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Abstract—The expanding markets of emerging applications create large
demands for analog and mixed-signal (AMS) integrated circuits. This
increasing demand calls for a shorter design cycle and time-to-market
period. Routing is one of the most time-consuming and tedious steps
in the design cycle. The generation of high-quality routing for AMS
circuits still heavily relies on human efforts. Most previous studies only
focus on the scenario of pure analog circuit blocks and cannot cover
the versatile scenarios from real-world designs with both analog and
digital circuit blocks. In this work, we propose an AMS routing engine
for designs containing both analog and digital circuit blocks. Through
the full cooperation of a multi-scenario routing engine and agile human
interaction, the framework can generate high-quality routing solutions for
AMS circuits.

Index Terms—AMS circuit routing, multi-featured, agile human inter-
action

I. INTRODUCTION

AMS layout design heavily relies on manual efforts. Routing is one
of the most tedious steps in the layout design stage, where designers
have to draw wire connections with their hands carefully. The AMS
layout routing should consider not only analog scenarios but also
customized digital scenarios. As Figure 1 indicates, to guarantee the
performance and functionality, analog routing must consider versa-
tile constraints such as EM [1], [2] & IR drop [3] constraints on
power/ground nets and critical nets, symmetry constraint, sensitive
area constraint, etc. While customized digital routing must support
multiple features such as track routing, trunk routing, bus routing [4],
etc. All of these constraints and features contribute to the better
performance of the whole AMS layout automation system.

To automate AMS circuit routing, the literature has explored tech-
niques to tackle various scenarios. However, most previous studies
focus on a single feature, such as symmetry for analog layouts [5], [6],
[7], EM and IR drop effects [8], [9], bus routing for digital circuits [4].
Although state-of-the-art AMS routing [10], [11] proposes a fancy
detailed routing framework that considers multiple complex design
rules, they still ignore a lot of customized digital scenarios in AMS
circuit systems. Moreover, without human in the loop [12], all of these
studies are fully automated tools that are difficult to obtain widespread
acceptance in a short term.

In this paper, we propose a multi-scenario framework with agile
human interaction for analog and mixed-signal integrated circuits. We
summarize our main contributions as follows.

• We propose a multi-constraint routing framework for analog
circuits which considers both geometric and electrical constraints,
and our framework is compatible with manually placed layouts.

• We design a novel customized digital routing framework that
supports arbitrary routing tracks as well as trunk routing and bus
routing.
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Fig. 1: A real-world layout example with multiple constraints consid-
ered.

• We develop an interactive routing algorithm to decrease the gap
between the AMS layout generated by fully automated tools and
the real-world AMS layout through human efforts.

The remainder of this paper is organized as follows. Section II
details our implementation. Section III demonstrates the experimental
results, and Section IV concludes the paper.

II. METHODOLOGY

In this section, we introduce the details of the proposed multi-
scenario AMS routing framework.

A. Multi-constraint Analog Routing

The proposed analog routing considers both geometric constraints
(e.g., design rules) and electrical constraints (e.g., EM and IR drop,
symmetry, sensitive area, etc.). The framework takes circuit netlist
as well as technology files including DRC rules, electromigration
parameters, and metal layer parameters as input. Design configurations
for IR drop (e.g., voltage margin and critical nets) and EM (e.g.,
operating temperature and critical nets) are also necessary. Before the
major flow starts, a schematic simulation is conducted to generate the
current information for the specified circuit netlist. The major flow
consists of two phases: 1. Electrical constraints pre-processing; 2.
Multi-constraint aware routing. Phase 1 involves Steiner tree-based
wire sizing, symmetry type recognition, and sensitive area detection.
The former determines wire width, the middle determines symmetry
constraints and the latter generates routing obstacles, all of which will
be used to guide the multi-constraint-aware routing in phase 2. Finally,
a high-quality routing solution is generated.
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B. Customized Digital Routing

Customized digital routing consists of multiple features such as
track routing, trunk routing, and bus routing. The input of the
customized digital routing is circuit netlist and feature configura-
tions. According to the feature configurations given by designers, the
customized digital routing tool generates the final layout net by net
leveraging various routing features.

C. Interactive Routing Framework

Interactive routing can serve as a bridge connecting manual engi-
neering efforts and automated layout generation tools. The input of
the framework is an initial routing solution generated by automation
tools. To formulate the editing process, a set of editing commands
are determined. These editing commands include not only basic
commands like removing and rerouting a single net, setting particular
wire width, and adjusting the net’s routing priority but also superior
commands like adjusting the spacing between two designated wires
and specifying rough routing topologies for nets. Designers are able to
adjust the routing topology with these well-designed commands and
get a legal routing solution without DRC violations instantly.

III. RESULT

The whole framework is implemented in C++ programming lan-
guage. Our experiments platform is a Linux server with Intel Xeon
Gold 6230 CPU @ 2.10GHz. We perform experiments on real-world
AMS designs including an FIA and a SAR-ADC that have been taped
out. We support routing on both automatically generated placement
and manually-drawn placement, and finish routing within 20 seconds
on each benchmark, which is much faster than manual process.

FIA is a kind of high-performance amplifier that is strict with the
noise level. Compared with the manual layout, our framework obtains
a 60% reduction of noise with a slightly lower gain. The analog part of
a 12-bit SAR-ADC is the major routing object, while the digital part
including CDAC (capacitor DAC) and control logic is excluded. As
Table I depicts, our framework obtains a decent performance which
is very close to the manual layout. Figure 2 shows the final layout of
SAR-ADC.

TABLE I: COMPARISON ON BENCHMARKS WITH MANUAL PLACE-
MENT.

Benchmark Schematic Manual Our

FIA Gain (dB) 24.55 23.97 23.57
Noise (nV) 61.03 54.83 21.44

SAR-ADC

Delay (ns) 20.43 21.37 21.47
SINAD (dB) 65.59 65.74 65.70
ENOB (bit) 10.60 10.63 10.62
Pcore (uW) 206.6 231.6 231.9

FoM (fJ/conv) 5.321 5.862 5.896

1. Data bolded in black denotes the best, and data bolded in
gray denotes the second best.

IV. CONCLUSIONS

In this paper, we propose a multi-scenario routing framework with
agile human interaction. The framework is able to perform analog
routing subject to various constraints like EM&IR drop and symmetry,
customized digital routing with multiple features like trunk routing and
bus routing, and interactive routing combined with human experience.

Experimental results on real-world AMS designs in 65nm and 28nm
technology nodes demonstrate the effectiveness of the framework and
its compatibility with manual taped-out designs.

Fig. 2: SAR-ADC Final Layout
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