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INTER-CIRCUIT ENCAPSULATED PACKAGING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates in general to a methodology 
to improve thermal and mechanical issues created by 
increased interconnect density, increased poWer levels by 
electronic circuits and increased levels of integrated elec 
tronic packaging. The present invention addresses these 
issues by encapsulating the circuitry Within a circuit board 
structure Which improves thermal, mechanical and inte 
grated circuit device management over eXisting technologies 
knoWn in the art today. 

[0003] 2. Description of Related Art 

[0004] As circuitry in electronics becomes more and more 
complex, packaging of the circuitry has become more dif 
?cult. The common method for packaging integrated circuits 
and other electronic components is to mount them on Printed 
Circuit Boards (PCBs). 

[0005] Recently, the application of neW organic laminates 
in the construction of Multi-Chip-Modules (MCMs) has 
brought about signi?cant improvements in the packaging 
cost and density of electronic circuits. Throughout this 
patent reference Will be made to PCBs Which shall be meant 
to include technologies associated With MCMs as Well. 

[0006] Computer chip clocking speeds have also 
increased. This increase in speed has made it dif?cult to 
couple chips together in such a Way that the chip speeds are 
completely useable. Further, heat generated by integrated 
circuits has increased because of the increased number of 
signals travelling through the integrated circuits. In addition, 
as die siZe increases interconnect delays on the die are 
beginning to limit the circuit speeds Within the die. Typi 
cally, the limitations of a system are contributed to, in part, 
by the packaging of the system itself. These effects are 
forcing greater attention to methods of efficiently coupling 
high-speed circuits. 

[0007] Packaging the integrated circuits onto PCBs has 
become increasingly more difficult because of the signal 
density Within integrated circuits and the requirements of 
heat dissipation. Typical interconnections on a PCB are 
made using traces that are etched or pattern plated onto a 
layer of the PCB. To create shorter interconnections, Surface 
Mount Technology (SMT) chips, Very Large Scale Integra 
tion (VLSI) circuits, ?ip chip bonding, Application Speci?c 
Integrated Circuits (ASICs), Ball Grid Arrays (BGAs), and 
the like, have been used to shorten the transit time and 
interconnection lengths betWeen chips on a PCB. HoWever, 
this technology has also not completely overcome the needs 
for higher signal speeds both intra-PCB and inter-PCB, 
because of thermal considerations, EMI concerns, and other 
packaging problems. 

[0008] In any given system, PCB area (also knoWn as PCB 
“real estate”) is at a premium. With smaller packaging 
envelopes becoming the norm in electronics, e.g., laptop 
computers, spacecraft, cellular telephones, etc., large PCBs 
are not available for use to mount SMT chips, BGAs, ?ip 
chips or other devices. NeWer methods are emerging to 
decrease the siZe of PCBs such as Build-Up-Multilayer 
technology, improved organic laminate materials With 
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reduced thicknesses and dielectric constants and laser beam 
photo imaging. These technologies produce greater pressure 
to maintain the functionality of the PCB assembly in ther 
mal, EMI and poWer application to the semiconductor 
devices. It can be seen, then, that there is a need in the art 
for a method for decreasing the siZe of PCBs While main 
taining the functionality of PCBs. Further, there is a need for 
reducing the siZe of PCBs While using present-day manu 
facturing techniques to maintain loW cost packaging. 

SUMMARY OF THE INVENTION 

[0009] To overcome the limitations in the prior art 
described above, and to overcome other limitations that Will 
become apparent upon reading and understanding the 
present speci?cation, the present invention discloses an 
encapsulated circuit assembly Which utiliZes printed circuit 
boards as a foundation for the assembly structure. The 
assembly comprises a ?rst printed circuit board, a second 
printed circuit board, and a heat transfer device. The second 
printed circuit board comprises a thermal heatsink or sec 
ondary heat transfer mechanism such as a heat pipe and heat 
transfer devices imbedded Within the second printed circuit 
board Which thermally couples devices mounted on the ?rst 
printed circuit board and the thermal heat sink of the second 
printed circuit board. 

[0010] An object of the present invention is to provide 
more ef?cient usage of printed circuit board real estate. 
Another object of the present invention is to increase the 
density of electronics on printed circuit boards. Another 
object of the present invention is to provide heat transfer 
from devices on printed circuit boards. 

[0011] These and various other advantages and features of 
novelty that characteriZe the invention are pointed out With 
particularity in the claims anneXed hereto and form a part 
hereof. HoWever, for a better understanding of the invention, 
its advantages, and the objects obtained by its use, reference 
should be made to the draWings Which form a further part 
hereof, and to the accompanying detailed description, in 
Which there is illustrated and described speci?c examples of 
a method, apparatus, and article of manufacture in accor 
dance With the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0013] FIGS. 1A-1C illustrate the construction of a printed 
circuit board assembly using the present invention; 

[0014] FIGS. 2A-2C illustrates the construction of a 
printed circuit board assembly using the present invention 
for multiple heat generating integrated circuit devices; 

[0015] FIGS. 3A-3B illustrate spacers Which are used in 
conjunction With the present invention; 

[0016] FIGS. 4A-4C illustrate the construction of a printed 
circuit board using the present invention Wherein the thermal 
heat sink is located outboard the active circuit area; 

[0017] FIGS. 5A and 5B illustrate the thermal consider 
ations of a printed circuit board embodying the present 
invention; and 

[0018] FIG. 6 illustrates a How chart describing the steps 
used in practicing the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0019] In the following description of the preferred 
embodiment, reference is made to the accompanying draW 
ings Which form a part hereof, and in Which is shoWn byway 
of illustration a speci?c embodiment in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utilized and structural changes may be made 
Without departing from the scope of the present invention. 

OvervieW 

[0020] The present invention discloses an encapsulated 
circuit assembly and a method for making such an assembly. 
The assembly comprises a ?rst printed circuit board, a 
second printed circuit board, and heat transfer devices. The 
second printed circuit board comprises a heatsink or sec 
ondary heat transfer mechanism such as heat pipes and heat 
transfer devices imbedded Within the second printed circuit 
board Which thermally couples devices mounted on the ?rst 
printed circuit board and the thermal heat sink of the second 
printed circuit board. 

[0021] The present invention provides a method and appa 
ratus for mounting integrated circuit devices onto PCBs that 
removes the heat from those devices that generate large 
amounts of heat. The present invention alloWs for air cool 
ing, heat pipe cooling, or other methods of cooling devices, 
as Well as a compact packaging design to alloW for heat 
generating devices to be packaged into small volumes. 
Furthermore, the present invention can be expanded to 
provide bene?cial aspects to the art of poWer distribution, 
containment of electromagnetic interference and electronic 
signal interconnect. 

Encapsulated Circuit Assembly 

[0022] FIGS. 1A-1C illustrate the construction of an 
encapsulated circuit assembly using the present invention. 
FIG. 1A illustrates an exploded vieW of assembly 100. 
Assembly 100 comprises ?rst printed circuit board (PCB) 
102, second PCB 104, and heat transfer device 106. First 
PCB 102 can be a single layer PCB or multi-layer PCB, 
Where the multi-layer PCB is comprised of alternating layers 
of conducting and non-conducting materials to alloW elec 
trical signals to be routed from device to device on the ?rst 
PCB 102. Devices 108-116 are shoWn mounted on ?rst PCB 
102. Devices 114 and 116 are shoWn as being mounted on 
the opposite side of ?rst PCB 102 as devices 108-112. This 
illustrates that ?rst PCB 102 can have devices 108-116 
mounted on both sides. 

[0023] Device 108 is coupled to ?rst PCB 102 via a Ball 
Grid Array (BGA) 118. BGA 118 provides electrical con 
tacts betWeen device 108 and ?rst PCB 102. Other methods 
of electrical coupling betWeen device 108 and ?rst PCB 102 
are possible, e.g., Wire bonding, solder connections, etc. 
Further, there can also be thermal coupling betWeen device 
108 and PCB 102 if desired. 

[0024] Heat transfer device 106 couples device 108 to 
second PCB 104. Heat transfer device 106 is typically a 
thermally conductive material, e.g., thermal grease, thermal 
epoxy, or a commercially produced material such as 
THERMA-GAPTM. Heat transfer device 106 provides a 
thermal interface betWeen device 108 and the second PCB 
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104. Heat transfer device 106 is typically a mechanically 
compliant material to alloW for minimal applied pressure to 
the device 108 such that device 108 is not subjected to 
additional stress through use of heat transfer device 108. 

[0025] Spacers 141 and fasteners 142 provide for a pre 
cision alignment betWeen boards 102 and 104 and the device 
108 such that a controlled gap exists in Which heat transfer 
device 106 can properly be accommodated Without delete 
rious air gaps nor excessive pressure applied to device 108. 
Additionally, the location of the spacers 141 adjacent to the 
device 108 reduce variations in spacing caused by boW and 
Warpage of board 102 and, to some extent, board 104. 

[0026] Devices 110-116 that are thermally active but do 
not require heat transfer device 106 to cool the devices 
110-116 and are cooled by conduction through ?rst PCB 
102, or through convection should air ?oW be available 
across ?rst PCB 102. OtherWise, additional devices 110-116 
can be coupled to second PCB 104 through additional heat 
transfer devices 106. The present invention is not limited to 
a single device 108 that is cooled through the use of heat 
transfer device 106. Any number of devices 108-116 can be 
cooled through the use of single or multiple heat transfer 
devices 106. 

[0027] Second PCB 104 is mechanically coupled to ?rst 
PCB 102 through the use of fasteners 120 and standoffs 122. 
Fasteners 120 are typically screWs, but can be other types of 
fasteners such as rivets, holloW feedthroughs, connectors, or 
other fasteners. Standoffs 122 are typically unthreaded 
inserts With a height equal to the height of spacer 141. The 
fasteners 120 and standoffs 122 are located at mechanically 
and/or electrically desirable locations on ?rst PCB 102. 
These locations are typically at the periphery of ?rst PCB 
102, but can be anyWhere on ?rst PCB 102. 

[0028] Second PCB 104 has areas 124 that are designed to 
facilitate the transfer of heat from device 108, through heat 
transfer device 106, to a heat sink. Areas 124 comprise 
plated through holes (PTHs) 126, consisting of holes in 
board 104 With interior Walls of plated copper or other high 
thermally conductive material. In addition, the region Within 
the hole may be ?lled With metal, liquid ?lled areas, or other 
thermal transfer devices or mechanisms to enhance thermal 
conduction betWeen the material 106 and the heatsink 130. 
Areas 124 can be designed to be the same siZe, a larger siZe, 
or a smaller siZe than the device 108, depending on the heat 
dissipation requirements for device 108 and the siZe of 
second PCB 104. An additional bene?t of PTHs 126 is to 
provide a means of reducing air pockets in material 106 and 
to provide a volume Where excesses of material 106 may 
How in the case of a reduced gap betWeen device 108 and 
board 104. Still another bene?t of PTHs 126 can be to adjust 
the thermal conductivity of the paths of multiple devices 108 
on a single ?rst PCB 102 to the common “isothermal” 
heatsink 130 such that if the tWo devices 108 have differing 
heat How then the conductivity in each thermal path can be 
adjusted such that the junction temperature of each device 
108 Will be the same. This can be bene?cial in improving 
timing margins of digital devices. 

[0029] Thermal interface 128 is coupled to second PCB 
104 to equaliZe and transfer heat from device 108, through 
heat transfer device 106, and second PCB 104 area 124 to 
heat sink 130. Although shoWn as a ?nned heat sink, 
heatsink 130 can be any device, e.g., a heat pipe, or a layer 
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on second PCB 104 that acts as an isothermal conduction 
layer to properly remove the heat generated by device 108. 
Thermal interface 128 can be electrically conductive, or 
non-electrically conductive, depending on the design for 
second PCB 104. For example, if devices 108-116 need to be 
mounted on second PCB 104, thermal interface 128 should 
be electrically non-conductive so as not to interfere With 
signals travelling betWeen devices 108-116 that are mounted 
on second PCB 104. Thermal interface 128 can be thermal 
epoxy or any other material Which thermally and mechani 
cally bonds second PCB 104 to heatsink 130. 

[0030] FIG. 1B illustrates the assembly 100 as a com 
pleted assembly. The thermal coupling of device 108, heat 
transfer device 106, second PCB 104 in conjunction With 
PTHs 126, thermal interface 128, and heatsink 130 provide 
a thermal path for heat generated by device 108 to be 
dissipated by heatsink 130. Further, air?oW can be provided 
to further cool device 108 and devices 110-116. Although 
shoWn as covering the entire area of second PCB 104, 
heatsink 130 can be larger or smaller than the area of second 
PCB 104. Heatsink 130 also acts as a mechanical stabiliZer 
for assembly 100, to provide additional mechanical stability 
for assemblies 100 that Will experience more severe 
mechanical environments, e.g., vibration. 

[0031] FIG. 1C illustrates assembly 100 in an isometric 
vieW. Heatsink 130 is shoWn as smaller than second PCB 
104 and thermal interface 128 to illustrate the ?exibility of 
the design of the present invention. Air?ow can again be 
provided to increase the heat dissipation capabilities of 
assembly 100. 

Multiple Device Encapsulated Circuit Assembly 

[0032] FIGS. 2A-2B illustrate the construction of an 
encapsulated circuit assembly using the present invention 
for multiple heat generating integrated circuit devices. FIG. 
2A illustrates an exploded vieW of assembly 100. Assembly 
100 comprises ?rst printed circuit board (PCB) 102, second 
PCB 104, and heat transfer device 106. First PCB 102 can 
be a single layer PCB or multi-layer PCB, Where the 
multi-layer PCB is comprised of alternating layers of con 
ducting and non-conducting materials to alloW electrical 
signals to be routed from device to device on the ?rst PCB 
102. Devices 108, 114-116, and 132 are shoWn mounted on 
?rst PCB 102. Devices 114 and 116 are shoWn as being 
mounted on the opposite side of ?rst PCB 102 as devices 
108 and 132. This illustrates that ?rst PCB 102 can have 
devices 108, 114-116, and 132 mounted on both sides. 

[0033] Devices 108 and 132 are coupled to ?rst PCB 102 
via a Ball Grid Array (BGA) 118. BGA 118 provides 
electrical contacts betWeen devices 108 and 132 and ?rst 
PCB 102. Other methods of electrical coupling betWeen 
devices 108 and 132 and ?rst PCB 102 are possible, e.g., 
Tape Automated Bonding (TAB), SMT, ?ip chip, etc. Fur 
ther, there can also be thermal coupling betWeen devices 108 
and 132 and PCB 102 if desired. 

[0034] Heat transfer device 106 couples device 108 to 
second PCB 104. Heat transfer device 106 is typically a 
thermally conductive material, e.g., thermal grease, thermal 
epoxy, or a commercially produced material such as 
THERMA-GAPTM. Heat transfer device 106 provides a 
thermal interface betWeen device 108 and the second PCB 
104. Heat transfer device 106 is typically a mechanically 
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compliant material to alloW for minimal applied pressure to 
the device 108 such that device 108 is not subjected to 
additional stress through use of heat transfer device 108. 

[0035] Spacers 141 and fasteners 142 provide for a pre 
cision alignment betWeen boards 102 and 104 and the device 
108 such that a controlled gap exists in Which heat transfer 
device 106 can properly be accommodated Without delete 
rious air gaps nor excessive pressure applied to device 108. 
Additionally, the location of the spacers 141 adjacent to the 
device 108 reduce variations in spacing caused by boW and 
Warpage of board 102 and, to some extent, board 104. 

[0036] Devices 114-116 that are thermally active but do 
not require heat transfer device 106 to cool the devices 
114-116 are cooled by conduction through ?rst PCB 102, or 
through convection should air ?oW be available across ?rst 
PCB 102. 

[0037] Device 132 is another heat generating device simi 
lar to device 108. HoWever, all devices 108 and 132 that Will 
require additional cooling through heat transfer device 106, 
second PCB 104, and heatsink 130 are not the same siZe 
and/or height. Therefore, each device 108 and 132 must be 
treated individually using the present invention to best 
provide heat dissipation for each device 108 and 132. In 
FIG. 2A, device 132 is shoWn as having a height 134 
smaller than height 136 of device 108. There can be many 
devices 108 and 132 of varying heights mounted on ?rst 
PCB 102, all of Which can be cooled by the assembly 100 
of the present invention, through use of an additional ther 
mal interface 138 and a thermally conductive spacer 140. 

[0038] Thermal interface 138 provides a thermal path for 
device 132 that Will alloW heat generated by device 132 to 
be dissipated by heatsink 130. Thermal interface 138 can be 
similar to heat transfer device 106, but can also be a different 
thermal transfer material to provide a proper thermal dissi 
pative path. As an example thermal interface 138 need not 
be mechanically compliant so long as thermal interface 106 
above it is. Thus, the use of a hardening thermal epoxy may 
be useful to hold spacer 140 in place during assembly. 

[0039] Spacer 140 is provided to increase height 134 to 
approximate height 136. This alloWs device 108 and device 
132 to contact heat transfer device 106, Which in turn 
contacts second PCB 104 and heatsink 130 to transfer heat 
from devices 108 and 132 to heatsink 130. Spacer 140 is 
shoWn as larger in siZe than device 132, Which can provide 
for heat spreading of the heat generated by device 132 to 
heatsink 130. Spacer 140 can be of any siZe relative to 
device 132. Further, there can be spacers 140 on more than 
one device 108 and 132. 

[0040] Where height differences betWeen devices are rela 
tively small and poWer levels modest these height differ 
ences may bene?cially be accommodated by selecting vary 
ing thicknesses of heat transfer device 106 rather than 
utiliZing thermal interface 138 and spacer 140. 

[0041] Second PCB 104 is coupled mechanically to ?rst 
PCB 102 through the use of fasteners 120 and standoffs 122. 
Fasteners 120 are typically screWs, but can be other types of 
fasteners such as rivets, feedthroughs that are holloW, con 
nectors, or other fasteners. Standoffs 122 are typically 
unthreaded inserts With a height equal to the height of spacer 
141. The fasteners 120 and standoffs 122 are located at 
mechanically and/or electrically desirable locations on ?rst 
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PCB 102. These locations are typically at the periphery of 
?rst PCB 102, but can be anywhere on ?rst PCB 102. 
Second PCB 104 has areas 124 that are designed to facilitate 
the transfer of heat from devices 108 and 132, through heat 
transfer device 106, to a heat sink. Areas 124 comprise 
plated through holes (PTHs) 126, consisting of holes in 
board 104 With interior Walls of plated copper or other high 
thermally conductive material. In addition, the region Within 
the hole may be ?lled With metal, liquid ?lled areas, or other 
thermal transfer devices or mechanisms to enhance thermal 
conduction betWeen material 106 and heatsink 130. Areas 
124 can be designed to be the same siZe, a larger siZe, or a 
smaller siZe than the device 108, depending on the heat 
dissipation requirements for device 108 and the siZe of 
second PCB 104. An additional bene?t of PTHs 126 is to 
provide a means of reducing air pockets in material 106 and 
to provide a volume Where excesses of material 106 may 
How in the case of a reduced gap betWeen device 108 and 
104. 

[0042] Thermal interface 128 is coupled to second PCB 
104 to equaliZe and transfer heat from device 108, through 
heat transfer device 106 and second PCB 104 area 124 to 
heat sink 130. Although shoWn as a ?nned heat sink, 
heatsink 130 can be any device, e.g., a heat pipe, or a layer 
on second PCB 104 that acts as an isothermal conduction 
layer to properly remove the heat generated by device 108. 
Thermal interface 128 can be electrically conductive, or 
non-electrically conductive, depending on the design for 
second PCB 104. For example, if devices 108-116 need to be 
mounted on second PCB 104, thermal interface 128 can be 
electrically non-conductive so as not to interfere With signals 
travelling betWeen devices 108-116 that are mounted-on 
second PCB 104. Thermal interface 128 can be thermal 
epoxy or any other material Which thermally and mechani 
cally bonds board 104 to heatsink 130. 

[0043] FIG. 2B illustrates the assembly 100 of FIG. 2A as 
a completed assembly. The thermal coupling of devices 108 
and 132, heat transfer device 106, thermal interface 138, 
spacer 140, second PCB 104 in conjunction With PTHs 126, 
thermal interface 128, and heatsink 130 provide thermal 
paths for heat generated by devices 108 and 132 to be 
dissipated by heatsink 130. Further, air?oW can be provided 
to further cool devices 108 and 132, as Well as devices 
110-116. Although shoWn as covering the entire area of 
second PCB 104, heatsink 130 can be larger or smaller than 
the area of second PCB 104. Heatsink 130 also acts as a 
mechanical stabiliZer for assembly 100, to provide addi 
tional mechanical stability for assemblies 100 that Will 
experience more severe mechanical environments, e.g., 
vibration. 

[0044] FIG. 3A illustrates in plan and section vieWs a 
molded plastic spacer 143 that may be used in place of 
spacers 141 around a device that must be thermally coupled 
to board 104. This spacer has clearance holes 145 for 
fasteners 142. Although spacer 143 is shoWn With four 
clearance holes 145, spacer 143 can have any number of 
clearance holes 145 Without departing from the scope of the 
present invention. Imbedded metal spacers may be molded 
into holes 145 Where it may be desirous to provide electrical 
contact betWeen board 102 and board 104. Spacer 143 
substantially surrounds device 108, but can take any shape 
desired. A feature of the spacer is pins 144 that engage in 
mating holes of board 102 and act to hold spacer 143 in place 
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until ?nal assembly of assembly 100. An additional bene?t 
of spacer 143 is that it provides complete enclosure of device 
108 to prevent accidental damage. Furthermore, spacer 143 
may be used to provide thermal isolation betWeen device 
108 and the remainder of the board assembly 100. 

[0045] FIG. 3B illustrates a molded plastic spacer 147 that 
may be used in place of spacers 141 Which have been 
previously described as used to couple second PCB 104 to 
?rst PCB 102. This spacer 147 is shoWn as having ten 
clearance holes 150 for fasteners 120, hoWever a larger or 
smaller number of fasteners may be used as the need and 
siZe of the PCBs 102 and 104 require. Imbedded metal 
spacers may be molded into holes 150 Where it may be 
desirous to provide electrical contact betWeen board 102 and 
board 104. Furthermore, the entire molded assembly may be 
formed as a cast metal structure or other metallic form Which 
may be useful in the containment of electromagnetic radia 
tion. A feature of the spacer 147 is pins 149 that engage in 
mating holes of board 102 and act to hold in place spacer 147 
until ?nal assembly of 100. An additional bene?t of spacer 
147 is that it provides complete enclosure of device 108 to 
prevent accidental damage. Furthermore, spacer 147 may be 
used to provide environmental isolation to the internal 
components of assembly 100. 

Embodiments Of The Present Invention 

[0046] FIGS. 4A-4C illustrate the construction of a printed 
circuit board using the present invention. FIG. 4A illustrates 
an exploded vieW of assembly 100. Assembly 100 comprises 
?rst printed circuit board (PCB) 102, second PCB 104, and 
heat transfer device 106. First PCB 102 can be a single layer 
PCB or multi-layer PCB, Where the multi-layer PCB is 
comprised of alternating layers of conducting and non 
conducting materials to alloW electrical signals to be routed 
from device to device on the ?rst PCB 102. Devices 108, 
114, and 116 are shoWn mounted on ?rst PCB 102. Devices 
114 and 116 are shoWn as being mounted on the opposite 
side of ?rst PCB 102 as device 108. This illustrates that ?rst 
PCB 102 can have devices 108, 114, and 116 mounted on 
both sides. 

[0047] Device 108 is coupled to ?rst PCB 102 via a Ball 
Grid Array (BGA) 118. BGA 118 provides electrical con 
tacts betWeen device 108 and ?rst PCB 102. Other methods 
of electrical coupling betWeen device 108 and ?rst PCB 102 
are possible, e.g., Wire bonding, solder connections, etc. 
Further, there can also be thermal coupling betWeen device 
108 and PCB 102 if desired 

[0048] Heat transfer device 106 couples device 108 to 
second PCB 104. Heat transfer device 106 is typically a 
thermally conductive material, e.g., thermal grease, thermal 
epoxy, or a commercially produced material such as 
THERMA-GAPTM. Heat transfer device 106 provides a 
thermal interface betWeen device 108 and the second PCB 
104. Heat transfer device 106 is typically a mechanically 
compliant material to alloW for minimal applied pressure to 
the device 108 such that device 108 is not subjected to 
additional stress through use of heat transfer device 108. 

[0049] Spacers 141 and fasteners 142 provide for a pre 
cision alignment betWeen boards 102 and 104 and the device 
108 such that a controlled gap exists in Which heat transfer 
device 106 can properly be accommodated Without delete 
rious air gaps nor excessive pressure applied to device 108. 
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Additionally, the location of the spacers 141 adjacent to the 
device 108 reduce variations in spacing caused by bow and 
Warpage of board 102 and, to some extent, board 104. 

[0050] Devices 114-116 that are thermally active but do 
not require heat transfer device 106 to cool the devices 
114-116 are cooled by conduction through ?rst PCB 102, or 
through convection should air ?oW be available across ?rst 
PCB 102. OtherWise, additional devices 114-116 can be 
coupled to second PCB 104 through additional heat transfer 
devices 106. The present invention is not limited to a single 
device 108 that is cooled through the use of heat transfer 
device 106. Any number of devices 108 can be cooled 
through the use of single or multiple heat transfer devices 
106. 

[0051] Second PCB 104 is coupled mechanically to ?rst 
PCB 102 through the use of fasteners 120 and standoffs 122. 
Fasteners 120 are typically screWs, but can be other types of 
fasteners such as rivets, holloW feedthroughs, connectors, or 
other fasteners. Standoffs 122 are typically unthreaded 
inserts With a height equal to the height of spacer 141. The 
fasteners 120 and standoffs 122 are located at mechanically 
and/or electrically desirable locations on ?rst PCB 102. 
These locations are typically at the periphery of ?rst PCB 
102, but can be anyWhere on ?rst PCB 102. 

[0052] Second PCB 104 has areas 124 that are designed to 
facilitate the transfer of heat from device 108, through heat 
transfer device 106, to a heat sink. Areas 124 comprise 
plated though holes (PTHs) 126, consisting of holes in board 
104 With interior Walls of plated copper or other high 
thermally conductive material. In addition, the region Within 
the hole may be ?lled With metal or other thermal transfer 
devices or mechanisms to enhance thermal conduction 
betWeen the material 106 and the heatsink 130. Areas 124 
can be designed to be the same siZe, a larger siZe, or a 
smaller siZe than the device 108, depending on the heat 
dissipation requirements for device 108 and the siZe of 
second PCB 104. An additional bene?t of PTHs 126 is to 
provide a means of reducing air pockets in material 106 and 
to provide a volume Where excesses of material 106 may 
How in the case of a reduced gap betWeen device 108 and 
board 104. Still another bene?t of PTHs 126 can be to adjust 
the thermal conductivity of the paths of devices 108 and 132 
to the common “isothermal” lateral heat spreader block 146 
such that if the tWo devices have differing heat How then the 
conductivity in each path can be adjusted such that the 
junction temperature of each device Will be the same. This 
can be bene?cial in improving timing margins of digital 
devices. 

[0053] Thermal interface 128 is coupled to second PCB 
104 to equaliZe and transfer heat from device 108, through 
heat transfer device 106 and second PCB 104 area 124 to 
lateral heat spreader block 146. Heat spreader block 146 is 
desirably of a thermally high conductivity material such as 
aluminum Which alloWs the heat emanating from devices 
108 and 132 to How to heat sink 130 Which is located outside 
of the volume used by boards 102 and 104. Additionally, 
heat spreader block 146 may incorporate imbedded heat 
pipes to enhance lateral thermal conduction and/or reduce 
height. Although shoWn as a ?nned heat sink, heatsink 130 
can be any device, e.g., a heat pipe, that can conduct heat out 
of the heat spreader block 146. Thermal interface 128 can be 
electrically conductive, or non-electrically conductive, 
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depending on the design for second PCB 104. For example, 
if devices 108-116 need to be mounted on second PCB 104, 
thermal interface 128 should be electrically non-conductive 
so as not to interfere With signals travelling betWeen devices 
108-116 that are mounted on second PCB 104. Thermal 
interface 128 can be thermal epoxy or any other material 
Which thermally and mechanically bonds board 104 to 
heatsink 130 and betWeen heatsink 130 and heat spreader 
block 146. 

[0054] As opposed to FIG. 1A, heatsink 130 is noW 
shoWn as being mounted outboard the volume occupied by 
PCB 102 and second PCB 104. This ?exibility of the present 
invention to mount the heatsink 130 at multiple locations 
provides additional design capabilities, i.e., the height of 
assembly 100 is noW independent of the height of heatsink 
130. Thus, heat dissipative capability is provided Without 
additional volume requirements for assembly 100 other than 
the height of heat spreader block 146. 

[0055] FIG. 4B illustrates the assembly 100 as a com 
pleted assembly. The thermal coupling of device 108, heat 
transfer device 106, second PCB 104, thermal interface 128, 
heat spreader block 146 and heatsink 130 provide a thermal 
path for heat generated by device 108 to be dissipated by 
heatsink 130. Further, air?oW can be provided to further cool 
device 108 and devices 114-116. Heatsink 130 can be larger 
or smaller than the height of PCB 102, PCB 104 and heat 
spreader block 146. Heat spreader block 146 also acts as a 
mechanical stabiliZer for assembly 100, to provide addi 
tional mechanical stability for assemblies 100 that Will 
experience more severe mechanical environments, e.g., 
vibration. 

[0056] FIG. 4C illustrates assembly 100 in an isometric 
vieW. Heatsink 130 is shoWn as residing outboard of ?rst 
PCB 102 and second PCB 104. Thermal interface 128 is 
shoWn on the opposite side of second PCB 104, and is shoWn 
as smaller than second PCB 104 to illustrate the ?exibility 
of the design of the present invention. Air?oW can again be 
provided to increase the heat dissipation capabilities of 
assembly 100. 

[0057] The design of FIGS. 4A-4C can be used Where 
assembly 100 height is at a premium, or, Where the heatsink 
130 Would be more ef?cient located outboard ?rst PCB 102 
and second PCB 104 than it Would be if heatsink 130 sat atop 
second PCB 104. This might occur When it is desirous to 
locate assembly 100 adjacent to similar assemblies 100 as 
close as practical to minimiZe electrical interconnect 
lengths, Where air?oW over the top of second PCB 104 is 
less than air?oW outboard of assembly 100. Further, the 
placement of heatsink 130 outboard ?rst PCB 102 and 
second PCB 104 alloWs heatsink 130 to be electrically 
grounded, or placed at a desired potential, using both ?rst 
PCB 102 and second PCB 104. 

Thermal Considerations 

[0058] FIGS. 5A and 5B illustrate the thermal consider 
ations of a printed circuit board embodying the present 
invention. 

[0059] FIG. 5A illustrates assembly 100 With the various 
thermal interfaces described for the present invention. The 
silicon die is represented as die 148. Thermal Interface 1 
(TI1) 172 is the thermal interface internal to the device 108 
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between device heatspreader 178 and silicon die 148. 
Heatspreader 178 may not always be present in Which case 
thermal interface 172 Would be used to represent the thermal 
resistance of the outside package surface to the silicon die 
148, eg molding compound. Thermal Interface 2 (TI2) 174 
is the interface betWeen second PCB 104 and device 108. 
Thermal Interface 3 (T13) 176 is the interface betWeen 
second PCB 104 and heatsink 130. 

[0060] Plated through holes (PTH) 180 is the area 124 of 
PCB 104 that alloWs thermal conduction through the board 
104. Heatsink (HSK) 130 is the device that couples the heat 
How to the air or in some cases to thermal pipes to remote 
radiators. FIG. 5B illustrates the thermal schematic for the 
assembly 100 shoWn in FIG. 5A. Starting from die 148, 
TI1172 receives a thermal resistance value, theta TI1 (0TH) 
186, HS1178 receives a thermal resistance value theta HS1 
(eHsl) 188, TI2174 receives a thermal resistance value, theta 
TI2 (BT12) 190, HV 180 receives a thermal resistance value, 
theta HV (GHV) 192, TI3176 receives a thermal resistance 
value, theta TI3 (STE) 194, and HSK 130 receives a thermal 
resistance value, theta HSK (GHSK) 202. The thermal resis 
tances of the assembly 100 are determined in terms of 
degrees centigrade per Watt (° C./W). To determine the total 
temperature rise across the interface from silicon die 148 to 
ambient air, the total poWer of the device is multiplied by the 
total thermal resistance: 

[0061] For eXample, a 1° C./W total thermal resistance for 
a 50 Watt device Would yield a total temperature change of 
50° C. 

[0062] FIG. 6 illustrates a How chart describing the steps 
used in practicing the present invention. 

[0063] Block 204 represents the step of mounting a heat 
generating device on a ?rst printed circuit board. 

[0064] Block 206 represents the step of thermally coupling 
the heat generating device to a heatsink coupled to a second 
printed circuit board, Wherein a thermal path passes through 
the second printed circuit board. 

Conclusion 

[0065] This concludes the description of the preferred 
embodiment of the invention. The folloWing describes some 
alternative embodiments for accomplishing the present 
invention. Assembly 100 can have both rigid and ?exible 
layers to accommodate the needs of PCB designers Without 
departing from the scope of the present invention. Further, 
the thicknesses of assembly 100 can be modi?ed to accom 
modate components as needed. 

[0066] Although described With respect to thermal con 
siderations, the present invention can also be used to shield 
device 108 from outside radiative effects, e.g., radiation, 
electromagnetic interference, etc. Further, device 108 can be 
shielded from emitting radiation and/or electromagnetic 
signals to the outside World through the use of the present 
invention. The present invention can also be used to provide 
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poWer to devices through the second PCB 104 by contacting 
the device 108 through spacers 124 or standoffs 122. 

[0067] In summary, the present invention discloses an 
encapuslated circuit assembly and a method for making such 
an assembly. The assembly comprises a ?rst printed circuit 
board, a second printed circuit board, and a heat transfer 
device. The second printed circuit board comprises a heat 
sink, and the heat transfer device couples betWeen a device 
mounted on the ?rst printed circuit board and the second 
printed circuit board for transferring heat from the device to 
the heatsink of the second printed circuit board. 

[0068] The foregoing description of the preferred embodi 
ment of the invention has been presented for the purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed. 
Many modi?cations and variations are possible in light of 
the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. 

What is claimed is: 
1. A printed circuit board assembly, comprising: 

a ?rst printed circuit board; 

a second printed circuit board, coupled to the ?rst printed 
circuit board, Wherein the second printed circuit board 
comprises a heatsink; and 

a heat transfer device, Wherein the heat transfer device 
couples betWeen a device mounted on the ?rst printed 
circuit board and the second printed circuit board, for 
transferring heat from the device to the heatsink of the 
second printed circuit board. 

2. The printed circuit board assembly of claim 1, Wherein 
the second printed circuit board further comprises an area 
designed to transfer heat from the device to the heatsink. 

3. The printed circuit board assembly of claim 1, further 
comprising a plate, coupled betWeen the heat transfer device 
and the second printed circuit board, for providing a larger 
contact area to the heatsink. 

4. The printed circuit board assembly of claim 1, Wherein 
the heatsink is selected from a group comprising a ?nned 
heat sink, a heat pipe, and a metallic layer. 

5. The printed circuit board assembly of claim 1, Wherein 
the heat transfer device is selected from a group comprising 
thermal grease, thermal epoXy, and metal. 

6. The printed circuit board assembly of claim 1, Wherein 
the second circuit board includes areas Where devices are 
electrically coupled to the second circuit board. 

7. The printed circuit board assembly of claim 1, Wherein 
the device is mounted to the ?rst printed circuit board using 
a ball grid array. 

8. The printed circuit board assembly of claim 1, Wherein 
multiple devices are thermally coupled to the second printed 
circuit board. 

9. The printed circuit board assembly of claim 1, Wherein 
the heatsink is situated outboard both the ?rst printed circuit 
board and the second printed circuit board using a lateral 
heat spreader block. 

10. The printed circuit board assembly of claim 1, further 
comprising a spacer, Wherein the spacer substantially sur 
rounds the device. 

11. The printed circuit board assembly of claim 10, 
Wherein the spacer comprises metal spacers for providing 
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electrical conduction between the ?rst printed circuit board 
and the second printed circuit board. 

12. The printed circuit board assembly of claim 1, Wherein 
a spacer is mounted substantially at the periphery of the ?rst 
printed circuit board. 

13. The printed circuit board assembly of claim 1, Wherein 
the second printed circuit board includes plated through 
holes. 

14. The printed circuit board assembly of claim 13, 
Wherein the plated through holes substantially equaliZe 
temperatures betWeen a ?rst device and a second device. 

15. The printed circuit board assembly of claim 1, Wherein 
the heat transfer device has a variable height to accommo 
date a ?rst device having a ?rst height and a second device 
having a second height. 

16. A method for dissipating heat from a device, com 
prising the steps of: 

mounting a heat generating device on a ?rst printed circuit 
board; and 

thermally coupling the heat generating device to a heat 
sink coupled to a second printed circuit board, Wherein 
a thermal path passes through the second printed circuit 
board. 

17. The method of claim 16, Wherein the second printed 
circuit board further comprises an area designed to transfer 
heat from the device to the heatsink. 

18. The method of claim 16, further comprising the step 
of providing a larger contact area for the heat generating 
device to the heatsink to dissipate more heat from the heat 
generating device. 

19. The method of claim 16, Wherein the heatsink is 
selected from a group comprising a ?nned heat sink, a heat 
pipe, and a metallic layer. 
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20. The method of claim 16, Wherein the thermal coupling 
betWeen the heat generating device and the second printed 
circuit board is selected from a group comprising thermal 
grease, thermal epoXy, and metal. 

21. The method of claim 16, Wherein the second circuit 
board includes areas Where a device is electrically coupled 
to the second circuit board. 

22. The method of claim 16, Wherein the heat generating 
device is mounted to the ?rst printed circuit board using a 
ball grid array. 

23. The method of claim 16, Wherein multiple heat 
generating devices are thermally coupled to the second 
printed circuit board. 

24. The method of claim 16, Wherein the heatsink is 
situated outboard both the ?rst printed circuit board and the 
second printed circuit board. 

25. Aprinted circuit board assembly manufactured by the 
steps comprising: 

mounting a heat generating device on a ?rst printed circuit 
board; and 

thermally coupling the heat generating devices to a heat 
sink coupled to a second printed circuit board; Wherein 
a thermal path passes through the second printed circuit 
board. 

26. The printed circuit board of claim 25, Wherein mul 
tiple heat generating devices are thermally coupled to the 
second printed circuit board. 


