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Global optimization
Non-sequential ray tracing
Diffraction optics
Gaussian beam

Polarization calculation
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Example 2
Four-prism configuration beam displacer
(achromatic polarization-preserving)
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| ntroduction to beam displacer

* Traditional beam displacer  If 1t requires that linear
polarization be preserved,
then these two system will
work only 1f the state of
polarizationis  or
polarization.

two mirror displacer
PUPIL POLARIZATION STATE ON SURFACE 4=IMS - W1

a4
VAW A Y a4
INCIDENT / / / / / / /

/ YA AW Ay v Ay v 4
7y rryrryry

A A A A 4

vy

A-Chuan Hsu 4
jane@phys,ncku.edu.tw



Phase delay
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Specification

e Prism
— Size:
e A=10 mm
* B=14 mm
e C=10mm
— Maternial : BK7
— The four prisms are cemented

together with refractive index-
matching epoxy.
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Procedure

» Step 1: building the system
— specifying the layout of the system.

— Defining the parameter of these prisms.

» Step 2 : polarization ray tracing
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Building the prism

1.

Using the “special aperture data” to define
the rectangular shape aperture of each
surface.

Srf 3 and Srf 4 should define the surface
tilting and decenter.

We define “total internal reflection’ on Srf
3.

We also define “anti-reflecting coatings™
on Srf 2 and Srf 4.
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Surface coordinate

e [.ocal coordinate

— Each surface 1s described
in a local coordinate
system, whose origin 1s
relative to a base
coordinate system for that
surface.

 Global coordinate

— The coordinate at each
surface relates to the base
coordinate system of the
global reference surface.
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Surface coordinate

o Surface tilt and decenter e The definition of TLA, TLB
and TLC.

local coordinate systam

base coordinate systom
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Defining surface coor dinates

—oord tnate Diats

curftace 2 (in Element Grpl

Fosition, then Tilt

Fosition - Tilt Orodw
Pos it Referenced to SUTT O

A hd z
O.000000 O.000000 E.oooooo

FRotation angles (degrees)
TLC T TOY

0. aoaooa 0. aoaooa 0. aoaooa

Offset of Tilt vertex
TLA TLE T2Z
-45 . 000000 0O.0000a0 0O.0000a0

Pickup type:
Coordinates:

Coordinate return:
Use base coordinate system fTor coordinate returns to this surface:

Glaobal reference surface: z )

| Delete Coordinates Data |
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Setting anti-reflection coatings

B Multilayer Coating Diata < Burface Data

I_NTIREFLECTIEIN COATING AR_1 I
X
I

surface 4 [in Element aGrp)
Multilayer coating nam
Layer thickness uniformi s

Uni form thickness 1 Point source model
() Directed surface source model ) Polynomial in raz

Delete coating

*MULTILAYER COATING DATA - ANTIREFLECTION ZOATIMNG AR_1L
REFERENCE WAWELENGTH INWN AIR: o.5z20000 MICROMETERS
L&avER THICKMESSES ARE MICROMETERS ([(OFTICAL THICKNESS)
LAYER ORDERING: SUEBSTRATE TO IWNCIDEWMT MEDOTILM
LAYER. THICKNESS MATERIAL/IMDEx EXTINCT CZOEF

1 MiaF 2
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Surface data and system feature

“LENS DATA
our-prism beam displacer
: RADIUS TH 4 APERTURE RADIUS Gl SFE HNOTE

four—-prism beam displacer UNITS: MM
OPTICAL SYSTEM LAYOUT DES: OSLO
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gmﬂl\l\
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Polarization calculation

* OSLO using Fresnel equations to
calculate the polarization state
being tracing through an optical
system.

 Ellipse polarization

-

a, cos( a)t—Eo r+o,)

_)

a,cos( ot—ker+o,)

— Polarization ellipse :
€ = minor axis / major axis

a

2a,a,
tanzezai_a;cow
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Defining theinitial polarization state

We assume the initial polarization GpricaL svsten Lavar

is perfect linear which has a 45 — N ///

degree angle relative to the y axis.

B8 Polarization Conditions < Surface Data

5 45 .0
&

Use polarization raytrace: @ Yes

Degree of polarization: 1.000000

Polarization ellipse minor axis/major axis ratio:
ANgle between object y-axis and ellipse major axis:
Handedness of ellipse: ® Right O Left

Use 1,4 wave MgF2 coating: @ “ves )

Include internal transmittance:

Use electric dipole intensity:
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Evaluatefinal state of polarization

four—-prism beam displacer
PUPIL POLARIZATION STATE ON SURFACE 18=IMS - WV1

INCIDENT

*TRAZE RAY - LOCAL ZOO0RDS - FEY  0.00, FEX 0.00, FBZ 0.00
SR.F AL FE Z2/M ANG S TANG HANG/RANG 0/0PL
INTEMSITY DEG. POLRZ. ELL. RATIO  ELL. AMNGLE HAMDEDNESS

=1.4233e-14 l1.8773e-1¢ 1l.5773e-1¢ -

053035
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Example 3
Effectivelens model of VCSEL
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| ntroduction of VCSEL

* VCSE: Vertical Cavity Surface Emitting Lasers

« VCSEL 1s a kind of semiconductor lasers. But unlike common
semiconductor lasers, it emits laser light vertically.

 Since the cavity is cylindrical shape, the emission mode of VCSEL
1s also 1in symmetrical shape. Nevertheless, VCSEL also can emit
donut-like field pattern (whispering gallery mode)

In-Plane
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| ntroduction of VCSEL

 The construction of VCSEL

(c) Diielectric Apertured (d) Buried Heterostructure
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Specification

« We would like to build an effective lens model to simulate a VCSEL
with donut-like field pattern.

« Furthermore, we would like to evaluate the coupling efficiency with
fiber. Let us have the specification first.
— Wavelength : 850 nm

— Laser diode :
* Emitting area
— Qutside circle diameter : 26 J m

— Inside circle circle : 20 4 m
» Half-Divergence angle : 8 degree
— Fiber:
e Core~ 5 um
* NA~0.3
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Classification and Question

* Typical LD (semiconductor lasers)

— Astigmatic sources to simulate elliptic Gaussian mode

* Two point sources separated by an astigmatism distances.

* Typical VCSEL

— Using point source with Gaussian ray tracing to
simulate the perfect Gaussian mode

* Question
— How to simulate Donut-pattern VCSEL?
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Algorithm

 The modified model

tana:ﬂ

— o :divergence angle

— h: radius of emitting area

— f: focal length of perfect length
— 0: field angle of the defined object
— Ay :diameter of defined aperture
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Calculation

* Divergence angle 0=8 degree

« Emitting area radius
— outside circle :h=0.013 mm
— 1nside circle : h'=0.01 mm

* Focal length of perfect lens: 1mm

==>  0=0.744803178 degree
Ay
20 =—>  Ay=0.140540834 mm

tana =

h_4y
NI >  Ay'=0.108108333 mm
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Building effective lens model of VCSEL

« Step l:Defining the aperture

— Set the ring aperture on Srf 1 , enter Ay as the aperture radius and define it as
the aperture stop.

— Click the “Special Aperture Data” menu on Srf 1 , select “Obstruct” and enter
Ay'.as the boundary.

E%pecial Apertore Data < Surface Data

surface 1

Mumber of special apertures:

ap Td: A Pickup Srf:
Type: ACTiaon:
¥ omin M ¥omin

-0.108108 0.108108 -0.108108

ecial Aperture Data
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Building effective lens model of VCSEL

« Step 2: Build the perfect lens

— Click “Perfect lens” on the “Special” button, enter focal length.

VCSEL UNITS: MM
FOCAL LENGTH = 1 NA = 0.1405 DES: OSLO
—

EEFerfect Lens Data < Surface Data

*
surface 2

Focal length: 1.000000
Magnification:

Delete Perfect Lens

K
Oraw on
Fo1 0

i
Z00am i of ET1 1.0

0.140541 Field angle

0. 140541 [ ]
0.153541
0.1 10 IIEI
0.153541
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Guassian beam ray trace

e The algorithm 1s ABCD matrix. rdes
e The formula of m(z) and R(z).

1% Irradiance

[ ]
Wawelroni
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Guassian beam ray trace

* Step 1 : observing Guassian beam propagation
1. Use “Source >> Paraxial Guassian Beam(ABCD)”.

2. We should specify a surface to be a reference surface in calculation.

3. Enter parameters which could define a guassian beam.

BB Gramzstan Beam Tracing < Surface Data

Eeam specification surface:

Solution I

waist dist [z]*
vt radius (R
. [rad) )
igh range 0. 7 3 %Ay gh range 0.624623

Evaluation surface shift
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Observing Guassian beam propagation

We could choose the “Plot beam
spot size” to observe the graphical
Guassian beam propagation or
“Print beam data in text window” to
check the Guassian beam on each
surface.

aPCT SIZE 0, 0205

-0l x|
LI_I _*I Step 0.02 :’

=

RADIUS

l.e00oer

D.e24623

0.020810 Z 2. 2135077
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Guassian beam ray trace

« Step 2: setting Guassian beam

— We set the “1/e”2 radius on Srf 1” equal to Guassian beam spot size on Srf 1
obtained by step 1.

B Paracaial Setup Editor < Surface Data

°  [AEREE

Aperture Field
Entr beam rad+ Field angle * 0.744%03] object dist
Object HNA Object height Object to PPL
£, ray slope Gaus image ht Gaus img dist
FFZ to image
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Guassian beam ray trace

« Step 3: Guassian beam ray trace

0
St
i Full (i

obie:

[ 1020513 _ . . EAM A .FR. RAD PHASE AZMTH

e (1.0 fo

Object Point
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Build a collimating lens

*  We could use the “catalog lens” to
build a focusing lens.

* Right-clicking on Srf 4 and select
insert “catalog lens”.

on the “MG_POS” catalog.

Select the part number “MGLPX421”

Catalog Lens Databasze

10 rrim

GLP=421 Oiameter:

Central Ef1:
Zentral Dia:

Zatalog:

4 . 000
4 . Q00
4. 500

3.240

Thickness:

® singlets O Doublets ) Others
® EFL 2 Diameter (O Part

+/- Range:
+/- Range:

MG_FPOS

Fart Mame: | MGLFx4:21
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Set focus lens

e Since the numerical aperture of fibers .
.
—A

1s 0.3, we can choose any focusing
lens with numerical aperture smaller
than 0.3.

*  We design a focusing lens with
diameter 1.6mm, numerical aperture

0.29 and SF4 material.
*LEWNS DATA
W_SEL
SEF Ea0TIUS THICEMNESS APERTURE RADIUS GLASS SFE NOTE
ael -— 1.2000e+18 ATR
A5 ] 0.140541 A ATF.
VCSEL > 2 1. S 0.153541 S
5 4.3 o ' a.013000 =

Collimating lens ——— >
focusing lens —

0.08&042 5
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Simulation Result

FOCAL LENGTH

VCSEL

= -0.8145 NA =

UNITS: MM
DES: OSLO

VCSEL UNITS: MM
FOCAL LENGTH = 1 NA = DES: OSLO

FBY O FBX O REFHT O
FOCUS 0O ‘ W1 +
0.1

“+
. 4+
ey P gt
i

Y Y4 VCSEL
VCSEL FBY O FB REFHT O SPOT DIAGRAM
SPOT DIAGRAM FOCUZ W1+
0.2

GEOMETRICAL A7 t:ﬁﬂw##ﬁ i Kt

GEOMETRICAL
RMS Y SIZE
0.02391

A T

S A BElOYERICAL SPOT STZE L e
SPOT SIZE RMS Y SIZE 0.03381 A **%%r
0.11 0.07777 e

+
&
s

LRy

+
i,

R oy
-

-+

M
g
X

e

o
+++++;H+++ =

ettty

+

o
-

o

DIFFRACTION
DIFFRACTION GEOMETRICAL LIMIT

LIMIT RMS X SIZE 0.003141
0.003689 0.07777

GEOMETRICAL
RMS X SIZE
0.02391

s
R

i
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Fiber coupling efficiency calculation

« Computation of coupling efficiency 1s one of the applications of
point spread function.

* Coupling efficiency :

Hux, yye'(x, yHdx dy

[TU, yOU *(x, yhax'dy' [ TP (X', y)¥ * (X', y)dX dy'
— U(x,y) : amplitude diffraction function

— Y(x,y) : fiber mode pattern
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Fiber coupling efficiency calculation

Compute fiber conpling efficiency
I 1 Wanelength nomber

% Fundamentsl step-index mode User-defined mode

Core index 1460700 Cladding index 0.005000 Core radivs

g4 128 256

"FIEER. COUFPLIMG EFFICIEMCY - WAVWELENGTH 1

FUNDAMENWNTAL MODE OF STEFP-IMWDEX FIEBER

CORE IWNOEX = l1.500000 ZCLADODIMG INDEX l1.462500 CORE RADIUS = 0. 005000
FIBER DISFLACEMENT b - e

FIEBER TILT TLE -- TLA -

FOWER, COUFLING = 0.000361 [ -34.42 dE]

AMFPFLITUDE COUPLING REAL = -0.01s3 IMAGTHNARY = 0.00z2009
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