4 October 2005 COPLANARITY INSPECTION AT THE SINGULATION PROCESS BACKGROUND OF
THE INVENTION (1) Field of the Invention The invention relates to the fabrication of integrated circuit
devices, and more particularly, to a method for inspection of contact balls coplanarity of singulated device
packages whereby contact ball coplanarity inspection is performed immediately after and as part of
device singulation and the device pick-and-place processing sequence. (2) De cQ&E&’&F’th%D%r Art
One of the results ofJRgre Heuit pal i epsit ?ﬁﬁb evelopment of
methods that providfgaaﬁrif 'ﬁ?:gga@é% rmem EE?%JTT igllguf&a%nﬁ gﬁ?ﬁ\%g?%x?@\ihat ca‘r%%séj used for the
interconnection of semiconductor devices. These devices are divided into a number of classes
dependent on the method that is used to provide the increased I/O count, the best known classes within
these are the Ball Grid Array (BGABdewcen D the GelgmmGENAIay (CGA) devices. A Ball Grid Array
(BGA) 1 4 October 2005 is an array of solderable balls placed on a chip carrier. The

(1) Field of the Invention

The 1nvention relates to the fabrication of Integrated
circuit devices, and more particularly, to a method for
inspection of contact balls coplanarity of singulated device
packages whereby contact ball coplanarity inspection is performed
immediately after and as part of device singulation and the

device pick-and-place processing sequence.

(2) Description of the Prior Art

One of the results of increased circuit packaging density
has over the years been the development of methods that provide
an increased number of input and output (1/0) points that can be
used Tor the interconnection of semiconductor devices. These
devices are divided iInto a number of classes dependent on the
method that is used to provide the increased 1/0 count, the best
known classes within these are the Ball Grid Array (BGA) devices

and the Column Grid Array (CGA) devices. A Ball Grid Array (BGA)



balls contact a printed circuit board in an array configuration where, after reheat, the balls connect the
chip to the printed circuit board. BGA's are known with 40, 50 and 60 mils. spacings in regular and
staggered array patterns. In general, Chip on board (COB) techniques are used to attach semiconductor
dice to a printed circuit board, thereby including flip chip attachment, wirebonding, and tape automated
bonding (TAB) . Flip chip attachment consists of attaching a flip chip to a printét 2rdRPESard¥ i vther

substratei fé f%ChéQ‘\[Iif%)? sgpicgéicig%oégli@ t%%fg-r!agoma%t[fﬁa O arrays g mi isggcedrﬂrgund an

active surface of the chip for own moun p chip to a substraté. Generally, thé flip chip
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balls is disposed on the surface of the flip chip that attac rger than
IntegrateginGrault Celer (FIRERfuhiehés HRNTGI0ABRARA DithRa ViR SBRlgheoldsfiatnitch and
diameter than the BGA); a Pin Grid "Array (PGA) (wherein an array of small pins extends substantially

perpendieiady, fremhingrYlacBarent syface AR ARGt HEh 6 OFRPEF0RIs. spacings

in regular and staggered array patterns.

In general, Chip on board (COB) techniques are used to
attach semiconductor dice to a printed circuit board, thereby
including flip chip attachment, wirebonding, and tape automated
bonding (TAB). Flip chip attachment consists of attaching a flip
chip to a printed circuit board or other substrate. A flip chip
iIs a semiconductor chip that has a pattern or arrays of terminals
spaced around an active surface of the flip chip for face down

mounting of the flip chip to a substrate.

Generally, the flip chip active surface has one of the
following electrical connectors: BGA (wherein an array of minute
solder balls 1is disposed on the surface of the flip chip that
attaches to the substrate); Slightly Larger than Integrated
Circuit Carrier (SLICC) (which is similar to the BGA but having a
smaller solder ball pitch and diameter than the BGA); a Pin Grid
Array (PGA) (wherein an array of small pins extends substantially

perpendicularly from the attachment surface of a flip chip, such



that the pins conform to a specific arrangement on a printed circuit board or other substrate for
attachment thereto. With the BGA or SLICC, the solder or other conductive ball arrangement on the flip
chip must be a mirror image of the connecting bond pads on the printed circuit board so that precise
connection can be made. The flip chip is bonded to the printed circuit board by refluxing the solder balls.
The solder balls may also be replaced with a conductive polymer. With the PGA, A B & ment of

the flip ChER ﬂUSEE\% a @‘g’ﬁgr irgéﬂ%g%ﬂefscegs%Bo%‘étgﬁi Bri%ﬁq,gpﬁ%%etrd. fteéinj)err_giﬂrh?t(?e flip

chip is generally bonded by soldering the pins into . In"order to assure reliable soldering of the
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PCB must ntact of the contac S must essentia orm In one plane
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that are provided for this purpose In the surface of the PCB. It is known that a planar-surface is
determinggl by 15 F%?r'nritﬁ ihifsgeigee Jolioyys et gragalv PriviHbreshlisA! ifg caBiRgt balharay
need to contact the underlying surface of the PCB in order to establish contact with this surface. Device
packagingfelghdithrinted circuit board so that precise connection can be
made. The Tflip chip is bonded to the printed circuit board by
refluxing the solder balls. The solder balls may also be replaced
with a conductive polymer. With the PGA, the pin arrangement of
the flip chip must be a mirror image of the recesses on the

printed circuit board. After insertion, the Tflip chip 1is

generally bonded by soldering the pins into place.

In order to assure reliable soldering of the contact balls
to a Printed Circuit Board, the planarity of the points of
contact of the contact balls with the PCB must be inspected.
These points of contact of the contact balls must essentially
form in one plane so that the device can be surface mounted on a
PCB by soldering the contact balls to the contact pads that are
provided for this purpose in the surface of the PCB. It is known
that a planar surface is determined by three points, i1t therefore
follows that generally only three balls of the contact ball array
need to contact the underlying surface of the PCB in order to

establish contact with this surface. Device packaging reliability



3 4 October 2005 requires that the points of contact between a BGA device and the surface of the PCB
on which the BGA device is mounted must not be limited to only three points of contact but must be
extended such that all contact points of the contact balls rest on the surface of the PCB prior to flowing
the contact balls with the contact pads on the surface of the PCB. To assure this planarity of contact
points of the contact ball, the device can be manually inspected by placing the i %’ﬁ’ﬁ S%h
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planarity measurements must be made with a degree of accuracy and therefore typically require the

use of opgigale leEPPISH L NIOt FBAVAUIYITCFHHECEIh IR PARAFT 85241 Sn the surface
of the PCB prior to flowing the contact balls with the contact
pads on the surface of the PCB. To assure this planarity of
contact points of the contact ball, the device can be manually
inspected by placing the device on a smooth surface after which
any lack of contact between the contact points of the contact
balls and the smooth surface can be readily 1identified. The
characteristic that reflects the planarity of the contact points
of the contact balls is the coplanarity of the contact balls
which 1s a measure of the closeness of the contact points of the
contact balls to the underlying surface. Good coplanarity is
required in order to provide reliable and low resistivity contact

between the contact ball of the BGA device and the underlying

PCB.

Coplanarity measurements must be made with a degree of
accuracy and therefore typically require the use of optical
techniques. Most frequently measured in this manner are surface
height of the contact points of the contact balls as a function

of the geometric location of the contact ball within the array of



height of the contact points of the contact balls as a function of the geometric location of the contact ball
within the array of 4 October 2005 contact balls. BGA array devices are typically formed using a
processing environment that creates multiple BGA devices as sub- assemblies which are, after the BGA
device creation is completed, separated or singulated into individual BGA devices. Thegse individual BGA

devices are further packaged to form the more complex semiconductor device%a%‘?(g@

adding the time that Is required for the coplanarity inspection to tie processing time of t
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These

individual BGA devices are further packaged to form the more
complex semiconductor device package. Inspection of contact ball
coplanarity typically takes place after the singulation of the
devices has been completed thus adding the time that is required
for the coplanarity inspection to the processing time of the BGA
device. This sequence of device singulation TfTollowed by
coplanarity inspection therefore has a device throughput that is
lower than the device throughput that can be obtained if the
inspection for coplanarity can be removed from this processing
cycle. The process of the invention provides such a method and,

in doing so, increase device throughput for BGA type devices.

US 5,465,152 (Bilodeau) shows a coplanarity inspection

method.

US 5,843,808 (Karnezos) teaches a method for automated
assembly of packages including singulation. However, this

reference differs from the invention.



assembly of packages including singulation. However, this reference differs from the invention. 5 4
October 2005 US 4,754,555 (Stillman) shows a coplanarity inspection method. SUMMARY OF THE
INVENTION A principle objective of the invention is to improve Ball Grid Array device throughput by
providing a method of assuring contact ball coplanarity that does not delay or impact device _throughput.
In accordance with the objectives of the invention a new method is provide for%sgﬁm&%m%gpﬁalls

coplanarity. The, @rocessef %8?”??9%’1#???%‘&5}‘ 's ipiggrated with § ‘ia?HérFi"tyr’];Ot‘@%ﬁFBnOf BGA

device singulation, thereby €liminating” the need“or a separate processing step y required
for the cqpé%}iy inspection. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 shows a flow of the
current processing sequence of BGA device singulation followed by BGA contact ball coplanarity
inspection. 6

SUMMARY OF THE INVENTION

A principle objective of the invention is to improve Ball
Grid Array device throughput by providing a method of assuring
contact ball coplanarity that does not delay or impact device

throughput.

In accordance with the objectives of the invention a new
method 1is provide for assuring contact balls coplanarity. The
process of coplanarity inspection is integrated with the current
processing step of BGA device singulation, thereby eliminating
the need for a separate processing step that 1is typically

required for the coplanarity inspection.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a flow of the current processing sequence of
BGA device singulation followed by BGA contact ball coplanarity

inspection.



4 October 2005 Fig. 2 shows a top view of a strip of BGA devices prior to singulation of the BGA
devices. Fig. 3 shows a flow of the process of the invention of first inspecting the contact points of the
contact balls for coplanarity after which the BGA devices are singulated. Fig. 4 shows movement of BGA
devices through the buffer stage of the processing sequence. Fig. 5a and 5b show further detail of the ball
inspection operation or nest. Fig. 6 shows a cross section of the ball inspectiondbﬂﬁgpgﬁgnggrqént. Fig.

7 shows an OVGE’@GC’H“&%%G% p%’éﬁ%%@;ﬂfﬁ%%?ﬁ%’?ﬁ%ﬂ Uev§EERBFFRRTR

EMBODIMENT rring now spec ly'to ere Is shown the  currently used processing

sequencef%@il%?alﬁigﬁ S stggeEg@Adagkggé' to individual devices. This operation is operation 10 7 4

October punching a evice strip that typically contains six BGA devices into individual BGA
devices. After the individual BGA devices have been separated from the device strip the individual

Fig. 3 shows a flow of the process of the invention of Ffirst
inspecting the contact points of the contact balls for

coplanarity after which the BGA devices are singulated.

Fig. 4 shows movement of BGA devices through the buffer

stage of the processing sequence.

Fig. 5a and 5b show further detail of the ball inspection

operation or nest.

Fig. 6 shows a cross section of the ball inspection optical

arrangement.

Fig. 7 shows an overview of the current processing sequence.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 1, there is shown the
currently used processing sequence of singulating strips of BGA

devices iIn to individual devices. This operation is operation 10



devices are selected, the pick and place operation 12, using a vacuum suction (not shown in Fig. 1) and
placed into device trays 14. The trays containing the singulated devices are then moved to a separate
inspection station 16 where contact ball coplanarity is measured using optical methods of measurement.
The current method therefore uses two separate operations of first singulating the device strips into
individual devices after which the singulated devices are evaluated for coplanatity St Floc89Rg
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to determine contact ball coplanarity.
devices are selected, the pick and place operation 12, using a
vacuum suction (not shown in Fig. 1) and placed into device trays
14. The trays containing the singulated devices are then moved to
a separate inspection station 16 where contact ball coplanarity
iIs measured using optical methods of measurement. The current
method therefore wuses two separate operations of Tfirst

singulating the device strips into individual devices after which

the singulated devices are evaluated for coplanarity.

The processing sequence that 1is presently used can be

detailed as follows:

die attach (to the die transportation strip)

wire bond to connect the die to metal traces that are

contained iIn the die transportation strip
- encapsulation of the die In a protective molding
- marking of the die for production control purposes
- attachment of a contact balls to the die
- singulation of the die by separating the die from the die

transportation strip, and



Fig. 2 shows a strip 18 of BGA devices before these devices have been singulated or separated from the
device strip 18 into individual substrates 22. Stress relieve openings or slots 20 have been provided in
the device strip 18 between each location where a BGA type device is positioned, a total of four substrate
22 are shown on the device strip 18 where BGA type device 19 reside prior to the singulation of the
devices. Each substrate 22 is singulated from the device strip 18 individually afidrEoher t%@&ﬁo

perform the step. ofﬁlﬁc@ﬂ@g at&ntg@iqg icg%gj%é@ii&{noal@d %ﬁ%g%’itg?éwd- Qp magtion

such that the BGA evicethe ne tope singulated 1s aligned w ngulation tool (not shown

in Fig. 2) after Whicg}Q%Pp%@t@&gpﬁ]iEﬁglagzgﬂﬁe%rfgqu.C igganoiettgﬁ]l are provided in the

device substrate strip 18 in order to enable strip positioning and movemen ese tooling holes are
further used during subsequent processing steps that are applied to the device substrate strip such as
device molding whereby the device 19 is embedded in a molding compound for device protection. At the

corners of eachgj fhe sURGHFIRS 22 Q\?H;?Oe%% (e EBRVGRA A ReryRs R sEindd fjRsbeen

created separation openings 9 4 October 200
have been singulated or separated from the device strip 18 into

individual substrates 22. Stress relieve openings or slots 20
have been provided iIn the device strip 18 between each location
where a BGA type device is positioned, a total of four substrate
22 are shown on the device strip 18 where BGA type device 19
reside prior to the singulation of the devices. Each substrate 22
is singulated from the device strip 18 individually and one at a
time, to perform the step of device singulation the device strip
18 i1s moved forward iIn a step-and-stop motion such that the BGA
type device the needs to be singulated is aligned with the
singulation tool (not shown in Fig. 2) after which the operation
of singulation is performed. Tooling holes 21 are provided in the
device substrate strip 18 in order to enable strip positioning
and movement. These tooling holes are further used during
subsequent processing steps that are applied to the device
substrate strip such as device molding whereby the device 19 1is
embedded in a molding compound for device protection. At the
corners of each of the substrates 22 that needs to be separated

from the substrate strip 18 have been created separation openings



which prevent extreme stress in the corners of the substrates 22 during the singulation process and, in
so doing, allow for damage free singulation of the individual substrates 22. The substrates 22 are each
provided on the upper and on the lower surface with contact pads and can contain one or more layers of
interconnect lines in one or more layers of metal that make of the compound structure of the substrate
22. Fig. 3 shows the flow of the steps of measurement of coplanarity and devicé ¢
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28 and vices are, using vacuum pick and place techhology, moved from
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technology, into posftion 32 where the ball coplanarity Is inspected or measured. It must be noted in Fig.
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contact pads and can contain one or more layers of interconnect
lines in one or more layers of metal that make of the compound

structure of the substrate 22.

Fig. 3 shows the flow of the steps of measurement of
coplanarity and device singulation of the invention. The
operation of the process of the invention starts with singulation
or punching 24 of the BGA devices thereby separating the BGA
device 26 from the device transportation strip. The singulated
devices are moved through a buffer stage that, as shown iIn Fig.
3, contains two singulated BGA devices 28 and 30, the singulated
devices are, using vacuum pick and place technology, moved from
position 26 to position 28 to position 30 after which the BGA
type device 1is moved, still using vacuum pick and place
technology, 1into position 32 where the ball coplanarity is

inspected or measured.

It must be noted in Fig. 3 that the process of the invention

eliminates the need of collecting the singulated devices in trays

10



4 October 2005 for inspection of the contact ball coplanarity. Using. the process of the invention, the
singulated devices are moved, under machine or auto automatic control (vacuum pick and place
technology) from the singulation step to the coplanarity evaluation step. The justification for the method
of the invention rests on cost reduction that can be obtained by the implementation of the process of the
invention. The headcount of the number of operators that are required for the 61r0Q8§§’B? heafention is

one operﬁg)rt qush%}sg 8C€vii‘|9/ﬁnti82ﬁll grgﬁa%ggé&q{fgglen%% ins%%fé;g%%%wgég becagg% e CQB@narity

Inspection1s com the rocess thereby elimi utgoing coplanarity

inspectiof) n-addliofy offedeningl s gR0UBHLAS N RLIOTREROLPE Iiyeption. Ftermore,

the cycle'time for the process Is reduced due to the néw processing sequence, resulting’in increased
machine iheyighiout 8 (s psrefean SallopiRd dedieaps [eIUaR inProgRaNg coRis: Hipiocessing
sequence of Prior Art and the processing sequence under the process of the invention can be compared
as 11 technology) from the singulation step to the coplanarity

evaluation step.

The justification for the method of the invention rests on
cost reduction that can be obtained by the implementation of the
process of the 1i1Invention. The headcount of the number of
operators that are required for the process of the iInvention 1is
one operator less than conventional methods of coplanarity
inspection. This 1s because the Coplanarity Inspection is
combined with the Singulation Process thereby eliminating the
outgoing coplanarity inspection. In addition, one less tool is
required as a result of the process of the iInvention.
Furthermore, the cycle time for the process i1s reduced due to the
new processing sequence, resulting iIn increased machine
throughput and the therefrom Tfollowing decrease reduction 1in

processing costs.

The processing sequence of Prior Art and the processing

sequence under the process of the invention can be compared as

11



4 October 2005 follows, see Fig. 1 (Prior Art) and Fig. 3 (the process of the invention). For the Prior Art
process (see Fig. 1) the sequence was as follows: - singulation - pick and place - place the units in a
transportation tray - perform coplanarity inspection - perform sorting. The first three steps of this
sequence were performed by one operator, the fourth and fifth step was performed by an additional
operator. For the process of the invention, see Fig. 3, the processing steps aréaS FAARY - gf%%lation -

pick and P@f?ﬁm%erfoé@ecgﬂ ariy @F&F"']&ﬁ)" amg"eqY SOEEerE PSRN 20P5 Al of the

operations of the ptocess e invention are
invention).

For the Prior Art process (see Fig. 1) the sequence was as

follows:

singulation

pick and place

place the units iIn a transportation tray

perform coplanarity inspection

perform sorting.

The first three steps of this sequence were performed by one
operator, the fTourth and fifth step was performed by an

additional operator.

For the process of the invention, see Fig. 3, the processing

steps are as follows:

singulation

pick and place

perform coplanarity inspection, and

perform sorting.

12



performed by one operator and at one location thus resulting in the indicated cost savings. Coplanarity
has already been defined as the distance between the tip of the contact ball (the contact point of the
contact ball) and a plane of reference more commonly referred to as the seating plane. Coplanarity can
be measured not only against a (flat) plane but can also be measured against other geometric surfaces
such as parabolic, elliptical, and other type surfaces. The most frequently use(f'n%ﬂ%&)‘ardgtgﬂﬁining
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contact points of ermined. It is Clea cturing environment it
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distribution of the e contact points of the contact balls reside most likely deviates from

the ideal flat, PiaE SItHRLION: %gﬁ gression analysis allows for the creation of a non-planar
surface that better reflects actual distribution of the contact points of the contact balls and that therefore

can more readily be used for process control that is aimed at correcting the actual distribution. 13

Coplanarity has already been defined as the distance between
the tip of the contact ball (the contact point of the contact
ball) and a plane of reference more commonly referred to as the
seating plane. Coplanarity can be measured not only against a
(flat) plane but can also be measured against other geometric
surfaces such as parabolic, elliptical, and other type surfaces.
The most frequently used method of determining coplanarity is the
method of least mean square regression analysis whereby a "best
fit" surface of the contact points of the contact balls 1s
determined. It 1is clear that 1iIn an actual manufacturing
environment it is the objective to have all contact points of the
contact balls reside 1iIn one (flat) surface. Since actual
distribution of the plane in which the contact points of the
contact balls reside most likely deviates from the ideal flat
plane situation, the square regression analysis allows for the
creation of a non-planar surface that better reflects actual
distribution of the contact points of the contact balls and that
therefore can more readily be used for process control that is

aimed at correcting the actual distribution.
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4 October 2005 After the BGA device has been measured for coplanarity, a sorting operation 34
separates the evaluated devices into separate categories as determined by the results that have been
obtained during operation 32 of measuring the device coplanarity. This allows for a quality control type of
inspection whereby limits can be implemented that are indicative of the coplanarity of the BGA devices
and therefore of the expected or predicted reliability and electrical performancé' oPHEPELNceOFis than

is similar to for i%%egge %ﬁ)g j PESi@é%P@SéT“?%%”%%%W o’%

regent f rformance
parameter that allows to classity certain devices as accepta %‘ w ﬁéaother de\%g S Erir?];%fbﬁee §réjec ed or
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designed holdingunits'into which each BGA 'device Is deposited at each of the intermittent points 26, 28,

and 30 wils the, BeA A Fiiééh%ero(fiSi?PﬂlPHgﬁr tign@age 4RIy dNGse-RIOFERANGRAURS. The

location of the various nests is therefore fixed and present within the device buffer regions 28 and 30

and in the Iqcafinl P2 e N6 SISV iFEIS NS WE RSO A ¥he4 device coplanarity.
This allows for a quality control type of inspection whereby
limits can be implemented that are indicative of the coplanarity
of the BGA devices and therefore of the expected or predicted
reliability and electrical performance of the devices. This than
is similar to for iInstance a ohmic resistance measurement or a
measurement of any other performance parameter that allows to
classify certain devices as acceptable while other devices may be

rejected or may be reworked.

The process of the invention makes use of so called "nests”
which are specially designed holding units into which each BGA
device 1Is deposited at each of the iIntermittent points 26, 28,
and 30 while the BGA device is in the processing buffer that is
made up of these processing points. The location of the various
nests is therefore fixed and present within the device buffer
regions 28 and 30 and in the location 32 where the device 1is

measured for coplanarity.
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4 October 2005 The processing sequence of the process of the invention is as follows: - die attach (to
the die transportation strip) - wire bond to connect the die to metal traces that are contained in the die
transportation strip - encapsulation of the die in a protective molding - marking of the die for production
control purposes - attachment of a contact balls to the die - singulation of the die by separating the die
from the die transportation strip - transporting the singulated die through a bufférggi'fé’, S1d 2 éasuring
ball coplanarity. iminati ﬁ%ﬂ] Vi f SiRg dﬁ@% (o] fty. m r at a special
station) and the-lg-eﬁga e%g%%%} S §te %éyﬂg:r? (a%?or#ﬁ%a Y) c%%%%ll@ﬂ%%ss?gﬁ l%op a(%rgl]grit?/g
measureggan%qs‘,g%gq a time saving of the overall processing of the BGA die and, as a consequence, in
a reduction of the costs incurred during processing of BGA devices. Fig. 4 shows the buffer stage of the

process of the ipvaq@orbw{gg&inglggglyl{q{é%%éiiet?Qngggpgégi%ves%j)ositioned into their

respective die "nests" 34, 36 and
wire bond to connect the die to metal traces that are

contained iIn the die transportation strip

- encapsulation of the die In a protective molding

- marking of the die for production control purposes

- attachment of a contact balls to the die

- singulation of the die by separating the die from the die
transportation strip

- transporting the singulated die through a buffer zone, and

- measuring ball coplanarity.

The elimination of the moving of singulated die (for
coplanarity measurement at a special station) and the replacement
of this step by an (automatically) controlled process of
coplanarity measurement results In a time saving of the overall
processing of the BGA die and, as a consequence, In a reduction

of the costs incurred during processing of BGA devices.

Fig. 4 shows the buffer stage of the process of the
invention where individual BGA die 28, 30 and 32 have been

positioned iInto thelr respective die 'nests"” 34, 36 and 38 by

15



15 4 October 2005 the vacuum pick and place suction cups 40, 42 and 44. A vacuum 46 is provided to
the suction cups 40, 42 and 44 for this purpose. The die are moved in the sequence from position 28 to
position 30 to position 32 where this latter position is the position where the contact ball coplanarity is
measured. Fig. 5 shows a top view (Fig. 5a) and a cross section (Fig. 5b) of the ball coplanarit
inspection nest 50. The BGA die 48 is positioned on four support pedestals SOA(er:.'I:%@ rwl%gﬁ%rovide

a firm anqtﬁiéeqlgaﬁfgﬂn g;@%l%%gw:quéedl%&%ieﬁ Hri%ge% mpegt?naq{dh%gfi? cﬁgpakﬁgﬁggm Itis

clear that the support platrorm that is'tormed our pedestals must provide a we Interface

medium yjgh g s P&?iﬁ(ﬁdl " plliﬁgrmgu%qjﬁlgﬁorgai(?gd pne piane, QY davigfiop rapyihe

planarity of the support platforms will has a severe negative effect on the results that are obtained during

the coplaggppyREaluaioa of AP ViceAg,Ri0eg Syl atﬂ%"i%%%}lx@ﬁ& S ?Fo?ﬁi“?%'{i“i%‘r'fe%”tf?"f

distance between the contact points of the contact balls a n underlying reference plane invalid. Fig.

5b shows,8 Liq503RCHEY FdNSIBSYBR desca i otEfRYIC ApgdecpESPiipgrn the Ceigsponding

device nest
position where the contact ball coplanarity is measured.

Fig. 5 shows a top view (Fig. 5a) and a cross section (Fig.
5b) of the ball coplanarity inspection nest 50. The BGA die 48 1is
positioned on four support pedestals 50 (e.g. nest) which provide
a Tirm and fixed platform on which the BGA die rests during the
inspection of the die coplanarity. It is clear that the support
platform that is formed by the four pedestals must provide a well
aligned i1nterface medium with the surface of all four platforms
being contained in one plane. Any deviation from the planarity of
the support platforms will has a severe negative effect on the
results that are obtained during the coplanarity evaluation of
device 48 since such a deviation makes the critical measurements
of distance between the contact points of the contact balls and

an underlying reference plane invalid.

Fig. 5b shows a cross section of the BGA type device after
this device has been inserted In the corresponding device nest

for evaluation of the coplanarity of its contact balls. This
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for evaluation of the coplanarity of its contact balls. This 16 4 October 2005 cross section of Fig. 5b is
taken along the line 5b-5b' of Fig. 5a. Cut-outs have been provided in each of the corners of platforms 50
such that device 48 rests on and makes close contact with the platform supports 56 that are attached to
platforms 50 by means of screws 56. A optical camera or image 58 is used to measure the contact ball
coplanarity, all the balls that form the contact ball array of the BGA device 48 ¢arAfi tRRGhar& e

observed&ig%}étag%%ﬁ%rﬁ%e tﬁgg C? os§sse{§§$%&qzs aigo g:%tn rapgemey, that.is éjﬁr?e d‘%)perform

the coplanarity measurement o device ) light source 62 is positio

iIIuminateégilmg%&hicnamgy bﬁeaergfwi%agjpthaiﬁas pwidetq.'g)r HE%@H'&@S%'[? the

surface o at further contains a multiplici contact balls. The light source 62 emits an
Iluminatigy bepg) i WAehLiacs e aPalal fEaVish B U POt ke SeRTdib meariatie.
reference object 63. Good depth of focus that is provided to the light beam 64 assures that the point 66
Is in sharp feruspd ¢EstidrRnsIgpEIFREIGEVItRAY POFRNUIZ AN Kdheisipebehige seference
by means of screws 56. A optical camera or image 58 is used to
measure the contact ball coplanarity, all the balls that form the

contact ball array of the BGA device 48 can in this manner be

observed simultaneously.

Fig. 6 gives a cross section of the optical arrangement that
iIs used to perform the coplanarity measurement of the BGA device
48. A (standard) light source 62 is positioned to illuminate the
object 63 which may be a reference pad that has been provided for
this purpose in the surface of a plane that further contains a
multiplicity of contact balls. The light source 62 emits an
illumination beam 64 which focuses at point 66, which 1i1s the
point where the beam 64 impacts the reference object 63. Good
depth of focus that is provided to the light beam 64 assures that
the point 66 is in sharp focus and does not vary significantly
with any potential variation of the height of the reference
object 63. The reflected beam 67 i1s shaped with optics 68 and
further processed with the light sensor 70. Light sensor 70 can

be one of the well known light sensors that are used In the art
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object 63. The reflected beam 67 is shaped with optics 68 and further processed with the light sensor 70.
Light sensor 70 can be one of the well known light sensors that are used in the art 17 4 October 2005
such as Coupled Charge Devices (CCD's) or Position Sensitive Devices (PSD's) . Image height can in
this manner be determined since the image location that is observed by observing the reflected beam 67
is related to the location of the spot 66 and the reference object 63. Once this fn é“etﬂgﬁﬁt r29Been

s related to the | _ _ Once this e N
coliratos SRbaiies DB AR TGS PO R ar e lordnis g 65 R deass can
b f _f f [ t id thi th
vertous. SRS SR A deorted by AP o Seui i SLILSE tEca LS WIS these

e e Mg e e NaLelascke e s iR o

determiningr fRRBEHPHLCHP I ANPSCILTRGUNY R MHBPISI¥FBISMSBUERe spot 66 and
the reference object 63. Once this image height has been
determined In this manner, this measurement is further forwarded
via connection 71 to and processed by calibrated electronics 72,
which calculates the actual height of the reference object 63.
This process can be performed for a number of reference points
that have been provided for this purpose whereby the various
reference points are identified by their x-y location. Scanning
across the surface wherein these reference points reside will
results In creating a map that reflects actual height across the

surface as a function of the x-y coordinates that are valid

within the surface.

It 1s clear that the method that is used for determining
contact ball coplanarity can encounter a number of problems such
as lack of reflectivity of the surface of the reference point 63
or light diffusion of the light beam 67 that is reflected by the
reference point 63. It is also clear that the application of
reference points, their type and distribution across a surface

and the therewith associated statistical calculation of the
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as lack of reflectivity of the surface of the reference point 63 or light diffusion of the light beam 67 that is
reflected by the reference point 63. It is also clear that the application of reference points, their type and
distribution across a surface and the therewith associated statistical calculation of the 18 4 October 2005
planarity of the plane that is being measured all form methods and techniques that can be complex and
therefore sophisticated from both a mathematical points of view and from a pr&:e%%te FoleMboar
design pojat of view. These mario [sciplj hqwe not f this_jmyent ng \wi efore
not be f r&%ﬁ%\?jcwu%s&je‘ztms p%?n%ﬁ—%g l@]eg;tov?;g ar\%vfaﬁ ie\%ve(%a#l'g %ttrgz)czé{ggi ngpggéﬁae%%\gﬁha éapplies
the proc f ' § i SEH tat ﬁ(F'. I¢ th Lo eqﬁi I ¢ iy j nd is
held in tk@?ﬁpﬁtﬁ‘ﬁer . The s%bst%%e raﬁ%f(%so a véérixcegl téﬁ) the c%??n?tc%%g [?]romé)ﬂ%’?ﬁepﬁ?e
singulateg s 3, gmerge. J%Er%ﬁ!&i‘?@aﬁ'a dﬂ‘?féggﬁi?o SIS ?PBﬂFatQ“IEFB%@g' 92 and

a marking inspection 94. The ball inspection 96 Is the Inspection as has been highlighted in Figs. 5a

and 5b theslpy-dICl4ag 584 °T GELGYMBBIACP WS AlecepiidS/arious disciplines

however are not part of this invention and will therefore not be

further discussed at this point.

Fig. 7 shows an overview of the processing sequence that
applies the process of the invention. Substrate 18 (Fig. 2)
enters the operational cycle at entry point 80 and is held in the
input buffer 82. The substrate rail 84 is advanced to the cutting
tool 86 from where the singulated units 88 emerge. The pick-and-
place operation 90 consists of an orientation inspection 92 and a
marking inspection 94. The ball inspection 96 1i1s the ball
inspection as has been highlighted in Figs. 5a and 5b thereby
including and of critical 1Importance to the process of the
invention the coplanarity inspection. After this latter
inspection, the singulated units are placed iIn good trays 98 or
reject trays 100, these individual trays are combined into larger
good tray assemblies 102 and larger reject tray assemblies 104
after which all trays enter the buffer station 106. The two
operations 100 and 102 form the sorting operations. The process

of the i1nvention therefore includes the coplanarity inspection to
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invention the coplanarity inspection. After this latter inspection, the singulated units are placed in good
trays 98 or reject trays 100, these individual trays are combined into larger good tray assemblies 102
and larger reject tray assemblies 104 after which all trays enter the buffer station 106. The two
operations 100 and 102 form the sorting operations. The process of the invention therefore includes the
coplanarity inspection to 19 4 October 2005 the ball inspection tool, in Prior Arﬁp%‘égeg’é’{ tﬁ)eopéplanarity

tool was paraie togl. Eﬂsg§&Pm/ e ighli d that d ib @ f the
inventionﬁﬁgcgtiign ?ﬁpsr-é%% ?ne hod o ’evg uaﬁr?gpé?)?ltggt@bﬁ?%%%$§r$§%yﬁ%ne%‘l(s (? %@O?ijﬁ?gr lends
itself to irgggrflti\%é/vigﬂré pg(at%sigg)swironment and to automatic control of results that are obtained.
This increased automation Is one additional step in improved process control and in reducing the (error
prone) need for human intervention of the process of creating BGA type devices. The method of the

invention, which provides for inspecting the coplanarity of substates for ball grid array, column grid array

and similar surfaggmguiied Fategrugd HEH BiRs, UBRghl ighted above that describe
the process of the invention indicate an iImproved method of
evaluating contact ball coplanarity, a method that further lends
itself to integration within a processing environment and to
automatic control of results that are obtained. This increased
automation i1s one additional step in improved process control and
in reducing the (error prone) need for human intervention of the

process of creating BGA type devices.

The method of the invention, which provides for iInspecting
the coplanarity of substates for ball grid array, column grid
array and similar surface mounted integrated circuit chips, using
3-D optical sensing means, can be summarized as follows:-

. providing a substrate strip that is used for mounting of the
ball grid array, column grid array and similar surface mount
integrated circuit chips

. attaching the ball grid array, column grid array or similar
surface mount integrated circuit chips to the substrate

strip
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3-D optical sensing means, can be summarized as follows: providing a substrate strip that is used for
mounting of the ball grid array, column grid array and similar surface mount integrated circuit chips
attaching the ball grid array, column grid array or similar surface mount integrated circuit chips to the
substrate strip 20 4 October 2005 wire bonding the ball grid array, column grid array or similar surface
mount integrated circuit chips to metal traces that are contained in the substrafe i ogﬁd-ap%%%ion of
the ball grid array, colugg rid arrayéor Si élgﬁ surface mount integrated circuit chi{is in a_protective

molding arkin YhE b Qﬁay, Giu id &Y or 3Nifaf - suf3dE Mbuid gra'fér waﬂ&hipsfor
production contral oses attaching of contact balls totgg all grid atray, column grid array or similar
Curtace mount (AUSIHEE ot b SO btnb THE SR i afd bl o or ST surtace
mount mtegrategg'gggggcjgwgtbyasl%oacr%trl]r%%ined in the substrate strip

. encapsulation of the ball grid array, column grid array or

similar surface mount 1iIntegrated circuit chips 1In a
protective molding

. marking the ball grid array, column grid array or similar
surface mount integrated circuit chips for production
control purposes

. attaching of contact balls to the ball grid array, column
grid array or similar surface mount integrated circult chips

o singulating the ball grid array, column grid array or
similar surface mount integrated circuit chips by separating

the substrate into individual substrates

. transporting the individual substrates through a buffer
zone, and
. measuing ball coplanarity for each of the individual

substrates, wherein the processes of singulation of ball
grid array, column grid array or similar surface mount
integrated circuit chips and measuring ball coplanarity of

the individual substates are performed using one tool.
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the substrate into individual substrates transporting the individual substrates through a buffer zone, and
measuing ball coplanarity for each of the individual substrates, wherein the processes of singulation of
ball grid array, column grid array or similar surface mount integrated circuit chips and measuring ball
coplanarity of the individual substates are performed using one tool. 21 4 October 200 The method of
the invention can further be expanded where the processes of singulation of bal Hn grid

array or srmllar%% ace ﬂlg&t rggi;grtﬂ%? i:ﬁr%ﬁlalpgﬁa\ng ﬁ:ewﬂgel}allggplgg G%m CO gp/ dual

substates are per orme using one € apparatus o e Invention for INspec anarlty of

substratepyfar iy quideariay e AR RTRYo AL PTG Jlarale ik i using

3-D opt|ca serising means, can be summarized as comprising: “a means for singulating aII grl array,

column gfg éf*y B SIUR FHARCeJDPYAIBeBIRHCT G YR P¥ 1S CRATALDY the SHRBYAtES GO

individual substrates
measuring ball coplanarity of the individual substates are

performed using one tool.

The apparatus of the 1invention for inspecting the
coplanarity of substrates for ball grid array, column grid array
and similar surface mount 1integrated circuit chips, using 3-D

optical sensing means, can be summarized as comprising:

a means fTor singulating ball grid array, column grid array
or similar surface mount integrated circuit chips by

separating the substrates iInto individual substrates

. a means for orientation of the individual substrates

. a means for marking inspection of the individual substrates,
and

o a means Tor performing ball 1i1nspection thereby including

measuring ball coplanarity, wherein the means for measuring
ball coplanarity for each of the individual substrates
comprises a means for placing the individual substrates into
substrate containers or nests that support and the
individual substrates during the process of measuring ball
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a means for orientation of the individual substrates a means for marking inspection of the individual
substrates, and a means for performing ball inspection thereby including measuring ball coplanarity,
wherein the means for measuring ball coplanarity for each of the individual substrates comprises a
means for placing the individual substrates into substrate containers or nests that support and the
individual substrates during the process of measuring ball 22 4 October 2005 ébé? 9%!1%99@/ the

nests are furtheg 6sifuAgd U, dialile RRIDISALEpUtaGLAl e, PRl apd BUAKOlUp 0L agray and

similar surface molunt integrated circ ips are clearly visible and accessible for op measurement.

Alhough the Inveilien RS DR lesebed apddlispatsg v elicedp aReclis lys i

embodiments thereof, it is not intended that the invention be limited to those illustrative em

Those skilled indq 4t Wiliagosaizg Uigtpfiations apepediifatinie 7R REgPaTed haHdperting
from the spirit of the invention. It Is therefore intended to
chips are clearly visible and accessible for optical

measurement.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
iIs not intended that the 1nvention be Ilimited to those
illustrative embodiments. Those skilled In the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.

23



include within the invention all such variations and modifications which fall within the scope of the
appended claims and equivalents thereof. 23 4 October 2005 Claims 1 . A method for inspecting the
coplanarity of substrates for ball grid array, column grid array and similar surface mount integrated circuit
chips,, using 3-D optical sensing means, comprising the steps of: providing a substrate strip that is used
for mounting of said ball grid array, column grid array and similar surface mouff fo@é%‘?é'd &Pt chips;
attaching said ball grid array, column grid array Of ig‘ﬂ'l[ﬁgsurface mount integrated circuit chips to said
substrate strip; wire bonding said ball grid array, column grid array or similar surface mount integrated
circuit chips to metal traces that are contained in said substrate strip; encapsulation said ball grid array,
column grid array or similar surface mount integrated circuit chips in a protective molding; 24

1. A method for inspecting the coplanarity of substrates
for ball grid array, column grid array and similar surface mount
integrated circuit chips, using 3-D optical sensing means,

comprising the steps of:

providing a substrate strip that is used for mounting of
said ball grid array, column grid array and similar surface mount

integrated circult chips;

attaching said ball grid array, column grid array or similar

surface mount integrated circuit chips to said substrate strip;

wire bonding said ball grid array, column grid array or
similar surface mount iIntegrated circuit chips to metal traces

that are contained iIn said substrate strip;
encapsulation said ball grid array, column grid array or

similar surface mount integrated circuit chips iIn a protective

molding;
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4 October 2005 marking said ball grid array, column grid array or similar surface mount integrated circuit
chips for production control purposes; attaching of contact balls to said ball grid array, column grid array
or similar surface mount integrated circuit chips; singulating said ball grid array, column grid array or
similar surface mount integrated circuit chips by separating said substrate into individual substrates;
transporting said individual substrates in nests through a buffer zone; and meaéum‘r‘gtﬁ’ Eo&lgﬂérity for

each of said indljﬁ/é%eﬁ#]b%tgﬁgs,%waafﬂﬂ oI} _p%'g‘/sesco(; FMIaéi%pﬁ)f gpu%gd A ?Ilri: grid

array or similar sur ount integrated <Circuit chips’ahd measuring ball coplanarity of sai ividual

bstrat f t ' T t laim 1 with t [t t ' id
e s o e L bl S0 et 200 hn P iRk A A

measuri anarity for each of said individual substrates.
y

attaching of contact balls to said ball grid array, column

grid array or similar surface mount iIntegrated circult chips;

singulating said ball grid array, column grid array or
similar surface mount iIntegrated circuit chips by separating said

substrate into individual substrates;

transporting said individual substrates iIn nests through a

buffer zone; and

measuring ball coplanarity for each of said individual
substrates, wherein said processes of singulation of ball grid
array, column grid array or similar surface mount integrated
circuit chips and measuring ball coplanarity of said individual

substrates are performed at one station.

2. The method of claim 1 with the additional step of

sorting said individual substrates into different classes based
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3. The method of claim 1 wherein said measuring ball coplanarity for each of said individual substrates
comprises placing said individual substrates into substrate containers or nests that support and contain
said individual substrates during said process of measuring ball coplanarity whereby said nests are
further constructed such that points of contact of said ball grid array, column grid array and similar
surface mount integrated circuit chips are clearly visible and accessible for optﬂ:acp% DEIrerfiR. 4. The

method zﬁr‘f'_ai“%g’u"l%%reib‘bsé‘éq i tr&%fgg?%’#a@%risd OFn%%Séﬁ FHH@O%%BH bé&'@%ﬁi%ﬁ‘gﬂtﬁﬁgpﬂgﬂity

array an similar surface mount in egra cuit ChIpS uring said process o easuring

for each g%iqédéqdlggilgl fHaqtﬁt&ﬁg] aﬁgpgif. é'aéld repetitive manner such that coplanarity can be
an f 0 i )

measure compared for a succession of individual substrates and a clear and dependable
correlation can be established between measurements of coplanarity of all substrates for which
coplanarity is measured in this manner. 26 4 October 2005 5. The method of claim 4 wherein said support
for said ball grid array, column grid array and similar surface mount

3. The method of claim 1 wherein said measuring ball
coplanarity for each of said individual substrates comprises
placing said individual substrates iInto substrate containers or
nests that support and contain said individual substrates during
said process of measuring ball coplanarity whereby said nests are
further constructed such that points of contact of said ball grid
array, column grid array and similar surface mount integrated
circuit chips are clearly visible and accessible for optical

measurement.

4. The method of claim 3 wherein said substrate containers
or nests support said ball grid array, column grid array and
similar surface mount integrated circuit chips during said
process of measuring ball coplanarity for each of said individual
substrates iIn a consistent and repetitive manner such that
coplanarity can be measured and compared for a succession of
individual substrates and a clear and dependable correlation can
be established between measurements of coplanarity of all

substrates for which coplanarity is measured in this manner.
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integrated circuit chips during said process of measuring ball coplanarity for each of said individual
substrates comprises a set of four support platforms having top surfaces that are evenly distributed
around the perimeter of said ball grid array, column grid array and similar surface mount integrated circuit
chips whereby one platform is allocated per corner of said ball grid array, column_grid array and similar
surface mount integrated circuit chip whereby further said top surfaces of said‘fo&ggﬂpﬁ&t %%rms are

located in one p@ne. GI.H' ge M%%iogal irE dl’lavmergrbyvﬁ%q_ggﬁer 2998 c%nu@(gtqrifn qig-ormare of said

individual substrates containing sali grid array, column grid array or simi ace mount

integrategg'!;guit ille V\A}E"lig%}]/ fugg?%,ﬁﬁjdalﬁ(?g U%{ rj&i@ﬁ”ﬁ?‘?& orsw}tﬁ%‘q,intg @gte Hﬁ)t,said

buffer zone by employing methods o ace. 7. An apparatus for inspecting the coplanarity of

substralep [PEARG A ARFAAMRLATRS AL ARG 47 ,JE0ber 20PS rilarpipgUnsANparated
circuit chips, using 3-D optical sensing means, comprising: a means for singulating said ball grid array,
column gdgpjanarity for each of said individual substrates comprises a
set of four support platforms having top surfaces that are evenly
distributed around the perimeter of said ball grid array, column
grid array and similar surface mount integrated circuit chips
whereby one platform is allocated per corner of said ball grid
array, column grid array and similar surface mount integrated

circuit chip whereby Tfurther said top surfaces of said four

support platforms are located in one plane.

6. The method of claim 1 whereby said buffer zone can
contain one or more of said individual substrates containing said
ball grid array, column grid array or similar surface mount
integrated circuit chips whereby further said iIndividual
substrates or entered into and exited from said buffer zone by

employing methods of pick-and-place.

7. An apparatus for i1nspecting the coplanarity of

substrates for ball grid array, column grid array and similar
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array or similar surface mount integrated circuit chips by separating said substrate into individual
substrates; a means for orientation of said individual substrates; a means for marking of said individual
substrates; and a means for performing ball inspection thereby including measuring ball coplanarity,
wherein said means for measuring ball coplanarity for each of said individual substrates comprises a
means for placing said individual substrates into substrate containers or nests th&d okt Qontain

rther cor L0 Sl AR e S G GH A4 EANri e Gofiren O Koy arel iy

surface gitel 'nte%?g fng. chips are clearly visible and accessible for optical measurement. 8. The
apparatus of claim th the addition of providing a means for transporting said individual substrates
through a 28 4 October 2005 buffer zone between means for marking and means for performing ball
inspection. 9. The apparatus of claim 7 with additionally providing a means for sorting said individual

substrates into diffefenhs for singulating said ball grid array, column grid
array or similar surface mount integrated circuit chips by

separating said substrate into individual substrates;
a means for orientation of said individual substrates;

a means for marking of said individual substrates; and

a means Tor performing ball 1inspection thereby including
measuring ball coplanarity, wherein said means for measuring ball
coplanarity for each of said individual substrates comprises a
means Tfor placing said individual substrates into substrate
containers or nests that support and contain said individual
substrates during said process of measuring ball coplanarity
whereby said nests are further constructed such that points of
contact of said ball grid array, column grid array and similar
surface mount integrated circuit chips are clearly visible and

accessible for optical measurement.

8. The apparatus of claim 7 with the addition of providing

a means for transporting said individual substrates through a
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classes based on results obtained during said measuring ball coplanarity for each of said individual
substrates. 10. The apparatus of claim 7 wherein said substrate containers or nests support said ball grid
array, column grid array and similar surface mount integrated circuit chips during said process of
measuring ball coplanarity for each of said individual substrates in a consistent and repetitive manner
such that coplanarity can be measured and compared for a succession of indidlaFeR6d1893nd a

clear an able corrglai n tablishe ts o] it
substratggqj%ﬁeév‘ﬁicggc%%)laﬁarl yglégr?neré%%‘fﬁ;% if?l ﬁﬁs mgﬁgé%?ﬁ'ﬁ@:%%prgaﬁrgtufé?c%%nﬁé/\}fr@r@# said
support fBI;,Jlsﬁid pﬁ@ 'Elﬁr{gy, column grid array and similar surface mount integrated circuit chips during
said process of measuring ball coplanarity for each of said individual substrates comprises a set of four
support platforms having top surfaces that are evenly 29 4 October 2005 distributed around the perimeter

of said ball grid array, column grid array and similar surface mount integrated circuit chips whereby one
P';’itforT 'dS allocgted pefifornespfsaid8albg it PUAY. FOlTErITEh i 8RY FIYI5 SRS APt
integrate
means for sorting said individual substrates into different
classes based on results obtained during said measuring ball

coplanarity for each of said individual substrates.

10. The apparatus of claim 7 wherein said substrate
containers or nests support said ball grid array, column grid
array and similar surface mount integrated circuit chips during
said process of measuring ball coplanarity for each of said
individual substrates In a consistent and repetitive manner such
that coplanarity can be measured and compared for a succession of
individual substrates and a clear and dependable correlation can
be established between measurements of coplanarity of all

substrates for which coplanarity iIs measured In this manner.

11. The apparatus of claim 7 wherein said support for said
ball grid array, column grid array and similar surface mount
integrated circuit chips during said process of measuring ball
coplanarity for each of said individual substrates comprises a

set of four support platforms having top surfaces that are evenly

29



circuit chip whereby further said top surfaces of said four support platforms are located in one plane. 12.
The apparatus of claim 7 whereby said buffer zone comprises one or more of said individual substrates
containing said ball grid array, column grid array or similar surface mount integrated circuit chips
whereby further said individual substrates are entered into and exited from sald buﬁer lz)one bg
employing methods of pick-and-place. 30 October 2005

distributed around the perimeter of said ball grid array, column
grid array and similar surface mount integrated circuit chips
whereby one platform is allocated per corner of said ball grid
array, column grid array and similar surface mount integrated
circuit chip whereby further said top surfaces of said four

support platforms are located In one plane.

12. The apparatus of claim 7 whereby said buffer zone
comprises one or more of said iIndividual substrates containing
said ball grid array, column grid array or similar surface mount
integrated circuit chips whereby further said individual
substrates are entered into and exited from said buffer zone by

employing methods of pick-and-place.
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