e.g., id. at 4-5 (citations 

omitted). 

8 The patent-at-issue in IPR2014-00948 also incorporates the '551 patent by 
reference, and, thus, the argument there also was based on the' 551 patent. 
See, e.g., Ex. 1031, 3 n.1 (noting incorporation of the '551 patent by 
reference). 
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With respect to the construction of "storage element," Petitioner 

proposes that it be construed to mean "an element that stores a nonnegligible 

amount of energy from an input electromagnetic (EM) signal." Pet. 

Reply 10. Petitioner contends that its proposed construction expressly tracks 

the definition provided in the' 551 patent for "storage element," which the 

parties agree is synonymous with "storage module." Id.; see id. at 10 n.2. In 

particular, Petitioner asserts that the '551 patent states: "Storage modules 

... refer to systems that store non-negligible amounts of energy from an 

inputEMsignal." Id. (quotingEx. 2007,66:65-67). Petitionernotesthat 

the '5 51 patent also states that "the 'goal of the storage modules' is 'to store 

non-negligible amounts of energy transferred from the EM signal"' and that 

the patent "specifically distinguishes storage elements from holding 

elements on this basis." Id. at 10-11 (quoting Ex. 2007, 66:59-67 

("Holding modules ... identify systems that store negligible amounts of 

energy from an under-sampled input EM signal with the intent of 'holding' a 

voltage value. Storage modules ... on the other hand, ref er to systems that 

store non-negligible amounts of energy from an input EM signal.")). Thus, 

Petitioner contends '"storage element' should be construed accordingly." Id. 

at 11 (citation omitted). 

Additionally, Petitioner points to IPR2014-00948, where Petitioner 

asse1is that Patent Owner argued "a storage module" should be construed to 

mean "an apparatus that stores non-negligible amounts of energy from the 

carrier signal." Pet. Reply 11 (citing Ex. 1032 (Patent Owner's Preliminary 

Response in IP R2014-00948, Paper 7), 3 7). Petitioner also notes that Patent 

Owner argued that the '5 51 patent" explicitly de.fines a storage module." 

Id. (citing Ex. 1032, 21 ). And, Petitioner farther argues that the Board relied 
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upon Patent Owner's statement in the institution decision in that proceeding. 

Id. at 11-12 (citing Ex. 1033 (Decision, Institution of Inter Partes Review, 

Paper 8), 10). 

Addressing Patent Owner's proposed construction in this proceeding, 

Petitioner asserts that Patent Owner seeks to modify the definition provided 

in the '551 patent by including a requirement that the "storage element" be 

part of"an energy transfer system." Pet. Reply 12 (citing PO Resp. 45). 

Petitioner notes that Patent Owner "then interprets this proposed 

construction as requiring a further limitation-the system must have a low­

impedance load." Id. (citing PO Resp. 32, 46-50). 

Petitioner responds with three primary points. First, Petitioner points 

to Patent Owner's express statement, from IP R2014-00948, that the 

'551 patent "explicitly defines" this tenn, but Petitionernotes that "of an 

energy transfer system" does not appear in the definition. Pet. Reply 12 

(citing Ex. 1032, 21). Petitioner contends that Patent Owner's proposal 

"should be rejected for this reason alone." Id. (citation omitted). Second, 

Petitioner asserts that Patent Owner's "rationale for its construction-the 

supposed distinction between 'energy sampling' and 'voltage sampling'-is 

not grounded in the patent." Id. And, third, that the '5 51 patent does not 

define a storage module as part of an energy transfer system; rather, it 

"merely discloses an embodiment of 'an exemplary energy transfer 

system."' Id. at 12-13 (citing Ex. 2007, 66:55-67). And, "the rest of the 

passage directly supports [Petitioner's] proposed construction" by reciting 

that storage modules "refer to systems that store non-negligible amounts of 
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energy from an input EM signal." Id. at 13 (internal quotation and emphasis 

omitted). 9 

In its Sur-reply, Patent Owner responds to Petitioner's discussion of 

the characterization of the '444 and '5 51 patents as well as the construction 

of"storage element." PO Sur-reply 8-14. With respect to the 

characterization of these two patents, Patent Owner contends that"[ u ]nlike 

[Patent Owner], who focuses on how the technology actually works, 

[Petitioner] relies on a naming convention used in the patent to push a flawed 

narrative - one that has twice been rejected by the" same district court. PO 

Sur-reply 8 (citing Pet. Reply 2-3, 6-8). Patent Owner asserts that "[t]he 

fact that the patent does not use the terms 'voltage sampling' and 'energy 

sampling' verbatim is beside the point."10 Id. at 9. Patent Owner argues that 

the '444 patent "relates to the use of sampling to down-convert a signal and 

teaches only i1vo things that can be sampled to down-convert a signal: 

(1) voltage and (2) flow of energy over time." Id. Voltage, Patent Owner 

asserts, "is sampled by taking and holding input voltage values (using a 

'holding' element)," whereas "energy is sampled by transferring non­

negligible amounts of energy from an input signal." Id. (citing Ex. 2007, 

9 Petitioner also notes that, although Figures 68G and 82B "show a 'storage 
module' or 'storage capacitance' in an 'energy transfer' embodiment, ... 
neither figure defines a storage module as an element of an 'energy transfer 
system '-any more than they suggest that a switch or res is tor (also shown) 
should be defined as such an element." Pet. Reply 13 n.3. 
10 Patent Owner contends that"[ e ]nergy cannot be measured directly. 
Instead a measurement (voltage or its inverse, current) needs to be taken 
from which energy can be derived." PO Sur-reply 9 n.6. Thus, Patent 
Owner argues that Petitioner's identification of Figures 83E-F of the 
'551 patent, which plot measurements ofvoltage overtime, "is of no 
moment." Id. 
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62:27-30). Patent Owner explains that this is the reason it refers to the two 

systems as voltage sampling and energy sampling. Id. at 10. 

With respect to the construction of "storage clement," P atcnt Owner 

contends that the '5 51 patent "states that the 'energy transfer' system uses 'a 

storage module' that 'stores non-negligible amounts of energy,' whereas the 

'under-sampling (i.e., sample-and-hold) system utilizes a 'holding module' 

that 'stores negligible amounts of energy."' PO Sur-reply 10-11 (quoting 

Ex. 2007, 66:55-67). Thus, Patent Owner asserts that "there should be no 

dispute that 'energy transfer system' should be included in the construction 

as [Patent Owner] proposes." Id. at 11. 

Patent Owner contends that Petitioner fails to provide any 

"substantive technical arguments based on the intrinsic evidence as to why 

including 'an element of an energy transfer system' is technically incorrect. 

Instead, [Petitioner] points to a single sentence from the specification ... 

and asserts that this passage is enough to define the 'storage' element." 

PO Sur-reply 11. Discussing the same paragraph quoted above from 

Petitioner's Reply, Patent Owner contends that the paragraph "is describing 

a 'storage' module/ element in the context of an energy transfer system ... , 

which is the only type of system that has a 'storage' module/ element. 

Indeed, this passage is found in the section entitled '0.1.2 Introduction to 

Energy Transfer."' Id. at 12 (quoting Ex. 2007, 66:33) (citing Ex. 2007, 

66:55-37). Thus, Patent Owner asserts there is no basis to argue against 

including "energy transfer system" in the meaning of "storage element." Id. 

Patent Owner argues that inclusion of"energy transfer system" in the 

meaning of "storage element" is appropriate because ( 1) Petitioner admits 

there are only two systems disclosed-energy transfer and under-sampling 
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(PO Sur-reply 12 (citing Pet. Reply 6)), and (2) the '444 patent(via 

incorporation of the '5 51 patent) states that a "storage" element is only used 

in an energytransfersystem(id. (citing Ex. 2007, 66:55-59)). PatentOwner 

contends, "[l]ogically, if there are only two systems and a 'storage' element 

is only used in an energy transfer system, then a 'storage' module/element 

must necessarily be an element of an energy transfer system." Id. Patent 

Owner argues that "the specification makes it clear that 'storage' 

modules/elements are inseparably intertwined with energy transfer systems." 

Id. (citing PO Resp. 46-50). 

Additionally, Patent Owner asserts that its arguments in IPR2014-

00948 were based on the broadest reasonable interpretation standard used by 

the Board at that time, not the standard currently employed by the Board, 

which matches the standard used in federal courts under 35 U.S.C. § 282(b ). 

PO Sur-reply 12-13. In particular, Patent Owner contends that it focused on 

the single-sentence highlighted by Petitioner because of the claim 

construction standard at that time, whereas the current claim construction 

standard, "requires considering more than just the" one sentence, which 

Patent Owner asserts its proposed construction now does. Id. at 13. 

Further, Patent Owner asserts that "a 'low impedance load' goes to the 

heart of what makes an element, a 'storage' element (used in energy 

sampling) as opposed to a 'holding' element (used in voltage 

sampling/sample-and-hold)." PO Sur-reply 13. Patent Owner contends that 

"[ u ]nlike a low impedance load, a high impedance load causes an element to 

'hold' energy, making it a 'holding' element, not a 'storage' element." Id. 

Patent Owner asserts that "[t]his is the reason the specification specially 

makes a point to say that a 'holding' modules/elements hold 'negligible 
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amounts of energy ... with the intent of 'holding' a voltage value."' Id. 

(quoting Ex. 2007, 66:63-65). Patent Owner argues that "the way in which 

'holding' modules/elements 'hold' a voltage value is by using a high 

impedance load." Id. at 14 (citing Ex. 2021 if 148). Patent Owner asserts 

that loads can either be high or low-"it is a binary choice"-and "because a 

'storage' module/ element is not using a high impedance load, it must 

necessarily be using a low impedance load." Id. (citing Ex. 2007, 67:32-

33). Patent Owner also remarks that "the specification states that in energy 

transfer systems driving a low impedance load is a benefit" meaning "it 

necessarily occurs." Id. (citing Ex. 2007, 67:37--42). 

2. Analysis 

We begin with a discussion of the timing of the parties' proposed 

constructions and interplay between this proceeding and the related litigation 

because the parties include aspects of both in their briefing here. Petitioner's 

Reply, in particular, sets forth an accurate time line, which we repeat here 

along with additional details. 

• July 2020 - Petitioner files the instant Petition, but does not 

propose an express construction for "storage element" (see Paper 4 

(Notice of Filing Date Accorded to Petition and Time for Filing 

Patent Owner Preliminary Response), 1 ); 

• September 2020- the parties identify terms for construction in the 

related litigation, but neither party includes "storage element" (see 

Ex. 1034 (Patent Owner's Identification of Proposed Claim Terms 

for Construction); Ex. 1035 (Petitioner's Proposed Claim Terms)); 

• Late September 2020 - the parties modify their identification of 

terms for construction in the related litigation and Petitioner 
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includes "storage element" as recited in the '444 patent (Ex. 1036 

(Petitioner's Proposed Claim Constructions)); 

• October 2020 - the parties exchange proposed constructions for 

the tenns identified in the related litigation (Pet. Reply 14 ); 

• January 2021 - the district court issues a claim construction order 

construing "storage element" as "an element of an energy transfer 

system that stores non-negligible amounts of energy from an input 

electromagnetic signal" (see Paper 12 (Petitioner's Supplemental 

Notice Regarding Claim Construction), Ex. 2012 (Claim 

Construction Order in the related litigation), 5); 

• May 2021 - Patent Owner files its Patent Owner Response and 

proposes an express construction for "storage element"; 

• July 2021 - the district court issues a claim construction order in a 

different case (Case No. W-20-CV-00562-ADA) construing 

"storage module" in a related patent as "a module of an energy 

transfer system that stores non-negligible amounts of energy from 

an input electromagnetic signal for driving a low impedance load" 

(Ex. 1038 (Claim Construction Order in Case No. W-20-CV-

00562-ADA), 2 (emphasis added)); 

• August 2021-Petitioner files its Reply; 

• September 2021- Patent Owner files its Sur-reply; 

• October 2021 - the district court issues an amended construction of 

"storage module" in Case No. W-20-CV-00562-ADA, deleting the 

recitation of "for driving a low impedance load" from its previous 

construction and, thus, harmonizing its constructions (see Paper 39 
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(Petitioner's Supplemental Notice Regarding Claim Construction), 

2-3); and 

• October 2021 - a district court-appointed Special Master 

recommends, in other litigation involving claim 3 of the 

'444 patent, construing "storage element" consistent with the 

district court's construction of "an element of an energy transfer 

system that stores nonnegligible amounts of energy from an input 

electromagnetic signal" (see Paper41 (Patent Owner's 

Supplemental Notice Regarding Claim Construction), 2)). 

As the above-sequence reflects, the most-current construction of 

"storage element" by the district court is "an element of an energy transfer 

system that stores non-negligible amounts of energy from an input 

electromagnetic signal." See Paper 12; Ex. 2012, 5. As set forthin 37 

C.F.R. § 42. lOO(b), we consider"[a]nyprior claim construction 

determination concerning a term of the claim in a civil action ... that is 

timely made of record." We have done so to the extent possible on the 

record before us. In particular, the district court's claim construction is set 

forth in a chart format without providing the benefit of the district court's 

informed analysis as to how that construction was determined. The lack of 

explanation is pai1icularly of note here because the district court did not 

adopt either party's proposed construction in full; rather, the court accepted 

parts of each party's proposal. As reflected in the chart below, the district 

court accepted that "storage element" is limited to "an energy transfer 

system" by including that phrase in the court's final construction, but did not 

accept Patent Owner's inclusion of the phrase "for driving a low impedance 

load." 
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Patent Owner's Petitioner's District Court's 
Term Proposed Proposed Final 

Construction Construction Construction 
"storage "an element of an "an element that "an element of an 
element" energy transfer stores a energy transfer 

system that stores nonnegligible system that stores 
non-negligible amount of energy non-negligible 
amounts of energy from an input amounts of energy 
from an input electromagnetic from an input 
electromagnetic (EM) signal" electromagnetic 
signal for driving a signal" 
low impedance load" 

See Ex. 1026, 5 (emphases added). We consider the district court's 

construction as we analyze the meaning of "storage element" based on the 

complete record before us. 

As reflected in the arguments above, Patent Owner's proposed 

construction in this proceeding matches the district court's final construction 

in the related litigation. Petitioner, however, presents the same construction 

here that it proposed in the related litigation. The parties' proposed 

constructions in this proceeding are reflected in the chart below. 

Term 
Patent Owner's Proposed Petitioner's Proposed 

Construction Construction 
"storage "an element of an energy "an element that stores a 
element" transfer system that stores nonnegligible amount of 

non-negligible amounts of energy from an input 
energy from an input electromagnetic (EM) signal" 
electromaQlletic siQllal" 

See, e.g., PO Resp. 4 (emphasis altered); Pet. Reply 10 (emphasis added). 

We begin with the plain language of claim 3. Claim 3, as reproduced 

above, is directed to "[a] wireless modem apparatus, comprising a receiver 

for frequency down-converting an input signal." Ex. 1001, 61: 1-3. Claim 3 

recites several structural requirements of the claimed receiver including "a 
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first frequency down-conversion module," "a second frequency down­

conversion module," and "a subtractor module." Id. at 61 :4-15. Claim 3 

further recites two structural requirements of the first and second frequency 

down-conversion modules-" a switch and a storage element." Id. at 61: 16-

18. Neither party contends that the claim language itself infom1s as to the 

meaning of "storage element" beyond the words "storage" and "element." 

The term "energy transfer" is not recited in claim 3 and neither party points 

to other language in claim 3 (aside from "storage element") to argue that the 

claim must be understood to require an energy transfer system. 

Turning to the Specification of the '444 patent, the parties agree that it 

has little significance apart from its incorporation of the '551 patent by 

reference. See, e.g., Ex. 1001, 9:30-38. Aside from incorporating the 

'5 51 patent, the parties do not rely on the Specification of the '444 patent to 

inform as to the meaning of "storage element." Thus, our focus is on the 

specification of the '5 51 patent. 

Despite their differences, the parties' discussions of the '5 51 patent 

(as reflected above) are similar. For example, it is undisputed that the 

'551 patent teaches "down-converting an electromagnetic (EM) signal by 

aliasing the EM signal" and that "[ t ]he term aliasing, as used [therein], refers 

to both down-converting an EM signal by under-sampling the EM signal at 

an aliasing rate, and down-converting an EM signal by transferring energy 

from the EM signal at the aliasing rate." Ex. 2007, code (57). Despite 

Patent Owner's use of the phrases "voltage sampling'' and "energy 

sampling," the parties agree (as do we) that the '5 51 patent expressly 

describes these two methods as "under-sampling" and "energy transfer." 
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It is clear from the '551 patent's "Table of Contents" that the 

specification is structured to provide an overview of the invention and then 

include different sections addressing "Under-Sampling'' and "Energy 

Transfer." See, e.g., Ex. 2007, cols. 9-13 (Table ofContents). Itis in 

section "0.1.2 Introduction to Energy Transfer" where the parties primarily 

focus their arguments. We find this section particularly noteworthy and 

informative. This section begins by comparing an energy transfer system to 

an under-sampling system. In making the comparison, the '5 51 patent 

specifically focuses on what it refers to as "an energy transfer signal" 

compared to "an under-sampling signal": "In an embodiment, the present 

invention transfers energy from an EM signal by utilizing an energy transfer 

signal instead of an under-sampling signal." Id. at 66:34-36. The 

'551 patent continues to describe the comparison: "Unlike under-sampling 

signals that have negligible aperture pulses, the energy transfer signal 

includes a train of pulses having non-negligible apertures that tend away 

from zero." Id. at 66:36-39. The '551 patent explains that"this"-the train 

of pulses having non-negligible apertures that tend away from zero­

"provides more time to transfer energy from an EM input signal." Id. at 

66 :3 9--40. By these statements, the '5 51 patent provides a direct link 

between (a) using of a train of pulses having non-negligible apertures that 

tend away from zero and (b) the result of providing more time to transfer 

energy. 

The '551 patent also lists several benefits flowing from using a train 

of pulses having non-negligible apertures that tend away from zero, 

including ( 1) "that the input impedance of the system is reduced so that 

practical impedance matching circuits can be implemented to forth er 
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improve energy transfer and thus overall efficiency," (2) "[t]he non­

negligible transferred energy significantly improves the signal to noise ratio 

and sensitivity to very small signals, as well as permitting the down­

converted signal to drive lower impedance loads unassisted," (3) "[s]ignals 

that especially benefit include low power ones typified by RF signals," and 

( 4) "[ o ]ne benefit of a non-negligible aperture is that phase noise within the 

energy transfer signal does not have as drastic of an effect on the down­

converted output signal as under-sampling signal phase noise or 

conventional sampling signal phase noise does on their respective outputs." 

Ex. 2007, 66:40-54. 

Turning to what we consider a critical paragraph and disclosure of the 

'551 patent (Ex. 2007, 66:55-67), the patent precisely explains the use of the 

term "storage module," which, as noted above, the parties agree is 

synonymous with "storage element." The first sentence states that 

Figure 82A, reproduced below, "illustrates an exemplary energy transfer 

system 8202 for down-converting an input EM signal." Ex. 2007, 66:55-56. 

8202-......_ FIG. 82A 
' 8206 

e214 , .. 1. __ 1 
INPUT EH i ' 

SIGNAL ! : : 

8204 

L _:__J 

ENERGY TRi\NSFEA 
SIGNAL 

8216 

!PULSE WITH A NON-

8212 

8210 NEGLIGIBLE APERTURE! 

Figure 82A illustrates an exemplary energy transfer system. Id. at 7:47--48. 

The '5 51 patent explains that"[ t ]he energy transfer system 8202 includes a 
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switching module 8206 and a storage module illustrated as a storage 

capacitance 8208." Id. at66:56-59. Critically, the '551 patent states: 

The tenns storage module and storage capacitance, as used 
herein, are distinguishable from the terms holding module and 
holding capacitance, respectively. Holding modules and 
holding capacitances, as used above, identify systems that store 
negligible amounts of energy from an under-sampled input EM 
signal with the intent of "holding" a voltage value. Storage 
modules and storage capacitances, on the other hand, refer to 
systems that store non-negligible amounts of energy from an 
input EM signal. 

Id. at 66:59-67 (emphasis added). 

This portion of the '551 patent specification provides a lexicographic 

definition of the systems to which the terms refer. In particular, "holding 

modules" "identify systems that store negligible amounts of energy from an 

under-sampled input EM signal with the intent of 'holding' a voltage value" 

whereas "storage modules" "refer to systems that store non-negligible 

amounts of energy from an input EM signal." Id. (emphasis added). 

Because the parties agree that "storage element" and "storage module" are 

synonymous, we determine that the patentees acted as their own 

lexicographers and deliberately defined the systems to which "storage 

element" refers as "systems that store non-negligible amounts of energy 

from an input EM signal." Id. As reflected in the parties' proposed 

constructions above, the parties also agree that the meaning of "storage 

element" includes the term "element." Thus, applying the lexicographic 

definition of the systems to which "storage element" refers, we determine 

that one of ordinary skill in the art would have understood "storage element" 

to mean "an element of a system that stores non-negligible amounts of 

energy from an input EM signal." 
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We do not agree with Patent Owner that "system" should be limited to 

"energy transfer system." Critically, if the patentees wanted to limit the 

term "storage clement" beyond the express definition of the systems to 

which the term refers, it was incumbent upon the patentees to do so; and 

they did not. The aspect chosen by the patentees to provide the critical 

distinction between "storage element" and "holding element"11 is not 

whether one refers to "an energy transfer system"; rather, it is the clause that 

follows the word "system" and there are two choices provided by the 

patentees-( 1) "systems that store negligible amounts of energy from an 

under-sampled input EM signal with the intent of 'holding' a voltage value," 

and (2) "systems that store non-negligible amounts of energy from an input 

EM signal." That is how the patentees specifically set forth the distinction 

between the terms and that is the distinction we express in the construction 

of "storage element." 

We recognize that the parties vigorously dispute the construction of 

"storage element" and that the patentees' definition in the '5 51 patent is 

different than the district court's construction. We also recognize that the 

parties agree that only two methods of down-converting an EM signal are 

disclosed in the '551 patent-( 1) under-sampling and (2) energy transfer. 

The above-quoted paragraph of the' 551 patent expressly links "holding 

module" to an under-sampling method, by expressly including the phrase 

"from an under-sampled input EM signal." But, the '551 patent does not 

include the phrase "energy transfer system" in its definition of the systems to 

11 The patentees specifically refer to "storage module" and "holding 
module," which as we indicate above are synonymous with "storage 
element" and "holding element." 

37 

Case: 22-1548      Document: 19     Page: 127     Filed: 07/15/2022



Appx38

IPR2020-01265 
Patent 7, 110,444 Bl 

which "storage element" refers. Rather, the '551 patent, as explained above, 

expressly defines "storage elements" as referring to "systems that store non­

negligible amounts of energy from an input EM signal." Thus, to the extent 

a system stores non-negligible amounts of energy from an input EM signal, 

it would be within the scope of the express lexicographic meaning of 

"storage module" whether or not it is also an energy transfer system. The 

"naming convention" that Patent Owner complains of is the patentees' own 

lexicographic definition. It is not appropriate to re-write a definition 

expressly set forth in the patent simply because an assignee complains that 

the definition does not focus on "how the technology actually works." 

Contra PO Sur-reply 8 (citations omitted). As the United States Court of 

Appeals for the Federal Circuit has repeatedly stated, "the specification may 

reveal a special definition given to a claim term by the patentee that differs 

from the meaning it would otherwise possess. In such cases, the inventor's 

lexicography governs." Phi /lips, 415 F. 3d at 1316 (citation omitted). 12 

12 Patent Owner's attemptto read "energy transfer" into the meaning of 
"storage element" is not insignificant. In particular, Patent Owner asserts 
that four "key features" distinguish energy transfer systems and the 
implication of Patent Owner's argument is that, if "energy transfer" were 
read into the meaning of "storage element," then all four "key features" 
would also be read into the meaning of the claim term-(1) non-negligible 
sampling aperture; (2) storage module; (3) low impedance load; and 
( 4) down-converted signal includes the energy transferred from the RF 
signal to the load (i.e., energy sent to the load makes up the down-converted 
signal). See PO Resp. 32 (chart listing "key features" of energy transfer 
systems). We need not decide whether "energy transfer" requires any of the 
four alleged "key features" because we do not limit the patentees' 
lexicographic definition to "energy transfer" systems. 
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Additionally, we note that Patent Owner proposed a construction for 

"storage module" in IPR2014-00948 that did not include the phrase "energy 

transfer system." In particular, relying on the same disclosures of the 

'5 51 patent, Patent Owner proposed that "storage module" (in a related 

patent claim) "be construed to mean 'an apparatus that stores non-negligible 

amounts of energy from the carrier signal."' Ex. 1032, 21-22. Patent 

Owner now argues that its proposed construction of"storage module" in 

IPR2014-00948 is inconsequential because, at that time, the Board applied 

the broadest reasonable interpretation standard in claim construction and 

Patent Owner's proposed construction was, therefore, broaderthan what it 

now proposes. PO Sur-reply 12-13. Wedonotagreewith Patent Owner's 

attempt to distinguish its prior argument from IP R2014-00948 on the basis 

that it applied a different claim constmction standard because Patent Owner 

clearly stated that "[ t ]he Specification provides an explicit definition that 

supports this construction" and that "[t]he incorporated '551 Specification 

explicitly defines a storage module and draws the distinction between 

storage modules and holding modules." Ex. 103 2, 21 (emphases added). 

These statements by Patent Owner confirm that Patent Owner understood its 

own '5 51 patent to (a) provide an explicit deft nition of "storage module" and 

(b) draw a distinction between storage modules and holding modules. The 

steps of claim construction, whether applying the broadest reasonable 

interpretation standard or the standard used in federal courts under 35 U.S.C. 

§ 282(b ), include "look[ ing] to the specification to see if it provides a 

definition for claim terms." In re ICON Health and Fitness, Inc., 496 F .3d 

13 7 4, 13 79 (Fed. Cir. 2007)( applying the broadest reasonable interpretation 

standard); see Phillips, 415 F.3d at 1316 (applying the standard used in 
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federal courts and stating that "the specification may reveal a special 

definition given to a claim term by the patentee that differs from the 

meaning it would otherwise possess. In such cases, the inventor's 

lexicography governs.") (citation omitted). Thus, Patent Owner's 

acknowledgement thatthe '551 patent provides an explicit definition of 

"storage module" directly supports our determination that the patentees 

acted as lexicographers, which the case law confirms controls. 

Neither pmiy relies upon the prosecution history of the '444 patent or 

any related patent. And, we do not find the prosecution history informative 

as to the disputed aspect of the meaning of"storage element" (i.e., whether 

"energy transfer" should be read into the clain1). See generally Ex. 1003 

(prosecution history of the '444 patent). 

Turning to extrinsic evidence, 13 Patent Owner, as reflected above, 

argues that Dr. Steer agreed with its proposed construction, whereas 

Dr. Subramanian did not offer an express opinion on the meaning of 

"storage element." Although we have considered Dr. Steer's testimony, we 

fmd it "less significant than the intrinsic record in detennining the legally 

operative meaning of' "storage element." Phillips, 415 F.3d at 1317 

(internal quotations and citations omitted). In particular, we are cognizant of 

the Federal Circuit's guidance that we "should discount any expert 

13 Although, in the Petition, Petitioner initially relied on two dictionary 
defmitions of a "capacitor" in support of its analysis that Tayloe' s capacitor 
teaches the recited "storage element" (see Pet. 77 (citing Ex. 1014 
(Microsoft Press Computer Dictionary (2d ed. 1994)) (defining "capacitor"); 
Ex. 1015 (IBM Dictionary of Computing (10th ed. 1994)) ( defming 
"capacitor"))), neither party relies upon a dictionary definition in support of 
their proposed constructions of "storage element." 

40 

Case: 22-1548      Document: 19     Page: 130     Filed: 07/15/2022



Appx41

IPR2020-01265 
Patent 7, 110,444 Bl 

testimony that is clearly at odds with the claim construction mandated by ... 

the written description." Id. at 1318 (internal quotation and citation 

omitted). In this instance, we find that Dr. Steer's testimony is clearly at 

odds with the lexicographic definition provided in the '551 patent because 

the definition does not include "energy transfer" in the meaning of "storage 

element." In particular, Dr. Steer (and Patent Owner) seek to read an 

additional limitation of "energy transfer" into the definition of "storage 

element" provided by the specification. Therefore, although we appreciate 

and recognize Dr. Steer's discussion of the "background on the technology 

at issue" and "how [the] invention works," we do not find that his testimony 

trumps the express definition provided in the specification. See id. 

("extrinsic evidence in the form of expert testimony can be useful to a court 

for a variety of purposes," including, inter alia, "to provide background on 

the technology at issue" or "to explain how an invention works") (citations 

omitted). 

Based on our review of the complete record before us, including the 

intrinsic and extrinsic evidence, we determine that one of ordinary skill in 

the art would understand "storage element" to mean "an element of a system 

that stores non-negligible amounts of energy from an input EM signal." 

B. Other Claim Terms 

Petitioner presents two other claim terms recited in claim 3 for 

construction-"frequency down-conversion module" and "subtractor 

module." Pet. 2 8-31. And, Patent Owner presents an additional term for 

construction in its Patent Owner Response-"switch." PO Resp. 45. In its 

Reply, Petitioner notes that Patent Owner does not argue that the 

combinations of prior art asserted by Petitioner lack any of these elements, 
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and, therefore, there is no need for us to construe the terms. Pet. Reply 16-

18. Patent Owner does not appear to address these terms in its Sur-reply. 

See generally PO Sur-reply. 

We decline to construe these additional terms because their 

constructions are not necessary to resolve the present controversy between 

the parties. See Vivid Techs., 200 F .3d at 803 (holding that "only those 

terms need be construed that are in controversy, and only to the extent 

necessary to resolve the controversy"); Nidec Motor Corp., 868 F.3d at 1017 

(citing Vivid Techs. in the context of an inter partes review). 

III. ANALYSIS 

A. Legal Standards- Obviousness 

The U.S. Supreme Court set forth the framework for applying the 

statutory language of35 U.S.C. § 103 in Graham v. John Deere Co. of 

Kansas City, 383 U.S. 1, 17-18 (1966): 

Under§ 103, the scope and content of the prior art are to be 
detennined; differences between the prior art and the claims at 
issue are to be ascertained; and the level of ordinary skill in the 
pertinent art resolved. Against this background, the 
obviousness or nonobviousness of the subject matter is 
determined. Such secondary considerations as commercial 
success, long felt but unsolved needs, failure of others, etc., 
might be utilized to give light to the circumstances surrounding 
the origin of the subject matter sought to be patented. 

The Supreme Court explained in KSR International Co. v. Teleflex Inc. that 

[ o ]ften, it will be necessary for a court to look to interrelated 
teachings of multiple patents; the effects of demands known to 
the design community or present in the marketplace; and the 
background knowledge possessed by a person having ordinary 
skill in the art, all in order to determine whether there was an 
apparent reason to combine the known elements in the fashion 
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claimed by the patent at issue. To facilitate review, this 
analysis should be made explicit. 

550 U.S. 398, 418 (2007) (citing In re Kahn, 441F.3d977, 988 (Fed. Cir. 

2006) ("[R ]ejections on obviousness grounds cannot be sustained by mere 

conclusory statements; instead, there must be some articulated reasoning 

with some rational underpinning to support the legal conclusion of 

obviousness.")). 

"Whether an ordinarily skilled artisan would have been motivated to 

modify the teachings of a reference is a question of fact." WBIP, LLC v. 

Kohler Co., 829F.3d1317, 1327 (Fed. Cir. 2016) (citations omitted). 

"[W]here a party argues a skilled artisan would have been motivated to 

combine references, it must show the artisan 'would have had a reasonable 

expectation of success from doing so."' Arctic Cat Inc. v. Bombardier 

Recreational Prods. Inc., 876 F.3d 1350, 1360-61 (Fed. Cir. 2017) (quoting 

In re Cyclobenzaprine Hydrochloride Extended-Release Capsule Patent 

Litig., 676F.3d1063, 1068-69 (Fed. Cir. 2012)). 

B. Obviousness over Tayloe and TI Datasheet 

Petitioner asserts the combination of Tayloe and TI Datasheet would 

have rendered the subject matter of claim 3 obvious to one of ordinary skill 

in the art at the time of the invention. Pet. 4 3--4 7 (discussing motivation to 

combine), 47-78 (discussing the application of the art to claim 3). 

l. level of Ordinary Skill in theArt 

The level of ordinary skill in the art is set forth above. See supra 

§LG. 
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2. Scope and Content of the Prior Art 

a. Tayloe 

Tayloe is directed to a direct conversion receiver (also refen-ed to as a 

"product detector") "for conve11ing a signal to baseband." Ex. 1004, 

code (57); see id. at 1 :51-52 (describing Figure 3). Tayloe explains that its 

direct conversion receiver 

IDcludes a commutatIDg switch which serves to sample an RF 
waveform four times per period at the RF frequency. The 
samples are integrated over time to produce an average voltage 
at 0 degrees, 90 degrees, 180 degrees and270 degrees. The 
average voltage at 0 degrees is the baseband ID-phase 
signal .... 

Id. at code (57). Tayloe discloses that, "[a]lternatively, to IDcrease gain, the 

0 degree average can be differentially summed with the 180 degree average 

to fonn the baseband ID-phase signal .... " Id. Tayloe states that"[ d]irect 

conversion receivers are desirable in part because they convert signals of 

interest directly to baseband (or near zero hertz) from a radio frequency (RF) 

or an IDtennediate frequency (IF)." Id. at 1: 10-13. 

Tayloe's Figure 3 is reproduced below: 

BIAS 
NETWORK 

50 
34 4fo r----~---., 

40 I I BASUJA/\() 
~2 ~--~:~-i-... ! INPHASE 

r1 Rn"" rul I:: ~:;. ~----: ___ j ~ -
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38 c ...J... ...J... ...J... ...J... •----T---• OUADRATIRf 

f J12J14'D6~8 52 

~ FIG. 3 

62 
• 

Tayloe's Figure 3 "shows a direct conversion receiver." Ex. 1004, 1 :51-52. 

Tayloe discloses the following regarding the operation of the direct 

conversion receiver shown in the Figure 3: 
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[A]n RF or IR signal f1 is received at resistor 32 .... After 
passing through resistor 32, the input signal is received by 
commutating switch 38 at input 36. Commutating switch 38 
switches input 36 to outputs 42, 44, 46, and48. The rate at 
which commutating switch 38 operates is controlled by a signal 
present at control input 40. In the preferred embodiment as 
shown in FIG. 3, the control signal input to control input 40 is 
substantially equal to four times the local oscillator frequency 
that would exist in a sin1ple direct conversion receiver. As a 
result, input 36 is switched to each of the four outputs 
substantially once during each period of the input signal fi. 

In the preferred embodiment, commutating switch 3 8 
remains closed at each of the four outputs for substantially 
90 degrees at the frequency of the input signal. In alternate 
embodiments, commutating switch 3 8 remains closed at each of 
the four outputs for less than 90 degrees. 

During the time that commutating switch 3 8 connects 
input 36 to output 42, charge builds up on capacitor 72. 
Likewise, during the time commutating switch 3 8 connects 
input 36 to output44, charge builds up on capacitor 74. The 
same principle holds true for capacitors 76 and 78 when 
commutating switch 38 connects input 36 to outputs 46 and 48 
respectively. As commutating switch 38 cycles through the 
four outputs, capacitors 72-78 charge to voltage values 
substantially equal to the average value of the input signal 
during their respective quadrants .... 

Output 42 represents the average value of the input signal 
during the first quarter wave of the period, and is termed the 
0 degree output. Output 44 represents the average value of the 
input signal during the second quarter wave of the period, and 
is termed the 90 degree output. Output 46 represents the 
average value of the input signal during the third quarter wave 
of the period, and is termed the 180 degree output. Output 48 
represents the average value of the input signal during the 
fourth quarter wave of the period, and is tenned the 270 degree 
output. 

Id. at 2:13-55. 
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52: 

Tayloe describes the following regarding summing amplifiers 50 and 

The outputs of commutating switch 38 are input to 
summing amplifiers 50 and 52. Summing amplifier 50 
differentially sums the 0 degree output [ 42] and the 180 degree 
output [ 46], thereby producing baseband in-phase signal 54. 
Summing amplifier 52 differentially sums the 90 degree output 
and the 270 degree output, thereby producing baseband 
quadrature signal 56. Baseband in-phase signal 54 and 
baseband quadrature signal 56 are input to phase delay 58 
which shifts the phase of baseband quadrature signal 56 by 
90 degrees relative to baseband in-phase signal 54. The 
resulting signals are then summed by summing amplifier 60 to 
produce the signal of interest 62. 

Ex. 1004, 2:56-67. Summing amplifiers 50, 52, and 60 show"+" and"-" 

input ports. id. at Fig. 3. 

Tayloe's Figure 4 is reproduced below: 

FIG_ 4 
Tayloe'sFigure 4 "shows a waveform." Ex. 1004, 1:53-54. Tayloe 

explains the following regarding Figure 4: 

Waveform 100 includes signal 125 which corresponds to the 
input signal fi. Superimposed on signal 125 are points 105, 
110, 115, and 120. Point 105 represents the voltage to which 
capacitor 72 (FIG. 3) charges. Likewise, point 110 represents 
the voltage to which capacitor 7 4 charges, point 115 represents 
the voltage to which capacitor 76 charges, and point 120 
represents the voltage to which capacitor 78 charges. 

Id. at 3 :40--48. 
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Tayloe further discloses the equipment used to achieve its stated 

experimental results, explaining: "A direct conversion receiver which 

utilizes a Tayloe Product Detector has been built. The receiver design is the 

same as direct conversion receiver 30 (FIG. 3) utilizing an analog 

multiplexer and a digital counter as shown in FIG. 7. The analog 

multiplexer is a Texas Instruments SN74BCT3253D." Ex. 1004, 5:32-37. 

b. TI Datasheet 

TIDatasheetis directed to SN74CBT3253,a "dual l-of-4high-speed 

[transistor-transistor logic ]-compatible [field-effect transistor] 

multiplexer/demultiplexer." Ex. 1005, 1. TI Datasheet states "[t]he low on­

state resistance of the switch allows connections to be made with minimal 

propagation delay." id. 

TI Datasheet includes the following figure: 
logic diagram (positive logic) 

7 ,.-----------------------~ 6 
181 

'"' 

S1 

10E 

20E 

The above figure illustrates a logic diagram (positive logic). Ex. 1005, 2. 

TI Datasheet explains "1OE,20E, SO, and S 1 select the appropriate output 

for the A-input data." id. at 1. 
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3. Differences Between the Prior Art and Claim 3; 
Motivation to Modifj; 

a. Uncontested Elements of Claim 3 

For elements [3preamble] and [3A]-[3D], Petitionerrelies upon its 

arguments and evidence presented with respect to its challenge to claim 1. 

Pet. 74-75 (referring to elements of claim 1) (citing Ex. 1002 iii! 148-149). 

In the Patent Owner Response, Patent Owner does not contest Petitioner's 

showing with respect to these elements; rather, Patent Owner's argument is 

focused entirely on whether the combination of Tayloe and TI Datasheet 

teaches or suggests the "storage element" recited in element [3E]. See. e.g., 

PO Resp. 53-70 (contending that Tayloe discloses capacitors that are 

"holding" elements and not "storage" elements because Tayloe teaches ( 1) a 

voltage sampling system and (2) a high impedance load), 72-74 (contending 

that Tayloe does not teach "storage elements" because "the capacitors of 

Tayloe are not elements of 'an energy transfer system"' and there is "no 

teaching, suggestion, or motivation in Tayloe to use energy sampling to 

down-convert a signal"). 

We have reviewed Petitioner's arguments and evidence in support 

thereof as to how the combination of Tayloe and TI Datasheet teaches or 

suggests elements [3preamble] and [3A]-[3D]. See Pet. 74-75 (addressing 

claim 3), 43-47 (addressing motivation to combine Tayloe and TI Datasheet 

as well as reasonable expectation of success), 47-69 (addressing claim 

elements [lpreamble] and [lA]-[lD]). We find Petitioner's arguments 

persuasive and supported sufficiently on the complete record before us, and, 

therefore, we adopt them as our own findings. Accordingly, for the reasons 

explained by Petitioner, we find that the combination of Tayloe and TI 

Datasheetteaches or suggests elements [3preamble] and 3[A]-3[D]. 
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b. Element [3E} 

i. The Parties' Arguments 

Element [3E] recites "wherein said first and said second frequency 

down-conversion modules each comprise a switch and a storage element." 

Ex. 1001, 61 :16-18. 14 Petitioner contends that "Tayloe in view of Tl 

Datasheet discloses this limitation." Pet. 75. In particular, and with 

reference to several annotated figures reproduced below, Petitioner asserts 

that "the combination of Tayloe and TI [D] atasheet teaches a first frequency 

down-conversion module (for Tayloe's 180° output 46 (red)) comprising a 

first switch (TI Datasheet's transistor (gray)) and a first capacitor (Tayloe's 

capacitor76 (brown))." Id. at 75-76 (citing Ex. 1002 i1150). 

Ex. 100-l-Tayloe 

Fig. 3 

Combin<cl Teachings 

Ex. 1005-11 
Datasheet. 2 

Id. at 76. Petitioner's annotated figures, shown above, include (1) Tayloe's 

Figure 3, (2) a portion of TI Datasheet's "logic diagram (positive logic)," 

14 Even though some of the discussion below refers to a "storage element," 
we recognize that element [3E] recites that the first and second frequency 
down-conversion modules each comprise a storage element. 
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and (3) a figure prepared by Petitioner showing the "Combined Teachings." 

Id. Petitioner added several colors to highlight various aspects of the 

figures, shown above. Id. 

Similar to its analysis of the recited "first frequency down-conversion 

module" and, again, with reference to several annotated figures reproduced 

below, Petitioner contends that the combination of Tayloe and TI Datasheet 

also "teaches a second frequency down-conversion module (for Tayloe' s 

0° output 42 (green)) comprising a second switch (TI Datasheet's transistor 

(gray)) and a second capacitor (Tayloe's capacitor 72 (brown))[]." Pet. 76-

77 (citing Ex. 1002 ~ 151 ). 

Ex. 1004-Tayloe 

Fig. 3 

Ex. 1005-TI 

Darnsheet. 2 

r---· 
f
1 
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Ct 

Combined Teachings 

id. at 77. Petitioner's annotated figures, shown above, include (1) Tayloe's 

Figure 3, (2) a portion of Tl Datasheet's "logic diagram (positive logic)," 

and (3) a figure prepared by Petitioner showing the "Combined Teachings." 
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Id. Petitioner added several colors to highlight various aspects of the 

figures, shown above. Id. 

Additionally, Petitioner asserts that"[ a] capacitor is a well-known 

storage element, and in fact, the '444 patent embodiment discloses a 

capacitor as the storage element." Pet. 77 (citing Ex. 1001, 34:22-23, 

36:14--15; Ex. 1014; Ex. 1015; Ex. 1002 iT 152). 

In the Patent Owner Response, Patent Owner asserts that the 

capacitors in Tayloe "are not 'storage' elements' because the capacitors of 

Tayloe are not elements of 'an energy transfer system."' PO Resp. 73. In 

contrast, Patent Owner asserts that "Tayloe is a voltage sampling system - a 

fundamentally different and competing technology to energy transfer (energy 

sampling). As such, the capacitors in Tayloe are' holding elements' (a term 

reserved by the' 444 patent for elements of a sample-and-hold (voltage 

sampling) system." Id. 

Additionally, Patent Owner contends that "there is no teaching, 

suggestion, or motivation in Tayloe to use energy sampling to down-convert 

a signal." PO Resp. 73 (citing Ex. 2021iT283). Rather, accordingto Patent 

Owner, "the opposite is true. All teaching, suggestion, and motivation in 

Tayloe demonstrates that Tayloe only relates to a sample-and-hold (voltage 

sampling) system." Id. (citing Ex. 2021iT283; PO Resp.§ VIII.A); see id. 

(noting that "Tayloe consistently refers to voltage and voltage sampling 

concepts for down-conversion") (citing Ex. 2021 iT 242). Patent Owner 

contends that"the tenn 'energy' does not appear anywhere in Tayloe[,] nor 

would a [person of ordinary skill in the art] understand Tayloe as teaching or 

suggesting use of energy sampling for down-conversion." Id. (citing 

Ex. 2021 if 242). 
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Patent Owner asserts that "whether a capacitor is a 'storage element' 

depends on the way in which the capacitor is being used in a circuit." P 0 

Resp. 74 (citing Ex. 2021iJ193). PatentOwnerarguesthatPetitioner 

"ignores that capacitors are used in different ways in Tayloe and claim 3 of 

the '444 patent." Id. (citing Ex. 2021 iJ 172). Patent Owner explains as 

follows: 

Whereas the high impedance load in a sample-and-hold 
(voltage sampling) system (as in Tayloe) causes a capacitor to 
hold energy (i.e.,preventenergy in the capacitor from being 
discharged to form the down-converted signal), the low 
impedance load in an energy transfer (energy sampling) system 
(as in claim 3) has the opposite effect. Ex. 2021 iJl 68. A low 
impedance load enables a capacitor to store energy and then 
discharge the stored energy in between samples to form the 
down-converted signal (i.e., the discharged energy itself 
becomes part of the down-conve1ied signal). Ex. 2021iJiJl68, 
1 73. The way in which capacitors are used in energy transfer 
(energy sampling) systems results in such systems having 
significant benefits that were not recognized by a [person of 
ordinary skill in the art] at the time of the invention of the 
'444patent. Ex. 2021 iJ169. 

PO Resp. 74. 

Further, Patent Owner contends that "it would not have been obvious 

to a [person of ordinary skill in the art] to replace the voltage sampling 

configuration of Tayloe with an energy sampling configuration." 

PO Resp. 74(citing Ex. 2021 iJ288). PatentOwnerasse1is, "[t]hereare 

numerous secondary considerations of non-obviousness demonstrating that 

such a dramatic modification of Tayloe was not envisioned by a [person of 

ordinary skill in the art] at the tin1e of the invention of the '444 patent."15 Id. 

15 Patent Owner's assertions of secondary considerations of non-obviousness 
are addressed below. See infra§ III.B.4. 
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at 7 4--7 5 (citing Ex. 2021 11228-239). Patent Owner argues that "to get the 

invention of the '444 patent using Tayloe, one would have to ignore all of 

the disclosure in Tayloe, abandon all of the teachings and suggestions of 

Tayloe, and ignore the state-of-the-art for direct down-conversion at the time 

of the invention of the '444 patent." Id. at 75 (citing Ex. 2021i1289). 

Patent Owner asserts that "one would have to use hindsight (knowledge of 

the '444 patent) to modify Tayloe to use a low impedance load and energy 

sampling to get to the invention of claim 3 of the '444 patent." Id. (citing 

Ex. 2021i1289). And, Patent Owner contends "secondaryconsiderations 

demonstrate that the invention of claim 3 of the '444 patent was not obvious 

in view of Tayloe." Id. (citing Ex. 202111228-239, 289). 

With respect to TI Datasheet, Patent Owner asserts that it "merely 

describes a possible switch configuration for use with Tayloe. But the TI 

[D]atasheet does not change the fundamental nature of Tayloe as a voltage 

sampling system using 'holding' modules/elements. As such, the TI 

Datasheet does not cure the deficiencies of Tayloe." PO Resp. 7 5 (citing 

Ex. 2021i1291). 

In its Reply, Petitioner contends that Patent Owner's "sole validity 

argument for claim 3 is that Tayloe does not disclose a 'storage element' 

under [Patent Owner's] proposed construction of the term. There is no 

dispute that under [Petitioner's] (proper) construction, Tayloe discloses the 

'storage element. "'16 Pet. Reply 18. 

16 Petitioner also asserts that "even under [Patent Owner's] proposed 
construction, Tayloe discloses a 'storage element.'" Pet. Reply 18; see id. at 
20-27. We need not reach these arguments because we do not adopt Patent 
Owner's proposed construction of "storage element." 
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Pet it ion er contends that "Tayloe clearly discloses that its 

capacitors 72-78 store non-negligible amounts of energy from the input 

signal." Pet. Reply 19. Petitioner asserts that Tayloe' s capacitors are "tens 

of thousands of times larger than the capacitors in the energy transfer 

embodiments of the '551 patent." Id. (comparing Ex. 1004, 5:50-52 

(Tayloe's capacitors at 0.3 microfarads (or 300,000 picofarads (pF))), with 

Ex. 2007, 67:22-25 (disclosing storage capacitance 8208 at 18pF)). 

Petitioner explains that Tayloe teaches ( 1) its capacitors charge to the 

average level of the input signal (id. (citing Pet. 32-33; Ex. 1004, 2:33--45, 

4:28--45)), and (2) its capacitors integrate the input signal, which Petitioner 

asserts "indicates an accumulation of energy and matches the '551 patent's 

description ofa storage module's operation"(id. at 19-20 (citing Ex. 1004, 

4:46--47, 2:42--44; Ex. 2007, claims 198-202)). Thus, Petitioner asserts that 

"[t]he quantity of energy stored on Tayloe's capacitors is plainly non­

negligible." Id. at 20 (citing Ex. 1030 iii! 6--14). 

From a high level, Patent Owner's Sur-reply raises the following 

arguments: (1) Tayloe's capacitors only hold a negligible amount of energy 

from an input EM signal (PO Sur-reply 1 ), (2) "storage element" should be 

construed such that it is limited to an "energy transfer system" (id. at 2), 

(3) an "energy transfer system" should be limited to driving a low 

impedance load (id. at 2-3), and ( 4) Tayloe discloses a high impedance load, 

not a low impedance load (id. at3). 

ii. Discussion 

To begin, we agree with Petitioner that the arguments asserted in 

Patent Owner's Response, and Dr. Steer's testimony in support thereof, are 

entirely dependent upon Patent Owner's proposed construction of"storage 
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element," which we do not adopt. Therefore, our focus below is on the 

arguments raised in Patent Owner's Sur-reply, which either respond to 

Petitioner's arguments or raise new arguments that we have excluded (as 

explained below). 

Addressing Patent Owner's Sur-reply arguments slightly out of order, 

the second, third, and fourth arguments are each directed to Patent Owner's 

proposed construction of"storage element," which we do not adopt. In 

particular, as noted above, those arguments focus on various aspects that 

Patent Owner contends are required by an "energy transfer system," 

including whether "storage element" should be limited thereto, whether a 

low impedance load is required, and whether Tayloe discloses a low 

impedance load. See, e.g., PO Sur-reply 2-3. Those arguments do not 

address Petitioner's challenge when "storage element" is construed as we 

have here, in accordance with the lexicographic definition provided in the 

'551 patent. 17 Thus, we focus below on Patent Owner's arguments in 

response to Petitioner's assertion that Tayloe teaches a "storage element," as 

we construe the term. 

Turning back to Patent Owner's first argument (whether Tayloe's 

capacitors hold a negligible or non-negligible amount of energy from an 

input EM signal), that argument includes positions that were first raised in 

the Sur-reply, which, as discussed further below, we determined are 

17 Patent Owner's argument also includes its contention that 
Dr. Subramanian allegedly admitted that Tayloe's operational amplifiers are 
high impedance loads. See PO Sur-reply 3-6(addressingwhetherTayloe 
teaches high or low impedance loads). That argument by Patent Owner also 
is directed to Patent Owner's claim construction position, which we do not 
adopt. 
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impermissible under our Rules and, therefore, excluded from consideration 

in this proceeding. See infra§ 111.D; see also Tr. 6:24-7:23 (reiterating the 

ruling made during the pre-hearing conference). Also, as discussed below, 

our exclusion includes Exhibit 2022 because it was filed in violation of 37 

C.F.R. § 42.23(b) and in support of Patent Owner's improperly asserted 

sure-reply arguments. In light of that ruling, we limit our discussion of 

Patent Owner's first argument to the arguments that are not excluded. 18 

Patent Owner contends that the "[t ]he capacitors of Tayloe ... only 

hold a negligible ... amount of energy from an input EM signal." PO 

Sur-reply 1. Patent Owner asserts that "[h ]ow much energy is stored 

depends on the specific components/configuration of a system." 19 Id. 

Although somewhat intertwined with its claim construction argument, Patent 

Owner also contends that, "[ s ]ince Tayloe is simply capturing a voltage 

measurement, a Tayloe capacitor only holds negligible amounts of 

energy .... " Id. at7. Further,PatentOwnerarguesthat, "forthe first time 

in its Reply, [Petitioner] focuses on the size of Tayloe's capacitor and that 

Tayloe's capacitors accumulate energy overtime." Id. at 17 (citing Pet. 

Reply 19). Patent Owner asserts that "this superficial analysis provides no 

18 As discussed herein, not all of Patent Owner's arguments as to whether 
Tayloe discloses capacitors that hold a non-negligible amount of energy 
from an input EM signal were excluded. That specific delineation is 
discussed infra and also is set forth clearly in Petitioner's Identification. 
19 This argument by Patent Owner also responds to Petitioner's alternative 
position that Tayloe teaches an "energy transfer system" (under Patent 
Owner's proposed construction of"storage element") because Tayloe 
discloses a control signal with non-negligible aperture widths. See PO Sur­
reply 1. 
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insight into whether a Tayloe capacitor stores non-negligible amounts of 

energy. "20 Id. 

Based on the full record before us, we find Petitioner's argument and 

evidence persuasive to show that Tayloe' s capacitors 72-78 teach the recited 

"storage element" because Petitioner establishes sufficiently that Tayloe' s 

capacitors are "element[ s] of a system that store[] non-negligible amounts of 

energy from an input EM signal." In particular, we find Dr. Subramanian's 

testimony persuasive to show that "the amount of energy stored in one of 

Tayloe's capacitors 72-78 is ... 0.6 µJ (microjoules)" and that one of 

ordinary skill in the art "would [have understood] that this quantity is a 

significant amount of energy in the context of a down-conversion system 

such as that disclosed in Tayloe." Ex. 1030if 12 (citing Ex. 1004, 5:38--41, 

5:49-52); see id. iT 13 ("the energy transferred is distinguishable from noise" 

and "is also not minor or inconsequential but rather is important for the 

formation of the down-converted signal in Tayloe"). 

Additionally, Dr. Subramanian's testimony and Tayloe's disclosure 

supports Petitioner's arguments that (a) Tayloe' s capacitors are "tens of 

thousands of times larger than the capacitors in the energy transfer 

embodiments of the '551 patent" (Pet. Reply 19 (comparing Ex. 1004, 5:50-

52 (Tayloe's capacitors at 0.3 microfarads (or 300,000 picofarads (pF))), 

with Ex. 2007, 67:22-25 (disclosing storage capacitance 8208 at 18pF)); 

(b) Tayloe's capacitors charge to the average level of the input signal (id. 

(citing Pet. 32-33; Ex. 1004, 2:33--45, 4:28--45)); and ( c) Tayloe's 

capacitors integrate the input signal, which "indicates an accumulation of 

20 The remainder of Patent Owner's Sur-reply arguments are either directed 
to its incorrect claim construction position or are excluded. 

57 

Case: 22-1548      Document: 19     Page: 147     Filed: 07/15/2022



Appx58

IPR2020-01265 
Patent 7, 110,444B1 

energy and matches the '5 51 patent's description of a storage module's 

operation" (id. at 19-20 (citing Ex. 1004, 4:46-47, 2:42-44; Ex. 2007, 

claims 198-202)). 

Patent Owner's arguments thatremain for our consideration, as noted 

above, do not detract from Petitioner's arguments and evidence (particularly 

Dr. Subramanian's testimony in support thereof) because Patent Owner does 

not identify any deficiencies therein that would lead us to find otherwise. In 

particular, Petitioner's analysis considers "the specific components/ 

configuration of [Tayloe's] system" (as Patent Owner asserts a proper 

analysis should), and we do not agree that Petitioner's analysis is 

"superficial" and "provides no insight into whether a Tayloe capacitor stores 

non-negligible amounts of energy" (as Patent Owner contends), for the 

reasons explained above. 

Further, Petitioner sets forth a reason with rational underpinning as to 

why one of ordinary skill in the art would have been motivated to combine 

Tayloe and TI Datasheet with a reasonable expectation of success. See, e.g., 

Pet. 43-47. Although we address Patent Owner's arguments of alleged 

objective indicia of nonobviousness below, Patent Owner does not 

challenge, specifically, Petitioner's argument and evidence with respect to 

motivation to combine the teachings of Tayloe and TI Datasheet or 

reasonable expectation of success in so doing. 21 We find Petitioner's 

analysis persuasive and adopt it as our own findings. See id. 

21 As discussed below, Patent Owner asserts that it would not have been 
obvious to replace the voltage sampling configuration of Tayloe with an 
energy sampling configuration; Patent Owner, however, does not argue that 
one of ordinary skill in the art would not have combined Tayloe and TT 
Datasheet. See, e.g., PO Resp. 7 4-7 5 (citations omitted). 
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Accordingly, we find that the combination of Tayloe and TI Datasheet 

teaches or suggests element 3 [E] and that one of ordinary skill in the art 

would have had a reason with rational underpinning to combine the 

teachings as proposed with a reasonable expectation of success. 

4. Objective Indicia of Nonobviousness 

Patent Owner asserts that "it would not have been obvious to a 

[person of ordinary skill in the art] to replace the voltage sampling 

configuration of Tayloe with an energy sampling configuration." PO 

Resp. 74 (citing Ex. 2021~288). PatentOwnercontendsthat"[t]hereare 

numerous secondary considerations of non-obviousness demonstrating that 

such a dramatic modification of Tayloe was not envisioned by a [person of 

ordinary skill in the art] at the time of the invention of the '444 patent." Id. 

at 74-75 (citing Ex. 2021~~228-239);see id. at75 ("In addition, secondary 

considerations demonstrate that the invention of claim 3 of the '444 patent 

was not obvious in view of Tayloe."). 

Petitioner raises several arguments in its Reply responding to Patent 

Owner, including: (1) that Patent Owner improperly incorporates Dr. Steer's 

testimony by reference without discussing any substance of the cited 

paragraphs in the Patent Owner Response in violation of 3 7 C.F .R. 

§ 42.6(a)(3), which prohibits incorporation by reference (Pet. Reply 28); and 

(2) that, even if considered, Dr. Steer's testimony is "conclusory and 

factually unsupported" because he "cites no evidence other than his 

unsupported, subjective opinions," "fails to name a single commercial 

product practicing the purported invention," asserts "various alleged 

unexpected results from energy transfer systems ... but cites no evidence to 

support his assertion that energy transfer systems yield any of these results" 
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and "does not tie any alleged secondary consideration to claim 3 's purported 

invention," thus failing to "establish a nexus between the alleged secondary 

considerations and the claimed invention" (id. at 29-30 (citations omitted)). 

Although not required, we note that Patent Owner does not address 

objective indicia of nonobviousness in its Sur-reply. 

Objective indicia of nonobviousness are "only relevant to the 

obviousness inquiry 'if there is a nexus between the claimed invention and 

the [objective indicia of nonobviousness]. "'In re Affinity Labs of Tex., LLC, 

856 F.3d 883, 901 (Fed. Cir. 2017) (quoting Ormco Corp. v. Align Tech., 

Inc., 463F.3d1299, 1312(Fed. Cir. 2006)). Forobjectiveindicia of 

nonobviousness to be accorded substantial weight, their proponent must 

establish a nexus between the evidence and the merits of the claimed 

invention. ClassCo, Inc., v. Apple, Inc., 838F.3d1214, 1220 (Fed. Cir. 

2016). "[T]here is no nexus unless the evidence presented is 'reasonably 

commensurate with the scope of the claims."' Id. (quoting Ram bus Inc. v. 

Rea, 731F.3d1248, 1257 (Fed. Cir. 2013)). 

A patentee is entitled to a presumption of nexus "when the patentee 

shows that the asserted objective evidence is tied to a specific product and 

that product 'embodies the claimed features, and is coextensive with them."' 

Fox Factory, Inc. v. SRAM, LLC, 944F.3d 1366, 1373 (Fed. Cir. 2019) 

(quoting Polaris Indus., Inc. v. Arctic Cat, Inc., 882 F. 3d 1056, 1072 (Fed. 

Cir. 2018)(quoting Brown & Williamson Tobacco Corp. v. Philip Morris 

inc., 229 F.3d 1120, 1130 (Fed. Cir. 2000))); Lectrosonics, inc. v. Zaxcom, 

Inc., IPR2018-0l 129, Paper 33, 32 (PT AB Jan. 24, 2020) (precedential, 

designated Apr. 14, 2020). On the other hand, a patentee is not entitled to a 

presumption of nexus if the patented invention is only a component of a 
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commercially successfulmachine orprocess. FoxFacto1~y, 944F.3dat 1373 

(reaffirming the importance of the "coextensiveness" requirement). 

"[T]he purpose of the coextensiveness requirement is to ensure that 

nexus is only presumed when the product tied to the evidence of secondary 

considerations 'is the invention disclosed and claimed."' Fox Factory, 944 

F .3d at 13 7 4 (quoting Demaco Corp. v. F. Von Langsdorff Licensing Ltd., 

851F.2d1387, 1392 (Fed. Cir. 1988)). "[T]he degree of correspondence 

between a product and a patent claim falls along a spectrum. At one end of 

the spectrum lies perfect or near perfect correspondence. At the other end 

lies no or very little correspondence." Id. "A patent claim is not 

coextensive with a product that includes a 'critical' unclaimed feature that is 

claimed by a different patent and that materially impacts the product's 

functionality." Id. at 1375. 

However, "[a] finding that a preswnption of nexus is inappropriate 

does not end the inquiry into secondary considerations." Fox Factory, 944 

F.3dat 1375. "To the contrary, the patent owner is still afforded an 

opportunity to prove nexus by showing that the evidence of secondary 

considerations is the 'direct result of the unique characteristics of the 

claimed invention."' Id. at 1373-74(quotingin re Huang, 100F.3d 135, 

140 (Fed. Cir. 1996) ). "Where the offered secondary consideration actually 

results from something other than what is both claimed and novel in the 

claim, there is no nexus to the merits of the claimed invention," meaning that 

"there must be a nexus to some aspect of the claim not already in the prior 

art." In re Kao, 639F.3d1057, 1068-69 (Fed. Cir. 2011) (emphasis in 

original). On the other hand, there is no requirement that "objective 

evidence must be tied exclusively to claim elements that are not disclosed in 
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a particular prior art reference in order forthat evidence to carry substantial 

weight." WBIP, LLCv. Kohler Co., 829F.3d 1317, 1331 (Fed. Cir. 2016). 

A patent owner may show, for example, "that it is the claimed combination 

as a whole that serves as a nexus for the objective evidence; proof of nexus 

is not limited to only when objective evidence is tied to the supposedly 

'new' feature(s)." Id. at 1330. 

Ultimately, the fact finder must weigh the objective indicia evidence 

presented in the context of whether the claimed invention, as a whole, would 

have been obvious to a skilled artisan. WBIP, 829 F.3dat 1331-32. Once 

the patentee has presented a prima facie case of nexus, the burden of coming 

forward with evidence in rebuttal shifts to the challenger "to adduce 

evidence to show that the commercial success was due to extraneous factors 

otherthan thepatentedinvention." Demaco, 851F.2dat1393. 

Here, we first note that Patent Owner's arguments as to objective 

indicia appear to be based on modifying Tayloe to replace what Patent 

Owner refers to as "the voltage sampling configuration of Tayloe" with "an 

energy sampling configuration." PO Resp. 74. That modification, however, 

is not proposed by Petitioner and does not form the basis for our findings 

herein. Rather, as we discuss above, we decline to construe "storage 

element" as limited to an "energy transfer system." See supra§ II.A.2. 

Thus, in large part, Patent Owner's arguments as to nonobviousness do not 

respond to Petitioner's arguments and evidence discussed above. Nor does 

Patent Owner specifically contest Petitioner's arguments and evidence that 

one of ordinary skill in the art would have had a reason with rational 

underpinning to combine Tayloe and TI Datasheet with a reasonable 

expectation of success in so doing, as we discussed above. 
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Nonetheless, even assuming that all or some of Patent Owner's 

arguments and Dr. Steer' s testimony are directed to the combination of 

Tayloe and TI Datasheet proposed by Petitioner, Patent Owner's arguments 

and evidence fail for each of the reasons identified by Petitioner. In 

particular, Patent Owner's argument consists of two sentences that do no 

more than assert the phrase "secondary considerations" without providing 

any explanation or reason in support. See PO Resp. 74-75 (quoted in our 

discussion above). Instead, Patent Owner cites to twelve paragraphs of 

Dr. Steer'sDeclaration. See id. at75 (citing Ex. 2021,-r,-r228-239). This is 

precisely the type of incorporation by reference that is prohibited by 3 7 

C.F.R. § 42.6(a)(3), which states "[a]rguments must not be incorporated by 

reference from one document into another document." See Consolidated 

Trial Practice Guide November2019, 35-36 ("CTPG") (available at 

https://www.uspto.gov/TrialPracticeGuideConsolidated) ("Thus,parties that 

incorporate expert testimony by reference in their petitions, motions, or 

replies without providing explanation of such testimony risk having the 

testimony not considered by the Board." (emphasis added) (citing Cisco 

Sys., Inc. v. C-Cation Techs., LLC, IPR2014-00454, Paper 12 (PTAB 

Aug. 29, 2014) (infonnative))). Thus, Patent Owner's failure-to provide 

any explanation or reason in support ofits bare assertion of objective 

indicia-is a basis, in and of itself, for us not to consider Patent Owner's 

evidence of nonobviousness. See 37 C.F.R. § 42.6(a)(3); CTPG 35-36. 

Nonetheless, even if we were to overlook Patent Owner's failure and 

assume that the entire twelve paragraphs of Dr. Steer's testimony were 

included in the Patent Owner Response, the evidence of nonobviousness 

remains insufficient to "be accorded substantial weight" because Patent 
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Owner fails to "establish a nexus between the evidence and the merits of the 

claimed -invention." ClassCo, 838F.3dat1220. In particular, neither Patent 

Owner nor Dr. Steer makes any attempt to establish nexus with the elements 

recited ill claim 3 based on a presumption of co-extensiveness or otherwise. 

Each -instance ill which Dr. Steer mentions clam1 3, he only ties the 

discussion to energy transfer systems or energy sampling ill general, which 

is based on Patent Owner's proposed claim construction that we do not 

adopt. See, e.g., Ex. 1022 iii! 229 ("energy transfer (energy sampling) 

system- of claim 3"), 230 ("energy sampling as set forth ill claim 3"), 233 

("[ u]smg energy sampling ... as set forth ill claim 3"), 234 ("energy 

sampling as set forth ill clam13"),235 (same), 236 (same), 237 ("usmg the 

energy transfer (energy samplmg) system of claim 3 "), 23 8 (same), 23 9 

("energy sampling system as set forth ill claim 3 "). Thus, we find that 

Patent Owner fails to establish that a presumption of nexus is warranted and 

similarly fails to establish nexus absent the presumption. Accordmgly, for 

the reasons above, Patent Owner has not satisfied its burden to establish 

nexus. See WMS Gaming Inc. v. Int'/ Game Tech., 184F.3d1339, 1359 

(Fed. Cir. 1999) (patent owner "bears the burden of showmg that a nexus 

exists"). 

Nonetheless, ill spite of the above failures, we consider Patent 

Owner's weak evidence of nonobviousness ill our weigl1mg of the Graham 

factors below. 

5. Weighing the Graham Factors 

"Once all relevant facts are found, the ultimate legal determmation [of 

obviousness] -involves the weighmg of the fact findmgs to conclude whether 

the claimed combmation would have been obvious to an ordmary artisan." 
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Arctic Cat, 876 F.3d at 1361. On balance, considering the complete record 

before us and for the reasons explained above, the evidence of obviousness 

is very strong and the evidence of nonobviousness, which includes Patent 

Owner's objective evidence of nonobviousness, is very weak. As a result of 

that balancing we determine that Petitioner has established by a 

preponderance of the evidence that the combination of Tayloe and TI 

Datasheet would have rendered the subject matter of claim 3 obvious to one 

of ordinary skill in the art at the time of the invention. 

C. Obviousness over Tayloe and Kawada 

Pet it ion er also contends the combined teachings of Tayloe and 

Kawada would have rendered the subject matter of claim 3 of the 

'444 patent obvious to one of ordinary skill in the art at the time of the 

invention. Pet. 43-47 (discussing motivation to combine), 78-81 

(discussing the application of the art to claim 3 ). Because Petitioner's 

challenge based on the combination of Tayloe and TI Datasheet is 

dispositive as to claim 3, we need not reach this additional asserted ground. 

See SAS Inst. v. Iancu, 138 S. Ct. 1348, 1359(2018) (holding thata 

petitioner "is entitled to a final written decision addressing all of the claims 

it has challenged"); Boston Sci. Scimed, Inc. v. Cook Grp. Inc., 809 F. App'x 

984, 990 (Fed. Cir. 2020) (nonprecedential) (stating that the "Board need not 

address issues that are not necessary to the resolution of the proceeding," 

such as "alternative arguments with respect to claims [the Board] found 

unpatentable on other grounds"); cf In re Gleave, 560F.3d1331, 1338 (Fed. 

Cir. 2009) (not reaching other grounds of unpatentability after affrrming a 

ground based on anticipation); see also Beloit Corp. v. Valmet Oy, 742 F .2d 

1421, 1423 (Fed. Cir. 1984) (An administrative agency is at liberty to reach 
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a decision based on a dispositive issue because doing so "can not only save 

the parties, the [agency], and [the reviewing] court unnecessary cost and 

effort," but "can greatly ease the burden on [an agency] commonly faced 

with a ... proceeding involving numerous complex issues and required by 

statute to reach its conclusion within rigid time limits."); SK Hynix Inc. v. 

Netlist, Inc., IPR2017-00692,Paper25 at 40 (PT AB July 5, 2018) 

(determining all challenged claims to be unpatentable and not addressing 

additional grounds). 

D. Petitioner's Jdent(ficationof Arguments Improperly Raised in a 
Sur-Reply 

As noted above, we held a conference call to discuss Petitioner's 

request to file a motion to strike Exhibit 2022 as well as portions of Patent 

Owner's Sur-reply. See Order. As set forth in our Order, we authorized 

( 1) Petitioner to address the propriety of Patent Owner filing Exhibit 2022 

with its Sur-reply and (2) in lieu of a motion to strike, Petitioner to file a 

chart including the page and line numbers for each portion of Patent 

Owner's Sur-reply that Petitioner contends exceeds the proper scope for a 

sur-reply and for Patent Owner to file a corresponding chart in response. 

See id. at2-5. Thereafter, Petitioner filed Petitioner's Identification 

(Paper 32) and Patent Owner filed Patent Owner's Response to 

Identification (Paper 35). 22 

At Petitioner's request, we held a pre-hearing conference to discuss, 

inter alia, Petitioner's Identification and Patent Owner's Response to 

Identification. In particular, Petitioner explained that Patent Owner did not 

assert, in the Patent Owner Response, that Tayloe's capacitors did not store a 

22 Petitioner also filed a Motion to Exclude Exhibit 2022. See infra§ 111.E. 
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non-negligible amount of energy; rather, Patent Owner's arguments as to 

whether Tayloe discloses a "storage element" were directed to other aspects 

of Patent Owner's proposed construction of "storage element," including 

whether Tayloe discloses an "energy transfer system" and a low impedance 

load. In contrast, Petitioner asserted that Patent Owner's arguments-that 

"'non-negligible' is relative to the available power(i.e., amount of energy 

available from the input EM signal)" (PO Sur-reply 15), and which segues to 

most of the portions of the Sur-reply identified in Petitioner's 

Identification-were not raised in Patent Owner's Response and are raised, 

improperly, forthe first time in the Sur-reply. 

PatentOwnerrespondedbyarguing, interalia, that its Sur-reply 

arguments were properly raised to respond to Petitioner's arguments, first 

raised in the Reply, in which Petitioner argued that Tayloe's capacitors 

stored a non-negligible amount of energy. Additionally, Patent Owner 

asserted that it had previously raised the argument-that "non-negligible" is 

relative to available power-in its Patent Owner Response. See, e.g., 

Paper 35, 3 (citing "Paper 18 (Response) at. .. 47:40--48:2 .... "). 23 

The moving party "has the burden of proof to establish that it is 

entitled to the requested relief." 37 C.F.R. § 42.20(c). "Asur-reply may 

only respond to arguments raised in the corresponding reply and may not be 

accompanied by new evidence other than deposition transcripts of the cross­

examination of any reply witness." 3 7 C. F. R. § 42.23(b ); see Consolidated 

TPG at 74 ('"Respond,' in the context of 37 C.F.R. § 42.23(b), does not 

mean proceed in a new direction with a new approach as compared to the 

23 We reviewed each citation provided by Pa tent Owner, but particularly ca11 
out 47:40-48:2 for reasons discussed below. 
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positions taken in a prior filing."(emphasis added)). The portions of Patent 

Owner's Sur-reply identified in Petitioner's Identification proceed in a new 

direction with a new approach as compared to the positions taken in P atcnt 

Owner's Response, and, therefore, are impermissible for a sur-reply. 

First, we agree with Petitioner that Patent Owner did not assert, in its 

Patent Owner Response, that Tayloe's capacitors did not teach a "storage 

element" because they did not store a non-negligible amount of energy. In 

no instance is that assertion raised in Patent Owner's Response. See 

generally PO Resp. None of Patent Owner's citations in its Response to 

Petitioner's Identification reflect any argument even remotely raising this 

issue. 

Second and relatedly, it also is clear that Patent Owner did not assert 

in its Patent Owner Response that to determine whether an element stores 

"non-negligible" amounts of energy, the available power must be 

determinedand compared. See PO Sur-reply 15. Patent Owner's Response 

to Petitioner's Identification cites, inter alia, to page 48, line 2, of the Patent 

Owner Response. Paper 35, 3. During the pre-hearing conference, Patent 

Owner emphasized this citation as evidencing that Patent Owner had 

previously asserted this argument in its Patent Owner Response. In the 

Patent Owner Response, this citation follows a block quote of the paragraph 

of the '5 51 patent that is the centerpiece of the claim construction arguments 

regarding the meaning of "storage element" (and is reproduced in our claim 

construction discussion above). See PO Resp. 4 7--48. Patent Owner quotes 

the paragraph in the context of its arguments distinguishing energy transfer 

systems and sample-and-hold systems. See id. The citation following the 

block quote reads as follows: "Ex. 2007 at 66:56-67; see also id. at 54:20-
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59:19 (discussing sample and hold systems); 66:35-68:15, 97:39-101:32 

(discussing energy transfer systems)." PO Resp. 48. Patent Owner 

identified the most relevant portion of this citation as column 68, lines 1 

through 15. Nothing from this portion (or any other portion) of the Patent 

Owner Response expressly or impliedly states the argument raised in the 

Sur-reply. Additionally, even if the citation could have supported the 

argument raised in Patent Owner's Sur-reply, thatargumentwouldhave had 

to be raised in Patent Owner's Response, which it was not. 24 The citations 

on line 2 of page 48 of Patent Owner's Response, which span six columns of 

text of the '5 51 patent, fail to sufficiently raise the specific argument 

asserted in the Sur-reply. 

Third, the discussion that follows this critical segue in Patent Owner's 

Sur-reply continues this line of argument and includes pages of arguments 

and calculations not asserted previously in the Patent Owner Response, and 

clearly proceeds in a new direction with a new approach as compared to the 

positions actually asserted in the Patent Owner Response. Our discussion of 

Exhibit 2022 (in the context of Petitioner's Motion to Exclude, below) is 

similarly reflective of this new argument as that exhibit, which constitutes 

new evidence, was filed with Patent Owner's Sur-reply in violation of 37 

C.F.R. § 42.23(b). 

Fourth, one of the reasons that a sur-reply may not raise arguments 

that proceed in a new direction with a new approach is because Petitioner 

does not have an opportunity to respond thereto. Patent Owner asserts that it 

24 We need not and do not decide whether the citation supports Patent 
Owner's Sur-reply argument because the argument was raised, improperly, 
in the Sur-reply in the first instance. 
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was merely responding to Petitioner's Reply. But, it was Patent Owner's 

Response that first asse1ied the meaning of "storage element" that included 

the phrase "non-negligible amount of energy," and Patent Owner could have 

asserted that Tayloe was distinguishable on this basis, but did not do so. 

Additionally, if Patent Owner believed Petitioner's Reply raised an 

issue that was inappropriate for a reply brief or that Patent Owner needed a 

greater opportunity to respond beyond that provided by our Rules (e.g., to 

include new argument and evidence in its Sur-reply), it was incumbent upon 

Patent Owner to contact us and request authorization for an exception to the 

Rules. Patent Owner did not do so. Patent Owner did not request that its 

Sur-reply be permitted to include arguments and evidence that would 

otherwise be impermissible in a sur-reply. 

As noted above, the parties' arguments and our ruling thereon were 

made during the pre-hearing conference and our ruling was reiterated at the 

start of the oral hearing. Here, we include the positions expressed by the 

parties and our basis for finding that Petitioner satisfied its burden to show 

that it is entitled to the relief requested so that the record is complete. For 

each of these reasons, 25 we granted Petitioner's request to exclude the 

portions of Patent Owner's Sur-reply identified in Petitioner's Identification 

25 We also find that Patent Owner waived these arguments by not raising 
them in the Patent Owner Response. See Paper 11 (Scheduling Order), 8 
("Patent Owner is cautioned that any arguments not raised in the response 
may be deemed waived."); see also In re NuVasive, Inc., 842F.3d1376, 
13 81 (Fed. Cir. 2016) (determining that an argument not raised in a patent 
owner response was waived). 
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and we do not consider those portions of the Sur-reply in reaching this Final 

Written Decision. 26 

E. Petitioner's Motion to Exclude 

Fallowing a timely objection (see Paper 27), Petitioner moves to 

exclude Exhibit 2022 pursuant to 37 C.F.R. § 42.64(c) because the exhibit 

(1) is "untimely and improper pursuant to 3 7 C.F .R. § 42.23(b )"and the 

Consolidated TPG and (2) is unfairly prejudicial under Federal Rule of 

Evidence 403. Mot. Exe. 1. 

First, Petitioner contends the exhibit is untimely and procedurally 

improper because it was frrst introduced and ftled with Patent Owner's 

Sur-reply, in violation of our Rules. Mot. Exe. 2 (citing 37 C.F.R. 

~ 42.23(b ); Consolidated TPG at 73). Petitioner asserts that Exhibit 2022 

raises "complicated calculations ... at a point when Petitioner cannot fully 

respond-after the time when Petitioner could respond with expert 

testimony or a written response. Forcing Petitioner to address these 

calculations during an oral hearing without the benefit of briefing or expert 

testimony will significantly prejudice Petitioner." Id. at 2-3. 

Second, Petitioner contends that Exhibit 2022 should be excluded 

under Federal Rule of Evidence 403 because it is an attorney-prepared 

document, contains unsupported assumptions and calculation errors, is not 

supported by expert testimony, lacks the necessary factual foundation to 

26 Patent Owner's Demonstrative Exhibits (Ex. 2029) include discussion of 
the arguments we exclude from the Sur-reply. Even though demonstrative 
exhibits are not evidence, we have not considered the excluded arguments 
referenced therein. 
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make it relevant, and thus "any purported relevance ... is substantially 

outweighed by the unfair prejudice and confusion it creates." Mot. Exe. 3. 

In its Opposition, Patent Owner asse1is that "Exhibit 2022 is timely, 

compliant with PT AB procedure, and poses no undue prejudice." Opp. 2. 

First, regarding timeliness, Patent Owner asserts that it introduced 

Exhibit 2022 "[t]o address Dr. Subramanian's (and [Petitioner's]) additional 

theories" through the cross-examination of Dr. Subramanian and the use of 

the exhibit, which Patent Owner contends includes "well-known calculations 

and mathematical equations." Id. at 5. Thus, Patent Owner argues that 

"Exhibit 2022 was not belatedly introduced, but is simply used as deposition 

testimony submitted in rebuttal of issues raised by [Petitioner/Petitioner's] 

expert in its Reply." Id. at 6. 

Second, Patent Owner contends that Petitioner is not prejudiced by the 

inclusion of Exhibit 2022. Opp. 6. Patent Owner asserts that Petitioner's 

"prejudice argument rests on the false notion that [Patent Owner's] 

Exhibit 2022 is improper." Id. Patent Owner argues that in any given case, 

"one party submits the final brief' and the other party is not prejudiced just 

because that party is not the one that gets the final word. Id. Additionally, 

Patent Owner asserts that Dr. Subramanian first addressed the application of 

the construction of "storage element" to Tayloe in his Reply Declaration, 

and, therefore, Patent Owner was "entitled to impeach Dr. Subramanian's 

analysis" during his deposition. ld. at 6-7. Further, Patent Owner asserts 

that the filing of Exhibit 2022 does not violate 3 7 C.F .R. § 42.23(b) because 

the exhibit is cited "in conjunction with Dr. Subramanian's deposition 

testimony, which [Patent Owner] elicited in accordance with [the] Trial 

Practice Guide." ld. at 8; see id. at 8-9 (also asserting that Patent Owner 
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argued that Tayloe's capacitors do not store non-negligible amounts of 

energy in the Patent Owner Response). 

Third, Patent Owner asserts that Exhibit 2022 should not be excluded 

pursuant to Federal Rule of Evidence 403 because the probative value 

clearly outweighs any risk of unfair prejudice. Opp. 10. To the contrary, 

Patent Owner contends that "excluding Exhibit 2022 prejudices [Patent 

Owner] and unfairly deprives it of proper rebuttal evidence." Id. 

In its Reply in Support oflts Motion to Exclude, Petitioner responds 

to Patent Owner's arguments, contending (1) that "Exhibit 2022 is improper 

'new evidence' that would take the trial 'in a new direction with a new 

approach"' because Patent Owner did not assert the positions for which it 

relies on Exhibit 2022 in its Patent Owner Response (Mot. Reply 1-4); 

(2) Patent Owner could have, but did not, question Dr. Subramanian about 

the calculations set forth in his Reply Declaration (id. at 4-5); and (3) that 

Exhibit 2022 contains multiple errors and unsupported assumptions that 

support Petitioner's argument of exclusion because of unfair prejudice 

pursuant to Federal Rule of Evidence 403 (id. at 5). 

Petitioner, as the "moving party," "has the burden of proof to establish 

that it is entitled to the requested relief." 37 C.F.R. § 42.20. As set forth 

above, 3 7 C.F .R. § 42.23(b) specifies, in relevant part, that"[ a] sur-reply 

may only respond to arguments raised in the corresponding reply and may 

not be accompanied by new evidence other than deposition transcripts of the 

cross-examination of any reply witness." 37 C.F.R. § 42.23(b) (emphasis 

added). The Consolidated TPG repeats the above-quoted language of the 

rule and also explains that 
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[ s ]ur-replies should only respond to arguments made in reply 
briefs, comment on reply declaration testimony, or point to 
cross-examination testimony. As noted above, a sur-reply may 
address the institution decision if necessary to respond to the 
petitioner's reply. This sur-replypractice essentially replaces 
the previous practice of filing observations on cross­
examination testimony. 

Consolidated TPG at 73-74. Accordingly, Rule 42.23(b) provides a blanket 

prohibition on a patentee filing new exhibits (other than deposition 

transcripts of the cross-examination of any reply witness) with a sur-reply, 

as Patent Owner has done here. 

Additionally, Exhibit 2022 is used by Patent Owner to raise new 

arguments in the Sur-reply that we exclude above. As our discussion above 

reflects, the new arguments based on this exhibit are improper under our 

Rules. Petitioner would undoubtedly be prejudiced by the admission of 

Exhibit 2022 for precisely the reasons explained by Petitioner (and reiterated 

above). In particular, the Rules prohibit new evidence (other than deposition 

transcripts of the cross-examination of any reply witness) with a sur-reply 

for this exact reason-because Petitioner lacks an opportunity to respond to 

new evidence submitted with a sur-reply. 27 

Patent Owner's complaints that it would be prejudiced by the 

exclusion of the exhibit are ( 1) unfounded because Patent Owner had the 

opportunity to cross-examine Dr. Subramanian as to the opinions set forth in 

his Reply Declaration and (2) only the result of Patent Owner's own actions 

or inaction. Specifically, at no point (even belatedly) did Patent Owner seek 

27 Contrary to Patent Owner's argument, this is not a question of who gets 
the last word; rather, this is a question of whether a party can submit new 
evidence with its last word, which Rule 42.23(b) specifically prohibits. 
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authorization to file new evidence (such as Exhibit 2022) with its Sur-reply. 

Had Patent Owner requested to do so in a timely manner, we could have 

considered Patent Owner's arguments of potential prejudice and determined 

whether Patent Owner should have been permitted to file the exhibit along 

with providing an opportunity for Petitioner to respond. But, Patent Owner 

did not so request and, thus, we do not agree with Patent Owner's assertions 

of unfair prejudice. 

Further, even though not expressly argued by Patent Owner, we 

similarly do not find it in the interests of justice to maintain this exhibit in 

the case file. Even though Exhibit 2022 was used during Dr. Subramanian's 

deposition, each of Patent Owner's arguments thereon is excluded as 

improper sur-reply argument. Thus, there is no basis upon which inclusion 

of the exhibit is warranted. 

Accordingly, we grant Petitioner's Motion to Exclude pursuant to 37 

C.F.R. § 42.23(b). 28 ,i9 

F. Petitioner's Motion to Seal 

Petitioner filed an unopposed Motion to Seal Exhibit 1029, the 

deposition transcript of Dr. Steer. Mot. Seal. Petitioner explains that it 

"seeks to seal Dr. Steer' s deposition transcript because, during the 

deposition, Patent Owner ... designated the [ t ]ranscript as 'confidential' 

under the terms of the PT AB's default Protective Order." Id. at 1. Petitioner 

28 In light of our determination, we need not also decide whether Federal 
Rule of Evidence 403 provides an independent basis for exclusion. 
29 Patent Owner's Demonstrative Exhibits (Ex. 2029) include discussion of 
excluded Exhibit 2022. Even though demonstrative exhibits are not 
evidence, we have not considered the portions of the demonstratives 
referencing that exhibit. 
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explains that Patent Owner sought to seal the deposition transcript because 

of Dr. Steer's "testimony revealing alleged confidential information about 

his work for [Patent Owner]." Id. Petitioner also states that Patent Owner 

asserts good cause exists to seal the deposition transcript, although Petitioner 

expressly "takes no position as to the propriety of this designation ... and 

reserves the right to challenge such designation." Id. 

Petitioner's Motion to Seal was discussed during the pre-hearing 

conference. Without elaborating on the details of the discussion, we 

indicated that, as presented, the Motion is insufficient to justify sealing the 

entirety of the deposition transcript. Additionally, we explained that we 

intended to deny the Motion, but we provided Patent Owner an opportunity 

to file a new motion to seal with a protective order (which was not filed with 

Petitioner's Motion to Seal) if Patent Owner maintained its desire to seal a 

portion of the deposition transcript. 30 On November 18, 2021, Patent Owner 

emailed the Board to report that Patent Owner "does not intend to designate 

any portions of Dr. Michael Steer's deposition transcript as confidential, and 

therefore will not file" a new motion to seal. Ex. 3002 (Email from S. 

Mandir, dated Nov. 18, 2021). PatentOwnerindicates, "[a]ccordingly, ... 

Dr. Steer's deposition transcript (filed as Exhibit 1029inIPR2020-01265 

... ) can be unsealed." Id. 

In light of our discussion at the pre-hearing conference and Patent 

Owner's representation that it no longer intends to designate any portion of 

Dr. Steer's deposition transcript as confidentia~ we deny Petitioner's Motion 

to Seal and unseal Exhibit 1029. 

30 There was no basis provided to seal the entirety of the deposition 
transcript. 
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IV. SUMMARY31 

For the reasons discussed above, Petitioner has demonstrated, by a 

preponderance of the evidence, that claim 3 of the '444 patent is 

unpatentable. Additionally, we exclude from consideration the portions of 

Patent Owner's Sur-reply identified in Petitioner's Identification (Paper 32), 

we grant Petitioner's Motion to Exclude (Paper 34) and exclude 

Exhibit 2022, and we deny Petitioner's Motion to Seal (Paper 22) and unseal 

Exhibit 1029. 

Our conclusions regarding claim 3 are summarized below: 

Claims 35 Reference( s) 
Claims Claims Not 
Shown Shown 

Challenged U.S.C.§ /Basis 
Unpatentable Un patentable 

3 103(a) 
Tayloe, TI 

3 
Datasheet 

3 103(a)32 Tayloe, 
Kawada 

Overall 
3 

Outcome 

31 Should Patent Owner wish to pursue amendment of claim 3 in a reissue or 
reexamination proceeding subsequent to the issuance of this decision, we 
draw Patent Owner's attention to the April 2019 Notice Regarding Options 
for Amendments by Patent Owner Through Reissue or Reexamination 
During a Pending AJA Trial Proceeding. See 84 Fed. Reg. 16,654 (Apr. 22, 
2019). If Patent Owner chooses to file a reissue application or a request for 
reexamination of the challenged patent, we remind Patent Owner of its 
continuing obligation to notify the Board of any such related matters in 
updated mandatory notices. See 37 C.F.R. § 42.8(a)(3), (b)(2). 
32 As explained above, because Petitioner's challenge based on the 
combination of Tayloe and TI Datasheet is dispositive as to claim 3, we do 
not reach this asserted ground. See supra§ 111.C. 
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V. ORDER 

In consideration of the foregoing, it is hereby: 

ORDERED that claim 3 ofU.S.PatentNo. 7,110,444Bl is 

determined to be unpatentable; 

FURTHER ORDERED that the portions of Patent Owner's Sur-reply 

(Paper 26) identified in Petitioner's Identification (Paper 32) are excluded; 

FURTHER ORDERED thatPetitioner's Motion to Exclude 

(Paper34) is granted and Exhibit 2022 is excluded; 

FURTHER ORDERED thatPetitioner's Motion to Seal (Paper 22) is 

denied and Exhibit 1029 is unsealed; and 

FURTHER ORDERED that, because this a Final Written Decision, 

parties to this proceeding seeking judicial review of this Decision must 

comply with the notice and service requirements of37 C.F.R. § 90.2. 
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U.S. Patent Sep.19,2006 Sheet 165 of 349 US 7,110A44 Bl 

8400 

) 

RECEIVE AN INPUT BASEBAND SIGNAL 
8 402 

DIFFERENTIALLY SAMPLE THE BASEBAND SIGW\L ACCORDING TO A FIRST AND 

~ SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) 
ESTABLISHED TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE 404 

MINIMIZE DC OFFSET VOLTAGES BETWEEN SAMPLING MODULES DURING THE -../""" 
OIITTRENTIAL SAMPLING IN STEP 6204 8 406 

SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS) OF INTEREST 
FOR TRl\NSMISSION 

._,_ 
8 408 

AMPLIFY THE SELECTED HARMONIC(S) 
8 410 

TRANSMIT THE SELECTED HARMONIC(S) OVER A COMMUNICATIONS MEDIUM 
8 412 

FIG.84 
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U.S. Patent Sep.19,2006 Sheet 166 of 349 

RECEIVE AN INPUT BASEBAND SIGNAL 

CONVERT THE (SINGLE-ENDED) INPUT BASEBAND SIGNAL INTO A DIFFERENTIAL 
SIGNAL HAVING FIRST AND SECOND SIGNAL COMPONENTS, WHERE THE 

SECOND COMPONENT IS AN INVERTED VERSION OF THE FIRST COMPONENT 

ADD A DC REFERENCE VOLTAGE TO BOTH OF THE DIFFERENTw. 
SIGNAL COf.IPONENTS, RESULTING IN A FIRST COMBINED SIGNAL AND SECOND 

COMBINED SIGNAL 

GENERATE A FIRST CONTROL SIGNAL ANO A SECOND CONTROL SIGNAL THAT HAVE 
A COMMON FREQUENCY BUT ARE PHASE-SHIFTED Willi RESPECT TO EACH OTHER, 

AND THAT HAVE PULSE WIDTHS (OR APERTURES) OF TA THAT ARE ESTABLISHED TO 
IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC OF THE CONTROL 

SIGNAL FREQUENCY 

SAMPLE THE FIRST COMBINED SIGNAL ACCORDING TO THE FIRST CONTROL 
SIGNAL TO GENERATE A FlRST HARMONICAllY RICH SIGNAL 

SAMPLE THE SECOND COMBINED SIGNAL ACCORDING TO THE SECOND CONTROL 
SIGNAL TO GENERATE A SECOND HARMONICALLY RICH SIGNAL 

COMBINE THE FlRST HARMONICALLY RICH SIGNAL AND THE SECOND 
HARMONICALLY RICH SIGNAL TO GENERATE A THIRD HARMONICAllY RICH 

SIGNAL THAT HAS MINIMAL CARRIER INSERTION IN THE HARMONIC IMAGES 

SELECT A DESIRED HARMONIC (OR SUBSET or HARMONICS) 
FOR TRANSMISSION 

FIG.85 

US 7,110A44 Bl 

8500 

) 

8402 

8502 

8 04 

8506 
8404, 
8406 
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U.S. Patent Sep.19,2006 Sheet 167 of 349 

RECEIVE AN INPUT BASEBAND SIGNAL 

CONVERT THE (SINGLE-ENDED) INPUT BASEBAND SIGNAL INTO A DIFFERENTIAL 
SIGNAL HAVING FIRST AND SECOND SIGNAL COf.lPONENTS, WHERE THE 

SECOND COMPONENT IS AN INVERTED VERSION Of THE FIRST COMPONENT 

GENERATE A FIRST CONTROL SIGNAL AND A SECOND CONTROL SIGNAL THAT HAVE 
A COMMON FREQUENCY BUT ARE PHASE-SHIFTED WITH RESPECT TO EACH OTHER, 

AND THAT HAVE 'PULSE WIDTHS {OR APERTURES) Of TA THAT ARE ESTABLISHED TO 
IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC OF THE CONTROL 

SIGNAL FREQUENCY 

SHUNT THE FIRST DlfFERENTIM. SIGNAL COMPONENT TO GROUND ACCORDING TO 
THE FIRST CONTROL SIGNAL TO GENERATE A FlRST HARMONICALLY RICH SIGNAL 

SHUNT THE SECOND DIFFERENTIAL SIGNAL COMPONENT TO GROUND ACCORDING TO 
THE SECOND CONTROL SIGNAL TO GENERATE A SECOND HARMONICALLY RICH SIGNAL 

COMBINE THE FIRST HARMONICALLY RICH SIGNAL AND THE SECOND 
HARUONICALLY RICH SIGNAL TO GENERATE A THIRD HARMONICALLY RICH 

SIGNAL WAT HAS MINIMAL CARRIER INSERTON IN THE HARMONIC IMAGES 

SELECT A DESIREO HARMONIC (OR SUBSET OF HARMONICS) 
FOR TRANSMISSION 

FIG.86 

US 7,110A44 Bl 

8600 

) 

8402 

8 02 

8604 

8406 

8610 
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U.S. Patent Sep.19,2006 Sheet 168 of 349 US 7,110A44 Bl 

RECEIVE AN I BASEDBANO SIGNAL ANO A Q BASEBAND SIGNAL 

DlITTRENTIALLY SAMPLE THE I BASEBAND SIGNAL ACCORDING TO A FIRST ANO 
SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) ESTABLISHED 

8700 

) 

TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING 8704 
I HARMONICALLY RICH SIGNAL 

OlFFERENTIALLY SAMPLE THE Q BASEBAND SIGNAL ACCORDING . TO A FIRST AND 
SECOND CONTROL SIGN.ALS THAT HAVE PULSE WIDTHS (OR APERTURES) ESTABLISHED 
TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING 8706 

Q HARMONICALLY RICH SIGNAL 

MINIMIZE DC OFFSET VOLTAGES BETWEEN SAMPLING MODULES DURING 
THE DIFFERENTIAL SAMPLING STEPS 

COMBINE THE I HARMONICALLY RICH SIGNAL AND THE Q HARMONICALLY 
RICH SIGNAL TO GENERATE AN IQ HARMONICALLY RICH SIGNAL 

SELECT A DESIRED HARMONIC {OR SUBSET OF HARMONICS) 
OF INTEREST rDR TRANSMISSION 

AMPLIFY TiiE SELECTED HARMONIC(S) 

TRANSMIT TiiE SELECTED HARMONIC(S) OVER A 
COMMUNICATIONS MEDIUM 

FIG.87 

8716 
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RECEIVE AN I BASEDBANO SIGNAL ANO A Q BASEBAND SIGNAL 

DIFFERENTIALLY SHUNT THE I BASEBAND SIGNAL TO GROUND ACCORDING TO RRST ANO 
SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) ESTABLISHED 

8800 

) 

TO IMPROVE ENERGY TRANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING 8804 
I HARMONICALLY RICH SIGNAL 

DIFFERENTIALlY SHUNT THE 0 BASEBAND SIGNAL TO GROUND ACCORDING TO RRST AND 
SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR APERTURES) ESTABLISHED 
TO IMPROVE ENERGY TAANSFER TO A DESIRED HARMONIC IMAGE IN THE RESULTING 8806 

Q HARMONICALLY RICH SIGNAL 

COMBINE THE I HARMONICALLY RICH SIGNAL ANO THE 0 HARMONICALLY 
RICH SIGNAL TO GENERATE AN IQ HARMONICALLY RICH SIGNAL 

SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS) 
OF INTEREST FOR TRANSMISSION 

AMPLIFY THE SELECTED HARMONIC(S) 

TRANSMIT TIHE SELECTED l{b.RMONIC(S) OVER A 
COMMUNICATIONS MEDIUM 

FIG.88 
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8912~ 

RISING EDGE PULSE GENERATOR 

FIG.890 

8916~ 

FALLING EDGE PULSE GENERATOR 

FIG.89E 
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1 2 

Additionally, higher part counts result in higher power 
consumption, which is undesirable, particularly in battery 
powered wireless units. Additionally, various communica­
tion components exist for performing frequency down-

WIRELESS LOCAL AREA NETWORK 
(WLAJ'll) USING UNIVERSAL FREQUE'llCY 

TRAJ'llSLATION TECHNOLOGY INCLUDING 
MULTI-PHASE EMBODIME'llTS AND 

CIRCUIT lVIPLEMENTATIONS 

CROSS-REFERENCE TO OTHER 
APPLICATIONS 

5 conversion, frequency up-conversion, and filtering. Also, 
schemes exist for signal reception in the face of potential 
jalllllling signals. 

SUMMARY OF THE INVENTION 

'l11is application claims the benefit of U.S. Provisional 
Application No. 601147,129, filed on Aug. 4, 1999; and this 
application is a continuation-in-part of U.S. application Ser. 
No. 09/525,615, filed on Mar. 14, 2000; and this application 

10 
The present invention is directed to a wireless local area 

network (WLAN) that includes one or more WLAN devices 
(also called stations. tenninals, access points, client devices, 
or infrastmcture devices) for effecting wireless communi­
cations over the WLAN. The \VLAN device includes at least is a continuation-in-part of U.S. application Ser. No. 09/526, 

041, filed on Mar. 14, 2000, all of which arc incorporated 
15 

herein by reference in their entireties. 

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

"Method and System for Down-Converting Electromag- 20 

netic Signals:' Ser. No, 09/176,022, filed Oct. 21, 1998, 
issued as U.S. Pat. No. G,061,551 on May 9, 2000. 

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

"Method and System for Down-Converting Electromag­
netic Signals Including Resonant Structurns for Enhanced 
Energy Transfer," Ser. No. 09/293,342, filed Apr. 16, 1999. 

25 

"Method and System for Frequency Up-Conversion," Ser. 
30 

No. 09/176,154, filed Oct. 21, 1998, issued as U.S. Pat. No. 
6,091,940 on Jul. 18, 2000. 

an antenna, a receiver, and a transmitter for effecting wire­
less communications over the WLAN. Additionally, the 
WLAN device may also include a LNA/PA module, a 
control signal generator, a demodulation/modulation facili­
tation module, and a media access control (MAC) interface. 
The WLAN receiver includes at least one universal fre­
quency translation module that frequency down-converts a 
rnrnived electromagnetic (EM) signal. In embodiments, the 
UFT based receiver is configured in a multi-phase embodi­
ment to reduce or eliminate re-radiation that is caused by DC 
offset. The WLAN transmitter includes at least one universal 
frequency translation module that frequency up-converts a 
baseband signal in preparation for transmission over the 
WLAN. In embodiments, the UFT based transmitter is 
configured in a differential and/or multi-phase embodiment 
to reduce carrier insertion and spectral growth in the trans­
mi!!ed signal. 

WLANs exhibit multiple advantages by using UFT mod­
ules for frequency translation. These advantages include, but 
are not limited to: lower power consumption, longer battery 

"Method and System for Frequency Up-Conversion Hav­
ing Optimized Switch Stmcturcs," Ser. No. 09/293,097, filed 
Apr. 16, 1999, 

"Method and System for Ensuring Reception of a Com­
munications Signal," Ser. No. 09/176,415, filed Oct. 21, 
1998, issued as U.S. Pat, No, 6,061,555 on May 9, 2000. 

35 
life, fewer parts, lower cost, less tu1ring, and more effective 
signal transmission and rnception. These advantages are 
possible because the UFT module enables direct frequency 
conversion in an efficient manner with minimal signal 
distortion. The structure and operation of embodiments of 

"Integrated Prequency Translation And Selectivity," Ser, 
No. 09/175,966, filed Oct. 21, 1998, issued as U.S. Pat. No. 40 

6.049,706 on Apr. 11. 2000. 

"integrated Frequency Translation and Selectivity with a 
Variety of Filler Embodiments," Ser. No. 09/293,283. filed 
Apr. 16, 1999. 

45 
"Applications of Universal Frnquency Translation," Ser. 

No. 09/26L129, filed Mar. 3, 1999. 

"Method and System for Down-Converting an Electro­
magnetic Signal, Transforms For Same, and Aperture 
Relationships", Ser. No. 09/550,644, filed on Apr. 14, 2000. 50 

the UFT module, and various applications of the same are 
described in detail in the following sections. 

Further features and advantages of the invention, as well 
as the stmcture 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. 

BRIEF DESCRIPTION OF THE FlUURES 

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

"Wireless Local Area Network (WLAN) Technology and 
Applications Including Techniques of Universal Frequency 
Translation", Ser. No. 09/632,857, filed on Aug. 4, 2000. 

BACKGROUND OF THE INVENTION 

FlU. IA is a block diagram of a universal frequency 
translation (UFT) module according to an embodiment of 

55 
the invention; 

l. Pield of the Invention 

The present invention is generally related to wireless local 
area networks (WLANs), and more particularly, to WLANs 
that utilize universal frequency translation technology for 

60 
frequency translation, and applications of same. 

2. Related Art 
Wireless LANs exist for receiving and transmitting infor­

mation to/from mobile tem1inals using electromagnetic 
(EM) signals. Conventional wireless communications cir- 65 

cuitry is complex and has a large number of circuit parts. 
This complexity and high parts count increases overall cost. 

FIG. IB is a more detailed diagram of a universal fre­
quency translation (UFT) module according to an embodi­
ment of the invention; 

FIG. IC illustrates a UFT module used in a universal 
frequency down-conversion (lJFD) module according to an 
embodiment of the invention; 

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

FIGS. 2A-28 illustrate block diagrams of universal fre­
quency translation (UFT) modules according to an embodi­
ment of the invention; 
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FTG. 3 is a hlock diagram of a universal frequency 
up-conversion (UFU) module according to an embodiment 
of the invention; 

FTG. 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-6I illustrate example waveforms used to 111 

describe the operation of the UFU module; 
FIG. 7 illustrates a UFT module used in a receiver 

according to m1 embodiment of the invention; 
FIG. 8 illustrates a UFT moc.lule usec.l in a lransmi!ler 15 

according to m1 embodiment of the invention; 

4 
FTGS. 23F and 23F arc example waveforms used to 

further describe the enhanced signal reception system 
according to an embodiment of the invention; 

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

FIGS. 248-241 arc 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 com­
puter network; 

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

FIG. 27 illustrates a block c.liagram of an example wireless 
interface: 

FIG. 28 illustrates an exmnple heterodyne implementation 
of the wireless interface illustrated in FIG. 27; 

FIG. 9 illustrates an envirorunent comprising a transmitter 
and a receiver, each of which may be implemented using a 
UFT module of the invention; 

FlU. 10 illustrates a transceiver according to an embodi­
ment of the invention; 

FIG. 29 illustrates m1 exan1ple in-phase/quadrature-phase 
20 (l/Q) heterodyne implementation of the interface illustrated 

in FIG. 27; 
PIG. 11 illustrates a transceiver according to an alternative 

embodiment of the invention; 
FIG. 12 illustrates an environment comprising a transmit-

ter and a receiver, each of which may be implemented using 25 

enhanced signal reception (ESR) components of the inven­
tion; 

PIG. 13 illustrates a UPT module used in a unified 
down-conversion m1d filtering (UDF) module according to 

30 
an embodiment of the invention; 

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

rIG. 31 illustrates a example block diagram of the inter­
face illustrated in FlU. 29, in accordance with the invention; 

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

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

FIG. 39 illustrates a block diagram of a WLAN interface 
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 
UDP module according to embodiments of the invention; 

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

FIG. 16 illustrates an environment comprising a transmit-
FIG. 41 illustrates a WLAN transmitter according to m1 

emboc.limenl of the invention; 
ter and a receiver, each of which may be implemented using 
enhanced signal reception (DSR) components of the 
invention, wherein the receiver may be further implemented 
using one or more UFD modules of the invention; 

FIGS. 42-44 are example implementations of a WLAN 
interface: FlU. 42 includes nus. 42A m1d 4213 and should 

40 be referrec.l lo for all references lo FIG. 42 in the specifica-

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

FIG. 18 is a table of example values at nodes in the UDF 45 

module ofFTG. 19; 
FIG. 19 is a c.letailec.l c.liagram of an example UDF moc.lule 

according to m1 embodiment of the invention; 
PIGS. 20A and 20A-1 are example aliasing modules 

according to embodi111ents of the invention; 50 

ti on. 
nu. 43 includes FIGS. 43A m1d 4313 and should be 

referrec.l to for all references lo FIG. 43 in the specification. 
rIG. 44 includes PIGS. 44A and 44Il and should be 

referred to for all references to nu. 44 in the specification. 
FIGS. 45, 46A, and 468 and 46C relate to an example 

MAC interface for an example WLAN interface embodi­
ment; 

FIGS. 47, 48, 49A, and 498 and 49C relate to an example 
demodulator/modulator facilitation module for an example 
WLAN interface embodiment: FIG. 47 includes FIGS. 
47A-D and should be referred to for all references to rIG. 

FIGS. 208 20F are example waveforms used to describe 
the operation of the aliasing modules of FTGS. 20A and 
20A-I; 

FIG. 21 illustrates an enhancec.l signal reception system 
according to m1 embodiment of the invention; 

47 in the specification. FIG. 48 includes FIGS. 48A-8 and 

55 should be referred to for all references to FIG. 47 in the 

FIGS. 22A-22F are example waveforn1s used to describe 
the system of FlU. 21; 

FIG. 23A illustrates an example transmitter in an 
enhanced signal reception system according to an embodi- 60 
ment of the invention; 

FIGS. 238 and 23C are example waveforms used to 
further describe the enhanced signal reception system 
according to m1 embodiment of the invention; 

FIG. 23D illustrates another exmnple transmitter in an 65 

enhanced signal reception system according to an embodi­
ment of the invention; 

specification. 
FIGS. 50, 51, 52A, 528, and 52C relate to an example 

alternate demodulator/modulator facilitation module for an 
example WLAN interface embodiment; FIG. 50 includes 
FIGS. 50A-D and should be referred to for all references to 
FIG. 50 in the specification. FIG. 51 includes FIGS 51A-8 
and should be referred to for all references to FIG. 51 in the 
specification. FIG. 528 includes FIG. 528-1 and should be 
referred to for for all references to FIG. 528 in the speci­
fication. 

FIGS. 53 and 54 relate to an example receiver for m1 
example WLAN interface embodiment; FIG. 53 includes 
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FTGS. 53A-C and should he referred to for all references to 
FIG. 53 in the specification. 

FTGS. 55, 56A, and 56R relate to an example synthesizer 
for an example WLAN interface embodiment; PIG. 55 
includes PIGS. 55A-C and should be referred to for all 
references to FIG. 55 in the specification. 

FIGS. 57, 58, 59, 60, 61A, and 6113 relate to an example 
transmitter for an example WLAN interface embodiment; 
FIG. 57 includes FIGS. 57A-D and should be referred lo for 
all references to FIG. 57 in the specification. FIG. 60 10 

includes FIGS. 60A D and should be referred to for all 
references to FIG. 60 in the specification. 

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

15 
FIGS. 62A-I and should be referred to for all references to 
PIG. 62 in the specification. 

6 
FTG. 72.T illustrates an example frequency spectrum that is 

associated with a modulator 7104, according to embodi­
ments of the present invention; 

rIG. 73A illustrate a transmitter 7302 that is configured 
for carrier insertion, according to embodiments of the 
present invention; 

FIG. 7313 illustrates example signals associated with the 
transmitter 7302, according to embodiments of the inven­
tion; 

FIG. 74 illustrates an IQ balanced transmitter 7420, 
according to embodiments of the present invention; 

FIGS. 75A-C illustrate various example signal diagran1s 
associated with the balanced transmitter 7420 in FIG. 74; 

FIG. 76A illustrates an IQ balanced transmitter 7608 
according to embodiments of the invention; 

FIG. 76B illustrates an IQ balanced modulator 7618 
according to embodiments of the invention; FIGS. 64-66 relate to example LNAs for an example 

WLAN interface embodiment: FIG. 64 includes FIGS. 
64A-C and should be referred to for all references to FIG. 
64 in the specification. FIG. 65 includes FIGS 65A-E and 
should be referred to for all references to FIG. 65 in the 
specification. FIG. 66 includes FIG. 66A-B and should be 
referred to for all referrences to FIG. 66 in the specification. 

FIG. 77 illustrates an IQ balanced modulator 7702 con-
20 figured for carrier insertion according to embodiments of the 

FIGS. 67A B illustrate IQ receivers having UFT modules 25 

in a series and shunt configurations, according to embodi­
ments of the invention; 

FTGS. 68A-R illustrate TQ receivers having 1JFT modules 
with delayed control signals for quadrature implementation, 
according to embodiments of the present invention; 

FIGS. 69A-B illustrate IQ receivers having PET 
implementations, according to embodiments of the inven­
tion; 

30 

FIG. 70A illustrates an IQ receiver having shunt UFT 
35 

modules according to embodiments of the invention; FTG. 
70A includes FIGS 70A-1 and should be referred to for all 
references to PIG. 70A in the specification 

invention; 

FIG. 78 illustrates an IQ balanced modulator 7802 con­
figured for carrier insertion according to embodiments of the 
invention; 

FIG. 79A illustrate a transmitter 7900, according to 
embodiments of the present invention: 

FIGS. 79B-C illustrate various frequency spectrums that 
are associated with the transmitter 7900; 

FIG. 79D illustrates a PET configuration for the trans­
mitter 7900, according to embodiments of the present inven­
tion; 

FIG. 80 illustrates an IQ transmitter 8000, according lo 
embodiments of the present invention: 

FIGS. 81A-C illustrate various frequency spectrums that 
are associated with the IQ transmitter 8000, according to 
embodiments of the present invention: 

FIG. 70B illustrates control signal generator embodiments 
for receiver 7000 according to embodiments of the inven­
tion; 

FIG. 82 illustrates an IQ transmitter 8200, according to 

40 
embodiments of the present invention: 

FIGS. 70C-D illustrate various control signal waveforms 
according to embodiments of the invention; 

FIG. 70E illustrates an example IQ modulation receiver 
embodiment according to embodiments of the invention; 45 

FTG. 70F. includes FTG ?OF.I and FTG. 70F2 and should he 
referred to for all references to FIG. 70E in the specification. 

FIGS. 70F-P illustrate example waveforms that are rep­
resentative of the TQ receiver in FTG. 70F.; 

FIGS. 70Q-R illustrate single channel receiver embodi- so 
ments according to embodiments of the invention: 

FIG. 70S illustrates a FETconfiguration of an IQ receiver 
embodiment according lo embodiments of the invention; 
FIG. 70S includes FIGS 70S-1 and should be referred to for 
all references to FIG. 70S in the specification. 

FIG. 71A illustrate a balanced lransmiller 7102, according 
to an embodiment of the present invention; 

55 

rIG. 83 illustrates an IQ transmitter 8300, according to 
embodiments of the invention; 

FIG. 84 illustrates a flowchart 8400 that is associated with 
the transmitter 7102 in the FIG. 7 lA, according to embodi­
ments of the invention; 

FTG. 85 illustrates a flowchart 8500 that further defines 
the flowchart 8400 in the FIG. 84, and is associated with the 
transmitter 7102 according to embodiments of the invention; 

FTG. 86 illustrates a flowchart 8600 that is associated with 
the transmitter 7900 and further defines the flowchart 8400 
in the PIG. 84, according to embodiments of the invention; 

FTG. 87 illustrates a flowchart 8700, that is associated 
with the transmitter 7420 in the FTG. 74, according to 
embodiments of the invention; 

FIG. 88 illustrates a flowchart 8800 that is associated with 
the transmitter 8000, according to embodiments of the 
invention; 

FIGS. 71B-C illustrate example waveforms that are asso­
ciated with the balanced transmitter 7102, according lo an 
embodiment of the present invention; 

FIG. 89A illustrate a pulse generator according to 

60 
emhodimcnts of the invention; 

FIG. 71D illustrates example PET configurations of the 
balanced lransmiller 7102, according lo embodiments of the 
present invention; 

FIGS. 72A-I illustrate various example tinting diagrams 
that are associated with the transmitter 7102, according to 
embodiments of the present invention; 

FIGS. 89B-C illustrate various example signal diagran1s 
associated with the pulse generator in FIG. 89A, according 
to embodiments of the invention; 

FIGS. 89D-E illustrate various example pulse generators 
65 according to embodiments of the present invention; 

FIGS. 90A-D illustrate various implementation circuits 
for the modulator 7410, according to embodiments of the 
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present invention; FTG. 90R includes FTGS. 90R-1, 90R-2, 
90B-3, and 90B-4 and should be referred to for all references 
to PIG. 90Il in the specification. PIG. 90C includes PIGS. 
90C-l, 90C-2, 90C-3 and 90C-4 and should be referred to 
for all referneces to FIG. 90C in the specification. 

FlU. 91 illustrates an lQ transceiver 9100 according to 
embodiments of the present invention; 

FlU. 92 illustrates direct sequence spread spectrum 
according lo embodiments of lhe present invention; 

FIG. 93 illustrates the LNA/PA module 3904 according to 
embodiments of the present invention; 

FIG. 94 illustrates a WLAN device 9400, according to 
embodiments of the invention of the present invention; and 

10 

FIGS. 95A C, and FIGS. 96 161 illustrate schematics for 15 

an integrated circuit implementation example of the present 
invention. FTG. 97 includes FTGS. 97 A-D and should be 
referred to for all references to PIG. 97 in the specification. 
FIG. 105 includes FIGS.105A-D, 105 El-E2, and 105F-V, 
and should be referred to for all references to FlU. 105 in the 20 

specification. FIG. 106 includes FIGS. 106A-F and should 
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be referred lo for all references lo FIG. 106 in the specifi­
cation. FIG. 107 includes FIGS. 107A D and should be 
referred to for all referrences to FIG. 107 in the specification. 
FTG. 109 includes FTGS. 109A-D and should he referred to 25 

for all references to FIG. 109 in the specification. FIG. 110 
includes PIGS. llOA-D and should be referred to for all 
references to FIG.110 in the specification. FIG.112A-D and 
should be referred to for all references to FIG. 112 in the 
specification. FIG. 113 includes FIGS. 113A-F and should 30 

be referred to for all references to FIG. 113 in the specifi­
cation. FIG. 115 includes FIGS. USA F and should be 
referred to for all references to FIG. 115 in the specification. 
FTG. 118 includes FTG. 11 SA-D and should he referred to 
for all references to FIG 118 in the specification. FIG. 123 
includes FIGS. 123A-H and should be referred to for all 
references to FlU. 123 in the specification. FlU. 125 
includes FIGS. 125A-H and should be referred to for all 
references lo FIGS 125 in lhe specification. FIG. 126 
includes FIGS. 126A-H and should be referred to for all 40 

references to FIG. 126 in the specification. FIG. 127 
includes FIGS 127A-D and should be referred to for all 
references to FIG. 127 in the specification. FIG. 150 
includes PIGS. 150A-II and should be referred to for all 

9.0 
35 tn.O 

802.11 Physical Layer Configurations 
Appendix 
Conclusion 

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. 

references to FIG. 150 in the specification. FIG. 150 45 

includes FIGS. 159A-D and should be referred to for all 

FTG. 1 A illustrates a universal frequency translation 
(UFT) module 102 according to embodiments of the inven­
tion. (The UPT module is also sometimes called a universal 
frequency translator, or a universal translator.) references to FIG. 159 in the specification. FIG. 160 

includes FIGS. 160A-D and should be referred to for all 
references ti FIG. 160 in the specification. 

I. 
2. 
3. 
4. 
5. 
6. 

7.0 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

TABLE OF CO'ITENTS 

Universal Frequency Tra.11slatio11 
Frequency Dmvn-Conversion 
.brcqucncy Up-Conversion 
Enhanced Signal Reception 
Unified Down-Conversion and Filtering 
Example Application Embodiments of the Invention 
6.1 Data Communication 

6.1.1 Example Implementations: Interfaces, Vlireless 
Modems, Wireless LANs, etc. 

6.1.2 Example :\1odificat1ons 
G.2 Other Example Applications 
Example WLAN Implementation Embodiments 

As indicated by the example of FIG. lA, some embodi­
ments of the UFT module 102 include three ports (nodes), 

50 designated in FIG. lA 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 

55 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 

60 perhaps other characteristics) of the output signal. 

65 

An example embodiment of the UFT module 103 is 
generally illustrated in FIG. lB. 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 
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module 202 includes a diode 204 having two ports, desig­
nated 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. 

10 
such as a phase modulated (PM) signal or an amplitude 
modulated (AM) signal. Each of the above implementations 
is described below. 

T11e UFT module is a very powerful and tlexible device. s 
Ils flexibility is illustrated, in part, by the wide range of 
applications in which it can be used. Its power is illustrated, 

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 sig,nal 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 

in part, by the usefulness and performance of such applica­
tions. 

For example, a UFT module 115 can be used in a 10 

universal frequency down-conversion (UPD) module 114, 

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

A train of pulses 2018 as shown in FTG. 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 

an example of which is shown in FIG. IC. In this capacity, 
the UFT module 115 frequency down-converts an input 
signal to an output signal. 

As another example, as shown in FIG. 10, a UFT module 15 

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. 

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. 
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 

These and other applications of the UFT module are 
described below. Additional applications of the UPT module 20 

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 compo­
nent. 2s 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 t0 to time t 1 . 

2. Frequency Down-Conversion 
The present invention is directed to systems and methods 

oflmiversal frequency down-conversion, and applications of 
same. 

In particular, the following discussion describes down­
converting using a Universal Frequency Translation Mod­
ule. The down-conversion of an EM signal by aliasing the 
EM signal at an aliasing rate is fully described in co-pending 
U.S. Patent Application entitled "Method and System for 
Down-Converting Electromagnetic Signals," Ser. No. 
09/176,022, filed Oct. 21, 1998, issued as U.S. Pat. No. 
6,061,551 on May 9, 2000, 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 

FIG. 20D illustrates an exemplary aliasing signal 2018 
30 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 

35 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. T11e aliasing rate is 

40 determined as described below, and further described in 
co-pending U.S. Patent Application entitled "Method and 
System for Down-converting Electromagnetic Signals," 
application Ser. No. 09/176,022, issued as U.S. Pat. No. 
6,06L551 on May 9, 2000. 

As noted above, t11e 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 

a universal frequency down-conversion module) for down­
conversion using a universal frequency translation (UFT) 45 

module 2002 which down-converts an DM 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 tlexible. 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 

50 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 20 I 0. The charge transferred 
dming a pulse is referred to herein as an under-sample. 

as differential mode). Tn a second implementation (see FTG. 
20A-1), the capacitor 2010 is in series with the input signal 
2004 and the switch 2008 is shm1ted to ground (although it 
may be other than grmmd in configurations such as differ­
ential 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, 

55 Exemplary under-samples 2022 form down-converted sig­
nal 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 succes­
sive under-samples of AM carrier signal 2014 form the 

60 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 com­
pressed time scale. As illustrated, down-converted signal 

65 2026 has substantially the same "amplitude envelope" as 
AM carrier signal 2014. Therefore, FIGS. 20B-20F illus­
trate down-conversion of AM carrier signal 2014. 
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The waveforms shown in FIGS. 20R-20F arc 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 inven­
tion relating thereto, are disclosed in co-pending U.S. Patent 
Application enlitle<l "Melho<l an<l System for Down­
converting Electromagnetic Signals," application Ser. No. 
09/176,022, issued as U.S. Pat. No. 6,061,551 on May 9, 
2000. 

The aliasing rate of control signal 2006 dctcrn1incs 10 

whether the input signal 2004 is down-converted to an Ir 
signal, down-converted to a demodulated baseband signal, 

12 
baseband signal (i.e., zero IF), the frequency of the control 
signal 2006 would be calculated as follows: 

(Freqmput-FreqrF)ln=Freqrrmtv-n1 

(900 Y!HZ-0 Y!HZ)in~900 MHZln 

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

Exemplary time domain and frequency domain drawings, 
illustrating direct down-conversion of analog and digital AM 
and PM signals to demodulated baseband signals, and exem­
plary methods and systems thereot~ are disclosed in the 
co-pen<ling U.S. Paten! Application entille<l "Me!ho<l an<l 

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, an<l the 
down-converted output signal 2012 are illustrated below: 

(freq. of input signal 2004)=n·(f<req. of control signal 
2006)±(Freq. of down-converted output signal 2012) 

15 System for Down-converting Electromagnetic Signals," 
application Ser. No. 09/176,022, issued as U.S. Pat. No. 
6,06L551 on May 9, 2000. 

Alternatively, to down-convert an input FM signal to a 
non-PM signal, a frequency within the PM bandwidth must 

For the examples contained herein, only the"+" condition 
will he discussed. The value of n represents a harn1onic or 
sub-harmonic of input signal 2004 (e.g., n=0.5, 1, 2, 3, ... ). 

20 be down-converted to baseband (i.e., zero IP). As an 
example, to down-convert a frequency shift keying (FSK) 
signal (a sub-set of FM) to a phase shift keying (PSK) signal 
(a subset of PM), the mill-point between a lower frequency 
F 1 and an upper frequency F2 (that is, [(F 1 +F2)+2]l of the 

When the aliasing rate of control signal 2006 is oft: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 

30 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 
<lown-conver!eu IF signal. For example, lo <lown-conver! a 

35 901 MHZ input signal to a 1 MHZ IF signal, the frequency 

25 FSK signal is down-converted to zero IF. For example, to 
down-convert an FSK signal having F1 equal to 899 MHZ 
and F2 equal to 901 1Y!H7, to a PSK signal, the aliasing rate 
of the control signal 2006 would be calculated as follows: 

of the control signal 2006 would be calculated as follows: 

(Freqmput-Fre~p)ln=Freq_,,0n1ror 

(901 MHZ-I MHZl!n~900ln 

For n=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. 

40 

Frequency of the input = (.b 1 + F2) 7 2 
= (899 MHZ+ 901 MHZ)+ 2 
~ 900 MHZ 

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

(F reqinput-Freq,J< )In= Fre~ont.-ot 

(900 Y!HZ-0 Y!HZ)in=900 MHZ!n 

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

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 Ser. No. 
09/176,022, issued as U.S. Pat. No. 6,061,551 on May 9, 
2000. 

45 the difference between the lower frequency F 1 and the upper 
frequency P 2 . 

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 1 or the upper frequency F 2 of the FSK 

50 signal is down-converted to zero IF. For example, to down­
convert an FSK signal having F1 equal to 900 MHZ and F2 

equal to 901 MHZ, to an ASK signal, the aliasing rate of the 
control signal 2006 should he substantially equal to: 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- 55 

ham10nic 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 a result, the under-samples form a constant 60 

output baseband signal. If the input signal 2004 includes 
lower frequency changes, such as amplitude, frequency, 
phase, etc., or any combination thereof, the charge stored 
during associated under-samples reflects the lower fre­
quency changes, resulting in similar changes on the 65 

demodulated baseband signal. For example, to directly 
down-convert a 900 MHZ input signal to a demodulated 

(900 Y!HZ-0 Y!HZ)in=900 MHZln. 

or 

(901 Y!HZ-0 Y!HZ)in~901 MHZln. 

For the former case of 900 MHZ/n, and for n=0.5, L 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 of901 MHZ/n, and 
for n=0.5, 1, 2, 3, 4, etc., the frequency of the control signal 
2006 should be substantially equal to 1.802 GHz, 901 MHZ, 
450.5 MHZ, 300.333 MHZ. 225.25 MHZ, etc. The fre­
quency of the down-converted AM signal is substantially 
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equal to the difference between the lower frequency F 1 and 
the upper frequency F2 (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 Ser. No. 09/176,022, issued as U.S. 
Pat. No. 6,061,551 on May 9, 2000. 

Tn an embodiment, the pulses of the control signal 2006 10 

have negligible aperhrres that tend towards zero. This makes 
the UFT module 2002 a high input impedance device. This 
configuration is useful for situations where minimal distur­
bance of the input signal may be desired. 

14 
harmonic. FTG. 6F and FTG. 6G show separately the sinu­
soidal components maldng 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 har­
monics are shown simultaneously (but not summed) in FIG. 
6H. 

The relative amplitudes of the hannonics are generally a 
fi.mction of the relative widths of the pulses of harmonically 
rich signal 306 and the period of the fi.mdamental 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 suffi­
cient 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 hannonic frequency or frequencies as an output 
signal 310, shown for example as a filtered output signal 614 

In another embodiment, the pulses of the control signal 15 

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

20 in PIG. 6I. 
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 

Exemplary systems and methods for generating and opti­
mizing the control signal 2006 and for otherwise improving 
energy transfer and sin ratio, arc disclosed in the co-pending 
U.S. Patent Application entitled "Method and System for 
Down-converting Electromagnetic Signals," application 
Ser. No. 09/176,022, issued as U.S. Pat. No. 6,061,551 on 
May 9, 2000. 

2s frequency translator (UFT) 450, and a ground 408. The UFT 
450 includes a switch 406. The input signal 302 (designated 
as "Control Signal" in FTG. 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 

30 resistor or impedance 404 and the switch 406. 

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 illus- 35 

!rated in FIG. 3. The frequency up-conversion system 300 is 
now described. 

Also in FIG. 4, it can be seen that an example tilter 308 
is comprised of a capacitor 410 and an inductor 412 shnnted 
to a ground 414. The filter is designed to filter out the 
undesired harmonics of harmonically rich signal 306. 

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

for example, in an alternate embodiment shown in PIG. 
5, an unshaped input signal 501 is routed to a pulse shaping 
module 502. The pulse shaping module 502 modifies the 

40 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 marmer described above. Also, the 

An input signal 302 (designated as "Control Signal" in 
FIG. 3) is accepted by a switch module 304. For purposes of 
example only, assume that the input signal 302 is a FM input 
signal 606, an example of which is shown in FIG. 6C. FM 
input signal 606 may have been generated by modulating 
information signal 602 onto oscillating signal 604 (FIGS. 6A 
and 6B). Tt should he understood that the invention is not 
limited to this embodiment. The information signal 602 can 45 

be analog, digital, or any combination thereof and any 
modulation scheme can be used. 

filter 308 ofFTG. 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 

T11e 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. 

50 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 

FIG. 6E is an expanded view of two sections of harmoni­
cally 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. In a similar manner, the 
term "square wave" refers to those wavefonns that are 
substantially square and it is not the intent of the present 60 

invention that a perfect square wave be generated or needed. 
Harmonically rich signal 608 is comprised of a plmality 

of sinusoidal waves whose frequencies are integer multiples 
of the fundan1ental frequency of the wavefonn of the 
harmonically rich signal 608. These sinusoidal waves are 
referred to as the harmonics of the underlying waveform, 
and the ftmdamental frequency is referred to as the first 

55 amplitudes of the ham10nics of hannonically 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 Oct. 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 

65 sarne. 
Referring to FIG. 21, transmitter 2104 accepts a modu­

lating baseband signal 2102 and generates (transmitted) 
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redundant spectrums 2106a-n, which arc sent over commu­
nications medium 2108. Receiver 2112 recovers a demodu­
lated baseband signal 2114 from (received) redundant spec­
trums 2110a-n. Demodulated baseband signal 2114 is 
representative of the modulating baseband signal 2102, 
where the level of similarity between the modulating base­
band signal 2114 and the modulating baseband signal 2102 
is application dependent. 

Modulating baseband signal 2102 is preferably any infor­
mation signal desired for transmission and/or reception. An 

10 
example modulating baseband signal 2202 is illustrated in 
FTG. 22A, and has an associated modulating baseband 
spectrum 2204 and image spectrwn 2203 that are illustrated 
in FIG. 228. Modulating baseband signal 2202 is illustrated 
as an analog signal in FIG. 22a, but could also be a digital 
signal, or combinalion thereof. Mmlulaling baseband signal 15 

2202 could be a vollage (or current) characlerization of any 
number of real world occurrences, including for example 
and without limitation, the voltage (or current) representa­
tion for a voice signal. 

16 
An advantage of the present invention should now he 

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 spec­
trnm 2211) exist on the communications medium. The 
intended baseband signal can be recovered because multiple 
redundant spectnuns are transmitted, where each redundant 
spectrum carries the necessary information to reconstrnct the 
baseband signal. At the destination, the redundant spectnuns 
are isolated from each other so that the baseband signal can 
be recovered even if one or more of the redundant spectrnms 
arc corrupted hy a jamming signal. 

Transmitter 2104 will now be explored in greater detail. 
FIG. 23A illustrates transmitter 2301, which is one embodi­
ment of transmitter 2104 that generates redundant spectrnms 
configured similar lo redundant speclrums 2206b-d. Trans­
miller 2301 includes generator 2303, oplional speclrum 
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 

Each transmitted redlmdant spectrnm 2106a-n contains 20 

the necessary information to substantially reconstmct the 
modulating haschand signal 2102. Tn 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 spec­
lrums 2206b-d. Transmilled redundanl speclrums 2206b-d 
are illustrated to contain three redundant spectrums for 
illustration purposes only. Any number of redundant spec­
trnms could be generated and transmitted as will be 

30 explained in following discussions. 

25 with modulating baseband signal 2202, resulting in modu­
lated signal 2308. First stage modulator 2306 may imple­
ment any type of modulation including hut not limited to: 
amplitude modulation, frequency modulation, phase 

Transmitted redundant spectrnms 2206b-d are centered at 
f1, with a frequency spacing f2 between adjacent spcctrums. 
Frequencies f1 and f2 arc dynamically adjustable in real-time 
as will be shown below. FIG. 220 illustrates an alternate 
embodiment, where redundant spectnuns 2208c,d are cen­
tered on unmodulated oscillating signal 2209 at f1 (Hz). 
Osci11ating signal 2209 may be suppressed if desired using, 

modulation, combinations thereof, or any other type of 
modulation. Second stage modulator 2310 modulates modu­
lated signal 2308 with second oscillating signal 2312, result-
ing in multiple redundant spectrums 2206a-n shown in FIG. 
238. Second stage modulator 2310 is preferably a phase 
modulator, or a frequency modulator, although other types 

35 of modulation may be implemented including but not lim­
ited to amplih1de modulation. Each redundant spectmm 
2206a-n contains the necessary amplitude, phase, and fre­
quency infonnation to substantially reconstrnct the modu-for example. phasing techniques or filtering techniques. 

Transmitted redundant spectrums are preferably above base­
band frequencies as is represented by break 2205 in the 40 

frequency axis of FIGS. 22C and 220. 

lating baseband signal 2202. 
Redundant spectnuns 2206u-n are substantially centered 

around f1 , which is the characteristic frequency of first 
oscillating signal 2305. Also, each redundant spectrum 
2206a-n (except for 2206c) is offset from f1 by approxi­
mately a multiple off2 (Hz), where f2 is the frequency of the 

Received redundant spectrums 2110a-n are substantia11y 
similar to transmitted redundant spectrnms 2106a-n, except 
for the changes introduced hy the communications medium 
2108. Such changes can include bllt are not limited to signal 
attenuation, and signal interference. PIG. 22E illustrates 
example received redundant spectnuns 2210b-d. Received 
redundant spectrnms 2210b-d are substantially similar to 
transmitted redundant spectrums 2206b-d, except that 
redundant spectrnm 2210c includes an undesired jamming 
signal spectmn1 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 221L and can have any 
spectral shape, as will be understood by those ski11ed in the 
art(s). 

As stated above, demodulated baseband signal 2114 is 
extracted from one or more of received redundant spectrnms 
2210b-d. FIG. 22F illustrates example demodulated base­
band 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. 

45 second oscillating signal 2312. Thus, each redundant spec­
trnm 2206a-n is offset from an adjacent redundant spectrum 
by f2 (Hz). This allows the spacing between adjacent redun­
dant spectrums to be adjusted (or tuned) by changing f~ that 
is associated with second oscillator 23 09. Adjusting the 

50 spacing between adjacent redundant spectrnms allows for 
dynamic real-time tuning of the bandwidth occupied by 
redundant spectrums 2206a-n. 

Tn one embodiment, the number of redundant spectrums 
2206a-n generated by transmitter 2301 is arbitrary and may 

55 be unlimited as indicated by the "a-n" designation for 
redtmdant spectrums 2206a-n. However, a typical commu­
nications medium will have a physical and/or administrative 
limitations (i.e. FCC regulations) that restrict the number of 
redundant spectrnms that can be practically transmitted over 

60 the connnunications medium. Also, there may be other 
reasons to limit the number of redundant spectrums trans­
mitted. Therefore, preferably, the transmitter 2301 will 
include an optional spectrum processing module 2304 to 
process the redlmdant spectnuns 2206a-n prior to transmis-

65 sion over communications medium 2108. 
In one embodiment. spectrwn processing module 2304 

includes a filter with a passband 2207 (FIG. 23C) to select 
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redundant spcctrums 2206h--d for transmission. This will 
substantially limit the frequency bandwidth occupied by the 
redundant spectrums to the passband 2207. In one 
embodiment, spectrum processing module 2304 also up 
converts redundant spectrums and/or amplifies redundant 
spectrums prior lo transmission over the communications 
medium 2108. Finally, medium interface module 2320 trans­
mits redundant spectrums over the communications medium 
2108. In one embodiment, communications medium 2108 is 

18 
Tn one embodiment, optional medium interface module 

2402 receives redundant spectmms 22106-d (FIG. 22E, and 
l'IG. 2413). Dach redundant spectmm 22106-d includes the 
necessary amplitude, phase, and frequency infommtion to 
substantially reconstruct the modulating baseband signal 
used lo generated the redundant spectrums. However, in the 
present example, spectmm 2210c also contains januning 
signal 2211. which may interfere with the recovery of a 

an over-the-air link and medium interface module 2320 is an 10 

baseband signal from spectrum 2210c. Down-converter 
2404 down-converts received redundant spectrums 221 Oh-d 
to lower intermediate frequencies, resulting in redundant 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 !ransmiller 2104 that generates redundant 
spectrums configured similar to redundant spectrums 
2208c--d and umnodulated 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 modu­
lates second oscillating signal 2312 with modulating base­
band signal 2202, resulting in modulated signal 2322. As 
described earlier, first stage modulator 2306 can effect any 
type of modulation including but not limited to: amplitude 
modulation freqmmcy modulation, combinations thereof. or 
any other type of modulation. Second stage modulator 2310 
modulates first oscillating signal 2304 with modulated sig­
nal 2322, resulting in redundant spectrums 2208a-n, as 
shown in FIG. 23E. Second stage modulator 2310 is pref­
erably a phase or frequency modulator, although other 
modulators could used including but not limited to an 
amplitude modulator. 

spectrums 2406a--c (FIG. 24C). Jamming signal 2211 is also 
down-converted to jamming signal 2407. as it is contained 
within redundant spectrum 24066. Spectrum isolation mod-

15 ule 2408 includes fiikrs 2410a-c that isolate redundant 
spectrums 2406a-c from each other (FIGS. 24D-24F, 
respectively). Demodulators 2416a-c independently 
demodulate spcctrums 2406a--c, resulting in demodulated 
baseband signals 2418a-c, respectively (FIGS. 24G-241). 

20 Drror 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 tlag 2422a-c 
whenever an error is detected in a demodulated baseband 
signal. Arbitration module 2424 accepts the demodulated 

25 baseband signals and associated error flags, and selects a 
substantially error-free demodulated basebm1d signal (FIG. 
24.T). Tn one embodiment, the substantially error-free 
demodulated baseband signal will be substantially similar to 
the modulating baseband signal used to generate the 

30 received redundm1t spectnuns, where the degree of similar­
ity is application dependent. 

Referring lo FIGS. 24G-I, arbitration module 2424 will 
select either demodulated baseband signal 2418a or 2418c, 
because error check module 24206 will set the error flag 

35 24226 that is associated with demodulated baseband signal 
24186. 

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 Commu­
nications Signal," Ser. No. 091176,415, filed Oct. 21, 1998, 
issued as U.S. Pat. No. 6,061,555 on May 9, 2000. 
5. Unified Down-Conversion and Filtering 

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

In particular, the present invention includes a unified 
down-converting m1d filtering (UDF) module that perfom1S 
frequency selectivity and frequency translation in a unified 
(i.e., integrated) manner. By operating in this manner, the 

Redundant spectrums 2208a-n are centered on unmodu- 40 

lated spectrum 2209 (at f 1 Hz), and adjacent spectrums are 
separated by f2 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 spectmm processing module 2304 may 45 

also include a filter with passband 2325 to select, for 
example, spectnuns 2208c,d for transmission over commu­
nications medium 2108. In addition, optional spectrum 
processing module 2304 may also include a filter (such as a 
bandstop filter) to attenuate unmodulated spectrum 2209. 50 

Alternatively, umnodulated spectrum 2209 may be attenu­
ated by using phasing techniques during redundant spectrum 
generation. Finally, (optional) medium interface module 
2320 transmits redundant spectmms 2208c,d over cmnmu­
nications medium 2108. 55 invention achieves high frequency selectivity prior to fre­

quency translation (the invention is not limited to this 
embodiment). The invention achieves high frequency selec­
tivity at substantially m1y 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. 

Receiver 2112 will now be explored in greater detail to 
illustrate recovery of a demodulated baseband sig,nal from 
received redundant spectrums. FIG. 24A illustrates receiver 
2430, which is one embodiment of receiver 2112. Receiver 
2430 includes optional medium interface module 2402, 60 

down-converter 2404, spectrum isolation module 2408, and 
data extraction module 2414. Spectmm 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 

FIG. 17 is a conceptual block diagrm11 of a UDP module 
65 1702 according to an embodiment of the present invention. 

be discussed in relation to the signal diagrams in FIGS. 
24B-24J. 

The UDF module 1702 performs at least frequency trm1s­
lation and frequency selectivity. 
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The effect achieved hy 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 

10 
is intended, adapted, and capable of achieving filter band­
widths 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 15 

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

The UDP module 1702 effectively performs various types 20 

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 25 

represents that portion of the UDF module 1702 that per­
forms 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 30 

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 transla­
tion operation. The input filtering operation can be viewed as 35 

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. 

T11e UDF module 1702 of the present invention includes 
a number of advantages. For example, high selectivity at 40 

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 he designed with a filter center 
frequency ( on the order of 900 MHZ, and a filter band- 45 

width on the order of 50 KIIz. 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 50 

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 55 

example, the filtering center frequency fc of the UDF module 
1702 can be electrically adjusted, either statically or dynan1i­
cally. 

20 
The features and advantages exhibited hy the UDF mod­

ule 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 san1ples/instances of the input signal and san1ples/ 
instances of the output signal. 

More particularly, firs!, 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 forther 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 intennediate frequency (IF) or base­
band. 

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 oftl1e 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 perfonns 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 UDP 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. 

EQ. l 

It should be noted, however, that the invention is not 
limited to hand-pass filtering. Instead, the invention effec­
tively perfonns 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, 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., 

60 EQ. 1 is referred to herein for illustrative purposes only, and 
is not limiting. 

its resistors, capacitors, inductors, etc. As a result, the 65 

architecture of the UDF module 1702 is friendly to inte-
grated circuit design techniques and processes. 

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 
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configurations, and/or a subset of these components, and/or 
additional components. For example, and without limitation, 
in the configuration shown in PIG. 19, the output smoothing 
module 1938 is optional. 

As forther described below. in the example of FIG. 19, the 5 

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, ¢ 1 and ¢2 . cp 1 

and ¢2 preferably have the same frequency, and are non­
ovcrlapping (alternatively, a plurality such as two clock 10 

signals having these characteristics could be used). As used 
herein, the term "non-overlapping" is defined as t\vo 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 15 

are low. 
Preferably, each of these switches closes on a rising edge 

of¢ 1 or cji,, and opens on the next corresponding falling edge 
of ¢ 1 or ¢2 . However, the invention is not limited to this 
example. As will be apparent to persons skilled in the 20 

relevant art(s), other clock conventions can be used to 
control the switches. 

In the example of FIG. 19, it is assumed that a 1 is equal 
to one. Thus, the output of the down-convert and delay 
module 1924 is not scaled. As evident from the embodi- 25 

22 
V0,_ 1 is undefined at this point. However, for case of 
understanding, V0,_ 1 shall continue to be used for purposes 
of explanation.) 

Also at the rising edge of ¢ 1 at time t-1, a switch 1966 in 
the second delay module 1930 closes, allowing a capacitor 
1968 lo charge lo a value stored in a capacitor 1964. Al 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 ¢2 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 Vl,_ 1 • such that 
node 1904 is at VI,_ 1 • 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 UDP 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). ments described above, however, the invention is not limited 

to this example. 
The example UDF module 1922 has a filter center fre­

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

Also at the rising edge of ¢2 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. 

30 Accordingly, the capacitor 1964 charges to V0,_ 1 , such that 
node 1908 is at V0,_ 1 . This is indicated by cell 1814 in Table 
1802. 

The operation of the UDF module 1922 shall now be 
described with reference to a Table 1802 (FIG. 18) that 35 

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 1mits after operation begins. The 40 

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 ¢1 at time t-1, a switch 1950 in the 45 

down-convert and delay module 1924 closes. This allows a 
capacitor 1952 to charge to the current value of an input 
signal, VI,_u such that node 1902 is at VI,_,. Tlris is 
indicated by cell 1804 in FIG. 18. In effect. the combination 

Also at the rising edge of ¢2 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 1mdefined. This is indicated by 
cell 1815 in table 1802. 

At time t, at the rising edge of ¢ 1 , 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. 

Also at the rising edge of ¢1 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 cj> 1 at time t, the switch 1966 
in the second delay module 1930 closes, allowing a capaci­
tor 1968 to charge to the level of the capacitor 1964. 
Therefore, the capacitor 1968 charges to V0,_ 1 , such that 
node 1910 is at V0,_1 . This is indicated by cell 1824 in Table 
1802. 

At the rising edge of ¢2 at time t, the switch 1954 in the 
down-convert and delay module 1924 closes, allowing the 

of the switch 1950 and the capacitor 1952 in the down- 50 

convert and delay module 1924 operates to translate the 
frequency of the input signal VI to a desired lower 
frequency, such as TF or baseband. Thus, the value stored in 
the capacitor 1952 represents an instance of a down­
converted image of the input signal VI. 55 capacitor 1956 to charge to the level of the capacitor 1952. 

The manner in which the down-convert and delay module 
1924 performs frequency down-conversion is further 
described elsewhere in tlris application, and is additionally 
described in pending U.S. application "Method and System 
for Down-Converting Electromagnetic Signals," Ser. No. 60 

09/176,022, filed Oct. 21, 1998, issued as U.S. Pat. No. 
6,061,551 on May 9, 2000, which is herein incorporated by 
reference in its entirety. 

Also at the rising edge of cp1 at time t-1, a switch 1958 in 
the first delay module 1928 closes, allowing a capacitor 65 

1960 to charge to V0,_ 1 , such that node 1906 is at V0,_ 1 . 

This is indicated by cell 1806 in Table 1802. (In practice, 

Accordingly, the capacitor 1956 charges to VI,. such that 
node 1904 is at VIr This is indicated by cell 1828 in Table 
1802. 

Also at the rising edge of ¢2 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 VOn sllch that node 1908 is at 
VO,. This is indicated by cell 1832 in Table 1802. 

Further at the rising edge of cj>2 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 
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I 930. Therefore, the capacitor I 972 charges to V0,_1, such 
that node 1912 is at V0,_ 1. This is indicated in cell 1836 of 
PIG. 18. 

At time t+l, at the rising edge of ¢1, the switch 1950 in 
the down-convert and delay module 1924 closes, allowing 
the capacitor 1952 lo charge lo VI,+1. Therefore, node 1902 
is at VI,+1, as indicated by cell 1838 of Table 1802. 

Also at the rising edge of <j> 1 at time t+ 1, the switch 1958 
in the first delay module 1928 closes, allowing the capacitor 
1960 to charge to V0,+1. Accordingly, node 1906 is at 10 

VO,+ 1, as indicated by cell 1842 in Table 1802. 
Further at the rising edge of <j> 1 at time t+l, 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 lo VO,, as indicated 15 

by cell 1846 of Table 1802. 
In the example of FIG. 19, the first scaling module 1932 

scales the value at node I 908 (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+l is -0.l *VO,. 20 

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*V0,_1 at time t+ 1. 

At time t+ 1, the values at the inputs of the sulll1ller 1926 25 

are: VI, at node 1904, -0.l *VO, at node 1914, and 
-0.8*V0,_1 at node I 916 (in the example of FIG. I 9, the 
values at nodes 1914 and 1916 are s11mmed by a second 
sununer 1925, and this sum is presented to the sunm1er 
1926). Accordingly, at time t+l, the sunm1er generates a 30 

signal equal to VI,-0.l *V0,-0.8*V0,_1 . 

At the rising edge of ¢1 al lime l+l, a switch 1991 in the 
output sample and hold module 1936 closes, thereby allow­
ing a capacitor 1992 to charge to V0,+1. Accordingly, the 
capacitor 1992 charges to V0t+1' which is equal to the sum 35 

generated by the adder 1926. As just noted, this value is 
equal to: VI,-0.l *V0,-0.8*V0,_ 1. This is 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,+1 · It 40 

is apparent from inspection that this value of vot+l is 
consistent with the band pass filter transfer function of EQ. 

24 
shown in FIG. IC, for example, where an example UFT 
module 115 is used in a down-conversion module 114. In 
this capacity, the UPT 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. lD, 
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 FlG. 8, for example, 
where an example UFT module 806 is part of up-conversion 
module 804, which is part of a !ransmi!!er 802. 

The present invention can be used in envirol1lllents having 
one or more transmitters 902 and one or more receivers 906, 
as illustrated in FIG. 9. Jn such environments, one or more 
of the transmitters 902 may be implemented using a UFT 
module, as shown for example in PIG. 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 trans­
mitter 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 inven­
tion 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. 

As described elsewhere in this application, the invention 
is directed to methods and systems for enhanced signal 
reception (ESR). Various ESR embodiments include an ESR 
module (transmit) in a transmitter 1202, and an ESR module 
(receive) in a receiver 1210. An example ESR embodiment 
configured in this manner is illustrated in FIG. 12. 

1. 
Further details of unified down-conversion and filtering as 

described in this section are presented in pending U.S. 
application "Integrated Prequency Translation And 
Selectivity," Ser. No. 09/175,966, filed Oct. 21, 1998, issued 

The ESR module (transmit) 1204 includes a frequency 
up-conversion module 1206. Some embodiments of this 

45 frequency up-conversion module 1206 may be implemented 
using a UPT module, such as that shown in PIG. ID. 

as U.S. Pat. No. 6,049,706 on Apr. 11, 2000, 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. 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 perfom1ance of such applications. 

The ESR module (receive) 1212 includes a frequency 
down-conversion module 1214. Some embodiments of this 
frequency down-conversion module 1214 may be imple-

50 mented using a UFT module, such as that shown in FIG. lC. 
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. 

55 13. The unified down-conversion and filtering module 1302 
includes a frequency down-conversion module 1304 and a 
filtering module 13 06. According to the invention, the 
frequency down-conversion module 1304 and the filtering 

Example applications of the UFT module were described 
above. In particular, frequency down-conversion, frequency 
up-conversion, enhanced signal reception, and unified 
down-conversion and filtering applications of the UFT mod­
ule were sulll1llarized above, and are further described 60 

below. These applications of the UFT module are discussed 
herein for illustrative purposes. The invention is not limited 

module 1306 are implemented using a UFT module 1308, as 
indicated in FIG. 13. 

Unified down-conversion and filtering according to the 
invention is usefol in applications involving filtering and/or 
frequency down-conversion. This is depicted, for example, 
in FIGS. 15A-15F. FIGS. 15A-15C indicate that unified 

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 appli­
cations that involve frequency down-conversion. This is 

65 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. 
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1 SD 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 indicales lhal 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 substan­
tially all frequencies). FTG. 15F illustrates that the unified 10 

down-conversion and filtering module 1532 can be used as 
an amplifier. It is noted that one or more UDF modules can 
be used in applications that involve at least one or more of 
filtering, frequency translation, and amplification. 

For example, receivers, which typically perform fillering, 15 

down-conversion, and filtering operations, can be imple­
mented using one or more unified down-conversion and 
filtering modules. This is illustrated, for example, in FTG. 14. 

The methods and systems of unified down-conversion and 
filtering of the invention have many other applications. For 20 

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 25 

filtering in some embodiments. According to embodiments 
of the invention, the FSR module (receive) is implemented 
using one or more unified down-conversion and filtering 
(UDF) modules. This is illustrated, for example, in FIG. 16. 
In the example ofFIG.16, one or more of the UDF modules 30 

1610, 1612. 1614 operates to down-convert a received 
signal. The UDF modules 1610, 1612, 1614 also operale lo 
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 uni- 35 

versa! frequency translation (UFT) modules of the inven­
tion. 

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 40 

structures) described herein (and others that would be appar­
ent to persons skilled in the relevant an(s) based on the 
herein teachings) can be associated to form useful combi­
nations. 

For example, transmitters and receivers are t\vo applica- 45 

tions of the UPT module. rIG. 10 illustrates a transceiver 
1002 that is fo1111ed by combining these t\vo applications of 
the UFT module. i.e., by combining a transmitter 1004 with 
a receiver 1008. 

26 
transmission and reception in environments containing 
potentially jamming signals. 

Additional example applications are described below. 
6. I Data Communication 

The invention is directed to data communication among 
data processing devices. For example, and wilhoul 
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 WA.Ns, modulator/demodulators (modems), includ­
ing 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. It is noted that the 
invenlion is nol limiled lo compulers, bul encompasses any 
data processing and/or communications device or other 
device where communications with external devices is 
desired. Also, the invention includes hut si not limited to 
WLAN client (also called mobile terminals, and/or stations) 
and infrastructure devices (also called access points). In the 
example of FIG. 25, computer 2504 is conm1tmicating with 
the net\vork 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 arc for example purposes 
only, and are not limiting. A link designated as being 
wireless may alternatively be wired. Similarly, a link des­
ignated 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 communi­
cating with the net\vork 2534. The interfaces 2506, 2514, 
and 2528 include transmitters 2508, 2516, and 2530 respec­
tively. Also, the interfaces 2506, 2514 and 2528 include 
receivers 2510, 2518, and 2532 respectively. In embodi­
ments of the invention, the transmitters 2508, 2516 and 2530 
are in1plemented using UFT modules for per±onning fre­
quency up-conversion operations (see, for example, FIG. 8). 
In embodiments, the receivers 2510, 2518 and 2532 are 
implemented using UFT modules for perfonning frequency 
down-conversion operations (see, for example, FIG. 7). 

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

In embodiments, the net\vork 2534 includes an interface 
or modem 2520 for communicating with the modems 2514, 

Also, ESR (enhanced signal reception) and unified down­
conversion and filtering are t\vo 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. 

50 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 

55 and 8). 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 pro­
vided for illustrative purposes only, and are not limiting. 
Other applications and combinations of such applications 
will be apparent to persons skilled in the relevant art( s) 
based on the teachings contained herein. Such applications 
and combinations include, for example and without 
limitation, applications/combinations comprising and/or 
involving one or more of: (1) frequency translation; (2) 65 

frequency down-conversion; (3) frequency up-conversion; 
( 4) receiving; ( 5) transmitting; ( 6) filtering; and/or (7) signal 

In alternative embodiments, one or more of the interfaces 
2506. 2514, 2520, and 2528 are implemented using trans­
ceivers that employ one or more UFT modules for perform­
ing frequency translation operations (see, for example, 

60 FIGS. 10 and 11). 
FIG. 26 illustrates another example data conmmnication 

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 comput-
ers 2604, 2612, 2614 and 2616 communicate with each other 
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via interfaces 2606 and wireless or wired links, thereby 
collectively representing a data cmrummication 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. 

The interface 2606 includes a transmitter 2608 and a 
receiver 2610. In embodiments of the invention, either or 
both of the transminer 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. 

28 
Range LAN, Proxim Range LAN2, Symbol Spectrnm 1, 
Symbol Spectnun 24 as it existed prior to adoption of IEEE 
802.11, HiperLANl. or HiperLAN2. WLAN client devices 
and/or WLAN infrastructure devices may operate in a multi­
mode capacity. For exmnple, a device may include WLAN 
and WAN fimctionality. Another device may include WLAN 
and short rm1ge communication (such as but not limited to 
Blue Tooth) fonctionality. Another device may include 
WLAN and WAN and short rai1ge conununication function-

1
0 

ality. It is noted that the above definitions and examples are 
provided for illustrative purposes, and are not limiting. 
Equivalents to that described above will he apparent to 
persons skilled in the relevant art(s) based on the teachings 
contained herein. 
6.1.1. Example Implementations: Interfaces, Wireless 

15 Modems, Wireless LANs, etc. 
The present invention is now described as implemented in 

an interface, such as a wireless modem or other device (such 
as client or infrastructure device), which can be utilized to 
implement or interact with a wireless local area network 

20 (WLAN) or wireless wide area network (WWAN), for 
example. In m1 embodiment, the present invention is imple­
mented in a WLAN to support IEEE WLAN Standard 
802.11, but this embodiment is mentioned for illustrative 

FIGS. 35-38 illustrate that the present invention supports 
WLANs that are located in one or more buildings or over 25 

any defined geographical area, as shown in FIGS. 35-38. 

purposes only. The invention is not limited to this standard. 
Conventional wireless modems are described in, for 

example, U.S. Pat. No. 5,764,693, titled, "Wireless Radio 
Modem with Minimal Inter-Device RF Interference," incor­
porated herein by reference in its entirety. The present 
invention replaces a substantial portion of conventional 

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 
WLAN s conforming to any WLAN standard or 
configuration, such as IEEE 802.11 and Bluelooth (or other 
relatively short range communication specification or 
standard), any WAN cellular or telephone standard or 
specification, any type of radio links, any custom standard or 
specification, etc., or combination thereof, can be imple­
mented using the universal frequency translation technology 
described herein. Also, any combination of these networks 
may be coupled together, as illustrated in FIG. 34. 

T11e invention supports WLAN s 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 
FTG. 37. Tn fact, the invention is directed to networks that 
cover any defined geographical area, as shown in FIG. 38. 
In the embodiments described above, wireless links are 
preferably established using WLAN interfaces as described 
herein. 

30 wireless modems with one or more universal frequency 
translators (UFTs). The resultm1t improved wireless modem 
consll1lles 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 

35 can be implemented in a PC-MCIA card or within a main 
housing of a computer, for example. 

rIG. 27 illustrates an example block diagram of a com­
puter system 2710, which cm1 be wirelessly coupled to a 
LAN, as illustrated in FIGS. 25 and 26. The computer 

40 system 2710 includes an interface 2714 and an ai1tenna 
2712. The interface 2714 includes a transmitter module 2716 
that receives information from a digital signal processor 
(DSP) 2720, and modulates m1d up-converts the information 
for transmission from the antenna 2712. The interface 2714 

45 also includes a receiver module 2718 that receives modu­
lated carrier signals via the antenna 2712. The receiver 
module 2718 down-converts and demodulates the modu­
lated carrier signals to baseband information, ffild provides 
the baseband information to the DSP 2720. The DSP 2720 More generally, the invention is directed to WLAN client 

devices and WLAN infrastrncture devices. "WLAN Client so can include a central processing unit (CPU) and other 
components of the computer 2712. Conventionally, the 
interface 2714 is implemented with heterodyne components. 

FTG. 28 illustrates an example interface 2810 imple­
mented with heterodyne components. The interface 2810 

55 includes a transmitter module 2812 and a receiver module 
2824. The receiver module 2824 includes ai1 RF section 

Devices" refers to, for exmnple, any data processing and/or 
communication devices in which wired or wireless commu­
nication functionality is desired, such as hut not limited to 
computers, personal data assistants (PDAs), automatic iden­
tification data collection devices (such as bar code scmmers/ 
readers, electronic article surveillance readers, and radio 
frequency identification readers), telephones, network 
devices, etc., and combinations thereof. "WLAN Infrastruc­
ture Devices" refers to, for example, Access Points and other 
devices used to provide the ability for WLAN Client 60 

Devices (as well as potentially other devices) to connect to 
wired and/or wireless networks and/or to provide the net­
work fimctionality of a \VLAN. "WLAN" refers to, for 
example, a Wireless Local Area Network that is imple­
mented according to and that operates within WLAN stai1- 65 

<lards and/or specifications, such as but not limited to IEEE 
802.11, IEEE 802.11a, IEEE 802.11b, HomeRF, Proxim 

2830. one or more IF sections 2828, a demodulator section 
2826, an optional m1alog to digital (AID) converter 2834, 
and a frequency generator/synthesizer 2832. The transmitter 
module 2812 includes an optional digital to analog (D/A) 
converter 2822, a modulator \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 m1 exainple in-phase/quadrature-phase 
(I/Q) interface 2910 implemented with heterodyne compo-
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nents. T!Q implementations allow two channels of informa­
tion to be connnunicated on a carrier signal and thus can be 
utilized to increase data transmission. 

"111e interface 2910 includes a transmitter module 2912 
and a receiver module 2934. The receiver module 2934 s 
includes an RF section 2936, one or more IF sections 2938, 
an I/Q demodulator section 2940, an optional AID 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 10 

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 infonna­
tion channels 2952 and 2954, respectively, which are pro­
vided lo a DSP 2956 through lhe optional AID converler 15 

2944. 
The transmitter module 2912 includes an optional DI A 

converter 2922, an T/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 20 

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 com- 25 

biner 2928. The IF section(s) 2916 and RF section 2914 
up-convert the comhined T and Q modulated information 
signals 2930 and 2932 to RF for transmission by the 
antemia, in a maimer well known in the relevant art( s ). 

Heterodyne implementations, such as those illustrated in 30 

FIGS. 28 and 29, are expensive and di±licult to design, 
manufacture and luue. In accordance wilh the presenl 
invention, therefore, the interface 2714 (FIG. 27) is prefer­
ably implemented with one or more universal frequency 
translation (UFT) modules, such as the UFT module 102 35 

(FIG. lA). Thus previously described benefits of the present 
invention are obtained in wireless modems, WLANs, etc. 

FIG. 30 illustrates an example block diagram embodiment 
of the interface 2714 that is associated with a computer or 
any other data processing mid/or connnunications device. In 40 

FIG. 30, the receiver module 2718 includes a universal 
frequency down-converter (UFD) module 3014 and an 
optional analog to digital (AID) converter 3016, which 
converts an analog output from the UFD 3014 to a digital 
format for the DSP 2720. The transmitter module 2716 45 

includes an optional modulator 3012 Md a universal fre­
quency 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 exmnple 50 

implementation of FIG. 30 operates substantially as 
described above and in co-pending U.S. Patent Applications 
titled, "Method and System for Down-Converting Electro­
magnetic Signals!' Ser. No. 09/176,022, filed Oct. 21, 1998, 
issued as U.S. Pat. No. 6,061,551 on May 9, 2000, and 55 

"Method and System for Frequency Up-Conversion," Ser. 
No. 09/176,154, filed Oct. 21, 1998, issued as U.S. Pat. No. 
6,091,940 on Jul. 18, 2000, as well as other cited documents. 

FIG. 31 illustrates an example implementation of the 
interface 2714 illustrated in FIG. 30, wherein the receiver 60 

UFD 3014 includes a UFT module 3112, and the transmitter 

30 
May 9, 2000, and "Method and System for Frequency 
Up-Conversion," Ser. No. 09/176,154, filed Oct. 21, 1998, 
"Method and System for Frequency Up-Conversion," Ser. 
No. 09/176,154, filed Oct. 21, 1998, issued as U.S. Pat. No. 
6,091.940 on Jul. 18, 2000, as well as other cited documents. 

FIG. 32 illuslrales an example I/Q implemenlation of the 
interface module 2710. Other I/Q implementations are also 
contemplated and are within the scope of the present inven­
tion. 

T n the example of FTG. 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 fourlh UFT modules 3224 and 3226 lo 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 T/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. 

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 allother. The first and second UFT modules 
3212 and 3214 up-convert the lower frequency modulated 
carrier signal 3238, which are output as higher frequency 
modulaled I and Q carrier channels 3218 and 3220, respec­
tively. A signal combiner 3216 combines the higher fre­
quency modulated I and Q carrier channels 3218 and 3220 
into a single higher frequency modulated I/Q carrier signal 
3222 for transmitting by the antelUla 2712. 

The exmnple implementations of the interfaces described 
above, and variations thereof, cm1 also be used to inlplement 
network interfaces, such as the network interface 2520 
illustrated in FIG. 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 net­
work embodiments described herein will be apparent to 
persons skilled in the relevm1t 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 ofUDF embodiments with 
the network embodiments described herein will he apparent 
to persons skilled in the relevant art(s) based on the teach-
ings contained herein. 
6.2. Other Exmnple Applications 

The application embodiments described above are pro­
vided for purposes of illustration. These applications and 
embodiments are not intended to limit the invention. Alter­
nate 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 combina-

UFU 3010 includes a universal frequency translation (UFT) 
module 3110. This example implementation operates sub­
stantially as described above and in co-pending U.S. Patent 
Applications titled, "Method and System for Down­
Converting Electromagnetic Signals," Ser. No. 091176,022, 
filed Oct. 21, 1998, issued as U.S. Pat. No. 6,061.551 on 

65 tions of those described above. Such combinations will be 
apparent to persons skilled in the relevm1t art(s) based on the 
herein teachings. 
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7.0. Example WT.AN Implementation Embodiments 
7.1 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 5 

32 
preferably 90 degrees apart in phase. I and Q signals 4006A, 
40068 are down-converted by UFD (universal frequency 
down-conversion) modules 4002A, 4002Il. The UDP mod-
ules 4002A, 400213 output down-converted l and Q signals 
3926. 3928. The UFD modules 4002A, 40028 each includes 
al least one UFT (universal frequency translation) module 
4004A. UFD and UFT modules are described above. An 
example implementation of the receiver 3906 (vector 
demodulator) is shown in FIG. 53. An example 80M list for 

3902 includes an antemia 3904, a low noise amplifier or 
power amplifier (LNA!PA) 3904, a receiver 3906, a trans­
mitter 3910, a control signal generator 3908, a demodulator/ 
modulator facilitation module 3912, and a media access 
controller (MAC) interface 3914. Other embodiments may 
include different elements. The JYIAC interface 3914 couples 
the WT.AN interface/modem 3902 to a computer 3916 or 
other data processing device. The computer 3916 preferably 
includes a MAC 3918. 

10 the receiver 3906 of FIG. 53 is shown in FIG. 54. 
The demodulator/modulator facilitation module 3912 

receives the I and Q signals 3926, 3928. The demodulator/ 
modulator facilitation module 3912 amplifies and filters the 
land Q signals 3926. 3928. The demodulator/modulator 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. 

15 facilitation module 3912 also performs automatic gain con­
trol (AGC) functions. The AGC function is coupled with the 
universal frequency translation technology described herein. 
The demodulator/modulator facilitation module 3912 out-"11ie W LAN interface/modem 3902 also represents a 

vector modulator and a vector demodulator using the uni­
versal frequency translation (UPT) technology described 20 

herein. Use of the UFT technology enhances the flexibility 
of the WLAN application (i.e., makes it universal). 

puts 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 ±Unctions such as combi1ring the I and 
Q signals 3930, 3932, and arranging the data according to 

25 the protocol/file formal being used. Other functions per­
formed by the JYIAC interface 3914 and the baseband 

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 is applicable to miy communication 
standard or specification, as will he appreciated hy persons 
skilled in the relevant art(s) based on the teachings contained 
herein. Any modifications to the invention to operate with 
other stmidards or specifications will be apparent to persons 30 

skilled in the relevm1t art( s) based on the teachings contained 
herein. 

In the embodiment shown in FIG. 39, the WLAN 
interface/modem 3902 provides half duplex communication. 
However, the invention is not limited to this communication 35 

mode. The invention is applicable and directed to other 
commm1ication modes, as will be appreciated by persons 
skilled in the relevmit art( s) based on the teachings contained 
herein. 

In the embodiment shown in FIG. 39, the modulation/ 40 

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 45 

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 50 

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

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

processor contained therein will he apparent to persons 
skilled in the relevant art( s) ha sed on the teachings contained 
herein. The MAC interface 3914 outputs the baseband 
information signal, which is received mid processed by the 
computer 3916 in an implementation and application spe-
cific 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 fi.mctions collectively performed by these components 
include, but are not limited to, despreading the infonnation, 
differentially decoding the information, tracking the carrier 
phase, descrambling, recreating the data clock, and combin­
ing 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. 

A baseband information signal 3936 is received by the 
MAC interface 3914 from the computer 3916. The M,l\C 
interface 3914 preferably performs ±Unctions such as split­
ting 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 fi.mctions performed 
hy the MAC interface 3914 and the baseband processor 
contained therein will be apparent to persons skilled in the 

Signals 3922 received by the antenna 3903 are amplified 
by the LNA!PA 3904. The mnplified signals 3924 are 
down-converted and demodulated by the receiver 3906. The 
receiver 3906 outputs I signal 3926 and Q signal 3928. 

55 relevant art(s) based on the teachings contained herein. 

FIG. 40 illustrates an example receiver 3906 according to 
an embodiment of the invention. It is noted that the receiver 
3906 shown in FIG. 40 represents a vector modulator. The 
"receiving" fi.mction performed by the WLAN interface/ 
modem 3902 can be considered to be all processing per­
fonned 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 40068 that are 

The demodulator/modulator facilitation module 3912 fil­
ters 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 

60 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 mid Q 

65 signals. Tlris up-converted/combined signal is amplified by 
the LNA/PA 3904, and then trm1smitted via the antenna 
3904. 
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FTG. 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. In an embodiment, the 
"transmit" function performed by the WLAN interface/ 
modem 3902 can be considered to be all processing per- 5 
formed by the WLAN interface/modem 3902 from receipt of 
baseband information through the LNA/PA 3904. An 
example implementation of the transmitter 3910 (vector 
modulator) is shown in FIGS. 57-60. The data conditioning 
interfaces 5802 in FIG. 58 effectively pre-process the I and 

10 
Q signals 3942, 3944 before being received by the UFU 
modules 4102. An example ROM list for the transmitter 
3910 of FIGS. 57-60 is shown in FIGS. 61A and 61B. 

I and Q signals 3942, 3944 are received by UFU 
(universal frequency up-conversion) modules 4102A, 
4102B. The UFU modules 4102A, 4102B each includes al 15 

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 effec­
tively phase shifts either the I signal 4106 or the Q signal 20 

4108 by 90 degrees, and then combines the phase shifted 
signal with the unshifted signal to generate a combined, 
up-converted I/Q signal 3946. 

In the example embodiment of FIG. 39, the modulation 
function is distributed among the transmitter 3910, the 25 

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, differentially encoding data, 
splitting the baseband infom1ation signal into I and Q 30 

signals, scrambling data, and data spreading. The invention 
is not limited lo this arrangement. These modulation-type 
functions can be centralized in a single component, or 
distributed in other ways. 

An example implementation of the transmitter 3910 35 

(vector modulator) is shown in 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 40 

61B. 

34 
T n 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 exmnple 
trm1smit implementation. 
7 .2 Receiver 

Example embodiments and implementations of the IQ 
receiver 3906 will be discussed as follows. The exmnple 
embodiments and implementations include multi-phase 
embodiments that are useful for reducing or eliminating 
unwanted DC offsets and circuit re-radiation. The invention 
is not limited to these exmnple receiver embodiments. Other 
receiver embodiments will be understood by those skilled in 
the relevant arts based on the discussion given herein. These 
other embodiments are within the scope mid spirit of the 
present invention. 
7.2.1 IQ Receiver 

An example embodiment of the receiver 3906 is shown in 
FTG. 67 A. Referring to FTG. 67 A, the UFD module 4002A 
(FIG. 40) is configured so that the UFT module 4004A is 
coupled to a storage module 6704A. The UFT module 
4004A is a controlled switch 6702A that is controlled by the 
control signal 3920A. The storage module 6704A is a 
capacitor 6706A. However, other storage modules could be 
used including, an inductor, as will be understood by those 
skilled in the relevant arts. Likewise, the UFD module 
4002B (FIG. 40) is configured so that the UFT module 
4004B is coupled to a storage module 6704B. The UFT 
module 4004B is a controlled switch 6702B that is con­
trolled by the control signal 3920B. The storage module 
6704B is a capacitor 6706B. However, other storage mod­
ules could be used including an inductor, as will be under-
stood by those skilled in the relevant arts. The operation of 
the receiver 3906 is discussed as follows. 

The 90 degree splitter 4001 receives the received signal 
3924 from the LNA/PAmodule 3904. The 90 degree splitter 
4001 divides the signal 3924 into an I signal 4006A and a Q 
signal 4006B. 

The UFD module 4002A receives the I signal 4006A and 
down-converts the I signal 4006A using the control signal 
3920A to a lower frequency signal I 3926. More specifically, 
the controlled switch 6702A samples the I signal 4006A 
according to the control signal 3920A, transferring charge 
(or energy) to the storage module 6704A. The charge stored 
during successive samples of the T signal 4006A, results in 

The components in the WLAN interface/modem 3902 are 
preferably controlled by the MAC interface 3914 in opera­
tion 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. In embodiments, control signals are sent over the 
corresponding wireless medium and received by the antenna 
3904, m1d sent to the MAC 3918. 

45 the down-converted signal I signal 3926. Likewise, UFD 
module 4002B receives the Q signal 4006B and down­
converts the Q signal 40068 using the control signal 39208 
to a lower frequency signal Q 3928. More specifically, the 
controlled switch 6702B smnples the Q signal 4006B 

FTG. 42 illustrates an example implementation of the 
WLAN interface/modem 3902. It is noted that in this 
implementation exmnple, the MAC interface 3914 is located 
on a different board. FIG. 62 is an example motherboard 
corresponding to FIG. 42. FIG. 63 is an exmnple bill-of­
materials (BOM) list for the motherboard of FIG. 62. This 
and other implementations are provided herein for exmnple 
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 inter­
face 3914. 

50 according to the control signal 3920B, resulting in charge (or 
energy) that is stored in the storage module 6704B. The 
charge stored during successive samples of the I signal 
4006A, results in the down-converted signal Q signal 3928. 

Down-conversion utilizing a UFD module (also called an 
55 aliasing module) is further described in the above referenced 

applications, such as "Method and System for Down­
converting Electromagnetic Signals," Ser. No. 091176,022, 
now U.S. Pat. No. 6,061,551. As discussed in the '551 
patent, the control signals 3920A, B can be configured as a 

60 plurality of pulses that are established to improve energy 
transfer from the signals 4006A, B to the down-converted 
signals 3926 and 3928, respectively. In other words, the 
pulse widths of the control signals 3920 can be adjusted to 
increase m1d/or optimize the energy transfer from the signals 

65 4006 to the down-converted output signals 3926 and 3938, 
respectively. Additionally, matched filter principles can be 
implemented to shape the smnpling pulses of the control 
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signal 3920, and therefore further improve energy transfer to 
the down-converted Olltpllt signal 3106. Matched filter prin­
ciple and energy transfer are further described in the above 
referenced applications, such as U.S. patent application 
titled, "Method and System for Down-Converting an Elec- s 
!romagnetic Signal, Transforms For Same, and Aperture 
Relationships", Ser. No. 09/550,644, filed on Apr. 14, 2000. 

The configuration of the UFT based receiver 3906 is 
flexible. In FIG. 67 A, the controlled switches 6702 are in a 
series configuration relative to the signals 4006. 10 

Alternatively, PIG. 67Il illustrates the controlled switches 
6702 in a shunt configuration so that the switches 6702 shunt 
the signals 4006 to ground. 

Additionally in FIGS. 67A-B, the 90 degree phase shift 
between the I and Q channels is realized with the 90 degree 15 

splitter 4001. Alternatively, FIG. 68A illustrates a receiver 
6806 in series configuration, where the 90 degree phase shift 
is realized by shifting the control signal 3920R by 90 
degrees relative to the control signal 3920A. More 
specifically, the 90 degree shifter 6804 is added to shift the 20 

control signal 3920B by 90 degrees relative to the control 
signal 3920A. As such, the splitter 6802 is an in-phase (i.e. 
0 degree) signal splitter. FIG. 68B illustrates an embodiment 

36 
to an T control signal 7090. First UFD module 7002 outputs 
an I olltpllt signal 7098. 

In an embodiment, first UPD module 7002 comprises a 
first storage module 7024, a first UFT module 7026, and a 
first voltage reference 7028. In an embodiment, a switch 
contained within firs! UFT module 7026 opens and closes as 
a function ofI control signal 7090. As a result of the opening 
and closing of this switch, which respectively couples and 
de-couples first storage module 7024 to and from first 
voltage reference 7028, a down-converted signal, referred to 
as I output signal 7098, results. Pirst voltage reference 7028 
may be any reference voltage, and is preferably grmmd. I 
output signal 7098 is stored by first storage module 7024. 

In an embodiment, first storage module 7024 comprises a 
firs! capacitor 7074. In addition lo storing I output signal 
7098, first capacitor 7074 reduces or prevents a DC offset 
voltage resulting from charge injection from appearing on I 
output signal 7098. 

I Olltpllt signal 7098 is received by optional first filter 
7004. \\Then present, first filter 7004 is in some embodiments 
a high pass filter to at least filter I output signal 7098 to 
remove any carrier signal "bleed through''. In a preferred 
embodiment, when present, first filter 7004 comprises a first 
resistor 7030, a first filter capacitor 7032, and a first filter of the receiver 3906 of the receiver 3906 in a shunt con­

figuration with 90 degree delays on the control signal. 
Furthermore, the configuration of the controlled switch 

6702 is also flexible. More specifically, the controlled 
switches 6702 can be implemented in many different ways, 
including transistor switches. FIG. 69A illustrates the UFT 
modules 6702 in a series configuration and implemented as 
FETs 6902, where the gate of each FET 6902 is controlled 
by the respective control signal 3920. As such, the FET 6902 
samples the respective signal 4006, according to the respec­
tive control signal 3920. FIG. 69B illustrates the shunt 
configuration. 

25 voltage reference 7034. Preferably, first resistor 7030 is 
coupled between I output signal 7098 and a filtered I output 
signal 7007, and first filter capacitor 7032 is coupled 
between filtered I olltpllt signal 7007 and first filter voltage 
reference 7034. Alternately, first filter 7004 may comprise 

7.2.2 Mlllti-Phase IQ Receiver 

30 any other applicable filter configuration as would be under­
stood by persons skilled in the relevant art(s). First filter 
7004 outputs liltered I output signal 7007. 

Second UFD module 7006 receives amplified I/Q signal 
7088. Second UFD module 7006 down-converts the 

35 inverted I-phase signal portion of amplified input I/Q signal 
7088 according to an inverted I control signal 7092. Second 
UPD module 7006 outputs an inverted I output signal 7001. PIG. 70A illustrates an exemplary I/Q modulation 

receiver 7000, according to an embodiment of the present 
invention. I/Q modulation receiver 7000 has additional 
advantages of reducing or eliminating unwanted DC offsets 40 

and circuit re-radiation. As will be apparent, the IQ receiver 
7000 can be described as a multi-phase receiver to those 
skilled in the arts. 

In an embodiment, second UFD module 7006 comprises 
a second storage module 7036, a second UFT module 7038, 
and a second voltage reference 7040. In an embodiment, a 
switch contained within second UFT module 7038 opens 
and closes as a function of inverted I control signal 7092. As 
a result of the opening and closing of this switch, which 
respectively couples and de-couples second storage module T/Q modulation receiver 7000 comprises a first UFD 

modllle 7002, a first optional filter 7004, a second UFD 
module 7006, a second optional filter 7008, a third UPD 
module 7010, a third optional filter 7012, a fourth UFD 
module 7014, a fourth filter 7016, an optional LNA 7018, a 
first differential amplifier 7020, a second differential ampli­
fier 7022, and an antenna 7072. 

I/Q modulation receiver 7000 receives, down-converts, 
and demodulates a I/Q modulated RF input signal 7082 to an 
T baseband output signal 7084, and a Q baseband output 
signal 7086. I/Q modlllated RF inpllt signal 7082 comprises 

45 7036 to and from second voltage reference 7040, a down­
converted signal, referred to as inverted I output signal 7001, 
results. Second voltage reference 7040 may be any reference 
voltage, and is preferably ground. Inverted I output signal 

50 

7001 is stored by second storage module 7036. 
In an embodiment, second storage module 7036 com­

prises a second capacitor 7076. In addition to storing 
inverted I output signal 7001. second capacitor 7076 reduces 
or prevents a DC offset voltage resulting from charge 
injection from appearing on inverted I olltpllt signal 7001. 

a first information signal and a second infonnation signal 55 

that are I/Q modulated onto an RF carrier signal. I baseband 
output signal 7084 comprises the first baseband information 
signal. Q baseband output signal 7086 comprises the second 
baseband information signal. 

Inverted I output signal 7001 is received by optional 
second filter 7008. When present, second filter 7008 is a high 
pass filter to at least filter inverted I output signal 7001 to 
remove any carrier signal "bleed through". In a preferred 
embodiment, when present, second filter 7008 comprises a 

Antenna 7072 receives I/Q modulated RF input signal 
7082. I/Q modulated RF input signal 7082 is output by 
antenna 7072 and received by optional LNA 7018. \Vhen 
present, LNA 7018 amplifies I/Q modlllated RF inpllt signal 
7082, and outputs anlplified I/Q signal 7088. 

First UFD module 7002 receives amplified I/Q signal 
7088. First UFD module 7002 down-converts the I-phase 
signal portion of amplified input I/Q signal 7088 according 

60 second resistor 7042, a second filter capacitor 7044, and a 
second filter voltage reference 7046. Preferably, second 
resistor 7042 is coupled between inverted I output signal 
7001 and a filtered inverted I output signal 7009, and second 
filter capacitor 7044 is coupled between filtered inverted I 

65 output signal 7009 and second filter voltage reference 7046. 
Alternately, second filter 7008 may comprise any other 
applicable filter configuration as would be understood by 
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persons skilled in the relevant art(s). Second filter 7008 
outputs filtered inverted I output signal 7009. 

Pirst differential amplifier 7020 receives filtered I output 
signal 7007 at its non-inverting input and receives filtered 
inverted I output signal 7009 at its inverting input. First s 
diJienmlial amplifier 7020 subtracts filtered inverted I output 
signal 7009 from filtered I output signal 7007, amplifies the 
result, and outputs I baseband output signal 7084. Because 
filtered inverted I output signal 7009 is substantially equal to 
an inverted version of filtered T output signal 7007, T 1 n 
baseband output signal 7084 is substantially equal to filtered 
I output signal 7009, with its amplitude doubled. 
Furthermore, filtered I output signal 7007 and filtered 
inverted I output signal 7009 may comprise substantially 
equal noise and DC oJiset contributions from prior down- 15 

conversion circuitry, including first UFD module 7002 and 
second UFD module 7006, respectively. When first differ­
ential amplifier 7020 subtracts filtered inverted T output 
signal 7009 from filtered I mltput signal 7007, these noise 
and DC offset contributions substantially cancel each other. 20 

Third UFD module 7010 receives amplified I/Q signal 
7088. Third UFD module 7010 down-converts the Q-phase 
signal portion of amplified input I/Q signal 7088 according 

38 
couples and de-couples fourth storage module 7060 to and 
from fourth voltage reference 7064, a down-converted 
signal, referred to as inverted Q output signal 7005, results. 
Fourth voltage reference 7064 may be any reference voltage, 
and is preferably ground. Inverted Q output signal 7005 is 
stored by fourth storage module 7060. 

In an embodiment, fourth storage module 7060 comprises 
a fourth capacitor 7080. In addition to storing inverted Q 
output signal 7005, fourth capacitor 7080 reduces or pre­
vents a DC offset voltage resulting from charge injection 
from appearing on inverted Q output signal 7005. 

Inverted Q output signal 7005 is received by optional 
fourth filter 7016. When present, fourth filter 7016 is a high 
pass filter to at least filter inverted Q output signal 7005 to 
remove any carrier signal "bleed through". In a preferred 
embodiment, when present, fourth filter 7016 comprises a 
fourth resistor 7066, a fourth filter capacitor 7068, and a 
fourth filter voltage reference 7070. Preferably, fourth resis­
tor 7066 is coupled between inverted Q output signal 7005 
and a filtered inverted Q output signal 7013, and fourth filter 
capacitor 7068 is coupled between filtered inverted Q output 
signal 7013 and fourth filter voltage reference 7070. 
Alternately, fourth filter 7016 may comprise any other 
applicable filter configuration as would be understood by to an Q control signal 7094. Third UFD module 7010 

outputs an Q output signal 7003. 
In an embodiment, third UFD module 7010 comprises a 

third storage module 7048, a third 1JFT module 7050, and a 
third voltage reference 7052. In an embodiment, a switch 
contained within third UFT module 7050 opens and closes 

25 persons skilled in the relevant art(s ). Fourth filter 7016 
outputs filtered inverted Q output signal 7013. 

as a function of Q control signal 7094. As a result of the 30 

opening and closing of this switch, which respectively 
couples and de-couples third storage module 7048 lo and 
from third voltage reference 7052, a down-converted signal, 
referred to as Q output signal 7003, results. Third voltage 
reference 7052 may be any reference voltage, and is pref- 35 

erably ground. Q output signal 7003 is stored by third 
storage module 7048. 

In an embodiment third storage module 7048 comprises 
a third capacitor 7078. In addition to storing Q output signal 
7003, third capacitor 7078 reduces or prevents a DC offset 40 

voltage resulting from charge injection from appearing on Q 
output signal 7003. 

Q output signal 7003 is received by optional third filter 
7012. When present, in an embodiment, third filter 7012 is 
a high pass filter to at least filter Q output signal 7003 to 45 

remove any carrier signal "bleed through". In an 
embodiment, when present, third filter 7012 comprises a 
third resistor 7054, a third filter capacitor 7056. and a third 
filter voltage reference 7058. Preferably, third resistor 7054 
is coupled between Q output signal 7003 and a filtered Q so 
output signal 701L and third filter capacitor 7056 is coupled 
between filtered Q output signal 7011 and third filter voltage 
reference 7058. Alternately, third filter 7012 may comprise 
any other applicable filter configuration as would be under­
stood by persons skilled in the relevant art( s ). Third filter 55 

7012 outputs filtered Q output signal 7011. 

Second differential amplifier 7022 receives filtered Q 
output signal 7011 at its non-inverting input and receives 
filtered inverted Q output signal 7013 at its inverting input. 
Second differential amplifier 7022 subtracts filtered inverted 
Q output signal 7013 from filtered Q output signal 7011, 
amplifies the result, and outputs Q baseband output signal 
7086. Because filtered inverted Q output signal 7013 is 
substantially equal to an inverted version of filtered Q output 
signal 7011, Q baseband output signal 7086 is substantially 
equal to filtered Q output signal 7013, with its amplitude 
doubled. Purthermore, filtered Q output signal 7011 and 
filtered inverted Q output signal 7013 may comprise sub­
stantially equal noise mid DC offset contributions of the 
smne polarity from prior down-conversion circuitry, includ­
ing third UFD module 7010 and fourth UFD module 7014, 
respectively. When second differential amplifier 7022 sub­
tracts filtered inverted Q output signal 7013 from filtered Q 
output signal 7011, these noise and DC offset contributions 
substantially cancel each other. 

Additional embodiments relating to addressing DC offset 
and re-radiation concerns, applicable to the present 
invention. are described in co-pending patent application 
Ser. No. 09/526,041. entitled "DC Offset, Re-radiation, and 
I/Q Solutions Using Universal Frequency Translation 
Technology," which is herein incorporated by reference in 
its entirety. 
7.2.2.1 Example T/Q Modulation Control Signal Generator 
Embodiments 

FIG. 708 illustrates an exemplary block diagram for IIQ 
modulation control signal generator 7023, according to m1 
embodiment of the present invention. I/Q modulation con­
trol signal generator 7023 generates I control signal 7090, 
inverted I control signal 7092, Q control signal 7094, and 

Fourth UFD module 7014 receives amplified I/Q signal 
7088. Fourth UFD module 7014 down-converts the inverted 
Q-phase signal portion of amplified input I/Q signal 7088 
according to an inverted Q control signal 7096. Fourth UFD 
module 7014 outputs m1 inverted Q output signal 7005. 

In an embodiment, fourth UFD module 7014 comprises a 
fourth storage module 7060, a fourth UFT module 7062, and 
a fourth voltage reference 7064. In an embodiment, a switch 
contained within fourth UFT module 7062 opens and closes 
as a function of inverted Q control signal 7096. As a result 
of the opening and closing of this switch, which respectively 

60 inverted Q control signal 7096 used by I/Q modulation 
receiver 7000 of FIG. 70A. I control signal 7090 and 
inverted I control signal 7092 operate to down-convert the 
I-phase portion of an input I/Q modulated RF signal. Q 
control signal 7094 and inverted Q control signal 7096 act 

65 to down-convert the Q-phase portion of the input I/Q 
modulated RF signal. Furthermore, I/Q modulation control 
signal generator 7023 has the advantage of generating 
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control signals in a manner such that resulting collective 
circuit re-radiation is radiated at one or more frequencies 
outside of the frequency range of interest. for instance, 
potential circuit re-radiation is radiated at a frequency sub­
stantially greater than that of the input RF carrier signal 5 

freqmmcy. 
I/Q modulation control signal generator 7023 comprises a 

local oscillator 7025, a first divide-by-two module 7027, a 
180 degree phase shifter 7029, a second divide-by-two 
module 7031, a first pulse generator 7033, a second pulse 10 

generator 7035, a third pulse generator 7037, and a fourth 
pulse generator 7039. 

Local oscillator 7025 outputs an oscillating signal 7015. 
FIG. 70C shows an exemplary oscillating signal 7015. 

First divide-by-two module 7027 receives oscillating sig- 15 

nal 7015, divides oscillating signal 7015 by two, and outputs 
a half frequency LO signal 7017 and a half frequency 
inverted I ,0 signal 7041. FIG. 70C shows an exemplary half 
frequency LO signal 7017. Half frequency inverted LO 
signal 7041 is an inverted version of half frequency LO 20 

signal 7017. First divide-by-two module 7027 may be 
implemented in circuit logic, hardware, software, or any 
combination thereof; as would be known by persons skilled 
in the relevant art(s). 

180 degree phase shifter 7029 receives oscillating signal 25 

7015, shifts the phase of oscillating signal 7015 by 180 
degrees, and outputs phase shifted LO signal 7019. 180 
degree phase shifter 7029 may be implemented in circuit 
logic, hardware, sofl\vare, or any combination thereof, as 
would be known by persons skilled in the relevant art(s). In 30 

alternative embodiments, other amounts of phase slrift may 
be used. 

Second divide-by two module 7031 receives phase shifted 
LO signal 7019, divides phase shifted LO signal 7019 by 
two, and outputs a half frequency phase shifted LO signal 35 

7021 and a half frequency inverted phase shifted LO signal 
7043. l'IG. 70C shows an exemplary half frequency phase 
shifted LO signal 7021. Half frequency inverted phase 
slrifted LO signal 7043 is an inverted version of half 
frequency phase shifted LO sig,nal 7021. Second divide-by- 40 

two module 7031 may be implemented in circuit logic, 
hardware, software, or any combination thereof, as would be 
known by persons skilled in the relevant art( s). 

First pulse generator 7033 receives half frequency LO 
signal 7017, generates an output pulse whenever a rising 45 

edge is received on half frequency LO signal 7017, and 
outputs I control signal 7090. FIG. 70C shows an exemplary 
I control signal 7090. 

Second pulse generator 7035 receives half frequency 
inverted LO signal 7041, generates an output pulse when- 50 

ever a rising edge is received on half frequency inverted LO 
signal 7041, and outputs inverted I control signal 7092. FIG. 
70C shows an exemplary inverted I control signal 7092. 

Third pulse generator 7037 receives half frequency phase 
shifted LO signal 7021, generates an output pulse whenever 55 

a rising edge is received on half frequency phase shifted LO 
signal 7021, and outputs Q control signal 7094. FIG. 70C 
shows an exemplary Q control signal 7094. 

Fourth pulse generator 7039 receives half frequency 
inverted phase shifted LO signal 7043, generates an output 60 

pulse whenever a rising edge is received on half frequency 
inverted phase shifted LO signal 7043, and outputs inverted 
Q control signal 7096. FIG. 70C shows an exemplary 
inverted Q control signal 7096. 

In an embodiment. control signals 7090, 7021, 7041 and 65 

7043 include pulses having a width equal to one-half of a 
period of I/Q modulated RF input signal 7082. The 

40 
invention, however, is not limited to these pulse widths, and 
control signals 7090, 7021, 7041, and 7043 may comprise 
pulse widths of any fraction of, or multiple and fraction of, 
a period of !IQ modulated RF input signal 7082. 

First, second. tlrird, and fourth pulse generators 7033, 
7035, 7037, and 7039 may be implemented in circuit logic, 
hardware, software, or any combination thereof, as would be 
known by persons skilled in the relevant art( s). 

As shown in FIG. 70C, in an embodiment, control signals 
7090, 7021, 7041, and 7043 comprise pulses that arc non­
overlapping in other embodiments the pulses may overlap. 
Furthem1ore, in this example, pulses appear on these signals 
in the following order: I control signal 7090, Q control 
signal 7094, inverted I control signal 7092, and inverted Q 
control signal 7096. Potential circuit re-radiation from VQ 
modulation receiver 7000 may comprise frequency compo­
nents from a combination of these control signals. 

For example, FIG. 70D shows an overlay of pulses from 
I control signal 7090, Q control signal 7094, inverted I 
control signal 7092, and inverted Q control signal 7096. 
When pulses from these control signals leak through first, 
second, tlrird, and/or fourth UFO modules 7002, 7006, 7010, 
and 7014 to ante1ma 7072 (shown in FIG. 70A), they may be 
radiated from I/Q modulation receiver 7000, with a com­
bined waveform that appears to have a primary frequency 
equal to four times the frequency of any single one of control 
signals 7090, 7021, 7041, and 7043. FIG. 70 shows an 
example combined control signal 7045. 

FIG. 700 also shows an example I/Q modulation RF input 
signal 7082 overlaid upon control signals 7090, 7094, 7092, 
and 7096. As shown in FIG. 700, pulses on I control signal 
7090 overlay and act lo down-convert a positive I-phase 
portion of I/Q modulation RF input signal 7082. Pulses on 
inverted I control signal 7092 overlay and act to down­
convert a negative I-phase portion of I/Q modulation RF 
input signal 7082. Pulses on Q control signal 7094 overlay 
and act to down-convert a rising Q-phase portion of I/Q 
modulation RF input signal 7082. Pulses on inverted Q 
control signal 7096 overlay and act to down-convert a 
falling Q-phase portion of I/Q modulation RF input signal 
7082. 

As FIG. 700 further shows in this example, the frequency 
ratio between the combination of control signals 7090, 7021, 
7041, and 7043 and T/Q modulation RF input signal 7082 is 
approximately 4:3. Because the frequency of the potentially 
re-radiated signal, i.e., combined control signal 7045, is 
substantially different from that of the signal being down­
converted, i.e., I/Q modulation RF input signal 7082, it does 
not interfere with signal down-conversion as it is out of the 
frequency band of interest, and hence may be filtered out. In 
this manner, I/Q modulation receiver 7000 reduces problems 
due to circuit re-radiation. As will be understood by persons 
skilled in the relevant art(s) from the teachings herein, 
frequency ratios other than 4:3 may be implemented to 
achieve similar reduction of problems of circuit re-radiation. 

It should be tmderstood that the above control signal 
generator circuit example is provided for illustrative pur­
poses only. The invention is not limited to these embodi­
ments. Alternative embodiments (including equivalents, 
extensions, variations, deviations, etc., of the embodiments 
described herein) for I/Q modulation control signal genera­
tor 7023 will be apparent to persons skilled in the relevant 
art(s) from the teachings herein, and are within the scope of 
the present invention. 

FIG. 70S illustrates the receiver 7000, where the UFT 
modules 7028, 7038, 7050, and 7062 are configured with 
FETs 7099a-d. 
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Additional embodiments relating to addressing DC offset 
and re-radiation concerns, applicable to the present 
invention, are described in co-pending patent application 
Ser. No. 09/526,041, entitled "DC Offset, Re-radiation, and 
I/Q Solutions Using Universal Frequency Translation 5 
Teclmology," which is herein incorporated by reference in 
its entirety. 
7.2.2.2 Implementation of Multi-phase l/Q Modulation 
Receiver Embodiment with Exemplary Wavefom1s 

PIG. 70E illustrates a more detailed example circuit 
10 

implementation of I/Q modulation receiver 7000, according 
to an embodiment of the present invention. FIGS. 70F-P 
show example waveforms related to an example implemen­
tation of I/Q modulation receiver 7000 of FIG. 70E. 

FIGS. 70F and 70G show first and second input data 
signals 7047 and 7049 to be I/Q modulated with a RF carrier 15 

signal frequency as the I-phase and Q-phase information 
signals, respectively. 

FIGS. 701 and 70J show the signals of FIG. 70F and 70G 
after modulation with a RF carrier signal frequency, 
respectively, as I-modulated signal 7051 and Q-modulated 20 

signal 7053. 
FIG. 70H shows an I/Q modulation RF input signal 7082 

formed from I-modulated signal 7051 and Q-modulated 
signal 7053 of FIGS. 70I and 701, respectively. 

FIG. 700 shows an overlaid view of filtered I output 25 

signal 7007 and filtered inverted I output signal 7009. 
FIG. 70P shows an overlaid view of filtered Q output 

signal 7011 and filtered inverted Q output signal 7013. 
FIGS. 70K and 70L show I baseband output signal 7084 

and Q baseband output signal 7086, respectfully. A data 30 

transition 7055 is indicated in both I baseband output signal 
7084 and Q baseband output signal 7086. The corresponding 
data transition 7055 is indicated in I-modulated signal 7051 

42 
7.'.l. I Universal Transmitter with 2 UFT Modules 

FIG. 7 lA illustrates a transmitter 7102 according to 
embodiments of the present invention. Transmitter 7102 
includes a balanced modulator/up-converter 7104, a control 
signal generator 7142. all optional filter 7106, and all 
optional amplifier 7108. Transmiller 7102 up-converts a 
baseband signal 7110 to produce an output signal 7140 that 
is conditioned for wireless or wire line transmission. In 
doing so, the balanced modulator 7104 receives the base­
band signal 7110 and samples the baseband signal in a 
differential and balanced fashion to generate a harmonically 
rich signal 7138. The hannonically rich signal 7138 includes 
multiple harmonic images. where each image contains the 
baseband information in the baseband signal 7110 The 
optional bandpass filter 7106 may be included lo select a 
harmonic of interest (or a subset of harmonics) in the signal 
7138 for transmission. The optional amplifier 7108 may be 
included to amplify the selected harmonic prior to transmis­
sion. The universal transmitter is further described at a high 
level by the flowchart 8400 that is shown in rIG. 84. Amore 
detailed strnctural alld operational description of the bal-
anced modulator follows thereafter. 

Referring to flowchart 8400, in step 8402, the balal1ced 
modulator 7104 receives the baseband signal 7110. 

In step 8404, the balanced modulator 7104 samples the 
basebm1d signal in a differential and balm1ced fashion 
according to a first and second control signals that arc phase 
shifted with respect to each other. The resulting harmoni­
cally rich signal 7138 includes multiple hannonic images 
that repeat at harmonics of the sampling frequency, where 
each image contains the necessary amplitude and frequency 
information lo reconstruct the baseband signal 7110. 

In embodiments of the invention, the control signals 
include pulses having pulse widths (or apertures) that are of FIG. 701, Q-modulated signal 7053 of FIG. 701, and I/Q 

modulation RF input signal 7082 of FIG. 70H. 
FIGS. 70M and 70N show I baseband output signal 7084 

and Q baseband output signal 7086 over a wider time 
interval. 

35 established to improve energy transfer to a desired harmonic 
of the harmonically rich signal 7138. In forther embodi­
ments of the invention, DC offset voltages are minimized 
between sampling modules as indicated in step 8406, 

7.2.2.3 Example Single Channel Receiver Embodiment 
FIG. 70Q illustrates an example single channel receiver 40 

7091, corresponding to either the I or Q channel of I/Q 
modulation receiver 7000, according to an embodiment of 
the present invention. Single channel receiver 7091 can 
down-convert an input RF signal 7097 modulated according 
to AM, PM, FM, and other modulation schemes. Refer to 45 

section 7.2.1 above for further description on the operation 
of single chalmel receiver 7091. In other words, the single 
channel receiver 7091 is a one channel of the IQ receiver 
7000 that was discussed in section 7 .2.1. 
7.2.2.4 Alternative Example I/Q Modulation Receiver 50 

Embodiment 

thereby minimizing carrier insertion in the harmonic images 
of the harmonically rich signal 7138. 

In step 8408, the optional bandpass filter 7106 selects the 
desired harmonic of interest (or a subset of harmonics) in 
from the harmonically rich signal 7138 for transmission. 

In step 8410, the optional amplifier 7108 amplifies the 
selected harmonic(s) prior to transmission. 

In step 8412, the selected harmonic(s) is transmitted over 
a c01111n1mications medium. 
7 .3 .1.1 Balanced Modulator Detailed Description 

Referring to the exalnple embodiment shown in FIG. 
71A, the balanced modulator 7104 includes the following 
components: a buffer/inverter 7112: summer amplifiers 
7118, 7119; UFT modules 7124 and 7128 having controlled 
switches 7148 and 7150, respectively; an inductor 7126; a 
blocking capacitor 7136; and a DC tefl1linal 7111. As stated 
above, the balanced modulator 7104 differentially samples 
the baseband signal 7110 to generate a harmonically rich 
signal 7138. More specifically, the UFT modules 7124 and 
7128 sample the baseband signal in differential fashion 
according to control signals 7123 and 7127, respectively. A 

FIG. 70R illustrates an exemplary I/Q modulation 
receiver 7089, according to an embodiment of the present 
invention. I/Q modulation receiver 7089 receives, down­
converts, and demodulates an I/Q modulated RF input signal 55 

7082 to an I hasebal1d output signal 7084, alld a Q baseband 
output signal 7086. I/Q modulation receiver 7089 has addi­
tional advantages of reducing or eliminating unwanted DC 
offsets and circuit re-radiation. in a similar fashion to that of 
I/Q modulation receiver 7000 described above. 60 DC reference voltage 7113 is applied to terminal 7111 and 

is uniformly distributed to the UFT modules 7124 and 7128. 
The distributed DC voltage 7113 prevents any DC offset 
voltages from developing between the UFT modules, which 
Call lead to carrier insertion in t11e hannonically rich signal 

7.3 Transminer 
Example embodiments and implementations of the IQ 

transmitter 3910 will he discussed as follows. The example 
embodiments and implementations include multi-phase 
embodiments that are useful for reducing or eliminating 
unwal1ted DC offsets that can result in unwanted carrier 
insertion. 

65 7138. The operation of the balanced modulator 7104 is 
discussed in greater detail with reference to flowchart 8500 
(FIG. 85), as follows. 
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Tn step 8402, the buffer/inverter 7112 receives the input 
baseband signal 7110 and generates inpllt signal 7114 and 
inverted input signal 7116. Input signal 7114 is substantially 
similar to signal 7110, and inverted signal 7116 is an 
inverted version of signal 7114. As such, the butter/inverter s 
7112 conwrls lhe (single-ended) baseband signal 7110 inlo 
differential input signals 7114 and 7116 that will be sampled 
by the UFT modules. Buffer/inverter 7112 can be imple­
mented using lmown operational amplifier (op amp) circuits, 
as will be understood by those skilled in the arts, although 1 o 
the invention is not limited to this example. 

In step 8504, the summer amplifier 7118 sums the DC 
reference voltage 7113 applied to terminal 7111 with the 
input signal 7114, to generate a combined signal 7120. 
Likewise, lhe summer amplifier 7119 sums lhe DC reference 15 

voltage 7113 with the inverted input signal 7116 to generate 
a combined signal 7122. Summer amplifiers 7118 and 7119 
can be implemented using known op amp summer circuits, 
and can be designed to have a specified gain or attenllation, 
including unity gain, although the invention is not limited to 20 

this example. The DC reference voltage 7113 is also dis­
tributed to the outputs of both UFT modules 7124 and 7128 
through the inductor 7126 as is shown. 

In step 8506, the control signal generator 7142 generates 
control signals 7123 and 7127 that are shown by way of 2s 
example in FIG. 72B and FIG. 72C, respectively. As 
illustrated, both control signals 7123 and 7127 have the 
same period Ts as a master clock signal 7145 (FIG.72A), bllt 
have a pulse width (or aperture) of TA- In the example, 
control signal 7123 triggers on the rising pulse edge of the 30 

master clock signal 7145, and control signal 7127 triggers on 
lhe falling pulse edge of lhe master clock signal 7145. 
Therefore, control signals 7123 and 7127 are shifted in time 
by 180 degrees relative to each other. In embodiments of 
invention, the master clock signal 7145 (and therefore the 35 

control signals 7123 and 7127) have a freqllency that is a 
sub-harmonic of the desired output signal 7140. The inven­
tion is not limited to the example of FIGS. 72A-72C. 

In one embodiment, the control signal generator 7142 
includes an oscillator 7146, pulse generators 7144a and 40 

7144b, and an inverter 7147 as shown. In operation, the 
oscillator 7146 generates the master clock signal 7145, 
which is illustrated in FIG. 72A as a periodic square wave 
having pulses with a period ofT s- Other clock signals could 
be llsed inclllding bllt not limited to sinllsoidal waves, as will 45 

be lmderstood by those skilled in the arts. Pulse generator 
7144a receives the master clock signal 7145 and triggers on 
the rising pulse edge, to generate the control signal 7123. 
Inverter 7147 inverts the clock signal 7145 to generate an 
inverted clock signal 7143. The pulse generator 7144b 50 

receives the inverted clock signal 7143 and triggers on the 
rising pulse edge (which is the falling edge of clock signal 
7145), to generate the control signal 7127. 

FIG. 89A-E illllstrate example embodiments for the plllse 
generator 7144. FIG. 89A illustrates a pulse generator 8902. 55 

The pulse generator 8902 generates pulses 8908 having 
pulse width TA from an input signal 8904. Example input 
signals 8904 and pulses 8908 are depicted in FIGS. 89B and 
89C, respectively. The input signal 8904 can be any type of 
periodic signal, including, but not limited to, a sinusoid, a 60 

square wave, a saw-tooth wave etc. The pulse width (or 
aperture) TA of the plllses 8908 is determined by delay 8906 
of the plllse generator 8902. The plllse generator 8902 also 
includes an optional inverter 8910, which is optionally 
added for polarity considerations as understood by those 65 

skilled in the arts. The example logic and implementation 
shown for the pulse generator 8902 is provided for illustra-

44 
tive purposes only, and is not limiting. The actual logic 
employed can take many forms. Additional examples of 
pulse generation logic are shown in PIGS. 89D and 89E. 
FIG. 89[) illustrates a rising edge pulse generator 8912 that 
triggers on the rising edge of input signal 8904. FIG. 89E 
illustrates a falling edge pulse generator 8916 that triggers 
on the falling edge of the input signal 8904. 

In step 8508, the UFT module 7124 samples the combined 
signal 7120 according to the control signal 7123 to generate 
harmonically rich signal 7130. More specifically, the switch 
7148 closes during the pulse widths TA of the control signal 
7123 to sample the combined signal 7120 resulting in the 
harmonically rich signal 7130. FIG. 7113 illustrates an 
exemplary frequency spectrum for the harmonically rich 
signal 7130 having harmonic images 7152a-n. The images 
7152 repeat at harmonics of the sampling frequency I/Ts, at 
infinitum, where each image 7152 contains the necessary 
amplitude, frequency, and phase information to reconstruct 
the baseband signal 7110. As discllssed further below, the 
relative amplitude of the frequency images is generally a 
function of the harmonic number and the pulse width TA. As 
such, the relative amplirude of a particular harmonic 7152 
can be increased (or decreased) by adjusting the pulse width 
TA of the control signal 7123. In general, shorter pulse 
widths of TA shift more energy into the higher frequency 
harmonics, and longer pulse widths of TA shift energy into 
the lower frequency harmonics. The generation of harmoni­
cally rich signals by sampling an inpllt signal according to 
a controlled aperture have been described earlier in this 
application in the section titled, "Frequency Up-conversion 
Using Universal Frequency Translation", and is illustrated 
by FIGS. 3-6. A more detailed discussion of frequency 
up-conversion using a switch with a controlled sampling 
aperture is discussed in the co-pending patent application 
titled, "Method and System for Frequency Up-Conversion," 
Ser. No. 09/176,154, field on Oct. 21, 1998, and incorpo­
rated herein by reference. 

In step 8510, the UFT module 7128 samples the combined 
signal 7122 according to the control signal 7127 to generate 
harmonically rich signal 7134. More specifically, the switch 
7150 closes during the pulse widths TA of the control signal 
7127 to sample the combined signal 7122 resulting in the 
harmonically rich signal 7134. The harmonically rich signal 
7134 includes multiple frequency images of baseband signal 
7110 that repeat at harmonics of the sampling freqllency 
(1/T.d, similar to that for the harmonically rich signal 7130. 
However, the images in the signal 7134 are phase-shifted 
compared to those in signal 7130 because of the inversion of 
signal 7116 compared to signal 7114, and because of the 
relative phase shift between the control signals 7123 and 
7127. 

In step 8512, the node 7132 sums the harmonically rich 
signals 7130 and 7134 to generate ham1onically rich signal 
7133. FIG. 7 lC illllstrates an exemplary freqllency spectmm 
for the harmonically rich signal 7133 that has multiple 
images 7154a-n that repeat at ham1onics of the sampling 
frequency I/Ts- Each image 7154 includes the necessary 
amplitude, frequency and phase information to reconstruct 
the baseband signal 7110. The capacitor 7136 operates as a 
DC blocking capacitor and substantially passes the harmon­
ics in the harmonically rich signal 7133 to generate har­
monically rich signal 7138 at the olltpllt of the modlllator 
7104. 

In step 8408, the optional filter 7106 can be used to select 
a desired harmonic image for transmission. This is repre­
sented for example by a passband 7156 that selects the 
harmonic image 7154c for transmission in FIG. 71C. 
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An advantage of the modulator 7104 is that it is fully 
balanced, which substantially minimizes (or eliminates) any 
DC voltage offset between the two UFT modules 7124 and 
7128. DC offset is minimized because the reference voltage 
7113 contributes a consistent DC component to the input 
signals 7120 and 7122 through the summing amplifiers 7118 
and 7119, respectively. Furthermore. the reference voltage 
7113 is also directly coupled to the outputs of the UFT 
modules 7124 and 7128 through the inductor 7126 and the 
node 7132. The result of controlling the DC offset between 

10 
the UFT modules is that carrier insertion is minimized in the 
harmonic images of the harmonically rich signal 7138. As 
discussed above, carrier insertion is substantially wasted 
energy because the information for a modulated signal is 
carried in the sidebands of the modulated signal and not in 
the carrier. Therefore. it is often desirable lo minimize the 15 

energy al the carrier frequency by controlling the relative 
DC offset. 
7.3.1.2 Balanced Modulator Example Signal Diagrams and 
Mathematical Description 

46 
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where: 
Ts=period of the master clock 7145 
TA=pulse width of the control signals 7123 and 7127 
n=ham1onic number 
As shown by Equation 1, the relative amplitude of the 

frequency images is generally a function of the harmonic 
number n, and the ratio of TjTs. As indicated, the T)Ts 
ratio represents the ratio of the pulse width of the control 
signals relative to the period of the sub-harmonic master 
clock. The TA/Ts ratio can he optimin~d in order to maxi-
mize the amplitude of the frequency image at a given 
harmonic. Por example, if a passband waveform is desired 
to be created at 5x the frequency of the sub-hannonic clock, 

20 then a baseline power for that hannonic extraction may be 
calculated for the fifth harmonic (n=5) as: 

In order to farther describe the invention, PIGS. 72D-72I 
illustrate various example signal diagrams (vs. tin1e) that are 
representative of the invention. These signal diagrams are 
meant for example purposes only and are not meant to be 
limiting. FIG. 72D illustrates a signal 7202 that is represen­
tative of the input baseband signal 7110 (FIG. 71A). FIG. 25 

72E illustrates a step function 7204 that is an expanded 
portion of the signal 7202 from time t0 to t 1, and represents 
signal 7114 at the output of the buffer/inverter 7112. 
Similarly, FIG. 72F illustrates a signal 7206 that is an 
inverted version of the signal 7204, and represents the signal 30 

7116 at the inverted output of buffer/inverter 7112. For 
analysis purposes, a step function is a good approximation 
for a portion of a single bit of data (for the baseband signal 
7110) because the clock rates of the control signals 7123 and 
7127 are significantly higher than the data rates of the 35 

baseband signal 7110. For example, ifthe data rate is in the 
KIIz frequency range, then the clock rate will preferably be 
in MHZ frequency range in order to generate an output 
signal in the Ghz frequency range. 

Still referring to FIGS. 72D-I, FIG. 72G illustrates a 40 

signal 7208 that an example of the hannonically rich signal 
7130 when the step function 7204 is sampled according to 
the control signal 7123 in FIG. 72B. TI1e signal 7208 
includes positive pulses 7209 as referenced to the DC 
voltage 7113. Likewise, FIG. 72H illustrates a signal 7210 45 

that is an example of the harmonically rich signal 7134 when 
the step fonction 7206 is sampled according to the control 
signal 7127. The signal 7210 includes negative pulses 7211 
as referenced to the DC voltage 7113, which are time-shifted 
relative the positive pulses 7209 in signal 7208. 50 

Still referring to FIGS. 72D I, the FIG. 72I illustrates a 
signal 7212 that is the combination of signal 7208 (FIG. 
72G) and the signal 7210 (FTG. 72H), and is an example of 
the harmonically rich signal 7133 at the output of the 
smmning node 7132. As illustrated, the signal 7212 spends 55 

approximately as much time above the DC reference voltage 
7113 as below the DC reference voltage 7113 over a limited 
time period. For example, over a time period 7214, the 
energy in the positive pulses 7209a-b is canceled out by the 
energy in the negative pulses 72lla-b. This is indicative of 60 

minimal (or zero) DC offset between the UFT modules 7124 
and 7128, which results in minimal carrier insertion during 
the sampling process. 

Still referring to FIG. 72I, the time axis of the signal 7212 
can be phased in such a manner to represent the waveform 65 

as an odd function. For such an arrangement, the Fonrier 
series is readily calculated to obtain: 

( 
,(57rJ'Al] 4 si~,--

1,-(tl = Ts · sin(5w5 t). 
Sir 

Equation 2 

As shown by Equation 2, Ic(t) for the fifth harmonic is a 
sinusoidal fimction having an amplitude that is proportional 
to the sin(5nT4 /Ts)· The signal amplih1de can be maximized 
by setting TA=(l/w·Ts) so that sin(5:tTjTs)=sin(n/2)=1. 
Doing so results in the equation: 

4 
fc(tlln~s = s,;(sin(Swst)). 

Equation 3 

This component is a frequency at 5x of the sampling 
frequency of sub-harmonic clock and can be extracted from 
the Fourier series via a bandpass filter (such as bandpass 
filter 7106) that is centered around 5±~. The extracted 
frequency component can then be optionally amplified by 
the amplifier 7108 prior lo transmission on a wireless or 
wire-line communications channel or chall1lels. 

Equation 3 can be extended to reflect the inclusion of a 
message signal as illustrated hy equation 4 below: 

4·m(L) 
::: ~(sin(5G0sr+50(l )). Equation 4 

Equation 4 illustrates that a message signal can be carried in 
harmonically rich signals 7133 such that both amplitude and 
phase can he modulated. Tn other words, m(t) is modulated 
for amplih1de and 8(t) is modulated for phase. In such cases, 
it should be noted that O(t) is augn1ented modulo n while the 
amplitude modulation m(t) is simply scaled. Therefore, 
complex wavefonns may be reconslrucled from their Fou­
rier series with multiple apertnre UFT combinations. 

As discussed above, the signal amplitude for the 5th 
harmonic was maximized by setting the sampling aperture 
width TA= 1/ioTs, where Ts is the period of the master clock 
signal. This can be restated and generalized as setting TA= Y, 
the period (or Jt radians) at the harmonic of interest. In other 
words, the signal anlplitude of any harmonic n can be 
maximized by sampling the input waveform with a sampling 
aperture of TA=Yz the period of the harmonic of interest (n). 
Based on this discussion, it is apparent that varying the 
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aperture changes the harmonic and amplitude content of the 
output waveform. For example, if the sub-harmonic clock 
has a frequency of 200 MIIZ, then the fifth harmonic is at 
1 Uhz. '111e amplitude of the fifl:h harmonic is maximized by 
setting the aperture width T A=500 picoseconds, which s 
equales lo Y2 the period (or ;i; radians) al 1 Ghz. 

FIG. 721 depicts a frequency plot 7216 that graphically 
illustrates the effect of varying the sampling aperture of the 
control signals on the harmonically rich signal 7133 given a 
200 MHZ harmonic clock. The frequency plot 7216 com- 10 

pares two frequency spectnuns 7218 and 7220 for different 
control signal apertures given a 200 MHZ clock. More 
specifically, the frequency spectrum 7218 is an example 
spectrum for signal 7133 given the 200 MHZ clock with the 
aperlure TA=500 psec (where 500 psec is rr radians al the 5lh 15 

harmonic of 1 GHz). Similarly, the frequency spectrum 7220 
is an example spectrum for signal 7133 given a 200 MHZ 
clock that is a square wave (so TA=5000 psec). The spectrum 
7218 includes multiple hannonics 7218a-I, and the fre­
quency spectrum 7220 includes multiple harmonics 20 

7220a--e. [It is noted that spectrum 7220 includes only the 
odd hannonics as predicted by Fourier analysis for a square 
wave.] At 1 Ghz (which is the 5th harmonic), the signal 
amplitude of the two frequency spectrums 7218e and 7220c 
are approximately equal. However, at 200 MHZ, the fre- 25 

quency spectrum 7218a has a much lower amplitude than 
the frequency spectrum 7220a, and therefore the frequency 
spectrnm 7218 is more efficient than the frequency spectrnm 
7220, assuming the desired harmonic is the 5th harmonic. In 
other words, assuming 1 Ghz is the desired harmonic the 30 

frequency spectrum 7218 wastes less energy at the 200 MHZ 
fundamenlal lhan does the frequency spectrum 7218. 
7.3 .1.3 Balanced Modulator Having a Shunt Configuration 

48 
and 7127, respectively. Terminal 7920 is tied to ground and 
prevents any DC offset voltages from developing between 
the UFT modules 7916 and 7922. As described above, a DC 
offset voltage can lead to undesired carrier insertion. '111e 
operation of the balanced modulator 7901 is described in 
grealer delail according lo lhe llowcharl 8600 (FIG. 86) as 
follows. 

In step 8402, the buffer/inverter 7904 receives the input 
baseband signal 7902 and generates I signal 7906 and 
inverted T signal 7908. T signal 7906 is substantially similar 
to the baseband signal 7902, and the inverted I signal 7908 
is an inverted version of signal 7902. As such, the buffer/ 
inverter 7904 converts the (single-ended) baseband signal 
7902 into differential signals 7906 and 7908 that are sampled 
by the UFT modules. BuITer/inverler 7904 can be imple­
mented using known operational amplifier (op amp) circuits, 
as will be understood by those skilled in the arts, although 
the invention is not limited to this example. 

In step 8604, the control signal generator 7142 generates 
control signals 7123 and 7127 from the master clock signal 
7145. Examples of the master clock signal 7145, control 
signal 7123. and control signal 7127 are shown in FIGS. 
72A-C, respectively. As illustrated, both control signals 
7123 and 7127 have the same period Ts as a master clock 
signal 7145, but have a pulse width (or aperture) of TA. 
Control signal 7123 triggers on the rising pulse edge of the 
master clock signal 7145, and control signal 7127 triggers on 
the falling pulse edge of the master clock signal 7145. 
Therefore, control signals 7123 and 7127 are shifted in time 
by 180 degrees relative to each other. A specific embodiment 
of the control signal generator 7142 is illustrated in FIG. 
71A, and was discussed in delail above. 

In step 8606, the UFT module 7916 shunts the signal 7906 
to ground according to the control signal 7123, to generate FIG. 79A illustrates a universal transmitter 7900 that is a 

second embodiment of a universal transmitter having two 
balanced UFT modules in a shunt configuration. (In contrast, 
the balanced modulator 7104 can be described as having a 
series configuration based on the orientation of the UFT 
modules.) Transmitter 7900 includes a balanced modulator 
7901, the control signal generator 7142. the optional band­
pass filter 7106, and the optional amplifier 7108. The trans­
mitter 7900 up-converts a baseband signal 7902 to produce 

35 a harmonically rich signal 7914. More specifically, the 
switch 7918 closes and shorts the signal 7906 to ground (at 
terminal 7920) during the aperture width T 4 of the control 
signal 7123, to generate the harmonically rich signal 7914. 
FIG. 79B illustrates an exemplary frequency spectrum for 

40 the harmonically rich signal 7918 having harmonic images 
7950a-n. The images 7950 repeat at harmonics of the 
sampling frequency I/Ts, at infinitlllll, where each image 
7950 contains the necessary amplitude, frequency, and phase 
information to reconstruct the baseband signal 7902. The 

an output signal 7936 that is conditioned for wireless or wire 
line transmission. Tn doing so, the balanced modulator 7901 
receives the baseband signal 7902 and shunts the baseband 
signal to ground in a differential and balanced fashion to 
generate a ham1onically rich signal 7934. The harmonically 
rich signal 7934 includes multiple harmonic images, where 
each image contains the baseband information in the base­
band signal 7902. In other words, each harmonic image 
includes the necessary amplitude, frequency, and phase 
information to reconstruct the baseband signal 7902. The 
optional bandpass filter 7106 may he included to select a 
harmonic of interest (or a subset of harmonics) in the signal 
7934 for transmission. The optional amplifier 7108 may be 55 

included to amplify the selected harmonic prior to 
transmission, resulting in the output signal 7936. 

45 generation of harmonically rich signals by sampling an input 
signal according to a controlled aperture have been 
described earlier in this application in the section titled, 
"Frequency Up-conversion Using Universal Frequency 
Translation", and is illustrated by FIGS. 3-6. A more 

so detailed discussion of frequency up-conversion using a 
switch with a controlled sampling aperture is discussed in 
the co-pending patent application titled, "Method and Sys­
tem for Frequency Up-Conversion," Ser. No. 09/176, 154, 
field on Oct. 21, 1998, and incorporated herein by reference. 

The relative amplitude of the frequency images 7950 are 
generally a function of the hannonic number and the pulse 
width TA. As such, the relative amplitude of a particular 
harmonic 7950 can be increased (or decreased) by adjusting 
the pulse width T"' of the control signal 7123. In general, 

The balanced modulator 7901 includes the following 
components: a buffer/inverter 7904: optional impedances 
7910, 7912; UFT modules 7916 and 7922 having controlled 
switches 7918 and 7924, respectively; blocking capacitors 
7928 and 7930: and a terminal 7920 that is tied to ground. 
As stated above, the balanced modulator 7901 differentially 
shunts the baseband signal 7902 to ground, resulting in a 
harmonically rich signal 7934. More specifically, the UFT 
modules 7916 and 7922 alternately shunts the baseband 
signal to terminal 7920 according to control signals 7123 

60 shorter pulse widths of TA shift more energy into the higher 
frequency harmonics, and longer pulse widths of TA shift 
energy into the lower frequency harmonics, as described by 
equations 1-4 above. Additionally, the relative amplitude of 
a particular ham1onic 7950 can also be adjusted by adding/ 

65 tuning an optional impedance 7910. Impedance 7910 oper­
ates as a filter that emphasizes a particular harmonic in the 
harmonically rich signal 7914. 
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Tn step 8608, the UFT module 7922 shunts the inverted 
signal 7908 to ground according to the control signal 7127, 
to generate a harmonically rich signal 7926. More 
specifically, the switch 7924 closes during the pulse widths 

50 
control signals control the FF.T conductance. For the FF.T 
7158, the combined baseband signal 7120 is received at the 
source of the FET 7158 and is sampled according to the 
control signal 7123 to produce the harmonically rich signal 
7130 at the drain of the FET 7158. Likewise, the combined 
baseband signal 7122 is received at the source of the FET 
7160 and is sampled according to the control signal 7127 to 
produce the harmonically rich signal 7134 at the drain of 
FET 7160. The source and drain orientation that is illustrated 

TA and shorts the inverted I signal 7908 to ground (at s 
terminal 7920), lo generate the harmonically rich signal 
7926. At any given time, only one of input signals 7906 or 
7908 is shorted to ground because the pulses in the control 
signals 7123 and 7127 are phase shifted with respect to each 
other, as shown in FTGS. 72R and 72C 10 

is not limiting, as the source and drains can be switched for 
most FETs. In other words, the combined baseband signal 
can he received at the drain of the FF.Ts, and the harmoni­
cally rich signals can be taken from the source of the FETs, 
as will be understood by those skilled in the relevant arts. 

The harmonically rich signal 7926 includes multiple 
frequency images of baseband signal 7902 that repeat at 
harmonics of the sampling frequency ( l/T5 ). similar to that 
for the harmonically rich signal 7914. However, the images 
in the signal 7926 are phase-shifted compared lo those in 15 

signal 7914 because of the inversion of the signal 7908 
compared to the signal 7906, and because of the relative 
phase shift between the control signals 7123 and 7127. The 
optional impedance 7912 can be included to emphasis a 
particular harmonic of interest, and is similar to the imped- 20 

ance 7910 above. 

FIG. 79D illustrates an embodiment of the modulator 
7900 (FIG. 79A) where the controlled switches in the UFT 
modules are field eITect transistors (FET). More specifically, 
the controlled switches 7918 and 7924 are embodied as FET 
7936 and FET 7938, respectively. The FETs 7936 and 7938 
are oriented so that their gates are controlled by the control 
signals 7123 aud 7127, respectively, so that the control 
signals determine FET conductance. For the FET 7936, the 
baseband signal 7906 is received at the source of the FET 
793 6 and shunted to ground according to the control signal 
7123, to produce the harmonically rich signal 7914. 

25 Likewise, the baseband signal 7908 is received at the source 
of the FET 7938 and is shunted to grounding according to 
the control signal 7127, to produce the harmonically rich 
signal 7926. The somce and drain orientation that is illus­
trated is not limiting, as the source and drains can be 

In step 8610. the node 7932 sums the harmonically rich 
signals 7914 and 7926 to generate the harmonically rich 
signal 7934. The capacitors 7928 and 7930 operate as 
blocking capacitors that substantially pass the respective 
harmonically rich signals 7914 and 7926 to the node 7932. 
(The capacitor values may he chosen to substantially hlock 
baseband frequency components as well.) FIG. 79C illus­
trates an exemplary frequency spectrnm for the harmoni­
cally rich signal 7934 that has multiple images 7952a-n that 
repeat at harmonics of the sampling frequency l/T 5. Each 
image 7952 includes the necessary amplitude, frequency, 
and phase information to reconstruct the baseband signal 
7902. The optional filter 7106 can be used to select the 
harmonic image of interest for transmission. This is repre- 35 

sented by a passband 7956 that selects the harmonic image 
7932c for transmission. 

30 switched for most FETs, as will be understood by those 
skilled in the relevant arts. 

An advantage of the modulator 7901 is that it is folly 
balanced. which substantially minimizes (or eliminates) any 
DC voltage offset between the two UFT modules 7912 and 40 

7914. DC offset is minimized because the UFT modules 
7916 and 7922 are both connected to ground at terminal 
7920. The result of controlling the DC offset between the 
UFT modules is that carrier insertion is minimized in the 
harmonic images of the harmonically rich signal 7934. As 45 

discussed above, carrier insertion is substantially wasted 
energy because the information for a modulated signal is 
carried in the sidebands of the modulated signal and not in 
the carrier. Therefore. it is often desirable to minimize the 
energy at the carrier frequency by controlling the relative 50 

DC offset. 
7.3.1.4 Balanced Modulator FET Configuration 

7.3.1.5 Universal TransmiUer Configured for Carrier Inser­
tion 

As discussed above, the transmitters 7102 and 7900 have 
a balanced configuration that substantially eliminates any 
DC offset and results in minimal carrier insertion in the 
output signal 7140. Minimal carrier insertion is generally 
desired for most applications because the carrier signal 
carries no information and reduces the overall transmitter 
e±liciency. However, some applications require the received 
signal to have sufficient carrier energy for the receiver to 
extract the carrier for coherent demodulation. In support 
thereof, the present invention can be configured to provide 
the necessary carrier insertion hy implementing a DC offset 
between the two sampling UFT modules. 

rIG. 73A illustrates a transmitter 7302 that up-converts a 
baseband signal 7306 to an output signal 7322 having carrier 
insertion. As is shown. the transmitter 7302 is similar to the 
transmitter 7102 (FIG. 71A) with the exception that the 
up-converter/modulator 7304 is configured to accept two 
DC references voltages. In contrast, modulator 7104 was 
configured to accept only one DC reference voltage. More 
specifically, the modulator 7304 includes a terminal 7309 to 
accept a DC reference voltage 7308, and a terminal 7313 to 
accept a DC reference voltage 7314. Vr 7308 appears at the 
UFT module 7124 though summer amplifier 7118 and the 
inductor 7310. Vr 7314 appears at UFT module 7128 
through the summer amplifier 7119 and the inductor 7316. 
Capacitors 7312 and 7318 operate as blocking capacitors. If 

As described above, the balanced modulators 7104 and 
7901 utilize two balanced UFT modules to sample the input 
baseband signals to generate harmonically rich signals that 55 

contain the up-converted baseband information. More 
specifically, the UFT modules include controlled switches 
that sample the baseband signal in a balanced and differen­
tial fashion. FIGS. 71D and 79D illustrate embodiments of 
the controlled switch in the UFT module. 

FIG. 71D illustrates an example embodiment of the 
modulator 7104 (FIG. 71B) where the controlled switches in 
the UFT modules are field effect transistors (FET). More 
specifically, the controlled switches 7148 and 7128 are 
embodied as FET 7158 and FET 7160, respectively. The 65 

FET 7158 and 7160 are oriented so that their gates are 
controlled by the control signals 7123 and 7127, so that the 

60 Vr 7308 is different from Yr 7314 then a DC offset voltage 
will be exist between UFT module 7124 and UFT module 
7128, which will be up-converted at the carrier frequency in 
the harmonically rich signal 7320. More specifically, each 
harmonic image in the harmonically rich signal 7320 will 
include a carrier signal as depicted in FIG. 73B. 

FIG. 73B illustrates an exemplary frequency spectrnm for 
the harmonically rich signal 7320 that has multiple harmonic 
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images 7324a-n. Tn addition to carrying the baseband infor­
mation in the sidebands, each harmonic image 7324 also 
includes a carrier signal 7326 that exists at respective 
harmonic of the sampling frequency l!Ts. 'lhe amplitude of 
the carrier signal increases with increasing DC offset volt- 5 

age. Therefore, as the diITerence between Vr 7308 and Vr 
7314 widens, the amplitude of each carrier signal 7326 
increases. Likewise, as the difference between Vr 7308 and 

7404. The operation of the balanced modulator 7104 and the 
generation of harmonically rich signals was fully described 
above and illustrated in rIGS. 71A-C, to which the reader 
is referred for further details. 

In step 8708, the DC terminal 7 407 receives a DC voltage 
7406 that is distributed lo both modulators 7104a and 71046. 
The DC voltage 7406 is distributed to both the input and 
output of both UFT modules 7124 and 7128 iu each modu­
lator 7104. This minimizes (or prevents) DC offset voltages 
from developing between the four UFT modules, and 
thereby minimizes or prevents any carrier insertion during 

Vr 7314 shrinks, the amplitude of each carrier signal 7326 
shrinks. As with transmitter 7302, the optional bandpass 1 o 
filter 7106 can be included to select a desired harmonic 
image for transmission. This is represented by passband 
7328 in FlU. 7313. 
7.3.2 Universal Transmitter In I Q Configuration 

As described above, the balanced modulators 7104 and 
7901 up-convert a baseband signal to a harmonically rich 
signal having multiple harmonic images of the baseband 
information. Ry combining two balanced modulators, TQ 
configurations can be formed for up-converting I and Q 
baseband signals. In doing so, either the (series type) bal­
anced modulator 7104 or the ( shtmt type) balanced modu­
lator 7901 can be utilized. IQ modulators having both series 
and shunt configurations are described below. 
7.3.2.l IQ Transmitter Using Series-Type Balanced Modu­
lator 

FIG. 74 illustrates an IQ transmitter 7420 with an in-phase 
(T) and quadrature (Q) configuration according to embodi­
ments of the invention. The transmitter 7420 includes an IQ 
balanced modulator 7410, an optional filter 7414, and an 
optional amplifier 7416. The transmitter 7420 is useful for 
transmitting complex I Q waveforms and does so in a 
balanced manner lo control DC oITset and carrier insertion. 
In doing so, the modulator 7410 receives an I baseband 
signal 7402 and a Q baseband signal 7404 and up-converts 
these signals to generate a combined harmonically rich 
signal 7412. The harmonically rich signal 7412 includes 
multiple harmonics images, where each image contains the 
baseband information in the I signal 7402 and the Q signal 
7404. The optional bandpass filter 7414 may be included to 
select a harmonic of interest (or subset of harmonics) from 
the signal 7412 for transmission. The optional amplifier 
7416 may be included to amplify the selected harmonic prior 
to transmission, to generate the IQ output signal 7418. 

the sampling steps 8704 and 8706. 
ln step 8710, the 90 degree signal combiner 7408 com­

bines the harmonically rich signals 7411u and 74116 to 
15 generate IQ harmonically rich signal 7412. This is further 

illustrated in FIGS. 75A-C. FIG. 75A depicts an exemplary 
frequency spectrum for the harmonically rich signal 7411 a 
having harmonic images 7502a-n. The images 7502 repeat 
at harmonics of the sampling frequency lfis, where each 

20 image 7502 contains the necessary amplitude and frequency 
information to reconstruct the I baseband signal 7402. 
Likewise, FIG. 75B depicts an exemplary frequency spec­
trum for the harmonically rich signal 74116 having har­
monic images 7504a-n. The harmonic images 7504a-n also 

25 repeat at harmonics of the sampling frequency l/T s' where 
each image 7504 contains the necessary amplitude, 
frequency, and phase information to reconstruct the Q base­
band signal 7404. FIG. 75C illustrates an exemplary fre­
quency spectnun for the combined harmonically rich signal 

30 7412 having images 7506. Each image 7506 carries the I 
baseband information and the Q baseband information from 
the corresponding images 7502 and 7504, respectively, 
without substantially increasing the frequency bandwidth 
occupied by each harmonic 7506. This can occur because 

35 the signal combiner 7408 phase shifts the Q signal 7411 b by 
90 degrees relative to the I signal 7411a. The result is that 
the images 7502a-n and 7504a-n effectively share the 
signal bandwidth do to their orthogonal relationship. For 
example, the images 7502a and 7504a effectively share the 

40 frequency spectrum that is represented by the image 7506u. 
In step 8712, the optional filter 7414 can be included to 

select a harmonic of interest, as represented by the passband 
7508 selecting the image 7506c in FIG. 75c. 

Tn step 8714, the optional amplifier 7416 can be included 
45 to amplify the harmonic (or harmonics) of interest prior to 

As stated above, the balanced TQ modulator 7410 
up-converts the I baseband signal 7402 and the Q baseband 
signal 7 404 in a balanced manner to generate the combined 
harmonically rich signal 7412 that carriers the I and Q 
baseband information. To do so, the modulator 7410 utilizes 
two balanced modulators 7104 from FIG. 71A, a signal 
combiner 7408, and a DC terminal 7407. The operation of 50 

the balanced modulator 7410 and other circuits in the 

transmission. 
In step 8716, the selected harmonic (or hannonics) is 

transmitted over a communications medium. 
FIG. 76A illustrates a transmitter 7608 that is a second 

embodiment for an I Q transmitter having a balanced 
confignration. Transmitter 7608 is similar to the transmitter 
7420 except that the 90 degree phase shift between the I and 
Q channels is achieved by phase shifting the control signals 
instead of using a 90 degree signal combiner to combine the 

transmitter is described according to the flowchart 8700 in 
FTG. 87, as follows. 

In step 8702, the IQ modulator 7410 receives the I 
baseband signal 7402 and the Q baseband signal 7404. 

In step 8704, the I balanced modulator 7104a samples the 
I baseband signal 7402 in a differential fashion using the 
control signals 7123 and 7127 to generate a harmonically 
rich signal 7411a. The harmonically rich signal 7411 a 
contains multiple harmonic images of the I baseband 
information, similar to the harmonically rich signal 7130 in 
FIG. 71B. 

In step 8706, the balanced modulator 71046 samples the 
Q baseband signal 7404 in a differential fashion using 
control signals 7123 and 7127 to generate harmonically rich 
signal 74116, where the harmonically rich signal 74116 
contains multiple harmonic images of the Q baseband signal 

55 harmonically rich signals. More specifically, delays 7604a 
and 76046 delay the control signals 7123 and 7127 for the 
Q channel modulator 71046 by 90 degrees relative the 
control signals for the I channel modulator 7104a. As a 
result, the Q modulator 71046 samples the Q baseband 

60 signal 7404 with 90 degree delay relative to the sampling of 
the I baseband signal 7402 by the I channel modulator 
7104a. Therefore, the Q harmonically rich signal 74116 is 
phase shifted by 90 degrees relative to the I harmonically 
rich signal. Since the phase shift is achieved using the 

65 control signals, an in-phase signal combiner 7606 combines 
the harmonically rich signals 7411u and 74116, to generate 
the harmonically rich signal 7412. 
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FTG. 76R illustrates a transmitter 761 S that is similar to 
transmitter 7608 in FIG. 76A. The difference being that the 
transmitter 7618 has a modulator 7620 that utilizes a sum-
ming node 7622 to sum the signals 7411a and 7411b instead 
of the in-phase signal combiner 7606 that is used in modu- s 
lator 7602 of transmiller 7608. 

54 
Tn step SSOS, the 90 degree signal combiner S010 com­

bines the harmonically rich signals 8006 and 8008 to gen­
erate IQ harmonically rich signal 8011. This is further 
illustrated in FIGS. 81A-C. FIG. 81A depicts an exemplary 
frequency spectrmn for the harmonically rich signal 8006 
having harmonic images 8102a-n. The harmonic images 
8102 repeat at harmonics of the sampling frequency I/Ts, 
where each image 8102 contains the necessary amplitude, 
frequency, and phase information to reconstruct the I base-

FIG. 90A-90D illustrate various detailed circuit imple­
mentations of the transmitter 7420 in FIG. 74. These circuit 
implementations are meant for example purposes only, and 
arc not meant to be limiting. 

PIG. 90A illustrates I input circuitry 9002a and Q input 
circuitry 9002b that receive the I and Q input signals 7402 
and 7404, respectively. 

FIG. 90B illustrates the I channel circuitry 9006 that 
processes an I data 9004a from the I input circuit 9002a. 

1 n hand signal S002. Likewise, FTG. SIR depicts an exemplary 
frequency spectnun for the harmonically rich signal 8008 
having harmonic images 8104a-n. The harmonic images 
8104a-n also repeat at harmonics of the san1pling frequency 
l!Ts, where each image 8104 contains the necessary 

FIG. 90C illustrates the Q channel circuitry 9008 that 
processes the Q data 9004b from the Q input circuit 9002b. 

FTG. 90D illustrates the output combiner circuit 9012 that 
combines the I channel data 9007 and the Q channel data 
9010 to generate the output signal 7418. 

15 amplitude, frequency, and phase information lo reconstruct 
the Q baseband signal 8004. FIG. 81C illustrates an exem­
plary frequency spectrum for the IQ harmonically rich signal 
S011 having images S106a-n. Each image S106 carries the 
I baseband information and the Q baseband information 

7.3.2.2 IQ Transmitter Using Shunt-Type Balanced Modu­
lator 

FIG. 80 illustrates an IQ transmitter 8000 that is another 

20 from the corresponding images 8102 and 8104, respectively, 
without substantially increasing the frequency bandwidth 
occupied by each image 8106. This can occur because the 
signal combiner 8010 phase shifts the Q signal 8008 by 90 

IQ transmitter embodiment according to the present inven­
tion. The transmitter 8000 includes an IQ balanced modu- 25 

lator 8001, an optional filter 8012, and an optional amplifier 
S014. During operation, the modulator SOOt up-converts an 
I baseband signal 8002 and a Q baseband signal 8004 to 
generate a combined harmonically rich signal 8011. The 
harmonically rich signal 8011 includes multiple hannonics 30 

images, where each image contains the baseband informa­
tion in the I signal 8002 and the Q signal 8004. The optional 
bandpass filter 8012 may be included to select a harmonic of 
interest (or subset of harmonics) from the harmonically rich 
signal 8011 for transmission. The optional amplifier 8014 35 

may be included to amplify the selected harmonic prior to 
transmission, to generate the IQ output signal 8016. 

The IQ modulator 8001 includes two shunt balanced 
modulators 7901 from FIG. 79A, and a 90 degree signal 
combiner 8010 as shown. The operation of the IQ modulator 40 

8001 is described in reference to the flowchart 8800 (FIG. 
88), as follows. The order of the steps in flowchart 8800 is 
not limiting. 

degrees relative to the I signal 8006. 
In step 8810, the optional filter 8012 may be included to 

select a harmonic of interest, as represented by the passband 
SlOS selecting the image S106r in FTG. SIC 

In step 8812, the optional amplifier 8014 can be included 
to amplify the selected ham1onic image 8106 prior to 
transmission. 

In step 8814, the selected harmonic (or harmonics) is 
Lransmilled over a col11111unications medium. 

FIG. 82 illustrates a transmitter 8200 that is another 
embodiment for an IQ transmitter having a balanced con­
figuration. Transmitter 8200 is similar to the transmitter 
8000 except that the 90 degree phase shift bel\veen the I and 
Q channels is achieved by phase shifting the control signals 
instead of using a 90 degree signal combiner to combine the 
harmonically rich signals. More specifically, delays 8204a 
and 8204b delay the control signals 7123 and 7127 for the 
Q channel modulator 7901b by 90 degrees relative the 
control signals for the I channel modulator 7901a. As a 
result, the Q modulator 7901b samples the Q baseband 
signal S004 with a 90 degree delay relative to the sampling Tn step SS02, the balanced modulator SOOt receives the T 

baseband signal 8002 and the Q baseband signal 8004. 45 of the I baseband signal 8002 by the I channel modulator 
7901a. Therefore, the Q harmonically rich signal 8008 is 
phase shifted by 90 degrees relative to the I harmonically 
rich signal 8006. Since the phase shift is achieved using the 

In step 8804, the balanced modulator 7901a differentially 
shunts the I baseband signal 8002 to ground according the 
control signals 7123 and 7127, to generate a harmonically 
rich signal 8006. More specifically, the UFT modules 7916a 
and 7922a alternately shunt the I baseband signal 8002 and 50 

an inverted version of the I baseband signal 8002 to ground 
according to the control signals 7123 and 7127, respectively. 
The operation of the balanced modulator 790 I and the 
generation of harmonically rich signals was fully described 
above and is illustrated in FIGS. 79A-C, to which the reader 55 

is referred for farther details. As such, the hannonically rich 
signal 8006 contains multiple harmonic images of the I 
baseband information as described above. 

In step 8806, the balanced modulator 7901b differentially 
shunts the Q baseband signal 8004 to ground according to 60 

control signals 7123 and 7127, to generate harmonically rich 
signal 8008. More specifically, the UFT modules 7916b and 
7922b alternately shunt the Q baseband signal 8004 and an 
inverted version of the Q baseband signal 8004 to grom1d, 
according to the control signals 7123 and 7127, respectively. 65 

As such, the harmonically rich signal 8008 contains multiple 
harmonic images that contain the Q baseband information. 

control signals, an in-phase signal combiner 8206 combines 
the hannonically rich signals 8006 and 8008, to generate the 
harmonically rich signal 8011. 

FIG. 83 illustrates a transmitter 8300 that is similar to 
transmitter S200 in FTG. S2. The difference being that the 
transmitter 8300 has a balanced modulator 8302 that utilizes 
a sununing node 8304 to sum the I harmonically rich signal 
8006 and the Q harmonically rich signal 8008 instead of the 
in-phase signal combiner 8206 that is used in the modulator 
8202 of transmitter 8200. The 90 degree phase shift between 
the I and Q channels is implemented by delaying the Q clock 
signals using 90 degree delays 8204, as shown. 
7.3.2.3 IQ Transmitters Configured for Carrier Insertion 

The transmitters 7420 (FIG. 74) and 7608 (FIG. 76A) 
have a balanced configuration that substantially eliminates 
any DC offset and results in minimal carrier insertion in the 
IQ output signal 7418. l'vlinimal carrier insertion is generally 
desired for most applications because the carrier signal 
carries no information and reduces the overall transmitter 
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efficiency. However, some applications require the received 
signal to have sufficient carrier energy for the receiver to 
extract the carrier for coherent demodulation. In support 
thereof, FIG. 77 illustrates a transmitter 7702 to provide any 
necessary carrier insertion by implementing a DC offset 5 
between the two sets of sampling UFT modules. 

For receive, the de-spread module 5204 de-spreads 
received spread signals 3926 and 3928 using a spreading 
code 5202. Separate spreading codes can be used for the I 
and Q channels as will be understood by those skilled in the 
arts. The demodulator 5210 uses a signal 5208 to demodu­
late the de-spread received signals from the de-spread mod-

Transmitter 7702 is similar to the transmitter 7420 with 
the exception that a modulator 7704 in transmitter 7702 is 
configured to accept two DC reference voltages so that the 
I channel modulator 7104a can be biased separately from the 
Q channel modulator 71046. More specifically, modulator 
7704 includes a terminal 7706 to accept a DC voltage 
reference 7707, and a terminal 7708 to accept a DC voltage 
reference 7709. Voltage 7707 biases the UFT modules 
7124a and 7128a in the I channel modulator 7104a. 
Likewise, voltage 7709 biases the UFT modules 71246 and 
71286 in the Q channel modulator 71046. When voltage 
7707 is different from voltage 7709, then a DC offset will 
appear between the l channel modulator 7104a and the Q 
cham1el modulator 71046, which results in carrier insertion 

ule 5204, to generate the I baseband signal 3930a and the Q 
baseband signal 3932a. 

For transmit, the modulator 5212 modulates the I base-
10 hand signal 3930h and the Q hasehand signal 3932h using a 

modulation signal 5208. The resulting modulated signals are 
then spread by the spread module 5206, to generate I spread 
signal 3942 and Q spread signal 3944. 

In embodiments, the modulation scheme that is utilized is 
15 diITerential binary phase shift keying (D8PSK) or diITeren­

tial quadrature phase shift keying (DQPSK), and is compli­
ant with the various versions of IEEE 802.11. Other modu­
lation schemes could he utilized besides DRPSK or DQPSK, 

in the IQ harmonically rich signal 7412. The relative ampli- 20 

tude of the carrier frequency energy increases in proportion 

as will understood by those skilled in arts based on the 
discussion herein. 

In embodiments, the spreading code 5202 is a Barker 
spreading code, and is complim1t with the various versions 
of IEEE 802.11. More specifically, in embodiments, m1 
11-bit Barker word is utilized for spreading/de-spreading. 

to the amount of DC offset. 
FIG. 78 illustrates a transmitter 7802 that is a second 

embodiment of an IQ transmitter having two DC terminals 
to cause DC offset, mld therefore carrier insertion. Trans­
mitter 7802 is similar to transmitter 7702 except that the 90 
degree phase shift between the T and Q channels is achieved 

25 Other spreading codes could be utilized as will be under­
stood by those skilled in the arts based on the discussion 
herein. 

by phase shifting the control signals, similar to that done in 
transmitter 7608. More specifically, delays 7804a ffild 78046 
phase shift the control signals 7123 and 7127 for the Q 30 

channel modulator 71046 relative to those of the I charmel 
modulator 7104a. As a result, the Q modulator 71046 
samples the Q baseband signal 7404 with 90 degree delay 
relative to the sampling of the I baseband signal 7402 by the 

7.6 MAC Interface 
An example MAC interface 3914 is shown in FIG. 45. A 

corresponding BOM list is shown in FIGS. 46A and 46B. 
In embodiments, the MAC 3918 mid MAC interface 3914 

supply the functionality required lo provide a reliable deliv­
ery mechanism for user data over noisy, and uureliable 
wireless media. This is done this while also providing 
advanced LAN services, equal to or beyond those of existing 
wired LANs. 

I channel modulator 7104a. Therefore, the Q harmonically 35 

rich signal 74116 is phase shifted by 90 degrees relative to 
the I ham1onically rich signal 7411a, which are combined by 
the in-phase combiner 7806. 

The first fimctionality of the MAC is to provide a reliable 
data delivery service to users of the MAC. Through a frmne 
exchm1ge protocol at the Mi\C level, the MAC significantly 
improves on the reliability of data delivery services over 
wireless media, as compared to earlier WLANs. More 
specifically, the MAC implements a fran1e exchange proto­
col to allow the source of a frame to determine when the 

7.4 Trm1sceiver Embodiments 
Referring to FIG. 39, in embodiments the receiver 3906, 40 

transmitter 3910, and LNA/PA 3904 are configured as a 
transceiver, such as but not limited to transceiver 9100, that 
is shown in FIG. 91. 

Referring to FTG. 9 L the transceiver 9100 includes a 
diplexer 9108, the IQ receiver 7000, and the IQ transmitter 
8000. Trffilsceiver 9100 up-converts an I baseband signal 
9114 mid a Q baseband signal 9116 using the IQ transmitter 
8000 (FIG. 80) to generate ffi1 IQ RF output signal 9106. A 
detailed description of the IQ transmitter 8000 is included 
for exan1ple in section 7.3.2.2, to which the reader is referred 
for farther details. Additionally, the transceiver 9100 also 
down-converts a received RF signal 9104 using the IQ 
Receiver 7000, resulting in T hasehand output signal 9110 
and a Q baseband output signal 9112. A detailed description 

frame has heen successfully received at the destination. This 
45 frame exchange protocol adds some overhead beyond that of 

other MAC protocols, like IDEE 802.3, because it is not 
sufficient to simply trffilsmit a frame and expect that the 
destination has received it correctly on the wireless media. 
In addition, it cannot be expected that every station in the 

so WLAN is able to communicate with every other station in 
the WLAN. If the source does not receive this 

of the IQ receiver 7000 is included in section 7.2.2, to which 55 

the reader is referred for farther details. 

aclmowledgment, then the source will attempt to transmit 
the frame again. This retransmission of frame hy the source 
effectively reduces the effective error rate of the medium at 
the cost of additional bandwidth consmnption. 

The minimal MAC frame exchm1ge protocol consists of 
two frames, a frame sent from the source to the destination 
and an acknowledgment from the destination that the frame 
was received correctly. The frame and its acknowledgment 

7.5 Demodulator/Modulator Facilitation Module 
An example demodulator/modulator facilitation module 

3912 is shown in FIGS. 47 and 48. A corresponding 80M 
list is shown in FIGS. 49A and 498. 

An alternate example demodulator/modulator facilitation 
module 3912 is shown in FIGS. 50 and 51. A corresponding 
80M list is shown in FIGS. 52A and 528. 

FIG. 52C illustrates an exemplary demodulator/ 
modulator facilitation module 5201. Facilitation module 
5201 includes the following: de-spread module 5204, spread 
module 5206, de-modulator 5210, and modulator 5212. 

60 are an atomic unit of the MAC protocol. As such, they 
cannot be interrupted by the transmission from any other 
station. Additionally, a second set of frames may be added 
to the minimal MAC frame exchange. The two added frames 
are a request to send frame and a clear to send frmne. The 

65 source sends a request to send to the destination. The 
destination returns a clear to send to the source. Each of 
these frames contains infonnation that allows other stations 
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recc1vmg them to he notified of the upcoming frame 
transmission, and therefore to delay any transmission their 
own. The request to send and clear frames serve to am1ounce 
to all stations in the neighborhood of both the source and the 
destination about the pending transmission from the source 
lo the destination. Vv'hen the source receives the clear lo send 
from the destination, the real frame that the source wants 
delivered to the destination is sent. If the frame is correctly 
received at the destination, then the destination will return an 
acknowledgment completing the frame exchange protocol. 10 

While this four way frame exchange protocol is a required 
function of the MAC, it may be disabled by an attribute in 
the management information base. 

The second functionality of the JV1AC is to fairly control 
access lo the shared wireless medium. It perfonns this 15 

function through two different access mechanisms: the basic 
access mechanism call the distribution coordination system 
function, and a centrally controlled access mechanism, 
called the point coordination function. 

The basic access mechanism is a carrier sense multiple 20 

access with collision avoidance (CSMl\/CA) with binary 
exponential backoff. 111is access mechanism is similar to 
that used for IEEE 802.3, with some variations. CSMl\/CA 
is a "listen before talk" (LBT) access mechanism. In this 
type of access mechanism, a station will listen to the 25 

medium before beginning a transmission. If the medium is 
already carrying a transmission, then the station that listen­
ing will not begin its own transmission. More specifically, if 

58 
7.8 LNA/PA 

An example LNA/PA 3904 is shown in FIGS. 64 and 65. 
A corresponding BOM list is shown in rIG. 66. 

Additionally, FIG. 93 illustrates a LN.l\/PA module 9301 
that is another embodiment of the LN.l\/PA 3904. LNA/PA 
module 9301 includes a switch 9302, a LNA 9304, and a PA 
9306. The switch 9302 cmmects either the LNA 9304 or the 
PA 9306 to the antenna 3903, as shown. The switch 9302 can 
be controlled by an on-board processor that is not shown. 
8.0 802.11 Physical T .ayer Configurations 

The 802.11 WLAN standard specifies two RI' physical 
layers: frequency hopped spread spectrmn (FHSS) and 
direct sequence spread spectrum (DSSS). The invention is 
not limited to these specific examples. Both DSSS and FHSS 
support 1 Mbps and 2 Mbps data rates and operate in the 
2.400-2.835 GHz band for wireless communications in 
accordance to FCC part 15 and ESTI-300 rules. 
Additionally, 802.11 has added an 11 Mbps standard that 
operates at 5 GHz and utilizes OFDM modulation. 

The DSSS configuration supports the I MBPS data rate 
utilizing differential binary phase shift keying (DBPSK) 
modulation. and supports 2 MBPS utilizing differential 
quadrature phase shift keying modulation. In embodiments, 
an 11-bit Barker word is used as the spreading sequence that 
is utilized by the stations in the 802.11 network. A Barker 
word has a relatively short sequence, and is known to have 
very good correlation properties, and includes the following 
sequence: +1, -1, +l, +l, -1, +l, +l, +l, -1. -1, -1. The 
Barker word used for 802.11 is not to be confused with the 
spreading codes used for code division multiple access 
(CDMA) and global positioning system (GPS). CDMA and 
GPS use orthogonal spreading codes, which allow multiple 
users to operate on the same channel frequency. Generally, 
COM!\ codes have longer sequences and have richer cor-
relation properties. 

During transmission, the II-bit barker word is exclusive­
ored (EX-OR) with each of the information bits using a 
modulo-2 adder, as illustrated by modulo-2 adder 9202 in 
FIG. 92. Referring to FIG. 92, thell-bit (at 11 MBPS) 

a listening station detects an existing transmission in 
progress, the listening station enters a transmit deferral 30 

period determined by the binary exponential backoff algo­
rithm. The binary exponential backoJI mechanism chooses a 
random number which represents the amount of time that 
must elapse while there are not any transmission. In other 
words, the mediun1 is idle before the listening station may 35 

attempt to begin its transmission again. The MAC may also 
implement a network allocation vector (NAY). The NAY is 
the value that indicates to a station that amount of time that 
remains before a medium becomes available. The NAY is 
kept current through duration values that are transmitted in 40 Barker word is applied to a modulo-2 adder together with 

each one (at 1 MBPS) of the information bits (in the PPDU 
data). The Ex-OR function combines both signals by per­
forming a modulo-2 addition of each information bit with 
each Rarkcr hit (or chip). The output of the modulo-2 adder 

all frames. By examining the NAY, a station may avoid 
transmitting, even when the medium does not appear to be 
carrying a transmission in the physical sense. 

The centrally controlled access mechanism uses a poll and 
response protocol to eliminate the possibility of contention 
for the medium. This access mechanism is called the point 
coordination function (PCF). A point coordinator (PC) con­
trols the PCF. The PC is always located in an AP. Generally, 
the PCF operates by stations requesting that the PC register 
them on a polling list. and the PC then regularly polls the 
stations for traffic while also delivering traffic to the stations. 
With proper planning, the PCF is able to deliver near 
isochronous service to the stations on the polling list. 

The third fimction of the Mi\C is to protect the data that 
it delivers. Because it is difficult to contain wireless WLAN 
signals to a particular physical area, the MAC provides a 
privacy service, called Wired Equivalent Privacy (WEP), 
which encrypts the data sent over the wireless medium. The 
level of encryption chosen approximates the level of pro­
tection data might have on a wireless LAN in a building with 
controlled access that prevents physically connecting to the 
LAN without authorization. 
7.7 Control Signal Generator~5ynthesizer 

In an embodin1ent, 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. 

45 results in a signal with a data rate that is 1 Ox higher than the 
information rate. The result in the frequency domain signal 
is a signal that is spread over a wider bandwidth at a reduced 
RF power level. At the receiver, the DSSS signal is con­
volved with an 11-bit Barker word and correlated. As shown 

50 in FIG. 92, the correlation recovers the information bits at 
the transmitted information rate, and the undesired interfer­
ing in-band signals are spread out-of-band. The spreading 
and despreading of narrowband to wideband signal is com­
monly referred to as processing gain and is measured in 

55 decibels (dB). Processing gain is the ratio of DSSS signal 
rate information rate. In embodiments, the minimum 
requirement for processing gain is 10 dB. 

The second RF physical layer that is specified by the IEEE 
802 .11 standard is frequency hopping spread spectrum 

60 (FHSS). A set of hop sequences is defined in IEEE 802.11 
for use in the 2.4 GHz frequency band. The chmmels are 
evenly spaced across the band over a span of 83.5 MHz. 
During the development of IEEE 802 .11, the hop sequences 
listed in the standard were pre-approved for operation in 

65 North America, Europe, and Japan. In North America and 
Europe (excluding Spain and France), the required number 
of hop channels is 79. The number of hopped channels for 

Case: 22-1548      Document: 19     Page: 560     Filed: 07/15/2022



Appx476

US 7,110,444 Bl 
59 

Spain and France is 23 and 35, respectively. In Japan, the 
required number of hopped channels is 23. The hopped 
center channels are spaced unifom1ly across the 2.4 GIIz 
frequency band occupying a bandwidth of 1 MHz. ln North 
America and Europe (excluding Spain and France), the 
hopped channels operate from 2.402 GHz lo 2.480 GHz. In 
Japan, the hopped channels operate from 2.447 GHz to 
2.473 GHz. The modulation scheme called out for FHSS by 
802.11 is 2-level Gaussian Phase Shift Keying (GFSK) for 
the 1 MRps data rate, and 4-lcvcl GFSK for the 2 MRps data 1 o 
rate. 

60 
demodulator TC: according to embodiments of the invention. 
FIGS. 95B and 95C illustrate an expanded view of the 
circuit in FIG. 95A. FIGS. 96-161 further illustrate detailed 
circuit schematics of the WLAN modulator/demodulator 
integrated circuit. 
I 0. 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 illustrative purposes only. and are not limiting. 
Other implementation embodiments are possible and cov-
ered by the invention, such as but not limited to software and 
software/hardware implementations of the systems and 
components of the invention. Such implementation embodi-

In addition to DSSS and FHSS RF layer standards, the 
lEEE 802.11 Executive Committee approved two projects 
for higher rate physical layer extensions. The first extension, 
IEEE 802.1 la defines requirements for a physical layer 
operating in the 5 .0 GHz frequency band, and data rates 
ranging from 6 MBps to 54 MBps. This 802.lla draft 
standard is based on Orthogonal Frequency Division Mul­
tiplexing (OFDM) and uses 48 carriers as a phase reference 
(so coherent), with 20 MIIZ spacing between the channels. 
The second extension, IEEE 802.11 b, defines a set of 
physical layer specifications operating in the 2.4 GHz ISM 
frequency band. This 802.11 b utilizes complementary code 
keying (CCK), and extends the data rate up to 5.5 Mbps and 
11 Mbps. 

15 ments will he 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, it should be under­
stood that they have been presented by way of example only, 

20 and not limitation. Thus, the breadth and scope oflhe present 
invention should not be limited by any of fue above­
described exemplary embodiments, but should be defined 
only in accordance with the following claims and their 

25 

The transmitter and receiver circuits described herein can 
he operated in all of the WT ,AN physical layer embodiments 
described herein, including the DSSS and FHSS embodi­
ments described herein. However, the present invention is 
not limited to being operated in WLAN physical layer 30 

embodiments that were described herein, as the invention 
could be configured in other physical layer embodiments. 

FIG. 94 illustrates a block diagram of an IEEE 802.11 
DSSS radio transceiver 9400 using UFT Zero IF technology. 
DSSS transceiver 9400 includes: antenna 9402, switch 35 

9404, amplifiers 9406 and 9408, transceivers 9410, base­
band processor 9412, Mi\.C 9414, bus interface unit 9416, 
and PCMCIA connector 9418. The DSSS transceiver 9400 
includes an IQ receiver 7000 and an IQ transmitter 8000, 
which are described herein. UFT technology interfaces 40 

directly to fue baseband processor 9412 of the physical layer. 
In fue receive path, the IQ receiver 7000 transforms a 2.4 
GHz RF signal-of-interest into I/Q analog baseband signals 
in a single step and passes the signals to the baseband 
processor 9412, where the baseband processor is then 45 

responsible for de-spreading and demodulating the signal. In 
embodiments, the IQ receiver 7000 includes all of the 
circuitry necessary for accommodating AGC, baseband fil­
tering and baseband amplification. In the transmit path, the 
transmitter 8000 transfonns the I/Q analog baseband signals 50 

to a 2.4 GHz RF carrier directly in a single step. The signal 
conversion clock is derived from a single synfuesized local 
oscillator (I ,0) 9420. The selection of the clock frequency is 
determined by choosing a sub-hannonic of the carrier fre­
quency. For example, a 5th harmonic of 490 MHZ was used, 55 

which corresponds to a RF channel frequency of 2.450 GHz. 
Using UFT technology simplifies the requirements and 
complexity of the synthesizer design. 
9. Appendix 

The attached Appendix contained in FIGS. 95A-C, 60 

96-161, which forms pa.rt of this patent application, includes 
schematics of an integrated circuit (IC) implementation 
example of the present invention. This example embodiment 
is provided solely for illustrative purposes, and is not 
limiting. Other embodiments will be apparent to persons 65 

skilled in the relevant art( s) based on the teachings herein. 
FIG. 95A illustrates a schematic for a WLAN modulator/ 

equivalents. 
What is claimed is: 
1. A wireless modem apparatus, comprising: 

a receiver for frequency down-converting an input signal 
including, 
a first frequency down-conversion module to down­

convert the input signal, wherein said first frequency 
down-conversion module down-converts said input 
signal according to a first control signal and outputs 
a first down-converted signal; 

a second frequency down-conversion module to down­
converl said input signal, wherein said second fre­
quency down-conversion module down-converts 
said input signal according to a second control signal 
and outputs a second down-converted signal; and 

a suhtractor module that subtracts said second down­
converted signal from said first down-converted sig­
nal and outputs a down-converted signal; 

wherein said second control signal is delayed relative to 
said first control signal by (0.5+n) cycles of said input 
signal, wherein n is an integer greater than or equal to 
I. 

2. A wireless modem apparatus, comprising: 
a receiver for frequency down-converting an input signal 

including, 
a first frequency down-conversion module to down­

convert fue input signal, wherein said first frequency 
down-conversion module down-converts said input 
signal according to a first control signal and outputs 
a first down-converted signal; 

a second frequency down-conversion module to down­
convert said input signal, wherein said second fre­
quency down-conversion module down-converts 
said input signal according to a second control signal 
and outputs a second down-converted signal; and 

a suhtractor module that subtracts said second down­
converted signal from said first down-converted sig­
nal and outputs a down-converted signal; 

wherein said first frequency down-conversion module 
tmder-samples said input signal according to said first 
control signal, and said second frequency down­
conversion module under-samples said input signal 
according to said second control signal. 
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3. A wireless modem apparatus, comprising: 
a receiver for frequency down-converting an input signal 

including, 
a first frequency down-conversion module to down­

convert the input signal, wherein said first frequency 
down-conversion module down-converts said input 
signal according to a first control signal and outputs 
a first down-converted signal; 

62 
I 0. The apparatus of claim 6, wherein said apparatus is an 

infrastmcture device. 
11. The apparatus of claim 6, wherein said apparatus is a 

client device. 
12. The apparatus of claim 6, wherein said first controlled 

switch shunls said baseband signal lo a reference potenlial 
according to said third control signal, and wherein said 
second controlled switch shunts said inverted baseband 
signal to said reference potential according to said fourth a second frequency down-conversion module to down­

converl said inpul signal, wherein said second fre­
quency down-conversion module down-converts 
said input signal according to a second control signal 
and outputs a second down-converted signal; and 

10 control signal. 
13. The apparatus of claim 6, further comprising an 

antenna coupled to said transmitter and said receiver. 

a subtractor module that subtracts said second down­
converted signal from said first down-converted sig­
nal and outputs a down-converted signal; 

14. The apparatus of claim 13, further comprising a 
switch, said switch selectively connecting said transmitter or 

15 said receiver lo said anlenna. 

wherein said first and said second frequency down­
conversion modules each comprise a switch and a 
storage element. 

4. The apparatus of claim 3, wherein said storage elements 
comprises a capacitor that reduces a DC offact voltage in 20 

said first down-converted signal and said second down­
converted signal. 

15. The apparatus of claim 6, farther comprising a base­
band processor coupled to said transmitter and said receiver. 

I 6. The apparatus of claim 6, further comprising a media 
access controller (MAC) coupled to said transmitter and said 
receiver. 

17. The apparatus of claim 16, wherein said l'vlAC com­
prises a means for controlling accessing to a WLAN 
medium. 5. The apparatus of claim 1, wherein said subtractor 

module comprises a differential amplifier. 
6. A wireless modem apparalus, comprising: 
a receiver for frequency down-converting an input signal 

including, 

18. The apparatus of claim 17, wherein said means for 
2s controlling includes carrier sense multiple access with col­

lision avoidance (CSMA/CA). 

a first frequency down-conversion module to down­
convert the input signal, wherein said first frequency 
down-conversion module down-converts said input 30 
signal according to a first control signal and outputs 
a first down-converted signal; 

a second frequency down-conversion module to down­
convert said input signal, wherein said second fre­
quency down-conversion module down-converts 

35 
said input signal according to a second control signal 
and outputs a second down-converted signal; 

a subtractor module that subtracts said second down­
converted signal from said first down-converted sig­
nal and oulpuls a down-converted signal; 

a transmitter for up-converting a baseband signal and 40 

coupled to said receiver, including, 
an inverter, to receive said baseband signal and gener­

ate an inverted baseband signal; 
a first controlled switch, coupled lo a non-inverling 

output of said inverter, said first controlled switch to 45 

sample said baseband signal according to a third 
control signal, resulting in a first harmonically rich 
signal; 

a second controlled switch, coupled to an inverting 
output of said inverter, said second controlled switch 50 
to sample said inverted baseband signal according to 
a fourth control signal, resulting in a second har­
monically rich signal; and 

a combiner, coupled to an output of said first controlled 
swilch and an oulpul of said second controlled 

55 
swilch. said combiner lo combine said firsl hannoni­
cally rich signal and said second hannonically rich 
signal, resulting in a third hannonically rich signal. 

7. The apparatus of claim 6, wherein said fourth control 
signal is phase shifted with respect to said third control 
signal. 60 

8. The apparatus of claim 6, wherein said fourth control 
signal is phase shifted by 180 degrees with respect to said 
third control signal. 

9. The apparatus of claim 6, farther comprising a filter 
coupled to an output of said combiner, wherein said filter 65 

outputs a desired harmonic from said third harmonically rich 
signal. 

I 9. The apparatus of claim 6, further comprising a 
demodulator/modulator facilitation module coupled to said 
transmitter and receiver. 

20. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for modu­
laling said baseband signal using diITerenlial binary phase 
shift keying (DBPSK). 

21. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for 
de-modulating said down-converted signal using differential 
binary phase shift keying (DBPSK). 

22. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for spread­
ing said baseband signal. 

23. The apparatus of claim 22, wherein said means for 
spreading comprises a means for spreading said baseband 
signal using a Barker code. 

24. The apparatus of claim I 9, wherein said demodulator/ 
modulator facilitation module comprises a means for 
de-spreading said down-converted signal. 

25. The apparatus of claim 24, wherein said means for 
de-spreading comprises a means for de-spreading said 
down-converted signal using a Barker code. 

26. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for modu­
lating said baseband signal using Gaussian phase shift 
keying (GPSK). 

27. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for 
de-modulating said down converted signal using Gaussian 
phase shift keying (GPSK). 

28. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for modu­
lating said baseband signal using Orthogonal Frequency 
Division Multiplexing (OFDM). 

29. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for 
de-modulating said down converted signal using Orthogonal 
Frequency Division Multiplexing (OFDM). 

3 0. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for modu-
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lating said baseband signal using Complimentary Code 
Keying (CCK). 

31. The apparatus of claim 19, wherein said demodulator/ 
modulator facilitation module comprises a means for 
de-modulating said down converted signal using Compli­
mentary Code Keying (CCK). 

32. In a wireless LAN device, a method of down­
converting a received RF signal, comprising: 

down-converting said received RF signal according to a 
first control signal and a second control signal. result-

64 
ing in a down-converted signaL wherein said second 
control signal is delayed relative to said first control 
signal by (0.5+n) cycles of said received RI' signal, 
wherein n is an integer greater than or equal to 1; 

de-spreading said down-converted signal using a spread­
ing code, resulting in a de-spread signal; and 

de-modulating said de-sprnad signal. resulting in a 
de-modulated signal. 

* * 
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