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Fabrication of Inertial Confinement Fusion (ICF) targets 
requires deposition of various types of coatings on 
microspheres. The mechanical strength, and surface finish of 
the coatings are of concern in ICF experiments. The tensile 
strength of coatings can be controlled through grain 
refinement, selective doping and alloy formation. We have 
constructed a magnetron co-sputtering system to produce 
variable density profi'Te coatings with high tensile strength on 
microspheres. The preliminary data on the properties of a 
Au-Cu binary alloy system by SEM and STEM analysis is presented. 
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INTRODUCTION 

I 

In the fabrication of ICF targets various types of coatings 
are applied to the microsphere fuel capsules for different 
experiments or diagnostic analysis. The atomic number, density 
and surface topology of the coatings are the important design 
parameters. Beyond these basic requirements, the mechanical 
properties such as tensile strength of the coating are also of 
concern for some ICF applications. With the constraints of the 
basic design requirements which limit the materials that can be 
used, one can only attempt to strengthen the chosen materials 
rather than choosing materials with higher mechanical strength. 

A coating applied to a non-planar microsphere by physical 
vapor deposition is inherently not a strong coating. The 
columnar structure resulting from the oblique incident coating 
flux tends to fracture easily along the columnar grain 
boundaries. Bias sputtering is difficult to apply to 
microspheres because they are in constant motion and hence 
electrically floating most of the time. Previous experiments 
to^sfrengthen platinum by oxygen doping were quite successful 
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itf!ha'rdening' the metal , but the method was rather difficult 
to control, and lacked versatility. We have now constructed a 
magnetron co-sputtering system to experiment with stengthening 
the microsphere coatings by selective alloying of the oase 
coating material with other elements. We report here on the 
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design of the co-sputtering system and on our initial results 
in characterizing the system. 

CO-SPUTTERING SYSTEM 

Our design goal for the co-sputtering system is to achieve 
maximum coating rate on the substrate with independently 
controllable deposition rates from two separate sources. 
Basically the two Sloan 5-310 Sputterguns must be mounted as 
close to each other as possible, and both tilted towards the 
substrate area to achieve maximum coating rate. However, the 
tilt angle is governed by the degree of cross contamination of 
the two targets. Some simple model calculations led to a 
compromise with a 16 tilt angle of each Sputtergun from the 
horizontal. The layout of the present co-sputtering system is 
illustrated schematically in Fig. 1. 

The two Sputterguns with centers separated by approximately 
15 cm, converge on an adjustable substrate table at a point 
roughly 10 cm below the guns. The two Sputterguns have 
independent DC power supplies and the power for each Sputtergun 
is controlled by a programmable sequence controller, thus 
allowing layered coatings or complicated composition gradients 
for density matching. Two viewport tubes (not shown in Fig. 1) 
were installed between the targets and they are essential for 

4 microsphere coating with both molecular beam 1evttation and 
5 bouncer pan techniques. 
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SAMPLE PREPARATION 

The substrates for one gun profiles were glass microscope 
slides positioned along the line from the center of one gun to 
the other. To prepare Scanning Transmission Electron 
Microscope (STEM) samples, cleaved salt crystals were coated 
with 800A thick films of several Au-Cu compositions. These 
films were floated off in water and mounted on TEM grids. To 
obtain samples for accurate composition analysis using an 
analytical Scanning Electron Microscope (SEN), we coated a 
polished 7.5 cm silicon wafer centered between the two 
sources. The wafer was pre-scribed into 1 cm' segments. 
After coating, each square was indexed and separated for 
microprobe and wet chemical analysis. Gold ana copper were 
used in the composition profile experiment. The source powers 
for the Au and Cu sources were set separately to yield 80% Au -
20% Cu (thickness ratio) at the mid-point between the two 
sources. 

SYSTEM CHARACTERIZATION 

The thickness profile of a single source and the 
composition profile of two sources operating together are the 
basic measurements needed for system characterization. 
Additionally, the possibility of interaction between the two 
Sputterguns when operating together must be examined. 
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The single gun profile (using a Cu target) is shown in 
Fig. 2 and, as expected, the 16° tilt has not altered the 
thickness distribution significantly from tnat of a horizontal 
standard S-310 Sputtergun. The composition profile of the 
co-sputtered Au/Cu on the polished silicon wafer was measured 
by a Cambridge S-180 SEM with a KEVEX 7000 Energy Dispersive 
Spectrometer (EDS). The areas used for analysis were trie 
central area of the cleaved segment and were approximately one 
micron in size. The analysis from each sample was compared to 
pure element standards using KEVEX. ZAF corrections. The 
results are shown in Fig. 3. The high consistency of our 
measurements can be seen on the uniformity of compositions 
along the line of symmetry (No. 3 to 4 3 ) . 

To look for any interaction between the two operating 
Sputterguns in the co-sputtering configuration, we compared the 
measured composition profile in the 80>i Au - 20% Cu thickness 
ratio experiment to a predicted profile based on the thickness 
aistribution from an individual gun operated alone. As a first 
approximation, we ab^.me that the coating characteristics will 
not be sensitive to sputtering material and source power, as 
long as the total pressure is maintained constant. Then the 
atomic concentration of copper, C r ( X ) , predicted from these 
thickness profiles as a function of position is given by 

C C u < X > = A C u ^ F C u ' E A C U W FCu + A A u < X > FAuJ« 
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where F is the appropriate ratio of the atomic volumes and 
deposition rates of Au and Cu, and A(X) is the one gun profile 
amplitude at position X of each source. We normalized the 
predicted concentration profile to the measured value at the 
symmetry point and plotted the predicted and measured 
composition profiles together in Fig. 4. The good agreement in 
the shape of the profiles indicates there is no position 
dependent interaction between the two operating Sputterguns. 
However, because of the differences in atomic volumes of Au and 
Cu, this thickness ratio should produce a concentration rato of 
73% Au - 27% Cu rather than the 80/20 concentration ratio 
observed by EDS. The central 1 cm segment of the deposit 
(No. 23) was dissolved and accurately measured using atomic 
absorption spectroscopy. The 75 atomic % gold and 25 atomic % 

copper thus obtained is much closer to the expected 
concentrations. A calibration error in the EDS measurements is 
possible but we cannot rule out the possibility of a slight 
interference between the two guns. 

GRAIN STRUCTURE 
h 

The material produced by the co-sputtering process was 
characterized using high resolution STEM. Both the internal 
structure and surface morphology were measured on samples 
prepared at the centerpoint between Sputterguns and at both the 
copper rich and gold rich ends of the sample region. Normal 
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SEM imaging shows a flat, smooth surface without clear 
features. Secondary electron images obtained from STEM 
analysis of the freestanding 800/? film. The surface thus 
revealed is granular with approximately 100A features. 
Transmission electron microscopy shows a very fine internal 
structure composed of S0-500A equiaxeo grains. The TEM 
photograph in Figure 5 illustrates this structure, which did 
not vary appreciably between the samples taken at different 
positions. Using a very small electron beam diameter (̂  100A) 
and EDS x-ray detection, we determined the coating to be 
homogeneous down to the scale of single grains. 

SUMMARY 

We have characterized the co-sputtering system so that 
controlled doping of a base metal with another is now 
possible. The STEM data showed that very fine grain (50-500^) 
binary alloy films can be obtained with co-sputtering and the 
surface finish is on the order of 1OOA. We intend to apply 
this system to obtain strong, fine-grained alloy coatings of 
gold-copper and other materials on microspheres. 
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FIGURE CAPTIONS 

1. Schematic of the co-sputtering system. 

2. Thickness distribution of one-gun operation ( C u ) . 

3. Composition analysis of co-sputtering 80% Au - 2C% Cu. • 

4. Measured vs calculated composition profiles. 

5. STEM microphotograph showing structure of co-sputtered 
gold-copper alloy film. 
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Figure 2 



COMPOSITION A N A L Y S I S OF CO-SPUTTERING 80%Au-20%Cu 
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Figure 3 



MEASURED VS C A L C U L A T E D COMPOSITION PROFILES L L N L L5 
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Figure 4 



Figure 5 


