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ABSTRACT

Radio frequency magnetron sputtering provides a simple yet effective method
with which to produce thin films of a wide variety of materials. Many sputter-
ing chambers utilize co-deposition, in which multiple materials are deposited
onto a substrate simultaneously. With increasingly modernized sputtering
chambers, though, the ability to independently control and automate the
shutter mechanisms of individual sputtering guns allows for the possibility of
producing layered films in-situ. Here, layered material deposition is explored
through the installation of in situ rate/thickness calibration tools, followed
by the synthesis and characterization of layered magnesium tungsten nitride
(MgWN2) by means of an automated shutter program. Quartz crystal mon-
itors are installed and calibrated to determine material deposition rate, from
which shutter duration is calculated to produce desired layer thicknesses. X-
ray diffraction (XRD) and X-ray fluorescence (XRF) data reveal film structure
and composition, while X-ray reflectometry (XRR) measures film thickness
and confirms the existence of material layering. These preliminary results show
that this method of layered material deposition has the potential to produce
numerous previously undiscovered materials and may, with further revisions
such as varying substrate temperature, material, and capping layer thickness,
provide the ability to create novel heterostructured crystalline materials.

I. INTRODUCTION

Interest in 2-dimensional heterostructures has grown exponentially since the initial dis-
covery of monoatomic-layer graphene in 2004.3 Layered heterostructures comprised of a series
of stable 2D crystal layers joined together by van der Waals forces present an exciting new
class of material with promising applications to numerous technologies including novel semi-
conductors, solar cells, and high-efficiency LEDs.1,4 These 2D materials allow for significant
tunability of electronic properties by varying composition, layer thicknesses, overall material
thickness, and other physical characteristics.4

Research at the National Renewable Energy Laboratory on van der Waals heterostruc-
tures has focused primarily on the development of sulfide heterostructure amorphous chem-
ical precursors by means of sputter deposition.5 The goal of these precursors was to deposit
the necessary number of atoms needed to form a series of amorphous or nanocrystalline
monolayer constituents which will, under a gentle heating process, reorganize into the de-
sired crystalline heterostructure.5 Researchers were able to successfully produce sulfide het-
erostructure precursors of SnS-MoS2 and SnS-TaS2 that self-assembled at low annealing
temperature into ordered crystalline superlattices.5,6

Synthesis of layered heterostructures via sputtering requires the ability to independently
control material deposition from individual sputtering guns to allow for precise layer-specific
thicknesses. Nearly all sputtering chambers contain some way to regulate material deposi-
tion, typically in the form of metal shutters that cover the sputtering guns themselves, but
these shutters are not usually controllable in such a way conducive to making a multi-layered
superstructure of different materials.
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In this project, we enable the deposition of layered heterostructural materials in a new,
digitally-controlled sputtering chamber. As a test case, we attempt to grow layered MgWN2,
a novel material of interest which has been observed to form an ordered, layered crystalline
structure under certain annealing conditions.8 To achieve this, we installed quartz crystal
monitors and calibrated the deposition rates through a series of MgxNy and WxNy growths.
We extracted optimal shutter times from these calibration growths and used them in an
automated shutter program.

This paper will begin by discussing the process of installing and calibrating the quartz
crystal monitors within the sputtering chamber and verifying that layered material deposition
is present. Then, we will transition to discussing the synthesis of layered MgWN2 and
explore the viability of this automated shutter program in producing other potential layered
superstructures in-situ.

II. METHODS

The process of producing layered thin films occurred in three primary steps: 1) Installa-
tion and calibration of the quartz crystal monitors to provide accurate material deposition
information. 2) Application of the calibrated deposition information to produce layered
MgWN2 thin films. 3) Running a series of characterization tests on the MgWN2 films to
determine crystal structure, chemical composition, and material layering.

A. Sensor Calibration

1. Sensor Installation

Four INFICON quartz crystals were installed into individual sputtering sensors positioned
above each sputtering gun within the chamber adjacent to the substrate as shown in Figure 1.
Individual inflow and outflow water cooling lines were also connected in parallel to each sensor
to allow for high-temperature material deposition without compromising sensor integrity (see
Figure 2).

2. Software Configuration

Following installation, the quartz crystal monitors were connected to an INFICON SQM-
160 Thin Film Deposition Monitor to allow for individual sensor-by-sensor data logging
and parameter adjustment. Within the film configuration menu, the density and z-ratio
parameters were selected based on tabulated values for Mg and W provided by INFICON.
The density of sensor 2 (positioned above Mg gun) was set at 1.74 g/cm3 with a z-ratio of
1.610. The density of sensor 4 (positioned above W) was set at 19.3 g/cm3 while the z-ratio
was 0.163. Tooling factors were then adjusted based on results of the subsequent calibration
growths.

3. Calibration Growths

A series of calibration growths were performed in which either magnesium nitride (Mg3N2)
or tungsten nitride (WNx) were deposited on a rotating EXG glass substrate under identical
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