Office de la Propriete Canadian CA 2025405 C 2001/07/10

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 025 405
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT
13) C

(22) Date de depot/Filing Date: 1990/09/14 (51) CL.Int.>/Int.CI.° F16K 31/04
(41) Mise a la disp. pub./Open to Public Insp.: 1991/06/28 (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2001/07/10 Ohnstein, Thomas K., US;

Bonne, Ulrich, US
30) Priorité/Priority: 1989/12/27 (07/457 452) US
(30) Priorite/Friority ( 492) (73) Propriétaire/Owner:

HONEYWELL INC., US
(74) Agent: SMART & BIGGAR

(54) Titre : ELECTROVALVE ET SA FABRICATION
(54) Title: ELECTRONIC MICROVALVE APPARATUS AND FABRICATION

- 37 ?/"6
....A Z

B ANANT P LXK AKX XXX
.. 2.4 bavvvvoov'v'.v.var.m@

o s

avv'vvvvvv.msvvvvv -‘J

mh

\ﬂ"
R X ..:’2.;.;0.'.".O;Q;O;O;Q;«'.m'.v;v.';';'.Q.'-Q..."Q.lb.ri LR R A I RR XWX N] | F WA AN X X X ‘>, WO PO PP U D OO DOV, .'

30

(57) Abrége/Abstract:

An electronic microvalve design and fabrication process for a miniature gas valve. In this microvalve design an objective is to
minimize the operating voltage of the valve and minimize the force necessary to close the valve and hold it tightly closed against
high gas pressures. The microvalve Is an integral structure made on one piece of silicon and is a flow through valve with inlet
and outlet on opposite sides of the silicon wafer.
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ABSTRACT

An electronic microvalve design and fabrication
process for a miniature gas valve. In this microvalve
design an objective is to minimize the operating voltage
of the valve and minimize the force necessary to close
the valve and hold it tightly closed against high gas
pressures. The microvalve is an integral structure hade
on one piece of silicon and is a flow through valve with

inlet and outlet on opposite sides of the silicon wafer.
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made on one pilece of silicon and is a flow through valve
with inlet and outlet on opposite sides of the silicon
wafer. The closure plate of the microvalve can be in
the form of a cantilever, a beam attached at two sides,
oY a diaphragm.attached at four sides with flow holes
through the diaphragm.

In the prior art there are other types of
microvalves including one in which a miniature valve is
fabricated from two micromachined piesces of material
which must bé.assembled.aftar processing. Another
mihiature valve has an enclosed chamber with flow inlet
and flow outlet on the same side of a silicon wafer.

In the present invention the miniatura valve is
made on a single piece of silicon and is a flow through
valva witha flow,inlet and a flow outlet on opposite

sides of the silicon wafer. This is a miniature
integfal'thiﬁ:film bleed valve in which the closure
plate or member surface conforms to the surface of the
‘valvé,drificé plate or member. The valve closure plate

of this invention has flow holes through the plate, the
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holes being near but laterally displaced from the valve orifice

that reduce the effective area the gas pressure 1is pushing

against when closing, making it easier to close the valve.

In accordance with the present invention, there 1s
provided an electrostatic miniature valve comprising: valve
seat means having an opening therein through which the flow of
fluid passes which is to be controlled and having a valve seat
electrode portion in said valve seat means for receiving an
electrical operating potential in use; valve means disposed
adjacent to said valve seat means and having a closure plate
member for overlaying said valve seat means and said opening,
said closure plate member having flow-through hole means
laterally displaced but immediately adjacent to said valve seat
opening, said closure plate member also having a valve member
electrode portion mechanically operatively assoclated with 1t

for receiving an operating potential in use; and electrical

insulator means disposed between said electrode portion of said
valve seat means and said electrode portion of said closure
plate member, said valve seat means electrode portion and sald
closure plate member electrode portion having mutually opposed
areas and spacing therebetween, the mutually opposed areas of
said electrode portions and their spacing being dimensioned for
allowing an electrical potential difference to be applied
between said valve means and said valve seat means for pulling
said closure plate member by electrostatic attraction against
said opening in at least partially closing relation therewilth

for controlling the flow of fluid therethrough.

In accordance with the present invention, there 1is
also provided an electrostatic miniature fuel gas valve
comprising: a silicon wafer substrate having an orifice
therethrough through which fuel gas is to flow; one surface of
said silicon wafer having a thin layer of silicon nitride
thereon surrounding said orifice and forming a valve seat

i, .
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means; a valve seat electrode embedded in said silicon nitride

layer, said electrode being electrically insulated from sald
silicon wafer substrate by said silicon nitride layer; valve
means adjacent to said valve seat means and having a closure
plate member overlaying said valve seat means and said orifice,
said closure plate member having gas flow through hole means
laterally displaced but immediately adjacent to said orifice,
said closure plate member also having an electrode embedded
therein and operatively associated with sald closure plate
member for receiving an operating potential with respect to
said valve seat electrode, in use; and electrical 1insulator
means between said closure plate member electrode and saild
valve seat electrode, thereby providing mutually opposed areas
of said electrodes having a spacing dimension therebetween for
allowing an electrical potential difference to be applied
between said valve means and said valve seat means for drawing
said closure plate member by electrostatic attraction against
said orifice in at least partially closing relation therewith

for controlling the flow of fluid therethrough.

In accordance with the present invention, there is
further provided an intermediate structure formed in the
fabrication process of an electrostatic miniature valve
comprising: a single crystal (100) silicon wafer having a
planar surface; a thin film layer of silicon nitride on the
silicon surface; a first thin film metallic electrode on and
covering a portion of said silicon nitride; a second thin film
layer of silicon nitride over said thin film metallic
electrode; a sacrificial thin film layer of selectively
etchable material, said sacrificial layer being delineated 1n
shape and deposited on said second silicon nitride layer to
define a closure valve plate location; a third thin film layer
of silicon nitride on the selectively etchable material and the

remainder of the nitride covered silicon surface; a second thin

....2a....
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First electrode:; and a fourth thin film cover layer of silicon

nitride on the second electrode and the remainder of the

nitride covered silicon surface.

In accordance with the present invention, there 1s
further provided a process for fabricating a thin film
electrostatic microvalve comprising steps of: providing a
single crystal (100) silicon wafer having a planar surface and
a backside surface; depositing and delineating a first thin
film layer of silicon nitride on said planar surface;
depositing and patterning a second thin film layer of silicon
nitride on the backside surface, said thin film having a
patterned opening to form a backside inlet orifice opening;
depositing and delineating a thin film of metal on said first
silicon nitride layer to form a lower electrode; depositing
and delineating a third thin film layer of silicon nitride over
said metal film; patterning and plasma etching and opening
through the third and first layers of silicon nitride to the

silicon planar surface at the location of the orifice through

the wafer, said first and third silicon nitride layers forming
a valve base plate; depositing in said opening and depositing
and patterning a thin layer of selectively etchable material
over said third film of silicon nitride that will serve as a
sacrificial layer that will be later removed; depositing and
delineating over said sacrificial layer a fourth layer ot
silicon nitride; depositing and delineating a second thin film
of metal on said fourth layer of silicon nitride to form an
upper electrode; depositing a fifth layer of silicon nitride
over said upper electrode to passivate the electrodes, said
fourth and fifth silicon nitride layers and saild upper

electrode forming a valve closure member; forming openings

through said valve closure member of silicon nitride down to

~2b~-
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said sacrificial layer, said openings forming gas outlet flow
openings; anisotropically etching through said silicon wafer

from said backside inlet orifice opening to form the 1nlet

port; and providing sacrificial material selective etchant
through said openings to etch and remove said sacrificlal layer
whereby said valve closure member 1s released and

electrostatically operable against said valve base plate 1n

response to an electrical potential applied to said electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. la and 1lb are a top plan view and a cross
section view of one preferred embodiment of the electronic
microvalve according to the invention and is shown 1in the

normally open unenergized position.

Figs. 2a shows the microvalve in the energized closed

position and Fig. 2b shows an enlarged section of a portion of

Fig. 2a.

Fig. 3a shows the microvalve at an earlier or
intermediate stage of fabrication while the sacrificial layer
is in place and before selective etching has been commenced.
Fig. 3b shows an enlarged section of a portion of Fig. 3a.

Figs. 4a and 4b are another embodiment of the
microvalve in the form of a cantilever.

Figs. 5a and 5b are a further embodiment of the
microvalve in the form of a diaphragm.

Figs. 6a and 6b are a further embodiment of the
microvalve which has a circular configuration.

Figs. 7a and 7b are a further embodiment of the

microvalve having a square configuration.
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DETAILED DESCRIPTION

Electrostatically operated bleed valves depend
on extremely close spacings between the valve seat
member electrode and the closure member electrode over
an area substantially broader than the flow orifice to
obtain effective closures against high fluid pressures
if excessive operating voltages are to be avoided. For
homogeneous dielectrics between electrodes, the
electrostatically generated force increases inversely
with the square of the separation distance. Therefore a
lack of matching of the two electrode surfaces that may.
arise from differences of curvature, irregular surfaces,
or warping can degrade the valve performance. In
particular, the use of a raised seat can seribusly
affect the performance in that the standoff effect of
the sgseat prevents the closest approach of the two
electrodes in the area surrounding the seat. Moreover,
any bimorph bending effect due to asymmetry in the
thickness properties of the closure member may prevent
completa closure at normal applied voltages,

. This invention avoids or minimizes these

difficulties by fabricating the device by means of one

integral operation by depositing and delineating a set

 of stacked thin film layers such that separate handling

of any part of the structure is never reqguired. This
method of fabrication enables the use of a conformal

structure for the electrode members that is obtained by
—_ -
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eﬁching out an extremely thin sacrificial layer of
uniform thickness such that any shape lrregularity on
the lower electrode member surface is matched by its
negative image on the upper electrode member surface.
Hence the surfaces fit together in closure after
etching. The exposed member surfaces are composed of
chemically inert, high quality silicon nitride which is
not significantly attacked by the etchant.

In addition, the invention uses closure member
area shapes and thin dimensions, one micron thick or
less, that allow flexing mainly at the edges when in the
closed position, thus enabling conformal closure over
all of the closure member’s main area even for moderate
asymmetry in the thickness properties of the closure
member. An additional advantage of this invention is
that the pneumatic force on the closure member when
closing and when in the closed position can be
minimized, if desired, by the use of flow=through holes
located in the closure member adjacent to the valve
orifice holes.

Referring now to the drawings Fig. la is a top
plan view of a preferred embodiment of the microvalve
shown more clearly in the sectional view of Fig. 1lb. A
substrate 1 is preferably of single crystal silicon 1in
which a wafér has been cut from a single crystal boule.
Multiple valves'may be simultaneously made in the same

wafer if desired, and later separated, as is common 1in
. ae
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semiconductor chip technology. The miniature valve

includes broadly the following major components; an
inlet orifice 2 which is formed by etching through the
substrate 1 from the backside, a valve base plate 3,
which isg part of a thin film dielectric layer means 30,
preferably of silicon nitride, (Si;N,), formed on

the surface 31 of the silicon substrate 1, a dielectric

closure plate 4, that is a thin free standing flexible

dielectric region that has been released from the main
body of layer means 30 by the removal of a sacrificial
film, leaving a thin gap 5 between the closure plate 4 |
and the base plate 3. The closure plate 4 contains one
Oor more flow~through outlet holes 6 adjécent toc the
inlet orifice 2 hut laterally offset from the orifice.
Four such adijacent flow-through holes 6 are shown in
Fig. la for lllustrative purposes, but the number of
holes is not critical. The total area of the outlet
holes 6 is preferably designed to be equal to or larger
than the area of the orifice 2. Outlet flow slots 7
formed along two sides 32 and 33 of the closure plate 4
leave the closure plate attached to the rest of the
structure on two sides generally indicated at 34 and
35. As a general rule the area of the closure plate 4
is designed to be 10-100 times the area of the orifice.
Embedded in the base plate 3 is electrode 8 and embedded
in the closure plate 4 is an electrode 9. The lower

electrode 8 is completely encapsulated by dielectric to

-5-.
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electrically isolate it from the silicon substrate 1 and

the upper electrode 9. The upper electrode 9 is
completely encapsulated by the dielectric layers that
form the closure plate to electrically isolate it from
the lower electrode. Electrical connections 10 and 11
are made to the lower and upper electrodes by metal pads
built up through vias to form a lower connection pad 10
and an upper connection pad 11.

Fig. 1lb is shown in the unenergized normally
open position. Fig. 2a shows the same embodiment of the
valve as is shown in Fig. 1b, but Fig. 2a shows the

valve in the closed position. When the valve as shown
in Fig. 1b is to be energized to close the valve, the
surface 36 of closure plate 4 will move down to touch
surface 37 of base plate 3.

The operation of the miniature valve is as
follows, now referring to Figs. 1 and 2. When the valve
is in a normally open, that is, an unenergized state, as
in Fig. 1 with no voltage applied to the electrodes 8
and 9, gas enters the valve through the inlet orifice 2
and flows through the valve and exits through the outlet
orifice hoies 6 in the closure plate 4 and the outlet
holes 7 along the sides of the closure plate. When a
voltage is applied between the upper electrode plate 9
and lower éiectrode plate 8 at the contact pads 10,11
fhere is an electrostatic force between the electrode

plates that is directly proportional to the square of
- o
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the applied voltage that will pull the closure plate 4
against the valve base plate 3 as illustrated in Fig. 2a
and stop the flow of gas through the valve. Fig. 2b is
an enlargement of a section of the mating or opposing
surfaces 3 of the base plate 3 and the closure plate 4.
It shows that closure plate 4 and the base plate 3 will
fit together with conformal surfaces. Because the valve
is made by a succession of thin film depositions any
surface irreqularities or asperities in the silicon
substrate or any film depositions will be replicated
throughout subsequent film depositions. Therefore
referring to Fig. 1b, when the thin sacrificial layer is
removed leaving the gap 5, the top surface of the base
plate 3 will be mirror imaged in the bottom surface of
the closure plate 4, so that when ths two surfaces are
pressed together in the closed position of the valve as
in Figs. 2a and 2b there will be a conformal mating of
thé closure plate 4 and base plate 2 surfaces giving
tight sealing of the valve over the majority of the area
of the closure plate 4.

The valve may be operated as a two position
valve with fully open and fully closed positions by
| applying a d.c. voltage between the electrodes or it nmay
be operated as a proportional control valve by applying
a voltage proportional to the voltage necessary to close

the valve. It may also be operated with a pulse width

iy
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modulated voltage signal to modulate the gas flow"

through the valve,

The fabrication of the miniature valve will be

described using Figs. 3a, 3b and 1b. Fig. 3a
illustrates a valve with all of the thin film layers
deposited and patterned but the final etching has not
yet been performed. The fabrication sequence begins
with a (100) silicon wafer 1 that has both sides
polished to a semiconductor device-quality mirror
finish. A silicon nitride film 12 is deposited on the
front side of the wafer to passivate the surface and
electrically isolate the lower electrode 8 from the
silicon wafer 1. Another silicon nitride f£film 13 is
deposited on the backside of the wafer to passivate the
back surface of the wafer and protect it during the
final etching steps of the processing. The backside
silicon nitride film 13 is patterned to form the
backside inlet.orifice opening 14 wvhich will be etched
later in the pfocessinq. A metal film is then deposited
and pattarned on the frontside of the wafer to form the
lowerelectréde 8, and it is then passivated by a
silicon nitride film 15. The silicon nitride film on
the frOntsidé is then patterned and etched to cpen a via
to the silicon surface 16. This via pattern 16 defines
thefrontside of the inlet orifice. The via is formed

using a plasma etch.
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A thin film of material is then deposited and
patterned that will serve as a sacrificial layer 17 that

will be removed later in the processing. This
sacrificial layer 17 serves as a spacer between the
valve base plate 3 and the valve closure plate 4 so that
when it is removed later in the process, the closure
plate 4 will be released and free to move. The
sacrificial layer 17 can be any material, a metal or an
insulator that can be deposited in thin layers,
patterned, and later removed with an etch that does not
attack any of the other films that would be exposed at .
the time of the etching. Examples of sacrificial layers
that can be used are aluminum or silicon dioxide. Each
of thesa materials can be removed using an etch that
will not attack the silicon nitride lavyers used in the
valve structure or any of the other metals used in the
contacting pad areas 10 and 11. A thin layer of silicon
nitride 18 is deposited over the sacrificial layer to
form the bottom layer of the valve closure plate 4 and
to provide passivation of the upper electrode and to
electrically isolate the upper electrode 9 from the
bdttom electrode 8.

- Fig. 3b illustrates the conformal nature of the
film depositions described previously through an
illustrative enlatgement of the film interfaces on
either side.oﬁ the sacrificial spacer layer 17. Any

surface irregularities are transmitted up and replicated
-9.-
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through subsequent film depositions. This results in
conformal mating surfaces between the valve base plate 3
and the valve closure plate 4 after the removal of the

sacrificial laver 17.

In Fig. 3a a metal layer is then deposited and

patterned to form the upper electrode 9. A silicon

nitride layer 19 is then deposited over the upper

electrode 9 to passivate the electrode and finish the
formation of the closure plate 4. This silicon nitride
layer 19 is typically a thicker film than the layer 18
under the upper electrode 9 to give the closure plate 4
added strength when the sacrificial layer 17 is
removed. The total thickness of the closure plate 4,
made up of the nitride layers 18 and 19 and the upper
electrode 9, is typically in the range of 1 to 1.5
microns. The silicon nitride films 18 and 19 that make
up the closure plate 4 are deposited in a stress
contfblled manner such that when the closure plate is
released from the substrate structure by the removal of
the sacrificial layer 17, the closure plate 4 remains
flat and free from any buckling or warping to preserve
the conformal mating surfaces of the closure plate 4 and
the valva base plate 3.

The outlet flow openings 6 and 7 are formed by
etching vias through the closure plate 4 using a dry
plasma etch. These flow holes also act as access vias

for the introduction of an etchant for the removal of
w] Q=
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the sacrificial layer during the final etching steps.
Now referring again to Fig. 1lb, the fabrication of the
valve is completed by anisotropically etching the
slilicon wafer in KOH to form the inlet port 2. The
sacrificial layer, 17 in Fig. 1, is then removed using a
etch selective to the sacrificial laver material. as
the sacrificial layer etch is chosen so that it will not
attack the silicon nitride films, the conformal nature
of the mating surfaces of the closure plate 4 and base
plate 3 are preserved through the etching processes.

As an example of thicknesses of the several
layers which may be used in the fabrication of the valve
as shown in Fig. 3a, the silicon nitride layer 12 may be
about 500 angstroms (A), the metallic layer 8 may be
about 300 angstroms, the silicon nitride layer 15 may be
about 750 angstroms, the sacrificial layer 17 may be
about 500 angstroms, the silicon nitride layer 18 may be
about 1500 angstroms, the metallic electrode layer 9 may
be abaut 1500 angstroms and the silicon nitride layer 19
may be about 7500 angstroms. Thus the thickness of the
closure plate member may be on the order of 10,000
angstroms. These thickness dimensions are exemplary
only. As ah'example of dimensions used in one reduction
to practice of the device, according to the invention,
the orificé 2 is about 35 microns on a side, and the

closure plate is about 350 microns on a side.

w]] -



In actuating the valve, a voltage is applied
between the upper electrode 9 and the lower electrode
8. The electrostatic force betweéen the electrodes is
inversely proportional to the square of the distance
between the electrodes and directly proporticnal to the
square of the voltage applied. The distance between the
electrodes i1s made up of the thickness of the
passivating silicon nitride layer 15 over the lower
electrode 8, the thickness of the silicon nitride layer
18 under the upper electrode ¢ and the gap formed by the
sacrificial layer 17. In order to maximize the force
between the electrodes for a given operating voltage,
the distance between the electrodes must be minimized.
This means that the silicon nitride layers 15 and 18 and
the sacrificial layer 17 must be as thin as is
practical. The silicon nitride layers must provide good
electrical isoiatién-and therefore may be as thin as 500
- 1000 A. The sacrificial layer may be as thin as
200 A and may typically be in the range of 200 -

1000 A.

In Fig. la the orifice 2 and the flow holes 6
have been'shown as being square, but are not intended to
be limited to square. There méy also be multiple flow
| orifiCes, 253,_ﬁnder a closure plate; each with flow

'holésfs. 'Furthérmore, it is possible to embody multiple
‘orifice-closure”plate pairs on a singla.silicon chip to

increase the capacity of the valve to control larger
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flows. Also in the embodiment described so far the
valve closure plate 4 is shown in the shape of a
microbridge (i.e. beam attached at two ends). It is
also possible to form the valve closure plate in the
shape of a cantilever as is shown 1in Figs. 4a and 4b
where only the left end of the closure plate 4’Qis
fastened to the rest of the valve structure. In other
respects the construction and operation has been
described above. Figs. 5a and 5b show an embodiment
where the closure plate 4’’ is fastened on all edges
like a diaphragm and flow is only up through the flow
holes 6. A circular embodiment is shown in Figs. 6a and
6b where a circular closure plate 4’’’ is secured at
locations 40, 41, 42 and 43 but otherwise operates very
similar to the embodiment of Figs. la, 1lb, 2a, and 3a.
Figs. 7a and 7b show the microvélve having a

- square-shaped closure plate fastened at the four corners

and otherwise being much like the valve described 1in

detail.

-] 3
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CLAIMS:

l. An electrostatic miniature valve comprising:

valve seat means having an opening therein through
which the flow of fluid passes which is to be
controlled and having a valve seat electrode
portion in said valve seat means for receiving
an electrical operating potential in use;

valve means disposed adjacent to said valve seat
means and having a closure plate member for
overlaying said valve seat means and said
opening, said closure plate member having
flow-through hole means laterally displaced but
immediately adjacent to said valve seat
opening, said closure plate member also having
a valve member electrode portion mechanilcally

operatively associated with it for receiving an

operating potential in use; and

electrical insulator means disposed between said
electrode portion of said valve seat means and
said electrode portion of said closure pilate
mnember, said valve seat means electrode portion
and said closure plate member electrode portion

having mutually opposed areas and spacing

rherebetween, the mutually opposed areas of

said electrocde portions and their spacing being
dimensioned for allowing an electrical

potential difference to be applied between said

-14 -
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valve means and saild valve seat means for
pulling said closure plate member by
electrostatic attraction against said cpening
in at least partially closing relation

therewith for controlling the flow of fluid
therethrough.

2. The miniature valve according to claim 1
vwherein said valve seat means has a first surface
and salild closure plate member has a conformed second
surface, said first surface and said second surface
thus closing together as conformed surfaces.

3. The miniature valve according to claim 1
wherein said flow through hole means of said closure
plate member are of size to present a total area

equal to or larqer'than the area of saild opening in

said valve seat means.

4. The miniature valve according to claim 1
wherein said flow-through hole means of said closure
-plata member comprise a plurality_of holes laterally
displacéd'but immediately adjacent to said valve
seat opening. ‘ .
5.;.Themihiature valve according to claim 4
'whefeih saidplurality of holes tend to surround

‘said valve seat opening.

o] 5w
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6. An electrostatic miniature fuel gas valve

comprising:

a silicon wafer substrate having an orifice
therethrough through which fuel gas 1s to flow;

one surface of said silicon wafer having a thin
layer of silicon nitride thereon surrounding
saié orifice and forming a valve seat means;

a valve seat electrode embedded in said silicon
nitride layer, said electrode being
electrically insulated from said silicon wafer
substrate by said silicon nitride layer;

valve means adjacent to said valve seat means and
having a closure plate member ovegrlaying said
valve seat means and said orifice, said closure
plate member having gas flow through hole means
laterally displaced but immediately adjacent to
said orifice, said closure plate member also
having an electrode embedded therein and
operatively associated with said closure plate

member for receiving an operating potential

with respect to said valve seat electrode, 1in

use; and

electrical insulator means between said closure
plate member alectrode and said valve seat
electrode, thereby providing mutually opposed
areas of said electrodes having a spacing

dimension therebetween for allowing an

-16-




electrical potential difference to be applied

between said valve means and said valve seat

means for drawing said closure plate member by

electrostatic attraction against said orifice
in at least partially closing relation
therewith for controlling the flow of fluid
therethrough.
7. The miniature valve according to claim 6
wherein said closure plate member comprises a second.
thin layer of silicon nitride substantially parallel
to and spaced from said valve seat means silicon
nitride laver in the area of said orifice.
8. The miniature valve according to claim 7
- wherein normal spacing between said closure plate
member and said valve seat means is on the order of
500 angstroms when no potential is applied to said
electrodes.
9. The miniature valve according to claim 6
‘wherein the closure plate member has a thickness on
the order of 10,000 angstroms.
10. The miniature valve according to claim 6
wherein the distance between valve seat electrode
‘and closure plate member electrode is on the order
_of'2200~2700angstroms depending on whether the

"valve~is clbsed or open.

] 7w
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11. An intermediate structure formed in the

fabrication process of an electrostatic miniature

valve comprising:

a single crystal (100) silicon wafer having a planar

surface:

thin £film layer of silicon nitride on the silicon

surface:;

first thin film metallic electrode on and covering
a portion of said silicon nitride;

second thin £film layer of silicon nitride over
said thin film metallic electrode;

sacrificial thin film layer of selectively
etchable material, said sacrificial layer being
delineated in shape and deposited on saiad
second silicon nitride layer to define a
closure valve plate location:

thiré tﬁin film layer of silicon nitride on the
selectively etchable material and the remainder
of the nitride covered silicon surface;

second thin film metallic electrode over said
third_thin film layer of silicon nitride and
generally positionally overlaying said first
eléctrode: and

fOurth.thin film cover layer of silicon nitride on
' the second electrode and the remainder of the

nitride covered silicon surface.

-] 8w



12. The structure according to claim 11 wheréin the

selectively etchable material for the sacrificial

layer comprises aluminum.

13. The structure according to claim 11 wherein the

selectively etchable material comprises silicon

dioxide.

14. The structure according to claim 11 wherein the

selectively etchable material has a thickness in the

range of 200 - 1000 angstrons.

15. The structure according to claim 14 wherein the

thickness is about 500 angstroms.

16. A process for fabricating a thin film

electrostatic microvalve comprising steps of:

providing a single crystal (100) silicon wafer
having.a planar surface and a backside surface;

depositing and delineatipg a first thin film layer
of silicon nitride on said planar surface;

depositing and patterning a second thin film layer
of silicon nitride on the backside surface,
said thin film having a patterned opening to
form a backside inlet orifice opening:;

depositing and delineating a thin film of metal on
said'first silicon nitride layer to form a
lower electrode; '

~ depositing and delineating a third thin film layer

éf silicon nitride over said metal film;

_lr
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patterning and plasma etching an opening through the

third and first layers of silicon nitride to
the silicon planar surface at the location of
the orifice through the wafer, said first and
third silicon nitride layers forming a valve
base plate;

depositing in said opening and depositing and patterning
a thin layer of selectively etchable material
over said third film of silicon nitride that
will serve as a sacrificial layer that will be
later removeqd;

depositing and delineating over said sacrificial
layer a fourth layer of silicon nitride;

depositing and delineating a second thin film of
metal on said fourth layer of silicon nitride
to form an upper electrode;

depositing a fifth layer of silicon nitride over
said upper electrode to passivate the
electrodes, said fourth and f£ifth silicon
nitride layers and said upper electrode forming
a valve closure member;

forming openings through said valve closure member
of silicon nitride down to said sacrificial
layer, said openings forming gas outlet flow

openings;

-2Q=-
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form the inlet port: and

providing sacrificial material selective etchant
through said openings to etch and remove said
sacrificial layer whereby said valve closure
member 1s released and electrostatically
operable against said valve base plate in
response to an electrical potential applied to
salid electrodes.

17. The process according to claim 16 in which the.

depositing of the thin layer of selectively etchable

material is to a thickness of about 500 angstroms.

18. The process according to claim 16 in which the

selectively etchable material is selected from the

group consisting of aluminum and silicon dioxide.
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