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DIRECT AIR IMPINGEMENT COOLING OF PACKAGE STRUCTURES

BACK GROUND OF THE INVENTION

Microelectronic devices are put under severe workloads during use that may affect

performance. Challenges involved with such devices include cooling the devices as

miniaturization continues to track Moore's Law

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and distinctly

claiming certain embodiments of the present invention, the advantages of this invention can be

more readily ascertained from the following description of the invention when read in

conjunction with the accompanying drawings in which:

FIG. 1 represents a structure according to various embodiments.

FIGS. 2a-2d represents structures according to various embodiments.

FIG. 3 represents a structure according to various embodiments.

FIG. 4 represents a structure according to various embodiments.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

In the following detailed description, reference is made to the accompanying drawings that

show, by way of illustration, specific embodiments in which the methods may be practiced.

These embodiments are described in sufficient detail to enable those skilled in the art to practice

the embodiments. It is to be understood that the various embodiments, although different, are

not necessarily mutually exclusive. For example, a particular feature, structure, or characteristic

described herein, in connection with one embodiment, may be implemented within other

embodiments without departing from the spirit and scope of the embodiments. In addition, it is

to be understood that the location or arrangement of individual elements within each disclosed

embodiment may be modified without departing from the spirit and scope of the embodiments.

The following detailed description is, therefore, not to be taken in a limiting sense, and the scope

of the embodiments is defined only by the appended claims, appropriately interpreted, along with

the full range of equivalents to which the claims are entitled. In the drawings, like numerals

refer to the same or similar functionality throughout the several views.

Embodiments of microelectronic cooling assembly structures and methods of utilization

such structures are described. Those assemblies an d methods may include a cooling assembly

comprising an array of vertically separated micro channels coupled to a heat spreader, wherein

the heat spreader is Unless, and wherein each inlet micro channel has two adjacent outlet micro

channels. A distance between individual vertically separated micro channels comprises less than



about 20 microns, and a heat pipe is embedded in the heat spreader. The embodiments herein

enable direct air impingement cooling which in turn enables high cooling rate of die, as well as

providing a low Z-lieight thermal solution for microelectronic die that may comprise a portion of

a package structure, in some embodiments.

Figure 1 shows the vertical cross section of an embodiment of a cooling solution, such as a

direct air cooling solution 100. The cooling solution 100, which may comprise a portion of a

cooling solution for a microelectronic die in an embodiment, may comprise inlet/outlet

manifolds 104 that maybe coupled to a fluid source, a heater spreader 109, and a micro channel

jet array 102. Fluid that may flow through the array of micro channel jets 102 may impinge on

the hot surface of the spreader plate 109. In an embodiment, the manifolds 104 may provide

passages for air inlet and outlet.

In an embodiment, a fluid, such as one of liquid and a compresses gas (i.e. air, helium,

C02, etc.) that may be incoming from two in coming micro channel jets 105, 105', may impinge

on the hot surface of the heat spreader plate 109, and then may pick up the heat from the heater

spreader 109. The heat may then be circulated away away/transferred into an adjacent outgoing

micro jet channel 107, wherein the heat may later exit into the ambient environment, via the

manifolds 104, in some cases. The fluid that is in contact with the heater spreader 109 may

travel only a few hundred microns before exiting into the ambient, since the dimensions of

individual incoming micro channel jets 105 , 105' and the outgoing micro channel jets 107 of the

micro channel jet array 102 are on the order of microns in size, thus keeping the thermal

boundary very small.

In an embodiment, individual micro channel jets 105, 105', 107 may comprise a height 106

of about 200 microns or less, and a width 108 of about 10 microns or less although the height

106 and the width 108 may vaiy according to the particular application. In another embodiment,

the width 108 may comprise about 20 microns or less. In an embodiment, the number of micron

sized micro channel jets in the array 102 may be numerous, and may comprise hundreds to

thousands of channel jets and may be arranged in a vertical orientation across the heater pla te

109. Individual micro jets may comprise a wall 110 that may serve to separate the micro jets of

the array 120 from each other. In an embodiment, a distance between individual vertically

separated micro channels of the array 102 may comprise about 20 to about 200 microns.

The multiple-jet impingement system of the cooling solution 100 removes the downside of

boundary layer build up, thus enhancing the overall heat transfer of the system. In some

embodiments, each inlet channel may have it's own adjacent outlet channel, however for other

embodiments, ever}' two incoming micro jets 105, 105' may have their own outlet micro jet 107



reducing the interaction between the micro channel jets and also providing for a nearly uniform

heat transfer coefficient across the entire heater spreader surface 109.

Maintaining such a small thermal boundary in the cooling assembly 100 maximizes the

heat transfer coefficient to limits never seen before in prior art conventional air cooling

assemblies. The performance of such a direct fluid cooling solution 100 quickly approaches the

spreading resistance fundamental limit. In an embodiment, the cooling solution 100 can achieve

a high heat transfer coefficient by using compressed air, for example, and may achieve cooling

rates as high as 200 degrees Celsius per second.

FIG. 2a illustrates an embodiment of a cooling assembly 200, such as a direct air cooling

assembly 200 that may cool a portion of a microelectronic die 216, for example. The die 216

may comprise a thermal insulation material (TIM) 212 disposed on the die 216, wherein the die

216 may be disposed on a substrate 218 A heater plate 209 may be thermally coupled with the

die 216, and may be disposed on the TIM 212. The die 216 may comprise any type of

microelectronic die, such as but not limited to central processing unit (CPU) die that may

comprise a portion of a multi-chip, 3-D package, for example. An array of vertical micro

channels 202 maybe coupled w ith the heat spreader plate 209. The array of vertical micro

channels 202 may comprise either single inlet/outlet pairs or two inlet jets associated with one

outlet jet, similar to inlet/outlet jets of FIG. Id, for example, in some cases.

Since the spreading plate 209 is in thermal contact with the array of vertical micro

channels (which may comprise injection molded vertical channels) 202, heat generated by the

die 216 may be transferred from the die 216 to the spreading plate 209 and subsequently to the

air circulated into the vertical micro channel array 202. The cooling solution 200 of FIG. 2a may

comprise a small Z-height 224, which may comprise about 2mm or below in some cases.

Manifolds 204 may further serve to attach tthe array of micro channels 202 to the spreading plate

209.

Any microelectronic device/system may benefit from utilizing the cooling solution 200,

especially for low z-height applications, such as for blade servers used in data centers. The

embodiments significantly reduce the Z-height over prior art thermal cooling solutions

(especially those used in server data centers), and improve air cooling performance significantly

beyond the limits for prior art heat sink volumetric solutions.

FIG. 2b depicts a top view of an embodiment of the cooling solution 200. Inlet pipes 205

and outlet pipes 207 of the micro channel array 202 are coupled with the spreader plate 209. A

separate manifold 204, 204' may couple with the inlet pipes and outlet pipes 205, 207

respectively FIG. 2c depicts a cooling solution wherein a number of heating plates 209 may be



used. A first array of vertical micro channels 202, are disposed on a first heat spreader 209,

which is thermally coupled with a die 216. A TIM 212 is disposed on the die 216, wherein the

die 216 is disposed on a package substrate 218.

In an embodiment, a first heat pipe portion 222 may be embedded within the first heat

plate 209. The first heat pipe portion 222 may comprise a portion embedded in the first heat plate

209, and a portion that is bent around an exterior portion of a first pair of manifolds 204, wherein

one of the first pair of manifolds 204 may be adjacent to either side of a first array of vertical

micro channels 202. In an embodiment, the bent portion of the first heat pipe portion 222 may be

disposed adjacent to only one of the manifolds 204 of the cooling assembly 200.

The first array of vertical micro channels 202 maybe coupled with the first spreader plate

209. The first array of vertical micro channels 202 may comprise either pairs of single

inlet/outlet or two inlet jets associated with one outlet jet (similar to the two inlet jets 105, 105',

107 of FIG. 1, for example). In an embodiment, heat absorbed from the die 216 by the first

spreader plate 209 may then be directed into the first heat pipe portion 222. The first heat pipe

portion 222 may bend around the outside of the cooler assembly 200 and then a second heat pipe

portion 222' may be disposed within a second heat spreader 209'. The second heat spreader 209'

may be coupled to a second array of vertical micro channels 202'. The second array of vertical

micro channels 202' may be disposed on top of the second heat spreader 209'. The second heat

spreader 209' may be disposed on/above the first array of vertical micro channels 202.

A portion of the second heat pipe portion 222 ' may be embedded within the second heat

spreader 209'. A bent portion of the second heat pipe portion 222' may be bent around the

outside of the cooler assembly 200 adjacent one of a pair of manifolds 204' that may be coupled

with the second heat spreader 209'. A third heat pipe portion 222" may then be embedded

within a third heat spreader 209". The third heat spreader 209" may be disposed on/above the

second array of vertical micro channels 202'. The third heat pipe portion 222' may be couple

to/beneath a third array of vertical micro channels 202". A pair of manifolds 104" may be

adjacent the third array of vertical micro channels 202".

In an embodiment, each of the heat spreading plates 209 209', 209" is in thermal contact

with the plurality of injection molded vertical channels 202, 202', 202". In an embodiment, the

heat may be transferred from the die 216, such as a CPU die 216, to the heat spreading plates

209, 209', 209" and may then be subsequently transferred to the air circulated into the vertical

micro channels arrays 202, 202', 202".

Figure 2d depicts a cross sectional portion of the cooling system 200 wherein the array of

vertically separated micro channels 202 are attached to the heat spreader 209. In an embodiment,



each inlet channel 205 has two outlet channels 207, 207' associated with it. When air circulates

through the vertical micro channel array 202, it makes contact with the spreader plate 209. The

air travels only tens of microns (since a distance between individual micr channels may comprise

less than about 20 microns in some cases) and then exits into the ambient. In this way, the heat

transfer coefficient may be maximized and thus the fluid preheating effect may be avoided. The

performance of the cooling solution 200 quickly approaches the spreading resistance

fundamental limit.

In an embodiment, the heat plate 209 comprises a Unless structure. In an embodiment,

compressed air may be circulating through the micro channels (for example, the compressed air

may be provided by the building facility). The Z-height of the cooling solution 200 may

comprise less than about 2 mm, in some embodiments. The heat spreading area of the cooling

solution 100 may be maximized within the current existing volumetric by the use of the bent

heat pipes and multiple heat plates, with such vertical channels attached to them. In some cases,

liquid cooling performance may be achieved within current volumetric. Prior art parallel plate

heat sinks may typically use liquid cooling solutions which require very large sized heat

exchangers. For example, a conventional heat sink may comprise a 13 mm height. In an

embodiment, virtually the same cooling performance can be achieved using a z-height for the

cooling solution of about 4 mm or less.

Benefits of using vertical individual inlet/outlet channels attached to a heat spreader plates

with bent heat pipes and multiple heat spreader plates serve to increase the current spreading area

multiple times within current volumetric. All heat spreading areas (i.e. all multiple spreading

plates) are exposed to such individual air cooled channels. Quick connection may be enabled to

compressed air (i.e. building facility). Also, the cooling solution 200 may or may not utilize heat

plates comprising microfin structures for heat dissipation. In an embodiment, micro channels

comprising about 3 mm in height can match the performance of cooling solutions comprising 11

mm tall fins, thus achieving a reduction of greater than about 300% in z-height for the cooling

solution of the embodiments herein.

FIG. 3 depicts an embodiment wherein at least one pump/blower 325 may be coupled to an

array of vertical micro channels 302 disposed within a cooling solution 300. In an embodiment,

the pump/blower 325 may comprise at least one of a piezo electric blower and a micro

electromechanical system (MEMS) pump. In an embodiment, each inlet /outlet of the vertical

array of micro channels 302 may comprise their own individual the pump/blower 325. In some

cases the cooling system 300 may be utilized in mobile device applications, such as in smart

phones, laptop computers etc. In some embodiments each inlet outlet of the array 302 may



comprise its own pump/ blower 325 or a series of the pump/blowers may be corsrsected to one air

pump (not shown). In an embodiment, a z-height 321 for the cooling system 300 may comprise

about 2mm or less, and a total height 323 including the pump/blower 325 may comprise about

5mm or less. FIG. 4 depicts an embodiment of a cooling solution 400 wherein a liquid'Tiuid

coolant 427 may be utilized, wherein the fluid 427 may be pumped through pipes 422 by a pump

425 to cool a die 4 16 The cooling solution 400 may comprise multiple pipes with bent portions

409, multiple micro channel arrays 402 multiple manifolds 404, as well as a TIM 412 and

substrate 418, similar to those depicted in FIG. 2, for example.

Benefits of the cooling solution embodiments include minimizing the cooling air travel

path to tens of microns or less (compared to tens of millimeters in typical prior art cooling

solutions). The need for heat sink fins is eliminated, so that the fin volume can be used to

increase spreading area and allow for allocation of the 2 mm tail micro channels. Installation of

vertical individual inlet/outlet micro channels coupled a heat spreader plate (i.e. by injection

molding) is enabled. Bent heat pipes increase the current spreading area multiple times within

current volumetric. All spreading areas are exposed to such individual air cooled channels.

Compressed air (i.e. from the building facility) may be used as a fluid, and can obtain liquid

cooling performance. In some cases compressed air from the facility may be replaced with

micro blowers/pumps.

Although the foregoing description has specified certain steps and materials thai may be

used in the assemblies of the embodiments herein, those skilled in the art will appreciate that

many modifications and substitutions may be made. Accordingly, it is intended that all such

modifications, alterations, substitutions and additions be considered to fall within the spirit and

scope of the invention as defined by the appended claims. In addition, the Figures provided

herein may illustrate only portions of an exemplary microelectronic devices that pertain to the

practice of the various embodiments. Thus the embodiments are not limited to the

structures/assemblies described herein.



What is claimed is:

1. A cooling assembly comprismg:

an array of vertically separated micro channels coupled to a heat spreader,

wherein the heat spreader is finless, and wherein each inlet micro channel has two

adjacent outlet micro channels, wherein a distance between individual vertically

separated micro channels comprises less than about 20 microns;

a heat pipe embedded in the heat spreader; and

a fluid source coupled to the array.

2. The cooling assembly of claim 1 further comprising wherem the heat pipe is

capable of receiving a fluid coolant.

3 . The cooling assembly of claim 1 further comprising one of a piezo blower and a

MEMS air pump are coupled with the array of vertically separated micro channels.

4. The cooling assembly of claim 1 further comprising wherein the array of

vertically separated micro channels are coupled to inlet and outlet manifolds.

5. The cooling assembly of claim 1 wherein a die is coupled with the cooling

assembly.

6 . The cooling assembly of claim 1 further wherem the heat pipe comprises a bent

portion.

7. A cooling assembly comprising:

ati first array of vertically separated micro channels coupled to a first heat

spreader, wherem the first heat spreader is finless, and wherein each outlet micro channel

has two inlet micro channels;

a first heat pipe embedded in the first heat spreader;

a second heat spreader disposed above the first heat spreader; and

a fluid source coupled to the assembly.

8. The cooling assembly of claim 7 wherein the fluid comprises one of a liquid and a

compressed gas.

9. The cooling assembly of claim 7 wherein a z height of the cooling assembly

comprises less than about 2 mm.

10. The cooling assembly of claim 7 wherein the micro channels comprise a height of

less than about 2 mm.



11. The cooling assembly of claim 7 further comprising wherein a portion of the first

heat pipe and a portion of the second heat pipe are bent.

12. The cooling assembly of claim 7 further comprising a third heat spreader disposed

above the second heat spreader.

13. The cooling assembly of claim 7 wherein a distance between individual vertically

separated micro channels comprises between about 20 to about 200 microns.

14. The cooling assembly of claim 7 further comprising a die coupled to the cooling

assembly.

15. The cooling assembly of claim 14 further comprising a TIM coupled to the die,

wherein the die is coupled with a package stracture.
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