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FORMAT FOR LSI-PACKAGE-BOARD INTEROPERABLE DESIGN -

FOREWORD

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 document(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 preparatlon

ittees of the
consensus
volunteers
represgnting varied viewpoints and interests to achieve the final product. Vqunteers are not necessarily members
of IEEH and serve without compensation. While IEEE administers the process and establishes rules fo promote
fairnesg in the consensus development process, IEEE does not independently evaluat€) test, or| verify the
accuragy of any of the information contained in its standards. Use of IEEE Standards)documentf is wholly
voluntafy. IEEE documents are made available for use subject to important notices’and legal disclajmers (see
https://$tandards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined‘\by agreement betwepn the two
organizptions. This Dual Logo International Standard was jointly developed by‘the IEC and IEEE unddr the terms
of that agreement.

The formal decisions of IEC on technical matters express, as nearly ds possible, an international cohsensus of
opinion| on the relevant subjects since each technical committee¢has representation from all intefested IEC
Nationgl Committees. The formal decisions of IEEE on technical mattérs, once consensus within IEEE Societies
and St@ndards Coordinating Committees has been reached, is _determined by a balanced ballot off materially
interes{ed parties who indicate interest in reviewing the proposed standard. Final approval of the IEEH standards
documgnt is given by the IEEE Standards Association (IEEE"SA) Standards Board.

IEC/IEEE Publications have the form of recommendations‘for international use and are accepted by IHC National
Commijtees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that th¢ technical
conten{ of IEC/IEEE Publications is accurate, IEC ,6rilEEE cannot be held responsible for the way in which they
are usgd or for any misinterpretation by any end\user.

In ordgr to promote international uniformity; JEC National Committees undertake to apply IEC Ppublications
(includipg IEC/IEEE Publications) transparently to the maximum extent possible in their national afd regional
publications. Any divergence between @ny |IEC/IEEE Publication and the corresponding national ¢r regional
publication shall be clearly indicated-in.the latter.

IEC angl IEEE do not provide any -attestation of conformity. Independent certification bodies provide|conformity
assessnent services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any|services carried outby,independent certification bodies.

All usets should ensure that/'they have the latest edition of this publication.

No liabjility shall attachito IEC or IEEE or their directors, employees, servants or agents including individual
expertd and members-of technical committees and IEC National Committees, or volunteers of IEEHK Societies
and thg Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standardqg Board, for
any pefsonal_injury, property damage or other damage of any nature whatsoever, whether direct or |ndirect, or
(in€luding legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
ion‘or any other IEC or IEEE Publications.

Attention 1s ications is

indispensable for the correct application of this publication.

e reterenced pu

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.

IEC 63055/IEEE Std 2401 was processed through IEC technical committee 91: Electronics
assembly technology, under the IEC/IEEE Dual Logo Agreement. It is an International
Standard.
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The text of this International Standard is based on the following documents:

IEEE Std FDIS Report on voting
2401 (2019) 91/1869/FDIS 91/1887/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.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this document will remain unchanged until the stability date indicated on the |IEC website
under webhstore iec ch in the data related to the annr‘ifir‘ document Af this date the document

will be

e recorfirmed,
e withdrawn, or

e revis¢d.
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Copyrights and permissions

All figures in this standard are reprinted with permission from JEITA.'

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.

Keywofds: common interoperable formaf, components, design analysis, design
geometries, IEEE 2401™, large-scale integration (LSI), netlists, packages for LSI circuits,
circuit Qoard, project management, Verilog-HDL
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Important notices and disclaimers concerning IEEE Standards documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important notices and disclaimers concerning IEEE standards documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/I[PR/disclaimers.html.

Notice and disclaimer of liability concerning the use of IEEE Standards
documents

IEEE Standards documents (cfanﬂarﬂq) recommended pTQPfi{‘PQ, and gniﬂpq\) both full-use and trial use, are
developgd within IEEE Societies and the Standards Coordinating Committees of the IEEE’Sfandards
Associafion (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards//thfough a
consenspis development process, approved by the American National Standards Institute (“ANSI’), which
brings tpgether volunteers representing varied viewpoints and interests to achieve the final produ¢t. IEEE
Standardls are documents developed through scientific, academic, and industry-based technical working
groups. [Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without |compensation from IEEE. While IEEE administers the process andestablishes rules to promote
fairness|in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health;~0r environmental protection, dr ensure
against |nterference with or from other devices or networks. Implémenters and users of IEEE Standards
documehts are responsible for determining and complying  with all appropriate safety, pecurity,
environiental, health, and interference protection practices*and all applicable laws and regulations.

IEEE ddges not warrant or represent the accuracy or content of the material contained in its standqrds, and
expresslly disclaims all warranties (express, implied and statutory) not included in this or amy other
document relating to the standard, including, butunot limited to, the warranties of: merchantability]; fitness
for a pafticular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or comgjleteness
of matetial. In addition, IEEE disclaims any*and all conditions relating to: results; and workmanlile effort.
IEEE standards documents are suppliedAS IS” and “WITH ALL FAULTS.”

Use of gn IEEE standard is wholly .voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce,test, measure, purchase, market, or provide other goods and servicep related
to the sdope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to,change brought about through developments in the state of the art and cqmments
received from users ofithe standard.

In publifhing and.making its standards available, IEEE is not suggesting or rendering professionalfor other
services|for, Or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owegl by any
other person,or entity to another. Any person utilizing any IEEE Standards document, should rely fipon his
or her OWIT IMATPEATI JUGEITICNT 11T e CXCITISE O ITasonadic care 1T any given CITCUIMSIANnces 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
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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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 standafds shall
make it flear that his or her views should be considered the personal views of that individual rathér[than the
formal fosition of IEEE.

Comments on standards

Commehts for revision of IEEE Standards documents are welcome from angvinterested party, regatdless of
memberghip affiliation with IEEE. However, IEEE does not provide ‘consulting information of advice
pertainifig to IEEE Standards documents. Suggestions for changes in.documents should be in the fprm of a
proposefl change of text, together with appropriate supporting commeénts. Since IEEE standards represent a
consensfis of concerned interests, it is important that any responses to comments and questions alsq receive
the congurrence of a balance of interests. For this reason, {EEE and the members of its socigties and
Standardls Coordinating Committees are not able to provide’an instant response to comments or guestions
except ih those cases where the matter has previously beén addressed. For the same reason, IEEE foes not
respond| to interpretation requests. Any person who*would like to participate in revisions to gn IEEE
standard is welcome to join the relevant IEEE workinig group.

Commehts on standards should be submittedte 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. Compliapce with
the proyisions«efiany IEEE Standards document does not imply compliance to any applicable rejgulatory
requirempents._Implementers of the standard are responsible for observing or referring to the agplicable
regulatorynfequirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable Taws, 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
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compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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ntroduction

Design.

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

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

knowled

ge and integrating the design environment of each LPB part is difficult. Dedicated prof

technici
design
among

perform|
design s

The sta
develop
design

The LPB interoperable design process has the following issues:

Various

hins of individual LPB parts, who have the best knowledge and performance of their cow
pols, intend to create design optimization by having proper interoperable information X
all LPB parties. In order to achieve a design that optimizes the balance befween ¢
hnce, information about and the results of design should be well shared among-¢cooperat
ections.

hdard format of LSI package board interoperable design (hereinafter called LPB Forn
pd to make it easier to exchange information among LPB desiga’ departments, so that
ill be carried out quickly.

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, an
discrepancies in design rules

Patabases not unified in each LPB, or among different vendors

No unified terms

problems caused by these issues include the following:

A large effort is requited:for conversion of formats.

The occurrence of conversion errors and connection errors is difficult to detect because t
ack of the infermation needed to do so.

[t takes a dong time to gather information, resulting in a long period of design and analysis.

[t is difficult to make optimal design changes because the entire verification process is diffi

essional
n part’s
changes
ost and
ng LPB

at) was
optimal

d many

here is a

ult.

Flectronic 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

Resonar|ce is caused by a capacitance and inductance present in the various_parts in the LPB PDN.
Impedarce at the resonant frequency will be extremely large. If each part of the‘@verall LPB design is not
accuratdly simulated in the PDN model, the power supply circuit cannet.be correctly desighed (see
Figure if).
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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 Sc

This sta

integratijon (LSI), b) packages for such LSI, and c) printed circuit*boards on which the packaged
interconpected. Collectively, such designs are referred to as LSI-Package-Board (LPB) designs. Th|

provide

design rpiles, and geometries used in LPB designs.

1.2 Pu

The gerjeral purpose of this standard is\te develop a common format that LPB design tools ca
exchange information/data seamlessly,vas opposed to having to work with multiple different ix
output fprmats.

1.3 Ke

The LPB Format(will facilitate the exchange of design information. This functionality provides th

to plan
entire L
of the d

bpe

a common way to specify information/data about.the project management, netlists, com|

rpose

ly characteristics of the LSI-Package-Board Format

ndard defines a common interoperable format that will beMised for the design of a) lajge-scale

[ SIs are
e format
bonents,

h use to
put and

e ability

he entiresdesign at an early stage. In effect, post-design analysis will be possible throug

signrto determine the optimal point to give feedback for appropriate design changes throu

hout the

out the

PB design process. Analysis of each part of the design can be examined in relation to all oghler parts

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):

)
b)
0)
d)
o)

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

Component (C-Format)

Design Rule (R-Format)

Geometry (G-Format)
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Figure 1—LPB Format

Design fime can be shortened by using the LPB Format: Traditionally, design starts immediat¢ly after
separate| planning for each individual component of the IZPB. Therefore, information exchange anjong the
separate| design processes is limited. Trying to adjust the detailed design of one component to the|detailed
design qf another component makes the entire design period take longer. Optimization also tendq to be a
separate| process for each component of the LRB' By using the LPB Format for distributed infofmation,
each LPB engineer will be able to have the,same understanding of the challenges at an early stage. As a
result, ajustments at the conceptual design'stage can be made, before detailed designs are develdped. By
making [clear the overall LPB product specifications, the design target can be decided, and so the [duration
of indiv|dual designs can be shortenied> Use of the LPB Format also helps to reduce the number df design

iterations, because the design quality is enhanced. The designers can collect all information for sifnulation
using the LPB formats, thereby-reducing production time. The LPB Format can enable the entire [analysis
casily, do that sufficient yerification can be done and the quality of the products can be improve¢d. As a

result, the period of adjustment in the set can be shortened and the time to market can be acceleratgd. With
the LPH Format, thedesign method for one product can be applied to the design environment [for next

product fin developmént.

1.4 Contents of this standard

The organization of the remainder of this standard is as follows:

Clause 2 provides references to other applicable standards that are presumed or required for this
standard.

Clause 3 defines terms and acronyms used throughout the different specifications contained in this
standard.

Clause 4 describes the concepts of the LPB Format.
Clause 5 describes the language basics for the LPB Format and its commands.

Clause 6 describes common elements in the M-Format, C-Format, and R-Format.
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Clause 7 describes the M-Format.
Clause 8 describes the C-Format.
Clause 9 describes the R-Format.
Clause 10 describes the N-Format.

Clause 11 describes the G-Format.

1.5 Word usage

The woid shall indicates mandatory requirements strictly to be followed in order to conform to the
and frorh which no deviation is permitted (shall equals is required to)." 2

The wo
without

required (should equals is recommended that).

The wo
equals i

The woid can is used for statements of possibility and capability, whether material, physical, or cat

equals i

2. Nommative references

The follpwing referenced documents are indispensable for the application of this document (i.e., th

be unde

explaindd). For dated references, only the edition cited applies. For undated references, the latest e
the refejenced document (including any amendments or corrigenda) applies.

IEEE Std 1364™, [EEE Standard for Verilog® Hardware Description Language.®

3. Defjnitions, acronyms, and abbreviations

3.1 De

For the

'd should indicates that among several possibilities one is recommended as pdrticularly
mentioning or excluding others; or that a certain course of action is preferred_but not ne

fd may is used to indicate a course of action permissible within the\limits of the standd
permitted to).

able to).

stood and used, so each referenced docunient is cited in text and its relationship to this doc

finitions

pufposes of this document, the following terms and definitions apply. The IEEE S

standard

Kuitable,
essarily

rd (may

Isal (can

ey must
iment is
Jition of

andards

.. St 1 111 1 1 1 3 1 1
DlCthn(A ry OUntirie SInould DO COIISUITCU 101N ICTIIIS TIOT ACTITICU TIT UILS CIdaUsScT.

antipad: The clearance hole between a via and a no-connect metal layer, mainly used on the printed circuit
board and large-scale integration (LSI) package. The shape of the antipad is mainly determined by the
limit on the printed circuit board or LSI package manufacturing and is defined by the padstack in the
R-Format file.

! The use of the word must is deprecated and cannot be used when stating mandatory requirements; nust is used only to describe
unavoidable situations.
% The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
3 [EEE publications are available from The Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).
* The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.

SIEEE Sta

ndards Dictionary Online is available at: http:/dictionary.ieee.org.
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ball: See: solder ball.

ball grid array (BGA) package: A type of surface-mount package with one face covered (or partly
covered) with solder balls arranged in a grid pattern.

board: The printed circuit board or printed wiring board.

bonding finger: The metal electrode on the surface of an large-scale integration (LSI) package. It connects
the bonding wire to the routing pattern on the LSI package. In LSI-Package-Board (LPB) Format files, the
shape of the bonding finger is defined by the padstack in the C-Format file.

bonding wire: A metal wire for connecting the die and bonding finger. In large-scale-integration-
Packagg-Board (LPB) Format files, the shape of the bonding wire is defined in the R-Format file.

clock: The signal used in a synchronous circuit. All synchronous circuits use a clock signalyto’synghronize
different parts of the circuit. In most cases, the part is register or flip-flop. The clock is/distributeql from a
single squrce to registers or flip-flops and is required to arrive at all such parts at the same time.

common mode impedance: The impedance of a single transmission line when the two lines in a|pair are
driven with signals of the same amplitude and same polarity. Common (even)‘and differential (odd) modes
are the tfvo main modes of propagation of the signal through a coupled line pair.

component: A physical and logical construction having inputs to‘etitputs. Large-scale integrati¢gn (LSI)
package|or die and passive parts such as capacitors and connectors aye called components.

comporlent hole: A hole used for the attachment of componert terminations to the printed board as well
as for arly electrical connection to the conductive pattern.See also: hole.

delay: The time interval between a step function change of the input signal level and the instant §t which
the magnitude of the output signal passes through’ a specified value that is close to its initial vaJue. The
switchirjg time of the transistor and the propagation time of the signal through wiring.

die: A spparated part (or whole) of a waferintended to perform a function or functions in a device.|A small
block off semiconducting material, o which a given functional circuit is fabricated.

differential mode impedance: The impedance of a single transmission line when the two lines in g pair are
driven With signals of the §ame amplitude and opposite polarity. Common (even) and differential (odd)
modes are the two main modes of propagation of the signal through a coupled line pair.

differential signali{Differential signaling. A method of transmitting information electrically With two
complethentary signals sent on two paired wires, called a differential pair.

drill: The‘diill to be used when drilling the via hole connecting the layers of a multilayer printefl circuit
board.

driver: See: sender.
finger: See: bonding finger.

flipchip: A die that is flipped over so that its metal wiring faces down in order to mount the die to external
circuitry (e.g., a circuit board or another chip or wafer).

flipchip pad: The contact pad of the flipchip surface.
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guard shield: A barrier or enclosure provided for mechanical protection, which may also have the function
of a screen, called a GND shield when put on a ground (GND) conductor. Its purpose is to limit the
electromagnetic interference from other signals.

hole: Used for the conductive connection between each layers and for mounting components. See also:
component hole, landless hole, mounting hole, plated-through hole, and via hole.

inout: A port having the function of both input and output. It is an input port where electromagnetic
energy or signals may be received from an external circuit or device. It is an output port where
electromagnetic energy or signals may be supplied to an external circuit or device.

land: The conductive pattern used for joining and connecting parts, the conductive pattern for surface
mount pds and hole-mounted components, and the conductive pattern that covers a via hole.

landlesq hole: A plated-through hole without land. See also: hole.

line: A Hevice connecting two points for the purpose of conveying electromagnetic eniergy betwe¢n them.
Electrorhagnetic energy may be extracted from or supplied to a line at an intermediate point. Exapples of
lines arg two-wire line, polygon line, coaxial line, and waveguide.

mounting hole: A hole used for the mechanical mounting of a printed board-or for mechanical atthchment
of compponents to the printed board. See also: hole.

net: The relative position of the ideal elements representing an‘electric network. The label in petween
interconpection of terminals. Although it is defined on the same hierarchy, there are also cases that|indicate
the conrfection regardless of hierarchy (for example, global met/definition).

packag¢: An enclosure for one or more die, film eleénients, or other components, that allows dlectrical
connectfon and provides mechanical and environmental protection. Types of packages include quad flat
packagel (QFP), ball-grid array (BGA), wafer<lével chip-scale package (WLCSP), multi-chip[module
(MCM)/ package on package (PoP), etc.

packag¢ mold: Protection of die by resin‘against stress, external force, water, static electricity, and foreign
substandes. A package mold contains tesin, silica, carbon, and flame-retardant material.

packag¢ substrate: The same.as-that of a printed circuit board. It carries large-scale integration (I.ST) and
electricdlly connects solder balls with LSI.

pad: A|metal electrodeyon the surface of a die, large-scale integration (LSI) package, or printefl circuit
board.

padstack: The combination of layers that constitute a pad.

physical-design—ruler-A—series—of parametersprovided-bysemicondueter—manufaetarers—thatenable the
designer to verify the correctness of a mask set. A design rule set specifies certain geometric and
connectivity restrictions to ensure sufficient margins to account for variability in semiconductor
manufacturing processes, so as to ensure that most of the parts work correctly.

pin: A contact element intended to make electric engagement on its outer surface for mating with the inner
surface of another contact element.

plated-through hole: A hole in which metal is deposited on the wall. See also: hole.

port: Access point or points to a module where signals may be supplied or received. The port may be
physical, or conceptual as in circuit nodes.
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power domain: A collection of instances that are treated as a group for power-management purposes. The
instances of a power domain typically, but do not always, share a primary supply set. A power domain may
also have additional supplies, including retention and isolation supplies.

receiver: A device that receives signals for interpretation and action.

reference point: A location with respect to which the dimension coordinates and placement of a shape are
fixed.

sender: A device that generates and terminates signals. Syn: driver.

single-ended signal: A signal used for single-ended signaling, which is the method of transmitting signals
over eleftrical connections. One electrical connection carries a varying voltage that represents the, s{gnal.

skew: A variation of a delay time by propagation of a signal, or an amount of gaps of\the de|ay time
between] a reference signal and an object signal.

solder hall: A spherical solder that is used in the large-scale integration (LSI) package of a ball grid array
(BGA) type and provides the contact between the package and the printed circuit’board. The pins of the
BGA package are placed in a grid pattern. Balls are mounted on each pin and ised to solder the B4QA to the
printed ¢ircuit board. The internal circuit in a BGA exchanges signals and pewer with an external cjrcuit on
a printed circuit board through the ball. The shape of the ball is defined imythe R-Format file.
stacked|via: A structure that places a via on another via. See alsos via.

sub-cirduit: A sub-circuit expresses a specific circuit as ongunit.

termingtor: A device fitted to the end of a cable toxensure electrical connection with other parfs of the
system gnd to maintain the insulation up to the pointiof connection.

typ: An|abbreviation of “typical,” used to express a representative or standard value.
via: Ong of the conductive parts forming @ contact in between layers.
via hol¢: The conduction connectivity made through a hole in between layers. See also. hole.

void: Alhole or cutout on a plane.

3.2 Acronyms-and abbreviations

ACIS A generic 3D modeling kernel developed by Spatial Corporation
ASCII American Standard Code Tor Information Interchange

BGA ball grid array

CPIP Chip-Package Interface Protocol

dc direct current

DDR double data rate

DDR-SDRAM  double data rate synchronous dynamic random-access memory
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DEF Design Exchange Format
DXF Drawing Exchange Format
EDA electronic design automation
EMI electromagnetic interference
GDS (GDS 1)  Graphic Database System
GND ground
HDL hardware description language
IBIS Input/output Buffer Information Specification
IBIS-ISp IBIS Interconnect SPICE Subcircuit
IC integrated circuit
ICEM integrated circuit emission model
ICIM integrated circuit immunity model
IEC International Electrotechnical Commission
IGES Initial Graphics Exchange Specification
1/0 input output
JEDEC Joint Electron Device Engineering Council
JEITA Japan Electronics andInformation Technology Industries Association
JTAM Japan Electronics and Information Technology Industries Association (JEITA)
Accurate Model
LPB LSI, package, and board; LSI-Package-Board
LSI large-scale integration
MD5 message digest algorithm 5
NG no good
PCB printed-circuit-board (adjective)
PCIe Peripheral Component Interconnect Express
PI power integrity
PKG package
PKI public key infrastructure
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POP, PoP package on package
PWB printed wiring board
RMS root mean square
SAT Standard ACIS Text file
Si2 Silicon Integration Initiative
SI signal integrity
SMA subminiature version A
SMD surface mount device
SoC System on Chip
SPICE Simulation Program with Integrated Circuit Emphasis
STEP Standard for the Exchange of Product model data
URI Uniform Resource Identifier
VHDL Very High Speed Integrated Circuits Hardware Description Language
XML Extensible Markup Language
Xtal crystal
4. Concept of the LPB Format
4.1 Technical background
The dedign margin for,timing and noise is decreasing due to the higher speed of systems and [the low
voltage |of the interface "and power supply. Also, balancing design for both cost and performance is

increasifgly becoming important for cost competitiveness. In a conventional design, the la
integratijon (LSI);.package and board (LPB) are designed with margin in accordance with individugl design
guidelings. However, it becomes difficult to provide design guidelines for each LPB part separately with
the decrpased design margin. Therefore, deciding the design target needs the cooperation of the desi
of each - - 1 1 Tcht 1 ret 1 mulation
technology is needed in the system design process. To perform this task, a rapid and accurate simulation
environment is necessary.

4.2 Conventional design

In conventional design, LPB design and sign-off analysis were performed for each design criterion. In other
words, only partial optimization was done, so whole-system optimization and analysis was not performed
at the initial design stage. The result was a lack of observation of physical phenomena throughout the
whole system, appropriate design changes on each design site separately, and excessive estimation for
design margin. These significantly influenced the quality and cost of the final product.
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4.3 Common problems at the design site

4.3.1 Misunderstanding among designers

Misunderstanding among designers can occur when different designers perceive the same word to have
different meanings, designers use the different words to describe the same phenomenon, and designers have
different subjectivities, such as viewing the design from the top or bottom. These cases occur even if
designers are in the same office, with the result that many designers have a bitter experience.

4.3.2 Lack of information for system design

Limitatipns and design margins among the LSI, package, and board may not be assumed at the|tinpe of the
design qf the individual components. Also, designers may face big obstacles after connécting individual
compongnts because they are uncertain about the limitations and margins of the others. For gxample,
designing the package or board (wiring) will be difficult because of lack of informatign’about the [LSI pad
assignment, the package ball assignment, and the part location on the board.

4.3.3 Waste of time that should be used for design

Becausq input and output formats are different for each electronie design automation (EDA) vendor, in
some capes the designer needs to convert the format at the time ofithe delivery of the data from the lifferent
EDA vendors. Problems occur when the designer lacks information at the time of format converfion and
has to npake up for its lack later. In addition, the pin namé:;and net names may be different for eyery LSI
circuit, package, and board. The designer needs to adjust those data and spend painful time in corre¢tion.

4.4 Concept of LPB interoperable design

Interopgrable design is the solution method for the problems with using conventional individual design
methodq for each LPB part. It is defined as the style that each LPB section uses to cooperate and dgsign. At
first, th¢ designer makes minimum“design guidelines to satisfy the product’s performance standards by
designirjg through the whole LPB using the interoperable design. After that, the designer designs dach part
individually in accordance(with the design guidelines. After each individual design is compldted, the
designet performs a simulation for integrating that part with the whole LPB, confirms the performance of
all prodycts, and provides feedback on the designs for all other parts accurately.

4.5 Vajue creation by LPB interoperable design

4.5.1 Effects of LPB interoperable design

LPB interoperable design is an appropriate method of design throughout a whole system for signal integrity
and power integrity among LPB components. This technology is a solution for the problems discussed in
4.3. Use of LPB interoperable design makes it is possible to get the effect described in the following
subclauses.
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4.5.2 Reduction of development cost and time by design flow without iteration

When the designer finally connects the parts designed by partial optimization, an unexpected lack of design
margin sometimes occurs. The designer then needs to discover which part of the LPB is causing the margin
bottleneck. As a result, the designer may not only spend a lot of time but also need additional recovery

costs for

creating the needed design margin. In such cases, it is possible to reduce the development cost and

time by starting LSI design, package design, and board design with each designer sharing information and
cooperating from the point that the LSI design begins. Figure 2 compares conventional design flow and
LPB interoperable design flow. The LPB interoperable flow reduces development costs and time.

LS|
Desig

4.5.3 Rpduction of system total cost

In convg

Figure 2—Conventional design flow versus LPB intéroperable design flow

iteration
LSl i3
| o | P | .| DEDGo to Makd Design I > > i >
\ Analysis Icooperanon Icooperauon ][cooperatlon £ Go td Make

W NG
Design [ g g Design D D @

Conventional design flow LPB interoperable-design flow

Reprinted with permission from JEITA.

ntional design, because a designer designs eachpart of the LSI, package, and board separafely with

individdal margins, the design margin of the product as’whole system sometimes becomes excessiye when

all the
because
number
design f]

arts are finally connected. It is possiblecto*reduce the total cost using LPB interoperablp design
the design margin for the whole design, is controlled and held in total, including reductidn of the
and cost of the parts used in the désign. Figure 3 compares the design margins of conventional
ow and LPB interoperable design/flow.
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Figure 3—LPB interoperable design can control design margin
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4.6 LPB Format

—21—

LPB Format solves the problems in conventional design methodologies, improves product quality, and
reduces design time. LPB Format is a common language for describing the information required for design
and verification. It reduces the preparation time of EDA tools in design teams. Furthermore, LPB can
enable the sharing of ideas beyond the design teams. It can become a medium for information distribution
in the supply chain. It prevents misunderstanding of design information and improves the information flow
in the whole industry. As the result, quality, cost, and delivery time (QCD) will be improved.

4.7 Summary of LPB Format files

4.7.1 General

Figure 4 shows one example of how design information is exchanged using the LPB Format| In this
exampld, three types of designers exist: the LSI designer, the package designer, andythe board designer. All
designegs exchange design information using LPB Format standard files. By unifying the notation of the
files for| exchanging design information, it is possible to prevent misunderstandings and to automate the
design tpol settings.

[ 1. Project Management (M-Format) ]
2. Netlist 2. Netlist 2. Netlist
(N-Format) (N-Format) (N-Format)

[

4. Designirule

]

4. Design rule

|

(R-Format) (R-Format)
3. Component
3. Component
[ (C-Format) ] I [ (C-Format) ]
DeS|gn op{myzation PKG Design Design optimization
Board
Design
Physical info.
Modelmg Physical info.
IBIS/SPICE S(GGlfg:‘;‘zt{)y
P/G equivalent model

Analysis tools
SI/PI/EMC

Reprinted with permission from JEITA.

Figure 4—Example of exchanging design information using the LPB Format
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4.7.2 C-Format

The first purpose of C-Format is to give a unified notation to the outer specifications for parts, such as the
LSI, package, socket, and so forth. The outer specification is the information needed in order to use the
parts, as follows:

— Physical shape of the parts
— Name and type of signal to be input to and output from the parts

— Input/output (I/O) specification, such as the physical shape and position of pins, or swappable pin
definitions

— TSTZIT COTISITAITLS, SUCIT a5 tHIE UPPET HITIT Of e deiay Or SKEwW

— Pesign specifications, such as the input impedance of pins or power consumption

By unifying the notation with C-Format, it is possible to exchange information withoutymisunderdtanding.
For exaple, a board designer should understand the specifications delivered fromeseveral LSI venflors and
should det up the design tools based on this understanding. Human error may oecur during this pfocess if
the spedifications are described by each vendor’s own notation. Using C-Eormat instead of the yendor’s
own nofations, it is possible to set up the design tool automatically and\to/prevent human error due to
misunddgrstanding. Figure 5 shows an example of the information flew of LSI specificatiofs using
C-Format. The LSI specifications are all provided by C-Format even(if the vendors are different. The board
designe can understand the LSI specifications by reading orly) one notation, and design tgols can
automatjcally set up themselves by entering C-Format.

LS| Vendor (A) ]

Design Tool M[ Board:Designer

LS| Vendor (B) ]

LS| Vendor (C) ]

Reprinted with permission from JEITA.

-

gure 5—Example of information flow of LSI specifications using C-Format

Unified |notation ,also “smoothly circulates information about specification changes. Figure 6 s
exampld of intéroperable design flow. A board designer and a LSI designer are collaborating. The
information dbout the pin assignment of the LSI package is provided by the LSI designer. When the board
designet wants to change the pin assignment of the LSI package, he or she modifies the provided
file and f t = T T

specification change and prevents human error that can occur due to specification changes.
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Figure 6—Example of interoperable design flow with C-Format
nd purpose of C-Format is to provide a unified interface to a simulation model such as a S

mulated

Progranm with Integrated Circuit Emphasis (SPICE) netljst, Input/output Buffer Information Specjfication

(IBIS),
the nod
simulati

exchanging simulation models. Model files areprovided with the C-Format file.

b-parameters, etc. C-Format wraps these simulation model files and gives cross-references

bn model automatically by entering thé”wrapped model file. Figure 7 shows an exa

between

ps of the simulation model and the physical ports of the parts. Simulation tools can plug in the

mmple of

LSI Vendor

)

C-Format
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5
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Reprinted with permission from JEITA.

Figure 7—Example of exchanging simulation models with C-Format
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The third purpose of C-Format is to provide connection points to merge multiple layout data. C-Format
wraps layout data files, such as Graphic Database System (GDS) II, and gives cross-references between
ports in the C-Format file and objects in the layout data file. For example, when the C-Format file wraps a
GDS 1I file, ports in C-Format are associated with the coordinates/layers in the GDS II file. When the
C-Format file wraps a G-Format file, ports in the C-Format file are associated to the pin in the G-Format
file. This feature can be used to merge two or more layout data designed by different design houses. Such
situations can occur when the board designer wants to analyze the board with package layout data. The
board designer receives the wrapped package layout data from the package designer and enters it in the
analysis tools. The analysis tools can find the connection points using the cross-references defined in the
C-Format file and merge the layout data of the printed circuit board and the package.

The fourth purpose of C-Format is to support the floorplan of the printed circuit board and package.
C-Formfif includes placement mformation about parts. 1his feature can be used to communifate the
floorplan information from the system designer to the board designer. Figure 8 shows an example-df design
flow when the system designer requests a printed circuit board design to the board designer| At the
beginning of the work, the printed circuit board designer can set up the design tools based on the provided
C-Format file. By unifying the notation of the floorplan, it is possible to exchange flogrplan infgrmation
without misunderstanding, and to set up the design tool automatically.

System Designer Board Designer

Floorplanning

Create C-Format for Board

Rarts placement

Modify C-Format

Confirm parts location

Amendment C.
For,
Modify C-Farmat 'ha[
Investigation
o ¥ ormat Compromise
Modify C-Format
: [
- E
: [
v

Reprinted with permission from JEITA.

Figlire 8-—<Example of design flow between system designer and board designer

4.7.3 R-Format

The first purpose of R-Format is to unify the notation of the design rules of the printed circuit board and the
package. The following design rules are defined in R-Format:

— Layer stackup of the package and the printed circuit board
—  The thickness of the conductive layer/insulating layer
—  The material used for each layer

— The material parameters, such as conductivity, dielectric constant, or loss tangent
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— Line width and line space
— Via spacing

—  Shape of vias

Normally, manufacturers of printed circuit boards and packages provide the design rules using their own
notations. The designer has to understand the design rules described in several notations and set up the
design tools, with the risk that human error may occur. However, using a unified notation such as R-Format
makes it possible to set up the design tool automatically and to prevent misunderstanding. Figure 9 shows
an example of exchanging design rules using R-Format. All manufacturers provide design rules using the
R-Format unified notation. Design tools can set up themselves automatically by entering R-Format.

Board Manufacturer (A)]

Board Manufacturer (B)]

[Design Tool M[ Board Designer

Board Manufacturer (C)]

Reprinted with permission from JEITA.

Figure 9—Example of exchanging design rules with R-Format

The secpnd purpose of R-Format is to define the physicalgdesign constraints of the printed circuit bpard and
the paclage. Physical design constraints mean the height limitation of mounted parts and the nog-default
design rile area.

4.7.4 GtFormat

The purpose of G-Format is to unify the notation of the layout data of the layer stack-up structuref such as
the prinfed circuit board or package. It is possible to exchange the layout data seamlessly between [analysis
tools anfl layout tools by the unified notation of the layout data. The G-Format file includes the f¢llowing
geometrjic information:

—  Printed circuittboard

— [Layer stackup and physical parameters of the material

— Phapk and location of the mounted parts

— Bhape and location of the pins

— Route or pattern of the nets
— Shape and location of the vias

—  Shape of the bonding wires

Figure 10 shows an example of exchanging layout data using G-Format. Analysis tools can set up by only
entering G-Format if all layout tools output G-Format files.
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Layout Tool (A)

G-Format

Layout Tool (B)

A
—

[ Analysis Tool

G.
Fo, r"’at

Layout Tool (C)

Reprinted with permission from JEITA.

Figure 10 —Example of exchanging layout data with G-Format

4.7.5 NlFormat

The purpose of N-Format is to unify the notation of the netlist that is used to design‘the printefl circuit
board and the package, where the netlist means the connectivity information between parts mounted on a
printed fircuit board or package. N-Format conforms to Verilog hardware deseription languag¢ (HDL)
(IEEE §td 1364™9°) and adds keywords to identify power and ground nets. Upifying notation of tHe netlist
makes if possible to exchange the netlist seamlessly between circuit designtools and layout tdols. For
examplg, when the circuit designer orders the board design from the board“designers, the circuit designers
should dxchange the netlist.

If the ngtlist is represented using several notations, there is a risk¢that’ human error may occur when fentering
the conrlectivity between parts into the design tools. However, by using the unified notation for neflist, it is
possiblel to prevent human errors when setting up the design.-tools because all design tools can sdt up the
connectjvity between parts by supporting only one notation for the netlist file. Figure 11 shows an pxample
of desigh flow using the N-Format file. The circuit modification is exchanged using N-Format.

Circuit Designer. Board Designer

| Circuit design

Create N-Format

Schematic Entry |

Board Design |

Add Decoupling Capacitor |

Modify N-Format

! Caonfirm Circuit

Time

A\

Reprinted with permission from JEITA.

Figure 11 —Example of design flow with N-Format

¢ Information on references can be found in Clause 2.
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476 M

-Format

LPB Format files are continuously updated in accordance with the design progress. The purpose of
M-Format is to manage the version of each file to prevent errors when exchanging LPB Format files.

5. Language basics

5.1 Ge

neral

This sul
and R-F|

52Ty

The foll

text

clause describes the conventions used 1n the syntax definitions of the LPB M-Format,.C
prmat.

bographic and syntax conventions

bwing list describes the syntax conventions:

The monospace font is used to indicate the attributes or elemients that shall be typed literally.

italid

The italic font is used to indicate the user-defiféd information for which shall be subs

na

A%

me or value.

y other character.

ackets denote optional attributes or elements. When used with vertical bars, they enclose
oices.

ackets/followed by three dots indicate that there shall be specified zero or more attri

Format,

ituted a

brtical bars separate possible choices for a single attribute or element. They take precedence over

a list of

butes or

bments. When used with vertical bars, they enclose a list of choices.

an
[]

Bi1

ch
[]-..

Bj

el
{}...

Braces followed by three dots indicate that there shall be specified one or more attributes or elements.
When used with vertical bars, they enclose a list of choices.

Three dots indicate that the previous value could be repeated.
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e strings in the M-Format, C-Format, and R-Format are case sensitive.

NOTE—AII code examples in this standard are written in monospace font.”

5.3 Character information

Unless otherwise noted, only ASCII characters, as defined in ANSI Standard X3.4-1986, shall be used in
LPB Format file. The use of characters with codes greater than hexadecimal 0x7E is not allowed. Also,
ASCII control characters (those numerically less than hexadecimal 0x20) are not allowed, except for tabs

orinali

ne termination sequence.

5.4 Notation of the floating point number

The foll

[=14

<manti

An integer or fractional number. Only numeric character (0°to 9) and decimal separator d

(p

<expon

Only integer shall be used for the exponent (the‘power of 10). Shall not contain a decimal {

ch

5.5 Fil

The foll

bwing format is used to denote floating point numbers.

]<mantissa>[{el|E} [-|+]<exponent>]

Ssa>

eriod) shall be used.

ent>

aracter.

b naming definitions
bwing defines a rule of file referencing.

lirectory: A location for storing files on a hierarchical file system.

oot directory:\A standard designation for the root of a file system. In Windows, it incl
driver letter{(linie C:) and in Linux, it includes the root slash (/).

current-directory: A directory that holds current LPB Format file.

path: A route to a specific file that is represented by a sequence of root directory (optio|

haracter

eparator

ides the

hal) and

directories

— absolute path: An absolute path is a path that starts from the root directory of a file system. It

locates the specified file regardless of the current directory.

relative path: The relative path is not starting from root directory. It locates a file relative to the

current directory.

— file reference: A reference to a file, expressed as either a simple file name or including re

absolute path. Simple file name means that the file is located in the current directory.

lative or

7 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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6. Common elements in M-Format, C-Format, and R-Format

6.1 General

This clause provides commonly used elements in M-Format, C-Format, and R-Format.

M-Format, C-Format, and R-Format use the World Wide Web Consortium standard for the XML version
1.0 [B21]. M-Format, C-Format, and R-Format are structured by several elements. The name of an element
is enclosed in triangular brackets < >.

<eler

An elenfent can contain multiple elements as its children. An element start with <element~name>

with </

<elerjent name>....</element name>

If an elgment does not contain children, the element simply expresses as <elemént name/>. The

element

An elen
double

accordirlg to the rules defined in 5.4. Unless restricted by keyword, string value is free strings.

attygibute name="attribute value"

The attr

6.2 Th

6.2.1G

The <exjtensions> elem@ntis a container of the user’s own extension. It is used to add the user’s
itions to M-Forimat, C-Format, and R-Format. All user extensions are defined using the nanjespace
(Name gpaces in XML.0 [B16]). Any description can be added to user extension area as long as th

specific

accord t|

ent_name

element name> if the element contains children.

b is defined by syntax rule of M-Format, C-Format, and R-Format.

jent can have one or more attributes. An attribute is represefited by name, and a value eng
juotation. Attribute values shall be numeric value or strig value. Numeric value shall be

butes can appear in any order and shall be ugique.

b <extensions> element

eneral

b the XML format. The user extension declaration has the following syntax.

and end

order of

losed in
notated

DWn

cy

<exten
{<
</exte

sions/xmlns:user prefix="URI">

usér” prefix:user own tag {user own attribute="any string"}.. />}..

nsions>

If multiple users add the their own specifications individually, the keywords might conflict with each other.
Use the namespace identified by URI reference to prevent the keyword conflicting. The most important
thing of URI is that it is unique. The users who use user extension area can guarantee the uniqueness of the
URI by registering the domain name included in URI to internet domain management organization. It is the
responsibility of the user extension to guarantee the uniqueness of the string used after the domain name.
The LPB Format use the URI as an identifier. Including a specific domain name is an idea to ensure
uniqueness of URI strings. The URI specified here can be fictitious as long as it is unique. Only graphic
characters in ANSI Standard X3.4-1986 (codes 0x21 to 0x7E) shall be used for URI.
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6.2.2 Example

The following is an example of the <extensions> element in use.

<header project="test project" design revison="1.1">
<extensions xmlns:A="http://www.A.com">
<A:own_user areal myattributel="xxx" myattribute2="yyy"/>
<A:own_user area2 myattribute3="xxx" myattributed="yyy"/>
</extensions>
<extensions xmlns:B="http://www.B.com">
<B:own_user areal myattributel="xxx" myattribute2="yyy"/>
<B:own_ user areal2 myattribute3="xxx" myattributed="yyy"/>
</extensions>
</headfr>

6.3 The <header> element

6.3.1 General

The <h¢ader> element defines the management information of the M-Format, R-Format, and (J-Format
files.

<headefr

project="project name"

design revison="revision number!
[permission="edit permission"]
[date="date"]
[author="owner of this doeument"]
[email="email address"]
[company="company name\]
[comment="any comment} ]

>
[<extensions> edément]..
</header>

By prodessing the <header>Nelement, you can get the project name (project), creation date|(date),
information about the author(author, email, and company), and a control number (design revfision).

6.3.2 Attribute definitions

The attr]butes.of the <header> element are defined as follows.

project

This attribute specifies the name of the project. All LPB Format files in a project shall have the same
project name.

design revision

This attribute specifies the revision number of each LPB Format file. The revision number shall be
increased appropriately when modifying the LPB Format file.
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permission

This attribute specifies the edit permission of each LPB Format file. The value shall be one of the
following:

EDITABLE Permit editing.
LOCKED Prohibit editing.

If permission attribute is not specified, EDITABLE is set as the default.

date

1s attribute specifies the creation or modification date of the LPB Format file.

author

—

his attribute specifies the name of the author of the LPB Format file.
email
Tis attribute specifies the email address of the author.
companly
Tihis attribute specifies the organization to which the authof of this design file belongs.
commenit

Thhis attribute specifies an arbitrary text string useéd as a comment.

6.3.3 Element content

The <hgader> element can contain the following element:

<pxtensions>

6.3.4 Example

The follpwing is.an.example of the <header> element in use.

<headefr
prpject="JEITA LPB SAMPLE PROJECT"
design revision="1.3"
date="20190101"
permission="LOCKED"
author="yyyyy xxxxx"
email="xxxx@jeita.jp"
company="JEITA"
comment="This is a sample code of LPB format."

>
<extensions xmlns:LPB_FORUM="http://www.lpb-forum.com">
<LPB FORUM:header ext comment="this is a sample of user extension area"/>
</extensions>
</header>
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6.4 The <global> element

6.4.1 General

The <global> element defines the unit system, basic shapes, and padstack to be used throughout the
R-Format and C-Format files.

<global>
<unit> element
[<shape> element]..
[<padstack def> element]..
[Xextension cIement] ..
</globpl>

The scope of the defined variables is limited to the file in which it is declared. The content of the fglobal>
element|consists of one <unit> element and one or zero <shape> and <padstack dé&f>elementy.

6.4.2 Element contents

The <gJobal> element can contain the following elements:

hnit>

shape>
padstack def>
cxtensions>

ANIVANIVANIVAN

6.4.3 The <unit> element

The <ur}it> element defines the unit system(to be used in LPB Format file.

<unit>|
[<distance> element]

[<angle> element]

[<area> etement]

[<time>\element]

[<resistance> element]
[<capatitance> element]
[{resistivity> element]
[{temperature> element]

[<voltage> element]

[<current> element]

[<power> element]

[ Jl.Ild.uL/l.dIlL/U clcmcut_]
[<frequency> element]

[<impedance> element]

[<thermal conductivity> element]
[<specific heat capacity> element]
[<density> element]

[<thermal diffusivity> element]
[<coefficient of thermal expansion> element]
[<dynamic viscosity> element]
[<extensions> element]..

</unit>

The value for each indicates how the numbers in the LPB Format file shall be interpreted.
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6.4.3.1 Element content

6.4.3.1.1 The <distance> element

The <distance> element defines length units to be used in the LPB Format file.

<distance unit="length unit"/>

The l1ength unit shall be one of the following values:

PR pi cometers
nfn nanometers
u micrometers
m| millimeters
| meters

iphch inches

mh 1 mil

If <distance> element is not specified, m is set as the default.

6.4.3.12 The <angle> element

The <arjgle> element defines a unit system for angles.

<angle| unit="unit of angle'"/>

The unqt of angle shall be either of the following values:

degree
rhdian

If <ang] e> element is not specified,"degree is set as the default.

6.4.3.113 The <area> element

The <afea> elementdefines a unit of area.

|<area unit="unit of area" />

The un1T 0T area shattbeone of the following vatues:

pm2 square picometer
nm2 square nanometer
um2 square micrometer
mm2 square millimeter
m2 square meter

i2 square inch

If <area> element is not specified, m2 is set as the default.
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The <time> element defines a unit of time in seconds.
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<time unit="unit of time" />

The unit of time shall be one of the following values:

ps picosecond
ns nanosecond
us microsecond
m millisecond
S second
If <timg¢> element is not specified, s is set as the default.

6.4.3.1)5 The <resistance> element
The <rqsistance> element defines a unit of resistance.
<resisftance unit="unit of resistance" />
The unqt of resistance shall be one of the following values:
fphm femtoohm
pphm picoohm
nphm nanoohm
uphm microohm
mphm milliohm
ohm ohm
kphm kiloohm
Mphm megaohm
Gphm gigaohm
If <res]stance> element is-hot specified, ohm is set as the default.
6.4.3.1/6 The <capacitance> element
The <capacitance> element defines a unit of capacitance.
<capacitance unit="unit of capacitance" />

The unit of capacitance shall be one of the following values:

f
p
n
u
m
F
k

F femtofarad

F picofarad

F nanofarad

F microfarad

F millifarad
farad

F kilofarad
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MF megafarad
GF gigafarad

If <capacitance> element is not specified, F is set as the default.

6.4.3.1.7 The <resistivity> element

The <resistivity> element defines a unit of resistivity.

<resistivity unit="unit of resistivity" />

The unqt of resistivity shall be one of the following values:

Q<X ~ 0 3 ¢ @ B Hh

bhmm femtoohm meter
bhmm nanoohm meter
bhmm picoohm meter
bhmm microohm meter
bhmm milliohm meter
hmm ohm meter
bhmm kiloohm meter
bhmm ~ megaohm meter
bhmm ~ gigaohm meter

If <resjstivity> element is not specified, ohmm is set as the*default.

6.4.3.1/8 The <temperature> element

The <tdmperature> element defines a unit system for temperature.

<tempefrature unit="unit of temperature" />

The unqt of temperature shall be either of the following values:

C
K

celsius
kelvin

If <temperatureg>yelement is not specified, C is set as the default.

6.4.3.19"The <voltage> element

The <voltage> element defines a unit of voltage.

<voltage unit="unit of voltage" />

The unit of voltage shall be one of the following values:

pVv
nV
uVv
mV

picovolt
nanovolt
microvolt
millivolt
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volt
kilovolt

If <voltage> element is not specified, v is set as the default.

6.4.3.1.10 The <current> element

The <current> element defines a unit of electric current.

IEC 63055:2023 © IEC 2023
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<current unit="unit of current" />

The unqt of current shall be one of the following values:

~ 2 3 ¢ B8 g
L Z R S

picoampere
nanoampere
microampere
milliampere
ampere
kiloampere

If <curyent> element is not specified, A is set as the default.

6.4.3.1/11 The <power> element

The <pqwer> element defines a unit of power consumption.

|<power unit="unit of power" />

The unqt of power shall be one of the following values:

~ = 3 ¢ 5 '
= = = =

picowatt
nanowatt
microwatt
milliwatt
watt
kilowatt

If <powgr> element is not specified, W is set as the default.

6.4.3.1.12 The <inductance> element

The <inductance> element defines a unit of inductance.

<inductance unit="unit of inductance" />

The unit of inductance shall be one of the following values:

fH

pH
nH

femtohenry
picohenry
nanohenry
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uH microhenry
mH millihenry
H henry
kH kilohenry

If <inductance> element is not specified, H is set as the default.

6.4.3.1.13 The <frequency> element

The <frequency> element defines a unit of frequency.

| <frequency unit="unit of frequency" />

The unqt of frequency shall be one of the following values:

uHz microhertz
mHz millihertz
HE hertz

kHz kilohertz
MHz megahertz
GHz gigahertz

If <frefuency> element is not specified, Hz is set as the default:

6.4.3.1/14 The <impedance> element

The <inpedance> element defines a unit of impédance.

<impedpnce unit="unit of impedance” />

The unqt of impedance shall be(one of the following values:

fpbhm femtoohm
pphm picoohm
nphm nanoohim
uphm miereohm
mphm milliphm
ohm ohm

kbhm kiloohm
Mphm megaohm

If <impedance> element is not specified, ohm is set as the default.

6.4.3.1.15 The <thermal_conductivity> element

The <thermal conductivity> element defines a unit of thermal conductivity.

<thermal conductivity unit="unit of thermal conductivity" />
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The unit of thermal conductivity shall be one of the following values:

watt
W/ (m*K) _—
(meter x kelvin)
watt
W/ (cm*K)

(centimeter % kelvin)

If <thermal conductivity> element is not specified, W/ (m*K) is set as the default.

6.4.3.1.16 The <specific_heat_capacity> element

The <sgecific_heat capacity> element defines a unit of specific heat capacity.

<speciffic heat capacity unit="unit of thermal specific heat capaeity" />

The unqt of specific heat capacity shall be one of the following values!

joule
JY (g*K) —
(gram x kelvin)
joule
IV (kg*K)

(kilogram x kelvin)

If <spe¢ific_heat capacity> element is not specified, J/ (kg*K) is set as the default.

6.4.3.1/17 The <density> element

The <dqnsity> element defines a unit of density.

| <densifty unit="unit of dengity" />

The unqt of density shalkbe¢ one of the following values:

kilogram
kly/m3 L
cubie meter

gram

gfm3 —
cubic meter

ram

gl/cm3 £

cubic centimeter

If <density> element is not specified, kg/m3 is set as the default.

6.4.3.1.18 The <thermal_diffusivity> element

The <thermal diffusivity> defines the unit of the coefficient of thermal diffusivity.

| <thermal diffusivity unit="unit of thermal diffusivity">

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023

IEEE Std 2401™-2019 -39-
The unit of thermal diffusivity shall be one of the following values:
m2/s square meter
seconds
square centimeter
cm2/s

seconds

If <thermal diffusivity> element is not specified, m2/s is set as the default.

6.4.3.1

The <cq

19 The <coefficientof thermal expansion=element

efficient of thermal expansion> defines the unit of the coefficient of thermal,exp

hnsion.

<coeff]

icient of thermal expansion

unit="junit of coefficient of thermal expansion">
The unqt of coefficient of thermal expansion shall be one of the(following values
1
1/x .
kelvin
1
¢ .
celcius
If <coefficient of thermal expansion> elementis not specified, 1/K is set as the default.
6.4.3.120 The <dynamic_viscosity> element
The <dynamic_viscosity> defines-thi¢,unit of dynamic viscosity.
|<dynamic_viscosity unit=s"unit of dynamic viscosity">
The unqt of dynamic (vistosity shall be one of the following values:
kilogram
Ky/ms =~ ecrostam
meter seconds
kilogram
PRS pascal seconds (Pas = £ -
\ lllctcl beUllUb/
. 0.1 kilogram
P poise | P = .- ogtam
meter seconds
. 0.001 kilogram
cP centi poise | CP=———="—
meter seconds

If <dynamic_viscosity> element is not specified, kg/ms is set as the default.
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6.4.3.2 Example

The following is an example of the <unit> elements in use.

<unit>
<distance unit="um" />
<angle unit="degree" />
<area unit="um2" />
<time unit="ps" />
<resistivity unit="ohmm" />
<temperature unit="C" />
<voltage unit="v" />
<capacitance unit="pF" />
<resfstance unit="mohm" />
<powpr unit="mw" />
<inductance unit="nH" />
<freuency unit="MHz" />
<impkdance unit="ohm" />
<thefrmal conductivity unit="W/(m*K)" />
<spefific heat capacity unit="J/(kg*K)" />
<denpity unit="kg/m3" />
</unit

6.4.4 The <shape> element

6.4.4.1|General

The <sHape> element defines basic shapes those are referenced by other attributes and elements, juch as a
<padstpck def> element.

<shape
[<rectangle> elementl].
[<circle> element:
[<polygon> element]..
[<extensions>“\element]..
</shapp>

The scope of the defined (shapes is limited to the file in which it is declared. The content of the {shape>
element|consists of zero\er more <rectangle>, <circle>, and/or <polygon> elements.

6.4.4.2 [Element content

The <sHape> element can contain the fn]]nwing elements-

<rectangle>
<circle>
<polygon>
<extensions>
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6.4.4.3

6.4.4.3.

The <rectangle> element

1 General

The <rectangle> element defines the shape of the rectangle with width, height, and rotation angle.

<rectangle
id="identifier"
width="width"
height="height"
[angle="rotation angle"]
/> —
The refgrence point of the defined rectangle is the center of rectangle. It is used for rotation(@nd placement

position|

6.4.4.3
The attr
id

Th

attributes and elements.

width

TH
eld

height

TH
eld

angle

Th
re
de

of the rectangle.

2 Attribute definitions

butes of the <rectangle> element are defined as follows.

is attribute specifies the unique identifier that is used.todeference the shape separately frq

is attribute specifies the width of the rectangle. The unit of distance is defined by the <di {
ment in the <unit> element.

is attribute specifies the height of the rectangle. The unit of distance is defined by the <dis
ment in the <unit> element.

is attributeSpecifies the angle of the counterclockwise rotation with respect to the centg
tangle. If an' angle is not specified, zero is set as the default. The unit of the rotation
fined by the <angle> element in the <unit> element.

m other

tance>

tance>

r of the
angle is

6.4.4.3.

3 Example

The rectangle shape in Figure 12 is represented by the following code:

<rectangle id="bfrectl0" width="12" height="6" angle="30"/>
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angle = “30”

7

width = ~12”

height = “6”

Reprinted with permission from JEITA.

Figure T2—EXample of a rectangie shape

6.4.4.4The <circle> element

6.4.4.4]1 General

The <circle> element defines the shape of a circle by diameter.

<circl

[0

id="identifier"
diameter="diameter"

/>

The refgrence point of the circle is at the center.

6.4.4.42 Attribute definitions

The attr]butes of the <circle> element are defined as follows.

id
THis attribute specifies.the\unique identifier that is used to reference the shape separately frqm other
attributes and elements.

diametpr

THis attributespecifies the diameter of the circle. The unit of distance is defined by the <didtance>
elgment in the <unit> element.

6.4.4.4.3 Example

The circle shape in Figure 13 is represented by the following code:

<circle id="viapadl2" diameter="12"/>
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> »
il Lall

diameter = #127

Reprinted with permission from JEITA.

Figure 13—Example of a circle shape

6.4.4.5|The <polygon> element

6.4.4.5]1 General

The <pqlygon> element defines the shape of a closed polygon.

<polygpn
id="Identifier"
points="x1, y1, x2, y2, x3, y3, x4, y4d<."
[angle="rotation angle"]

/>

The refdrence point of the polygon is set to (0, 0).

6.4.4.5)2 Attribute definitions

The attr{butes of the <polygon> element are-defined as follows.

m other

st point
r of XY
bment in

id
Tlhis attribute specifies the unique identifier that is used to reference the shape separately fiq
atfributes and elements.

points
THis attribute-specifies a sequence of at least four points to generate a closed polygon. The 1
anfl first point’shall be the same. Points are separated by commas (, ), and each point is a pa
coprdinates separated by a comma (, ). The unit of distance is defined by the <distance> el
th¢ <uni t> element.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the reference point

of the polygon. If the angle is not specified, zero is set as the default. The unit of the rotation
defined by the <angle> element in the <unit> element.
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6.4.4.5.3 Example
The polygon shape in Figure 14 is represented by the following code:

<polygon id="X1" points="5,3,3,4,-3,2,-1,-3,4,-1,5,3"/>

(3,4)

(5, 3)
(—3’ 2)

(0,0
X

(4‘ —1)

-1,-3)
Reprinted with permission from JEITA.
Figure 14 —Example of a polygon shape

The polygon shape in Figure 15 is represented by the following code:

<pollygon id="X2" points="5,3,3,4,-3,2,-1,3,4,H,5,3" angle="30"/>

30 degree
0.0)

/|

Reprinted with permission from JEITA.

Figure-15 —Example of the rotation of a polygon shape

6.4.4.6 [Example

The follpbwing is an example of the <shape> elements in use

<shape>
<rectangle id="R1" width="100" height="10" />
<circle id="C1" diameter="20" />
<polygon id="P1" points="-10,-10,10,-10,10,10,-10,10,-10,-10" />
<circle i1d="VLLPAD" diameter="500" />
<circle id="VSLPAD" diameter="400" />
<circle i1d="VLSPAD" diameter="700" />
<circle id="VSAPAD" diameter="600" />
<circle id="SHP.10" diameter="200" />
<rectangle id="SHP.21" width="7500" height="10900" />
<polygon id="SQRT" points="10,10,20,10,20,20,10,20,10,10" />
</shape>
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6.4.5 The <padstack_def> element

6.4.5.1 General

The <padstack def> element defines padstacks that are used by other attributes and elements.

<padstack def>

{<padstack> element}..
[<extensions> element]..

</padstack_def>

The <ppdstack def> element consists of one or more <padstack> elements and zerg
<extenlsions> elements.

6.4.5.2

The <p4

<
<

6.4.5.3

6.4.5.3

The <p
board (H

Element contents

dstack_def> element can contain the following elements:
padstack>

extensions>

The <padstack> element

1 General

hdstack> element defines the geometrical-description of each pin or via of the printe
'WB) or package.

DI MOore

| wiring

<padst

>

</pads

bck
id="identifier"

{<ref shape> element}..
[<extensions>* element]..
tack>

The refe

rence point of the-padstack is at local origin (0, 0). The scope of the padstack definitions i

to the file in which(itis declared. The content of the <padstack def> element consists of one

<ref s

6.4.5.3

hape> element and zero or more <extensions> elements.

2. Attribute definition

limited
or more

The attribute of the <padstack> element is defined as follows.

id

This attribute specifies the unique identifier that is used to reference the padstack from other
attributes and elements.
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6.4.5.4 Element contents

The <padstack> element can contain the following elements:

<ref shape>
<extensions>

6.4.5.4.1 The <ref_shape> element

6.4.5.4.1.1 General

The <rqf shape> element references the shape that constructs a padstack.

<ref shape

shape id="identifier of referenced shape"
[type="shape type"]

[x="x coordinate" y="y coordinate"]
[angle="rotation angle"]
[layer="shape placed layer"]

[pad layer="pad placed layer"]

/>

The refdrenced shape shall be defined at the <shape> element i the’same file.

6.4.5.4]1.2 Attribute definitions
The attrjbutes of the <ref shape> element are defined as follows.
shape fd

THis attribute specifies the identifier of the predefined shape that is defined at the <shape> plement.
THe referenced shape shall be 'defined at the <shape> element in the same file.

type

THis attribute specifies how the shape is used. Figure 16 shows an example when the shape isfused for
vig structure. Thewvalue shall be one of the followings:

Antipad Used as a shape of clearance, or antipad

Non€onnection Used as a shape of the nonconnection land

Dand Used as a shape of the normal land

Drill Used as a shape of the drill; the outside diameter of the via
Hole Used as a shape of the hole; the inside diameter of the via
SolderMask Used as a shape of the solder mask

Resist Used as a shape of solder resist
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NonConnection —
Land
< 5 Hole
D g Land >lle
A L1— i, B

Th
Th
no
eld

angle
Th
of]
de

layer
Th

pad_la

Th

. . L2—
Plating thickness
for the via walls
L3—
L4—+r____4 ] [T T |
L
-and | | ori
Antipad

Reprinted with permission from JEITA.

Figure 16 —Example of via structure

ese attributes specify the location of the reference point 6f the shape with respect to the loc
e x and y attributes specify the x-coordinate and y-coordinate, respectively. If these attrilj
t specified, zero is set as the default. The unit of the coordinate is defined by the <dis
ment in the <unit> element.

is attribute specifies the angle of the-counterclockwise rotation with respect to the referen
the shape. If the angle is not specified, zero is set as the default. The unit of the rotation
fined by the <angle> elementin the <unit> element.

attribute is used exclusively by the C-Format. The value shall be one of the following:

is attribute specifiesithe name of the layer defined in the R-Format on which the shape is pl|
yer
is attribute specifies the placement side of the shape as shown in Figure 17. The pad

al origin.
utes are
tance>

ce point
angle is

heed.

| layer

TOP The shape is placed on the top side.
BOTTOM The shape is placed on the bottom side.
FOOTPRINT The shape is used as a footprint.
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Top View —w »
pad_layer="TOP Top View
pad_layer="BOTTOM” Q

BGA ﬁ m a

pad_layer="BOTTOM”

pad_layer:ﬂFoomeTn

Reprinted with permission from JEITA.

Figure 17 —Explanatory drawing of <pad layer>

6.4.5.5 [Example

The follpwing is an example of the <padstack> elements.

<ppdstack def>
padstack id="smallvia>

<ref shape shape id="VLLPAD"/>

<ref shape shape_ id="VLAPAD"/>

<ref shape shape id="VDRILL"/>

<ref shape shape id="VHOLE"/>

<ref shape shape id="VLLPAD"/>

<ref shape shape id="VLAPAD"/>

<ref shape shape id="VDRILL!(/>

<ref shape shape id="VHOLE"Y>
/padstack>
padstack id="ball>

<ref shape shape ids!\SHP.10"

x="0" ¥="0" angle="0" pad layer="BOTTOM"

/> -
/padstack>
</padstack_def>

7. M-Hormat

7.1 M-Format fife structure

The content of the M-Format file consists of one <header> element, zero or more <include> elements,
zero or one <current phase> elements, and one or more <class> elements. The elements shall be
specified in the following order:

<LPB_MFORMAT version="2020">
<header> element
[<include> element]..
[<current phase> element]
{<class> element}..
[<extensions> element]..
</LPB_MFORMAT>

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023
IEEE Std 2401™-2019 -49 —

7.2 The <include> element

721G

eneral

The <include> element specifies other M-Format files to be included.

<include

/>

MFORMAT="name of M format file"

722A

The attr

MEFORMA|

Th
co

ttribute definition

bute of the <include> element is defined as follows.

I

is attribute specifies the name of the M-Format file to be included. When this attribute
htain a directory name, it means the M-Format file exists in the’ current directory. W|

loes not
hen this

attribute contains a relative path, it means the M-Format file exists™iti that relative place from the

cu

723E

The foll

<incluy
<incluy
<incluy

7.3 Th

Frent directory. Also, this attribute may use an absolute path from the root directory.

kample

bwing is an example of the <include> element iuse.
He MFORMAT="LPBFMT-PKG.xml" />

He MFORMAT="ydir/zdir/LPBFMT-BKE2.xml" />
He MFORMAT="/TOPDIR/xdir/LPBFMT-SOC.xml" />

p <current_phase> element

731G

neral

A purpose of MFormat'is to manage the versions of LPB Format files that are used in several desig
One MHormat caf ihclude those versions of LPB Format files. The <current phase> element is
declare the current design phase. Applications that handle MFormat shall select LPB Format file

design

ase.

h phases.
used to
for the

<current phase name="current design phase" />

7.3.2 Attribute definition

The attribute of the <current phase> element is defined as follows:

name

This attribute specifies the design phase name that is defined by phase name attribute in <class>

ele

ment.
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7.3.3 Example
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The following example includes three design phases. The current design phase is "step03 cad". The
application shall select the LPB Format files that are used in "step03_cad" design phase.

<?xml version="1.0" ?>
<LPB_MFORMAT version="2020">
<header project="myprojol"
design version="1.0"
date="2018-06-17 13:00:00"
author="Mr.X"
company="JEITA/SDTC/LPBSC/2020TG" />
<current phase name="step03 cad"/>

<cllass name="myboard"

phase name="phase03 cad"
comment="cad design ongoing"
date="2018-06-14 13:00">

</klass>

<c[Lass name="myboard"

phase name="phase02 sim"
comment="si/pi simulation was ok"
date="2018-06-07 13:00">

</klass>
<c[Lass name="myboard"
phase name="phase(l fs"

comment="feasibility study done"
date="2018-06-01 13:00">

</klass>

7.4 The <class> element

7.4.1 General

The <class> elementibinds the related files which form a functional module, such as an LSI, padkage, or

printed ¢ircuit board

<class

[name="class name"]
[IEN2Y Aarme=Ildl el e el

g — ) i
[date="date"]
[comment="comment text"]

[<CFORMAT> element]
[<RFORMAT> element]..
[<GFORMAT> element]..
[<NFORMAT> element]..
[<OtherFile> element]..
[<ref class> element]..
[<extensions> element]..
</class>
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7.4.2 Attribute definition

The attributes of the <class> element are defined as follows.
name

This attribute specifies the name of the class.
phase name

This attribute specifies the design phase name. The LPB Format files defined in this <class> mean
that they are used in the design phase specified here.

date
THhis attribute specifies the date when the class is defined or modified.
commenit

THis attribute specifies the comment string.

7.4.3 Element content

The <class> element can contain the following elements:

CFORMAT>
REORMAT >
GFORMAT>
NFORMAT>
DtherFile>
ref class>
Extensions>

AN ANANAANNAN

7.4.4 Example

The follpwing is an example ofithe <class> element in use.

<class
nanje="LPB SAMRELE CLASS"
phgse name="FfTnal Design Rev.1.0"
dae="20190331"
conment="PWB"

<CHORMAT
comment="C-Format"
file name="CFMT_TOP.xml"
design revision="1.0"
MD5="646da%ae5d90e6b51b0a578badae372£t"
/>
<RFORMAT
comment="R-Format"
file name="RFMT TOP.xml"
design revision="1.0"
MD5="6ede01b9%fed673b6619cffb5f9%6elact"
/>
<GFORMAT
comment="G-Format"
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file name="GFMT TOP.xfl"
MD5="6ede01b9fed672cfa746974210d68e96"

<NFORMAT

/>

comment="N-Format"
file name="NFMT TOP.v"
MD5="ee620bf842fb6646da%ae5d90e6b51b0"

<ref class

commnet="Parts"
file name="./lib/LPB PARTS.xml"
class name="parts 1lib"

/>
</clasg>
7.4.5 The <CFORMAT> element
7.4.5.1|General
The <CHORMAT> element specifies a file of the LPB-component format (C-Format).
<CFORMRT
[comment="comment text"]
file name="name of C format file"
design revision="revision number"
[MD5="MD5 checksum"]
/>
7.4.5.2 [Attribute definitions
The attr]butes of the <CFORMAT> element are-defined as follows.
commenjc
THhis attribute specifies a comment string.
file npme
THhis attribute specities the name of the C-Format file.
design| revision

Th

isattribute specifies the revision number of the C-Format file.

MD5

This attribute specifies a message digest algorithm 5 (MD5) checksum for the C-Format file.

7453

Example

The following is an example of the <CFORMAT> element in use.

<CFORMAT comment="C-Format" file name="CFMT TOP.xml"
design revision="1.0" MD5="5c34a4ddlbb48484ele93eb5e23b3094" />
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7.4.6 The <RFORMAT> element

7.4.6.1 General

The <RFORMAT> element specifies a file of the LPB-rule format (R-Format).

<RFORMAT
[comment="comment text"]
file name="name of R format file"
design revision="revision number"
[MD5="MD5 checksum"]

/>

7.4.6.2 [Attribute definitions
The attrjbutes of the <RFORMAT> element are defined follows.
commenft
THis attribute specifies a comment string.
file npme
THhis attribute specifies the name of the R-Format file.
design| revision
THhis attribute specifies the revision number of the R-Format file.
MD5

THis attribute specifies an MD5 «¢he¢ksum for the R-Format file.

7.4.6.3 [Example

The follpwing is an exaiple of the <RFORMAT> element in use.

<RFJRMAT cdmment="R-Format" file name="RFMT TOP.xml"
dgsignsrevision="1.0" MD5="4d16098ad69f0al53387d6430a25806a" />

7.4.7 The <GFORMAT?> element

7.4.7.1 General

The <GFORMAT> element specifies a file of the LPB-geometry format (G-Format).

<GFORMAT
[comment="comment text"]
file name="name of G format file"
[MD5="MD5 checksum"]

/>
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Attribute definitions

The attributes of the <GFORMAT> element are as follows.

comment

This attribute specifies a comment string.

file name

This attribute specifies the name of the G-Format file.

MD5
THhis attribute specifies a MDS5 checksum for the G-Format file.
7.4.7.3 [Example
The follpwing is an example of the <GFORMAT> element in use.
<GFJRMAT comment="G-Format" file name="GFMT TOP.xfl}
MD5="b3fed15159e9fbefdf67b603395eafdc" />
7.4.8 The <NFORMAT> element
7.4.8.1|General
The <NHORMAT> element specifies a file of the EPB-netlist format (N-Format).
<NFORMAT
[comment="comment text"]
file name="name’ of N format file"
[MD5="MD5 @&hecksum"]
/>
7.4.8.2 [Attribute definitions
The attr{butes-0f the <NFORMAT> element are defined as follows.
commenit
This attribute specifies a comment string.
file name
This attribute specifies the name of the N-Format file.
MD5

This attribute specifies a MD5 checksum for the N-Format file.
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7.4.8.3 Example

The following is an example of the <NFORMAT> element in use.

<NFORMAT comment="N-Format" file name="NFMT TOP.v"
MD5="343490687786f1420958e9%aed2£2895b" />

7.4.9 The <OtherFile> element

7.4.9.1 General

The <OfherFile> element specifies the names of user-defined files.

<Otherfile
[comment="comment text"]
file name="name of format file"
[MD5="MD5 checksum"]

/>

7.4.9.2 |Attribute definitions

The attrfbutes of the <OtherFile> element are defined as follows.

commenjc

THhis attribute specifies a comment string.

file npme

THis attribute specifies the name of\d-user-defined file.

MD5

THis attribute specifiesranMDS5 checksum for the user-defined file.

7.4.9.3 [Example

The follpwing-is’an example of the <OtherFile> element in use.

<OtHehFfile comment="Power Model" file name="DDRPowerModel.sp"
MD5="7ca273b0993527d8df5deed246b8fbff" />

7.4.10 The <ref_class> element

7.4.10.1 General

The <ref class> element is used to reference the related other <class> elements, such as the mounting
components corresponding to the board design. It specifies the class name that is defined by the name
attribute in <class> element.
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<ref class

>

</ref class>

[comment="comment text"]
[file name="name of MFormat file"]
class name="reference class name"

[<extensions> element]..

7.4.10.2 Attribute definitions

The attributesofthe<xef hl element-are-defined-asfollows-

commenjt

THhis attribute specifies a comment string.

file npme

THis attribute specifies the name of the M-Format file to be refetenced. When this attfibute is

spgcified, the scope to search the related classes is expanded to the specified M-Format file.

class phame

THis attribute specifies the class name to refer to thestelated other classes, such as the npounting
components corresponding to the board design.

8. C-Format

8.1 C-Format file structure

The comtent of the C-Format\fil¢ consists of one <header> and <global> element, one pr more
<modulp> elements, one of zero <component> element, and zero or more <extensions> elements.
These elements shall be specified in the following order:

<LPB_CFORMAT verston="2020">

<header> element
<global> element
{<module> element}..
[<component> element

]

- : 2 2
[~ XCCIIo TOIT CTICHCITC | .

</LPB_CFORMAT>

8.2 The <module> element

8.2.1 General

The module is the basic design unit of items such as a die or LSI package. The <module> element
encapsulates the geometry information, design constraints, I/O interface, and electrical model of a module.
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<module

name="name of module"

[type="module type"]

[shape id="identifier of referenced shape"]
[x="x coordinate" y="y coordinate"]
[angle="angle"]

[thickness="thickness"]

[ref rule name="referenced design rule name"]

>
[<size code> element]
[<socket> element]..
[<guideline> element]
[<specification> element]
[ 117"}"(\11'(1(‘]*1’\(‘[7(‘]’\21"2(‘1‘&7’"] ftic clement]
[<blockage> element]
[<component> element]
[<keepaway> element]
[<reference> element]..
[<extensions> element]..
</modufLe>
The coptent of the <module> element consists of zero or more <sockkt>, <referencp>, and
<extenfsions> elements, and one or Zero <guidehiwe>, <specificftion>,
<surroundingﬁcharacteristics>,<blockage>,<keepaway>,and <component> elemeni.
The <sqcket> element defines the I/O ports and design constrainfs,
The <gpecification> element defines the specification” for the module itself, such ag power
consumption. The <surrounding characteristics> element defines the physical specificption of
three-dijnensional structure such as thermal conductivity
The <r¢ference> element associates the port. defined in the <socket> element with electrical|node or
physical data that are defined in other files. -For example, the <reference> element can profide the
position|for the I/O node of SPICE that does 1ot have physical information.
8.2.2 Attribute definitions
The attr{butes of the <modulex‘element are as follows:
name
THis attribute specifies the module name that is used to reference the module from other attributes and
elgments<The module name shall be unique in the same C-Format file.
type

This attribute specifies the module type. The value shall be one of the followings:

LSI Large-scale integration

PKG Package

PWB Printed wiring board or printed circuit board
C Capacitor

R Resistor

L Inductor

OTHER Other type

If it is not specified, OTHER is set as the default.
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shape id

This attribute specifies the identifier of the predefined shape to define the boundary shape of the
module. The specified shape shall be defined at the <shape> element in the same file.

X
Yy

These attributes specify the location of the reference point of the shape with respect to the local origin.

The x and y attribute specify the x-coordinate and y-coordinate, respectively. The module is placed at

the specified point (see Figure 18). If these attributes are not specified, zero is set as the default. The

unit of the coordinates is defined by the <distance> element in the <unit> element.

shape of module
A l
port
placement | B
point of shape N @t
o \+ : Specifies the placement-point of
origin (x,y) shape. The origin of the shape
\ should be placed/at this point.
(0.0) ]
Reprinted with permission fromJEFTA.
Figure 18 —Example of the shape of the ‘module and its placement

angle

THhis attribute specifies the angle of thé_counterclockwise rotation with respect to the refererjce point

oflthe shape as shown in Figure 19:/lf the angle is not specified, zero is set as the default. Th unit of

th¢ rotation angle is defined by-the'<angle> element in the <unit> element.

,/\
_ angle
\ ,
A\
Reprinted with permission from JEITA.
Figure 19 —Explanatory drawing of the rotation of a module

thickness

This attribute specifies the thickness module without pin or solder-ball, as shown in Figure 20. If the
thickness is not specified, zero is set as the default. The unit of the coordinate is defined by the
<distance> element in the <unit> element.
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MOLD

thickness

Layer stack up

Reprinted with permission from JEITA.

Figure 20 —Explanatory drawing of the thickness attribute of the module

ref rulle name

Thfs attribute specifies the name of design rule to apply to this module whichyis’ defined by
<pPhysicaldesign> element in R-Format.

8.2.3 Example

The follpwing is an example of the <module> element in use.

<globa[l>
<shape>
<rectangle id="PFGBABODY" width="1200""\ height="1200" />
<circle id="B500" circle="500" />
</khape>

<ppdstack def>
<padstack id="BGABALL" type="BALLPAD">
<ref shape shape id="B500{\k="0" y="0" />
</padstack>
</padstack_def>
</globpl>
<modulg name="BGA" type="PKG"
shape 1d="PFBGABODY" x="0" y="0" thickness="540">
<soket name="BGAIO" >
default>
<port_ shape_padstack id="BGABALL" />
/default>
port id="Al"\x="-1100" y="-1100" />
port id="A2"\‘x="-1000" y="-1100" />
</spcket>
</moduflLe>

8.2.4 The <size_code> element

8.2.4.1 General

The <size code> element defines the size of surface mount device (SMD). The size of SMD is indicated
by a code, such as 0603. This code contains the width and height of the package. It is given in imperial or
metric units.

<size code
[metric="metric size code"]
[imperial="imperial size code"]

/>
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8.2.4.2 Attribute definition
The attributes of the <size code> element are defined as follows.
metric

This attribute specifies the size code is given in metric units.
imperial

This attribute specifies the size code is given in imperial units.

IEC 63055:2023 © IEC 2023
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8.2.4.3 [Example

<modulp name="MAG2096xp" type="C"
shape id="smd0603" x="0" y="0" thickness="0.45">
<sipe code imperial="0201" metric="0603"/>

</moduflLe>

8.2.5 The <socket> element

8.2.5.1|General

The <sqcket> element defines the I/O ports and design constraints.

<socke[t
name="socket name"

<default> elemeéent ]

<port> element }..

<portgroup>’ element ]..
<powerdOmain group> element ]..
<swappable port> element ]..
<swappable group> element ]..
<port assignment> element ]..
<frequency> element ]..
<constraint> element ]..
<extensions> element ]..

e e s

</sockpt?

The port definition includes not only logical information but also geometrical information. The logical
information includes the signal direction, name, and type. The geometrical information includes the shape
and location of the port, like a footprint. The design constraints provide constraints to route the signal

connecting the module.

The <socket> element can contain the following elements:

<default>

<port>

<portgroup>
<powerdomain group>
<swappable port>
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<swappable group>
<port assignment>
<frequency>
<constraint>
<extensions>

The <port> element defines the I/O port, and the <default> element defines the default shape for ports.

Each port can have a different shape, but if all ports have the same shape, the <default> element can be
used.

The <portgroup> element defines sets of ports that are referred to by other elements in the same file.

The <pguerdemain—groupxclement defines the power domain-of the s at1mo and-out from
the porf of the module. The <swappable port> and <swappable group> elements defing sets of
swappalble ports to each other, like double data rate 3 synchronous dynamic random access memory (DDR3
SDRAM) data bus bytes. The <frequency> element defines the operating frequency for signals that move
in and opt from the port of the module. The <constraint> element defines the design.Constraints| such as

limitatidn of skew.

Figure 41 shows examples of sockets. In the case of a BGA package, the socket is a set of solder|[balls. A
<modulk> element may have multiple <socket> elements. Diagram (b) in‘Figure 21 shows an exgmple of
a printed wiring board. In this example, the one card edge and the two connectors are defined as thelsocket.

(b) PWB
(a) BGA package
SISASISIS | l
SISASISIS S\
50 00N W SOCket\‘ —
00 00 | socket N\
N
SISNSISIS N
N
S\
c) POP package
©) packag @) LS|
STQNQTNY: Socket of child package socket
H Eg&j/ EHIIIHIIE.
%g& Ot | | B
Sy B il
Socket of parent package

Reprinted with permission from JEITA.

Figure 21 —Explanatory drawing of the structure of sockets and modules

8.2.5.2 Attribute definition

The attribute of the <socket> element is defined as follows.

name

This attribute specifies the socket name that is used to reference the socket from other attributes and
elements. The socket name shall be unique in the same C-Format file.
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8.2.5.3 Element content

The <socket> element can contain the following elements:

<default>

<port>

<portgroup>
<powerdomain group>
<swappable port>
<swappable group>
<port assignement>
<frequency>
<constraint>

IEC 63055:2023 © IEC 2023
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<pxtensions>

8.2.5.4|The <default> element

8.2.5.4]1 General

The <dgfault> element defines the default shapes for the port that are used when the shape is nof defined

in the <port> element.

<defaullt>
[<port shape> element]
[<ball shape> element]
[<extensions> element]..
</defajlt>

The coftent of the <default> element consists ,of zero or one <port shape> and <ball |shape>

element§, which define the pad and solder ball shapg, respectively.

8.2.5.4]2 The <port_shape> element

8.2.5.4)2.1 General

The <pqrt_shape> element defines the default pad shape for the 1/0 port.

<port phape padstack id="identifier of referenced padstack" />

The defjult is used-when the padstack _id is not defined in the <port> element.

8.2.5.4.2:2-Attributedefinition

The attribute of the <port shape> element is defined as follows.

padstack id

This attribute specifies the identifier of the predefined padstack that is used to define the default pad
shape. The referenced padstack shall be defined at the <padstack def> element in the same file.
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8.2.5.4.2.3 Example

The following is an example of the <port shape> element in use.

<global>
<shape>
<circle id="circ 3" diameter="1500" />
<circle id="circ 4" diameter="750" />
</shape>
<padstack def>
<padstack id="PAD.4" >
<ref shape shape id="circ 3" type="Land"
x="0" y="0" pad layer="TOP" />
<fretf shape shape 1d="circ 4" type="Hole"
x="0" y="0" pad layer="TOP" />
<fref shape shape id="circ 3" type="Land"
x="0" y="0" pad layer="BOTTOM" />
<fref shape shape id="circ 4" type="Hole"
x="0" y="0" pad layer="BOTTOM" />
</dadstack>
</pagistack def>
</globpl>
<modulp name="LPB 2012 SAMPLE" type="PWB" shape id="SHAPE(Z"
x="0" y="0" angle="0" >
<socket name="SMA X1" >
<dgqfault>
<port shape padstack id="PAD.4" />
</default>

<pdqrt id="1" x="1570.7" y="32293.2" />
<pdrt id="2" x="-429.3" y="34293.2" />
<pdqrt id="3" x="-429.3" y="30293.2" />
<pdrt id="4" x="3570.7" y="30293.2"/»
<pdqrt id="5" x="3570.7" y="34293,2"A>
</sog¢ket>
</moduflLe>

8.2.5.4[3 The <ball shape> element

8.2.5.43.1 General

The <bg11l shape> element defines the default solder ball shape for the I/0 port of the BGA packgge.

<ball phape ball* name="name of referenced ball" />

The defjult’is-used when the solder ball name is not defined in the <port> element.

8.2.5.4.3.2 Attribute definition

The attribute of the <ball shape> element is defined as follows.
ball name

This attribute specifies the name of the ball that is used to define the default shape of the solder ball.
The referenced ball is defined at the <ball def> element in the R-Format file.
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8.2.5.4.3.3 Example

The following is an example of the <ball shape> element in use.

<ball shape ball name="BGA BALL" />

8.2.5.5 The <port> element

8.2.5.5.1 General

The <port> element defines the logical and geometry information for a port of the module.

<port
[id="identifier"
[padstack id="identifier of referenced padstack"]
[ball name="name of reference ball"]
[x="x coordinate" y="y coordinate"]
[angle="angle"]
]
[name="port name"
[direction="signal direction"]
[type="port type"]

[<impedance> element]
[<delay> element]
[<voltage> element]
[<max current> element]
[<dumping> element]
[<decap> element]
[<extensions> element]..

</port

The logjcal information is the port name,,Signal direction, and signal type. These are defined by tije name,
directfion, and type attributes, respectively. The geometry information is the port identifier, poft shape,
and locgtion. These are defined -by the padstack id, ball name, x, y, and angle attribufes. The
<port>| element can have beth logical and geometry information or it can have only one [type of
information.

The comftent of the %port> element consists of zero or one <impedance>, <delay>, <voltage>,
<max_cprrent>~Zdumping>, <decap>, and <extensions> elements. The actual impedance and
delay afe defined~by <impedance> and <delay> elements. The <voltage> and <max cyrrent>
element|are used to define the output voltage and current of voltage regulator or logic IC. The <dymping>
and <delcap” elements are used to define how to place dumping resistance and decouping capacitof.

8.2.5.5.2 Attribute definitions

The attributes of the <port> element are defined as follows.
id

This attribute specifies the unique identifier that is used to reference the port from other attributes and
elements. The identifier shall be unique in the <socket> element. Normally, the id follows the Joint
Electron Device Engineering Council’s (JEDEC’s) naming convention. In the case of a BGA package,
the 1d might be A1, A2, A3, etc.
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padstack id

This attribute specifies the identifier of a predefined padstack to define the shape of the port. The
referenced padstack shall be defined at the <padstack def> element in the same file. If the
padstack_id is not specified, the default shape that is defined in the <default> element is used.

ball name

This attribute is used for BGA packages. Specify the name of the ball to define the shape of the
solder-ball. The referenced ball is defined at the <ball def> element in the R-Format file. If the
ball name is not specified, the default shape that is defined in the <default> element in the same
<socket> element is used.

X
Yy
These attributes specify the location of the reference point of the referenced padstack with r¢spect to
the local origin of the module. The x and y attributes specify the x-coordinate and y-co¢rdinate,
reppectively. The unit of the coordinates is defined by the <distance>(element in the |<unit>
el¢ment.
angle
This attribute specifies the angle of the counterclockwise rotation with respect to the local ¢rigin of
thg module. If the angle is not specified, zero is set as the{default. The unit of the rotation|angle is
ddfined by the <angle> element in the <unit> element.
name
This attribute specifies the name of a port¢Normally, the port name is the same as the signal that
inputs/outputs from the port. The same name can be used for different ports. For example, the ports
thiit connect to the same ground plane«¢an have the same port name.
directfion
This attribute specifies thésignal direction for a port as shown in Figure 22. The value shall Be one of
the followings:
in Pott.that accepts signals coming in to the module
out Port that drives signals out of the module
inout Port that can accept signals going either in or out of the module; power and|ground
types of port shall be inout.
in
out module
inout

Reprinted with permission from JEITA.

Figure 22 —Explanatory drawing of the relation of in/out/inout ports and
signal direction
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This attribute specifies the port type for a port. The value shall be one of the followings.

power Port is used for power distribution network

ground Port is used for ground distribution network

signal Port is used for signal net

floating Port shall not be connected to any net

dontcare Port does not have any logical meanings, such as thermal ball
through Port that goes completely across the module, namely, feed-through
thermal Port is used for thermal network in kelvin

thermal c Port is used for thermal network in celsius

Tlle signal direction of floating, dontcare, and through ports is ignored.

8.25.5

The <pd

A NN ANANNA

8.2.5.5
The foll

<port
<i
<d

</port

<port
<i
<d

</port

8.25.5

3 Element content

rt> element can contain the following elements:

impedance>
Helay>
voltage>

max current>
Humping>
Hecap>
extensions>

4 Example
bwing is an example of the <port> elementiin use.
id="A1" x="-12500" y="12500!"Ydirection="input">

pedance typ="50"/>
elay typ="100"/>

i d="A2" x="-11500"\\y="12500" direction="output">
npedance typ="50"/>
elay typ="100"/>

5 The <impedance> element

8.25.5

5.1\General

The <impedance> elements define the actual I/O impedance for the port.

<imped

ance typ="port impedance" />
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8.2.5.5.

5.2 Attribute definition

The attribute of the <impedance> element is as follows.

typ

This attribute specifies the magnitude of the port’s actual load impedance. The unit of impedance is
defined by the <impedance> element in the <unit> element.

8.2.5.5.

6 The <delay> element

8.2.5.5

The <dd
the inpuyl

6.1 General

lay> element defines the actual backward delay and the forward delay, which arethe’ del
L port to the internal logic and vice versa.

ys from

<delay]

typ="port delay"/>

8.2.5.5

The attr

typ

6.2 Attribute definition

bute of the <delay> element is defined as follows.

This attribute specifies an actual delay of the port! The unit of delay is defined by the

el

8.25.5

8.25.5

The <vq

bment in the <unit> element.

7 The <voltage> element

7.1 General

1tage> element defines the rated output voltage of voltage regulator IC or logic IC.

<time>

<volta

/>

e
typ=Ywower voltage"
[piapple rate="ripple rate"]

8.2.5.5.

7.2 Attribute definition

The attributes of the <voltage> element are defined as follows.

typ

This attribute specifies the rated output voltage. In case of voltage regulator IC, this attribute
expresses the voltage of output voltage pin. In case of logic IC, this attribute expresses signal voltage
of output pin. The unit of voltage is defined by the <voltage> element in the <unit> element.
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ripple rate

This attribute defines the ripple rate of output voltage for voltage regulator IC.
8.2.5.5.8 The <max_current> element

8.2.5.5.8.1 General

The <max_current> element defines the maximum output current of voltage regulator IC or logic IC.

<max_current typ="maximum current consumption" /> |

8.2.5.5]8.2 Attribute definition
The attrjbute of the <max_current> element is defined as follows.

typ

Thjs attribute defines the maximum output current. In case of voltage regulator IC, this pttribute
expresses the maximum output current at rated output voltage. In case of logic IC, this pttribute
exiresses the maximum current value that can be taken out fremithe output port. The unit of current is
defined by the <current> element in the <unit> element

8.2.5.5/9 The <dumping> element

8.2.5.5/9.1 General

The <dymping> element defines the placement range and resistance of the dumping resistor from the port.

<dumpihg
distance="distance to resistor"
resistance="resistance"

/>

8.2.5.5)9.2 Attribute definition

The attr{butes of the <dumping> element are defined as follows.

distance
This attribute specifies the placement range of the dumping resistor from the port. The specified
value is the acceptable maximum distance from the port to the dumping resistor. The unit of distance
is defined by the <distance> element in the <unit> element.

resistance

This attribute specifies the resistance value of the dumping resistor. The unit of resistance is defined
by the <resistance> element in the <unit> element.
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8.2.5.5.10 The <decap> element

8.2.5.5.10.1 General

The <decap> element defines the placement range and value of the decap capacitor from the port.

<decap

/>

distance="distance to capacitor"
capacitance="capacitance"

8.2.5.5

distange

This attribute specifies the placement range of the decap capacitor from the porti The specifi

is

ddfined by the <distance> element in the <unit> element.

capaci

Thys attribute specifies the capacitance value of the decap capacitor. The unit of capacitance is

by

8.2.5.6

8.2.5.6

The <pdrtgroup> element defines groups of ports that are referenced by other elements in the san

10.2 Attribute definition

the acceptable maximum distance from the port to the decap capacitor.ciChe unit of dif

tor

the <capacitance> element in the <unit> element.

The <portgroup> element

1 General

bd value
tance is

defined

e file.

>

</port

<portgfroup

name="port group\name"

[<mustjoin/>]

[<differeabial/>]

[<ref pdrt> element]..

[<ref (portgroup> element]..

[<extensions> element]..
roup>

A port dan belong to multiple groups if necessary. The groups can nest into other groups. It is po

create a

new, pert group by combining several port groups.

ksible to

8.2.5.6.2 Attribute definition

The attribute of the <portgroup> element is defined as follows.

name

This attribute specifies the name of the port group that is used to reference the group from other
attributes and elements. The group name shall be unique in the <socket> element.
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8.2.5.6.3 Element content

The <portgroup> element can contain the following elements:

<mustjoin>
<differential>
<ref port>

<ref portgroup>
<extensions>

8.2.5.6.4 Example

The following is an example of the <portgroup> element in use.

IEC 63055:2023 © IEC 2023
IEEE Std 2401™-2019

<portgLoup name="ADD">

ref port name="ADO"
ref port name="ADL"
ref port name="AD2"
ref port name="AD3"
</portproup>

/>
/>
/>
/>

<portgfroup name="DIGITAL GND">

<mpstjoin/>

<rpf port name="CORE_GND" />
<rpf port name="IO GND" />

</portgroup>

<portgfroup name="ANALOG GND">

<mjustjoin/>

<rpf port id="Al" />

<rpf port id="A2" />
</portpgroup>

<portgfoup name="GND">

<fef portgroup name="DIGITAL, GND" />
<rpf portgroup name="ALALOG(GND" />

</portgroup>

8.2.5.6/5 The <mustjoin> element

If <musfjoin/> is contaited in the <port group> element, the port in the group shall be cqnnected

together]

<mustijpin/>

8.2.5.6/6. The <differential> element

If <differential/> is contained in the <port group> element, the port in the group is differential

signal.

<differential/>

8.2.5.6.7 The <ref_port> element

8.2.5.6.7.1 General

The <ref port> element refers to the port that makes up the group.
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/>

<ref port

{ id="identifier of referenced port" |
name="name of referenced port" }
[polarity="polarity"]

The port shall be specified with either the name (name) or the identifier (id). The referred port shall be
defined in the same <socket> element.

8.2.5.6.

7.2 Attribute definitions

The attr

id

Tlhis attribute specifies the identifiers of the predefined ports that make up the group: The spe

P9
ng

name

Tlhis attribute specifies the names of the predefined ports thatdnake up the group. The speci

sh
be

polari

This attribute specifies the polarity of the differential signal.

8.2.5.6

8.2.5.6

A port
group.

butes oI the <ref port> element are deined as Tollows.

rt shall be defined at the <port> element in the same <socket> element. The’id attribute
t be used with the name attribute.

all be defined at the <port> element in the same <socké&t> element. The name attribute
used with the id attribute. If multiple same-name ports &xist, these ports belong to the sam

Cy

NEGATIVE Negative sighal

POSITIVE Positivessignal

8 The <ref_portgroup> element

8.1 General

bified
shall

fied port
hall not
e group.

broup can nest-into another port group. The <ref portgroup> element refers to the otfher port
proup port group _ p

<ref p

prtgdroup
name="name of referenced port group"

/>

The referenced port group shall be defined in the same <socket> element.
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8.2.5.6.8.2 Attribute definition

The attribute of the <ref portgroup> element is defined as follows.

name

This attribute specifies the name of the predefined port group that makes up the nested group. The
specified port group shall be defined in the same <socket> element.

8.2.5.7 The <powerdomain_group> element

8.2.5.7/1 General

The <pgwerdomain group> element defines the power domain of the signals that moverin-and
the portjof the module.

ut from

<powerdomain group

{port name="name of referenced port" |

port id="identifier of referenced port"

group name="name of referenced port group!}
[min="minimum voltage"]

[typ="typical voltage"]

[max="maximum voltage"]

{pwr port name="name of referencéd ‘power port" |

pwr _port id="identifier of referenced power port" |
pwr_group name="name of reférenced power port group"}
[pwr min="minimum power voltage"]

[pwr typ="typical power vsltage"]

[pwr max="maximum power \voltage"]

{gnd port name="name, gf*referenced ground port" |

gnd port id="identifier of referenced ground port" |
gnd group name=''name of referenced ground port group"}
[gnd min="minimum“ground voltage"]

[gnd typ="typical ground voltage"]

[gnd max="maximum ground voltage"]

[ripple rate="ripple rate"]

[<refportgroup> element]
[<ref jpOrt> element]
[<exténsions> element]..

</pdwerdomain~group>

For example, in-the case of analog-digital mixed design, this element specifies the analog powe
and analog,signals that make up the power domain in order to distinguish them from the digital.
shall be|spéeified with either the port name (port name), port identifier (port id), or port gro

/ground
['he port

ip name

(group_name). The referenced port or port group shall be defined in the same <socket> element.

8.2.5.7.2 Attribute definitions

The attributes for the <powerdomain group> element are defined as follows.

pwr_port name

This attribute specifies the name of the power port that defines the voltage level of the power domain.
The referenced power port shall be defined at the <port> element in the same <socket> element,
and the port type shall be power. The pwr port name attribute shall not be used with the
pwr_port idand pwr group name attributes
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pwr port id

This attribute specifies the identifier of the power port that defines the voltage level of the power
domain. The referenced power port shall be defined at the <port> element in the same <socket>
element, and the port type shall be power. The pwr_port id attribute shall not be used with the
pwr_port name and pwr group_ name attributes

pwr port group

This attribute specifies the name of the power port group that defines the voltage level of the power
domain. The specified port group shall be defined at the <portgroup> element in the same
<socket> element. The type of the ports that belong to the group shall be power. The
pvrigroupinameaﬁﬂbm£ShaHnotbeusmiWﬁhthepwriportinameandpwriportiidaﬁﬂbums

gnd poft name

Tﬂis attribute specifies the name of the ground port that defines the voltage level'of the power] domain.
The referenced ground port shall be defined at the <port> element in the same’<socket> plement,
and the port type shall be ground. The gnd port name attribute shall not be used ith the
gipd_port_idand gnd group_ name attributes

gnd poft id

This attribute specifies the identifier of the ground port that.defines the voltage level of the power
domain. The referenced ground port shall be defined at:the'<port> element in the same <docket>
element, and the port type shall be ground. The gndsport id attribute shall not be used with the
gnp_port name and gnd_group name attributes.

gnd_pofrt group

This attribute specifies the name of the ground port group that defines the voltage level of the power
domain. The specified port group, shall be defined at the <portgroup> eclement in the same
<spcket> element. The type.aof,the ports that belong to the group shall be groupd. The
gnp_group_name attribute shall not be used with the gnd_port name and gnd_port id atfributes

pwr typ

Tlhis attribute specifies the typical power voltage level. The voltage perturbation is specified by min
arld max attribufess The unit of voltage is defined by the <voltage> element in the <unit> dlement.

pwr mip
pwr_maj

These-attrib . er—voltage-per bationlevel—Thepwr—measa we—ma-attributes
are the maximum and minimum power voltage, respectively. The unit of voltage is defined by the

<voltage> element in the <unit> element.

gnd_typ

This attribute specifies the typical ground voltage level. The voltage perturbation is specified by min
and max attributes. The unit of voltage is defined by the <voltage> element in the <unit> element.
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gnd min
gnd max

These attributes specify the ground voltage perturbation level. The gnd_max and gnd_min attributes
are the maximum and minimum ground voltage, respectively. The unit of voltage is defined by the
<voltage> element in the <unit> element.

ripple rate

This attribute defines the allowable ripple rate of the power domain.

For backward compatibility, the following attributes were still remained. But using the following attributes
is not refommended. I fUTUTe TeVisSions of 1S standard, e fottowing atributes wilt be removed.

port npme

This attribute specifies the name of the power or ground port that defines the(voltage lev¢l of the
pqwer domain. The referenced power or ground port shall be defined at the-<pbrt> elemept in the
same <socket> element, and the port type shall be power or ground. The ¥ort name attribpite shall
ndt be used with the port id and group_name attributes.

port ifd

This attribute specifies the identifier of the power or ground poit that defines the voltage leve] of the
pdwer domain. The referenced power or ground port shall be defined at the <port> element in the
same <socket> element, and the port type shall be power or ground. The port id attribute shall
ndt be used with the port name and group name attributes.

group_ jpame

Tﬂis attribute specifies the name of the pott group that defines the voltage level of the power [domain.
The specified port group shall be defined at the <portgroup> element in the same <docket>
element. The type of the ports that-belong to the group shall be power or ground. The groyp name
atfribute shall not be used with-the port name and port id attributes.

typ

Tlis attribute specifies the typical voltage level. The voltage perturbation is specified by min fand max
atfributes. The unit'of voltage is defined by the <voltage> element in the <unit> element.

min
max

These attributes specify the voltage perturbation level. The max and min attributes are the maximum

and minimum voltage, respectively. The unit of voltage is defined by the <voltage> element in the
<unit> element.

8.2.5.7.3 Element content

The <powerdomain group> element can contain the following elements:

<ref portgroup>
<ref port>
<extensions>
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8.2.5.7.

4 Example

The following is an example of the <powerdomain group> element in use.

<portgroup name="DDR DIG"/>
<ref port name="PL1"/>
<ref port name="PL2"/>
<ref port name="PL3"/>
<ref port name="PL4"/>
</portgroup>

<powerdomain group pwr port name="DCDC" pwr typ="2.5"

<r

gnd port name="PGND" gnd typ="0.0">
ef portgroup name="DDR DTG"

</powe

rdomain group>

8.2.5.7J5 The <ref_portgroup> element
8.2.5.7/5.1 General
The <rqf portgroup> element refers to the signal port group that belongsto the power domain.
<ref pprtgroup
name="name of referenced port group"
/>
The refgrenced port group shall be defined in the same <so&ket> element.
8.2.5.75.2 Attribute definition
The attrjbute of the <ref portgroup> elenent is defined as follows.
name

T
fuy

8.2.5.7

8.2.5.7

Tﬁis attribute specifies the name of the predefined signal port group that belongs to the power

e ports that are included in the same group belong to the same power domain. The speci
pup shall be defined‘in' the same <socket> element.

6 The <ref/port> element

6.1 General

domain.
ied port

The <ref port> element refers to the signal port that belongs to the power domain.

<ref p

/>

ort
{ id="identifier of referenced port" |
name="name of referenced port" }

The port shall be specified with either the name (name) or the identifier (1d). The referenced port shall be
defined in the same <socket> element.
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8.2.5.7.6.2 Attribute definitions

The attributes of the <ref port> element are defined as follows.

id

This attribute specifies the identifiers of the predefined signal port that belongs to the power domain.
The specified port shall be defined at the <port> element in the same <socket> element. The id
attribute shall not be used with the name attribute.

name

to|the same power domain.

8.2.5.8 [The <swappable_port> element

8.2.5.8/1 General

The <sy

appable port> element defines sets of swappable ports, suchassDDR3 data bus bytes.

memmmwwm The
specified port shall be defined at the <port> element in the same <socket> element, The name

atfribute shall not be used with the id attribute. If multiple same-name ports exist, these\port

5 belong

<swapppble port>

<ref port> element
{<ref port> element}..
[<extensions> element]..

</swappable port>

The <spwappable port> element contains twe;or more <ref port> elements. The nets

connect¢d to the swappable ports that are defined by the <ref port> element can replace each oth

connectfon. For example, if the swappable,€K N and CK P shown in Figure 23 are connected t
n2, respgctively, you can swap the connection of CK_N and CK_P.

8.2.5.8)2 Element content

The <sy

AN

appable port> element contains the following elements:

ref port>
cextensions

8.2.5.8/3 Example

The swappable ports shown in Figure 23 are represented by the following code:

that are
er in the
nl and

<swappable port>
<ref port name="CK N" />
<ref port name="CK P" />
</swappable port>

n1 CK_N n1 CK_N
n2 CK_P n2 CK_P

Reprinted with permission from JEITA.
Figure 23 —Example of swappable ports
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8.2.5.8.4 The <ref_port> element

8.2.5.8.4.1 General

The <ref port> element refers to the ports that make up the swappable port group.

<ref port
{id="identifier of referenced port" |
name="name of reference port" }

/>

The port shall be specified with either the name (name) or the identifier (id) attribute. The referenced port
group shall be defined in the same <socket> element.

8.2.5.84.2 Attribute definitions

The attrjbutes of the <ref port> element are as follows.

id
Tﬂis attribute specifies the identifier of the predefined ports that make up a set of swappabjle ports.
The specified ports shall be defined at the <port> element inthe-same <socket> element| The id
atfribute shall not be used with the name attribute.

name

Tlhis attribute specifies the names of the predefinedports that make up a set of swappable pgrts. The
specified ports shall be defined at the <port>“element in the same <socket> element. The name
atfribute shall not be used with the id attribute;

8.2.5.9[The <port_assignement> element

8.2.5.9/1 General

The porf_assignment is used to define the signals to be assigned to the physical ports.

<port pssignment>

{<ref port by id> element}..
{<xefi 'port by name> element}..
[&€Xtensions> element]..
</port| assignment>

The physical ports are defined by port element with id attribute. On the other hand, the signall that is
assignedto-thephystcat-port sdefiredby-themameattribute i the-port ctement—Fheporteterment’ without
name attribute means that a signal has not been assigned yet. The port element without an id attribute
means that physical ports have not been defined for the signal. The <port assignment> consists of the
following two elements:

<ref port by id>
<ref port by name>

A <ref port by id> element refers a port by id attribute, thus a physical port is referred. A
<ref port by name> element refers a port by name attribute, thus a signal is referred. The implication of the
<port assignment> is that the referred signals can be assigned to the physical ports, the referred signals shall
not be assigned to other physical ports, and other signals shall not be assigned to the referred physical ports.
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2 The <ref_port_by_id>

2.1 General

The <ref port by id> element defines physical ports for which signal have not been assigned yet.

<ref port by id id="identifier of referenced port"/>

This element refers a unique <port> element in the same <socket> element by id attribute. If the referred

<port>

element is already assigned to a signal, the assignment shall be regarded as tentative.

8.2.5.922.2 Attribute definition
The attrjbute for the <ref port by id> element is defined as follows.
id
This attribute specifies the identifier of the predefined. The specified ports shall be defiped at a
<pprt> element in the same <socket> element.
8.2.5.93 The <ref_port_by name>
8.2.5.93.1 General
The <rqf port by name> element defines a signal that$Has not yet been assigned to a physical pgrt.
|<ref_p3rt_by_name name="name of reference signal"/> |
This eleiment refers one or more <port> elements in the same <socket> element by specifying|a signal
name. If the signal is already assignedVte one or more physical ports in the <socket> elenjent, the
assignmpent shall be regarded as tentative:
8.2.5.93.2 Attribute definition
The attrjbute for the <e&f’ port by name> element is defined as follows:
name
This¢attribute specifies a signal name that shall be used as the name attribute value in the Kport>
elément in the same <cocket™ clement
8.2.5.9.4 Example

<socket name="example socketl">

<port id="Al" x="0" y="0" shape id="port shapel"
name="sigl" direction="in"/>

<port id="A2" x="1" y="0" shape id="port shapel"
name="sig3" direction="out"/>

<port id="A3" x="1" y="1" shape id="port shapel"
name="sig2" direction="in"/>

<port id="A4" x="0" y="1" shape id="port shapel"
name="sig4" direction="out"/>
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<port assignment>
<ref port by id id="Al"/>
<ref port by id id="A2"/>
<ref port by name name="sigl"/>
<ref port by name name="sig3"/>
</port_assignment>
<port assignment>
<ref port by id id="A3"/>
<ref port by id id="A4"/>
<ref port by name name="sig2"/>
<ref port by name name="sig4"/>
</port assignment>

8.2.5.10 The <swappable_group> element

8.2.5.10.1 General

The <sy

appable group> element defines sets of swappable port groups.

<swapppble group>

<ref portgroup> element
{<ref portgroup> element}..
[<extensions> element]..

</swappable group>

The por

groups in the same <swappable group> element are swappable by a group unit (see F

and Figyre 25). The <swappable group> contains two or hiere <ref portgroup> elements.
that are |connected to the swappable port groups defined by\<ref portgroup> element can repl

other injthe connection by group unit. If the port count.matches in the all <ref portgroup> elem

order of]

the nets shall be maintained in the replacement:

8.2.5.10.2 Element content

The <sy

JANIVAN

appable group> element contains the following elements:

ref portgroup>
extensions>

8.2.5.10.3 Example

The sw4

<po

ppable group,shown in Figure 24 is represented by the following code:

Ftgroupszname="R CHANNEL">
ref( port name="RAD1" />
xef, port name="RAD2" />

gure 24
[he nets
ice each
ents, the

rof oort name="RIADIN

</portgroup>

<portgroup name="L CHANNEL" />
<ref port name="LAD1" />
<ref port name="LAD2" />
<ref port name="LAD3" />

</portgroup>

<swappable group>
<ref portgroup name="R CHANNEL" />
<ref portgroup name="L CHANNEL" />
</swappable group>
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Reprinted with permission from JEITA.

Figure 24 —Example of a swappable group

The swappable group shown in Figure 25 is represented by the following code:

<portgroup name="RCHA 1">

ref port name="RADL" />
ref port name="RAD2" />
</p¢rtgroup>

<portgroup name="RCHA 2">

ref port name="RAD3" />
ref port name="RAD3" />
</p¢rtgroup>

<poftgroup name="R CHANNEL" />
ref portgroup="RCHA 1" />
ref portgroup="RCHA 2" />
</p¢rtgroup>

<poftgroup name="L_ CHANNEL" />
ref port name="LADL" />
ref port name="LAD2" />
ref port name="LAD3" />
ref port name="LAD4" />
</p¢rtgroup>

<swa@ppable group>

ref portgroup name="R CHANNEL" />
ref portgroup name="L CHANNEL" />
</syappable group>

Reprinted with permission from JEITA.

Figure 25 —Example of a swappable group

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023

IEEE Std 2401™-2019 -81-

8.2.5.10.4 The <ref_portgroup> element

8.2.5.10.4.1 General

The <ref portgroup> element refers to two or more port groups.

<ref portgroup
name="group name of reference port"

/>

The ports belonging to the referenced groups can be swapped. For example, if the following two port

1ad = Ll 4 O—aaad fa) ol | ol 1ad 2 aaad 2 o
groups, FERE-and-BeRPare-swappable-groupsperts2t-and-Bo2-and B and2>and-Ba-are-swappablc,

respectiyely.

<portgfoup name="AGRP">
<reff port name="AQ0" />
<reff_port name="Al" />
<reff port name="A2" />
</portproup>

<portgfoup name="BGRP">
<reff port name="BO" />
<reff port name="B1l" />

<reff port name="B2" />
</portpgroup>

8.2.5.10.4.2 Attribute definition

The attrjbute for the <ref portgroup> element jis-defined as follows.
name
T:[is attribute specifies the name ¢fsthe predefined port groups that make up a set of swappaljle ports.

The specified port groups shall be defined in the same <socket> element.

8.2.5.11 The <frequency>-element

8.2.5.11.1 General

The <fiequeney> element defines the minimum, typical, and maximum operating frequencies fof signals
that moye in'and out of the port of the module.

<frequency
{ port name="name of reference port" |
port id="identifier of reference port" |
group name="identifier of reference port group" }
min="minimum frequency"
[typ="typical frequency"]
max="maximum frequency"
. L
[<extensions> element]..

</frequency>

The port shall be specified with either the port name (port name), port identifier (port id), or group
name (group_name).
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8.2.5.11.2 Attribute definitions
The attributes of the <frequency> element are defined as follows.
port name

This attribute specifies the name of a predefined port for inputting and outputting a signal that defines
the operating frequency. The specified port shall be defined at the <port> element in the same
<socket> element. The port name attribute shall not be used with the port id nor group name
attributes.

port id

Tlis attribute specifies the identifier of a predefined port for inputting and outputting a_signal that
ddfines the operating frequency. The specified port shall be defined at the <port> element in the
same <socket> element. The port id attribute shall not be used with the port ngme nor
gfoup_name attributes.

group_ jpame

This attribute specifies the name of a group that includes ports for inputting and outputting|a signal
thht defines the operating frequency. The ports included in the speeified group are operatirjg at the
same frequency. The specified port group shall be defined at the sportgroup> element in the same
<docket> element. The group name attribute shall not be used with the port name nor dort id
atfributes.

typ

This attribute specifies the typical frequency. TheAréquency perturbation is specified by min fand max
atfributes. The unit of frequency is defined by the'< frequency> element in the <unit> elenfent.

min
max

These attributes specify the frequenoy perturbation. The max and min attributes are the maxihum and
mnimum frequencies, respectively. The unit of frequency is defined by the <frequency> elgment in
thg <unit> element.

8.2.5.11.3 Example

The follpwing is an gXample of the <frequency> element in use.

<frefguency\port name="FKBCLK" min="50" max="55" />

8.2.5.12 The <constraint> element

8.2.5.12.1 General

The <constraint> element defines the design constraints, such as limitation of skew.

<constraint>
[<impedance> element]
[<delay> element]
[<skew> element]
[<guard shield> element]
[<extensions> element]..
</constraint>
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The <constraint> element consists of one or more <impedance>, <delay>, <skew>, and
<guard_shield> elements.

8.2.5.12.2 Element content

The <constraint> element can contain the following elements:

<impedance>
<delay>
<skew>
<guard shield>
<extensions>
8.2.5.12.3 The <impedance> element
8.2.5.12.3.1 General
The <igpedance> element defines the minimum, typical, and maximum charactetistic impedancef for the
port thaf requests impedance matching.
<impedpnce
{ port name="name of reference port" |
port id="identifier of referenced pért"
group name="name of reference port/group" }
[type="1impedance type"]
[min="minimum impedance"]
typ="typical impedance"
[max="maximum impedance"]
/>
The port shall be specified with either the port name (port name), port identifier (port id), ¢r group
name (giroup_name) attribute.
8.2.5.12.3.2 Attribute definitions
The attr{butes for the <impedance> element are defined as follows.
port npme
THis attribute specifies the name of a predefined port for inputting and outputting a signal that
requests-impedance matching. The specified port shall be defined at the <port> element in the same
<gockét> element. The port name attribute shall not be used with the port id nor groype name
attributes.
port id

This attribute specifies the identifier of a predefined port for inputting and outputting a signal that
requests impedance matching. The specified port shall be defined at the <port> element in the same
<socket> element. The port id attribute shall not be used with the port name nor group name
attributes.
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group_name

This attribute specifies the name of a group that includes ports for inputting and outputting a signal
that requests impedance matching. The specified port group shall be defined at the <portgroup>
element in the same <socket> element. The group name attribute shall not be used with the
port name nor port_id attributes.

type

This attribute specifies the type of the characteristic impedance. The value shall be one of the

followings:
single Single-ended signal
differential Differential mode impedance
common Common mode impedance

If the type attribute is not defined, single is set as the default.

typ

THis attribute specifies the typical impedance value. The impedange ‘petrturbation is specifiefl by the
mijn and max attributes. The unit of impedance is defined by th¢ <impedance> elemer]t in the
<ynit> element.

min
max

THese attributes specify the impedance perturbation. The max and min attributes are the maximum
anfl minimum impedance values, respectively.«Ehe unit of impedance is defined by the <impgdance>
elgment in the <unit> element.

8.2.5.12.3.3 Example
The follpwing is an example of the <impedance> element in use.

<portgfoup name="CK"
<reff _port port name="CK N" />
<reff port port_ hame="CK P" />

</portproup>

<constfraint>

<impefancesxport name="DQl" type="single" min="45" typ="50" max="55" />

<impefanée port id="Al" type="single" typ="50" />

<impedarce group name="CK" type="differential” typ="100" />
</CODS et

8.2.5.12.4 The <delay> element

8.2.5.12.4.1 General

The <delay> element defines the minimum, typical, and maximum delay values for the port that requests a
timing constraint.

<delay

{ port name="name of referenced port"
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/>

port id="identifier of referenced port"
group name="name of referenced port group"}
[min="minimum delay"]

typ="typical delay"

[max="maximum delay"]

The port shall be specified with the port name (port name), port identifier (port id), or group name
(group_name) attribute.

8.2.5.12.4.2 Attribute definitions

The attr
port n

Th
req
<

butes of the <delay> element are defined as follows.
pme
is attribute specifies the name of a predefined port for inputting and eutputting a sig

ocket> element. The port name attribute shall not be used with the port id nor groy

attributes.

port i

Th
re
<

sl
is attribute specifies the identifier of a predefined port\for inputting and outputting a sig

ocket> element. The port id attribute shall not be used with the port name nor groy

attributes.

group_|

TH
th{
eld

jele

typ

Th

may

min
max

name

is attribute specifies the name of a.group that includes ports for inputting and outputting
t requests a timing constraint. “The specified port group shall be defined at the <port
ment in the same <socketx\element. The group name attribute shall not be used
rt name nor port id attributes.

is attribute specifies the typical delay value. The delay time perturbation is specified by
x attributes{_Fhe unit of delay is defined by the <t ime> element in the <unit> element.

nal that

uests a timing constraint. The specified port shall be defined at the <pozt> element in the same

P_name

rnal that

luests a timing constraint. The specified port shall be defined at the <port> element in the same

P name

a signal
group>
vith the

min and

These attributes specify the delay time perturbation. The max and min attributes are the maximum
and minimum delay values, respectively. The unit of delay is defined by the <time> element in the
<unit> element.

8.2.5.12.4.3 Example

The following is an example of the <delay> element in use.

<portg
<re
<re

roup name="BUS">
f port port name="SIGl" />
f port port name="SIG2" />
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<ref port port name="SIG3" />
</portgroup>
<constraint>
<delay port name="CLK" min="10" typ="12" max="15" />
<delay port_id="D3" typ="5" />
<delay group name="BUS" min="50" typ="55" max="60"/>
</constraint>

8.2.5.12.5 The <skew> element

8.2.5.12.5.1 General

The <sHew> element defines the skew constraint for signals that input and output from the specified port.

<skew
{ port name="name of port" |

port id="identifier of port" |

group name="name of port group" }

[ reference port name="name of referenced port"
reference port id="identifier of referenced,port" ]
[min="minimum time"]

[max="maximum time"]

/>

The port shall be specified with either the port name (port_riame), port identifier (port id), ¢r group
name (giroup_name) attribute.

When tI:B reference signal is specified, the skew constraint is defined by a maximum time (maj) and a
minimufn time (min). In this case, the specified, maximum and minimum times are based| on the
propagation time of the reference signal thatginputs or outputs from the specified referefgce port
(referg¢nce port name, reference port-\d). The propagation time of signals having [a skew
constraifit is required to be between the minimiim time and the maximum one (see Figure 26).

<portgroup name="skewsetl">
<ref_port name="porti" />
<ref_port \name="port2" />
<ref_p6rt’ name="port3" />
</portgroup>
<skew ‘group_name="skewsetl" reference_port name="porto"
min="-5" max="10"/>

min=-5|max=10

reference port_name port0 ; Y

i
val I
| ]
port1 i>< ><!
I

]
X
Skew error 4,[

Reprinted with permission from JEITA.

group_name skewset1 port2

port3

Figure 26 —Sample of skew constraint with min and max attributes
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When the reference signal is not specified, the skew constraint is defined by either the maximum time
(max) or minimum time (min). If the maximum time is defined, a signal having the fastest propagation time
is used as the reference signal (see Figure 27).

<portgroup name="skewset2">

<ref_port name="port4" />

<ref_port name="ports" />

<ref_port name="porte" />
</portgroup>
<skew group_name="skewset2" max="5" />

| max=10 .
’ /]
portd * |
I
I
1
I

roup_name skewset2 |
group_ port5 I ><
|
porté : ><

Skew errorgT

Reprinted with permission from JEITA.

Figure 27 —Sample of skew constraint with ©nly max attribute

If only p minimum time (min) is defined, a signal having the slowest propagation time is usefl as the
referenc signal (see Figure 28).

<portgroup name="skewset3">

<ref_port name="port7" />

<ref_port names"ports" />

<ref_port names"port9" />

</portgroupp

<skew group_name="skewset3® min="-10" />

|
Skew error min=-10
| k—

port7

port9

|

i
group_name skewset3 port8 |

L X

|

[
|
%

Reprinted with permission from JEITA.

Figure 28 —Sample of skew constraint with only min attribute
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8.2.5.12.5.2 Attribute definitions

The attributes of the <skew> element are defined as follows.

port name

This attribute specifies the name of a predefined port for inputting and outputting a signal that
requests a skew constraint. The specified port shall be defined at the <port> element in the same
<socket> element. The port name attribute shall not be used with the port id nor group name
attributes.

port id

THis attribute specifies the identifier of a predefined port for inputting and outputting(@ signal that
requests a skew constraint. The specified port shall be defined at the <port> element'in the same
<gocket> element. The port id attribute shall not be used with the port namé-nor groyp name
attyibutes.

group_ phame

THis attribute specifies the name of a group that includes ports for inputting and outputting|a signal
that requests a skew constraint. The specified port group shall"be defined at the <portgroup>
elgment in the same <socket> element. The group namefdttribute shall not be used ith the
pdrt_name nor port_id attributes.

referepce port name

THis attribute specifies the name of a predefined port for inputting and outputting a referende signal
for a skew constraint. The specified port shall be defined at the <port> element in the same
<gocket> element. The reference port name attribute shall not be wused with the
reference port id attribute.

referepce port id

THis attribute specifies the identifier of a predefined port for inputting and outputting a rgference
signal for a skew constraint. The specified port shall be defined at the <port> element in the same
<gocket> element.( The reference port id attribute shall not be wused wijth the
refference port ‘id attribute.

—

min
max

THe fadx and min attributes specify maximum and minimum skew time, respectively. Set a[positive
value—{for the max—attribute and-anegativevalue for the min attribute—When-a reference-$ignal is
specified by reference port name or reference port id attribute, min and max attributes
shall be used together. When a reference signal is not specified, either min or max attribute shall be
used. The unit of minimum and maximum skew time is defined by the <time> element in the
<unit> element.

8.2.5.12.5.3 Example

Assume that a semiconductor designer delivers a chip with a differential skew constraint. The following
code is an example of a differential skew constraint of 10 ps provided by a semiconductor designer. The
package designer routes differential signal according to this constraint.
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<portgroup name="CK">

<ref port name="CKP" />

<ref port name="CKN" />
</portgroup>
<skew group name="CK" max="10" />

If the package designer routes CKP with 100 ps delay and CKN with 95 ps delay, the minimum and
maximum skew constraints based on CKP for board designers are —5 ps and 15 ps respectively. The
following code and Figure 29 are examples of the skew constraint for the board designer.

<portgroup name="CK">
<ref port name="CKP" />

ref Pr\v‘f name="CKN"
</portgroup>
<skew group name="CK" reference port name="CKP" min="-5" max="15"

/>

Skew constraint for package designer

: max<10
CKP—X :

Kportgroup name =“CK”> :

<ref_port name=“CKP”/> CKN—W

<ref_port name=“CKN”/>
K /portgroup>

or

: max=10

PAGKAGE Chip CKN—/\!
o 7/
. . CKP < :

<skew group_name=“CK” max=“10">

delay = 95 ps delay.= 100 ps

CKN CKP

Skew constraint for board designer

min=—§ max=15 .
:, :

N
7

CKN

<skew group_name=*"CK”
reference_port_name=*CKP”
min="-5" max="15"

/>

Reprinted with permission from JEITA.

Figure 29 —Example of a skew constraint for a differential clock
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8.2.5.12.6 The <guard_shield> element

8.2.5.12.6.1 General

The <guard_shield> element defines a signal used for a shield, and signals requiring a shield.

<guard shield

{ port name="name of port requiring shield"

port id="identifier of port requiring shield"
group_name="name of port group requiring shield" }

{ shieldnet port name="name of port using shield"

shieldnet port id="identifier of port using shield"
shieldnet port group name="name of port group using shield"

—

/>

For example, in the case of analog-digital mixed design, it would be better to shield the aralog signal by
analog ground. The <guard_ shield> element is used to define the combination of shi€lding signals.

8.2.5.12.6.2 Attribute definitions

The attrjbutes of the <guard shield> element are defined as follows.
port npme

THis attribute specifies the name of a predefined pott:for inputting and outputting a signal that
requests a shield. The specified port shall be defined at the <port> element in the same <docket>
elgment. The port name attribute shall not be uséd with the port id nor group name attriputes.

port ifd

THis attribute specifies the identifiersdf)a predefined port for inputting and outputting a signal that
requests a shield. The specified port-shall be defined at the <port> element in the same <docket>
elgment. The port id attribute’shall not be used with the port name nor group_name attrjbutes.

group_ jpame

THis attribute specifies-the name of a group that includes ports for inputting and outputting|a signal
that requests a shield" The specified port group shall be defined at the <portgroup> elemept in the
same <socket> element. If multiple ports with the same name exist, the signals that input dr output
frqm these_poits shall be shielded. The group name attribute shall not be used with the poft name
nof portSid attributes.

shieldhefvport name

This attribute specifies the name of a predefined port for inputting and outputting a signal that is used
for shielding. The specified port shall be defined at the <port> element in the same <socket>
element. The shieldnet port name attribute shall not be used with the shieldnet port id
nor shieldnet port group name attributes.

shieldnet port id

This attribute specifies the identifier of a predefined port for inputting and outputting a signal that is
used for shielding. The specified port shall be defined at the <port> element in the same <socket>
element. The shieldnet port id attribute shall not be used with the shieldnet port name
nor shieldnet port group name attributes
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shieldnet port group name

This attribute specifies the name of a group that includes ports for inputting and outputting a signal
that is used for shielding. The specified port group shall be defined at the <portgroup> element in
the same <socket> element. If multiple ports with the same name exist, any signals that are input or
output from these ports can be used for shielding. The shieldnet port group name attribute
shall not be used with the shieldnet port name nor shieldnet port id attributes

8.2.5.12.6.3 Example

The example of a guard shield in Figure 30 is represented by the following code. VSS is the guard net and
CLK is the shielded net:

<gpard shield port name="CLK" shieldnet port name="VSS" />

Reprinted with permission from JEITA.

Figure 30 —Example of a guard.shield for a clock signal

8.2.6 The <guideline> element

8.2.6.1|General

The <gyideline> element défines the guideline about the wiring design inside the <module>. Thg <net>
element| is introduced under’the <netgroup>, and it has the name attribute. The <net npme> is
correspqnding to the wite hame in N-Format which defines net inside the module.

<guidefline>

[Knetgroup> element]..
[<impedance> element]..
[<delay> element]..
[<skow loment]
[<width> element]..
[<length> element]..
[<clearance> element]..
[<gap> element]..
[<enclosure> element]..
[<keepout> element]..
[<extension> element]..

</guideline>
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8.2.6.2 Element content

The <guideline> element can contain the following elements:

<netgroup>
<impedance>
<delay>
<skew>
<guard shield>
<width>
<length>
<clearance>
<gap>
<pnclosure>
<keepout>
<pxtension>

8.2.6.3 [The <netgroup> element

8.2.6.3J1 General

The <ngtgroup> element defines a group of nets like a BUS signal. And it is also used tp define
differenfial signals and connections of the same voltage groups.

<netgrpup
name="net group name"

. _ -
[<mustjoin/>]
[<differential/>]

[<ref net> element]..

[<ref netgroup> elementy<

[<extensions> element]::
</netgfroup>

8.2.6.3)2 Attribute definition

The attr{butes of the <netgfoup> element are defined as follows.

name

Thys attribute_specifies the netgroup name that is used to refer the netgroup from other attribptes and
elgments: The name shall be unique in the individual C-Format file.

8.2.6.3.3 Element content

The <netgroup> element can contain the following elements:

<mustjoin>
<differential>
<ref net>

<ref netgroup>
<extensions>
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8.2.6.3.

4 The <mustjoin> element

When the <mustjoin> element is specified, nets in the group must be connected together in the module.

<mustjoin/>

8.2.6.3.

5 The <differential> element

Which <differential> element is specified indicates nets in the group that make up the differential

signal.

<differential/>

8.2.6.3

8.2.6.3

The <r
correspd

6 The <ref_net> element

6.1 General

=f net> element specifies the nets which make up the <netgroup>. The <ref
nding to the wire in N-Format.

het> 1S

<ref n

/>

et
name="net name"
[polarity="polarity"]

The <rs

8.2.6.3

The attr

name

Th|
Th|
in

polari

f net> element can be referred from one or mofe/groups.

6.2 Attribute definitions

butes of the <ref net> elementare defined as follows.

s attribute specifies-the*net name that is used to refer the net from other attributes and e
e name is correspending to the wire name in the module of N-Format. The net name shall b
he individual G-Format file.

cy

This att[,ibute specifies the differential signal polarity. The polarity shall be one of POSI

NEGATI

B

ements.
P unique

[IVE Or

8.2.6.3.

6.3 Example

The following is an example of the <netgroup> in use to define the <netgroup>.

<netgroup name="CLOCK">
<differential/>
<ref net name="CKN" polarity="NEGATIVE" />
<ref net name="CKQ" polarity="POSITIVE"/>
</netgroup>
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<netgroup name="ADDRESS">

<ref net name="RADDRO" />
<ref net name="RADDR1" />
<ref net name="RADDR2" />
<ref net name="RADDR3" />
<ref net name="RADDR4" />
<ref net name="RADDR5" />
<ref net name="RADDR6" />
<ref net name="RADDR7" />
</netgroup>

<netgroup name="GND">

<mustjoin/>

<ref net name="GNDI1"/>

—94 —
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<rqf net name="GND2"/>

</netgfroup>

8.2.6.3J7 The <ref_netgroup> element

8.2.6.3]7.1 General

The <rqf netgroup> element is used to describe the nest structure of <petgroup>.

<ref nptgroup name="name of referenced netgroup" />

8.2.6.3]7.2 Attribute definitions

The attrjbute of the <ref netgroup> element is defineéd-as follows.

name

This attribute specifies the netgroup rame that is used to reference the netgroup from other attributes

andl elements. The netgroup name shall be unique in the individual C-Format file.

8.2.6.3]7.3 Example

<ngqtgroup name="ADDRESS GO">

<ref net
<ref net
<ref net
<refenet
</retgtoup>

2of ot

name="RADDRO"
name="RADDR1"
name="RADDR2"
name="RADDR3"

Pama=lDANND A

/>
/>
/>
/>

<né¢tgroup name="ADDRESS G1">

<ref:net
<ref net
<ref net
</netgroup>

name="RADDR5"
name="RADDR6"
name="RADDR7"

<netgroup name="ADDRESS">
<ref netgroup name="ADDRESS GO"/>
<ref netgroup name="ADDRESS G1"/>

</netgroup>

/>
/>
/>
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8.2.6.3

.8 The <impedance> element

8.2.6.3.8.1 General

The <impedance> element defines the minimum, typical, and maximum characteristic impedance for the

net that requests impedance matching.
<impedance
{net name="name of referenced net"
group name="name of referenced net group" }
[type="1impedance type"]
[min="minimum impedance"]
typ="typical impedance"
[max="maximum impedance"]
/>
The net ghall be specified with either the net name (net name) or group name (group¥name) attrilpute.

8.2.6.3

The attr

net na

Th

de

8.2 Attribute definitions

butes for the <impedance> element are defined as follows.

fined in N-Format file.

group_ jpame

THis attribute specifies the netgroup name to be the target of the impedance matchi
group_name is corresponding to the riame attribute of the <netgroup> element.

is attribute specifies the name of the net to be the-target of the impedance matching. The net is

hg. The

e of the

type
This attribute specifies .the, type of the characteristic impedance. The value shall be on
followings:
single Single-ended signal
differengial Differential mode impedance
commonh Common mode impedance
If thé.£ype attribute is not specified, single is set as the default.
typ

This attribute specifies the typical impedance value. The acceptable impedance is specified by the
min and max attributes. The unit of impedance is defined by the <impedance> element in the

<u

nit> element.
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These attributes specify the acceptable impedance. The max and min attributes are the maximum and
minimum impedance values, respectively. The unit of impedance is defined by the <impedance>
element in the <unit> element.

8.2.6.3.8.3 Example
<guideline>
<netgroup name="CLOCK">
<ref net name="CKN" polarity="NEGATIVE"/>
<ref net name="CKP" polarity="POSITIVE"/>
</netgroup>
<impedance net name="DQl" type="single" min="45" typ="50%-max="53" />
<impedance net name="RESET" type="single" typ="50" />
<impedance group name="CLOCK" type="differential" typ="100" />
</puideline>
8.2.6.3]9 The <delay> element
8.2.6.39.1 General
The <dglay> element defines the minimum, typical, and maximum delay value for the net that rdquests a
timing donstraint.
<delay]
{net name="name of refexénced net"
group name="name of referenced net group"}
[min="minimum delay!(
typ="typical delay"
[max="maximum delay"]
/>
The net ghall be specified witli'the net name (net _name) or group name (group name) attribute.

8.2.6.3

The attr

9.2 Attribute-definitions

butes of-the <delay> element are defined as follows.

e

net na

This attribute specifies the name of the net to be the target of delay constraint. The net is defined in
N-Format file.

group_

name

This attribute specifies the netgroup name to be the target of delay constraint. The group name shall

be

corresponding to the name attribute of the <netgroup> element.
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typ

This attribute specifies the typical delay value. The acceptable delay time is specified by min and max
attributes. The unit of delay is defined by the <t ime> element in the <unit> element.

min
max

These attributes specify the acceptable delay time. The max and min attributes are the maximum and
minimum delay values, respectively. The unit of delay is defined by the <time> element in the

<u

nit> element.

8.2.6.3

9.3 Example

guideline>
<netgroup name="BUS">
<ref net name="SIGl" />
<ref net name="SIG2" />
<ref net name="SIG3" />
</netgroup>
<delay net name="CLK" min="10" typ="12" max="15%</
<delay net name="D3" typ="5" />
<delay netgroup="BUS" min="50" typ="55" max="60"/>
/guideline>

8.2.6.3/10 The <skew> element
8.2.6.3/10.1 General
The <sHew> element defines the skew constraint, for signals that input and output from the specified net.
<skew
{net name="name of net" |
group name="name of net group" }
[reference,net name="name of net to be base delay"]
[min="mindmiim time"]
[max="maximum time"]
/>
The net shall be speeiffed with either the net name (net name) attribute or group name (group_ngme) one
When the reference net is specified, the skew constraint is defined by a maximum time (masy) and a
minimumtime (min). In this case, the specified maximum and minimum times are based| on the
propaga T " T T 1aving a

skew constraint is required to be between the minimum time and the maximum time (see Figure 31).
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<netgroup name=*“skewsetl”>
<ref_net name=“neti” />
<ref_net name=“net2” />
<ref_net name=“net3” />
</netgroup>
<skew group_name=“skewsetl” reference_net name=“net0”
min=~-5” max=~10"/>

min=-5| max=10

reference_net_name net0 i >:< i
| ]
ﬁleﬂ b( I
_II ~ T
group_name skewset1 net2 | >< |
] L
I )
net3 | L

Skew errorJ~

Reprinted with permission from JEITA.

Figure 31 —Sample of guideline for skew constraint with min‘and max attributes

When tHe reference net is not specified, the skew constraint is defified by either the maximum time [max) or
the minjmum time (min). If the maximum time is defined, a sighal having the fastest propagation time is
used as the reference net (see Figure 32).

<netgroup name=*“skewset2”>
<ref_net name=“net4” />
<ref_net name=“net5” />
<ref_net name=“neté6” %/>
</netgroup>
<skew group_name=z=#gkewset2” max=~“10"/>

| max=10

net4 >1<

group_name skewset2 net5

X

—_——t—_— = =]

X

net6

Skew error.

Reprinted with permission from JEITA

Figure 32 —Sample of guideline for skew constraint with only max attribute

If only a minimum time (min) is defined, a net having the slowest propagation time is used as the reference
net (see Figure 33).
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8.2.6.3

The attr

net na

Th

attribute shall be specified with referencevnet name to define base delay.

group_|

Th
be

refere

Th

min
max

<netgroup name=“skewset3”>
<ref_net name=“net7” />
<ref_net name=“net8” />
<ref_net name=“net9” />
</netgroup>
<skew group_name=~skewset3” min=~-10" />

Skew error ﬁ, | min=-10

net7 ><

group_name  skewset3 net8 ><

Reprinted with permission from JEITA.

igure 33 —Sample of guideline for skew constraint with only niin-attribute

10.2 Attribute definitions

butes of the <skew> element are defined as follows.

is attribute specifies the net name to be-the target of this <skew> constraint. The nd

name

is attribute specifies the nétgroup name to be the target of skew constraint. All the nef
ong to the group shall be under the skew constraint.

hce net name

is attribute specifies the net to be used as base delay for the skew constraint.

T

t name

s which

2| . o) NS =5 2 = 143+ 1 41 il Qat 14
e At T T At To t eSS POCH y T X T a I T S KOW T OSPeCTTveTy Ot a— PO STTr

e value

for the max attribute and a negative value for the min attribute. When a reference net is specified by
the reference net name attribute, the min and max attributes shall be used together. When a
reference net is not specified, either min or max attribute shall be used. The unit of minimum and
maximum skew is defined by the <t ime> element in the <unit> element.

8.2.6.3.

10.3 Example

<netgroup name="skewsetl">

<ref net="netl" />
<ref net="net2" />
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<ref net="net3" />
</netgroup>
<netgroup name="skewset2">
<ref net="net4" />
<ref net="net5" />
<ref net="neté6" />
</netgroup>
<netroup name="skewset3">
<ref net="net7" />
<ref net="net8" />
<ref net="net9" />
</netgroup>
<skew group name="skewsetl" reference net name="net0" min="-5" max="10" />
<skew group name="skewset2" max="10" />
<skew group name="skewset3" min="-10" />

<nptgroup name="CK">

<differential/>

<ref net="CKP" polarity="POSITIVE"/>

<ref net="CKN" polarity="NEGTIVE"/>

</hetgroup>

<skew group name="CK" max="10" />

<skew group name="CK" reference net name="CKP" mins"=5" max="15" />

8.2.6.3/11 The <guard_shield> element

8.2.6.3/11.1 General

The <gyard shield> element defines a signal used*for a shield, and signals requiring a shield.

<guard| shield

{net name="name of, net requiring shield" |

group name="name-,0f net group requiring shield" }
{shieldnet nef~mname="name of net using shield"

shieldnet nets.group name="name of net group using shield" }

/>

For exaple, in the case (0f)analog-digital mixed design, it would be better to shield the analog sfgnal by
analog ground. The <guard shield> element is used to define the combination of shielding nets.

8.2.6.3]11.2-Attribute definitions

The attributes of the <quazd shield> clementare defined as follows

net name

This attribute specifies the net name which requires a guard shield. The net name shall be
corresponding to a wire name of the module in N-Format.

group_name
This attribute specifies the netgroup name which requires guard shield. All the nets belonging to the

netgroup require guard shield. The group name shall be corresponding to a <netgroup> definition.
Either net name or group name shall be used to specify the shielding target.
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shieldnet net name

This attribute specifies signal name to be used to form guard shield pattern. The
shieldnet net name shall be corresponding to a wire name of the module in N-Format.

shieldnet net group name

This attribute specifies the netgroup name to be used to form guard shield pattern. The
shieldnet net group name shall be corresponding to a <netgroup>.

Either shieldnet net name or shieldnet net group name shall be used to specify signal
name which forms guard shield.

8.2.6.3/11.3 Example

The example of a guard shield in Figure 34 is represented by the following code. VSS¥is the guard net and
CLK is the shielded net:

<gphard shield net name="CLK" shield net name="VSsS"/>

Reprinted'with permission from JEITA.

Figure 34 —Example of.guideline for guard shield for a clock signal

8.2.6.3112 The <width> element

8.2.6.3]12.1 General

The <width> elemient defines line width to be used for wiring.

<width]
Tnet name="net_name" |
group name="net group name"}
[min="minimum width"]
[max="maximum width"]
[layer="layer name"]

/>

This element can specify the constraint for a wiring width to a <net> or a <netgroup>. The width
constraint can be layer dependent.
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The attributes of the <width> element are defined as follows.

net name
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This attribute specifies the net name to which the constraint shall be applied. The net name shall be
corresponding to the wire name of the module in N-Format.

group_ name

This attribute specifies the netgroup name to which the constraint shall be applied. The group name

shdll be corresponding to <netgroup> definition.

Either net name or group_name shall be used to specify the target to which the constraint would be

applied.

min
max

THe max and min attributes specify maximum and minimum width, respectively. The| unit of

minimum and maximum width is defined by the <distance> elemignt in the <unit> elemenf.

layer

Thfs attribute specifies the wiring layer to which the\width constraint shall be applied. When the

lalyer is not specified, constraint shall be applied tozall wiring layers.

8.2.6.3/12.3 Example

<wiidth net name="netl"
<wfidth net name="netl"
<wiidth net name="netl"
<wfidth net name="netl"

min="1Q0"
min="110"
min="110"
min="100"

8.2.6.3/13 The <length> element

8.2.6.3/13.1 General

layer="L1"/>
layer="L2"/>
layer="L3"/>
layer="L4"/>

This elgment-specifies the absolute length constraint for wiring of a net or a netgroup. The element can
specify § layer-dependence of the constraint.

{net name="net name" |

[min="minimum length"]
[max="maximum length"]

<length
group name="
[layer="layer name"]
/>

net group name"}
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8.2.6.3.

13.2 Attribute definitions

The attributes of the <length> element are defined as follows.

net name

This attribute specifies the net name to which the constraint shall be applied. The net name shall be
corresponding to the wire name of the module in N-Format.

group_ name

This attribute specifies the netgroup name to which the constraint shall be applied. The group name

sha

Either net name or group_name shall be used to specify the target to which the constraint

apj

min
max

Th

minimum and maximum length is defined by the <distance> element in the <unit> elemer

layer

Th|
la

8.2.6.3

<n

</
<1l

8.2.6.3

8.2.6.3

This ele

1l be corresponding to a <netgroup>.

lied.

e max and min attributes specify maximum and minimum length, respectively. The

s attribute specifies the wiring layer to which the.length constraint shall be applied. W
ver is not specified, the length constraint means the total length regardless of the wiring lay

14 Example

Etgroup name="groupl">

<ref net name="net4" />

<ref net name="netb5" /¥

hetgroup>

ength group name="groupl" min="30000" max="30300" layer="L2"/>

15 The <clearance> element

15.1 General

ould be

unit of
t.

(hen the
er.

between

differen

nent Specifies the clearance constraint for wiring of a net or a netgroup, that is the spacing

constraint.

e of the

<clear

/>

ance
{net name="net name" |
group name="net group name"}
[min="minimum clearance"]
[max="maximum clearance"]
[layer="1layer name"]
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net na

CO1J

group_|

Th|
sha

apj

min
max

Th

layer

Th
no
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Other Net (Other Group)
min
LDl [ iayer
T max
\ net_name
(group_name)
Reprinted with permission from JEITA.

— Figure 35 —Fxample of guideline for clearance constraint

15.2 Attribute definitions

butes of the <clearance> element are defined as follows.

ne
This attribute specifies the net name to which the constraint shall be applied. The net name|shall be

responding to the wire name of the module in N-Format,

name

s attribute specifies netgroup name to which¥the constraint shall be applied. The groyp name

11 be corresponding to a <netgroup>.
Either net name or group_name shall beused to specify the target to which the constraint would be

plied.

e max and min attfibutes specify maximum and minimum clearance, respectively. Thq unit of
minimum and maximum clearance is defined by the <distance> element in the <unit> elerpent.

s attribute specifies the wiring layer to which the constraint shall be applied. When the Jayer is

specified, the constraint shall be applied to all wiring layers.

8.2.6.3.

15.3 Example

The following example is a clearance constraint that requires net AA to be routed with a space wider than
10 pm from other nets in layer L1 and L4, and wider than 11 pm from other nets in layer L2 and L3.

<clearance net name="AA" min="100" layer="L1"/>
<clearance net name="AA" min="110" layer="L2"/>
<clearance net name="AA" min="110" layer="L3"/>
<clearance net name="AA" min="100" layer="L4"/>
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8.2.6.3.16 The <gap> element

8.2.6.3.16.1 General

This element specifies the gap constraint for the wiring of a net or a netgroup, the spacing between same
net or nets belonging to the same net group (Figure 36). The element can specify a layer dependence of the

constraint.

<gap
{net name="net name" |

group name="net group name"}

[min="minimum gap"]
[max="maximum gap"]
[layer="layer name"]

/>

group_name (net_name)

\
\
N
\
N

min N
<+—> S
]
| [ layer
—>
max

Reprinted with permission fromEITA.

Figure 36 —Example of guideline for gap constraint

While the <clearance> focuses on the spacing’for “a net to another net” or “a netgroup to|another
netgroup” the <gap> focuses on intra-net or intra-netgroup spacing.
8.2.6.3[16.2 Attribute definitions

The attr{butes of the <gap> elément are defined as follows.

net nape

This attribute-specifies the net name to which the constraint shall be applied. The net name|shall be
cofresponding to the wire name of the module in N-Format.

group_pane

This attribute specifies the netgroup name to which the constraint shall be applied. The group name
shall be corresponding to a <netgroup>.

Either net name or group name shall be used to specify the target to which the constraint would be
applied.

min
max

The max and min attributes specify maximum and minimum gap width, respectively. The unit of
minimum and maximum gap is defined by the <distance> element in the <unit> element.
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layer

This attribute specifies the wiring layer to which the constraint shall be applied. When the layer is
not specified, the constraint shall be applied to all wiring layers.

8.2.6.3.17 Example

The following example is a gap constraint that requests to route nets belonging to group AA with space of
10 ym to 12 pm.

<gap group name="AA" min="10" max="12" />

8.2.6.3/18 The <enclosure> element

8.2.6.3/18.1 General

The <emclosure> element is used to specify the rule to cover the wiring metalwith a metal plane in
another [layer. It enables to instruct the stripline structure or the microstripline strueture to a wiring design.
The eletpent can specify the layer dependence of the constraint.

<enclopure

{net name="net name" |

group name="net group name"}
[min="minimum enclosure"]
[layer="1ayer name"]

[upper layer="name of upper layer"]
[lower layer="name of lower layer"]
[upper net="name of upper net"]
[lower net="name of lowerfnet"]

/>

8.2.6.3/18.2 Attribute definitions
The attr]butes of the <enclostxe> element are defined as follows.
net nape

Thjs attribute-specifies the net name which requires a stripline structure or microstripline sfructure.
The net .namé shall be corresponding to a wire name of the module in N-Format.

group_ phdme

This attribute specifies the netgroup name on which the constraint shall be applied. The group name
shall be corresponding to a <netgroup>.

Either net name or group_name shall be used to specify the target on which the constraint would be
applied.

min

The min attribute specifies the minimum overhang length to cover the specific net’s wires by a metal
plane. The unit of minimum overhang is defined by the <distance> element in the <unit> element.
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layer
This attribute specifies the wiring layer to which the constraint shall be applied to wiring metals on
the specified layer only. When the 1ayer is not specified, the constraint shall be applied to all wiring
layers.

upper layer

When upper layer attribute is specified, the upper side of the wiring metal shall be covered with
the metal plane on the layer specified by this attribute.

lower layer

Wllen lower layer attribute is specified, the lower side of the wiring metal shall be covefed with
thq metal plane on this attribute-specified layer.

upper pet

The upper net attribute specifies the net to cover the upper side of \the wiring metall If this
atfribute is not specified, any nets can be used to cover one.

lower het

The lower net attribute specifies the net to cover the. dower side of the wiring metall If this
atfribute is not specified, any nets can be used to cover one:

8.2.6.3/19 Example

<ehclosure group name="net groupl" min="50"
upper layer="L1" lower layer="L3"
upper net="SGl" lower net="SG1l"/>

upper_net upper_layer

net_ffiame (group_name)

'—> \\/ |ayel’
min

lower_net lower_layer

R st 1la. 2 3 £ ILIT A
TCOPHHTtCaWitr yei T SStoTromsreETr7

Figure 37 —Example of guideline for enclosure constraint

8.2.6.3.20 The <keepout> element

8.2.6.3.20.1 General

This element is used to specify the wiring and metal prohibition area which exists in adjacent layers of a
specific net’s wiring. The element can specify a layer dependence of the constraint.
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<keepout
{net name="net name" |
group name="net group name"}
[min="minimum overhang"]
[ref layer="layer name"]
[target layer="UPPER|LOWER|ALL"]

[<target layer> element]..
[<extensions> element]..

</keepout>

8.2.6.3.20.2 Attribute definitions

The attr{butes of the <keepout> element are defined as follows.

net nape

This attribute specifies the name of the net which requires the wiring and metalyprohibition afea at its
wifing pattern’s adjacent layers. The net name shall be corresponding te' the wire namg¢ of the
mddule in N-Format.

group_ phame

This attribute specifies the name of the net group which requires the wiring prohibition arga at its
wifing pattern’s adjacent layers. The group name shall be corresponding to the <netgroup>|

min

The min attribute specifies the minimum overhang for the wire prohibition area. The shape offthe wire
prghibited area is an extension of the routiong area of a specified net or netgroup by the |distance
defined by min attribute. The unit of min is defined by the <distance> element in the [<unit>
element.

ref lalyer

This attribute specifies the \wiring layer of the specific nets given by net name or group _ngme. The
reff layer should bespecified by the name which is defined in R-Format.

target| layer

Thjs attribute-specifies layers to which the wiring and metal prohibition area will be appljed. The
tafget” layer must be one of the following: UPPER, LOWER, or ALL. The UPPER spedifies all
relptiv€ upper layers other than the ref layer. The LOWER specifies all relative lower laygrs other

th £ — Tl ENEES +5 111 4 41 1 Ladls 3
INCUTCTT Taycel. TOUADD sPLUITIUS AT Idy T S CATCPT TNCTA Yy LI SPLUITICO Uy T© . rtayer.
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8.2.6.3.20.3 Example
<keepout BUS1
group_name=*“BUS1” L1
min=“50" 7\ 2
ref_layer=“L5" layer keepyt.lt// \\ L3
L4
t t 1 =“UPPER” /> :
arget_layer min ‘_hwﬂ'e: s
L6
L7
I8
L9
(a) UPPER layer example
<keepout BUS1
group_name=“BUS1”
3 " ” L1
min=“50 7\ 3
ref_layer=“L5" layer [\ L3
target_layer=“LOWER” /> [\ L4
<> Wite: (i L5
min x?g/ L6
o L7
k 1"% L8
¥4 L9
(b) LOWER layerexample
Reprinted with permissionidrom JEITA.
Figure 38 —Example of guideline for keepout constraint
8.2.6.3.20.4 The <target_layer> element
8.2.6.3120.4.1 General
The <tprget layer> élement specifies the wiring and metal prohibition layer. It is allowed to|be used
plural tijnes under one.<kéepout>.
<targeft layex
ref layer="name of target layer"
/>
8.2.6.3.20.4.2 Attribute definition

The attribute of the <target layer> element is as follows:

ref la

yer

This attribute specifies the target layer on which the wiring and metal prohibition should be applied.
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8.2.6.3.20.4.3 Example
<keepout BUS1
group_name=“BUS1”
min=%50" - t;
ref_layer=“L5" layer keepout/ [/ '\ L3
target_layer="UPPER”> 7\ 4
<target_layer ref_layer="L6"/> min €Wl ¢ 1 ¢ s
</keepout> Keepout 6
L7
L8
L9
LHRDLD | ot Ca | 1
te—URRERayerandtargeitayerexample
keepout BUS1
group_name=“BUS1”
min=“50" %\ L1
ref layer=“L5" > JAR L2
— layer 7.\ L3
<target_layer ref_layer="L4” /> e OJf{V \['J 7
<target_layer ref_layer=~L6" /> - 4_’? g—(/, 9
/kee min Wires PR L5
pout> keepol L6

(b) Multiple target_layer-example

Reprinted with permission from JEITA.

Figurel 39 —Example of guideline for keepout constraint with target_layer spcificatign

8.2.7 The <specification> element

8.2.7.1|General

The <specificatien> element defines the specifications for the module itself, such a§ power
consumption.

<speciffication>

[<power> element]
[<resistance> element]
[<capacitance> element]
[<inductance> element]
[<extensions> element]..
</specification>
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8.2.7.2

Element content

The <specification> element contains the following elements:

<power>

<
<
<

resistance>
capacitance>
inductance>

<extensions>

8.2.7.3

The <power> element

8.2.7.3

The <pd

1 General

wer> element specifies the power consumption of the module.

<power

/>

[min="minimum power consumption"]
typ="typical power consumption"
[max="maximum power consumption"]

8.2.7.3
The attr
typ

Th
thg

min
max

The
maj
<pd

8.2.7.3
The foll

<speci

2 Attribute definitions

butes of the <power> element are defined as follows,

is attribute specifies the typical power consumption. The unit of power consumption is de
<power> element in the <unit> element:

se attributes specify the perturbation of power consumption. The max and min attribute
fimum and minimumspower consumption, respectively. The unit of power is defined
wer> element in the.<unit> element.

3 Example

bwing is-an’example of the <power> element in use.

fic€ation>

fined by

are the
by the

</spec

- no o
PToOwWeSTrT CYpP— r-.U

ification>

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

8.2.7.4

8.2.7.4.

IEC 63055:2023 © IEC 2023
-112 - IEEE Std 2401™-2019

The <resistance> element

1 General

The <resistance> element specifies the resistance of the module.

<resistance

/>

[min="minimum resistance"]
typ="typical resistance"
[max="maximum resistance"]

The res

stance, capacitance, and inductance that are defined in <resistance>, <capacitan

e>, and

<indud]

8.2.7.4
The attr
typ

TH
eld

min
max

The
and
int

8.2.7.4

<speci

</spec

8.2.7.5

8.2.7.5
The <cs

ance> element is a connected series.

2 Attribute definitions

butes of the <resistance> element are defined as follows.

is attribute specifies the typical resistance. The unit of resistance’ds defined by the <resis
ment in the <unit> element.

se attributes specify the perturbation of resistanéé: The max and min attributes are the m
minimum resistance, respectively. The unit of'tesistance is defined by the <resistance>
e <unit> element.

3 Example

fication>
resistance typ="1.0" />
ification>

The <capacitance> element

1 General

pacitance> element specifies the capacitance of the module.

tance>

A X1imum
element

<capac

/>

Tance
[min="minimum capatitance"]
typ="typical capatitance "
[max="maximum capatitance "]

The resistance, capacitance, and inductance that are defined in <resistance>, <capacitance>, and

<induc

8.2.7.5.

tance> element is a connected series.

2 Attribute definitions

The attributes of the <capacitance> element are defined as follows.
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typ

This attribute specifies the typical capacitance. The unit of capacitance is defined by the
<capacitance> element in the <unit> element.

min
max

These attributes specify the perturbation of capacitance. The max and min attributes are the maximum
and minimum capacitance, respectively. The unit of capacitance is defined by the <capacitance>
element in the <unit> element.

8.2.7.5

<speci

</spec

8.2.7.6

8.2.7.6
The <in

3 Example

fication>
capacitance typ="1.0" />
ification>

The <inductance> element

1 General

ductance> element specifies the inductance of the module.

<indud]

/>

tance
[min="minimum inductance"]
typ="typical inductance "
[max="maximum inductance "]

The res

<indud]

8.2.7.6
The attr
typ

Th

min

stance, capacitance, and inductance~that are defined in <resistance>, <capacitand
ance> element is a connected seriés.

2 Attribute definitions

butes of the <inductantce> element are defined as follows.

is attribute, “specifies the typical inductance. The unit of inductance is defined

ilnductence> element in the <unit> element.

max

e>, and

by the

These attributes specify the perturbation of inductance. The max and min attributes are the maximum
and minimum inductance, respectively. The unit of inductance is defined by the <inductance>
element in the <unit> element.

8.2.7.6.

<speci

3 Example

fication>

<inductance typ="1.0" />

</spec

ification>
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8.2.8 The <surrounding_characteristics> element

8.2.8.1 General

The <surrounding characteristics> element provides information on physical properties of a three-
dimensional mass of a material, denoted as the surrounder here, in which the module is placed. The shape
of the surrounder is assumed to be a rectangular box shape.

<surrounding characteristics

depth="depth"

width="width"

Neignt="nelgnt

x="x coordinate"

y="y coordinate"

z="z coordinate"

[thermal conductivity="thermal conductivity"]
[emissivity="emissivity"]

[specific_heat capacity="specific heat capacity!]
[density="density"]

[power="power consumption"]

>
[<extensions> element]..
</surrpunding characteristics>

8.2.8.2 |Attribute definitions
The attrjbutes of the <surrounding characterigtits> element are defined as follows.
depth

Ths attribute specifies the depth (size along Y axis) of the surrounder. The unit of depth ig defined
by|the <distance> element in thei<unit> element.

width

This attribute specifies,the width (size along X axis) of the surrounder. The unit of width ig defined
by[the <distanceéxelement in the <unit> element.

height

This attribute specifies the height (size along Z axis) of the surrounder. The unit of height if defined
by|the.€distance> element in the <unit> element.

height I

width
Reprinted with permission from JEITA.

Figure 40 —Explanatory drawing of the depth, width, and height attributes
of the <surrounding_characteristics> element
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<

These attributes specify the X, Y, and Z coordinates of the center point of the surrounder. The unit of
coordinate is defined by the <distance> element in the <unit> element.

thermal conductivity

This attribute specifies the thermal conductivity of the surrounder. The unit of
thermal conductivity is defined by the <thermal conductivity> element in the <unit>
element.

emissi
Th|
specif]
Th|
sp
<u

densit

Th
<d

power

Th
ex

8.2.8.3

The foll

ity
s attribute specifies the emissivity of the surrounder.
ic heat capacity

s attribute specifies the specific heat capacity of the Surrounder. The

ccific heat capatity is defined by the <specific heafidcapacity> element
hit> element.

Yy

s attribute specifies the density of the surrounder:The unit of density is defined

bnsity> element in the <unit> element.

s attribute specifies the power consumed by the surrounder. The power consumed by the
luded. The unit of power is defined by the <power> element in the <unit> element.

Example
bwing is an example-ofithe <surrounding characteristics> element in use.

surroundingfcharacteristics
depth=250000" width="150000" height="250000"
x="50000" y="40000" z="100000"
thexmal conductivity="0.02"
émissivity="0.05"
specific _heat capacity="1005"

nit  of
in the

by the

odule is

density="1 293"

power="0.0" />

8.2.9 The <blockage> element

8.2.9.1

General

The blockage is a two-dimensional region where placement or routing is prohibited. The <blockage>

element

defines a collection of such prohibited areas.
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<blockage>
[<placement> element]..
[<routing> element]..
[<extensions> element]..
</blockage>

8.2.9.2 Element content

The <blockage> element can contain the following elements:

<placement>
<routing>
<pxtensions>

8.2.9.3 [The <placement> element

8.2.9.3/1 General

The <plJacement> element defines a region where any child module shall siot-be placed intruding beyond
the bourjdary of the region.

<placepent

shape id="identifier of referenced shape"

[x="x coordinate"]

[y="y coordinate"]

[angle="angle"]

[mount="mount type" |

{ref layer="name of referenced layer"
[attach="side to be attached"]}

]

[stack="stack level"]

/>

8.2.9.3.2 Attribute definitions

The attributes of the <placement> element are defined as follows.
shape fid

This attribute’specifies the identifier of the predefined shape to define the boundary shapg of the

bldckage arca The specified shape shall be defined at the <shape> element.

X

Yy
These attributes specify the location of the reference point of the referenced shape with respect to the
local origin of the module. The x and y attributes specify the x-coordinate and y-coordinate,
respectively. The unit of the coordinates is defined by the <distance> element in the <unit>
element. Zero is used as default when omitted.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the reference point
of the shape. If an angle is not specified, zero is set as the default. The unit of the rotation angle is
defined by the <angle> element in the <unit> element.

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2

023 © IEC 2023

IEEE Std 2401™-2019 - 117 -

mount

This attribute specifies the layer of substrate in which the placement blockage area is to be provided.
A child module shall not be placed on the inside of a blockage area provided at the specified layer.

The

keyword for this attribute shall be one of the following (see Figure 41).

TOP The placement blockage area is provided at the top layer of substrate.

BoTTOM  The placement blockage area is provided at the bottom layer of substrate.

MIDDLE  The placement blockage area is provided at all internal layers of substrate
top and bottom layer.

Either mount attribute or ref layer attribute shall be present.

ref lalyer

Th

that is combined in an M-Format. If this attribute is specified, a child module shall not be p

thd
att

=

attach

Th

The available variable is*ABOVE or BELOW (see Figure 42). If ABOVE is specified, the pl
bldckage is constructed above the specified layer. If BELOW is specified, the placement blo
comstructed below the specified layer.

Figure 41 —Explanatory drawing of mount layer{forplacement blockage area

TOP
—

MIDDLE

~BOTTOM

Reprinted with permission from JEITA.

except

s attribute specifies a specific layer of the substrate by referring the name defined in the R-Format

inside of the blockage area provided at'the specified layer. Either mount attribute or ref
ibute shall be present.

s attribute is used withi\cef layer attribute and specifies the layer side of placement b

l«—— ref_layer

\ Substrate

Reprinted with permission from JEITA

Figure 42 —An example for explaining mount side when layer is specified
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stack

This attribute specifies the “stack level” of a child component placement (See Figure 47 for the concept of
stack attribute). This blockage is effective only to the child components placed with the specified stack
level. If this attribute is omitted, it means that the stack level is one as default.

8.2.9.3.3 Example

<placement shape id="1" x="0" y="0" angle="0" mount="TOP"/>

8.2.9.4 The <routing> element

8.2.9.4/1 General

The <rputing> element defines a region where any substrate routing object shall not be, placed i
beyond the boundary of the region. The routing object refers to the metallic materialaised for routi
as traceq, vias, and planes.

htruding
hg, such

<routihg

/>

shape id="identifier of referenced shape"
[x="x coordinate"]
[y="y coordinate"]
[angle="angle"]
[mount="mount type"|
ref layer="name of referenced Ilayer"]

8.2.9.42 Attribute definitions

The attr{butes of the <routing> element are defined as follows.

shape fid

This attribute specifies the identifier of the predefined shape to define the boundary shap
b

—_—

dckage area. The specified shape shall be defined at the <shape> element in the same file.

These attriblites specify the location of the reference point of the referenced shape with respe
lodal origin*of the module. The x and y attributes specify the x-coordinate and y-co
respectively. The unit of the coordinates is defined by the <distance> element in the

e of the

ct to the
rdinate,
<unit>

element. Zero is used as default when omitted.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the reference point

of the shape. If an angle is not specified, zero is set as the default. The unit of the rotation
defined by the <angle> element in the <unit> element.

mount

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.
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TOP The routing blockage area is provided at the top layer of substrate.

BoTTOM The routing blockage area is provided at the bottom layer of substrate.

MIDDLE The routing blockage area is provided at all internal layers of substrate except top and
bottom layer.

Either mopunt attribute or ref layer attribute shall be present.

TOP
—

MIDDLE

J
¥~ BOTTOM

Reprinted with permission from JEITA.

Figure 43 —Explanatory drawing of mount layer for routing blockage area

ref lalyer

This attribute specifies a specific layer of the substrate by referring the layer name defingd in the
Format that is combined in a M-Format. If this attribute 4s/specified, a substrate routing shajl not go
thrpugh the inside of the blockage area provided at the specified layer. Either mopunt attfibute or
reff layer attribute shall be present.

o4

8.2.9.43 Example

<routipg mount="TOP" shape id="1" x="0" y="0" angle="0"/>

8.2.10 The <component> element

8.2.10.1 General

The <cdmponent> eleraent instantiates child modules and bondwires.

<compophent
[ref rule name="name of reference rule"]
N _ _ > OL -
[<placement> element]..
[ L)Ulldj_llyWJ_LC Cl‘:lll‘:llt]...
[<extensions> element]..
</component>

8.2.10.2 Attribute definitions

The attribute for the <component> element is defined as follows:
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ref rule name

8.2.10.3 Element content

The <component> element contains the following elements:

<placement>

IEC 63055:2023 © IEC 2023
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This attribute specifies a design rule that shall be applied to placing child modules and bondwires, by

identifying the name defined in <Physicaldesign> element in the R-Format that is combined in an
M-Format.

<pondlingwlre
<pxtensions>

8.2.10.4 The <placement> element

8.2.10.4.1 General

The <pllacement> element defines how to place the module.

<placepment

/>

ref module="name of referenced module"
inst="instance name"
[symbol="name of symbol"]
[distance="unit of length"]
[angleunit="unit of angle"]
[scale="geometrical scale"]

[x="x coordinate"]

[y="y coordinate"]

[z="z coordinate"]

[flip="flip type"]

[angle="rotation s@dngle"]

[mount="mount type" |

ref layer="name of referenced layer"
[attach="1ayer side to be attach"]
]

[stack=Yokder of loading"]

[ref rulle name="name of referenced rule"]
[sizing="sizing"]

8.2.10.4.2 Attribute definitions

The attrlbuté€s of the <placement> element are defined as follows

ref module

inst

This attribute specifies the module to be placed, by referring the name attribute of the module.

This attribute specifies the instance name of a child module. The instance name shall be unique in the
parent module.
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symbol

This optional attribute specifies an alias name of the module to be placed.

distance

This attribute specifies the unit of the x/y coordinate. If this attribute is not specified, the unit that is
defined at the <distance> element in the <unit> element is used. The value shall be one of the
followings:

rm
nm

picometer
nanometer

umn
mmy
m

angleu

Th
thg

de
ra

scale

Th

TMicTometer
millimeter
meter

hit

is attribute specifies the unit of an angle. If this attribute is not specified{the unit that is d
<angle> element in the <unit> element is used. The value shall be €ither of the followin|

gree
dian

is attribute specifies the scale rate of distance. Therscale rate shall be more than zerd

attfibute is not specified, 1.0 is used as the default.

Th

Sp
<d

Th
lay
col

ese attributes specify the location*of the reference point of the module. The x and y 4
pcify the x-coordinate and y-cootdinate, respectively. The unit of the coordinates is define
istance> element in the <unit> element.

is attribute specifies,the z-coordinate of the module, namely, the height of the module fron|
er as shown in‘Eigure 44. If this attribute is not specified, zero is set as the default. The ug
brdinates isdefined by the <distance> element in the <unit> element.

ref_module

bfined at
i

. If this

ttributes
d by the

) the top
it of the

7S

z

layer

Reprinted with permission from JEITA.

Figure 44 —Explanatory drawing of the z-coordinate of a module
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flip
This attribute specifies the type of flip. The value shall be either of the following:

X X-flip reversing the X axis
Y Y-flip reversing the Y axis

Figure 45 shows examples of an Xx-flip anda Yy-flip.

>~
7

X (X-flip) Y (Y-flip)

Reprinted with permission from JEITA.

Figure 45—Explanatory drawing anX-flip and a Y-flip

angle

THhis attribute specifies the angle of the copmterclockwise rotation with respect to the refererjce point
of|the module. If an angle is not specified, zero is set as the default. The unit of the rotation|angle is

defined by the <angle> element in the'<unit> element.

mount

THis attribute specifies the, mount side of the module placement. The value shall be eithqr of the
following when the mguntlayer is not specified (see Figure 46).

TOP Thevmodule is placed on the top side of the substrate.

BOoTTOM </Fhe module is placed on the bottom side of the substrate.
MI1DDLE_J The module is embedded inside the substrate.

Stack="2" | A | attach=" ABOVE”
AN ANVAN

Stack=" 1" attach=" ABOVE”

|<— ref_layer="L1"

D AN O O £
attach=" BELOW Stack=" 1

attach="BELOW’ m Stack="2"

Reprinted with permission from JEITA.

Figure 46 —An example for explaining mount side when layer is not specified
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ref layer

These attributes specify the mount layer, a substrate conductive layer on which the module is mounted

directly or indirectly through another module that is mounted on the layer.

Attribute ref layer specifies the mount layer by the layer name defined by the name attribute in the

<layer> element in R-Format.

attach

This attribute is used with ref layer attribute and specifies the layer side of the module placement.

The available keyword is ABOVE or BELOW (see Figure 42). If ABOVE is specified, the comp
placed—-abovethe speciedtaver H oo ouig gpecified—the } ed he
layer. If it is not specified, ABOVE is set as the default.

This attribute specifies a positive integer, called stack level, to define the stacking order in Z-
among child modules. For two modules A and B (C and D), A (D) is defined_to be above (b
(C) in Z-direction if all of the following conditions hold (Figure 47).

[) The mount attribute of A and B are the same, or ref layer and attach attriby
and B are the same,

D) The shapes of A and B overlap in X-Y plane beyond teuching, and

B)  The stack level of A is larger (smaller) than that of/B, if their mount attribute is
MIDDLE (BOTTOM) , or their attach is ABOVE (BELOW).

Stack="2" attach="ABOVE”

AN ANVAS

Stack="1" “ attach="ABOVE”
|<— ref_layer="L1"

attach="BELOW” Stack="1"

attach="BELOW" m Stack="2"

Reprinted with permission from JEITA.

Figure 47 —An example for explaining stack attribute

The folowing sample code expresses the state of Figure 47.

<placement ref module="CAP1" inst="A" x="10" y="10"
ref layer="L1" attach="ABOVE" stack="2" />
<placement ref module="CAP2" inst="B" x="10" y="10"
ref layer="L1" attach="ABOVE" stack="1" />
<placement ref module="CAP3" inst="C" x="-10" y="-10"
ref layer="L1" attach="BELOW" stack="1" />
<placement ref module="CAP4" inst="D" x="-10" y="-10"
ref layer="L1" attach="BELOW" stack="2" />

ref rule name

onent is
pecified

lirection
elow) B

te of A

TOP or

This attribute specifies a design rule that is applied specifically to the region under the placed module.
The design rule is referred by the name attribute of <Physicaldesign> element in R-Format.
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sizing

This attribute specifies the sizing width, which is positive (negative) number to enlarge (shrink) the
shape of the module by the distance value.

8.2.10.4.3 Example

The following is an example of the <placement> element in use.

<component>

<placement ref module="CAP0603B" inst="C10"

x="-8584.7" y="-4104.9" mount="BOTTOM" />

<pla‘-e-m Ae—tcaf—modigtae="tCARO O3RN act ol N
x="-8584.7" y="-6355.9" mount="BOTTOM" />
<plagement ref module="CAP1005B" inst="C12"
x="26092.5" y="37686.8" angle="90" mount="BOTTOM" />
<pla¢ement ref module="CAP1005B" inst="C13"
x="30005.4" y="37686.8" angle="90" mount="BOTTOM" />
<plagement ref module="CAP1005B" inst="C14"
x="34659.6" y="37686.8" angle="90" mount="BOTTOM" />
<plagement ref module="CAP1005B" inst="C15"
x="40178.8" y="37686.8" angle="90" mount="BQTPOM" />
<plagement ref module="RAS8" inst="RAS8 RN2"
x="25477.7" y="15729.6" angle="270" mount£"TOP" />
<plag¢ement ref module="RAS8" inst="RAS8 RN4"
x="43929.3" y="6225.3" angle="270" meunt="TOP" />
<plagement ref module="REGULATOR" inst="REGULATOR"
x="-12598" y="10183.9" mount="TOP" />
<plag¢ement ref module="SOC PKG" inst="SOC"
x="400" y="-6500" mount="TOP" /&
<pla¢ement ref module="XTAL" inst="XTALY
x="-6285.9" y="26473" mounts="TOP" />

</comppnent>

8.2.10.%5 The <bondingwire> element

8.2.10.5.1 General

The <bgndingwire> is used.to define bonding wire placement, starting and ending points, layer and the
bonding| wire rule.

<bondiphgwire

bw id="identifier"

[bw rule name="name referenced bonding wire rule"]
[bw _shape="name of referenced bondingwire shape"]
x1="x coordinate of start point"

yl="y coordinate of start point"
instl="instance name of start point"

ref layerl="name for reference end layer"

x2="x coordinate of end point"

y2="y coordinate of end point"
inst2="instance name of end point"

ref layer2="name of reference end layer"
[loop="1oop direction"]

/>
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8.2.10.5.2 Attribute definitions

The attributes of the <bondingwire> element are defined as follows.

bw_id

This attribute is a character string, defining an identification (ID) of the bondingwire. The ID should
be unique in <component> element.

bw_rule name

This attribute specifies the design rule for the bondingwire. The design rule is referred by the name

atlpbute-of <Phvsicaldesign= clementinR-FEormal
bw_shape
THis attribute specifies the shape of bondingwire. The shape is referred by the’name attfibute of

<Hondingwire def> element in R-Format.

x1
yl

THese attributes specify the coordinates of the starting point ‘of bondingwire. The uni

CO

instl
ref la

THese attributes specify the layout object that is attached with the bondingwire at its starting p

If

th¢ bondingwire is attached to substrate-layer, the layer is specified by its name defined in R

us

X2
y2

These attributes specify) the coordinates of the ending point of bondingwire. The uni

CO

inst2
ref la

Th

brdinates is defined by the <distance> element in the <umit> element.

yerl

he bondingwire is attached to child module, its instance name is referred by the attribute i

ng attribute ref layerl. Either instl or ref layerl shall be present.

prdinates is defined by the <distance> element in the <unit> element.

fyer?2

es¢attfibutes specify the layout object that is attached with the bondingwire at its ending p

of the

oint.

hstl. If
-Format

of the

int.

If the bondingwire is attached to child module, its instance name is referred by the attribute inst2. If
the bondingwire is attached to substrate layer, the layer is specified by its name defined in R-Format
using attribute ref layer2. Either inst2 or ref layer2 shall be present.

loop

This attribute specifies whether the bonding wire is convex upward or convex downward in Z-
direction.

TOP The bondingwire is convex upward in Z-direction.
BOTTOM The bondingwire is convex downward in Z-direction.
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8.2.10.5.3 Example

<component ref rule name="bondingwire rule">

<bondingwire bw_id="WB1" bw_shape="WBOND1"
x1="4.0" yl="1.0" instl="U1"
x2="6.0" y2="1.0" ref layer2="L1"
loop="TOP" />

<bondingwire bw_id="WB2" bw_shape="WBOND2"
x1="1.0" yl="2.0" instl="U2"
x2="2.0" y2="2.0" inst2="U1"
loop="TOP" />

<bondingwire bw_id="WB3"
bw rule name="bondingwire rule b" bw shape="WBONDB"
x1="3.0" yl="3.0" instl="U3"
x2="6.0" y2="3.0" ref layer2="L3"
loop="BOTTOM" />

</component>

J wB2

<&« WB1

&1

Package
Oce L3

& WB3
Reprinted with perimission from JEITA.

Figure 48 —An(example of bonding wire

8.2.11 The <keepaway> element

8.2.11.1 General

The <kqepaway>>element defines a region around this module, where other modules shall not be fjlaced in
the regi¢n,

<keepaway
shape id="identifier of referenced shape"
x="x coordinate"
y="y coordinate"
[angle="angel"]
[objective layer="keep away area"]
>
[<extensions> element]..
</keepaway>

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023
IEEE Std 2401™-2019 —-127 -

8.2.11.2 Attribute definition
The attribute of the <keepaway> element is defined as follows:
shape id

This attribute specifies the identification number of the predefined shape.

X

y
These attributes specify the coordinates of the shape origin with respect to the module origin. The unit
of ffie coordinates 15 defined Dy the <distance> clement ii the <unit> Clelent.

angle

Thys attribute specifies the rotation angle of the shape. If the angle is not specified;“zero is spt as the
default. The unit of the rotation angle is defined by the <angle> element in thexunit> elemgnt.

objectfive layer

This attribute specifies the effective range in Z-direction.

JaME The keepaway is effective to the same mount side)of the substrate/layer.
dproSITE The keepaway is effective to any other parts.
ALL The keepaway is effective to all parts.

8.2.11.3 Element content
The <kdepaway> element can contain the following element:

<pxtensions>

8.2.11.4 Example

<keepafvay shape id=U'PFBGABODY" x="0" y="0" objective layer="ALL"/>

8.2.12 The <reference> element

8.2.12.1General

The <reference> element is used to make a relationship between the module in C-Format and an
electrical, thermal, or geometrical model file. While referring an electrical or thermal file, the
<reference> element defines the connection procedure between ports in the <socket> element and
ports in a referenced file. While referencing a geometrical file, this element makes a transformation from
objects in the referenced geometrical file to the module in C-Format.

<reference
{xmlns:verilog="http://www.jeita.or.jp/LPB/verilog" |
xmlns:VHDL="http://www.Jjeita.or.jp/LPB/VHDL" |
xmlns:def="http://www.jeita.or.jp/LPB/def" |
xmlns:spice="http://www.jeita.or.jp/LPB/spice" |
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xmlns:touchstone="http://www.jeita.or.jp/LPB/touchstone" |
xmlns:dxf="http://www.Jjeita.or.jp/LPB/dxf" |
xmlns:gds="http://www.jeita.or.jp/LPB/gds" |
xmlns:step="http://www.jeita.or.jp/LPB/step" |
xmlns:sat="http://www.jeita.or.jp/LPB/sat" |
xmlns:iges="http://www.jeita.or.jp/LPB/iges" |
xmlns:ibis="http://www.jeita.or.jp/LPB/ibis" |

xmlns:ibis pkg="http://www.jeita.or.jp/LPB/ibis pkg" |

xmlns:ibis ebd="http://www.jeita.or.jp/LPB/ibis_ebd" |
xmlns:systemc="http://www.Jjeita.or.jp/LPB/systemc" |
xmlns:xfl="http://www.jeita.or.jp/LPB/xf1" |
xmlns:xml="http://www.jeita.or.jp/LPB/xml" |

xmlns:thermal 2resistor="http://www.jeita.or.jp/LPB/thermal 2resistor" |
mlns-thermal r‘]a]phi:"hfi‘p' www deita or -'lp LPR/thermal r‘]a'lph'i"
xnlns:jtam="http://www.jeita.or.jp/LPB/Jjtam" |

xnlns: JLPB="http://www.Jjeita.or.jp/LPB/JLPB" |
xnlns:extensions=http://www.jeita.or.jp/LPB/extensions }
rgffile="name of referenced file"

fqrmat="file format"

[Hype="model type"]

[distance="unit of length"]

[gcale="geometric scale"]

[domment="comment text"]

>
[<connection> element]..
[affine transformation > element]..
[<material> element]..
[<heat source> element>]..
[<extensions> element]..
</refefrence>

Some f¢rmats do not have the concept of I/O ports.™In those cases, coordinates that correspond to the
position|of the signal 1/O are used to create the relationship with a port in the C-Format file. For gxample,
the <rqference> element can provide the position for I/O nodes of IBIS that does not have physical
information.

8.2.12.2 Attribute definitions

The attrfbutes of the <refereénee> element are defined as follows.

xmlns:ferilog="http://www.jeita.or.jp/LPB/verilog"
xmlns:VHDL="http:¥/www.jeita.or.jp/LPB/VHDL"
xmlns:def="htfp://www.jeita.or.jp/LPB/def"
xmlns:gpicea™ittp://www.jeita.or.jp/LPB/spice"
xmlns:toudhstone="http://www.jeita.or.jp/LPB/touchstone"

xmlns :@¥&="http://www.jeita.or.jp/LPB/dxf"

xmlns:kbd :"hf‘rp- AWANARNS jni‘r:: Qxr ﬁp LPR/adgs"
xmlns:step="http://www.jeita.or.jp/LPB/step"
xmlns:sat="http://www.jeita.or.jp/LPB/sat"
xmlns:iges="http://www.Jjeita.or.jp/LPB/iges"
xmlns:ibis="http://www.jeita.or.jp/LPB/ibis"

xmlns:ibis pkg="http://www.jeita.or.jp/LPB/ibis_ pkg"

xmlns:ibis ebd="http://www.jeita.or.jp/LPB/ibis_ebd"
xmlns:systemc="http://www.jeita.or.jp/LPB/systemc"
xmlns:xfl="http://www.Jjeita.or.jp/LPB/xf1l"
xmlns:xml="http://www.jeita.or.jp/LPB/xml"

xmlns:thermal 2resistor="http://www.jeita.or.jp/LPB/thermal 2resistor"
xmlns:thermal delphi="http://www.jeita.or.jp/LPB/thermal delphi"
xmlns:jtam="http://www.jeita.or.jp/LPB/jtam"
xmlns:JLPB="http://www.Jjeita.or.jp/LPB/JLPB"
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xmlns:extensions ="http://www.jeita.or.jp/LPB/extensions"

This line is the namespace of the Extensible Markup Language (XML) [B2]8. The namespace is used
properly by the format of the referenced file. The corresponding namespaces and file formats are
shown as follows:

xmlns:verilog

Verilog, standardized as IEEE Std 1364. It is used in the design and verification of digital circuits

at gate level or register transfer level.

2 LI
TSV ITD T

X1

X1

X1

Very High Speed Integrated Circuits Hardware Description Language (VHDL) is_standar
IEEE Std 1076™ [B9]. It is used in the design of digital and mixed-signal systems.

Ins:def

dized as

Design Exchange Format (DEF), representing the physical layout ¢f an integrated circiiit in an

ASCII format. It represents a netlist, component placements, and routing information.

lns:spice

Standard SPICE is Berkeley SPICE, but SPICE-like’ €ircuit simulators are not completely

compatible. Use the type attribute to show the specified version of SPICE. Specify the
circuit simulator for SPICE to type attribute. Berk&ley SPICE and IBIS-ISS are resd
it. If type attribute is omitted, it means SPICEAs‘Berkeley SPICE.

type attribute for xmlns:spice
Berkeley SPICE Berkeley!SPICE

IBIS-ISS IBIS:Interconnect SPICE Subcircuit
any string Specity the name of SPICE-like circuit simulator

Ins:touchstone
Touchstone yetsion 1.0 and 2.0 are supported. Use the type attribute to specify the type q
defined in4he-Touchstone file. It shall be SParameter. If type attribute is omitted, it m

model that defined in touchstone file is S-parameter.

tgpe-attribute for xmlns:touchstone

name of
rved for

f model
cans the

SParameter S-parameter model

xmlns:dxf

Drawing Exchange Format (DXF). It is used for vector image files.

8 The numbers in brackets correspond to those of the bibliography in Annex A
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xmlns:gds

GDS 1I stream format. It is a database file format for data exchange of integrated circuits or
integrated circuit layout artwork.

xmlns:step

ISO 10303. It is used to represent 3D objects in computer-aided design (CAD) tools.

xmlns:sat

Standard ACIS Text file. It is used to save the data of the ACIS modeler.

xmlns:iges

Initial Graphics Exchange Specification. It is used to express 3D objects as acdllection of surface
models.

xplns:ibis

IBIS file. It is used by integrated circuit vendors to provide custemers with information apout the
I/O buffers of a product.

xmlns:ibis pkg

IBIS package model file. It is used by integrated circuit vendors to provide customgrs with
information about the I/O buffers of a product:

xmlns:ibis ebd

IBIS electrical board description file.)It is used by integrated circuit vendors to provide cystomers
with information about the I/O buffers of a product.

xnplns:systemc

This name space is gsed to reference SystemC. It is standardized as IEEE Std 1666-2011. §ystemC
is used for system and hardware design.

xmlns:xml

This name space is used to reference an external file that is defined in XML, such as IEC, JCEM,
orACIM file.

Use the type attribute to specify the type of model file defined in XML. The type shall be one of
the followings.

type attribute for xmlns:xml

ICEM—-CE Integrated Circuit Electrical Model—Conducted Emission (IEC 62433-2
[B5])

ICEM-RE Integrated Circuit Electrical Model—Radiated Emission (IEC 62433-3 [B6])

ICIM-CI Integrated Circuit Immunity Model—Conducted Immunity (IEC 62433-4
[(B7])

ICIM-RI Integrated Circuit Immunity Model-—Radiated Immunity (IEC 62433-5 [B8])
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CEML Conducted Emission Markup Language
REML Radiated Emission Markup Language
CIML Conducted Immunity Markup Language
RIML Radiated Immunity Markup Language
PIML Pulse Immunity Markup Language

xmlns:thermal 2resistor

This name space is used to reference a JEDEC 2-Resistor compact thermal model.

xmlns:thermal delphi

This name space is used to reference a JEDEC DELPHI compact thermal model.

xnlns:jtam

This name space is used to reference a JTAM file.

xmlns:xfl

LPB G-Format.

xmlns:JLPB

LPB C-Format.

xnlns:extensions

This namespace is used to refer to your own model file using <extensions> element.

reffilp

THhis attribute specifies the name ofa file with which to make a relationship.

format

THis attribute specifies the language of a reference file. The value shall be one of the followin,

VBRILOG Verilog, standardized as per IEEE Std 1364

VHDL VHDL standardized as per IEEE Std 1076 [B9]

DRF Design Exchange Format (DEF)

SHICE Netlist for SPICE

TAUCHSTONE Q_I\m‘qmﬁfpr

DXF Drawing Exchange Format (DXF)

GDS GDS 1I stream format

STEP ISO 10303, standard for the exchange of product model data
SAT Standard ACIS Text file to save the data of the ACIS modeler
IGES The Initial Graphics Exchange Specification

IBIS IBIS (Input/output Buffer Information Specification)

IBIS_ PKG IBIS package model file

IBIS EBD IBIS electrical board description file

SYSTEMC SystemC standardized as per IEEE Std 1666

XML XML file

THERMAL 2RESISTOR Compact two resistor—type thermal model file
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THERMAL DELPHI Compact DELPHI thermal model file
JTAM JEITA Thermal Accurate Model
XFL LPB G-Format
JLPB LPB C-Format
EXTENSIONS The user’s own model file is referenced
type

This attribute is used together with the xmlns:spice, xmlns:touchstone, and xmlns:xml
attributes.

In

case of xmlns:spice, it specifies the kind of circuit simulator for SPICE. Berkeley SPICE and

I8
av

In
sh
fil

In
on|

distan]

Th

hilable values are as follows.
Berkeley SPICE Berkeley SPICE
IBIS-ISS IBIS Interconnect SPICE Subcircuit

any string Specify the name of SPICE-like circuit simulator

case of xmlns:touchstone, it specifies the model type of the touchstone file. The availalj

is attribute specifies the unit system of distance for a reference file. If this attribute is not s

1S-1SS are reserved for it. If type attribute is omitted, it means SPICE is Berkeley SPICE. The

le value

1l be SParameter. If type attribute is omitted, it means the model that is defined in the tojichstone
b is S-parameter.
SParameter S-parameter model
case of xmlns:xml, it specifies the kind of model file that is defined by XML. The value|shall be
e of the followings.
ICEM—-CE Integrated Circuit Electrical Model—Conducted Emission (IEC 62433-2/[B5])
ICEM-RE Integrated Circuit Electrical Model—Radiated Emission (IEC 62433-3 [B6])
ICIM-CI Integrated Circuit mmunity Model-—Conducted Immunity (IEC 62433-# [B7])
ICIM-RI Integrated Cirehit Immunity Model-—Radiated Immunity (IEC 62433-5 |B8])
CEML Conducted Emission Markup Language
REML Radiated ‘Emission Markup Language
CIML Conducted Immunity Markup Language
RIML Radiated Immunity Markup Language
PIML Pulse Immunity Markup Language
ce

pecified,

th¢ defaplt of the reference file is used. The value shall be one of the followings:
pm picometer
nm nanometer
um micrometer
mm millimeter
m meter
scale

This attribute specifies the scale range for a reference file. The scale range shall be more than zero. If
this attribute is not specified, 1.0 is used as the default.
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comment

This attribute specifies the comment string.

8.2.12.3 Element content

The <reference> element contains the following elements:

<connection>
<affine_ transformation>
<material>

<prearE—sour

<xtensions>

8.2.12.4 The <connection> element

8.2.12.4.1 General

The <cgnnection> element defines the relationship between a <port> thdt/is defined in the <docket>
element|and the I/O terminal of a reference file.

<conneftion

socket name="name of reference socket"
[port name="name of referenced pont"
port id="identifier of referenced port"]

[<verilog:ref port> elementy,
[<VHDL:ref port> element]..

[<def:ref port> element](z
[<spice:ref port> element]..
[<touchstone:ref port» element]..
[<dxf:ref port> element]..

[<gds:ref port>: &lement]..

[<xfl:ref port>,element]..

[<ibis:ref port> element]..

[<ibis pkgixef port> element]..
[<ibis ebd:iref port> element]..
[<systfemC:ref port> element]..
[<theérmal 2resistor:ref port> element]..
[sthérmal delphi:ref port> element]..
[<Stam:ref port> element]..
(<JLPB:ref port> element]..

[<xml:ref port> element]..
[<extensions> element]..

</connkction>

The connection scheme depends on the design language of the reference file. The following is a typical
example.

The language in which a port is clearly defined as Verilog uses the combination of the “module name” and
“port name” to define the relationship:

<connect socket name="socketl" port id="Al">
<verilog:ref port module="topmodule" portname="DQl"/>
</connect>
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In this example, port A1 in socketl is associated with terminal DQ1 in model topmodule of the Verilog
description.

In the case of a SPICE netlist, the sub-circuit name and order of I/O node description are used to define the
relationship:

<connect socket name="socketl" port_ id="Al">
<spice:ref port subckt="spicetop" portid="5"/>
</connect>

In this example, A1 port in socket1 is associated with an I/O node that is defined in the fifth order in the
sub-circuit spicetop.

8.2.12.4.2 Attribute definitions

The attr]butes of the <connection> element are defined as follows.
socket| name

THis attribute specifies the name of a socket that includes a port to make a relationship pvith the
reference file. The specified socket shall be defined at the <socket><€lement in the same <nfodule>
elgment.

port npme

THis attribute specifies the name of a port to make a relationship with the reference file. The gpecified
port shall be defined at the <port> element in the¢<gocket> element, which is specifiedl by the
sqcket name attribute. The port name attribute shall not be used with the port id attribue.

port ifd

THis attribute specifies the identifier of.a, 'port to make a relationship with the reference file. The
spgcified port shall be defined at the <pOrt> element in the <socket> element, which is spe¢ified by
th¢ socket name attribute. The pott “id attribute shall not be used with the port name atfribute.

8.2.12.4.3 Element content

The <cdnnection> element-can contain the following elements:

verilog:ref ,port>
VHDL:ref poxt>
def:ref_pert>

spice:ref port>
touchstone:ref port>
Oxfcef port>

jdsw'ref port>

<xtl:ref port>

<ibis:ref port>

<ibis pkg:ref port>

<ibis ebd:ref port>
<systemc:ref port>
<thermal 2resistor:ref port>
<thermal delphi:ref port>
<jtam:ref port>

<JLPB:ref port>

<xml:ref port>
<extensions>

AN ANANAANNA
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8.2.12.4.4 The <verilog:ref_port> element

8.2.12.4.4.1 General

The <verilog:ref port> element is used to make a relationship with a Verilog language file.

<verilog:ref port
module="module name in verilog file"
portname="port name in verilog file"
N _ LI _
[<extensions> element]..
</verilog:ref port>

In the cgse of a Verilog file, a relationship is created by the combination of module name and-port fame.

8.2.12.4.4.2 Attribute definitions

The attrjbutes of the <verilog:ref port> are defined as follows.
module

THis attribute specifies the name of a module in the reference Vierilog file.
portname

THis attribute specifies the name of a port in the reference Verilog file. The port shall be d¢fined in
th¢ module that is specified by the module attribiife.

8.2.12.4.4.3 Example
The follpwing is an example of the <vepilog:ref port> element in use.

<referfpnce
xmlps:verilog="http:/%www.jeita.or.jp/LPB/verilog"
reffile="XXXX.v"
forqat="VERILOG"

>
<copnection socket name="socketl" port id="Al">
veriloge¥ef port module="topmodule" portname="DQ1l"/>
</cpnnection>
<copnegtlon socket name="socketl" port id="A2">
vérilog:ref port module="topmodule" portname="DQ2" />
</cpnuéction>
<connection socket name="socketl" port id="A3">
<verilog:ref port module="topmodule" portname="DQ3" />
</connection>
</reference>
[XXXX.V]

module topmodule (DQ1,DQ2,DQ3)
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8.2.12.4.5 The <VHDL:ref_port> element

8.2.12.4.5.1 General

The <VHDL:ref port> element is used to make a relationship with the model file that is described by
VHDL language.

<VHDL:ref port
entity="entity name in VHDL file"
portname="port name in VHDL file"
[subtype="subtype of port in VHDL file"]
>

[<extensions> element]..
</VHDL|:ref port>

8.2.12.4.5.2 Attribute definitions

The attrfbutes of the <VHDL:ref port> element are defined as follows.

entityl
THhis attribute specifies the name of an entity in the reference VHDL file.

portname

THhis attribute specifies the name of a port in the refesence VHDL file. The port shall be defingd in the
enfity that is specified by the entity attribute.

subtyp

[0

THis attribute specifies the subtype ‘6f“the port declaration in VHDL file. If this attribute is not
spgcified, electrical is set as the default.

electrical The referenced port is used for electrical connection
thermal The referenced port is used for thermal network in kelvin
thermal c The referenced port is used for thermal network in celsius
any string Specify the subtype of the specified port

8.2.12.4.5.3 Example

The follpwifig is an example of the <VHDL:ref port> element in use.

<reference
xmlns:VHDL="http://www.jeita.or.jp/LPB/VHDL"
reffile="XXXX.vhd"
format="VHDL"

<connection socket_name="socketl" port_ id="Al">
<VHDL:ref port entity="topmodule" portname="DQ1l"/>

</connection>

<connection socket name="socketl" port id="A2">
<VHDL:ref port entity="topmodule" portname="DQ2" />

</connection>

<connection socket name="socketl" port id="A3">
<VHDL:ref port entity="topmodule" portname="DQ3" />
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</connection>
</reference>
[XXXX.vhd]
entity topmodule is
port
(
DQ1 : out std logic;
DQ2 : out std logic;
DQ3 : out std logic;

)

end topmodule;

8.2.12.4.6 The <def:ref port> element

8.2.12.4.6.1 General

The <dqf:ref port> element is used to make a relationship with a DEF file.

<def:rpf port
[comp="component name in DEF file"]
pinname="pin name in DEF file"

>
[<extensions> element]..

</def:fref port>

In the cgse of a DEF file, a relationship is created by using the\pin name and/or component name.

8.2.12.4

The attr

comp

Th
red

pinnam
Th
Al

8.2.12.4

1.6.2 Attribute definitions

butes of the <def:ref port> element\are as follows.

is attribute specifies the naine of a component that is defined in the COMPONENT secti
erence DEF file.

is attribute specifies the name of a pin that is defined in the PINS section in the reference [
fernatively;it specifies the pin name of the component that is defined by the comp attribute,

1.6:3’Example

The following is an example of the <def:ref port> element in use.

<reference
xmlns:def="http://www.jeita.or.jp/LPB/def"
reffile="XXXX.def"
format="DEF"

<connection socket name="socketl" port id="Al">
<def:ref port comp="SBIOl" pinname="2"/>

</c

onnection>

<connection socket name="socketl" port id="A2">
<def:ref port comp="SBIO2" pinname="Z2"/>
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onnection>

nnection socket name="socketl" port id="A3">
def:ref port comp="SBIO3" pinname="2"/>
onnection>

rence>

def]

PONENTS 100 ;
SBIO1 io ;
SBIO2 io ;
SBIO3 io ;

COMPONENTS

IEC 63055:2023 © IEC 2023
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<refer]
ref
fory

<co

</c
<co

</c
<co

</c
</refe

[YyYy.d
PIN|

- PI
- PI
- PI

ENb.
8.2.12.

8.2.12.4

The <sq

ence xmlns:def=http://www.jeita.or.jp/LPB/def
ile="YYY.def"
at="DEF"

hnection socket name="socketl" port id="Al">
def:ref port pinname="PIN1"/>

bnnection>

hnection socket name="socketl" port id="A2">
<def:ref port _pinname="PIN2"/> B
bnnection>

hnection socket name="socketl" port id="A3">
<def:ref port pinname="PIN3"/>

bnnection>

rence>

]

s 10 ;

N1 oDQ1 ;
N2 oDQ2 ;
N3 oDQ3 ;

PTNS
1.7 The <spice:ref_port>-element

1.7.1 General

ice:ref port> element is used to make a relationship with a SPICE netlist file.

<spice

:ref_poxrt
subckt="name of subckt"
portid="order of pins in subckt"

>

/spice

[<extensions> element]..
:ref port>

In the case of SPICE, a relationship is created by the combination of the sub-circuit name and order of I/O
node description. In the case of a SPICE netlist, the name of the sub-circuit (.subckt) and order of I/O

node on

the . subckt line are used to define the relationship.

8.2.12.4.7.2 Attribute definitions

The attributes of the <spice:ref port> element are defined as follows.
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subckt

This attribute specifies the name of a sub-circuit (. subckt) in the reference SPICE file.

portid

This attribute specifies the order of I/O nodes in the .subckt line. The value shall be an integer of 1 or
more.

8.2.12.4.7.3 Example

The follpwing 1s an example of the <spice:ref port> element in use.

<referpnce
xmls:spice="http://www.jeita.or.jp/LPB/spice"
reffile="XXXX.sp"
forqat="SPICE"
typg="HSPICE"

>
connection socket name="socketl" port id="Al">
<spice:ref port subckt="top" portid="3"/>
/connection>
connection socket name="socketl" port id="A2I>
<spice:ref port subckt="top" portid="2"#{>
/connection>
connection socket name="socketl" port id="A3">
<spice:ref port subckt="top" portid='1"/>
/connection>
</refefrence>
[XXXX.fp]

subckt top pl p2 p3 ;
SPICE 1nodel file includes IBIS-ISS..To.reference the IBIS-ISS model, specify the 1BI1S-1SS keyword in
the typ¢ attribute as follows.

<refergnce
xmlys:spice="https+/A/www.jeita.or.jp/LPB/spice"
reffile="YYYY.ibs¥
forqat="SPICE™"
typg="IBIS-ISS"

conn&ction socket name="socketl" port id="Al">
<spice:ref port subckt="top" portid="3"/>
A8ehnection>

8.2.12.4.8 The <touchstone:ref_port> element

8.2.12.4.8.1 General

The <touchstone:ref port> element is used to make a relationship with a S-parameter file.
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<touchstone:ref port
portid="order of ports in touchstone"
. _ oL 1
[<extensions> element]..
/touchstone:ref port>

8.2.12.4.8.2 Attribute definitions
The attribute of the <touchstone:ref port> element is defined as follows.

portid

This attribute specifies the order of ports in the S-parameter file. The value shall be an integef of 1 or

mpre.

8.2.12.4.8.3 Example

The follpwing is an example of the <touchstone:ref port> element in use:

<referfpnce
xmlys:touchstone="http://www.Jjeita.or.jp/LPB/touchstone”
reffile="XXXX.s2p"
forqat="TOUCHSTONE"
typg="SParameter"

>
connection socket name="YYY" port id="&">
<touchstone:ref port portid="1"/>
/connection>
connection socket name="YYY" podts id="B">
<touchstone:ref port portid=¥2"/>
/connection>
</refefrence>

8.2.12.4.9 The <dxf:ref_port>‘element

8.2.12.4.9.1 General

The <dff :ref poXt>element is used to make a relationship with a DXF file.

<dxf:rpf port
x="x coordinate"
v="y coordinate"

dxf layer="layer name in DXF file"
mount="mount type"

N _
[<extensions> element]..

</dxf:ref port>

The DXF language does not have a concept of the I/O terminal. Therefore, coordinates are used to create

the relationship with a port in the C-Format file.
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8.2.12.4.9.2 Attribute definitions

The attributes of the <dxf:ref port> element are defined as follows.

X
Yy
These attributes specify the coordinates corresponding to the location of the input and output point of
the signal. The unit of the coordinates is defined by the <distance> element in the <unit> element.
dxf layer
THis attribute specilics the name ol the layer on which the input and output point ol the pignal is
placed.
mount
THhis attribute specifies the placement side of the input and output point of the signal. The vajue shall
beleither of the following:
TGP The 1/0O point is placed on the top side of the layer.
BGTTOM  The I/O point is placed on the bottom side of the layer,
8.2.12.4.9.3 Example
The follpwing is an example of the <dxf:ref port> element in use.
<referpnce
xmlyps:dxf="http://www.Jjeita.or.jp/LPB/dxf"
reffile="XXXX.dxf"
formpat="DXF"
distance="mm"
>
connection socket name="socketl" port id="Al">
<dxf:ref port x="100" y="8978" dxf layer="L1" module="TOP" />
/connection>
connection sogkgt name="socketl" port id="A2">
<dxf:ref poft,x="200" y="8978" dxf layer="L1" module="TOP" />
/connectiony
connectienysocket name="socketl" port id="A3">
<dxf:ref port x="300" y="8978" dxf layer="L1" module="TOP" />
/connaction>
</refefrenge>

8.2.12.4.10 The <gds:ref_port> element

8.2.12.4.10.1 General

The <gds:ref port> element is used to make a relationship with a GDS II stream format file.
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<gds:ref port

>

x="x coordinate"
y="y coordinate"
gdx layer="layer number in GDS file"

[<extensions> element]..

</gds:ref port>

The GDS II language does not have a concept of the I/O terminal. Therefore, coordinates are used to create

the relati

8.2.12.4.10.2 Attribute definitions

The attrjbutes of the <gds:ref port> element are defined as follows.

X
y
THhese attributes specify the coordinates corresponding to the location ofzthe input and output
th¢ signal. The unit of the coordinates is defined by the <distance> element in the <unit> g
gds_lalyer

THis attribute specifies the number of layers on which input and output point of the signal is p

8.2.12.4.10.3 Example
The follpwing is an example of the <gds:ref pozt> element in use.

<refergnce

xmli]

onship with a port in the C-Format file.

s:gds="http://www.jeita.or ¥p/LPB/gds"

reffile="XXXX.gds"
forfat="GDS"
>
<conpection socket name="socketl" port id="Al">
gds:ref port x=t100" y="8978" gds_layer="L1" />
</copnection>
<conpection socket-name="socketl" port id="A2">
gds:ref port x="200" y="8978" gds layer="L1" />
</copnection
<conpection\socket name="socketl" port id="A3">
gdsrref port x="300" y="8978" gds_layer="L1" />
</cohnéction>
</refefrence>

point of
lement.

aced.

8.2.12.4.11 The <xfl:ref_port> element

8.2.12.4.11.1 General

The <xfl:ref port> element is used to make a relationship with an LPB G-Format file.
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>

<xfl:ref port

component="component name in XFL file"
pinname="pin name in XFL file"

[<extensions> element]..

</xfl:ref port>

8.2.12.4.11.2 Attribute definitions

The attributes of the <xfl:ref port> element are defined as follows.

C

p

8

i
1=

ompon,

Th
red

innam

Th
ref

.2.12.4

The foll

<

>

<

refer

xmlif

ref

fory

<conn

</con|
<conn

</con
<conn|

</con|
/refe

[XXXX

.part

D

}

IE R

1

is attribute specifies the name of a component that is defined in the .component{seetid
erence G-Format file.

is attribute specifies the pin name of the component that is defined in the part sectio
erence G-Format file.

1.11.3 Example

bwing is an example of the <xf1:ref port> elementin use.

ence
s:xfl="http://www.jeita.or.jp/LPB/*f1"

File="XXXX.xf1l"

hat="XFL"

ection socket name="socketN!“port id="Al">

xfl:ref port component="NEWLSIDIE" pinname="1" />
hection>

ection socket name="saocketl" port id="A2">

xfl:ref port component="NEWLSIDIE" pinname="2" />
hection>

ection socket name="socketl" port id="A3">

xfl:ref port\component="NEWLSIDIE" pinname="3" />
hection>

rence>

.xfl]

135 -13.5 13.5 13.5 0 S 0 {

n in the

n in the

1
2
3

=4 -5 B 24
-3 -5 B 4
-2 -5 B 4

.end part
.component

NEWLSIDIE DIE 0010
.end component
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8.2.12.4.12 The <ibis:ref_port> element

8.2.12.4.12.1 General

The <ibis:ref port> element is used to make a relationship with an IBIS file.

<ibis:

>

ref port
component="component name in IBIS file"
{signal name="signal name in IBIS file" |
pin name="pin name in IBIS file"}
[terminal type="terminal type in IBIS file"]

</ibis

[<extensions> element]..
:ref port>

8.2.12.4

The attr

compon

Th
ref

signal
TH
pin na
TH

termin

Th
laf]

pi
Pal
Bu
pi
P4
By

1.12.2 Attribute definitions

butes of the <ibis:ref port> element are defined as follows.
ent

is attribute specifies the name of a component that is defined in the [Component] lin
erence IBIS file.

| name

is attribute specifies the signal name that is definéd in the reference IBIS file.
e

is attribute specifies the pin name that is"defined in the reference IBIS file.

b1l type

is attribute specifies the terminal type that is used in an Interconnect Model of IBIS verg

e in the

ion 7 or

Pu
Pu
Po
Gn
Ex

er. The value shall be ofie of the followings.

n I/0 Signal terminal at the package

d I/0 Signal terminal at the die pad
ffer I/0 Signal terminal at the I/O buffer
n Rail Supply terminal at the package

d Ratl Supply terminal at the die pad
ffer Rail Supply terminal at the I/O buffer
L p—reft———Supphy-terminal-at-the HO-buffer
lldown ref Supply terminal at the I/O buffer
wer clamp ref Supply terminal at the I/O buffer
d clamp ref Supply terminal at the I/O buffer
t ref Supply terminal at the I/O buffer

If it is not specified, the terminal at the package is set as the default.

8.2.12.4.12.3 Example

The followings are examples of the <ibis:ref port> element in use.
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Example 1: Connect to the package terminals without specifying terminal type attribute.

<reference
xmlns:ibis="http://www.Jjeita.or.jp/LPB/ibis"
reffile="XXXX.ibs"
format="IBIS"

>
<connection socket name="socketl" port id="Al">
<ibis:ref port component="DDR3-1Gbx16" signal name="Vvddq"/>
</connection>
<connection socket name="socketl" port id="A2">
<ibis:ref port component="DDR3-1Gbx16" signal name="DQU5" />
</connection>
<copreetior—socket—rame=lsocketHport—td=tA3Y
ibis:ref port component="DDR3-1Gbxl16" signal name="DQU7" />
</cpnnection>
</refefrence>

Example 2: Connect to the package terminals specifying terminal type attribute.

<refergnce
xmlng:ibis="http://www.jeita.or.jp/LPB/ibis"
refflle="XXXX.ibs"
format="IBIS"

>
<copnection socket name="socketl" port id="Al"¥
ibis:ref port component="DDR3-1Gbx16" sidpnal name="vddqg"
terminal type="Pin Rail" />
</cpnnection>
<copnection socket name="socketl" port i@d="A2">
ibis:ref port component="DDR3-1Gbx16" pin name="A2"
terminal type="Pin I/O" />
</cpnnection>
<copnection socket name="socketl!\port id="A3">
ibis:ref port component="DDR3-1Gbx16" pin name="A3"
terminal type="Pin I/O" /»
</cpnnection>
</refefrence>

Example 3: Connect to the di¢)pad terminals specifying terminal type attribute.

<refergnce
xmlng:ibis="http://www.jeita.or.jp/LPB/ibis"
refflle="XXXX}Yibs"
formt="IRBES"

>
<copne€ction socket name="socketl" port id="Al">
s rref—port—comporent=1PBR3—Gnttl—storat—rame="1Sadet
terminal type="Pad Rail" />
</connection>
<connection socket name="socketl" port id="A2">
<ibis:ref port component="DDR3-1Gbx16" pin name="A2"
terminal type="Pad I/O" />
</connection>
<connection socket name="socketl" port id="A3">
<ibis:ref port component="DDR3-1Gbx16" pin name="A3"
terminal type="Pad I/O" />
</connection>
</reference>
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Example 4: Connect to the I/O buffer terminals specifying terminal type attribute.

<reference
xmlns:ibis="http://www.Jjeita.or.jp/LPB/ibis"
reffile="XXXX.ibs"
format="IBIS"

>
<connection socket name="socketl" port id="Al">
<ibis:ref port component="DDR3-1Gbx16" signal name="vddqg"
terminal type="Buffer Rail" />
</connection>
<connection socket name="socketl" port id="A2">
<ibis:ref port component="DDR3-1Gbx16" pin name="A2"
ermiret—type=lBuffer—F/ o4
</cpnnection>
<cophnection socket name="socketl" port id="A3">
ibis:ref port component="DDR3-1Gbx16" pin name="A3"
terminal type="Buffer I/O" />
</cpnnection>
</refefrence>
XXXX.ips
[IBIS fer] 7.0
[File hame] XXXX.1ibs
[Compophent] DDR3-1Gbx16
[Manuflpcturer] JEITA FACT
[Packape]
| varipble typ min max
R pkg 0.5 0.4 0.6
L pkg 1.5nH 1.0nH 2.0nH
C pkg 0.4pF 0¢2pF 0.6pF
|
[Pin] | signal name model name R pin L pin C pin
Al vddg POWER
A2 DQU5 DQ MOREL 0.58 1.9nH 0.58pF
A3 DQU7 DQ \MODEL 0.57 1.85nH 0.57pF
8.2.12.4.13 The <ibis_pkg:ref_port> element
8.2.12.4.13.1 General
The <ijiss pkg:ref port> element is used to make a relationship with an IBIS package model fjle.

<ibis pkg:ref port

package model="model name in IBIS pkg file"
pin number="pin number in IBIS pkg file"

>
[<extensions> element]..
</ibis pkg:ref port>

8.2.12.4.13.2 Attribute definitions

The attributes of the <ibis pkg:ref port> element are defined as follows.
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package model

This attribute specifies the package model name described in [Define Package Model] data in IBIS
package model file.

pin number

This attribute specifies one of pin numbers in [Pin Numbers] data in IBIS package model file.

8.2.12.4.13.3 Example

The follpwing is an example of the <ibis pkg:ref port> element in use.

<referfpnce
xmlng:ibis pkg="http://www.jeita.or.jp/LPB/ibis pkg"
refflle="XXXX.ibs"
formgt="IBIS PKG"

>
<copnection socket_name="socketl" port_ id="Al">
ibis pkg:ref port package model="96ball pkg" pin/humber="Al"/>
</cpnnection>
<copnection socket name="socketl" port id="A2">
<ibis pkg:ref port package model="96ball pkg!,pin number="A2" />
</cpnnection>
<copnection socket name="socketl" port id="A3!>
<ibis pkg:ref port package model="96baliipkg" pin number="A3" />
</cpnnection>
</refefrence>
XXXX.ips
[IBIS fer] 4.2
[File hame] XXXX.1ibs
[Compophent] DDR3-1Gbx16

[Manuflpcturer] JEITA FACT

[Define Package Modelj~\96ball pkg
[Numbefr of Pins] 68
|

[Pin Numbers]

Al | NVddg
A2 | Vss
A3 | DQuUs

8.2.12.4.14 The <ibis_ebd:ref_port> element

8.2.12.4.14.1 General

The <ibis ebd:ref port> element is used to make a relationship with an IBIS electrical board
description file.
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<ibis ebd:ref port

>

board="board name in IBIS ebd file"
pin name="pin name in IBIS ebd file"

[<extensions> element]..

</ibis ebd:ref port>

8.2.12.4.14.2 Attribute definitions

The attributes of the <ibis ebd:ref port> element are defined as follows.

board

Th

is attribute specifies the board name described in [Begin Board Description] data(in IB

depcription file.

pin nal

Th

8.2.12.;

The foll

<refer]
xmln
reff
form
>
<co

</c
<co

</c
<co

</c|
</refe
XXXX.e

[IBIS

e

is attribute specifies one of pin names described in [Pin List] data in IBIS board description

1.14.3 Example
bwing is an example of the <ibis ebd:ref port> elément in use.

Ence
:ibis ebd="http://www.jeita.or.jp/LEB/ibis ebd"
| le="XXXX.ebd"

t="IBIS EBD"

hnection socket name="socketl™ port id="Al">

ibis ebd:ref port board=%pboard" pin_name:"l"/>
bnnection>

hnection socket name="socketl" port id="A2">

<ibis ebd:ref port Board="board" pin name="2" />
pbnnection>

hnection socket nahle="socketl" port id="A3">
<ibis_ ebd:ref (port board="board" pin name="3" />
pbnnection>

rence>

olel

ey ] 4.2

[File
[Begin
[Manuf
|
|
[Numbe
|
[Pin L
1
2
3

N
oS [p=2viws

Board Description] board
acturer] JEITA FACT

r of Pins] 68
ist] signal name
GND

GND
DQ04
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8.2.12.4.15 The <systemc:ref_port> element

8.2.12.4.15.1 General

The <systemc:ref port> element is used to make a relation with a SystemC file.

>

<systemc:ref port

sc_module="module name in systemc file"
portname="port name of function"

[<extensions> element]..

</systemc:ref port>

8.2.12.4
The attr
sc_mod

Th
portna
Th
thg

8.2.12.4
The foll

<ref

1.15.2 Attribute definitions

butes of <systemc:ref port> element are defined as follows:

le

is attribute specifies the name of an sc_module in the referenced SysternC file.
ne

is attribute specifies the name of a port in the referenced SystemC file. The port shall be d
sc_module that is specified by the sc_module attribute.

1.15.3 Example
bwing is an example of the <systemc: rg¥, port> element in use.

prence

¥mlns:systemc="http://wwwljeita.or.jp/LPB/systemc"

reffile="./sample systemeldll"
Format="SYSTEMC"

connection socket\name="pkgl" port id="Al">
<systemc:ref port sc module="and" portname="al[0]"/>

/connection>

connection socket name="pkgl" port id="A2">
<systémé:ref port sc_module="and" portname="al[l]"/>

/conne¢tion>

connection socket name="pkgl" port id="A3">
<gystemc:ref port sc module="and" portname="sum"/>

[ebénnection>

</rek

ranc

// sample systemc.hpp

#include "system.c"

SC_MODULE (and) {
sc_in<bool> a[2]; // input port
sc_out<bool> sum; // output port

b

// sample systemc.cpp

#inclu

SC_MOD

de "sample systemc.hpp"

ULE EXPORT (and) ;

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.

fined in



https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023
- 150 — IEEE Std 2401™-2019

8.2.12.4.16 The <thermal_2resistor:ref_port> element

8.2.12.4.16.1 General

The <thermal 2resistor:ref port> element is used to make a relationship with two resistor—type
thermal model. The socket name can be defined, but the port cannot be defined.

<thermal 2resistor:ref port
model="model name in thermal model file"
>
[<extensions> element]..
</thermal 2resistor:ref port>

8.2.12.4.16.2 Attribute definitions

The attrjbutes of the <thermal 2resistor:ref port> element are defined as follows.

model

THis attribute specifies the model name that is defined in two resistar—type thermal model file

8.2.12.4.16.3 Example

The follpwing is an example of the <thermal 2resistor%ref port> element in use.

<refg¢rence
¥mlns:thermal 2resistor="http://wWww.jeita.or.jp/LPB/thermal 2resistof
reffile="./thermal model/samplekg 2resistor.tar.gz"
format="THERMAL 2RESISTOR"

connection socket name="sample pkg">
<thermal 2resistorssef port model="pkg 2resistor" />

/connection>
</reference>

8.2.12.4.17 The <thermal_delphi:ref_port> element

8.2.12.4.17.1 General

The <tlermal) delphi:ref port> element is used to make a relationship with thermal delphi|thermal
model. The'socket name can be defined, but the port cannot be defined.

<thermal delphi:ref port
model="model name in thermal model file"
>
[<extensions> element]..
</thermal delphi:ref port>

8.2.12.4.17.2 Attribute definitions

The attributes of the <thermal delphi:ref port> element are defined as follows.
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model

This attribute specifies the model name that is defined in DELPHI type thermal model file.

8.2.12.4.17.3 Example

The following is an example of the <thermal delphi:ref port> element in use.

<reference
xmlns:thermal delphi="http://www.jeita.or.jp/LPB/thermal delphi"
reffile="./thermal model/sample pkg delphi.tar.gz"

c e WO ITTO NI T NTOT TITT 1Y
ot P e e e e g

connection socket name="sample pkg">

<thermal delphi:ref port model="pkg delphi" />
/connection>
</reference>

8.2.12.4.18 The <JLPB:ref_port> element

8.2.12.4.18.1 General

The <JPB:ref port> element is used to make a relationship withan LPB C-Format file.

<JLPB:[ref port

module="module name in LPB CFgrmat"
socket="socket name in LPB OFormat"

[port name="port name in LPB CFormat"
port id="port identifierpin LPB CFormat" ]
N — — G EE
[<extensions> elementy..
</JLPB:ref port>

8.2.12.4.18.2 Attribute definitions

The attr]butes of the <JLPB{réf port> element are defined as follows.

module

THhis attribute_specifies the name of a module that is defined in the <module> element in the rpference
C-Format file.

socket

This attribute specifies the name of a socket that is defined in the <socket> element in the reference
C-Format file. The socket shall be defined in the module that is specified by the module attribute.

port name
This attribute specifies the name of a port that is defined in the <port> element in the reference

C-Format file. The port shall be defined in the socket that is specified by the socket attribute. The
port name attribute shall not be used with the port id attribute.
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port id
This attribute specifies the identifier of a port that is defined in the <port> element in the reference

C-Format file. The port shall be defined in the socket that is specified by the socket attribute. The
port id attribute shall not be used with the port name attribute.

8.2.12.4.19 The <xml:ref_port> element

8.2.12.4.19.1 General

The <xml:ref port> eclement is used to make a relationship with the model file that is described by XML.

<xml:rpf port

port path="xpath"
. _
[<extensions> element]..
</xml:fef port>

The patlp to nodes in the model file is expressed using XML Path Language (xpath).

8.2.12.4.19.2 Attribute definitions
The attrjbutes of the <xml:ref port> element are defined as\follows.
port ppth

Thfs attribute specifies a path to an I/O node in the referenced model file. The path is expr¢ssed by
XNIL Path Language version 1.0.

8.2.12.4.19.3 Example
The follpwing is an example of the <xml:ref port> element in use.

<refergence
xmlng:XML="http://www.Jjeita.or.jp/LPB/xml"
refflle="ICEMCE.%ml"
format="XML"
types"ICEM-CEY

>
<copnec¢tion socket name="socketl" port id="Al">
fwl:ref port port path="/Cemodel/Lead definitions/Lead[@Id='3"]"/>
</ clens i on
<connection socket name="socketl" port id="A2">
<xml:ref port port path="/Cemodel/Lead definitions/Lead[@Id="4"]1"/>
</connection>
<connection socket name="socketl" port id="A3">
<xml:ref port port path="/Cemodel/Lead definitions/Lead[@Id='5"]1"/>
</connection>
</reference>

[ICEMCE.xml]

<Cemodel>
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<Lead definitions>

<Lead Id="3" Name="Vssqg" Mode="GND"/>

<L
<L

ead Id="4" Name="DQU5" Mode="external"/>
ead Id="5" Name="DQU7" Mode="external"/>

</Lead definitions>

</Cemodel>

8.2.12.5Fhe<affime_transformation>etement

8.2.12.!

The <a
the coor

5.1 General

Ffine transformation> element defines an Affine Spatial Transformation’ Matrix to tfjansform
dinate of the objects in the referenced geometrical file into that in C-Formabfile.

<affin

</affi

e transformation
all="real number"
al2="real number"
al3="real number"
al4="real number"
a2l="real number"
a22="real number"
a23="real number"
a24="real number"
a3l="real number"
a32="real number"
a33="real number"
a34="real number"

[<step:ref product> element |
<sat:ref body>>element>]..
[<extensions> “€lement]..

he transformation>

8.2.12.!

From a;

5.2 Attribute-definitions

to g33 are matrix element of Affine Spatial Transformation Matrix as follows.

[_

VI VA K V)

dyy Ay dy3 dy

M =

az) d3p 33 Ay
0 0 0 1
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The transformation of the coordination system in referenced file (x, y, z) to the coordination system in
C-Format (x', y', Z') is thus defined as:

— N R

’

— N e &

8.2.12.5.3 Element contents

The <af
and <sa
Spatial ]

<

A

<

8.2.12.

8.2.12.

This ele

affine tfansformation. The coordinate system of objects placed on the lower hierarchy of the s

object a
top-leve]
transfort

fine transformation> element contains the following elements. The <step:ref (py
t:ref body> elements define the objects in the referenced file that are transformed b
[ransformation Matrix. If any objects are not defined, all objects in that files are transforme

step:ref product>
sat:ref body>
cxtensions>

5.4 The <step:ref_product> element

b.4.1 General
ment is used to specify the objects in the STEP file whose coordinate systems are transfo|
Fe also transformed by the same affine transformation matrix. Normally, this attribute sped

| object of the referenced STEP file. Iffhie object is not specified, all objects in STEP
med by same Affine Spatial Transformation Matrix.

oduct>
Affine
.

fmed by
pecified
ifies the
file are

<step:
>

</step

ref product
name="object namé in STEP file"

[<extensions> element]..
:ref product>

8.2.12.

The attr

5.4.2 Attribute definitions

bute 0f <step:ref product> element is defined as follows.

name

This attribute specifies the name of the object in the STEP file whose coordinate system is
transformed by affine transformation.

8.2.12.5.4.3 Example

In the following example, the coordinates of IC1 PACKAGE and IC2 PACKAGE objects are moved 100

in the X

direction and 200 in the Y direction.
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<reference xmlns:step="http://www.jeita.or.jp/LPB/step"

<aff

>

reffile="xxx.stp" format="STEP">
ine transformation
all="1.0" al2="0.0" al3="0.0" al4="100.0"
a21="0.0" a22="1.0" a23="0.0" a24="200.0"
a31="0.0" a32="0.0" a33="1.0" a34="0.0"

<step:ref product name="ICl PACKAGE"/>
<step:ref product name="IC2 PACKAGE"/>

</af

fine transformation>

</reference>

In the fi

<refer]

<aff

/>

</refe

8.2.12.

8.2.12.

This ele
transfor
also tra
object 0
by the s

11 . 1 41 . | ol e espariel. fala ah mh o WAk | 1 1o 1/0
TTUWIILE CAAIIIPIU, UIU SIZ0 UL UIU dIl' UUJUULS HIUC O T U alC TUUULCU U 174

ence xmlns:step="http://www.jeita.or.jp/LPB/step”
reffile="xxx.stp" format="STEP">

ine transformation

all="0.5" al2="0.0" al3="0.0" al4="0.0"
az2l="0.0" a22="0.5" a23="0.0" a24="0.0"
a31="0.0" a32="0.0" a33="0.5" a34="0.0"

rence>

5.5 The <sat:ref_body> element

5.5.1 General

ment is used to specify the objects in the’SAT file that transform the coordinate system b
mation. The coordinate system of objects placed on the lower hierarchy of the specified o
sformed by the same affine transformiation matrix. Normally, this attribute specifies the {
the referenced SAT file. If the“object is not specified, all objects in the SAT file are tran
ime Affine Spatial Transformation Matrix.

y affine
bject are
op level
sformed

<sat:r

>

</sat:

ef body
name="obJect name in SAT file"

[<extenn§ions> element]..
ref body>,

8.2.12.

5.5.2"Attribute definitions

The attribute of <sat:ref body> element is defined as follows.

name

This attribute specifies the name of the object in the SAT file whose coordinate system is transformed
by affine transformation.
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8.2.12.5.5.3 Example

In the following example, IC3 PACKAGE object is rotated 90 degrees about the Z axis and
IC4 PACKAGE is rotated —90 degree about that.

<reference xmlns:sat="http://www.]jeita.or.jp/LPB/SAT"
reffile="xxx.sat" format="sat">
<affine transformation
all="0.0" al2="1.0" al3="0.0" al4="0.0"
a2l="-1.0" a22="0.0" a23="0.0" a24="0.0"
a31="0.0" a32="0.0" a33="1.0" a34="0.0"
>
<sat:ref body name="IC3 PACKAGE"/>
</afffine transformation>
<afffine transformation
all="0.0" al2="-1.0" al3="0.0" al4="0.0"
a2l="1.0" a22="0.0" a23="0.0" a24="0.0"
a31="0.0" a32="0.0" a33="1.0" a34="0.0"

>
<spt:ref body name="IC4 PACKAGE"/>
</afffine transformation>
</refefrence>

8.2.12.6 The <material> element

8.2.12.6.1 General

The <mgterial> element is used to define the material for the objects in the referenced geometrjcal file.
The phygical parameters of the material are defined’in the R-Format file.

<materfial
name="material name"
ref rule namez"xule name in which material is defined"
N _ _ a 10 L _1s_
[<step:ref{product> element |
<sat:ref Dody> element>]..
[<extemrsions> element]..
</matefrial>

8.2.12.6.2 Attribute definitions

The attrfbutes of the <material> element are defined as follows.

name
The material name that is defined in the R-Format file.
ref rule name

The rule name of the <Physicaldesign> eclement in the R-Format file in which the material is
defined.
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8.2.12.6.3 Element contents

The <material > element contains the following elements. A material is assigned to the objects defined in
the <step:ref product>and <sat:ref body> elements. If <step: ref product> is not specified,
all objects in step file are made of this material. If <sat: ref body> is not specified, all objects in the
SAT file are made of this material.

<step:ref product>
<sat:ref body>
<extensions>

8.2.12.64 The <step:Tel product> clement

8.2.12.6.4.1 General

The <sgep:ref product> element specifies objects in the referenced STEP file €0, assign the material.
The assigned material does not extend to the objects placed in the lower hierarchy of-the specified gbject.

<step:fef product

name="object name in STEP file"
N _ LI _
[<extensions> element]..
</stepl:ref product>

8.2.12.6.4.2 Attribute definitions

The attrjbute of <step:ref product> element is defined as follows.
name

Tlis attribute specifies the name of the.object in the STEP file to assign material.

8.2.12.6.4.3 Example

In the |following example, Jsilicon is assigned to the DIE object, and 42Alloy is assigned to
LEADFRAMEO1 and LEADFRAMEO2 objects.

<referpnce xmlns:step="http://www.Jjeita.or.jp/LPB/step"
reffile="xxx.stp" format="STEP">
<matpriat name="Silicon" ref rule name="PartsRule">
<sfcepsiref product name="DIE" />
</majterdial>
<material name="42Alloy" ref rule name="PartsRule">
<step:ref product name="LEADFRAMEOL" />
<step:ref product name="LEADFRAMEO2" />
</material>
</reference>
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8.2.12.6.5 The <sat:ref_body> element

8.2.12.6.5.1 General

The <sat:ref body> element specifies objects in the referenced SAT file to assign the material. The
assigned material does not extend to the objects placed in the lower hierarchy of the specified object.

<sat:ref body
name="object name in SAT file"
. — > LH _
[<extensions> element]..
</sat:ref body>

8.2.12.6.5.2 Attribute definitions

The attrbute of <sat:ref body> element is defined as follows.

name

This attribute specifies the name of the object in the SAT file to assign inaterial.

8.2.12.6.5.3 Example

<referpnce xmlns:sat="http://www.jeita.or.jp/IPB/SAT"
reffile="xxx.sat" format="sat">
<matprial name="Silicon" ref rule names/PartsRule">
<spt:ref body name="die" />
</maferial>
<matprial name="42Alloy" ref rule mname="PartsRule">
<spt:ref body name="leadframeQl"7/>
<spt:ref body name="leadfram&02"/>
</majterial>
</refefrence>

8.2.12.7 The <heat_source> element

8.2.12.7.1 General

The <hgqat source> element is used to define the heat sources in the referenced geometrical file.

<heat kalrce

[min="minimum power" ]
typ="typical power"
[max="maximum power" ]

[<step:ref product> element |

<sat:ref body> element>]..

[<extensions> element]..
</heat source>
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8.2.12.7.2 Attribute definitions

The attributes of the <heat source> element are defined as follows.

typ
This attribute specifies the typical power. The unit of heating value is defined by the <power>
element in the <unit> element.
min
max
Tliese attributes specify the perturbation of power. The max and min attributes are the maxinhum and
mjnimum power, respectively. The unit of power is defined by the <power> element in"the/|<unit>
element.
8.2.12.7.3 Element contents
The <hgat_source> element contains the following elements.
<ptep:ref product>
<pat:ref body>
<pxtensions>
The <sflep:ref product> element and the <sat:ref body> element are used to define the hedt source
object in the reference file.
If any objects are not defined, the heat is generated from the entire objects in the referenced file.
8.2.12.7.4 The <step:ref_product> element
8.2.12.7.4.1 General
The <step:ref producté element specifies an object in the referenced STEP to assign that| heating
value. The heat is generated)from the entire group including the objects placed in the lower hierarclyy of the
specifiedl object.
<step:fref preduct
name="object name in STEP file"
>
[<extensions> element]..
</step:ref product>

8.2.12.7.4.2 Attribute definitions

The attribute of <step:ref product> element is defined as follows.

name

This attribute specifies the name of the object in the STEP file to assign heating value.
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8.2.12.7.4.3 Example

<reference xmlns:step="http://www.Jjeita.or.jp/LPB/step"
reffile="xxx.stp" format="STEP">
<heat source typ="5.0">
<step:ref product name="die soc" />
</heat_source>
<heat source typ="0.2">
<step:ref product name="die ddr0" />
<step:ref product name="die ddrl" />
</heat_source>
</reference>

8.2.12.7.5 The <sat:ref_body> element

8.2.12.7.5.1 General

The <sgqt:ref body> element specifies an object in the referenced SAT to assign that heating vallue. The
heat is generated from the entire group including the objects placed in the lower hierarchy of the dpecified
object.

<sat:rpf body

name="object name in SAT file"
N _ LI —
[<extensions> element]..
</sat:fref body>

8.2.12.7.5.2 Attribute definitions

The attrjbute of <sat:ref body> elemefitis defined as follows.
name

Tlis attribute specifiesthe name of the object in the SAT file to which the calorific value is agsigned.

8.2.12.7.5.3 Example

<Jrefer&nee xmlns:sat="http://www.Jjeita.or.jp/LPB/sat"
reffile="xxx.sat" format="SAT">
<heat source typ="5.0">
Sat:rer_body name=rdie _socC

</heat_source>
<heat source typ="0.2">

<sat:ref body name="die ddr0" />

<sat:ref body name="die ddrl" />
</heat source>
</reference>
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8.3 The <component> element

8.3.1 General

The <component> element, as a direct child element of <LPB CFORMAT>, is defined here for a
compatibility purpose only. Newer applications shall use the <component> element under the <module>
element.

The <component> element instantiates modules and gives physical information, such as placement.

<compopnent

[<placement> element]..
[<extensions> element]..

</comppment>

8.3.2 Element content

The <cqmponent> element contains the following elements:

A

pblacement>
extensions>

A

8.3.3 The <placement> element

8.3.3.1|General

The <pllacement> element defines how to place.theé module.

<placepent

ref module="namecof referenced module"
inst="instancg  name"
[distance="uni¢ of length"]
[angleunit®l'unit of angle"]
[scale="\gedmetrical scale"]

[x="x ©ooerdinate" y="y coordinate"]
[z="g_ cbordinate"]

[fAip="flip type"]

faigle="rotation angle"]
[mount="mount type"]

[<extensions> element]..

/>

8.3.3.2 Attribute definitions

The attributes of the <placement> element are defined as follows:
ref module

This attribute specifies the module to be placed by referring the attribute of the module.
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inst
The instance name of a child module. The instance name shall be unique in the parent module.
distance

This attribute specifies the unit of the x/y coordinate. If this attribute is not specified, the unit that is
defined at the <distance> element in the <unit> element is used. The value shall be one of the

followings:

pm picometer

nm nanometer

u micrometer

mny millimeter

m meter
angleuphit

THhis attribute specifies the unit of an angle. If this attribute is not specifieds-the unit that is d¢fined at
th¢ <angle> element in the <unit> element is used. The value shall be gither of the following:

dggree
raldian

scale

THis attribute specifies the scale rate of distance. The scale rate shall be more than zerd. If this
attfibute is not specified, 1.0 is used as the default.

THese attributes specify the location, of)the reference point of the module. The x and y attributes
spgcify the x-coordinate and y-coordinate, respectively. The unit of the coordinates is defined by the
<distance> element in the <urits element.

THis attribute specifiesithe z-coordinate of the module, namely, the height of the module from the top
layer as shown inigure 49. If this attribute is not specified, zero is set as the default. The uifit of the
coprdinates is defined by the <distance> element in the <unit> element.

ref_module

z

layer

Reprinted with permission from JEITA.

Figure 49 —Explanatory drawing of the z-coordinate of a module
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This attribute specifies the type of flip. The value shall be either of the following:

X
Y

X-flip flipping about the X axis
Y-flip flipping about the Y axis

Figure 50 shows examples of an x-flip and a Y-flip.

—

angle

Figure 50 —Explanatory drawing an-X-FLIP and a Y-FLIP

|~
——

X (X-flip)

Y (Y-flip)

Reprinted with permission from JEF[A.

THhis attribute specifies the angle of the counterclockwise rotation with respect to the refererjce point
of|the module. If an angle is not specified) zero is set as the default. The unit of the rotation|angle is
defined by the <angle> element in the'<Sunit> element.

mount

mgunt layer is not speetfied.

TOP
BOTTOM
MIDDLE

The module is placed on the top side of the substrate.
The module is placed on the bottom side of the substrate.
The module is embedded inside the substrate.

The value shall be one of the following when the mount layer is specified.

Figure 51 —An example of the placement of the module

s

THis attribute specifies theyplacement of the module. The value shall be one of the following yhen the

TOP

| N —

Substrate :

Reprinted with permission from JEITA.

MIDDLE

BOTTOM
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TOP The module is placed above the mount layer.
BOTTOM The module is placed below the mount layer.
MIDDLE The module is placed inside the mount layer.

P is assumed when this attribute is omitted.

| | TOP
| | :l MIDDLE

8.3.3.3

The foll

placed g

<compo
<pla

<pla
<pla
<pla
<pla

<pla

<pla

<pla

BOTTOM

\.  Mount layer \. Substrate

Reprinted with permission from JEITA.

Figure 52 —An example for explaining mount side when layer is specified

Example

pwing is an example of the <placement> elementin’use. In the following example, five

n the TOP of PCB and six cells are placed on the BoTTOM of PCB (Figure 53).
hent>
ement ref module="CAPO603B" insu="C10"

x="-8584.7" y="-4104.9" mount="BOTTOM" />
ement ref module="CAP0603B!\.Jinst="C11"

x="-6584.7" y="-6355.9" mount="BOTTOM" />
ement ref module="CAP1006B" inst="C1l2"

x="26092.5" y="37686.8" angle="90" mount="BOTTOM" />
ement ref module="CAP1005B" inst="C13"

x="30005.4"y="37686.8" angle="90" mount="BOTTOM" />
ement ref moduler"CAP1005B" inst="C14"

x="34659.6" y="37686.8" angle="90" mount="BOTTOM" />
ement ref qmnodule="CAP1005B" inst="C15"

x="40178.8" y="37686.8" angle="90" mount="BOTTOM" />

ement-ref module="RAS8" inst="RAS8 RN2"
x="25477.7" y="15729.6" angle="270" mount="TOP" />
emént ref module="RAS8" inst="RAS8 RN4"

cells are

N420250 2N [N akoXo N X ]] k] no-Jon U KsnVatnt1]
“r g Y g oIS meehT TOT

<placement ref module="REGULATOR" inst="REGULATOR"

x="-12598" y="10183.9" mount="TOP" />

<placement ref module="SOC PKG" inst="SOC"

x="400" y="-6500" mount="TOP" />

<placement ref module="XTAL" inst="XTAL"

x="-6285.9" y="26473" mount="TOP" />

</component>
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| REGULATOR | | XTAL || sSoC | | RAS8 RN2 | RAS8 RN4
| PCB
c10 | C11 c12 || c13 || c15
Side View

Reprinted with permission from JEITA.

Figure 53 —An example cell placement

The following is an another example of cell placement. In this example, two cells (Digital IC, pll cp) are

stacked on top of one cell (Interposer Die) (Figure 54).
<component>
placement ref module="DIE" inst="Interposer Die" x="0" y="0" @tack=['l" />
placement ref module="PLL" inst="pll cp" x="15" y="-5" stack="2" />
placement ref module="IC" inst="DigitalIC" x="-25" y="0" sSktack="2" |>
</component>
., 100
N\
AN 30
> Top View
N
40
50| | 30j Digital_IC
pll_cp 20
Vi
d [Tr0
i &
10 St
Interposer _@ : | [ Interposer_Die |/
Side View 3D View
Reprinted with permission from JEITA.
Figure 54 —An example of cells in stackup placement
9. R-Format

9.1 R-Format file structure

The content of the R-Format file consists of one <header> element, one <global> element, at least one
<Physicaldesign> element, and zero or one <Constraintrule> element. These elements shall be
specified in the following order:

<LPB_RFORMAT version="2020">
<header> element
<global> element
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{<Physicaldesign> element}..

[<Constraintrule> element]

[<extensions> element]..
</LPB7RFORMAT>

9.2 The <Physicaldesign> element

9.2.1 General

The <Physicaldesign> element specifies the physical parameters, such as the materials of the conductor
and dielpTric; Tayer Stackup, deSIgN TUITS, Vid, DOAINE WITT, balt, and motd.

<Physifaldesign
name="design rule name"
>
[<default/>]

[<material def> element]
[<layer def> element]
[<spacing def> element]
[<pitch def> element]
[<bondingwire def> element]
[<ball def> element]
[<mold> element]

[<condctor struct> element]
[<extensions> element]..
</Physficaldesign>

The <Pysicaldesign> element consists of the name-attribute, zero or one <default> element| zero or
one <mgterial def> element, zero or one <layer def> element, zero or one <spacing def>|element,
zero or pne <pitch def> element, zero or ong\<xbondingwire def> element, zero or one <balfl def>
element] zero or one <mold> element, and z€fo or one <conductor struct> element.

9.2.2 Attribute definition
The attr{bute of the <Physicaldesign> element is defined as follows.

name

THis attribute specities the name of the design rule.

9.2.3 Element.content

The <PHysi€aldesign> element can contain the following elements:

<default/>
<material def>
<layer def>
<spacing_ def>
<pitch def>
<bondingwire def>
<ball def>

<mold>

<condctor struct>
<extensions>
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9.2.4 Example

The following is an example of the <Physicaldesign> element in use.

<Physicaldesign name="default rule">
<default/>
<material def>
<conductor
material="COPPER"
volume resistivity="1.68e-8"
temperature="20"
/>
</material def>
] e
<layer name="L1"
type="conductozr"
thickness="10"
conductor material="COPPER">
<line width min="40"/>
</layer>
</layer def>
<sgacing def>
<layer name="L1">
<line to line space="40"/>
<line to via via="VIA L1 L2" space="40"/>
<line to polygon space="55"/>
</layer>
</dpacing def>
<bcndinngre_def>
<bondingwire name="WIREBOND1" diameter="20" material="GOLD">
<forward horizontal length="0" .ye¥tical length="100"/>
<forward vertical length="0" horizontal ratio="0.125"/>
<length min="500" max="3000"«/>
</bondingwire>
</Hondingwire def>
<bgqll def>
<ball name="BGA Ball" material="SOLDER">
<frustum height="250" diaml="300" diam2="300"/>
</ball>
</Hall def>
<mdld width="12000"%depth="12000" height="600" material="RESIN" />
<cqnductor struct>
<trapezodial \angle layer="L1" angle="60"/>
<surface roughness layer="L1" UP_RMS="2" DOWN_RMS="5"/>
</donductor{struct>
</Physlicaldeslign>

9.2.5 The <default> element

The <default> element specifies the <Physicaldesign> element as a default design rule of the whole
area.

<default/>
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9.2.6 The <material_def> element

9.2.6.1 General

The <material def> element specifies the material of the conductor and dielectric.

<material def>
[<conductor> element]..
[<dielectric> element]..
[<extensions> element]..
</material def>

The <mpterial def> element consists of zero or more <conductor> elements and zero-pr more
<dieleftric> elements.

9.2.6.2 [Element content

The <mgterial def> element can contain the following elements:

A

conductor>
dielectric>
extensions>

A A

9.2.6.3 [Example

The follpwing is an example of the <material def>x¢lément in use.

<materfial def>
<donductor
material="COPPER"
thermal conductivity="398"
emissivity="0.06"
specific heat capaclity="385"
density="8.92e3">
<temperature chanacteristic
temperature="0"
volume resistivity="1.55e-8" />
<temperatuXe’ characteristic
tempékature="20"
volume resistivity="1.68e-8" />
<temperature characteristic
temperature="100"
volume resistivity="2.23e-8" />

4 e |~ s 2 e
e preprereet et
temperatd}e="300"
volume resistivity="3.6e-8" />
</conductor>
<conductor
material="GOLD"
thermal conductivity="320"
emissivity="0.02"
specific heat capacity="129"
density="19.3e3">
<temperature characteristic
temperature="0"
volume resistivity="2.05e-8" />
<temperature characteristic
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temperature="20"

volume resistivity="2.33e-8" />
<temperature characteristic

temperature="100"

volume resistivity="2.88e-8" />
<temperature characteristic

temperature="300"

volume resistivity="4.63e-8" />

</conductor>
<conductor

<d

<d

<d

material="SOLDER"

volume resistivity="2.17e-7"
temperature="20"

thermal conductivity="40"

emissivity="0.35"
specific_heat capacity="176"
density="9.0e3" />
ielectric
material="FR-4"
thermal conductivity="0.45"
emissivity="0.91"
specific heat capacity="950"
density="1800">
<frequency characteristic
frequency="1e6"
permittivity="4.7"
tan _delta="0.010" />
<frequency characteristic
frequency="1e9"
permittivity="4.3"
tan delta="0.011" />
<frequency characteristic
frequency="1el0O"
permittivity="4.1"
tan_delta="0.012" />
dielectric>
ielectric
material="RESISTOR INKY
permittivity="4.5"
tan delta="0.035"
frequency="1e9"/>
ielectric
material="REGIN"
permittivity="4.5"
tan delga="0.035"
frequetnicy="1e9"
thermal” conductivity="2"
emissivity="0.85"
§pecific heat capacity="820"

density="1_ 733"

</material def>

9.2.6.4 The <conductor> element

9.2.6.4.1 General

The <co

nductor> element specifies the characteristics of the conductor.
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<conductor
material="material name"
[volume resistivity="resistivity"]
[temperature="temperature"]
[thermal conductivity="thermal conductivity"]
[emissivity="emissivity"]
[specific_heat capacity="specific heat capacity"]
[density="density"]
[thermal diffusivity="thermal diffusivity"]
[coefficient of thermal expansion='"coefficient of thermal expansion']
[dynamic viscosity="dynamic viscosity"]
[molecular weight="molecular weight"]

[<temperature characteristic element]

[<extensions>7element]m
</condjuctor>

The <cpnductor> element consists of the material attribute, the optional volume residtivity
attributg, the optional temperature attribute, the optional thermal conduc€ivity attribute, the
Opﬁonalemissivityznﬁﬂnnm1heopﬁ0nalspecificiheaticapacityzﬂﬁﬂnnmlheopﬁonalcensity
attribute|, the optional thermal diffusivity attribfite, the optional
coeffifient of thermal expansion attribute, the optional dynamfi¥c viscosity attribute, the
optionall molecular weight attribute, and zero or more <temperature characteristile> and
<extenpgions> elements.

9.2.6.4)2 Attribute definitions

The attr{butes of the <conductor> element are defined ag’follows.
materipl

THhis attribute specifies the name of the conductor.
volume| resistivity

THis attribute specifies the voltume resistivity of the conductor. The unit of the volume resigtivity is
defined by the <resistiwvity> element in the <unit> element.

temperpture

This attribute’specifies the temperature conditions when the volume resistivity of the conductor is
mgasured. “Fhe unit of the temperature is defined by the <temperature> element in the [<unit>
elgment:

thermall sonductivitsy

This attribute specifies the thermal conductivity of the conductor. The unit of the thermal conductivity
is defined by the <thermal conductivity> element in the <unit> element.

emissivity

This attribute specifies the emissivity of the conductor.
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specific heat capacity

This attribute specifies the specific heat capacity of the conductor. The unit of the specific heat
capacity is defined by the <specific heat capacity> element in the <unit> element.

density

This attribute specifies the density of the conductor. The unit of the density is defined by the
<density> element in the <unit> element.

thermal diffusivity

TIpis attribute spec1lles The thermal al”llSIVlfy. The unit of the thermal dlllﬁs1v1ty s detfinefl by the

<fhermal diffusivity> element in the <unit> element.
coeffifient of thermal expansion

THis attribute specifies the coefficient of thermal expansion (CTE). The unit-of the coefficient of
thgrmal expansion is defined by the <coefficient of thermal expé&nsion> element in the
<unit> element.

dynamif viscosity

This attribute specifies the dynamic viscosity. The unit of‘the dynamic viscosity is definegl by the
<dynamic viscosity> element in the <unit> element.

molecuflar weight
This attribute specifies the molecular weight orrelative molecular mass.

9.2.6.4.3 Element content

The <cqdnductor> element can contain the following elements:

A

temperature characteristic>
extensions>

A

9.2.6.4/4 Example

The follpwing is an€xample of the <conductor> element in use.

<conduftor
material="COPPER"
thermal conductivity="398"
EMissivity—-"U.00
specific heat capacity="385"
density="8.92e3">
<temperature characteristic
temperature="0"
volume resistivity="1.55e-8" />
<temperature characteristic
temperature="20"
volume resistivity="1.68e-8" />
<temperature characteristic
temperature="100"
volume resistivity="2.23e-8" />
<temperature characteristic
temperature="300"
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volume resistivity="3.6e-8" />
</conductor>
<conductor
material="SOLDER"
volume resistivity="2.17e-7"
temperature="20"
thermal conductivity="49"
emissivity="0.35"
specific heat capacity="176"
density="9.0e3"
/>

9.2.6.45 The <temperature_characteristic> element

9.2.6.4/5.1 General

The <t¢mperature characteristic> element specifies the temperature-dependent volume rgsistivity
of the cgnductor.

<tempefrature characteristic
temperature="temperature"

volume resistivity="volume resistivity’
>
[<extensions> element]..
</tempprature characteristic>

The <femperature characteristic> element consists of the temperature attribute pnd the
volumeiresistivityaﬁﬁbuw.

9.2.6.4/5.2 Attribute definitions

The attr{butes of the <temperature .characteristic> element are defined as follows.

temperpture

THis attribute specifies.the temperature conditions when the volume resistivity of the conductor is
mg¢asured. The unit ‘of the temperature is defined by the <temperature> element in the |[<unit>
elgment.

volume| resistivity

This\aftribute specifies the volume resistivity of the conductor. The unit of the volume resigtivity is
defimed by The <resistivity> clement in the <unit> clement.

9.2.6.4.5.3 Example

The following is an example of the <temperature characteristic> element in use.

<temperature characteristic
temperature="0"
volume resistivity="1.55e-8"

/>
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9.2.6.5 The <dielectric> element

9.2.6.5.1 General

The <dielectric> element specifies the characteristics of the dielectric.

<dielectric
material="material name"
[permittivity="permittivity"]
[tan delta="loss tangent"]
[frequency="frequency"]
[ thermat—eceonduetivity=tthermat Hehetivity
[erjissivity="emissivity"]
[sgecific_heat capacity="specific heat capacity"]
[dnsity="density"]
[tHermal diffusivity="thermal diffusivity"]
[cqefficient of thermal expansion='"coefficient of thermal exp&dnsion"]
[dynamic viscosity="dynamic viscosity"]
[mglecular weight="molecular weight"]

[<frequency characteristic> element]..
[<extensions> element]..
</dielpctric>

The <dijelectric> element consists of the material attribute{ the optional permittivity attripute, the
optionall tan delta attribute, the optional frequency attribute, the optional thermal condudtivity
attributg, the optional emissivity attribute, the optional” specific heat capacity attribute, the
optionall density attribute, the optional thermal diffusivity attribute, the [optional
coeffifient of thermal expansion attribute, the optional dynamic viscosity attribute, the
optionallmolecular weight attribute, and zero pi-more frequency characteristic elements.

9.2.6.5]2 Attribute definitions
The attrjbutes of the <dielectric>element are defined as follows.
materipl

THis attribute speéifies the name of the dielectric material.
permitfivity

THhis atfribute specifies the dielectric constant of the material.

tan delta
This attribute specifies the dissipation factor of the material.
frequency

This attribute specifies the frequency that is used when the dielectric properties are measured. The
unit of the frequency is defined by the <frequency> element in the <unit> element.
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thermal conductivity

This attribute specifies the thermal conductivity of the conductor. The wunit of the
thermal conductivity is defined by the <thermal conductivity> element in the <unit> element.

emissivity
This attribute specifies the emissivity of the conductor.
specific heat capacity

This attribute specifies the specific heat capacity of the conductor. The unit of the specific heat
capacily 15 defined Dy e <specific_heat capacity> Clelent in the <unit> Clement,

densitly

THis attribute specifies the density of the conductor. The unit of the density~is defined by the
<density> element in the <unit> element.

thermafl diffusivity

This attribute specifies the thermal diffusivity. The unit of the thérmal diffusivity is definefl by the
<fhermal diffusivity> element in the <unit> element.

coeffifient of thermal expansion
THis attribute specifies the coefficient of thermal expansion (CTE). The unit of the coefficient of
thgrmal expansion is defined by the <coeffighént of thermal expansion> element in the
<unit> element.

dynamif viscosity

This attribute specifies the dynaniié-viscosity. The unit of the dynamic viscosity is definegl by the
<dynamic_ viscosity> elemeintin the <unit> element.

molecuflar weight

This attribute specifies the molecular weight or relative molecular mass.

9.2.6.5!3 Element)contents

The <die¥ectric> element can contain the following elements:

<frequency characteristic>
<extensions>

9.2.6.5.4 Example

The following is an example of the <dielectric> element in use.

<dielectric
material="FR-4"
permittivity="4.5"
tan delta="0.035"
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frequency="1e9"

/>
<dielectric
material="FR-4"
thermal conductivity="0.45"
emissivity="0.91"
specific heat capacity="950"
density="1800">
<frequency characteristic
frequency="1eo6"
permittivity="4.7"
tan delta="0.010" />
Frnrlnanhw haracterigstic
frequency="1e9"
permittivity="4.3"
tan delta="0.011" />
<frequency characteristic
frequency="1el0Q"
permittivity="4.1"
tan delta="0.012" />
</dielpctric>
<dieleftric
material="REGIN"
permittivity="4.5"
tan delta="0.035"
frequency="1e9"
thermal conductivity="2"
emissivity="0.85"
specific_heat capacity="820"
density="1.73e3"
/>
9.2.6.5)5 The <frequency_characteristic> element
9.2.6.5{5.1 General
The <ffequency charactéristic> element specifies the frequency dependent permittivity of the
dielectrif.
<frequpncy characteristic
frequency="frequency"
permittivity="permittivity"
[tan delta="tan delta"]
N _ .
[<extensions> element]..
</frequency characteristic>

The <frequency characteristic> element consists of the frequency attribute, the permittivity

attribute

, and the optional tan delta attribute.

9.2.6.5.5.2 Attribute definitions

The attributes of the <frequency characteristic> element are defined as follows.
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frequency

This attribute specifies the frequency that is used when the dielectric properties are measured. The
unit of the frequency is defined by the <frequency> element in the <unit> element.

permittivity
This attribute specifies the dielectric constant of the material.
tan delta

This attribute specifies the dissipation factor of the material.

9.2.6.5]5.3 Example

The follpwing is an example of the <frequency characteristic> element in use.

<frequpncy characteristic
frequency="1e6"
permittivity="4.7"
tan delta="0.010"
/> ;

9.2.7 The <layer_def> element

The <1gyer def> element specifies the layer stackup.from top to bottom.

<layer| def>
{<layer> element}..
[<extensions> element)..

</layefr def>

The <14yer def> element consist§ of'one or more <layer> elements.

9.2.7.1 [Element content

The <1gyer def> element contains the following elements:

A

layers
exténsions>

A

9.2.7.2 Example

Figure 55 shows an example of the layer stackup that includes the conductor and dielectric layers.

<layer_def>
<layer name="TOP SR"
type="dielectric"
thickness="20"
dielectric material="RESISTOR INK"/>
<layer name="L1"
type="conductor"
thickness="10"
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conductor material="COPPER"
N _
<line width min="40"/>
</layer>
<layer name="BU 1 2"
type="dielectric"
thickness="40"
dielectric material="FR-4"
/> B
<layer name="L2"
type="conductor"
thickness="10"
conductor material="COPPER"

<line width min="50"/>
</lLayer>

<lpyer name="CORE"
type="dielectric"
thickness="100"

dielectric material="FR-4"

<lpyer name="L3"
type="conductozr"
thickness="10"

conductor material="COPPER"

<line width min="50"/>
</fLayer>

<lpyer name="BU 3 4"
type="dielectric"
thickness="40"

dielectric material="FR-4"

<lpyer name="L4"
type="conductozr"
thickness="10"

conductor material="CORBER"

<line width min="4Q" />

</fLayer>

<lpyer name="BOTTOM_SR"

type="dielectriec"

thickness="20"dielectric material="RESISTOR INK"

/
</layefr def>
TOP_SR
L1
BU_1_2
L2
CORE
L3
BU_3 4
L4
BOTTOM_SR

Reprinted with permission from JEITA.

Figure 55—Example of layer stackup
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9.2.7.3 The <layer> element

9.2.7.3.1 General
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The <layer> element specifies the layer name, type of the layer, thickness of the layer, material of the
layer, and design rules for the line width and area.

<layer

name="layer name"
type="layer type"
thickness="layer thickness"

[plate thickness="plating thickness"]

[ duct + I || £ duct £
[conductor—m i e el e

riglmh]
T

</layef>

[dielectrig_material:"nan@?o};dielectfzq_material"]

[<line width> element]
[<area limit> element]
[<extensions> element]..

The <lgayer> element consists of the name attribute, the type attribute,,the’thickness attripute, the

optionall plate thickness attribute, the optional conductor matepial attribute, the

optional

dielecftric _material attribute, zero or one <line width> elengent, zero or one <area |limit>
element] and zero or more <extensions> elements.

9.2.7.312 Attribu

te definitions

The attr{butes of the <layer> element are defined as follows.

name

THis attribute specifies the layer name.

type

THhis attribute specifies the typeof the layer. The values are as follows:

diielectri
cpnductor

thicknkss

c Dielectric layer
Conductor layer

THis aftribute specifies the layer thickness that is the overall thickness containjng the
platie’ thickness, as shown in Figure 56. The unit of the thickness is defined by the <didtance>

1 o 4] . 1 4
clementmimec—~<urrrt>Cerements

plate thicknes

S

This attribute specifies the plating thickness that is contained in the thickness attribute, as shown in
Figure 56. The unit of the plating thickness is defined by the <distance> element in the <unit>

element.
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plate_thickness thickness
- WV

Reprinted with permission from JEITA.

Figure 56 —Explanatory drawing of the relation of plate_thickness and thickness

conductor material

THhis attribute specifies the name of the conductor material.

dielecftric material

THis attribute specifies the same of the dielectric material.

9.2.7.313 Element content

The <14yer> element can contain the following elements:

A

line width>
brea limit>
extensions>

AN

9.2.7.3/4 Example

The follpwing is an example of the <layer> elementiin use.

<layer
name="TOP SR"
tygde="dielectric"
thilckness="20"
digqlectric material="RESISTOR INK"
/>
<layer
namje="L1"
tygde="conductor"
thilckness="10"
corjductor m&ferial="COPPER">
<line widtth)min="40"/>
</layef>
<layer]
nanje=!BU 1 2"

1

type=taietectriel
thickness="40"
dielectric material="FR-4"

/>
9.2.7.3.5 The <line_width> element

9.2.7.3.5.1 General

The <line width> element specifies the design rules for the line width.
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<line width
min="minimum line width"
[max="maximum line width"]

/>

The <line width> element consists of the min attribute and the optional max attribute.

9.2.7.3.5.2 Attribute definitions

The attributes of the <1ine width> element are defined as follows.

min

THis attribute specifies the minimum line width. The unit of the line width is_ defined
<distance> element in the <unit> element.

max

THis attribute specifies the maximum line width. The unit of the line) width is defined
<distance> element in the <unit> element.

9.2.7.3/5.3 Example

The follpwing is an example of the <1ine width> element injuse.
<line idth min="40" max="80" />

9.2.7.316 The <area_limit> element

9.2.7.3/6.1 General

The <agea 1limit> element specifies the minimum area rule.

by the

by the

<area [limit
min="minimum area"

/>

The <agea limit>{element consists of the min attribute.

9.2.7.3/6.2/Attribute definition

The attribute of the <area 1imit> element is defined as follows.

min

This attribute specifies the minimum metal area. The unit of the metal area is defined by the <area>

element in the <unit> element.
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9.2.7.3.

6.3 Example

The following is an example of the <area limit> element in use.

<area limit min="22500"/>

9.2.8 The <spacing_def> element

9.2.8.1 General
The <s acing def element defines the desion rules of the space such as the space hetween lines,
between line and via, and between line and polygon.
<spacipg def>
{<layer> element}..
[<extensions> element]..
</spacfing def>
The <sgacing def> element consists of one or more <layer> and <extefisi6ns> elements.
9.2.8.2 [Element content
The <sgacing def> element contains the following elements;
<fLayer>
<gxtensions>
9.2.8.3 [Example
The follpwing is an example of the <spé&ging def> element in use.
<spacipg def>
<lpyer name="L1">

</
<1l

<line to lin€ space="40"/>
<line to via yia="VIA L1 L2" space="40"/>
<line to_pelygon space="55"/>
layer>
Byer name~"L2">
<lineyto line space="50"/>
<Iline to via space="50"/>
<line to via space="50"/>

line to wnolvugon gsoace_""oo"
p— ) T
</layer>
<layer name="L3">

</
<1

</
</spac

<line to line space="50"/>
<line to via space="50"/>
<line to via via="VIA L3 L4" space="50"/>
<line to polygon space="55"/>
layer>
ayer name="L4">
<line to line space="40"/>
<line to via space="40"/>
<line to polygon space="55"/>
layer>
ing def>
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9.2.8.4 The <layer> element

9.2.8.4.1 General

The <layer> element defines the design rules of the space, such as the space between lines, between line
and via, and between line and polygon (see Figure 57).

<layer
name="layer name"
>
[<line to line> element]
[<line to via> element]..
[1-;“74_7?1”5“ ‘Imni—]
[<extensions> element]..
</layef>

The <14yer> element consists of the name attribute, zero or one <line to line> element, zerolor more
<line [to via> elements, and zero or one <line to polygon> and <extensioAs¥ element.

line_to_line

line_to_via

line_to_polygon x\@

Reprintedwith permission from JEITA.

N

Figure 57—Example of spacing rules

9.2.8.42 Attribute definition

The attrjbute of the <1ayer> element is defined as follows.

name

THhis attribute specifies the name of the layer.

9.2.8.4.3 Element content

The <layer> element can contain the following elements:
<line to line>
<line to via>

<line to polygon>
<extensions>

9.2.8.4.4 Example

The following is an example of the <layer> element in use.
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<layer name="L1">

<line to line space="40"/>
<line to via via="VIA L1 L2" space="40"/>
<line to polygon space="55"/>

</layer>

<layer name="L2">
<line to line space="50"/>
<line to via space="50"/>
<line to polygon space="55"/>

</layer>

9.2.8.4.5 The <line_to_line> element

9.2.8.4/5.1 General

The <line to line> element specifies the space between lines.

<line [to line
space="minimum spacing"

/>

The <1ine to_ line> element consists of the space attribute.

9.2.8.4/5.2 Attribute definition

The attrjbute of the <1line to_ line> element is defined-as follows.
space

THhis attribute specifies the minimum space‘between lines.

9.2.8.415.3 Example
The follpwing is an example of the <1ine to line> element in use.

<line [to line spacex"50"/>

9.2.8.4)6 The <line'_to_via> element

9.2.8.416.1/General

The <line to via> element specifies the space between line and via.

<line to via
[via="identifier of padstack"]
space="minimum spacing"

/>

The <line to via> element consists of the optional via attribute and the space attribute.
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9.2.8.4.6.2 Attribute definitions
The attributes of the <1ine to_ via> element are defined as follows.
via
This attribute specifies the padstack identifier of the via that is applied to the spacing rule.
space

This attribute specifies the minimum space between line and via. The unit of the space is defined by
the <distance> element in the <unit> element.

9.2.8.416.3 Example

The follpwing is an example of the <1ine to_ via> element in use.

<line [ro via via="VIA L1 L2" space="40"/>

9.2.8.417 The <line_to_polygon> element

9.2.8.4[7.1 General

The <1ine to polygon> element specifies the space between line and polygon.

<line [to polygon
space="minimum spacing"

/>

The <1ine to polygon> element consists\of the space attribute.

9.2.8.4[7.2 Attribute definition

The attrjbute of the <1ine-~ %o polygon> element is defined as follows.
space

THis attribute-specifies the minimum space between line and polygon.

9.2.8.4.7-3 Exampte

The following is an example of the <1ine to polygon> element in use.

<line to polygon space="55"/>
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9.2.9 The <pitch_def> element

9.2.9.1 General

- 185 -

The <pitch def> element specifies the pitch between center to center of vias.

<pitch def>
{<via pitch> element}..
[<extensions> element]..

</pitch_def>

The <pitch def> element consists of one or more <via pitch> elements.

9.2.9.2 [Element content

The <piltch def> element contains the following elements:

<fvia pitch>
<pxtensions>

9.2.9.3 [Example

The follpwing is an example of when the stack via cannot be.used:

<gitch def>

<via pitch vial="VIA L1 1L2"
<via pitch vial="VIA L1 L2"
sdmenet pitch="225"/>

<via pitch vial="VIA L2 I3}
<via pitch vial="VIA L2 Bb3"
sdmenet pitch="225"/>

<via pitch vial="VZIANL3 14"
</pitch_def>

via@="vIA L1 L2"
vAa2="VIA L2 L3"

via2="VIA L2 L3"
via2="VIA L3 L4"

via2="VIA L3 L4"

The follpwing is an exampl¢ of when the stack via can be used:

<gitch def>

<via pdgch vial="VIA L1 1L2"
<via(pitch vial="VIA L1 L2"
slacked-offset="75"/>

<yia pitch vial="VIA L2 L3"
{via pitch vial="VIA L2 L3"

o PR 1 R Nk 11

via2="VIA L1 L2"
via2="VIA L2 L3"

via2="VIA L2 L3"
via2="VIA L3 L4"

pitch="250"/>
pitch="275"

pitch="300"/>
pitch="275"

pitch="250"/>

pitch="250"/>
pitch="275"

pitch="300"/>
pitch="275"

s teeked—off =
<via pitch vial="VIA L3 14"
</pitch def>

9.2.9.4 The <via_pitch> element

9.2.9.4.1 General

Figure 58 shows an example of a cross-sectional view of via structure. The <via pitch> elements defines

via2="VIA L3 L4"

the design rule for via spacing, as shown in Figure 59.
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<via pitch
vial="identifier of padstack"
via2="identifier of padstack"
pitch="minimum pitch"
[samenet pitch="minimum pitch for same net"]
[stacked offset="acceptable gap"]

/>

The <via pitch> element specifies the pitch between vias from center to center (see Figure 59). The
<via pitch> element consists of the vial attribute, the via2 attribute, the pitch attribute, the optional
samenet_pitch attribute, and the optional stacked offset attribute.

Stacked Via

L1
L2

L3 Tl T T T

L4
samenet pitch )
N pitch

€ Pid >

Reprinted with permission from JEITA.

Figure 58 —Example of via structure

pitch stacked_offset samenet_pitch

via' via2 % i ! ‘

Reprinted with permission from JEITA.

Figure 59 —Example of pitch between vias

9.2.9.4.2 Attribute definitions

The attributes of the <via pitch> element are defined as follows.
vial

This attribute specifies the padstack identifier of a via for which the via-pitch rule applies, as shown
in Figure 59.
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viaZ2

This attribute specifies the padstack identifier of a via for which the via-pitch rule applies, as shown

in

pitch

Figure 59.

This attribute specifies the minimum pitch between two vias on different nets, as shown in Figure 59.
The unit of the pitch is defined by the <distance> element in the <unit> element.

samene

t pitch

T
Th

stacke

Th
Fi

9.294
The foll

<via p
vig
vig
pit

/>

<via p
vig
vig
pit
san]

/>

<via p
vig
vig
pit
std

/>

9.2.10 ]

S anTibute SPeciiics the MU PiicT DEIWeen TWo vias 111 e Saime Net, as SHowi 11 Figure 59.
e unit of the pitch is defined by the <distance> element in the <unit> element.

0 offset

is attribute specifies the maximum acceptable gap between the centers of stacked vias, as ghown in
bure 59. The unit of the offset is defined by the <distance> element in th§)<unit> element.

3 Example

bwing is an example of the <via pitch> element in use.

i tch
1="VIA L1 L2"
2="VIA L1 12"
ch="250"

i tch
1="VIA L1 L2"
2="VIA 12 L3"
ch="275"

enet pitch="225"

itch
1="VIA L1 L2"
2="VIA L2 L3"
ch="275"

cked offset="73"

[he sbondingwire_def> element

9.2.10.1 General

The <bondingwire def> element specifies the shape and material of the bonding wire.

</bond

<bondingwire def>

{<bondingwire> element}..
[<extensions> element]..
ingwire def>

The <bondingwire def> element consists of one or more <bondingwire> elements.
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9.2.10.2 Element content

The <bondingwire def> element contains the following elements:

<bondingwire>
<extensions>

9.2.10.3 Example

The following is an example of the <bondingwire def> element in use.

<bondiphgwire def>

<bdndingwire name="WIREBOND1" diameter="20" material="GOLD">
<forward horizontal length="0" vertical length="100"/>
<forward vertical length="0" horizontal ratio="0.125"/>
<length min="500" max="3000"/>

</Yondingwire>
</bondfingwire def>

9.2.10.4 The <bondingwire> element

9.2.10.4.1 General

The <bgqndingwire> element specifies the shape and materialof the bonding wire.

<bondiphgwire

name="wire name"
diameter="wire diameter"
[material="material namé!]

[<forward> element ]u!
[<backward> elemexnlt]...
[<length> elemeht]
[<extensions>(element]..
</bondingwire>

The <bpndingwire> element consists of the name attribute, the diameter attribute, the [optional
materipl attribute, zero Of more <forward> elements, zero or more <backward> and <externsions>
elements, and zero orone <length> element.

9.2.10.4.2 Attribute definitions

The attr{butes of the <bondingwire> element are defined as follows.

name
This attribute specifies the name of the bonding wire.
diameter

This attribute specifies the diameter of the bonding wire. The unit of the diameter is defined by the
<distance> element in the <unit> element.
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material

This attribute specifies the material of the bonding wire.

9.2.10.4.3 Element content

The <bondingwire> element can contain the following elements:

<forward>
<backward>
<length>
<extensions>

9.2.10.4.4 Example

Figure 40 shows an example of a JEDEC 4-point wire bonding shape that is defined by, the, corregponding
<bondipgwire def> descriptions as follows.

JEDEC #-point:

<bondipgwire def>

<bpndingwire name="WIREBOND1" diameter="20" material="GOLD">
<forward horizontal length="0" vertical length="100"/>
<forward vertical length="0" horizontal ratio="0.125"/>
<length min="500" max="3000"/>

</pondingwire>
</bondiingwire def>

<forwar@jyertical_ length=“0” horizontal ratio=“0.12%" />

(0, H+100) ¢ (D*0.125, H+100)

<fonward horizontal_ length=*0"
Yertical_length=%100" />

Start
Die thickness =.} point
(0, H)

~ End

» point

Distance of wire along the horizontal plane = D (D, 0)

Reprinted with permission from JEITA.

Fi 60 —E le of bondi ire st WJEDEC 4-point)

Figure 61 shows an example of a JEDEC 5-point wire bonding shape that is defined by the corresponding
<bondingwire def> descriptions as follows.

JEDEC 5-point:
<bondingwire def>
<bondingwire name="WIREBOND2" diameter="20" material="GOLD">

<forward vertical length="100" angle="80"/>
<forward vertical length="0" horizontal ratio="0.125"/>
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<backward angle="20" horizontal ratio="0.5"/>
<length min="500" max="3000"/>
</bondingwire>

</bondingwire def>

<forward vertical length=“0” horizontal_ ratio=“0.125" />

(H+cot(80), H+100) (H:cot(80)+D#*0.125, H+100)

<forward vertical_ length=“100"
angle=“80" />

<backward angle=%20"
horizontal_ ratic=%0.5" />

(D-D#0.5, D*0.5%tan(20)) /

Start
Die thickness = H point
(O, H) B
~ End
» point

Distance of wire along the horizontal plane = D (p, 1)}

Reprinted with permission from JEITA.

Figure 61 —Example of bonding wire shape (JEDEC 5-point)

9.2.10.4.5 The <forward> element

9.2.10.4.5.1 General

The <fdrward> element specifies the loop of the bonding wire from the die side.

<forwafd
horizontal length="hOrizontal length"
vertical length="wertical length"
angle="die side angle"
horizontal ratio="horizontal ratio"
/>

Some <forward> elements\are specified from the first position to the second position toward the ponding
finger (§ee Figure 62). The/<forward> element consists of the optional horizontal length gttribute,
the optional vepgfcal length attribute, the optional angle attribute, and the [optional
horizophtal ratio attribute.

9.2.10.4.5:2’Attribute definitions

The attributes of the <forward> element are defined as follows.

horizontal length
This attribute specifies the horizontal length from the first position toward the bonding finger, as

shown in Figure 62. The unit of the length is defined by the <distance> element in the <unit>
element.
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vertical length

This attribute specifies the vertical length from the first position toward the bonding finger, as shown
in Figure 62. The unit of the length is defined by the <distance> element in the <unit> element.

angle

This attribute specifies the angle from the first position toward the second position. The unit of the
angle is defined by the <angle> element in the <unit> element.

horizontal ratio

THis attribute specitics the ratio of the horizontal fength (1) and the total lengih (L) in Figurd 62.

horizontal_length

horizontal_ratio = L1/L

yibua|” |eonJan

Bonding finger

=
o
edecececccccnes

Package

s
eose¥edecoss

L
Repfinted with permission from JEITA.

Figure 62 —Explanatory drawing of the shape of a bonding wire

9.2.10.4.5.3 Example

The follpwing is\an.example of the <forward> element in use.

<forwafrd_hotrizontal length="0" vertical length="100"/>
<forwagd\¥Vertical length="0" horizontal ratio="0.125"/>

9.2.10.4.6 The <backward> element

9.2.10.4.6.1 General

The <backward> element specifies the loop of the bonding wire from the bonding finger.
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<backward
horizontal length="horizontal length"
vertical length="vertical length"
angle="die side angle"
horizontal ratio="horizontal ratio"
/>

Some <backward> elements are specified from the first position to the second position toward the die (see
Figure 63). The <backward> element consists of the optional horizontal length attribute, the optional
vertical length attribute, the optional angle attribute, and the optional horizontal ratio attribute.

9.2.10.4-6-2 Attributedefinitions

The attr

butes of the <backward> element are defined as follows.

horizoptal length

Th

THe unit of the length is defined by the <distance> element in the <unit» element.

verticpl length

Th

THe unit of the length is defined by the <distance> element in the <unit> element.

angle

THhis attribute specifies the angle from the first position toward the die, as shown in Figure
unjt of the angle is defined by the <angle> element in the <unit> element.

horizo

ntal ratio

THis attribute specifies the ratig ofthe horizontal length (L1) and total length (L) in Figure 63

horizontal_length

: horizontal_ratio = L2/L
die :

ylbus| jeonuen

is attribute specifies the horizontal length from the position toward the digyas shown in Figure 63.

is attribute specifies the vertical length from the first position toward the die, as shown in Figure 63.

63. The

|
| ponaing ringer

Package

»
>

eegeen

L
Reprinted with permission from JEITA.

Figure 63 —Explanatory drawing of the shape of a bonding wire
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9.2.10.4.6.3 Example

The following is an example of the <backward> element in use.

<backward angle="20" horizontal ratio="0.5"/>

9.2.10.4.7 The <length> element

9.2.10.4.7.1 General

The <length> element specifies the minimum length and maximum length of the bonding wire.

<length
min="minimum length"
max="maximum length"

/>

The <14ngth> element consists of the min attribute and the max attribute.

9.2.10.4.7.2 Attribute definitions

The attr{butes of the <length> element are defined as follows.

min
THis attribute specifies the minimum length of the bonding wire.

max

THhis attribute specifies the maximum length of the bonding wire.

The unif of the length is defined by the «distance> element in the <unit> element.

9.2.10.4.7.3 Example
The follpwing is an example of the <length> element in use.

<length min="5Q0" *max="3000"/>

9.2.11 The <ball_def> element

9.2.11.1 General

The <ball def> element specifies the material and shape of the solder ball.

<ball def>
{<ball> element}..
[<extensions> element]..

</ball def>

The <ball def> element consists of one or more <ball> and zero or more <extensions> elements.
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9.2.11.2 Element content

The <ball def> element contains the following elements:

<ball>
<extensions>

9.2.11.3 Example

The following is an example of the <ball def> element in use.

<ball peft
<bpll name="BGA Ball" material="SOLDER">

<frustum height="250" diaml="300" diam2="300"/>
</pall>

</ball| def>

9.2.11.4 The <ball> element

9.2.11.4.1 General

The <bg11> element specifies the material and shape of the solder/ball.

<ball

name="ball name"

[material="material name"]
>

{<frustum> element>}..
</ball

The <b#11> element consists of the namé& attribute, the optional material attribute, and one or more
<frustpm> elements.

9.2.11.4.2 Attribute definitions

The attrjbutes of the <bal1l* element are defined as follows.
name
THhis attribute-specifies the name of the solder ball.

materipl

This attribute specifies the material of the solder ball.

9.2.11.4.3 Element content

The <ball> element contains the following element:

<frustum>
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9.2.11.4.4 Example

The following is an example of the <ball> element in use.

<ball name="BGA Ball" material="SOLDER">

<frustum height="250" diaml="300" diam2="300"/>

</ball>

9.2.11.4.5 The <frustum> element

9.2.11.4.5.1 General

The <fqustum> element specifies the geometry of the solder ball.

<frustpm
height="height"
diaml="diameter of top side"
diam2="diameter of bottom side"
/>

The shape of the solder ball is given by a group of one or more frustumsy’as shown in Figure
frustumg are stacked up from top to bottom. The <frustum> element cOnsists of the height attri
diaml dttribute, and the diam2 attribute.

A ball is expressed by a
number of frustums.

AN
Reprinted with permission from JEITA.

Figure 64 —Example of ball expression

9.2.11.4.5.2 Attribute definitions

64. The
bute, the

oo 5 £l 1 PR 3 PET]
The aliriotics O tIC <TTrustum-~> CICIHICIIU dI'T UTIIHITU 45 TOIIOWS.

height

This attribute specifies the height of the frustum. The unit of the height is defined by the

<distance> element in the <unit> element.

diaml

This attribute specifies the diameter of the top side of the frustum. The unit of the diameter is defined

by the <distance> element in the <unit> element.

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023
- 196 — IEEE Std 2401™-2019

diam2

This attribute specifies the diameter of the bottom side of the frustum. The unit of the diameter is
defined by the <distance> element in the <unit> element.

Figure 65 shows the relationship of the dimensional attributes of a <frustum>: height, diaml, and
diam?2.

diam1

A

/O\
Zé/’————_—__———-§\\§\ Y
Vl\\§§_________——’,,/

diam2

height

Reprinted with permission from JEITA.

Figure 65—Explanatory drawing of the shape of a frustum

9.2.11.4.5.3 Example

The follpwing is an example of the <frustum> element in use,

<ball pame="BGA Ball" material="SOLDER">
<frustum height ="250" diaml="300" diam2="300" />
</ball

9.2.12 The <mold> element

9.2.12.1 General

The <md1d> element specifies, the geometry and material of the package mold.

<mold
width="width"
depth="depth"
Neight="height"
material="material name"
>
I tensions lement]
</mold>

The <mold> element consists of the width attribute, the depth attribute, the height attribute, and the
material attribute. Figure 66 explains the height attribute of a <mo1d> element in relation to the layer
stackup.
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MOLD height

Layer stack up

Reprinted with permission from JEITA.

Figure 66 —Explanatory drawing of the height attribute of a mold

9.2.12.2 Attribute definitions

The attrib

s £l Il il 4 dafs = fall
oOtCS OT triIC—<Mo T CToTCTIt arc atTmotas TOTTO W ST

width
Th
depth
Th
height
Th
materi
Th
The unif

Figure 9

is attribute specifies the width of the package mold, as shown in Figure 67.

is attribute specifies the depth of the package mold, as shown in Figure 67.

is attribute specifies the height of the package mold, as shown in Figure 67.

B 1
is attribute specifies the material of the package'mold.
of the width, depth, and height is defined-by the <distance> element in the <unit> elem

7 shows the width, depth, and<height attributes of the <mold> element.

heighti fepth

© width
Reprinted with permission from JEITA.

ent.

Figure 67 —Explanatory drawing of the shape of a mold

9.2.12.3 Element content

The <mo1d> element contains the following element:

<extensions>
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9.2.12.4 Example

The following is an example of the <mo1d> element in use.

<mold
width="12000"
depth="12000"
height="600"
material="RESIN"
/>

9.2.13 The <conductor struct> element

9.2.13.1 General

The <cdnductor struct> element specifies the cross-section of the conductor.

<condufctor struct>

[<trapezoidal angle> element]..
[<surface roughness> element]..
[<extensions> element]..
</condjuctor struct>

The crgss-sectional shape of the conductor is specified as, trapezoidal with a specified angle. The
<conduftor struct> element consists of zero or more Kttrapezoidal angle> elements and zero or
more <qurface roughness> elements.

9.2.13.2 Element content

The <cqnductor struct> element can contain the following elements:

A

trapezoidal angle>
surface roughness>
extensions>

AN

9.2.13.3 Example

The follpwing is'an‘example of the <conductor struct> element in use.

<condufcter, struct>
RN ] Pava| 1 e ul =l 0
<t = & T LA & LA 1"

<trapezodial angle layer="L4" angle="-60"/>

<surface_ roughness layer="L1" UP_RMS="2" DOWN_RMS="5"/>

<surface roughness layer="L4" UP_RMS="5" DOWN RMS="2"/>
</conductor_struct>

9.2.13.4 The <trapezoidal_angle> element

9.2.13.4.1 General

The <trapezoidal angle> element specifies the cross-sectional shape of the conductor.
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<trapezoidal angle
layer="1ayer name"
angle="angle"

/>

The <trapezoidal angle> element consists of the layer attribute and the angle attribute.

9.2.13.4.2 Attribute definitions

The attributes of the <trapezoidal angle> element are defined as follows.

layer

THhis attribute specifies the name of the conductor layer that is specified in the <layer def>

angle

THe cross-sectional shape of the conductor is specified as trapezoidal. This-attribute spec

anple of the trapezoid. The unit of the angle is defined by the <angleXelement in the

elgment.

Figure §8 shows various trapezoidal cross-sectional shapes of the conduetor.

0 > afigle=-90

Reprinted with permission from JEITA.

0 <angle <90 angle = 90 90 < angle < 180
angle \angle angle
design width Zfeélgn width design width
'«,)
design width design width design width
angle /angle angle

—90 > angle > -180

Figure 68 —Explanatory drawing of trapezoidal angles

Flement.

ifies the
<unit>

9.2.13.4.3 Example

The following is an example of the <trapezoidal angle> element in use.

<trapezodial angle layer="L1" angle="60"/>
<trapezodial angle layer="L4" angle="-60"/>
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5 The <surface_roughness> element

5.1 General

The <surface roughness> element specifies the roughness of the conductor surface.

<surface roughness

/>

layer="1ayer name"
UP RMS="up rms"
DOWN RMS="down rms"

The <s Llrface roughness> €lément consists oI the layer attribute, the UP RMS attribute,

DOWN_R)

Rq = /%j: f (x)? dx
/™M N

—’\V VAV/"\VAW 5 x
0 V 7

Rq: RMS deviation of the primary profile.
Reprinted with permission fromJEITA.

Figure 69 —Explanatory drawing of surface roughness

9.2.13.5.2 Attribute definitions

The attr

layer

butes of the <surface roughnessgielement are defined as follows.

THhis attribute specifies thetname of the conductor layer that is specified in the <layer def>

UP_RMS

THhis attribute specifies the roughness of the top side surface of the conductor in RMS.

DOWN_R)

Th

MS

is\attribute specifies the roughness of the bottom side surface of the conductor in RMS.

and the

MS attribute. Figure 69 shows the roughness of the conductor surface in root mean square (§RMS).

Element.

Figure 70 shows layer, UP_RMS, and DOWN_RMS as attributes of the <surface roughness> element.
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UP_RMS

Conductor layer

Reprinted with permission from JEITA.

Figure 70 —Explanatory drawing of UP_RMS and DOWN_RMS

9.2.13.5.3 Example
The follpwing is an example of the <surface roughness> element in use.
<surfafe roughness layer="L1" UP RMS="2" DOWN RMS="5"/>
<surfafe roughness layer="L4" UP_RMS="5" DOWN_RMS="2"/>
9.3 The <Constraintrule> element
9.3.1 General
The <Cqnstraintrule> element specifies the limited height of the component by the <height [1imit>
element] specifies the layout routing inhibition area by <blockage> element, and also specifies fhe non-
default design rule area by the <design rule area> element.
<Constfraintrule>
[<height limit> element]..
[<blockage> element]..
[<design rule area> element]..
[<extensions>\element]..
</Consltraintrule>
The <Cpnstraintruley clement consists of zero or more <height limit> elements, zero or more
<blockpge> elements,tand zero or more <design rule area> elements.

93.2E

The <Cqg

ement-content

ne€raintrule> element can contain the following elements:

<height limit>
<blockage>
<design rule area>
<extensions>

9.3.3 Example

The following is an example of the <Constraintrule> element in use.

<Const

raintrule>

<height limit>
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<top
name="Top Connector Location"
height="200"
shape id="Rec 6000um_ 8000um"
x="3000" y="2000"

/>

<bottom
name="Bottom Connector Location"
height="200"
shape id="Rec 6000um_ 8000um"
x="3000" y="2000"

/>

</height limit>
<blockage>

<placement
layer="L1"
shape id="kout top 200um_ 200um"
x="100"
y="100"

/>

<routing
layer="L1"
shape id="kout top 200um 200um"
x="100"
y="100"

/>

<routing
layer="L4"
shape id="kout bottom 400um_ 400um"
X:" O "
y="0"

/>

</plockage>

<design rule area

ref rule name="C4 Area"
shape 1d="SQ 6000um_6000um"
x="0" y="0"

priority="10"

/>

</Consltraintrule>
9.3.4 The <height_limit>element

9.3.4.1|(General

The <hgight fimit> element specifies the limited height of the components from the surface of the top
layer or bottom layer.

<height limit>
[<top> element]..
[<bottom> element]..
[<extensions> element]..
</height limit>

The <height limit> element consists of zero or more <top>, <bottom>, and <extensions> elements.
Figure 71 shows the height limit of components from the surface of the top layer or bottom layer.
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top height limit

top conductor layer

bottom conductor layer

bottom height limit
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Reprinted with permission from JEITA.

Figure 71 —Explanatory drawing of the top height limit’and bottom height limit

9.3.4.2|Element content
The <hqight limit> element can contain the following elements:

<[cop>
bottom>
<pxtensions>

A

9.3.4.3 [Example

The follpwing is an examplé.of the <height limit> element in use.

<heighft limit>

<tdgp
name={Top Connector Location"
heighf="200"
shape id="Rec 6000um_ 8000um"
%x"3000" y="2000"

/>

<bottom
name="Bottom Connector Location"
height="200"
shape id="Rec 6000um 8000um"
x="3000" y="2000"

/>

</height limit>
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9.3.4.4 The <top> element

9.3.4.4.1 General

The <top> element specifies the maximum height for the placed components on the top layer.

<top

name="area name"

height="height limitation"

shape id="identifier of referenced shape"
x="x coordinate"

y="y coordinate"

[angle="rotarion angle®]

/>

The <t¢p> element consists of the name attribute, the height attribute, the shape id affribufe, the x
attributd, the v attribute, and the optional angle attribute.

9.3.4.412 Attribute definitions

The attr{butes of the <top> element are defined as follows.
name

THis attribute specifies the name of the area that has a limited height on the top layer.
height

THhis attribute specifies the maximum height for the top layer. The unit of the height is defingd by the
<distance> element in the <unit> element;

shape fd
THis attribute specifies the identification number of the shape that has the specified height-rpstricted

spce on the top layer. The origin coordinate of the shape coincides with the origin coordinafe of the
hejght-restricted space.

X
THis attribute speeifies the x-coordinate of origin in the height-restricted area. The unif of the
coprdinate is/defined by the <distance> element in the <unit> element.

Yy
This—auribute specifies e y-coordinate of origin i e heighnt-resuicled area. 1ne umnit of the
coordinate is defined by the <distance> element in the <unit> element.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the local origin. If it
is not specified, zero is set as the default. The unit of the angle is defined by the <distance> element
in the <unit> element.

9.3.4.4.3 Example

The following is an example of the <top> element in use.
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<top

name="Top Connector Location"

hei
sha
x="

/>

9.3.4.5

9.3.4.5.

ght="200"
pe _id="Rec_6000um_ 8000um"
3000"™ y="2000"

The <bottom> element

1 General

The <bgttom> element specifies the maximum height for the placed components on the bottom layer.

<botto

/>

name="area name"

height="height limitation"

shape id="identifier of referenced shape"
x="x coordinate"

y="y coordinate"

[angle="rotation angle"]

The <bqg
attribute

9.3.4.5
The attr

name
Th
height

Th
thd

shape |
Th

sp
thg

ttom> element consists of the name attribute, the height aftribute, the shape id attribu
, the v attribute, and the optional angle attribute.

2 Attribute definitions

butes of the <bottom> element are defined as:follows.

is attribute specifies the name of the area that has a limited height on the bottom layer.

is attribute specifies théymaximum height for the bottom layer. The unit of the height is de
<distance> elemént'in the <unit> element.

i d
is attribute specifies the identification number of the shape that has the specified height-r

ice on thie bottom layer. The origin coordinate of the shape coincides with the origin coor
height-restricted space.

te, the x

fined by

bstricted
linate of

This attribute specifies the x-coordinate of origin in the height-restricted area. The unit of the
coordinate is defined by the <distance> element in the <unit> element.

This attribute specifies the y-coordinate of origin in the height-restricted area. The unit of the
coordinate is defined by the <distance> element in the <unit> element.

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023
— 206 — IEEE Std 2401™-2019

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the local origin. If it
is not specified, zero is set as the default. The unit of the angle is defined by the <angle> element in
the <unit> element.

9.3.4.5.3 Example

The following is an example of the <bottom> element in use.

<bottom
name="Bottom Connector Location"
height="200

shgpe id="Rec 6000um 8000um"
x='13000" y="2000"
/>

9.3.5 The <blockage> element

9.3.5.1|General

The <bJockage> element specifies the inhibition areas of compenient mounting and/or conductivfe object
layout.

<blockpge>
[<placement> element]..
[<routing> element}..
[<extensions> element]..
</blockage>

The <bjockage> element consists of zero or more <placement>, <routing>, and <externsions>
element$.

9.3.5.2 [Element contents

The <bJockage> elementcan contain the following elements:

A

blacement®
routing>
Extensdions>

AN

9.3.5.3 Example
The following is an example of the <blockage> element in use.

<blockage>
<placement
ref layer="L1"
shape id="kout top 200um 200um"

x="100"
y:nloon

/>

<routing

ref layer="L1"
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shape id="kout top 200um 200um"
x="100"
y:nloon

<routing

/>

ref layer="L4"

shape id="kout bottom 400um 400um"
x="Q"

y:n on

</blockage>

9.3.5.4

9.3.5.4

Fhe-<placement>element

1 General

The <pllacement> element specifies the layer and the shape for the inhibition of the cgmponent m

unting.

/>

<placepment

ref layer="name of referenced layer"
[attach="1ayer side"]

shape id="identifier of referenced shape"
x="x coordinate"

y="y coordinate"

[angle="rotation angle"]

The <p]

the vy attribute, and the optional angle attribute.

9.3.5.4

The attr

ref la

2 Attribute definitions

butes of the <placement> element\are defined as follows.

yer

THhis attribute specifies the hame of the conductor layer that is specified in the <layer def>

attach

Th)
AB
BE

shape k&

s attribute.specifies the side of the layer to construct the placement blockage, by either
DVE or BELOW. If ABOVE is specified, the blockage is constructed above the specified
[.0W {S specified, the blockage is constructed below the specified layer.

<l

acement> element consists of the ref layer attribute, the shape id attribute, the x gttribute,

Flement.

keyword
layer. If

This attribute specifies the identifier of the predefined shape that is defined at the <shape>
The referenced shape shall be defined at the <shape> element in the same file.

element.

This attribute specifies the x-coordinate of origin. The unit of the coordinate is defined by the
<distance> element in the <unit> element.
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y
This attribute specifies the y-coordinate of origin. The unit of the coordinate is defined by the
<distance> element in the <unit> element.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the local origin. If it
is not specified, zero is set as the default. The unit of the angle is defined by the <angle> element in
the <unit> element.

9.3.5.43 Example
The follpwing is an example of the <placement> element in use.

<placepent

ref layer="L1"

shape id="kout top 200um 200um"
x="100"

y:nloon

/>

9.3.5.5[The <routing> element

9.3.5.5/1 General

The <r¢uting> element specifies the layer and the*shape for the inhibition of the layout of copductive
objects, [such as trace, via, and plane.

<routihg
ref layer="name of, referenced layer"
shape id="identifiér of referenced shape"
x="x coordinage"
y="y coordinate"
[angle="rotation angle"]

/>

The <rquting> element, consists of the ref layer attribute, the shape id attribute, the x attribute, the
y attribdte, and the gptional angle attribute.

9.3.5.5)2 Attribute definitions

The attribiités of the <ronting> element are defined as follows

ref layer
This attribute specifies the name of the conductor layer that is specified in the <layer def> element.
shape id

This attribute specifies the identifier of the predefined shape that is defined at the <shape> element.
The referenced shape shall be defined at the <shape> element in the same file.
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This attribute specifies the x-coordinate of origin. The unit of the coordinate is defined by the
<distance> element in the <unit> element.

Yy
This attribute specifies the y-coordinate of origin. The unit of the coordinate is defined by the
<distance> element in the <unit> element.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the local orjgin. If it
is hot specified, zero is set as the default. The unit of the angle is defined by the <angle>elgment in
th¢ <unit> element.

9.3.5.5]3 Example

The follpwing is an example of the <routing> element in use.

<routihg

ref layer="L1"

shape id="kout top 200um 200um"
x="100"

y:vlloon

/>

9.3.6 The <design_rule_area> element

9.3.6.1|General

The <dgsign rule area> specifies theparticular area that has the non-default design rules.

<desigph rule area

ref rule pame="name of referenced design rule"
shape id=Videntifier of referenced shape"

x="x dogrdinate"

y="y\Wcoordinate"

[angle="rotation angle"]

[Rxiority="priority"]

>
[<extensions> element]..
</desipn{ritle area>

The default design rules in this area are overridden by the non-default design rules. It is possible to specify
the different rules from the default design rules in <design rule area>, but it is impossible to specify
the layer stackup locally. Even if the local design rule includes the statement that defines the layer structure,
the definition will be ignored. The <design rule area> eclement consists of the ref rule name
attribute, the shape id attribute, the x attribute, the y attribute, the optional angle attribute, and the
optional priority attribute. Figure 72 shows the relationship between the default design rule area and the
non-default design rule area.
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Reprinted with permission from JEITA.

Figute 72 —Explanatory drawing of the relationship of the default design rule area
and the non-default design rule area

9.3.6.2 [Attribute definitions

The attr{butes of the <design rule area> element are defined as follows.

ref rulle name

THhis attribute specifies the name of the predefinied physical design rule that is used in the nop-default
depign rule area. The physical design rule isspecified in the <Physicaldesign> element.

shape fd

THis attribute specifies the identification number of the shape that is specified in the nop-default
depign rule area. The origin coordinate of the shape coincides with the origin coordinate of thg area.

X
THis attribute specifies the x-coordinate of origin. The unit of the coordinate is defined by the
<distance>®lement in the <unit> element.

Yy
THisattribute QpP(‘iﬁPQ the v-coordinate of nrigin The unit of the coordinate is defined by the
<distance> element in the <unit> element.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the local origin. If it
is not specified, zero is set as the default. The unit of the angle is defined by the <angle> element in
the <unit> element.

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


https://iecnorm.com/api/?name=b39ec9f3b19371eae9272d26233d88f0

IEC 63055:2023 © IEC 2023
IEEE Std 2401™-2019 -211-

priority
This attribute specifies the priority of the physical design rule that is specified by the
<deisgn rule area> element. The bigger number means higher priority and the priority number
of the default physical design area is zero. If it is not specified, one is set as the default.

9.3.6.3 Element content

The <design rule area> element can contain the following element:

<extensions>

9.3.6.4 [Example

The follpwing is an example of the <design rule area> element in use.

<desigp rule area
refl rule name="C4 Area"
shgpe i1d="SQ 6000um_ 6000um"
x:l Oll y:lloll
prijority="10"

/>

10. N{Format

10.1 Purpose of the N-Format file

The N-Format file includes not only thetsignal connection but also the power/ground network.| The N-
Format file conforms to Verilog-HDEIEEE Std 1364).

10.2 Hpw to identify the' power/ground network

Add tHe /* PG/NET */, /* PG NET=group name */, /* PWR=group name [/, and
/* GNDFgroup( ndme */keywords at the definition of ports as follows:

a) [Thepert direction for power/ground is inout.

b) Theeranribute of e pOWST/ground 1S wire, Mot SUpplyU Of SUpplv L.

c) Addthe PG NET or PG NET=group name keyword at the power/ground port as comment, where
group name is the name of power/ground net.

d) Add PWR=group name and GND=group name keyword at the signal port as comment to specify
the related power domain, where group name is the name of power/ground net.

€) group name is case sensitive.
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10.3 Example

The following is an example of the N-Format in use.

module XXXX (A, B, C, D, AVDDl1l, AVDD2, AVSS, DVDD, DVSS)

input A; /* PWR=analog vdd 1.8 GND=analog gnd */
output B; /* PWR=analog vdd 1.8 GND=analog gnd */
input C; /* PWR=digital 1.2 GND=digital gnd */
output D; /* PWR=digital 1.2 GND=digital gnd */
inout AVDDl; /* PG _NET=analog vdd 1.8 */

inout AVDD2; /* PG NET=analog vdd 1.8 */

inout AVSS; /* PG _NET=analog gnd" */

inout DVDD ; /* PG NET=digital 1.2 */

11. G{Format

111L

11.1.17
This sub
text

Th
lit

italic

Th
or

\'
an

[]

Br

inout DVSS ; /* PG NET=digital vss *

hnguage basics of G-Format

[ypographic and syntax conventions

clause describes the conventions used in the syntax definitions of the LPB G-Format.

e monospace and bold font is used to indicate the attributes or elements that shall e typed
prally.

e italic font is used to indicate the user-defined information for which shall be substituted a name
value.

rtical bars separate/possible choices for a single attribute or element. They take precedefice over
y other charactet,

nckets denote optional attributes or elements. When used with vertical bars, they enclose(a list of

chl

UILLUS.

Three dots indicate that the previous value could be repeated.

Note that all of the strings in G-Format are treated as case sensitive.

NOTE—

All code examples in this standard are written in monospace font.
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11.1.2 Reserved characters

# If the first character of a line is a pound (#) sign, the line is ignored so it can be used for

comments.

" Any data between two double quotation marks are considered as a string.

11.2 Structure

The G-Format file consists of several sections. Each section starts with a dot (.) followed by a keyword.

The .v4Tsion, .unit, and .scale SCCUONS COMSIST Of ONT HNE Cacil, All Oter Sections end with .end

followed by the same keyword. The keyword in the .end line can be omitted. The header seetion|consists

of the |version, .unit, and .scale sections. Except for the .version section, any-sectior
omitted| The sections of the G-Format file are as follows:

.versfionxyz
.unit[inch | mm]
.scalle value
.matIial
definitjon

. endlnaterial]
.lay

definitjon
.end [|layer]

. shape
definitjon
.end [[shape]

.board geom
definitjon

. endJl:oard_geom]
.padsjtack

definitjon
.end [padstack]

.part

definition
.end [part]

.component
definition

.end [component]
.netattr
definition

.end [netattr]

.netlist
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definition
.end [netlist]

.via
definition
.end [via]

.bondwire
definition
.end [bondwire]

.route
deﬁnu OTT

.end [[route]

11.3 Header section

11.3.1 General

The heafler section consists of the .version, .unit, and . scale sectiofis.
. verpionXxyz

This sedtion specifies a version of the G-Format file; x is althajor version number; y is a minoi| version

number, z expresses the version of this standard. The z corrésponds to the version number of C/R/M Format.
The .vgrsion section shall appear before any other section in the file.

x| integer
y| integer
z[ 2020

.unit|value

This section specifies a geometric unit used throughout the G-Format file. The value shall be either[inch or
mm. If thiis section or the valuesis omitted, inch is assumed as the default.

vfilue  inch Orimm
.scale value

This sedtialr specifies a geometric scale used throughout the G-Format file. The actual dimension of the

data in theMile is determined by dividing the number hy the scale value. For example, if the unitlis set to

inch and the scale is 1000, the geometric data are in mils or 1/1000 in. If the unit is set to mm and the scale
is 1000, the geometric data are in microns or micrometers. The default is 1.

value iteger
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11.3.2 Example

The following is an example of the header section of a G-Format file.
.version 1 1 2020

.unit mm
.scale 1000

11.4 Material section

11.41 J;eneral
The .mgterial section consists of the following:

.matefrial
definition
.end [paterial]

This is gn optional section giving material properties. List materials used. inth€ design and their prpperties.
Each mgterial is defined as follows:

C materialName conductivity
0
D materialName permittivity permeability lossTangent
where
corD ¢ stands for conducting matetial.

D stands for dielectric material.
materialName Is the name of the matérial enclosed by double quotation marks.

conductivity Is the electric conductivity (1/Q2 mm).
permittivity Is the relative pefmittivity or dielectric constant.
permeability Is the relative-permeability.

lossTangent Is the dielectric loss tangent.

11.4.2 Example

The follpwing is an example of a .material section.

.material

"ATR"~1N0 1.0 0.0
"COPRPER" 59000
'GOLD"45500

"FR-4" 4.5 1.0 0.035
"SR"™ 4.3 1.0 0.03
.end material

oo

11.5 Layer section

The . layer section consists of the following:
.layer

definition
.end [layer]
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This section describes a layer stackup from top to bottom (or from front to back). Each layer is defined as
follows:

name thickness type conducting dielectricl [dielectric2 dielectric3]

where
name Is the name of the layer enclosed by double quotation marks. If unknown, write
thickness Is the thickness of the layer. If unknown, write 0.
type Is the type of the layer, defined by a single character:
S stands for signal layer.
D stands for dielectric layer.
P stands for power or ground layer if it can be differentiated from the
signal layer.
conducting Is the name of the conducting material entered as a string enclosed by double
quotation marks.
dielectricl Is the name of the dielectric material entered as a string.enclosed by double

quotation marks.

Note that throughout the G-Format file, signal layer numbers are the/numbers that are nyimbered
sequentially from the top by counting only the signal/power/ground layers.

11.6 Shape section

11.6.1 General

The . sHape section consists of the following:
.shape
definition
.end [hape]

This sedtion defines shapes thathare referenced from other sections in the same file. Available shppes are
polygon] rectangle, square, ¢irgle, annular, oblong, finger, bullet, and composite.

Each shgpe is defined.as:

~

id keywordparameters

hete the id is a number that will be referenced by others and is sequentially numbered frorrl 1. The
buword and parameters are described as follows

x> =

id polygon { xI ylx2y2 ...}

Vertices of polygon shape (see Figure 73) are enclosed by { }. Data can be shown on more than

one line. The last point does not need to be the same as the first point. The reference point is at
(0, 0).
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Reprinted with permission from JEITA.

Figure 73 —polygon

id rectangle width height

Each rectangle is defined by width and length. The definition shall appear, on/,one lfne. The
reference point is at the center of the rectangle. Figure 74 marks the reference point as X.

height X

—>
widlth

Reprinted with permissien from JEITA.

Figure 74 —rectangle

id square width

Each square is defined by width. The definition shall appear on one line. The reference pgint is at
the center of the square. Figure 75 marks the reference point as X.

width X

>
width

Reprinted with permission from JEITA.

Figure 75—square

id circle diameter

Each circle is defined by diameter. The definition shall appear on one line. The reference point is
at the center of the circle. Figure 76 marks the reference point as X.
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; diameter

Reprinted with permission from JEITA.

Figure 76 —circle

id annular outerDiam innerDiam

Each annular (or donut) is defined by outerDiam and innerDiam. The definition shall appear on one
line. The reference point is at the center of the annular. Figure 77 marks the refetence point ap X.

/

outerDiam X

innerDiam

Reprinted with.pérmission from JEITA.

Figure 77 —annular

id oblong width left right

Each oblong is defined by width, left, and right. The definition shall appear on one lfne. The
reference point issshown in Figure 78 marked as X.

width X

e
N

N

left "™ right
Reprinted with permission from JEITA.

Figure 78 —oblong

id bullet width left right

Each bullet is defined by width, left, and right. The definition shall appear on one line. The
reference point is shown in Figure 79 marked as X.
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Reprinted with permission from JEITA.

Figure 79 —bullet

id £inger width left right

Each finger is defined by width, left, and right. The definition shall appear on‘ene ljne. The
reference point is shown in Figure 80 marked as X.

width

left right
Reprinted with permission‘frem JEITA.
Figure 80 —finger

id composite { Ist point segmentl seginent? ... '}

A composite shape consists of liies’and/or arcs. The definition is enclosed by { } and can be
shown on more than one line, Fhere are four types of segments: straight line, clockwise aic (arc),
counterclockwise arc (rargorreverse arc), and an arc defined by three points (are3).

No keyword between:two points indicates that they are connected by a straight line. A keyword
arc, rarc, or are3 between two points indicates that they are connected by a clockwife arc, a
counterclockwise-arc, or a three-point method arc, respectively. For arc and rare, an afc origin
appears after'the'arc end point. For are3, a middle point appears after the arc end point.

The composite shape shown in Figure 81 can be described as

2 composite {xa ya xb yb xc yc rarc xd yd xp yp xe ye xfyf arc xg yg xq yq xh yh arc3 xi
VIXT JI'}

where the 2 at the beginning is a shape identifier. The shape is made of straight lines a-b and b-c,
then a counterclockwise arc from ¢ to d with an origin at p, then straight lines d-e and e-f, then a
clockwise arc from fto g with an origin at ¢, then straight line g-4 and a three-point method arc
from 4 to i with a middle point at ». Finally, the straight line from i to a is not defined because a
straight line will connect the last point to the first point by default.

The same shape can also be described as:

2 composite {xa ya xiyi arc3 xh yh xr yr xg yg rarc xf yf xq yq xe ye xd yd arc xc yc xp
yp xb yb}
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Reprinted with permission from JEITA.

Figure 81 —composite
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11.6.2 Example
The follpwing is an example of a . shape section.

.shape

clrcle 50

clrcle 80

clrcle 300
r¢ctangle 400 400
r¢ctangle 700 5600
clrcle 750
cpmposite |

275 =200
275 200
-275 200
-275 =200

~N oUW

—

8 c¢mposite {

400 -100
400 100
-400 100
-400 -100

.endl shape

11.7 Bpard geometry section

11.7.1 General

The .board_geom section consists of the following:

.board geom
definition
.end [board_geom]

The exterior geometry of a board or package is defined by one of the following four methods:

polygon { xI/ylx2y2 ..}

composite {/st point segmentl segment?2 ... }
shape shapelD x y rotation mirror

shape shapelD x y mirror rotation
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The methods for defining polygon and composite are the same as those described in the .shape section (11.6).

The shape is placed by defining the shapelD, the x/y coordinates (global coordinates) of the shape origin
(local origin), the counterclockwise rotation in degrees, and the mirror indicator. Mirror indicators are as

follows:
X Mirror about X axis
Y Mirror about Y axis
N No mirror

If the mirror indicator appears after the rotation, the mirror is performed after the rotation. If the mirror
indicator appears before the rotation, the mirror is performed before the rotation.

Both mifror and rotation operations are performed with respect to the shape origin (local origi)!

Holes (qutouts or voids) are defined by using one or more of the following methods.

id polygon { xI/ ylx2y2 ..}

id_rectangle width length x y

id_square widthxy

id_circle diameter x y

id_composite { Ist point_segmentl segment2 ... }
id_shape shapelD x y rotation mirror

id_shape shapelD x y mirror rotation

The vofid polygon, void composite, and void shape” are defined in the same way as|for the
polygoh, composite, and shape, respectively.

The void_rectangle, void_square, and void eircle are defined in the same way as the redtangle,
square| and circle are defined in the . shape\section (11.6). They are placed at the coordinates A and y.

11.7.2 Example

The follpwing is an example of a_.board_geom section.

.bogrd geom

polygon {

-50000 -40000
56860 -40000
50000 40000
~50000 40000

.endl"\voard geom

11.8 Padstack section

11.8.1 General

The .padstack section consists of the following:

.padstack
definition
.end [padstack]
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This section defines padstacks. Each padstack is defined as

11.8

The foll

padstackID { padl pad2 ...}

where the padstackID is a number that will be referenced by vias in the .via section (11.13). The
section is sequentially numbered from 1. As described below, pads are defined only by using the
predefined shapes in the . shape section:

.2

.pa

1

—

—

—

—

—

{

.en

signalLayerNum shapelD shapeROT [ apshapelD apshapeROT |

where
signalLayerNum s the signal layer number as it appeared in the layer section.
OI’!M}JCID Ib t}lC DIIQPU idcuﬁﬁcl.
shapeROT Is the counterclockwise rotation angle of the shape in degrees.
apshapelD The anti-pad shape identifier. The anti-pad definition is optional,
apshapeROT Is the counterclockwise rotation angle of the anti-shape in degrees.
Example
bwing is an example of a . padstack section.
stack
13040
23040
33040
4 3040
13040
23040
23040
33040
4 3040
1120
1 180
1140
radstack

11.9 Part section

11.9.1 General

The .part section consists of the following:

.part

definition
.end [part]
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This section describes a part. Each part is defined as

partName [ shape llx lly urx ury height [type value [no£lip | [material]]] {pinl pin2 ...}

where partName is the name of the part and shape, lix, lly, urx, ury, height, and no£f1ip are optional.
If the keyword nof1ip appears, the part will not be flipped when it is placed below the layer.

r). Set it
the part

).

I be

partName Is the name of the part.

shape Is the top view shape of the part:
R stands for rectangle.
c stands for circle.
D_stands for round-corner diamond.

lx, lly Are the lower left coordinates of the bounding box.

urx, ury Are the upper right coordinates of the bounding box.

height Is the height.

type Is the part type:
R stands for resistor.
L stands for inductor.
C stands for capacitor.
s stands for solder balls.
D stands for die.
M stands for molding compound.
o stands for other types.

value Is the part value (mQQ for a resister, nE/for an inductor, pF for a capacitg
to zero for all other part types. If the'three values are in parentheses ( )
values are for a resistor, inductoryand capacitor; for example, (20.0 5 3.5

material Is optional. The name of the material is enclosed by " .

Pins are|defined as
pinName x y ioType [padstackID]
where

pinName Is thesname of the pin. If the name is not known, a sequential number wi
used\ds a name.

Xy Is'the location of the pin with respect to local origin.

ioType Ts the pin I/O type:
D stands for driver pin.
R stands for receiver pin.
B stands for bidirectional pin.
DT stands for driver terminator.
RT stands for receiver terminator.

padstackID Is optional. It is the padstack identifier (0 if the padstack is unknown).

11.9.2 Example

The following is an example of a . part section.

CAP0603B R -300 -150 300 150 400 C {
1 -425 0 B 23
2 425 0 B 23

}

CAP1005B R -650 -250 650 250 400 C {
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1 -500 0 B 24
2 500 0 B 24
}
REGULATOR R -2000 -2000 2000 2000 O D {
1 -1800 1050 B 21
10 1800 -350 B 21
11 1800 350 B 21
12 1800 1050 B 21
13 1050 1800 B 21
14 350 1800 B 21
15 -350 1800 B 21
16 -1050 1800 B 21
2 -1800 350 B 21
-1800 =350 B 21
-1800 -1050 B 21
-1050 -1800 B 21
-350 -1800 B 21
350 -1800 B 21
1050 -1800 B 21
1800 -1050 B 21

O 0 J o U Jw

SMA|X1 R -2750 -2750 2750 2750 0 O {
1008B 18

-2000 2000 B 18

-2000 -2000 B 18

2000 -2000 B 18

2000 2000 B 18

o w N

.en@l part

11.10 Component section

11.10.1| General

The . cdmponent section consists of the.following:
. comp bnent
definition

.end [fomponent]

This sedtion describesva component placement. One component placement appears per line. Each placed
compongnt is defined as:

Y-ngme partName x y z layer rotation [stackComp] [(R L C 0)]

where
U-name Is the U-name, also known as the location identifier or reference designator. No
space is allowed in the name.
partName Is the part name. The name is enclosed by double quotation marks (" ).
Xy Is the location of the component origin with respect to the board origin.
z If z and layer are given, then z represents the distance from the layer of the

board in the direction specified by +n or —n. This would allow for embedded
devices on the main board.

If z and stackComp are given, then z represents the distance from the uppermost
layer of the “stack comp” if z is positive; or the distance from the lowest layer of
the “stack comp” if z is negative.
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layer Is the placement layer number:
+n stands for above the layer.
—n stands for below the layer.

rotation Is the counterclockwise rotation of the component in degrees with respect to the
component origin (local origin).

stackComp Is optional. It is the name of the component on which this component is stacked.
If this is defined, the layer number is ignored.

RLCO Is optional. It is the component’s R, L, C, and other values in a pair of

parentheses; for example, (50 10 250 0). The units are mQ, nH, or pF. The
fourth value is for future use.

11.10.2 Example

The follpwing is an example of a . component section.

.copponent

Cl0|CAPO6O3B -8584.7 -4104.9 -4 O
Cl1|CAPO603B -8584.7 -6355.9 -4 0
REGPLATOR REGULATOR -12598 10183.9 1 0
SMA|X1 SMA X1 1570.7 32293.2 1 0
SMA|X2 SMA X1 -7429.3 32293.2 1 0

.endl component

11.11 Net attribute section

The .ngtattr section consists of the following:
.netagtr

definition
.end [netattr]

This sedtion defines net attributes, such astnet class, allowable delays, and other user properties.

Each attribute group is defined as

~.

d {attrributeNamel=valuel attributeName2=value? ...}

where the id isan attribute group number that will be referenced by nets in the netlist sectign and is
s¢quentially-ndmbered from 1. More than one attribute can be defined for one group. Each pttribute
group definition can appear on more than one line. Attribute assignments appear in the brages { }.
Hach attribute assignment consists of attributeName, an equals sign (=), and the value.

11.12 Netlist section

11.12.1 General

The .netlist section consists of the following:
.netlist

definition
.end [netlist]
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1on defines netlists. Each net is defined as

netName netType attributelD {nodel node2 ...}

where

netName Is the net name.
netType Is the net type:
s stands for signal net (s if broken).
P stands for power net (p if broken).
G stands for ground net (g if broken).
attributelD Is the net attribute identifier. Zero indicates that the attribute is unknown.

Each nofde is defined as

where

U-name Is the U-name. A minus sign (—) indicates an unknows, U=hame.

pinNumber Is the pin number or pin name.

ioType Is the pin I/O type:
D stands for driver pin.
R stands for receiver pin.
B stands for bidirectional pin.
DT stands for driver terminator.
RT stands for receiver terminator.
A placeholder minus sign (—) shall appear if the type defined for the pin in
section is to be used.

Xy Is the location of the pin origin with respect to the board origin.

layer Is the placement layer mumber.

The pin|location can appear at the end. 'of the node definition. It is optional and shall be enclosed

Set the lpyer number to negative forisolder balls.

11.12.2

The follpwing is anexample of a .netlist section.

Y-name pinNumber ioType [{x y layer}]

Example

the part

by { }.

.netlist
"FRKQUT[2])" S 0 {
KB48 M1 B
}
"N1" S 0 {
XTAL 3 B

}

MCR1 R7 B B
MCR1 R8 B B
GRM1 C2 A B

"PCIREFCLK N" S 0 {

}

SOC AEl2 B
PCIE Al4 B

"PCIREFCLK P" S 0 {

SOC AF12 B
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}

PCIE Al3 B

"PCITRO N" s 0 {

}

SOC AEl14 B
PCIE Al7 B

.end netlist

11.13 Via section

11.13.1 General

The .vila section consists of the following:

.via
definition
.end [via]

This sedtion defines vias. One via definition appears per line. Each via is defined as

viaName padstackID padstackROT shapelD shapeROT | thickneSs) |

where
viaName Is the via name that will be referehced by routing in the route section.
padstackID Is the padstack identifier. ZeroGndicates that no padstack exists for the v

padstackROT  Is the counterclockwise rotation angle of the padstack.

shapelD Is the shape identifier of:the via barrel.
shapeROT Is the counterclockwiserotation angle of the via barrel shape.
thickness Is optional. It is the, thickness of the via barrel wall. If the thickness is ()

barrel is filled by 'material (see Figure §2).

thickness > 0 thickness =0

Reprinted with permission from JEITA.

Figllre 82 —via

, the via

11.13.2 Example

The following is an example of a .via section.

.via

VIA14 1 O
VIAl12 2 0
VIA24 3 0
VIA13 4 0
VIA14B 18
.end via
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11.14 Bondwire section

11.14.1 General

The .bondwire section consists of the following:
.bondwire
definition

.end [bondwire]

This section defines bond wire geometry. One bond wire definition appears per line. Each bond wire is
defined as

| type material diameter hw hd alpha beta [ profile_name |

~.
S

b=

here the id is a number that will be referenced by routing in the route section.and is seqyientially
nphmbered from 1. As illustrated in Figure 83 and Figure 84,

type Is the bond wire type:
D stands for die-down configuration.
U stands for die-up configuration.

material Is the material name or electric conductivity (17Q2 mm). If it is a name, it shall be
enclosed by double quotation marks (" {"),

diameter Is the wire diameter.

hw Is the wire loop height.

hd Is the die height:

Haie _pad — Htopfofftop_metalﬁlayer for die-llp.

Hdie _pad — Hbottom_ofibottomimetalilayer for die-down.
alpha Is the die side angle in degrees.
beta Is the package substrate side angle in degrees.
profile_name Is the name of the(bond wire profile associated with the id.

~ die

Package
substrate

Reprinted with permission from JEITA.

Figure 83 —Die-down configuration
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\L alpha

hy die beta

T Package substrate

Reprinted with permission from JEITA.

Figure 84 —Die-up configuration

11.14.2 Example

The follpwing is an example of a .bondwire section.
.bopdwire
1 U|"GOLD"™ 20 70 290 60 20 innerwire

2 U|"GOLD" 20 140 290 60 40 outerwire
.endl bondwire

11.15 Route section

11.15.1 General

The . rqute section consists of the following:
.route

definition
.end [route]

This sedtion defines routed nefs:-\Each routed net is defined as

S

ptName { segmentd segment?2 ...}

=

here netNanie is one of the nets that appeared in the .netlist section. Each routed net copsists of

he or_more segments. Each segment is defined by one of the following methods. All jof these
ethods/are in the form of

=S O

segment _type signal _layer number(s) segment _definition
path layer width { Ist _point segmentl segment2 ... }
via beginLayer endLayer viaName x y rotation [ mirror |
bondwire beginLyr endLyr bondwirelD xb yb xe ye [ diel die2 |
polygon layer { xI yl x2y2 ..}

rectangle layer width length x y

square layer width x y

circle layer diameter x y

annular layer outerDiem innerDiem x y

composite layer { Ist point segmentl segment2 ... }
shape layer shapelD x y rotation mirror
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shape layer shapelD x y mirror rotation
void_polygon layer { xI1ylx2y2 ...}
void_rectangle layer width length x y
void_square layer width x y
void_circle layer diameter x y

void_composite layer { Ist_point_segmentl segment? ... }
void_shape layer shapelD x y rotation mirror
void_shape layer shapelD x y mirror rotation

The path segment is defined the same way that the composite shape is defined in the .shape section,
except that it has a widrh and the last point does not automatically connect to the first point.

The vig segment requires beginLayer and endLayer numbers, while other segments require only-q
number| The via segment also requires the following:

viaName
Xy
retation
mirror

The borjdwire segment requires the following:

bpginLyr

ndLyr

Q

bpndwirelD
xp yb

xg ye

dlel die2

All oth¢r segment types are defined the same way as they are defined in the .shape secti
the .board _geom section.

11.15.2 Example

The follpwing is-an example of a . route section.

Name of the via defined in the via section.

Location of the via.

Counterclockwise rotation angle of the pad stack in degrees;
Optional; padstack mirror flag:

Y Mirror padstack.

N Do not mirror padstack.

Signal layer number of a beginning poiiit;\in order to indicate a die, enter a ng
wire group identifier.

Signal layer number of an endingpoéint; in order to indicate a die, enter a neg|
wire group identifier.

Bond wire identifier (0 if unknown).

Beginning point coordinates:

Ending point coordinate;

Optional die componetit names; the name(s) appear here only if the begin Iyj
end_Iyr are negative.

ne layer

gative

htive

and/or

n or in

"AGHDUV]
via 1 4 VIAL4B -429.3 34293.2 0 N
via 1 4 VIAl4B -429.3 30293.2 0 N
via 1 4 VIA14B -9429.3 34293.2 0 N
shape 1 7 -24821.9 24278.3 0 N

shape 1 12 -3779.3 23603.4 0 N
composite 2 {

-47360 23040

-15983.4 23040
-15360 22416.6
-15360 18416.6
-14960 18016.6
-14960 13616.6
-14783.4 13440
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-4640 13440
-4640 22416.6
-4016.6 23040
6560 23040
6560 35360
-47360 35360
}
void composite 2 {
-41295.6 25636.1
arc -40975.6 25636.1 -41135.6 25636.1
arc -41295.6 25636.1 -41135.6 25636.1

path 1 80 {
-7825.9 27607.5
-6985.3 27607.5

}

path 1 80 {
-4082.8 25942.8
-4082.8 25683

}

path 1 80 {
-3719.3 23633.2
-3380.3 23633.2

}

path 1 80 {
-7390.9 22442.4
-7130.9 22442.4

t

}
"AVDPD33" |

shape 1 8 -12948 11983.9 90 N

shape 1 7 -36821.9 23278.3 W\N

shape 1 7 -34821.9 23278.3\0 N

shape 1 7 -29821.9 24278723 0 N

composite 3 {
-42160,(23040
-15183.4 23040
-14660 22416.6
~1,4560 15840
-12640 15840
-12640 24960
-38816.6 24960
-39040 25183.4
-39040 25760
-42160 25760

via 1 VIA13 -13451.3 16882.6 0 N
via 1 VIA13 -36821.9 23278.3 0 N
0N

hape 11 —-134577 .1 16897 .2 270 N

11 -41161.1 25621.3 0 N
VIAl4 -41135.6 25636.1 0 N

3
3

via 1 3 VIA13 -24821.9 23278.3
1

shape 1

via 1 4

1
"DDRAD[O]" {

shape 1 9 10900 0 0 N

shape 1 6 34806.5 -1623.2 0 N
shape 1 6 34547.6 17511.7 0 N
shape 1 14 26777.7 18269.6 0 N
via 1 4 VIA14 34200 2360 0 N
via 1 4 VIAl4 34226.5 635 0 N
via 1 4 VIAl14 33967.6 19939 0 N
path 1 80 {

33967.6 19939
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33967.6 19661.7
33967.6 19508.4
33977.6 19498.4
33977.6 18875.6
34057.6 18795.6
34057.6 18577.3
34137.6 18497.3
34137.6 18279.1
34187.6 18229.1
34187.6 18162.6
34547.6 17802.6
34547.6 17511.7

}

path 4 80 {
34200 2360
34200 2904
34170 2934
34170 11978
34157.6 11990.4
34157.6 12769.6
33967.6 12959.6
33967.6 19939

}

path 1 80 {
34226.5 635
34226.5 526.8
34226.5 373.5
34236.5 363.5
34236.5 -259.3
34316.5 -339.3
34316.5 -557.5
34396.5 -637.5
34396.5 -855u8
34446.5 -905.8
34446.5 =972.3
348064,53 »1332.3
34806.5 -1623.2

t

path 4 80 {
34200 2360
34200 841.5
34226.5 815
34226.5 635

}

pathnl 80 {
34200 2360

33650.8 2360

33568.5 2442.3

16116 2442.3

14003.7 330

}

.end route

13900 330
13870 360
11750.9 360
11390.9 O
10900 O
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