A PROCESS HAVI NG HI GH TOLERANCE TO BURI ED CONTACT MASK
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| NVENTI ON (1) Field of. the Invention The i nygpid on
relates to the fabrication of integrated circuit devices, and nore
particularly, to a nethod of formng buried contacts having high tol erance
to buried contact mask msalignnent in the fabrication of integrated
circuits. (2) Description of the Pridr—Art Referring to
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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 forming buried contacts having high tolerance to
buried contact mask misalignment in the fabrication of

integrated circuits.

(2) Description of the Prior Art

Referring to Fig. 1, a typical buried contact
is formed by depositing a doped layer of polysilicon 16 over
and on the planned buried contact region in a semiconductor
.substrate 10 and heating the structure. The buried contact
region 20 is doped by outdiffusion of dopants from the doped
polysilicon layer 16 into the silicon substrate. The doped
polysilicon layer is allowed to remain on the buried contact
region as its contact. Gate electrpde 18 and source/drain
region 22 are also formed. If there is misalignment of the
mask during etching of the polysilicon 16, a portion of the
semiconductor substrate within the buried contact area will

be exposed. During .polysilicon overetching, a buried contact



polysilicon layer 16 into the silicon substrate. The doped polysilicon

| ayer is allowed to remain on the buried contact region as its contact.
Gate el ectrode 18 and source/drain region 22 are also forned. If there is
m sal i gnment of the mask during etching of the polysilicon 16, a portion
of the sem conductor substrate within the buried contact area wll be
exposed. During polysilicon overetching, a buried contact

-2- trench 25 will be etched. |If the trémch is deep enough, it my cause

di sconnecti @gef N, d1he WUk ont +20 ' e - rceldrain, fegion
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m sal i gnment probl ens causing etching of the sem conductor substrate.
SUMVARY COF $blErtaXddgirOegion 22. '
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U.S. Patent 5,350,712 to Shibata téaéhés the
use of an additional metal width around a metal line to
overcome mask misalignment problems causing etching of the

semiconductor substrate.
SUMMARY OF THE INVENTION

A principal object of the present invention is
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 which

will not be harmed by mask misalignment,

In accordance witﬁ the objects of this
invention a new method of forming improved buried contact
junctions is achieved. A layer of gate silicon oxide is
provided over the surface of a semiconductor substrate. A
layer of polysilicon is deposited over ﬁhe gate oxide

layer. The gate oxide and polysilicon layers are etched away



A principal object of the present invention is to provide an effective and
very manufacturable nethod of formng buried contact junctions.

Anot her object of the present invention is to provide a nmethod of formng
buried contact junctions which w1l not be harmed by mask m salignnent.

I n accordance with the objects of this invention a new nethod of form ng

| nproved buried contact junctions is achieved. A layer of gate silicon
oxide is provided over the surface of—a sem conductor substrate. A |ayer
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pol ysilicon I"ayer and the
provided overlying the first polysilicon layer and the
planned huried contact junction. A tungsten silicide layer
is deposited overlying the second polysilicon layer. The
tungsten silicide and secoud polysilicon layers are etched
away where they are not covered by a mask to provide gate
electrodes and a polysilicon contact overlying the planned
buried contact junction and providing an opening to the
semiconductor substrate where a planned source/drain region
will be formed adjoizing the planned buried contact junction
and wherein a portion of the polysilicon layer not Qt the
polysilicon contact remains as residue. The residue is
etched away whereby a trench-is'e:éhed into the semiconductor
substrate at the juhction of the planned source/drain region
and the planned buried contact junction. A doped glasseous
layer is deposited overlying the pattefned'pdlysilicon layer
and within the trench. The doped glasseous layer is
isotropically etched away until the doped glasseous layer
remains only partially filling the trench. The semiconductor
substrate is oxidized to drive-in dopant from the doped
glasseous layer within the trench into the surrounding

semiconductor substrate. Ions are implanted to form the

planned source/drain region. Dopant is outdiffused from the



pl anned buried contact junction. A tungsten silicide |ayer 1is deposited
overlying the second polysilicon |ayer. The tungsten silicide and second
polysilicon |layers are etched away where they are not covered by a nask to
provi de gate electrodes and a polysilicon contact overlying the planned
buried contact junction and providing an opening to the seniconductor
substrate where a planned source/drain fegion wll be formed adjoining the
pl anned buried contact junction and whérein a portion of the polysilicon

| ayer not at ‘the  polysilicon contact remains as residue. The residue is
et ched away %&F@‘E’of"&yﬁﬁéhﬁﬂni)s,ayércl‘?édf?ﬁ‘i‘o“}%é’sls‘éﬂ‘r‘i oﬁHﬁ&?%rco%tiﬁ)cgttrate at
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trench into ¢hecrfdii@eddaRgd SSAEEIANAEGEeE. substrate. lons are inplanted to
formthe planned source/drain region. Dopant is outdiffused fromthe

Also in accordance with the objects of the
invention, a new integrated circuit device having a
conduction channel between a source/drain region and an
adjoining buried contact junction is achieved. The
integrated circuit device comprises a gate electrode on the
surface of a semiconductor substrate, source/drain regions
within the semiconductor substrate surrounding the gate
electrode, a polysilicon contact on the surface of the
semiconductor substrate, a buried contact junction underlying
the polysilicon contact and adjoining one of the source/drain
regions, a glasseous material partially filling a trench in
the semiconductor substrate at the junction between the
buried contact junction and one of the source/drain regions,
and a heavily doped region within the semiconductor substrate
surrounding the trench wherein the heavily doped region
provides a conduction channel between the socurce/drain region

and the adjoining buried contact junction.
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-4- second polysilicon |ayer to formthe planned buried contact junction
wherei n the dopant surrounding the trench provides a conduction channel
bet ween the source/drain region and the adjoining buried contact junction
conpleting the fabrication of the integrated circuit device. '

Al so in accordance with the objects of the invention, a new integrated
circuit device having a conduction channel between a source/drain region
and an adjoi ning buried contact junchén"is achi eved. The integrated
circuit device conprises a gate electrode on the surface of a

sem conduct or substrate, s®RIEE/ OESCRIRTIPNOOS THEtDRAWINGS senmi conduct or
substrate surrounding the gate electrode, a polysilicon contact on the
surface of the sem conductor substrate, a buried contact junction
underlying the polysilicon contact and adj oi ning one of the source/drain
regions, a glasseous materi dn $het fesompanyingngravinghdeaming Re

sem conduct or _subsirate at the junction between the buried contact

junction and BR&%Etat RATHRic&Pdsafesseiqtdng, there is shown:

Fig. 1 schematically illustrates in cross-

sectional representation an embodiment of the prior art.

Figs. 2 through 11 schematically illustrate in
cross-sectional representdtion a preferred embodiment of the

present invention.

Fig. 12 schematically jillustrates in cross-
sectional representation a static random access memory (SRAM)

device fabricated according to the process of the present

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 2 through 6 illustrate an N channel
MOSFET integrated circuit device. However, it is well
understood by those skilled in the art that a P channel FET
integrated circuit device could be formed by simply
substituting opposite polarities to those given for the N

channel embodiment. Also, in a similar way, a CMOSFET could



and;a heavily doped region within the sem conductor substrate surrounding
the trench wherein the heavily doped region provides a conduction channel
bet ween the source/drain region and the adjoining buried contact junction.

- b- BRI EF DESCRI PTI ON OF THE DRAW NGS In
t he acconpanying drawings formng a material part of this description,
there i s shown: Fig. 1 schematically illustrates in
cross- sectional representation an embddi-nent of the prior art.

Figs. 2 through 11 schematically illustrate in cross-sectional

r epr esent atieofioaned cfe rasd regrbotdhmé nthamelhandpPeshannghvdanicgs. upon

Fig. 12 schematically illustrates in cross-

the same substrate.

Referring now more particularly to Fig. 2,
there is shown a portion of a partially completed integrated
circuit. There is shown a monocrystalline semiconductor
substrate 10 in which there are formed field oxide regions
12. A gate oxide layer 14 is grown on the surface of‘the
semiconductor substrate, typically to a thickness of between
about 40 to 150 Angstroms. ‘A polysilicon layer 16 is
deposited over the gate oxide layer to a thickness of between

about 400 to 700 Angstroms,

A buried contact mask is used to form the
photoresist mask PR over the surface of the substrate, as
shown in Fig. 3. The gate oxide layer 14 and the polysilicon
layer 16 are etched away where they are not covered by the
mask to form the buried contact opening 17. The photoresist

mask is removed.

Referring now to Fig. 4, the polysilicon layer
18 is blanket deposited by low pressurs chemical vapor
deposition (LPCVD) to a thickness of between about 700 to
2500 Angstroms. The polysilicon layer 18 is doped by POCla

Or by ion implantation, such as with phosphorus ions at a



sect.d onal representation a static random access nenory (SRAM device
fabricated according to the process of the present invention. '
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Figs. 2 through

6 illustrate an N channel MOSFET integrated circuit device. However, it is
wel | understood by those skilled in the art that a P channel FET '

Integrated circuit device could be forngd by sinply substituting opposite
polarities to those glven for the N Channel enbodinment. Also, in a simlar

way, a CMOSFE] gg@% £ 2~ 6- 5 bg.dprnmed
by maki ng both anngﬁtwe ab %ﬁnel &ngges %p%% a%ﬁ1 Aggne subs§¥ate

Ref erring novesfoEghddden %lih%h&etm Hisd de@osit 88 By | IR @apeEtion of a
partially conpleted integrated

deposition (CVD) over the polysilicon layer 18. The

thickness of the tungsten silicide layer is between about 500

to 2000 Angstroms.

Referring now tqo Fig. 5, a layer of
photoresist 26 is coated over the tungsten silicide layer and

patterned to form a photoresist mask.

As illustrated in Fig. 6, the polysilicon
layer 18 and tungsten silicide 24 are patterned to form a
gate electrode 28 and tungsten silicide/polysilicon contact
30. Typically, the tungsten silicide and polysilicon are
etched away where they are not covered by the mask. A
portion of the polysilicon remains as residue where it is not
desired. An overetching step is performed to remove this
polysilicon residue. If the mask is misaligned, during
overetching, a trench 32 is etched into the substrate where
it is not protected by the gate oxide layer 14. The trench

32 may cause buried contact to source/drain disconnection.

The process of the invention resolves the‘
possiblerdisconnection problem. Referring now to Fig. 7, a

layer 34 of phosphosilicate glass (PSG) comprising between



circuit. There is shown a nonocrystalline sem conductor substrate 10 in
which there are forned field oxide regions 12. A gate oxide layer 14 is
grown on the surface of the sem conductor substrate, typically to a

t hi ckness of between about 40 to 150 Angstronms. A polysilicon layer 16 is
deposited over the gate oxide layer to a thickness of between about 400 to
700 Angstronmns. A buried contact mask is used to formthe
phot oresi st mask PR over the surface of8 the substrate, as shown in Fig. 3.
The gate oxide layer 14 and the polysilicon |ayer 16 are etched away where

they are NgbogOVeies oRy phBEondBR 0 bBERL LEE SVHY HhetgRLREInORENI NG 17

The photoresist nask'i erring now to Fig.

4, the pol y@iib.&;mrz:dnawagerlm seitnk @he dEPOSER b kY thoWkRESSSHE € chemi cal
vapor deposition (LPCVD) to a thickness of between about 700 to 2500

Angst r ons. bdteeqio|aidti 6000! 8y eT00kB Angsdoprs. bya RZratikklyor Lyed on
I npl antati on, such as with phosphorus ions at a
34 could be P112 spin-on-glass (SOG) doped with about 2%

phosphorus.

The PSG or SOG 34 is.isotropically dry etched
to remove layer 34 except within the trench, as shown in Fig.
8. A buffered oxide etch (BOE) is used to clean away oxide

residue,

Referring now to Fig. 9, a thermal oxidation
is performed to drive in N+ from the PSG layer 34 in the
trench into the substrate surrounding the trench, as
illustrated by 36. The wafer is oxidized at a temperature of
between about 850 to 950 oC for between about 10 to 30
minutes. This thermal oxidation also re-oxidizes the gate
oxide 14 under the polysilicon gate 28. This anneals out
etch induced edge defects. The thermal cycle alsc drives in
the doping from layer 18 into the substrate to form the

buried contact region 38.

Processing continues as usual with ion
implantation to form N- region 40, as shown in Fig. 10.

Oxide spacers 42 are formed on the sidewalls of the gate



-7-. dosage of between about 1 E 15 to 1 E 16 atons/cnferr]. A layer of
tungsten silicide 24 is deposited by chem cal vapor deposition (CVD) over
the polysilicon layer 18. The thickness of the t-ungsten silicide layer is

bet ween about 500 to 2000 Angstrons. Referring now to
Fig. 5, a layer of photoresist 26 is coated over the tungsten silicide
| ayer and patterned to forma photoresist mask. As

illustrated in Fig. 6, the polysilicon |ayer 18 and tungsten silicide 24
are patterned to forma gate el ectrodé€ 28 and tungsten
silicide/polysilicon contact 30. Typically, the tungsten silicide and

polysilicon asbectisdedsanarheher foddi@kedifp @it &DVES efbrined heaask. A
portion of the polysilicon remalins as residue where it is not desired. An

over et chi ng sdeped ssqpardeydradnt peqbons/at4t,hias shpadrysid ikian idsi due. |If the
mask is msaligned, during overetching, a trench 32 is etched into the
substrate where it is not protected by the gate oxide |ayer 14. The trench
Referring now to Fig. 12, an interpoly oxide
46 is deposited over the top surfaces of the substrate to a
thickness of between about 2000 to 5000 Angstroms and
patterned. Finally, a third layer of polysilicon 48 is

deposited overall.

The static random access memory (SRAM) device
of the present invention having a conduction channel
between a source/drain region and an adjoining buried
contact junction is illustrated in Fig. 12. The integrated
circuit device éomprises a gate electrode 28 on the surface
of a semiconductor substrate 10, source/drain regions 44
within the semiconductor substrate surrounding the gate
electrode, a polysilicon contact 18 on the  surface of the
semiconductor substrate, a buried contact junction 38
underlying the polysilicon contact and adjoining one of the
source/drain regions,.a glasseous material 34 partially
filling a trench in the semiconductor substrate at the
junction between the buried contact junction and one of the
source/drain regions, and a heavily doped region 36 within
the semiconductor substrate surrounding the trench wherein

the heavily doped region provides a conduction channel 36



32 may cause buried contact to sour ce/ drai n di sconnecti on.
The process of the invention resolves the possible disconnection problem

Referring nowto Fig. 7, a layer 34 of phosphosilicate glass (PSG

conpri sing between

-8-

about 2 to

9% phosphorus is deposited over the patte&ned polysilicon layer and within

the trench to a thickness of between abo

? 5000 to 7000 Angstrons.

Al ternati vep¢twdady &he 38uso)drdm Fi'@g&oﬁpltl@ 8R4 1S adj2PRingoBadi¥gt h about
2% phosphor us. he PSG or SOG 34 is isotropically dry

etched to cemacet ljaperidd Bgcept mnthln the trench, as showmn in Fig. 8.

buffered oxide etch (BOE) is used to clean away oxide resi due.

Referring now to Fig. 9, a thermal oxidation

The process of the invention can be used in

making any device including a buried contact process.

process of the invention provides a conduction channel

The

between the buried contact and the source/drain even if the

polysilicon masks are severely misaligned.

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:

A



is performed to drive in Nv fromthe PSG layer 34 in the trench into the
substrate surrounding the trench, as illustrated by 36. The wafer is
oxi di zed at a tenper t ween about 850 to 950 [err] C for between
about 10 to BO’T'“ hermal oxidation also re-oxidizes the gate
oxi de 14 under il @Mgate 28. This anneals out etch induced edge
defects. The thérﬁhILcy@ drives in the doping fromlayer 18 into
the substrate to formthe buried contadl tegi on 38.

Processing conii ny%%dj?falfagﬂgaﬁ% lnrr@hggére%t cfuq_rtmdlg-np:ggl on 40,

as shown in Fig. 10 spacers are for e sidewal I's of the
gate comprising: -9- electrode 28. Then, ions are
i nplanted to formed heavily doped source/drain regions 44, as shown in
Fig. 11. providing a layer of gate silicon oxide over the

surface of a semiconductor substrate;

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

etching away said first polysilicon and said gate
oxide layer where they are not covered by a mask to
provide an opening to said semiconductor substrate where
& planned buried contact junction will be formed;

depositing a second polysilicon layer overlying
said first polysilicon layer and said planned buried
coantact junction and doping said second polysilicon
layer;

depositing a tungsten silicide layer overlying said
second polysilicon layer;

etching away said tungsten silicide and said second
pPolysilicon layers where they are not covered by a mask
to provide gate electrodes and a polysilicon contact
overlying said planned buried contact junction and
providing an opening to said semiconductor substrate
where a planned source/drain region will be formed
wherein said planned source/drain regionm is adjacent to
said planned buried contact junction and wherein a

portion of said polysilicon layer not at said



Referring now to Fig. 12, an interpoly oxide 46 is deposited over the top
surfaces of the substrate to a thickness of between about 2000 to 5000
Angstronms and patterned. Finally, a third |ayer of polysilicon 48 is

deposited overal | . The static random aiﬂmﬂ"ﬂ&mmmw)
device of the present invention havingiga-—conduction cha 1 |
source/drain region and an adjoining buried contact junctioh is * § *

illustrated i n pbyysiRicdihecdnmiaegr ateaing g welsidaei;ce conpri ses a gate

el ectrode 28 on the surface of a sem conductor substrate 10, source/drain
regions 44 within tétchiog awadusadd sediduertwherginoantiregch hies gat e

el ectrode, a polysilicon contact 18 on_the surface of the sem conductor
substrate, a buPl‘xéﬁe@om‘%ftts%h@néﬁméﬁo%@ucméqbﬁﬁf@tﬁhétpbh?s]‘M@‘d-r?ncont act
and adjoining one of the source/drain regions, a glasseous_material 34
partially fillPhgsaid lrangad, soyEceldrbhdrIion sidsspaderbannedt | unction
bet ween t he burbed,cgntact(%gnction and one of the source/drain regions,
and a heavily dBBEdeP eGPOVRE6 INPCRERR? t he seni conduct or substrate

surroundi ng the trengh whereln . Yie.Reayil e dlaPadyeobon o e

patterned polysilicon layer and within said trench;

isotropically etching away said doped glasseous
layer until said doped glasseous layer remains Anly
partially filling said trench;

oxidizing said seniiconductor substrate to drive-in
dopant from said doped glasseous layer within said
trench into said surrounding semiconductor substrate;

outdiffusing dopant from said second polysilicon
layer to form said planned buried contact junction;

implanting ions to form said planned source/drain
region;

depositing a layer of interpoly oxide overlying
said patterned tungsten'silicide ahd second polysilicon
layers and patterning said interpoly oxide layer; and

depositing a third polysilicon layer overlying said
patterned interpoly oxide wherein said dopant
surrounding said trench provides a conduction channel
between said source/drain region and said buried contact

junction completing said fabrication of said integrated



- 10 -- between the source/drain region 44 and the adjoining buried

contact junction 38. The process of the invention can be

used in naking any device including a buried contact process. The process
of the invention provides a conduction channel between the buried contact

and the source/drain even if the polysilicon masks are severely

m sal i gned. Wi | e the Pnvention has—been—partiecularly
shown and described with reference to the preferred t her eof ,
it will be undeksFbidd 987 1iC8ose skilled in the art #g‘l@ milﬁ Hlﬁes in
formand details may be nade without departing fro cope
of the invention. What is clainmed is:

2. The method according to Claim 1 wherein said first
polysilicon layer has a thickness of between about 400

to 700 Angstroms.

3. The method according to Claim 1 wherein said second.
polysilicon layer has a thickness of between about 700

to 2500 Angstroms.

4. The method according to Claim 1 wherein said second

polysilicon layer is doped by diffusion of POCls.

5. The method according to Claim 1 wherein said second
polysilicon layer is doped by ion implantation of
phosphorus ions with a dosage of between about 1 E 15 to

1 E 16 atoms/cm=.

6. The method according to Claim 1 wherein said tungsten
silicide layer has a thickness of between about 500

to 2000 Angstroms.

7. The method according to Claim 1 wherein said doped
glasseous layer comprises phosphosilicate glass doped

with between about 2 to 9% phosphorus.



1. A nethod of
providing a la
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overlying sai
pol ysilicon an
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depositing a t
| ayer;
polysilicon |a
el ectrodes and

fabricating an integrated circuit device conprising:
yer of gate silicon oxide over the surface of a

substrate; depositing a first Layer of polysilicon

d gate silicon oxide |ayer; etching away said first

d said gate oxide layer where they a a mask
opening to said sem conduct or substr MITWHMned
junction will be fornmed;- 14 - dep03|f|nb a sdconm
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9. The method according to Claim 1 further comprising
performing a buffered oxide etch following said step of
isotropicaliy etching away said doped glassecus layer

wherein said buffered oxide etch removes oxide residue.

10. The method accordiné to Claim 1 wherein said
oxidizing said semiconductor substrate is a thermal
oxidation.

11. The method according to Cléim 1 wherein said
oxidizing said semiconductor substrate also re-oxidizes
said gate silicon oxide layer underlying said gate

electrodes.

12. The method according to Claim 1 wherein said
outdiffusing dopant from said second polysilicon layer

is done during said oxidizing step.

13. A method of fabricating an integrated circuit device
having a conduction channel between a source/drain

region and an adjoining buried contact junction



overl-ying said planned buried contact junction and providing an opening to

sai d sem conductor substrate where a planned source/drain region wll be
formed wherein said planned source/drain region is adjacent to said
pl anned buried contact junction and wherein a portion of Sard—potystH+-€on

| ayer not at said TN B L] .con
contact remai ns as residue; et ching ggvay said re”‘mmﬂ'm':”m
trench is etched into said sem conductor substrate at *the ju xOf
sai d pl anned sour<¥®P¥igilngregi on and said planned buried contact junction;
depositing a doped gl asseous | ayer overlying said patterned polysilicon

|l ayer and within sai dP¢PEAERng a firstgdp Sﬁi%gl??l%%)‘rﬁﬁcﬁ& Qﬁﬁg qat¥ Hoped
gl asseous | ayer il o2 1; 0Pk MARIER Bk WS JGYe s oIy partially

semiconductor substrate;

etching away said first polysilicon and said gate
oxide iayer where they are not covered by a mask to
provide an opening to said semiconductor substrate where
a planned buried contact junction will be formeq; |

depositing a second polysilicon layef overlying
said first polysilicon layer and said planned buried
contact junction and déping said second polysilicon
layer;

depositing a tungsten silicide layer overlying said
second polysilicon layer; |

etching away said tungsten silicide and said second
polysilicon layers where they are not covered by a mask
to provide gate electrodes and a polysilicon contact
overlying said planned buried contact juncﬁion and
providing an opening to said semiconductor substrate
where a planned source/drain region will be formed
wherein said planned source/dra;n region is adjacent to
said planned buried contact junction and wherein a
portion of said polysilicon layer not at said
polysilicon contact remains as residue;

etching away said residue wherein a’ trench is
1]



oxi di zi ng said sem conductor substrate to drive-in

gl asseous | ayer
substrate;

dopant from said doped

wthin said trench into said surroundimgsentconductor

form said planned buried contact junction; i nmp

out di ffusi ng dopant from sai d secongeng a. b,col yer to
AN NL -
sai d planned source/drain region; depositing axlayerl, Ol oly

oxi de overlying

said patterned tungstensgilicide and second pol ysi

| ayers and patterning said interpoly oxide |layer; and deposi ti

third polysilicdt

sai d dopant surroundi.ng said trench Erovides a conduction channel

sai d source/ dr aitf PEJPoRIAREL SOYTGR/ FEYLR FREEN Andnsaidrpbamirdt i n
fabrication of qu.ehngggégé@djunctiow - 13

circuit device.

depositing a doped glasseous layer overlying said
patterned polysilicon layer and within said trench;

isotropically etching away said doped glasseous
layer until said doped glasseous layer remains only
partially filling said trench;

oxidizing said semiconductor substrate whereby
dopant is driven in from said doped glasseous layer
within said trench intoﬂsaid surrounding semiconductor
substrate and whereby dopant is outdiffused from said
second polysilicon layer to form said planned buried
contact junction;

implanting ions to form said planned source/drain
region wherein said dopant surrounding said trench
provides a conduction channel setweén said ééufcé/drain
region and said buried Eontac£ fuhction; .

depositing a layer of interpoly o#idé overlyﬁnéi
said patterned tungsten silicide and second polysilicon

layers and patterning said interpo;j oxide“iéYe:} and

i con
ng a

etnb9e73id wemd sPaduptan eubetriateenpotiye ojuntzt ider ei n

bet ween
g said

depositing a third polysilicon layer overlying said’

pPatterned interpoly oxide completing said fabricatioh of

said integrated circuit device.



2. The nethod according to Claiml wherein said first polysilicon |ayer
has a thickness of between about 400 to 700 Angstrans 3. _The .b(hod
according to Caim1 wherein said second. ponS|I|co? lﬁﬁfr has

t hi ckness of between about 700 to 2500 Angstrons ﬂ““ﬂn

according to Caim1 wherein said second polysilicioh

diffusion of POCl[err]. 5. The nmet hod accordi ng to aim 1 mhereln sald
second polysilicon layer is doped by &b inplantation of phosphorus I ons

w th a dosage of4 beﬁﬁ/@%tﬁgﬁmﬁcéoz%l%_ Cia%ml§3a11ﬂ? élgfp% aye;f-' has a

met hod according to Claim erein said tungsten

thickness of bepypadiakont 18900r H&s 20 iARABEE08E- betwe7en THiuuteidped

according to Caim1l wherein said doped glasseous . |ayer conprises
phosphosi | i cat etg| 285 Adeeedomyi t h bet ween about 2 to 9% phosphorus.

15. The method according tc Claim 13 wherein said second
polysilicon layer has a thickness of between about 700

to 2500 Angstroms.

16. The method accérding to Claim 13 wherein said second

polysilicon layer is doped by diffusion of POCls.

17. The method according to Claim 13 wherein said second
polysilicon layer is doped by ion implantation of
phosphorus ions with a dosage of between about 1 E 15 to

1 E 16 atoms/cm=.

18. The method according to Claim 13 wherein saidu
tungsten silicide layer has a'thiékness of between about

500 to 2000 Angstroms.

19. The method according to Claim 13 wherein said doped

glasseous layer comprises phosphosilicate glass doped

with between about 2 to 9% phosphorus.



14 . 8." The nethod according to Caim1l1 wherein said doped glasseous |ayer
conprises P112 spin-on-glass doped with about 2% phosphor us. 9. The
nmet hod according to Claim1 further conprising performng a buffered oxide

etch following said step of isotropically etching avva)vmmllﬂ“m m

gl asseous | ayer wherein said buffered oxide etch renoVHEHEDEN H muu.
10. The nethod according to aiml whergin said oxidiZin§ said s =
sem conductor substrate is a thermal oxMation. 11. The met hod
according to O 3Pm Themettiod seicdrdong Hiclaigahd '§ﬁ€i‘&ﬂ§‘dé‘&§é9glcg‘é35t rate

al so re-oxidizes said gate silicon oxide |layer underlytng sal ate
glasseous layer comprises P112 spin-on-glass doped with

about 2% phosphorus.

21. The method according to Claim 13 furtﬁer comprising
performing a buffered oxide etch following said steﬁ of
isotropically etching away said doped glasseous layer

wherein said buffered oxide etch removes oxide residue.

22. The method according to Claim 13 wherein said
oxidizing said semiconductor substrate is a thermal

oxidation.

23. The method according to Claim 13 wherein said
oxidizing said semiconductor substrate also re-oxidizes
said gate silicon oxide layer underlying said gate

electrodes.

24. An integrated circuit device having a conduction
channel between a source/drain region and an adjoining
buried ceontact junction comprising:

a gate electrode on the surface of a semiconductor
substrate;

source/drain regions within said sémiconéuctor.

substrate surrounding said gate electrode;



el ect r odes. 12. The method according to Caim1 wherein said

out di f f usi ng dopant from said second polysiIicon'la¥§L__L§_QQE§_QEL%Dg sai d
oxi di zi ng step. 13. A nmethod of fabricating an integrated Cl rcui evi ce
havi ng a conducti on channel between a source/drain ﬂﬂ"cm'" Hﬂ oi ni ng
buried contact junction ' ’nrﬂﬂﬂ1|5|ng
providing a first layer of polysilicon over a |ayer “of ‘gate %ils cen oxide
over the surface of a semn conductor subd9rate; etchlng away said

first polysilicon and ﬁ;&?l 3E$8 %%‘de I Xegﬁ %%%?égubs 4ot covered by

a mask to provide ah | e where. . a.

pl anned buri ed Sgﬁiéﬁﬁqddﬁg%tEﬂﬂsdfi{epe f or ned; : depOS|I|ng a second

pol ysilicon | ayer over
a buried contact Junctlon underlylng sald

polysilicon contact and ad]01n1ng one of saxd o
source/drain regions;

a glasseous material partially filling a trench in -
said semiconductor substrate at the ]unctlon between
said buried contact junction and one of said o
source/drain regions; and

a heavily doped region witnin said semiconductor
substrate surroending said trench wherein:saidfheavily
doped region provides said conductien cnennel beﬁween
said source/drain region and said adjoining buried‘ |

contact junction.

25. The method according to Claim 24 wherein said
glasseous material comprises phosphosilicate glass doped

with between about 2 to 9% phosphorus.

26. The method according to Claim 24 wherein said
glasseous material comprises P112 spin-on-glass doped

with about 2% phosphorus.



said first polysilicon |ayer and said planned buried contact junction and
dopi ng said second polysilicon |ayer; depositing a tungsten silicide
| ayer overlying said second polysilicon | ayer; etching away said
tungsten silicide and said second polysilicon |ayers where they are not
covered by a mask to provide gate el ectrodes and a pol ysilicon contact
overlying said planned buried contact_ pgnction and providing an opening to

sai d sem conductor substrate where a planned source/drain region wll be
formed wher pigesallviie0aH T60ARGE 0BURIED GORATSHAGK MLUMCRMENTsai d

pl anned bu By WSTNGVAEPSE BPACERDOIti on of said pol ysi licon
| ayer not at said ponS|I|con CoONt ABSTRALRI NS as reS|due et chi ng

away said residue wherein a trench is -

16 - etched inth rei thetbnticofidfctmoing dprpaed bibridd qcmtcatdton of said

pl anned source/drain region and sai d planned -
junctions is described. A layer of polysxlxcon overlyxng
gate silicon oxide is provided over ‘the surface-of a
semiconductor substrate and etched away to prov1de an. open1n§
to the substrate where a planned buried contact ]unctlon will
be formed. A second doped polysilicon layer and a tungsten
silicide layer are deposited and patterned to provide gate
electrodes and a contact overlying the plenned bdfied eedtact
junction and providing an openihg to the subst}ate where'e |
planned source/drain region will be formed adjoining_theq
planned buried contact junction and wherein a portion of the
polysilicon layer not at the polysilicon_ccntect remains as
residue. The residue is etched away whereby a trehph ie
etched into the substrate at the junction of the planned :
source/drain region and the planned buried contact junction.
A doped glasseoue layer is deposited overlying the patterned’
tungsten silicide/polysilicon layer and within the treneh,
then isotropically etched away until it remalns only )
partially filling the trench. The substrate is oxidlzed to
drive-in dopant from the doped glasseous layer within ;he
trench into the surrounding substrate. Ions are impianted to
form the planned source/drain region. Dopant is outdlffused
from the second poly31licon layer to form the planned bur1ed
contact junction wherein the dopant surrounding the trench
provides a conduction channel between the source/drain regiod
and the adjoining buried contact junction. . . .

(FIGURE 2 1S SUGGESTEI; FOR PUBLICATION)



buried contact junction; depositing a doped gl asseous | ayer overlying
said patterned polysilicon layer and within said trench;

isotropically etching away sai d doped gl asseous |ayer until said doped

gl asseous | ayer remains only partially filling said trench;

oxi di zi ng sai-d sem conduct or substrate whereby dopant is driven in from
sai d doped gl asseous layer wthin said trench into said surrounding

sem conductor substrate and wher eby g ant is outdiffused fromsaid
second polysilicon layer to formsaid éfanned buried contact junction;
inplanting ions to formsaid planned source/drain region wherein said
dopant surrounding said trench prgw des a conduction channel between said
source/drain region and said buri contact junction; _ depositing a

| ayer of interpoly oxide overlyingf said patterned tungsten silicide and
second pol ysilicon nd patgerning said intenpﬁiy oxida:ﬂayerteand
deposi ting a t&i . n | awen v } nt er pol y

€
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-17- 14. The nmethod according to Caim13 wherein said first polysilicon

| ayer has a thickness of between about 400 to 700 Angstrons. 15. The
met hod according to Caim 13 wherein said second polysilicon |ayer has a
t hi ckness of between about 700 to 2500 Angstrons. 16. The met hod
according to Caim 13 wherein said second polysilicon |ayer is doped by
diffusion of POCl[err]. 17. The method according to Caim 13 wherein
said second polysilicon |ayer is doped by ion inplantation of phosphorus
ions with a dosage of between about 1 15to 1 E 16 atonms/cnferr]. 18.
The nethod according to Caim1l3 wheréei'n said tungsten silicide |ayer has
a thickness of between about
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500 to 2000 Angstrons. 19. The net hod according to Caim 13 wherein said
doped gl asseous | ayer conprises phosphosilicate gl ass doped wth between
about 2 to 9% phosphor us. 20. The nethod according to Claim13
wherein said doped gl asseous |ayer conprises P112 spin-on-glass doped with
about 2% phosphorus. 21. The method according to Caim 13 further
conprising performng a buffered oxide_ etch follow ng said step of

i sotropically etching away sai d doped g?G%seous | ayer wherein said

buf fered oxide etch rg@ves oxide residue. 22. The nethod according to
Claim 13 wherein saii/ oxi di zi ng saidszfnicondu%38r substrate is a thernal

oxi dat i on.
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23. The nethod according to Caim13 wherein said
sem conductor substrate al so re-oxidi zes

underlying said gate

havi ng a conduction channel
buri ed contact junction conprising:
of a sem conductor substrate;

pol ysilicon contact on the surface of said
buried contact junction underlying said polysilicon contact and adjoi ning

el ectrodes.

one of said source/drain regions;

oxi di zing said
said gate silicon oxide |ayer

24. An integrated circuit device

source/drain regions within said
sem conductor substrate surroundi ng &/8i d gate el ectrode;

sem conduct or substrate;
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a gl asseous material partially filling a trench in said sem conductor
substrate at the junction between said buried contact junction and one of
said source/drain regions; and a heavily doped region within said
sem conductor substrate surrounding said trench wherein said heavily

doped regi on provides said conduction channel between said source/drain
region and said adjoining buried contact junction. 25. The net hod
according to Claim 24 wherein said Skgsseous mat eri al conprises
phosphosilicate glass doped wth be en about 2 to 9% phosphorus. 26.
The nethod according to Caim24 wherein said glasseous material conprises
P112 spin-on-glass doped wth about 2% phosphorus.
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