Met hod For Form ng Self-Aligned Channel Inplants Using a Gate Poly Reverse
Mask This is a division of Patent Application serial nunber 09/465, 305,
filing date 12/17/99, issued as US Patent Nunmber 6,410,394 on 6/25/02,

Met hod for Formi ng Self-Aligned Channel Inplants Using a Gate Poly Reverse
Mask, which is herein incorporated by reference inits entirety and
assigned to the sane assignee. Background of Invention 1) Field of the

I nvention This invention relates generally to fabrication of a

sem conductor device and nore particularly to a nethod for form ng the

sel f-al i gned channeMegicd FdreFdraiingSEMATigded Channdilmplants 5 gate poly reverse
mask. 2) Description of the Prior Art The continued scaling of MOSFET gate
| engt hs to subm cron di nen¥Fsings GatgPalyaReerseaskl0 probl ens of high gate
resi stance, polysilicon gate depletion and increased gate tunnel | eakage.
One nethod to overcone the problens of short channel effects is to use
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technol ogy has greater reverse short channel effect because the LDD i npl ant

dose is
Background of Invention

1) Field of the Invention

This invention 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

5 gate poly reverse mask.
2) Description of the Prior Art

The continued scaling of MOSFET gate lengths to submicron dimensions aggravates the
10 problems of high gate resistance, polysilicon gate depletion and increased gate tunnel leakage,
One method to overcome the problems of short channel effects is to use through-the-gate
implantation. Channel implants are formed by implanting ions through the gate structure to form
a doped region below the substrate surface in the gate area. Through-the-gate implantation can
achieve the steep retrograde doping profiles, which can improve the short channel effects and

15 increase current drivability. However, the implantation is difficult to control.



i ncreased to conpensate for the channel dopant. 5 The inportance of
overcom ng the various deficiencies noted above is evidenced by the
extensi ve technol ogi cal devel opnent directed to the subject, as docunented
by the relevant patent and technical literature. The cl osest and
apparently nore rel evant technical developnents in the patent literature
can be gl eaned by considering the follow ng patents and articles. 10 U S
5,444,008 (Han et al.) shows a hi gh-performance puncht hrough inplant nethod
for MOS/VLSI using an imge reversal photo lithography nethod. In this

invention the AeshdrinkthodiRed RiRSpceketlidpRInt. | & [dcalingRdo Inflixe iSpdfinmad Beritd
patterend by neans of image reversal photo Ilithography to form an

appat ur e. th®sibgpeateisafigedn theigapelasat Gilistdan budbnd iingopplatarcestnmsk.oThe pevkent i |'s
puncht hr ough i npl ant bel ow t he subsequently formed gate. U. S. 5,686,321 (Ko
et al.) shphst echelogycha greafepravpisg shorisehianned effer dacaysmibh LDbiugtars degs isr egi on
using a bl anket inplant, formng an inplant mask with a gate opening,

form ng sipaseed tygompengate fnythephannebdeti8hi ng, performing a puncht hr ough

i npl ant, renoving the inplant mask, and 20 form ng source and drain

regi dns. U.S. 5,915,181 (Tseng) show a process for fabricating a deep

subm cron MOS . i i fall : t 1

PuBm cr of NOSTALAGLERS o5 A% BRI ARELALEERNA thoveld AREpad ke
sour ce angdhk@k fechARbARA HevABSnd@ Bifedd Bithd ﬁibjziﬁt, @9 BbdlehteR bly Pe feRvant

anti - punchtrough i1 nplant and gate formation. US. 5,688,700 (Kao et al.)

and U. S. pfutehdt dnBiédhridal liverure! Tat clhsesha apphrentismbrrreleosnridthnical deivdbphmeafts ect
transi stor using a self aligned doped inplant regi on under the channel.
in the patent literature can be gleaned by considering the following patents and articles.
10
U.S. 5,444,008 (Han et al.) shows a high-performance punchthrough implant method for
MOS/VLSI using an image reversal photo lithography method. In this invention the positive
photoresist layer is formed on the substrate and patterend by means of image reversal photo

lithography to form an appature. P-type ions are implanted through the appature to form an anti-

15 punchthrough implant below the subsequently formed gate.

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

20 forming source and drain regions.

U.S. 5,915,181 (Tseng) show a process for fabricating a deep submicron MOSFET device
using a self-aligned threshold voltage adjust region.

25 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 formation.



US 5,792,699 (Tsui) shows a nethod for reduction of reverse short channel
effect in 5 MOSFET using a channel ion inplant through the gate after the
source and drain are formed and its damage anneal ed out. Channel Profile
Engi neering of 0.1 Mcron Silicon MOSFET by Through-the-Gate |nplantation
by Y. V. Ponomarev et al. teaches that the short channel effects can be

i nproved by 10 the use of super-steep retrograde (SSR) doping profiles.
This SSR channel profile is preferably achieved for NMOST s by

t hrough-the-gate inplantation. Sub-100nm Gate Lenth Metal Gate NMOS

Transi stors ﬁ%brsls%@%?’g@é’o RaP] ARATBNE 48R Rt (RNAEE6A.) R0 mciHbal EaTb@gEngt al .

t eaches a process of bri catl ng a NMOS'transistor using self 15 aligned

sour ce RFREaMREN SO uding & ¥ PERABD Bodd iRpRADEEDE uhderphiestantelhi gh tenpature
processing of gate materials during source and drain anneal. Summary of

the Invention 20 It is an object of the present invention to provide a
met hod for formng a channel inplant wusing a gate poly reverse mask. It is

anot her obj eUtS. 617921689 (Fwdleshows musthodder dugsionwf gene MartdenIdelitditi ng a

channel | ant with a | ower threshhold vol roll-off than roygh
thé gat MQS:%Tawn%@w@h@mml% tl}f@%ﬂrt&%g@ﬁaﬁ?ﬁgﬁmﬁ% a“@idf"é‘&f"? faﬁ"kegi 7
pocket I ant . a;{o acconplish the above objectives, the present invention
provi de§ AAEEABES %lrougor mng a CMOS transistor gate with a self-aligned
channel inplant. A sem conductor structure having a first active area is
provided. A first insulating |ayer is fornmed on the sem conductor

structure,  afdhnd ﬁ%ﬁmga&éﬂhgaéﬂmg Mig¥%8SiliconMORBHT 89 ThRfighitisGatensul at i ng
| ayer. The second 1 nsulating layer 5 is patterned using a poly reverse mask
and an phglntaRbESl Y Ve, Pehotrageviet blS teatlns titantliensholt amnel effebgream be improved by

10 the use of super-steep retrograde (SSR) doping profiles. This SSR channel profile is preferably

achieved for NMOST's by through-the-gate implantation.

Sub-100nm Gate Lenth Metal Gate NMOS Transistors Fabricated by Replacement Gate
Process by A. Chatterjee et al. teaches a process of fabricating a NMOS transistor using self-
15 aligned source and drain using a replacement gate process to prevent high tempature processing

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

20 It is an object of the present invention to provide a methed for forming a channel implant

using a gate poly reverse mask.

It is another object of the present invention to provide a method for forming a channel
implant with a lower threshhold voltage roll-off than a through the gate implant and without

25 reverse short channel effects like a pocket implant.



first channel inplant opening, and the poly reverse mask is renoved. A
first channel inplant nask is formed exposing the first channel inplant
opening. Inpurity ions are inplanted through the first channel inplant
opening to forma threshhold voltage adjust region and an anti -

puncht hrough region. A gate layer is fornmed over the sem conductor
structure, and the gate layer 10 is planarized to forma first gate

el ectrode. The second insulating layer is renoved, and lightly doped
source and drain regions, sidewall spacers and source and drain regions can

be formed adjBcagbmblich habimvebbettvadahe plecnpirteftivn provider d nathpd fotiflesing
consi derabl e i nprovenent over the prior art. 15 Mdst inportantly, the
present |inUMOS omsptagadostten sifzatigetd ¢hapha implahi. Atsendgonguaern stiuctard laving a
threshhol d voltage roll-off than_a through the gate inplant, w thout a
rever se shistactivpaisad pravified tA figs insplaing loyrds farmse apthe samigondygier syuelEsnt

i nvention can use .existin hat ol i .t hogr aphy reticl es formreverse gate
ol sk R8C o R et BRI o B Risbpsd et ticagern e prepad Inseirtes Byt ext
of kpown .process, t echnaol,ogy, ver f er. under si i f
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of a sem mamdy tdrRed Gﬁpﬁ'sﬁ‘% tRCERY SHaik] iAplaftoRhREE Rbplrhy &k bR Tmpiimetdfticupler
details of a process of fabricating such a sem conductor device in

accor danche first bhanhel indlanr ity 1o fend ihooshingl volbeseradjust regieanhdanader st ood
fromthe follow ng description taken in conjunction with the acconpanying
dr awi ngs Hunchthiosih kegian. rAe gate bayerds farmed giver the singipendactor siructinre, agd the gate layer
correspondi n | ements, regions and portions and in which: X
10 P is plagar?zed to form a first gate electrode.pThe second insulating layer(l:s 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.
15 Most importantly, the present invention provides a channel implant which can provide a lower
threshhold voltage roll-off than a through the gate implant, without a reverse short channel effect
as in a pocket implant. Also, the present invention can use existing photolithography reticles to

form reverse gate poly masks.

20 The present invention achieves these benefits in the context of known process 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
25
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



5 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. Figure 5 illustrates the

t hreshhol d vol tage curves plotted against the channel |length for a

transi stor using the process of the invention, a transistor forned using a

t hrough-the-gate inplant, 10 and a transistor using a pocket inplant.

Det ai | ed Description of the Invention The present invention will be

described in detail with reference to the 15 acconpanying draw ngs. The

pr esent e v bRbrPLidWedRs e Blell) MRt ad fféth MeBllowiede@apason wkéin

sel f-al’igned channel inplants. Refering to Fig. 1 A the process begi ns by

provi di figjuncHemiviniietanpalyngelraviagy mukisth Ateeferdribd huienalsnigsigndte sistilaact i ve

area (13) and possibly having a second active area (15). The first active

20 ar eaor(ch&pespndinglriensatsoregions and/portiowsand 15 whighe defi ned and separat ed by

isolation regions (12). The sem conductor substrate is understood to

possi bly include a wafer of sem conductor material such as nonocrystalline
structure . as is known rt such
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illustrative purposes a NMOS gate will be forned in the first area (13) and
a PMOS gate will be fornmed in the second area (15). It should be

under st ood bpighRGSifugtiatds!tRsthtd3hidI@ véltdze civad pliEBagaiidt MiChargal lesgth & de
formed in any order in a CMOS process. A P-well can be forned in the first

acti ve msmsitqrisingainopracdss oitht invantide atransisidr formedesingerhinehighdhé-gae implant( 15)
of 5 the sem conductor substrate. The P-well is preferably doped with B
i ofis at amdl actoansister uaing @poeket implant.

Detailed Description of the Invention

The present invention will be described in detail with reference to the
15 accompanying drawings. The present invention provides a method for forming

CMOS gates with self-aligned channel implants.

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
20 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 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 known in the art, such as a shallow

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



bet ween about 1E17 atm cnB and 8E17 atmicnB. The N-well is preferably doped
with Pions at a concentration of between about 1E17 atm cnB and 5E17
atmcnB. Still refering to Fig. 1A, a first insulating layer (20) is forned
on the sem conductor 10 structure (11). The first insulating layer (20) is
preferably conposed of silicon dioxide having a thickness of between about
50 Angstrons and 400 Angstrons. Still refering to Fig. 1A a second
insulating layer (30) is formed on the first insulating |ayer (20). The
second insulating layer (30) is preferably conposed of silicon nitride

having a 15 t IHdzkngastiaf pubsisveeRMUBD gte 2D0B: AnGed nah® fitsn ared 0130 akd g EMQ@STS .
The second insulating |ayer preferably has an etch selectivity to the
first i nsgalteaWilH@p ﬂoay&ﬁn(tﬁ@e)ecmfd ayeec@bprlt shiwautd 8 undasstaed ba thqs slsited drthe et ch.
Referring to Fi t he second insul ating | ayer %) IS patterned to
form a fithatNM |PMQ§gﬁtﬁ®¢a@rhe foymendi in gny owter A CMPSNNESSsY o &-Wptlicas becond
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| nt er connection poly opening can al

time. The; ghdéiitioh BPbtNEerBBR T afdfmd Bhd3EE7 b@w/emE. usi ng an etch  whi ch
has a high selectivity of the second insulating |ayer (30) to the first

insul ating layer (20). For exanple, a second insulating |ayer conprising
silicon nitride can be etched selectively to a 6 first insulating |ayer
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| ayéP of Saetieei Dhbbinfirst insuiaiing lawst (20) srwekerabbt compoptdeafisigon diparde

signifi Catglc €S8 of Q&gegnuarblogtgso Rn gglgggd 405 Xngastt Ion layer

Still refering to Fig. 1A, a second insulating layer (30) is formed on the first insulating
layer (20). The second insulating layer (30) is preferably composed of silicon nitride having a
15 thickness of between about 2000 Angstroms and 4000 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 channel
20 implant opening (35) for an NMOS gate and a second channel implant opening (37) for a PMOS
gate, using a poly reverse mask (32). The poly reverse mask can be formed by using the
lithography image for patterning the poly layer (gate electrodes) and using the reverse type (eg
positive or negative) of resist. Alternatively, a reverse image of the poly layer (e.g. gate
electrode) patterning image can be formed and used. Interconnection poly openings (not shown)
25 can also be formed at this time. The channel implant openings (35,37) are formed using an etch
which has a high selectivity of the second insulating layer (30) to the first insulating layer (20).

For example, a second insulating layer comprising silicon nitride can be etched selectively to a



etch, and has a thickness of at |east 20 Angstrons follow ng the patterning
of the second 5 insulating |layer. Follow ng patterning of the second
insulating |ayer (30), the poly reverse mask (32) is renoved. An advant age
of the present invention is that it can utilize existing patterns for gate
formation. Referring to Fig. 2A, a first channel inplant mask (33) is
formed over the second 10 insulating |ayer (30), covering the second
channel inplant opening (37), and | eaving the first channel inplant
openi ng (35) exposed. The first channel inplant mask can be forned using a

phot ol i REGEARN, RYLCEDBridRdsilifsh dibiih@%iﬁ%’ﬁ‘l/eabtﬁ%@n ERh wifheCIPRyeh| CHAP,ant .

Two i nplant steps “are perforned through the exposed first channel 1 nplant
openi Ngo(GA3F. Theetéh pisterdbliphantscRtyity thoienBrsainfulatig 1ayer eSbawdenabonazyé

adj ust region (39) and the second inplant step fornms a first anti- 15
puncht haraluigh!.r By finst i6883ting Ter fsinog significahoitched dhring)be sefjond insplgng RYE39) i s
formed by inplanting BF2 ions through the fjirst inplant opening, at an

ener gy @ﬁha@éﬂhé%mtha%@% ofi gt IK@VQ%MggU’W@eWpO‘&W& tlaﬁpa&ewfdﬁe s§5@fdeen about

2E12 atmicn? and 6E12 atmcn®.. The resul ting, f.irst threshol d voltage adj ust
205t egi @ﬁuletm%ayfgs Fllowyng epfteing 8fe1th8fse“émfié'?‘?gl"38f‘g f?é’ﬁ@é%ﬁmﬁiﬁ wgﬁsig’agﬁ n cnB
and 4E atnm ¢ nd, a_depth, o . ab : ngst
Angst r onig) STRESHR, PG e AR oy ke AOBE AR, Al |
B ions éﬁ%%@ ‘%r[]e first channel inplant opening (35) at an energy of
bet ween”about té KeV and 95 KeV and at a dose of 25 between about 1E13
atm cn2 and 4E13 atnicnR. The resulting first anti-punchthrough region (36)
has a concentration of B ions of between about 1E18 atnicnB8 and 5E18
atm cnB and Refedimpttd Fizf 2Aed fisechanbeimplBOMadin@s) isdomnedrmgredthoecangst rons. 7
Referring to Fig. 2B, the first channel inplant mask (33) is renoved, and a
sdaoond 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 using a
photolithography process and the lithography image for the P-well implant. Two implant steps
are performed through the exposed first channel implant opening (35). The first implant step
forms a first threshold voltage adjust region (39) and the second implant step forms a first anti-

15 punchthrough region (36).

The first threshold voltage adjust region (39) is formed by implanting BF» ions 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/cm2 and 6E12 atm/oem2. The resulting first threshold voltage adjust

20 region (39) has a concentration of B ions of between about SE17 atm/cm3 and 4E18 atm/cm?>

and a depth of between about 100 Angstroms and 200 Angstroms.

The First anti-punchthrough 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
25 between about 1E13 atm/cm?2 and 4E13 atm/cmZ, The resulting first anti-punchthrough region
(36) has a concentration of B ions of between about 1E18 atm/cm> and SE18 atm/cm?> and a

depth of between about 1000 Angstroms and 1500 Angstroms.



channel inplant mask (34) is forned covering the first channel inplant
opening (35), and leaving the second channel inplant opening (37) exposed.
The second channel inplant mask can be forned using a photolithography
process and the |ithography inmage for the N-well inplant. Two 5 inpl ant
steps are perforned through the exposed second channel i nplant opening
(35). The first inplant step forns a second threshold voltage adjust
region (41) and the second inplant step forns a seond anti-punchthrough
region (38). The second threshold voltage adjust region (41) is fornmed by
inplanting P ipdsrihfiermgnn, Mk fikechRas Mdplhiph&RGDRefiniyed 2l adbcord ener gy
of between about 40 KeV and 50 KeV, and at a dose of between about 3E 12
atm cn?  amdnielEidRasttondsk 1R4) iThemedsadeting thefeg@hahrichingddn opening 34y and &djingt
region (41) preferably has a concentration of P ions of between about 6El7
at mf cnB ahelsecomE shantehimpBriopgniag & prenpesed b Ehgwasandivorel Toplaphigatkregide and

200 Angstrons, 15 The Second anti-puncht hr ough region_(38). .is_ forped ]b‘x
i npl ant i AgTPed wYRe 3 photnlireeranby Peqsswsad dilihedraphysmags fop M “N@H(‘%*P%t- °
preferably at an ener of .het ween about, 100 V and 14 KeV ose
bt *bit neclniish AErSS pfforti Bpieiie o s pen el opbern (e e frt
anti - punc i r : C t i i.@ps of
et weon Al Hop 49 I el GIARE Lo Serfor AT AR hce B R S8R Pout
1000 Angsﬁ)ﬁﬁﬁse%ﬂglagtgggmﬁm% on(R9. Refering to Fig. 3, a gate layer is
formed over the first area (13) and the second area (15) of the

sem conduct or substrate (11). The gate layer is conposed of a conductive
mat erial such as doped polysilicon, tungsten, or polysilicon with an

over | yi ng | ayéFhestcdndtistheld willape adjest rigien @d) s fomnzeddry impknting Bfidrisdhuongh

t hi ckness to conmpletely fill the first channel inplant opening (35) and the

25 decondhepreandinplanbereningdp Bt Ay ey of brhwecgabent4ykeaV aud ) Kprandaa fese
fef) re (T[ ?oalé{f%@%%{l gbg&gggg%gtgﬁgnﬁagggsgg% i%h c&rﬁ%&ﬁe r%gu?t?ng(s]éggndatgpesl?oia %\gl?a%g gate
adjust region (41) preferably has a concentration of P ions of between about 6E17 atm/cm3 and

5E18 atm/cm3 and a depth of between about 100 Angstroms and 200 Angstroms.

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

atm/cm3 and 3E18 atm/cm3 and a depth of between about 1000 Angstroms and 2000 Angstroms.

20
Refering to Fig. 3, a gate layer is formed over the first area (13) and the second area (15)
of the semiconductor substrate (11). The gate layer is composed of a conductive material such as
doped polysilicon, tungsten, or polysilicon with an overlying layer of tungsten silicide. The gate
layer has a sufficient thickness to completely fill the first channel implant opening (35) and the
25 second channel implant opening (37). The gate layer is planarized to form a first gate electrode

(40} in the first area (13) and a second gate electrode (50) in the second area using a CMP

process stopping on the second insulating layer (30).



process stopping on the second insulating layer (30). 8 Refering to Fig. 4,
the second insulating |layer (30) is renoved, preferably using an etch
selective to the first insulating |ayer (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) 5
conposed of polysilicon using a reactive ion etch with a CHF3/02, CH2F2, or
CH3F chemistry. Still referring to Fig. 4, the CMOS process can be

conpl et ed byp froi4H B Alite Recind ithuRkiRg 1a56r (30} i k&8ovedSpreferduPiding 4h dilte art.
For exanpl e, the@secég?]d ar ea (1%) calngbaz c(gv%ared W t?}pa PLDD pghotoresi st

mask, agfbchivé WRBe fitsgbliitigtolaes (30uwha eheahst idatoond ggie@itstrod®)(4€.580). fFer f or med
adj acent 10 to the first gate el ectrode (40) by inplanting P-type ions into
t he suréampleh stdoad senfatonbiyeatcompostdrafstligoe nitride) cap b memeved stieetsrelfate

el ectrode (40) as an inplant mask. The P-type lightly doped  source and
drai n ridgt isadatnedaysr epmpestl f sibperediowge m#@mndﬁ@cwzar%%ﬂﬁoa%&?ﬁ@ sur f ace

of the sem conductqQr structure (11) at a_.do of. b en 1E1

at frf ¢ ECORRPSSEALPO ﬁF@ﬂEmﬁ%\amaﬁ%‘g%‘ﬁéF@ B eRe0n. CHEES A R ey,
Foll ow ng ion inplantation, the PLDD 15 photonask is renoved. N-type source
and drain regions (43) can be formed by covering the first area (13) with

S AR 08 08 ot g s o

sem conduct or ruc ate électrode (50) as an

i mpl ant shRedfes, #0is KRGwRNn 1O 8rt! FaNdxlabhpttO RRAEAU AR (B5)tafl bakover&Dwina PLBB) are
preferably fornmed by inplanting P ions into the surface of the

sem conghotdredistatiaskicind Petypd lightht doped smmceadnd dledimemivna i) tcad Be Srmad adjessdt and
2E14 atm cn®? and an energy of between about 20 KeV and 40 KeV, Foll ow ng
i an i nplodhe fitst gate ele¢tendrI(ED hytimplantieg Pitgperiensontedhe surface of the semiconductor
structure (11) using the first gate electrode (40) 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 between about 10 KeV and 30 KeV. Following ion implantation, the PLDD

15 photomask is removed.

N-type source and drain regions (43) can be formed by covering the first area (13) with an
NLDD photomask, and implanting N-type ions into the surface of the semiconductor structure
(11) using the second gate electrode (50) as an implant mask.
20 The N-type lightly doped source and drain regions (43) are preferably formed by implanting P
jons 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 between about 20 KeV and 40 KeV. Following

ion implantation, the NLDD photomask is removed.

25 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.



25 Spacers (44) can be formed by depositing a dielectric |ayer such as
silicon dioxide or silicon nitride over the first area (13) and the second
area (15) and anisotropically etching. 9 P-type source and drain regions
(46) and N-type source and drain regions (47) can be fornmed adjacent to
the sidewall spacers (44) simlarly to the P-type lightly doped source and
drain region (42) and the N-type lightly doped source and drain region
(43). The second area (15) is covered with a P+ nask and P-type ions are
inplanted into the surface of the s sem conductor structure (11) to form

P-type sour qetyaBdoednd drfl riéns((46)and 1Sty siiree dridrdriingagiens (¢V)emhbede (40)
and its spacers (44) as an inplant mask, and the P+ nask is renoved. The

first foreed {dda)kntts tixoidanat] spadets (@) dimiladigio, thaRdypd-lighty dopadssoarce apdpl ant ed
into the surface of the sem conductor structure (11) to form N-type source
and dr adrainregjpw (i) audrthe Dstyng lightly doped serrespand drain srgienydd). (B seapnd dreas
spacers as. an i | ant _mask, and the N+ rraslﬁlai S rerrq}\%ed. P-tfglﬁe source to
and dr ditd) ‘lsé@}’%gwﬁhéPﬁﬁ’éafsgﬁa‘li)?ﬁyﬁeo‘f"ﬂ%ﬁeb‘?p et die hesuEees AfMs into the
surface of the. sem conduct structure (1 at _a. f. out 2E
o8 L remgeon fotaft Rt (T EledouR B S ifoetafd busft ssBiclS R smbhdBRRaGP O 26
KeV, usj a i 44) as
o ot AREHOE BRPRS SBRES (B GS HhHARAOMCH hOP: o By AP SRR e 8 by
i mpl ant 4,001

@Tisicgvé*eél BitR ab e Sakk AGENAIpdibRs &6 ThSeRed h@theshffietame (11) at
a dose of between 15 about 2E 15 atmcn2 and 5E 15 atmicn2 and an energy of

bet weerseaheidludor d@vtuaid 150 KV N-typs kiged dne dsdia oopibrgdd d wingabe sedend &% and
the sidewal| spacers (44) as an inplant mask. Referring to Fig. 5, the key

advant agesrodé (30 engitegecdrs anarcintplan nesk anf dte Mt masinisiremeoyeds dk-tygeisaseng t he
present invention (101) will have a_sl ower thr_esh,hc())llsg vol tagg rolloff (eg
t he 20 andrdssinegionsvt prafsembiinfosmedby mplpnting Bz iens Ptothe surfase Ot hsnnel | engt h

BEEE I R I T NS SR
an energy of between about 20 KeV and 40 KeV, using the second gate electrode (50) and 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
15 about 2E15 atm/cm? and SE15 atm/cm? and an energy of between about 40 KeV and 60 KeV,

using the second gate electrode (50) 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 threshhold voltage rolloff (eg the
20 threshhold voltage does not drop as quickly when the channel length is reduced) than a through-
the-gate implant transistor (102), without the reverse short channel effects (eg the threshhold

voltage increases as the channel length deceases) of a pocket implant transistor (103).

While the invention has been particularly shown and described with reference to the
25 preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention,

10



vol tage increases as the channel |ength deceases) of a pocket inplant
transistor (103). Wiile the invention has been particularly shown and
described with reference to the 25 preferred enbodi nents thereof, it wll
be understood by those skilled in the art that various changes in form and
details may be made w thout departing fromthe spirit and scope of the
invention. 10 Cainms 1. A nmethod for formng a CMOS transistor gate with a
sel f-aligned channel inplant, conprising the sequential steps of: 5 a.
provi ding a sem conductor structure having a first active area and a second
active area defined and separated byydgel ation regions; said first active
area having a well of a first carrier type inplanted therein; said second
active area having a well of a second carrier type, opposite said first
carrier type inplanted therein; 10 b. forming a first insulating |ayer on

t he seni.condAatethiodsor fochinge, CTMAS tamsision gate witheoed-aligmesidhanme gmplayter on sai d
first insula;iqg@layer; c. formng a poly reverse mask havi ng openi ngs over
sai d figomprisgigthesegreniabsiepssdi d second 15 active area, and patterning said
second insulating |ayer through said openings in said poly reverse nask to
fofma first channel inplant opening over said first active area and a

d ch | il . i i. . i : . i
second Sham el TR 0o ORI 084Sl 31 FRERIL A o7 S Y 0

_ _ ng a annel™ i _ covering
fgp sal gdegggg?,gdg&%%ﬂ'byummegm@san@ﬁ?s@gct%m'hwngauwdfrﬁtmmel
type implanted therein; said second active area having a well of a second carrier type, opposite
said first carrier type implanted therein;

10

b. forming a first insulating layer on the semiconductor structure, and forming a second

insulating layer on said first insulating layer;

c. forming a poly reverse mask having openings over said first active area and said second
15 active area, and patterning said second insulating layer through said openings in said poly reverse
mask to form a first channel implant opening over said first active area and a second channel

implant opening over said second active area;

d. removing said poly reverse mask, and forming a first channel implant mask covering

20 said second channel implant opening and exposing said first channel implant opening;

e. implanting impurity ions of said first carrier type into said semiconductor structure
through said first channel implant opening to form a first threshold voltage adjust region;
implanting impurity ions of said first carrier type into said semiconductor structure through said

25 first channel implant opening to form a first anti-punchthrough region;

11



e. inplanting inpurity ions of said first carrier type into said

sem conduct or structure through said first channel inplant opening to form
a first threshold voltage adjust region; inplanting inpurity ions of said
first carrier type into said sem conductor structure through said 25 first
channel inplant opening to forma first anti-punchthrough region; 11 f.
renmoving said first channel inplant nask and form ng a second channel

i npl ant mask covering said first channel inplant opening and exposing said
second channel inplant opening; g. inplanting inpurity ions of said second

carrier type iffegovRigdaRgTHQARHE [FlafiniddR bad R)nnﬁlgtawe@(ﬂ@fbhﬁﬁledirﬁlﬁﬁﬁﬁﬁhsk
channel inplant opening to forma second threshold vol tage adjust region;

i mpl ant i ngverngusaid firsi diasndd implantchpsriog ankd exgrosing said y@end nhannslaigblant opening;
sem conductor structure through said second channel inplant opening to
forma second anti-puncht hrough region; renoving said second channel

i nplant mask 10 h. formi ng a . gate |ayer qver, said, sem <gonciuct or structure

and pl anari zi rig BRlERIGgAPRUTIY iens of saidspeand GasisT ae e srd smicordyetor S Y Sy er -

th by f i .gat |.ect r.odes: d.i. i i | at,i [ . .

> “The” mibiah S Sicinds R BT Sbiveite FEA sebeh T xoBhe Agi3Fhou By
" pod or e ' _ ‘ 400

Angst  ormipgife AP o of S KREREo bl A Gl R BB ooy A AP A

havi ng a dali @kaRihatiel REHUNRVBBROW fodl QReVAE Shii- PURchtiBHELIAHRSBn AREDVING ¥Bid 3

The nethod of claim?2 wherein said second insulating |ayer is patterned

usi ng a petohd dchemed feplomakasend an etch with a selectivity to the first
insulating |ayer of greater than 2:1. 4. The nethod of claim1 wherein said
first threshold voltage adjust region is fornmed by inplanting BF2 ions at
an energy of between about 40 KeV_and 50 KeV and a dose of_ between

10 h. forming a gate layer over said semiconductor structure and planarizing said gate layer,

stopping on said second insulating layer; thereby forming gate electrodes; and
i. removing second insulating layer.

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.

4, The method of claim | wherein said first threshold voltage adjust region is formed by
implanting BF, jons at an energy of between about 40 KeV and 50 KeV and a dose of between
about 2E12 atm/cm2 and 6E12 atm/cm?; and said first anti-punchthrough region is formed by
implanting B ions at an energy of between about 70 KeV and 100 KeV and a dose of between

about 1E13 atm/cm? and 4E13 atm/ocm?; said second threshold voltage adjust region is formed

12



about 2E12 atm cn? and 6E12 atmicn®; and said first anti-punchthrough
region is fornmed by inplanting B ions at an energy of between about 70 KeV
and 100 KeV and a dose of between about |E13 atm cn?2 and 4E13 atni cn®;
sai d second threshold voltage adjust region is formed 12 by inplanting P
ions at an energy of between about 40 KeV and 50 KeV and a dose of between
about 3E12 atnicnR and 5E12 atm cnR; and said second anti - puncht hrough
region is forned by inplanting P ions at an energy of between about 100
KeV and 140 KeV and a dose of between about 3E12 atnfcnR and 5E12 at i cn®.

5. The peichAsht@b PGbAI dah cHEIEY 6F Betwednthbbitr MK SN aRBHOK IV wal kage: detwsdenr egi on
is formed by inplanting P rons at an energy of between about 40 KeV and 50

KeV andatutdBE afn/det meletE | 2aihnlin 23 midsait st erantrrimbiEb@ugh ndgiordls faraied b r st
anti - puncht hrough region is formed by inplanting P ions at an energy of
bet weeningianiing POOnga Win anerg g aHbdtersencabdutal 084y ard BHetkwéand adessof Betweetht nf cnp
and 5E12 atni cn®; s%' d second thrzeshol d voltage adjust region is formed by
i mpl ant fheyt BELE aterpnandaE 12EpG-of bet ween about 40 KeV and 50 KeV and a
dose of between about 2E12 atnicnR and 6E12 atmcnR; and said second
anti-puncht hrough region is forned by inplanting B ions at an energy of

bet ween. abo 7 \ hot ;],Eg@b tm cnt
and 4E1§:.' at ﬁ%erfg?tﬁgalcﬁlﬂgmlngtgl ﬁgg%osgngﬁhgtl tﬁ%ﬁ%ﬁ&?%@?ﬁ@?%?@?ﬁfﬂ res)ﬁol d
vol t agejadi s P;igﬁ’é 2% RAS o8 of BAREEM0AL 4(PRe @ hnd §0 WEVhnd R@eke Sbelweet M CNB
and 4E 18 atnTc of BF2 ions and a depth of between about 100 Angstrons

and 200,008k 0B cns2drdll B 10mAantZ; sfd fed biti-puighthregihasgibass farmebncent rat i on
of between about 1E18 atm cnB and 5E18 atmicnB of B ions and a depth of

bet weeningiiauing PU6ks dngshergps! betdedb00un e \dand 140K elV and adosetof betsigen d

ol tage adj ust regi on, has a concentr ation of between about 6ELl7 atm cn8
about 3E12 atm/cm# and SE12 atm/cm<; said second threshold voltage adjust region is formed
by implanting BF ions at an energy of between about 40 KeV and 50 KeV and a dose of
between about 2E12 atm/cm? and 6E12 atm/cm?; and said second anti-punchthrough region is
formed by implanting B ions at an energy of between about 70 KeV and 100 KeV and a dose of

between about 1E13 atm/cm? and 4E13 atm/cm?2.

6. The method of claim 1 wherein said first threshold voltage adjust region has a
concentration of between about SE17 atm/cm> and 4E18 atm/cm3 of BF; ions and a depth of
between about 100 Angstroms and 200 Angstroms; said first anti-punchthrough region has a
concentration of between about 1E18 atm/cm3 and SE18 atm/cm3 of B ions and a depth of
between about 1000 Angstroms and 1500 Angstroms;

said second threshold oltage adjust region has a concentration of between about 6E17 atm/cm3
and 5E18 atm/cm3 of P ions and a depth of between about 100 Angstroms and 200 Angstroms;
3

and said second anti-punchthrough region has a concentration of between about 1E18 atm/cm

and 3E18 atm/cm3 of P jons and a depth of between about 1000 Angstroms and 2000

Angstroms.
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and 5E18 atmcnB of P ions and a depth of between about 100 Angstrons and
200 Angstrons; and said second anti-punchthrough region has a
concentration of between about | E 18 atmcnB and 3E 18 atm cnB of P ions
and a depth of between about 1000 Angstrons and 2000 Angstronms. 13 7. The
met hod of claiml wherein said first threshold voltage adjust region has a
concentration of between about 6E 17 atm cnB and 5E18 atnicnB8 of P ions and
a depth of between about 100 Angstrons and 200 Angstrons; said first

anti - puncht hrough regi on has a concentrati on of between about | EI 8 atn cn8

and 3E18 at n cTie rdthdd dfedmandheaeid s pitHiraf thrddbdldeetagdbadjist 1}h wgst rons and
2000 Angstromns; said second threshold yoltage adjust region has a

concent rattdnoﬂfmnaﬁorbﬁmna)bomtaiﬁlfaﬂrﬂ/cm¥Wh¢ AB1 hatch/Aa 3 08P anvlasd8 defth BF2 i ons
and a depth of between about 100 Angstrons and 200 Angr;stroms; and said
second aratwesnbpitHO8 destrarps aid 200 ngstreray caidirsianBrpupshtiyougleegioahess 11318

A LR BB M R 1 ST
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further igy Ialégﬁc%n{r{ﬁ{dﬁ"d& et d@h bbolt dRPPETQHS QR 4K & diml &P @m:egsioﬁél gﬁmﬁéptﬁ

spacers and source an rain regions for sald gate el ectrod
of between about 100 Angstroms and 200 Angstroms; and said second anti-punchthrough region

has a concentration of between about 1E18 atm/cm? and SE18 atm/cm?> of B ions and a depth of
between about 1000 Angstroms and 1500 Angstroms.
8. The method of claim 1 wherein said first gate layer comprises polysilicon.

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

10.  The method of claim ! which further includes forming lightly doped source/drain regions,

sidewall spacers and source and drain regions for said gate electrodes.
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