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Abastract

In this paper BGA coplanarity Measurement by laser scanning inspection method was
discussed. Chosing a right datum plane, so that the laser spot’s focusing range could cover
all BGA balls’ relative height, is a key to success. The measuring speed and accuracy was
then evaluated on a sample BGA product with 20x20 array balls by our CT300 laser
scanning inspection equipment. The method was proved to be reliable. It not only extended
functions of current equipment, but also had a advantage of easy and efficient operation, thus
the method could be utilized by coplanarity inspection and evaluation for all kinds of BGA.
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production real-time quality control process.[1]

1. Introduction Evaluation of BGA coplanarity can be
translate into measuring the heights of all soldering
balls according to “3 point method” defined by
“JEDEC Standard 95 Design Guide 4.17"[2] and
solid geometry theory. To get the height of hundreds

BGA Package as the highest integration
density package in nature has found wide
application in packaging of digital IC components
with large 1/0O count, since its implementation to
replace leaded devices in the early 1990’s.
Coplanarity is one of the most important quality
feature of BGA, because in soldering to PCB this
coplanarity can translate into open or intermittent

of soldering balls of BGA, several measuring
methods could be utilized as being divided into
contact or noncontact method. The corresponding
equipments are three-coordinates measuring

. ] machine or laser scanning inspection equipment.
solder connections known as “ball-in-socket” or
. . Another noncontact method known as shadow more
“pall in cup”(BIC) defects named after their cross . . o
) technique is also under research by many institutes.
sectional shape. These defects can escape test, . ) ) ]
. . . . o Because in mechanism it has a very fast measuring
X-Ray and visual inspection making them difficult ) . )
speed in nature since it takes and post processes the

. ) raster picture that can record the fine distinction of
assembly test, assemblies with these BIC defects . )
height change of the soldering balls, and the whole

to prevent from entering the field. After post

often fail with handling, thermal cycling or simply . . )
. ) . ) process can be finished in seconds. As to measuring
during shipment. Therefore, coplanarity evaluation . )
) ] with laser scanning method, a beam of laser was
is a necessary procedure not only in prototype
. . casted on the surface of the sample, as sample
development stage but also in high volume
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moves in a strait line with the stage driven by linear
motor. The fluctuation of the surface can be
recorded by the sensor, as time interval between the
light transmitting and receiving was changing as
laser spot moving from one point to the next. If
these points are consecutive, we can get the full 3D
surface view of the sample.[3,4]

In comparison, laser scanning inspection
method demonstrates an comprehensive advantage,
it is mature and known to be more accurate and
reliable than shadow more technique and faster in
speed than contact method using three-coordinates
measuring machine. For many years, laser scanning
inspection has been commercialized to wide
application in thick film IC technology industry,
such as measuring the height of screen printing
thick film line, the flatness or finish of ceramic
substrates, and so on.

In this paper the coplanarity measuring
experiment was implemented on a sample BGA
product with 20x20 array balls by our CT300 laser

scanning inspection equipment.

2. BGA Coplanarity Definition

A BGA coplanarity evaluation method was
defined by “JEDEC Standard 95 Design Guide
4.17" as so-called “3 point method”. As illustrated
in Fig.1, suppose we put a BGA sample with
soldering balls down on a horizontal surface, there
must be 3 highest balls contacting with the surface
by gravity. The horizontal surface was defined as
seating plane. According to the definition, the BGA
product’s coplanarity was defined as the maximum
distance of the top of soldering balls to the seating
plane. From solid geometry theory, coplanarity
could be easily drawn from the measured heights of
all BGA soldering balls. Reference 4 and 5 had
us deduction  of

given a

mathematical representation of coplanarity and a

comprehensive

calculation diagram for programming.
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Fig.1 “3 point method” of BGA coplanarity
evaluation

However, instead of precisely calculating of
coplanarity according to JEDEC definition, the
maximum height difference (MHD)of all soldering
balls was also used to evaluate the coplanarity
feature of BGA in many circumstances. It's not
difficult to prove that MHD is a more strict criteria
than JEDEC defined coplanarity, so that many
engineers prefer to using MHD to evaluate BGA

coplanarity in many situation.

3. The Balls’ Relative Height

Measurement

The BGA sample to be measured contains 20
X 20 array soldering balls with an absolute height
of about 600w m, and the pitch of array was
1.27mm(illustrated in Fig.2). The testing machine
was CT300 Laser Scanning Measurement System
manufactured by Cyberscan Corp, which has a
focusing depth of 500 m. If we use the surface of
the substrate on which soldering balls were mount
as the measuring datum plane, we couldn't get the
absolute height of the soldering balls in that the
laser beam couldn’t focus on the top.

B

(a)full view
Fig.2 picture of BGA Sample to be measured
Fortunately, from the definition of coplanarity
we can conclude that measuring absolute height of

(b)partial view

soldering balls is not needed. The relative height of
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all soldering balls is enough to evaluate the
Coplanarity of BGA. Next, the only thing we need
do is to move the datum plane up 206, so that
the focusing depth could cover the top half of the
ball.

On CT300 the laser head was fixeshile the
stage driven by linear motor
consecutively in the X and Y direction with a step
resolution of It m. As laser beam scanning on the
surface of the arrayed soldering balls, it records the
relative height of the points covered in the beam
moving direction with a Z-direction resolution of
0.1u m. The precision 3D picture of the crown of
the soldering balls can be drawn if we chose the

could move

maximum sampling rate when scanning the BGA in
X direction and line by line in Y direction.
Considering both measuring speed and
accuracy, a proper sampling rate should be chosen.
In our measurement, a sampling rate of 1 data per 5
v m in both X/Y direction were chosen. Thus we
could have 100 data-collecting point around the top
of the soldering ball. After the raw data had been
collected, it could be saved as Microsoft Excel file

Tab. 1 Measured Relative Height of Balls (20X20

format for various data post-processing method. As
illustrated in Figure 3 ,we could get the fitted
curved surface of soldering ball crown.

mo0.2-0.4
mo-0.2
m-0.2-0
O-0.4—0. 2
O-0.6—0. 4
m-0.8—0.6
o-1—0.8

Fig.3 Fitted curved surface of soldering ball

crown

4. Data post-processing and the

coplanarity calculation

In Microsoft Excel, we could extract the 400
highest points of all soldering balls from raw
measured data.(shown in table 1.)

Array) by CT300
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From table 1 we can see that the highest
soldering ball is 38% m, and the lowest is 239m.
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So the maximum height difference was 148.
Given the coplanarity specification of no large than
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2001 m, This BGA sample was acceptable.

5 Measurement Evaluation

In order to verify the effectiveness of our
measuring experiment, we re-measured the BGA
sample by micron micrometer. 24 soldering balls
located on the four corners (as shown in Tab.1, the
squares representing the measuring location) were
measured in order to adequately prove our laser
scanning inspection method. The raw measuring
data was shown in Tab.2.

Tab.2 Absolute height measured by micron
micrometer(Unitu m)

# A B C R S T

1 599 600 595 614 602 598
2 581 581 603 606
3 599 602
18 633 579
19 627 609 579 566
20 626 614 625 577 579 587

In order for data comparison, we chose the
“Al” soldering ball as the datum point whose
relative height was set to zero. Then we could get
the 24 soldering balls’ relative height data in both
measuring method. (shown in Tab.3 and Tab.4)
Tab.3 Relative height of soldering balls by LSI
Method(Unit:u m)

# A B C R S T
1 0 5 -1 15 8 4
2 -13 -12 7 7
3 4 -1
18 33 -6
19 38 18 -15 -23
20 32 18 25 -17 -15 -12

Tab.4 Relative height of soldering balls by micron
micrometer( Unitu m)

# A B C R S T
1 0 1 4 15 3 -1
2 -18 -18 4 7
3 0 3
18 34 -20
19 28 10 -20  -33
20 27 15 26 -22 -20 ~-12
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By comparing Tab.3 and Tab.4, it's easy to see
that the relative height measurement by both
method coincided well with a deviation of no
greater than &= 10 1 m. Given our micron
micrometer having a precision oft 10 1 m,
obviously our Laser scanning inspection method has
a conservative precision of no greater thar20u
m.

As to the measuring speed, it depends on the
sampling rate. A sampling rate of 1 data perrb
in laser scanning direction resulted in a total
measuring time of about 10 minutes according to
the BGA sample mentioned above. It can be easily
in half, if the sampling rate could be

programmed in CT300 at the optimum level.

cut

6 Conclusion

BGA coplanarity can be expressed by relative
height
mathematical relation. By properly setting the
focusing datum plane to make the focus depth cover
the crown of every BGA soldering ball, relative
height of soldering balls could be accurately
recorded by laser scanning inspection equipment.

of all soldering balls in a simple

This method was proved to be effective in our
experiment for BGA coplanarity evaluation.
Although our laser scanning inspection
equipment was designed to inspect the height of
screen printing thick film pattern, the flatness or
finish of ceramic substrates. The success in using it
for BGA coplanarity measurement not only
extended functions of the current equipment, but
also had an advantage of easy and efficient
operation. Therefore the method could be utilized
by coplanarity inspection and evaluation for all

kinds of BGA.



IMAPS 2008 - 41st International Symposium on Microelectronics

Reference

[1]Rick Lathrop. BGA Coplanarity Reduction During The Ball Attach Process. Heraeus

[2] JEDEC Standard 95 Design Guide 4.17

[3] LI Gen-gian, ZHAO Hong, SONG Yuan-he etc. A Shadow moiré technique by changeable light source for
BGA coplanarity measurement. Semiconductor Optoelectronics. Vol.20 No.3. June, 1999

[4]Xue Xiao-jie, Sun Chang-ku, YE Sheng-hua. Laser Scanning On-Line Inspection System for Ball Grid Array
Coplanarity Measurement. Opto-Electronic Engineering. Vol.28 No.1 Feb,2001.

(5] Fifi AT FH ARSI P 12 1 2 R PROd B [ 3] v B, 1992, (2): 9-12.

000991



	Table of Contents

	KEYWORD SEARCH

	Next Paper >>�
	<< Previous Paper




