.
PLASMA ENHANCED CHEMICAL VAPOR DEPOSITED (PECVD) SILICON
NITRIDE BARRIER LAYER FOR HIGH DENSITY PLASMA CHEMICAL VAPOR

DEPOSITED (HDP-CVD) DIELECTRIC LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mventlon relates generally to dielectric layers formed within
microelectronics fabrications. More partrcularly, the present mventron relates to barrier dielectric

layers formed within microelectronics fabrications.

2. Description of the Related Art

Microelectronics fabrications are formed from microelectronics substrates over
which are formed pattemed mxcroelectromcs conductor layers which are separated by

microelectronics dielectric layers.
As mlcroelectromcs fabrication i mtegratron levels have increased and
mrcroe]ectromcs fabrication device and patterned conductor layer dxmensrons have decreased it

" has become mcreasmgly more important to form within microelectronics fabncatlons narrow

linewidth dimension and/or narrow pitch dimension microelectronics devices and patremed
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* microelectronics conductor layers which have formed interposed therebetween void free, gap

filling and planarizing microelectronics dielectric layers.

Of the methods which may bé employed for formmg void free, gap ﬁlling and |
planarizing microelectroniés dielectric layers interposed between the patterns of narrow linewidth
dimension and/or narrow pitch dimensions nﬁcroelectroﬁcS'deﬁces and patterned
microelectronics conductor layers within microelgdronics fﬁbrications, high density plasma
chemical vapor deposition (HDP-CVD) methpds have récent_ly received inéreésed attention. High
densfty plasma chemical vapor deposiﬁon (HDP-CVD) methods are characterized as plasma )
enhanced chemical vapor depbsition (PECVD) methods undertaken simultaneously with
sputtering methods, where the deposition fatés within the plasma enhanced chemical vapor
deposition (PECYD) methods are greater than that éputte_ring rates within the sputtering methodé. _
Such high density plasma chemical vgpor depositi:c}n (HDP-CVD) methods typically employ
plasma enhanced chemical vapor deposition (PECVD) methods as, are generally known in the art

of microelectronics fabrication, typically undertaken simultaneously with bias sputtering methods

-employmg argon sputtenng jons. Dielectric materials which may be formed into dielectric layers

while employmg high dens1ty plasma chemical vapor deposition (HDP-CVD) methods include but
are not limited to silicon ox1de dielectric matenals silicon nitride dlelectnc materials and snlxcon

oxynitride dielectric materials.

Although high density plasma chemical vai:or deposition (HDP-CVD) methods are
thus desirable wfthin t._he. ér_t of microelectronics fabrication for forming void free, gap filling and
planarizing dielectric layefs int__erposed between the patteins of narrow linewidth dimension and/or -
nafrow pitch dimension infcroelectfonics devices or patterned microelectronics condﬁctor iayers

within microelectronics fabrications, high density plaéma chemical vapor deposition (HDP-CVD)
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methods are not entirely without problems when forming void free, gap filling and planarizing

 dielectric layers within microelectronics fabrications. In particular, due to the intensity of a bias

sputtering component typically employed thhm a high densxty plasma chemlcal vapor deposition
(HDP- CVD) method, microelectronics devxces and/or patterned mncroelectromcs conductor
layers formed beneath dielectric layers formed employmg hlgh density plasma chemical vapor
deposition (HDP-CVD) methods often sustain ‘high density plasma induced degradation incident
to formmg those high density plasma chemical vapor deposited (HDP-CVD) dielectric layers.

The high density plasma induced degradation may be evidenced as either physical damage to, or

. compromised operating parameters of, patterned microelectronics conductor layers or

microelectronics devices formed beneath those high density plasma chemical vapor deposited

(HDP-CVD) dielectric layers.

It is thus towards the goal of forming within microelectronics fabrications high
density plasma chemical vapor deposited (HDP-CVD) dielectric layers with attenuated
degradation of microelectronics devices and -'patterned microelectronics conductor layers

fabricated beneath those high density plasma chemical vapor deposited (HDP-CVD) dielectric

layers incident to forming those hlgh dens1ty plasma chemical vapor deposnted (HDP-CVD)

dxelectnc layers that the present invention is directed.

* Various methods have been disclosed in the art of microelectronics fabrication for

forming dielectric layers with desirable properties within microelectronics fabrications.

For example Cheng, in ULSI Technology, Chang et al eds., Mc-Graw-Hxll '

 (New York 1996), pp. 260-61, discloses both a conventxonal spm-on-glass (SOG) method for

forming within an integrated circuit microelectronics fabrication a planarizing inter-metal
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dielectric (IMD) layer and an electron cyclotron resonance chemical vapor deposition (ECR-

CVD) high density plasma chemical vapor deposition (I—IDP-CVD) method for forming within an

integrated circuit microelectronics fabrication a planarizing inter-metal dielectric (IMD) layer.

In addition; Jain et al., in U.S. Patent No. 5,494,854, discloses a method for
forming with enhanced throu_ghput, gap-filling capability, planarity and uniformity within a
microelectronics fabrication a chemical mechanical polish (CMP) planarized dielectric layer upon
a patterned condiictor layer whose condﬁctor_ patterns are of varying aspeét ratio. The method
employs a high density plasma chemical vapor deposition (HDP-CVD) method to form a first
dielectric layer which planarizes the high aspect ratio, but not necessarily the low. aspect ratio,
conductor patterns within the patterned conductor layer, where the first dielectric layer
subéequently has ‘fdi’rhed thereupon a second dielectric layer formed of a dielectric material which

is more readily plaharized within the chemical me§hanical polish (CMP) method than the first

- dielectric layer.

Further, Lee, in U.S. Patent No. 5,6'05,85'9., discloses an insulator structure fof use

within an integrated circuit microelectronics fabrication, where the insulator structure maintains

~ the integrity of a polysilicon resistor formed within the insulator structure within the integrated

circuit microelectronics fabrication. The insulator structure employs a silicbn oxide dielectric
layer formed as a barrier layer interposed between the polysilicon resistor and an overlying -

dielectric layer formed within the integrated circuit microelectronics fabrication, where the silicon

. oxide dielectric layer is formed empidyihg a plasma enhanced chemical vapor deposition

(PECVD) method employing silane as a silicon source material. _

Finally, Wang et al., in U.S. Patent No. 5,679,606, discloses an electron cyclotron
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resonance high density plasma chemical vapor deposition (ECR-HDP-CVD) method for fbnning-
with attenuated patterned conductor layer damage an electron cyclotron resonance high density
plasma chemical vapor deposited (ECR-HDP-CVD) dielectric layer upon a pattemed conductor
layer thhm a microelectronics fabrication. Wlthm the method an argon flow employed wnthm a
sputtering component within the electron cyclotrqn resonance high density plasma chemlcal vapor
deposition (ECR-HDP-CVD) method is cycled' off and on to.form an initial deposit of an electron
cyclotroh resonance chemical vapor deposited (EéR-CVD) silicon oxide d.ielectri'c layer, but not
an electron cyclotron resonance high density plasma chemical vapor deposited (ECR-HDP-CVD)
dielectric layer, in order to attenuate patterned cqnd@ctof layer dafnag"e when forming the electron
cycloiron resonance high density plasma chemical vapor deposited (ECR-HDP-CVD) dielectric

layer upon the patterned conductor layer.

Desirable in the art of mlcroelectromcs fabncanon are additional methods for
forming high density plasma chemical vapor deposited (HDP-CVD) dielectric layers with
attenuated degradation to microelectronics devices and patterned microelectronics conductor
layers formed beneath thése high. density plasma cliemical irapor deposited (HDP-CVD)_ dielectric
layers incident to forming those hfgh density p.lasma chemical vapor deposited (HDP-CVD)

dielectric layers. It is towards that goal that the present invention is directed.

SUMMARY OF THE INVENTION

_ A first object of the present invention is to provide a high density plasma chemical
vapor deposition (HDP-CVD) method for'forming within a microelectronics fabrication a

dielectric layer.
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A second object of the present invention is to provide a method in accord with the

first object of the present invention, where there is attenuated'high density plasma chemical vapor
deposition (HDP-CVD) induced degradation of microelectronics devices and patterned
microelectronics conductor layers formed beneath the high density pla-sma"chemical vapor

deposited (HDP-CVD) dielectric layer incident to forming the high dens1ty plasma chemical vapor

- deposited (HDP-CVD) dielectric layer

A third object of the present invention is to provide a method in accord with the
first object of the present invention and the second object of the present invention, which method

is readily commercially implemented.

In accord with the objects of the present invention, there is prqvided' a method for
forming a high density piasma chemical vapor déposited .(HDP-CVD)_dielec_tric layer within a
microelectronics fabrication. To practice the method of the preseht invention, there is first
provided a substrate. There is then formed over the subsfrate a polysilicon resistor. There is then
formed 6ver the polysili_co_n resistor a ﬁfst dielectric layef formed of a silicon nitride diélectﬁé
material deposited employing a plasrha enhanced chemical vapor dépositioh (PECVD) method
other than a high density plasma chemical vapor deposition (HDP-CVD) method. Finally, there is
then formed over the first dielectric layer a second dielectric layer deposited employing a high
density plasma chemical \}apor dep'osition (HDP-CVD) method where first dielectric layer is
formed employmg deposmon conditions which attenuate a decrease in resistance of the

polysxhcon resistor incident to formmg the second dnelectnc layer over the first dielectric layer

The present invention provides a high density plasma chemical lvapor depositio‘n

(HDP-CVD) method for forming within a microelectronics fabrication a dielectric layer, where
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there is attenuated high density ﬁlasr_na chemical vapdr deposition ﬁiDP-CVD) induced
degradation of microelectronics devices and patterned microelectronics conductor layers formed
beneath the high density plasma chemical vapor aeposited (I-IDP-CVD).di'electric layer incident to
forming the high density plasmé chemical ﬁiﬁor deposited (HDP-CVD) dielectric layer. The
method of the present invention realizes this object by forming interposed between:the high
density plasma chemical vapor deposited (HDP-CVD) dielectric l_ayer and the microelectronics
devices or patterned microelectronics conductor lﬁyers a silicon nitride layé: formed employing a
plasma enhahced cﬁemical vapor deposition (PECVD) method other than a high density plasma
chemical vapor deposition (HDP-CVD) inethod.. Wi.th_ir'l.the present invention, the
microelectronics devices whose high density plas@ chefnical vapor deposition (HDP-CVD)

induced degradation is attenuated comprise a polysilicdn resistor.

The method of the present invention is readily commercially implemented. The
method of the present invention employs methods and materials as are otherwise generally known
in the art of microelectronics fabrication. ‘Since it is a novel ordering of methods and process

controls for forming layers with desirable properties within microelectronics fabrications which

“provides at least in part the method of the present invention, rather than the existence of specific

methods and materials which provides the method of the present invention, the method of the

present invention is readily c_ommerciall'y implemented. -

-. .BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present invention are understood

within the context of the Description of the Preferred Embodiment, as set forth below. The
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Description of the Preferred Embodiment is understood within the context of the accompanying

drawings, which form a material part of this disclosure, wherein:

Fig: 1, Fig. 2 and Fig. 3 show a series of schematic cross-sectional diagrams
illustrating the results of progreséive stages in forming within an integrated circuit
microelectronics fabrication a high density plasma chemical vapor deposited (HDP-CVD)

dielectric layer in accord with a preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method for forming within a microeléctronics

. fabrication a dielectric layer formed g;hploying a high density plasma chemical vapor deposition
(HDP-CVD) method, where there is attenuated high density plasfna induced degradation of
microelectronics devices and patterned microelectronics cbnduc’;or layers formed beneath the
dielectric layer incident to forming the dielectric layer while employing the high density plasma
chemical vapor depositibn (HDP-CVD) method. The method of the presént invention realizes the
foregc;ing object by formilng interposed between: (1) the mfcroel_ectronics devices and pattem_ed
microelectronics conductor layers; and (2) the dielectric 'layer formed employing the high density
plasma chemical vapor dépositiOn.(I-lDP-CVD) method a second dielectric léyer formed of a
silicon nitriae 'diélectric material formed emplqying a p'las.r.na enhanced chemical vapor deposition
(PECVD) method ofher thana higﬁ density plésma chemical vapdr deposition (HDP-CVD)
method. The present invention is particularly directed tbwﬁrds a_tteﬁﬁating high density plasma
induced resistance decreasés of polysilicon resistors within microelectronics fabrications ihéid‘ent

to forming over those pélysilic_on resistors within those microelectronics fabrications dielectric
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layers formed employing high density plasma chem.ical.vapor deposition (HDP-CVD) methods. -

Although the method of the presént invention provides parfiéular value in
attenuating resistance decreases of .polysi]icc;n resistors fo;nned beneath high density plasma
chemical §apor deposited (HDP-CVD) dielectric 'layers,l and in particular high density plasma
chemical vapor deposited (HDP-CVD) silicon_oxi.de dielectric layéfs formed employing silane as a
silicon source material, within integrated circuit microelectronics fabricatidns, the'method of the '
présent invention may also be employed in forming hlgh density plasma chemical vapor deposited
(HDP-CVD) dielectric layers with attenuated degradati_dn to microelectronics devices, and in
particular polysilicon resistors, formed beneath those high density plasma chemical vapor

deposited (HDP-CVD) dielectric layers incident to forming those high density plasma chemical

.vapor deposited (HDP-CVD) dielectric layers within microelectronics fabrications including but

not limited to integrated circuit_nﬁcroeléctronfcs fabrications, solar cell microelectronics
fabrications, ceramic substrate microelectronics fabrications and flat panel display

microelectronics fabrications.

Referring now to Fig. 1 to Fig. 3, there is shown a series of schematic Cross-
sectional diagrams illustrating the results of p;'ogresSiVe stages in forming within a
microelectronics fab_rication in accord with a preferred embodiment of the present invention a
dielectric layer formed employing a high density plasmé_chemical vapor deposition (HDP-CVD)
method. Shown in Fig. 1 is a schematic cross-éectional diagram of the nﬁicroelectronics

fabrication at an early stage'in its fabrication.

ShowninFig. 1isa semicoi;ductor substrate 10 having formed therein and

thereupon a pair of isolation regions 12a and 12b which define an active region of the
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semiconductor substrate 10. Although semiconductor substrates are known in the art with either
dopant polarity, various dopant concentrations and several crystallographic orientations, for the

preferred embodiment of the present invention, the semiconductor substrate 10 is preferably a

(100) silicon semiconductor substrate having an N- of P- doping.

Similarly, although it is also known in the art of integrated circuit microelectronics
fabrication that isolation regions may be formed Within and upon semiconductor substrates to
define active regions of those semiconﬂuctor substrates employing methods including but not
limited to isolation thermal growth methods and isolation regions deposition/patteming methods, -
for the preferred embodiment of the present invention,lthe isolation regions 12a and 12b are
preferably formed within and upon the senﬁéondﬂct’or substrate 10 to define the active region of
the semiconductor substr_ate_ 10 employing an isolation region thermal growth method at a
temperature of from about 1000 to about 1100 dgégrees cenﬁg'rade to form the isolation regions

12a and 12b of silicon oxide within an upon the semiconductor substrate 10.

Shown also within Fié. 1 formed within the active regioh of the semiconductor
substrate 10 as defined by the _isq]étioﬁ regions 12a and 12b is a series of structures which
comprises a field effect t..ransistor (FET). “The series of structures includes: (1) a gate dielectric
layer 14 having formed and aligned thereupoh; (2) a gate electrode 16; (3) a pair of dielectric
spacer layers 18a and 18b formed adjoining a pair of opposite edges of the gate dielectric layer 14
and the gate electrode 16; and (4) a pair of sdurce/draih fegions 20a and 20b formed into the
active region of the Semiconduct.or Sﬁb'Sfrate at areas not covered by the gate dielectric layer 14
and the gate electrode .16.. Each of tﬁe foregoing structires which forms the field effect transistor
(FET) may be formed employing methods and materials as are conventional in the art of field

effect transistor (FET) fabrication.
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For example, the gate dielectric layer 14 is typically and preferably formed upon

the active region of the semiconductqr substrate 10 employing a gate dielectric layer thermal
growth method at a terﬂperature of froni about 800 to abéut 850 degrees centigrade to form the
gate dielectric layer 14 of silicon oxide of thi-ckneés about 45 to about 70 angstroms. Similarly,
the gate electrode 16 is typically and préferably formed of a doped polysilicon or polycide (doped
polysilicon/metal silicide stack) gate electrode materiﬂ forméd employing a chemical vapor
deposition (CVD) method, as is similarly conventional in the art of integrated circuit
microelectronics fabrication, fo fbrm t'he' gate electrode 16 of thickness about 2500 to about 3800
angstroms. Yet similarly, thé dielectric spacer layers 18a and 18b are typically and preferably
formed employing anisotropic etching of a blanket dielectric layer formed of a 'si_licon oxide
dielectric rhat‘erial, a silicon oxide dieléctﬁc material or a silicon oxYnitridé dielectric material. -
Finally, the source/drain reg_io'né 20a and 20b are typically and preferably formed employing: (1) a
low dose fon impiant empfoying an ion implaﬁfation dose of from about 4E13 to about 6E13 ions
per square centimeter and an ion imﬁlantation enér_gy of from about 15 to about 20 keV while
employing the gate dielectric layer 14 and the gate electrode 16 as a mask, followed by; (2) a high
dose ion implant emploj/ing an ion implant_a_tion dose of from about 1E15 to about 3E15 jons per
square centimeter and an ion implantaﬁbn-energy of from about 30 to about 60 keV while : _
employing the gate dielectric iayer 14, the gate electrode 16 and the dielectric spacer layers 18a
and 18b as a mask. |

Also shown in Fig. 1is a pd}ysilicon resistor 22 formed upon the isolation regioh
12b. Although the pqusilicon resistor 22 forrried upon the isolation region 12b as illustrated
within the schematic cross-sectional d_iagram.of Fig. 1 may be formed employing methods and
materials as are conventional in the art of microelectronics fabricatioﬁ, the poly_silicoh resistor 22

is typically and preferably, althoﬁgh not exclusively, not formed of the same polysilicon material
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as the gate electrode 16, since the polyeilicon fesister_ 22is typically and preferably formed with a
higher resistance than the gate electfode 16. Preferably, the polysilicon resistpr 22 is formed to a
thickness of from about 500 to about 550 angstroms from a sufficiently doped polysilicon material
to form the polysilicon resistor 22 of resistance frbm about 50 to about 250 Gohms per load.
Most typically, although not exclusively, the po]ysililcon material is formed employing a chemical
vapor deposition (CVD) method. | '

Shown also within 'Fig. 1 fermed over the semiconductor substrate 10 including
the polysilicon resisfor 22 and the eeri'es of structures which forms the field effect transistor (FET)
is a blanket planarized pre-metal dielectric (PMD) !ayer 24. Finally, there is shown in Fig. 1
formed upon the blanket planarized pre-metal dielectric (PMD) layer 24 a series of patterned first
conductor layers 26a, 26b and 26c Similarly with the senes of structures which forms the ﬁeld
effect transxstor (FET), the blanket planarlzed pre-metal dielectric (PMD) layer 24 and the
patterned first conductor layers 26a, 26b and 26¢ may also be formed employmg methods and

materials as are conventional in the art of integrated circuit mlcroelectromcs fabrication.

With respect to the blaﬁket planarized pre-met_al dielectric (PMD) layer 24,
although the blanket planarized pre-metal dieleetrfc (PMD) 24 layer may be formed employing
methods including but not limited to chemical vapor dep.osit_ion'('CVD) methods, plasma enhanced
chemical vapor deposition (PECVD) metheds and physicél vapor deposiﬁon (PVD) sputtering
methods, along with reactive ion etch (RIE) etcﬁback planarizing methods and chemical
mechanical polish (CMP) planarizing methods, to form the blanket planarized pre-metal dielectric
(PMD) layer 24 of a dxelectnc material selected from the group mcludmg but not limited to silicon
oxide dielectric materials, silicon nitride dielectric materlals and silicon oxymtnde dielectric

materials, for the preferred embodiment of the present invention, the blanket planarnzed pre-metal
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dielectric (PMD) layer 24 is preferably formed of a silicon oxide dielectric material deposited

employing a plasma enhanced chemical vapor deposition (PECVD) method and subsequently
planarized employing a chemical mechanical ﬁolish (CMP) planarizing method, as is conventional
in the art of microelectronics fabrication. Preferably, the blanket plananzed pre-metal dielectric

(PMD) layer is formed to a thickness of about 10000 angstroms

With respect to the patterned first conductor layers 26a, 26b and 26c, although the
patterned first conductor layers 26a, 26b and 26¢ may be formed employing conductor materials
inclixding but not limited to rﬁetal, metal alloy, doped polysilicon and polycide (doped
polysilicon/metal silicide stack) conductor materials, the pattemed first condu&qr layers 26a, 26b
and 26c¢ are typically and preferably formed employing an aluminum containing conductor
material, as is similarly conventional in the art of microelectronics fabrication. Pfeferably, each of
the patterned ﬁrét conduct'o.r layers 26a, 26b énd_ 26¢ is formed to a thickness H of from about
5500 to about 6500 angstroms, a linéwidth w1 of from about 0.4 to about 0.5 microns and pitch

dimension W2 of from about 0.4 to about 0.5 microns, as illustrated within Fig. 1.

Referring now to Fig. 2; there is shown é schematic cross-sectional diagram
illustréting the results of ﬁmhler pfocessing of the integrated cfrcuit microelectronics fabrication
whose schematic cross-sectlonal diagram is illustrated in Flg 1. Shown in Fxg 2isa schematxc
cross-sectional diagram of an integrated circuit microelectronics fabrication otherw1se equxvalent '
to the integrated circuit microelectronics fabnca_txon whose schematic cross-sectional diagram is
illustrated in Fig. 1, but 'wherei.n thére is formed upon the series of patterned first conductor layers
26a, 26b and 26¢, and portions of _t}ie blanket planarized pre-metal dielectric (PMD) layer 24
exposed adjoining the series 6f.patterned first conductor layers 26a, 26b and 26¢, a conformal

silicon nitride layer 28. Within the preferred embodiment of the present invention, the conformal
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silicon nitride layer 28 serves as a barrier layer to atienuate high density plasma induced

~ degradation of the field effect transiét_or (FET) and the polysilicon resistor 22 formed beneath the
conformal silicon nitride layer 28 when forming over tﬁe conformal silicon nitride layer a high
density plasma chemical vapor deposited (HDP-CVD) dielectric layer. . The depositioﬁ conditions
employed when forming the conformal silicon nitride layer 28 are selected to effect that result
while comparatively minimally, if at ail, inducing degradation of the field effect transistor (FET) or

the polysilicon resistor 22 when fonning the conformal silicon nitride layer 28.

Thus, although there may in ge’nefal be employed several methods for forming
within microelectronics fabrications silicon -nit'rid'e layefs, in order to provide characteristics
desired within the present invention, fdf the preferred embodiment of the present invention it has
been determined experimentally that the conf_‘brmal silicon nitride layer 28 is preferably formed
employing a plasma enhaf;(:ed chemical vapor deposition (PECVD)_method other than a high |
density plasma chemical vapor deposition (HDP-CVD) method, where the plasma enhanced
chemical vapof deposition (PECVD) method in tumn emﬁlb};s silane (SiH4) as ﬁ silicon source

material and nitrogen (N2) as a nitrogen source material. -

Preferably, the plasma enhanced chémical vapor 'depositioh (PECVD) method also
employs: (1) a reactor chamber pressuré of from abdut' 3 to about 5 torr; (2) & source radio
frequency power of from about 80 to about 120 watts at a source radio frequency of 13.56 MHZ,
(3) a semiconductor substrate iO temperature of from about 380 to about 400 degrees centfgrad’e;
(4) a silane flow rate of from about 20 to about 30 standard cubic centimeters per minute (scdm); _
and (5) a nitrogen ﬂon rate of from about 1400 to about 1600 stlandard cubic centimeters per
minute (sccm). Preferably, the conformal silicon nitride layer 28 is formed td a thickness of from

about 300 to anut 700 angstroms.
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Referring now to Fig. 3, there is shown a schematic cress-sectional diagram
illustrating the results of further processmg of the mtegrated circuit mncroelectromcs fabrication
whose schematic cross-sectional dlagram is 1llustrated in Fxg 2. Shownin Fig.3isa schematrc
cross-sect:onal diagram of an mtegrated circuit microelectronics fabncatlon otherwise equivalent
to the integrated circuit microelectronics fabncat_ron whose schematic cross-sec_:_tlonal diagram is
illustrated in Fig. 2, but wherein there is formed upon the conformal silicon nitride layer 28 a
blanket inter-metal dielectric (IMD) layer 30. Within the preferred embodiment of the present
invention, the blanket inter-metal dielectric (IMD) layer 30 is formed employing a high density
plasma chemical vapor deposition (HDP-CVD) met_hod. Although several dielectric materials _
may be formed employing high density plasrrxa chemical vapor deposition (HDP-CVD) methods,
including dielectric materials selected from th_e group including but not limited to silicon oxide
dielectric materials, silicon nitride dieleetric materials and silicon oxynitride dielectric materials,
for the preferred embodiment of the present ihvention the blanket inter—metel dielectric (IMD)
layer 30 is ﬁreferably formed of a silicon oxide dielectric material formed employing silane as a
silicon source material and oxygen as an oxidant source matenal along with an argon sputtermg
gas component as is conventionally employed within a hlgh density plasma chemical vapor

deposition (HDP-CVD) method.-

Preferably, the high density plasma chemical vapor deposition (HDP-CVD)
method also employs: (1) a reactor chamber pressure of fro.m'about.4 to about 6 mtorr; (2) a
source radio frequeng:y power at top of from about 1200 to abeut 1400 watts and at side of from
" about 3000 to about 3200 watts at a source radi_o frequency of 13.56 MHZ; (3) a bias power of |
from about 3000 to about 3500 wettS' (4) a silane flow rate of from about 60 to about 80
standard cublc centimeters per minute (sccm) (5) an oxygen oxidant gas flow rate of from about

130 to about 140 standard cubxc centnmeters per minute (scem); and (6) an argon sputtering
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component flow rate of from about 120 to about 130.standard cubic centimeters per minute

(sccm).' Preferably, the blanket inter-metal dielectric (IMD) léyer 30 is formed to a thickness of

from about 8000 to about 10000 angstroms.

Upon forming the integraté_d éircuit microelecﬁ‘onics fabrication whose schematic
cross-sectional diagram is illustrated in Fxg 3, there is formed an integrated circuit
microelectronics fabrication having fbl_'m_ed therein a field effect transistor (FET) and a polysilicon
resistor, where when there is formed over the field effect transistor (FET) and the polysilicon .
resistor a dielectric layer formed e'rﬁploying a high density plasma chemical vapor deposition
(HDP-CVD) method there is attenuated .deg_r_édation of the field effect transistor (FET) and the
polysilicon resistor. Degradation of the field effeé_t transisfot (FET) is'typicaliy, although not
exclusively, evidenced as compromise of field effect transistor (FET) operating pafameters, such
as but not limited to tranécondﬁcfance and gate dielectric layer breakddwn voltage, while
degradation of the polysiliébn resistor is typically, although not exclusively, exhibited as a

decrease in polysilicon resistor resistance.

While not necessarily wishix;g .td be held to any singie particular theory as to the
mechanism through which the present invention operates, it is Be}ieved that the attenuation of
degradation of the field eﬁ'ect transistor (FET) performance typically derives from physical
shielding by the conformal siliéqn gitride layer 28 of patterned first conductor layers 26a, 26b ahd
26¢, from electrical discharge sputtering effects incident to forming the blanket inter-metal
dielectric (IMD) layer 30, while attenualted degradation of the p'o'lysil.icon resistor 22 is_bel_ieved td
derive from attenuated diffusion thfough' the conformal Silicon nitride layér 28 of mobile species,
such as but notllimited to hydrogen, which mobile species WOqid otherwise ultimately diffuse =into

the polysilicon resistor 22 and pfesumably_ upon reaction with the polysilicon resistor thus
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compromise the resistance of the polysilicon resistor 22.

EXAMPLES

Three series of semiconductor substrates were obtained and there was formed
upon each semiconductor substrate within the three series of semiconductor substrates an
integrated circuit structure analogous to the integrated circuit structure whose schematic cross-
sectional diagram is illustrated in Fig. 1. Within each imégrated circuit structure was formed a
field effect transistor (FET) of gate electro_dé linewidth dimension about 0.35 fnicrons, formed and -
aligned upon a thermal silicon oxide gate dielectric layer of thickness about 65 angstroms. There
was similarly formed within each inte_gr.a-ted circuit structure a polysilicon resistor formed upon a
thermal silicon oxide isolation region of thickﬁéss about 4000 angstroms and areal dimensions
about 0.6 microns by about 0.6 microns. Each polysnhcon resistor was doped with an arsenic
dopant at a dosage of about 6E13 ions per square centlmeter to form the polysilicon resistor with

a nominal sheet resistance of about 260 ohms per squ_are.

Formed upon the ﬁeld effect ;ransistor (FET) stru_étures and the polysilicon
resistors within each integrated circuit structure within the thiree series of sefniconductor
substrates was a blanket planarized pre-metal dielectric (PMD) layef which in turn had formed
thereupon a series of patterned first conductor layers. Similarlj/ with the preferred embodiment of
the present invention, the blanket planﬁrized préémetal dielectric (PMD) layer was forméd ofa
silicon oxide dielectric material formed employing a plasma enhanced chemical vapor deposition
(PECVD) method. The blanket plananzed pre-metal dielectric (PMD) layer was planarized
employing a chemical mechanical pohs_h (CMP) plananzmg method to form the blanket planarized
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pre-metal dielectric layer of thickness about 10000 angstroms. Also similarly with the preferred

embodiment of the present invention, the patterned conductor layers were formed of an aluminum
alloy conductor material formed to a thickness of_ about 6000 angstroms, a linewidth of about
0.45 microns and a pitch dimension of about 0.45 microns, where the patterned first conductor

layers accessed the field effect transistor (FET) structures and the polysilicon resistors.

A first of the three series of 'serhicqnductbr substrates then had formed thereupon a
conformal silicon oxide dielectric layer formed employii_lg a plasma enhancéd chemical vapor
deposition (PECVD) method. The plasma enh.anced chemical vapor deposition (PECVD) method
employed: (1) a reactor chamber pressure of about 2.2 torr; (2) a radio frequency power of about
115 watts at a radio frequency of 13.56 MHZ, with a matching radio frequency component of
about 65 watts; (3) a semiconductor substrate temperature of about 400 degrees centigrade; (4) a
silane flow rate of about 85 standard_qﬁﬁic centim_éters per minute (sccm); and (5) an oxygen
oxidant gas flow rate of about 2200 standard cubic centimeters per minute (sccm). The plasma
enhanced chem1cal vapor deposited (PECVD) sﬂlcon oxxde dxelectnc layers were formed to a

thickness of about 3000 angstroms

Formed upon the plasma .enhanced chemical vapor dép_osited silicon oxide
dielectric layers was a series of spin-on-glaés (.SOG) dieleétric la.y'ers forfnéd of a silicate spin-on-
glass (SOG) dielectric material available from A]lied-Signal Cori) .as SOG 214 spin-on-glass |
(SOG) dielectric matenal The spm-on-glass (SOG) d:electrxc layers were thermally cured at a
temperature of about 425 degrees centlgrade for a time penod of about one hour. The spin-on-
glass (SOG) silicon oxide dielectric -layers were then etphed back employmg‘-a reactive ion etch
(RIE) method employing a carl')o,n tetraﬂuoridé, tfiﬂuoromethane and argon éicﬁﬁnt gas

composition, as is common in the art of microelectronics fabrication, to form a reactive ion etch
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(RIE) etched spin-on-glass (SOG) silicon oxide dielectric layer of thickness about 3000 angstroms

formed upon the plasma enhanced chem:cal vapor deposxted (PECVD) s1llcon oxide dielectric

layer within areal dense metal areas

The reactive ion"etch (RIE) etchback method also emplbyed: (1) a reactor chamber
pressure of about 300 mtorr; (2) a source radio frequency power of about 1070 watts at a source
radio frequency of 13.56 MHZ; (35 a sputtering cs)mponent at a DC bias Qf about 1000 volts; (4)
a carbon tetrafluoride flow rate of about 15 standard cubic centimeters per minute (sccm); (5)' a
trifluoromethane flow rate of about 45 standard ¢ubi¢ céﬁtimeters per minute (sccm); and (6) an

argon flow rate of about 145 standard cubic' centimeters per minute (sccm).

Upon a second series of semnconductor substrates was formed a high density
plasma chemical vapor deposited (HDP-CVD) silicon oxide dielectric layer formed upon a plasma
enhanced chemical vapor deposited (PECVD) silicon nitride layer in turn formed upon the series
of patterned first conductor layers and portlons of the blanket planarized pre-metal dielectric
(PMD) layers exposed adjoining the series of patterned ﬁrst conductor layers in accord with the

preferred embodiment of the present invention.

The plasma enhanced chemical vapor d"epbsited (PECVD) silicon nitride layer was
formed employing silane as a silicon source material and nit-fo'gen'as.a nitrogen source material. .
The plasma enhanced_ chemical vapor deposition (PECVD) 'm_s't'hod also employed: (1) a reactor
chamber pressure of about 4 torr; (2) a source radio frequency power of about 100 watts at a
source radio frequency of 13.56 MHZ, without a Bfas sputtering..component; (3) a semiconductor
substrate temperature of about 390 degrees sentigrade; 4a sila.ne"ﬂow rate of about 25 standard

cubic centimeters per”minute (sc_cnbﬁ and (6) a riitr('i.gen' flow rate of about 1500 standard cubic
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centimeters per minute (sccm). The plasma enhanced chemical vapor deposited (PECVD) silicon

nitride layer was formed conformally upon the series of patt_efned first conductor layers and

. portions of the blanket planarized pf_e-metal dielectric (PMD) layer exposed adjoining the series of

patterned first conductor layers to a thickness of about 500 éngstrom.é._

_ Formed upon the plasma enhanced chemical vapor cl_epoSited (PECVD) silicon
nitride layer was the silicon oxide dielectric layer formed eniployi_ng a high density plasma
chemical vapor deposition (HDP-CVD) .'method which in turn employed silane as the silicon
source material and oxygen as the oxidant source matenal The high densxty plasma chemical
vapor deposition (HDP-CVD) method also employed (1) a reactor chamber pressure of about 5
mtorr; (2) a source radio freq_uency power at top of about 1300 watts and at side of about 3100
watts at a source radio fr_equeﬁcy of 13.56 MHZ, (3) a bias sputtering power of about 3500 watts;
(4) a semiconductor substrate te_mpéfature of abdut 375 d_egrgés centigrade; (5) a silane flow rate
of about 75 standard cubic Centimeters pér minute (sccm)' (6) an'oxygen flow rate of about 136
standard cubic centimeters per mmute (sccm); and (7) an argon flow rate of about 126 standard

cubic centimeters per minute (sccm) The high density plasma chemxcal vapor deposited (HDP-

| CVD) silicon oxide layer was formed to a ‘thickness of about 8000 angstroms upon the plasma -

enhanced chemical vapor deposited (PECVb) silicon nitride layer.

Upon the third series of semiconductor _subs'trates'was formed the high density
plasrﬁa chemical vapor deposited (HDP-CVD) silicon oxide layer in accord with the procéss
parameters employed m forming the high density plaémé cherhical vapor deposited (HDP-CVD)
silicon oxide layers as formed upon.the' second séﬁes of senﬁconduétor substrates, butlw.a'/ithout'
having formed thereunder the conformal sxhcon mtnde layer formed employmg the plasma

enhanced chemical vapor deposmon (PECVD) method.
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For the three series of field effect transistors formed tipon each of the three series

semiconductor substrates there was then measured a gate dielectric layer breakdown voltage and

for the three series of polysilicon resxstors formed upon the three series of setmconductor

substrates there was then measured a polysxhcon resistor resxstance The measured values of the

breakdown voltages and the polysilicon resistor resistances are reported in Table I as a function of

inter-metal dielectric (IMD) layer structure. For references purposes, for each of the three series

of field effect transistors (FETs) formed upon the three semiconductor substrates there was a

patterned conductor layer to field effect transistor (FET) structure antenna ratio of about

113,000:1. Similarly, there was also a corresponding perimeter ratio of about 431:1. Breakdown

voltages were determined as a S0 percent cumulative probability of a field effect transistor (FET)

leakage exceeding 1 milliamp.

TABLE I

IMD Layer Structure FET Breakdown.letage
. - A(volts)
' PE-SiH4/SOG Etchback 12+~ 1
PE-SiN/HDP-CVD Si02 1254-1

HDP-CVD Si02 8+-1

Polysi Resistancs
(ohms)

140 +/- 50
50 +/-20

© 0.56 +/-0.50

From review of the data of Table I, itis seen that field effect transistor (FET) |

breakdown voltages and polysilicon resistor resistances are increased when employing as an inter-

metal dielectric (IMD) layer a siiic_c_m oxide dielecf_ric layer formed employing a high density



plasma chemical vapor deposition (HDP_;CVD) mifh'od in turn formed upon a silicon nitride layer
formed employing a plasma enhanced chemical vapor deposition (PECVD) method, in accord
with the preferred embodiment of the present iﬁve_ntion, in comparison with an otherwise -
equivalent inter-metal die]ectrie (IMD) ]ayef formed abseht t'heleilic'on'nitride layer formed
employiﬂg the plasma enhanced chemical v'aper deposition (PECVD)'methed. -The inter-metal
dielectric layer formed in accord with the preferred embodiment of the present invention provides
field effect transistor operating paramet_ers- and pelysili'con feSistor resistances similar to those
obtained employing a spin-on-glass (SOG) plenarization and reactive ion etch (RIE) etchback

method conventional in the art of integrated circuit microelectronics fabricatioe.

As is understood by a pers'o'n. skilled in the art, the preferred embo_dimerit and
examples of the present inven_ﬁon are iilustrative of the present invention rather than limiting of
the present invention. Revisio_ns and modifications may be made te methods, materials, structures
and dimensions through whi_eh.is formed a high density plasma chemical vapor deposited (HDP-
CVD) dielectric layer in accord with the preferred embodiment and examplee of the present
invention while still forming a high density plasrr_ia.eher_nical_ vapor deposited (HDP-CVD)

dielectric layer in accord with_the present invention, as defined within the eppended claims,
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1. A method for forming a dielectric layer within a microelectronics fabrication comprising:

providlng a substrate; _

forming over the substrate a polysiliconiresistor‘;

forming over the polysllicon fcsislcc a first dielectl'ic layer formed of a silicon nitride
dielectric material dep051ted employing a plasma enhanced chemical vapor deposmon (PECVD)
method other than a high density plasma chemical vapor deposmon (HDP-CVD) method; and

forming over the first dielectric layer a second dielectric layer deposited employing a high
density plasma chemical vapor deposition (HDP-_-CVD) method, where ﬁlst dielectric layer
attenuates a decrease in resistance of the polysilicon 'rcsistor incident fo forming the second

dielectric layer over the first dielectric layer.

2. The method of claim l wherein the substrate is employed within a microelectronics fabrication
selected from the group consnstmg of mtegrated circuit mlcroelectromcs fabrications, solar cell
microelectronics fabrications, ceramic substrate microelectronics fabrications and flat panel

display microelectronics fabr_lcatlons.

3. The method of claim 1 wherem the ﬁrst dielectric layer is formed at a source radio frequency
power of from about 80 to about 120 watts wnthout employmg a bias power for sputtering the

first dielectric layer when forming the ﬁrst dielectric layer.

4, The method cf claim 1 wherein:
the second dielectric layer is a silicon oxide dielectric' layer; and -
the high dens:ty plasma chemical vapor deposmon (HDP-CVD) method employs silane as

a silicon source material.
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5. The method of claim 1 wherein the first dielectric layer attenuates a decrease in resistance of

the polysilicon resistor incident to forming the second dielectric layer over the first dielectric layerl
by providing a diffusion barrier for mobile species formed incident to the high denéity plésma

chemical vapor deposition (HDP-CVD) method.

6. A method for forming a dielectric layéi' within aﬁ_integrated circuit microelectronics fabrication
comprising: ) B .'

providing a semiconductor substl'a'te;

forming upon the semiconductor substrate a field effect transistor (FET),

forming over the semnconductor substrate a polysilicon resmtor

forming over the polysxllcon res:stor and the field effect transistor (FET) a ﬁrst dielectric
layer formed of a silicon nitride dielectric material deposued employing a plasma enhanced -
chemical vapor deposmon (PECVD)_ method other than a high density plasma chemical vapor
deposition (HDP-CVD) method; and. | |

forming over the first dlelectnc layer a second dielectric layer deposited employing a hlgh '
density plasma chemical vapor deposmon (HDP-CVD) method where first dielectric layer -
attenuates a decrease in resnstance of the poly51lxcon res1slor mcldent to formmg the second |
dielectric layer over the first dielectric layer and atté_nuates a decrease in breakdown voltage of a
gate dielectric layer within the field efl‘ect trgﬁ_sistor (FET) incident to forrhi_ng the second

dielectric layer over the first dielectric layer.

7. The method of claim 6 wherein -tlie” llrst dielectric layér is formed at a source radio frequency
power of from about 80 to about 120 watts ‘without employmg a bias power for sputtermg the

first dielectric layer when formmg the ﬁrst dielectric layer.
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8. The method of claim 6 wherein:_ . » |
the second dielectric layer lS a silicon oxide dielectric layer; and
the high density plasma_ éhemiéai vapor depos_ition (HDP-CVD) riiethod emplqys silane as

a silicon source material.

9. The method of claim 6 wherein:

the first dieleqtri_c layer attenuates the decfease in résistar;ce of the polysilicon resistor
incident to forming the second dielectric layer over the first dielectric layéf by providing a
diffusion barrier for mobile species formed incident to __the high density plasma chemical vapor
deposition (HDP-CVD) method; and

the first dielectric layer.a'tt_enuates fhe decrease in breakdown voltége of the gate dielectric
layer within the field effect transistor (FET) by provid_ing a physical barrier to high density plasma
induced electrical dischafge incident“to the high densit_j plasm'a. chemical vapor deposition (HDP-

CVD) method.



