Asian IBIS Summit (Yokohama) Meeting, 2014

Introduction of P2401
LSI-Package-Board Standard Format

Yoshinori Fukuba

Toshiba Semiconductor & Storage
JEITA EDA-TC Standardization Representative

m Copyright© JEITA EDA-TC LPB-WG All Rights Reserved 2014 11/20/2014 Pagel



Package needs...

+ Mutual Communication
+ Design Consistency

+ Shorten Development Time
Enabled by
ILPE® New Standard format
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About LPB-WG

JEITA

e e | - JEITA-J S| A Semiconductor board

J.ElTA Electronic Design Automation Technical
EDA-TC Committee

LPB(LSI Package board) interoperable
design process working group

http://www.jeita-edatc.com/wg_Ipb/home/lpb-en.html

Members
e LPB-WG + ex-LPB-WG

Toshiba, Fujitsu semiconductor, Renesas Electronics

Canon, Sony, Panasonic, Denso, Nokia

Fujitsu VLSI, Sony LSI, NEC System Technologies

Toppan NEC Circuit solutions

Zuken, Cadence Japan, Mentor Graphic Japan, StayShift(nimbic)
Fujitsu Advanced Technologies, Gem Design Technologies.

ANSYS, ANSYS Apache, ATE service(Sigrit etc
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http://semicon.jeita.or.jp/index_e.html

Issues

* Product development flow & EMC issues

Product Circuit SI/PI/EMC Manufactur Compliance

planning Design ayou Check -ing /Field Test

Current

Time consuming, re-design at all
=>development cost,
missing business window
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Target to improve

* How to improve...

Product Circuit SI/PI/EMC Manufactur Compliance

planning Design ayoul Check -ing /Field Test

Improve - put check point from early stage,

- o ol ol )

Reduce iterations
=>Time to market
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Challenge of EMC simulation in design

* To estimate simulation time which is allowed in each
design steps

Product Circuit avout SI/PI/EMC Manufactur Compliance
planning Design y Check -ing /Field Test

Allowable Simulation time

Lt

Allowable simulation times are
different in the development stage.
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What is the simulation time?

 definition

Simulation time =
Parameter collection +|setup + calculation

Meeting, e-mail, negotiations | hand | mesh, method, hard

Typical TAT
7
2weeks \\ dl 30 hours
ay
J
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However...

 Actually ...

Product Circuit SI/PI/EMC Manufactur Compliance

planning Design ayou Check -ing /Field Test

Allowable Simulation time

t A

IBIS simulation cannot be done at
early stage.
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Challenge to reduce the time. But...

Parameter collection |setug calculation
Meeting, e-mail, negotiations | hand | mesh, method, hard
- X10~ X10
\\ 1 EDA / computer /
2weeks :
)) day Academic challenge

Su o]0 I iEd b OR tECh 3D view: odﬁnitin |

Port 12
Portll | T s
Ill | or‘;
|

Test pulse excited at port 11

~ Simulation time < 97sec / port ; Memory usage 680 MB
~ 13 Million cells; grid: 15 pm < A <200 pm

~ Used CPU: Intel Xeon E5-2687W
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Still...

* Not enough ...

Product Circuit SI/PI/EMC Manufactur Compliance

planning Design ayou Check -ing /Field Test

Allowable Simulation time

t A

Still ...IBIS simulation cannot be
done at early stage.
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What LPB Is trying to achieved?

Parameter collection |setug calculation
7
S week \\ 1 EDA / computer /
EES day Academic challenge

2weeks ommon forma
-

0 0 allQ C allge 10 c

2d 0 on te & e 0

Extremely shorten
0 a- commerce total simulation time



Reach to the target!

* Finally!

Product Circuit SI/PI/EMC Manufactur Compliance

planning Design ayoul Check -ing /Field Test

optimization time IBIS Sim verification

®o0H

IBIS simulation can be done from
early stage.
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Design and Simulation

« LPB Standard format is also effective to shorten design process.

Product
planning

Circuit
Design

VEREWI Compliance
/Field Test
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Design and Simulation

« LPB Standard format is also intended to shorten design process.

: SI/PI/
Product Cl_rc Lay EMC VEREWTIES Compliance

planning | uit | out -ing /Field Test

IBIS IBIS IBIS
Sim Sim Sim

Quality + Time to market
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LPB Standard format

JEITA LPB-WG produce LPB Standard

fo r m at . Conceptual design
( N-Format N-Format N-Format > N-Format '
Design environment to be TP ( Op‘T‘i”r‘]jfrj‘;“’“
constructed by 6 formats, | C-ormt LVS
1.Project Manage (M-Format —y sian Rujle
J. ge ( )Detail d £/ S R-Format | {} {\

B bk

Project

3.Component (C-Format)
4.Design Rule (R-Format)
5.Geometry (G-Format)
6.Glossary

M-Format

Post design analysis
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Exchange Information In sugglx chain

»10 0
ACOIE N-Format deacic

[ C-Format C-Format C-Format

CAD |LSILayout NPKG Layout | Board Lyout

G-Format G-Format

CAE SI/PI/EMI/Thermal/Mehanical

Project Management (M-Format) [ Glossary

Bonding j PKG Board Chip RLC

Rule rule Rule Connector

R-Format| | R-Format[|R-Format || C-Format

LPB standard format reveal what the information necessary.
The required information must be shared and are provided in the supply
chain.
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LPB Community

OUser/EDA/Suppllers community
PR Forum

LPB Forum

EDA vendors sers/Designers }/ Suppliers
CAD CAE

Semiconductor Package, PWB, Passive,
Electronics products Connectors, etc..
Develop Implement Deliver design rule
LPB interface LPB design flow parametric data

With LPB format.

LPB Standard format
is promoted as for ‘Forum Standard’.

\I@bit Release/Update ‘Feedback
aSeminar ) /@Standardization
P e committee
: §ILPB JEITA
’?1 § EDA-TC/LPB-WG
\_ Y \_ Y,
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http://www.lpb-forum.com/
http://www.lpb-forum.com/
http://www.lpb-forum.com/

International Standardization Plan

B Standardization Plan

Approved project: P2401 LPB-WG

Target IEEE standard : 2015 Dec.
IEC dual logo : follows P2401
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EDA vendors adoption

* More then 10 vendors already start to develop LPB
Interface.

M ZUKEN. 2 sz ()imbic Apache
XgﬁgggﬂA FIQST ﬁture facilifies mexﬂl; I-I oy f ik
S
(r'S

Oscitlated Recat Technology

* |n addition,

Mentor/ Cadence/ Fujitsu advanced technologies are
also member of standardization committee of LPB.
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LPB Standard Format
& Usage example
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LPB Standard Format

Design environment to be

constructed by 6 formats
Conceptual design

4 1\
N-Format N-Format N-Format > N-Format l

1. Project Manage (M-Format)

C-Format

2. Netlist (N-Format)

esian Ru

Detailed | ReFormat :
3. Component (C-Format)  gesign -
. Project feedback
4. Design Rule (R-Format) Manage )
M-Format

5. Geometry (G-Format)

6. Glossary

Post design analysis
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LPB Standard Format Abstract

Format Abstract Benefit
Project Manage the LPB files of the LSI, package and board. | Easy to Manage Design history
- Manage the history , revision and update of Easy to understand Design Status
Managemen ) ' ) "
SR the files Understanding The Latest Condition
(M-Format) - JEITA original format using XML for Verification
Netlist Connection of the parts Easy to Check Connection Between LSI-
- Netlist between LSI, Package and Board. PKG-Board
(N Format) - Verilog HDL format Enable to Simulate on Board Level
Component Information of the parts that includes Easy to Verify for Optimization of LPB
(C-Format) - Pin assignment Clarification of Constraint Condition

Design constraint
Design Status
JEITA original format using XML

Design Rule Rules of the components that includes Clarification of Design Rule in Advance
- Design rule Clarification of Verification Condition
(R Format) - Assembly rule Easy to Set up for Verification

Characteristics of the material
JEITA original format using XML

Geometry Geometry of the Package and Board Efficient Use of Design Property
- XFL format Use as Reference Design
(G Format) Easy to convert Data
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LPB Standard Format Abstract

Project Manage (M-Format)

Abstract Manage the LPB files of the LSI, package and board.
- Manage the history , revision and update of
the files LPB2012MFMT_ LPB2012MFMT_

SOC_DIE.xml

SOC_PKG.xml SOC_DIE.xml .
- JEITA original format using XML SR | ST i

DDRxml

SOC_PKG.xml_

DDR.xml

LPB2012NFMT_
DDR.v

LPB2012_DDRPower
Model.sp

" LPB2012RFMT_ |
'__ SOC_PKG.xml
LPB2012NFMT_

SOC_PKG.v

LPB2012MFMT_

S LPB20T2CE T
FKBA48.xml . FKB48.xml
o LPB2OTZREMT = —
FKB48.xml
. LPB2012NFMT_

. FKB48.v
LPB2012_

FKB48.sp

Example <include MFORMAT="MFMT FKB48.xml" />
<include MFORMAT="MFMT SOC PKG.xml" />

<class comment="DDR MEMORY" >
<CFORMAT file name="CFMT DDR.xml" />
<RFORMAT file name="RFMT DDR.xml" />
<NFORMAT file_name="NFMT_DDR.v" />
<OtherFile file name="DDRPowerModel.sp" />
</class>
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LPB Standard Format Abstract

Netlist (N-Format)

Abstract Connection of the parts
- Netlist between LSI, Package and Board.
- Verilog HDL format Fris Frsis soc PG soc
g AP AvDD33 AIN[7:0] il FEROIB pKBDO[23:0] DDRAD[15:0] !
T2 yppa3 BIN[7:0] Tt DDRBA[2:0] F=if]
CIN[7:0] il DDRCAS_N %z:
AQUT[7:0] Ezi:::;] TR0 FkBDI[23:0] DDDDR'ﬁ*: oo
BOUT[7:0] : ~, |pDRCS
COUT[7:0] il DDDSE(SZI_(: [oocxe
P22 avss K e FKBCLK DDRODT ="
P22 vss RST e FKBRST  DDRRESET_N =

MCRLRT B
EE— N1 AGNDH — XTALO DDDRISIE((]: KIS e
X2 MCR1 XTALO . |DDRCEL P
AGND XTALL = XTALL DDRCK1 —
— GND X1 XTAL1 DDRCKL N
T “l DDRCKI_N —
GRM1_C1

Example module JEITA SAMPLE ( );
wire [23:0] FKBDO ;
wire [23:0] FKBDI ;
wire VDD33 ; /* PG NET */
wire DGND ; /* PG NET */

FKB48 FKB48 ( .AIN(FKBDO), .AQOUT (FKBDI) )
SOC_PKG SOC ( .FKBDO(FKBDO), .FKBDI(FKBDI) ) ;

endmodule
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LPB Standard Format Abstract

Component (C-Format)

Abstract Information of the parts that includes BGA package
- Pin assignment SIeIe
. . 00 00g
- Design constraint PO OO oeket
- Design Status —
- JEITA original format using XML IR
referencenet_port port0 ! X 1
porti :>< I
Port_group:skewset] port2 | X'
o 1 C
Skewem:lbT
<module name="SOC PKG" type="PKG" shape id="PKG BODY" >
Example <socket name="SOC PKG" >
<port id="A5" x="-8500" y="12500" angle="0" name="FKBDO[5]" />
<port id="A6" x="-7500" y="12500" angle="0" name="FKBDO[2]" />
<constraint>
<impedance group name=“FKB DIN" type="single" min="40" typ="50" max="60"/>
<delay group name="FKB DIN“ min="100" typ="150" max="200" />
</constraint>
</socket>
</module>
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LPB Standard Format Abstract

Design Rule (R-Format)

Abstract Rules of the components

= DeSign rUIe NonConnection
- Assembly rUIe & HorizontalLength
o g . PN ——— s —— s — i == 2 > :
- Characteristics of the material P B i
- JEITA original format using XML thH g | ifAnge Nmmaﬂo-w
=i die pgd .
finger pad
Antipad L h
Example <material def>
<conductor material="COPPER" volume resistivity="1.68e-8" />
<dielectric material="FR-4" permittivity="4.5" tan delta="0.035" />

</material def>
<layer def>
<layer name="TOP COND" type="conductor" thickness="0.030"
conductor material="COPPER" />
<layer name="DIELECTRIC12" type="dielectric" thickness="0.100"
dielectric material="FR-4" />
</layer def>
<spacing def>
<layer name="TOP COND">
<line to line space="0.050" />
</layer>
</spacing def>
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LPB Standard Format Abstract

Geometry (G-Format)

Abstract Geometry of the Package and Board
- XFL format
Example shape 4 53.2 26.8 90 N

1

via 1 4 v020C060C085 54.55 20 0 N
via 2 3 B010C050C075C23 41 24.25 0 N
shape 1 11 35.5 29 0 N
via 1 2 B010C030C1l2 35.5 29 0 N
path 2 0.1 {

41 24.25

41.000000 24.750000

11/20/2014
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LPB Files Delivery

Package
models
S-param
SPICE
IBIS

Passive
components/connectors

Die models
IBIS/SPICE
CPM/LPM

£~/  Foo0esT

Die Size Package size Simulati

. _ . imulation
Pad location Terminal location model
Spice Model Spice/IBIS/S-param model "3 1170

S-param
SPICE
etc

correspondence correspondence

Die mount

rotation
[ N-Format JEETS

Connectivity

Terminal location
Simulation model
correspondence

C-Format V- ______
Package
mount rotation

Revision number of
Each N/C/R/G files

PKG routing PWB Routing Line/Space

/Plane /Bond wire /Plane Via pitch/size/hole
3 Layer Stuck up

Material parameter

Wire Bonding rules

Auto set-up
simulation project
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LPB sample files for test bench

T

SOC PKG
o llle SOC New Design
SOC DDR generic parts
DIE
FKB48 generic parts
SSTL15
Power IC generic parts

Xtal generic parts

Passive Power IC
Passive generic parts

LLAETETIICTUFIITTUTNTY tBasee on LPs Standard Format Ver.2.1)

[ Golden Sample are provided as a test bench for implementation. ]
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Reference flow using LPB standard format

LS| Vendor

(Package Design) \Lsi

(2)VLSI

Outline SPEC.

(4) PKG Pin
Assignment

Requiremer

Electric Products
Maker

it (1) Block
Diagram

Board Artwork

Substrate/
Component
Vendors

(6) PKG
Pre Layout

(8) PKG
Final Layout

PKG C2 ¥ ICs C DDR, PG
PKG N2 ¥ ICs N
11
.- s
TOP N3
PKG C5
PKG C4 Discrete |C .
Discrete [N 0 0

v .
(7) Pre Layout

Check

A4

< (9) Board

Final Layout

TOP C9

TOP G0 (

ed 2014

To understand the function
of the LPB standard format.

0/2014 Pages




Growth of LPB files Iin design steps

C-Format ( )
Header header Header LPB files will grow every
Global unit Defines the unit time you go through the
shape Defines the shape process of the design.
Pad sté pot 1p, Coordinate, Port Name JjCk N =
Module socket ~output ports of the module
port
port group

power domain group
swappable port/group Defines the swappable ports/port groups

frequency . H——=—""frequency for the port
constraint Impedance, Delay, Skew pper hierarchy
specification Defines the specification of the module
reference Defines the connection procedure between ports in socket

section and ports in referenced file.

Component placement w%ﬁnesthe placement of the module

Placement Information of the parts

[Example]
<placement ref module="SOC" inst="SOC" x="400" y="-6500" />
<placement ref module="DDR" inst="DDRO" x="37000" y="-3200" />

Copyright© JEITA EDA-TC LPB-WG All Rights Reserved 2014 11/20/2014 Page31



<Example> The growth of C-format

Coordinate of port

id="A3" x="-10500" y="12500" angle="0"/>
id="A4" x="-9500" y="12500" angle="0"/> only PKG-C2
id="A5" x="-8500" y="12500" angle="0"/>
id="A6" x="-7500" y="12500" angle="0"/>
id="A7" x="-6500" y="12500" angle="0"/>
id="A8" x="-5500" y="12500" angle="0"/>
id="A9" x="-4500" y="12500" angle="0"/>
<L Add Name of the port
id="A3" x="-10500" y="12500" angle="0"/> by Board deSIQner PKG C3
id="A4" x="-9500" y="12500" angle="0"/> B
id="A5" x="-8500" y="12500" angle="0" name="FKBDO[3]" direction="out" type="signal" />
id="A6" x="-7500" y="12500" angle="0" name="FKBDO[O0]" direction="out" type="signal" />
id="A7" x="-6500" y="12500" angle="0"/>
id="A8" x="-5500" y="12500" angle="0"/>
id="A9" x="-4500" y="12500" angle="0" name="XTALL" direction="inout" type="signal" />
<L Dispute? | Change the assignment
— by Package designer
<port id="A3" x="-10500" y="12500" angle="0"/> i - PKG_C4
<port id="A4" x="-9500" y="12500" angle="0"/>
<port id="A5" x="-8500" y="12500" angle="0" name="FKBDO[5]" direction="out" type="signal" />
<port id="A6" x="-7500" y="12500" angle="0" name="FKBDO[2]" direction="out" type="signal" />
<port id="A7" x="-6500" y="12500" angle="0"/>
<port id="A8" x="-5500" y="12500" angle="0" name="VDD_PLL" direction="inout" type="power" />
<port id="A9" x="-4500" y="12500" angle="0" name="XTAL1" direction="inout" type="signal" />

LPB files grow and share the information each other.
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<Example> The growth of C-format

<1-- Swappable Group --> PKG-CB
<1-- Swappable Port --> No info. about pOI‘t swap
<!1-- Swappable Group --> N
<swappable_group> PKG'C4
<ref_portgroup name="FKB_DIN_BYTEQ" />
<ref_portgroup name="FKB_DIN_BYTE1" /> Here is additional
<ref_portgroup name="FKB_DIN_BYTE2" /> .
</swappable_group> preparation

<!-- Swappable Port --> -\ /-

<swappable_port> .
<ref_port name="FKBDO[0]" /> >Add Swappable |nf0_
<ref_port name="FKBDO[1]" />
<ref_port name="FKBDO[2]" />

<ref_port name="FKBDO[3]" /> Give the constraint from
<ref_port name="FKBDO[4]" /> :

2 ref bort name="FKBDO[5]" /> package designer to board
<ref_port name="FKBDO[6]" /> geSIQ ner

<ref_port name="FKBDO[7]" />
</swappable_port>

y Based on the constraint,
board designer can
change the design

Share the information about constraint and flexibility
=> change of design proposal is possible
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LPB Standard Format
Summary

m Copyright© JEITA EDA-TC LPB-WG All Rights Reserved 2014 11/20/2014 Page34



Benefit of LPB format

- Quick & Accurate design/simulation set up
» No more e-mail/phone call/meetings

» Avoid human error; eliminate hand edit, version
control

- Feedback can be done from any parties,
and instantly.
» For optimization/cost down/quality up feedback

- Easy implementation

« Human readable, open format XML/Verilog-HDL
« XML parser available.

« Simple / light geometry format (G-format: XFL)
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Join us!

Visit & Support

 Visit website “LPB format” “LPB forum”

« Please support International Standard IEEE
SA P2401

Link Together by LPB standard format
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