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TRANSISI"ORS WTIHLCM OVERLAP CAPACITANCE 

FIELD OF nm INVENTION. 

This invention relates tci the fabrication of integrated 

circuit devices and more particularly to a· method for reducing the 

gate to drain and.gate to source overlap capacitance of deep sub-, 

micron CMOS devices, as an improved means of reducing diavice 

switching times •. 

BACKGROUND OF 1HE INVENTION AND PRIOR .ART 

As the demand has increased for semiconductor chips that of fer 
niore functions per chip and .shorter times for performing those 

functions, semiconductor device dime~sions have been pushed deeper 

and deeper into the sub-micron regime. Smaller devices readily 

·translate into more available area for packing more functional 

circuitry onto a single chip. Smaller devices are also inherently 

advantageous in terms of shorter switching· times, as will now be 

discussed._Usi~g CMOSFET technology as a typical example, smaller 

device dimensions have resulted in shorter switching times for.a· 

·number of reasons. In order for a device to switch a given node on a 

chip from one logic levei to another, the effective load capacitance, 
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cl, presented tQ that device must be charged or discharged through 

some effective resistance .. R_ .. comprised of device channel resistance 

and device interconnect resistance. Consequently, from basic circuit 

theozy, it follows that switching times will tend to decrease as the 

values of both R. and C1 are reduced. Historically, increasingly 

smaller device di~nsions have helped to reduce R_,, by means of 

shorter device channel lengths as·weu as the increased freedom for 

using shorter interconnect lines between devices. Shorter 

interconnect lines and their lower, associated, cross.sectional area 

have also helped to reduce C1 • More over, further reductions in C1 

have also resulted from the smaller PN junction capacitance and 

parasitic device.capacitance values that are inherently available 

from smaller devices. Accordingly, as a result of continued 

reductions in device geometzy, from one device generation to the 

next, great strides have been made in the speed performance of 

today's chips. However, as device ·dimensions have progressed deeper 

and deeper into the sub micron regime:" the technological and 

.manufacturing challenges for continuing such scaling efforts at 

acceptable rates have sharply increased. This has, in turn, prompted 

a number of innovative techniques for squeezing additional speed out 

of each succeeding generation of CMOS technology. Since the 1970's 

the resolution limits of optical lithography have been reduced from 

about 1. 5 · m:l.crons down to about 0. 2 microns and lower. Advancements, 

such as shorter exposure wavelengths, variable numerical apert;ure 

exposure lenses and phase shift masks, have contribut~d immensely to 

the progress that has occu:cred._ Likewise:, anti-reflective coatings 

have also increasingly been incorporated into semiconductor process 

sequences, as.a means of further enhancing critical dimension (CD) 

control during sub-micron photolithography steps •. In addition, other 
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techniques have been developed for pushing device speeds beyond what 

would, othezwi~e, be obtained by simply scaling device sizes down to 

the latest CD limits of each succeeding generation of optical 

lithography. 

U.S ... Patent 5;,..434,093 to Chau, et. al., teaches a method for· 

using an inverted spacer structure as a means of fabricating FET 
. . 

devices with channel lengths that.are shorter than·the minimum 

critical dimension, CD, that can b~ obtained .from a given 

photolithography image. The gate region of :the· device is first 

photolithographically defined as a trench in an oxide layer. A second 

overlying layer of conforinal oxide is then deposited and subsequently 

anistropically etched back, whereby the th_icker portion of the 

confo:nnal layer along the side walls ·of the aforementioned trench is 

allowed to remain as an inverted spacer structure. The inverted 

spacer structure effectively.·extends the side walls of the 

aforementioned trench inward to a new reduced size that is 

considerably less than that of the original trench. The reduced 

trench is ·then used to define a polysilicon gate. that is considerab_ly 

smaller than the original trench. The polysilicon gate is fo:cmed by 

first depositing an overlying layer of polysilicon and then using a 

Chemical Mechanical Polishing, CMP, step to remove.the polysilicon 

from the top surface of the oxide sUZTOunding the aforementioned 

trench. The end result is an FJIT gate with an assoc:lated channel 

length that is smaller than·the minimum critical dimension, CD, of 

_the photoli tho~raphy technoiogy that was employed. 

U.S. Patent 5,773,348 to Wu, teaches a.method, somewhat similar to 

that of Chau, et. al., for forniing FET devices with gate lengths that 
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are below the mini'1lum critical dimension .. CD .. that is-resolvabte by-

any given generation of photolithography equipment. An inverted 

spacer structure is used, along with additional features such as a 

punch through stopping ion implant layer·and an amorphous silicon 

layer .. for the FET gate el~ctrode .. which is then.converted to 

polysilicon by subsequent high temperature annealing. 

U.S. Patent 5,786 .. 256 to Gardner, et. al., also teaches a method,._ 

somewhat similar to that of Chau, et. al .... for fo:rm.ing FET .de\rices 

with gate lengths.that are below the minimum critical dimension .. CD, 

that i~ ·resolvable.by any given generation· of photolithography 

equipment. An inverted spacer structure is also used to. form the gate 

electrode. In addition, a second set of spacers is used as part' of 

t.he process sequence for the Lightly Doped Drain, LDD, engineering of 

the FET device. After defining the polysilicon·gate, the-lateral 

width of the firat set of spacers·is subsequently reduced_by using 

the slightly protruding·periphe:cy of the polysilicon gate as an 

. anisotropic etch mask. The reduced width of the first set·of spacers 

facilitates the ability of an LDD ion implant to· slightly extend 

under the gate. A second set of spacers are then conventionally 

formed on the side walls of the first set of spacers .. prior to 

source-drain ion implantation. 

The above prior art was mainly focused on ways to reduce FET 

device switching times,, by·means of obtaining shorter.channel lengths 

than would .. otherwise .. not be p_ossible from a given generation of 

photo! i thography equipment. However.. as previously discussed.. there· 

are other factors .. such as parasitic device capacitance ... that can 

:impact device switching times. One relevant component of parasitic 
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device capacitance that has already been ad'd?'essed· in ~he prior art, 

is gate to drain overlap capa:ci tance, .cgdo ... which. is also referred to 

·as Miller Capacitance, c_. Cgdo can be particularly significant ... since 

its value can be effective.ly doubled for· the frequent case of an FET 

device being operated in an inverter circuit. Fig .. 1 shows a CMOS 

inverter circuit ... aiong with a Cgdo parasitic capacitor. The input 

gate voltage wavefo:cm is shown as a rapidly rising ramp from zero 

volts to +Vdcl. The output voltage wavefo:cm is shown as a corresponding 

rapidly ·falling ramp from +Veld to zero volts •. Accordingly, from 
. . . . 

Gauss's Law, the initial stored ·charge on Cgdo is equal to +Cp,Vdd and 

the final stored charge on. Cgdo is equal to -cgdovdd. Therefore the· 

effective electrical gate input capacitance to the inverter circuit 

can be calculated from dividing the change in charge on Cgi1o, 2CgdoVdd ... 

by the change in the input voltage, Veld, which yields a value of 2Cgc1a. 

Therefore, the effective Cgdo component of loading capacitance, 

looking into the inverter stage will actually be doubled. The above 

electrical effects of G•~ also referred to Miller Capaci.tance, are 

well known and are described in J.Y. Chen, CMOS Devices and 

Technology for VLSI, pp. 100-101 (Prentice.Hall i990), which is 

incorporated herein by reference. . . 

Gate-to drain overlap capacitance, Cgi1o ... along with the above 

electrical doubling effect. of C911o ... can have a significant impact on 
. . 

device switching speed. Accordingly, this has prompted a series of 

innovations for.minimizing.the relative impact.of c!l<b, on switching 

times, as FET device technotogy has continued to evolve. Such· 

innovations include the tailoring of source-drain ion implant angles 

and gate spacers, in order to obtain sufficient gate overlap of 

source-drains for maintaining low channel resistance ... while still 
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minimizing the associated Cgc1o values. In addition .. etforts have also 

. been ma~,e to minimize Cgc1o, by means of a Graded Gate Oxide, GOO .. 

process .. which locally increases the gate oxide thickness in the 

region of gate to drain overlap. Graded Gate Oxide, GOO .. processing 

has been accomplished, for example .. by. using a wet ambient· at -.about 

asoc .. in order to increase a 70A0 gate oxide to about 2SOA0 
.. at the 

edge of the gate~ The above process improvements for reducing gate to 

drain overlap ~apacitance·are described in S. Wolf .. Silicon 

. Processing for the VLSI Era,_ Vol • 3.. pp. 63.0-635 (Lattice Press 

1995) .. which is incorporated herein by re(erence. 

While various implementations of the above Graded Gate Oxide .. GGO .. 

process can help to reduce gate to drain overlap capacitance .. GGO 

does have its own set of problems. For example .. interface states 

generated by.the reoxidation step can lead in increased hot electron 

related instability. Further·more .. the GGO process has been found to 

be difficult to control, particularly for deep sub micron devices. 

Con·sequently.. there is a need for an alternative to the method for 

Graded Gate O;ide~ GOO .. processing .. that is_more compatible with 

device and manufacturing needs associated with the fabrication of 

state of the art deep sub micron devices. The present invention 

solves this need by p:i:-oviding a graded gate oxide layer that is 

largely graded in terms.of its dielectric constant. as opposed to its 

thickness. Accordingly .. an innovative method for forming localized 

regions.of low dielectric constant .. K .. oxide in gate to drain overlap 

regions will now be described. 
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SUMMARY OF '!HE INVENI'ION 

A principle object of the present "invention is to provide an 

effective and manufacturable method for ;reducing the gate to drain 

overlap capacitance .. c ... of MOS transistors ... over a semiconductor 

substrate. 

Another object of the present invention is to provide a method for 

fabricating gate.oxide layers, with a graded .dielectric constant,, as 

an improved means of minimizing gate to drain.and gate to source 

overlap capacitance. 

A fu~her object of the invention is to provide a method for 

reducing gate to drain overlap capacitance .. that is highly c0111patible 

with the device ·and manufacturing needs of state of the art CMOS 

technologies. 

A still further and primary object of the present in'Vention is to 

provide a method for locally forming a low die~ectric constant .. K, . 
. . 

gate oxide for the purpose of lowering gate to drain overlap 

capacitance without having to resort to an undesirable Graded Gate 

Oxide .. GOO .. approach that woulq tend to cause. reliability and process 

control problems .. particularly.for deep sub-micron devices. 

These objects are achieved by a fabrication method that results in 

a CMOS FET device that has a gate oxide with a graded qielectric 

constant .. K ... c~prising the steps of: (a) forming an oxide layer over 

a· semiconductor substrate; (b) defining and et~hing out the. gate 

region for the device; (c) depositing or growing a low K gate oxide· 
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in.the gate region; (d) deposition and subsequent anisotropic etch 

back.of an overlying silicon nitride layer for the purpose of 

creating nitride spacers at the side walls of ·the gate region; (e) 

removal of the aforementioned low K gate·oxide,.except for those 

portions of the gate oxide that are masked by the nitride spacers; 

_(f.) subse_quent fonna.tion of. a thermal gate oxide_ in the gate region .. 

except for those regions· that remain protected by.the nitride 

spacers; (g) deposition o.f an overlying polysilicon layer followed by 

Chemical Mechanical Polishing, CMP .. for completing the formation of 

the gate structure of the device; and· (h) subsequent conventional 

formation of LDD and highly doped source-drain reg.ions .. followed by 

completion of conventional back end of the line processing. 

This invention addresses the need for an alternative method to the 

Graded Gate.Oxide .. GOO .. process .. for the purpose of minimizing gate 

to drain and gate.to source r;>Verlap capacitance. This.invention 

addresses problems .. such as:. (1) The.need for· avoiding interface 

states .. in the vicinity of drain depletion regions .. that·can lead to 

reliability problems during hot electron ·stressing .. -and (2) The need 

fQr a graded gate oxide strticture that is more compatible with device 

and manufacturing need~ associated with the fabrication of deep sub 

micron devices. The present invention solves these problems by 
. . . 

providing a graded gate oxide layer that is largely graded in tenns 

of its· dielectric constant, as opposed to its thickness • .Accordi-~ly .. 

an innovative method .. consisting of formins localized regions of low 

dielectric constant, K~ oxide ~n gate to drain overlap regions.. for 

the purpose of reducing overlap capacitance .. has been achieved. 
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BRIEF DESCRIPTION OF nfE DRAWINGS. 

In the accompanying drawings for a material pazt of this 

description, there is shown: 

Fig. 1 shows a simpli f.ied electrical schematic of a CMOS 

inverter circuit, ·for the purpose of background discussions, 

regarding.· the effective electrical behavior of gate to drain 

.overlap capa~itance. 

Figs. 2, 3a, 3b, 4a, 4b, 5, 6and 7 schematically illustrate in 

cross-sect.ional. representation the preferred embodiments of the 

process of the present invention. 

DESCRIPI'ION OF 1HE PREFERRED EMBODIMENTS 

It is noted that the following preferred embodinients and 

associated figures are intended to be presented in a way th~t can be 

generally applied to the fabrication of N channel and/or P channel 

devices that could he used in either a CMOS or an NMOS, etc., 

technology, where. reductions in gate to drain capacitance and/or gate 

to source . capa.ci tance are desired. ·However, for the . purposes of 

discussion, the.foilowing preferred·emhodiments will be presented in 

terms of· an N channel device. Referring now.more particularly to Fig. 

2,· there is sh0wn a portion of a-partially completed integrated 
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circuit. Th.ere is shown a semiconductor substrate 2 intended to · 

. represent a conventional ion implanted N.well or P well region, in 

which an eventual deep sub-micr0n FET device will be fo:niled •. Also 

shown is an overlying layer of oxide 4, which has been 

photolithographically patterned and etched out in order to form an 

eventual gate region 8 for said FEI' device. 

Continuing to .refer to Fig. 2, 'there is also shown a thin, low K 

gate oxide layer 6 •· Said low K gate oxide layer 6 may ·have a typical 

thickness in the range between 20 and 200 angstroms and may be formed 

by means of a CVD method similar to those.used in a hackend low K 

dielectric process or spin: on method. 

Said low K gate oxide layer 6 may also be formed by means of a 

thermal oxide layer which is then .implanted with fluorine, F, for the 

purpose of the reducing the ~ielectric collStant or the thermal oxide. 

Said thermal gate oxide may have a typical thickness in.the range of 

about 20 to 200 angstroms and is usually grown by means of 

conventional oxidation. Typical dose values for said fluorine implant 

are in the range of about lElS to 1E17 at/cm2
• the energy levels used 

for said fluorine implants·are in the typical range of about 20 to 80 

KeV. Said fluorine implants a~ usually annea~ed by a subsequent 

thermal or Rapid Thermal Anneai',. Rl'A, process. 

The typical dielectric constant, K, values that ha"8 been achieved 

:with the a.forementioned low .K dep0si ti on·. process a.re in the range of 

about 2 to 3.5 •. 'Ibe typical dielectric constant ,K, values that have 

been achieved·with the aforementioned fluorine.implantation into 

thermal oxide process are 1n. the .range of about 2.5 to 3.5. ·· 
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Ref en-ing nO..V more particularly to Fig. 3a·.. there . is shown a 

·subsequent overlying confo:cmal layer of silicon nitride 10 that is 

· deposited for the purpose of eventually fanning inverted spacers 

along the side walls of gate region 8 in said oxide layer 4. The 

thickness of said nitride layer 10 is typically in the range between 

200 to 2000 angstroms and is usually grown by means of conventional 

LPCVD. 

Referring now more particularly to Fig. 4a,· there is shown the 

results of having anisotropically etched said nitride layer 10 such 

that it is totally removed from the top surface of said oxide layer 4 

as well as being removed from_ a substantial portion of said low K 

gate oxide layer_6. It is noted that .since said conformal nitride 

layer 10 is inherently thicker Over the steps of sa,id etched out gate 

region 8, it is not completely removed from the side walls of said 

gate region 8. C_onsequently, the remaining nitride on the side walls 

of said etched out gate region B results_ in inverted.nitride spacers 

12. It is·noted tha:t the end point o~ said.anisotropic plasma etching 

of said nitride layer 10 is designed to-guarantee the complete 

removal of that portion of·said nitride layer 10 which resides on the 

surface of exposed gate oxide region 14 .. which is not protected by 

said nitride spacers 12. It is ·also noted that care is taken to avoid 

complete removal of said exposed ga~e oxide layer 14 .. during said 

anisotropic plasma etching,· in order to aVoid damaging the underlying 

silicon. The subsequent.cmiPlete removai of said exposed gate·oxide 

layer 14 is achieved by a wet etch processing step. 



.. 

12. 

· It is further noted that the portion of gate oxide layer 6, which 
.. 

is under said nitride spacers 12, and identified as localized low K 

oxide regions 16, will not be etched during said anisotropic etching. 

Consequently, localized low K gate oxide regions. 16 will remain under 

sa~d nitride spacers 12. The creation of said lOca.lized lovi1 K gate 

oxide regions 16 under said nitride spacers _12 is the key to this 

iJl.vention. Said localized low K gate oxide regions will eventually 

result ·in reduced overlap capacitance between a subsequently formed 

gate electrode and subsequently formed source-drain regions. Since 

said low K gate oxide regions·l6 are protected by said Jl.itride 

spacers 12, they will he able to remain in place during ~he eventual 

complete removal of unprotected gate oxide region 14~ Said localized 

low K gate oxide regions 16 will also he well protected during the 

eventual growth.of a conventional thermal gate·oxide"'. in· unprotected 

gate region 14, prior to the.fonnation of said subsequent gate 

electrode and said subsequent source-drain ·regions. 

Al though it is usually desirable to only allow that ·portion of low 

K dielectric to remain, which is protected bY said nitride spacers 

12, there may be si~uations :where it is also.desirable to allow said 

low K dielectric to laterally extend to greater distances.· For such 

cases. an alternate preferred embodiment may be.used. whereby the 

aforementioned steps, illustrated in. Figures 3a aJld 4a, are replaced 

by the following steps, illustrated in Figures 3b and. 4h. 

Referring.now more particularly to Fig. 3b, as an alternative 

preferred eiii.bbdi~nt to the aforementioned structure of Fig. 3a , .. 

there is shown a subsequent overlying conformal layer of silicon 

.:; .• 
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nitride 10 and a further overlying layer of polysilicon 11 that are 

deposited for the purpose of eventually .forming double, inverted 

· spacers along the side walls of said gate region 8 in said oxide 

layer 4. lb.e thickness of said nitride layer 10 is typically in the 

range_ between 200 to 2000·angstroms and is usually grown by means of 

conventional LPCVD. The thickness of said polysilicon layer 11 is 

adjusted, according to the desired increased degree for laterally 

extending·said low K dielectric into the channel region. 

Referring now more particularly to Fig. :4b~ as an alternative 

prefe:ITed embodiment to the aforementioned structure of Fig. 4a, 

th"ere is shown the results of having anisotropically etch~d said 

nitride layer 10 and said polysilicon layer· 11 such that they are 

totally removed from the top surface· of said oxide layer 4 as well as 

from a substantial portion of said low K gate oxide layer 6. It is 

noted that since said conformal nitride layer 10 and polysilicon 

layer 11 are inherently thicker over the steps of said etched out. 

gate region 8, they are not completely removed from the side walls of 

said gate region B. Consequently, the :remaining nitride and 

polysilicon on the side walls of said etched out gate region B result 

in inverted nitride spader 12 and inverted polysilicon spacer 13. It 

is noted that the end point of said anisotropic plasma etching is 
. . . . 
· designed to guarantee the complete removal of those portions of said 

nitride layer 10 and polysilicon_layer 11 which reside on the surface 

of exposed gate oxide region 14, which is not:protected by said 

double ni :tride/polysilicon spacers 12 and . 13 •. It is also noted that 

care is taken_ to avoid complete removal ·of said exposed gate oxide 

layer 14, during said anisotropic plasma etching, in order to avoid 

damaging the underlying silicon~ The subsequent complete removal of. 
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said exposed gate .oxide layer 14 is achieved by a wet etch processing 

step. As previously noted, said protected localized gate oxide region 

16, ythich is under said double nitride/polysilicon spacers 12 and 13, 

will not he etched during said anisotropic etching. Consequently, 

localized low K gate oxide.regions 16 will remain under said 

nitride/polysilicon spacers and 13. As in the case of the preferred 

embodiments, illustrated in Figures 3a and4a, the creation of said 

localized low K gate oxide regions 16 under said nitride/polysilicon. 

spacers 13 is the key to this invention. Said localized low K gate 

oxide regions will eventually result in reduced overlap capacitance 

between·a subsequently £0rmed gate electrode and subsequently £o:nned . . . 

source-drain regions. Since said low Kgate oxide regions 16 are 

protected by said nitride/polysilicon spacer$ 12 and 13, they will 

be able to remain in place during the eventual complete removal of 

unprotected gate oxide region 16. Said localized low K gate oxide 

regions 16 will also he well.protected during the eventual growth of 

a conventional thennal gate.oxide, in unprotected gate region 14, 

prior to the formation of said subsequent gate electrode·and.said 

subsequent source.-drain regions. 

With regard to the a:hove alternate preferred.embodiments, 

·illustrated in Figures 3b and 4b, it is note that by suitable 

adjustment of the thiCkness values and associated etching conditions 

for said nitride/polysilicon spacers, one may more easily decide on 

how much of the low K dielectric will remain in gate region 8, prior 

to said eventual growth of a conventional thermal gate. oxide. It-is 

further noted that after said eventual growth of· thermal oxide, said 
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polysilicon portion of said nitride/polysilicon-spacers is 

subsequently rem0ved by means of a selective plasma etching step. 

For the sake of discussion, the description of the ~referred 

embodiments will noW continue from the preferred embodiments of. 

Figures 1,2,3a and 4a. However, it is assumed that the following 

description of the preferred embodiments could also be continued from 

the alternate preferred embodiments of Figures 1,2, 3b and 4b; by 

those skilled in the art. 

• .. Ref erring now more particularly to Fig. 5, · a conventional thennal 

gate oxide 18 i~ grown in said exposed gate region 14, of Fig. 4a 

which is not protected by said nitride spacers 12. The thickness of 

said thermal gate oxide is typically in a range between about 20.and 

100 angstrans and is usually grown by means of thennal oxidation; 

Continuing to refer to Fig. 5, an overlying layer of poly8ilicon 20. 

is suhsequ•tly deposited, · in order to eventually form a gate 

electrode~ The thickness of said polysilicon layer 20 is typically in 

the range of 1000 to 4000 angstroms.and is usually grown by means of 

LPCVD. 

Referring now :more particularly to Fig. 6, a chemical mechanical 

polishing, CMP, step is used to remove that portion of said. 
. . 

polysilicon layer 20 which was situated on the surface of said oxide 

_layer 4. The ~ining polyailicon· in said. gate region. 8 has now been 

formed into polysilicon gate eliectrode 22. 
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Referring now ntere particularly to Fig. 7, there i·s- sllowrr t!hfr ·· 

result of subsequent conventional processing for the completion of 

·said N channel device, of the structure of -Fig. 6. There is shown the 

resuit having formed conventiona.l source-drain contact regions 24 for 

the N channel device as well as the result of havillg fonned 

conventional LDD regions 26, along with conventional lr"source-drain 

regions 28. 

The objects of the invention have now been accomplished. An· 

improved alternative to the Graded Gate Oxide, GOO, process, for the 
' . 

purpose of minimizing gate to.· drain and gate to source overlap 

capacitance, has been presented. The aforementioned problems 

associated with the GGO process have been avoided by·the present 

invention, which provides a graded gate oxide layer that is largely 

graded in tenns of its dielectric constant,.as·opposed to its 

thickness. Accordingly, an innovative method, consisting of·fo:rming 

said localized regions 16 of low diel~ctric constant, K, oxide in 

gate to drain overlap regions. for the purpose of reducing overlap 

capacitance, has been achieved~ 

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 f'rom the spirit and scope of the 

invention. 
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1111111111111111111 11111111111 ·What is.claimed is: 
* C L M S * 

1. A method for forming localized regions of low dielectric 

constant, K, oxide in gate to drain 0verlap regions, for the 

purpose of reducing civeriap capacitance, camprising the steps·or: 

(a) fo:nning a first oxide layer over a semiconductor 

substrate;. 

(b) patterning and etching out said first oxide layer 

· in order to define an event.ual gate region;. 

(cl depositing or growing a thin low ·dielectric constant, 

K, gate oxide on the silicon surface, corresponding 

to said eventual gate region;. 

(d) forming one or more inverted spacers on the side 

walls Of said etched. out gate region within said 

first oxide-layer;. 

(e) removing that portion of said low K gate oxide, which 

is not protected by said spacers, thereby exposing 

the underlying silicon surface while still allowing 

localized regions of said low K gate 9xide to remain 

(f) growing _a conventional thermal gate oxide on said 

exposed silicon surface, in orde~ to complete the 
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creation of a gate oxide la'Yer with a graded 

dielectric constant; and 

(g) subsequent formation of.a conventional.polysilicon 

gate s:tructure, along with the fonnation of 

conventional source-drain contacts as well as 

implanted LDD regions and implanted N+ source-drain 

regions •. 

2. The method of claim 1 wherein said inverted spacers may be 

com.prised of insulators, polysilicon .. or a double 

insulator/polysilicon spacer combination, thereof. 

3. The method of claim 1 wherein the thickness of said low K 

gate oxide layer is.bet1'een about 20 to 200 angstroms. 

4. · The method of claim 1 wherein said low K gate oxide may be 

fozmed by means of depositing a low K dielectric layer or 

by the implantation of fluorine into a: t~ermal gate oxide layer. 

5. The method of claim 1 wherein said insulating spacers may be 

campris.ed of materials selected from the group consisting of 

silicon· nitride or silicon oxynitride. 
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6.. The method of claim 1 wherein the thickness of said thermal gate 

oxide layer is between about 20 and 100 angstroms. 

7. A fabrication method for f onning a d~ep sub-micron CMOS FET 

device with localized regions of low dielectric constant, K, 

oxide in gate to drain and gate to source.overlap regions, for 

the purpose of reducing.overlap capacitance, comprising the 

steps. o'r: · · 

(a) depositing a first oxide layer over a semiconductor 

substrate; 

(b) patterning and etching out said first oxide layer 

. in order to define an eventual gate region; 

(c) depositing or growing a thin low dielectric constant .. 

K, gate oxide on the silicon surface, corresponding 

to said eventual sate· region; 

(d) depositing an overlying sil~con nitride layer and 

subsequently anisotropically etching back said 

nitride layer to form nitride spacers on the side 

walls of said gate region within said first oxide 

.layer; 

(e) etching out that portion or said low K gate oxide, 

which ~s not protected by said nitride spacers, 

thereby exposing the underlying.silicon surface 
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while still allowing localized·regions. of said.low K 

gate oxide to remain under said· nitride spac~rs; 

( f) growing a conventional thermal gate oxide on said 

exposed silicon surface, in order to complete the 

creation of a gate oxide layer with a graded 

dielectric constant; 

(g) .. depositing an overlying layer of polysilicon and 

then using a chemical mechanical polishing, CMP, 

·process to polish back said polysilicon layer 

for the purpose of forming gate electrodes. 

(h) . subsequent formation of conventional source-drain 

contacts, along with implanted·N type LDD regions and 

implanted N+". source-:-drain regions as well as · 

the doping and silicidationof said polysilicon gate 

electrodes. 

8. . The method of claim 7 where said nitride spacers may 

alternatively.be a double spacer structure comprised of an 

inverted silicon nitride spacer and a juxtaposed inverted 

polysilicon spacer. 

9. The method of claim 7 wherein the thickness of said first 

insulating oxide layer is bet:ween about_ 1000. to 4000 

angstroms. 
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10 ~ The. method of claim 7 wherein said first oxide layer-·i:s.. £~d 

by means of CVD.or thermal processing. 

11. The method of claim 7 wherein the thickness of said low. 

K gate oxide layer is in a range of about 20 to 200 angstroms. 

12. The method of claim 7 wherein the depositiOn. of said low 

K gate oxide layer is performed by ~ans of CVD .. thermal or 

spin on processing. 

13. The method of claim 7 wherein ·a process for forming a low 

K gate oxide is by means of: (a) A CVD method similar to. ·· 

Those used in backend low K dielectric process~s, (b) Or 

a spin-on method or (c) even a no:rmal oxide growth followed 

by ion implantation of fluorine. 

l4. The method of claim 7 wherein the process for forming 

said nitride spacers consists of: 

(a) depositing a .cvn layer of silicon nitride; and. 

(b) using an anisotropic plasma etch for etching 

back said nitride layer. 
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15. The method Of· .claim 8 wherein the p.z:Ocess- fox- toxming 

said alternative double nitride/polysilicon spacers consists 

of: 

(a) depositing a CVD layer of sil:Lcon nitride; 

(b) depositing _an overlying layer of p0lysilicon; 

(c) using.an anisotropic plasma etch for etching· 

back said nitride and polysilicon layers. 

16. The method of claim .14 wherein the thickness of said nitride 

layer is in the range of about 200 to ·2000 angstroms. 

17. The method of claim 14 wherein the CVD plasma. etching is used 

for etching back said nitride layer. 

18. The method of claim 14 wherein the etch stopping method for 

anisotropically etching_. back said nitride layer. is based on 

the etching selectivity.between the nitride and the low K 

dielectric material. 

19. The inethod of claim 14-wherein the typical width of said 

nitride spacers is in the range of about 200 to 

2000 angstroms. 
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20. The. method of claim .7 wherein the etching out of ·that portion 
.. 

of said low K gate oxide, which is not protected by said 

overlying nitride spacers, is.performed by means of a plasma 

etch followed by a wet etch. 

21. The method of claim 7 wherein the thickness of said 

gate oxide is in a· range of about 20 to 200 angstrans. 

22. ·The method of claim 7 wherein the thicknes6 of said 

polysilicon layer that.is used for fonning said gate electrode 

is in a range of about 1000 to 4000 angstroms. 

23. The method of claim 7 wherein the typical dielectric constant 

value values for said low K portion of the gate oxide that . 
.. 

resides under said nitride spacers is in a range-of about 

2to 3.5. 

24. The method of claim 7 wherein the dose of said N type·LDD 

impiant is typically in a range of about 1E13.to 5E14 

atams/cm2
• 

. . . . 
25. The :niethod of claim 7 wherein the energy f ?r said N type · 

LDD implant is in a.typical range of about 20 to 

100 KeV. 
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26. The method of. claim 7 wherein the dose of sa±ct-N"'"·sou1ce ... 

drain implant is typically in a range of about 1E15 to 

BE15 atoma/cm2
• 

27. The· method of claim 7 wherein the energy: for said N'" source­

drain implant is in a typical range of about 20 to 100 KeV. 

28. The method of claim 8 wherein the nitride thickness for said 

double spacer is between about 200 and 2000 angstroms. 

29. The method of claim B wherein the polysilicon thickness for 

said qouble spacer structure is adjusted for. increasing the 

degree to which the li;:nv K gate dielectric is laterally extended 

into the channel region. 


