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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MECHANICAL STANDARDIZATION
OF SEMICONDUCTOR DEVICES -

Part 6-4: General rules for the preparation of outline drawings
of surface mounted semiconductor device packages —
Measuring methods for package dimensions of ball grid array (BGA)

EC (International Electrotechnical Commission) is a worldwide organization for standardization‘co
end and in addition to other activities, the IEC publishes International Standards. Their prepa

the IEC also participate in this preparation. The IEC collaborates closely, with the Inte

rganizations.

Hocuments produced have the form of recommendations for international use and are published in
andards, technical specifications, technical reports or guidés and they are accepted by the

der to promote international unification, IEC Nationak\Committees undertake to apply IEC Inte

ftgence between the IEC Standard and the corresponding national or regional standard shall be
IEC provides no marking procedure to indicate its approval and cannot be rendered responsiblé

ment declared to be in conformity with one»of its standards.
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Full information on the voting for the approval of this standard can be found in the report on

voting

indicated in the above table.

The French version of this standard has not been voted upon.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

* reconfirmed;
* withdrawn;
» replaced by a revised edition, or

¢ am

ended.
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MECHANICAL STANDARDIZATION
OF SEMICONDUCTOR DEVICES -

Part 6-4: General rules for the preparation of outline drawings
of surface mounted semiconductor device packages —
Measuring methods for package dimensions of ball grid array (BGA)

1 Scope

This part of IEC 60191 covers the requirements for the measuring methods of bal\gri

(BGA)

2 Nc

The fo
For da
of the

IEC 6(
rules
packag

3 Tefrms and definitions

For the

The m
on the

1) In ¢

2) If @ dimension is difficult to measure, the best alternative measuring method

def

dimensions.

)rmative references

lowing referenced documents are indispensable for the application of this doc
ed references, only the edition cited applies. For undated feferences, the latest
eferenced document (including any amendments) applies:

191-6:1990, Mechanical standardization of semiconductor devices — Part 6: G
for the preparation of outline drawings of sufface mounted semiconductor
es

purposes of this document, the definitions of IEC 60191-6 apply.

basuring method in this standard is defined for dimension values guaranteed tg
basis of the following items.

eneral, measurement may be made either by hand or automatically.

ned as the preferred measuring method.

i array

ument.
edition

eneral
device
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4 Reference character and drawings

4.1

Ball grid array package (BGA) Type 1 — Ball datum
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Figure 1 — BGA package Type 1 — Ball datum
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Ball grid array package (BGA) Type 2 — Body datum
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Figure 2 — BGA package Type 2 - Body datum
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5 Measuring method

5.1 Datum S as pertaining to ball coplanarity

The datum S (seating plane) can be determined by either of the following:

a) Datum S formed from the triangulation of the tallest three balls.

The tallest three balls defining the seating plane must fully encompass the projection of
the centre of gravity (COG) in order to constitute a valid seating plane.

b) Datum S calculated from the LSM (least squares method) plane applies to stand-off A2,

stawwmvmmmdm
point of all balls based on LSM. Datum S shall be the LSM plane shifted to bottom

low

est ball.

Centre of gravity

" (coG)

CJ I 1 _I T

¥

S |

N

Lowest ball

\
I ===
N - Least squares method (LSM) plane

IEC 1426/03

Figure 3 — Datum S

5.2 Datum A, B

a) Type 1

lowest
of the

Centres of opposite sides of a package, which are defined below, shall be connected
together.

An angle subtended by the two crossing lines shall be obtained. A difference | 90° — B | of
the angle from 90° shall be equally distributed to the sides to obtain orthogonal axes.
These datum A and B should be the perpendicular planes to the datum S.
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i

Definition of the centre of sides X2 142703

Figure 4 — Datum A, B — Type1

-]

- v - v

K\ f\ Ballentre K\ \ \, /\ Ball centre
N N “ -

™ I~

Centre of ball centres Centre of ball centres
IEQ 1428/03 IEC 1429/03
Figure 5 — Centre of ball centres Figure 6 — Centre of ball centres
(for.an even number) (for an odd number)

b) Type2

On the E sides of the package (see Figure 2), a minimum of 4 points shall be selected
(points 1-4) (see Figure 7). The lines shall be drawn from these points (1-2 and 3-4).

The lines that pass through the midpoints of these two lines (5 and 6) will hereafter be
referred to as datum A.

On the D sides of the package (see Figure 2) coinciding with datum A, 2 points shall be
selected (7 and 8) (see Figure 8). The line perpendicular to datum A passing through
the midpoint of this line (7-8) will hereafter be referred to as datum B.
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6 4
3
(Datum A)
IEC 1430/03
Figure 7 — Datum A — Type 2
7
5
1
(Datum B)
6 4
3
8
IEC 1431/03

Figure 8 — Datum B — Type 2
5.3 Definition of specified dimensions and measuring method

a) Tolerance w of the centre position of package length and width

The package width and length should be defined as a distance between parallel tangent
lines which touched package profile. The centre of the package should be defined as the
centre of these parallels. Tolerance w of the centre position of package length and width
should be defined as a tolerance of it.
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The centreline of package length D

W

A

N

N

A\

A

N

DY

n

The centreline of
package width E

NN\

N

N
N
gl

A}

AN

sy

S

NS

2%

AN

The centre of E should be
within the range w
The centre of D should*be
within the range w
IEC 1432/0.

Figure 9 — Tolerance w

arallel

hsuring method

the package on the surface plate.

b) Me
The package width and length should-be defined as a distance between j

Put
tangent lined which touches package ptofile.
Make sure the centre of it is within‘the range w centring on datum A and B.

IEC 1433/03

Figure 10 — Measuring method of tolerance w
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5.4 Profile of a package edge surface v

Profile of a package edge surface v should be defined as the range centring on the position
which is a theoretically correct distance of D or E.

D

Lo

e

IEC 1434/03

Figure 11 — Profile of a package edge’ surface v

Measu[ing method

The package size in both directions shall be determined by the length and width |of the
maximpm and minimum square (or rectangle) tosthe package perimeter. Place the packpge on
the seating plane and align pin one of the package to the gauge block to assure the package
edges fall within the package tolerances (see Figure 12).

Best fit square
(maximum dimension)

Actual board edge

A

N
NN NN
N
NN N

—__Best fit square
(minimum dimension)

NN

%0
///// /////
///////%/////\Gauge block

IEC 1435/03

NOTE Excluding parts of chamfer.

Figure 12 — Measuring method of package edge surface v
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5.5 Mounting height A

Let the height of a package from the seating plane to the top of the package be defined as the
mounting height. The mounting height therefore includes inclination and warping of the

package.

% <€
o
yd

First priority

IEC 1436/03

Figure 13 — Mounting height A

Measufing method
1) Pug the package on the surface plate.

2) Frgm the top or side, measure the distance to the highest point. Let the distapce be
denoted as the mounting height.

5.6 First stand-off A1

First sfand-off is defined as therdistance from the seating plane to the lowest point|of the
packade except the cavity.

A1

OO0 O O

IEC 1437/03

Figure 14 — First stand-off A1
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Measuring method

First stand-off is the distance measured from the calculate datum S based on the LSM (least
squares method) to the lowest point on the package except the cavity.

A1

T O

Datum S based on LoM

Datum S based on LSM

IEC 1438/03

Figure 15 — Measuring method of stand-off A1

5.7 Second stand-off A4

Second stand-off is defined as the distanee from the seating plane to the lowest poin{ of the
cavity.

<A4

T T O

s
}

IEC 1439/03

Figure 16 — Second stand-off A4

Measuring method

Second stand-off is the distance measured from the calculate datum S based on LSM (least
squares method) to the lowest point on the cavity.
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)UUU%

. +

Datum S based on LSM

m
> ?
Datum S based on LSM

IEC 1440/03

Figure 17 — Measuring method of stand-off A4

5.8 Ball diameter b

Ball diameter is defined as the diameter of a circle circumscribed ‘about a vertical projegtion of
the ball from the seating plane.

IEC 1441/03

Figure 18 — Ball diameter b

Measuring’method

1) Make the calculate datum S based on LSM (least squares method) coincide with the
measuring reference.

2) Measure the diameter of a circle circumscribed about the ball.

5.9 Ball centre position X

Based on datum A, B and S, determine the difference between the theoretically correct
position of each ball’s centre and the actual position. That allowable distance to be the ball
centre position tolerance (X/2).
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Theoretically correct ball centre
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1

Actual ball centre
|~ S e

IEC 144203 IEC | 1443/03

Fiture 19 — Ball centre position X Figure 20 — Theoretically)correct ball centre

Measufing method

1) Cajlculate datum S based on the LSM (least squares method)'and datum A, B colncides
and parallel with the measuring reference.

2) Defermine centre of each ball.
3) Defermine distance to the theoretically correct ball-centre.
4) Chpck if distance lines within the ball positionaltolerance.

Theoretically.correct ball centre

Xi2

\_{

Actual ball centre

IEC 1444/03

Figure 2T — Measuring method of ball centre position X
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5.10 Ball coplanarity y

Coplanarity y is defined as the distance from the lowest point of the top ball from the seating
plane measured in the direction perpendicular to the seating plane.

%>

IEC 1445/03

Figure 22 — Ball coplanarity y

Measufing method

1) Mejasure the distance y from datum S to highest ball. The distance cansbe determiped by
defining the datum S by either using the triangulation of the three tallest balls or tHe LSM
(ledast squares method).

2) Ball coplanarity y to be the maximum value.
5.11 Package top flatness y1

Pag¢kage top flatness is defined as the difference-bétween the distances from sgeating
plahe to the highest points of the package top andsdistance to the lowest points.

e e
e e

IEC 1446/03

y1

Figure23—Package-topflatness—y1
Measuring method
1) Put the package on the surface plate.

2) From the side or top, measure the distance to the highest and lowest points of the
package top. Package top flatness to be the difference between those values.
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NORMALISATION MECANIQUE
DES DISPOSITIFS A SEMICONDUCTEURS -

Partie 6-4: Régles générales pour la préparation des dessins d'encombrement

des dispositifs a semiconducteurs a montage en surface —

Méthodes de mesure pour les dimensions des boitiers matriciels a billes (BGA)

1 Domaine d'application

La pré

sente partie de la CEI 60191 couvre les exigences relatives aux méthodes~de 1

des dimensions des boitiers matriciels a billes (BGA).

2 Références normatives

Les d
docum
non d

amend

bcuments de référence suivants sont indispensables pour-ltapplication du g
ent. Pour les références datées, seule I'édition citée s'applique. Pour les réfé
tées, la derniére édition du document de référence s'applique (y compris les év
ments).

CEI 601191-6:1990, Normalisation mécanique des dispoSsitifs a semiconducteurs — P
Régley générales pour la préparation des dessins d'encombrement des dispog
semicgnducteurs a montage en surface

3 Termes et définitions
Pour les besoins du présent document, les définitions données dans la CEI 6
s'appliquent.

nesure

résent
ences
ntuels

artie 6:
itifs a

D191-6

La méthode de mesure de la présente norme est définie pour des valeurs de dimlension

garant

1) La
2) Si

es aux utilisateurs sur la’base des points suivants.

mesure peut généralement étre effectuée manuellement ou automatiquement.

une dimensien-est difficile a mesurer, la meilleure autre méthode de mesur

défjnie comme la méthode de mesure préférentielle.

e sera
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4 Caractére et dessins de référence

4.1

P lwisla—

Boitier matriciel a

billes (BGA) Type 1 — Référence des billes
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Figure 1 — Boitier BGA Type 1 — Référence des billes
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Boitier matriciel a billes (BGA) Type 2 — Référence du corps
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Figure 2 — Boitier BGA Type 2 — Référence du corps
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éthode de mesure

Référence S concernant la coplanarité des billes

La référence S (surface de portée) peut étre déterminée par I'une des méthodes suivantes:

a) Référence S formée par triangulation des trois billes les plus grandes.

Les trois billes les plus grandes définissant la surface de portée doivent englober
entierement la projection du centre de gravité (COG) afin de constituer une surface de
portée valable.

b) La

s'a

iLz o 1 LZ 1 3 1 1 1l 1 =Y W Z il 1l 1 : 1
ITICTICIILE O LAICUITT U dpits 1T PidiT UtT T1a Lolvl (TTTTUTOuUT  UcTos  1TTTUITTUTTS

Cajlculer un plan a partir de chaque point le plus bas de toutes les billes, en s€*bas

la

| SM. La référence S doit étre le plan de la LSM décalé jusqu'en bas de labille

bagse.

5.2

Centre de gravité
_— (coo)

DI O o ¢

¥

1
N

Bille la plus basse

IEC 1426/03

\
]
N -— Plan de la méthode des moindres carrés (LSIM)

carres)

bplique a I'élévation A2, a I'élévation A1, au point central de la bille et a la ceplgnarité.

ant sur
a plus

Figure 3 — Référence S

Référence A, B

a) Type 1

Les centres des cdtés opposés d'un boitier, qui sont définis ci-dessous, doivent étre
raccordés ensemble.

On doit obtenir un angle sous-tendu par les deux lignes d'intersection. Une différence de
|90° — B || de I'angle par rapport a 90° doit étre également distribuée sur les cbtés pour
obtenir des axes orthogonaux. Il convient que ces références A et B soient les plans
perpendiculaires a la référence S.
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Définition du centre des cbtés XD 149703

Figure 4 — Référence A, B —#Type 1

- | v - .

Ceqtre de /\ : \} f\ Centre de |a
<> C) la bille \\/ A \\j bille

S I~

Cenfrédes centres Centre des centres
desbilles des billes
IEQ 1428/03 IEC 142903
Higure 5 —Centre des centres des Figure 6 — Centre des centres des
billes((pour un nombre pair) billes (pour un nombre impair)
b) Ty|re 2

Sur les cétés E du botftier (voir Figure 2), 4 points au minimum doivent étre sélectionnés
(points 1 a 4) (voir Figure 7). Les lignes doivent étre tracées a partir de ces points (1-2 et
3-4).

Les lignes passant par les points milieux de ces deux lignes (5 et 6) seront appelées ci-
aprés référence A.

Sur les cotés D du boitier (voir Figure 2) coincidant avec la référence A, 2 points doivent
étre sélectionnés (7 et 8) (voir Figure 8). La ligne perpendiculaire a la référence A passant
par le point milieu de cette ligne (7-8) sera appelée ci-aprés référence B.
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(Référence A)

IEC 1430/03

Figure 7 — Référence A — Type.2

(Référence B

B !

IEC 1431/03

Figure 8 — Référence B — Type 2
5.3 Définition des dimensions spécifiées et méthode de mesure

a) Tolérance w de la position centrale de la longueur et de la largeur du boitier

Il convient de définir la largeur et la longueur du boitier comme la distance entre des lignes
tangentes paralléles en contact avec le profil du boftier. Il convient de définir le centre du
boitier comme le centre de ces paralléles. Il convient de définir la tolérance w de la
position centrale de la longueur et de la largeur du boitier comme une tolérance de celle-
Ci.
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Ligne centrale de la largeur du boitier D

b) Mé

Pos

1)

2)
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Ligne centrale de la
largeur du boitier E

N

N
N
N

2,
27

Il convient que le centre de E
se situe dans la plage w .
Il convient quede centre de D

se situe dafsjla plage w
IEC 1432/0

Figure 9 — Tolérance.w
thode de mesure
ler le boftier sur la plaque de surface.

Il convient de définir la largeur et laslongueur du boftier comme la distance ent
lignes tangentes paralléles en contact avec le profil du boftier.

S'assurer que le centre se«rouve dans la plage w centrée sur les références A €

60191-6-4 © CEI:2003

re des

IEC 1433/03

Figure 10 — Méthode de mesure de la tolérance w
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