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Introduction:  Toxic and abrasive, lunar rego-

lith creates hazards for a long-term human pres-
ence on the moon. Simultaneously, long-term hab-
itat features such as vertical structures and pave-
ment require delivery of materials to the moon. 
Both problems can be solved by consuming local 
regolith at the habitat site to build rigid materials 
through sintering. High-power microwaves are a 
promising heat source to perform this sintering, but 
efficiently and effectively sintering using radiative 
transmission has proven difficult without embed-
ding susceptor materials in regolith simulants. Lev-
eraging near-field effects rather than radiative ef-
fects promises improve microwave heating in lunar 
regolith without adding susceptors. 

Concept:  Previous attempts to heat lunar reg-
olith to sintering temperatures have focused on us-
ing antennas to radiate microwaves into the lunar 
surface. However, material characterization of reg-
olith simulants suggests that the simulants, and 
likely the regolith itself, has a relatively low dielec-
tric constant and a small loss tangent [1][2]. Using 
an antenna placed just above the surface will heat 
the top surface through near-field coupling, but will 
also have significant radiative loss, depositing 
much of the microwave energy deep below the sur-
face.  

Alternative devices, like waveguides, that do 
not have significant radiative loss can enhance en-
ergy transfer to the target volume of the regolith. 
The device instead incorporates the regolith as its 
dielectric medium. For waveguides placed on top 
of their dielectric medium, coplanar waveguides 
are often preferred to slotlines due to the ease of 
feeding this structure. However, the single-gap ge-
ometry of slotlines focuses their electric fields in 
that gap, making slotlines more desirable for this 
application.  

Design:  To design a proof-of-concept device 
for heating regolith simulant, a simple long slotline 
was chosen. The primary design parameters are 
the frequency of radiation, the width of the slot, the 
length of the slotline, and the feed type. The fre-
quency and slot width, along with material proper-
ties, determine the depth of electric field penetra-
tion. The slot width and material properties deter-
mine the characteristic impedance of the slotline 
and combine with the slotline length and feed type 
to determine the device input impedance.  

Slotlines can been used as slot antennas when 
they are a half-wavelength long at the operating 
frequency and shorted at the end. Because this is 
not the desired operation of the device, the slotline 
was chosen to be several wavelengths long so that 
most of the energy propagating along the slotline 
will be lost to the target regolith before it reaches 
the end and reflects. This approach also reduces 
lobing in the heating patterns due to interference 
between waves traveling opposite directions. This 
choice also reduces the impact of the shorted end 
of the slotlines on the primary heating volume. 

Slotlines are often fed with microstrips in a man-
ner that relies on a wavelength-dependent, and 
therefore narrowband, impedance matching tech-
nique [3]. A Dyson balun was chosen to feed this 
slotline device to give a wider-bandwidth match 
that can more easily be used with varied material 
properties for different regolith simulants or varia-
tions in regolith properties in different regions of the 
lunar surface [4]. 

Performance:  The near-field device was built 
out of copper, an aluminum frame, and a copper 
coaxial cable. Using a 1	kW continuous-wave am-
plifier and an 800	MHz input signal, the device 
heated a central node of approximately 100	𝑐𝑚! 
volume by 16°	C in 15 minutes, with other nodes of 
heating to lesser degrees within the simulant bed. 

Future Work:  The next step for this device 
concept is to demonstrate regolith sintering using 
waveguide materials that will maintain their shape 
at sintering temperatures. A steel slotline with a 
high-temperature coaxial cable have been assem-
bled and are ready for testing. 

Once sintering is achieved, the slotline can be 
shaped to deliver microwave energy more effi-
ciently for heating strategies for both paving appli-
cations and additive manufacturing applications. 
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