Electronic
Packaging

© Primary function is to provide electrical
connectivity from the semiconductor device
to a Printed Wiring Board (PWB) or
Printed Circuit Board (PCB):

- Provides a path for power to be applied
to the chip

- Provides a way for data signals to be
transmitted into and out of the chip

© Secondary function is to house and protect
the chip from harsh environmental conditions.

© Also provides a pathway for dissipating heat
generated by the chip.



Types of
Electronic
Packaging

Through-Hole
Devices

Long leads are
inserted through
holes in the
printed circuit
boards.

DUAL IN-LINE PACKAGE (DIP)

J-LEAD PACKAGE




Types of
Electronic
Packaging
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Surface Mount
Technology
(SMT)

Electronic
packages mount
directly to
rectangular pads
on the surface
of the printed
circuit boards.

GULLWING (Small Outline Package)




Types of Surface Mount

Electronic Technology

Packaging (SMT)
Electronic
packages mount
directly to
rectangular pads
on the surface
of the printed
circuit boards.

BALL GRID ARRAY (BGA)
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Billions of BGAs Are Produced Every Year
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The Need for a
Method and
Apparatus to
Inspect BGAs

© All of the solder balls on the BGA must be

positioned in a precise location and be exactly
the same height.

Minute differences in location or height
in any one ball in the array can render the
BGA useless.

It is not economical to repair BGAs, therefore
a defective BGA usually means the entire
electronic device must be discarded.

A fast and efficient method of inspecting BGAs
to identify defective packages was needed.



Method of Inspecting BGA Part Disclosed in the '411 Patent

1 LS. Patent Ange 1. 106 Sheet 1% of 3 LS 7085411 A2
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Method of Inspecting BGA Part Disclosed in the 411 Patent
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Method of Inspecting BGA Part Disclosed in the 411 Patent
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Method of Inspecting BGA Part Disclosed in the 411 Patent

BALL GRID ARRAY (BGA)




Method of Inspecting BGA Part Disclosed in the '411 Patent

SUBSTRATE




Method of Inspecting BGA Part Disclosed in the 411 Patent

SOLDER BALLS




Method of Inspecting BGA Part Disclosed in the 411 Patent

LIGHT SOURCE LIGHT SOURCE




Method of Inspecting BGA Part Disclosed in the '411 Patent

LIGHT SOURCE




Method of Inspecting BGA Part Disclosed in the '411 Patent

Mirror, lens

% " or prism

FIXED OFTICAI. ELEMENT
Knnwn angle nf reﬂecﬂon




Method of Inspecting BGA Part Disclosed in the '411 Patent

ILLUMINATING THE BGA
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Method of Inspecting BGA Part Disclosed in the '411 Patent

ILLUMINATING THE BGA




Method of Inspecting BGA Part Disclosed in the '411 Patent

IMAGING THE BOTTOM VIEW OF THE BGA

BOTTOM VIEW

- FRAME GRABBER




Method of Inspecting BGA Part Disclosed in the '411 Patent

IMAGING THE SIDE VIEW OF THE BGA

FRAME GRABBER

BOTTOM VIEW

FIXED OPTICAL ELEMENT

Known angfe of reflection




Method of Inspecting BGA Part Disclosed in the '411 Patent

IMAGING THE SIDE VIEW OF THE BGA

FRAME GRABBER

BOTTOM VIEW

000
Q00
000

SIDE VIEW




Method of Inspecting BGA Part Disclosed in the ‘411 Patent

FINDING A SINGLE PIXEL POSITION LOCATING A LEAD

FRAME GRABBER PROCESSOR

C Language:

© FindBlobCenter:
Finds the X, Y center of the pixels
that have a value greater than

THRESHOLD in the region (X1, Y1)
to (X2, Y2).
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Method of Inspecting BGA Part Disclosed in the ‘411 Patent

FINDING A SINGLE PIXEL POSITION LOCATING A LEAD

BOTTOM VIEW

SIPE VIEW

ﬂ 5 BLOBCENTER

22|23f24| X2,¥1

X2,¥2




Method of Inspecting BGA Part Disclosed in the ‘411 Patent

FINDING A SINGLE PIXEL POSITION LOCATING A LEAD

C Language:

© FillBallCenter:
Using the coordinates of the
approximate center found in

FindBlobCenter, the region of lower
grayscale values is converted to
a region of high grayscale values.

© FindBallCenter:
Finds the X,Y center of the BGA ball
using grayscale values.
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Method of Inspecting BGA Part Disclosed in the ‘411 Patent

FINDING A SINGLE PIXEL POSITION LOCATING A LEAD

FindBallCenter:

BOTTOM VIEW

SIPE VIEW




Method of Inspecting BGA Part Disclosed in the ‘411 Patent

C Language:

© FindCrescentTop:
Finds the X, Y top position
of a BGA crescent.

SIDE VIEW
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Method of Inspecting BGA Part Disclosed in the ‘411 Patent

FINDING A SINGLE PIXEL POSITION LOCATING A LEAD

FindCrescentTop:

BOTTOM VIEW

000
Q00

000

SIDE VIEW X3.Y4 Xa,va
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

BOTTOM VIEW

SIDE VIEW
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

FRAME GRABBER PROCESSOR

BOTTOM VIEW




Finding a Single Pixel Position Locating a Lead

FindBlobCenter

FRAME GRABBER PROCESSOR

BOTTOM VIEW

SIPE VIEW

HIGHER
GRAYSCALE
VALUES
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

FRAME GRABBER PROCESSOR
BOTTOM VIEW

SIPE VIEW

xz,Y2

GRAYSCALE VALUES

gRpapoos .

037D
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

For every pixel with a

PROCESSOR

grayscale value above . R DRI RO D SO VY 1P R T
THRESHOLD, keep
track of the number
of pixels found and
their corresponding
X and Y coordinates.

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

If a pixel grayscale value © I e 2y

|'5 be’ow TH RESHO LD:I' 5 SIE|T|8}9 1 211: Glig|iT|iejis a0 2 a2 a3 24| X2, ¥1
it is skipped.

Y SUM:

NUMBER OF PIXELS:

Xz,Y2
GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

If a pixel grayscale value : I el 2y

}S abnve TH RESHOLD? g S{6lT|8}9 L 2113 Glig|iT|iejis a0 2 a2 a3 24| X2, ¥1

the pixel is counted

and its corresponding  xsum:
X and Y coordinates 9
are recorded.

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Rarepelleguiions e

with a grayscale value _ 5|5 7| 8]0 |10)ias2]1s]sefes|ss|szrelas|20 21| 22lzstes| x2, va

above THRESHOLD,

the pixel is counted . XSUMm: |

and its corresponding 19

X and Y coordinates

are added to the 10

previous total.
=

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Rarepelleguiions e

with a grayscale value ! s|6| 7|8 |s |sofsa]z)ss|ua|ss|us|sr|ssfas|zofesfazzafed| x2, v

above THRESHOLD,

the pixel is counted | XSUMm: |

and its corresponding 30

X and Y coordinates

are added to the 15

previous total.
3

Xz,Y2

GRAYSCALE VALUES

gRpapoos .




e e A o

Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Rarepelleguiions e

with a grayscale value ; 5|5 7| 8]0 |10)ias2]1s]sefes|ss|szrelas|20 21| 22lzstes| x2, va

above THRESHOLD,

the pixel is counted . XSUMm: |

and its corresponding U2

X and Y coordinates

are added to the =a i

previous total.
4

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Rarepelleguiions e

with a grayscale value ! s|6| 7|8 |s |sofsa]z)ss|ua|ss|us|sr|ssfas|zofesfazzafed| x2, v

above THRESHOLD,

the pixel is counted | XSUMm: |

and its corresponding 55

X and Y coordinates

are added to the c5

previous total.
-

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Rarepelleguiions e

with a grayscale value _ 5|5 7| 8]0 |10)ias2]1s]sefes|ss|szrelas|20 21| 22lzstes| x2, va

above THRESHOLD,

the pixel is counted . XSUMm: |

and its corresponding ES

X and Y coordinates

are added to the 30

previous total.
=

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Pixels with a

PROCESSOR

grayscale Va[ue 5 |G| T|8}9 L 211 SliGlAT|iejiala0 |21 2212324 xz,ﬂ
below THRESHOLD,
are skipped.

59

Y SUM:

30

NUMBER OF PIXELS:

rVI

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Pixels with a

PROCESSOR

grayscale Va[ue 5 |G| T|8}9 L 211 SliGlAT|iejiala0 |21 2212324 xz,ﬂ
below THRESHOLD,
are skipped.

59

Y SUM:

30

NUMBER OF PIXELS:

rVI

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Pixels with a

below THRESHOLD,
are skipped.

GRAYSCALE VALUES

gRpapoos .

Xz,Y2

PROCESSOR

gra}"scale Va[ue 2 S{6lT|8}9 L 2113 Glig|iT|iejis a0 2 a2 a3 24| X2, ¥1

59

Y SUM:

30

NUMBER OF PIXELS:

rVI
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Pixels with a

PROCESSOR

grayscale Va[ue 5 |G| T|8}9 L 211 SliGlAT|iejiala0 |21 2212324 xz,ﬂ
below THRESHOLD,
are skipped.

59

Y SUM:

30

NUMBER OF PIXELS:

rVI

Xz,Y2

GRAYSCALE VALUES

gRpapoos .
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Finding a Single Pixel Position Locating a Lead

FindBlobCenter

Every pixel with a

above THRESHOLD
IS counted and

its corresponding

X coordinate and

Y coordinate is added
to obtain X SUM and
Y SUM.

Xz,Y2

GRAYSCALE VALUES

gRpapoos .

PROCESSOR

grayscale Vajue 2 S{6lT|8}9 L 2113 Glig|iT|iejis a0 2 a2 a3 24| X2, ¥1

col?

Y SUM:

£ -}

NUMBER OF PIXELS:

195




Finding a Single Pixel Position Locating a Lead

FindBlobCenter

After the entire region PROCESSOR

of interest is scanned : ss|7|8]o] g9 |o|afus]oe|srfssfus oo|oafaafeslos| x2, va
column-by-column,

row-by-row, the X SUM
and Y SUM are divided

BLOBCENTER:

. X=11
by the number of pixels Y=13
above THRESHOLD
to FindBlobCenter.

BLOBCENTER

Xz,Y2
GRAYSCALE VALUES

gRpapoos .
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