APPARATUS AND METHOD FOR ALI GNI NG AND ATTACH NG SOLDER COLUWNS TO A
SUBSTRATE The present invention relates an apparatus and method 5 for

al i gning, placing and attaching a plurality of solder colums to a
patterned array of electrical termnals or conductive pads on a ceramc
substrate. As the density of electronic devices on integrated circuits has
continued to increase, the nunber of Ieads -~ 10 required for a chip has al so
i ncreased. To handl e the increased density, there has been devel oped a bal

grid array package whEHARMHE AMNAETHN FORALIHUNGERNh the top
surface of a substrat ATTR{HING ISQOER HATIMNFadKade SUBSTRAIE array of
solder balls to provide electrical 15, connections between the substrate
and a printed circuit board. A problemwith this type of package is that
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grid array | unm grid_arra kage wuses an array of sol der
colums to %%ﬁ%ﬁﬁﬁégiri %% 8o Fn EEFRBARS %@@ﬁ%&ﬁ &'ceranic substrate and a
printed 25 circui Asb¢hed dehise tyobdeelealtturond ct ipvdakky ohaiategreitghdt  of

appr oxi mat e'&ir%xﬁiﬁsnma%ng:o%t%%%ﬁt & %cheEQe”“Eth%um%%g' B qaalouration

of the sol der col untms of iancy to bétter absor erentla
t her mal 10 ex p@sdiigedr dox @eFWé@nh@ﬁeaéépa#PQr@@B@dn gFpdhanddg BDepackage

and the pr'ﬂh@@e%%@%thn@Q&@d tE%r%th%%th@% d%QEQ%$eﬁQEUEB§lt§r&Qe

substrate, a | ow nel t|n% nperature sold paste i's deposite
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mel ting tenperature _sol der S| naI090é10 II0¥_ectri id to tin, are
vertical ly posit tOn8F 8N e Q%F§é§8ﬁ3|n§ provide e
15, connections between the substrate and a printed circuit
board. A problem with this type of package is that
substantial differences in the thermal coefficient of
expansion can exist between the substrate and the printed
circuit board. Such differences in the thermal coefficient
20 of expansion cause plastic deformation of the solder balls.
This problem is alleviated by means of a ceramic
column grid array package. The column grid array package
uses an array of solder columns to make electrical
connections between a ceramic substrate and a printed
25 circuit board. The solder columns typically have a height
of approximately 2.55 mm and a diameter of 0.50 mm. The
taller configuration of the solder columns offers
compliancy to better absorb the differential thermal
expansion rate between the ceramic column grid array
30 package and the printed circuit board. To attach the
solder columns to the substrate, a low melting temperature
solder paste is deposited on electrically conductive
contact pads which are placed on one side of the ceramic
substrate. The solder columns, typically made from a high
35 melting temperature solder using a nominal 90/10 alloy of
lead to tin, are vertically positioned on the corresponding
contact pads. The combinaticn is then heated in a reflow
oven so that the solder paste is reflowed to make a



contact pads. The conmbination is then heated in a reflow oven so that the
sol der paste is reflowed to make a - 2 mechanical and el ectrical

connection between the solder colums and the pads. In the manufacture of
a ball grid array package, a vacuum pickup tool is typically used to pick
up and place a 5 nultiplicity of sol derhgalls in the desired pattern on a

sem conduct or substrate The spherical sHape of the solder balls nakes it
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to provide an apparatus and method for aligning and

15 attaching an array of solder columns to a substrate, which
enable the solder columns to be readily and simultaneously
placed in an upright position on corresponding conductive
pads on the substrate.

20 According to one aspect of the present invention,
there is provided an apparatus for aligning and attaching
a plurality of solder columns to a patterned array of
corresponding electrical contacts on a ceramic substrate.
The apparatus includes a substantially flat alignment

25 plate having a plurality of through holes defined in a
pattern identical to the pattern of the electrical
contacts and adapted to allow the solder columns to
vertically pass therethrough. At least one retainer
depends from the alignment plate and adapted to hold the

30 alignment plate in a fixed position above the ceramic
substrate such that the through holes are vertically
aligned with the corresponding electrical contacts. In
one embodiment, four retainers are attached to the
respective four sides of the rectangular alignment plate.

35 The alignment plate is preferably made of a refractory

material such as titanium.

A vacuum pickup tool may be used to deliver an array
of solder columns to the alignment plate. In one



respective four sides of the rectangular alignnment plate. 35 The alignnent
plate is preferably made of a refractory material such as titanium A
vacuum pi ckup tool nay be used to deliver an array of solder colums to
t-he alignment plate. In one enbodi nent, the vacuum pi ckup tool includes a
vacuum head and a carrier projection extending fromthe bottom of the
vacuum head. A series of cavities are defined in the carrier projection and
each have vac& gl@ ﬁnnun i cated source. The cavities
foeac
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features an vant a
15 electrica contacts A solder paste is screen printed or

otherwise applied onto the electrical contacts. The
alignment plate is held in a fixed position above the
substrate such that the through holes are vertically
aligned with the electrical pads. The solder columns are

20 inserted through the through holes of the alignment plate.
This allows the solder columns to be placed in an upright
orientation on the electrical contacts. The alignment
plate and the substrate are passed through a reflow oven so
as to reflow or melt the solder paste. The solder paste is

25 thereafter resclidified to make a bond between the solder
columns and the corresponding electrical contacts. The
alignment plate is removed from the substrate after the
solder columns are attached to all the electrical contacts
on the ceramic substrate.

30 The above and other objects, features and advantages
of the present invention will become apparent from the
following detailed description of the preferred embodiments
of the invention.

35 Fig. 1 is a perspective view of an apparatus for
aligning and attaching solder columns to a substrate
before it is mounted thereto;

Figs. 2 to 6 sequentially illustrate a method for



of the present invention will becone apparent fromthe follow ng detailed
description of the preferred enbodinents of the invention. 35 Fig. 1is a
perspective view of an apparatus for aligning and attachi ng sol der col ums
to a substrate before it is nmounted thereto; Figs. 2 to 6 sequentially
illustrate a nethod for aligning and attaching an array of solder col umms
to an array of corresponding electricdlﬂy'bonductive pads on the ceramc

substrate; Fi,g. 7 is a _perspective view of a_vacyum pickup togl 5
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apparatus, generally designated at 10, for aligning and attaching an array
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embodi ment, four retainers 18 depend fromintermediate the four respective
sides 16 of the alignnment plate 12. The retainers 18 each have a step

Referring first to Fig. 1, there is illustrated an

15 apparatus, generally designated at 10, for aligning and
attaching an array of solder columns to a substrate. The
apparatus 10 includes a substantially flat alignment plate
12 in which a plurality of through holes 14 are defined in
a patterned array. The alignment plate 12 is sgquare or

20 rectangular in shape and has four sides 16. The alignment
plate 12 has a thickness of at least 0. 5 mm. The
alignment plate 12 is preferably made of titanium to
provide better resistance to heat. Alternatively, the
alignment plate 12 may be made of any other suitable

25 refractory materials such as titanium alloy., ceramic,
stainless steel, engineering plastics, carbon, carbide and
nitride. In the illustrated embodiment, four retainers 18
depend from intermediate the four respective sides 16 of
the alignment plate 12. The retainers 18 each have a step

30 20. The steps 20 are sized and configured to engage the
upper peripheral edge of a substrate 22, as shown better in
Figs. 3 and 4. Although not shown, four angled retainers
may alternatively be attached to the four corners of the
alignment plate 12. The alignment plate 12 has & size

35 substantially equal to the size of the substrate. The
substrate 22 is typically made of ceramic. The ceramic
substrate 22 has a plurality of electrically conductive
pads or contacts 24 arranged in a pattern identical to the



30 20. The steps 20 are sized and configured to engage the upper

peri pheral edge of a substrate 22, as shown better in Figs. 3 and 4.

Al t hough not shown, four angled retai ners may alternatively be attached to
tthe four corners of the alignnent plate 12. The alignnent plate 12 has a
size 35 substantially equal to the size of the substrate. The substrate 22
is typically made of ceramic. The cerani @ “substrate 22 has a plurality of
el ectrically conductive pads or contacts 24 arranged in a pattern
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15 ©both positioners and spacers. With the alignment plate 12
mounted over the ceramic substrate 22, the through hcles 14
are vertically aligned with the respective conductive pads
24,
As shown in Fig. 7, a vacuum pickup tool, generally
20 designated at 30, is used to deliver an array of solder
columns to the alignment plate 12. In the illustrated
embodiment, the wvacuum pickup tool 30 includes a vacuum
block or head 32 moved between a solder column dispenser 34
and the alignment plate 12 by suitable drive means (not
25 shown). A carrier projection 36 projects downwardly from
the bottom of the vacuum head 32 adjacent to its front end
and extends between opposite lateral sides of the vacuum
head 32. It is preferred that the width or depth of the
carrier projection 36 be substantially less than the length
30 of the solder columns 26, as shown better in Fig. 11. A
series of rectangular cavities 38 are defined in the
carrier projection 36. The cavities 38 may alternatively
have a semicircular or any other suitable cross section.
The cavities 38 have a width slightly greater than the
35 diameter of the solder columns 26. The cavities 38 have a
depth substantially equal to half the dilameter of the
so0lder columns 26. The distance between each adjacent
cavities 38 is equal to the distance between each adjacent



and extends between opposite |ateral sides of the vacuum head 32. It is
preferred that the width or depth of the carrier projection 36 be
substantlally | ess than the length 30 of the sol der colums 26, as shown
better in Fig. 11. A series of rectangular cavities 38 are defined in the
carrier projection 36. The cavities 38 may alternatively have a
semcircular or any other suitable cross gectiaon. The cavities 38 have a
width slightly greater than the 35 dianmeter of the solder colums 26. The
cavities 38 thaomgh hehdpish 1slulusht ehitel allliygneepnet! plateallf2 .t h®hdi saetem of the
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vacuum cﬁanr\@tMGhﬁmmg’aﬁ‘@m ghagnehdQsacuum pi ckup tool 30 is noved

over the downstreg@rndigfy e FAY.0¢, GelRiacuthinS PAekep 3030 Johals the
cavities 38 are aligned with the respective solder. colums 26. As shown in

Fig. 9, the™Myehaysh gt dewnsdires &d Qe Sliden 19130 om of the
carrier projdEcpentel6 34 S ahgt thd epatiact 3\& dtre R i ghede withy ftaee of
t he sol der col umn d| 34. A vac . en_pul | g t hyou H t he vacuum
channel 40 AFEFRIEV 5P ; ﬁﬁnﬁ%&gﬂP% ordéﬁ £ OHPa&Ptﬁ QSOPde? Eol ums 26
into theol5 waexpmctphcéuuamdalessce&soflmathmmhmpltﬁwp:Mm 3E the
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over the allgnnent‘P ate not shown, the vacuun1p|ckup tool 30
i s ports 44 in order to draw the solder columns 26 into the
15 respective cavities 38 of the vacuum pickup tool 30.
Thereafter, the wvacuum pickup tool 30 is lifted up from the
solder column dispenser 34 as shown in Fig. 10. At this
time, the solder columns 26 are held in a horizontal
orientation as shown in Fig. 11.
20 With the sclder columns 26 held into the cavities 38,
the vacuum pickup tool 30 is moved over the alignment plate
12. Although not shown, the vacuum pickup tool 30 is
rotated 90 degrees to move the solder columns 26 into a
vertical orientation. Referring back to Fig. 4, with the
25 solder columns 26 axially aligned with the respective
through holes 14, the vacuum is released to cause the
solder columns 26 to fall into the through holes 14. To
this end, the through holes 14 have a diameter slightly
greater than the diametexr of the solder columns 26. The
30 solder columns 26 are finally placed on the respective
conductive pads 24.

As shown in Fig. 5, the alignment plate 12 and the
ceramic substrate 22 are passed through a reflow oven 50 by
means of a conveyor 52. At this time, the retainers

35 prevents relative movement between the alignment plate 12
and the ceramic substrate 22, Upper and lower heaters 54,
56 are arranged above and below the conveyor 52 in crder to
apply sufficient heat tc the alignment plate 12 and the



rotated 90 degrees to nove the solder colums 26 into a vertica
orientation. Referring back to Fig. 4, with the 25 solder colums 26
axially aligned with the respective through holes 14, the vacuumis

rel eased to cause the solder colums 26 to fall into the through hol es 14.
To this end, the through holes 14 have a dianeter slightly greater than
the di aneter of the sol der colums 26. The 30 sol der col urms 26 are finally
pl aced on the respective conductive pads 24. As shown in Fig. 5, the
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by the agpen
1 Although the present invention has been described

with respect to its preferred embodiment, it is to be
understood that various modifications and changes may be
made without departing from the scope of the invention as
defined by the appended claims.



8 Cains: 1. An apparatus for aligning and attaching a plurality of

sol der colums (26) to a patterned array of corresponding el ectrical
contacts (24) on a substrate (22), 5 said apparatus conprising: a
substantially flat alignment plate (12) having a plurality of through

hol es (14) defined in a pattern identical to the pattern of the electrical
contacts (24) and adapted to al | ow t he dbider col ums (26) to vertically
10 pass therethrough; and at | east one retainer (18) depending from said

al i gnment plS3dMEE2) and adapted to hold said alignment plate (12) in a
fixed positilan abave apparatust fare alddhinguelhd Baitathithd A euakrahalgs (14)

are vertically aligned 15 with the correspqndi ng el ectrical contacts (24).

2. The appaPﬁﬁé’ Tl ]JTH’TS Meitﬁ thé t‘?é:tnre%t EXEFA %thas a peri pheral

edge, and sactrasporsNngred gcttrdbicadr dohtactisndl2dde vra astsah sttt esi(2ed ,and

confi gurgd t%t%ﬁ%ﬁﬁﬁﬂﬁg$s‘%ﬂﬂﬂﬁﬁ¥?ﬁ edge of the substrate (22). 20 3. The
° 3Iai , &

apparatus o ereln-sai zﬂ:ignnent plate (12) |Is substantially
rectangul ar i n shapsulbsdamddaliyuflatded igheentf pliater (d@iphiayiing faour

L gnnen: oiAkr Y g a s naah, pedoile S gkl 231§
wherei n saildeatigddedo dihe eattern ofntde olegtrdicadccontaadiseriZ4)
sel ected fromd bRt tePRYIIYW thedfsdlidedNicdDuninst qBis4Mt Ahledd i HANIT C.,
stainle steel, .engineering plastics, carbon, carbide and nitride. 30 5.
The appi&at@?%ﬁ Qﬁ$¥QHéhﬂeﬁqﬁ;l to 4, wherein said alignment plate
(12) has a thickness 1efasat dneadtetalnermleg. dEpenddpyy &riehm @aidany one of
claim 1 10 s e h18 1) W SAPHLE R K 4 Qi d 3P gReit T vely
plate (12) in a fixed position above the substrate (22)
such that said through holes (14) are vertically aligned

15 with the corresponding electrical contacts (24).

2. The apparatus of claim 1, wherein the substrate (22)
has a peripheral edge, and said at least one retainer (18)
includes a step (20) sized and configured to engage the
peripheral edge of the substrate (22).

20 3. The apparatus of claim 1, wherein said alignment
plate (12) is substantially rectangular in shape and has
four sides (16), further comprising four retainers (18)
depending from the respective four sides (16) of said
alignment plate (12).

25 4. The apparatus of any one of claims 1 to 3, wherein
said alignment plate (12) is made of a refractory material
selected from the group consisting of titanium, titanium
alloy, ceramic, stainless steel, engineering plastics,
carbon, carbide and nitride.

30 5. The apparatus of any one of claims 1 to 4, wherein
said alignment plate (12) has a thickness of at least
0.5 mm.

6. The apparatus ¢of any one of claims 1 to 5, further
comprising a vacuum pickup tool (30) operatively associated

35 with said alignment plate (12) and adapted to deliver
solder columns to the alignment plate (12), said vacuum
pickup tool (30) comprising a vacuum head (32) having a
bottom, a carrier projection (36) extending from the bottom



35 with said alignment plate (12) and adapted to deliver solder colums to
the alignnent plate (12), said vacuum pickup tool (30) conprising a vacuum
head (32) having a bottom a carrier projection (36) extending fromthe
bottom 9 of said vacuum head (32), and a series of cavities (38) defined
in said carrier projection (36) and each having vacuum ports (44)

comuni cated with a vacuum source (42),” Said cavities (38) being spaced
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(24);

15 applying a solder paste (28) onto the electrical

contacts (24):

holding the alignment plate (12) in a fixed position
above the substrate (22) such that the through holes (14)
are vertically aligned with the electrical contacts (24);

20 passing the solder columns (26) throcugh the through
holes (14) of the alignment plate (12) so as to place the
solder ceolumns (26) in an upright orientation on the
electrical contacts (24);

melting the solder paste (28);

25 resolidifying the solder paste (28) to make a bond
between the solder columns (26) and the corresponding
electrical contacts (24):; and

removing the alignment plate (12) from the substrate
(22} after the solder columns (26) are attached to all of
30 said electrical contacts (24).





