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N XN Optofluidic Switch Array with Pneumatic Actuation

Wan Jing’', Guo Mingrui, Zhang Wei, Meng Lie, Yu Tingjie
College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications, Nanjing
210023, Jiangsu, China

Abstract An NXN optical switch array, which uses a 2X 2 optofluidic switch as the switch unit, is proposed in this
paper. This switch array adopts a waveguide structure and utilizes the microfluidic pneumatic actuation and piezoelectric
ceramic valves to control the relative positions of gas and liquid in each microchannel and thus achieve the optical path
selection and switching function. Meanwhile, two topologies of partial blocking and complete non-blocking optical NX N
switch arrays are also presented. The optimal path and optical transmission characteristics of the N X N optical switch array
are researched and discussed, and the structure is optimized. The research results reveal that the insertion loss and
crosstalk are much lower than those of general optical switch arrays. For the wavelength of 1550 nm, the insertion loss of
the 4X4 optical switch array is 0. 28 dB-0.54 dB, and the maximum crosstalk is —43.5 dB-— 23. 2 dB. This paper
implements the optofluidic switch array and solves the common problems of large insertion loss and crosstalk in general
optical switch arrays. Moreover, the proposed array has the advantages of good array controllability, negligible

polarization-dependent loss, and a broad band (from visible light to near-infrared bands).

Key words integrated optics; optofluidics; optical switch array; pneumatic actuation; piezoelectric ceramic valve
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Fig. 1 Structure diagrams of NXN microfluidic optical switch array. (a) Overall structure; (b) waveguide layer of switch unit;

(¢) structures of actuation layer and waveguide layer
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Table 1 Characteristics of two types of optical switch arrays

Optical switch array

Maximum reflection number Minimum reflection number

Number of switch units

of a path of a path
Partial blocking type (N/2)* N—1 0
Complete non-blocking type N(N—1)/2 2N—3 0
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Optical transmission paths of 6 X6 optical switch array. (a) Reflection number is 1; (b) reflection number is 3; (c) reflection
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Fig. 6 Effect of optical path crossing. (a) Light path 3’3 has only one reflection; (b) light path 33 has three reflections; (c) light
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) Al 4 AH S PR AR AT DL Zm , HLOE G
LG T 2T AN BE) .

DL 44 3 5 B 26 YO 5C M 50 SR o), iple 5 )2 g RS
9124 pm X124 pmXx20 pm. W A $ 6 B K K

i Pt AR O]

1550 nm, B ATHE K 1 mW ., Q0K 7 T 7R 256 i 1
3" WS AT AT A i e 0 A 6 M o T 4 g
AL HRE M 1 2~4 % o e DU A 1R 2
P NUNREOR RS (V

o 1 (CY) 2 1
1 3¢ 1
2 4 2
4 3
2/ I
1

3 4 3

BT 40X 43553 B %€ B TF SC B 91 1) dic A B A o (a) ~ (d) i A3 FJ: 375 (e )~ (@) 3 A 12 4
Fig. 7 Optimal paths for 4 X 4 partially blocked switch array. (a)-(d) Input port is 3’; (e)~(g) input port is 4’

8 J 4 X 4 T S B 5 78 AN [R) i 5 e 1 ) 19 ) 2 4%
sk R Hovp P31 R 06 M i 11 3% i 21 o 11 1 B4
6T AL g OR , HoAl B B b ) 755 R, A
8 ] WL, Ak e X B B AR 9 ) R AL B sk R
(P31 M1 PA'—>2) JL-F A 52w, {H 2 % B 5t i 42 19
R AL B ROR W K o Bl S e ff Bl G , 5
BEAR () T AL Y B8ORS B 5 FRGR 8 T B L #E 947K B

KA K E AP 5/ h 94°.

T B T8 B X T SC MR B A% S pe L AT R Y
Mo 9 A A< A ST S B 3 S R A [R] Bl it T 9 B (1)
Ty A% By 280 3 T K R 4, Hh i S e o B A A
94°, =A% AR 4y R HOW AR (3> 1) L — IR R AR
(3'—3) FIH IR S # 4% (3"—>2) ¢

W 9 ir 7, Bl 25 A0 T R B B N, T AR Y

2213001-5



B 40 % 20 H9/2022 £ 11 B /K2R

© = W U
1

(S}

]

~-P3'—>1 —s—P3'>2 -+ P3'—3
P3'—4 P4’ —2 -+ P4'—3
— -P4'—4

© -
T T

Power transmission efficiency /%
I3 2R RRILRE

88 90 92 94 96 98 100102 104 106 108 110
Wavelength angle /(°)
K8 A [l i 3 e A B4 T AR i 5 R (RO T8 A 9E 4 2.5 pm)
Fig. 8 Power transmission efficiency of different waveguide

angles (microchannel width is 2. 5 pm)

(@ 8 100,
& o5
'S 90} - T T T
% 85l o« e Ao o
g e " S
S .-
g ¥ ..,
B mpa
% 7ol —e— straight path K
g -o- one-reflection path y
5 65F - two-reflection path a
B 60 L L L L 1 L 1 L )
o
s 10 15 2.0 25 30 35 40 45 5.0

Microchannel width /um

K9 AN [A] o 18
Fig. 9

IR AOR 5 B8 TR (HARR /N, HR K
TE T« L B AR 4 400FE 32 2R IR T 5 58 ST A% O itk
TR DA KR 6 X688 W W, = 35 32 I 1 9 JBE A 5 T L
BN TS AR 0 D) AR R AR S BRI S O 1
JE RS2 M He A K . AR 9 (a) BT s - 24 R0 IE TE R N
1.0 o 32 W38 NS 52 5 B A58 1) A i R0 % e 4 v S T
.76 2.5 pm b 3K B B R AE o D6 AN o 11 i o )
TEH A g b o DA H L. B 9(b) BoR T = KT
A v A e R R . YRR E FEBE N 1.0 pm
BTG N E) 2.5 pm B, ST EEAE A BB AR SR . 2
Ji Bt o 0T T T R ARG, B S B AR Y R R AR Ak T
V2%, AT B FSCR AR P, e AE o 1 T B
A 2.5 pm,

G
(=]

—e— straight path
- -o- one-reflection path
S _10f & two-reflection path
a
2201 g,
o S
g LS .
g~ RRCRE e S
g
B -40f
= W
-50

10 1.5 20 25 3.0 35 40 45 50
Microchannel width /pm

Wi FEE TN (1 Ty 256 4% i A0 e K AR A o () T R AR 0 5 (b)) 4% o o 11 7y e K AR 4

Power transmission efficiency and maximum crosstalk for different microchannel widths. (a) Power transmission efficiency;

(b) maximum crosstalk of output ports

H1 PO R, T U S B AR L — U S S R B
e BB AE K, A% i AR AR o A SC LA U A B A S 81
S AT eI SRS HOE A AL R AR AR R o 4 RO E AR

A% I, A8 4 D% 11 Y6 2 B 3 SN 5 3O B R AR A B
N6 37 3o O I T AR L AR 10 (a) BF s o Y 1O I
FE/NT 2.5 pm B, S S A A0 0 RE S R R T 3 D%

Electric field Electric field
@ intensity /(N-C) (b) intensity /(N-C™)
60 2.65 60 2.77
g 40 I2.21 g 40 I 2.55
= 3
<= 20 1.77 < 20 1.80
] 1.3 ES 135
—20 0.88 ~90 0.90
40 |0.44 40 I 0.45
-60-40 -20 0 20 40 0 -60-40 -20 0 20 40 0
Length /um Length /um
Electric field
© intensity /(N-C-1)

2.72

c I 2.26

e 1.81

£ 1.36

= 0.90

I 0.45

0

-60-40 -20 0 20 40
Length /um

JEIF SR MBI 204 o () BOALIE FE B2 2 1. 0 pm; (b) SO I S B2 29 5. 0 pm; () BURIE FE R4 2. 5 pm
Fig. 10 Optical field distributions of optical switch array. (a) Microchannel width is 1. 0 pm; (b) microchannel width is 5. 0 pm;

& 10

(¢) microchannel width is 2. 5 pm.

2213001-6



% 42% F 22 81/2022 F£ 11 B/RFFR

B 0T T 37 S AR o Y I I S EE N 1. O e 3% T 4
INEN 2.5 pm B 37 545 FE 2 T8/, BT LA R 9 Hh 3y e
T SR ST IS | O (NS I 7 G 1A 1= = 2
(>2.5pm), W 10(b) FT 7R , 43 #B 43 6w 55 H i
2 AN G B 2 B W B 11 T RN Ui e D | INESHTE 1729
BN o r LA 9 i I v B R T 2.5 pm S L )R
ST I A 1) A i 8 R B TR/ o 2.5 pm B AR R I
i BE X IS 14 9% 3% 43 AR 4 10 () BT R, i S 3 vh 2

WO B, & FOCIFEAR XN

Ak 5, o 8 T BE o 2.5 pm I B i 5 e £ B
94° W, AX AT X BEYI G F e 3¢ 3 FI 3k 4 i
TR o A A RURE RN HR P A T E AR SR /0N T E UK S S I
B K. ASHEIEK A 1550 nm i, 4 X 456 TF 56 B4 51)
M 4E A 5 FE H 0.28 dB~0.54 dB, fx K $ K
—43.5dB~—23.2dB. 4X4CIF KB B A FE
AR P B /N F — G T B4 51

F3 AXAIETF RS ¥ A e (i A 124 31)

Table 3

Optical performance of 4 X 4 optical switch array (input port is 3')

Output port 1 (straight path)

2 (two reflections) 3 (one reflection) 4 (one reflection)

Power transmission efficiency /% 93.3
Insertion loss /dB 0.30
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Table 4 Optical performance of 4 X4 optical switch array,

where the input port is 4’
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