The Effects of Substrate Bias Voltage on the Tribological Properties

of Plasma-Enhanced Atomic Layer-Deposited Nitride Thin Films

Thomas Lockhart, Kylie E. Van Meter, Prof. Brandon A. Krick
Department of Mechanical Engineering, FAMU-FSU College of Engineering, Tallahassee, Florida

e oge Flow of 1

Deflnltlons ow o gasesoversimpe Results | | | N N N

* Thin Films- a layer of material up to a : Titanium Vanadium Nitride Wear Rate(mm3/(Nm)) vs Cycles Titanium Vanadium Nitride Friction Coefficient vs Cycles
few micrometgrs in thiFkness anc! :Ztgz’;ﬂ'%'gmﬁdo)masma tetrakis(dimethylamido) 5%:75’;535?/ — —dV
contains certain material properties Exposure 20 titanium (TDMAT) £ _ = —10V|

A Ti(NCH ) (oEXposure 20s - } > 1.00E-04 -

* Plasma-Enhanced Atomic Layer o ..':"'?.W j_OOnm < I" - -, - E 20V
Deposition (PE-ALD)- Method of . ——r— E 1.00E-05 ! AT R 5 —30V
depositing gases via self-limiting — § A& Q

. . & 1.00E-06 = -
chemical surface reactions that can c LN =
: : oc 4 @)
be enhanced with radiofrequency 5 1.00E-07 A g ------ e R = =
voltage substrated heated 150°C-350°C %J ' =
a.) Thermal growth of SiO, layer b.) TDMAV pulse for0.5s c.) Plasma Exposure d.) TDMAT pulse for 0.25 s
1000 °Cfor 10 min in O, 1.00E-08
Introduction e.) Plasma Exposure 0 10000 20000 30000 40000 50000
 PE-ALD is a deposition process that can make uniform thin films that take place at low temperatures making it Cycles 4
Cycles 104
advantageous to other methods -5V -4-10V 20V =30V 40V X

. Param.eters W|th|.n the deposition process such as radiofrequency voltage can be changed to affect the films Titanium Vanadium Nitride Wear Rate (mm?3/(Nm)) at Titanium Vanadium Nitride Steady-State Friction
material p.rop.ert’les o | | o | | | 20,000 Cycles = Coefficients

* PE-ALD thin film’s wear and friction properties make it advantageous for certain biomedical and micro-electronic — 1.00E+00 S 1.00 072
applications % %  01E-05 £ 0.74 :

* While research had been done on PE-ALD there has been little on the effect of radiofrequency plasma voltage % < 1.00E-04 2.87E-05 1.50E-05 | S 050
bias for TiVN thin films on material properties like wear rate and friction coefficient = e 1.81E-07 S 0.14 0.19 0.08

* |t was predicted that the higher the voltage used the smaller the wear rate and friction coefficient — 1.00E-08 — L 0.00 —

* The samples were tested in a Nitrogen gas environment to limit any potential chemical reactions with the S5V 10V 20V 30V 40V - 5V 10V 20V 30V 40V
atmosphere during each experiment

Methods Figure 1. Conclusion

Load Heads X and Z Micrometer Rough : -4 -5 3
 TiVN thin film samples created at 5, 10, 20, 30, and 40 V were provided by Veeco. | Positioning Stages The 5 and 10 V.samples both have high wear rates between 10™and 10 mm?/(Nm) and

* Samples were loaded onto the tribometer in Figure 1. | high friction coefficients between 0.7 :and 0.85 5 83 .
* To determine the wear rate and friction coefficients of each sample at different The 20 and 30V samples have low wear rates between 10" and 10° mm?3/(Nm) with low

magnitudes of movement cycles, a stripe test was utilized in 1mm increments Friction Force Tcl:;anntliluercer ) friction coetficients I?e.tweer.\ 0-15100.13 . = ; Ericti

from 6mm to 1mm, an example of a stripe test is shown in Figure 2 — Forcle_oad Cell The 4OV sample exhibits a high wear rate of 5.01x10™> mm?3/(Nm) and the lowest friction
* The stripe test created six Imm long wear scar sections with 0.5K, 2K, 5K, 10K, Load Call coefficient of 9'08 , ,

20K, and 40K/50K movement cycles using the tribometer in Figure 1. sall Holder * When comparing the material properties of 5V and 10V samples to the 20V and 30V

samples, there is an indication that at low voltages the deposition process may be
interrupted by unwanted chemical reactions resulting in a thin film with higher wear
rates and friction coefficients, but chemical analysis is required to confirm this
determination

* The 20V sample however exhibits material properties that make it the most ideal sample
for industrial applications based on the data presented

* Since the 40V sample exhibited the lowest friction coefficient yet one of the highest wear
rates it could be an indication that the sample failed during testing due to delamination
of the thin film, but this requires further research
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* A3 mm Diameter Sapphire Ruby Ball was the countersurface used during each
experiment

* The countersurface load was 100mN at a speed of Imm/s

 The Nitrogen gas environment created the following conditions to limit unwanted
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nemical reactions with the environment during the experiment
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Data Processing

* Friction coefficient data was recorded by the tribometer in Figure 1.
* The wear scars created by each section of the stripe test were then scanned using a Ball Serew'stage
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