[}
A RADI O RECEI VER FOR PROCESSI NG A MULTI - CARRI ER SI GNAL W TH A LARGE DYNAM C
RANGE Field of the Invention The present invention relates to electric
cifcuit design in general, and nore particularly, to an inproved radio
front-end that is meII-SU|ted for processing nulti-carrier signals with a
| arge dynam c range. Background of the Inveatikon FIG 1 depicts a schematic
diagram of the front-end of a typical radio receiver in the prior art. A
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frequency -oscill t?}I Q:Ixrdpmifﬁ@r iléS,%‘i@tpfxfsgaexgﬁﬁvely wide passband. In a common AM
radio, for example, this filtered signal spans a finite frequency range and comprises
multiple carrier signals. For this reason, the signal is often referred to as a multi-
carrier signal.

The purpose of bandpass filter 105 is to suppress all carrier s1gnals that. .
are outside the frequency range of interest and to pass only those carrier signals that
are within the frequency range. Low noise amplifier 107, typically a class-A
amplifier, amplifies the multi-carrier signal so as to fully exploit the available

" dynamic range of mixer 117. Mixer 117 uses a periodic signal generated by local
oscillator 125 to mix-down the multi-carrier signal such that the desired carrier
signal passes through bandpass filter 119, which has a relatively narrow passband.
Local oscillator 125 is usually a variable frequency oscillator, which is advantageous

in that it permits the radio to be tuned by adjusting the frequency of local oscillator
125. '

The advantage of bandpass filter 105 is that it reduces the number of
carrier signals that are processed by mixer 117, and thus, statistically, reduces the
dynamic range requirement of mixer 117. If the dynamic range of the multi-carrier
signal is larger than the dynamic range capability of mixer 117, the mixing process
produces intermodulation products that can interfere with the respective carrier
signals. Typically, the fact that mixers have a finite dynamic range is the factor that
most limits the quality of radio reception. The prior art contains many techniques for
building extended dynamic range mixers |,

Summary of the Invention

| A radio receiver front-end is disclosed that processes a multi-carrier
s1gnal with a large dynamic range. An illustrative embodiment of the present
invention incorporates both feedforward and feedback mechanisms to suppress the
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inthat it permts the radio to be tuned by adjusting the frequency of

| ocal -oscillator 125. The advantage of bandpass filter 105 is that it
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Detailed Description
Two illustrative embodiments of the present invention are described:
one in FIG. 2 and the other in FIG. 3. The embodiment in FIG. 2 can be fabricated
less expensively and with fewer components than the embodiment in FIG. 3, but the
embodiment in FIG. 3 is advantageous in that it can be absolutely stable and can
have less loss. ' | .
FIG. 2 depicts a schematic diagram of an illustrative embodiment of the
present invention that is particularly well-suited for cellular communications systems
and other commercial radio receivers. The radio receiver front-ends depicted in both
" FIG. 2 and FIG. 3 process a multi-carrier signal comprising a plurality, P, of carrier
signals, each of which is individually situated in one of a plurality, P, of distinct
frequency bands. The frequency bands are not necessarily of the same width nor are
they necessarily contiguous. All of the frequency bands are defined to be withina
frequency range R. The ultimate function of each of the illustrative embodiments is
to separate and output whichever carrier signal is desired from the input signal while
suppressing the other spurious signals and without introducing intermodulation
products into the desired carrier signal.

For radio systems that comply with the American Mobile Phone Service
analog standard or the IS-54 TDMA standard, each frequency band has a nominal
width of 30 KHz. For radio systems that comply with the IS-95 CDMA standard,
each frequency band has a nominal width of 1.25 MHz.

The First Hlustrative Embodiment
Referring again to FIG. 2, a radio signalis received by antenna 201 and
_passed through filter 205 to form an input signal. Filter 205, which advantageously is
a bandpass filter with a passband of width R. Antenna 201 and filter 205 can be
selected from well- known components and will not be elaborated on further.




prior, art. FIG 2 depicts a schematic diagramof an illustrative enbodi ment
of thhe present invention. FIG 3 depicts a schematic diagramof a second -
| |tustrative enbodi ment of the present invention. Detailed Description Two
illustrative enbodi ments of the present invention are described: one in
FIG 2 and the other in FIG 3. The enbodinedt- in FIG 2 can be fabricated
| ess expensively and with fewer conponents than the enbodinent in FIG 3,
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desired carrier 8ampigd in various ways (e.g., pre erably by coupler 209). Coupler 209 can
implemented using a Wilkinson coupler, a Hybrid coupler or any one of many other
standard devices that perform the same functionality.

Itis the preferred function of both summer 213 and summer 227 to
effectively form the vector difference of its input signals. Summer, 213 and 227 can
each be fabricated from a summing amplifier (if the relative phases of the input
signals are adjusted to be 180° out of phase) or with a difference amplifier, or with
any other standard technique which performs the same functionality (e.g., Wilkinson
couplers, Hybrid couplers).

The multi-carrier signal on lead 210 passes through delay 211 and to
summer 213, which subtracts a suppression signal on lead 230 from the multi-carrier
signal on lead 212 to form a feedback signal on lead 214. The feedback signal forms
the basis for both the output signal and a signal that feeds back into summer 227. In
this way, the embodiment comprises both feedforward and feedback loops that are
integrated. The length of delay 211 is preferably set so that the delay through coupler
209 and delay 211 is equal to the delay through coupler 209, delay 231, summer 227
and amplifier 229, thus causing the suppression signal to cancel a broadband set of
frequency components in the multi-carrier signal not related to the desired output
signal. .

By using a combination of feed-forward and feedback, embodiments of
the present invention can reduce the dynamic range of the signal entering the mixer,
which has the advantage of mitigating the possibility of intermodulation products. It
is possible to reduce the dynamic range of this signal by 10 dB, 20 dB, 30 dB or

_more.

Tap 215 advantageously samples the feedback signal emanating from
summer 213 and feeds the sample to automatic gain control 233, which in turn
controls the gain of amplifier 207. Tap 213 and automatic gain control 233 can be
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st andard, each frequency band has a nominal width of 1.25 MHz. The First
Il'lustrative Enbodi nent Referring again to FIG 2, a radio signal is
received by antenna 201 and passed through_filter 205 to forman input
signal. Filter 205, which advantageously is a bandpass filter with a
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' with the American Mobile Phone Service analog cellular telephony standard or the

1S-54 TDMA standard, filter 219 preferably has a nominal width of 30 KHz. For

embodiments that comply with the IS-95 CDMA standard, filter 219 preferably has a

nominal width of 1.25 MHz.

The output of filter 219 represents the output of the embodiment and can

be sampled by tap 221, for use by the remainder of the radio receiver. The output of .

filter 219 is preferably fed into mixer 223 to create a mixed-up signal. Mixer 223,

with a second oscillatory signal on lead 225, preferably mixes-up the output signal to

the frequency range it was at before it was mixed-down by mixer 217. It is preferred

- that the first oscillatory signal on lead 226 and the second oscillatory signal on lead

224 have the same frequency and it is further preferred that they also be identical.

.Mixer 223 is preferably selected to exhibit the same electrical characteristics as

mixer 217. :
‘The multi-carrier signal going through delay 231 and into summer 227
forms the basis for the feed-forward loop in the embodiment. Summer 227 takes the
feed-forward signal on lead 232 and creates the suppression signal on lead 228 by
forming the vector difference of the feed-forward signal minus the mixed-up signal.
Advantageously, the suppression signal resembles the multi-carrier signal except that
the frequency components representing the filtered signal are suppressed.

Because it is preferred that the amplitude of the suppression signal
equals the amplitude of the multi-carrier signal as they enter summer 213, the
suppression signal in various embodiments, it may be advantageous to amplify or
attenuate the suppression signal with amplifier 229. The gain of amplifier 229 can be
fixed or variable depending on various factors that will be clear to those skilled in the



sanpled in various ways (e.g., preferably by coupler 209). Coupler 209 can
be i-npl enmented using a WI ki nson coupl er, a Hybrid coupler or any one of
mahy ot her standard devices that performthe same functionality. It is the
preferred function of both summer 213 and sunmer 227 to effectively form
the vector difference of its input signals. Sumer 213 and 227 can each be
fabricated froma summng anplifier (if the_gel ative phases of the input
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possibility of ° WM&M%&%#M&%@ {pgake Fufl ddvantage of i€ dynathi fange of
mixer 427. The output of amplifier 407 is the multi-carrier signal. Amplifier 407 is
_preferably a low noise class-A amplifier, the gain of which inay be advantageously
controlled by automatic gain control circuitry 411. _ _

From amplifier 407, the multi-carrier signal may be split or sampled in
various ways (e.g., preferably by coupler 409) and is then fed into mixer 429, which
with the first oscillatory signal on lead 451, mixes down the multi-carrier signal to

- create a mixed-down signal. The mixed-down signal forms the basis of the feedback
loop in the embodiment. The first oscillatory signal is preferably created by
oscillator 425. The mixed-down signal is passed to filter 433 where filter 433
preferably isolates the desired carrier signal to form a filtered signal.

Filter 433, as well as filter 440, are each preferably bandpass filters that
isolate the desired carrier signé.l from the spurious signals in the mixed-down signal.
For embodiments that comply with the American Mobile Phone Service analog
cellular telephony standard or the IS-54 TDMA standard, filter 433 and filter 440
preferably have a nominal width of 30 KHz. For embodiments that comply with the
1S-95 CDMA standard, filter 433 and filter 440 preferably have a nominal width of
1.25 MHz. .

The output of filter 433 is preferably fed into mixer 423 to create a
mixed-up signal. Mixer 423, with a second oscillatory signal on lead 455, preferably
mixes-up the output signal to the frequency range it was at before it was mixed-
down by mixer 429. It is preferred that the first osciliatory signal on lead 451 and the

“second oscillatory signal on lead 455 have the same frequency, and it is further
preferred that they also be identical. Mixer 423 is preferably selected to exhibit the
same electrical characteristics as mixer 429 and mixer 427.
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is possible to reduce the dynam c range of this signal by 10 dB, 20 dB, 30
dB or nore. Tap 215 advant ageously sanpl es the feedback signal emanating
fr'om sumer 213 and feeds the sanple to automatic gain control 233, which
in turn-controls the gain of anplifier 207. Tap 213 and automatic gain
control 233 can be -4- selected fromstandard devices. M xer 217 takes
t he feedback signal fromsumer 213, and witg.the first oscillatory signal
on |l ead 226, m xes down the feedback signal to create a m xed- down signal.
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represents the oprefendblyfabriceted sb deit thersuppressiamsignal resembles, as closely as possible,
the multi-carrier signal entering summer 415 except that the frequency components
representing the filtered signal are suppressed. _

The multi-carrier signal passes through delay 413 and to summer 415
where summer 415 forms a difference signal by fomiing the vector difference of the
multi-carrier signal minus the suppression signal. The iength of delay 413 is
preferably set so that the delay through coupler 409, delay 419, summer 421 and '
amplifier 417 is equal to the delay through coupler 409 and delay 413, thus causing. .
the suppression signal to cancel a broadband set of frequency components in the
multi-carrier signal not related to the desired output signal.

By using a combination of feed-forward and feedback, embodiments of

 the present invention can reduce the dynamic range of the signal entering the mixer,
which has the advantage of mitigating the possibility of intermodulation products. It
is possible to reduce the dynamic range of this signal by 10 dB, 20 dB, 30dBor
more. Furthermore, in embodiments of the present invention the unwanted carrier
signals are suppressed by at least 20 dB. _

_ Tap 431 advantageously samples the feedback signal emanating from
summer 415 and feeds the sample to automatic gain control 411, which in turn
controls the gam of amplifier 407. Tap 431 and automatic gain control 411 can be
selected from standard devices. :

Mixer 427 takes the difference signal from summer 415, and with the
third oscillatory signal on lead 453, mixes down the difference signal to create the
output signal. Mixer 427 preferably has a large dynamic range and can be selected
from standard éomponents, The third oscillatory signal is preferably created by
oscillator 425. The third oscillatory signal on lead 453 preferably has the same
frequency as the first oscillatory signal and the second oscillatory signal, and further
preferably is identical to them. The output signal is passed through filter 440 where
filter 440 preferably isolates the desired carrier signal from the output signal.




be sanpled by tap 221, for use by the remainder of the radio receiver. The
output of filter 219 is preferably fed into mixer 223 to create a m xed-up
signal. Mxer 223, with a second oscillatory signal on |ead 225, preferably
m xes-up the output signal to the frequency range it was at before it was
m xed-down by m xer 217. It is preferred * that the first oscillatory
signal on lead 226 and the second oscill ato’ry signal on |ead 224 have the
same frequency and it is further preferred that they also be identical.
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will be clear to those fﬁ('é hg in naré ngr incorporated by reference as if set forth in
their entirety: (1) co-pending United States patent application serial number
08/105082, filed August 11, 1993; (2) Electronic Circuits, Discrete and Integrated,
2nd Ed., by D.L. Schilling and C. Belove, McGraw-Hill Book Company (1979); (3)
The Art of Electronics, by P. Horowitz and W. Hill, Cambridge University Press
(1980); (4) Principles of Electrical Engineering, V. Del Toro, Prentice-Hall (1972);
(5) Electronic Fundamentals and Applications for Engineers and Scientists, J.
Millman and C. Halkias, McGraw-Hill Book Company (1976); (6) Reference
Manaul for Telecommunications Engineering, 2nd Ed., Roger L. Freeman, John
Wiley & Sons, Inc. (1991); (7) Communications Standard Dictionary, 2nd Ed.
Martin H. Weik, Van Nostrand Reinhold (1989); (8) Reference Data for Radio
Engineers, 4th Ed., International Telephone and Telegraph Corp., (1956); (9)
Transmission Systems for Communications, 5th Ed., AT&T Bell Laboratories, Inc.
(1982); and (10) Newnes Practical RF Handbook, I. Hickman, BH Newnes (1993).
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may be split or sanpled var i ys r.ef er abl CO Q9)
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| ead 451, m xes cduimlswnelmmmlasuppmssmn signakal to create a m xed-down

signal . The m xed-down sjy ?Pﬁ%t é&ﬁg&dt%bga@h rgf ew]ﬁﬁs%&h% 's%ﬂl{orbréﬂg

enbodi ment. The first osc y Sig cr eat
oscillator 425. a‘FﬁE‘eﬁ'l n#h signal is passed to filter 433 where filter
433 ﬁltenng said mixed-down signal to create a filtered signal;

mixing-up said filtered feedback signal with a second oscillatory signal
to create a mixed-up signal; and

forming said suppression signal based on the vector difference of said
feed-forward signal minus said mixed-up signal.

2. The method of claim 1 further comprising the steps of:

receiving a radio signal from an electro-magnetic antenna;

filtering said radio signal with a bandpass filter to suppress at least a
portion of said radio signal to create a input signal;

creating an amplification control signal that is indicative of the power of
said feedback signal; and

amplifying said input signal based on said amphﬁcanon control signal
to create said multi-carrier signal. ’

3. A method for processing a multi-carrier signal comprising a plurality

of carriers, said method CHARACTERIZED BY:

sampling said multi-carrier signal to create a feed-forward signal and a
test signal, such that said feed-forward signal and said test signal are each substantial
analog representations of said multi-carrier signal;

mixing down said feed-forward signal with a first oscillatory signal to

create a mixed-down signal;

filtering said mixed-down s1gnal to suppress at least a portion of said

mixed-down signal to create a filtered signal;
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An apparatus for processing a multi-carnier signal, said apparatus

CHARACTERIZED BY: _

means for forming (213) a feedback signal based on the vector
difference of said multi-carrier signal minus a suppression signal; |

a first mixer (217) for mixing down said feedback signal with a first
oscillatory signal to create a mixed-down signal; _

a second mixer (223) for mixing up said mixed down signal with
second oscillatory signal to create a mixed-up signal; and '

_ means for forming (227) said suppression signal based on the vector
. difference of said multi-carrier signal minus said mixed-up signal.

5. The apparatus of claim 4 further comprising an oscillator (225) for
creating said first oscillatory signal and said second oscillatory signal.

6. The apparatus of claim 4 wherein the unwanted carrier signals are
suppressed by at least 20 dB..

. 7. An apparatus for processing a multi-carrier signal, said apparatus
CHARACTERIZED BY: '
a first mixer (429) for mixing down said multi-carrier signal with a first
oscillatory signal to create a mixed-down signal;
a second mixer (423) for mixing up said mixed-down signal with a
second oscillatory signal to create a mixed-up signal;
means for forming a suppressfon (421) §i§nal based on the vector
difference of said multi-carrier signal minus said mixed-up signal; '



through del ay 419 and into sumer 427hipSheciHa cen Repleced ¢ or _ d
| oop inthe enbodi ment. The | ength of H lﬂamrefer /> SHEET Hag & Y
detay th m 1 ul‘m) lfi'lter 433, a i "W n other. words fodel ay
419 and MI m‘nlm“ ll ef erably fabricated so that the suppréssiton=signal
resenbl es* a§ ctostly ag possible, the mul tildcarrier signal entering summer
415 except that the frequency conponents representing the filtered signal

are. suppressed. The mul thteﬁé’dfoiﬁﬁmﬁhg(lﬂb)Qﬁﬁﬂﬂ&&ﬁg@ﬂﬁ&edﬁh%%rand to
sunmer 415 where,. i i i

fumer 415 fo["ms a dl.fWrence id nal bé for%n t he vector
i fference of t HURRAES ot s muli-Corpec sienal minus yoad SipBmsedn sghali Ao The

| engt h of delay 413 is padliat mitey (427) foronixing daovwresaid madifted stgnghwith aphied
409, delay 419, : rédiek bf | .7 1S equal to the delay through
coupl er 409 and °§e ay 4%%?1:11?&3;8 caulgf‘hg{ptuﬁgelggdulbpr ession signal to cancel a
br oadband set of frequency conponents in the nulti-carrier signal not

][el St ?d to Ejhe gefSi rgg Blél’ﬂh@'fa ﬁér_ﬂiilﬁlbfclﬁﬁnl??'uﬁﬁbr' mmmtam ERIZEDBY: q
eed-forward and feedback, embodi nept s e.present, invention.can reduce
t he dynamic range of theagfsért?ﬁvgpé‘ﬁﬁ@?rr‘gg?f) Brﬁ%@g,s%ﬂ‘}f‘ﬁﬁﬁf%’“twagﬁgnt age
of mitigating the possi bals¢dopdbandpasefiberdd4@)tfoofilteringcaiad sutpdtsignal.possi bl e
to reduce the dynam c range of this signal by 10 dB, 20 dB, 30 dB or nore.
Furthernore, in enbodinents of the present invention the unwanted carr.ier
signals are suppressed By The apparstus eficlgim 1158 wherein gaid firsihandpasy filleranpde s
the feedback si g seBoMd'Bdridpass'iRFEANHINE a passbariiFofl EGBKH2e sanple to
automatic gain control 411, which in turn controls the gain of anplifier
407. Tap 431 and automatic gain control 411 can be

10. The apparatus of claim 9 wherein said first bandpass filter and said

second bandpass filter each have a passband of 1.25 MHz.




sel ected from standard devices. M xer 427 takes the difference signal from
sunmer 415, and with the third oscillatory signal on | ead 453, m xes down
the difference signal to create the output signal. M xer 427 preferably has
a large dynam c range and can be sel ected from standard conponents. The
third oscillatory signal is preferably created by oscillator 425. The third
oscillatory signal on | ead 453 preferabl y-has the sane frequency as the
first oscillatory signal and the second ?1 | at y signal, and further
preferably isq 7 ical to them The out? rgn i s passed through filter
440 where filter¥Y440 preferably isol ateS(m@mhred carrier signal from

t he out put signalf. -7 - Filter 440 is |y a narrowband bandpass
filter that isol dtes the sired carrier signal fromthe m xed-down signal.
{th theigyeric d7Mobi | e Phil$: Servi ce anal og

t he 54 TDKE tler 4400UTPUT

WI dt WMQA 25

even when the
anpl i tude nodul ated (AM,

preferably has a nom na
the 1S-95 CDVA standard,
WMHz. Enbodi nents of the present i nvention cag work wel |
mul ti-carrier signal conprises a conbinati
frequency nodul ated (FM and spread-qu(25r
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‘
The follow ng are hereby incorporated by reference as if set forth in their
entjrety: (1) co-pending United States patent application serial nunber
08/105082, filed August 11, 1993; (2) Electronic Crcuits, Discrete ad
Integrated, 2nd Ed., by D.L. Schilling and C. Bel ove, McG aw Hi || Book
Conpany (1979);- (3) The Art of Electronigs, by P. Horowwtz and W Hi Il
Canbridge University Press (1980); (4) Principles of Electrical

Engi neering, V. Del Toro, Prentice-Hall (1972); (5) Electronic Fundanental s
and Applications for Engineers and Scientists, J. MIIman and C. Hal ki as,
MG awHi || Boo any (1976); (6) Reference Manaul for

Tel ecomruni ca ns Engi neering, 2nd Ed., Roger L. Freeman, John Wley &
Sons, Inc. (19p1); (7) Communication nda Dictionary, 2nd Ed. Martin
H Weik, Van strand Rei nhol d (1989%; i erence Data for Radio

Engi neers, 4th]JEd., International Tel ephone and Tel egraph Corp., (1956);

(9) Transm ssi pn Systens for Conmunications, 5th Ed., AT&T Bel

Laborat ori es, . (1982); and (10) Newnes Practical RF Handbook, L

Hi ckaman, BH mﬂh7e1051993). 8 REPLACEMENT SHEET d ai ns:
1. A nethod foy—processing a nulti-carrier signal, said nethod
CHARACTERI ZED BY;aesanpling said nmulti-carrier signal to create a
feed-forward s such

AGC le— . 429 433
-IBPF'
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7
40\9 43 1537
425
foourer|  47/\ L.~
451 | 45571
419
\
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l

5 that said feed-forward signal is a substantial analog representation of
said nmulti- carrier signal; forming a feedback signal based on the vector
di tference of said multi- carrier si ghal m nus a suppression signal;

m xi ng- down sai d feedback signal with a first oscillatory signal to create
10 a m xed- down signal; filtering said m xed-down signal to create a

filtered feedback S|gnal m xi ng-up said filtered feedback signal with a
second oscillatory sifAgRaA DIQ)R&&I‘EEB WR&‘BQSE&SQNQAMMLTIO&MMI d
suppressi on signal based orgidNAYeWITH AILARGEDYNAMIC RANGEeed- f orwar d
si gnal m nus saig m xed-up signal. 2. The nethod of claim1 further

conprising the . receiving a radio signal froman el ectro-nmagnetic
antenna; filtering said radi 0 Si gnal wth mb@dm&&ﬁbheendi@mmﬂmat

| east a portion of said ra OS.I tatﬁ:r ate.a input_ si nah'q%%

creating an anpl FPFESE d s@ﬁln‘ﬁ‘l ?ﬁai %“ﬂ‘wglfﬁ‘éﬁer SEAE® power  of
sai d feedback si gnbcbdxmndoﬁhp prdsgmtngvexmoﬂ mcqnpnrates both feedforwiard (232)iand
anplification co S

nmet hod for pr oce{s%(lql%iﬁ 3 %15}% arr %@u. nal g@??#%“g“&?%’e{gigaésso
carriers, said n@ttn@aemmossmgalsﬁmpﬂomgnsmedimmqmao the mixgrhnt mixes
create a feed-f oGl theSh@itiddardétSighal.

l'

Fig. 2



t est ,si'gr]al

each substanti al
m xi ng dowi said test signal with a first oscillatory sign to create a 30
m xed-down signal; filtering said m xed-down signal to supa

, such that said feed-forward signal and said te gaal—ara

anal og representations of said nulti-carri rR@LgMMENTSHEET

S Al 1193%}\’ 4886

portion of said mixed-down signal to create a filtered sig

ijt. 1Y

said fi lﬂmmm a second oscillatory signal to create a m xed- up
si gnal ; EET 9 formi ng @ suppressi ongg %m{ @ﬁéﬂ t he
1d m

vector ditferefceof®sald feed-forward signal minus

xed-up signal;

formng a difference signal based on the vector difference of said mul ti -
carrier signal
m Xi ng- down sai (hdl fference signal based on a third oscillatory signal to
create an out put 'ﬁ%al 4. An apparatus for processing a multi-carrier
signal, said apparatus CHARAGRBRIGIFPoEYsingeamdtifcarrier signal) said 2deBhoda f eedback

si gnal based on GiERURSEKIZED BY:

5

10

15

20

25

30

bei ng sanpl ed m nus said suppression signal; and 5

sampling said multi-carrier signal to create a feed-forward signal such
that said feed-forward signal is a substanual analog representatxon of said multi-
carrier signal;

forming a feedback signal based on the vector difference of said multi- -
carrier signal minus a suppression signal;

mixing-down said feedback signal with a first oscillatory signal to create
a mixed- down signal;

filtering said mixed-down signal to create a filtered feedback: signal; °

mixing-up said filtered feedback signal with a second oscillatory signall
to create a mixed-up signal; and * :

forming said suppression signal based on the vector difference of said
feed-forward signal minus said mixed-up signal.

2, The method of claim 1 further comprising the steps of:

receiving a radio signal from an electro-magnetic antenna;

filtering said radio signal with a bandpass filter to suppress at least a
portion of said radio signal to create a input signal;

creating an amplification control signal that is indicative of the power of
said feedback signal; and _

amplifying said input signal based on said amplification control signal
to create said multi-carrier signal.

3. A method for processing a multi-carrier signal comprising a plurality
of carriers, said method comprising:
sampling said multi-carrier signal to create a feed-forward signal and a
test signal, such that said feed-forward signal and said test signal are each substantial
analog representations of said multi-carrier signal;
mixing down said test signal with a first oscillatory s1gna1 to create a
mixed-down signal; _
filtering said mixed-down signal to suppress at least a portion of said
mixed-down signal to create a filtered signal;
- mixing-up said filtered signal with a second oscillatory signal to create a
mixed-up signal;



10 difference . of said nmulti-carrier signal mnus a suppressi ' —a

first mixer (217) for mixing down said feedback signal with aREPLAGEMENT SHEET
oscillatory signal to create a m xed-down signal; a second iy xer (Zﬁa) ‘gr-‘ggs :
m xi ng up said m xed down signal with a second oscillatory gibmat..1Q3d CN te

..................

a mxed-up s : means for form ng (227y=5ad

suppressi on si sed on the vector difference of said nmulti-carrier
signal m nus smm @fﬂ’”ﬂﬂg’nal 5. The gpparatus of REPRACEMENT SHERT
conprising an O e for creating said first oscillatory signal
and sai d second oscillatory signal. 6. The apparatus of claim4 wherein the

unwanted carrier signals are 20 suppressed by at least 20 dB.. 7. An
apparatus for processing a . nulti-caryier sjgnal, said appar.atus )
CHARACTERI ZED BY: a fir W&%F“@W%&ﬁ"ﬁ%ﬁ@n&&wg‘giﬁm‘ﬁQféé'ﬂri er
signal with a ffeedforaand sipmdl atiiussaidhalixddeucsigadle a mi xed- down signal ; 25
a second m xer (423).fo . X | hAR i ) Sl ' A
oscillatory signal to c?oeréﬁtl@ g&m-xe%-gﬁ%“gil 3&%%? Sl?%a‘;egg)? g.iffeﬁ%rﬁc%oﬁagig(%ﬁﬁg
suppr essi on (4XRyrierisigngl being sampled migus said sippressior signekard sai d

nul ti-carrieg signal m gigingBodnSaiRfffeRnsd Qgﬁlibamﬁaﬁﬂﬁcfs@mﬁio?ﬁsi&ﬂé% a
nodi fi ed signal based on thglha\iect or 30 difference of said multi-carrier

si gnal ninus sdTEAEAHPPRULEEsi gnal ; and a third nixer (427) for nixing
down said nodified signal with a third '

4. An apparatus for processing a multi-carrier signal, said apparatus
CHARACTERIZED BY:
means for forming (213) a feedback signal based on the vector
10 difference of said multi-carrier signal minus a suppression signal;
a first mixer (217) for mixing down said feedback signal with a first
oscillatory signal to create a mixed-down signal;
a second mixer (223) for mixing up said mixed down signal with a
second oscillatory signal to create a mixed-up signal; and
15 means for forming (227) said suppression signal based on the vector
difference of said multi-carrier signal minus said mixed-up signal.

S. The apparatus of claim 4 further comprising an oscillator (225) for
creating said first oscillatory signal and said second oscillatory signal.

6. The apparatus of claim 4 wherein the unwanted carrier signals are
20 suppressed by at least 20 dB..

7. An apparatus for processing a multi-carrier signal, said apparatus

. CHARACTERIZED BY:
a first mixer (429) for mixing down said multi-carrier signal with a first

oscillatory signal to create a mixed-down signal;
25 a second mixer (423) for mixing up said mixed-down signal with a
second oscillatory signal to create a mixed-up signal;
means for forming a suppression (421) signal based on the vector
difference of said multi-carrier signal minus said mixed-up signal;
means for forming (415) a modified signal based on the vector
30 difference of said multi-carrier signal minus said suppression signal; and
a third mixer (427) for mixing down said modified signal with a third

oscillatory signal to produce an output signal.



oscillatory siignal _to produee—an—out put signal. 10 8. The ; rat us of

claim?7 further CHARACT : first bandpass filter (43%%%7\1%:
filtering Said ni xjﬂm iﬁ“iﬂ“ﬁn\wd a second bandpass filtelf (’"Jﬁ‘@fEMﬁNT'SHEET
filtéring said out pileEg, " e apparatus of claim1l or },B.j\gge,rQi&W 9996
first bandpass filter and 5 said second bandpass filter each lhave Z == - e,
passband of 1 or 8 KHz. 10. The apparatus of claim9 wherein said first

bandpass filter and said second bandpass fgi | ter eachyhmuwepiengs shegg of
1.25 MHz. ’

8. The apparatus of claim 7 further CHARACTERIZED BY:
a first bandpass filter (433) for filtering said mixed-down signal; and
a second bandpass filter (440) for filtering said output signal.

9. The apparatus of claim 1 or 8 wherein said first bandpass filter and
5 said second bandpass filter each have a passband of 1 or 8 KHz.

10, The apparatus of claim 9 wherein said first bandpass filter and said
second bandpass filter each have a passband of 1.25 MHz.



