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Specifications - |

JENOPTIK

MEET SPECIFICATIONS
ITEM DESCRIPTION YES NO
Lens A:
1 Designed for projection and imaging tasks with light of wavelengths X
455, 685, 780, 852, 915 and 1038 nm.
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
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 X
coordinate at focal plane
10 Delivered items must include a measured verification of performance X
11 Quote for 2 units with an option for 2 more.
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Specifications —
Packaging Requirements

—_—

JENOPTIK

Mark Saffman
msaffman@wiscedu 6 units placed around atoms
Custom lens systems usage %;v ﬂf

lens. lens
) . . assembly assem
all dimensions in mm i

laser laser laser
852 nm | |915 nm| 1038 nim|

6 units placed around atoms

I l 7 With 1 mm air gap between
1 lens and window there will
% 8, \wc"§ be 1 mm gap between
w .
Pt oer | | leser fber % & adjacent lens tubes.
link
focusing | expect 0.1 - 0.2 mm assembly
; = o> fa> — 7
adJustment¢C ¢ 1: tc lens R lens tolerances on hex cell so
o asasmiEly ey lens tube with 20 mm
assembly A diameter +/- 0.2 mm should
dichroic be gOOd.
mirrors iCD (5‘3’ _%e
3 A
& N We could go a few tenths larger
image of but 20.0 seems safe.
atom array on camera

The lenses used for focusing adjustment will compensate for the variation in

focal length of the lens assembly at different wavelengths. Since these lenses will be used at low

numerical aperture | am assuming they can be standard catalog achromats. The projected wavelengths will

all be Gaussian beams set to have a waist that is about 1/4 of the lens assembly aperture diameter. Focusing
will be adjusted so that all wavelengths are simultaneously focused onto the atomic plane where they will have
diffraction limited spot sizes of a few microns.

Note that the 850,915 and 1038 nm light will be delivered through a single optical fiber. Thus there is only one
focusing adjustment for those wawvelengths, and it is important that the lens assembly has not too large

focal length shifts between 850,915, 1038 nm. Beam scanning to different off-axis points in the focal plane
will be accomplished using small tilts of the beams provided by optical systems which are

not shown in the above figure, but are upstream of the focusing adjustment lenses.
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Optical Layout
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Vertex to Vertex distance ~24 mm
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7.3 mm
Pyrex
10 mm
10 mm
\
1.2 mm from flat edge
Layout
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brseoneit Jective lens Jenoptik Optlca}l Systems
Total Axial Length: 52.31782 mm 16490 Innovation Drive

Jupiter, FL 33478-1947
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Configuration 1 of 1
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Performance with all wavelengths present
Black circle in spot diagram is Airy disk

| (@

TMA: 0.000 mm

JENOPTIK

+ 0.4550
o 0.7800
M 0.915

TR: 0.070 mm

ey

Surface: THA 0200 m
Layout Spot Diagram
Wisconsin NA ~0.4 Objective lens i i Wisconsin NA ~0.4 Objective lens i i
5/18/2011 Jenoptlk Optlcal Systgms 5/18/2011 Units are pm. Airy Radius: 1.195 pm Jenoptlk Optlcal Systems
3 . 16490 Innovation Drive . 16490 Innovation Drive
Total Axial Length: 52.31782 mm : Field H 3 3
Jupiter, FL 33478-1947 RMS radius : 0.164 0.229 0.308 Jupiter, FL 33478-1947
gll236 051711 ver-.zmx GEO ra}dius B 0.540 0.919 1.369 . gl1l236 051711 ver-—.zmx
Configuration 1 of 1 Box width : 4 Reference : Chief Ray Configuration 1 of 1
Diff. Limit TS 0.1000 mm TS 0.1000 mm

T3S
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TS 0.0700 mm
T

Modulus of the OTF
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Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data for 0.4550 to 1.0380 pm.
Surface: Image

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

TS 0.0000 mm “

TS 0.0700 mm
T

Modulus of the OTF

0.0
-0.02 -0.012 -0.008 -0.004 0

0.004 0.008 0.012

Focus shift in Millimeters

Polychromatic Diffraction Through Focus MTF

gqll236 051711 ver-.zmx
Configuration 1 of 1

Wisconsin NA ~0.4 Objective lens

5/18/2011

Data for 0.4550 to 1.0380 pm.

Spatial Frequency: 140.0000 cycles per mm.

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

gqll236 051711 ver-.zmx
Configuration 1 of 1
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Performance with all wavelengths present

Encircled Energy — RMS Wavefront Error — Axial Color — Lateral Color

Diff. Limit 0.1000 mm

0.0000 mm

0.0700 mm
T

Fraction of Enclosed Energy

I
0 0.2 0.4 0.6 0.8 1 1.2

1.4 1.6 1.8 2

Radius From Centroid in pm

RMS Wavefront Error in Waves

0.513 0.572 0.630

0.688

0.746 0.805 0.863 0.921 0.980 1.038

Wavelength in pm

FFT Diffraction Encircled Energy

RMS Wavefront

Error vs Wavelength

Wisconsin NA ~0.4 Objective lens

5/18/2011
Wavelength: Polychromatic
Surface: Image

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

gqll236 051711 ver-.zmx
Configuration 1 of 1

Wisconsin NA ~0.4 Objective lens
5/18/2011

Fields: 1 2 3
Reference: Centroid

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

gqll236 051711 ver-.zmx
Configuration 1 of 1

1.0380

0.9797 |-

0.9214

0.8631 —

0.8048 |-

0.7465

0.6882 I~

Wavelength in um

0.6299 |-

0.5716

0.5133

0.4550
-5 -1 -3 -2 -1 0 1
Focal shift in pm

Chromatic Focal Shift

Wisconsin NA ~0.4 Objective lens
5/18/2011

Maximum Focal Shift Range:
Diffraction Limited Range:
Pupil Zone: 0.0000

4.9933 pm
4.919 pm

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

Maximum Field:

Airy

0.4550
0.1000 Millimeters B

Airy 0.7800

Lateral

Color

gqll236 051711 ver-.zmx
Configuration 1 of 1

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data Referenced to Wavelength 0.780000 pm

Real rays used.

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

gqll236 051711 ver-.zmx
Configuration 1 of 1
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Transmittance with Pyrex window P

JENOPTIK

CODA
I
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Merit Function Operand 2,

0.85 \ \ \ \ \ \ \ \ \ |
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Wavelength 1

Universal Plot

Wisconsin NA ~0.4 Objective lens Jenoptik Optical Systems

5/18/2011 16490 Innovation Drive
Jupiter, FL 33478-1947

gll236 051711 ver—.zmx
Configuration 1 of 1
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Transmittance of lens only excluding Pyrex Window ——

JENOPTIK

CODA
I
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Merit Function Operand 2,

0.865 — —

0.85 \ ! \ \ ! ! \ \ ! |
0.455 0.5133 0.5716 0.6299 0.6882 0.7465 0.8048 0.8631 0.9214 0.9797 1.038

Wavelength 1

Universal Plot

Wisconsin NA ~0.4 Objective lens Jenoptik Optical Systems

5/18/2011 16490 Innovation Drive
Jupiter, FL 33478-1947

gll236 051711 ver—.zmx
Configuration 1 of 1

Q11236.pptx 2011-05-18 Jenoptik Optical Systems, Inc. 8




Performance for Laser 455 nm
Black circle in spot diagram is Airy disk

2.00

TMA: 0.000 mm

+ 0.4550

TR: 0.070 mm

O 0.4550

Surface: THA 0,200 m
Layout Spot Diagram
Wisconsin NA ~0.4 Objective lens i i Wisconsin NA ~0.4 Objective lens i i
5/18/2011 Jenoptlk Optlcal Systgms 5/18/2011 Units are pm. Airy Radius: 0.6929 pm Jenoptlk Optlcal Systems
3 . 16490 Innovation Drive . 16490 Innovation Drive
Total Axial Length: 52.31782 mm : Field H 1 2 3
Jupiter, FL 33478-1947 RMS radius : 0.171 0.195 0.255 Jupiter, FL 33478-1947
gqll236 051711 ver-.zmx GEO ra}dius B 0.367 0.650 0.970 . gl1l236 051711 ver-—.zmx
Configuration 1 of 4 Boxwidth : 2 Reference : Chief Ray Configuration 1 of 4
TS Diff. Limit TS 0.1000 mm TS 0.1000 mm

TS 0.0000 mm
H‘ TS 0.0700 mm
1

T

Modulus of the OTF
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JENOPTIK

Spatial Frequency in cycles per mm Focus shift in Millimeters

Polychromatic Diffraction MTF Polychromatic Diffraction Through Focus MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data for 0.4550 to 0.4550 pm.
Surface: Image

oWt

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

gl1236 051711 ver—.zmx

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data for 0.4550 to 0.4550 pm.

Spatial Frequency: 140.0000 cycles per mm.

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

gqll236 051711 ver-.zmx
Configuration 1 of 4
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Performance for Laser 455 nm
Encircled Energy — RMS Wavefront Error — Axial Color — Lateral Color

Diff. Limit 0.1000 mm

0.0000 mm

0.0700 mm
T

Fraction of Enclosed Energy

0.0 I I I I I

I
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Radius From Centroid in pm

Diffraction Limit

RMS Wavefront Error in Waves
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0.45498  0.45499  0.45500

0.45501

Wavelength in pm

0.45502  0.45503  0.45504  0.45505

FFT Diffraction Encircled Energy

RMS Wavefront Error vs Wavelength

Wisconsin NA ~0.4 Objective lens

5/18/2011
Wavelength: Polychromatic
Surface: Image

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

gqll236 051711 ver-.zmx
Configuration 1 of 4

Wisconsin NA ~0.4 Objective lens
5/18/2011

Fields: 1 2 3
Reference: Centroid

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

gqll236 051711 ver-.zmx
Configuration 1 of 4

0.4560

0.4558 |-

0.455 1~

0.4554 1~

0.4552 |-

0.4550 -~

Wavelength in um

-0.08 -0.06 -0.04 -0.02 0 0.02
Focal shift in pm

Chromatic Focal Shift

Wisconsin NA ~0.4 Objective lens
5/18/2011

Maximum Focal Shift Range:
Diffraction Limited Range:
Pupil Zone: 0.0000

0.1347 pm
2.836 pm

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

Maximum Field:

Airy

0.1000 Millimeters

0.4550

Airy

0.4550

pm

Lateral Color

gqll236 051711 ver-.zmx
Configuration 1 of 4

Wisconsin NA ~0.4 Objective lens

5/18/2011

Data Referenced to Wavelength 0.455000 pm

Real rays used.

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

gqll236 051711 ver-.zmx
Configuration 1 of 4
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Performance for 685 nm

Black circle in spot diagram is Airy disk

/

\

TMA: 0.000 mm

TMA: 0.100 mm

Surface: TR

TR: 0.070 mm

Layout

Spot Diagram

Wisconsin NA ~0.4 Objective lens

Jenoptik Optical Systems

Wisconsin NA ~0.4 Objective lens

Jenoptik Optical Systems

e Length:  52.31782 mm 16490 TInnovation Drive gi%ZMI Units are pm. AHyRa&fs’lﬂ4gum 16490 TInnovation Drive
N ° Jupiter, FL 33478-1947 pug rogiys + 0.064 0.130 0.222 Jupiter, FL 33478-1947
gll236 051711 ver-.zmx GEO r?diUSi 0.172 0.317 0.674 . gl1l236 051711 ver-—.zmx
Configuration 2 of 4 Box width : 4 Reference : Chief Ray Configuration 2 of 4
Diff. Limit TS 0.1000 mm TS 0.1000 mm
0.0000 mm

T3S
HTS
|

‘ TS 0.0700 mm
|
T

Modulus of the OTF

0.0 I I I I
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600
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72
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Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data for 0.6850 to 0.6850 pm.
Surface: Image

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

TS 0.0000 mm “

TS 0.0700 mm
T

Modulus of the OTF

0.0
-0.02 -0.016 -0.012 -0.008 -0.004 0 0.004

0.008 0.012 0.016 0.02

Focus shift in Millimeters

Polychromatic Diffraction Through Focus MTF

gqll236 051711 ver-.zmx
Configuration 2 of 4

Wisconsin NA ~0.4 Objective lens

5/18/2011

Data for 0.6850 to 0.6850 pm.

Spatial Frequency: 140.0000 cycles per mm.

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

gqll236 051711 ver-.zmx
Configuration 2 of 4
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Performance for 685 nm P
Encircled Energy — RMS Wavefront Error — Axial Color — Lateral Color

JENOPTIK

Diff. Limit 0.1000 mm

0.0000 mm

0.0700 mm
T

Diffraction Limit

RMS Wavefront Error in Waves

Fraction of Enclosed Energy

0.0
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Radius From Centroid in pm Wavelength in pm
FFT Diffraction Encircled Energy RMS Wavefront Error vs Wavelength
Wisconsin NA ~0.4 Objective lens i i Wisconsin NA ~0.4 Objective lens i 1
wissonsin Jenoptik Optlcal Systems QFisconein Jenoptik Optlcql Systems
Wavelength: Polychromatic 16490 Innovation Drive picids:1 2 3 16490 Innovation Drive
Surface: Image Jupiter, FL 33478-1947 Jupiter, FL 33478-1947
gl1236 051711 ver-.zmx Reference: Centroid gl1l236 051711 ver-—.zmx
Configuration 2 of 4 Configuration 2 of 4
0.6850
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Focal Shift in pm pm
Chromatic Focal Shift Lateral Color
Wisconsin NA ~0.4 Objective lens ; ; Wisconsin NA ~0.4 Objective lens ; ;
Hisconsin Jenoptik Optical Systenms | Wisconsin Jenoptik Optlcz;l Systens
Maximum Focal Shift Range: 0.0344 pm 16490 Innovation Drive| pats Referenced to Wavelength 0.685000 pm 16490 Innovation Drive
Diffraction Limited Range: 4.311 pm Jupiter, FL 33478-1947| Real rays used. Jupiter, FL 33478-1947
Pupil Zone: 0.0000 gl1236 051711 ver—.zmx gl1236 051711 ver—.zmx
Configuration 2 of 4 Configuration 2 of 4
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Performance for 780 nm
Black circle in spot diagram
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IS Airy disk

JENOPTIK

TMA: 0.000 mm

/

TR: 0.070 mm

\

»

Surface: IMA TMA: 0.100 mm

Layout Spot Diagram
Wisconsin NA ~0.4 Objective lens i i Wisconsin NA ~0.4 Objective lens i i
5/18/2011 Jenoptlk Optlcal Systgms 5/18/2011 Units are pm. Airy Radius: 1.195 pm Jenoptlk Optlcal Systems
3 . 16490 Innovation Drive . 16490 Innovation Drive
Total Axial Length: 52.31782 mm : Field H 3 3
Jupiter, FL 33478-1947 RMS radius : 0.180 0.125 0.120 Jupiter, FL 33478-1947
gll236 051711 ver-.zmx GEO r?dius B 0.504 0.583 0.541 . gl1l236 051711 ver-—.zmx
Configuration 3 of 4 Boxwidth : 4 Reference : Chief Ray Configuration 3 of 4
TS Diff. Limit TS 0.1000 mm TS 0.1000 mm

TS 0.0700 mm TS 0.0700 mm

“ TS 0.0000 mm TS 0.0000 mm “
1.0 “‘ T 1.0 T

Modulus of the OTF
Modulus of the OTF

0.0 I I I I I I I T 0.0
0 110 220 330 440 550 660 770 880 990 1100 -0.02

Spatial Frequency in cycles per mm

L L I L
-0.008 -0.004 0 0.004 0.008 0.012 0.016 0.02
Focus shift in Millimeters

I
-0.016 -0.012

Polychromatic Diffraction MTF

Polychromatic Diffraction Through Focus MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data for 0.7800 to 0.7800 pm.
Surface: Image

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

gqll236 051711 ver-.zmx
Configuration 3 of 4

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data for 0.7800 to 0.7800 pm.
Spatial Frequency:

140.0000 cycles per mm.

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

gqll236 051711 ver-.zmx
Configuration 3 of 4
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Performance for 780 nm

Encircled Energy — RMS Wavefront Error — Axial Color — Lateral Color

Diff. Limit 0.1000 mm
0.0000 mm

0.0700 mm
T

Fraction of Enclosed Energy

Diffraction Limit

RMS Wavefront Error in Waves

0.6

0.8

1

I
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Radius From Centroid in pm

I
0.78000

0
0.77992

Wavelength

I
0.78005  0.78006

I
0.78002  0.78003 0.78008

in pm

FFT Diffraction Encircled Energy

RMS Wavefront Error vs

Wavelength

Wisconsin NA ~0.4 Objective lens

Jenoptik Optical Systems

5/18/2011 . )
Wavelength: Polychromatic 16490 Innovation Drive
Surface: Image Jupiter, FL 33478-1947

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

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

gqll236 051711 ver-.zmx
Configuration 3 of 4

Reference: Centroid

gqll236 051711 ver-.zmx
Configuration 3 of 4

Wavelength in um
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Focal shift in pm

I I I I I I
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Maximum Field:
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0.7800
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Airy 0.7800

Chromatic Focal Shift

Wisconsin NA ~0.4 Objective lens
5/18/2011

Maximum Focal Shift Range:
Diffraction Limited Range:
Pupil Zone: 0.0000

0.0203 pm
4.919 pm

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

Lateral Color

gqll236 051711 ver-.zmx
Configuration 3 of 4

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data Referenced to Wavelength 0.780000 pm
Real rays used.

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

gqll236 051711 ver-.zmx
Configuration 3 of 4

Q11236.pptx 2011-05-18 Jenoptik Optical Systems, Inc.

—_—

JENOPTIK

14



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

/
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TMA: 0.000 mm

Surface: TR

TMA: 0.100 mm

L 2

TR: 0.070 mm

Layout

Spot Diagram

Wisconsin NA ~0.4 Objective lens

Jenoptik Optical Systems

Wisconsin NA ~0.4 Objective lens

Jenoptik Optical Systems

e Length:  52.31782 mm 16490 TInnovation Drive gi%ZMI Units are pm. , Mry Redius: 1.593 pm 16490 TInnovation Drive
N ° Jupiter, FL 33478-1947 pug rogiys + 0.174 0.162 0.193 Jupiter, FL 33478-1947
gll236 051711 ver-.zmx GEO r?diUSi 0.556 0.578 0.903 . gl1l236 051711 ver-—.zmx
Configuration 4 of 4 Boxwidth : 4 Reference : Chief Ray Configuration 4 of 4
TS Diff. Limit TS 0.1000 mm TS 0.1000 mm
TS 0.0000 mm

TS 0.0000 mm
““ TS 0.0700 mm
1
T

Modulus of the OTF

0.0 I I I I

0 94 188 282 376
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Spatial Frequency in cycles per mm

Polychromatic Diffraction MTF

Wisconsin NA ~0.4 Objective lens
5/18/2011

Data for 0.8520 to 1.0380 pm.
Surface: Image

As

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

TS 0.0700 mm
1.0 T

Modulus of the OTF

0.0
-0.02 -0.016 -0.012 -0.008 -0.004

0

0.004
Focus shift in Millimeters

0.008 0.012 0.016 0.02

Polychromatic Diffraction Through Focus MTF

gqll236 051711 ver-.zmx
Configuration 4 of 4

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data for 0.8520 to 1.0380 pm

Spatial Frequency: 140.0000 cycles per mm.

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

gqll236 051711 ver-.zmx
Configuration 4 of 4
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Performance for 852 nm 915 nm and 1038 nm

Encircled Energy — RMS Wavefront Error — Axial Color — Lateral

Diff. Limit

0.0000 mm

0.0700 mm
T

0.1000 mm

Fraction of Enclosed Energy

0.0 T I I I

0 0.2 0.4 0.6 0.8
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I
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Radius From Centroid in pm

Color

Diffraction Limit
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RMS Wavefront Error in Waves

I I I I I
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Wavelength in pm

I I I
0.982 1.001 1.019 1.038

FFT Diffraction Encircled Energy

RMS Wavefront Error vs Wavelength

Wisconsin NA ~0.4 Objective lens i i Wisconsin NA ~0.4 Objective lens i 1
5/7872011 Jenoptik Optical Systems W¥jsconsin Jenoptik Optical Systems
Wavelength: Polychromatic 16490 Innovation Drive pjeigs:1 2 3 16490 Innovation Drive
Surface: Image Jupiter, FL 33478-1947 Jupiter, FL 33478-1947
gl1236 051711 ver-.zmx Reference: Centroid gl1236 051711 ver-.zmx
Configuration 4 of 4 Configuration 4 of 4
Lo Maximum Field: 0.1000 Millimeters 0-8520
Airy Airy 1.0380

10194 |-

1.0008

0.9822 I~

0.963 |-

0.9264 1~

0.9078 |-

Wavelength in um

0.8892 I~
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0.8520

I
-0.08

I
0.2 -0.16 -0.12 -0.04

Focal shift in pm

0

0.04

Chromatic Focal Shift

Wisconsin NA ~0.4 Objective lens
5/18/2011

Maximum Focal Shift Range:
Diffraction Limited Range:
Pupil Zone: 0.0000

6.568 pm

0.2672 pm

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

pm

Lateral Color

gll236 051711 ver-.zmx
Configuration 4 of 4

Wisconsin NA ~0.4 Objective lens
5/18/2011
Data Referenced to Wavelength 1.038000 pm

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

Real rays used.

gqll236 051711 ver-.zmx
Configuration 4 of 4
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Preliminary Mechanical

Design

A

JENOPTIK

2 | 1
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Assembly of six units
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Summary P

JENOPTIK

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.

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%
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