
PATENT SPECIFICATION                                    (i) 1243 247
DRAWINGS ATTACHED  d4  (21) Application No. 52979/68  (22) Filed 8 Nov.
1968      (31) Convention Application No. 715 462 (32) Filed 4 March 1968
in ,   (33) United States of America (US) Cl  (45) Complete Specification
published 18 Aug. 1971 - (51) International Classification H 01 1 1/14
19/00      (52) Index at acceptance            HIK 213 217 312 353 354 415
417 41Y 422 424 42X                     441 455 459 469 477 482 490 491 507
511 520 52Y                     530 53X 53Y 543 54Y 551 552 55Y 563 581 583
611 615 616 618 61Y 650       (72) Inventors JAMES ALAN CUNNINGHAM
and CLYDE RHEA FULLER         (54) OHMIC CONTACT AND ELECTRICAL
INTERCONNECTION SYSTEM                                FOR ELECTRONIC
DEVICES        (71)   We, TEXAS INSTRUMENTS INCOR-  especially in LSI
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necessary to form more than one level of     to the laws of the State of
Delaware, United  metallic film interconnections with adequate 45
States of America. of 13500 North Central  electrical isolation between the
various levels  5 Expressway, Dallas, Texas, United States of  at the
crossover points. This is particularly     America, do hereby declare the
invention, true, when, upon a single substrate of semi-     for which we
pray that a patent may be  conductor material, a plurality of separate.
granted to us, and the method by which it circuits are formed and it
becomes necessary  50     is to be performed, to be particularly des-  to
interconnect the circuits for cooperative 10 cribed in and by the following
statement: -   action to produce one or more circuit func-       The
invention relates to semiconductor  tions.     devices particularly of the
semiconductor in-   In integrated circuits and particularly LSI
tegrated circuit type and to the provision of  devices where two, three or
more level in- 55     alternate layers of metal films and electrical
terconnection systems are required, the bet- 15 insulating material to form
multi-level con-  ter electrical conductors such as silver, cop-     tact
and interconnection patterns for such  per, gold and aluminum are used for
the     devices.                                   underlying levels (as
part of the first level        The increased demand for microminiatur-  of
a two level system and as part of the first 60     ization has been
reflected in the field of elec-  and second levels of a three level system,
20 tronics by the development of semiconductor  for example) because of two
fundamental      integrated circuits and Large Scale Integra-  reasons.
tion devices (LSI), whereby a plurality of    First, the thickness of the
interconnection      active and/or passive circuit components are  should
be at a minimum so that continu- 65      formed in or on one or more
substrates of  ous insulating layers can be applied over it. 25
semiconductor  material, each  of these  In general, particularly where
inorganic      circuit components thereafter being inter-  insulating
layers are employed, such as rf-      connected in a particular manner to
provide  sputtered silicon oxide, the thicker the metal      one or more
desired circuit functions. For  interconnection is, the more difficult is
the 70      example, an integrated circuit device of the  task of
depositing an insulating layer of 30 monolithic type may have a number of
high perfection over it. It has been found      active and passive
components, such as tran-  that the insulating layer thickness should be
sistors and resistors, formed by diffusion  equal to or greater than the
underlying metal      beneath one surface or major face of a sub-  film
thickness in order to obtain high insu- 75      strate of semiconductor
material, an insulat-  lated crossover yields. But as the insulating  35
ing layer upon the face of the wafer, and  layer thickness increases,
problems such as      metallic films upon the insulating layer in-
cracking, crazing and severe undercutting      terconnecting the resistors
and the various  upon etching the feed-through holes increase      regions
of the transistors in a desired pat-  markedly.
80      tern through holes in. the insulating layer.  Secondly, the metal
interconnection thick-  40 With increasing circuit complexity, however,
ness should be at a maximum to provide      and a corresponding increase in
the com-   low sheet resistivity. Values of  sheet resis-      plexity  of
the interconnection patterns,  tivity as low as 0.01 ohms/square are needed
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2     in some logic circuits. Attempts to use a  resulting in the formation
of insoluble-alu-     single metal other than the high conductivity  minum
oxide.                    65     metals, such as gold and aluminum, for ex-
Another relevant property of the high con-     ample, on  logic integrated
circuits and on  ductivity metals, just mentioned, is the  5 LSI devices
have generally been abandoned  activation energy of self diffusion,
according     because the thickness necessary to obtain  to the following
formula:     very low sheet resistivity so great that the     thick
interconnection is prohibitively difficult      [err]            70     to
etch into a precision pattern and is diffi- 10  cult to insulate from upper
levels and tends  where:     to easily delaminate. The problem of sheet
resistivity does not arise in single level non-    Q = activation energy of
self diffusion     expanded contacts, such as contacts to mesa     in
kcal/mole     diodes and "ring and dot" transistors be-    A = frequency
factor in cm[err]/sec 15 cause currents pass through the metal film   D =
diffusion coefficient for self diffu-   75     rather than along the metal
film. The re-       sion in cm[err]/sec     sistance developed
perpendicularly through    R = 1.987 cal/mole/[err]K     a thin metal film,
regardless of its resistivity,   T = temperature in [err]K     is
negligible due to its extreme thinness. It 20 should be pointed out that
bipolar silicon  which results in the following ranking:     integrated
circuits and LSI devices of the     high speed logic type are particularly
sensi-  Copper    ... 48 kcal/mole         80     tive to the resistivity
of the interconnection   Silver       ... 44 kcal/mole     metal since such
devices operate at rela-      Gold...        .. 42 kcal/mole 25 tively high
currents.                               Aluminum  ... 34 kcal/mole
Obviously these two fundamental require-     ments are incompatible unless
very high con-    The activation energy becomes important     ductivity
interconnections are used, and, at high current levels due to the
possibility  85     thus, a solution to the problem lies only in  of a
metal contact becoming electrically open 30 the use of high conductivity
metals, such  circuit upon prolonged operation at high cur-     as silver,
copper, gold and aluminum, for  rent densities. This type of failure is
believed     example, which have the following resistivi-  to be related to
a phenomenon termed cur-     ties at 20[err]C:
rent-induced mass transport, the rate of 90
which is approximately inversely propor-         Silver    ...   1.6 X
10-[err]-cm       tional to the activation energy of the metal 35
Copper   ...   1.67 x 10-[err] -cm       contact concerned. Of the
above-mentioned         Gold      ...   2.3 x 10[err]cm      metals, copper
is thus the best metal to use         Aluminum         2.69 x 10-[err]-cm
from a high current viewpoint and aluminum  95
the worst. In fact, aluminum is not used for       Since silver, copper,
and gold exhibit low  modern very high current density devices.
adhesion to appropriate insulating layers,   Since the requirement of low
sheet resis- 40 such as silicon oxide, which is commonly  tivity is so
severe, only those pairs of metals     used on integrated circuits, such
metals can  which are metallurgically stable can be used. 100     be
considered only when used in conjunction  A metallurgical stable bimetal
film system     with other metals in the form of bimetal is defined as one
in which no intermetallic     or trimetal films.
compounds can form, very low mutual solid 45   For the high conductivity
metal layer, solubilities exist, and eutectic temperatures     gold is
highly desirable because of its unique  (if any) are considerably above all
device 105     properties of oxidation and strain resistance  process
temperatures. A  variety of phen-     combined with high electrical
conductivity. omena occur upon the heating of an un-     The metals copper,
silver, and aluminum, stable bimetal or trimetal layer.  As the 50 although
highly conductive, present problems  metals mix together by interdiffusion,
a sig-     of oxidation, staining and even chemical nificant increase in
resistivity occurs as the 110     attack during the etching of the
feed-through  more conductive metal becomes contam-     holes in the
insulating layers.  Thus, low  inated. Other deleterious effects include
such     resistance feed-through contacts are difficult things as swelling,
peeling, blistering and 55 to provide with metals other than gold. Silver
more subtle phenomena, such as Kirkendall     oxidizes and stains in air at
room tempera-  porosity.                                 115     ture and
consequently present an ohmic con-   The second metal used in a bimetal or
tri-     tact problem. Aluminum  is particularly  metal interconnection
system, in addition to     troublesome, being thermodynamically un- being
metallurgically stable with the high 60 stable with silicon oxide, a
characteristic  conductivity metal, must adhere well to dif-     which
commonly  results in  difficult-to-  ferent oxides  and  glass insulations
and 120     remove  forms of glass and oxides which should provide good
ohmic contact to the     form at the aluminum-silicon oxide interface,
silicon substrate. Such a second metal in         
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use today for interconnections  is  separated by interposed insulating
layers hav-             molybdenum, as more fully described in  ing
apertures therein through which ad-             United States Patent No.
3,290,570. Molyb-  jacent layers of interconnections make con-
denum, with gold, forms a good intercon-  tact with each other, in which
the lowermost          nection system  for use with integrated  level of
interconnections is disposed on the 70             circuits.
said first insulating layer and interconnects                However, there
is a problem inherent in  regions of desired ones of the semiconduc-
the  molybdenum-gold-molybdenum  inter-  tor elements through apertures in
the first in-              connection system when used with the con-
sulating layer, and in which the uppermost          10 ventional silicon
oxide insulating layer be-  level of interconnections includes  a layer 75
tween levels of interconnections. The holes  consisting mainly of tungsten
overlaid by              formed in the silicon oxide layer to allow  a
layer of higher conductivity metal.              ohmic connections to be
made between levels   In a particular embodiment, incorporating of
interconnection tend to have "bell bot-  two levels of interconnections, a
first level          15 tom" contoured sides, i.e., large at the  of
interconnections is disposed on the first 80               bottom of the
hole and small at the  top. Due insulating layer  and is ohmically attached
to the overhang of the side of the hole, be-  to regions of the circuit
elements through               cause of  its "bell bottom" shape, a con-
apertures in the first insulating layer to pro-               tinuous
connection from the metal intercon-  vide interconnections between  desired
ones           20 nection on the top surface of the silicon  of the circuit
elements; a second level of 85               oxide layer to the surface of
the lower metal interconnections having a layer consisting
interconnection exposed by the hole is dif-  mainly of tungsten overlaid by
a metal layer               ficult to achieve.                          of
higher conductivity, e.g. gold, is provided                 In addition,
molybdenum forms a num-  on a second insulating layer disposed on the
25 ber of easily soluble oxides.  During the  first insulating  layer and
overlying the first 90                etching of the hole in the silicon
oxide layer  level of interconnections, with the second                to
expose the lower metal interconnection, level of interconnections being
ohmically                the molybdenum oxide at the molybdenum-  attached
to the first level of interconnec-                silicon oxide interface
is easily attacked by  tions through  one or more apertures in the
30 the etch solution, resulting in severe under-  second insulating layer.
95                cutting. The undercutting can be so deep    A layer
consisting mainly of tungsten, for                that the loosened bond
between the silicon  example, may  form the lowermost or first
oxide layer and the oxidized surface of the interconnection level;
alternatively, the                molybdenum film of the lower interconnec-
lowermost or first interconnection level may 35 tion allows the undercut
portion of the silicon  be a multi-layer film comprising a high con- 100
oxide layer to loosen and break off from the  ductivity metal, e.g. gold or
copper, sand-                 rest of the silicon oxide layer, resulting in
wiched between layers of tungsten.                 an open connection.
By way of example, the invention will be                   The insulating
material between levels of  described in greater  detail with reference
40 metal interconnections should afford ade-  to the accompanying drawings,
wherein:   105.                 quate electrical isolation and should be
sub-    Figure 1 is a sectional view, greatly en-
stantially free of pinholes to avoid the pos- larged, illustrating a "bell
bottom"   feed-                 sibility of electrical shorting between
levels. through hole in the insulating layer between                 In
addition, the entire system  should be  different levels of
interconnections with a             45 fabricated from  metals and
insulators or  molybedenum-gold-molybdenum  interconnec- 110
oxides  which  are  structurally  reliable  tion system;
materials that will not yield or break up dur-    Figure 2 is a sectional
view, greatly en-                 ing substrate handling.  All the material
larged, illustrating a feed-through hole hav-                 should be
physically and chemically stable  ing gently sloped sides in the insulating
layer              50 when subjected to high temperatures so that between
different levels of interconnections 115   none of the materials will
undesirably react  with a metal interconnection system embody-
with one another or with the semiconductor  ing the invention;
substrate. The metals and the isolation or    Figure 3 is a plan view,
illustrating the                  insulation medium should tightly adhere
to  layout of circuit components in one of the    55 one another and there
should be good (inter-  functional elements in the substrate shown 120
level) ohmic contact between the last or ex-  in Figure 4, the same
components being illus-                  posed metal film of one level and
the first  trated in schematic form in Figure 5;                  metal
film at the next level at conductive    Figure 4 is a plan view,
illustrating a semi-                  crosspoints.
conductor substrate containing a plurality              60   According to
the  present invention, an in  of functional elements and adapted for use
125                   tegrated semiconductor circuit device in-  in
practicing this invention;                   cludes a plurality of circuit
elements ad-    Figure 5 is a schematic diagram of the
jacent one surface of a substrate covered  electronic circuit in one of the
functional                   by a first insulation layer, and a plurality
elements shownin Figure  3;               65 of levels of interconnections
disposed on and    Figures 6-9 are sectional views of a por- 130        
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4     tion of the integrated circuit structure shown  any danger of a break
or opening  in the 65     in Figure 3 taken along the sectional line
contact     4-4, illustrating subsequent steps in the    Another unexpected
advantage of using     fabrication of the multi-level interconnec- tungsten
rather than molybdenum  is the  5 tion system of the present invention.
elimination of the undercutting 107 at the       One embodiment of the
invention com- molybdenum-silicon  oxide  interface, as 70     prises a
multi-level interconnection system  shown in Figure 1, when the
feed-through     using trimetal interconnections of tungsten-  hole 101 is
formed. The undercutting rate     high conductivity metal-tungsten, each
metal with molybdenum oxide 115, Figure 1, is 10 level being separated from
other metal levels faster than is predicted from the ability of     by
insulating layers. Ohmic contacts be-  an etching solution to react and
remove re- 75     tween one level of interconnections and an- action
products along a 4-5  microinch     other level or between a level of
intercon- channel, the approximate thickness of the     nections and
portions of a semiconductor molybdenum  oxide at the silicon oxide- 15
substrate having electronic components are  molybdenum interface. Unless
very care-     made through holes in the insulating layers. fully
controlled, the molybdenum undercut- 80       A completely unexpected
result obtained  ting can proceed several mils and in some     by using
tungsten-high-conductivity metal- instances, the oxide layer can "pop up"
tungsten multi-level interconnections rather around the undercut area
resulting in mag- 20 than molybdenum-gold-molybdenum multi-  nifying the
"bell bottom" hole problem. It     level interconnections with isolation
between  is also suspected that occasionally during 85     levels by
insulating layers such as silicon  the hole formation the silicon oxide
layer     oxide is the improvement of the slope or  102 can break its bond
with the molyb-     contour of the sides of the feed-through  denum layer
103 at the lower periphery of 25 holes formed in the silicon oxide layers.
If the hole, resulting in etching of the silicon     the contour of the
sides of the hole in a  oxide near the molybdenum-silicon oxide in- 90
silicon oxide layer becomes very short, that terface, again resulting in a
hole with a     is, approximately perpendicular to the plane  badly shaped
contour.     of the device surface, difficulties are en-  Regardless of the
physical or chemical 30 countered in continuously metallizing from
mechanisms involved, the undercutting and     the upper silicon oxide
surface, down the  "bell bottom" shaped hole effects are ab- 95     hole
slope and onto the lower level metal sent in the tungsten-silicon oxide
system as     interconnection.  This situation becomes  can be seen from
Figure 2. There is no sub-     worse when a hole contour with a reverse
stantial undercutting of the tungsten oxide 35 slope, forming a"bell
bottom" shaped feed-  115, Figure 2, at the tungsten-silicon oxide
through hole, is encountered, as shown in  interface. Neither the absence
of the "bell 100     Figure 1, such a contour being commonly  bottom" shape
of the hole nor the absence     observed.
of harmful undercutting of the tungsten-                 The reason for the
reverse sloped side  100      silicon oxide interface can be explained by
40   of the "bell bottom" hole 101   which is  comparing any of the known
properties of    molybdenum and tungsten. The use of tung- 105    formed
during the hole etching step in the    sten permits the fabrication of
devices with    silicon oxide layer 102 is not fully under-  extremely
complex circuitries that cannot    stood. However, the shape of the hole
101    is probably related to some characteristic      be made today using
molybdenum with any    of the molybdenum  film 103, as of now un-
substantial success.    45
Tungsten makes good ohmic contact to 110    known, which forms the upper
film of the  silicon, particularly if the contact regions    lower
interconnection along with the inter  are heavily doned yet does not
undesirably    mediate gold film 104 and the lower molyb-    denum film 105
formed on the silicon sub-  alloy with the silicon surface so as to de- 50
strate 106.                      grade the device.  Furthermore the
tungsten                                                 adheres well to
silicon oxide, can be etched 115       When tungsten is used rather than
molyb-  in a controlled manner with an etchant, for     denum, the
feed-through hole 110, as shown  example, an aqueous solution of 5% potas-
in Figure 2, has, completely unexpectedly,  sium  ferricyanide  [err]  and
1%     the gently sloped side 111, of about 20[err]  sodium borate [err],
is com- 55 to 400, which is significantly well within the  patible with
other materials and when used 120     45[err] upper limit of the "desired"
slope. It is  in combination with gold, is virtually im-     obvious from
Figure. 2, that a second level pervious to the gold. In this regard, it is
to     of interconnection can be formed on the top  be noted that when
tungsten is formed con-     surface of the silicon oxide layer 102 and
tacting the silicon semiconductor with a gold 60 on the gently sloped side
1ll of the hole  layer on the tungsten, a virtually "alloyless" 125     110
to make electrical contact to the lower  contact system is formed, the
tungsten not     interconnection, consisting of the upper  alloying with
silicon and the gold not alloy-     tungsten film 112,. the intermediate
gold film  ing with the tungsten.     113 and the lower tungsten film 114,
without   Gold, in addition to its excellent conduc-       
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tivity  is easily deposited by  conventional  the interconnections between
functional ele-                     evaporation techniques, lends itself
nicely  ments are preferably made in an operation                     to
photoresist etching procedures associated  separate from the one by which
the inter-                     with defining the contact and
interconnection  connections within an element are formed,
5 patterns, and is easily bonded with gold  the interconnection pattern of
Figure 4 is 70                     lead wires.
formed as a second level, separated from                       In
applications where extremely high cur-  the first level interconnection
pattern by an                     rents are used, a better device is
achieved  insulating medium.                     by replacing the gold film
with a copper film.    The transistors and the other circuit com-
10 Although more care in interconnection fab-  ponents may be formed within
or upon the  75                     rication must be taken to reduce the
danger  semiconductor substrate 10 by any of the                     of the
copper oxidizing or being attacked  techniques known in the integrated
circuit                     by the etches used in different stages of de-
art such as, for example, epitaxial growth                     vice
fabrication, the use of  copper rather  or diffusion.  Thus, looking at
Figure 6                 15 than gold is necessitated by high current de-
there is depicted, in section, a portion of 80                     vices
which require the better conductivity  the integrated circuit structure of
Figure                     and higher activation energy of diffusion of  5
before the application of any of the metal                     copper for
lower resistivity interconnec-  interconnectors.  The N-P-N transistor 36
tions.                                      comprises an N-type collector
formed by                 20    Referring now to the figures, a slice or
the  substrate  10, the  diffused  P-type  85                     substrate
10 of semiconductor material, in  base region 51, and an N-type diffused
this case silicon semiconductor material, is  emitter  region  52.  The
resistor  [err]                     illustrated in Figure 4 having a number
of  is provided by the P-type diffused re-                     circuit or
functional elements therein. Al-  gion 53, formed simultaneously with the
25  though only sixteen such functional elements  base region 51 of the
transistor. An insulat- 90                     are shown for illustration,
ordinarily a much  ing layer 54 on the top surface of the sub-
larger number is utilized. Each of the func-  strate acquires a stepped
configuration, as                     tional elements 11-26 contains the
necessary  shown, due to the successive diffusion opera-
number of transistors, resistors, capacitors or  tions.  Thereafter
apertures or holes are                 30 the like, interconnected to
produce a desired  cut in the insulating layer 54 where the first 95
electrical circuit function. For example, the  level interconnection ohmic
contacts are to                     functional element 13 may comprise the
be made.                     circuit shown schematically in Figure 5 and
As the next step, a thin tungsten film 55                     by plan view
in Figure 3. The circuit of this  of about 10 micro-inches is deposited
upon                 35 functional element 13 includes the P-N-P  the
surface of the insulating layer 54 and in 100
transistors 32, 33, 34 and 35 and the N-P-N  ohmic contact with the
semiconductor ma-                     transistors 36, 37, 43, 45, 46, 47
and 50, the  terial, such as silicon, within the holes in
three input terminals A, B, and X and an  the silicon oxide layer. Various
techniques                     output terminal G. These terminals, along
may be utilized for the deposition of the                 40 with the
voltage supply terminal V, cor-  tungsten film 55, for example, electron
beam 105                     respond to the five identically designated
evaporation and dc and rf-sputtering. Using                     terminal on
the functional element 13 in  conventional photographic  masking  and
Figure 3.                                   etching techniques which do not
need to be                        If it is desired to appropriately
intercon-  described here, selected portions of the                 45
nect the four functional elements 13, 16, 21  tungsten film 55 are removed
to provide the 110                     and 26 of the sixteen functional
elements  first level pattern of ohmic contacts and
11-26 for their cooperative action to pro-  interconnections, the
interconnector 71 ohm-                     duce a unitary electrical
function, as de-  ically connecting the base of the transistor
picted in Figure 4, the terminals B. D, J, and  36 to one end of the
resistor [err] the inter-                 50 0 of functional elements 13,
16. 21 and 26, connector 72 making ohmic contact to the 115
respectively, are electrically joined by the  emitter of the transistor 36;
while the inter-                     interconnector 28. Similarly, the
terminals  connector 73 ohmically connects the collec-
V, F, L and R are electrically joined by the  tor of the transistor 36 to
the supply ter-                     interconnector 29, and the terminals X,
H, minal V as illustrated in Figure 7.                 55 M and Q are
electrically joined by the inter-    An insulating layer 56 is deposited by
any 120                     connector 30.  Recognizing that there are
suitable technique, for example, evaporation                     already a
large number of first level elec-  or sputtering over the tungsten film 55
and                     trical interconnections joining the various  then
selectively etched to expose the surface                     transistors
with one another as well as with  of the tungsten film solely at the
terminal                 60  the other circuit components and terminals,
point V, as depicted in Figure 8. The pur- 125                      as
shown in Figure 5, it will be appreciated  pose of the insulating layer 56
is to electric-                      that the interconnectors 28, 29 and 30
must  ally isolate the first level metal interconnec-
necessarily overlie some of the first level  tions 55 from the second level
metal inter-                      metal interconnection  pattern  shown  in
connections which are to be subsequently                 65  Figure 3. For
this reason, and also because  formed. Accordingly, the layer 56 may be 130
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6    formed of inorganic materials such as sili-  a sheet resistivity of
about 0.03 ohm/[err]    con nitride, aluminum oxide, silicon oxide  The
final level of metallization overying    or various organic insulating
materials. In  the insulating medium  56 then comprises    this particular
example, the insulating layer  the tungsten film 57 and the gold film 58,
5 56 is silicon oxide, deposited by rf-sputter- as previously  described
with respect to  70     ing to a thickness of about 10,000 A. The  Figure
8. The insulating layer 56 and the     layer is then selectively removed by
conven-  tungsten layer 55c are selectively etched at     tional techniques
well known in the semi- the bonding pad V to allow the tungsten
conductor industry to expose the top surface  layer 57 to make direct ohmic
contact to 10 of the tungsten film 55 at the bonding pad  the gold film
55b. By utilizing the etchant 75     V.
that selectively etches tungsten but substan-       Another tungsten film
57 is deposited  tially unaffects gold, for example, the etchant     upon
the insulating layer  56 to a thickness  previously described, it is
possible to care-     of about 1200 [err] followed by the deposi- fully
control the selective removal step at 15 tion  by evaporation, for example,
of a gold  the bonding pad V so that the gold layer 80     film 58, formed
to a thickness of approxi-  55b is not etched all the way through. In
mately  7500 A, for example. The metal addition, a color change accompanies
this     films 57 and 58 are then selectively etched  etching operation
(from a silver color to a     to provide the pattern for the second level
gold color) and provides a convenient visual 20 interconnections 29,
interlevel contact being  control over the etching.  The tungsten  85
provided at the bonding pad V between the  films 55c and 57 tightly adhere
to the in-     tungsten films 57 and 55. The gold is easily  sulating layer
56 and increases the inner ad-     removed by etching in an alcoholic [err]
solu-  hesion of the entire multi-level intercon-     tion while the
tungsten is removed by etching  nection system.   The replacement of the 25
in a basic solution of potassium  ferricyanide.  single tungsten film 55 by
the trimetal sand- 90     Typically, a 5 microinch thickness of tung-
wich structure, tungsten-gold-tungsten, in-     sten is removed in one to
two minutes with creases electrical conductivity of the first
negligible undercutting of the metal. The  level interconnection due to the
addition of     top film 58 of gold adheres well to the tung-  the highly
conductive gold film 55b, and 30 sten film 57. An external bonding wire of
decreases the interlevel electrical contact re- 95     gold, for example,
may then be bonded by  sistance between the first and second levels
thermal compression bonding to the gold film  due to the direct ohmic
contact between the     58. Among the advantages of this system, tungsten
film 57 of the second level inter-     as illustrated in Figure 8, is the
extremely  connection and  the exposed surface portion 35 good adherence of
the tungsten films 55 and  of the gold film 55b of the first level. As 100
57 to the insulating layer 56. If a three, explained  previously, the
tungsten-gold-      four or higher level (to the nth level) contact
tungsten multi-level interconnection system      and interconnection system
levels are needed, is used for  devices that require the low      each of
the levels besides the final one could  interconnection resistivity which a
single 40  be of tungsten with the final level being a  tungsten film only
cannot furnish.  105      tungsten-gold  combination, the  overlying    It
is obvious that for Large Scale Integra-      layer of   gold facilitating
bonding with an  tion devices involving very complex cir-      external
wire. If it  is desired to connect cuitries the interconnection system as
previ-      a lead wire directly to a lower level tungsten  ously explained
for a two level system can  45. interconnector, a layer of gold can be
formed  be expanded to any  number of levels of 110      only on a portion
of the tungsten exposed  interconnections by just repeating the se-      by
a  hole in the overlying insulating layer so  quence of insulating layer
54, tungsten film      that  a gold  wire can be bonded to the limited
55a, gold film 55b and tungsten film 55c "n"      gold area.
number of times to accommodate the most  50   The single layer of tungsten
of the first complex circuitries.  The final or upper 115      level
interconnection pattern 71, 72 and 73  metal interconnections would
normally be      may be replaced with a three layer sandwich  the tungsten
film 57 and the overlying gold      structure, as shown in Figures 9A. and
9B. film 58-see Figure 9a. As explained pre-      Such a structure
comprises a lower tungsten  viously, for devices requiring very high cur-
55 film 55a, formed to a thickness of about 10  rent levels a more reliable
interconnection 120      microinches, for example, ohmically engag-  system
is obtained by substituting a copper      ing the semiconductor material 10
and over-  film for the gold film 55b, as shown in      lying and adhering
the protective insulating  Figures 9a and 9b. Because  of copper's pro-
layer 54; an intermediate gold film 55b de-  pensity to oxidize and
interfere with the  60  posited on the lower  tungsten film 55a to a
bonding  of gold  wires  to the upper metal 125       thickness of about 50
microinches, for ex-  film 58, for most devices, gold remains as
ample, and an upper tungsten film 55c de-  the preferred metal for the top
or final metal       posited on the gold film 55b to a thickness  film 58
which is exposed to the ambient.       of about 5 microinches, for example.
The  The other metal films remain covered by  65  tungsten-gold structure
just described has  overlying materials, of course.       130
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The  layer consisting mainly of tunsten  in the first insulating layer, and
in which              can include other constituents that may en-  the
uppermost level of interconnections in- 65              hance the
characteristics of the tungsten  cludes a layer consisting mainly of
tungsten              without adversely affecting the advantageous
overlaid by a layer of higher conductivity           5 properties of
tungsten according to the in-  metal.              vention as previously
described. For ex-    2. An integrated circuit semiconductor
ample, although the tungsten film forms a  device including a plurality of
circuit ele- 70              good ohmic contact with a silicon surface,
ments adjacent one surface of a substrate              especially if the
substrate portion beneath  covered by a first insulating layer, a first
level          10 the ohmic contact has been highly doped  of
interconnections on the first insulating              with impurity
modifiers, the resistance of  layer ohmically attached to regions of de-
the silicon-tungsten contact can be lowered  sired ones of the circuit
elements through  75              further, if desired, by forming a thin
layer  apertures in the first insulating layer, a              of platinum
suicide or using a very thin  second insulating layer disposed on the first
15 film  or "flash" of aluminum  or titanium  insulating layer and
overlying the first level               [err]200 A in thickness) between
the tungsten  of interconnections, and a second level of               and
the silicon surface. In the latter case, interconnections on the second
insulating  80               the aluminum reacts with the tungsten form-
layer ohmically attached to selected portions               ing tungsten
aluminum compounds so, for  of the first level of interconnections through
20 this reason, the thickness of the aluminum   one or more apertures in
the second insulat-               must be quite limited so that it does not
ing layer, the second level of interconnec-               penetrate the
tungsten layer and spoil its  tions including a layer consisting mainly of
85               gold barrier qualities. It is pointed out that tungsten
overlaid by a metal layer of higher               these techniques for
improving the silicon-  conductivity.           25 metal contact resistance
do not necessarily    3. A semiconductor device as claimed
change the basic metallurgical characteri-  in Claim 1 or Claim 2, in which
the said               stics of the system, but increases in film ad-
metal layer of higher conductivity is a gold  90               hesion can
frequently be obtained by pro-  layer.               viding a thin film or
"flash" of aluminum or    4. A semiconductor device as claimed in
30 titanium as a precoating. Since the metals,  Claim 1 or Claim 2,
including a gold con-               aluminum, titanium and tungsten are
easily  nector attached to the said metal layer of oxidized in air, the
system can be applied  higher conductivity.                        95
successfully from multi-source film deposi-   5. A semiconductor device as
claimed in               tion equipment, well known in the industry,  any
preceding claim, in which the or each 35 which allows the deposition of
each metal  level of interconnections other than the               layer
sequentially  without breaking  the  uppermost level is a film consisting
mainly               vacuum of the system. Breaking the vacuum   of
tungsten.                               100               between the
deposition of the different films    6. A semiconductor device as claimed
in               (particularly between the aluminum "flash"  any of Claims
1-4, in which the or each           40 and the first tungsten film) results
in low  level of interconnections other than the               adhesion
and/or higher resistance contacts.   uppermost level comprises a higher
conduc-                 The embodiments of the present invention  tivity
metal layer sandwiched between two 105               have application to
monolithic and hybrid  layers consisting mainly of tungsten.
integrated circuits.                          7. A  semiconductor device as
claimed           45   Various other modifications of the dis-  in Claim 6,
in which the said metal layer of               closed processes and
embodiments will be-  higher conductivity is a gold or a copper
come apparent to persons skilled in the  layer.
110               art without departing from the scope of the   8. A
semiconductor device as claimed in               invention as defined by
the appended claims. any preceding claim, in which the said cir-
cuit elements are formed in a silicon sub-           50   WHAT  WE CLAIM
IS:-                        strate.                  1. An integrated
circuit semiconductor    9. An integrated circuit semiconductor 115
device including a plurality of circuit ele-  device substantially as
described herein with               ments adjacent one surface of a
substrate  reference to Figures 1-8 or as described covered by a first
insulating layer, and a  with reference to Figures 1-8 modified in
55 plurality of levels of interconnections disposed  the manner described
with reference to and               on and separated by interposed
insulating  as illustrated by Figure 9 of the accom- 120
layers having apertures therein  through  panying drawings.
which adjacent layers of interconnections               make contact with
each other, in which the          ABEL & IMRAY,           60 lowermost
level of interconnections is dis-        Chartered Patent Agents,
posed on the said first insulating layer and      Northumberland House,
interconnects regions of desired ones of the      303-306, High Holborn,
semiconductor elements through apertures                 London, W.C. 1.
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1971.                           Published at The Patent Office, 25
Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.        
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The layer consisting mainly of tunsten  in the first insulating layer, and
in which     can include other constituents that may en-  the uppermost
level of interconnections in- 65     hance the characteristics of the
tungsten  cludes a layer consisting mainly of tungsten     without
adversely affecting the advantageous  overlaid by a layer of higher
conductivity  5 properties of tungsten according to the in-  metal.
vention as previously described. For ex-    2. An integrated circuit
semiconductor     ample, although the tungsten film forms a  device
including a plurality of circuit ele- 70     good ohmic contact with a
silicon surface, ments adjacent one surface of a substrate     especially
if the substrate portion beneath  covered by a first insulating layer, a
first level 10 the ohmic contact has been highly doped  of interconnections
on the first insulating     with impurity modifiers, the resistance of
layer ohmically attached to regions of de-     the silicon-tungsten contact
can be lowered  sired ones of the circuit elements through  75     further,
if desired, by forming a thin layer  apertures in the first insulating
layer, a     of platinum  silicide or using a very thin  second insulating
layer disposed on the first 15 film or "flash" of aluminum  or titanium
insulating layer and overlying the first level     [err]200 A in thickness)
between the tungsten  of interconnections, and a second level of     and
the silicon surface. In the latter case, interconnections on the second
insulating  80     the aluminum reacts with the tungsten form-  layer
ohmically attached to selected portions     ing tungsten aluminum compounds
so, for  of the first level of interconnections through 20 this reason, the
thickness of the aluminum   one or more apertures in the second insulat-
must be quite limited so that it does not ing layer, the second level of
interconnec-      penetrate the tungsten layer and spoil its  tions
including a layer consisting mainly of 85      gold barrier qualities. It
is pointed out that tungsten overlaid by a metal layer of higher      these
techniques for improving the silicon-  conductivity. 25 metal contact
resistance do not necessarily   3. A  semiconductor device as claimed
change the basic metallurgical characteri-  in Claim 1 or Claim 2, in which
the said      stics of the system, but increases in film ad-  metal layer
of higher conductivity is a gold  90      hesion can frequently be obtained
by pro-  layer.      viding a thin film or "flash" of aluminum or    4. A
semiconductor device as claimed in  30 titanium as a precoating. Since the
metals, Claim 1 or Claim 2, including a gold con-      aluminum, titanium
and tungsten are easily  nector attached to the said metal layer of
oxidized in air, the system can be applied  higher conductivity.
95      successfully from multi-source film deposi-   5. A semiconductor
device as claimed in      tion equipment, well known in the industry, any
preceding claim, in which the or each  35 which allows the deposition of
each metal  level of interconnections other than the      layer
sequentially  without breaking  the  uppermost level is a film consisting
mainly      vacuum of the system. Breaking the vacuum   of tungsten.
100      between the deposition of the different films    6. A
semiconductor device as claimed in      (particularly between the aluminum
"flash"  any of Claims 1-4, in which the or each  40 and the first tungsten
film) results in low  level of interconnections other than the
adhesion and/or higher resistance contacts.  uppermost level comprises a
higher conduc-        The embodiments of the present invention  tivity
metal layer sandwiched between two 105      have application to monolithic
and hybrid  layers consisting mainly of tungsten.      integrated circuits.
7. A  semiconductor device as claimed  45   Various other modifications of
the dis-  in Claim 6, in which the said metal layer of      closed
processes and embodiments will be-  higher conductivity is a gold or a
copper      come apparent to persons skilled in the  layer.
110      art without departing from the scope of the   8. A semiconductor
device as claimed in      invention as defined by the appended claims. any
preceding claim, in which the said cir-
cuit elements are formed in a silicon sub-  50   WHAT WE CLAIM IS:-
strate.         1. An integrated circuit semiconductor    9. An integrated
circuit semiconductor 115      device including a plurality of circuit ele-
device substantially as described herein with      ments adjacent one
surface of a substrate  reference to Figures 1-8 or as described
covered by a first insulating layer, and a  with reference to Figures 1-8
modified in  55 plurality of levels of interconnections disposed  the
manner described with reference to and      on and separated by interposed
insulating  as illustrated by Figure 9 of the accom- 120      layers having
apertures therein  through  panying drawings.      which adjacent layers of
interconnections      make contact with each other, in which the
ABEL & IMRAY,  60 lowermost level of interconnections is dis-
Chartered Patent Agents,      posed on the said first insulating layer and
Northumberland House,      interconnects regions of desired ones of the
303-306, High Holborn,      semiconductor elements through apertures
London, W.C.l.               Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1971.                 Published at The
Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


