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FOREWORD

0(E)

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

a|l national electrotechnical committees (IEC National Committees). The object of IEC is to pra
international co-operation on all questions concerning standardization in the electrical ard-glectronicfield
this end and in addition to other activities, IEC publishes International Standards, Technical Specifica
Technical Reports, Publicly Available Specifications (PAS) and Guides (herea
Plublication(s)”). Their preparation is entrusted to technical committees; any IEC
il the subject dealt with may participate in this preparatory work. Intern

cpnsensus of opinion on the relevant subjects since each technita
interested IEC National Committees.

5) IEC itself does not provide a i 9 ndent certification bodies provide confg
f : s of conformity. IEC is not responsible fo

6) All users should ensure that the this publication.
7) No liability shall attach te j i pyees, servants or agents including individual expert
embers of its te zal i 9 Natighal Committees for any personal injury, property dama
ofher damage of ary fia t ether direct or indirect, or for costs (including legal fees

ekpenses arising out
Plublications.

= of, or reliance upon, this IEC Publication or any othej

8) Aftention is d e N ive refefences cited in this publication. Use of the referenced publicatid
irNdispensa 3 ation of this publication.

9) Alttentiop~ Re possibility that some of the elements of this IEC Publication may be the subje
phtentfights JEC S held responsible for identifying any or all such patent rights.
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committee concerned as indicated in
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91/893/PAS 91/910/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee
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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shall be withdrawn.

A list of all the parts in the IEC 62326 series, under the general title Printed boards, can be
found on the IEC website.
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Part 14: Device embedded substrate —
Terminology / reliability / design guide

Scope

0(E)

This PAS is applicable to device embedded substrates fabricated by embedding discrete
active and passive electronic devices into an inner layer of a substrate with electric

conmections by vias, conductor plating, conductive paste, and printing. The device embed

subs
and

The
devi

This
inte
form
Figd
emb
vias
vias
surf
Figd

The

ararn

outgut terminals to ;
conyentional interconnecti ) terminals> of the embedded device to an interconneq
land for SMD, an i i vh the surface of an embedded device by co

plating or vias using

diameter/viadanthdrams ductor width/conductor spacing nor conductor line density.

insulating layer includes rigi nsu
resif, polyimide resin arfd modi |ed QlWmide-—resj

trate may be used as a substrate to mount SMDs to form electronic cire
insulator layers may be formed after embedding electronic devices.

gifs, as condd

re 1 shows examples of device embedding i
edded substrate. Active and passive devices 3
and/or conductor patterns. Insulating laye

hce(s) of the substrate. Figure 2
re 3 shows the board using via con

nid cloth or paper;

abrication process of device embedded substrates,

Passive device assembly Device formation

Passive device Discrete device Sheet type de

ded
ctor

e of

ule,
nent
ent.
vice
Byer
with

the

,land

DOXY
oth,
and
ude
ting
bper

via

ce

$90I1A9p JO sadAl snole/

2

Figure 1 — Examples of device embedded substrate

Normative references

Void
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3

3.1

General definitions

Technology of the device embedded substrate

There are two types of device embedded substrates: one type consists in embedding an
active and/or passive discrete device on a base substrate and covering it with organic resin
and the other consists in forming a device on a substrate and then covering it with organic
resin. The device embedded substrate also includes composite type substrates which consist
of mass produced inorganic ceramic including LTCC (low temperature co-fired ceramics)
substrates (hereafter they are called just ceramics) on which passive devices are embedded
as shown in Figure 4, and the other type as shown in Figure 5 where the ceramic substrate is

used as a base on which active and passive devices are mounted and the entire

covgred by organic resin; details of inorganic ceramics are not specified

Clagsification of device embedding is given in Table 1. Active deW
wafgr-level package (WLP), BGA, LGA, and QFN. Passive deyi i

ME
but
one
silic
pach
subs

pdeaq pappaqus aoinep pale|dod

is to form passive components using thick film / i ogy on the base
bn or compound semiconductor and/or on i e wafer level o
age-on-package (PoP), and the ot

y is
ent.

die,
ent,
and
and
hent
ing,
of a

on
lanic

Embedded with terminals upwardCU Plated connection

Cu plated via
Active device

uuuuuu

B"a'éiell-lnnl- S ENSEsssENSEEEEEEEEEEEEEEEEEE SN NN NN EEEEEENEEEEEEEEEEEEEE
Solder resist

Figure 3 — Completed device embedded substrate (via connection)
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Active device Embedding resin

Ceramic substrate

Fingre 4 — Structure of a device embedded substrat i ive device embedded
ubstrate as a base and then a active and/ i n

covered by N’

Active device

Ceramic substrate

%ure 5 — Structure of a device embedded substrate using a ceramic board

as thebase{via conmectiontype)
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Table 1 — Classification of device embedding

Classification Item Embedding teDrfnvilncaels Bonding Schematics
Die bonding Peripheral Wire bonding e
) Flip chip Peripheral area | Flip chip
Bare die bonding array bonding
Die bonding Peripheral area | Via qonnection
array (plating, paste)
. . M . Peripheral area SoIdermg
Active device ounting array conductive
Wafer level paste /\
package . . Peripheral area | Via conngction
Die bonding ;
array (plating\paste)
Soldexing
Mounting ggﬁ’ LGA, M\QI
Package aste
. BGA, LGA, e on
Mounting QFN M te)
Rectangdular N
Mounting chip rough ho
Rod thpe Gnip 6,,,
ec ﬁgﬁl Soldering
Chip component Mountirg c cenddctive
Rod (;z paste
Mountin R Iar ’6ia connection
i (plating, paste)
N A\ -
Pass|ve ect M Soldering
devide _ hi conductive
Module chip \(\ paste
componen

t|n

\_,ee,}tangular

Via connection

QN chip (plating, paste)
- Soldering
ing IPD conductive
M paste
. Via connection
9 IPD (plating, paste)
Soldering
Mounting Arbitrary conductive
Modl paste
. . Via connection
Mounting Arbitrary (plating, paste)
] Soldering
C)i y Mounting Arbitrary conductive
Packaging and paste
MEMS. </ {
S\ mOUIdmg \/ia connection
Mounting Arbitrary

(plating, paste)

00@0@0@9@9% "
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Table 1 — Classification of device embedding (continued)

Classification Item Embedding ¢ Dev_lce Bonding Schematics
erminals
Thin film silicon Via connection _
Sputtering (plating, paste) e
Active device Formed
Thick film Semiconducting | Via connection m
Screen printing polymer (plating, paste)
Double through Via connection ]
hole ~OPPET PIating (plating, paste) = -ﬁ
. Laminate Via connection
Etching terial lati
materia (plating, )r A
. . Via C{ﬁhge ion \ \
Etchin Film
Pas_sve Formed 9 (plating, s )
devide Screen printin Polymer onQechion
P 9 Y plati aste)
Ferromagnetic {a connégtio
Transfer Ceramics {\\(\p tinMaste)
Lamination Seeding Vk\gc'm ctien
\6p\lati g, paste
. . Via sqQnnecion
Spin coating Pol’y\mér (7 atingpAste)
3.2 Substrate
Stru able
2. and
pass H-up
subs can
cert and
then ductor by vias made of copper plating [and
condluctive pasté e fabrication process.
Thig over active devices formed on a silicon interposar, a

com
capL
and

e 0r a printed wiring board and passive device (resigtor,
s cover inductors formed together with a conductor paftern
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Table 2 - Embedded device structure and fabrication process

Structure
Process Item To check
Pad bonding Via connection
1 Base Opening, short
2 Mounting Position accuracy
3 Pad bonding Connection,
conduction
Q
4 Embedding Cglsro oid
ard thickness
Flatngss
5 Via hole Hole position
Terminal position
Resistance to
chemicals
6 Via hole Thicknesses of Cu
plating & conductive
paste
Micro|void
7 Pattern formation ., Open| short
(multi-layer) N\
e Iy 2% R U e
e = v mme o\ aw = £
8 Surface tréatfn Obsefvation
(solder mask<etc.)
3.3 | Jis interconnection
Thefe are t s of terminal connections; one is to connect terminals of an embedded
device t necting pads formed on the base, and the other is to form connecting vias or the
devic r embedding. The device is connected to the pads on the base using conventipnal
semji uctor and SMD mounting techniques and then the device is embedded. The device

is connected to the conductor pattern in the second case after embedding by copper plating
or conductive paste.

Both of the device mountings can be classified into die-bonding and mounting methods as
shown in Table 3.
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Table 3 — Jisso mounting and interconnection of the device embedded substrate

Interconnection

Jisso mounting Device Structure
Process Interconnection
Pad bonding Die bonding Chip Wire bonding Wire melt- e
connection —
Flip-chip Metal bonding Metal bonding
bonding Contact ti |
ontact connection -
Contact

KT_;Q'

Mounting Wafer level Reflow Soldering
packaging Polymer bonding | Conductiv p S
(WLP)

Package Reflow Sold r|n\ uc
Polymer bonding dugtiv e

Soldering

=

Polymer bo d|n
Conductive paste

Rectangular Reflow
chip

Rod-type chip Reflo
<\ er bqnding ﬂ
Module \ ring Soldering
(- P.Q\yme bording\| Conductive paste :-:—

EMS Soldering

|

Conductive paste
onmer ding [ Conductive paste T
o — e —

v
7

Via bonding Die din Ch Viaxconnection Copper plating
] Copper plating
Conductive paste

Via connection Copper plating &

2

\% ge (WyP) Conductive paste Conductive paste
N We Via connection Copper plating &
Conductive paste
< Rectangular Via connection Copper plating Copper plating

chi
P Conductive paste = =1

Rod-type chip Via connection Copper plating

Conductive paste

Conductive paste
Module \/ia connection Copper plafing |

Conductive paste

MEMS Via connection Copper plating

Conductive paste

NOTE The shape and surface treatment of the terminals of the embedding device should be agreed upon between
the user and the supplier of the device.
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3.4

3.4.

Figure 6 shows each section of the device embedded substrate and its name.
TDO01-2008, Terms and definitions

defi

Structure and terminology

1 General

device embedding as L1, L2 ~ L6 (in case of 6 layers) from the top layer.

The structure of the device embedded substrate is illustrated by means of the structure of the

buiWWMmM@mmmm
Figure 7 shows the typical structure of the base and Figure 8 the cavity structure. QS}

stru

cer

L1

L2
L3
L4
L5
L6

Embedded device

of device embedded substrate

e

Device mounting pad

Figure 7 — Base (typical structure)

Device mounting pad

L2

L3
L4
L5

Figure 8 — Base (Cavity structure)

See JPCA-
in electronic circuits, and JIS C 5603, Terms and
nitions in printed wiring boards. The number of layers is counted after completion of the

ds).
ther
ctures are shown in Figure 9 with the insulating base, in Figure 10 f6r the ba "usi g a
conjiuctive carrier or a metal sheet. Figure 11 shows the structure of Alje devi bedded
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Device embedding board

* Used for terminal connection in electronic circuit board

Figure 9 — Base (insulator)

Figure 10 — Base (conductive carrier —

Ceramic substrate

Ceramic substrate

Figure 12 — Ceramic board used as base

Figure 13 to Figure 19 show various cases of device embedding in conventional mounting
technique, electric connection after embedding various types of devices, embedding device
over more than one layer, device embedding with resin base, and use of conductor layer and
metal sheet/copper foil.
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3.4.2 Device embedding by conventional process

Plastic seal

Active device

Wire bonding

Terminal upward

Figure 13a — Wire bonding connection and embedding of a

Soldering

. Active device
Terminal downward

nection and embedding of active device

Passive device

Figure 13c — Soldering connection of square type passive device
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Conducting paste bonding Active devi
ctive device

Figure 13d — Conductive resin connection and embedding of

Conducting paste bonding

and embedding of square type passive device

Passive device

Two through holes / /

Figure 13f — Soldering connection into through hole and embedding of passive device

Figure 13 — Embedding of device by conventional methods
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3.4.3 Electrical connection by vias after device embedding

Copper via bonding Copper via Active device

Connecting terminals upward

,,,,,,

CLELLRET TN

Q

square type passive device

Active device

ctive paste connection after embedding of active device package

Passive device

e

e, A &% by 0

S e
) A I

Figure 14d — Conductive paste connection after embedding of square type passive device chip

Figure 14 — Via connection after embedding
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Embedding of various devices over multiple layers
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Device embedded substrate of device embedding in multi-layers

Back surface

Active device

Via formation after device embedding

Figure 16 — Resin base substrate

Active device

Passive device
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3.443 Device embedding using conductor and metal sheet/copper foil base
substrate

Embedding after device mount

3.4.4.4

o -
Base
T v
Embedded passive device
Figure J bedded substrate using passive device embedded ceramic

substrates as the base
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3.44.5 Device embedded substrate using ceramic and LTCC substrates as the ba
(including ceramic and LTCC substrates which do not embed passive
devices)

Active device Embedding with resin

se

bedded ceramid

4 [Test methods

4.1 General

The| test methods for are those for the board itself.
speg¢ifications and test poard are for the embedded board only
not for the embedded| deyises rd€d to evaluate a TEG mounted board

element group) te~obtain asse and library data for design. The TEG is
expgnsive thana embRddiig

techhnical data eas

supplier. Embedding ice into\ board shall also be agreed upon between user
suppli i 3 tatemvient given in this document.
4.2 5t Equipment Group — Test vehicle)
A sghema rai o is shown in Figure 20 for the evaluation of the conductor pa

on the base oRa e interconnection between the base and the test specimen ana

condluctor ¢ the board surface. The characteristics of the device embedded b
and ftest pment shall also be agreed between user and supplier.

The
and
test
less
sary
and
and

tern
the
pard

NS
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Surface test pattern surface

TEG

terconnection in mass productioxs

NOTE Test items, test methods, and test equipm < ideration in the standardization committee
and there is a possibility that the description m nay be changed if necessary.
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4.3 Test circuit

TEG, a dummy specimen of an embedding device, is embedded into board using the actual
embedding condition; it is tested for the multilayer wiring patterns shown in Figure 21 similarly
to the test of multilayer wiring board for interconnections between conductor pattern by means
of through holes and/or vias using the Daisy chain pattern. It is recommended to use the
circuit patterns made within the range of device embedding for the tests of inter-digital type
capacitor, impedance, insulation and impurity migration as illustrated in Figure 22.

Size of test board, wiring specification of TEG and size as a replacement of embedding
- D . . ser

devige ndwiring-specitication ot the device-embedding board-sh be—agreed-be

and|supplier.

CALLLLLLL L L L LS L L L L L L L L L I L L
R
L)

NN NN EEENEEEEEEEEEEEEEEE,
ANEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

.
‘sssssmsEnEmngEnn s ssssmmnnnnnns® oL, uunnnnnnnnnnnnnt

ultilayer wiring patterns
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L1

—1

Insulation/capacitance test pattern (interdigit pattern)

TEGI

A\ W £ N\

\

)

- Connection

Base L

L2

L3

.g 3

n
Through hole or build- ue connec

XN XN N

‘II

L4

= Through hole or bwld-up con ctlo »'

TP
A1l - BS A4 B4
\/

L1< N I I

L n n n n

~ | | | |

PN T-hro}/gh hole or build-up connection .

Base N
2 N -9 -9 -9 -9
Through hole or. build-up connectlo'l'l -
-0 ¢-0 -0 9-6 9-0

L

O B m 'ihrough hoIe or bUI|d-Up connectlon L]

S : H

| | |

N

41

C1 C2 C3

11

Figure 22 — Conceptual structure of test circuit, comb-type capacitor,
detection pattern of impedance, insulation and migration
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4.4 Test specimen (TEG) and example of test substrate

Figure 23 shows an example of specimen. It has a Daisy chain pattern in peripheral sections
and interdigital capacitor, an impedance detection pattern and a bend detection pattern. Its
die size is 10 mm x 10 mm and thickness is 0,15 mm. Electrode number is 316 with a pitch of
120 ym. Electrode size is 110 ym with an opening of 90 ym x 90 ym. Gold bump is used for
connection. Figure 24 shows a test board. The conductor resistance (connection evaluation)
test is made by the Daisy chain shown in the figure. Insulation resistance test is made using
the pattern for evaluation of conductor resistance between conductors and the interdigital
pattern shown in Figure 25.

T

Detection pads for
Failure analysis

Figure 24 — Example of test circuit for connection evaluation
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5

5.1

Eva

(printed wiring board and

test

Eac

n test is performne
using a Daisy c@ {
recdmmended to ysg

congidered relative

Interdigital
pattern

Figure 25 — Example of test circuit f

Test items and test equipme

General

items.

TEG and the substrate conductor pattern.

bard
ctric

ding
It is

arranged at corners where the risk of failufe is
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Test for resistance of conductor

The test method for conduction is shown in Table 4.

Table 4 — Conduction test

PAS 62326-14 © IEC:2010(E)

Item Specification Test method (JIS C 5012)
Conduction Inner conductor To be agreed between user and As per 7.11 (conductor).
conductivit supplier.
gvaluation)y PP Shape and dimension of specimen should
Relations between resistance and be agreed between user and supplier.
conductor width, conductor thickness
and conductor temperature is shown | 1- Test method
in Figure 26 for reference. tween
Conductivity of Cu is taken as
0=1,8x 10 Q-cm.
[low texaperature bath
Outer conductor A&per\(wner layer connelction)
Plated through WZ (plated through hqle)
hole and via hole
(copper plating or 6 >
conductive paste)
Connection to To be agreed betyesp usey and Use TEG for embedding devicp test.
embedded device | supplier, .
Test for the connection to emiedded
device is under consideration.
\
100 S 4 ) 2
~ N )
] ]
| (
| N AN
\ \
N NA M
10 R t=25 °C (real line
: N ( )
N ) NN
N \KQ 00 °C (dottedline) ¢ oum
= ~ ° ottedline
£ \\ x>< . = 9um
N 18 umi
° 18 um
s u
5 X 35 um)
3] b
3 0. e 35 um,
c N
o .
~ 0.1 O
N s \\~
X0 — 8
0,01
0,1 1 10 100 1000
Conductor resistance per 10 mm (m/10 mm)

Figure 26 — Resistance per unit length of conductor pattern
in relation with conductor width
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5.3 Resistance to over current
The test method for resistance over current is shown in Table 5.

Table 5 — Resistance to over current and its test method

Item Specification Test method (JIS C 5012)
Resistance | Conductor To be agreed between user and As per 7.2 (resistance to overcurrent
to supplier of conductor)
overcurrent -

Plated through As per 7.3 (resistance to overcurrent

hole of plated through hole)

Connection to To be agreed between user and Under consideration

embedded device | supplier

Use TEG in mbedded
The relation of conductor width, device.
conductor thickness and temperature .
rise with current are shown in The test evicg Is
Figure 27. undekco

N AW

)
Conductor thickness of 9 um NNS%S um
10 10 Y
7 4

Q H

\§\

e

9%
/

N

€ o
~7 77K - J

= \ ~ Z = \ 77
< At=40°C K | at=50C = % At=40°C
i) N o X .2 t=50°c—H
: At 75°C g = A=

5 o At=75°C
3 // \A,—100°C \‘Ak\/ — = ‘
B D,1 P r = o 0} 3 At=100°C ||
8 N o)\/

ojo1 \ 0,01

0,1 &) 1 10 0,1 1 1(
(6};? ) Current (A)

\> Conductor thickness 35 um
10 T
|
At=10°C
Il
At=20°C
L > ;//
At=30°C
E LI > / _A/
£ At=40°C = o
£
o 4// \\ t=50°C
- Z |
2 — = At=75°C
=] |
° 0.1 r At=100°C |
o
O
0,01
0,1 1 10
Current (A)

Figure 27 — The relation of conductor width, conductor thickness
and temperature rise with current
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The test method is shown in Table 6.

PAS 62326-14 © IEC:2010(E)

Table 6 — Withstand voltage and test method

Item

Specification

Test method (JIS C 5012)

Withstand
voltage

The same plane

There should be no mechanical

damages, flush over, nor insulation

damages.

As per 7.4 (surface withstand voltage)

The test voltage is chosen from the

following table for both outer
(\Alifh/\nlifhnllf solder rncief) and-inner

layers

voltage

00
00
50
00

TE Solder resist is not corsidered
as coating.

Interlayer

damages,\flus
damages.

As per 7.5 (Interlayer withstand|voltage)

The test voltage is chosen from|the
following table.

Interlayer distance | Test yoltage

mm v
0,05= <0,08 250
0,08= <0,20 500
0,02= 1000

\7I/o be agreed between user and
supplier

Use TEG for embedding device |test.

Test for the connection to embedded
device is under consideration.

5.5 Insulation resistance

Testlof'the insulation resistance is made by using the electrode evaluation pattern made by

combination of base and embedding board as in the case of the conductor resistance test.
Test items are shown in Table 7.
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Table 7 — Test methods of insulation resistance

Item Specification Test method (JIS C 5012)
Insulation | The same | Normal Insulation resistance should be more See Annex A of this specification.
resistance | plane than the value shown below. ) L

See Annex B of this specification.
Minimum conductor Insulation
gap resistance
mm Q
0,05 <0,13 1x10°
0,13= 5x10°
Resistance to Insulation resistance should be more in the case of
humidity than the value shown below.
(temperature-
humidity cycle) Minimum insulation Insulatio
thickness resistance
Resistance to mm
humidity <
(steady state) 0,05= <0,20
0,20=
Inter-layer | Normal }ee Annex C of this specification. The
test voltage is given below.
Minimum insulation | Test voltage
thickness \Y
0,05= <0,20 50
0,05= <0,20 100
/> Q/} 0,20< 500
i nresistance should be more Test condition is the same af in the
than the value shown below. case of steady state conditign.
inimum insulation Insulation Test _shouldtbe ma?e aftertle avifng zhﬁ
thickness resistance specimen at room temperatyre for .
mm Q
R 0,05 <0,13 1x10"°
0,13= 5x10"°
Terminals | Normal To be agreed between user and Use TEG for embedded device.
of supplier. . .
efbedded |- Test for the interconnection pf
Tevice Lmidity terminals-of-embedded-devite is under
(temperature- consideration.
humidity cycle)
Humidity
(steady state)
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5.6 Peeling strength of conductor

Test method and requirement for the peeling strength of conductor are shown in Table 8.

Table 8 — Peeling strength of conductor and test method

Item Specification Test method (JIS C 5012)
Peeling strength of conductor Peeling strength of conductor should be | Test method should be agreed between
agreed between use and supplier. user and supplier based on 8.1 (Peeling

strength of conductor).

Unit: KN/m

Glass cloth epoxy

resin CCL (FR-4)
Item

(Cu foil thickness:

18 um)

Specification | 0,98 (for reference)

5.7 | Pull-off strength of plated through hole

Tes{ method and requirement for the pull-off str in

Table 9.

Table 9 — Pull-off strength of pl

ltem \ Sg\ecl\f\catl\xq\/ Test method (JIS C 5p12)

Pull-off strength of footpri |-off s th Bf\io})tp int,should be As per 8.4 (pull-off strength gf footprint)
agreed betweer user and Supplier.

oT trength of Glass cloth
paxy multilayer board
shou han 39,2N/2mm

5.8
Adhgsivi est method are shown in Table 10.
— Adhesivity of plated film and test method
ltem Characteristics Test method (JIS C 5012)
Adhgsivity of plated film There should not be any residue As per 8.5 (adhesivity of plated film)

plated film on the tape beside

plating overhana
L -~ J
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5.9 Solderability

Solderability and its test method are shown in Table 11.

Table 11 — Solderability and test method

Item Specification Test method (JIS C 5012)
Solderability Footprint There should be no solder sputter on all the | As per 10.3 (Solderability test).
footprint. . .
The maximum soldering
Through hole | Solderability of device assembly holes temperature is 260 °C and soldering
should be clearly soldered as illustrated in | time is 3's max. for flow poldering,
the following illustration (1). or use the temperature_profile given

. e gure 6¢fer “Temperature
There is not specification for the soldered chadge in reflow furhace] (for

connection of the inner layer conductor and N Jis c5p12, 6.2,
the holes for power supply and/or ground . i0g when soldered
layers which require a wide soldered area. jdaction iSgbservedpy

Observable blow-holes (blow of gas
contained in solder as illustrated in
assembly hole (illustration 2) and
holes observable by microsecti
(illustration 3) should be les

AN

Not good

(2) Surface (3) Cross section
blow hole blow hole

Soldering of | To be agreed between user and supplier. Soldering test of embedded device
embedded is under consideration.

" .
TeViCe



https://iecnorm.com/api/?name=aecd99fa54f82cc1bb2d1668f9bdc4bb

—34 -

5.10 Thermal shock (vapour phase cold heat cycle)

PAS 62326-14 © IEC:2010(E)

Specification and test method for thermal shock (vapour phase cold heat cycle) are shown in
Table 12.

Table 12 — Characteristics and test method for thermal shock

Item

Specification

Test method (JIS C 5012)

Thermal shock
(vapour phase cold

Plated
through hole

Change of connection resistance after
test of plated through hole, via

"

As per 9.2 (thermal shock — low and
high temperature)

hea

eyete)

CORREEetHoH

Plated via
connection

41 o 4
CoRfeeHoRT—oreCoRaueHoOR—+estStatee—o6t

inner layer should be less than 20 % of
the initial value.

No floating or peeling of conductor,
through hole land or assembly pad
should be observed.

There should be no delamination.

Measling and crazing should satisfy
specification in 5.7.3 (defects in
lamination).

Observation of specimen by

Specimen is a daisy chain gonnection of
a minimum o400 holes formed at a
specmed gectionaf PWB)\test|coupon,
€ the
atternD pattern given

test
ecycle ahd the number of
the spegimen
affect the test result.

Cycle number

Specimen
thickness
mm

Less than 1,6

Number of cycles

100

To be agreed
between uder and
supplier

Above 1,6

Resistance change AR/R (%)[is
obtained from the following equation:

ARIR (%) = (W, — W1)l Wy x 100
where
W, = initial resistance

W, = resistance after the test

CW

bedded
deV| e

To be agreed between user and
supplier

Use TEG for embedding devicp test.

Test for the connection to emhiedded
device is under consideration.
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5.11
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Thermal shock (high temperature)

Specification and test method for thermal shock are shown in Table 13.

Table 13 — Specification and test method for thermal shock

Item Specification Test method (JIS C 5012)
Thermal shock Plate Change of connection resistance after As per 9.3 (thermal shock — high
(high temperature) [ through hole | test of plated through hole, via temperature).
connection connection, or conduction resistance of Specimen is formed at a specified
; 0 i i ifi
Plated \via lnne.r .Ia.yer should be less than 20 % of section of PWRB _test counon_or
R temmtrar varoe. . SRAR
connection combined pattern similar tothé

No floating or peeling of conductor,
through hole land or assembly pad
should be observed.

There should be no delamination.

Measling and crazing should satisfy
specification in 5.7.3 (defects in
lamination).

Observation of specimen by
microsectioning after test sho
specification of 6.1.2
(observation after thermal

Solder resist and mar
the values

combined te

pattern (D

1 or

H the
as the
the test

ber of cycles

Numbef of
cycles

thickness

1,6 10
1,6 <24 5
To be agreed
24= between uger
and suppligr

Ta
upplier

>

between user and

Use TEG for embedding devicp test.

Test for the connection to emhiedded

device is under consideration.
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lity
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Flammability specification and test method are shown in Table 14.

Table 14 — Flammability specification and test method

Item

Specification

Test method (JIS C 5012)

Flammability

Insulation layer

Flammability should conform the
requirement of flammability grade.

In conformity to UL 94.

Solder resist

Meridre

Embedded Flammability of embedding device
device should conform that of the device itself.

5.13

Spetification and test method for bow and twist are shown/n

Bow and twist

Table 15 — Specification and test

thod

(applicable to
board
thickness
over 0,8 m

9,

@)
|ca. V/ /\

100 mm =

,8 Mim | For length exceeding
100 mm, bend
should be less than
the value given
below

end

0,8 mm +
(L -100) x 0,007

For length exceeding
100 mm, twist should
be less than the
value given below

1,0 mm

Twist

1,0 mm +
(L -100) x 0,01

Item Speci Test method (JIS C $012)
Bow and twist Completed Bow an Id ;atl fy th folwn As per 6.3.9 (flatness)
device values.
embedded For board 0,8 mm
b d 3 s
oar bow and uld benagreed hetween

Connection to
embedded
device

To be agreed between user and supplier

Use TEG for embedding device
test.

Test for the connection to
embedded device is under
consideration.
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5.14 Migration

Specification and test method for migration are given in Table 16.

Table 16 — Specification and test method for migration

Item Specification Test method (JIS C 5012)
Migration Between Migration should satisfy the resistance Standard test condition is given here for
conductor given below reference.
pattern .
Specimen
Item Specification Comb pattern made on board, ith the

minimum ceonductor gap-onthg board

Migration | 1x 10%Q =<

Measurement should be made after R0 95C{85%

leaving the specimen for 1 h at room

temperature.
, VvV, 25

Q : , , 1000 h
Between To be agreed between yser \NE\G for embedding device
embedded supplier est.
device
terminals and G Test for the connection to
conductor embedded device is under
pattern consideration.

Thelother tests for mechanical stress under consideration:

v
vibration at high te
drop test
b

end
tqrsion <>
Tg (as is, in operati
T

g
g (vibration, resQx

ver,

a) |Productniame or’product number

b) [Name of manufacturer or its mark

c) Date of production

6.2 Packaging of the product should be agreed between user and supplier; however, the
following subjects should be included.

a) Product name or product number
b) Number of product in a package
c) Date of production

d) Name of manufacturer or its mark
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Package and storage

0(E)

6.3.1 Packaging: The packaging should be made not to damage product and to avoid the
effect of moisture.

6.3.2 Storage: The product should be stored where the effect of moisture can be avoided.

7
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a) Complete device embedded substrate structure

Surface mount device

Top surface
Embedded device

A
AT AT AT AT A A
AT

»

EsEEsEmnEn?®

&

Back surfaci

PWB (mother board)

Figure 29 — Definition of front and back surfaces of a device embedded substrate —
substrate mounted on a mother board


https://iecnorm.com/api/?name=aecd99fa54f82cc1bb2d1668f9bdc4bb

-40 - PAS 62326-14 © IEC:201

7.2.3 Definition of layers of a device embedded substrate

0(E)

Layers of a multi-layer device embedded substrate is defined as the layer containing a
conductive layer as one layer and defined as L1, L2, ~ L5, L6 (in the case of 6 layers) from

the front surface of the substrate (see Figure 30).

In the case where the number of layers of the terminals of the embedded devices and the number
of conductor layers are not the same as is the case in the via connection structure, virtual layers
are specified to clarify the structure of a device embedded substrate, conductor pattern design,

and the positions of embedded devices in substrate manufacturing and assembly processes.

Supplementary names for layers are added in the virtual layers to the layers as an exceptid
whigh to die bond or to mount the device to the layer. The front layer faces ypwa
is upward (U) when terminals face upward and, downward when terminglg face dewnward
Two| orders of numbers are assigned to express the cases wherg,fultipleNdewvises ar

n to

d. The sunface

(D).
d/or

the
ces.

In the case of multiple layers, the number is assigned as 1 and 2¢rom>ths i nd 1 anpd 2

from bottom for down side supplementary layers (see Figures 3%

EXAMPLES : Die bonding or mounting layer=L2
Direction of connection terminals (
Connection layer (left side)=1

Number of devices in a layer=2

Number of embedded devi ' =1 (may be omitted for onl

)=2 (may be omltted for onl

EXAMPLES: x x x x L2-U

NOTE x x x x is the device n

L1

anssmmmanas
vy
[}
[2}
®

Back surface

1)
1)

Figure 30 — Definition of layers of a pad-connection substrate


https://iecnorm.com/api/?name=aecd99fa54f82cc1bb2d1668f9bdc4bb

PAS 62326-14 © IEC:2010(E) — 41 -

b) Remarks on positioning of terminals
Connection and drilling data A

. Connection and drilling data C
Terminal

L1

Name of terminal in layers L1 and L2~ rirmmfery  wnmmmy oy oo
L2 Rl N N, SN ) [
L3 bl s S, ) B
‘ L ; : ase
L4 e [ o R T
Najme of tefminal in layers L5 and

L5,D61

L6
Embedded active deyice

Figure 31 — lllustration of virt

Not¢ added in proof

The|virtual layers are necessary to i ify ers (position) in subsfrate
design for the case the position(s) int inals of embedded devicels is
diffgrent from the position of a conducto eh 't ition of a conductor layer is ysed
as the reference of positions in an e b, \.In a production process, there may

be rlo conductor layer at th rfumber of layers may be 6 but viftual
layef(s) may be required {0 i ittons. A virtual layer may be handlef as
a vjrtual conductor i i specify the interconnection position.
Intefconnection data a , are specified for the terminal connections
of an embedded ice ii ion data and hole drilling data, C and D, are specjfied
to tHe connectio ; i ¢ case of this example). The virtual layer maly be
omﬂ;ed when the (v : imals ofyan embedding device and that of a conductor layer
is t i

¢) Names of ions (terminals in between layers)

Base

L5-D61

Back surface . .
Passive device

Figure 32 — Layer names in the via interconnection (I)

X X X X -L2-U11 L2: Device is embedded in L2 (2”“I layer).
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U: Terminals are connected upward.

11: Connections of single embedded device at L1
X X X X - L5-D61 L5: Device is embedded in L5 (5th layer).

D: Terminals are connected downward.

61: Connection of single embedded device at L6

d) Names of layers in via connection (devices are stacked in 2 or more layers)

Active device
Top surface

L1 -
L-U122 SREZES ey

e) N

C) Active device or IPD
N

Figure 34 — Layer names in via connection (lll)


https://iecnorm.com/api/?name=aecd99fa54f82cc1bb2d1668f9bdc4bb

PAS 62326-14 © IEC:2010(E) - 43 -

Table 17 shows examples of layer names shown in Figures 31 to 34.

Table 17 — Layer names of device embedding substrate

Embedding device Embedding device and interconnection
No. of devices
Exam- .
ple . Terminal Embed- Terminal Connec in a layer
Device Hyphen Hyphen A Hyphen ) . -ting
No./name ding direction
layer Num- |
ber yer
Figure Active - A12 - L2 - U 1 1 Omit
31 device

Passive - 1 - L5 - D 1 Omit
device

Figure Active - A13 - L2 - 1 Omit
32 device

Passive ] 2 ] L5 - W 1 Omit
device

Capacitor - + - ’\}55/ /\\

IPD - 4 ] (Lz ] \
6 1 Omit

1 1 Omit

I'igzre PO, ot - 12 & Q 1 <L2 S M
: BI | - Bs)

N
Figure Active - A13 - L2 \ \D\/ 1 2 1
33 device
Y
D
>
u
D

6 1 Omit

NOTE Device information is necessary in émbedding su Wign.
xkample of device informafion\{ndigations_the is indicated as ‘Active device-A12-L2-U11’ in the case of

gure 31.

nm
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7.24 Definitions of insulation layer thickness, conductor spacing and distance

between electrode and conductor spacing (hereafter called “electrode”)
at a terminal

The insulation layer thickness and the distance between each conductive layer are defined in
reference to the position of each layer.

1) The insulation layer thickness is defined as the layer separating the conductor layers.
The thickness is not the thickness of each layer to be laminated but the thickness of the
actual insulation layer of the substrate.

2) Fhe-conductordistance-is-defined-asthe-distance-betweenthecendustersformed-enone

ayer.
3) The distance between the electrode and the conductor is the thicknes \e isulator in

petween the terminals of the embedding device and the conductor }a Qrnected
4) The following terms are used to indicate each distance.

1) Insulation layer thickness

2) Distance between conductor layers

3) Distance between terminal and conductor
The|number used in the indication is the number of/lay (3) is for the
condluctor layer and the number on the right shqg t, seednd, etc., of the multi-
device embedding into the substrate. Figures
35 gnd 36 show the definition of layefs of\a d spbstrate for cases of pad|and
via connections. Additional remarks are added igurs and 38 for the dielectric gap,
layef gap and device embedding gap.
a) | and terminal/conductor distance in|pad
conmection

Embedded device
L1 . i
LG1 [DGf

L2 ! DGR

L3

L4 DGB

L5 DG¢

DGp
L6 =

Figure 35 — Definitions of dielectric gap and layer gap in the pad connection method


https://iecnorm.com/api/?name=aecd99fa54f82cc1bb2d1668f9bdc4bb

PAS 62326-14 © IEC:2010(E) — 45 -

b) Insulation layer thickness, conductor separation and terminal/conductor distance in via
connection

Embedded active deyi Terminal
EG11
L1
L2-U11 LG1| DGt
L2 G2{ DG2
L3  DG3
L4 fLG4] DG4
L5{D61 LG5 @
L6 Y 0\
. . . EG61 (1/
Embedded passive dgvice Terminal EG4

Fjgure 36 — Definitions of dielectric gap and layer gap in the \ia n on methad

AP

e
mbedd sul ion layer DG1

c) Additional remark on insulation layer thickness
Embedded device

Top surface

AYF“'I-

L3 : :
H ] o e NN ] Jo e “"‘"‘: e ety Bage
L4 : : DG3 (core)
T T T HE
L5 : s VL
~ Y oes

L6

7

Conductive layer is embedded in stacking
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d) Remarks on conductor separation and terminal/conductor distance

Embedded active device Terminal
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Base board and assembly condition are given in Table 18.

Table 18 — Requirements to device assembly to base substrate

of device embedded boards

Item Condition Remarks
Base Base material Organic: FR-4, FR-5, BT Resin, polyimide, PPE, Copper foil carrier, metal
PTFE heat fin for heat radiation,
— - fim-type-earrersilicon
Inorganic: ceramics, LTCC interposer., cefamics
Board structure Single sided, double sided. Multilayer, Build-up /| "M <POSe
multilayer,
Single-sided flexible, double-sided flexible,
Multilayer flexible,
Ceramics, LTCC electronic circuit su te
Passive device embedded ceram){s
Number of layers 1 layer, 2 layers, ~ arbitrary nu?ﬂ.@r\of\l\g{ek\ >
~
Copper foil 5 um, 9 um, 12 um, 18 V{ssm\w
Insulator > 10 ym PR ( (7 ¢ \ \/
Maximum size 610 mm510 ryx& X\/ / {\ \> Variable based on the
— - N capability of die Bonder
Minimum size 340 "}’\x k{%\q \ \ ) and/or chip mourjter
Embg¢dded Insulation material A cut-off may be|required for
layer| a thick embeddinjg device
Ntﬁqbe}of Iéyers <
Copp/e\|<0|l \S\N , 12 um, 18 um, 35 pm, 70 ym
Bo(d é’\%e Depe}?ds on the base size
Condition te_bonde Maximum : 330 mm x 250 mm x 2,5 mm A carrier may be|necessary if
the thickness is Ipss than
- Minimum : 50 mm x 50 mm x 0,5 mm 0,3 mm
QW” \) Maximum : 510 mm x 460 mm x 4,0 mm
Minimum : 50 mm x 50 mm x 0,3 mm
FiduMwark Fiducial mark shall be in accordance to
customers process capability
Position accuracy To be agreed by customer based materials and

PrOCESS capabiiity

Condition for
sheet
components

Die bonder Maximum : 25 mm x 25 mm x 0,5 mm
Minimum : 0,25 mm x 0,25 mm x 0,1 mm
Mounter Maximum : 24 mm x 24 mm x 6,5 mm

Minimum : 0,4 mm x 0,2 mm x 0,12 mm

Thermal resistance

Withstand for 120 min at 180 °C

Resistance to
pressure

3 MPa ~4 MPa

Resistance to
chemical solvent

To be agreed by customer based materials and
process capability

NOTE The above assembly requirements are for reference to the Standard drafting committee for device embedding
substrate. Detailed requirements are to be agreed between user and supplier.
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Work panel size, panel thickness and embedding condition are shown in Table 19 when
automatic device embedding equipment is used.

Table 19 — Embedding requirement

Assembly Device Shape Direction Panel size Thickness
(to mm mm Fiducial
embedded mark
termina]s) Max. Min. Max. Min.
o || Die _ WB Up 267x90 | 90x15 ﬁ\\% 4
o bonding Bare die -
g TAB Up — — A — C\— -+
=}
& || Mounting | Bare die us Down 330x250 | 5060 25 hO8 | A1
@ ca *4 Doun 330x250 |5 5?)\ 5 \ X1
(note 1) 510x460 [\50x50 R4/ 0 *2
GBS Down \\ \>
FC | ESC. ES Down /—\
CS 250% 50% 25 | 05 %1
ACF(P) | Down f\\
vor@f oot O
Others W K/ - - — T
X
Mounting WLP Reflow
G’own
esin bondin
Re \)
Packagf\ }«\ ) own
sin or{dmg
tan Reflo \D>/n 510x460 | 50x50 4,0 0,3 *|2
ulapch ReSin bording
fl
R AN
A \Bes bondin
dul
(\ Reflow Down
s
< Die Q Co}/per plating
|| boneing ga ie Conductive Up
S paste
a - 310x215 | 50x30 3,0 0,1 %3
g Copper plating
i U
Package Conductive p
paste
Meunting o Copper plating
neliari=
gular chip | Conductive Up
paste
. \ati 510x460 | 50x50 4,0 0,3 *2
Module opper plating !
MEMS Conductive p
paste

Size and shape of fiducial mark

Size =

Shape = circle, cross, square

*1:0,25~ 0,8mm, *2:0,5mm~ 1,6 mm, *3:0,2 ~ 1,6 mm,

NOTE 1 *4 (C4): on upper layer for terminal pitch 20,3 mm, on lower layer for terminal pitch <0,3 mm.

NOTE 2 The above assembly requirements are for reference. Detailed requirements are to be agreed between

user and supplier.
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Table 20 shows the embedding methods of semiconductor devices and Table 21 for electronic

reinforcement

devices.
Table 20 — Mounting methods of semiconductor devices
Method Schematic diagram Short Name Explanation
name
Ultrasound connection ;. derfil Ultrasonic energy is applied
between semiconductor terminal
\_ (bump) and board electrode to metal
et - R bond and then underfill
‘,‘ e oS Dt ST BRI thermosetting resin.for mechanical
'.' rej cement. Gold|[is often used
for the bymps @nhd connecting pads
the boarq.
Solder bump, reflow soldering LSI with high
hd underfill
o B3 C4 gﬁinptrglcl)iigzo'lon N he joints.
% aine. 07
Au bump, reflow soldering Mith Au bumps afe pressed to
. >board with solder pre-coated pads
Metal ponding and heated to bond the junctions,
b & GBS then underfill to mechanical

Resin with solder powder

Epoxy Encapsulated
>ﬁ r Connection 5th

Use solder powder mlixed
thermosetting adhesive and press
and heat to bond the[device to
board. Au plating or |OSP are used
for the pads of board

Epoxy Encapsulated
Solder Connection

Thermosetting resin is used
between LSI bumps @nd solder pre-
coated boards pads. |Press and
heat to establish elegtrical
interconnection.

<

NCF (P)

Non Conductive Film
(Paste)

Thermosetting resin is used
between LS| Au bumps and boards
pads.

Press and heat to esfablish
electrical interconnedtion. Au
plating is usually used for pads on
board.

Compfession
bonding

Resin with conductive
metal powder

Thermosetting resin mixed with
conductive powder is|applied to the
connecting electrod(—js and then

ACF (P)

ANISOtTopic
Conductive Film
(Paste)

press and heat to obtain electrical
connection.

Au plating is usually used for pads
on board.
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Table 21 — Mounting method of devices
Method Schematic diagram Short Name Explanation
name
Solder paste reflow
Bonding by reflow soldering. It
Reflow — Soldering is necessary to clean flux used
in reflow soldering.
Resin with solder powder
QA Solder-resin mixed
— to bond the
Bonding Q
Resin x
Use _conductive theqmosetting
dhésive and hardep the resin
after mounting a deyice on a
board to attain elecfrical
conduction

pE Ny,

tan

Resin with
onductive powder
o‘zz‘ Congddctive atthesi
- bondin

<

&
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