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TWO-LAYER SHADOW MASK WITH SMALL 
DIMENSION APERTURES AND METHOD OF 

MAKING AND USING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a shadow mask and, more 

particularly, to a tWo-layer shadow mask for forming elec 
tronic elements on a substrate. 

2. Description of Related Art 
Active matrix backplanes are Widely used in ?at panel 

displays for routing signals to pixels of the display in order to 
produce vieWable pictures. Presently, active matrix back 
planes for ?at panel displays are formed by a photolithogra 
phy manufacturing process, Which has been driven in the 
market by the demand for higher and higher resolution dis 
plays, Which is not otherWise possible With other manufac 
turing processes. Photolithography is a pattern de?nition 
technique Which uses electromagnetic radiation, such as 
ultraviolet (UV) radiation, to expose a layer of resist that is 
deposited on the surface of a substrate. Exemplary photoli 
thography processing steps to produce an active matrix back 
plane include coat photoresist, pre-bake, soak, bake, align/ 
expose, develop, rinse, bake, deposit layer, lift off photoresist, 
scrub/rinse, and dry. As can be seen, the active matrix back 
plane fabrication process includes numerous deposition and 
etching steps in order to de?ne appropriate patterns of the 
backplane. 

Because of the number of steps required to form an active 
matrix backplane With the photolithography manufacturing 
process, foundries of adequate capacity for volume produc 
tion of backplanes are very expensive. An exemplary partial 
list of equipment needed for manufacturing active matrix 
backplanes includes glass-handling equipment, Wet/ dry strip 
equipment, glass-cleaning equipment, Wet clean equipment, 
plasma chemical vapor deposition (CVD) equipment, laser 
equipment, crystallization equipment, sputtering equipment, 
ion implant equipment, resist coater equipment, resist strip 
ping equipment, developer equipment, particle inspection 
equipment, exposure systems, array ?let/repair equipment, 
dry etch systems, anti-electrostatic discharge equipment, Wet 
etch system, and a clean oven. Furthermore, because of the 
nature of the active matrix backplane fabrication process, the 
foregoing equipment must be utiliZed in a class one or class 
ten clean room. In addition, because of the amount of equip 
ment needed and the siZe of each piece of equipment, the 
clean room must have a relatively large area, Which can be 
relatively expensive. 

Alternatively, a vapor deposition shadoW mask process is 
Well knoWn and has been used for years in microelectronics 
manufacturing. The vapor deposition shadoW mask process is 
a signi?cantly less costly and less complex manufacturing 
process, compared to the photolithography process; hoWever, 
the achievable resolution of, for example, an active matrix 
backplane formed via shadoW mask technology, is limited. 
Publications disclosing vapor deposition shadoW mask pro 
cesses as Well as related processes are disclosed in US. Patent 

Application Publication No. 2003/0193285; US. Patent 
Application Publication No. 2002/0011785; US. Pat. Nos. 
6,384,529; and 4,919,749. 

Presently, shadoW mask manufacturing techniques are not 
favored due to the lack of suf?ciently high resolution to meet 
today’s demand for high resolution products, such as active 
matrix backplanes. As a result, photolithography manufactur 
ing techniques continue to be utiliZed to produce such high 
resolution products. 
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2 
Moreover, the vapor deposition shadoW mask process has 

other certain limitations that are Well recogniZed in the indus 
try. For example, the minimum aperture siZe that can be 
produced accurately Within a shadoW mask is dependent upon 
several factors, such as the thickness of the shadoW mask and 
the overall area of the shadoW mask, as is Well knoWn by those 
skilled in the art. More speci?cally, the larger the area of the 
shadoW mask, the thicker the shadoW mask must be in order 
to maintain strength and structural integrity during handling 
and use. HoWever, the thicker the material of the shadoW 
mask, the more dif?cult it is to achieve highly accurate and 
small apertures. As a result, the capability to achieve small 
microelectronics dimensions and, thus, high resolution, by 
use of the vapor deposition shadoW mask process is limited by 
factors, such as the thickness and overall area of the shadoW 
mask. 

Therefore, What is needed, and not disclosed in the art, is a 
method and apparatus for improving the resolution of a vapor 
deposition shadoW mask process thereby extending its use in 
manufacturing, especially the manufacturing of high resolu 
tion ?at panel displays. Still other needs Will become apparent 
to those of ordinary skill in the art upon reading and under 
standing the folloWing detailed description. 

SUMMARY OF THE INVENTION 

The invention is a shadoW mask that includes a ?rst layer 
having a ?rst aperture therethrough and a second layer having 
a second aperture therethrough. The ?rst and second layers 
are joined together With at least part of the ?rst aperture 
aligned With at least part of the second aperture to de?ne a 
third aperture through the ?rst and second layers. 
The ?rst and second apertures can either be fully aligned 

With respect to each other or can be offset With respect to each 
other. When the ?rst and second layers are aligned, a portion 
of the ?rst layer can be exposed through the second aperture 
and/or a portion of the second layer can be exposed through 
the ?rst aperture. 
The ?rst aperture includes a ?rst cavity formed via one side 

of the ?rst layer and a second cavity formed via the other side 
of the ?rst layer. At least part of the ?rst cavity and the second 
cavity can be aligned to de?ne the ?rst aperture. 
The ?rst cavity can extend into the ?rst layer a distance 

substantially therethrough and the second cavity can extend 
into the ?rst layer a distance less than the ?rst cavity. The 
convergence of the ?rst and second cavities can de?ne in the 
?rst cavity an edge that desirably extends around an interior 
of the ?rst cavity. 
The third aperture can have the shape of a square, a rect 

angle, a circle or an oval. 

The invention is also a method of forming a shadoW mask. 
The method includes de?ning a ?rst aperture through a ?rst 
layer and de?ning a second aperture through a second layer. 
The ?rst and second layers are co-joined With the ?rst and 
second apertures at least partially in alignment to de?ne a 
third aperture through the ?rst and second layers. 
The de?ning of the ?rst aperture can include de?ning a ?rst 

cavity in the ?rst layer via one side thereof such that the ?rst 
cavity extends partially into the ?rst layer and de?ning a 
second cavity in the ?rst layer via the other side thereof such 
that the second cavity joins the ?rst cavity With the ?rst and 
second cavities at least partially in alignment With each other 
to de?ne the ?rst aperture. The ?rst cavity can be de?ned by 
one or more surfaces in the ?rst layer that converge With 
increasing distance from the one side of the ?rst layer. The 
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second cavity can be de?ned by one or more other surfaces in 
the ?rst layer that converge With increasing distance from the 
other side of the ?rst layer. 

Each cavity can have a square, rectangular, circular or oval 
shape. A circular or oval cavity includes one continuous sur 
face While a square or rectangular cavity includes four mating 
surfaces. 
The step of de?ning the second aperture can include depos 

iting a ?rst material on a substrate and de?ning a ?rst pattern 
in the ?rst material Whereupon at least a portion of the sub 
strate is exposed through the ?rst material. A second material 
can be deposited on at least the exposed portion of the sub 
strate. The deposited second material can then be separated 
from the substrate and the ?rst material Whereupon the thus 
separated second material de?nes the second layer having the 
second aperture therethrough. 
The invention is also a method of shadoW mask use for 

depositing a material on a substrate. The method can include 
providing a shadoW mask having a ?rst layer With a ?rst 
aperture therethrough and a second layer With a second aper 
ture therethrough. The ?rst and second layers are joined 
together With at least part of the ?rst aperture aligned With at 
least part of the second aperture to de?ne a third aperture 
through the ?rst and second layers. The thus provided shadoW 
mask is positioned in a vacuum vessel betWeen a material 
deposition source and a substrate. Material from the material 
deposition source is deposited onto the substrate via the third 
aperture in the presence of a vacuum in the vacuum vessel. 

The step of depositing the material can include depositing 
the material on a surface of the ?rst aperture and/or a surface 
of the second layer exposed through ?rst aperture. 

The invention is also a shadoW mask that includes ?rst and 
second layers joined together and de?ning therethrough a 
deposition aperture that is formed by the at least partial align 
ment of a ?rst aperture in the ?rst layer and a second aperture 
in the second layer. 
A portion of the ?rst layer can be exposed through the 

second aperture and/or a portion of the second layer can be 
exposed through the ?rst aperture. 

The ?rst aperture can be de?ned by ?rst and second cavities 
in the ?rst layer that are at least partially aligned. 
One or more surfaces de?ning the ?rst cavity can converge 

With increasing distance into the ?rst layer. One or more 
surfaces de?ning the second cavity can converge With 
increasing distance into the ?rst layer. 
An outline of the deposition aperture can have the form of 

a square, a rectangle, a circle or an oval. 

Lastly, the invention is a shadoW mask that includes a pair 
of layers co-joined and de?ning therethrough a deposition 
aperture that is formed by the offset alignment of a ?rst 
aperture in one layer and a second aperture in the other layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A illustrates a cross-sectional vieW taken along line 
A-A of FIG. 1B of a tWo-layer shadoW mask in accordance 
With the invention; 

FIG. 1B illustrates a top vieW of the tWo-layer shadoW 
mask of the present invention; 

FIG. 2 illustrates a How diagram of a method of making the 
tWo-layer shadoW mask of the present invention; 

FIG. 3 illustrates an exemplary multi-layer circuit formed 
utiliZing a plurality of tWo-layer shadoW masks of the present 
invention; 

FIG. 4A illustrates an exemplary production system that 
uses the tWo-layer shadoW mask of the present invention for 
producing an electronic device; and 
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4 
FIG. 4B illustrates an expanded vieW of Detail A of FIG. 

4A. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1A illustrates a cross-sectional vieW of a tWo-layer 
shadoW mask 100 taken along line A-A of FIG. 1B, Which is 
a top vieW of the same in accordance With the invention. 
TWo-layer shadoW mask 100 is suitable for use in a produc 
tion system, such as a standard vapor deposition process in a 
vacuum chamber, for manufacturing an electronic device and 
provides a smaller dimensioned aperture than a conventional 
single-layer shadoW mask. 

TWo-layer shadoW mask 100 includes a ?rst layer or mask 
110 formed of, for example, nickel, chromium, steel, or cop 
per, having a thickness of, for example, 150-200 microns. 
First mask 110 of tWo-layer shadoW mask 100 is bonded to a 
thinner, second layer or mask 112 that is formed of, for 
example, nickel via an electroforrned nickel process, and that 
has a minimum thickness of, for example, 10 microns. To 
form tWo-layer shadoW mask 100, ?rst mask 110 and second 
mask 1 12 are joined together by Well-knoWn techniques, such 
as, Without limitation, resistance Welding or electrofor'm 
bonding. 

First mask 110 includes a ?rst aperture 114 Which is 
formed by de?ning a ?rst cavity 116 in the side of ?rst mask 
110 to be positioned opposite second mask 112 and de?ning 
a second cavity 118 in the side of ?rst mask 110 to be posi 
tioned adjacent second mask 112. First cavity 116 and second 
cavity 118 are desirably center aligned one to another to 
de?ne ?rst aperture 114 Which extends through ?rst mask 
110. More speci?cally, ?rst cavity 116 is de?ned, e. g., etched, 
in one side of ?rst mask 110 to a depth just short of the full 
thickness of ?rst mask 110. Second cavity 118, in the form of 
a shalloW hole, is de?ned, e.g., etched, in the other side of ?rst 
mask 110. The combination of ?rst cavity 116 and second 
cavity 118 de?ne ?rst aperture 114. 
An edge 120 is de?ned Within ?rst aperture 114 by the 

intersection of ?rst cavity 116 and second cavity 118. The 
Width of ?rst cavity 116 and the Width of second cavity 118 
may have fairly coarse dimensions. A Width 121 betWeen 
opposite sides of edge 120 is dependent upon the depth of ?rst 
cavity 116 and the depth of second cavity 118. Speci?cally, 
the deeper the ?rst cavity 116 and the shalloWer the second 
cavity 118, the smaller the Width 121 of edge 120. 

Second mask 112 includes a second aperture 122 having 
one or more edges, e.g., ?rst edge 124 and second edge 126, 
Which is/are de?ned therein, desirably by means of a photo 
resist that has been cured and patterned in the form of negative 
image pattern upon a sacri?cial substrate (not shoWn). There 
after, nickel, for example, is deposited, on the cured and 
patterned photoresist, desirably by an electrolytic process, to 
approximately the same thickness (height) of the photoresist 
upon the sacri?cial substrate. The photoresist is then dis 
solved and the sacri?cial substrate discarded leaving a 
desired, positive image pattern, in this case second mask 112 
formed from nickel With second aperture 122 formed therein 
to any desired shape and dimension. This process for forming 
second mask 112 is knoWn as a “plate-up” pattern de?nition 
process. HoWever, those skilled in the art Will recogniZe that 
other Well-knoWn pattern de?nition processes, such as etch 
ing or a “plate-down” process may be used to form second 
mask 112. 

Second mask 112 is then joined, e.g., bonded, to ?rst mask 
110 With second aperture 122 of second mask 112 shifted or 
offset With respect to ?rst aperture 114 of ?rst mask 110. The 
resulting area Where ?rst aperture 114 is in alignment With 
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second aperture 122 de?nes through tWo-layer shadow mask 
100 an aperture 130 of a desired dimension and geometry 
through Which material can be deposited for forming an ele 
ment. Aperture 130 shoWn in FIGS. 1A and 1B is not to be 
construed as being limited to any particular shape since aper 
ture 130 may be of any desired shape, such as square, rectan 
gular, circular or oval. 

The combination of second mask 112 bonded to ?rst mask 
110 to form tWo-layer shadoW mask 100 not only provides a 
means for achieving a small aperture dimension, but also 
enables tWo-layer shadoW mask 100 to have an overall thick 
ness suitable to maintain strength and structural integrity 
during handling and use. 

FIG. 2 illustrates a How diagram of a method 200 of making 
tWo -layer shadoW mask 100 in accordance With the invention. 
In step 210, a thick mask, e.g., ?rst mask 110, With one or 
more apertures, e. g., ?rst aperture 114, is formed of a sheet of, 
for example, nickel, chromium, steel, or copper. The sheet 
material has a thickness of, for example, 150-200 microns. 
Each aperture is formed by, for example, etching a ?rst, deep 
cavity, e.g., ?rst cavity 116, in one side and a second, shalloW 
cavity, e.g., second cavity 118, in the opposite side of the 
sheet. Each aperture is formed according to a predetermined 
siZe and location according to a speci?c predetermined pat 
tern. 

In step 212, a thin mask, e.g., second mask 112, With one or 
more apertures, e. g., second aperture 122, is formed of a sheet 
of, for example, nickel via an electroforrned nickel process 
and has a minimum thickness of, for example, 10 microns. 
Each aperture can be formed by electrolytically depositing 
nickel to approximately the same thickness as the cured and 
patterned photoresist is deposited upon the sacri?cial sub 
strate. The photoresist is then dissolved and the sacri?cial 
substrate discarded thereby leaving the nickel layer With one 
or more apertures formed therein. Each aperture is formed to 
a predetermined shape, dimension and location according to 
a speci?c predetermined pattern. 

In step 214, the thin mask formed in step 212 is joined to the 
thick mask formed in step 210, such that their respective 
apertures are shifted or offset With respect to one another. For 
example, and With reference to FIG. 1A, second mask 112 is 
joined to ?rst mask 110 such that at least a portion of edge 120 
of ?rst aperture 114 is aligned betWeen ?rst edge 124 and 
second edge 126 of second aperture 122. As a result, a portion 
of second mask 112 is positioned in-line With ?rst aperture 
114 and a Width “W” of aperture 130 is de?ned, in this 
example, by the distance betWeen ?rst edge 124 of second 
aperture 122 and the portion of edge 120 of ?rst aperture 114 
in alignment With second aperture 122. The amount of shift or 
offset betWeen second mask 112 and ?rst mask 110 and, thus, 
the Width “W” of each aperture 130 is predetermined accord 
ing to a speci?c pattern. The Width “W” of each aperture 130 
may range from the full Width of second aperture 122 (i.e., no 
shift) to approaching 0 microns (i.e., maximum shift). 
Because the Width 121 of edge 120 may be an obstacle to 
achieving the full Width of aperture 130, edge 120 is desirably 
as sharp as possible, e.g., like a knife edge. HoWever, this is 
not to be construed as limiting the invention. 

FIG. 3 illustrates an exemplary multi-layer circuit 300, 
such as an active matrix driver circuit for an organic light 
emitting diode (OLED) display that is formed utiliZing a 
plurality of tWo-layer shadoW masks 100 of the present inven 
tion. Multi-layer circuit 300 is formed of multiple layers of 
conductors and/ or insulators 310 by the successive deposition 
of materials on a substrate through tWo-layer shadoW masks 
100 positioned in deposition vacuum vessels. Each layer of 
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6 
conductors and/or insulators 310 is deposited by the use of an 
associated tWo-layer shadoW mask 100 that has a respective 
pattern of apertures 130. 

FIG. 4A illustrates an exemplary production system 400 
that uses a plurality of tWo-layer shadoW masks 100 of the 
present invention for producing an electronic device, such as 
multi-layer circuit 300 in FIG. 3. 
One example of a suitable production system 400 is 

described in Us. Patent Application Publication No. 2003/ 
0228715, entitled, “Active matrix backplane for controlling 
controlled elements and method of manufacture thereof’ 
Which is incorporated herein by reference. The ’7 1 5 publica 
tion describes an electronic device formed from electronic 
elements deposited on a substrate. The electronic elements 
are deposited on the substrate by the advancement or trans 
lation of the substrate through a plurality of deposition 
vacuum vessels, each of Which has at least one material depo 
sition source and a shadoW mask, such as tWo-layer shadoW 
mask 100, positioned therein. The material from at least one 
material deposition source positioned in each deposition 
vacuum vessel is deposited on the substrate through the 
shadoW mask that is positioned in the deposition vacuum 
vessel to form on the substrate a circuit formed of an array of 
electronic elements. The circuit is formed solely by the suc 
cessive deposition of materials on the substrate. 

Production system 400 includes a plurality of series con 
nected deposition vacuum vessels 410 (i.e., deposition 
vacuum vessels 410a, 410b, 4100, and 410d). Production 
system 400 is not to be construed as limiting the invention 
since the number of deposition vacuum vessels 410 compris 
ing production system 400 is dependent upon the number of 
deposition events required for any given product formed 
thereWith. 

In operation of production system 400, a substrate 414 
translates through serially arranged deposition vacuum ves 
sels 410 by use of a reel-to-reel mechanism that includes a 
dispensing reel 416 and a take-up reel 418. Each deposition 
vacuum vessel 410 includes at least one deposition source 
412, at least one heatsink 420, and at least one tWo-layer 
shadoW mask 100. 
Each deposition source 412 is charged With a desired mate 

rial to be deposited onto ?exible substrate 414 through a 
tWo-layer shadoW mask 100 Which is also positioned in the 
corresponding deposition vacuum vessel 410. Substrate 414 
can be formed of, for example, anodiZed aluminum, steel foil, 
glass or plastic. 
Each heatsink 420 includes a top plate desirably having a 

large mass and a ?at reference surface that contacts a side of 
substrate 414 opposite the corresponding deposition source 
412 at least during deposition of material on the portion of 
substrate 414 in the corresponding deposition vacuum vessel 
410. Collectively, the heatsinks 420 included in the deposi 
tion vacuum vessels 410 comprising production system 400 
act as a heat removal means for substrate 414 as it translates 

through production system 400. Those skilled in the art Will 
appreciate that production system 400 may include additional 
stages or vacuum vessels (not shoWn), such as an anneal 
stage, a test stage, one or more cleaning stages, a cut and 
mount stage, and the like, as is Well knoWn. In addition, the 
number, purpose and arrangement of deposition vacuum ves 
sels 410 canbe modi?ed as needed for depositing one or more 
materials required for a particular application by one of ordi 
nary skill in the art. 

Each tWo-layer shadoW mask 100 includes a pattern of 
apertures 130, e.g., slots and holes, as described above With 
reference to FIGS. 1A, 1B, and 2. The pattern of apertures 130 
formed in each tWo-layer shadoW mask 100 corresponds to a 
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desired pattern of material to be deposited on substrate 414 
from the deposition source(s) 412 in the deposition vacuum 
vessel 410 in Which tWo-layer shadow mask 100 resides as 
substrate 414 is translated therethrough. 

Deposition vacuum vessels 410 are utilized for depositing 
materials on substrate 414 in order to form one or more 
electronic elements on substrate 414. Each electronic element 
may be, for example, a thin ?lm transistor (TFT), a diode, a 
memory element or a capacitor. A multi-layer circuit, such as 
multi-layer circuit 300 of FIG. 3, is formed solely by the 
successive deposition of materials on substrate 414 via the 
successive operation of each deposition vacuum vessel 410. 
Each deposition vacuum vessel 410 is connected to a 

source of vacuum (not shoWn) for establishing a suitable 
vacuum therein. More speci?cally, the source of vacuum 
establishes a suitable vacuum in deposition vacuum vessel 
410 in order to enable the charge of desired material posi 
tioned in the corresponding deposition source 412 to be 
deposited on substrate 414 in a manner knoWn in the art, e. g., 
sputtering or vapor phase deposition, through apertures 130 
of tWo-layer shadoW mask 100. 

In the folloWing description of exemplary production sys 
tem 400, substrate 414 Will be described as being a continu 
ous ?exible sheet, Which is initially disposed on a dispensing 
reel 416 that dispenses substrate 414 into the ?rst deposition 
vacuum vessel 410. Dispensing reel 416 is positioned in a 
preload vacuum vessel, Which is connected to a source of 
vacuum (not shoWn) for establishing a suitable vacuum 
therein. HoWever, production system 400 can be con?gured 
to continuously process a plurality of individual substrates 
414. Each deposition vacuum vessel 410 includes supports or 
guides that avoid the sagging of substrate 414 as it translates 
through deposition vacuum vessels 410. 

In operation of production system 400, the material each 
deposition source 412 is charged With is deposited on sub 
strate 414 through a tWo-layer shadoW mask 100 in the pres 
ence of a suitable vacuum as substrate 414 is advanced 

through the corresponding deposition vacuum vessel 410, 
Whereupon plural progressive patterns are formed on sub 
strate 414. More speci?cally, substrate 414 has plural por 
tions that are positioned for a predetermined interval in each 
deposition vacuum vessel 410. During each predetermined 
interval, material is deposited from the deposition source 412 
onto the portion of substrate 414 positioned in the corre 
sponding deposition vacuum vessel 410. After this predeter 
mined interval, substrate 414 is step advanced, Whereupon the 
plural portions of substrate 414 are advanced to the next 
deposition vacuum vessel 41 0 in series for additional process 
ing, as applicable. This step advancement continues until 
each portion of substrate 414 has passed through all deposi 
tion vacuum vessels 410. Thereafter, each portion of substrate 
414 exiting deposition vacuum vessel 410 is received on 
take-up reel 418, Which is positioned in a storage vacuum 
vessel. Alternatively, each portion of substrate 414 exiting the 
last deposition vacuum vessel 410 is separated from the 
remainder of substrate 414 by a cutter (not shoWn). 
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FIG. 4B illustrates an expanded vieW of a Detail A of FIG. 

4A. FIG. 4B shoWs the ?rst mask 110 side of tWo-layer 
shadoW mask 100 oriented toWard deposition source 412 and 
the second mask 112 side of tWo-layer shadoW mask 100 
oriented toWard substrate 414. FIG. 4B also shoWs the evapo 
rant material from deposition source 412 entering ?rst aper 
ture 114 of tWo -layer shadoW mask 100 then entering the 
clearance area of second aperture 122 of second mask 112 
along a “line of sight” from deposition source 412 that de?nes 
the resulting aperture 130. The thickness of conductors and/or 
insulator material 310 deposited on substrate 414 via aperture 
130 is dependent upon the deposition time and the deposition 
rate, as is Well knoWn. 

The use of successive tWo-layer shadoW masks 100 in a 
production system, each of Which includes a pattern of aper 
tures 130 that have dimensions that may approach 0 microns, 
alloWs for the overall circuit area to be reduced. In the case of 
a ?at panel display, the result is that more pixels per inch may 
be deposited and, thus, a higher resolution display is achieved 
through the use of the tWo-layer shadoW mask 100 of the 
present invention Within the loW cost and loW complexity 
shadoW mask manufacturing process. 
The present invention has been described With reference to 

the preferred embodiments. Obvious modi?cations and alter 
ations Will occur to others upon reading and understanding 
the preceding detailed description. It is intended that the 
invention be construed as including all such modi?cations 
and alterations insofar as they come Within the scope of the 
appended claims or the equivalents thereof. 
The invention claimed is: 
1. A method for deposition a material on a substrate using 

a shadoW mask comprising: 
(a) providing a shadoW mask having a ?rst layer (110) With 

a ?rst aperture (114) therethrough and a second layer 
(112) With a second aperture (122) therethrough, the ?rst 
and second layers joined together With the ?rst aperture 
(114) and the second aperture (122) offset to de?ne a 
third aperture (130) through the ?rst and second layers 
(110 and 112), Wherein When vieWed in a direction nor 
mal to the ?rst and second layers (110 and 122), the third 
aperture (130) is smaller than the ?rst aperture (114) and 
the third aperture (130) is smaller than the second aper 
ture (122); 

(b) positioning the shadoW mask in a vacuum vessel (410) 
betWeen a material deposition source (412) and a sub 
strate (414); and 

(c) depositing material from the material deposition source 
(412) onto the substrate (414) via the third aperture 
(130) in the presence of a vacuum in the vacuum vessel 

(410). 
2. The method of claim 1, Wherein step (c) further includes 

depositing the material on at least one of: 
a surface of the ?rst aperture (114); and 
a surface of the second layer (118) exposed through ?rst 

aperture (114). 
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