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[57] ABSTRACT 

A single substrate is exposed in a single pumpdown to 
vapor deposition from a plurality of evaporation 
sources. A photo processed mask for each source is 
mounted on a linearly movable carriage, moving the 
masks sequentially beneath the substrate for contact 
with it. The carriage, the substrate holder assembly, a 
shutter for selecting vapor sources, as well as the 
sources themselves are all mounted and contained 
within a Pyrex cross, sealed at each of its ports to sus 
tain a vacuum. 

A deposition~monitoring crystal attached to the 
substrate holder is shielded by plates having different 
sized holes in the various mask-changer positions. The 
diameter of the openings in the various shields are 
adjusted to the specific density and the desired 
thickness of the vaious evaporants. Monitoring is 
possible in mask changer devices where extended 
evaporation of successive layers of different materials 
of various thickness is required. 

6 Claims, 5 Drawing Figures 
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CROSS-MOUNTED MASK CHANGER WITH 
THICKNESS MONITORING 

This application is a continuation-in-part of my pa 
tent applications, Ser. Nos. 170,501 and 170,531, both 
?led on Aug. 10, 1971 and now abandoned, which are 
continuations-in-part of my patent applications Ser. 
Nos. 858,401 and 858,402, respectively, originally ?led 
on Sept. 16, 1969 and now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a mask changer 
mounted in vacuum in a glass cross and, more particu 
larly, to an automatically cycled and monitored device 
for vapor deposit of metal vapor or other evaporable 
material on a substrate surface that is partially and se 
quentially masked to establish a desired conductivity 
pattern. The pattern varies cyclically as the machine 
traverses a set path. External means are provided for 
lateral movement of the carriage and shutter, and for 
vertical movement of the substrate holder assembly. 
Precision means are provided‘ for the engagement of 
mask frame and substrate holder. The deposition moni 
toring is accomplished by means of a crystal attached 
to the substrate holder where there is extended deposi~ 
tion and mask changing in a single vacuum operation 
and where successive layers of a number of different 
materials in a wide range of thicknesses is required. 
For example, thin film transistors have been fabri 

cated to date predominantly through vacuum evapora 
tion and deposition of all device layers by mechanical 
masks. 

In the field of thin-?lm vacuum-deposition, extensive 
use is made of thickness monitoring by means of a crys 
tal oscillating in the vacuum system. Some of the 
evaporant is permitted to deposit on the crystal, thus 
altering its frequency, which is mixed with an external 
crystal oscillator, resulting in a low-beat frequency 
whose variations are proportional to the mass, hence 
the thickness of the deposited ?lm. This holds true only 
within a certain linear range. A problem arises when 
the crystal is used to monitor successive depositions 
during an uninterrupted evaporation run carried out 
with a mask changer. Some films may be a hundred 
times thicker than others, yet the linear range must be 
maintained throughout the accumulated deposition, 
which may exceed 10,000 A., and on the other hand, 
the sensitivity must be high in order to accurately mea' 
sure very thin ?lms, which may be well under 100 A. 

SUMMARY OF THE INVENTION 

The object of the present invention is the provision 
of means for precision mask-changing and other re 
quired instrumentation for a vacuum evaporator 
housed in a 6-inch diameter glass cross. 
Another object of the invention is the provision of a 

device for multiple material deposition in one vacuum 
system on a common substrate during a single pump 
down by linear movement ofa plurality of mask frames 
with reference to the substrate. 

Still another object of the invention is the provision 
of precision means for the engagement of a substrate 
holder sequentially with a series of mask frames. 
A further object of the invention is the accomplish 

ment of monitoring of thin ?lm thickness by means of 
a crystal in successive depositions during an uninter 
rupted evaporation run, and carried out with a mask 
changer. 
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2 
A standard Pyrex or glass cross is mounted in a rigid 

aluminum reference frame. The four ports of the cross 
are vacuum sealed to adjacent openings provided in the 
aluminum frame. A ten position linear mask changer 
carriage is supported at its ends by the frame’s exten 
sion, and is mounted for linear movement within the 
vacuum. It moves by screw means operated externally. 
A substrate holder assembly is supported from the top ' 
port of a glass cross, and is capable of vertical move— 
ment, and operated by means located outside the vac 
uum. The substrate holder assembly is alsomounted for 
a certain amount of linear movement. The masks can 
thus be moved sequentially into engagement with the 
substrate. 
Appropriate drives and monitoring means are pro 

vided for moving the mask carriage, and also for con 
trolling movement of a shutteror shield element which 
is mounted below the mask carriage. The shutter is pro 
vided with openings for placing a selected material 
evaporation source into operating relationship with the 
substrate position. Ten masks are provided for a single 
pumpdown and ten evaporation sources, either ?xed or 
rotary. 
Thick Viton seals or equal are used to clamp a coarse 

Pyrex cross at each of its four ports against a rigid alu 
minum reference frame. 

In the present invention, monitoring of the rate of de 
posit and the thickness of the ?lm is accomplished by 
placing a shield at each of the mask positions. Each 
shield is provided with an opening whose size is appro— 
priate to the amount of deposit desired to be made on 
the substrate when masked by a given mask. Each 
mask, therefore, has an appropriate size for the open~ 
ing‘in its individual shield. The opening is located under 
the center of the crystal when the appropriate mask is 
moved beneath the substrate holder. A small opening 
is used when a thick deposition is desired, and a large 
hole for a thin deposition. Monitoring is effected by the 
change in frequency of oscillation of the crystal in vac 
uum. The frequency change is proportional to the mass 
deposited; that is, proportional to the product of the 
speci?c density of the evaporant, the thin ?lm thick 
ness, and the square of the hole diameter. Conse 
quently, if the diameter of the large hole is one-fourth 
inch, and the diameter of the small hole is one 
sixteenth inch, the frequency change where the large 
hole is used is 16 times greater than that through the 
smaller hole assuming that the depositions are‘ of equal 
density and thickness. Very thin ?lms can be monitored 
with a sensitivity (HZ/A.) which is 16 times greater 
than that of thicker films while an accumulation of 
these thicker ?lms on the crystal does not exceed the 
mass which limits the linear range. 
These and other objects, features and advantages will 

become more apparent after considering the descrip 
tion that follows taken in conjunction with the attached 
drawing and appended claims. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic showing in perspective of the 
linear mask change and evaporation system mounted in 
an aluminum frame. The glass cross for providing vad~ 
uum has been removed to show‘ other details; 
FIG. 2 is a cross sectional view of a standard glass 

cross; 
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FIG. 3 is a side view of a substrate holder and crystal 
holder. The view looks in the direction of the linear 
movement of the mask changer; 
FIG. 4 is a top view of the crystal and crystal holder 

looking in the direction of the arrow 2 of FIG. 1; and 
FIG. 5 is an enlarged detail showing the relative loca 

tions of the mask changer carriage and shutter as well 
as the evaporation source, crystal and crystal shield. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The frame 10, of aluminum or equal, provides the 
structural strength and the mechanical reference sur 
faces. A standard Pyrex cross 11 “floats" between 
Viton gaskets which provide a vacuum seal between 
each one of its four ports and a similar opening in the 
aluminum frame 10. For convenience of disclosure the 
cross has been omitted from FIG. 1. 
The right port of the cross leads to a high-vacuum 

pump (not shown), through a frame extension of a 
three-way valve which also supports and aligns the mat 
ing end 12 of the mask changer carriage 20. The top 
port provides access to the support 13 and elevator 
means 15 for the substrate 16, which is mounted in 
frame 18. The vertical movement thus afforded is ac 
complished by means of a bellows sealed mechanical 
coupling, shown at 24 in FIG. 1, which connects to the 
elevator elements 13 and 15. 
The substrate frame 18 also has a degree of lateral 

movement with respect to the support element 13. This 
is accomplished by a sliding connection shown at 21, 
which insures precision engagement of substrate and 
mask. Other means for insuring this very important pre 
cision engagement will be described later in more de 
tail. 
The left port of the frame extension supports the 

main body of the mask changer carriage 20. This port, 
and the left opening 28 in the frame 10 permits the in 
sertion and removal of the carriage 20. It also provides 
for the movement of the masks 22 and the shutter 30. 
These elements are moved individually to the right or 
to the left. This is accomplished by two bellowssealed 
rotary mechanical couplings, including internal drives. 
These couplings are indicated schematically at 32 in 
FIG. 1. 
The bottom port of the aluminum frame supports and 

provides access to the evaporation crucibles 35, 
through the bottom port of the Pyrex cross 11. 
Each photo processed metal mask 22 is clamped onto 

a stainless steel frame 34 by means of four precision 
pins 36, mounted one at the corner of each frame. The 
carriage 20 carries as many as I0 of these frames 34, 
each one supporting a photo processed mask 22. 
The carriage 20 is mounted on guide rods 37 upon 

which the carriage moves to the right or to the left. The 
screw 38, for accomplishing this movement, is coupled 
to an externally located drive 32. 
A shield 41 supports the entire mask assembly and 

protects it from undesired evaporation deposition. The 
movement of the shutter 30, as noted above, is con 
trolled by an externally driven means. An opening 42 
in the shutter 30 provides the path for depositional ma 
terial evaporating from the crucible 35 to the substrate 
16. 
The substrate assembly 17, comprising the substrate 

16 and the frame 18, can move up or down and has lim 
ited movement to the right and to the left to insure Pre 
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cision alignment of mask and substrate, and to align di 
rectly over a chosen evaporation crucible 35. 
The substrate holder 18, normally mounted at the 

bottom of the holder assembly, and facing the mask, 
serves also to retain a clamp means for a quartz crystal 
44. For precision engagement of substrate and mask, 
the frame 18 carries four tapered holes 46, two of 
which are guidance holes that engage the two long pins 
36, mounted on each of the mask frames 34. The other 
two of the four holes 46 are extremely precise openings 
which provide the precision alignment with two short 
precision pins 36. By this means precision registration 
is obtained between the substrate and any mask. 
Located adjacent each mask frame 34 there is an in 

terchangeable shield 48 for use with a deposition moni 
tor. Standard types of controlled mass monitor are 
available. They include: crystal controlled, optically 
controlled interference monitor, or electrically con 
trolled conductance monitor. 
Ten fine wires (not shown) may be attached to the 

rear of the substrate assembly. These make contact to 
the side of the substrate 16 and provide electrical moni 
toring of the deposition devices during or after evapo 
ration while in the vacuum, or during heating in the 
vacuum. A heater 50 is provided for this purpose above 
the substrate and within the substrate assembly. 
Non-perpendicular evaporations as needed for con 

tacts to the sides of the substrate are accomplished by 
a raised crucible at any of the standard crucible posi~ 
tions (see 35 in FIG. 1). These crucibles may be fixed, 
or they may be replaced by a rotating assembly of six 
crucibles. All crucibles are resistance-heated, alumina 
coated and are separated from each other by shields 
(not shown). Vapor from the selected vapor source 35 
is thus directed through the shutter opening 42 (see 
FIG. 5) and through the appropriately sized opening in 
the shield 48 provided for each mask position to the ap 
propriately masked substrate 16 and crystal 44. 
As noted, the amount of deposition on the crystal 44 

is a monitoring means for thin ?lm thickness monitor 
ing. Any deposition on the crystal increases the mass, 
decreasing its oscillation rate. A large opening is 
chosen for thin ?lm deposit, and small opening when a 
thicker ?lm is required. 
The oscillation rate of the crystal 44 is an indication 

only. It is conceivable, however, and wholly within the 
scope of the invention that the oscillation may itself be 
utilized in a servo device to govern the deposition. 
Referring now to FIGS. 3 and 4, the crystal means for 

thickness monitoring is shown in detail. The carriage 
20 supported by and laterally movable along guide rods 
37 is mounted in the vacuum system as hereinbefore 
described. 
A substrate 16 upon which multiple depositions are 

to be made in sequence is mounted in a substrate 
holder 18, and lies at the bottom of a substrate holder 
assembly for precision contact with the masks 22, 
mounted in mask frames 34 which are brought in se 
quence under it. The masks 22 have been photo 
processed for deposition on the substrate of an evapo 
rant in a designed pattern from one of a plurality of 
evaporation sources 35 located beneath the carriage 20 
and at the base of the vacuum system. . 
The substrate assembly includes an elevator element 

15 attached to and operated by a bellows (not shown) 
located outside the vacuum system. It includes also a 
tongue and groove engagement 17, by which the hous 
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ing 19 and the substrate frame 18 are attached, and by 
which means the substrate frame 18 is allowed lateral 
motion. A heater 50 is also a part of the substrate as 
sembly. The shutter 30 is mounted below the carriage 
20 and is movable to the right and left independently 
of the carriage 20. 
The crystal 44 is mounted in a crystal holder 62 at- 

tached by appropriate bracket means 64 to the sub 
strate holder 18. Each mask frame 34 has a shield 48 
located adjacent to it in the carriage 20. Each shield 48 
has an opening 65 whose size is designed appropriately 
for a selected mask and a selected source, and in con 
formity with the thickness of the ?lm desired to be 
made on the substrate by any given mask. 
The crystal 44 as noted, is carried by the substrate 

holder 18 in a frame 66. When a mask 34 is moved to 
a position beneath the substrate 16 and into operating 
contact with it, the shield 48 with its opening 65 sized 
appropriately to the individual mask in use, is moved 
into a position directly beneath the crystal 44. 
The oscillation rate of the crystal 44 in vacuum is 

modified by the mass of the material deposited upon it. 
The rate variation. therefore becomes an indication 
measurably through electrical lead 68 of the rate of de 
posit upon the crystal 44and therefore upon the mask 
substrate as well. While the device as shown is an indi 
cator only, it is conceivable that within the scope of the 
invention, the oscillation and its variations may itself be 
utilized in a servo device to govern the deposition, ei 
ther to terminate it or increase or decrease its rate. 
FIG. 5 shows the relative position of crystal 44, crys 

tal shield 48 and mask 22. It also shows the possibility 
of raising the level of an individual source 35. 

MODE OF OPERATION 

By the utilization of the hereinbefore described in 
vention, double-gated compatible complementary de 
vices can be co-fabricated in one vacuum system on a 
common substrate during a single pumpdown by evap 
oration alone through permanent photo-processed 
metal mask exclusively. Both p- and n- enhancement 
types can be made concurrently using common pro 
cessing steps; both having insulated- gates under and 
above the semiconductor channel, both having equal 
source-drain patterns evaporated through‘ high~ 
precision collimating metal masks, and both having 
similar current-voltage characteristics. With proper 
equipment, including a high-capacity low~pressure vac 
uum system, efficient evaporation crucibles, the well 
designed mechanical mask ‘changer hereinbefore de— 
scribed with good mechanical masks, complementary 
devices can be co-fabricated by using the foregoing 
method with considerable ease and ?exibility and‘with 
good results. This is made possible by the freedom in 
choice of evaporation materials and evaporation se 
quences inside the vacuum chamber without any expo 
sure of the substrate and the device layers to atmo 
sphere or to other contaminating materials during the 
various fabrication steps of the typical complementary 
thin ?lm transistor device. 
Successive masks are automatically aligned by means 

of the mechanical mask changer mounted inside the 
Pyrex cross vacuum chamber according to the inven 
tion. The precision obtained is 0.0002 inch as com 
pared with a 0.0001 inch precision that can be 
achieved by manual alignment with a high power mi 
croscope either inside the vacuum chamber, with an 
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6 
associated increase in complexity, or outside the vac 
uum system, with unavoidable oxidation and contami 
nation during the process. The six-inch Pyrex cross, 
which compared to a bell-jar, combines small volume 
with convenient access, houses the evaporation cruci- ' 
bles as well as the linear mechanical mask changer with 
its associated instrumentation especially useful for the 
fabrication of complementary thin ?lm transistors. 
The mask assembly on the mask frame is shown in 

greater detail in FIG. 5. As already mentioned, the 
photoprocessed metal mask 22 is clamped to the mask 
frame 34 by means of vertical precision pins 36. In ad 
dition to the precise alignment of these pins by means 
of the precision holes 46 in the substrate holder 18 of 
a series of masks with respect to the substrate held in 
the substrate holder 18, this method provides a conve 
nient assembly (and disassembly) means of the auxil 
iary masks onto the mask frame 34 which are essential 
for achieving improved deposition results. 
Monitoring of the ?lm thickness as it is being depos 

ited is accomplished by a crystal mass-monitoring sys 
tem. The system includes two crystal oscillators, one 
inside shown at 44 and one outside the vacuum system 
(not shown), a mixer, a frequency meter for measuring 
the beat frequency, and an adjustable power supply. 
The external crystal can be replaced by any one of 
‘many crustals of different frequencies to produce the 
desired beat-frequency range. The internal crystal 44 is 
mounted in the crystal holder 62 (FIG. 3) which is at 
tached to the substrate holder 18 and is exposed to the 
evaporation source 35 when the shutter 30 is open. 
The change in mass of the exposed crystal 44 creates 

a change in its frequency and results in a changed beat 
frequency. This, in turn, can be correlated with the in 
dependently measured thickness of the deposited film 
on the substrate 16, usually optically, through interfer 
ometry. In the linear range, advantage is taken of inter 
polation as well as relative densities of different evapo 
rants. 

The deposition sequence of a typical content 
addressable Memory array is long and contains a wide 
range of ?lm thickness. Proper use‘can therefore be 
made of the crystal shields 48, associated with each 
mask 34, which have the appropriate size holes 65. The 
two obvious extremes are the heavy lands deposition of 
aluminum and gold which must use the small holed 
(one-sixteenth inch diameter, for example) shield, and 
the light semi-conductor deposition of cadmium sele 
nide and tellurium' which must use the large-holed 
(one-quarter inch diameter, for example) shield, result 
ing in a reasonable frequency change. Thus, the operat 
ing range of the oscillating crystal monitor is not ex 
ceeded throughout the uninterrupted, series of accumu 
lated evaporations and retains its high sensitivity to 
very thin ?lms. 
Although the invention has been described with ref~ 

erence to a particular embodiment, it will be under 
stood to those skilled in the art that the invention is ca 
pable of a variety of alternative embodiments within 
the spirit and scope of the appended claims: 
Having thus described my invention, what I desire to 

secure by Letters Patent of the United States is: 
1. In combination, a mask changer for sequential de 

position of vapor in a vacuum on a single substrate 
through a plurality of ‘masks; 

said mask changer being positioned in an evacuated 
glass cross having right and left, top and bottom 
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ports, a frame and means for providing a vacuum 
seal beneath said frame and each port of said cross; 

said mask changer comprising a carriage having lin 
ear movement within said vacuum; 

a substrate holder assembly mounted for vertical 
movement and limited lateral movement with ref 
erence to said carriage; 

mask frames mounted on said carriage in linear rela 
tionship with reference to each other and to said 
substrate holder; 

means for raising and lowering said substrate holder 
for allowing movement of said carriage for place 
ment of individual mask frames beneath said sub 
strate holder; 

cooperating means on said substrate holder and each 
of said masking frames for precision engagement of 
said substrate holder with each of said masking 
frames; and 

a wide range thickness monitoring device positioned 
on said mask changer for monitoring a successive 
plurality of vapor depositions of widely varying 
thickness; 

said monitoring device comprising at least one vapor 
source for deposit of vapor onto said substrate; 

a crystal located in the vapor path to receive vapor 
from the vapor source each time a deposition is 
made on the substrate; 

a laterally movable shield interposed between the 
vapor source and said crystal, said shield having 
openings therein in alignment with said crystal at 
each mask position; 

each of the openings in said shield being of a prese 
lected size according to the thickness required for 
the vapor deposition at the particular mask posi 
tion, whereby the oscillation rate of said crystal is 
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8 
decreased in substantially linear proportion to the 
increase in its massas each successive deposition 
is made and the thickness of each deposition on the 
substrate is thereby indicated throughout a wide 
range of thickness. 

2. In a mask change as claimed in claim 1, a substrate 
in said substrate holder and a mask in each of said 
masking frames a plurality of evaporation sources lo 
cated in said vacuum area and below said carriage, a 
shutter located between said sources and said carriage, 
an opening in said shutter, means for moving said shut 
ter to direct vapor from a selected one of said sources 
through said opening to said substrate, each mask being 
appropriately photoprocessed for patterned deposition 
of material from one of said sources onto said sub 
strate. 

3. In a mask changer as claimed in claim 2, guide rods 
supporting said carriage, means for moving said car 
riage to the right and to the left, said means comprising 
a screw operated from outside the left port of said cross 
and through a bellows coupling. 

4. In a mask changer as claimed in claim 2, means for 
providing vertical movement of said substrate assem 
bly, said means being operated from outside said vac 
uum area and through a bellows coupling located out 
side the top port of said cross. 

5. In a mask changer as claimed in claim 1 wherein 
the openings in said shield are smaller for the thicker 
vapor depositions and larger for the thinner vapor de 
positions. 

6. In a mask changer as claim in claim 5 wherein the 
ratio of larger to smaller openings in said shield is on 
the order of 4 to l. 

* * * * * 


