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esign  and  fabrication  of  a  CH/Al  dual-layer  perturbation  target  for
ydrodynamic  instability  experiments  in  ICF
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Sinusoidal  perturbed  Al foil  was  prepared  by single-point  diamond  turning.
Perturbed  Al  foil  was  measured  by  surface  profiler  and  white  light  interferometer.
Perturbed  Al  foil  and  CH  layer  adhered  with  each  other  via  a  hot-press  process.
Parameters  and  cross-section  of  the CH–Al  perturbation  target  was  characterized.
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a  b  s  t  r  a  c  t

A  polystyrene  (CH)/aluminum  (Al) dual-layer  perturbation  target  for  hydrodynamic  instability  experi-
ments  in  inertial  confinement  fusion  (ICF)  was  designed  and  fabricated.  The  target  was  composed  of  a
perturbed  40 �m  Al  foil  and  a CH layer.  The  detailed  fabrication  method  consisted  of  four  steps.  The  40  �m
Al  foil  was  first  prepared  by  roll  and polish  process;  the  perturbation  patterns  were  then  introduced  on
the  surface  of the Al foil  by the single-point  diamond  turning  (SPDT)  technology;  the CH  layer  was  pre-
pared  via  a simple  method  which  called  spin-coating  process;  finally,  the  CH  layer  was  directly  coated
on  the  perturbation  surface  of  Al foil  by  a hot-press  process  to  avoid  the  use  of  a sticker  and  to  eliminate
the  gaps  between  the  CH  layer  and  the  Al foil.  The  parameters  of the target,  such  as the  perturbation
wavelength  (T)  and  perturbation  amplitude  (A),  were  characterized  by  a  QC-5000  tool  microscope,  an
alpha-step  500  surface  profiler  and a  NT1100  white  light  interferometer.  The  results  showed  that  T and  A

of  the  target  were  about  52  �m  and  7.34  �m, respectively.  Thickness  of  the  Al foil  (H1),  thickness  of  the
CH  layer  (H2),  and  cross-section  of the  dual-layer  target  were  characterized  by a  QC-5000  tool  micro-
scope  and  a scanning  electron  microscope  (SEM).  H1  and H2 were  about  40 �m  and  15 �m,  respectively,
the cross-sectional  photographs  of  the target  showed  that  the  CH  layer  and  the  Al foil  adhered  perfectly
with  each  other.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

In inertial confinement fusion (ICF) experiments, when the igni-
ion target capsule is irradiated by a high-intensity laser facility,
uch as NIF, Nova, Omega and LMJ, the hydrodynamic instability

ccurred for the spatial distribution uniformity of laser inten-
ity and the roughness of target capsule [1,2]. Understanding and
ontrolling the growth of hydrodynamics instability can increase
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the feasibility of ignition experiments strongly. So research of the
hydrodynamic instability has been focus for years [3–6]. In general,
an ignition capsule usually consists of several layers with different
density, such as low-Z ablator material, foam, deuterium–tritium
(DT) ice, DT gas and so on [7]. When the capsule is driven by high
intensity laser for direct-driven or by X-ray for indirect-driven, the
outer layer is ablated and the instability, seeded by target imper-
fection and nonuniform irradiation, can grow via Rayleigh–Taylor
(RT) instability in the ablate and centripetal compress process [8,9].

In recent years, many different kinds of experiments and targets
had been designed and fabricated to simulate and investigate the
growth of RT instability. Such as single layer targets [10–12], dual-
layer targets [13–15], multilayer targets [16–19] and so on. The
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about 2500 rpm and kept for 30 s to make the solvent chloroform
Fig. 1. Schematic of the CH/Al dual-layer perturbation target.

ual-layer targets, for the Atwood number Ad = (�2 − �1)/(�2 + �1)
an be changed easily by changing the materials of the compo-
ent layer, they are widely used in simulating the growth of RT

nstability. In this article, a polystyrene (CH)/aluminum (Al) dual-
ayer perturbation target was designed and fabricated to simulate
he growth of RT instability in ICF. Sinusoidal perturbation patterns
ere introduced on the surface of Al foil by the single-point dia-
ond turning (SPDT) technology. The CH layer was directly coated

n the perturbation surface of the Al foil by a hot-press process.
he perturbation patterns were used as the seed for RT instability
rowth when the ablator shock wave traveled through the inter-
ace of the CH layer and the Al foil. Target parameters, such as
he perturbation wavelength (T), perturbation amplitude (A), were
haracterized by a QC-5000 tool microscope, an alpha-step 500 sur-
ace profiler and a NT1100 white light interferometer. Thickness of
he Al foil (H1), thickness of the CH layer (H2), and cross-section of
he dual-layer target were characterized by a QC-5000 tool micro-
cope and a scanning electron microscope (SEM).

. Experimental

.1. Design of the CH/Al dual-layer perturbation target

The CH/Al dual-layer perturbation target was  designed to
esearch the RT instability in ICF. The CH polymer, a low-Z mate-
ial composed of C and H elements, with a density of 1.03 g/cm3,
xhibits high energy deposition and good machinability, chosen as
he preferred outer ablator material [20,21]. The aluminum, a metal
ith a density of 2.7 g/cm3 and good ductility, chosen as the tamper

f the dual-layer target to fabricate an unstable target (Ad ∼ 0.45)
or the RT instability experiments in ICF. As the seed for RT insta-
ility growth, the perturbation patterns were introduced on the
urface of the Al foil by the SPDT technology, then the CH layer
as directly coated on the perturbation surface of Al foil by a hot-

ress process to avoid the use of a sticker and to eliminate the gaps
etween the CH layer and the Al foil. Fig. 1 shows the schematic of
he CH/Al dual-layer perturbation target.

Fig. 2. Schematic of the sp
d Design 89 (2014) 466–472 467

2.2. Pre-treatment of the Al foil before introduce the perturbation
patterns

The Al foil prepared by roll process with large surface rough-
ness, so the surface of Al foil needs polish first to reduce the surface
roughness before the perturbation patterns introduced on it. The
polish process was described as follows. The rolled 40 �m Al foil
was flattened on the quartz glass, grinded by the polishing paste
and a polisher. Then ultrasonic cleaned by acetone, ethyl alcohol
and deionized water in sequence to remove the residual impurities.
Finally, the cleaned Al foil blow-dried by nitrogen and reserved for
introduce the perturbation patterns by SPDT technology.

2.3. Introduce the perturbation on the surface of Al foil by the
SPDT technology

Perturbation patterns were introduced on the surface of Al foil
by the SPDT technology [22]. The Al foil was gripped via a vacuum
negative pressure, and cut by a natural diamond cutter. The whole
lathe and spindle use the air-flotation method to reduce the impact
of external vibration. Numerical control resolution of the lathe was
1 nm;  precision of second grip was  controlled under 1 �m.  Curva-
ture radius of the diamond cutter was  2 �m.  The Al foil was cooled
by spray cooling during the cut process, the cuttings were drawn
away by a air pump to avoid the cuttings not only damage the
processed surface of the Al foil, but also pollute the machining envi-
ronment. The machining environment was 20 ◦C, humidity 40% and
ultraclean class of 10 000.

2.4. Preparation of the CH layer by spin-coating process

The CH layer was  prepared by a spin-coating process. Solid CH
(purity: 99.9%) was dissolved in chloroform and stirred with a mag-
netic bar for 4 h, then vibrated in an ultrasonic bath for 2 h. After
this, the CH solution filtered with a qualitative filter paper to obtain
a transparent, uniform CH solution. In order to obtain the CH solu-
tion with appropriate concentration for spin-coating, the solution
was continuing stirred with a magnetic bar to make the solvent
chloroform volatilized gradually. For CH layer preparation, the CH
solution was  dropped upon a circular, smooth quartz glass with a
diameter of 35 mm and which was  fixed by the adsorption devices
of the spin coater. First, the glass was  spinning with a low-speed
about 100 rpm for 3 s to uniform the CH solution on the glass. And
then, the spinning speed of the glass was quickly accelerated to
volatilized and form a CH film on the glass. Finally, took off the
CH film from the quartz glass, the CH layer was obtained. Fig. 2
shows the schematic of this spin-coating process. Thickness of the

in-coating process.
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Fig. 3. Schematic o

H layer was controllable via adjust the concentration of the CH
olution and the spinning speed of the quartz glass.

.5. Coated the CH layer onto the perturbed Al foil by hot-press
rocess

For dual-layer target formation, the CH layer and the perturbed
l foil need to adhered with each other. In this article, the CH layer
as coated on the perturbed Al foil directly by a hot-press process.

irst, the perturbed Al foil was flattened on the quartz glass sub-
trate with the perturbation surface up, the CH layer coated on the
l foil and another quartz glass substrate covered the CH layer. Then
he whole four parts put into a muffle furnace at 150 ◦C and a 2.5 kg
eight pressed on them for 2 h. As the CH layer been heated and
ressed, the CH layer soften, adhered with the Al foil and filled the
aps between the CH layer and the valley of the perturbed Al foil.

Fig. 4. Surface and surface roughness of the Al foil: (a) and (c
hot-press process.

Finally, the four parts was  cooled naturally to room temperature,
and then the CH/Al dual-layer perturbation target was  obtained by
cut manually. Fig. 3 shows the schematic of the hot-press process.

2.6. Measurement of the target and target parameters

The parameters of the target, such as the perturbation wave-
length (T), perturbation amplitude (A), were characterized by
a QC-5000 tool microscope (Metronics QC-5000, resolution:
±0.001 mm),  an alpha-step 500 surface profiler (Tencor Corpo-
ration, Alpha-step500) and a NT1100 white light interferometer.

Thickness of the Al foil (H1), thickness of the CH layer (H2),
and cross-section of the dual-layer target were characterized
by QC-5000 tool microscope and scanning electron microscope
(SEM, Philips-XL30FEG) as well. Surface roughness of the CH layer

) were before polished; (b) and (d) were after polished.
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Thickness of the CH layer was  controllable via adjusting the
concentration of the CH solution and the spinning speed of
the quartz glass. Based on large amounts of experimentations,
experiential relationship of the thickness of the CH layer and the
Fig. 5. Enlarged view of the perturbed Al foil:

urface was also measured by alpha-step 500 surface profiler
Tencor Corporation, Alpha-step500).

. Results and discussion

.1. Polishing treatment of the Al foil

Fig. 4(a) and (b) shows the surface of the Al foil before and after
olish, respectively. In Fig. 4(a) the surface of the Al foil was  rough,
hile in Fig. 4(b), the surface was smoother. A smooth surface

f the Al foil was necessary to introduce the perturbation pat-
erns. Fig. 4(c) and (d) shows the quantitative surface roughness
f the Al foil before and after polish, respectively, scanning length
f them were both 1 mm.  In Fig. 4(c), the maximum fluctuation was
ver 1 �m,  the surface average roughness (Ra) and the root mean
quare roughness (Rq)  were 212.72 nm and 261.38 nm.  While in
ig. 4(d), the maximum fluctuation was under 0.1 �m;  Ra and Rq
ere 16.8 nm and19.5 nm.  Compared these two results, it indicated

hat the polish process reduced the surface roughness substantially.

.2. Perturbation patterns on the surface of the Al foil

After been polished, the perturbation patterns were introduced
n the surface of Al foil by the SPDT technology. Fig. 5 shows the
nlarged view of the Al foil after been perturbed, (a) was  the surface
f the perturbed Al foil which shows a uniform T about 50 �m,  and
b) was the cross-section of the perturbed Al foil which shows not
nly a uniform T about 50 �m but also a uniform A about 8 �m.  In
he turning process, as the scale of perturbation patterns was  small,

 sharp edge cutter with curvature radius of 2 �m was  chosen to
ut the Al foil. Under this condition, the perturbation patterns with
/A of 5–10 could obtain.

In order to get precise T and A of the perturbation patterns, a
urface profiler was used to characterize the perturbed Al foil. The
l foil was flattened on the test platform of the profiler, the probe of

he profiler scanning over the perturbation surface of the Al foil. The
canning length and scanning speed were 450 �m and 50 �m s−1,
espectively, and the results were shown in Fig. 6. In this figure,
niform T and A of the perturbation patterns were shown clearly,
nd could read precisely as 52 �m and 7.34 �m,  respectively. The
erturbation patterns were very similar to the sinusoidal fluctu-

te, which meet the requirements of the hydrodynamic instability
xperiments in ICF well.

In order to observe three-dimensional image of the perturba-
ion patterns on the surface of the Al foil more intuitively, a white
rface of Al foil and (b) cross-section of Al foil.

light interferometer was used to measure the perturbation sur-
face of the Al foil. The perturbed Al foil was flattened on the test
platform of the white light interferometer, and enlarged 50×.  The
three-dimensional image of the perturbation patterns was shown
in Fig. 7. In this figure, A and T were uniform as well, and were
7.97 �m and 52 �m,  respectively. The result of T was  agreed with
the result which was  measured by the surface profiler, while the
result of A was some deviation to the result measured by the sur-
face profiler. As the surface profiler was a contact and more precise
measuring method, and the white light interferometer have some
deviation especially when the magnification was large, the result
measured by the surface profiler was  considered to be the credible
one, so the perturbation amplitude A was  7.34 �m.  What’s more,
this little deviation had no great influence for observing the three-
dimensional image of the perturbation patterns. The perturbation
patterns were very close to the sinusoidal fluctuate.

3.3. Adjust the thickness of the CH layer
Fig. 6. Perturbation patterns on the surface of the Al foil.
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Table 1
Thickness of the CH layer and the concentration of the CH solution, the spinning speed of the quartz glass.

Concentration of the CH solution W%  Thickness of the CH layer (�m) at different spin speed (rpm)

1000 1500 2000 2500 3000

8 12 10 8 / /
12  20 16 12 9 6
16  33 22
20  / 27
24  / / 

F
A

ig. 7. Three-dimensional image of the perturbation patterns on the surface of the
l  foil.

Fig. 8. CH/Al dual-layer perturbation target: (a
 18 14 9
 24 20 12

30 24 16

concentration of the CH solution, the spinning speed of the quartz
glass was shown in Table 1. The spin-coating process was the same
as Section 2.4, 3 s for 100 rpm and 30 s for each high spinning speed
listed in Table 1. The results indicated that the concentration of
the CH solution higher or the spinning speed of the quartz glass
lower, the CH layer obtained thicker. Uniform (in 1 mm length,
the maximum fluctuation was under 0.5 �m,  the surface average
roughness (Ra) and root mean square roughness (Rq) both under
0.15 �m)  CH layer could obtain was  about 8–33 �m.

3.4. Parameters of the CH/Al dual-layer perturbation target

The CH layer was coated on the perturbed Al foil directly by
a hot-press process. Fig. 8 shows the picture of CH/Al dual-layer
perturbation target, (a) was  the face-on view. As the CH layer
was transparent, the perturbation patterns on the surface of the
Al foil can be seen clearly, this picture almost has no difference

with Fig. 5(a). Fig. 8(b)–(d) shows the cross-section view of the
CH/Al dual-layer perturbation target; (b) shows the cross-section
image measured by the QC-5000 tool microscope. In this picture,
the CH layer and the perturbed Al foil adhered with each other,

) face-on view and (b)–(d) cross-section.
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OMEGA ICF experiments and preparation for direct drive ignition on NIF, Nucl.
Fig. 9. Surface roughness of the CH layer.

he perturbation patterns were introduced into the interface
etween the CH layer and the Al foil as the seed for the growth
f RT instability successfully. More detailed cross-section images
easured by SEM were shown in Fig. 8(c) and (d). These two

ictures indicated that the interface between the two layers has
o gaps, these two layers combined well, and the perturbation
atterns introduced into the interface between these two  layers
uccessfully. H1 and H2 were 40 �m and 15 �m,  respectively.

.5. Surface roughness of the CH layer surface

Surface roughness of the CH layer surface has important influ-
nce on the hydrodynamic instability experiments in ICF, so a
urface profiler was used to characterize the surface roughness of
he CH layer. The characterizing method was the same to which
escribed in Section 3.2. The scanning length and scanning speed
ere 1000 �m and 100 �m s−1, respectively. The results were

hown in Fig. 9, the surface average roughness (Ra) and root mean
quare roughness (Rq)  of the CH layer surface were measured to
e 11.47 nm and 13.62 nm,  respectively, far less than the wave-

ength of the driven laser (530 nm). Which revealed that the CH
ayer surface of the dual-layer target have good surface smoothness,

eet the requirements of the hydrodynamic instability experi-
ents well.

.6. Influence of the hot-press process to the perturbation of the
l foil

In the hot-press process, the Al foil was heated to 150 ◦C and
ressed by 2.5 kg weight, the amplitude and wavelength of the
erturbation patterns might have changed after been hot-pressed.

n order to evaluate the effect, that hot-pressing the CH onto the
erturbed Al foil has on the amplitude and wavelength of the per-
urbation, the CH/Al dual-layer perturbation target was  cleaned by
hloroform to remove the CH layer, the amplitude and wavelength
f the perturbation were measured by a surface profiler again. The
easuring method was the same as Section 3.2 and the results were

hown in Fig. 10. In this figure, uniform T and A of the perturbation
ere 52 �m and 7.31 �m,  respectively, just very little and ignorable

hange compared with before hot-pressing the CH onto it. As the
l with a melt point of 660 ◦C and an elasticity modulus of 70 Gpa,

hile the hot-press process with a temperature of 150 ◦C, this tem-
erature was not high enough to make Al soft and the pressure
ot large enough to make Al distort either. So the amplitude and
Fig. 10. Perturbation pattern on the surface of the Al foil after hot-press.

wavelength of the perturbation almost have no change after been
hot-pressed.

4. Conclusions

A CH/Al dual-layer perturbation target was designed and fab-
ricated for the hydrodynamic instability experiments in ICF. The
target was  composed of a perturbed Al foil and a CH layer. Uniform
sinusoidal perturbation was  introduced into the interface between
the Al foil and the CH layer by SPDT technology. The CH layer was
coated on the Al foil directly by a hot-press process. T, A, H1 and H2
of the CH/Al dual-layer perturbation target were 52 �m, 7.34 �m,
40 �m and 15 �m,  respectively. The cross-section images of the
target showed that the CH layer coated on the perturbed Al foil
perfectly. Surface roughness of the surface of CH layer was  far less
than the wavelength of the driven laser, the whole target meets the
requirements of the hydrodynamic instability experiments well. As
the process of coated the CH layer on the Al foil avoid the use of a
sticker, eliminate the gaps between the CH layer and the Al foil, and
almost have no influence to the amplitude and wavelength of the
perturbation, it proved to be a simple and useful method for target
fabrication and maybe much broader application in the future.
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