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16 nm linear focus measured 
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24 (H) x 27(V) nm2 2-D focus  was obtained  at 12 keV 
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In-situ x-ray reflectivity as 5 periods are built-up 
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The interface roughness alternates !! 
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2 µm 

Delamination has to be avoided 
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GISAX  shows deposition in particles above 6 mTorr ! 



The Advanced Photon Source is an Office of Science User Facility operated for the U.S. Department of Energy Office of Science by Argonne National Laboratory 

9 

Roughness increased dramatically above 6 mTorr 
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APS rotary sputter deposition system 

First use reported  in : Ray Conley, Chian Liu, Jun Qian, Cameron Kewish, Albert 
Macrander,  Hanfei Yan, Hyon-Chol Kang, Jorg Maser, and G. B. Stephenson 
Rev. Sci. Instrum. 79, 053104 (2008) 
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Laser based curvature measurement system  

(http://www.k-space.com) 
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Stoney’s Equation 
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Where  ν  Poisson’s ratio, E is Young’s modulus, ts 
is substrate thickness, tf is the film thickness, and 
K =1/R is the wafer curvature 
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For Si(100) substrates,    (1-ν)/E =  s11 + s12 
and is independent of the in-plane orientation. This  
implies that changes in curvature should be linear 
with thickness increments ,i.e., with sputtering time. 

Stoney’s equation in the form we can apply: 
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Hor. And Vert. curvature changes are the same 
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Stress build depends strongly on Ar pressure 
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End point curvature after 20 periods 
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End point curvatures for other  
published materials 
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Widely applied model to create tension 
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Si/WSi2 multilayer curvature data 

K. MacArthur, B. Shi, R. Conley, and A. Macrander, Appl. Phys. Lett. 99, 081905 (2011) 
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Curvature data collapsed onto time  
base for one period 
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          Summary 
 
The Si layers are the main source of high compressive stress at low Ar 
pressures. A clear way forward is to reduce the thickness of the Si layers,  
that is to change the   γ  of the multilayer period.  
 

Future MLL Work 
(With additional  team members:   
 L. Gades,   Il-Woong Jung,  Curt Preissner,  Dan Lopez,  Jingtao Zhu, L. Assoufid)  

 
• Two additional sputtering guns. 
• Variation of  multilayer  γ 
• MEMS 
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