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Abstract and Introduction:

The ability to structure diamond on the nanoscale is crucial 
for realizing diamond’s potential as nano electro-mechanical 
material. In particular diamond plays host to the nitrogen-
vacancy center, an atom-like defect that is promising for 
quantum sensing applications. Processing of diamond, however, 
is difficult and not well established as diamond is the hardest 
known material and is chemically inert. 

In this work, we have pursued two techniques to achieve efficient 
and controlled diamond structuring. First, we used chemical 
mechanical polishing (CMP) to planarize and smooth diamond 
samples. Using 6 µm diameter diamond powder in an ethane-
diol suspension, polishing rates were less than 10 µm per hour. 
Scratching of the diamond surface by the nanodiamond powder 
was observed. Second, we explored an Ar/CF4/O2 inductively 
coupled plasma (ICP) etch and found the diamond etch rate to 
be 16.7 µm per hour. The surface quality depends heavily on 
the smoothness of the starting surface, with any irregularities in 
the starting surface becoming more pronounced after etching. 
Achieving a fast and smooth diamond thinning process will 
enable the production of high-quality diamond nanostructures 
for enhanced sensing.

Experimental Procedure:

The CMP functions similarly to sandpaper. A sample surface is 
brought into contact with a rotating polishing pad with slurry 
applied between them. The surface is polished as it contacts 
the pad through the slurry. We used a 6 µm diameter diamond 
powder in ethane-diol polishing fluid as our slurry. The samples 
we worked with were 2 mm by 2 mm, and therefore needed 
an increase in back pressure while polishing to make adequate 
contact with the polishing pad. The increased back pressure 
made the sample carrier convex, which pushed the small sample 
downward into the pad. Parameters which were considered 
when using the CMP were the table speed and carrier speed 
(the speeds of rotation of each body), slurry type and flow rate, 
and down force or the amount of force applied when pushing 
the sample into the pad.

The ICP etcher bombards a sample in a vacuum chamber with 
reactive plasma ions to etch through the bombarded surface. 
There are many parameters to manipulate when using the ICP 
including the ICP power, bias power, vacuum pressure, gas 
composition, and gas flow rate. We used an ICP power of 1000 W,  
vacuum pressure of 2 Pa and a gas composed of O2, Ar, and 
CF4. Before and after etching, scanning electron microscopy 
(SEM) was used to examine the quality of the surface, and step 
profilometry was used to determine etch depths from which 
etch rates were extracted. Etches were performed on two types 
of diamond surfaces, which varied in initial quality.

Results and Conclusions:

The polishing rate of diamond is very slow. It has been determined 
to be less than 10 µms per hour based on the resolution of our 
height measurements and could be considerable slower than 
this. The change between Figure 1, the diamond surface before 
polishing, and Figure 2, the diamond surface after polishing 
for 40 minutes, is minimal. It remains to be seen whether this 
process is simply slow and additional polishing time would 
help or if significant modification to the polishing technique is 
needed.

We have achieved etching that is both fast and yields areas of 
minimal pitting as seen in Figure 3. This etch was achieved at a 
rate of 16.7 µm per hour which is much faster than other etches 
that yield such quality surfaces. While this etch did yield areas 
of the sample that had minimal pitting, there are areas that had 
much more severe deformations. This is likely due to surface 
defects prior to etching, but should be investigated further. 

One very clear result was that the starting diamond surface is 
important. A smooth starting surface will yield smoother results 
while a rougher starting surface will become more pitted and its 
defects will become more pronounced through etching. This is 
evident when comparing Figure 3 to Figure 4, which shows the 
same etch on a rougher starting surface.
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We also repeated this same etch on the same type of surface, but 
reduced the bias to one half of the original value. This etch was 
significantly slower (closer to 3 µms per hour) and resulted in a 
highly pitted surface.

Future Work:

More precise determination of the diamond polish rate is 
required. While we have achieved a useful etch, the parameter 
space is not entirely understood. Further investigation into this 
is needed to optimize the etching process. Making adjustments 
to the bias power or the ICP power should be the first variables 
to be considered when exploring this parameter space further.

Finally, the effects of these modeling techniques on nitrogen-
vacancy centers need to be investigated.

Figure 4: SEM image of etched surface with a great deal of pitting.
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Figure 1: SEM image of diamond surface before polishing. Figure 2: SEM of diamond surface after polishing for 40 min.

Figure 3: SEM image of etched surface with minor pitting.




