United States Patent [

Dawson et al.

METHOD OF MANUFACTURING A
PASSIVATING COMPOSITE COMPRISING
A SILICON NITRIDE (SI13N4) LAYER AND A
PHOSPHOSILICATE GLASS (PSG) LAYER
FOR A SEMICONDUCTOR DEVICE LAYER

Robert H. Dawson, Princeton. N.J.;
George L. Schnable, Lansdale. Pa.

RCA Corporation, Princeton, N.J.
304,347
Sep. 22, 1981

[S4]

(751 Inventors:

Assignee:
Appl. No.:
Filed:

(73]
(21]
[22]

Related U.S. Patent Documents v;

Reissue of: 4 37!
[64] Patent No.:

Issued:

4,273,805
Jun. 16, 1981

Appl. No.: 917,106
Filed: Jun, 19, 1978

(51] It CL¥ oo esieerriaes HO1L 21/473
[52] U.S. QL. . 29/571; 29/578;
148/187: 148/188: 148/189; 427/88; 427/94

(58] Field of Search ........cccooo.... 29/571, 578: 148/187,
148/188, 189; 427/94, 88

[56] References Cited
U.S. PATENT DOCUMENTS
3,465,209 9/1969 Denning et al. ..cooirevennieennn. 317/234
3,615,941 1071971 Yamada et al. ....ccocvvvennneenn. 148/187
3.756,876 9/1973 Brownetal. ..ccorvevnrenenn 148/187 X
3,785.043 1/1974 Tokuvama et al. ............. [48/187 X
3.825.442 7/1974 MOOTE .oeeiiiicerricmeriicsenaaens 117/212
3.833.919 971974 NaAbEr ..oivicevrireriirereerisiisicanns 357/71
1.861.969 1/1975 Onoetal. cviireeiiveerninienn... 1487187
1,887.733 6/1975 Tolliver et al. ................. 148/187 X
31913,126 10/1975 Hooker et al. .o, 3157/52
3.925.572 1271975 Naber .ovvveeiiieerriearnniinvorcene. 427/87
3,961.414 6/1976 Humphreys .....cccovvivvevinine. 297577
1,972,756 B8/1976 Nagase et al. .....oennniies 148/187 X
4.063.274 12/1977 Dingwall ... 157/42 X
34,089,992 S/1978 Dooetal. cvveveiriicecirieennnne. 427/94
4,091,407 S/1978 Williams et al. .....ccovreeenee 427/94 X
4,097,880 6/1978 Kemnetal. .oivevrimernnneene 427/94 X
4,142,004 2/1979 Hauser et al. ....cocovvviccvnnines 29/57T6 R
4224089 9/1980 Nishimoto et al. .....ccoeneeee. 148/187
4.271.582 6/1981 Shiraietal. ..ovvviveerrenee... 1487187 X
4,271,805 6/1981 Dawson et al. .ciiiivereiicenncens 427/88
4,299,862 11/1981 Donley .rivicrniiivenccrccnnnne. 427/94 X
46 20 2I

Tl

ST E‘g

il“lllllm

(111 E
45] Reissued Date of Patent:

Re. 32,351
Feb. 17, 1987

Patent Number:

4,455,325 6/1984 Razouk ....coovivirieinienn, 148/1.5 X
4,499 653 2/1985 Kub eral. .. veree 297571

FOREIGN PATENT DOCUMENTS

1544238 10/1970
2747474 5/1978
2856147 7/1979
2203171 10/1974

138166 11/1976

104087 9/1977

149975 12/1977
1151499 5/1969
1422033 1/1976
2011711 771979

OTHER PUBLICATIONS

Philips Research Reports, “Local Oxidation of Silicon:
New Technological Aspects”, J. A. Appels et al., vol.
26, No. 3, Jun. 1971, pp. 157-163.

“Interaction Between Phosphosilicate Glass Films and
Water”, N. Nagasima et al., J Electrochem. Soc..
Solid-Stare Science and Technology, vol. 121, No. 3, Mar.
1974, pp. 434-4138.

“Chemical Vapor Deposition Systems For Glass Pas-
sivation Of Integrated Circuits”, W. Kern, Solid-State
Technology, Dec. 1975, pp. 25-33.

Tanigaki, J. Electrochemical Soc. (1978), “New Sel-
f-Aligned Contact Technology"; Solid State Science &
Tech., vol. 125, No. 3, pp. 471-472.

Primary Examiner—George T. Ozaki
Attorney, Agent, or Firm—Birgit E. Morrs; Donald S.
Cohen

(57) ABSTRACT

The semiconductor device includes a layer of stlicon
nitride (Si3N4) beneath a phosphosnhcate glass (PSG)
layer. A silicon nitride impervious layer prevents the
oxidation of underlying, exposed silicon regions dunng

a “flow" step and any “reflow” step. Accordingly, the
ﬂow of the PSG layer can be conducted in an atmo-
sphere containing steam, which means that the PSG
layer can contain less than about 7% phosphorus by
weight. The reduction of the phosphorus content of the
PSG layer provides increased reliability for the semi-
conductor device. The method of manufacturing such a
device is also disclosed.
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1

METHOD OF MANUFACTURING A
PASSIVATING COMPOSITE COMPRISING A
SILICON NITRIDE (S1;:3Ng) LAYER AND A
PHOSPHOSILICATE GLASS (PSG) LAYER FOR A
SEMICONDUCTOR DEVICE LAYER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

The present invention relates to a composite semicon-
ductor device including a [SiaN4] S/.Vs4 layer under-
lving a PSG laver and 10 the method of manufacturing
such a device.

The use of a PSG laver. which ts flowed over the
surface of a semiconductor substrate during the manu-
facture of semiconductor devices, both before and after
contact openings to the underiying doped semiconduc-
tor regions have been formed. has been known for sev-
eral years in the semiconductor industry. Such doped,
contoured. glass layers are commonly known as “re-
flow layers” or “‘reflow glasses” because of the pro-

cesses used in forming such lavers and after such layers °

have been formed. In general. the reflow glasses herzto-
fore used have been doped with from 7-10% phospho-
rus, by weight. Such glasses are generally deposited
onto the surface of the substrate by chemical vapor
deposition and flowed over the surface of the substrate
in a furnace heated to between about 1050° C. and 1075°
C. into which phosphorus oxychloride (POCl;) vapor s
injected. During the flow step, the giass flows and sags
into voids on the substrate to smooth the surface con-
tour and round abrupt surface topologies.

As a result of the exposure to the POCI;, the outer
layer of glass 1s generally verv nich in phosphorus con-
tent. Heretofore, the phosphorus rich outer layer has
generally been removed bv an etching step or by plac-
ing the substrate in boiling water.

Following the flow step, a photoresist layer 1s gener-
ally applied over the surface of the glass. The photore-
sist layer is then defined, and the glass 1s etched to form
the contact openings resulting in steep walls having
sharp edges at their top surface. In order to eliminate
the sharp edges, a second flow step or “reflow step” is
performed to smooth the sharp edges and round the
steep walls in order that any metal which is deposited
on the surface of the substrate will overlie smooth con-
tours rather than sharp edges. The reflow step is usuaily
performed 1n a non-oxidizing atmosphere, such as nitro-
gen, at temperatures between about 1030° C. and 1100°
C. for a time between about | and 10 minutes. Higher
temperatures and/or longer times are required to ade-
gquately flow PSG lavers having a lower phosphorus
content.

It is suspected that certain types of aluminum corro-
sion, which result in long term reliability problems in
integrated circuit devices having aluminum metalliza-
tion, are caused by phosphoric acid formed by dissolved
phosphorus oxide in condensed water vapor. Accord-
ingly, it 1s desirable to reduce the phosphorus doping
concentration in the PSG films to below 7%. Hereto-
fore, however, any reduction in the phosphorus doping
concentration to below 7% did not provide adequate
topological contouring because the PSG layer or "*film”
would not adequately flow.

E

30

35

43

3G

53

65

2

[t has been known. though, that PSC films become
more fluid in the presence of water vapor. However, 1t
nas not heretofore been possible 1o use steam to aid in
reflowing the PSG because the contact surfaces are
axposed during the reflow step. and steam would cause
axiensive reoxidation of the silicon substrate exposed
through the contact openings. In addition., any water
vapor which permeated the doped glass or which
reaches the silicon dioxide-silicon interface 1n the regton
of a MOS channel or fleld region could generate inter-
face states which would be difficult to anneal out of the
device. Accordingly, a method of making use of PSG
fiims in which the percent of phosphorus, by weight. 1s
less than 7%, has been desired.

The present invention relates to a method of provid-
ing PSG films having less than 7% phosphorus, by
weight. Alternatively, the method can be emploved n
flowing PSG layers having more than 7% phosphorus.
but with the flow betng accompiished at lower tempera-
tures. In accordance with the present invention, a sili-
con nitride layer is deposited over the surface of the
semiconductor substrate prior to the deposition of the
PSG film. The silicon nitride layer presents an impervi-
ous barrier to steam and prevents the oxidation of un-
derlving semiconductor areas. Accordingly, a PSG film
having a phosphorus content of less than 7%, by
weight, can be applied over the surface of the silicon
nitride laver and can be flowed with the aid of steam
without allowing water vapor to penetrate to the sili-
con-silicon dioxide interface. Thus, the formation of
adverse surface states and oxidation of the exposed
silicon 1§ prevented.

In addition to the advantages enumerated above,
experimental results have shown that an additional syn-
ergistic advantage of providing a silicon nitride film
beneath the PSG film relates to the fact that PSG films
tend to have defects which lead to shorts between the
aluminum metallization over them and the underlying
substrate. The silicon nitride film underlying the PSG
film prevents such shorts from occurring.

Another synergistic advantage which has been 0b-
served is that steam leaches the outer surface of the
PSG film reducing the phosphous content thereby fur-
ther reducing the possibility of a corrosion problem.

In the drawing:

FIG. 1 is a plan view of a portion of an Integrated
circuit device illustrating the construction of two N-
channel and two P-channel insulated gate field effect
transistors therein;

FIG. 2 i1s a cross-section taken along the line 22 of
FIG. 1;

FI1G. 3 is a cross-section taken along the line 3—3 of
FI1G. 1;

FIG. 4 1s a cross-section taken along the line 4—4 of
FIG. 1;

FIG. 5 is a cross-section taken along the line 5—35 of
FIG. 1,

FIG. 6 is a cross-section taken along the line 6—6 of
FIG. 1; and [p]

FIGS. 7-12 are a series of cross-sections 1llustratng
the method of manufacturing the integrated circuit
shown n FIG. 1.

In accordance with the present invention, semicon-
ductor integrated circuits, particularly metal-oxide-
semiconductor (MOS), complementary MOS (CMQOS)
and CMOS integrated circutts manufactured in the
so-called silicon-on-sapphire (SOS) technology can be
buiit. In addition, closed CMOS logic (C-L) of the type
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3
described in U.S. Pat. No. 4.063.273 issued on Dec. 13,
1877 to A. G. F. Dingwall and assigned to RCA Corpo-
ration. which patent is hereby incorporated by refer-
ence. can also be advantageously built. The advantages
inherent in the present invention can therefore be em-
nioved successfully in the manufacture of MOS inte-
grated circuits having either aluminum or other metal
gates or having doped polycrystalline silicon gates of
the tvpe used in C-L integrated circutts. In view of the
fact that the present invention is intended to increase
the manufacturing vield and reliability of C-L inte-
grated circuits and has been found to be highly benefi-
cial in the manufacture of such integrated circuits,
which emplov doped polycrystalline silicon gates. the
preferred embodiment of the present invention will be
described with particular reference to the manufacture
of a C-L integrated circuit 10 shown in FIG. 1. How-
ever. those skilled in the art will recognize that the
present invention can be successfully employed with

minor changes. which will be pointed out hereafter. 1n :

the manufacturing of integrated circuits other than C-L.
such as standard CMOS or bipolar linear integrated
CIircuits.

The integrated circuit 10 comprises a body 12 of
semiconductor material, such as silicon, which is -
tially of one conductivity type (N type in this example)
and which has a surface 14 as shown in FIGS 2-6. In
this example, the body 12 is bulk silicon, but other forms
of semiconductor material may also be used. For exam-
ple, the body 12 may be an epitaxial silicon layer on an
insulating substrate as would be used in a silicon-on-sap-
phire {(SOS) construction.

Means including the body 12. that is source 44,40,
drains 42. 45, 38, 39 and channei regions 47, 49, 41, 43
in the body 12 and gate electrode means 24, 25, 26, 27 on
the surface 14 define two P-channel insulated gate field
offect transistors (IGFETs) 16, 17 and two N-channel
IGFETs 18, 19 together with means 20, 21 for isolating
the P-channe!l IGFETSs 16. 17 from the N-channel 1G-
FETs 18. 19. These various means comprise a first
frame-like structure 22. hereinafter called a field shield.
and other frame-like structures 24, 25, 26, 27 each here-
nafter called an active gate. Each of these frame-like
structures includes a laver 28 (as shown in FIGS. 2-6)
of insulating material and a layer 30 of conductive mate-
ral on the laver 28 of insulating material. Although the
layers 28 and 30 tn any one gate structure are separate
from the corresponding lavers in each of the other
frame-like structures. the particular reference numeral
is applied to each of the respective insulating and con-
ductive layers 28, 30 for convenience. The field shield
22 and each of the gate structures 24, 25, 26, 27 has a
closed geometryv. However. only IGFETs 16 and 18
have channel regions which surround their drains 42,
38, respectively. The field shield 22 surrounds a first
portion 32 of the surface 14 and is surrounded by a
guardband 33 and by a second portion 21 of the surface
14. The active gates 26, 27 are disposed on the first
portion 32 of the surface 14.

A well region 36 of conductivity type opposite that of 60

the body 12, P-type in this example, is formed in the
body 12 adjacent to the first portion 32 of the surface 14.
Regions 38, 39 of N+ type conductivity are within the
P-well region 36 adjacent to portions of the surface 14
which are surrounded by the active gates 26, 27 respec-
tively. Another region 40 of N+ type conductivity 1s
within the P-well region 36 adjacent to a portion of the
surface 14 which surrounds the active gate 26 and a
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portion of the active gate 27. The regions 38 and 40
define the ends of a channel zone 41 of the IGFET 18 as
shown in FIG. 4. and the regions 39 and 40 define the
ends of a channel zone 43 for the IGFET 19 as shown
in FIG. 3.

Regions 42. 45 of P~ type conductivity are in the
bodv 12 adjacent to portions of the surface 14 which are
surrounded by the active gates 24. 25 and another re-
gion &4 of P+ type conductivity is in the body 12 adja-
cent to a portion of the surface 14 which surrounds the
active gates 24, 25. The regions 42 and 44 define the
ends of a channel zone 47 for the IGFET 16 as shown
in FIG. 4, and the regions 45 and 44 define the ends of
a channel zone 49 for the IGFET 17 as shown in FIG.
3. Each of the gate structures 24. 25, 26 and 27 and the
field shield 22 has an inner peripheral boundary and an
outer peripheral boundary. For convenience the outer
peripheral boundarnies of the frame-like structures are
each designated by the reference numeral 46 and the
inner peripheral boundaries of the frame-like structures
are each designated by the reference numeral 48. Each
of the regions 32, 21, 38, 39, 42 and 45 has a surface In
intercept boundary substantially contiguous to one or
the other of an inner peripheral boundary 48 or an outer
peripheral boundary 46.

Means including a first portion [42] 32 of the sur-
face 14 are provided for establishing ohmic contact to
the well region 36. In the preferred embodiment of the
invention, the means includes a well contact region 30
of P+ conductivity having a doping concentration
higher than the doping concentration of the well region
36. The region 50 inciudes part of the first portion 32 of
the surface 14 which lies between the field shieid 22 and
the active gates 26, 27. In this example, the region 30
surrounds the region 40 which in turn surrounds the
active gate 26 but does not fully surround the active
gate 27. An insulating coating 52 overlies substantially
all of the surface of the device 10 and contains apertures
54 therethrough for permitting contact to be made to
the various regions and conductive layers. The coating
52, which is the subject of the present invention com-
prises a three layer structure in the preferred embodi-
ment of the invention. However, as will be more fully
explained hereinafter, only two layers are necessary. In
the preferred embodiment of the invention. the coaung
$2 comprises an insulating layer 53, preferably of un-
doped silicon dioxide which overlies the surface 14 and
the frame-like structures 22, 24, 25, 26 and 27. Overly-
ing the undoped silicon dioxide layer 53 is an impervi-
ous layer 55 which cannot be penetrated by steam Or
oxygen. In the preferred embodiment of the invention
the impervious laver 55 is comprised of silicon nitnde.
Overlying the silicon nitride layer 53 is a protective
overcoat layer of material which provides smooth con-
tours for the metallization pattern which will be used to
interconnect the various IGFETs on the integrated
circuit 10. In the preferred embodiment of the inven-
tion, the protective overcoat layver is comprised of a
PSG layer S§7 having a phosphorus concentration of
between 5% and 7% by weight as will be more fully
explained heretnafter.

A source-substrate conductor 56 has a portion which
extends through an opening 54 in contact with the P+
type region 50 as shown in FIGS. 1 and 2. Drain con-
ductors 58, 59 have portions thereof extending through
openings 54 into contact with the regions 38, 39 shown
in FIGS. 4 and 3 respectively. A gate conductor 60

extends through an opening 54 into contact with the
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conductive laver 30 of the active gate 16 as shown In
FIGS. 1 and 5. and a gate conductor 61 extends throughn
an opening 54 and contacts the conductive laver 30 of
the active gate 27. Similarly. drain conductors 62. 63
contact the regions 42, 45 of the IGFETs 16, 17 respec-
uvely as shown in FIGS. 1. 3 and 4 and gate conductors
64. 65 contact the conductive lavers 30 of the acuve
gates 24. 25, respectively, as shown in FIGS. 1 and 3.
Finallv. a source conductor 66 makes contact with the
region 44.

The field shield 22 and the guardband 33 provide
means for isolating the P-channel IGFETs 16, 17 from
the N-channel IGFETs 18, 19. In the operauon of the
device 10, the guardband 33. the field shield 22. and the
P~ source plane ¥4 are all connected together and to
the power supply V ppby a power connector 68 shown
in FIGS. 1 and 6. which electrically contacts the con-
ductive laver 30 of the field shield 22, the N+ guard-
band 33 and the P — source plane 44 through openings
54 in the insulating coating 52. While the guardband 33
alone could provide isolation between the P-channel
IGFET 16. 17 and the N-channel IGFETs 18, 19 the
field shield 22 insures that if there is any break in the
guardband 33 created during manufacture, the field
shield 22 will act as the gate of a P-channel IGFET
whose drain is the P+~ region 50 and whose source is
the P <~ source plane 44 which is permanently biased off
by the presence of the Vpp potential thereon through
conductor 68.

The several conductors shown in FIGS. 1-6 do not
interconnect IGFETs 16, 17, 18 and 19 together to
perform any circuit function inasmuch as the circuit
described therein is generally applicable to many differ-
ent circuit configurations and is merely presented as the
type of integrated circuit on which the present inven-
tion has been found to be highlv beneficial.

FIGS. 7-12 illustrate the preferred embodiment of
the method of manufacturing the present invention,
particularly the application of the method to a bulk
semiconductor body in the formation of C-L integrated
circuits. For convenience. each cross-section of FIGS.
7-12 shows oniv the configuration in the plane of the
Cross-section.

In this example. the process begins with a semicon-
ductor body 12 of (100) silicon of N-type conductivity
which has a surface 14. The first step in the present
process is to grow a thermal oxide layer 69 on the sur-
face 14. Preferablyv, the laver 69 is formed by heating
the body 12 to a temperature to about 1100° C. 1n an
atmosphere of steam for a time sufficient to grow the
oxide layer 69 to a thickness of approximately 6000 A.

Referring to FIG. 7. a layer of photoresist material 71
is applied over the oxide laver 69. The photoresist layer
71 is defined using a first photomask, and then the pho-
toresist is developed to expose portions of the oxide
laver 69. Next, the exposed portions of the oxide layer
69 are etched away to expose portions of surface 14.
The body 12 is then placed in an ion implantation appa-
ratus and an acceptor type impurity such as boron is
implanted into the body 12. In the preferred embodi-
ment of the invention, boron is implanted to a surface
concentration of about 1.3 10!} atoms/cm<, then the
photoresist laver 71 is removed. Thereafter, the im-
planted boron is diffused into the body 12 in a furnace
heated to about 1200° C. for about 16 hours in order to
form the P-well region 36 which has a final acceptor
concentration of about 2 X 10!® atoms boron/cm>.
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Next. the balance of the oxide laver 69 1s stripped to
expose the surface 14. A gate oxide laver 28 1s then

grown on the surface 14. Preferably. the gate oxide
laver 28 is formed bv heating the body 12 to a tempera-
ture of about 370° C. in an atmosphere of steam and a
small quantity of HCI gas for a ume sufficient to grow
the oxide laver 28 to a thickness of approximately 1000
AL

Following the growth of the oxide layer 28, the body
12 is placed in a deposition reactor and a layer 30 of
[ conductive] material, preferably poivcrystalline sili-
con. is deposited thereon. Any known deposition reac-
tion may be emploved. such as the thermal decomposi-
tion of silane {SiH4s). The process is carried out for a
time sufficient to form the layer 30 to a thickness of
about 3500 A. Using conventional photolithographic
techniques involving a second photomask, the layer 30
is next defined into the pattern of the field shieid struc-
ture 22 and the active gate structures 24, 25, 26 and 27.
which remain after etching. The etch of the undesired
polycrystalline material may take place in a plasma
reactor containing a small amount of carbon tetrafluo-
ride gas and nitrogen. Following the etch the remaining
photoresist material is stripped, as shown n FIG. 8.

A new laver of photoresist 1s then applied on the
surface of the wafer and a third photomask 1s used to
define areas where N - regions will be formed. The
photoresist is defined. exposed. and developed and the
exposed portions of the gate oxide layer 28 are removed
by etching to expose the surface 14 of the body 12
Then, the balance of the photoresist 1s removed. expos-
ing the remaining polycrystalline silicon gates. The
body 12 is then placed in a diffusion furnace contaming
phosphorus oxychloride dopant for about 5-8 minutes
at 1050° C. in order to form the N+ regions 33. 38 and
40, as shown in FIG. 9 and to dope the polycrystalline
silicon materiai 30 to N <+ conductivity, making it con-
ductive.

[ The] Referring to FIG. 10, the portions of the oxide
laver 28 which are not covered by polycrystalline sili-
con 30 are then removed [be] by etching using the
polycrystalline silicon areas 30 as an etch mask. Next,
the body 12 is placed in a furnace to grow a thermal
oxide on the exposed surface. Oxides over N+ doped
silicon grow faster than oxides over lightly doped sili-
con. Accordingly, in the time taken to grow a thermal
oxide having a thickness of about 900 A over the lightly
doped areas, an oxide having a thickness of about 2500
A is grown over the N+ doped areas.

Referring to FIG. [19] /0, the oxide is then etched
to remove the thinner portions and to leave a residual
oxide 70 over the N + doped areas and the polycrystal-
line silicon regions 30 as shown. The body 12 is then
placed in a diffusion furnace heated to about 1000” C.
and subjected to a boron nitride diffusion for approxi-
mately 20 minutes to form P+ regions 42, 44 and 30.
The P+ diffusion is of a lower concentration than was
the N+ diffusion and consequentlv the N+ doped
polvcrystalline silicon regions 30 remain N+ dopea.

Following the P+ diffusion, the remalmng portions
of the residual oxide 70, over the N < regions and on the
pelycryﬂtallme silicon layers 30, are removed by etch-
ing. The body 12 is then placed in a furnace heated to
about 870° C. in the presence of steam and HCI for
about 15 minutes to reoxidize the polvcrystalline siicon

gates.
Next, the insulating coating 52, which includes the

present invention, is formed. In forming the insulating
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coating 52. first an undoped silicon dioxide layer 53 1s
applied over the surface 14. In the preferred embodi-
ment of the invenuon. the undoped silicon dioxide laver
1s deposited by a chemical vapor deposition (CVD)to a
thickness of about 1500 A. Next. the CVD film is densi-
fled bv heating 1t tn a nitrogen (N2} atmosphere at about
|000° C. for about 10 minutes. Using a layer of photore-
sist and a fourth photomask the contact openings 34 are
defined and opened through the undoped silicon diox-
ide laver 33. '

Next, a laver of silicon nitrnide (Si13:Ny) 55 15 deposited
by the reaction of silane and ammonia at about 800° C.
to a thickness of about 900 A. The silicon nitride laver
53 is necessary to present an impervious barrier to pre-
vent oxidation of the surface 14 which was exposed
during the preceding etch step.

Following the deposition of the silicon nitride layer
55, a PSG laver 57 having a phosphorus ¢oncentration
between about 5 and "% by weight is next deposited on
the surface of the silicon nitride layer 55 at a tempera-
ture of about 400° C. The PSG layer is preferably de-
posited by the reaction between silane and phosphine.
Following the deposition of the PSG layer 57, contact
openings 34 are formed therein coincident with the
contact openings 54 previously formed in the undoped
silicon dioxide layer 33. The contact openings 54 in the
PSG layer 57 are preferably etched using buiffered hy-
drofluoric acid. which etch will essentially stop when
the silicon nitride iaver 55 is reached. Following the
etch of the PSG laver §7, the structure wiil be shown 1n
FIG. 11 and will include sharp edges where the contact
openings 54 have been formed through the PSG laver
57 and will have a topology where polycrystalline sili-
con lines are crossed which 1s very difficult to coat with
metal. In order to remove the sharp edges from the
PSG laver 57 and to improve the topology over the
polycrystalline silicon lines. the PSG layer 57 is heated
1o about 1050° C. for about 15 minutes in an atmosphere
containing steam. During this critical step in the pro-
cessing the PSG flows™ resulting in smoothly con-
toured edges to which metal may be applied. It is oniy
possible to use less than 7% phosphorus in the PSG
laver 57 and still achieve adeqguate “flow” for relatively
short time exposures at 1050° C. because of the presence
of the steam in the atmosphere. It is only possible to use
steam 1in that atmosphere because of the presence of the
impervious Si3Nj laver 55 which prevents the thermal
oxidation of contact areas {ving beneath the openings 54
in the PSG layer 57. Thus. the present invention pro-
vides a process by which a steam atmosphere may be
used to flow a PSG laver which contains an adequate
amount of phophorus for flow and getter purposes but
which does not contain so much phosphorus that long
term reliability problems. such as “black metal™ prob-
lems will be created. An additional advantage of the
steam flow of the PSG laver 57 1s that impurities on the
upper surface of the laver 57 are leached out of the layer
57 during the steam aided flow.

Following the steam aided flow step, the furnace is
flushed with nitrogen [to] for about 5 minutes after
which the body 12 1s pulled into a so-called “white
elephant”, a tube at the end of the furnace, in which the
body 12 1s cooled 1n a nitrogen atmosphere.

Following the removal of the body 12 from the fur-
nace, the portions of the silicon nitride layer 35 lying
between the openings 54 in the undoped silicon dioxide
laver 53 and the PSG laver 57 are removed by placing
the body 12 into an etch solution comprising a mixture
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of phosphoric actd (Hi:PQO4) into which there 1s mixed
10 or less sulfuric acid (H-S0y), which mixture 1s
heated 1o about 180° C. for a ume sufficient 1o extend
the contact openings 54 through to the surface 14,

Next. an anneal 1s performed 1n forming gas, a mix-
ture of hvdrogen and nitrogen. at about 740° C. for 16
hours. Following the forming gas anneal, the bodv 12
mayv be dipped into a buffered hvdrofluoric acid to
remove anv oxide which may have formed on the sur-
tface 14.

Next, a laver of metal [59] 75 such as aluminum, is
evaporated over the surface of the insulating coaung 52
to obtain the structure shown in FIG. 12. Using a photo-
lithographic process. the metal layer 59 is defined to
form interconnects which connect the various IGFETs
on the integrated circuit 10. Then. a meta] [protect]

protective passivating oxide having a thickness of about

10,000 A 1s formed over the surface of the entire body
12. and bond pad openings are formed in the passivating
oxide by a photolithographic process. The formation of
the passivating oxide and of the bond pad openings are
well known in the art and are not shown in the figures.

While the preferred embodiment of the invention has
been described with reference to C-L processing, it
should be recognized that alterations to the preferred
embodiment may be accomplished without departing
from the spirit or scope of the invention. In partucular,
if additional contouring of the PSG layer 57 is desired in
order to provide a smoother contour through the
contact openings 34 in the silicon nitride layer 35. the
only alteration required in the process specified would
be that the contact openings 54 through the undoped
silicon dioxide layer 53 would not be formed until after
the contact openings 34 were extended through the
silicon nitride laver 55. At that point, a2 reflow, i.e. a
second flow of the PSG [would] coul/d be performed
without exposing any P+ areas to the phcesphorus from
the PSG layer 57, because the undoped sihcon dioxide
layer 53 would act as a shield for the P+ regions. Foi-
lowing the reflow, the contact openings 54 couid be
extended through the undoped silicon dioxide laver 33
without additional photolithographic steps by placing
the body into a buffered hvdrofluoric acid solution and
using the silicon nitride laver [S37] 55 as an etch mask.

In view of the fact that the preferred embodiment of
the present invention does not require the “reflow”™
step, the undoped stlicon dioxide laver 33 ts not abso-
lutely required. However, by providing the layer 53,
various advantages are gained. For example, the layer
53 may be predefined in the manner discussed above to
give greater control over the location of the contact
openings 54 than would be provided by etching through
the thick PSG laver 57. In addition, the presence of the
layer 83 provides a diffusion barrier if a “reflow” of the
PSG laver i1s desired following the openings of the
contact holes 54 through the silicon nitride layer 35. In
the event that such a “reflow” step i1s desired, the
predefinition of the contact openings 54 through the
undoped layer 53 prior to the deposition of the silicon
nitride layer 55 would not be accompiished.

It is also possible to accomplish a reflow step without
the use of the undoped silicon dioxide layer 33, by fol-
lowing the steps enumerated above and heating the
body 12 to a temperature sufficient to grow oxide on
any exposed portions of the surface 14 but not sufficient
to cause a reflow of the PSG layer §7. Again, that couid
be accomplished without the use of the undoped silicon
dioxide layer 33.
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While the reflow step is not utihized in the preferred
embodiment of the inventon. there mav well be other
nrocesses which would be employed in the manufactur-
ing of NMOS. PMOS or bipolar integrated circuits (n
which the reflow. which the present invention 1 capa-
ble of providing would be desirabie. It should be recog-
nized bv those skilled in the art that the shield which the
silicon dioxide laver 53 is capable of providing or which
could alternatively be provided by the thermal oxida-
tion portions of the surface 14 exposed through open-
ings formed in the silicon nitride layer 33 in the manner
specified above, i.e. at a temperature nadequate to
cause the PSG to reflow. is only required to protect
exposed regions having a P type conductivity from
being counterdoped by phosphorus from the PSG layer
57. Thus. if the present invention is being used exclu-
sivelv for the purpose of making NMOS devices there
would be no exposed P type regions so that the possibil-
ity of counterdoping would not exist.

In addition to the embodiments described above. and
the reasons discussed heretofore for utilizing the present
invention. those skilled in the art will recognize that the
present invention may be used to solve other problems
in the manufacture of semiconductor devices. For ex-
ample. the invention may be used t0 contour otherwise
abrupt topologies of the type which may occur in bipo-
lar integrated [creuits} circuits employing dielectric
isolation. In such structures. a trench is formed in the
dielectric isolation during the processing step in which
the oxide overiving the finished device is stripped.
While certain metals. such as goid or silver, may be
electroplated consistently over such trenches, applica-
tions exist where it 1s beneficial to evaporate aluminum
over such structures. The present invention can be used
to provide contoured surfaces to which evaporated
aluminum provides a more consistent covering than was
heretofore possible.

The invention may also be used to contour the step
which occurs in aluminum gate MOS processing. A step
is formed between the thick field oxide in the field re-
gions and the active device areas which are subsian-
tiallv thinner.

The invention should also be beneficial in the manu-
facture of high frequency transistors of the type which
employ narrow metallization lines leading to small bond
pads which are disposed from the surface to the semi-
conductor material by a thick oxide. Heretofore, a prob-
lem with such structures has invoived running metaili-
zation from the high bond pads down to the narrow
metallization lines along the steep walls of the oxide on
which the bond pads are located. By using the present
invention, a contoured region can be provided over
which the metallization can be applied and deilineated.

While the present invention has been discussed with
regard to the advantages which it provides in allowing
a PSG laver with reduced phosphorus content to be
flowed, it would be obvious to those skilled in the art
that while the presence of steam acts to reduce the
phosphorus content required to flow a P3G layer at a
given temperature, it also acts to lower the temperature
at which PSG with a given phosphorus content will
flow. Accordingly, the present invention is also useful
in the manufacture of radiation hardened integrated
circuits in which the temperature at which the inte-
grated circuits are manufactured is kept as low as possi-
ble. Accordingly, radiation hardened integrated circuits
can have a flowed PSG layer which is flowed at a tem-
perature less than 1000° C. by providing the PSG layer
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with a sufficient amount of phosphorus to enable It to
flow at a lower temperature in the presence of sieam.
For example. a PSG laver contamming 10% phosphorus
hv weight can be flowed at about 950° C. Whiie the
10¢: phosphorus content is higher than the content
heretofore discussed. the invention provides a flowed
PSG laver at the low temperature required for the pro-
cessing of radiaton hardened integrated circuits. Also.
PSG lavers can be provided on bipolar integrated cir-
cuits where they can be flowed at relanvely low tem-
peratures 10 avoid undesired lateral diffusions.

The invention is also beneficial in the manufacture of
other integrated circuits which require smooth con-
tours. An example of such integrated circuits would be
those which utilize both polycrystalline gates and/or
interconnects over which goid metailization 15 electro-
plated. Without the contoured surfaces provided by the
invention, gold has a tendency to adhere to the steep
walls of the dielectric which covers the polvcrystalline
[silicone] sificon in places where no metailization 1s
desired. In addition, the presence of the impervious
silicon nitride laver allows metallization technmiques
which have a relatively high degree of contaminatnon,
either in the metal or the technique of deposition, to be

used in the manufacture of integrated circuits. Examples -

are “hot metal” deposition, i.e. the evaporation ot alu-
minum in which the substrate is heated or “soiution
plating” processes.

What 1s claimed is:

1. An improved method of passivating an integrated
circuit device of the type comprising a substrate of
semniconductor material having semiconductor devices
formed therein, said semiconductor devices being cov-
ered by a first layer of insulating material, the improve-
ment comprising the steps of:

(a) forming contact openings through said first layer

of insulating matenal;

(b) covering said first layer of insulating matenal
[which] wirth an impervious layer of silicon ni-
tride; then

(¢) covering said impervious layer with a phosphosili-
cate glass layer rhar contains less than avout 7%
phosphorus by weight: then

(d) forming contact openings through said phospho-
silicate glass layer which align with said contact
openings formed through said first layer of insulat-
ing matenal: then

(e) heating said phosphosilicate glass layer in the
presence of steam at a temperature sufficient to
cause the edges of said contact openings formed in
said phosphosilicate glass layer to become
rounded. said temperature not being sufficient to
affect said impervious layer; then

(f) extending said contact openings through those
portions of said impervious layer which are ex-
posed through the contact openings formed in the
phosphosilicate glass layer; and

(g) applying a metal over the surface of said phospho-
silicate glass layer. whereby said metal will extend
through said contact openings to make electrcal
contact to underlying portions of the semiconduc-
tor material which are exposed through said
contact openings.

2. The method of claim 1 further compnsing the step
of covering said body with a layer of material different
from the material comprising said impervious layer
prior to covering said body with said impervious layer,
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said impervious layer capable of being preferentially
etched relative to said different matenal.

3. The method of claim 2 further comprising the step
of heating said phosphosilicate glass layer in the pres-
ance of steam at a temperature sufficient to cause said
phosphosilicate glass laver to flow over the edges of
said contact openings which have been formed through
said impervious laver after [which such] said step of
extending said contact openings through said impervi-
ous laver.

[4. The method of claim 1 in which said phosphosih-
cate glass layer contains more than about 7% phospho-
rus bv weight and said step of heating i1s conducted at
less than about 1000° C.]

5. The method of claim 1 wherein [said phosphosili-
cate glass laver contains less than about 7% phosphorus
by weight and] said step of heating takes piace at a
temperature greater than about 950° C.

6. The method of claim 1 further comprising the steps
of:

(a) heating said body in an oxidizing atmosphere after

said step of extending said contact openings, said
body being heated to a temperature sufficient to
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grow an oxide over the portions of said substrate
exposed through said contact openings but insutfi-
cient to cause said phosphosilicate to flow. said
oxide being grown for a time insufficient to cause 1t
to exceed the thickness of the impervious laver:
then

(b) heating said body to a higher temperature in an

atmosphere containing [stem] steam in order to
cause said phosphosilicate glass layer to flow over
the [edge] edges of said contact openings in said
impervious laver; then

(c) removing the portions of semiconductor oxide

grown in step (a).

7. The method of claim 1 wherein said impervious
layer is a silicon nitride layer and said step of covering
said body with an impervious layer comprises the step
of a chemical vapor deposition of silicon nitrnide at a
temperature of about 800" C.

8. The method of claim 1 wherein said step of heating
said phosphosilicate glass layer 1s conducted at a tem-
perature of about 1050° C.

.
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