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(1) HELD OF THE INVENI";)&]he i nventjon relates to the flor mat RePLREED
t apered contact or Via hol'es wiHhout” %harp edges which an '

le—neressaty—ta-——
prOV|d|ngcgeGéoaﬁtal stepcoverage i n high denS|ty |ntegrated circuits. The
tapered holes are fprned/ : . :

v o
' A_ﬁETdED OF BEVELED CONTACT OPENING FORMATION
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BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION

‘The inVehtipn relates to the formation of
tapered contact of via holes without sharp edges which are
necessary in providing good metal stepcoverage in high
density integrated circuits. The tapered holes are formed
using conventionél sputter technology. A coﬁtact reflow

process step is not required.

(2) DESCRIPTION OF RELATED ART

High dens1ty 1ntegrated clrcult technology
requires the use of interlevel dlelectrlc layers between
layers of conductlng electrode patterns. These 1ay¢rs of
interlevel dielectric have contact holes formed in the
interlevel dielectric. layers to provide electrical
communication to the integrated circuit devices and via holes
formed in the'interlevel dielectric to prdvide electrical
communication between layers of conducting electrodes.
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using CbﬁventionaI sputter technol ogy. A contact ref|OM/DE e &R
required.” (2) DESCRIPTICN'gE RELATED ART Hi gh density i gﬁﬁi LRbE“UI_
t echnol ogy requires the use of interlevel dielectric la Ay er

3! FNO-

o )

of conduct icgp®+@D6é r ode patterns. These | ayers of interlevel d[e]ectri&
have contact holes fornmed in the

These contact or via holee require good metal stepcoverage to
insure reliable electrical contacts with low contact
resistance. For the small diameter contact or via holes
required for high density circuits good metal stepcoverage
requires a contact or via hole opening with a taper and

without sharp edges.

" The importance of tapered contact and via
.holes has been recognized for some time and many have worked
- on methods of achieving them. Previous methods of forming
tapered contact or via holes have required the use of a high
temperature contact reflew step to smooth the sharp corners
at the edges of the contact or via hole opening. The current
invention forms tapered contact or Via hole openings without
the need fof the high temperature reflow step, which can
frequently be a problem in integrated circuit processing. In
the current invention an argon sputtef etch is used to
'_provide a smooth taper at the edge of the contact or via hole

opening.

U. S. Pat. No. 5,203,957 to Yoo et al also
uses argon sputter etching in the formation of contact or via
hole openings. However, in the current invention the argon
sputter etch is simultaneously used to .planarize the
interlevel dielectric layer as well.as smooth the edges of

the conteet or via hole opening.

" This Sheet Has Been Reﬂlaced '




interlevel dlelectrlc | ayers to provide el ectrical connu*'qﬁﬁ
|ntegratéd circuit devices and via holes formed in the ir e
dielectric to provide el ectrical conmmunication between |
el ectrodes. C893-016
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: | SUMMARY OF THE INVENTION .

It is the object of this invention to provide
a method for forming beveled contact and via hole openings in
1nter1evel dielectric layers using isotropic etching,
anisotropie etching, and argon sputter etching without the

need for high temperature contact reflow.

This objective is achieved by a vertically
anisotropically etching the interlevel dielectric layer after
the contact or via hole is opened in the photoresist mask.
The cavity formed by the vertical anisotropic etch is widened
by using an'isotropic etch. A second vertical isotropic etch

- extends the cavity vertically, however interlevel dielectric
material remains at the bettom.of.the cavity. The |
photoresist mask is then removed and the structure is
subjected to a timed argon sputter etch in vacuum. The argon
sputter etch removes sufficient interlevel dielectric
material so that the metal contact area beneath the
interlevel dielectric is exposed. The argon sputter etch
also smooths the sharp edges at the top of the contact or via
hole opening and at the transition region between the
isotropically etched areas and anisotropically etched areas.
This smoothing effect eliminates the need for contact hole
reflow which is a high temperature process and often can not

be tolerated at this stage of the integrated circuit
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-2- ‘These contact or via holes require good netal stepco
reli’dbl e* el ectrical contacts with | ow contact resistance W=,QHEET§1M BEEN
di ameter contact or via holes required for high density (i

st epcover ®ES3-<AABres a contact or via hole opening with a. tapéfwaﬁqr
wi t hout sharp edges. :

processing. The argon sputter etch also planarizes_the_
interlevel dielectric layer which is an important advantage

for structures having a number of levels.

: The objective is also achieved by

isotropically etching the interlevel dielectric layer after
' the contact or via hole is opened in the photoresist mask.
The cavity formed by the_iéot;opic etch is then vertically
extended by-vertigglly_is¢tfopically etching the interlevel_
dielectric_materiai; The photoresist mask is then stripped
and the structure is subjected to a timed argon sputter etch
as described in the previous paragraph. Again key features
of the current inﬁention are the elimination of the need for
the contact reflow step and the planarization of the

interlevel dielectric 1éyer.
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The ‘i mportance of tapered contact and via hol es has bee
sone’tineé and nmany have worked on net hods of achieving t_hgﬁfsmags BEEN
nmet hods of form ng tapered contact or via holes have re r edRERBAGED of a
hi gh tenpe®8@3mr@leontact refl ow step to snooth the sharp corners at—tFe=
edges of the contact or via hole opening. The current invention forns
tapered contact or vi'‘a hol e openings w thout

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross section view of an
integrated circuit device showing a first vertical
anisotropic etching of thejinterlevel dielectric layer
through the contact or via hole opening in the photoresis£

mask.

Fig. 2 is a cross section view of an
integrated circuit device showing widening the cavity in the
interlevel dielectric layer by isotropic etching through the

contact or via hole opening in the photoresist mask.

Fig. 3 is a cross section view of an
integrated circuit device showing vertical extension of the
cavity in the interlevel dielectric_léyer by vertical
anisotropic etching through the contact or via hole opening

in the photoresist mask.

Fig. 4 is a cross section view of an
‘integrated circuit device showing the completed tapered

contact or via hole opening with smooth edges.

eet Has Been Replaced ' '
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the need for the high tenperature reflow step, which caftr TALRE
probl émi‘n"integrated circuit processing. In the curren '“ﬂ§ arg
sputter etch is used to provide a snooth taper at the e of

or via hol §588e9il6g. U S. Pat. No. 5,203,957 to Yoo et “al SO _uses ar gon
sputter et chi ng |n the formati on of contact or via

Fig. 5 is a cross sectlon view of an
integrated circu1t,dev1ce showing a cavity formed in the
interlevel dielectric layer by isotropic etching through the

contact or via hole opening in the photoresist mask.

Fig. 6 is a cross sectlon view of an
integrated ¢ircuit dev1ce showing vertical extension of the .
‘cavity in the 1nterleVe1 dielectric layer by vertical
anisotropic etching through.the contact or via hole opening

in the photoresist mask.

Pig. 7 is a cross section view of an
integrated c1rcu1t device show1ng the completed tapered

contact or via hole opening with smooth edges.
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S|nultaneously used to planarize the interlevel dielectrifc 'ayﬁkpﬂﬁcéﬁ
snoot h the edges of the contact or via hol e opening.

hol e openi ngs. However, in the current invention the argTFTﬁE5§§é§fﬁh§%FE§s

CS93-016

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

Refer now to Fig. 1 through Fig. 4, there is

shown an embodiment of the current invention. Fig. 1 shows a
cross section of an integréted circuit device having a
silicon substrate 20 with a contact area 22 covered by an
interlevél dielectric layer 30. The silicon substrate can
have N-channel MOSFETs, P-éhannel MOSFETs, CMOS FETs, bipolar
transistors or combinations thereof formed therein by

. conventional techniques. Examples of such conventional
techniques are described in the book "VLSI TECHNOiOGY" Second
Edition by S. M. Sze Published by McGraw-Hill Book CO.; New
York, N.Y. 1988 Pages 466-512. The interlevel dielectric

. 1ayer 30 can be a material such as Sio2 with a thickness of
at least 10,000 Angstroms'borophosphosilicate glass with a
thickness of at least 10,0@0 Angstroms. A layer of
photoresist 40 is formed over the_intérlevel dielectric layer
30. A contact hole opening is formed in the photoresist
layer 40 directly over the contact area 22 using standard

'~ lithographic techniques.

A primary contact cavity 32 is then formed by
vertical ahisotropic etchingxthe interlevel dielectric layer
through the contact hole opeﬁ;ﬂg in the photoresist layer
using reactive ion etching. The resulting primary contact

cavity has a perimeter determined by the contact hole opening

- This Sheet Has Been Re
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-3- SUMVARY OF THE I NVENTION It is the object of this-invpaena—to L .
a nethod ‘for formng bevel ed contact and via hole openln-.ﬂﬂssnggrhgg@EEN '
dielectric layers using isotropic etching, anisotropic e hlngﬂaanﬂcgpg

sputter et csodg-0dé hout the need for high tenperature cort=

in ﬁhe'photoresist layer and a depth of at least 5000
" Angstroms. Next, as shown in Fig. 2, the primary contact
cavity is enlarged to form a secondary contact cavity 33 by
isotropic etching the interlevel dielectric through the .
contact hole in the photoresist layer using wet or dfy
etching with HF. Next, as shown in Fig. 3, the secondary
contact cavity is vertically extended to form a semifinal
oontact cavity 35 by vertical anisotropic etching};he
interlevel dielectric layer through the contact hole opening
in the photoresist layer using reactive ion etching}\.As
~shown in Fig. 3 the semifinal contact cavity has sharn edQes
at;the-top of the senifinal contact cavity 34 and at the
transition from:the enlarged secondary contact cavity and the
vertical exten51on forming the semifinal contact cavity 36.
At thls stage of the processing the contact area 22 is still

covered by the interlevel dielectric 30.

Next the photoresist layer is removed and the
structure is subjected to an argon sputter etch in vacuum
using CF, doped argon spuﬁter etch at about 500 watts in a
vacuum of about 300 X 10~ ° Torr. &s shown in Fig. 4 the
argon sputter etch removes sufficient amount of interlevel
dielectric 30 to expose the contact area 22 at the bottom of
the final contact cavity 37. The sharp edges have been

smoothed by the argon sputter etch -and now have rounded

profiles at the top of the final contact cavity 34 and at the

* This Sheet Has Been Replaced
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Thi s objective is achieved by a vertically anlsotroplcall‘
interlevel dielectric layer after the contact or via hole

phot oresi st mask. The cavity formed by the vertical anisott oy =Y o2 fivt
wi dened byC89Bn@lén isotropic etch. A second vertical isotropic etch
extends the cavity vertically, however interlevel dlelectrlc naterjal
renalns at the ‘bottomof the cavity. The
: transition from the enlarged secondary contact cav1ty reglon
and the vertical extension forming the semifinal contact
cavity 36. The argon sputter etch also planarizes the
interlevel dielectric which will enhance later processing
steps. The contact hole has now been formed having tépered
- sides with no sharp edges without the need for a contact
reflow step. ~This embodiment is for a contact hole extending
to the integrated circuit. The method also can be used for
via holes extending from one level of metal electrodes to

anothe: level of metal electrodes through the interlevel

dielectric.

Refer now to Fig. 5 through Fig. 7, there is
shown another embodiment of the current invention. Fig;.é
shows a cross section of an integrated circuit device having
a silicon substrate 20 with a contact area 22 covered by an
interlevel dielectric layer 30. As in the previous
embodiment the silicon substrate can have N-channel MOSFETSs,
P—chaﬁnel MOSFETé, CMOS FETs, bipolar transistors or
combinations thereof formed therein by coﬁventional
techniques. The interlevel dielectric layer 30 can be a
mate;ial such as Sio2 with a thickness of at least 10,000
Angstroms or borophbsphosilicate glass with a thickness of
at least 10,000 Angstroms. A layer of photoresist 40 is

formed over the interlevel dielectric layer 30. A contact

hole opening is formed in the photoresist Lajer 40 directly

This Sheet Has Been Replaced _
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phot oresi st mask is then reaned and the structure is-sggFeeted 10 %%ﬁ@'
argon sputter etch.in vacuum The argon sputter etch rerﬁ¢ﬂ§$ﬂ§§ig%

interl evel dielectric matefial so that the metal contac i eafiER! ' =)
interlevel GHOA-€&ic is exposed. The argon sputter etch a S0 snmoot hs the

sharp edges at the top of the contact or via hole opening and at the

transition regi on between the
; over the contact area 22 using standard 11thographlc

- techniques.

As shown in~Fig. 5 a primary contact cavity 32
is formed in the interiével dielectric by isotropic etching
the interlevel dielectric using wet or dry etching with HF.
Next, as shown in Fig. 6,'the primary contact cavity is

_vertically extended to fo:m-a_secondary contact cavity 35 by
vertical anisotropic-etchiné the interlevel dielectric layer
through the contact hole openlng in the photores1st layer
using reactive ion etching. Aas shown-ln Fig 6 the semifinal
contact cavity has sharp edges at the top of the secondary
contact-cavity 34 and at the transition from the primary’
contact cavity and the vertical extension forming the

-secondary'contact cavity 36. At this stage of the processing

" the contact area 22 is still covered by the interlevel

_ dlelectrlc 30.

Next the photoresist_layef is removed and the
structure is subjected to an argon sputter etch in vacuum
_using CF, doped argon sputter étch_at about 500 watts in a
vacuum of about 300 X 10™° Torr. As shown in Fig. 7 the

~ argon sputter etch removes sufficient amount of interlevel
dielectric 30 to expose the contact area 22 at the bottom of
the final contact cavity 37. The sharp edges héve been
‘smoothed by the argon sputter etch and now have rounded
_—
. This'Sheet Has Been |
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i sotropically etched areas and ani sotropically etched- afes
effect efirm nates the need for contact hole refl ow whi¢ch.
tenperature process and often can not be tolerated at t_“
i nt egr at edc€SAINARG

piofiles at the top of the final contact caéity 34 and at tﬁe#
transition from the primary contact cavity'région and the -
vertical extension forming;the secondary contact_cavity 36.
The argon sputter etch also planarizes the interlevel
dielectric which will .enhance later processing steps. The
contact hole.has now beeniformed having tapered sides with no
shérp edges without the need for a contact reflow step. This
embodiment is for a contact hole extendiﬁg to the integrated

_ circuit. The method also caﬁ be used for via holes extending
from one level of metal electrodes fo anothgr level of metal

electrodes through the interlevel dielectric.

~ While the invention has been particularly
shown and described with reference to the preferred
- embodiments thereof, it will be understobd'by those skilled
in the art that various changes in form and details may be
made without departing from the spirif and scope of the

invention.

What is claimed is:

eet Has Been Re| laced 11
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-4- proce55|ng The argon sp | anari zes tﬁe_Lnterleve
dielectric layer which is annmm) ﬁ H!ﬁage for strueHiy SSetPYN

nunber of | evels. The objective as ved by iso
the interl &383-818 ectric | ayer- after the ‘contact or vi
t he photore5|st mask. ;

(ot Wl e

roplcgh [Aggghl

1. & method of forming a tapered contact or v1a ‘hole openlng,
comprising the steps of:

providing an integrated circuit structure having a
silicon substrate with_deviee elements contained therein, an
interlevel dielectric layer thereover, and metal contact
areas under said interlevel dielectric layer:

forming a photoresist masking layer over said interlevel
dielectric layer; |

forming contact or via‘hole openings in said photoresist
masking layer directly over said metal contact areas;

forming primary contact cavities in said interlevel
dielectric layer by means of a first vertical anisotropic
etch of said interlevel dielectric layer throuéh said contact
or via hole openings in.said photoresist masking layer:'.

ferming secondary contact cavities by enlerging-said
primary contact cavities by heans of an isotropic etch of
said interlevel dielectricllaYer throﬁgh said contect-or via
hole openings in_seid photoresist masking layer;

forming semifinai contact cavities by vertically
ektending said secondary contact cavities by means of a
second vertical anisotropic etch of said interlevel
dielectric layer through said contact or via hole openings in
said photoresist mesking layer;

‘removing said-photeresist maeking layer; and

subjecting said integrated circuit structure to an Argon

sputter etch thereby forming final contact cavities from said

S T | 12
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The- caV|t forme I sotropic etch is then verti-c e
vertical § i sot rop| cal I mmllml immﬂmmtrl evel diel ectlr T%Isrr - ﬁ%%ﬁg
phot oresi st mask is the structure isf{subjet - ==
argon spugCse3-@ish as descrlbed in the preV|ous par agr aph. Agai n key
features of the current invention are the. elimnation of the ‘need for the
contact reflow step and the planarization of the

., semifinal contact cavities, smoothing the sharp edges in said

 final contact cavities, exposing said metal contact areas and

planarizing said iﬁterleve1_§ie1ectric layer.

.2.'The method of claim 1 wherein said interlevel dielectric
layer is'sioz.

3. The method of claim 2 wherein said sio, interlevel
. dielectric layer has a thickness of at least 10,000

Angstroms.

4. The method of claim 1 wherein said interlevel dielectric

layer is borophosphosilicate glass.

5. The method of claim 4 wherein said borophosphosilicate
glass interlevel dielectric layer has a thickness of at least

10,000 Angstroms.

6. The method of claim 1 wherein said first vertical

anisotropic etch uses CF, + CHF, reactive ion etch at a

4 ~3
temperature of between about 20°c and 40°c.

7. The method of claim 1 wherein said second vertical

anisotropic etch uses CF, + CHF, reactive ion etch at a

4
temperature of between about 2o°c and 40°C.

\
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8. The method of claim 1 wherein said isotropic etch uses wet

or dry etching with HF.

9. The method of claim 1 wherein said Argon sputter etch uses
CF, doped argon sputter etching having a CF, to argon ratio

of less than 20%.

10. The method of claim 1 wherein said integrated circuit
structure includes metal oxide semiconductor field effect

transistors.

11. The method of claim 1 wherein said'integrated circuit

structure includes bipolar transistors.

12. A method of forming a tapered contaét or via h§1e
opening, comprising the stéps of:

providing an integratéd circuit structure having a
silicon substrate with device elements contained thérein, an
interlevel dielectric layer thereover, and metal contact
areas under said interlevel dielectric 1ayer:'

forming a photoresist masking layer over said interlevel,

‘dielectric layer; .

forming contact or via hole openings in said photoresist
ﬁasking layer directly over said metal contact areas:;
. forming primary contact cavities in said interlevel

dielectric layer by means of an isotropic etch of said

This Sheet Has Been Re
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|ntegrated circuit device showing a flrst vertlcal ani FOrT o ¢ B CH

the i hterlevel dielectric Immm“l ’mﬂuwmlcont act or vt'ﬂg T chgﬁa“l
t he phot oresi st mask. Fig. ion view .o et
circuit. de¢Bea-on6wi ng wi derli ng the avity in t he |nterlevel dielectric
!ayer by |sotrop|c etching through the

interlevel dielectric 1ayer through said contact or via hole
openings in said photoresist masking layer:
forming sedondary contact cavities by vertically
extending said primary contact cavities by means of a
vertical anisotropic etch of said interlevel dielectric layer
through said contact or via hole openings in said photoresist
masking layer;
removing said photoresist masking layer; and
subjecting said integrated circuit structure to an Argon
~ sputter etch thereby forming final contact cavities from said
secondary contacf cavities, smoothing the sharp edges in said .
final contact cavities, exposing said metal cbntact areas and

planarizing said interlevel dielectric layer.

13. The method of claim 12 wherein said interlevel dielectric
layer is Sioz.
'14. The method of ciaim 13 wherein said Sioz_interlevel
dielectric layer has a thickness of between about 10,000
Angstroms.

15. The method of claim 12 wherein said interlevel dielectric

_1ayer is borophosphosilicate glass.

Sheet Has Been Reilaced 15
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contact or via hole open| he hOtnggISt mask. FT _ -
section view of an integr MB{ JHH"lce showi ng v W ﬁ k%é%?%ﬁ"‘ow
the cavity in the interle yer by verti cal_apt i

etchlng t ¥yt de contact or via hole openlng in the. photoresvsv mask.
Flg 4 is a cross section view of an ) ‘.

: 16. The method of claim 15 whereln said borophosphosilicate
glass interlevel dielectric layer has a thickness of at least

10,000'Angstroms.

17. The method of claim 12 wherein said isotropic etch uses

wet or dry etching with. HF.

18. The method of claim 12 wherein said vertical anisotropic
etch uses CHF3 + CHF, reactive ion etch at a temperature

between about 20°c and 40°c.

19. The method of claim 12 wherein said Argon sputter etch
uses CF, doped argon sputter etching having a CF, to argon |

ratio of less than 20%.

20. The method of claim 12 wherein said integrated circuit
structure includes metal oxide semiconductor field effect .

transistors.

21. The method of claim_lz wherein said integrated circuit

structure includes bipolar transistors.
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integrated circuit device shomﬁng_the conpl et ed taper_m;
openi ng ‘With smooth edges. -6- Fig. 5 is a cross sefti

C593-016

ABSTRACT

| This invention provides a method of forming
contact holes and via holes in inteflevel dielectric which
insure good metal stepcﬁverage. The contact or via holes
have tapered sides and smoothed edges. The method uses
isotropic etching, anisotropic etching, and argon sputtér
etching in vacuum and does.not require high temperature
contact reflow. The final argon sputter etch is a timed etch-
that smoothes all sharp edges, exposes the regiohé where
electrical contact will be made, and planarizes the

~interlevel dielectric.

-
ect Has Been Replaced
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intggrated circuit device showi ng a céh(fb f or med i n-tife 1nLe||4vei
di electric layer by isotropic etching through the contaaﬁﬁﬁﬁH |REEN
opening in the photoresist mask. Fig. 6 is a cross seqtiqn %

integrated circuit device show ng vertical extension of the: cavity in the
interlevel dielectric layer by vertical anisotropic etching through the
contact or via hole opening ‘

H

w2228
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Wi th sm)ot h edges.
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;
Fig. 4, ‘there is shown an enbodi nent of the current iny B : gms
a cross section of an integrated circuit device havi ngla_siligatizsubstrate
20 with a contact area 22 covered by an interlevel d|eIectr|c | ayer 30. The
silicon substrate can

|z | vz
I —

35
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have K-chmmel MOSFETs, P-channel MOSEETS, CMOS FETs; brime! SHEETTHAS BEEWT
or conbi*nations thereof formed therein by conventional}y technequneEDExa
of such convgntional techniques are described in the Besk=¢=S—TEcHNG
Second Edition by S. M Sze Published by MG aw Hi | | Book Co., New Yor k,
N. Y. 1988 Pages 466-512. The ithterlevel dielectric layer 30 can be a
material such as SI2 with a thickness of

= >

30—\«)/ | \ \\———30
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| egst 10, 000 Angstroms. A layer-o 'ﬁﬂg[ f ¢r ned
~interlevel Wielectric layer 30. Alc éﬁgfﬁké g {|i Batb aNe. TN WIte
phot or esi-s¢®l ayer 40 directly ovef_the.cont 2 Lgsivg—standais

li thographic techniques. A primary cont act cavity 32 is then ofneﬂ:b%ﬁf'

7

A ‘."ﬁ ooy
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A METHOD OF BEVELED CONTACT OPENING FORMATION

. BACKGROUND OF THE INVENTION
(J:) FIELD OF THE INVENTION

The invention relates to the formation of
tapered contact or via holes without sharp edges which are
necessary in providing good metal stepcoverage in high
density integrated circuits. The.tapered holes are formed
using conventional. sputter tephhology. A contact reflow

process step is not required.

(2) DESCRIPTION OF RELATED ART

‘High denéity integrated circuit technqlogy
requires the use oflinterlevel dielectric layers beﬁween
layers of conducting electrode patterns. These layers of
interlevel dielectric have contact holes formed in the
interlevel dielectric layers to provide electrical
communication to the integrated'circuit,devices and via holes
formed in the interlevel dielectric to provide eleétrical

communication between layers of conducting electrodes.

-_——
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vertical anisotropic etching the int

| aVIET, TQ ' '
cont acts-hol e opening in the photoreS|' ;ti/@EFEﬁgéﬁ@whgg' ET

The resulting primary contact cavity has aREPLAGEDer de er Fedltg/ MARs\ggﬁ
cont act hol €’ openi ng o=l Y} Date AL VLAY, DYV

These contact or via holes require good metal stepcoverage to
insure reliable electrical contacts with low contact
resistance. For the small diameter contact or via holes
required for high density circuits good metal stepcoverage
requires a contact or via hole opening with a taper and

without sharp edges.

The importancé of tapered contact and via
holes has been recognized for some time and many have worked
on methods of achieving them. Previous methods of forming
tapered contact or via holes have required the use of a high
temperature contact reflow step to smooth the sharp corners
at the edges of the contact or via hole opening. The current
invention forms tapered contact or via hole openings withouﬁ
the need fér the high temperature reflow step, which can
frequently be a problem in integrated circuit processing. In
the current invention én argon sputter etch is used to
provide a smooth taper at the edge of the contact or via hole

opening.

U. S. Pat. No. 5,203,957 to Yoo et al also
uses argon sputter étching-in the formation of contact or via
hole openings. However, in the current invention the argon
Sputter etch is simultaneously used to planarize the
interlevel dielectric layer as well as smooth the edges of

the contact or via hole opening.

\
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-8- in the photoresist |ayer and a d . at T easl il RERIACEMBNT BREET
as rshow: in Fig. 2, the primary cont jctHIBSHERS H 'éhﬁgrg dto iorn1a
secondary contact cavity 33 by isotrfpic e EQhe i rm@yg 31|MRBB$|

C

t hrough the contact hole in the photoresist layer using
with HF. Next, as shown in Fig. 3, the secgndary

SUMMARY OF THE INVENTION

It is the object of this invention to provide
a method for forming beveled contact and via hole openings in
interlevel dielectric layers using isotropic etching,
anisotropic etching, and argon sputter etchiﬁg without the

need for high temperature contact reflow.

This objective is achieved by a vertically
anisotropically etching the interlevel dielectric layer after
the contact or via hole is opened in the photoresist mask.
The cavity formed bf the vertical anisotropic etch is widened
by using an isotropic etch. A second verticaiiiSotropic etch
extends the cavity vertically, however interlevel dielectric
material remains at the bottom. of the cavity. The
photoresist mask is then removed and the structure is
Subjected to a timed argon sputter etch in vacuum. The argon
sputter etch removes sufficient interlevel dielectric
material so that the metal contact area beneath the
interlevel dielectric is exposed. The argon sputter etch
also smooths the sharp edges at the top of the contact or via
hole opening and at the transition region between the
isotropically etched areas and anisotropically etched areas.
This smoothing effect eliminates the need for contact hole
reflow which is a hiéh temperature process and often can not

be tolerated at this stage of the integrated circuit

-
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contact cavity is vertically extended
by- verti.cal anisotropic etching t he .
contact hol e opening in the photoresjfst..
- As shown in Fig. 3 the semfinal cont
“of the senmifinal contact cavity 34 and at the transition fromthe enlarged

secondary contact cavity and the
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processlng. The argon sputter etch also planarizes the

interlevel dielectric layer which is an important advantage

for structures having a number of levels.

: The_objective is also achieved by
isotropically etching the interlevel dielectric layer after
the contact or via hole is opened in the photoresist mask.
The cavity formed by the iéotropic etch is then vertically
extended bj vertically isotropically etching the interlevel

dielectric material. The photoresist mask is then stripped

and the structure is subjected to a timed argon sputter etch

as described in the previous paragraph. Again key features

of the current invention are the elimination of the need for -

the contact reflow step and the planarization of the

interlevel dielectric layer.

This Sheet Has Been Reilaced .
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vertical extension formng the sen1f|na.
of - the.processi ng the contact area j
dielectric 30. Next the photoresist.

subj ected to an argon sputter etch- Lﬁ

etch at about 500 watts in a vacuun1of aboUt 300 X [err] Torr “As shown in

-Flg 4 the
. ..5...
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross section view of an
integrated circuit device showing a first vertical
anisotropic etching of the interlevel dielectric layer
through the contact or via hole ;pening in the ﬁhotoresist

mask.

| Fig. 2 is a cross section view of an
integrated circuit device showing widening the cavity in the
interlevel diele¢tric_layer by isotropic etching through the

contact or via hole opening in the photoresist mask.

FPig. 3 is a cross section view of an
~ integrated circuit device showing vertical extension of the
cavity in the interlevel dielectric layer by vertical
anisotropic etching through the contact or via hole opening

in the photoresist mask.

Fig. 4 is a cross section view of an
integrated circuit device showing the completed tapered

contact or via hole opening with smooth edges.

-
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argon sputter etch renoves suffi ci epl—aid i
‘expose:the contact area 22 at the b"h&ﬂsfwﬁiﬁﬂmN¥$ o]
The sharp edges have been smoothed Py t heRERIASFER put t gf
rounded profiles at the top of the B=srF—comntact cavl

%5\ £ REFLACEMENT SHEET!

-H-

——p

Fig. 5 is a cross section view of an

integrated circuit device showing a cavity formed in the
interlevel dielectric layer by isotropic etching through the

contact or via hole opening in the photoresist mask.

Fig. 6 is a cross section view of an
.integrated circuit device showing vertical extension of the
.cavity in the interlevel dielectric layer by vertical
ahisotropic etching through the contact or via hole opening

in the photoresist mask.

Fig. 7 is a cross section view of an
integrated circuit device showing the completed tapered

contact or via hole opening with smooth edges.
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transition fromthe enlarged secondary contact

vertical. extension formng the semf §gggﬁ§
sputter etch also planarizes the'ints eveﬁg E@trlc

| at er processing steps. The contact

si des mnth no sharp edges w t hout the need for a contact

-7=

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to Fig. 1 through Fig. 4, there is
shown an embodiment of the current invention.‘ Fig. 1 shows a
cross section of an ihtegrated circuit device having a
silicon substrate 20 with a contact area 22 covered by an
interlevel dielectric layer 30. The silicon substrate can
have N-channel MOSFETs, P-channel MOSFETs, CMOS FETs, bipolar
transistors or combinations thereof formed therein by
conventional techniques. Examples of such conventional
techniques are described in the book "VLSI TECHNOLOGY" Second
Edition by S. M. Sze Published by McGraw-Hill Book Co;, New
York, N.Y. 1988 Pages 466-512. The interlevel dielectric
léyer 30 can be a meterial such as Sio2 with a thickness of
at least 10,000 Angstroms borophosphosilicate glass with a
thickness of at least 10,000 Angstroms. A layer of
photoresist 40 is formed over the interlevel dielectric layer
30. A contact hole opening is formed in the photoresist
layer 40 directly over the contact area 22 using standard

lithographic techniques.

A primary contact cavity 32 is then formed by
vertical anisotropic etching the interlevel dielectric layer
through the contact hole opening in the photoresist layer
usihg reactive ion etching. The resulting primary contact

cavity has a perimeter determined by the contact hole opening

Thxs Sheet Has Be en Rep aced
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refiomfstep Thi s enbodi nent is fQ—a—coptact—Foc =
integrated circuit. The nethod aI-nggpsmEEnHASEEEN
ffomone | evel of netal electrodedito® apmﬁh69599ve

through the interlevel dielectric.tRefefFmow to F . 5 through F|g 7,
there is shown another embodi ment 6f_ghe “current invention. Fig. 5

in the photoresist layer and a depth of at least 5000
Angstroms. Next, as shown in Fig. 2, the primary contact
cavity is enlarged to form a secondary contact cavity 33 by
isotropic etching the interlevel dielectric.through the
contact hole in the photoresist layer using wet or dry
etching with HF. Next, as shown in Fig. 3, the secondary
contact cavity is vertically extended to form a semifinal
.contact cavity 35 by vertical anisotropic etching:the
interlevel dielectric layer through the contact hole opening
in the photoresist layer using reactive ion etching. As
shown in Fig. 3 the semifinal contact cavity has sharp edges
at the top of the semifinal contact cavity 34 and at the
transition from the enlarged secondary contact cavity and the
vértical extension forming the semifinal contact cavity 36.
At this stage of the proéessing the contact area 22 is still

covered by the interlevel dielectric 30.

Next the photoresist layer is removed and the
structure is subjected to an argon sputter etch in vacuum
using CF4 ddped argon sputter etch at about 500 watts in a .
vacuum of about 300 X 10 ° Torr. As shown in Fig. 4 the
argon sputter etch removes sufficient amount of interlevel
dielectric 30 to expose the contact area 22 at the bottom of
the final contact cavity 37. The sharp edges have been

smoothed by the argon sputter etch and now have rounded

profiles at the top of the final contact cavity 34 and at the

Thls ‘Sheet Has Been R
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shows a cross section of an integrg
substrate 20 with a contact area 2 'qpu@sng‘bHASrBEEM Hr | eql I
| ayer 30. As in the previous enbodl;int1HEFUNGERXH]Sle r Ao A auP

ha i‘TFd"'QCE"fE"Jo%”EET

N-channel MOSFETs, P-channel MOSFElss=&MStr+ETS, DI polar transistors or
conbi nations thereof formed therein by:: conventlonal t echni ques. The
interlevel dielectric |layer 30 can be=%: " & :

transition from the enlarged secondary contact cavity region
and the vertical extension forming the semifinal contact
cavity 36. The argon sputtér etch also planarizes the
interlevel_dielectric which will enhance later processing
Steps. The contact hole has now been forﬁed having tapered
sides with no sharp edges without the need for a contact
reflow step. This embodiment is for a contact hole extending
to the inﬁegrated circuit. The method also can be used for
via holes extending from one level of metal electrodes to
another level of metal electrodes through the interlevel

dielectric.

Refer now to Fig. 5 through Fig. 7, there is
shown another embodiment of the cufrent invention. Fig. S
shows a cross section of an integrated circuit device having
a silicon substrate 20 with a cohtact area 22 covered by an
interlevel dielectric layer 30. As in the previous
embodiment the silicon substrate can have N-channel MOSFETs,
P-channel MOSFETs, CMOS FETs, bipolar transistors or
combinations_thereof formed therein by conventional |
techniques. The interlevel dielectric layer 30.can be a
material such as sio2 with a thickness of at least 10,000
Anjﬁtroﬁs or borophosphosilicate glass with a thickness of
 at least lo,ooo.Angstrbms. A layer of photoresist 40 is
formed over the interlevel dielectric layer 30. A contact
hole opening is formed in the photoresist layer 40 directly
____,fé——~—#—’”“—"
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material’ such as [err] with a thi ckpestadiad O ae ),
bor ophosphosilicate glass with a th‘dkmBSHEETHmSBEEm
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| ayer of photoresist 40 is forned o;ertﬂRERMKQEDeveI
A contact hole opening is formed i n=Fhe7
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arrectly

over the contact area 22 using standard lithographic

techniques.

As shown in Fig. 5 a primary contact cavity 32
is formed in the interlevel dielectric by isotropic etching
the interlevel dielectric using wet or dry etching with HF.
Next, as shown in Fig. 6, the primary contact cavity is
vertically extended to form a secondary contact cavity 35 by
vertical anisotropic etching the interlevel dielectric layer
through the contact hole opening in the photoresist layer
using reactive ion etching. As shown in Fig 6 the semifinal
contact cavity has sharp edges at the top of the secondary
contact cavity 34 and at theltransition from the primary
contact cavity and the vertical extension forming the
secondary contact cavity 36. At this stage of the processing
the contact area 22 is still covered by the interlevel

dielectric 30.

Next the photoresist layer is removed and the
structure is subjected to an argon sputter etch in vacuum
using CF4 doped argon sputter etch at about 500 watts in a
vacuum of about 300 X.10~% Torr. As shown in Fig. 7 the
argon sputter etch removes sufficient amount of interlevel
dielectric 30 to expose the contact area 22 at the~bottom of
the final contact cavity 37. The'sharp edges have been
smoothed by the argon sputter etch and now have rounded

T
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-10:- over the contact area 22 usi
shown .in Fig. 5 a primary contact
dielectric by isotropic etching thg

etching with HF

profiles at the top of the final contact cavity 34 and at the
transition from the primary contact cavity regi&n and the
vertical extension forming the secondary contact_cavity 36.
The argon sputter etch also planarizes the interlevel
dielect;ic which will enhance later processing steps. The
contact hole has now been formed having tapered sides with no
sharp edges without the need for a contact reflow step. This
embodiment is for a contact hole extending to the integrated
circuit. The method also can be used for via holes extending
from ohe level of metal electrodes to another level of metal

electrodes through the interlevel dielectric.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:

I —————
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Next, as shown I Firg—6,—the pr G ﬁﬁ?#ﬁPEM S %ﬁled
to for m ct cavi {{yT+85 SHEET1AS B&EN ohi s tropi{cg
interl e ﬂmmamn}!ﬂjmﬂer thro gh t NRERLAGERt holle ol St lﬂ"t"h'za‘"""'--""

phot or esisst cl ayer eactive ercning. . As ShOMM—Tn Fig 6 the
- sem final contact cavity has sharp edges;aAt the top of the secondary
contact cavity 34 and at the transiti or~+emthe prlnary

1. A method of forming a tapered contact or via hole opening,

comprising the steps of:

providing an integrated circuit structure having a
silicon substrate with device elements contained therein, an
interlevel dielectric layer thereover, and metal contact
areas under said interlevel;dielectric layer;

forming. a photoresist masking layer over said interlevel
dielectric layér:

forming contact or via hole openings in said photoresist
masking layer directly over said metal contact areas;

forming primary contact cavities in said interlevel
dielectric layer by means of a first vertical anisotropic
etch of'éaid interlevel dielectric layer through said contact
or via hole openings in said photoresist masking layer:;

forming secondary contact cavities by enlarging said
pPrimary contact cavities by means of an isotropic etch of
said interleﬁel dielectric layer through said contact or via
hole openings in said photoresist masking layer;

forming semifinal contact cavities by vertically
extending said secondary contact cavities by means of a
second vertical anisotropic etch of said interlevel
dielectric.layer through said contact or via hole openings in
said photoresist masking layer:;

removing said photoresist masking.layef} and

subjecting said integrated circuit structure to an Argon

sputter etch thereby forming final contact cavities from saiad

This Sheet Has Been Replaced -
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contact cavity and the verti.cal extepsion-forsd Rg—t-hp MM&WEgTﬁET
cavity 36. the p q¢m§SHEETHWSBEmN=Ct area MAR |
cover ed by mmﬁmﬂﬂﬂalml el ect IC 3(hEH\lﬂ>GEEt he —jo D I I LV T
renmoved gtructeres1 s Subjlested—Fs Fgor—sputter etch in vacuum
usi ng [err] doped argon sputter etch at]%bout 500 watts in a

semifinal contact cavities, smoothing the sharp edges in said
final contact cavities, exposing said metal contact areas and

planarizing said interlevel dielectric layer;

2. The method of claim 1 wherein said interlevel dielectric
layer is sioz.
3. The method of claim 2 wherein said SiO2 interlevel
dielectric layer has a thickness of at least 10,000

Angstroms.

4. The method of claim 1 wherein said interlevel dielectric

layer is borophosphosilicate glass.

5. The method of claim 4 wherein said borophosphosilicate
glass interlevel dielectric layer has a thickness of at least

10,000 :Angstroms.

6. The method of claim 1 wherein said first vertical
anisotropic etch uses CF, + CHF, reactive ion etch at a

temperature of between abbut 20°c ana 40%c.

7. The method of claim 1 wherein said second vertical
anisotropic etch uses CF, + CHF, reactive ion etch at a

temperature of between about 2o°c and 4000.

—
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about 300 X 10 6 Torr.

------------------------------

®t h& afgon sputter—etch and now have rounded
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8. The method of claim 1 wherein said isotropic etch uses wet

or dry etching with HF.

S. The method of claim 1 wherein said Argon sputter etch uses
CF, doped argon sputter etching having a CF, to argon ratio

of less than 20%.

10. The method of claim 1 wherein said integrated circuit
structure includes metal oxide semiconductor field effect

transistors.

11. The method of claim 1 wherein said integrated circuit

structure includes bipolar transistors.

12. A method of forming a tapered contact or via hole
opening, comprising the steps of:

providing an integrated circuit structure having a

"silicon substrate with device elements contained therein, an

interlevel dielectric layer thereover, and metal contact
areas under said interlevel dielectric layer:;

forming a-photoresist masking layer over said interlevel
dielectric layer;

forming contact or via hole openings in said photoresist
masking layer directly over said metal contact areas;

forming primary contact cavities in said interlevel

dielectric layer by means of an isotropic etch of said

This Sheet Has Been Re
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-11— profiles—at—thetop of the final contact cavity 34 %ﬁp@kckﬂ%NTsHEET
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interlevel dielectric layer through said contact or via hole

openings in said photoresist masking layer:;

forming secondary.contact cavities by vertically
extending said primary contact cavities by means of a
vertical anisotropic etch of said interlevel dielectric layer’
through said contact or via hole openings in said photore51st )
masking layer;

removing said photoresist masking layer; and

‘subjecting said integrated circuit structure to an Argon
sputter etch thereby forming final contact cavities from said
secondary contact cavities, smoothing the sharp edges in said
final contact cavities, exposing said metal contact areas and

Planarizing said interlevel dielectric layer.

13. The method of claim 12 wherein said interlevel dielectric

layer is sioz.

14. The method of claim 13 wherein said Sio2 interlevel
dielectric layer has a thickness of between about 10,000

Angstroms.

15. The method of claim 12 wherein said interlevel dielectric

layer is borophosphosilicate glass.

R
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contact hol e has now been formed haw wi ﬁﬁ?&gﬁWTﬁgg

\(I:Mo?l[]ggi Hiﬂl"ﬁmnﬂ "Iﬂ ,ﬁm: ﬁgtl Fn(:afelat ds PMS}IEP -."I:he also -c-anbe-

used for Vvia ‘holés"extentling from one Tevel ol metal electrodes to anotner
level of nmetal electrodes through the intejftevel dielectric. Wile the

I nvention has been particularly
16. The method of claim 15 wherein said borophosphosilicate

glass interlevel dielectric layer has a thickness of at least

10,000 Angstroms.

17. The method of claim 12 wherein said isotropic etch uses

wet or dry etching with HF.

18. The method of claim 12 wherein said vertical anisotropic
etch uses CHF3 + CHF4 reactive ion etch at a temperature

between about 20°c and 40°C.

19. The method of claim 12 wherein said Argon sputter etch
uses CF, doped argon sputfer etching having a CF, to argon

ratio of less than 20%.

20. The method of claim 12 wherein said integrated circuit
structure_includes metal oxide semiconductor field effect .

transistors.

21. The method of claim 12 wherein said integrated circuit

structure includes bipolar transistors.

;__________‘________;
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shown and described with reference to the prefe _enblh RERLAGEMENT, SHEET |
wi.l 1 he ,understood by those skill. A, jvarjjous c f or
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and details nay be made w t hout

i nvention. What is clained is:

. A METHOD OF BEVELED CONTACT OPENING FORMATION
ABSTRACT

This invention provides a method of forming
contact holes and via holes in interlevel dielectric which
insure good metal stepcoverage. The contact or via holes
have tapered sides and smoothed edges. The method uses
isotropic etching, anisotropic etching, and argon sputter
etching in vacuum and does not reﬁuire high temperature
contact reflow. .The final argon sputter etch is a timed etch
that smoothes all sharp edges; exposes the regions where
electrical contact will be made, and planarizes the

interlevel dielectric.

FIGURE 1 is suggested for publication
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interlevel dielectric layer t hereovgr/4and netal con Fﬁ,@;ﬁ?@ﬁg#ﬁéﬂi—:ﬁai-d
interlevel dielectric layer; formng a photoresi st ski'ng
i'nterlevel dielectric layer; formng contact or via |

I ay. shi d
ok Qﬂeﬁimms
phot oresi st masking |ayer directly over said netal c oA =g

primary contact cavities in said interlevel .
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dielectric layer by neans of a fi rst3)/é¥tical ani sot.r op '."f’-”bEﬂfEm‘c’:SHEET
interlevel dielectric layer through said contact or vi '_fhol e*x ew
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said interlevel dielectric layer through said contact or via hoI e openi ng_\s
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forming semfinal contact cavities bgA4rtically extend rmgmml_:mm
contact cavities by neans of a second vertical anisotropic e Jﬂ“&
ﬂﬂk@

interlevel diyelectric |ayer through said contact or via
sai d photor&si st masking | ayer; renoving said photoresi ARt
and subjécting said integrated circuit structure to an Argon
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sputterﬂﬁtc 'thereby forming final contact cavities fro Eﬁﬁ
sem i nal : rntact cavities, snoothing the sharp edges i
~cavities, posing said netal contact areas and -

»

-1-

A METHOD OF BEVELED CONTACT OPENING FORMATION

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

.The invention relates to the formation of
tapered contact or via holeé without sharp edges which are
necessary in providing good metal stepcoverage in high
density integrated circuits. The tapered holes are formed
using conventional sputter technology. A contact reflow

Process step is not required.

(2) DESCRIPTION OF RELATED ART

High density integrated.circuit technology
requires the use of interlevel dielectric lafers between
layers of conducting electrode patterns. These layers of
interlevel dielectric have contact holes formed in the
interlevel dielectric layers to provide electrical
communication to the integrated circuit devices and via holes
formed in the interlevel dielectric to provide electrical

communication between layers of conducting electrodes.



pl anari zi;ng said interlevel dielectric layer. 2. The netf B&PbACEMENﬁﬁﬂEET
wherein said rnterlevel dielectric layer is [err]. 3. T nethpq

wherein said [err] interlevel dielectric |ayer has a thi ESS‘eﬁmatmfeast
10, 000 Angsttons. 4. The nethod of claim 1 wherein said FTevel
dielectric

-2_
These contact or via holes require good metal stepcoverage to

insure reliable electrical contacts with low contact
resistance. For the small diameter contact or via holes
required for high density circuits good metal stepcoverage
requires a contact or via hole opening with a taper and

without sharp edges.

The importance of tapered contact and via
holes has been recognized for some time and many have worked
on methods of achieving them. Previous methods of forming
tapered contacﬁ or via holes have required the use of a high
tenperature contact reflow step to smooth the sharp corners
at the edges of the contact or vié hole opening. The current
invention forms tapered contact or via hole opehings without
the need for the high temperature reflow step, which can
frequently be a problem in integrated circuit processing. 1In
the current invention an argon sputter etch is used to
provide a smooth taper at the edge of the contact or via hole

opening.

U. S. Pat. No. 5,203,957 to Yoo et al also
uses argon sputter etching in the formatién of contact or via
hole openings. However, in the current invention the argon
sputter etch is simultaneously used to planarize the
interlevel dielectric layer as well as smooth the edges of

the contact or via hole opening.



| ayer..i s borophosphosilicate glass. 5. The nethod of cl
bor ophosphosilicate glass interlevel dielectric |ayer Ifas a ahjqﬁgfigipf
| east 10, 000 Angstrons. 6. The nethod of claim1 whereijnpsaai.d..1. LSl .

vertical anisotropic etch uses CF4 + CHF3 reactive ion

SREPLACEMENT BHEET d

tenperature of between about [err] and'[errL3_

SUMMARY OF THE INVENTION

It is the object of this invention to provide
a method for forming beveled contact and via hole openings in
interlevel dielectric layers using isotropic etching,
anisotropic etching, and argon sputter etching without the

need for high temperature contact reflow.

This objective is achieved by a vertically
anisotropically etching the interlevel dielectric layer after
the contact or via hole is opened in the photoresist mask.
The cavity formed by the vertical anisotropic etch is widened
by using an isotropic etch. A second verticaﬂ:igotropic etch
extends the cavity wvertically, however interlevel.dielectric
material remains at the bottom. of the cavity. The
photorésist mask is then removed and the structure is
subjected to a timed argon sputter etch in vacuum. The argon
sputter etch removes sufficient interlevel dielectric
material so that the metal contact area beneath the
interlevei dielectric is exposed. The argon sputter etch
also smooths the sharp edges at the top of the contact or via
hole opening and at the transition region between the
isotropically etched areas and anisotropically etched areas.
This smoothing effect eliminates the need for contaét hole
reflow which is a high temperature process and often can not

be tolerated at this stage of the integrated circuit



7. The nmethod of claim1 wherein said second vertical a |B§Pk‘bﬁﬁ'i§ l=‘uge
[err] + [err] reactive ion etch at a tenperature of between P an

[err]. 714-

_4-
Processing. The argon sputter etch also planarizes the

interlevel dielectric layer which is an important advantage

for structures having a number of levels.

The objective is also achieved by
isotfopically etching the interlevel dielectric layer after
the contact 6r via hole is opened in the photorésist mask.
The cavity formed by the iéotropic etch is then vertically
extended by vertically isotropically etching the interlevel
dielectric material. The photoresist mask is then stripped
and the structure is subjected to a timed argon sputter etch
as described in'the'previous paragraph. Again key features
of the current invention are the elimination of the need for -
the contact refloﬁ step and the planarization of the

interlevel dielectric layer.
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8. The nethod of claim1 wherein said isotropic etch u
'etcﬁing with HF. 9. The nethod of claim1l wherein said
uses .CF4 doped argon sputter etching having a CF4 to ar
than 20% 10. The-method of claim 1l wherein said integr
structure includes netal oxide seniconduct0£5jield ef fect

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross section view of an
integrated circuit device showing a first vertical
anisotropic etching of the interlevel dielectric layer
‘through the contact or via holé ;pening in the photoresist

‘mask.

Fig. 2 is a cross section view of an
integrated circuit device showing widening the cavity in the
interlevel dielectric layer by isotropic etching through the

contact or via hole opening in the photoresist mask.

Fig. 3 is a cross section view of an
integrated circuit device showing vertical extension of the
cavity in thé interlevel dielectric layer by vertical
anisotropic etching through the contact or via hole opening

in the photoresist maék.

Fig. 4 is a cross section view of an
integrated circuit device showing the completed tapered

contact or via hole opening with smooth edges.



transistors. 11. The nethod of claim1l wherein said integf a?EP ?? TSHEET
structure includes bi polar transistors. 12. A method of f tg%
contact or via hole opening, conprising the steps of: pro n,Tﬁﬁ """""""""""

. integrated circuit-structure having a silicon substrate with devi ce
- elements contained therein, an —6-

Fig. 5 is a cross section view of an
1ntegrated circuit device showing a cavity formed in the
interlevel dielectric layer by isotrOpic etching through the

contact or via hole opening in the photoresist mask.

Fig. 6 is a cross section view of an
integrated circuit device showing vertical extension of the
cavity in the interlevel dielectric layer by vertical
anisotropic etching through the contact or via hole opening

in the photoresist mask.

Fig. 7 is a cross section view of an
integrated circuit device showing the completed tapered

contact or via hole opening with smooth edges.



interlevel dielectric layer thereover, and netal contacy REPCASE
interlevel dielectric |layer; form ng a photoresist nmaskjng Ia}é[ ai
_ dielectric layer; formng contact or via hol s

phot oresi st masking |ayer directly over said netal cont&eFareas, 1ormng

i nterl evel
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primary contact cavities in said interlevel _4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to Fig. 1 through Fig. 4,.there is
shown an embodiment of the current invention. Fig. 1 shows a
cross section of an integrated circuit devide having a
silicon substrate 20 with é contact area 22 covered by an
interlevel dielectric layer 30. The silicon substrate can
have N-channel MOSFETs, P-channel MOSFETs, CMOS FETs, bipolar
transistors or combinations thereof formed therein by
conventional techniques. Examples of such conventional
techniques are described in the book "VLSI TECHNOLOGY™ Seéond‘
Edition by S. M..Sze Published by McGraw-Hill Book Co., New
York, N.Y. 1988 Pages 466~512. The interlevel dielectric
layer 30 can be a material such as sio, with a thickness of
at least 10,000 Angstroms borophosphosilicate glass with a
thickness of at least 10,000 Angstroms. A layer of
photoresist 40 is formed over the interlevel dielectric layer
30. A contact hole opening is formed in the photoresist
layer 40 directly over the contact area 22 using standard

lithographic techniques.

A primary contact cavity 32 is then formed by
vertical anisotropic etching the interlevel dielectric layer
through the contact hole openiﬁg in the photoresist layer
using reactive ion etching. The resulting primary contact

cavity has a perimeter determined by the contact hole opening
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in the photoresist layer and a depth of at least 5000

Angstroms. Next, as shown in Fig. 2, the primary contact
cavity is énlarged to form a secondary contact cavity 33 by
isotropic etching the interlevel dielectric through the
contact hole in the photoresist layer using wét or dry
etching with HF. Next, as shown in Fig. 3, the secondary
contact cavity is vertically extended to form a semifinal
contact cavity 35 by vertical anisotropic etching.the
interlevel dielectric layer through the contact hole 6pening
in the photoresist layer using reactive ion etching, As
shown in Fig. 3 the semifinal contact cavity has sharp edges
at the top of the semifinal contact cavity 34 and at the
transition from the enlarged secondary contact cavity and the
vertical extension forming the semifinal contact cavity 36.
At this stage of the processing the contact area 22 is still

covered by the interlevel dielectric 30.

Next the photoresist layer is removed and the
structure is subjected to an argon sputter etch in vacuum
using CF4 doped argon sputter etch at about 500 watts in a
vacuun of about 300 X 10”% Torr. Aas shown in Fig. 4 the
argon sputter etch removes sufficient amount of interlevel
dielectric 30 to expose the contact area 22 at the bottom of
the final contact cavity 37. The sharp edges have been
smoothed by the argon sputter etch and now have rounded

profiles at the top of the final contact cavity 34 and at the




contact cavities by neans of "a vertical anisotropic etch
dielectric layer through said contact or via hole opening
phot or esi st maski*ng | ayer; renoving said photoresist nmaskimg Tayer; and
subjecting said integrated circuit structurggto an Ar gon

transition from the enlarged secondary contact cavity region
and the vertical extension forming the semifinal contact
cavity 36. The argon sputter etch also planarizes the
interlevel dielectric which will enhance later processing
steps. The contact hole has now been formed having tapered
sides with no sharp edges without the need for a contact
reflow step. This embodiment is for a contact hole extending
. to the integrated circuit. The method also cah be used for
via holes extending from one level of metal electrodes to
another level of metal electrodes through the interlevel

dielectric.

Refer now to Fig. 5 through Fig. 7, there is
shown another embodiment of the current invention. Fig. 5
shows a cross section of an integrated circuit device having
a silicon substrate 20 with .a contact area 22 covered by an
interlevel dielectric layer 30. .As in the previous
~embodiment the silicon substrate can have N-channel MOSFETs,
P-channel MOSFETs, CMOS FETs, bipolar transistors or
combinations thereof formed therein by conventional
techniques. The interlevel dielectric layer 30 can be a
material such as 5102 with a thickness of at least 10,000
Angstroms or borophosphosilicate glass with a thickness of
at least 10,000 Angstroms. A layer of photoresist 40 is

formed over the interlevel dielectric layer 30. A contact

hole opening is formed in the photoresist layer 40 directly
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over the contact area 22 using standard lithographic

techniques.

As shown in Fig. 5 a primary contact cavity 32
is formed in the interlevel dielectric by isotropic etching
the interlevel dielectric using wet or dry etching with HF.
Next, as shown in Fig. 6, the primary contact cavity is
vertically extended to form a secondary contact cavity 35 by
vertical anisotropic etching the interlevel dielectric layer
through the contact hole opening in the photoresist layer
using reactive ion etching. As showh in Fig 6 the semifinal
contact cavity has sharp edges atithe top of the secondary
contact cavity 34 and at the transition from the primary
contact cavity and tﬁe vertical extension forming the
secondary contact cavity 36. At this stage of the processing
the contact area 22 is still covefed by the interlevel

dielectric 30.

Next the photoresist layer is removed and the
structure is subjected to an argon sputter etch in vacuum
_using CF, doped argon sputter etch at about 500 watts in a
vacuum of about 300 X 10-6 Torr. As shown in Fig. 7 the
argon sputter etch removes sufficient amount of interlevel
dielectric 30 to expose the contact area 22 at the bottom of
the final contact cavity 37. The sharp edges have been

smoothed by the argon sputter etch and now have rounded
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profiles at the top of the final contact cavity 34 and at the

transition from the primary contact cavity region and the
vertical extension forming the secondary contact cavity 36.
The argon sputter etch also planarizes the interlevel
dielectric which will enhance later processing steps. The
contact hole has now been formed having tapered sides with no
sharp edges without the need for a contact reflow step. This
embodiment is for a contact holé extending to the integrated
circuit. The method also can be used for via holes extending
from one level of metal electrodes to another level of metal

electrodes through the interlevel dielectric.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:
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1. A method of forming a tapered contact or via hole opening,

comprising the steps of :

providing an integrated circuit structure having a
Silicon substrate with device elements contained therein, an
interlevel dielectric layer thereover, and metal contact
areas under said interlevel dielectric layer:

forming a photoresist masking layer over said interlevel
dielectric layér; |

forming contact or via hole openinés in said photoresist
masking layer directly over said metal contact areas;

forming priméry contact cavities in said interlevel
dielectric layer by means of a first vertical anisotropic
etch of said interlevel dielectric layer through said contact
or via hole openings in said photoresist masking layer;

forming secondary contact cavities by enlarging saiad
pPrimary contact cavities by means of an isotfopic etch of
said interlevel dielectric layer through said contact or via
hole openings in said photoresist masking layer;

forming semifinal contact cavities by vertically
extending said secondary contact cavities by means of a
second vertical anisotropic etch of said interlevel
dielectric layer through said contact or via hole openings in
said photoresist masking layer:;

removing said photoresist masking layer; and

subjecting said integrated circuit structure to an Argon

sputter etch thereby forming final contact cavities from said
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TFhe cnmetholl of claim 12 wherein said inte

structure |ncludes net al oxi de seni conductersfield effect

semifinal contact cavities, smoothing the sharp edges in said
final contact cavities, exposing said metal contact areas and

Planarizing said interlevel dielectric layer.

2. The method of claim 1 wherein said interlevel dielectric
layer is Sioz.
3. The method of claim 2 wherein said Sio2 interlevel
dielectric layer has a thickness of at least 10,000

Angstroms.

4. The method of claim 1 wherein said interlevel dielectric

layer is borophosphosilicate glass.

5. The method of claim 4 wherein said borophosphosilicate
glass interlevel dielectric layer has a thickness of at least

10,000 Angstroms.

6. The method of claim 1 wherein said first vertical
anisotropic etch uses CF, + CHF, reactive ion etch at a

temperature of between about 20°C and 40°cC.

7. The method of claim 1 wherein said second vertical
anisotropic etch uses CF, + CHF, reactive ion etch at a

temperature of between about 20°C and 40°c.
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8. The method of claim 1 wherein said isotropic etch uses wet

or dry etching with HF.

9. The method of claim 1 wherein said Argon sputter etch ﬁses
CF, doped argon sputter etching having a CF, to argon ratio

of less than 20%.

10. The method of claim 1 wherein said integrated circuit
structure includes metal oxide semiconductor field effect

transistors.

1l1. The method of claim 1 wherein said integrated circuit

structure includes bipolar transistors.

12. A method of forming a tapered contact or via hole
opening, comprising.the steps of:

providing an integrated circuit structure having a
silicon substrate with device elements contained therein, an
interlevel dielectric léyér thereover, and metal contact
areas under said interlevel dielectric layer;

forming a photoresist masking layer over said interlevel
dielectric layer; |

forming contact or via hole openings in said photoresist
masking layer directly over said metal contact areas;

forming primary contact cavities in said interlevel

dielectric layer by means of an isotropic etch of said
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interlevel dielectric layer through said contact or via hole

openings in said photoresist masking layer;

forming secondary contact cavities by vertically
extending said primary contact cavities by means of a
vertical anisotropic etch of said interlevel dielectric layer
through said contact or via hole openings in said photoresist
maskiﬁg layer;

removing said photoresist masking layer; and

subjecting said integrated circuit structure to an Argon
sputter etch thereby forming final contact cavities from said
secondary contacf caﬁities, sﬁoothing the sharp edges in said-
final contact cavities, exposing said metal contact areas and

planarizing said interlevel dielectric layer.

13. The method of claim 12 wherein said interlevel dielectric
layer is Sioz.
14. The method of claim 13 wherein said Sio2 interlevel

dielectric layer has a thickness of between about 10,000

Angstromé.

15. The method of claim 12 wherein said interlevel dielectric

layer is borophosphosilicate glass.
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16. The method of claim 15 wherein said borophosphosilicate
glass interlevel dielectric layer has a thickness of at least

10,000 Angstroms.

17. The method of claim 12 wherein said isotropic etch uses

wet or dry etching with HF.

18. The method of claim 12 wherein said vertical anisotropic
etch uses CHF3 + CHF4 reactive ion etch at a temperature

between about 20°C and 4OOC.

19. The method of claim 12 wherein said Argon sputter etch
uses CF4 doped argon sputter etching having a CF4.to argon

ratio of less than 20%.

20. The method of claim 12 wherein said integrated circuit
structure includes metal oxide semiconductor field effect.

transistors.

21. The method of claim 12 wherein said integrated circuit

structure includes bipolar transistors.



A METHOD OF BEVELED CONTACT OPENING FORMATION

ABSTRACT

This invention provides a method of forming
contact holes and via holes in interlevel dielectric which
insure good metal stepcoverage. The contact or via holes
have tapered sides and smoothed edges. The method uses
isotropic etching, anisotropic etching, and argon sputter
etching in vacuum and does not require high temperature
contact reflow. The final argon sputter etch is a timed etch
thaﬁ smoothes all sharp edges, exposes the regions where
electrical contact will be méde, and planarizes the

interlevel dielectric.

FIGURE 1 is suggested for publication
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