1 S APR 2006 METHOD TO FORM A SELF- ALI GNED CMOS | NVERTER USI NG VERTI CAL
DEVI CE | NTEGRATI ON BACKGROUND OF THE | NVENTION (1) Fielﬁ of hhgwbnvention
The invention relates to a method of fabricating sem cond g éP ces, and
nore particularly, to the fabrication of high packing density, vertical
CMOS devices in the manufacture of an integrated circuit device. (2)
Description of the Prior Art In current CMOS sub-m cron technol ogy, MOS
transi stors anglfHommEd ForizentabFyaacepss Ches sunrfEcE o fud T

sem conductor substrate. Such technol ogy requires very tight control of
the polysilicon |ine wairrienit peakcrdipenskeanidi€D). To achieve this

preci sion, lithography and etch techniques nust constantly be inproved and
are, in fact, limting further process scaling. A second approach to CMOS
integration is to fabricate the transistor structures vertically into the

sem conductor | %)AP%A%%@%O%%%Sb%a%QE Therfootprint, or surface area

requi rement, for each transistor or |ogic device can be reduced by using
t he

{1} Field of the Invention

The invention relates to a method of fabricating
semiconductor devices, and more particularly, to the
fabrication of high packing density, vertical CMOS devices

in the manufacture of an integrated circuit device.
(2) Descripticn of the Prior Art

In current CMOS sub-micron technology, MOS transistors
are formed horizontally across the surface of the
semiconductor substrate. Such technology requires very
tight control of the polysilicon line width critical
dimension {(CD). To achieve this precision, lithography and
etch techniques must constantly be improved and are, in

fact, limiting further process scaling.

A second approach to CMOS integration is to fabricate

the transistor structures vertlically into the semiconductor




depth of the substrate. O particular inportance in such vertical
integration schenes are issues such as netal interconnection, or wWring,
process conplexity, self- alignment, and compatibility wit® AaRRsiliibg
process techniques. Several prior art approaches disclose nmethods to form
vertical devices in the sem conductor substrate. U S. Patent 5,285,093 to
Lage et al teaches a nenory cell having a trench structure. A six |ayer
stack sefibatteraat iTig fodtyppe nand cm- sypéasil hrea rsgcerogsersecticoned by a
trench. A layer of oxide is deposited. A polysilicon layer is deposited
and f osa®h ar coMMIT @ate: qverilyidrg ithecpnt yperandcen-bypesilayers exposed by
the trench. A nenory device is constructed using this structure. U S

Pat ent 35, 64 1o 694 d asukcenne) di s¢l 9ses jaulethogyb orfefem an vardd cal
transi stor and nenory cell. A trench is etched through a stack of p-type

and n-type; Layess..Addijtjonal,eRist axkak skayser suane,9rpwy; i nside the trench
to formthe transistor nodes. Techni cal Disclosure Bulletin, May 1985,

| BM
D, 70467048, Leaches 4 TRLIAY 0 LaLTac) afehsup, oS tant (VS [nver ter

devi ce. channel ‘transi sto orned at ttomof 2 1 1 APR 2006

alignment, and compatibility with existing process

techniques.

Several prior art approaches disclose methods to form
vertical devices in the semiconductor substrate. U.S.
Patent 5,285,093 to Lage et al teaches a memory cell having
a trench structure. A six layer stack of alternating
p-type and n-type silicon is cross—-sectioned by a trench.

A layer of oxide is deposited. A polysilicon layer is
deposited and forms a common gate overlying the p-type and
n-type layers exposed by the trench. A memory device 1is
constructed using this structure, U.S. Patent 5,641,694 to
Kenney discloses a method to form a vertical transistor and
memory cell. & trench is etched through a stack of p-type
and n-type layers. Additional epitaxial layers are grown
inside the trench to form the transistor nodes. I1IBM
Technical Disclosure Bulletin, May 1985, pp. 7046-7048
teaches a method to form a latch-up resistant CMOS inverter

device. An n-channel transistor i1s formed at the bottom of




a trench. A p-channel transistor is fornmed laterally, at the substrate
surface, between trenches. U S. Patent 5,723,370 to Ning et al discloses a
nethod to formvertical CMOS devices on a trench sidewal | | FrhPR@lliod does
not take advantage of buried |ayers. Trenches are etched into the

sem conductor substrate after formation of STI. Polysilicon is then
deposited in the trench bottom The polysilicon is then selectively ion

i mpl and edrd:ozif or m Ee-otperand thatypetoredsonsrnéat kaoxialel y s adeposit ed on
the trench sidewalls. 1lons are inplanted, using an angled inplantation

t echni gute, sub it @& dhessidewsl bstofshhe rtneneh. to, § ormehannel regions.

Addi tional |evels of polysilicon and oxide are deposited into the trench

to buidd;ip geyicesiidd St Rat ents 20308, 478=choaFid chogt @lrdigol oses a

nethod to formvertical transistors and | ogic gates inside of trenches. A
stack Qfios d&&h £eidig and polysidiier s frgénzﬁgu@a@rm%weca@bst rate. A
trench is etched through the stack. A diffusion region is forned at the
trench 1905& S 2efq o é(% .o 0 hoe szﬁ@%@gﬁ@&'yﬁasl&% of the

si dewal 1's Y%°con ‘Tégions are t rown by epitaxy on the inside
of the trench to ther rm_the draln chann S0urce reglons u. S
Pat ent S 8" 7571958 to %ﬁ%??ééﬁ Tt §5ER85 TR e h%%ltr¥§ WEFhthin

channe| FET devi ces. . .
is then deposited in the trench bottom. The polysilicon is

then selectively ion implanted to form p-type and n-fype
regions. Gate oxide is deposited on the trench sidewalls.
Ions are implanted, using an angled implantation technique,
into the sidewalls of the trench te form channel regions.
Additional levels of polysilicon and coxide are deposited
into the trench to build up devices. U.S5. Patent 5,308,778
to Fitch et al discloses a method tc form vertical
transistors and logic gates inside of trenches. A stack of
dielectric and polysiliceon is formed overlying the
substrate. A trench is etched through the stack. A
diffusion region is formed at the trench bottom. Gate
oxide is grown on the exposed polysilicon of the sidewalls.
Doped silicon regions are then grown by epitaxy on the
inside of the trench to thereby form the drain, channel,
and source regions. U.S. Patent 5,757,038 to Tiwari et al
teaches a method to form ultra-thin channel FET devices. A

three—-layer stack is epitaxially grown overlying the




three-layer stack is epitaxially grown overlying the 3 1 % APR 2006
substrate. A pillar structure is progressively forned by etching. U S
Patent 5,480,838 to Mtsui teaches a nethod to forma dpgbl -g@hﬁ M S
transistor. Pillars are formed by etching into the seniggnéﬁgt

substrate. lon inplantation is used to formsource and drain regions.
SUWARY OF THE | NVENTI ON A principal object of the present invention is to
provi deuadr ef fect izveriand rery vranutactupablec set hody ofordabricat i ng

cl osel y-spaced, CMOS inverters in the manufacture of integrated circuit
devi cest iy dur t hers obiacthtofs, the, presesnt i Byent i @chés tH ndrmd de a et hod
to fabricate cl osel y-spaced, CMOS inverters by formng vertical NMOS and

PMOS t £ ansi st of Saoud ety frldr ther cobhectcof  t hei presenird nuentd o s to
provide a nmethod to fabricate vertical NMOS and PMOS transistors in a

Si'icogtéml%nf% %@%ﬁg%%@k%ﬁ@%@@@x@t fust her, object; of the

present Invention is to bricate vertical CMOS transistor usi ng a trench
to 4 1§5Ag§%309§ form source and drain regions.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
fabricating closely-spaced, CMOS inverters in the

manufacture of integrated circuit devices.

A further object of the present invention is to
provide a method to fabricate closely-spaced, CMOS

inverters by forming vertical NMCS and PMOS transistors.

A yet further object of the present invention is to
provide a method to fabricate vertical NMOS and PMOS

transistors in a silicon implanted cxide substrate.

Another yet further object of the present invention is

to fabricate vertical CMOS transistor using a trench to




separate the NMOS and PMOS devices and to provide access to the conmon
drain of the inverter pair and the sidewalls of the channel regions.

Anot her yet further object of the present invention is toigog?ﬁc@wghe CMOS
inverter pair using mninmal area and wutilizing self-aligne [ e
(salicide) to reduce contact resistance. Another object of the present
invention is to achieve a novel, closely-spaced, CMOS inverter device
usi ng sepdrstieng Hpr otEssesdt eghfAotiegyceonmbnaedo i prav iul queessar rtangenent. | n
accordance with the objects of this invention, a nethod to forma

cl osel ynspacetn verdincalf NMeSiandrPMOSpalr ansd stior fpalawalin samd nt egr at ed
circuit device is achieved. A substrate conprises silicon inplanted oxide
wher ei fh an-xirde | @y8bnss sandw ched between underlying and overlying
silicon layers. lons are selectively inplanted into a first part of the
overlying silicon layer to forma drain, channel region, and source for an
NMOS transistor. The drain is fornmed directly overlying the oxide |ayer,

the channel, sigQi,ondes #oraed Querlying the draid. anddhe i 1l APR 2006

to connect the CMOS inverter pailr using minimal area and
utilizing self-aligned silicide (salicide) to reduce

contact resistance.

Aanother object of the present invention is to achieve
a novel, cleosely-spaced, CMOS inverter device using
existing processes technology combined in a unique

arrangement.

In accordance with the objects of this invention, a
method te form a closely-spaced, vertical NMOS and PMOS
transistor pair in an integrated circult device 1is
achieved. A substrate comprises silicon implanted oxide
wherein an oxide layer is sandwiched between underlying and
overlying silicon layers. Icons are selectively implanted
inte & first part of the overlying silicon layer to form a
drain, channel region, and source for an NMOS transistor.
The drain is formed directly overlying the oxide layer, the

channel region is formed overlying the drain, and the




source is forned overlying the channel region. lons are selectively
inplanted into a second part of the overlying silicon layer to forma
drain, a channel region, and a source for a PMOS transjstor. The drain is
formed directly overlying the oxide |ayer, the PMOS chh@ndPRr#g§6on is
formed overlying the drain, and the source is formed overlying the channel
region. The PMOS transistor drain is in contact with said NMOS transi stor
dr ai n. shugat ei$ remohed i svasticheds ttheowghnnke NMOScand PMDS:sour ces and
channel regions. The gate trench term nates at the NMOS and PMOS drains
and expesestitel si tewadhisedfirtthe aNMEScand pBRMOSo fchaaneleregions. A gate
oxide layer is fornmed overlying the NMOS and PMOS channel regions and

li ni ngsthecgat eafseneh. fdm Rolysiil, canchayee i sedepasi ted overlying the
gate oxide |ayer. The polysilicon layer is etched back to form

pol ysi L,cone Sf@l@w@l bigo@andy ;0 thesebynborm.gat es Feentheqi stosely- spaced,
vertical NMOS and PMOS transistor pair in the manufacture of the

| nt egfé&@?ﬁi&gu&ﬂe deyi ge- 1a§}esp 't@xea(?%rsd@ﬂ%%n\é‘lt %D%bsnopgects of this

i nvention | osel space vertical NMOS and transistor pair is

achi eved, ¢ 5&3@@1 3 & SUDSLEALR COTRLLS! g $LLygen 1 mplanted oxide

wher ei n“&N° OXI i's” sandw’cliéd between underl yrng and overl yi ng

Slllcogvg%¥§£§g fhe channel region. The PMOS transistor drain is

in contact with said NMOS transistor drain. A gate trench
is etched through the NMOS and PMOS sources and channel
regions. The gate trench terminates at the NMOS and PMOS
drains and exposes the sidewalls of the NMOS and PMOS
channel regions. A gate oxide layer is formed overlying the
NMOS and PMCS channel regicons and lining the gate trench. A
polysilicon layer is deposited overlying the gate oxide
layer. The polysilicon layer is etched back to form
polysilicon sidewalls and to thereby form gates for the
closely-spaced, vertical NMOS and PMOS transistor pair in

the manufacture of the integrated circult device.

Alsc in accordance with the obijects of this invention,
a closely-spaced, vertical NMOS and PMOS transistor pailr is
achieved comprising, first, a substrate comprising silicon
implanted oxide wherein an oxide layer is sandwiched

between underlying and overlying silicon layers. A
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6 1 % APR 2006 vertical NMOS transistor is in the overlying silicon |ayer.
The vertical NMOS transistor conprises, first, a drain overlying the oxide
| ayer. A channel region overlies the drain. A source overlies the channel
region. A gate trench exposes a top surface of the drai n]ahdiRR vegsti cal
surface of the channel region. Finally, a gate conprises a polysilicon
sidewal | spacer adjacent to the vertical surface of the channel region
Wit h avgat ecaXxined ayems itsherehet weehheFonaklyjna veltidoal 1:RMIS transi st or
isin the overlying silicon |layer. The PMOS transi stor conprises, first,
a drai nhevestyidg theoxirdediayer. «therdsakn fCoat acd sdtdien verti cal NMOS
transistor drain. A channel region overlies the drain. A source overlies

the ch@@@ﬁiyil{fgim-oAc@atl%yterre.n@hcﬁé@ﬁ@@Sr@gigﬁ susfpces afnd he drain  and
a vertical surface of the channel region. Finally, a gate conprises a

pol ysi %&gg@, si dewald. spager Adjracerhahfe1t Pegyenti cal g su fiacgof the
channel region wth a gate oxide |ayer theréebetween. BRI EF DESCRI PTI ON OF

THE D &V@s'%éc@e&%ﬁr&a@@ g dLawk 095, §OL M, B9 A- MRt & i@l part of this

descri ption, there is shown:
of the channel region. Finally, a gate comprises a
polysilicon sidewall spacer adjacent to the vertical
surface of the channel region with a gate oxide laver
therebeltween. Finally, a vertical PMOS transistor is in the
overlying silicon layer. The PMOS transistor comprises,
first, a drain overlying the oxide layer. The drain
contacts the vertical NMOS transistor drain. A channel
region overlies the drain. A scurce overlies the channel
region. A gate trench exposes a top surface of the drain
and a vertical surface of the channel region. Finally, a
gate comprises a polysilicon sidewall spacer adjacent to

the vertical surface of the channel region with a gate

oxide layer therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of

this description, there is shown:




71 %APR 2RU Figs. 1 through 12 schematically illustrate in cross-
sectional representation of the preferred enbodi nent of the present

invention. Fig. 13 illustrates a top layout view of the preferred

enbodi nent of the present invention. Fig. 14 schematically illustrate2 an
alternative cross- sectional representation of the prefeE& ogHement of
the present invention. DESCRI PTI ON OF THE PREFERRED ENMBQODI “The met hod

of the present invention is applied to the formation of a CMOS i nverter
pair in a substrate. It should be clear to those experienced in the art

that the presentiifvenidion canihe-applkied anduextendednwitdout deviating
fromthe scope of the present invention. In addition, the device of the

present.LAYERL | OPe SRt A o @l dierad and rextrended whbbauhedevéating fromthe
scope of the present invention. 8 1 % APR 2006 Referring now nore

partic %QEEMtt W FhQridn. there is illustrated a cross-section of a
partially conpleted

Fig. 13 illustrates a top layout view of the preferred

embodiment of the present invention.

Fig. 14 schematically illustrate? an alternative cross-
sectional representation of the preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of the present invention is applied to the
formation of a CMOS inverter pair in a substrate. It
should be clear to those experienced in the art that the
present invention can be applied and extended without
deviating from the scope of the present invention. In
addition, the device of the present invention can be
altered and extended without deviating from the scope of

the present invention.




integrated circuit device of the preferred enbodi nent. Several inportant
features of the present invention are illustrated. A substrate 10, 14, and
18, is provided. The substrate 10, 14 and 18, preferabl o) i,.Ses a
silicon inplanted oxide (SIMOX) wafer. The SI MOX waf er !Méiﬂﬁé an
underlying silicon | ayer 10, an oxide |layer 14, and an overlying silicon

| ayer 18. The oxide |l ayer 14 preferably conprises silicon dioxide having a
t hi ckness ofebet ween nabout-r500 rAngstipony andflg 500, Angste ois. The
overlying silicon layer 18 serves as the substrate for the CMOS inverter
devi cej ) i sr£08d | guratd=onreof ishl ibgon eartisdlatiam (S8R all ows the
devices so forned to be electrically isolated fromthe underlying silicon

layer 10 cgdhe.@veridiing ®iliiceo | ayer pt8-preter abbydoemprj ses a thickness
of between about 2,000 Angstronms and 3,000 Angstrons. The overlying

sili CO%%J;@%'&I 18 prefipr aly has dr nesi sthubhy of vbetween.about 6 Ohms-cm

and 9 nms-cm Referring nowto Fig. 2, ions are selectively inplanted 26

000 RSB LIS S LT T, 18 o har L rgto Rhya charnel nealon

Silicoguégy§£t§81éf ﬁi%ﬂ%ﬁ%@? %g%%erably comprises a silicon
implanted oxide (SIMOX) wafer. The SIMOX wafer comprises
an underlying silicon layer 10, an oxide layer 14, and an
overlying silicon layer 18. The oxide layer 14 preferably
comprises siliceon dioxide having a thickness of between
about 500 Angstroms and 1,500 Angstroms. The overlying
silicon laver 18 serves as the substrate for the CMOS
inverter device. This configuraticn of silicon on
isolation {(S0I) allows the devices so formed to be
electrically isolated from the underlying silicon layer 10.
The overlying silicon layer 18 preferably comprises a
thickness of between about 2,000 Angstroms and 3,000

Angstroms. The overlying silicon layer 18 preferably has a

resistivity of between about 6 Chms-cm and 9 Ohms-cm.

Referring ncow to Fig. 2, ions are selectively
implanted 26 into the overlying silicon layer 18 to form a
drain 28, a channel region 30, and a source 32, for the

planned NMOS transistor. The overlying silicon layer 18 is




first masked so that only the part of the overlying silicon |ayer 18 where
the NMOS transistor is forned receives the inplantation 26. A photoresist

| ayer 22 may by applied and patterned using a conventio a$1§§£%§ re and
devel opnment process. The ion inplantation preferably coﬁp i series
of inplantation steps using three recipes. In the drain recipe, ions are

i npl anted 26 deeply into the overlying silicon layer 18 to formthe n+
drai n 28rjustasioverdyivigid helgxitde bayer of4chdhever by mg onidinphant ati on 26
preferably conprises inplanting arsenic ions at an energy of between about
220 KeVsgad BO0keMe antk andese -ehshetweens abewdd 3xdddbréonsien? and
4x1015i ons/cn2. The NMOS transistor drain 28 so fornmed preferably

conpri $8s: ah i Mncdd ons , t hi gJess <efi shetween abowt, 990 ansh s HAhANgst rons
and a concentration of between about 1x1020 ions/cnB8 and 1x101 i ons/ cnB.

I'n thelf IF nnelnd %g'cﬂj%vre%‘%'l%%’al' %&%o%?e' gRk and & 526 At o the
overlying silicon Iayer 18 to formthe p-type channel region 30 overlying
t he dr T i o] formed preferably
conpri IQ §§ a junc |on th| q%%%%%o g?%g%ﬁggggu?OS %§%%d g 1,000 Angstrons

anda gonce ntratign of. hetyeen aboyt 11017, i ons/ons and §x1018 ions/cng.

drain recipe, ions are implanted 26 deeply into the
overlying silicon layer 18 to form the n+ drain Z8 just
overlying the oxide layer 14. The drain ion implantation 26
preferably comprises implanting arsenic ions at an energy
of between about 220 KeV and 500 KeV and a dose of between
about 3x10%° ions/cm? and 4x10*°ions/cm®. The NMOS transistor
drain 28 so formed preferably comprises a junction
rhickness of between about 900 and 1,000 Angstiroms and a
concentration of between about 1x10%° ions/cn® and 1x10%

ions/cm’.

ITn the NMOS channel region recipe, ions are implanted
26 into the overlying silicon laver 18 to form the p-type
channel region 30 overlying the drain 28. The NMOS
transistor channel region 30 so formed preferably comprises
a junction thickness of between about 500 and 1,000
Angstroms and a concentration of between about 1x10%7

ions/cm® and 5x10'® ions/cn’.

10




10 1$ APR 2006 In the NMOS source recipe, ions are shallowy inplanted 26
into the overlying silicon layer 18 to form the n+ source 32 overlying the
channel region 30. The source ion inplantation 26 preferably conprises
inplanting arsenic ions at an energy of between about 45 Kg§V4 Qﬂmﬁ KeV
and a dose of between about 3x1015 ions /CM2 and 4x10' 5i ons/cn®. e NMOS
transi stor source 32 so formed preferably conprises a junction thickness
of between about 800 Angstroms and 1, 000 Angstrons and a concentration of
bet ween about 1x1070 ions/cnB and 1x1021 ions/cm . Following the ion

i mpl ant at i om stepyMddheqheionresiist, | ayas 22¢i shastswpped away. Referring
now to Fig. 3, ions are selectively inplanted 38 into the overlying

si licopybayered®d o dios M Aeailfide, saiehannekysegiond2cand a source 43,
for the planned PMOS transistor. The technique is essentially the sane as

that usgd forgdthe. NME dyansi:siotneTheAMEL ! ¥YERTon St i opne | ayer 18 is first
masked so that only the part o the overlying silicon |ayer 18 where the

PMOS tE%Q?&étP%n | 3 J{a‘?{ﬂf‘tq orélecz%' ?%%f%%%h?ﬂ:éﬂﬁ?&é&é‘ 28 laAfrtP'ﬂP(j oresi st
| ayer may by aﬁ% I'ed and patterned using a conventiona

arsenic ions at an energy of between about 45 KeV and 70

KeV and a dose of between about 3x10' ions/cm® and

4x10%ions/cm®. The NMOS transistor source 32 so formed

preferably comprises a junction thickness of between about

800 Angstroms and 1,000 Angstroms and a concentration of

between about 1x10%% ions/cm® and 1x10%! ions/cm’. Following

the ion implantation steps, the photoresist layer 22 1is

stripped away.

Referring now to Fig. 3, ions are selectively
implanted 38 into the overlying silicon layer 18 to form a
drain 40, a channel region 42, and a source 43, fcor the
planned PMOS transistor. The technique is essentially the
same as that used for the NMOS transistor. The overlying
silicon layer 18 is first masked so that only the part of
the overlying silicon layer 18 where the PMOS transistor is
formed receives the implantation 38. A photoresist layer
34 may by applied and patterned using a conventional

exposure and development process. The ion implantation

11




exposure and devel opnment process. The ion inplantation 11 1 | APR 2006
preferably conprises a series of inplantation steps using three recipes.
In the drain recipe, ions are inplanted 38 deeply into tjHg Arersg ng
silicon layer 18 to formthe p+ drain 40 just overlying the oxide |ayer
14. Further, the PMOS drain 40 is formed such that it is in contact with
the NMOS drain 28. The drain ion inplantation 38 preferably conprises

i mpl anpiage borion dons iateam ererigy of bhepheehataboust#4@:s Kedtrand 90 KeV and
a dose of between about 3x101' ions/cn2 and 4x1015i ons/cn2. The PMOS
transi skpee df@d 140, Siv tfrer ned ipr eker abl, yicorpatrsesmal et i3 t hi ckness of
bet ween about 900 Angstrons and 1, 000 Angstrons and a concentration of

bet weege aboyt i Aix 02 ions/iGnB and 11x1021aensienBe fort hendPMIS channel
region recipe, ions are inplanted 38 into the overlying silicon |ayer 18

to formthe fytype shannglg €9i-onx44=0v8y LYyl 19, t herprtedr aime 40. The PMOS
transi stor channel region 42 so forned preferably conprises a junction

thi cknggss ol bR vEeN Ao, 20Q.ArgstLens and b, 000. Magstsgpre.and a

concentration tween about 1x1017 ions/cnB and 5x1018 ions/cnB. In the

P S§H556d£§§% .Ifﬁ?(ﬂ&ﬁjﬁ@%&!g%%Xantation 38 preferably

comprises implanting boron icns at an energy of between
about 40 KeV and 90 KeV and a dose of between about 3x10'
ions/cm? and 4x10%%ions/cm®. The PMOS transistor drain 40 so
formed preferabkly comprises a junction thickness of between
about 800 Angstroms and 1,000 Angstroms and a concentration

of between about 1x10%° ions/cm’® and 1x107%! ions/cn’.

In the PMOS channel region recipe, icns are implanted
38 intc the overlving silicon layer 18 to form the n-type
channel region 42 overlying the p+ drain 40. The PMOS
transistor channel region 42 so formed preferably comprises
a junction thickness ¢f between about 500 Angstroms and
1,000 Angstroms and a concentration of between about 1x10%

ions/cm’ and 5x10%® ions/cm’.

In the PMOS source recipe, ions are shallowly
implanted 38 into the overlying silicon layer 18 to form

the p+ source 43 overlying the channel region 42. The




inplanted 38 into the overlying silicon layer 18 to form the p+ source 43
overlying the channel region 42. The 12 1 | APR 2006 source ion

i npl antation 38 preferably conprises inplanting boron iQf%%gg ﬁ&ienergy of
bet ween about 2 KeV and 4 KeV and a dose of between abJu @48 i ons/ cnp

and 4xl 01Sions/cn2. The PMOS transistor source 43 so fornmed preferably
conprises a junction thickness of between about 800 Angstrons and 1, 000
Angst r opB- andi @ concenidatiicon 36f prbektwerny abowbr 1xd 020 onsficnB and | xI 21
ions/cnB. The remaining photoresist mask 34 is stripped away. O

parti oyl as. i s tancs, to e prresentebAVEPLLON2 i Bet hend actkett hat the PMOS
transistor drain 40 is forned adjacent to, and contacting, the NMOS

transi stor, drald 28.,cMhisd $iRutShaniti capts featyre because it allows a
common drain contact for the conpleted inverter device. Referring now to

Fig. 4 en b f shald @ r. [ I RS e etched through
t he ov%%%@iﬁéggZFﬁibéﬁﬁiayeﬁ %gapklgﬁggoégggg%aggrSéjggggiﬁmnoresist | ayer
44 may be_used to_ defi.ne the.activeh %EiQQn‘ST|@f ég@&g@§.aggg§rring now t o

Fig. 507 ol BrBbtFTE T ayer 46 s 0
800 Angstroms and 1,000 Angstroms and a concentration of
between about 1x10%° ions/cm® and 1x10%' ions/cm’. The
remaining photoresist mask 34 is stripped away. Of
particular importance to the present invention is the fact
that the PMOS transistor drain 40 is formed adjacent to,
and contacting, the NMOS transistor drain 28. This is a

significant feature because 1t allows a common drain

contact for the conpleted inverter device.

Referring now to Fig. 4, trenches 45 for shallow
trench isolations (STI) are etched through the overlying
silicon layer 18 to the oxide layer 14. A photoresist
layer 44 may be used to define the active, or non-5TI,

regions.
Referring now to Fig. 5, a dielectric layer 46 is

deposited to fill trenches. The dielectric layer 46 is

then polished down to remove unneeded material. The STI 46

13




deposited to fill trenches. The dielectric layer 46 is then polished down
to renmove unneeded material. The STI 46 13 1 $ APR 2006 conplete the

i solation of the overlying silicon |ayer for the planneggp%ﬁﬁ h& erter.
Referring nowto Fig. 6, an inportant feature of the prese [ ntion is
illustrated. A gate trench 50 is etched into the overlying silicon |ayer
18. The bottomof the gate trench 50 term nates at the top of the NMOS
transi séofl dfai tha28 andttihbe BNMOSher ansiksyongdsal cd®. 1dNote fdhat the gate
trench 50 splits the overlying silicon layer into an NMOS side and a PMOS
si de. dhe NVX:&1 deocankesperds to the remai ning overlying silicon |ayer
18 above the NMOS transistor drain 28. The PMOS side corresponds to the
remai ning overlying silicon |ayer 18 above the PMOS transistor drain 40.
The gate trench 50 is preferably etched using a dry plasma process and an

etching maske 48 ; Referri 1RO O 60 Ehgmgoremh@éawp@r&@w eature of

t he present i hvention i's trated. A gate oxide [ayer 86 is formed

over' yiJ %%rggcgn%%;gonreﬁ% ﬁ%@@%'ateggl o, oapd - fLAlR. 532 20, and 28, and

etched into the overlylng silicon layer 18. The bottom of
the gate trench 50 terminates at the top of the NMOS
transistor drain 28 and the PMOS transistor drain 4C. Note
that the gate trench 50 splits the overlying silicon layer
inte an NMOS side and a PMOS side. The NMOS side
corresponds to the remaining overlying silicon layer 18
above the NMCS transistor drain 28. The PMOCS side
corresponds to the remaining overlying silicon layer 18
above the PMCS transistor drain 40. The gate trench 50 1is
preferably etched using a dry plasma process and an etching

mask 48.

Referring now to Fig. 7, another important feature of
the present invention is illustrated. A gate oxide layer 86
is formed cverlying the NMOS source, channel region, and
drain, 32, 20, and 28, and the PMOS source, channel region,
and drain, 43, 42, and 40. The gate oxide layer 86 will
form the gate dielectric for the completed CMOS transistor

pair. The gate oxide layer 86 is preferably grown by a

14




and drain, 43, 42, and 40. The gate oxide layer 86 will formthe gate
dielectric for the conpleted CMOS transistor pair. The %;te oxi de | ayer 86
is preferably grown by a 14 1 | APR 2006 thermal oxidati APEC2RS. Not e
that the thickness of the gate oxide |ayer 86 varies due to differing
growh rates overlying the heavily doped regions 32, 28, 43, and 40 and
adj acent to the lightly doped regions 30 and 42. The thickness of the gate
oxi de {@yefa 86 :adjacent toddhe. chaneeknrnegibastBl:lanck42 1 stitdhe criti cal
oxi de thickness for the conpleted transistors. The gate oxide layer 86 is

prefergbly dorqed 4.0 a dhickness ok bet weensabaytgddycngstgons and 20
Angstrons. A polysilicon layer 90 is deposited overlying the gate oxide

layer 86,16 PolysiddLon /) aeea9@ewibhsf apm the 4 gatg,node fiof the CMOS
transi stor pair. The polysilicon layer 90 is preferably deposited using a

IOMFprggiﬁéﬁggégtﬁyém§$@§¥$%g%%gasgggigggsgbogggsqin-ty@;) dopi ng of about

1x101 a e po l'aye 0'is preferably deposited to a
t hi ckngss _of bet about 800 Angstro and. 0 {rons. Referring
S e e

channel regions 30 and 42 is the critical oxide thickness

for the completed transistors. The gate oxide layer 86 is

preferably formed to a thickness of between about 15

Angstroms and 20 Angstroms.

A polysilicon layer 90 is deposited overlying the gate
oxide layer 86. The polysilicon layer 90 will form the
gate node for the CMOS transistor pair. The polysilicon
layer 90 is preferably deposited using a low-pressure CVD
process with in-situ phosphorous (n-type) doping of about
1x10%! atoms/cm®. The polysilicon layer 90 is preferably
deposited to a thickness of between about 800 Angstroms and

1,200 Angstrons.

Referring now to Fig. 8, a particularly important
feature of the present invention is shown. The polysilicon
layer 90 is etched back to form polysilicon sidewall spcers
90a that, in turn, form gates 90a for the closely-spaced

NMOS and PMOS transistor pair. A mask 92 may first be

I3




feature of the present invention is shown. The polysilicon layer 90 is

et ched back to formpolysilicon sidewall spcers 90a that, in turn, form
gates 90a for the closely-spaced NMOS and PMOS transistotgpgpﬁ.ﬂmgnask 92
may first be 15 1$ APR 2006 formed to protect the polysilicon layer in
areas where polysilicon interconnect features 90b are needed. As wll be
di scussed below, this nmask 92 may be used to define connectivity to the
transi sé ofc gates Q0actThecetehiyBgliponcesse pr ef exadly wonpri ses an
anisotropic etch in a dry plasma process that attacks the polysilicon

| ayer 90, selecti ueloe Qvehhe rekki.een dopxkde ofeddte. gat esioxi de: | ayer 86.
The remaining polysilicon | ayer 90a adjacent to the NMOS channel region 30

and the: PNES channel,, regi;an 42y owi hBythe gate exideriayer 86 therebetween,
forms the transistor gates. Referring nowto Fig. 9, an interlevel

di el ecLli L ARl (1 Dnd4 115 508pesi Led-gveplyi A Lheplpsel y- . spaced,

vertica transistor parr. e purpose of the |ILD layer 94 is

to electrically isalate the subsequentl ? nt act s t he CMOS pair.
The | LD Yayer @%P EHFEJé?éﬁw?régﬁﬁr?gegngﬁoﬁgégg i%ﬁ mat erd a ,Jsuch as
Slllcoglasma process that attacks the pelysilicon layer 90

selectively over the silicon dioxide of the gate oxide
layer 86. The remaining polysilicon layer 90a adjacent to
the NMOS channel region 30 and the PMOS channel region 42,
with the gate oxide layer 86 therebetween, forms the

transistor gates.

Referring now to Fig. 9, an interlevel dielectric layer
(ILD) 94 is deposited overlying the closely-spaced,
vertical NMOS and PMOS transistor palr. The purpose of the
ILD layer 94 is to electrically isolate the subsequently
formed contacts to the CMOS pair. The ILD layer 94
preferably comprises an isclaticon material, such as silicon
dioxide, that is deposited by, for example, CVD. Following
deposition, a polishing process, such as chemical
mechanical polishing {(CMP), is used to planarize the ILD

layer 94.
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di oxide, that is deposited by, for exanple, CVD. Follow ng deposition, a
pol i shing process, such as chem cal nechanical polishing (CMP), is used to
planarize the ILD layer 94. 16 | % APR 2006 Contact ofehi . 102, and
106 are then nmade through the interlevel dielectric Iayerigg§to expose the
PMOS transistor source 43 and drain 40 and said NMOS source 32 and drain
28. These contact openings 98, 102, and 106 may be nade using a dry plasna
et ch processonmiddr: apmskigig 2d,ayér, (natl showaye MNote tdii t he NMOS
transistor drain 28 and the PMOS transistor drain 40 nay be contacted

using anrshdgl enopanidg k6. Reflerti-ng nawetooki go dfvose nEtal silicide
| ayer 110 is now forned on the NMOS transistor source 32 and drain 28 and

the PMokransistolc Soge A3 Andduaknn4Qo ahapestanihys hacause of the
presence of the interlevel dielectric |ayer 94 and the exclusive openings

made 'gn ﬁ& at%erag a Sﬁlés@'aom%@ts'ogbmss(§@l | ¢hsle)a i ocess may be

used. IS process, lic |ayer, shown, such as titanium (Ti)

or Coball {L0)sqd S dergeg;g ta%gxd%‘i% Ly gqcahsrokws'ay@ﬁ 94,208 {§ning the

contac?agpenlngs
layer (not shown). Note that the NMOS transistor drain 28

and the PMOS transistor drain 40 may be contacted using a

single opening 106.

Referring now to Fig. 10, a metal silicide layer 110
is now formed on the NMOS transistor source 32 and drain 28
and the PMOS transistor source 43 and drain 40.
Importantly, because of the presence of the interlevel
dielectric laver 94 and the exclusive openings made in that
layer, a self-aligned silicide {salicide) process may be
used. In this process, a metallic layer, not shown, such
as titanium (Ti) or Cobalt {Co), is deposited overlying the
ILD layer 94 and lining the contact cpenings 98, 102, and
106. A sintering process is performed wherein the metallic
layer reacts with the exposed overlying silicon layer 18 to
form a metal silicide layer 110 in each contact opening.
The presence of the metal silicide 110 reduces contact
resistance and improves device performance. The remaining

metallic layer is then removed using a wet chemical waslkt.
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106. A sintering process is perfornmed wherein the netallic |ayer reacts
with the exposed overlying silicon layer 18 to forma netal silicide |ayer
110 in each contact opening. The presence of the netahgﬁilicide 110
reduces contact resistance and inproves device perfor AER 1 remai ni ng
nmetallic layer is then renoved using a wet chem cal wash. 17 1$ APR 2006
Referring nowto Figs. 11 and 12 a netal layer 114 and 118 is deposited to
fill the opeaf&gs 98,nck02,0c and;s106.1 afhi senetakchayesyddd endakil8
preferably conprises a two- |evel conbination of tungsten (W plugs 114 and

al um numy (A Jeconnect inve diimesnbl8oehiihgt, opef enpj ngnpardécularly to Fig.
11, a tungsten layer 114 is deposited overlying the |1LD |ayer 94 and

Filli nﬁgi@%@@&ﬁl%ﬁ%uﬂ%a ang %Q@feryaw E&Jxﬂﬁ:?i@@s'@y{%o—lldf i's then

pol i shed down using a technique to define the tungsten plugs 114.

Ref erri I m t g9B95|ted

over | yit%ge T{ﬁégéll g?zft he tgﬁsr%gqt gﬁj pF gglﬁ§ %‘ﬁd Q um num | ayer 118
is then tterned b chln 0 def.i connect iy es, 118. O
partlcu%g PYOT £ At ﬁ%%epéthe pres%ﬁt |hven ron, P é r@;éu el ovos

i nverter h s a ver act layo : :
to a g'tun sten lé@e%tlaqals deposited overlying the

ILD layer 94 and filling the openings 98, 102, and 1C6.
This tungsten layer 114 is then polished down using a CMP
technigque to define the tungsten plugs 114. Referring now
to Fig. 12, an aluminum layer 118 is then deposited
overlying the ILD %4 and the tungsten plugs 114. This
aluminum layer 118 1is then patterned by etching to define

the connective lines 118.

Of particular importance to the present invention, the
completed CMCS inverter has a very compact layout that
utilizes vertical formaticn of the NMOS and PMOS
transistors to reduce the layoul area. The NMOS transistor
source 32 may be easily connected to the VSS ground. The
PMCOS transistor socource 43 may be connected to the VDD
supply. The common drains 28 and 40 of the NMOS transistor

and PMOS transistor are connected te the common ocutput node
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utilizes vertical formation of the NMOS and PMOS transistors to reduce the
| ayout area. The NMOS transistor source 32 may be easily connected to the
VSS ground. The PMOS transistor source 43 nmay be conn %ted to the VDD
supply. The conmon drains 28 and 40 of the NMOS transii oAPRaAllfPMOS
transi stor are connected to the common output node 18 1 Y APR 2006 B. The
gates 90a of the CMOS transistor pair are connected to the conmon i nput
node Az. Refies rgaige o o fFitge BipSattepshiayoutpyiewnod tdheneqreef erred
enbodi mrent of the present invention is shown. An active mask 204, defines
the acts vend egh@ns: (imsitdeldand,. the STl regions (outside). An NMOS source
and drain nmask 200 defines where the drain, channel region, and source
inplants are performed for the NMOS transistor. The PMOS source and drain
mask 202 defines where the drain, channel region, and source inplants are

per f or med fQéfé{?%J@ﬂg%w %raqgl 5t QR ghgogaggygrgngpeﬂaég 212 defines where

the gate tren S etche e gate oxide [ayer forms on the trench
sidewal | s .to_the thi h | dewal orm.to the
th|ckn%ref?/ﬂﬁzrec}r'hebc(ﬁ'buC nask %b KB% §g8%h$ Elgg8c, di ﬁaes the contact

ni n . . . .
ope gstlggt£§%k 204, defines the active regions (inside} and

the STI regions {outside). An NMOS source and drain mask
200 defines where the drain, channel region, and source
implants are performed for the NMOS transistor. The PMOS
source and drain mask 202 defines where the drain, channel
region, and source implants are performed for the PMOS
transistor. The gate trench mask 212 defines where the
gate trench is etched. The gate oxide layer forms on the
trench sidewalls to the thickness Wl. The polysilicon
sidewalls form to the thickness W2. The contact mask 208a,
208b, and 208c¢, defines the contact openings in the

interlevel dielectric layer.

Referring to Fig. 14, an alternative cross section is
shown. Note that the polysilicon feature 90b overlaps the
sidewall of the trench in the direction perpendicular to
the inverter. The pclysiliceon gates 90a are contacted by
this polysilicon feature 9Cb that is formed using the

polysilicon mask 22 and etch of Fig. 8.

19




interlevel dielectric layer. Referring to Fig. 14, an alternative cross
section is shown. Note that the polysilicon feature 90b overl aps the
sidewal |l of the trench in the direction perpendicul ar to the inverter. The
pol ysilicon gates 90a are contacted by this ponS|I|co %eAE%GEU@Ob t hat
is formed using the polysilicon mask 22 and etch of Fig. 8. 19 1 $ APR
2006 Referring again to Fig. 1.2, the closely-spaced, vertical NMOS and
PMOS transisd ot paig dgaishawn Fdonprizsi nge clbesty-spsubstrate conpri sing
silicon inplanted oxi de wherein an oxide |ayer 14 is sandw ched between
under | yi pgi c andueyerd i ngiosi lti-een ilsayer $a10 apdsdSsn Acaesticalg NMOS
transistor is in the overlying silicon layer 18. The vertical NMOS

transi sf 0Ly COMPLLISOSsatfd (cShmprd Al B128 coavenbYhnged hexoxd de |ayer 18. A
channel reglon 30 overlies the drain 28. A source 32 overlies the channel

region, ? rei %M@q%e%xgqsq% %a%%Rl%HEEaB@t%eﬁ hen gl ¥ and
a ace o

vertic sur the channel region. Finally, a gate conprlses a

ponS|I| (o] r dj,ac th I face of the
R N b e T RV R (e

tranSIEtgésigtg%ngln tgke overlying silicon layer 18. The

vertical NMOS transistor comprises, first, a drain 28
overlying the oxide layer 18. A channel region 30 overlies
the drain 28. A source 32 overlies the channel region 30.

A gate trench exposes a top surface of the drain and a
vertical surface ¢f the channel region. Finally, & gate
comprises a polysilicon sidewall spacer 90a adjacent to the
vertical surface of the channel region 30 with a gate oxide
layer 8¢ therepetween. A PMOS transistor is also in the
overlying siliceon layer 18. The PMOS transistor comprises,
first, a drain 40 overlying the oxide layer 18. The drain
40 contacts the vertical NMOS transistor drain 28. A
channel region 42 overlies the drain 40. A socurce 43
overlies the channel region 42. The gate trench exposes a
top surface of the drain and a vertical surface of the
channel region 42. Finally, a gate comprises a polysilicon
sidewall spacer 90a adjacent to the vertical surface of the

channel region with a gate oxide layer 86 thersbetween to
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overlying silicon layer 18. The PMOS transistor conprises, first, a drain
40 overlying the oxide |ayer 18. The drain 40 contacts the vertical NMOS
transistor drain 28. A channel region 42 overlies the Id§aAfR 4008 A source
43 overlies the channel region 42. The gate trench exposes a top surface
of the drain and a vertical surface of the channel region 42. Finally, a
gate conprises a polysilicon sidewall spacer 90a adjacent to the verti cal
sur f aceo®f1dthe cichanmel wregisastwirth ahgat@oexkde bayert 86, ¢herebet ween to
20 1 % APR 2006 conplete the PMOS transi stor. The NMOS and PMOS transi stor

pair issconnectachdnta met al deaver l&%éramﬁﬁl 1384t o1 gonpl @b 1dhe CMOS
i nverter device. The advantages of the process of the present invention

can nthQe$§6guqH@gf¥grIaégy@e_an effective process for formng CMOS
inverters has been achieved. Second, the nethod allows very cl osely-spaced

CMOS transistor pairs to be fornmed using vertical NMOS and PMOS
transistors. Third, the use of a SIMOX substrate and STI regions all ows

the inverter deyice to be electrically iso e?. tq% . formng the
NMOS t r ansi stor” W?é%? i geg “t Fé “trénc %akﬁg ﬁ%ggﬁﬁff ﬁ%ﬁ%ﬁ%ﬂor on the

ot her side of the trench,cﬁn .
can now be enumerated. First, an effective process for

forming CMOS inverters has been achieved. Second, the
method allows very closely-spaced CMOS transistor pairs to
be formed using vertical NMOS and PMOS transistors. Third,
the use of a SIMOX substrate and STI regions allows the
inverter device to be electrically isclated. Fourth, by
forming the NMOS transistor on one side of the trench and
the PMOS transistor on the other side of the trench, an
efficient layout for the common drain contact is possible.

Fifth, the method facilitates the use of salicide.

As shown in the preferred embodiment, the present
invention provides a very manufacturable method and a novel
device for providing vertical, closely-spaced CMOS
inverters in the manufacture of an integrated circuit

device.

While the invention has been particularly shown and

described with reference to the preferred embodiments
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efficient layout for the common drain contact is possible. Fifth, the
nmethod facilitates the use of salicide. As shown in the preferred

enbodi ment, the present invention provides a very nanufaﬁ%urﬁglf t hod
and a novel device for providing vertical, closely-space Waverters
in the manufacture of an integrated circuit device. Wile the invention
has been particularly shown and described with reference to the preferred
enbodi pRatSc 21 ik 'wiARR20QG deherneot bist cwbkk beiunderst ogdk byrit hose skill ed
in the art that various changes in formand details nay be nade w thout
depart i Rg- f¥omdhe SRiddds and rseapenal gbhe:i 1ENMepthomadthat is clainmed is:
22 1 7 APR 2006 1. P nmethod to forma closely- spaced vertical NMOS and
PMOS t i.stQ e i Lat ed ¢k Ecyi LEe,sComprising: providing a
substrg?gﬁ%éﬁwﬁﬁéggifégnq%ﬁ%ﬁqﬁgp%gﬁggg lAEE{O)Q(i@éélte)gwherein an oxide layer is

sandwi ghed, pel yeen

What is claimed is:
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underlying and overlying silicon |ayers; selectively inplanting ions into a
first part of said overlying silicon |ayer to forma drain;gcﬁpgqmb§
region, and source for an NMOS transistor wherein said drain 1s 10 forned
directly overlying said oxide |ayer, wherein said channel region is forned
over | ying rssai«tidraing and-wher et pelgakdasodr cecics LEak nedodvertiyi ng said
channel region; selectively inplanting ions into a second part of said

over | yppagssthieon shayerat:a f:or mra dradqs 2 channetcregion;iks and source for
a PMOS transistor wherein said drainis formed directly overlying said

oxi de E%ﬁEEisWQ%ﬁeLn said PMOS channel region is forned overlying said

drain, rein "said source is forned overlying said channel region, and
wherein said drain is .in gontact with said NMOS transistor..20 drain,
etching a gate trench % hrough sai %&Kﬁf%ﬁd‘Fﬁtﬁf sour ces and channel
rﬁgi ons wherein said gate trench termpates.al said. | and PMOS drai ns
a

d where $ai"d ©ghat® tTench vxposes” stdewar T's of ~sai d NMOS and PMOS
channel 23 1 % APR 2006 25 regions, far '09 a to o.:ice layer overlying
sai d NvESeaiying and overliylng silicon layerls:

selectively implanting ions into a first part of said
overlying silicon layer to form a drain, channel regicn,
and souzce for an NMCS transistor wherein said drain 1s
10 formed directly overlying said oxide ‘layer, wherein saild
channel region is formed overlying said drain, and wherein
said source is formed coverlying said channel region;
selectively implanting ions into a second part of saild

overlying silicon layer to form a drain, channel region,

E_I
&3
b

nd source Tor a PMOS transistor wherein said drain 1is

Hh

ormec directly overlying said oxide layer, wherein said
PMOS channel region is formed overlying said drain, whereiln
seid source is formed overlying said channel region, and

rax

o3

wherein szid is in contact with said NMOS tramsistor

20 drain;
etching a gate trench through said NMOS and PMOS
scurces and channel regilons wherein said gate trench

terminates at said NMOS and PMOS drains and wherein said

gate trench exposes sidewalls of said NMOS and PMOS channel

I
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PMOS channel r.egions and lining said gate trench; depositing a
polysilicion | ayer overlying said gate oxide |ayer; and 305f§ﬁ&h§% back
said polysilicon layer to form polysilicon sidewalls and t r ﬁﬂﬁorn1
gates for said closely-spaced, vertical NMOS and PMOS transistor pair in
t e mmdactiuse of the integrated circuit device. 2. The nethod according
to daim1l wherein said closely-spaced, vertical NMOS and PMOS transi stor
pair form asCMXS.inverter. o3;:alhe net-hod.accordi ng;to.Goal m:i. further
conprising: depositing interlevel dielectric’layer overlying said

cl osel . ced, -vertigcal \NMOS_and .BMOS transistar _pair, .after said step of
etchindﬂﬁgik Said EoTyéfricon“?agéff'g éféﬁiﬁﬁ épéﬁgﬁgg’through sai d
interlevel dielectric. |ayer 10o,expasg.said PMXS source .and drain and said
NMOS source“éﬁﬂfaféfh;ft%gfé%fféF“TbFﬁFﬁg §V¥g§drqﬁlﬁﬂﬁﬁk¥ﬂ%Wer in said
PMOS  sourgce apge?ragpAand said NMOS source and drain; 24 1 ' APR 2006 i0
depositihg a Metar’layer said interievel

30 etchlng back said polysilicon lavyer to form
polysilicon sicewalls and to thereby form gates for said
closely-spaced, vertical NMOS and PMOS transistor pair in

the manufacture of the integrated circuit device.

2. The method accerding to Claim 1 wherein said

closely-spaced, vertical NMOS and PMOS transistor pair form

a- CMGCS inverter.

3. The method according to Claim 1 further comprising:

cepositing an interlevel dielectric laver overlying

saild closely-spaced, vertical NMOS and PMOS transistor palr

after said step ol etching back said polysilicon layer;

5 etching openings through saild interlevel dielectric
layer to expose said PMOS source and drain and said NMOS

source and drein and sailid NMOS scurce and drain;
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dielectric layer and said overlying silicon layer, .and patt %nin sai d
netel |layer to farmconnective lines. 4. The nethod according téPEJHMﬁ13
wherein said netal silicide |layer consists of one of the group of:
titanium silicide and cobalt silicide. 5. The nethod according to Claim1l
wher ei n sai diovetlying asklktaon:kayer -compri:ses a:thiigkness. ol between
about 2,000 Angstrons and 3,000 Angstrons. 6. The nethod according to

G ai m 1. wheg ek n: sai dystep-of ;sekegti;vely -i-npl:anting ;i.ons .intg salt first
part of said overlying s licon layer to formsaid drain, channel region,
and source ofsald.NVOS trangister sconprises a drain 5.iqpl ot reci pe

RO SR+ [\t N

conpri si ng iﬁﬁféﬁtlngjarsenlc ions at’ ‘an energy of between about 220 KeV
and 500 KeV and a dose of between about 3x1015 ions/cm and
4xi 0' 5ions/cm. 7. The nmethod according to Claim 1l wherein said step
sel ectiyely inplanting ions. into s¢jd41ig51%§§[gﬁof said overlying silicon
| ayer to form ai'tPrUrar v’ - chdnne? region’ Ehd-Eolr 2a-9r s u NVoS
transi stor conprises a source 25 1 B APR 2006 S i npl ant reci pe conpri sing
i npl ant $Ag*aFSENFEYFGNSCAE &S EnelCgy OFF BetweE HbdUt: 45 SRéyMTand 70 Key
and a dose oL

silicide and cobalt silicide.

5. The method according to Claim 1 wherein said overlying
silicon laver comprises a thickness of between about 2,000

Angstroms and 3,000 Angstroms.

6. The method according to Claim 1 wherein said step of
selectlively implanting ions into salild first part of said
overlying silicon layer to form said drailn, channel region,
and source oI said NMOS transiscor comprises a drain

5 implant recipe comprising implanting arsenic lons at an
energy of between about 220 KeV and 500 KeV and a dose of

between about 3x10* ions/cm® and 4xi0%ions/cm”.

7. The method according to Claim 1 wherein said step of
selectively implanting lons intco said first part of said
-overlying silicon layer to form said drain, channel region,

and source of sald NMOS transistor comprises a source




bet ween about 3x10" ions/cm and 4::10-'ions/cm . 8. The nethqd according
to daim1l wherein said step of selectively inplanting ions ﬁ&dpﬁam}ﬂﬁ
second part of said overlying silicon layer to formsaid drain, channel
region, and source of said PMOS transistor conprises a drain S inplant

reci petepApricsitRG Prplanticng Hoor ori lorrst aty an: s ener gy-of detveen about 40
KeV and 90 KeV and a dose of between about 3x1015 ions/cm and

4x1 015¢oasbEemes 9etFhernmettad &cc ot nghd ol Ciaiimadnavher@is: sai d step of
selectively inplanting ions into said second part of said overlying
silicopztayer techermsard deaspcnthannel . .1egions/cand source of said PMOS
transi stor conprises a source 5 inplant recipe conprising inplanting boron
ions at an energy of between about 2 KeV and 4 KeV and a dose of between
about 2x1015 ions/cm and 4x1015ions/cm . 10. The nethod according to Caim
1 whergi nnsaid.gate ,oxide:layer is .faorned.t.o.a.thigkn of, bet ween about
15 AngétFS%Bm%%HSZO Angstro%3$%2g 1$ APRngoéfjig The%ﬁgfhgg according to
Qai m . wherein said, palysid i £on, | ayer L9.8 Lhiskness of ;belyegn about 800

Angstrons an ngstrons.
overiying silicon layer to form said drain, channel region,
and source of said PMOS transistor comprises a drain
5 implant recipe comprising implanting boron ions at an
energy oI between about 40 KeV and 90 KeV and a dose of

between about 3x10% ions/cm® and 4x10%ions/cm”.

9. The method according to Claim 1 wherein said step of

ctively implanting 1ons into said se

0
v
Pl
w

ond part of salid

4]

cverlvying silicon laver te form said drain, channel region,
and source cof sald PMOS Transistor comprises a source
5 implant recipe comprising implanting boron ions at an

energy of between about 2 KeV and 4 KeV and a dose of

. 1 . 2 G, T
hetwesn about 2410 ions/cm® and 4x10%ions/cmc.

10. The method according to Claim 1 whercin said gate
cxide layer is Zormed to & thickness of between about 15

Angstroms and 20 Angstroms.




12. The method according to Claim1 further conprising form Ehallow
p

trench isolations in said overlying silicon |ayer to isolat B 886 sai d
cl osel y-spaced, vertical NMOS and PMOS transistor pair. 13. A nethod to
forman inverter with a closely-spaced, vertical NMOS and PMOS transistor
pair intan FAtedicatéd AEGTCUTtEUeNVT det tohpr i $ThgT 8eFetti vel y i npl anting
ions into a first part of said 5 overlying silicon layer to forma drain,
channeboregizdn.corand: wouree $@rCaht MVOB® t+ ahdl StOFS hhek ePnt$a®'d drain is
formed directly overlying said oxide |ayer, wherein said channel region is
f or.med zover: WiGig fsai < dyad ngn@and, wheer &ips - said. source is formed overlying
sai d channel region; 10 selectively inplanting ions into a second part of
said overlying silicon layer to forma drain, channel region, and source
for a PMOS transistor wherein said drain is fornmed directly overlying said
oxi de liayer ,rrsheiei oS ad de PMOBrghaanet ar egi onuirsnkar redpovethyi ng said
drain, wherein 27 1 G APR 2006 15 said source is formed overlying said
Chann?'fd&@jrgj",s_l“@é]_ﬂlow\hﬁféhﬁhsaisdlétabﬁsi $ni BaGENbaet 1WihE saildcbVOS
transi st or rain;

layer to isolate planned said closely-spaced, vertical NMOS

and PMOS transistor pair.

13. A method te form an inverter with a closely-spaced,
vertical NMOS and PMOS transistor pair in an integrated
circuit device comprising:

selectively implanting ions into a first part of said
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licon Laver to form & drain, channel region,
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or an NMOS Tr

fu

h

nd source

fu

ns5istor wherein said drain 1s

h

“ormed directly overlying said oxide layer, wherein said
channel reglon i3 forme& overlying saild drain, and wherein
said source is formed overlving said channel region;

10 selectively implanting lons into a second part of said
overlying silicon layer to form a drain, channel region,
and source Ior a PMOS transistor wherein said drain is
formed directly overlying'said oxide layer, wherein said

PMCS channel region is formed overlying said drain, whercln

27




etching a gaze trench through said Nt MOS and PMOS sources and channel
regions wherein said gate trench 20 termnates at said N n drai ns
and wherein said gate trench exposes sidewalls of said kﬁﬁkﬁéﬁ@ﬁg@@%
channel regions; formng a gate oxide |ayer overlying said NMOS and PMOS
chagnel _regi ons, and 1 ning said,gate tyench; 25 depositing a pobysilicon

| ayér oVérlying said gate oxide |layer: °?dﬁiﬁg back said polysilicon |ayer
to form -pol ysilicon sidewalls and to thereby formgates for said

cl osel yY'sfaced: Sert it~ NVOS “dnd” BVCE™ T ransT stor parr 30°4@positing an
interlevel dielectric layer overlying said closely-spaced, vertical NMOS
and PMOS<rdnsi stor pair after said step of etching back said polysilicon
| ayer; etching openings through said interlevel dielectric |ayer to expose
sai d PMOS soutic® dril drai e anek 3@t dt NVEss 352 58ulide” apdc dFdPn; thereafter
formng a netal silicide layer in said PMOS source and drain and said NMOS

sour ce a&md:dred pnR8ciISAPR 2006cdeposEreng camet akteayeenCeerlyi ng said
interl evel

20 terminates at said NMOS and .PMOS drains and wherein said
gate trench exposes sidewalls of sald NMCS and PMOS channel
regions;

forming a gate oxide layer overlvying saild NMOS_and
PMCS channel regicons and lining said gate trench;

25 cdepesiting a polysilicon layer overlying said gate

oxide layer;
etching back said polysilicon layer to form

polysiliceo

b}

sidewa>ls and to thereby form gates for said
closely-spaced, vertical NMOS and PMOS transistor pair;

30 depositing an interlevel dieglectric laver overlying
said closely-spaced, vertical NMOS and PMOS transistor pair
after said st;p 0f etching back said polysilicon layer:

etching openings through said interlevel dielectric
layér to expose said PMOS source and drain and said NMOS

35 source and drain;

thereafter forming a metal silicide layer in said PMOS

source and drain and said NMOS source anrd drain;




dielectric layer and said overlying :..GI| layer; and 40 Egtt rning said
nmetal |ayer to formconnective lines to conplete said inver APR ¢

manuf acture of the integrated circuit device. 14. The method according to
Claim 13 wher el n said netal silicide |layer consists of one of the group
of : titani um “&PPiScidé-Jard “cobal tlaidd civde: 115 Thelaretdot acear di ng to
Claim 13 wherein said overlying silicon |layer conprises a thickness of

bet ween “abeéat 2000 sAmys tarans: and 3,000, :Angstirons:n 16: . dhe 4t hod
according to claim13 wherein said step of selectively inplanting ions
int&0said firstcpart:.of; said semerl yiang sidd con-d ayes.do- fr msaid drain,
channel region, and source of said NMOS transistor conprises a drain 5

i npl ant teckpesgenRr izsi:ng il antd ng, ansenic. i.ons. at. an: ergy of between
about 220 KeV and 500 KeV and a dose of ~between about 3X1015 ions/cm and
4:;1015i opskem, - Lhe ethad according to Caim 13 wherein sal d step of 29 1
% APR 2006 Selectively inplanting ions into said first part: of said
overlying silicon layer to formsaid drain, channel region

14. The method according to Claim 13 wherein said metal
silicide layer consists of one of the group of: titanium

silicide and cobalt silicide.

15. The method according toe Claim 12 wherein said
overlying silicon layer comprises a thickness of between

about 2,000 Angstroms and 3,000 Angstroms.

16. The method according to Claim 13 wherein said step of

selectively implanting icns into salid

part of said

5]
ot

overlying silicon laver to form said drain, channel regiocn,
and source of said NMOS transistor comprises a drain
5 implant recipe comprising implanting arsenic ions at an

energy of between about 220 KeV and 300 keV and a dose of

between about 2:10" ions/cm® and 4x10%ions/cm.

17. Trhe method according to Claim 13 wherein said step of




and source of said NICS transistor conprises a source M>ant recipe
conprising iMIQ-.t arsenic ions at an energy of between aljojt anal
70 KeV and a dose of between about 3x10 ions/cm and 4x10 5ions/c . 18.
The nmet hod according to Claimi13 wherein said step of selectively

i mpl ant1fg® T ong it 0"Saird “s€fond Part® ¢f “sai‘d *gver IRty i 19¢én 1 ayer to
formsaid drain, channel region, and source of said PMOS transistor
conpri se$e & ik aibn =5 ~i~rplant: /iécivre *Conprissithg il atifig boriohi i6hs at an
energy of between about 40 KeV and 90 KeV and a dose of between about
3x10" | ond/ entirand C4X i@ LicoASIUEMT r &1 1 SThe: metchod: accor dingraso Caimi 3
wherein said step of selectively inplanting ions into said second part of
said oveplyikngrsidizeorndiayers:te; fiorm.sai dhagratssnchamel awegion, and
source of said PMOS transistor conprises a source 5 inplant recipe

conpri skREripkanticng daor abduans: Atkan aeneT@y<ef hel weemmabout 2 KeV and 4
KeV and a dose of between about 2x10" ions/cm and 4x 10 "ions /cm. 20.

The met pod.,according ton19-ai mA3, wherein sai¢-gahe/30°1 % APR 2006 oxide

| ayer is formed to a thickness of between about 15
18, The'method according to Claim 13 wherein said step of
selectively implanting ions into said second part of said
overlying silicon layer to form said drain, channel region,
and scurce of salid PMOS transistor comprises a drain

5 implant recipe comprising implanting boron ions at an

energy of between about 40 .KeV and 90 KeV and a dose of

Letwaeen about 3x10°7 ilons/cm and 4x107ions/cm”.

19. The method accerding to Claim 13 wherein sald step of
selectively implanting 1ons 1nto said second part of said
overlying silicon layer to form said drain, channel region,
and source ©of said PMOS transistor comprises a source

5 implant recipe comprising implanting boron ions at an
enexrgy of between about 2 KeV and 4 KeV and a dose of

N 1e . T il , - T, -
between about 2x10°° ions/cm”® and 4xiC'ions/cm”.

20. The method according to Claim 12 wherein said gate




Angstrons and 20 Angstrons. 21. The method according to Claim 13 wherein
said polysilicon layer is deposited to a thickness of betmeen about 800
Angstronms and 1,200 Angstrons. 22. The method according to ©§ ﬁlgurther
conprising formng shallow trench isolations in said overlylng Si

| ayer to isolate planned said closely-spaced, vertical NMOS and PMOS
transistor pair. 31

oxide layer is formed to a thickness of between about 15

Angstroms and 20 Angstroms.

21. The method according to Claim 13 wherein said
polysilicon layer is deposited to a thickness of between

about 800 Angstroms and 1,200 Angstroms.

22. The method accerding to Claim 13 further comprising
forming shallow trench isclations in said overlying silicon
layer to isolate planned said closely-spaced, vertical NMOS

and PMOS transistor pair.

31




