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Abstract— Crosstalk computing is a novel computing 

technology that relies on interference between adjacent 

interconnects to achieve logic function. By engineering coupling 

capacitance in an innovative circuit scheme, all primitive cells and 

custom logic can be implemented with significant gain. In this 

paper, we report on the scalability aspects of this technology and 

show for primitive circuits how the circuit properties evolve from 

one node to other. We also present comparison results for several 

benchmarking circuits. Some significant results are: for primitive 

NAND gate, designed in 180nm, 65nm, 32nm, and 7nm technology 

nodes, the average reduction in power is 42.5% and an average 

reduction in performance is 34.5% comparing to CMOS for all 

mentioned nodes. For benchmarking circuits designed at 7nm, 

there are 48%, 57%, and 10% improvements against CMOS 

designs in terms of density, power, and performance respectively.  

I. INTRODUCTION 

Crosstalk computing provides a new mindset for computing 
by leveraging interconnects. In this technology, nanoscale metal 
lines are arranged in a manner such that the interference between 
them can be tuned to obtain logic [1]-[5]. Fig. 1(i) shows an 
abstract view of the fabric, where CMOS control transistors are 
at the bottom and logic specific metal arrangements are on top. 
The dielectric between the metal lines will dictate the 
capacitance between them and can be tuned for desired logic. 
Respective schematic view of NAND and NOR are given in 
Fig.1(ii). During logic computation, the victim net (Vi) voltage 
is controlled electrostatically through coupling capacitances 
between two aggressors (Ag1 and Ag2) and victim (Vi) net. To 
drive the Vi node for the next round of logic evaluation, its 
voltage is discharged to ground through a transistor controlled 
by dis signal after every round of logic evaluation. Thus, the Vi 
node is connected to an inverter acting as a threshold function 
on one end and connected to the drain side of the discharge 
transistor on the other end. This principle is used while 
implementing both NAND and NOR gates with the only 
difference of coupling strengths (CND & CNR) between inputs 
and Vi net.  

II. SCALABILITY ASPECTS OF CROSSTALK CIRCUITS 

For any new emerging technology to compete/co-exist with 
CMOS, scalability study is one of the key requirements. As a 
part of scalability study, Crosstalk logic gates are designed using 
180nm, 65nm TSMC PDK, 32nm PTM model and 7nm ASAP 
PDK [6]. We have designed primitive gates for both Crosstalk 
and CMOS in all four nodes and analyzed power, performance 
under various process variation. In Crosstalk computing, 
inverter and discharge transistors are technology dependent. Our 
results indicate that devices with better ION/IOFF ratio and lower 
supply voltage contribute in lower power (Fig. 3) and better 

performance (Fig. 4) for Crosstalk circuits compared to CMOS 
under process variations. Additionally, our results also suggest 
that coupling capacitance of Crosstalk circuits reduces with the 
shrinking of technologies (Fig. 5) because of the lower threshold 
voltage of the devices in advanced nodes, resulting in less 
amount of voltage accumulation required in Vi node to change 
the output stage of the inverter. From Fig. 3 it can be seen that 
both CMOS and Crosstalk NAND & NOR gate show reduction 
in power; however, Crosstalk gates show ~42.5% more 
reduction in power than CMOS gates for all the technology 
nodes. The improvement in power for Crosstalk gates is because 
of less number of active devices and lower effective load due to 
the series connection of coupling capacitance to the inverter. 
Fig. 4 shows the performance results of Crosstalk gates with 
respect to CMOS  for various process corners. For typical 
process corner, there is an average improvement of 34% in 
performance for Crosstalk gates compared to CMOS for all 
technologies. As shown in Figs. 4(i&ii), for slow process corner, 
the performance is the worst due to slow PMOS and NMOS 
devices whereas for the FF corner the performance is the best 
due to the fast active devices. Such performance improvement 
in Crosstalk circuits is due to lower effective load capacitances, 
lower interconnect parasitic and shorter VDD/GND to output 
rail. Moreover, reliance on signal interference for computation 
and 3-D layout scheme, less number of transistor required for 
implementing complex function [5] maximizes the density gain 
for Crosstalk over CMOS counterparts as can be seen from Fig. 
2. To demonstrate the benefits of Crosstalk circuits for larger 
logics and to show the implementation in advanced nodes, we 
have designed three large MCNC benchmark circuits (cm85a, 
mux, and pcle) at 7nm with Crosstalk primitive gates and 
compared the results with CMOS (Table I). Highest density 
benefit can be seen for mux circuit, 62% reduction in transistor 
count which also translates in a reduction in power by 59%. 
However, due to the cascaded nature and circuit layout, 
performance improvement is less compared to other circuits.  

III. CONCLUSION 

In this paper, we have shown that Crosstalk circuits can be 
designed at different technology nodes. Our results show 
significant improvement in density, power, and performance for 
Crosstalk circuits compared to CMOS even with scaling down 
of technology nodes.  
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Fig. 4.  Technology scaling impact on the performance for Crosstalk and CMOS primitive gates with process variation. i) and ii) shows the performance for 

NAND and NOR Gate.  Both of the gates are designed in 180nm, 65nm 32nm and 7nm with process corners. Crosstalk gates have better performance than 

CMOS logic gates; average improvement in performance for Crosstalk logic gates is  reported as 34.5% 

i) ii)

Fig. 5 Change of Coupling Capacitance in advanced technology nodes. 

Coupling capacitance is calculated for both NAND and NOR gate for 

180nm, 65nm, 32nm and 7nm technology. At lower nodes, coupling 

capacitance reduces significantly ranging from 500aF to few fFs  

Fig. 3. Impact on power of Crosstalk and CMOS in advanced nodes for all process corners . i)  and ii) show average power for NAND and NOR Gate at 180nm, 

65nm 32nm and 7nm with process variations. As technology scales down power consumption also reduces for both Crosstalk and CMOS, however  Crosstalk 

computing shows more improvement in power than CMOS; average reduction in power is 42.5% for all technology nodes.
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Table I. Comparison of MCNC Circuits between Crosstalk and CMOS circuits 

at 7nm to show the implementation of Crosstalk circuits in advance node

Fig. 1.i) Abstract view of Crosstalk computing Fabric; coupling capacitances will be on 

the top denoted as  dielectric  in between nano-metal lines denoted as  aggressors  and 

 victim . ii) Schematic of primitive cells (NAND & NOR) in Crosstalk fabric. Inputs will 

be given through metal lines and coupled with Vi line for logic computation.
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Fig. 2. Impact on area of Crosstalk logic gates due to scaling of 

technology nodes. Logic gates are designed in 180nm, 65nm, 

32nm, and 7nm nodes. Area required for Crosstalk fabric is less 

than CMOS due to 3-D circuit style and less active devices.
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