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novel and improved receiver circuit that downconverts such signals at different
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hardware components.

20 1IN Description of the Prior Art:

Currently, mobile radio telephones typically support
communications in a number of different modes corresponding to different
modulation formats. For example, there are so-called "dual-mode" mobile radio
telephones that support communications using both analog and code division

25 multiple access (CMDA) signals. As the number of modes that the phone
supports increases, the circuitry required in the phone for downconverting and
sampling the input signals typically increases in complexity. This occurs
because, in multi-mode phones, the input signals are received at different
frequency bands depending on the operating mode, and downconverting and

30 sampling the signals from each of the frequency bands typically requires
separate circuitry for each band. It would therefore be desirable to have a
receiver design that could be used in multi-mode phones for downconverting
and sampling the input signals which used common hardware for the
downconversion and sampling operations, thereby minimizing the hardware

35 components required for operation of a multi-mode phone.
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the common intermediate frequency range. The second downconverter has an
input coupled to a frequency doubling circuit. Switching circuitry selectively
couples one of either a first oscillating signal from a voltage controlled oscillator
(VCO) having a VCO frequency range or a second oscillating signal at a second
20 frequency that is outside the VCO frequency range to an input of the first
downconverter and an input of the frequency doubling circuit.

In a preferred embodiment, the VCO is responsive to control
circuitry and selectively generates the first oscillating signal at a channel
frequency associated with the first modulation format, and the first

25  downconverter mixes the output of the first band selection filter with the first
oscillating signal at the channe! frequency associated with the first modulation
format in order to downconvert signals modulated in accordance with the first
modulation format from the first frequency range to the common intermediate
frequency range. The VCO further selectively generates the first oscillating

30 signal at a channel frequency associated with the second modulation format,
and the first downconverter mixes the output of the first band selection filter
with the first oscillating signal at the channel frequency associated with the
second modulation format in order to downconvert signals modulated in

accordance with the second modulation format from the first frequency range
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provided to the frequency doubling circuit in order to downconvert signals

modulated in accordance with the fourth modulation format from the third
20 frequency range fo the common intermediate frequency range.

In accordance with a further aspect, the receiver of the present
invention includes one or more channel selection filters that are coupled to
outputs of the first and second downconverters. The channel selection filter(s)
function to filter the downconverted signals output by the first and second

25 downconverters. A sampling circuit is coupled to an output of the channel
selection filter(s). The sampling circuit selectively samples the downconverted
signals with a sampling clock that alternatively samples signals at either a first
or second sampling rate. The sampling clock is coupled to a third oscillating
signal at a third frequency, and the third oscillating signal is an input to the

30 mixer that forms the second oscillating signal at the second frequency. The first
sampling rate provided by the sampling clock is equal to the third frequency
divided by x, and the second sampling rate provided by the sampling clock is
equal to the third frequency divided by y, wherein x and y are integers and, in
one example, are equal to 3 and 15. This aspect invention minimizes excess

35 hardware in the receiver, since the third oscillating signal at the third frequency
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t he sanpling process. In_one enbodi nent, the sa |tf1 cuit sanpl es
accordance with the first modulation format output by the irst downconverter,

the second channel selection filter operates to filter downconverted signals
modulated in accordance with the second modulation format output by the first

20 downconverter, the second channel filter also filters downconverted signals
modulated in accordance with the third modulation format output by the
second downconverter, and the second channel selection filter further filters
downconverted signals modulated in accordance with the fourth modulation
format output by the second downconverter.

25 In a still furfher embodiment, first, second and third channel
selection filters are coupled to ou{puts of the first and second downconverters.
The first channel selection filter operates to filter downconverted signals
modulated in accordance with the first modulation format output by the first
downconverter, the second channel selection filter operates to filter

30 downconverted signals modulated in accordance with the second modulation
format output by the first downconverter, the second channel filter also filters
downconverted signals modulated in accordance with the third modulation
format output by the second downconverter, and the third channel selection
filter operates to filter downconverted signals modulated in accordance with

35 the fourth modulation format output by the second downconverter.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

25  identify corresponding elements and wherein:

FIG. 1 is a block diagram of a receiver that downconverts signals
transmitted at three different frequency ranges and modulated using first,
second, third and fourth modulation formats to a common intermediate
frequency range using three downconverters, in accordance with a preferred

30  embodiment of the present invention. In the receiver of FIG. 1, three channel
selection filters are used to process the downconverted signals output by the
three downconverters.

FIG. 2 is a block diagram of a receiver that downconverts signals

transmitted at three different frequency ranges and modulated using first,
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15 second, third and fourth modulation formats to a common intermediate
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frequency range using two downconverters, in accordance with a preferred
embodiment of the present invention. In the receiver of FIG. 4, three channel
selection filters are used to process the downconverted signals output by the
two downconverters.

20 FIG. 5 is a block diagram of a receiver that downconverts signals
transmitted at three different frequency ranges and modulated using first,
second, third and fourth modulation formats to a common intermediate
frequency range using two downconverters, in accordance with a further
alternative preferred embodiment of the present invention. In the receiver of

25 FIG. 5, two channel selection filters are used to process the downconverted
signals output by the two downconverters.

FIG. 6 is a block diagram of a receiver that downconverts signals
transmitted at three different frequency ranges and modulated using first,
second, third and fourth modulation formats to a common intermediate

30 frequency range using two downconverters, in accordance with a still further
preferred embodiment of the present invention. In the receiver of FIG. 6, a
single channel selection filter is used to process the downconverted signals

output by the two downconverters.
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frequency range using two downconverters, in accar darice with a Y effe
format is transmitted to the receiver in a second frequency range, and the fou
modulation format is transmitted to the receiver in a third frequency range. In
the embodiment shown, the first and second frequency ranges correspond to
the frequency bands typically used for analog and CDMA cellular telephone
20  transmissions, i.e., 869-894 MHz; the third frequency range corresponds to the
frequency band typically used for PCS transmissions, i.e., 1930-1990 MHz; and
the fourth frequency range corresponds to the frequency band typically used
for GPS transmissions, i.e., a 2 MHz band centered at 1575.42 MHz.
Input signals received by the receiver are provided to a first band
25  selection filter 10 that selects the first frequency range (e.g., the frequency range
corresponding to the analog and CDMA bands), a second band selection filter
12 selects the second frequency range (e.g., the PCS band), and a third band
selection filter 14 selects the third frequency range (e.g., the GPS band).
A downconverter (or mixer) 20 is coupled to an output of the first
30 band selection filter 10, and downconverts signals modulated in accordance
with the first modulation format (e.g., analog signals) output by the first band
selection filter 10 from the first frequency range to the common intermediate
frequency range. The common intermediate frequency range is centered at an
IF center frequency which, in the preferred embodiment, is about 183.48 MHz.
35 The downconverter 20 translates the output of the first band selection filter 10
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frequency r angutpatiof ghe fiest band selegten fitter 10,and-dowaserxerts signals madulated
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downconver t edbgithmfitss band selectipnifiltey 18 frem tie fistrequereyt range to the conviion

7 O intempadipiecfiemiengy ety The drinerpesiana) ranslatel the Gaiput o
EMBCDI MENIB  the first band selectionHilter 10 (i@.,rthe entiré CBMA freqaency barsdiodown

bl ock diagram.,of ,a 5 receiver 2 f% yse in a nulti-node nobile,.rgadio

t el ephone t hathexftegHAREY $REGIrum to the interm T S ‘ﬂbchaﬂ%ﬁto% of

four differenghdmietbairterest QlelBthe channel ihithe CISMIA/ feqBNECIHATIELS Whidhdthe
si gnal s nodul ated using one of first, second third and fourth

modul at i on fof%ﬁit‘@‘!-%bedf_\%@mWﬁ?fgﬁmtatbémﬁgﬁ%ﬁé‘}uemﬁ range. In the
enbodi ment shown, the fArgfrd ?8%'391\%1‘%{ (BnrgggT&Pﬂ ri§1séﬁ%c'\1/n;6\wf@?§“éb§f>leﬂnby a

formats correspond respectively to anal og ation, C
switch 16 to either an output of the second band selection filter 12 or an output
of the third band selection filter 14. The third downconverter 24 functions to

downconvert either (i) signals modulated in accordance with the third

modulation format (e.g., PCS signals) output by the second band selection filter

12 from the second frequency range to the common intermediate frequency

20 range, or (ii) signals modulated in accordance with the fourth modulation
format (e.g., GPS signals) output by the third band selection filter 14 from the
third frequency range to the common intermediate frequency range.
Depending on the position of switch 16, the downconverter 24 either translates

the output of the second band selection filter 12 (i.e., the entire PCS frequency

25 band) down the frequency spectrum to the intermediate frequency range such
that the channel of interest (i.e., the channel in the PCS frequency band to which

the receiver is being tuned) is centered at the IF center frequency, or the
downconverter 24 translates the output of the third band selection filter 14 (i.e.,

the entire GPS frequency band) down the frequency spectrum to the

" 30 intermediate frequency range such that the channel of interest (ie., the channel
in the GPS frequency band to which the receiver is being tuned) is centered at

the IF center frequency. When switch 16 couples the output of the second band
selection filter 12 to the third downconverter 24, switch 29 couples the output of

the third downconverter 24 to the second channel selection filter 62 (described

35 below). Similarly, when switch 16 couples the output of the third band



nmodul ati on, PCS nodul ati on and GPS nodul ation, although it wll be

under st-ood ®89%ﬁ%§? skilled in the art that the architecturediudonssas esent
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second" f requeﬁgﬁﬁ’fﬁgbeei&ggrrespond to t he frequency bands typically
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for GPS transm ssions, I.e7, centered at 1575.4
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frequency rangg&'c £ 01'tllécggarer ﬁp%@nﬁgﬁ%ﬁkgﬁfg&%gt%%ﬂ%ﬁ %gﬁag?!,‘d.a&gg%%nd
band sel ect i odofiricoaverters 201 22 saddotan irpatad dhe freiquence doybling gcyis 2§. Int he

PCS band) ,,ang a thir . ' L1ter g '
frequency 19 angtée E"ée.%g’.rgd ?ﬁ@ %89?‘8%?1‘5% fr%hhgﬂc} Hng% Of%é%ﬁg gg%?@r?&%r (or
m xer) 20 is coupled toThs VOON34 isofespbasiviertst coditroltrirmhitrg| écthiab catisdst the
10, and downc rts signal s nodul ated i.n accordance with the fir
modul ation for 3(139@8?‘9%%%%"@?9% lﬁm%@f%tﬁe‘ﬂ?m 355pntated with
sel ection fil pRrankfbd éefnehto Whidh tHe ReERRE ¥s béiAgtuhed WikercaHIdy signals are

I nternmedi ate . frequency range. The common_ in eHIedl Ie.frée&uency rt%nge
is centered abeing receivedrat-apiennar4blifontiienithe mophe tadigissPRerERS N the

embodi mengy | g ol Wit BuctPSignIl AP RRINEL, RO drsedowataiverie

output of the fir& band selection filter WO

PCT/ US99/ 045420 mixes the output of the first band selection filter 10 with ghe first osrillating; e
entire anal og fd oWANGY tHAREGUEIRAP abdltidteBHYARCtheS REALE WhHanRel B which the
receiver is being tuned in order to downconvert analog signals from the first
frequency range to the common intermediate frequency range. In the
20 downconverted signal, the channel of interest (i.e., the analog channel to which
the receiver is being tuned) is centered at the IF center frequency.

The control circuitry 36 further causes the VCO 34 to generate the
first oscillating signal 30 at a frequency associated with a CDMA channel to
which the receiver is being tuned when CDMA signals are being received at

25 antenna 40 (i.e., when the mobile radio unit is operating in the CDMA mode.)
When such signals are being received, the second downconverter 22 mixes the
output of the first band selection filter 10 with the first oscillating signal 30 at
the frequency associated with the CDMA channel to which the receiver is being -
tuned in order to downconvert analog signals from the first frequency range to

30 the common intermediate frequency range. In the downconverted signal, the
channel of interest (i.e.,, the CDMA channel to which the receiver is being
tuned) is centered at the IF center frequency. -

The control circuitry 36 further causes the VCO 34 to generate the
first oscillating signal 30 at a frequency associated with a PCS channel to which

35 the receiver is being tuned when PCS signals are being received at antenna 40



i nternedi ate frequency range such that the channel of interest (i.e., the

channel I n the anal og frequency band to which the receiver 53 sgééi ng
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conmon i nt er nEdi MCO Baeiguwitdin raf@euency rahgpefdl052.52n-tHF7@#SsMElzn Bhiis
switch 16, the downconverter 24 either transl e t he ou

second band deequencyiange gllewsshe fioé"ncof‘ﬁ%“%‘i‘ha% 22&%0“"?"8% igﬂégﬂgﬂ‘)ﬁ nd)
down the fre%feﬁﬁé‘re%f’@ﬁtéiﬂf@rttﬁetaﬁfhlb?t&rﬂmtbar{d e6the d¥ cremgefmqumcy

t hat the channel of interest (i he channel i.n the, PCS fre engﬁt%%nd
to which15 Slﬁhbﬂ)éd@ﬁb@l?’fﬁ@f{%i sgbod Héﬂ]}‘tr ivehens thesrecgivar 1§ ARETAET,

frequency, orp byahe W @Ot 3401s withir &i r d
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t
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the channel O‘?e Egﬁ\?&rter( 4 fo do fé? channel 5f iriére R fHEPOS Bandand

to which the rver-1s e|n entered at the IF center
frequency. V\hmelﬁwentelnffeﬁlwncml es the out put of the second band

output 020 ety rHERANERSERELAA Sl SeraBlln jRRE CEPROSE 1T,
filter 62 (deSPBisighls are received at antenna 42, a mixer 50 forms the second oscillating
signal 32 at a frequency that is outside the frequency range of VCO 34 by
offsetting the frequency of the first oscillating signal 30. This frequency
offsetting may be performed using, for example, an image reject mixer (IRM)
25 50. The frequency of the second oscillating signal 32 is associated with a GPS
channel to which the receiver is being tuned. When the mobile radio unit is
operating in the GPS mode, the second oscillating signal 32 at a frequency
associated with a GPS channel to which the receiver is being tuned is provided
to the frequency doubling circuit 26, and the third downconverter 24 mixes the
30 output of the third band selection filter 14 with an output of the frequency
doubling circuit 26 in order to downconvert GPS signals from the third
frequency range to the common intermediate frequency range. In the
downconverted signal, the channel of interest (i.e., the GPS channel to which
the receiver is being tuned) is centered at the IF center frequency.



35 below). Simlarly, when switch 16 couples the output of the third band

WO 99/ 45650 99/45654 . PCT/US99/04545
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a frequency ggs&sin gtﬁde Hehhency ofadlheaﬁ?dto&cﬁhh?dﬂge igrtal \B0. Cin tthe pﬁf@w@r ls
belng t uned when al o S|gnals are bei n I ved .at ant enna 3 .

(i.e., V\/nen m@whmemte laélrezsme@%péfﬁgmr\ggsm Y BRdngghesERyt

h th
output o0t QPR LRI R é?t‘f"%fbi%“%?%vﬁ% BfiA1 33 has & hretuenzy t e
signal 30 at thdtds eqeajuertbyecatimes Iaasaenplsmg &eqnenqn&fsbgmmaamplmgcfrme@ﬁyt he
e oS PEL ASqeRed iith ROt oot RBRAIUEY) sORGeaGEhinal fud SARBERE,
the 20 dOV\ﬂﬁQQ\AEﬁt)e(in‘ih d'ralcentelndr-cﬁfeqnehcpf(fd) ndiscessed(abave atdeelated iy

channel to which q tp\ ecel f)r s being tuned) is centered at the IF
center frequéff@yéance with equatio 18We control circuitry 36 further causes

the VCO $ to generat efughg(qu.1)/f4|]r*§ps),cwn¢ﬂella¢.=|opy,5|.gnal 30 at(ix frequency
associated with a CDVA channel to whi ch the receiver is being tuned

mobi | o rati o uni ¢ | & oRBPAERHEER B e FKnAalsge g erably s n BIERHN A
are being reeRrintd selddfiof AR 6@96@?@1‘%@6&%&%@ JF ei@Sng 66 specified channels
associated with each of the four modulation formats. The channel selection

20 filters 60, 62, 64 are coupled to outputs of the first, second and third
downconverters, and filter the downconverted signals output by the first,

second and third downconverters. A sampling circuit 70 is coupled to an

output of the channel selection filters by anti-alias filters 80, 82. The sampling

circuit 70 selectively samples the downconverted signals with a sampling clock

25 72 that alternatively samjales signals at either a first or second sampling rate.

The sampling clock 72 is coupled to signal 33 which, as mentioned above, is

also provided as an input to the mixer 50 that forms the second oscillating

signal 32. The first sampling rate provided by the sampling clock is preferably

equal to 3*F, (ie., the frequency of signal 33) divided by 3, and the second

30 sampling rate provided by the sampling clock is preferably equal to (3*F;)

divided by 15. These two sampling rates allow the receiver of the present

invention to sample either analog, CDMA, PCS or GPS signals using a common

sampling circuit 70. In particular, the present invention uses the first sampling

rate to sample CDMA, PCS and GPS signals, and the second sampling rate to

35 - sample analog signals. This aspect of the invention minimizes excess hardware
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enter fre nc ln a
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15 Simlarly, 1n the pre e recelve |s oper ati ng

inthe 15 P@sondmsze with the secondsmprnlationgforimat 4. gaéimvb%s@é shoutp byco
34 is within ﬁorfcf %W\fe?fég%ff tHOR8cddld “crhBP81 Fidf82AThISS filters

frequency range 2\
downconverted signals modulated in accordance with the third modulation

format (e.g., PCS signals) output by the third downconverter 24, and the second

channel selection filter 62A further filters downconverted signals modulated in

20  accordance with the fourth modulation format (e.g., GPS signals) output by the
third downconverter 24.

Referring now to FIG. 3, there is shown a block diagram of a

receiver that downconverts signials modulated using first, second, third and
fourth modulation formats to a common intermediate frequency range using

25 three downconverters, in accordance with a further alternative preferred
embodiment of the present invention. The receiver shown in FIG. 3 is
substantially the same as the receiver of FIG. 1, except in the receiver of FIG. 3
only a single channel selection filter 60A is used to process the downconverted
signa]s- output by the three downconverters.

30 . FIG. 4 is a block diagram of a receiver that downconverts signals
modulated using first, second, third and fourth modulation formats to a
common intermediate frequency, in accordance with a preferred embodiment
of the present invention. In contrast to the receiver of FIGS. 1-3, in the receiver
of FIG. 4 only two downconverters 20, 24 are used to perform the frequency

35 downconversions for all four operating modes. Thus, in FIG. 4, only



downconverter 24 to downconvert any channel of interest in the PCS band to
the I F -cen L ency. 20 When the nobil e ragi lehe | S

operati ng ﬁ&@é{é& S node and 'GPS signals are received P;a&?‘ma%r% eJr?Ir‘l% 42,
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Is outside the fre an of . VCO 34 of.fsetti.ng,the frequenc
of the 1 rst 0eoiPRYEREY 208 RGuBlest (o Suput of e hrst BanyRiiechon e 16
perforned usDwidcnvester 20 downdonvereesighaleahodilated i BédordancdWithléieher
frequency of the secon 'gaml atin nal. 32.is _assocjated wt

Si . h GRS
channel’ to & firgh, B0 OBr OF@aBgFﬁgg%’tﬁ%E&SlW?é PRehersese wagien: i s
operating in fhRat @Ry TODRIAL taggmn?ﬁets 'the #ritHhnd @r@ﬁoﬁ%u?érm%éﬁgu@ncy
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with an outpu tfrequency rcult
downconvert @electiom fililes 10 (e eitlvert thieretitire analogrorTIPNEA fregugncy bandledownmon

internedi ate frequency range. In the . 0 onverted signal h
channel of iﬁ]?%?’é “?%Y&R&F‘H‘é“%ﬁsﬁﬁgﬁﬁﬁ‘ea@% ency ra es“rcgcé}ﬁetrhei s
tI; eCIT ? % Sg S ?e 2 % Z_hsm@eirﬁfaﬁmieﬁt(i.éb thd thaawd én the afislegr CDMA frédfiefiBy dafid4o

. . . . ] 11
In the phef eWSIEGhéhSGE‘Fth,S being tuped) is centared jat the IF genigy frequency. dhe cps
node, the secondiria icb@dﬂ&tsﬁbﬂ&@ redéivef BY FIEd f\ﬁxcgggl%ﬁfggﬁn@ﬂan%ﬁ% saRe

Is within a frequenCy '

nge that is centered about 879. Mz, T

frequency  as theggeresperding eampeonerisdeseribed 2hove in sannestiasy wihhbIGnbnnel
of interest | : g + Rs togyr : :

As menti oned %%%&é%?@%@gﬁgggg?grgﬁgéts@e@g F\l %‘%@ﬁflﬁﬁﬁ“ﬁ%}’ provxdgflgt ﬁal

32 at a freqminey22 iFlG.sl sprovitded instdadetpuminey 20 anddGot when the regeiver is

orcrorret  OperAERAERTHG COME hbig, J8351dikPh, B ol SiBogilRent LSS, 402, g
t he out put ofutther $&itdiCZP R4isvpidvided ifgnalir&Bingether atigehitbof neged 2Qttorthas.
Signal 33 ha%e(%rH cbnneY Selection filter 62 when the receiver is operating in the CDMA
mode.
Referring now to FIG. 5, there is shown a block diagram of a
20 receiver that downconverts signals modulated using first, second, third and
fourth modulation formats to a common intermediate frequency range using
two downconverters, in accordance with an alternative preferred embodiment
of the present invention. The receiver shown in FIG. 5 is substantially the same
as the receiver of FIG. 4, except in the receiver of FIG. 5 only two channel
25  selection filters 60, 62A are used to process the downconverted signals output
by the two downconverters. Thus, in the receiver of FIG. 5, the second channel
selection filter 62A filters downconverted signals modulated in accordance with
the second modulation format (e.g., CDMA signals) output by downconverter:
20, the second channel filter 62A also filters downconverted signals modulated
30 in accordance with the third modulation format (e.g., PCS signals) output by
the downconverter 24, and the second channel selection filter 62A further filters
downconverted signals modulated in accordance with the fourth modulation
format (e.g., GPS signals) output by downconverter 24.
Referring now to FIG. 6, there is shown a block diagram of a
35 receiver that downconverts signals modulated using first, second, third and



that is equal to three tines a sanpling frequency (F[err]). The sarrpllng
frequency (F[err]) associated with oscillator 35 is preferab

sel ect ed su¥M® 5854t he sanpling frequency and the cent é?CTI"Fsg?/K@ﬁ%ency
(f[err]) discussed above are related in accordance with equati on (1)
bel ow 15 flerr] = [(2k + X5/4] * (Flerr]), where k = 0, 1,
2, (1) fourth modulation fonmw & & cammsin uﬁm@atqfngqgengr eangaammg

i ncludes a plyy 'd.'oWnéUnverte@Cﬁ?%ﬁbr&;ﬁ}&C%&p i tfe? ‘ﬁgemgﬁ"e %re%g%f"dt he

sel ecting or tun| ng to s %seocT at'e
f our nodul at |embd>¢blmmtsof the priesemtc inwertion.i cThe Gecéivier eshowa in6FIG.68 iar e

1 er the adwReRyBly i€ sk abend STy Tiko 4 Propr in RERGRE P HG 601 7

downconvest erdhlyA |chagnéilsreh§¢hbn7fﬂtdr5600¥)i$ni5éd to@ragess the dowrvhvefted he
channel sel ecti o i’ rfgé ant -alias f| I ters 80, 82. The sanpling
circuit 70 séP@&?QE‘FR}“ e B8i%rted signals with a sanpling

clock 25 72 that altermgt \f@%éugaaggfﬁpﬁbﬂn@f tht f&ﬁ%a @ﬁggﬁge\m cond

sanpling rate. The sanpling cloc I'S coup to si

menti oned ab@revides to enable ﬁ\yppexspnesicb\gdan tha art tq: m&imomuﬁe rthgcpreamt

fornms the se '”ﬁ\tah:%

provi ded by t gg%tgnpl I r% ct?e ps prefer aﬁﬁonmg Hebﬁ%qs?@ﬂ?%bﬂ?oﬁﬁ]ﬁ ??on

t he freqd@ncywith %mgbdé r@‘p tdlepitnad rbgelser,ahdptinmpd& oﬁdieapresemﬂmvaghont e
rovided b th (o} r abl

8| vi ded byylgn hes %gd 'éhg’l‘%‘ 8%%@‘2 %ﬁpgﬁ V@ﬁ% éblahglﬁ{l{’%‘( VBnggm
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sa ing circpit 7 rticul ar e present, i.nyent,i e first

Sammling ©' " Shote SRmed b i a@tytid she GeRbritranasiglcy deffied Wt may,he

sanpling rat %ptpmlea&o aﬁaﬁa&abaaﬁh@ﬂts&v&nahstheTbséoﬁﬁmﬁhv@ffa@nq | Thesg)tthen

m ni m zes_exceSs hardware
PCT/ US991B45psesent invention is not mte}/l\geg to beeinmted to the methods and apparafiyses

receiver, sippgwnRerRfitbht BltbMe alcORRdd the Widest ScbptidnsistertRith tRé KRRAY

set forth below.

What is claimed is:



downconversi on process as well as in the sanpling process.

Also in the?,argg,f‘ gy ed enbodi ment, a radio frequency integratgerusegnsRs! cuit
chip is preferably used to inplenent all the conponents positioned 5
wWithin dotted line 5. Rel®rring nowto FIG 2, there is
shown a bl ock di agram of a recei ver that downconverts Signals

nodul at ed using first, second, third and fourth | | f to
a comon i nternedi ate frequency range GQLAPMS thre H {lﬂ!%ﬂﬂgﬂmrl n
* Olc
as

accordance with an alternative preferred enbodinment 1
I nvention. The receiver shown in FIG 2 is substantially the sanme

the receiver of FIG 1, excegpt in the receiver of FI.G only.t channel
selection f11ters 60, d2a afbreretyer hah drmmenyrs oRasmorilaed vsng

output 2  BufAiRy [JIREdARMMOMDRIAE 6 a doenon InfebedRieifr@juepky Tafige?,
t he second channel selection filter 62A filters downconverted signals

modul at ed i nceBprigiRgir dance with the second nodul ation format (e.g., CDVA

si gnal s) gutput by #8€p Q:M% , gﬁ&q nnel
filter 62% al so fil tersa,l acfg%)g\/\éﬂiconver ed s:%gﬁgf%%n‘i%ﬂﬁggg | naglgg'or dance
with the third nodul at mcsecond bimd reelectiongfiltePdBat isgleatssa seqondtfrequerny

third dowpconverter 24, and the second channel selection filter 62A
further fPIt&P%8%Yownconverted signals nodulated in 20 accordance with the

fourth nodul ation for matthird lsind seR&ctivndfiitdrsthadsdlets althird feequency rimge;
downconvepter 24. . Referring.n to Fl . cthere i s _shown
a block dPagramof a 2 ﬁrsﬁe%%‘i"?ﬁ?“i’?ﬁ?mf&kﬂ’é%&&@r% Oﬁ%ﬁg% tﬁﬁcﬁisﬁ’(?ﬁlﬁo
using first, ssReAOA filleh) that @Bdmconvefts uf%mmm hd fifstifRiqiRhey range fotheon

i nternmedi ate frequency range using 25 three downconverters, 1n accordance

with a fdPt hEPIENERIRIETMEEials BPERFRY 1aNgE; enbodi ment of the present
i nvention. The receiver 3hoNg dbﬂlr{:éoﬁveﬁef,%elecﬁire?’ﬁ%ﬁgé%b?u Switfle t eftRerdS

the receiver of FIG 1, except in the receiver o only . a single

channel 32| eani outpitiafcdhegaond hareliselection éilter aman ewipiebal ghe ghird band
signal s out p‘é&le?ﬁoﬁrﬁtéﬂ] "t ?ﬁ%‘& RYEHE %\ﬁgnalgq:rom eiither the secogh%etguéﬁf
at rts signals no d using

bl ock di agram of a recérfver owncon sig baul at
first, sddondangdiordhanihifd fraquemoytutaagedo fler nemenoen intermediatenfirequency
intermedi ate frequ

t he present irﬁ\'}%%tﬁ%k} ﬂ{]ec%%ﬁ 8@2&%&%‘%&8 (:lngalrs \E;%lre&g)?l ? ﬁﬁ@gglltg%]&faﬂu%%ff
receiver16 doublifgGircditpnl y two downconverters 20, 24 are used to perform
the frequency switching circuitry that selectively couples one of either a first
18  oscillating signal from a voltage controller oscillator (VCO) having a VCO
frequency range or a second oscillating signal at a second frequency that is
20 outside the VCO frequency range to an input of the first downconverter and an

input of the frequency doubling circuit.

2. The receiver of claim 1, wherein the plurality of

2  modulation formats include first, second, third and fourth modulation formats,
the first and second modulation formats are transmitted to the receiver in the

4 first frequency range, the third modulation format is transmitted to the receiver
in the second frequency range, and the fourth modulation format is transmitted

6 to the receiver in the third frequency range.



35 downconversions for all four operating nodes. Thus, in FIG 4, only

pcri usos oasasssess | (TN IR NE 00 L arCTUSIISIS
downconverter 20 is clupfed-td am otutput of the first band selection filter
10. - Downconverter 20 downconverts si'ghals nodul ated in accordance with
ei t her t he first dodul e seceivemef claim @, Wlmn‘eim@lesvgﬁhiss)espmnmmm

el oot ore 1 Frorohsirouiey Sitelachvply el TS ® becli il sigftal 55 st °°"

i nt er medi at eftfmneyicgsmmjed withhtlee first modudationt fornst, davd cehey dirser 20

oi thor 1 b cHorRsoRbyE ml il 6f ths st Handasiprtion et e Bt

spectrum to bhtﬁllaﬂmhgs dl at thef dresmen fréq i éfgLagzyEiatdd with 1@ first modhddtisl O

I nt er est t he cgannel in the ana or CDVA frequency band to 10

whi ch th An;ardep g, doymsenyert §1 Eloééﬂ%t? inaceqrdaneg ié’rlﬂ\fﬂ‘é(fuéhcy
The renmdamans& IR FrSmOthe! A8t hiegh geﬁb%le Sobthsd

substantially the sanme as the corr spo conmponent's descn%ea abov

i n connec®i offeqrencyanges except in Fl G 4 the first oscillating
signal 30 that was previously provided to mxer 22 in FIG 1 is
provided instead to mxer 20 in FIG 4 when the receiver is 15 operating
in the COVA node. In addition, irn the enbodinent of FIG 4, a further

switch 29A is providedfor [ t|n th t. pu xer 0 h

second channel sel ecti®n flﬁ‘g tﬁ%‘&et&élv&e Tein Jﬁﬁr (% F‘Fﬁh‘?‘he
COVA . 2 m)sleiecnvely generates the f1R§tf eSdflllﬂﬁngOﬁghﬁl FcitGa éhartrl&rﬁeqﬁeﬁdyom a
bl ock di agr am of . %% W(r]etﬁel ver that .dpownco verts Si n& dul at ed u3| ng
first, seconBSoFiated 4 e second mpdpaionafarsats gp § t“i?t oMgIRBHerter

i nter medi 4t enflk@lﬂ'@&ﬁpﬁﬂﬁﬂ&lelﬁﬂsﬁ Band selebdén ﬁ@t‘é{" Qﬂﬂ'\/ el fBs® osdilatReE Sigeance
with an al ter n e pref erred enbodi nent c?resent i nvention. The

recei ver sho@ %eql?@ﬁﬁﬁ%%tpélwlﬁh thﬁese§91’#é modulatien foranatdperdes of
FIG 4, excepy dbWricBRvér® sRinls nifduihfed in RBbYIAnMR wHRHE he@oid ﬁ%ﬁﬁfa{ti&ﬁ

fil ters 60, 62A are used tO process the downconvert si gnal s out put
format from the first frequency range to the common intermediate frequency

8 range.

5. The receiver of claim 4, wherein the VCO further

2  selectively generates the first oscillating signal at a channel frequency

associated with the third modulation format, wherein the first oscillating signal

4 at the channel frequency associated with the third modulation format is

provided to the frequency doubling circuit, and the second downconverter

6 mixes the output of the second band selection filter with an output of the

frequency doubling circuit when the first oscillating signal at a channel

8 frequency associated with the third modulation format is provided to the

frequency doubling circuit in order to downconvert signals modulated in

10  accordance with the third modulation format from the second frequency range
to the common intermediate frequency range.

6. The receiver of claim 5, further comprising a mixer that
2 forms the second oscillating signal at the second frequency by offsetting the
frequency of the first oscillating signal. |



by the two olownconverters Thus, in the receiver of FIG 5, the second
channel womdseszstl ﬂ,l ,wmam&mn ters downconverted si greraisssmsisat ed

i n accordance with dul ation format (e.g., CDMA signals)
out put by downconver t er *thé secddd channel filter 62A also filters
downconverted signal s nodul at ed 30 in accordance with the third nodul ation

format (e.g., PCS signals) put b t he doywncqnv rter 2 and the
second channel sel ect inzn fif %F%%Z'F @f rglaim 6, wherein oRsel cig@ag

si gnal s mpdubighalisiselekeioe od t&tﬁéﬁi@éﬂ?fmmﬂﬁ@b&&m and tHed

(e.g., GPS'signal s) outpuf by downconvert Re err| ng
now to FI G GOWnReRuester sHxah the onsprt of 4be dhirds band selection fiber widh the

downconvey t so‘g&gﬂagfstha%ei@h@ diiibisg’ dif it wHRRARE: sebhd %s@@%tﬁ\ﬁm 4%\0 45

99/ 45654
14 f our provided | tat therfréquencysdoubling mircnit imoederetti dowrfcongertrsignalange

usi ng t onv n.acgordance wth, a f rth al ternat.i .
oref er r e %ﬁiﬁ%ﬁdﬁ&ﬁ%&w@» R R ibtiaer Mresedim, Bie B |
FIG 6 is ?ﬁu%mngead;thectdmmrmtamédigefm?j rahgd;l G 4, except in

t he receiver of FI only a single channe ect | on filter 6OA is

used to process the downconverted signal s output by the two
downconverters. 8.  The receiVBf JF BMiRAUY, IpRsreiPithenfifh MbRAuMGse" ed
enbodi ments is provi ded to enable a person skilled in the art to

make or Use f%@ﬂér@é?ﬁ?onds tq apalag snodulatien. dhetsesopdeawdulation format has
been descri bé‘d}r%s?)oﬁaﬁltb' CDNVA mblulatibd, the tikd H\&dlglﬁﬂbﬁ f&&@?&m& oRAs yer.

t he pri.ncipl es the present 1 nventidn
cont ext s andP&fp m@éula@nm the afpairth omodadations format rmhrésp,md@rw tGP$ he

enbodi nment s | ed
T the art . SRR IS HedueREy TERGL Y 8ATRR ML She sportd PRfBity o
to other enbraigedni230:1990dvEiz, haddhe thitd freqaehey earfgecs 1674.4216%6.42 MEHZ.5
present invention is not intended to be [imted to the nmethods and

appar at uses shown herein but is to be accorded the w dest scope
consistent with the clains

9. The receiver of claim 8, wherein the common intermediate
2 frequency range is centered about 183.48 MHz.

10.  The receiver of claim 8, wherein the first oscillating signal
2 at a channel frequency associated with the first modulation format has a
frequency range of 1052.52 — 1077.45 MHz.

11.  The receiver of claim 10, wherein the first oscillating signal
2  at a channel frequency associated with the second modulation format has a
frequency range of 1052.52 - 1077.45 MHz.

12.  The receiver of claim 11, wherein the first oscillating signal
2 at a channel frequency associated with the third modulation format has a
frequency range of 1056.74 — 1086.74 MHz.



set forth bel ow \m ) 99145654
CPZSA{ %99' 0&%9 /45654 Hllll m" “IlJ lﬂ[I ver that domconvertrgélﬁj?(g‘fsés

nodul ated using a 2 pl urallty of nmodul atiqgn formats to a common
i ntermedi ate frequency. a first

. conprising. 4 . g
band sel ection filter :!h gﬁ%‘f’ geeedver F’P FLatm"f ?%qWéﬁESmrﬁWg@mnd oscillating
a second Dangighsl atci ﬂmiu'fel frequieh®pissbeiatsd With ﬁt%qeﬁl;thfﬂlSEHI%'%Yt fofinaf H%Q .

a third band selection filter that selects a th frequency range,

a first downRHSAUERG;Tangs senteded at 8P 4 Milz. of the first band

selection filter, that downconverts signals fromthe first frequency range
to the 10 common internedi ate frequean/ range; a second
downconverter, selectilely 'meceweby’faamétﬁhthermpmsmgQ an out put of

t he seco band sel ect r 20 Ld ba
sel ecti onrtdf ilter, t hatélgé(;v%qg’(l%ét NPG%FQ ,fﬂfﬁrg,, ‘E‘W?ﬁ ‘[1% %ﬂEBWdOf the
frequency 14first andesecond hbmimordrefthm whachiltérd@eddwnéditrerdgigndls batpidi at e

frequency, erel the second downconverter has an i nput ‘coupl ed
to a fredu en‘%&“@ggéﬂ% pmp?r;werters, switching circuitry

that selectively COUD'@%aﬁi@ﬂnﬁg cichftelcotipldd % an output of the one or more
6 channel selection filters, that selectively samples the downconverted signals

with a sampling clock that alternatively samples signals at either a first or
. 8 second sampling rate; and
wherein the sampling clock is coupled to a third oscillating signal
10 ata third frequency, and the third oscillating signal is an input to the mixer that
forms the second oscillating signal at the second frequency.

15.  The receiver of claim 14, wherein the first sampling rate
2 provided by the sampling clock is equal to the third frequency divided by x,
and the second sampling rate provided by the sampling clock is equal to the

4  third frequency divided by y, wherein x and y are integers.

16.  The receiver of claim 15, wherein the first sampling rate
2 provided by the sampling clock is 1/3 the third frequency, and the second
sampling rate provided by the sampling clock is one-fifteenth of the third -
4 frequency.

17.  The receiver of claim 15, wherein the sampling circuit

2 samples downconverted signals modulated in accordance with either the
second, third or fourth modulation formats in accordance with the first

4 sampling rate, and the sampling circuit samples downconverted signals
modulated in accordance with the first modulation format in accordance with

6 the second sampling rate.



18 osci | I ating si gnal IH mcont roller oscillator (VCO having a
ra scillating signal at

frequency t\ﬁ ?ﬁ%&ZO eu ﬁ frequency range to angﬁ%%?ﬂ‘gﬁs‘st he

fi rst downconverter and an i nput of 1t9he frequency doubling circuit.

2. ~The receiver of cig@gim er ei | i 2 nodul ation

formats include first, i8geco-jr’?§e %‘ﬁf E% iﬁbﬁiﬁr‘ﬁ?l"&ﬁ qrdpAsR channel

the first2 ansble:etmmﬂltelsdud:ladeonl}f@Sﬁ@ﬁécﬂd@eﬂ&ﬁ@&ﬁ&ﬁhﬁéﬁt0 the receiver in

the 4 first frequency range, the third nodulation format is transmtted
to the receiver in the second frequency range, and the fourth

N ! . ; :
pgn;eat i on for mi'{/\ol S 9'&149;2;21‘1% eébeiver 6&1&1?&6 S,ng%ﬁégﬁgh@ ohBoribidHdrgayency

16 2 selection filteys includecfirstcand gecond othainmed selectioni filtetse thedinst

boe Tt g hanriel seleeitn fltef BhEH Gb% POy atod Clonef oA ElTed f accoilanst o,
modul ati ¢h fwi e faﬁtjntddeﬂ&tmn;format outpatby the Girstetovihedtretiog, th&fséwnd)f
the first b htr?eif tin na

t he channel equciag%% tg%%%‘ke%ﬁgtﬁ ?Wﬂ%"?ﬁt?fi?lg?ﬁ!ﬁﬂﬂgaphﬁ{eg%a cqr gﬁﬁﬁ
order t o &ovwithntter Semr@nﬁioﬁiumdm\ &bﬁ@hat DURS GO by athectiik (dbwheoriverfdr, the

nodul ation format, fromt rs uenc range to the conm)n |ntermed| ate
8 frequenc gﬂgg annep%lltcer aso ters ownconverted signals anogul ;tqeg, m 3

wher ei n tghe eDrdtied Witk thel a6k Y Bhod ARARIE Bt colin e 1S Ghb! abddiy

signal at a c¢channel frequency associ ated w nodu at I on
f or mat ,. and WémFPPE’?rbevmaeénmt@mnM chanmla§el¢cémutfpimr durthies filters

band selgrt | @Swhibhverted 5ignhlemiddiddteQSH! ddcBlddibeSVERThe fourth modulation

format output by the second downconverter.

20.  The receiver of claim 17, wherein the one or more channel

2  selection filters include first, second and third channel selection filters, the first

channel selection filter filters downconverted signals modulated in accordance

4  with the first modulation format output by the first downconverter, the second

channel selection filter filters downconverted signals modulated in accordance

6 with the second modulation format output by the first downcomferter, the

second channel filter also filters downconverted signals modulated in

8 accordance with the third modulation format output by the second

downconverter, and the third channel selection filter filters downconverted

10  signals modulated in accordance with the fourth modulation format output by
the second downconverter.

21.  The receiver of claim 14, further comprising a plurality of
2 anti-alias filters coupled to the output of the one or more channel selection
filters and to an input of the sampling circuit.



at the channel frequm wi th the second nodul ation format in
order 6 to downc 'ﬂmn&@'gﬁmtiul ated in accordance with the .second
modul at i onwo 99/4s6sh or mat  °r om the frequency range to POF/UISONOWSSS

i nternedi ate frequency range. 5. The
receiver of claim 4, V\,herel n the VCO f uk®her 2 sel ectively generates

the first oscillating 22 gndlheteceivehoficiaim flf fatier@pmprising:associ at ed V\A th
the thirg nodul ation fo wher ei n heflrt OSCI||atIn gng at
t he changel frequency %E@B@ %‘P‘@H“bﬂ‘f‘ﬂ §Th SOYR elddt%BLﬂ‘gPPBg’f tki‘? t ibﬁf\d
provi ded to delRtibheduatat EPhddderest

oMrefls sgguéls FrORY thd st Fcfidn, egmrcgy(;eﬁ\ut of

6 m xes t he out put of the second band®selection filter

t he frm@ﬁaynmﬁmgf@%nqrm the first oscil I ating signal at a
channel 8 frequen hosH? thé Eﬁg{@# %citraﬂpbhée? g*lggéb%g %r(l;?aéltﬂei ’

prOV|ded to the requency ownconvert
si gnal s rﬁodLﬂl‘mﬁxstmcﬂIa&ng sigoal ﬁanmetthCBOt dxethehsembnd)dsmﬁam signaletdo from

ange. . InpOPné HiSapd third foWAEOBTHRR 4 Rl Pt o pheriEeuerey

conpri si 189 admblﬁfgmftaﬁt. 2 forms the second oscillating signal at the
second frequency by offsetting the frequency of the first oscillating
si gnal . WO 99/ 45654

PCTi US99/ 04545 23. The méthod of c1a1m 22, wherefn thel Muk &G \ogr  of
claim6, wherein the second oscijl I ating 2 si gnal s selectivel y provi ded

to the frReq veRdylatismplormgtemciuge firshragcond Wl fourthypyadsdatian fasmat,xes
the output ohe!fi8t hRA sEcorRPRtbARAEGH fOFnkis! drE tratlshlitt@ 0 the receiver in the

4 first frequency range, the third modulation format is transmitted to the receiver

in the second frequency range, and the fourth modulation format is transmitted
6  to the receiver in the third frequency range. |

24.  The receiver of claim 23, wherein the VCO is responéive to
2  control circuitry and selectively generates the first oscillating signal at a channel
frequency associated with the first modulation format, and the first
4 downconverter mixes the output of the first band selection filter with the first
oscillating signal at the channel frequency associated with the first modulation
6 format in order to downconvert signals modulated in accordance with the first
modulation format from the first frequency range to the common intermediate

8 frequency range.

25. The receiver of claim 24, wherein the VCO further

2  selectively generates the first oscillating .signal at a channel frequency
associated with the second modulation format, and the third downconverter

4 mixes the output of the first band selection filter with the first oscillating signal
at the channel frequency associated with the second modulation format in order

6 to downconvert signals modulated in accordance with the second modulation
format from the first frequency range to the common intermediate frequency

8 range.



4 output of the frequ cuit when the second oscillating
si gnal - < praovi de mjﬂ!ﬁy doubling circuit in_qgrder to
dovvnconvert WQPUIENS 6 cordance with the fouPtHUNGMPG:i on

format fromthe third frequency rangesj o the commn |nterrred| ate
frequency range.

rec of cI erein
the first nodul ation 226f or e 66??18§bd?fd§?3f1 8& \ﬁ‘éﬂ?écond
modul ati on f gelERtively gRlergBORMS firdt GUhIAmY! ﬁﬁﬁzﬂnat td‘%hfaﬂhéﬁ bRyl on

format corresponds to 4 CS nodul atlon nodul at1 on
corresponds tagsagiated Wlthﬁhmﬂ‘érd srodulation ﬁ@@aﬁm@n@ fizpescillativgosigeal

ey i oAb Al B SqubRAGsl R @R wi? 0ndir AbANHbR' iffat s
recei ver of ravidesl tovithe é'requelnieycdmubih\g rirenite dindt ﬁleZSémﬂdu&mwnc¢m@E o

centered ﬁbout 18

wherei n t Re fPPEE B‘gcc??l\qazélf quth& 8hegndobang SﬁleEﬁﬁﬂrféll s rﬁ'ﬁgh\&ef‘r?g‘&d’?@f"m °

with the fi r&'feqﬁédiéb'aabﬁbhﬁgrﬂﬁéuﬂﬁaﬁhén the hi»ﬁqu@mm andgnsl at a channel

1052. 52-1Q77. 45 e |ver of cl ai

wherein t ffrmervaycﬁqSPs&a% with e tlurcitm‘ag h\a ormaéqlaemxyl 6€|t£‘€ed
with the Sec%éhdﬂfﬂy' &éhBHné QiFrReit 'il%%raer to ci(?]ﬁﬂb!&%?éft s?é’xgeﬁs %odulated in
1052. 52-1077. 45 e recei ver- of [ ai m

wher ei n lfe fam@ndaase, withy thethizd gmdulatx@m formaatfnem) thferse@ﬂmiwéyque@@wmgéd

Wi th the i i oGkl b hed Bigdhncy rahfg0ueNCY T ange of ‘106, 74

27.  The receiver of claim 26, further comprising a mixer that
2 forms the second oscillating signal at the second frequency by offsetting the
frequency of the first oscillating signal.

28.  The receiver of claim 27, wherein the second oscillating

2 signal is selectively provided to the frequency doubling circuit, and the second

downconverter mixes the output of the third band selection filter with the

4 output of the frequency doublihg circuit when the second oscillating signal is

provided to the frequency doubling circuit in order to downconvert signals

6 modulated in accordance with the fourth modulation format from the third
frequency range to the common intermediate frequency range.

29. The receiver of claim 28, wherein the first modulation

2 format corresponds to analog modulation, the second modulation format
corresponds to CDMA modulation, the third modulation format corresponds to

4 PCS modulation, the fourth modulation format corresponds to GPS
modulation, the first frequency range is 869-894 MHz, the second frequency

6 range is 1930-1990 MHz, and the third frequency range is 1574.42-1576.42 MHz.

30.  The receiver of claim 29, wherein the common intermediate

2 frequency range is centered about 183.48 MHz.
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18 13 I"luHﬂT’ gﬁ" ﬂrm f claim 12, wherein the second
osci | | ati Rngo 9g4sessi gnal »dte &, ¥ equency associ ated wctiwsygmassourt h
nodul ati on format has a frequency range centered at 879.45 MHz.

14. The receiver of claim®6, further coBdrising: 2 one or

more channel sel ectiorgifi | tRNeSrecEOEPbEE AR 20 ubidkdinChe 18t oscillatinle'signANd
second downconverters, .that filter the downconverted signals -output® 4 by

the firse ard acbanaelifrauence Asepdated with the first modylatiompformatchasait |

coupled to qpecﬁ%f\gg}t edpgmsggg_om _rsm_channel selection filters, that

sel ectively sa wnconverted signals with a sanpling clock
that alternatively sanples signals at either a first or 8 second sanpling

rate; and erei.n.the .sa I ng cl.o l.S_,cou to a,third
oscillating signal 10 Szat %ff*%}v# 8593“&3&' re[q*gkg ﬁﬁ%"%@iﬁ%ﬂm

si gna: i ta ?ratimﬁhﬁr“d‘eiffté@emcy' edssbéiated with Hes mddalen&ﬁnﬂ15 @ruri]bm:féid\#tah&maf '
signal a secon re : e receiver o

cl ai m 14, ‘FCB%‘%‘]‘CYH%“S‘?‘?@%%§§R§I 1074-45MEZ2 provi ded by the sanpling cl ock

Is equal to the third frequency divided by x, and the second sanpling
rate provided by the sanpling clock is equal to the 4 third frequency
di vi ded by y, wherei n 33 andhg rgreiven,obgaim 32, wherein the first oscillatinggignatne

receiver 20t gl AicHhArel WBGh&hy hbcidtbd!witild Bdrd dhBdulation format has a
frequency range of 1056.74 — 1086.74 MHz.

34.  The receiver of claim 33, wherein the second oscillating
2  signal at a channel frequency associated with the fourth modulation format has
a frequency range centered at 879.45 MHz.,

35.  The receiver of claim 27, further comprising:
2 one or more channel selection filters, coupled to outputs of the
first, second and third downconverters, that filter the downconverted signals
4  output by the first, second and third downconverters;
a sampling circuit, coupled to an output of the one or more
6 channel selection filters, that selectively samples the downconverted signals
with a sampling clock that alternatively samples signals at either a first or
8 second sampling rate; and
“ wherein the sampling clock is coupled to a third oscillating signal
10  ata third frequency, and the third oscillating signal is an input to the mixer that
forms the second oscillating signal at the second frequency.

36. The receiver of claim 35, wherein the first sampling rate
2 provided by the sampling clock is equal to the third frequency divided by x,
and the second sampling rate provided by the sampling clock is equal to the

4  third frequency divided by y, wherein x and y are integers.

37.  The receiver of claim 36, wherein the first sampling rate
2 provided by the sampling clock is 1/3 the third frequency, and the second



2 provided by the sﬁﬂﬁmm m”)m ,1/3 the third frequency, and the second
sanpling . | "ng clock is one-fiftee third
4 frequenc‘gbswlg‘)gﬁg‘y $17« The receiver of claim rpi% w?lerel n the
sanpling circuit 2 sanples downconverted2si gnal s nodul at ed I n accordance

h h h d f h I ' .
Gecor gance. SR LA RETBEOVIAd o S spifink TRk B I ArRRETL Bt ehe thirdp) o

downconvér t éiéqaegonl s nmodul ated in accordance with the fi rst nodul ation
format in accordance with 6 the second sanpling rate. WD 99145654
19 ' 18. The receiver of claim 17, wherein the one or nore
channel 2 sel ectiongg] |t qre terehwCopRlain? 38] %&eﬁh@ﬁé‘%‘angﬁir%;td&ﬁ it
filter. .. The receiver of claim17 the one

or nore 2hasAmples doyémmve@ted signals madplated iy agcogdance avithy eitherrthe
| f | f
33\/\3&%\?2” Isgém gngf&& &l ﬁal{ﬂéldn}c’&lggggrﬁdgo%&ﬁgéfh OQC{(#h%ﬁée Wit@'?&‘rmg‘r? ation’

format odt plsamp}mg]e'ate,ramd dhensamplingecirctitessrplesddownconhertod! sxgnh}sct i on

filter fllter onvert dSI | anc
second rmdulné M‘E 5 % gﬁ? §f§ ﬂﬁ'&%ﬁ\%‘r E‘PaFFhﬁcco\é\éaanecond
channel &il txﬁth&k@ﬁecbh&'fsafrq; )nverted signals nodulated in 8

accordance with the third nodul ati on format out put by the second
downconverter, and the second channel selection filter further filters 10

downconverted signal s 39DdulmHeSfbcbiveR 6f SIAH IS Whdrlir fe dr/bF thaFe EHhAhLIoN
format output by the second, downconverter.
2 selection filters include only a single channel selection filter.

40.  The receiver of claim 38, wherein the one or more channel

2 selection filters include first and second channel selection filters, the first

channel selection filter filters downconverted signals modulated in accordance

4  with the first modulation format output by the first downconverter, the second

channel selection filter filters downconverted signals modulated in accordance

6 with the second modulation format output by the third downconverter, the

second channel filter also filters downconverted signals modulated in

8 accordance with the third modulation format output by the second

downconverter, and the second channel selection filter further filters

10 downconverted signals modulated in accordance with the fourth modulation
format output by the second downconverter.

41.  The receiver of claim 38, wherein the one or more channel

2  selection filters include first, second and third channel selection filters, the first
channel selection filter filters downconverted signals modulated in accordance

4  with the first modulation format output by the first downconverter, the second
channel selection filter filters downconverted signals modulated in accordance

6 with the second modulation format output by the third downconverter, the
second channel filter also filters ddwnconverted_ signals modulated in

8 accordance with the third modulation format output by the second
downconverter, and the third channel selection filter filters downconverted



20. The receiver of cI aim1l7, wherein the one or nore channel 2
selection filters i n ,",Iﬁmgmgl”lujﬁmnd and third channel selection .
filters, tho Jorasests tion filter filters deenmsyywesssd
signal s nodul ated in accordance with the first nodul ati on format out put
by the first downconverter, the second 24 channel selection filter
filters 1downggmle m@ﬁﬂs'c@hﬁi accopdiificetveiih ithe #6:9h Siodidatibn foirhit dltput Byond
nodul ati on f rrrat é ut by the first downconverter, the second
channel fil t PRVETtRInconverted signals nodul ated in 8

accor dance W|th t he thi rd nmodul ati on format output by the second

downconverter, and the third channel selection filter filters domnconverted
10 signals m)dul at ed 427 acldwr resaiver wi chimh35, ffuothen cnuquisemg erp fualitytof

out put by v

receiver of c al mﬁiﬁ@?ﬁrgﬁé@ C{S)I’Y%{I’élg gm:a()fppl Er to;l; nc}?mZd'l %
filters coupﬁ]ﬁismdttbananpptjofthksahq:lmpcmtmre channel sel ect | on
filters and to an input of the sanpling circuit. WO 99/ 45654

20 22. The receiver of claim1l, further conprising: 2

a third downconverter 4300up‘k&deﬂ1©dalbrcddmorﬁferﬁﬁ sf 2% mdddated u action
filter, that do onverts.si Isfromtheflrst, ncy range to the 4
conmon i erﬂlé‘ﬂ%‘lgtty ‘éf/?’é’ﬁﬁ’é 8“ 0 a common interm, aﬁé &requeney Sangehi ng
circuitry se&&ﬁlgfmﬁgﬁggeé Leg one of either 6 the first oscillating
signal fromthe VCO or the second oscillating signal to I nputs of the

first and third downcARrEYIng thejirputsignsla tofa firt band,selestion fl]@@‘uﬂﬁtng

circuit. selects a first frequency range;
6 applying the input signals to a second band selection filter that
selects a second frequency range;
8 applying the input signals to a third band selection filter that
selects a third frequency range;
10 selectively providing one of either a first oscillating signal from a

voltage controller oscillator (VCO) having a VCO frequency range or a second
12 oscillating signal at a second frequency that is outside the VCO frequency range
to an input of a first downconverter and an input of a frequency doubling
14  circuit;
downconverting, with the first downconverter, signals from the
16 first frequency range to the common intermediate frequency range;
downconverting, with a second downconverter, signals from
18 either the second frequency range or the third frequency range to the common
intermediate frequency range, wherein the second downconverter has an input
20 coupled to the frequency doubling circuit, and the second downconverter is
_ selectively coupled by a switch to either an output of the second band selection
22 filter or an output of the third band selection filter.

44.  An apparatus for downconverting signals modulated using
2  a plurality of modulation formats to a common intermediate frequency range,
comprising: '
4 means for applying the input signals to a first band selection filter
that selects a first frequency range;



23. The nmethod of claim 22, wherein the plurality of 2 nodul ati on

formats i | r ' [rle ¢ i and fourth nodul ati on t he
first andr@égglgﬁgmﬁ“lmmﬂmﬂuuumtlmare transmtted to the ]{cg'ré“fgglaé/g?“?n t he
4 first frequency fanbe," tfe fhitd nodig ation format is transmitted to
the-recei ver in the.s nd frequency range nd the fourth,npgdul.ation
format i transni ttednbemgg& ﬁgpibaggﬁ@gﬁnm %ﬁgafsnﬁ(‘r‘?i SF?C@HE&%? Sp&GHen

24. The. reﬁhéw&rateﬁe_etksais@caﬁdquqeﬁ@m{gé;vco IS responsive to 2 cont rol

circuitry and sel ecti vel enerates the first oscjllating sjgnal at a
channél 4 frequency %Pé@?ﬂ’&mh Ry sign d'iﬁ’l%ttﬂgﬁl #’%ﬁ_ glectign ¢ he

first 4  dgwereRY Sslkbels A thi@Sre taHbeOof the first band selection filter
with the first oscillating 8ignal aP the channel frequency associ ated

with th&8first nodul amesnsdor selechivelynproviding ongovheitiherca tfirgt gscillating "
Sl ated | : \ . .
Moauoncy + SeBEFABHPYCBIES forddlidy detftator (VIS hakindh VRTBEGLLRY falige’ ' "

25. ThE2r eoeiavsecond ascHlating?signahet eisecohé frécicnaeyt thet i® outsidé ¢he MEOY
generates the first oscillating _signal at _a,channel frequency .

associ at ed gﬁeﬂﬁe’f‘ﬁ% 1208619 PrBd%Pé‘tti %ﬁaf%ﬂa‘??wgﬁﬁnf'ﬁ‘ge{%@daﬁow&'ﬁnve?t er 4
m xes tie oﬂ@guén@fd@miﬂgﬁs@it;and selection filter with the first

oscillating signal at the_channel freque cil_lla 'SOEA ated with the aslgcond
modul ation format in Ble3ss fgr doyvmcanyering, dyith the, HEstdompcanyester; sign

accor dagge HohtHe Brst ﬁ‘égﬁgn : {tb?he comniéHt fRérrhedittd fEqhdr§irahg@auency
range to the common internediate frequency 8  range. _ .
R means for downconverting, with a second downconverter, signals
18 from either the second frequency range or the third frequency range to the
common intermediate frequency range, wherein the second downconverter has
20 an input coupled to the frequency doubling circuit, and the second
downconverter is selectively coupled by a switch to either an output of the

22 second band selection filter or an output of the third band selection filter.

45. A receiver that downconverts signals modulated using a
2 plurality of modulation formats to an intermediate frequency range,
comprising: |
4 at least one downconverter that downconverts signals modulated
using the plurality of modulation formats to the intermediate frequency range,
6 wherein the intermediate frequency range is centered about an intermediate
frequency (f); and
8 a sampling circuit, coupled to the at least one downconverter, that
samples the downconverted signals with a sampling clock that operates at a
10 sampling rate (F,);
wherein f; = [(2k + 1)/4] * (F,), and k is an integer that is greater
12 orequaltoO. '



WD 99145654 P ClI TS99/ 045l
112 tiii IF 11iid5 21 "

26. The rwoapnssss of claim 25, wherein the VCO further 2 Betasiongsisy
generates the first oscillating signal at a channel frequency

associated with the third nodul ation format, wherein the first oscillating
signal 4 at the channel frequency BSsociated with.the third nodul ation

format is provi ded to the fregpency doubling circuit, and the second
downconverter 6 tm xes-the output®o pecond band sel ection filter with
an out putqof the 1 f quenw_d_qu}zl n the first oscillating

si gnal at channgl 8 & requen asach d with the third nodul ation
format is pwovi de totge ge duﬁlng Ci [

downconvert si gnlls Toddl @Ed=iM O' —actordafce with| th@

format fromthetsecond {requency, jange the c
frequency range. 2. The receive
conprising a mxer t
second frequency by

N

si gnal . ; 285'| (he |recei ver of clai
second oscillating 2 nal = ectively provid
doubling wircuit, arfd tHe secéhd downconverter
third banthsel ection. i H er—w-th & 4. —output of t
circuit en the second oscillatin \OI@l 9 «op gtﬁ% h
frequency, doubling circuit in order owncgnvert \g| gnl% 6 froful ated in
accordanc‘e with the fourth nodul atp Mormat fromthe thi-- [ r equency
range to Yhe common inter medi at e Mfrequenrey rgnge. 3 29.
The receilver df clra the firgt nodul atipn, formmd &
correspondslito o i on, Tt e secprd ppdul at 0 rmat {|Q =
cor r esponids! modul i@%ﬂ% et hie-s :u:l ateeonf f col{Bspbnds to
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nodul ation, the first frequency range is 869-894 MHz, the second frequency
6 range iﬁbgggsgggggo MHz, and the third frequency range i§c}l‘§,§gg,‘ﬁg‘51576.42

MHz. 30. The receiver of claim29, wherein the common
intermediate 2 frequency range is centered about 183.48 MHz. WO
99/-45654 2/6 PCL US99/ 4545
22 31. The receiver of claim29, wherein the first
oscillating si gna\ 2 at a channel &e cy associated with the first
modul ation format has ag frequeagy, «=Anbe of 1052.52- 1077.45 M.
32. The®egceiver |of cl@ m 31_,"Wh'éT'e1 A bl lating signal 2 at a
channel fr%uency assocgat ed w th hdsodul at | on Qo has a
frequency range O 1052752 . 1 45 Mz~ ] 8 O 33. The
recei ver of clai@n 32, erein the|first osci H ating Fbi grEI at a
channel frequency ass&t te(c\mlx Wi he_third modul ati pn for a
frequency range of 56.174 = ]:@86.7 74 SHz . { The
receiver of claim3 nEh ond oscillating] 2 signgl at]a channel
frequency associ ated@Wi{th jthe § Dcrtr nodul ation fornpt has < __ayfrequency
range centered at 87%. 3 N _
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35. The receiver of claim27, further conprising: 2 one or

nore channel selection filters, coupled to outputs of the - first,
second andwbhwmssssdownconverters, that filter the downconvePCEFWS$VYHE s 4
output by the first, second and third downconverters; a

sanpling circuit, coupl ed to an output of the one or nore 6 channel
selection filters, that selectively 34 mles the downconverted signals

with a sanpling cl ock t hat aIternaner sarrpl es signals at either a first
or .8 -second sandling rate; and ) : wherein the sanpling.
clock is goupled tlo a tfird os.‘:.l..I_La.t\:i: rggﬂugnaJ__’LD__aJ, a third frequency,
and the thNd oscitl | ati signaksis gn ihp lilt%Ot_he Ln'xeusthat forns
t he second cillgting & gnal atthe Secon ‘equency. %
36. The receivef of cTd m 35, WH reln"tﬁ'e fiQst sanpli
by the sanplingftlockeq equal tpdthe third equency di ]

and the second sanpl ng ratey pgovijtiedsby the sanpling clock™ to the
4 third frequency dlgl _efn X andpny are fntegers.
37. The receiver ofg erdgin the figst sanpling rgRe 2§ provided

2 provided

by the sanpling cloc‘ﬁ [ 3 P ifrd frequedcy, angl the se WO
99/ 45654 | = :t] 1 US99/- Q0545
23 sepl i ng rat‘@ prlovi ded®by k he sanpl i 8@3 clsock iffteed p of
the thirdd- f regueneyr — — — — — — — -——3,_,3§1e i g b cl &n 36,
wherein the sanpling circuit T 1 855 Sk
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2 sanpl es downconverted signals nodul ated in accordance with either the

second, tQiz: fourth nodul ation formats in accordance w LISt 4
Sk} s et e

sanpl i ng nd the sanpling circuit sanpl es downconve

nodul ated in accordance with either the first nodulation format in
accordance 6 wth the second sanpligyg rate. 39. The
recei ver of daim 38, wherein the one or nore channel 2 selection filters
include only a single channel selegtion filter. 40.
The receiver of cfai m 38, wherein hnO,J;l,E-'OI‘ nore channel 2 selection
filters fclude first d se me‘t;jsb-l—em-i-oﬂ—f-'ilters, the first
channel ’:ta\?cti ontfilte® filterE do ektygd signdls @dugted in
accor dance wigh the irst ooyl ation forngt outpyt by irst
downconverter, ghe second chpnnel selechion filjter gfi S
downconverted si gnal s™Nmpdul at edei ac_cordancce’ 6 wijth e $econd

modul ati on format ouw pul byedt e thir @ downconverter,} the sedond

dul ated in 8§
t he sexond .

channel filter also I d rted signals
accordance with thegph{ rdjnod qtio format out put
¢ I
2!

downconverter, and t ondJddh selection filtler furth [ s 10
downconverted signa aul at ccordance with tjhe tour nodu i on
format oufput by the sed rter. | 41. gThe
recei ver {Of TIRAMT33, "WiheT €T T Che” O Tr7more chanpe|l @ egtion fflters
include fiirst, second and third chalogl el ection di| t §| t hegtst
channel gelection filter filters d vertdd si gne} s|eeul at4d |n
accordange 4 wth the first nodglati n formdt outp y[the fifrs;
downconvgrter «the second cpannel” s¢) ectlion filfter §ilterg ”
downconv rtred.‘%.i ghal s nodulated i h accordancd 6 wift h|the secc@m
nodul atign e | out put g he third downconwerter, é S (ﬁj
channel f a filterg§ e er 3Pggal ed in|id&

[ [ secor
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MD 99145654 PCTI / US99/ 04545

24 10 signals nodul ated in accordance with the fourth nodul atiion format
out put by wo994s68e second downconverter. . PCT/Y$99/0454%F he
receiver of claim35, further conprising a plurality of 2 anti-alias
filters coupled to the output of the one or nore channel selection

filters and to an I nput of the sarrplqﬁg circuit. . 43. A
met hod. f or downconverting signals (m)dul ated using a 2 plurality of

modul ation formatk-to a cormmon i nt®Rrrediatie frequency range,

conprisipg-the steps of& 4 4_.°”"’.4_a.p.pl_)u_ag_the I nput signals to a

first band\sel ection fiRter thag Y gctg a fi rqt feequency range; 6
applying t i np signals to a*=second Dclr]d sel ectiqn Py X hat
sel ects a second fTé&quefcy Tange| 8~ — — app he i nput
signals to a thfrd baadsel ecti g f||terthaw delegts~g third
frequency range; 10 S N sebectively provijdi ng one i ther a
first oscillating sig i)  Noltage controlller oscillatgr (VCO
havi ng a VCO freque range econd 12 osci | lJati ng si;gnal at a
second frequency thaf jAs qut sfitie\ t F VCO frequency rjange to—armyi nput
of a first downconve¥teg—and &@hl+-gpdit of a frequency-getst-ne] 14 ircuit;
downconventing, witfthe fi r s dodnconverter, si gnal|s pnthe 16 E’.fi r st
fr equency,\-ange -t 6- the- GORTM N~ I-Ate at-e-fkequency] r ﬁn— -~
downconvqrti ng, wth a second down e@er, IsigngRs f E
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18 either the second frequency range or the third frequency range to the
conmon- wa%ﬁéﬁedi ate frequency range, wherein the secongcuusswasssert er
has an i nput coupled to the frequency doubling circuit, and the second
downconverter is selectively coupled by a switch to either -an out put
of t-he second band selection 22 filgge or an output of the third band
selection filter. 44, An apparatus for downconverting
signal s nodul ated using 2 a pl ur%ldl.t_)c_c,f_ _lm)d_ul ation formats to a common
internmedi ate freqyency rfinge, prnging: 4 : means for
appl yi ng The i nput, sign&s to I rst] band sel ection ffil ter t hat
sel ects a ;\éSt frequen@ range;= YO '%/ 45654 >

5 Q

PCT/ US991045845 ([ —— 2 ————g5-6 — — = appl yi ng t he
i nput signals taR a segQ d band sej ection '('j filter]th ects a second
frequency range; 8 N‘nreag:s for applying fthe”np —~gnals to a

. : o :
third band sel ecti on;’E _g?tﬁr that esel ects a third frequency r
means for selectivel E|p [

o/ eitherwa first oscill aging
signal froma voltag ont ol | rzosc | I at or (%O) havj ng a VGQ
range 12 or a secong loSerd| atienng™~srphnal at assecond Frequencypldthat b
outside the VCO of refjluencymrange to an input of al first downconwdfter
and an inpyt of a 14 fre 'rlg_gi_[cgt;rf o Sle & hans

wneony ek = si gnDE 16 |fromthe
first freduency range to the conmon eyedi \m&requeﬁﬁéangé"
means for ldownconverting, with a se downcefiverter| &l

ei ther the second frequency range or hi'r(gfrecﬂency Fange t
] @) .
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common i /it ermedi ate frequency range, wherein the second downges
20 an ‘i nput ‘coupled to the frequency doubling circuit, and """"'1‘ i
dommconvertetpggISel ect i velorLestuirtudnyraragwiokcaviziaoei t her NN put of the

22 second band selection filter of*@#o@W®%¢ of the third band sel ection

fi |t er NTERNATIONAL APPLICATION PUBLISHERCGINDER THE PATENTCOORERATIONSTREATY (PCT)
10 UL fihal el Cndaicliodto 81 1 Ty O 10T 2L O Lo Rl | T 7 Doisa

fr que% r.ange, conpri si ng: one
downcofiVeP t hat "downconverts sildhal @s) e udticdaCiiblication Datsii 10 SdptrRbeiloddl (7blob bay
of |redttati-en—forrat-s—to—the—i-rtefredate—fregqueney—range —wheretnr—t-he

| NUICE i RlrliShal Apptdon RémBeRN0€  IpBT/O0HBEHUs1} D ighated Brated AETAVE AL AZ, BA, BB, BG, BR,
fraﬁﬁi}ency (lf[err]); and 8 Q“Z s%nhpwmmiwﬁibgmgépmg,gg.gga
at || (@ Internstionaliiing Deserv er t er2 March 3399 (02.03.99lanp| €GE, GHeG et l@d‘%ﬂ’# KS. KP,

with a sanpling clock that operates at Ja 10 SRR YR P":ﬁ{,}éﬁ; 10, 3, <50,

Whelr@) Brideinybatd: = [(2k + 1)/ 4] * (Flerr]), ang, sk, s15TMTR] PUEA, UG 0%, VNS YU, ZW,

grelat er @®76,5310 equalz Magh (98 (02.03.98) Us ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG,

09/259,242 26 February 1999 (26.02.99)  US ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), Buropean patent (AT, BE, CH, CY, DE, DK, ES, Fl,

FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent
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(54) Tifle: METHOD AND APPARATUS FOR DOWNCONVERTING SIGNALS TRANSMITTED USING A PLURALITY OF
MODULATION FORMATS TO A COMMON INTERMEDIATE FREQUENCY RANGE

(57) Abstract

A receiver (2) that down-
converts input signals modu-
lated using first, second, third
and fourth modulation formats
to a common intermediate fre-
quency range. The first and
second modulation formats are
transmitted to the receiver in a
first frequency range, the third
modulation format is transmit-
ted to the receiver in a second
frequency range, and the fourth
modulation format is transmit-
ted to the recdeiver in a third
frequency range. The input sig-
nals are provided to first, sec-
ond and third band selection fil-
ters (10, 12, 14) that respec-
tively select first, second and
third frequency ranges. A first
downconverter (20) is coupled
to an output of the first band se-
lection filter, and downconverts
signals from the first frequency range to the common intermediate frequency range. A second downconverter (24) is selectively coupled by
a switch (16) to either an output of the second band selection filter (12) or an output of the third band selection filter (14), and downconverts
signals from either the second frequency range or the third frequency range to the common intermediate frequency range. The second
downconverter has an input coupled to a frequency doubling circuit (26). Switching circuitry (28) selectively couples one of either a first
oscillating signal (30) from a voltage controlled oscillator (VCO) (34) having a VCO frequency range or a second oscillating signal (32)
at a second frequency that is outside the VCO frequency range to an input of the first downconverter (20) and an input of the frequency
doubling circuit (26).




