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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 tools, intend to create design optimization by having proper interoperable information exchanges
among all LPB parties. In order to achieve a design that optimizes the balance between cost and
performance, information about and the results of design should be well shared among cooperating LPB
design sections.

The Japan Electronics and Information Technology Industries Association (JEITA) LPB Interoperable
Design Process Working Group (LPB-WGQG) was established to identify the solution. The LPB-WG intends
to make a standard for an exchange format to make it easy to exchange information between each of the
LPB design departments, so that optimal design will be carried out quickly.

The LPB interoperable design process has the following issues:

— Netlist not unified on each LPB

— Complexity of the representation of the relationship as a whole arrangement of the LPB

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

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

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

— A large effort is required for conversion of formats.

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

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

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

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

viii
Copyright © 2015 IEEE. All rights reserved.



Contents

L. OVEIVICW ..enetiiietieitete et eeteeitestteste et e est e eateeseessaeese e seenseensesasesseesseanseenseanseesseassessaensaenseensesnsesnsesseenseenseansenns 1
L BT oL OO OSSOSO STRTRPPPTOP 1
LL2 PUIPOSE .ottt ettt ettt ettt et e b e st e bt e s ab e e bt e et e e bt e e st e ettt e s et e ettt e sabeebbeesabeenateenabeenaes 1
1.3 Key characteristics of the LSI-Package-Board Format.............coccoioiiiiniiniiniiiiiieeccec e 1
1.4 Contents of this StANAATA ........c.eeciiiiiiiiiiecie ettt e e st e e seb e e ssaeessseessbeessseessseenseas 3

2. NOTMALIVE TEIETENCES. ... vieitieeiieeieeetieecteeette st e et e st e eteesbeeebeessbeessseessseeasseesnseessseesnsaessseesnseessseessseenseens 3

3. Definitions, acronyms, and abDIEVIATIONS .........cccueeriiierieriieerieeseeeseeesteeesteeeteeeseeeessseesseessaeesseessssessseesnes 3
3.1 DETINIEIONS 1vvvieiiieiie et etie ettt ette ettt te et e e tte e teeestee e taeenbeessseeensaesnsaeenseesnseeanseesnsaeanseesnsaaenseesnseennseens 3
3.2 Acronyms and abDIEVIALIONS ........cecveeruieirieeriieeeiieeitteeiteeteeeteeeteesteeebeesbeessseesnseessseesnseeesseesnseeanseens 6

4. Concept 0f the LPB FOIMAL..........ccoeiieiieiieiieieeieceeie ettt ettt esse e e enseesaesnaesseenseenseenneans 8
4.1 Technical BaCKGIOUNA..........ccveriieiiiiieeie ettt ettt st s e steesteesteesseesaenseenseensesnsesnnenes 8
4.2 CoNVENLIONAL AESIZN ....evveiieiieiieie et eteete st et et e e stae st ee e e seessesatesaeesseenseenseenseessessaeseenseensennsesnnenees 8
4.3 Common problems at the deSIZN SILC ........uerieriieriieiieieeiereere ettt ere e et e e ebeesesneeses 8
4.4 Concept of LPB interoperable deSiZN.........cccveruieiieiieieniieieieeie ettt seeae e ses 9
4.5 Value creation by LPB interoperable desi@i .........cccuivierierienieeieiie ettt 9
4.0 LPB FOIMAL .....eeoiiiiiiieeiieeitecte ettt ettt ettt e et e e ate e bt e e steestbeessseessseenssesnsaeensseensseensaeensseeseeenses 10
4.7 Summary of LPB FOIrmat flleS........cccuiiiiiiiiiiiieciicieee ettt et eaae et eeaee e 10

S LaNUAZE DASICS...eiuiieiiiiiiiieiie ettt estte ettt et teetteeteestteebeeestaeesseeessaeanseesnsaeenseesnsaeenseesnseeenbeesnbaeenseesnsaeenseenns 16

6. Common elements in M-Format, C-Format, and R-FOrmat................ccooevuiiiiiiiiiiiie e 17
LI B € 1551 1<) 1 USSP 17
6.2 The <header™ CIEMENL ..........c.ecieriieiieieeie ettt ettt ettt et e eseessaesse e seenseensesasesneesneenseenseenes 18
6.3 The <LODAL™> CIEMENL ... .ccueiiuiiriieiieii ettt ettt ettt ettt e e ate e essaesse e seenseensesnsesneesneenseenseenes 19

T IMIEFOTIIIAL. ..ttt et ettt et e st e et e s b e e eabeesa bt e eabeesabeeeabeesabeeeabeesabeeeabeesabaeeabeenas 31
7.1 M-FOrmat file StIUCEUIE.......ecuvertietieiieieeiieeiestte it ettt et e st et et e et enteesaesssesse e seenseensesnsesseesneenseenseenes 31
7.2 The <inCIUdE™ CIEMENL ........c.eerieiieiieieeieeieet ettt sttt ettt et e e te e be e b e enseensesseesneenseenseenes 31
7.3 The <ClasS™ CLEMENL .......eeueeieieriieiiete ettt te et et e st e st e te et e eateessessaesse e seenseensesnsesseesneenseenseenns 32

T O 03 5 s 1 AU SURPSRRUR 36
8.1 C-FOrmat flle STITUCTUIE .......eeiuveeiieiiieeitieeieeeieeeieeeteesteeebeesbeessbeesebeeesseessseessseessseessseessseensseessseenssens 36
8.2 The <mMOAUIE™ CLEIMENL ......eeiiiieeiieiiieeiie et eiteeee et et e et e sbeesbeesbeeesbeessbeessseesssaessseessseensseessseenssens 37
8.3 The <COMPONENE> CIEMENT ... .eeetiiiiieeiieeiieeiteeteeeteestee et e eteesteesbeessbeesbeessseessseessseesnsaensseessseenssens 82

0. RFOTIMAL ..ottt ettt ettt e et e e bt e et aeesbeeestaeenseesssaeenseesnsaeenseesssaeenseesnsaeanseesnsaeenseenns 86
9.1 R-FOImMat fl€ STITUCTUIE ......eeeuieeiieiiieeiieeieeeitesieeetee st e st e sbeessbeesebaessseesnseeasseesnseessseesssaensseensseenssens 86
9.2 The <Physicaldesign™ ClemENt ...........ccerierierieriieieesie ettt eae et te e be s e saesseesneesseenseenes 86
9.3 The <Constraintrule™ ElEmMENL .........c.cccuerierieiieeie ettt ete et et e e e aesaeseeesaeeseenseensessnenseens 116

TO. IN-FOTINAL ..ttt ettt ettt b et et e e bt e bt e s b e e e bt e e bbeeabeesabaeenbeesabaeenseesases 122
10.1 Purpose of the N-FOrmat file ..........cccooeriiriiiieiieieeeseeee e 122
10.2 How to identify the power/ground NetWOrK...........cocvevieiiienieiiie e 122
10.3 EXAMPIC ...ntieniieiieiieeieeeestet ettt sttt ettt e st este e s e e seenbeseaesatesseenseenseenseenseesae st e seenseenneennes 122

LB R a1 | PRSP 122
11.1 Language basics Of G-FOIMAL...........cooiiiiiiiiiiiiieieeese et 122
T1.2 SEIUCLUI® ..eeevviieiee ettt etteetteette ettt et e et e et e et eebeeestaeenseesstaeenseesssaeanseesnsaeansaesnsaeanseesnseesnseesnseeanseenns 123

X
Copyright © 2015 IEEE. All rights reserved.



T1.3 HEAERT SECTION ..cenviiiiiieee ettt e e e e et e e e e e e aae e e e e e e seeaaaaeeeeeeseassaaseseesseanstanreeeeeesnnnes 124

11,4 MALETIAl SECTION ....eiietietietieteee ettt b et e et ettt sbt e b e bt et e st e eateebee bt e beenseemeeenees 125
L 1.5 LaYOT SECLION. ..euuvietieetieeiieestteetteesteeeteeeteeeteeebeesstaeesseesssaeanseesssaeanseesnsaeanseesnsaeanseesnseeansessnsesenseenns 126
11.6 SHAPE SECLIOMN ....ieiieiieeiieiieteete et ete et et et et eeteesaessaesseesseenseensessaesseesseeseenseanseansessaenseenseensennsennnes 126
11.7 BoArd ZEOMELIY SCCHIOM ....eeuvieiieieeieiieeiieit et et eetesetesteeseeseesaessaesseesseenseenseenseensesssesseenseensesnsesnnes 131
11.8 PadSTACK SECTIOM.c..c.eiieiieiieitiiteie sttt ettt ettt sttt ettt be bt e bt et eat et e tenbe e 133
11.9 PAIt SECLIOM ...eutentiieieteeiceit ettt sttt ettt st sb e eb ettt be st ebe et eat et etenbenaea 134
11.10 COMPONEIL SECHIOM ..euvveueieniienteeieeiieetesetesteeteeteestesstesseesseeseesesssesseesseeseenseansesnsesssesseanseensesnsesnns 135
11,11 Net attriDULE SECTIOMN ..c..cueeutiutiiirtirterteeit ettt sttt sttt ettt st sb et e eat et et e st e b st bt et easensensenbeneeas 136
L1112 NELLISE SECTIOM ..ttt ettt et e e et ettt saeesae e st e et e st e eateebeenbe e beenaeeaeesnees 136
L1.13 VE8 SEOTIOM .ttt et ettt eb e b e bt et et st sb e e sae e st e emteee b e eneeebee bt e beenseeneesaees 138
11.14 BONAWITE SECTION ..ottt ettt ettt ettt st st sb et e sttt eateebeesbe e beembeemaesaees 139
L1.15 ROULE SECHION ...ttt ettt ettt ettt st sa e bt et et eateebeesbe e beenteenaeeaees 141
Annex A (informative) BiblIOGIaphy .........coouiiiiiiiiiiiieie e e 145
Annex B (informative) Examples of UtiliZation ..........ccceeiiieriiiiiieniecicecie e 146
B.1 Understanding the function of the LPB FOrmat .............cccoooieriieiiriiiiiecieeeeeee e 146
B2 TESE DEIICH ...ttt sttt et et et b e bbbt ettt nae 146
B.3 Design floW EXAMPLE ......ocuveieieiieiieie ettt ettt ettt et sttt ettt et enbeeta e saeneenseenneennes 148
B.4 Growth of the sample files in the LPB FOrmat ...........ccocoveiieiiieiiiiicieceeeeee e 179
B.5 Simulations using the sample files in the LPB Format .........c.ccocoooiviiiiiiiiininininninccieicnencns 182
Annex C (informative) XML ENCIYPLION ......c.eevviiiiiiieiieriierit ettt eresaesae e sseesseenseenseesaessaenseens 184
Annex D (informative) MDS5 CheCKSUM .......ccviiiiiiiiieiiieiieee et e seeeebaeeneee e 187
Annex E (informative) Chip-Package Interface Protocol...........ccooiiiieiiiiiniiiiinieiicccce e 188
S R € 1S 11 ¢ | OO OO PRPRO 188
E.2 Comparison of C-Format with Chip-Package Interface Protocol...........cccceeveeiviieeiiiinieecie e 188

X
Copyright © 2015 IEEE. All rights reserved.



IEEE Standard Format
for LSI-Package-Board
Interoperable Design

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

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

1.2 Purpose

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

1.3 Key characteristics of the LSI-Package-Board Format

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
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