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High-Speed Circuits and QCAs 

Nanoelectronics: High-speed Circuits and QCA 

Circuit configurations: 

- Digital applications 

CMOS 

E/D-mode logic 

Current mode logic 

- RF applications 

nFET drivers  

Resistive, inductive, or active loads 

 

Emerging technologies: 

- QCA 

- MEMS 

- Molecular electronics  

- … 
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Nanoelectronics: High-Speed Circuits 

Implantation used to form 

shallow junctions with 

low temperature annealing (450 C) 

 

NiSi2 leads to reduce resistance 

(silicidation of thin Ni layer 3 nm) 

 

Inverter configuration 



3 

Device Performance 

Nanoelectronics: QCA 

Balanced on-performance 

Ion about 10µA/µm 

 

n-FET with low SS at low  

current levels 

 

p-FET higher SS due to  

Trap-Assisted-Tunneling (TAT) 

Less abrupt doping profile  

at the junction 
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Inverter Performance 

Nanoelectronics: QCA 

Good VTC with high gain and 

gain also at Vdd=0.2 V! 

 

Reduction in voltage swing 

due to ambipolar conduction 

(confirmed by modeling) 

 

Inverter rise time ~3 ns 

Inverter fall time ~2 ns 

(10-90 %) 

 

Propagation delay ~ 1.9 ns 

 

Overshoot due to large 

Miller capacitance 
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Nanoelectronics: High-Speed Circuits 

Use of two etch stop layers to  

fabricate both E- and D-Mode  

transistors 
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Ring Oscillator 
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Ring-oscillator 

Nanoelectronics: High-Speed Circuits 

10mm E-HEMT 

5 mm D-HEMT 

VD=0.6 V 

Noise margin of 

145 and 205 mV,  

respectively 

Spectrum for 11 stage 

Oscillator 

f0=2.08 GHz 

tpd=(2nf0)
-1 



8 Nanoelectronics: High-Speed Circuits 

Low hysteresis 

High transconductance 

Low input off-sets 

(1-6 mV) 
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Nanoelectronics: QCA 

Pure Quantum Mechanics: 

 

Quantum dots with diameter 10 nm 

Nearest neighbor 20 nm 
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Switching behaviour 

Nanoelectronics: QCA 
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Edge driven computing 

Nanoelectronics: QCA 

Transmission lines 
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Circuits 

Nanoelectronics: QCA 

OR gates 

AND gates 

Inverter 
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Critical Issues and Benefits 

Nanoelectronics: QCA 

Issues: 

 

Uniform cell occupancy 

 

 

Dot size control 

 

 

Temperature 

Benefits: 

 

No interconnects 

 

 

High density 

 

 

Low power 

 

 

Ultra-fast computing 


