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Abstract :  The power gectra density(PSD) has been employed as the gecifying parameter of the opticad com-
ponentswith large aperture in the testing process. According to the different wavefront modulation with different
depth or frequency , the PSD curves present different variation rule. The change of the modulation frequency will
change the correponding frequency vaue of the protuberant part on the PSD curve, and at the same time the peak
vaue of the protuberant part ischanged. The modulation depth isfocused on the intendty change of the protuberant
part of the PSD curves. It cannot influence the frequency vaue of the protuberant part.
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At present , the wavef ront-testing technique of the optical components, which is the guarantee of the system’
s sfe and dficient function, has been a very important part of the high-power laser syssem. For example, in the
inertid confinement fuson (ICF) drive sysem, sef-focusng isone of the most important damage factors of the
optica componentst!?!. The main causation of the self-focusing isthe distortion of the wavefront , which will cause
the nonlinear processin the nonlinear medium. In laser system, the distortion of the wavefront is caused by the
modulation from the surface of the components.

On theother hand, testing the surface of al the componentsisa right way to guide the fabrication ,while pre-
cise fabrication will reduce the errorsof the wavefront. In goplication, transmitted wavefront errors can be divided
into 3 gatia freguency regime 3.4] :figure, ripple and roughness. Different error regime need different fabrication
manner. S it is necessary to know the particular wavefront information of the components.

Power goectra dendty (PSD) isone kind of the Fourier techniques to characterize the wavefront. It can be
related to the atial frequency regimes of the wevfront errors. PSD is widely used® ®! in high-power laser sys
tems. In thispaper , PSD is employed as the ecifying parameter to anayze the characteristicsof different moduler
tion. This method can show the relationship of the testing results and the fabrication process more directly.

1 Goundwork
In ICF drive system, the laser beam with plane wavefront was used mostly. In this paper , we use a super-
Gauss function to Smulate an idea plane wavefront , just as the following,
®(x) = 200e™ 50" (1)
where x isthe coordinates of the phase distribution in one dimenson. Using Eq. (1) we can describe the phase of
the wavef ront with about 200nm phase height and 20mm diameter wide, as shown in Fig. 1. The caculation of
the PSD is based on the Fourier trandorm technique. The cdculation formula of the PSD has such form ad®’]

P(f) = G 1 SO (0e 2 (@
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where f isthe spatia frequency , ® ( x) isthe phase distribution function, N andA x are the total number and the
interval of the sample point regectively , and hereA x = 0. 5mm!®!. Using Eq. (2) the PSD curve of the plane
phase distribution can be calculated by subgtituting Eq. 1 into Eq. (2). The curveis shownin Fig. 2.
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Fig.1 Phase distribution of the ideal wavefront Fig. 2 PSD calculation result of the ideal wavefront

From Fig. 1 and 2, we know that the idea phase digtribution should be a smooth and gradualy changed
curve. After propagates through the optical components, the phase distribution of the wavefront will be distorted.
Because the components surface will influence the wavefront by the effects such as scatter , diff raction and  on.
To keep track of the rule of the modulation results and a0 for easy discusson, we use the modulation with Sne
shaped form. The phase distribution can be described as

®(x) = 200e™ G0 MIn(no 3
where | isthe parameter relevant to the modulation frequency , and M isthe parameter relevant to the modulation
depth. Udng Eqg. (3) , we get the different modulations on the wavefront by changing the vaue of | or M. On
subgtituting Eg. (3) into Eq. (2) we can get

P(f) = AT\jxl 200 Ze.nqﬁ)goeMsjn(nx)e-znmlz )

And different 1 or M will cause different PSD curves.

2 Calculated resultsfor different modulation frequencies

As an dfective testing parameter , PSD differsgreatly from the usua PV and RMS. The outstanding merit of
the PSD isthat it can give the direct relationship of the modulation frequency and the phase distribution. In this
paper , we use the modulation with sne shaped form to discuss different PSD with different modulation frequency.
Usng Eg. (4) , we can get different phase distributions with different frequencies by changing | and kegping M
unchanged. The range of the frequency is from IT to 8T with random interva and the modulation depth is 0.
01lnm. Fig.3 showsthe phase distribution with 2T modulation frequency. Fig. 4 6 are typica caculation results
of the PSD curves with different modulation frequency.

Fig.4 6 show that when the phase distribution is distorted, there will be a protuberant part on the PSD
curve. Along with the increasng of the modulation frequency , the corresponding frequency of the protuberant part
increases. With 4t , 41 and 3T modulation frequencies the atid frequency of the protuberant part are 0. 33, 0. 68
and 0.81mm ', regectively. It can d be seen from Fig.4 6 that the PSD peak value is constant for different
modulation frequency. Infact , the protuberant parts have the same PSD peak value of 108.5nm?- mm for al the
frequencies. The frequency at the protuberant partsis determined by the surface quality of the optic components ©
if we get the PSD anayss result of any optica component , it can be found out that the elementary information of

the fabrication error.

3 Calculated resultsfor different modulation depth
Usng Eqg. (4) different phase distributions with different modulation depths can be caculated by changing M
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Fig. 3 Phase distribution with 2x modulation Fig.4 PSD curve of the phase distribution with 2x
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4= modulation frequency with 5% modulation frequency

and keeping | congstant. In the calculation, the modulation freguency is 4T and the range of the modulation depth
isfrom 0.1nm to 0.000 5nm with random interval. Fig. 7 isthe phase distribution with 4T modulation f requency
and 0. 1nm modulation depth. Fig. 8 10 are typica results of the PSD curves with the modulation depth of 0.
1nm,0.001 8nm, regectively.
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Fig. 7 Phase distribution with 47 modulation Fig. 8 PSD curve of the phase distribution with
frequency and 0. 1nm modulation depth 0. 1nm modulation depth

Fig.8 10 show various PSD peak vaues. The PSD values of the peaks are 10 840, 108. 5 and 4. 29nm’-
mm , for the modulation depth of 0. 1nm, 0.01nm and 0. 001 8nm , regectively. However , the atid frequency
of the protuberant part keeps unchanged at 0. 68mm . S0 it can be concluded that the afection of the modulation
depth isfocused on the intendty change of the protuberant part of the PSD curves.

4 Conclusion

In this paper , we discuss the phase distortion of the wavefront by the PSD analyss. When the modulation
depth is unchanged , the change of the modulation frequency will change the corregponding frequency vaue of the
protuberant part on the PSD curve. The frequency of the protuberant part increases with the increasng of the
modulation frequency , and the peak value is unchanged. When the modulation fregquency is unchanged, the fre-
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Fig. 10 PSD curve of the phase distribution with

Fig.9 PSD curve of the phase distribution with
0. 01nm modulation depth 0. 001 8nm modulation depth.

guency of the protuberant part of the PSD curve is unchanged. But the peak vaue of the protuberant part changes
with the modulation depth. Deeper modulation will cause higher peak vadue. The resultsobtained here will be use
ful on the test of the optical components. In PSD anylyss, we can get the wavefront modulation information from
the protuberant part on the PSD curve.
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