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Abstract:
Single-crystal diamond is attractive for use in both electronic and spintronic devices due to its wide 5.5 eV band 
gap, high thermal conductivity, and lattice defect states such as nitrogen-vacancy centers. These unique properties 
make diamond ideal for high-power/high-frequency applications, useful as a single-photon source for quantum 
cryptography, and as two-level system for use in spin-based quantum computation at ambient temperature [1,2]. 
While current diamond devices rely on polycrystalline diamonds grown by chemical vapor deposition, advances in 
single-crystal diamond growth make it a feasible alternative to silicon-based devices. 

Experimental Procedure:

In this work, we utilized photolithographic techniques applied 
to diamond for patterning and deposition of electrical gates 
for use in the study of a charge-storage effect in diamond. 
Solutions to challenges in small-sample fabrication are 
presented. We carried out diamond etching using a focused 
ion beam system to create micron-sized, free-standing bridges 
for use as photoexcitation channels of a known depth. 
Experiments on nitrogen-rich diamond showed carrier 
photoexcitation after illumination at energies below the band 
gap of diamond [3]. A patterned layer of Au was deposited on 
the diamond surface whereby two Au pads were separated by 
a channel. We created these “gate” structures with separation 
gaps of 2 µm to 100 µm. We focussed a 532 nm wavelength 
(2.3 eV) laser on the sample surface to bridge the gap and 
apply a voltage across the gate to observe a picoamp current. 
If we extinguished the laser, removed the source voltage, 
and subsequently restarted the laser, we observed a picoamp 
discharge current decaying in a roughly stretched-exponential 
fashion with a time constant on the order of minutes [4]. The 
charge carriers decayed to an intermediate energy nitrogen 
impurity level, and the current flow was dominated by space-
charge effects [5]. Samples fabricated in this work were 
designed to study the effect’s dependence on gap length, focal 
point, and depth of the excitation channel. 
We used Type Ib single-crystal diamond samples measuring  
1.5 mm × 1.5 mm × 1.0 mm grown by high-temperature, high-
pressure methods, with a nitrogen concentration of roughly 
1019 cm-3. Figure 1 is an optical micrograph of a mask for 
a gate pattern with gaps of 2 µm, 4 µm, 6 µm, and 20 µm 
that the laser may bridge independently. We designed the gap 
width at least a factor of two larger than the gap length so 
that photoexcitation occurred only in a region of constant gate 
separation even when the focal point depth was changed. 

Figure 1: A photolithography mask 
containing variable gap lengths.

Standard spin-coating techniques produced an uneven buildup 
of resist at the sample edges, and the unusually small size 
of the samples in this research meant the entire surface area 
was dominated by these edge effects. To work around this 
limitation, we included two additional steps in our spin coating 
process. Each sample was wax-bound to a glass microscope 
slide and attached to a photoresist spinner chuck such that the 
sample was approximately 1 cm off-center. This was done to 
increase the force felt by the photoresist during spinning. 
A second sample was wax-bound adjacent to the first even 
further from the center of the chuck. The net effect of both 
steps was the displacement of the photoresist edge buildup 
from the inner sample to the outer sample. In this fashion, the 
inner sample contained only one edge bead and a relatively 
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large surface area of uniform resist coating, while the second 
sample could be cleaned and reused. Figure 2a shows an 
optical image of a post-development coplanar waveguide 
pattern that demonstrates photoresist buildup on only a single 
edge. Profilometry indicated the SPR955 0.9 µm resist had 
a nominal 0.7 µm thickness, and we found optimal feature-
resolution at a 1.3 second exposure. Finally, we deposited 
the Ti(50Å)/Au(1500Å) layer by electron-beam-induced 
deposition. 
To study depth dependence of the photoexcitation, we created 
another design containing 32 independent single-gap gates 
with 5 µm gap lengths shown in Figure 2b. Through the use 
of a focused ion beam system, we patterned an 11 µm deep 
15 µm × 5 µm undercut at a 52° tilt from the surface normal 
on each side of an excitation channel to create a free-standing 
bridge. Figure 3a shows an SEM micrograph of a completed 
structure using this process on diamond. Figure 3b shows the 
same structure rotated 90° and tilted to illustrate the connect-
ing undercuts after severing the bridge. In this etching depth 
regime, the effective diamond etch rate was 2.4 times slower 
than Si etching for the same geometry, however this factor was 
non-linear with depth due to redeposition. By undercutting at 
different tilt angles, we now controled the excitation channel 
depth, paving the way for study of the depth-dependence of 
the charge-storage effect. 

Conclusions:
We have thus demonstrated a method for reliable structure 
fabrication on small, single-crystal diamond samples via 
adjusted lithographic techniques and a focused ion beam 
procedure, preparing for future work in understanding the 
physical nature of the charge-storage effect. 
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Figure 2: a) An optical image of a sample with developed photoresist. 
b) An optical image showing a gate array before focused ion beam etching. 

Figure 3: a) An SEM micrograph of a completed free-standing bridge structure. 
b) The same bridge structure after its severance.




