06/060267 A2 I K OO0 RV OO OO 0

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 June 2006 (08.06.2006)

/f/( )
Tvie L

(10) International Publication Number

WO 2006/060267 A2

(51) International Patent Classification:
HO4L 7/00 (2006.01)

(21) International Application Number:
PCT/US2005/042627

(22) International Filing Date:
22 November 2005 (22.11.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/998,716 30 November 2004 (30.11.2004)  US

(71) Applicant (for all designated States except US):
FREESCALE SEMICONDUCTOR, INC. [US/US]J;
6501 Williams Cannon Drive West, Austin, TX 78735
(US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): MCCORKLE,
John, W. [US/US]; Freescale Semiconductor, Inc., 6501
Williams Cannon Drive West, Austin, TX 78735 (US).
MILLER, Timothy, R. [US/US]; Freescale Semiconduc-
tor, Inc., 6501 Williams Cannon Drive West, Austin, TX
78735 (US).

(74) Agents: ALTMILLER, Brian, C. et al.; Posz LLaw Group,
PLC, 12040 South Lakes Drive, Suite 101, Reston, VA
20191 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

(81)

(84)

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagette.

(54) Title: SYSTEM AND METHOD FOR USING PROGRAMMABLE FREQUENCY OFFSETS IN A DATA NETWORK

510

530

QUADRATURE

560 CONTROL |

CONTROL | SIONALS !

CIRCUIT '
OFFSET

REFERENCE
CLOCK

550
110

QUADRATURE

RECEIVER
CIRCUIT

CORRELATION
FUNCTION

WAVELET
GENERATOR

AGILE CLOCK

.
I

I

PaLYPHASE | |

VARIABLE '
OFFSET CLOCK j MIXER :
i

Lo —a

REFERENCE

CLOCK

Il
QUADRATURE REFERENCE CLOCK

500

(57) Abstract: A method is provided for offsetting a reference frequency of a quadrature reference clock signal. A quadrature
reference clock (110) generates the quadrature reference clock signal at the reference frequency, while a quadrature variable offset
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a remote device (1010). A polyphase mixer (140) performs a polyphase mixing operation between the quadrature reference clock
signal and the offset clock signal to generate an agile clock signal having an agile clock frequency equal to the reference frequency
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SYSTEM AND METHOD FOR USING PROGRAMMABLE FREQUENCY

OFFSETS IN A DATA NETWORK

CROSS-REFERENCE TO RELATED PATENT DOCUMENTS

This application is related to U.S. application no. 10/623,804, filed July 22,
2003, entitled “METHOD FOR OPERATING MULTIPLE OVERLAPPING
WIRELESS NETWORKS,” US application no. 10/259,888, filed September 30, |
2002, entitled “ULTRA WIDE BANDWIDTH SPREAD-SPECTRUM
COMMUNICATIONS SYSTEM,” and U.S. application no. 09/685,199, filed
October 10, 2000, entitled “A LOW POWER, HIGH RESOLUTION TIMING
GENERATOR FOR ULTRA-WIDE BANDWIDTH COMMUNICATIONS

SYSTEMS.”
FIELD OF THE INVENTION

The present invention relates in general to wireless communication systems,
such as ultra wideband (UWB) systems, including mobile transceivers, centralized
transceivers, related equipment, and corresponding methods. Anothér aspect of the
.presént invention relates t= - wiré]eSs transceiver and related method of operation that
provides a frequency offset to its operational frequehcy to allow for faster
synchronization and resynchronization and better isolation from adjacent networks.
Another aspect of the present invention relates to a wireless transceiver and related
method of operation that dynamically changes the frequency offsets to account for

changing circumstances.
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BACKGROUND OF THE INVENTION

A wireless transceiver will generally include at least one reference clock. This

“clock will be set at a nominal frequency for operation of the transceiver. However,

irregularities in the formation of clock crystals, changes in temperature, and other

- factors can introduce slight variations in frequency. When two wireless devices are

communicating it may be necessary for two devices to synchronize their clocks to
each other. This can be made more difficult by the fact that although the two devices
might ﬁave the same nominal frequency, their actual frequencies may have slight
variations. Such variétions can cause their clocks to drift over time, upsetting their
synchronization.

One way that this problem has been addressed is through the use of an agile
clock, which can make slight variations to the frequency of the reference clock and
provide this new agile clock signal in place of the reference cloc?k signal. If one device

in a pair of communicating wireless devices (generally a receiver) employs an agile

clock, it can modify its effective reference clock to match that of the device it’s -

_communicating with.

However, the process of synchronizing clock frequencies takes time, and this

is time that the devices are not performing their primary function. It would therefore

be desirable provide a way to minimize the time required to perform the

synchronization process.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals refer to identical or

~ functionally similar elements throughout the separate views and which together with

the detailed description below are incorporated in and form part of the specification,

- serve to further illustrate various embodiments and to explain various principles and

advantages in accordance with the present invention.

FIG. 1 is a block diagram of an clock circuit according to a disclosed
em_bodiment‘ of the present invention; -

FIG. 2 is a block diagram of the polyphase mixer of FIG. 1 according to a
disclosed embodiment of the present invention;

FIG. 3 is a block diagram of the quadrature variable offset clock of FIG. 1

-aécording to a disclosed embodiment of the present invention;

FIG. 4 is a block diagram of a wireless network according to a disclosed
embodiment of the present invention; and

FIG. 5 is a block diagram of a vyireless receiver according to a first disclosed
embodiment of the present invention;

~ FIG. 6 is a block diagram of a wireless receiver according to a second

Aisclosed embodiment of the present invention;

FIG. 7 is a block diagram of a wireless receiver according to a second
disclosed embodiment of the present invention;

FIG. 8 is a block diagram of a wireless transmitter according to a first

disclosed embodiment of the present invention;
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FIG. 9 is a flow chart of a method of programming frequency offsets
according to a disclosed embodiment of the present invention; and
FIG. 10 is a flow chart of a method of programming frequency offsets

according to another disclosed embodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Agile Clock Circuitry

FIG. 1 is a block diagram of a clocking circuit according to a disclosed
embodiment of the preéent invention. As shown in FIG. 1, the clogking circuit 100
includes a quadrature reference clock 110 and an agile clock 120. The agile clock 120
includes a quadrature variable offset clock 130 and a polyphase mixer 140.

The quadrature reference clock 110 generates a pair of quadrature reference

clock signals (i.e., reference sine and cosine signals at a reference phase and

frequency).

The quadrature variable offset clock 130 generates a pair of quadrature offset
clock signals (i.e., offset sine and cosine signals at an offset phase and frequency). It

does so based on an offset reference clock signal and a set of control signals. The

'quadrature variable offset clock 130 can vary the offset phase or frequency based on

the control signals. However, both the offset sine and cosine values that are output at
ény given time are at the same phase.

The polyphase mixer 140 receives a quadrature reference clock signal from
the quadrature reference clock 110, and a quadrature offset clock from the quadrature
variable offset clock 130 and produces an agile clock signal that has a phase modified
from the phase of the reference clock signal based on the phase of the sine and cosine
generated by the quadrature variable offset clock 130. As a result of this, the phase Sf
the offset sine and cosine generated by the quadrature variable offsét clock 130 can be

considered an offset phase to the quadrature reference clock phase.
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In the disclosed embodiment, the Quadrature reference clock signals generated
by the quadrature reference clock 110 are sin 6(t) and cos 8(t); the quadrature offset
clock signals are generated by the quadrature variable offset clock 130 are sin ¢(t) and
cos ¢(t); and the agile clock signal output by the polyphase mixer 140 is

5 sin (B(t) + §(0)). | |

FIG. 2 is a block diagram .of the poiyphase mixer df FIG. 1 according toa
disclosed embodiment Qf thé present invention. As shown in FIG. 2, the polyphase
mixer 140 includes a first m%xer 210, a second ﬁixer 220, and a summer 230.

The first mixer 210 mixes the cosine portiqn of the quadrature reference clock

10  signals, i.e., cos 6(t), with th¢ sine portion of the quadrature offset clock signals, i.e.,
‘sin ¢(t), to generate a first mixed signal:
first mixed signal = cos a(t)- sin #(t) ‘ 48

Similarly, the second mi_.xe._r.220 mixes.the sine portién of the quadrature

reference clock signals, i.e., sin 8(t), with the cosine portion of the quadrature offset
15 clock signals, i.e., cos &(t), to generate a second mixed signal:
second mixed signal = siﬁ O(t) - COS ¢(t) ' )

The summer 230 adds the first mixed signal to the second mixed signal to
provide an égile clock signal. Combining equations (1) and (2), the output of the
summer 230, i.e., the agile clock output, is:

20 agile clock signal = sin 6(t)- cos #(t)+ cos O(t)- sin #(t) 3)

Since sine and cosine can be represented as:

sina = E—z—— , and 4)



WO 2006/060267 PCT/US2005/042627
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+e/

S : )

cosax =

the output of the summer 230 can also be written as:

/%) _ IO gibl) 4 i) i) | gmi0k)  Gisle) _ ,-ie(0)

, Or 6
2 20 2 2 ©)
l(ej(ﬂ(t)w(r)) — e JOURE)) | =ie()-0)) _ ej(ﬂ(r)-st(t)))
+ %(ej(e(t)w(r)) — e/ OlRel)) | o6 I _ e/‘(ﬂ(r)ﬂ’(r)))
5  which simplifies to:
j(6()+4(0)) _ ,-1(6()+4(:))
e Y sinl0)+ 4(0)- ®)

2
- Thus, when an incoming sme and cosiﬁe ofa ﬁrst phase 6(t) is mixed with the

sine and cosine of a second phasé ¢(t) in the pc;lyphaSe mixer 140, the result is the
' sine of the sum of the first and second phases (G(t) + ¢(t)). The second phase ¢(t) thus
10 becomes an offset phase for the first phase G(tj. If t'hi;sloffset phase varies over time by

a constant value, then the varying dffset i)hase o(t) results in an offsét frequency F,

for the resulting signal, as corﬁpared to fhe reference clock frequency F;.
FIG. 3 is a block diagram"'of: the quadrature variable offset clock of FIG. 1

abcording to a disclosed embodiment of the present invention. As shown in FIG. 3,

15 the quadrature variable offset clock 130 includes an accumulator 305, a sine/cosii:
gene.ration circuit 310, a divide-by-two circuit with a two-phase output 315, first and
second latches 320 and 325, first and second digital-to-analog converters (DACs) 330
‘and 335, and first and second low pass filters (LPFs) 340 and 345. The accumulator
further comprises third through fifth latches 350, 355, and 360, and first and second

20  summers 365 and 370.
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The accumulator 305 receives the offset reference clock, a frequency offset
signal, and a phase offset signal, and produces a phase identification signal that

indicates the current phase of the sine and cosine values that should be output by the

quadrature variable offset clock 140. The allowable values of the phase identification

signal correspond to the 360 degrees of phase that define one cycle of a sine or cosine

signal. Thus, if the phase identification signal can have N different values, each
T 2 .. 360 .
individual increment represents A radians (1.e.,—N— degrees) of phase shift.

The third and fourth latches 350 and 355 along with the first summer 365
operate as a basic accumulator. The first summer 365 adds together the value in the
third latch 350 (i.e., provided by the previoﬁs output of the first summer 365) with the

value in the fourth latch 355 (provided by fhe frequency offset signal). The first

~ summer 365 operates in a modulo operaﬁon, so when the_suin of the values stored in

the third and fourth latches 3_5 0 and 355 exceeds a certain value, it wraps around to
zero.

The third latch 350 updates its stored value with the output of the first summer
365 with each cycle of the offset reference clock. This allows the ﬁ-rst,summer 365 to
accumulate a new frequency offset value with each new cycle of the offset reference
clock.

The third latch 315 and the second adder 335 allow for adjustments to the
phase identification signal. By changing the phase offset signal, the quadrature
variable offset clock 130 can make corrections to the phase represented by the phase

identification signal.
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The second adder 370 adds the output of the first adder 365 (i.e., the current
accumulated‘ frequency offset value) with the value in the fifth lafch 360 (i.e., the
phase offset value) to determine the phase identification signal. If the phase offset
value is zero, this will simply reflect the accumulated frequency offset value.
However, if the phase offset value is non-zero, this will reflect the accumulated.
frequency offset value modified up or down by the value of the phase offset signal.

In an alternate embodiment the third latch 315 and the second adder 335 could
be eliminated. In this case, the frequency offset signal would have to be varied
whenever the phase identification signal'needed' to be faried by any but the frequency
o‘ffset amount. |

In the disclosed embodiment the frequency' offset signal is constant for a given

~ frequency offset, while the phase offsetisignalk can vary. The constant change in phase

caused by the constant freqliency offset signal results in an effective change in
frequency. The phase offset signal can then make immediate changes to the phase
represented by the phase identification Signal as'needed.

In alternate embodiments, however, the frequency offset signal could be

allowed to vary, causing it to actasa phase/frequency' offset éignail. In this case the

-phase offset signal could be retained as a second way to change phase, or it could be

eliminated allowing the phase/frequency offset signal to take care of all pliase and

frequency offsets.

The frequency offset signal has a value that corresponds to a particular
frequency offset. Similarly, the phase offset signal has a value that corresponds to a
particular phase offset. In the disclosed embodiment, both of these signals have a 16-

bit value, though in alternate embodiments it can vary in size, so long as it is of
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sufficient size to provide the desired frequency offset F,. In addition, in the disclosed
embodiment the iahase/frequency offset signal is kept constant such that it
corresponds to a particular frequency offset, though in alternate embodiments it could
vary.

The value of ¢(t) is a function of the contents of the accumulator 305; the rate
of change of this phase (i.e., the frequency offset) is proportional to the value of the
frequency offset signal (assuming that the phase offset signal is zero).

The sine/cosine generation circuit 310 provides a sine and cosine value
corresponding to the phase identification signal output by the accumulator 305. The
range of available output values are set to correspond to the values of sine and cosine

for inputs varying between 0 and:2x radians (i.e., 0 to 360 degrees), addressable

‘through the range of values of the phase identification signal.

In the disclosed embodinient the phase identification signal has an eight bit

value (i.e., ranging in value from 0 to 255, representing values from 0 to 27 radians in
. 2 . . . R
increments of 256 radians). The sine/cosine generation circuit 310 generates

appropriate sine and cosine values for these input values of the phase identification

- signal.

The sine/cosine generation circuit 310 has a sine output (sin ¢(t}) that provides
an appropriate digital sine vaiue corresponding to the phase identification signal, and
a cosine output (cos ¢(t)) that provides an appropriate digital cosine value
coﬁesponding to the phase 1dentification signal. |

In one embodiment the sine/cosine generation circuit 310 is a sine/cosine

lookup table, though other implementations are possible. In addition, the sine/cosine

10
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generation circuit 310 could have a single output that selectively output the sine or
cosine value based on a half speed referenc¢ clock.

The first latch 320 stores the value of the sine output of the sine/cosine
generation circuit 310 while the second latch 325 stores the value of the cosine output
of the sine/cosine generation circuit 310.

The divide-by-two circuit 315 takes the offset reference clock and outputs a

first latching clock and a secbnd:latching clock, each at half the frequency offset

reference clock. The first latching clock is at a first phase while' the second latching
clock is 180 degrees out of phase with the first latching clock. In this way, the first
latch 320 and the second latch 325 are clocked at the same frequency, but 180 degrees
out of phase with each other. As a result, at any given time only one will ever be
altered.

The first DAC 330 is connected to the ﬁrst latch 320 and converts this digital
sine value to an analog sine signal, while the second DAC 335 is connected to the
second latch 320 and converts this digital cosine value to an analog cosine signal.

The ﬁrst and second LPFs 340 and 345 opefate to remove high frequency
components of the analog sine and cosine signals oﬁtput from the first and second
DACs 330 and 335.

In this way the first and second LPFs 340 and 345 provide analog sine and
cosine éighals that are each updated according to alternate cycles of latching clocks
operating at half the speed of the offset reference clock. Since the phase of these sine
and cosine signals is repeatedly changed (based on the frequency offset signal), the

circuit effectively operates to change the frequency of the offset reference clock.

11
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In the disclosed embodiment the third latch 350 is 24 bits loﬁg, the fourth and
fifth registers 355 and 360 are 16 bits long; the ﬁrsf and second summers 365 and 370
operate in modulo 24, and the phase identification signal is the topmost 8 bits from
the output of the second summer 3;/'0.

As shown in FIGs. 1 to 3, in the agile clock 120 the polyphase mixer 140
operates to shift the base phase 6(t) of the reference clock signal based on the offset
phase ¢(t) provided by the quadrature variable offset clock 130. Thus, sine and cosine |
provided by the quadrature variable offset clock 130 at the reference phase ¢(t)
modifies the reference clock signal to create the agile clock signal with an offset
phase (B(t) + ¢(t)).

As noted above, if the offset phase ¢(t) is cbnstantly shifted 6ver time, this
will correspond to a change in the frequency of the agile clock signal as compared to
fhé reference clock signal. ‘ |

Furthérmore, if the sine/cosine generation circuit 310 doés not take the entire
value output from the second summer 370, but only a plurality of the upper bits, this
will allow for more control in changing the offset phase ¢(t), and thus greater
granularity in changing the offset frequency Fov.‘ For example, in the disclosed
embodiment, 24 bits are provided at the output of the second summer 370, but the
sine/cosine generation circuit 310 only takes the top 8 ..bits‘ aé aﬁ input. This means
that the sine and cosine values output from the sine/cosine generation circuit 310 will
only change when the accumulated value output from the second summer 370 gets
large enough to change one of the top eight.bits. Depending upon the value of the

frequency offset signal (assuming a phase offset signal with zero value), the offset

12
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frequency ¢(t)'can change rapidly or could have a much slower rate of change. A
rapid change results in a larger frequency offset F, and a slower change causes a

lower frequency offset F,.

Wireless Network

FIG. 4 is a block diagram of a wireless network 400 according to a disclosed
embodiment of the present invention. In this embodiment tﬁe network 400 is a
wireless personal area network (WPAN), or piéonet. However, it should be
understood that the present invention also appli’es to other settings where bandwidth is
to be shared among several users, such as, for example, wireless local area networks
(WLAN), or any other appropriate wireless network.

When the term piconet ié used, in referstoa néﬁvork of devicés connected in
an ad hoc fashion, having one device a(;t asa coordina;tor (i.e., it functions as a server)
while the other devices (sometifnes called statipns) follow the time allocation
inétructions of the coordinator (i.e., the;l function as clients). The coordinator can be a
dé:signated device, or simply one of the devices chosen to function as a coordinator.
One primary difference between the coordinator and nbn-coordinator devices is that
the coordinator must be able to communicate with all of the devices in the network,
while the various non-coordinator devices need not bé able to communicate with all
of the other non-coordinator devices.

As shown in FIG. 4, the network 400 includes a coordinator 410 and a
plurality of devices 421-425. The coordinator 410 serves to control the operation of
the network 400. As noted above, the system of coordinator 410 and devices 421-425

may be called a piconet, in which case the coordinator 410 may be referred to as a

13
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piconet coordinator (PNC). Each of the non-coordinator devices 421-425 must be

connected to the coordinator 410 via primary wireless links 430, and may also be

connected to one or more other non-coordinator devices 421-425 via secondary
wireless links 440, also calied peer-to-peer links.

In addition, although FIG. 4 shows bi-directional links between devices, they
could also be shown as unidirectional links. In this case, each bi-directional link 430,
440 could be shown as two unidirectional linké, the first going in one direction and
the second going in the opposité' direction.

In some embodiments the coordinator 410 may be the same sort of device as

| any of the non-coordinator devices 421-425, éi(cept with the additional functionality

for coordinating the system, and'the requirement that it communicate with every

“device 421-425 in the network 400. In bthei einbodirnents the coordinator 410 may be

a separate designated control unit that does not function as one of the devices 421-
425.

In some embodiments the coordinatdr 410 will be a device just like the non-

coordinator devices 421-425. In other embodimg;nts the coordinator 410 could be a

separate device dedicated to that function. Furthermore, individual non-coordinator

* devices 421-425 could include the functional elements of a coordinator 410, but not

use them, functioning as non-coordinator devices. Thi, could be the case where any
device is a potential coordinator 410, but only one actually serves that function in a
given network.

Each device of the network 400 may be a different wirc]esn device, for
example, a digital still camera, a digiial video camera, a personal data assistant

(PDA), a digital music player, or other personal wireless device.

14
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The various non-coordinator devices 421-425 are confined to a usable physical
area 450, §vhich is set based on the extent to whi;:h the coordinator 410 can
successfully communicate with each of the non-coordinator devices 421-425. Any
non-coordinator device 421-425 that is able to communicate with the coordinator 410
(and vice versa) is within the usable area 450 of the network 400. As noted, however,
it is not necessary for every non-coordinator device 421-425 in the network 400 to

communicate with every other non-coordinator device 421-425.

Receiver Circuitry
FIG. 5 is a block diagram of a wireless receiver according to a first disclosed

embodiment of the present invention. As shown in FIG. 5, the wireless receiver 500

includes an antenna 510, a simple mixer 520, a wavelet generator 530, an agile clock

.1.20, a quadrature reference clock 110, a divide-by-N g:ircuit 550, a control circuit 560,
and a receiver circuit 570. The agile clock 120 fur“lgher includes a quadrature variable
offset clock and a polyphase mixer 140. In the embodiment shown in FIG. 5, the
wireless receiver is an ultra widéband (UWRB) receiver, though alternate embodiments
could be other types of wirelesslreceivef. |

The antenna 510 receive":ls energy from a wireless signal and provides that
energy as a received signal to tﬁé simple mixer 520 for processing. Although not
shown, the wireless receiver 500 could includé additional circuitry between the
antenna 510 and the mixer. For example there could be front end amplifiers, filters, or
other signal processing circuitry.

In the embodiment shown in FIG. 5, a UWB antenna may be used, such as the

one disclosed in United States Patent No. 6,590,545 to McCorkle, entitled

15
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“ELECTRICALLY SMALL PLANAR UWB ANTENNA APPARATUS AND
SYSTEM THEREOQF.” However, alternate embodiments can use different antenna
designs.

The simple mixer 520 receives a wavelet from the wavelet geherator 530 and
the incoming signal from the antenna 510 and mixes the two to provide a correlation
function. This correlation function is sent to the receiver circuit 570 for further
processing.

The wavelet generator 530 provides wavelets of two or more shapes to the
simple mixer 520 based on a received agile clock signal. For a binary-encoded system
the wavelet generator 530 provides twt; wavelet shapes, and for a ternary-encoded
sy;tem the wavelet generator 530 providés three wavf:let shapes. In a disclosed
binary-eﬁcoded embodiment th.e.two wavelets are inverses of each other. In a

disclosed ternary-encoded embodiment two of the wavelets are inverses of each other

‘and the third is a null wavelet having zero voltage.

In one disclosed embodiment some wavelets are formed by repeated cyéles of
a sinusoidal signal. In this case, the wavelets can be formed directly from the agile

clock signal. In alternate embodiments diffefent types of wav.elets could be used, e.g.,

" Gaussian monopulses. In such a case, the timing of the wavelets would be determined

- by the agile clock signal.

The quadrature reference clock 110 provides a quadrature reference clock
signal at a set frequency. In one embodiment, the reference clock 540 is a crystal

clock whose frequency is determined by the crystal frequency.

16
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The divide-by-N circuit 550 receives the quadrature reference clock signal and

. th
provides an offset reference clock signal at v the frequency of the quadrature

reference clock signal.

The agile clock 120 receives a quadrature reference clock signal and the offset
reference clock signal and provides an agile clock signal. In the disclosed
embodiment it operates as described above with reference to FIGs. 1 to 3. In
particular, the agile clock signal can ha_\}e its phase or frequency offset from that of
the reference clock signal by a phase or frequency offset.

The control circuit 560 operates ‘along with the receiver circuit 570 to provide
phase and frequency offset signals to the quadrature variable offset cloqk 130.

The receiver circuit 570 :receivesthe corre_latjon function an(i the agile clock
signal and processes the correlation fungtion to extract the data from the incoming
wireless signal.

FIG. 6 is a block diagram of a wireless receiver according to a second
disclosed embodiment of the present invention‘. As shown in FIG. 6, the wireless
receiver 600 includes an antenna 510, a simple mixer 520, a wavelet generator 530, an
ggilé clock 120, a quadrature reference clock 1'10, a control c‘ircuit 560, a receiver
circuit 570, and a phase locked loop (PLL) 680. The agile clock further includes
including a quadrature variable offset clock 130 and a polyphase mixer 140. In the
embodiment shown in FIG. 6, the wireless receiver 600 is an ultra wideband (UWB)
receiver, though alternate embodiments could be other types of wireless receiver.

In the wireless receiver 600 of FIG. 6, like numbered elements operate in a

manner similar to that described above with respect to FIG. 5.
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In addition, in this circuit 600, the quadrature reference clock 110 provides an
intermediate quadrature clock signal at a set frequency. In one embodiment, the
reference clock 110 is a crystal clocklwhose frequency is determined by thé crystal
frequency.

J The PLL 680 operateé to' step up or step down the frequency of the
intermediate quadrature clock to generate a quavdrature reference clock. For example,
in one disclosed embodiment the PLL 680 is a x3 PLL, which multiplies the
frequency of the intermediate quadrature signal by thfee to‘ get a quadrature reference

clock signal that has a quadrature reference clock freduen_cy that is three times an

‘intermediate clock frequency. This multiplicétion factor can be altered in various -

embodiments, and may be fractional.

The agile clock 120 receiveé the Quadramre reference clock signal and
provides an agile clock signal. In the disclosed embodiment it operates as described
above with reference to FIGs. 1 to 3.

FIG. 7 is a block diagram of a wireless "receive'r according to a second
disclosed embodiment of the preéent invention. As shown in FIG. 7, the wireless
receiver 500 includes an antenna 510, a simple mixer 520, a wavelet generator 530, an
agile clock 120, a reference clock 1 10, a control circuit 560, a receive; circuit 570,
and a phase locked loop (PLL) 780. The agile clock further includes including a
quadrature variable offset clock 130 and a polyphase mixer 140. In the embodiment
shown in FIG. 7, the wireless receiver 700 is an ultra wideband (UWB) receiver,
though alternate embodiments could be other types of wireless receiver.

| In the wireless receiver 700 of FIG. 7, like numbered elements operate in a

manner similar to that described above with respect to FIG. 5.
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In addition, in this circuit 700, the agile clock 120 operates aé described above
with reference to FIGs. 1 to 3 to provide an intermediate clock signal to the PLL 780.

The PLL 780 operates to step up or step down the frequency of the
intermediate clock signal to generate an agile clock. For example, in one disclosed

embodiment the PLL 780 is a x3 PLL, which multiplies the frequency of the

.intermediate clock signal by three to get an agile clock signal that has an agile clock

frequency that is three times an intermediate clock frequency. This multiplication

factor can be altered in various.embodiments, and méy‘be fractional.

- Transmitter Circuitry

FIG. 8 is a block diagram of a wireless transmitter according to a first

disclosed embodiment of the present _invention-.‘ As shown in FIG. 8, the wireless

 transmitter 800 includes an antenna 810, a simple mixer 820, a wavelet generator 830,

an agile clock 120, a quadrature reference clock 110, a control circuit 860, and a
transmitter circuit 870. The aggle glock further includes including a quadrature
variable offset clock 130 and a polypha.se_mixer 140. In the embodiment shown in
FIG. 8, the wireless transmitter 800 is an ultra wideband (UWB) transmitter, though
alternate émbodiments could be othér fypes of wireless transmitter.

The antenna 810 transmits venergy that it receives from the simple mixer 820

as a wireless signal. Although not shown, the wireless transmitter 800 could include

additional circuitry between the antenna 810 and the simple mixer 820. For example

the circuit could include amplifiers, filters, or other signal processing circuitry.
In the embodiment shown in FIG. 8, a UWB antenna may be used, such as the

one disclosed in United States Patent No. 6,590,545 to McCorkle, entitled
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“ELECTRICALLY SMALL PLANAR UWB ANTENNA APPARATUS AND
SYSTEM THEREOQF.” However, alternate embodiments can use different antenna
designs.

The simple mixer 820 receives a wavelet from the wavelet generator 830 and a
data stream from the transmitter circuit 850 and mixes the two to provide an encoded
signal that can be trensmitted by the antenna:810.

The wavelet generator-830 plovides wavelets of two:or more shapes to the
simple mixer 820 based on a received agile clock signal. For a binary-encoded system
-the wavelet generator 830 provides two wavelet shapes; and for a ternary-encoded
system the wavelet generator 830 provides three wavelet shapes In a disclosed
binary- encoded embodiment the two wavelets are inverses of each other. In a

disclosed ternary-encoded embodiment two of the wavelets are inverses of each other

and the third is a null wavelet havlng zero voltage.

In one disclosed embodiment some wavelets are formed by repeated cycles of
a sinusoidal signal. In this case, the wavelets can be formed directly from the agile

clock signal. In alternate embodiments different types of wavelets could be used, e.g.,

‘Gaussian monopulses. In such a case, the timing of the wavelets would be determined

by the agile clock signal.

The agile clock 120 icceives a quadrature reference clock signal and an offset
reference clock signal and provides an agile clock signal. In the disclosed
embodiment it operates as described above with reference to FIGs. 1 to 3.

The quadrature ‘reference clock 110 provides a quadrature reference clock
signal at a set frequency. In one embodiment, the quadrature reference clock 110 is a

crystal clock whose frequency is determined by the crystal frequency.
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The transmitter circuit 870 receiveé the agile clock signal and génerates a data
stream for traﬁsmission.

‘The control circuit 860 operates along with the transmitter circuit 870 to
providc.phase arlld frequency offset signals to :the quadrature variable offset clock 130.

5 Although not shown, the transmitter Gircuit 700 could include a phase locked

loop (PLL) either before or after the agile clock 120 to alter the frequency of either
the signal provided by the agile clock 120 or the reference clock 850. This operation
of the transmitter circuit 700 will be altered in a way that is analogous to the.operativon

of the circuits of FIGs. 5 and 6.

10  Channel Separation
In addition to allowing _fpr frequency corrections to account for the inherent
variations in device reference clock frequencies, the:ability of the agile clock 120 to
vary its agile clock frequency also allows for overlapping networks or individual
;ievice paiys to achieve better channel separation by having slightly different
15  frequencies. In this case, the nbminal reference frequency for a given network or
device pair is offset by a unique offsetivalue. Thus, ea;:h network or device pair will
have nearly the same carrier ﬁequency for its wavelets, but none will be identical.
Tables 1A and 1B §how exal-np_les of frequency offset values as they are used
in various embodiments of the present invention. For ease of description, these tables
20  describe channel separation for individual networks. It should be understood,
however, that these frequency offsets could also be used for device pair

communications if desired.
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Table 1A shows an embodiment having seven overlapping networks, and is

exemplary of embodiments requiring an odd number of frequency offsets. Table 1B

shows an embodiment having four overlapping networks, and is exemplary of

embodiments requiring an even number of frequency offsets. This frequency offset

can work for any sort of wavelet, whether a monopulse, a seéction of an oscillating

signal, efc.

Table 1A: Frequency Offset Values for
up to Seven Overlapping Networks

Network Identifier | Frequency Offset Value
0 -39 MHz
1 -26 MHz
2 -13 MHz
3 Unchanged
4 +13.MHz
5 +26 MHz
6 +39.MHz

As shown in Table 1A, the nominal reference frequency of each network is

adjusted by the appropriate frequency offset value. In this embodiment one network

uses the nominal reference frequency, while the remaining networks use an offset

around the nominal reference frequency.

- reference frequency. It can be advantageous if the offset frequencies are symmetrical

Table 1B: Frequency Offset Values for
up to Four Overlapping Networks

Network Identifier | Frequency Offset Value
0 -39 MHz
1 -13 MHz
2 +13 MHz
3 +39 MHz
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As shown in Table 1B, the reference frequency of each network is adjusted
from the nominal reference frequency by the appropriate frequency offset value. In
this embodiment, none of the networks use the nominal carrier frequency. Instead
each network uses an offset carrier frequency. It can be advantageous if the offset
frequéncies are symmetrical around the nominal reference frquency.

Although Tables 1A and 1B show offset values for four and seven networke,
more or fewer overlapping' networks could be accommodated. Also, while in the
disclosed embodiment the offset values are multiples of 13 MHz, in alternate
embodiments the offset value could be changea. Somepossible offset values are
multiples of 2 MHz and multiples of 3 MHZ. In some embodiments the offsets could
use a different step value, or even have no set step value at'ell, varying from each
other according to no set pattern. The practical limit of the offset values can be used i_s
the tuning range of the oscillator used.

| The use of the frequency offset value provides a degree of channel drift that
keeps the channels used by each .network from becoming stationary with respect to

the other channels. This is helpful because if two (or more) overlapping networks

each have a slightly offset frequencies, the phases of the networks will drift with time.

This means that any significant interference between any two networks will fade away
with time as the hases of each network drift with respect to each other. And while
the differing offset reference frequencies also means that any interferences will also
come back, their transitory nature means that they can often be corrected for through
signal processing, e.g., through the use of forward error correction (FEC).

In embodiments that employ frequency offsets for channel separation, it is also

possible to include an additional frequency offset to account for the slight variations - - -
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in reference frequency for each device from the nominal reference frequency. In this

case, the offset value stored in the phase/frequency offset register 310 should account

. for the sum of all desired frequency offsets that the quadrature variable offset clock

130 will control.

Operation

In operation, the agile clock 120 of FIGs. 1 to 3 and 5 to 8 produces an agile
clock signal that has a phase equal to the base pﬁase 0(t) of the reference clock signal
plus an -offset phase ¢(t). And as ‘noted above, if this offset phase ¢(t) changes over

time, it also results in a frequency offset F,, such that the frequency of the agile clock

is equal to the reference frequency F; of the reference clock signal plus the frequency

offset F,.

As noted with respect to FIGs. 5 to 8, the frequepcy offset value is derived
from the frequency offset sigqal, whiéh is set by control circuitry 560, 860. However,
there are a variety of ways in which the control_gircuitry 560, 860 can determine what
frequency offset values should be used.

In one embodiment, the value of the frequency offset signal can be set directly
by a user. This could happen when a user in a device 421-425 wants to manually
change the channel separation offset frequency that is used for a given
communication.

In another embodiment, a network coordinator 410 can instruct a device 421-
425 as to what frequency offset should be used. In this case, the coordinator 410 could

have a database of channel offset values associated with different networks and device
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pairs. It could then provide instructions when it gives a channel time allocation to a
device as to what frequency offset should be used.

In still another embodiment, the control circuit 560, 860 in a device 421-425
could determine on its own what frequency offset should be used. The local device
could have its own database regarding what networks and device pairs are using what
channel offset, Vand could determine based on the device it was in communication with
what channel frequency offset to use. Furthermore, the local device could aiso
determine a corrective frequency offset needed to accoﬁnt for the slight differences in
reference frequency for a transmitting and receiving device. If the local device
determines multiple offsets for fnultip;le"reasons, it:should sum these offsets to
determine a comprehensive offset value and use that véﬂue to determine the value that
should be sent as the frequency offset signal.

Itis élso possible to combine these different embodiments. For example, a
coordinator 410 might provide instrhctidns regarding the channel separation
frequency offset, while the local device 421-425 could Hetenﬁine the corrective
frequency offset needed to account for the slight differences in reference frequency
fora transmitting and receiving device. In this case, the control circuit 560, 860 would
take all of the frequency offset information it receives, determine what the

corresp~=ding offset value would be to achieve the aggregated frequency offset, and

~ provide the phase/frequency offset register 310 with the proper offset value.

FIG. 9 is a flow chart of a method of programming frequency offsets
according to a disclosed embodiment of the present invention. In this particular

embodiment the information regarding the required frequency offset comes from the

local device 421-425. As shown in FIG. 9, the frequency programming method 900
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begins by having the local deviée 421-425 determine and set a base offset value. (Step
910) This baée offset value can be determined in any desired way, e.g., reading it
from a local memory contained in a control circuit in the local device 421-425.

The local device 421-425 then determines a current offset value for a given
commuﬁication stream (i.e., a given communication with a remote device 421-425).
(Step 920). This can include determining a proper channel frequency offset based on
the base offset value and a corrective frequency offset to account for the s]igh;c
differences in reference frequency for a transmitting and receiving device.

The local device 421-425 then stores the current offset value as the new base

- offset value. (Step 930) Thus, the next time the local device 421-425 begins a

communication stream, it will use this dpdated value as its base offset value. In one
embodiment, a single base offset value is stored. In other embodiments, the local
device 421-425 can .store an arfay of base: offset valiies. These can be stored based on
network, device, or any other desired parameter. If an array is used, then the base
offset used in a given determination of the current offset (i.e., -at the start of each Step
920) is read from the array based on the appropriéte parameters,

After storing the new base offset value, the locél device 421-425 then
performs all necessary operations at the properly offset agile clock frequency (Step
943, and then waits for the next operation (Step 950), during which it uses the stpred
base value for determining tﬁe current offset value (Step 920).

In this way, if during the next communicaﬁon stream it processes the local
device 421-425 talks to the same remote device 421-425 (or if an array of base values
is used, a device that has a recent entry in the array), the base value for the offset

frequency should be the same as, or at least very close to, the desired frequency offset
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\}alue. Thié can significantly reduce the time. required to determine the current offset
value in a later perfpnnance of Step 920. And if during the next communication
stream it processes the local device 421-425 talks to a different remote device 421-
425, the stored offset value should be no worse than the original base offset value.

FIG. 10 is a flow chart of a method of programming frequency offsets
according to another disclosed embodiment of the present invention. lIn this particular
embodiment the information regarding the required frequency offset 'c':omes from a
network coordinator 410. As sﬁown in FIG. 10, the frequency programming method
1000 begins by having the local device 421-425 receive a base offset value from the
coordinator 410. (Step 1010)

The local device 421-425 then determines a current offset value for a given

communication stream using the base offset value as a starting point. (Step.1020) This

_ can include determining a proper corrective frequency offset to account for the slight

differences in reference frequency for a -tranémitting and receiving device.

The local device 421-425 then performs all necessary operations at the
properly offset agile clock frequency (Step 1030).

The local device 421-425 then sends the current offset value to the coordinator

410 (Step 1040), which can store this as the new base offset value in memory. Thus,

_ L. next time the local device 421-425 begins a communication stream with the same

remote device 421-425, the coordinator 410 it will send it the updated base offset
value. These can be stored in the coordinator 410 based on network, device, or any

other desired parameter.
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‘After sending the current offset value to the coordinator 410, the local device
421-425 then waits for the next operation (Step 1050), at which time it will receive a
new base offset value from the coordinator 410 (Step 1010).

In this way, if during the next communication stream it processes the local

_device 421-425 talks to any device 421-425 that it has recently spoken to, the base

offset value for the frequency offset should be the same as, or at least very close to,

the desired frequency offset value. This can significantly reduce the time rgquired to
determine the current offset value in a later performance of Step 1020. And if during
the nekt communication stream it processes the local device 421-425 talks to a
different remote device 421-425, the stored base -offsét value should be no worse than
the original base offset value.

In alternate embodiments of the method 1000 of FIG. 10, the order of Step

‘ 1040 and Step 1030 can be reversed.

In some embodiments the frequency offset F, will be set entirely based on
variations to the offset value in the phase/frequency offset register 310. However, in
alternate embodiments some or ail of the frequency offset can be provided through the
use of a phase locked loop, sugh as is shown in FIGS. 5 and 6. In one embodiment,
the PLL 680, 780 can be controlled to vary its frequency multiplier to obtain the
desired frequency offset F,. In another embodiment the PLL 680, 780 can be
controlled to vary its frequency multiplier to get a frequency close to the desired
frequency offset F,, and the agile clock 120 can provide smaller frequéncy variations

to obtain the final desired frequency offset F..
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Conclusion

This disclosure is intended to explain how to fashion and use various
embodiments in accordance with the invention rather than to limit the true, intended,
and fair scope and spirit thereof.. The foregoing description is not intended to be

exhaustive or to limit the invention to the precise form disclosed. Modifications or

‘va_riations are possible in light of the above teachings. The embodiment(s) was chosen

and described to provide the best illustration of the principles of the invention and its

" . practical application, and to enable one of ordinary skill in the art to utilize the

invention in various embodiments and with various modifications as are suited to the
particular use contemplated. All such modifications and variations are within the
scope of the invention as determined by the appended claims, as may be amended
during the pendency of this application for patent, and all equivalents thereof, when
interpreted in accordance with the breaath to which they are fairly, legally, and

equitably entitled. The various circuits described above can be implemented in

- discrete circuits or integrated circuits, as desired by implementation.
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CLAIMS
What is claimed is:
1. A method of offsetting a reference frequency of a quadrature reference
clock signal, comprising:
generating the quédrature reference clock signal at the reference frequency,
the quadrature feference clock signal comprising first and second sinusoidal signals;
determining a base offset value corresponding to a base offset frequency;
generating a quadrature clock signal at the base offset frequéncy based at least
in part on the base offset value, the offset clock signal comprising third and fourth
sinusoidal signals; and
performing a polyphase mixing operation between the quadrature reference
clock signal and the offset clock signal to generate an.agile clock signal having an
agile clock frequency equal to the reference frequency plus the base offset frequency,
wherein the Base offset value is chosen from a plurality of possible offset

values.

2. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 1,

plurality of possible offset values are; stored in a local memory, and

wherein the step of determining the base offset vaiue is performed by looking

the base offset value up in the local memory.
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3. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 1, wherein the step of determining the base offset value is

performed by receiving the base offset value from a remote device.

4. A method of offsettingv a reference clock frequency of a reference clock
signal, as recited in claim 1, wherein each of the plurality of pbssible offset values is

associated with one of a corresponding plurality of remote devices.

5. A method of offsetting a reference clock:frequency of a reference clock
signal, as recited in claim i, wherein each of the plurality of possible offset values are

-associated with one of a plurality of available networks.

6. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 1, further comprising:

determining a phase offset value corresponding to an offset phase,

wherein the quadrature clock signal is generated at the base offset frequency
based at least in part on the frequency offset value, and at thg offset phase based at
least in part on the phase offset value, and

~ wherein the agile clock signal has the agile clock frequency equal to the

reference frequency plus the base offset frequency, and has an agile clock phase equal

to a reference phase plus the-offset phase.

7. A method of offsetting a reference clock frequency of a reference clock

signal, as recited in claim 1, wherein the base offset value corresponds to a phase
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increment that will produce the base offset frequency when additively applied to the

offset clock signal at the reference frequency.

8. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 1, further determining a revised offset value that reflects an

actual frequency offset based on' measurements from a.received signal.

9. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 8, further comprising storing the revised offset value to a

fnemory as one of the possible offset values.

10. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 8, further comprising sending the revised offset value to a

remote device.

11. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 1, further comprising generating a wavelet based on the

agile clock ﬁeciuency."
12. A method of offsetting a reference clock frequency of a reference clock

signal; as recited in claim 1, wherein plurality of possible offset values are offset from

each other by a set interval corresponding to an offset frequency step.
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13. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 12, wherein the offset frequency step is between 1 and 20

MHz.

14. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 1, wherein the method is implemented in an integrated

circuit.

15. A method of offsetting a reference clock frequency of a reference clock
signal, as recited in claim 1, wherein the method is implemented in an ultra wideband

device. .

16. An agile clock generation and control circuit, comprising:

a quadrature reference clock for providing a quadrature reference clock signal
at a reference frequency, the quadrature reference clock signal comprising first and
second sinusoidal signals;

a control circuit for generating a base offset value based on one of: a first
value stored in a local memory and a second value received from a remote device;

a quadrature variable offset clock for generating a quadrature clock signal ata
base offset frequency based at least in part on the base offset value, the offset clock
signal comprising third and fourth‘ sinusoidal signals; and

a polyphase mixer for performing a polyphase mixing operation between the

quadrature reference clock signallnd the offset clock signal to generate an agile clock
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signal having an agile clock frequency equal to the reference frequency plus the base
offset frequency,
wherein the first value and the second value are both chosen from a plurality

of possible offset values.

17. An agile clock generation and control circuit, as recited in claim 16,
further comprising a wavelet generator for generating a wavelet in response to the

agile clock signal.

18. An agile clock generation and control circuit, as recited in claim 16,
further comprising a phase locked loop circuit connected to an output of the
polyphase mixer for adjusting the reference frequency.of the quadrature reference

clock signal before it is sent to the polyphase mixer.

19. An agile clock generation and control circuit, as recited in claim 16,
further comprising a phase locked loop circuit connected to an output of the
quadrature reference clock for adjusting the agile clock frequency of the agile clock

signal.
20. An agile clock generation and control circuit, as recited in claim 16,

wherein the plurality of possible offset values are separated from each other by a set

interval corresponding to an offset frequency step.
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21. An agile clock generation and control circuit, as recited in claim 20,

wherein the offset frequency step is between 1 and 20 MHz.

© 22. An agile clock generation and control circuit, as recited in claim 16,
wherein the agile clock generation and control circuit is implemented in an integrated

circuit.

23. An agile clock generation and control circuit, as recited in claim 16,
wherein the agile clock generation and control circuit is implemented in an ultra

‘wideband deviée.

24. A method of offsetting a reference frequency of a quadrature reference
clock éig11a1, comprising:

generating the quadrature reference clock signal at the reference frequency,
the quadrature reference clock signal; | |

determining a base offset value corresponding to a base offset frequency by
one of: receiving the base offset value from a remote device, and reading the base
offset value from a local memory;

generating a quadrature clock signal at the base offset frequency based at least
in part on the base offset value; and

performing a polyphase mixing operation between the quadrature reference
clock éignal and the offset clock signal to generate an agile clock signal having an

agile clock frequency equal to the reference frequency plus the base offset frequency,
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wherein the base offset value is chosen from a plurality of possible offset

values.
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