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METHOD OF FABRICATING MEMS-BASED
MICRO DETONATORS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to, and is a divisional of,
currently pending U.S. nonprovisional patent application Ser.
No. 10/710,627, entitled “METHOD OF FABRICATING
MEMS-BASED MICRO DETONATORS,” filed on Jul. 26,
2004, which claimed priority to U.S. provisional patent appli-
cation No. 60/481,131, entitled “FABRICATION OF
MEMS-BASED IGNITERS AND DETONATORS,” filed on
Jul. 24, 2003, the contents of which are all hereby incorpo-
rated by reference.

BACKGROUND OF INVENTION

Micro-igniters and detonators being fabricated to date uti-
lize adhesives to integrate the various layers required. Theuse
of'adhesives between the fabricated layers requires a large die
size and the process introduces the possibility of contamina-
tion to the layers.

Recent advances in micro-machined silicon techniques
demonstrate the capability for low-cost integrated micro cavi-
ties with a high degree of isolation, leading to the fabrication
of wafer-based micro detonators that are extremely dense.
The resulting micro detonators can be self packaged when
separated from the wafer.

Accordingly, what is needed in the art is a lightweight,
compact, low power, low cost, reliable MEMS-based micro
detonator that can demonstrate the feasibility of mass fabri-
cation.

SUMMARY OF INVENTION

The present invention allows for mass fabrication of ignit-
ers and detonators using novel self-locking, and bonding
strategies, while keeping the temperatures controllable. The
technology allows for significant lowering of cost in the fab-
rication of igniters and detonators. Through the use of stan-
dard or novel materials, i.e. polymers, Si, glass and metal,
productivity is increased. The resulting elemental configura-
tions can be integrated with fuses.

In accordance with the present invention, a method of
fabricating MEMS-based micro detonators includes forming
an explosive cavity in a bottom side of a silicon cavity plate,
the explosive cavity comprising a membrane cap positioned
on a top side of the silicon cavity plate, forming an igniter
element on a top side of a igniter plate, the igniter element
having contact pads in electrical contact with the igniter ele-
ment on the sides and the bottom of the igniter plate, filling the
explosive cavity with a primary explosive, and bonding the
bottom side of the silicon cavity plate to the top side of the
igniter plate to form a micro detonator.

In a particular embodiment, the step of forming a cavity in
a silicon cavity plate further includes, providing a silicon
wafer having a top side and a bottom side, the top side and the
bottom side having an oxide layer, stripping the oxide layer
from the top side of the silicon wafer, diffusing boron from the
top side of the wafer to provide an etch stop, patterning the
bottom side of the wafer using lithography, etching the oxide
on the bottom side of the wafer in exposed regions to form an
etch mask, stripping the resist from the bottom side of the
wafer, bulk etching to form a plurality of cavities having a
plurality of membrane caps, the plurality of membrane caps
defined by the etch stop, in the bottom side of the wafer. It can
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2

be seen that the outlined steps are exemplary in nature and are
not meant to limit the scope of the invention.

In an additional embodiment, the step of bulk etching to
form a plurality of cavities may include etching with potas-
sium hydroxide.

In addition to the cavity plate, an igniter plate is formed. In
a particular embodiment, the step of forming an igniter ele-
ment on a top side of an igniter plate having contact pads in
electrical contact with the igniter element on the sides and the
bottom of the igniter plate further includes, depositing con-
ductive material on a bottom side of the igniter plate, depos-
iting the igniter element material on the top side of the igniter
plate and patterning to form a plurality of igniter elements,
mounting the igniter plate on transfer tape, dicing the igniter
plate on the transfer tape to provide a plurality of independent
igniter elements in contact with the transfer tape, depositing
conductive material to the plurality of independent igniter
elements, and patterning the deposited conductive material to
establish electrical contact with the igniter element through
contact pads on the sides and contact pads on the bottom of
the igniter plate. It can be seen that the outlined steps are
exemplary in nature and are not meant to limit the scope of the
invention.

In a particular embodiment, the step of depositing conduc-
tive material on the bottom side of the igniter plate further
includes depositing gold by electroplating using lithography.

In an additional embodiment, the step of depositing the
igniter element on igniter plate further includes, depositing
nickel chromium on the top side of the igniter plate, and
patterning using lithography, thereby forming the plurality of
igniter elements.

To connect the side contact pads to the bottom contact pads,
a variety of methods may be employed, including utilizing a
plating technique as known in the art. As such, this design
allows for the use of pick-and-place machinery.

Due to the heat sensitivity of the elements employed in the
design, the plating technique is performed utilizing a prede-
termined timing control on the heated process. Depositing
conductive material, such as gold, to the plurality of indepen-
dent igniter elements on the transfer tape, may be accom-
plished using sputtering techniques known in the art. The
sputtering establishes the contact pads on the sides and the
bottom of the igniter plates are required for contact with the
igniter element.

The explosive cavity may be filled with a primary explo-
sive, utilizing screen printing, spot charging, or other tech-
niques known in the art effective in filling the explosive cavity
with primary explosive.

After the cavity plate and the igniter plate have been
formed, they are bonded together. The step of bonding the
bottom side of the silicon cavity plate to the top side of the
igniter plate to form a micro detonator includes, bonding the
bottom side of the silicon cavity plate to the top side of the
igniter plate using non-degassing epoxies, eutectic bonding
or thermal bonding strategies. Additionally, the plates may be
bonded using mechanical locking structures. These mechani-
cal locking structures may additionally provide self-align-
ment.

In addition to a two-plate detonator design, a three-plate
design is also within the scope of the present invention. With
a three-plate design, the explosive cavity is a through-hole
cavity formed in a silicon cavity plate. An additional cap plate
is bonded to one side of the cavity plate to form the explosive
cavity, the cap plate thereby providing the membrane cap for
the device.

In accordance with the present invention—, a MEMS-
based micro detonator is provided including, an explosive
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cavity in a bottom side of a silicon cavity plate, the explosive
cavity comprising a membrane cap positioned on a top side of
the silicon cavity plate, an igniter element on a top side of an
igniter plate, the igniter element having contact pads in elec-
trical contact with the igniter element on the sides and the
bottom of the igniter plate, and the bottom side of the silicon
cavity plate bonded to the top side of the igniter plate to form
a micro detonator.

In a particular embodiment, the igniter element is nickel
chromium.

In an additional embodiment, the contact pads are gold.

As such, the design of the MEMS-base detonator in accor-
dance with the present invention allows for a detonator having
surface mount capability.

The present invention presents a novel approach to the
fabrication of MEMS igniters and detonators. The proposed
design and application route enjoys a pick-and-place capabil-
ity by which a chamber ‘cartridge’ can be simply placed onto
an independent actuation circuit. The approach also provides
for side and bottom connects. This is achieved by forming
contact pads both on the side or the bottom of the igniter.
Various fabrication techniques as well as materials are within
the scope of the invention in order to obtain the optimum
configuration.

The fabrication method disclosed by the present invention
provides a cost savings over the methods of batch fabrication
of micro detonators known in the art. The present invention
allows for significant lowering of cost in the fabrication, using
standard or novel materials, increases productivity and results
in element configurations that can be integrated with fuses.

The micro detonators in accordance with the present inven-
tion will be applicable for use in a variety of applications,
including military applications for medium-caliber air burst-
ing munitions, landmines and demolitions, and commercially
for anti tamper applications to protect microelectronics from
unwanted exploitation.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the
invention, reference should be made to the following detailed
description, taken in connection with the accompanying
drawings, in which:

FIG. 1 is a schematic of a micro detonator_as described by
the present invention.

FIG. 2 is a top view of the microheater layer (bottom layer)
of the micro detonator as described by the present invention.

FIG. 3 is an illustrative view of the cross section of a
three-plate version of the igniter as described by the present
invention.

FIG. 4 is an illustrative view of the cross section of a
two-plate version of the igniter as described by the present
invention.

FIGS. 5A-5C are flow charts of the fabrication method as
disclosed by the present invention.

FIGS. 6A-6B are diagrammatic views of a locking mecha-
nism as described by the present invention utilizing plates.

FIG. 7 is a diagrammatic view of a locking mechanism as
described by the present invention utilizing radiation scan-
ning.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A MEMS-based igniter/detonator in accordance with the
present invention, includes a single chamber, of the array of
chambers on a silicon wafer, consisting of a cavity filled with
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explosive material. The explosive charge is heated via a
microheater made with NiCr/Poly-Si or other resistor mate-
rial consistent with the structural materials. The heating of the
spotcharge, results in a detonation of the primary explosive.

Referring to FIG. 1 and FIG. 2, the structure 10 utilizes two
layers, top layer 15 and bottom layer 20, each comprising a
substrate, which are bonded together. Each of the substrates
can be made using a variety of materials, based on design
issues dictated by target applications. Top layer 15 forms
chamber 25 for explosive 26 while bottom layer 20 contains
the micro heating element. FIG. 1 illustrates a side cut-out
view of the device and FIG. 2 illustrates a top view of bottom
layer 20.

In an exemplary embodiment, top layer 15 consists of an
array of chambers 25 etched through Shott glass of 500 um
thickness using deep reactive ion etching (DRIE) techniques,
which rely on a high-density plasma source. In a particular
embodiment, the length of chamber 25 is 10 mm and the
volume of the rectangular channel through which the plasma
flows is 6 mmx0.9 mmx300 pm. The etching technique
results in chamber membrane cap 40.

Explosive 26 is loaded in the explosive pit (chamber 25) of
volume 1.5 mmx2 mmx300 um. The amount of lead styph-
nate in the explosive pit (chamber 25) comes to 0.9 mg.
Bottom layer 20 contains a matching of poly-silicon micro-
resistors 30, which forms the igniter element. A typical resis-
tor design is shown in FIG. 2. Resistors 30 are fabricated on
top of 3 um Si0O, insulating layer 45. Resistors 30 are electri-
cally connected to the bottom of the igniter element plate
(bottom layer 20) through contact pads 35 on the sides of
igniter element plate (bottom layer 20). Top layer’s 15 cham-
bers 25 are filled with lead styphnate and bonded with bottom
layer 20 containing micro-resistors 30 to form the MEMS-
based micro detonator in accordance with the present inven-
tion.

The present invention provides a novel method to establish
the necessary connections between the substrates. The novel
manufacturing approach provides a method for fabricating
contact pads 35 and bottom interconnects that allows the use
of existing technologies and surface mount technologies to
electrically connect the igniter/detonator.

The micro-igniter of the present invention may be pre-
sented in a three-plate version, as shown in FIG. 3 or a
two-plate version, as shown in FIG. 4. When utilizing three
plates, plate one 60 contains heating element 61, plate two 55
contains through-hole cavity 56 and plate three 50 is the lid.
When utilizing two plates, as shown in FIG. 4, plate one 60
contains heating element 61 and plate two 55 contains cavity
57 and associated membrane cap 58.

Embodiments of the present invention provide novel
approaches to integration of the top and bottom elements.
These novel approaches include low temperature bonding
and “glueless” bonding.

Numerous fabrication processes can be used to fabricate
the igniter modules based upon the materials being employed.
The materials used are dictated primarily by the end-use
application. In a preferred embodiment of the present inven-
tion, Si, glass, metal, polymers, and ceramics are compatible
materials for fabrication of the device.

To illustrate the steps identified above, a detailed process
flow is shown in FIGS. 5A, 5B, and 5C.

In an exemplary embodiment, as shown with reference to
FIG. 5A, fabrication of, top layer 15, employing a bulk silicon
approach, establishes trapezoidal chambers 25 being etched
using standard lithography and etching techniques. In accor-
dance with this exemplary embodiment, oxidized silicon
wafer 63 is provided in operation 65. Next, in operation 70,
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top oxide layer 67 is stripped from the top side of oxidized
wafer 63. A boron etch stop is used to dictate the thickness of
the membrane cap. The boron is diffused from the top side of
the wafer and deglazed in operation 75. The bottom side of the
wafer is patterned using standard lithography in operation 80.
Next, in operation 85, the oxide is etched to expose regions to
form the etch mask and then in operation 90, the resist is
stripped. In operation 95, bulk etching is performed using
potassium hydroxide to form chambers 25. In an additional
embodiment, deep reactive ion etching can make high aspect
ratio cylindrical structures. In an additional step, electroplat-
ing over a sacrificial resist results in a metal structure with a
cavity of the required size.

The igniter plate (bottom layer 20) is also fabricated in
accordance with the present invention as shown with refer-
ence to FIG. 5B. Bottom layer 20 has a heating element, and
can be formed either on silicon, glass, polymer or ceramic
substrates. In accordance with an exemplary method of the
present invention in operation 100, silicon, glass, polymer, or
ceramic substrate 99 is provided and in operation 101, gold
102 is deposited by electroplating on the bottom side of
substrate 99 using standard lithography. Next, in operation
105, resistive material, e.g., NiCr, is deposited on substrate 99
and patterned using standard lithography techniques thus
forming the heating resistor. The present invention provides a
novel technique for the fabrication of the gold contacts used
to establish the electrical connection between top layer 15 and
bottom layer 20. The electrical contacts for the bottom side of
bottom layer 20 are formed on the wafer using lithography
and gold metallization in operation 101. The heating elements
on the topside are protected by lithography in operation 105.
Then, in operation 110, the wafers are mounted on a transfer
tape and diced to create several independent dies that are now
attached to the transfer tape. Contact metal 118, such as, gold,
is then sputtered on the diced samples in operation 115 and
the gold contacts patterned in operation 120 to form contact
metal pads and also the side walls of each die. The side and
bottom metallization are then connected by standard plating
techniques, with precise time control, after the igniter plate
and the cavity plate have been bonded.

The MEMS-based detonator device is formed by bonding
the cavity plate (top layer 15) and the igniter plate (bottom
layer 20). With reference to FIG. 5C, in operation 121, cham-
ber 25 is filled with the primary explosive using screen print-
ing or spot charging and, in operation, 122 top layer 15 and
bottom layer 20 are bonded together using non-degassing
epoxies.

In an additional embodiment of the present invention, the
use of self-aligning, locking mechanisms is employed. As
shown in FIG. 6 and FIG. 7, novel adhesive-free locking
mechanisms 130, 135 are within the scope of the present
invention. As shown with reference to FIGS. 6 A and 6B, in a
preferred embodiment, self-aligning mechanical locking
mechanism 130 is used to build and package the device
including top layer 15 and bottom layer 20. FIG. 6B shows the
device in the assembled state. In an additional embodiment as
shown with reference to FIG. 7, fusion bonding 135 of top
layer 15 and bottom layer 20, using heat provided by micro
resistors, lasers or local heaters, is used. The use of immediate
layers, such as in eutectic bonding is also within the scope of
the present invention.

It will be seen that the objects set forth above, and those
made apparent from the foregoing description, are efficiently
attained and since certain changes may be made in the above
construction without departing from the scope of the inven-
tion, it is intended that all matters contained in the foregoing
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description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention which, as a matter of language, might be said to
fall therebetween. Now that the invention has been described,

The invention claimed is:

1. A method of fabricating MEMS-based micro detonators,
the method comprising the steps of:

forming an explosive cavity in a bottom side of a silicon

cavity plate, the explosive cavity comprising a mem-
brane cap positioned on a top side of the silicon cavity
plate;

forming an igniter element on a top side of an igniter plate,

the igniter element having contact pads in electrical
contact with the igniter element on sides and bottom of
the igniter plate;

filling the explosive cavity with a primary explosive; and

bonding the bottom side of the silicon cavity plate to the top

side of the igniter plate to form a micro detonator.

2. The method of claim 1, wherein the step of forming a
cavity in a silicon cavity plate further comprises:

providing a silicon wafer having a top side and a bottom

side, the top side and the bottom side having an oxide
layer;

stripping the oxide layer from the top side of the silicon

wafer;

diffusing boron from the top side of the wafer to provide an

etch stop;

patterning the bottom side of the wafer using lithography;

etching the oxide on the bottom side of the wafer in

exposed regions to form an etch mask;

stripping the resist from the bottom side of the wafer;

bulk etching to form a plurality of cavities having a plural-

ity of membrane caps, the plurality of membrane caps
defined by the etch stop, in the bottom side of the wafer.

3. The method of claim 1, wherein the step of forming an
igniter element on a top side of an igniter plate having contact
pads in electrical contact with the igniter element on the sides
and the bottom of the igniter plate further comprises:

depositing conductive material on a bottom side of the

igniter plate;

depositing the igniter element material on the top side of

the igniter plate and patterning to form a plurality of
igniter elements;

mounting the igniter plate on transfer tape;

dicing the igniter plate on the transfer tape to provide a

plurality of independent igniter elements in contact with
the transfer tape;

depositing conductive material to the plurality of indepen-

dent igniter elements;

patterning the deposited conductive material to establish

electrical contact with the igniter element through con-
tact pads on the sides and contact pads on the bottom of
the igniter plate.

4. The method of claim 3, wherein the step of depositing
conductive material on the bottom side of the igniter plate
further comprises depositing gold by electroplating using
lithography.

5. The method of claim 3, wherein the step of depositing
the igniter element on igniter plate further comprises:

depositing nickel chromium on the top side of the igniter

plate; and patterning using lithography, thereby forming
the plurality of igniter elements.
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6. The method of claim 3, wherein the step of depositing
conductive material on a bottom side of the igniter plate,
further comprises depositing gold by electroplating using
lithography.

7. The method of claim 3, further comprising the step of
connecting the contact pads on the sides to the contact pads on
the bottom utilizing a plating technique.

8. The method of claim 7, wherein the plating technique is
performed utilizing a predetermined timing control.

9. The method of claim 3, wherein the step of depositing
conductive material to the plurality of independent igniter
elements, further comprises depositing gold by sputtering.

10. The method of claim 1, wherein the step of filling the
explosive cavity with a primary explosive further comprises,
screen printing to fill the explosive cavity with primary explo-
sive.

11. The method of claim 1, wherein the step of filling the
explosive cavity with a primary explosive further comprises,
spot charging to fill the explosive cavity with primary explo-
sive.

12. The method of claim 1, wherein the step of bulk etching
to form a plurality of cavities having a plurality of membrane
caps, further comprise etching with potassium hydroxide.

13. The method of claim 1, wherein the step of bonding the
bottom side of the silicon cavity plate to the top side of the
igniter plate to form a micro detonator further comprises,
bonding the bottom side of the silicon cavity plate to the top
side of the igniter plate using non-degassing epoxies.

14. The method of claim 1, wherein the step of bonding the
bottom side of the silicon cavity plate to the top side of the
igniter plate to form a micro detonator further comprises,
bonding the bottom side of the silicon cavity plate to the top
side of the igniter plate using mechanical locking structures.

15. The method of claim 14, wherein the mechanical lock-
ing structures are self-aligning.

16. The method of claim 1, wherein the step of bonding the
bottom side of the silicon cavity plate to the top side of the
igniter plate to form a micro detonator further comprises,
bonding the bottom side of the silicon cavity plate to the top
side of the igniter plate using eutectic bonding.

17. The method of claim 1, wherein the step of bonding the
bottom side of the silicon cavity plate to the top side of the
igniter plate to form a micro detonator further comprises,
bonding the bottom side of the silicon cavity plate to the top
side of the igniter plate using thermal bonding strategies.

18. The method of claim 1, wherein the step of forming an
explosive cavity in a bottom side of a silicon cavity plate, the
explosive cavity comprising a membrane cap positioned on a
top side of the silicon cavity plate further comprises:

forming a through-hole explosive cavity in a bottom side of

a silicon cavity plate; and
forming a membrane cap in a cap plate, the cap plate
positioned and bonded to the cavity plate to form the
explosive cavity in the bottom side of the silicon cavity
late.

19?"['he method of claim 18, wherein the step of forming a
through-hole cavity in a silicon cavity plate further com-
prises:
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providing a silicon wafer having a top side and a bottom
side, the top side and the bottom side having an oxide
layer;

stripping the oxide layer from the top side of the silicon
wafer;

patterning the bottom side of the wafer using lithography;

etching the oxide on the bottom side of the wafer in
exposed regions to form an etch mask;

stripping the resist from the bottom side of the wafer; and

bulk etching to form a plurality of cavities in the bottom
side of the wafer.

20. A MEMS-based micro detonator comprising:

an explosive cavity in a bottom side of a silicon cavity
plate, the explosive cavity comprising a membrane cap
positioned on a top side of the silicon cavity plate; and

an igniter element on a top side of an igniter plate, the
igniter element having contact pads in electrical contact
with the igniter element on sides and bottom of the
igniter plate, wherein

the bottom side of the silicon cavity plate is bonded to the
top side of the igniter plate to form a micro detonator.

21. The MEMS-based micro detonator of claim 20,
wherein the explosive cavity further comprises, a primary
explosive filling.

22. The MEMS-based micro detonator of claim 20,
wherein the igniter element is nickel chromium.

23. The MEMS-based micro detonator of claim 20,
wherein the contact pads are gold.

24. The MEMS-based micro detonator of claim 20,
wherein the contact pads on the sides of the igniter plate and
the contact pads on the bottom of the igniter plate form an
electrical contact with the igniter element to establish a deto-
nator having surface mount capability.

25. The MEMS-based micro detonator of claim 20,
wherein the igniter plate is silicon.

26. A MEMS-based micro detonator comprising:

an explosive through-hole cavity in a bottom side of a
silicon cavity plate;

a membrane cap in a cap plate, the cap plate positioned and
bonded to the cavity plate to form an explosive cavity in
the bottom side of the silicon cavity plate; and

an igniter element on a top side of an igniter plate, the
igniter element having contact pads in electrical contact
with the igniter element on sides and bottom of the
igniter plate, wherein

the bottom side of the silicon cavity plate is bonded to the
top side of the igniter plate to form a micro detonator.

27. The MEMS-based micro detonator of claim 26,
wherein the explosive cavity further comprises, a primary
explosive filling.

28. The MEMS-based micro detonator of claim 26,
wherein the igniter element is nickel chromium.

29. The MEMS-based micro detonator of claim 26,
wherein the contact pads are gold.

30. The MEMS-based micro detonator of claim 26,
wherein the contact pads on the sides of the igniter plate and
the contact pads on the bottom of the igniter plate form an
electrical contact with the igniter element to establish a deto-
nator having surface mount capability.

31. The MEMS-based micro detonator of claim 26,
wherein the igniter plate is silicon.
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