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____________ 
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THREE DIMENSIONAL INTEGRATED CIRCUITS –  
 

Part 3: Model and measurement conditions  
of through-silicon via 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 63011-3 has been prepared by subcommittee 47A: Integrated 
circuits, of IEC technical committee 47: Semiconductor devices. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

47A/1057/FDIS 47A/1063/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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A list of all parts in the IEC 63011 series, under the general title Integrated circuits – Three 
dimensional integrated circuits, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 

The embedded system implementation such as digital consumer and mobile devices is a 
history of functional integration and power reduction for faster and smaller. At the beginning, 
the embedded system was developed by various digital ASIC chips to implement required 
functions. They were then integrated on one chip as a system on chip (SoC), which includes 
application processor and peripheral I/F logic, such as PCIe, SATA, USB, and DDRx memory 
controller. Because required performance and image resolution is growing, SoC has 
embedded many functions through adopting advanced semiconductor technology. 

Since advanced semiconductor technology is complicated and its development cost is higher, 
the application is limited to use only for a few products. Those SoC's cost is not appropriate 
for all embedded systems. Multi-chip implementation is a way to solve this issue. It 
implements very large logic gate on the separated SoC and ASIC logic chips, connecting each 
other. This multi-chip interconnection technique provides also implementation of 
heterogeneous technology VLSI chips. 

This document is focused to interconnect methodology to implement multi-chip VLSI for three-
dimensional integrated circuit. Thanks to through-silicon via (TSV) and micro bump 
interconnect technology; the wire number between VLSI can be tremendously wider. It also 
allows to connect chips with on-chip bus interconnection, which has several thousand signal 
connections. 
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INTEGRATED CIRCUITS –  
THREE DIMENSIONAL INTEGRATED CIRCUITS –  

 
Part 3: Model and measurement conditions  

of through-silicon via 
 
 
 

1 Scope 

This part of IEC 63011 specifies a reference model of through-silicon via (TSV) electrical 
characteristics required for an interface design in three dimensional integrated circuit (3-D IC) 
to transmit and receive digital data and measurement conditions for resistance and 
capacitance to specify TSV characteristics in 3-D IC. 

3-D IC specifications covered by this document are the following: 

• application: digital consumer and mobile; 

• operating voltage: 0,1 V to 5,0 V,  

• operating frequency: less than 2,0 GHz. 

This document does not describe the equipment for the measurement. Figure 1 describes a 
typical case of multi-chip interconnect system discussed in this document. 

 

Figure 1 – Reference of a multi-chip interconnect system 

Power devices, RF devices and micro-electromechanical systems (MEMS) are not in the 
scope of this document.  

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 63011-1, Integrated circuits – Three dimensional integrated circuits – Part 1: Terminology 
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3 Terms, definitions and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 63011-1 apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.2 Abbreviated terms 
3-D IC three-dimensional integrated circuit 
ASIC application specific integrated circuit 
NMOS  N-channel MOSFET 
PMOS  P-channel MOSFET 
SoC system on chip 
TSV through-silicon via 
VLSI very large scale integration 

4 Measurement conditions to specify TSV characteristics  

4.1 Supply chain and TSV circuit model 

3-D IC supply chain employing the TSV circuit model is shown in Figure 2. Foundry 
manufacturers of logic chip and 3-D stacking provide the TSV model. The circuit model is 
determined based on an actual experimental result.  

 

Figure 2 – 3-D IC Supply chain model 
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4.2 Reference model of TSV electrical characteristics  

Reference model of TSV electrical characteristics shown in Figure 3 is composed of a 
capacitance (Cv) and a resistance (Rv). Cv is the total capacitance and consists of capacitance 
of oxide layer (Cox), capacitance by depletion layer (Cdep) and fringe capacitance (Cfr). Cox 
and Cdep are capacitances between the TSV and the semiconductor substrate and dependent 
on the voltage applied to the TSV since depletion layer exists. Cfr is a fringe capacitance 
between a bump and the semiconductor substrate. The node of Cdep is connected to the 
ground through the substrate. When the interval of TSV is very short, coupling model is 
recommended. Table 1 shows a policy for model standardization. Circuit definition explains 
the view of proposed model. The device structure is the structure which will be the requisite in 
the case of using the proposed model. Measurement condition explains device structure and 
operating conditions for measurement. The parameters of the TSV model are derived from 
TSV and its surrounding structure. An example of a typical concept is shown in Annex A. 

 

Figure 3 – TSV electrical characteristic model 
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Table 1 – Policy for model standardization 

Item Subitem Policy 

Circuit 
definition 

Parameter Resistance is defined with average value. 

Capacitance is defined by a waveform. 

Fringe capacitance is removable 

Inductance is not included because of little influence. 

Model for every application  No definition 

Device 
structure 

Surrounding TSV No definition 

When the interval of TSV is very short, coupling model is 
recommended. 

Semiconductor substrate 
power supply 

Substrate is connected to the ground. 

The defined TSV circuit model is inapplicable when 
substrate isn’t connected to power supply. 

Semiconductor substrate P type 

Measurement 
condition 

Structure TSV array 

There is difference from single TSV and array TSVs. 

Frequency Frequency dependence of capacitance is measured. 

Voltage Voltage dependence of capacitance is measured. 

 

4.3 Measurement conditions to specify TSV electrical characteristics 

4.3.1 General 

The electrical characteristics of the TSV shall be measured with the defined conditions. 

4.3.2 Resistance measurement 

TSV resistance (Rv), consisting of bulk resistances of LSI interconnect, TSV, bumps and their 
contact resistances, is obtained by four point measurement. A constant current ( I) is supplied 
via current supply wirings connecting to terminal 1A and terminal 1B, and the generated 
voltage (V) between wirings connecting to the terminals is measured by voltmeter as shown in 
Figure 4. According to Ohm’s law, a pair resistance for the first chip (R1) is defined as V / I . 
Based on the same setup, a resistance for the first chip and the second chip (R2) is obtained. 
TSV resistance (Rv) is defined as (R2-R1)/2. This method is only valid when the second chip is 
essentially the same as the first chip. To minimize measurement error, the voltage 
measurement wiring should be connected as close as possible. 
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TSV resistance (Rv) is defined as Rv = R2 – R1/2, where R1 is the first chip, and R2 is the second chip. 

Figure 4 – Resistance measurement method 

4.3.3 Capacitance measurement 

TSV capacitance (Cv) is obtained by electrical impedance measurement. Overall capacitance 
(C1) between terminal 1A and terminal 1B is measured by an impedance meter as a function 
of signal frequency ( f) and DC voltage (Vdc) as shown in Figure 5. This capacitance (C1) is 
composed of TSV capacitance (Cv) and the parasitic capacitance (C2) caused by the 
measurement wiring and experimental setup. Therefore, TSV capacitance (Cv) is given by 
C1 – C2. Parasitic capacitance (C2) between terminal 2A and terminal 2B is obtained by 
impedance measurement for a measurement structure having neither TSV nor bump. Using 
TSV array is recommended to reduce parasitic capacitance. 

 

TSV capacitance (Cv) is given by C1 – C2, where C1 is the capacitance, and C2 is the parasitic capacitance. 

Figure 5 – Capacitance measurement method 
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