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Abstract—Field-coupled Nanocomputing (FCN), a class of
post-CMOS technologies operating at the nanoscale without the
flow of electricity, is becoming a reality due to advancements in
simulating and manufacturing logic gates using Silicon Dangling
Bonds (SiDBs). Efficient physical design methodologies are crucial
for the performance, area efficiency, reliability, and manufactura-
bility of FCN circuits. However, despite considerable progress in
developing algorithms and tools tailored to FCN physical design,
achieving efficient results still requires a co-design approach, ne-
cessitating expert manual refinement similar to the CMOS design
process. To this end, we introduce a GUI-based tool that combines
both automation and expert adjustments, enabling designers to
easily optimize and modify FCN layouts. To demonstrate its
potential, a designer used the tool to reduce the area of the
best-known layout for the benchmark circuit cm82a by over 15%
in less than a minute. Additionally, the tool is publicly available
as open-source at https://github.com/cda-tum/mnt-designer.

I. INTRODUCTION

Field-coupled Nanocomputing (FCN, [1]), which operates
by leveraging the repulsion of physical fields instead of electric
current, is rapidly transitioning from theoretical research to
practical implementation due to recent advancements in the
simulation [2]–[4] and manufacturing [5] of logic gates using
Silicon Dangling Bonds (SiDBs, [6]), heralding a new era
in ultra-low-power and high-speed computing devices at the
nanoscale.

As FCN technologies become more tangible, the signif-
icance of efficient physical design methodologies becomes
increasingly paramount. The quality of physical design algo-
rithms not only impacts the performance and area efficiency
of FCN circuits but also influences their reliability and man-
ufacturability.

In recent years, considerable progress has been made in
developing algorithms and tools tailored to FCN physical
design [7]–[17]. These automatic approaches have been instru-
mental in advancing the field. However, they often encounter
limitations when addressing the complex design constraints
inherent to FCN, such as planarity and signal balancing. This
is reminiscent of the conventional CMOS design flow, where,
despite sophisticated automation, expert designers frequently
engage in post-processing steps to refine and enhance layouts
manually or to fix Design Rule Violations (DRVs) [18].

To allow for such a co-design in the FCN domain, we
introduce a novel, completely open-source GUI-based tool
(available as part of the Munich Nanotech Toolkit (MNT, [19])
at https://github.com/cda-tum/mnt-designer) that empowers
designers to easily optimize and modify FCN layouts. This
tool offers technology independence, enabling designers to

Fig. 1: Tool interface showcasing various features, including
the high-level description and generated layout for cm82a [27].

create gate-level layouts and compile them to the cell level
for multiple technological implementations. It provides import
and export functionalities for various high-level descriptions
and layout formats, integrating state-of-the-art physical de-
sign [9]–[13] and post-layout optimization algorithms [17],
[20] accessible via an intuitive interface with adjustable pa-
rameters. Additionally, it offers DRV and equivalence check-
ing [21], enhancing design reliability—features often lacking
in other tools. Designers can fine-tune layouts by repositioning
and rewiring individual gates, bridging the gap between auto-
matic design and expert manual refinement, offering a flexible
platform for iterative improvement. With these combined
advantages, we aim to offer a more flexible and user-friendly
tool compared to existing solutions [3], [22]–[26].

II. A TOOL FOR THE CO-DESIGN OF FCN
This section outlines the main functionalities of the pro-

posed physical design tool that, for the first time, enables a
co-design approach for FCN. The tool is introduced using the
exemplary benchmark circuit cm82a [27]. An overview of its
interface is shown in Fig. 1.

The designer begins by importing a high-level description of
the circuit, e. g. in Verilog, displayed in the text editor on the
left side of the interface. From there, multiple physical design
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(a) Cut-out of the
layout from Fig. 1

(b) Inverter is
moved to another
position.

(c) Wires from
pi0 to other gates
are deleted.

(d) pi0 is rewired
to the other gates.

Fig. 2: Optimizing the layout for the cm82a function using the
proposed design tool.

algorithms are available to generate a gate-level layout. These
include ortho [11], IO SDN [12], exact [9], and gold [10],
which can be executed via the buttons shown in Fig. 1.
By selecting the state-of-the-art algorithm gold [10], the tool
produces the best-known layout, which is shown on the right.

The designer can then manually refine this layout through
direct interaction. In FCN, wire segments contribute equally
to area and delay costs as standard gates, making their mini-
mization crucial. While automatic methods can reduce excess
wiring by repositioning gates, certain optimizations are best
achieved by expert designers. The proposed tool facilitates this
via the movement of gates to new positions, the placement of
additional gates (e. g., AND, OR, and XNOR), the deletion
of unnecessary wiring, and the reconnection of gates to their
fanins and fanouts. Throughout this process, the designer can
continuously perform DRV-checks to ensure that the design
remains functional.

Example. The manual refinement of the layout from Fig. 1 is
illustrated in Fig. 2. In Fig. 2a, an inverter (red tile labeled
INV) located at the top border of the layout is identified. This
inverter is moved along its wire path to the bottom right corner
in Fig. 2b. With the complex wiring removed, the primary
input in the top left corner (green tile labeled pi0) can be
repositioned beneath pi1 as shown in Fig. 2c. Finally, in
Fig. 2d, pi0 is reconnected to its three outgoing connections,
freeing up four entire columns in the layout.

Table I compares the area of layouts generated for the
benchmark function cm82a using different combinations of
physical design algorithms from the literature. Starting from
the baseline layout produced by ortho, several algorithms
achieved area reductions up to 81.25% compared to said
baseline. With the proposed tool, the current best-known
layout generated using gold, which cannot be improved by
automatic post-layout optimization algorithms, was further
improved by an additional 15.38%, resulting in an overall
area reduction of 84.13% relative to the baseline.

III. CONCLUSION

This work introduces a GUI-based tool designed to enable
physical co-design for FCN. By combining both automatic
design and expert manual refinement, it empowers designers
to optimize and modify layouts more effectively. This was
demonstrated by improving the best-known layout generated
by a state-of-the-art algorithm for the benchmark circuit cm82a
by an additional 15.38% in less than a minute.

Table I: Layout dimensions for the benchmark circuit cm82a.

ALGORITHM COMBINATION w × h = A ∆A

ortho [11] 26 × 48 = 1248 ±0%
IO SDN [12] 24 × 37 = 888 −27.85%
NPR [15] 25 × 25 = 625 −49.92%
ortho [11] + PLO [17] 16 × 23 = 368 −70.51%
NPR [15] + PLO [17] 16 × 23 = 368 −70.51%
IO SDN [12] + PLO [17] 18 × 19 = 342 −72.60%
gold [10] 26 × 9 = 234 −81.25%
gold [10] + Proposed Tool 22 × 9 = 198 −84.13%

NPR, PLO, IO SDN, gold and ortho are abbreviations for the physical design tools
NanoPlaceR [15], Post-Layout Optimization [17], Input Ordering Signal Distribution
Network [12], Graph-Oriented Layout Design [10], and the OGD-based heuristic physical
design method [11], respectively; w, h and A are the width, height and resulting area
of the layout respectively; the final column lists the area difference ∆A between each
algorithm combination and the baseline ortho.
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