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Structure principles and design methods of microwave
photonic filter
Fan Wenwen, Xin Xiangjun, Zhang Qi
(School of Electronic Engineering,Beijing University of Posts and Telecommunications, Beijing
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Abstract: This work demonstrates the filtering principle and basic structure of microwave
photonic filter, and describes the design theory of the popular microwave photonic filter . Quality
Factor Q is an important indicator, and its size determines the performance of filter frequency
selection. this paper illustrates with fiber ring and fiber grating as different time delay unit, lists
several typical high-Q microwave photonic filter structure, and analyses the principle of filter
cascade; then introduces some methods of generating the negative tap filters.

Key words: Microwave photonic filter; Q value; cascade; negative tap

0 5%

PR TIEDE B LT T AR AR, TR LSS O B P 3 E e L A
Wl B AL R A B TP T R, SR S . ICHURE . SR TR
B, OGRS IRAL S TR BT R AR A8 o TS 73 e 1 v 0
S AR, KRR TR BT IR, SIS L R S S
i ae T

IR T IS SRS S AT AA N (1) B RiQU IS 2. 5 BB QI
LT T DA 5 PR A QP A, 8 A 7 v i

0- FSR
TR, QUIINGE X Vo, FSROYIEDE S2H0 1 FAHAE, 55 1604 28 10 AR N )45 56,
AL IE DL R o 70 T-08 0 2P R AESR 45 MO AR I FSR 5 6 B2 1) 0 35 sk

%%%%Kﬁﬁ%o%ﬁ%ﬁ%f“%%ﬁﬁ@%%ﬁ%%@%HUﬁ@ET%**N%%

HEEWE: #H S H I LRI DURHIF S 4 75 B (200800131002)
e e (1987-) , Lo, Wi, FEEFRTE: cHET AR, BTRSESEA T
BIEBKEARAN: TIZE (1969-) , W, #dz, FEMILT7IM: LR S5 H AT



2011 4E55 1 3% 7 1 BT UL {E 05

e, Vs R AT . AT, FSRAAHE 7308 B, 8k BH0 51
A QUL K, AT, (2) HRAGRE S R RS . Xk
TR RE RO, R O . (3) TS RO TT I, TR SR
SE A IR B M T, R P A A B, SIS T,
ULECISESR, BT S U ATEINT, 0S5 b 3 A EIT T o NI T T S P
RO . BTSSR S A P e s T I SRS, — AR 4
F R FSR U 2 8, T4 S5 B AR 0 7 LU G A B, (4)
BRI, 70 5 R LT O 0 2

1 Ot T8 4% Y I 2
AT (5 S ALK, ATV 1 RG5O o LA

N-1
=r
Saz

H (z_]) = —’:}?4

1- Z_:]bszk
k=l
a,~ b FDCEHITSCBLUER AR RS, 0 TR ARG BN A Rk », (FIRD #8737
BERIRIC PR B (TIR) 343, N My A RFIRFITIR B K. b, =0 (k=1,2..M-1),
DEE s AR 1 DRI 15 A 3 U s o

(D

Inx(1) @ ]
RE
] oS
. OUT y(t) = t—k
Optical 1 4@ L% ] 1 ’ gakxx( D
3 3 PC
Source N 3T @ N .

K1 BBt TR as i) — iR R =
Fig. 1 The general structure of microwave photonic filter
ARG T 0B s ) — RS AL s S 1 A m g FLH SR NI R [ AR AR T A - A
FRT LA R OO T OB R A S R S A 5 L i R I B DS b, ARl
IIGAR I NG SR, BRSSO AR AN R INAL a, FISEINT, 5 Ja XN SRR G R4
T R 5 e 3 BN A 5 i
MFEITRT LA H 2R 45 A AR 2



9% BT UL {E 2011 4645 1 4 45 7

N-1
y() =Y ayx(t—kT)
k=0 2)

b Xy YRR, NARSL R a BRI, ot
T A8 T L 6B e S BRSSO S P I, R TR B i
0, T =27/ Q RFAHIASILIOERN, Q IEHR M E R (FSR) , [k
xX(t—kT)=x(t)*S(t —kT) , HthnT LA b

N-1
y(t) = x(t)* Y a,5(t —kT) (3)
k=0
T, DR o YA -
N-1
h(ty=> a,6(t—kT) (4)
k=0
SRS
N-1 )
H(a))=2ake_”’” (5)
k=0

MAERG) @A, s O msgizsm (@) g i g TR Sk R XL
T Yesz iy

G R VERT . SRR IOt T DA E () = [T, e/,
Fort I RORUEROEH, oo, RGOSR, 0 g ORI S . 25t (6 T
SE SO e HL

N-1
Ey(t) =T, Y Jags, (t— kT)e D647 o
=0

seap 50 O e, VO RSO

AT 7, AREAIERT CPPAAR L2 AT 2 1 5 R P 2 A
BT, e, >> T, SRS AR50, JUH ROt A PR, e
AR IS, BRI S50 R R0 B LK, (2SI LLSE L T
W7, << T, WM TR, /S5 0 AR MR e R PR, I
TR OB, (eI R A 53S0 R RS O REIE R, A
TN L B AR TACHR 2 I B0 T A B, ARSI 280t 7 T B
%

1,06 = 506y = R, Yl s, (¢ — k7] 7



2011 4E55 1 3% 7 1 BT UL {E

97

MCECATBUER Y, S AR LS S Z I 2R &R

2 & Q EMIBCTIRIKAR

BV HCBE U8 I 25 (0 A A 5 AR AR T R AN K = AR B3R, FE B, AN [R] R i
LA 5 G ARG 2 D AT, 2 LE I BTG A [ o] AR 2 S — R ADGE I E
HEEWS TG 5 R M S E N Thie . SEBLE Q M A AIRZ, WA
CRINIEBESE R FHOGETIRNE N SR 2R B8 141 H ¥ LLACR FH SR RE I 2 1R 7 v o
2.1 FIHABEICA I TR

B 2 s — R A m Q (EBs Tk s 4hity, b R1 F1 R2 735K TG
FBG1 FUGHE FBG2 [ SSH#. Dttt FBG1 I 5 #08 50%, it FBG2 I 24 100%,
B BE eSS40t FBGL Ja, 515 54 FBGL IR, 5 FEH G S &L B
LT IR 2% EDFA UK, #f FBG2 4 s 1) FBG Xt G4t Yo 4F 1T 4% s 218
JEHERN S, EHOEEIA FBG2 JE b A, Sl WA IEIRL L Ja, XA —HmiEs, —
oy R, IR o BRI, A5 54k ) BRI 1) i AN (14 5 S5 FH SR i T R PR et g 12 )
il Sk, H FLAN [t S 2 5] PR A [ By S A2 AR TR PR, s IR 220 A T4 i BIA 6 rEUARS I 28 45 5 #18
A 2L MR ZE, BIP AR T S IR 1 I [A) 458

EDFA
R R2
A Y ‘ ‘ L ‘ ‘
s EOM () {ll Il 7
FBG1 FBG2
I AR 2
98Cnm7L Vi

K2 RSB ECET RO T IE B
Fig. 2 Microwave photonic filter using erbium-doped fiber

B 2 B Sl 2 IR AE ] T3 DGEr, I T B, B T A WIMBOL 7 I8N 4
AN, B EDFA (¥4 88 T LA R0 4% R IR A (K Sk B, DB B 10y S A2 T A o Ok
MR AE A 5 AE DGR RSB R B St T8O, i TS S plic IR s R 22 A1 ], PR
A DA A A (] R R o T S0 07 AR W], Q R AT LAY 325, IXFRSRAU P A5 1)
PR 2GRt i, PR Sy S e ILIAT IR 2 IR T UE s A R HOR I - IX P S Ry it A T
Sl . 4 FBG R FBG2 434 s VAN FBG ] S Bk i 248 (A ) 41



98

BT UL 01145 18 574

22 FRDEARERLRIMBOL T IE R A

EDFA
Q
h R
A i
R Q £ FBG
PD > W

B3 FIHIGLT IR AE IR 2 RIEDF A i QE UG 1 I8 #4544
Fig. 3 High-Q microwave photonic filter structure using fiber ring delay line and EDFA

B3 BT (g i Al T OGETIAE R (IR 2 I AEGET R b N T EDFA, H KA 48R
HERIARFE" o R EET YEMIRE R 2%, 45 8 A A5 5 2Rl (1S [ 6 A7 B B ol 77 AR [ )
o G BRI T AN Sk o 3ABRE G 3, R IEAT S 5 00k . BARERAR N A5 5 4 il
BRI NS ERAE, AR AR RIA OGS, A R A R BIRE S A, PR BRI
WA — RN 2D — R R B G2, DULER .. 5 KRB A 24T
W—WJ5, ENARGR, Wil — B EOH RI B A 2 — B PRI O AF
=, [PIBREG A DUE AL AR UCHE e & 1 4P 38— IR N SE A T 06 4, 3R 1] 3]
R IS4 52 IEIR S 5 00, T2T,3T......(n-1)T B A R CETIRAE by IR 26 1 ik 2%
7 (R AT I LA BE O, A IR AT B QI B4 5E T AR L 1R At

2.3 EBARHIZUR

X ) > H(@) 81 < Gl@) e rex
K4 AL AR SR I U — Bk
Fig. 4 The general structure of two cascade optical filters
ABCBE N UE I A G P SR i [ A -
h(ty=Y a,6(t—rT)=> hS—rT) (8)
r=0 r=0
93— N UE PR AL CI IR AL PO Y A g (1), B
g()=Y b6(t—-sT)=) g (t—sT) (9)
5=0 5=0

XTI IR O, 2 se Jr=h Ty RE vl A, 6 RS 73 (0 g A\ R 2 TR Rk



2011 4E55 1 3% 7 1 BT UL {E

99

PERAR,  GUBCR (K R G A b o A — 3 R B:

W0y g()= 3> hg,8(~rT)8(t~T)

r=0 s=0

Il
NgE

h.go(t—(r+s)T)

r

Il
M 1
M- LM

e .g,8(t~kT)

\
Il
(=]
Il
(=]

s

Il
NgE

m 5(t—kT) (10)

T
(=]

k
A k=r+s;m, :zk,Hgs

s=0

e T AT/ D D 1 6 0 20 e (iR R, [ ST LT R
h(t) %A B 5 g (0) HOAT S RE (10 TR
U HE A ML 5 S PR 06 2R L 2 BT b 4
E (6) =1, strh. I BICITHRIE, o, RICHT O, ¢(0) RICHMMRE
1. LI A
© 1
E,(t)=[I,Y m,[s,(t = kT)]2e/ @ T0D) (1D
k=0
RS (R L L, B0 EA H PR b
1,0 =5,0=R{E, @)

(12)

= %Iiim,f [s, (t—kT)]+iRliiimrms*\/si (t—rT)s,(t —sT)xT((r —s)T)

k=0 s#r

T (RT3 T o G R, T %, s

5,0 =K1Y w25, (¢~ KT)]
ik, = B P A A PSS B O P AT, 3 I
S, SKFLE RN T IS 0 ) TERFSR, METIQ G, KRB AT DAk A i
T UE R B0 5 BRI FLE TR OBFSTSR O HT, 2 T45 A B B e T8
YAk R BRI . o (ESe0r, BTGB T H AT EET |- QI S 3 i A
RN, QIAH 13338, HMHILLIAR] T 40dB, HATFee b 1T.4F,

3 HASMKREIIHEOE T uEH s

PRGOSk R LRI T A A FIOE b g, Wl s BRs, B
el SR B W B, WIBRHIZEINAE T, 2B A RIS, 2R PR,
A 5 5 AT SE Sk S Sk RO IR SR SO A LB (LA 10, T LA



100 BT UL {E 2011 4E55 1 4 5 7 )

VB AR AR AN B 5 2 AN SR B, T Ao 240k, 206U O
U5, WDM Z i 540 3dB fh & s
d iz
a| iz
RF Input

Optical
Source
KIS 2o R = A R R B A G 1 I i

Fig. 5 A photonic microwave delay-line filter with a negative coefficient using differential detection
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