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INTERFEROCFVOI Rl~IJITCTIONAND INTERPRETATION AS APPLIED
-TO THE OPTICAL AN,ILYSIS Or T1iE 10 KJ LASL LASER YUSION SYSTEN*

V. K. Viswanathan, W. S. Hall, I. Liberian,** G. Lawrence***

University of California
Los .ilamos Scientific Laboratory

Los Alamos, NM 87545

ABSTRACT

The LASL 10 kJ Eight-Beam C02 Laser Fusion System, currently

under construction, has approximately one hundred optical elements

per beam. The ncminzl systcm is diffraction limited and degradations

in performance are primarily caused by imperfect components as well

as alignment errors. Consequently, analysis and predictions for the

system are very much dependent on the proper description

imperfect components.

The approach taken at LASL has been to characterize

of the

the components

interferometrically. Briefly, interferogrmms of the various components

arc made at the 633 nm He-Ne wavelen~th.
,.

“These are digitized, after

visual examination, at appropriate sampling points along the fringes. The

interactive semi-automatic computer program’” developed at LASL is used to

verify and if necessary correct the digitization. The correct digitization

data is next input to the computer pro~ram FRINGE 22 and this program is

used to.qcneratc, amrn~ otl~er data, Zcrnicke polynomial coefficients at

10.6 micrans for the wave front. The 36 Zernicke coefficients characterize

the O.P.D. (optical path difference) at each manufactured surface and these

are accepted by the diffraction propafiation compu~cr pro~ram LO’1’S3and the

laser beam is thus propagate.d throqjh the entire system and various paratn-

etxrs of interest such as Strchl ratio, intensity and enci.rclc!dcncr~y

distributions are computed at stations’ of interest throu~hout the systfm.

——— .
* Work pcrfolmcd “under tl)c iiusl)i.c~s of thc 11. S. J)epartmcjntof EnerCy,
**\.!cstill~llouscl:(~scarcl~J.nlJoratori[*:+

***optical. Scjenccs Crnter, Univcrsii.y of’Arizona



. .

An example of this procedure using an actual interferogr~m of a

manufactured component will be presented and the various limitations

will be discussed.

Analysis of the total system, based on expected component

quality, has shown that spatial filters are very effective in removing

aberrations and that only components after the final spatial filter

4
are crucial to achieving near diffraction limited performance. Further

.
analysis of these components5 has already shown the need to improve the

optical quality of the large sixteen-inch diameter salt windows in the

system. .

The approach of interferomctrically defining and characterizing

the various manufactured optical components appears to be a powerful
,

tool in the analysis and optimization of the optical.parameters in the

laser fusion system. Detailed results of the analysis for one complete

leg of the Eight-Beam System will be presented. .
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INTERFEROCMM REDUCTION AND INTERPRETATION

TO THE OPTICAL ANALYSIS OF THE 10 KJ LASL LASER

AS APPLIED

FUSION SYSTEM*

v, K. Viswanathan, W. S. Hall, I. Liberian,** G. Lawrence***

University of California
Los Alamos Scientific Laboratory

Los Alamos, NM 87545

The LASL 10 PJ Eight-Beam C02 Laser Fusion System, currently

b nearing completion, has approximately one hundred optical elements

per beam. Figure 1 shows the layout of the system. Each of the

eight beams is expected to deliver 1.25 kJ witkin a nanosecond

pulse.

The nominal system is diffraction limited and the degradations

in performance are a consequence of imperfect components, alignment

errors, etc. Hence, the analyfiisand p~edictions as well as

attempts to optimize optical performance of the system are very much

dependent on the proper description of the imperfect components.

The approasl~taken at LASL hns been to characterize the com-

ponents interferometrical.ly.To describe the procedure briefly,

Fizeau or Twyman-Green type interferograms of the co::ponentsare

made at 633 nrnwnvel.cngth. These arc digitized using one of two

methods (to be dcscribccllater). Zcrnike polynomial coefficients at

10.6 microns are generated and used to characterize the O.P.D.

(optical path dlffcrencc) at cachrnanufncturcd surface. The wave

front.is propa~atcd throufihthe entire systcm, inking diffraction and

O.P.D. modifications intrcxluccd at cacl~ component into nccount nnd

—.—
*work p(~rformccl under the auspices of the U. S. l’)e~artmentof Energy.
**WcSLillfilKNISORc:;carchI,abnratorics
***[JpticaiScicncC!sCenter, University of Arizona
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various paramet~rs of interest such as Strehl ratio, intenalty and

encircled energy distributions, amplitude and phase of the wave

front are computed and displayed as desired.

The firat method for digitizing the interferogram (either positive
*

or negative) consists of processing the interferogram with a scanning

display microdensitomcter. Tl~eoutput is then “cleaned” and stored

in a photostore file (which is a 512x512 matrix).

The computer program C.D.F.L.l which uses merger criteria in the

x and y directioim (for points to be considered to lie on the same.

fringe) prints the fringe pattern with all minima as shown in Figure 2.

Next, the pattern is refined further to that shown in Pigure 3 and

operator intemention removes the discontinuities and ensures the

correct ordering of the fringes as shown in Figure 4. These fringes

are automatically digitized by proper sqmpling. The reduction described

here is that of a noisy and marginal interferogram. If one traces over

the negative with a Leroy ‘O’ pen, the proposs actually works better and

ia considerably faster and very little operator intervention is necessary.

The second method is straightforward and consists of using a 4953

Graphics Tablet in conjunction with a Tektronix 4015 terminal; the

sampled coordinates are directly stored in a file. Figure 5 shows a

typical interferogram reduction using this method.

Actually, we had used a third method before we received the Graphics

Tablet. This consisted of scotch-tap~ng the interferogram film onto the

face of the Tektronix terminal

for the digitization process.

the tablet because of parallax

and then using the terminal cross haira

Obviously, this is less accurate than using

errors, etc.
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The first method is the most accurate and ha= the virtues of

being compatible with automation as well as with several internal

checks for possible errors. The second method is, however, easier to

implement in practice (at ieast at LASL) and, as the original interfcro-

grams were taken at .633 microns and the results are desired at 10.6

microns, it is accurate enough and will not introduce errors in the repre-

sentation of manufactured elements. It does suffe; from the drawback

that the operator has to make sure himself that no errors were intro-

duced in sampling the pcints along the fringes.

The next stage consists of automatically transferring t?ledata

to the computer program FRINGE2 and correctly orienting the element

as well as ensuring the proper sign of the O.P.D. While we can

access any of two versi~ . of FRINGE available at LASL, and the pro-

gram itself has a truly varied array of-analysis outputs, the interest

here is to fit the data to Zern:.kepolynomials as closely as possible,

and to get the Zernihe coefficients at 10.6 microns as punched card

output. Figure 6 shows a typical printed output. At presznt, a file

ABR (whic;~co~sists of the Zernike coefficients data fcr all the elements

as they occur sequential.ly in the system) is created, but eventually we

hope to make this process automatic.

The Diffraction Propagation Program LOTS3 propagates the laser

beam throu2h the entire system, (using the Zcrnike polynomial coefficients

to represent the manufactured surfncc); it allows for energy variations

from saturating gain and loss intentionally pl.acedin the optical path.

Various parameters of interest such as Strchl ratio, intensity, encircled

energy distributions, amplitude and phase are computed and di.splayedzt

sLaticms of interest. Figure 7 shows the output at the targ.’tplane for

one ot the legs of the l~lghtEcam Systr.m.



5.

. .

Analysis of the total system, based on expected component

quality, has shown that spatial filters of proper size are very

effective in removing many troublesome aberrations and that only

components after the final spatial filter are crucial to achieving

4
near diffraction limited performance. Further analysis of these

components has already shown the need to improve the optical

quality of the large sixteen inch diameter salt windows in the

~ystem. Figure 8 shows the system performance in terms of Strehl

ratio for one leg of the Eight Beam System based on compliance of

mounted optical components, as well as the expected performance

based on interferogram reduction of the actual manufactured com-

ponents occurring after the final spatial filter in the system.

In conclusion, the approach of interferometrically defining

.
and characterizing the various manufactured optical components

appears to be a powerful tool j.nthe analysis and optimization of

the optical parameters in the laser fusion system. This technique

could be used as ar.optical design, analysie, and assemi>lyapproach

to these novel, and complex systems which appear to defy conventional

approaches to optfcal systems design, optimization and analysis.

References

1.

2.

3.

C.D.F.L. - Computer Determined Fringe Locator - developed by

W. S. Hall of Los Alamos Scientific Laboratory.

FRINGE - Generic name for an Interferometric anr.lysisprogram

developed at the University of Arizona.

LOTS is a diffraction propagation COJC tailored LO LASL

Laser Fusion System developed by Cenrge Lawrence @f the University

of Arizor,ain conjunction with the LilserDivision of LASL.



4. “Optical Analysis of the lASL 10 kJ C02 Laser Fusion System”

- Paper THB;.I.presented at the Annual Meeting of the Optical

Society of America, Toronto, Canada, October 13, 1,977,by

George Lawrence, I. Liberman and V. K. Viswanathan.

5. “Optical Analyslr~and Predictions for the LASL 10 kJ C02

Laser Fusion System,” paper #TuC4 at the Topical Meeting on

Inertial Confinement Fusion, February 7, 1978 at San Diego, CA.

by V. K. Viswanathan.

.



EIGHT BEAM

t *

OSCILLATOR I SWITC
PRE-AMP I

b ~ OUT +%n_ PRE-AMP
●

f
&

SYSTEM OPTICAL SCHEMATIC

f i

SATI)RABLE ABSOR8E,R
I

BEAM SPLITTER M

\ /’ a /
)

%4

\ BEAM

Pf?E-AMP t , &sPLITTER

/

I

TRIPLE PASS

POWER AMPLIFIER
11

L

TARGET
CHAMBER

@@?9
Figure 1 --



-lo@

-200

-40C

-50C
I

-600
0. 100. 200. 300. 400. 500. 6

X-AXIS
)0.

. .
Figure 2



HALL/0544 /8-14 -7S/VISWAl SELECTED MINIMA
(

-(0(

-20(

-30t

-40(

-50(

--60(

I I
-32

J 1

10 (00. 200. 300. 400. 500. 600.

X-AXIS

Figure 3 .



-.

.

Figure 4



.

.-

izfl iOTAL DATA POINTS



STRCHL

Figure 6



1,,16 E+13[I !.17E+iIII 1. 16 E+rIt! l.l?.E+il~l 1. lLE?Otl 1. llE+i10 1.(17 E+(Itj I. 1:3~+1-Iii

R F,=,E-[ll :=: ‘7tiE-~11 (I.-.. . -., --, 1-1, [1¤ (1 ● (I.

u. [1. n. . [1. Ij. (1. :: il ●

(j, 0, 0. 0. 0. l-l. . Ij. 0.

STfiTItlt4 0

--- -.

/

ENCIRCLED ENERGY

100,+— +— —+—

I
9090----+-+

: +900008- +

: ●00QOOOOO +
‘ iooo+ + + “: I

80. +-l-H “+●@ ,+4++

I

●

●

60. * ● J
I ●.

● I
40. ++t+o

. .
++++

I
..I

20.L +&

I

+ +
: + :. :“
+ + + + : I~.+o=+—+——~+—+—+’

0.000 .005 .010 ,015 .020 .025 .030
.

Flgurc 7
RADIUS IN CENTIMETERS



STATION

25 ~
II NTERFEROGRAM

30 ?;03:?kL1 4 1 t 1
0.0 Cl! 0.2 0.3 0.4 0.!5 0.6 0.7 0.8 a9 I

SPATIAL FILTER i

SPATIAL FILTER 2

SPATIAL FILTER 3

SATURABLE ABSORCER

SLIT FILTERS

SATURABLE ASSOR8ER

APERTURE IN T.P.

SATURABLE A8SORBER

SPATIAL FILTER 5

PARABOLA

D

STREHL RATiO

Figure 8


