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Beam Propagation ~ PENNSIATE

Method E EO
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Assume steady-state (time harmonic) oscillation
U(r,t)=U(r) et > V2U+k2U = 0 (k=2rnn/})
Assume propagation is primarily along the z-axis
U(r)= u(r) e«92> v2u+2ik, ou/oz+(k?-k,?) u= 0

Assume that the field varies slowly along the z-axis (6%u/0z?~0)

ou/0z=il2K [V, u+(k*-ky?) U]
= ing/(2kgn) {V,,2Uu+Ky2[(n/ng)=-1] u}

Choose a form for the input field
Field can then be “propagated” in the z-direction
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Good for relatively large, waveguide-based
devices

— Couplers, splitters, interferometers, array waveguide
gratings

Not as good for high-index contrast systems
Cannot handle systems with arbitrary
propagation directions:

— Photonic crystals (photonic band gaps)

— Ring resonators
— Tight bends

Cannot do frequency mixing/nonlinear effects
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PDE Implementation of PENNE@TE
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Recall the basic paraxial wave equation:
V2u+2ik, ou/oz+k,?[(n/ny)?-1] u=0

[No assumption of 02u/0z?~0 necessary]

Subdomain Settings - PDE, Coefficient Form {c)

Eqjuation

Vol-oWu - au + )+ au+ BV =of

Coeficients | init | Elemert | Wik | Coior |
Subdomain zelection PDE coetficients

1 Coefficient WValue/Expression Description

-1 -1 Ciffusian coefficient

|kD“2*((m‘nEl)“2-1j Absorption coefficient

Source term

Mass coefficient

[
Group: I bt I

[T Select by group

DampingMazs coefficient

Conzservative flux convection coeff.

Convection coefficient

= ™ = oM -+ 0

[7 | Active in this domain Conzervative flux source term
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n=n, [1+ie(y-y0)/Ay |

Active area

refractive index distribution _ « (X~
— +j@(x-x0)/AX
n(x,z)=ny+An f(x,z) n=ng [1+ie ]

defined to specify device
structure

e.g. step-index WG of width w:

f(x,2)=(x>-w/2)*(x<w/2)
Absorbing layer to prevent reflections
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Specification of RefractivePE'\”\’ST/’\TE S

Index Distribution .\ A

Subdomain Expressions

Subdomain zelection

Mame Expreszion IInit

H 44001 (=2 5e-0061*{x=-2 5e-006 ) y=D 000
[l 440,01 %(x=2 Se-0061(o=- 2. 5e-006) (y=0,0001

hd
[~ Select by group LI

Subdomain Expressions

Subdomain zelection

Matne Expression LInit
_3 A%+l 1 00000%-Be-005+: )1+ -100d[]

2 |1 A0 +irexp100000% -6e-005+:x 1) +i*exp -1 000004 Be-005+x ) )+i*exp

[

[T Select by group

Ok I cancel
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BPM-Like Mode Allows PENNSIATE
a Much Coarser Mesh
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PENNSTATE

Examples of 2D Models E Emom

Graded-Index

Waveguide Y-splitter Mach-Zehnder Interferometer
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Multi-Mode PENNSTATE
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|®Output _
|i wav%guides According to theory, two-fold

Image occurs at L~400 um for
symmetrical excitation
elllustrates that the paraxial
model (like BPM) accounts for

Multi- reflections at moderate angles
mode ~

section
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Beam Coupling via a PENNSTATE
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*High index contrasts makes
this problem more challenging
Reduced mesh was used (~0.45
A)

-1

core”  clad *Field in low-intensity regions is

somewhat grainy

*Focusing distance (=200 um
from center) agrees fairly well
with focal length from
geometrical optics (175 um)

Gaussian beam input
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Scalar Paraxial Mode  PENNSTATE
with Axial Symmetry ey EO

Electro-Optics Center

Scalar Wave Equation in 2D, Cylindrical Coordinates:
ou?/0z2+(1/r)o(r ou/or)/or+2ik,0u/oz+k,[(n/ng)?-1]u= 0

Subdomain Settings - PDE, Coefficient Form {c) x|

Eqquation

Propagation
| In single-
Coefficients | init | Elemert | veak | “olor | mode fiber

Subdomain zelection PDE coefficients

Vi-cWu-ou+yl+au+BVu=1

1 - Coefficient Value/Expression Description

C f-1 Diffusion cosfficient

|kEI“2*(EnJ‘nEIj"2-1 1 Ab=sorption coefficient

Source term

Mass coefficient

ll L DampingMazs coefficient

Graup: I . I ||:| Conzervative flux convection coeff.

[T Select by group 100y 240 Convection coefficient

F A ctive inthis domain y |III Conservative flux source term

Small offset (<<1 um/) oK cancel | aprly
fo help stability
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Conclusions

PENNSTATE

BPM-Like mode can be implemented
easily in Comsol via a PDE mode

Enables a much coarser mesh and
therefore larger devices to be simulated

Accounts for interference, evanescent
wave coupling, refraction, glancing
reflections, but not back reflections

Can be integrated with thermal, RF and
strain effects for complex devices
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