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1)

2)

3)

4)

5)

6)

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)

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60191-6-4 has been prepared by subcommittee 47D: Mechanical
standardization of semiconductor devices, of IEC technical committee 47: Semiconductor
devices.

The text of this standard is based on the following documents:

FDIS Report on voting
47D/531/FDIS 47D/546/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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
amended.

A bilingual version of this publication may be issued at a later date.
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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 ball grid array
(BGA) dimensions.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60191-6:1990, Mechanical standardization of semiconductor devices — Part 6: General
rules for the preparation of outline drawings of surface mounted semiconductor device
packages

3 Terms and definitions
For the purposes of this document, the definitions of IEC 60191-6 apply.

The measuring method in this standard is defined for dimension values guaranteed to users
on the basis of the following items.
1) In general, measurement may be made either by hand or automatically.

2) If a dimension is difficult to measure, the best alternative measuring method will be
defined as the preferred measuring method.
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4 Reference character and drawings

4.1 Ball grid array package (BGA) Type 1 — Ball datum
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IEC 1424/03

Figure 1 — BGA package Type 1 — Ball datum

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d



60191-6-4 O IEC:2003(E)

Ball grid array package (BGA) Type 2 — Body datum

4.2

LICENSED TO MECON Limited. - RANCHI/BANGALORE
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144
£V

o

j

Ox M|s|a|B
Ox1(M|s

Obp

B
B

3z

&oooooo%%ﬁoooooomv

00000000
00000000
00000000

oF

[eXe] [eXe]

0000000000000 0O0O
0000000000000 00
OO0O0O0O00000OO00OO00
0000000000000 00
\&OOOOOO@,‘OOOOOOOO
Q0000000000000 0O
Q0000000000000 0
0000000000000 00

[¢]
[¢]
[¢]
o
o
[¢]
[¢]
[¢]

O0000000
00000000

H0 000000

00000000
00000000
00000000
00000000

ZD

o8av

123

IEC 1425/03

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,
stand-off A1, the ball centre point and coplanarity. Calculate a plane from each lowest
point of all balls based on LSM. Datum S shall be the LSM plane shifted to bottom of the
lowest ball.

Centre of gravity
(COG)

S N T D A ¢

¥

oo ©

N

Lowest ball

)
)] (\,_7];
7 — | east squares method (LSM) plane

IEC 1426/03

Figure 3 — Datum S

5.2 Datum A, B
a) Type 1

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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Definition of the centre of sides
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IEC 1427/03

Figure 4 — Datum A, B — Type 1
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IEC 1428/03

Figure 5 — Centre of ball centres
(for an even number)

b) Type 2

N

A
/

\/ f\ Ball centre
/

Centre of ball centres

IEC 1429/03

Figure 6 — Centre of ball centres
(for an odd number)

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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(Datum A)

IEC 1430/03

Figure 7 — Datum A — Type 2

(Datum B)

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
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The centre of E should be
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The centre of D should be
within the range w

IEC 1432/03

Figure 9 — Tolerance w
b) Measuring method

Put the package on the surface plate.

1) The package width and length should be defined as a distance between parallel
tangent lined which touches package profile.

2) 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

o *

IEC 1434/03

Figure 11 — Profile of a package edge surface v
Measuring method

The package size in both directions shall be determined by the length and width of the
maximum and minimum square (or rectangle) to the package perimeter. Place the package 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)

N\
N

N
N

N
NN
NN

\\\\\ N
AR
NN
\\\\\\\

N\

Actual board edge

E+v

77 [ Best fit square
(minimum dimension)

\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

ﬁ&f
m‘i
pd

First priority

IEC 1436/03

Figure 13 — Mounting height A

Measuring method
1) Put the package on the surface plate.

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

5.6 First stand-off A1

First stand-off is defined as the distance from the seating plane to the lowest point of the
package 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 T O

Datum S based on LSM

<
Uéé@éé;f#
\ 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 distance from the seating plane to the lowest point of the
cavity.

<A4

JReATLS,

messacacasaseot
f

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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uubgi

Datum S based on LSM

rm

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 projection 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).

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



60191-6-4 O IEC:2003(E) -15 -

Theoretically correct ball centre

oooooooopooooooo X/2 area
0000000000000 000

000000000000V O0O

oooooooobooooooo

0000000000000000

0000000000000 000 E]

0000000000000 000
| 0000000000000000 |

OOOOOOOO‘OOOOOOOO
OOOOOOOO‘OOOOOOOO
O0O0O0O0O0OOO0OOOOOOOO
OOOOOOOO‘OOOOOOOO
OO0O00O00O0O00OOOOOOO
OOOOOOOOiOOOOO‘COO
! Ob Actual ball centre
~ [ DxWs|ag

IEC 1442/03 IEC 1443/03

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

Measuring method

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

2) Determine centre of each ball.
3) Determine distance to the theoretically correct ball centre.

4) Check if distance lines within the ball positional tolerance.

Theoretically correct ball centre

X/2

\/

Actual ball centre

IEC 1444/03

Figure 21 — 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

Measuring method

1) Measure the distance y from datum S to highest ball. The distance can be determined by
defining the datum S by either using the triangulation of the three tallest balls or the LSM
(least squares method).

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

Package top flathess is defined as the difference between the distances from seating
plane to the highest points of the package top and distance to the lowest points.

e
0 o

IEC 1446/03

Figure 23 — Package top flatness 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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