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Abstract

Design rules of directional coupler optical switches are discussed in consideration of parasitic
couplings in the bending sections. The parasitic coupling phenomenon is analyzed based on the
coupled-mode theory and the solutions are represented in the form of the transfer matrix. The modified
switching conditions due to the parasitic coupling are derived and the resultant switching diagrams are
illustrated. It is revealed that the parallel section’s length needs to be adjusted less than the coupling
length 1.(= 7/2 x0)to obtain the desired crosstalk and that the adjustment depends on the strength of
the parasitic coupling. However, it is discovered that, for weak parasitic coupling, the switching voltage
does not need to be altered but may maintain the same value as if no parasitic coupling is taken into
account.

[ M2 2 "ozl HPyt 7 maRs AR, clefit

T2t Agol 93 power Eul/A¥7], Agx/ Wz

W ARlE B 108 /18 FAecRA 3A el 2eHT ok Wey Agle Ak Axte)
5 qelgirt. o]= couplinge]l ST + e A= F Aoy} oAl F Aol x| % A
- 2Ake] AEnzh vk EAlZE Qlek olE S5

* EAR, AT BT I8N 37 9lsled sH 48 ekl AR Akt
(Dept. of Electronics Eng., Seoul City Univ.) g sk Adrle FEE) parallel’dt F
B BT 199648 A8H, SR 19964711 A25H E=s2e A= i, /EHYe ¢ EvE 7



42 Input/Output Bending %9419 Parasitic Couplings 733+ urarA
ol HAlHe® wWsH= non-paralleldt FE =

bending dH°& FAgle] 2} olupz FAF R}
non-paralleld F£5 £3}7]'21 wpapy Agy) ¥
26" 5o gwes) Mokd A% Uk Non-
parallel§t 7 T37xr) AL gr e moy!?
"1 %8 parallel WA A1) bending 3ol
9] &ML
o] el 2J3te] o) Feiz] girl.

TAYH 7L parallel 722 2= wlaky Air)s
AAZ o -2 ])/EH 59 bending GAoll4] kA
&= parasitic couplingS A8}, FA3R2] o)A}
A9l Apoluke Bl diipo Ao} ghr). e}
H/EFH YoM HPBEE parasitic coupling& A4 T+
A IF 4 gl dabeln, o) 4xle) 4dulE o
A7l gele] Foh wheba] 9l/Z34e) parasitic
coupling®] =& =g mEjsle] o]ibxal AgHo)
= BAsE AL axbe 4AdnlE 34 Zojgele
HI2IRE Hialolo)

&2 ATl = non-paralleldt F Edbes) wleky
A719) 3/EH 5 bending F9L AT o) o] o
ell4] ASH= parasitic coupling®AFS S)Alshw
°| parasitic couplinge] W3] Aglr] 3
Al PIAlE ek AR A gl §4e cou-
pled-mode W& viEkow &y, ql/ZHR 4
3 ZF dellxe] 8 A Esje] malslyd
t}t Bending $-9]9)4] radiation loss7} $lth= 714
atoll, /%249 bending Ztwo| W parasitic
coupling®] <}& ZEs}rh Parasitic coupling2)
Aol whe FAGY-0] 3 Aol rAA s}
of Abyglon 3 Aol ¥ wre qlv} A
ste] RAAE ohs9ich

o X

2 é’loltdlﬂ [61 01 e

coupled-mode

0. Parasitic Coupling

WA A1) /EHE AAME) Wolxle F =
SpE R A= o] 9393042 parasitic coupling |
21&F power AHL 3 A9x Aol 3ake vlx|A

Tk

1. 3849 Parasitic Coupling
Wkl Azl 2% 23 144 B3] ben-
ding&A3 Eol7] f8led F wald alolo] Az}

(42)

A7) % 28129 A WA gEE A

[
2o

Moz wislshs HulE ek o¥ la)k &9
| ¥z wslsl= 29y, 28 (b= s
curveJ el 2 Wspsh= H9olc)t 28 1(b)9] Tr=
2=0, Low ©llA ®]HEo] 0 o]Z& smooth transition-$
7FA]H, bending &2 #v|9ke- radiation lossE Z4
35t e TFEoIth ¥ A% EF parasitic
coupling &4h& Awdsh=d] £ o7} & 4 glch

3

A~

T

X WiG1

(b)

TE 1. TR 2 W Al 29y
(a) linear F&, g(z) = gg + 2tan( 6/2)z
(b) s—curved F& glz) = gy + (so-go)sin’
( 7T7,/2Lnut)

Fig. 1. Output section of a symmetric directional
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Fig. 3. Input section of a directional coupler.

dpolde] AT T mskze] AelAel gl
chesh o] vekd 4 olek

g(2) = g, —2tan(8/2 X z—L,,) (14)

3 dol|4]9] Parasitic Coupling2 &3k WA A3 %

2929 A wA £RE M
Webd ¢ (2t chesh o] Ealsck
P (Z) _ e?ﬂtan(ﬁ/w(szm) (15)

A7A ko FAFNE] APASZ A (12)9] «o 9
bt A (15)8 A (Dol disishd B34 2]
2] sl ol et $47he ohgt 3roldrd

L
¢m = 4 eZl)lan(O/Z)(z*Lw)dz
3! (16)

Ko 2L,

2pean(a12) ! )
Al (16)8 2] (1) U3 Arjock wepy it
o} ¥ B7} symmetric & w JFF-olA2] energy
coupling #A2 F¥ Yol FUAFS o 4 Uk

3. Main Coupling <2] Agto] A

ubskx Aglz)ellal AAHQ power AW main
coupling 93°dellx9) couplingll 213+ power &)
of, §l/&™¥-elr ZEAFh= parasitic couplingol] 2
aredslol gk ql/EH N} FAYH
Wkl Adr|ox g 2o He
o]g-3le] AbHH A} gt
dollv= gl yel EH¥r} A F2E 7Y
Bast T gy} T3 22 zZHe vk Ad
717} 1233 gl

gt power HE%
- e A

Z powers 2 (6)%

n e
IR

J

1

fr nm

T

g

L

Input Bending . Parallel | Qutput Bending
Section © Section ' Section

T8 4. W 3] dERel Y e U A&
i 7}'7{ Lln - Lnul- LC . éﬁoﬂoﬂ"] —Lz}‘%;o]
Symmetric  directional  coupler  with
identical input and output sections, L. :
Length of a parallel section.

Fig. 4.

a7 49} & oA %‘4 Ll
2 1ol Tl 22 HAds
c}.

Agle) w5
power Ptranx\_ E‘——_\,}

i



197% 1A ETFI%eH

Pigns = S(LYS™(L) = sin’¢, an

o]7]4]
b= [T e@at [ kot [ xad (18
olth & Akt ¢ B /EHR FAYY dyon

Pro] Ayshd chest 2ok

g = kol t 20 (19)

o714
b = b = o (20)

o]t} Parasitic coupling& F2]&F 75l ¢+ 3 A
o] olFez|7] SlaliMe FHIY oo A «
ole 7F Cn+D) x/2 2l 3k& zbert 22 dAHoR
3l/%4 bending “d9l41°] couplingS EAs}H, o]
2 elsl (2n+D) /2 B4E Hejl} 2Py} s
whbA] parasitic coupling-& et AA 947t ¢,
7L Cn+Dr/2 o 3 AEE L = BAE]oe} 3t}
A AAA AEEE A R 2/2 (n=0)e]

B2 ¢ = 1/2 & WO AuBy|R g
FParasitic coupling 23 ¢ (L. +2 ¢, = g (21a)
No parasitic coupling A : « ¢l = g (¢, =0) (21b)

1+ parasitic couplinge] @l& - ¢,=0)2] o]AHH
ql Agojo|r}t #AA 2 & parasitic coupling= &
AFeZ L. & o) 7ol WAEofo} gict

0157

10128

 cosa (rad)

JEr:'l 5. Low = Lin = 20 L °“k] 68/2 °ﬂ “’Hﬂ' AQ]. &b
o] W3} go=6um d=5m m=2.20, n2=2.203, A
=1.3m xo = 0.256/mm, I = 6.116mm

4 and ¢y as a function of /2 for Low =
Lin = 20 1o go=6um d=Hpm n;=2.20, n»=2.203,
A=13um o = 0.256/mm, I. = 6.116mm.

Fig. 5.

Er
pIoy

(45)

FUSE DR B 1R 15
L= 1(1~-4) (22)
714
g= 2 (23)
n

olct. 4% Aol A4zt HAx|elch A (11),
(16) 5ol 2lsted ¢, & A3 T3P, A (22)°) ¢
g} 3 Aol o BHE] BAR ARAolE: L& +
olrk 18 50 ¥ slab ESEE o2 5o 9)/EH
28] bending ZE 4/2¢) w2 parasitic coupling
2] oF ¢y, el Aol BAA g9 {AVE o
27 gl

=2

m A9 A

ot

whekAl Al 3 9ol digh 7lEe]
Ao n57}l 8)/FH bending 999 parasitic
coupling & T23}A] 92 7-folct £ Aol B
A AR B 2XE e FEYY, e
FH5E ] AR FEla, o] E o] 83le] ¢
/Z#%-2] parasitic couplingS 1&g 29A =S
sidstedct 19 Gl Wb ARr] F XY 2
Ho] glom, F 2R Yol AL FAF

¥ et

2914 4

* RO

5(0) WiG2
L Le— Low —
InputBending  + Parallel | Output Bending
Section | Section | Section

a7 6. WA Ajr] s 29A
Fig. 6. Schematic diagram of directional coupler
optical switch.

Ed2 134 271 deel TfRelw 4o e F,
AB8= 0, kz) =kn2) =rz) A A /EHE
dae Adsad [ 1], [ O 1-& 23 o] et
9 4 qlck

cos¢, —jsing,
[711 = [0] = (24)
—Jjsin ¢, cos ¢,



46

o372} ¢t A (1) (2003} e Fic)

WFEkAl 23719l main coupling sectionel thgh X;l‘i;}

el | M ]2 A (ENE] o) gho] et gl
cl.
cos & L.t 8 sin x 'L, - Aj‘,‘ Shars
[M] = 5 K
7/'—‘;}‘,‘* sin £ L, cos x L, —J 7?7 sink L.
(25)
47141
= ki o+ S (26)
olck,
uleka] Agly] 3 28]l chgk AAl Autsis [T
1 gleld] T Al WRe] o vl v,
R(L) R(0)
=[7] (27
SCLY S()
o171
o —jes
[(71= [OolMM]I[I]= l (28)
—Jjcy ('T
¢y = cos kL, cos 2g,— :‘[,‘ sin &« L. sin 2¢, —7 f, sin « L,
(292)
¢, = “0 Gin k"L, cos 24, + cos &L, sin 2¢, (29b)
olv}. = Atz [T ]+ unitary matrix o]
o]z |pssless system & 2vighh o] HzR: )/ F
215.9] hent pointellA12] radiation loss$ 0 25 7}
Gakieel 712k 3l
waE 18 e °]"P5}~1 S o & RO) = 1.0,
S(0) = 00 o s A9l U Al gk

ol golabA shr] glstel sgo] @b revbEelA vf
St R L i e b e S S E R
2 7)) gk et welgh wukee
o] ZEw i Al 0 2 w73k

28134 222 okt bk
ool =0 30
les| =0 (31)
k-

] sadab,

s 8= 0, koL, +2¢,=2n+1)

oy

An=0,1,2,)

Input/Output Bending A9 el418] Parasitic Coupling-s 2183 WF&H4 A1 4 29129l A A WA

(16

ERE S

@ik P - (33)

¥ h1)+6 tanv I\”+(§\L = —tan2¢,
}

o} 7t} ol Al vhgut e WS

Eglsirle

. = y = e (34)
T I,

of7]a} x&}b vi= Zkzb "apst #stal Aapst Age]

z} Halch 4 (33)% xo} y& olgate] xHs}
il E}-rji’]— 1?01%4‘

Kix=0,y=0Cn+1) -4, (n=0,1,2,) (3D

e em7—— tan z \/‘v yZ:{;x2 = —tan i (36)

vy bxt 2 2

o] 7|4 A= 4] (23)ell4] Aeolxl Agtdoele] Aafst B
Hzlolel, 18] Solla] 4/EH 2] bendingZt®E 6/2
7b Aopdell web 47F Z7HRE ook A (35

(36)0l14] A-gal 49-al n=0ll wizted 2914 LM

of Lals A Myl shllck

1. Weak Parasitic Coupling
213 7ollv= Fefe] parasitic couplingg FAIE 4
S A-0.00F 715

couplingell thgt

Foi slo]l W /9] weak parasitic

2913 curverl 189A ek

25 T T —
——a=00

N S e a 0001 ]
----- 4=005
s AL

2<'SLC.'7I
2| 7. Weak Parasitic Coupling 2% 2813 tio]
olzz8 (n=0) A3} BAA 4] el ut

2 0 W oo Abele] wWst
Fig. 7. Switching diagram for weak parasitic
couplingThe ¢ and & states with the

parameter of 4.



1974 1A EBEFIEEH

A7} F7Hparasitic couplinge] £7p el wle2ly] &
Aol & Abele] uhbs el (x, v)7F fANEFe R

AgH oz ol 98-S o 5 glek
47F AR g e S Al (35), (36)% oY
7HAg Aog diAld 4 glvk
&: x=0, y=1-4 (37)
S x=V31-4).y=1-D (38)
y=1-4, v =xV3 & 4 36)d st Talyor
F4=5 dshd #pH=9a0] AglEE oF = ek 4

7b AR gk 7P S ) A} o
(37), (3R)&HE] 753t
2okl bending ZEUE AoplSE
Coupling91 ofo] wolAn] wtA] HAA] 4
(37), BRRFE g7} AXH FAFY-
= ‘JrOPXM, 7pst o= ¥A
ZA "ok oL oolf 8] 7ol K e} ol
L/l 2 281/ 7ol y= x/V308=\V3«,)2] slope
Al FoyEaL gl] wiiEed, wheba Ql7bsgkEt
dell AR Aol AeF

i A].EHO] EH L- A]

parasitic
4 ARk
o] el L.
A} A2 elg @

Al

-

o

7
T
8% parameter 6+ 8

A3tA gk

ar

2. Strong Parasitic Coupling

17 8a)ell= % /)9 strong parasitic coupling
o wigt switching curve’} 224 k. Weak
parasitic coupling®] 7-%-¢} "] X Akejel © Abe)
o] nhle= A F switching statets (1, 0)& &8l

curve® 18] 9ok

25

25

24
[

F3ME DR BN 47

-
~——
———
-
......

a8l 8. Strong Parasitic Coupling
oAl (n=0) (a) A3} B3
W 0 g = A W (
y 2 (x/y)e] wst
Switching  diagram
coupling (a) The &
parameter of 4 (b)
function of 4.

Fig. 8.

for strong parasitic
and & states with a
X, v and (X/v) as a

28 R(brelliz ol whE x, v ¥ (x/v)e] WS} o
27 olch el olsled Lo} 57F 7H2b vl
of wjeslre, Aqtek B4R ol wel FAge]
Lot A3t 218k 6 7b o9 Wslebers wast
F ek

(x/y)

v. 2 e
B A 2] R ke
parasitic coupling®] °d8F% 728k ~ 1'0 2718 3l

Aateirk Coupled mode HLJ A8 71 xR sle] gl

22 A2 Agaas Esle] Rasldct e 9l
/ZEHH-2] hent pointelA radiation loss7} §iek= 7}
2 shell pal=Elgdn) o)/ FH -] parasitic coupling
2] ofks FAlgE £ 3 ZAgHe] I 4= bending
2w, 4= 7148 coupling®] ofell wEh RAE]ojol gF

& usleh % Agdolel Yitst wAx 4% el
& 49 wglel uhe 2904 278 ekl
Bending 7k% 0/2 7} #loPAE parasitic cou
oke- ol ®WAz gv Ak 4F
parameter £ ko] X Ao} D Abele] wslalls w

pling 2]



48  Input/Output Bending % %ol4]2] Parasitic CouplingS 22]& whsbA A7 3 A9 A 43

%S Z2A3kdck 1) Weak parasitic coupling®] 73
$ 47} ARl ule} AigEe] o] L. & L25E v
gl eg atopaol s, ql7HHst #4] parameter 8
= gell BAlgle]l BAR A9 Fdvt kg s
o} 32 oF 4= 9)sdr}. i1) Strong parasitic coupling
9] A%ell= 47} Al we} L rldld oz 2o}
A, 8+ iR Zoiske gelsiack

P -}

e

[1] H. Kogelnik and R. V. Schmidt, "Switched
directional couplers with alternating43,”
IEEE J. Quantum Electron. vol. QE-12, pp.
396401, 1976.

[2] W. K. Burns, A. F. Milton, A. B. Lee, and E.

J. West, "Optical modal evolution 3-dB
coupler,” Applied Opt., vol 15, pp. 1053-
1065, 1976.

[3] Talal Findakly and Chin-Lin Chen, "Optical
directional couplers with variable spacing,”

£ ® B(E®R)

19724 949 2094, 19954 484
st dxbgetst #1995
39 ~ WA F ekl Az
AR ASE el &
s/AA%sn $4%, FDM, FEM,
BPM % 4814 £

AN X 4

ERHE

Applied Opt., vol. 17, no. 5, pp. 769-773,
March, 1978.

[4]1 R. C. Alferness and P. S. Cross, "Filter
Characteristics of Codirectionally Coupled
Waveguides with Weighted Coupling,”
IEEE ]. Quantum Electron., vol. QE-14, pp.
843-847, 1978.

[5] Paul Pedersen and J. L. Nightingale, "Sim-
plified Method of Calculating Power Tran-
sfer between Nonparallel Dielectric Wave-
guides,” Applied Opt., vol. 28, pp. 984-986, 1
March 1989,

[6] A. Hardy, M. Osinski, and W. Streifer,
"Application of coupled-mode theory to
nearly parallel waveguide systems,” Elec-
tron. Lett., vol. 22, 1249-1250, 1986.

[7] H. Nishihara et al, Optical Integrated
Circuits, Ch. 3, McGraw—Hill, 1989.

[8] Amnon Yarive, Optical Electronics, Ch. 13,
Saunders College Publishing, 1991.

7N
£ 8 B(EgR)

19500 49 10944 1975 29 Al Axpgst
3} F3hak 19824 29 5 o] AalEEra Feh
AL 1989+ 89 U. of Florida Dept. of EE -&3}AL
1983 54 ~ A AeAdEga A7
Ry FAlRels wu/AAsks) s/ A
FHzz), A4 A FE4 A129, FDM, FEM,
BPM, SOR %5 a4 5



