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Microwave Photonic IFM Receiver with Tunable Measurement Range
and Resolution Based on Intensity Modulator Chirp Parameter

Mohsen Ganjali', S. Esmail Hosseini?
!School of Electrical and Computer Engineering, Shiraz University, Shiraz, Iran (m.ganjali@shirazu.ac.ir)
2School of Electrical and Computer Engineering, Shiraz University, Shiraz, Iran (se.hosseini@shirazu.ac.ir)

Abstract- In this paper, a novel scheme for measuring instantaneous frequency of a microwave signal based on
microwave photonics technology is proposed and theoretically investigated. In the proposed structure, a microwave
signal with its frequency to be measured is applied to two optical intensity modulators with adjustable chirp parameters
and modulated on a continuous wave light. Then these two intensity modulated optical signals sent to two dispersive
elements with different lengths and dispersion characteristics which leading to two different optical power penalties.
There is a relationship between the ratio of the optical power penalties and microwave frequency. Therefore, by
measuring the powers of the two signals at the output of the two photodetectors, the microwave frequency can be
estimated. One of the main advantages of the proposed IFM is that its measurement range and resolution can be tuned
by adjusting the chirp parameters of the two intensity modulators.

Keywords: Chirp parameter, IFM receiver, Measurement range and resolution, Microwave photonic

v
Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1774-fa.html

[ Downloaded from opsi.ir on 2025-11-07 ]

9 Sul Gl ST ey 5 S

A
VWAV poge )14

L1
oloiing IFM 0X S sl ) IS

299,50l JUSw lwg cabadlgsne 6,9 JUSKm S5

OL lgier WS (o0 yme (Saril s bmme o
LS 58 51 (el 00y ST (lo JUS g3 ol
by s 90 Glagly 6 Soslasl bl 9199,
 segsle JiSow il 2 ol RE e ol

3,5 g 5ol
oS8 GpSeilal Gl s gy e (nl o
o9 ogkd Sl eslitul b oggs S0l JUSKw (slalax
@ ol R Sl S5 bl g S 99,50
Febl i b o o0 (LaS 45 el s Sletiy Gl
B g ol Ol g b g¥sae Chirp

Shas 08 ke 1) ;99,00 S8 (5 pSeslul
D550 sled 4 )iSle cnl slacy 5

Ol ko 9 (goleiion IFM L Lu (S p20
JiSw 82 xSl Gl eoliay LSl
) I LU B WS N - S B L OISR VPP ] )
o Sl csolgiiny
YOS a6 ShsS Se ol <E; =2Ege) ()

2 oS gty b oye JUSKw 90 4 g 9d e

Ol by e SO

O)ly 698 JuKm 93 (nl 09800 o hsS (29>
g go pebas JB slaChirp L s ol j5¥500 0

o tisls olol 4y wiilgie baygiVans ol LLsLy

aA

oS endil g ol ! Sdgigd
Olpl Sgish 5,9l8 5 (owaige

Q.C“(jj:?//{/ ,Ej"/ c)‘).....o oKisls e

u’ & F:
1) 4 ...
J,JMJ

Shiraz University

doddo

wagole slaJilw  glabx) LG58 (5,505l
Syls pallss g (6,8 slaptans 15 g0k slas S

IFM  (Instantaneous frequency

o .5
5 g oo olaiwl LIS pl (gl 45 measurement)
Srolliws (San pole Jio b))k
Seig S Sz )0 pgatar g eulidal ;s pSosll
Sogods adgl IFM o gloons .5 aigy 00 L5 &
55 a8 wvg Jlms 5 Sl esi 50 50 5 (Sl 2l
Wil RF 5 Soonstl clpladl 5l by
solitul . .. g o3l s puSin o3 (SUrodisS s
YU lg Bras wile glacae Gl plplo al oo
Skl shls pezen 5 LSl 99 o>
@l e g ple G938, SOt b Lol Wog by
Sptus ;3 gyg Slgdl g 5 18,5 Cwas
G e &S (Sl
Glapias Cge 5l g)lan 0ol Sigisisgg Sl
ole bl 5 Y 0] e ean Giby LS
2l o polie (omly Ll @ (g oo Seisisisgg,Sule
Spde de2 ls Sew (159 «embliseg xSl Sl
o sla b 5o I¥]s 5 o,Lal YU Wil sl 4 oles oo
JiSs W8 axSoslal sl ilise slals,
S el ool ooliinl g sleaian 558 L9, @ 9,50l
a1y Gl 5l eol; Hled [l caly o5 oSS

S9kd QMT )

o8, cusl L Mapping SaSS ST s> 0e
ColS ol ains an 4 il S5 Gl s
5 (0] by a4 ouls 3 el df] olg 4 L5 b

ol 5o ssde e [Pl Lad 4 L5 culss

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1774-fa.html

[ Downloaded from opsi.ir on 2025-11-07 ]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

4 (Sl 00)S o Foril bl b 5l
aS g se ddgi (SO SI l e S g9 g5k, S0]

Ja] el 2 Oygehs @y eS8 50 ol ol

2¢ 2
R= Rlcosz[%+al} )
b Slals Jols s JS i Ry calaly ol jo a8
Sl o g o9 sl KaT g e Yene ((Sasl sl
5 5o ol a4 azg bl G oo)led Y500 Chirp
o3 Sy ST (29,5 (lg it g5 S 1 Y500

ol 5 O jg0ds w2 90 0,leds

2 2
PZ:RZCOSZ{—”DZLfL fo +a2} f)
4 Wgdos polae Ry g Ry cpmns 90 (0,5 05 L
Oly awlie gl oS0 23 LSy o] alg,

< y504 (Amplitude comparison function (ACF))

g g0 gy
2¢ 2
cos? {”Dll'lj fi +a1}
ACF = % - — ©®)
2 COSZI:”Dszﬂ fm +0{2i|
c

&b ACF 548 oo cdalice (B) dlal) jo a5 jgbjlen
58 (6 Sl b o o 15,Sole S lS 3
ol wlalazel 31V &)g0a ACF iy po5 b (s
o=l ) eSeslal 8s 5 ssd e Ba> 5 5
30 =9, RF sl Ul oly s puSoslail b ans oo
oS3 ACE als 5 (By 5 B) (650 jlolS5T
g9 5l el ST (gl T oo cand 4 299,50 ke JUSew
slyls a5 L2=15km 4 L1=20km sl Job L (5,4 ,ud

95 cnl 0 ate 4S5 aS sl [A V] s euie il
Lt oyl jo Chirp gl pdas oKl sl
RF JUiSew by )5 JUiSew 50 ©ad
90 Sl 4 axgi b ol o g V =2V, cos(a, t)
R e 9 ), wee g5 ol e
LYY PRUPUI DE-TCEPNEL PR pR FRT P s PRV
S plase s jaiEle gl e oud
ol JB ) Dot S ojleds HeVsde (29>

Sl

E, = E,| cos(ayt)+
QD)
cos| w,t + Voo + ALY cos(aw,t) ||/2
Vﬂl V;zl

aels 5 uilS B i 4 Vi g gy YU abal, 0 &S
s8¥gae a4 (Jleel (bl 59 Ve egug9,50ke JUKem
S osled He Dal jeVede zae e Sy Vo
Jacobi-Anger law, ¢ (V) akul, 5 eolawl b .auil o
Vs za 0y Gus Ol Olsie )]

0,5 gl g O g0

E (t) = %[cos(a)ot)
o . M
+z J. () Cos((a)O +No t+T o + nzﬂ

—00

Jol &5 Jo @b o a0 Jp([y) YU akal, o a5

RF Ve . 7V,
S8 s Ty = v 9 OgwYgde il Ty = Vm

V4 7l

b 555 JiSem 0555 Canl 459508 DC ol 31 030
Lo S 3 (1) alaly 5 ead S8 (S s
505 j308 DL (Sl 5 L1 Jsbo b (Swssly s
slasls 5 Jobo lS 3 o |y Blap +na)ly el
Jifs Jlel b a5 peis aptnioy o )LS
sy 5190,S0ke JUiSaw Lawsi bop,] i a) g5

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1774-fa.html

[ Downloaded from opsi.ir on 2025-11-07 ]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

40 = =
Qe o = 5, a, = -1
20 || ——c, =1, az=0
-n =a =0, az=-1
0
i% =20 f ,it
3]
< -40 4
-60
-80
-100 L.

0 2 4 6 8 10 12 14
RF Frequency (GHz)
s,V 00 ChIrp ol )b olyss bl 5 ACF sl ol s+ ¥ S

JYTRRwS

[3] J. Capmany and D. Novak, "Microwave photonics
combines two worlds," Nature photonics, Vol. 1,
No. 6, p. 319, 2007.

[4] X. Zhang, H. Chi, X. Zhang, S. Zheng, X. Jin, and
J. Yao, "Instantaneous microwave frequency
measurement using an optical phase modulator,”
IEEE microwave and wireless components letters,
Vol. 19, No. 6, pp. 422-424, 2009.

[5] L. V. Nguyen, "Microwave photonic technique for
frequency measurement of simultaneous signals,”
IEEE Photonics Technology Letters, Vol. 21, No.
10, pp. 642-644, 2009.

[6] W. Wang et al., "Characterization of a coherent
optical RF channelizer based on a diffraction
grating,” IEEE Transactions on Microwave Theory
and Techniques, Vol. 49, No. 10, pp. 1996-2001,
2001.

[7] S.E. Hosseini and H. Keshavarz, "Chirp-adjustable
optical intensity modulator with tunable OCSR
based on Sagnac interferometer,"” Optical Fiber
Technology, Vol. 46, pp. 104-112, 2018.

[8] H. Kim and A. H. Gnauck, "Chirp characteristics
of dual-drive. Mach-Zehnder modulator with a
finite DC extinction ratio,” IEEE Photonics
Technology Letters, Vol. 14, No. 3, pp. 298-300,
2002.

[9] F. Devaux, Y. Sorel, and J. Kerdiles, "Simple
measurement of fiber dispersion and of chirp
parameter of intensity modulated light emitter,"
Journal of Lightwave Technology, Vol. 11, No. 12,
pp. 1937-1940, 1993.

[10]F. W. J. Olver, “Bessel functions of integer order,”
in Handbook of Mathematical Functions, M. A. I.
A. Stegan, Ed., pp. 355-434, 1972.

Voo

o144 g7 P
nm.km nm.km

ey 4 sl Saaal

b aw Glp mizen ol ool solaiul (glwand
s Sglate Chirp slls la,gVeon a5 alise
5 o =5 () &b an) ol oul plxil (gilwanss
s =0 (Y 5 a,=0 5 =1 (¥ ,=-1
3 it Cll> 4w ol ileans B (a,=-1
I opl jo a4 jebylen ol oals sols las ¥ SCs
55 5o b e Chip ol s b 555 o cunli
ol oSeslul Cds g o3l e Sal HeYgus

S ga 50

=

o5 2 g pSoslail sl waz Jlisle SO lis ol o
e s Gl eolall b gag9,0L JUSKe
Slpiiy iS4l CllS 3 Sigigiangg Sl
GSoslail s g 03l ool HLEle jo ol suls
L <G Chirp yl )b joss b gag9,500 JUSKew iS58
0dgdote O (_g)..fo)‘..\.:l o)’L} ‘[—\,a] 00gdote O )...A‘)L'
GyeSo3l o3l 4z m ad eulas VYOGHZ b ¥/0GHzZ
yrin iS4 Cond ACF Ol psd oo all S
Sl o cnlpby el SYL 6 uSojlal cds 5 el
chirp b cesle Ol L olgs oo (g0lgiin

Sy (BB 5 bl 6 S oslail o5L 4 e g3V g0

ez wo

[1] L. V. Nguyen and D. B. Hunter, "A photonic
technique for microwave frequency measurement,"
IEEE photonics technology letters, Vol. 18, No. 10,
pp. 1188-1190, 2006.

[2] M. Drummond, P. Monteiro, and R. Nogueira,
"Photonic RF instantaneous frequency
measurement system by means of a polarization-
domain interferometer,” Optics express, Vol. 17,
No. 7, pp. 5433-5438, 2009.

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1774-fa.html
http://www.tcpdf.org

