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Electronic Design Automation (EDA) and Physical Design (PD)

[1] “Placement in Advanced Technology Nodes”, Bei Yu, https://www.cse.cuhk.edu.hk/~byu/doc/2021-Place.pdf

• Definition of Electronic Design 

Automation (EDA)

• Role of Physical Design (PD)



AI for EDA



Why Open-Source EDA?

• Commercial Tools

• Open-Source Tools
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Why Open3DBench?

• 3D-IC has the potential to sustain Moore’s Law 

• Three types of inter-connect implementation:

• Micro-bumping

• Hybrid Bonding Terminals (HBTs)

• Monolithic Inter-tier Vias (MIVs)



Why Open3DBench?

• 3D-IC has the potential to sustain Moore’s Law 

3D-IC implemented with hybrid bonding terminals (HBTs)
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• 3D-IC physical design research has attracted tremendous attention these years
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Why Open3DBench?

• 3D-IC physical design research has attracted tremendous attention these years.

• We want to test our 3D EDA algorithms in a standardized and reliable way.

[1] Zhao, Yuxuan, et al. "Analytical Heterogeneous Die-to-Die 3D Placement with Macros." TCAD 2024.
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[1]

• Such contest benchmarks provide standardized comparison. But the host did not provide any 

implementation details (including valid PDK or design RTLs), narrowing the use of test cases.

Taking 3D placement as an example:

Contest benchmarks:

• 3D Placement with D2D Vertical Connections @ ICCAD’22 Contest

• 3D Placement with Macros @ ICCAD’23 Contest
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Why Open3DBench?

• 3D-IC physical design research has attracted tremendous attention these years.

• We want to test our 3D EDA algorithms in a standardized and reliable way.

Taking 3D placement as an example:

Workaround by 2D backend flow:

• Macro-3D [1], Pin-3D [2], 3D Net-to-Pad Assignment [3] use Innovus to perform 3D backend flow.

• TA-3D [4] builds a 3D timing model using 2D tool OpenSTA.

[1] Bamberg, Lennart, et al. "Macro-3D: A physical design methodology for face-to-face-stacked heterogeneous 3D ICs." DATE 2020.
[2] Pentapati, Sai Surya Kiran, et al. "Pin-3D: A physical synthesis and post-layout optimization flow for heterogeneous monolithic 3D ICs." ICCAD 2020.
[3] Vanna-iampikul, Pruek, et al. "Placement-Aware 3D Net-to-Pad Assignment for Array-Style Hybrid Bonding 3D ICs. " ISPD 2025.
[4] Kim, Donggyu, et al. "TA3D: Timing-Aware 3D IC Partitioning and Placement by Optimizing the Critical Path." MLCAD 2024

• Commercial tools and commercial PDKs prevent replicable comparisons due to license issue.

• Building our own workaround flow may be time consuming and sometimes not reliable enough.



What is Open3DBench?

• Main purpose: 

Benchmarking everything in 3D backend flow



What is Open3DBench?

• Key idea:

Duplicate the original 2D metal layers and 

implement the 3D design on one die

[1] Bamberg, Lennart, et al. "Macro-3D: A physical design methodology for face-to-face-stacked heterogeneous 3D ICs." DATE 2020.



What is Open3DBench?

• PDK preparation: Modify NG45 to NG45_3D

• Duplicate the metal layer in techlef

• Duplicate the instance lef and lib to distinguish 

top and bottom die

Buffer_X1.lef

Buffer_X1_top.lef Buffer_X1_bottom.lef



What is Open3DBench?

• Design preparation: 

Any 2D design (RTL / netlist) supported by 

OpenROAD-flow-scripts

[1] Bamberg, Lennart, et al. "Macro-3D: A physical design methodology for face-to-face-stacked heterogeneous 3D ICs." DATE 2020.



What is Open3DBench?

• 3D Placement: 

Adopt 2D DREAMPlace [1] for workaround

[1] Lin, Yibo, et al. "DREAMPlace: Deep learning toolkit-enabled GPU acceleration for modern VLSI placement." DAC 2019.



What is Open3DBench?

• Hybrid Bonding Terminal (HBT)

[1] Vanna-iampikul, Pruek, et al. "Placement-Aware 3D Net-to-Pad Assignment for Array-Style Hybrid Bonding 3D ICs. " ISPD 2025.



What is Open3DBench?

• PPA evaluation

Since we establish the whole design on a 2D vision, 

and have defined the 3D connections properly, 

the original 2D OpenSTA [1] can serve 3D timing 

analysis.

HotSpot [2] supports 3D inherently.

[1] https://github.com/The-OpenROAD-Project/OpenSTA
[2] https://github.com/uvahotspot/HotSpot

https://github.com/The-OpenROAD-Project/OpenSTA
https://github.com/The-OpenROAD-Project/OpenSTA
https://github.com/The-OpenROAD-Project/OpenSTA
https://github.com/The-OpenROAD-Project/OpenSTA
https://github.com/The-OpenROAD-Project/OpenSTA
https://github.com/uvahotspot/HotSpot


What is Open3DBench?

• Some evaluations
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HBT Legalization - Bipartite Matching
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Formally, HBT Legalization is a large-scale bipartite matching 

problem, minimizing the total displacement.

Georgia Tech. and Synopsys adopt Hungarian algorithm to 

optimize the assignment[1], with complexity O(|𝑃|!×|𝐶|), requiring 

hours for large cases.

[1] Pruek, et al. “Placement-Aware 3D Net-to-Pad Assignment for Array-Style Hybrid Bonding 3D ICs”. ISPD 2025.



HBT Legalization - Bipartite Matching
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[2] Sai Pentapati, et al. “On Legalization of Die Bonding Bumps and Pads for 3D ICs”. ISPD 2023.

Georgia Tech. proposes a sliding window-based method[2], recursively 

moving the window to scan the whole canvas, and perform Hungarian 

algorithm inside the window.



HBT Legalization - Bipartite Matching
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[3] Liu, Siting, et al. "Routing-aware legal hybrid bonding terminal assignment for 3D face-to-face stacked ICs." ISPD 2024.

CUHK proposes a Quadratic-tree-based method[3], recursively 

partitioning the canvas into four rectangular areas and deciding 

assignments in a bottom-up manner.
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We propose a two-stage legalization procedure: 

1) Greedy assign to a nearest legal position. 

2) Adopt reinforcement learning (RL) to dynamically choose the 

window, and perform Hungarian algorithm for refinement. 

Rip-up and Reassign
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HBT Legalization - Bipartite Matching
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Benefit:

Unlike sliding window-based method, we only have to deal with a 

small proportion of regions that are critical in HBT resources.

Our method introduce significant efficiency improvement of over 100x, 

compared to sliding window-based method, with reduced displacement.
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Limitations

• Heterogeneous

• TSV consideration

• 3D power distribution network

• 3D buffering & sizing

• …



Thank you!

arXiv:github:

Yunqi Shi
Nanjing University

Email: shiyq@lamda.nju.edu.cn


