TRENCHL'ESS BURI ED CONTACT ROCESS TECHNOLOGY BACKGRC&NE%égHDG
THE | NVENTI ON (1) Field of the Invention The-invenghgp
relates'to the fabri*cation of integrated circuit devices, and nore
particularly, to a nethod of elimnating a buried contact trench in the
fabrication of integrated circuits. (2) Description of the Prior Art

A buried contact is widely used in nodern static random access nenory
(SRAM) processes to connect a polysilicon line to an active area.
Referring to Figs. 1-4, a typical buried coptact process of the prior art
w || be describedreNCcHLESSI BtmsEDat:emrac;p,?XmaEss TeQHNeLedY i nt egr at ed
circuit device having a sem conductor substrate 10. An isolation region,
such as Field OXide region 12 is fornmed as is conventional in the art. A

| ayer of gate oxide
: BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a
method of elimiﬁating a buried contact trench in the

fabrication of integrated circuitsf

(2) Description of the Prior Art

A buried contact is widely used in modern
static random access memory (SRAM) processes to connect a
polysilicon line to an_active area. Referring to Figs. 1-4,
a typical buried contact érocess of the prior a?t will be
described; Fig. 1 illustrates a partially completed
integrated circuit device having a semiconductor substrate
10. An isolation region, such as Field OXide region 12 is
formed as is conventional in the art. A layer of gate oxide
14 is grown or deposited over the surface of the substrate. A
relatively thin layer of polysilicon 16 is deposited over the
gate oxide layer 14. A photoresist mask 20 is used to
pattern the polysilicon to form an opening over the planned
buried contact. With the gate oxide as a protective layer, a

vertical implant angle plug ion implantation 22 is performed



14+ s grown or deposited over the surface of the substrate. A relatively

thin layer of polysilicon 16 is deposited over the gate oxide |ayer 14. A
phot oresi st mask 20 is used to pattern the polysilicon to form an opening
over the planned buried contact. Wth the gate oxide as a protective

| ayer, a vertical inplant angle plug ion inplantation 22 is perforned

-2- to formthe buried contact region 24. Usually, a quadrant angle tilt
isolation inplantation is performed to forma deeper isolation region 26

to isolation the plug inplant fron1the'§&r?ounding region. Referring now

to Fig. 2, t&heorflatReOBulCela¥Bhtabti Pe§lEnpli edyeRai 86l &' §dadeanenoved,
then a second | ayer of polysilicon 28 iS deposited whic contacts the

substrate 5A§0H9RilRe;BELaLHcRODMPLANEREDOATis PEXEornb® PO ¥6Lhi gON is
patterned. During the thermal cycle of the fabrication process, the plug

i mpl ant at i @eepiek| isdilbtisn rageonl 2§, tabbsblAtDonntheopiugAimplianat | at er al
di ffusion, the buried contact region will have a diffusion
from the surrounding region. Referring now to Fig. 2, the
gate oxide layer 14 in the buried contact area is removed,
then a second layer of polysilicon 28 is deposited which
contacts the substrate through the buried contact obening.
Next, the polysilicon is patterned. During the thérmal cycle
of tﬁé fabrication process, the flug implantation will
diffuse laterally, about 0.05 microns, A. After lateral

diffusion, the buried contact region will have a diffusion

profile as illustrated by 25.

Figs. 3 and 4 illustrate two potential
problems affecting the function of the buried contact.
Referring now to Fig. 3, there is illustrated a buried.
contact trench 32. The overlap of polysilicon 28 to the
buried contact region 24 normally is less than aboﬁt 0.05
microns. The misalignment; or overlay, of the stepper used
in pﬁotoliﬁhography usually is less than 0.10 microns,
depending upon the machine specification. If the
misalignment causes the polysilicon pattern not to fully
cover the buried contact opening,-as shown in Fig. 3 (that
is, the photomask 30 is shifted to the left), the substrate

will be etched into during the polysilicon etch resulting in



profileas illustrated by 25. Figs. 3 and 4 illustrate
two potential problens affecting the function of the buried contact.
Referring nowto Fig. 3, there is illustrated a buried contact trench 32.
The overlap of polysilicon 28 to the buried contact region 24 normally is
|l ess than about 0.05 microns. The msalignment, or overlay, of the stepper
used in photolithography usually is less than 0.10 mcrons, depending
upon the machine specification. If the msalignnment causes the polysilicon
pattern not to fully cover the buried conlact opening, as shown in Fig. 3

(that is, the pbeieamsbnd@cistebhthed2to trhes! ekt hecdhigeShst @l Wi ll be

etched into during the polysilicon etch resulting in o

- 3- the busktdctarntiagt ofr pptls32icdhi toi theesavserbite e4al conelieCiiatyty of

polysilicon to the substrate silicon is very low The trench causes a poor

connecti on &pw.i nFheaseenchucanses hepbage cohhetchdonr andh insrdasedenough,

it will
: junction leakage. If the trench is deep enough, it will

bieak through the junction.

Fig. 4 illustrates a second potential
misalignment problem. If the misalignment of the photoresist
mask.30 causes the polysilicon to overlap the buried contact
by too much (that is, the photomask 30 is shifted to the
right), a disconnection gap 34 may occur. After etching of
the polysilicon 28, a source/drain implantation is performed
to form source/drain region 27. The source/drain region 27
shoqld contact the buried contact region 25. However,
because of misalignment; even with lateral diffusion of the
source/drain region 27, there is a gap 34 between the
source/drain region 27 and the buried contact region 35.
Disoonnection results in device failure. Therefore, this
error is to be avoided at all costs. Workers in the art
would rather have a small trench than to have a disconnection
gap. Thus, the overlap of polysilicon to buried contact on
the mask is usually set to be 0 to 0.05 microns. Since the
layer to layer misalignment of a stepper is around 0.10
microns, this means that a buried contact trench will always

be formed. The exitence of the trench dramatically reduces



break through the junction. Fig. 4 illustrates a second
potential msalignnent problem If the m salignnment. of the photoresist
mask 30 causes the polysilicon to overlap the buried contact by too nuch
(that is, the photomask 30 is shifted to the right), a disconnection gap
34 may occur. After etching of the polysilicon 28, a source/drain
inmplantation is performed to form source/drain region 27. The source/drain
region 27 should contact the buried contagct region 25. However, because
of misalignnment, even with lateral diffuSion of the source/drain region

27, there ithed iRfte¥ds MRingEN dfhahes PG IdRICh AHON thasAnkdleidyiri ed
contact region 35. Disconnection results in device failure. Therefore,
this errorchip tydedel.avoi ded at all costs. Wrkers in the art would rather
have a small trench than to have a di sconnection gap. Thus, the overlap of
polysilicon to buried contact on the mask is usually set to be 0 to 0.05
mcrons. Since the layer to |ayer msalignment of a stepper is around 0.10

mcrons, this neans that YaRHQUS IAHaHEONS Adve Regn Made o RFTHHed.

The exitence of_the trench dramati.cally reduces
é%e formation of aé%urieéicaﬁtac trench, to fill a buried

contact trench so that a current path is maintained, or to
bridge a disconnection gap. For example, U.S. Patent
5,494,848 to H.W. Chin teaches a method using an oversized
mask.io protect the buried junction area during overetch so
that a misalignment of the mask will not cause the formation
of a buried contact trench. U.S. Patent 5,596,215 to Huang
teaches forming spacers on the sidewalls of the gate
structures to fill the buried contact trench and form a
current path. U.S. Patent 5,607,881 tp Huang teaches linking
the buried céntact junétion and the source junction bf an
extra high dose N+ implant to overcome the disadvantages of a
buried contact trench. U.S. Patent 5,378,641 to Cheffings
teaches a two-step angled implant to form the buried contact
and a substrate interconnect between the buried contact and
the source/drain region. U.S. Patent 5,581,093 to Sakamoto

teaches another method of forming a buried contact.

Large tilt angle ion implantation and tapered
poiysilicon gates have been used in the art. For example,

U.S. Patent 5,593,922 to Liaw et al teaches a channel stop



-4- <the *process nmargin of the polysilicon etch, thus reducing chip yield.
Various inventions have been nade to prevent the formation of a buried
contact trench, to fill a buried contact trench so that a current path is
mai ntai ned, or to bridge a disconnection gap. For exanple, U S. Patent
5,494,848 to HW Chin teaches a nethod using an oversized mask to
protect the buried junction area during overetch so that a m salignnment of
the mask will not cause the formation of a buried contact trench. U S

Pat ent 5,596,215 to Huang teaches forning spacers on the sidewalls of the
gate strutmplesttasinbl lakgebangkd tobtath braaehtandsboateaclesengnt
path. U S. Patent 5,607,881 to Huang teaches linking the buried contact
junction aspgackd buvied Fontacbnjbychahonsxt r anhthb gaper)\+"Mapkgihgt 0
overcone the disadvantages of a buried contact trench. U S. Patent

5, 378, 641 i@ptaetf fhgdowindelieBYaDt wAberepomhieeati apl afemigohdngtolre
buried contact and a substrate_interconnect between the buried contact and
t he source;EF§$ﬁéEégﬂéﬁ @eB -pAP2fr BP5810%9309e ShrapBtBorsesbREs thast her

net hod of f09 b%ri%d tact
de ree angle’ source/drain 1mp1ant around a tapered
polysilicon gate produces symmetrical source/drain implants
while a vertical polysilicon gate results in shadowing; non-

symmetrical source/drain implants.
SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the
present invention to provide an effective and very

manufacturable method of forming buried contact junctions.

Another object of the present invention is to
provide a method of forming buried contact junctions without

forming a buried contact trench.

Yet another object of the present invehtion is
to provide a method of forming buried contact junctions

without a disconnection gap in the current path.

Yet another object of the present invention is

to provide a method of forming buried contact junctions



Larfe tilt angle ion inplantation and tapered polysilicon gates have been
used in the art. For exanple, U S. Patent 5,593,922 to Liaw et al teaches
a channel stop i npl ant using large angle tilt in order to

i sol ate closely spaced buried contact junctions. In the paper, "Mnagi ng
| mpl ant Shadowi ng, " by D. Abercronbie et al, Sem conductor International,
Sept. 1996, pp. 107-109, the authors show that a 7 degree tilt angle
source/drain inplant around a tapered polysilicon gate produces --
symretrical source/drain inplants while-abvertical polysilicon gate

results in ahgdHowtn@orm@fg aspupeédi eehtaour teeflchi Byl 4BLAGt &. large
SUMWWARY OF THE | NVENTI ON Accordingly, it is a principa

obj ect of thaglpresdntbupiedt contactpimpldrtan effective and very
manuf act urabl e met hod of form ng buried contact junctions.
A further object of the invention is to
provide a method of forming buried contact juncfioné without
forming a buried contact trench by using a tapered

polysilicon profile.

A still further object of the invention is to
provide a method of forming buried contact junctions without
forming a buried contact trénch by using a tapered
polysilicon profile and a large angle tilt buried contact

.implant.

A still further object of.tﬁe inventioﬁ is to
provide a method of forming buried contact junctions without
forming a buried contact trench and without a disconnection
‘'gap in the current path by using altapered polySilicén

profile and a large angle tilt buried contact implant.

In accordance with the objects of this
invention a new method of forming a buried contéct junction
without forming a.buried contact trench and without a
disconnection gap in the current path by using a tapered

polysilicon profile and a large angle tilt buried contact



Anof her "obj ect of the present invention is to provide a method of formng
buried contact junctions without formng a buried contact trench.

Yet anot her object of the present invention is to provide a nethod of

form ng buried contact junctions w thout a disconnection gap in the
current path. Yet anot her object of the present invention
Is to provide a nethod of form ng buried contact junctions

- 6 - without formng a buried contact trench by using a large angle tilt
buri ed contact inplant. -7 - A further object of the invention

}zr;?ngp;q%%?le g%%%h%f%EFgﬁgﬂhgga §§h§ga §§%2%§65%§§f§§rﬁlggﬁhgrgfi|e.
provided over the surface of a semiconductor substrate. A
first polysilicon layer is deposited overlying the gate
silicon oxide layer. _The first polysilicon layer is etched
away where it is not covered by a buried contact mask to
provide an opening to the semiconductor substrate wherein the
first polysilicon layer is tapered such that the bottom of
the opening has a width the size of the planned buried
contact and wherein the top of the opening has a width larger
than the size of the planned buried contact. Ions are
implanted at a tilt angle into the substrate within the .
openihg whereby the ions penetrate the substrate laterally
underlying the first polysilicon layer to form the buried
contact. A second layer of polysilicon is deposited over the
first polysilicon layer and over the semiconductor substrafe
within the opening and patterned to form a polysilicon
contact overlying the buried contact junction to complete
formation of a buried contact in the fabrication of an-

integrated circuit.
BRIEF DESCRfPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:



A still*further object of the invention is to provide a nethod of formng
buried contact junctions without formng a buried contact trench by using
a tapered polysilicon profile and a large angle tilt buried contact

i npl ant . A still further object of the invention is to
provide a nethod of form ng buried contact junctions without formng a
buried contact trench and wi thout a di sconnection gap in the current path
by using a tapered polysilicon profile and a large angle tilt buried.
contact inplant. In aclordance with the objects of this

invention a new method of;jQr ml”%héo’a&h' Q%Eﬁ@h@%&da‘i’i?t 190 usWiraiRUlin

formng a buried contact trench and without a disconnéction gap in the

current paiBsBYseeiiBnall #8predenkaltsh! h60BmBLALneAtaRE dHeabydorngl e tilt
buri ed cont act

art.

Figs. 5 through 8 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Fig. 9 schematically illustrates in cross-
sectional representation a completed SRAM integrated circuit
device fabricated according to the process of the present

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs. 5 through 9, a preferred
embodiment of the present invention will be described.
Referring now more particularly to Fig. 5, there is shown a
portion of a partially completed integrated circuit. There
is shown a monocrystalline semiconductor substrate 10 in
whiéh'there are formed field oxide fegions 12. A gate oxide
layer 14 is grown on the surface of the semiconductor
.substrate, typically to a thickness of between about 70 to
100 Angstroms. The polysilicon layer 16 is blankef deposited

such as by low pressure chemical vapor deposition (LPCVD) to



- 7 - itplant is achieved. A |layer of gate silicon oxide is provided over
the surface of a sem conductor substrate. A first polysilicon |layer is
deposited overlying the gate silicon oxide layer. The first polysilicon

| ayer is etched away where it is not covered by a buried contact mask to
provi de an opening to the sem conductor substrate wherein the first
polysilicon layer is tapered such that the bottomof the opening has a

wi dth the size of the planned buried cont@ct and wherein the top of the
opening has a width larger than the sizée of the planned buried contact.
lons are anphagkndsatof aboutahff cAngsbrema- subssingtevwehyailheongpeni ng
whereby the ions penetrate the substrate |aterally ungerlying ihg first
pol ysi | i cohayayeist anf acrephabber phberrakhivet PutsthengsPLLE PBLY

polysilicon is deposited_over .the, first, polysilicon |ayer and over the
seniconducPB?cgﬁﬁsPFaPEefﬁFFﬁﬁnaPﬂewb£inP§gééﬁﬂrbg?aeLﬁéﬂ'to forma

polysilicon contact overlying the buried contact junction to conplete
formation of a buried contact in the fabrication of an integrated circuit.

BRI EF DESCRI PTI ON CF_THE RRQM%§E§eSist mask 20 is fokﬂe&h8v29§9§H3n¥h@g

drawi ngs formng a
polysilicon layer 16. A tapered polysilicon profile etch is

used. This type of etching normally is implemented by using
a relatively higher concehtration of chemicaily reactive
radicals to ioné in the plasﬁa etch. For example, SFes gas is
flowed at 100 sccm and HBr is flowed at 10 sccm at a pressure
of 300 mTorr and ﬁower of 300 watts to form the tapered
profile of polysilicon layer 16 having an angle B of between
about 45 and 70 degrees, as shown in Fig. 5. The opening at
the bottom of the tapefed profile has a width C which is the
desired size of the buried contact opening. The key
parameters of this tapered profile etch are a lower
contcentration of a polymer-forming gas, such as HBr or CFa,
and low energy. lThe reduction of the polymer-forming gas
causes less polymer to formed along the sidewall and hence,
more of an undercut. Increasing the chemical reactive
radical concentration reduces the bombardment effect and

results in a more isotropic etch.

Referring now to Fig. 6, the process of the

present invention uses a large angle tilt (LAT) buried



material part of this description, there is shown:

- 8 - ' Figs. 1 through 4 schematically illustrate in
cross-sectional representation an enbodi nent of the prior art.

Figs. 5 through 8 schematically illustrate in cross-sectional
representation a preferred enbodi nent of the present invention.

Fig. 9 schematically illustrates in cross- sectional representation a
conpleted SRAM integrated circuit device fabricated according to the

process of the present invention. - 10 - DESCRI PTI ON OF THE
PREFERRED ENBCOD

preferred €

RS tmeiant 46 490 SEDEoRARP Sy iphopty” R °

are implanted with a dosage of between about 1 E 15 to 2 E 15
atoms/cm?* at an energy of 40 to 60 KeV and a tilt angle of
between about 15 and 30 degrees to form buried contact 42.
This large angle tilt implantatibn will penetrate under the
sidewall of the tapered polysilicon 16 at the bottom of the
buried contact opening because of the smaller thickness of

the polysilicon and because of the tilt angle.’

The diffusion area of the buried contact 42 is
inéreased by the penetration of the ion implénation under the
sidewall of the tapered polysilicon by the amount D, which is
approximately 0.06 microns. The diffusion area of the buried
cohtact 42 is increased by the LAT implant by the amount E,
which is about 0.06 microns. After drive-in and lateral
diffusion F of about 0.05-0.07 microns, depending on dosage,
the buried contact region will have a diffusion profile as
illustrated by 44. Because of the tapered polysilicon
profile and the LAT implantation, the diffusion from the edge
of the buried contact opening, G = (D+E+F), will be about

0.15 to 0.20 microns.

A large tilt angle boron isolation

implantation is then performed_to form isolation region 46.



Ref erring now nore particularly to Fig. 5, there is shown a portion of a
partially conpleted integrated circuit. There is shown a nmonocrystalline
sem conductor substrate 10 in which there are fornmed field oxide regions
12. A gate oxide layer 14 is grown on the surface of the sem conductor
substrate, typically to a thickness of between about 70 to 100 Angstrons.
The polysilicon layer 16 is bl anket deposited such as by | ow pressure

chem cal vapor deposition (LPCVD) to _

- 9 - a thickness of about 550 Angstrons. _AJsLngIe ponS|I|con | ayer is an

acceptabl e alternative, bubfblﬁmgphbh Rl ¥ig. pﬁoc%s§ekc%£%r g;erreq)@nd Wi ||

be descri bed here. A phot ofesi st mas I's fornmed

overlyi ng podysfidligen 48ois dgeositedAbyapecyd rol WSithickhedsOldf € etch is
used. This type of etching normally is inplenented by using a relatively
hi gher conbeftwean abouft dAO0 ¢tal 12 00ecAngisteomsadi dals to ions in the plasm
etch. For exanple, SF[err] gas is flowed at 100 sccmand HBr is flowed at
10 sccm at a pressure

B A polycide layer 50 may be deposited dver.the
polysilicon layer 48, typically by chemical vapor deposition.
This layer may be tungsten silicide, titanium silicide, or

the like with a polysilicon capping layer having a combined

thickness of between about 1500 to 2000 Angstroms.

The main polysilicon etch, the results of
which are illustrated in Fig. 8, is typically a a£y etch with
an etch stop at the gate silicon oxide layer 14. Then, the
source/drain implantatipn is perfqrmed as is conventional to’
form source/drain region 54 which contacts the buried contact
junction 44. There is also lateral diffusion of the

source/drain region 54 of 0.05 to 0.07 microns.

Now, the overlap of the polysilicon to the
buried contact (the bottom. opening size) on the mask can be
designed to be around 0.10 to 0.15 microns. Since the
diffusion area under the gate oxide, G, is 0.15 to 0.20
microns, misalignment of the photomask 52 will not result in
either a buried contact trench or in a disconnection gap as

in the prior art (Figs. 3 and 4). That is, a misalignment to



of 300 'mrorr and power of 300 watts to formthe tapered profile of
polysilicon |ayer 16 having an angle B of between about 45 and 70 degrees,
as shown in Fig. 5. The opening at the bottom of the tapered profile has a
width C which is the desired size of the buried contact opening. The key
paranmeters of this tapered profile etch are a |l ower contcentration of a
pol ynmer-form ng gas, such as HBr or CF[err], and |ow energy. The reduction
of the polyner-form ng gas -causes |less polynmer to fornmed along the
sidewal | and hence, nore of an undercut, Increasing the chemical reactive

ot ropi ¢ Breptert OF 6°Fd Rici s AR EhARAR oy B B8 ks LEREoRT ocese of -
h | ' | AT ' .

"o P contetHF bt Mt 01T 48 oS e an 0 0 BESHER 4o, Sramed

| pl ant ed ﬂ“rﬁ%&‘%%@%@&%i’f%ﬁﬁﬁﬂ?%ﬁ &.g?lﬁiéf’oﬁs';w}?l 2bauRACTReGh at

an energy of t angle
actual overlap on the wafer of 0.20 to 0.25 microns.

However ~ the diffusion area under the gate oxide is G plus
the diffusion of the source/drain region 54; that is, 0.20 to

0.27 microns, so no disconnection gap is found.,

The tapered polysilicon profile and large
angle tilt buried contact implant result in enough doping
under the edge of the buried contact opening that no buried
contact trench is formed and no disconnection gap is left
between the buried contact junction and the source/drain
region. The exact tapered angle of the polysilicon layer 16
and the LAT ahéle can be determined by the process designer

by experimentation.

Processing continues as is conventional in the
art to complete the integrated circuit device. This approach
can be directly applied~to static random access memory (SRAM)
buried contacts or to any device utilizing a bufiéd contact
for connecting poleilicon and the semiconductor substrate.

A SRAM is illustrated in Fig. 9. 'Elongated polycide contact
51A and gate 51B are shown. Buried cohtact 44 and source and

drain regions 54, which may be N+, are shown within the



bet ween about 15 and 30 degrees to formburied contact 42. This large
angle tilt inplantation will penetrate under the sidewall of the tapered
polysilicon 16 at the bottom of the buried contact opening because of the
smal l er thickness of the polysilicon and because of the tilt angle.

The diffusion area of the buried contact 42 is increased by the
penetration of the ion inplanation under the sidewall of. the tapered
polysilicon by the anmobunt D, which is approxinately 0. 06 microns. The

di ffusion area of the buried contact 42 |s |nCTeased by thé LAT inplant by

t he anmount 06 Ao R

di ffusion o]f a@%df@%%?%n@\ croﬁf‘r?s%r epen q’ %r?ed%gg}gaép dh?} Eatr?c# ed
contact 1 &N 9¥H Ind\R beiddviesled wiital ia® 1%%1414&1 il B 4y Pecause
of the tapered polysilicon profile and the LAT i npl antatlon the diffusion

fromthe ef@@ndipdiasiudgf 1R EE MR ibeén @a‘tﬁé?d:eﬂ:)and/\ﬂddvé}fécﬁw
0.15 to 0.20 mcrons. A large tilt angle boron isolation
i mpl ant at izan irscddisgvdlerdid et die f6@r.m iAs dontavt 'op@mimdthas been made
to source/drain region- 54 and filled with, for example, a
: tungsten plug 62 and aluminum metallurgy 64. Intermetal
dielectric layer 66 and second level metallurgy 68 are

covered by passivation layer 70 to complete the fabrication

of the integrated circuit.

The process of the invention provides for the
formation of buried contact junctions without forming a
bBuried contact trench by using a tapered polysilicon profile
and a large angie tilt buried contact implant. The process
of the invention also prdvides for a complete current path
from a polysilicon region through a buried contact région to
a source/drain region without a disconnection gap regardless
of mask misalignment. The tapered polysilicon'profile and
large'tilt angle implantation result in a larger diffusion
under the protective gate qxide layer, hence permitting a
larger overlap of polysilicon to buried contact to be
designed on the mask; thereby eliminating both a buried

contact trench and a disconnection gap.



- 11 - Referring nowto Fig. 7, a second |ayer of
polysilicon 48 is deposited by LPCVD to a thickness of between about 1000
to 1200 Angstrons. A pol yci de layer 50 may be deposited
over the polysilicon |layer 48, typically by chem cal vapor deposition.
This layer may be tungsten silicide, titaniumsilicide, or the like with a
pol ysilicon capping |layer having a conbined thickness of between about
1500 to 2000 Angstrons. 1The mai n pol ysilicon-etch, the
results of which are illustrated in Fiﬁ.le is typically a dry etch with
an etch stop at the gate whileéothexineehtyen Rds Bben, pabeicadarte/ drain
inplantation is perforned as is conventional to formsource/drain region
54 whi ch cshbenat anihdeburibddceithctefenenteobodttheTpeefersedl so | at eral

di ffusion of the source/drain region 54 of 0.05 to 0.07 mcrons.

Now, the oembbdpmehtshthpoegf|| itowild beeunderstdodohyathoéehekhbdiledm
openi ng size) on the mask can be

in the art that various changes in form and details may be
made without departing from the spirit and scdpe of the

invention.



designed to be around 0.10 to 0.15 mcrons. Since the diffusion area under

the gate oxide, G is 0.15 to 0.20 mcrons, n1sa#rgnmmﬂ—fﬁ—$+ﬁ%¢#mnonask

52 will not result in either a buried contact tm onnectlon
gap as in the prior art (Figs. 3 and 4). That |s l“a”l&
- 12 - the left of 0.10 mcrons is covered by the ause of

15 overlap, so no trench is formed A nlsallgnnent to the

the 0.10 to O.
right of 0.10

m crons mnll result in an actugl overlap on the wafer of

0.20 to 0.25 micronSA™Bpowever, the diffusion area under the gate oxide is
G plus the dilf.f asin@theid dfe foaming & dutiedgicontaét timata is, 0.20 to

m crons, so no disconnection gap is found.,

pol ysi |l i con prsenioonsdut ticar gabsangite tinl tthieufiaba icattiant afmamnt resul t
under the edge of the buried contact opening that no buried
cont act trenchﬁtadhatadjcﬁntuﬂ;(ﬁqmnnﬂsiug:on gap is left

enough dopi ng

providing a layer of gate silicon oxide over the

.surface of said semiconductor substrate; -

depositing a first polysilicon layer overlying said
gate silicon oxide layer;

etching away said-first polysilicon layer where
;t is not covered by a buried contact mask to'provide an
opening to said semiconductor substrate wherein said
first polysilicon layer is tapered such that the bottom

of said opening has a width the size of said planned

buried contact and wherein the top of said opening has

.a width larger than the size of said planned buried

contact;
implanting ions at a tilt angle into said substrate

within said opening whereby said ions penetrate said

substrate laterally underlying said first polysilicon

layer to form said buried contact;

depositing a second layer of polysilicon over said
first polysilicon layer and over said semiconductor
substrate within said opening; and

patterning said second polysilicon layer to form a
polysilicon contact overlying said buried contact

junction to complete said formation of said buried

0. 27

The tapered

in



between the buried contact junction and the source/drain Tegirenr—Fae—exact

tapered angle of the polysilicon layer 16 and theg
determ ned by the process designer by experinentat Hmﬂmmnﬂ@iyﬂnn
Processing continues as is conventional in the art to comnpl

integrated circuit device. This approach can be directly applied to static
random access nenory (SRAM buried contacts or to any device utilizing a
buried contact for connecting polysilicon and the sem conductor substrate.
A SRAMis illustrated in Fig. 9. El onga gq_polycide contact 51A and gate

51B are shown. Buried contact 44 and source and drain regions 54, which
may be N+, ar CoAmt iy ke figrication of an integrated circuit.

13 - sem conductor substrate. The first polycide contact 51A and gate 51B

have been covered with an interpoly oxide 56 and a second polysilicon

| ayer 58 has hee atterned and.covered by an.interlevel dielectric 60. A
contact openi 29 ﬁag‘% ¢ REFOT 6‘932'& EdAdma il whegedn saighEimst ed with,
for exanple, %olysilicon layer has a thickness of about 550

Angstroms.

3. A method according to Claim 1 wherein said first
polysilicon layer after said step of etching away has an

angle at said opening of between about 45 to 70 degrees.

4. A method according to Claim 1 wherein said implanting
ions into said substrate comprises implanting phosphorus
ions with a dosage of between about 1 E 15 to Z-E 15

atoms/cm® and energy of between about 40 and 60 KeV at a

tilt angle of between about 15 and 30 degrees.

5. A method according to Claim 1 wherein said second
polysilicon layer has a thickness of about 1000

Angstroms.

6. A method according to Claim 1 further cémprising
implanting ions to form an isolation implant underlying

said buried contact isolation.



tungsten plug 62 and al um num netal lurgy 64. Inter |l__dielectric |ayer
66 and second level netallurgy 68 are covered by ggggrvafrﬁﬁ“T_yer—7e
conplete the fabrication of the integrated circuit! ”"Im The
process of the invention provides for the formation lm,”m"”ul H!"
junctions without forming a buried contact trench by *usfngta % aper
polysilicon profile and a large angle tilt buried contact inplant. The

process of the invention also provides for a conplete current path froma
pol ysilicon region through a buried cont t region to a source/drain

regi on mﬁthout dISCO tion re ess sk msalignpent. The

t apered pol ysi I fg? %ﬁﬂfg‘ff tq' ql%rpglé“‘? L OMPERSIREUIt in a
| arger diffusio un er the rotecti te OXI e, Iayer hence permtting a
| arger overl ap cﬁ? o‘gof ‘o‘iﬁ 1Y 9 SR sF85%%0n t he

mask; -t her eby egawg]ﬁle& 0l fo? BEEAES s D&tsfép SEneLeR0d; 2 gl geonnect i on
gap.

second polysilicon layer.

8. A method according to Claim 6 wherein said polycide
layer comprises a first layer of‘tungsten silicide
having a thickneés of between about 1000 and 2000
Angstroms and a second layer of polysilicon having a

thickness of about 550 Angstroms.

9. A method acdording to Claim 1 further comprising

implanting ions into said substrate to form source and
drain regions after said step of patterning said second
polysilicon layer wherein one of said source and drain

regions contacts said buried contact region.

10. A method according to Claim 1 wherein said step of
patterning said second polysilicon layer uses a mask

having an overlap of polysilicon to buried contact

opening of between about 0.10 to 0.15 microns.

11. A method according to Claim 1 wherein said tapered
polysilicon layer and said tilt angle combine to form

said buried contact having a width larger than said



- 14 - Wil e the invention has been particularly shown and
described with reference to the preferred enbodiments thereof, it will be
understood by those skilled in the art that various changes in formand

?ﬁt/ginltisog?y be made without departing fromthe spi r'IHIIMH"ﬁmﬂﬁ,Wl"mreH

s x CLAI NB - 15 - 1. A method of* f8rnfng* a
buried contact in a seni conductor substra&g in the fabrication of an
integrated circuit conprising: providing a |l ayer of gate silicon

oxi de over the opdffifrdpe of said sem conductor substrate; depositing a
first polysilicon |layer overlying said gate.silicon oxide |ayer;

etching away said first polysilicon |ayer where it is not covered by a
buried contact mask to provide an opening to said sem conductor substrate

wherein said flizstA padtisod iawoddiyey tics Qlagian e swdrdiming haubiodd om  of
sai d opening has a width the size of said planned
contact trench or disconnection gap is formed in said

substrate due to misalignment of said mask.

13. A method of forming a buried contact in a
semiconductor substrate in the fabrication of an
integrated circuit comprising:

providing a layer of gate silicon oxide over the
surface of said semiconductor substrate;

depositing a first polysilicon layer overlying. said
gate silicon oxide layer;

etching away said first polysilicén layer where it
is not covered bf a buried contact mask to provide an
opening to said semiconductor substrate wherein said
first polysilicon layer is tapered such that the bottom
of said opening has a width the size of said planned
buried contact and wherein the top of said opening has a
width larger than the size of said planned buried
contact;

implan;ing ions at a tilt angle into-séid substrate
within said opening whereby said ions penetrate said
substrate laterally underlying said first polysilicon

layer to form said buried contact wherein said tapered



buried contact and wherein the top of said opening has a width larger than

the size of said planned buried contact; | Tptant+nRg—+ens—at_a tilt
angle into said substrate wi thin said opening mher i ons penetrate
said substrate laterally underlying said first pol m’m @Em "H’&& o form
said buried contact; depositing a second | ayem over
said first polysilicon |ayer and over said sem conductor substrate W thin

sai d openi ng; and- patterning said second polysilicon |layer to forma
polysilicon contact overlying said buriedScentact junction to conplete

said formation @b1yad Di b i Bsyer and said tilt angle ine t £m 16
contact in the faﬁf?%atlon %?Yan integrated circult. com%gn%\ = ?PEF

according to Csadid buhps®i doneact Thdving ol wdth CRirdéy SEnd@ss@id hi ckness
of about 550 -
opening;
depositing a second layer of polysilicon over said
first polysilicon layer and over said semiconductor
substrate within said opening; and
patterning said second polysilicon layer to form a
polysilicon contact overlying said buried contact -

junction to complete said formation of said buried

contact in the fabrication of an integrated circuit.

14. A method according to Claim 13 wherein said first
polysilicon layer has a thickness of about 550

Angstroms.

15. A method according to Claim 13 wherein said flrst
polysilicon layer after said step of etching away has an -

angle at said opening of between about 45 to 70 degrees.

16. A method according to Claim 13 wherein said
implanting ions into said substrate compfises implanting
phosphorus ions with a dosage of between about 1 E 15 to

2 E 15 atoms/cm® and energy of between about 40 and 60

KeV at a tilt angle of between about 15 and 30 degrees.



Angst r ons. 3. A nethod according to Claim1 wherein said first

polysilicon layer after said step of etching amay Ras—an_angle at said
openi ng of between about 45 to 70 degrees. hod accordlng to
Caim1l wherein said inplanting ions into sai d sub mu"mm”m"

I npl anting phosphorus ions with a dosage of betwee 2 E 15
atons/ cn2 and energy of between about 40 and 60 KeV at a tilt dngl*e of

bet ween about 15 - and 30 degrees. 5. A nmethod according to daiml
wherein said second polysilicon layer has a thickness of about 1000
Angstrons. 6. A nethod_according to aim 1 further conprising

i npl anting i ons7t oArBeEhaY RSEPEEiRG tapfhaimyhdevhoregn said §9€P§§

contact ISo'(’j‘tloilysllz.con ILyer has a thickness of about 1000

Angstroms.

18. A method according to Claim 13 further comprising
"implanting ions to form an isolation implant underlying

said buried contact junction.

"19. A method according to Claim 13 further comprising
depositing a polycide layer overlying said second
polysilicon layer before said step of etching said

second polysilicon layer.

20. A method according to Claim 19 wherein said polycide
‘layer comprises a first layer of tungsten silicide
having a thickness of between about 1500 and 2000
Angstroms and a second layer of polysilicon having a

thickness of about 550 Angstroms.

21. A method~according to Claim 13 further comprising
implanting ions into said substrate to form source and
drain regions after said step of patterning said second
polysilicon layer wherein one of said source and drain

-regions contacts said buried contact region.



- 17 - 7. A method according to aim1 further conprising depositing a
pol yci de | ayer overlying said second polysilicon |layer before said step of
etching said second polysilicon |ayer. 8. A nethod according to Claim®6
wherei n said polycide |ayer conprises a first | a !( Ium mn”n li ci-de
havi ng a thi ckness of between about 1000 and 2000 second

| ayer of polysilicon having a thickness of about 550 Angst P onk. 9. A
met hod according to-Claiml further conprising inplanting ions into said
substrate to formsource and drain regT@ﬁs‘after said step of patterning
said second PRIA.yH hietthod avsondiageito dlaial 1Sawher@inc saad] shep rof

regi ons contacts said buried contact region. 10. A nethod according to
d aim 1l wher eipatdmmhiseesadfd sexongt polysddiicoredaydrpaises la aq@sK ayer uses
a mask having an overlap of polysilicon to buried contact opening of

bet ween about Iaviihg @n).overiiapr @fs polysilicamdrchduricsbratiniipato Caim 1

wherein said tapered
opening of between about 0. 10 to 0.15 microns.

23. A method according to Claim 22 wherein no buried
contact trench or disconnéction gap is formed in said
substrate due to misalignment of said mask.

.'24. A method of forming a buried contact in a
semicqnductor substrate while preventing formation of a
buried contact trench or disconnection gap in the
faprication of an integrated circuit comprising:

pfoviding a layer of gate silicon oxide over the
surface of séid semiconductor substrate;

depositing a first polysilicon layer qverlying said
gate silicon oxide layer; 

etching away said first polysilicon layer where it

"is not covered by a buried contact mask to provide an
opening to said semiconductor substrate wherein said
first polysilicon layer is tapered such that the bottom
of said opening has a width the size of said planned
buried contact and wherein the top of said opéning has a
width larger than the size of said planned buried

contact;



polysilfcon | ayer and said tilt angle conbine to form said buried contact
having a wwdth |arger than said

- 18
openi ng. 12. A nethod according to Caim 10 V\herelmlmumnmmmm act
trench or disconnection gap is formed in said subst riZueax

m sal i gnment of said nmask. 13. A nethod of formng a buri'ed"cohtatt in.a
sem conduct or substrate in the fabrication of an integrated circuit
conpri si ng: providing a | ayer of gatwe2sidicon oxide over the surface

of said sem CondUCtiq{p i:[r{ ti%n t ad&pﬁ?iatrlg r];t'l.é Séa'ﬁ?lé/xfgétl. £ eI ayer
siT1co eﬁ et chi TS

overlying said gate oxl1 ayer: ng away said t

B?Lﬂ'ei con | qYAn Ui d lopdriidif WP S A JHY I RhSAU AL s dEK 1O
substrate laterally underlying said first polysilicon
layer.to form said buried contact wherein said tapered

.polysilicon layer and said tilt angle éombiﬁe to form
said buried contact having a width larger than said
opening by between about 0.15 to 6.20 microns on each
side 6f said opening;

) depositing a second layer of polysilicon over said

first polysilicon layer and over said semiconductor

substrate within said opening; and
patterning said second polysilicon layer to form a
polysilicon contaqt overlying said buried contact

-junction using a photoresist mask having an overlap of

polysilicon to buried cohtaét opening of betﬁeen aboui-

0.10 to 0.15 microns wherein said overlap and said

larger width of said buried contact prevent fbrmation of

a buried contact trench or disconnection gap in the

fabrication of an integrated circuit.

25. A method according to Claim 24 wherein said first
polysilicon layer after said step of etching away has an

'angle at said opening of between about 45 to 70 degrees.



opening to said sem conductor substrate wherein said first polysilicon

| ayer is tapered such that the bottom of said opening—has—a W dth the size
of said planned buried contact and wherein the top o ' ning has a
width larger than the size of said planned buh”ﬂ“@m‘mﬂ“ﬂlﬁm

I nplanting ions at a tilt angle into said subst I'Ms Sad d openi ng

whereby said ions penetrate said substrate Iaté?ally underlying said first
polysilicon layer to formsaid buried contact wherein said tapered

[err] - 19 - polysidicon layer and said tilt angle
conbine to form said buried contact having a wwdth |arger than said
openi ng; 26lephsnetimod aaceending ayerCbiipol 4 swhérein csaidstaperédr st

pol ysilicon layer and over said semi conductor substrate wthin said
openi ng; and Polysphicernlayesfddsctonsridl Jargeeonidtherft82idrm a

pol ysilicon contact overlying said buried contact .
buried contact by about 0.06 microns on each side of

said opening.

27. A method according to Claim 24 wherein said
implanting ions into said substrate comprises implanting
phosphorus ions with a dosage of between about 1 E 15 to :
2 E 15 atoms/cm® and energy of between about 40 and 60

KeV at a tilt angle of between about 15 and 30 degrees.

28. A method according to Claim 24 wherein said
implanting ions at said tilt angle adds to said larger
width of said buried contact by about 0.06 microns on

each side of said opening.

29. A method according to Claim 24 further comprising
depositing a polycide layer overlying said second
polysilicon layer before said step of etching said

second polysilicon layer.

30. A method accofding to Claim 24 further comprising
implanting ions into said substrate to form source and
drain regions after said step of patterning said second

polysilicon layer wherein one of said source and drain



junction to conplete said formation of said buried contact in the
fabrication of an integrated circuit. 14. A nglﬁgg_gggngLng_Lo_Clain113
wherein said first polysilicon |ayer has a thickness of about 550

Angst r ons. 15. - A met hod according to O aim13 ml“sﬂlﬂmlmm
polysilicon layer after said step of etching away |I1 sai d
openi hg of between about 45 to 70 degrees. 16." A*mef hod dbcordlng to
Claim 13 wherein said inplanting ions into said substrate conprises

i mpl anting phosphorus ions with a dosa$e of between about 1 E 15 to 2 E

15 atons/ cnf er rhgaBdseaehtincet Baiwebirab@utodlaaRdrBgiokeV at a tilt angle
of between about 15 and 30 degrees., [err]

- 20 - 17. A nmethod according to C-ai m 13 wherein sai d second pol ysi licon
| ayer has a thickness of about 1000
31. A method according to Claim 24 wherein said
" photoresist mask is misaligned to the left by as much as
0.10 microns and wherein said buried contacf trench is

‘prevented by said overlap of said polysilicon to said

bufied contact.

" 32. A method according to Claim 24 wherein said
photoresist mask is misaligned‘to the right by as much
as 0.10 microns and wherein said disconnection gap is

prevented by said larger width of said buried contact.



Angst r oirs. 18. A method according to Claim 13 further conprising
i nmplanting ions to forman isolation inplant underlying said buried

contact junction. 19. A nmethod according to Caim213 further conprising
depositing a polycide |ayer overlying said second polysilicon |ayer before
said step of etching said second polysilicon |ayer. 20. A net hod

according to Claim19 wherein said polycide |ayer conprises a first |ayer
of tungsten silicide having a thickness of between about 1500 and 2000
Angstrons and a second | ayer of polysiliecoRihaving a thickness of about
550 Angstrons. 21. A nethod according to Claim213 further conprising
i npl anting ions into said substrate #@&*aTsource and drain regions after

said step of patterning said second olysilicon | ayer wherein one of said
source and drain regi oﬁ@"%ﬁ?%t"?‘%‘%ﬂ GOBRACT RRACEP? JECHYUGFY .

A new method of forming a buried contact junction
without forming a buried contact trench and without a
disconnéction gap in the current path by using a tapered
polysilicon profile and.a large angle.tilt buried contact
implant is described. A layer of gate silicon oxide is
provided over the éurface of a semiconductor substrate. -A.
first polysilicon layer is deposited overlying the gate
silicon oxide layer. The first poleilicon layer is etched
away where it is not covgred by a buried contact mask to
provide an opening to the semiconductor substrate wherein the
first polysilicon layer is tapered such that the bottom of
the opening has a width the size of the planned bu;ied
contact and wherein the top of the opening has a width larger
than the size of the planned buried contact. Ions are
implanted at a tilt angle into.the substrate within the
opening whereby the ions penétrate the substrate laterally
underlying wthe said first polysilicon layer to form the
buried contact. A secondhlayer of polysilicop is deposited
over the first polysilicon layer and over the semiconductor
substrate within the opening and patterned to form a
polysilicon contact overlying the buried contact junction to
complete formation-of a buried contact in the fabrication of

an integrated circuit.

(FIGURE 5 IS SUGGESTED FOR PUBLICATION)



* C L N S * S - 21 - 22. A nethod according
to Claim13 wherein said step of - patterning said second polysilicon I ayer
uses a mask having an overlap of polysilicon to buried contact opening of
bet ween about 0.10 to 0.15 m crons. 23. A nethod according to C aim 22
wherein no buried contact trench or disconnection gap is fornmed in said
substrate due to msalignnent.of said nmask. 24. A nmethod of formng a
buried contact- in a sem conduct or supﬁﬁrate whil e preventing formation of
a buried contact trench or disconnectl’on gap in the fabrication of an
integrated circuit conprising: providing a | ayer of gate silicon

oxi de over the surface of said sem conduc2&@ substrate; depositing a
first polysilicon |ayer overlylng said gate illlcon oxi de | ayer;

etching away said first pol ayer| where i ed by a

buri ed contact mas to¥sai rf substrate

wherei n sai d W 20
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first .polysilicon layer is tapered such that the bottom of said opening
has a width the size of said planned buried contact and wherein the top of
said opening has a w dth larger than the size of said planned buried

cont act; [err] - 22 - i mpl anti ng
lons at a tilt angle into said substrate wthin said opening whereby said
lons penetrate said substrate laterally underlying said first polysilicon
| ayer to formsaid buried contact wherein said tapered polysilicon |ayer
and said tilt angle conbine to form s&/d buried contact having a width

| arger than said opening by between about 0.15 to 0.20 mcrons on each
side of said opening; dep05|t|ng a second | ayer of polysilicon over
said first polysili em conductor  substrate within
sai d openi ng; and polysilicon |layer to forma
pol ysi | i con38o act
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junction using a photoresist mask having an overlap of polysilicon to

buri ed contact openi ng of between about. 0.10 to 0.15 m crons wherein said
overlap and said larger width of said buried contact prevent formation of
a buried contact trench or disconnection gap in the fabrication of an
integrated circuit. 25. A nethod according to Caim24 wherein said
first polysilicon |ayer after said step of etching away has an  angl e at
sai d openi ng of between about 45 to 70 degrees. -

- 23 - 26. A nethod according to Claim 24 wherein said tapered

pol ysilicon |ayer adds to said |arger wB#th of said buried contact by
about 0.06 m crons on each side of said opening. 27. A method according
to Claim24 wherein said inplanting ions into said substrate conprises

i mpl anti ng
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phosphorus ions with a dosage of between about 1 E 15 to 2 E 15 atons/cn®
and energy of between about 40 and 60 KeV at a tilt angle of between about

15 and 30 degrees. 28. A nmethod according to Caim 24 wherein said
implanting ions at said tilt angle adds to said larger wdth of said
buri ed contact by about 0.06 microns on each side of said opening. 29.

A nethod according to Caim24 further conprising depositing a polycide

| ayer overlying said second polysilicon |ayer before said step of etching
said second polysilicon |ayer. ¥)s A nethod according to Caim 24
further conprising inplanting ions into said substrate to form source and
drain regions after said step of patterning said second polysilicon |ayer
wherein one of said source and drain
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- 24 - regions contacts said buried contact region. 31. A nethod
according to Claim24 wherein said photoresist mask is msaligned to the

| eft by as nuch as 0.10 mcrons and wherein said buried contact trench is

prevented by said overlap of said polysilicon to said buried contact.
32. A nethod according to Caim24 wherein said photoresist nmask is
m saligned to the right by as nuch as 0.10 mcrons and wherein said
di sconnection gap is prevented by said |arger width of said buried
cont act . _
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