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ABSTRACT 
Titanium diboride (TiB2) thin films are of current 
interest because of their mechanical and chemical 
properties, such as high hardness, high chemical 
stability, and wear resistances. Moreover, the low 
solubility of TiB2 in aluminum enables TiB2 to be used 
as a coating material for casting dies and cutting tools 
for aluminum alloys. Nanostructured TiB2 thin films 
can be produced by inductively coupled plasma (ICP) 
assisted physical vapor deposition.  
 
Deposition of thin TiB2 coatings with a Cr adhesion 
layer was carried out in a hybrid chemical/physical 
vapor deposition (CVD/PVD) tool, which combined 
an ICP with balanced magnetron sputtering. Facing 
TiB2 (99.99%) and Cr (99.99%) cathodes were dc 
sputtered at currents of 0.5 Amp and 1.0 Amp, 
respectively. The total radio-frequency (rf) input 
powers into the ICP were 1000W, 600W, and 0W, 
respectively, and were divided equally between two 
identical induction coils. Two inch diameter Si(100) 
wafers were used as the substrate, which were cleaned 
ultrasonically in methanol and air blown dried before 
loading into the deposition system. During the entire 
deposition process, pure argon gas (99.999+%) flow 
was set at 20 sccm. The surface of Si substrates was 
etched with Ar ICP at a power of 1000W and bias 
voltages of -100V or -300V. At the beginning of 
substrate etching, the TiB2 and Cr guns were operated 
at respectively 0.5Amp and 1.0Amp for 5mins to clean 
the cathode surfaces. The substrate surface etch 
continued, after the TiB2 and Cr guns were turned off, 
for 10 mins. The total input power to the ICP was 
either 1000W or 600W during the final etch. Cr 
interlayer deposition commenced immediately after 
the substrate etch with the substrate facing the Cr gun 
for 10 min at a bias voltage of -50 V. The total input 

ICP power was varied during different runs, from 
1000W, 600W, to 0W. The TiB2 top coating 
deposition was conducted with the substrate facing the 
TiB2 gun for 75 min. The total ICP input power was 
again varied during different runs, from 1000W, 
600W, to 0W. A shorter deposition time of 45 min 
was used for TiB2 deposition at 0W ICP. 
  
The hardness and elastic modulus of TiB2 thin films 
were measured by instrumental nanoindentation. The 
indentation loads on films were set at 40, 80, 160, 320, 
640, 1280, 2560, 5120, 10240, 20480, 40960 � N. At 
each load, several indents were performed. Load-
displacement curves were examined individually, and 
data curves exhibiting signs of bad contact were 
rejected from further analysis. The TiB2 thin films 
deposited at 600 W ICP input power showed 
reasonably high hardness, ~35 GPa. 
 
Chemical compositions of the TiB2 thin films were 
measured through X-ray photoelectron spectroscopy 
(XPS). Atomic percentages of Ti and B were obtained 
from raw XPS spectra, using factory provided 
sensitivity factors. There were no significant 
composition differences between films, but deposition 
without ICP showed an apparent increase in oxygen 
content. 
  
SEM and TEM images were obtained from different 
films synthesized under different deposition 
conditions, and correlated to their measured properties.  
TiB2 film deposition rate without ICP is higher than 
those done at other deposition conditions, with much 
increased surface roughness as well. TiB2 films 
deposited without ICP were observed to be under-
dense, with numerous voids within films. These voids 
lead to much decreased nanoindentation hardness. 
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Films deposited with ICP input are very smooth, fully-
dense, and without voids.  They have apparently good 
adhesion with the Si substrate. 
 
TiB2 coatings were also deposited on Inconel 
microcale mold inserts and used to replicate Al-based 
microscale structures. 
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Figure 1. Hardness and modulus of TiB2 thin films 
 

 

Figure 2. XPS spectrum of a TiB2 thin film  

 

 

Figure 3. Cross-sectional view of a TiB2 thin film 

 
Figure 4. Surface view of a TiB2 thin film 
 

 
Figure 5. Overview of a TiB2 coated Inconel mold insert 
 

 
Figure 6. Insert sidewall after Al molding (tilt 40deg) 
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