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Abstract: A method is provided for specifying a common interoperable format for electronic
systems design. The format provides a common way to specify information/data about the project
management, netlists, components, design rules, and geometries used in the large-scale
integration-package-board designs. The method provides the ability to make electronic systems a
key consideration early in the design process; design tools can use it to seamlessly exchange
information/data.
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Notice and disclaimer of liability concerning the use of IEEE Standards
documents
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developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
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groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
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IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.
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expressly disclaims all warranties (express, implied and statutory) not included in this or any other
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for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
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and issued is subject to change brought about through developments in the state of the art and comments
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In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
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Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Users of IEEE Standards documents should be aware that these documents may be superseded at any time
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Introduction

This introduction is not part of IEEE Std 2401-2019, IEEE Standard Format for LSI-Package-Board Interoperable
Design.

To deal with the increasing difficulty of design and the cost competitiveness of the global market, and to
shorten the development term, innovative design methodologies should be implemented. It has been
difficult to achieve the optimization of an entire set of large-scale integration (LSI), package, and board
(LPB) using individual design processes for each LPB part.

One possibility for optimization is to have a certain section design the whole LPB; however, gathering
knowledge and integrating the design environment of each LPB part is difficult. Dedicated professional
technicians of individual LPB parts, who have the best knowledge and performance of their own part’s
design tools, intend to create design optimization by having proper interoperable information exchanges
among all LPB parties. In order to achieve a design that optimizes the balance between cost and
performance, information about and the results of design should be well shared among cooperating LPB
design sections.

The standard format of LSI package board interoperable design (hereinafter called LPB Format) was
developed to make it easier to exchange information among LPB design departments, so that optimal
design will be carried out quickly.

The LPB interoperable design process has the following issues:

— Netlist not unified on each LPB
—  Complexity of the representation of the relationship as a whole arrangement of the LPB

— Differences in how to give the design constraints, lack of design information, and many
discrepancies in design rules

— Databases not unified in each LPB, or among different vendors

—  No unified terms

Various problems caused by these issues include the following:

— A large effort is required for conversion of formats.

— The occurrence of conversion errors and connection errors is difficult to detect because there is a
lack of the information needed to do so.

— It takes a long time to gather information, resulting in a long period of design and analysis.
— It is difficult to make optimal design changes because the entire verification process is difficult.

—  Electronic design automation (EDA) tool cost increase because of additional development required
to support multiple formats.

— It is time consuming for designers to communicate their intentions in a way that others understand.

Based on this analysis, the interface LPB Format has been developed which can address these issues.

As the one of the case studies of the LPB interoperable design process, the power distribution network
(PDN) should be designed with information about the other LPB parts to reduce the noise (see Figure 1).
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Figure i—Power distribution network

Resonance is caused by a capacitance and inductance present in the various parts in the LPB PDN.
Impedance at the resonant frequency will be extremely large. If each part of the overall LPB design is not
accurately simulated in the PDN model, the power supply circuit cannot be correctly designed (see

Figure ii).

1000 —
100 —

S 10 |—
() .
2 i
© 1 :
§®] H
S !
g 01—
0.01 |—
0.001 L

1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Frequency [Hz]

Reprinted with permission from JEITA.

Figure ii—Example of PDN impedance

In order to run properly, this simulation should align a variety of information, such as the circuit model of
power distribution network (PDN) of LSI, shape information about the package and board, electrical
parameters of materials, and models of the components. It is difficult to make an efficient design when the
specification or format of the design information is different in each part of the LPB, and the necessary
parameters are not shared. When the format of the interface methods and models of the simulation are not
consistent, the setup time and the cost of design/verification are enormous, which has become a barrier to
cooperation in LPB design. The LPB Format will be evolved to create a mutual interface to enable a more

efficient co-design environment.
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IEEE Standard Format for LSI-Package-
Board Interoperable Design

1. Overview

1.1 Scope

This standard defines a common interoperable format that will be used for the design of a) large-scale
integration (LSI), b) packages for such LSI, and c) printed circuit boards on which the packaged LSIs are
interconnected. Collectively, such designs are referred to as LSI-Package-Board (LPB) designs. The format
provides a common way to specify information/data about the project management, netlists, components,
design rules, and geometries used in LPB designs.

1.2 Purpose

The general purpose of this standard is to develop a common format that LPB design tools can use to
exchange information/data seamlessly, as opposed to having to work with multiple different input and
output formats.

1.3 Key characteristics of the LSI-Package-Board Format

The LPB Format will facilitate the exchange of design information. This functionality provides the ability
to plan the entire design at an early stage. In effect, post-design analysis will be possible throughout the
entire LPB design process. Analysis of each part of the design can be examined in relation to all other parts
of the design to determine the optimal point to give feedback for appropriate design changes throughout the
LPB. This will promote the overall optimization of the design process.

The LPB Format is constructed out of the following five formats (see Figure 1):

a)  Project Management (M-Format)
b)  Netlist (N-Format)

c) Component (C-Format)

d) Design Rule (R-Format)

e) Geometry (G-Format)
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