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Moore’s Law in Several Variables 
IC performance saturated  
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IC Performance Dominated by 
Interconnect Issues 



Key Technology  
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Keith Buchanan, “The evolution of interconnect technology for silicon integrated circuitry,” GaAs 

MANTECH Conference, (2002) 



Rent’s rule and 

wire length 

estimation 

D. Stroobandt, “Recent advances in system-level interconnect 

prediction,” IEEE Circuits and Systems, 11, pp3-20, (2000). 

Reduction in L by a factor of ~ 2.3 

RC delay      L2 ∝ 

Treating Interconnects as 

distributed circuit elements : 

Ri = resistance per unit length 

Ci = capacitance per unit length 

3D-ICs Reduce Interconnect Length 

Joule Heating      L ∝ 



Predominately 3DIC = TSVs 

Y. Akasaka, “Three-

Dimensional IC Trends,” Proc. 

IEEE, 74, pp1703-1714, 

(1986) 
DARPA MTO 

3D-ICs Portfolio 
Solid State Technology 

IFTLE 176 2013 IEDM; Micron, 

TSMC, Tohoku Univ., NC State, 

ASET 



Some Work On Monolithic 3D-ICs 
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Ishihara et. al., “Monolithic 3D-ICs with single grain Si thin film 

transistors,” Solid State Electronics, 71, pp. 80-87, (2012). 

Wong et. al., “Monolithic 3D Integrated Circuits,” 

IEEE VLSI TSA, 1-4244-0585-8/07, (2012). 



Micron-scale 3D Fabrication: 
Membrane Projection Lithography 
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Polymer Based MPL Process Flow 



Polymer-Based MPL Structures 



Can MPL Process Be Generalized? 

Question: Can we generalize MPL to include ion implantation and dry 

etching, as well as deposition in a CMOS compatible material 

system? 
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Deposition: 
CMOS Compatible Material Set 
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CMOS Compatible MPL - Deposition 
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Note: CMP-flatness 



Examples of CMOS-Compatible MPL: 
Deposition 
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Sources of MPL Distortion 
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Directional Etching 
Secret ingredient: Faraday Cage 
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Use Faraday Cage to Reorient The 
Plasma Sheath 

Planar Faraday Cage Tilted Faraday Cage 



Oblique Directional Etching in the 
Literature 
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Oblique Directional Etching in the 
Literature 



Monolithic Faraday Cage 
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Example SEMs of vertical patterned  
etches 
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AlN Etch veil 

Veil outline 



Wafer-level Faraday Cage  
Clamp Ring 
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Wafer-level Faraday Cage  
Clamp Ring 



Directional Implantation: 
Currently in HVM → Halo implants 
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Process Sim Modeling: Angled 
Implantation 
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1000 Å Nitride membrane possess enough stopping power 



Currently in Fabrication 
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Conclusions 

 Device level 3D ICs can potential reduce interconnect lengths 
by factors (compared to % by improving materials) 

 MPL is a general fabrication technique for patterning 3D 
structures in CMOS compatible materials. 

 CMP-flatness of membrane – high NA immersion stepper 
compatible. 

 MPL requires only fixturing changes to current SOA 
semiconductor processing equipment. 

 Fabrication of device-level 3D-ICs underway to demonstrate 
proof of concept long-channel metal gate CMOS. 
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QUESTIONS? 
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