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GENERATOR FOR WHOLLY OPTICAL independent unrelated lasers . The present invention makes 
TUNABLE BROADBAND LINEARLY use of the principle of wavelength - time mapping to realize 

CHIRPED SIGNAL easy and flexible tuning of the center frequency and sweep 
bandwidth of the generated linearly chirped signal by means 

CROSS - REFERENCE TO RELATED 5 of adjusting the center wavelength and the filter bandwidth 
APPLICATIONS of the first optical filter and the second optical filter . The 

method of the present invention possesses a big advantage 
The subject application is a continuation of PCT / CN2015 ) on the aspect of generating a broadband linearly chirped 

074648 filed on Mar . 19 , 2015 and claims priority on signal over other solutions . 
Chinese application no . 201510032390 . 5 filed on Jan . 22 . 10 To realize the afore - mentioned objective , the technical 
2015 . The contents and subject matter of the PCT and solution of the present invention is as follows : 
Chinese priority application are incorporated herein by A generator for a wholly optical tunable broadband lin 
reference . early chirped signal of the present invention comprises a 

mode - locked laser , a first optical coupler , a first optical filter , 
FIELD OF INVENTION 15 a first dispersion module , a second optical filter , a second 

dispersion module , a tunable time delay module , a second 
The present invention relates to microwave optics and optical coupler , an optical amplifier , and a photodetector . 

radar , particularly , a generator for a wholly optical tunable The above components are interconnected in the follow 
broadband linearly chirped signal . ing manner : 

20 Along a direction of an output light beam of a mode 
BACKGROUND ART locked laser situates a first optical coupler ; the first optical 

coupler splits an input light beam into a first light beam and 
Linearly chirped signal is one of the signal waveforms a second light beam ; along the first light beam situates 

frequently employed by a modern radar system , with that of successively the first optical filter , the first dispersion mod 
large bandwidth ones capable of elevating radar range 25 ule , and the second optical coupler ; along the second light 
resolution . Electronics based prior art generators of arbitrary beam situates successively the second optical filter , the 
waveforms generally have comparative narrow bandwidth second dispersion module , the tunable time delay module , 
due to electronic bottlenecks . In comparison , a photon - based and the second optical coupler ; the second optical coupler 
linearly chirped signal is capable of providing much larger combines the first light beam and the second light beam , and 
bandwidth than that based on traditional electronics , with 30 along an output direction of the second optical coupler 
the further advantage of low loss and resistance to electro - situates successively the optical amplifier and the photode 
magnetic interference , and thus may be employed for fur - tector . 
therance of radar capacity . A method for signal regulation of the wholly optical 
Methods for generating photon - based broadband linearly broadband linearly chirped signal generated by the above 

chirped signal are mostly based on spatial light , phase 35 generator of the present invention comprises the steps of : 
modulation or polarization modulation , or that of wave ( 1 ) changing a center wavelength difference between the 
length - time mapping and of time domain pulse reshaping first optical coupler and the second optical coupler for 
( See , J . Yao , “ Photonic generation of microwave arbitrary changing a center frequency of the generated broadband 
waveforms ” , Optics Communications , vol . 284 , no . 15 , pp . linearly chirped signal , thus generating three waveforms of 
3723 - 3736 , 2011 ) . Among the methods , the method of 40 up chirp , down chirp , and down - and - up chirp ; 
wavelength - time mapping is more attractive owing to its ( 2 ) adjusting a filter bandwidth respectively of the first 
good tunability . Canadian researchers have proposed a optical filter and the second optical filter , for altering a pulse 
method based on fiber Bragg grating and wavelength - time duration , a bandwidth , and a corresponding time - bandwidth 
mapping ( See R . Ashrafi , Y . Park , and J . Azaña , “ Fiber - based product of the generated linearly chirped signal ; and 
photonic generation of high - frequency microwave pulses 45 ( 3 changing a dispersion respectively of the first disper 
with reconfigurable linear chirp control , ” IEEE Transactions sion module and the second dispersion module , for changing 
on Microwave Theory and Techniques , Vol . 58 , no . 11 , pp . a frequency sweep slope of the generated broadband linearly 
3312 - 3319 , 2010 . ) . The shortcoming of this scheme is that chirped signal . 
the tuning of the center frequency is at the price of decrease The principle of the present invention is as follows : 
of pulse duration , with a further disadvantage of incapacity 50 An ultra - short pulse signal respectively of the first light 
of easy and flexible control of bandwidth . The Tsinghua beam and the second light beam passing through various 
University proposes a method of beat frequency of continu - dispersions is expressed as follows : 
ous light and mode - locked laser ( See H . Gao , C . Lei , M . 
Chen , F . Xing , H . Chen , and S . Xie , “ A simple photonic 
generation of linearly chirped microwave pulse with large 55 y ; ( t ) = C ; A ; expj w time - bandwidth product and high compression ratio , " Optics 
Express , vol . 21 , no . 20 , pp . 23107 - 23115 , 2013 . ) . The 
shortcoming thereof is that use of two unrelated independent 
lasers results in instability of the generated signal . wherein 

60 
SUMMARY OF THE INVENTION A = { [ x ; ( t ) ] } w - w = ción 

C ; is a constant , Ö ; is the dispersion respectively of the 
To overcome the defect of the existing technology , the first dispersion module and the second dispersion 

present invention aims at providing a generator for a wholly module , F [ x ; ( D ) ] is a Fourier transformation respectively of 
optical tunable linearly chirped broadband signal which 65 an amplified signal x ; ( t ) of the first optical filter and the 
comprises just one mode - locked laser as a light source , thus second optical filter , w is an absolute angular frequency , W ; 
preventing instability of the generated signal resulting from is a central angular frequency of the filtered pulse signal , t 

( 1 ) VADO = C Arexo [ iforz + 

( 2 ) 
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810 ) = ( n = wan + ( 

los - as + Genti f = ' _ 21 

( 5 ) fcenter = ! 21 

is a time offset relative to a mean time delay t ; , with the to the time domain on each path of the light beam , thanks to 
subscript i = 1 or 2 corresponding respectively to the path of the dispersion modules . The tunable time delay module is 
first light beam and the second light beam . The optical signal employed for compensation of the time offset between the 
outputted by the second optical coupler passes via the optical pulse signal on the two light beam paths resulting 
photodetector , with an output current : 5 from the difference in the dispersion / length between the first 

dispersion module and the second dispersion module . The 
i ( t ) = R . { [ yi ( t ) + yz ( t ) ] * [ y? ( 0 ) + yz ( t ) ] * } = R . { C , A , + optical amplifier amplifies the optical signal outputted by the C22422 + 2C , C2424 , cos [ 0 ( t ) } } ( 3 ) second optical coupler . And finally , the photodetector con 

wherein verts the optical signal into an electrical signal . The fre 
quency linear variation of the electrical signal generated at 
different moment is actually the linearly chirped signal , 
since for each pulse observation window , the optical fre 
quency component of the beat frequency of the photodetec 
tor at various moments varies linearly at different speed , due 

and R is a responsivity of the photodetector . According to to the difference of the dispersion on the two light beam 
the differential relation between the phase and the frequency , paths . By means of changing the center wavelengths of the 
the instant frequency may be expressed as : first optical coupler and the second optical coupler , that is , 

by means of changing the corresponding optical frequency 
20 difference , the center frequency of the generated broadband 

( 4 ) linearly chirped signal is changed , thus generating three 
waveforms of up chirp , down chirp , and down - and - up chirp . 
By means of changing the filter bandwidth respectively of 
the first optical filter and the second optical filter , the pulse 

When t = 0 , the center frequency becomes : 25 duration , bandwidth , and corresponding time - bandwidth 
product of the generated linearly chirped signal is changed . 

The present invention is advantageous in the following 
161 - wal aspects : 

1 . The present invention provides a generator for a wholly 
30 optical tunable linearly chirped broadband signal . Employ 

ment of just one mode - locked laser as a light source results 
Suppose in stand for a mean value of the center wavelength simplicity in structure and cost effectiveness on one hand , 
of the first optical filter and the second optical filter , A2 be and on the other hand prevents instability of the generated 
a relatively small filter bandwidth of the respective optical signal resulting from independent unrelated lasers . 
filter , then the pulse duration , frequency sweep bandwidth , 35 2 . The present invention is simple and easy to implement , 
time - bandwidth product , and the frequency sweep slope as the center frequency of the generated broadband linearly 
may be respectively expressed as : chirped signal is changed and three waveforms of up chirp , 

down chirp and down - and up chirp are generated by means 
of simply changing the central wavelength difference 

( 6 ) 40 between the first optical coupler and the second optical 
coupler . Theoretically , as long as the spectrum of the mode 
locked laser is sufficiently wide , the center frequency of the 
generated signal is arbitrarily tunable , and is capable of 
generating linearly chirped signals in various frequency 

45 bands , up to the terahertz band . 
??W? = ??? 3 . The present invention , by means of changing the filter 

bandwidth respectively of the first optical filter and the 
second optical filter , is capable of changing the pulse dura 
tion , bandwidth , and corresponding time - bandwidth product 

50 of the generated linearly chirped signal . 
4 . The present invention , by means of changing the 

dispersion respectively of the first dispersion module and the 
The first optical coupler splits the broadband optical second dispersion module , is capable of changing a fre 

signal outputted by the mode - locked laser into two parts , for q uency sweep slope of the generated broadband linearly 
entrance respectively into the first optical filter and the 55 chirped signal . 
second optical filter . Each optical filter respectively has an 
approximately rectangular filtering shape for bandpass fil BRIEF DESCRIPTION OF THE DRAWINGS 
tering of the broadband light . Each dispersion module intro 
duces dispersion into the filtered broadband light . Suppose FIG . 1 is a schematic diagram of the structure of the 
the dispersion of each dispersion module be Ö . In accor - 60 generator of the wholly optical tunable broadband linearly 
dance with the real time Fourier transformation introduced chirped signal of the present invention . 
by the dispersion ( See M . A . Muriel , J . Azaña , and A . FIG . 2 shows the exemplification of the principle of the 
Carballar , “ Real - time Fourier transformer based on fiber present invention : FIG . 2 ( a ) is a schematic diagram exem 
gratings , ” Optics Letters , vol . 24 , pp . 1 - 3 , 1999 ) , for an plifying the principle of the present invention ; FIG . 2 ( b ) 
ultra - short pulse , an amplitude thereof at time t is propor - 65 shows variation of the instant frequency at the start , middle , 
tional to the Fourier transformation of the input signal at the and end respectively of the generated broadband linearly 
angular frequency w = t / Ö . The filtered spectrum is mapped chirped signal , while changing the center wavelength of the 

Td Ta z l2rcato : 
B - - 

TBWP = TuB 2ne123 ( 1 ) 
? ?? K = 

2017 
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second optical filter , that is , the optical frequency difference dispersion compensation fiber . The optical output terminal 
between the first optical filter and the second optical filter . of the second dispersion module 6 connects with the optical 

FIG . 3 shows the time domain waveforms of a simulated input terminal of the tunable time delay module 7 , while the 
microwave signal in contrasting with their respective Fou - light output of the first dispersion module 4 and that of the 
rier transformations while regulating the optical frequency 5 tunable time delay module 7 , subsequent to passing the 
difference between the first optical filter and the second second optical coupler 8 , combine into one and is inputted 
optical filter , among which , FIG . 3 ( a ) shows the time to the input terminal of the optical amplifier 9 , with the 
domain waveform of a simulated microwave signal and FIG . optical amplifier of the embodiment being an erbium doped 
3 ( b ) shows the corresponding Fourier transformation ; FIG . optical fiber amplifier for amplifying of optical signal and 
3 ( c ) shows the time domain waveform of another simulated 10 reduction of link insertion loss . The optical output terminal 
microwave signal and FIG . 3 ( d ) shows the corresponding of the optical amplifier 9 connects with the photodetector 10 , 
Fourier transformation ; and FIG . 3 ( e ) shows the time and converts the optical signal to an electrical signal . 
domain waveform of yet another simulated microwave The principle of the present invention is as follows : 
signal and FIG . 3 ) shows the corresponding Fourier trans As is shown in FIG . 1 , the first optical coupler splits the 
formation . 15 broadband optical signal outputted by the mode - locked laser 

FIG . 4 shows the time domain waveforms of the measured into two parts , for entrance respectively into the first optical 
microwave signal in contrasting with their respective short filter and the second optical filter . Each optical filter respec 
time Fourier transformations while regulating the center tively has an approximately rectangular filtering shape for 
wavelength of the second optical filter , among which , FIG . bandpass filtering of the broadband light . Each dispersion 
4 ( a ) shows the time domain waveform of a measured signal 20 module introduces dispersion into the filtered broadband 
and FIG . 4 ( b ) shows the corresponding short - time Fourier light . Suppose the dispersion of each dispersion module be 
transformation while regulating the center wavelength of the Ö . In accordance with the real time Fourier transformation 
second optical filter at 0 nm ; FIG . 4 ( c ) shows the time introduced by the dispersion , for an ultra - short pulse , the 
domain waveform of a measured signal and FIG . 4 ( d ) shows amplitude thereof at time t is proportional to the Fourier 
the corresponding short - time Fourier transformation while 25 transformation of the input signal at the angular frequency 
regulating the center wavelength of the second optical filter w = t / 0 . The filtered spectrum is mapped to the time domain 
at + 0 . 26 nm ; and FIG . 4 ( e ) shows the time domain wave on each path of the light beam , thanks to the dispersion 
form of a measured signal and FIG . 4 ) shows the corre modules . The signals from the two paths are aligned via the 
sponding short - time Fourier transformation while regulating tunable time delay module , and are combined by the second 
the center wavelength of the second optical filter at - 0 . 26 30 optical coupler . Due to difference of dispersion on the two 
nm . paths , within each pulse observation window , the optical 

FIG . 5 shows the short - time Fourier transformations of frequency component of the beat frequency of the photode 
the measured microwave signal while regulating the filter tector at various moments varies linearly at different speed , 
bandwidth of the first optical filter and the second optical and therefore the frequency of the generated electrical signal 
filter simultaneously from 1 . 5 nm to 3 . 5 nm . 35 at various moments varies linearly , that is , the electrical 

signal being a linearly chirped signal . 
DETAILED DESCRIPTION OF INVENTION FIG . 2 ( a ) shows the optical frequency components of the 

AND EMBODIMENTS beat frequency of the photodetector of the first light path and 
the second light path at various moments as are represented 

In combination with the figures provided hereunder , the 40 by the grey strips ( i ) and ( ii ) when the center wavelengths of 
present invention provides an embodiment hereunder , which the first optical filter and of the second optical filter are the 
is implemented based on the technical solution of the present same . The grey strip ( iii ) stands for the optical frequency 
invention and is provided with detailed means and proce - component during regulation of the center wavelength of the 
dure , but which is not meant to limit the scope of protection second optical filter . For the beat frequency of ( i ) and ( ii ) , the 
of the present invention . 45 instant frequency at the center moment t , is 0 GH ; for the 

FIG . 1 shows a schematic diagram of the structure of the beat frequency of ( i ) and ( iii ) , the instant frequency at the 
generator for the wholly optical tunable broadband linearly center moment t , has an offset . By means of changing the 
chirped signal of the present invention , comprising a mode center wavelengths of the first optical coupler and the 
locked laser 1 , a first optical coupler 2 , a first optical filter second optical coupler , that is , by means of changing the 
3 , a first dispersion module 4 , a second optical filter 5 , a 50 corresponding optical frequency difference , the center fre 
second dispersion module 6 , a tunable time delay module 7 , quency of the generated broadband linearly chirped signal is 
a second optical coupler 8 , an optical amplifier 9 , and a changed , thus generating three waveforms of up chirp , down 
photodetector 10 . chirp , and down - and - up chirp . FIG . 2 ( b ) depicts the change 

The above components are interconnected in the follow of the instant frequency of the generated broadband linearly 
ing manner : 55 chirped signal at the start , middle , and end moments during 

The mode - locked laser 1 connects with the first optical variation of the center wavelength of the second optical 
coupler 2 ; the first optical coupler 2 splits the optical signal filter . Simulation of the three waveforms respectively is 

1 which are respectively inputted to the depicted in FIG . 3 ( a ) to FIG . 37 ) . 
optical input terminals of the first optical filter 3 and the FIG . 4 shows the time domain waveforms ( a ) , ( c ) , and ( e ) 
second optical filter 5 , with the first optical filter and the 60 of the measured microwave signal in contrasting with their 
second optical filter of the present embodiment both being a respective short - time Fourier transformations for the center 
tunable optical filter . The optical output terminal of the first wavelengths of the second optical filter at ( a ) , ( b ) O nm ; ( c ) , 
optical filter 3 connects with the first dispersion module 4 , ( d ) + 0 . 26 nm ; and ( e ) , ( f ) - 0 . 26 nm . Subsequent to each 
while the optical output terminal of the second optical filter regulation thereof , the tunable time delay module on the 
5 connects with the optical input terminal of the second 65 second light path needs to be regulated for compensation of 
dispersion module 6 , with the first dispersion module and the time offset between the optical pulse signals on the two light 
second dispersion module of the embodiment being both of paths resulting from the difference in the dispersion / length 
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between the first dispersion module and the second disper the second optical filter , the second dispersion module , the 
sion module . As can be seen therefrom , by means of tunable time delay module , and the second optical 
regulating the difference in center wavelength between the coupler are successively situated along the second light 
first optical filter and the second optical filter , three wave beam ; 
forms may be generated . 5 the second optical coupler combines the first light beam 

and the second light beam ; and FIG . 5 shows the short - time Fourier transformations of the optical amplifier and the photodetector are succes the measured microwave signal during regulation of the sively situated along an output direction of the second 
filter bandwidth of the first optical filter and the second optical coupler , 
optical filter simultaneously from 1 . 5 nm to 3 . 5 nm . As can wherein filter bandwidth of the first optical filter and the 
be seen therefrom , by means of changing the filter band - 10 second optical filter are respectively adjustable for 
width respectively of the first optical filter and the second altering a pulse duration , a bandwidth , and a corre 
optical filter , the pulse duration , bandwidth , and correspond sponding time - bandwidth product of a generated lin 
ing time - bandwidth product of the generated linearly early chirped signal ; and 
chirped signal is changed . dispersion of the first dispersion module and the second 

dispersion module are respectively changeable for 
changing a frequency sweep slope of the generated We claim : broadband linearly chirped signal . 1 . A generator for a wholly optical tunable broadband 2 . A method for signal regulation of the wholly optical linearly chirped signal , comprising tunable broadband linearly chirped signal generated by the a mode - locked laser , 20 generator of claim 1 , comprising 

a first optical coupler , changing a center wavelength difference between the first a first optical filter , optical coupler and the second optical coupler for 
a first dispersion module , changing a center frequency of the generated broad 
a second optical filter , band linearly chirped signal , thus generating three 
a second dispersion module , 25 waveforms of up chirp , down chirp , and down - and - up 
a tunable time delay module , chirp ; 
a second optical coupler , adjusting the filter bandwidth respectively of the first 
an optical amplifier , and optical filter and the second optical filter for altering the 
a photodetector , pulse duration , the bandwidth , and the corresponding 
wherein the first optical coupler is situated along a direc - 30 time - bandwidth product of the generated linearly 

tion of an output light beam of the mode - locked laser ; chirped signal ; and 
the first optical coupler splits an input light beam into a changing the dispersion respectively of the first dispersion 

first light beam and a second light beam ; module and the second dispersion module for changing 
the first optical filter , the first dispersion module , and the the frequency sweep slope of the generated broadband 

second optical coupler are successively situated along linearly chirped signal . 
the first light beam ; * * * * * 


