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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DEVICE EMBEDDED SUBSTRATE — GUIDELINES - DATA FORMAT

FOREWORD

015

1) 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

o-operation on all questions concerning standardization in the electrical and electronic fields. To this end and in
dddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Replorts,
Rublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Their
dreparation is entrusted to technical committees; any IEC National Committee interested in th with
may participate in this preparatory work. International, governmental and non-governme taI orga zatlons I|a sing
with the IEC also participate in this preparation. IEC collaborates closely with the h for
Standardization (ISO) in accordance with conditions determined by agreement bet is.

2) The formal decisions or agreements of IEC on technical matters express, as ne onal
donsensus of opinion on the relevant subjects since each technical co h all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatiosfal onal
CGommittees in that sense. While all reasonable efforts are made to IEC
Rublications is accurate, IEC cannot be held responsible fo any
misinterpretation by any end user.

4) Ip order to promote international uniformity, IEC Natign ions
tfansparently to the maximum extent possible,n their n veen
gny IEC Publication and the corresponding gtter.

5) IEC itself does not provide any attestation ef conformity. | mity
gssessment services and, i any
gervices carried out by independent certifica

6) All users should ensure that they have the |

7) No liability shall attach to |E and
members of its technical co ge or
dther damage of any nat hses
grising out of the publicatio

8) Attention is dra ot is is
indispensable fo

9) Attention is drawn to the possibity\tha htent
rlghts. IEC shall ng

A HAS is a illi [ : fade

avajlable to tke pub

IEC| PAS © ’ 3 uits

Assjociation) and*has\been processed by IEC technical committee 91: Electronics assembly

technology.

It is|based on JPCA-EBO2 (2011). It is published as a double-logo IEC / JPCA PAS.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
91/1257/PAS 91/1264/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee

ors

ubcommittee concerned may transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of 3 years starting from the publication
date. The validity may be extended for a single period up to a maximum of 3 years, at the end of
which it shall be published as another type of normative document, or shall be withdrawn.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a

colour printer.
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DEVICE EMBEDDED SUBSTRATE - GUIDELINES - DATA FORMAT

Scope

015

This part of IEC 62878 defines the data format for active and passive devices embedded inside
an organic board whose electrical connections are made by means of a via, electroplating,

conductive paste or printing of conductive material.

The basic structures, the terminology,
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bility tests and a design guide are described in the “Standard of device embed
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Machine CAD
Design ‘
L document
Circuit CAD I |
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Board CAD
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1.2,

1~ Product

rds
use

It is possible to maintain the following design information of device embedded substrate as
shown in Figure 1.2.

1)

Information of inside device embedded substrate and surface mounting.

2) Assembly information of SiP (System in Package).
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D F G N
O
A Embedded active device E Inner r}aﬂwq\ \0);\‘\0
B Surface mounted active device F Sugface\pattern
ytzcspatierny (X N\
C Surface mounted passive device G §9.]Qer ist \
D Layer connecting via
C
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, D
Wire bonding

B Interposer

N " Solder ball F Solder ball

AY

Figure 1.2 — General concept of product

1.2.2 Process

The format describes maintained and available information of each stage in production as
described in Figure 1.1

1) Design

2) Simulation

3) Substrate fabrication

4) Device embedding

5) Test.
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Table 1.1 — Information required in production

Process

Holding data of

Data available for

Design

Circuit
Components
Shape of the board
Board structure

Design/Production rule
(for check)

Limited condition

Net list

Sinpulation

Circuit

Characteristics of
components

Board properties (materials)

Board structure

Electrical properties

Thermal properti

AdditionaNinfoxm

Art work pro(;idc\:bk\n
Sulbpstrate fabrication Art work
Drilling

Symbol marks

Panel format

Deyice embedding

Component sha

Embedding posijtion

@:at Ve positions of

component

Component list

Tesgt Electrical test equipment
Video image inspection
1.3 Featur
Data for
1) [can co e of the device embedding substrate specified inEBO01;

2) lcan contaif
interposer, etc.);

pation of SiP in general (chip stack, PoP TSV, wire bonding, flip-chip,

3) Hdesign data of terminal positions of embedding device in a virtual layer specified in EB{1;

4) nformation of internal structure of devices such as SiP which cannot be described ds a
structure of a device embedded substrate and of a terminal structure as 3D design data;

5) seamless keeping of design data of devices having different level such as SiP and of
embedding substrate.

1.3.1 Maintenance of the device embedded substrate structure

It is possible to keep and illustrate the 3D structure of device embedded substrate as shown in
Figure 1.3. It is also possible to check its 3D structure.
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A Embedded active device D Pad coyre{tm \\ \
B Embedded passive device E Space\t{itho}%ra\qmaé{@y
C

Via connection

Figure 1.3 — Example of a structure of a4

1.32 Maintenance of SiP interposer structure

Itis Pru Ct i ate as shown in Figure 1.4.{ltis
alsd

Interposer D Interposer
B Flip-chip connection E Package
Wire bonding connection F Solder ball

Figure 1.4 — Examples of a structure of a SiP interposer

1.3.3 Maintenance of design data with a virtual layer of terminal positions of
embedded device(s)

Itis possible to keep the design data defined in EBO1 of the terminal position of a via connection
not on a conductor layer, but as in a virtual layer. It can be maintained in the structure shown in
Figure 1.5.
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Surface conductor layer C Inner conductor r\‘o
O
B Virtual layer (connection position) D Insulation layer ( \.q>)

Figlire 1.5 — Example of a laying terminal position of an embedded'de

1.3.4 Maintenance of terminal structure and embedded d€

It i possible to keep the design data of the terminal pa
Figure 1.6.

Interposer

DN
A D
B Chip stackA< \/\W E Solder ball
c



https://iecnorm.com/api/?name=15a916f178b329571727631f9cbf67c5

-12 - IEC PAS 62878-2-5:2015 © IEC 2015

A B C

D

Substrate (Printed wiring board)
B SiP

(&\e}h\qu nt\({passwe device

Figure 1.7 — Example of showing strustur evice embedding substiate

2 |[File description

2.1| File descriptio

210 Types @t :
1) |Types of data

The
are

lata
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Table 2.1 - List of data

Type

Details

Type name

Content

Name

Content

Board data
board data

Basic structure elements of

Board information

Total data of board including embedding

devices

Layer map information

Layer combination information ofembedding

devices and layers

Device arrangement
information

Position of devices and embedding layers

\Wfor ation
NS

Basic figure
information

Available figure elements in board data
There are ten (10)
1 Point

figures

Nﬁormathn\

Device pin construction and wiring patte

s

Ar work\nf&»@at%«k

Figure pattern other than wiring pattern

Pacige Bernaio?

Package figure information

Figures and names of external terminalg

informati
Interna

rminal

Figures and names of internal terminals

Vexpandable
information

Arbitrarily expandable data of the forma
“Definition” = “Value” can be arbitrarily g

user
efined

Definitjon
data

Layer definition

Shapes of layer construction, conductor
layer(s) and insulation layer(s) — includi
scooped partsuch as a cavity

Kl

Land definition

Shape of land (pad)

Via definition Diameter of via (pad stack) and landshape in
each layer

Device definition Pin and package shape of embedding d¢vice

Basic pattern Usable pattern elements in the defined data

mnfarmation Tyvynaoc £ fio e ara th m b d data

iformation Fypes—ef-figures—are—thesame—as-inbes

User expandable
information

Arbitrarily expandable data of the format user
“Definition” = “Value” can be arbitrarily defined

2) Data structure

The data structure of FUJIKO is based on the board data shown in Figure 2.1. Repeatedly used
data information is formalized and is possible to identify definition data. The data expandable by

users can be added to the board data and definition data.
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0...%

0...

*

0...% 0..

S 0...%

0...%

Layer map info

Arrangement
info

Ext. post info

Artwork info

Package info

Intnl post info

—

0...%

Basic figure (point, rectangular, a

1

4

0...4

(

Introductory notes

Figure 2.1 — Data structure

User expand
info

Reference association

Definitio ”
Part association
Layer Via Land
_B_|
AN D o]
\ 2
o &=
"\ Mo...
Basic fig?e@\re\%\g\u%rea, line) 0...* Multiplicity
\‘ User expand LA |
info
Lk
2]

B is a part of A

See B for A

B is above 0

2.1.2

File structure

File structure is either of the following two methods.

1) Each definition data and board data are stored in one file as shown Figure 2.2
(recommended).

2) Definition data are stored in a separate file as shown in Figure 2.3.
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Board data

Layer definition data
Device definition data
Land definition data
Via definition data

2.2

FUJ
by t

2.2,

Thel
1)
2)
3)

Figure 2.2 — One file structure (recommended)

Board data

Layer definition data

Land definition data

Via definition data

3D expression

hree diagon@a

1 Coordinate
coordinat hOwn in Figure 2.4 and have the following definitions.
Rotatign of an axig\i

Directionsgf-axes aré horizontal direction for x-axis, side direction for y-axis and ver
height/thickness) direction for z-axis.

IKO format is expressedh dinates. 3D coordinate expression is a space expresjsed

ical
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2.22 Position description

Specification of a 3D position is available as shown i
3D poordination. Directions of axes can be exp
direlction for y-axis and height directio r z-a

and
side

Possible to specify Z
direction by z-axis or name
of layers

L1

L2

9,

L3
L4 XY plane

Figure 2.5 — Position definition

223 Relation een coordinate origin and board position

There is-no"specified relation between coordinates origin [(x, y, x) = (0, 0, 0)] and the bgard
posjtion‘as shown in Figure 2.6.
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2.3

—-17 -

Any place
f-I-IIZZZZZZZZZZIZZI:Z:
1
I o e e e e e e e e e e e e
O
1
1
(IS e eeabaaabaaubals [buipul=fiogiogiogiogioglogiogloyleyleylepleylepley
1 11
L2 Fommmmmmmmm e m e =] —--t3z-ooozoozoozIo:z:
| T - T 71

There are two types of layers, conductor layer and virtua
Chgracteristics of layers are explained below. The condusto

the
inte

conp

suc
of a
of |
mai
mad
SiP
not
info
pro
and

N as vias. A virtual layer is consid
[n embedding component. This for

tesses (among de
production.

] T
- '

Via connection Pad connection

XY Plane

L GRS Virtual layer

P.7.
vith
vith

. This

yer,
ints
oth
ata

ipnal
een

5ign

24

Figure 2.7 — Layer concept

Substrate data

Board data are to keep information of the basic elements of a device embedding substrate.
There are the following nine types of information. Each type of the information is illustrated in the
board data of Figure 2.1. Package information is held in case there is no internal connection
information of embedded components.

1)
2)

Layer map information

Device arrangement information

3) Basic forms
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4) Net information

5) Artwork information

6) Package information

7) External port information

8) Inside port information

9) User data expansion information

2.41 Layer map information

Thig information maintains the relation between inner and outer layers as devices are mounted

and[embedded, as shown in Figure 2.8 and Figure 2.9.

1) |[Information of mounting layers

The| information shows connections in each mounting layer and mounti

/ﬂ < ReS|s//<

( S ? S
ﬁ@wé&

\ C/ /

A

Device
_ Physical
Phyjlcal layer Logical layer construction
construction construction

layer \

— e is embedded in layer = L1 (conductor layer), and connected in L1

—_ = —,+ —> Device is embedded in layer = L3 (conductor layer), and connected in L3

— == > Device is embedded in layer = L2 (conductor layer), and connected in L2-U11 (virtual lays

Figure 2.8 — Construction of mounting layers
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2) Omission of mounting layers

Logic layers for embedding devices and for boards are combined in case the layer map
information is omitted. It is possible only in the case where there is only one logic layer of the
same type in one physical layer.

Device Board
/ \ / Logic layer Logic layer "\
Physical layer Logic layer construction construction
construction  construction e r——

)
W o resis /\/—
/a = Wiring/g

<..

/

2.4,

The Dsts

of a

1)

2)

t is_possible to specify the position in the following two ways (layer base design/3D
coordinhate design)

) XY coordinates/Z axis rnfafinn/nmhndrﬁng Is\\]lnr/nmhadding direction/off-set/Connection

terminal position in layer
b) XYZ coordinates/XYZ axes rotation
3) Figure attributes

Specified name of a device

2421 Attribute of device position and arrangement

1) Layer definition

There are two ways of describing the vertical position of an embedded device for layer and Z
axis. Details are shown in Figure 2.10 and Figure 2.11.
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a) Pad connection

Assembly direction = Up

Assembly direction = Down

|
\/ Off-set value

— _ - Assembly layer = L2 (conductor) =

) Connection terminal layer

b) Via connection

Figure 2.10 — Layer definition in pad connection

N
n lRYia connection
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2) Z coordinate definition

It is possible to use XYZ coordinates and XYZ axes rotation as the position specifying
parameters.

z Y

Y-axis rotation=90°

Z-axis rotation=90° Y-axis rotati

= == =P X-rotation
= == =P Y-rotation

— el 7.rota

Z axes rotation direction

243

ypes are available as figures in a board.

b b
5) ding wire

6) Semi-sphere

7) Rectangular prismoid
8) Via

9) Device

10) Group
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2431 Point
It is possible to specify round, angle and rectangular shapes as shown in Figure 2.13.

1) Shapes of round, square and rectangular

2) [Rotation angle

3) [Thickness

N gure 2.13 — Point
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2.43.2 Area
Area can be specified as indicated in Figure 2.14.

1) It is a closed shape with many components and can specify line/curve as composing
elements and excluded parts

a—
L)

/\

2) [Thickness

24333 Line

Line can be specified as indicated in Fiur%)
1) [Can specify a conti u and cwve as composing g elements.
(N

2)

3) Can specify types of cross sections (round or rectangular shape) and thickness

44—

Figure 2.15 — Area shapes
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2434 Text

Text is able to specify as indicated in Figure 2.16 with the origin of a letter, its height, with and
separation and inclination.

1) Original points of letters

2) |Letter height/width/separation

3) |Letter angle C

Figure 2.16 — Letter data

4) |Possible to maintain expanded patterns of vector font of text

Keep basic pattern “line” data

Figure 2.17 — Text shape
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2.4.3.5 Bonding wire

Bonding wire is able to specify as indicated in Figure 2.18 for figure types 1 to 4.

Wire figure type1 Wire figure type3

Width1

Start

Height2

Start End
Wire figure type2 Width1 Wire figure type4
—
Height1I ~~
Start End

Figure 2.18 -

2.4[3.6 Semi-sphere

Half ball is able to spegify as

1) Radius
2) Rotation ang@

N ] M
B!

Ead
=T

TeUY Rotation

Figure 2.19 — Wire bonding shape
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2.4.3.7 Rectangular prismoid

Rectangular cone is able to specify as indicated in Figure 2.20.

/ Diagonal length 1

Diagonal length 2

Figure 2.20 — Rectangular pK

243.8 Via
It is|possible to specify the following thr

1) [Can specify via definition and refer
2) [Can specify attributes of connectio
3)



https://iecnorm.com/api/?name=15a916f178b329571727631f9cbf67c5

IEC PAS 62878-2-5:2015 © IEC 2015

2.43.

Itis
1)
2)
3)

(

Via on board

\

- 27 —

I

Hole information

Via definition

Land information

COMP1

ﬁ Device ﬁ

-

)

[ 1 ]

COMP2 _
D

.

Figure 2.22 — Device definition
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Group is a combination of basic figures such as dimension lines as shown in Figure 2.23. It can
be handled as one figure.

10.

0

fe

>

2.4,
The
inte

1)

2)

4

zl

O o O T

)
)
)
)
)

=R

)

25.0

rd

Flgure 2:23—Exampie of group such as dimenstom fimes

Net information

Wiring figures

Point

Area

Line

Bonding wire
Semi-sphere
Via

Connection pad information
a) Names of internal pads
b) Names of external pads

Sl

Exterminal pads|

a

t

Arinaement [\

Net

Introductory notes

Part Association

n in
een

<N0...*\) B is a part of A
et g -
ternal pads
< e 0 0 Reference Association
> Pads
e Wiring pattern See B for A
JAY
Multiplicity
B is above zero
0...%
Point Area Line Bonding Semi- Via Generalization
wire sphere
/\ A: Abstract of B
_B_|

Figure 2.24 — Data structure of net information
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2.4.5 Artwork information

Artwork information maintains artwork figure data on a board which are not included in the net
information. Artwork figures include the following basic figures. Symbol mark, mold, spacer and
remarks are also included in the information.
1) Point

2) Area

3) Line

4) Text

5) Bonding wire

6) [Semi-sphere

7) [Rectangular prismoid
8) [Mia

9) [Device

246 Package information

The package information maintains the figures when tp
DeVice package figure can use the following basic fig

\as the package figpre.

1) [Point
2) [Area
3) Line
4) [Text

5) Semi-sphere

6) [Rectangular prismagid

2.4)7 Externa{?r i
External points ar
devjces and board tge

of the external
information.

als to supply electronic information from embedded
ard. The pointinformation maintains the shape and naines
cture has. The following shapes can be used for|the

oanrd_str

o

1) [Point
2) JArea
3) Line

4) [Semi-spheére
5) Mia

2438 Internal port information

Internal ports are the terminals when a device is embedded to supply data to external ports.
They connect the inside net of the board to outside world and have the same structure as the
external ports.

249 User expansion information

The user expansion information illustrated in Figure 2.1 is possible to expand of definition data
and board data. Property is expandable data by the user of the format. It is possible to apply this
property to a part of definition data and board data. It is possible to select any combination of
“definition name” = “data”.

2.5 Defined data

Defined data are the definition of repeatedly used information. The definition data illustrated in
Figure 2-1 contain the following four definitions.
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1) Layer definition
2) Land definition

3) Via definition

4) Device definition

2.5.1 Layer definition

Layer definition includes the two types of information, physical information which gives physical
figures and construction, and logical information which can be specified arbitrary necessary in
design. The virtual layer is included in the physical information. It is also possible to link physical
laygr and logical layer.

(1)Rhysical information
a) It maintains physical layer structure and its order
b) It maintains attribute of each physical layer such as size, he od\ma of hoth
conductor and insulator layers
c) It maintains types of conductor and virtual layers

(2)Uogical layer information
a) Layout of figures (conductor, solder resist, symbe

b) Polarity of a figure (positive or negative)
c) Link information to physical layer
d) Position relation with physical laye

ogic layer information

_\

Symbol mark
o Solder resist

. 4

Surface conductor]

~
~
~
~
N

Virtual layer

L2 inner layer

~
~
~
~
N

L3 inner layer

Insulatior&

layer  Conductor \\\ S~ (Fower source, GND)
Y OO
~00
\ L4 surface layer ) \ J

Figure 2.25 — Relation of layer definition data

2.5.2 Land definition

It defines the land information used in device embedded substrate as shown in Figure 2.26.
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1) It contains a land having more than one basic figure
2) It contains a land combined with positive and negative figures
3) It contains all the lands except a conductor land having resist

[ Land definition \

Inner layer connection land Inner layer connection land |

SN

Thermal land

Inner layer Clearance

Solder resist

Positive

Positive

T

\_

Figure 2.26 — Land definitions

2.5.3 Via definition

Via definition is the information of holes and lands used in a device embedded substrate as
illustrated in Figure 2.27.

(1) Hole information


https://iecnorm.com/api/?name=15a916f178b329571727631f9cbf67c5

	CONTENTS
	FOREWORD
	1 Scope
	1.1 Purpose
	1.2 Applicable range
	1.2.1 Product
	1.2.2 Process

	1.3 Features
	1.3.1 Maintenance of the device embedded substrate structure
	1.3.2 Maintenance of SiP interposer structure
	1.3.3 Maintenance of design data with a virtual layer of terminal positions of embedded device(s)
	1.3.4 Maintenance of terminal structure and embedded device structure including SiP
	1.3.5 Seamless ownership of design data


	2 File description
	2.1 File description summary
	2.1.1 Types of data and their structure
	2.1.2 File structure

	2.2 3D expression
	2.2.1 Coordinates
	2.2.2 Position description
	2.2.3 Relation between coordinate origin and board position

	2.3 Layer concept
	2.4 Substrate data
	2.4.1 Layer map information
	2.4.2 Device arrangement information
	2.4.3 Basic figures
	2.4.4 Net information
	2.4.5 Artwork information
	2.4.6 Package information
	2.4.7 External port information
	2.4.8 Internal port information
	2.4.9 User expansion information

	2.5 Defined data
	2.5.1 Layer definition
	2.5.2 Land definition
	2.5.3 Via definition
	2.5.4 Device definition
	2.5.5 User expansion definition


	3 Terminology
	4 Commentary – Additional information
	Figures 
	Figure 1.1 – Flow chart of design of device embedded substrate
	Figure 1.2 – General concept of product
	Figure 1.3 – Example of a structure of a device embedded substrate
	Figure 1.4 – Examples of a structure of a SiP interposer
	Figure 1.5 – Example of a laying terminal position of an embedded device in a virtual layer
	Figure 1.6 – Example of showing structures of device embedding and terminals
	Figure 1.7 – Example of showing structures of SiP and of a device embedding substrate
	Figure 2.1 – Data structure
	Figure 2.2 – One file structure (recommended)
	Figure 2.3 – Two-File structure
	Figure 2.4 – Definition of coordinates
	Figure 2.5 – Position definition
	Figure 2.6 – Relation between coordinates and board position
	Figure 2.7 – Layer concept
	Figure 2.8 – Construction of mounting layers
	Figure 2.9 – Construction in the case of omission of mounting layers
	Figure 2.10 – Layer definition in pad connection
	Figure 2.11 – Layer definition in via connection
	Figure 2.12 – XYZ axes rotation direction
	Figure 2.13 – Point
	Figure 2.14 – Area shapes
	Figure 2.15 – Area shapes
	Figure 2.16 – Letter data
	Figure 2.17 – Text shape
	Figure 2.18 – Bonding wire information
	Figure 2.19 – Wire bonding shape 
	Figure 2.20 – Rectangular prismoid
	Figure 2.21 – Examples of via specification
	Figure 2.22 – Device definition
	Figure 2.23 – Example of group such as dimension lines
	Figure 2.24 – Data structure of net information
	Figure 2.25 – Relation of layer definition data
	Figure 2.26 – Land definitions
	Figure 2.27 – Relation between hole information and land information
	Figure 2.28 – Definitions of SiP, module and MEMS
	Figure 2.29 – Definitions of package and mold components

	Tables 
	Table 1.1 – Information required in production
	Table 2.1 – List of data




