; e3e4d6Toy *159159* A METHOD TO FORM A SELF- ALI GNED CMOS | NVERTER USI NG
VERTI CAL DEVIQF’INTEGRATICN BACKGROUND Or THE I NVENTION (1) F

I nvention' The invention relates to a nethod of fabricating ﬂmﬂ Hmmm
devices, and nore particularly, to the fabrication. of high p

density, vertical CMOS devices in the manufacture of an integrated®F¥cuit
device. (2) Description of the Prior. Art In current CMOS sub-m cron
technol ogy, MOS transistors are formed horizontally the surfaces cc of the
sem conduct or subsMEAHEOSHSh FO8¢h RoISEdY —Pedidhids AVErSy INVERTEEoMSIOIC of t he
polysilicon Iine wdth critical dinension (CD,. To achieve ;.hl5 precision,
| it hography and stch technVORESCHLUSDECDOOBt ANTEGRHTHEGN- i nproved and are, m

fact, limting further process scaling. A second approach to CMOS
integration is to fabricate the transistor structures vertically into the
sem conduct or r substrate. she footprint or surface area requirenent,

for each transistor or |ogkscderoogncan bacr eduesdrby using the depth of
the substrate. O particular inportance in such vertical integration
schenmes are issues such as netal interconnection, or wring, process
conplexity, self alignnment, and conpatibility with existing process

t echni queg;)Sevglald RId Ahartn e osches discl ose nmethods to Form verti cal
devices in the sem conductor substrate. U S. Patent 5,28S,093 to Lage et al
teaches a nenory cell having a trench structure. A six l|layer stack of
alternating p-type and ::-type silicon is cross-sectioned by a trench. A

| ayer of oxide s deposited: Apolysilicon:lexsi Lp dsposkipdygnd form 2

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 techneoclogy, MOS transistors
are formed horizcntally across the surfuce of the
semiconductor substrate. Such technology requires very
tight control of‘the polysilicon line width critical
dimension (CD}. To achieve this precislén,'llthography and
etech techniques must constantly be improved and are, 1in

fact, limiting further process scaling.

A second apbproach to CMOS i1ntegration is to fabricate

the transistor structures vertically into the semiconductor
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n-type | ayers exposed by the trench. A nmenory devices is constructed using
this structure. U S Patent 5,641,694 to Kennet' discloses a nethod to form
a vertical trahsistor and nenory cell. Atrench is etched through a stack
of p-type and n-type |ayers. Additional epitaxial |ayers are grown inside
the trench to formthe transi stor nodes. |IBM Technical Disclosure Bulletin,
May 1985supR.t réd46- 7048 teaches: @ ed hogdy t pador fraal akghs upnERS) stant CMOS
| nverter device. An n-channey transistor is fornmed at the bottom of 2 %

a trenchAdy chapnel s dg.ansi Si%j *sdéso{@@dcgatsaakwucaa Ebeu§99%tﬁﬁ&e
surface, between trenches. Patent 5,723,370 to Ning et al discloses a

nethod t g Lonmyers]cal M, dovi cos ggr@l%rfgshlagg9ﬁ@5a The,lephod does

not take a

vantage 0 ayers. ‘Trenches are
senlconduct qpstr@te after formation of STI. CP0I¥§|I|con |? t hen
dep05|te ‘?%e t¥ench Ont %%e po?ygl Rele ol efi“sefed ively ion

i mpl ant ed to form g n-Ly re |ons Gat e oxi.de is deposited on the
trench S|dEV%ﬁ?°nn$ 1285 Fpt S%d cﬁasaﬁogﬁéﬁ“d Yl an ?ation

ons” ar e” np an
ench to form channel regions.

techn nto the ewal | s
] e e e Sad) 981'“??‘6691;?18%%8 SF'e el PLRESTRt 0 t: tho. i e

trench to build up devices. U S. Patent 5,308,778 to Fitch et al discloses
a net hod ¥*FRR¥E*G®rtical transistors and | ogic gates inside of trenches. A
stack of dielectric and polysilion is formed overlying the substrate. A
trench is etched through the stack. A diffusion region is fornmed at the
trench bottom Gate
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 1s 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 1s

constructed using this structure. U.5. Patent 5,041,694 to

Kenney discloses a method to form a vertical transistor and

memory cell. A 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. IBM

Technical Disclosuzre Bulletfn, May 1985, pp. 7046-7048

teaches & method to form a latch-up resistant CMOS inverter

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



oxi de is g=own on the exposed polysilicon of the sidewalls. Coped silicon
regions are then grown by epitaxy on the inside of the trench to thereby
formthe drain, channel, and source regions U.S. Patent 5,757,038 to Tiwari
et al teaches a method to formultra-thin channel EET devices. A

three-layer stack is epitaxially grow, overlying the 3 substrate. A
pillar stauctunehni.s progressinel ydorgmeddy et chofged US.cRatept &H; 480, 838
to Mtsul teaches a nethod to forma double-date MS transistor. Pillars

are fornmednbysebehiragd rie dhe sepdcnuct afnsubst rate. dponehppl antati on.
is used to formsource and drain regions. SUMVARY OF THE | NVENTI ON A

princi pal s0bpact70f g Ry, é?%?“talrﬁ%%ﬁ16%bés IR ProYi ds an-RfFectivg and
very manufacturabl e method of fabricating closely-spaced, CMOS inverters in

the mnuf aghur ec0f ol &g of ed elieul fodey] cesrud SUERDET 0b) egby of 4k be

present invention |s to prOV| a met od to fabricate close y-space

inverters r vertical NMXS and PMXS fransistors, A yet furiher
obj ect of gﬁgn%r tl%ﬁ%ﬁ?lo%]Ys "To §EOV|Hhe“ et hod” %df% %?cgﬁ

Aot her yN%P%] o T pF BT TG R T oR T 8700 PABYERRLESY o

vertical Cgoégégﬂggggégte§lng T érggggcgobgttom. The polysilicon is
then selectively ilon implanted to form p-type and n-type
regions. Gate oxide is deposited on the trench sidewalls.
Ions are implanted, using an angled implantation technique,
into the sidewalls of the trench to form channel regions.
Additional levels of polysilicon and oxide are decposited
into the trench to build up devices. U.S. Patent 5,308,778
to Fitch et al dlscléses a method to form vertical
transistors and logic gates inside of trenches. A stack of
dielectric and polysilicon is formed overlying the
substrate. A trench is etched through the stack. A
diffusion regioﬁlis formecd at the trench bottom. Gate
oxide 1s grown on the exposed polysilicon of the sidewalls.
Doped silicon regions are then grown by cpitaxy on the
inside of the trench to thereby form the drain, channel,
and source regions. U.S. Pétent 5,757,038 to Tiwari et al

teaches a method o form ultra-thin channel FET devices. A

three-layer stack is epitaxially grown overlying the



separate the NMOS and PMOS devices and to provide access to the common.
drain of she inverter p air and the sidewalls of the channel regions.

Anot her yet further object of the present invention is to connect the CMOS
inverter pair using mininmal area and utilizing self-aligned silicide
(salicide) to reduce contact resistance. Another object of the present

i nvent | 8HOBE rEG Cachiferd lad afovid] LU Wwisk| 36 Spaestt s ONGS-Y ni@tet devi ce usi ng
exi sting processes technol ogy conbined in a unique arrangemmt . In

accor darcehinigh t Re SobjRetiesnofS A48 G, § 38 end | long; 5@ ned holde $ 02 fros Nhvad

cl osel y-spaced, vertical NMOS and PMOS transistor pair in an integrated
circuit tdevicaes d SAMleupte MBUDSELRE £5 €OADI | SE518141 OPe | PPLAGL ed oxi de
wherein an oxide |ayer is sandw ched between underlying and overlying

si|i conphayelhi dPns & o5l fotivelyudoplantigd- into. a torst part of the
overlying silicon layer to forma drain, channel region, and source for an
NMOS trapgiisiiac ikie M aldedscdorgrd direst! ¥n@verhyhngetgnoxi de | ayer,
the channel region is formed overlying the drain, and the 5 source is
formed 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 transistor. The drain is formed directly
overlying the oxide layer, the PMOS channel region is formed overlying the

drain, and the source is f verl yi.ng- Q nel region. The PMOS
transistor drainis , in C§Qg§g§9m§%h¥g§id& Eﬁg?gpansistor drain. A gate
trench
A principal object of the present invention is to
provide an effective and very manufacturable method of
fabricating closely-spaced, CMOS inverters 1in the

manufacture of integrated circuit devices.

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

inverters by forming vertical NMOS 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 oxide substrate.

Another yet further object of the present invention is

to fabricate vertical CMOS transistor using a trench to



is etched through the NMOS and PMOS sources and channel regions. The gate
trench termi nates at the NMOS and PMGS drains and exposes the sidewal | s of
the NMOS and PMOS channel regions. A gate oxide |layer is formed overlying
t he NMCS and PMGS channel regions.and lining the gate trench. A polysilicon

layer is deposited overlying the gate oxide |ayer. The pciysilicon layer is
et thed BSPERATT O polyb TRt on ed qesufreS anad B0t REPEBEST BErraSt B8 o the
cl osel y-spaced, vertical NMOS and PMGS transistor pair in the manufacture
of the i"MSedr AN GFFEtt tOdevi@el AP b F nPacEorlaneBeWs et He LebPéct s of
this invention, a closely-spaced, vertical NMOS and PMOS transistor pair is
achi evedrcomprdwiay, rég¥ens. a substrate conprising silicon inplanted oxide
wherein an oxide |ayer is sandw ched between underlying and overlying
silicon layers. A G vertical NMCS transistor is in the overlying silicon
| ayer. The vertical NMOS transistor conprise, Wrat, a drain overlying the
oxi de | ayer. mnctiatne}et effionhevevbiestt bé dhai preActiauiee coveanh as t he
channel region. A gate trench exposes a top surface of the drain and a
verticaltswdmcecof thbecwbannalekegiropa il R@hhy, mangale GoRr iases a

pol ysilicon sidewall spacer adjacent to the vertical surface of the channel

regi on Widin 8, gasesoxkdgllayen therehetwaeniEinal! ¥o dowRidd cal PMOS
transistor is in"the overlying silicon |ayer. The PMSS transi stor

conpri sesonfliLst ro@idE3LRe Overlying the oxide |ayer. The drain contacts
t he ver??ca NNE§ t%ans#s?or drain. A channel region overlies the drain. A

source overlies the channel region.. A Bata trench exposes a top surface of
the drain and a vertical surface of the channel region. Finally, a

Another object cf the present invention is to achieve
a novel, closely-spaced, CMOS inverter device using
existing processes technology combined in a unique

arrangement.

In accordance with the objects of this invention, a
methoa to form a closely-spaced, vertical NMOS and PMOS
transistor pair in an 1ntegrated circuit device is
achieved. 2 sugstrate comprises silicon lmplantéd oxide -
wherein an oxide layer is sandwiched between underlying and
overlying silicon lavers. Ions are selectively implanted
into a first part of the overlying silicon layer to form a
drain, channel region, and éource for an NMOS transistor.
The drain is formed directly overlying the oxide layer, the

channel region is formed overlying the drain, and the



gate conprises a polysilicon sidewall Spacer adjacent to the vertical

surface of the.charnel region with a gate " . oxide |ayer therebetween.

BRI FF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng draw ngs forning a
material part of this description., there is shown: 7 Figs. 1 through 12
schematically illustrate in cross sectional representation of the preferred

enbodi neotroé the fpresentviensriinrhaFicghank® i |datpitarat eores taaqe | ayout vi ew
of the preferred enbodi nent of the present invention. Fig. 14 schematically

i1l ustratedcanvaltennati-ve &f oassectdala e esentald %@élgig%. preferred
enbodi nent of the present invention. DESCRI PTION OF THE PREF

EVBCD! VENT . The, MEthad cof e, pf esents | nyenti an. i S appli e o the formation

inverfer pair in a substrate. It s ear to those

exper | eaeadcLh ALfie Aty ddhal, Jhe fresent,d ventd on, cube. aprl] ed.and ext ended
wi t hout “deviating 1 6m the scope of the present 1Tnvention In addition, the

device of the present invention can be gltered and extended. w thout
devi at i ﬁb’efr?o’rlf‘nntghe“%sec&ﬁ(e“ e or gtsté%tﬂ\?%/e%?‘i‘% - "eRef2rt¥ng now nore

articularly to Figl, there is . ,
P forﬁ%d oveé&ying the drain, and the socurce is formed

overlying the 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 PMOS channel regions.and lining the gate trench. A
polysilicon layer 1s.deposited overlying the gate oxide
layer. The pelysiliceon layer is etched back to form
polysilicon sidewalls and to thercby form gates for the
closely-spaced, vertical NMOS and PMOS transistor pair in

the manufacture of the integrated circuit device.

Alsc in accordance with the objects 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



illustrated a cross-section of a partially conpleted integrated circuit
device of the preferred enbodi nent. Several inportant features of the
present invention are illustrated. A substrate i0, 14, and 18, is provided.
The substrate 10, 19 and 18, preferably conprises a silicon inplanted oxide
(SIMOX) water. The SI MOX wafer conprises an underlying silicon |ayer 10, an
oxi de | aygart 1Bl aydOAnt pyes iyt ay $&| ivohhkayperrl8inTheloxicde lLayer .14
preferably conprises silicon dioxide having a thickness of between about
500 Angsit®neeanicdl S0@0dngsarenmsrtothecnpenlkying fsickiccoa kayen 18 serves as
the substrate for the CMSS inverter device. This configuration of silicon
on i sol ajom (S ) cRE | eWsatheagevi cescpanhenmed torbe fleqlri ¢all y isol ated
fromthe underlying silicon | ayer 10. The overlying silion |ayer 18

pref erahl y, COMLi §6 réetgbglﬁﬂ§§§ ohebeh .%%la?ggﬁo%uom& A29%! Qs and 3, 000

Angstrons. The overlying silicon layer preferably has a resistivity of
between ahoyt. o Q‘E'Egcg'ééﬁgcg Q%mih%mdr@%ﬁuerarr{dl”% DL A % ZadONs are
sel ectively I nplante into the overlying siliconlayer g t6 Torm a

drain. 2 h egion.. 30, .a source 32, for .the planned NMOS
transist%?.éq%eégggbﬁéi%88§P Fcoﬁ‘pg%gy’lgiig%f “OMH Y St resked so t hat
only the part.oL _the overlying silicon_layer 18 where the N transi stor
i's forne%gﬁéﬁé'relggnt ﬁédfarv'r"ﬁlxiént SEOT fﬁlﬂa&y fot (?r\ét\g]estvqra $t%22 may -by
appl i ed .and _patterned usln%@% conventional exposure and devel opnent

process. S¥REAFEN CEnPpPEN CALTGE 1p &bt tWbrford s Uit i Y i npl ant ati on

steps using three recipes. In the drain recipe, ions are inplanted 26
deeply i RbgrekRetween. Finally, a vertical PMOS transistor is in the

overlying siiicon layer. The PMOS transistor comprises,
first, a drain overlying the oxide layer. The drain
contacts the vertical NMOS transistor drain. A channel
region overlies thé drain. A source overlies the channel
region, A gate trench exposes a top surface of the drain
and a verticael surface of the channel region. Finally, a
gate comprises a volysilicon sidewall spucer adjacent to
the vertical surface of the channel region with a gate

.. oxide layer therebetween.

ERIEE DZSCRIPTION O THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there 1s shown:



1

overlying silicon. layer 18 to formthe n+ drain 28 just overlying the
oxide layer | A, The drain ion, inplantation 26 preferably conprises

i mpl anting arsenic ions at an energy of between about 220 KeV and 500 KeV
and a dose of between about 3x1015 ions/cnR and 4x1015i ons/cm . The NMOS
transistor drain 28 so forned preferably conprises a junction thickness of
bet ween about 900 and 1,000 Angstroms and a concentration of between about
1x1 C ions/cnB and 1x10 1 ions/cm'. In the NMOS channel region recipe,

ions are inplanted 26.i.nto theoverlyi il 1 aye 8 to formthe
p-type channe?géggi (;':’)[nt 8“6\9tehr I*yzi nbgezj&ht(%dé‘l g‘r%%ﬁ%ﬁ“ﬁh%t% r}aCIanolr“’ggt or

channel regjion 30 so forned preferably conprises  ynctjon thickness of
et woen BERECOBOE SRETE050 SIS FomE R B o TG b vl about
1x101' ions/cnB and 5x101 ions/cnB. 10 In the NMOS source recipe ions
are shal PEREGENpPERTEdP6 into the overlying silicon layer 18 to formthe
n+ source 32 overlying the charnel region 30. The source ion inplantation
26 preferably conprises inplanting arsenic ions at an energy of between
about 45 KeV and 70 KeV and a dose of between about 3x10' ions/cm and
4x1015i ons/ cnigThd NNGEG ustarsi st o Ser bay @2t sol ¢or pedt pe e ee bdr yed
conprises a junction thickness of between about 800 Angstrons and 1, 000
Angst r omsmard imecancentutet imne oéntbet weent about 1x10° ions/cm and 1x10 1
ions/cnB. Following the ion inplantation steps, the photoresist layer 22 is
stripped away. Referring nowto Fig. 3, ions are selectively
Fig. 14 schematically illustrate2 an alternative
cross-sectional resresentation 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 1n a substrate. It
should be clear.éo those cxperienced in the art that the
present invention cah 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 WlthOU£ deviating from the scope of

the present invention.



inplanted 38 into the overlying silicon layer 18 to forma drain 40, a
channel region.42, and a scarce 43, for the planned PMOS transistor. The
technique Is essentially the same as that used for the NMOS transistor. The
overlying silicon. layer 18 is first nusket, that only the part ol the
overlying silicon [ayer 18 where the PMOS transistor is fornmed receives the
i mplantation 3§ .4 photopeai gb.Layst 34,18y 10y BpRLLed and,patt epned using
a conventional exposuré and devel opment proceéss. Re i oh i'nmplanfation
preferably conprises a series of inplantation steps using three recipes.

-0 the drbh#e TERFER, 41 DRSS a7 SOPHBPAnOed 238 deaty Vi AOBELRESSver | yi ng
silicon layer 18 to formthe p+ drain 40 just overlying the oxide |ayer 14.
further, ¥hHee®PMIS=draiAcYdti devorre@isGol P&t cireeds epogdmeact: with: t he

| vMOS drain 28. The drain ion inplantation 38 preferably conprises

i mpl anti NReeberoh iopsratnanfenergysol thetweenr calsort 4 kaeVcand @ KeV and a
dose of between about 3:i10' ions/cnm2 and 4x10' Sions/cm . The PN OS

transi st orltoat nad8dsoAf enbed -pref a0ablly ,camar ilfes s jpunoticad .t hiltleness of
bet ween about 900 Angstrons and 1,000 Angstronms and a concentration of

bet ween abawstiat@” loenskcaBcand , 1k fe a0/ adnmp rinsdhen RIGS «dranne

region recipe ions are inplanted 38 into the overlying silicon layer 18 to

formthe pmpypateRanpekde’ Q@IMOX42 waMesd Yi Mthd her MoK di i dr Aomngihies SMOS
transi stor channel region 42 so fornmed preferably conprises a junction

t hi cknessanohinbetweenakaut; RRP v raTs B0 dy SO0 ANGS T OBz 3N R
concentrati on of between about 1xI01' ions/cn8 and 5Xx10'3 ions/cnB8. In the

PMOS sour gg.r-e6iRe, sifigq%oqf qaéJg_@é I o wﬂm£m§d1§,8e£nip ;}f@f@%iy! ng

silicon |layer 18 to rmthe source 43 overlying the channel region 42.

The rce_aon jnplantation 38 preferably conprises.inplantation-~
boron i on?é)g%)rz:ir?eé:’ntasrlgri?“CorILl bC%a %‘e%e ab%\ﬁltn% Ke h%acn'( 9" KeV algr}gt\'éee ose of

bet ween about 2~ig; ons/cm aqg AxJCésAon§/ch: Tnf ~MJ tgansistor
source 43388%0or déﬁ%éﬁ%ﬁ%ﬁﬁyﬂ% mpr 7 SRS UhRTF on T AP cRABESY bF9 bet ween
about 800 Angstronms and 1,000 Angstrons and a concentration of between
about 1x16% L1698 iy ehd: B,aeFves ond/ EnB. SThet Fehai APAgEPROEUPEsi st mask 34
is stripped away. O particular inportance to the present invention is the
fact that irhve s tdeinstst orThliai aordigsrébiapdolddpaéeapnt on and
contacting, the N~IOS transistor drain 28. This is a

isolation (SOI) allows the devices so formed to be

electrically 1solated rfrom 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 silicen laver 18 preferably has a

resistivity of between about & Ohms-cm and 9 Ohms-cm.
Referring now to Fig. 2, ions are selectively

implanted 26 into the overlying silicon layer 18 to form a

drain 28, a channel regicon 30, and a source 32, for the

planned NMOS transistor. The overlying silicon layer 18 is



significant feature because it allows a conmon drain contact for the
conpleted inverter devices Referr-Referring newto Fig. 4, trenches-ies 45
for shallow trench isolation ;STl) are etched through the overlying
silicon layer 18 to the of:fide layer 19. A photoresist |ayer 4A may be
used to define the active, or non-STl, regions. Referring nowto Fig. 5 a
di el ectri gl ayemAhds Aeposited 1o émélpaf@n@h,e@hemeegn?mgt cigikayer 96
is then polished down. to renove unneeded nmaterial The STl 46 13 conpl ete
the isol anti.an. ofg Liie. verlyi Rgosi LionsLayer orsLps.nl aoned, CMOB,Lnverter
Referring ndwto Fig. &, an inportan Featur e of e present 1nvention is
illustrated. A-~ gate trench 50 is etched knto thg overLying illicon | ayer
18. The botBbMBiTtHE gate thentAt8ESEErmi ha¥85 at PRY PEpbP tRE RRES
transistor drain 28 and the PMOS transi stor drain 40. Note that the gate
trench 50 BH53ENeRelove? | §i A YPNFeBR2Lap8POPRES aRINNERedP@Eeakd a PMOS
side. The NMOS side corresponds to the remaining overlying silicon | ayer 18
above the RRIMISS t r aFR¢ston dPArAN28LiThepPMOSrakdy corpEsFEsdS to the
remai ni ng overlying silicon |ayer 18 above the PMOS transi stor drain 40.
The gate tyentds50Li smpiehbprabby eteked wgdingg ta rgey rEicdPes -pridcdde and an
etching mask 48. Referring :-:owto Fig. 7, another inportant feature of

t he presendraiveneécbpei siphbustteatieglaRtegatld oieiegd v ayearo 8ha s for med
overlying the NMOS source, channel region,: and drain, 32, 20, and 28, and
t he PMGS soueckyinbanhebcoegilayerand draiformdIhed+ anchi40.28 Fhestgat e oxi de
| ayer 86 wil |

overlying the oxide layer 14. The drain ilon 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
thickness of between‘about 900 and 1,000 Angstroms and a

concentration of between about 1x10°° ions/cm® and 1x104

1ons/cm’.

In the NMOé cnannel region recipe, ions are implanted
26 into the overlying silicon laycr 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 thickress of bethen about 500 and 1,000
Angstroms and a coacentration of between about 1x10%

ions/cm® and 5x10® ions/cm’.



]

formthe gate dielectric for the conpleted CMOS transi stor pair. The gate
oxide layer 86.is preferably grown by a | ~4 t hermal oxi dation process.
Note that the thickness of the gate oxide |ayer 86 varies due to differing
grow h rates overlying the heavily doped regions 32, 28, 43, and 40 and
adjacent to the lightly doped regions 30 and 42. The thickness of the gate
oxi de |l ayer 86 adjacent to the channel regions 30 and 92 is the critical
oxi de thickness for the conpleted transistor The gate oxide |ayer 8Gis
preferably formed to a thickness of between about 15 Angstrons and 20
Angstroms. A polysitice oW Sayretr i Bt i & Hepsi 1 @S over | yiablewky gat e oxi de

| ayer 8G The polysilicon layer 90 will form the gate node for the CMOS
transi st or ipgilentide 25olysid idon deyery DOy i s1preder abyyr deposd t edrmsi ng a
| ow pressure CvD process with in-si;.u phosphorous (n-type) dopi ng of about
1x1011 at omBkchi+ sBieqeolysidiaorndayern90chsn e ef eegbby deposhted to a

t hi ckness of between about 800 Angstrons and 1,.200 Angstrons. Referring

now to Fi gso®rca Rayd i; Az i Tpor L of : S i i on.
s shown THE ryarT o oyt B Ao Eh e Ha e BB Bo R FEERS

sidewal | s IS + - toeint f 9 r,th I | y~spaced
NMCS and P%e?lrlgggiir{%ratpaﬁ.e%%%kggg%%g@g%?rg?ogg ié Ee?orgﬁrrgda'/%)op

rotect th I l M a re. palysilicon.zi f connect
Peatures QOGRgfﬁﬁggtg%%ﬁ%a%g 3%?Y@é§ 2o808" 8081y 8IS QR

4x10%ions/cm?. The NMOS transistor source 32 so formed
preferably compriscs a junction thickness of between about
800 Angstroms and 1,000 Angstroms and a concentration of
between about 1x10%° ions/cm® and 1x10 i1ons/cm’. Following
the ion implantation steps, the photoresist layer 22 1is

stripped away.

Referring now to Fig. 3, ions arec selectively
implanted 38 into the overlying silicon layer 18 to form a
drain 40, a channel region 42, and a scurce 43, for the
planned PMOS tréhsistor. The technique is'essentially the
same as that usecd for the NMOS transistor. The overlying
silicon layer 18 is first masked _aat only the part of
the overlying silicon layer 18 where the PMOS transistor 1is
formed receives the implantétion 38. A photoresist layer
34 may by applied arl patterned using a conventional

exposure and development process. The ion implantation



!

be di scussed below, this mask 92 may be used to define connectivity to
t'r:e transistor gates 90a. The etching process preferably ccnprises an
anisct:ropic etch in a dry plasma process that attacks the polysilicon

| ayer 90 selectively over the silicon dioxide of the gate oxide |ayer 86.
The remai ning polysillcon |ayer 90a adjacent to the NMOS charnel region 30
a.:d the FMCS channel region 42, with the gate o:~~de | ayer 86

t her ebetween, forns the transistor gates. Feferring now ~o Flg. S, ~an
interlevei dielectric layer (I1LD) 94 is deposited overlying the

cl osel y- sPEEEE T ARt | TAIO NS ahde PMOS® t AnsTREort pal pn” Thebpurpdae of the
ILD layer 94 is to electrically isolate the subsequently fornmed contacts to
the CMOS pdinee HRCIRGS | alertio9 preferabtypeonpeisesraniisbbateon3dmat eri al
such as silicon dioxide, that is deposited by, for exanple, CVD. follow ng
deposi ti onjeanlooirst ¢ Nghrocessyisychiuscehebhgal mechankeah theopksl:i;:g
(ChoP) , is used to C~lunarne flue ILD | ayer 9~. 16 Cont act open~nrs 06,
102, and & af ¢ d hps ogiee thy odghchbeci:nter hgyesol 1di ekget pie | aygr O-i to
e:; pose the PMOS transi stor- source 43 and dram 40 and said NVOS source 32

and dra mgfhg T&eéfnc&@tfgtfggﬁgagggﬁggahgﬁ%tagg mﬁﬁg%%mwggﬁ YgLng a

dry plasma etch process ~.~i ayer (not s t hat t he

NMOS t r ansi r.drain, 28 and the.PMJXS transistor .drai,n 40 cont act ed

using a siSNn[\gc}ée) %%gehﬁ" n%glogHeRgFé%Pi TR HREWA S A EGD rg, pée%gﬁé‘gié’i licide

| ayer 110 is now forped.on_the DPLMOS transistor source 3% %nd drain 28
comprlises lmplantlng Qromn 1ons at an energy o eltween

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 preferably comprises a junction thickness of between
about 900 Angstroms and 1,000 Angstroms and a concentration

of between apbout 1x10°° ions/cm® and 1x10°! ions/cm’.

In the PMOS channel region recipe, 1ons are implanted
38 into the overlying silicon layer 18 to form the n-type
channel region 42 overlying the pt drain 40. The PMOS
transistor channel region 42 so formed prefecrably comprises
a junction thlck:ess cf between about 500 Angstroms and

1,000 Angstroms and a concentration of between about 1x10Y

ions/cm® and 5x10°° ions/cm’.

In the PMOS source recipe, 1lons are shallowly
implanted 38 into the overlying silicon layer 18 to form

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



and the PMOS transistor source 43 and drain 90. Inportantly, because of the
presence of the interlevel dielectric layer 94 and the exclusive openings
made in that |ayer, a self-aligned si' _icide (su' ~~cide) process rnay be
used. In this process, a netallic layer, not shown, such as titanium (Ti)
or Cobalt (Co), is deposited Overlying the ILD layer 94 and lin,Ing the
contact opecaimgs 1987 UG aand: 106. 3A sselftennyyprocessses peplonmedg
wh~:rein t;mnetallic |ayer reacts with the exposed overlying silicon |ayer
18 to formmaprwet alorsd ld e~ ¢ayety 136 boceach epot.ack gpenkAg. 4TRevpresence
of t:-:e metal silicide 110 reduces contact resistance and i nproves device
per for mance, JThe d&umi i nge Mptah! LeolLayek1bs then remougd using a wet

chem cal wash. 17 -Referri;.g nowto .gigs. 11 and 12 a met al | ayer 114
and 118 is depgsited tozill. the cpeni~ c+s, 98, 102, and 10G. This netal
layer L4 diith | 18°BréFBr abt §° coltpri S68"4 tha | &Y8F St AL L8R EF { ungst en
(W plugs 114 and al um num (Al) connective |lines 118. First, referring
parti cul ar IRFYE LY 190MRLE GRgsPeA g e PN EE 1CENGEF0 St €& THFEN ViPRG it he
ILD layer 94 and filling the openings 98, 102, and 106. This tungsten |ayer
11A i st herf Yol A%l BN dsing O] SLECR A6 Po CASTRE 1fé uRdst en
plugs 114. Referring nowto Fig. 12, an aIuninunL}ayer 118 is then

deposi ted RREY§ERgaPREL| LBLOZ™ dritn34ent amgstiert Opl dgHsYER” - TRRS al uni num

| ayer 118 i.s then patterned by etching to define the connective |ines i18.
O particul Bema ppbRUanbetegeshe tpreséntddi meemtitsmppachavweahpl®t ed C'~I CS
inverter has a very conpact |ayout that utilizes vertical ~cr:nat~on of the
NMOS and PMSrticular 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 it allows a common drain

contact for the completed i1nverter device.

Referring ncw 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-STI,

regions.

Referring now to Fig. 5, a dielectric layer 46 is
deposited to fill trenches. The dielectric layer 46 1is

then polished down to remove unneeded material. The STI 46



tranSI StOS to reduce the: laycut area. The NMOS transistor source 32 nmay
be easily connected to the VSS ground. The PMOS ~ransvstor scarce 43 may be
con:vect2c; to the VDD supply. The ccnmo;, arai:~s 28 and 40 of the NMOS
transi stor and PMOS transi stor are connected to the common ‘out put rode 18
i3. The gut~:s 90a of tr.e CMSS tran~~~tor Na.l.r aro connccte:~l to the
common i RRHH IRAde the Referdd ng new ti6e Fbgeri din@ LOp:tayouty¥i-enwsof the
preferred enbodi nent of the present invention is shown. An active nmask 204,

defines the Al reaonsn{tpside) and the STl regions (outside). An NMOS
source and drain mask 200 defines where the drain, channel region, and

source inplants are perforned for the NMOS transi stor. The PMOS source and
drain mask 202 defines ~.~here the drain, channel region, and source
i npl ants are per aned for the PMOXS transistor. The gate trench mask 212
defi nes where 3?&#2%&%9t?%%cﬁoigl%tc?zeap FheCgaEB L oXPaEUFRyeE £6fns on the
trench sidewalls to tre thic:~cness ~rii. The polysilicon sidewal:~s form
to the tHrIGRs V@veThecgohtasl lnaskake8a, R08blecamndec2CBcS0defs~: -:es the
contact openings in the interlevel C.eleCrlC layer. Referr~:~g to Fig.
14, an ald¢wrmadi vetcross seetrilgnnpgssshowen RBetyert A&t t The poltysm iofon
feature 90b overlaps the sidewall of the tre::ch in the direction
per pendi cthargévet hechnuneblererfiaapesl ye~Iltheon ogatoEs tHa NvOs cont act ed by
this polysiiicon feature 90b that is formed using the polysilicon nGsk 22
and etch ofafsfyst8r HBain 28 and the PMOS transistor drain 40. Note

that the gate trench 50 splits the overlying silicon layer

into an NMOS side and a PMOS side. The NMOS side

corresponds to the remaining overlying silicon layer 18

above the NMOS transistor drain 28. The PMOS side

corresponds to the remaining overlying silicon layer 18

above the PMOS transistor drain 40. The gate trench 50 is

preferably etched using a dry plasma process and an etching

mask 48.

Referring now to Fig. 7, another important feature of
the present invention 1is iIllustrated. A gate oxide layer 86
is formed overlyaing the NMOS scurce, channel region, -and
drain, 32, 20, and 28, and the PMOS scource, channel region,
and drain, 43, 4Z, 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



Referr' _nr~ again toi |Ig. 12, ;:a,u ~:losely-spaced, vertical NMOS and

PMOS trans~.stor pa~.r is shown conprising, first, a Sil.:~Strat~:
conprlSii:g SillcG: Il;"Ip ianted oXl de wherein an oxide |,:y.~r 17 is
sandwi ched between underlying, and overlying sil-~con |layers 10 and 18. A

vertical NMOS transistor is in the overlying silicon |layer 18. The verti cal
NMOS transi stor conprises, first, a drain 28 overlying the oxide |ayer 18.
A channel region 30 overlies the drain 28. A source 32 overlies the channel
region 30. A gate trer:ch exposes a top surface cf the drain and a verti cal
suryace cf t:e charnel region. Finally, a gate conprises ~, polysilicon
sidewal | spaceal9baiadjacentpricaetshie veéldter alh ssurtfrac e oy Hrives <hahndle r eg~. cn
30 with a gate of:ide |layer 8c t:nerebetween. A FMCS transistor is also in
t he overlyhng sklhbeonalayercl&arike MeS dg ansiS:0imEaynpidisesacdd rst, a
drain. 40 overlying the of:ide layer 18. The drain 40 contacr.s the

vertical g&aesweome@wm/ %%pe% channgls regl oid, 4 overdigs 4he drain.
10. A source 93 overlies the chan: reglon 42 The' gat'e trench exposes a
top surfa gai nqb an regi on. 42.

Finally, g%g%gh rrf%r f&g%sia hacll;%lcfl “con s sp%@%rE%Oan@lélj acent to the

verti cal ce of t channel th ga e oxi de_

! her ehot WhbHCRES58 % as g géePK;OS/‘?IFa? ?*L*?di%?t GhERE_NDs and

PMO , translsLaqr palr ~s con nected by a net al I|~~ and 118 to

conr ~ et e SPRETENDS S 9RfeT t2ranfe, 14 cb5 e %H%/%lh?‘age%'*b?etF@lﬁk%%%s of the

present invention can now be enunerated. First, an effective process for
for the completed transistcrs. The gdte oxide layer 86 is

.preferably formed to a thickness of between about 15

Angstroms and 20 Angstroms.

A polysilicon layer 90 1s 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 preferabiy deposited using a low-pressure CVD
process with in-situ phosphorous (n-type) doping of about
1x210%! atoms/cm®. The polysilicon layer 90 is preferably
deposited to a thickness of between about 800 Angstroms and
1,.200 Angstroms;

%éferring now to Fig. 8, a particularly important
feature of the prescnt invention 1s shown. The polysilicon
layer 80 is etched back to form polysilicon sidewall spcers
90a thet, in turn, form gates 90a for the closely-spaced

NMOS and PMCS transistor palr. A mask 92 may first be



formng CMOS inverters has been achieved. Second, the nethod allows very
cl osel y-spaced CMOS transistor pairs to be formed using vertical NMOS and
FMCS transistors. Third, the use of a SIMOX substrate and STl regions
allows the inverter device to be electrically isolated. Fourth, by fo~:ning
the NMOS transistor on one side of the trench and the PMOS trar.s~stor or.
the other side of the tench, an efficient |layout for the conmon drain
contact is possible. Fifth, the nethod facilitates the use of salicide. As
s~:cw. ~n the preferred enbodi ment, the present invention provides a very
manuf act urabl e met hod and a novel device for providing vertical,

cl osel y- spoxped OMOSronwetrt ehs prlybiilecwmanukactune efreas; wihktregr at ed
circuit device. Wiila the in,renticn has been particularly shown and
descrii ~egdoiw ¢ hliever encertonnhetpretenred éthodimenteedld. Ashenddf, It
WL11 be under.;tccd :J~ LWu:.:~ :W-I1iC 'dIl:1 LIICec.11"L that

Vec~', ~10' 4 841 €hdafedi behoWwOLrha's7 ad stC IC~riay. bd idsdd toleldmde W t hou~
departinc fromthe Spir~.t ~; Wscope of the invention. What iS cla :.ned

IS 1. Acprhbeditochor® anel @y %&%Ged;,at\éesr Weeal NS @i, VYOS
trG.-IS~stcr alr inan ir.tec~ratec! cyrcuit device conpr|5|ng pr cvi oi ng

G substr = i i i i o ~de
| ayer is g gbge?ﬁgéﬁl 3%*?5%%5 anglgvg%1gﬁ%3€§§qlcon Iaye%7

plasma process that attacks the polysilicon layer 90
selectively over the silicon dioxide of the gate oxide
1ayer 86. The remaining polysilicon layer 90a adjacent to
the NMOS channel region 30 and the PMCS channel region 42

with the gate oxice layer 86 thercbetween, forms the

transistor gates.

Referring now to Fig. 9, -an interlevel dielectric
layer (ILD) 94 is deéosited overlying the closely-spaced,
vertical NMOS and PMOS transistor pair. The purpose of the
I1D layer 94 is to electrically i1solate the subseqguently
formed contacts to the CMOS pair. The ILD layer 94
preferably compfises an isolation material, such as silicon
dioxide, that is deposited by, for example, CVD. Following
deposition, a polishing process, such as chemilcal
mechanical polishing (CMP), is uscd to planarize the ILD

layer 94.



t

selectively inplanting ions into a first part of said overlying silicon

| ayer to forma drain, channel region, and source for an NMOS transi stor
wherein said drain is 10 forned directly overlying said of:ide |ayer
wherein said channel region. ~s forned overlying said drain, and wherein
said source is fornmed overlying said channel region; select'_vely

i mpl ant i g AV it E ST onty patt ot"dat U ovEF | FPRY B¢ EFcon. layer to form
a drai:a, channel region, 15 and source for a PMOS transistor wherein said
dr ai /¥ NE® YO rigee dr?\e@:ﬂkyv%ldeﬂ%%@téh‘? dlexede’layer c«rpeterfesai d PMOS

cl-ianne'i region is fornmed overlying said drain, wherein said source is
forn@@Qﬁuﬂnansxp%@@dﬂ@h&ﬁﬁe@3r@@@o@;aahd4ﬁk&edesﬂi§aNHOarabnrtg in contact
witf: said NMOS transistor 20 drain; etching a gate trench through :,aid
NMOS ZenchrPMS-sourzes ande &' cantaaoel opegions @her €08, sand gate trench
terninates at said NMOS and PMOS drains and wherein said Clate twe.”. G |

' 3PS madeQising’ é'@f/ ~pPabha’ é@thdprbNEQwaZﬂﬂ aMaa skihgnnel 23 25

reglons formng a ,ate o:;id~ layer ov~rlyr,g said NMOS and PVCS chi n nel

~ 1% éraUQO 'thgn§urdN9@EetE5@ aqg NQ%QC%Ta%%QStO% QQEX%'bBCOH | ayer

overly ng sal d gate oxide layer; 30 etching bac: said polysil,icon

| ayer_to for ysilicon,_sid malls nd to, thereby form gates for sai d
closé?yggﬂﬁ%g%ﬁ8é fF?Birskﬁfs aRd"p mfﬁaﬁ§|§98%aﬁgﬁ i *¥e dmanuf act ur e
. of the integrated C|r§ it device. 2. The nethod Gtcordlng to daim1l
wher F 14T d°RFDSBPy L gaced, vertical NMOS and PMOS transistor pair form

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 layer 94 and the exclusive openings made in that
layer, a self-alignrned silicide (salicide) process may be
used. In this process, a metallic layer, not shown, such
as titanium {Ti) or Cobalt (Co), 1s deposited overlying the
ILD layexr 94 ang lining the contact openings 98, 102, and
106. A sintering process 1is 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 sillc1de 110 recuces contact
resistance and improves device performance. The remaining

metallic layer is then removed using a wet chemical wash.



a CMOS inverter. 3. The nmethod according to Claim21 further conprising:
depositing an ~nterlevel dielectric |layer overlying staid
c~~.oseiy-spliced, vertical NMOS and PMOS transistor pair after said step
of etching back said polysilicon |layer; 5 etching openings through said
interlevel dielectric |ayer to expose said PMOS source and dram and said
NMOS source and dram thereafter formng a netal silicide layer in said
PMOS source and drain and said NMOS source and drain; 2~I 10 depositing a
met al | ayeRebwveriyggngopaicd iFnater| evekndi élleet rict dlayiery cand 1daiaddov~r | ym-I
silicon layer; and patterr,-ing said netal |layer to fcrmconnective |ines.
4. Thel sret hodepcsodtangot d Clakme3 opleerieigs S&i,d Utet,alarsi 11068 .de | ayer
consists o one of the group of: titaniumsilicide and cobalt silicide. 5.
The nethodmacedr dapgrt 1@ ainm 1 1whereifr sald awerdaiideg S [dweon | ayer
conprises a thickness of between about 2,000 Angstrons and 3, 000 Angstrons.
6. Theeyethedrpeaardiond ot:o ctdrrjshch Wher ezjlmgsfalldl st oflgelaetivel y
inplanting ions into said First part of said overlyir:g silicon layer to
form ggj d éonﬂblau%arm%sr agigon, @ndScarcs: of i fai th NMXR, 14.ansi st or
conor~ses a drain 5 inplant recipe conprising inplanting arsenic ions at an

energi\_/P E%bet en _about 220 5$v aanjpo Ke and teC({iose of between about
0

310 PCW] an& ons %ﬁ accor%ﬁryln? aiml

-wherein_said st tivel Ian1|n to s élrst part of
sai d 698rﬁ§¥ﬁ§ 4I| g@b@? %h?()&ﬁ%%ﬁ%gdéi lbgha%% I?@ gi on, and
source of said NMOS tranS|stor conpri ses_a source

This tungsten layer 114 is then polished down using a CMP

technique to define the tungsten plugs 114. Referring now

to Fig. 12, arn aluminum layer 118 is then deposited

overlying the ILD 54 and the tungsten plugs 114. This

aluminum layer 118 1s 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 verticél formation of the NMCS and PMOS
transistors to reduce the laycut area. The NMOS transistor
source 22 may be easily connected te the VSS ground. The
PMOS transistor souxrce 43 may be connected to the VDD
supply. The common arains Zé and 40 of the NMOS transistor

and PMOS transistor are connected to the common output node



25 5 inplant rec' pe conprising inplanting arsenic ions a~ an energy of
bet ween about 45 1<eV and 70 KcV and a dose of between about 3x1Cl'
icns/cm and 4x101'ions/cm . 8. The nethod according to C ~aim 1 wherein
said step of selectively inplanting ions into said second part of said
overlykE%‘silicon | ayer to formsaid drain, channel region, and source of
sai dBPMOBDEr §RsiSst (?Pyacc?rﬁpquéfés@é@%rfa‘i%f‘ﬁ?w it ¥ etf Hec COmpF F Y ng
i mpl anting boron ions at an energy cf between about 40 KeV anti 90 KeV and
a doseé &FehermieEn abdnt JCAD¥5 i cns/cm and 4x101jions/cm . 9. The nethod
according to Caim1 wherein said step of select~.vely inplanting ions into
Said second part of said overt y~.:g s~l~con layer to formsued draili,
channel region, and source cf said P~?0S transistor ccnm~~rises a source 5
i npl Gnt r e@ifpe donprict nge i NPy a: T3 ) ractoporopononsiay an energy of between
about 2 KeV and 9 KeV and a dose of between Gbcut 2r1015 icns/cm and
4r ~| Grefieans L b dEmdite et hiod peeoeder igveor Cbai Ms1lswbwgrei Ansaid gate
oxide -~.ayer is fcr:ned to a thickness of between about 15 Angstrons and
20 AnQSLnQTEB . AG 2041 odf 1 fefBchBOd-2¢6Qr dbg9ohe ©hakmul)wWagnei n acid
polysilicon layer 1s deposited to a thickneSs of between about ci 00
AngSLr s And. 4y 20G AngeLLoE, 12, ThEoEELA] Bcgarding; toaClaim L fur ther
conpri sing fTormng Sh ow trench 1'sol ati 6ns I'n Sard overlying silicon

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 detines where the
gate trench is etched. The gate oxide layer forms on the
trench sidewalls to £he thickness Wl. The polysilicon
sidewalls form to the thickness W2. The contact mask 208a,
208b, and 208c, deZines the contact openings 1in the

interlevel dielectric layer.

Referring to Fi

02

14, an alternative cross section is
shown. Note that the polysilicon feature 90b overlaps the
sidewall of tne trench in the dircction perpendicular to
the inverter. The polySLLicén gates 90a are contacted by
this polysilicon feature S0b that is formed using the

polysilicon mask 22 and etch of Fig. 8.



| ayer to isolate planned said closely-spaced, vertical NMOS and PMOS
transistor pair. 13. A nmethod to form an inverter with a closely-spaced,
vertica~i ?~MOS and PMOS transistor pair in an integrated circuit device
conprising: selectively inplanting ions i:~to a first part of said 5
overlying sil iCG I |ayer to foama dram channel region, and source for Gn
NN1OS transi stor wherein said drain is forned airectly overlying said oxide
| ayer, wherein: sind channel region is forned overlying sa~.d drain, and
wher ei n s&ed STUTce 4% Forved over } 2m Ag- sal d-ehanneiceégi on; 10

selectively inplanting ions into a second part of said overlying silicon

| ayeretrd ifoarlmMNGl s EM@GHinetanepsonr aeid soustewhocoapPMESNYr ansi st or
vahereir. said drain is formed directly overlying~said oxide | ayer, wherein
sai d fBMSS ,charsedstegioncospt os g overtyhr implsatdddbantle wherein 27 15
said source is fornmed cverlying said channel region, anti wherein said

dr ai Rnies-dith Gantaeiqm ihvé,al tdq NMESshhanskatar betaben @h@@rly@gca gate
trench through smd NMJS and i ~MOS sources and cha: regi ons wherein

sai d 9f & JdLNeh 205 iffgbli‘aﬁ?e@% g8 QnB"V% ar A%B%@? Qr aN ®sand wherein

said gate trench exposes S|demal s of sal NNCS an annel regions;
formly% e _oxi de I e qve Lng c agd hannel regi ons and
I|n|ng §5T%§%afe ?r%%c 23 Ségxgtﬁlﬁg a Bol YF|c&§'|a§§F overlying said
'gateéggé¥ééfyﬁMOS 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 of the channel region. Finally, a gate

comprises a polysilicon sidewall spacer 90a adjacent to the
vertical surface oI the channel regzon 3C with a gate oxide

layer 8¢ therebetween. A PMOS transistor 1s also in the

overlying silicon layer 18. The PMOS transistor comprises,

first, a drair 40 overlying the oxide layer 18. The drain

40 contacts the %crtical NMCS transistor drain 28. A

channel region 42 overlies the drain 40. 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 comprises a polysilicon
sidewall spacer 90a adjacent to the vertical surface of the

channel region with a gate oxide layer 86 therebetween to



etching back said polysilicon layer to formpolysilicon sidewalls and to
thereby formgates for said cl osely-spaced, vertical NMOS and PMOS

transi stor pair; 30 depositing an interl2vel dielectric |ayer overlying
sai d cl osel y-spaced, vertical NMOS and PMOS transistor pair after said step

of etebhogcback sakagRolysiliican | ayet;, et 09, e \ods Lhroyoh said
interlrevel dielectric |ayér to e ~pose said P source ‘ahd ‘drai'n and said
NMOS 35 source ar:d drain; t:~ereafter farmng a netal silicide layer in
sai d PRDB SSuF?énﬁﬁ&c&r&yn°amfﬁﬂﬁcﬁ$ﬁtﬁl§6Uﬁgé‘é&f(h%ﬂ?ﬁmpbﬂébositi::c; a
nmetal |ayer overlyi;.c~ said interlevel dielectric |ater and said

over | §RENCMOS| FRYEF 4eEy &SV i&Fd 4G patterni:-.g said netal layer to form
connective lines to conplete said inverter in the manufacture of the
integrated circuit device. 14. The r,.ethod according to Claim 13 wherein
said netal silicide- ayer consists of one of the group of: titanium
silicide aR®ecaisylanigidysciade. s . priee st hbdt ae cor b et t G el ~
~.~rherein said overlying silicon | ayer conprises a thickness of between
about c2n00OCwArmgs taroims: etk B.. , 00 Angsdm omBfedbirvdheroeehodfar. cording to
Claimi3 wherein said step of selective-iy ~:r.pl a:;ntir.g ions into sa~.d

T~rst fpatdinef @I owestyd g 1544 11s0eh | ayeietodf or srsahd, ~tham channel
regi on, and source of said NMOS transistor conprises a drain 5 inplant

T eci Pee&Podrd 1Sidigs imd@r&wge@yrsg@é@eaomogt t80n6Nergy phibstes~ce:: about
220 KeV and 500 KeV and a dose of betmeen about i:;1015 tons/cm and 4r;
101" | s/eine d 75 e PBEDLL: ACERSET Agat kAL LT3, WEBLEI N Saidystep of 29

the use ¢of a SIMOX substrate and STI regions allows the

inverter device to be electrically isolated. 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 1n the preferred embodiment, the present
invention provides a very manufacturable method and a novel
device for providing vertical, closely-spaced CMOS
inverters 1n the manufacture of an integrated circuit

device.

While the invention has been particularly shown and

described with reference toc the preferred embodiments



select~ivcly inmplanting ions into said first part of said overty~::g

~vl ~.con layer, to formsaid cram, channel region, and source of s~;~.d
NNCS transi stor conprises a source 5 inpl ar.t recipe conprising inpla;
~tin~C arsenic ions at an energy of between. about 45 KeV and 70 KeV and a
dose of between about 3x101' ions/cm and 4xlIC ~'ions/cm . 18. The netk:od
accot®FFeCt o EF alm-13PRhENEER >$8°q SWe Mof- Ssé1'ectiivfelly’ i arfti ng i ons into
sai d second part of said overlyir:g silicon layer to formsaid drain,
chanfied t r 6§F 8RS aRB2E6GECé Poft OFHl ¢ IEMSS SoridnsitstiorP T ostS ses a drain 5

i mpl ant reci pe conprising inplantyng boron ions at_an energy of between
about 1 4QoKeVdand r90 nke V rad td edogd Oft betheeiPRbARE B¥0° 5 ions/cm  a~~d
4x101~rons/cm . 19. The :r;e;.hod according to Claimla w nerein said step
of seheeniwehy i:nplantinc~ ions into said second part of said overlying
Si-.~icon layer to formsaid drain, channel region, and 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 2x1yEl% LN 1I@EImENd 4xI Cl'ions/cm . 2G The metros; according to
Claim 13 wherein said gate JD oxide gayer ys foaned to a t~~ickness of
bet ween about 15 Angstronms and 20 Angstrons. 21. The nethod according to
Clui:n 13 wherein said polysilicon layer is deposited to a thickness of

. between about 800 Angstro:rs and 1,200 Angstroms. 22. The r;, ethod
according to Caim 13 further conprising

28]
to



form ng shallow trench isolations in said overlying silicon layer to

i sol ate pl.anned said cl osel y-spaced, vertical NMOS and PMOS transi stor
pair. 23. A closely-spaced, ve~ti,cal NMOS and PMOS transi stor pair
ccnprisinr: a s~,:~bstrate conprising silicon inplanted oxi de wherein an
oxi de | ayer, ys sandw ched bc:twecn underlying and 5 overlying si'~icon
Iayers;?a &%fﬁ?%ﬁ?%&kﬁsfé%ﬂs?s%ﬁ%”ga%"EQFéQQVeYF§fhb“§iw¥§6ngpéyer, sai d
vertical NMOS transistor conprising: a drain overlying said oxide |layer; G
channel F¥8gi bRV~ STOorMPRg fa ipart of: 'S4 ih [ihi i F A fa Soir<Ee ove: r~yi ng
sai d channel region; 31 a c~at~ trench that e~; ~~ose~ a top surface of
sai d drapmprasidga vertical surface of said channel region; and a gate
conprising a po'ymicon sidewall spacer 15 adjacent to said verti cal
surface of sairdvchammel: regisonramd kangat el oxi gdel 1 ayeriigilenebst ween; and a
vertical PMOS transistor in said overlying silicon |layer, said PMOS

t ransi sbar deonpre-Sing ara diare 1L oner | yd ngas@l teioxd detay@t wherein said 20
dra,.~n contacts said vertical NMOS transistor drain; a channel region
overlyi Qgca rafinPfarkBid g} g & SPESe Dyesty) ng sai d channel region; and
a gate t-~ench that e:~poscs a top surface of said dray:: and a verti cal
surface of saldl ghannely regl o 2% Afnd IAS GOMPEse-SLhg AcPobysi |1 con

si dewal | spacer adjacent to said vertical surface o? sald channe'~ r~:gio :
w~t:~ a _rats | de layer therebe . 29. T.z.e rpe=; ", 0 rd~.ng to
Clainlzgv%ﬁ§?§¥%9§%% %é%séﬁ?%g'iﬁﬁgéﬁT %eggf%%l Rﬁ%ﬁpg%dgﬁﬁééﬁtransistor
pair forma CMOS inverter. ... .he a-. ~~r~ce according to Claim23 further
conprigﬁﬂf spyirce Lor an NMOS transistor wherein said drain is

10 formed directly overlying said oxide layer, wherein said
channel regicn s formed overlying said drain, and wherein
said source is formed overlying said channel region;

selectively implanting ions into a second part of said
overlying silicon layer to form a drain, channel region,

15 and source for a PMOS transistor wherein said drain is
formed cdirectly overlying said oxide layer, wherein said
PMOS channel region is formed overiying said drain, wherein
said source ié Zormed overlying said channel region, and
wherein saird drain 1s in contact with said NMOS transistor

20 drain;

etching a gete trench through said NMOS and PMOS
sources and channel regioﬁs wherein said gate trench
terminates at said NMOS and PMOS drains and wherein said

gate trench exnoses sidewalls of said NMOS and PMOS channel



an Interlevel dielectric |ayer overlying said clos~ly spaced, vertical NMOS
and PMOS tran515tor purr, wherein said interlevel dielectric |ayer has
openi ngs that expose 5 said PMOS source and drain and said MMOS source and
drain; a metal silicide layer in sa~~~l PN OS source and drain and said

N source and drain; and a patterned netal |ayer overlying said

interl eV&€P*8Pélectric layer and said netal silicide layer. 26. The device
according to Caim23 wherein said netal silicide |layer consists of one of
t he group of forMiasi amisidd drdeland xobaltesiting dx i@ AMTheigevi ce
~.ccordng to Claim23 wherein said overlying silicon. |ayer conprises a

t hi ckne&¥06f clretwedn ralgjoutn 2,000 JAngsno-~01n$ @nd: . trend@®0 Angstrons , 28.
The dcv~ce according to Caim23 wherein. said NMOS transistor drG ::
conprises a <apcctitdmd hi ckalessi of cdret Wweenr abosit 1 90C; Angsa. sos and 1, 000
Angstronms and a concentration of between about 1x10" ions/cnB and 1f10° 1

i ons/ cnBxi2@ 1Ehedewirce according to G aim 23 wherein said NMOS transi stor
channel region conprises a function thickness of 33 bet ween aucu~ 50C
Ansstrom- an@chHiEy Anrd ctdomr sty @i copsgntigeti 0o fokmbet ween about

ixI QL' ions/cnmB and 5f:10"" 5 ions/cnB. 30. The device according to G aim
23 wher @ d1r; s ik MME d4a051 STOEG SOUT €8 COBPr ks8R @afuBckLbenshhickness of
bet ween about 800 Angstrons and 1,000 Angstronms and a concentration of

'bet“eenéﬂ%%glgggégcé@Pségggiggg &Még‘%nﬁogﬁégnﬁransistor pair in

the manufacture of the integrated circuit device.

2. The method according tc Claim 1 wherein said

closely-spaced, vertical NMOS and PMOS transistor pair form

a CMOS inverter.

3. The method according to Claim 1 further comprising:
depositing an interlevel cielectric layer overiying

saicd closely-spaced, vertical NMOS and PMOS transistor pair

after said stép of etching back said polysilicon layer;

5 etching openings through said intcrlevel dielectraic
layer to expose said PMOS source and drain and said NMOS
source &and drain;

thereafter forming a metal silicide layer 1in said PMOS

source and drain and said NMOS source and drain;

24



31. The device according to Caim23 wherein said PMOS transistor drain
conprises .a junction thickness of between about 900 Angstrons and 1, 000
Angstronms and a concentration of between. about 1x10 ions/cnB and 1x10 1
ions/cnB. 32. The device according to Caim~3 wherein said PMOS transi stor
chap :cl ri:gion conpr~.sts a function thickness of between about 50C
AngSt rons andCR QOO B st riowsS Ankt 4C Eoheeht ¥ At P oha1df 1heeieenshbout 1, 1GL'
ions/cnB and SxIA e 5 ions/cm. 33. '.'re davice cccrding to Caim23

wher ei n Tl PMOS® t fanst saoé soud ceveohpringestaifanctfpart higkness of

bet ween about 800 and i, 000 Angstronms and a concentration of between about
1::10 ions/ gadrixdOsdidonstiehBla@ed to3ddorifheodeeccévactondsng to
Claim 23 ~urther conprising shallow trench iso-iations in said overlying
silicon layer to isolate said closely-spaced, ~-ortical NMOS and PMOS
transistor pair fromthe rcmai nyn~~ substrate. 35 . A(. As. AA2. A

9Y. A. Au.AYERBI Rt rAd -ATARBABE AT AN 3 Aide ASE AR nethl
Y. A A Aal . Au. Au. A5. As; f. A&(E. A A AL A . Ay. A A9

>FZvi | 78AB| wephe Yl galcabraf cakcakcaheakealkeal eabeal cal.cal¢ahgahcal caj ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cRa! &I prT'W3t} xsnid_Z] ] ca] ca] ca]ca

]ca]calcgyd g&f&%ﬁ&k a%gghgg]ggkggh&glca}ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] cafca. ? ]Q‘ X
5. The method according to Claim 1 wherein said overlying

silicon layer comprises a thickness of between about 2,000

Angstroms and 3,000 Angstroms.

6. The method according to Claim 1 wherein said step of
selectively implanting ions into said first part of said
overlying silicon layer to form said drain, channel region,
and scurce of.said NMOS transistor comprises a drain

) implant recipe comprising implanting arsenic ions at an
energy of bet@een about 220 KeV and 500 KeV and a dose of

15 . 2 ] 2
> jons/cm® and 4x10'°10ns/cm?®.

between about 3x10
7. The methed according to Claim 1 wherein said step of
selectively implanting ions intc said first part of said
overlying silicon layer to form said drain, channel region,

and source of said NMOS transistor comprises a source



BHZ_abG} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca]j ca] calcalca]calca]lcaljcalcal0 b c |
Yhqt , 6<b~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] cal] cal] ca] ca]
ca] caj] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca!
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dEbC! F4! 109%&’ ()-32109%& ()- 3LOL10%& ()- .y 109%& ()-

10%' ()-' ' 109%&"()-2\]~_abbCl & 10% u& ()- 9910% u& ()- MLO% u& ()-° 10 10
10" : s109&' () - F6! 109%&' () - GAEbC! ! 10% u& ()-! 10% u& () -yg

10% ug () - 51 10% u& ()-Y 110% u&' ()-@0%u& ()-0 |~ YdEbCl F3!10% u& ()- @
10% u& )- 3&@I0%MUE L -4 J*. 3-c wherein. said

10% U& () 10% ug () - Y, bdEbC] 0% g ?3- 15 1056 0% ) 51900 ug () - Yoa0% u&
() - Fy#! () 110% U& () ” et betbue

10-u9' 1 8i B0 /*&ygsjélfﬁ‘%% Sgo‘r16@*&”‘“33??1645/&&“(’7?‘6i dEYNC!
Ss10% o&' -1.10% o& 0% o 0% o0& S

10% o0& € )b fg%ﬁ%&%tm gféf%/}?)‘&"%) él

109 0&' ()-L10% 0& () - &10% 0& () - 10% 0& () - | 10% o0& () - M dEYNC!
3410% 0&' ()-/10% 0& ()--10% 0& () - +10% 0& () 109 0& () - 940% 0& ()-!Y[\]"
“bC 10%48' ()-! 1094’ () - &10%4& ()-M 10' 0 10
10' 09" 10%-0& {H2 I6YA D 0REFT £ $1 AELEP &5 6% é) fgfther comprising
109448 () - &L10%HE () - &310%4& () - 109%4& () - @O0%& () - CP' caBhCl +! 10%4& ()-! F9% 1
09& () - L BMIgYHE 131 5200 RELTD " 109HRE L PRE1O%HR ALY éVMEBELY ipgHsilicon
10H9™ 109%4&' () - 6: 10964&’ () - 3! 109%4& () - 1S

10948 ( )LV 1000481 §91a109pRANANRYLL CORESUYESORCCLOVVRELCal0MRS() - SS
109V’ () - 93109%VE' ()-Y 109%V& ()-° 10HOE:/ 10HEO109%VE! ()- S
" 1090V ( )28 OPBUBS () randDeMEY(pair’ 1090V () - 1090 () - 2L~dE: /

10HL) 109’ ()-L' g
10%VE! ()-9%10%\/&' () - 9#109%VE' ()-Y! 10%VE ()- @ L0%/& ()-~, adE:/ 10M

13. A method to form an inverter with a closely-spaced,
vertical NMOS and PMOS transistor pailr in an integrated
circult device comprising:

selectively implanting ions 1nto a first part of said

5 overlying silicon layer to form a drain, channel rcgion,
and source for an NMOS transistor wherein said drain 1is
formed airectly overlying said oxide layer, wherein said
channel region is formed overlying said drain, and wherein
said source i; formed overlving said channel region;

10 selectively implanting ions into a second part of said
overlying silicon layer toc form a drain, channel region,
and source for a PMOS transistor whereiln said drain is
formed directly overlylng'said oxide layer, wherein said

PMOS charnel region 1s formed overlying said drain, whercin
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gate trench exposes sidewalls of said NMOS and PMOS channel
regions;

forming a gate oxide layer overlying said NMOS and
PMOS channel regions and lining said gate trench;

25 depositing a polysilicon layer overlying said gate

oxide layer;

etching back said polysilicon layer to form
polysilicon sidewélls and to thereby form gates for said
closely-spaced, vertical NMOS and PMOS transistor pailr;

30 depositing an interlevel dielectric layer overlying
said closely-spaced, vertical NMOS and PMOS transistor pair
after said st;p of etching back said polysilicon layer;

etching openings through said interlevel dielectric
layer 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 and drain:
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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 to Claim 13 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 1cns 1nto saxd first part of said
overlying silicon layer to form said drain, channel region,
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 500 KeV and a dose of

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

17. The method according to Claim 13 wherein saild step of
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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 sourxce of said PMCS transistor comprises a drain
implant recipe comprising implanting boron lons at an
energy of between about 40 KeV and 90 KeV and a dose of

. 15 2 ; g 2
between about 3x10*® ions/cm® and 4x10'°1ons/cm*.

19. The method according to Claim 13 wherein saild step of
selectively implanting ions into said second part of said
overlying siiicon layer to form said drain, channel region,
and source of said PMOS transistor comprises a source
implant recipe comprising implanting boron i1ions at an
energy of between about 2 KeV and 4 KeV and a dose of

. ~ . 7 2 - ' 2
between about 2x10'? ions/cm® and 4xiC'”1ons/cm.

20. The methcd according to Claim 13 wherein said gate
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22. The method according to Claim 13 further comprising
forming shallcw trench isolations 1n said overlying silicon
layer to isoclate planned said closely-spaced, vertical NMOS

and PMOS transistor pair.

23. A closely-spaced, vertical NMOS and PMOS transistor

a substrate comprising silicon implanted oxide wherein
an oxide layer is sandwiched between underlying and
5 overlying silicon layers;
a vertlcél NMOS transistor in said overlying silicon
layer, said vertical NMOS transistor comprising:
a drain cverlying saild oxide layer;
a channel region ov. . .ying a part of said drain;

10 a source overlying said channel region;
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a drain overlying said oxide layer wherein said
20 drazn contacts said vertical NMOS transistor drain;
a channel region overlying a part of said drain;
a source overlying said channel region; and

a gate trench that exposes a top surface of said

draizn and a vertical surface of said channel region;

25 anc
a gate comprising a polysilicon sidcwall spacer
adjacent to salid vertical surface of said channel
region with a gate oxide layer therebetween.

24. The method according to Claim 23 wherein said closely-
spaced, vertical NMOS and PMOS transistor pair form a CMOS

inverter.

Zu. .he auvice according to Claim 23 further comprising:
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26. The device according to Claim 23 wherein said metal

silicide layer consists of one of the group of: titanium

silicide and cobalt silicide.

27. The device eaccording to Claim 23 wherein said overlying
silicon layer comprises a thickness of between about 2,000

Angstroms and 3,000 Angstroms.

28. The dev.ce according to Claim 23 wherein said NMOS
transistor dra.n comprlses a junction thickness of between
about 900 Angstroms and 1,000 Angstroms and a concentration

of between about 1x10%° ions/cm® and 1x10°%' ions/cm?.

29. The device according to Claim 23 wherein said NMOS

transistor channel region comprises a junction thickness of
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of between about 1x10°° ions/cm® and 1x10°! ions/cm®.

31. The device according to Claim 23 wherein said PMOS
transistor drain comprises a junction thickness of between
about 900 Angstroms and 1,000 Angstroms and a concentration

\ 20 . 21 .
of between about 1x10%° ions/cm’® and 1x10° ions/cm’.

32. The device according to Claim 23 wherein said PMOS
transistor channcl region comprises o« junction thickness ol
between about 50C Angstroms and 1,000 Angstroms and a
concentratlonnof between about 1x10'7 1ons/cm® and 5x10*®

5 ions/cm’.

33. The device according to Claim 23 wherein said PMOS
transistor source comprisés a junction thickness of between
about 800 and 1,000 Angstroms and a concentration of

between about 1:x10°% ions/cm® and 1x10° ions/cm’.
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