1 6 AUG 2004 Method For Form ng Self Aligned Channel Inplants Using a Gate
Poly Reverse Mask Background of Invention 1) Field of the Invention This
invention relates generally to fabrication of a sem conductor device and
nmore particularly to a nmethod for forming the self aligned channel profile
" for a CMOS device s using a gate poly reverse mask. 2) Descri ption 8 AUBexp:
Prior Art The continued scaling of MOSFET gate | engths to subm cron
di mrensions to aggravates the problenms of high gate resistance, polysilicon
~_gate depletion and increased gate tunnel |eakage. One nethod to overcone

t he problens of short channel effects is to | 16 AUG 2004 use
t hrough-the-gate inplantation. Channel inplants are formed by inplanting
ions through the gate structure to forma doped regi on bel ow the substrate
surface in the gate area. Through-the-gate inplantation can achieve the .
steep retrograde doping profiles, which can inprove the short channel
effects and increase deivability. However, 5 the inplantation is
difficult to control. Meth3H For orming Self-Aligned Channel Implants -

Using a Gate Poly Reverse Mask

Background of Invention

1) Field of the Invention

This i . o
1§ tnvention relates generally to fabrication of a semiconductor device and more

particularly to a method for forming the self-aligned channel profile for a CMOS device

using a gate poly reverse mask,

N

2) Description of the Prior Art

The continued scaling of MOSFET gate lengths to submicron dimensions

10 a; i i
goravates the problems of high gate resistance, polysilicon gate depletion and increased

-gat
gate tunnel leakage. One method to overcome the problems of short channel effectsisto
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Anot her method used is the pocket inplant. A localized ion inplant is
performed beneth the substrate surface in the gate area. This can be done
usi ng a photoresist mask. The pocket inplant technol ogy has gr eat ¢t 6 AUG 2904
reverse short channel effect because the LDD 10 inplant dose is increased
to conpensate for the channel dopant. The inportance of overcom ng the
various deficiencies noted above is evidenced by the extensive

t echnol ogi cal devel opnent directed to the subject, as docunented by the

rel evant patent and technical literature. The cl osest and apparently nore
rel evant technical 15 devel opnents in the patent literature can be gl eaned
by considering the follow ng patents and articles. U S. 5,444, 008 (Han et

al .) shows uae tirgighpbe-Eae Mnotatodn ChidheOlghnis AR Phhed H}ﬁﬁlbl@ﬂtiﬁgﬁmé\/m/ VLSI

using an i mage reversal photo |ithography method. Inthis 20 invention the

posi tive phaicgeticghtelsai@ireits iR I RPePReolddBeSind £L@:Et?até‘£{ﬂfa9§%ttﬁé %{!9 by
nmeans 2 16 AUG 2004 of inage reversal pﬁoto I'i thography to forman

appat ure. Rrdy A@rdh@AIhdffe ing%l]igge@i%ﬁ Qan a{cﬂfe%@lg s&%re@?%@%%ﬁéﬁ%gﬂéguag

anti - puncht hrough inpl ant b e subsequent

5,686, 321 (}GcHdan pr)wéﬂg\éﬁorﬁchgﬂeg?fgec sce)a§1d En%%éﬂéﬁ%?tzﬁgﬂggy;%%%ﬁram mask

puncht hrough stop region using a n
with a gat She implantation is difficult to control.

Another method used is the pocket implant. A localized ion implant is performed
- beneth the substrate surface in the gate area. This can be done using a photoresist mask.

The pocket implant technology has greater reverse short channel effect because the LDD

10 implant dose is increased to compensate for the channel dopant.

The importance of overcoming the various deficiencies noted above is evidenced
by the extensive technological development directed to the subject, as documented by the
relevant patent and technical literature. The closest and apparently more relevant technical

‘ } 15 developments in the patent literature can be gleaned by considering the following patents

an_d articles.

U.S. 5,444,008 (Han et al.) shows a high-performance punchthrough implant
method for MOS/VLST using an image reversal photo lithography method. In this

20 invention the positive photoresist layer is formed on the substrate and patterend by means




openi ng, form ng spacers at the edge of the opening, perfornmng a

.puncht hrough inplant, renoving the inplant mask, and form ng source and
drain regions. 10 U. S. 5,915,181 (Tseng) show a process for fabrid}ﬁhﬂ@aqm4
deep subm cron MOSFET device using a self aligned threshold voltage adj ust
region. U S. 5,918,130 (Hawse et al.) shows a nmethod for preform ng source
and drain inplants and formng silicide contacts prior to anti-punchtrough
i npl ant and gate 15 formation. U S. 5,688,700 (Kao et al.) and U.'S.
5,447,874 (Givna et al.) show methods for formng a field effect.

transi stor using a self aligned doped inplant region under the channel. 20
3 16 AUG 2004 U.S. 5,792,699 (Tsui) shows a nethod for reduction of reverse

short channdflimagefréwesal photdMRRbEdphy3b ftmAn@padne! Pj-tﬁi'é ibidr@Mpiddough the
gate after the source and drain are forned and its damage anneal ed out. s

Channel Pr ahicugh BBEhseRE k@ fan Qnik bkl Nk
Thr ough-t he- Gatgz Itr)r%h?gnt atiorﬁmbr}l/t I%Mcg/@%l%lgﬁgdr%%g@det a%[lb?égg%rﬁlgs that the

short changimedfchacts can be inproved by the use of super-steep retrograde
(SSR) doping profiles. This SSR channel

5 | U.S. 5,686,321 (Ko et al.) shows a method for forming a self-aligned
punchthrough stop region using a blanket implant, forming an implant mask with a gate
opening, forming spacers at the edge of the opening, performing a punchthrough implant,

removing the implant mask, and forming source and drain regjons.

10 U.8. 5,915,181 (Tseng) show a process for fabricating a deep submicron

MOSFET device using a self-aligned threshold voltage adjust region.

U.S. 5,918,130 (Hause et al.) shows a method for preforming source and drain
implants and forming silicide contacts prior to anti-punchtrough implant and gate

TV 15 formation.

U.S. 5,688,700 (Kao et al.) and U.S. 5,447,874 (Grivna et al.) show methods for
forming a field effect transistor using a self aligned doped implant region under the
channel.
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profile is preferably achieved for NMOST's by through-the-gate
i'plantation. 10 Sub- 100nm Gate Lenth Metal Gate NMOS Transi stors
Fabricated by Replacenent Gate Process by A Chatterjee et at. teaches a
process of fabricating a NMOS transistor using self-aligned sourge Joutd 2004
drain using a replacenent gate process to prevent high tenpature
processing of gate materials during source and drain anneal. 15 Sunmary of
the Invention It is an object of the present invention to provide a nethod
for form ng a channel inplant using a gate poly reverse mask. 20 It is
anot her object of the present invention to provide a nethod for formng a 4
16 AUG 2004 channel inplant with a lower threshold voltage roll-off than a
through the gate.sbados (@G éfvowa)gfgtvrxg&g@j&é&caapsfm WGk galhgets |ike a

pocket inplant. To acconplish the a ectives, the present invention

provi des a @ihOMESET Sird0F 5,04 ; % i te wth a self-aligned
channel implant. A sen?%égﬁﬁudg%lggi @?r c 6?%%&?‘%\%&%%??&%%3%{3 f‘(‘/‘ggrﬁ?’ea i's
provi ded. } i lating |layer is formed on the sem conductor

structur e,'%5{11}8@&5%“@3%5&?1?%%“5?4%@4'ayer is formed on the first insulating

| ayer. The second insulating layer is patterned using a poly reverse mask
and an etch

5 Channel Profile Engineering of 0.1 Micron Silicon MOSFET by Through-the-Gate
Implantation by Y. V. Ponomarev et al. teaches that the short channel effects can be
improved by the use of super-steep retrograde (SSR) doping proﬁles. This SSR channel

profile is preferably achieved for NMOST's by through-the-gate implantation.
10 | Sub-100nm Gate Lenth Metal Gate NMOQS Transistors Fabricated by Replacement
Gate Process by A. Chatterjee et al. teaches a proceés of fabricating a NMOS transistor

using self-aligned source and drain using a replacement gate process to prevent high

tempature processing of gate materials during source and drain anneal.
s Summary of the Invention

It is an object of the present invention to provide a method for forming a channel

implant using a gate poly reverse mask.

20 It is another object of the present invention to provide a method for forming a




selective to the first insulating layer to forma first channel inplant

.opening, and the poly 10 reverse mask is renoved. A first channel
mask is forned exposing the first

are inplanted through the first channel inplant opening to forma

t hreshol d vol tage adjust region and an anti-puncht hrough region. A gate

| ayer is fo

planarized to forma first gate el ectrode. The second insulating |ayer is
removed, and lightly doped 15 source and drain regions, sidewall spacers
and source and drain regions can be forned adjacent the gate el ectrode.
i nvention provides considerabl e i nprovenent over the prior art.
antly,. the present invention provides a channel inplant which
chantis! impiast witha layves treshold softage ooll-off than v ypugh thhgateipiplarte gat e -
thout a reverse short 16 AUG 2004 channel effect as in a pocket

The present
Most i nport
can provide
inplant, w

rmed over the sem conductor structure, and the gate |ayer

i npl ant
channel inplant opening. Inpurityl G éH§ 2004

is

i npl ant. Al $8d Witheutgeesssershorit phaane!iefectelie aymekatxmpitdtng  phot ol i t hogr aphy

reticles to

t hese benefits in the context of known process 5 technol ogy. However,

further und

invention may be Toaatdnasich ihy abBlbROGRS (the fragn! RYdnBibn PRVIEONSe@bd Fle

speci ficati

formreverse gate poly nmasks. The present invention achieves

erstandi ng of the nature and advantages of the present

a

on and attached draw ngs. Brief Description of the Draw ngs

forming a CMOS transistor gate with a self-aligned channel implant. A semiconductor
structure having a first active area is provided. A first insulating layer is formed on the

semiconductor structure, and a second insulating layer is formed on the first insulating

- layer. The second insulating layer is patterned using a poly reverse mask and an etch

5

)
10
bos
20

selective to the first insulating layer to form a first channel implant opening, and the poly
reverse mask is removed. A first channel implant mask is formed exposing the first
channel implant opening. Impurity ions are implanted tﬁrough the first channel implant
opening to form a threshold voltage adjust region and an anti-punchthrough region. A
gate layer is formed over the semiconductor structure, and the gate layer is planarized to
form a first gate electrode. The second insulating layer is removed, and lightly doped
source and drain regions, sidewall spacers and source and drain regions can be formed

adjacent the gate electrode.

The present invention provides considerable improvement over the prior art.
Most importantly, the present invention provides a channel implant which can provide a

lower FhTeShO.ld voltage roll-off than a through the gate implant, without a reverse short

5




10 The.features and advantages of a sem conductor device according to the
present invention and further details of a process of fabricating.ggqmdagm
sem conduct or device in accordance with the present invention will *® nnr%
clearly understood fromthe follow ng description taken in conjunction

wi th the acconmpanying draw ngs in which |ike reference i5 nunerals
designate simlar or corresponding elenents, regions and portions and in
which: Figures IA 1B, 2A, 2B, 3 & 4 illustrate sequential sectional views
of a process for formng a self-aligned channel inplant using a gate poly
reverse mask according to the invention. 20 6 1 6 AU G 2004 Figure 5
illustrates the threshold voltage curves plotted agai nst the channel |ength

for a transtlenne effedt agintahpocket armas. lsol e phddtR Riveidn ofn fidedRBlisg Or formed
using a through-the- gate inplant, and a transistor using a pocket inplant.

5 Detail ed Pegeith éph?r&fcle&ﬂﬁfohﬂ&‘@d%}ée%ﬁﬁgy%@ﬂsﬁs?em invention will be

described in detail wth reference tot acconpanyi ng draw ngs. The
present invention provides a nethod for formng CMOS gates with
self-aligned channel inplants.

The present invention achieves these benefits in the context of known process
5 technology. However, a further understanding of the nature and advantages of the present

invention may be realized by reference to the latter portions of the specification and

attached drawings.

Brief Description of the Drawings

10
The features and advantages of a semiconductor device according to the present
invention and further details of a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

' ‘, 15 numerals designate similar or corresponding elements, regions and portions and in which:

Figures 1A, 1B, 2A, 2B, 3 & 4 illustrate sequential sectional views of a process for
forming a self-aligned channel implant using a gate poly reverse mask according to the
mvention.

20




10 Ref.erring to Fig. 1 A the process begins by providing a sem conductor
structure (substrate) (11) having a first active area (13) and poss‘ir@IA}ﬂG 2004
having a second active, area (15). The first active area (13) and t

second active area (15) are defined and separated by isolation regions
(12). The sem conductor substrate is understood to possibly include a 1115
waf er of sem conductor material such as nonocrystalline silicon or
germainiumor a simlar structure as is known in the art such as a
silicon-on-insulator (SO) structure. The isolation structure (12) can be
any isolation structure know in the art, such as a shallow trench
isolation (STI) or localized oxidation of silicon (LOCOS). 20 For
illustrative pufFissesilastiiuisshetitreshoid volfage frvarpibtied agdnsst fherfchinnallempti 13) and
a 7 16 AUG 2004 PMOS gate will be fornmed in the second area (15). It should
be under st dortla tiynsishoasing teipkdsesh dfthd iRRna6, althaadistdVbmaANdinENER 08&l-88- can be
formed in any order in a CMOS process. A P-well can be forned in the first

active ar egafelipladtd BnPa MindBldr u§i kb O ~in the second active area (15)
of the sem cong%ct or substrat g. ﬂ#ﬁg P- we %s preferably 5 doped with B

ions at a concentration of between about 1E 17 atnicnB8 and 8E17 atni cnB.
- The N-well is preferably doped with P ions at a concentration of between

_ab_o%t l|E 17 atnfcn8 and SEI}&ai?éd%gsggption of the Invention

The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method for forming
CMOS gates with self-aligned channel implants.

10

Refering to Fig. 1A, the process begins by providing a semiconductor structure
(substrate) (11) having a first active area (13) and possibly having a second active.area
(15). The first active area (13) and the second active area (15) are defined and separated
by isolation regions (12). The semiconductor substrate is understood to possibly include a

) \ 15 wafer of semiconductor material such as monocrystalline silicon or germainium or a
- similar structure as is known in the art such as a silicon-on-insulator (SOI) structure. |

The isolation structure (12) can be any isolation structure know in the art, such as a

shallow trench isolation (STI) or localized oxidation of silicon (LOCOS).

20 For illustrative purposes a NMOS gate will be formed in the first area (13) and a




Still refering to Fig. I A a first insulating |layer (20) is fornmed on the
10 sem conductor structure (11). The first insulating |layer (20) is
preferably conposed of silicon dioxide having a thickness of bet we ehB 200
50 Angstrons and 400 Angstrons. Still refering to Fig. 1A a second
insulating layer (30) is fornmed on the first insulating |layer (20). The
second insulating |ayer (30) is preferably conposed of silicon nitride
havi ng a thickness of between about 2000 Angstrons and 4000 Angstrons. The
second insulating |ayer preferably has an etch selectivity to the first
insulating layer (20) of greater than 2: 1 using a plasma dry etch.
Referring to Fig. 1B, the second insulating layer (30) is patterned to form

a first 20°MO3gueiwill bpforntd inpndetehd(20d)(15)0 Tt MOulIVEIngRtBodRhdsesecond
channel inplant opening 8 16 AUG 2004 (37) for a PMOS gate, using a poly

reverse neskiléBR)he FnthaPRMOY SMPNOS BRSK 02638 fhified IR Y dié}a/ﬁ%) the
es

|'i thography inmage for patterning the poly layer (gaté electro and

2 rover oo T nage of T peuete RARS bR, S5 RN B ST o BLLRRAE | e
50 be 1 orag ard it et (I EF BRIREhARR P Bntu P ThORSel B el are
Tayer (30) PaEHFionlt! f RedPivRagofbipieen oy bk rommral aslothd
| } The N-well is preferably doped with P ions at a concentration of between about 1E17

atm/cm’® and 5E17 atm/cm®.

Still refering to Fig. 1A, a first insulating layer (20) is formed on the
10 semiconductor structure (11). The first insulating layer (20) is preferably composed of

silicon dioxide having a thickness of between about 50 Angstroms and 400 Angstroms.

Still refering to Fig. 1A, a second insulating layer (30) is formed on the first
insﬁlating layer (20). The second insulating layer (30) is preferably composed of silicon
' | : is nitride having a thickness of between about 2000 Angstroms and 4006 Angstroms. The
second insulating layer preferably has an etch selectivity to the first insulating layer (20) of

greater than 2:1 using a plasma dry etch.

Referring to Fig. 1B, the second insulating layer (30) is patterned to form a first

20 channel implant opening (35) for an NMOS gate and a second channel implant opening




insulating layer conprising silicon nitride can be etched selectively to a
first insulating |ayer conprising silicon dioxide using a reactive ion
etch with CHF3/02, CH2F2, or CH3F. 10 The etch preferably has a 4 AUG 2004
selectivity to the first insulating | ayer of between about 2:1 and 10: 1.
The first insulating layer is not significantly etched during the second
insulating I|ayer etch, and has a thickness of at |east 20 Angstrons
following the patterning of the second insulating |ayer. Follow ng .
patterning of the second insulating |ayer (30), the poly reverse mask (32)
is renoved. An advantage of the present invention is that it can utilize
15 existing patterns for gate formation. Referring to Fig. 2A, a first
channel i 3 Brior aBMON i, ubisg § PoITRSIeRY fask £38), SERAMY re{fé?%ﬁk'c&g%é ayer (30),
covering the second channel 1 nplant opening (37), and |leaving the first
channel i nFbmidd LY REIRL BE i# [ | k can be
bYREIRE l%%}apﬁﬁ‘ PRSEor é%{ggrgﬁlg ?}%t%omgﬁ? ﬁ?’[é eﬁ@tl%gés? URS

formed 20 using a photolithography pr ogr aph nmage for
the P-wel | ykigphanbverse {&H@ 4.1 oplant . steps are perfor.ned through
t he expos ed 1?[? r st %eﬁsé\r?ﬁ%eﬁ(e% E% antogg ren?fﬁg)fﬁgs'.%aﬂv?l?‘rasrfveir?‘?ﬁ{négﬁ Otts]t ep
forms a fi | d vol.t adj.ust region (3 and t he second i npl ant
step formagéqcfli]%?&g% 15%%‘?4@5%)@& e gT c(a%gﬁ f%)nge#ﬂr{@u[s?drst t hr eshol d
vol t age adj&x#St regi.on 39) is forned by inplanting BF2 ions through the
firrSt i mpl ANECOMERRPOY ORsRing@PEShown) prstajtedn f @t thiy tiwsy Thaghd@elkeV, and

implant openings (35,37) are formed using an etch which has a high selectivity of the

%

e’

second insulating layer (30) to the first insulatihg layer (20). For example, a second
insulating layer comprising silicon nitride can be etched selectively to a first insulating
layer comprising silicon dioxide using a reactive ion etch with CHF./O,, CH,F,, of CH,F.

10 The etch preferably has a selectivity to the first insulating layer of between about 2:1 and

| 10:1. The first msulating layer is not significantly etched during the second insulating

layer etch, and has a thickness of at least 20 Angstroms following the patterning of the
second insulating layer. Following pattenﬁng of the second insulating layer (30), the poly
reverse mask (32) is removed. An advantage of the present invention is that it can utilize

'\ ‘g 15 existing patterns for gate formation.

Referring to Fig. 2A, a first channel implant mask (33) is formed over the second
insulating layer (30), covering the second channel implant opening (37), and leaving the
first channel implant opening (35) exposed. The first channel implant mask can be formed

20 using a photolithography process and the lithography image for the P-well implant. Two




at a dose of between about 2E12 atmicnR and 6E12 atnmicnR. The resulting
.first threshold voltage adjust region (39) has a concentration of B ions
of between about 5E17 atmicnB  and 4E18 atmcnB and a depth of beff\geAlG 2004
about 100 Angstrons and 200 Angstroms. 10 The First anti-punchthrough
region (36) is fornmed by inplanting B ions through the first channel

i npl ant opening (3 5) at an energy of between about 85 KeV and 95 KeV and
at a dose of between about IE13 atmcn2 and 4E13 atnmicn2. The resulting
first anti- punchthrough region (36) has a concentration of B ions of

bet ween about 1E18 atm cnB and. 5E18 atnicnB and a depth of between
about 1000 Angstrons and 1500 Angstrons. Referring to Fig. 2B, the first

channel i mph@att sepsite pABIrmies tHrQERBSlexpaRd fﬁst%@g@admp1ﬁa%eﬁh%g§9.l @Héd mask
, an

(34) is forned covering the first channel inplant opening (

| eaving { hersagie sepanSh SHVRAREIIRRLGE R R9RR . 108004809 channe

i npl ant 20 mask can be fornmed using a photo process t he

it hographytef, A6 2 R aﬁ‘ﬁg““mh’]"gg@%?ie%g%@- N-wel | inplant. Two inplant steps

are perforned through t expos channel inplant opening (35). The
first inplant step fornms a second threshold voltage adjust region (41) and
the second inplant step forns a seond anti-puncht hrough region (38). 5 The

second threshold volt just region (41) is fornmed by i | anting P ions
9 flhe rst tﬁl%gi]o?dd 1f.JfoTtage adjugst regio(n (33) is formed by impla¥1ting F, ions J

through the first implant opening at an energy of between about 40 KeV and 50 KeV, and
at a dose of between about 2E12 atm/cm® and 6E12 atm/cm®. The resulting first threshold
voltage adjust region (39) has a concentration of B ions of between about SE17 atm/cm®

. and 4E18 atm/cm® and a depth of between about 100 Angstroms and 200 Angstroms.

.10
The First anti-puﬁchthrough region (36) is formed by implanting B ions through
the first channel implant opening (35) at an energy of between about 85 KeV and 95 KeV
and at a dose of between about 1E13 atm/cm?® and 4E13 atm/cm®. The resulting first anti-
punchthrough region (36) has a concentration of B ions of between about 1E18 atm/cnr’®

)15 and 5E18 atm/cm® and a depth of between about 1000 Angstroms and 1500 Angstroms.

Referring to Fig. 2B, the first channel implant mask (33) 1s removed, and a second
channel implant mask (34) is formed covering the first channel implant opening (35), and
leaving the second chapnel implant opening (37) exposed. The second channel implant

20 mask can be formed using a photolithography process and the lithography image for the

10




t hrough the second inplant opening (37) at an energy of between about 40
-KeV'and 50 KeV, and at a dose of between about 3E 12 atnmcnR and 5E 12
atmcn2. The resulting second threshold voltage adjust region (41)4g AUG 2004
preferably has a concentration of P ions of between about 6E 17 atm cnB
and 5E 18 atnicnB and a depth of between about 100 to Angstrons and 200
Angstrons. The Second anti - puncht hrough region (38) is fornmed by inplanting
P ions through the second channel inplant opening (37), preferably at an
energy of between about 100 KeV and 140 KeV and at a dose of between about
3E12 atmcn2 and 5E12 atm cnR. The 15 resulting second anti-punchthrough
region (38) preferably has a concentration of P ions of between about 1E18
at nf cnB andN3&lidmpiamy AR imphadt stepd afit perfofmddahivaginthe bpdsed Q86nd @it onms and

2000 Angstroms. . Refering to Fig. 3, a gate layer is forned over the first
area (13) anglahhepeaing@dy. TROfiR! @idldndSibp Rkmd NEcoRMMESRAWGHIRLe aghgt rate (11).
The gate layer is conposed of a I'l 16 AUG 2004 conductive material such as

doped pol ysrebibf @) abd 1RO SEBRY infPianP Qb Rirkh byl Lo; yer of

tungsten si |IéCi gg) The gate llngii/agr h%s ahgg‘%bpp\%%tgﬂ?&%lﬁcg%%él t(ghgorrpl etely
fill the first channel inplant opening (35) and the second channel inplant
opening (37). The gate layer is planarized to forma first gate el ectrode

40).in the fir area,(,13 nd a
( )5 sIthe second ghres%olg vgltage adjust region (41} is formed by implanting P ions

through the second inplant opening (37) at an energy of between about 40 KeV and 50

—

KeV, and at a dose of between about 3E12 atm/cm?® and 5E12 atm/cm?. The resulting
second threshold voitage adjust region (41) preferably has a concentration of P ions of
between about 6E17 atm/em® and SE18 atm/cm’ and a depth of between about 100

10 Angstroms and 200 Angstroms.

The Second anti-punchthrough region (38) is formed by implanting P ions through
the second channel implant opening (37), ﬁreferably at an energy of between about 100
KeV and 140 KeV and at a dose of between about 3E12 atm/em? and SE12 atm/cm?. The
- Y15 resulting second'anti-purhichthrough region (38) preferably has a concentration of P ions of
between about 1E18 atm/em’ and 3E18 atm/cm’ and a depth of between about 1000

Angstroms and 2000 Angstroms.

Refering to Fig. 3, a gate layer is formed over the first area (13) and the second

.20 area (15) of the semiconductor substrate (11). The gate layer is composed of a

11




second gate electrode (50) in the second area using a CMP process stopping
on the second insulating |layer (30). Refering to Fig. 4, the second
insulating |ayer (30) is removed, preferably using an etch select§geAli® 2%
the first insulating layer (20) and the first and second gate el ectrodes
(40,50). For exanple, a second insulating |ayer conposed of silicon nitride
can be renoved selectively to a first insulating | ayer conposed of silicon
dioxide and first and second gate el ectrodes (40,50) conposed of
polysilicon using a reactive ion etch wwth a CHF3/02, CH2F2, or CH3F _
chem stry. Still referring to FIG 4, the CMOS process can be conpl eted by

form ng soHduEhve ARErAlRHY, a ki h&iiedd oveli9imgexanpl e,
the first area€?13) cgn bgabggggﬁgﬁﬁﬁf?ﬁmgégﬁggﬁgﬁ%ggégsfst %gg Pgand

P-type I|i . r { i . adj acent
to the s%%%\%%%%gf%g#i o] 8%?%6%%@%}&1 anp“?igéﬁ%?%%@gstt?%g”%ﬁéé’ofﬁ?% t he
surface @f the sem conductor..str ur e usi.ng t he sec te

ol ectr ol B MRiAr Rtk CRLA e Botd ContTiMabripeBBE L 3 Ce and
drain regions are preferably forned i pi BF2 i into the
surface 8fte{aysr @@Mﬁéﬁ?ﬁd‘uaaﬁfrx étﬁrﬂcgﬂﬁrei%ﬁe%“%&n Pt arepfl Batden about
1E13 atm cn®2 and 2E14 atnicn? and an energy of 12 1 6 AUG 2004 between
about 10s¢ewd g#e clrtreda S 0)rp thepsspend dremusings GMPRrpesss stleprngpmephot onask i s

second insulating layer (30).

Refering to Fig. 4, the second insulating layer (30) is removed, preferably using
an etch selective to the first insulating layer (20) and the first and second gate electrodes
(40,50). For example, a second insulating layer composed of silicon nitride can be
removed selectively to a first insulating layer composed of silicon dioxide and first and
second gate electrodes (40,50) composed of polysilicon using a reactive ion etch with a

CHF3/09, CHyF», or CH3¥' chemistry.

Still referring to FIG. 4, the CMOS process can be completed by forming source
and drain structures, as is known in the art. For example, the first area (13) can be 7
covered with a PLDD photoresist mask, and P-type lightly doped source and drain
regions (42) can be formed adjacent to the second gate electrode (50) by implanting P-
type ions into the surface of the semiconductor structure (11) using the second gate
electrode (50) as an implant mask. The P-type lightly doped source and drain regions are
preferably formed by implanting BF; ions into the surface of the semiconductor structure

(11) at a dose of between about 1E13 atm/cm’ and 2E14 atm/cm” and an energy of
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removed. N-type lightly doped source and drain regions (43) can be forned
by covering the second area (15) with an NLDD phot onask, and inpl anti %
N-type ions into the surface of the sem conductor structure (11) u$Sig@lEHas0
first gate electrode (40) as an inplant mask. The N-type lightly doped
source and drain regions (43) are preferably forned by inplanting P ions
into the surface of the sem conductor structure (11) at a dose of between
about 1 E 13 atmcnR and 2E 14 atmcn2 and an energy of between about 20
KeV andbd&@eteihouFbd KeViand 30 rVi Rpll@nihgidndmplantaeioniBDPPRDt phastask & r enoved.
Spacers (44) can be fornmed by depositing a dielectric |layer such as silicon
di oxi de remdovedl i con nitride over the first area (13) and the second area
(15) and anisotropically etching. P-type source and drain regions (46) and
N-type lightly doped source and drain regions (47) can be formed adjacent
to the sidewal |l spacers (44) simlarly to the P-type |I|ightly doped source

and drain requ érli%tlg%ge&&%réﬁ'ah}{ 115%%@(@%&?93(&%&& andiflg fln T egion

(43). The first IS covere and -type Tons are

! ant e eohfb LIS A hAGS! hst*agn&gl;%@@pglgﬁt N.\;@wg&éqﬁg dédhte form

P-type source an rain ate ¢trode (50)
and its spacers é? as an | sk, an P+ nask renoved. The
S maont” apbaS EuBibadieioh smhduey b o ng TRt ot ediparia) Foen ek GRKT o) anted
into the surface of the sem conductor structure (11 to formN

The N-type lightly doped source and drain regions (43) are preferably formed by

implanting P ions into the surface of the semiconductor structure (11) at a dose of

between about 1513 atm/cm” and 2E14 atm/cm” and an energy of between about 20 KeV

and 40 KeV. Following ion implantation, the NLDD photomask is removed.

Spacers (44) can be formed by depositing a dielectric layer such as silicon dioxide
or silicon nitride over the first area (13) and the second area (15) and anisotropically

etching.

P-type source and drain regions (46) and N-type lightly doped source and drain
regions (47) can be formed adjacent to the sidewall spacers (44) similarly to the P-type
lightly doped source and drain region (42) and the N-type lightly doped source and drain
region (43). The first area (13) is covered with a P+ mask and P-type ions are implanted

 into the surface of the semiconductor structure (11) to form P-type source and drain
regions (46), using the second gate electrode (50) and its spacers (44) as an implant mask,
and the P+ mask is removed. The second area (15) is covered with an N+ mask, and N-

type ions are implanted into the surface of the semiconductor structure (11) to form N-

13




13 16 AUG 2004 type source and drain regions (47) using the first gate

el ectrode (40) and its spacers as an inplant nmask, and the N+ mask is
renoved. P-type source and drain regions are preferably forned by. A
inmplanting BF2 ions into the surface of the sem conductor structurgfsbyﬁ) '
at a dose of between about 2E15 atm cn? and 5E15 atnicnR and an energy of
bet ween about 20 KeV and 40 KeV, using the second gate el ectrode (50) and
the sidewall spacers (44) as an inplant nask. N-type source and drain
regions are preferably formed by inplanting As ions into the surface of
the sem conductor structure (11) at a dose of between about 2E15 atm cn®

and SE15tgkRhabRaiWaia Re Q0@ (3Y) @inddBE YIRE Bata BRUo Q4 d5aMd it@@?hc@@ akey using
the first gate el ectrode (40) and the sidewall spacers (44) as an inplant

mask.  ReffbibhitShsk Qe NP mdsk & KR¥vaLvaDhEGRRcAhd iiith RERRISHE | nvention are
that a transistor fornmed using the preSent 1nvention (101) will have a

e AL ol AP B o S S BEER tapdes ot
R e PP R e
ength d%gt%%gne ggou%o I%eV%?lg ﬁgtl(ei\/rmlsigg Ehetsrac?c»rxll | ggt':[e%liecgr%gg()SO) a].'néll the sidewall

spacers (44) as an implant mask. N-type source and drain regions are preferably formed

by implanting As ions into the surface of the semiconductor structure (11) at a dose of

between about 2E15 atm/cm? and 5E15 atm/cm” and an energy of between about 40 KeV

and 60 KeV using the first gate electrode (40) and the sidewall spacers (44) as an implant

mask.

Referring to Fig. 5, the key advantages of the present invention are that a
transistor formed using the present invention (101) will have a slower threshold voltage
rolloff (eg the “t-hT?.ShFﬂ_d,, voltage does not drop as quickly when the channel length is
reduced) than a through-the-gate inplant transistor (102), without the reverse short
channel effects (eg the ‘threshold: voltage increases as the channel length deceases) of a

pocket implant transistor (103).

14



-16 A U G 2004 Wiile the invention has been particularly shown and
described with reference t the preferred enbodi nents thereof, it wll be
‘understood by those skilled in the art that various changes in form and
details may be made without departing fromthe spirit and scope ofl BtfeG 2004
invention. 15 1 6 AUG 2004 Cains 1. A nmethod for formng a transistor gate
with a self-aligned channel inplant, conprising the sequential steps of.

a. providing a sem conductor structure having a first active area; b.
forming a first insulating | ayer on said sem conductor structure, and
formng a second insulating layer on said first insulating |ayer; c.
patterning said second insulating | ayer using a poly reverse nask and an

etch sel ecti vewhi® th@inderdtion hhs HeB® PArBblRY shévehind Rsdbedwah kéfeshcedfannel
i npl ant opening over said first active area; d. renoving said poly reverse

RSk, a9 hObERGIRnbblr RARBEL: | ARty QRose AAELRML BEIhY S ar e

wher eby said first channg? |nplént opening I's e€xposed; anting
mPurity | aRgud dHufH9th 8hGnd déisth nf) B Bhe WiIRRDbps PRIk SpliPLAR 2

scope of the invention.
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first threshold voltage adjust region and inplanting inpurity ions through
said first channel inplant opening to forma first anti-punchthrough
region; f. depositing a gate |ayer over said sem conductor structurEEbﬁﬂ@?ﬂM
said second insulating layer, and planarizing said gate |ayer using a

chem cal nechanical planarization process to forma first gate el ectrode;
and g. renoving said second insulating |ayer, thereby exposing sidewalls of
the first gate electrode. 2. The nmethod of claim 1l wherein said first

insul ating | ayer conprises silicon @his de having a thickness of between
about 50 Angstrons and 400 Angstrons and said second insulating |ayer
conprises silicon nitride having a thickness of between about 2000

Angstroms and 14000 A¥AGRbE Rftorniing T REndBoN0Rk Ofin 6@t MidmaRffaLD sal d second

insulating |ayer is patterne using a poly reverse an etch with a
sel ect i viimplang comprifing e sequentidtsiepgof:ayer of greater than 2:1. 16 16 AUG
2004 4. The method of claim| wherein said first threshold vol tage adj ust
region is formed by inplanting BF2 ions at an energy of between about 40

KeV and 50 KeM. apdvidingdogmiahdhabiveaomadining2 st ativé e and 6E12 at m cng,

and said firs% apti - puncht hr ough ) _ .
. Torming a first insulating layer on said semiconductor structure, and forming a

second insulating layer on said first insulating layer;

¢. patterning said second insulating layer using a poly reverse mask and an etch

~ selective to said first insulating layer to form a first channel implant opening
over said first active area;

d. removing said poly reverse mask, and forming a first channel implant mask on
a second active arca, whereby said first channel implant opening is exposed;

e. implanting impurity ions through said first channel implant opening to form a
first threshold voltage adjust region and implanting impurity ions through said
first channel implant opening to form a first anti—punchthrough region;

f. depositing a gate layer over said semiconductor structure and said second
insulating layer, and planarizing said gate layer using a chemical mechanical
planarization process to form a first gate electrode; and

g. removing said second insulating layer, thereby exposing sidewalls of the first

gate electrode.

2. The method of claim 1 wherein said first insulating layer comprises silicon
dioxide having a thickness of between about 50 Angstroms and 400 Angstroms and said
second insulating layer comprises silicon nitride having a thickness of between about
2000 Angstroms and 4000 Angstroms.

3. The method of claim 2 wherein said second insulating layer is patterned
using a poly reverse mask and an etch with a selectivity to the first insulating layer of

greater than 2:1.
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region is formed by inplanting B ions at an energy of between about 85 KeV
and 95 KeV and a dose of between about 1E13 atnmicnR and 4E13 atm cnR. 5.
The nethod of claim1 wherein said first threshold voltage adj ust rgq%g@gb@m
formed by inplanting P ions at an energy of between about 40 KeV an Ke
and a dose of between about 3E12 atnficnR and 5E12 atmcn2, and said first
anti - puncht hr ough region is formed by inplanting P ions at an energy of

bet ween about 100 KeV and 140 KeV and a dose of between about 3E12 atm cnR

and 5E12 atm dnR. The mEtiedwetiog 1 eafhetdimiaid firsnhesstbld voRhEh Malsercky ey
The nethod of claim| wherein said gate |ayer

i I il ) )
ggm: 2230%@{1@%@%3% éﬁewﬁéﬁwns%yeif betiean shovtH KﬁY@H‘i?OFﬁ 138&s f or mi ng

lightly cdieRest befiiehGBoNE 19hah/Bmf 8 ANS AliaCeMd SRl HsianfifonSRkSugl ect r ode,
form ng spacers on the sidewalls of said first gate el ectrode, and form ng

sour ce ameRieN iformeddivimplaatipaBéons & an energypefthetweenppout 85 KeV and 95
KeV and a dose of between about 1E13 atm/cm® and 4E13 atm/cm?.

5. The method of claim 1 wherein said first threshold voltage adjust region is
formed by implanting P ions at an energy of between about 40 KeV and 50 KeV and a
dose of between about 3E12 atm/cm’ and 5E12 atm/cm’, and said first anti-punchthrough
region is formed by implanting P ions at an energy of between about 100 KeV and 140
KeV and a dose of between about 3E12 atm/cm? and 5E12 atm/cm’.

6. The method of claim 1 wherein said gate layer comprises polysilicon.

7. The method of claim 1 wherein said gate layer comprises tungsten.

8. The method of claim 1 which further includes forming lightly doped
source and drain regions adjacent said first gate electrode, forming spacers on the

sidewalls of said first gate electrode, and forming source and drain regions adjacent said

spacers.
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