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A MICROHEAT EXCHANGER FOR LASER DIODE COOLING

Related Applications

This application claims priority of U.S. provisional application, serial number

61/188,078, filed August 5, 2008, and entitled "Fabrication of Microheat Exchanger for Laser

Diode Cooling", by these same inventors. This application incorporates U.S. provisional

application, serial number 61/188,078 in its entirety by reference.

Field of the Invention

The invention relates to a microheat exchanger and a method of fabrication of the

same. More particularly, this invention relates to a microheat exchanger and a method of

fabrication, where the microheat exchanger is used for laser diode cooling.

Background of the Invention

Microheat exchangers are made of thermally conductive material and are used to

transfer heat from a heat generating device, such as an integrated circuit or a laser diode, to a

fluid flowing through fluid pathways within the microheat exchanger. Microheat exchangers

are commonly made of metal, such as copper, and electrical isolation is often required

between the heat generating device and the microheat exchanger. Some ceramic materials

are thermally conductive yet electrically resistant. For this reason, such ceramic materials

are often used as an intermediate material between a heat generating device and a microheat

exchanger to provide electrical isolation while still maintaining thermal conductivity.

However, it is not practical to connect a heat generating device directly to ceramic. Instead,

the heat generating device is coupled to a conductive pad, typically made of a conductive

metal such as copper. In such a configuration, the ceramic is middle layer between the

conductive copper pad coupled to the heat generating device and the microheat exchanger.

In order to provide efficient heat transfer from the heat generating device to the

microheat exchanger, a good thermal interface between ceramic and copper is necessary. A

direct bonded copper (DBC) method uses a high temperature joining process to bond a

copper sheet to a ceramic plate in the presence of a protective gas atmosphere having small

amounts of oxygen (50-200 ppm). Exemplary DBC methods are described in U.S. Patent

Number 6,297,469 and U.S. Patent Number 7,036,711, which are hereby incorporated in

their entirety by reference. Three commonly used ceramic materials are beryllium oxide

(BeO), aluminum oxide (Al2O3), and aluminum nitride (AlN). Oxygen and copper bond

together under high temperature. The copper and ceramic are heated to a carefully controlled



temperature, in an atmosphere of nitrogen and a small percentage of oxygen. The

temperature used is in the range between 1950 and 1981 degrees Fahrenheit, which is close to

the melting temperature of copper. Under these conditions, a copper-oxygen eutectic forms

which bonds successfully both to copper and the ceramic, thereby bonding a copper layer to a

ceramic layer. The copper layer is used as a conductive pad to be coupled to a heat

generating device. The ceramic layer is typically soldered to the top of the microheat

exchanger.

Many problems exist with bonding in general and the DBC technique in particular.

First, application of high temperature to rigid ceramic plates often results in cracking of the

ceramic. Second, microvoids are formed at the interface of the bonded copper and ceramic

layers. The microvoids are due to the imperfections and irregularities in the contact surfaces

of the copper and ceramic layers. For applications where a large heat generating device, or

multiple heat generating devices are coupled to a single ceramic plate, the size of the ceramic

plate is larger. However, the larger the ceramic plate, the greater the impact of the

microvoids. Presence of microvoids reduces thermal efficiency. Further, presence of

microvoids increases the chances that the copper layer and the ceramic layer will delaminate

because there is not a perfect bond across the entire interface surface.

Third, the thermal coefficient of expansion for copper is much greater than that for

ceramic. During the high temperature DBC process, the copper layer expands more so than

the ceramic, at which point the ceramic layer and the copper layer are bonded. However,

upon cooling the copper layer contracts more so than the ceramic, due to the differing

thermal coefficients of expansion, which leads to warping and possible cracking of the

bonded copper-ceramic assembly.

Summary of the Invention

A microheat exchanging assembly is configured to cool one or more heat generating

devices, such as integrated circuits or laser diodes. In some embodiments, the microheat

exchanging assembly includes a first ceramic assembly thermally coupled to a first surface,

and in some embodiments, a second ceramic assembly thermally coupled to a second surface.

Each ceramic assembly includes one or more electrically and thermally conductive pads,

each conductive pad is electrically isolated from each other. Each ceramic assembly includes

a ceramic layer to provide this electrical isolation. The ceramic layer has high thermal

conductivity and high electrical resistivity. A top surface and a bottom surface of the

ceramic layer are each bonded to a conductive layer, such as copper, using an intermediate

joining material. A brazing process is performed to bond the ceramic layer to the conductive



layer via ajoining layer. The joining layer is a composite of the joining material, the ceramic

layer, and the conductive layer. The top conductive layer and the joining layer are etched to

form the electrically isolated conductive pads. The conductive layers are bonded to the

ceramic layer using a bare ceramic approach or a metallized ceramic approach.

In one aspect, a device includes a heat exchanging device having a thermally

conductive material, wherein the heat exchanging device is configured to transfer heat from

the thermally conductive material to a fluid flowing therethrough; and a thermally conductive

ceramic assembly thermally coupled to the heat exchanging device. The ceramic assembly

includes a conductive layer; a ceramic layer; and an active brazing alloy bonded between the

conductive layer and the ceramic layer to form ajoining layer, wherein the conductive layer

and the joining layer are configured to form one or more electrically isolated conductive

pads. In some embodiments, the conductive layer and the joining layer are patterned to form

a plurality of electrically isolated pads, further wherein each of the plurality of electrically

isolated pads are electrically isolated from each other by the ceramic layer. In some

embodiments, the ceramic assembly also includes a second conducive layer and a second

active brazing alloy layer bonded between the second conductive layer and the ceramic layer

to form a second joining layer. The device can also include a metal-to-metal joining layer

bonded between the second conductive layer of the ceramic assembly and the heat

exchanging device. In some embodiments, the conductive layer and the heat exchanging

device are copper-based. In some embodiments, the ceramic layer includes beryllium oxide,

aluminum oxide, or aluminum nitride. In some embodiments, the active brazing alloy is a

copper-based active brazing alloy, a copper-silver-based active brazing alloy, or an indium-

copper-silver-based active brazing alloy. In some embodiments, the active brazing alloy

layer is an active joining material paste or an active joining material foil. The device can also

include a second thermally conductive ceramic assembly thermally coupled to an opposite

side of the heat exchanging device than the ceramic assembly.

In another aspect, a device includes a heat exchanging device comprising a thermally

conductive material, wherein the heat exchanging device is configured to transfer heat from

the thermally conductive material to a fluid flowing therethrough; and a thermally conductive

ceramic assembly thermally coupled to the heat exchanging device. The ceramic assembly

includes a conductive layer; a ceramic layer including a metallized first surface; and ajoining

material bonded between the conductive layer and the metallized first surface of the ceramic

layer to form ajoining layer, wherein the conductive layer, the joining layer, and the

metallized first surface are configured to form one or more electrically isolated conductive

pads. In some embodiments, the conductive layer and the joining layer are patterned to form



a plurality of electrically isolated pads, further wherein each of the plurality of electrically

isolated pads are electrically isolated from each other by the ceramic layer. The ceramic

layer can also include a metallized second surface, and the ceramic assembly can also include

a second conducive layer and a second joining material bonded between the second

conductive layer and the metallized second surface of the ceramic layer to form a second

joining layer. The device can also include a metal-to-metal joining layer bonded between the

second conductive layer of the ceramic assembly and the heat exchanging device. In some

embodiments, the conductive layer and the heat exchanging device are copper-based. In

some embodiments, the ceramic layer is beryllium oxide, aluminum oxide, or aluminum

nitride. In some embodiments, the metallized first surface includes molybdenum manganese

and nickel . The device can also include a second thermally conductive ceramic assembly

thermally coupled to an opposite side of the heat exchanging device than the ceramic

assembly. In some embodiments, the joining material is a copper-silver paste, a copper-gold

paste, a copper-silver foil, or a copper-gold foil. In other embodiments, the joining material

and the conductive layer are a silver plated copper sheet.

In yet another aspect, a device includes a heat exchanging device comprising a

thermally conductive material, wherein the heat exchanging device is configured to transfer

heat from the thermally conductive material to a fluid flowing therethrough; and a thermally

conductive ceramic assembly thermally coupled to the heat exchanging device. The ceramic

assembly includes a ceramic layer including a metallized first surface; and a conductive layer

plated to the metallized first surface, wherein the conductive layer and the metallized first

surface are configured to form one or more electrically isolated conductive pads. In some

embodiments, the conductive layer and the metallized first surface are patterned to form a

plurality of electrically isolated pads, further wherein each of the plurality of electrically

isolated pads are electrically isolated from each other by the ceramic layer. The ceramic

layer can also include a metallized second surface, and the ceramic assembly can also include

a second conductive layer plated to the metallized second surface. The device can also

include a metal-to-metal joining layer bonded between the second conductive layer of the

ceramic assembly and the heat exchanging device. In some embodiments, the conductive

layer and the heat exchanging device are copper-based. In some embodiments, the ceramic

layer is beryllium oxide, aluminum oxide, or aluminum nitride. In some embodiments, the

metallized first surface includes molybdenum manganese and nickel. The device can also

include a second thermally conductive ceramic assembly thermally coupled to an opposite

side of the heat exchanging device than the ceramic assembly.



Other features and advantages of the microheat exchanging assembly will become

apparent after reviewing the detailed description of the embodiments set forth below.

Brief Description of the Drawings

Figure 1 illustrates a cut-out side view of exemplary layers of a ceramic assembly

fabricated using a bare ceramic approach according to a first embodiment, the view shown in

Figure 1 is before a brazing process is performed.

Figure 2 illustrates a cut-out side view of exemplary layers of a ceramic assembly

fabricated using a bare ceramic approach according to a second embodiment, the view shown

in Figure 1 is before a brazing process is performed.

Figure 3 illustrates an exemplary process for fabricating a ceramic assembly

according to the bare ceramic approach.

Figure 4 illustrates a cut-out side view of exemplary layers of a ceramic assembly

fabricated using a brazed copper option of a metallized ceramic approach according to a first

embodiment, the view shown in Figure 4 is before a brazing process is performed.

Figure 5 illustrates a cut-out side view of exemplary layers of a ceramic assembly

fabricated using a metallized ceramic approach according to a second embodiment, the view

shown in Figure 5 is before a brazing process is performed.

Figure 6 illustrates an exemplary process for fabricating a ceramic assembly

according to the brazed copper option of the metallized ceramic approach.

Figure 7 illustrates a cut-out side view of exemplary layers of a ceramic assembly

fabricated using a plated copper option of a metallized ceramic approach according to a third

embodiment.

Figure 8 illustrates an exemplary process for fabricating a ceramic assembly

according to the plated copper option of the metallized ceramic approach.

Figure 9 illustrates a cut out side view of an exemplary ceramic assembly.

Figures 10-1 1 illustrate the two step etching process applied to the exemplary ceramic

assembly of Figure 9 .

Figure 12 illustrates a magnified portion of the etched surfaces between two adjacent

pads.

Figure 13 illustrates the two step etching process applied to the exemplary ceramic

assembly of Figure 9 .

Figures 14-17 illustrate the second approach for patterning both the copper layer and

the joining layer while fabricating an exemplary ceramic assembly.

Figure 18 illustrates an exemplary process for fabricating a microheat exchanging



assembly according to an embodiment.

Figure 19 illustrates a cut-out side view of exemplary layers of a completed microheat

exchanging assembly with the ceramic assemblies fabricated using the bare ceramic

approach.

Figure 20 illustrates a cut-out side view of exemplary layers of a completed microheat

exchanging assembly with the ceramic assemblies fabricated using the brazed copper option

of the metallized ceramic approach.

Figure 2 1 illustrates a cut-out side view of exemplary layers of a completed microheat

exchanging assembly with the ceramic assemblies fabricated using the plated copper option

of the metallized ceramic approach.

The microheat exchanging assembly is described relative to the several views of the

drawings. Where appropriate and only where identical elements are disclosed and shown in

more than one drawing, the same reference numeral will be used to represent such identical

elements.

Detailed Description of the Present Invention

Reference will now be made in detail to the embodiments of the microheat

exchanging assembly, examples of which are illustrated in the accompanying drawings.

While the microheat exchanging assembly will be described in conjunction with the

embodiments below, it will be understood that they are not intended to limit the microheat

exchanging assembly to these embodiments and examples. On the contrary, the microheat

exchanging assembly is intended to cover alternatives, modifications and equivalents, which

may be included within the spirit and scope of the microheat exchanging assembly as defined

by the appended claims. Furthermore, in the following detailed description of the microheat

exchanging assembly, numerous specific details are set forth in order to more fully illustrate

the microheat exchanging assembly. However, it will be apparent to one of ordinary skill in

the prior art that the microheat exchanging assembly may be practiced without these specific

details. In other instances, well-known methods and procedures, components and processes

have not been described in detail so as not to unnecessarily obscure aspects of the microheat

exchanging assembly.

Embodiments are directed to a microheat exchanging assembly and a ceramic

assembly and methods of fabricating each. The microheat exchanging assembly is

configured to cool one or more heat generating devices, such as electronic devices. In some

embodiments, the microheat exchanging assembly includes a plurality of electrically and



thermally conductive pads, each conductive pad is electrically isolated from each other. The

heat generating device is electrically and thermally coupled to the conductive pad using any

conventional method, such as soldering. In an exemplary application, each pad is coupled to

one of an array of laser diodes used in high power lasers for industrial cutting and marking

applications. In such an application, the microheat exchanging assembly is referred to a

microheat exchanger for laser diodes (MELD™). The microheat exchanging assembly is

particularly applicable to those applications requiring the arrangement of multiple heat

generating devices in a common plane, such as a laser diode array. By electrically isolating

each conductive pad, the heat generating devices coupled to the conductive pads are

electrically isolated from each other while maintaining a uniform high rate of heat transfer

from each heat generating device to a microheat exchanger. To provide this electrical

isolation a ceramic layer with high thermal conductivity and high electrical resistivity is used.

In some embodiments, the ceramic layer is made of beryllium oxide, aluminum oxide, or

aluminum nitride. A top surface and a bottom surface of the ceramic layer are each bonded

to a conductive layer using an intermediate joining material. Brazing of the joining material

during the bonding process enables the liquidus joining material to melt, which provides a

localized "flow" of material into the microvoids on the contact surfaces of the ceramic and

conductive layers, thereby improving thermal efficiency. In some embodiments, each

conductive layer is copper. The top conductive layer and the intermediate joining material

are etched to form the electrically isolated conductive pads. The bonded ceramic and

conductive layers form a first ceramic assembly.

The bottom conductive layer of the first ceramic assembly is bonded to a top surface

of a microheat exchanger through which a cooling fluid circulates. The microheat exchanger

is made of a thermally conductive material. In some embodiments, the microheat exchanger

is made of copper. Heat is transferred from the heat generating devices coupled to the

conductive pads to the fluid flowing through the microheat exchanger.

In some embodiments, a second ceramic assembly is formed and bonded to a bottom

surface of the microheat exchanger. The second ceramic assembly can also include a

plurality of electrically isolated conductive pads, which can be patterned the same or

differently than those on the first ceramic assembly.

Fabrication of the microheat exchanging assembly includes the general steps of

fabricating the ceramic assembly, fabricating the microheat exchanger, and final assembly

and brazing of the microheat exchanging assembly.

A. Fabrication of the Ceramic Assembly



A ceramic assembly is formed by bonding a conductive layer to both sides of a thin

ceramic plate using an intermediate joining material. In some embodiments, each conductive

layer is a copper layer. In some embodiments, the ceramic plate is made of beryllium oxide

(BeO), aluminum oxide (Al2O3), or aluminum nitride (AlN). The use of BeO may find

restrictions due to its toxicity. Optimum thickness of the ceramic plate is dictated by the

ability to minimize heat transfer resistance while maintaining mechanical strength of the

bonded layer. The heat transfer resistance is reduced as the thickness of the ceramic plate is

reduced, but the mechanical strength is increased as the thickness of the ceramic plate is

increased. In some embodiments, the ceramic plate thickness varies from about 100

micrometers to several millimeters. In still other embodiments, the thickness of the ceramic

plate is in the range of about 0.5 mm to about 0.75 mm. The thickness of each copper layer

is dictated by the extent of warping of the assembled unit and the need for grinding the

copper layer for its planarization. In some embodiments, the copper layer thickness is in the

range of about 0.05 mm to about 0.5 mm. In still other embodiments, the thickness of the

copper layer is about 0.25 mm. In some embodiments, the surface area of the ceramic

assembly is in the range of about 1250 mm2 to about 8000 mm2.

A requirement of the fabrication of the ceramic assembly is to provide excellent

bonding of the copper layers to the ceramic plate. Other than the ceramic plate, the

remaining layers of the ceramic assembly are able to be patterned by selective removal of the

copper layer and joining materials for making electrically isolated patterned copper pads.

Various techniques for bonding copper to both sides of a ceramic plate are disclosed. One

approach is the bare ceramic approach which uses active brazing alloy (ABA) materials such

as copper-based ABA (Cu-ABA); copper and silver-based ABA (CuSiI-ABA); and indium,

copper, and silver-based ABA (InCuSiI-ABA). Each of these ABAs is copper rich, and

therefore provides good thermal conductivity. Each of these ABAs include a small amount

of an active ingredient to bind with ceramic. In some embodiments, each of these ABAs

includes titanium (Ti) as an active ingredient. Titanium in the ABA reacts with the ceramic

plate and the copper layer to provide a chemical bond, resulting in a joining layer interface

formed between the copper layer and the ceramic plate. It is understood that alternative

ABAs including one or more active ingredients other than titanium can be used to bind with

ceramic.

Further, the use of a brazing material as the intermediate joining material provides

material "flow" into the microvoids of the contact surfaces. Brazing is ajoining process

whereby ajoining material, such as a metal or alloy, is heated to a melting temperature. At

the melting temperature, the liquidus joining material interacts with a thin layer of the base



metal, cooling to form a strong, sealed joint. The resulting joining layer is a blend of the

ABA material, the copper layer, and the ceramic layer. The melting temperature of the braze

material is lower than the melting temperature of the materials being joined. Using the

brazing process to bond the ceramic layer to the copper layer, the brazing temperature is

lower than a conventional temperature used to direct copper bond the two layers together.

Reducing the temperature also reduces the warping effects on the cooled copper-ceramic

assembly.

Table 1 shows the composition and melting temperature of some selected active

brazing alloys used in the copper and ceramic bonding process:

Table 1

In some embodiments, each copper layer is a copper sheet and the ABA is used in a paste

form. The ABA paste can be sprayed or screen printed on either both sides of the ceramic

plate or on one side of each copper sheet that is to be attached to the ceramic plate. Figure 1

illustrates a cut-out side view of exemplary layers of a ceramic assembly 10 fabricated using

a bare ceramic approach according to a first embodiment, the view shown in Figure 1 is

before a brazing process is performed. The first embodiment of the bare ceramic approach

uses an ABA paste. The ABA paste can be applied either to one side of each copper sheet, as

shown in Figure 1 as ABA paste 14 applied to copper sheet 12 and ABA paste 18 applied to

copper sheet 20, or to both sides of a ceramic plate 16. In some embodiments, the thickness



of the ABA paste varies between several microns to 100s of microns. In still other

embodiments, the thickness of the ABA paste is about 25 microns.

In other embodiments, an ABA foil is placed between the ceramic plate and each

copper sheet. Figure 2 illustrates a cut-out side view of exemplary layers of a ceramic

assembly 30 fabricated using a bare ceramic approach according to a second embodiment,

the view shown in Figure 1 is before a brazing process is performed. The second

embodiment of the bare ceramic approach uses ABA foils. A first ABA foil 34 is positioned

between one side of a ceramic plate 36 and a copper sheet 32, and a second ABA foil 38 is

positioned between the other side of the ceramic plate 36 and a copper sheet 40. In some

embodiments, the thickness of each ABA foil 34 and 38 is in the range of about 10 microns

to about 100 microns. In still other embodiments, the thickness of each ABA foil 34 and 38

is about 25 microns.

Figure 3 illustrates an exemplary process for fabricating a ceramic assembly

according to the bare ceramic approach. At the step 22, the copper layer and ABA material

are assembled on both sides of the ceramic plate. The ABA material can be either paste of a

foil. At the step 24, the copper, ABA material, ceramic plate, ABA material, and copper

assembly are vacuum brazed, thereby forming the ceramic assembly. Since the ABAs

described in this bonding process contain titanium, the use of forming gas (95% Nitrogen/5%

Hydrogen) must be avoided since using such gas in the brazing process with these alloys

forms titanium hydride, which prevents chemical bonding of ceramic to copper. The copper

layer is made of any conventional copper alloy including, but not limited to, 110, 102, or 101

copper. When the ABA material is Cu-ABA, the brazing temperature is in the range of about

1840 to about 1890 degrees Fahrenheit. When the ABA material is CuSiI-ABA, the brazing

temperature is in the range of about 1460 to about 1520 degrees Fahrenheit. When the ABA

material is InCuSiI-ABA, the brazing temperature is in the range of about 1280 to about 1340

degrees Fahrenheit.

Another approach for bonding copper to both sides of a ceramic plate is the

metallized ceramic approach which uses a high temperature refractory material including, but

not limited to, molybdenum manganese (MoMn), titanium (Ti), or tungsten (W). In some

embodiments, the refractory materials, such as MoMn paste, are screen printed onto each

side of a ceramic plate. In other embodiments, the refractory materials, such as titanium or

tungsten, are deposited by physical vapor deposition (PVD) onto a first side and a second

side of a ceramic plate. The next step of metallization is to provide a thin layer coating of

electrolytically or electrolessly deposited nickel, thereby forming a metallized ceramic plate.

The nickel layer enalbes joining of the metallized ceramic plate to copper, or electroplating



of copper directly onto the metallized ceramic plate. The metallized ceramic approach

includes at least two options for bonding the metallized ceramic plate to copper.

A first option is the brazed copper option where a copper sheet is brazed to both sides

of the metallized ceramic plate. In some embodiments, each copper sheet is plated with a

thin layer of either silver or gold, which reacts with copper to form CuSiI or CuAu,

respectively, during bonding. Figure 4 illustrates a cut-out side view of exemplary layers of a

ceramic assembly 50 fabricated using a brazed copper option of a metallized ceramic

approach according to a first embodiment, the view shown in Figure 4 is before a brazing

process is performed. The first embodiment of the metallized ceramic approach uses a

metallized ceramic plate and plated copper sheets. As shown in Figure 4, a ceramic plate 54

includes metallized layers 56 and 58. Copper sheet 51 is plated by a layer 52. Copper sheet

60 is plated by a layer 62. In some embodiments, the plated layers 52 and 62 each have a

thickness between about 1 micron and about 100 microns. In still other embodiments, the

plated layers 52 and 62 each have a thickness of about 10 microns.

In other embodiments, a thin sheet of brazing alloy is placed between the metallized

ceramic plate and each copper sheet. Examples of brazing alloy sheets include, but are not

limited to, copper-silver-based sheets (CuSiI sheets) or copper-gold-based sheets (CuAu

sheets). Figure 5 illustrates a cut-out side view of exemplary layers of a ceramic assembly 70

fabricated using a metallized ceramic approach according to a second embodiment, the view

shown in Figure 5 is before a brazing process is performed. The second embodiment of the

metallized ceramic approach uses brazing alloy sheets. A first brazing alloy sheet 74 is

positioned between a metallized layer 78 of a ceramic plate 76 and a copper sheet 72. A

second brazing alloy sheet 82 is positioned between a metallized layer 80 of the ceramic plate

76 and a copper sheet 84. In some embodiments, the thickness of each brazing alloy sheet 74

and 82 is in the range of about 10 microns to about 100 microns. In still other embodiments,

the thickness of each brazing alloy sheet 74 and 82 is about 25 microns.

Figure 6 illustrates an exemplary process for fabricating a ceramic assembly

according to the brazed copper option of the metallized ceramic approach. At the step 140, a

metallized layer is applied to a top surface and a bottom surface of a ceramic plate. An

exemplary process for applying the metallized layer includes applying a high temperature

refractory material ink to the ceramic plate, and firing the ceramic plate and refractory

material ink, electroplating a layer of Ni onto the refractory material layer, firing the ceramic

plate, refractory material layer, and the Ni plating to form the metallized ceramic plate. The

refractory material ink can be applied by screen printing or deposition. In some

embodiments, the refractory material layer has a thickness in the range of about 10 microns



to about 20 microns, the ceramic plate and refractory material ink are fired at a temperature

of 25 15 degrees Fahrenheit, the Ni layer has a thickness of about 2 microns, and the ceramic

plate, refractory material layer, and Ni plating are fired at a temperature of about 1380

degrees Fahrenheit.

At the step 142, a brazing material is placed between the metallized ceramic layer and

each of two copper sheets. In some embodiments, the brazing material is either silver or gold

which is plated onto each copper sheet. In other embodiments, the brazing material is a

brazing alloy sheet, such as a CuSiI sheet or a CuAu sheet, which is positioned between the

metallized ceramic plate and each of the copper sheets. In either case, each copper sheet is

made of any conventional copper alloy including, but not limited to, 110, 102, or 101 copper.

At a step 144, the copper sheet and brazing material are assembled on both sides of the

metallized ceramic plate. At the step 146, the assembly from step 144 is vacuum brazed,

thereby forming the ceramic assembly. In some embodiments, the brazing temperature of the

step 146 is about 1510 degrees Fahrenheit.

A second option of the metallized ceramic approach for bonding the metallized

ceramic plate to copper is the plated copper option which electroplates copper onto both sides

of the metallized ceramic plate. Figure 7 illustrates a cut-out side view of exemplary layers

of a ceramic assembly 90 fabricated using a plated copper option of a metallized ceramic

approach according to a third embodiment. The third embodiment of the metallized ceramic

approach uses a metallized ceramic plate which is then plated with copper. As shown in

Figure 7, a ceramic plate 94 includes metallized layers 96 and 98. Copper is plated on top of

the metallized layers 96 and 98 to form plated copper layers 92 and 100.

Figure 8 illustrates an exemplary process for fabricating a ceramic assembly

according to the plated copper option of the metallized ceramic approach. At the step 150, a

metallized layer is applied to a top surface and a bottom surface of a ceramic plate, thereby

forming a metallized ceramic plate. The step 150 is performed in a similar manner as the

step 140 of Figure 6 . To enhance adhesion of plated copper, at the step 152, the outer surface

on the metallized ceramic plate undergoes a cleaning step to remove the oxide layers. This

cleaning step enhances adhesion of plated copper. At the step 154, copper is plated onto each

metallized layer of the metallized ceramic plate. Plating installation and fixtures are

configured to take into consideration the current distribution aspects to provide uniform

deposition of up to 300 micron thick copper layers on both sides of the metallized ceramic

layer.

The ceramic assemblies formed by the above methods include a joining layer formed

by bonding an intermediate joining material between each copper layer and the ceramic



layer. The intermediate joining material provides a strong bonding of copper to the ceramic

plate. The intermediate joining material is shown Figures 1, 2, 4, 5, and 7 as a discrete layer

distinct from the adjoining copper and ceramic layers, this is the condition prior to the

brazing process that bonds the copper to the ceramic. Once the brazing process is completed,

the intermediate joining material and the surfaces of the adjoining copper and ceramic layers

diffuse together to form a mixed interface material, referred to as a joining layer. It is

understood that any reference to the bonded joining material after the brazing process is

performed is intended to represent the joining layer.

The ceramic assembly described above provides a single device interface surface to

which a heat generating device can be coupled. In some applications, multiple heat

generating devices are to be coupled to the ceramic assembly. To accommodate multiple

heat generating devices, a larger sized ceramic plate is used. In some embodiments, the

width of the ceramic plate is about 50 mm and the length of the ceramic plate is about 160

mm. However, if the heat generating devices are coupled to the ceramic assembly with the

single device interface surface, there is not electrical isolation between each of the coupled

heat generating devices. Therefore, to provide electrical isolation between each of the

multiple heat generating devices, electrically isolated copper pads are formed on one side of

the ceramic assembly. To electrically isolate each pad, both the copper layer and the joining

layer are etched to the ceramic layer. It is necessary to completely etch down to the ceramic

layer to provide electrical isolation for each pad. If any joining material remains to connect

the pads, electrical isolation is not achieved as the joining layer is electrically conductive.

Photopatterning includes selective removal of material through patterned photoresist

and can be accomplished by wet etching or a combination of wet etching and physical

methods of material removal, such as laser etching or bead blasting. The copper layer can be

easily photopatterned using any conventional wet etch process. However, the joining layer is

difficult to photopattern by wet etching. The joining layer can be wet etched but at the

expense of over-etching the copper layer because copper is etched at a greater rate than the

joining layer. A number of approaches are disclosed to pattern both the copper layer and the

joining layer formed between the copper layer and the ceramic layer. The first approach uses

a physical etch step. The physical etch step is any conventional physical method for

removing material including, but not limited to, laser etching and bead blasting. The physical

etch step is used either as part of a two step etching process or a single step etching process.

In the two step etching process, a first wet etch step is performed to selectively etch the outer

copper layer. A second physical etch step is then performed on the joining layer at the points

exposed by the preceding wet etch performed on the copper layer. In the single etch step, a



physical etch step is performed to simultaneously etch both the copper layer and the joining

layer.

Figure 9 illustrates a cut out side view of an exemplary ceramic assembly 110.

Figures 10-1 1 illustrate the two step etching process applied to the exemplary ceramic

assembly 110. As shown in Figure 9, a joining layer 114 is formed between a ceramic layer

116 and a copper layer 112, and a joining layer 118 is formed between the ceramic layer 116

and a copper layer 120. Figure 10 shows a patterned copper layer 112' after an exemplary

selective wet etch process is performed. The slopes 122 of the etched copper walls are

exaggerated to indicate the effects of the wet etch process. Figure 11 shows a patterned

joining layer 114' after a physical etch process is performed on the portions of the joining

layer 114 exposed after the wet etch process. The patterned copper layer 112' and the

patterned joining layer 114' form electrically isolated pads 130. The number and dimensions

of the pads 130 shown in Figure 11 is for exemplary purposes only. The slopes 124 of the

etched joining layer walls are steeper than the slopes 122 of the etched copper walls. The

different slopes are an artifact of the two different etch processes. Figure 12 illustrates a

magnified portion of the etched surfaces between two adjacent pads 130 to better illustrate

the difference in the slope 122 of the etched copper wall and the slope 124 of the etched

joining layer wall. The slopes 122 and 124 shown in Figures 9-12 are for exemplary

purposes only.

Figure 13 illustrates the two step etching process applied to the exemplary ceramic

assembly 110 of Figure 9 . Figure 13 shows a patterned copper layer 112" and a patterned

joining layer 114" after an exemplary selective physical etch process is simultaneously

performed on both layers. The patterned copper layer 112" and the patterned joining layer

114" form electrically isolated pads 130'. The number and dimensions of the pads 130'

shown in Figure 13 is for exemplary purposes only. The slopes 122' of the etched copper

walls and the slopes 124' of the etched joining layer walls are the same as both are formed

using the single step physical etch process.

A second approach for patterning both the copper layer and the joining layer uses

patterned screen printings to selectively apply the intermediate joining material on each side

of the ceramic layer. Figures 14-17 illustrate the second approach for patterning both the

copper layer and the joining layer while fabricating an exemplary ceramic assembly 160. In

Figure 14, a screen printed pattern of intermediate joining material 164 is applied to a first

surface of a ceramic plate 166, and a screen printed pattern of intermediate joining material

168 is applied to a second surface of the ceramic plate 166. The intermediate joining

material 164 and 168 is either an ink or paste to enable the screen printing application. In



some embodiments, the thickness of the intermediate joining material is between several

microns to 100s of microns. In still other embodiments, the thickness of the intermediate

joining material is about 25 microns. In alternative configurations, the intermediate joining

layer 168 is not patterned, similarly to the ceramic assembly 110 in Figures 9-13. In general,

a ceramic assembly can be patterned on one or both sides depending on the application.

In Figure 15, a copper sheet 162 is positioned against the patterned intermediate

joining material 164, and a copper sheet 170 is positioned against the patterned intermediate

joining material 168. The assembly is then brazed. The brazing temperature is determined

by the type of intermediate joining material used, such as described in Table 1.

In Figure 16, a photoresist layer 172 is applied and patterned on the copper sheet 162,

and a photoresist layer 174 is applied and patterned on the copper sheet 170. The photoresist

layer 172 is patterned to match the patterned joining material 164, and the photoresist layer

174 is patterned to match the patterned joining material 168.

In Figure 17, the copper sheets 162 and 170 are selectively etched. In some

embodiments, the copper sheets are etched using a wet etch process. The photoresist layers

172 and 174 are then removed. The result is a plurality of electrically isolated conductive

pads 180. The number and dimensions of the pads 180 shown in Figure 17 is for exemplary

purposes only.

Using either the first approach, shown in Figures 9-13, or the second approach, shown

in Figures 14- 17, electrical isolation of the conductive pads can be verified by measuring

resistivity between the pads. The final step in fabricating the ceramic assembly is laser

machining of the assembly to provide drilled alignment holes and final shaping of the

assembly.

B. Fabrication of the Microheat Exchanger

The microheat exchanger is made of a thermally conductive material. In some

embodiments, the microheat exchanger is made of copper. The microheat exchanger

includes fluid pathways that enable fluid flow through the microheat exchanger. Heat is

transferred from the thermally conductive material to fluid flowing through the microheat

exchanger. The microheat exchanger includes one or more fluid input ports and one or more

fluid output ports to enable fluid flow into and out of the microheat exchanger. In some

embodiments, fluid pathways within the microheat exchanger are formed from cross hatched

patterned fin design to provide flow uniformity either across the entire microheat exchanger

or to select portions of the microheat exchanger. When the microheat exchanger is coupled



to the ceramic assembly, the fluid pathways are designed to provide flow uniformity over the

length of each heat generating device coupled to the conductive pads on the ceramic

assembly. In some embodiments, the patterned fins are brazed to the microheat exchanger

body using a CuSiI sheet. In some embodiments, the thickness of the CuSiI sheet is in the

range of about 10 micrometer to about 100 micrometers. In still other embodiments, the

thickness of the CuSiI sheet is about 25 microns. It is understood that any conventional

microheat exchanger that includes fluid flow therethrough can be used.

C. Fabrication of the Microheat Exchanging Assembly

Final assembly involves placing and aligning a first ceramic assembly, the microheat

exchanger, and a second ceramic assembly in a fixture and brazing the fixed assembly in a

vacuum or forming gas furnace. In some embodiments, only a single ceramic assembly is

brazed to the microheat exchanger. A joining material is used to braze each ceramic

assembly to the microheat exchanger. Where the microheat exchanger is made of copper and

the bottom conducting layer of the ceramic assembly is also a copper layer, the joining

material is a copper-to-copper joining material. In some embodiments, the joining material is

a CuSiI paste or CuSiI foil. In an exemplary application, an eutectic CuSiI joining material is

made of 72% silver and 28% copper, having a melting temperature of 1435 degrees

Fahrenheit. Using this CuSiI joining material, a brazing temperature is about 1420 degrees

Fahrenheit. Using a brazing process the joining material "flows" into the microvoids on the

contact surfaces. Also, the brazing temperature and pressure for bonding the ceramic

assembly to the microheat exchanger is lower than the brazing temperature and pressure used

to fabricate the ceramic assembly. As such, using two separate fabrication steps, one to

fabricate the ceramic assembly and another to fabricate the microheat exchanging assembly,

does not put the microheat exchanger under as high a temperature or pressure, which reduces

the chance of deformation. In other embodiments, the joining material is a solder paste or a

solder foil. In general, any conventional metal-to-metal joining material can be used. In

some embodiments, the thickness of the joining material is in the range of about 10

micrometer to about 100 micrometers. In still other embodiments, the thickness of the

joining material is about 25 microns. In an alternative approach, instead of applying a

separate joining material, the microheat exchanger body is plated with silver which forms

CuSiI during brazing. In some embodiments, the silver plating thickness is between about 1

micron and about 100 microns. In still other embodiments, the thickness of the silver plating

is about 10 microns.



Figure 18 illustrates an exemplary process for fabricating a microheat exchanging

assembly according to an embodiment. At the step 190, a first ceramic assembly and a

joining material are assembled on a first surface of a microheat exchanger. At the step 192, a

second ceramic assembly and a joining material are assembled on a second surface of the

microheat exchanger. The joining material can be either paste or a foil. In some

embodiments, one or more surfaces of the first ceramic assembly are patterned. In other

embodiments, one or more surfaces of both the first ceramic assembly and the second

ceramic assembly are patterned. In still other embodiments, the step 192 is not performed

and only a single ceramic assembly and joining material are assembled to the microheat

exchanger. At the step 194, the first ceramic assembly, the joining material, the microheat

exchanger, the joining material, and the second ceramic assembly are brazed, thereby

forming the microheat exchanging assembly.

Figure 19 illustrates a cut-out side view of exemplary layers of a completed microheat

exchanging assembly 210 with the ceramic assemblies fabricated using the bare ceramic

approach. The microheat exchanging assembly 210 includes a patterned ceramic assembly

bonded to a first surface of a microheat exchanger 224, and a ceramic assembly bonded to a

second surface of the microheat exchanger 224. The patterned ceramic assembly includes a

patterned copper layer 212, a patterned ABA joining layer 214, a ceramic plate 2 16, an ABA

joining layer 218, and a copper layer 220. The copper layer 212 and the joining layer 214 are

patterned to form electrically isolated conductive pads 238. The copper layer 220 is bonded

to the microheat exchanger 224 via joining layer 222. The ceramic assembly includes a

copper layer 228, an ABA joining layer 230, a ceramic plate 232, an ABA joining layer 234,

and a copper layer 236. The copper layer 228 is bonded to the microheat exchanger 224 via

joining layer 226. Although only the copper layer 212 and the joining layer 214 are shown to

be patterned in Figure 19, it is understood that the copper layer 220 and the joining layer 218,

the copper layer 228 and the joining layer 230, and/or the copper layer 236 and the joining

layer 234 can be patterned according to the application.

As describe above in the bare ceramic approach of fabricating the ceramic assembly,

the ABA joining material can be applied as a foil or a paste. In some embodiments, the ABA

joining material is Cu-ABA, CuSiI-ABA, or InCuSiI-ABA. In some embodiments, the

joining material used for the joining layers 222 and 226 is a CuSiI paste or a CuSiI foil. In

other embodiments, the joining material is a solder paste or a solder foil. In general, any

conventional metal-to-metal joining material can be used.

Figure 20 illustrates a cut-out side view of exemplary layers of a completed microheat

exchanging assembly 310 with the ceramic assemblies fabricated using the brazed copper



option of the metallized ceramic approach. The microheat exchanging assembly 310

includes a patterned ceramic assembly bonded to a first surface of a microheat exchanger

328, and a ceramic assembly bonded to a second surface of the microheat exchanger 328.

The patterned ceramic assembly includes a patterned copper layer 312, a patterned joining

layer 314, ametallized layer 316, a ceramic plate 318, ametallized layer 320, ajoining layer

322, and a copper layer 324. The copper layer 312, the joining layer 314, and the metallized

layer 316 are patterned to form electrically isolated conductive pads 346. The copper layer

324 is bonded to the microheat exchanger 328 via joining layer 326. The ceramic assembly

includes a copper layer 332, ajoining layer 334, a metallized layer 336, a ceramic plate 338,

a metallized layer 340, ajoining layer 342, and a copper layer 344. The copper layer 332 is

bonded to the microheat exchanger 328 via joining layer 330. Although only the copper

layer 312, the joining layer 314, and the metallized layer 316 are shown to be patterned in

Figure 20, it is understood that the copper layer 324, the joining layer 322, and the metallized

layer 320, the copper layer 332, the joining layer 334, and the metallized layer 336, and/or

the copper layer 344, the joining layer 342, and the metallized layer 340 can be patterned

according to the application.

As describe above in the brazed copper option of the metallized ceramic approach for

fabricating the ceramic assembly, the metallized layer includes refractory materials, such as

molybdenum manganese (MoMn), titanium (Ti), or tungsten (W), plated with nickel. The

joining material used to form the joining layers 314, 322, 334, and 342 can be applied as a

foil or a paste. In some embodiments, the joining material is a CuSiI or CuAu paste or a

CuSiI or CuAu foil. In other embodiments, the joining material and copper layer are

combined as a silver plated copper sheet. In some embodiments, the joining material used

for the joining layers 326 and 330 is a CuSiI paste or a CuSiI foil. In other embodiments, the

joining material is a solder paste or a solder foil. In general, any conventional metal-to-metal

joining material can be used for the joining layers 326 and 330.

Figure 2 1 illustrates a cut-out side view of exemplary layers of a completed microheat

exchanging assembly 410 with the ceramic assemblies fabricated using the plated copper

option of the metallized ceramic approach. The microheat exchanging assembly 410

includes a patterned ceramic assembly bonded to a first surface of a microheat exchanger

424, and a ceramic assembly bonded to a second surface of the microheat exchanger 424.

The patterned ceramic assembly includes a patterned copper layer 412, a patterned metallized

layer 414, a ceramic plate 416, a metallized layer 418, and a copper layer 420. The copper

layer 412 and the metallized layer 414 are patterned to form electrically isolated conductive

pads 438. The copper layer 420 is bonded to the microheat exchanger 424 viajoining layer



422. The ceramic assembly includes a copper layer 428, a metallized layer 430, a ceramic

plate 432, a metallized layer 434, and a copper layer 436. The copper layer 428 is bonded to

the microheat exchanger 424 via joining layer 426. Although only the copper layer 412 and

the metallized layer 414 are shown to be patterned in Figure 21, it is understood that the

copper layer 420 and the metallized layer 418, the copper layer 428 and the metallized layer

430, and/or the copper layer 436 and the metallized layer 434 can be patterned according to

the application.

As describe above in the plated copper option of the metallized ceramic approach for

fabricating the ceramic assembly, the metallized layer includes refractory materials, such as

molybdenum manganese (MoMn), titanium (Ti), or tungsten (W), plated with nickel. The

joining material can be applied as a foil or a paste. In some embodiments, the joining

material is a CuSiI or CuAu paste or a CuSiI or a CuAu foil. In other embodiments, the

joining material is a solder paste or a solder foil. In general, any conventional metal-to-metal

joining material can be used for the joining layers 422 and 426.

The microheat exchanging assemblies are described above as bonding an outer

surface of the ceramic assembly to an outer surface of the microheat exchanger via a joining

material. In alternative embodiments, an intermediate layer, layers stack, block, or device,

such as an additional microheat exchanger, can be positioned between the ceramic assembly

and the microheat exchanger, where the intermediate layer, layers stack, block, or device is

thermally conductive and includes outer surfaces conducive for bonding with the outer

surface of the ceramic assembly and the outer surface of the microheat exchanger as

described above.

The microheat exchanger has been described in terms of specific embodiments

incorporating details to facilitate the understanding of the principles of construction and

operation of the microheat exchanger. Such reference herein to specific embodiments and

details thereof is not intended to limit the scope of the claims appended hereto. It will be

apparent to those skilled in the art that modifications may be made in the embodiment chosen

for illustration without departing from the spirit and scope of the microheat exchanger.



CLAIMS

What is claimed is:

1. A device comprising:

a . a heat exchanging device comprising a thermally conductive material, wherein

the heat exchanging device is configured to transfer heat from the thermally

conductive material to a fluid flowing therethrough; and

b. a thermally conductive ceramic assembly thermally coupled to the heat

exchanging device, wherein the ceramic assembly comprises:

i . a conductive layer;

ii. a ceramic layer; and

iii. an active brazing alloy bonded between the conductive layer and the

ceramic layer to form a joining layer, wherein the conductive layer and

the joining layer are configured to form one or more electrically

isolated conductive pads.

2 . The device of claim 1 wherein the conductive layer and the joining layer are patterned

to form a plurality of electrically isolated pads, further wherein each of the plurality

of electrically isolated pads are electrically isolated from each other by the ceramic

layer.

3. The device of claim 1 wherein the ceramic assembly further comprises a second

conducive layer and a second active brazing alloy layer bonded between the second

conductive layer and the ceramic layer to form a second joining layer.

4 . The device of claim 3 further comprising a metal-to-metal joining layer bonded

between the second conductive layer of the ceramic assembly and the heat

exchanging device.

5 . The device of claim 1 wherein the conductive layer and the heat exchanging device

are copper-based.

6 . The device of claim 1 wherein the ceramic layer comprises beryllium oxide,

aluminum oxide, or aluminum nitride.



7 . The device of claim 1 wherein the active brazing alloy comprises a copper-based

active brazing alloy, a copper-silver-based active brazing alloy, or an indium-copper-

silver-based active brazing alloy.

8. The device of claim 1 wherein the active brazing alloy layer is comprised of an active

joining material paste or an active joining material foil.

9. The device of claim 1 further comprising a second thermally conductive ceramic

assembly thermally coupled to an opposite side of the heat exchanging device than

the ceramic assembly.

10. A device comprising:

a . a heat exchanging device comprising a thermally conductive material, wherein

the heat exchanging device is configured to transfer heat from the thermally

conductive material to a fluid flowing therethrough; and

b. a thermally conductive ceramic assembly thermally coupled to the heat

exchanging device, wherein the ceramic assembly comprises:

i . a conductive layer;

ii. a ceramic layer including a metallized first surface; and

iii. a joining material bonded between the conductive layer and the

metallized first surface of the ceramic layer to form a joining layer,

wherein the conductive layer, the joining layer, and the metallized first

surface are configured to form one or more electrically isolated

conductive pads.

11. The device of claim 10 wherein the conductive layer and the joining layer are

patterned to form a plurality of electrically isolated pads, further wherein each of the

plurality of electrically isolated pads are electrically isolated from each other by the

ceramic layer.

12. The device of claim 10 wherein the ceramic layer further comprises a metallized

second surface, and the ceramic assembly further comprises a second conducive layer

and a second joining material bonded between the second conductive layer and the

metallized second surface of the ceramic layer to form a second joining layer.



13. The device of claim 12 further comprising a metal-to-metal j oining layer bonded

between the second conductive layer of the ceramic assembly and the heat

exchanging device.

14. The device of claim 10 wherein the conductive layer and the heat exchanging device

are copper-based.

15. The device of claim 10 wherein the ceramic layer comprises beryllium oxide,

aluminum oxide, or aluminum nitride.

16. The device of claim 10 wherein the metallized first surface comprises molybdenum

manganese and nickel .

17. The device of claim 10 further comprising a second thermally conductive ceramic

assembly thermally coupled to an opposite side of the heat exchanging device than

the ceramic assembly.

18. The device of claim 10 wherein the joining material comprise a copper-silver paste, a

copper-gold paste, a copper-silver foil, or a copper-gold foil.

19. The device of claim 10 wherein the joining material and the conductive layer

comprise a silver plated copper sheet.

20. A device comprising:

a . a heat exchanging device comprising a thermally conductive material, wherein

the heat exchanging device is configured to transfer heat from the thermally

conductive material to a fluid flowing therethrough; and

b. a thermally conductive ceramic assembly thermally coupled to the heat

exchanging device, wherein the ceramic assembly comprises:

i . a ceramic layer including a metallized first surface; and

ii. a conductive layer plated to the metallized first surface, wherein the

conductive layer and the metallized first surface are configured to form

one or more electrically isolated conductive pads.

21. The device of claim 20 wherein the conductive layer and the metallized first surface



are patterned to form a plurality of electrically isolated pads, further wherein each of

the plurality of electrically isolated pads are electrically isolated from each other by

the ceramic layer.

22. The device of claim 20 wherein the ceramic layer further comprises a metallized

second surface, and the ceramic assembly further comprises a second conductive

layer plated to the metallized second surface.

23 . The device of claim 22 further comprising a metal-to-metal joining layer bonded

between the second conductive layer of the ceramic assembly and the heat

exchanging device.

24. The device of claim 20 wherein the conductive layer and the heat exchanging device

are copper-based.

25. The device of claim 20 wherein the ceramic layer comprises beryllium oxide,

aluminum oxide, or aluminum nitride.

26. The device of claim 20 wherein the metallized first surface comprises molybdenum

manganese and nickel .

27. The device of claim 20 further comprising a second thermally conductive ceramic

assembly thermally coupled to an opposite side of the heat exchanging device than

the ceramic assembly.
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