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Computation with QCA Array 
Basic Logic Gate: Majority Gate 

~~~4~~~~~~~ gate, an intrinsically simple gate to implement by QCA 
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Background on Quantum Dots Based Computation 
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Background on Quantum Dots Based Computation: 
More than Wires and Gates 

Allowing the design of brand new architectures. 
- Enable some applications that would have been either i w p  1 1 ildc 
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VLSI 

Computation with QCA Array 
Possibilities and Advantages: Computing, on Wire 

Gate (Si) 
Wire (Metal) 

Majority Gate (QD Cell) Wire (QD Cell): Co-Planar Line Crossing 
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Other Potential Advantages over c’iASI: 
Higher density, lower power, consumptiqn, harder rqdiatibn 



Novel QCA Circuits 
Direct Implementation of Data Permutation Matrices 

QCA circuits €or Co-planar and Direct Implementation of Permutation Matrices: 
Perfect Shufne Permutation Matrix 

Clock 1 Clock 2 Clock 3 
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a) Schematic b) QCA Circuit 

ii 6 # 4 

QCA circuit for implementation df Perfect Sliuffle Permutation 
. "* Matrip E *  plavs w .  a mqjor and enabling*role in, systolic cowputa'tion 
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Novel QCA Circuits 
Direct Implementation of Data Permutation Matrices 

QCA circuits for Co-planar and Direct Implementation of Permutation Matrices: 
Bit-Reversal Permutation Matrix 
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Implementation of Permutation Matrix P, 
a) Schematic b) QCA Circuit 

QCA cir'cuitkw imp'lementation' of Bit-Kevetsal Permutation 
Matrix,plays a major and enabling role in qystolic computation of 
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Novel QCA Circuits 
Co-Planar Implementation of Interconnection Networks 

*p- 

QC4 circuits for Co-planar and Compact Implementation of Crossbar Network as the 
most general mechanism for connecting N processors to N memory modules 

Crosspoint 
Switch 

Two key Design Issues: i 

L 

uesign of: Q L R  circuit tor implenientation Crosspoint Switch 



Novel QCA Circuits 
Co-Planar Implementation of Interconnection Networks 

QCA circuit for Co-planar and Compact Implementation of Crossbar Network 
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QCA-based circuit for implementation of a 3x3 Crossbar Network: 
It provides the high-impedance capability and uses a new scheme €or 
implementation of cross-point switches 
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Novel QCA Circuits 
A Bit-Serial Adder 

QCA Circuits for Implementation of a Bit-Serial Adder as the first step 
toward the design of a bit-serial processor 

Schematic Design of 
Bit-Serial Adder by using 
Majority Gate and 
Inverter Chain I I 
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A Hybrid VLSI/QCA Systolic Architecture 
for FFT **_ *_*.*. I d 

J 

global Communication 

- Canonical reformulation of FFT for systolic computation 
- A hybrid VLWQCA architecture for systolic computation 

The VLSI modules contain a set of simple bit-serial 
processing elements capable of performing multiply and 
add operation. 
The QCA modules implement the required complex 
data permutations. 
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A Canonical Reformulation for Systolic 
tion of FFT 

si = ( I  o n2, o ) 2 n-' Ki = 12"-' O R2' 
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Novel Applications 
Highly Parallel and Systolic Computation of FFT 

..* 

A Hybrid QCANLSI Architecture for Systolic Computation of FFT 
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A Hybrid QCANLSI Architecture for Systolic Computation of FFT 



Implementation of Permutation Matrix Q4 
Downshift Permu tation 

Phase 2 
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Clocking Mechanism for Implementation of Permutation Matrix Q4 
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