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W DTH EFFECT BACKGROUND OF THE I NVENTION (1) Field of the Invention The
invention relates to the fabrication of integrated circuit gevaggs)iignd
«nmore particularly, to a nethod of reducing dopant-out diffusion occurring

¢ i n chanWéTHGEY i @hANGLIPNOS, NMOS TgatePrbOBEt TRARS ThavRNgEaEebaNRakroivdt h of

0.25 pmor less. (2) Description of the Prior Art Wth the continued

advancement of the sem conductoryrpeghpolegy and the fabrication of

Integrated Grcuit (1C devices, the conponents and conponent features

that are part of these devices continue to decrease in dinension.

Sem caonductor devices can essentially be broken down into bipolar devices

and Metal Oxide Senicong %%§P§§$}% Effect Transi stor (MOSFET) devices,

whereby the latter categ ?’; 5 fcteadd rﬁﬁ\I Ip?é?centage of the total
nunber of devices that are used in Integrated GCrcuit (1C applications.

It is projected that MOSFET devices wll constitute roughly 90% of the
overall market whereas the bipolar devices will be used for the renaining
10% oflt heFiappl ¢Eathensgnvinthoneductions' in device size is required a 1

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method of reducing
dopant-out diffusion occurring in channel regions of PMOS/NMOS

gate electrodes having a channel width of 0.25 um or less.

{(2) Descripticon of the Prior Art

With the contiﬁued advancement of the semiconductor
technology and the fabrication of Integrated Circuit (IC)
devices, the components and component features that are part of
these devices continue to decrease in dimension. Semiconductor
devices can essentially be broken down into bipolar devices and
Metal Oxide Semiconductor Field Effect Transistor (MOSFET)
devices, whereby the latter category forms an increasing
percentage of the total number of devices that are used in
Integrated Circuit (IC) applications. It is projected that MOSFET
devices will constitute roughly 906% of the overall market whereas
the bipolar devices will be used for the remaining 10% of the

applications. With reductions in device size is required a




0 1 AUG 2906 reduction in device power consunption, which inposes the
requi rement of decreased device feature lengths. It can be stated as a
general rule that device speed varies inversely proportional] } wiGh?2iiévi ce
feature length while power consunption increases approximtely with the

squanedfcttite devids featddiee ) el QumptHRA Ung, 8L € Y5 LDt L ¥ bei ng

approached is in the mcron and sub- mcron or 0.5 pmrange where it is not

consi i .ol t eature size of 0.2 pmw Il beco a
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time used extensively in Utra Large Scale |ntegration (ULST) _
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pol ysilicon, and adjacent source/drain regions to which self- aligned
sour ¢E/tdr ey icenttactt vareeds: raytdh edtial irghed: danmsuspbash cindosazea Met al
Oxi de Sem conductor (MOS) transistor has a gate electrode to which a
vol t age ricsc iappldled withe et esdusains eat ethoniethe: stsd@cee ofedgshl i con
substrate; the voltage that is applied to the gate creates an electric

fiel dzhatrd $iper pendicaidigr Haind hgdMenface betveen. the-gat e, g ectyode

and the substrate. The areas in the substrate imediately adjacent to the
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These areas becone the source and drain regions. By vary?ng e voltage
the feature size of 0.2 um will become a reality in the near

future.

Field Effect Transistors (FET) are at this time used
extensively in Ultra Large Scale Integration (ULSI) applications.
FET are formed using gate electrodes, usually made of
pelysilicon, and adjacent source/drain regions to which self-
aligned source/drain contact areas are established. In its basic
form, a Metal Oxide Semiconductor (MOS) transistor has a gate
electrode to which a voltage is'applied. The gate is created on
the surface of a silicon substrate; the voltage that is applied
to the gate creates an electric field that is perpendicular to
the interface between the gate electrode and the substrate. The
areas in the substrate immediately adjacent to the -gate electrode
are doped, thereby varying their electric conductivity. These
areas become the source and drain regions. By varying the voltage

that is applied to the gate electrode, the electric field in the




that is applied to the gate electrode, the electric field in the 2 AUG 2006
“interface between the gate and the substrate interface can %q %N@Um§§ and,
with that, the current that flows between the source and the drain
_'regions. This electric field controls the flow of current through the

devi gaietrira cdeWetaidesh ther efale dref elHed st @scd hent e Efdattpe
Transi stor. The type of device that is created and the type of areas that

are %S‘c%gda' B, CONIYNGH QN Whih HRVIGe, @r é‘% a%éﬁiegﬁq L e rce
and the

determ ned by the type of ‘dopant that iIs use processi ng

condi_ ti,ons under. which the ants are applied, The r eat.i on_of
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can retain dopant ions, and the isolated conductivity regi ons brought
aboufuby ePhodEHosvs! TRRpiealliSe . s iRstrat 6§ st ig et dateri al |
whi ch receives p-type or n-type ions. The device features that are created
di ct ase thire Fileyse Edtf adupiliigresidi tdupi ng condi tions. For instance, boron or
phosphorous can be used as a dopant and can be doped into polysilicon

| ayers or into polycide gate el ectrodes. Channel stop dopants can be p-type
or n-type; inplants can contain a p-type dopant such as boron inplanted at

gsgose of Thex|t@pe3 At QBB A raft als enesyedfa@S keV.t Ak ot YPee4opant is
that are created in conjunction with the device are to a large
extent determined by the type of dopant that is used and the
processing conditions under which the dopants are applied. The
creation of semiconductor devices starts with a éubstrate, which

is any material that can retain dopant ions, and the isoclated

" conductivity regions brought about by those ions. Typically, a
substrate is a silicon-based material, which receives p-type or
n—type ions. The device features that are created dictate the

type of doping and doping conditions. For instance, boron or

phosphorous can be used as a dopant and can be doped into

polysilicon layers or into polycide gate electrodes.

Channel stop dopants can be p-type or n-type; implants can
contain a p-type dopant such as boron implanted at a dose of
510" atoms/cm® at an energy of 35 keV. An n-type dopant is Ps;
implanted at a dose in the order of 2.8x10"% atoms/ém2 at energy

of 60 keV.




"inplanted at a dose in the order of 2.8xIO 12 atons /CM2 at energy of 60
keV. 3 1 AUG 2006 A typical conductivity inparting dopant, (ugeg] qg&;eate
~a lightly doped source and drain region, is phosphorous, ion inplanted at
an energy between about 5 to 100 KeV, at a dose between about |E| to 1E14
atons/cm A Aypedalnrdapedtsourge iand rtdhg topagitgn weam he ereatted Py usi ng

arseni ¢ or phosphorous, ion inplanted at an energy between about 5 to 50

KeV, 1ayna1goagpdabebueen abouiirbEl2 roQiokl4 at QIR/GMordeaw] y doped
source and” drain region can be created by using arsenic, ion inplanted at
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1E16 a gate ansistor design’is the desidn ere h NMOS
and PMOS devi ces. a r eat n the same chip. Earlier designs of Metal
Ckid@egﬁﬁ?80ﬁ588Foﬁg%§Cgf gg&%c@§®ﬁﬁﬂﬁﬁ?il§ 5§€auﬁwegpeﬁe§98ﬁcﬁeééﬁse only

w th p-channel devices using n 4 -doped polysilicon gates and uniform

| i gh€lFrg§idopediAns@Bst P&t €5 °edeidd PYadiSépdalsiré svdlcues sphdgeugtt diaved. I n
its early history, the OCMOS transistor was considered to be only an

ext enspbantvedt heé an energy between about 5 to 50 KeV, at a dose

between about 1E12 to 5E14 atoms/cm’. A heavily doped source and
drain region can be created by using arsenic, ilon implanted at an
energy between about 5 to 150 KeV, at a dose between about 1E1S5

to 1E16 atoms/cm.

Dual gate transistor design is the design where both NMOS
and PMOS devices are created on the same chip. Earlier designs of
Metal Oxide Semiéonductor (MOS) devices primarily used PMOS
design because only with p-channel devices using n'-doped
polysilicon gates and uniform lightly doped n-substrates could
acceptable values for Vi be attained. In its early history, the
CMOS transistor was considered to be only an extension of the
design for MOS ICfs. Later advancements in fabrication
technology, mbstly due to improvements in ion implant technigues,
allowed for the PMOS devices to be replaced with NMQS devices.
The larger drive current of NMOS devices resulted in faster speed
of these devices, which resulted in NMOS devices becoming the

dominant device type in the IC industry. NMOS devices however




. design for MOS IC s. Later advancenments in fabrication technology, nostly
due to inprovenents in ion inplant techniques, allowed for iHe PMOS
-devices to be replaced with NMOS devices. The larger drive & r At 2088 NvoS
devices resulted in faster speed of these devices, which resulted in NMOS
devi egbibateni vgvelre ldoditmaritordevirc @dwepe dendiney |{ad nsbisdésy. NMOS devi ces
however 4 AUG 2006 exhibited severe limtations in power density and power

di sstipatiipaticaysicagsGMIS WBE GRS/ it Hacomr ddie dand nanti ndechnol ogy for 1C
devi ce manufacturing. Wth the arrival of CMOS devices, a renewed interest
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| ogi c el enents. The advantage of CMOS is gcd

si gnifi.¢ ucr nl,y.during .th ransition fromone |ogic state to the
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scaling of tEe gNCS devices in the sub-mcroneter device range presents a
maj of "EhEY PeRGER BEPSt RECr ABAS AteVdrest t9: feahneloign ¢ rerchammel Tidevi ces,
n+ doped Eolysilicon gates are wused resulting in functional asymetry. A
numb@rVBRtEEBhALQLEYESS Ravéhisder tssdddtic assuire st hiatawt hel qrichianared  and

n- channel devices are conpletely symetrical in their performance
char@ereenst posy duchngs thier éstolsd ticnt dges, cdrviles;idi ENSIONS and dopi ng
whi | e

other while drawing very little current between this transition.

The scaling of the CMOS devices in the sub-micrometer device
range presents a major challenge. For the fabrication of p-
channel and n-channel devices, n' doped polysilicon gates are
used resulting in functional asymmetry. A number of techniques
have been used to assure that the p-channel and n-channel devices
are completely symmetrical in their performance characteristics
such as threshold voltages, device dimensions and doping while
the p-channel device is, for ease of manufacturing, a surface
channel device. These devices are made using undoped polysilicon
for the gate structures that are simultanecusly doped at the time
that the source/drain regions of each type of device are
implanted. This leads to special manufacturing problems caused
by, among others, diffusion of impurity implants through the gate
oxide into the channel region thereby changing the threshold

voltage of the device. Another concern in creating dual-gate CMOS

|
|
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"the p-channel device is, for ease of manufacturing, a surface channel

devi ce. These devices are nmade usi ng undoped polysilicon for the gate
~structures that are sinmultaneously doped at the tinme t hatl 1 HdjGs@littce/ dr ai n
regi ons of each type of device are inplanted. This |eads to special
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i nplants through the gate oxide into the channel region thereby changing

t he . d | t.age _of evi.ce. ot.her concern in creati dual - gat e
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adj acent regions, an effect that can becone critical at high anneal and

ot heR'BF8Le8Efng HEFpEFLCESES P AETRSSEd B devi ce speed however requires
short channel 1length, the design of p-channel devices with short channel

| ength presents uni que problens nostly centered on nmethods of doping and
pocket inplants for the device and the inpact that these nethods have on
PMOS devi tecehasact eMOSt idesrich tseehni quevatsed faruinst ance-d clgdeaée deeper
and narrower inplants is to increase inplant energy and inplant dosage.

Thi s1appeaachnboweveignmay phegate dineisel dedld oetoasRasinod1 thenbap! ants
where the gate electrode serves as a shield and the inplants becone In
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pocket implants for the device and the impact that these methods
have on PMOS device characteristics. A technigue used for
instance to create deeper and narrower implants is to increase
implant energy and implant dosage. This approach however may
negate the self-alignment aspect of the implants where the gate
electrode serﬁes as a shield and the implants become in this way
aligned around the gate electrode. The high implant energy and
dosage may result in implant penetration through the gate
electrode thereby affecting the gate threshold voltage
performance while the high implant energy and dosage may affect
the thin layer of gate oxide underlying the gate electrode. It is
therefore critical to design an implant method and sequence where

gate penetration by implant dopants is not a factor.

Various types of implants are used in the industry to create
semiconductor devices. Implants can be a well implant that

provides a more uniform background doping. A punch-through




" dosage may result in inplant penetration through the gate el ectrode
thereby affecting the gate threshold voltage performance m@ile t he high

~inplant energy and dosage may affect the thin layer of gat ToAllae2008
underlying the gate electrode. It is therefore critical to design an
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not arious types of Inplants are used in the industry to create
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channel with greater robustness to punch rou vol tage. A thresh-hold

i nplEnttage sofhe ERYESR- hokHS @8I FSEET&“ i’ﬂaevgt@é &FP&%“ n“PEFEF) . The wel |
i npl ant can be provided by boron at a dose in the range of 1xi.0, 2 to IxIO0
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volts, a punch-through inplant can be provided by boron at an dose in the
r anget &hs J ahO shd c:d X0 APy atonshenr2namdo fnl @hetgylV O kihe-eangeéroh 40 to
100 kilo electron volts, the thresh-hold inplant can be provided by boron

at a,gdpse, i 8 bhechapgeodyhOihdibar E%hobe3pabiBkemps aRdcan saneirgy in the
range of 2 to 30 kilo electron volts. A channel inplant can have a boron
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the range of 40 to 100 kilo electron volts, the thresh-hold
implant can be provided by boron at a dose in the range 1x10% to
1x10*? atoms/cm? and an energy in the range of 2 to 30 kilo
electron volts. A channel implant can have a boron concentration
on the order of 1x10" atoms/cm®. Implants can also use arsenic;

this can form an n-doped region. A heavy doped implant for

instance is 3—5xlow/cm2 of arsenic at 50-80 keV.

Fig. la gives'an overview of the self-aligned source, drain
and gate salicide formation. This process starts with the surface
of a semiconductor substrate 107, Fig. la. Forming insulation
regions 12’ that bound the active region isolates the active
region that is to be used for the creation of, for instance, a
gate electrode. Field Oxide (FOX) isolation regions 127 can be
used to electrically isolate the discrete devices, such as Field
Effect Transistors (FET’s) in ULSI circuits on semiconductor

chips formed from silicon substrate. One conventional approach in




this can forman n-doped region. A heavy doped inplant for instance is
3-5xI O 15/ Cv2 of arsenic at 50-80 keV. Fig, |la gives an overview of the
self-aligned source, drain and gate salicide formation. Thisf

“starts with the surface of a sem conductor substrate 10° ig. la. Formng
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electrode. Fgeld,CX|d FO) Iatlo an be use
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Transistors (FET's) in ULSI circuits on sem conductor chips fornmed from
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sem conductor industry for formng field isolation is by the Local

Xi dath otrofe Sl ki s6beCLOCEBY oriloded ©BOBousesha pattiephedarsilicon
nitride (Si-,3N4) as an oxidation barrier mask, the silicon substrate is
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nethod reqU|res | ong oxidation times (thermal budget) and | ateral
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adj a en |ve evice areas, and therefore prevents further 1 ncrease in
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and therefore prevents further increase in device packaging

density.

One method of circumventing the LOCOS limitations and to
further reduce the field oxide (FOX) minimum features size is to
allow shallow trench isolation {(STI). One method of making STI is
to first etch trenches having essentially vertical sidewalls in
the silicon substrate. The trenches are then filled with a CVD of
silicon oxide (8102} and the S8i0z is then plasma etched back or
polished back using CMP, to form the STI isolation region. These

regions are indicated as regions 12’ in Fig. la.

A thin layer 16’ of gate oxide is thermally grown over the
surface of the substrate 10’ in the active device region. To
create the gate structure, a layer 14’ of polysilicon is grown
over the thin layer 16’ of gaté oxide. The polysilicon layer 147

is masked and the exposed polysilicon and the thin layer of oxide




“further reduce the field oxide (FOX) mninumfeatures size is to allow
shal l ow trench isol ati-on (STI). One nethod of making STI is to first etch
trenches having essentially vertical sidewalls in the silichrd Allbs200

The trenches are then filled with a C/D of silicon oxide (Si02) and the
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STl isolatironre egirons are indicated as region 121 In Fig.
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structure, a |ayer 14" of polysilicon is grown over the thin Iayer 161 of
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pol ysi licon and the thin layer of oxide 8 0 1 AUG 2006 are etched to
crealeghhéypﬁly@®pe@o@1@éuelQﬂl(Lhaﬁ rsgsepar akéd34f r.onThke ssulestidt e by
the remaining thin layer of oxide 16'. The doping of the source/drain

regi gpscst-ar g’ Wbk eheatjiang tstte:ubtdxiegmtﬂey N raeped Midf ugiom (D) regions
32f/34'. The sidewall spacers 22' for the gate structure are forned after

whi chothee aaur a%a%dr%%@l LRy Q%O'dl%ﬁl%mﬁt&ﬂutﬁ’ dgpi ng the
source/drain regions 187/201 to the desiréd | evel "of conductivity wusing a
N+ dQBﬁQEe/Eraln regions 187 /207 to the desired level of conductivity

using a N' dopant.

Contact points to the source/drain regions and the electrode
gate are then formed by first selectively depositing a layer of
titanium over the surface of the source/drain regions and the top
surface of the gate electrode. This titanium is annealed causing
the deposited titanium te react with the underlying silicon of
the source/gain regions and the doped surface of the gate
electrode. This anneal forms layers of titanium silicide 24'/26'
on the surfaces of the source/drain regions and layeﬁ 287 on the

top surface of the gate electrode.

The metal contacts with the source/drain regions and the
gate electrode are formed as a final step. A dielectric 30’ such
as silicon oxide is blanket deposited over the surface of the
created structure, patterned and etched to create contact

openings 36'/37' over the source/drain regions and opening 38’




Contact points to the source/drain regions and the electrode gate are then
formed by first selectively depositing a layer of titanium over the
surface of the source/drain regions and the top surface of HeAgat#06
“electrode. This titaniumis anneal ed causing the deposited titaniumto

react wwth the underlying si]jcon_of h rce i I -and the doped
suerKﬁi(ﬁhQr%P@aﬁ%rf%F%c?foé%? Qﬁgg g%ﬁggﬁgggfnég?aggﬁgg%?gﬁﬁggnium
silicide 241/261 on the surfaces of the source/drain regions and |ayer 281
on theyet opebewtavel vf dehesjhed @V@étFBGePa‘PI’igrﬁ‘@fiafjl@?Jﬁggéng with the
source/drain regions and the gate electrode are formed as a final step. A
di el egt 4 Ti 30dssueb eascsiliiedncortdetiss 4B dREt vdéposihted OvER /tfé 1ur f ace
of the created structure, patterned and etched to create contact openings
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the Top surface of the gate electrode. The netalization |ayer selectively
deposited over the patterned dielectric establishes the electrical
contacts 401/42' with the source/drain regions and 44' with the top

surface of the.gate electrode Ong.qf tde key hactons Lhat af itz he

rellablllPQQOPfFE%e ggylces of “smal |~ geonetry results fromthe shrinkage of
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channel length and channel width. To overcome problems assoclate
with short and narrow channel effects is therefore an important
concern in the design of FET devices. Gate oxide integrity can
also be negatively affected by the hot-carrier effect. If the
carriers can acguire sufficient energy from the lateral electric
field (the field parallel to the plane of the substrate surface),
these carriers may transfer across the substrate to the gate
oxide interface thereby affecting the oxide conduction_band and,
ultimately, its function of forming a gate oxide layer of
electrical separation. The electric field barrier for electron
injection is smaller than it is for hole injection. This problem

is therefore more prominent in n-channel MOSFET’ s because

electrons form the charge carrier in the device channel.

For device features below the 0.5 pm range (deep submicron),
thinner polysilicon is required for the gate electrode. A

relatively thick layer of polysilicon when used for the electrode

10




“with short and narrow channel effects is therefore an inportant concern in
the design of FET devices. Gate oxide integrity can also b mgp&ﬁl

. af f ect ed by the hot-carrier effect. If the carriers can acﬁL ci ent

energy fromthe lateral electric field (the field parallel to the plane of
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to the gate oxide interface tﬁ%reby affecting the oxide conduction band
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than it is for _hole injection. .This pnglen1 is th r romnent in
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channel . For device features below the 0.5 pmrange (deep subnicron),
th|nhbrepbb9§|Npééﬁgﬁsfpéq@@ﬁe@ﬂﬁﬁ alife tgae -elBec tidaud 118 W&ﬁeulvely t hi ck
| ayer of polysilicon when used for the electrode 10 0 1 AUG 2006 gate
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for the oxidation process of the gate el ectrode, which results in |ower
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electrode. By Iimting t t hi ckness of the |ayer of ponS|I|con t he
ener %aﬁﬁ@h ﬁ%@l%%ts“sed to performthe pocket inplants nust be reduced,
resulting in

Because of these processing issues, the application of the
various implants requires considerable process development and in
some instances new processes have to be used. Using conventional
processing techniques to create deep and well-defined pocket
implants, the implant energy and implant dosage cannot be
increased. A high-energy pocket implant may result in penetration
of the implant through the polysilicon of the gate electrode
thereby affecting the threshold voltage of the device. High
dopant concentration will degrade the quality of the thin layer

of gate oxide underlying the gate polysilicon.

For the creation of gate electrcdes that have a channel
length of 0.25 pum or less two aspects require special
considerations. These two aspects are the reverse narrow width
effect and the short channel effect. The issue of short channel

aeffect has been discussed above. The invention addresses the

11




" shal l ow i npl ants. Because of these processing issues, the application of
the wvarious inplants requires considerable process devel oppent and in

some i nstances new processes have to be used. Using conventggnéUG 2006

processi ng techniques to create deep and wel | -defined pocket inplants, the
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pocket 1 nplant may result in penetration of the inplant through the
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thin layer of te oxide underlying th ate polysilicon. F t he creation
of aFeA bl @Rt EALSTt RAPCARE AOUNBRNEE SLendth oriomecemss: Meaed % wo

aspects require special considerations. These two aspects are the reverse
nar r ORI Dt heveteectiang thesshdevichanask effparedThe hsgge IooSshort
channel effect has been di scussed above. The invention addresses the 11
AUG 28Pb6owr eenselnaiiow pedfhrebheet. of creating sub-micron gate
el ectrodes. This effect is increasingly inportant for the creation of for
i nstance | ow power Static Random Access Menory (SRAM devices since these
devices are required to have good narrow channel w dth performance.

The reverse channel width effect is the occurrence of
channel dopant diffusing from the channel region out te the STI
oxlide region causing rounding of the STI trench. The result is
that the dopant concentration at the edges of the channel region
that interfaces with the STI regions is reduced with respect to
the center of the channel region of the gate electrode. A number
of innovations have been provided, which are aimed at preventing
this channel dopant out-diffusion, such as providing a silicon
nitride liner in the STI trenches or providing a layer of nitride
around the upper edge of the STI trenches. Bnother method has
been provided whereby the loss of channel dopant is compensated
by providing additional channel doping. However, increasing the
dopant that is'provided for the channel region most frequently
results in increased out diffusion of the dopant to the
surrounding STI regions while increased dopant concentration in
the channel region further degrades the interface junction

between the silicon substrate and the body of the gate electrode.

The invention provides a method that compensates for the loss of
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" The reverse channel width effect is the occurrence of chanpel dopant
diffusing fromthe channel region out to the STI oxide redi dnAG§0Hg
roundi ng of the STI trench. The result is that the dopant concentration at
t he edges of the channel region that interfaces with the STl regions is

redu gt . : I ' t e
eIec??gagk goﬁgﬁggg%t% “i%%§$§§?3§§3ﬁ%?%ﬁﬁﬁgﬁag$§J¥%§3?9§ﬁ?%% %%%ﬂgﬁned at
preventing,  this_channel dapant, qut-diffusion, .such as proyidin silicon
P ErTReE P B 5 FHERG SaTr O G HE o th i SHH e ey | E ar ound
the upper edge of the STI trenches. Another nethod has been provided
wher 8By 1PHe | oss of channel dopant is conpensated by providing additional
channel doping. However, increasing the dopant that is provided for the
channel region nost frequently results in increased out diffusion of the
dopant to the surrounding STl regions while increased dopant concentration

in the chanrghonegioon fuddwe) daghades theylatend aoet | Lnedi onchhetseen the
silicon substrate and the body of the gate electrode. The invention

provides.a. methqd that comensatas.d of -dhe. | oss¢f, 12,AUG 2006 dopant

concentration around the perineter of the channel region where this
channel region interfaces with the surroundi ng STI region.

Us 5,240,874 (Roberts) and US 6,083,795 (Liang et al.) show
angle implant into corners to improve reverse narrow width

effect.

SUMMARY OF THE INVENTION

A principle okjective of the invention is to eliminate the
negative impact on the channel region and the surrounding Shallow
Trench Isolation regions of Field Effect Transistor (FET) devices
that is incurred by out-diffusion of dopants from the channel

region to surrounding Shallow Trench Isolation regions.

Another objective of the invention is to eliminate
undesirable dopant distribution in the channel region of Field
Effect Transistors caused by out-diffusion of dopant from the

channel region of the Field Effect Transistors.
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US 6,121, 096 (Hopper) shows an angle inplant into a channel. However, this
reference differs fromthe invention. US 5,240,874 (Roberts) and US
6,083,795 (Liang et al.) show angle inplant into corners tp { mpGoyEa
reverse narrow width effect. SUVWWARY OF THE | NVENTI ON A principle

obj ectiveyak hhethavertdjerdisd @ eldyd %tv%ﬁﬂ%n negatd & inacte on the
channel region and the surrounding Shallow Trench Isolation regions of

Fi ol doErLectoTranslster (FED. devioago that, o dagurred dy. out -gid fuston of

dopant’s Fromt annel " region rrou ol ati on
regi not her objective of t invention is to e ate undesirable
dopaggaa‘llgi”r &Eﬁﬂ gln Tisg éLoéhar#@ F@éilc?r?sofoélgé]i%d @r%jgaﬁ Transi stors
caused by out-diffusion of dopant fromthe channel region of the Field

Ef f e€FaTPafisPsEorye £3 OIOPaRUG 2006 et it Het tdfjssctiNe WI4dres i nvent i on
is to elimnate corner rounding or undesirable inpurity concentrations in

t he ighalkkew Tiserchrelssdltatdfom(tSHYL egicons: ofddriasl d Bfdedthe Trtemsist or s

due to dopant concentrations in these SIT regions incurred as a result of
out - defyivai.on of dopant from the channel region.

In accordance with the objectives of the invention a new
angle implant is provided that reduces or eliminates the effects
of narrow channel impurity diffusion to surrounding regions of
insulation. A layer of pad oxide is created over the surface of a
silicon substrate, a layer of silicon nitride is deposited and
patterned such that the layer of pad oxide is exposed where
Shallow Trench Isolation regions are to be created. A layer of
photoresist is deposited, patterned and etched toc expose the
surface of the p-well that has been created in the surface of the
substrate, p-type impurity is then implanted intc the corners of
the STI region that are adjacent to NMGCS device that is to be
created over the p-well. The process 1s then repeated in reverse
image order to perform a n-type implant into the corners of the
STI region that are adjacent to the PMOS device that is to be
created over a n—well region that has been created in the surfacé
0of the substrate. The p~type and n-type implants are angle

implants that penetrate under the patterned layer of silicon

14




"In accordance with the objectives of the invention a new angle inplant is
provi ded that reduces or elimnates the effects of narrom/chpanUdepyrlty

di ffusion to surrounding regions of insulation. A layer of pad oxi

created over the surface of a silicon substrate, a Iayer of silicon

ni ”hggrhéeqe%é l@n@% atRAL eriied Juch dhat- 4 g 1y Ipezgg;t de is

ex osed where ow Trench I'solation regions are to . A layer
esist is S|ted patter and etched t.o ex t surface
of RESHERIRIT Khf AL BebR oo BIEGT 1T (T ST A 00t na F T e
p-type |npur|t is then inplanted into the corners of the STl region that
are aayaééﬁﬁrtéhﬂNESLdgﬁléédtﬁaﬁyﬁﬁt%9Qk? i e rorerOdaieE 3 vigl [theThe
process is then repeated in reverse inage order to performa n-type
i npl antventéonhé cenners tof cirise teSHT T dgiconwhdmt farld ddjeacerdgndloes he PMOS
device that is to be created over a n-well region that has been created in

the gurhaegidefl ahkie paubstiatke thEhe-iaHEe andHe togield MHantis ang@angl e
i npl ants that penetrate under the patterned |ayer of silicon 14 AUG 2006

ni ”&Q?os&*ﬂ'é%i RERELLALINAT sttt @ AR LAY Ny ofo N8 SH Jedi pnsyupder | yi ng
the patterned layers of silicon nitride. The substrate 1is, after the

p'ty SPrﬂ t%%eila%%' ° e :h%p's% & m {]kocesssc%de L e Sonventd anak, ranper to

crea enches the trénc

angle implant.
BRIEEF DESCRIPTION OF THE DRAWINGS

Fig. la shows a cross section of a prior art gate electrode

and i1its supporting elements.

Figs. 1lb and 1c show cross sections for the identification

of basic concepts that are germane to the invention.
Figs. 2 through 8 highlight the invention, as follows:

Fig. 2 shows a cross section of a semiconductor substrate, a
layer of pad oxide has been deposited over the surface of the
substrate, a layer of silicon nitride has been deposited over the
layer cof pad oxide. The layer of silicon nitride has been

patterned and etched leaving a pattern of silicon nitride in

15




wi th oxi de and pl anarize the surface of the oxide that has been deposited
" inside the STI trenches. The formation of the Newell and thdl p-Aldi I200ke
the sane mask as the nask that is used for the angle inplant. BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. |a shows a cross section of a prior art

gat eopAest s pee taBdshikSasuppertibng elfenkst subbitgatel khakd Ceoshow cross
sections for the identification of basic concepts that are gernmane to the

i nventlpo. s Rhgse getggg?ggdg hi ghlight the invention, as follows: Fig. 2
shows a cross section of a sem conductor substrate, a |ayer of pad oxide

has been deposited over the surface of the substrate, a layer of silicon
nitride has been deposited over the |ayer of pad oxide. The |ayer of

silicon nitride has been patterned and etched Leavin% a pattern of silicon
nitride i Fl¥s AUS'P00862 BFSEE 6FEF1PRedbPfale THeGitons Y6F e substrate
where CMOS devices nust be created. Fig. 3 shows a cross section after a

firsphoayeesbft phot beesi serhas tbdenndepasitesdeshd sF@osdngedheexposi ng t he

surface of the patterned |ayer of silicon nitride over which NMOS devices

are s@rbecereat ede Phetprneld lpgek o wiédcoom pdattede tdhver which NMOS
devices are to be created. The p-well mask is used to pattern the
first layer of photoresist, removing the photoresist from above

the p-well of the substrate. The remaining layer of photoresist

blocks the p-channel regions in the surface of the substrate.

Fig. 4 shows a cross section during implant of p-type

impurity into the n-channel region.

Fig. 5 shows a cross section after the first patterned layer
of photoresist has been removed from the p-channel region, a
second layer of photoresist has been deposited and patterned
whereby the second layer of photoresist blocks the n-channel
region on the surface of the substrate. N-type impurities are

implanted into the p-channel region.

Fig. 6 shows a cross section after the patterned second
layer of photoresist has been removed, the layer of pad oxide and

the surface of the substrate have been etched in accordance with
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"first layer of photoresist, removing the photoresist fromabove the p-well
of the substrate. The remaining | ayer of photoresist blockg {Qggf-@ﬁannel

regions in the surface of the substrate. Fig. 4 shows a cross ﬁ

during inplant of p-type inpurity into the n-channel region. Fig. 5 shows

a cross seetbon aft ehot he bir st pattierped hauefe, ofrphqtor esi been

r enoved ?ron1the p-chgnneF regi on, é‘ secghd Iéyerxbf péﬁkﬂ(ﬁﬁ%t as been
depo iteghang Eat%erged whereby the second | ayer of photoresist blocks the
n- chh®heFCr 84 0fi®8A°PRe surface of the substrate. N-type inpurities are
inplanted into the p-channel region. Fig. 6 shows a cross section after the
patterned second |ayer of photoresist has been renoved, the | ayer of pad
oxi de and the surface of the substrate have been etched in accordance with
16 0 1 AUBL2008 shhespat tepssofsethe draydrtesf t9id idegroaiittirerde;f cx et yang
trenches for the STl regions. Fig. 7 shows a cross section after the

deposit oalettaikay€nllahgdit@leettddrehdd [HHag Hhe theaiichessdhad haveadeen
created in the surface of the substrate. Fig. 8 shows a cross section

afteg,,the-Layer -k sihiseentnitride has been renoved and the |ayer of
dielectric has been
Fig. 8 shows a c¢ross section after the layer of silicon

nitride has been removed and the layer of dielectric has been

polished down to the surface of the layer of pad oxide.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1lb and 1c are used to further highlight basic regions
that are created as part to the creation of CMOS devices. These
basis regions are of interest to the description of the invention

that is provided in the balance of this specification.

Highlighte& in Fig. 1b are the following elements:
~ 10, the semiconductor substrate on the surface of which CMOS
devices are to be created
- 11, a cross.section of a NMOS devices that-is created on the

surface of substrate 10
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pol i shed down to the surface of the | ayer of pad oxide. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Figs. Ib and Ic are used to further hillghl Aghtlffasi c
regions that are created as part to the creation of CMOS devices. These
basis regions are of interest to the description of the invention that is

provided in &Pesealseeeeoef okhhSpRBeChEL¢aELOR L ghl ightedd RfFitge I b are
the follomﬁng el ements: - 10, the sem conductor substrate on the surface of

C@CS Ofvs ES arg tgobe created - 11, a cross section of a NMOS
devi%%% that a5f&8%n"t he surface of substrate 10 17 0 1 AUG 2006

13, a cross section of a PM>s devices that is created on the surface of
substrhfe 9B%-T991087 thagi 8§ CRSETEFePEFUEEEd HE WIEY £ 165 &l ces

that are created on the surface of substrate 10 - 41, an n-channel region
undertyi ape s devibe strfacglzofafupsekansellOr egi on underlyi ng PMOS devi ce
13 - 15, a p-well underlying the NMOS device 11 - 45, an p-well mask of
phot-er ¢%j sént hathesnasedefhoont hederéatingn NMOEE planglde 13 - 47, channe
dopant that, for devices with sub-m cron channe

- 43, an p-channel region underlying PMOS device 13

- 15, a p-well underlying the NMOS device 11

- 45, an p-well mask of photoresist that is used for the creation

of p-well 15

— 47, channel dopant that, for devices with sub-micron channel

length, diffuses from the channel regions 41 and 43 to the

adjacent STI regions 17.

The cross section that is shown in Fig. lc essentially shows
the same elements as have been highlighted for Fig. 1b. Deleted
from Fig. 1b are the p-well mask 45 and the p-well 15, these two
items are replaced in Fig. 1¢ with the n-well mask 45’ of
photoresist and the n-well 49 that has been created in the
surface of substrate 10. All other elements that are shown in
Fig. 1c remain the same as the elements that have been shown in

Fig. 1b.

It is of value to highlight the basic ground rules or concepts

that are used by the invention, as follows:
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"length, diffuses fromthe channel regions 41 and 43 to the adjacent STI
regions 17. The cross section that is showmn in Fig. Ic essentlally shows
“the same el ements as have been highlighted for Fig. Ib. Dellet el if&m Fig.
| b are the p-well mask 45 and the p-well 15, these two itens are replaced

in Fi,g..lc with-th Qtoresist and t he n-wel] 49 that
has beé%h%r%aveglE %a?ﬁm?ssﬁF ace o%lsubstratg %b eﬁéP“@leﬁ%h%?%tuu
are shomm in Fig., lc remain the sane as the elenents t hat have been shown
in Figth }®. biPCgénafoéaFU@ PocﬁﬁﬁﬁﬁﬁgﬁﬁgﬂﬁésbéspctéP@uﬁ&ﬁ%ﬂQﬁ%%ﬂ concepts
that are used by the invention, as follows: 18 1 AUG 7006 the p-well mask-
i s usedimplanger @ﬁéoptbﬁaﬁnéhaﬂé@ﬂ@n§bi@uﬁﬁﬁgtﬁﬁi§ObW®@kﬁm@S§f t he

p- channel regions a p-type dopant is inplanted into the n-channel, this
rel at essé¢otibe €hassissenbiwanihhatigi.s i®howncdin Fig. |Ib, and the n-well
mask is used to block the n-channel regions, during this blocking of the

n-chgnngl . r£9l,0ns 4,0kt yRe, dapant, i hmlanted a%%%ﬁi@%gﬁo%%gn qJ"S

relates to the cross section that i's shown in tho

r in ncen ion h prev
creat ghls bi %8 8% %g%tnoc a%n%& ré%f%ns a n~type dopant is

impianted into the p-channel, this relates to the cross

section that is shown in Fig. 1lc.

The method of creating impurity concentrations that prevent
the reverse narrow width effect is now described in detail. These
impurity concentrations are created for CMOS devices with a

channel length of 0.25 pm or less.

Referring now to Fig. 2, a substrate 10, composed of a
single crystalline silicon, with a <100> orientation, is used. A
laver 12 of pad oxide is created over the surface of substrate
10. Typically, a blanket pad oxide can be formed to a thickness
of about 150 Angstrom through a thermal oxidation method at a
temperature of about 900 degrees C. for a time period of about 10
to 20 minutes. A layer 14 of silicon nitride has been deposited
over the surface of the layer 12 of pad oxide. The layer 14 of
silicon nitride {Si3Ns} can be deposited using LPCVD or PECVD

procedures at a pressure between about 300 mTorr and 400 mTorr,
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““the reverse narrow width effect is now described in detail. These inpurity
concentrations are created for CMOS devices with a channel §l enggichoggs 0. 25
pmor less. Referring nowto Fig. 2, a substrate 10, conposed of a single
crystalline silicon, with a <100> orientation, is used. A Iayer 12 of pad

X1 dg 13 f Creatggtgvsrbgégeawggggﬁg%eéugay 3b® tdﬂegjggzﬁpbcal % a2 bl anket

orne ess abou n stronlthrough a

t her mal oxi dation nethog sé erature ﬁ% abo Qﬁ%{e%ﬁl . for a

ti metEFkRRE Hf ChbdtP 025 569 hhbeas AY Bar 219 8% STk %%9%e has
been deposited over the surface of the layer 12 of pad oxide. The layer 14
of ®Bititea hawrdM(SﬁaNa)lS@aﬁebéeaépéérﬁfﬂealb&éﬁgn&PLC%é/ﬁrorPEﬁﬁé/D
procedures at a pressure between about 300 mforr and 400 niforr, 19 AUG 2006
at apteapenstsr esbayweencabaant60@sand x80¢ edegrades sCdiahd og ashilekysess of
about 2500 Angstromusing NH3 and SiH4. The silicon nitride |layer 14 can

al so(becdapesizted asidic LREMD .0PhBECYR hpracedures dtsimignua s @aet ant  gas
nlxture such as dichlorosilane (Sid2H2) and anonia (NH3)

Phot gL L L ?%?gthE%ﬁQﬂ'qu{%%Ea}”@reR%%%H Ve dlon Etshing (REEayieddhen used

to crea esired pattern in the layer 16 of silicon nitride. The

st 'ggetgw ide Laver 14 Gan he et etchad using a

The silicon nitride layer 14 can be wet etched using a
phosphoric acid solution. The silicon nitride can also be etched
using anisotropic RIE using CHF3 or SFe-0z as an etchant. The
silicon nitride laver 14 can also be dipped into phosphoric acid

{H3PQ4) to be removed.

The pattern of silicon nitride that has been highlighted
with 14 in Fig. 2 aligns with surface areas of substrate 10 over
which CMOS devices are to be created. Another way of stating this
is to say that the surface regions of substrate 10 that are
exposed in Fig. 2 and that are located between the pattern 14 of
silicon nitride are the surface regions into which the STI

trenches are to be etched.

Fig. 3 shows a cross section of the silicon substrate after

a layer 16 of photoresist has been deposited over the surface of
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" phosphoric acid solution. The silicon nitride can al so be etched using

ani sotropic RIE using CHF3 or SFG 02 as an etchant. The gj@eEU@&@@%
~layer 14 can al so be dipped into phosphoric acid (H3POQ4) t

The pattern of silicon nitride that has been highllghted with 14 in F|g 2

a1 g, b shtace ares of woubstiate 19-0veh M S NS deviges are to

be creat (S to say £R& e sur ace reglons
of substrate 10 that are exposed in Fig. 2 and that are | ocated between

t he patE & M43 ot SFRFEORONI ERVHe taPe IPNE TS Off REGTPEGFIRS itAt & 1icch t he
STl trenches are to be etched. Fig. 3 shows a cross section of the silicon
substye by Bt g ekheartahenned staphosorasitde Bag fheen odepodistted tovdi0 .t he
surface of 20 1 AUG 2006 the substrate. Layer 16 has been patterned and
et chiedhm uslihg fhefopiwekl| thaskregiondar ghd ikheave tle 1Bayer raf;.pltotier esi st
in place overlying the p-channel regions in the surface of substrate 10.

FrOnﬁﬁé“?FtﬁaﬁQERoﬁ@gibﬁtOEGGh@nsﬂbgﬂEbﬁﬁte@h@% 13 kReFir@qi3nss ovdie
p chann region of the substrate, that is the regions over which PNCS

evuees }§Mé§ Bevgreat gﬁe Epop.t eeeafeéet her. folhaws ¢ tLhat. L e negjon

h|gh|| as region 11 is the n-channel region of the substrate that is
the ﬁgtoggeo¥g&1gglﬁlgh%géhggél%%Sr%B%on 11 is the n-channel region

of the substrate, that is the regions over which NMOS devices are

to be created.

The deposition and patterning of the laver 16 of photoresist
uses conventional methods of deposition and photolithography tha£
are well known in the art. Photoresist stripping frequently uses
sulfuric acid (HzS04) and mixtures of H2504 with other oxidizing
agents such as hydrogen peroxide (H202), the same components are
frequently used in cleaning a wafer surface after the photoresist
has been stripped. It must thereby be remembered that the mask
that is used for the patterning of layer 16 of photoresist is the
n-well mask resulting in blocking (shielding)} the p-channel

region.

Fig. 4 shows a cross section during the process of

performing an angle implant into the surface of the substrate,

two different implants 22 and 24 are shown. Implant 22 creates p-
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to be created. The deposition and patterning of the |ayer 16 of photoresist
uses. conventional nethods of deposition and photollthographp tpii @Ee wel |
known in the art. Photoresist stripping frequently uses f ;

(H2SO»4) and m xtures of H2SO4 with other oxidizing agents such as hydrogen

perOX|de (H2 t he same cp ts are requ ntI used in cIe ning a
mafe §%r*@ﬁ%§%ﬁ¥eﬁo?$ﬁp% 0 ore5|2 %eggs??fﬁpea SFEC nusP %ngeby be

renenbered that the nask that is used for the patternin | ayer 16 of
[ﬂKﬂ%ﬁR&ﬁ%ﬁY|@PQQﬁPt¥ﬁ§%@n %%sklm%%%m¥$n%2|ﬁn%lgék?ﬁ@l€§%l8rawﬁ6) t he
p-channel region. Fig. 4 shows a cross section during the process of

per farmamgs amangtediopt ahd #ndoZb heTkearfavecnftithelsubdir atplantwo
different inplants 22 and 24 are shown. Inplant 22 creates p 21 1 AUG 2006
t ypepumgturhdyugonoenl :at | &md 28t implant 24ef ai smadsecand petypeali npurity
concentration 25. Inplants 22 and 24 inplant p-type dopants into regions

23 &ﬂgrgétlJ%et&OQM@néﬁﬁﬁQ&eW@f|shBPfé@Ee 10uUnght Arough kARkaRh sand MVt
|nplant are all made in a verti cal dlrectlon to the surface of substrate

100 Lhe sane sk, . Thesgolabler bEpLAnts aLe noh DAL .Qh.the

|nve ion and w | erefore no her di scus

therefore not be further discussed.

It must be emphasized that implants 22 and 24 are controlled
such that these implants are shallow implants, this to assure
that the implants do net have an effect, other than compensating
for the reverse narrow width effect, on the p-well impurity
concentration. Implants 22 and 24 can be performed by rotating
the wafer to the surface of which these implants are performed so
that the implant angle remains the same, all implants 22 are

first performed after which wafer rotation allows.implants 24.

The angled implants 22 and 24 use boron or indium ions as a
source, at an energy in the range of between about 150 KeV and
200 KeV and a dose in the range between about 5E12 and 5E13

atoms/cm®.

Fig. 5 shows a cross section after the patterned layer 16

{Fig. 4} of photoresist has been removed from the surface of the
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It nmust be enphasized that inplants 22 and 24 are controlled such that
these inplants are shallow inplants, this to assure that th iﬁ@b&ﬂ&ﬁ do
not have an effect, other than conpensating for the reverse ﬁh dth
effect, on the p-well inpurity concentration. Inplants 22 and 24 can be
performed by rotating the wafer to the surface of which these inplants are
performed so that the inplant angle remains the sane, all inplants 22 are
first perfornmed after which wafer rotation allows inplants 24. The angl ed

i nplants 22 and 24 use boron or indiumions as a source, at an energy in

t he range of between about 150 KeV and 200 KeV and a dose in the range

bet ween about 5E12 and 5E13 atons /cn2. Fig. 5 shows a cross section after
t he pat sebpedatayeh d&-ofdFilpyver) 26f photietesest Shakapeereh edived F9bm t he
surface of the 22 0 1 AUG 2006 substrate. A second |ayer 26 of

phot or eshst phasebeen, depositied: wndigpdatteernnedl 1t hiskt foe st ngp e mngel
mask for the patterning of layer 26 in order to shield the n-channe

regi on 3% 1hpplantsin28rand 30 Arielnt type ni-phanhty raplamnt sl hatmpdreeatse
inmpurity concentrations 29 and 31. The angled inplants 28 and 30 use
arseni c@r ;pRospherous-i B8 1A SQUNLER] adk sARheRERgYatd fhear@nge bet ween
about 150 KeV and 200 KeV and a dose in the

concentrations 29 and 31. The angled implants 28 and 30 use
arsenic or phosphorous ions as a source, at an energy in the
range between about 150 KeV and 200 KeV and a dose in the

range between about 5E12 and 5E13 atoms/cm’.

It must at this time be emphasized, see Figs. 4 and 5 of the
invention, that ion impurity implantations 23, 25, 29 and 31 of
the claimed lnvention are limited to penetrating inte the
substrate where the vertical sides of the pattern 14 of silicon

nitride align with surface areas of substrate 10.

Ion implantations are therefore not performed into the
(entire or complete) exposed substrate 10, which is exposed by the
pattern 14 of silicon nitride, limiting the ilon implantations of
the claimed invention to the outer edges of the surface regions

intc which the STI trenches are to be etched.
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range between about 5E12 and 5E13 atons /CM2. It nust at this tinme be
enphasi zed, see Figs. 4 and 5 of the invention, that ion inpurity

i npl antations 23, 25, 29 and 31 of the claimed invention dfé Am&ﬂm&ﬁ to
penetrating into the substrate where the vertical sides of the pattern 14
of silicon nitride align with surface areas of substrate 10. lon
inplantations are therefore not perfornmed into the (entire or conplete)
exposed substrate 10, which is exposed by the pattern 14 of silicon
nitride, limting the ion inplantations of the clainmed invention to the
outer edges of the surface regions into which the STl trenches are to be
etched. 23 0 1 AUG 2006 The clainmed invention in this manner provides for

i ncreased cofibeoflahge@f feetivetiess) hith@angR®i RpAYFE9S i T artatqoind This
as opposed to providing for a blanket ion-inpurity inplantation of the
exposedcsobstiatedw{ et 1 tdereby sgde ficcalinpudi FectThbthetiion- iTpw ity
i npl antations at those surface areas of the substrate where these ion

i npur it wsi nppantdt tonsraredimwstides tddnded ithefieporet nustp bentoptiaraldly
controlled. It nust further be enphasized that the inplants 22, 24, 28 and
30 are g@st eabbeddssehst hate thieserdtplnants vaseecsBabh ol i daptantisig Thiess to
assure that the inplants do not

ion-impurity implantations at those surface areas of the substrate

where these ion impurity implantations are most desired and

therefore must be optimally controlled.

It must further be emphasized that the implants 22,
24, 28 and 30 are controlled such that these implants are
shallow implants. This to assure that the implants do not
have an effect, other than compensating for the reverse

narrow width effect, on the p-well impurity concentration.

The latter aspects of the invention can be specified by
stating that:
e a first angle implant, being a p-type impurity implant, is
provided into corners of STI regions adjacent to NMOS devices

to be created over the p-well, and
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have an effect, other than conpensating for the reverse narrow w dth

effect, on the p-well inpurity concentration. The l|atter asg ﬁg q; é
i nvention can be specified by stating that: a first angle ﬁp ﬁtﬂﬂ eing a

p-type inpurity inplant, is provided into corners of STl regions adjacent
to NMOS devices to be created over the p-well, and 23a AUG 2006 O a
second angle inplant, being a n-type inpurity inplant, is provided into
corners of STl regions adjacent to PMOS devices to be created over the
n-well. Fig. 6 shows a cross section wherein the patterned |ayer 26 (Fig.
5) of photoresist has been renoved fromthe surface of the substrate,
trenches 32 and 34 have etched through the |la 12 of pad oxide and into
the surfate ofsaddyisticatierienty nprahd 2 7n*’)‘s/yp%rﬂmww VPRP&nt 1S

adj acent to trench 34 which has been shown in order to be conplete.

Met hods of photordssi sintremovaleriavé préviousPys beédhcdiitgila ghiosd damd caeed
therefore not be further addressed at this point. Layer 12 of pad oxide
can be et chetk ust ngrdadred nsteancee peaetiive ion etching using Ar/CF4 as an
etchant at a tenperature

Fig. 6 shows a cross section wherein the patterned layer 26
(Fig. 5) of photoresist has been removed from the surface of the
substrate, trenches 32 and 34 have etched through the layer 12 of
pad oxide and into the surface of the substrate 10, implant 27 is
an impurity implant adjacent to trench 34 which has been shown in

order to be complete.

Methods of photoresist removal have previcusly been
highlighted and need therefore not be further addressed at this

point.
Layer 12 of pad oxide can be etched using for instance
reactive ion etching using Ar/CF,; as an etchant at a temperature

of between about 120 and 160 degrees C. and a pressure of between
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of between about 120 and 160 degrees C. and a pressure of between 23b 0 1
AUG 2096 about 0.30 and 0.40 Torr for a tinme of between about 33 and 39
seconds using a dry etch process. Fig. 7 shows a cross sectigq 2p§eﬂm5
trenches 32 and 34 have been filled with a chem cal vapor depo i on ( CvD)

of siJicon ide.(Si02),..layer. 36. For a finpal step_of the_creatign of the
S Pasgrons. i 4% 0" P ep P a%67 % FRbsnohi PEruBEha®ene Payaror? s 02 are
t hen etched back or nechanically or chemcally polished to yield a planar
sur fERENThel$i Al 2 cRBEsCEEEt PBACBFSthe invention is shown in Fig. 8,

after the layer 14 of silicon nitride has been renoved and the | ayer 36 of
dielectric has been polished down to the surface of the |ayer of pad oxide
using nethods of Chem cal Mechanical Polishing. To sumrari ze the invention
and the resyl t3 $hats anecachsevedtivnt Afthe khvanhieen32t hadpavehkvaask is
used to pattern a first layer of photoresist, the remaining |ayer of

photirgsi {1 bhockschhe Bnefhannekapedi ABposTRe cBNQLAHESLEt Stihalkhs renoved
exposes the surface of the p-well region of the substrate and therewith

eXpchf:Zaé hﬁs{&ﬂ' %?eoj_f &?e S#‘Q?Féaffn?i’e%té!@'% PYES. deXL €88 o8 EnLoO De
creat’éd. The surface of the regi ons of the
STI regions, Fig. 7, layer 14 of silicon nitride and the layer of
5i0z are then etched back or mechanically or chemically polished
to vield a planar surface. The final cross section of the
invention is shown in Fig. 8, after the layer 14 of silicon
nitride has been removed and the layer 36 of dielectric has been

polished down to the surface of the layer of pad oxide using

methods of Chemical Mechanical Polishing.

To summarize the invention and the results that are achieved

with the invention:

¢ the p-well mask is used to pattern a first layer of
photoresist, the remaining layer of photoresist blocks the p-
channel regiorns. The photoresist that i1s removed exposes the
surface of the p-well region of the substrate.and therewith
exposes the regions of the substrate over which NMOS devices
are to be created. The surface of the regions of the
substrate into which STI regions are to be etched is also

exposed, angle implants 22 and 24 are performed, and
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substrate into which STl regions are to be etched is also exposed, angle
inplants 22 and 24 are perforned, and 24 AUG 2096 the n-mﬁLb @@?50&? used
to pattern a second | ayer of photoresist, the remaining la

phot oresi st bl ocks the n- channel regions. The photoresist that is renoved

exposes the surface of the n-well region of the substrate and therewith
exposes tﬁ@erEQWSﬁi Eﬁskhéssﬁﬁ§9réPepg$3F§Hﬂ§ﬂ?ﬁﬂﬂﬂ§(ﬁﬁﬁ%%éj are to be
created. The surface of the regions of the substrate into which STl regions
are to berkpthsdsistal §be sxposadniAliveype idepaheres istplamas i o the
surface of the substrate that is adjacent to the n-channel, thus

conpensat chgnnkdr ragyopst ypeel ppartiotry: sfilsdw tfhradmitshe gmctwgpe cohaowes tinté o t he
STl regions that are adjacent to the p-channel, Al though the invention has

been descgibgdcandri khushrated rwigtibor efferencedidspad famy iddasdwath ve
enbodi nents thereof, it 1is not intended that the invention be limted to

those ilLystrati vecenpadipents. tFRosQkiddied dyt Rgand pidd gesogni ze

that variations and nodifications can be nade w thout departing fromthe

irit of _the,i ion, Lt is,Lherefore | tq_incl i thin th
hvent i on® 5P Bubh VAPPSEons ThRd URSA T Ot roe MR TAlT ihin the

scope of the appended cl ai
P subst@gte %nto wkg%h STI regions are to be etched is also

exposed. A n-type dopant is implanted into the surface of the
substrate that is adjacent to the n-channel, thus compensating
for any p-type impurity flow from the p-type channel into the

STI regions that are adjacent to the p-channel.

Although the invention has been-described and i1llustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that wvariations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalenis thereof.
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and equi val ents thereof. 25 AUG 7006 What is clained is: 1 A nethod to
reduce reverse narrow width effect in CMOS devices, conprising providing a
substrate, said substrate having been provided with a | ayer [of M oo de;
creating a pattern of ion inplant barrier material over said |ayer o pad
oxide, said pattern of ion inplant material conprising a first pattern
being aligned with a pattern of NMOS devices being created over said
substrate and a second pattern being aligned wth a pattern of PMOS

devi ces being created over said substrate; creating an p-well mask over
sai d substrate exposing said first pattern of inplant barrier material;
perforntB& % ”rst angle inplant into said substrate, said first angle

i mpl ant  BE#4° 98M8Y S pe i npurity inplant into corners of STI regions

adj acent to NMOS devices to be created over the p-well ; renoving said

Subst rare. exgobRae SuRHUEU TR e palTHIRB R Brtis RS SFTReRBh '
performng a SeeRifh 29 g@@tstra e@it?%bétu% eohaﬁ/ﬂtgdt}e%Hg)%vtoaetd%thsaatg%r%?é%]d angl e

i npl ant  bein orners of I ons
adj acent &% M5 deV|ces to be created over the n-well ; renoving said
n- wel | f'rom sai d substrate;

creating a pattern of ion implant barrier material over said layer of pad oxide, said

pattern of ion implant material comprising a first pattern being aligned with a pattern of

NMOS devices heing created over said substrate and a second pattern being aligned
with a pattern of PMOS devices being created over said substrate;
creating an p-well mask over said substrate, exposing said first pattern of implant
barrier material,
performing a first angle implant into said substrate, said first angle implant being
a p-type impurity implant into corners of STl regions adjacent to NMOS devices to be ‘
created over the p-well ; ‘
removing said p-well mask from said substrate;
creating an n-well mask over said substrate, exposing said second pattern of
implant barrier material;
performing a second angle implant into said substrate, said second angle implant
being a n-type impurity implant into corners of STl regions adjacent to PMOS devices to
be created over the n-well ;
removing said n-well mask from said substrate;
creating a pattern of Shallow Trench Isolation {(STI) regions into said substrate,
said pattern of STl regions being interspersed with said pattern of ion implant barrier

material ;
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creating a pattern of Shallow Trench Isolation (STI) regions into said
substrate, said pattern of STl regions being interspersed with said
pattern of ion inplant barrier material 26 0 1 AUG 2006 renoving said
pattern of ion inplant barrier material from over said subdkfatids 2iter eby
reduci ng a height of said created STI regions down to said | ayer of pad

oxi de; and conpleting processing of said CMOS devices. 2. The nethod of
claiml1l wherein said first angle inplant conprises a p-type inpurity

i npl ant using boron or indiumions as a source, at an energy in the range
of between about 150 KeV and 200 KeV and a dose in the range between about

5E12 d 5E13 at oS 1 wh f t |
i npl aﬁ? |s pefﬁngqvoﬂfkgds%?er%ﬂf 'O%Wg‘i?%"%aifﬁr i er[@(?r?"ég\éeq%’eldssé‘? ag%bls'[fat an ©

bet ween !'%be r%glil()énrﬁ a (E% etgggi SCT'GE[%G({ gﬂ%eggﬁshgcgurft% S% Cﬂ% r %f MIP&X?A [} sai d

second a Bnt UsSi g arsenic or

phosphorou n in the range of between about
150 KeV angcﬁ'gti%@r%"%% 2?%‘§fcr‘?ﬁ‘?%§ggé%e bet ween about 5E1 2 and 5El1 3

atoMs/ CM2. 5. The nethod of claim1l wherein said second angle inmplant is
performed under an angle with the surface of said substrate between about

30 and 60, deg&ﬁ?%etlﬁm of 2! %ﬁjeu?fsalﬁlh%'t d%e\’@gé:ﬁicﬂmﬁﬁé.e@aj@@pia”pl ant

barrier materia conprises silicon
impurity implant using boron or indium ions as a source, at an energy in the range of

between about 150 KeV and 200 KeV and a dose in the range between about 5E12 and

5E13 atoms/cm?.

3. The method of claim 1 wherein said first angle implant is performed under an

angle with the surface of said substrate between about 30 and 60 degrees.

4, The method of claim 1 wherein said second angle implant comprises a n-type
impurity implant using arsenic or phosphorous ions as a source, at an energy in the
range of between about 150 KeV and 200 KeV and a dose in the range between about

5E12 and 5E13 atoms/cm?®.

5. The method of claim 1 wherein said second angle implant is performed under an

angle with the surface of said substrate between about 30 and 60 degrees.

6. The method of claim 1 wherein said ion implant barrier material comprises silicon

nitride.
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0 1 AUG 2006 7. The nethod of claim1, further conpleting creation of at
| east one NIMOS and at | east one PMOS device, said at | east one N MOS
device overlying said first angle inplant, said at | east one PMOS device
overlying said second angle inplant. 8. The met hod of clainl 1, Aﬂalymg

substrate conprising at |east one p-well, said first pattern of ion

i nplant barrier material being aligned vm'th said at | east one p-well. 9.
The nethod of claim1, said substrate conprising at |east one n-well, said
second pattern of ion inplant barrier material being aligned with said at

| east one n-well. 10. A nethod for creation of sem conductor surface

on Sgﬁ? ot &“@'ﬁ%@%’f%ﬁ%d A58 f ﬁﬁﬁfgf’ﬁm%{e‘?t&%‘%ﬂﬁ R R :
ubst rat A e CUDSIRIG Bf b T et Mo Y Pl St Bt e * T on “Trpl ant
o] TNt s 0 3P RLSALARTOS Doliiea AL LALSoONE ol DS devi ces are

to be cr'e a first angelnp , sal i npl ant being a
p-type inpurity inplant into corners of STl regions adjacent to NIVICS
devices to be created over the p-well | inplanting surface regions in the

Subst rat @ overr WOl ANOR AAVLOSSuRLS rbficng LEBLEUMLIWI 5880 andl e

i npl ant, “Said secon npl ant bel ng ype | npu inplant into

corners %tt(gf-ﬁloffo%g?gg%ﬁt@Qh@rc}ﬁé‘cénéi%eﬂ{%r%@%a@\%%léé}I@%tsﬁ@él%%ﬂ'. over the n-

wel | UG 2

Q. The methed of claim 1, said substrate comprising at least one n-well, said

second pattern of ion impiant barrier material being aligned with said at least one n-well.

10. A method for creation of semiconductor surface regions over which CMOS
devices are created, comprising :

providing a semiconductor substrate;

providing a pattern of ion implant barrier material over said substrate shielding
surface areas in said semiconductor substrate over which CMOS devices are to be
created against ion implant ;

implanting surface regions in the substrate over which NMOS devices are to be
created with a first angle implant, said first angle implant being a p-type impurity implant
into corners of ST! regions adjacent to NMOS devices to be created over the p-well ;

implanting surface regions in the substrate over which PMOS devices are to be
created with a second angle implant, said second angle implant being a n-type impurity
implant into corners of STl regions adjacent to PMOS devices to be created over the n-

well ;
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etching said sem conductor substrate in regions between said surface
regions of the substrate over which NMOS and said PMOS devices are to be
created, creating openings in said substrate; and filling said openings
created in said substrate with a dielectric, further plang}ﬂzMﬁgzggaid
dielectric, further renoving said pattern of ion inplant barrier material
fromsaid substrate. 11. The nethod of claim 10 with an additional step of
creating a |l ayer of pad oxide over the substrate, said step to be
performed prior to said step of providing a pattern of ion inplant barrier
material over said substrate. 12. The nethod of claim10, said providing a

pattern of |ont% Ian barrher ! & { €9¥% i d sul strgtq_gp r'singz
depositing th&' 6P”P3W Fﬂﬁ £ %SH? &l ﬁg? SPRFAEvE thedSlnstrate;
and pat ernln aid ey ter eating a pattern
of inpla ?'?feeorve'i‘r‘ﬁh'é} argp? yﬁp%”%gu Vac&%ré%et% bc%%sré%% C?e ngubst rate
over mhlch NNCS %%hﬁ%g mgk%dto be created, further creatlng a pattern of

i mpl ant R e erlaY overlylng surface regions of said substrate over

whi ch PMOS de\ﬂlnﬁ pageﬁ q%éoé?egté %%nsmfrgt;e% ha §EBARE ﬁ@nhe%ﬁaagqa%gngtrate-

13. The met hod o g surface regrons int rate
over whi Gliq NERCIRItRP Rl tﬁgogﬁat@hf@ftﬁ# dr o8kt frsferi@i@hPedidP! ant
conpri sing ep05| 'ing a a ot Ooresi st over sal ubstrate; 29

0 1 AUG 200&atpatterning sald first layer of photoresist, u5|ng an p-well
mask for exposure of

1. The method of claim 10 with an additional step of creating a layer of pad oxide
over the substrate, said step to be performed prior to said step of providing a pattern of

ion implant barrier material over said substrate.

12. The method of claim 10, said providing a pattern of ion implant barrier material
over said substrate comprising;
depositing the layer of ion implant barrier material over the substrate; and
patterning said layer of implant barrier material, creating a pattern of implant
barrier materiai overlying surface regions of said substrate over which NMOS devices
are to be created, further creating a pattern of implant barrier material overlying surface
regions of said substrate over which PMOS devices are to be created, partially exposing

said substrate.

13. The method of claim 10, implanting surface regions in the substrate over which
NMOS devices are to be created with a first angle implant comprising :

depositing a first layer of photoresist over said substrate;
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said | ayer of photoresist, renoving said | ayer of photoresist from above
p-well regions in said substrate ; performng a first angle inplant into
said substrate self-aligned with said pattern of ion inplant barrier
material overlying regions said substrate over whi ch NMOS gevi are to
be created; and renoving said first patterned | ayer of phé& 4@g§§§ rom
said substrate. 14, The nethod of claim 10, said first angle inplant using
boron or indiumions as a source, at an energy in the range of between
about 150 KeV and 200 KeV and a dose in the range between about 5E12 and
SE13 atom S/CM2. 15. The nethod of claim 10, said first angle inplant being
per-formed un an an

- d | e b d
degrees. 16. ?%é nghsggi ﬂr?t Ea(a%er Ofr@féoqe?é%i (éj“q?rprf ar%t%‘b ﬁﬁggar %9 Cgesu?ee%f?gnsts?n t he
|Slrjrglsglr’1?t g 8%?6{8" owhh&grem'\@eirﬁj&r\'@ o @g& d)tf?hagregls QbéM ed;wgll Fegfb(?ug angl e

ng “a sec otor 'St over
exposed s%[fq@g &L sald substrate ; patterning sald second | ayer of
photore3|s u5|ng "an n-well mask for exposure of said |ayer of

phot or esi st, %FFB!W!I@% ﬁ%&g%ggﬁﬂiarﬁﬁ tH QK Qﬁﬁ’sﬁr‘aﬁat séclfré?ia?\m%?ssﬂd Itém regi ons

in said subs rate per ormng a second angle 1 npla into said
substr at & g6 Jng%ht gaRg Mgtahan%%m/ RALLBhs QY sas%ﬂatermﬂea\%.cpw@@r "t ot a
overlying regions in sald substrate over which MOS devices are to be

created iftRel B BBRtdAdL andnd

removing said first patterned layer of photoresist from said substrate.

14. The method of claim 10, said first angle implant using boron or indium ions as a
source, at an energy in the range of between about 150 KeV and 200 KeV and a dose in

the range between about 5E12 and 5E13 atoms/cm®.

15. The method of claim 10, said first angle implant being performed under an angle

with said substrate between about 30 and 60 degrees.

18. The method of claim 10, said implanting surface regions in the substrate over
which PMOS devices are to be created with a second angle implant comprising :
depositing a second layer of photoresist over the exposed surface of said
substrate ;
patterning said second layer of photoresist, using an n-well mask for exposure of
said layer of photoresist, removing said layer of photoresist from above n-well regions in

said substrate ;
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renmovi ng said second patterned |ayer of photoresist fromsaid substrate.

17. The method of claim 10, said second angle inplant using arsenic or
phosphorous ions as a source, at an energy in the range of between about
150 KeV and 200 KeV and a dose in the range between abou{) el gipd SE1 3
atom S/CM2. 1& The nethod of claim 10, said second angle inplant i ng
performed under an angle with said substrate between about 30 and 60
degrees. 19. The nethod of claim 10, said ion inplant barrier materi al
conprising silicon nitride. 20. The nethod of claim 10 wherein filing said
openings created in said substrate wth a dielectric is depositing a |ayer

sl di ) - ' . . : | ot |
o eat i on_of  saPHOCHERY HewTE20BPEMIAR, Bl Sh8L ol BR 8T ce' nd a
I t A i, . | . . Cd first
angi e | mirann o SR B FRLG el Bl oo YR DR BB el 20 4 ang o
I npl ant, P?&OS devices are to be created into the substrate; and

removing said second patterned layer of photoresist from said substrate.

17, The method of claim 10, said second angle implant using arsenic or phosphorous
ions as a source, at an energy in the range of between about 150 KeV and 200 KeV and

a dose in the range between about 5E12 and 5E13 atoms/cm”.

18.  The method of claim 10, said second angle implant being performed under an

angle with said substrate between about 30 and 60 degrees.

19.  The method of claim 10, said ion implant barrier material comprising silicon

nitride.

20. The method of claim 10 wherein filing said openings created in said substrate

with a dielectric is depositing a layer of silicon dioxide (SiOs).

21. The method of claim 10, further completing creation of said CMOS devices by
creating at least one NMOS device and at least one PMOS device, said at least one
NMOS device overlying said first angle implant, said at least one PMOS device

overlying said second angle implant.
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