2018 DesignCon IBIS Summit Santa Clara, California February 2, 2018

Effective simulation set up with
latest IBIS models

cooperation with IEC 63055 / IEEE 2401

Yoshinori Fukuba (JEITA, TOSHIBA)
Kazukl Murata (JEITA, Ricoh)

LL P@ Copyright© JEITA SD-TC All Rights Reserved 2018



Package needs...

+ Mutual Communication

+ Design Consistency

+ Shorten Development Time
Enabled by

and I..FB Standard formats
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Background of technology matters

In Technical, Increasing of connected node causes
the long time work,

« Conversion work from someone’s info. To someone’s work
environment

« Mistakes may occur in manual connection, but just watching the
results, mistake cannot be detected.

« As aresults, it takes long time for verification work to correct setup

Engineer's valuable time is lost in such a wasteful
work. Engineers have to spend time for
Innovation.

In Business, delay to put the product in market.
Design technology leads to business success.
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What is IEC 63055/ IEEE 2401-20157?

Standard format for LS| Package Board (LPB)
Interoperable design.

For effective information exchange in supply chain.

Individual LSI Package Passive Board
= LT ~ T
Confidential N
information Design Design Design Design
detail Detail Detail Detail
i Behavioral i B i
Interoperable Models, IBIS, SPICE, etc. Behavioral ehaviora Behavioral ehavioral

information IEC63055/IEEE 2401 Abstract

1 Project Manage (M-Format)
2. Netlist (N-Format)

3. Component (C-Format)

4 Design Rule (R-Format)

5

E Glossary
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What is IEC 63055/ IEEE 2401-20157?

In the deployment of electronic products...

&7 Soooooe

Package size

Die Size Die models e Package models
Pad location erminal locatio S
Spice Model IBIS/SPICE Spice/IBIS/S-para model IBI
correspondence | CPM/LPM correspondence S-para SPICE
G-Format ; R-Format
C-Format C_Format Package Lyout
Die mount Package mount Wire Bonding Coml_Jination O_f C,G,R,
Coordinate, Coordinate, Layer stuck-up N WIhIC_h S[:onst;tute the
Orientation Orientation ia, material analysis targe
Flip, etc. Flip, etc.

L/ simuationPiatiom
=7

Line/Space

Via pitch/size/hole PWB Routing  Connkctivity

Layer Stuck up /Plane

Material parameter
N Y,

Netlist
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Japan Electronics and Information Technology Industries Association

Delegates of JEITA

Japan Electricals and Information Technology Industries
Association

JEITA-JSIA | Semiconductor Industry Association in Japan

Semiconductor Standardization Committee in Japan

m Semiconductor & System Design Technical Committee

Chair : Yoshinori Fukuba (from Toshiba)

m LPB(LSI Package board) interoperable design sub-committee

LPB modeling Working Group / IBIS Task Group

Leader: Kazuki Murata (From Ricoh)

EcggﬁTER * |IBIS Summit Japan coordinator

http://jeita-sdtc.com/worldwide/
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http://semicon.jeita.or.jp/index_e.html

History of IBIS & LPB

1. 2013 Asian IBIS Summit Yokohama, R -#®013 Asian | um'mit Ja'pan i
Mr. Murata presented on V5.x, AMI's ‘YQkobami Murata‘

conS|der_at|on. Aft_er that F_ukuba _ w / M. M|chael Mirmak

talked with Mr. Michael Mirmak, \ n

former chairperson IBIS Open Forum, g BN uf
about the cooperation between IBIS ] AR < 'm/ V4
& LPB. “

Fukuba S »"‘\
J.n»—
-2 )

2017 Asian IBIS S

3. Fukuba presented LPB concept at . £ 4 Japan in Akihaba
2015 Asian IBIS Summit Yokohama
(almost the same content as Mr.
Tanaka’s)

2. Mr. Tanaka introduced LPB concept
at 2014 IBIS Summit @ DAC (San
Francisco)

4. Mr. Murata presented the chip model
at 2017 Asian IBIS Summit o
Akihabara, Tokyo, after that Fukuba /f/'
discussed cooperative relationship '
with Mr. Mike LaBonte.

o

L e
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Overall Simulation time

Parameter collection |setup calculation

\\ : EDA / computer /
day Academic challenge

II List of information, exchange format, m

common terms & definitions

2weeks

Extremely shorten
II Community / e- commerce total simulation time

time
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Waste of time — PIn connection

It is complicated to assign IBIS model to component in board layout data.

Too many [Pin]s to connect manually!
Example: number of pins.

DDR4 64bit

FPGA-A

FPGA-B

SoC-A

SoC-B

114

2892

2912

1760

2597

Some tools can connect them automatically.

But, we can’t always get correct result by keyword matching method.

Is [Pin] name physical pin name? Al1,A2,A3,B1,,
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LPB - Explicit connection

LPB can contains the correspondence of IBIS [Pin] to chip pin’s
physical position.

LPB

- =socket name="DDR3_x16_sdp_socket"=-
<port name="VDDQ" angle="0" y="6000" x="-2200" directicn="inout" type="power" id="A1"/> ) o
<port name="DQUS5" angle="0" y="6000" x="-2400" direction="inout" type="signal" id="A2"/>
<port name="DQU7" angle="0" y="6000" x="-1600" direction="inout" type="signal" id="A3"/= PhySICaI pOSItlon
«fsocket=
- «reference reffile="dram.ibs" format="IBIS" xmlns:ibis="http:/ /www.jeita.or.jp/LPB/ibis">
- =connection port_id="A1" socket_name="DDR3_x16_sdp_socket": 1
<ibis:ref_port pin_name="A1" component="AA512M16BB"/ > :I- ® Llnk LPB <p0l’t>
< fconnectionz
- =connection port_id="A2" socket_name="DDR3_x16_sdp_socket":=
<ibis:ref_port pin_name="A2" component="AA512M16BB"/ =
</connectionz
- =connection port_id="A3" socket_name="DDR3_x16_sdp_socket":
<ibis:ref_port pin_name="A3" component="AA512M16BB"/ =
</connectionz 2
<freference:

to IBIS [Pin]

LPB supports
IBIS(.ibs, .pkg, .ebd),

SPICE, Spara, Verilog, 4 &S
etc. ——
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Waste of time — Data conversion

SI/PI/EMC designers have to use various tools.
for die tools, for PKG tools, for Board tools, simulators, CAD,,,

Therefore it is necessary to convert the data many times.
Format A -> Format B -> Format C
Are A and C the same layout?
It is complicated to modify the data manually to be the same.

Designed by Via Simulation by
PKG Planning tool Layout tool data format EM simulator
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LPB - Seamless design

LPB is mainly XML format, and IEC and IEEE standard.
Various tools support LPB. Therefore data conversion is unnecessary.

Floor plan tool  Pin Assignment tool Circuit simulator, EM simulator

LPB has module’s physical shape data and layout data.
die outline, PKG outline, die pad shape, PKG ball shape, etc.
P/G plane shape, transmission line shape, layer stackup, etc.
And, these modules are linked to IBIS models or other models.
LPB makes it easy to proceed design phase.
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\Waste of time — Re-setup

Board layout changes may be occured many times during design phase.
SI/PI/EMC designers also have to do simulation many times.

1st design

2nd design

modify cap.

add plane

3rd design

Layout tool

EM Simulator

Cap.

DRAM

|

IZ: IBIS & Spara

setup

assign

result

Target Z

setup data ﬂ

== .
_-disappears

Re-assign
IBIS & Spara

A

Target Z

ﬂ

chanﬁ:;

setup data
disappears

v
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LPB — Setup Iteration-free

Once you setup simulation by using LPB, you can reuse it without re-setup.

Layout tool EM Simulator
- setup result

TR | | If necessary;, e J)\ TargetZ
1st deS|gn :@; ';E: I > assign

HEE: IBIS & Spara f

setup data
~ _remains in

2nd design \ ________n TargetZ
modify cap.
add plane f

: ‘ changed set_up (.jata
3rd design Z;: remains in
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Example of LPB o

<module name="“die” type="LSI” shape_id="“die_shape” >
<socket name=“die_pads” >
<port id="1" name="DQ0” x=100 y=200 />
<port id=“2" name="DQ1” x=100 y=300 />
o -
</socket>
</module>

| <module name="pkg” type="PKG” shape_id="pkg_shape” >
N/ "/ \_ <socket name="pkg_balls” >

<port id=“A1" name="DQO0” x=500 y=1300 />

</socket>
Instantiation
<component>
<placement inst="dram_die” ref_module="cic” x=0 y=0 />
</component>
U U -
\ <module name="brd” type="PWB” shape_id="brd_shape” >
<socket name=“brd_edge” >

<port id="1" name="sig1” x=800 y=10500 />

</socket>

</module> Instantiation
<component>

<placement inst="mem1” ref_module="pkg” x=700 y=8200 />
<placement inst="mem2” ref_module="pkg” x=700 y=5000 />
</component>
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\Who provides LPB?

For the components, LPB files should be released by component vendors.
Some commodity parts are getting ready!

JEITA has released the sample data and tools for either vendor or user to
create LPB files.

In case you have to make LPB by yourself, use ‘LPB design kit’ released by
JEITA that can export simple LPB files.

EED g S |
File Window Help -
%% w
Parameter 8 x | BGA | QFF | GFP | SMD | Ports 8 x
Package Name Ball Grid Array PortiD X Y Name
Outline width [mm] 1 ||
Outline height [mm]
: Ball pitch [mm]
' Ball diameter [mm]
I| Number of Ball Columns |
|| Number of Ball Rows [ SPICE | IBIS_| SPara |
: outllnewh!th ‘
. ————
| yree |
Pt
Fall Diameter °§-
e | AddBall | [ DeleteBall | [ Olear subckt
\[Messages & X

Sorry, this web site is Japanese.
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How to make LPB with IBIS

Example: DRAM
Import IBIS [ —————— .

| JEITA

Parameter QFP CFP

Package Name DRAM | Ball Grid Array PortID X Y Name Direction Type
Outline width [mm] 9 Al 32 |60 VDD_DDR inout ~ | power
o T [ [ o 1 0
Outline height [mm] 14 --- A2 -2.4 -6.0 VSS_DDR inout v lground
! A
Ball pitch [mm] 08 -- A3 16 |-6.0 DQ8 inout 5 [signal
s
Ball diameter [mm] 045 - [

Number of Ball Columns 9

Number of Ball Rows 16

N AW N e

=== A7 16 6.0 DQSIN inout v [signal
--- A8 2.4 6.0 VSS_DDR inout ~ [ ground
--- | SPIGE | IBIS | SPara
EEE :
[Component] MM512M16 r;
. Qutline W_II!th --- [Package Model] dram 96ball_pkg =
X ‘7—- - [Manufacturer] JEITA_sample
. \ T
2F £ | typ min max -
;[ H --- R_pkg 389.47m 340.46m 429.25m Vlewer
8 ; z --- L pkg 1.7enH 1.30nH 2.35nH
3 & C_pkg 0.42pF 0.32pF 0.74pF
X 8all Dlameter £ .-- |
o [Pin] signal_name model name R pin L pin C_pin
o a1 vDDQ POWER
- EEE EEE o %
23 DQ8 DQ 346.42m 1.32n8 0.42pF
a7 UDQsS_c DQS 359.83m 1.34nH 0.41pF
A8 VS5Q GND

|Messages RS
[Component]
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How to make LPB with IBIS

<JEITA_LPB_CFORMAT version="22"> -
<header date="" design_revision="" project=""/>

<elobal> U
<unit> L P B
{distance unit="mm" />
GFF <{time unit="ps"

{angle unit="degree" />
Ball Grid Array

Package Name DRAM <funit>

Outline width [mm]
Qutline height [mm]
Ball pitch [mm]

Ball diameter [mm]
Number of Ball Columns

Number of Ball Rows

2 {shape>
<rectangle height="14.0" id="1" width="9.0"/>
{circle diameter="045" id="2"/>

<fshape>

{padstack_def>
{padstack id="1">

{/padstack>

<{ref_shape pad_layer="BOTTOM" shape_id="2" x="0" y="0"/>

{/padstack_def>
</elobal>
<module name="DRAM" shape_id="1" thickness="0" type="PKG" x="0" y="0">
{socket name="socket">
{default>
{port_shape padstack_id="1"/>

<fdefault>
<port direction="inout” id="A1" name="YDD_DDR" type="power” x="-32" y="-60"/
<port direction="inout” id="A2" name="V55 DDR" }ype=" ground” x="-24" v="-60"/>
<port direction="inout” id="A3" name="DOS" type="signal" x="-16" y="-60"/>
<port direction="inout” id="A7" name="DAOSIN" type="signal” x="16" y="-6.0"/">
{port direction="inout” id="A8" name="VSS_DDR" type="ground” x="24" y="-60"/>
{/socket>
{reference format="IBIS" reffile="dram_sample.ibs” xmlInsibis="http://www jeitaor jp/LPB/ibis" />
{connection socket_name="socket” port_id="A1">
<{ibisref_port component="MM512M 16" pin_name="&1"/>
{/connection>
{connection socket_name="socket” port_id="A42">
<{ibisref_port component="MM512M 16" pin_name="A42" /">
</connection> I B I S
{connection socket_name="socket” port_id="A3">
<ibigref_port component="MM512M16" pin_name="A3"/>
</connection>
{connection socket name="socket” port_id="A7">
<{ibisref_port component="MM512M16" pin_name="A7"/> —
</connection>
{connection socket_name="socket” port_id="A8">
<{ibisref_port component="MM512M16]" pin_name="A8"/>
{/connection> ¥

[ Save ][ Cancel

m

. Qutline width

2 2 2 2 =

Ball Pitch

wdpysupno -

gall Dlameter

with

[ AddBall | [ DeletsBall |[  Clear ]

Messages
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Study for IBIS & LPB, Case: IBIS 6.0

In many cases, IBIS6.0 doesn’t have die pad information.
Therefore IBIS is linked to LPB PKG module.

If you obtain .pkg file and .ibs file without package model, you can

use them for PKG module and DIE module separately.
Then PKG module can be stacked with DIE module.

LPB PKG module PB D odule PB P odule

.Ibs

.ibs

\J\/\.é S
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Study for IBIS & LPB, Case: IBIS 7.0

[Interconnect Model] can define die pad. ibs for DIE
In this case LPB DIE module may be available.

But, there is a possibility that the tool recognizes
each model twice — double counting problem.

[Interconnect Model] Full ISS pad pin_ IO
File IBIS-ISS full pad pin io.iss full pad pin IO_typ
Number of terminals = 8
1 Pin Rail pin_name 1 VCC_5.0 POWER|[
Pin_Rail pin_name 2 vec 3.3 powErR| |bS for PKG
Pin I/O pPin_name 3 DATAl1l DATA MO
Pin Rail pin name 4 VSS GND

VCC_5.0 POWER
vCC_3.3 POWER

Pad Rail =P pad name vCcCc2

2
3
4
5 Pad Rail =—p pad name VCC1
6
7
8
[

Pad 1/0 pin_name 3 DATA1l DATA MO
Pad Rail =—ppad name vssl VSS GND

End Interconnect Model]

[Interconnect Model] Full _ISS buf pad IO

File TS full buf pad io. sBp | full buf p

Pad Rail —>pad name vce2 vce 3.
DATAL
vss
vce 5.
vce 3.
DATA1
vss

Number of terminals = 8

1 Pad Rail = pad name VCC1l VCC_5.0 POWER

2

3 Pad _1/0 pPin_name 3 : 1VCC_5.0 POWE

4 Pad Rail —Ppad name vssl

5 Buffer Rail pin name ]
6
7
8
[

CC_33 POWE

i 3DATA1 DATA_MODE

Buffer I/O pin_name

1
Buffer Rail pin_name 2
3
4

Buffer Rail pin_name
End Interconnect Model]

IBIS Update’ Mike LaBonte  Nov. 17 2017 Asian IBIS Summit inTokyo

LL PB Copyright© JEITA SD-TC All Rights Reserved 2018



Concerns and required actions

Concern: double count of die and PKG model in case LPB with IBIS7.0

Action: add the optimal function to LPB ? ¢ active
LPB : [Package [Inter-
M I Pack P
Example of modification to correspond to IBIS 7.0 [Model] | [Package] [Pin] Model] | connect]

( Depends on simulator )

‘/

<ibis:ref_port

<pkg t =sh S
component=aaa pkg type=short/

/> <pkg type=package/>

v,

<pkg type=pin/>

<pkg type=package_model/>

QSNSNSAS

<interconnect name=xxx/>
<ibis:ref_port ( Depends on simulator )

< k t = h t/>
component=aaa pkg type=shor

without_buf=yes | <pkg type=package/> \/

f> <pkg type=pin/> \/
<pkg type=package_model/> J
<interconnect name=xxx/> ¢

<pkg/> and <interconnect/> can be written together.
More than one <interconnect/> can be written.
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Conclusion & Proposal

Conclusion

 |EC 63055/ IEEE 2401 helps shorten the setup of IBIS simulation
and prevent mistakes.

 |BIS 7.0 affects IEC 63055/ IEEE 2401 interface scheme

« |EC 63055/ IEEE 2041 will be updated soon for 2020 version
« This time, there is possibility to implement the additional option
to cooperate with IBIS 7.0. (this will be discussed in JEITA.)

Proposal

* For future, establish Joint work for harmonization with latest IBIS
and IEEE 2401.
 To join the web meeting or to hold the meting with IBIS summit.

 |EEE 2401-2020 revision work — join P2401 working group if you
are IEEE-SA member

Thank you!
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Reference IEEE P2401

project 2013 http://grouper.ieee.org/groups/2401/

Index of Working Group Websites Staff Liaison Directory IEEE-SA Home Buy Standards myProject
P2401 WG Home Page Working Group for Standard Format for LSI-Package-Board Interoperable Design
IEEE P2401™ (C/DAI/LPB)

- Approved PAR
- Member Entities This project is spensored by the IEEE Computer Society/Design Autemation (C/DA)
- Meeting Information

Title: Standard Format for L3I-Package-Board Intereperable Design
WG Palicies and Procedures

Scope: This standard defines a common intereperable format used for the design of (a) Large Scale Integrated (LSI) circuits, (b) Packages
for such LS| circuite and (c) Printed Circuit Boards on which the packaged LS| circuits are interconnected. Collectively such designs are referred to
as "LSI-Package-Beard” designs. The format provides a common way to specify information/data about the project management

Public email reflector
(stds-P2401@Diece org)

—subhs.unba net lists. components. design rules, and geometries used in LSI-Package-Board designs.

archive
Purpose: The general purpose of this standard is to develop a common format that LSI-Package-Board design tools can use to exchange

Private email reflectar Y, a5 opp to having to work with muitiple different input and output formats. I E C 6 305 5/

(P2401-mbrs@ieee org)

subscribe Need for the Project: Because techniques for the design of LS| circuils, packages and printed circuit boards evolved separately,

archive (members only) the software used for such designs typically employ different formats even when accessing identical information and data. The use of these I E E E 240 1 - 2 O 1 5
differing formats presents a barrier to the natural information flow between software tecls used for LEI-Package-Board design. The common format

Document Repository {members only) to be standardized will eliminate this barrier, and achieve infor ion/ between LSI-Package-Board soffware fools.

For mere informaticn, view the approved PAR.

WG Officers
Chair Vice Chair Secretary IEEE-SA Liaison
¥oshinori Fukuba Yukio Masuko Genichi Tanaka Jonathan Goldberg

(Last modified 03/19/2014 Goldberg)

project 2017 » IEEE 2401-2020 Approved PAR,
expected IEEE board committee approval by Mar.2018
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