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 Combinatorial materials design of thin films allows for the investigation of broad 

ranges of both thickness and composition within a single sample; this can be utilized 
both for fundamental nanomechanics investigations and for the optimization of thin 
films for engineering applications. Using a unique self-constructed deposition chamber 
that combines magnetron sputtering, e-beam evaporation, nanoparticle deposition 
and atomic layer deposition (ALD), the architectural design of thin films can be tailored 
to study multiple physical and chemical properties.  
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Shutter System for Higher Control over Processing Conditions 

A newly integrated shutter controller has 
been specifically designed to allow for 
control over coating design 
 Individual patches for different material 

properties or processing parameters on one 
wafer 

 Two or three component multilayers at a range 
of layer thicknesses 

 Binary or ternary full compositional range 
alloys 

 Interrupted sputtering to encourage nano-twin 
formation 

Currently in the design phase 
 
Variable temperature substrate heater  
 Small ceramic heaters will be integrated in a 

grid pattern to allow for different substrate 
heating conditions in a single deposition phase 

 By guiding electronics through tube in back, 
heated substrate will be free to rotate 
 
 

Cooling plate for substrate cooling  
 Created using 3D aluminum sintering 
 Center slot allows for substrate rotation 
 Active substrate cooling required for BMG 

deposition to guarantee amorphous deposition 

Optimize particle size and morphology: 
 Power to magnetron source 
 Aggregation zone length 
 Pressure inside the aggregation zone
 Aggregation zone temperature (liquid nitrogen or water cooled) 
 MesoQ mass filter to specifically filter particles by size 

Gradient Substrate Heating and Cooling 

Nanoparticle Strengthened Films 

PVD-ALD Multilayers 

Combinatorial materialsmaterialsmaterials
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Atomic layer deposition (ALD) relies on self-limiting surface reactions between the alternating gas precursors 
with a solid surface to deposit uniform ultrathin films with a sub-nanometer control of the thickness. 

An attached ALD chamber to create high density oxide layers-one atomic 
layer at a time- in combination with PVD sputtering to create unique 
multilayer structures 
 Four precursor valves to allow for multiple oxide chemistries 
 Automated transfer system allows for multiple PVD/ALD depositions 
 

 

Individual ALD layers can be only a few 
nanometers or hundreds of nanometers 
thick 
 ALD layers act as dislocation barriers, confining 

deformation in one layer 
 Breaks up columnar growth of sputtered films 

 

The chamber is capable of creating thickness 
and compositional gradient films by 
positioning three separate magnetron 
sources at 90° from one another 
 Lowering the substrate toward the sources causes 

uneven deposition across the wafer 
 Small compositional range for precise alloy 

characterization 
 Alloy deposition possible without annealing which 

can create metastable alloys  

This set up can also create 
multilayer films with different 
individual layer spacing 
 Alternating deposition from targets 

situated at 90° creates films with a 
wide array of individual thicknesses 
 

A newly integrated shutter controller has 
been specifically designed 
control 

Rotating stage 

Four individually controlled shutters 
and a rotating stage can move to 
designated locations at a specified 
speed for precise control 
 Thinned Si shutters limit shadowing 

affect, which allows for greater precision 
and larger matrix 

 Creating wedge multilayers to create bi- 
or tri- multilayer films 

 Annealed  wedge multilayers to access 
the full phase diagram 

Substrate 

Machine Development 
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sources at 90






Nanoparticle Strengthened Films

Individual ALD layers can be only a few 

thick
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 Strain is initially localized in the lower Cu layer, which barrels extensively 

 Generally, deformation starts in the top section of the micropillar 
where the cross-section is smallest 

 No large-scale shear is observed across the oxide layer 

 Dislocations do not propagate across ALD layer 

 Transmission Kikuchi diffraction (TKD) shows two very different crystal 
orientations between the top and bottom layer 

 Top: (015) Bottom: (116) Misorientation: 43° 

J. Zechner, A. Taylor, V. Chawla, G. Mohanty, C. Guerra-Nuñez 

Interface engineering using ceramic layers was investigated by combining PVD magnetron sputtering with 
atomic layer deposition of a thin oxide, on proof-of-concept trilayer systems consisting of Al2O3 ALD layers 
sandwiched between thicker Cu layers deposited by PVD. 

 An interface engineered multilayer film was deposited using both PVD and 
ALD techniques  

 50 nm Al2O3 layer deposited using ALD sandwiched between two 
magnetron sputtered  1 mm Cu layers  

Cu-Al2O3-Cu PVD-ALD Multilayer Films  

The ALD layer has shown to successfully block all 
dislocation transmission across the boundary, 
effectively isolating deformation into one layer.  

 Cu layers show very large grains in 
as-deposited structure even when 
deposited at room temperature 

 Deposition twins visible in both 
layers 

 Thin ALD layer promotes re-
nucleation of Cu in the third layer 

The newest addition to the PVD chamber is the NanoGen50 nanoparticle generator manufactured by Mantis Depositions Ltd., which uses an 
adaptation of traditional magnetron sputtering to force agglomeration of the sputtered ions into small particles. 
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 Initial Cu nanoparticles were deposited onto carbon TEM grids using a variety of different deposition conditions.  
 Each material requires different depositions for optimum particle size and deposition rate. 

 MesoQ nanoparticle mass filter will be incorporated into the system to quickly determine optimum 
Ar flow, power supplied to source, aggregation length, and cooling jacket temperature 

 Future investigations will focus on nanoparticle reinforced films usingn fully miscible refractory metals: Nb, Ta, W, 
and V 

Initial Characterization of Processing Conditions on Cu Nanoparticle Formation 

Increasing Lattice Strain 

Increasing Hardness Ratio 

Nb-Ta Nb-W Nb-V 

Ar: 50 sccm    I: 50 mA    AZ: 50 mm  Ar: 50 sccm    I: 50 mA    AZ: 50 mm  
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Full compositional range FCC and BCC ternary alloys are currently being investigated to determine how the adhesion properties change with the 
changing compositions. Two alloy systems will be used during this investigation: one which create a full solid solution and one which creates multiple 
intermetallics.  

 A three component multilayer wedge sample consisting of Cu, Au, and Al 
alternating layers was deposited using the newly implemented shutter 
control system 

 A second three component BCC system consisting of Nb, Ta, and W was 
chosen for its unique ability to create a full solid solution across the 
entire composition range 

 A 500 nm ALD coating will be deposited onto the surface of both of 
these compositional gradients to investigate the changing  

 Interfacial adhesions tests will be conducted using the Marshall and 
Evans (1984) method 

 Size of blister correlates to the adhesion energy in the system 

 Ideal composition for desired adhesion properties will be quickly 
determined  

Interfacial Adhesion Study on Large Compositional Range films 

ALD 
Deposition 

anneal

Nanoindentation 
Adhesion Test 

Ternary Alloy 
Deposition 

 Linear compositional gradient deposited with magnetron sources positioned 180° from each other 
 Deposited at room temperature 8 cm below centroid position 

 

 XRF indicates a linear gradient ranging from 32 to 65 wt% Cu across the entire 4 in wafer 
 Composition consistent across  

 Grazing incidence XRD scans show weak reflections correlating to crystalline Cu and Zr phases 
 Weak signal indicates majority of film is likely still amorphous with some crystalline regions 
 Crystallinity possibly due to overheating of substrate from incoming sputtered ions 

R. Schoeppner, G. Mohanty, J. Schwiedrzik, L. Petho 

Mechanical and Physical Characterization of CuZr BMG films 

 Nanoindentation was conducted using a CSM 
machine with a Berkovich diamond tip 

 1 cm x 2 cm area was tested to probe multiple 
composition ranges 
 

 Obvious correlation between Cu composition 
and mechanical properties 

 higher Cu content closer to ideal 
concentration for stable BMG 

 Investigations including higher Cu compositions 
to determine complete trend will be conducted 
in the near future 
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The lowered substrate technique was used to investigate mechanical and structural properties and as a 
function of composition in the CuZr bulk metallic glass system. 

Increasing Cu concentration leads to increased 
hardness and modulus 
 
Heat generated during deposition lead to 
some crystalline phases 

Zr rich 

Cu rich 




