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Actuation principle of Optotune’s electrically
tunable lenses

Passive state (0O mA current) Active state (e.g. 300 mA current)

Ring

Membrane

Motor
bobbin \
Container
e The electrically tunable lenses from Optotune are shape-changing lenses. The core of the

lens consists of a container, which is filled with an optical fluid and sealed off with an
elastic polymer membrane.

e An electromagnetic actuator is integrated in the lens which controls a ring that exerts
pressure on the container and squeezes more liquid into the lens volume. This leads to a

bulging of the membrane.

e Therefore, the focal length of the lens can be controlled by the current flowing through
the coil of the actuator.

Videos are available on www.optotune.com
Note: Animation for illustration purpose only. Proportions and degrees of deflection can vary.
w(’o\pto’[une
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Example of Zemax modelling

Glass model of optical liquid (included
in Optotune’s .AGF glass catalog)

-? Lens Data Editor: Config 4/4

& 1: 3D Layout 1 7 - X|
m Layout of all 4 configurations overlaid r‘]
Edit Solves View Help e
Surf : Type Comment Fadius Thickne=s Glas= / /éemi—Diameter Conic Pa: 2
DBJ Tntfinity Tntfinity 7 0.0000 0 0000 @ 3
STO Standard Infinity 10.0000 / 3.000000 0.oo00 M (é\
2 Standard Hou=ing Infinity 0.oo0n / 15.0000)10 0.oo00 —J T
3% Standard Infinity 4.3000 / 7.000000 0.oo00 —_—
4 Standard Holder ring Infinity 2.0000 =1 / 5.500000 0.oo00 W - — |
Ea Standard| Cover glas= f.. Infinity 0.5000 A 1 / BE? 5. 50000 0.ooon H‘}‘} — _—
6% Standard| Cover glas= b. . Infinity 4. 3714 5. 50000 0.ooon “H
7 Standard| Adaptive surf .. 24 3752 3.2786| E OI.lD24£UV_VIS_NIR 5. 500010 0.o0o00 m\ - —
EE \ Standard| Container gla. . Infinity 0.5000 2 BE7 5. 0000) 0O 0.0000 \l\“ R I
9| | \ Standard| Container gla.. Infinity 1.1500 =] c poool O 0.0000
10 \Standard Infinity 0.oo0n 5. 00000 0.oo00 h
11 ‘@tandard Housing Infinity 76,9230 H 15.0000)0 0.oo00 L I
1Hal|  \tandard / Infinity - 5.0000[0 0.0000 5 él
\ ]
Adaptive Non-optical surfaces are modelled if they indicate | Surface numbering &
(tunable) surface [ dimensions or FOV-relevant apertures of the lens &l 5| oy
& 7: 3D Layout 2 Z = 60.6714, Y = -51.987635 . . [_ O] x|
The multi-configuration editor allows toggling between the different focus states (curvatures of Upikic Sdiiigs [t Gy Ts. e Layout of all 4 configurations separated

the adaptive surface) of the lens. The configurations correspond to different actuation currents.

& Multi-Configuration Editor =] B3 |
Edit Solves Tools Wiew Help l
Active © 4.4 Config 1 Config £ Config 3 Config 4% ﬂ
1. MCFF i] Any current Hax EL-E-4 Ab=s. Max
Z2: CREVT 7 0. 0163 0. 0230 0.03z20 0.0410 ';I I
al —_— N

Edge thickness solves are used for modelling the fact, that Optotune lenses
have a moving vertex and a fixed lens edge defined by the so called lens shaper

Thickness solve on surface 6 n Thickness solve on surface 7 2

Solve Type: Salve Type: Edge Thi
Thickness: |5 Thickness: 265
Riadial Height:  [5.5 Radial Height:  [5.5 5D Layouc
I I 06.01.2016
I J I Optotune EL-10-30-Cr-i30-LD [102-050-3X D] .zmx
| 0k | Cancel | | (1] | Cancel I Configuration: A11 4
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Datasheet values and Zemax model
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- S Note: Tuning range in
W data sheet is specified
3 as back flange focal

length/power
(BFFL/BFFP) and
measured from here

Note: Non-optical
surfaces are modelled in
Zemax if they indicate
the outer dimensions or
- field-of-view-relevant
- apertures of the lens.

Standard products

EL-10-30-VIS-LD
EL-10-30-NIR-LD
EL-10-30-VIS-HR

Focus states

Tuning range from datasheet

Overview of available standard products

EL-10-30-C-VIS-LD

EL-10-30-C-NIR-LD

Tuning range? Refractive Cover glass RMS wave-  Integrated Tempera-
index coating front error®>  offset lens ture sensor

+8.3 to +19.9 dpt 1.30 400 - 700 nm <0.50 1 No No
+8.3t0+19.9dpt 1.30 700-1100nm  <0.50 1 No No

+16.5 to 44.5 dpt 1.56 400 — 700 nm <0.50 A No No

+§ to +10 dpt 1.30 400 -700 nm <0.251 No Yes I
+5to +10 dp 1.30 700-1100 nm  <0.25A No Yes

Membrane cuyrvatures in Zemax Multi-Configuration Editor

Note: The surfaces named
‘Housing’ in the Zemax Lens
Data Editor define the boundary
surfaces from where on you can

ing

()}

% % modify the Optotune model in
3 g\— order to embed the Optotune
T T lens in your system.

? Multi-Configuration Editor
Edit Solves Tools Wiew Help
Active . 474 Config 1 Config 2 Config 3 Config 4= ﬂ
1: MOFF 0 Anvy current Hax EL-E-4 Ab=. Maxz
2. CREVT 7 0,0163 0.0230 0.0320 0.0410
sl I \ )
Back[flange focal length as indicated in Zemax
Infinity 05000 ~ B [ufinity [osooe [ B
Infinity 1.1500 [nfinity | 1.1500
Infinity yd.oooa [nfinity & 0.0000
Infinity 200.0000 [nfinity 100.0000) M
Infinity - [nfinity -

s
[ —

This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent.
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Relation between current, curvature & optical
power

Example for two lens types

EL-10-30-Ci-VIS-LD EL-16-40-TC-VIS-5D
No Max Abs. Ab_s. Min No Max Abs. Unit Relation
current| EL-E-4 | Max Min | EL-E-4 |current| EL-E-4 | Max

Current 0 250 400 -500 -250 0 250 500/ mA
Curvature 0.017| 0.033| 0.043| -0.015| -0.007| 0.002| 0.010| 0.018| 1/mm 1/r
Radius 60.0 30.0 23.1| -66.7| -150.0/ 600.0| 100.0 54.5| mm f*(n-1), 1/c
Focal length 200 100 77 -222 -500( 2'000 333 182 mm |r/(n-1), 1/OP
Optical power 5.0 10.0 13.0 -4.5 -2.0 0.5 3.0 5.5| Dpt 1/f

Note:

e EL-10-30-Ci-VIS-LD-MV achieves -1.5 to +3.5 Dpt by adding a -150mm (-6.67
Dpt) offset lens to the EL-10-30-Ci-VIS-LD

5 This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent. Gtotune



Troubleshooting: Optical material is missing in
Zemax

z Preferences 7| x| |E
o Th q d g I t | g I I d Dolors 13-24 | Buttons 1-16 | Buttons 17-32 | Buttons 3348 |
e re u I re a Ss Ca a O I S Ca e Addrezs Folders | Graphics I tizcellaneous I Editars | PFrinting | Statuz Bar | Colors 1-12
“OPTOTUNE_LENSMAT_[CUSTOMER02].AGF”
- - ' Data: C:\UsershAE\Documen tshZemax E
. Lens: IC:\Users\AE\D oooooo tshZemanh SAMPLES ﬂ 1
e Check Zemax preferences for correct file Ot [N e scumants Sora DBECTS 4
. ZPL: IE:\Users\AE\D oooooo b LemaMACROS j
I OCa t 10N sersE\Documen o Zema GLASSCAT 2|
zershAE D ocumend e Zemat COATINGS ﬂ
O ptotu n e ’s g I a ss zerstAE \Documen tzZemaxPOPYBEAMFILES ﬂ
t I h t b zershAE D ocumend e ZemanhIMAFILES ﬂ
Ca a- Og . a s q e Solidhworks Files: IC:\Users\AE\D oooooo e ZemahOBJECT S\ S olidworks Files ﬂ
copied into this folder
Reset Save I Load |
oK | Cancel | Sl | Help |
2 General EHE

o C h eC k i n Z e m a X - > G e n e ra I t h a t O ptOt u n e ’S Filez I Mon-Seguential I Folarization I Fiay &iming | Mizcellaneous
Ca ta I Og i s I i Ste d  Aperture I Title/Motes I Units Glass Catalogs | Erironment

ISEHDTI DF‘TDTUNE_LENSMAT_[EUSTDMEHD%INFF!.&F!ED CORNING|

e Note the empty space between the different _Choose ACabg> ] [Nore =
catalogs

Optotune’s glass
catalog has to be
listed as glass
catalog

QK I Cancel | Apply | Help |

6 This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent. \‘( optotune



Troubleshooting: Optical material is missing Iin
Zemax

7

As an example, the
OL1024_UV_VIS_NIR material
is listed correctly (red box)

All glass materials are listed in
the glass catalog

The glass catalog can be
opened with a standard text
editor

You can double check directly
in the file if the required glass
exists (e.q.
OL1042_UV_VIS_NIR)

Edit Solves View Help

Surf : Type Comnment Radius Thickness Glass Semi-Diameter Conic
QOBJ Standard Infinity Infinity 0o.0000 0.0000
STO Standard Infinitwy 10.0000 2.5000| U, 0.0000

2 Standard| Housing entrance aperture| Infinity 2.8000 6.3500 U; 0.0000

3= Standard Offset lens| -91.700 1.5000 F_SILICA| 6.3500 IJI 0.0000
4% Standard Infinity 1.1500 6.3500 UI 0.0000
G Standard Container glass| Infinity 0.5000 & _0000D UI 0.0000
b Standard Infinitwy 2 7573 5.0000 UI 0.0000
T Standard Adaptive surface| —43.103 4. 2477 5.5000 UI 0.0000
8 Standard| Housing intermed. aperture| Infinity 12 4300 5 5000 Hi 0. 0000
9 Standard Gla=z= plate| Infinity 0.5000 H-EBE7 12 7000 UI 0.0000
10% Standard Infinitwy 14 8000 12_7000 UI 0.0000
11 Standard Housing exit aperture| Infinity 21.0000 14 0000 U; 0.0000
IHA Standard Infinity —] S.0000 Ui 0.0000

il [

IPTOTUNE_LENSMAT_[CUSTOMEROZLAG
i

Format WView Help

i
M OL1224 WIS 2 0 1.291156 108.462415 0 0 0
o

ED 0.000000000E+000 0.000000000E+000 1. 000000000E+000 0.000000000E+000 0 0

CD -5.798993040E+004 2.266086520E-002 5.799058630E+004 2.266068790E-002 1.439509350E+004 6. 619519090E+006

0. 000000000E+000 0. 000000000E+000 0. 000000000E+000 0. 00D000000E+000

TD -1,283000000E-003 -1,158200000E-010 -1, 575600000E-012 4.881200000E-006 3.350600000E-011 -1.390600000E-003
2. 000000000E+001

oD -1.00000 -1,00000 -1,00000 -1,00000 -1,00000 -1.00000

LD 3.80000000E-Q01 8,80000000E-001

1T 3.80000E-Q01 1.00Q00E+Q00 1.00000E+Q00

1T 8.80000E-001 1.00000E+000 1.00000E+000

I OL112%_wIS_NIR 2 O 1.382272 64.799910 0 0 0

o
ED 0.000000000E+000 0.000000000E+000 1.000000000E+000 0.000000000E+000 0 O
CD 8.884173430E-001 8.499583250E-003 4.458860980E-004 1.492501940E-001 5.087806970E+004 1.845238360E+007
0. 000000000E+000 0. 000000000E+000 0. 000000000E+000 0. 000000000E+000
D_-3.332800000E-004 -1.738300000E-006 -1.340200000E-005 -1.152800000E-004 -6.046500000E-007 4.000000000E-
002 2 5000000005+001
o 000 -1, 00000 -1,00000 -1,00000 -1.00000
LD 4 OOOOOOOOE 001 1.60000000E+000
IT 4.00000E-Q0L 1.00Q00E+000 1.00000E+Q00
IT 1.60000E+000 1.00Q00E+Q00 1.00000E+Q00
MM OL1114 wis 1 0 1.201113 101.163001 0 0 0
e

& o 000000000E+000 0. 000000000E+000 1. 00000A0N0E+000 0. 00000NON0E+000 O O

. 787434 110E+000 -6.468395770E-002 -5.866545920E-002 1.688834050E-002 -2. 084976070E-003 9. 512398250E-005
0 0000000005+000 0. 000000000E+000 0. 000000000E+000 0. 000000000E+000
TD -1.065400000E-003 -7.143900000E-007 5.005400000E-009 -1. 080300000E-006 4.613S00000E-008 3. 993800000E-001
1 9992000005+00

00 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000
LD 4 04700000E 001 7.06500000E-001
1T 4. 04700E 001 1.00000E+Q00 1.00000E+000
00E+000 1.00000E+000
0 1.300218 105.344258 0 0 0

G

ED 0.000000000E+000 0. 000000000 Q

CD 1. 602BOSBROE+000 5. 074406220E-003 —or
- 0000000002000 0. 00BB00GO0E2000 0, B0000000TET - “
TD -1.077400000E-003 -8.161000000E-007 4.642500000E-00!
2. 0014 00000E+001

oD -1.00000 -1.00000 -1.00000 -1,00000 -1.00000 -1. 00000
LD 3.08000000E-001 1.55000000E+000

IT 3.08000E-001 1.00Q00E+Q00 1.00000E+000

IT 1.55000E+000 1.00000E+000 1,00000E+000

M OLO901_UW_VIS_WIR 2 0 1.558720 30,275910 0 © 0

G

oooor

a glass

ED o OOOOOOOOOE+OOO ©.000000Q00E+000 1.000000000E+000 0. 000000000E+000 € O
378640E-001 1,780285610E-011 8.360341420E-001 2.957692320E-002 —3.383976750E4003 2.342177550E4006
5" oooooooooz+ooo 0. 000000000E4000 0. 000000000E+000 0. KO0O000000E+000
TD -9.113500000E-004 1.750300000E-006 -1.680400000E-008 2.682800000E-006 -7. 950500000E-008 9. 204000000E-002
2. 0000000005+001
oD -1 00000 -1. 00000 -1.00000 -1.00000 -1.00000
LD 3. OOOOOOOOE 001 1.60000000E+000
IT 4.04700E-001 1.00000E+000 1.00000E+000
IT 7.06500E-001 1.00000E+000 1.00000E+000

This information is confidential to Optotune and is not to be copied or forwarded to any 3rd party without our prior written consent.

eseemmmeeicne 0o OL1042_UV_VIS_NIR,
among others, is Ilsted as
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Troubleshooting: Optical material is missing in

Zemax

e When using older Zemax versions,
the encoding can be important

e Check in Zemax preferences what
encoding is used

2 Preferences K E3
Colars 13-24 | Buttons 116 | Buttons 17-32 | Buttons 33-48 I

 Address | Folders I Graphics Mizcellaneous | E ditars | Frinting | Status Bar | Colors 1-12

Text Window Font: I‘IIJ j

Drate Time: I Date j

Check Updates: [Every 10 Days =l

Interface Language: IEnin$h j

Zh: File Encoding: I,.'.-._N5| x j

T=T File Encoding: I.t’-‘n.NSI

Reset

e

Change encoding from
Unicode to ANSI can help

Save | Load |

Q. I Cancel Apply | Help I
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