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Beam Expander

Beam exapanders are frequently used in
optics lab.They are preferred in afocal
apllications such as interferometer, laser
scanner and collimator.

At basic level we use two lenses
(PP and NP) with design parameters:

m:—fzzz2 t=1f +f,

People usually select off-the-shelf (stock)
optical components to design beam
expanders, since they are easy and
cheaper to construct.
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Example: Desighing Beam Expander via Lens Catalog

In this example, we’ll design a beam expander using Newport’s lenses
KBX022 (f=+12.66mm) ve KPX229 (f=+199.3mm) which are available

In Zemax Lens Catalog, hence the magnification is m = 16x.

We need to optimize only the distance between lenses (t = ?).

Insert these lenses to LDE.

Design parameters:
Wavelength = 632.8 nm (HeNe)

Gaussian beam
ENPD =1 mm
Apodization factor = 2

. Lens Data
Update: All Windows - c @ + @ ¥ LR
v | Surface & Properties <

os i Pdm RI2CS2 | 7|
File Setup Analyze Cptimize Tolerance
: ol “~ A

Materials Materials Materials Glass Substitution

Catalog Analyses ~

: =i @ I:@I

Configuration 1/1

Tools v

Nintiral Matenale

Template

E—

Libraries Part D

3 .

Lens Make Private

Catalog [atalog

;/(fnrl( Daric

* — 0O X

4 Surface Type Comment Radius Thickness

0 OBIJECT Standard - Infinity Infinity

1 5TOP Standard = Infinity 10.000

2 (aper) Standard = KBX022 11.868 6,680

3 (aper] Standard ~ -11.868
4 (aper) Standard - KPX229 103.360 10.270

5 (aper] Standard ~ Infinity 100.000

6 IMAGE Standard = Infinity

Material Coi

BKY

BKY

Clear Semi-Dia

Chi
0.000 0.0.
0.500 0.0.
6.350 U 0.0
6.350 U | 0.0

38100 U 0.0

38100 U 0.0
7.698 0.0,

Mech Semi Conic TCE x 1E-6
0.000 0.0... 0.000
0.500 0.0... 0.000
6.350 0.0... -
6.350 0.0... 0.000

38.100 0.0...
38.100 0.0... 0.000
7.698 0.0... 0.000

W w -

Cross-Section 3D  Shaded
Viewer Model

System Viewers [P
System Explorer (3) v I

|| 1
Rays & Aberrati
Spots ~ v

Update: All Windows ~
v Aperture

Aperture Type:

|Entrance Pupil Diameter v ’

4 Aperture Value: )
1.0

Apodization Type:

‘}Gaussian v I

Apodization Factor:

m

20
\, .

Clear Semi Diameter Margin Millimeters:

0.0

Clear Semi Diameter Margin %
0.0
Global Coordinate Reference Surface

2 -

Telecentric Object Space

EV Afocal Image Space j

|| Iterate Solves When Updating

V| Fast Semi-Diameters
|"| Check GRIN Apertures
b Fields
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Setup MFE as given below and click on Apply button.

After optimization, it is clear that the distance betwwen lenses must be t = 209.563 mm.

» Merit Function Editor

PHRYX|ARGC®

-y m@[&u

* — 0O X

# | Wizards and Operands Merit Function: 9999999736.09488
Optimization Wizard imization Eunction Pupil Integration Boundary Values -
Current Operand (1)
Image Quality: Wavefront ﬂ @ Gaussian Quadrature []Glass  Min: ]
Spatial Frequency: 30 - Rectangular Array Max: le+03
X Weight 1 Rings: [3 =) Edge Thickness: | 0 c
Y Weight: 1 Arms: [5 v | [0 air Min: 0
Type: @| Obscuration: 0 Max: 12403
Reference: Centroid - | Edge Thickness: |0 R

[C] Max Distortion (36): A
] Ignore Lateral Color

Optimization Goal

Start At:

15 Configuration: | All v|

Assume Axial Symmetry ~

3

. Lens Data -
Update: All Windows - @ @& + @ ¥l - L & » G = O-£¢® S++=@

v | Surface 6 Properties < Configuration 1/1

( . Surface Type Comment Radius Thickness Material Coi Clear S5emi-Dia Chi Mech Semi Conic TCE
0 OBJECT Standard ~ Infinity Infinity 0.000 0.0. 0.000 0.0... 0
1 STOP Standard - Infinity 10.000 0.500 0.0. 0.500 0.0... 0
2 (aper) Standard ~ KBX022 11.868 6.680 BK7 6.350 U 0.0 6.350 0.0...

3 (aper) Standard ~ -11.868 6.350/ U 0.0 6.350 0.0... 0
4 (aper) Standard ~ KPX229 103.360 10.270 BK7 38.100 U 00. 38100 0.0...

5 (aper) Standard ~ Infinity 100.000 38.100 U 0.0. 38100 0.0... 0
6 IMAGE Standard ~ Infinity - I. 71.873 0.0. 7.873 0.0... 0

Sayfa 4



Example: Designing Beam Expander without Lens Catalog

Beam expanders are afocal systems. Afocal systems don’t have an effective focal length and

thus provide no net convergence or divergence of the incident light beam.

To enable Afocal Image Space in Zemax, navigate to the System Explorer...Units and check

the setting.

System Explorer @
Update: All Windows ~

» Units
~ Aperture

Aperture Type:

w

Entrance Pupil Diameter

Aperture Value:
0.0
Apodization Type:

| Uniform

Semi Diameter Margin Millimeters:
0.0

Semi Diameter Margin %

0.0

Global Coordinate Reference Surface

1

Telecentric Object Space

| Afocal Image Space

|| Iterate Solves When Updating

System Explorer @

Update: All Windows ~

» Units
Lens Units:

| Millimeters

Source Unit Prefix:

| None

Source Unit:

| Watts

Analysis Unit Prefix:

| None

Analysis Unit:

Watts per cm?

Afocal Mode Units:

| arc-minutes

MTF Units:

| cycles/millimeter
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This is intended to be a 5x beam expander,
working at the red He-Ne line, and to

have minimum RMS wavefront error.

In the starting design there is no power in

the optics and therefore no beam expansion.

Let ENP =5 mm

~_ Lens Data

Update: All Windows~ - & E1 . - &
v Surface 6 Properties < ~

b & O-

G} 1: Layout

* - O X

v P Rhakle S0 -A +:'*0~ 2 EE = @ Line Thickness - @

il

v - O X

0 | OBJECT Standard ~
| 1 STOP Standard ~ input beam
2 (aper) Standard ~ expander
| 3 (aper) Standard ~
|4 (aper) Standard v collimator
5 (aper) Standard v
| 6 IMAGE Standard v output beam

‘|

Surf:Type Comment Radius

Infinity
Infinity
Infinity V
Infinity V/
Infinity V
Infinity V
Infinity

Configuration 1/1 -

Thickness Material
Infinity
5.0000

10.0000( |  N-BK7
200.0000

10.0000 N-BK7

10.0000

m

Coating

Semi-Diameter
0.0000
5.0000 U
5.0000 U
5.0000 U
15.0000 U
15.0000 U

15.0000 U
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Then open the Merit Function via Optimize...Merit Function Editor and select
Optimization Wizard from the settings.

e Merit Function Editor v - 0 X
t A BPIYX ARG S+«
~ Wizards and Operands < > Merit Function: Click Update to Calculate
Optimization Function Pupil Integration Boundary Values
Current Operand (5) ,
Criterion: Wavefront v ®) Gaussian Quadrature [] Glass Min:
Spatial Frequency _) Rectangular Array Max: =
X Weight: ' Rincys 2 i Edge Thickness:
Y Weight ' e 2 } (] Air Min:
Type: RMS = Obscuration: |0 Khie 1e+03
Reference: Centroid b Edge Thickness:
Start At 28]  Configuration: | Al o e Al St |
Overall Weight: |1 Field: Al Ignore Lateral Color: L]
Add Favorite Operands: [ |
OK H Apply H Close Save Settings H Load Settings ” Reset Settings | (7]

Note that we can build a default Merit Function to minimize wavefront error, spot radius (and X, Y individually) or angular
error as a radius or as x and y separately. In this case, we will choose Wavefront, and use 5 rings in the Gaussian
Quadrature algorithm because we want a well-corrected system.
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The only extra information OpticStudio needs is the size of the output beam.

The input beam is 5 mm, and the magnification is 5%, so the output beam should have

a diameter of 25 mm. Insert a new operand before the DMFS statement in the merit function,
and enter the REAY operand as follows:

+ Merit Function Editor v - O X
tEHBRIYX &R § S @
~ Wizards and Operands > Merit Function: 0
Optimization Wizard
Gurrert Opesandili) Operand: REAY ~ Surf: 6 Target: 12.5000
Row Color: |Defau|t Color v Wave: 1 Weight: 1.0000
Hx: 0.0000
Hy: 0.0000
Px: 0.0000
Py: 1.0000

This requires the real ray y-coordinate on surface 6 (the image surface) to have a
height of 12.5 mm. Then click Optimize...Optimize! and press the Start button.

'd R
ﬁ Local Optimization | = l-ﬁhj
Algorithm: |Damped Least Square ¥ ’ # of Cores: ‘4 7 ‘
Targets: 6 Cycles: |Automati~ v ‘
Variables: 4 Status: Idle
Initial Merit Function: ~ 4.913786798 Execution Time: 0.530 sec
Current Merit Function: 0.000075040
|| Auto Update Start Exit ’ ©
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OpticStudio quickly optimizes the afocal system.

i&hbwm * -0 X
v ekl /0.7 =A |§|‘l 8 |E|'i.@ Line Thickness - (@

ol 2: OPD Fan
vichk®& /0/ =AlQ

v - 0O X

2 3x4- @ Thickest- @

< 2: Ray Fan

Optical path Difference

2015/9/17
Maximum Scale: = 5.00E-824 Waves.

8.633

Surface: Image (output beam)

afocal sample.zmx

vizak&s /0//=A2H

s 2 3x4- @ Thickest- @

ey

0B3: 8.8800 (deg)

Transverse Ray Fan Plot

2015/9/17

2.632

Configuration 1 of 1

Surface: Image (output beam)

—\Graph L Text I

Maximum Scale: * 2.89£-883 arc-min.

Afocal sample.zmx
Configuration 1 of 1

\Graph L Text I

1+ 3:Spot Diagram

vicanas /07 =A|Q

v - 0O X

Z 3x4- @ Standard + Automatic - | @

0B]: 0.0000 (deg)

e,

o e
s ( @f

",
o, >
teresane®

IMA: ©.0000 rad
Surface IMA: output beam

|E + 0.6328

Spot Diagram
2015/9/17
Units are arc-min.
Field H
RS radiu: 8.
GEO_radiu 2

.891
Scale bar : 8.885 Reference : Chief Ray

Afocal sample.zmx
Configuration 1 of 1

—\Graph L Text I

[\F 5: FFT MTF v =0 X
v 2an®m /0 =A 2 H= 2 3x4- @ standard - Automatic- @
1.8
w 8.8
=4
o
2
s 8.6
e
)
@ 8.4
—
>
=
2
= 8.2
[}
@ 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6 10.8 12.8
Angular Frequency in cycles per arc-min
[—6.8008 (deg)-Tangential [@---8.2808 (deg)-Sagittal
Polychromatic Diffraction MTF
2015/9/17
Data for ©.6328 to 6.6328 um.
Surface: Image (output beam)
afocal sample.zmx
Configuration 1 of 1
[\ Graph [ Text |
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