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[57] ABSTRACT 

To minimize the deposition of materials in portions of 
a microcircuit structure beyond those intended to be 
deposited upon through openings in a mask, a special 
mask holding arrangement is used. This arrangement 
can be used with several deposition methods which in 
clude sputtering and evaporation as well as supple 
menting these with plating techniques. 

6 Claims, 10 Drawing Figures 
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MATERIAL DEPOSITION MASKING FOR 
MICROCIRCUIT STRUCTURES 

BACKGROUND OF THE INVENTION 

This invention relates to electronic device technol 
ogy and-the deposition of materialson portions of a mi 
crocircuit structure through openings in a separate 
mask. 
The use of a separate mask to control the pattern of 

a material deposition on a portion of a structure is well 
known. Openings are provided in a sheet of mask mate 
rial in a pattern which corresponds to the desired pat 
tern of selected portions of the structure upon which 
material depositions are to be made. Then by use of 
such a mask in placing it against a structure surface and 
depositing on the selected portions through the mask 
openings, materials are deposited on the structure in 
approximately the desired geometrical arrangement. 
However, the ?nal geometrical pattern of deposited 
material following this deposition differs from the de 
sired geometrical pattern to some extent since, un 
avoidably, some of the material deposited gets under 
neath the mask along the edges of the openings therein 
during deposition. This occurs between the sheet of 
mask material is not uniformly in contact with the 
structure surface thereby leaving gaps between the 
mask and the structure surface. If these gaps occur, the 
method chosen of depositing material on the selected 
portions cannot be expected to alter greatly the result 
that some deposited material gets underneath the edges 
of the mask in a relatively uncontrolled manner. 
Typical items upon which material depositions are 

desired to be made are integrated circuit wafers and 
substrates which are used to mount thereupon various 
kinds of electronic devices. The surfaces of these struc 
tures against which a mask is to be placed are usually 
very ?at. This, in turn, requires that the mask be very 
?at against this surface if there is to be uniform contact 
and gaps are not to occur. 
Such gaps can occur for ?at sheet masks which are 

held by a holder which does not act to alter substan 
tially the ?at geometrical shape of the mask at portions 
of the mask intended to be brought against a surface of 
the structure. These gaps will occur when the structure 
surface and the mask are forced against one another, 
even though they are symmetrically aligned with one 
another and even though the mask and the structure 
surface are both ?at and parallel, because of the bend 
ing of the mask due to the resultant forces acting on it 
due to the structure surface pressing against it and due 
to the mesk holder constraining the edge of the mask. 
Failure of symmetrical and/or parallel alignment or de 
viations in ?atness in the mask sheet itself, all difficult 
to avoid, are further sources of or aggrevations of such 
gaps. It is therefore desirable to have the mask and the 
structure surface placed in contact with one another in 
such a way as to minimize the formation of such gaps. 

SUMMARY OF THE INVENTION 

A mask in the form of a sheet of material having 
openings therein is provided in a ?exed form to result 
in one of its major surfaces being substantially convex. 
The mask as ?exed is positioned with this convex major 
surface force biased against a surface of a structure, the 
vstructure having selected portions therein upon which 
a material is to be deposited. The mask openings are 
provided in registration with corresponding ones of 
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' these selected portions. Means for such ?exing and 
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such force biasing are provided by a mask and structure 
holding apparatus. 
This method of masking a structure surface to re 

ceive a deposition can be used with many deposition 
techniques. Some of these techniques for forming de 
positions in a pattern are sputtering, sputtering fol 
lowed by plating and evaporation followed by plating. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows an apparatus for accomplishing the 
masking of the present invention, 
FIG. 2 is a force diagram indicating forces acting on 

a mask and on a structure to be masked, 
FIGS 3 through 7 show the results of steps in the 

sputtering process leading to contact electrode bumps, 
and 
FIGS. 8 through 10 show the results of steps in the 

supplementary plating process leading to contact elec 
trode bumps. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows an apparatus for providing a mask 12, 
formed as a more or less ?at sheet of material having 
openings therein, in a ?exed form against the surface 

7 of a structure, here integrated circuit wafer 11. The 
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wafer has selected portions therein, corresponding to 
the mask openings, upon which material depositions 
are to be made. Using this apparatus to ?ex the mask 
and to force bias the mask and a major wafer surface 
against one another minimizes the amount of deposited 
material which unavoidably gets beneath the edges of 
the openings of the mask during a deposition. The de 
posited materials are' typically metals for forming 
contact electrode bumps or electronic device intercon 
nection pathways. Further, the apparatus eases the re 
quirements for matching the mask and the wafer to 
achieve registration when the two are brought against 
one another. . 

The mask 12, typically ametal mask made from a 
molybdenum sheet, has forces applied by the apparatus 
to it such that the molybdenum sheet is ?exed into a 
protrudent shape with the resulting substantially con 
vex major surface directed toward a surface of wafer l 1 
against which the mask is to form a seal. The protru 
dent shape of the mask is modi?ed to some extent by 
the force occurring between the structure and the mask 
when they are brought together. 

FIG. 2 shows a somewhat simpli?ed force diagram 
indicating the forces on the mask and on the structure 
as the two are brought against one another. The upper 
curve 20 represents the mask and the lower line 21 rep 
resents the wafer. Dotted line 22 represents the plane 
in which the mask would lie were it not being ?exed by 
the opposing pairs of forces shown at either end of the 
mask curve 20. The downward pointing force in each 
opposing pair of forces is shown acting on the resulting 
concave surface of the mask curve 20. The upward 
pointing force is shown acting on the resulting convex 
surface. Other force combinations are possible such as 
having the upward pointing force in an opposing pair 
acting to pull on the concave surface rather than push 
ing on the convex surface. 
The ?nal shape of the mask in use, i.e. the shape of 

curve 20 after the mask and the wafer are brought 
against one another, is determined to a major extent by 
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whatever force level is chosen to occur between the 
mask and the wafer in forcing these two items against 
one another. A combination of this force, the springi 
ness of the mask material, the breadth of the mask rela 
tive to the breadth of the wafer and the amount of ?ex 
ing of the mask can be found which results in little gap 
occurring between the mask and the wafer surface. 
The amount of ?exing for a particular mask is deter 

mined by the angle 23 of FIG. 2. A typical set of param 
eters is to have angle 23 fixed at about 10° and to have 
a molybdenum circular sheet for the mask of a two inch 
diameter, approximately, and of a thickness of about 
0.004 inches. A standard integrated circuit wafer is 
used being about 1% inches in diameter but larger wa 
fers can be used with larger masks. Properly adjusting 
the force of a wafer against such a ?exed mask will re 
sult in minimizing the amount of deposited material 
getting under the edges of the openings of the mask 
during a deposition of the material, i.e. a good seal will 
be obtained. 
An additional advantage ensues in ?exing the mask 

in this fashion against a substantially ?at structure, the 
wafer here, when contrasted to positioning against the 
structure a mask which is merely a ?at sheet of material 
held ?at rather than ?exed by its holder. For this latter 
case of an un?exed mask, if any portion of the wafer is 
forced against the metal mask before some other por 
tions of the wafer engage the mask, due to non-parallel 
alignment between the mask and the wafer, the ?at 
metal mask will be distorted nonsymmetrically into a 
protrudent shape pointing away from the wafer. The 
result is that gaps form at the interface between the 
mask and the wafer. 
Again, even though there is sufficiently parallel align 

ment between the mask and the wafer, the mask can be 
distorted nonsymmetrically if the wafer engages the 
mask toward the edge of the mask near where the mask 
is being constrained by its holder rather than engaging 
the mask with the centers of the mask and the wafer 
more or less aligned. This engagement of the mask off 
center by the wafer can occur easily in an integrated 
circuit wafer having a chip designed repeated in a pat 
tern ,across the face of the wafer. For deposition, the 
mask and the wafer must be brought together in regis 
tration, i.e. the mask hole pattern, provided as a re 
peated chip hole pattern with respect to a particular 
chip design, must expose properly the selected portions 
of each chip contained integrally in the wafer, the se 
lected portions being those portions upon which depo 
sition of materials is to occur. The wafer, when brought 
into registration with the mask on an individual chip 
basis, can easily be shifted one or more chip widths in 
the repeating pattern from a position of symmetrical 
center alignment with the mask. 
Flexing the mask to provide a protrudent shape with 

the resulting convex major surface directed toward the 
wafer as described above relieves these problems sub 
stantially. The engagement of the curved surface of the 
?exed metal mask by the wafer will always occur ?rst 
near the center of the mask at a point where the curva 
ture of the mask is nearly the same as at the mask cen 
ter. This is true despite the occurrence of some non 
parallelness between the wafer and the plane of the 
mask in an un?exed state and/or despite the wafer axis 
not meeting in alignment with the mask axis upon the 
two coming together. Hence, the interface characteris 
tics between the mask and the wafer are about what 
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4 
they would have ‘been without the occurrence of non 
parallelness or ‘off center engagement. 
The result is that forcing the wafer against the mask 

with about the same degree of force modi?es the mask 
curve or shape is approximately the same way as would 
occur in the absence of these irregularities of alignment 
and engagement. Thus, the use of the same degree of 
force between the mask and the wafer, i.e. using the ap 
paratus without further adjustment, whether these ir 
regularities occur or not, results in approximately the 
same good seal between the mask and the wafer. 
Returning now to FIG. 1, the apparatus for holding 

the mask and the wafer is shown in the situation prior 
to the forcing together the circular mask and the wafer. 
The wafer 11 is forced against the mask 12 by wafer 
pressure plate assembly 15 acting through opening 9. 
Force is transmitted to pressure plate 16 by springs 17. 
The mask 12 is ?exed by pressing mask retainer 13 
against the stop 14 with mask 12 pressed between them 
in groove 10. When such pressing occurs, the outer 
edge (exterior) portions of mask‘ 12 will be forced up 
ward and away from wafer 11 while portions of the 
mask interior to these outer portions will be forced 
downward toward wafer 11. This combination of forces 
will cause the metal mask to ?ex becoming protrudent 
in a direction toward wafer 11. 
The convex curve of the resulting substantially con 

vex major surface of mask 12 will be modi?ed by the 
force occurring between the wafer 11 and mask 12 due 
to the force supplied through pressure plate 16. The 
stop 14 limits the pressure applied through pressure 
plate assembly 15 to a desired level of reactive force 
between the mask and the wafer. Deposition will occur 
through the opening 18 in mask retainer 13 above mask 
12. 
The above apparatus with the mask and the wafer 

therein can be placed in a deposition chamber for the 
deposition of materials onto the wafer through the 
openings in the mask and the opening in mask retainer 
13. The apparatus has been found to work well with 
methods described in a copending application by Del 
Monte, one of the inventors herein, assigned to the 
same assignee and having Ser. No. 3,365,778, that ap 
plication hereby made reference to and incorporated 
herein to indicate the background of the art. The meth 
ods described therein using a mask for deposition are 
set out below. The methods as described are particu 
larly directed ‘toward the formation of contact elec 
trode bumps on an integrated circuit wafer but these 
methods have further applications and the masking de 
scribed above can be used therein. 
To begin the description of these methods, consider 

FIG. 3 which shows a portion of a monolithic inte 
grated circuit wafer after metallization and passivation 
and before processing has been begun to place contact 
electrode bumps on an interconnection network. Sili 
con material 30 is shown supporting aluminum elec 
tronic device interconnection network 31 which is 
shown making a connection to silicon layere 30. lnter 
connection network 31 for the most part is supported 
on silicon dioxide layer 32 and is also covered by sili 
con dioxide layer 32 which is provided for passivation 
and protection. 

FIG. 4 shows an opening 33 made in silicon dioxide 
layer 32 for exposing a selected portions 34 of the in 
terconnection network 31. Silicon portion 30 of FIG. 
3 has been omitted from the remaining drawings since 
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it does not have a direct role in the process described 
herein. Opening 33 can be provided by well known 
etching methods followed by the sputter-cleaning step 
set out below. Opening 33 may be made entirely by the 
methods of the sputter-cleaning step in some circum 
stances. These are situations in which it may be desir 
able to form bumps on portions of the structure which 
are not .part of an interconnection network. Then the 
metal 31 would not be part of an interconnection net 
work and indeed, with the proper choice of materials ‘ 
for forming the bump, a bump might be formed on sili 
con or no silicon dioxide or other material so that no 

metal would need to be provided where aluminum 
metal 31 is shown. 
Also shown in FIG. 4 is a portion of a metal mask 35 

having a protrudent shape as described above, still sep 
arated from but about to be forced against the structure 
comprising the silicon dioxide layer 32, the intercon 
nection network 31 and the now omitted silicon. The 
opening 36 in the mask is to be placed in substantial 
concentricity with the selected portion of the intercon 
nection network 34 and so with opening 33, leaving 
some of the silicon dioxide 32 exposed. The mask ma 
terial is molybdenum sheet. 7 
FIG. 5 shows metal mask 35 in place against silicon 

dioxide layer 32. At this point in the process, the sput 
ter-cleaning step, noted above to occur after etching, 
is performed. This step is performed to remove silicon 
dioxide residues, metal oxides and any other contami 
nents on selected portion 34 of interconnection net 
work 31 to ?rst completely expose this selected portion 
and to remove contaminents from the surface of silicon 
dioxide layer 32 remaining exposed in opening 36 in 
the mask 35. This cleaning will be performed inher 
ently in those circumstances where opening 13 is pro 
vided by sputter-cleaning methods. Performance of an 
effective cleaning here removes the need for a sintering 
step later in the process if very low contact resistance 
is desired. The sputter-cleaning is performed in the vac 
uum chamber of a sputtering apparatus wherein the 
wafer as masked above is positioned. A standard sput 
tering apparatus of the type used in making thin ?lm 
depositions generally in satisfactory. 
The vacuum chamber is pumped down and an inert 

gas atmosphere is placed therein, usually argon, al 
though other gases or gaseous mixtures can be used in 
this and other circumstances including, in some situa 
tions, gases which are not inert. A continual ?ow of 
argon through the vacuum chamber by bleeding off and 
adding helps to remove and so reduce contaminents 
formed therein during sputtering. This vacuum pump 
down and provision of a selected gas atmosphere oc 
curs only once during the sputtering steps in this pro 
cess. The ordinary atmosphere is not admitted to the 
chamber after the initial pump-down preceding the use 
of sputter-cleaning kinds of steps until the metal sput 
tering steps have been completed. In general, the pres 
sure of the selected atmosphere for the chamber need 
never approach ordinary atmospheric pressure after 
the initial pump-down, i.e. initial major pressure reduc 
tion, until sputtering is completed. This performance of 
the sputtering steps during a single provision of a se 
lected atmosphere strongly aids the prevention of con 
tamination of exposed surfaces occurring during the 
sputtering steps in the process. Generally, time con 
suming additional pump-downs are avoided during pro 
cessing. 
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6 
An inactive electrode is contained in the vacuum 

chamber as are source electrodes, each of the latter 
having a type of metal provided in it which is desired 
to be deposited through the opening 36 of metal mask 
35. For sputter-cleaning, a suf?ciently large potential 
is applied between the inactive electrode and the wafer 
structure, the wafer being negative with respect to the 
inactive electrode, to cause ionization of the argon gas 
between the inactive electrode and the wafer structure. 
The resulting argon ions then impinge on the wafer 
structure with suf?cient momentum to remove surface 
particles thereon and atoms therein. This impingement 
of argon ions is continued until some hundreds of ang 
stroms (on the order of 300 A) of the silicon dioxide, 
silicon dioxide residue metal oxides and/or aluminum 
have been removed following etching. The partial pres-v 
sure of the argon gas for the cleaning operation is typi 
cally 20 to 40 microns of mercury. 
After the cleaning operation, the ?rst type of metal 

desired to be deposited through opening 36 in metal 
mask 35 and onto selected portion 34 is then sputtered 
both onto this area and onto those portions of silicon 
dioxide layer 32 exposed in openings 36. To sputter a I 
selected metal, a suf?cient potential is applied between 
the inactive electrode and the source electrodetsource 
electrode negative during times metal is sputtered) 
having this metal therein to ionize the gas in the vac 
uum chamber between these two electrodes. Again, 
this gas is argon and the earth’s atmosphere is not ad 
mitted to the chamber between the sputter-cleaning 
step and the sputttering of metals. The masked wafer 
is placed near or on the inactive electrode (in the cath 
ode dark space) with the areas on which the deposit is 
to occur facing the source electrode. 

Sputtering can be carried out using direct (DC) volt 
age or with radio frequency (RF) voltage and with the 
target upon which the sputtering deposition is to occur 
either having or not having a direct voltage bias with 
respect to the anode, and anode usually being at 
ground potential. DC voltage sputtering, while conve 
nient from a power supply point of view, must be car 
ried on at relatively high pressures of gas atmosphere, 
here argon, in the sputtering chamber. Such sputtering 
can be performed in a pressure range of l0 to 100 mi 
crons of mercury considering special circumstances, 
but typically it is carried on at from 40 to 50 microns 
of mercury. RF voltage sputtering, on the other hand, 
is usually carried on at less than 20 microns of mercury 
as an operating pressure. Since higher pressures of gas 
means more of the sputtered metal is diverted in pas 
sage to the target, higher gas pressure in the sputtering 
chamber leads to decreasing ef?ciencies in the amount 
of metal reaching the proper locations versus the 
amount of metal sputtered from the target. 
Operating the target upon which a sputtering deposi 

tion is to occur at a bias with respect to the anode can 
improve adhesion because of the target scrubbing ac 
tion the ions attracted to the target have upon it. Here 
again, however, this leads to a reduced ef?ciency in the 
use of the metal sputtered. 
Thus, RF voltage sputtering is often preferred where 

expensive metals are to be sputtered onto a target be 
cause of its higher ef?ciency in the use of such metals. 
Further, RF voltage sputtering permits use of insulating 
targets, such as a substrate upon which contact elec 
trodes are to be formed, as well as targets which are 
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conductors, as here where the target is a masked wafer 
having conductive openings exposed. 

In this arrangement, the atoms ejected from the 
source electrode, due to the impingement of argon 
ions, have a strong tendency (l) to be directed toward 
the inactive electrode and the masked wafer and (2) to 
strike them with a fairly substantial velocity, a much 
higher velocity than occurs on striking a wafer struc 
ture due to an evaporation deposition. This provides 
two substantial advantages for the sputtering of contact 
electrode bumps where a major portion of a bump con 
sists of an expensive metal. 
The ?rst advantage is due to the relatively high direc 

tivity of the ejected source electrode atoms toward the 
wafer structure. This results in a much larger fraction 
of the metal supplied from a source being deposited on 
the wafer structure rather than on other surfaces in the 
deposition chamber when compared to evaporation. In 
turn this means that a much smaller amount of an ex~ 

pensive metal required to be deposited is wasted. 
The second advantage comes about because of the 

relatively high velocity at which the ejected atoms 
strike the wafer structure. The process tends to be self 
cleaning as it proceeds due to the high velocity impact 
of atoms tending to clean away contaminents and to 
clean away poorly bonded atoms of the metal ejected 
from the source electrode which have been previously 
deposited. This in turn results in the contact electrode 
bumps having a substantially greater adhesion to the 
wafer structure and greater adhesion between its con 
stituents through each layer of bump metal which has 
been deposited by sputtering. 
As shown in FIG. 6, chrominum is the ?rst metal de 

posited by sputtering to form layer 37 on selected por 
tion 34 and on the exposed portions of silicon dioxide 
layer 32. Chromium exhibits a strong adhesion to both 
aluminum and to silicon dioxide which is the basis for 
choosing it for the ?rst layer. Typically, a chromium 
layer of 1500 A is provided. 
I The'next layer of metal, copper, shown as layer 38, 
is typically deposited in a codeposition with the last 500 
A-of the chromium layer to create a dual phase layer 
of chromium and copper. This dual phase layer is not 
separately shown in FIG. 4 and generally is not neces 
sary though helpful in providing good adhesion be 
tween the layers. The codeposition is ended with the 
completion of the chromium layer 37 to the desired 
height and an all copper layer 38, of up to 5000 A is 
thereafter deposited by sputtering. This copper layer 
adheres well to the chromium and to the third layer of 
metal to be used, gold. Both the copper layer 38 and 
the chromium layer 37 act to limit metallic diffusion so 
that the materials underlying these respective layers are 
prevented from forming undesirable intermetallic com 
pounds with the gold. Other metals may be used for ei 
ther of these layers, particularly substituting either 
nickel or silver for copper. 
The third layer to be deposited by sputtering is gold. 

When sputtering is to be the only method of metal de 
position used to form the contact electrode bumps, 
which is the case shown in FIG. 6, gold is sputtered to 
the desired height of the contact electrode bump. The 
bump height is a minimum of about 0.2 mil if proper 
bonding is to be achieved since the pressure and heat 
of bonding will cause the bump to collapse a tenth of 
a mi] or so. A more desirable bump height for bonding 

would be 0.5 mil. 
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8 
The masked wafer is then removed from the vacuum 

chamber of the sputtering apparatus and the mask in 
turn is removed from‘ the wafer. Removal of the mask 
must occur in a direction perpendicular to the wafer 
surface to avoidshearing off any of the now formed 
contact electrode bumps. The wafer is then placed in 
an etching solution for a slight etch to remove any gold 
metal which may have “sprayed’” under the mask dur 
ing the sputtering of the gold. The wafer is then rinsed 
in deionized water. The result is shown in FIG. 7. ’ 
While sputtering is a more ef?cient way to deposit 

metal for contact electrode bumps in‘ saving on the 
metal used than is evaporation, in the case of an expen 
sive metal it may still be desirable to further reduce loss ' 
of the metal which occurs because of its not being de-' 
posited where only needed on a structure. Plating-on 
an expensive metal can improve on the efficiency of’its 
use and any “misdirected” or excess metal can be 
etched away and recovered from the etching solution 
used in the plating process. However, it is still possible 
to sputter layers of other metals on the selected areas 
of the interconnection network before the expensive 
metal is plated-on to provide a metal layer plating base. 
so that both sputter-cleaning and the better adhesion 
properties of metals deposited by the sputtering pro 
cess can be retained. These small, scattered selected 
areas on which the metal bases are formed confine any 
microcracking to occurring approximately only in sur 
faces which will be covered by the bumps upon com 
pletion since the plated metal is to adhere only to these 
metal bases to complete the bumps. ' 
To supplement the above described sputtering pro 

cess by the addition of plating steps, only a thin layer 
of gold 40 is sputtered on copper layer 38 as is shown 
in FIG. 8 rather than sputtering gold until the desired 
bump height is reached as was shown in FIG. 6. The 
metal mask 35 is then removed and, in a ?rst plating‘ 
method, a very thin gold ?ash layer is sputtered on the 
entire surface of the wafer. This very thin layer will not 
cause microcracking. The gold ?ash layer combines 
with the sputtered gold layer 40 and is shown as layer 
40, 41 in FIG. 9. Electroplating is used in this ?rst plat 
ing method and the need to join all of the metal layer 
plating bases into one electrode for plating purposes 
requires providing gold ?ash layer 41. 
A photoresist layer 42 is then provided on the gold 

?ash layer by standard methods and an opening is pro 
vided in the photoresist layer over the deposited layers 
of chromium 37 and cooper 38 as well as the portion 
of gold layer 40, 41 positioned over copper layer 38 as 
shown in FIG. 10. Using standard electroplating tech 
niques, gold is then plated onto the exposed gold layer 
40, 41. The gold supplied in this plating process will ad 
here only to the gold layer 40, 41 and will not plate or 
adhere to the photoresist layer 42. Gold is plated to the 
desired height of a contact electrode bump to form 
gold layer 40, 41, 43. 
The photoresist layer 42 is then removed by standard 

methods. The gold ?ash layer 41 is next etched away 
except where covered by the plated-on gold forming 
the bump. A small portion of the plated-on gold is also 
etched away. Little microcracking is exposed for this 
etching to reach and, since also very little etching is re 
quired to remove the very thin ?ashlayer, no signi? 
cant etching of the interconnection'network occurs. No 
sintering is required as is otherwise required if rela 
tively low electrode resistance is desired because of the 
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sputter-cleaning step performed prior to the sputtering 
on of chromium layer 37. The resulting bump is ap 
proximately the same as that shown in FIG. 7. 
A second plating method, alternative to the above 

electroplating method, is available which is somewhat 
less efficient in the use of gold but which eliminates the 
providing of a metal ?ash layer and the providing of a 
photoresist layer. This alternative method uses stan 
dard electroless plating or chemical plating techniques. 
Such techniques are not, as so far developed, fully satis 
factory in providing all of the gold (meaning gold be 
yond that needed in forming a metal base) for a full 0.5 
mil gold contact electrode bump but can be satisfacto 
rily used to provide the last 0.2 or 0.3 mi] of the gold 
needed to form such a bump. Additional sputtering of 
gold is required to provide the ?rst 0.2 mil or so of gold 
prior to the electroless plating step. The additional 
sputtering reduces to some extent the ef?ciency the use 
of gold achieved by the above electroplating method. 
To use electroless plating, the same steps which are 

performed in providing an entirely sputtered bump are 
repeated except the process is terminated before the 
last 0.2 or 0.3 mil of gold used in constructing the bump 
has been sputtered into place. At this point, referring 
to FIG. 6, gold layer 39 would be thinner than shown 
in FIG. 6 by the 0.2 or 0.3 mil desired to be formed by 
electroless plating. The sputtering of gold is then termi 
nated at this point and metal mask 35 is removed. The 
wafer is then immersed in a chemical plating bath and 
gold is thereby plated on the gold already sputtered on 
to provide the contact electrode bump approximately 
shown in FIG. 7. The gold will not chemically plate 
onto the silicon dioxide layer 32 which has an unacti 
vated surface. Thus, though the sputtering of gold pro 
vides a larger fraction of the gold in the contact elec 
trode bump than it does in the electroplating method, 
the steps of providing a metal ?ash layer and of provid 
ing a photoresist layer have been eliminated. 
Using the same supplementary plating steps of either 

of the above plating methods but having the metal base 
structure, comprising layers of chromium 37, copper 
38 and gold 40 shown in FIG. 8, or some other metal 
base structure placed there by use of well known evap 
oration deposition methods will provide a process hav 
ing nearly the same efficient use of gold. A plated gold 
bump will be provided on a satisfactory metal base. If 
sputter-cleaning is used prior to evaporation, sintering 
after the completion of the plating steps can usually be 
avoided also in providing a relatively low electrode re 
sistance if desired. Other methods may be used in some 
circumstances for providing the metal bases on a struc 
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ture upon which to plate bumps such as “printing” 
through screens or masks. Deposited structures other 
than contact electrode bumps may be provided by sup 
plementary plating methods such as electronic device 
interconnection pathways. 
Bumps may be provided on many kinds of microcir 

cuit structures other than integrated circuit wafers by 
the methods described herein with substrates upon 
which various kinds of electronic components are to be 
mounted, including integrated circuit chips, being a 
typical example. 

Deposition of materials to form patterns of deposited 
materials on microcircuit structures other than contact 
electrode bumps may be made. These might be, as an 
example, metal pathways or pads. 
The embodiments of the invention in which an exclu 

sive property or right is claimed are defined as follows: 
1. An apparatus for ?exing a mask provided as a 

sheet of a mask material having said mask forced 
against a microcircuit structure with said apparatus to 
be used in depositing materials on said structure to 
form deposited material formations thereon, said appa 
ratus comprising: 

a holder for holding said mask in a manner such that 
said mask is forced toward having a protrudent 
shape by said holder as held, and 

means for forcing major surface of said mask as held 
and said structure against one another with a se 
lected amount of force, said major surface of said 
mask being one which is forced toward being con 
vex with said mask being held as said. 

2. The apparatus of claim 1 wherein said holder 
clamps exterior portions of said mask. 

3. The apparatus of claim 2 wherein said holder has 
a ?rst opening to expose a substantially concave major 
surface of said mask to permit a material deposition 
through said ?rst opening and said mask. 

4. The apparatus of claim 3 wherein said means for 
forcing acts through a second opening in said holder. 

5. The apparatus of claim 2 wherein said exterior 
portions are clamped as said at a selected angle with re 
spect to a surface provided in said structure where 
forced against said mask as said for depositing thereon. 

6. The apparatus of claim 5 wherein said holder 
clamps said exterior portions of said mask at a selected 
angle by forcing said exterior portions against a bev 
elled surface in a mask retainer with said bevelled sur 
face having an angle corresponding to said selected an 
gle. 


