








B. Density Comparison with Equivalent CMOS Processor 
The normalized density of WISP-0 for the various scenarios 

is shown in Fig. 8. We assume that NW pitch is 10nm and MW 
pitch is 42nm at 18nm CMOS technology node according to 
ITRS prediction [19]. To get a better sense of what the densities 
actually mean we calculate the density of an equivalent WISP-0 
processor: we designed this processor in Verilog-HDL, 
synthesized it to 180nm CMOS. We derived the area with the 
help of the Synopsys Design Compiler tool. Next, we scaled it to 
projected 18nm technology node, assuming area scales down 
quadratically. For the purpose of this paper, we assume that the 
CMOS version of WISP-0 is defect-free and no fault-tolerance 
technique is applied.  

We can see from the results that the area overhead of adding 
2-way redundancy for the nanoscale designs is roughly 3X when 
MWs in NASICs are assumed to have the same dimensions as 
metal wires (Layer 1) in 18nm CMOS technology. TMR-related 
overhead added to the nanoscale design brings an extra 3X 
overhead because TMR requires 3 copies of nanoscale blocks. A 
WISP-0 design based on ECC3/2-way requires around 40% 
more area than one based on 2-way redundancy for both 
horizontal and vertical NWs, but achieves a better yield.  

Overall, the density of a NASIC-based WISP-0 (AND-OR 
logic) remains at least 2X (with ECC3/2-way and TMR) or 7X 
(with ECC3/2-way only) greater than the density of the 
corresponding CMOS processor at 18nm. Hybrid 
AND-OR/NOR logic improves the density of WISP-0 
significantly. The density improvement is 50% for 2-way 
version and 29% for ECC3/2-way. 
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Fig. 8. Normalized WISP-0 density with different defect tolerance techniques. 

IV. SPEED AND POWER ESTIMATIONS 
Delay and power estimation was done for the WISP-0 

processor built on silicon nanowires. 
A NW-MW contact resistance of 10kΩ and resistivity values 

of 10-7Ω-m and 10-5Ω-m for NiSi and Si respectively were used 
in these calculations [18]. RON for a transistor of length 5nm and 
width 4nm was calculated to be around 4kΩ. An ROFF resistance 
of 10GΩ was used [1]. A nanowire pitch of 10nm, an oxide layer 
thickness of 1nm, and a dielectric constant of 2.2 were assumed. 
Table I summarizes all the parameter values used in these 
calculations.  

 

 
A. Delay Calculations 

A lumped RC model was used for the worst-case delay 
analysis. Expressions from [1] were used for capacitance 
estimation. These calculations take into account NW-NW 
junction capacitances and relatively realistic coupling scenarios.  
The coupling capacitance per unit length was found to be 
39.04pF/m. The junction capacitance was found to be 0.652aF.  

TABLE II 
CAPACITIVE LOADING (aF) 

 Control 
NW(H) Datapath NW(H) Control 

NW(V) 
DATAPATH 

NW(V) 
pre/eva pre eva pre/eva pre eva 

PC 14.99 9.78 25.27 11.08 4.56 32.43 
ROM 8.48 11.08 33.47 9.78 20.12 82.68 
DEC 11.74 20.21 83.33 11.74 55.42 143.1 
RF 27.38 26.73 98.21 9.13 42.38 167.6 

ALU 29.34 18.26 37.78 16.95 30.64 138.7 
 
Table II indicates the capacitive loading on each tile of 

WISP-0 for different clock phases. During each phase, there is 
one control NW and one or more datapath NWs switching. In 
the table ‘Control NW (H)’ refers to a horizontal 
precharge/evaluate signal. Since the precharge and evaluate 
control NWs in one plane are geometrically identical, the 
capacitive loading on these NWs is the same. ‘Datapath NW 
(V)’ refers to datapath nanowires in the vertical plane. The 
capacitive loading during precharge and evaluate is dissimilar 
for datapaths owing to different lengths and coupling effects.   

The lumped capacitance is in the range of ado-Farads, and as 
expected, larger components such as the RF (Register File) are 
more heavily loaded. Table III shows the maximum delay for 
the tiles of WISP-0 assuming a MW-NW contact resistance of 
10kΩ. ‘H-pre’ and ‘V-pre’ stand for horizontal precharge and 
vertical precharge phases respectively, ‘H-eva’ and ‘V-eva’ are 
horizontal and vertical evaluate phases. All delays are in 
picoseconds.   

TABLE III 
DELAY (ps)  

 H-pre H-eva V-pre V-eva 
PC 0.227 0.463 0.141 0.536 
ROM 0.215 0.796 0.302 3.785 
DEC 0.375 1.485 0.934 2.742 
RF 0.596 2.135 0.615 4.778 
ALU 0.481 1.415 0.667 3.667 

 
In WISP-0, datapath lengths and the number of transistors on 

each datapath are different. Consequently the delay varies over a 
wide range of values. However, the performance of a pipeline is 
determined by the slowest segment; in this case it is the vertical 

TABLE I 
PARAMETER VALUES 
NW-pitch 10nm 

NW-shell thickness (tsh) 1nm 
NW-width (w) 4nm 

Dielectric Constant of SiO2(εr) 2.2 
Resistivity of Si (ρSi) 10-5 Ωm 

Resistivity of NiSi (ρNiSi) 10-7 Ωm 
NW-MW contact Resistance (Rc) 10 kΩ 
Transistor ON Resistance (RON) 4 kΩ 
Transistor OFF Resistance(ROFF) 10 GΩ 

Supply Voltage 3V-4.5V 



plane of the RF (delay=4.778ps). The operating frequency 
assuming a 33% duty cycle (reflecting a clock needed for a 
precharge-evaluate-hold control) is easily shown to be 69GHz. 
It is expected that the frequency will be lower in practical 
designs with longer datapaths and larger bitwidths.  

The contact resistance of 10kΩ is a large contributor to the 
overall delay for all nanotiles. With improvements of 
manufacturing, this value is expected to be significantly 
reduced.   
B. Power Estimation 

 The average dynamic power and the leakage power were 
estimated for the tiles of WISP-0. Dynamic power calculations 
were done for a 69GHz operating frequency for a range of 
typical operating voltages between 3V-4.5V – the voltage is 
estimated based on the original NW FET papers. The expression 
used is: 
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Where f is the operating frequency, CL1 is the capacitance on 
the control nanowire and CL2 is the capacitance on a datapath 
nanowire. N is the number of datapath nanowires switching 
simultaneously.  In cases where N is variable (e.g., application 
specific), an average value is chosen assuming a 50% switching 
probability.  

TABLE IV 
DYNAMIC POWER CONSUMPTION (μW) 

 3V 3.5V 4V 4.5V 
PC 213 290 380 481 
ROM 377 509 665 841 
DEC 977 1330 1738 2199 
RF 2780 3784 4942 6254 
ALU 447 609 795 1007 

 
Table IV shows the dynamic power consumption (in μW) for 

the components of WISP-0 at the 69GHz frequency. It is seen 
that the Register File consumes maximum average dynamic 
power. This is due to a large capacitive load owing to the 
relatively large size of the tile. The power consumption trends 
on the whole are orders of magnitude lower than those seen in 
conventional CMOS technologies. 

 Leakage power consumption of NASIC tiles is negligibly 
small (in the order of nano-Watts) because ROFF resistance is  
around 10GΩ [1].  

V. CONCLUSIONS 
In this paper we provided a comprehensive overview of a 

nanoscale fabric called NASIC for computing systems. We 
showed how to build a nanoscale microprocessor on 2-D 
NASIC fabric. A new dynamic circuit design was proposed for 
efficient cascading and pipelining. With built-in fault-tolerance 
techniques, we can tolerate faults from a variety of sources and 
still achieve considerably higher density than in an equivalent 
CMOS design at the end of the projected ITRS roadmap. 
NASIC-based processors show great promise due to the 
combination of fault-masking, high density, and scalability. 
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