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Field of the Invention

The present invention relates generally to surface
mounted integrated circuit devices. More particularly,
the invention is directed to structural configurations
suitable to reinforce ball grid array connected
integrated circuit devices which are subject to forces
introduced by a mated heat sink or like mass.

Background of the Invention

Integrated circuit devices and their applications
have undergone tremendous change in evolving to what is
presently considered a contemporary design. Integrated
circuit die (chip) sizes have increased dramatically, as
have their operational clock rates. At the same time
both the active and passive integrated circuit elements
dimensions have decreased. As a consequence of such
trends, advanced integrated circuit devices require
materially greater pinout counts and higher power
dissipation capabilities. _



2 Numerous desirable integrated circuit device packagi ng and connecti on

-obj ectives can be satisfied with ball grid array technol ogy, including both
the flip-chip and ceram c package variants. Low power dissipation can be
managed t hrough the use of mniature heat sinks which attach directly to
the flip-chip or ceram c packages. However, with the power output of
advanced m croprocessors and application specific integrated circuits

(ASI Cs) approaching 100 watts, the early solutions to the power dissipation
probl em are no | onger satisfactory. The high power dissipation |evels
require |l arge heat sinks and very low | evels of thermal inpedance between
the heat sink and integrated circuit device. Therefore, the trend is toward
heat sinks of significant mass and increasing conpressive forces being
appl i ed bet veedNunRr Hrgiydesirzelecintegrkteddecineuiht @gVACEd circuit

devi ce. ThR{dpGisd Hia SeEhndEEssh SpPEELIPES . caf Bérhae&sﬁ@aﬂmmd by
shock and,vi_hratio causes creep in the ref] om/solg ectl ns and
at t endant hlaﬂg‘réﬁ's’ég FTF TN L PRI QIY ot TRCLEAIRG BP tFPEa r‘r‘gt"t ons
bet ween tland ceramic package variants. Low power dlss1patlon can
be managed through the use of miniature heat sinks which .
attach directly to the flip-chip or ceramic packages.
However, with the power output of advanced
microprocessors and application specific integrated
circuits (ASICs) approaching 100 watts, the early
solutions to the power dissipation problem are no longer
satisfactory.

The high power dissipation levels require large heat
sinks and very low levels of thermal impedance between
the heat sink and integrated circuit device. Therefore,
the trend is toward heat sinks of significant mass and
increasing compressive forces being applied between the
body of the heat sink and the integrated circuit device.
The effects of such pressure and mass, as further
accentuated by shock and vibration, causes creep in the
reflow solder connections and attendant increases in the
failure rates of the electrical connections between the
solder balls and the contacts on the underlying
structure, typically being printed circuit boards.

The use of large cross-sectional area solder
¢olumns, analogous to those described in copending U. S.
Patent Application Serial Number 08/688,073, to reinforce
the corners of the ball grid array type integrated
circuit devices is not viable because columns and balls
are fabricated by different manufacturing processes. As
a result, they have different tolerances associated with
their nominal heights. When solder balls, and



sol der balls and the contacts on the underlying structure, typically being
printed circuit boards. The use of |arge cross-sectional area sol der

col ums, anal ogous to those described in copending U S. Patent Application
Serial Nunber 08/688,073, to reinforce the corners of the ball grid array
type integrated circuit devices is not viable because colums and balls are
fabricated by different manufacturing processes. As a result, they have
different tol erances associated with their nom nal hei ghts. Wen sol der
balls, and 3 reinforcing solder columms are joined to the integrated
circuit devices, the balls and colums woul d not be coplanar within a

tol erance required for subsequent attathment to an organic circuit board or
ot her types of device carrying packages. In addition, integrated circuit
deV|ces|nndmnﬁaqpindIsg#ddrac@hympackagesoaﬁedtyﬁléﬁﬁl}nﬁéﬁﬁﬁ¥%%)organlc
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col unms an su stantlall di fferent ﬁrosspﬁectlon areas, the
surface t<RRANE W*&hh@l%eEO%EFGEFPCrggPHE?do OrafPREEAHEE on the organic

board woul gk ¢ £e¥endiot 86 S&ntBLganic circuit board or other types of
device carrying packages. In addition, integrated
circuit devices utilizing ball grid array packages are
typically joined to organic boards using low temperature
37/63 lead/tin solder. Since the supporting columns and
balls have substantially different cross-sectional areas,
the surface tension of the molten eutectic solder on
mating pads on the organic board would tend to raise the
columns more than the solder balls. This differential
wetting of columns and balls may result in separation of
some of the ball grid array connections from the mating
pads on the board, resulting in a defective component on
the organic board.

Therefore, there exists a need for a ball grid array
device connection design which reinforces the solder ball
structure in anticipation of heat sink attachment and
compression without degrading the connection
characteristics of the individual solder balls in the.
array.

Summary of the Invention

The problems of the prior art are addressed by a
surface mount substrate suitable to connect an integrated
circuit on the substrate to a pattern of contacts on a
surface of a dielectric planar through a structure
comprised of a matrix array of solder balls formed onto a
first side of the substrate, and at least one pattern of
support solder formed onto the first side of the



colums nore than the solder balls. This differential wetting of col umms
and balls may result in separation of sonme of the ball grid array
connections fromthe mati ng pads on the board, resulting in a defective
conponent on the organi c board. Therefore, there exists a need for a bal
grid array device connection design which reinforces the sol der bal
structure in anticipation of heat sink attachnment and conpression w thout
degradi ng the connection characteristics of the individual solder balls in
the array. Summary of the Invention The problens of the prior art are
addressed by a surface nount substrate suitable to connect an integrated
circuit on the substrate to a pattern 4f contacts on a surface of a
dielectric planar through a structure conprised of a matrix array of sol der
bal | s fornttbshrate andscherdcterizied dobshast dheaswpponte8@ldee pattern

of suppor tpsQf fgs iﬂrHE€19BEQ1E>Bch1‘h§ d%h@ewﬁftﬂlaeflrs‘l: Sbsd reg e and
characterlzed in that the support sal profile in a direction coincident
with a firdhepatrix array s stantlally matches a cross section of
a formed solder ball, and the support solder profile in a
direction coincident with a second axis of the matrix '
array provides a cross section showing a continuum of
solder extending from one solder ball to a succeedingly

located solder ball.

.In another form, the invention relates to a
reinforced ball grid array device mounted to a printed
circuit board and supporting a heat sink, comprising a
pattern of contacts on a printed circuit board, a
substrate with an integrated circuit, the substrate
comprising a matrix array of solder balls formed onto a
first side of a substrate, and at least one pattern of
support solder formed onto the first side of the
substrate characterized in that the support solder
profile in a direction coincident with a first axis of
the matrix array substantially matches a cross section of
a formed solder ball, and in that the support solder
profile in a direction coincident with a second axis of
the matrix array provides a cross section showing a
continuum of solder extending from one solder ball to the
a succeedingly located solder ball, solder bond
connections between the pattern of contacts on the
printed circuit board and corresponding solder balls and
support solder on the substrate, and heat sink in thermal
contact with a planar surface on a second side of the
substrate.

In a particularized form of the invention, L-shaped
patterns of high melting temperature support solder, with



the matrix array substantially matches a cross section of a forned sol der
ball, and the support solder profile in a direction coincident with a
second axis of the matrix array provides a cross section showi ng a
continuum of sol der extending fromone solder ball to a succeedingly

| ocated solder ball. In another form the invention relates to a reinforced
ball grid array device nounted to a printed circuit board and supporting a
heat sink, conprising a pattern of contacts on a printed circuit board, a
substrate with an integrated circuit, the substrate conprising a matrix
array of solder balls forned onto a first side of a substrate, and at |east
one pattern of support solder formed o6to the first side of the substrate
characterized in that the support solder profile in a direction coincident
with a firstcarss sectieomamalogousaytcs thet @nliddar yoaktsheara fommedsecti on
of a forrre?;n_sebilﬁ@rgaufi r@%d Msfncg%tté.heo%hwréhﬁééﬂ%@r&éhéf in a

di rection coi ncident w seco axis of the matrix array provides a
cross sect FOR2ERBREN§Ea saBROL RS S Sade b AMEh £IRHHF BRRESHREEr bal |
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of contacts on the printed cirguit ard and correspgnding
sol der bal P‘Qa;ﬂgogﬁp' & tt?’?(f‘l (?gr %oi? frsﬁ)ﬁgltlir'at gla'xedgloo%%%og.? n%gan f her mal
shapes of the support solder structurally reinforce the
connection while providing a thermal path between the

substrate and the printed circuit board.

. The key stryctural feature is to have the cross
section of the support solder along one axis of the array
match the cross section of the solder balls. Matching of
the cross sections eliminates increased relative spacing
between the substrate and the printed circuit board as a
consequence of differences in the effects of molten
reflow solder.

These and other features of the invention will be
more clearly understood and appreciated upon considering
the detailed embodiments described hereinafter.

Brief Description of the Drawings

Figs. 1 and 2 schematically depict stages. in
fabricatién if large cross sectional area columns are
used to reinforce a ball grid array integrated circuit
device.

Fig. 3 schematically illustrates various embodiments
of the support solder invention, including L-shaped
pedestals of support solder in the corners and other
support solder shapes as may be applicable to provide
structural reinforcement and thermal conductivity.



contact with a planar surface on a second side of the substrate. In a
particul ari zed formof the invention, L-shaped patterns of high nelting
tenperature support solder, with 5 a cross section anal ogous to the
solder balls, are formed in corners of the substrate. O her shapes and

ot her locations of support solder can be formed consistent with the prem se
that the cross section along one axis is anal ogous to that of a sol der

ball. The locations and shapes of the support solder structurally reinforce
the connection while providing a thermal path between the substrate and the
printed circuit board. The key structural feature is to have the cross
section of the support solder along oné axis of the array match the cross
section of the solder balls. Mtching of the cross sections elin nates
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Fig. 5 is a schematic depicting a practice of the
invention, showing the support solder structure, the heat
sink, and sources of compressive force related to the
composite structure as mounted on a printed circuit
board.

N |

Description of the Preferred Embodiment

The aforementioned need for ball grid array devices
to maintain electrical connections through reflowed
solder bonds at all the solder ball locations in the face
of thermal cycling effects, compressive forces, and heat
sink accentuated shock and vibration stresses, is now
described in the context of connecting an integrated
circuit device to a corresponding array of copper
contacts on a printed circuit board. The integrated
circuit device is a ceramic or plastic integrated circuit
package with a ball grid array of input/output terminals,
or a flip-chip integrated circuit die having a ball grid
array of input/output terminals. The solder balls
attached to the package or flip-chip die are preferably
composed of a 90/10 lead/tin alloy solder, having a
nominal melting temperature of 310 C and routinely
referred to as a high melting temperature solder.

The connections between the printed circuit board
copper contacts and the solder balls are actually
accomplished through the reflow of low melting
temperature solder, deposited in paste form, the solder



t he detail ed enbodi nents descri bed hereinafter. Brief Description of the
Drawi ngs Figs. 1 and 2 schenmatically depict stages in fabrication if |arge
cross sectional area columms are used to reinforce a ball grid array
integrated circuit device. Fig. 3 schematically illustrates various

enbodi nents of the support solder invention, including L-shaped pedestals
of support solder in the corners and ot her support sol der shapes as may be
applicable to provide structural reinforcenment and thermal conductivity.

6 Fig. 4 is a schematic cross section at the location identified in Fig. 3,
showi ng the rel ative correspondence of cross section along one axis of the
array. Fig. 5 is a schematic depicting7a practice of the invention, show ng
the support solder structure, the heat sink, and sources of conpressive
force rel attgeld prefersapdyi beisgr gempeseds ofip 363 dreadl Hrimtaleyr cui t
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ball grid array devices
The objective is to attach the integrated circuit

device to the printed circuit board in such a way that
solder ball connections are reliable in the presence of
thermal and mechanical stresses as may be magnified by
the presence of a heat sink in compression contact with
the opposite side of the integrated circuit device. 1In
today’s technology it is not unusual to have a ball grid
array integrated circuit device with 600 solder balls in
the array, each of which must remain connected over an
extended product life in the face of the earlier noted
stresses.

Figs. 1 and 2 schematically illustrate stages in
approach suggested by the aforementioned copending patent
application, but found unsuitable. Fig. 1 shows a side
view of printed circuit board 1 having a pattern of
copper contacts 2, an integrated circuit device 3, a
multiplicity of device pads 4, and, at the corners of
device 3, a large cross sectioned area cylindrical solder
column 6, as further shown by projection 7. The wide
solder connections between contact 8, on printed circuit
board 1, and pads 9, on the integrated circuit device 3,
provide the structural reinforcement. Solders balls 11
and support solder 6 are composed of 90/10 lead/tin high
melting temperature solder and are bonded by reflow to
pads 9 on device 3. Solder paste 12 is screen deposited
onto contacts 2 and 8 before integrated circuit device 3
is positioned, paste 12 being composed of resin and low
melting temperature 37/63 lead/tin type solder. Solder
balls 11 and column 6 are pressed into paste 12. The



to maintain electrical connections through reflowed sol der bonds at all the
-sol der ball locations in the face of thernmal cycling effects, conpressive
forces, and heat sink accentuated shock and vibration stresses, is now
described in the context of connecting an integrated circuit device to a
correspondi ng array of copper contacts on a printed circuit board. The
integrated circuit device is a ceramc or plastic integrated circuit
package with a ball grid array of input/output termnals, or a flip-chip
integrated circuit die having a ball grid array of input/output termnals.
The sol der balls attached to the package or flip-chip die are preferably
conposed of a 90/10 lead/tin alloy sol@er, having a nom nal nelting
tenperature of 310[err] C and routinely referred to as a hi gh nmelting
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integrated circuit device 3 is situated at a nominal
distance X from printed circuit board 1.

Fig. 2 schematically shows the structure following a
reflow of the lower temperature solder, including an
undesirable effect introduced by support column 6.
Namely, dimension Y routinely exceeds dimension X,
degrading the reflow solder connections between solder
balls 11 and contacts 2. Connection failures, such as
that depicted at reference numeral 13, follow either
immediately or after nominal thermal or mechanical stress
cycling.

One aspect of the dimension problem noted
hereinbefore is attributable to component tolerance.
Namely, ball grid arrays are typically made from 0.87 mm
diameter balls with tolerances of +- 0.02 to +- 0.03 mm.
Columns 6, which are fabricated by a different process,
routinely have a tolerance of +- 0.04 to 0.05 mm. Such a
difference in the height is sufficient to degrade the
joints when the integrated circuit device is attached to
an organic printed circuit board.

Another effect is attributable to the fact that
solder columns 6 have a substantially different cross
section from balls 11. The integrated circuit device 3
is joined to board 1 utilizing solder paste 12 which is
screened onto both contact pads 2 and 8 for columns 6 and
balls 11. Since contact pads 2 and 8 are substantially
different in size, they have different volumes of the



The objective is to attach the integrated circuit device to the printed
~circuit board in such a way that solder ball connections are reliable in
the presence of thermal and nechani cal stresses as may be magnified by the
presence of a heat sink in conpression contact with the opposite side of
the integrated circuit device. In today's technology it is not unusual to
have a ball grid array integrated circuit device with 600 solder balls in
the array, each of which nust renmain connected over an extended product
life in the face of the earlier noted stresses. Figs. 1 and 2 schematically
Il lustrate stages in approach suggested by the aforenenti oned copendi ng
patent application, but found unsuitab$%e. Fig. 1 shows a side view of
printed circuit board 1 having a pattern of copper contacts 2, an
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paste 12 ikn Rigen2 dep¥edkedoints are undesirable in that they
often fail or degrade the performance of the integrated
circuit device during normal operation in the field.
Thus, the use of support columns degrades rather than
enhances the reljiability of the solder ball connections.

Fig. 3 schematically depicts the ball grid array
surface of integrated circuit device 3 according to the
present invention, including some refinements thereof.
Chevron like, L-shaped support elements, generally at 14,
are édded to the corner regions of the integrated circuit
device ball grid array surface. The support elements are
preferably composed of high melting temperature solder,
typically the 90/10 lead/tin compoéition, and extend from
each corner along the axes of the ball grid array over
multiple solder ball spacing increments. For example,
support solder 16 extends over 4 solder spacing
increments while support solder 17 extends over three
increments. Support solder 18 only extends one solder
ball increment in each axial direction while remaining
symmetrically within the range of the pattern defined by
support solder 16.

The support solder, including 16, 17 and 18, is
characterized in that the cross section along one axis
matches that of any solder ball 11. This matching cross
section is illustrated in Fig. 4, where solder balls 11,
support solder 16, and support solder 18 exhibit



onto contacts 2 and 8 before integrated circuit device 3 is positioned,
paste 12 being conposed of resin and |low nelting tenperature 37/63 |lead/tin
type solder. Solder balls 11 and columm 6 are pressed into paste 12. The

8 practice to this point differs fromball grid array attachnent only in
the presence of reinforcing solder colum 6, contact 8, and pad 9. At the
stage of fabrication imedi ately preceding reflow of solder 12, integrated
circuit device 3 is situated at a nom nal distance X fromprinted circuit
board 1. Fig. 2 schematically shows the structure following a reflow of the
| ower tenperature solder, including an undesirable effect introduced by
support colum 6. Nanely, dinension Y ¥butinely exceeds di nension X,
degradi ng the refl ow_sol der connecti ons between sol der balls 11 and

contacts 25ubskaBEindd vt Fheusaie Sxassaseatdonsdishareat TR®erence nuneral
13, fol | owsfippbet isoTRIIr,clalodly ittd thagtalddhsdEls prafg@chani cal stress
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90/10 lead/tin alloy. They are fabricated such that the
support solder preform thickness is closely matched to '
the solder ball diameter. As also depicted in Fig. 4,
support solders 16 and 18, along with solder balls 11,
are attached to integrated device bonding pads 15 and 4,
respectively, by utilizing low melting temperature solder
20.  Such low melting temperature solder is typically an
eutectic lead/tin, lead/bismuth, tin/bismuth, tin/indium,
or the like alloy.

The difference in cross section at the corner
locations of the support solder, such as at 19 of support
solder 16, has minimal effect. Furthermore, where
necessary any such effect can be offset through a
‘narrowing of support solder structure such as depicted by
dashed line 21.

A variety of other support solder shapes are shown
generally at 22, the key feature being the aforementioned
match of cross section'in one axis to the cross section
of the solder balls, while the other axis defines a
continuum between solder ball locations. Clearly, as the
number of intersecting branches increases, such as
illustrated by the "+" pattern at 23, there will be an
increased need for narrowing to compensate for molten
solder surface tension effects. Note that the patterns
may be symmetric or asymmetric, and as such allow the
designer flexibility in placing the support solder at a
location and in a relative pattern to maximize structural
integrity.



Nanely, ball grid arrays are typically made from 0.87 mm di aneter balls
with tolerances of +- 0.02 to +- 0.03 mm Colums 6, which are fabricated
by a different process, routinely have a tolerance of +- 0.04 to 0.05 mMm
Such a difference in the height is sufficient to degrade the joints when
the integrated circuit device is attached to an organic printed circuit
board. Another effect is attributable to the fact that sol der colums 6
have a substantially different cross section fromballs 11. The integrated
circuit device 3 is joined to board 1 utilizing solder paste 12 which is
screened onto both contact pads 2 and 8 for colums 6 and balls 11. Since
contact pads 2 and 8 are substantiallyldifferent in size, they have

di fferent vol unes of the 9 eutectic sol der_pastes screened onto them
This results inSdpFeesedbed ifet ithpmal ondiahar, ARA PePR5dduring t he
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circuit devices. Localized hot spots are common on
processors and ASIC devices. Similarly, the support
solder can be used to supply power, provide ground lines
or convey signals to and from the integrated circuit
device as necessary while providing the support function.

Fig. 5 schematically illustrates a representative
application of the invention in the context of mounting
an integrated circuit device and associated heat sink to
a printed circuit board. As shown, printed circuit board
1 has attached thereto by solder reflow an integrated
circuit device composed of a ceramic substrate 24 and
chip 26. Heat sink 27 is in physical contact with thé
top of the integrated circuit device to maximize thermal
conduction between the integrated circuit and the heat
sink. The embodiment depicted illustrates the use of a
spring 28 which extends through printed circuit board 1
to maintain the compressive connection between the heat
sink and the integrated circuit device. Heat sink 27
could also be bonded to the integrated circuit device.

The composite shown in Fig. 5 illustrates the
presence of a ball grid array of high melting temperature
solder balls 11 physically and electrically connected to
printed circuit board contacts 2 through reflowed low
temperature solder 29. Also depicted in the figure is
support solder 33, preferably in the L-shape depiction at
14 in Fig. 3, in corners 31 and 32 of the integrated
circuit device. The connections between the high melting



circuit device during normal operation in the field. Thus, the use of :
support colums degrades rather than enhances the reliability of the sol der
ball connections. Fig. 3 schematically depicts the ball grid array surface
of integrated circuit device 3 according to the present invention,

I ncludi ng sone refinenments thereof. Chevron |ike, L-shaped support

el enents, generally at 14, are added to the corner regions of the
integrated circuit device ball grid array surface. The support elenents are
preferably conposed of high nelting tenperature solder, typically the 90/10
| ead/tin conposition, and extend from each corner along the axes of the
ball grid array over nultiple solder b3dRl spacing increnents. For exanple,
support sol der 16 extends over 4 sol der spacing_increnents while support

sol der 17 demperatone IupPRert neebdentd3 ap@perdexsdydBy ¢8PBRTY ext ends one

sol der bal lodii&EE4 | O 696n 88d akidbi £EIHEarahl | greegmedi ng symmetrical ly
wi thin the range of the €§%tern efineg Q% sgpgogt S Iderr &ur@he support
sol der, in@GRAMRY1shed /througly the FeLIoR (|3 e4Cr n *BRRETARE St 0ss secti on
al ong one adgidemt ches that of any solder ball 11. This matching cross
section is illustrated in Fig. 4, where solder balls 11, support solder 16,

and support sol der 18 exhibit
Formation of the solder balls and support solder

follows the general format utilized with attaching the
solder balls alone. Namely, preformed solder balls and
support solder are loaded into a boat capable of
accommodating both shapes. The integrated circuit device
and boat are then subjected to a low temperature reflow
adequate to bond the high temperature solder balls and
support solder to the integrated circuit device using
deposited low temperature solder paste. Mounting onto
the printed circuit board is accomplished by a separate
process.

Mounting of the device begins with a screen deposit
of solder paste through a mask onto the contacts of the
printed circuit board, preferably using a paste with
eutectic 37/63 lead/tin solder capable of reflow at a
temperature between and 200 and 2200 C. The integrated
circuit device, with solder balls and support solder in
place, is aligned so that the solder balls and support
solder can be inserted into the solder paste on the
printed circuit board. Finally, the composite is
subjected td the reflow temperature of 200-220¢ C.

The heat sink is, attached later, preferably using a
thermal compound to maximize heat transfer between the
integrated circuit device and the heat sink.



10 substantially the sanme cross sectional shape. The support sol ders, al ong
. Wth the solder balls, are typically nmade of a high nelting point solder
such as 90/10 lead/tin alloy. They are fabricated such that the support

sol der preformthickness is closely matched to the sol der- ball dianmeter. As
al so depicted in Fig. 4, support solders 16 and 18, along with solder balls
11, are attached to integrated device bonding pads 15 and 4, respectively,
by utilizing low nelting tenperature solder 20. Such |ow nelting
tenperature solder is typically an eutectic lead/tin, |ead/bismuth,
tin/bismuth, tin/indium or the like alloy. The difference in cross section
at the corner locations of the suppor}3 solder, such as at 19 of support

sol der 16, has mnimal effect. Furthernore, where nece ny such effect
can be of fset Theoughudtingr GHING ey o/ deRis] s%c?w% such as
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t he ot herga¥igedgtiraetude with re1nforc1ng sultable to withstand
the thermal and physical environments of heat sink cooled

high power integrated circuit devices.

It will be understood by those skilled in the art
that the embodiments set forth hereinbefore are merely
exemplary of the numerous érrangements by which the
invention may be practiced, and as such may be replaced
by equivalents without departing from the invention which
will now be defined by appended claims.



conti nuum bet ween sol der ball locations. Cearly, as the nunber of
~intersecting branches increases, such as illustrated by the "+" pattern at

23, thelmlmuﬂ“m”‘ﬂnluﬂur eased need for narrowi ng to conpensate for nolten
sol der ffects. Note that the patterns may be symetric or
asymmetri‘c, “and a5 sSucH allow the designer flexibility in placing the
support solder at a location and in a relative pattern to naxim ze
structural integrity. 11 Since solder is a thermal conductor, and board
structures provide a | evel of heat sink capacity, the support sol der nay be
selectively patterned and | ocated to match hi gh power output |ocations on
the integrated circuit devices. Local ilZed hot spots are conmon on
processors and ASI C devi ces. Sinilarlﬁ, t he support sol der can be used to

supply power, provide ground |ines ey signals to and fromthe
I nt egrated circuit devi ce as necessary whi | e providing the support

functi on. g sch mati cal | h% tes a.r entative .ap Ilcatlon of
the invent on i ?ﬂﬁ éSﬁt@?Pn 5%??%& ﬁﬁltﬁgg e @FF%UitIBeV|ce and
associ at ed heatiste&#rbbed circuit to a pattern of contacts on a

surface of a dielectric planar, comprising:

a matrix array of solder balls formed onto a
first side of the substrate;

at least one pattern of support solder formed
onto the flrst side of the substrate and
characterized in that:

the support solder profile in a direction
coincident with a first axis of the matrix
array substantially matches a cross section of
a formed solder ball; and

the support solder profile in a direction
coincident with a second axis of the matrix
array provides a cross section showing a
continuum of solder from one solder ball to a
succeedingly located solder ball.

2. The apparatus recited in Claim 1, wherein the
substrate is a ceramic integrated circuit package.

3. The apparatus recited in Claim 1, wherein the
substrate is a flip-chip type integrated circuit
die.

4. - The apparatus recited in Claim 1, wherein the
substrate is an organic integrated circuit package.



a printed circuit board. As shown, printed circuit board 1 has attached

‘thereto by solder reflow an integrated circuit device conposed of a ceramc
substrate 24 and chip 26. Heat sink 27 is in physical contact with the top
of the integrated circuit device to maxim ze thermal conduction between the

I nt egr at “ mnﬂ“ \Me heat sink. The enbodi nent depicted illustrates
t he use a \“\ i ch extends through printed circuit board 1 to
mai ntai n the®cohpressive connection between the heat sink and the
integrated circuit device. Heat sink 27 could also be bonded to the
integrated circuit device. The conposite shown in Fig. 5 illustrates the
presence of a ball grid array of highl¥elting tenperature solder balls 11

physically and electrically connected to printed circuit board contacts 2
through reflowed | ow tenperature solder 29. Also depicted in the figure is

support s der BRe Ppsheaebbyreoit8e knsbapemdepi wheeridl shbgoxr€ig. 3, in

corners 31 and 3218f t he lntegrgﬁgd ﬁircait gEVICe" Tgﬁ,connectlons bet ween
the high neltifP-2e122% etPefht ure EUPBEF: PRGFEER 33 &P &Fd&9%5% ng copper

contacts 34 of eormeées ofrthet shbatdateare al so

6. The apparatus recited in Claim 3, wherein support
solder is in an "L" shaped pattern in two or more
corners of the substrate.

7. The apparatus recited in Claim 4, wherein support
solder is in an "L" shaped pattern in two or more
corners of the substrate.

8. The apparatus recited in Claim 5, wherein the
support solder is composed of high melting
temperature solder.

9. The apparatus recited in Claim 6, wherein the
support solder is composed of high melting
temperature solder.

10. The apparatus recited in Claim 7, wherein the
support solder is composed of high melting
temperature solder.

11. The apparatus recited in Claim 8, wherein the solder
balls are substantially hemispherical in cross
section.

12. The apparatus recited in Claim 9, wherein the solder
balls are substantially hemispherical in cross
section.



acconplished through the reflow of a | ow tenperature sol der. Formation of
. the solder balls and support solder follows the general format utilized

with attachin ball s al one. Nanely, preforned solder balls and
suppor ﬂ&ﬂ Lﬂﬁ‘ﬂed into a boat capabl e of accommodati ng both shapes.
The in devi ce and boat are then subjected to a | ow

t enper af ure reflom/adequate to bond the high tenperature solder balls and
support solder to the integrated circuit device using deposited | ow
tenperature sol der paste. Mounting onto the printed circuit board is

acconplished by a separate process. Munting of the device begins with a
screen deposit of sol der paste througﬁ@a mask onto the contacts of the

printed circuit _board, prefera past i th eutect 37/ 63
lead/tin sﬁgder T?Sp&ﬁpér&ftulsefrle&gbt:ﬁsd d‘g’[ gr}ﬁ@fréﬁlﬁf\% eﬁ/%]eg %ﬁ 200 and
220[err] C. Thesbmaegrbb&dsnameuth&tanh;ahmylhemﬂsnhetm¢ab ind support

sol der in place aI| so that the solder balls and support sol der can

be inserted |ntorp%e er paste on the printed circuit board. Finally,
the conposite is subjected to the reflow tenperature of 200-220[err] C. The

heat sink i3, aht3eheddrdledl balelgyidhlarrss) Mbwvi dd aic@hté@meouad to
maxi m ze heat transter, between the
printed circuit board and supporting a heat sink,

compris ing:

a pattern of contacts on a printed circuit
_board;

a substrate with an integrated circuit, the
substrate comprising:

a matrix array of solder balls formed onto
a first side of the substrate; and

at least one pattern of support solder
formed onto the first side of the substrate
characterized in that the support solder
profile in a direction coinciding with a first
axis of the matrix array substantially matches
a cross section of a formed solder ball, and in
that the support solder profile in a direction
coincident with a second axis of the matrix
array provides a cross section showing a
continuum of solder extending from one solder
ball to a succeedingly located solder ball;

solder bond connections between the pattern of
contacts on the printed circuit board and
corresponding solder balls and support solder on the
substrate; and



integrated circuit device and the heat sink. 13 The resulting structure,
as depicted in Fig. 5 provides not only the surface nount electrical '

connelﬂ”@ﬂ benefits of a ball grid array but an integrated circuit device

struc “"” ' ing suitable to withstand the thermal and physi cal
envir ﬂ I nk cool ed high power integrated circuit devices. It

wi Il be underst'ood by those skilled in the art that the enbodi nents set
forth hereinbefore are nerely exenplary of the numerous arrangenents by

whi ch the invention may be practiced, and as such nay be repl aced by
equival ents without departing fromthe invention which wll now be defined
by appended cl ai ns. 14 CLAIMS 1. 1A surface nount substrate suitable to
connect an integrated circuit to a pattern of contacts on a surface of a
dielectric planar, &®#a¥ isink:in thermal contact with a planar

surface on a second side of the substrate.

15. The apparatus recited in Claim 14, wherein the
substrate is a ceramic integrated circuit package.

16. The apparatus recited in Claim 14, wherein the
substrate is a flip-chip type integrated circuit
die.

17. The apparatus recited in Claim 14, wherein the
substrate is an organic integrated circuit package.

18. The apparatus recited in Claim 15, wherein support
solder is in an "L" shaped pattern in two or more
corners of the substrate.

19. The apparatus recited in Claim 16, wherein support
solder is in an "L" shaped pattern in two or more
corners of the substrate.

20. The apparatus recited in Claim 17, wherein support
solder is in an "L" shaped pattern in two or more
corners of the substrate.

21. The apparatus recited in Claim 18, wherein the
support solder is composed of high melting
temperature solder.

22. The apparatus recited in Claim 19, wherein the
support solder is composed of high melting
temperature solder.



a matrix array of solder balls forned onto a first side of the substrate,;
at | east one pattern of support solder forned onto the first side of the
substrate and characterized in that: the support solder profile in a
dlrectl a first axis of the matrix array substantially
natches HIHH#H@IH@%M'H‘ f a formed solder ball; and the support sol der
profile in & dereetion «coi ncident with a second axis of the matrix array
prOV|des a cross section showi ng a continuum of sol der from one sol der bal
to a succeedingly | ocated solder ball. 2. The apparatus recited in Caim
1, wherein the substrate is a ceramic integrated circuit package. 3. The
apparatus recited in Caim1l, whereinlighe substrate is a flip-chip type

integrated circuit die. 4. The apparatus recited in Claim1, wherein the
substrate is an organic integrated circuit package. 15

23. The apparatus recited in Claim 20, wherein the
support solder is composed of high melting
temperature solder.



5. The apparatus recited in Caim2, wherein support solder is in an "L"

shaped pattern in two or nore corners of the substrate. 6. The appar at us
recited in Claim3, wherein support solder is in an "L" shaped pattern in
two or nore corners of the substrate. 7. The apparatus recited in Caim
4, wherein support solder is in an "L" shaped pattern in two or nore
corners of the substrate. 8. The appar@tus recited in daimb5, wherein

t he support solder is conposed of high nelting tenperature solder. 9. The

appar at us r eqdtRUCTURA BL WHEINHOGREED BAEL GRIY ARRAOY SEMICONDURYEGR  of

high nelting tenperature solder. 10. The apparatus recited in Caim?7,
wherein the support sol der i s PACKISEHBS ANDISYSTBMSi ng tenperature sol der.
11. The apparatus recited in aim8, wherein the solder balls are
subst ant i sAB§TRAGTSpherical in cross section. 12. The apparatus recited in
Caim9, wherein the solder balls are substantially hen spherical in cross
secti on. Supporting structure for a ball grid array surface mounted integrated circuit

device (3) composed of support solder (16, 17, 18) formed at selective corner locations

.on the ball grid array surface of the integrated circuit device (3). In one form, L-shaped

patterns of high melting temperature solder are formed along the axes defined by the ball

grid array and are characterized in that cross sections of the L-shaped pattern match that

of the solder balls (11) along one axis, and represent a continuum of solder between

solder ball locations along the other axis. Support solder can be added where necessary

to provide both structural reinforcement and thermal conduction. Control of the cross

section of the support solder ensures that surface tension effects of the molten low

temperature reflow solder used to connect the integrated circuit device does not

materially change the final relative spacing between the integrated circuit device balls

and the underlying printed circuit board contacts.

Fig. 3



16 13. The apparatus recited in C aim 10, wherein the solder balls are
Substantially hemi spherical in cross section. 14. A reinforced ball grid
array device nounted to a printed circuit board and supporting a heat sink,
conprising: a pattern of contacts on a printed circuit board; a substrate
wWith an integrated circuit, the substrate conprising: a matrix array of

sol der balls fornmed onto a first side of the substrate; and at |east one
pattern of support solder forned onto th?ﬁiirSt side of the substrate
characterized in that the support sol der ofile in a direction coinciding
with a first axis of the_matrix array substantially matches a cross section
of a forned solder ball, and in that the support solder profile in a
direction coincident with a second axis of the matrix array provides a
cross section showi ng a 22ntinuun1of sol der extendi ng fréum one sol der
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ball to a succeedingly |ocated sol der ball;

sol der

bond connecti ons bet ween

the pattern of contacts on the printed circuit board and correspondi ng
17 heat sink in

sol der balls and support solder on the substrate;
contact with a planar surface on a second side of the substrate.

t her nal

and

15. The apparatus recited in Caim 14, wherein the substrate is a ceram c

integrated circuit package.

the substrate is a flip-chip type integrated circuit die.

package. 18. The apparatus recited in Cai

in an "L" shaped pattern in two or

16. The apparatus recited in Caim1l4, wherein

17. The apparat us

recited in Caim14, wherein the substrateghs an organic integrated circuit
15, wherein support solder is

nore corners of the substrate.

19. The

apparatus recited in Caim16, wherein support solder is in4an "L" shaped

pattern in two or nore corhpers of he substrate. 20. The apparafgs retdted
in Caim1l7, wherein suppo&i K\ )
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solder is in an "L" shaped pattern in two or nore corners of the substrate.
21. The apparatus recited in Caim18, wherein the support solder is
conposed of high nelting tenperature solder. 22. The apparatus recited in
“Claim19, wherein the support solder is conposed of high nelting
tenperature sol der. 18 23. The apparatus recited in C aim 20, wherein
the support solder is conposed of high nelting tenperature sol der.
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