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Abstract. The CEA (commissariat à l’énergie atomique et aux énergies alternatives) 
Laser Megajoule (LMJ) project builds up and develops devices to guarantee target 
requirements from nanometric to millimetric scale. 
First of all, a Digital Holographic Microscopy (DHM) technology is used to 
characterize the shape, the quality, the roughness and the geometrical defects 
(bumps) of target element. It captures holograms to reconstruct a double image, one 
for the intensity and another for the phase. Using rotation axis, the defects counting 
for the whole microshell surface is possible with a very high speed. Using an images 
stitching and a 3D surface rebuilding software, mapping can be done in few minutes. 
Each bump can then be characterized on the map by its position, diameter and 
height.  
An AFM device is also used to scan target element surface. This device was recently 
upgraded and is now able to measure a 10 µm high “defect”. This improvement 
permits also the characterization of various tooled patterns like sinusoidal shapes. 

Introduction  

The French CEA (Commissariat à l’Energie Atomique et aux Energies Alternatives) 
Laser-Megajoule (LMJ) [1, 2] project designs, develops and fabricates targets or  
components of target according to given specifications. The team continuously upgrades 
and improves or creates its devices used for the characterization of complex shapes, 
geometries and materials. 

      
Figure 1: An example of different targets designed 
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Thus, considering a specific target, many adapted tools are implemented for its 
characterization. Mainly based on optical technics (interferometry, holography, 3D optical 
sensors, confocal microscopes), the means lean also on mechanical sensors and other 
specific tools like Scanning Electron Microscope (SEM), Atomic Force Microscope (AFM) 
and ultra-precision balances. 
In the followings parts of this paper, the latest improvements on the AFM and the 
holographic microscope are detailed. 

1. The AFM, a tool to characterize the outer surface of microshells 

In the field of the characterization of microshells that are placed in targets designed 
to study implosions and instability phenomena [3], new needs appear like the 
characterization of surfaces with tooled pattern (e.g., sinusoidal shape with a modulation 
period less than 100 µm for an amplitude less than 4 µm, see Figure 2).  

 

 
 

 

Figure 2: Tooled pattern on microshell (model and shadowgraphic picture) 
 
Until now, the measurements were realized thanks to devices using shadowgraphic 

technique. But the need to improve the lateral and z-resolution of the characterizations has 
required the use another techniques (AFM). 

 
A device based on an AFM scanner is used to characterize the outer surface shape 

of microshells and in particular the low modes (Fourier frequencies under 100) and the 
roughness (Fourier frequencies upper 100). Maintained with a vertical micro vacuum 
shuck, the surface of the studied microshell is scanned by the AFM tip which curvature 
radius is 20 nm (Figure 3a)). 

The acquisition technique covers the surface with 3 equators (Figure 3b), one 
separated from the other by 90° (Figure 3c), each equator being completed by 2 parallels 
separated by 10 µm from the reference one (Figure 3d). Considering the nine profiles 
acquired, this methodology is able to give measures with a resolution of 0.1° laterally and 
under 0.1 nm along the Z axis [4]. 

 
 

Peak to peak amplitude > 2 µm 

Modulation 

Burying Burying 
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(a) (b) (c) (d) 

Figure 3: Measurement principle of microshells outer surface 

The amplitude (4 µm) and the period of the modulation and the burying of the 
pattern (below 10 µm) to characterize have thus required the implementation of a new 
AFM head (see Figure 4: ) on our existing device.  

 

 
Figure 4: New AFM head on our device 

In order to verify that the measures obtained with the new AFM head comply with 
the former ones, some comparisons were led on the same microshell. The profiles acquired 
with the new and old AFM head are similar (see Figure 5). The amplitudes and frequencies 
measured are almost the same. The small differences observed are possibly due to the z 
position of equator measured between the acquisitions made independently with the two 
heads. The first head has to be removed from the support to do the measurement with the 
second head; it can explain the difference of repositioning. 

To ensure that the measurements with the two heads are made exactly on same 
defects, the study must be continued. Thus a calibrated sample is made by ultra-precision 
machining to get a reference sample (see Figure 6). This reference sample with calibrated 
and known defects (mode 2, mode 4, and mode 10) will achieve these comparisons and 
validate the new AFM head (see first results obtained with a mode 4). 

 
 

AFM head 

Microshell 

New AFM head 
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Profiles with old AFM head Profiles with new AFM head 

Figure 5: Profiles comparison between old and new AFM head 
 

 
Figure 6: Reference sample with machining defects  

 

 
Figure 7: First result obtained on a mode 4 defect. 

 
 

2. The Digital Holography Microscope [5] 

Due to the acquisition mode on microshells outer surface (acquisition of profiles 
with AFM), the whole surface cannot be acquired. Therefore, some particular bumps, 
hollows or other local defects cannot be measured. To overcome this impossibility, a device 
using a Digital Holography Microscope (DHM) was developed [6]. 

 

90 180° 270° 90 180° 270° 
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Figure 8: Holographic microscope schema in reflection scanning microshell surface 

 
 
Principle and measures obtained 
The DHM is mainly based on a Mach Zehnder interferometer (see Figure 8), with a 

modification on the parallelism of its two arms. 
It allows fast speed 3D surface image acquisitions in order to characterize and count 

defects on microshells outer surface, by placing it under the DHM objective, hold in 
position by a vacuum shuck fixed on the rotary table.  

It captures holograms (250 x 250 µm²) and reconstructs a double image, one for the 
intensity and the other for the phase. 

It is necessary to acquire several images to cover one meridian on the microshell (73 
images for a 2100 µm diameter microshell) and consequently several meridians to cover the 
entire microshell surface. In order to completely characterize a microshell, two rotation 
axes are necessary. 

A 3D surface rebuilding (using images stitching) and an analyze software is used to 
characterize (measure of diameter and height) and to localize defects as bumps, divots or 
scratches [7]. 

 
Figure 9: Data acquisition principle for a LMJ microshell 
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Recent improvements on DHM 
 
The procedure chosen to validate the measures obtained with DHM was to simulate 

images including some defined defects in order to evaluate the effects of their position, in 
particular on small (250 x 250 µm²) images. Thus a virtual microshell with 3D defects must 
be built. First, referent defects to characterise must be simulated and placed on a 3D virtual 
sphere at known locations. Secondly, phase images of the surface must be calculated 
considering the acquisition mode of a real microshell, and redundancy rate separating 
consecutive images. In third, the defects must be built on each meridian where defects have 
to be located, in particular in a zone of strip intersection (the bump shown on Figure 10 will 
be acquired on 6 strips). 

 
Figure 10: redundancy rate for each point of the surface 

 
On Figure 11, the cutting of a virtual microshell with two defects on pole is 

represented (for the three first strips), and the results of the virtual acquisition of images 
near the defects are shown. 

                
Figure 11: Simulation of images acquisition on a virtual microshell 
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The criteria used for this batch were the height (from to 300 nm to 1 µm) and the 
Full Width at Half Maximum – FWHM – (from 3 µm to 5 µm) of 500 bumps. Each bump 
position was qualified considering a centered or a far from center quantitative reference. 

The first results obtained were encouraging as the average error was below 1%, the 
maximum error in height was 5% and was 2% for the FWHM. 

A next stage in calibrating and characterizing these defects on microshells is the 
direct comparison with AFM measurements (see section 1) on an isolated defect. 
Other axis of development now in progress is an acquisition method with high recovering 
rate and less redundancy [8, 9]. A best compromise of acquisition can be done with scans 
divided in discs with the rule mentioning that each intersection point of two discs belongs 
to a third one (Figure 12). An analysis model then processes the data and gives a full 
mapping of the microshell surface. 

 
Figure 12: Data acquisition based on a discs scanning model 

 

5. Conclusions  

As the characterizations of targets which follow more and more stringent evolution 
may need several years, it is important to continuously improve not only the devices used 
but also the analysis models implemented in the software that give the wished measures and 
informations. 

The latest improvements are about: 
- upgrades on the AFM device, in order to better and better reconstruct the outer 

shape of microshells, 
- enhancements of the Digital Holography Microscope (DHM), to localize the defects 

on microshells surface. 
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