
University of Wisconsin – Madison 
Contract Number 11-0124
Jenoptik Q11236 

Tolis Deslis 18 May 2011

Prepared for Professor Mark Saffman Ph.D.

University of Wisconsin – Madison

1150 University Avenue

Madison, WI 53706

608-265-5601

Email:msaffman@wisc.edu



Specifications - I

MEET SPECIFICATIONS

ITEM DESCRIPTION YES NO

Lens A:

1 Designed for projection and imaging tasks with light of wavelengths 
455, 685, 780, 852, 915 and 1038 nm.

X

2 NA slightly less than 0.5 X

3 Outside tube diameter 20 mm < 20 mm

4 Working distance: 1 mm air + 7.3 mm pyrex + 10 mm vacuum X
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5 Better than diffraction limited for a field of view of 200 micron diameter X

6 Optical transmission >94% at above wavelengths X

7 Lens assembly constructed from non-magnetic materials X

8 Total weight < 500 g X

9 Bid must include calculated rms wavefront error and chromatic focal shifts as a function of off-axis 
coordinate at focal plane 

X

10 Delivered items must include a measured verification of performance X

11 Quote for 2 units with an option for 2 more.



Specifications – II
Packaging Requirements
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Optical Layout

7.3 mm 

Pyrex

Vertex to Vertex distance ~24 mm
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10 mm

10 mm

1.2 mm from flat edge

Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 1

Layout

Wisconsin NA ~0.4 Objective lens
5/18/2011
Total Axial Length:   52.31782 mm



Performance with all wavelengths present
Black circle in spot diagram is Airy disk

Surface: IMA
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 1

Layout

Wisconsin NA ~0.4 Objective lens
5/18/2011
Total Axial Length:   52.31782 mm

Surface: IMA
IMA: 0.100 mm

Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 1

Spot Diagram

Wisconsin NA ~0.4 Objective lens
5/18/2011  Units are µm. Airy Radius: 1.195 µm
Field      :         1         2         3
RMS radius :     0.164     0.229     0.308
GEO radius :     0.540     0.919     1.369
Box width  : 4 Reference  : Chief Ray

0.0
0

0.1

180

0.2

360

0.3

540

0.4

720

0.5

900

0.6

1080

0.7

1260

0.8

1440

0.9

1620

1.0

1800

Spatial Frequency in cycles per mm

TS Diff. Limit
TS 0.0000 mm
TS 0.0700 mm

TS 0.1000 mm

Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 1

M
o
d
u
l
u
s
 
o
f
 
t
h
e
 
O
T
F

Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.4550 to 1.0380 µm.
Surface: Image
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Polychromatic Diffraction Through Focus MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.4550 to 1.0380 µm.
Spatial Frequency: 140.0000 cycles per mm.



Performance with all wavelengths present
Encircled Energy – RMS Wavefront Error – Axial Color – Lateral Color
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 1

FFT Diffraction Encircled Energy

Wisconsin NA ~0.4 Objective lens
5/18/2011
Wavelength: Polychromatic
Surface: Image
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q11236 051711 ver-.zmx
Configuration 1 of 1

RMS Wavefront Error vs Wavelength

Wisconsin NA ~0.4 Objective lens
5/18/2011
Fields:1 2 3

Reference: Centroid
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Chromatic Focal Shift

Wisconsin NA ~0.4 Objective lens
5/18/2011
Maximum Focal Shift Range: 4.9933 µm
Diffraction Limited Range: 4.919 µm
Pupil Zone: 0.0000
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Lateral Color

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data Referenced to Wavelength 0.780000 µm
Real rays used.
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Universal Plot

Wisconsin NA ~0.4 Objective lens
5/18/2011
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Universal Plot

Wisconsin NA ~0.4 Objective lens
5/18/2011
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Performance for Laser 455 nm 
Black circle in spot diagram is Airy disk
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 4

Layout

Wisconsin NA ~0.4 Objective lens
5/18/2011
Total Axial Length:   52.31782 mm

Surface: IMA
IMA: 0.100 mm
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Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 4

Spot Diagram

Wisconsin NA ~0.4 Objective lens
5/18/2011  Units are µm. Airy Radius: 0.6929 µm
Field      :         1         2         3
RMS radius :     0.171     0.195     0.255
GEO radius :     0.367     0.650     0.970
Box width  : 2 Reference  : Chief Ray
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Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.4550 to 0.4550 µm.
Surface: Image
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Polychromatic Diffraction Through Focus MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.4550 to 0.4550 µm.
Spatial Frequency: 140.0000 cycles per mm.

9



Performance for Laser 455 nm 
Encircled Energy – RMS Wavefront Error – Axial Color – Lateral Color
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 1 of 4

FFT Diffraction Encircled Energy

Wisconsin NA ~0.4 Objective lens
5/18/2011
Wavelength: Polychromatic
Surface: Image
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16490 Innovation Drive
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Configuration 1 of 4

RMS Wavefront Error vs Wavelength

Wisconsin NA ~0.4 Objective lens
5/18/2011
Fields:1 2 3

Reference: Centroid
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Wisconsin NA ~0.4 Objective lens
5/18/2011
Maximum Focal Shift Range: 0.1347 µm
Diffraction Limited Range: 2.836 µm
Pupil Zone: 0.0000
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Lateral Color

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data Referenced to Wavelength 0.455000 µm
Real rays used.



Performance for 685 nm
Black circle in spot diagram is Airy disk

Surface: IMA
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 2 of 4

Layout

Wisconsin NA ~0.4 Objective lens
5/18/2011
Total Axial Length:   52.31782 mm

Surface: IMA
IMA: 0.100 mm
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Spot Diagram

Wisconsin NA ~0.4 Objective lens
5/18/2011  Units are µm. Airy Radius: 1.048 µm
Field      :         1         2         3
RMS radius :     0.064     0.130     0.222
GEO radius :     0.172     0.317     0.674
Box width  : 4 Reference  : Chief Ray
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Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.6850 to 0.6850 µm.
Surface: Image
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Polychromatic Diffraction Through Focus MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.6850 to 0.6850 µm.
Spatial Frequency: 140.0000 cycles per mm.



Performance for 685 nm
Encircled Energy – RMS Wavefront Error – Axial Color – Lateral Color
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 2 of 4

FFT Diffraction Encircled Energy

Wisconsin NA ~0.4 Objective lens
5/18/2011
Wavelength: Polychromatic
Surface: Image
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RMS Wavefront Error vs Wavelength

Wisconsin NA ~0.4 Objective lens
5/18/2011
Fields:1 2 3

Reference: Centroid
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Wisconsin NA ~0.4 Objective lens
5/18/2011
Maximum Focal Shift Range: 0.0344 µm
Diffraction Limited Range: 4.311 µm
Pupil Zone: 0.0000
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Lateral Color

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data Referenced to Wavelength 0.685000 µm
Real rays used.



Performance for 780 nm
Black circle in spot diagram is Airy disk

Surface: IMA
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 3 of 4

Layout

Wisconsin NA ~0.4 Objective lens
5/18/2011
Total Axial Length:   52.31782 mm

Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 3 of 4

Spot Diagram

Wisconsin NA ~0.4 Objective lens
5/18/2011  Units are µm. Airy Radius: 1.195 µm
Field      :         1         2         3
RMS radius :     0.180     0.125     0.120
GEO radius :     0.504     0.583     0.541
Box width  : 4 Reference  : Chief Ray
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Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.7800 to 0.7800 µm.
Surface: Image
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Polychromatic Diffraction Through Focus MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.7800 to 0.7800 µm.
Spatial Frequency: 140.0000 cycles per mm.



Performance for 780 nm
Encircled Energy – RMS Wavefront Error – Axial Color – Lateral Color
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Jenoptik Optical Systems
16490 Innovation Drive
Jupiter, FL 33478-1947

q11236 051711 ver-.zmx
Configuration 3 of 4

FFT Diffraction Encircled Energy

Wisconsin NA ~0.4 Objective lens
5/18/2011
Wavelength: Polychromatic
Surface: Image
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RMS Wavefront Error vs Wavelength

Wisconsin NA ~0.4 Objective lens
5/18/2011
Fields:1 2 3

Reference: Centroid
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Wisconsin NA ~0.4 Objective lens
5/18/2011
Maximum Focal Shift Range: 0.0203 µm
Diffraction Limited Range: 4.919 µm
Pupil Zone: 0.0000
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q11236 051711 ver-.zmx
Configuration 3 of 4

Lateral Color

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data Referenced to Wavelength 0.780000 µm
Real rays used.



Performance 852 nm & 915 nm & 1038 nm
Black circle in spot diagram is Airy disk
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Layout

Wisconsin NA ~0.4 Objective lens
5/18/2011
Total Axial Length:   52.31782 mm

Surface: IMA
IMA: 0.100 mm
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Spot Diagram

Wisconsin NA ~0.4 Objective lens
5/18/2011  Units are µm. Airy Radius: 1.593 µm
Field      :         1         2         3
RMS radius :     0.174     0.162     0.193
GEO radius :     0.556     0.578     0.903
Box width  : 4 Reference  : Chief Ray
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Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.8520 to 1.0380 µm.
Surface: Image
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Polychromatic Diffraction Through Focus MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.8520 to 1.0380 µm.
Spatial Frequency: 140.0000 cycles per mm.



Performance for 852 nm 915 nm and 1038 nm
Encircled Energy – RMS Wavefront Error – Axial Color – Lateral Color
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FFT Diffraction Encircled Energy

Wisconsin NA ~0.4 Objective lens
5/18/2011
Wavelength: Polychromatic
Surface: Image
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RMS Wavefront Error vs Wavelength

Wisconsin NA ~0.4 Objective lens
5/18/2011
Fields:1 2 3

Reference: Centroid
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Chromatic Focal Shift

Wisconsin NA ~0.4 Objective lens
5/18/2011
Maximum Focal Shift Range: 0.2672 µm
Diffraction Limited Range: 6.568 µm
Pupil Zone: 0.0000
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Lateral Color

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data Referenced to Wavelength 1.038000 µm
Real rays used.



Preliminary Mechanical Design
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Assembly of six units
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Summary 

The optical design meets or exceeds all optical design requirements. In particular

1. It is diffraction limited for each waveband 

2. It meets the axial color of < 0.015 mm. Current design is at 0.005 mm

3. It meets all the working distance requirements.

4. Each lens (and most likely all six lenses together) will be much less than 0.5Kg. 

Currently the glass for the lens only excluding the Pyrex window weighs17 grams.
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Currently the glass for the lens only excluding the Pyrex window weighs17 grams.

5. The current NA is 0.4 due to the aperture constraint requirements and it will be 

maximized taking into account the housing dimensions imposed by the packaging 

requirements of the six assemblies.

6. We do meet  transmittance > 94%. The transmittance values shown in the previous 

pages are the theoretical values and therefore the system transmittance values shown 

below of our offer letter stand.

455 nm R < 1.0% per surface System Transmittance = 88.6%
685 nm R < 0.8% per surface System Transmittance = 90.8%
780 nm R < 0.5% per surface System Transmittance = 94.1%
852 nm R < 0.5% per surface System transmittance = 94.1%
915 nm R < 0.8% per surface System Transmittance = 90.8%
1038 nm R < 1.0% per surface System Transmittance = 88.6%


