Thermo-optic Effects on Three
Waveguide Directional Couplers

by Ary Syahriar

Submission date: 26-Oct-2020 04:28AM (UTC+0000)
Submission ID: 1426609053

File name: PROCEEDING_SPIE_1015002_1.pdf (828.1K)
Word count: 2342

Character count: 12844



Thermo-optic Effects on Three Waveguide Directional Couplers

Hikmatyarsyah* | Ary Syahriar

Department of Electrical Engineering, Faculty of Science and Technology, University of Al Azhar

Indonesia, Sisingamangaraja Street, Kebayoran Baru, Jakarta, 12110, Phone (021) 727 92753, Fax
(021) 724 4767

ABSTRACT

We studied the thermo-optic effects in detuned antisymmetric three waveguide directional couplers analytically, we
analyzed the effects on switching operation on several temperature changes, which cause different switching
characteristics, especially the value of propagation constant mismatch. Based on this research, it concluded that the system
with three identical waveguides in which the beam launched into middle waveguide is better system to withstand cross
state condition in higher temperature. Note that the system’s limit changes of propagation constant mismatch in which
could hold the cross state performance is Ap = -0.4 — 0.4 before heated, Ap = -1.4 — 1.4 after heated 10°C and Ap =-2.7 —
2.7 after heated 20°C.

Keywords: thermo-optic effect, detuned antisymmetrically three-guide directional coupler, cross state, propagation
constant mismatch.

1. INTRODUCTION

Two waveguide directional coupler is the common optical coupler components used in optical communcation system. It
has two input ports and two output ports, and is composed of two closely spaced waveguides. By placing a third wave guide
between the two waveguides is what this paper analyzed. One advantage of using this scheme is that it can reduce the
physical length of the device significantly from conventional system due to minimum coupling length requirement'. But
at the time of fabrication, frequent imperfections happen in the making of coupling length of the coupler. In this manner,
to balance it out, the propagation constant mismatch or Af between two interacting waveguides or the coupling constants
can be varied electrically to match the imperfection®. Then the optical beam is switched completely from one waveguide
to another (cross state) without changing the coupling length which function of propagation direction. In this paper,
Applying three silica (SiO2) waveguides of an optical switch are identical and equally spaced and used 1550 nm in
wavelength, we examine the switching mechanism for cases where an initial power/beam is launched into a waveguide
one and into a waveguide two. For each power-launched case, switching voltage is applied so that the overall index is
detuned antisymmetrically. After the system is detuned, we observing temperature dependence as function of propagation
constant mismatch where the cases are heated every 10°C from assume the initial temperature is 25°C to 45°C.

2. nEMPERATURE&F FECT ON REFRACTIVE INDEX
The thermo-optic effect is a phenomenon by which the refractive index of a substance changes with temperature. In most
B3cd material like silica glass, this effect is characterized by an increase in the refractive index as the temperature rises.
Since absolute refractive index is generally a function of both wavelength and temperature, it is important to know
refractive indices at the optical system’s design operating temperature. Further, for large, refractive, optical components,

spatial variation of both a material’s refractive index and its thermo-optic coefficient (din/dT’) can be potentially damaging

to optical system performance?.
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Difterentiating the Lorentz-Lorenz equation S(h respect to temperature, gives the temperature dependence of refractive
index*. Decreasing defity with temperature decreases refractive index, whereas a positive change in polarizability with
temperature incerases refractive index. Therefore, high thermal expansion materials such as the alkali and thallium halides
have negative thermo-optic coefficients, whereas low thermal expansion materials such as diamond and silicon carbide
have positive thermo-optic coefficients (TOC). Due to small contribution of thermal expansion coefficient (TOE) to
influence the switching, so that it can be ignored.

1
In this study, the typical values of the refractive index of the Si102 are around 1.4 and g 1550 nm, respectively”.
Relation between refractive index and thermo-optic coefficient given by® :

dn
n, =n, +(T—R)| — (1)
=y <R 2
where T is the temperature in °C, R is the room temperature, n,and n, are the refractive index at T and at room
temperature, respectively. Fromﬂ]uation (1) gives positive TOC on this proposed 7 pm core width planar waveguide-
type which the relation between effective refractive index as function of temperature as shown in Figure 1 below.
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Figure 1. Increases effective refractive index as function of rising temperature for 7 microns width of core S10: planar
waveguide-type.

3. THREE WAVEGUIDE DIRECTIONAL COUPEIR SYSTEM

Consider the waveguides are identical, symmetric, equally spaced as Figure 2. The coupled-mode equations for this three-
waveguide system are described as follows’:

_.__.l Waveguide I

| Waveguide IT |

| Waveguide Il |_—.

Figure 2. The proposed system of three identical directional coupler on this SiOz planar type waveguide where a and b are
both 7 microns and refractive index n=1.465 at A=1550 nm.
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d ,
— A(z2) = —jr Ay (2)el F? (2a)

dz
d ;P —jAf iz ; —jAB sz 2
afqz(l) = —jiy Ay (2)e™E — jieg Az (z)e ™) (2b)
EA (2) = —jizAz(z)e/Fs2 (2¢)
dz 3 JKzAz
Where
ARy =Py — B, (3a)
Afz = B3 — f2 (3b)

By, B; and B 1s the propagation constant of each waveguide. Af, and Af, are extent of detuning of £, and f; from 3,
respectively. Since in this paper, where the case of each waveguide is identical and equally spaced, Kk, = k3 = x.

The solution when AB, = AB; =0 can be written as® :

1. Initial condition for waveguide 1 as source of power is applied inside of it will be:

11
3 + 3 co:,(.-cv"fz)

a(z) =| — \% j sin(kv2z) (4a)

11
3 + Ecob(m@z)

b2

Initial condition for waveguide 2 as source of power is applied inside of it will be:

- \% j sin(kv/2z)
a(z) = cos(kv2z) (4b)
- \% j sin(kv2z)

From initial condition | above, we can get the coupling length by:

T

Ly =—(@2m—1 5
1 \fi.‘C(m ) []
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From mitial condition 2 above, we can get the coupling length by:

T

Loy = ——
c2 2\[2!(

(2m—-1) (6)

It shows that when the initial power is launched into different waaguidc, the power will switched to another waveguide
at different length, based on Equfflon (5) and (6) above. When the electric field is applied to waveguide via electrodes, the
overall index profile is changed due to the electro-optic effect. In order to analyze the behavior of optical switching, we
observing (A, AF,) into AR, = —Af; = A, which is called detuned antisymmetrically.

4. ANTISYMMETRIC DETUNING

Antisymmetric detuning means that the overall §’s of both waveguides one and three are changed from that of waveguide
two by the same amount but in opposite directions®. Therefore, Af; = —Af; = Af.

The solutions for antisymmetric detuning in term of matrix will be’,

K2 K2
1+t =z Cz 3 ——5
@ (2) P )
az(z) | = c, 25t —5 —o |7|% (0 (7N
a3 (‘) K2 K K2 a3 (0)
C3 F _CZX Clx + IE)

Where
K? Ap
o el ; o r
¢ =(1l—-—z|cosk'z —j—sink'z
K K

ok kAR
cz——ijlnxz+F(co:,xz—1)

K2 ,
C; = —=COSK Z
3 KQ

K% =AB% + 2i? (8)

4.1 Initial power launched into waveguide one

Since the light is launched entirely into waveguide one, the initial conditions are a; =1, a; =0, a; =0 at z= 0. And for

the beam incident on waveguide one to cross over to waveguide three completely at z = L, the following conditions are
required: aya," = a,a,” = 0, aza;” = 1. From Eq. (7), the initial conditions equation for detuned antisymmetrically will
be
K2
; o+
a,(z) 1+ K2
a,(z)| = Ca (9)
as(z) K?
Oy — ——
1 K:z
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Figure 3. (a) Switching operation in three-guide detuned antisymmetrically in which beam launched into waveguide one
system as function of temperature. (b) The relation between normalized power as fuction of wavelength range for optical
communication.

1.64

Figure 3 (a) above shows how the switching operation on three waveguide system with detuned antisymmetrically in which
beam is launched into waveguide one before heated (red line), after heated 10°C (blue line) and heated 20°C (green line)
using thermo-optic effect from Equation (1), it will have perfect switched (cross state) to waveguide three only if AF=0
where z or L., (coupling length) in Eq. (7) are multiple odd integer. Figure 3 (b) shows the a; (z) in matrix Equation (9)
relates with applicable wavelength. Note from Figure 3 (a), the range in order to keep cross state condition, (Af =-0.1 -
0.1) before heated, (A = -0.7 - 0.7) after heated 10°C, and (A = -1.15 - 1.15) after heated 20°C, and requirement for bar
state condition, A = 1.732 before heated to 4 after heated 10°C and 7.2 after heated 20"C.
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4.2 Initial power launched into waveguide two

Since the light is launched into waveguide two, the initial conditions are a;, = 0, @, = 1, a; = 0 atz = 0. And for the beam
incident on waveguide one to cross over to waveguide three completely at z = L, the following conditions are required :

a;a;” + azaz” =1, azay” = 0. From Eq. (7), the initial conditions equation for detuned antisymmetrically will be

Power

Normalized Power

Cz
a’l(z) ﬂﬁ?‘
a(2)| = |2¢; + =5
a;(2) et

/ /

09 S
o\ \ / /
\

08 \ s layz)?at 25
05 + lay@|?aasc
04 \ = layz?at a5

0.3 o
N

\ 7
/

01

\
NN A

SN\ /7

B -4 -2 ] 2 4 & 8

« layiz)l?
L

0.8

or

0.6

05

0.4

03

0.2

01

1}
15

152 154 15 158 16 162 164 166 168 17
Wavelength w10

(b)

Figure 4. (a) Switching operation in three-guide detuned antisymmetrically in which beam launched into waveguide two
system as function of temperature. (b) The relation between normalized power as fuction of wavelength range for optical

communication.
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Figure 4 (a) above shows how the switching operation on three waveguide system with detuned antisymmetrically in which
beam is launched into waveguide two before heated (red line), after heated 10°C (blue line) and after heated 20°C (green
line), it will have perfect switching only if AB=0. And for bar state condition it will require minimum AB=v15. But there
is no requirement for exact length ratio for switching to occur. Figure 4 (b) shows the a,(z) in matrix Equation (10) relates
with applicable wavelength. Note from Figure 4 (a), the range in order to keep cross state condition, (Af = -0.4 - 0.4)
before heated and (A =-1.4 - 1.4) after heated 10°C, and (Af =-2.7 - 2.7) after heated 20°C, and for bar state requirement
condition, A = 3.87 before heated to 8.8 after heated 10°C and turn to 16 after heated 20°C.

5. CONCLUSION

The changes in switching operation on three wave guide directional coupler with detuned based on thermo-optic effect
are analyzed. Results are summarized as follows.

1. For the case where the initial power is launched into waveguide one and the system is detuned antisymmetrically,

odd integer multiples of L., are required for the perfect switching.

For the case where the initial power is launched into waveguide two and the system is detuned antisymmetrically,

is expected to play important role because there are no requirement for exact length ratio for switching to occur.

Thus, even in the case where the switch is operated at another waveguide so that a different coupling length may

be required, only an adjustment of the applied voltage allows a complete switching operation.

3. From simmulation results, it clearly show us that the systems after heated more impervious to keep the switching
performance (cross state) while as it shifting the propagation constant mismatch due to rising temperature, but the
system after heated will effecting to the bar state condition where each system has higher Af value to satisfy that
power completely return back to initial waveguide than before they heated. And the system with three waveguides
directional coupler detuned antisymmetrically where the initial power is launched into waveguide two has better
cross state condition system at 35°C and 45°C but the system has the biggest requirement value of Af for bar state
condition compared to the system where the initial power is launched into waveguide one.

[

REFERENCES

[1] H. A. Haus and C. G. Fonstad, “Three-waveguide couplers for improved sampling and filtering,” IEEE J.
Quantum Electron., vol. QE-17, pp. 2321-2325, Dec. 1981.

[2] C.L.Chen, “Foundations for Guided-Wave Optics, Wiley”, Canada, p. 121, 2007.

[3] Douglas B.L & Bradley IL.F , “Temperature-dependent absolute refractive index measurements of sntetic fused
silica” NASA Goddard Space Flight Center : Greenbelt, 2006.

[4] W.I.Tropfand M. E. Thomas., Infrared Refractive Index and Thermo-optic Coefficient Measurement at APL ",
Johns Hopkins APL Technical Digest, Vol. 19, Number 3, 1998.

[5] D. Lee, K.H Kim, S.H Hwang, Min-Hee Lee, El-Hang Lee..,”Optimization of Thermo-optic parameters for
Temperature-Insensitive LPWG Refractometers ”, ETRI Journal, Vol. 28, Number 6, December 2006.

[6] G. Ghosh, Michiyuki Endo, T. Iwasaki, “Temperature Dependent Sellmeier Coefficients and Chromatic
Dispersion for Some Optical Fiber Glasses ", Journal of Ligthwave Technology, Vol. 12, Number 8, August 1994.

[7] Chang-Min Kim; Young-Joon Im, "Switching operations of three-waveguide optical switches," in Selected
Topics in Quantum Electronics, IEEE Journal of , vol.6, no.1, pp.170-174, Jan.-Feb. 2000.

[8] B. Carrie, “Three Waveguide Coupling and Switching: ECE 674 Integrated Optics,” December 2005.

Proc. of SPIE Vol. 10150 1015002-7

Downloaded From: hitp://proceedings.spiedigitallibrary.org/ on 11/24/2016 Terms of Use: http:/spiedigitallibrary.org/ss/termsofuse.aspx




Thermo-optic Effects on Three Waveguide Directional Couplers

ORIGINALITY REPORT

12 10, 7. 2.,

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.scribd.com

Internet Source

4,

)

techdigest.jhuapl.edu

Internet Source

3%

e

arxiv.org

Internet Source

3%

=

Submitted to School of Business and

Management ITB
Student Paper

1o

£l

"Guided-Wave Optoelectronics"”, Springer
Science and Business Media LLC, 1988

Publication

1o

Submitted to Rochester Institute of Technology
Student Paper

1o

B B

pdfs.semanticscholar.org

Internet Source

<1%

C. Altman, K. Suchy. "Reciprocity, Spatial
Mapping and Time Reversal in
Electromagnetics"”, Springer Science and

<1%



Business Media LLC, 2011

Publication

n "Springer Handbook of Glass", Springer Science <1 .
and Business Media LLC, 2019 &

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



	Thermo-optic Effects on Three Waveguide Directional Couplers
	by Ary Syahriar

	Thermo-optic Effects on Three Waveguide Directional Couplers
	ORIGINALITY REPORT
	PRIMARY SOURCES


