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This application describes techniques and devices to reallze an opto-electronic
filter for RF or microwave signal filtering with infinite impulse response.
Implementations of this opto-electronic filter comprise opto-electronic circuits of a
closed feedback loop. This closed feedback loop comprises:

An optical modulator to modulate an optical signal using a feedback microwave

signal;

A photodetector to convert the optical signal to microwave signal;

An optical delay line with some optical gain, feeding the optical output of the
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An optical delay line with sone optical gain, feeding
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t uspidal delay line may comprise a section of chirped fiber Bragg gratings (CFBG).
This converts the filter into a hybrid filter: a finite impulse response (FIR) filter .is
inserted into the presented infinite impulse response (IIR) filter to shape the overall

filter response further and enhance the filter performance for some applications.
The gain of the electrical delay line can come from an RF amplifier.

The length of the electrical delay line may be variable. This enables the free
spectral range (FSR) of the filter to be tuned.

These and other implementations are described in detail in the attached drawings,
the detailed description, and the claims.
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signals. The filter 100 receives an optical input 101
nmodul ated by an RF input 119. The optical input 101
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The feedback efficiency r7 stands for the anplitude
rati o between the RF feedback signal 105 and the RF
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100. The neasured frequency response of the filter in
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As an alternative embodiment, the optical modulator 102 can be implemented
using an electroabsorption modulator (EAM) 701 and the optical amplifier 110 can be
implemented using a semiconductor optical amplifier (SOA) 702 as shown in FIG. 7.
The critical components of this embodiment, including the optical modulator 102, the
photodetector 112, the optical amplifier 110, the RF amplifier 116, the RF splitter 116
and the electrical delay line 118 can be integrated into a semiconductor chip for large



infinite inpul se response (|I1R), which therefore

results in higher rejection ratio of the overall

filter response due to the conbination of two filters.
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v agdihil 9 o@éﬂ@/égrwe'ma@omepﬁ icBRBodTRY. PEis cdPRBiBILE GablBEthe filter
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entibancedhn everplldiltef BEFEMBRE, to be considered in all
respects to be illustrative and not restrictive. 7
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the opto-electronic feedback | oop conprises an optica

section and an electronic section; the closed

opt o-el ectroni ¢ feedback | oop includes an optica

nodul ator to receive an electrical feedback signal in
order to produce an optical cLagMsack signal; a

phot odetector to receive the optical feedback signa

i n Ok i 'Q%%k si gna
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cl ai fi‘ner conprising anplifiers to conpensat e
the si gpﬁ%Y‘dinéé’sthFP&‘Cc’Bl‘?for“(ﬂvetﬁllfér drxic Wb PRt response

opt o- el laring@rviased priedlsetedniq sefbackgdloomhe et hod as

cl ai medh¢ roped-eleenobic fdedbazk nlobhecooprisasahn spdtdl osecaond/and an

the el@&toRbisectisgcti on can be di spersive. 4. The

met hod s @l eléatrsﬁ.@lféed%ackw%ﬁ eﬁahaebensapgeal%oamor to

opti Calrezelvedg\ Gectrical gertl: acE%%{l i %YH&? E d c%t o%% al feedback
he T espon the

DOSItlve’\‘?'F at ive SO se o

phot oni %8 crovvave filter can be SW tched betvvee
bandpasspheirfietepignipstestive the optiral fedhaek sigaal dn ardsitp Rrpduce the
cl ai m Igleonival feedbath eigmpl ephgedléconrat durputof signals to
conplet Eheonetiddche ddimedanctiased, ofxithere ce@aprishy amplifiers to

f eedbacdon]f2RRA1eCARE siafalM&YsiaREl cortfd] tHeNRId Mahd EBdSIPREEIEAbonic
range of..thg photonic mcr ovvave filter. 6. The nethod

as cl,ai

(e
f oedda ﬁiwgwg? o e, I ERET, SPEERENE RefreLshdnangpr e
t he photleAORICHFLIBRAR/RE 4isRCESE: 7. A photoni ¢ i crowave

filtdr Bevingtbod eoelpinediimglaing 1cwbereid topsign of et anyipa! deedback
f eedbacdglabom whivdtehabbpweengmsitine appt negalivessechataime respoase of

an el eche OfHofonke Giit@WaveriBeican thee switéhe@dbetween bandpass and
opt o- e|§d%B§t951I C feedback | oop includes an optical

2?23'3?2 qoh;nt L Lene lavlg 1) GLiack kiealn hepihagkonl gn@aolm Quts to
ﬁgneo b s sniRer g et aCEH%O& el B yaricd

tor ece
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8. A fphbheonttbodrpcelammd en ¢laim brwhiesin dhe npsver phthadepdpack signal

cl ai m 7canfoeniree to wmeaerhe irsporge obtht poabniamidrowaverfdteand/ or
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on
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produce an optical feedback signal and a photodetector to receive the optical
feedback signal to produce the electrical feedback signal and an electrical
output.

8. A photonic microwave filter device as claimed in claim 7, further comprising
optical amplifiers and/or RF amplifiers to compensate the signal loss and
control the gain in the closed opto-electronic feedback loop.

9. A photonic microwave filter device as claimed in claim 7, wherein the optical
section and/or the electronic section can be dispersive.

10. A photonic microwave filter device as claimed in claim 7, wherein the sign of
the optical feedback signal can be switched between positive and negative so
that the response of the photonic microwave filter can be switched between
bandpass and bandstop.

11. A photonic microwave filter device as claimed in claim 7, wherein the



10. A photonic mcrowave filter device as clained in
claim7, wherein the sign of the optical feedback
signal can be switched between positive and negative

so that the response of the photonic mcrowave filter
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i ntegrated circui ts 19. A photonic mcrowave filter
device as clainmed in claim7, formed from

sem conductor integrated circuits. 9 Sone rel evant
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