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“(71). “We, WESTERN ELECTRIC by an ‘intermediate. insulating’ layer but
COMPANY, INCORPORATED; -of '195; - making ..connection  thereto. at ‘selected’
. Broadway; New York City, New York State, - regionis by openings or thickness reductions
United States of America, a:Corporatio insulating. layer. Portions of .the
organised and existing under the laws o: th i
State . of New - York, United:-:States: 0
America, do hereby declare the:inventio
for which we pray that a pate
"% ¥ granted to us, and the method by
10 to . be performed, to - be."particu
"7 described in and by  the “fo
- statement:— BT I

" This invention relates to the
circuit connections to electroni
with 'particular reference | to;
tronies.: - - A

form “the first conductive

or regions of reduced thickness in
nsulation. where  .connection to ‘the
he first pattern is desired, a second
continuous; conductive layer is deposited
and selected: portions thereof are thereafter
removed- to form the sécond conductive
pattérn;or second level of metallization.
_ Interconnection, patterns formed in this
way too often exhibit defects localized at the
regions wheie the one of the two conductive
patterns. crosses over the other. ... = . °
. According ' to . this. invention  there is
vided a process for making an elec-
nductive. pattérn on a substrate,
nprising forming,. .on_.the substrate’ a
" conductive: layer '

_the 'nonuniformi

different layers to overlap or.cross
. 1% Vanother rwhile maintaining.
© “-95 - isolation. . -
... .0 Typical is the:problem of pro :
‘aumber of interconnections, either d-c
capacitive, to different circuit elements ina
monolithic integrated . circuit. /Closely -
‘related is the problem of making'separate:
-connections to two closely spaced: Tegio
‘where it is: found desirable -to h
© “connection overlap the edge of
connection although maintaining
‘isolation therefrom. & - iU .
_ A popular method for achieving a desired.
terconnection: pattern in the . integrated . . An a
ircuit art involves first forming*'a’ con-:’ conductor "
tinuous - conduective. layer over 'the Y ‘
" 40:" semiconductive wafer, typically electrically- - ayer: of insuldting, material may be'formed

! isolated theérefrom over most of the surface ~thereover before deposition thereover of a

eing such that in.a
um the rate of etching
to, the plane. of the
r than the rate of etching’in a
direction normal to said plane, providing an
" ‘eich resistant .mask over .the conductive
e one . layer in order to define the required pattern
‘other nasked . part of
strical “ductive layer ‘in . the .etching medium and
" forming an insulating layer.over at least part
“of the pattern... - J

‘non-uniform material, .

~‘etching’ the " unmasked . part of the con:
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layer .are. then selectively . .
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second conductive pattern. In the preferred
embodiment, this is achieved by utilizing for
the first. conductive pattern a conductor
which will exhibit an anisotropic etch rate.

~ -Another advantage of the invention is that
- thie incidence of defectsis reduced at regions
“where omne conductive

another onductive pattern. . :
" 'Embodiments of the invention will now be
described with .reference to the ac-
companying drawing in which: : _
FIG. 1 illustrates the relatively abrupt

discontinuities at the edges of a conductive -

pattern when the usual prior art process is
employed; . . :
FIG. 2 illustrates the more gradual
transition in thickness at the edges of a
conductive pattern when a process in ac-
cordance with the invention is employed;
and . B
FIG. 3A through 3C illustrates  an
exemplary process in accordance with the
invention for providing two levels of con-
ductive patterns on a semiconductive wafer
substrate. T R
- With reference now to the drawing, FIG..
1" shows the “essentially rectangular cross

-section of a conductor 11 of the conductive
- pattérn formed on an electrical elemeént in

the form of a substrate 12 when the prior art
practice is employed for forming the pat-

. .tern. There is shown the photoresist mask 13
~used to localize the removal of the un-

35

wanted . portion of 'the-"bﬁginal' uniform
conductive layer during etching. Typically
some under-cutting during etching “occurs
_ °. This angle is
still quite large and when an insulating layer
is:deposited over the edge portions there
tends to be created defects in the insulating
layer at such regions. ' S
. To minimize such defects it is proposed to
achieve a more pronouncedly trapezoidal
cross section of the conductive pattern 11A
on the substrate 12A as shown in FIG. 2. In
particular; advantageously provision is
made to achieve an angle § with the mask
13A which is no greater than about 30° so
that.a more uniform insulaﬁng layer can be
deposited over the edge portions. - '
 ‘Moreover, the removal of
portions ‘is advantageous even when
insulating layer used to provide isolation
from an overlying second conductive pattern
is formed as a genetic layer formed by con-
) _ portion of the first
conductive layer. In-this case the principal
advantage arises from the fact that there is
made possible a more uniform deposition of
the photoresist material normally used in

~ forming contact holes in the insulating layer.

" As may be appreciated Trom' FIG. 2, this
desired cross section of the conductor can
be obtained by providing greater un-
dercutting of the mask, as would be

pattern crosses:

of abrupt edge
“the

achieved by providing that the etch rate be
faster in the plane of the layer than in its
thickness dimension. In order to prévide
such a gradient or anisotropy in etch rate
the conductor can be made non-uniform in
any one of a variety of ways. For example,
the conductor. 11A. may .be made to ‘etch

faster on top than on the bottom as a result

of a composition gradient. Such a com-

position gradient can be ‘realized by’

coevaporation of two metals such that the

* resulting alloy has a gradient in the relative

compositions of the two metals with
thickness, the. .less etch-resistant metal

forming a larger part of the composition at

the top than at the bottom. Alternatively the
conductor 11 A may comprise a conductive

polycrystalline semiconductor and the:
anisotropy in etch rate achieved by a profile
-in -crystalline disorder produced either by

ionic bombardment or deposition con-
ditions, use being made of the fact that the
more disordered material can be made to
etch faster than more ordered material.

. An illustrative example of one em-
bodiment of the. present. invention will be
discussed : in connection with- FIG. 3A
through 3C which show successive stages in
the formation. of: a portion -of an in-
terconnection pattérn of a monolithic silicon,

‘integrated circuit. For bétter exposition, the

drawing is not to scale. In FIG. 3A there is
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shown ‘a silicon’ wafer 21 which .normally. .

‘includes therein ‘a plurality -of circuit

elements :(not individually shown), which
are: largely . isolated. from one another in-
ternally by known p-n junction isolation
techniques. and which are to be .in-
terconnected primarily by conductive films
on the surface of the wafer. In particular,

- various ’ggeni_ngs .are provided in the oxide-

coating.22 to permit a conductive layer 23

on the surface to make d-c electrical

connection to the wafer at such regions.
Alternatively, if - a capacitive electrical
connection is to be .made, the insulating
layer is merely thinned at regions where
such ‘connection- is desired. There then
remains the problem of interconnecting the
regions in a desired fashion to interconnect
thereby the circuit clements. In the interest
of simplicity, there is being described herein
in detail only this portion of the fabrication.
There is a variéty of techniques now being

‘practiced commercially which: can provide

an oxide-coated silicon wafer of the kind
shown in FIG. 3A which includes on a
common surface a plurality of regions which
need to be intetconmected.. -: . -

*-*'The conductive layer 23 is chosen fo etch |

anisotropically, and in particular to etch in
the direction of the plane of the layer faster
than-in the" direction normal thereto. The
conductive layer may be formed . by
codepositing two metals, the ratio of the two
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ventional manner using normal materials,
Thereafter, in any case photolithographic
techniques are used to remove excess
material from this second continuous layer
to leave behind the desired conductive
pattern' 25, insulated from the first con-
ductive pattern 24 by an insulating layer 26,
as seen in FIG. 3C. In the interest of sim-
plicity, the full extent of insulating layer 26
Is not shown, . - e

The invention also has applicability to the
formation of a conductive path which does
not completely cross over an underlyin
conductor but merely overlaps, althou;
maintaining electrical isolation. This sitation
arises typically where it is advantageous to
make separate connections either direct or
capacitive to two.closely spaced regions of a
semiconductive wafer as arises for example
in some forms of insulated gate field effect
transistors or charge coupled devices.

It should be evident that the - basic
principles of the invention can be extended
to any form of microcircuit involving
multilayer interconnection patterns, such as

thin- and thick-film circuits involving simply.

resistances and capacitances, and functional
circuits such as charge-coupled devices
involving primarily capacitive -connections
to a semiconductive wafer. The invention
even may have applicability to magnetic
microcircuits when the need arises for
multilayer interconnections.

WHAT WE CLAIM IS:— -

1. A process for making an. electrically
conductive pattern .on a substrate, com-
prising forming on the substrate a con-
ductive layer of non-uniform material, the

~ nonuniformity being-such that in a suitable

etching medium the rate of etching in a 40 -

direction parallel to the plane of the layer is
greater than the rate of etching in a
direction normal to said plane, providing an
etch resistant mask over the conductive
layer in order to define the required pattern,
etching the unmasked part of the. con-
ductive layer - over at least part of the pat-
tern. : '

2. A process according to claim 1,
wherein in order to provide said non-
uniformity said material is a conductive
binary alloy whose composition varies
according to. position in the conductive
layer in order to provide the anisotropic

etching rate. .

3. A process accoding to claim 1, wherein-

in order to provide sai non-uniformity said
material is polycrystalline and. the lattice
disorder thereof varies according to position

in the conductive layer in order to providc_

the anisotropic etching rate.

4. A process."according to claim 1,

wherein the substrate is an oxide coated

silicon crystal and the conductive layer is of
polycrystalline - silicon.’

5. A process for making an electrically
conducting pattern on a substrate, sub-
stantially as herein before described with
reference to FIGS. 2 and FIGS.3a,3band 3¢
of the drawings. N

6. A substrate with an electrical conductor

pattern prepared: by the process according

to any one of the preceding claims.
. K. G.JOHNSTON,
Chartered Patent Agent,
- S.Mornington Road, _
Woodford Green, Essex.
- Agent for the Applicants,

. Printed for.'H'er Majesty’s Stationery Office by the Couriei Press, L
Published by thﬁaten_t Office, 25 Southampton Buildings, London, W
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ventional manner .using normal“materials.
Thereafter, in any -case photolithographic
techniques are used to remove -€xcess
material from this‘ second continuous layer
to leave behind the desired - conductive
pattéern 25, insulated from the first con-
ductive pattern 24 by an insulating layer 26,
as seen n FIG. 3C. In the interest of sim-
plicity, the full extent of insulating layer 26
is not shown, - e

Thie invention also has applicability to the
formation of a conductive path which does
not: completely cross over an underlyin
conductor but merely overlaps, - althou:
maintaining electrical isolation. This sitation
arises typically where it is advantageous to
make separate connections either ‘direct or
capacitive to two closely spaced regions ofa
semiconductive wafer as arises for example
in some forms of ‘insulated gate field effect
transistors or charge coupled: devices.

‘It should be evident that - the * basic
principles of the invention can be extended
to any form of microcircuit “involving
multilayer interconnection patterns, such as
thin: and thick-film circuits involving simply
resistances and capacitances, and functional
circuits such as charge-coupled devices
involving primarily capacitive connections
toa semiconductive wafer. The invention
éven may have. applicability to .magnetic
microcircuits when the need arises for
multilayer interconnections. -

"WHAT WE CLAIM IS:— =

1. A process for making an electrically
conductive patiern on 2 ‘substrate, com-
prising forming ‘on the substrate a con-

ductive layer of non-uniform ‘material, the

etching medium the rate of etching in a 40
direction parallel to the plane of the layer is
greater than the rate of etching in a
direction normal to said plane, providing an
etch resistant mask over the conductive

layer in order to define the required pattern, L

etching the unmasked part of the con-
ductive layer over at least part of the pat-
tern.

2. A process according to claim 1,
wherein in order to provide said nom- 50
uniformity said material is a conductive
binary alloy whose composition varies
according to position in the conductive
layer in order to provide the anisotropic
etching rate. 55

disorder thereof varies according to position

in the conductive layer in order to provide 60

the anisotropic etching rate.

4. A process according to claim 1,
wherein the substrate is an oxide coated
silicon crystal and the conductive layer is of
polycrystalline silicon. . 65

S A process for making an electrically
conducting pattern on 2 substrate, sub-
stantially as herein before described with
reference to FIGS. 2 and FIGS.3a, 3b and 3¢
of the drawings. . 70

6. A substrate with an electrical conductor
pattern prepared by the process according
to any one of the ding claims.

K. G.JOHNSTON,
Chartered Patent Agent,
5. Mornington Road,
Woodford Green, Essex.
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