
Self-Interference Patterns and Their Application 
to Target Characterization 

The uniformity requirements of direct-drive targets are <trin- 
gent. The requirements on both sphericity and wall thickness 
uniformity are of the order of less than 1%. In the past, dual- 
beam interference microscopy has been used at LLE to 
characterize the wall thickness and uniformity of transparent 
targets.' With this technique, an interference pattern is formed 
between one beam that passes through the target and a second 
beam, split off from the first, that passes around the target. By 
comparison with computer-generated templates, these inter- 
ference patterns can yield the wall thickness and its uniformity 
to a high dcgrce of a c c u r a ~ y . ~  

This article describes an alternative interferometric tech- 
nique that is simpler to use and that provides a rapid 
characterization of both the wall thickness and the unifornlity 
of single-shell targets. These arc typically polystyrene (CH) 
shells, which are selected prior to being coated with layers of 
various materials andlor filled with D2, DT, or some other 
desired gas. These shells have the remarkable property that, -__- 

when irradiated with a s~atiallv incoherent. narrow-bandwidth Figure 64.31 

A compound-microscope image of a self-interference pattern produced by a light source and viewed using only a compound microscope, 
symmetric capsule when illuminated with narrow-b;indwidth light. The 

self-interference patterns such as the One polystyrene (CH) ha? an 85".pm diameter and a 7.pm thickness, 
shown in Fig. 64.31. These patterns are distinct concentric - -- --- - - 

fringes when the target is uniform, but faint. distorted, or 
discontinuous fringes form when the target is nonuniform. 
Previously, SIP'S have not been used because they are clearly 
observed only in targets of very high quality, with uniformity 
typically better than 1%. 

This technique is currently being used for the preliminary 
selection of polystyrene shells typically of 800- to 1000-pm 
diameter and 5-  to 12-pm wall thickness. Thc fringe locations 
have bcen modeledusing ray tracing and agree well with actual 
mearurements of well-characterized shells. Shells can be se- 
lected with the wall thickness known to T0.5 pm and with 
uniformity better than 0.05 pm. 

Origin of the Self-Interference Pattern 
SIP formation results from multiple reflections of rays 

within the shell walls. The three relevant beam paths are 

illustrated in Fig. 64.32. Beam 1 passes straight through the 
shell, beam 2 undergoes two reflections on the input side, and 
beam 3 undergoes two reflections on the output side. For a 
perfect shell, the emerging wavefronts of beams 2 and 3 are 
virtually identical, so they combine coherently and interfere 
with the wavefront of beam I to form the SIP. For an imperfect 
shell, in which the input and output thicknesses are different, 
a single SIP is not formed, but one observes a combination of 
two SIP'S, one corresponding to the input side, (beams 1 and 2 
interfering) and the other to the output side (beams 1 and 3). 

In Fig. 64.32, all rays are shown backprojected (with dashed 
lines) to the point on the object plane ( z  = 0 )  from which they 
appear to come. Exact ray-tracing calculations show that a ray 
incident at a height ri appears to come from a height r, in the 
object plane where the difference between ri and r, is negligi- 
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Figure 64.32 
Ray paths through the target of (a) beam I. (b) beam 2, and (c) beam 3. In each case the rays enter from the left, the emerging wavefront is drawn on the right, 

and the emerging rays are backprojected (dashed lines) to their apparent origin in the object plane ( z  = 0). For a perfect target, wavefronts 2 and 3 are virtually 
identical, add coherently, and form the self-interference pattern (SIP) through combination with wavefront 1. 

bly small (typically less than 0.1 pm except very close to the 
edge of the target) for each of the three beampaths. This is true 
only for the object plane z = 0. Since the source is spatially 
incoherent, two rays can interfere only if they originate from 
the same incident ray. Thus, the only object plane that permits 
the SIP formation is the midplane z = 0. In this sense the 
fringes can be described as being localized in this plane. In 
contrast, if the illumination was spatially coherent as in the 
dual-beam interferometry technique described in Ref. 2, inter- 
ference fringes could be obtained for any object plane. 

For a spherically symmetric target, the locations of the 
interference fringes may be calculated by plotting the optical 
path difference OPD2-OPD1 between beams 2 and 1 as a 
function of apparent radius r,  in the object plane (see 
Fig. 64.33). [OPDi is defined as the optical path difference (in 

centimeters) between a ray of beam i (i = 1-3) and a reference 
ray passing through vacuum, but in Fig. 64.33 it is plotted in 
waves.] In this example, six bright fringes will be seen with 
optical path differences ranging from 29 to 24 waves, and the 
loci of greatest intensity in an interferogram can be simply 
constructed by drawing circles at the corresponding radii. For 
targets with nonuniformities in the (x,y) plane, i.e., targets that 
are not rotationally symmetric about the z axis, interferograms 
can be formed by tracing a grid of rays through the target and 
drawing a contour plot of the optical path difference with the 
contour levels chosen to be integer numbers of waves.3 

In place of Fig. 64.33, the "universal curves" of Fig. 64.34 
can be used to predict the behavior of all perfectly uniform 
targets of interest. In this figure, the optical path differences 
OPDl and OPD2, and the difference OPD2-OPDI, are all 

Figure 64.33 
The optical path difference (OPD2-OPDl) between beam 2 and beam 1 for a 

representative CH target with an 850-pm outer diameter, a 5-pm thickness. and a 
refractive index at 546 nm of 1.59. The abscissa is the apparent radius r, in the 

object plane (see Fig. 63.32). which is almost identical to the incident radius r;. The 

solid points correspond to integer values of optical path difference and thus give the 
radii of the centers of the bright fringes. 

Radius ra (pm) 
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OPD2 - OPD 1 

Normalized radius (ri /R shell) 

plotted against the normalized radius rilRshell,  where Rsheli 
is the average of the inner and outer shell radii. (Similar results 
are obtained by normalizing to either the inner or the outer 
radius.) Graphs are superposed for CH targets with outer 
diameter cl = 250 to 1500 pm and thickness t = 2 to 20 pm; 
specifically, the four extreme combinations are included. All 
curves are virtually identical except for the low-aspect-ratio 
combination (d = 250 pm, t = 20 pm), which is not of current 
interest for experiments on OMEGA. 

The values of OPD for rays passing through the center of a 
perfect target with respect to parallel rays passing external to 
the target are given by 

For example, for n = 1.59 and a wavelength A =  546 nm. as 
used throughout this article, the differencein (OPD? - OPDl)/t 
between thecenter and the edge is A (OPD~ - O P D ~ ) / ~  = 0.62. 
(The edge is understood to correspond to 95% of the inner- 
shell radius, i.e., approaching the last ray that will be transmit- 
ted through the target.) Thus, if N bright fringes are counted, 
A ( O P D ~  - OPDI ) = N A and 

t = NAl0.62 = 0.88 N pm. (4) 

Figure 64.34 
Universal curves governing the formation of the self-interference pattern. By 
plotting the OPD divided by the shell thickness r on the vertical axis and the 
normalized radius (ri/Rshell) on the horizontal axis. the three quantities OPDl / t ,  
OPDz/ t ,  and OPD2 -OPDI / t  are virtually independent of shell diameter and 
thickness. The curves shown here are for four shells with outer diameters ranging 

from 250 to 1500 pm and thicknesses ranging from 2 to 20 pm.  The dashed curves 
correspond to a 250-pm diameter and a 20-pm thickness. 

The accuracy of Eq. (4) is limited by the accuracy with 
which A ( O P D ~  - OPD1) can beestimatedby countingfringes. 
The method will work as long as the time difference between 
interfering rays [ ( O P D ~  - O P D l ) / c ,  where c is the speed of 
light] is less than the coherence time of the source. For the low- 
pressure mercury vapor source4 used in the work reported 
here, this criterion is satisfied for wall thicknesses t I 15 pm. 

Ray trajectories have been calculated using both exact ray 
tracing and a paraxial approximation that includes third-order 
spherical aberration. The paraxial approximation does not 
accurately predict the wavefront near the edge of the target. 
where higher-order spherical aberration is present. How- 
ever, the error incurred is approximately equal in each of 
wavefronts 1, 2, and 3. Thus, A ( O P D ~ - O P D ~ )  and 
A ( O P D ~  - OPDI) are nearly identical for the paraxial and 
exact ray-tracing treatments, and results obtained by the two 
methods agree closely. 

One notable property of the SIP is its sensitivity to t. For 
n = 1.59, the quantity detected is OPD2 - OPDl = 3.2 t [from 
Eq. (3)] compared with OPD, = 1.2 t [from Eq. (I)] as would 
apply to conventional two-beam interferometry. This met- 
hod is thus roughly three times more sensitive to changes in 
target thickness. 

Another property of the SIP is that for very small differ- 
ences between tL and tR, the thicknesses on the left and right of 
the target in Fig. 64.32, respectively, a single interferogram is 
not formed. For a half-wave difference in the OPD along the 
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axis, enough to destroy the SIP, the necessary thickness differ- 
ence is given by 

corresponding to a 1.2% peak-to-valley thickness variation for 
a typical 7-pm shell. Targets displaying a distinct SIP have a 
much better uniformity than this. 

Some examples of calculated SIP'S are given in 
Figs. 64.35-64.37. Figure 64.35 shows interferograms of 
three targets with various wall thicknesses, from which Eq. (4) 
can be verified. Figure 64.35(b) matches the experimental 
interferogram of Fig. 64.31 very well. Figure 64.36 shows 
interferograms of three targets with slightly different wall 
thicknesses t, to show the sensitivity of the SIP to t as alluded 
to above. The OPD through the center changes by 0.29 waves 
for each 0.05-pm change in thickness. Each change is clearly 
distinguishable, especially if the location of the first or second 
clear fringe is measured. Finally, Fig. 64.37 shows a combina- 
tion of two SIP's with a 1 % nonuniformity. The nonuniformity 
is directed along the z direction [Fig. 64.37(a)], at 45" to the 
y and z directions [Fig. 64.37(b)], and along the y direction 
[Fig. 64.37(c)]. In each case the heavy and light lines indicate 

the two SIP's; in each of Fig. 64.37(a) and Fig. 64.37(b) a 
distinct SIP would not be seen in practice, so that the 
nonconcentricity would be easily detected. In Fig. 64.37(c), 
where the defect is aligned perpendicular to the viewing 
direction, an up-down shift can be observed in the calculated 
fringe pattern but would probably not be readily observed in 
practice. In Fig. 64.37(c) the two SIP's add coherently as the 
two thicknesses fL and fR are equal. 

Actual target imperfections rarely match the simplified 
imperfections shown in Fig. 64.37. An example of an imperfect 
target is shown in Fig. 64.38. The fringes on the bottom are not 
too different from those of Fig. 64.31, but extra fringes are 
observed near the top where, clearly, the target contains a 
region of excessive thickness. There also appears to be some 
moirC beating in this area between the two SIP'S, one of which 
is stronger because the microscope is focused closer to its plane 
of localization. 

It does not require a large deviation from spherical symme- 
try for the two SIP's to not combine coherently. When the 
apparent positions r, in the object plane of the two rays 
associated with beam 2 and beam 3 (see Fig. 64.32) differ by 
the spatial coherence length of the light source imaged onto 
this plane, coherence is lost. An alternative and more general 
approach is to consider every incident ray, including rays other 

Fizure 64.35 
Calculated SIP's for three perfectly symmerric polystyrene targets, a11 with an outer diameter of 850pm. but with thicknebsea r ranging from 5 to 9 p m .  The 
outer circles indicicte the edge of the target and the other circles are interference fringes. The SIP for t  = 5 pm corresponds to Fig. 64.33 and that fo r t  = 7 pni 
corresponds to Fig. 64.31. The target thickness in microns can be estimated by n~ultiplying the number of bright fringes by 0.88. 

--- ---- 
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-- - - 

Figure 64.36 

Calculated SIP'S for three polystyrene targets with slightly different wall thicknesses. Thickness differences as small as 0.05 pm can be detected if attention 
is paid to the location of the inner fringes. 

- - 

Figure 64.37 

Calculated SIP'S formed by interference between beams 1 and 2 (light lines) and between beams 1 and 3 (heavy lines) for a polystyrene target with a 1% thick- 

ness nonuniformity for three different orientations of the nonuniformity given by the unit vectors A. (The inner surface is spherical but shifted 0.05 pm in the 

direction of A,) In case (a) the two SIP'S are out of phase by a half-wave in the center, so that no distinct interference pattern would be seen in practice. Thus, 

the existence of a distinct SIP indicates a target with better than 0.05-pm thickness uniformity. 
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than the parallel set shown in Fig. 64.32, as independent due to 
the spatially incoherent nature of the source. For each incident 
ray there are three emerging rays, corresponding to beam paths 
1-3. Projecting their trajectories back, there will be a position 
where rays 1 and 2 cross for an ideal target, and a point of 
closest approach for a nonideal targct. There will be a separate 
point of closest approach for rays 1 and 3. Constructive 
interference will occur if the backprojected rays pass suffi- 
ciently close to each other. For an ideal target, rays with 
different angles of incidence will cross in rotated midplanes 
but may still be close enough to each other in the object plane 
to interfere. Viewed alternatively, each angle of incidence will 
result in an interference pattcrn that appears to be formed 
within the target with a certain localization depth along the 
propagation direction: the patterns for different angles then 
add in intensity. This property of the system makes it unneces- 
sary to illuminate the targets with collimated light andenhances 
the brightness of the images. It suffices to use a narrow- 
bandwidth extended source such as a low-pressure 
mercury-vapor lamp. 

From Fig. 64.32, it is evident that the SIPis largely indepen- 
dent of the gas inside the target, whatever its pressure. This is 
because the interfering rays have a small angle and lateral 

Then the amplitudes of transmitted waves 1-3 are given 
respectively by 

For a perfectly symmetric shell, waves 2 and 3 interfere 
constructively to produce a wave with amplitude 

Interference between these two wavcs and the purely trans- 
mitted wave 1 gives amplitudes 

Example of an interference pattern formed from a poor-quality shell. Two 
SIP'S are produced, as in Fig. 64.37. but they are not concentric. 
~ p p - - - - - ~ ~ - ~ ~ p p  ~ 

with f indicating constructive (destructive) interference. The 

displacement relative to cach other; thus, they traverse almost 
the same optical path through the gas. This allows the target's 
wall thickness to be measured, after it is pressurized with 
fusion fuel, without accurate knowledge of the fill pressure. 
This is not possible with dual-beam interferometry qince the 
optical path through the target is relative to an equivalent path 
in air. In this case, the difference between the refractive index 
of the fill gas and that of the surrounding air must be accounted 
for and subtracted from the total optical path length through the 
target to determine its wall thickness. 

Fringe Visibility 
Uniform shells possess a relatively high fringe visibility 

with respect to nonuniform shells since the reflected wave- 
fronts (beams 2 and 3) supcrpose both in space and phase, 
thereby interfering constructively to modify the amplitude of 
the transmitted wavefront (beam I). Assume electric-field 
amplitude transmission coefficients TI and T2 and a reflection 
coefficient R, respectively, at each interface. (TI and T2 apply 
to rays passing from air to shell and from shell to air, respec- 
tively. Similar coefficients R l  and R2 could be defined, but 
they are equal in magnitude.) In practice, T I ,  T2, and R will 
depend on the angle of incidence at each interface, but the 
assumption of single values for T I ,  T2, and R will be good near 
the target center. For n  = 1.59, R = ( n -  l)/(n + 1) = 0.228. 
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fringe visibility is then 

where I,,, and Imin denote maximum and minimum intensi- 
ties. Without waves 2 and 3 combining, Eq. (8) would be 
replaced by 

for interference between waves 1 and 2. with 

Thus. the visibility is greater by about afactorof 2 when waves 
2 and 3 constructively interfere. For example. for n = 1.59, 
R = (n - I)/(n + 1) = 0.228, V = 0.206, and V' = 0.104. 

Experimental Verification 
The wall thicknesses of several glass shells were measured 

using dual-beam interferometry with an uncertainty of 
f0.05 pm. Their outside diameters were also determined using 

a calibrated compound microscope to within f 3  pm. The 
refractive index of the glass shells was measured by fracturing 
shells from the same glass batch, immersing them in index- 
matching fluid, and varying the fluid temperature until the 
glass shards could not be differentiated from the fluid.5 This 
method utilizes the temperature dependence of the refractive 
index of the index-matching fluid and results in avery sensitive 
refractive-index measurement with an uncertainty as low as 
f0.0002. The shells were then imaged with the same com- 
pound microscope used to measure their outside diameter, but 
with a 10-nm-bandwidth interference filter centered on a 
546-nm wavelength placed between its diffuser and con- 
denser; this time the diameters of the SIPfringes were measured. 

A comparison between the measured SIP fringe diameters 
and the calculated ones for a specific shell of thickness 
2.89f0.05 pm is given in Table 64.111. Calculated fringe 
diameters are given for 2.89 p m  and 2.93 pm. The latter 
thickness, well within the uncertainty of the thickness mea- 
surement, gives the better agreement between the measured 
and calculated SIP fringe diameters. 

The SIP fringe diameters (when normalized to the shell 
diameter) are much less sensitive to small errors in the outside 
diameter than in the wall thickness because the universal 
curves of Fig. 64.34 depend primarily on the ratio ri/Rshell. As 
noted above, the SIP is more sensitive to wall thickness 
variations than the dual-beam interferogram of the same target. 
In particular, the positions of the SIP innermost fringes provide 
information not so readily available from dual-beam interfer- 
ometry because of the problem of establishing the piston, i.e.. 
the absolute value of the optical path through the target center. 

Table 64.111: A comparison between the calculated and measured SIP fringe diameters for a glass ( n  = 

1.4648M.003) shell with a 255+3-pm outside diameter illuminated with 546-nm light with a 
10-nm bandwidth. The measured wall thickness of 2.89k0.05 p m  was obtained using a 
Mach-Zehnder interference microscope. The SIP fringe diameters were measured with a 
calibrated eyepiece reticule while viewing the shell through a compound microscope. A wall 
thickness of 2.93 prn gave the best agreement between the calculated and measured SIP 
fringe diameters and is within the uncertainty of the wall thickness measurement. (The 
outermost predicted fringe was not observed in the measured SIP.) 
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Measured fringe 
diameters (pm) 

11225 
167f3 
206k3 

Calculated fringe diameters (pm) 

t = 2.89 pni 

94 
160 
202 
238 

t = 2.93 pm 

110 
168 
210 
242 
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