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Abstract 
 

 
Design, Modeling, and Characterization of Three Dimensional Integrated 
Circuits 
By: Khaled Salah Mohamed 

 
 

     This dissertation presents a wide-band SPICE-compatible RLC model for TSVs in 3D ICs. 

This model accounts for a variety of effects, including skin effect, depletion capacitance, and 

(more novel) nearby contact effects. The TSV is modeled like a MOS structure where it is 

assumed that a full depletion region exists around the TSV. A lumped parameter model is 

then proposed to model the TSV. The equivalent circuit model includes a single TSV model 

and coupling model between TSVs. For many structures, we determined S-parameters using 

field-solver and then the parameters are determined by fitting the S-parameters data with a 

TSV circuit model. Dimensional analysis is then applied to obtain closed form solutions for 

the resistance, capacitance, and inductance of the lumped model. The accuracy of the 

expressions is then verified with the electromagnetic field solver Ansoft Quick 3D (Q3D) 

under typical high-density TSV dimensions, and it shows a significant accuracy up to 100 

GHz. The results also indicate that the MOS effect does not play a significant role in case of 

no body contacts. This is corroborated by the value obtained for Cdep and Rdep as compared to 

Rsi and Csi. This shows that the MOS effect is very important in proximity of body contacts. 

Although, there are several models in the literature that provide an RLC model for a TSV and 

closed form expressions with different levels of accuracy, our models exhibit several 

additional enhancements as compared to existing literature: 1) MOS depletion R and C effect. 

2) Body contact effect. 3) Model linearization, i.e, single nonlinear or frequency dependent 

element can be approximated by multiple linear, and frequency independent elements. 4) 

Simulation comparisons (e.g. with full-wave, quasi-static, and device simulation). This work 
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can be very useful in the fast parasitic extraction of TSVs for 3D IC design. 

   Moreover, a proposed architecture based on TSV technology for a spiral inductor is 

demonstrated and characterized. A closed form expression for the inductance is obtained and 

an analytical equation to calculate the maximum quality factor is derived. Simulation results 

indicate that our formulas are accurate.  

      Also, in this research, and for the first time, a novel inductive coupling interface that uses 

the magnetic near field induced by TSV-based spiral inductor is demonstrated. The feasibility 

of using TSV for wireless near field communication is shown. A TSV-based near-field 

inductive-coupling system offers a high quality factor and a good coupling coefficient. 

Therefore, the proposed communication system appears to be a promising technology for 

wireless communication. To our knowledge, this is the first work on this topic.  

 

Key Words: Three-Dimensional ICs, Through Silicon Via, Modeling, TSV, Dimensional 

Analysis, Macro- Modeling, Spiral Inductor, Quality factor (Q), Self-Resonance Frequency, 

and Wireless. 
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Summary 
 

 
Design, Modeling, and Characterization of Three Dimensional Integrated 
Circuits 
By: Khaled Salah Mohamed 

   This dissertation consists of the following chapters:  

Chapter One introduces ongoing trends to work around Moore’s law limitations. 

Moreover, this chapter focuses on technology level trends, where it presents new 

architectures, materials, interconnect schemes, and devices. Technology trends for 3D 

integration, highlights of the 3D/TSV modeling and design challenges, and review of existing 

solutions are included. Motivation, previous work, and contributions are also presented in this 

chapter. 

Chapter Two proposes a TSV modeling methodology. Moreover, the TSV is physically 

modeled and characterized, different multi-TSVs structures are investigated and the proposed 

lumped element model for multi-TSV arrangements and closed form formulas are introduced. 

Also, the TSV model linearization is introduced and the proposed models for multi-TSV 

arrangements are validated versus electromagnetic simulations in the frequency and time 

domains. The TSV impact on circuit performance is also investigated. 

Chapter Three presents a TSV-Based On-Chip Spiral Inductor. A closed form expression 

for the inductance is obtained and analytical equation to calculate the maximum quality factor 

is derived. 

Chapter Four presents a novel TSV-Based On-Chip Wireless Communications. The 

feasibility of using TSV for wireless near field communication is analyzed and verified. 

Chapter Five concludes this dissertation and proposes future work. 
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