Met hod For Formi ng Self-Aligned Channel Inplants Using a Gate Poly Reverse
Mask Background of Invention 1) Field of the Invention This invention

rel ates generally to fabrication of a sem conductor device and nore
particularly to a nethod for formng the self-aligned channel profile 5
for a CMOS device using a gate poly reverse mask.. 2) Description of the
Prior Art The continued scaling of MOSFET gate | engths to subm cron

di mrensions 10 aggravates the problens of high gate resistance, polysilicon
gate depletion and increased gate tunnel |eakage.. One nethod to overcone
the problens of short channel effects is to use through-the-gate

i npl antation. Channel inplants are fornmed by inplanting ions through the
gate structure to forma doped region below the substrate surface in the

gate area. Through-Ndgsditkér Fdl“l-l{i%@tﬁifaﬂirriérﬁ@ﬂ CrndelRYfadd e St eep

retrograde doping profiles, which“can I ove channel effects

and increase current dri vam'siﬂg ycat@mmevérb@Mdml antation is difficult
to control. | Another nmethod used is the pocket inplant. A localized ion

inplant is perforned beneth the substrate surface in the gate area. This
can be done using a photoresist nmask. The pocket inplant technol ogy has
greater reverse short channel effect because the LDD inplant dose is

i ncreased to conpensate for the 5 channel dopant. The inportance of
overcom ng the various deficiencies noted above 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

5 for a CMOS device using a gate poly reverse mask.
2) Description of the Prior Art

The continued scaling of MOSFET gate lengths to submicron dimensions
10 aggravates the 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
15 achieve the steep retrograde doping profiles, which can improve the short
channel effects and increase current drivability. However, the implantation is

difficult to control.




evi denced by the extensive technol ogi cal devel opnent directed to the

subj ect, as docunented by the relevant patent and technical literature.
The cl osest and 10 apparently nore rel evant technical 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 a. high-perfornmance

puncht hrough inplant nethod for MOS/ VLSI using an i mge reversal photo

| ithography 15 nethod. In this invention the positive photoresist |ayer is
formed on the substrate and(gatterend by neans of image reversal photo

li thography t oAneker mathedpaediisethe pockgtdmpdenst. o bonligiciiondmpdantdsgh t he
ored gabEiogne bancth e atlal RiTe i thy sehre ol HecHoBS one HiRRny a
Tl ant oo MY bRk EPH A CRNRIOY R bERLE kB et S he O
openi ng, PRl B9 bacadd @ﬁ@tﬁ@ﬁ@ﬂ%ﬁ%&%ﬁk é“‘ﬁ%’é%@??‘? §8§é{?h&%e mask, and

form ng source and drain regions. show a process
for fsabriaaﬁﬁi@gdapﬁﬁep submi cron MOSFET device using a self aligned
t hreshol d voltage adjust region. 2 U S. 5,918,130 (Hause et al.) shows a
nmet hod for preform ng source and drain inplants and formng silicide
contacts prior_to anti-punchtrough inplant and gate formation. U S
5, 688, 700 ( Kaolke importangedfigvercoming thavdriow defidersiesaiotyd sbowe iset hods  f or
formng a field effect transistor using a self aligned doped jnplant region

g evidencedeby the extensive te_chnologicalg deve?opment dizgected to the subjgcpt, as J

documented by the relevant patent and technical literature. The closest and
10 apparently more relevant technical developments in the patent literature can be

gleaned by considering the following patents and articles.

U.S. 5,444,008 (Han et al.) shows a high-performance punchthrough
implant method for MOS/VLSI using an image reversal photo lithography
15 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-

punchthrough implant below the subsequently formed gate.

20 - U.5.5,686,321 (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 regions.

25

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

MOSFET device using a self-aligned threshold voltage adjust region.
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under the channel. U S. 5,792,699 (Tsui) shows a nethod for reduction of
reverse short 10 channel effect in MOSFET using a channel ion inplant
through the gate after the source and drain are forned and its damage
anneal ed out. Channel Profile Engineering of 0.1 Mcron Silicon MOSFET by
Through- the-Gate Inplantation by Y. V. Ponornarev at al. teaches that the
short channel 15 effects can be inproved by the use of super-steep
retrograde (SSR) doping profiles. This SSR channel profile is preferably
achieved for NMXST' s b t hrough-t he-gate i nplantati on. Sub-100nm Gate
Lenth Met al Ga?é;‘mlgﬁgﬂ%ﬂ@t Bh) s @ meshodforqpefapiing sorge adt e Process
by A. Chatterjee . at al,_.teaches, a process of fabricating NMOS transi st or
usi ng sel raéﬁlﬁlﬂms@d‘t%%‘%ﬂ frming SﬁFﬂ%%@%PgoF gb‘i‘%"@#@?ﬁ“@éﬁélmﬂﬁ% ess to
prevent hj ture processing of gate materials during source and
drain annge“g(lkﬂ.g&%ggéJ rtlrlrurr“y of the Invention It is an object of the present
invention to provide a nethod for forming a channel inplant using a gate
poly reverse mask. 5 It is another object of the present invention to
provisde a net hge, 5888, 700 (KAN&: A.) ehanns! 5 1amANGrWnaletal.] SRk nidih&sol d
voltage roll-off than a through the gate inplant and w thout reverse short
channel efdrdotminlg &field affeckizbndistpl aning ale1fkdighed cloped Simplaie ragione

obj ectives, the present invention provides a nethod for formng a CMOS
transi st onndenthewhamnal. sel f al i gned channel inplant.

U.5. 5,792,699 (Tsui) shows a method for reduction of reverse short
10 channel effect in MOSFET using a channel ion implant through the gate after the

source and drain are formed and its damage annealed out.

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
15 effects can be improved by the use of super-steep retragfade (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
20 Replacement Gate Process by A. Chatterjee et al. teaches a process 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,

25



A sem conductor structure having a first active area is provided. A first
insulating layer is formed on the sem conductor structure, and a second
insulating layer is formed on the first insulating |ayer. The second
insulating 15 layer is patterned using a poly reverse mask and an etch
selective to the first insulating layer to forma first channel inplant
opening, and the poly reverse nask is renoved. A first channel inplant
mask is forned exposing the first channel inplant opening. Inpurity ions
are inplanted through the first channel inplant opening to forma

t hreshol d vol tage adj ust regiSssmmany afitheninveatiopuncht hr ough region. A gate
| ayer is forned over the sem conductor structure, and the gate |layer is
pl anarized to forma. first gate el ectrode. The second insulating |layer is

d, d | d [ ' ' | . d
Cource and dr oftie PREPERES L BRLSRL PREnBoR obRiue A R d RlormynliE. 25 The

present i aySHel L I L pr ovenent over the prior art. 4
Most i nportant%gﬁp{aﬁgﬁ%@géﬁgﬁhﬁﬁ%ﬁ Ill[Sér%\'/i des a channel inplant which

can sprovide a |lower threshold voltage roll-off than a through the gate
inplant, wthout a reverse short channel effect as in a pocket inplant.

Al so, the preskiis anotheeohjecof canprsentinvehtingtopivadd 4 heghaplyr reticles to
formreverse gate poly 5 masks. The present invention achieves these
benefits famingasbaneslimplaniirivitia lpwer ggeshodd Nolthggyoll-bif tearea thraughr t her
understan&iﬁng of the nature and advantages of the E‘rﬁesent i nvention may be

real i zed gade aneleg and wikoytgeyerse slor shannshsifests like a pesketimplanton and

attached draw ngs.

10 To accomplish the above objectives, the present invention provides a
method for 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

15 layer is patterned using a poly reverse mask and an etch 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 through the first channel
implant opening to form a threshold voltage adjust region and an anti-

20 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.,

25 The present invention provides considerable improvement over the prior

art.



Brief Description of the Drawi ngs The features and advantages of a

sem conduct or device according to the 15 present invention and further
details of a process of fabricating such a sen conductor device in
accordance with the present invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanying
drawings in which like reference nunerals designate simlar or

correspondi ng el ements, regions and portions and in which: 20 Figures 1A,
1B, 2A, 2B, 3. & 4 illustrate sequential sectional views of a process for
forning aMastimaprigntiy. e pesent inysngion prevides a chanmel puiplantevisck ean mask.
according to ,ahe i nvea;t i ﬁgo 25 _Fi gurlf at illustrates the threshold voltage
curves pl BFdde adavRE theeshold meliage roll-effghan p shrogghithe gatedmplantsi ng t he
process of . i,nyention, .a transistor .5 fornmed usin t hr ough-t he-gat e

i mpl ant, g“ﬁg'%zl.t A TEREY gli‘%ﬁ; Ch%’i“heg egfgf;‘oa@@ta chggfllg?ﬁ an ?’I%ﬁp Btiption of
t he I nventy : { I i Ll SEl ] I tall. wth.

ref er enceh%‘%ﬂflﬁgwgﬁ%r@}%%ﬁég :ﬁ’g‘%%1'%8&5@‘&fﬁ%aﬁsfl@’s@%‘?‘t}?ﬁ%ﬂéﬁ ?ﬁe 6 ovi des a
met had f oindsRg.mi ng CMOS gates with self-aligned channel inplants. to
Refering to Fig. 1. A the process begins by providing a sem conductor
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 &hegr¢seslinvention 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

10 portions of the specification and attached drawings.
Brief Description of the Drawings

The features and advantages of a semiconductor device according to the
15 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 numerals designate similar or

corresponding elements, regions and portions and in which:

20
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 invention.
25 Figure 5 illustrates the threshold voltage curves plotted against the

channel length for a transistor using the process of the invention, a transistor



are defined and separated by isolation regions (12). The sem conduct or
substrate is understood to possibly include a wafer of sem conductor

mat eri al such as 15 nonocrystalline silicon or germainiumor a simlar
structure as is known in the art such as a silicon-on-insulator (SOT)
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 wi ||
be formed in the first area (13) and a PMOS gate will be fornmed in the
second ar &unfetsysing a thinughethbegatnieplnb add diyandisteeusiglalpedken. the art
that NMOS, and PMOS gates can be fornmed in any order in a CMOS process. A
P-wel | ca™B8M-orned in the first active area (13) and a N-well can be
formed in the second active area (15) of the sem conductor 25 substrate.
The P -well is preferably doped with B ions at a concentration of between

about 1E17 atnmcnB and Sﬂ{aﬁé%%ré%g%gg%ﬁ%%nﬁ preferably 6 doped with

P ions at a concentration. 0 M cn8 and 5E17
atzn/iscnB. Still, refering to Fig. 1A a first insulating layer (20) is
formed on the 5 sem conductor structure (11). The first insulating |ayer

(20) is pref er@hé preseninpoertonivil bk idesnilbidani Raihavihneferehdd tokhess of

bet ween about 50 Angstronms and 400 Angstrons. Still refering to Fig. 1A a
second i nawbatpanyinggeawing) The pfeseneihventioh prévided a nikbhod farlfaiming | ayer
(20). The _second insul ati nﬁ; | ayer (30) is preferably conposed of silicon
nitride h&MQAY satesnyidksrisalignedchanaghmaplents. 2000 Angst ronms and 4000

Angstromnms. The second insulating |layer preferably has an . etch selectivity
to the

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 wafer of semiconductor material such as

15 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 PMOS gate will be formed in the second area (15). It should be understood
by those skilled in the art that NMOS and PMOS gates can be formed in any
order in a CMOS process. A P-well can be formed in the first active area (13) and
a N-well can be formed in the second active area (15) of the semiconductor

25 substrate. The P-well is preferably doped with B ions at a concentration of

between about 1E17 atm/cm?3 and 8E17 atm/cm3. The N-well is preferably



first insulating layer (20) of greater than 2:1 using a plasma dry etch. 15
Referring to Fig. 1B, the second insulating layer (30) is patterned to form
a first channel inplant opening (35) for an NMOS gate and. a second

channel inplant opening (37) for a PMOS gate, using a poly reverse mask
(32). The poly reverse mask can be fornmed by using the |ithography inmge
for patterning the poly layer (gate el ectrodes) and using the reverse type
(eg positive or negative) 20 of resist. Alternatively, a reverse inage of
the poly layer (e.g. gate electrode) patterning inmage can be forned and

used. | nt dopehmatit P donspdlayconpertratim ¢ftattweai abat KT aghgemBanki®RPd at this
time. The channgl inplant openings (35,37) are fornmed using an etch which
has a higﬁu§é@@ tivity of the second insulating layer (30) to the first
insulating |layer (20). For exanple, a second insulating |ayer 25 conprising
silicon nitride can be etched selectively to a first insulating |ayer

on mtrid Coxi de tsi eactve. i h.with CHE3/02, CH2F2,
com 2109, AR T SRR G 0

| ¢ : 1. i j | atj [ t
e o hgtapcgbetins gl Sk U ks T ABHIRA 0, 3.0

t hi cknessc@hpated eRlicoRdioARRHAB Hakkaws B%éﬂ%a%?bﬁ% 56 Mtg,eiro&@e second

insulating layer. Following patterning of the second insulat’ing layer
(30), theapdkfl Amgeremsmask (32) is 5 renpved. An advantage 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 fornmed over the
second i nsul at%@grl ayer (30), covering the second channel inplant opening

(37), 10 and | ¢f6fing &0 Figk 44, 2 Regonel inpwating fayes éH)) iyforesyl andbedsst The
first c haﬂl%%iaﬁng layer (20). The second insulating layer (30) is preferably composed of
silicon nitride having a thickness of between about 2000 Angstroms and 4000
Angstroms. The second insulating layer prefefabiy has an etch selectivity to the

first insulating layer (20) of greater than 2:1 using a plasma dry etch.

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

20 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) 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

25 comprising silicon nitride can be etched selectively to a first insulating layer
comprising silicon dioxide using a reactive ion etch with CHFg/Oy, CHyFy, or
CHg3F. The etch preferably has a selectivity to the first insulating layer of



i npl ant mask can be fornmed using a photolithography process and the
lithography imge for the P-well inplant. Two inplant steps are perforned
t hrough the exposed first channel inplant opening (35). The first inplant
step forms a first threshold voltage adjust region (39) and the second
inplant step 15 fornms a first anti-punchthrough region (36). The first
threshol d voltage adjust region (39) is fornmed by inplanting BF2 ions
through the first inplant opening at an energy of between about 40 KeV and
50 KeV, and at a_dose of between about 2E12 atnmicnR and 6E12 atnfcnR. The
20 resul t Pefaveenabout Bl asdoliGdl. vBhe fixgb insd]aristg lnpeiis nof gighifivastlpetrbedent r at i on
of B ions ,of, bhetween abouyt 5E1.7 atmcnB and 4E18 atnicnB and a depth of
bet ween afBting %@“ﬁﬁéé??@ﬂ%“& eb gishgryt haowEhickness of atdeasigdi - punch

t hrough rqqi i.s.. formed by .inplantin .ions, t hr h.the first
channel i?r\pg‘lggt%?&ggé%?vﬁﬂlg( oLy ¥I§ﬂgé)rﬁgl?eg§?cg’f‘§bté?‘3%7’g B‘Eﬁjtlp W&BY and 95
KeV and a %ﬁﬁ% t cn2. The
resul ti ngf)?‘%@t %J?{h_&! %ﬁénc t rS %%gﬁ%rlgégﬁ%@( %cﬂﬁ%g&gergég%%%%s{ on 8 of B
i ons s50f baimi@s, akRutivafihSe of HCpRs@tGn btk Al A TB NG CA8RHho0f  bet ween
about 1000 Angstrons and 1500 Angstrons. Referring to Fig. 2B, e first
channel i ppitams fomgdte (@Batdan.r enoved, and a 5 second channel inplant mask
(34) is formed covering the first channel inplant opening (35), and | eaving

t he second channel inplant opening (37) exposed. The second channel

i npl ant mask ﬁﬁn be forned using a photolithogra hé process  and the
li t hogr aphy i nbgfernieg tq Kig. RﬁmﬁrsfiChMﬂmpin@% P is sensperd ayes theer f or med

through g o R RRS ARk RYAL o) AB08ling TRY S26ndPERMA 3Rt opliinty 5
10 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
15 forms a first anti-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/ em? and 6E12 atm/ cm?, The
20 resulting first threshold voltage adjust region (39) has a concentration of B ions of
between about 5E17 atm/cm3 and 4E18 atm/cm3 and a depth of between about
100 Angstroms and 200 Angstroms.

The First anti-punchthrough region (36) is formed by implanting B ions
25 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/cm2 and 4E13
atm/cm?, The resulting first anti-punchthrough region (36) has a concentration




10 inplant step fornms a second threshold voltage adjust region (41) and the
second inplant step forns a seond anti-puncht hrough region (38). The
second threshol d voltage adjust region (41) is formed by inplanting P ions
t hrough the second inplant opening (37) at an energy of between about 40 15
KeV and 50 KeV, and at a dose of between about 3E12 atnicnR and 5E12

atm cn2. The resulting second threshold voltage adjust region (41)
preferably has a concentration of P ions of between about 6E17 atnfcnB and
5E18 atmcnB8 ., and a depth of between ahQout 100 Angstroms and 200 Angstrons.
20 The SeebRdonsnfibesuperhelbrwidisaby/ om° @3d)5E18 atmy/med anyl 4 depthrtfi ng P i ons
t hrough the second chapnel inplant opening (37), preferably at an energy of
bet ween aBoH{eeRGFORE ngsterregnd 400 Angsre®se of between about 3E12

atm cn2 and 5E12 atmcnR. The resulting second anti-punchthrough region
(38) preferably has a concentration of P ions of between about 1E18 atnf cnB

d 25 3E18 d 2000
Angstrons. o Feprng R, 38R st AShHERR AR OO0 SRR 500 ca
(13) sand idtend shamiel idpkat rhddd) (39 is o & BOFRIIURE Firs &g}e@IpO ). The

gate layer is conposed™ of a conductive materi such as do ysilicon,

t ungst en, openipg(38) dridleavisighthe sator@Vdianykhignplajespaiing w&k@‘seﬁi IThei de. The
gate layer has a sufficient thickness 5 to conpl e}%ely il the first

channel i sgsPadchapes]iimglagshadhwntedfosmed ndingraphetolitiioyphplnt pogess ng (37) .
The gate |layer is planarized to forma first gate electrode (40) in the
first ar e%“‘%%@h%ﬁﬂr@fﬁ’é&m fgpithe Nrwell iraplant. SHvoiimpland stepsawel ar ea usi ng
a CWP process st in %che sgcond insulatin Iayer,(SQ .
pertorme ough e exposed second channel implant opening ? 5). The first
10 implant step forms a second threshold voltage adjust region (41) and the second

implant step forms a seond anti-punchthrough region (38).

The second threshold voltage adjust region (41) is formed by implanting P
ions through the second inplant opening (37) at an energy of between about 40
15 KeV and 50 KeV, and at a dose of between about 3E12 atm/cm? and 5E12
atm/ cm?. The resulting second threshold voltage adjust region (41) preferably
has a concentration of P jons of between about 6E17 atm/cm? and 5E18 atm/cm?
and a depth of between about 100 Angstroms and 200 Angstroms.

20 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 5E12 atm/cm?2, The resulting second anti-punchthrough region
(38) preferably has a concentration of P ions of between about 1E18 atm/cm? and
25 3E18 atm/cm3 and a depth of between about 1000 Angstroms and 2000

Angstroms.




10 Refering to Fig. 4, the second insulating |layer (30) is renoved, :
preferably wusing an etch selective to the first insulating |ayer (20) and
the first and second gate el ectrodes (40,50). For exanple, a second

insul ating | ayer conposed of silicon nitride can be renoved selectively to
a first insulating |layer conposed of silicon dioxide and first and second
gate el ectrodes (40,50) conposed of 15 polysilicon using a reactive ion
etch with a CHF3/02, CH2F2, or CH3F chem stry. Still referring to FIG 4,
the CMOS process can be conpleted by form ng source and drain structures,
as i s known i nRefesingrte Fig-Gy a gaterlpyer, is fonandd owdr the Sast20ed (13) andithebe cover ed
with a PLDD photoresjst mask, and P-type |ightly doped source and drain
regi ons (ﬁfﬁgéﬁe%@ Bé’?‘f@(?e%‘f%ﬁort%‘ ‘Fiétegé@o egatelaypriscoaiesed 50) by

(1) 2lsi ngt € R el dRork Pl G e R P o et A PRRGICORMIP. (ype
lightl I d, by inplanti
B | o S8 BFeZRIAFer iR RO Mo Mot RVEL BAED e BhEBahest, 1P 20 L 2
of bet weeg @-hﬂy]etelék Eﬂ&h@mt@ﬁgnﬁé}qn%ﬁ M%@S?&qd b LPEEDYhaindpet ween

about 10 KeV and 30 KeV. Follow ng'ion inpl ation, the PLDD photomask is
renmoved. ifiphint ypenthg @) Thdgaediagetisgamiitredr & fOrinGofiMRk Satedddctde be
formed by covering the second area (15) with an NLDD phot onask, and

i npl ant i nGtONInt thedirst axs (1H)tendtawecond gareledtrdded 58)cini the setwatiares tisingt ur e
(11) using the first gate electrode (40)l as an inplant nmask. The N-type
lightly d& PHofesesRRPIng on thesseceng grwailatm) lagere(38) ef er abl y formed by

i mplanting P ions into the surface of the sem conductor structure (11) at
a dose of between about 1E13 atm cnR and 2E14

10 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

15 polysilicon using a reactive ion etch with a CHF3/O9, CHoF», or CHaF
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

20 (13) can be 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 elecirode (50) as an implant mask. The P-type lightly
doped source and drain regions are preferably formed by implanting BF2 ions

25 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 photomask is removed.

10




atmcn?2 and an energy of between about 20 KeV and 40 KeV. Follow ng ion

I npl antation, the NLDD photomask is renoved. 10 Spacers (44) can be forned
by depositing a dielectric |ayer such as silicon dioxide or silicon
nitride over the first area (13) and the second area (15) and

ani sotropically etching. P-type source and drain regions (46) and N-type

| ightly doped source and 15 drain regions (47) can be forned adjacent to
the sidewall spacers (44) simlarly to the P -type lightly doped source and

drain region (myypedtg}ﬂyed@erdymrwgmammd@%@ﬂm@ EGEb@fAN@AdyN. egion
(43). The first &r@ea (13) is_covered with a P+ mas and P-type ions are
i npl ant ed ‘PRI B sechrchteadio)vwidh aB MiclBRrhatomask, radtimpdantidg N-typef or m

P-t ' ' . ' th d,gat | ectrode 20
(50 Pana- S aEHat Pl U e e A R RS 20
The secoaikcaoda(40)5) ammpmmkm&wwﬂmgm%}ﬁe Nrd/ B Gl are

inplanted into the surface of the sem conductor structure (11) to form
N-typPe sotfgiensdd) aregaferaklyiformed by jmplinigg Pionsiinst thgatsfaed eftheode ( 40)
and its s ers.as,_an inpla sk, and.the na is remved. P--type
source and” }Cgﬁﬁu&é’ﬁf'g}}gp’ﬁ? &L%gg‘? EF’%‘I"’;}’@}B’E?‘&'F\‘IE%‘EF Siatmy ég'tgiaﬁg B2 jons
into the gyhfaaBad ah BB | ] t e of between
about 2E15 a{rﬂcnﬂ gnd % ?fg{é%gﬁﬂ?%%%%ﬁwnéf%éék%}l gélflgmgg%‘slggout 20 Key'
and 40 Keimplagtatipr, e Befdhphgneaskliecdmodal.(50) and the sidewal | spacers

(44) as an inplant mask. N-type source and drain regions are preferably
formed by inplanting As ions into the surface of the 11 sem conductor

and " ener gy, e (ke R ER R e el SRR M F e Ryt 0
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

15 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

20 (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-type source and drain
regions (47) using the first gate electrode (40) and its spacers as an implant mask,
and the N+ mask is removed. P-type source and drain regions are preferably

25 formed by implanting BFz 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 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

11




el ectrode (40) and the sidewall spacers (44) as an inplant mask. 5
Referring to Fig. 5, the key advantages of the present invention are that a
transi stor formed using the present invention (101) will have a sl ower
threshold voltage rolloff (eg the threshold voltage does not drop as

qui ckly when the channel length is reduced) than a through-the-gate inplant
transistor (102), wthout the reverse short channel effects (eg the
threshol d voltage increases as 10 the channel |ength deceases) of a pocket

i mpl ant  t seanibadaetof dAIturdIiL) ot 4 Hesd ciRitiveon abast AFI8ALRAR? aHi 3ELY Shown
and described with reference to the preferred enbodi ments thereof, it wll

be under st®decmiand e energyiqfbetiveen ayait4PKethand 6& Ke¥usingthedst gatef or m and
details Lk t.hout. 15.depart | fromthe spirit and. scope of the

i nventi og&%ﬁ%&i‘g&ﬁ% '%dﬁwﬂl'sﬁg%?t%ga?ﬁ?lmlgﬂ’rﬁtﬁ%‘s “transistor gate with
a self-aligned channel 2 inplant, conprising the sequential steps of, 3 a,

provi ding a sem conductor structure having a first active area; 5 6 b.
fornmSng a fir sReferdng o Figy5) thy key edvauafagesefthe preseat trvestionateittet aand 7

form ng a_second.i nsul at.ing | ayer on sai.d first insulating |layer; 8 9 c.
pat t er ni n2BSFIGr g%r%e??{ju?lﬂg gﬁ‘eaP S9ER 1Ry eRtioR (104) ﬁ"%g?‘?‘? g éi\?m éh'f?éé‘kldand
voltage rolloff (eg the threshold 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

10 the channel length deceases) of a pocket implant transistor (103).

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

15 departing from the spirit and scope of the invention.

20

23
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10 an etch selective to said first insulating layer to forma first channel
inplant | | opening over said first active area; 12 13 d. renoving said
poly reverse mask, and formng a first channel inplant 14 mask on a second °
active area, whereby said first channel inplant opening is 15 exposed; 16
17 e. inplanting inpurity ions through said first channel inplant opening
to 18 forma first threshold voltage adjust region. and inplanting
impurity ions 19 through said first channel inplant opening to forma first
anti - puncht hrough 20 region; 21 22 f. depositing a gate | ayer over said
sem conductor structure and said 23Ckémend insul ating |ayer, and

pl anari zing said gate | ayer using a chem cal 24 mechani cal planarization
process to forma first gate electrode; and 25 13 26 g. renoving said

econd i nsul ati,n a t hereby e in i.dewal |s of 27 the first gate
el ectrodelz 22 HRURTORERERE AltursIon AR BV & atlakEned GHamsg at i ng | ayer
conpr,i sesiﬁéiahgggm@%%{é%%ﬁg}é%%%}%é%iqcfkness of between about 50 Angstrons

and 400 Angstrons ul'ating layer conprises silicon
ni trizde having a thickness of between about 2000 Angstrons and 4000

Angstrons.

4 a. providing a semiconductor structure having a first active area;
5
6 b. forming a first insulating layer on said semiconductor structure, and
7 forming a second insulating layer on said first insulating layer;
8
9 c. patterning said second insulating layer using a poly reverse mask and
10 an etch selective to said first insulating layer to form a first channel implant
11 opening over said first active area;
12
13 d. removing said poly reverse mask, and forming a first channel implant
14 mask on a second active area, whereby said first channel implant opening is

15 exposed;

16
17 e. implanting impurity ions through said first channel implant opening to
18 form a first threshold voltage adjust region and implanting impurity ions

19 through said first channel implant opening to form a first anti-punchthrough

20 region;

21

22 f. depositing a gate layer over said semiconductor structure and said
23 second insulating layer, and planarizing said gate layer using a chemical

24 mechanical planarization process to form a first gate electrode; and

25
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3. The method of claim2 wherein said second insulating |ayer 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 1l wherein
said first threshold voltage adjust region is forned by inplanting BF2
ions at an energy of between about 40 KeV and 50 KeV and a dose of between
about 2E12 atnmicnR and 6E12 atm cnR2, and said first anti-punchthrough
region is forned by inplanting B ions at an energy of between about 85 KeV
and 95 KeV and a dose of between about 1E13 atmi cn2 and 4E13 atnmicnR. 5.
The ¥et hod of glramavingwaid seepnshingulpting dayeny theteblycexpobinggédexdillssf region is
formed by_,inplanting P ions at an energy of between about 40 KeV and 50 KeV
and & dosgmggsbgﬁﬁﬁ ted8ut 3E12 atnfcn® and 5E12 atmicn®, and said first
antﬁkpunchthrough 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 cn®

and 5E12 atnic gr%tf? h | 8k m%?edr\[’g ' _
conpri ses pol ysi F@ghdwiﬁ e?gveﬁg% %*c{%fsél m Ii_ %?!étldcn S I!Gisaésggfc‘éml ayer
conpr i sesdioxidish@ing 8 thitRRed¥RIfbREvEn MitB0 Albend HHd M Ahgdtddes form ng
lightly doped source and drain regions adjacent said first gate el ectrode,
form ng spadesid serond imsukitidgaydrsoniprises dilicon sitrigetiavalges thiddess ahd f or m ng
source and drain regions adjacent said spacers, 1 9. A nethod for formng
a CMOS t r befsvesnabogh2@0nhngsteorsehfid 4000Asgstetaanel 2 i npl ant, conpri sing
t he steps of:

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 1 wherein said first threshold voltage adjust region is
formed by implanting BF5 ions at an energy of between about 40 KeV and 50
KeV and a dose of between about 2E12 atm/em?2 and 6E12 atm/cm?2, and said
first anti-punchthrough region is formed by implanting B ions at an energy of
between about 85 KeV and 95 KeV and a dose of between about 1E13 atm/ cm?
and 4E13 atm/cm?2.

5. The method of claim 1 wherein said first threshold voltage adjust region is
formed by implanting I? ions at an energy of between about 40 KeV and 50 KeV
and a dose of between about 3E12 atm/cm?2 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 a’r:m/(:nfz2
and 5E12 atm/cm?,

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

14



3 4 a. providing a sem conductor structure having a first active area and
a 5 second active area defined and separated by isolation regions; said
first active 6 area having a well, of a first carrier type inplanted
therein; said second active 7 area having a well of a second carrier type,
opposite said first carrier type s inplanted therein; 9 10 b. formng a
first insulating |ayer on the sem conductor structure, and 11 formng a
second insulating layer on said first insulating layer; 12 13 c. formng
a. poly reverse nmask havi ng openings over said first area and 14 said
second ar éa, ahue prthed of claing divdhereinonid pawdipdricomprisge tunigstaugh said 15
openings in said poly reverse mask to forma first channel inplant opening
over 16 said first area and a second channel inplant opening over said

channel 1 fpi antte 18%%%@“%%??@%%%&9&%%?&%5&ﬁ;gh%?%‘é&é}Qﬂi g and
. lant ® 197 | . e ey ant !

Crpuri vy Tonee opd St EORR AR AT b d B Juoh. SyruleBitBoor

St ruct ur e R@MERISE Hid hifkpatdB0ARIAd, TRY %@g%&f& 4 kM Gh 111t

threshol d voltage adjust region; i1nplanting rnpurity 1ons o first
carrier adjatemeaiddpacesi d sem conductor structure through said first
channel i npl ant

1 9. A method for forming a CMOS transistor gate with a self-aligned channel

2 implant, comprising the steps of:
3
4 a. providing a semiconductor structure having a first active area and a
5 second active area defined and separated by isolation regions; said first active
6 area having a well of a first carrier type implanted therein; said second active
7 area having a well of a second carrier type, opposite said first carrier type
8 implanted therein;
9
10 b. forming a first insulating layer on the semiconductor structure, and
11 forming a second insulating layer on said first insulating layer;
12
13 c. forming a poly reverse mask having openings over said first area and
14 said second area, and patterning said second insulating layer through said
15 openings in said poly reverse mask to form a first channel implant opening over
16 said first area and a second channel implant opening over said second area;
17
18 d. removing said poly reverse mask, and forming a first channel implant
19 mask covering said second channel implant opening and exposing said first
20 channel implant opening;

15



26 opening to forma first anti-punchthrough region; 27 28 f. renoving
said first channel inplant mask and form ng a second. channel 29 i npl ant
mask covering said first channel inplant opening and exposing said 30
second channel inplant opening, 31 32 g. inplanting inpurity ions of said
second carrier type into said 33 sem conductor structure through said
second channel inplant opening to forma 34 second threshold voltage
adjust region; inplanting inpurity ions of said second 35 carrier type
into said sem conductor structure through said second channel 36 inplant
opemlng to form a second anti-puncht hrough region; renmoving said 37 second
channel implant mask 38 39 h. formng_a gate |ayer over said sem conductor
stru@ture and Bl ?RQH%EPPW%@@8P80§§¥@ﬁF§¥@ﬂ“ﬂ§V§99ﬁﬁqabh sai d second

i nsul,atin a er; thereb ele trodes; and 42, 43 i

r errt)gvi ng Hdp‘ﬁt?ﬁ Pﬁ’t’?‘%‘ﬁ §’Egﬂ Sg Af%'fbc WIHBHQB?Wg 5 B9 dher ei n

f d hi ck
o bt voon A ER RO VAR AL B RO S Sl B 18 S oL et "o
| nsulsal | N PeAHE i@ SRl ARSIl HloighAM A% Endief iABRAR: OF  between

about 200 Angst roms and 4000 Angstro
26 opening to form a first antl-punchthrough region;
27
28 f. removing said first channel implant mask and forming a second channel
29 implant mask covering said first channel implant opening and exposing said
30 second channel implant opening;
31
32 g. implanting impurity ions of said second carrier type into said
33 semiconductor structure through said second channel implant opening to form a
34 second threshold voltage adjust region; implanting impurity ions of said second
35 carrier type into said semiconductor structure through said second channel
36 implant opening to form a second anti-punchthrough region; removing said
37 second channel implant mask
38
39 h. forming a gate layer over said semiconductor structure and planarizing

40 said gate layer, stopping on said second insulating layer; thereby forming gate

41 electrodes; and

42

43 i. removing second insulating layer.
44

10.  The method of claim 9 wherein said first insulating layer comprises silicon

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

16



1.1. The nethod of claim 10 wherein said second insulating |ayer is
patterned wusing a poly reverse mask and an etch with a selectivity to the
first insulating |ayer of greater than 2:1. 12. The nmethod of claim?9
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

bet ween about 2E12 atm cnR and 6E12 atmicnR and said first

anti - puncht hrough region is formed by inplanting B ions at an energy of

bet ween aboyt 70 KeV and 100 KeV and a dose of between about 1E13 atnicn®
and 4E13 QP#FE‘#QSEE%IF‘HH‘SS&M layetcomaprises silicagaiaiiehaving g ithinkaess pbr med by

i nplanting P ions a ner of n about 40 KeV and 50 KeV and a.
dose of g%‘i”v&e‘*&@&b‘%%‘?dhs‘@&&“g‘%ﬁﬂféﬂ‘gigmﬁgsﬁownf cn? and said second anti -
puncht hrough region is formed by inplanting P ions at an energy of between
about 100 KeV and 140 KeV and a dose of between about 3E12 atm cn? and

5E12 atni ¢nR. 1Be mBARodBE H198h 96 uﬂ{@éiws%-mmrﬂ@g%%sgig&éf isiRkERNY d

vol tage adjust region is formed by inplanting an “energy of

bet ween ahsing blikedanenfbk KAY anach withasRIQbVRGWERAFHAR Myl at nl cn®
and 5E12 atmcnR; said first anti- punchthrough region is fornmed by

i mpl ant i nlpyer pbgeeatar than 8dler gy of between about 100 KeV and 140 KeV and a
dose of between about 3E12 atnmicnR and 5E1.2 atm cnR said second threshold
vol tage adjust region is forned by inplanting BF2 ions at an energy of

and 6E12 Yo cHBe SR ELPtAiot et sak BE Aot hrig g age bt regimoRaa. by

i mpl ant i n%rﬁléd%}siu%laﬁﬂng %%‘rzqgnsogt at%leetnve\:%g}p of between about 40 KeV and 50
KeV and a dose of between about 2E12 atm/cm? 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?2
and 4E13 atm/cm?Z; said second 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?2 and 5E12 atm/cm?; and said second 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?.

13.  The method of claim 9 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/ cmzj 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?; said second threshold voltage adjust region is formed by
implanting BFy 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-

17




about 70 KeV and 100 KeV and a dose of between about 1E13 atnmfcn® and 4El. 3
ab:n/cnR2. 14, The nethod of claim9 wherein said first threshold voltage
adj ust region has a concentration of between about 5E17 atm cnB and 4E18
atmcnB of BF2 ions and a depth of between about 100 Angstrons and 200
Angstrons; said first anti-punchthrough region has a concentration of

bet ween about 1E18 atmcnB8 and 5E18 atmcnB of B ions and a depth of

bet ween about 1000 Angstroms and 1500 Angstrons; said second threshold

vol tage adjust region has a concentration of between about 6E17 atnicnB
and 5E18 BHRFRkEough yegiomis farmed by dmplantitg Bismsed anabergy dfdetweeyst r ons and

200 Angstr ; sail d anti - puncht hrough regi on has,a

concent r a?ﬁ%r% 79139%@%393 g@?@@ﬁéﬁ%&%@%&@éﬁSM ewg a6l 4B130ns and
a depth oémqmﬁﬂqgen about 1000 Angstroms and 2000 Angstrons. 15. The met hod
of claim erein said first threshold voltage adjust region has a

concentration of between about 6E17 atml cnB and 5E18 atm cnB of P ions
and a depth of between about 100 Angstrons and 200 Angstrons; said first

anti- puntht hr Shigietiag ofciiias 9avieaBReRtd ﬁﬁt@lﬁkegﬁola%ge aaflagvfegl&w atm cnB
and 3E18 atnmicnB of p ions and a depth. of between about 1000 "Angstrons

and 2000 haswstnentatisniofl bewomndbiont BEHOAN (ohd ags 480 alﬁﬁ/dfrﬁ@bﬂBF%aS a
concentration of between about 5E17 atm cnB and 4E18 atnicnB of BF2 ions
and a depicisend astaptheh betveren alomt ANQ Angstremanrad 200 Anggttontyysaiddiret sai d
second anti -,_?glu%c tgégugh.re ion has a concentration of between out 1E18

atnicnB a LA HRs Bepngentigign of betregsmmbent BE1Srian/ apdut 1000
Angstroms,ap gEfBSQ&/ cm? of B ions and a depth of between about 1000 Angstroms and

1500 Angstroms;

said second threshold voltage adjust region has a concentration of between about
6E17 atm/cm3 and 5F18 atm/cm3 of P ions and a depth of between about 100
Angstroms and 200 Angstroms; and said second anti-punchthrough region has a
concentration of between about 1E18 atm/cm3 and 3E18 atm/cm3 of P ions and

a depth of between about 1000 Angstroms and 2000 Angstroms.

15.  The method of claim 9 wherein said first threshold voltage adjust region
has a concentration of between about 6E17 atm/cm? and 5E18 atm/cm? of P jons
and a depth of between about 100 Angstroms and 200 Angstroms; said first anti-
punchthrough region has a concentration of between about 1E18 atm/cm® and
3E18 atm/ cm of Pions and a depth of between about 1000 Angstroms and 2000
Angstroms; said second threshold voltage adjust region has a concentration of
between about 5E17 atm/cm® and 4E18 atm/cm3 of BFy ions and a depth of
between about 100 Angstroms and 200 Angstroms; and said second anti-

punchthrough region has a concentration of between about 1E18 atm/cm? and

18




Angstrons. 16. The nethod of claim9 wherein said first gate | ayer
conprises polysilicon. 17. The method of claim9 wherein said first gate

| ayer conprises tungsten. 18. The nmethod of claim9 which further includes
formng lightly doped source/ drain regions, sidewall spacers and source.
and drain regions for said gate electrodes. 19

5E18 atm/cmd of B ions and a depth of between about 1000 Angstroms and 1500
Angsfmms.

16.  The method of claim 9 wherein said first gate layer comprises polysilicon.
17. The method of claim 9 wherein said first gate layer comprises tungsten.
18,  The method of claim 9 which further includes forming lightly doped

source/ drain regions, sidewall spacers and source and drain regions for said

gate electrodes.
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