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INTEGRATED MEMS PACKAGING

The field of invention relates to integrated circuit packaging and in particular to an

integrated package for chip level MEMS devices.

With microelectromechanical systems (MEMS), the packaging is an important aspect
as oftentimes it must provide for the isolation of a functional element, such as a circuit
or actuator, from the surrounding environment. More particularly, because MEMS
devices tend to have moving parts, they cannot be packaged in the same manner used
for purely electronic components. Instead, a hermetically sealed enclosure or cavity is

oftentimes needed around the MEMS devices.

One challenge in creating MEMS packages therefore, is to create a hermetically
sealed cavity and provide one or more external electrical connections thereto while, at
the same time, not damaging the microelectromechanical structures it contains. The

improvements presented herein address this challenge.

In one aspect, there is provided a microelectromechanical system (MEMS) package
comprising: a substrate provided with a MEMS device thereon; a first barrier wall
disposed upon the substrate and surrounding the MEMS device; a second barrier wall
disposed upon the substrate and surrounding the first barrier wall, the first and the
second barrier wall being spaced apart from each other; and a cap disposed over the
substrate, the cap having an underside sealingly attached to the substrate between the

first and the second barrier wall.

In another aspect, there is provided a microelectromechanical system (MEMS)
package having a MEMS device provided on a substrate, the package comprising:
means for hermetically covering the MEMS device; and means for preventing
bonding material leakage during assembly of the means for hermetically covering the
MEMS device.

In another aspect, there is provided a method of attaching a cap over a
microelectromechanical system (MEMS) device provided on a substrate, the method
comprising: providing a bonding material on an underside of the cap; bringing the

underside of the cap and the substrate together so as to cover the MEMS device; and
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preventing the bonding material from flowing to unintended areas before the bonding

material solidifies.
In the appended figures:

FIG. 1 is an isometric view of an example of an improved MEMS package before

assembly of the cap;
FIG. 2 is an exploded isometric view of the MEMS package of FIG. 1;
FIG. 3 is an exploded cross-sectional side view of the MEMS package of FIG. 1 ;

FIG. 4 is a cross-sectional side view of the improved MEMS package of FIG. 1
during the assembly of the cap;

FIG. 5 is a view similar to FIG. 4, showing the improved MEMS package of FIG. 1
after the assembly of the cap;

FIG. 6 is an isometric view of the MEMS package of FIG. 1 after the assembly of the

cap,

FIG. 7 is a cross-sectional side view of another example of an improved MEMS

package before assembly of the cap; and

FIG. 8 is a view similar to FIG. 7, showing the improved MEMS package of FIG. 7
after the assembly of the cap.

FIG. 1 is an isometric view of an example of an improved MEMS package 100 before
the assembly of the cap 160. FIG. 2 is an exploded isometric view of that same
package 100. With simultaneous reference to FIGS. 1 and 2, there is shown a MEMS
device 115 provided on a substrate 110, namely disposed upon an upper surface of, or
alternatively formed as part of the substrate 110. MEMS device 115 can include one
or more switches. An outer barrier wall 130 and an inner barrier wall 135 are
concentrically disposed upon the upper surface of the substrate 110. The inner barrier
wall 135 completely surrounds the perimeter of the MEMS device 115. Similarly, the

outer barrier wall 130 completely surrounds the perimeter of the inner barrier wall
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135. The walls 130, 135 are spaced apart from each other. The relative position of the

two barrier walls 130, 135 define a “gap” or “moat” 132 between them.

Disposed within the moat 132 of the illustrated example is a bonding block 140 to
which the underside of a package cap 160 will be bonded through the effect of
bonding material 150 that can be initially provided on the underside of the cap 160. A
perimeter seal will then be created as the cap 160 is bonded by the bonding material
150 to the bonding block 140, thus to the substrate 110 to which the bonding block
150 is attached. The bonding block 140 and the bonding material 150 are more clearly
visible in FIG. 3, which figure is a cross-sectional view of what is shown in FIG. 2.
The bonding material 150 is designed to seal the interior of the package 100

permanently. The bonding material 150 can be an eutectic.

The two barrier walls 130, 135 serve to contain the bonding material 150 within the
moat 132 as the cap 160 is pressed into place. As can be appreciated, placing the cap
160 onto the bonding block 140 acts to squeeze or compress some of the bonding
material 150 while in a molten state, for instance after being heated. Absent one or
both of the barrier walls 130, 135 the bonding material so squeezed would tend to run
or otherwise possibly foul the surface of the substrate 110 or other unintended areas,
such as the MEMS device 115 itself. The bonding block 140 is provided all around
the inner barrier wall 135 but has a width that is smaller than the distance between the
two barrier walls 130, 135. Excess of bonding material can fall on each side of the

bonding block 150 and eventually solidifies with the rest of the bonding material 140.

FIGS. 5 and 6 show how the underside of the cap 160 fits together with the structures
disposed upon the substrate 110 once the bonding material solidifies. More
particularly, it may be observed that the cap 160 engages the moat region 132 until the
bonding material 150 and the bonding block 140 are fully engaged and therefore
sealed. A space or cavity 175 is created in an area proximate to the MEMS device 115
when the cap 160 is bonded to the substrate 110.

In the illustrated example, the underside of the cap 160 includes a bottom triangularly-
shaped rim portion with a tip that ii is substantially flat.

If desired, particular gas(ses) can be hermetically sealed within the MEMS cavity
along with the MEMS device 115. More particularly, a non-flammable gas such as
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nitrogen or carbon dioxide may be employed. An electronegative gas can be
permanently sealed within the MEMS cavity 175 to improve its withstand voltage of
the MEMS device 115.

In particular, a strongly electronegative gas such as sulfur hexafluoride (SF6) in a
range of concentrations and pressure(s) is a particularly useful gas for the MEMS
cavity. Pressures as low as 0.1 atmosphere up to and including many atmospheres are
well within the operating range. In addition, concentrations as low as 1 PPM may
show marked improvement in terms of the maximum voltage that it can be withstand

over devices which do not include such an electronegative gas.

FIGS. 7 and 8 show an alternative example of the MEMS package 100. The cap 160
of this package 100 has a flat underside outer section 161. As shown, the barrier walls
130, 135 can serve as additional mechanical stops to the engagement of the cap 160
within the moat 132. As a result, when the cap 160 is placed upon the barrier walls
130, 135, it can be mechanically stopped from further downward movement while
still permitting the bonding material 150 to provide an effective seal along the bottom
surface of the cap 160 and the length of the bonding block 140.

At this point, those skilled in the art will recognize that the teachings of the present
document are not limited to the illustrated examples. Accordingly, the improvements
cover all of what is claimed in the claims attached hereto. For instance, the depth and
width of the gap or moat is variable, depending upon the particular application.
Furthermore, while the gap is shown having a symmetrical shape, it could
nevertheless have a variable width as one traverses its perimeter. Those skilled in the
art will quickly appreciate that the particular shapes and relative sizes of the
components are matters of design choice, and wide variations are possible. In
particular, it has been shown that the cap can engage the moat region upon placement.
Such arrangement is not necessarily always required. Also, while sulfur hexafluoride
is particularly of interest, it is to be understood that other electronegative gases or
other halogen containing gases may be used in combination with other gases such as
FREONS, Carbon Tetrachloride (CCly), HALONS (chloro-fluorohydrocarbons),
dicarbon hexafluoride or combination thereof. Other gases are possible as well. The
package is not limited to hold a single MEMS device. It can actually be a plurality of
MEMS devices on a same substrate and covered by a simple cap. It is also possible to

have a plurality of cavities on a same substrate, all covered by a plurality of caps or
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even a single cap with a correspondingly-shaped bottom. The spatial references such
as “upper”, “bottom” and ‘“underside” are purely for simplifying the text of the
present document and is not limitative since the MEMS package can be assembled
and used in alternative orientations. The bonding block can be omitted in some
designs and if desired, be replaced by holes or other receptacles in the substrate for
collecting the excess of bonding material. The design may otherwise allow the excess
of bonding material to stay within the barrier walls. It is also possible to integrate the
barrier walls, or only one of them and also possibly the bonding block, if any, on the
substrate. More than two barrier walls can be used if desired. The bonding material
can be initially provided on the substrate or the bonding block. It can be two separate
products, for instance one provided on the cap and the other on the substrate, reacting
with one another and solidifying after a given time. Other alternatives are possible as
well, including melting a portion of the cap itself, through heating or a chemical

reaction, before bonding the cap without another bonding material.
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CLAIMS:

1. A microelectromechanical system (MEMS) package comprising:

a substrate provided with a MEMS device thereon;

a first barrier wall disposed upon the substrate and surrounding the MEMS
device;

a second barrier wall disposed upon the substrate and surrounding the first
barrier wall, the first and the second barrier wall being spaced apart
from each other; and

a cap disposed over the substrate, the cap having an underside sealingly

attached to the substrate between the first and the second barrier wall.

2. The MEMS package of claim 1 wherein the cap is attached to the substrate
through a bonding material.

3. The MEMS package of claim 2 wherein the bonding material is an eutectic.

4. The MEMS package of claim 2 or 3 wherein further comprising a bonding

block disposed between the substrate and the bonding material.

5. The MEMS package of claim 4 wherein the bonding block has a width being

less than a distance between the first barrier wall and the second barrier wall.

6. The MEMS package of any one of claims 1 to 5 wherein a cavity defined
between the cap and the substrate is hermetically sealed from outside the MEMS
package.

7. The MEMS package of claim 6, further comprising an electronegative gas

provided between the cap and the substrate.

8. The MEMS package of claim 7, wherein the electronegative gas includes a gas
chosen from the group consisting of nitrogen, carbon dioxide, halogenated
hydrocarbons, sulfur hexafluoride, FREONS, Carbon Tetrachloride, HALONS,

dicarbon hexafluoride and combinations thereof.
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9. The MEMS package of claim 7, wherein the sealed cavity contains from 1 to

100 % by volume sulfur hexafluoride.

10. The MEMS package of claim 7, 8 or 9, wherein the sealed cavity is

pressurized to a pressure of 0.1 to 10.0 Atmospheres.

11. The MEMS package of any one of claims 1 to 10 wherein the MEMS device

includes a switch.

12. A microelectromechanical system (MEMS) package having a MEMS device
provided on a substrate, the package comprising:

means for hermetically covering the MEMS device; and

means for preventing bonding material leakage during assembly of the

means for hermetically covering the MEMS device.

13. The MEMS package according to claim 12 further comprising:
a quantity of an electronegative gas contained within a hermetically

covered region adjacent to the MEMS device.

14. The MEMS package according to claim 13 wherein the gas is chosen from the
group consisting of nitrogen, carbon dioxide, halogenated hydrocarbons, sulfur
hexafluoride, FREONS, Carbon Tetrachloride, HALONS, dicarbon hexafluoride

and combinations thereof.

15. A method of attaching a cap over a microelectromechanical system (MEMS)
device provided on a substrate, the method comprising;:
providing a bonding material on an underside of the cap;
bringing the underside of the cap and the substrate together so as to cover
the MEMS device; and
preventing the bonding material from flowing to unintended areas before

the bonding material solidifies.
16. The method of claim 15 wherein the bonding material is an eutectic.

17. The method of claim 15 or 16 wherein a cavity defined between the cap and

the substrate is hermetically sealed from outside.
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18. The method of claim 17, further comprising the step of providing an

electronegative gas between the cap and the substrate.

19. The method of claim 18, wherein the electronegative gas includes a gas chosen
from the group consisting of nitrogen, carbon dioxide, halogenated hydrocarbons,
sulfur hexafluoride, FREONS, Carbon Tetrachloride, HALONS, dicarbon

hexafluoride and combinations thereof.

20. The method of claim 18, wherein the sealed cavity contains from 1 to 100 %

by volume sulfur hexafluoride.

21. The method of any one of claims 17 to 20, wherein the sealed cavity is

pressurized to a pressure of 0.1 to 10.0 Atmospheres.

22. The method of any one of claims 15 to 21 wherein the MEMS device includes

a switch.
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