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-1- | MPROVED  METHOD FOR FORM NG STACKED POLYSI LI CON CONTACTS BACKGRAUND €
THE | NVENTION (1) FIELD OF THE I NVENTION This invention relates to a}mﬁp@od
of fabrication used for sem conductor integrated circuit devices, and nore
speci-fically to an inproved process for form ng stacked polysilicon
contacts. (2) DESCRI PTI ON OF RELATED ART The conplexity of present-day
Integrated circuits requires nmultiple |Iayers of interconnection conductive
patterns in order to connect the discrete sem conductor devices into
integrated circuits. In order to mninzeluse of |ateral area over the

sem conductor chip surface it is desirable to stack connecting vias

directly over one another when connections are nmade between nultiple |ayers
of inter- connection conduct ENRBRGERD MERHOD ¥R WORMING conventional via
processi ng all ocati on nust P nade f W] m s- alignment between
t he conductive interconnect §ﬁrg‘%€§@3§9§ﬁ§§ﬁé§@ Sfve interconnection

| ayers and the etched through hole patterns of successive insulating
layers. As a result design rules require that interconnect vias have | arger
t han necessary dianeters to BBCKGROUNDaOFt THE IMVENTIOMNr| ap with conductive

| i nes above and below themwi th sufficient area to
(1) FIELD OF THE INVENTION

This invention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
specifically to an improved process for forming stacked

polysilicon contacts.

(2) DESCRIPTION OF RELATED ART

The complexity of present—day integrated circuits
requires multiple layvers of interconnection conductive
patterns in order to connect the discrete semiconductor
devices into integrated circuits. 1In order to minimize use
of lateral area over the semiconductor chip surface it is
desirable to stack connecting vias directly over one another
when connections are made between multiple layers of inter-
connection conductive patterns. However, in conventional via
processing allocation must be made for possible mask mis-
alignment between the conductive interconnection patterns of
successive interconnection layers and the etched through hole
patterns of successive insulating layers. As a result design.
rules require that interconnect vias have larger than

necessary diameters to assure that they will overlap with

conductive lines above and below them with sufficient area to
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-2- neet designed current carrying requirenents. Al so, spacings between

| ateral ly adjacent interconnection |ines have to be enlarged in the region
of the interconnect vias in order to avoid undesired shorts. In
conventional processes for formation of the multilevel interconnection
structure each via between successive interconnection |ayers is forned by
separate |lithographic and etching steps. Each additional |ithographic step
and each via etch step are costly and add 4a the conplexity of the

manuf acturi ng process. Nunerous inprovenents to nmethods of formng stacked
vias have been invented. For exanple, U 'S. Pat. No. 5,155,056 entitled
"Process for FReetraldésignefi GutrentHgarryingekéquilrepeadisCapslaa,oFPEIRAECt S, and

Structure Thereof" granted Cct. 13, 1992 to Kinlle%agzczg describes a
met hod of for PRRYeeiatarathe pAIaF9Rt (intersaRaggtion, fan 81 $2i%9 con

| ayers of differl d RV AR rs SQs ad). 4 :

5,432, 129 ent ietﬁ F%g&{/gﬁhggé o%/é*%’r!,x mxgﬁegﬁﬁﬁggggﬁnﬁegg%t%cf 5 EBA%- t?ﬁe
Juncti on Bet wagbiRagidesirbavsmgrts.f f erent Conductivity Types" granted Jul.
11, 1995 to Robert L. Hodges describes a method for forming | ow resistance
contacts between polysilicon |ayers of different conductivity types. The

contact res'StancelﬂS%Jh%%%gfgkgﬁlprocesses for formation of the

multilevel intercomnection structure each via between
successive interconnection layers is formed by separate
lithographic and etching steps. Each additional lithographic
step and each via etch step are costly and add to the

complexity of the manufacturing process.

Numerous improvements to methods of forming stacked vias
have been invented. PFor example, U.S. Pat. No. 5,155,056
entitled "Process for Formation of Cells Having Self-Aligned
Capacitor Contacts, and Structure Thereof" granted Oct. 13,
1992 to Kim Jeong-Gyoo describes a method of forming
self-aligned capacitor contacts, wherein polysilicon layers

of differing conductivity types are used.

Also, U.S. Pat. No. 5,432,129 entitled "Method of
Forming Low Resistance Contacts At the Junction Between
Regions Having Different Conductivity Types" granted Jul. 11,
1995 to Robert L. Hodges describes a method for forming low
resistance contacts between polysilicon layers of different

conductivity types. The contact resistance is reduced by



-3- formng titaniumdisilicide or other refractory netal suicides at the
contact region. And, U S. Pat. No. 5,439,848 entitled "Method for
Fabricating a Self-Aligned Multi-Level Interconnect” granted Aug. 8, 1995
to Sheng T. Hsu et al describes a nmethod of formng self-aligned nultilevel
I nterconnects in which a hole in the top insulator |ayer defines a
succession of self- aligned subsequent hol es through underlying conductors
and insulating |layers. SUMVARY OF THE | NVENTI ON One obj ect of the present
invention is to provide an inproved nethoedjaf fabricating stacked
pol ysilicon contacts in nmultilevel conducting interconnection patterns for
sem conductor integrated circuits. Another object of the present invention
is to provide a new and i nproved process for fabricating stacked
pol ysilicon contacts in multilevel conducting interconnection patterns for
sem conduct or integraxed_circuija where the stacked polysilicon contacts
Firadup

are sel f-aligifgpin HFiddcige o OtYPESEMRTASHOLR MR s to provide a
new and i nprqyed REEEESS tggrcgﬂy‘gtcgg'b{&_st acked poly- silicon contacts in

mul til evel conducting 1 nterconnection
And, U.S. Pat. No. 5,439,848 entitled "Method for
Fabricating a Self-Aligned Multi-Level Interconnect" granted
Aug. 8, 1995 to Sheng T. Hsu et al describes a method of
forming self-aligned multilevel interconnects in which a hole
in the top insulator layer defines a succession of self-
aligned subsequent holes through underlying conductors and

insulating layers.

SUMMARY OF THE INVENTION
One object of the present invention is to provide an
improved method of fabricating stacked polysilicon contacts
in multilevel conducting interconnection patterns for

semiconductor integrated circuits.

Another object of the present invention is to brovide a
new and improved process for fabricating stacked polysilicon
contacts in multilevel conducting interconnection patterns
for semiconductor integrated circﬁits where the stacked

polysilicon contacts are self-aligned.

A further object of the present invention is to provide
a new and improved process for fabricating stacked poly-

silicon contacts in multilevel conducting interconnection



-4- patterns where recessed contacts are fabricated between successive
conducting patterns and subsequently insul ated and planari zed through

t he:use of a heat treatnent which causes reflow of the top insulating |ayer
ina multilevel structure. In accordance with the present invention, the
above and ot her objectives are realized by using a nmethod of form ng an
integrated circuit interconnection structure on a sem - conductor substrate
cont ai ni ng devi ce regions, conprising the steps of: providing said

semi conduct or substrate containing device redioens; forming a first
plurality of spaced-apart insulating |layers, including a top insulating

| ayer on-said sem conductor substrate containing device regions; formng a
second plurality of spaced-apart conducting |ayers and positioning them

i nterdigitallypagtatid SmbPeSAddhssBE Ve ﬂd&s'ﬂ@rﬁbrgeg#éﬁ Hit@ebhr St hole
extending through the top insulating layer; using the first hole for

defining a suceuscsessivel ceorddetilngypatitastas agd anibdequest Iy rinsghatéd and
under | yi ng conducting layers and underlying insulating |ayers, each

successi ve hol ®1BBRRIFD AEFARR S use ffd asBeat fnegtment PGB G®RAB it, and
exposi ng a pl urngle d Vil ' [ ' ' or
substrat e; depggilf'!tl%%g&gatt Grgéghi%g%gﬁ%*%?aﬁggeﬂlzan%ngl%gge%&p?gg‘g of the top
insulating |layer and into the first hole extending through the top

insulating layer and into the succession of self-aligned subsequent holes
t hrough the under|y;¢m?ccordance with the present invention, the above and

other objectives are realized by using a method of forming an
integrated circuit intercomnnection structure on a semi-
conductor substrate containing device regions, comprising the
steps of: providing said semiconductor substrate containing
device regions; forming a first plurality of spaced-apart
insulating layers, including a top insulating layer on said
semiconductor substrate containing device regioms; forming a
second plurality of spaced-apart conducting layers and
positioning them interdigitally relative to said insulating
layers; defining a first hole extending through the top
insulating layer; using the first hole for defining a
succession of self-aligned subsequent holes through the
underlying conducting layers and underlying insulating
layers, each successive hole being continuous with and
self-aligned to one above it, and'exposing a plurality of
underlying device regiohs in the semiconductor substrate;
depositing a through conductor layer onto the surface of the
top imsulating layer and into the first hole extending
through the top insulating layer and into the succession of

self-aligned subsequent holes through the underlying



-5- conducting layers and underlying insulating |ayers;

bl anket etchi ng of

the through conductor |ayer to renove the through conductor |ayer fromthe
surface of the top insulating |layer; continuing the blanket etching of the
t hrough conductor layer remaining in the first hole extending through the
top insulating layer until the top of the conductor |ayer remaining in said
first hole is at a level coincident with the |level of the topnost
under | yi ng conducting | ayer, thus producing a recessed conducting via

bet ween the underlying conducting |ayers and t he under | yi ng devi ce region

In the sem conductor substrate; and heat treating the st

ructure to cause

refl ow of the top insulating |ayer to cover the top of said recessed
conducting via with a reflowed top insulating |layer. BRI EF DESCRI PTI ON OF
THE DRAW NGS The obj ect and ot her advantages of this invention are best
described i n tlgaRéeiRy igfe Aol GRS ythbinslBIeRge1 4frs e pahhaahed
drawi ngs that include: Figs. 1-6, which schematically, 1n cross-sectional
repr esent at i orstchihg xifr she threought doasiueftorntapstdad memove fthiehehpowstent
invention. Figs. 7-8, which schematically in cross-sectional

repr esent at i orFORAREERR Aa¥er tiromEhe Rprfacy SECHhRI toRpIRAHEAtLRG layer;
continuing the blanket etching of the through conductor layer

remaining in the first hole extending through the top

insulating layer until the top of the conductor

layer

remaining in said first hole is at a level coincident with

the level of the topmost underlying conducting layer, thus

producing a recessed conducting via between the

underlying

conducting layers and the underlying device region in the

semiconductor substrate; and heat treating the structure to

cause reflow of the top insulating layer to cover the top of

said recessed conducting via with a reflowed top insulating

layer.

BRIEF DESCRIPTIONK OF THE DRAWINGS

The object and other advantages of this invention are

best described in the preferred embodiments with reference to

the attached drawings that include:

Figs. 1~-6, which schematically, in cross-sectional

representation, illustrate the method of one embodiment of

the present invention.

Pigs. 7-8, which schematically in cross-sectional

representation, illustrate the method of a second embodiment



-6- of the present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

new and i nproved nethod for fabricating stacked pol ysil

con contacts in

mul til evel conducting interconnection patterns for sem conductor integrated
circuits will now be described in detail. Referring to Fig. 1, a
sem conductor substrate 10 has therein a plurality of device regions, here

illustrated for sinplicity as a single device region 11.

Forned on the

surface of the sem conductor substrate 10 are a plurality of alternating
insulating | ayers and conducting | ayer patterns, as illustrated. Layer 12
Is an insulating |ayer; for exanple, a gaée‘oxide conprising silicon oxide

havi ng a thickness between about 100 and 300 Angstrons.

Layer 13 is a

patterned conducting |ayer, such as doped polysilicon having a thickness of
bet ween about 2000 and 6000 Angstrons. Layer 14 is an insulating |ayer,
such as silicorfokieleriesentginventiiohkness bet ween about 2000 and 6000
Angstrons. Layer 15 is a second patterned conducting | ayer, such as doped
poly- silicon having a thickness between about 2000 and 6000 Angstronms.

Addi ti onal al ternating pasuh s bRVARS pRRFERAS SMEHTRBAGICL i ng | avers
Sups

may be stacked on the sem - conductor

trate to provide additiona

| evel s of inter- corkecswoandinptgvesd wethodefseiabrddabing stackedl exity of

t he

polysilicon contacts in multilevel conducting intercomnnection

patterns for semiconductor integrated circuits will now be

described in detail.

Referring to Fig. 1, a semiconductor substrate 10 has

therein a plurality of device regions, here illustrated for

simplicity as a single device region 11. Formed on the

surface of the semiconductor substrate 10 are a plurality of

alternating insulating layers and conducting layer patterns,

as illustrated. Layer 12 is an insulating layer; for

example, a gate oxide comprising silicon oxide baving a

thickness between about 100 and 300 Angstroms.

Layer 13 is a

patterned conducting layer, such as doped peolysilicon having

a thickness of between about 2000 and 6000 Angstroms. Layer

14 is an insulating layer, such as silicon oxide having a

thickness between about 2000 and 6000 Angstroms. Layer 15 is

a second patterned conducting layér, such as doped poly~

silicon having a thickness between about 2000 and 6000

Angstroms. Additional alternating insulating layers and

patterned conducting layers may be stacked on the semi-

conductor substrate to provide additional levels of inter-

connection wiring as may be required by the complexity of the



-7- integrated circuits. Layer 16, the top insulating |layer, is silicon

oxi de having a thickness between about 6000 and 10, 000 Angstrons. Layer 16
may be deposited by CVD (Chem cal Vapor Deposition) processes using TECS
(tetraethylortho- silicate) and dopants TMP (trimet hyl phosphate), TEP (tri -
et hyl phosphate), TMB (trinethyl borate), and TEB (triethyl- borate). Now
referring to Fig. 2, a patterned photoresist nasking layer 17 is formed on
the surface of insulating |layer 16 and a plasna etching process using
CF[err], CHF[err] and argon etchant etchanf gases is used to etch a hole in
| ayer 16, stopping on conducting |ayer 15. The patterned photoresist mask
17 is then renoved using a suitable organic solvent or an oxygen pl asna
ashing process. Next, referring to Fig. 3, the holes 18 in |layer 16 are
used to define the position of further etching of holes through underlying

conducting layers 15 and 13 and underlying j.nsyl atin S nd_12.
Each successi vén‘fﬁﬂrétf’ rﬁfﬁfl&sl'ay{é?yﬁ% 1gél+§%ﬁ°§néa?¥%ﬁxﬁé %%ébngg.\% it
and etching isggpidddugdasMdvinghs EeMdxn8sk cdtdidehl absute 6008esnd Et chi ng of
patterned conducting |ayers 15 and 13, such as patterned doped polysilicon
| ayers, may beilbyoqd Asgatedms pLages sk mayi be depositéd i CVMBr (Chamigal
gases. Etching of insulating |ayers 14 and 12, such as silicogh

Vapor Deposition) processes using TEOS (tetraethylortho-

silicate) and dopants TMP (trimethylphosphate), TEP {(tri- '

ethylphosphate), TMB (trimethylborate), and TEB (triethyl-

borate).

Now referring to Fig. 2, a patterned photoresist masking
layer 17 is formed on the surface of insulating layer 16 and
a plasma etching process using CF«, CHFs and argon etchant
etchant gases is used to etch a hole in layer 16, stopping on
conducting layer 15. The patterned photoresist mask 17 is
then removed using a suitable organic solvent or an oxygen
plasma ashing process. Next, referring to Fig. 3, the holes
18 in layer 16 are used to define the position of further
etching of holes through underlying conducting layers 15 and
13 and underlying insulating layers 14 and 12. Each
successive hole through a layer is self-aligned to the one
above it and etching is continued until the device region 11
is exposed. Etching of patterned.conducting layers 15 and
13, such as patterned doped polysilicon layers, may be by
plasma etch processes using Clz and HBr etchant gases.
Etching of insulating layers 14 and 12, such as silicon
oxide, may be by plasma etch processes using CFs, CHFa and

argon etchant gases.



oxi de, may be by plasnma etch processes using CF[err], CHF[err] and argon

et chant gases. -8- As shown in Fig. 4, a conducting layer 19 is
deposited onto the surface of the top insulating layer 16 and into the
first holes 18 extending through the top insulating |ayer 16 and into the
successi on of self-aligned subsequent holes through the underlying
patterned conducting layers 15 and 13 and underlying insulating | ayers 14
and 12. Conducting layer 19 may be doped pol ysilicon deposited by CVD
(Chem cal Vapor Deposition) processes using SiHerr] or SiC[err]Herr] and
PH err] to a thickness between about 2000 anfl 6000 Angstrons. Now referring
to Fig. 5, blanket etching is used to renove conducting |ayer 19 fromthe
surface of layer 16 and the bl anket etching is continued to renove
conducting layer 19 remaining in the hole extending through the top
insulating layer 16 until the top of the conducting layer 19 renmining in
the hole is at a | B§cShown A8 Bigit 4w Bhcenduqtipg| lagex A48 18 HARROSIEder | vi ng

Cinder | yi ng. cortiiet The TikraFe 78 tht Pe’ SRARRnE itk 1 0 B8 EET 1T
in the seni congiyGhohose e dkBedding ehPoligh) & HeOtEp Ginsulat iy Alaybedie
structure is heat treated to cause reflow of the top insulating |ayer 16 to

and into the succession of self-aligned subsequent holes

through the underlying patterned conducting layers 15 and 13

and underlying insulating layers 14 and 12. Conducting layer

19 may be doped polysilicon deposited by CVD (Chemical Vapor

Deposition) processes using SiH¢ or SiClzHz and PH3 to a

thickness between about 2000 and 6000 Angstroms. Now

referring to Fig. 5, blanket etching is used to remove

conducting layer 19 from the surface of layer 16 and the

blanket etching is continued to remove conducting layer 19

remaining in the hole extending through the top insulating

layer 16 until the top of the conducting layer 19 remaining

in the hole is at a level coincident with the level of the

topmost underlying conducting layer 15, thus producing a

recessed conducting via between the underlying conducting

layers 15 and 13 and the underlying device region 11 in the

semiconductor substrate 10.

Referring to Pig. 6, the etched structure is heat
treated to cause reflow of the top insulating layer 16 to
cover the top of the recessed conducting via with a reflowed
top insulating layer. The heat treatment may comprise RTA

(Rapid Thermal Anneal) at a temperature between about 900 and



cover the top of the recessed conducting via with a reflowed top insulating
| ayer. The heat treatnent may conprise RTA (Rapid Thernmal Anneal) at a

t enper at ure bet ween about 900 and -9- 1000[err]C for a tine between
about 20 and 60 sec. Alternately the heat treatnment may conpri se an oven
bake at a tenperature between about 800 and 900[err]C for a tine between
~about 10 and 30 mn. The heat treatnent causes reflow of the top insulating
| ayer into the etched hole 18 and the refl owed insulating |ayer covers the
top of the recessed conducting via produag ng a substantially planar surface
20 on the structure. In a second enbodi nent of the invention, after
deposition of the conducting |ayer 19 the conducting |layer 19 is patterned
and etched to forman interconnection wiring pattern on the surface of the
top insulating |ayer 16, as shown in Figs. 7 and 8. A pg;%erned hot or esi st
mask 21 is fHREEF E0Era ttimecbatwran agophyed aprd GRE$H as %{‘&ﬁeﬁg i s used
to renove thg unmasked conductor |ayer fr 0 ﬁ$§i

i nsul ating | g@%:}’ef% %ﬁ%t%n§sﬂﬁye‘foé%r ﬁ'&gi gpcoyr}?ﬁ %ﬁ%%aét:% ar g?mve atl}(rallp'ngs ked
conducting | gy@feehd ab8ii 800N dnd NodyPER 2k e 0a NOllnRS batwestliabgut rmw@a t he top

i nsulating |ayer until the top of the conductor layer remaining in the
unmasked hol 80imimt ZFhéchesit ¢rpathaninicauses ndfdoweqf|ther tppe
insulating layer into the etched hole 18 and the reflowed
insulating layer covers the top of the recessed conducting

via producing a substantially planar surface 20 on the

structure.

In a second embodiment of the inﬁention, after
deposition of the conducting layer 19 the conducting layer 19
is patterned and etched to form an interconnection wiring
pattern on the surface of the top insulating layer 16, as
shown in Figs. 7 and 8. A patterned photoresist mask 21 is
formed over the conducting layer 19 and plasma etching is
used to remove the unmasked conductor layer from the surface
of the top insulating layer 16. The plasma etching is
continued to remove unmasked conducting layer 19 remaining in
unmasked holes extending through the top insulating layer
until the top of the conductor layer remaining in the
unmasked hole is at a level coincident with the level of the
topmost underlying conducting layer 15, thué producing a
recessed conducting via between the underlying conducting
layers 15 and 13. A conducting via is, also, formed between
patterned conducting layer 19, underlying comducting layers

15 and 13, and device region 11. Following the etching



t opnost underlying conducting | ayer 15, thus producing a recessed
conducting via between the underlying conducting |ayers 15 and 13. A
conducting via is, also, formed between patterned conducting |ayer 19,
under | yi ng conducting layers 15 and 13, .and device region 11. Follow ng the
et chi ng - 10 - processes the photoresist mask 21 is renoved and the
~etched structure is heat treated to cause reflow of the top insulating

| ayer 16 to cover the top of said recessed conducting via with a refl owed
top insulating |layer, as shown in Fig. 8 The heat treatnent may conprise
RTA (Rapi d Thernmal Anneal) at a tenperati® @ between about 900 and
1000[err]C for a tinme between about 20 and 60 sec. Alternately the heat
treatment nmay conprise an oven bake at a tenperature between about 800 and
900[err]C for a tine between about 10 and 30 min. The heat treatnent causes
reflow of the top insulating |ayer into the etched hole 18 and the refl owed
i nsul ati ng | pyecessescithet hhotaresdbkt tiesk 2tess exbmyeduand ridhey elickedduci ng a
substantially planar top insulating |ayer surface 22 on the structure.

Wi | e the i nFEREFEIr S Beah traated torqapsensihloth @LdERe Wed with

hose ski 11 ed R EEILIRRIE AR HE TE0LF ATRER of Idatlt kecatagd ol o oy be
made Wit hout conducting via with a reflowed top insulating layer, as shown
in Fig. 8. The heat treatment may comprise RTA (Rapid
Thermal Anneal) at a temperature between about 900 and 1000°C
for a time between about 20 and 60 sec. Alternately the heat
treatment may comprise an oven bake at a temperature between
about 800 and 900°C for a time between about 10 and 30 min.
The heat treatment causes reflow of the top insulating layer
into the etched hole 18 and the reflowed insulating layer
covers the top of the recessed conducting via producing a

substantially planar top insulating layer surface 22 on the

structure.

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.



departing fromthe spirit and scope of the invention. CLAIMS 1. A nethod
of fabrication of an integrated circuit interconnection structure on a

sem conduct or substrate contai ning device regions, conprising the steps of:
provi di ng sai d sem conductor substrate containing device regions; formng a
first plurality of spaced-apart insulating |ayers, including a top

I nsul ating | ayer on said sem conductor substrate containing device regions;

formn ity of spaced-apart conducting | ayers and
posi.tial mﬁmlumm“ gitally relativelte said insulating | ayers;

*

defining a first" hdl e’extending through the top insulating |ayer; using the
first hole for defining a succession of self-aligned subsequent hol es

t hrough t he undeﬂh%kpg conducting layers and underlying insulating |ayers,
each successive hole being continuous with and self-aligned to one abose

it, and exposing a piuralinexn8h &#dRIrica€idie\WiCan! Bieyrated the
sem conduct or substrate; depositing a through conductor |ayer onto the
surface of the teigcuituintiencgnhegtiomsdricturd loa &i semiconductor
substrate containing device regions, comprising the
steps of:
providing said semiconductor substrate containing
device regions;
forming a first plurality of spaced-apart
insulating layers, including a top insulating layer on
said semiconductor substrate containing device regions;
forming a second plurality of spaced-apart
conducting layers and positioning them interdigitally
relative to said insulating layers;
defining a first hoiv extending through the top
insulating layer;
using the first hole for defining a succession of
self-aligned subsequent hcles through the underlying
conducting layers and underlying insulating layers, each
successive hole being continuous with and self-aligned
to one above it, and exposing a plurality of underlying
device regions in the semiconductor substrate;
depositing a through coﬁductor layer onto the
surface of the top insulating layer and into the first
hole extending through the top insulating layer and intd
the succession of self-aligned subsequent holes through
the underlying conducting layers and underlying

insulating layers;



hol e extendi ng through the top insulating |layer and into the succession of
sel f-aligned subsequent hol es through the underlying conducting | ayers and
underlying insulating |ayers; - 12 - bl anket etching of the through
conductor |ayer to renove the through conductor |ayer fromthe surface of
the top insulating | ayer; continuinﬁ t he bl anket etching of the through

Fﬁgﬂiﬁ: ;):]gl i’igsrerrﬁrr]r?: Ini L’]Mll!’(ﬂﬂmmml suuntl e extending through the top

Mhductor |ayer remaining in said
first hole is at a |l evel coincident with the | evel of the topnost
under | yi ng conducting | ayer, thus producimnd2a recessed conducting via

bet ween the underlying conducting | ayers and the underlying device region
in the sem conductor substrate; and heat treating the structure to cause
refl ow of the topblaskétitétupingyef the ¢bvewgh mondupter layed tecessed

conducting via with a reflowed top insulating |la Sg. 2.£The thod of claim
1, wherein saFePYecGRE Hropuah Fon c%a&éﬁgﬁgféﬁmy AdTR A5G Payers

Zﬁgg{igﬁ: POl y5d ld OB nL @Y Sl ihghq4E 8y, t hi cknesses between about 2000 and 6000

continuing the blanket etching of the through
conductor layer remaining in the first hole extending
through the top insulating layer until the top of the
conductor layer remaining in said first hole is at a
level coincident with the level of the topmost
underlying conducting layer, thus producing a recessed
conducting via between the underlying conducting layers
and the underlying device region in the semiconductor
substrate; and

heat treating the structure to cause reflow of the
top insulating layer to cover the top of said recessed

conducting via with a reflowed top insulating layer.

2. The method of claim 1, wherein said second
plurality of spaced-apart conducting layers comprises
polysilicon layers having thicknesses between about

2000 and 6000 Angstroms.
3. The method of claim 1, wherein the second
plurality of spaced-apart conducting layers comprises

at least two spaced-apart conducting layers.

4. The method of claim 1, wherein said first



‘3. The nethod of claim1l1l, wherein the second plurality of spaced-apart
conducting |l ayers conprises at |east two spaced-apart conducting | ayers. 4.
The nethod of claim1, wherein said first - 13 - plurality of

spaced-apart .insul ating | ayers conprises silicon oxi dﬂmm '
t hi cknesses between about 2000 and 6000 Angstrons. 5. mﬂmﬁnﬁrﬁ]m’al m
1, wherein said through conductor |ayer conprises doped pblysilucon «
deposited by CVD processes using SiHerr] or SiCJ[err]Herr] and PHerr] to
a thi ckness between about 2000 and 6000 And3ttons. 6. The nethod of claim
1, wherein said blanket etching of the through conductor |ayer is a plasna
etching process. 7. The nethod of claim5, wherein said blanket etching of
sai d doped polysilicon is a plasnma etching process using Cllerr] and HBr as
et chant gases. Blurgdityeethcpacedcanart insyalisagnlarens [FOAPII$Mt i ng

conprises RTA (Rapid _Therpmal, _Anneal) .at I era bout 900 and
1000[ err] C for '%Rlalﬁcﬁg Bﬁﬁé‘ﬁ%ﬁ%&ﬁvﬁgaﬁ%‘fg@%@g;%&%&%‘gd of claim
1, wherein sai dadRRtanli’ €630 AAgeLFRES.SES an oven bake at a tenperature

5. The method of claim 1, wherein said through
conductor layer comprises doped polysilicon deposited by
CVD processes using SiH« or SiClz:Hz and PHas to a

thickness between about 2000 and 6000 Angstroms.

6. The method of claim 1, wherein said blanket
etching of the through conductor layer is a plasma

etching process.

7. The method of claim 5, wherein said blanket
etching of said doped polysilicon is a plasma etching

process using Clz and HBr as etchant gases.

8. The method of claim 1, wherein said heat
treating comprises RTA (Rapid Thermal Anneal) at a
temperature between about 900 and 1000°C for a time

between about 20 and 60 sec.

9. The method of claim 1, whefein said heat
treating comprises an oven bake at a temperature
between about 800 and 900°C for a time between about

10 and 30 min.



bet ween about 800 and 900[err]C for a tine between about 10 and 30 m n.

10. The nmethod of claim1l, wherein said top insulating |ayer conprises
silicon oxide deposited by CVD processes using TECS
(tetraethylorthosilicate) and dopants TMP (tri met hyl phosphate), TEP
(triethyl phos- phate), TMB (trinmethyl borate, and TEB (triethylborate), to a

t hi ckness bem‘ﬁmumﬁm m) and 10,000 Angstrons. 11. A nethod of
fabrication &” "circuit i nt erconnection structure on a
semi conduct or "subst'’r at"®e ¢ontai ni ng devilée-regi ons, conprising the steps of:

provi di ng said sem conductor substrate containing device regions; formng a
first plurality of spaced-apart insulating |layers, including a top

i nsul ating | ayer Oan"g: i Pgelg%%gggég ?z‘ijgs't‘r' ) e-%ogt,,@- nll'(;}g devi ce regi ons:

formng a second pl conducti ng layers and

posi tioning thegnkaiAidiglhhet Yodul@bey &illdcoii Skidesdepbsitpd dyers;
defining a first hole extending through the top insulating |ayer; using the
first hole for ¢wbipiowpsaesuasiss TBOS oftetxiapthyloptdwsilbeatpleandhol es
t hrough the underlying . .

dopants TMP (trimethylphosphate), TEP (triethylphos~

phate), TMB (trimethylborate, and TEB (triethylborate),

to a thickness between about 6000 and 10,000 Angstroms.

11. A method of fabrication of an integrated
circuit intercomnection structure on a semiconductor
substrate containing device regions, comprising the
steps of:

providing said semiconductor substrate containing
device regions;

forming a first plurality of spaced-apart
insulating layers, including a top insulating layer on
said semiconductor substrate containing device regions;

forming a second plurality of spaced-apart
conducting layers and positioning them interdigitally
relative to said insulating layers;

defining a first hole extending through the top
insulating layer; .

using the first hole for defining a succession of
self-aligned subsequent holes thrbugh the underlying
conducting layers and underlying insulating layers, each
successive hole being continuous with and self-aligned

to one above it, and exposing a plurality of underlying



conducting layers and underlying insulating |ayers, each successive hole
bei ng continuous with and self-aligned to one above it, and exposing a
plurality of underlying - 15 - device regions in the sem conductor
substrate; depositing a through conductor |ayer onto the surface of the top
insulating |ayer and into the first hol e extendi ng m' W

insulating |ayer and into the succession of self-al ﬂ ‘um%u‘gﬂl hol es
t hrough the underlying conducting |ayers and underlying i Asutats ng | ayers;
form ng a masking pattern | ayer over said through conductor |ayer; etching
of the unmasked through conductor |ayer to renove the unmasked through
conductor layer fromthe surface of the top insulating |ayer; continuing
the etching of the unnmasked through conductor layer renmaining in the first
hol e extending t hrquidlet Pegica iRSthdeRlcobritorNEibstdate Op of the
conductor layer remaining i1n said first hole is at a |l evel coincident with
the level of the topnné@P@#ﬁkﬂﬂgyanghxnanuconigpﬂqayéayeltﬂ!&OprEUC|ng a

recessed conducting vja be en t he, under| condu I nd t he
under | yi ng devi ce é{ggf:aSﬁ ?%\Aﬁ?ethn} g%r vor and 1ot tBY Fired

hole extending through the top insulating layer and into

the succession of self-aligned subsequent holes through
the underlying conducting layers and underlying
insulating layers; |

forming a masking pattern layer over said through
conductor layer;

etching of the unmasked through conductor layer to
remove the unmasked through conductor layer from the
surface of the top insulating layer;

continuing the etching of the unmasked through
conductor layer remaining in the first hole extending
through the top insulating layer until the top of the
conductor laver remaining in said first hole is at a
level coincident with the level of the topmost
underlying conducting layer, thus producing a recessed
conducting via between the underlying conducting layers
and the underlying device region in the semiconductor
substrate and a patterned through conductor layer on the
surface of the top insulating layer;

removing the masking pattern layer; and

heat treating the structure to cause reflow of the
top insulating layer to cover the top of said recessed

conducting via with a reflowed top insulating layer.



-substrate and a patterned through conductor |ayer on the surface of the top
i nsul ating |ayer; renoving the masking pattern |ayer; and heat treating the
structure to cause reflow of the top insulating |layer to cover the top of
sai d recessed conducting via with a reflowed top insulating |ayer. 12.

The net hod ein said second plurality of spaced-apart
conducti ng ﬁwﬂ”ﬂllmuﬁmmm pol ysilicon | ayers having thicknesses between
about 2000 ahd %000 Ang&trbns. 13. The smashod of claim 11, wherein the

second plurality of spaced-apart conducting |ayers conprises at |east two
spaced-apart conducting |layers. 14. The nethod of claim 11, wherein said

first plurality of spaced-apart jnsulating.laygers .CoOnRtkS il icon oxide
| ayers having thick 's%g‘éb@%ﬂe"éinc’gbﬁgingao éﬁ?j‘%‘gbgﬁ %g%%roo%r?t_s. 15. The
method of cl ai MpYhraiie) SNspatdd-aBhrt dbriRidding OlayediCbofiiesSes doped
pol ysilicon deposited by CVD processes using SiHerr] or SiCJ[err]Herr]

and PH err] to polpsilivenslapéredavihguthizkdesses WO@eAnAvtons. 16. The

met hod of claim11l, wherein said etching of the unmasked through conductor
layer is a pl asfQ08t2M HOPr drgatrons.

13. The method of claim 11, wherein the second
plurality of spaced-apart conducting layers comprises

at least two spaced-apart conducting layers.

14. The method of claim 11, wherein said first
plurality of spaced-apart insulating layers comprises
silicon oxide layers baving thicknesses between about

2000 and 6000 Angstroms.

15. The method of claim 11, wherein said through
conductor layer comprises doped polysilicon deposited by
CVD processes using SiH« or SiCl:2Hz and PH3 to a

thickness between about 2000 and 6000 Angstroms.

16. The method of claim 11, wherein said etching of
the unmasked through conductor layer is a plasma etching

process.

-17. The method of claim 15, wherein said etching of
said unmasked doped polysilicon is a plasma etching

process using Clz and HBr as etchant gases.



17. The method of claim 15, wherein said etching of said unmasked doped
polysilicon is a plasma etching process using C[err] and HBr as etchant
gases. 18. The method of claim 11, wherein said heat treating conprises
RTA (Rapid Thermal Anneal) at a tenperature between about 900 and

1000[err]C for a time between about 20 and 60 secldﬂﬂlllmmﬂlmﬂ-mm of claim
11, wherein said heat treating conprises an oven Lture

bet ween about 800 and 900[err]C for a.ipe between® abbout 10 ahd 30 min. 20.
The met hod of claim 11, wherein said top insulating | ayer conprises silicon
oxi de deposited by CVD processes using TROS (tetraethylorthosilicate) and
dopants TMP (tri nmet hyl phosphate), TEP (triethyl phos- phate), TMB

(trimethyl borate, and TEB (triethylborate), to a thig¢kness, het ween about

6000 and 10, 000 Angst r 3ffs. The mekhad: ob F1aams bhr MEEPIR BILReRRt egr at ed
circuit int erconneg}éacylnét E%J%HSQSOET‘@ &gg\rig%aq_r Aﬁgpﬁ,vgteacont ai ni ng

devi ce regions, conprising e steps of: ovl g sal d sem conduct or

substrat e cont ai ni tgmpdaitate NsEtiveRs; absitio0g &nd i1090°pl feAlad timef
spaced- apart
between about 20 and 60 sec.

19. The method of claim 11, wherein said heat
treating comprises an oven bake at a temperature
between about 800 and 900°C for a time between about

10 and 30 min.

20. The method of claim 11, wherein said top
insulating layer comprises silicon oxide deposited by
CVD processes using TEOS (tetraethylorthosilicate) and
dopants TMP {trimethylphosphate), TEP (triethyiphos-
phate), TMB (trimethylborate, and TEB (triethylborate),
to a thickness between about 6000 and 10,000 Angstroms.

21. A method of fabrication of an integrated
circuit interconnection structure on a semiconductor
substrate containing device regions, comprising thg
steps of: |

providing said semiconductor substrate containing
device regions; '

forming a first plurality of spaced-apart
insulating 1aiers, including a top insulating layer on

said semiconductor substrate containing device regionms;



insulating layers, including a top insulating |ayer on said sem conduct or
substrate containing device regions; - 18 - formng a second plurality
of spaced-apart conducting layers and positioning theminterdigitally
relative to said insulating |layers; formng a first photoresist nmasking
pattern on the surface of said top insulating layer; etching a first hole

extending th ul ating | ayer stopping on the first underlying
conducti ng I |||IWWHI |m| d first photoresist masking pattern; using
the first ho eml Nisng=a successi on_ofg sel f-al i gned subsequent hol es

t hrough the underlylng conducting | ayers and underlying insulating |ayers,
each successive hol e being continuous with and self-aligned to one above
it, and exposing a plurality of underlying device regions in the

sentconductor substrate depositing a_thraough conductor | ayer onto the
surface of the top in %ﬁﬁgng ?%Sﬂﬁ% BAEF3 L eSR3qe2Raf ext endi ng

through the 0P BRHhGEINI0 169YEE HHIpbBLES gsﬂﬁgfsﬁt‘éQd%zéﬂﬁ al i gned

subsequent hol es throug und ng conducting |l ayers and underlylng
i nsul ating | ayer selative to said insulating layers;

forming a first photoresist masking pattern on the
surface of said top insulating layer;

etching a first hole extending through the top
insulating layer stopping on the first underlying
conducting layer;

removing said first photoresist masking pattern;

using the first hole for defining a succession of
self-aligned subsequent holes through the underlying
conducting layers and underlying insulating layers, each
successive hole being continuous with and self-aligned
to one above it, and exposing a plurality of underlying
device regions in the semiconductor substrate;

depositing a through conductor layer onto the
surface of the top insulating layer and into the first
hole extending through the top insulating layer and into
the succession of self-aligned subsequent holes through
the underlying conducting 1afers and underlying
insulating layers; .

blanket etching of the through conductor layer to
remove the through conductor layer from the surface of
the top insulating layer;

continuing the blanket etching of the through

conductor layer remaining in the first hole extending



‘bl anket etching of the through conductor |ayer to renove the through
conductor layer fromthe surface of the top insulating |ayer; continuing

t he bl anket etching of the through I emaining in the first
hol e ext endi ng - 19 - through thiﬂ"mﬂummlwﬂmnl ayer until the top of
the conductor layer remaining in said ffrst Holé is at a | evel coincident
with the | evel of the topnost underlying conducting |ayer, thus producing a
‘recessed conducting via between the underlying conducting |ayers and the
under | ying device region in the sem conductor substrate; and heat treating
the structure to cause reflow of the top ?%§Ulating | ayer to cover the top
of said recessed conducting via with a reflowed top insulating |ayer. 22.
The met hod of claim 21, wherein said second plurality of spaced-apart
conduct i ng | ayekbreushpithe ctopldipssilpbingillayenmntie thehtep mf thecknesses

bet ween about 2000 aqg

6000 Angstroms. 23. The_ pethod_of, claim 21, wherein
the second pl ur SPTY8FTSF Sﬁ‘éﬁ’éo&%&f‘f‘n%dﬁﬁﬁéﬁlnfj‘qséygf’%ec’cﬁrﬁti 8es at | east
g gfds]pﬁfgf-apar Lef@N Heiht D e ONAth tBE 1738 JBIIRI t8hmsLai M 21, wherein

underlying conducting layer, thus producing a recessed
conducting via between the underlying conducting layers
and the underlying device region in the semiconductor
substrate; and

heat treating the structure to cause reflow of the
top insulating layer to cover the top of said recessed

conducting via with a reflowed top insulating laver.

22. The method of claim 21, wherein said second
plurality of spaced-apart conducting layers comprises
doped polysilicon layers having thicknesses between

about 2000 and 6000 Angstroms.

23. The method of claim 21, wherein the second
plurality of spaced-apart conducting layers comprises

at least two spaced-apart conducting layers.

24. The method of claim 21, wherein said first
plurality of spaced-apart insulating layers comprises

silicon oxide layers having thicknesses between about

2000 and 6000 Angstroms.

25. The method of claim 21, wherein said through



plurality of spaced-apart insulating |ayers conprises silicon oxide |ayers
havi ng thi cknesses between about 2000 and 6000 Angstrons. 25. The nethod of
claim 21, wherein said through - 20 - conductor |ayer conprises

. polysilicon deposited by CVD processes using Si H m“"l l [ err]
and PH err] to a thickness between about 2000 ande‘ Hﬂl“jlmﬂﬂgﬂ IFG. The
nmet hod of claim 21, wherein said bl anket etching of”tHe thr8ugh cbnduct or

| ayer is a plasnma etching process. 27. The method of claim25, wherein said
bl anket etching of said doped polysiliconzis a plasma etching process using
Cl[err] and HBr as etchant gases. 28. The %St hod of claim 21, wherein said

heat treating conprises RTA (Rapid Thernmal Anneal) at a tenperature between
about 900 and 1000[err]C for a time between about 20 and 60 sec. 29. The

met hod of claim ggnddm%rreiﬂbe?igggggg%ig 5*3%@&%%5@&@&\/@% bake at a

t enper at ure between about n err or a time between about 10 and
30 mn. 30. The peéduxdesf usimy Bik, oniB30A: H2 S@dl FHOPtonasul ating | ayer

conprises silicon oxide deposited by
thickness between about 2000 and 6000 Angstroms.

26. The method of claim 21, wherein said blanket
etching of the through conductor layer is a plasma

etching process.

27. The method of claim 25, wherein said blanket
etching of said doped polysilicon is a plasma etching

process using Clz and HBr as etchant gases.

28. The method of claim 21, wherein said heat
treating comprises RTA (Rapid Thermal Anneal) at a
temperature between about 900 and 1000°C for a time

between about 20 and 60 sec.

29. The method of claim 21, wherein said heat
treating comprises an oven bake at a temperature
between about 800 and 900°C for a time between about
10 and 30 min. .

30. The method of claim 21, whereih said top
insulating layer comprises silicon oxide deposited by
CVD processes using TEOS (tetraethylorthosilicate) and
dopants TMP (trimethylphosphate), TEP (triethylphos-



-CVD processes using TECS (tetraethylorthosilicate) and dopants TMP
(trimethyl phosphate), TEP (triethyl phos- - 21 - phate), TMB
(trimethyl borate, and TEB (triethylborate), to a thickness between about
6000 and 10,000 Angstrons. 31. A nethod of fabrication of an integrated

circuit int cture on a sem conductor substrate containing
devi ce regllmlﬂrnm"l”ﬂmﬁulrhe steps of: providing said sem conductor
substrate contadai ntngtdevice regions; formng a first plurality of
spaced-apart insulating |layers, includingia_top insulating |ayer on said
sem conductor substrate containing device regions; formng a second
plurality of spaced-apart conducting |ayers and p03|t|on|ng t hem
interdigital ly rdbateve T {arimethnibaratey laafeTEB (toristhglhoratest,

phot or esi st naskl aP8L é*ﬂ"sggb?ﬂe sur gﬁg %Osgng 6”bd n éﬁ@ég%% | ayer;

etching a first NS & &% oty a‘tl ng Tayer stopping on
the first underlying conducting Iayer renDV|ng sald first photoresist
maski ng pattern; using the first hole for defining a succession of

31. A method of fabrication of an integrated

circuit interconnection structure on a semiconductor
substrate containing device regions, comprising the
steps of:
providing said semiconductor substrate containing
device regions;
forming a first plurality of spaced-apart
insulating layers, including a top ihsulating layer on
said semiconductor substrate containing device regions;
forming a second plurality of spaced-apart
conducting layers and positioning them interdigitally
relative to said insulating layers;
forming a first photoresist masking pattern on the
surface of said top insulating layer;
etching a first hole extending through the top
insulating layer stopping on the first underlying
conducting layer:;
removing said first phoioresist masking pattern;
. using the first hole for defining a succession of
self-aligned subsequent holes through the underlying
conducting layers and underlying insulating layers, each
successive hole being continuous with and self-aligned

to one above it, and exposing a plurality of underlying



self-aligned subsequent hol es through the underlying conducting |ayers and
underlying insulating | ayers, each successive hole being continuous with
and self-aligned to one above it, and exposing a plurality of underlying

TR A

first hole extending through the top insulating |ayer andci nio
successi on of self-aligned subsequent hol es through the underlying

- - 22 - device regions in the sem conductor substrat
conductor |ayer onto the surface of the top insulat

conducting layers and underlying insul atpbpg. | ayers;

maski ng pattern |layer over said through conductor |ayer

form ng a second
etching of the

hr ough
o the

unmasked t hrough conductor |ayer to renove the unmasked through conductor
ntinuing the etching

| ayer fromthe surface qof the top insulatin ayer;

{ | c
of the unmaskedeViFs RRPICBRAR (e PERLSONMGEPT; SHPHRAE

ext endi ng through tggbgéyqihasyl

Rt first hole

Qgn! @xfiuckBti lagdic ohe® &fe t he conductor

| ayer remaining in said firSt hole I's at a |l evel coincident with the |evel

of the topnost surdacé \of1gheotsh Ginsalat by layehusnd rimdocting fimsecessed

conducting via_between the underlying conducting | ayers .
hole extending through the top imsulating layer and into

the succession of self-aligned subsequent holes through

the underlying conducting layers and underlying

insulating layers;

forming a second masking pattern layer over said

through conductor layer;

etching of the unmasked through conductor layer to

remove the unmasked through conductor layer from the

surface of the top insulating layer;

continuing the etching of the unmasked through

conductor layer remaining in the first hole extending

through the top insulating layer until the top of the

conductor layer remaining in said first hole is at a

level coincident with the level of the topmost

underlying conducting layer, thus producing a recessed

conducting via between the underlying conducting layers

and the underlying device region in the semiconductor

substrate and a patterned through conductor layer on the

surface of the top insulating layer;

removing said second masking pattern layer; and

heat treating the structure to cause reflow of the

top insulating layer to cover the top of said recessed

conducting via with a reflowed top insulating layer.

i



and the underlying device region in the sem conductor substrate and a
patterned through conductor |ayer on the surface of the top insulating

| ayer; renoving said second masking pattern |ayer; and heat treating the
structure to cause reflow of the top insulating |layer to cover the top of
sai d recessed conducting via with a reflowed top insulating |ayer. - 23
- 32. The net hod of claim31l, wherein said second plurality of spaced-apart
'conductln es doped polysilicon | ayers having thicknesses

bet ween H!ﬂ h@oo Angstrons. 333 The nethod of claim 31, wherein
t he secon paced- apart conducting |ayers conprises at |east
two spaced- apart conductlng | ayers. 34. The nethod of claim3l, wherein
said first plurality of spaced-apart insulating |ayers conprises silicon
oxi de | ayers having thicknesses between about 2000 and 6000 Angstrons. .35.
The nmethod of cl ai m 34, Thieemetiod aifdclaimdlh wbexedst @aiﬂawonﬂorrpri ses’

doped pol ysilicon deposited by CVvD processes ysing SiH err
Sid[err]Herr] Ri%g E’H[‘érqf] spacedapazkgend efF%FS(%J

Angstroms. 36. g RedRAi3kc6h H dPedt: ni" thiSRhEbIC Botie

about 2000 and 6000 Angstroms.

°z§nd 6000

33. The method of claim 31,_wherein the second
plurality of spaced-apart conducting layers comprises

at least two spaced-apart conducting layers.

34. The method of claim 31, wherein said first
plurality of spaced-apart insulating layers comprises
silicon oxide layers having thicknesses between about

2000 and 6000 Angstroms.

35. The method of claim 31, wherein said through
conductor layer comprises doped polysilicon deposited by
CVD processes using SiHs« or SiClzH2 and PHz to a

thickness between about 2000 and 6000 Angstroms.

36. The method of claim 31, wherein said etching of
the unmasked through conductbr layer is a plasma etching

process.

37. The method of claim 35, wherein said etching of
said unmasked doped polysilicon is a plasma etching

process using Clz and HBr as etchant gases.



t he unmasked through conductor layer is a plasma etching process. 37. The
nmet hod of claim 35, wherein said etching of said unmasked doped polysilicon

is a plasna etching process using dJ[err] an gases. - 24
- 38. The nmethod of claim 31, wherein said h IHH“’&WHMFI ses RTA
(Rapid Thermal Anneal) at a tenperature betmeen a 1000[err] C
for a tinme between about 20 and 60 sec. 39. The nethod of claim 31, wherein
sai d heat treating conprises an oven bake at a tenperature between about
800 and 900[err]C for a time between about 10 and 30 min. 40. The nethod of
claim 31, wherein said top insulating |ayer conprises silicon oxide
deposited by CVD processes using TEGS (tetraethylorthosilicate) and dopants

TMP (trinethyl phos a%&%, I Jsaid ri met hyl bor at e,
and TEB (tri et hyl bgé; ate) “‘ET'EE)“( o &%‘%pﬂd \’Rgg%{'gtfé&t Ng‘é%‘to and 10, 000
Angstrons. treating comprises RTA (Rapid Thermal Anneal) at a

temperature between about 900 and 1000°C for a time

between about 20 and 60 sec.

39. The method of claim 31, wherein said heat
treating comprises an oven bake at a temperature
between about 800 and 900°C for a time between about

10 and 30 min.

40. The method of claim 31, wherein said top
insulatingllayer comprises silicon oxide deposited by
CVD processes using TEOS (tetraethylorthosilicate) and
dopants TMP (triuwihylphosphate), TEP (triethylphos-
phate), TMB (trimethylborate, and TEB {triethylborate},

to a thickness between about 6000 and 10,000 Angstroms.



