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(71) . · We; .WBS'l'ERN ELECIRIC CoM· 
PANY, lNcORPORATBD1 of 195, Broadway, 
New Y011k Oby; New York. State, U~ 
Sfblles· or· Am~ ·a ~ orgamsoo 

s and eXli$ting Uilder die· :laws of 11he Smte 
at: New Y'Or.k. l}Dited States· of America, 
db hereby decJate: the inivennoo for whk!h 
we pmy illhBlt ·a pBltenlt may be granJred to 
us, end llhe ;methOO. by whidi :it is ro be 

10 ~ to be ~ly deSor.i.lbed in 
em by 1llie toaaowing s1Bte.meat: -

This invention relates ·to methods for 
:m.aking ·interconnection pattems. · 

In microelectrcmics ·· it is often necessary 
lS ·.to provide in one device a high density of 

elC9trically iSolated conductive paths to 
interconneet; various · regions of the device. 
This u8ually requires the crossover by one 
conductive path of a different conductive 

20 path. Typical ··of the problem is the 
intereonnection of different cireuit elements 
in a monolithic integrated cireuit. Here a 
single semiconductive wafer houses a 
plurality of circuit elements, which 

25 internally are isolated from one another by 
p-n junction isolation techniques, and 
interconnection .; there-between is effected 
externally by the formation of a plurality 
of ·conductive paths on the surface of the 

30 wafer, which cross <>Ver one another. 
Siinilar requirements arise in· the fabrica­
tion. of micromagnetic circuits. 

. A common method for achieving the 
· · desired inte~ involves providing 

3S over the wafer an insulating layer and then 
depositing a continuous ·conductive layer 
over the insUlating layer. provision being 
nlade tO reduce the thickness of the 
insulating layer where electrical connection 

40 of the· wafer ·is desired to thiS first con­
ductive layer. Then portions of this con­
ductive layer•· are sekctively removed to 
leave behind the fint conductive pattern 
desired. After foDning an insulating layer 

45 over. the conductive pattern juSt formed 
fPrice 25p] 

and providing regions of reduced thickness 
of any ijisulation at regions where the 
second conduct:ive pa.ttem is to make elec· 
trical connection to the wafer, a second · ·· 
continuous conductive ·. layer is deposited SO 
and portions · of ·this layer are selectively 
removed ·to leave behind the second con­
ductive pattem desired, typically involving 
portions which cross over portions of the · 
first conductive pattem. SS 

In proces8es of this kind. low cost and 
high densitie8 make it important to employ 
thin insulating· layers between separate con­
ductive pattems. However, it is found that 
the use of thin insulating layers tends to 60 
result in a high incidence of faulty cros­
sovers. Some of the faults are attributable 
to edge effects, the insUlating layer being 
especially prone to defects where it extends 
over the edges of an underlying conductive 65 
pattern, presumably because of the dis­
continuities produced at such ~ 

An object of the present invention. is to 
provide an interconnection technique which 
reduces this . edge effect and so results in 70 
fewer defects. 

According to the present invention there 
is provided a method for making an 
interconnection pattem comprising forming 
a layer of conductive material capable of 75 
being converted into an insulative . material. 
masking a region of the layer such that the 
masked region corresponds to a first 
required · conductive pattem, completely 
converting the unmasked regions of the 80 
layer into the insulative material, and for­
ming over the resulting layer of conductiw 
and insUla.ting material a second con­
ductive pattern insulated from the first pat-
tem. SS 

The invention will be better understood 
from the following more detailed descrip­
tion taken·. in conjunction With the accom­
panying drawing in which FIGS 1 to 3 
illustrate a seJDiconductive wafer in various 90 
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stages in the process of providing electrical 
interconnections thereto in a.cOordance with 
an exemplary embodiment of the invention. 

With reference now to the drawing. there 
S will n..ow be described the fabrication. of a _ 

simple two level interconnection pattern for 
a silicon monolithic integrated circuit with 
specific attention to the novel features of 
the fabrication. 

10 It will -be assumed that there has been 
prepared in known fashion a - mooolithlc 
silicon integrated circuit device which 
includes a number of circuit elements ap­
propriately isolated internally withm the 

15 silicon wafer by any of the - known tech­
niques. such as p-n junction isolation. The 
details of the circuit eleme,rts are not be:irlg 
sh.own. The emp:IJ.asis _here~ will be -~ tbe 
in.terconnection of ;~!le elem.ep.ts -extemaUy 

20 by conductive patterns d,eposi~ 01'.l -~ 
S'1.rf~ of ;the silicon :wafer. 

TYllically the -!lurface of tJte wafer ·Where 
conneoticms at".e to be ma,de will ~lude an 
insulating layer -thereover, typically siUcon 

25 oxide. whose thickness needs to- be m~i­
fied where connection is ·to -be made. Any 
single connection can be either d-c. in 
which case the insulating layer :needs to be 
essentially completely remov~ -wb,ere such 

30 conneotion is desired, or tb,e connection 
can be· capacitive, as the ga.te of an in• 
su.lated gate field effect transistor, in which 
oase the insulating layer- is merely thinned 
appropriately. MoreoveJ;" even when the con-

35 nection is to be of the direct current form 
it may be either ohmic or. rectifying. as of 
the Schottky barrier type. _If a Schottky 
barrier. type connection is desired. the area 
of the · wafer where connection is to be 

40 made is treated appropria.tely before the 
interconnection pattern is deposited. For 
example, a localized platinum silicide layer 
may be formed, in known manner, in an 
opening in the oxide layer. 

45 As shown in FIG. 1, after the silicon 
oxide layer 11 has been appropriately thin­
ned and any metallizing of exposed areas 
completed. there is deposited _over the 
wafer 12 a conductive layer 13 of the kind 

so described. ~dvantageou~~y. the lay~r is of 
polycrystalline. doped silicon deposited by 
evaporation or Spllttering. In · some 
instances, it may be preferred to utilize a 
.film-forming metal, such as ·aluminum. 

SS tantalum, titanium zirconium. or niobium 
which oan readily be oxidized to form an 
insulator. 

Typically. the thickness of a silicon lay~r 
WOIUld ibe "ibeitlWeen 0.1 ·tO Jp. -Aiiter de(posl-

60 tion of the layer~ a mask 14 is provided 
_thereover to define· the: first condµctive pat­
tern as shown in FIG. 2. This can be done 
in conventional fashion and typically 
involves photolithographic techniques. In 

65 some instance it will prove advantageous 

- - - - ~'. ---v-
to utilize as the final mask a layer of a 
material. whdch oan · -be left in place to · 
serve at least in part as the insUJation be- · 
tween the first conductive pattern and -Sub­
sequently formed conductive pattei:J,ls. 70 
Typical of such materials are· silicon llcit- , 
ride. silicon dioxide and aluminum oxide. 

After the m1;tsk is in place. the surface 
of the wafer is treated to convert the 
exposed portions of the conductive layer to 75 
the insulator as desired in a manner ap~­
priate to the particular material. If ·the 
layer is of silicon. conversion to the oxide 
can be effected -in any suitable manner. as 
for example by exposure to an oxygen 80 
plasma for appropriate periods of time as 
des.cri~ ·in _us :~W~t ;NQ. ~.4769'7~ or 
by QXygen ;~}ll~~e.1;'t :~ ;~J~ ,ip. 
p,af:e.nt N;o. )~l .. 450,. -~ ~ )a~~ ~ 
-•i; ;unpoft@t -t.b31: -~ !Pl.~ ~ ~~y 8S 
·~clc ~ a.v9id '~:\lb~til!J ·~9n ~tioJ;t. _­
tf :the C9~uc.tive :Jp.~ js _(>£ il Nlm-4:~.8 
-n,i~. :~t D;lay ~ p_r~em];>J,e :t9 ~~ the 
·•mm~d .P?rtio,;J. t? .~ i.1;1sµll;ltfri8- .,oxl~ 
by electroyltic ~h,Qiq-pe,s, _ fQr -~~~pie ,a~ 90 
is .co;mtn<>n -ip. t)1e s.e.li4 .~l~glYAc 
capacitor a.rt. _ · - -

It can be app~1;ed that ,by ~s tech­
nique of formati<>n, the Oond:uc.~ve pattern 
13 is left imbedded: in_ an insulating matrix 9S 
15. as seen in FIG. 3. T1:\e conversion to 
an insulator will generally- in,volve. ~ 
increase in bulk with a co~qu~t. increase 
in !heigb,it of iflbe insuilaitJor poa.1tlion. _However, 
the disoontinuity presented at the trans- 100 
itions from conductive material to 
insulating material typi.Cilly _will - be less 
than would be the case if the insulating 
portion were completely removed. · 

Moreover, if the mask is of a material lOS 
suitable for use as an insulator between the 
first conductive pattern and a secon.d con­
ductive pattern to be formed thereover. -as 
is the case when it -is of silicon nitride, the 
mask thickness advantageously can serve uo 
to reduce still further any discontinuity in 
planarity occuring at the transition between 
the converted and unconverted material as 
is illustrated in FIG. 3. 

If the mask is not to be used in this 115 
way, it can be removed and a new layer of .. 
additional insulating material formed over 
both the converted and unconverted im..te-
_ rial. In some instances. it may be feasible 
-to convert a_ · surface portion of the con- 120 
.ducting pattern to form the insUlator. or 
alternatively insulating material _ may _ be 
.deposited. In some insUU1ces. it m~y. be 
advantageous .both to retain the mask and 
to deposit an additional- ·,insµlating _layer 125 
·over it and the converted material. 

Next there are formed by conventional 
techniques regions of reduced thickness. as 
was done before deposition of the first 
conductive p11:ttern, where connection either 130 
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d-c or capacitive is to be made to the interconnection pattern, comprising forming 
wafer by the second conductive pattern. a layer of conductive material capable of 

Then there is deposited uniformly over · being converted into an insulative material. SS 

c· 

the wafer a second conducting layer of a masking a region of the layer such tha:t the 
S material suitable for use in the second con- masked region corresponds to a first 

ductive pattern. If there is to be a third required conductive pattern. completely 
conductive pattern, which is to cross over converting the unmasked regions of the 
this second pattern and if it is important layer into the insulative material and for~ 60 
to avoid crossover problems, then the ming over the resulting layer of conductive ' 

10 second conducting layer advantageously is and insulative material a second conductive 
of a material chosen in the light of the same pattern insulated from the first pattern. . 
considerations affecting the choice of the 2. A method according to Oaim 1. 
first layer. and the second conductive pat- wherein .the layer of conductive material is 6S 
tern is formed .therefrom in a manner electrically coupled with an electrical 

15 analogous to the formation of the first con- device element at selected points and the 
ductive pattern. If there is no need to be second conductive pattern is electrically 
concerned about subsequent crossovers, the coupled with the element · at different 
material for the second conductive layer selected points. 70 
and the formation therefrom of the second 3. A method according to Oai.m 2. 

20 conductive pattern can follow the practice wherein the said layer of conductive mate­
presently in the art. This typically involves rial comprises polycrystalline conductive 
deposition of a metal layer, such as silicon, and the device element is of 
aluminum or titanium or a composite. the sem.iconductive material. 1S 
formation thereof by photo-lithographic 4. A method according to Claim 1 or 

25 techniques of an etch-resistant mask defin- 2. wherein the conductive layer comprises 
ing the desired conductive pattern, and the a film forming metal. 
selective removal by etching of the S. A method according to any one 
~s.k:ed material to leave behind the preceding claim, wherein the material used 80 
desired second conductive pattern 16 as for masking is silicon nitride. 

30 seen in FIG. 3. It is significant to recognize 6. A method according to Oaim s. 
that the composite layers in the vicinity of wherein the silicon nitride mask serves as 
the cross<>ver are essentially planar so as to insulation between the first and second 
minimize the occurrence of the edge conductive patterns. 85 
defects alluded t<> before. · 7. A method according to any one 

35 It will be apparent that the various preceding claim. wherein a continuous 
embodiments described are merely illust- layer of insulating material is formed over 
rative of the general principles of the said resulting layer before .the formation of 
invention. In particular. a variety of other said second conductive pattern. 90 
materials can be used. For example, it is 8. A me tho d for forming 

40 unnecessary that the conductive layer be interconnection patterns, substantially as 
converted into an oxide and in some herein deScribed with reference to the 
instances as when the conductive layer is accompanying drawing. 
silicon to convert if to a nitride as by 9 .. An electrical device comprising an 95 
treatment in a nitrogen plasma, or to a interconnection pattern made by the 

45 carbide in known fashion. Also in some method according to any one of the 
instances. it may be feasible to convert the · preceding claims. · 
desired portion of the conductive layer by 
irradiation in accordance with· the desired 
pattern by a laser. ion or electron 

SO beam. 
WHAA WE CLAIM IS:-
1. A method for making an 
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-YZc or capacitive is to be made to the interconnection pattern, comprising forming 
wafer by the second conductive pattern. a layer of conductive material capable of 

Then there is deposited uniformly over · being converted into an insulative material, SS 
the wafer a second conducting layer of a masking a region of the layer such tha:t the 

S material suitable for use in the second con- masked region corresponds to a first 
ductive pattern. If there is to be a third required conductive pattern, completely 
conductive pattern, which is to cross over converting the unmasked regions of the . 
this second pattern and if it is important . layer into the insulati.ve material and for- 60 
to avoid crossover problems, then the ming over the resulting layer of conductive 

10 second conducting Jayer advantageously is and insulative material a second conductive 
of a mate.rial chosen in the light of the same pattern insulated from the :fir&'t pattern. 
considerations affecting the choice of the 2. A method according to Claim l, 
first layer, and the second conductive. pat- wherein the layer of conductive material is 6S 
tern is formed therefrom in a manner electrically coupled with an electrical 

ts analogous t.o the formation of the first con- device element at selected points and the 
ductive pattern. If there is no need to be second conductive pattern is electrically 
concerned about subsequent crossovers, the coupled with the element at different 
material for the second conductive layer selected points. · 70 
and the formation therefrom of the second 3. A method according to Claim 2, 

20 conductive pattern can follow the practice wherein the said layer of conductive mate­
presently in the art. This typically involves rial comprises polycrystalline conductive 
deposition of a metal layer, such as silicon, and the device element is of 
aluminum. or titanium or a composite, the semiconductive material. 7S 
formation thereof by photo-lithographic 4. A method according to Claim 1 or 

25 techniques of an etch-resistant mask defin- 2, wherein the conductive layer comprises 
ing the desired conductive pattern, and the a film forming metal. 
selective removal by etching of the S. A method according to any one 
unmasked material t.o leave behind the preceding claim, wherein the material used 80 
desired second conductive pattern 16 as for masking is silicon nitride. 

30 seen in FIG. 3. It is significant to recognize 6. A method according t.o Claim S, 
that the composite layers in the vicinity of wherein the silicon nitride mask serves as 
the crossover are esseilitially planar so as to insulation between the first and second 
minirnire the occurrence of the edge conductive patterns. 85 
defects alluded t.o before. 7. A method according to any one 

3S It will be apparent that the various preceding claim, wherein a continuous 
embodiments described are merely illust- layer of insulating material is formed over 
rative of the general principles of the said resulting layer before the formation of 
invention. In particular, a variety of other said second conductive pattern. 90 
materials can be used. For example, it is 8. A m et hod for forming 

40 unnecessary that the conductive layer be interconnection patterns, substantially .as 
converted int.o an oxide and in some herein described with reference t.o the 
instances as when the conductive layer is accompanying drawing. 
silicon to convert it t.o a nitride as by 9. An electrical device comprising an 95 
treatment in a nitrogen plasma, or t.o a interconnection pattern made by the 

4S carbide in known fashion. Also in some method according to any one of the 
instances, it may be feasible to convert the preceding claims. 
desired portion of the conductive layer by 
irradiation in accordance with the desired 
pattern by a laser, ion or electron 

SO beam. 
WiHAA WE CLAJM IS:-
1. A method for making an 
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