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Abstract

Fused vertical directional coupler switches (FVCSs) with switching operation induced section
(SOIS) and extinction ratio enhanced section (ERES) are proposed. In these FVCSs, switching
operation is achieved by changing the refractive indices of both cores in SOIS and improvement of
extinction ratios larger than 30dB for both cross and bar states is achieved by controlling the
asymmetry of refractive indices between both cores in ERES. In addition, the design guidelines to
have high extinction ratios larger than 30dB with large tolerances of the refractive index of cores
are presented.
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Fig. 1. Schematic diagram of fused vertical couplers
with two sections.
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Fig. 2. (a) Schematic diagram of fused vertical
coupler switches with separated input and
output waveguides. (b) Schematic diagram
of one dimensional index profile in the
straight interaction regions of fused vertical
coupler switches with switching operation
induced section and extinction ratio
enhanced section.



200144 9R EFTEEH

& 32 oF FHHS FA7 06 m I T =
°1’] 24820 e A Aol wigE A
gk SOIS®] Zolo|r}, 72 <3¢ EudelA] cross
state®} bar state® BF d7] 93xE cross
states} bar state®] APAo] Ei= F stated] 2T
Zolo] uwir} Folok dw o] Zolrl 1 dHY E
2 o] (axzZe])7}t Hrol webd SOISY ZHole
(m=Dlel (9 = m 1] sp91, ) EACZRE HA
ek me] EFpeld ¢ L= 27 SOISHlA bar
state®} cross state®] ZAZAoN(4At AHAZ xHw
cross state®} bar state)o]™ mo] B<po|wd 7 9}

"= 27 SOISOlA cross state®} bar stated] Z
gHololt}l. #,(S) & SOIS dHdxie] F Fo] 24

& e APAe] 17h LY =] w9

=)
_7

AGolE e A9 F 2o] FAEo] 19 A
RoIE M 499 ¥ 30] A% we} 3 ol

2 2R e2YE S0ISe Eeld Aol AAHH
cross state o Wj¢} bar state®] 2z} Fole] ZA-go)

A=k,
A weE A A90A dAA] JEHoR e
of she AlkEA e AF Flolut AMgkalle] Sste]
900 —— L I S B T T
800 i ¢ Coupling length X 7 B
= P -=— Coupling length X 8 s
E_ ~>~ Coupling length X 9 A
= 700 - 2--Coupling length X 10~ ‘0/‘; 7
m r n - .
O 600 & E
/]
e 500 .
f- -
o 400 bt ]
c [ Lo ]
o 3 =
- 300 [ R ]
200 £ 5. \ TR TR VU S W S SR 1 PRI
3. 25 3.3 3.35 3.4 3.45 3.5

Refractive index of both cores in SOIS

T3 3. F FH"Y 57 06 m A F J_°H
2Age P2 AR AgHeld wleE
Fg SOISe) Zo)

Length of SOIS as a function of refractive
index of both cores for various multiples of
coupling length in switching operation
induced section of vertical directional
couplers with the thickness of inner
cladding layer of 0.6 um.

Fig. 3.

=+
[

(647)

B 3BE SDEE $ 9% 43

W3 7bsgh 288 glelth of=ldt Al 27 vjellA
SOIS®] Zole} 7+ ofde] Fo] FAHE g AAs)
ete] Aol wjez AAE SOISe Zo)zke]
FHE AolE Alele] 27 3¢l Hrl of7lA
7o AEA] i) (SOISS] ZHe])7} 370, 380, 390
23 400 imdwe] SOIS Addelxe] F 3ol F
A gelvk webd a7 4ed an,, = n,, -
Nt 92 SOISe| Aol tiste] 29| Fxbel
L83 SOIS 999 5 zole] 244 w3} gholck

W 7hagt e e 1% o3 E S sy
omg 33 4ol 2, 7F 003 ot HE 349
o] 2912 AAZ} st dde] Eok 13 49 Ak
Az e SOISe] ZHelsh an,,.; & AASH I%
Fole] FAgo] AAA 3 <2 B Adushd o
w3 ek a# 4ol AgAe] wiE 8 AdHs)
3 SOISE] Aolg 370 m= AT 495 S3f 49
sbd o5t Zrk o] A9 81.=9.'= 370 ym o =2
& HEslE 3$2 cross state d@l9) bar state o
o] SOIS Ae] T o] 28&L b2t 3.34249)
33118 ojck webd 294 F2F F-E=5 918 SOISel
A19] cross state2} bar state Alo]e] FHEE kel A
o] 0.030]ch

)

L

@ 0038 ! .
- ' : 3
x —&— 400 um '
g 0036 Lo = 390 um |t |
c L —— 380 um
' - 370 um
— 0‘034 N T P STy -
&{ i
5 0.032 Py
[
L} 0.03
)
= 0.028
5 ]
c : i ]
0.026 i
< 6 7 8 9
Number of multiples of coupling length i
a8 4, F F94e] FA7E 06 md 1 ol=] SOIS
o) ool vhsje] 2914 ¥4 fmo] Baw
T 2ol 288 WE L, angimagi-
7 ocr it
Fig. 4. Refractive index change of cores for
switching operation, Ang =%~ #4441,

for various lengths of switching operation
induced section with the thickness of inner
cladding layer of 0.6 ym.



N

5t ool 2

80 ! i T T

70

60

—- TEby ICMT

50 e TEbyBPM

40

30

20

10

P N PRI R IR

3.33 3.335 334 3345
Refractive index of core A in ERES

38 5. SOISY ¥<e] =gz Adl Ho| siikske=
3% oF F94e FAVE 06 melx, SOIS
o] T Fole] FAH &L 33118 ERESY =e
Be F4-80) 33271, SOISS| Zo|7} 370 im
o wle] ERESY o A8 24&9 4=
AAgE bar state®] 4|

Fig. b. Extinction ratio of bar state as a function of
refractive index of core A in ERES with the
thickness of inner cladding layer of 0.6 um,
the refractive indices of both cores in SOIS
of 3.3118 and core B in ERES of 3.3271, and
the SOIS length of 370 ¢m.

i

[/ J S
332 3325

Extinction ratio of bar state [dB]

3.35

I3 5% SOISY ixste] =okE Ao el sir}
e A% oF Fede] A7t 06 melsr, SOISe
= Fole] FH4L 33118 ERESY o] B #48]
3.3271°]31, SOISS] Zel7} 370 tm 4 =2 bar state
o} Z47EH|E ERESY Zo] A9l &9 g A
A% Asfelct o}7)4 ERESS Zol Be E4& 3t
& oF Aojla] AvE AdA Al 23} bar state?]
SOISY) =) ZA 8 7k 331187 cross state?] SOIS
o Fo| FAE 7 334249 HUFLE HAsch
ERES<|ME Fo] BellA o] SlAksl=® 30dB o]
o] 24ulE 7x17] $l8lA= ERESS 3o A2l 24
$o] FZo] B 24§ B} Z & e vidA +
Zolojo} sk Z1& 3l & 4 glglen 2o Ay
7Rle 30] A9 &L 333272 Zo] BY F
F}o] zloli= 0.0056 ©1%it}h 30dB olae] Ay
Xol+ ERES® Zol A 889 ke FHd
H1E Hole A& & FALE <o 00016 ©]

W e
o

a

a7 68 SOISY] l¥wke] =akz Ad) wel qlal
H= A9 o Zdde] AP 06 wels, SOISY

i dqem AR 4 WA A3 2905 AA

(648)

HRE st

F Fole] FAgol 3.34240]a, ERESS] zoie] 34
o] 332710)3, SOISE Zo)7} 370 ym & @ cross
state o w9 AHu]E ERES?] Fo BY 2489
g AR Adolot delld AdFsldRel cross
state®] A$E SOIS9] o] E4E9] kol FAlgle]
E3lgo g ERESS T 3ol 2A4E9 v|dAL o]%
st} 4Al Bl ¥& AEE|E 9L 5 9k
30dB olAke] £HR]E Mol ERES®| Zel A &
-89 ZAE  bar stateg} BHls=3HA <F 00016 I
& 4 ik

80 —— ! NS BN
70

60

50

40

30

20

10

*

[P PSS UIPUR I SR

Extinction ratio of cross state [dB]

o L PR PR
3.32 3325 333 3.345 3.35
Refractive index of core B in ERES

3335 334

a8 6. SOISe glEwhe] =gz Ao o] glAlshe
AS A Zyde] FACL 06 melx, SOIS
o] = 3ol FAH-&o| 33424, ERESS] o]
A2l A $o] 332710]3, SOISY ZHel7} 370
m du] ERES®] o] A9 FAH &9 Io=
AAFEE cross state 9] 4EH]

Extinction ratio of cross state as a function
of refractive index of core A in ERES with
the thickness of inner cladding layer of 06
(m, the refractive indices of both cores in
SOIS of 33424 and core A in ERES of
3.3271, and the SOIS length of 370 m.

Fig. 6.

a3 72 AR AR AE wlEeE
SOIS¢+ ERESE AR 42 wskd Ay 294
A9l & elolr), el gl 293 HA AA
9)&ted cross state®} bar state®] SOISe] Zol7} #
gaiA dAFeE 3] FTHE e AAskdch
Cross state®} bar state®] ZAgAIZ17} 23 SOIS9
Agu)7} Ao 22 k& A ER 30dB o] 4o
vlE 7}A)7] 18 cross state®} bar stateel] gt
ERES?] 7 32| 27489 viAl Fle] ) ozt

A



20014 98 BFILPewmGE £ 388 SDE F 9% 45
e
I TN VAR AV o omasT AT
I oorei (3)=3.3424 | 3.3327 -» B core,ivt (S)=3.3118 | 3.3271
8 X /=370pm | 42.89 ym 9 X /=370 4m | 42.89 pm
(a) Cross state (b) Bar state
182 7. SOIS®} ERESE 7A% 47 whaps) Agty] 2¢x)e A9 o
Fig. 7. Design example of vertical directional coupler switch with SOIS and ERES.
Al cross state®} bar state®] ERES®] Zo|7} A&sl  Zolm  an(9) =1 n,(9),, - 7oA, I 2HA
A At AAFLE F state?] 2AHL AR mar evz o5 »ast SOISY Fole] ALY W

OO

Al HF=E AAR 5 9ES & S 3k

SOIS9} ERESZE A€ 47 whsbyd 23 291
o] o} AAAQ AA AAE A7) A3t o) 7
2 Auke kel £ 1L SOISe Zeol7t 390 m
A o oz} el & Fde] FAlel isle] ERES
doe] T 3o] F4E e A3} »|HA (optimum
asymmetry)-# 2] 48] & Jd& F e F =
o] alole] 2dE k] Ao]-9} 30dB o|ike] Ay
E Mol Fo| 259 FAtel gk At AaE A
2 Aol 714 #(S) & SOIS Zejo FH&

3 3ol . (E) & ERESH F 3019 FH%
el 2Ast vihAo)a, sn.)yyae 30dB 01| A
FHlE Hole Fo] AL FAelch R 12 4
(m=D1d i = ML sl s WS 1BIIL
el Dt~ 7S in = A0,(S) 7} 1%013F A o 75
g o8] 7o) 2L FEdl g At Haed &

oA m2 A¥Ae]9 wigolct. o] FAEo] ’-‘%i
A Folo] AFET FHu7) AokA7] el 2ol
A4S Wl wE Anp o] wdr} ztopzich ot

k2 1. SOIS®] Zeo)7} 390 /mel -5 2] 4% ZuUe Frlol dajr Ak 294
oﬂ Bad SOIS 4499 ﬁi Bk me ERES <449 F 3of Ale]e} 24
& 39 A3} w33}

Table 1. Tolerance of refractive index of cores and the optimum asymmetry in ERES
and the refractive index change of cores in SOIS required for switching
operation in the case of SOIS length of 390 m for various thicknesses of inner
cladding layer.

SOISE] o] Bar state(SOIS) | Cross state(SOIS) (ERES)
t [pm] Ang(S)
[m] m 1A S) m ne{S) Sl y30a8 | 7 asy(E)
0.0282 13 3.4232 14 3.3950 0.0021 0.0065
04 390 0.0286 13 3.4232 12 34518 0.0019 0.0049
0.0299 11 3.4817 12 3.4518 0.0017 0.0036
0.0292 11 3.3566 12 3.3274 0.0019 0.0076
05 390 0.02%4 11 3.3566 10 3.38% 0.0016 0.0048
0.029 9 3.4140 10 3.385 0.0014 | 0.0037
0.0306 9 3.3262 10 3.2956 0.0017 0.0073
0.6 390 0.0286 9 3.3262 8 3.3548 0.0014 0.0046
0.0298 7 3.3846 8 3.3548 0.0012 | 0.0029
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