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A Design Method of Wide-band Filter with Optical
Fiber and Directional Coupler
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ABSTRACT

Considering the field of high frequency or broad-band signal filtering with high speed, we pro-
pose optical fiber filters which consist of directional couplers and optical fiber delay elements.
Fiber delay line signal processor is operated with incoherent optical carrier because of its sim-
plicity.

Due to the characteristics of the directional coupler which is basic element of optical fiber filter,
a new design method which is different from that of usual digital filter is required. By considering
the characteristics of directional coupler and in order to make good use of the optical signal energy,
we have given the design formulae and the conditions of optical fiber filters for the direct and the

lattice form.

I.M B

*RER KRB tEEORE TR o & o =
Dept. of Computer ':nd Communication Eng., Taegu Univ. 2 2de n&d, FidA, a8 ¥Idse
RCEY D 92-54(F1991 7. 2) Hojd 548 H5H02 ol &8 A5 A 2=

B el FB4

T2, A A AH), gejtil s, 3
539



HHEESRFR LI 926 Vol. 17 No.6

FeElFol st Bysiet &80 7Ithso] Hix
g A7t o] FojA »l‘:}. 53 gaolHE A
Aol Al (delay lines) & o] §&te] AJakA|l, 7],
HEv|Re], o)lZ A FI7E a5 W
dizel nHAYE tEerd dy4r HESHD
9\1‘:}_([3)

i Futol & AAuhA 2k Hefoll s
tap 7t9] ZHo A Aw GEaA T 4 UV Wil
LFI S W Fd s o] eI A e 7t 7hsahv]
oﬂ u}g :;Egg Wl 3 011;}(1)(43) %L'.j}.o]u{% x]c‘rl_f;:
2}(delay line) & o] &3 A& Hixz Acts He
19761 3ol Wilner$} van den Heuvelo] @t} -1 &
glolch Az el 5ol thek &89 shbsiAl Taylor
ol o3 ZHo|HE AL A delay line)x o] &
sted  gofolwdElo] H¥el AFPch? el
1982 Stanford thstell A FA1 & o] Huj W AGHS
et gAYV E ARt 2ol dE Y A g
g A9, Rud F FuolHE AAMo R o] §ahis
oef7pA o] Fupolw HElol g B v wol WK
H3 doh e i) o 9h 3k gutolv]HE o]
Bgol] ek dadZA: wolr i Hof olAIwt A4
ol o] EH1 AAPY L of A Syl xlo] A Hrt
=R e FapolHE o] g5 AL atef
APV E FHGHR e ol A E o] HA
o &t waatdrh A glEge] Apg Wi
A7 H A E A 2] ko] EghApgUnel efsf 42| A
F~(negative value) & 7}z deghpi sk

W AEYD QA 2 HESS A},Q.éﬂ I
o] A (source) ¢} <t stet FAAEY Ao 7] v-A
Z18} 31 heterodyne 7]&9] /% V143 A4
of sl ko2 W AME sfdatal Fow ke

13
b

o0k

ok
ﬂo :E ok M

Jov

TR M E EgdA el d & SR oyt A
125 E BYS AbREI, E
iz oA s sl(all-optical

sk Ht F b
communication) & 18] dted 7} 2 2] 5 g &5}hA]

Xe AL AR slzg wdlz akokeh of: 101
_\10_4 ]yﬂ:ﬂgib - ;'L/HO Aol vk o/l }io} ] }
o e Al op o] Aok

DN A A A 5] @] P
29715 AEAS i 03h 1abel) ghur A

4
F qeh

540

")1!1-%&*4218}7]9] W) ol A =
l-a(0<a<]) & o€

of g} e ﬂ]‘?h%{: ol Fupojw e 3= ARt
cAgAE s o AAN S A Havt gl
Uho el i elshgres
A8 s, galadel g NH& agHoz
o] &&hir AAMH S Sy sla] 2R &y Lattice
& whaboluele] NS kst o) He

= ‘/}ﬂ} A1 ,” JLA] O, _”. 6 ML]{.

2 & go] ast

FHAG7) 0 Aok

II. H|

HX

%u}olrwml AL g AAle] )i Aol
oq ke ) s ek omr elma|el o] 4l
elofl sl M Fad-[1]8 Fasha of 7] A

i *g o},

1. EFRIX| 14K}
ool el zlol W3E At zA Syt
oA s Yoks] B Ak ol g R 2

=]

A& 401 Al ¢H2 5 nsecol v}, St i 5GHz o)
ool (-7 & ke %iEii:é— ?‘71 Slaf A3z vkl A
Mg demz M s glok W ol Az ditel
ool &g whel A b g rg] 13 gto] EAaH R

gt

O

o
=z

— >

in out
E1 e Z—l = [

B = B R P R
Fig. 1 Unit delay element.

A7 A REIAIEAIRES 2l e FAIF L B o]

aAbel 91 &Y abAlsT vhg J’F 7reh
Ey=F;jz! (1)

2. ghaky 2‘2713 0| &8 &K}
. f
7

OL/\KJV ] ?, }‘—— /]v—vQ_ /}\Lﬂ_ 9/1114 ”0}30}:
G 2t el £AE @ 42 A

R R S L



W /Hubolwl of bk 7 g vlol ol g HriAUE P BB BT

By

out

BN J
/>—<\ y

Eq

a7 2 wad A
Fig. 2 Directional coupler.

gi]:r[ ;-afa] [EE] (2)

a7l al0<asl) = BFY A7 AdAFol
1, (Ey, Eo)¢} (F; Ene zZhzh lE = 89| @4
AZoln}, 18 2 r(0<sr<1) 2 HFA AR o A E
A A5 (lnten51ty transmission factor)elu}, 2
(204 A7V A8 - A EY - FF 29F
A& gk gl FEA S SA AT F de-
vice Al 2t71E o) Qo meh r=12 7HY #Ach
(14}

B =R ME olgl e wEaAv|e) 44
ol &5t A& Latticed LFutolHEE 1A
ghot,

e 5 S "L

3. SLtAX
Y 20 WA AN B S Ey, 28 E
2 3t FAHl S A

A=a
2 FoA) 1, HEF Ade U= 0<A<io®y o

ANE FaRAE 3 Y 3% ge 7188 of
gah.

input output
E AE

8l 3 24kAaa)

Fig. 3 Multiplier.

4. dAlel T2

¥ eRdMes dade dquAs HAE fas
A 01§ ARG st Fol Y WY He
()0 it HABFE a(>02 FE RS
Hy 2 ahi: AL amaHa(z) & 712 329 A9
g BER gt F ANzl ouAlel thsfM HA
Az & 5 Ak

. =X &nojHEH

SR AROl s THE FHY
1 PR AAEE et =9

29 4o B eRolA AFstE A0 Futolw
deel 24 ot e gy ATse) e
A% acsh S5 Ak 22t thgel 208 WA
ook g},

_Je-out
2% 4 s Falelnl Ay
Fig. 4 Optical fiber filter of direct form,
O<ak<l, 0 Ax<], k=0,1,...,n (3)

z} 11_;&3_)\01 Hx% a#Esbd 1Y 4 th & B
gpol YEl o] W= vhg-w) ol e AT
0xtel H A G2 acA,
12ke] 91l A~ $uke ai(l-ac) Az,
23t9) oJE A 2 axl-a1)(1-ad) Aez?,
2 Folxm, YvtA o g nxte] H A 7 U

o} gro] Fofzlrh
0l
angU (1-ax) Anz®

B2 Faolw HE o WEdrE

541



BB ESRR L 926 Vol 17 No.6

H(z) =% (AT (1a)izt

s} ol g},
@8, gusts HGE57} e gol FolHy
2 744,

Hd(Z):é(th'k (5

ojuf 2(3)9 2HoZ F¥H
hk >0 (6)

o] Fgslth= Z\*—% o ﬁlt}.
2 =ddAMe £ Hulg fFast

Al el gt HAHE 712 10; o}Ura H) &l

T2 a(>0) 2 ?5}%1 u a8 HE 8t HgE

amaxHa(z) & 712 329 A4HS ZF 7 s},
aHa(z) 9} 4 (4) 9] Al4& vwad

Axax I‘:I“ (1-a) =ahx )

ojth. ojal, A(7)& 7l g sto] WP A
o] AFASG a, T4 Ak 1811 a9 HHA
max & 3o}

WA 2 (7)ol M k=0 A5 Avdo=aho o] I &
1-a0=1-aho /Ao

o] gla1 (7)ol A k=1 YA+ Alai=ahi /(1-a0)
ojm g

la _ l-atho/Actin /Ar)
1-aho / Ao

of wlof A= thet 7o Hel & eisu
T,

__ahx/Ax
k1
lAaZ( (h./ Ai)

542

ki ) _ kV!
.Hn(l ar) a’_ﬂ(hu/AJ) (9)

(F9) 4(7)0] A& u, 4(8)# (9)7F A3t
’i% Ao 3 mah:}
k=0 L 438}z 32 g siey,
k%l“ﬂ Agadn 7ty sn k+1Y gix 498t
1= A& wolh A(8)E e

o] - A

1- av (h /A)

(h /A

:] h:/A:V
ol €t} mapA o] A 4 (9) 2 Y]

=rﬁ“(lral>:<1-ak)f‘f (1a)
~(Lanit-al (hi/A)i=1a¥ (hi/A)
(10)

ol¥jof (9)7F k+1¢wl & et
i ()7 (10) 223 -H

Ak+1 Ak+1=—— ahicr1 ,,‘_gbk’*“l_“
1 n 1-a) 1- a\_‘ h /A
oo 8)o] k+1du} Mdglsic} (ZyE)

U2 avb Holvh Wi 208 e A3 e
TE] Oan<] ojrig, ol Ao A(8)% skl
2] ahw

P

(he/A)

A[’Ix

(11)

olgrh A1)l hat art Rt Eghg 7HA 7] ¢
A AZF 7HEE & kg 7Aook dt 4(3) 2R
H*E AY HA A=



% /Aubolw o ek Ao o gt B g Aol B A

27012 o avt HHAE et

zo2 AANVERS o188 4HY Bobolu Y
Hel yEzAN 4ATHE okam thgd pe

Azt dojAh,

(4823] h=0, k=0,1,...,n (12)

(HAEA] A=1,

Qmax == ,,1 ’
Lh (13)
o — 2 k=010
1‘amax§,0hi (14)
g AAFAANA L 5 AR, SALA AF
lolme sakde BatE A% ¥ & Aok
:16] 21 (14) AN Fol A= W AE 7o A

H(z)=142z142z%+23
2 ZolAut: &P, 9o HAFA oz K

amax=1/6
ao=1/6, a1=2 /6, az=2 /6, a3=1 /6

ool Hel g Hiz) /69 AddsrE

IV. Lattice® ZbulojtHE Eq

Lattice(AzxH 8 "l AA77te] Mz SHA
LS8 FAEC A7V WEe, OA FEHFHQ P&
o3 AR R YT dEA HR2E FAY F

A E4e] i gAENEHY Foplr 4 |
£9 3 gty B =EolA Atk Lattice® F3t
olvi Wiz WP A7 AALAE 9 59 ¢

o W& HRE VR FHBYR ek 1Y 5ol
48 Fo, Gndt 29 F, Gi7te #AE dgd¥ Hi
g ol e the s wol EAY & Ak,

Fiq(2)—= 21 ——\
G,-_l(z)———>/

%, 5 A% Futolw L o) A )
Fig. 5 Basic section of optical lattice filter,

.)'1
(61~ 11l ]

*H[Gn] (15)

>

1% 59 SR E nl EHESTOEN B
o] A A|etslE Lattice® #ito W AHE A&
Atk nxb Lattice® ol JIJH o} cg»q%
Golz) 718] 1 23 & Fu(z), Gl IS
A ch& ot o] "ot

Fn(z) — Folz)
Gty ] = HelmHy [ 70 ] (16)

poc
T

0

w S

e
=
o

Ml 12 Folz), Go(z)i?—_ HE] Al
@ s} wﬂ Fo(z Go(z)~
ABE Folz), /Fgli"] ik
%91 V’iok 6“4.

A Ha(z)7F o188 49
o] Hutghgof A<l aHd(Z )E Fa(z)oll ofsf 4
#sba, 1wl Latticed sduto]lwjdEje] HEASF
ai~and olgA AAS=TIE agsch fxy 2
(15) 8 ¥ Foi(z), Gni(z) 9} Fulz), Ga(z) 2] A
7 th& it olE e AL o 4 ol

o] =m e

éﬂ}& aln

_Ll*l

27
2
3 Ae

j3

{r
\

1}01,
N
—_—

4 ol
-
i

_8_ m|m

r
JE:‘ » r'\"
2a

1
EA o},

71 A L= 3]

05 >-L

(1-an)z 'Fn1(z) +asGni(z)
anz 'Fn1(z)+(1-an) Gna{z) (17)

543



SHEEE4 AR Lk '92—6 Vol.17 No.6

o] o g By thg 9 Al(lemma) & A=)
[#11] Falz), Galz) & z'9] nx} t}apa]olr}. &%

i
b

:\L iz n :‘i (A
Fu(z) :,fr\, zZ, Gnlz) ]__,”g 0z (18)

9% o] AIE 4 Sk o 71A] fu 'l guast 24 Fa
. Ga(z) el iz AleE vebdoh Zrelal Fu(z) 9
Gn< )l Al vhsat gre] oot

Fn(Z):Z nGn(Zl) (19)

(24) A1(18)& 4(15)9F (17) 2 6 @i,

4(19) = HAhiol slsted F gv,

L n=0u F7sh= 2E st

2. n-lw AYFehn 7Hgstn nd WE FYshe
A€ welth A07) 2 H

z2°Gn(z)=z"anzFn1(z ') +(1-80)Gna(z 1)}
=anz " VFa1(z1)+(1-an)z"Gna(z 1)
=(1l-an)z'Fn1(z) +anGn1(z)
:Fn(Z)

o] 5o} noll thal A% A(19)7F A@ sk AL &
olul (=w )

[A12] Fulz) 3 Fuilz)e] AF7he] wHA= b3
7ko] Fol R}

fn. n=(1-an)fa. n1 (20)
fn,lz(l“an)fnl.ll + anfnl.nll, l:LZ ..... n-1 (21)
fn, o=anfn ILn} (22)

Zd) A7), (18), (19) & 5¢

Fn(z)f]i‘ fo .z
=(1-an) z'Fri1(z) + anGni(z)
=(1-an)fa1 01 2! + :":lli(l'an)fnl‘ i
+ anfot nai 20+ anfar, 0o

ol ¥t} o7|A PAG zhae] Ale7ie] s K

544

Wo2)(20), (21), (22) 7 doJRch (SHE)
tpo-o o g nxtY Al4E 2E n-13ke A
g a7 98HS) (1 amfa o8} (2)fn n#fn 0]
3 Cr’ 2ol #AlA g FEST
LAB] fon=fn o 27

an=1/2 (23)
fn Lon lszfn. n (24)
2fn o =fu1.1 + fal ot 1=1,2,..., n-1 (25)

th o] Aol fo i =fn & YFEFIX] Fo M
v},

(51) 2(20), (22)24¢H
(1-an)fn1 n1=anfn1 n1
OI” 2 an=1/20] €k 122 olmf an=1/28 &
(200, (20 oiglabd A(24), (25)7F At &
3 an= 1/2ﬁ (2D Ae) i=1~n-17}] s 2
fn;—-fnlnx 1= 12 n-1
& grEatolol dhubi RS 2 4 2

(FEE)

[#14] fan # fn o 42,

frj»}l _ -
AL H fu (26)
fu Lonl1== liila% (27)
fol = (1 an)fn i+1—anfn 1, nlt , i=0,1,..., n—2 (28)
1-2an
@ a o] 208 whEEtaiol ok
O<a<l], 1=0,1,...,n

(Z29) 4(26)2 2(20), (22)2 HE, 2 4
(27)& (20028 RH 43 @ F Aok A
(28)& H(21) &



Wor/gutelw ol A Z e o3 B UE P BY AP

foi=(l-an)fn1 i1 + aofninii
fo. ni==(1-an) fa1. ni1 + anfn 11

2] 24o] dofFrt of 24 SRR far nng £7)8}
A A(28)0] AYate Ae & 4 Uk ($HE)

Algell distaed, 21(28)ell M Folzl ang 2(26),
(27)0l HY3HA, fo 0 # fn od A9 Fulz) 2 HE
Foi(z) ol ZAASE 7T + vt &,

for n1=fn n -+ fn, o (29)

fn-l, = fm nfnLH—l ~'fn ofn n-1-i ,

fn, n— fl'l, 0

i=0,1,...,n-2  (30)

o ®rh. Hst ol%h g WSS ol g3l 7 A%
§ T B E T8 S AAT A8 gYoRs
Fo(z)E 78 % o} & g3 2& #AAE
o},

rul

[ A15]

FU(Z)::\;'fn,x (=G0(Z):1) (31)

(219) 4(20), (21)
72} vshe

, (22)9] FHE i=0~n7}7A]

;:}fn.l = é)fnrl,n

o] ®t}, ols} o] W sty

D= Lfoi = = L fo—fuo

offith. o714 Fo(z)7} H49) A& Folsid

(31)°] A¥3ch (£8#)
Aol Aupel 2)(16) 0.2 ¥, Latticed s}ulolny

Hejell o3 d¥sE ADE4 Falz) e FojA (8
Wal=) A2 E4a Halz) ol o &b
Fn(Z)zL_gd‘(‘Z‘2

Lh (32)

7t AEEE 4 5 Uk ole @ A ANY 3

ol dele] 9ot YA sl=HE ¢ & AHA(13)
5&1

vog gyste dEgs Ha(z)7t FAHE o),
Latticed s2seldElo] osf 43 AGgs
Fo(z) & +817] 918 A58 gofshd o3 ¢
c},

[ A5

(Dfn a#fn o B9, 50170 AEds He(z) 2
HE] 2)(26), (27), (28)5 ]88t and} n-13} o3t
4] Faa(z) 9 711-?»— : LGPL}

fo n=fn oY A-$t=, Fol A4 Halz) ZHE
21(23), (24), (25)& ©1 &3t and} n-13 vhat
Fai(z)) A58 pat T fo =for a(i=12,...,
n-1) & e 4 uﬂv— A8 Brtgst

(2)n=n-188 (1)2

(A 2]
8t A ghas Ha(z) 74

Ha(z)=1 + 2z' + 2z?

2 FojH & Lattice®d HytojmPEjol oa) A&
&b,

f20=1, f2.1==2, {2, 2=1

olr g 4 A 4ol uje)

a=1/2
Fi(z)=2+2z!

ol#lth A7|A arg y3hd

ai=1/2

olElth. A 2(32)0f whEW

Fe(z)=Hal(z) /4

o} AgdFE 7H FatolHUE 7L Pt

545



EELE{Z R i 926 Vol.17 No.6

T3, dleltt AaAdes nd - Az
3 ey s 95 l g
Af7E FAHGHE e
o thate] =shrd

B =R AN FAYe e FHE B4
dolAA @ AeE Atk olHd ¢

o
Bol AbE T ANHx e Wasoan Hukal

o) AAYAE FRAY FE YA, A7]H e A
2ol estn Hesh gold AmATEHUL

ALg% Foto|HBEE kel g4oR st
Ao} Aol Algho] gliz At v EHE 9=
2o, gutolw|dEe] FA A A
AT azt 05 1742 sH = o] Qe
1AM 2lE o] ag) l-az FujEv) B =i
i oloh e AkEE melst, BiE A
H g ol &3te HARHE xR st AP
Latticed @afolv| eI & 2bz} Aoratar, -1 HH =
6H

- )=}
A

E
v ‘~t'
é

‘3.:
1lo

Az A fFestdn, 13, HExE
Sty dalAs 1 Yo s
He dAds4E 713 327 doj & £ = R
By}

toz ol YA Hrp A& F
el HE) 9] Aek(spec) i RE A
de9] HAzAE BEAANE A
AP S HE 123 IR o3k
7t ol e},

3=

-0
0
™
: L
-+
oX
lo,

il

&

i
w0

ikl
[J]
H

il

1. K.P.Jackson, S.A Newton, B.Mosleighi, M.C,
C.Cutler, J.W.Goodman and H.J.Shaw : “Op-

IEEE
Trans Microwave Theory and Tech., pp.
193-208, March 1985,

2. R.A. Bergh, H.C.Lefevre and H.J.Shaw : “All

" Opt.Lett.,

tical fiber delay line signal processing,”

single mode fiber optic gyroscope,
pp. 198-200, April 1981.
3. L.F.Stokes, M.Chodrow and H,J.Shaw : “All
single mode fiber resonator,” Opt.Lett., pp.
288-290, June 1982,

4. K.P.Jackson, J.E. Bowers, S.A.Newton and

546

(&3]

6.

10.

11.

13.

14.

C.Cutler : “Microbend-optical fiber tapped de-
lay line for gigahertz signal processing,” Appl.
Phys. Lett., vol.41 No.2, pp.139-141, July 1982.

. J.LE.Bowers, S.A Newton, W.V Sortin and H.J.

Shaw : “Filter response of single mode fiber
recirculating delay line,” Electron, Lett., vol.
18, No.3, pp.110-111, Feb. 1982.

K. Wilner and A.P.vanden Heuvel : “Fiber op-
tic delay lines for microwave signal process-
ing,” Proc. of IEEE, vol.64, No.5, pp.805-807,
May 1976.

G.M.Dillard, H.F.Taylor and B.R.Hunt:
“Fiber and integrated optics techniques for
National Tele-
communications Conference Record, vol.3, pp.

radar and signal processing,”

37.5-1-37.5-5, 1976.
B_Moslehl, J.W.Goodman, M.Tur and H.J.
Shaw : “Fiber optic lattice signal processing,”

Proc.of IEEE 72, No.7, pp.909-930, July 1984,

. K.P.Jackson, Guoginging Xiao and H.J . Shaw :

“Coherent optical fiber delay line processor,”
Electron. Lett. pp.1335-1337, Dec. 1986.

UNTTR T % 6 UV 318 51 8 b B Sl AV

Foo 2= 7 1L g,” (S8 OSWS-6,
pp.27-30, 1989% 6}1.

EIRED, WEE I "ok —L v PRERV AW
il R A VAR I O R4 - S A £
1% WGBS B Ei LEE(A), voll]J72-A No.ll, pp.
1894-1901, 19894 11 H.
. C.W.Lee, K Sakaniwa :
coherent optical fiber filters of direct form,”

“A Design method for
Scripta Tech. Jounals in Electronics and
Communications in Japan, vol.73, No.10, pp.
36-45, Oct. 1990.

E.O.Rausch, R.B.Efurd and M.A.Corbin : “A
fiber optic pulse compression device for hign
resolution radars,” IEE Conf. Radar, London,
England, pp.326-330. 1982.

R.C.Youngquist, L.F.stokes and H.].Shaw :
“Effects of normal mode loss in dielectric
waveguide directional couplers and interfero-
meters,” IEEE J. Ouant. Electron, pp.1888-
1896, Dec. 1983.



W/ Butolvi o R A 2l FejA e Tl wg A

%0| =22 1991HE SHRBBAEH o1 7HIXI 0| ostof SITEI9lS.

F #f H(Chae Wook Lee) E# R
19574F 12H 24 A %
19804F 2H : EM T K$ #ETL

% B #(Shin Hwan Kim) iF & &
19524 4H 6H 4%
1975% 2H : &AL K8 dfi T

’QE"H(I’QA‘i) k(T4
19874 3A : AR THAS KB 19834 2 1 B AM KB &
ERET RIS ST FH TR
B fak 19857 4H ~ 19884 38 : BA K
19904 38 R THRE K¥k HoAS KB BT
 MEBT LA (TS BEH T M)
M) 19834 35 ~Bire : KHR U T BLE T TR RIBR

BHR
% ERCATE Tl AE ERRE, KBEA LW, e

547



