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다중(multiple) TSV-to-TSV의 임피던스 해석

( The Impedance Analysis of Multiple TSV-to-TSV )

이 시 현*

( Sihyun Leeⓒ )

요 약

본 논문에서는 기존의 2D IC의 성능을 개선하고 3D IC의 집적도와 전기적인 특성을 개선하기 위한 목적으로 연구되고 있
는 TSV (Through Silicon Via)의 임피던스를 해석하였다. 향후 Full-chip 3D IC 시스템 설계에서 TSV는 매우 중요한 기술이
며, 높은 집적도와 광대역폭 시스템 설계를 위해서 TSV에 대한 전기적인 특성에 관한 연구가 매우 중요하다. 따라서 본 연구
에서는 Full-chip 3D IC를 설계하기 위한 목적으로 다중 TSV-to-TSV에서 거리와 주파수에 따른 TSV의 임피던스 영향을 해
석하였다. 또한 이 연구 결과는 Full-chip 3D IC를 제조하기 위한 반도체 공정과 설계 툴에 적용할 수 있다.

Abstract

In this paper, we analyze the impedance analysis of vertical interconnection through-silicon vias (TSV) that is being
studied for the purpose of improving the degree of integration and an electric feature in 3D IC. Also, it is to improve the
performance and the degree of integration of the three-dimensional integrated circuit system which can exceed the limits of
conventional two-dimensional a IC. In the future, TSV technology in full-chip 3-dimensional integrated circuit system design
is very important, and a study on the electrical characteristics of the TSV for high-density and high-bandwidth system
design is very important. Therefore, we study analyze the impedance influence of the TSV in accordance with the distance
and frequency in a multiple TSV-to-TSV for the purpose of designing a full-chip three-dimensional IC. The results of this
study also are applicable to semiconductor process tools and designed for the manufacture of a full-chip 3D IC.
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Ⅰ. Introduction

Recently, the chips have been developing as the

ICs that having a high integration, low-power,

high-speed, and economical efficiency in accordance

with industries, markets, and technology trends[1].

This is made possible by the state-of-the-art

semiconductor process technology, design tools, and

SoC(System on a Chip) design technologies. In

addition, they have been designed in 3D IC and is

developed by a variety of techniques designed to

increase the density and efficiency of the chip. In

order to design the 3D IC, the TSV is used through

the entire silicon layer(silicon substrate) for the

purpose of connecting a signal among the layers.

Among these coupling problems in multiple TSV-

to-TSVs, it is emerging as the most difficult problem,

and many studies have been made to solve them.

However, TSV-to-TSV coupling in full-chip 3D IC

design is to be considered important in the design

because it can be a cause to generate a large noise.

On the other hand, in order to design a 3D

full-chip 3D IC for the low-power chip, high-density

and high reliability, it must be analyzed and be

guaranteed to be correctly interpreting elements in

the multiple TSV-to-TSVs. These elements can be

problems that consist of the coupling, thermal,

(1131)
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Ⅱ. TSV-to-TSV Circuit Modeling of 

Full-Chip 3D IC

A. The TSV Structure in 3D IC
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B. The Electrical Characteristics of the Multiple 

TSV-to-TSVs
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.Ⅲ  The Impedance of the Multiple 

TSV-to-TSVs
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On the other, Relationship of current , , and 

in Fig. 3(b) can be described as Eq. (17) through Eq.

(21). Eq. (22) is relationship between  and  for

current , , and .

  (17)

 

 (18)

 

 (19)

 

 (20)

∴ 







 (21)




 







   (22)

When multiplied by 

clean up on both sides of Eq.

(22), it is as in Eq. (23) with respect to  and .






  (23)

When expressing the Eq. (14) and (23) in the matrix is

as Eq. (24).



















 



 




































(24)

When write the Eq. (23) again, it is as shown in Eq.

(25). 

  




 (25)

Substituting the Eq. (23) in Eq. (16) and organized

by the  is the Eq. (26).








 







 

 (26)

Eq. (27) is a summary of  by multiplying the

both sides of Eq. (26) and Eq. (29) provides a

summary of the Eq. (27). Here, in order to simplify

the Equation, it leaves  and  as in Eq. (30) and Eq.

(31),  may finally be written as Eq. (31). Where 
is the impedance of the TSV channels of the

simplified model, this is the same with Eq. (31). Also

we can be seen that Eq. (3.20) can be describe the

impedance as a function of between the TSV

terminal impedance(  ) and the driver

condition() as well as the channel(). Eq. (31) is a

simplified Eq. (30) for .
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 ≡  (30)

  ×


(31)

The following Eq. (32) through Eq. (35) are a

formula for calculating the impedance respectively in

the port of Fig. 3(a).

  
 

  


where,   (32)

 

 
 






 

where, 
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where,   (34)

  (35)
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.Ⅳ  Simulations and Results

A. Simulation Environments and methods 

B. Channel Impedance Analysis
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C. Simulation Results 
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As the frequency increases, the simulation results

shown in Fig. 4 can be seen that the noise of victim

increased. Impedance can be seen that give more

influence on the high frequency domain.

In addition,  is a factor determined by the

distance change. The distance change between the

TSVs at a low frequency range(under ) does

not have a significant effect on the impedance. This

key element of the coupling is  and  is due

to the TSV distance hardly changes.

In an intermediate frequency range( , ),

impedance in accordance with the distance between

two TSVs changes little effect on the impedance of

the aggressor. This is because  and  are

factors affecting . In the high frequency region(

 , ) a distance change between the TSV

showed the greatest effect on the impedance of the

other channel. This is because it is a major factor in

the channel impedance effect.

In addition, the impedance variation with frequency

change has a value higher impedance at higher

frequency range in the low frequency region, And

impedance according to the distance between the

TSV-to-TSVs showed that the smaller the distance

value is smaller impedance.

(a) (b)

(c) (d)

그림 5. 주파수에 대한 임피던스((a)  , (b)  ,
(c)  , (d)  )

Fig. 5. Impedance according to the frequency((a)  ,
(b)  , (c)  , (d)  )

표 2. 주파수 변화에 따른 임피던스 변화
Table 2. Impedance changes according to the frequency

change.

Freq. × × × × ×

 0.95 1.91 3.81 7.73 9.53

표 3.
Table 3. Impedance changes in TSV-to-TSV distance.

Dist. × × × × ×

 10.49 11.44 13.35 17.16 19.07

Ⅶ. CONCLUSIONS

In this paper, on the basis of a result of the paper
[2] and [3] for the purpose of applying the full-chip 3D

IC design, we analyzed the impedance effect among

the TSVs according to input frequency and analyzed

impedance of the TSV-to-TSV in a multiple TSV-

to-TSVs in order to use as parameter of 3D IC

design.

In the simulation results, impedance of aggressor

TSV in a multiple TSV-to-TSVs increased the

impedance among the TSV-to-TSVs at a higher

frequency range rather than at a low frequency

region. Also, impedance of the victim TSV increased

impedance depending on the distance among the

TSV-to-TSVs at the same conditions.

Therefore, the results of this study also are

applicable to the semiconductor process tools and the

manufacture of a full-chip 3D IC.

Based on the studied results so far, in the future,

we’ll be carried out more research on the coupling,

the thermal, the electromagnetic, the power delivery,

and the mechanical issues in a full-chip 3D IC

design. And they can use as the design parameters

of the full-chip 3D IC.
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