High-Speed Circuits and QCAs

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

Nanoelectronics: High-speed Circuits and QCA



Fabrication and Characterization of an
InAlAs/InGaAs/InP Ring Oscillator Using
Integrated Enhancement- and Depletion-Mode
High-Electron Mobility Transistors

A Mahajan, G. Cueva, M. Arafa, P. Fay, and I Adesida

Use of two etch stop layers to
- fabricate both E- and D-Mode
3.5 nim i-InAlAs Spacer tran S i Sto I’S
Fig. 1. Cross section diagram of MBE-grown layver structure used in thus
work.
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Figure 1., The quantum czll consisting of five quantum
dots which are occupied by two electrons. The mutual

Couiombig repulsion between the electrons results in
bistability between the = +1 and P = —1 states.
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Pure Quantum Mechanics:
Quantum dots with diameter 10 nm

Nearest neighbor 20 nm
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Figure 2. The cell-cell response function. The
polarization of the right cell is fixed and the induced
polarization in the left cell is calculated. (a) The calculated
polarization of call 1 as a function of the polarization of
cell 2. Note that the range of P, shown is only from —0.1
to +0.1. This is because the transition in the induced
polarization is so abrupt. (&) The first four sigen-energies
of cell 1. The polarization of the lowest two are shown

in (&).
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Switching behaviour

1.0 : 4 i s 1_ R
0.5 .' ; ,”J e -:E
ﬂ..- O.D - -‘._,.--';T; :,’___,-" -
05k S :
-1.0-"'"'"-' et ";.ar ]
-0.10  -0.05 0.00 0.05 0.10
PZ

Figure 3, The cell-cell response function for various
values of the dot-to-dot coupling energy (t in equation
(1)). The induced cell polarization P, is plotted as a
function of the neighboring cell polarization P,. The
results are shown for values of the coupling energy,

t = —0.2 (full curve), —0.3 {dotted curve), —0.6 (dashed
curve), and —0.7 (dot-dashed curve) meV. Note that the
response is shown only for A, in the range [-0.1, +-0.1].



Edge driven computing
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Figure 4. The new paradigm for computing with
quantum cellular automata (acas}. The input to the ocA is
provided at an edge by setting the polarization state of the
edae cells (edge-driven computation). The gca is allowed
to dissipatively move to fts new ground-state
canfiguration and the output is sensed at the other edge
{computing with the ground state). The 'set’ and "sense’
lines are shown schematically.
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Transmission lines
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Figure 5. aca wires: (a) the basic wire; (b} a corner in a
wire; (¢) fan-out of one signal into two channels. In each
case the darker (left-hand) cell has a fixed polarization
which constitutes the input. Note that these figures are
not simply schematic, but are a plot of the results of a
self-consistent many-body calculation of the ground state
for the cellular array. The diameter of each circle is
proportianal to the calculated charge density at each site.




Circulits

OR gates
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Figure 7. An OR gate. The cells in darker squares are
fixed to the input states. The cell in the dashed square is
biased slightly toward the "1 state.

Nanoelectronics: QCA

a)

c)

Inverter
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Figure 6. An inverter constructed from a quantum cell
automatorn.

AND gates
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Figure 8. An AND gate. The cells in darker squares are
fixed to the input states, The cell in the dashed square is
biased slightly toward the "0" state.



Critical Issues and Benefits

Issues: Benefits:
Uniform cell occupancy No interconnects
Dot size control High density
Temperature Low power

Ultra-fast computing

Nanoelectronics: QCA



