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ABSTRACT 

Silicon interposers with Through-Silicon Vias (TSVs) have 

become essential in advanced semiconductor packaging, 

enabling high-density integration, improved electrical 

performance, and efficient thermal management. This paper 

explores the next generation of silicon interposers, focusing 

on the technical advantages of using thicker interposers[1]       

with larger TSVs, specifically 50μm in diameter and 300μm 

in length. These larger TSVs offer several benefits, including 

enhanced electrical interconnectivity, increased bandwidth, 

improved mechanical stability, and superior thermal 

dissipation, which are critical for applications such as high-

performance computing (HPC), [2] artificial intelligence 

(AI), 5G infrastructure, and automotive electronics. We 

discuss the design considerations, material choices, and 

manufacturing challenges associated with this technology  

compared to traditional designs. The findings highlight the 

potential of this technology to drive future innovations in 

semiconductor packaging and system integration, making it a 

key enabler for next-generation electronic devices. 
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INTRODUCTION 

A. Overview of Silicon Interposers in Electronic 

Packaging 

Silicon interposers have become a critical component in 

advanced electronic packaging, enabling high-density 

integration of multiple chips in a compact form factor. As 

semiconductor devices evolve toward higher performance 

and greater integration, the role of silicon interposers has 

expanded significantly. Initially developed to address the 

growing need for high-performance interconnects, silicon 

interposers enable system-on-chip (SoC) architectures[3], 

multi-chip integration, and stacked-die packaging. Their 

ability to host various components such as logic, memory, 

and I/O interfaces in a highly integrated system-on-package 

structure has positioned them at the forefront of modern 

semiconductor packaging. 

 

 

Figure 1. Interposer in 2.5D Packaging 

 

B. Brief History and Evolution of Silicon Interposers 

Silicon interposers emerged in the early 2000s as a crucial 

part of 2.5D packaging to address these challenges. In 

traditional packaging, dies are connected to a substrate using 

wire bonding or flip-chip techniques, but these methods faced 

limitations in terms of interconnect density, parasitics 

(resistance, capacitance, inductance), and signal integrity. 

The transition from wire bonding to flip-chip technologies 

allowed for much shorter interconnects between the die and 

the substrate, reducing parasitics (i.e., the unwanted resistive, 

capacitive, and inductive effects that degrade signal 

transmission). However, flip-chip methods alone were 

insufficient to handle the increasing demands for high 

bandwidth and faster communication between multiple dies. 

This gap led to the development of silicon interposers, which 

acted as an intermediary between the dies and the substrate, 

greatly improving the interconnect density by incorporating 

fine-pitch redistribution layers (RDLs) on the interposer. [4]    

 

INTRODUCTION TO TSV TECHNOLOGY 

One of the most significant innovations in silicon interposers 

is the introduction of TSVs. Through-Silicon Vias (TSVs) are 

vertical electrical interconnects that pass through a silicon 

wafer or silicon interposer, enabling direct die-to-die 

communication and the efficient transmission of power and 

signals across the layers of stacked chips or between dies on 

a 2.5D interposer. Unlike traditional wire bonding, which 

involves longer and more resistive paths, TSVs create a high-

density vertical connection that reduces signal latency, 

improves bandwidth, and enhances overall system 

performance. 

 

TSV technology fundamentally transformed the 

semiconductor packaging industry by supporting advanced 

3D integration and 2.5D packaging[5].  These vertical 

interconnections facilitate the stacking of dies or the 

interconnection of multiple chips on a silicon interposer, 

allowing for high-performance, low-power, and small form-

factor designs. 

 

Traditional TSVs generally have diameters ranging from 

5μm to 20μm and lengths between 100μm and 200μm, 

depending on the application. While effective for low-power, 

low-frequency applications, such TSVs face limitations in 

handling the requirements of modern high-performance 

computing, which demands higher power and signal 

integrity. Thus, there has been a shift toward next-generation 



TSVs with significantly larger dimensions, including 

diameters up to 50μm and lengths reaching 300μm. 

 

COMPARISON OF TRADITIONAL VS NEXT-

GENERATION TSV’S  

Traditional TSVs are typically characterized by diameters 

ranging from 5μm to 20μm and lengths between 100μm and 

200μm. These TSVs are primarily used in low-power, low-

bandwidth applications, such as mobile devices and memory 

modules. While effective for these simpler tasks, traditional 

TSVs have limitations when applied to more demanding 

environments. Their smaller size restricts the amount of 

current they can handle, leading to increased resistive losses 

that degrade signal integrity, especially in high-frequency 

operations. Furthermore, the thermal dissipation capabilities 

of these smaller TSVs are limited, which can pose significant 

challenges for heat-sensitive components in devices where 

efficient thermal management is crucial. As a result, 

traditional TSVs struggle to meet the performance 

requirements of applications requiring higher power and 

bandwidth. 

               
 

Figure 2. 3D View of a TSV structure[6].   

 

In contrast, next-generation larger TSVs are designed to 

address these limitations by offering diameters of up to 50μm 

and lengths reaching 300μm. These TSVs are specifically 

engineered for high-performance, data-intensive applications 

such as high-performance computing (HPC), AI accelerators, 

[7]and the heterogeneous integration of memory and logic 

dies. The increased diameter of larger TSVs allows them to 

handle significantly higher currents, thereby reducing 

resistive losses and enhancing the overall efficiency of power 

delivery. Moreover, the wider cross-sectional area of these 

TSVs minimizes capacitive coupling, which in turn improves 

signal integrity, particularly in high-frequency applications 

where signal degradation is a major concern. Another key 

advantage of larger TSVs is their superior thermal 

management capabilities. The larger vias provide more 

effective heat dissipation pathways, which is critical for 

mitigating thermal stress in stacked die [8]configurations. 

This feature is especially important in 3D integrated circuits 

(ICs), where excessive heat buildup can negatively impact 

both performance and long-term reliability. These 

improvements make larger TSVs a key enabler for next-

generation high-performance devices. 

 

KEY MOTIVATIONS FOR INCREASING TSV 

DIAMETER AND LENGTH 

Key Motivations for Increasing TSV Diameter and Length 

The decision to increase the diameter and length of TSVs in 

the next generation of silicon interposers is driven by several 

key factors that are crucial for meeting the demands of high-

performance and data-centric computing [9]environments: 

 

A. Higher Bandwidth Requirements 

As the industry moves toward heterogeneous integration and 

multi-die architectures, the demand for higher bandwidth 

between dies has increased significantly. Smaller TSVs, 

although effective for many applications, are limited by their 

cross-sectional area, restricting the amount of data that can be 

transmitted in each period. 

Larger TSVs provide a greater cross-sectional area, which 

can support higher data rates and enable parallel transmission 

of signals. This is especially critical for applications like 

high-bandwidth memory (HBM) as illustrated below [10] 

where multiple data channels require fast and simultaneous 

communication between the logic and memory dies. 

 

 
 

Figure 3. High Bandwidth Memory architecture [17].   

 

B. Robustness in Manufacturing and Assembly 

In TSV (Through-Silicon Via) manufacturing, one of the 

primary challenges, particularly with smaller TSVs, is the 

potential for defects such as voids, seams, or incomplete 

metallization during the deep reactive ion etching (DRIE) and 

via filling processes. [11]  These defects typically arise due 

to the high aspect ratios in smaller TSVs, where etching deep 

and narrow vias becomes more complex, and filling them 

uniformly with conductive materials like copper is more 

prone to inconsistencies. Voids or seams within the TSV can 

lead to electrical discontinuities, increasing resistance or 

creating open circuits, which compromise the electrical 

performance and reliability of the overall system. [12]  From 

a mechanical perspective, these defects can also weaken the 

TSV's structural integrity, making it susceptible to thermo-

mechanical stresses. During thermal cycling, where the 

system undergoes repeated heating and cooling, smaller 

TSVs with voids as depicted in the figure below are prone to 

cracking, delamination, or electromigration, which further 

degrades their reliability over time. The small cross-sectional 

area of these TSVs limits their ability to dissipate heat 

effectively, exacerbating thermal stress, and increasing the 

likelihood of mechanical failure. 



 
Figure 4. Schematic illustration of void formation in Cu-

TSVs [13].   

 

C. Process Improvements with Larger TSVs 

The shift toward larger TSVs (e.g., with diameters up to 

50μm) addresses many of these manufacturing challenges. 

The wider via diameter allows for more controlled and 

uniform etching, reducing the risk of sidewall defects or 

under-etching that can occur with smaller features. [14] 

   

Moreover, the process tolerances for larger TSVs are 

inherently more forgiving, as the aspect ratio (the ratio of 

TSV depth to width) is less extreme, simplifying the chemical 

vapor deposition (CVD) and planarization steps. These 

relaxed process constraints significantly improve 

manufacturing yield, as fewer TSVs are subject to defects 

during the fabrication process. In high-volume production 

environments, this translates into fewer defective units and 

reduces the cost per wafer, ultimately improving the 

scalability and feasibility of larger TSV technology in 

advanced packaging. 

 

D. Mechanical Strength and Reliability 

Smaller TSVs are preferred due to their improved reliability 

and reduced risk of failure. Larger TSVs, on the other hand, 

present several challenges. They are more susceptible to 

cracking and buckling due to the increased mechanical 

stresses that arise with their size, which makes them less 

robust. The greater volume in larger TSVs also amplifies the 

risk of defects and can lead to issues such as stress 

concentration and warping. These mechanical concerns, 

along with the increased material costs and changes in 

chemical properties at larger scales, make larger TSVs less 

favorable. As a result, smaller TSVs offer a more reliable and 

resilient solution, effectively minimizing risks related to 

stress, cracking, and deformation. 

 

E. Higher Yield and Robustness in High-Volume 

Production 

In high-volume manufacturing environments, yield is a key 

factor that directly impacts cost and production efficiency. 

When yield is low, costs increase, and when yield is high, 

costs decrease. One way to maintain this balance is by using 

smaller TSVs, which offer improved reliability and reduced 

failure rates while preserving yield. Achieving this balance 

between process time, cost, and yield is crucial for optimizing 

the overall efficiency of the manufacturing process. 

 

But on the other hand, larger TSVs provide enhanced thermal 

and mechanical resilience, ensuring they can be reliably 

produced in high volumes without significant degradation in 

quality or performance. This reliability is essential for 

supporting next-generation packaging technologies, such as 

heterogeneous integration and 3D ICs[15], where multiple 

dies are stacked together. Any failure in TSV performance 

could compromise the entire system . 

 

C. TSV Design Considerations 

The design of TSVs involves optimizing: 

Aspect Ratio: The ratio of the TSV height (length) to its 

diameter is crucial for maintaining good electrical 

performance while minimizing parasitics. 

Material Choice: Copper is often preferred due to its excellent 

conductivity, but thermal expansion mismatch with silicon 

can cause mechanical stresses. [16]    

 

FUTURE PR OSPECTS  

As semiconductor technology continues to evolve, silicon 

interposers are expected to play a growing role in addressing 

the interconnect bottleneck created by the need for increased 

bandwidth, performance, and power efficiency. Emerging 

techniques, such as advanced materials for TSVs, optimized 

thermal solutions, and low-cost fabrication processes, are 

expected to enhance the scalability and adoption of silicon 

interposers, ensuring that Moore's Law can continue its 

trajectory, not through transistor scaling alone, but through 

smarter and more efficient packaging solutions [17].    
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