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AGENDA 

•  Introduction 
–  Motivation for modeling of feature scale processes 

•  PVD, and its applications within semiconductor 
manufacturing 

•  Description of model 
•  Results 
•  Conclusions 



INTRODUCTION 

•  Continuous scaling of critical dimensions (CD) driven 
by Moore’s law  
–  Stresses existing process methods needed to produce uniform 

(wafer scale, die-scale) and high-volume products 

–  Number of unique materials used increasing from one technology 
node to the next 

–  Knowledge of not only the process, but the integration from one 
step to another increasingly important 

•  Compression of product life-cycles necessitates faster 
turn-around of process knowledge to meet demands 
–  Rate of knowledge turnover key differentiator in determining 

success/failure 
–  Can modeling help understand and guide the process?  



PVD FOR INTER-CONNECT METALS 

•  Inter-connects are used to connect different transistor 
layers to the circuitry.  

•  PVD process is used to deposit both the seed layer and 
the diffusion barrier layer.   

Ref: http://www.intel.com/Assets/PDF/General/308301003.pdf 
Ref: M. Bohr, IDF 2009 Cross-section of die with metal  

interconnects and oxide layers 



SCALING ISSUES 

•  Barrier and seed layer thicknesses scale with overall CD 
•  Influence of barrier profile on the downstream steps important to 

understand process variations 
•  Feature scale modeling of the process steps can enable co-

optimization of these steps to get overall device performance 



SPUTTER DEPOSITION OVERVIEW 

•  Metal particles sputtered from 
the target drift/diffuse to the 
wafer   
–  Depending on operating pressure, 

particles are transported w/o 
collisions 

•  Typically, ion sources near 
wafer are more vertical 
(anisotropic) whereas neutrals 
are diffuse (isotropic) 

•  Ratio of Ions-to-neutrals 
important for conformal growth 

Sputtered  
species 

Target 

Wafer 

Neutrals 
Ions 

Feature 
growth 



FEATURE SCALE PROFILE EVOLUTION 
MODEL 

•  In-house code based on levelset method to track the surfaces and 
the bulk species as they evolve 

•  Scalable, fully parallel, with domain sizes ranging from a single 
feature to a larger area of the die O(1 µm x 1 µm) 

•  Partially integrated with reactor models so as to accurately model 
fluxes on different parts of the wafer 
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LEVELSET MODEL REVIEW 

•  Uses level-set method to track the interface:  

•  Equation of level-set surface governed by:  
•  Surface velocity computed using a surface chemistry 

mechanism.  
–  Net of deposition and sputter/etch rates divided by the surface density 

(sites per unit area) 

•  Flux to a given region of the surface is calculated based upon:  
–  Primary fluxes (from the target) and secondary fluxes (reflected flux 

from other surface points). 
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VISIBILITY 

•  For any given surface region, use “ray-tracing” like technique 
to map regions from the boundary which can be “seen” by the 
surface.  

•  Primary flux: From all regions in the boundary 
–  cosine for neutral fluxes (with or without collimation). 

–  Constant function for ions (over a small user-input range of theta) 

•  Secondary flux: Flux that is not absorbed by surface 
–  From lack of sticking, sputtering, etc.  Specular with an angle spread. 

–  Iterate so that all the flux is either captured or escapes the system. 
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SURFACE CHEMISTRY 

•  Sticking coefficients for ion absorption, reflection, physical 
sputtering 

•  Sticking coefficients for neutral absorption and reflection 
•  Assuming A to be Barrier or seed metal:  

–  A+  + A(s)  à         A(s) + A(b)    :  Probability = α 
–  A+  + e  + A(s) à  γB*(g) + (1-γ)A(g) + A(s)  :  Probability = β 

–  A+  +  e + A(b)  à  µB*(g) + (2-µ)A(g) + A(g) :  Probability = 1 - (α+β) 

•  Some parameters can be found in literature for common metals 
used in barrier and seed.  Others estimated or calibrated with 
internal data 

•  Probabilities modified based on ion energies and angle made 
with the surface normal 



VALIDATION WITH EXPERIMENT 

•  Internal experimental data used to validate the model 
•  Profile shapes and critical dimensions matched with internal 

TEM data (not published) 
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GEOMETRY AND CONDITIONS 

•  Three dimensional dual-
damascene geometry, with 
barrier deposition, followed by 
seed deposition 

•  Surface Chemistry:  
–  Bulk and Surface phase species of 

ILD, Barrier and Seed materials  I(b), 
B(b), S(b) and I(s), B(s), S(s) 

•  The trench, via, and the parallel 
slices are used to compare 
profiles 
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BARRIER DEPOSITION 

•  Base case showing barrier 
bulk material concentration 
for the trench and via cuts 

•  Knowledge of the barrier 
thickness on the sidewall 

–  Minimum thickness needed for 
adhesion of seed material 

–  For estimating other electrical/
mechanical parameters 
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BARRIER DEPOSITION: BIAS POWER 
•  Faceting is quite well known and occurs due to preferential 

sputtering, and this affects the opening for the seed-layer 
deposition 

•  Bias also controls the barrier material concentration on the 
sidewall  

Low Bias High Bias 
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BARRIER DEPOSITION: ION-NEUTRAL 
RATIO 

•  Reactor fluxes depend on target 
power, reactor configuration 

•  Optimized ion-to-neutral flux 
can lead to better sidewall 
coverage 

–  Bias also affects this to an extent 

ILD 
Bar (low) 
Bar (med) 
Bar (high) 

Low                       Med                          High 

Lo
w

   
   

M
ed

   
  H

ig
h 



SEED DEPOSITION PROCESS 

•  Visualizing barrier layer thickness on 
different surfaces of the feature 

Seed layer 

Barrier layer 



EFFECT OF BARRIER PROCESS ON 
SEED PROCESS 

•  Larger opening on the barrier translates to better opening for the 
seed process  

•  Ideal process is one where the minimum conformal thickness is 
met while maintaining maximal opening (for the next steps) 
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EFFECT OF BARRIER PROCESS ON 
SEED PROCESS 

•  Barrier process at different bias, Seed 
process fixed 

•  “Better” barrier profile results in worse 
condition post seed dep. due to 
overhang build-up 
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SUMMARY AND CONCLUSIONS 

•  Developed a physics-based 3D levelset based feature profile 
evolution model and applied it to PVD process for seed and 
diffusion barrier deposition 

•  Optimum ion-neutral ratios (at a given bias power) for maximal 
sidewall thickness 

•  Co-optimization of the barrier and seed layer results in maximizing 
the opening (or reducing the overhang build-up) 



BACKUP 

•  Sputter yield dependency on angle 
•  Literature sources gives values for different materials  
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VISIBILITY ASPECTS 
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