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nerally split into tws

sigaals. FPor exampls, & lower powsr radiabticn may be used as

a reference signal and & higher power radiation may be used
for exposure of a remots
reflaected or gcalttered {vom
scattered radiation iz de

the ohdect and « is

ts in & freguency
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i. This ghift is

{00258} and from thisz

& © o e e o~ i A s -~ k! 1y
a2y fhus, the range or distahoe ta the objeot can be
~aloulated IF the Fregnency shift is knowr T medsure thHis
calcuiated LI The Teguendy SRLTT L§ KDowh L0 MeAZVITE TOis
shift ¥ AN ,\,,\N 2ignal 19 mixed with a referance ai =1 &
SNLIN, LOe a2iayaed sldahial 15 mixad with 8 raigrehce 3ignas on

[0028] et s consider reference and signal optical fieslds

inoident on the
{00293 Ln’f = 13‘2}‘5 Hamymt+Pmit)]

[0030] Eig = Agyge 1 0m=iit+ @sig(8)]

[0031] wharelﬁwfl = A% and Byl = 4%, are optical powers

and @rep(t) and @uu{t) are phases of radistisns. The total
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field ab the D is the

(00321 i() = R {{Ay, e T n N 0sg) 4 (4, pelimmtroniil)]
[0033] % {(‘qsiqe-—.i{zw{vm_.g‘;_,:)zux-gas;g{t}}) 4 {:‘i.,.gfe“ifzﬁm’m“@mffﬁ)},

[0034] {{ty = { sig + i,ef Asigﬂfiré{f(gi§2ﬂfzyf?+€lwie‘f}i 4+ g—izef ,cs+é.pu)1)}
{0035] o = R{Ast'; re{ + Zfiﬂqﬂ? cef COS(&R‘}‘,F{ + il(ﬂ{f})} (1)
{oo3ea] where

[0037] AP(E) = @uia(6) ~ @rep(t)

{0038} One can ses from Boguation {1} thai ths ohotogurrent

it} is not depended on any optical freguency. Its variable

component depends only on intermediate microwave frequency fip
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AMENDED CLAIMS
received by the International Bureau on 11 December 2017 (11.12.17)

WHAT IS CLAIMED IS:

1. A lidar comprising:

a laser having a first frequency-modulated laser
radiation and a second frequency-modulated laser radiation;

a first waveguide coupled to the laser, wherein the
first frequency-modulated laser radiation and the second
frequency-modulated laser radiation are transmitted by the
laser into the first waveguide;

a second waveguide;

a filter coupled between the first waveguide and the
second waveguide, wherein the filter is configured to
couple and pass the first frequency-modulated laser
radiation through the filter to the second waveguide,
wherein the filter is configured to not couple or pass the
second frequency-modulated laser radiation through the
filter to the second waveguide, and wherein the filter is
configured to not couple any received second frequency-
modulated laser radiation on the second waveguide through
the filter to the first waveguide; and

a photodetector coupled to the second waveguide.
2. The lidar of claim 1 further comprising:
a first collimator coupled to the first waveguide; and

a second collimator coupled to the second waveguide.

3. The lidar of claim 1 wherein:

the laser has at least two longitudinal modes.

4. The lidar of claim 1 wherein:

AMENDED SHEET (ARTICLE 19)
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the laser comprises a semiconductor laser, a laser

diode, a quantum cascade laser, or an optical fiber laser.

5. The lidar of claim 1 wherein:
the first frequency-modulated laser radiation
comprises a linearly chirped ramp modulation vin; and
the second frequency-modulated laser radiation

comprises a linearly chirped ramp modulation Vim.

6. The lidar of claim 5:
wherein a received waveform received by the second
waveguide comprises a scattered radiation of vgy from an
object shifted by a Doppler shift fp caused by a velocity of
the object so that the received waveform is Von + fip £ fps
wherein the photodetector mixes the linearly chirped

ramp modulation vi, with the received waveform va, + fir £ fp

to produce a beat frequency Av+ frp+ fp, where AV = Vim = V2m;

and
wherein fi = E;}-{
where At =2L/c,
L 1s a distance to the object,
¢ is a speed of the light,
B is a bandwidth or range of fregquency
modulation, and

T is a period of frequency sweeping.

7. The lidar of claim 6:

wherein Av= Vim-Vam is equal to c/(2nLc), where c is a
speed of light, n is a refractive index of a cavity
material of the laser, and L. is a cavity length of the

laser.
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8. The lidar of claim 7:
wherein an optical length of the cavity nL. is greater
than 5mm, so that Av= vin-vam is equal to or less than 30

GHz.

9. The lidar of claim 1 wherein:
the filter comprises an optical microresonator, a
microring resonator, a plurality of mutually coupled ring

resonators, or a plurality of coupling microresonators.

10. The lidar of claim 1:
wherein the waveform received by the second waveguide
comprises a scattered radiation from an object shifted by a
Doppler shift caused by a velocity of the object; and
wherein the photodetector mixes the first frequency-
modulated laser radiation with a waveform received by the

second waveguide to produce a beat frequency.

11. A method of frequency-modulated continuocus-wave (FMCW)
detection of range and velocity of an object comprising:
transmission of a first frequency-modulated laser
radiation from a laser and a second frequency-modulated
laser radiation from the laser through a first waveguide;
redirection by a filter of the first frequency-
modulated laser radiation into a second waveguide;
outcoupling the second frequency-modulated laser
radiation from the first waveguide for exposure of an
object, wherein the filter does not couple the second
frequency-modulated laser radiation into the second

waveguide;
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coupling a received waveform of scattered radiation
from the object into the second waveguide, wherein the
filter does not couple the received waveform into the first
waveguide; and

mixing the received waveform of scattered radiation

with the first frequency-modulated laser radiation.

12. The method of claim 11 further comprising:

spectral measurement of a beat frequency from the
mixing of the received waveform of scattered radiation and
the first frequency-modulated laser radiation; and

deriving a range and a velocity of the object.

13. The method of claim 11 wherein:
the laser comprises a semiconductor laser, a laser

diode, a quantum cascade laser, or an optical fiber laser.

14. The method of claim 11 wherein:
the first freguency-modulated laser radiation
comprises a linearly chirped ramp modulation vim; and
the second frequency-modulated laser radiation

comprises a linearly chirped ramp modulation vap.

15. The method of claim 14 wherein:
wherein the received waveform of scattered radiation
comprises a scattered radiation of vy from an obiject
shifted by a Doppler shift fp caused by a velocity of the
object so that the received waveform 18 Vou + frp £+ Ip;
wherein a photodetector mixes the linearly chirped

ramp modulation vim with the received waveform to produce a

beat frequency Av+ frr + fp, where Av= vim-vom; and
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. Bar
whereln}b~=-;—

where At =2L/c,

L is a distance to the object,

¢ is a speed of the light,

B is a bandwidth or range of frequency
modulation, and

T is a period of frequency sweeping.

16. The method of claim 11 wherein:
the filter comprises an optical microresonator, a
microring resonator, a plurality of mutually coupled ring

resonators, or a plurality of coupling microresonators.

17. The method of claim 11:
wherein the received scattered radiation comprises a
Doppler shift caused by a velocity of the cbject; and
wherein a photodetector mixes the received scattered
radiation with the first frequency-modulated laser

radiation to produce a beat frequency.

18. A lidar comprising:

a laser having a first frequency-modulated laser
radiation and a second frequency-modulated laser radiation;

a first waveguide coupled to the laser, wherein the
first frequency-modulated laser radiation and the second
frequency-modulated laser radiation are transmitted by the
laser into the first waveguide;

a second waveguide;

a filter coupled between the first waveguide and the
second waveguide, wherein the filter is configured to

couple and pass the first frequency-modulated laser
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radiation through the filter to the second waveguide,
wherein the filter is configured to not couple or pass the
second frequency-modulated laser radiation through the
filter to the second waveguide, and wherein the filter is
configured to not couple any received second frequency-
modulated laser radiation through the filter to the first
waveguide;

a third waveguide; and

a photodetector coupled to the second waveguide and to

the third waveguide.

19. The lidar of claim 18 further comprising:
a first collimator coupled to the first waveguide; and

a second collimator coupled to the third waweguide.

20. The lidar of claim 18 wherein:

the laser has at least two longitudinal modes.

21. The lidar of claim 18 wherein:
the laser comprises a semiconductor laser, a laser

diode, a guantum cascade laser, or an optical fiber laser.

22. The lidar of claim 18 wherein:
the first frequency-modulated laser radiation
comprises a linearly chirped ramp modulation viy; and
the second frequency-modulated laser radiation

comprises a linearly chirped ramp modulation vgp.
23. The lidar of claim 22:

wherein a received waveform received by the third

waveguide comprises a scattered radiation of vz, from an
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object shifted by a Doppler shift fp caused by a velocity of
the object so that the received waveform is Vo + frr 3t fps
wherein the photodetector mixes the linearly chirped
ramp modulation vi, with the received waveform vaz, + frr *+ fp
to produce a beat frequency Av+ fip+ fp, where Av= vim-vam;

and

L Bat
wherein fp = —

where At=2L/c,

L is a distance to the object,

¢ is a speed of the light,

B is a bandwidth or range of frequency
modulation, and

T is a period of frequency sweeping.

24. The lidar of claim 23:

wherein Av= Vvim~-vam 1s equal to ¢/ (2nl.), where ¢ is a
speed of light, n is a refractive index of a cavity
material of the laser, and L. is a cavity length of the

laser.

25. The lidar of claim 24:

wherein an optical length of the cavity nL. is greater
than 5mm, so that Av= vim-vam 15 equal to or less than 30

GHz.
26. The lidar of claim 18 wherein:

the filter comprises an optical microresonator, a
microring resonator, a plurality of mutually coupled ring

resonators, or a plurality of coupling microresonators.

27. The lidar of claim 18:
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wherein a received waveform received by the third
waveguide comprises a scattered radiation from an object
shifted by a Doppler shift caused by a velocily of the
object; and

wherein the photodetector mixes the first frequency-
modulated laser radiation with a waveform received by the

second waveguide to produce a beat frequency.
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