
Human circuit design lags behind co-design 
processes and struggles to predict exact circuit 
parameters. Introducing thresholds can 
alleviate this issue.
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6. Experimental Results 

The filtering pipeline starts by finding, for each performance
vector y ∈ D0, all feasible performance vectors y′ ∈ D0
that meet the threshold specification y, i.e

We propose to select the lexicographically best training-set circuit 
that meets the threshold

where we select for $x$ a single representative $(x, y')$ of $F(y)$ 
that maximizes $y'$ lexicographically.
In the notation $\bar{D}^*_0$, the bar denotes feasibility of $x$ for 
$y$ and the star denotes selection of the best representative.

Assisted design techniques are commonly employed to tackle 
the challenging task of exact specification problems, wherein 
an agent is tasked with predicting a circuit capable of yielding 
precise outcomes. However, a potential avenue for mitigating 
the complexity associated with such problems lies in the 
incorporation of threshold specifications. By imposing a 
requirement on the agent to generate circuits that meet or 
exceed a certain level of quality, greater flexibility is afforded, 
consequently enabling the production of circuits boasting 
superior parameters.

We conducted experiments involving a range of circuits, 
including the Voltage-Controlled Oscillator (VCO), Two-Stage, 
and Low-Noise Amplifier (LNA). For instance, in the case of 
the VCO circuit, we focused on varying specific parameters 
such as m1, m_t, m_v, and l. During our measurements, we 
paid close attention to key performance metrics including 
Power Consumption, Output Power, and Tuning Range. By 
systematically analyzing these parameters and metrics, we 
aimed to gain insights into the behavior and performance 
characteristics of the VCO and other circuits.

Proposed Pipeline for Threshold Specification Problem: Our pipeline 
entails the following steps: Circuit parameters are sampled from a 
user-defined range, utilizing uniformly distributed parameters with a 
consistent step size for 4-6 parameters per circuit.
 

To ensure sufficient data points, we select a step in the parameter 
space to yield approximately 6-10 points per dimension. Next, 
simulations are executed using NgSpice for the specified parameters, 
resulting in three performance metrics for each circuit. These metrics 
form the basis for constructing a dataset, $D_0 = {x, y}$, consisting of 
simulated circuits and their associated performance metrics. Following 
dataset construction, a filtering pipeline is applied to identify feasible 
performance vectors. 

In this study, we conducted a comprehensive performance 
evaluation of our method across a diverse range of circuits, 
encompassing both simple circuits such as the CS amplifier and 
highly complex circuits including the VCO, Mixer, and Power 
Amplifier. Notably, our method exhibited commendable 
performance across all circuits tested, consistently achieving a 
100% accuracy rate at 5% margin, with the exception of the VCO 
circuit. In our investigation, we observed that certain circuits 
presented more pronounced challenges compared to others.

Specifically, both the Low-Noise Amplifier (LNA) and Power 
Amplifier (PA) circuits, characterized by high non-linearity and 
intricate tradeoffs, were found to be particularly demanding. 
However, despite their inherent complexities, our findings indicate 
that these circuits can be effectively learned and automated 
within the operational range examined in this study. This 
noteworthy achievement highlights the potential for harnessing 
automation techniques in the design and optimization of LNA and 
PA circuits, marking a significant advancement in the field.

Online Demo:
circuits.streamlit.app

Code and Data: 
github.com/indylab/Circuit-Synthesis
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● We specify parameter range for every circuit. For 
every parameter we uniformly sample about 10 - 
12 different values.

● We also specify expected performance metric 
for every circuit. For every circuit we have 
approximately three different performance 
metrics

● We simulate circuits in NgSpice using Netlist 
format

● We call the resulting dataset D_0

5. Filtering Phase

● Multiplying every performance metric 
with λi = -1 if it needs to be minimized

● For every circuit in the dataset we find all 
possible circuits from the same dataset that 
meet threshold specification

● We select lexicographically the best 
available circuit from the perturbed dataset

NgSpice 
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● We using standard scaler to preprocess 
training dataset to map it on interval 
{-1,1}

● We use the resulting dataset to train a NN 
to predict circuits parameters based on 
performance vector

● We evaluate our method on multiple circuits including 
LNA, PA ….

For Two-Stage (a)  we achieve 
perfect accuracy using 10 
times less data than the best 
previous work [1].

For Power Amplifier we observe 
similar results as in Low-Noise 
Amplifier, but with higher 
cross-run variance.
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Dataset

2. Contribution

● Adding small perturbations 

● Selecting the best available circuit

Comparing accuracy with previous works

Circuit Perf. Metric
This Work 
(%)

Best Reported 
(%)

CS Gain 0.135 <2.6

LNA NF 0.02 <5

Mixer Power Cons. 0.86 N/A

VCO Tuning Range 3 N/A

Cascode Bandwidth 0.4 1

Two-Stage Power Cons. 0.07 <5

PA Power Gain 1.2 N/A

Data-efficient method for dataset 
construction. 
The most extensive evaluation on diverse 
set of analog and radio circuits.

Comparing results with the previous work

Simulation Phase:
● Specifying parameter space
● Simulating circuits using netlists
● Collecting simulated circuits

Filtering Phase:
● Adding optimization constraints
● Specifying thresholds
● Constructing dataset
● Training an agent on the dataset

For Low-Noise Amplifier (b) and Power Amplifier (c)  all 
studied methods achieve perfect accuracy except in the 
ablation dataset. 

https://github.com/indylab/Circuit-Synthesis

