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Face-to-Face bonded 3D IC

Shi, Yunqi, et al. "Open3dbench: Open-source benchmark for 3d-ic backend implementation and ppa evaluation." arXiv preprint arXiv:2503.12946 (2025).

• High integration density


• Manufacturing Feasibility



Motivation
• Pseudo-3D flows fail to incorporate timing during Placement


• True-3D placers remain wirelength driven

Heechun Park, Bon Woong Ku, Kyungwook Chang, Da Eun Shim, and Sung Kyu Lim. 2021. Pseudo-3D Physical Design Flow for Monolithic 3D ICs: Comparisons and Enhancements. ACM Trans. Des. Autom. Electron. Syst. 26, 5, Article 37 (September 2021), 25 pages



Related works - True 3D placer
• Limitation of Traditional 3D-HPWL : Fails to capture the actual routing cost when 

Hybrid Bonding Terminals (HBTs) are inserted.


• The Bistratal HPWL (BiHPWL)  Approach:  Dynamically switches between 
minimizing the overall net span and optimizing sub-nets on each die independently.
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Peiyu Liao, Yuxuan Zhao, Dawei Guo, Yibo Lin, and Bei Yu. 2024. Analytical Die-to-Die 3-D Placement With Bistratal Wirelength Model and GPU Acceleration. Trans. Comp.-Aided Des. 
Integ. Cir. Sys. 43, 6 (June 2024), 1624–1637.

Jingwei Lu, Hao Zhuang, Ilgweon Kang, Pengwen Chen, and Chung-Kuan Cheng. 2016. EPlace-3D: Electrostatics based Placement for 3D-ICs. In Proceedings of the 2016 on 
International Symposium on Physical Design (ISPD '16). Association for Computing Machinery, New York, NY, USA, 11–18.



IDDA-3D : Global Placement
•  D2D WL : HBT assigned, sum of WL on each die ( HBT included )


• Primary design goal is to jointly minimize the D2D WL and the 
absolute value of TNS

Peiyu Liao, Yuxuan Zhao, Dawei Guo, Yibo Lin, and Bei Yu. 2024. Analytical Die-to-Die 3-D Placement With Bistratal Wirelength Model and GPU Acceleration. Trans. Comp.-Aided Des. 
Integ. Cir. Sys. 43, 6 (June 2024), 1624–1637



IDDA-3D : Global Placement
• BiHPWL : no HBT assigned yet, surrogate model in GP to 

estimate D2D WL without knowing HBT locations 



IDDA-3D : Flow
• Analytical Global Placement: 

• Jointly optimizes 4 objectives: WL, 
Density, Cutsize, and Timing.


• Timing Optimization: 

• Triggered periodically after density 
overflow drops below a threshold.


• Path-based weighting via Static 
Timing Analysis (STA).



IDDA-3D : Objectives
• Bistratal HPWL (BiHPWL):
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Smooth by Weighted-Average (WA) model



IDDA-3D : Objectives
• 3D density 

• Placement density overflow as electrostatic potential energy.


• The volume of an instance is the value of the charge.

Jingwei Lu, Hao Zhuang, Ilgweon Kang, Pengwen Chen, and Chung-Kuan Cheng. 2016. EPlace-3D: Electrostatics based Placement for 3D-ICs. In Proceedings of the 2016 on 
International Symposium on Physical Design (ISPD '16). Association for Computing Machinery, New York, NY, USA, 11–18.



IDDA-3D : Objectives
• Cutsize 


• HBTs are limited resource


• Z-axis peak-to-peak function balances WL and HBT usage



IDDA-3D : Objectives
• Timing Cost 

• Must be differentiable


• Consider both die information


• Limitations of previous timing models : 


• net-weighting : indirect optimization of driver-sink connections


• RSMT : 3D steiner topology change when z change



IDDA-3D : Timing
• Timing Cost = weighted Intra-/Inter-Die Delay 

• Intra- / Inter-Die Delay Model :   

• Elmore approximation : RC delay is quadratic in the wirelength


• For driver-sink pair in same die : placer will reduce its intra-die delay 


• 


• For cross-die driver-sink pair : placer will reduce its inter-die delay 


•



IDDA-3D : Timing
• Timing Cost = weighted Intra-/Inter-Die Delay

• Path-based Weighting :   

• Pairs shared by multiple critical 
paths naturally accumulate higher 
weights from all paths.



IDDA-3D : Timing

• Timing Cost is not continuous on Z-axis, so we adopt Finite 
difference approximation (FDA) to obtain the gradient. 



IDDA-3D : Experimental Results
• Use different node to prove our RC-based delay cost.


• OpenSTA as Evaluator.



IDDA-3D : Experimental Results
• IDDA-3D improves TNS by 75% and WNS by 23% compared to the 2D.


• IDDA-3D improves TNS by 44% and WNS by 22% compared to the 3D.



IDDA-3D : Ablation Study on FDA Gradients
• Convergence Failures on two designs without FDA grad.


• Timing Degradation : For converged designs, TNS worsened by 
35% and WNS by 18% on average without FDA grad.


