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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
THERMAL STANDARDIZATION ON SEMICONDUCTOR PACKAGES –  

 
Part 2-1: 3D thermal simulation models of semiconductor  
packages for steady-state analysis – Discrete packages 

 
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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 63378-2-1 has been prepared by subcommittee 47D: Semiconductor devices packaging, of 
IEC technical committee 47: Semiconductor devices. It is an International Standard. 

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

Draft Report on voting 

47D/976/FDIS 47D/982/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts in the IEC 63378 series, published under the general title Thermal 
standardization on semiconductor packages, 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 webstore.iec.ch in the data related to the 
specific document. At this date, the document will be 

• reconfirmed, 

• withdrawn, or 

• revised. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document 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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THERMAL STANDARDIZATION ON SEMICONDUCTOR PACKAGES –  
 

Part 2-1: 3D thermal simulation models of semiconductor  
packages for steady-state analysis – Discrete packages 

 
 
 

1 Scope 

This part of IEC 63378 specifies three-dimensional (3D) thermal models of discrete 
semiconductor packages (TO-243, TO-252 and TO-263), utilized in the steady-state thermal 
analysis of electronic devices to estimate junction temperatures accurately. 

This model is assumed to be made by semiconductor suppliers and to be used by assembly 
makers of electronic devices. 

2 Normative references 

There are no normative references in this document. 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

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

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

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

3.1  
detailed model 
semiconductor package model which has both the structures of each portion, such as die or 
moulding or terminal, and the material properties for thermal analysis 

Note 1 to entry: This model is often simplified to some extent. 

4 Attributes of 3D thermal models 

4.1 General 

Clause 4 shows the attributes such as dimensions and thermal properties of three different type 
of TO-packages. These attributes are used to estimate junction temperatures. 
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4.2 TO-243 

Figure 1 and Table 1 show the attributes which TO-243 thermal simulation models shall have. 

 

Figure 1 – Dimensions of TO-243 
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Table 1 – Attributes for TO-243 

 Attribute Symbol Value Unit 

Dimension 

Package thickness A  m 

Terminal width b  m 

Heat spreader width b1  m 

Centre terminal width b2  m 

Terminal thickness C  m 

Package width D  m 

Package body length E  m 

Terminal pitch e  m 

Span HE  m 

Terminal length L  m 

Exposed terminal length L2  m 

Heat spreader length LS  m 

Die width X  m 

Die length Y  m 

Die length offset Y1  m 

Die thickness Z  m 

Die attach thickness Zd  m 

Thermal 
conductivity 

Thermal conductivity of die kd  W/(m × K) 

Thermal conductivity of die attach kda  W/(m × K) 

Thermal conductivity of molding km  W/(m × K) 

Thermal conductivity of heat spreader ks  W/(m × K) 

NOTE 1 The default thermal conductivity of molding is 0,6 W/(m∙K) and that of heat spreader is 300 W/(m × K). 
The thermal conductivity of die and die attach varies a lot according to the material adopted. 

NOTE 2 The thickness of molding is the same as package thickness "A". 

NOTE 3 The length and width of the die attach are the same as those of die X and Y. 

NOTE 4 The columns for "Value" shall be filled in. 
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4.3 TO-252 

Figure 2 and Table 2 show the attributes which TO-252 thermal simulation models shall have. 
(A contribution analysis in the case of TO-252 is given in Annex A.) 

 

Figure 2 – Dimensions of TO-252 
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Table 2 – Attributes for TO-252 

 Attribute Symbol Value Unit 

Dimension 

Package thickness A  m 

Terminal width b  m 

Heat spreader width b1  m 

Centre terminal width b2  m 

Terminal thickness C  m 

Heat spreader thickness c1  m 

Package width D  m 

Package body length E  m 

Terminal pitch e  m 

Span HE  m 

Terminal length L  m 

Terminal contact area L1  m 

Exposed terminal length L2  m 

Convex region length of centre terminal L3  m 

Top side of terminal Q  m 

Die pad width bd  m 

Die pad length Ld  m 

Heat spreader length LS  m 

Die width X  m 

Die length Y  m 

Die length offset Y1  m 

Die thickness Z  m 

Die attach thickness Zd  m 

Thermal 
conductivity 

Thermal conductivity of die kd  W/(m × K) 

Thermal conductivity of die attach kda  W/(m × K) 

Thermal conductivity of molding km  W/(m × K) 

Thermal conductivity of heat spreader ks  W/(m × K) 

NOTE 1 The default thermal conductivity of molding is 0,6 W/(m∙K) and that of heat spreader is 300 W/(m × K). 
The thermal conductivity of die and die attach varies a lot according to the material adopted. 

NOTE 2 The length and width of die attach are the same as those of die X and Y. 

NOTE 3 The columns for "Value" shall be filled in. 
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4.4 TO-263 

Figure 3 and Table 3 show the attributes which TO-263 thermal simulation models shall have. 

 

Figure 3 – Dimensions of TO-263 
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Table 3 – Attributes for TO-263 

 List Symbol Value Unit 

Dimension 

Package thickness A  m 

Terminal width b  m 

Heat spreader width b1  m 

Centre terminal width b2  m 

Terminal thickness C  m 

Heat spreader thickness c1  m 

Package width D  m 

Package body length E  m 

Terminal pitch e  m 

Span HE  m 

Terminal length L  m 

Terminal contact area L1  m 

Exposed terminal length L2  m 

Convex region length of centre terminal L3  m 

Top side of terminal Q  m 

Die pad width bd  m 

Die pad length Ld  m 

Heat spreader length LS  m 

Die width X  m 

Die length Y  m 

Die length offset Y1  m 

Die thickness Z  m 

Die attach thickness Zd  m 

Thermal 
conductivity 

Thermal conductivity of die kd  W/(m × K) 

Thermal conductivity of die attach kda  W/(m × K) 

Thermal conductivity of molding km  W/(m × K) 

Thermal conductivity of heat spreader ks  W/(m × K) 

NOTE 1 The default thermal conductivity of molding is 0,6 W/(m × K) and that of heat spreader is 300 W/ 
(m × K). The thermal conductivity of die and die attach varies a lot according to the material adopted. 

NOTE 2 The length and width of die attach are the same as those of die "X and Y". 

NOTE 3 The columns for "Value" shall be filled in.  
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Annex A 
(normative) 

 
Contribution analysis in the case of TO-252 

A.1 Attributes of a sample package 

A sample package's attributes were determined by contribution analysis. In Annex A, an 
example of contribution analysis is introduced. 

Table A.1 lists a typical range of thermal properties and dimensions regarding the example of 
a TO-252 package. 

Table A.1 – Attributes and their range of a sample package 

Item Attribute Range 

1 Thermal conductivity of molding 

(km) 
0,6 W/m × K to 1,0 W/m × K 

2 Die width and length 

(X and Y) 
1,296 mm to 3,024 mm 

3 Die thickness 

(Z) 
50 ∝m to 500 ∝m 

4 Thermal conductivity of die attach 

(kd) 
5 W/m × K to 50 W/m × K 

5 Die attach thickness 

(Zd) 
5 ∝m to 30 ∝m 

6 Thermal conductivity of heat spreader 

(ks) 
300 W/m × K to 398 W/m × K 

 

A TO-252 indicated in Figure A.1 was prepared. The attributes of this package are within the 
range of Table A.1. 

 

Figure A.1 – Sample package of TO-252 
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JEDEC 2s2p, where this package was mounted, was selected as a motherboard and the test 
environment of JEDEC was adopted. These detailed conditions are shown in [1] to [3]1. 

Plural simulations were then done, and the result of the contribution analysis is shown in 
Figure A.2. Here the thermal resistance of the die attach (Rth_da) was calculated using both the 
thermal conductivity of the die attach and the die attach thickness as indicated in Formula (A.1). 

 
d

th _ da
d

Z
R

k X Y
=

× ×
 (A.1) 

 

where 
Zd is the die attach thickness; 

kd is the thermal conductivity of the die attach; 

X is the die width; 
Y is the die length. 

 

Figure A.2 – Results of contribution analysis 

In Figure A.2, the vertical axis shows the contribution which is defined as Formula (A.2). 

 item,

total

nV
Contribution

V
=  (A.2) 

 

where 
Vitem,n is the variance when only the item n varies; 

Vtotal is the variance when all the items vary. 

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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Variance V is defined as in Formula (A.3). 

 2
i ave1

1 ( )n
iV X X

n =
= −∑  (A.3) 

 

where 
Xi is the value when the combination i was selected; 

Xave is the average value of all combinations. 

The thermal resistance of the die attach has the highest influence on the temperature of the 
semiconductor die. In addition, the die sizes are an important factor to estimate the temperature. 

Using this contribution analysis, the attributes of this standardized model are defined. 

A.2 Simulation validation 

The accuracy of this new thermal model was validated by comparing to the detailed model. The 
attributes of the new model were collected in accordance with 4.3. On the other hand, the 
detailed model includes some of the undisclosed attributes such as bonding wire information 
which semiconductor suppliers have as confidential data. 

The temperature of both thermal models were calculated by thermal analysis. 

As a motherboard, JEDEC 1s and 2s2p were selected and test environment of JEDEC was 
adopted in this thermal simulation. Figure A.3 shows the accuracy comparison between the 
models. It is confirmed that this newly standardized model can predict the temperature of 
semiconductor die precisely. 

 

Figure A.3 – Accuracy comparison 
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