
11/01/2006 SYSTEMS AND METHODS FOR BONDING A HEAT SINK TO A PRINTED CIRCUIT
ASSEMBLY FIELD OF THE INVENTION The present invention is related to printed
circuit assembly manufacture and,  in particular, to bonding a heat sink to
a printed circuit assembly. DESCRIPTION OF THE RELATED ART Heat sinks are
commonly used in electronic devices that generate heat. A heat  10 sink is
often bonded to the top of a printed circuit assembly (PCA), such as, for
example, a CPU chip or a circuit board, to keep the printed circuit
assembly cooler. A  traditional method for bonding a heat sink to a printed
circuit assembly typically  includes placing a layer of liquid adhesive on
the heat sink and then placing the printed circuit assembly on top of the
liquid adhesive. The printed circuit assembly  15 and the heat sink maybe
clamped together and then placed in an oven where they are baked in order
for the liquid adhesive to set. The traditional method described above for
bonding a heat. sink to a printed  circuit assembly tends to be expensive,
time consuming, and messy. Furthermore,  printed circuit assemblies that
area bonded using traditional methods sometimes 20 become defective during
the bonding process. In particular, the liquid adhesive can flow onto the
wire bonding sites of the PCA rendering it unusable. In addition, air
bubbles can form in the liquid adhesive, thereby reducing the heat. sink's
effectiveness. Therefore, there exists a need for improved systems and
methods for bonding a heat sink to a,printed circuit assembly, that address
these and/or other .25 perceived shortcomings of the  prior art. SUMMARY OF
THE INVENTION The present invention provides systems and methods for
bonding a heat sink 30 to a printed circuit assembly. Briefly described,
one embodiment of a bonding system  includes an adhesive applicator that is
configured to hold an adhesive layer, and a heat  sink holder that is
configured to hold 'a heat sink while the adhesive applicator applies  the
adhesive layer to the heat sink. The present invention can also be viewed
as providing methods for bonding a  heat sink to a printed circuit
assembly. In this regard, one embodiment of such'a I 11/01/2006 



15 BRIEF DESCRIPTION OF THE DRAWINGS 10 Many aspects of the invention can
be better understood with reference to the method, among others, includes
pressing a solid adhesive layer against the heat sink,  and then pressing
the printed circuit assembly against the adhesive layer. Other systems,
methods, features, and advantages of the present invention will  be or
become apparent to one with skill in the art upon examination of the
following  5 drawings and detailed description. It is intended that all
such additional systems,. methods, features, and advantages be included
within this description, be within the  scope of the present invention, and
be protected by the accompanying claims. following drawings. The components
in the drawings are not necessarily to scale,  emphasis instead being
placed upon clearly illustrating the principles of the present  invention.
Moreover, in the drawings, like reference numerals designate corresponding
parts throughout the several views. FIG. I depicts a non-limiting example
of a heat sink bonding system in accordance with one embodiment of the
present invention. FIG.  2 depicts a side view of the adhesive applicator
shown in FIG. 1. FIG. 3A is a flow chart depicting a method that may be
implemented using the bonding system of FIG. 1.  20 FIG 3B is a flow  chart
depicting    another method mat may be implemented  using the bonding
system of FIG. 1. FIGS: 4 and 5 depict a non-limiting example of the
bonding system of FIG. I  that is in the process of applying an adhesive
layer to a heat sink. FIGS. 6 and 7 depict a non limiting example of the
bonding system of FIG. I  that is in the process of applying a printed
circuit assembly to an adhesive layer FIG. 8 depicts one possible
configuration of the bonding system of FIG. 1. DETAILED DESCRIPTION FIG. I
depicts a non-limiting example of a heat sink bonding system 100 in
accordance with one embodiment of the present invention. The bonding system
100  includes a pressure applicator 1.04, an adhesive applicator 106, and a
heat sink holder  102. The adhesive applicator 106 is mounted on the
pressure applicator 104 and has a  curved surface 108 as shown in FIG. 2.
The heat sink holder 102 is for holding a heat  



sink in place while it is being bonded to - a printed circuit assembly.
Although, for  11/01/2006. 5 illustration purposes, the adhesive applicator
106, the pressure applicator 104, and the  heat sink holder 102 are shown
as having rectangular shapes, they may alternatively  be implemented using
many different shapes or combination of shapes as will be  understood by
those skilled in the art. FIG. 2 depicts a side view in the direction
indicated by the arrow 201 of the  adhesive applicator 106 shown in FIG. 1.
The adhesive applicator 106 has a curved  surface 108. that is used for
holding an adhesive layer and/or a printed circuit assembly that are to be
bonded to a heat sink. The. curved surface 108 may be curved  along one
axis (e. g:, may have a cylindrical curve), or may be curved along a
plurality 10 of axes (e-g., may have, a spherical curve). In a preferred
embodiment, the curved surface 108 is curved along the longer axis of the
adhesive applicator ' 106. The  curved surface 108 may have holes 120 (FIG.
8) for providing suction for holding an  adhesive layer and/or a printed
circuit assembly during application of the adhesive  layer- Furthermore,
the curved surface 108 is compliant and may, therefore, be 15 substantially
flattened during the application of the adhesive layer and the printed
circuit. assembly,. respectively, as will be discussed in more detail
below. FIG, 3A is a flow chart depicting a non-limiting example of a method
300 in  accordance with one embodiment of the present invention. In step
301, a heat sink is  placed on a heat sink holder. An indentation in the
heat sink holder and/or protrusions 20 of the holder may be used to
accurately position the heat sink relative to the heat sink holder. The
heat sink maybe kept in place by, for example, applying. suction via
holes. in the heat sink holder. Instep, 302, which maybe performed. before,
after,  and/or during step 301, an adhesive layer is placed on the adhesive
applicator 106.  The adhesive layer is preferably a pressure sensitive
adhesive that has. two opposing 25 adhesive surfaces, and that is applied
by exerting pressure over a surface of the  adhesive. The adhesive layer
may have a protective layer temporarily attached to  each of its adhesive
surfaces. The protective layers prevent the adhesive layer from
accidentally adhering to an object, and are similar in function to those
that are attached to new 'stickers (e.g., new vehicle bumper stickers). In
step 303, a protective  30 layer is removed from the surface of the,
adhesive layer that is facing away from the adhesive applicator 106. After
steps 301-303 are performed, the adhesive layer is  



pressed against the heat sink in step 304 by applying force via the
pressure applicator.  Pressing the adhesive layer against the heat sink
causes the adhesive layer to bond to 11/01/2006 20 sensitive adhesive that
has two opposing adhesive surfaces, and that is applied by the heat sink.
After the adhesive layer bonds to the heat sink, the second protective
layer is removed from the adhesive layer in step 305. In step 306, which
may be performed before, after, or concurrently with step  305, a printed
circuit assembly is placed on the adhesive applicator 106. An 5 indentation
in the adhesive applicator 106 and/or protrusions from it may be used to
accurately position the printed circuit assembly on the adhesive applicator
106. The  printed circuit assembly maybe kept in place by, for example,
providing suction via  holes the adhesive applicator 106. After the printed
circuit assembly is placed on  the adhesive applicator 106, the printed
circuit assembly is pressed against the 1o adhesive layer in step 307 by
applying force via the pressure applicator. Pressing the  printed circuit
assembly against the adhesive layer causes the printed circuit assembly  to
bond to the heat sink via the adhesive layer. Hundreds or even thousand of
pounds  of pressure may be applied via the pressure applicator in order to
properly bond the  printed circuit assembly to the heat sink. 15 FIG. 3B is
a flow chart depicting a non-limiting example of a method 310 in
accordance with an alternative embodiment of the present invention. In step
311, a  printed circuit-assembly is placed on a printed circuit assembly
holder. In step 312,  which may be performed. before, after, and/or during
step 311, an adhesive layer is  placed on an adhesive applicator 106. The
adhesive layer is preferably a pressure 25 30 first protective. layer is
removed from the surface of the adhesive layer that is facing exerting
pressure over a surface of the adhesive. The adhesive layer may have a
protective layer temporarily attached to each of its adhesive surfaces. In
step 313, the away from the adhesive applicator 106. After steps 311-313
are performed, the adhesive layer is pressed against the  .printed circuit
assembly in step 314 by applying force via the pressure applicator.
Pressing the adhesive layer against the printed circuit assembly causes the
adhesive  layer to bond to the printed circuit assembly. After the adhesive
layer bonds to the  printed ,circuit assembly, the second protective layer
is removed from the adhesive  layer in step 315. 



In step 316, which may be performed before, during, or after step 315, a
heat  sink is placed on the adhesive applicator 106. The heat sink is then
pressed against  the adhesive laver by applying force via the pressure
applicator. Pressing the heat a .f 4 11/01/2006 sink against the adhesive
layer causes the heat sink to bond to the printed circuit  assembly via the
adhesive layer. FIGS. 4 and 5 depict a non-limiting example of a-bonding
system 100 that is  in the process of applying an adhesive layer 112 to a
heat sink 110. As shown in FIG. 5 4, force is applied on the pressure
applicator 104 thereby causing the adhesive layer  112 to come into contact
with the heat sink 110. In an alternative embodiment, force  maybe applied
to the heat sink holder 102. As the adhesive layer 112 is pushed toward the
heat sink 110, the first contact between the two components is in the
middle, either along an axis of the curved surface 108 or at a central
point.. Then, as 10 the adhesive layer 112 is pushed against the heat sink
110, the adhesive applicator 106  becomes compressed and/or is flattened,
and additional portions of the two  components come into contact with each
other. Eventually, the formerly curved  surface 108 of the adhesive
applicator 106 is substantially flattened and the bottom  surface of the
adhesive layer 112 comes into full contact with the heat sink 110, as 15
shown in FIG. 5. In this manner, no significant air bubbles or voids are
formed  between the adhesive layer 112 and the heat sink 110 as they are
bonding FIGS. 6 and 7' depict a non-limiting example of a bonding system
100 that is  in the process of applying a printed circuit assembly 114 to
an adhesive layer 112. As  shown in FIG. 6, force is applied on the
pressure applicator 104 thereby causing the 20 printed circuit assembly 114
to come into contact with the, adhesive layer 112. In an  alternative
embodiment, force may be applied to the heat sink holder 102. As the
printed circuit assembly 114 is pushed toward the adhesive layer 112, the
first contact 3 between the two components is in the middle, either along
an axis of the adhesive  applicator 106's "curved surface 108 or at a
central point. Then, as the printed' circuit  25 assembly 114 is pushed
against the adhesive layer 112, the adhesive applicator 106 becomes
compressed and/or is flattened, and a gradually larger portion of the two
components come into contact with each other. Eventually, the formerly
curved  surface 108 of the adhesive applicator 106 is substantially
flattened and the bottom  surface of the printed circuit assembly 114 comes
into full contact with the adhesive  



layer 112, as shown in FIG. 7. In this manner, the printed circuit assembly
114 is  bonded to the heat sink 110 via the adhesive layer 112 without any
significant air  bubbles or voids being formed between the two components.
FIG. 8 depicts .a non-limiting example of a heat sink bond
ing-systepi.100in  accordance with one ennbodiinent of the. present
invention. The bonding system 100 5 11/01/2006 includes a pressure
applicator. -104, an adhesive applicator 106, and a heat sink holder  102.
The adhesive applicator 106 is mounted on the pressure applicator 104 and
has a  curved surface 108 (as shown in FIG. 2). The adhesive applicator 106
also includes  holes 120 for providing suction for holding an adhesive
layer 112 and/or a printed 5 circuit assembly 114 during the respective
component's addition to the heat sink 110  assembly. The pressure
applicator 104 includes handles 128 that can be used to lift  and turn over
the pressure applicator 104, guide pins 124 for guiding the movement of
the pressure applicator 104 onto the.heat sink holder 102, and a suction
valve 122 that  can be connected to a suction pump (not shown) for creating
suction via the holes 10 120. The heat sink holder 102 is for holding a
heat sink 1104 in place while it is  being bonded to a printed circuit
assembly 114. The heat sink holder 102 includes an indented surface for
properly positioning a heat sink 110. Holes 132 in the heat sink  holder
102 provide suction for holding the heat sink 110 in position during the 15
bonding process. The heat sink holder' 102 also includes holes 126 for
receiving  guide pins 124. A suction valve. 134 can be conneected to a
suction pump for  providing suction via the holes 1332. The suction
provided via the upper holes 120 and  the lower holes 132 provides the
resistance necessary to help separate an adhesive  layer 112 from the
adhesive applicator 106. Metal: springs 136 provide resistance for ..20
Pushing 'the pressure applicator 104 away from. the heat sink holder 102.
The force . provided by the. springs 136 helps to separatethe adhesive
layer 112 from the  adhesive applicator 106 after the adhesive layer 112
bonds with a heat sink 110. It should be emphasized that the
above-described embodiments of the present  invention are merely possible
examples setting forth a clear understanding of the 25 principles of the
invention. Many variations and modifications may be made to the
above-described embodiments of the invention without departing
substantially from  the principles of the invention. All such modifications
and variations are intended to  be included herein within the scope of the
disclosure and present invention and 



protected by the following claims. 11/01/2006 CLAIMS What is claimed is: 1
1. A bonding system for bonding a heat sink to a printed circuit assembly,
said 7 bonding system comprising: an adhesive applicator having a first
compliant surface and an 4 6 10 11 12 13 14 i5 2 opposing second surface,
the first compliant surface being sized and shaped to receive a pressure
sensitive :adhesive layer; a pressure applicator engaging the adhesive
applicator, the first surface  of the pressure applicator engaging the
second surface of the  adhesive applicator and being operative to apply
pressure to the adhesive applicator in response to receiving a compressive
force via the second surface of the, pressure applicator and to  apply at
least: a portion of the force to the adhesive. applicator;  and a heat sink
holder having.a recessed portion sized and shaped to  receive the heat sink
and to maintain a position of the heat sink while. the printed circuit
assembly is being bonded to the heat The bonding system of claim 1;
wherein: the compliant first surface exhibits a curved shape when a
compressive  force is not applied thereto, the compliant surface being
further . 4 6 



configured to deform while the pressure sensitive adhesive layer is being
applied to the heat sink, and to regain the curved  shape after the
pressure sensitive adhesive layer is applied to  the heat sink; 11/01/2006
8 9 14 12 13 14 15 the adhesive applicator has holes formed there through
for providing suction to hold the printed circuit assembly when suction is
applied; resilient members are attached to the heat sink holder to provide
resistance for urging the pressure applicator away from the heat  sink
bolder; guide pins extend from the first surface of the pressure
applicator; and  the heat sink holder has holes for receiving said guide
pins such that insertion of said guide pins into said holes aligns said
pressure 17 1 2 3 4 5 6 7 3 applicator with said heat sink holder. A
bonding system for bonding a heat sink to a printed circuit assembly,
comprising: an adhesive applicator having a compliant surface, the
compliant  surface having a curved shape and being configured to hold an  



adhesive layer, the compliant surface beingfurther configured  to deform
while the adhesive layer is being applied to the heat  sink, and to regain
its curved shape after the adhesive layer is applied to the heat sink. The
bonding system ofclaim 3, wherein a first portion of the compliant  surface
is initially flattened-while the adhesive layer is being applied to the
heat sipk, and subsequently_a second portion and a third portion of the
compliant.-surface are flattened while the adhesive layer is being applied
to the heat sink, the second portion and the third portion being on
opposing sides of the first portion. 11/01/2006 1. 5. The bonding system of
claim 3, wherein the adhesive layer initially contacts 2 only a portion of
the heat sink and then, as pressure is applied on the adhesive  3 layer via
the adhesive applicator, the adhesive layer contacts a larger portion  .4
of the heat sink and bonds to the heat sink without the formation of a 5
substantial gas bubble between the adhesive layer and the heat sink. 1 6. 1
2 2 3 The bonding system of claim 3, wherein the adhesive layer is a solid.
The bonding system of claim 3, wherein the adhesive layer comprises
pressure . sensitive adhesive. S: The bonding system of claim 3, further
comprising: a heat ;sink holder that is configured to hold the heat sink
using suction  that is applied through holes in a surface of the heat sink
holder 1 9. . The bonding system of claim 3, wherein the compliant surface
is further  configured to hold the printed circuit assembly using suction
that is applied 3 throughholes - in the compliant surface, and to apply the
printed circuit assembly to the adhesive layer after the adhesive layer is
bonded to the heat.  sink. The bonding system of claim 9, further
comprising a pump for providing the 



2 3  suction used to hold the printed circuit assembly The bonding system
of claim 3, wherein the compliant surface is further  configured to deform
while the adhesive applicator applies the printed circuit  assembly to the:
adhesive layer, and to regain the curved shape after the printed  circuit
assembly has been applied to the adhesive layer. 12.. The bonding system of
claim 3, wherein the heat sink holder is configured to  hold the heat sink
while the adhesive applicator applies the printed circuit  assembly to the
adhesive layer. 9 . 11/01/2006 1 I3. The bonding system of claim I further
comprising: 2 a pressure applicator that is attached to the adhesive
applicator via a 3 first surface of the pressure applicator and that is
configured to  4 apply pressure on the adhesive applicator by receiving a
force 5 from a second surface of the pressure applicator and applying  6
the force to the adhesive applicator via the first surface. 1 I4. A method.
for bonding a heat sink to a printed circuit` assembly, comprising:  2
pressing an adhesive layer against a first portion of the heat sink; and 3
subsequently pressing the adhesive layer against a. second portion and a 4
third portion of the heat sink, where the-second portion and the third.
portion are on opposing sides of the first portion. 1 I5. The method of
claim 14; further comprising: 2 pressin fibs rinted circuit bl i f r g p 



assem y aga nst a i st portion of the  3 adhesive layer; and 4 5  6 I J 4 5
6 12 13 subsequently pressing the printed circuit assembly against a
second.  portion and a third portion of the adhesive layer, wherein the
second portion and the third portion are on opposing sides of  the first
portion: 16. The method of claim 14, further comprising: attaching the
adhesive layer to a compliant curved surface of an .  adhesive applicator
prior to the step of pressing the adhesive  layer against the first portion
of the heat sink; separating the adhesive layer from the compliant curved
surface after the step. o f pressing the adhesive layer against the second
portion acid third portion of the heat sink; attaching :the printed circuit
assembly to. the compliant curved surface  of the adhesive applicator prior
to the step of pressing the  printed circuit assembly against the first
portion of the heat  sink; and separating the printed circuit -assembly
from the compliant curved surface after the. step of pressing the printed
circuit assembly 10 



11/01/2006 14 - against the second portion and the third portion of the
adhesive  15 layer. I IT The method of claim 14, further comprising: 2
removing a first protective layer from the adhesive layer prior to 3
pressing the adhesive layer against the first portion of the heat  4 sink;.
and removing a second first protective layer from the adhesive layer after.
6 pressing the adhesive layer against the second portion and the 7 ,third
portion of the heat sink. 2 4 5 11 11/01/2006 ABSTRACT SYSTEMS AND METHODS
FOR BONDING A HEAT SINK TO A PRINTED  CIRCUIT ASSEMBLY A bonding system is
provided that bonds a heat sink to a printed  circuit assembly. The bonding
system includes an adhesive applicator  that is configured to hold an
adhesive layer, and a heat sink holder  that is configured to hold a heat
sink while the adhesive applicator  applies the adhesive layer to the heat
sink. Fig. 1 12 


