+ llelescope Optical Parameters andiDesign
+ FOV PerformanceAnalysis

+ Sub-reflector Sensitivity Analysis

+ Active Surface Segmentation Analysis

+ Conclusions
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Aperture Diameter [m]
Primary Focal Ratio

System Focal Ratio

Back Focal Distance [m]
Field of View [arcmin]
Minimum Operating Wavelength [um]
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Ritchey-Chrétien/Nasmyth Focus

M1 Diameter 25
Eccentricity 1.000774
Vertex Radius of Curvature 30.000
Focal Distance 15.000
Edge Angle from Prime Focus 45.24

M2 Diameter (with provisions for FOV) 3.20
Eccentricity 1.169098
Vertex Radius of Curvature 3.922
Edge Angle from Secondary Focus 3.58
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+» FOV Size and radius; off Cunvaiure
» Periermance oi-axis andrairedeeroifE=oN
+ Calculated Co-Polfand Cross-Po) perormance
+ Performance Variation across FOV.
o Strehl
* HPBW
» Sidelobe level
o Antenna Gain loss (with'—14 dB/Edae Taper)
» Antenna aperture efficiency: (with —11 dErEdgeranen)

+ Available Number of Beams in the FOV.
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Specified Field of View [arcmin]
Image Scale at Nasmyth Focus [arcsec/mm]
Optimum Radius of Curvature [m]

Size of 20 arcmin FOV [m]
Diffraction Spot-size at 200 um [mm]

Specified Field of View Elgeinlly]
Angular Tangential Coma [arcmin]
Angular Astigmatism [arcmin]
Angular Distortion Elgenlly]
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Il Il
Ro = 193.8116 [cm] |

o Data
— Best fit

u
o

N
o

Z Displacement [cm]
w
o

N
o

116.4 [cm]

o

30 -20 -10 0 10 20 30 40 50 60 70
Radial Displacement in Focal Plane [cm]
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Wavelength: 200 [pm]
Frequency: 1499 [GHz]

Uniform
Illumination

HPFW Beam Width: . [arcsec]
Aperture Strehl: . [%]
Polarization Efficiency: . [%]
Beam Efficiency: . [%0]
Aperture Plane Efficiency: . [%]
Spillover Efficiency [%]
Antenna Gain: [dB]
Overall Antenna Efficiency: [%]
Side Lobe Level (SLL): . [dB]
Cross-Polarization Level: . [dB]
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Wavelength: 200 [pum]
Frequency: 1499 [GHZz]

Uniform
Illumination

HPFW Beam Width: . [arcsec]
Aperture Strehl: . [%]
Polarization Efficiency: . [%]
Beam Efficiency: . [%0]
Aperture Plane Efficiency: . [%]
Spillover Efficiency [%]
Antenna Gain: [o]3]]
Overall Antenna Efficiency: [%0]
Side Lobe Level (SLL): . [dB]
Cross-Polarization Level: . [o]2]]
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On Axis
Strehl = 100% Beam=1.86"
+1.9E-054

Phase Distribution at Aperture [A] Far Field Radiation Pattem [dB] Cross-Pol Radiation Pattem [dB]

At 10’ Radius

Strehl = 96.7% Beam=1.89"

Phase Distribution at Aperture [A] Far Fleld Radlation Pattem [dB] Cross-Pol Radiation Pattern [dB]
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90 +

80

70

60

50 +

40

Strehl Ratio [%]

M

—o—Optimum Focal Surface
—=—Focal Plane Scan

30

20

=N

10

0
-300 -250 -200 -150 -100  -50 0 50 100
Number of Beams at 200 [pum]
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Uglifarn Vs, —Lik =) Eclcja Teger

Beam=1.86" 51"x51” Beam=1.98"

165 dB -21.6dB

Uniform lllumination Edge Taper -11.0 dB
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~ilel=) Eefojg Felger

Gain Loss [dB]

——Best Focal Surface
—e—Focal PLane Scan

200 -150  -100  -50 0 50 100 150 200 250
Number of Beams at 200 [pum]
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¢ Sub-reflector Sensiivity:
* focusing
» De-Centering
o Tilt/Tip
+» Beam Deviation due to; Sub-Reflector motion
+ Set limits for sub-reflector positioning hased en
» Image guality
» Pointing requirements.

+ Analyzed the image characteristics for sula-
reflector chepping
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o224 e
_] P1 P1

FOCUSING DE-CENTER
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™

;I\
Strehl(AE) = e 0edy

Strehl [%]

Ol oys=0.2818/A2 \z
/ OLcenter=0.0132/A2 \{ —o—Focusing
| @v2=3.20 [m]

e N B
zs=1.20 [m]

-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0
Sub-reflector Positioning Error in Wavelengths (at 200 [um])
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ABseam/ACenter =-10.94 [arcsec/]

ABgeam [arcsec]

-0.5 0
M2 ACenter [mm]

at 200 [um]
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A BB EAM
Ab,

S

a= 2602.04 cm
b= 0.85831
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Image Quality: Strehl > 95%

Pointing: AGseam<HPBW /10
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at 200 [um]

Focus De-center Tilt eqv Tilt
|Az]  |AX2+A y2|”2  |AB|xDM: 1A
[um] [um] [um] [arcsec]

=

@mz= 3.20 [m]
z¢=1.20 [m]
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De-Center : 18 pm

\0\

M2 Positioning (|a6s| x @mz) [um]

@Mz = 3.20 [m]

140 160
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I Beam Throw
-4~ 6 arcsec
—+~12 arcsec
—#—18 arcsec
—o—24 arcsec
—0—-30 arcsec
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\We analyzed anfactive suiface compesed o l62 pie-
shaped segments; distibutedwithr6-feld symmeuy/ in
6 fNgs

Grating lebes; symmetny, powerlevel andlecatenin
the far field.

Segment Poesitioning Erroer Analysis

For Segment Piston erroers, tlt/tip erroers; radial and
azimuth segment positioning erniors, SEgMEnt Wists.

Characterization of' Segment pesitioning| eNers in
terms off Ruze’s coefficients relating segment position
Standard deviation: errors with epticall perfermance.

Thermal expansion effects.
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+1.92E-05 A

Phase Distribution at Aperture [A]

Beam=1.86"

Far Field Radiation Pattern [dB]
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Beam=1.86"

Phase Distribution at Aperture [A]
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Az: Gaussian Distributed,
Zero mean
oz : Standard dev.

PISTON

TILT/TIP

A¢: Uniform Distrib. [0, 2x]
AO: Gaussian Distributed,
zero mean
oo : Standard dev.

TWIST

Aw: Gaussian Distrib.,
Zero mean
6o . Standard dev.
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\

\
\
\

-31.5dB

Far Field Radiation Pattern [dB]

AX: Gaussian Distributed,
zero mean
ox . Standard dev.

RADIAL
AZIMUTH
Ay: Gaussian Distrib.

zero mean
oy . Standard dev.
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Segment Piston Errors: oz= 6 pm

Strehl = 89.6% Z 0.0264 A= 5.7 um

PISTON

&

Phase Distribution at Aperture [A] Phase Distribution at Aperture [A]

Beam=2.01"

Strehl =80.7% = 0.03694 = 7.4 yum

4=0.0277 =5.5um

Far Field Radiation Pattern [dB] Phase Distribution at Aperture [1] Far Fleld Radlation Pattern [dB]
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90 (2 ® Strehl
o Strehl ' —Best Fit
80 —Best Fit 8
70 e
70
AN
60 60
= = .
=, = H
=50 =50 . \;\L
S 2
& w0 By : .,
: .
0 \( 0 )
i H
2 2
10 10

Ruze's Coeff = 0.954239
I |

2m panel base Ruze's Coeff = 0.49903
4 | |

0 2 4 6 8 10 12 1 16 18 2 0 5 10 5 2 % 2 35 2
Piston Displacement Standard Deviation 6z [um] Equivalent Edge Displacement Standard Deviation G6z [um]
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Segment Piston Errors: ox= 0.3mm

RADIAL

Ems= 0.02314 = 4.6 um

4=0.0151 = 3.0pm

Phase Distribution at Aperture [A]

Strehl =91.9% .0231A = 4.6 um

Phase Distribution at Aperture [A]

Beam=
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Combined Errors: ox=cx= 0.3mm

RADIAL

+
AZIMUTH

Phase Distribution at Aperture [\]

Beam=2.04"

Far Field Radiation Pattern [dB]
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CCAT

Segment Piston Errors: oy= 0.3mm

AZIMUTH

Strehl = 90.8% Eps= 0.0247 A = 4.9 um

4=0,0289 4 = 5.7um

Phase Distribution at Aperture [A]

Beam=

Phase Distribution at Aperture [A]

CICAT

Segment Twist Errors: Ge= 1°

.0726 A = 14.5 um
~—

Phase Distribution at Aperturs [A]

Strehl = 43.5%

Beam=2.35"

Phase Distribution at Aperture [A]

Far Field Radiation Pattern [dB]

0.0726 A = 14.5 um
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Strehl [%]

o Strehlx+y | | 90
NN\ + Strehl X
4 StrehlY
—
5 —BestFit(x+y) = 80 0 o Strehl
5 5 —Best Fit X & —Best Fit
i —Best Fit Y 70
8 . N
H
B N 4 60
b oS QA IS .
s B 4 =50
NG OO N g [
NG 8 2] 0
3 s
£ 3
. o \‘\ N
% 2 s
.
X Ruze's Coeff = 1.54259e-2 1
Y Ruze's Coeff = 1.46776e-2 ' - .
(X+Y) Ruze's Coeff =2.12275¢-2 2m panel "'“‘59‘ fuzesComii T.oooms
T t t t 0 T u u T
01 02 03 04 06 07 08 09 5 15 2 % 0

Segment Lateral Displacement Standard Deviation Ox, Oy [mm]
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Equivalent Edge Standard Deviation Ore [mm]

Ruze’'s Coefficient

Segment Piston

Segment Tilt/Tip (Equiv. Edge Displacement*)

Segment Radial

Displacement

Displacement

Segment Azimuth Displacement

Segment Twist

(Equiv. Edge Displacement*)

Symbol

Best Fitted
Value

0.95424
0.49903
0.01543
0.01468
0.00073

* Panel Base Size= 2.0 [m]
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a 350 um
— Fit 350 um
o 200 um

\A
3\3 —Fit 200 um
o
o

A

;N

Streh [%)]

D
o A
N o g\

Ruze's Coeff = 0.954239
|

25 30 35 40
Piston Displacement Standard Deviation Oz [um]
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Strehl = 100%

+1.92E-05 A

-5.48E-05 A

Phase Distribution at Aperture [A]
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ST AGAN = = 0.0123) = 2.5 um

-
-« Vo

- \ ] >
*>
P ‘.’.J’ ‘\_“ -
» ’ -
= _,_I' "\. =
LB A AL

(0= A\
J Ty
A

) X (

k'-\“'! )

‘\‘ ‘r
‘x#”f

e N N et

-

Phase Distribution at Aperture [A]
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Far Field Radiation Pattern [dB]

Beam=1.89"

Far Field Radiation Pattern [dB]
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Strehl = 97.6% m Beam=1.89"

A=0.06126 A = 12.3um

LN
AR (e
\«‘ N \

vod ) =

Phase Distribution at Aperture [A] Far Field Radiation Pattern [dB]

-16.6 dB
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CCAT
We have designed a 25m /8 Symmetric Reflector Sulb-Millimeter telescope
in'a double Nasmyth: Ritchey-Chretien configuration withra FOV 6fi 207

Tihe optimal focal surface hias a diameter of 1:165m, and aradius of
cunvature of 1.94 m. The calculated! Strehl ratio) Variations, over: this FOV.
are better than; 97%.

The 20 arcmin EOV.is capable to accommodate up: to L200x1200) (Nyguist
Sampled) Pixels at 200 wm.

The calculated maximum Cross-polar [evel at the edge off EOV are —51. dB
and —52 dB! for uniform and Gaussian illuminatien; respectively:

The Far Field Side-Laobe Level (SSL) over the FOV is > —16'dBwith an
uniform lllumination, and better than —20 dB with a —11.0 dB Gaussian
illumination taper.

We have obtained the sub-reflector sensitivities for focusing, de-centernng
and tilt/tip: motion.

A pointing requirement of OHprw/10 at 200m, IMPeSeS a maximuim de-
centering of the sub-reflector of < 18uwm, and maximum: edge-to-edge
displacements of the sub-reflector, resulting frem tilt/tip, between 14wm and
24um,, depending on the location of the center of rotation.

Maximum chopping amplitude is limited tor 10 beam widths for 90% or
better Strehl ratio at 200pwm, and maximum defocusingl off < 80wm.
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CCAT
We have analyzed the segmentation| effect off aniactive suriace CCATL The

gaps between segments produce a series oifgrating lekes [evelsiabout—3ii
dB dewn, and are distributed with' a six-feldisymmeta/in the farfield pattermn.

\We have calculated the effects; in terms o Strehl ratio; ei randem segment
positiening| errors of the active suriace; including pisten, tlvip; lateral
displacement and twist;segment errors.

We have found a set of coefficients relating|the standardideviation of a

particular segment positioning enrer with its resultant structural rmsisuriace
error. We have concluded that the piston esrers have the largest effect on
the antenna perfermance; follewed by tip/tlt errors heinglhaliasiimpotant:

Although, segment piston;, and:tilt/tip errors ane directly controllablerby the
active surface actuators, we found:that un-contrallablelateral segment
displacements may be compensated by tip/tilt coriections.

Segment twist errers are not contrellable; neither can be compensated by a
piston-tilt actuator system alone. Nevertheless, telescope periermance Is
Very insensitive to twist errors.

\We have calculated the effects of a uniferm thermal expansion of the hack=
structure by a factor of 1.0005x%. This produces a guadratic phase error
distribution across of each of the segments, and a overall defocusing of the
telescope. After refocusing the achievable Strehl ratioris better than 97%.
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