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ULTRA-WIDEBAND CORRELATING RECEIVER 

0001. This application claims priority under 35 U.S.C. S 
120 as a continuation of co-pending U.S. patent application 
Ser. No. 10/718,984, filed Nov. 21, 2003, entitled “ULTRA 
WIDEBAND CORRELATING RECEIVER,” which is a 
continuation-in-part of co-pending U.S. patent application 
Ser. No. 10/676,449, filed Sep. 30, 2003, entitled “ULTRA 
WIDEBAND CORRELATING RECEIVER 

FIELD OF THE INVENTION 

0002 The present invention generally relates to ultra 
wideband communications. More particularly, the invention 
concerns an apparatus for receiving and demodulating ultra 
wideband Signals for wire and wireleSS communications. 

BACKGROUND OF THE INVENTION 

0003. The Information Age is upon us. Access to vast 
quantities of information through a variety of different 
communication Systems are changing the way people work, 
entertain themselves, and communicate with each other. For 
example, as a result of increased telecommunications com 
petition mapped out by Congress in the 1996 Telecommu 
nications Reform Act, traditional cable television program 
providers have evolved into full-service providers of 
advanced Video, Voice and data Services for homes and 
businesses. A number of competing cable companies now 
offer cable systems that deliver all of the just-described 
Services via a single broadband network. 
0004. These services have increased the need for band 
width, which is the amount of data transmitted or received 
per unit time. More bandwidth has become increasingly 
important, as the size of data transmissions has continually 
grown. Applications Such as movies-on-demand and Video 
teleconferencing demand high data transmission rates. 
Another example is interactive Video in homes and offices. 
Moreover, traffic across the Internet continues to increase, 
and with the introduction of new applications, Such as the 
convergence of Voice and Internet data, traffic will only 
increase at a faster rate. Consequently, carriers and Service 
providers are overhauling the entire network infrastruc 
ture-including Switches, routers, backbone, and the last 
mile (i.e., the local loop)—in an effort to provide more 
bandwidth. 

0005. Other industries are also placing bandwidth 
demands on Internet Service providers, and other data pro 
viders. For example, hospitals transmit images of X-rays and 
CAT Scans to remotely located physicians. Such transmis 
Sions require Significant bandwidth to transmit the large data 
files in a reasonable amount of time. The need for more 
bandwidth is evidenced by user complaints of slow Internet 
access and dropped data links that are Symptomatic of 
network overload. 

0006 Therefore, there exists a need for a method to 
increase the bandwidth of wired network or communication 
System, as well as a wireleSS network or communication 
System. 

SUMMARY OF THE INVENTION 

0007. The present invention provides an apparatus for 
receiving and demodulating an ultra-wideband Signal. The 
receiver may be configured to work in conjunction with 
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wireleSS or wire communications mediums, whether the 
medium is twisted-pair wire, coaxial cable, fiber optic cable, 
or other types of wire media. 
0008 One feature of the present invention is it provides 
a receiver with demodulation capability of amplitude-, 
phase-, and timing-based modulation Schemes. Another fea 
ture of the present invention is that it uses only a single 
correlator to detect and demodulate ultra-wideband Signals. 
Another feature of the present invention provides a receiver 
Structured to operate in a multi-path environment. 

0009. These and other features and advantages of the 
present invention will be appreciated from review of the 
following detailed description of the invention, along with 
the accompanying figures in which like reference numerals 
refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is an illustration of different communication 
methods, 

0011 FIG. 2 is an illustration of two ultra-wideband 
pulses; 

0012 FIG. 3 is an illustration of a conventional non 
coherent receiver architecture; 

0013 FIG. 4 is an illustration of two conventional coher 
ent receiver architectures, 

0014 FIG. 5 is an illustration of one embodiment of the 
present invention; 

0.015 FIG. 6 is an illustration of one embodiment of a 
radio frequency front-end and a correlator as shown in FIG. 
5; 

0016 FIG. 7 is an illustration of the output of different 
receivers in the presence of white noise and multi-path 
conditions, 

0017 FIG.8. is an illustration of one embodiment of the 
pulse level quantization block, pulse amplifier and energy 
estimator as shown in FIG. 5; 

0018 FIG. 9. is an illustration of one embodiment of the 
Digital Signal Processor (DSP) and the template generator 
as shown in FIG. 5; 

0019 FIG. 10 is an illustration of an ultra-wideband 
pulse signal coarse acquisition process, fine acquisition 
method, and pulse Sampling method; 

0020 FIG. 11 is an illustration of the ultra-wideband 
pulse acquisition proceSS in the presence of multi-path 
interference and white noise, 

0021 FIG. 12 is an illustration of an ultra-wideband 
pulse receiver according to one embodiment of the present 
invention; 

0022 FIG. 13 illustrates a method for receiving ultra 
wideband Signals according to one embodiment of the 
present invention; 

0023 FIG. 14 illustrates a system for receiving ultra 
wideband Signals according to one embodiment of the 
present invention; 
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0024 FIG. 15 illustrates another embodiment of a cor 
relating receiver Structured to receive various data modula 
tion Schemes, and 
0025 FIG. 16 illustrates another embodiment of a cor 
relating receiver Structured to operate in a multi-path envi 
rOnment. 

0026. It will be recognized that some or all of the Figures 
are Schematic representations for purposes of illustration and 
do not necessarily depict the actual relative sizes or locations 
of the elements shown. The Figures are provided for the 
purpose of illustrating one or more embodiments of the 
invention with the explicit understanding that they will not 
be used to limit the Scope or the meaning of the claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027. In the following paragraphs, the present invention 
will be described in detail by way of example with reference 
to the attached drawings. Throughout this description, the 
preferred embodiment and examples shown should be con 
sidered as exemplars, rather than as limitations on the 
present invention. AS used herein, the “present invention” 
refers to any one of the embodiments of the invention 
described herein, and any equivalents. Furthermore, refer 
ence to various feature(s) of the present invention through 
out this document does not mean that all claimed embodi 
ments or methods must include the referenced feature(s). 
0028. The present invention provides a method of receiv 
ing and demodulating a plurality of electromagnetic ultra 
wideband (UWB) pulses, or signals. The pulses, or signals 
can be transmitted and received wirelessly, or through any 
wire medium, whether the medium is twisted-pair wire, 
coaxial cable, fiber optic cable, hybrid fiber-coaX, or other 
type of wire media. 
0029) Referring to FIGS. 1 and 2, one type of ultra 
wideband (UWB) communication technology employs 
pulses of electromagnetic energy that are emitted at, for 
example, nanoSecond or picoSecond intervals (generally tens 
of picoseconds to a few nanoseconds in duration). For this 
reason, this type of ultra-wideband is often called "impulse 
radio.' That is, the UWB pulses are transmitted without 
modulation onto a Sine wave carrier frequency, in contrast 
with conventional radio frequency technology as described 
above. A UWB pulse is a single electromagnetic burst of 
energy. That is, a UWB pulse may be a single positive burst 
of electromagnetic energy, a single negative burst of elec 
tromagnetic energy or a single burst of electromagnetic 
energy with a predefined phase. 
0030 Alternate implementations of UWB can be 
achieved by mixing baseband pulses with a carrier wave that 
controls a center frequency of a resulting UWB signal. 
Ultra-wideband generally requires neither an assigned fre 
quency nor a power amplifier. 
0.031) An example of a conventional radio frequency 
technology is illustrated in FIG.1. IEEE 802.11a, a wireless 
local area network (LAN) protocol, transmits radio fre 
quency Signals at a 5 GHZ center frequency, with a radio 
frequency spread of about 5 MHz. A UWB pulse may have 
a 2.0 GHz center frequency, with a frequency spread of 
approximately 4 GHZ, as shown in FIG. 2, which illustrates 
two typical UWB pulses. FIG. 2 illustrates that the shorter 
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the UWB pulse in time, the broader the spread of its 
frequency spectrum. This is because bandwidth is inversely 
proportional to the time duration of the pulse. A 600 
picosecond UWB pulse can have about a 1.8 GHz center 
frequency, with a frequency spread of approximately 1.6 
GHz and a 300-picosecond UWB pulse can have about a 3 
GHZ center frequency, with a frequency spread of approxi 
mately 3.2 GHz. Thus, UWB pulses generally do not operate 
within a specific frequency, as shown in FIG. 1. Because 
UWB pulses are spread across an extremely wide frequency 
range, UWB communication Systems allow communica 
tions at very high data rates, Such as 100 megabits per 
Second or greater. 
0032). Further details of UWB technology are disclosed in 
U.S. Pat. No. 3,728,632 (in the name of Gerald F. Ross, and 
titled: Transmission and Reception System for Generating 
and Receiving Base-Band Duration Pulse Signals without 
Distortion for Short Base-Band Pulse Communication Sys 
tem), which is referred to and incorporated herein in its 
entirety by reference. 
0033 Also, because a UWB pulse is spread across an 
extremely wide frequency range, the power Sampled at a 
Single, or specific frequency is very low. For example, a 
UWB one-watt pulse of one nano-second duration spreads 
the one-watt over the entire frequency occupied by the UWB 
pulse. At any Single frequency, Such as at the carrier fre 
quency of a CATV provider, the UWB pulse power present 
is one nano-watt (for a frequency band of 1 GHz). This is 
calculated by dividing the power of the pulse (i.e., 1 watt) by 
the frequency band (i.e., 1 billion Hertz). Generally, a 
multiplicity of UWB pulses are transmitted at relatively low 
power (when Sampled at a single, or specific frequency), for 
example, at less than -30 power decibels to -60 power 
decibels, which reduces interference with conventional radio 
frequencies. UWB pulses, however, transmitted through 
many wire media typically do not interfere with wireleSS 
radio frequency transmissions. Therefore, the power 
(sampled at a single frequency) of UWB pulses transmitted 
though wire media may range from about +30 dBm to about 
-140 dBm. 

0034. The present invention may be employed in any 
type of network, be it wireleSS, wire, or a mix of wire media 
and wireleSS components. That is, a network may use both 
wire media, Such as coaxial cable, and wireleSS devices, Such 
as Satellites, or cellular antennas. AS defined herein, a 
network is a group of points or nodes connected by com 
munication paths. The communication paths may be use 
wires or be wireless. A network as defined herein may 
interconnect with other networks and contain Sub-networkS. 
A network as defined herein may be characterized in terms 
of a Spatial distance, for example, Such as a local area 
network (LAN), a personal area network (PAN), a metro 
politan area network (MAN), a wide area network (WAN), 
and a wireless personal area network (WPAN), among 
others. A network as defined herein may also be character 
ized by the type of data transmission technology in use on 
it, for example, a Transmission Control Protocol/Internet 
Protocol (TCP/IP) network, and a Systems Network Archi 
tecture network, among others. A network as defined herein 
may also be characterized by whether it carries voice Sig 
nals, data Signals, or both. A network as defined herein may 
also be characterized by users of the network, Such as, for 
example, users of a public Switched telephone network 
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(PSTN) other type of public networks, and private networks 
(Such as within a single room or home), among others. A 
network as defined herein may also be characterized by the 
usual nature of its connections, for example, a dial-up 
network, a Switched network, a dedicated network, and a 
non-Switched network, among others. A network as defined 
herein may also be characterized by the types of physical 
links that it employs, for example, optical fiber, coaxial 
cable, a mix of both, unshielded twisted pair, and shielded 
twisted pair, among others. 
0035. The present invention may also be employed in any 
type of wireless network, such as a wireless PAN, LAN, 
MAN, or WAN. The present invention may be implemented 
in a “carrier free” architecture, which does not require the 
use of high frequency carrier generation hardware, carrier 
modulation hardware, Stabilizers, frequency and phase dis 
crimination hardware or other devices employed in conven 
tional frequency domain communication Systems. 

0036) One method practiced by the present invention 
involves modulation and demodulation of data by employ 
ing Differentially Phase Shift Keying (DPSK), or Phase 
Shift Keying (PSK) for an ultra-wideband receiver. An 
incoming Signal may be a plurality of ultra-wideband 
(UWB) pulses wherein each of the pulses includes data 
encoded within a phase of the pulse. One method herein 
described initially estimates timing of the incoming Signal 
with the use of a correlator and an energy estimator. In one 
embodiment of the present invention, the correlator pro 
duces a UWB pulse that matches in frequency and phase a 
UWB pulse generated by a UWB transmitter. The lower 
mixing (or multiplication) product that represents the UWB 
pulse is forwarded to a UWB pulse envelope matched filter. 
Additional components of the correlation receiver may 
include a multiplicative mixer, amplifiers, and band-pass 
and low-pass filters. The incoming Signal may be correlated 
with a local template Signal then Sent to the energy estimator. 

0037. The energy estimator may include an absolute 
value detector Such as a rectifier or a Square law detector that 
outputs the Square of the incoming Signal. The function of 
the absolute value detector is to provide a rectified pulse to 
an integrator. The integrator Sums the UWB pulse, or Signal 
acroSS a finite time period and provides its output as a coarse 
timing Signal to an analog to digital converter (ADC) and 
then to a digital signal processor (DSP). This Summed signal 
gives the receiver a coarse timing estimate of the incoming 
signal or UWB pulse window. This coarse signal, which in 
one embodiment is within one period of the UWB pulse, is 
appropriate for fast acquisition of UWB pulse position. The 
energy estimator provides a reference Signal for accurate 
phase/frequency tuning of a UWB pulse template to an 
incoming UWB pulse, or Signal. 

0.038 A number of receiver architectures are known in 
the art of ultra-wideband communications. These conven 
tional architectures can be classified into two basic groups: 
coherent and non-coherent. One usual approach, as illus 
trated in FIG. 3, to non-coherent detection and demodula 
tion involves the use of envelope detectorS 12 to provide an 
output signal 40 that is representative of an incoming Signal 
10. The incoming signal 10 arrives at an envelope detector 
12 that includes a resistor R1 and a Diode D1. A negative 
part of the incoming Signal 10 is Suppressed by the diode D1 
and a half wave rectified signal 20 is developed across the 
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resistor R1. The half-wave rectified signal 20 contains high 
frequency components that are attenuated by a low-pass 
filter 14. A resultant low frequency signal 30 is representa 
tive of the input signal but has a direct current (DC) offset. 
A capacitor C1 blocks the DC component of the signal 30 
and the output signal 40 is developed acroSS a resistor R2. 

0039) Non-coherent architectures have been used in the 
field of communications to receive and demodulate both 
amplitude-related Signal modulation Schemes, Such as 
Amplitude Modulation (AM), dual sideband modulation, 
Single Sideband modulation, Vestigial Sideband modulation, 
as well as angle-related modulation Schemes Such as Fre 
quency Modulation (FM) and Phase Modulation (PM). 
0040 Conventional UWB receivers, as described above, 
typically use two correlating chains. A correlating chain is a 
process for performing one or more functions. For example, 
a continuous time correlating chain includes an analog 
correlator that includes a product (or mixer) followed by an 
integrator. An incoming Signal is multiplied by a locally 
generated Signal and transmitted to an integrator that inte 
grates and dumps the Signal over a period of time. 
0041 One correlating chain is used to provide a coarse 
timing estimate of a pulse. The coarse timing estimate is 
used to dither the frequency and phase of a locally generated 
Signal. A Second correlating chain is used as a data detector 
to lock-in on a precise timing of the Signal and a peak of the 
pulse. 

0042. According to one embodiment of the invention, an 
ultra-wideband (UWB) receiver uses only a single correlator 
to estimate the coarse timing and also updates a locally 
generated Signal for data detection. In another embodiment, 
the correlation receiver may include an absolute value 
detector that receives output from a pulse amplifier and 
delivers inputs into an integrator. By using an absolute value 
detector in Such a manner, this allows the integrator to 
integrate and dump over a wider range of time. In addition, 
the absolute value detector provides twice as much energy as 
typically transmitted to the integrator by adding a negative 
portion of the correlated Signal (i.e., taking the absolute 
value of the signal) to the positive portion of the correlated 
signal. This is because conventional UWB receivers use a 
diode which prevents the negative portion of a correlated 
Signal from being transmitted to the integrator. Thus, only 
half of a Signal is used to obtain the coarse timing Signal. 
0043. In communication systems having a transmitter 
that uses a signal modulation technique that does not include 
a carrier in a resultant spectrum, Such as Dual Sideband 
Suppressed Carrier (DSBSC), a coherent detector is com 
monly used. A conventional coherent receiver architecture 
60 is illustrated in FIG. 4. An incoming signal is multiplied 
by a locally generated Signal cos(cost) using a mixer 50(a). 
The locally generated Signal is at the same frequency () as 
a carrier of the incoming Signal. The product of the incoming 
Signal and the locally generated Signal will have two com 
ponents. Because the locally generated Signal is at a carrier 
frequency, the first Signal component will be low frequency 
or close to DC. The Second signal component is at twice the 
carrier frequency. A low-pass filter 52 may be used to 
attenuate a high frequency component of the output signal. 

0044) Other coherent receiver architectures exist, such as 
a “Costas loop' architecture 70, illustrated in FIG. 4. In this 
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architecture, a voltage controlled oscillator (VCO) 62 gen 
erates a local Signal which is mixed with an incoming Signal 
by a mixer 50(b) to produce a first mixed signal. A copy of 
the local Signal may be phase delayed by 

0045 and mixed with the incoming signal by mixer 50(c) 
to produce a Second mixed Signal. The mixed signals are 
then mixed to produce an error Signal, which may then be 
transmitted through a low-pass filter 64(a), 64(b), 64(c) to 
control the VCO 62. In this configuration, the first mixed 
Signal is taken as an output. 
0046) A number of correlator designs, or architectures are 
used in ultra-wideband communications. In one architecture, 
two correlators are used. Each correlator includes a mixer 
and an integrator. A local template Signal is generated and 
delayed with a delay element to produce a Second template 
Signal. The first template Signal is correlated with an incom 
ing Signal. The incoming Signal is additionally correlated 
with the delayed template signal. Either the first or Second 
correlator provides a feedback signal to the template gen 
erator. 

0047 FIG. 5 illustrates an ultra-wideband correlating 
receiver constructed according to one embodiment of the 
present invention. AS shown in FIG. 5, an incoming Signal 
is received at a radio frequency (RF) front end 80. As shown 
in FIG. 6, the RF front end 80 may include an antenna 80(a), 
a, at least one filter 80(b), and at least one amplifier (AMP) 
80(c). The filter 80(b) may be a band-pass filter (BPF). The 
amplifier80(c) may be a low noise amplifier with or without 
gain control (GC) capabilities. 
0048. As shown in FIGS. 5 and 6, the correlator 90 may 
include a mixer 90(a) and a UWB pulse matched filter 
(MPEF) 90(b). Additionally, there may be an optional ampli 
fier in the correlator (not shown). The optional amplifier may 
include gain controlled capabilities. The mixer 50(d) mul 
tiplies the incoming Signal by a locally generated template 
Signal. The product of these Signals has a high frequency 
component and a low frequency component. The high 
frequency component and noise is filtered by the UWB pulse 
matched filter 90(b). 
0049. By adjusting the frequency/phase of a UWB pulse 
shaped template to an incoming frequency/phase of a UWB 
pulse, and passing the resulting Signal through the UWB 
pulse matched filter 90(b), the correlator 90 outputs a better 
approximation of time of receipt of the UWB pulse, and 
produces a better estimate of frequency, polarity and/or 
phase of the incoming Signal, when compared to conven 
tional devices, as illustrated in FIG. 7. Specifically, FIG. 7 
illustrates the output from a Square law detector receiver (A), 
a direct conversion receiver (B), and a UWB correlation 
receiver (C), constructed according to one embodiment of 
the present invention. 
0050 Referring to FIGS. 5 and 8, a cross correlated 
ultra-wideband (UWB) pulse signal from the correlator 90 
may be forwarded to a pulse amplifier 100 for further 
amplification in amplifier 100(a). The pulse amplifier 100 
may include a low-pass harmonic filter 100(b). The pulse 
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Sequence energy estimator 120 may be used to provide a 
correlated pulse energy level in a coarse/fine tuning process. 
The pulse Sequence energy estimator 120 signal may be 
transmitted to a digital signal processor (DSP) 130 (shown 
in FIG. 5) that provides a correlation aperture window 
Signal, and/or a fine tuning Signal for adjusting to a UWB 
pulse phase/frequency, and also executes a coarse UWB 
pulse positioning/fine tuning algorithm. 

0051) Additionally, all DSP 130 timing processes may be 
Synchronized from a template generator 140 that includes a 
clock generator 140(a) (shown in FIG. 9). The pulse 
Sequence energy estimator 120 may include an absolute 
value detector 120(a) that converts a negative portion of a 
correlated Signal into a positive portion. The absolute value 
detector 120(a) may include a Square law detector. The pulse 
Sequence energy estimator 120 may additionally include an 
integrate and dump function 120(b). The integrate and dump 
function 120(b) sums energy over a fixed time period and 
outputs a Signal corresponding to the amount of energy 
Summed over that time period. The energy estimator 120 
may further include an analog-to-digital (A/D) converter 
120(d). The A/D converter 120(d) may provide a correlated 
pulse energy level to the DSP 130. One purpose of the 
correlated pulse energy level window Signal is to provide a 
reference related to the degree of correlation between the 
template and an incoming pulse to the DSP 130. The DSP 
130 then makes a decision relating to window aperture 
positioning and phase/frequency correction. 

0.052 As shown in FIGS. 5 and 8, the pulse level 
quantization block 110 may include a Sample-and-hold 
function 110(a) and an A/D function 110(b). The correlated 
Signal may be sampled by the Sample-and-hold function 
110(a) and converted to a digital signal by the A/D function 
110(b). The correlated signal may carry data that represents 
polarity or pulse position in a data modulation Symbol Slot 
by its presence or absence in a given Symbol Slot location. 
The A/D function 110(b) may be multi-level wherein it is 
capable of producing one, or more, bit resolution from a 
sample. In a preferred embodiment, the A/D function 110(b) 
is a 4-bit per Sample resolution. 

0.053 As shown in FIGS. 5 and 9, the DSP 130 receives 
the data Signal or digitized pulse level from a pulse level 
quantization block 110 and the Signal that is proportional to 
pulse Sequence energy content from the pulse Sequence 
energy estimator 120. Preferably, an integration window 
timing pulse is provided by the DSP 130 as well, and it is 
forwarded to an integrate and dump block 120(b). The DSP 
130 may comprise one or more of: a Digital Signal Processor 
(DSP); a general-purpose computer processor; or a finite 
state machine. The DSP 130 may further process and format 
the received data. 

0054 Additionally, as shown in FIGS. 5 and 9, the DSP 
130 may generate two output Signals to the template gen 
erator 140. Both outputs may be based on an pulse Sequence 
energy data input which represent output from the pulse 
Sequence energy estimator 120. The coarse pulse acquisition 
signal provides a correlation window (Tw) (shown in FIG. 
10A) and its position within a symbol slot (Ts). In a 
preferred embodiment, accuracy of positioning may be 
defined within one period of an ultra-wideband pulse. The 
correlation window Tw may be shifted within the symbol 
slot TS until the pulse sequence energy (E) data exhibits 
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its highest level, as shown in FIG. 10A(1). Pulse sequence 
energy (E) data is provided by A/D converter 120(d) of 
pulse energy estimator 120. 
0055 As shown in FIGS. 9 and 10B, when coarse 
acquisition is completed, and the position of the correlation 
window Tw within the symbol slot TS is achieved, a fine 
pulse acquisition signal may vary the frequency/phase of a 
reference oscillator (not shown) in clock generator 140(a) of 
template generator 140, until the energy data Signal exhibits 
its new highest level that corresponds to a minimal phase 
difference (p (as shown in FIG. 10B), with a 0 or 180 degree 
offset between a Signal template and a pulse. 
0056 Referring to FIGS. 8, 9 and 10C, after successful 
signal acquisition, DSP 130 provides a sampling clock to the 
pulse level quantization block 110. This Sampling clock is 
phased in Such way that its Sampling edge falls in the middle 
of an incoming ultra-wideband (UWB) pulse. This may be 
achieved by delaying a sampling edge by Tp (as shown in 
FIG. 10C) relative to a synchronized correlation window 
aperture. Multiple sampling within the UWB pulse duration 
is also possible in order to achieve a better Signal-to-noise 
ratio. 

0057. As shown in FIGS. 5 and 8, after processing by the 
sample-and-hold function 110(a) and the A/D function 
110(b), a digitized pulse is then forwarded to the DSP 130 
as pulse level data input. After processing in the DSP 130, 
the data may be provided to a user in a number of different 
formats, Such as, USB, PCI, Serial Synchronous, serial 
asynchronous, etc. 

0.058 Referring now to FIGS. 5 and 9, within the 
template generator 140, a Standard clock input may accept 
clock output from a clock generator 140(a) that is generated 
from a common reference oscillator, causing all timing 
events to appear Synchronous. The template generator 140 
may include a signal generator 140(a) Such as a phase locked 
loop (PLL), a gating function 140(b), a harmonic low pass 
filter 140(c) and an optional amplifier 140(d). The clock 
generator 140(a) may include components normally present 
in a frequency SynthesizerS Such as a PLL, a Voltage 
controlled oscillator (VCO), filters, amplifiers, passive or 
active multipliers, digital dividers, and counters, to name a 
few. The clock generator 140(a) generates a signal whose 
frequency is equal or close to a received ultra-wideband 
pulse frequency. This frequency is forwarded to the AND 
gate function 140(b). The clock generator 140(a) provides a 
lock to DSP130 that assures timing synchronicity. The clock 
frequency/phase may be controlled by the DSP 130 by 
means of a tunable frequency reference oscillator that is part 
of the clock generator 140(a). 
0059) As shown in FIG. 5, a “loop” comprising the 
correlator 90, pulse amplifier 100, pulse sequence energy 
estimator 120, DSP 130 and template generator 140 are 
shown. Shown in FIGS. 8 and 10A(2), the gating function 
120(b) allows a signal whose frequency is equal or close to 
a received ultra-wideband pulse to pass when the DSP 130 
sends a template window with a duration of Tw. When the 
DSP130 determines the coarse timing of an incoming signal 
it begins to dither the phase/frequency first and Second 
Signals to achieve the optimum correlation from the corr 
elator 90. Optimum correlation values are achieved when the 
frequency of the template Signal best matches the frequency/ 
phase of the incoming ultra-wideband pulse. Low-pass filter 
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140(c) (FIG. 9) serves as a harmonic suppressor that elimi 
nates the high frequency content from the Square wave that 
is received from gate 140(b) and thus provides a sine wave 
to the input of the optional amplifier 140(d). Minimum 
correlation values then indicate a phase shift in the data 
relative to the template, and maximum values indicate no 
phase shift between the template Signal and the incoming 
Signal. 

0060 FIG. 11 is an illustration of the ultra-wideband 
pulse acquisition process in the presence of multi-path and 
white noise. Specifically, three different Stages of ultra 
wideband pulse acquisition are illustrated: A) when no 
ultra-wideband pulse is detected by the correlating receiver 
constructed according to one embodiment of the present 
invention; B) when a weak ultra-wideband pulse is detected 
by the correlating receiver constructed according to one 
embodiment of the present invention; and C) when a strong 
ultra-wideband pulse is detected by the correlating receiver 
constructed according to one embodiment of the present 
invention. 

0061 FIG. 12 illustrates an ultra-wideband correlator 
receiver 400 that uses binary phase shift keying according to 
one embodiment of the present invention. The receiver 400 
may include an RF front end 200. The RF front end 200 may 
include an antenna 201, band-pass filter 202, and low noise 
amplifier 203. According to one embodiment, the band-pass 
filter 202 filterS Signals having a frequency in a range of 3-5 
GHz and the amplifier 208 is an automatic gain control 
(AGC) amplifier. 
0062) The RF front end 200 may be in communication 
with a correlator 210. The correlator 210 may include a 
mixer 211, and an ultra-wideband pulse envelope matched 
filter 212. Pulse amplifier 250, may include pulse amplifier 
251 and low-pass filter 252. According to one embodiment, 
amplifiers 203 and 251 containing gain control may be 
included in automatic gain control loopS AGC1 and AGC2. 
The correlator 210 receives an incoming signal from the RF 
front end 200. A template generator 230 generates a local 
signal that is transmitted to the correlator 210. The template 
generator 230 may include a mixer amplifier 231, low pass 
harmonic filter 232, “and” gate 233, and clock generator 
234. According to one embodiment, the clock generator 234 
may be a phase-locked loop (PLL). It will be appreciated 
that other components may be added, or Substituted for any 
of the above described components. 

0063) Again referring to FIG. 12, the local signal from 
the template generator 230 is multiplied with the incoming 
signal from the RF front end 200 by the mixer 211 of the 
correlator 210. A UWB pulse envelope matched filter 212 
provides optimal filtration of high level mixing product and 
noise. The resulting Signal may be transmitted to the ampli 
fier 251 and Subsequently pass through the Second low-pass 
filter 252 for higher harmonic filtration that may appear as 
a result of non-linearities in amplifier 251, yielding a pro 
cessed signal. The processed signal may be transmitted to an 
pulse Sequence energy estimator 220. The energy estimator 
220 may include an absolute value detector 221, an inte 
grate-and-dump function 222, and an analog-to-digital con 
verter function 223. The absolute value detector 221 con 
verts a negative portion of the correlated Signal into a 
positive portion. The absolute value detector 221 may 
include a Square law detector that outputs the Square of the 
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incoming Signal. An integrate-and-dump function 222 may 
be used to Sum energy over a fixed period of time and output 
a signal corresponding to an amount of energy Summed over 
that period. 
0064. As shown in FIG. 12, the correlated signal may 
also be passed to a pulse level quantization block 260. The 
pulse level quantization block 260 may include a Sample 
and-hold function 261 and also an analog-to-digital con 
verter 262, which may provide a quantized pulse level to 
DSP 240. The incoming signal may be sampled by the 
Sample-and-hold function 261 and converted to a digital 
Signal by analog-to-digital converter 262. According to one 
embodiment, the analog-to-digital converter 262 is a 2, 3, 4, 
5, 6, 7, or 8 bit-per-Sample converter. 
0065. The DSP240 may include a digital signal processor 
242 and analog-to-digital converter 241. The digital Signal 
processor 242 receives a data Signal from the pulse level 
quantization block 260 and the pulse Sequence energy esti 
mator 220. The data and window signals may be received by 
the digital signal processor 242. The DSP 240 may decode, 
provide error correction, format output data and provide 
template window acquisition and tracking algorithms. The 
digital-to-analog converter 241 may be used to provide a 
Signal for the incoming pulse tracking by providing template 
phase/frequency adjustment. 
0066. Again referring to FIG. 12, an output of the DSP 
240 may be used as input to the template generator 230. The 
output may include a first output and a second output. The 
first output may provide coarse correlation window aperture 
generation and positioning. A pulse Sequence energy esti 
mator signal may be used to inform the DSP 240 when an 
incoming Signal has been acquired and thus provide feed 
back for acquisition and fine tuning algorithms. The Second 
output to the template generator of the DSP 240 may be a 
analogue Signal that provides the phase and frequency 
adjustment to the incoming Signal by using the pulse 
Sequence energy estimator (PSEE) output. It will be appre 
ciated that the correlator receiver 400 may have components 
added to, removed from, or substituted for any of the above 
described components to achieve the same, or Similar func 
tion(s). 
0067 FIG. 13 illustrates a method for receiving ultra 
wideband (UWB) pulses, or signals according to one 
embodiment of the invention. In step 302, an incoming 
Signal from a transmitting device may be received. In Step 
304, a template Signal may be generated locally by template 
generator. Preferably, the template Signal is at the same 
frequency and phase as the incoming ultra-wideband pulse. 
In Step 306, the incoming Signal and the template Signal may 
then be correlated. Correlating may include multiplying the 
incoming Signal and the template Signal using, for example, 
a mixer. The product of the incoming and template Signals 
typically results in a Signal having a high frequency com 
ponent and a low frequency component. Correlation may 
also include attenuating the high frequency component 
using, for example, an ultra-wideband pulse envelope 
matched filter. 

0068. In step 308, a coarse UWB pulse sequence energy 
level may be estimated. In Step 310, the template Signal may 
be updated using a coarse pulse correlation aperture window 
Signal, as well as fine tuning algorithms and processes for 
adjusting phase/frequency to the incoming UWB pulse. In 
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Step 312, the updated template Signal and the incoming 
Signal may be correlated. In Step 314, an ultra-wideband 
pulse from the correlated incoming Signal and the updated 
template Signal may then be detected. 
0069 FIG. 14 illustrates a system 320 for receiving 
ultra-wideband pulses, or Signals according to one embodi 
ment of the invention. The system 320 may include an 
incoming Signal receiver 322, template Signal generator 324, 
incoming Signal and template Signal correlator 326, pulse 
Sequence energy estimator 328, template Signal updater 330, 
incoming and updated template signal correlator 332, and 
pulse detector 334. The incoming Signal receiver 322 may 
receive one or more transmitted UWB pulses, or signals 
using, for example, an antenna. A template Signal may be 
generated using the template Signal generator 324. The 
template Signal generated is preferably of the Same fre 
quency/phase as the incoming UWB pulse. The incoming 
Signal and the template Signal may be transmitted to the 
incoming and template Signal correlator 326. The incoming 
and template signal correlator 326 may be used to correlate 
the incoming Signal with the template Signal. The incoming 
and template signal correlator 326 may multiply the incom 
ing Signal and the template signal and optimally filter an 
output signal by employing an envelope matched filter. 
0070 The pulse sequence energy estimator 328 may be 
used to estimate pulse Sequence energy that may be used for 
coarse template positioning and fine frequency tuning. The 
template Signal updater 330 may then update the template 
Signal parameters using a pulse Sequence energy estimator 
Signal. The updated template Signal and the incoming Signal 
may be correlated using the incoming and updated template 
Signal correlator 332. A pulse from the correlated incoming 
Signal and updated template Signal may then be detected 
using pulse detector 334. 
0071. One feature of the present invention is to provide a 
receiver device, or architecture for ultra-wideband (UWB) 
communications which is capable of receiving and demodu 
lating data that is transmitted using a variety of Signal 
modulation techniqueS or methods. For example, Some of 
the modulation methods may be: Pulse Amplitude Modula 
tion, On-Off keying, Ternary Modulation, Pulse Position 
Modulation, and Binary Phase Shift Keying (BPSK). One 
feature of the present invention is that the multi-level A/D 
function 110(b) (shown in FIG. 8), allows for the detection 
of UWB pulse amplitudes. On-Off keying may be demodu 
lated in the present invention by the presence or absence of 
energy at a specific time. 
0072 Pulse positioning modulation detection may be 
achieved according to method and apparatus illustrated in 
FIG. 15B. In this case, a template is generated a multiple 
number of times within a modulation symbol slot in such a 
way that the template timing corresponds to the possible 
pulse position within the Symbol Slot. In this case, template 
correlation with the incoming UWB pulse determines it 
position within symbol slot. 
0073 Ternary modulation carries data in unique data 
groups that always contain a polarity of a pulse and also the 
absence of a pulse within each Symbol Slot data group. 
Because the present invention can determine the difference 
between polarities and the time of arrival of the UWB pulse, 
the DSP 240 (shown in FIG. 12) may process ternary 
modulation. BPSK modulation carries data in one of two 
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distinct phases and the correlating receiver architecture 
herein described is capable of demodulating incoming Sig 
nals with two (2) distinct polarities or phases. 
0074) Referring to FIG. 15A, the addition of a second 
correlator channel 300, that contains multipliers, or mixers 
340 and 350, a phase shifter or delay line (shown as a 90 
degree phase shift), a template generator 330, and matched 
UWB pulse envelope filters 310,320, may allow for detec 
tion and demodulation of Signals where four or more phases 
are used to carry information. In that Situation, amplitude 
and timing information may be extracted in a similar manner 
making this alternative architecture Suitable for Quadrature 
Phase Shift Keying (QPSK) and multi-amplitude QPSK 
both with and without additional PPM. 

0075 Thus, many different signal modulation methods 
may be received and demodulated by the present invention. 
Ultra-wideband (UWB) pulse modulation techniques enable 
a single representative data Symbol to represent a plurality of 
binary digits, or bits. This has an advantage of increasing the 
data rate in a communications System. A few examples of 
modulation include Pulse Width Modulation (PWM), Pulse 
Amplitude Modulation (PAM), and Pulse Position Modula 
tion (PPM). In PWM, a series of predefined UWB pulse 
widths are used to represent different sets of bits. For 
example, in a system employing 8 different UWB pulse 
widths, each Symbol could represent one of 8 combinations. 
This symbol would carry 3 bits of information. In PAM, 
predefined UWB pulse amplitudes are used to represent 
different sets of bits. A system employing PAM16 would 
have 16 predefined UWB pulse amplitudes. This system 
would be able to carry 4 bits of information per symbol. In 
a PPM system, predefined positions within a UWB pulse 
timeslot are used to carry a set of bits. A System employing 
PPM16 would be capable of carrying 4 bits of information 
per Symbol. 

0.076 Additional UWB pulse modulation techniques may 
include: Coded Recurrence Modulation (CRM); Sloped 
Amplitude Modulation (SLAM); ternary modulation; 
1-pulse modulation; and other UWB pulse modulation 
methods. 

0.077 For example, in some conventional ultra-wideband 
(UWB) modulation techniques, a doublet or wavelet “chip” 
is modulated by a data Signal. The data Signal imparts a 
phase to the chip. A “doublet” or “wavelet' in some 
instances is a positive UWB pulse followed by a negative 
UWB pulse, or vice-versa. The two UWB pulses include a 
Single chip, which is the Smallest element of data in a 
modulated Signal. In this case, the chip, comprising the two 
UWB pulses, represents a single bit of data (a 1 or a 0). If 
the data bit being Sent is a 0, the chip may start with a 
positive UWB pulse and end with a negative UWB pulse, 
and if the data bit being Sent is a 1, the chip may start with 
a negative UWB pulse and end with a positive UWB pulse. 
For example, in a bi-phasic or antipodal System, the two 
pulse “wavelet” or “doublet” or its inverse (180° phase shift) 
represents a 1 or a 0. Other phase shifts may also be used 
such as 0,90, 180, and 270 shifts to develop quad-phasic 
Systems. One element common to these modulation tech 
niques, however, is that a 0 or 1 is represented by at least a 
positive and a negative pulse of energy. In the bi-phasic or 
antipodal System described above, a 0 is represented by two 
pulses of energy—a positive pulse and a negative pulse (or 
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Vice-versa). Thus, conventional modulation techniques use 
energy in the form of at least two UWB pulses having a 
Specific phase (positive or negative) to Send each data bit. 
This type of modulation may be received and demodulated 
by the present invention. 
0078. Another signal modulation method that may be 
demodulated by the present invention includes transmitting 
at least one data symbol with every UWB pulse. The data 
Symbol may represent one or more binary digits, or bits. 
0079 Referring to FIG. 16, in cases when multi-path 
propagation, or interference conditions are an issue, a “ping 
pong Signal acquisition method may be employed. In this 
method, two equivalent receiver sections 600, 610 are 
utilized. These sections consist of corellators 600a, 610a, 
template generators 600b, 610b, pulse amplifiers 600c, 610c, 
and pulse sequence energy estimators 600d, 610d. Common 
radio frequency (RF) front end 620 amplifies, and band 
limits the incoming UWB pulse, or signal. The Signal is then 
passed to receiver sections 600, 610 where it is processed 
and amplified. In this method, one receiver Section (either 
600 or 610) is in “search” mode, looking for a best possible 
correlation as described earlier. In this mode, the other 
receiversection (either 600 or 610) has its correlation signal 
fixed at a particular position within the modulation Symbol 
Slot and only the fine tuning Signal is active. Selector Switch 
640 passes the signal from one of the sections 600, 610, to 
the pulse level quantization block 650. A DSP 660 processes 
the signal further. Preferably, at the same time, the DSP 660 
is performing a pulse acquisition proceSS in receiver Section 
600 Searching for a pulse, or Signal propagation path. If the 
Signal level from the pulse Sequence energy estimator 600d 
exceeds the Signal level from the pulse Sequence energy 
estimator 610d, the DSP 660 will Switch selector Switch 640 
so the signal from receiver section 600 will be routed to 
pulse level quantization block 650. At the same time, DSP 
660 starts an acquisition process in receiver section 610, 
Searching for the new best pulse, or signal propagation path. 
This methodology assures that either receiver 600 or 610 
will always be tuned to the best propagation “path.” 
0080 Thus, it is seen that an apparatus for receiving 
ultra-wideband Signals is provided. The present invention is 
Suitable for both wireleSS and wire communications media. 
One skilled in the art will appreciate that the present 
invention can be practiced by other than the above-described 
embodiments, which are presented in this description for 
purposes of illustration and not of limitation. The description 
and examples Set forth in this specification and asSociated 
drawings only set forth preferred embodiment(s) of the 
present invention. The Specification and drawings are not 
intended to limit the exclusionary Scope of this patent. Many 
designs other than the above-described embodiments will 
fall within the literal and/or legal Scope of the instant 
disclosure, and the present invention is limited only by the 
instant disclosure. It is noted that various equivalents for the 
particular embodiments discussed in this description may 
practice the invention as well. 

What is claimed is: 

1. An ultra-wideband Signal receiver comprising: 
a template generator Structured to generate a local Signal 

Similar to an incoming ultra-wideband Signal; 
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a single correlator Structured to correlate the incoming 
ultra-wideband Signal with the local Signal; 

a ultra-wideband Signal amplifier Structured to amplify the 
Signal received from the Single correlator; and 

an ultra-wideband Signal Sequence energy estimator Struc 
tured to estimate an energy of the Signal received from 
the ultra-wideband Signal amplifier. 

2. The ultra-wideband Signal receiver of claim 1, wherein 
the template generator comprises: 

a timing Signal generator that generates a periodic signal; 
a gate that gates the periodic Signal to produce the local 

Signal; and 
an amplifier in communication with the gate. 
3. The ultra-wideband signal receiver of claim 1, further 

including a digital Signal processor Structured to generate an 
output signal to the template generator. 

4. The ultra-wideband signal receiver of claim 1, wherein 
the local Signal is a pulse of electromagnetic energy that has 
a duration ranging from about 10 picoSeconds to about 1 
millisecond. 

5. The ultra-wideband signal receiver of claim 1, wherein 
the incoming Signal comprises a plurality of ultra-wideband 
pulses, and wherein each of the plurality of ultra-wideband 
pulses has a duration ranging from about 10 picoSeconds to 
about 1 millisecond. 

6. The ultra-wideband signal receiver of claim 1, wherein 
the single correlator comprises: 

a mixer, and 
a matched filter. 
7. The ultra-wideband signal receiver of claim 6, wherein 

the Single correlator mixes the local Signal with the incom 
ing ultra-wideband Signal, and passes the mixed signal 
through the matched filter. 

8. The ultra-wideband signal receiver of claim 1, wherein 
the ultra-wideband Signal Sequence energy estimator pro 
vides a reference related to an amount of correlation 
between the local signal and the incoming ultra-wideband 
Signal. 

9. The ultra-wideband signal receiver of claim 6, wherein 
the mixer is a multiplier configured to multiply the local 
Signal with the incoming Signal. 

10. The ultra-wideband signal receiver of claim 6, further 
comprising an amplifier that comprises an automatic gain 
control amplifier. 

11. The ultra-wideband signal receiver of claim 1, 
wherein the Signal Sequence energy estimator comprises: 

an absolute value detector, and 
an integrator. 
12. The ultra-wideband signal receiver of claim 11, 

wherein the absolute value detector is a Square law detector. 
13. The ultra-wideband signal receiver of claim 11, 

wherein the integrator is configured to integrate the Signal 
over a predetermined time period that ranges from about 100 
nanoSeconds to about 1 millisecond. 

14. An ultra-wideband Signal receiver, comprising: 
a template generator Structured to generate a local signal 

Similar to an incoming ultra-wideband Signal; 

Aug. 11, 2005 

a Single correlator Structured to correlate the incoming 
ultra-wideband Signal with the local Signal; 

a ultra-wideband Signal amplifier Structured to amplify the 
Signal received from the Single correlator; 

an ultra-wideband Signal Sequence energy estimator Struc 
tured to estimate an energy of the Signal received from 
the ultra-wideband Signal amplifier; and 

an ultra-wideband Signal level quantizer. 
15. The ultra-wideband signal receiver of claim 14, 

wherein the ultra-wideband Signal level quantizer is struc 
tured to quantize the Signal and forward the quantized signal 
to a digital Signal processor. 

16. The ultra-wideband signal receiver of claim 15, 
wherein the digital Signal processor may perform a function 
Selected from a group consisting of decoding the quantized 
Signal, error correcting the quantized signal, and formatting 
the quantized signal. 

17. The ultra-wideband signal receiver of claim 14, 
wherein the template generator comprises: 

a timing Signal generator that generates a periodic signal; 
a gate that gates the periodic Signal to produce the local 

Signal; and 
an amplifier in communication with the gate. 
18. The ultra-wideband signal receiver of claim 14, 

wherein the Single correlator comprises: 
a mixer, and 
a matched filter. 
19. The ultra-wideband signal receiver of claim 14, 

wherein the Single correlator mixes the local signal with the 
incoming ultra-wideband Signal, and passes the mixed signal 
through the matched filter. 

20. The ultra-wideband signal receiver of claim 14, 
wherein the ultra-wideband Signal Sequence energy estima 
tor provides a reference related to an amount of correlation 
between the local signal and the incoming ultra-wideband 
Signal. 

21. The ultra-wideband signal receiver of claim 14, 
wherein the Signal Sequence energy estimator comprises: 

an absolute value detector; and 
an integrator. 
22. An ultra-wideband Signal receiver, comprising: 
two receiverS Structured to receive an incoming ultra 

wideband Signal; 
a Selector Switch Structured to Selectively receive a signal 

from either of the two receivers; 
a signal level quantizer Structured to receive a signal from 

the Selector Switch; and 
a digital signal processor Structured to receive the Signal 

from the Signal level quantizer. 
23. The ultra-wideband signal receiver of claim 22, 

wherein each of the two receivers comprises a corellator, a 
template generator, a pulse amplifier, and a pulse Sequence 
energy estimator. 


