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Introduction

Beam shaping can be used to achieve better efficiency in transmitting a typical laser beam profile through the
annular aperture of a Cassegrain telescope. One alternative to shaping intensity profiles is to simply clip and
core the beam with the annular Cassegrain aperture. In some instances this approach can achieve acceptable
loss in a laser system. In this application note we determine the loss associated with transmitting circular and
square super-Gaussians and Gaussians through an annular aperture.

Analysis Technique

In this study we generated an intensity profile on a 128 x 128 grid of points. The square super-Gaussian profile

was generated using the Matlab code,

I = exp(-2 * (g.xx ./ w)."order) .* exp(-2 * (g.yy ./ w).”order);
where g.xx and g.yy are 2D grids of x and y coordinates, w is the size factor, and order is the super-Gaussian
order. The circular super-Gaussian profile was generated using the Matlab code,

I = exp(-2* (g.r ./ w).”order);
where g.r is the 2D grid of radial coordinates. The Cassegrain aperture clipping was applied by multiplying by
an annular aperture generated on the same grid as the intensity profile.

In this study we varied the outside aperture size and the central obscuration size for a given intensity profile.
The aperture size was calculated as a multiple of the Gaussian size. The central obscuration size was
calculated as a fraction of the outside aperture diameter.
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Gaussian Intensity Profile Results

Figure 1 shows an example annular-clipped Gaussian beam.
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Figure 1 - Annular Clipped Gaussian Beam

The following table shows the transmission of a Gaussian beam through an annular aperture.

rapertu re/ r‘CO

-mmmmnmm
60.65 63.01 64.45 6493 6567 6591 6591

0:850 867768 W70:53 8 =72 198 73.6 38 B74:13 874 608 75.09
095 73.03 76.67 7855 79.74 80.70 81.18 81.67
1.05 76.14 8035 83.12 84.77 8549 86.22 86.70
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Circular 20%-Order Super-Gaussian

The following is the transmission efficiency of a 20™-order circular super-Gaussian through an
annular aperture.

raper‘ture/rco

58.94 60.34 61.18 6146 6188 62.02 62.02
0.85 7.5.658 S7:7.338 878 31H F79158 =79.43 8 B79 718 B79:99
0.95 89.74 9198 93.10 93.80 9436 94.64 94.92

1.05 9225 9491 9659 97.57 97.99 9841 98.69

rap/w

1.15 90.86 93.80 95.76 96.88 97.58 98.28 98.42
1325 8890 93.10 9520 96.46 97.16 97.86 98.28
1235 87.22 9156 9436 9576 96.60 97.58 97.86

1.45 8526 9030 9352 9520 96.46 96.88 97.58

3
© Active Optical Systems, LLC



ANO028: Loss for Cassegrain Aperture Clipping

Square 20t%-Order Super-Gaussian

The following is the transmission efficiency of a 20™-order square super-Gaussian through an annular
aperture.

r'apertu re/ Feo

[ [ «o 20 [ 60|70 ] 0] 80 a0

0.75 46.49 4759 48.25 4847 4881 4892 4892
0.85 5991 61.24 62.01 6267 6289 63.12 6334
0:95 1 173330 875108 F75:981 §7.6:534| R 76978 W/7. 198 N7 7:42

1.05 83.15 8525 86.57 8734 87.67 88.01 88.23

rap/w

1.15 88.44 90.76 9231 93.19 93.74 9430 9441
1:255 890143 1931458 R95.1 11 196:108 R96.661 197218 F97.54
135 89.86 93.29 9550 96.60 97.26 98.04 98.26

145 8838 9235 9489 96.22 97.21 9754 98.09

Transmission Summary

As expected, super-Gaussian beam s transmit through an annular Casesgrain telescope much better than a
Gaussian beam.

PIB Efficiency

Next we need to analyze the far-field of the transmitted beam to establish power in the bucket efficiency
where the bucket is equal to A/Daperture-

Gaussian Beam

rap/rco

0.75 54.04 57.09 59.19 5992 61.04 6147 61.47
0.85 60.13 63.68 66.05 6823 69.01 69.82 70.67

095 6461 6936 7214 7399 7556 7635 77.20

m/del

1.05 66.82 7237 76.41 79.07 8022 8149 8233

1.15 6758 7361 7832 8130 8328 8538 8581

125 66.48 7489 79.88 83.17 8520 8731 8858

135 65.15 7341 79.86 8345 8578 8868 89.53

145 6251 7171 7894 8328 86.75 88.00 90.09
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Circular 20%-Order Super-Gaussian

rap/rco

Y 5 3 )

0758 E5TI901 153:598 545708 B55.098 E55(661 F55(881 5585
0.85 66.49 6849 69.75 70.87 7127 7168 7211

0.95 79.80 82.53 84.05 85.04 8585 86.26 86.69

m/des

1.05 | :81.97¢ '85.63 " "88:131 189.691 19035 1 91.08 1 ¥91.57
1.15 75.29 79.93 83.33 8541 86.76 88.17 88.46
1.25 6842 7564 79.61 8213 83.64 8524 86.19

135 6299 7060 76.14 79.12 8101 8332 8398

145 57.75 66.64 73.17 76.92 79.86 80.89 82.62

Square 20%-Order Super-Gaussian

rap/rco
07
08 s
4093 4226 4315 4345 4389 4407 4407 :
09 0.75
0.85 5259 5417 5516 56.04 56.36 56.68 57.02 : -
5 095 6468 6680 67.97 6873 6936 6967 7001 % 065
° &
£ 105 7372 7639 7820 7932 79.80 8032 80.66 12 06
055
115 7630 79.55 81.92 8334 8427 8525 8544 13 s
125 7488 80.01 8269 8440 8543 8655 87.19 14 0.45
15
135 7082 7634 8026 8234 8367 8531 8578 4 5 B 7 8 9 10

145 6532 7193 76.71 7949 81.64 8238 83.64
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Appendix: Matlab Code for Transmission Efficiency

setup;
ppt=1;

w = 15e-3;

Dap = 4*w;

nxy = 128;

dxy = Dap/nxy;

g=makegrid (nxy,dxy);
CIRCULARSUPERGAUSSIAN=1;
SQUARESUPERGAUSSIAN=2;

type = SQUARESUPERGAUSSIAN;
order=2;

for ¢ = 1:3;

if (c==1)
type = CIRCULARSUPERGAUSSIAN;
order = 2;

elseif (c==2)
type = CIRCULARSUPERGAUSSIAN;
order = 20;

else
type = SQUARESUPERGAUSSIAN;
order = 20;

end;

if (type==CIRCULARSUPERGAUSSIAN)

I = exp(-2* (g.r ./ w)." order);
else

I = exp(-2 * (g.xx
end;

nf; show(I);
caxis ([0 1]);

PO = sum(I(:));
pbapv = [0.75:0.1:1.5];
rapv = w .* pDapv;
c=0;
Magv = 4:1:10;
for rap = rapv;
c=c+1;
d=0;
rcov rap .* 1./Magv;
for rco = rcov;
d=d+1;

ap=aperture (nxy,dxy, rap,0,0,rco, false) ;

It =1 .* ap;
clf;
show(g.x,9.y,It);
caxis ([0 11);
hold on;

./ w).”order) .* exp(-2
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(g.yy ./ w)."order);

plotcircle(rap*2,0,0, 'g--"', 'LineWwidth',2);

plotcircle(rco*2,0,0, "r-="', '"LineWidth', 2)
title (sprintf ('M=%f, rap=%f',Magv(d),rap)

drawnow;
if (ppt)

)i

$ToPPT (gcf, 'Annular Clipped Gaussians', [length(rcov) length (rapv)

length (rapv) * (c-1)+(d-1)+1], (d==1 && c==1));

ToPPT (gcf, 'Annular Clipped Gaussians', [length(rcov) length(rapv) length (rapv)* (d-

1)+ (c-1)+1], (d==1 && c==1));
end;
T(c,d) = sum(It(:))./PO;
disp (sprintf('c,d: %i,%i',c,d));
end;
end;

nf; imagesc (Magv,pDbapv,T);
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end;

%nf; imagesc (pDapv,Magv,T');
xlabel ("Magnification');
ylabel ('rap / w');
colorbar;
if (ppt)

ToPPT ('Transmission Summary');
end;

for ii=1:length (Magv)

sMagv{ii} = sprintf('%.1f',Magv(ii));
end;
for ii=1:length (pDapv)

sDapv{ii} = sprintf('%.2f',pDapv(ii));
end;
if (ppt)

SendTableToPowerPoint (T*100,12, '$.2f", ...
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%this aligns with ppt better

'Efficiency', 'rap/w', 'Magnification', sMagv, sDapv) ;

end;
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