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(57) ABSTRACT

A nozzle plate containing multiple micro-orifices for the cas-
cade impactor and a method for manufacturing the same are
disclosed. The nozzle plate is formed by a series of semicon-
ductor processes, including lithography, etching and electro-
plating. The nozzle plate comprises a plate body and a plu-
rality of micro-orifices formed on the plate body. The orifice
has a diameter which gradually expands in the direction away
from the bottom of the plate body to achieve a smooth inner
surface, allowing particles to pass therethrough smoothly
without being clogged in the nozzle plate.

2 Claims, 2 Drawing Sheets
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1
METHOD FOR MANUFACTURING A
NOZZLE PLATE CONTAINING MULTIPLE
MICRO-ORIFICES FOR CASCADE
IMPACTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This patent application is a division of U.S. patent appli-
cation Ser. No. 12/805,279 filed Jul. 22, 2010 entitled
“NOZZLE PLATE CONTAINING MULTIPLE MICRO-
ORIFICES FOR CASCADE IMPACTOR AND METHOD
FOR MANUFACTURING THE SAME?”, the entire disclo-
sure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to aerosol sampling technol-
ogy, and more particularly to a nozzle plate containing mul-
tiple micro-orifices for use in a cascade impactor and a
method for manufacturing the same.

2. Description of the Related Art

The Micro-Orifice Uniform Deposit Impactor (MOUDI)
invented by MSP Corporation has been widely used for size-
classified aerosol sampling. Each stage of the MOUDI con-
sists of a nozzle plate with a plurality of nozzles and an
impaction plates to collect particles of a specific size range.
By decreasing the nozzle diameter and increasing the air jet
speed in the nozzle from the top to the bottom stages, the
MOUDI is able to collect particles of subsequently smaller
size ranges. In a 10 stage MOUDI, the cutoff aerodynamic
diameter ofthe stage 0 to 101s 18, 10.0,5.6,3.2,1.8,1.0,0.56,
0.32, 0.18, 0.1, 0.056 um, respectively, and there is a final
after filter to collect particles smaller than 0.056 um. To
classify very small particles, the nozzle plates of the last 4
impaction stages, or stage 7 to 10, use 900-2000 micro-ori-
fices with the diameter ranging from 140 to 52 pm to collect
particles ranging from 0.32 to 0.056 um in diameter.

U.S. Pat. No. 6,431,014 disclosed an improved MOUDI
design with a series of differential pressure sensors for mea-
suring the pressure drop across the nozzle plates. Addition-
ally, the influence of particle accumulation and blockage in
the micro-orifices on the performance of the MOUDI is also
briefly discussed. The clogged orifices may cause the cut-
point of the impactor to change which leads to measurement
errors. The dust accumulation problem in the nozzle can be
eliminated by periodic cleaning. However, an improper
cleaning method, such as high intensity ultrasonic cleaning,
may damage the nozzle plates whose wall thickness to define
the nozzle diameter is very thin.

Jietal. (2006) observed the 6™ to 8 stage nozzle plate of
a 8-stage MOUDI by using an electron microscope, and the
results were published in a journal paper (Ji, J. H., Bae, G. N.,
Hwang, J., 2006. Observation and evaluation of nozzle clog-
ging in a micro-orifice impactor used for atmospheric aerosol
sampling, Particulate Sci. Technol. 24: 85-96). In the study,
nozzle clogging caused by particle deposition in the nozzle
was observed. The collection efficiency curves were shifted to
that corresponding to smaller orifice sizes, and the 50% cutoff
sizes were much smaller than those specified by the manu-
facturer for the three stages with nozzles less than 400 um in
diameter. The pressure drops across the clogged nozzles were
also higher than the nominal values given by the manufac-
turer.

The inventor of the present invention used an optical
microscope to observe the micro-orifices of the nozzle plate
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of the last several stages of the MOUDI. An uneven inner
surface of the micro-orifices was observed (see FIG. 11). In
the current method, the major part of the nozzle is made by the
wet etching process while the final bottom part of the orifice
has to be made by laser drilling to define a known orifice
diameter. Due to the thickness limitation of laser drilling used
to manufacture the orifice, the wall thickness D1 at the bottom
side of each micro-orifice is only about 10 um. This is the
main reason why there exists an abrupt step at the bottom of
the orifice which renders clogging of particles easily. Besides,
this fragile structure prevent the nozzle plates from being
cleaned effectively, such as by an ultrasonic cleaner. Improve-
ment of the structure and the shape of the micro-orifices for
the nozzle plate is therefore critically needed.

SUMMARY OF THE INVENTION

It is the main object of the present invention to provide a
nozzle plate with multiple micro-orifices fora cascade impac-
tor and a method for manufacturing the same, wherein the
micro-orifices of the nozzle plate have a smooth inner surface,
avoiding clogging of particles in the nozzle plate.

It is another object of the present invention to provide a
nozzle plate for a cascade impactor and a method for manu-
facturing the same, wherein the uniform wall thickness and
sturdy structure of the micro-orifices facilitate cleaning by an
ultrasonic cleaner.

To achieve these and other objects of the present invention,
a method for making a nozzle plate containing multiple
micro-orifices comprises the steps of:

(1) depositing a seed layer on a substrate; (2) coating the
seed layer with a layer of first photoresist, radiating UV light
through a first mask onto the first photoresist, and then devel-
oping the first photoresist; (3) etching the seed layer and
removing the first photoresist, so as to form a plurality of
through holes on the seed layer that cut through top and
bottom sides of the seed layer; (4) coating a sacrificial layer
on the substrate and the seed layer; (5) depositing a metal
mask film on the sacrificial layer; (6) coating a layer of second
photoresist on the metal mask film, radiating UV light
through a second mask onto the second photoresist, and then
developing the second photoresist; (7) etching the metal mask
film and removing the second photoresist, so as to form a
plurality of protrusions on the sacrificial layer; (8) etching the
sacrificial layer until the substrate and the seed layer are
exposed to the outside; (9) electroplating a metal material
onto the seed layer; and (10) removing the substrate, the seed
layer and the sacrificial layer. Further, the metal material used
during step (9) is a mix of nickel and cobalt.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (I).

FIG. 2 is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (II).

FIG. 3 is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (IIT).

FIG. 4 is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (IV).

FIG. 5 is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (V).
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FIG. 6 is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (VI).

FIG. 7is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (VII).

FIG. 8 1s a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention
(VIID).

FIG. 9 is a schematic drawing showing the fabrication of a
nozzle plate containing a plurality of micro-orifices for cas-
cade impactor in accordance with the present invention (IX).

FIG. 10 is a schematic drawing showing the fabrication of
a nozzle plate containing a plurality of micro-orifices for
cascade impactor in accordance with the present invention
X).

FIG. 11 is a schematic sectional view of a nozzle plate for
cascade impactor made according to the prior art design.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIGS. 1-10, a method for the fabrication of a
nozzle plate having multiple micro-orifices for the cascade
impactor in accordance with the present invention includes
the steps of:

(1) depositing a seed layer 22 on a glass substrate 20, as
shown in FIG. 1, wherein copper or chromium can be used to
deposit the seed layer 22 by a sputtering process, an evapo-
ration process or a chemical vapor deposition (CVD) process;
the seed layer 22 has a thickness D2 about 3 pum;

(2) coating the seed layer 22 with a layer of first photoresist
24, radiating UV light through a first mask 26 onto the first
photoresist 24, and then developing the first photoresist 24, as
shown in FIG. 2, wherein the first mask 26 has a plurality of
transparent regions 261 for the passing of the applied UV
light; for the sake of brevity, only one transparent region 261
is seen in FIG. 2;

(3) etching the seed layer 22 and removing the first photo-
resist 24, as shown in FIG. 3, so as to form a plurality of
through holes 221 on the seed layer 22 that cut through top
and bottom sides of the seed layer 22;

(4) coating a sacrificial layer 28 on the glass substrate 20
and the seed layer 22, as shown in FIG. 4, wherein the sacri-
ficial layer 28 can be prepared from, for example, but not
limited to, polyimide (PI);

(5) using copper or chromium to deposit a metal mask film
30 on the sacrificial layer 28 by a sputtering process, an
evaporation process or a chemical vapor deposition process,
as shown in FIG. 5;

(6) coating a layer of second photoresist 32 on the metal
mask film 30, radiating UV light through a second mask 34
onto the second photoresist 32, and then developing the sec-
ond photoresist 32, as shown in FIG. 6, wherein the second
mask 34 has a plurality of circular opaque regions 341 at
locations corresponding to the first through holes 221 on the
seed layer 22;

(7) etching the metal mask film 30 and removing the sec-
ond photoresist 32, as shown in FIG. 7, so as to form a
plurality of protrusions 301 on the sacrificial layer 28; for the
sake of brevity, only one circular opaque region 341 and one
protrusion 301 are respectively seen in FIGS. 6 and 7,

(8) etching the sacrificial layer 28 which is not covered by
the protrusions 301 until the glass substrate 20 and the seed
layer 22 are exposed to the outside, and the sacrificial layer 28
covered by the protrusions 301 is remained on the substrate
20 as shown in FIG. 8;
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(9) electroplating a metal material 36 onto the seed layer 22
to a desired thickness D3, as shown in FIG. 9, wherein the
metal material can be, but not limited to, a mix of nickel and
cobalt, and the thickness D3 of the metal material 36 is 150
wm; the metal material 36 is also electroplated onto the sub-
strate 20; and

(10) removing the substrate 20, the seed layer 22 and the
sacrificial layer 28, thereby obtaining a nozzle plate 10, as
shown in FIG. 10, which is to be processed further through a
series of cutting and hole-drilling processes for installationin
a multi-stage cascade impactor.

Referring to FIG. 10, a nozzle plate 10 for cascade impac-
tor in accordance with the present invention is made through
a series of semiconductor processes, including lithography,
etching and electroplating. The nozzle plate 10 comprises a
plate body 12 and a plurality of micro-orifices 14 cut through
top and bottom sides of the plate body 12. Because the nozzle
plate 10 is formed by means of electroplating, the micro-
orifices 14 have a smooth inner surface and a diameter which
expands gradually from the bottom side of the plate body 12
toward the top side thereof. Further, the nozzle plate 10 has an
annular protrusion 16 protruded from the bottom side around
each of the micro-orifices 14.

Further, the smooth inner surfaces of the micro-orifices 14
allow particles to pass therethrough smoothly without clog-
ging the micro-orifices. Further, the uniform wall thickness
and sturdy structure of the micro-orifices 14 facilitate clean-
ing by an ultrasonic cleaner and improve the convenience of
use and the sampling quality. Further, subject to different
desired cut-off aerodynamic diameters, the number of the
micro-orifices 14 of the nozzle plate 10 and their final orifice
diameter can be 900/140 pum, 900/90 pm, 2000/55 pm, 2000/
52 um, 980/49 wm, 1650/450 um or 2000/55 pum. Preferably,
the number of the micro-orifices 14 is within 50-10000, and
the diameter is within 45-410 pm.

Although particular embodiments of the invention have
been described in detail for purposes of illustration, various
modifications and enhancements may be made without
departing from the spirit and scope of the invention. Accord-
ingly, the invention is not to be limited except as by the
appended claims.

What is claimed is:

1. A method for making a nozzle plate containing multiple

micro-orifices, comprising the steps of?

(1) depositing a seed layer on a substrate;

(2) coating the said seed layer with a layer of first photo-
resist, radiating UV light through a first mask onto said
first photoresist, and then developing the first photore-
sist;

(3) etching said seed layer and removing the said first
photoresist, so as to form a plurality of through holes on
said seed layer that cut through top and bottom sides of
said seed layer;

(4) coating a sacrificial layer on said substrate and said seed
layer;

(5) depositing a metal mask film on said sacrificial layer;

(6) coating a layer of second photoresist on the said metal
mask film, radiating UV light through a second mask
onto the said second photoresist, and then developing
the second photoresist;

(7) etching the said metal mask film and removing the said
second photoresist, so as to form a plurality protrusions
on the said sacrificial layer;

(8) etching the said sacrificial layer which is not covered by
the protrusions until said substrate and the said seed
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layer are exposed to the outside, the sacrificial layer
covered by the protrusions being remained on the sub-
strate;
(9) electroplating a metal material onto the said seed layer
and the substrate; and 5
(10) removing the said substrate, the said seed layer and the
said sacrificial layer.
2. The method for making a nozzle plate containing mul-
tiple micro-orifices as claimed in claim 1, wherein the metal
material used during step (9) is a mix of nickel and cobalt. 10
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