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(57) ABSTRACT 

Scanning localized evaporation and deposition of an evapo 
rant on a substrate utiliZes a mask assembly comprised of a 
series of mask elements With openings thereon and spaced 
apart in a stack. 

The openings are aligned so as to direct the evaporant 
therethrough onto the substrate. The mask elements are 
heated and the stack may include a movable shutter element 
to block openings in adjacent mask elements. The evaporant 
streams are usually vertical but some may be oblique to the 
substrate, and they may be of different materials. 
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PATTERNED THIN-FILM DEPOSITION USING 
COLLIMATING HEATED MASK ASEMBLY 

BACKGROUND OF THE INVENTION 

[0001] The present invention is directed to a method for 
improving the deposition of patterned thin ?lms using a 
scanning localized evaporation methodology (SLEM) incor 
porating a collimating mask assembly for producing multi 
layered electronic and photonic devices, such as transistors, 
sublimable organic light-emitting diodes (OLEDs), photonic 
band gap structures, and integrated circuits and systems. 

[0002] The groWth of ultra-thin organic ?lms currently 
involves predominantly the use of high vacuum,[1, 2] Lang 
muir-Blodgett ?lm deposition,[3-5] or self-assembled 
monolayers.[6-11] Typically, producing high resolution pat 
terns in these ?lms requires the use of lithographic tech 
niques that enable the selective removal of portions of the 
deposited layers.[12, 13] Lately, soft stamping[14-18] and 
ink-j et printing[19-22] have permitted direct patterned depo 
sitions of polymeric semiconductors. More recently, a scan 
ning localiZed evaporation methodology (SLEM) has been 
invented.[23] This process features close proximity, selec 
tive deposition of thin ?lms in patterns suitable for fabrica 
tion of electronic, optoelectronic and photonic devices. In 
addition, high deposition rates and improved material 
economy are realiZed. 

[0003] As a result, the de?nition of high ?delity patterns 
in deposited thin ?lms is generally obtained through the use 
of a variety of photolithographic and etching techniques. 
Ink-jet printing technologies usually employ microWells to 
contain deposited microdroplets of ink and limit its spread 
ing While drying. Direct vacuum deposition of patterned 
?lms requires the use of shadoW masks that usually are in 
direct contact With the substrate, in Which case they are 
termed contact masks. Contact masks typically exhibit the 
folloWing limitations: 

[0004] i) ?ne-siZed features are prone to clogging due 
to material deposition along the edges of the open 
ings; 

[0005] ii) in the contact mode, mask removal can 
cause scratching of the deposited pattern; 

[0006] iii) large area contact masks are prone to 
Warping and distortion; 

[0007] iv) circular stand-alone pattern elements can 
not be supported (such as the letter “P”, “O”, etc. . . 

[0008] In the case of scanning localiZed evaporation meth 
odology (SLEM), the above limitations are partially 
addressed through: 

[0009] 1. heating of the mask to avoid material depo 
sition along the edges of the openings and to prevent 
the accompanying clogging of ?ne features; 

[0010] 2. separating the mask from the substrate by a 
?nite distance, thus preventing scratching of the 
deposited pattern; 

[0011] 3. the use of the scanning feature in SLEM to 
permits use of small area shadoW masks, thereby 
considerably reducing the Warping and distortion, 
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[0012] 4. Circular stand-alone pattern element can be 
implemented by either of tWo methods: 

[0013] i) The scanning of a smaller spot to de?ne 
the desired pattern 

[0014] ii) Superposition of one or more patterns to 
construct annular elements (i.e. in the case of “P”, 
use of “I” and “D”). 

[0015] As discussed above, pattern de?nition in the SLEM 
technique is greatly dependent on the mask to substrate 
separation. Reduction in this spacing betWeen the mask and 
substrate improves the resolution. HoWever, increased radia 
tion adversely affects the quality of the deposited ?lms as the 
spacing betWeen substrate and heated mask decreases. 

[0016] FIG. 1 schematically illustrates the basic operating 
principle of the SLEM process as developed by Applicants 
and Which is the subject matter of our prior application for 
patent Ser. No. 10/159,670, ?led Jun. 3, 2002. Herein, on a 
cylindrical transport mechanism 1, an array of heating 
elements 2 is mounted, each of Which can be energiZed 
individually through appropriately placed electrodes 3 selec 
tively poWered With electrical commutators 4 at desired 
locations (i.e., opposite a shadoW mask 7). A loading source 
5 deposits the evaporant 6 on the heating elements 2. Upon 
rotation to a position adjacent the substrate 8, the evaporant 
material 6 is re-evaporated from the surface of the selected 
heating element 2 and passes through the shadoW mask 7. 
The mask generally consists of a rigid plate With openings 
100 forming a pattern dictated by the structural requirements 
of the device under fabrication. 

[0017] FIG. 2 illustrates a magni?ed cross-section around 
the shadoW mask. This includes a portion of the rotor 1 With 
a number of heating elements 2 betWeen a set of electrodes 
3. The heating elements are poWered by tWo electrical 
commutators 4. The Width of the commutators 4 and the 
angular speed of the rotor 1 de?nes the time of evaporation. 
During this time the heating element 2 betWeen the tWo 
electrodes containing the commutators is poWered to re 
evaporate the evaporant 6, Which has been earlier deposited 
at the loading station 5 (shoWn in FIG. 1). Resistive heating 
of the shadoW mask 7 through the electrical terminals 9 
prevents the deposition of the evaporant onto the mask, 
thereby keeping the ?ne mask openings 100 free from 
clogging. 
[0018] Because of the natural divergence of the evaporant 
?ux, obtaining high-?delity patterns requires close proxim 
ity of the mask to the substrate shoWn in FIG. 2A as opposed 
to the con?guration of FIG. 2B, Which has a larger mask to 
substrate separation. The con?guration of FIG. 2A hoWever, 
presents a number of limitations: (a) close proximity is 
prone to mechanical damage of the evaporant deposit ?lm 
When the substrate is translated to another location; and (b) 
?ne patterns generally become clogged due to material 
deposition along the edges of the openings, resulting in the 
gradual distortion of pattern shape and siZes. Mask clogging 
can be avoided by heating the mask to a temperature at 
Which material deposition on the mask does not take place. 
The heating of the mask in close proximity to the substrate 
can hoWever adversely affect the quality of the deposited 
layer. 
[0019] It is an object of the present invention to provide a 
novel SLEM method using collimating apparatus for gen 
eration of closely controlled patterns on the substrate. 
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[0020] It is also an object to provide a novel collimating 
mask assembly for generating closely controlled patterns on 
a substrate. 

SUMMARY OF THE INVENTION 

[0021] This invention describes a heated shadoW mask 
assembly capable of producing high-resolution features in 
thin ?lms deposited through the mask. The central feature of 
this mask assembly is the integration of multiple masks With 
identical patterns, aligned and spaced in a speci?c manner to 
produce Well collimated streams of evaporant. In addition, 
this mask assembly may provide unique features including: 

[0022] precise control over the temperature gra 
dient in the vicinity of both evaporating source and 
substrate; and 

[0023] (ii) angle of incidence controlled deposition to 
produce speci?c deposition pro?les; and 

[0024] (iii) a built-in shutter mechanism to alloW 
precise timing of deposition intervals. 

[0025] The use of this mask assembly in scanning local 
iZed evaporation methodology (SLEM) reduces undesired 
substrate heating and improves ?lm thickness uniformity, 
resulting in high ?delity pattern de?nition. 

[0026] The term “alignment” as used herein includes 
substantially eXact vertical alignment of all margins of the 
apertures in the masks of the stack and oblique alignment in 
Which the apertures are offset along at least one aXis to 
provide an oblique path for the vaporiZed material in offset 
axis. 

[0027] The heated shadoW mask assembly is constructed 
of a multiplicity of individual shadoW masks, stacked one 
above the other, With their apertures aligned in such a Way 
that free passage of the vapor stream therethrough is 
alloWed. These individual masks can be constructed from 
electrically resistive material, to permit precise temperature 
control at each level of the mask assembly. In addition, 
proper choice of spacing of the individual mask elements 
eliminates diagonal passage through a periodic set of aper 
tures. 

[0028] According to the present invention, the temperature 
gradient throughout the multileveled, stacked mask can be 
tuned by a variety of means. For the same mask material, the 
individual mask thickness and its proximity to other masks 
sets its temperature for a given poWer input. Controlling the 
current ?oWing though each mask permits greater ?exibility 
in designing the differential temperature pro?le from top to 
bottom. This embodiment permits the temperature of the 
mask closest to the substrate to be maintained at a tempera 
ture loWer than that of the other masks and the evaporating 
source. Off aXis alignment of apertures in such mask assem 
bly permits angle of incidence controlled deposition pro?les. 

[0029] In another version of this invention, a multilevel 
collimating mask assembly includes a shutter mechanism. 

BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

[0030] FIG. 1 is a three-dimensional illustration of the 
basic scanning localiZed evaporation methodology (SLEM) 
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unit employed for the localiZed evaporation of a variety of 
materials from a close proXimity source through a shadoW 
mask onto a substrate; 

[0031] FIGS. 2A and 2B are enlarged vieWs of a single 
shadoW mask element and the resulting deposition When the 
mask is in close proXimity to the substrate (FIG. 2A), and 
When located at a substantial distance aWay from the sub 

strate (FIG. 2B); 
[0032] FIGS. 3A and 3B are schematic illustration of a 
heated collimating mask assembly comprised of a multiplic 
ity of shadoW mask elements stacked (FIG. 3A) equidis 
tantly, and (FIG. 3B) aperiodically one above the other, With 
their apertures aligned in such a Way that free passage of the 
evaporant stream is alloWed; 

[0033] FIG. 4A is a photograph shoWing a heated colli 
mating mask assembly With siX line openings produced by 
electric discharge machining; 

[0034] FIG. 4B is a schematic cross sectional vieW of a 
heated collimating aperiodic mask assembly and evapora 
tion geometry; 

[0035] FIG. 4C is a photograph of deposited ?lms on a Si 
substrate in a pattern using the heated collimating mask 
assembly; 
[0036] FIG. 4D is a graphic representation of the thick 
ness pro?le of the deposited ?lm; 

[0037] FIG. 5A is a cross sectional schematic represen 
tation of angle-of-incidence-controlled heated collimating 
mask assemblies along With its eXpected deposition pro?les 
With a single-angle deposition; 

[0038] FIG. 5B is a similar vieW of a collimating mask 
assembly With tWo angles of incidence simultaneously 
deposited on the same site; 

[0039] FIG. 5C is a similar vieW shoWing sideWall build 
up con?guration on a previously deposited feature; 

[0040] FIG. 5D is a similar vieW shoWing a tWo-source 
co-deposition con?guration; 
[0041] FIG. 6A is a cross sectional vieW of the several 
elements of the deposition assembly using a multilevel 
heated collimating mask assembly fabricated monolithically 
using Si shadoW mask elements With glass spacers; 

[0042] FIG. 6B is a similar vieW of a mask assembly With 
aperture siZe reduction; 

[0043] FIGS. 7A, 7B and 7C illustrate the steps in the 
fabrication of a tWo-element collimating heated mask 
assembly; 
[0044] FIG. 7D shoWs the deposition assembly using the 
mask for deposition of the desired pattern; 

[0045] FIG. 7E shoWs the mask functioning as a shutter 
mechanism activated by displacing one element With respect 
to the other; 

[0046] FIG. 8 illustrates tWo shutter con?gurations (8A 
and 8C respectively) for heated collimating mask assemblies 
employing a displacement of one mask element With respect 
to the other; 

[0047] FIG. 8B illustrates the closed shutter con?guration 
of FIG. 8A; and 
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[0048] FIG. 8D illustrates the closed position of the 
shutter in FIG. 8C. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

[0049] The present invention utilizes a multilevel heated 
collimating shadoW mask assembly that resolves the prob 
lems discussed hereinbefore. FIGS. 3A and 3B shoW tWo 
embodiments of such an assembly, constructed of a multi 
plicity of individual shadoW masks 11, stacked equidistantly 
(FIG. 3A) or aperiodically (FIG. 3B). In both cases, the 
apertures or openings 100 in all of the individual shadoW 
masks are vertically aligned With respect to each other, 
alloWing free passage of the vapor stream from the generic 
evaporating heating element 10 to the substrate 8. Moreover, 
each of the masks 11 is fabricated from an electrically 
resistive material. Passing current through the contacts 9 and 
12 resistively heats this mask assembly to prevent the 
clogging of the mask openings 100 caused by deposition of 
the evaporant 6 onto the masks 11. The heated collimating 
mask assembly provides the necessary collimation of the 
vapor stream material 6 for deposition of high de?nition 
patterns of material 6. Moreover, the increased substrate to 
mask separation alleviates adverse heating that might affect 
the morphology of the deposited thin ?lms. 

[0050] In FIG. 3A hoWever, the equidistant spacing 
betWeen shadoW masks 11 creates diagonal vapor passages 
at certain angles, resulting in a spurious deposit 13. This 
depends on the speci?c geometries of mask apertures, their 
lateral separation and mask-spacing period. An aperiodic 
stacking of such heated shadoW mask elements as seen in 
FIG. 3B eliminates the spurious diagonal deposition. 

[0051] FIG. 4A is a photograph of a heated collimating 
mask assembly. In accordance With FIG. 4B, the electrical 
terminals 9 are providing current to the individual shadoW 
masks 11 through a stack of electrically conducting elements 
12 bolted to the terminals 9. This mask assembly Was 
constructed by stacking ?ve tungsten-based individual 
shadoW masks 11, each having 25 pm thickness. The sche 
matic of the mask assembly and the various inter-element 
separations are shoWn in FIG. 4B. With apertures or open 
ings 100 of 125 microns on 1200 microns centers, the 
aperiodic design shoWn in FIG. 4B eliminated the diagonal 
spurious deposits. Other inter-element spacings can be 
devised to achieve similar results. 

[0052] The slots or openings 100 in the masks Were cut 
using Wire Electrical Discharge Machining (EDM). Other 
techniques, including but not limited to, laser machining and 
a variety of etching techniques such as plasma, ion beam and 
Wet chemical etching, can be used. 

[0053] Based on geometric considerations using a line of 
sight model, the Width of the deposit W through a mask 
assembly With an aperture Width O, the separation d betWeen 
the bottom of the mask assembly and the substrate and the 
overall mask assembly thickness D are related by equation 
1 beloW: 

W=0-(1+2d/D). (1) 
[0054] In this design, deposited feature Widths W of 250 
microns Were targeted While maintaining a 3,000 micron 
substrate to mask separation d. Based on the 125 microns 
Width apertures O, the overall mask assembly thickness D 
Was 6000 microns. 
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[0055] FIG. 4C shoWs a photograph of stripes of a NPB 
[N,N‘-Bis(naphthalene-1-yl)-N,N‘-bis(phenyl)benZidine 
?lm deposited on a silicon substrate through the heated (150 
to 170° C.) collimating mask assembly described above. 

[0056] FIG. 4D shoWs the surface pro?le of the evapo 
rated pattern. The full Width at half maXimum (FWHM) is 
~257 microns, compared to a design goal of 250 microns. 

[0057] FIGS. 5A and 5B are schematic representations of 
a heated collimating mask assembly Where the angle of 
incidence of the evaporant onto the substrate can be con 
trolled by off-aXis alignment of the apertures 100 to produce 
deposition beams arriving obliquely to the substrate. FIGS. 
5A and 5B shoW tWo typical off-axis mask designs for 
depositing thin ?lms at an oblique angle using the concept 
of aperiodically spaced individual shadoW masks to ensure 
evaporant passage only at the designed angle. Such designs 
can ?nd a number of uses in tailoring the fabrication of 
complex three-dimensional device structures. Here, instead 
of the normal incidence thin ?lm deposition pro?le 6 shoWn 
in FIG. 4D, the oblique deposition results in a different 
deposition pro?le as shoWn at 14 and 15 in FIG. 5. 

[0058] A separate oblique deposition design is shoWn in 
FIG. 5C. An already deposited pattern having a normal 
incidence thin ?lm deposition pro?le 6 is modi?ed by the 
oblique deposition of another ?lm 17, Which can either be 
the same or different material. This provides additional 
?exibility in lithography-free fabrication of multi-layered 
device structures. 

[0059] Another embodiment of the use of oblique depo 
sition is shoWn in FIG. 5D in Which co-deposition from tWo 
sources 18 and 19 is achieved. Here, the tWo sources 18 and 
19 are separated from each other by a baffle 20, preventing 
unWanted miXing of the tWo evaporants prior to entering the 
oblique pathWays through the heated mask assembly. The 
resulting deposition 21 is a miXture of the tWo materials, the 
stoichiometry of Which is controlled by the poWer applied to 
the sources 18 and 19 respectively. 

[0060] The loWer siZe limit of mask openings made by 
EDM, laser drilling or focused ion beam sources in a 
pre-assembled stack of individual shadoW mask blanks is 
typically a feW microns depending on the required thickness 
of the mask assembly (equation 1). This imposes strict limits 
on the thickness of the assembly through Which apertures 
may be accurately realiZed. For eXample, in the case of laser 
machining We need to avoid broadening of the features due 
to diffraction limits, local heating effects, or lack of adequate 
collimation. Finer features can be achieved through the use 
of microlithography, although limited to an individual mask 
element. Use of this process dictates alignment and bonding 
of several elements With respect to each other, in order to 
achieve collimation. 

[0061] FIG. 6A illustrates one such embodiment in Which 
the stack of silicon (Si) Wafers 22, is provided With electrical 
contacts 24 and bonded to alternating glass sheets 23 using 
conventional methods such as anodic bonding. Here, the 
glass can be a sacri?cial layer and may be selectively 
removed through the Si openings. There are numerous 
eXamples in the MEM (micro-electro-mechanical) literature 
of anodic bonding of Si to glass. Advantages of such 
Si-on-glass structures are: 
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[0062] (1) to vary the doping level and/or thickness 
of Si Wafers to provide the means for resistive 
heating, 

[0063] (2) by proper choice of glass, to eliminate 
Warping due to thermal expansion coef?cient differ 
ences, and 

[0064] (3) knoWn techniques for highly selective 
etching of glass can be used to remove it from 
betWeen mask elements at desired locations. 

[0065] The minimum siZe of the openings that can be 
produced in an integrated mask assembly generally 
increases as its overall thickness increases. These mask 
openings can be simultaneously narroWed throughout all of 
the individual masks by a controlled build-up of suitable 
material 25 on the respective edges of the openings as shoWn 
schematically in FIG. 6B. This can be accomplished before 
or after removing the sacri?cial layers 23. Such material 
build-up can be performed by a number of methods such as, 
but not limited to, electroplating, electroless plating and 
self-assembly. 
[0066] Equipping such a collimating mask assembly With 
a shutter mechanism further enhances its versatility and 
permits better control of the deposition cycle. FIGS. 7A, 7B 
and 7C schematically represent one method for the fabrica 
tion of a tWo-level heated collimating mask assembly Which 
Will function as a shutter mechanism as shoWn in FIGS. 7D 

(shutter open) and 7E (shutter closed). This type of unit may 
be constructed using a variety of methods. In FIGS. 7A-7C, 
a sacri?cial substrate 27 having passages 28 and a ?exible 
hinge 26 is ?rst coated With an electrically conductive 
material 29 (FIG. 7B). Oblique metal deposition on the 
pre-patterned substrate of FIG. 7B is folloWed by further 
electroless plating to build up the thickness of the metal to 
be mechanically robust. Thus there is formed 3-dimensional 
guards 31 around each set of openings 30 and controlled 
aperture siZe reduction (FIG. 6B) can be achieved. Alter 
natively, the mask blank 27 can be realiZed by starting from 
an undoped or lightly doped pre-patterned Si slab (FIG. 
7A). Subsequently, by ion implantation, one can adjust both 
top and bottom surface conductivity to spatially control the 
thickness and position of the electroplated metal so that the 
desired 3-dimensional guards are obtained. This is folloWed 
by etching of the inner pre-patterned substrate 27 to obtain 
a structure that is supported by the ?exible hinge 26, as 
shoWn in FIGS. 7C-7E. 

[0067] Such structures can act as collimating mask assem 
blies When equipped With electrical contacts 32 and 9 (FIG. 
7D). These 3-dimensional guards 31 prevent the diagonal 
transport of the evaporant ?ux 6 as shoWn in FIG. 7D. With 
the help of an actuation mechanism 33, these 3-D guards act 
as shutters by blocking the line of sight path of the evapo 
rant. The lateral displacement of the bottom part of the mask 
assembly With respect to the top part, acts as a controlled 
shutter mechanism that temporarily halts deposition Without 
turning off the poWer to the evaporation source 10 and 
permits another deposition Zone on the substrate to be 
presented to the heating element. 

[0068] A variety of heated collimating mask assemblies 
out?tted With shutter mechanisms can be also produced 
using the technology outlined in FIGS. 6A and 6B. In 
particular, monolithic integration of Si/glass architectures, 
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Where one of the patterned elements incorporates a spring 
hinged structure or a sliding element, can be also used to 
provide the means for such a shutter mechanism. A spring 
hinged con?guration is shoWn in FIGS. 8A and 8B Where, 
With the help of a thin sideWall structure 35 and actuation 
mechanism 37, the loWer halfofthe assembly is moved 
parallel to the top part, thus eliminating the aperture align 
ment and blocking the vapor stream 36. Alternatively, a 
shutter mechanism can be realiZed by making one of the 
mask elements Within the stack 38 movable parallel to the 
stack as shoWn in FIGS. 8C and 8D. This lateral motion of 
the mask element 38 can be controlled by the use of an 
actuator 39 and a restoring spring element (not shoWn) 
Which, When the movable element is moved into the right 
position, blocks the vapor stream 40. 

[0069] Example of the method and apparatus of the 
present invention is the folloWing speci?c example: 

[0070] Five tungsten foils (1‘><1‘><0.001“) are sand 
Wiched With three metallic spacers having a thick 
ness of 1000 microns, 2000 microns and 1500 
microns, respectively. This assembly Was clamped 
on its sides. The ?ve tungsten foils Were bonded With 
a vacuum compatible insulating material (to hold 
them in place once the metallic spacers are 
removed). FolloWing this bonding the opening in the 
mask set Were created in all the foils stacked together 
using electric discharge machining (EDM). At this 
point the metallic spacers Were removed. The tWo 
ends of the stack Were clamped to copper electrodes 
as shoWn in FIGS. 4A and 4B While preventing any 
distortion of the spacing betWeen the tungsten foils 
containing openings. 

[0071] The mask unit Was placed betWeen the substrate 8 
and evaporation source 10 as shoWn in FIG. 4B With a 
substrate to mask assembly spacing of 3000 microns (3 

Current Was applied to the source 10 to heat the NPB 
deposit thereon and effect its vaporiZation (c.a. 60-80 
amperes), and current Was simultaneously applied to the 
masks of the assembly 12 to heat them to a temperature of 
about 170° and preclude deposition of the evaporant 
thereon. FIG. 4C shoWs the deposited NPB ?lm on the 
silicon substrate. The thickness pro?le of the deposited ?lm 
using a surface pro?lometer (Alphastep 200, TENCOR) is 
shoWn in FIG. 4D. 

[0072] Although tungsten foil is a convenient material for 
making the masks, other materials may be used such as 
doped Si With adequate resistivity and thickness, and 
nichrome, molybdenum, and tantalum foils. In the case of 
silicon Wafers (foils), various insulators (such as glass, 
pyrex, quartZ) can be used as spacers. These spacers may be 
bonded using a variety of standard bonding techniques. 

[0073] Mask openings can be realiZed by a variety of 
methods such as EDM, laser machining and ion beam 
etching. In addition, various techniques can be employed for 
the alignment of openings With respect to each other in 
individual mask foils. These techniques are useful to realiZe 
mask assemblies that enable evaporation at an oblique angle 
such as shoWn in FIG. 5. The oblique evaporation may be 
used to produce desired thickness pro?les of the evaporated 
?lms. 

[0074] Thus, it can be seen from the foregoing detailed 
speci?cation and attached draWings that the collimating 
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apparatus and method of the present invention provide 
effective and controlled SLEM deposition of patterns on a 
substrate. 
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1. In a method for vacuum deposition of a thin ?lm of at 
least one vaporiZable material on a substrate using a mask 
assembly the steps comprising: 

(a) providing shadoW mask elements having identical 
patterned openings therethrough; 

(b) assembling a multiplicity of said mask elements With 
spaces to produce a stack in Which said openings are 
aligned and said mask elements are spaced apart; 

(c) disposing said mask stack closely adjacent to but 
spaced from a substrate; 

(d) heating said mask elements; and 

(e) evaporating a material above said assembled masks to 
produce a stream of evaporant passing through said 
aligned openings in said mask elements and depositing 
on said substrate in a controlled pattern. 

2. The thin ?lm vacuum deposition method in accordance 
With claim 1 Wherein said mask elements are heated to 
provide a temperature pro?le in Which the mask element at 
the end of the stack adjacent the substrate is at a loWer 
temperature than the mask element at the other end of the 
stacked elements. 

3. The thin ?lm vacuum deposition method in accordance 
With claim 1 Wherein said openings in adjacent mask ele 
ments are in spatial alignment to produce an evaporant 
stream, Which is perpendicular to the plane of said substrate. 

4. The thin ?lm vacuum depositions method in accor 
dance With claim 1, Wherein some of said openings in 
adjacent mask elements are obliquely aligned to produce an 
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evaporant stream Which is at an oblique angle of incidence 
to the plane of said substrate. 

5. The thin ?lm vacuum deposition method in accordance 
With claim 4, Wherein tWo oblique evaporant streams With 
different angles of incidence on the substrate are used to 
obtain unique deposition pro?les. 

6. The thin ?lm vacuum deposition method in accordance 
With claim 5 Wherein said evaporant steams are of different 
materials. 

7. The thin ?lm vacuum deposition method in accordance 
With claim 1, Wherein evaporant streams of different mate 
rials are sequentially deposited each With its oWn thickness 
pro?le in spatial relation to the other. 

8. The thin ?lm vacuum deposition method in accordance 
With claim 1, Wherein said mask assembly stack includes 
insertion of a movable shutter element in said stack, and 
Where there is included the step of moving said shutter 
element to block some of the openings in at least some of 
said mask elements. 

9. A collimating mask apparatus for depositing an evapo 
rant on a substrate in a predetermined pattern comprising: 

(a) a multiplicity of substantially planar shadoW mask 
elements having identically patterned openings; and 

(b) spacers disposed betWeen said shadoW mask elements 
to separate said masks from each other, and provide a 
mask assembly; and 

(d) said openings in said shadoW masks elements being 
aligned With each other to spatially direct evaporant 
through said mask assembly onto a substrate. 

10. The collimating mask apparatus of claim 9 Wherein 
there is included means for heating said shadoW mask 
elements. 

11. The collimating mask apparatus of claim 9, Wherein 
said means for heating said shadoW mask elements com 
prises fabrication of said shadoW mask elements from an 
electrically resistive material, and means for applying cur 
rent thereto to effect heating thereof to a desired tempera 
ture. 

12. The collimating mask apparatus of claim 11, Wherein 
said means for applying a current thereto provides control of 
current to the individual mask elements to obtain a desired 
temperature pro?le across said mask assembly. 

13. The collimating mask apparatus of claim 11, Wherein 
the thickness of the individual shadoW mask elements varies 
across said mask assembly to obtain a desired temperature 
pro?le. 

14. The collimating mask apparatus of claim 9, Wherein 
the spacing betWeen said individual shadoW mask elements 
increases across said mask assembly to obtain a desired 
temperature pro?le. 

15. The collimating mask apparatus of claim 9, Wherein 
said spacers separating the individual mask elements are of 
equal thickness. 

16. The collimating mask apparatus of claim 9, Wherein 
said spacers separating the individual mask elements are of 
unequal thickness. 

17. Acollimating mask apparatus of claim 9, Wherein said 
patterned openings in said individual mask elements are of 
different shapes and siZes, said openings being arranged With 
respect to each other to direct evaporant to a desired location 
on a substrate. 

18. The collimating mask apparatus of claim 9, Wherein at 
least some of said openings in adjacent shadoW mask 
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elements are obliquely aligned in at least one axis to 
spatially direct some of the evaporant at an oblique angle 
onto a substrate. 

19. The collimating mask apparatus of claim 9, Wherein 
said openings in adjacent shadoW mask elements are ori 
ented to direct evaporant to a site, in streams directed from 
at least tWo oblique angles. 

20. The collimating mask apparatus of claim 9, Wherein 
some of said openings in adjacent shadoW mask elements 
are oriented to direct evaporant in a perpendicular stream 
and other openings are obliquely aligned to direct evaporant 
in oblique streams to said substrate to produce at least one 
element of the pattern on the substrate as a composite of 
perpendicular and oblique streams, respectively. 

21. The collimating mask apparatus of claim 9, Wherein 
said mask assembly includes shutter means for covering said 
openings. 

22. A scanning localiZed evaporation apparatus compris 
ing: 

(a) a base for supporting a substrate; 

(b) a mask assembly spaced above said base and com 
prising 

(c) an evaporant source spaced above said mask assem 
bly; 

(d) means for heating said mask assembly; and 

(e) means for heating said evaporant source to evaporate 
the material into a stream Which passes through said 
aligned openings of said mask assembly to deposit on 
the substrate. 

23. The scanning localiZed evaporation apparatus of claim 
22, Where the mask elements are electrically heated. 

24. The scanning localiZed evaporation apparatus of claim 
22, Wherein the individual mask elements are comprised of 
electrically resistive materials including and the spacers are 
of insulators. 

25. The scanning localiZed evaporation apparatus of claim 
22 Wherein the heating betWeen said individual shadoW 
mask elements is controlled across said mask assembly to 
obtain a desired temperature pro?le. 

26. The scanning localiZed evaporation apparatus of claim 
22 Wherein there is included an actuator for movement of 
said shutter. 

27. The scanning localiZed evaporation apparatus of claim 
22 Wherein said mask assembly includes a moveable mask 
element disposed betWeen additional mask elements, said 
movable mask element being translatable to block the open 
ings in the adjacent mark element. 

28. The scanning localiZed evaporation apparatus of claim 
22 Wherein said base for supporting said substrate is 
mounted on a transport mechanism for moving and indexing 
said substrate. 

29. The scanning localiZed evaporation apparatus of claim 
22 Wherein the said evaporation source and said heated mask 
assembly are mounted on a second transport mechanism for 
moving and indexing said evaporation source and said 
heated mask assembly. 

30. The scanning localiZed evaporation apparatus of claim 
28 Wherein the said evaporation source and said heated mask 
assembly are mounted on a second transport mechanism for 
moving and indexing said evaporation source and said 
heated mask assembly. 

* * * * * 


