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(57) ABSTRACT 

A method for making a microStructure assembly, the method 
including the Steps of providing a first Substrate and a Second 
Substrate; depositing an electrically conductive material on 
the Second Substrate; contacting the Second Substrate carry 
ing the electrically conductive material with the first Sub 
Strate; and then Supplying current to the electrically conduc 
tive material to locally elevate the temperature of Said 
electrically conductive material and cause formation of a 
bond between the first Substrate and the Second Substrate. 
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PROCESS FOR MAKING MICROSTRUCTURES 
AND MICROSTRUCTURES MADE THEREBY 

STATEMENT OF GOVERNMENT SUPPORT 

0001. This invention was made with government support 
provided by the National Science Foundation (NSF) under 
the terms of Contract No. ECS-9734421 and provided by the 
Defense Advanced Research Projects Agency (DARPA) 
under the terms of Contract No. F30602-98-2-0227. The 
government has certain rights in the invention. 

FIELD OF THE INVENTION 

0002 The invention relates to miniaturized devices, 
referred to as microelectronic devices or microdevices, 
including those used in integrated circuits, and the invention 
further relates to methods for fabricating assemblies which 
contain Such microdevices. 

BACKGROUND OF THE INVENTION 

0003. The fabrication of modern, high-speed microelec 
tronic devices includes a number of intricate and costly 
processing and fabrication Steps which are conducted on a 
very Small, microscopic Scale. Various types of Such micro 
electronic devices, as well as microelectronic integrated 
circuits (ICs) which incorporate as many as thousands of 
Such devices, are fabricated and mass produced on Silicon 
wafers. Each Silicon wafer generally comprises an array of 
numerous electrically-isolated individual integrated micro 
electronic circuits. Each individual circuit on the wafer 
typically has numerous fabricated pads which are located 
proximate to the bulk of the circuit and which are electrically 
connected to the individual circuit itself. The pads Serve as 
electrical interfaces for routing electrical current through the 
individual microelectronic circuit. Once a Silicon wafer and 
the array of circuits embedded thereon is completely fabri 
cated, the wafer is then generally Sliced apart to thereby 
physically Separate the array of circuits into individual 
circuits. Each individual circuit on its separated portion of 
the previously-whole Silicon wafer is generically referred to 
as a “chip.” In this separated chip form, an individual circuit 
can then be wire-bonded into, for example, a plastic or 
ceramic package and Sealed therein for general electrical and 
thermal insulation purposes. The pads of the packaged chip 
are commonly wire-bonded to electrical leads mounted on 
the outside of the package to provide electrical access to the 
packaged chip via the external leads. 
0004 Presently, free-standing micro-structure devices 
called MEMS (Micro-Electrical Mechanical Systems) are 
gaining ever-growing popularity in the microelectronics 
industry. Such MEMS devices may include, for example, a 
micro-accelerometer, a micro-mechanical filter, a pressure 
Sensor, a gyroscope, or a micro-resonator. In light of Such 
popularity, manufacturers are now attempting to fabricate 
composite devices which integrate both microelectronic 
integrated circuits and MEMS together on the same chip. 
However, due to the unique nature of MEMS devices, more 
reliable packaging processes and methods need to be devel 
oped to Simultaneously accommodate both microelectronic 
integrated circuits and MEMS So that composite devices can 
be mass-produced commercially. 
0005) More particularly, many MEMS devices, by their 
very nature, must be encapsulated and hermetically Sealed 
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within a microShell in order to operate properly. For 
example, a MEMS device Such as a pressure Sensor or an 
accelerometer has movable micro-mechanical parts which 
must be permitted to move for the MEMS to operate 
properly. Such MEMS require hermetic encapsulation 
within a microshell to prevent contaminants, Such as dust, 
from interfering with the MEMS device performance. Fur 
thermore, due to the fact that a typical MEMS device has a 
size on the order of 10 to 10 meter, the fabrication and 
precise positioning of a microshell over a MEMS device to 
thereby encapsulate the device can prove to be a significant 
challenge, for Such a Small Scale environment can require 
microfabrication and precision positioning on the order of 
10 to 10 meter. 

0006. One prior art process method for hermetically 
encapsulating and thereby protecting a MEMS device (in 
this instance, a microresonator) is described in U.S. Pat. No. 
5,589,082, incorporated herein in its entirety by reference 
(see FIG. 1). The initial steps in the process include standard 
Surface micromachining Steps which ultimately produce a 
comb-shaped resonator MEMS device mounted on a silicon 
wafer substrate (see FIG. 1(a)) Since the fingers of the 
comb-shaped resonator must be protected So that they are 
free to move to help operate the resonator correctly, a 
hermetically-sealed microshell needs to be formed about the 
resonator. Thus, next, a thick layer of PSG (phosphorus 
doped glass) is deposited on the Silicon Substrate So that the 
PSG Surrounds and covers the MEMS device, thereby 
defining the area to be sealed by a microshell (see FIG. 
1(b)). Then, a thin layer of PSG is deposited, patterned, and 
etched to form etch channels (see FIG. 1(c)). Next, a thin 
layer silicon nitride is deposited over the thick layer of PSG 
to define a microShell, and etch holes are thereafter precisely 
defined in the thin layer of silicon nitride (see FIG. 1(d)). 
Thereafter, all PSG within the microshell is etched away in 
a concentrated HF gas bath Via the etch holes. After rinsing 
in water and in methanol, the Silicon wafer and its encap 
sulated MEMS device is dried using a Supercritical CO2 
process. Finally, a relatively thin layer of nitride is deposited 
to thereby hermetically seal the MEMS resonator device 
within its microshell, and contact pads are thereafter etched 
open to provide electrical access to the MEMS device (see 
FIG. 1(e)). In this manner, the MEMS device is protected 
from contaminants, and electrical access is also provided. 
0007. This particular MEMS encapsulation process 
method, as briefly described hereinabove and more fully 
explained in U.S. Pat. No. 5,589,082, is operable for the very 
narrow purpose intended, but a simpler and more versatile 
process method is instead desired. In particular, a proceSS 
method which hermetically encapsulizes a MEMS device 
while at the same time is highly compatible with Standard 
process methods used to fabricate microelectronic integrated 
circuits is highly desirable, for Such would enable composite 
devices to be mass-produced commercially. 
0008 Another prior art process method for encapsulating 
a MEMS device is described in U.S. Pat. No. 5,576,251, 
incorporated herein in its entirety by reference, wherein two 
Substrates are fused together to form a protective covering 
for a MEMS device. A bonding material is interposed 
between the two Substrates, and the temperature of the 
bonding material is raised to about 950 C. for about 30 
minutes during which time fusion bonding of the two 
Substrates occurs, and chemical reactions remove gas from 
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the cavity between the two Substrates, thereby creating a 
Vacuum and a hermetically Sealed enclosure about the 
MEMS device. In another prior art process method, 
described in U.S. Pat. No. 5,668,033, global heating is 
utilized to bond two substrates together within an oven. In 
this particular method, the entire MEMS structure must be 
heated in an oven to a temperature Sufficient to form the 
bond between the two substrates. Such a temperature, how 
ever, often has undesirable and damaging effects on the 
MEMS device. In still another prior art process method, 
described in U.S. Pat. No. 4,625,561, the method therein 
also teaches bonding by global heating in a furnace. One 
common aspect of the particular prior art encapsulation and 
bonding methods alluded to hereinabove is that a high 
temperature is required to facilitate the process of bonding. 
AS a result, Such methods are not Suitable for use in 
Situations involving microelectronic integrated circuits and/ 
or MEMS which cannot tolerate exposure to such high 
temperatures. 
0009. In general, micromachining and microfabrication 
proceSS techniques which are typically used to produce 
MEMS devices and/or microelectronic integrated circuits 
are very costly. In addition to being costly to produce, 
MEMS devices and microelectronic integrated circuits are 
typically temperature Sensitive and can be permanently 
damaged if exposed to high temperatures. Thus, the inte 
gration of a MEMS device with a microelectronic integrated 
circuit device must be carefully executed So as to not 
permanently damage any expensive temperature-Sensitive 
device. In light of Such, a common critical concern in 
fabricating a composite device is how to integrate a free 
Standing MEMS device, which requires a high-temperature 
bonding process for encapsulation, with a temperature 
Sensitive microelectronic integrated circuit. 
0.010 Bonding techniques, including fusion bonding 
(Such as Silicon-to-silicon bonding), eutectic bonding (Such 
as Silicon-to-gold bonding), and anodic bonding (Such as 
Silicon-to-glass bonding), have all been used both in micro 
electronic integrated circuit and MEMS fabrication for many 
years. Each of these different bonding processes require two 
basic elements in order to be Successful. First, the two 
Surfaces to be bonded must each be flat to ensure intimate 
contact for proper bonding. Second, proper processing tem 
peratures are required to provide the proper bonding energy. 
For example, a conventional Silicon-to-Silicon fusion bond 
ing process occurs at a bonding temperature of above 1,000 
C. On the other hand, anodic bonding is performed at a 
lower temperature of about 450° C., but requires the assis 
tance of a high electrostatic field. Silicon-gold eutectic 
bonding theoretically occurs at a temperature of 363 C. 
Among these bonding processes, one common drawback is 
the high temperature requirement that may damage and 
degrade temperature-Sensitive integrated circuits and/or 
MEMS. Therefore, such bonding processes are not generally 
applicable in fabricating or packaging devices when tem 
perature-Sensitive devices are involved. For the past few 
years, many efforts have been undertaken to find a reliable 
bonding process that can be conducted at a low temperature. 
Unfortunately, the Success of each of these bonding pro 
ceSSes depends highly upon a particular fabrication process 
idiosyncracies, Such as the particular bonding material used, 
Surface treatment, and the flatness of the actual Surfaces 
which are to be bonded together. Due to the significant 
number of Such contingencies, Such bonding processes are 

Sep. 13, 2001 

generally neither adaptable nor economical for the large 
Scale production of composite devices. 
0011. Therefore, presently known high-temperature 
bonding proceSS techniques, for encapsulating a MEMS 
device under a microshell, are highly process dependent and 
are generally not Suitable for producing composite devices 
which incorporate temperature-Sensitive microelectronic 
integrated circuits, for Such bonding techniques require high 
temperatures which may damage temperature-Sensitive inte 
grated circuits and/or MEMS devices. In addition, such 
bonding processes typically strictly require very flat bonding 
Surfaces, Select bonding materials, and very tight process 
control to be Successful. As a result, presently known 
bonding processes are not ideal for encapsulating free 
standing MEMS structures on composite devices. 

SUMMARY OF THE INVENTION 

0012. The present invention relates to a method for 
making a microstructure assembly, the method including the 
Steps of providing a first Substrate and a Second Substrate; 
depositing an electrically conductive material, called a 
microheater, on the Second Substrate; contacting the Second 
Substrate carrying the electrically conductive material with 
the first Substrate; and then Supplying current to the electri 
cally conductive material to locally elevate the temperature 
of the electrically conductive material and cause the forma 
tion of a bond between the first Substrate and the second 
Substrate. 

0013 Furthermore, the present invention also generally 
relates to a microstructure having two Substrate bodies 
bonded together at Selected Surface bonding regions on the 
two bodies. More particularly, the microStructure is com 
prised of a first body, having a first Surface and which 
comprises a first material, and a Second body, having a 
Second Surface and which comprises a Second material. A 
resistive heating material, called a microheater, is carried on 
the Second Surface Such that the heating material defines a 
bonding area between the first Surface and the Second 
Surface. A bonding interface joining the first and Second 
Substrate bodies together, the bonding Surface comprising 
the first material and a bonding material between the Sur 
faces, is created as a result of the first material and the 
bonding material being bonded together by localized heat 
generated from current which is applied to and passed 
through the resistive heating material. 
0014. In this way, as described in significant detail here 
inbelow according to the present invention, composite 
devices which include both microelectronic integrated cir 
cuits and a MEMS device can now be fabricated and mass 
produced through the utilization of localized, high-tempera 
ture bonding processes and/or techniques. Such localized, 
high-temperature bonding ensures that microShells are prop 
erly bonded over MEMS devices to hermetically encapsu 
late and protect the MEMS devices while at the same time 
ensuring that nearby temperature-Sensitive microelectronic 
integrated circuits are not damaged from the high tempera 
tures generated during the bonding process. The precise 
utilization and positioning of microheaters in conjunction 
with thermally insulating materials ensures that the high 
temperature heat generated during the bonding proceSS is 
precisely localized and confined So as to not permanently 
damage nearby temperature-Sensitive circuits and/or 
devices. 
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0.015 These and other objects, features, and advantages 
will become apparent from the following detailed descrip 
tion of the preferred embodiment, the claims, and the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is an illustration of a prior art process 
method for fabricating a protective microshell covering to 
encapsulate a MEMS device on a silicon Substrate. 
0017 FIG. 2 is a schematic showing a localized bonding 
method and structure, including (a) a cross-sectional view, 
(b) a top view Schematic of a microheater, and (c) a top view 
Schematic of a temperature Sensor. 
0018 FIG. 3 shows isotherms around a 2 um wide 
microheater. 

0.019 FIG. 4 illustrates agreement between experimental 
and Simulation results of 5 and 7 um wide polysilicon 
microheaters under different current inputs. 
0020 FIG. 5 is an SEM micrograph showing that the 
glass cap Substrate is Softened and has the shape of the 
polysilicon microheater. 
0021 FIG. 6 is an SEM micrograph showing the local 
ized Silicon-glass fusion bonding. After the bond is force 
fully broken, the microheater, the Silicon dioxide, and the 
glass cover can each be clearly observed. 
0022 FIG. 7 shows a polysilicon microheater after being 
dipped into HF. 
0023 FIG. 8 is an SEM micrograph showing localized 
Silicon-to-gold eutectic bonding. After the bond is forcefully 
broken, Silicon attached to the gold line can be observed. 
0024 FIG. 9 is an SEM micrograph showing non-uni 
formity in a conventional eutectic bonding process. 
0.025 FIG. 10 is a schematic showing the process steps 
for forming a protective cap with cavity, the microheater 
circumscribing the cavity opening, and the bonding material 
for Sealing the cap to a Substrate. 
0.026 FIG. 11 contains 11a and 11b which are schematics 
showing respective caps, similar to that of FIG. 10, being 
aligned with a substrate for bonding thereto. In FIG.11a the 
bonding material is designated as micro-glue layer and is 
any type of material including chemical vapor deposited 
bonding material. In FIG. 11b the cap is the same configu 
ration as that prepared by the steps illustrated in FIG. 10. 
0.027 FIG. 12 is a schematic of an array of microheaters 
which are electrically connected together on a Silicon Sub 
Strate. 

0028 FIG. 13 is a schematic of an experimental setup for 
executing a localized bonding process. 
0029 FIG. 14 is a schematic showing localized, indirect 
bonding methods and Structures with intermediate layers, 
including (a) a cross-section view of PSG-to-glass bonding 
and (b) a cross-section view of Indium-to-glass bonding. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0030 The present invention provides a new bonding 
process for encapsulating MEMS devices based on the 
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concept of localized high temperature bonding. High tem 
perature, localized bonding is accomplished along a defined 
bonding path between two bodies. The regions of the bodies 
adjacent the path are maintained at a relatively low tem 
perature. The localized high temperature causes Softening of 
the bonding material which compensates for rough bonding 
surfaces on the bodies which are to be bonded together. Such 
provides a very effective seal, for it bonds the two bodies 
together while Simultaneously minimizing adverse tempera 
ture effects in regions adjacent the bonded area. 
0031. The particular method of the present invention is 
useful to prepare and Situate a variety of configurations of 
microStructures exemplified in the following description. In 
one embodiment, the overall microStructure comprises two 
bodies bonded together at their respective bonding Surfaces. 
The first body has a first surface which comprises a first 
material, and the Second body has a Second Surface which 
comprises a Second material. A resistance microheater is 
attached to the Second body at the Second Surface. The 
microheater is formed of a third material, and the micro 
heater defines a path of a bonding area (pad) between the 
first surface of the first body and the second surface of the 
Second body. The microheater is electrically conductive, and 
the path defined by the microheater is an electrically con 
ductive path. Preferably, the materials of the first and second 
Surfaces comprise an insulation material which prevents 
electrical current from deviating from the electrically con 
ductive path of the microheater. 
0032. When current is supplied to the microheater to 
thereby generate bond-facilitating heat, a bonded area is 
formed which joins regions of the first and Second bodies to 
one another. This bonded area or region is referred to as a 
bonding interface. Regions adjacent the bonding interface 
remain at relatively low, near ambient temperature when 
heat Supplied by the microheater joins the bodies together. 
0033. At least one of the bodies has a cavity with an 
opening defined therein. The bodies are bonded to together 
Such that the opening is disposed between the bodies. The 
bonding path of the microheater circumscribes the opening, 
and the bonding interface forms a Seal which cooperates 
with the first and second bodies to enclose the cavity. The 
cavity may contain a microdevice, Such as a microelectronic 
sensor, a micro-electrical mechanical (MEMS) device, or 
other miniaturized electronic component. 
0034. In one embodiment of the method according to the 
present invention, the assembly which comprises the micro 
electronic device is prepared by first placing the microelec 
tronic device on a first Substrate. Next, a Second Substrate is 
prepared having a layer of electrically insulating material on 
its Surface, which layer is also preferably thermally insulat 
ing. Next, a cavity is etched into the Surface of the Second 
Substrate. A microheater is placed on the insulating layer of 
the Second Substrate. The microheater is arranged on the 
Surface in a path which circumscribes the opening of the 
cavity. A layer of electrically insulating material is then 
placed on the Second Substrate to cover at least the micro 
heater and the interior Surface of the cavity. Then, a bonding 
material is placed over the electrically insulating layer on the 
second substrate in a pattern which follows the path of the 
microheater. 

0035 Finally, the first substrate, which carries the micro 
electronic device, is placed in contact with the Second 
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Substrate carrying the microheater. Electric current is then 
Supplied to the microheater to elevate the temperature of the 
microheater and cause the formation of a bond between the 
first Substrate and the Second Substrate. The microheater, 
being a resistance heater, provides bond-facilitating heat 
only along the path where a bond is to be formed. The 
electrically isolating material on both Sides of the micro 
heater helps to precisely define and confine the path of 
electric current and heat flow. Therefore, the bond is formed 
with almost no temperature change to regions adjacent the 
bonding interface where the bond is formed. The joining of 
the first and Second Substrates by localized, high-tempera 
ture bonding facilitated by the resistance microheater her 
metically Seals the cavity with the microelectronic device 
contained therein and does not adversely affect adjacent 
regions or components. 

0036). In one embodiment, the substrate which comprises 
the cavity may be considered to be a protective cap or a 
microShell. The material of this protective cap may be 
Selected from any material which is rigid enough to protect 
the underlying device encapsulated within the cavity. There 
fore, any material may be Selected, including but not limited 
to glass, Silicon, plastic, and metal. The material of the 
Substrate carrying the microelectronic device is also not 
limited and may also be comprised of any of the materials 
listed above. However, the Substrate carrying the microelec 
tronic device must include a layer which is electrically 
isolating. This layer Separates the material of the Substrate 
from the resistance microheater. Such separation is neces 
Sary to define the path of the microheater and prevent current 
from flowing into the Substrate in a situation where the 
substrate itself has electrically conductive features. The 
layer is preferably also thermal insulating So that the bond 
facilitating heat generated by the resistance microheater is 
confined to the area where the bond is desired. 

0037. In the case where the bonding material itself is 
electrically conductive, it is preferred that the Surface of the 
first Substrate which comes in contact with the bonding 
material be electrically non-conductive. Thus, the first Sub 
Strate may generally comprise any material. However, if the 
first substrate is electrically conductive, then the first sub 
Strate must have an electrically insulating layer on its 
bonding Surface which comes in contact with the bonding 
material, if the bonding material is also electrically conduc 
tive. 

0.038. The microheater may be formed from a variety of 
materials So long as they are electrically conductive and 
Suitable for operation as a resistance heater. The materials 
from which the microheater may be formed are, by example, 
polysilicon, gold, titanium, tungsten, copper, aluminum, 
platinum, and other refractory metals. The term refractory 
metal indicates a metal or alloy that is capable of enduring 
high temperatures. ESSentially, any electrically conductive 
material may be Selected and the temperature at which the 
bonding is desired to occur will typically determine the 
Selection of the material. 

0039. In some cases, the microheater may itself constitute 
the bonding material. Alternatively, the microheater and the 
bonding material may constitute Separate layers. In this case, 
if the bonding material is electrically conductive, it is 
preferred that a layer of electrically insulating material be 
disposed between the microheater and the bonding material 
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So as to better control the path of the current through the 
microheater and prevent the current from being directed 
through the bonding material. 
0040. Materials which may function as bonding materials 
include polysilicon, doped polysilicon, gold, Silicon dioxide, 
copper, titanium, glass frit, PSG, BSG, and Soldering mate 
rials like indium, Silicon/gold alloy, and Silicon/aluminum 
alloy. The PSG stands for phosphosilicate glass, also 
referred to as phosphorous doped glass. It is a glass (silicon 
dioxide) with some phosphorous content. Similarly, the BSG 
Stands for glass doped with boron. 
0041) Materials which may function as both a micro 
heater and a bonding material include polysilicon, doped 
polysilicon, gold, and aluminum. 
0042 Polysilicon is a polycrystalline silicon which con 
Stitutes grains of Silicon grown together. It is relatively easy 
to fabricate layers of polysilicon on a Substrate by chemical 
vapor deposition (CVD) means. Polysilicon is conveniently 
grown in an oven or reactor by CVD. Such polysilicon is in 
contrast to Silicon which is a Single crystal material conven 
tionally known. 
0043. If dissipation of current through and from the 
bonding material is not a concern, then the microheater and 
bonding material may constitute one integrated Single ele 
ment, or the microheater need not be insulated from the 
bonding material. The bonding material is essentially any 
material which, when heated, is capable of forming a bond. 
The bond achieved by the method according to the present 
invention is preferably a fusion bond, or a bond formed by 
eutectic joining of materials. Therefore, the bonding mate 
rial is selected on the basis of its ability to melt and form a 
fusion bond or by its ability to form a eutectic mixture with 
the material to which it is being joined. Thus, the bonding 
material is selected on the basis of its ability to fuse or to 
form a eutectic mixture at a temperature Sufficiently low So 
that when bonding occurs, adjacent regions will not be 
Subjected to an undesirably high temperature and damage 
nearby integrated circuits and/or MEMS. 
0044 As described earlier herein, an isolating film which 
is preferably also a thermally insulating film is produced on 
the Surface of one or both of the Substrates prior to execution 
of the bonding process. The bonding process is preferably 
performed by Supplying current to the resistance micro 
heater at the same time pressure or force is applied to one or 
both of the Substrates to bias the Substrates toward one 
another to be joined. When performing the bonding by 
heating and Such pressurization, it is thought that any 
insulating/isolating film on the Surface of the Substrate is 
destroyed. As a result, bonding occurs uniformly over an 
entire region of the bonding Surface with the result that it is 
possible to form the bonding interface with essentially no 
void therein. This is the case for both eutectic and fusion 
bonding. 

0045. In one embodiment, the bonding material is the 
decomposition product of a gaseous precursor which decom 
poses on contact with, or in the presence of, heat generated 
by the resistance microheater. 
0046 A wide variety of precursor reactions are available 
for the deposition of Solid material and are usable in low 
pressure chemical vapor deposition (LPCVD) systems. Such 
materials include, but are not limited to, molybdenum, 
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nickel, carbon, Silicon dioxide, alumina; nitrides of Silicon, 
titanium, and boron; and carbides of Silicon, titanium, and 
boron. Other materials able to be deposited by CVD or 
plasma-assisted CVD include tungsten, Silicon dioxide, 
nitrides of tin and boron, and a composite of tin and boron. 
It is also known to deposit platinum by chemical vapor 
deposition. A variety of deposition materials and precursors 
are available and known to those skilled in the art. They will 
not be repeated here. A discussion of Such materials and 
techniques can be found in Advanced Surface Coatings. A 
Handbook of Surface Engineering, edited by D. S. Rickerby 
and A. Matthews, and published by Chapman & Hall, New 
York, 1991. 

0047 The examples set forth below demonstrate use of 
the new bonding process based on localized high-tempera 
ture heating and utilizing the Structure and methods of the 
invention. High temperature, localized bonding was accom 
plished along a defined bonding path between two bodies. 
The regions of the bodies adjacent the path were maintained 
at a low temperature, while localized high-temperature 
bonding was accomplished in the bonding path. By this 
method, localized high temperature was able to cause Soft 
ening of the bonding material and compensate for rough 
Surfaces on the bodies being joined together as evidenced by 
test results and microscopic examination of the bonding 
interface. The examples below demonstrate both localized 
fusion and eutectic bonding processes. In the examples, 
phosphorous-doped polysilicon was applied in the localized, 
Silicon-to-glass fusion bonding experiments. Gold was used 
in the Silicon-to-gold eutectic bonding tests. Polysilicon and 
gold films were patterned as line-shaped resistive heaters, 
and they reacted as bonding materials in the experiments. 
The experiments below demonstrate bonding by both pro 
ceSSes was accomplished in five minutes and the high 
temperature bonding region was confined to a Small area. 

EXAMPLE 1. 

Direct Bonding 

0.048 Part 1: Experimental Set-Up and Design Verifica 
tion 

0049 FIG. 13 is an example of a small scale experimen 
tal testing Setup for executing and implementing the method 
proceSS and related Structure according to the present inven 
tion. The microScope and micromanipulators together Serve 
to align the top Silicon Substrate to the gold microheater 
which was deposited on the bottom silicon Substrate. The 
alignment of the electrical probes onto the electrical contact 
pads associated with the microheater can also be achieved 
with the help of the microscope and the micromanipulators. 
In this manner, electrical current from a power Source is 
Successfully passed through the microheater to thereby 
initiate the localized, high-temperature bonding proceSS 
according to the present invention. 

0050 FIG. 2 shows the experimental setup for the bond 
ing tests, including (a) a cross-sectional view, (b) a sche 
matic view of the design of the microheater, and (c) a 
Schematic view of the design of a temperature Sensor. FIG. 
2(a) shows the cross-sectional view where a Silicon or glass 
cap was prepared to be bonded to the device Substrate. A 
Silicon dioxide layer was grown on the device Substrate for 
electrical and thermal insulation. In the associated fusion 
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bonding experiments, polysilicon was grown and patterned 
as both the heating and the bonding material. In the eutectic 
bonding experiment, gold resistive microheaters were like 
wise used as both the heating and the bonding materials. A 
proper pressure (about 1 MPa) was applied to put the cap 
Substrate in contact with the bonding resistors (microheat 
ers) as shown in FIG. 2(a). FIG. 2(b) shows the top view 
design of the enclosed-shape microheater usable to help 
encapsulate MEMS devices. In order to measure the tem 
perature Surrounding the microheater, a temperature Sensor 
made of polysilicon or gold was placed 15 um away from the 
bonding area as shown in FIG. 2(c). The temperature was 
Sensed and characterized by monitoring the change in resis 
tance of the microheater, by dividing AV by the input current 
I. Heat transfer Study by this set-up detected a high tem 
perature confined in a very small region. FIG. 3 shows the 
resulting isotherm of Such a bonding System. When the 
microheater was at a high temperature of 1000 C., the 
temperature dropped to 100° C. less than 2 um away from 
the microheater as shown. Therefore, localized and confined 
heating was Successfully achieved by the proper arrange 
ment of microheaters and insulation layers in this particular 
Set-up. 

0051 Two widths, 5 or 7 um, of the microheaters were 
designed and tested with a Square bonding area of 500 um. 
A pressure of 1 MPa was applied on top of two wafers and 
a current, which corresponded to the particular design of the 
microheaters, was passed through the heaters to provide the 
proper bonding temperature. An electro-thermal model 
based on the conservation of energy was used to estimate the 
temperature. FIG. 4 shows the simulation results (solid 
lines) and experiments (symbols) of polysilicon microheat 
erS under different input currents without the cap Substrate. 
The experimental data was calculated by assuming a linear 
dependence of resistivity with respect to temperature: 

0052 where p is the resistivity at room temperature and 
E is the temperature coefficient of resistivity. For N-type 
polysilicon with a dopant concentration of 7.5x10'/cm, 
this temperature coefficient is about 1.2x10/K. 
0053. This same principle was utilized with the tempera 
ture Sensor to determine the temperature changes and gra 
dient at a short distance, Such as 15 lum, away from the 
microheater. It was found that when an electric current of 30 
mA was passed through the 5um polysilicon resistive heater, 
the temperature reached the melting point of polysilicon 
(~1415 C.). At the same time, the temperature sensor 
indicated a temperature increase of less than 40°C. Thus, the 
high temperature in the bonding region was Successfully and 
very well confined in a Small region within the device is 
Substrate. 

0054 Part 2: Localized Fusion Bonding 
0055 Based on the concept of localized high-temperature 
bonding, localized Silicon-to-glass bonding was Successfully 
accomplished using a glass cap Substrate. First, a Pyrex glass 
cap Substrate (7740 from Dow Corning) was placed and 
pressed on the top of polysilicon microheaters as shown in 
FIG. 2(a). A31 mA input current was then applied to the 5 
tim wide, 1.1 um thick polysilicon microheater for about 5 
minutes. This input current was close to that required to 
cause melting of polysilicon. This input current generated a 
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temperature of about 1300 C. based on the current-tem 
perature Simulation that included the effect of the glass cap 
on top of the micro-heater. This temperature is slightly lower 
than the data shown in FIG. 4 under the same input current 
because of heat losses to the glass cap. 
0056 FIG. 5 shows the SEM micrograph of a forcefully 
broken fusion bond on the glass cap. It was observed that the 
Square shape microheater was reflected on the originally flat 
glass Substrate. Moreover, part of the polysilicon was 
attached to the glass cap. This microphoto demonstrated two 
very important features for the localized fusion bonding 
experiment. First, it was very easy to raise the microheater 
temperature to be above the glass soften point of -820 C., 
Such that the glass cap is locally Softened. Second, the 
applied pressure was high enough to cause intimate contact 
of the glass cap and the microheaters. Since intimate contact 
was made at the proper temperature and reaction time, a 
good and reliable fusion bond resulted. 
0057. In order to determine the bonding strength, a close 
up SEM microphoto was taken as shown in FIG. 6. For this 
particular Sample, the breakage was along one of the micro 
heaters. The polysilicon microheater, underneath the Silicon 
dioxide layer and the top glass cap, was clearly identified. 
The morphology of glass near the heater line showed the 
glass had been Softened locally. After dipping the Sample 
into an HF Solution, the polysilicon heater was clearly 
delineated as shown in FIG. 7. In this case, the polysilicon 
glass bond Seemed to be Stronger than the bottom polysili 
con-Oxide adhesion where the broken trace was clearly 
observed. Therefore, these results strongly Suggest that an 
excellent Silicon-to-glass fusion bonding can be achieved 
with localized high-temperature bonding. 
0.058 According to established fusion bonding prin 
ciples, flat Surfaces, hydrophilic Surface treatment, Suffi 
ciently high bonding temperature, and reasonable bonding 
time together result in Successful bonding. The typical 
conventional bonding temperature is above 1000 C. for 
about 2 hours. In the experiments presented here, micro 
heaters were cleaned by SPM (Sulfuric peroxide mixture, i.e. 
a mixture of HSO and HO) followed by an HF dip and 
water rinse for proper hydrophilic Surface treatment. Bright 
red light emitted from microheaters during the high-tem 
perature bonding process. It was found that when the bond 
ing temperature was raised to very close to the melting 
temperature of polysilicon, the Silicon-to-glass fusion bond 
ing occurred in less than 2 minutes. In another experiment, 
a lower bonding current of 29 mA, which corresponds to a 
temperature of about 1000 C., was applied continuously for 
30 minutes. The result showed poor bonding strength and 
poor uniformity. According to these experimental results, 
hermetic bonding results when the bonding temperature is 
controlled to be very close to the melting point of the 
polysilicon material. At a lower bonding temperature, a 
Significantly longer bonding period is needed to achieve 
Such excellent bonding. 
0059) Part 3: Localized Eutectic Bonding 
0060. In the silicon-to-gold eutectic bonding experi 
ments, gold microheaters were used both as the heating 
material and the bonding material. A Silicon cap Substrate 
was placed on top of the gold microheater, as shown in FIG. 
2(a). A 0.27A electric current was then applied to the 5um 
wide, 0.5 um thick gold microheater for about 5 minutes. 
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The bonding temperature was estimated to be about 800 C. 
During the bonding process, gold diffused into the Silicon, 
and the resistivity of the gold line was thereby increased. 
Thus, it was necessary to increase the current density 
through the gold microheater to maintain a high bonding 
temperature during the bonding process. FIG. 8 shows the 
result of Silicon-to-goldeutectic bonding by the technique of 
localized heating. It appeared that Silicon was broken and 
attached to the gold microheater when the eutectic bond was 
forcefully broken. Moreover, uniform eutectic bonds were 
observed around the Square shape microheater. 

COMPARATIVE EXAMPLE 

0061 For comparison purposes, the same eutectic bond 
ing experiment was also performed by using the conven 
tional eutectic bonding technique. The proceSS was con 
ducted in an oven that provided global heating and bonding. 
The processing temperature was first ramped to 410 C. in 
10 minutes and was kept at 410 C. for 10 minutes before 
cooling down to room temperature in 10 minutes. FIG. 9 
shows the bonding result in a SEM microphoto. Nonuniform 
eutectic bonding was clearly observed in this photo. This is 
probably the reason why hermetic Sealing was not achieved. 
It is well-known that the diffusivity and solubility of gold 
into a Silicon Substrate both increase when the processing 
temperature increases. At higher bonding temperatures, as 
those used in the localized bonding process, more gold 
atoms can diffuse into Silicon. Therefore, a thicker layer of 
gold-Silicon alloy can form at a higher bonding temperature 
and a stronger eutectic bond is expected. However, this also 
results in the degradation of nearby heat-Sensitive compo 
nents. Therefore, a balance between achieving a good bond 
and the maintenance of component integrity is difficult and 
often impossible to achieve. 
0062 Temperature and processing time are the two key 
Success factors for both fusion and eutectic bonding in order 
to achieve intimate contact as per the invention. In the 
Silicon-to-glass fusion bonding System, atoms obtain ther 
mal energy provided by temperature to overcome reaction 
barrier to form chemical bonds. In the Silicon-to-gold eutec 
tic bonding System, diffusion is activated under a high 
temperature environment when atoms overcome the diffu 
Sion barrier to form eutectic bonds. It is desirable to have 
high processing temperatures in both fusion and eutectic 
bonding processes for a higher diffusion constant and reac 
tion rates. Localized heating provides an excellent way to 
accomplish the high temperature bonding requirement while 
maintaining low temperature at the wafer level. Therefore, 
fast reaction and Strong bonding are expected to occur 
locally. There are many ways to achieve localized heating, 
including using microheaters or a focused micro-laser. The 
key Structural design is to prevent the heat losses to the 
environment or Substrate. An insulation layer (Such as a 
Silicon dioxide) underneath the heating element serves well 
for this purpose, as illustrated in FIG. 3. In accordance with 
the present invention, further design optimizations, of 
course, can be implemented based on basic heat transfer 
principles to improve the effectiveness of localized heating. 
0063. In some embodiments, direct silicon fusion and 
eutectic bonding techniques are conducted where the heating 
elements also serve as the bonding materials. One drawback 
for the direct bonding technique is that the bonding materials 
may diffuse or melt during the process. Therefore, the 
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resistance of the microheater changes, and it is very difficult 
to control the bonding temperature and process. The same 
localized heating techniques are also shown by adding 
Soldering materials for indirect bonding. Since the micro 
heaters can be preserved during the indirect bonding pro 
ceSS, good temperature and process control are expected. 
These methods are very well Suited to encapsulation of 
microresonators in a vacuum environment with hermetic 
Sealing to package microresonators. 

0064. The method of the invention is usable to prepare a 
micropackage (microshell) as shown in FIGS. 10 and 11. 
FIG. 10(a) shows a silicon wafer with an oxide layer and a 
cavity. The structure of FIG. 10(a) is prepared by first 
growing an oxide layer on the Silicon wafer. This oxide layer 
functions both as thermal insulation and electrical insulation 
layered between the microheater and the Silicon wafer 
Substrate. The Silicon oxide is chosen because it has very 
good thermal and electrical insulation properties, and it can 
be grown easily on Silicon. The Silicon oxide layer is then 
patterned to define the cavity area, and the cavity is there 
after etched to a desired depth. This cavity can then be used 
to protect a microdevice, such as a MEMS device. 

0065 Referring again to FIGS. 10 and 11, it was 
described that insulation and isolation materials were used. 
In FIG. 10, the silicon dioxide layer has both thermal and 
electrical insulating characteristics. In the broadest aspect, 
both electrical and thermal insulating requirements are not 
Strictly required. The electrical insulation layer is preferred 
in order to help control the electrical power output. The 
thermal insulation is also preferred in order to help the 
efficiency of the heating. Although one may accomplish the 
Same result without using a dual purpose layer or more than 
one layer to achieve electrical and thermal insulation, this is 
not thought to be the best approach. As to FIG. 11, isolation 
and/or insulation material are shown on the respective caps 
and substrates. (FIGS. 11a and 11b). As per the reasons 
described in connection with FIG. 10, it is better to have 
both thermally and electrically insulating characteristics for 
this isolation layer. However, this is a preferred feature 
related to the most preferred embodiment. The invention 
may be practiced without this preferred feature. 

0066 Proceeding from FIG. 10(a) to FIG. 10(b), the 
application of the microheater is shown. In this embodiment, 
the microheater is preferably polysilicon. This material is 
able to withstand and Sustain a very high localized tempera 
ture and is therefore compatible with integrated circuit 
processes. For bonding processes that require a higher 
temperature, tungsten or other higher melting point materi 
als can be used as the microheater. After polysilicon is 
deposited, it is doped with phosphorous and patterned as 
shown in FIG.10(b). Next, a thin layer of silicon nitride is 
deposited over the Surface of the Structure to provide elec 
trical insulation. This layer is also used as a masking 
material during the final etching Step. After deposition of the 
Silicon nitride, the bonding material is deposited and pat 
terned as shown in FIG. 10(c). AS required, an opening may 
be made to provide a wire bonding area for a MEMS device. 
Therefore, as per FIG. 10(d), the wire bonding area for 
MEMS chips is opened in the silicon nitride layer. Silicon is 
etched away to open up this area. In this example, the 
bonding material is Selected to be resistant to the Silicon 
etchant. 
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0067. The microstructure (microshell) prepared as per 
FIGS. 10(a) through 10(d) shows one example of a micro 
package with a cavity, microheaters, and bonding material, 
Specifically arranged for the post-packaging of a MEMS 
device by localized heating. For MEMS chips which have 
unprotected feed-through as interconnections, non-conduct 
ing materials should be used for bonding. For those where 
the electrical feed-through has been protected by insulation 
layers, electrically conductive material can be used as bond 
ing material. FIG. 10(d) is generally viewed as the cross 
sectional view of line A-A in FIG. 10(e). 
0068 A prototype design for a composite microheater is 
shown in FIG. 10 (f). More particularly, two microheaters 
which are electrically connected in parallel are utilized to 
form a combined composite closed-loop microheater. The 
composite closed-loop microheater design ensures that a 
micropackage (i.e., a microshell) bonded onto a MEMS 
wafer, for example, Successfully encapsulates and hermeti 
cally seals the microdevice which is situated within the 
closed loop. As shown in FIG. 10(f), the two microheaters 
are connected in parallel between two main electrically 
conductive interconnection lines on the micropackage wafer 
Substrate. The two interconnection lines have different volt 
age potentials to ensure that electrical current is conducted 
in parallel through the two microheaters. AS would be 
recognized by one skilled in the electronic arts, numerous 
additional composite closed-loop microheaters can all be 
connected in parallel between the two interconnection lines. 
Alternatively, multiple composite closed-loop microheaters 
can also be connected in electrical Series between the two 
interconnection lines provided Space between the two lines 
permits such. Even further, as illustrated in FIG. 12, mul 
tiple composite closed-loop microheaters can be incorpo 
rated into an array of composite microheaters over the 
Surface of the micropackage wafer, whereon the microheat 
erS are connected in Series and in parallel. AS would be 
recognized by one skilled in the electronic arts, composite 
microheater array designs can also include more than two 
main interconnection lines Such that a multiple array Scheme 
or a Super and Sub-array Scheme is developed. In this 
manner, Such multiple composite microheater array Schemes 
enable numerous microshells to be bonded Simultaneously 
to the MEMS wafer when electrical current is passed 
through the microheater array(s). Thus, numerous MEMS 
(and/or microelectronic integrated circuits) can be encapsu 
lated on the MEMS wafer and hermetically sealed at the 
same time instead of one at a time. As a result, MEMS 
devices can be easily and economically mass produced in a 
Significantly shorter period of time. To ensure that the 
Voltage-Supplying interconnection lines on the micropack 
age Substrate wafer can be accessed for activation when the 
micropackage Substrate wafer is aligned and placed over the 
MEMS wafer, the diameter of the micropackage substrate 
wafer (substrate 2 in FIG. 12) should be larger than the 
diameter of the MEMS wafer (substrate 1 in FIG. 12) so that 
electrical contact pads along the Outer periphery of the 
micropackage wafer can be accessed to pass current to the 
interconnection lines on the micropackage wafer for bond 
ing. 
0069 Localized fusion and eutectic bonding processes 
have been Successfully demonstrated. Phosphorous doped 
polysilicon and gold resistive heaters were used in Silicon 
to-glass fusion and Silicon-to-gold eutectic bonding pro 
cesses, respectively. It was found that both processes were 
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accomplished in less than 5 minutes with excellent bonding 
Strength and uniformity. In the Silicon-to-glass fusion bond 
ing process, an input current of about 31 mA was necessary 
to reach a bonding temperature of about 1300 C. In the 
Silicon-to-gold eutectic bonding process, an input current of 
about 0.27A is needed to reach a bonding temperature of 
about 800° C. These localized high-temperature bonding 
techniques greatly simplify MEMS fabrication and packag 
ing at both the wafer and chip levels. 
0070 This new scheme has potential applications for 
MEMS fabrication and packaging that require low tempera 
ture processing at the wafer level, excellent bonding 
Strength, and hermetic Sealing characteristics. The methods 
and Structures of the present invention are well Suited to 
commercial production, are relatively economical, and meet 
the needs for packaging a variety of microdevices in a 
variety of circuit configurations, including composite 
devices which integrate both microelectronic integrated cir 
cuits with MEMS devices. 

EXAMPLE 2 

Indirect Bonding with an Intermediate Layer 
0071. In the direct bonding process method and associ 
ated Structures described hereinabove, either phosphorus 
doped polysilicon or gold was primarily utilized to Serve the 
dual role of being both the heating material (i.e., a micro 
heater) and the bonding material during the bonding process. 
AS briefly alluded to hereinabove, one drawback of this 
direct bonding method is that the bonding materials may 
diffuse or melt during the bonding proceSS and change the 
resistance of the microheater material. Such a change in 
resistance makes controlling the current which is applied to 
the microheater to control the temperature for facilitating the 
bonding process rather difficult. To remedy Such, it is 
Sometimes more desirable to introduce an added intermedi 
ate layer that functions only as the bonding material to 
thereby Separate the roles of bonding and heating. AS a 
result, better temperature control is achieved in order to 
Soften the intermediate layerS for Successful bonding. 
0.072 Two types of localized, indirect bonding processes 
which incorporate intermediate layerS have been investi 
gated, specifically PSG-to-glass fusion bonding (see FIG. 
14(a)) and Indium-to-glass bonding (see FIG. 14(b)). In both 
of these bonding processes, polysilicon is used as the heating 
material (i.e., the microheater), and a thermal oxide layer is 
first grown on the Silicon Substrate to ensure electrical and 
thermal insulation. That is, the thermal oxide layer is grown 
on top of the Silicon Substrate layer for electrical insulation 
before the PSG or Indium solder layer depositions. A pres 
sure of 1 MPa is applied on top of the two wafers, and a 
current of approximately 10 to 70 mA (the exact current 
Selected depends on the design of the microheaters and the 
intermediate layer) is passed through the microheater. Ulti 
mately, the intermediate PSG layer on top of the polysilicon 
microheater is Stripped away and is instead attached to the 
glass wafer. As a result, an excellent PSG-to-glass bond is 
achieved, and the new bond is even Stronger than the initial 
adhesion force between the deposited PSG and the polysili 
con layer. Furthermore, the full depletion of the PSG inter 
mediate layer onto the glass Substrate (i.e., pyrex glass cap) 
ensures excellent bonding uniformity. The process of local 
ized bonding via an intermediate layer Serves to Soften or 
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reflow the bonding material itself, thereby avoiding the poor 
bonding results which typically occur when bonding Sur 
faces are rough and not Smooth. 
0073. In summary, while the present invention has been 
described in terms of certain embodiments and examples 
thereof, it is not intended that the invention be limited to the 
above description and embodiments, but rather only to the 
extent Set forth in the following claims. 
0074 The embodiments of the present invention in which 
an exclusive property right or privilege is claimed are 
defined in the following claims. 

What is claimed is: 
1. A method for making a microStructure assembly, the 

method comprising the Steps of 

(i) providing a first Substrate and a second Substrate; 
(ii) depositing an electrically conductive material on the 

Second Substrate, 

(iii) contacting the Second Substrate carrying the electri 
cally conductive material with the first Substrate; and 
then 

(iv) Supplying current to the electrically conductive mate 
rial to elevate the temperature of Said electrically 
conductive material and cause formation of a bond 
between the first Substrate and the second Substrate. 

2. The method of claim 1 wherein the second Substrate is 
a Silicon or glass wafer having a layer of an oxide of Silicon 
on the Surface, which layer is thermally and electrically 
insulating. 

3. The method of claim 1 wherein before the step of 
depositing the electrically conductive material, a cavity is 
formed in the Surface of the Second Substrate; and Said 
electrically conductive material is deposited in a path which 
circumscribes the opening of the cavity. 

4. The method of claim 3 wherein after the step of 
depositing the electrically conductive material, a layer of 
electrically insulating material is deposited on the Surface of 
the Second Substrate to cover at least the electrically con 
ductive material and the interior Surface of the cavity. 

5. The method of claim 4 wherein a bonding material is 
deposited over the insulating layer of claim 4 in a pattern 
which follows the path of the electrically conductive mate 
rial. 

6. The method of claim 4 wherein the layer of electrically 
insulating material of claim 4 is Selected from the group 
consisting of Silicon nitride, Silicon dioxide, and mixtures 
thereof. 

7. The method of claim3 wherein before step (iii) of claim 
1, a microelectronic device is placed on the Surface of the 
first Substrate whereby step (iii) of contacting the first and 
Second Substrates provides Sealing of the cavity with the 
microelectronic device disposed therein. 

8. The method of claim 1 wherein the electrically con 
ductive material is Selected from the group consisting of 
gold, polysilicon, aluminum platinum, tungsten, any other 
refractory metal, and mixtures thereof. 

9. The method of claim 5 wherein the bonding material is 
Selected from the group consisting of Silicon dioxide, Sili 
con, gold, copper, titanium, polysilicon, glass frit, PSG, 
BSG, Soldering materials. Such as indium, Silicon/gold alloy, 
and Silicon/aluminum alloy, and mixtures thereof. 
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10. The method of claim 1 wherein while current is being 
Supplied in Step (iv), a bonding material is applied between 
Said first and Second Substrates by decomposing a gas on 
contact with Said electrically conductive material thereby 
forming a decomposition product which bonds Said Sub 
Strates together. 

11. The method of claim 3 wherein the cavity is formed 
by etching or machining. 

12. The method of claim 11 wherein the cavity is formed 
by isotropic etching or anisotropic etching. 

13. The method of claim 1 wherein the electrically 
conductive material is applied to the Second Substrate by 
chemical vapor deposition, Sputtering or evaporation. 

14. The method of claim 1 wherein the bond is a fusion 
bond or a eutectic bond or a Soldering bond. 

15. The method of claim 1 wherein the first Substrate is 
Silicon, the Second Substrate is Silicon, the bonding material 
is gold and the bond is a eutectic bond formed by Silicon and 
gold. 

16. The method of claim 1 wherein the first Substrate is 
Silicon, the Second Substrate is Silicon, the bonding material 
is polysilicon, and the bond is a fused Silicon to Silicon bond. 

17. The method of claim 1 wherein the first Substrate is 
glass, the Second Substrate is Silicon, the bonding material is 
polysilicon, and the bond is a fusion bond formed between 
Silicon and glass. 

18. A method for Simultaneously micropackaging a plu 
rality of microdevices, the method comprising the Steps of: 

fabricating a plurality of microdevices on a first Substrate 
wafer Such that the microdevices are arranged in a first 
array, 

fabricating a corresponding plurality of micropackages on 
a Second Substrate wafer Such that the micropackages 
are arranged in a Second array which is aligned to 
match the first array; 

fabricating an array of microheaters on the micropackages 
of the Second array; 

fabricating electrically conductive interconnection lines 
between the microheaters, 

moving the first Substrate and the Second Substrate toward 
each other until the array of micropackages comes into 
biased contact with the first Substrate Such that each 
microdevice in the first array is covered by one of the 
micropackages, and Such that the array of microheaters 
is interposed between the first array of devices and the 
Second array of micropackages, and 

applying electrical current through the interconnection 
lines to thermally activate the microheaters for bonding 
and hermetically Sealing the micropackages to the first 
Substrate to thereby encapsulate and protect the devices 
on the first Substrate. 

19. The method according to claim 19, and further com 
prising the Steps of 

fabricating the first Substrate wafer and the Second Sub 
Strate wafer Such that the diameter of the Second 
Substrate wafer is larger than the diameter of the first 
Substrate wafer; and 

fabricating electrically conductive contact pads on the 
Second Substrate wafer Such that the contact pads are 
electrically connected to the interconnection lines, and 
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Such that the contact pads are proximate to the perim 
eter of the second substrate wafer whereby electrical 
current applied to the contact pads flows through the 
interconnection lines unobstructed when the first Sub 
Strate wafer and the Second Substrate wafer are moved 
toward each other for bonding. 

20. A microStructure for Simultaneously micropackaging 
a plurality of microelectronic devices, the microStructure 
comprising: 

a first Substrate wafer; 
a first array of microdevices mounted on the first Substrate 

wafer; 
a Second Substrate wafer; 
a corresponding Second array of micropackages mounted 

on the Second Substrate wafer, the micropackages being 
aligned Such that the Second array matches the first 
array, 

a corresponding array of microheaters, each said micro 
heater mounted on a respective one of the micropack 
ages of the Second array; and 

electrically conductive interconnection lines which are 
electrically interconnected between the microheaters of 
the Second array on the Second Substrate, wherein the 
Second Substrate is mountably biased against the first 
Substrate Such that each microdevice in the first array is 
covered by one of the micropackages in the Second 
array, and Such that the third array of microheaters is 
interposed between the first array of devices and the 
Second array of micropackages. 

21. A microStructure having two bodies bonded together 
at respective Surfaces of Said bodies comprising: 

a first body having a first Surface and which comprises a 
first material; 

a Second body having a Second Surface and which com 
prises a Second material; 

a resistive heating material carried on Said Second Surface, 
and defining a bonding area between Said first and 
Second Surfaces where Said path is electrically conduc 
tive; 

a bonding interface joining Said first and Second bodies 
together and comprising Said first material and a bond 
ing material between Said Surfaces, Said first material 
and Said bonding material bonded together by heat 
from current Supplied to Said resistive heating material. 

22. The microStructure of claim 21, further comprising, at 
least one of Said bodies having a cavity, Said bonding area 
circumscribing Said cavity, and Said bonding interface form 
ing a Seal which cooperates with Said first and Second bodies 
to Sealingly enclose Said cavity. 

23. The microstructure of claim 21 wherein said second 
body is a composite comprising Said Second material and a 
third material disposed between Said Second material and 
Said resistive heating material, Said third material being 
electrically insulating. 

24. The microstructure of claim 23 wherein said third 
material is electrically insulating. 

25. The microstructure of claim 23, wherein said third 
material is Selected from the group consisting of Silicon 
dioxide, Silicon nitride, and mixtures thereof. 
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26. The microstructure of claim 21 wherein said bonding 
material is between Said resistive heating material and Said 
first Surface. 

27. The microstructure of claim 21 wherein said resistive 
heating material constitutes Said bonding material. 

28. The microstructure of claim 21 wherein said resistive 
heating material is Selected from the group consisting of 
gold and polysilicon. 

29. The microstructure of claim 21 wherein the second 
material is Selected from the group consisting of Silicon, 
glass, aluminum, platinum, tungsten, any other refractory 
metal, and mixtures thereof. 

30. The microstructure of claim 21 wherein the bonding 
material is Selected from the group consisting of Silicon 
dioxide, Silicon, gold, copper, titanium, polysilicon, glass 
frit, PSG, BSG, Soldering materials such as indium, silicon/ 
gold alloy, and Silicon/aluminum alloy, and mixtures 
thereof. 
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31. The microstructure of claim 21 wherein said bonding 
material comprises a material characterized by being the 
decomposition product of a gaseous precursor which decom 
poses on contact with Said resistive heating material. 

32. The microstructure of claim 31 wherein said bonding 
material is a decomposition product Selected from the group 
consisting of Silicon carbide, molybdenum, nickel, and 
tungsten. 

33. The microstructure of claim 31 wherein said bonding 
interface comprises a eutectic bond formed by Said first 
material which is Silicon and Said bonding material which is 
gold. 

34. The microstructure of claim 21 wherein said bonding 
interface comprises the following materials fused together: 
Said first material which is Silicon or glass and Said bonding 
material which is Silicon. 


