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Field of the Invention
The present invention relates to electric circuit design in general, and

more particularly, to an improved radio front end.

Background of the Invention

FIG. 1 depicts a schematic diagram of a typical radio front end in the
prior art. Signals are received at antenna 101 and are filtered to a desired range of
frequencies by bandpass filter 105. Low noise amplifier 107 amplifies the filtered
signals to fully exploit the dynamic range of mixer 117. Local oscillator 125 creates
a periodic signal which mixer 117 uses to mix-down the signals to a frequency range
such that bandpass filter 119 can isolate the desired signal. This technique is
advantageous in that it permits the radio to be tuned by adjusting the frequency of
local oscillator 125. |

Summary of the Invention

In the prior art mixer 117 must mix-down the desired signal in addition
to any undesired signals which fortuitously are also in the frequency band passed by
filter 105. This can be disadvantageous if the amplitude of the undesired signals is
greater than the amplitude of the desired signal because the undesired signals fill the
dynamic range of mixer 117 so as to inhibit the full exploitation of the dynamic
range for the benefit of the desired signal.

Embodiments of the present invention are capable of isolating the
desired frequencies while avoiding many of the costs and restrictions associated with
prior techniques. In particular, embodiments of the present invention can suppress
the amplitude of the undesired frequencies such that the dynamic range of the mixer
is effectively increased. These results aré obtained in an illustrative embodiment of
the present invention in which a feedback signal is employed, along with a
feedforward signal, to suppress the amplitude of the undesired frequencies.

Brief Description of the Dfawing
FIG. 1 depicts a schematic diagram of a typical radio front end in the

prior art.
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such that- bandpass filter 119 can isolate the desired signal. This
techni que is advantageous in that it permts the radio to be tuned by
aej usting the frequency of | ocal oscillator 125. Summary of the
| nvention 15 In the prior art mxer 117 nmust m x-down the
desired signal in addition to any undesired signals which fortuitously
are also in the frequency band passed by filter 105. This can be
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desired freque € avoi di ng many of the costs and restrictions

associated wth prior techniques. In particular, enmbodiments of the
present i nyerphdtailed PescTHRIYIESS the anplitude of the undesired
frequenci es such that 1€ nam c range of the mxer 25 is effectively
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frequencies. It will be clear to those skilled in the art how to make and use

10 antenna 201 and filter 205. From filter 205, the signal passes to amplifier 207, which
preferably amplifies the signal to take full advantage of the dynamic range available
provided by mixer 217. Amplifier 207 is preferably a low noise amplifier, the gain
of which may advantageously be controlled by automatic gain control circuitry 233.

From amplifier 207, the signal is passed to coupler 209, which

15 advantageously splits the incoming signal into two signals, on lead 210 and lead 234,
respectively, such that each signal is substantially an analog representation of the
incoming signal. It will be clear to those skilled in the art that coupler 209 can be

- implemented using a Wilkinson coupler, a 3dB Hybrid coupler, or any of one of
many other devices. '

20 The signal on lead 210 passes through delay 211 and to summer 213,
which subtracts the signal on lead 230 from the signal on lead 212 and outputs the
difference on lead 214. The length of delay 211 is preferably set so that the delay
from coupler 209 to summer 213 via delay 211 is equal to the delay 231,
summer 227 and amplifier 229, thus causing the signal on lead 230 to cancel a

25 broadband set of frequency components in the signal on lead 212. It will be clear to
those skilled in the art that summer 213 can be implemented using a Wilkinson
coupler, a 3dB Hybrid coupler, a differential amplifier, or any one of many other
devices.

Tap 215 advantageously samples the signal emanating from

30 summer 213 and feeds the sample to automatic gain control 233. It will be clear to
those skilled in the art that tap 215 can be implemented using a Wilkinson coupler, a
3dB coupler, or any one of many other devices.

Mixer 217 takes the signal from summer 213, and with the first
oscillatory signal on lead 226, mixes down the signal for input to filter 219. The first

35 oscillatory signal is created by oscillator 225. Filter 219 is preferably a narrow |



Brief- Description of the Draw ng . FIG 1 depicts a
schematic diagramof a typical radio front end in the 30 prior art.
-2 - . FIG 2 depicts a schematic diagram of a
illustrative enbodi ment of the present invention.
FIG 3 depicts a schematic diagramof a setond illustrative enbodi nent
of the present invention. 5 Detail ed Description

bandpass filter which can isolate the desired signal from the range of frequencies

output from mixer 217. It will be clear to those skilled in the art how to make and
use mixer 217, oscillator 225, and filter 219.
The output of filter 219 represents the output signal of the embodiment
5 and can be sampled by tap 221, for use by the remainder of the radio receiver. It will
be clear to those skilled in the art that tap 221 can be implemented using a Wilkinson
coupler, a 3dB coupler, or any one of many other devices.

The output of filter 219 is preferably fed back into a second mixer,
mixer 223, which, with a second oscillator signal on lead 225, preferably mixes-up

10 the output signal to the frequency range it was at before it was mixed-down by
mixer 217. It is preferred, although not necessary, that the first oscillatory signal on
lead 226 and the second oscillatory signal on lead 224 have the same frequency. It
will be clear to those skilled in the art how to make mixer 223.

The signal on lead 234 is passed through delay 231 and to lead 232. The

15 length of delay 231 is equal to the delay from summer 213 through mixer 217,
filter 219, tap 221, and mixer 227. It will be clear to those skilled in the art how to
make and use delay 231. -

Summer 227 takes the signal on lead 232 and subtracts from it the signal
on lead 240 to produce a signal representing the difference on lead 228. The signal

20 on lead 228 thus resembles the signal on lead 212 except that the frequency
components representing the output signal are suppressed. It will be clear to those
skilled in the art that summer 227 can be fabricated from a directional coupler, a
differential amplifier or any one of many other devices.

The output of summer 227 can be amplified, if necessary, by

25 amplifier 229; it is preferred that the amplitude of the signal on lead 230 be equal to
the amplitude of the signal on lead 212. :

FIG. 3 depicts a schematic diagram of an illustrative embodiment of the
present invention which provides absolute stability and less loss because of separate
loops. It will be clear to those skilled in the art how to make and use embodiments

30 of the present invention in accordance with FIG. 3. '
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FIG 2 depicts a schematic diagramof an illustrative enbodi nent of the

present invention. Radio signals are preferably receive na 201 and
passed-: through filter 205, which advantageousl y only sone
desi red band of frequencies. It will be clear:.t Sﬂ@@ ,I”Im n' the
art how to make and use 10 antenna 201 add filter: ﬁ'

the signal passes to anplifier 207, which preferabl y anp |ffes*the
signal to takelafms! advantage of t he dynam ¢ range avail abl e provi ded
by mxer 217. Amplifier 207 is preferably a |ow noise anplifier, the gain
of which may advant ad eoﬁ%f‘l}?aé@ugﬁ‘?ﬂ‘l"é?m%d by automatic gain control
circuitry 233. means (209) for dréRinganitkd sigrRil ard 4 sedond siingl) dhsedonpas sed
to coupler 2Q9, which 15 advantageously splits the incomng signal into
two signals, 18p|ut|s 10 and | ead 234, respectively, such that each

signal is Substanti al h;eanm(ziﬂafmrgreaﬁngasthind aignalbaséd bhe differenderaf saidrfiyst

signal . It wgr%a?g%d:hﬁﬁfeé&wgﬁfnski Iled in the art that coupler 209 can

be i mpl e using a son coupler, a 3dB Hybrid coupler, or any
of one of many ofHiast miker (d3) fargreating a feedback sigmldysniying saidthishd 210
passes throu rﬁf'w?ﬂlazﬂétéflﬂ tg?,sgl%m;r 213, whi ch subtracts the signal
on | ead 230 %Ii%mthe sl gna eatl 212 and outputs th di fference on

| ead 214. The | ength aﬁewdaplxzqm&f%ﬁ&a@naamlxgéfeegsaqmgnad R¥ migingy
from coupher saﬂﬁfeéabawrs@m%ﬁavyeeoxﬁiedsama?ok}sigsnaﬁqml to the del ay 231,

227 and anpl i f | 0 |
2125 broadband set ofePPEGRIN Y ReipE e alrends HB% pRibd G pitensd of ¢ °

wi | | be cl earsaidsecond signal and said mixed feedback signal.

2. The apparatus of claim 1 further comprising a first filter (219) for
filtering said feedback signal.

15 3. The apparatus of claim 1 wherein said means (209) for creating a first
signal and a second signal comprises a hybrid coupler.

4. The apparatus of claim 3 wherein said means (213) for creating a third
signal comprises a hybrid coupler.

3. The zipparatus of claim 4 wherein said means (227) for creating said
20 difference signal comprises a directional coupler.

6. The apparatus of claim 1 further comprising:
an amplifier (207) for amplifying said input signal; and '
automatic gain control means (233) for controlling a gain of said
amplifier based on said third signal.

25 7. The apparatus of claim 1 further comprising
' an electro-magnetic antenna (201) for creating a radio signal; and
.a second filter (205) for creating said input signal by filtering said radio
signal.

8. The apparatus of claim 1 wherein said first oscillatory signal and said
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those skilled in the art that sunmmer 213 can be inplenented using a
W | ki nson coupler, a 3dB Hybrid coupler, a differential anplifier, or
ahy one of nany ot her devi ces. Tap 215 advant ageously

sanpl es the signal emanating from 30 su'mj%r_ 213 and Imtfwumto
automatic gain control 233. It will be cléar to m u“ t he
art that tap Zlggﬁan_ e i npl enent ed usi ng, a WIkinson*cotipler,®a® * 3dB

coupl er, or affFoRhesciatary sjenal aeer subsianially identical. - M xer 217 takes
the signal fromsumrer 213, and with the first oscillatory signal on

osci I atory o gnal 1S ch BRI BPrOReSPIRE AR RPN SISnaFOHIng 96 SiEPpOET or abl y a
narr ow _ ~ splitting said input signal into a first signal and a second signal, wherein
??2352?\ ii ]:a!sl tad #dt SBnfiHd' 5 BhGnd Jffnaﬁig&:' daShl sSbifial gnra?ong }eBreeséx?tgggnsogf
' 5 said input signal; '
creating a third signal based on the difference of said first signal and a
difference signal; ' |
creating a mixed-down signal by mixing down said third signal;
isolating a feedback signal from said mixed-down signal;
10 . creating a mixed-up signal by mixing up said feedback signal; and
creating said difference signal based on the difference of said second
signal minus said mixed-up signal. '
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out put frommxer 217. It will be clear to those skilled in the art howto
make and ~use m xer 217, oscillator 225, and filter 219.

The output of filter 219 represents the output signal of the enbodinment 5 -
and can be sanpled by tap 221, for use by-ti6e femai nder of the radio

receiver. It wll be clear to those skilled in the art that tap 221
can be inplenented using a WI ki nson coupler, a 3dB coupler, or any
one of many other devices. - The output of filter 219 is

preferably fed back into a second m Xgrpapio R th 223, which, with a
second oscillator signal on |lead 225, pre eré% y mxes-up 10 the out put
signal to the frequency range it was at before it was m xed-down by
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oscillatory sigmar on | ead 226 and the second oscillatory signal on
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skilled in the art that sumer 227 can be fabricated froma directional
coupl ér, a differential anplifier or any one of many ot her devices.
The out put of summer 227 can be anplified, if necessary, by 25 amplifier
229; it is preferred that the anplitude of the signal on | ead 230 be equal

to the anplitude of the signal on |ead 212. ' FIG 3
depicts a schematic diagram of an iIIustﬂﬁﬁive enbodi nent of the
present invention which provi des absolute stability and | ess | oss because
-of separate loops. It will be cleggizipho e skilled in the art how to
make and us?oﬁﬁgpdlnents 30 of the pr « nvention in accordance with
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1 An apparatus for processing an input S|gnal sai d

appar at us conpri si ng: : nmeans for creating a first
§ignal and a second signal, based on said

i nput signal ; _ a first sumer for creating a third
si gnal based on the ' difference of said first
signal and a difference sig- 2/2 nal ;

a first mxer for creating a feedback signal by m xing
said third signal with a first oscillatory signal

a second m xer for creating a m xed feedback signa

by m xing sai d feedback signal with a second oscil-

| atory sign and a second summer for creating
said differefhce signal = based on the difference
of said secopd signal and }?Il;. E;_ said m xed feedback
si gnal . 2. The apparatus of claim1 further
conprising ajfirst filter for filtering said
f eedback si : 3. The apparatus of claim1
wher ei n sai for creating a first signal and
a second si cé%prises a
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hybr| d,coupler. " . 4. The apparatus of cl

wherein said nmeans for creating a third sfgnal
conprises hybrid coupler. - 5. The appar at us. of
claim2l1l wherein said neans for : creating said

di fference signal conprises a directional g coupl er.

6. The apparatus of claim1 further conprising:

an anplifier for anplifying said i nputA RADIGRRECEIVER

automatic gain control means for controlling the gain

of said anplifier based on said third signal.

7. The appar at udbsetractaim 1 further conprising:

an el ectromagneti ¢ antenna for creating a radi o sig-

nal ; and a second filter for creating said
i nput signal by fil térradm receiver front end has a greater idygamixi dangalithan

Sald first oscifgse fn the prior art. A HISARBNG oBodineRt U che PHESERE

oscillatory si gfiaventionichmprises both feedforward and feedbackcméchanisms

9. A nethod of [ [ i BRabs POFR' L5 rad: .
splitting said ?%%’%t%%? 28 %Tlh%"l?lgl?,‘ rsszs:ﬁ it é@r&gs the amplitude of
spurious s1gna‘|s so as to prevent those s1gna1s from flooding the

dynamic range of the mixer (217) used to mix down the signals.

FIGURE 2
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I claim: ikt

1. An apparatus for processing an input s:gnal said
apparatus comprising:

means for creating a first signal and a secornd signal,
based on said input signal;

a first summer for creating a third signal based on the
difference of said first signal and a difference sig-
nal;

a first mixer for creating a feedback signal by mixing
said third signal with a first oscillatory signal;

a second mixer for creating a mixed feedback signal
by mixing said feedback signal with a second oscil-
latory signal; and

a second summer for creating said difference sxgnal
based on the difference of said second signal and
said mixed feedback signal.

2. The apparatus of claim 1 further compnsmg a first

filter for filtering said feedback signal.

3. The apparatus of claim 1 wherein said means for
creating a first signal and a second signal comprises a
hybrid coupler.

4. The apparatus of claim 3 wherein said means for
creating 2 third signal comprises hybrid coupler.

5. The apparatus of claim 1 wherein said means for
creating said difference signal comprises a directional
coupler.

6. The apparatus of claim 1 further comprising:

an amplifier for amplifying said input signal; and

automatic gain control means for controlling the gain

of said amplifier based on said third signal.

7. The apparatus of claim 1 further comprising:

an electro-magnetic antenna for creating a radio sig-

nal; and

a second filter for creating said input signal by filter-

ing said radio signal.

8. The apparatus of claim 1 wherein said first oscilla-
tory signal and said second oscillatory signal are identi-
cal.

9. A method of processing an input signal comprising:

splitting said input signal into a first signal and a sec-

REPLACEMENT SHEET ond signal, wherein said first signal and said second
signal are each substantial analog representations of
0 7 AUG 1997 - said input signal; _ )
creating a third signal based on the difference of said -




Si ghal creating a mxed-up signal by nmxing up said feedback si gnal
with a second oscillatory-signal; and creating said difference signal
based ‘on tmence of said second si gnal mus, said mxed-up

signal -~ ‘“mmrm‘ |l aim9 wherein said first oscilla- tory signal
and ‘sai d se “ “m $i gnal have the sane frequency.
: Sk -

first signal minus a difference signal;
creating a mixed-down signal by mixing down said
third signal with a first oscillatory signal;
isolating a feedback signal from said mixed-down
signal;
creating a mixed-up signal by mixing up said feedback
signal with a second oscillatory signal; and
creating said difference signal based on the difference
of said second signal minus said mixed-up signal.
10. The methad of claim 9 wherein said first oscilla-
tory signal and said second oscillatory signal have the
same frequency.




