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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
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the bieet—deai—with—may—participate—r—this—preparatery—werc—trterrational—geveramentay and non-
governthental organizations liaising with the IEC also participate in this preparation.

IEEE S{andards documents are developed within IEEE Societies and Standards Coordinating Commiftees of the
IEEE Sfandards Association (IEEE-SA) Standards Board. IEEE develops its standards through a|consensus
develogment process, which brings together volunteers representing varied viewpoints andyinterests| to achieve
the fina| product. Volunteers are not necessarily members of IEEE and serve without compensation. While IEEE
adminisfters the process and establishes rules to promote fairness in the consensus development prgcess, IEEE
does npt independently evaluate, test, or verify the accuracy of any of the (infermation contdined in its
standarfls. Use of IEEE Standards documents is wholly voluntary. IEEE documents”are made availgble for use
subject|to important notices and legal disclaimers (see http://standards.ieeeforg/IPR/disclaimers.htfnl for more
informagion).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement betwgen the two
organizgtions.

The formal decisions of IEC on technical matters express, as neanlyas possible, an international cgnsensus of
opinion|on the relevant subjects since each technical committee has representation from all intgrested IEC
Nationgl Committees. The formal decisions of IEEE on technicalmatters, once consensus within IEEE Societies
and Stgdndards Coordinating Committees has been reachedy'is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE
standards document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

IEC/IEHE Publications have the form of recommendations for international use and are accepfed by IEC
Nationgdl Committees/IEEE Societies in that sensé/ While all reasonable efforts are made to ensyre that the
technical content of IEC/IEEE Publications is_accurate, IEC or IEEE cannot be held responsible for|the way in
which they are used or for any misinterpretatioh by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Hublications
(includihg IEC/IEEE Publications) transparently to the maximum extent possible in their national apd regional
publicalions. Any divergence between any IEC/IEEE Publication and the corresponding national jor regional
publication shall be clearly indicated in the latter.

IEC and IEEE do not provide-any attestation of conformity. Independent certification bodies provide| conformity
assessinent services and,in.some areas, access to IEC marks of conformity. IEC and IEEE are not fesponsible
for any |services carried out.by independent certification bodies.

All userns should ensure-that they have the latest edition of this publication.

No liab|lity shall (attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts| and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
and thgq Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standdrds Board,
for any |pefsonal injury, property damage or other damage of any nature whatsoever, whether direct|or indirect,
or for qosts” (including legal fees) and expenses arising out of the publication, use of, or reliance| upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

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

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.

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.
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International Standard IEC 63055/IEEE Std 2401 has been processed through IEC technical
committee 91: Electronics assembly technology, under the IEC/IEEE Dual Logo Agreement.

The text of this standard is based on the following documents:

IEEE Std FDIS Report on voting
2401 (2015) 91/1362/FDIS 91/1373/RVD

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

The IEC Technical Committee and IEEE Technical Committee have decided that the contents

of this pU
under "ht
publicatid

* reconffirmed,

* withdfrawn,
+ replaged by a revised edition, or
*+ amended.

blication will remain unchanged until the stability date indicated on the [EC
tp://webstore.iec.ch" in the data related to the specific publication. At this
n will be

web site
date, the
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Abst b lectronic
systems design. The format provides a common way to specify information/data about.tle project
mangdgement, netlists, components, design rules, and geometries used in Large-Scale Ihtegrated
Circulft-Package-Board designs. The method provides the ability to make electronic systems a
onsideration early in the design process; design tools can use-it to ¢xchange
ation/data seamlessly.

Keywords: common interoperable format, components, design )analysis, design rules,
geometries, IEEE 2401™, large-scale integrated circuits, netlists,”packages for LS| circuits,
printgd circuit board, project management, Verilog-HDL
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IEEE Introduction

This introduction is not part of IEEE Std 2401™-2015, IEEE Standard Format for LSI-Package-Board Interoperable
Design.

To deal with the increasing difficulty of design and the cost competitiveness of the global market, and to
shorten the development term, innovative design methodologies should be implemented. It has been
difficult to achieve the optimization of an entire set of large-scale integrated (LSI) circuits, packages, and

board

(LPB) using individual design processes for each LPB part.

One possibility for optimization is to have a certain section design the whole LPB; however, gathering
knowledge and integrating the design environment of each LPB part is difficult. Dedicated professional
technicians of individual LPB parts, who have the best knowledge and performance of their own part’s

design
among
perfor
desig

The J
Desig
to ma|
LPB ¢

The 1

Vario

tools, intend to create design optimization by having proper interoperable informatipn
b all LPB parties. In order to achieve a design that optimizes the balance between

p

mance, information about and the results of design should be well shared among ceoper
sections.

ppan  Electronics and Information Technology Industries Association (JEFTA) LPB Int
h Process Working Group (LPB-WG) was established to identify the solution. The LPB-W
ke a standard for an exchange format to make it easy to exchange information between e
esign departments, so that optimal design will be carried out quickly.

PB interoperable design process has the following issues:

Netlist not unified on each LPB

Complexity of the representation of the relationship as a whole arrangement of the LPB
Differences in how to give the design, constraints, lack of design information,
discrepancies in design rules.

Databases not unified in each LPB}.or among different vendors

No unified terms
is problems caused by these issues include the following:

A large effort istequired for conversion of formats.

The occurrénce of conversion errors and connection errors is difficult to detect because
lack of thedfiformation needed to do so.

It takesa long time to gather information, resulting in a long period of design and analysis.

exchanges
cost and
pting LPB

eroperable
(G intends
ach of the

nd many

there is a

[tds difficult to make optimal design changes because the entire verification process is dii}ﬁcult.

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 LPB-WG has established an interface format that 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).

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.
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Figure i—Power distribution network

Resonance is caused by a capacitance and inductance present in the various parts”in the [PB PDN.
ance at the resonant frequency will be extremely large. If each part of theroyerall LPB depign is not
tely simulated in the PDN model, the power supply circuit cannot ‘b¢ correctly desfgned (see

Imped
accurg
Figurg

ii).
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Figure ii—Example of PDN impedance

1.E+06 1.E+07 1.E+08 1.E+09 1.E+10
Frequency [Hz]

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-WG was established in JEITA to explore ways to create a mutual
LPB interface to enable a more efficient co-design environment.

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.
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Format for LSI-Package-Board
Interoperable Design

IMPQRTANT NOTICE: IEEE Standards documents are not intended to ensure safety,’secur

or en

appli

This JEEE document is made available for use subject to important notices and legal disclaimers.
notices and disclaimers appear in all publications {containing this documenﬁznd may

These

be found under the heading “Important Notice” orS “Important Notices and
rning IEEE Documents.” They can also be obtained on request from IEEE or piewed at
http:/fstandards.ieee.org/IPR/disclaimers. html.

Concd

ironmental protection, or ensure against interference with or from othefrdevices or

ble laws and regulations.

1. Overview

118§

This §
integr
interc
forma
comp

1.2 F

cope

tandard defines a common interoperable format that will be used for the design of a)

ition (LSI), b) packages, for such LSI, and c) printed circuit boards on which the packag
nnected. Collectively, such designs are referred to as” LSI-Package-Board” (LPB) de
provides a common way to specify information/data about the project managemen
nents, design‘rules, and geometries used in LPB designs.

urpose

, health,
networks.

Implementers of IEEE Standards documents are responsible for determining and complying with all
approiE’iate safety, security, environmental, health, and interference prafection practices and all

isclaimers

arge-scale
d LSI are
igns. The
L, netlists,

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

1.3 Key characteristics of the LSI-Package-Board Format

LPB format will facilitate the exchange of design information. This functionality provides the ability to
plan the entire design at an early stage. In effect, post-design analysis will be possible throughout the entire

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.
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LPB design process. Analysis of each part of the design can be examined in relation to all other parts of the
design, to determine the optimal point to give feedback for appropriate design changes throughout the LPB.
This will promote the overall optimization of the design process.

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

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

¢) Component (C-Format)

d) Design Rule (R-Format)

e) Geometry (G-Format)

Conceptual design
N-Format |—| N-Format |—| N-Format

Detailed
desig
Project

V.

M-Format [ G-Format _\\}‘ |

Post design analysis

Reprinted with permission from JEITA.

Figure 1—LPB Format

Design time can be shortened by using the LPB Format. Traditionally, design starts immediately after
separate planning for each individual component of the LPB. Therefore, information exchange among the
separate design processes is limited. Trying to adjust the detailed design of one component to the detailed
design of another component makes the entire design period take longer. Optimization also tends to be a
separate process for each component of the LPB. By using the LPB Format for distributing information,
each LPB technician will be able to have the same understanding of the challenges at an early stage. As a
result, adjustments at the conceptual design stage can be made, before detailed designs are developed. By
making clear the overall LPB product specifications, the design target can be decided, and so the duration
of individual designs can be shortened. Use of the LPB Format also helps to reduce the number of design
iterations, because the design quality is enhanced. The designers can collect all information for simulation
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using the LPB formats, thereby reducing production time. The LPB Format can enable the entire analysis
easily, so that sufficient verification can be done and the quality of the products can be improved. As a
result, the period of adjustment in the set can be shortened and the time to market can be accelerated. With
the LPB Format, the design method for one product can be applied to the design environment for next
product in development.

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 contaiped 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.
— | 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.

2. Normative references

The fgllowing referenced documents are intdispensable for the application of this document (i.e.,|they must
be understood and used, so each referénced document is cited in text and its relationship to this dpcument is
explaiped). For dated references, only the edition cited applies. For undated references, the latest| edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE [Std 1364™, IEEE Staidard for Verilog Hardware Description Language. '

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online should be consulted for terms not defined in this clause.’

" [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.
*IEEE Standards Dictionary Online subscription is available at:
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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antipad: The clearance hole between a via and a no-connect metal layer, mainly used on the printed circuit
board and 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.

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.

ball: See: solder ball.
board: The printed circuit board or printed wiring board.
bonding finger: The metal electrode on the surface of an LSI package. It connects the bonding wire to the

routing pattern on the LSI package. In LPB Format files, the shape of the bonding finger is defined by the
padstack in the C-Format file.

bondiLg wire: A metal wire for connecting the die and bonding finger. In 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 signal to synchronize
differ¢nt parts of the circuit. In most cases, the part is register or flip-flop. The cloek is distribufed from a
single[source to registers or flip-flops and is required to arrive at all such parts atthe same time

comnjon mode impedance: The impedance of a single transmission ling‘when the two lines infa pair are
driver] with signals of the same amplitude and same polarity. Commopneven) and differential (ofild) modes
are th¢ two main modes of propagation of the signal through a coupled line pair.

comppnent: A physical and logical construction having inputs to outputs. LSI package or sem|conductor
chips pnd passive parts such as capacitors and connectorscare called components.

comppnent hole: A hole used for the attachment of‘Component terminations to the printed boajd as well
as for fany 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 instar]t at which
the magnitude of the output signal passes’ through a specified value that is close to its inifial value.
The syvitching time of the transistor anéd'the propagation time of the signal through wiring.

die: A separated part (or whole)-0f a wafer intended to perform a function or functions in| a device.
A smdll block of semiconducting material, on which a given functional circuit is fabricated.

differpntial mode impeédance: The impedance of a single transmission line when the two lines i1} a pair are
driver] with signalseofithe same amplitude and opposite polarity. Common (even) and differeptial (odd)
modeg are the twoamain modes of propagation of the signal through a coupled line pair.

differpntial- signal: Differential signaling. A method of transmitting information electrically| with two
compllendentary signals sent on two paired wires, called a differential pair.

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

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

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

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 Tor joining and connecting parts, the conductive pattern Jor surface
moun{ pads and hole-mounted components, and the conductive pattern that covers a via hole;

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

line: A device connecting two points for the purpose of conveying electromagnetie’energy betwWeen them.
Electrpmagnetic energy may be extracted from or supplied to a line at an interfiiediate point. Eyamples of
lines gre two-wire line, polygon line, coaxial line, and waveguide.

mounging hole: A hole used for the mechanical mounting of a printe¢-board or for mechanical gttachment
of compponents to the printed board. See also: hole.

net: The relative position of the ideal elements representing®an electric network. The label ih between
intercpnnection of terminals. Although it is defined on the.same hierarchy, there are also cases that indicate
the copnection regardless of hierarchy (for example, global net/definition).

packdge mold: Protection of an LSI chip by resin.against stress, external force, water, static elecfricity, and
foreigh substances. A package mold contains rein, silica, carbon, and flame retardant material.

packdge substrate: The same as that of.a’printed circuit board. It carries LSI and electrically connects
solder balls with LSI.

packdge: An enclosure for one. or-imore chips, film elements, or other components, that allowy electrical
conneftion and provides mechanical and environmental protection. Types of packages includd quad flat
packape (QFP), ball-grid” array (BGA), wafer-level chip-scale package (WLCSP), multi-chfp module
(MCM), package on package (PoP), etc.

pad: A metal eleétrode on the surface of a semiconductor device, LSI package, or printed circuit poard.

padstpack: The combination of layers that constitute a pad.

physical-design rule series by semiconduc ufacturers—that-bnable 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.
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port: Access to a device or network where electromagnetic energy or signals may be supplied or received,
or where the device or network variables may be observed or measured.

NOTE—An example of a port is a terminal pair.*

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 point of reference that is used for representing the coordinates.

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

singletended signal: A signal used for single-ended signaling, which is the method of transmittfng signals
over glectrical connections. One electrical connection carries a varying voltage that represents the signal.

skew:| A variation of a delay time by propagation of a signal, or an amount of gaps of the ¢lelay time
betwepn a reference signal and an object signal.

soldert ball: A spherical solder that is used in the LSI package of a BGA\type and provides the contact
betwepn the package and the printed circuit board. The pins of the, BGA package are placed in a grid
patterp. Balls are mounted on each pin and used to solder the BGA to the printed circuit board. The internal
circuif in a BGA exchanges signals and power with an external eircuit on a printed circuit boafd through
the ball. The shape of the ball is defined in the R-Format file.

stack¢d via: A structure that places a via on another via. S¢edlso: via.

sub-cijrcuit: A sub-circuit expresses a specific circuit@s one unit.

termihator: A device fitted to the end of a cable to ensure electrical connection with other phrts of the
systerh and to maintain the insulation up to the‘point of connection.

typ: An abbreviation of “typical,” used\to express a representative or standard value.
via hdle: The conduction connectivity made through a hole in between layers. See also: hole.
via: (ne of the conductivé parts forming a contact in between layers.

void: |A hole or cuteut'on a plane.

3.2 Acronyms and abbreviations

ASCI AmerteanStandard-Code-for-Informatrominterchange
BGA ball grid array

CPIP Chip-Package Interface Protocol

DC direct current

4 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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DDR double data rate

DDR-SDRAM  double data rate synchronous dynamic random-access memory
DEF Design Exchange Format

DXF Drawing Exchange Format

EDA electronic design automation

EMI electromagnetic interference

GDS (GDS 1I)  Graphic Database System

GND ground

HDL hardware description language

ICEM integrated circuit emission model

ICIM integrated circuit immunity model

IEC International Electrotechnical Commission

1/0 input output

IBIS Input/output Buffer Information Specification

IC integrated circuit

JEDE(C Joint Electron Device Engineering Council
JEITA Japan Electronics and Infermation Technology Industries Association
LPB LSI, package, and-board; LSI-Package-Board
LPB-WG LPB interoperable design process working group
LSI large-scale’ integration

MD35 message digest algorithm 5

NG no good

PCB printed-circuit-board (adjective)

PCle Peripheral Component Interconnect Express
PKG package

PKI public key infrastructure

POP, PoP package on package

PWB printed wiring board
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RMS root mean square
Si2 Silicon Integration Initiative
SMA subminiature version A
SoC System on Chip
SPICE Simulation Program with Integrated Circuit Emphasis
VHDL Very High Speed Integrated Circuits Hardware Description Language
XML Extensible Markup Language
Xtal crystal
4. Concept of the LPB Format
4.1 Tlechnical background
The design margin for timing and noise is decreasing due to the higher speed of systems ar]d the low
voltage of the interface and power supply. Also, balancing design for both cost and perfdrmance is

increal
board
becon|
margi
LPB.

neede
neces

4.2 C

singly becoming important for cost competitiveness. In@/conventional design, the LSI, pa
(LPB) are designed with margin in accordance with individual design guidelines. H
les difficult to provide design guidelines for eachilPB part separately with the decrea:
h. Therefore, deciding the design target needs the cooperation of the designers of each |}
In other words, the innovation of deciding “design guidelines by using simulation tecl
1 in the system design process. To perform-this task, a rapid and accurate simulation envi
ary.

onventional design

tkage, and
bwever, it
ed design
part of the
inology is
onment is

In conjventional 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 throyghout the
whole] system, appropriate design changes on each design site separately, and excessive estijnation for
design} margin. These significantly influenced the quality and cost of the final product.

4.3 Gommon 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.
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4.3.2 Lack of information for system design

Limitations and design margins among the LSI, package, and board may not be assumed at the time of the
design of the individual components. Also designers may face big obstacles after connecting individual
components because they are uncertain about the limitations and margins of the others. For example,
designing the package or board (wiring) will be difficult because of lack of information 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

Because input and output formats are different for each electronic design automation (EDA) vendor, in
some cases the designer needs to convert the format at the time of the delivery of the data from the different
EDA vendors. Problems occur when the designer lacks information at the time of format conversion and
has tofmake up 1or its lack later. In addition, the pin name and net names may be different for|every LSI
circuif, package, and board. The designer needs to adjust those data and spend painful time inncotfection.

4.4 Goncept of LPB interoperable design

Interoperable design is the solution method for the problems with using Conventional individpal design
methads for each LPB part. It is defined as the style that each LPB sectiofidises to cooperate and [design. At
first, the designer makes minimum design guidelines to satisfy the product’s performance stqndards by
desigrling through the whole LPB using the interoperable design. After’that, the designer design$ each part
indiviflually in accordance with the design guidelines. After«€ach individual design is comgpleted, the
desigrjer performs a simulation for integrating that part with th¢ Whole LPB, confirms the perfqrmance of
all prqducts, and provides feedback on the designs for all othér parts accureately.

4.5 Value creation by LPB interoperable design

4.5.1 |[Effects of LPB interoperable design

LPB ipteroperable design is an apprepriate method of design throughout a whole system for signgl integrity
and ppwer 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
subclduses.

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
margipseimetimes occurs. The designer then needs to discover which part of the LPB is causing the margin
bottlefetkAS @ TeSUIT, e deSIger Ay TI0T ONty Spernd @ ot Of UIMe but atso 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.
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Board
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Figure 2—Conventional design flow versus LPB interoperable design flow

4.5.3 Reduetion-of-system-total-cost

In corfventional design, because a designer designs each part of the LSI, package, and board*sepa
separdte, individual margins, the design margin of the product as whole system sometimes

excesgive when the parts are finally connected. It

ately with
becomes
is possible to reduce the ¢ofal cost ysing LPB

interoperable design because the design margin for the whole design is controlled and heldl in total,

including reduction of the number and cost of the parts used in the design. Figur¢ 3 compares
margips of conventional design flow and LPB interoperable design flow.

the design
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LS/ Package Board
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spec.
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Reprinted with permission from JEITA.

Figure 3—LPB interoperable design can control design margin

4.6 LPB Format

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

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
IEEE Std 2401-2015 -11-

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
example, three types of designers exists: the LSI designer, the package designer, and the board designer.
All designers 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
desigiteetsettings-

[1. Project Management (M-Format)}

2 Netlist 2. Netlist 2. Netlist
(N-Format) (N-Format) (N-Format),
4. Design rule 4. Design fule
R-Format R-Format
3. Component 3. Component
(C-Format) (C-Format)
/_\ K‘\
Design optimization PKG Design )Design optimization
<=
Physical info. DeSIQn
£ Physical info.
IBIS/SPICE
P/G equivalent model
Analysis tools
SI/PI/EMC

Figure 4—Example of exchanging:design information using the LPB Format

4.7.2|C-Format

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

— Design constraints, such as the upper limit of the delay or skew

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

By unifying the notation with C-Format, it is possible to exchange information without misunderstanding.
For example, a board designer should understand the specifications delivered from several LSI vendors and
should set up the design tools based this understanding. Human error may occur during this process if the
specifications are described by each vendor’s own notation. Using C-Format instead of vendors’ own
notations, it is possible to set up the design tool automatically and to prevent human error due to
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misunderstanding. Figure 5 shows an example of the information flow of LSI specifications using C-
Format. The LSI specifications are all provided by C-Format even if the vendors are different. The board
designer can understand the specifications by reading only one notation, and design tools can automatically
set up themselves by entering C-Format.

LSI Vendor (A) }

LSI Vendor (B) }

Design Tool [«<Femat Board Designer

LSI Vendor (C) ]

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

Unifigd notation also smoothly circulates information about specification changes. Figute 6[shows an
example of interoperable design flow. A board designer and an LSI designer are ‘collaborpting. The
infornmpation about the pin assignment of the LSI package is provided by the LSI designer. Wher| the board
desigrjer want to change the pin assignment of the LSI package, he or she modifigs.the provided| C-Format
file ahd returns it to the LSI designer. The use of C-Format prevents tmaistinderstanding [about the
speciffcation change and prevents human error that can occur due to specification changes.

Board Designer ‘ LSI Desjgner

Proposal
Create C-Format for LSI
Amendment
Medify C-Format
Compromise

Modify C-Format

Time

Rigure 6—Example of interoperable design flow with C-Format

The sc¢cormd PpurposcT of C=FormmatTsto pu)vidc Fumfredterfacetoa simutatior modesuchras @ Simulated
Program with Integrated Circuit Emphasis (SPICE) netlist, Input/output Buffer Information Specification
(IBIS), S-parameters, etc. C-Format wraps these simulation model files and gives cross-references between
the nodes of the simulation model and the physical ports of the parts. Simulation tools can plug in the
simulation model automatically by entering the wrapped model file. Figure 7 shows an example of
exchanging simulation models. Model files are provided with the C-Format file.
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LS| Vendor |

\ IBIS |

Simulation | c-Format , PartsMaker(A) |
Tool H Board Designer

[ SPICE Netiist |
PartsMaker(B) |

SPICE Netlist

m ‘ S Parameter |

Figure 7—Example of exchanging simulation models with C-Format

The third purpose of C-Format is to provide connection points to merge’ multiple layout data.

wraps

ports
GDS

[ file, ports in C-Format are associated with the coordinates/layers in the GDS 1II file.

C-Format file wraps a G-Format file, the ports in the C-Fermat file are associated to the

G-For

house

data. ]

in the

analysis tools. The analysis tools can find the.Connection points using the cross-references

the C{Format file and merge the layout data of theprinted circuit board and the package.

The f
C-For

floorpllan information from system designer to board designer. Figure 8 shows an example of d

when
of the

the system designer requests-a-printed circuit board design from the board designer. At the

file. By unifying the notationhof the floorplan, it is possible to exchange floorplan informati
misunderstanding, and to §etyup the design tool automatically.

C-Format

layout data files, such as Graphic Database System (GDS) II, andvgives cross-referencds between
n the C-Format file and objects in the layout data file. For example, when the C-Format file wraps a

When the
bin in the

mat file. This feature can be used to merge two or motre layout data designed by differpnt design
5. Such situations can occur when the board designer wants to analyze the board with packpge layout
['he board designer receives the wrapped package-ayout data from the package designer arld enters it

defined in

burth purpose of C-Format is to support the floorplan of the printed circuit board and package.
mat includes placement information-about the parts. This feature can be used to commynicate the

psign flow
beginning

work, the printed circuit board designer can set up the design tools based on the provided| C-Format

n without
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System Designer ‘ Board Designer

Floorplanning C»

O,
Create C-Format for Board '?}’Q’
| &~ Parts placement
&
(s) Modify C-Forma
C;g ! t

Confirm parts location

Amendment c“"o,.,b
\
Modify C-Format . .
Investigation
o Forme Compromise
Maodify C-Format

Time

Figure 8—Example of design flow between system designerand board designgr

4.7.3|R-Format

The fifst purpose of R-Format is to unify the notation of the’design rules of the printed circuit bodrd and the
packape. The following design rules are defined in R-Format:

— | Layer stackup of the package and the printéd circuit board

— | The thickness of the conductive layer/insulating layer

— | The materials used for each layer

— | The material parameters, su¢hias conductivity, dielectric constant, or loss tangent
— | Line width and line space

— | Via spacing

— | Shape of vias

Normilly, manufacturers of printed circuit boards and packages provide the design rules using|their own
notatipns, The' designer has to understand the design rules described in several notations and [set up the
desigi) t0dls, with the risk that human error may occur. However, using a unified notation such ag R-Format
makes Tt poOSsibie 0 STt up the desigIT tooT autoatcatty and to prevent sunderstanding. Figare 9 shows
an example of exchanging design rules using R-Format. All manufactures provide design rules using the R-
Format unified notation. Design tools can set up themselves automatically by entering R-Format.
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Design Tool [&r2™Mat [ Board Designer

Board Manufacture(A) ]

Board Manufacture(B) |

Board Manufacture(C) |

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

The second purpose of R-Format is to define the physical design constraints of the printed circuit board and
the package. Where, the physical design constraints means that the height limitation of mounted parts and

non-defanlt desien rule area

4.7.4|G-Format

The plirpose of G-Format is to unify the notation of the layout data of the layer stack=up structu
the printed circuit board or package. It is possible to exchange the layout data seamlessly betwegn analysis
tools and layout tools by the unified notation of the layout data. The G-Foymat file includes the| following

geomdtric information:

— | Printed circuit board

— | Layer stackup and physical parameters of the material

— | Shape and location of the mounted parts
— | Shape and location of the pins

— | Route or pattern of the nets

— | Shape and location of the vias

— | Shape of the bonding wires

e, such as

Figurg 10 shows an example of ekchanging layout data using G-Format. Analysis tools can set yip by only

enterifg G-Format if all layout tools output G-Format file.

[ Analysis Tool

Layout Tool(A) |

Layout Tool(B) |

Layout Tool(C) |

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

4.7.5 N-Format

The purpose of N-Format is to unify the notation of the netlist that is used to design the printed circuit
board and the package, where “the netlist” means the connectivity information between parts that are
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mounted on a printed circuit board or package. N-Format conforms to Verilog hardware description
language (HDL) (IEEE Std 1364°) and adds keywords to identify power and ground nets. Unifying
notation of the netlist makes it possible to exchange the netlist seamlessly between circuit design tools and
layout tools. For example, when the circuit designer orders the board design from the board designers, the
designers should exchange the netlist.

If the netlist is represented using several notations, there is a risk that human error may occur when entering
the connectivity between parts into the design tools. However, by using the unified notation for netlist, it is
possible to prevent human errors when setting up the design tools because all design tools can set up the
connectivity between the parts by supporting only one notation for the netlist file. Figure 11 shows an
example of design flow using the N-Format file. Circuit modification is exchanged using N-Format.

Circuit Designer Board Designer

Circuit design

Create N-Format

0,
,
Doy

Schematic entry ‘
v

Board Design ‘

Add Decupling capacitor \

Modify N-Format

Confirm Circuit

Time

Figure 11 —Example of design flow with N-Format

4.7.6 M-Format

LPB Format files are (cofitinuously updated in accordance with the design progress. The gurpose of
M-Fofmat is to manage, the version of each file to prevent errors when exchanging LPB Format fifles.

5. LTnguage basics

5.1 General

This subclause describes the conventions used in the syntax definitions of the LPB M-Format, C-Format,
and R-Format.

% Information on references can be found in Clause 2.
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5.2 Typographic and syntax conventions

The following list describes the syntax conventions:.

text

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

italic

The italic font is used to indicate the user-defined information for which shall be substituted a

name or value.

€nce over

e a list of

ributes or

elements.

Vertical bars separate possible choices for a single attribute or element. They take preceq
hny other character.

[]
Brackets denote optional attributes or elements. When used with verticalBars, they enclo
choices.

[]...
Brackets followed by three dots indicate that there shall be specified zero or more at
elements. When used with vertical bars, they enclose a\list of choices.

{}...
Braces followed by three dots indicate that there shall be specified one or more attributes o1
When used with vertical bars, they enclosg’a list of choices.
Three dots indicate that the previous value could be repeated.

All offthe strings in the M-Ferihat, C-Format, and R-Format are case sensitive.

NOTEf—AIl code examples in this standard are written in monospace font.

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.
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6.2 The <header> element

6.2.1 General

The <header> element defines the management information of the M-Format, R-Format, and C-Format
files.

<header
project="project name"
design revison="revision number"
[date="date"]
[author="owner of this document"]
[email="email address"]
[company="company name"]
[comment="any comment"]

/>

By prpcessing the <header> element, you can get the project name (project), éreation dafe (date),
infornpation about the author (author, email, and company), and a control numbéi(design r¢vision).
6.2.2 |Attribute definitions

The aftributes of the <header> element are defined as follows.
projé¢ct

This attribute specifies the name of the project. AIK’PB Format files in a project shall havp the same
project name.

desig¢gn revision

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

date

This attribute specifigs-the creation or modification date of the LPB Format file.

auth¢r

This attribute specifies the name of the author of the LPB Format file.

emai]

Tl ttaacloa ot o +1 M | pRpn| £l s

LIS atuaItvuiv DPUULLIL/D UIV VITIAIT AUUIvssS UL uiv aulrivlrl.

company

This attribute specifies the organization to which the author of this design file belongs.

comment

This attribute specifies an arbitrary text string used as a comment.
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Example

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

<header
project="JEITA LPB SAMPLE PROJECT"
design revision="1.3"
date="20120331"
author="yyyyy xxxxx"
email="xxxx@jeita.jp"
company="JEITA"
comment="This is a sample code of LPB format.”

/>
6.3 The <global> element
6.3.1|General
The qglobal> element defines the unit system, basic shapes, and padstackto-be used throyghout the
R-Forpmat and C-Format files.
<glokhal>
<unit> element
[<shape> element]..
[<padstack def> element]..
</gl¢bal>
The s¢ope of the defined variables is limited to the file@n which it is declared. The content of th¢ <global>
elemept consists of one <unit> element and one or zéro <shape> and <padstack def> elements.
6.3.2|The <unit> element
The <hnit> element defines the unit.system to be used in LPB Format file.
<unig>
[<distance> element]
[<angle> element]
[<area> element]
[«time> element]
f<resistivity> element]
[<temperature> element]
[<voltage> element]
[<power> element]
[<inductance> element]
[RIrequency> elemenc]
[<impedance> element]
</unit>

The values tell how the numbers found in the LPB Format file shall be interpreted.
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1 Element content

1.1 The <distance> element

The <distance> element defines length units in the metric system.

IEC 63055:2016
IEEE Std 2401-2015

<distance unit=”length unit” />

The 1ength unit shall be one of the following values:

pm (picometers)
nm (nanometers)
um (micometers)
mm (mullimeters)
m (meters)

inch (inches)

mil mil

6.3.2/1.2 The <angle> element

The <

<ang]

The u

6.3.2

The

bngle> element defines a unit system for angles.

e unit="unit of angle" />

hit of angle shall be either of the following values:
degree

radian

1.3 The <area> element

area> element defines a unit,of area.

<ared

unit="unit of area" 7>

The uhit of area shallbe one of the following values:
pm2 square picometer
nm2 square nanometer
um2 square micrometer
mp2 square millimeter
mi square meter
6.3.2.1.4 The <time> element

The <time> element defines a unit of time in seconds.

<time unit="unit of time" />

The unit of time shall be one of the following values:
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ps picosecond
ns nanosecond
us microsecond
ms millisecond
s second

6.3.2.1.5 The <resistivity> element

The <resistivity> element defines a unit of resistivity.

<resistivity unit="unit of resistivity" />

The upitof resicstivityvshall be one ofthe follow ing values:

fohmm femtoQ meter
nohmm nanoQ) meter
pohmm  picoQ2 meter
uohmm micro€ meter
mohmm milliQ meter
ohmm Q meter
kohmm kiloQ2 meter
Mohmm mega) meter
Gohmm  gigaQ meter

6.3.2/1.6 The <temperature> element

The <femperature> clement defines a unit system, for temperature.

| <temperature unit="unit of temperatfive" />

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

C Celsius
K Kelvin

6.3.2/1.7 The <voltage> element

The {voltage>glement defines a unit of voltage.

<voltage\unit="unit of voltage" />

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

pv picovolt
nv nanovolt
uv microvolt
mv millivolt
v volt

kv kilovolt
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6.3.2.1.8 The <power> element

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

IEC 63055:2016
IEEE Std 2401-2015

<power unit="unit of power" />

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

pW picowatt
nw nanowatt
uW microwatt
mW milliwatt
W watt

ani kilowatt

6.3.2/1.9 The <inductance> element

The <finductance> element defines a unit of inductance.

<indyctance unit="unit of inductance" />

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

fH femtohenry
pH picohenry
nH nanohenry
uH microhenry
mH millihenry
H henry

kH kilohenry

6.3.2/1.10 The <frequency> element

The <ffrequency> element defines a unit of frequency.

<fredquency unit="unit) of frequency" />

The upit of freguency shall be one of the following values:

uHz microhertz
mHz millihertz
Ay hertz

kHz kilohertz
MHz megahertz
GHz gigahertz

6.3.2.1.11 The <impedance> element

The <impedance> element defines a unit of impedance.

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
IEEE Std 2401-2015 - 23 -

<impedance unit="unit of impedance" />

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

fohm femtoQ2
pohm picoQ
nohm nanoQ2
uohm micro£
mohm milliQ
Ohm Q
kohm kiloQ
Mohm megaQ2

6.3.2J2 Example

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

<unig>
<d}stance unit="um" />
<apgle unit="degree" />
<afea unit="um2" />
<tjme unit="ps" />
<r¢sistivity unit="ohmm"/>
<t¢mperature unit="Cc" />
<v¢ltage unit="v" />
<p¢wer unit="mw" />
<ipductance unit="nH" />
<frequency unit="MHz" />
<ifjpedance unit="ohm" />

</unit>

6.3.3|The <shape> element

6.3.3]1 General

The <ghape> element defines basic shapes that are referenced by other attributes and elements| such as a
<padgtack def> element.

<shape>
{<rectangle> element]..
[<circle> element]..
[<polygon> element]..
</shape>

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 or more <rectangle>, <circle>, and <polygon> element.
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6.3.3.2 Element content

6.3.3.2.1 The <rectangle> element

6.3.3.2.1.1 General

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

<rectangle
id="identifier"
width="width"
height="height"
L ul LL e e vl Ll
e +otation—angtely
/>

The r¢ference point of the defined rectangle is at the center of the rectangle.

6.3.3/2.1.2 Attribute definitions

The aftributes of the <rectangle> element are defined as follows.

id
['his attribute specifies the unique identifier that is usedo reference the shape from otheq attributes
nd elements.

width
['his attribute specifies the width of the reefangle. The unit of distance is defined by the <df stance>
blement in the <unit> element.

height
['his attribute specifies the height of the rectangle. The unit of distance is defined by the <df stance>
blement in the <unit> ¢lement.

angld

[his attribut€.specifies the angle of the counterclockwise rotation with respect to the cefiter of the
fectangle.(Ifj an angle is not specified, zero is set as the default. The unit of the rotatiopn angle is
lefinedtby the <angle> element in the <unit> element.

6.3.3.2.1.3 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
idth="12"
height="6"
Figure 12 —Example of a rectangle shape

6.3.312.2 The <circle> element
6.3.3{2.2.1 General
The <fircle> element defines the shape of a circle by diameter.
<cirg¢le

id="identifier"

diameter="diameter"
/>
The r¢ference point of the circle is at the center.

6.3.3

The aftributes of the <circle> elementiare defined as follows.

id

diamdg

2.2.2 Attribute definitions

['his attribute specifies) the unique identifier that is used to reference the shape from othet
ind elements.

ter

['his attribute specifies the diameter of the circle. The unit of distance is defined by the <d
bletnent in the <unit> element.

attributes

| stance>

6.3.3.

2.2.3 Example

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

<circle id="viapadl2” diameter="12" />
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(U

i | .
T V/ ”
diameter="12

Figure 13 —Example of a circle shape

6.3.3/2.3 The <polygon> element

6.3.342.3.1 General

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

<polygon
id="Identifier"
points="x1, yl1, x2, y2, x3, y3, x4, y4 %"
[angle="rotation angle"]

/>

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

6.3.3/2.3.2 Attribute definitions

The aftributes of the <polygon> element are defined as follows.

id
This attribute specifies the unique identifier that is used to reference the shape from othet attributes
hnd elements.

points
['his attributg, specifies a sequence of at least four points to generate a closed polygon. Thg last point
ind first'point shall be same. Points are separated by commas (, ), and each point is a fair of XY
oordinates separated by a comma (, ). The unit of distance is defined by the <distance> glement in
1he <dnit> 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 angle is
defined by the <angle> element in the <unit> element.

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
IEEE Std 2401-2015 - 27 -

6.3.3.2.3.3 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)
(-3,2) (5,3)

('11_3)

Figure 14 —Example of a polygon shape

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

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

30 degree

Figure 15—Example of the rotation of a polygon shape

6.3.3/3-.Example

The following 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 id="VLLPAD" diameter="500" />
<circle id="VSLPAD" diameter="400" />
<circle 1d="VLSPAD" diameter="700" />
<circle id="VSAPAD" diameter="600" />
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<circle i1d="SHP.10" diameter="200" />

<rectangle id="SHP.21" width="7500" height="10900" />

<polygon id="SQRT" points="10,10,20,10,20,20,20,10,10,10" />
</shape>

6.3.4

6.3.4.

The <padstack_def> element

1 General

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

<padstack def

id=identificr”

>
{<ref shape> element}..
</padilstack def>
The r¢ference point of the padstack is at local origin (0, 0). The scope of the padstaek-definitionq is limited
to the|file in which it is declared. The content of the <padstack def> elementiconsists of orfe or more
<ref |shape> element.
6.3.4]2 Attribute definition
The aftribute of the <padstack def> element is defined as féllows.
id
This attribute specifies the unique identifietthat is used to reference the padstack ffom other
httributes and elements.
6.3.4]2.1 The <ref_shape> element
6.3.412.1.1 General
The <pef shape> elementteferences the shape that constructs a padstack.
<ref |shape
shape id="identifier of referenced shape"
[type="shape type"]
[x="x coordinate" y="y coordinate"]
[angel="rotation angle"]
['I:: r—"c%:pa nlaced 7:rar"]
[pad layer="pad placed layer"]
/>

The referenced shape shall be defined at the <shape> element in the same file.

6.3.4.

2.1.2 Attribute definitions

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

type

This attribute specifies how the shape is used for via structure. Figure 16 shows an example of via
structure. The value shall be one of the following:

Antipad used as a shape of clearance, or antipad

NonConnection used as a shape of the nonconnection land

Land 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

NonConnection

—

Land

Hole

4
¥

Land

>

L2
Flating thickness —— 2p=—

for the wia walls.

L3
L4
—> TT T | N [ N | T
Land Dl
Antipad
—>

Reprinted with permission from JEITA.

Figure 16 —Example of via structure

X
Yy
[hes¢ attributes specify the location of the reference point of the shape with respect tq the local
rigiw. The x and y attributes specify the x-coordinate and y-coordinate, respectively. If these
TTTOUTES are not Specitied, Zero 1S Set as U default. 1 he umit of te coordmate 15 detfined by the
<distance> element in the <unit> element.
angle

This attribute specifies the angle of the counterclockwise rotation with respect to the reference point
of the shape. If the 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 license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
-30- IEEE Std 2401-2015

layer

This attribute specifies the placement layer of the shape. The layer attribute is used exclusively by
the R-Format.

pad layer

This attribute specifies the placement side of the shape as shown in Figure 17. The pad layer
attribute is used exclusively by the C-Format. The value shall be either the following:

TOP The shape is placed on the top side.
BOTTOM The shape is placed on the bottom side.

TopView pad_layer="TOP”

pad_layer=”BOTTOM"{} \ @

k} BGA

pad_layer=“BOTTOM”

[l svo &

Reprinted with permission from JEITA.

Figure 17 —Explanatory drawing of <pad layer>

6.3.4)3 Example

The fgllowing is an example of the $padstack def> element in use.

<padgtack def>

<pgdstack id="smallvia" type="VIA">
<ref shape shape id="VLLPAD" />
<ref shapeyshape id="VLAPAD"/>
<ref shafe~shape id="VDRILL" />
<ref shape shape id="VHOLE" />
<ref.Sshape shape id="VLLPAD" />
<pef_Jshape shape id="VLAPAD" />
«ref shape shape id="VDRILL" />
Ter _shape shape 1d="VHOLE
</padstack>
<padstack id="ball" type="BALL PAD">

<ref shape shape id="SHP.10"

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

/>
</padstack>
</padstack_ def>XXXX
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7. M-Format

7.1 M-Format file structure

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

<LPB MFORMAT>
<header> element
[<include> element]..
{<class> element}..
</LPB7MFORMAT>

7.2 The <include> element

7.2.1|General

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

<include
MFORMAT="name of M format file”
/>

7.2.2 |Attribute definition

The aftribute of the <include> element is defined-as follows.

MFORNAT

['his attribute specifies the name of the M-Format file to be included. When this attributg does not
ontain a directory path, it means the M-Format file exists in the current directory. When thjs attribute
ontains a relative directorypath, it means the M-Format file exists in that relative plac¢ from the
urrent directory. Also,.this attribute may use an absolute file path from the root directory.

7.2.3|[Example

The fqllowing\is-an example of the <include> element in use.

<incluée€ MFORMAT="LPBFMT-PKG.xml" />
<include MEFORMAT="ydir/zdir/TPREMT-PKG2 xm]"

<include MFORMAT="/TOPDIR/xdir/LPBFMT-SOC.xml" />
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7.3 The <class> element

7.3.1 General

IEC 63055:2016
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The <class> element binds the related files that form a functional module, such as an LSI package or

printed circuit board.

<class
[comment="comment text”]

N _
[<CFORMAT> element]
[<RFORMAT> element]..
[<GFORMAT> element]...
[<NFORMAT> element]
[<OtherFile> element]..

</clgss>

7.3.2|Attribute definition
The aftribute of the <class> element is defined as follows.
commgnt

['his attribute specifies the comment string.

7.3.3[Element content

The <flass> element can contain the following elements:

<CFORMAT>
<RFORMAT>
<GFORMAT>
<NFORMAT>
<OtherFile>

7.3.4|Example
The fgllowing is anexarhple of the <class> element in use.

<clags comment="PWB” >
<CFORMAT\ Comment="C-Format" file name="CFMT TOP.xml"

<RFORMAT comment="R-Format" file name="RFMT TOP.xml"

Hesi'gn revision="1.0" " MD5="646da%ae5d9%90ebtb51b0a578badae372f" />

design revision="1.0" MDo="bedellb9fedo/3bool9ctfbof90elact™ />
<GFORMAT comment="G-Format" file name="GFMT TOP.xfl"
MD5="6ede01b9%fed672cfa746974210d68e96" />
<NFORMAT comment="N-Format" file name="NFMT TOP.v"
MD5="ee620bf842fb6646da%ae5d90e6b51b0" />
</class>
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7.3.5 The <CFORMAT> element

7.3.5.1 General
The <CFORMAT> element specifies a file of the LPB-component format (C-Format)

<CFORMAT
[comment="comment text”]
file name="name of C format file”
design revision="revision number”

[MD5="MD5 checksum” ]

/>

7.3.5]2 Attribute definitions

The aftributes of the <CFORMAT> element are defined as follows.

commégnt

['his attribute specifies a comment string.

file|name

['his attribute specifies the name of the C-Format file.

desig¢gn revision

['his attribute specifies the revision number;of the C-Format file.

MD5
['his attribute specifies a messagesdigest algorithm 5 (MDS5) checksum for the C-Format file

7.3.5)3 Example

The fqllowing is an example of the <CFORMAT> element in use.
FORMAT ¢omment="C-Format" file name="CFMT TOP.xml"

<C
Hesignrevision="1.0" MD5="5c34a4ddlbb48484ele93eb5e23b3094" />

7.3.6 The <RFORMAT> element

7.3.6.1 General
The <RFORMAT> element specifies a file of the LPB-rule format (R-Format).
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<RFORMAT
[comment="comment text”]
file name="name of R format file”
design revision="revision number”
[MD5="MD5 checksum”]

/> -

7.3.6.2 Attribute definitions

The attributes of the <RFORMAT> element are defined a follows.

comment

file|

desi

MD5

7.3.6

The ft

<R

7.3.7

7.3.7

The <

his attribute qppr‘iﬁpc acomment Qtring

| name

['his attribute specifies the name of the R-Format file.
n revision

['his attribute specifies the revision number of the R-Format file.

['his attribute specifies an MDS5 checksum for the R-Fornfat\file.

3 Example

llowing is an example of the <RFORMAT> element in use.

FORMAT comment="R-Format" fide name="RFMT TOP.xml"
Hesign revision="1.0" MD5="4d16098ad69f0al153387d6430a25806a" />

The <GFORMAT> element

1 General

CFORMAT»element specifies a file of the LPB-geometry format (G-Format).

<GFOJ

MAT
[comment="comment text”]

L

/>

— 73 o gl
Trro rane . amne or o rormnac rrro

[MD5="MD5 checksum”]

7.3.7.

2 Attribute definitions

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

comment
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This attribute specifies a comment string.

file name

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

MD5

This attribute specifies an MDS5 checksum for the G-Format file.

7.3.7.3 Example

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

<GFORMAT comment="G-Format" file name="GFMT TOP.xfl"
MD5="b3fed15159%9e9fbefdf67b603395eafic" />

7.3.8|The <NFORMAT> element

7.3.8]1 General

The <NFORMAT> element specifies a file of the LPB-netlist format {IN-Format).

<NFORMAT
[comment="comment text”]
file name="name of N format fiN&”
[MD5="MD5 checksum”]

/>

7.3.812 Attribute definitions

The aftributes of the <NFORMAT> elemient are defined as follows.
commgnt

['his attribute specifies’a comment string.

file|name

['his attribute specifies the name of the N-Format file.

MD5

This attribute specifies an MDS5 checksum for the N-Format file.

7.3.8.3 Example

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

<NFORMAT comment="N-Format" file name="NFMT TOP.v"
MD5="343490687786£1420958e9%aed2£2895b" />
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7.3.9 The <OtherFile> element

7.3.9.1 General

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

IEC 63055:2016

IEEE Std 2401-2015

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

/>

7.3.9 2-Attributedefinitions

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

commént

['his attribute specifies a comment string.

file|name

['his attribute specifies the name of a user-defined file.

MD5

['his attribute specifies an MD5 checksum for the user=defined file.

7.3.943 Example

The fqllowing is an example of the <Othef£Pile> element in use.

<OfherFile comment="Powex\Model" file name="DDRPowerModel.sp"
MDp="7ca273b0993527d8dficdeed246b8fbff" />

8. CiFormat

8.1 G-Format file structure

Thec ptent-o he /aVuaals e consi ol-one heada and<olob elemen avar=ara

ord <model>

elements, and one or zero <component> element. These elements shall be specified in the following order:

<LPB CFORMAT>
<header> element
<global> element
{<module> element}..
[<component> element]
</LPB_CFORMAT>
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8.2 The <module> element

8.21

General

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

module.
<module
name="name of module"
type="module type"
[shape id="identifier of referenced shape"]
[x="x coordinate" y="y coordinate"]
[3""11 oy ] H]
[thickness="thickness”]
>
{<socket> element}..
[<specification> element]
{<reference> element}..
</modlule>
The cpntent of the <module> element consists of zero or more <socket>and/<reference> eldgments and

one of
The <

The
consu

The

physid
positi

8.2.2

The aftributes of the <module> element are as follows:

name

type

zero <specification> element.
socket> element defines the I/O ports and design constraintse

specification> element defines the specifications for the module itself, such
mption.

reference> element associates the port defined in the <socket> element with electric

al data that are defined in other files. Fortexample, the <reference> element can p
n for the I/O node of IBIS that does not\have a physical information.

Attribute definitions

['his attribute.Specifies the module name that is used to reference the module from other atti
blements. Fh€ module name shall be unique in the same C-Format file.

as power

hl node or
fovide the

ibutes and

2 PO TR L ol kT fanil 1 1111 £l all .
OIS attrtoutie DpCbllle LU HTIUUUIC l.pr. TIIC vValucT Slidil UL UIIU UT UIU 1U11UW1115.

LSI semiconductor integrated circuit
PKG package
PWB printed wiring board or printed circuit board.

OTHER other type
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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.

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

port
placement

 eintinf Shape § :

o \\‘-_,_ Specifies the placement point of
origin (x,y) ‘| shape. The ofigin of the shape
Sy | shouldbe placed at this point.

(0,0)

»

Reprinted with permission_from JEITA.

Figure 18 —Example of the shape of the module and its placement

angld

[his attribute specifies the afigle of the counterclockwise rotation with respect to the reference point
f the shape as shown in Figure 19. If the 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.

AN\

7

—angle.

V’

Reprinted with permission from JEITA.

Figure 19 —Explanatory drawing of the rotation of a module
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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.

MOLD

thickness

Layer stack up

Reprinted with permission from JEITA.

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

8.2.3 [Example

The f¢llowing is an example of the <module> element in use.

<glolpal>
shape>
<rectangle id="PFGBABODY" width="d200" height="1200" />
<circle id="B500" circle="500" />
/shape>

padstack def>

<padstack id="BGABALL" type="BALLPAD">

<ref shape shape id="B500" x="0" y="0" />

</padstack>
/padstack_def>
</gl¢bal>
<modyle name="BGA" type={"PKG"
shape 1d="PFBGABODY" x="0" y="0" thickness="540">
<gocket name="BGAIO! >
<default>

<port shape’ padstack id="BGABALL" />
</default>
<port idsWAI"™ x="-1100" y="-1100" />
<port AdE"A2" x="-1000" y="-1100" />

<fsocket>
</modqulepr

8.2.4 The <socket> element

8.2.4.1 General

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

—_n

name="socket name"

<default> element ]

<port> element }..

<portgroup> element ]..
<powerdomain group> element ]..
<swappable port> element ]..
<swappable group> element ]..
<frequency> element ]..
<constraint> element ]..

— e s

</socket>

The port definition is 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 lgqeattomrof-the puft, Hie—ar fuutpliut. Fhe dubisu constratmts }.uuvidu constramts—to—routeqthe Signal

connefting the module.

The <pocket> element can contain the following elements:

<default>

<port>

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

The <port> element defines the I/O ports, and the <de fault> element defines the default shap¢ for ports.

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

The <portgroup> element defines sets of port§that are referred to by other elements in the samg file.

The <powerdomain group> element défines the power domain of the signals that move in angl out from
the port of the module. The <swappable port> and <swappable group> elements define sets of
swappjable ports to each other, like"deuble data rate 3 synchronous dynamic random access memdry (DDR3
SDRAM) data bus bytes. The <£r&guency> element defines the operating frequency for signals|that move
in and out from the port of the\module. The <constraint> element defines the design constraints, such as
limitafion of skew.

Figurd 21 shows examples of sockets. In the case of a BGA package, the socket is a set of soldpr balls. A
<modyle> element Mmay have multiple <socket> elements. Diagram (b) in Figure 21 shows an dxample of
a prinfed wiring'board. In this example, the one card edge and the two connectors are defined as the socket.
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(a) BGA package
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Reprinted with permission from JEITA.

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

8.2.412 Attribute definition

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

name

['his attribute specifies the socket name that is used to reference the socket from other attijibutes and
tlements. The socket name shall be unique in the same C-Format file.

8.2.4[3 Element content

The <gocket> elementcan‘contain the following elements:

<default)>

<port>

<portgretp>
<pofeirdomain group>
<gwappable port>
<Swappable group>
<frequency>
<constraint>
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4 The <default> element

4.1 General

The <default> element defines the default shapes for the port that are used when the shape is not defined

in the <port> element.
<default>
[<port shape> element]
[<ball shape> element]
</default>

The content of the <default> element consists of zero or one <port shape> and <ball shape>

eleme]

8.24

8.24

The <

its, which define the pad and solder ball shape, respectively.

4.2 The <port_shape> element

4.2.1 General

bort shape> element defines the default pad shape for the 1/O pott,

<portf

_shape padstack id="identifier of referencedpadstack" />

The d

8.24

pfault is used when the pad shape is not defined in thessport> element.

4.2.2 Attribute definition

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

padst

8.24

The f

<glo
<sh

ack id

['his attribute specifies the identifier of the predefined padstack that is used to define the
hape. The referenced padstack shall be defined at the <padstack def> element in the sar
4.2.3 Example

llowing i§ anr example of the <port shape> element in use.

al>
apeé >

efault pad
he file.

<

CLICICS 1U= CILTT ULdlllELlT L= 1OUU

<circle id="circ 4" diameter="750" />

</s

hape>

<padstack def>
<padstack id="PAD.4" >

<ref shape shape id="circ 3" type="Land"
x="0" y="0" pad layer="TOP" />

<ref shape shape id="circ 4" type="Hole"
x="0" y="0" pad layer="TOP" />

<ref shape shape id="circ 3" type="Land"
x="0" y="0" pad layer="BOTTOM" />
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<ref shape shape id="circ 4" type="Hole"
x="0" y="0" pad layer="BOTTOM" />

</padstack>

</p

adstack def>

</global>
<module name="LPB 2012 SAMPLE" type="PWB" shape id="SHAPE.1"

<so

X:"O" y:non angle:vlon >
cket name="SMA X1" >

<default>

<port shape padstack id="PAD.4" />

</default>

<port id="1" x="1570.7" y="32293.2" />
<port id="2" x="-429.3" y="34293.2" />
<port id="3" x="-429.3" y="30293.2" />
<port id="4" x="3570.7" y="30293.2"/>
<port id="5" x="3570.7" y="34293.2"/>

</JOCReT
</modqule>
8.2.4/4.3 The <ball shape> element
8.2.44.3.1 General
The <pall shape> element defines the default solder ball shape for the I/O port of the BGA padkage.
<ball shape ball name="name of referenced bhaii" />
The dgfault is used when the solder ball shape is not.defined in the <port> element.

8.24

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

ball]

8.24

The ft

4.3.2 Attribute definition

| name

['his attribute specifies)the name of the ball that is used to define the default shape of the g
[he referenced ballis defined at the <ball def> element in the R-Format file.

4.3.3 Example

older ball.

11owing is an example of the <port shape> element in use.

<ball shape ball name="BGA BALL" />
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.5 The <port> element

.5.1 General

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

<port

</po

[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="signal type"]

[<impedance> element]
[<delay> element]
rt>

The lggical information is the port name, signal direction, and signal typé/These are defined by

dire
and 1

<por

infornpation.

The cpntent of the <port> element consists of zero or ene <impedance> and <delay> eler]
actuallimpedance and delay are defined by these elemerits.

8.2.4)5.2 Attribute definitions

The aftributes of the <port> element are-defined as follows.

id

pads

ball

tion, and type attributes, respectively. The geometry information'is the port identifier,
cation. These are defined by the padstack id, ball ndme; x, vy, and angle attril
t> element can have both logical and geometry informhation or it can have only on

dlements. The idertifier shall be unique in the <socket> element. Normally, the 1d follow
Electron Device'Engineering Council’s (JEDEC’s) naming convention. In the case of a BG4
the id mighf be'Al, A2, A3, etc.

tackad

the name,
ort shape,
utes. The
e type of

hents. The

This attribute specifiesythe unique identifier that is used to reference the port from other attifibutes and

s the Joint
\ package,

Chis” attribute specifies the identifier of a predefined padstack to define the shape of thel

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
_nhame

This attribute is used for BGA packages. Specify the name of the ball to define the sh
solder-ball. The referenced ball is defined at the <ball def> element in the R-Format

is used.

ape of the
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.
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These attributes specify the location of the reference point of the referenced padstack 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.

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the local origin of
the module. If the 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.

name

This attribute specifies the name of a port. Normally, the port name is the same as\the pignal that
nputs/outputs from the port. The same name can be used for different ports. For.exampld, the ports
that connect to the same ground plane can have the same port name.

direg¢tion

This attribute specifies the signal direction for a port as shown in Figure 22. The value shal| be one of
the following:

in port 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-orout of the module; power and grqund 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 diregtion

type

This attribute specifies the port type for a port. The value shall be one of the following.

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

8.2.4.5.3 Element content

The <port> element can contain the following elements:

<impedance>
<delay>

8.2.4.5.4 Example

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

<porf id="Al" x="-12500" y="12500" direction="input">
impedance typ="50"/>

delay typ="100"/>

</poft>

<porf id="A2" x="-11500" y="12500" direction="output">
impedance typ="50"/>

delay typ="100"/>
</pogt>

8.2.4)5.5 The <impedance> element

8.2.4)5.5.1 General

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

<imp¢dance typ="port impedance" />

8.2.4)5.5.2 Attribute definition
The aftribute of the <impedance> element is as follows.

typ

This attributeSspecifies an actual load impedance of the port. The unit of impedance is defihed by the
impedapeé> element in the <unit> element.

8.2.415.6{Fhe <delay> element

8.2.4.5.6.1 General

The <delay> element defines the actual backward delay and the forward delay, which are the delays from
the input port to the internal logic and vice versa.

<delay typ="port delay" />
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5.6.2 Attribute definition

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

typ

This attribute specifies an actual delay of the port. The unit of delay is defined by the <time>
element in the <unit> element.

8.2.4.

8.2.4.

6 The <portgroup> element

6.1 General

The <

bortgroup> element defines groups of ports that are referenced by other elements in the s:

me file.

<port

>

</poj

group
name="port group name"

[<mousjoin/>]

[<ref port> element]..

[<ref portgroup> element]..
tgroup>

A por
create]

8.24

can belong to multiple groups if necessary. The groups ¢an‘nest into other groups. It is {
a new port group by collecting multiple port groups.

6.2 Attribute definition

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

name

8.24

The <

possible to

This attribute specifies the name of the port group that is used to reference the group from other

httributes and elements. The.gtoup name shall be unique in the <socket> element.

6.3 Element content

bortgroupblelement can contain the following elements:

<mugtgoin>
<pef_port>
<&ref portgroup>

8.2.4.

6.4 Example

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

<portgroup name="ADD">

<ref port name="ADO" />
<ref port name="AD1" />
<ref port name="AD2" />
<ref port name="AD3" />

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
—48 — IEEE Std 2401-2015

</portgroup>

<portgroup name="DIGITAL GND">
<mustjoin/>
<ref port name="CORE_GND" />
<ref port name="IO_ GND" />
</portgroup>

<portgroup name="ANALOG GND">
<mustjoin/>
<ref port id="Al" />
<ref port id="A2" />
</portgroup>

<portgroup name="GND”>

<ref portgroup name="DIGITAL GND" />
TCI_portgroup name="ALALOG GND
</pottgroup/>

8.2.4)6.5 The <mustjoin> element

If <mystjoin/> is contained in the <port group> element, the ports in the group shall be [connected
together.

<mustjoin/> |

8.2.416.6 The <ref_port> element

8.2.4)6.6.1 General

The <jref port> element refers to the ports thatunake up the group.

<ref |port
{ id="identifier O0f referenced port" |
name="name of xzeferenced port" }

/>

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

8.2.4)6.6.2 Attribute definitions

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

id

This attribute specifies the identifiers of the predefined ports that make up the group. 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.
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name
This attribute specifies the names of the predefined ports that make up the group. The specified port

shall be defined at the <port> element in the same <socket > element. The name attribute shall not
be used with the id attribute. If multiple same-name ports exist, these ports belong to the same group.

8.2.4.6.7 The <ref_portgroup> element

8.2.4.6.7.1 General

A port group can nest into another port group. The <ref portgroup> element refers to the other port
group.

<ref |portgroup
name="name of referenced port group"

/>

The r¢ferenced port group shall be defined in the same <socket> element.
8.2.416.7.2 Attribute definition

The aftribute 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 gsocket> element.

8.2.4]7 The <powerdomain_group> element

8.2.4)7.1 General

The <powerdomain group> element defines the power domain of the signals that move in angl out from
the port of the module.

<powg¢rdomain group

L Sport name="name of referenced port" |
¥Wort id="identifier of referenced port" |
group name="name of referenced port group" }
[min="minimum voltage"]

typ="typical voltage"

[max="maximum voltage"]

[<ref portgroup> element]
[<ref port> element]
</powerdomain group>

For example, in the case of analog-digital mixed design, this element specifies the analog power/ground
and analog signals that make up the power domain in order to distinguish them from the digital. The port
shall be specified with either the port name (port name), port identifier (port id), or port group name
(group_name). The referenced port or port group shall be defined in the same <socket> element.
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8.2.4.7.2 Attribute definitions

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

port name

This attribute specifies the name of the power or ground port that defines the voltage level of the
power 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 name attribute shall
not be used with the port id and group name attributes.

port id

This attribute specifies the identifier of the power or ground port that defines the voltage level of the
power domain. The referenced power or ground port shall be defined af the <port> clement in the
kame <socket> element, and the port type shall be power or ground. The port id attribufe shall
hot be used with the port name and group name attributes

group name

This attribute specifies the name of the port group that defines the voltage(evel of the powgr domain.
The specified port group shall be defined at the <portgroup> elemient in the same fsocket>
element. The type of the ports that belong to the group shall be powe# or ground. The grpup name
httribute shall not be used with the port name and port id attributes.

typ

This attribute specifies the typical voltage level. Theweltage perturbation is specified by miln and max
httributes. The unit of voltage is defined by the <ypltage> element in the <unit> element.

min
max

These attributes specify the voltageperturbation level. The max and min attributes are the|maximum
hind minimum voltage, respectiyely: The unit of voltage is defined by the <voltage> eleient in the
unit> element.

8.2.4[7.3 Element content

The <powerdomaifi-group> element can contain the following elements:

<ref portgroup>
<ref  port>

8.2.417 4 Example

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

<portgroup name="DCDC 25V">
<ref port name="SWOUTL" />
<ref port name="SWOUT2" />

</portgroup>

<portgroup name="DCDC CTRL">
<ref port name="FB" />
<ref port name="LDO" />
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</portgroup>

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

</portgroup>

<powerdomain group port name="DCDC PGND" typ="2.5">

<ref portgroup name="DCDC 25V" />
<ref portgroup name="DCDC CTRL" />
<ref portgroup name="DDR DIG" />

</powerdomain group>
<powerdomain group port name="D GND" typ="0" >

<ref portgroup name="DCDCi25V" />
<ref portgroup name="DCDC CTRL" />

TET _POItgroup name="DDR_DIG

</poyerdomain group>
8.2.4]7.5 The <ref_portgroup> element
8.2.417.5.1 General
The <fef portgroup> element refers to the port group that makes up thelpower domain.
<ref |portgroup
name="name of referenced port group"
/>
The r¢ferenced port group shall be defined in the same <socket> element.
8.2.417.5.2 Attribute definition

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

name

8.24

This attribute specifies the name of the predefined port group that makes up a power do
ports that are includédyin the same group belong to the same power domain. The specified
chall be defined in the same <socket> element.

7.6 The '<ref_port> element

main. The
port group

8.2.4.

7.6.1 General

The <ref port> element refers to the port that makes up the power domain.

/>

<ref port

{ id="identifier of referenced port" |
name="name of referenced port" }
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The port shall be specified with either the name (name) or the identifier (id). The referenced port shall be
defined in the same <socket> element.

8.2.4.7.6.2 Attribute definitions

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

id
This attribute specifies the identifiers of the predefined ports that make up a 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

This attribute specifies the name of the predefined ports that make up a power domainxTh¢ specified
port shall be defined at the <port> element in the same <socket> element. The name attifibute shall
hot be used with the id attribute. If multiple same-name ports exist, these port§-belong t¢ the same
power domain.

8.2.4/8 The <swappable_port> element

8.2.4[8.1 General

The <pwappable port> element defines sets of swappableports, such as DDR3 data bus bytes.

<swappable port>

<ref port> element
{<ref port> element}..
</swgppable port>

The nets that are connected to the swappable <swappable port> ports can replace each ofher in the
conneftion. For example, if the swappable CK N and CK P shown in Figure 23 are connected|to nl and
n2, reypectively, you can swap theconnection of CK N and CL_P.

8.2.4/8.2 Element content

The <gwappable poxt> element contains the following element:

<ref poet>

8.2.4/8.3’Example

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

<swappable port>
<ref port name="CK N" />
<ref port name="CK P" />
</swappable port>
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n1 CK_N n1 CK_N
n2 CK P n?2 CK_P
Reprinted with permission from JEITA.
Figure 23 —Example of swappable ports
8.2.418.4 The <ref_port> element
8.2.4/8.4.1 General
The <pef port> element refers to the ports that make up the swappable port group.
<ref |port
{ id="identifier of referenced porg"\\
name="name of reference port" }
/>
The pprt shall be specified with either the name (namel)/or the identifier (id) attribute. The refer|
group|shall be defined in the same <socket> elemeht:

8.24

8.4.2 Attribute definitions

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

id

name

This attribute speeifies the identifier of the predefined ports that make up a set of swapp
The specified perts’shall be defined at the <port> element in the same <socket> eleme
httribute shalh hot be used with the name attribute.

enced port

hble ports.
nt. The id

This/attribute specifies the names of the predefined ports that make up a set of swappable

ports. The

specified ports shall be defined at the <port> element in the same <socket> element.
attribute shall not be used with the id attribute.

he name
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8.2.4.9 The <swappable_group> element

8.2.4.9.1 General

The <

swappable group> element defines sets of swappable port groups.

IEC 63055:2016

IEEE Std 2401-2015

<swappable group>

<ref portgroup> element
{<ref portgroup> element}..

</swappable group>

The port groups in the same <swappable group> are swappable by a group unit (see Figure 24 and
Figure 25).

8.24

The <

8.24

The sy

<H

<H

9.2 Element content

swappable group> element contains the following elements:

<ref portgroup>
9.3 Example

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

ortgroup name="R CHANNEL">
<ref port name="RAD1" />
<ref port name="RAD2" />
<ref port name="RAD3" />
[portgroup>
ortgroup name="L CHANNEL" />
<ref port name="LAD1" />
<ref port name="LAD2" />
<ref port name="LAD3" />
[portgroup>

wappable group>
<ref portgroup namés="R CHANNEL" />
<ref portgroup_ fame="L CHANNEL" />
swappable group>

nl RAD1 nl RAD1
n2 RAD2 n2 — RAD2
n3 RAD3 n3 — RAD3
n4——QLAD1 nd—= |
nS——OLAD?2 n5 3
n6 LAD3 ng ———

Reprinted with permission from JEITA

Figure 24 —Example of a swappable group
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shown in Figure 25 is represented by the following code:

<portgroup name="RCHA 1">
<ref port name="RAD1" />
<ref port name="RAD2" />

</portgroup>

<portgroup name="RCHA 2">
<ref port name="RAD3" />
<ref port name="RAD3" />

</portgroup>

<portgroup name="R CHANEL" />
<ref portgroup="RCHA 1" />
<ref portgroup="RCHA 2" />

</portgroup>

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

<ref port
</lportgroup>

<ref port name="LAD2" />
<ref port name="LAD3" />
name="LAD4" />

<gwappable group>

<ref portg
<ref portg

roup name="R CHANNEL" />
roup name="L CHANNEL" />

</lswappable group>

N

\\——————————-
M ————

Reprinted with permission from JEITA

Figure 25 —Example of a swappable group

8.2.419.4 The <ref_portgroup> element

8.2.4.9.4.1 General

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

<ref portgroup

/>

name="group name of reference port"
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The ports belonging to the referenced groups can be swapped. For example, if the following two port
groups, AGRP and BGRP, are swappable groups, ports 20 and B0, A1 and B1, and A2 and B2 are swappable,
respectively.

<portgroup name="AGRP">
<ref port name="AQ" />
<ref port name="Al" />
<ref port name="A2" />
</portgroup>

<portgroup name="BGRP">
<ref port name="BO" />
<ref port name="Bl" />
<ref port name="B2" />
</portgroup>

8.2.4)9.4.2 Attribute definition

The aftribute for the <ref portgroup> element is defined as follows.

name

This attribute specifies the name of the predefined port groups that mdke up a set of swapphble ports.
The specified port groups shall be defined in the same <socket> element.

8.2.4110 The <frequency> element

8.2.4/10.1 General

The <[frequency> element defines the minimum,\typical, and maximum operating frequencies for signals
that nfove in and out of the port of the module.

<frequency

{ port name="name.of reference port" |

port id="idemtifier of reference port" |

group name=!identifier of reference port group" }
min="minimum frequency"

[typ="typeical frequency"]

max="maximum frequency"

/>

The pprt shall bespecified with either the port name (port name), port identifier (port id)f or group
name [group_wafe).

8.2.4. 102 Attributedefinitions

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 and group name
attributes.
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port id

This attribute specifies the identifier 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 id attribute shall not be used with the port name and

group_name attributes

group_ name

This attribute specifies the name of a group that includes ports for inputting and outputting a signal

that defines the operating frequency. The ports included in the specified group are opera

ting at the

same frequency. 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 and port id

attributes.
typ
This attribute specifies the typical frequency. The frequency perturbation is spegified by tHe min and
max attributes. The unit of frequency is defined by the <frequency> elenwnt in the <unit>
element.
min
max
These attribute specifies the frequency perturbation. The mgx and min attributes are the [maximum
hind minimum - frequencies, respectively. The unit of fréquency is defined by the <frgquency>
blement in the <unit> element.
8.2.4/10.3 Example
The fgllowing is an example of the <frequenc> element in use.
<frequency port name="FKBCLK"¢ max="55" />
8.2.4111 The <constraint> element
8.2.4111.1 General
The <fonstraintxgleinent defines the design constraints, such as limitation of skew.
<congtraint>
[<impedance> element]
[<delay> element]
[<skew> element]
[<guard shield> element]
</constraint>

The <constraint> element consists one or more <impedance>, <delay>, and <skew> elements.

8.2.4.

11.2 Element content

The <constraint> element can contain the following elements:

<impedance>
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<delay>
<skew>
<guard shield>

8.2.4.11.3 The <impedance> element

8.2.4.11.3.1 General

The <impedance> element defines the minimum, typical, and maximum characteristic impedances for the
port that requests impedance matching.

<impedance

L i 1 £ £ L | B
T POoL T Iro Trame—o e TTee PoEE T

port id="identifier of referenced port"
group name="name of reference port group" }
[type="1impedance type"]

[min="minimum impedance"]

typ="typical impedance"

[max="maximum impedance"]

/>

The pprt shall be specified with either the port name (port name), portidentifier (port id)f or group
name [group_ name) attribute.

8.2.4]11.3.2 Attribute definitions

The aftributes for the <impedance> element are defined as follows.
port |name

[his attribute specifies the name of a“predefined port for inputting and outputting a §ignal that
equests impedance matching. The Specified port shall be defined at the <port> element if the same
socket> element. The port,_name attribute shall not be used with the port id and grpup name
ttributes.

port|id

[his attribute specifies the identifier of a predefined port for inputting and outputting a pignal that
fequests impedanee matching. The specified port shall be defined at the <port> element if the same
socket>-glément. The port id attribute shall not be used with the port name and grpup name
ittributes.

grougp Adme

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 and port id attributes

type

This attribute specifies the type of the characteristic impedance. The value shall be one of the
following:
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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 impedance perturbation is specified by the
min and max attributes. The unit of impedance is defined by the <impedance> element in the
<unit> element.

min
max
[hese attributes specify the impedance perturbation. The max and min attributes arerthe'[maximum
nd minimum impedance values, respectively. The unit of impedance is defined by the ximpedance>
plement in the <unit> element.
8.2.4/11.3.3 Example
The fqllowing is an example of the <impedance> element in use.
<porfgroup name="CK">
<gef port port name="CK N" />
<tef port port name="CK P" />
</poftgroup>
<congtraint>
<impedance port name="DQl" type="singleidnin="45" typ="50" max="55" />
<impedance port id="Al" type="single" *typ="50" />
<impedance group name="CK" type="differential" typ="100" />
</copstraint>
8.2.4/11.4 The <delay> element
8.2.4111.4.1 General
The <gelay> element defines the minimum, typical, and maximum delay value for the port thatfrequests a
timing constraint.
<del{ Yy
{ port name="name of referenced port"
port id="identifier of referenced port"
ﬁrm11p_namp:" name o F_ refe rmnr‘pd_pn rf_nrnnp" }
[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.
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8.2.4.11.4.2 Attribute definitions

The attributes of the <delay> 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 timing 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 and group name
attributes.

port id

This attribute specifies the identifier of a predefined port for inputting and outputting a signal that
equests a uming constraint. 1he specilied port shall be delined at the <port> element. 1} the same
socket> element. The port id attribute shall not be used with the port name and\g¥pup name
ttributes.

group name

[his attribute specifies the name of a group that includes ports for inputting and outputtinjg a signal
that requests a timing constraint. The specified port group shall be\déefined at the <poftgroup>
plement in the same <socket> element. The group name aftfibufe shall not be used with the
bort name and port_id attributes.

typ

['his attribute specifies the typical delay value. The.delay time perturbation is specified Hy the min
ind max attributes. The unit of delay is defined bythe <t ime> element in the <unit> elem¢nt.

min
max

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

8.2.4/11.4.3 Example

The fgllowing is anexample of the <delay> element in use.

<porfgroup sname="BUS">
<tef poxt port name="SIG1" />
<gef port port name="SIG2" />
<tefVvport 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>
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11.5 The <skew> element

11.5.1 General

The <skew> 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 p
name

When|
minin
propa,
(refd
consttf

prt shall be specified with either the port name (port name), port identifier (pétt” id
group_name) attribute.

the reference signal is specified, the skew constraint is defined by a maXimum time (n
jum time (min). In this case, the specified maximum and miniprum™ times are bas

rence port name, reference port id). The propagatiof time of signals havin,
pint is required to close within the minimum through the maximum time (see Figure 26).

<portgroup name="skewset1">
<ref_port name="port1" />
<ref_port name="port2" />
<ref_port name="port3" />
</portgroup>
<skew group_name="gkewset1" reference_port_name="port0"
min="-5" max="10" />

min=-5 max= 10

or group

ax) and a
bd on the

pation time of the reference signal that inputs or outputs frein the specified refefence port

b a skew

=

= 1
referencenet_port port0 I X I
portt X :
Port_group:skewset1 port2 | X |
1 1
port3 I I ><_

Skew erro#T

Reprinted with permission from JEITA

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 slowest propagation
time is used as the reference signal (see Figure 27).

<portgroup name="skewset2">
<ref_port name="port4" />
<ref_port name="port5" />
<ref_port name="port6" />
</portgroup>
<skew group_name="skewset2" max="10"/>

| max=10 _

I 2

ﬂnnri-4 \/ I

P 7\ 1

Port_group:skewset2 port5 ! X :

port6 : | ><
Skew errm—T

Reprinted with permission from JEITAS

Figure 27 —Sample of skew constraint with only max attribute

If only a minimum time (min) is defined, a signal~laving the fastest propagation time is uped as the
referepce signal (see Figure 28).

<portgroup name="skewsget3">
<ref_port name="port7"\/>
<ref_port name="pprf8" />
<ref_port name="port9" />
</portgroup>
<skew greup.name="skewset3" min="-10"/>

Skew error —¢
port7 X

Port_group:skewset3 < port8

h)ortQ

Reprinted with permission from JEITA

min=-10

X

X

Figure 28 —Sample of skew constraint with only min attribute

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
IEEE Std 2401-2015 - 63 -

8.2.4.11.5.2 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 and group name
attributes.

port id

This attribute specifies the identifier of a predefined port for inputting and outputting a signal that
equests a skew constraint. The specilied port shall be defined at the <port> element.if] the same
socket> element. The port id attribute shall not be used with the port name and.gr¥pup name
ttributes.

group name

[his attribute specifies the name of a group that includes ports for inputting and outputtinjg a signal
that requests a skew constraint. The specified port group shall be\défined at the <poftgroup>
plement in the same <socket> element. The group name aftfibufe shall not be used with the
bort name and port_id attributes.

refefence port name

['his attribute specifies the name of a predefined port.for inputting and outputting a referenc signal of

skew constraint. The specified port shall be defined at the <port> element in the same ksocket>
tlement. The reference port name attribute shall not be used with the reference|port id
ittribute.

reference port id

['his attribute specifies the identifier of a predefined port for inputting and outputting o reference
ignal of a skew constraint.-The specified port shall be defined at the <port> element i} the same
socket> element. The “feference port name attribute shall not be wused |with the
reference port idattribute.

min
max

[he max 'and min attributes specify maximum and minimum time, respectively. When a reference
ignal1s.specified by the reference port name or reference port id attribute, the min and

ha&aattributes shall be used together. When a reference signal is not specified, either the nfin or max
ttribute shall be used. The unit of minimum and maximum time is defined by the <+ ime> klement in

the <unit> element.

8.2.4.11.5.3 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 5 ps. If a package designer routes the differential
signal in 100 ps and 95 ps delays, the skew constraint to the printed-circuit-board designer would be 5 ps.
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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 the differential signal in 100 ps and 95 ps delays, the minimum and
maximum skew constraints for board designers would be -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 port name="CKN" />
</portgroup>

<skew group name=“"CK" reference port name="CKP" min="-5" max="15"

>

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

Skew constraint for package designer
max=10

CKP ™\

</portgroup>

max=10

Chip
CKN CKP

PACKAGE

delay=95ps
CKN

delay=100ps

CKN™XN

NS
e . A

<skew ‘group name="CK” max="10">

+

X

8.2.4!44:6 Fhe<guard—shield>element————— |

8.2.4.11.6.1 General

Skew constraint for board designer

min=-5 max=15

cKp ——\__
ok LT

<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

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" |
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/>

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

1] }

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

8.2.4.11.6.2 Attribute definitions

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

port premm

port|id

group name

shieldnet port name

shieldnet porf)id

[his attribute specifies the name of a predefined port for inputting and outputting a
fequests a shield. The specified port shall be defined at the <port> element in thelsame
tlement. The port name attribute shall not be used with the port id and grdup” name at

[his attribute specifies the identifier of a predefined port for inputting and outputting a
equests a shield. The specified port shall be defined at the <pozt> element in the same
blement. The port id attribute shall not be used with the pgrt name and group name aj

['his attribute specifies the name of a group that includes ports for inputting and outputtir
fhat requests a shield. The specified port groupsshall be defined at the <portgroup> elen
ame <socket> element. If multiple ports witlr the same name exist, the signals that inpu
rom these ports shall be shielded. The gxpip name attribute shall not be used with the p
nd port id attributes.

[his attribute specifies the name of a predefined port for inputting and outputting a signal {
or shielding. The specified port shall be defined at the <port> element in the same
tlement. The shiel¥dnet port name attribute shall not be used with the shieldnet
ind shieldnet (port group name attributes.

['his attiibute specifies the identifier of a predefined port for inputting and outputting a sig
ised, fof shielding. The specified port shall be defined at the <port> element in the same

¢ICTICT [ nleldne RO a_d DULC 1d NOL DC USCA WIln NG aleldane 0)

ignal that
socket>
ributes.

signal that
socket>
(tributes.

g a signal
pent in the
or output
brt name

hat is used
socket>
| port id

nal that is
socket>

and shieldnet port group name attributes

shieldnet port group name

prt 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 and shieldnet port id attributes.
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8.2.4.11.6.3 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:

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

Reprinted with permission from JEITA.

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

8.2.5[The <specification> element

8.2.5]1 General

The {specification> element defines the specifications for the module itself, such |as power
consumption.

<spe¢ification>
<power> element
</sp¢cification>

8.2.52 Element content
The <ppecification> element contains the following element:
<power>

8.2.5]3 The <power> element

8.2.5)3.4"General

The <power> element specifies the power consumption of the module.

<power
[min="minimum power consumption"]
typ="typical power consumption"
[max="maximum power consumption"]
/>
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8.2.5.3.2 Attribute definitions
The attributes of the <power> eclement are defined as follows.
typ

This attribute specifies the typical power consumption. The unit of power consumption is defined by
the <power> element in the <unit> element.

min
max

These attributes specify the perturbation of power consumption. The max and min attributes are the
maximum and minimum power consumption, respectively. The unit of power is defined by the
<PowWeTr S CICIENt T the <um 1 T CICITT,

8.2.5/3.3 Example

The fgllowing is an example of the <power> element in use.
<spe¢ification>
<power typ="1.0" />

</sp¢cification>

8.2.6 [The <reference> element

8.2.6/1 General

The qreference> element defines the connection”procedure between ports in the <socket]> element
and ports in a referenced file that is described byseveral formats.

<refg¢rence
{ xmlns:verilog=fhttp://www.Jjeita.or.jp/LPB/verilog" |
xmlns:VHDL="htktp://www.Jjeita.or.jp/LPB/VHDL" |
xmlns:def="http://www.jeita.or.jp/LPB/def"
xmlns:spice="http://www.jeita.or.jp/LPB/spice" |
xmlns:dxf="http://www.jeita.or.jp/LPB/dxf"
xmlnsi gds="http://www.Jjeita.or.jp/LPB/gds"
xmlAstibis="http://www.jeita.or.jp/LPB/ibis"
xmbrs : xf1="http://www.jeita.or.jp/LPB/xf1"
xmlns:XML="http://www.jeita.or.jp/LPB/xml”
xmlns:JLPB="http://www.Jjeita.or.jp/LPB/JLPB" }
reffile="name of referenced file"
format="file format"
[type="file type"]

Lola = | | = . ]
ST

ot =22 I=zzeo +—t

[scale:"geometfzc;gcale"]

>
[<connection> element]..
</reference>

Some formats do not have the concept of I/O ports. In this case, coordinates that correspond to the position
of the signal I/O are used to create the relationship with a port in the C-Format file. For example, the
<reference> element can provide the position for I/O nodes of IBIS that does not have physical
informationt.
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8.2.6.2 Attribute definitions

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

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"
xmlns:dxf="http://www.jeita.or.jp/LPB/dxf"
xmlns:gds="http://www.Jjeita.or.jp/LPB/gds"
xmlns:ibis="http://www.jeita.or.jp/LPB/ibis"
xmlns:xfl="http://www.jeita.or.jp/LPB/xf1l"
xmlns:XML="http://www.jeita.or.jp/LPB/xml”
xmlns:JLPB="http://www.Jjeita.or.jp/LPB/JLPB"

PEEEET) - 1 ol = PR W | X S ZA A a0 .

OIS 1C IS UIC TdICSPAaCC 01 UHIC EXICIISIDIC IVIATKUD LANIZUAEC (AIVIL ) TDZ [ . 1TIC IIdIICSPJ Ce 1S used
broperly by the format of the referenced file. The corresponding namespaces and file(fprmats are
hown as follows:

kmlns:verilog

Verilog, standardized as IEEE Std 1364. It is used in the design and veerification of digifal circuits
at gate-level or register-transfer level.

kmlns:VHDL

Very High Speed Integrated Circuits Hardware Descripfign Language (VHDL) is standardized as
IEEE Std 1076™-2008 [B3]. It is used in the design 6fdigital and mixed-signal systems

kmlns:def

Design Exchange Format (DEF), representing the physical layout of an integrated cifcuit in an
ASCII format. It represents a netlist, component placements, and routing information.

kmlns : spice
Netlist for SPICE.
kmlns :dxf
Drawing Exchange/Format (DXF). It is used for vector image files.
kmlns:gds

GDS I stream format. It is a database file format for data exchange of integrated fircuits or
integrated circuit layout artwork.

ML e TOL

IBIS. It is used by integrated circuit vendors to provide customers with information about the I/O
buffers of a product.

xmlns : XML

® The numbers in brackets correspond to those of the bibliography in Annex A

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
IEEE Std 2401-2015 - 69 -

This name space is used to reference an external file that is defined in the XML language, such as
an International Electrotechnical Commission (IEC) integrated circuit emission model (ICEM) or
integrated circuit immunity model (ICIM) file.

xmlns:xfl
LPB G-Format.

xmlns:JLPB

LPB C-Format.

reffile

laa ttaalaaadt s £l £ £l 1 laala & 1 1ot loa.
OIS attrtuuiv D}}\t\/lll\lo IV TIAaIlIv Ul d TTIV WILID WITIIVIT TU TIIARlLU d lblﬂtlullblll}}.
formgt

['his attribute specifies the language of a reference file. The value shall be one gf:the follow|ng:

VERILOG Verilog, standardized as IEEE Std 1364
VHDL VHDL standardized as IEEE 1076-2008 [B3]

DEF Design Exchange Format (DEF)
SPICE Netlist for SPICE
DXF Drawing Exchange Format (DXF)
5DS GDS II stream format
[BIS IBIS (Input/output Buffer Information Specification)
KM XML language file.
XL LPB G-Format
JLPB LPB C-Format
type

['his attribute is used together with the’xm1ns : XML attribute. It specifies the kind of model|file that is
lefined by XML language. The yalue shall be one of the following.

CEM-CE, Integrated Circuit-Electrical Model—Conducted Emission [B7]
CEM-RE, Integrated Circuit Electrical Model—Radiated Emission [BS]
CIM-CI, Integratéd Circuit Immunity Model—Conducted Immunity [B9]

CIM—R{,\ntegrated Circuit Immunity Model-—Radiated Immunity [B10]

distqnce

This attribute specifies the unit system of distance for a reference file. If this attribute is not specified,
the default of the reference file is used. The value shall be one of the following:

pm picometer
nm nanometer
um micrometer
mm millimeter
m meter
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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.

8.2.6.3 Element content

The <reference> element contains the following element:

<connection>

8.2.6.4 The <connection> element

8.2.6/4.1 General

The <jconnection> element defines the relationship between a <port> that is definéd in the fsocket>

elemept and the I/O terminal of a reference file.

<conpection

socket name="name of reference socket"

{ port name="name of referenced port"

port id="identifier of referenced pgrt~id" }

[<verilog:ref port> element]..
[<VHDL:ref port> element]..
[<def:ref port> element]..
[<spice:ref port> element]..
[<dxf:ref port> element]..
[<gds:ref port> element].\
[<xfl:ref port> elemenpl:
[<ibis:ref port> element]..
[<IJLPB:ref port> elkement]..
[<xml:ref port> element]..
</copnection>

The cpnnection scheme depends,on the design language of the reference file. The following i$ a typical

example.

The lqnguage in which a-port is clearly defined as Verilog uses the combination of the “module pame” and

113

port hame” to define-the relationship:

<c¢nnect_soCket name="socketl" port id="Al">
<ffeprilog:ref port module="topmodule" portname="DQl"/>
</¢ofumect>

In this example, A1 port in socketl is associated with terminal DQ1 in 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>
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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.

8.2.6.4.2 Attribute definitions

The attributes 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 with the
reference file. The specified socket shall be defined at the <socket> element in the same <module>

element.

port [name

['his attribute specifies the name of a port to make a relationship with the referencefile! Thi
port shall be defined at the <port> element in the <socket> element, which-is"specif
ocket name attribute. The port name attribute shall not be used with the poDt” id attri

port|id

[his attribute specifies the identifier of a port to make a relationship with the referencs
pecified port shall be defined at the <port> element in the <socket> element, which is sf
fhe socket name attribute. The port_id attribute shall not®e used with the port name

8.2.6/4.3 Element content

The <fonnection> element can contain the following elements:

<verilog:ref port>
<VHDL:ref port>
<def:ref port>
<spice:ref port>
<dxf:ref port>
<gds:ref port>
<xfl:ref:port>
<ibis:ref port >
<JLPB:ref portx
<xml:ref port>

8.2.6/4.4 The <verilog:ref_port> element

8.2.64.4-1 General

b specified
ed by the
pute.

file. The
ecified by
attribute.

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"

/>

In the case of a Verilog file, a relationship is created by the combination of module name and port name.
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8.2.6.4.4.2 Attribute definitions

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

module

This attribute specifies the name of a module in the reference Verilog file.

portname

This attribute specifies the name of a port in the reference Verilog file. The port shall be defined in
the module that is specified by the module attribute.

8.2.6 @43 Example

The fgllowing is an example of the <verilog:ref port> element in use.

<refgrence
xmlns:verilog="http://www.jeita.or.jp/LPB/verilog”
rejfffile="XXXX.ver"
fojrmat="VERILOG"

<¢onnection socket name="socketl" port id="Al">

<verilog:ref port module="topmodule" portname&yDQL"/>
<{connection>

<¢onnection socket name="socketl" port id="A2U>

<verilog:ref port module="topmodule" porfname="DQ2" />
<fconnection>

<¢onnection socket name="socketl" port id="A3">

<verilog:ref port module="topmodule®) portname="DQ3" />
<[connection>

</reference>

[XXXX.ver]
modlule topmodule (DQ1,DQ2, DOS)

8.2.6/4.5 The <VHDL:ref_port> element

8.2.614.5.1 General

The qVHDL: re€/port> element is used to make a relationship with the model file that is depcribed by
VHDL language.

<VHDl+ef poxrt
entity="entity name in VHDL file"
portname="port name in VHDL file"

/>

8.2.6.4.5.2 Attribute definitions

The attributes of the <VHDL:ref port> element are defined as follows.
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entity
This attribute specifies the name of an entity in the reference VHDL file.

portname
This attribute specifies the name of a port in the reference VHDL file. The port shall be defined in the
entity that is specified by the entity attribute.

8.2.6.4.5.3 Example

The following is an example of the <VHDL:ref port> element in use.

<refgrence
xmllns :VHDL="http://www.jeita.or.jp/LPB/VHDL"”
rejfffile="XXXX.vhd"
fojrmat="VHDL"

<¢onnection socket name="socketl" port id="Al">
<VHDL:ref port entity="topmodule" portname="DQ1l"/>
<{connection>
<¢onnection socket name="socketl" port id="A2">
<VHDL:ref port entity="topmodule" portname="DQ2i{ (/>
<{connection>
<¢onnection socket name="socketl" port id="A3">
<VHDL:ref port entity="topmodule" portname<®DQ3" />
<[connection>

</reference>
[XXXX .ver]

module topmodule (DQ1,DQ2,DQ3)

entyity topmodule is

port

(
o1 : out std logic;
o2 : out std logics
P03 : out std logies

end entity topmodule;

8.2.6/4.6 The <def:ref_port> element

8.2.6/4.6.1 General

The <pef y¥ef port> element is used to make a relationship with a DEF file.

<def lref—poxrE
[comp="component name in DEF file"]
pinname="pin name in DEF file"

/>

In the case of a DEF file, a relationship is created by using the pin name and/or component name.
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8.2.6.4.6.2 Attribute definitions
The attributes of the <def:ref port> element are as follows.

comp

This attribute specifies the name of a component that is defined in the COMPONENT section in the
reference DEF file.

pinname

This attribute specifies the name of a pin that is defined in the PINS section in the reference DEF file.
Alternatively, it specifies the pin name of the component that is defined by the comp attribute.

8.2.6/4.6.3 Example

The fgllowing is an example of the <def:ref port> element in use.

<refg¢rence
xmlns:def="http://www.jeita.or.jp/LPB/def"
rejfffile="XXXX.def"
folrmat="DEF"

<¢onnection socket name="socketl" port id="Al">

<def:ref port comp="SBIOl" pinname="2"/>

<f{connection>

<¢onnection socket name="socketl" port id=!l'AR">

<def:ref port comp="SBIO2" pinname="Z7"#A>

<[connection>

<¢onnection socket name="socketl" por&<id="A3">

<def:ref port comp="SBIO2" pinname="Zz"/>
<{connection>

</reference>

[XXXX.def]
COMPONENTS 100

’

- SBIO1 io ;
- SBIO2 io ;
- SBIO3 io ;

END COMPONENTS

<refg¢rence xmdns:def=http://www.jeita.or.jp/LPB/def
refffile="(Y)Y.def"
fofrmat=tBEF"

>
<¢onfiection socket name="socketl" port id="Al">
b‘LCJ_.J.CJ__b)UJ.L, bul_uuo.mv:7"r;wl"
</connection>
<connection socket name="socketl" port id="A2">
<def:ref port pinname="PIN2"/>
</connection>
<connection socket name="socketl" port id="A3">
<def:ref port pinname="PIN3"/>
</connection>
</reference>
[YYYY.def]
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PINS 10 ;

- PIN1 oDQl ;
- PIN2 oDQ2 ;
- PIN3 oDQ3;

END PINS

8.2.6.4.7 The <spice:ref_port> element

8.2.6.4.7.1 General

The <

spice:ref port> element is used to make a relationship with a SPICE netlist file.

<spi

/>

e:ref port
subckt="name of subckt"
portid="order of pins in subckt"

In the
node
node

8.2.6

case of SPICE, a relationship is created by the combination of the sub-circtiit name and o

n the . subckt line are used to define the relationship.

4.7.2 Attribute definitions

The aftributes of the <spice:ref port> element are defined ds follows.

der of I/O

lescription. In the case of a SPICE netlist, the name of the sub-circuit (“-subckt) and ofder of I/O

ber of 1 or

subckt
This attribute specifies the name of a sub-cifcuit (. subckt) in the reference SPICE file.
portid
This attribute specifies the ordet’ 9t I/O nodes in the .subckt line. The value shall be an inte
more.
8.2.6/4.7.3 Example
The fgllowing is an,example of the <spice:ref port> element in use.
<refgrence
xmlns {spice="http://www.jeita.or.jp/LPB/spice”
reff fi/le="XXXX.sp"
folemat="SPTCE"
>
<connection socket name="socketl" port id="Al">
<spice:ref port subckt="top" portid="3"/>
</connection>
<connection socket name="socketl" port id="A2">
<spice:ref port subckt="top" portid="2"/>
</connection>
<connection socket name="socketl" port id="A3">
<spice:ref port subckt="top" portid="1"/>
</connection>
</reference>
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[XXXXX.sp]
subckt top pl p2 pP3 ;

8.2.6.4.8 The <dxf:ref_port> element

8.2.6.4.8.1 General

The <dxf:ref port> element is used to make a relationship with a DXF file.

<dxf:ref port
x="x coordinate"
="y _coordinate"
dxf layer="layer name in DXF file"
mount=""

/>

The OXF language does not have a concept of the I/O terminal. Therefore, coordinates are usegl to create
the relationship with a port in the C-Format file.

8.2.6/4.8.2 Attribute definitions

The aftributes of the <dxf:ref port> element are defined as follows.

X
Yy

[hese attributes specify the coordinates correspending to the location of the input and outppt point of
the signal.

dxf Jayer

[his attribute specifies the name‘of the layer on which the input and output point of th¢ signal is
placed.

mount

['his attribute specifies the placement side of the input and output point of the signal. The yalue shall
be either of the following:

rop The 1/0 point is placed on the top side of the layer.
BoTTOM, The I/0 point is placed on the bottom side of the layer.

8.2.6.4.8.3 Example

The following is an example of the <dxf:ref port> element in use.

<reference
xmlns:dxf="http://www.Jjeita.or.jp/LPB/dxf"
reffile="XXXX.dxf"
format="DXF"
distance="mm"
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<connection socket name="socketl" port_ id="Al">
<dxf:ref port x="100" y="8978" dxf layer="L1" module="TOP" />
</connection>
<connection socket name="socketl" port id="A2">
<dxf:ref port x="200" y="8978" dxf layer="L1" module="TOP" />
</connection>
<connection socket name="socketl" port id="A3">
<dxf:ref port x="300" y="8978" dxf layer="L1" module="TOP" />
</connection>
</reference>
8.2.6.4.9 The <gds:ref_port> element

8.2.6 49 1+ Generat

The <

jds:ref port> element is used to make a relationship with a GDS II stream format. file.

<gds

/>

ref port
x="x coordinate"
y="y coordinate"
gdx layer="layer number in GDS file"

The G
the re

8.2.6

DS II language does not have a concept of the I/O terminal. Therefore, coordinates are use]
ationship with a port in the C-Format file.

4.9.2 Attribute definitions

The aftributes of the <gds:ref port> element are defined as follows.

1 to create

it point of

placed.

X
Yy
[hese attributes specify the coofdinates corresponding to the location of the input and outp)
the signal.
gds layer
['his attribute specifies the number of layers on which input and output point of the signal is
8.2.6/4.9.3 Example
The fgllowing is an example of the <gds:ref port> element in use.
<reference
xmlns:gds="http://www.jeita.or.jp/LPB/gds"
reffile="XXXX.gds"
format="GDS"
>
<connection socket_name="socketl" port_ id="Al">
<gds:ref port x="100" y="8978" gds layer="L1" />
</connection>

<connection socket name="socketl" port id="A2">

<gdsref port x="200" y="8978" gds_layer="L1" />
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</connection>
<connection socket name="socketl" port id="A3">
<gds:ref port x="300" y="8978" gds_layer="L1" />
</connection>
</reference>

8.2.6.4.10 The <xfl:ref_port> element

8.2.6.4.10.1 General

The <xfl:ref port> element is used to make a relationship with an LPB G-Format file.

<xfl rrefport

component="component name in XFL file"
pinname="pin name in XFL file"

/>

8.2.6/4.10.2 Attribute definitions

The aftributes of the <xf1l:ref port> element are defined as follows.

comp¢nent

[his attribute specifies the name of a component that i§)defined in the .component section in the
feference G-Format file.

pinngme

[his attribute specifies the pin name of th&*component that is defined in the part secfion in the
eferences G-Format file.

8.2.6/4.10.3 Example

The fgllowing is an example of the <xf1l:ref port> element in use.

<refg¢rence
xmllns:xfl="http*//www.Jjeita.or.jp/LPB/xf1"
reffile="XXX¥\f1"
fdrmat="XELY
>
<copnecgdQrnr socket name="socketl" port id="Al">
sxfl:ref port component="NEWLSIDIE" pinname="1" />
</c¢nection>
<connection socket name="socketl” port 1d="AZ"
<xfl:ref port component="NEWLSIDIE" pinname="2" />
</connection>
<connection socket name="socketl" port id="A3">
<xfl:ref port component="NEWLSIDIE" pinname="3" />
</connection>
</reference>

[XXXX.xf1l]
.part
DIE R -13.5 -13.5 13.5 13.5 0 S 0 {
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1 -4 -5 B 4
2 -3 -5B4
3 -2 -5B 4

}

.end

part

.component
NEWLSIDIE DIE 0010

.end

component

8.2.6.4.11 The <ibis:ref_port> element

8.2.6.4.11.1 General

The <

L bis:ref port>eclement 1s used to make a relationship with an IB1S Tile.

/>

<ibig:ref port

component="component name in IBIS file"
signal name="signal name in IBIS file"

8.2.6

4.11.2 Attribute definitions

The aftributes of the <ibis:ref port> element are defined as follows.

comp

]

sign

nent

[his attribute specifies the name of a component that is defined in the [Component]
eference IBIS file.

1 name

[his attribute specifies the signal siame that is defined in the reference IBIS file.

8.2.6/4.11.3 Example
The fgllowing is an example)of the <ibis:ref port> element in use.
<refg¢rence
xmlns:ibis=%Qttp://www.jeita.or.jp/LPB/ibis"
reflffile="XXXX.ibs"
foygmat="FEBIS"
>
<¢enfiection socket name="socketl" port id="Al">
Hodsref—port mporrert=1BbRI—-Clont-tl—staret—name—1lirddert
</connection>
<connection socket name="socketl" port id="A2">
<ibis:ref port component="DDR3-1Gbx16" signal name="DQUS5" />
</connection>
<connection socket name="socketl" port id="A3">
<ibis:ref port component="DDR3-1Gbx16" signal name="DQU7" />
</connection>
</reference>

ine in the
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XXXX.1ibs
[IBIS ver] 4.2
[File name] XXXXX.1bs
[Component] DDR3-1Gbx16
[Manufacturer] JEITA FACT
[Package]
| variable 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 MODEL 0.58 1.9nH 0.58pF
A3 DOU 7 DQU_MODEL 0.5 T.8onH U.5/DF

8.2.6/4.12 The <JLPB:ref_port> element

8.2.614.12.1 General

The <pLPB:ref port> element is used to make a relationship with an\LPB Format C-Format fi

o

<JLPB:ref port

module="module name in LPB CFormat
socket="socket name in LPB CFormat"

[port name="port name in LPB CFormat"
port id="port identifier in /B CFormat" ]
/>

8.2.6/4.12.2 Attribute definitions
The aftributes of the <JLPB:ref poeth> element are defined as follows.

module

['his attribute specifies’the name of a module that is defined in the <module> element in th¢ reference
C-Format file.

socket

['his attribute specifies the name of a socket that is defined in the <socket> element in thg reference
C*Format file. The socket shall be defined in the module that is specified by the module attfibute.

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.

port id
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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.

8.2.6.4.13 The <xml:ref_port> element

8.2.6.4.13.1 General

The <xml:ref port> element is used to make a relationship with the model file that is described by the
XML language.

/>

<xml:ref port

port path="xpath"

The pfth to nodes in the model file is expressed using XML Path Language (xpath).

8.2.614.13.2 Attribute definitions

The aftributes of the <xml:ref port> element are defined as follows:

port |path

8.2.6/4.13.3 Example

The fgllowing is an example of the <xml:pef port> element in use.

<refg¢rence
xmlns : XML="http://www.jgita.or.jp/LPB/xml"
reflffile="ICEMCE.xml1"
foygmat="XML"
tyde="ICEM-CE”

This attribute specifies a path to an I/O node in the réferenced model file. The path is ex

~

XML Path Language version 1.0.

pressed by

>
<¢onnection s@cket name="socketl" port id="Al">
<xml:refyport port path="/Cemodel/Lead definitios/Lead[@Id="3"]1"/>
<{connection>
<¢onnectienn socket name="socketl" port id="A2">
<xilsref port port path="/Cemodel/Lead definitios/Lead[@Id="4"1"/>
<[fcdnni€ction>
<¢ohrfection socket name="socketl" port id="A3">
<xml:ref port port path="/Cemodel/Lead definitios/Lead[@Id='5"]1"/>
</connection>
</reference>

[ICEMCE.xml]

<Cemodel>

<Lead definitions>
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<Lead Id="3" Name="Vssqg" Mode="GND"/>
<Lead Id="3" Name="DQU5" Mode="external"/>
<Lead Id="3" Name="DQU7" Mode="external"/>

</Lead definitions>

</Cemodel>

8.3 The <component> element

8.3.1

The <

General

IEC 63055:2016
IEEE Std 2401-2015

Component> element instantiates modules and gives physical information, such as placemgnt.

<comy

</cor

onent>

ponent>

[<placement> element]..

If mu
first d|

8.3.2

The <

8.3.3

8.3.3

The <

1 General

Element content

Component> element contains the following element:

<placement>

The <placement> element

blacement> element defines how to place the module.

tiple <module> elements are defined, the <component> element.defines the location of farts in the
pfined module.

<pla

ement

refismodule="name of referenced module"
inst="instance name"
Mistance="unit of length"]
[angleunit="unit of angle"]
[scale="geometrical scale"]

x="x coordinate"

="y ~oordinare"

/>

[z="z coordinate"]
[flip="flip type"]
[angle="rotation angle"]
[mount="mount type"]
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8.3.3.2 Attribute definitions
The attributes of the <placement> element are defined as follows.
ref module
This attribute specifies the name of a predefined module for placement.

inst

This attribute specifies the instance name of a module. The instance name shall be unique in the same

file.

distqrmce

['his attribute specifies the unit of the x/y coordinate. If this attribute is not specified,\the

lefined at the <distance> element in the <unit> element is used. The value shall be
following:

Ppm picometer

hadl nanometer

hm micrometer

hm millimeter

h meter

anglg¢unit

['his attribute specifies the unit of an angle. If this,attribute is not specified, the unit that is
the <angle> element in the <unit> element ig*used. The value shall be either of the follow
egree

radian

scald
[his attribute specifies the‘scale rate of distance. The scale rate shall be more than zg
ttribute is not specifiedsl .0 is used as the default.

X

Yy

[hese attributes specify the location of the reference point of the module. The x and y
pecifysthe x-coordinate and y-coordinate, respectively.

hnit that is
pbne of the

defined at
ing:

ro. If this

attributes

This attribute specifies the z-coordinate of the module, namely, the height of the module from the top

layer as shown in Figure 31. If this attribute is not specified, zero is set as the default.
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ref_module

Z

layer

Reprinted with permission from JEITA.

Figure 31 —Explanatory drawing of the z-coordinate of a module

flip
This attribute specifies the type of flip. The value shall be either of the following;

X X-flip flipping about the X-axis
Y Y-flip flipping about the Y-axis

Figure 32 shows examples of an x-flip anda Y-flip.

>~
7

X X-flip ) Y ( Y-flip )

Reprinted with permission from JEITA.

Figure 32 —Explanatory drawing an X-FLIP and a Y-FLIP

angle

This attribute specifies the angle of the counterclockwise rotation with respect to the reference point
of the module. If an angle is not specified, zero is set as the default.
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mount
This attribute specifies the placement side of the module. The value shall be either of the following:

TOP The module is placed on the top side.
BOTTOM The module is placed on the bottom side.

Figure 33 shows an example of a TOP mount and a BOTTOM mount.

BOTTOM

Reprinted with permission from JEITA

Figure 33 —Explanatory drawing of TOP and BOTTOM madule mounting

8.3.3]3 Example

The fgllowing is an example of the <placement> eleniént in use.

<comgponent>

<pllacement ref module="CAP0603B" dias5t="C10"
x="-8584.7" y="-4104,9" mount="BOTTOM" />
<pllacement ref module="CAP0608B" inst="C11"
x="-8584.7" y="-6355.9" mount="BOTTOM" />
<pllacement ref module="CAPIMO5B" inst="C1l2"
x="26092.5" y&"B7686.8" angle="90" mount="BOTTOM" />
<pllacement ref module="CAP1005B" inst="C13"
x="30005.4%"y="37686.8" angle="90" mount="BOTTOM" />
<pllacement ref module="CAP1005B" inst="C14"
x="34659.6" y="37686.8" angle="90" mount="BOTTOM" />
<pllacement ref \m6édule="CAP1005B" inst="C15"
x&£240178.8" y="37686.8" angle="90" mount="BOTTOM" />

<pllacements ref module="RAS8" inst="RAS8 RN2"
x="25477.7" y="15729.6" angle="270" mount="TOP" />
<pllacément ref module="RAS8" inst="RAS8 RN4"

n o000 T N ooorC  ou 2 uooon —llo o
= 1O o Y O T o argre T moarrc 1oL

<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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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>
<header> element
<global> element
{ <Physicaldesign> element }..
[ <Constraintrule> element ]
</LP} RFORMAT>

9.2 Tlhe <Physicaldesign> element

9.2.1|General

The <physicaldesign> element specifies the physical paraméters, such as the materials of the[conductor
and dielectric, layer stackup, design rules, via, bonding wire, ball, and mold.

<Phygicaldesign

name="design rule name”
. _ a
[<default/>]

[<material def> elemenit]
[<layer def> element]
[<spacing def> element]
[<pitch def> element]
[<bondingwire\def> element]
[<ball def> ‘edement]
[<mold> edement]

[<condef@r struct> element]
</Physicaldesign>

The <physicaldésign> element consists of the name attribute, zero or one <default> element, zero or
one {materidl)def> element, zero or one <layer def> element, zero or one <spaclfng def>
elemept, zero;or one <pitch def> element, zero or one <bondingwire def> element, zgro or one
<ball] def>element, zero or one <mold> element, and zero or one <conductor struct> elefent.

9.2.2 Attribute definition

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

name

This attribute specifies the name of the design rule.
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9.2.3 Element content

The <Physicaldesign> element can contain the following elements:

<default/>
<material def>
<layer def>
<spacing def>
<pitch def>
<bondingwire def>
<ball def>

<mold>

<condctor struct>

9.2.4 [Example
The fgllowing is an example of the <Physicaldesign> element in use.

<Phyg$icaldesign name="default rule">

<pefault/>
<paterial def>
<conductor
material="COPPER"
volume resistivity="1.68e-8"
temperature="20"
/>
<f{material def>
<[layer def>
<layer name="L1"
type="conductozr"
thickness="10"
conductor material="COPPER">
<line width min="40"/>
</layer>
<flayer def>
<ppacing def>

<layer name="L1">
<line to line space&="40"/>
<line to via vil=/"VIA L1 L2" space="40"/>
<line to polygon space="55"/>
</layer>
spacing def>
bondingwire def}
<bondingwlxe name="WIREBOND1" diameter="20" material="GOLD">
<fofmard horizontal length="0" vertical length="100"/>
<foy¥ward vertical length="0" horizontal ratio="0.125"/>
<hength min="500" max="3000"/>
slbohdingwire>
Rendingwire def>

JANIEAY

A

<bati—des£
<ball name="BGA Ball" material="SOLDER">
<frustum height="250" diaml="300" diam2="300"/>
</ball>
</ball def>
<mold width="12000" depth="12000" height="600" material="RESIN" />
<conductor struct>
<trapezodial angle layer="L1" angle="60"/>
<surface roughness layer="L1" UP RMS="2" DOWN RMS="5"/>
</conductor_ struct>
</Physicaldesign>
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The <default> element specifies the <Physicaldesign> element as a default design rule of the whole

area.

<default/>

9.2.6 The <material_def> element

9.2.6.1 General

The <paterial def> element specifies the material of the conductor and dielectric.

<matg¢rial def>

</ma

[<conductor> element]..
[<dielectric> element]..
terial def>

The

<die

9.2.6

lectric> elements.

2 Element content

The <naterial def> element can contain the followinng elements:

9.2.6

<conductor>
<dielectric>

3 Example

The fgllowing is an example of the <material def> element in use.

<mat

¢rial def>

conductor

material="COPPER"

volume £gsistivity="1.68e-8"
temperfature="20"/>

conduedor

material="GOLD"

vofume resistivity="2.33e-8"

material def> element consists of zero or more <conduetor> elements and zer¢ or more

LCI[LJ:JCJ_CALLAJ_C—' U
<conductor
material="SOLDER"
volume resistivity="2.17e-7"
temperature="20"/>
<dielectric
material="FR-4"
permittivity="4.5"
tan delta="0.035" frequency="1e9"/>
<dielectric
material="RESISTOR INK"
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permittivity="4.5"
tan delta="0.035"
frequency="1e9" />
<dielectric
material="REGIN"
permittivity="4.5"
tan delta="0.035"
frequency="1e9"/>
terial def>

9.2.6.4 The <conductor> element

9.2.6.4.1 General

The <fonductor> element specifies the characteristics of the conductor.

<con

/>

uctor
material="material name”
volume resistivity="resistivity”
[temperature="temperature”]

The <fconductor> element consists of the material attribute, the vdlume resistivity att
the optional temperature attribute.

9.2.64.2 Attribute definitions

The aftributes of the <conductor> element areldefined as follows.

mate

volu

temp

rial

['his attribute specifies the namg.of the conductor.

Me resistivity

['his attribute specifies the volume resistivity of the conductor.
¢rature

[his aftribute specifies the temperature conditions when the volume resistivity of the co

ibute, and

nductor is

1neasured.

9.2.6.4.3 Example

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

<conductor

material="COPPER"
volume resistivity="1.68e-8"
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temperature="20"

/>

9.2.6.5 The <dielectric> element

9.2.6.5.1 General

The <dielectric> element specifies the characteristics of the dielectric.

<dielectric
permittivityz”permzttivity"
[tan delta="1oss tangent”]
[frequency="frequency”]

/>

The <Hjielectric> element consists of the material attribute, the permittiwvity attribute, the optional
tan_delta attribute, and the optional frequency attribute.

9.2.65.2 Attribute definitions

The aftributes of the <dielectric> element are defined’as-follows.
material

['his attribute specifies the name of the dielectric material.
permjttivity

['his attribute specifies the dielectric constant of the material.
tan delta

['his attribute specifies the dissipation factor of the material.
fregyency

['his attribute specifies the frequency that is used when the dielectric properties are measuref.

9.2.6.5.3 Example

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

<dielectric
material="FR-4"
permittivity="4.5"
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tan delta="0.035"
frequency="1e9"

/>

9.2.7 The <layer_def> element

The <layer def> element specifies the layer stackup from top to bottom.

<layer_def>
{<layer> element}..
</layer def>

The <layer def> element consists of one or more <layer> elements.

9.2.711 Element content

The <layer def> element contains the following element:

<layer>
9.2.7]2 Example

Figurg 34 shows an example of the layer stackup that includes the gonductor and dielectric layers

<laygr def>
layer name="TOP SR"

type="dielectric"

thickness="20"

dielectric material="RESISTOR INK"™/>
layer name="L1"

type="conductor"

thickness="10"

conductor material="COPRER"

<line width min="4Qu{>
/layer>
layer name="BU 1 2"
type="dielectzrid"
thickness="40"
dielectric(mgterial="FR-4"
N U
layer name="L2"
types"“conductor"
thickriess="10"
¢onductor material="COPPER"

line width min="50"
</layer> B
<layer name="CORE"
type="dielectric"
thickness="100"
dielectric material="FR-4"
/> a
<layer name="L3"
type="conductozr"
thickness="10"
conductor material="COPPER"
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<line width min="50"/>
</layer>
<layer name="BU 3 4"
type="dielectric"
thickness="40"
dielectric material="FR-4"
/>
<layer name="L4"
type="conductor"
thickness="10"
conductor material="COPPER"
>
<line width min="40"/>
</layer>
<layer name="BOTTOM SR"
type="dielectric"
THICKNEess="Z0 0lclectric_material-"RESISTOR _INK
>
</layer def>
TOP SR
L1
BU 1.2
L2
CORE
L3
BU 3 4
L4
BOTTOM SR

Reprinted with permission from JEITA.
Figure-34 —Example of layer stackup

9.2.7{3 The <layer> element

9.2.713.1 General

The 1ayer>“¢lement specifies the layer name, type of the layer, thickness of the layer, material of the
layer, fand design rules for the line width and area.

<layer
name="layer name”
type="layer type”
thickness="1layer thickness”
[plate thickness="plating thickness”]
[conductor material="name of conductor material”]
[dielectric material="name of dielectric material”]

[<line width> element]
[<area limit> element]
</layer>
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The <layer> element consists of the name attribute, the type attribute, the thickness attribute, the
optional plate thickness attribute, the optional conductor material attribute, the optional

dielectric material attribute, zero or one <line width> element, and zero or one <area limit>
element.

9.2.7.3.2 Attribute definitions

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

name

This attribute specifies the layer name.

type
['his attribute specifies the type of the layer. The values are as follows:

dielectric dielectric layer
conductor conductor layer

thickness

[his attribute specifies the layer thickness that is theoverall thickness contgining the
blate thickness, as shown in Figure 35.

plate thickness

['his attribute specifies the plating thickness that is>contained in the thickness attribute, ay shown in
Figure 35.

plate_thickness‘ thickness

Reprinted with permission from JEITA.

Figure 35-<EXxplanatory drawing of the relation of plate_thickness and thickness

cond £ v‘_m faoxiol

This attribute specifies the name of the conductor material.

dielectric material

This attribute specifies the same of the dielectric material.
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3.3 Element content

The <layer> element can contain the following elements:

9.2.7.

<line width>
<area limit>

3.4 Example

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

IEC 63055:2016
IEEE Std 2401-2015

<layer

name="TOP SR"

t ppo=ldielectric!

thickness="20"

diielectric material="RESISTOR INK"
/>
<layg¢r

npme="L1"

tlype="conductor"

thickness="10"

cpnductor material="COPPER">

<line width min="40"/>
</layer>
<laygr

npme="BU 1 2"

type="dielectric"

thickness="40"

diielectric material="FR-4"
/>
9.2.713.5 The <line_width> element
9.2.73.5.1 General
The < ine width> element specifies the design rules for the line width.
<ling width

min={minimum line width”
[mag="maximum line width"]

/>
The <[l ine_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.

max
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This attribute specifies the maximum line width.

9.2.7.3.5.3 Example
The following is an example of the <1ine width> element in use.

<line width min="40" max="80" />

9.2.7.3.6 The <area_limit> element

9.2.7)3.6.1 General

The <prea 1limit> element specifies the minimum area rule.

<areg limit
min="minimum area”

/>

The <prea limit> element consists of the min attribute.

9.2.7/3.6.2 Attribute definition
The aftribute of the <area 1imit> element is defined@s follows.
min

['his attribute specifies the minimum metal area.

9.2.7{3.6.3 Example

The fgllowing is an examplewof'the <area limit> element in use.

<areg limit min="22500"/>

9.2.8|The <spacing_def> element

9.2.8. 1+ Generat

The <spacing def> element defines the design rules of the space, such as the space between lines,
between line and via, and between line and polygon.

<spacing def>
{<layer> element}..

</spacing>

The <spacing def> element consists of one or more <layer> elements.
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9.2.8.2 Element content

The <spacing def> element contains the following element:

<layer>
9.2.8.3 Example

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

<spacing def>
<layer name="L1">
<line to line space="40"/>
<line to via via="VIA L1 L2" space="40"/>
line to polvgon space="50"

/layer>

layer name="L2">
<line to line space="50"/>
<line to via space="50"/>
<line to via space="50"/>
<line to polygon space="55"/>

/layer>

layer name="L3">
<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>

layer name="L4">
<line to line space="40"/>
<line to via space="40"/>
<line to polygon space="55"/>

/layer>

</spgcing def>

9.2.8/44 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, befween line
and vif, and between line.and polygon (see Figure 36).

<laygr
name="layer name"

. _
[<line to line> element]
[<line to via> element]..
[<line to polygon> element]

</layer>

The <layer> element consists of the name attribute, zero or one <line to line> element, zero or more
<line to via> elements, and zero or one <line to polygon> element.
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Figure 36 —Example of spacing rules
9.2.8/4.2 Attribute definition

The aftribute of the <1ayer> element is defined as follows.

name

9.2.8

The <

9.2.8

The ft

['his attribute specifies the name of the layer.

4.3 Element content

| ayer> element can contain the following elements:
<line to line>

<line to via>

<line to polygon>

4.4 Example

llowing is an example’of the <layer> element in use.

<laygr name="ILd1%>
<[Line to/fne space="40"/>
<[Line to)via via="VIA L1 L2" space="40"/>
<lLine~te polygon space="55"/>
</layez>
<laygr\ifame="L2">
<line to line space="50"/>
<line to via space="50"/>
<line to via space="50"/>
<line to polygon space="55"/>
</layer>
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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 sacing"

/>

The <line to_ line> element consists of the space attribute.

9.2.84.5.2 Attribute definition

The aftribute of the <1ine to line> element is defined as follows.
spacq

This attribute specifies the minimum space between lines.

9.2.8/4.5.3 Example

The fgllowing is an example of the <1ine to line> elementinwse.

<lin¢ to line space="50"/>

9.2.814.6 The <line_to_via> element

9.2.8/4.6.1 General

The <[line to via> element spécifies the space between line and via.

<ling to via
[vias¥identifier of padstack”]
spacés"minimun spacing”

/>

The <[Line td.via> element consists of the optional via attribute and the space attribute.

9.2.8.4:6:2 Attributedefimitions

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
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This attribute specifies the minimum space between line and via.

9.2.8.4.6.3 Example

The following is an example of the <1ine to_ via> element in use.

<line to via via="VIA L1 L2" space="40"/>

9.2.8.

9.2.8.

4.7 The <line_to_polygon> element

4.7.1 General

The <

line to polygon> element specifies the space between line and polygon.

<1lind

/>

_to polygon
space="minimum spacing”

The <

9.2.8

line to polygon> element consists of the space attribute.

4.7.2 Attribute definition

The aftribute of the <1ine to polygon> element is defined as follows.

spacq

9.2.8

The ft

<1lind

9.2.9

9.2.9

['his attribute specifies the minimum space between line and via.

4.7.3 Example

llowing is an example of th€ <tine to polygon> element in use.

_to_polygon spaces“55"/>

The <pitch.‘def> element

1 Géneral

The <

pitch def> clement SPECIIes the piich between center to center Ol vias.

<pitch def>

{<via pitch> element}..

</pitch def>

The <pitch def> element consists of one or more <via pitch> elements.
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9.2.9.2 Element content

The <pitch def> element contains the following element:

<via pitch>

9.2.9.3 Example

The following is an example of when the stack via cannot be used:

<pitch def>

<via pitch vial="VIA L1 L2" via2="VIA L1 L2" pitch="250"/>

<via pitch vial="VIA L1 L2" via2="VIA L2 L3" pitch="275"
amenct Pﬁf h=r220"

<via pitch vial="VIA L2 L3" via2="VIA L2 L3" pitch="300"/>

<via pitch vial="VIA L2 L3" via2="VIA L3 L4" PLiEEh="275"
samenet pitch="225"/>

<via pitch vial="VIA L3 L4" via2="VIA L3 L4" pitch="250"/>
/pitch def>

The fgllowing is an example of when the stack via can be used:

pitch def>
<via pitch vial="VIA L1 L2" via2="VIA L1 L2"2Ritch="250"/>
<via pitch vial="VIA L1 L2" via2="¥IA L2 L3" pitgh="275"

stacked offset="75"/>
<via pitch vial="VIA L2 L3" via2="VIA LPM.3" pitch="300"/>
<via pitch vial="VIA L2 L3" via2="VIA L3 L4" pitgh="275"
stacked offset="75"/>

<via pitch vial="VIA L3 L4" via2=4%VIA L3 L4" pitch="250"/>
/pitch def>

9.2.94 The <via_pitch> element

9.2.94.1 General

Figurg 37 shows an example 0f a cross-section view of via structure. The <via pitch> elemefts defines
the depign rule for via spa€ing, as shown in Figure 38.

<via|pitch

vial="identifier of padstack”
Vvia2="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 38). 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.
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Reprinted with permission from JEITA.

Figure 37 —Example of via structure

N\
pitch stacked_offset Qsa‘\nenet_pitch
N

Repriq{@ with permission from JEITA.

-

Figure ‘&Example of pitch between vias

>
nitions

9.2.94.2 Attribute (gl,

The aftributes (@12 <via_pitch> element are defined as follows.

|
vial \Q/C)

This attribute specifies the padstack identifier of a via for which the via-pitch rule applies, as shown
in Figure 38.

via2

This attribute specifies the padstack identifier of a via for which the via-pitch rule applies, as shown
in Figure 38.

pitch
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This attribute specifies the minimum pitch between two vias on different nets, as shown in Figure 38.
samenet pitch

This attribute specifies the minimum pitch between two vias in the same net, as shown in Figure 38.
stacked offset

This attribute specifies the maximum acceptable gap between the centers of stacked vias, as shown in

Figure 38.

9.2.9.4.3 Example

The f¢ifowing 15 an cxamplc of the <via pitch> element in use.

<via|pitch
viial="vIa 11 L2"
via2="VIA L1 L2"
pitch="250"

/>
<via|pitch
ial="VIA L1 L2"
ia2="VIA L2 L3"
itch="275"

pmenet pitch="225"

<

n 's <

/>
<via|pitch
ial="VIA L1 L2"
viia2="VIA L2 L3"
pftch="275"

skacked offset="75"

<

/>

9.2.10 The <bondingwire_def> element

9.2.10.1 General

The <pondingwire def glement specifies the shape and material of the bonding wire.

<bondlingwire defX
{<bondingwire> element}..
</bonpdingwike)def>

The <pofidingwire def> element consists of one or more <bondingwire> elements.

9.2.10.2 Element content

The <bondingwire def> element contains the following element:

<bondingwire>
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9.2.10.3 Example

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

<bondingwire def>
<bondingwire 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"/>
</bondingwire>
</bondingwire def>

9.2.10.4 The <bondingwire> element

9.2.111.4.1 General

The <pondingwire> element specifies the shape and material of the bonding wire.

<bondlingwire

name="wire name”

diameter="wire diameter”
ial= 1

[material="material name”]

[<forward> element]..
[<backward> element]..
[<length> element]
</bofdingwire>

The {bondingwire> element consists of the namelattribute, the diameter attribute, th¢ optional
matefial attribute, zero or more <forward> element, zero or more <backward> element, apd zero or
one <]ength> element.

9.2.10.4.2 Attribute definitions

The aftributes of the <bondingwixe> element are defined as follows.

name

['his attribute specifies the name of the bonding wire.

diamg¢ter

['his attribute specifies the diameter of the bonding wire.

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>
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<backward>
<length>

9.2.10.4.4 Example

IEC 63055:2016
IEEE Std 2401-2015

Figure 39 shows an example of a JEDEC 4-point wire bonding shape that is defined by the corresponding

<bondingwire def> descriptions as follows:

JEDEC 4-point:

<bondingwire def>

<bondingwire 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"/>
/bondingwire>
</bofdingwire def>

‘ <forward vertical_length="0" horiz8ptatratio="0.125"/>

(0, H+100) s (D*0.125, H+100)

<forward horizontal_length="0"
vertical_length="100"/>

A Start
Die thickness = H point
(0, H)

" End

» point

Distance of wire along the horizontal plane =D (D, 0)

Reprinted with permission from JEITA.

Figure 39 —Example of bonding wire shape (JEDEC 4-point)

Figurg 40 shows anexample of a JEDEC 5-point wire bonding shape that is defined by the corifesponding

<bondiingwire_@&f> descriptions as follows:

JEDE[ 5-point:

<bonddngwire def
<bondingwire name="WIREBOND2" diameter="20" material="GOLD">
<forward vertical length="100" angle="80"/>
<forward vertical length="0" horizontal ratio="0.125"/>
<backward angle="20" horizontal ratio="0.5"/>
<length min="500" max="3000"/>
</bondingwire>
</bondingwire def>
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<forward vertical_length="0" horizontal_ratio="0.125"/>

(H*cot(80), H+100) (H*cot(80)+D*0.125, H+100)

<{forward verticglile"ngth:"mO" <backward angle="20"
angle="80"/> horizontal_ratio="0.5"/>
A a
i & (D-D*0.5, D*0.5%tan(20))

Start
Die thickness = H point
(0, H)

" End

» point

Distance of wire along the horizontal plane =D (D, 0)

Reprinted with permission from JEITA:

Figure 40 —Example of bonding wire shape (JEDEC 5-point)

9.2.10.4.5 The <forward> element

9.2.10.4.5.1 General

The <fforward> element specifies the loop of the bonding wire from the die side.

<foryard
horizontal length="horizontalc¢lgngth”
vertical length="vertical length”
angle="die side angle”
horizontal ratio="horizorntal ratio”
/>

Some|<forward> elements are specified. from the first position to the second position toward the bonding
finger]| (see Figure 41). The <forward$-element consists of the optional horizontal lengt} attribute,
the ¢ptional vertical lengthX-attribute, the optional angle attribute, and the| optional
horigontal ratio attribute.

9.2.10.4.5.2 Attribute definitions

The aftributes of thé<forward> element are defined as follows.

horizontal\Tength

his”attribute specifies the horizontal length from the first position toward the bondingl| finger, as
shown in Figure 41.

vertical length

This attribute specifies the vertical length from the first position toward the bonding finger, as shown
in Figure 41.

angle
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This attribute specifies the angle from the first position toward the second position.

horizontal ratio

IEC 63055:2016
IEEE Std 2401-2015

This attribute specifies the ratio of the horizontal length (L1) and the total length (L) in Figure 41.

horizontal_length

horizontal_ratio = L1/L

jibus| |eonJeaA

die 5
e Bonding finger

Package

L

Reprinted with permission from JEITA.

Figure 41 —Explanatory drawing of the shape, of.a bonding wire

9.2.10.4.5.3 Example

The ft

<fory
<fory

llowing is an example of the <forward> element.in‘use.
bard horizontal length="0" vertical length="100"/>
yard vertical length="0" horizpntal ratio="0.125"/>

9.2.10.4.6 The <backward> elemerit

9.2.10.4.6.1 General

The <packward> elemént specifies the loop of the bonding wire from the bonding finger.
<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 42). 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.
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9.2.10.4.6.2 Attribute definitions
The attributes of the <backward> element are defined as follows.

horizontal length

This attribute specifies the horizontal length from the position toward the die, as shown in Figure 42.

vertical length

This attribute specifies the vertical length from the first position toward the die, as shown in
Figure 42.

angle

['his attribute specifies the angle from the first position toward the die, as shown in Figuré4pR.

horigzontal ratio

['his attribute specifies the ratio of the horizontal length (L1) and total length (D) in Figure 4

[

horizontal_length

(RIIETY

horizontal _ratio = L2/L

die'

yibua|

Package

L

Reprinted with permission from JEITA.

Figure 42 -~Explanatory drawing of the shape of a bonding wire

9.2.10.4.6.3 Example

The following1s 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.
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<length

/>

min="minimum length”
max="maximum length”

The <length> element consists of the min attribute and the max attribute.

9.2.10.4.7.2 Attribute definitions

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

min

max

hisattributespecities the T fengtrot e bormding wire:

['his attribute specifies the maximum length of the bonding wire.

9.2.10.4.7.3 Example

The ft

<len

9.21

9.21

The <

llowing is an example of the <length> element in use.

th min="500" max="3000"/>

The <ball_def> element

.1 General

ball def> element specifies the material and shape of the solder ball.

<ball]

</ba]

_def>
{<ball> element}..
1 def>

The <

9.21

The <

ball def> element consists of one or more <ball> element.

.2 Element content

balll, def> element contains the following element:

<ball>

9.2.11.3 Example

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

<pball def>
<ball name="BGA Ball" material="SOLDER">
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<frustum height="250" diaml="300" diam2="300"/>
</ball>

</ball def>

9.2.11.4 The <ball> element

9.2.11.4.1 General

The

<ball> element specifies the material and shape of the solder ball.

<ball

name="ball name”

lmatcrial=""matorial namo’]l
T T

{<frustum> element>}..

</ball>

The

lball> element consists of the name attribute, the optional material attribute, and on

<frugtum> elements.

9.2.11.4.2 Attribute definitions

The

name

aftributes of the <ball> element are defined as follows.

['his attribute specifies the name of the solder ball«

matetial

['his attribute specifies the material ofthe solder ball.

9.2.11.4.3 Element content

The

<pall> element containg-the following element:

<frustum>

9.2.11.4.4 Example

The

fqllewing is an example of the <ball> element in use.

C Or more

<ball name="BGA Ball" material="SOLDER">

<frustum height="250" diaml="300" diam2="300"/>

</ball>
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9.2.11.4.5 The <frustum> element

9.2.11.4.5.1 General

The <frustum> element specifies the geometry of the solder ball.

<frustum
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 frustums, as shown in Figure 43. The
frustu T ribute, the
diam] attribute, and the diam?2 attribute.

A ball is expressed by a
number of frustums.

Reprinted with permigssion from JEITA.

Figure 43 —Example of ball expression

9.2.11.4.5.2 Attribute definitions

The aftributes of the <frustum> element are defined as follows.
heigit

['his attribufe’specifies the height of the frustum.

diam]

Chis attribute Speciﬁes the diameter of the tnp side of the frustum

diam2
This attribute specifies the diameter of the bottom side of the frustum.

Figure 44 shows the relationship of the dimensional attributes of a <frustum>: height, diaml, and
diam2.
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height

diam2

Reprinted with permission from JEITA.

Figure 44 —Explanatory drawing of the shape of a frustum

9.2.11.4.5.3 Example

The fqllowing is an example of the <frustum> element in use.

9.2.12 <frustum height="250" diam1="300" diam2="300"/>The <mol1d> element

9.2.12.1 General

The <pold> element specifies the geometry and material of th&package mold.

<mol
width="width”
depth="depth”
height="height”
material="material name”
/>

The 4mold> element consists of thelwidth attribute, the depth attribute, the height attribufe, and the
mategial attribute. Figure 45 explains the height attribute of a <mold> element in relation t¢ the layer
stackup.

MOLD height

Layer stack up

U U U

Reprinted with permission from JEITA.

Figure 45 —Explanatory drawing of the height attribute of a mold
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9.2.12.2 Attribute definitions
The attributes of the <mo1d> element are defined as follows.
width
This attribute specifies the width of the package mold, as shown in Figure 46.
depth
This attribute specifies the depth of the package mold, as shown in Figure 46.

height

IEC 63055:2016
IEEE Std 2401-2015

ilib atuibutc bpcuiﬁca lllC hcight Uf lllC pcu,kagc llluid, ad> b‘llUWll ill FlgLLlC 40.
mategial
['his attribute specifies the material of the package mold.

Figurqg 46 shows the width, depth, and height attributes of the <mo1d> elenient:

heigh*i depth
width

Reprinted with,permission from JEITA.

Figure 46 —Explanatory drawing of the shape of a mold

9.2.12.3 Example

The fgllowing is an.eXample of the <mo1d> element in use.

<mol
yidth="P2000"
epth="12000"
hedght="600"

material="RKEoIN

/>

9.2.13 The <conductor_struct> element

9.2.13.1 General

The <conductor struct> element specifies the cross-section of the conductor.
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<conductor struct>
[<trapezoidal angle> element]..
[<surface roughness> element]..
</conductor_ struct>

The cross-sectional shape of the conductor is specified as trapezoidal with a specified angle. The
<conductor_ struct> element consists of zero or more <trapezoidal angle> elements and zero or
more <surface roughness> elements.

9.2.13.2 Element content

The <conductor struct> element can contain the following elements:

<trapezoidal angle>
<surface_roughness>

9.2.13.3 Example

The fgllowing is an example of the <conductor struct> element in use.

<condluctor struct>

trapezodial angle layer="L1" angle="60"/>

trapezodial angle layer="L4" angle="-60"/>

surface roughness layer="L1" UP RMS="2" DOWN RMS="5"/>
surface roughness layer="L4" UP RMS="5" DOWNyRMS="2"/>
</cofpductor struct>

9.2.13.4 The <trapezoidal_angle> element

9.2.13.4.1 General

The <frapezoidal angle> element speeifies the cross-sectional shape of the conductor.

<tragezoidal angle
layer="1layer name”
angle="angle”

/>

The <frapezoidalangle> element consists of the 1ayer attribute and the angle attribute.

9.2.13.4.2 Attribute definitions

The attribmes Of The <trapezo1dal _angle> ST are defined as foifows.
layer

This attribute specifies the name of the conductor layer that is specified in the <layer def> element.
angle

The cross-sectional shape of the conductor is specified as trapezoidal. This attribute specifies the
angle of the trapezoid.
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Figure 47 shows various trapezoidal cross-sectional shapes of the conductor.
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Figure 47 —Explanatory drawing of trapezoidal angles

8.4.3 Example

llowing is an example of the <trapezoidal angdeX'¢lement in use.
ezodial angle layer="L1" angle="6QN/%

ezodial angle layer="L4" angle="-60"/>

8.5 The <surface_roughness>element

8.5.1 General

surface roughnef s> element specifies the roughness of the conductor surface.

<sur]

/>

ace roughneS's
layer="1layer name"
UP RMS="up rms"
DOWN RMS="down rms"

The <surface roughness> element consists of the layer attribute, the UP_RMS attribute, and the
DOWN_RMS attribute. Figure 48 shows the roughness of the conductor surface in root mean square (RMS).
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Rq: RMS deviation of the primary profile.

Reprinted with permission from JEITA.

Fi 48 —FExpt trawira-ofsart I

['his attribute specifies the name of the conductor layer thatisspecified in the <layer def

1S

['his attribute specifies the roughness of the top side surface of the conductor in RMS.

[ RMS
['his attribute specifies the roughness ef the bottom side surface of the conductor in RMS.

49 shows layer, UP_RMS, andDOWN RMS as attributes of the <surface roughness> el

UP_RMS

Conductor layer

Reprinted with permission from JEITA.

DOWN_RMS

element.

bment.

Figure 49 —Explanatory drawing of UP_RMS and DOWN_RMS

9.2.13.5.3 Example

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

<surface roughness layer="L1" UP_RMS="2" DOWN_RMS="5"/>
<surface roughness layer="L4" UP RMS="5" DOWN RMS="2"/>

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016
- 116 — IEEE Std 2401-2015

9.3 The <Constraintrule> element

9.3.1 General

The <Constraintrule> element specifies the limited height of the component by the <height limit>
element and also specifies the non-default design rule area by the <design rule area> element.

<Constraintrule>
[<height 1imit> element]..
[<design rule area> element]..
</Constraintrule>

The <Constraintrule> element consists of zero or more <height limit> elements, and zero or more
<des]gn rule area> elements.

9.3.2 [Element content

The <fonstraintrule> element can contain the following elements:

<height limit>
<design rule area>

9.3.3 [Example

The fgllowing is an example of the <Constraintrule>¢lément in use.

<Congtraintrule>
height limit>
<top
name="Top Connector Legation"
height="200"
shape id="Rec 60QQum 8000um"
x="3000" y="2000(

/>

<bottom
name="Bottom Connector Location"
height=/200"
shape (Id="Rec 6000um_8000um"
x="3Q00" y="2000"

/>

/height~Iimit>

desigmyetle area
fef rule name="C4 Area"
shape 1d="sQ 6000um_ 6000um"
x="Q" V:"O"

/>

</Constraintrule>
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9.3.4 The <height_limit> element

9.3.4.1 General

The <height limit> element specifies the limited height of the components from the surface of the top
layer or bottom layer.

<height limit>
[<top> element]..
[<bottom> element]..
</height limit>

The <height limit> element consists of zero or more <top> elements and zero or more <bottom>
elemefiTs. Figurc SU SHOWs the Neight [imit 0 COMpOnents 1roim e surtace ol the top [ayer or botjom layer.

LT L T IR P P PR AP Y ]

top height limit

top conductor layer

bottom conductor layer

bottom height limit

arsMerassaaunnnnnnnnnnnnny

Reprinted-with permission from JEITA.

-

igure 50 —Explanatory drawing of the top height limit and bottom height limit

9.3.4J2 Element content

The <peight limit>(element can contain the following elements:

<top>
<bottom>

9.3.4)3 Example

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

<height limit>
<top
name="Top Connector Location"
height="200"
shape id="Rec 6000um_ 8000um"
x="3000" y="2000"
/>
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<bottom
name="Bottom Connector Location
height="200"
shape id="Rec 6000um_ 8000um"
x="3000" y="2000"

/>
</height limit>

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="rotation angle"]

/>

The qtop> element consists of the name attribute, the height attribute, the shape id attrifjute, the x
attribyte, the vy attribute, and the optional angle attribute.

9.3.44.2 Attribute definitions

The aftributes of the <top> element are defined as follows.
name
['his attribute specifies the name ‘of the area that has a limited height on the top layer.
height

[his attribute specifies,the maximum height for the top layer.

shapg¢ id

['his attribute* specifies the identification number of the shape that has the specified height-restricted

pace_on-the top layer. The origin coordinate of the shape coincides with the origin coordipate of the
neight-restricted space.

X

This attribute specifies the x-coordinate of origin in the height-restricted area.
y

This attribute specifies the y-coordinate of origin in the height-restricted area.
angle
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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.

9.3.4.4.3 Example
The following is an example of the <top> element in use.

<top
name="Top Connector Location"
height="200"
shape id="Rec 6000um 8000um"
x="3000" y="2000"

/>

9.3.4)5 The <bottom> element

9.3.4)5.1 General

The <pottom> element specifies the maximum height for the placed components on the bottom layer.

<botfom

name="area name"

height="height limitation"

shape id="identifier of referenced)'shape"
x="x coordinate"

y="y coordinate”

[angle="rotation angle"]

/>

The <pottom> element consists of the name attfibute, the height attribute, the shape id attripute, the x
attribyte, the y attribute, and the optional angie attribute.
9.3.4)5.2 Attribute definitions

The aftributes of the <bottem.element are defined as follows.
name
['his attribute’specifies the name of the area that has a limited height on the bottom layer.

height

his“attribute specifies the maximum height for the bottom layer

shape id

This attribute specifies the identification number of the shape that has the specified height-restricted
space on the bottom layer. The origin coordinate of the shape coincides with the origin coordinate of
the height-restricted space.
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X

This attribute specifies the x-coordinate of origin in the height-restricted area.
Yy

This attribute specifies the y-coordinate of origin in the height-restricted area.
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.

9-3.4 5-3 EAGIIIP:G
The fqllowing is an example of the <bottom> element in use.

<botfom

pme="Bottom Connector Location"
bight="200"

hape id="Rec 6000um_ 8000um"
="3000" y="2000"

X 0 o3

/>

9.3.5|The <design_rule_area> element

9.3.5/1 General

The <pesign rule area> specifies the particulat area that has the non-default design rules.

<des]gn rule area

ref rule name="name of referenced design rule”
shape id="identdfier of referenced shape”
x="x coordinate”

y="y coordinate”

angle="rotation angle”

/>

The dgfault 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 lajyer stackup) locally. Even if the local design rule includes the statement that defines| the layer
structyire, A€ “definition will be ignored. The <design rule area> element consis{fs of the
ref fule'rame attribute, the shape id attribute, the x attribute, the y attribute, and the optiopal angle
attribytenFigure 51 shows the relationship between the default design rule area and the non-defgult design
rule area.
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default design

rules area \\

non-default
design rules area

Figure 51 —Explanatory drawing of the relationship of the default desigfrule ar¢a

9.3.5

The aftributes of the <design rule area> element are definedias follows.

ref 1

shap{

Reprinted with permission from JEITA.

and the non-default design rule area

2 Attribute definitions

ule name

['his attribute specifies the name of the predefitied physical design rule that is used in the ron-default
lesign rule area. The physical design rule is specified in the <Physicaldesign> element.

_id

[his attribute specifies the identification number of the shape that is specified in the non-default
lesign rule area. The origin goardinate of the shape coincides with the origin coordinate of the area.

['his attribute specifies the x-coordinate of origin.

['his atfribute specifies the y-coordinate of origin.

angld

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.

9.3.5.

3 Example

The following is an example of the <design rule area> element in use.
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<design rule area
ref rule name="C4 Area"
shape 1id="SQ 6000um_ 6000um"
x="0" y="0"

/>

10. N-Format

10.1 Purpose of the N-Format file

IEC 63055:2016

IEEE Std 2401-2015

The N-Format file includes not only the signal connection but also the power/ground network. The N-

k| rad XL -1 IIINL I Ol 1l 19 4
Formatfriecomformsto—v CINoZg-rTD T (ICCT ST TOUF)T

10.2 How to identify the power/ground network

Add the /* pG NET */ keyword at the power/ground port/wire definition as fgllows:

a) | The port direction for power/ground is inout.

b) | The net attribute of the power/ground is wire, not supply@ or-supplyl.

c) | Addthe /* PG NET */ keyword at the power/ground-port.

10.3 Example

The f¢llowing is an example of the N-Format infuse.

module XXXX ( VDD , VSS )
inout VDD ; /* RG.NET */
inout VSS ; /& BG NET */
module YYYY ( ,, )
wire VDD _;
wire VSS.)

11. G-Format

11.1 |Language basics of G-Format

11.1.1 Typographic and syntax conventions

This subclause describes the conventions used in the syntax definitions of the LPB G-Format.

text

The monospace and bold font is used to indicate the attributes or elements that shall be typed

literally.
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italic

The italic font is used to indicate the user-defined information for which shall be substituted a name

or value.

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

any other character.

[]

Brackets denote optional attributes or elements. When used with vertical bars, they enclose a list of

choices.

[hree dots indicate that the previous value could be repeated.

Note that all of the strings in G-Format are treated as case sensitive.

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

11.1.2 Reserved Characters

# If the first character of a line is a pound ( #) sign, the line is ignored so it can |}
comments.

"n Any data between two double quotdtion marks are considered as a string.

11.2 Structure

The (-Format file consists of severalsections. Each section starts with a dot (.) followed by 4
The .version, .unit, and .scale sections consist of one line each. All other sections end

followed by the same keyword, The keyword in the .end line can be omitted. The header secti
of thel .version, .unit] and .scale sections. Except for the .version section, any secti
omittdd. The sections of the G-Format file are as follows:

.versionxy

.unjt [inch [ mm]

e used for

keyword.
vith .end
n consists
on can be

.scale value

.material
definition
.end [material]

.layer
definition
.end [layer]
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.shape
definition
.end [shape]

.board geom
definition
.end [board _geom]

.padstack
definition
.end [padstack]

.part
definition

IEC 63055:2016
IEEE Std 2401-2015

.end [P: r+]

. cofiponent
definfition
.endl [component]

.netattr
definfition
.endl [netattr]

.netlist
definfition

.endl [netlist]
.via
definfition

.endl [via]

.bopdwire
definfition
.endl [bondwire]

.route
definfition
.endl [route]

11.3 Header section

11.3.1 General

The header section consists of the .version, .unit, and .scale sections.

. versionxy

This section specifies a version of the G-Format file; x is a major version number; y is a minor version

number. The .version section shall appear before any other section in the file.

X  integer
y integer
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.unit value

This section specifies a geometric unit used throughout the G-Format file. The value shall be either inch or
mm. If this section or the value is omitted, inch is assumed as the default.

value  inch or mm
.scale value
This section specifies a geometric scale used throughout the G-Format file. The actual dimension of the
data in the file is determined by dividing the number by the scale value. For example, if the unit is 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

11.3.2 Example

The f¢llowing is an example of the header section of a G-Format file.

version 1 0
unit mm
scale 1000

11.4 Material section

11.4.1 General

The .paterial section consists of the following:

.material
defirfition
.end [material]

This i an optional section’giving material properties. List materials used in the design and their properties.
Each aterial is defined as follows:

c materialName conductivity
or
D materialName permittivity permeability lossTangent
where
corD ¢ stands for conducting material

D stands for dielectric material
materialName  is the name of the material enclosed by double quotation marks

conductivity is the electric conductivity (1/Q mm)
permittivity is the relative permittivity or dielectric constant
permeability is the relative permeability

lossTangent is the dielectric loss tangent
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The following is an example of a .material section.

.material

oo

"AIR" 1.0 1.0 0.0
"COPPER" 59000
"GOLD"45500

"FR-4" 4.5 1.0 0.035
"SR" 4.3 1.0 0.03

.end material

11.5 Layer section

IEC 63055:2016
IEEE Std 2401-2015

The .[Layer section consists of the following:

.layer
defirfition
.end [layer]

This dection 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 dieléctric3)

quotation marks.

where
name is the name of the layer enclosed\by double quotation marks. If unknoyn, write
thickness is the thickness of the layet.\Nf unknown, write 0.
type is the type of the layer,defined by a single character:
S for signal layer
D for dielectric layer
P for power or ground layer if it can be differentiated from the gignal
layer
conducting is the name of the conducting material entered as a string enclosed by ¢louble
quotation marks.
dielectricl is.the name of the dielectric material entered as a string enclosed by dquble

Note [that througheut“the G-Format File, signal layer numbers are the numbers that are [numbered
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 [shape]
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This section defines shapes that are referenced from other sections in the same file. Available shapes are
polygon, rectangle, square, circle, annular, oblong, finger, bullet, and composite.

Each shape is defined as
id keyword parameters

where the id is a number that will be referenced by others and is sequentially numbered from 1. The
keyword and parameters are described as follows.

id polygon { xIylx2y2 ..}
Vertices of polygon shape (see Figure 52) 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).

Figure 52 —polygon

id rectangle width height

Each rectangle is defined by widthsand length. The definition shall appear on one| line. The
reference point is at the center ofithe rectangle. Figure 53 marks the reference point as X

height|| X
width

Figure 53 —rectangle

id square width

Each square is defined by width. The definition shall appear on one line. The reference point is at
the center of the square. Figure 54 marks the reference point as X.
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widt X

7

width

Figure 54 —square

id circle diameter

Each circle is defined by diameter. The definition shall appear on one line. Phe,referenke point is
at the center of the circle. Figure 55 marks the reference point as X.

dlameter

Figures55 —circle

id annular outerDiem innerDiem

Each donut is defined by outerDiem and innerDiem. The definition shall appear on ong¢ line. The
reference point-s at the center of the annular. Figure 56 marks the reference point as X.

outerDiam /;\

innerDiam

Figure 56 —annular
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id oblong width left right

Each oblong is defined by width, left, and right. The definition shall appear on one line. The
reference point is shown in Figure 57 marked as X.

width X

0

et right )

Figure 57 —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 58 marked as X.

/N

widith ?

Jeff < right >

Figure 58 —bullet
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id £inger width left right

Each finger is defined by width, left, and right. The definition shall appear on one line. The
reference point is shown in Figure 59 marked as X.

, R
width )

7N

e ~
~f
{

eft— right

Figure 59 —finger

id composite { Ist point segmentl segment2 ... '}

A composite shape consists of lines and/or arcs. The definition is enclosed by { } gnd can be
shown on more than one line. There are four types ofisegments: straight line, clockwise|arc (arc),
counterclockwise arc (rarc or reverse arc), and anarc defined by three points (arc3).

No keyword between two points indicates that’/they are connected by a straight line. A keyword
arc, rarc, or arc3 between two points.indicates that they are connected by a clockwise arc, a
counterclockwise arc, or a three-pointmjethod arc, respectively. For arc and rare, an|arc origin
appears after the arc end point. For aze3, a middle point appears after the arc end point.

The composite shape shown in/Eigure 60 can be described as

2 composite {xa paxb yb xc yc rarc xd yd xp yp xe ye xf yf arc xg yg xq yq xh yh arc3 xi
yixryr}

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 rhethod arc
from.Ato 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 xiyiare3 xhyhxryrxgyg rarc xfyfxq yq xe ye xd yd arc xc yc xp
yp xb yb}
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Reprinted with permission from JEITA.
Figure 60 —composite

P Example
llowing is an example of a . shape section.

hape
circle 50
circle 80
circle 300
rectangle 400 400
rectangle 700 5600
circle 750
composite {
275 =200
275 200
-275 200
-275 =200

composite {
400 -100
400 100
-400 100
-400\-100

nd shape

11.7

Board geometry section

11.7.1 General

The .board_geom section consists of the following:

.board geom

defin

ition

.end [board geom]
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The exterior geometry of a board or package is defined by one of the following four methods:

polygon { xIylx2y2..}

composite { /st point segmentl segment?2 ... '}
shape shapelD x y rotation mirror

shape shapelD x y mirror rotation

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 and 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 theyrotation. If the mirror
indicafor appears before the rotation, the mirror is performed before the rotation;

Both fnirror and rotation operations are performed with respect to the shape/origin (local origin).
Holes|(cutouts or voids) are defined by using one or more of the followihg methods.

void_polygon { x/ylx2y2 ..}

void_rectangle width length x y

void_square width x y

void_circle diameter x y

void_composite { Ist point _segmentl segiment2 ... '}
void_shape shapelD x y rotation mirror;

void_shape shapelD x y mirror rotation

The Yoid polygon, void_composite, and void shape are defined in the same way #s for the
polydon, composite, and shape;'tespectively.

The Yoid rectangle, void square, and void circle are defined in the same wjy as the

rectgngle, square, and circle are defined in the .shape section (11.6). They are plaged at the
coordjnates x and y.

11.7.2 Example

The fglléwing is an example of a .board_geom section.

.board geom

polygon {
-50000 -40000
50000 -40000
50000 40000
-50000 40000

}

.end board geom
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11.8 Padstack section

11.8.1 General

The .padstack section consists of the following:
.padstack
definition
.end [padstack]

This section defines padstacks. Each padstack is defined as

padstackID { padl pad? ....}

where the padstackID is a number that will be referenced by vias in the .via section'(1]l.13). The
section is sequentially numbered from 1. As described below, pads are defined quly by| using the
predefined shapes in the . shape section:

signalLayerNum shapelD shapeROT [ apshapelD apshapeROT ]

where
signalLayerNum is the signal layer number as it appeared in thelayer section.
shapelD is the shape identifier.
shapeROT is the counterclockwise rotation angle{of the shape in degrees.
apshapelD the anti-pad shape identifier. The afitijpad definition is optional.

apshapeROT is the counterclockwise rotation argle of the anti-shape in degrees.

11.8.2 Example

The following is an example of a . padstack section.

.dadstack
1
13040
23040
33040
4 3040
}
2 |l
1 3.0+4 0
2330 4 0
}
3
23040
33040
43040
}
4 {
112 0
}
5 {
1130
}
6 {
114 0

}
.end padstack
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11.9 Part section

11.9.1 General

The .part section consists of the following:
.part
definition
.end [part]

This section describes a part. Each part is defined as

partName [ shape llx [y urx ury height [type value [noflip | [materialll] {pinl pin2 ....}

where partName is the name of the part and shape, Ilx, lly, urx, ury, height and nofkip.arf optional.
If the keyword no£1ip appears, the part will not be flipped when it is placed beloWw|the layfer.

partName is the name of the part.

shape is the top view shape of the part:
R for rectangle
c forcircle

lix, 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 for resistor

for inductor

for capacitor

for solder balls

for die

for molding compound

for other typés

value is the part value (mQ for a resister, nH for an inductor, pF for a capacifor). Set it
to zero forall other part types. If the three values are in parentheses ( |), the part
values ‘are for a resistor, inductor, and capacitor; for example, (20.0 5 3.5 ).

material is optional. The name of the material is enclosed by " .

ORU®mMOP

Pins afe defined as

pinName xioType [padstackID]

where

pinName is the name of the pin. If the name is not known. a sequential number Will be
used as a name.

Xy is the location of the pin with respect to local origin.

ioType is the pin I/O type:
D for driver pin
R for receiver pin
B for bidirectional pin
DT for driver terminator
RT for receiver terminator

padstackID is optional. It is the padstack identifier (0 if the padstack is unknown).
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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 {
1 -500 0 B 24
2 500 0 B 24

}

REGULATOR R -2000 -2000 2000 2000 0 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 oy U W

SMA X1 R -2750 -2750 2750 2750 0 O {
1 00B 18

-2000 2000 B 18

-2000 -2000 B 18

2000 -2000 B 18

2000 2000 B 18

g w N

.gnd part

11.10 Component section

11.10.1 General

The . pomponefnt)section consists of the following:

.component
defirfition
.end [component]

This section describes a component placement. One component placement appears per line. Each placed
component is defined as:

U-name partName x y layer rotation [stackComp] [(R L C 0)]

where
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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.
layer is the placement layer number:

+n  for above the layer
-n  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.
fourth value is for future use.

11.10

The f

cl
cl
RH
SM
SM

11.17

The

.nef

defirfition

. eng

This s

Each

.hetattr section consists of the following

.2 Example

llowing is an example of a . component section.

omponent

0 CAP0603B -8584.7 -4104.9 -4 0

1 CAPO603B -8584.7 -6355.9 -4 0
GULATOR REGULATOR -12598 10183.9 1 0
A X1 SMA X1 1570.7 32293.2 1 0

A X2 SMA X1 -7429.3 32293.2 1 0

nd component

Net attribute section

attr

[netattr]

ection defines net attributes; such as net class, allowable delays, and other user properties.
ttribute group is défined as

id {attrributeNamel=valuel attributeName2=value?2 ....}

wherethe id is an attribute group number that will be referenced by nets in the netlist sec

group definition can appear on more than one line. Attribute assignments appear in the bi
Each 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:

The

ion and is

sequentially numbered from 1. More than one attribute can be defined for one group. Eadh attribute

aces { }.
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.netlist
definition
.end [netlist]

This section defines netlists. Each net is defined as
netName netType attributelD {nodel node? ....}
where

netName is the net name.
netType is the net type:
s for signal net (s if broken)
p for power net (p if broken)
G for ground Net (g it broKen)
attributelD is the net attribute identifier. Zero indicates that the attribute is unknown?

Each pode is defined as

U-name pinNumber ioType [{x y layer}]

where
U-name is the U-name. A minus sign (-) indicates an unknown U-name.
pinNumber is the pin number or pin name.
ioType is the pin I/O type:
D for driver pin
R for receiver pin
B for bidirectional pin
DT for driver terminator
RT for receiver terminator
A placeholder minus signd*) shall appear if the type defined for the pin in fhe part
section is to be used,
Xy is the location of the.pin origin with respect to the board origin.
layer is the placement layer number.

The pjn location can appear at the end of the node definition. It is optional and shall be enclosefl by { }.
Set th¢ layer number to negatiye for solder balls.

11.12.2 Example

The fgllowingis-an example of a .netlist section.

.netlirst

" PRSP —5—0—
FKB48 M1 B
SMA X4 1 B

}

"N1" S 0 {
XTAL 3 B

MCR1 R7 B B
MCR1 R8 B B
GRM1 C2 A B

}
"PCIREFCLK N" S 0 {
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SOC AE1l2
PCIE Al4 B

w

}

"PCIREFCLK P" S 0 {
SOC AF12
PCIE Al3

W w

}
"PCITRO_N" S 0 {
SOC AE14 B
PCIE Al7 B
}

.end netlist

11.13 Via section

11.13.1 General

The .fia section consists of the following:
.vig
defirfition
.end [via]

This section defines vias. One via definition appears per line. Eachfvia is defined as

viaName padstackID padstackROT shapelD shapeRQI '} thickness ]

where
viaName is the via name that willbe referenced by routing in the route section.
padstackID the padstack identifiéfs Zero indicates that no padstack exists for the vija.
padstackROT is the counterclockwise rotation angle of the padstack.
shapelD is the shape idéntifier of the via barrel.
shapeROT is the counterclockwise rotation angle of the via barrel shape.
thickness is optional: It is the thickness of the via barrel wall. If the thickness is ), the via

barrel 1s-filled by material (see Figure 61).

thickness> 0 thickness =0

Reprinted with permission from JEITA.

Figure 61 —via
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11.13.2 Example

The following is an example of a . via section.

.via

VIAl4
VIAlZ2
VIA24
VIAl3
VIA14B 18

Sw N -
[ecNeNoNe]
o NN NN
= O o oo

.end via

11.14 Bondwire section

11.14.1 General

The

.borjdwire
defirfition

. endg

This {
defing

.pondwire section consists of the following:

[bondwire]

ection defines bond wire geometry. One bond wire definition appears per line. Each bo
d as

id type material diameter hw hd alpha beta [ profile_itame |

where the id is a number that will be refereneed-by routing in the route section and is sg
numbered from 1. As illustrated in Figure 62 and Figure 63,

type is the bond wire type:
D for die-down)configuration
u for die-up-configuration

material is the material name or electric conductivity (1/€2 mm). If it is a name,
enclosed-by double quotation marks (" ™).

diameter is the wire diameter.

hw is,the wire loop height.

hd is the die height:

Hdie  pad — Htopiofitopimetalilayer for die—up

Huie ' pad — Hbott0m70ffbottomfmctalflaycr for die-down
alpha is the die side angle in degrees.
beta is the package substrate side angle in degrees.
pbrofile name is the name of the bond wire profile associated with the id.

nd wire is

quentially

it shall be
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Package
alpha substrate

»

Reprinted with permission from JEITA.

Figure 62 —Die-down configuration

hW alpha

hd die

Package substrate

beta

Reprinted with permission from JEITA.

Figure' 63 —Die-up configuration

11.14.2 Example

The fqllowing isan example of a .bondwire section.

.Hondwire
1 [ONGOLD" 20 70 290 60 20 innerwire

2 lg—u =

LD" 20 l/lﬁ 200 a0 /lﬁ — Jet e
.end bondwire
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11.15 Route section

11.15.1 General

The . route section consists of the following:
.route
definition
.end [route]

This section defines routed nets. Each routed net is defined as

netName { segmentl segment?2 ....}

where netName is one of the nets that appeared in the .netlist section. Each routedmet tonsists of
one or more segments. Each segment is defined by one of the following methods. A]l of these
methods are in the form of

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 die? |
polygon layer { x1ylx2y2 ...}

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 seghtent? ... }
shape layer shapelD x y rotation mirror

shape layer shapelD x y mirror rotation

void_polygon layer { x1yl x2y2\\}

void_rectangle layer width length x y

void_square layer width x y.

void_circle layer diameterx y

void_composite layer\{)Ist_point_segmentl segment? ... }
void_shape layer shapelD x y rotation mirror

void_shape layershiapelD x y mirror rotation

The prth segment istdefined the same way that the composite shape is defined in the .shage section,
excepf that it has & width and the last point does not automatically connect to the first point.

The vfia segiment requires beginLayer and endLayer numbers, while other segments require only one layer
numbg¢r./Thevia segment also requires the following:

viaName name of the via defined in the via section

Xy location of the via

rotation counter-clockwise rotation angle of the pad stack in degrees
mirror optional; padstack mirror flag:

Y mirror padstack
N  do not mirror padstack

The bondwire segment requires the following:
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beginLyr Signal layer number of a beginning point.
In order to indicate a die, enter a negative wire group identifier.
endLyr Signal layer number of an ending point.

In order to indicate a die, enter a negative wire group identifier.
bondwireID  Bond wire identifier. (0 if unknown)

xb yb Beginning point coordinate
xe ye Ending point coordinate
diel die? Optional die component names. The name(s) appear here only if the begin Iyr and/or

end_lyr are negative.

All other segment types are defined the same way as they are defined in the .shape section or in the
.board_geom section.

11.1§ 2 Example

The f¢llowing is an example of a . route section.

"AGND" {
via 1 4 VIAL4B -429.3 34293.2 0 N
via 1 4 VIA14B -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
-4640 13440
-4640 2244%6.6
-4016.6™23040
6560%23040
65%0. 35360
247360 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 256083
}
path 1 80 {
-3719.3 23633.2
-3380.3 23633.2
}
path 1 80 {

-7390.9 22442.4
-7130.9 22442.4
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}
"AVDD33" {
shape 1 8 -12948 11983.9 90 N
shape 1 7 -36821.9 23278.3 0 N
shape 1 7 -34821.9 23278.3 0 N
shape 1 7 -29821.9 24278.3 0 N

composite 3 {
-42160 23040
-15183.4 23040
-14560 22416.6
-14560 15840
-12640 15840
-12640 24960
-38816.6 24960
-39040 25183.4
-39040 25760

"

DRAD[0]"

—4210U 270U

via 1 3 VIA13 -13451.3 16882.6 0 N
via 1 3 VIAL13 -36821.9 23278.3 0 N
via 1 3 VIA13 -24821.9 23278.3 0 N
shape 1 11 -13457.1 16897.2 270 N
shape 1 11 -41161.1 25621.3 0 N

via 1 4 VIAl4 -41135.6 25636.1 0 N

{
shape 1 9 10900 0 0O N
shape 1 6 34806.5 -1623.2 0 N
shape 1 6 34547.6 17511.7 0O N
shape 1 14 26777.7 18269.6 0 N
via 1 4 VIAL14 34200 2360 0 N
via 1 4 VIAl4 34226.5 635 0 N
via 1 4 VIAl14 33967.6 19939 O N
path 1 80 {
33967.
33967.
33967.
33977 4
3397°A
340657 .
S4057.
34137.
34137.
34187.
34187.
34547.
34547.

19939

19661.
19508.
19498.
18875.
18795.
18577.
18497.
18279.
18229.
18162.
17802.
17511.

O O) O) O)Y O) O)Y O)Y O) OwWO), 00 OY O
oo P WWwWoo D

}

path 4 80 {
34200 2360
34200 2904
34170 2934

34170 11978
34157.6 11990.4
34157.6 12769.
33967.6 12959.6
33967.6 19939

o

}

path 1 80 {
34226.
34226.
34226.
34236.

635

526.8
373.5
363.5

(20N NG INE) ]
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34236.5 -259.3
34316.5 -339.3
34316.5 -557.5
34396.5 -637.5
34396.5 -855.8
34446.5 -905.8
34446.5 -972.3
34806.5 -1332.3
34806.5 -1623.2
}
path 4 80 {
34200 2360

34200 841.5
34226.5 815
34226.5 635

Pathh T 80 [
34200 2360
33650.8 2360
33568.5 2442.3
16116 2442.3
14003.7 330
13900 330
13870 360
11750.9 360
11390.9 0
10900 O

nd route
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Examples of utilization

B.1 Understanding the function of the LPB Format

This annex explains how and when the LPB Format is used in the design flow of an LSI, package, and

board.

This annex contains the following:

This 4
(+~-)

All ex]

B.21

Figurg
contail

)
2)
3)
4)

Test bench
Design flow example
Growth of the sample files in the LPB Format

Simulations using the sample files in the LPB Format

nnex shows examples of the LPB Format, but parts are left out for want of space. Consecy
in the example code indicate that code has been omitted.

amples of the LPB Format in this section are reprinted with permission from JEITA.

[est bench

B.1 shows the image of the test bench thatwill be developed using the LPB Format. This
hs the following

tive tildes

test bench

a) | Custom LSI
1)  System on chip (SeC)
b) | General purpos¢ integrated circuit
2)  Deuble data rate 3 synchronous dynamic random-access memory (DDR3-SDRAM)
3) ~ Analog LSI
4)/ Power integrated circuit (switching regulator)
c)  Other parts
5)  Crystal (Xtal)
6)  Subminiature version A (SMA) ports
7)  Peripheral Component Interconnect Express (PCle) Gen.2 port ( Card edge finger)
8)  Resistor, capacitor etc.
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(O ONO)
@6 @
Analog LSI

Reprinted with permission from JEITA.

Figure B.1—Image of the test bench ©
Q’\
Figurd¢ B.2 is a use-case of the project to develop this test bench. The actors appearﬁgq{ the prqject are as
follows: 20
— | Electric products maker: plans the development of this test@gh and manages thle project;
designs the overall system. A\
— | LSI vendor: will develop a custom LSI on order from the&le@w Products Maker.
— | Printed-circuit-board (PCB) designer: will desigx&lnted circuit board on ordey from the
Electric Products Maker.
N\
— | Substrate/component vendors: provide the é&\éal-purpose parts and the design rfile of the
printed circuit board for this project. &
WO
Test bench devel hent
o
xO
¢ Develop |
custom LSI
P Produece
management LSI Vendor
Eledtric products “) “Design the
Maker (_J— overall system
@’ Design printed-
4Q~ circuit-board
C) Provide general- PCB Designer
purpose parts.
<
\ < Provide rule of
rinted-circuit-boar
Substrate/Comporent
Vendors

Figure B.2—Use-case of test bench development

Published by IEC under license from IEEE. © 2015 IEEE. All rights reserved.



https://iecnorm.com/api/?name=1164318cac22bc492a5e699729eadaf9

IEC 63055:2016

—148 — IEEE Std 2401-2015

B.3 Design flow example

B.3.1 General

B.3.1.1 Example diagram

Figure B.3 shows an example of design using the LPB Format. Information described in the LPB Format is
the input and output of each step in the design. The design results of each step in the design process are
added to the LPB Format files. The files in LPB Format are exchanged between each of the LPB design
sites in the design flow.

LS| Vendor lectric Products _ PCB Designer Substrate/
Maker Component Q)
Requirement {1) Block Vendors h
Diagram \
ICs
(2 LSl PKG C2 . ICs C DDR, Power IC
Outline SPEC. imeweesse | Cs N etc.
(4) Package Pin PKG C3 OPC (5) Board TOPR PWB Substrate
Assignment OP N Pre Layout s
TOP N3 i
PKG C5 -
assive,
PKGC Socket,
PKG C6 TOP C5 1 Conrec e
» PKG G6 5 TOP G5 A
PKG Rb =
TOPC7 || TOP N7 |
Board ’
PKG C8 TOPC
| PKG GB : . OP G2

Reprinted w@rmission from JEITA.

3
Figure B.3—A dsﬂ‘& flow example using the LPB Format
‘\\C)

B.3.1(2 General-purpose pal

Figur¢ B.4). They shar ame information about the parts. The electronic products maker used this

Comppnent vendors pr@eral—purpose parts to the electric products maker and PCB designler (see
infornpation for syst@p anning and verification; the PCB designer uses it for artwork design.
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Figure B.4—Providing general-purpose parts

The fpllowing code sections (List B.11 to List B.5) are examples of LPB Kormat files for DDR memory.
They fire composed of M-Format, C-Format, R-Format, and N-Format files-and a Simulation Prqgram with

Integrpted Circuit Emphasis (SPICE) model. C-Format defines the footprint of the package

dnd design

constrpints. R-Format defines the three-dimensional shape of solder balls for the package.|N-Format
defings the input and output interface of the module. The SPICE file is a model of the power distribution
netwofk in DDR memory. M-Format manages those files.

List Bl 1 is an example of M-Format for DDR memory:

project="LPB 2014 SAMPLE"
esign revision="1.0"
ate="2015/03/20_13:00:00Y
buthor="Format SWG"
fompany="JEITA"

/>

<class comment="DDR)Memory" >

design_revision="1.0"/>

RFORMAT somment=""
desigp xevision="1.0"/>
NFORMAT comment=""

</¢lasgs>
</LPR_MEQRMAT

<?xm] version="1.0" encoding="Shift J&§"?>
<LPB|MFORMAT version="2.2" >
<hgader

CFORMAT comm&nt="PKG" file name="LPB2012CFMT_DDR.xml"
file name="LPB2012RFMT DDR.xml"

file name="LPB2012NFMT DDR.v"/>
Otheérfile file name="LPB2012 DDRPowerModel.sp" />

List B.2 is an example of C-Format for DDR memory:

<?xml version="1.0" encoding="Shift JIS"?>

<LPB CFORMAT version="2.2" >
<header
project="LPB 2014 SAMPLE"
design revision="1.0"
date="2015/03/20 13:00:00"
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author="Format SWG"
company="JEITA"

/>

diameter="200" />

<rectangle id="SHAPE.21" width="7500" height="10900"

/>
<global>
<unit>
<distance unit="um" />
<angle unit="degree"
<frequency unit="MHz" />
<time unit="ps" />
</unit>
<shape>
<circle id="SHAPE.10"
</shape>

<padstack def>
<padstack id="PAD.10">

/>

</padstack>
/padstack_def>
</¢lobal>

<m¢dule name="DDR" type="PKG" shape id="SHAPE.21" x="0" y="Q"->

socket name="DDR" >
<default>

<pball shape ball name="
</default>

direction="inout" type=
<port id="N2" x="-2400"
direction="in" type="si
<port 1d="N3" x="-1600"
direction="in" type="si
<port id="N7" x="1600"
direction="in" type="si
<port id="N8" x="2400"
direction="in"
<port id="N9" x="3200"
direction="inout"
<port id="M1" x="-3200"
direction="inout" type=
<port id="M2" x="=2400"
direction="in"
<port 1d="M3P~\X="-1600"

direction="/tn"

<portgsdup name="VDD">

<port shape padstack id="PAD.10" />

DDRBALL" />

<port id="N1" x="-3200" y="-4800" name="VSS"

"ground"/>

y="-4800" nam&€z™RESET_N"
gnal" />

y="-4800" ¢(hame="A[13]"
gnal" />

y="-4800""nhame="A[14]"
gnal" />

y="+4800" name="A[8]"

type="signal%” />

y="-4800" name="VSS"

type="ground" />

y="-4000" name="VDDQ"
"power" />
y="-4000" name="A[7]"

type="signal" />

y="-4000" name="A[9]"

type="signal" />

<ref shape shape 1d="SHAPE.10" x="0" y="0" pad layer="BOTTOM" />

<ref port name="VDD"/>
<ref port name="VDDQ"/>
£/pdrtgroup>
Portgroup name="VSS">
<ref port name="VSS"/>
<ref port name="VSSQ"/>
</portgroup>
<portgroup name="DATA">
<ref port name="DM"/>
<ref port name="DQ[7]"/>
<ref port name="DQ[6]"/>
<ref port name="DQ[5]"/>
<ref port name="DQ[4]"/>
<ref port name="DQ[3]"/>
<ref port name="DQ[2]"/>
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<ref port name="DQ[1l]"/>
<ref port name="DQ[O0]"/>
</portgroup>

<powerdomain group port name="VDDQ" typ="1.5">
<ref portgroup name="DATA" />
<ref portgroup name="DATASTROB" />
</powerdomain group>
<powerdomain group port name="VSSQ" typ="0">
<ref portgroup name="DATA" />
<ref portgroup name="DATASTROB" />
</powerdomain_ group>

<swappable port>

<ref port name="DQ[7]"/>
<ref port name="DQ[6]"/>
<ref port name="DQ[5]"/>
<ref port name="DQ[4]"/>
<ref port name="DQ[3]"/>
<ref port name="DQ[2]"/>
<ref port name="DQ[1l]"/>
<ref port name="DQ[0]"/>
</swappable port>
<constraint>
<impedance group name="CLOCK" type="differential"
min="95" typ="100" max="105" />
<impedance group name="DATASTROB" type="differential"
min="95" typ="100" max="105" />
<impedance group name="ADDRESS" type="single"

min="45" typ="50" max="55" /%

<skew group name="CLOCK" min="2" max="2" />
<skew group name="DATASTRQB"™ min="2" max="2" />
</constraint>
/socket>

reference xmlns:spice="http:://www.jeita.or.jp/LPB/spice"
reffile¥"LPB2012 DDRPowerModel.sp" format="SPICE" >

<connection socket name="DDR" port id="M9">

<spice:ref pont subckt="DDRPowerModel" portid="1"/>
</connection>
<connection (sqeCket_name="DDR" port id="K9">

<spicefxef port subckt="DDRPowerModel" portid="2"/>
</connegtion>
<connegction socket name="DDR" port id="G2">

<5p¥ce:ref port subckt="DDRPowerModel" portid="3"/>
</Eonnection>

</reference>
</module>
</LPB_CFORMAT>

List B.3 is an example of R-Format for DDR memory:

<LPB_RFORMAT version="2.2" >
<header
project="LPB 2014 SAMPLE"
design revision="1.0"
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date="2015/03/20 13:00:00"
author="Format SWG"
company="JEITA"
/>
<global>
<unit>
<distance unit="um" />
<resistivity unit="ohmm" />
</unit>
</global>
<Physicaldesign name="footprint">
<default/>
<material def>
<conductor material="SOLDER"
volume resistivity="2.17e-7" temperature="20" />
</material def>

ball def>
<ball name="DDRBALL" material="SOLDER">
<frustum height="250" diaml="300" diam2="600" />
<frustum height="250" diaml="600" diam2="300" />
</ball>
/ball def>
</¥Physicaldesign>
</LPE_RFORMAT>

List Bl4: An example of N-Format for DDR memory:

/*
* 2013/03/06 : JEITA Sample N-Format file
*/

//—-—|DDR3 SDRAM —————————————————————————— AN __

modu}e DDR ( A, BA, CAS N, RAS N, WE N, CS N, CKE, ODT, RESET N,

CK, CK N, DQS, DQS N, DM,«B®/ z0Q,

VREFCA, VREFDQ, VDD, VSS, WDDQ, VSSQ );

ingput [15:0] A ;

ingut [2:0] BA ;

ingput CAS N, RAS N, WE N, CS N, CKE, ODT, RESET N;

input CK, CK N ;

input DQS, DQS N ;

ingut DM ;

in¢ut [7:0] DQ ;

ingut zQ ;

in¢ut VREFCA ;

in¢ut VREFDQ ;

ingut VDD ; INE PG NET */

ingut VSS ; VA PG _NET */

in¢ut VDDQ_% /* PG NET */

ingut VSSQ ; /* PG _NET */
endmg¢dule

List BL5%s"an example of a SPICE model that is referenced by C-Format:

*** LPB2012 DDRPowerModel.sp

.SUBCKT DDRPowerModel

vDD1 VDD2 VDD3 VDD4 VDD5 VDD6 VDD7

VDDQ1 VDDQ2 VDDQ3 VDDQ4 VDDQ5 VDDQ6

VSS1 VSS2 VSS3 VSS4 VSS5 VSS6 VSST7  VSS8 VSS9 VSS10 VSS1l
VSSQ1l VSSQ2 VSSQ3 VSSQ4 VSSQ5 VSSQ6

+ o+ o+ o+

C_VvDD1 VDDl 0 5.00E-10
C_VDD2 VDD2 0 5.00E-10
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C_VDD3 VDD3 0 5.00E-10
C_VDD4 VDD4 0 5.00E-10
C VvDD5 VDD5 0 5.00E-10
C_VDD6 VDD6 0 5.00E-10
C vDD7 VvDD7 0 5.00E-10
C_vDDQLl VDDQLl 0 3.00E-11
C VDDQ2 VDDQ2 0 3.00E-11
C_vDDQ3 VDDQ3 0 3.00E-11
C_VDDQ4 VDDQ4 0 3.00E-11

B.3.13-Besignrulefor-the-printed-ciretitboard

The syibstrate vendor provides the design rule for the printed circuit board to the PCB designer a

hd electric

produfts maker (see Figure B.5). The PCB designer uses it for artwork layout. The electric-prodiicts maker
uses i{ for verification of the printed circuit board design.

LSI Vendor

Electric Products|
Maker

(7) Pre Layout
Check

(10) Final Layout
Check 5

PCB Designerl

(5) Board

ICs C
ICs N

TOPR

Pre Layout

Discrete
Discrete I\

&nbstrate/
omponent

Vendors

PWB Substrate

¢
N\—/

The f
contai

Reprinted with permission from JEITA.

Figure B.5—Providing the design rule for the printed circuit board

llowing code section (List B.6) is an example of F-Format that is provided by the substrate

vendor. It

nsthe following information:

Shape of vias

Electrical properties of the materials used for the printed circuit board

Layer stackup of the printed circuit board

Design rules, such as minimum line and space
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List B.6 is an example of R-Format for a printed circuit board:

<?xml version="1.0" encoding="Shift JIS"?>
<LPB_RFORMAT version="2.2" >
<header
project="LPB 2014 SAMPLE"
design revision="1.0"
date="2015/03/20 23:00:00"
author="Format SWG"
company="JEITA"

/>
<global>
<unit>
<distance unit="um" />
<angle unit="degree" />
</unit>
shape>
<circle id="ViaLand" diameter="600"/>
<circle id="ViaAnti" diameter="900"/>
<circle id="Drill" diameter="300"/>
<circle id="Hole" diameter="260"/>
/shape>

padstack def>
<padstack id="VIAl4">

<ref shape shape id="ViaLand" type="Land" &M y="0" layer=|L1"/>
<ref shape shape id="ViaAnti" type="Antipad"e xs"0" y="0" layer=|L1"/>
<ref shape shape id="Drill" type="Drill" x="0" y="0" layer=|L1"/>
<ref shape shape id="Hole" type="Hole¥ x="0" y="0" layer=|L1"/>
<ref shape shape id="ViaLand" type="Lard" x="0" y="0" layer=|L2"/>

<ref shape shape id="ViaAnti" type="Ahfipad" x="0" y="0" layer=|L2"/>

</padstack>
/padstack_def>
</¢lobal>

<Physicaldesign name="DEFAULT RULE">
default/>
material def>
<conductor material='Copper"
volume resistivity="1.7e-08" temperature="20.0" />

<dielectric material="FR-4" permittivity="4.37"
tan delta="Q:01" frequency="1000" />
<dielectric méterial="SR" permittivity="4.3"

tan delta="0.03" frequency="1000" />
/material def>

layer_ det>
<layer’ name="Diel" type="dielectric"
thickness="23" conductor material="Copper" dielectric material="[SR"/>
<layer name="L1" type="conductor" thickness="38" plate thickness=|20"
conductor material="Copper" dieclectric materigl="SR"
<line width min="500" max="5000"/>
<area limit min="22500" />
</layer>
<layer name="Die3" type="dielectric"
thickness="200" conductor material="Copper"
dielectric material="FR-4"/>
<layer name="L2" type="conductor" thickness="35"
plate thickness="0" conductor material="Copper"
dielectric material="FR-4">
<line width min="500" max="5000"/>
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