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(57) ABSTRACT 

Astack up assembly for supplying poWer and removing heat 
from a microprocessor While controlling electromagnetic 
emissions is disclosed. The stack up assembly comprises a 
VRM circuit board or poWer regulation module, having a 
?rst side and a second side; a thermally conductive plate 
such as a vapor plate having a ?rst side and a second side, 
Wherein the thermally conductive plate ?rst side is thermally 
coupled to the second side of the VRM circuit board; and a 
microprocessor having a ?rst side and a second side, the 
microprocessor ?rst side thermally coupled to the vapor 
plate second side. 
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METHOD AND APPARATUS FOR THERMAL AND 
MECHANICAL MANAGEMENT OF A POWER 

REGULATOR MODULE AND MICROPROCESSOR 
IN CONTACT WITH A THERMALLY 

CONDUCTING PLATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of the following 
US. Provisional Patent Applications, each of Which are 
incorporated by reference herein: 

[0002] application Ser. No. 60/187,777, entitled “NEXT 
GENERATION PACKAGING FOR EMI CONTAIN 
MENT, POWER DELIVERY, AND THERMAL DISSIPA 
TION USING INTER-CIRCUIT ENCAPSULATED 
PACKAGING TECHNOLOGY,” by Joseph T. DiBene II 
and David H. Hartke, ?led Mar. 8, 2000; 

[0003] application Ser. No. 60/196,059, entitled “EMI 
FRAME WITH POWER FEED-THROUGHS AND THER 
MAL INTERFACE MATERIAL IN AN AGGREGATE 
DIAMOND MIXTURE,” by Joseph T. DiBene II and David 
H. Hartke, ?led Apr. 10, 2000; 

[0004] application Ser. No. 60/219,813, entitled “HIGH 
CURRENT MICROPROCESSOR POWER DELIVERY 
SYSTEMS,” by Joseph T. DiBene II, ?led Jul. 21, 2000; 

[0005] application Ser. No. 60/232,971, entitled “INTE 
GRATED POWER DISTRIBUTION AND SEMICON 
DUCTOR PACKAGE,” by Joseph T. DiBene II and James 
J. Hjerpe, ?led Sep. 14, 2000; 

[0006] application Ser. No. 60/251,222, entitled “INTE 
GRATED POWER DELIVERY WITH FLEX CIRCUIT 
INTERCONNECTION FOR HIGH DENSITY POWER 
CIRCUITS FOR INTEGRATED CIRCUITS AND SYS 
TEMS,” by Joseph T. DiBene II and David H. Hartke, ?led 
Dec. 4, 2000; 

[0007] application Ser. No. 60/251,223, entitled “MICRO 
I-PAK FOR POWER DELIVERY TO MICROELEC 
TRONICS,” by Joseph T. DiBene II and Carl E. Hoge, ?led 
Dec. 4, 2000; and 

[0008] application Ser. No. 60/251,184, entitled “MICRO 
PROCESSOR INTEGRATED PACKAGING,” by Joseph T. 
DiBene II, ?led Dec. 4, 2000. 

[0009] This patent application is also continuation-in-part 
of the following co-pending and commonly assigned patent 
applications, each of Which applications are hereby incor 
porated by reference herein: 

[0010] application Ser. No. 09/353,428, entitled “INTER 
CIRCUIT ENCAPSULATED PACKAGING,” by Joseph T. 
DiBene II and David H. Hartke, ?led Jul. 15, 1999; 

[0011] application Ser. No. 09/432,878, entitled “INTER 
CIRCUIT ENCAPSULATED PACKAGING FOR POWER 
DELIVERY,” by Joseph T. DiBene II and David H. Hartke, 
?led Nov. 2, 1999; 

[0012] Application Ser. No. 09/727,016, entitled “EMI 
CONTAINMENT USING INTER-CIRCUIT ENCAPSU 
LATED PACKAGING TECHNOLOGY” by Joseph T. 
DiBene II and David Hartke, ?led Nov. 28, 2000; 
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[0013] Application Ser. No. entitled “METHOD 
AND APPARATUS FOR PROVIDING POWER TO A 
MICROPROCESSOR WITH INTEGRATED THERMAL 
AND EMI MANAGEMENT,” by Joseph T. DiBene II, 
David H. Hartke, James J. Hjerpe Kaskade, and Carl E. 
Hoge, ?led Feb. 16, 2001; and 

[0014] Application Ser. No. entitled “THERMAL/ 
MECHANICAL SPRINGBEAM MECHANISM FOR 
HEAT TRANSFER FROM HEAT SOURCE TO HEAT 
DISSIPATING DEVICE,” by Joseph T. DiBene II, David H. 
Hartke, Wendell C. Johnson, and EdWard J. Derian, ?led 
Mar. 2, 2001. 

[0015] This patent application is also related to Applica 
tion Ser. No. entitled “METHOD AND APPARA 
TUS FOR DELIVERING POWER TO HIGH PERFOR 
MANCE ELECTRONIC ASSEMBLIES” by Joseph T. 
DiBene II, David H. Hartke, Carl E. Hoge, James M. Broder, 
EdWard J. Derian, Joseph S. Riel, and Jose B. San Andres, 
?led on same date hereWith, Which application is hereby 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0016] 1 Field of the Invention 

[0017] The present invention relates to electronic systems, 
and in particular to a system and method for managing 
thermal poWer dissipation utiliZing a thermally conducting 
plate such as, but not limited to a vapor plate that is 
thermally and mechanically connected to a microprocessor 
and a poWer regulator module. 

[0018] 2. Description of the Related Art 

[0019] Vapor plates are extremely ef?cient con?gurations 
for providing thermal poWer dissipation in small form 
factors. Vapor plates have been used for many years in a 
variety of applications to remove thermal poWer from heat 
generating entities including electronic circuits. The vapor 
plate relies on vaporiZation and condensation of a liquid in 
a closed system eliminating the need for an external reser 
voir or ?oWing liquid. Also, because the temperature differ 
ence betWeen the vaporiZation Zone of the vapor plate and 
the condensation Zone is usually very small, (several degrees 
centigrade) thermal conductivity can be as much as tWo 
orders of magnitude greater than phonon conduction through 
condensed media such as solid copper plates. 

[0020] Although vapor plates are highly desirable from the 
standpoint of thermal poWer dissipation for microelectronic 
applications requiring form factor minimiZation, the com 
parative cost betWeen the vapor plate and conventional, 
?nned heatsinks With solid metallic bases is often prohibi 
tive. Also, for systems requiring multiple thermal poWer 
dissipation paths, the vapor plate must often be dedicated to 
thermal poWer dissipation from only one component such as 
a microprocessor. 

[0021] In high-performance desktop or high-end Worksta 
tion/servers, high-speed microprocessor packaging must be 
designed to provide increasingly small form-factors. Meet 
ing end user performance requirements With minimal form 
factors While increasing reliability and manufacturability 
presents signi?cant challenges in the areas of poWer distri 
bution, thermal management, and electromagnetic interfer 
ence (EMI) containment. 
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[0022] To increase reliability and reduce thermal dissipa 
tion requirements, neWer generation processors are designed 
to operate With reduced voltage and higher current. Unfor 
tunately, this creates a number of design problems. 

[0023] First, the loWered operating voltage of the proces 
sor places greater demands on the poWer regulating circuitry 
and the conductive paths providing poWer to the processor. 
Typically, processors require supply voltage regulation to 
Within 10% of nominal. In order to account for impedance 
variations in the path from the poWer supply to the processor 
itself, this places greater demands on the poWer regulating 
circuitry, Which must then typically regulate poWer supply 
voltages to Within 5% of nominal. 

[0024] LoWer operating voltages have also lead engineers 
aWay from centraliZed poWer supply designs to distributed 
poWer supply architectures in Which poWer is bused Where 
required at high voltages and loW current, Where it is 
converted to the loW-voltage, high-current poWer required 
by the processor from nearby poWer conditioning circuitry. 
[0025] While it is possible to place poWer conditioning 
circuitry on the processor package itself, this design is 
dif?cult to implement because of the unmanageable physical 
siZe of the components in the poWer conditioning circuitry 
(e.g. capacitors and inductors), and because the addition of 
such components can have a deleterious effect on processor 
reliability. Such designs also place additional demands on 
the assembly and testing of the processor packages as Well. 

[0026] Further exacerbating the problem are the transient 
currents that result from varying demands on the processor 
itself. Processor computing demands vary Widely over time, 
and higher clock speeds and poWer conservation techniques 
such as clock gating and sleep mode operation give rise to 
transient currents in the poWer supply. Such poWer ?uctua 
tions can require changes of hundreds of amps Within a feW 
nanoseconds. The resulting current surge betWeen the pro 
cessor and the poWer regulation circuitry can create unac 
ceptable spikes in the poWer supply voltage 

[0027] Thermal management must also take nearby volt 
age regulator ef?ciencies into account. An 85% ef?cient 
voltage regulator driving a 130 Watt device dissipates over 
20 Watts. This makes it more dif?cult to locate the voltage 
regulator close to the processor because the thermal man 
agement structures for each component con?ict. The need 
for higher performance and increased functional integration 
in smaller processor dies has also lead to higher heat-?ux 
concentrations in certain areas of the processor die. In some 
cases, the resulting surface energy densities approach 
unmanageable levels. Processor reliability is exponentially 
dependent on the operating temperature of the die junction. 
LoWering temperatures in the order of 10-15 degrees cen 
tigrade can double the processor lifespan. Thermal manage 
ment issues noW present some of the largest obstacles to 
increases in processor speed and miniaturiZation of the 
processor package. 

SUMMARY OF THE INVENTION 

[0028] To address the requirements described above, the 
present invention discloses a stack up assembly. The stack 
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up assembly comprises a VRM circuit board or poWer 
regulation module, having a ?rst side and a second side; a 
thermally conductive plate such as a vapor plate having a 
?rst side and a second side, Wherein the thermally conduc 
tive plate ?rst side is thermally coupled to the second side of 
the VRM circuit board; and a microprocessor having a ?rst 
side and a second side, the microprocessor ?rst side ther 
mally coupled to the vapor plate second side. 

[0029] The poWer regulator module, vapor chamber and 
microprocessor are con?gured in a three dimensional archi 
tecture that utiliZes and extends the capability of a loW cost, 
coaxial interconnection With poWer standoffs and modi?ca 
tions thereof, by physically integrating the high current 
delivery capability of the poWer standoffs into custom 
designed poWer regulators to provide self-contained and 
physically separable poWer delivery modules. 

[0030] The three dimensional architecture of this inven 
tion thermally and mechanically connects the thermally 
conducting plate to both the microprocessor and the poWer 
regulator using thermal interface materials. Also, the three 
dimensional architecture con?gures a custom designed, 
electrically conductive frame and associated ?ttings and 
hardWare that encases the microprocessor, poWer delivery 
module and other circuits to minimiZe and contain EMI 
Within the package rather than Within the chassis in a 
con?guration that minimiZes the overall form factor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Referring noW to the drawings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0032] FIG. 1 is a diagram shoWing a microprocessor 
architecture con?guration knoWn as an i-Pack; 

[0033] FIG. 2 is a diagram illustrating one embodiment of 
the present invention including a vapor plate positioned 
betWeen a back surface of a microprocessor chip and an 
underside of a poWer regulator module; and 

[0034] FIG. 3 is a diagram illustrating another embodi 
ment of the invention Wherein the vapor plate is used With 
more than one microprocessor and interposer board. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0035] In the folloWing description, reference is made to 
the accompanying draWings Which form a part hereof, and 
Which is shoWn, by Way of illustration, several embodiments 
of the present invention. It is understood that other embodi 
ments may be utiliZed and structural changes may be made 
Without departing from the scope of the present invention. 

OvervieW 

[0036] To address the requirements described above, the 
present invention discloses a modular three dimensional 
con?guration including an electronic circuit such as a micro 
processor mounted to a multilayer circuit board or substrate 
such as, but not limited to, an Organic Land Grid Array 
(OLGA) or a Ceramic Land Grid Array (CLGA) or LoW 
Temperature Co-?red Ceramic (LTCC) using C-4 (con 
trolled collapse chip connection) technology. Typically the 
circuit board is populated With external, metalliZed lands on 
the surface opposite the microprocessor chip. This circuit 
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board is usually bonded to an interposer board that is 
populated With an array of metal pins on the opposite surface 
that can be connected to a socket that is surface mounted 
onto a motherboard. Typically, poWer is delivered to the 
microprocessor from an externally con?gured poWer regu 
lator through the motherboard, the socket, the interposer 
board, the OLGA and ?nally to the microprocessor chip. 

[0037] In one embodiment of this invention, the assembly 
described above is ?ipped upside doWn so as to con?gure the 
microprocessor C-4 side up. Because thermal poWer dissi 
pation typically requires a ?nned heatsink and associated 
bloWer or fan, this con?guration is not conducive for con 
ventional cooling schemes. Instead, the inverted back sur 
face of the microprocessor chip is mounted directly against 
a vapor plate using a compliant, thermally conductive poly 
meric material that may contain an inorganic second phase 
to provide enhanced thermal conductivity. The vapor plate 
can be con?gured to accommodate at least one micropro 
cessor circuit. For multiple microprocessor con?gurations, 
both microprocessor circuits may be connected to the same 
motherboard but as one embodiment of this invention each 
microprocessor circuit can be con?gured With a separate 
poWer regulator module. 

[0038] The three dimensional con?guration described in 
this invention further includes a poWer regulator module that 
is populated With a plurality of coaxial conductors that 
function in part as non-compressible conductive standoffs 
that are used to mount the poWer regulator board to the 
interposer substrate. This embodiment provides a modular 
package in Which the mechanical standoffs serve many 
purposes. First, they provide a loW inductance path directly 
to the interposer board located in close proximity to the 
microprocessor, rather than the higher inductance path 
through the motherboard substrate, socket and other ele 
ments of the electrical path. Second, they provide a proper 
Z-axis (typically vertical) physical relationship betWeen the 
substrate and the circuit board. The modular assembly can 
be plugged into a socket on the motherboard, and all of the 
pins on the socket can be used as signal pins instead of 
poWer pins. This also alloWs the processor to be easily 
separated from the motherboard, even While providing 
poWer, if desired. 

[0039] Because the poWer regulator module can be con 
?gured in close proximity to the microprocessor, thermal 
poWer dissipation for the poWer regulator circuitry must be 
addressed at the package level rather than externally. For the 
embodiment described in this invention, the poWer regulator 
circuit board can be fabricated from a high thermal conduc 
tivity material or can be populated With thermal vias that 
transmit thermal poWer from the component side of the 
poWer regulator circuit board to the back surface. Further, 
the thermal vias are con?gured Within the poWer regulator 
circuit board to provide a thermal poWer dissipation path 
from devices such as FET’s that populate the poWer regu 
lator circuit board. The back surface of the poWer regulator 
circuit board directly contacts the surface of the vapor plate 
on the opposite side of the microprocessor using a thermally 
conductive polymeric material. The poWer regulator module 
is physically located and held in place by the plurality of 
coaxial conductors that also function as mechanical stand 
offs and fasteners to mechanically connect the poWer regu 
lator module to the interposer board. Also, the coaxial 
conductors provide a loW inductance path directly to the 
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microprocessor, rather than the higher inductance path 
through the substrate, socket and other interconnect ele 
ments. Additionally, they provide a the proper Z-axis (typi 
cally vertical) physical relationship betWeen the substrate 
and the circuit board. 

[0040] In another embodiment of this invention, the vapor 
plate can be con?gured to provide physical feed through 
holes Within the body of the vapor plate to permit pass 
through of the coaxial conductors from the voltage regulator 
circuit board to the interposer board. The poWer regulator 
board can also be con?gured to locate the coaxial conductors 
outboard of the vapor plate While con?guring the thermal 
poWer generating components of the poWer regulator mod 
ule to physically align With thermally conducting vias Within 
the circuit board to provide a thermal poWer dissipation path 
from these components to the vapor plate. 

[0041] The present invention includes an architecture that 
differs from conventional microprocessor packaging archi 
tectures in that this architecture addresses all the signi?cant 
off-chip requirements that affect the performance and reli 
ability of the microprocessor using symbiotic relationships 
among architecture elements. The architecture uses a loW 
cost, coaxial interconnection and physically integrates the 
high current delivery capability of the coaxial connection 
With custom designed poWer regulators to provide self 
contained and physically separable poWer delivery modules 
that can be connected to interposer boards, OLGAs, CLGAs 
or other area array packages. 

[0042] Also, microprocessor and poWer regulator thermal 
dissipation requirements are both satis?ed by using a vapor 
plate con?gured to be physically located betWeen the micro 
processor back surface and the underside of the poWer 
regulator module. This con?guration uniquely, provides a 
thermal poWer dissipation path for both sources of heat yet 
minimiZes the form factor associated With poWer delivery 
and thermal poWer dissipation. 

[0043] In one embodiment of this invention, the integrated 
architecture includes an electrically conductive frame and 
associated ?ttings and hardWare that electrically couples 
With a stiffener board and the motherboard to encase the 
microprocessor, poWer delivery module and other circuits to 
minimiZe and contain EMI Within the package rather than 
Within the chassis. When compared With conventional meth 
ods of poWer delivery, thermal poWer dissipation, and EMI 
reduction the present invention boosts the volumetric form 
factor ef?ciency of the microprocessor. At the same time, 
signal integrity/performance, manufacturability, reliability 
and cost effectiveness are also improved. The architecture is 
suitable for the generation of three dimensional solutions for 
microprocessor and electronic circuits con?gurations that 
are pre-packaged on, or pre-connected to, interposer boards, 
OLGAs using BUM technology, CLGAs, Flip-Chip Pin 
Grid Arrays (FC-PGAs), Flip Chip Ball Grid Arrays (FC 
BGAs), as Well as other electronic circuits substrates and 
bare chips. 

[0044] The architecture provides packaging solutions that 
include custom designed modules, interconnections and 
component hardWare that are physically separable but can 
also be interconnected and combined to form connectable 
modules or packages that permits direct attachment of lidded 
or lidless substrates bonded to microprocessors or other 
electronic circuits including multi-chip modules. Also, the 
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vapor plate can be con?gured With a variety of heat exchang 
ers that are mechanically or remotely connected to the 
condensation portion of the vapor plate. Avariety of bloWers 
and air circulation devices and heat exchangers can be 
mechanically or metallurgically connected to the vapor plate 
to provide thermal poWer dissipation from the microproces 
sor, voltage regulator module and other components. 

[0045] FIG. 1 shoWs a con?guration for the architecture 
designated as i-PAK. In this con?guration, the microproces 
sor package (101) is oriented to have the C-4 connections 
facing doWnWard Which is the standard con?guration for this 
form of interconnect technology. The poWer regulator mod 
ule (102) and the coaxial conductors (103) are connected 
betWeen poWer regulation module (or voltage regulation 
module, VRM) (102) and the interposer board (104) upon 
Which is bonded to the OLGA (105). A cutout in the poWer 
regulation module (102) provides a feed-through for a 
spacer plate (106) that conducts heat from the back surface 
of the microprocessor package (101) to an integrated heat 
sink (107) Which can be a vapor chamber or a metal plate 
connected to a ?nned heatsink (108). The circuit board of the 
poWer regulation module (102) is populated With thermal 
vias to permit thermal poWer transfer from components on 
the poWer regulation module (102) to the integrated heatsink 
(107) using a thermally conducting polymeric material 
(109). The motherboard (110) is shoWn connected to the side 
opposite the integrated heatsink (107). 

[0046] In this con?guration, the microprocessor package 
(101) and poWer regulation module (102) are located on the 
same side of the integrated heatsink (107) and because the 
poWer regulation module (102) is physically located above 
the microprocessor package (101) a cutout is required in the 
poWer regulation module (102) through Which the spacer 
plate (106) must be inserted to provide a thermal poWer 
dissipation path to the integrated heatsink (107) Which also 
acts as the thermal poWer dissipation path for the poWer 
regulation module (102). 

[0047] FIG. 2 shoWs the con?guration of the embodiment 
of this invention Wherein a thermally conductive plate such 
as a vapor plate (201) is positioned betWeen the back surface 
of the microprocessor chip (202) and the underside of the 
poWer regulator module (203). A thermally conducting 
polymer layer (204) provides a continuous thermal poWer 
dissipation path betWeen the microprocessor chip (202) and 
the vapor plate (201). Similarly, the thermally conducting 
polymer layer (205) provides a continuous thermal poWer 
dissipation path betWeen the poWer regulation module (203) 
and the vapor plate (201). 

[0048] As described in the commonly-assigned patent 
applications set forth herein, the coaxial conductors (206) 
are poWer transmitting standoffs that provide electrical con 
tinuity betWeen the poWer regulator module (102) and the 
interposer board (207). The poWer conducting standoffs 
(206) include a ?rst portion (206B) electrically coupling the 
interposer circuit board poWer plane (221) and the VRM 
poWer plane (223) and a second portion (206A) electrically 
coupling the interposer circuit board ground plane (220) and 
the VRM ground plane (222). The coaxial conductors (206) 
provide a loW inductance path for poWer delivery from the 
poWer regulation module (203) to the microprocessor chip 
(202) through an interposer circuit board (207) and the 
OLGA substrate (208). 
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[0049] FIG. 2 is con?gured With tWo microprocessor 
chips (202) and (209) in the same module. Both the micro 
processor chips (202) and (209) are connected to the vapor 
plate (201) using thermally conductive devices (204) and 
(210). Microprocessor chip (209) is con?gured With a sepa 
rate poWer regulator module (211) and coaxial conductors 
(212). Microprocessor chips (202) and (209) form an inte 
grated multichip module con?gured With one vapor plate 
(201). 
[0050] FIG. 2 also illustrates the use of thermally con 
ductive members (214) to conduct heat aWay from the vapor 
plate (201) to a plate (213), and the arrangement of the 
foregoing elements With respect to the motherboard (224), 
and a frame structure (226). 

[0051] FIG. 3 shoWs another vieW Wherein the vapor plate 
(301) is con?gured to contact a thermally conducting poly 
meric material (302) located on the back surface of a 
microprocessor circuit (303) to provide a direct thermal 
poWer dissipation path from the back surface of a micro 
processor (303) to the vapor plate (301). Also, the vapor 
plate (301) is con?gured to be physically located betWeen 
the microprocessor (303) and a poWer regulator module 
(304) to simultaneously contact a thermally conductive 
material (305) to provide a direct thermal poWer dissipation 
path from the back surface of (304) to (301). 

[0052] The vapor plate (301) is connected to a heat 
exchanger (306) Which can be a high surface area medium 
that dissipates the latent heat of condensation from the vapor 
plate condenser Zone. Typically the heat exchanger (306) is 
selected to provide high thermal poWer dissipation in a small 
form factor apparatus such as, but not limited to, a heat ?n, 
a bloWer or other high ef?ciency heat exchanger. The heat 
exchanger (306) can be physically and mechanically 
attached to the vapor plate (301) in the condenser Zone using 
metallurgical braZing techniques and for certain applica 
tions, connection can be accomplished using a thermally 
conductive polymer con?gured With mechanical clamps and 
fasteners to mechanically and thermally connect the heat 
exchanger (306) to the vapor plate (301). 

Conclusion 

[0053] This concludes the description of the preferred 
embodiments of the present invention. In summary, the 
invention describes an arrangement such that a VRM, and 
mircoprocessor are co-located and thermally coupled to the 
same heat exchanger. This arrangement reduces the amount 
of space required in the Z (vertical) axis. The foregoing 
description of the preferred embodiment of the invention has 
been presented for the purposes of illustration and descrip 
tion. It is not intended to be exhaustive 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. The above speci?cation, examples and data provide 
a complete description of the manufacture and use of the 
composition of the invention. Since many embodiments of 
the invention can be made Without departing from the spirit 
and scope of the invention, the invention resides in the 
claims hereinafter appended. 
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What is claimed is: 
1. A stack up assembly, comprising: 

a voltage regulation module (VRM) circuit board having 
a ?rst side and a second side; 

a thermally conductive plate having a ?rst side and a 
second side, Wherein the thermally conductive plate 
?rst side is thermally coupled to the second side of the 
VRM circuit board; and 

a microprocessor, having a ?rst side and a second side, the 
microprocessor ?rst side thermally coupled to the vapor 
plate second side. 

2. The stack up assembly of claim 1, Wherein the ther 
mally conductive plate is a vapor plate. 

3. The stack up assembly of claim 2, further comprising: 

a socket, physically coupled to the second side of the 
microprocessor, the socket having a plurality of pins 
electrically coupled to the microprocessor; and 

an interposer circuit board, electrically coupled to the pins 
and coupled betWeen the socket and the second side of 
the microprocessor. 

4. The stack up assembly of claim 3, Wherein the micro 
processor is electrically coupled to the interposer circuit 
board by an organic land grid array. 

5. The stack up assembly of claim 3, Wherein the socket 
is electrically coupled to a motherboard. 

6. The stack up assembly of claim 3, Wherein the ?rst side 
of the microprocessor faces in a doWnWard direction. 

7. The stack up assembly of claim 5, Wherein the vapor 
plate is thermally coupled to a plate via thermal standoffs. 

8. The stack up assembly of claim 1, Wherein the VRM 
circuit board includes electrical components mounted on the 
?rst side. 

9. The stack up assembly of claim 1, further comprising 
a thermally conductive material displaced betWeen the 
microprocessor and the vapor plate. 

10. The stack up assembly of claim 3, further comprising: 

at least one poWer transmitting mechanical standoff, dis 
posed betWeen the VRM circuit board and the inter 
poser board, providing electrical continuity betWeen 
the VRM circuit board and the interposer board. 

11. The stack up assembly of claim 10, Wherein: 

the interposer circuit board includes a poWer plane and a 
ground plane; 
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the VRM board includes a poWer plane and a ground 
plane; 

the poWer transmitting mechanical standoff includes 

a ?rst portion electrically coupling the interposer poWer 
plane and the VRM poWer plane; and 

a second portion, coaXial disposed in relation to the ?rst 
portion electrically coupling the interposer ground 
plane and the VRM poWer plane. 

12. The stack up assembly of claim 11, further compris 
ing: 

a second VRM circuit board having a ?rst side and a 
second side, Wherein the thermally conductive plate 
?rst side is thermally coupled to the second side of the 
second VRM circuit board; 

a second microprocessor, having a ?rst side and a second 
side, the microprocessor ?rst side thermally coupled to 
the vapor plate second side. 

13. The stack up assembly of claim 12, further comprising 
a frame, substantially surrounding the ?rst VRM circuit 
board, the second VRM circuit board, the ?rst microproces 
sor and the second microprocessor. 

14. The stack up assembly of claim 13, Wherein the frame 
is electrically and mechanically coupled to a motherboard. 

15. The stack up assembly of claim 14, Wherein the frame 
is further electrically and mechanically coupled to a plate, 
Wherein the frame, plate, and motherboard, thus form a three 
dimensional electrically grounded structure substantially 
containing electromagnetic interference. 

16. The stack up assembly of claim 15, Wherein the 
thermally conductive plate eXtends external to the frame. 

17. The stack up assembly of claim 16, further comprising 
a heat exchanger thermally coupled to the thermally con 
ductive plate. 

18. The stack up assembly of claim 17, Wherein the heat 
eXchanger is mechanically bonded to the thermally conduc 
tive plate. 

19. The stack up assembly of claim 18, Wherein the heat 
eXchanger is braZed to the thermally conductive plate. 

20. The stack up assembly of claim 18, Wherein the heat 
eXchanger is soldered to the thermally conductive plate. 

21. The stack up assembly of claim 18, Wherein the heat 
eXchanger is thermally coupled to the thermally conductive 
plate by a thermally conductive polymer. 

* * * * * 


