


Ideal Spot Performance vs Seeing
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Abbe-Diagram ny-vy/P, -Diagram 33A@338
Description of Symbols
® N-or P-glass e
@ Lead containing glass

@ N-glass or lead containing glass

O Glass suitable for Precision Molding

SCHOTT

glass made of ideas

www.schott.com/advanced_optics

July 2011




Transmittance (%)

Glass Type Transmittance
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L1 - SK16

L2 - SK14

L3-F2

CCD QE

Total Throughput, Glass
Total Throughput w/CCD

360 380 400
Wavelength (nm)
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Field

* Field positions sampled, in
Zemax, overlayed on CCD

— 1=0deg
— 2 =0.05deg (3’)
— 3=0.075deg (4.5)
— 4=0.09deg (5.4')
— 5=0.0995 deg (5.97)
e Radial maximum fields
— Top edge of CCD = 3.79’
— Right Edge of CCD = 3.80’
— Diagonal Edge = 5.37’




OBJ: 0.0000, 0.0000 (deg) 0BJ: 0.0000, 0.0500 (deg)

OBJ: 0.0000, 0.0750 (deg)

IMA: 0.000, 0.000 mm IMA: 0.000, 23.636 mm

OBJ: 0.0000, 0.0900 (deg) I OBJ: 0.0000, 0.0995 (deg)

IMA: 0.000, 35.202 mm

A

I

IMA: 0.000, 41.987 mm IMA: 0.000, 46.203 mm

Surface IMA: detector

Spot Diagram

APO 3.5-m

10/11/2013 Units are pm. Airy Radius: 7.806 pm
Field 3 1 2 3 1 5
RMS radius : 3.668 11.072 15.516 18.720 23.494
GEO radius : 6.905 27.136 31.475 32.594 40.240 | APOImager_f8v240.zmx
Scale bar : 100 Reference : Chief Ray Configuration 1 of 2




+ 0.4000

, . . : « 0.6000
OBJ- 5 0000 DEG < 0BJ: 0.0000, 0.0000 (deg) 0BJ: 0.0000, 0.0500 (deg) s 0.8000
e FHHHHHH EmEEEEEEE

IMA: 0.000, 0.000 mm IMA: 0.000, 23.636 mm

OBJ: 0.0000, 0.0900 (deg) 0BJ: 0.0000, 0.0995 (deg)

I IMA: 0.000, 35.202 mm

IMA: 0.000, 41.987 mm IMA: 0.000, 46.203 mm

GEO RAD 538.373

Surface IMA: detector

Spot Diagram
APO 3.5-m
10/11/2013 Units are pm. Airy Radius: 7.806 pm
Field H 1 2 4

3 5
IMA 34 994 RMS radius : 3.668 11.072 15.516 18.720 23.494
- : GEO radius : 6.905 27.136 31.475 32.594 40.240 | APOImage £f8v240.zmx

Scale bar : 100 Reference : Chief Ray Configuration 1 of 2
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Wavelength in pm

—-40 -20 0 20
Focal Shift in pm

APO 3.5-m
10/11/2013
Maximum Field is 0.100 Degrees.
Wavelengths:

0.400 0.600 0.800

Chromatic Focal Shift

APOImager_£f8v240.zmx
Configuration 1 of 2

APO 3.5-m
10/11/2013

Maximum Focal Shift Range: 64.2983 pum
Diffraction Limited Range: 204.685 pum

Pupil Zone:

0.0000

APOImager_f8v240.zmx
Configuration 1 of 2




Ghost

Ghosting optimization performed after good optical performance reached
Ghost Pupil
— Nearest ghost pupil located 11.1mm from CCD
— Created off the back surface of L3 and the CCD
Ghost Focus
— Nearest ghost focus 13.7mm from CCD
— Created off the back surface of L2 and the front surface of L3
Optimal ghosting should be pushed to 18mm

Need to perform Non-Sequential Mode Analysis to determine ghosting
intensity



OBJ: 0.0000, 0.0000 (deg)

00
(®
N

IMA: 0.000, 0.000 mm

OBJ: 0.0000, 0.0900 (deg)

[T
TMA: 0.000, 41.991 mm

Surface IMA: detector

0BJ: 0.0000, 0.0750 (deg)

:

IMA: 0.000, 35.206 mm

+ 0.4000
x 0.6000
0BJ: 0.0000, 0.0500 (deg) s 0.8000

IMA: 0.000, 23.638 mm

0BJ: 0.0000, 0.0995 (deg)

111

[T

IMA: 0.000, 46.208 mm

0BJ: 0.0000, 0.0000 (deg)

00

S i

IMA: 0.000, 0.000 mm

OBJ: 0.0000, 0.0900 (deg)

-

A

|

IMA: 0.000, 41.986 mm

Surface IMA: detector

0BJ: 0.0000, 0.0750 (deg)

IMA: 0.000, 35.201 mm

+ 0.4000
x 0.6000
0BJ: 0.0000, 0.0500 (deg) s 0.8000

[
IMA: 0.000, 23.635 mm

0BJ: 0.0000, 0.0995 (deg)

-
-

IMA: 0.000, 46.202 mm

Spot Diagram

Spot Diagram

APO 3.5-m

10/13/2013 Units are pm.
Field H 1
RMS radius : 1.315
GEO radius : 2.160
Scale bar : 100

2
10.320
22.329

Airy Radius: 7.807 pm
3

5
15.769 20.219 26.077
27.677 34.630 43.730 | APOImager_£8v240.zmx
Reference : Chief Ray Configuration 3 of 8

APO 3.5-m

10/13/2013 Units are pm.
Field : 1
RMS radius : 4.566
GEO radius : 8.125
Scale bar : 100

Airy Radius: 7.806 pm
3 4

2 5

11.453 15.605 18.462 22.920
28.319 32.643 32.359 39.537 | APOImager__£8v240.zmx
Reference : Chief Ray Configuration 5 of 8




Tolerance

Tolerancing introduces perturbations into the optical system to determine
the degradation of the performance

Surface tolerances initially set to +/-0.2mm for radius, thickness, tilt, and
surface irregularities

Element tolerance set to +/-0.2mm
Inverse Sensitivity

— What are the parameter ranges given the maximum allowed change in
performance

— Tilt of L2 and L3 found to be the worst ‘offenders’, but still found to be
acceptable

Sensitivity

— What is the change in performance per set tolerance



@BJ: 0.0000, 0.0000 (deg)

@BJ: 0.0000, 0.0500 (deg)

.

0.4000

~ 0.6000
= 0.8000
DA: 0.223, 0.103 mm A 0.211, 23.717 m
BJ: 0.0000, 0.0900 (ckg) @BJ: 0.0000, 0.0750 (deg)
¢
face TV DA: 0.179, 42.010 m A: 0.194, 35.252 i
Spot Diagram
APO 3.5-m
10/18/2013 Units are jm. Airy Radius: 7.807 pm
Field B 1 2 3
RMS radius : 8.057 22.326 32.007 30.091
GEO radius : 15.956 52.764 74.843 70.518 MC_ WORST.zmx
Scale bar : 200 Reference : Chief Ray Configuration 1 of 1

BJ: 0.0000, 0.0000 (deg) CBJ: 0.0000, 0.0500 (deg) + 0.4000
~ 0.6000
= 0.8000
IvA: 0.030, -0.031 m
CBJ: 0.0000, 0.0750 (deg)
face TV A 0.027, 35.206 m IMA: 0.026, 41.9% mm
Spot Diagram
APO 3.5-m
10/18/2013 Units are jm. Airy Radius: 7.814 pm
Field H 1 2 3 4
RMS radius 3.786 11.782 16.386 19.076
GEO radius 7.730 29.112 35.152 33.769 MC_BEST.zmx
Scale bar : 100 Reference : Chief Ray Configuration 1 of 1




E2V CCD 231-84

4K x 4K

15 micron pixels
61.4mm? imaging area
Deep Depletion
Ceramic Packaging

CCD




Table 2:: CCD Comparison

Spec SPICam

Pixel Size 24pum

Imaging Area  49.1mm?

Read Noise 5.Te™

Gain 3.36e~ /ADU
Dark Current  2.5e” /pixel/hour
Readout Rate 35kHz

Readout Time 120 seconds

Notes. Readout Rate and Time only based on 1x1 binning.

CCD231

15pum

61.4mm?

2e~ - be~

2.6e- /ADU

3e~ /pixel /hour
1MHz - 50kHz
4.2 - 84 seconds




Estimated Read Noise (Bl)
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PTC for SALT Red UR Slow

50000

40000

30000

20000 /

10000 /

/

0 15000 30000 45000 60000 75000
Mean Counts ( ADU)

) UDA( ecndraV

Oct 13, 2011 | 02:57 PM
Gain: 24672 e-/ADU
Std Dev: 1.1957 ADU
Noise: 2,95 e-

PTC for SALT Red LR Slow

50000

40000

30000 /
20000 &

10000 <
/

0 15000 30000 45000 60000 75000
Mean Counts (ADU)

) UDA( ecndraV

Oct 13, 2011 | 02:52 PM
Gain:  2.4167 e-/ADU
Std Dev: 11687 ADU
Noise: 2.8244 e-

PTC for SALT Red UR Fast

50000

40000

30000

20000

10000

P

) UDA( ecndraV

o

Oct 13, 2011 | 02:20 PM
Gain:  2.6663 e-/ADU

0 12000 24000 36000 48000 60000

Mean Counts (ADU )

Std Dev: 1772 ADU
Noise: 4.7247 e-
PTC for SALT Red UL Fast
30000
24000 /
18000
S
o 12000
[
g
g
3 6000
=)
00 15000 30000 45000 50000 75000

Oct 13,2011 | 02:21PM
Gain:  2.6377 e-/ADU
Std Dev: 1,9465 ADU
Noise: 51342 e-

Mean Counts ( ADU)



Quantum Efficiency (%)

Typical QE at -100°C, Deep depletion devices

500 600

700 800 900 1000

Wavelength (nm)

—e— Deep depletion astro broadband
—s— Deep depletion astro ER1

—— Deep depletion astro midband
DD Astro AR multi-1




QE: -100°C Deep Depletion Astronomy Process, Broadband AR coating
Coherent Reflection in Silicon w 5 nm step




