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4 75% 15

5 70% 14
6 65% 13

7 60% 12
8 55% 11
9 50% 10
10 45% 9

11 42% 8.4
12 39% 7.8
13 36% 7.2
14 33% 6.6
15 30% 6

16 27% 5.4
17 24% 4.8
18 21% 4.2
19 18% 3.6
20 15% 3

21 12% 2.4
22 9% 1.8
23 6% 1.2
24 3% 0.6
25 0% 0

26 0% 0

27 0% 0

28 0% 0
29 0% 0
30 0% 0
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[1]. Z. Wu and 1. Savidis, "Transfer Learning for Reuse of Analog Circuit Sizing Models
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Across Technology Nodes," 2022 IEEE International Symposium on Circuits and Systems
(ISCAS), Austin, TX, USA, 2022, pp. 1033-1037.
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2025 China Postgraduate IC Innovation
Competition * EDA Elite Challenge Contest

1. Problem
Al-Based Cross Technology Behavioral Modeling of Analog ICs
2. Company
Hong Kong Applied Science and Technology Research Institute Company Limited
3. Problem Background

With the continuous and rapid advancement of the global integrated circuit (IC) industry,
analog integrated circuits, as core building blocks of system-on-chip (SoC), are playing an
increasingly vital role. A key challenge in analog IC design is how to reuse existing
intellectual property (IP) blocks effectively to achieve agile design in new process nodes,
thereby shortening time-to-market, which is not only a market need , but also a technical
challenge. This contest problem “Al-based across-technology behavioral modeling for
analog integrated circuits is proposed based on the need and challenge. Achieving cross-
technology analog IC design automation involves two aspects: automatic migration, i.e.
porting (resizing) of circuit schematics and automatic migration of physical layouts. In view
of the complexity of this task and the time limitation of the competition, the scope of this
contest problem will be limited to cross-technology circuit modeling, which is related to the

automatic migration, namely re-sizing of circuit schematics.

Currently, machine learning techniques, such as deep neural networks (DNN), Gaussian

process regression (GPR), and support vector machines (SVM), have opened a new avenue

14
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for cross-technology node modeling research because of their powerful data-driven modeling
capabilities. The development of predictive model using history data in previous process
nodes has emerged as a key focus in this field. Accurate cross- process node modeling enables
early circuit performance evaluation during new technology introduction, significantly
reducing design verification cycles. However, the critical challenge of utilizing large-scale
source technology data to improve model generalization with limited target technology data

still requires joint efforts from both academia and industry.

4. Competition Problem Description

This competition task focuses on predicting analog circuit performance cross process
nodes. Participants are required to design new algorithms, including artificial intelligence (Al)
approaches such as machine learning (ML), transfer learning (TL), and large language
models (LLMs), or any other methods, using training data provided in source process A and
target process B. This dataset contains abundant circuit simulation data from process A and
limited data from process B, covering 2 different operational amplifier topologies, two-stage
and five-transistor op-amps. A withheld test set comprises extensive Technology B simulation
data. Participants will develop models using the complete training dataset and circuit
topology information provided by the organizers. Final submissions will undergo rigorous
assessment of accuracy and generalization performance on the hidden test set.
(Participants need to address the following challenges):

4.1 Problem Statement

15



- PEFRLN AR
AN EDARE S HEGX 2%

Participants must develop cross-process circuit models using the provided dataset,
containing abundant simulation data from source Technology A and limited data from target
Technology B. These models will include: (a) predict performance metrics, as shown in

Figure 1, and (b) inverse design, as shown Figure 4, of two operational amplifier topologies.
A. 5T Operational Amplifier Performance Prediction Model

The inputs of this model are circuit design parameters of a 5T operational amplifier,
as shown in Figure 2, including device dimensions and bias currents, and the outputs are
predicted circuit performance metrics, such as DC gain, unity-gain frequency (UGF),
phase margin (PM), common-mode rejection ratio (CMRR), and slew rate (SR), under

target Technology B.

Input Output
[ DC )

Gain,

CMRR

Fig. 1 Operational Amplifier Performance Prediction Model

16
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Fig.2 Circuit topology of 5T operational amplifier

Circuit design : Circuit performance .
parameters unit indicators unit
wl um Gain X
w2 um PM °
w3 um UGF Hz
11 um CMRR X
12 um SR V/s
13 um
Ibias A

Table 1: Circuit design parameters and performance indicators of the 5T operational amplifier

B. wo-Stage Operational Amplifier Performance Prediction Model

The inputs of this model are design parameters of the two-stage operational amplifier,
as shown in Figure 3, including device dimensions and bias currents, and the outputs are
predicted circuit performance metrics, such as Gain, UGF, PM, CMRR, and SR, under target

Technology B.

17
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Fig. 3: Circuit topology of a two-stage operational amplifier

Circuit design . Circuit design ) Circuit performance )
parameters unit parameters unit indicators unit

wl um 11 um Gain X
w2 um 12 um PM °
w3 um 13 um UGF Hz
w4 um 14 um CMRR X
w5 um 15 um SR V/s
Cm F Ibias A
Rz ohm

Table 2: Circuit design parameters and performance indicators of a two-stage operational

amplifier

C. T Operational Amplifier Parameter Inversion Model

The inputs of this model are the performance metrics of the 5T operational amplifier
based on process technology B, including gain, UGF, PM, CMRR and SR, and the outputs
are predicted design parameters, such as transistor dimensions and bias currents, achieving

inverse circuit design under Technology B.

18
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D. Two-stage operational amplifier parameter back-calculation model
The inputs of this model are the performance metrics of the two-stage operational amplifier
based on the technology B, including gain, UGF, PM, CMRR and SR, and then the outputs
are predicted design parameters, such as transistor dimensions and bias currents, achieving

inverse circuit design under Technology B.

Input

Fig. 4: Parameter Back-Calculation Model of the Operational Amplifier

4.2 Submission Requirements

Final competition submissions must include two components:

3. Source Code Repository: Submit executable algorithm code with a Python interface. The
implementation must feature clear architecture, comprehensive documentation, and full
reproducibility.

4. Design Report (Word Format): Submit a team technical report, including algorithm
design methodology, detailed experimental test analysis and comprehensive
performance summary. The report must demonstrate logical coherence and thorough

technical discussion

19
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5. Scoring Criteria

Total (Sections A, B, C, and D): 100 points, each section: 25 points. Submitted programs will

be evaluated on both 5T and two-stage operational amplifiers. Ranking will be determined

through comprehensive assessment of prediction accuracy and model generalization
capability, with final scores assigned according to competition ranking.

Scoring criteria per section:

3. Prediction Accuracy Score (20%): Models will be evaluated on target Process B data
within the training dataset. Prediction precision will be quantified using error metrics
between model outputs and ground truth data, including Mean Squared Error (MSE),
Mean Absolute Error (MAE), and Coefficient of Determination (R?). The organizing
committee will calculate a Figure of Merit (FoM) based on these metrics to score
submissions. Teams will then be ranked according to FoM results, with higher rankings
receiving proportionally greater scores.

4. Generalization Capability Score (80%): This primary evaluation focuses on model
stability and adaptability when processing the withheld test dataset, specifically
assessing performance under scarce target-process data conditions. The organizing
committee will quantify generalization capability using error metrics between
predictions and test data ground truth, including MSE, MAE, and R2 A FoM derived
from these metrics will determine team rankings, with higher rankings receiving

proportionally greater scores.

Detailed scoring methodology:

20
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For Sections A and B, the Figure of Merit (FoMi) for the i th performance metric (or inverse

design parameter) is calculated as follows:

FoM;=0.3%MSEuom + 0.3% MAE nom + 0.4XRporm (1)
MSEom=1 - min(MSE | MSEwors:, 1) )
MAEnom =1 - min(MAE | MAE oy, 1) 3)
R?,0rm = max(R?, 0) (4)

where MSEworst denotes the poorest MSE observed among all teams for the i th
circuit performance metric (or inverse design parameter), and MAEworst represents
the highest MAE for the i th metric across all submissions.

The total FoM is:

FoM =Y (FoM,) (5)

For Sections A and B, teams are ranked according to their FoM (Eq. 5). Score
allocation follows this structure: Rank 1 has 100% of section score, Rank 2 gets 90%,
Rank 3 gets 80%, Ranks 4 to 10 decreases by 5% per rank, namely from 75% to 45%,
Ranks 11 to 25 decreases by 3% per rank, namely from 42% to 0%.

In Sections C and D, calculate the FoM for the inverse design parameters of the circuit :

FoM= 0.5*MSE ’nom + 0.5% MAE’nom (6)

MSE ’nom: 1 - mln(MSE’ / MSE ’warst, 1) (7)
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AE’nom =1 - min(MAE’ | MAE’yorst, 1) (8)

i=1k=1 (9)

n k
MAE =.3"%"
i=1k=1 (10)

v yr
Y

Where MSE’worst denotes the worst MSE’ of the inverse design parameters
among all submissions, while MAE’worst represents the worst MAE’ of the inverse
design parameters among all submissions. Specifically, yk stands for real value of the k
th design parameter, yk’ denotes the predicted k th design parameter, and n is the
number of samples.

For Sections C and D, teams are ranked according to Eq. (6),

Finally, the final ranking is determined based on the total scores of each team in
the four parts A, B, C and D.

Taking the generalization score of Section A as an example, the full score for the
generalization score in Section A is 25 x 80% = 20 points. The following table shows the

generalization scores of the top 30 participating teams in Section A:

. L The absolute
) The relative generalization o
Ranking generalization score of
score of Part A [%]
Part A
1 100% 20
2 90% 18
3 80% 16
4 75% 15
5 70% 14
6 65% 13
7 60% 12
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8 55% 11
50% 10
10 45% 9
11 42% 8.4
12 39% 7.8
13 36% 7.2
14 33% 6.6
15 30% 6
16 27% 54
17 24% 4.8
18 21% 4.2
19 18% 3.6
20 15% 3
21 12% 24
22 9% 1.8
23 6% 1.2
24 3% 0.6
25 0% 0
26 0% 0
27 0% 0
28 0% 0
29 0% 0
30 0% 0

6. Requirements for participants

Participants are required to have a good command of artificial intelligence and analog
integrated circuit design, as well as excellent programming skills. The major of the
participants are integrated circuit design, computer science and technology, artificial
intelligence, electronic science and technology, and microelectronics and solid-state
electronics, etc.
7. Reference

[1]. Z. Wu and 1. Savidis, "Transfer Learning for Reuse of Analog Circuit Sizing Models
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(ISCAS), Austin, TX, USA, 2022, pp. 1033-1037.

8. Appendices and Supplementary Materials

In this competition problem, the test circuit for the operational amplifier is as follows:

The first test circuit is used to measure the gain, unity-gain bandwidth, and phase margin
of the operational amplifier, with an operating voltage of Vdd, a load capacitance of 2 pF, an
input common-mode voltage of 0.5Vdd, and a frequency sweep range from 0.1 Hz to 100
GHz. The gain refers to the gain at a frequency of 1 Hz (in X, not dB). The unity-gain
bandwidth (in Hz) is the frequency at which the gain drops to 1. The phase margin (in degrees)
is the difference between the phase and -180° when the gain is 1.

AC testbench for Gain, UGF and PM

Vin+

VOIJt
("\-'; OPamp

Vin.

in
O de=0.5vdd

— 2pF

=

Appendix. 1: Test circuit 1 is used to measure the gain, unity gain bandwidth and phase margin of
the operational amplifier.
The second test circuit is employed to measure the common-mode rejection ratio
(CMRR) of the operational amplifier, with an operating voltage of Vdd, a load capacitance

of 2 pF, an input common-mode voltage of 0.5Vdd, and a frequency sweep range from 0.1
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Hz to 100 GHz. Herein, the CMRR refers to the gain at a frequency of 1 Hz (in X, not dB).
AC testbench for CMRR

: Vin. \
OPamp Vou
_@_Vw / = 2pF

© de=0.5vdd

i

App. 2: Test Circuit 2 is used to measure the common-mode rejection ratio of the operational
amplifier.

The third test circuit is used to measure the positive slew rate of the operational amplifier,
with an operating voltage of Vdd, a load capacitance of 2 pF, an input common-mode voltage
of 0.5Vdd. The input positive step signal has a waveform amplitude of 200 mV, a rising edge
of 10 ps, and a simulation time of 100 ns. The positive slew rate (in V/s) refers to the rate of
positive change in the output voltage when an input step signal is applied.

Transient testbench for SR

Vin+
Vout
OPamp
@ Vin-
e dc=0.5Vdd = 2pF

=
App. 3: Test circuit 3 is used to measure the positive slew rate of the operational amplifier.
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The netlists of two operational amplifiers used in this problem, namely the 5T

operational amplifier and the two-stage operational amplifier, are as follows:

.subckt diff opamp dd gnd inp inn net7 out

X1 netl inp net3 net3 nmos W={wl} L={1l1}
X2 out inn net3 net3 nmos W={wl} L={11}
X3 netl netl dd dd pmos W={w2} L={12}
¥4 out netl dd dd pmos W={w2} L={12}
X5 net3 net7 gnd gnd nmos W={w3} L={13}
Xé net7 net?7 gnd gnd nmos W={w3} L={13}

.ends

App. 4: Circuit netlist of 5T operational amplifier

.subckt diff opamp dd gnd inp inn net7 out

¥1 netl inn net3 net3 nmos W={wl} L={11}
#2 net2 inp net3 net3 nmos W={wl} L={1l1}
¥3 netl netl dd dd pmos W={w2} L={1l2}
¥4 net2 netl dd dd pmos W={w2} L={12}
%5 net3 net7 gnd gnd nmos W={w3} L={13}
X6 out net2 dd dd pmos W={wd} L={14}
X7 out net7 gnd gnd nmos W={w} L={15}
¥8 net7 net7 gnd gnd nmos W={w3} L={13}
cc net8 out {ecc}

rl net?2 net8 {cr}

.ends

App. 5: Circuit netlist of two-stage operational amplifier

*For questions not covered in this guide, please refer to the O&A document
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