
; e3e4d6Toy *159159* A METHOD TO FORM A SELF-ALIGNED CMOS INVERTER USING
VERTICAL DEVICE INTEGRATION BACKGROUND Or THE INVENTION (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) Description of the Prior. Art In current CMOS sub-micron
technology, MOS transistors are formed horizontally the surfaces cc of the
semiconductor substrate Such technology requires very tight control of the
polysilicon line width critical dimension (CD;. To achieve ;.h15 precision,
lithography and stch techniques must constantly y be -improved and are, m
fact, limiting further process scaling. A second approach to CMOS
integration is to fabricate the transistor structures vertically into the
semiconductor    r substrate. she footprint or surface area requirement,
for each transistor or logic device can be reduced by using the depth of
the substrate. Of particular importance in such vertical integration
schemes are issues such as metal interconnection, or wiring, process
complexity, self alignment, and compatibility with existing process
techniques. Several prior art approaches disclose methods to Form vertical
devices in the semiconductor substrate. U.S. Patent 5,28S,093 to Lage et al
teaches a memory cell having a trench structure. A six layer stack of
alternating p-type and ::-type silicon is cross-sectioned by a trench. A
layer of oxide _s 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 devices is constructed using
this structure. U.S Patent 5,641,694 to Kennet' 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 Disclosure Bulletin,
May 1985, pp. 7046-7048 teaches a method to form a latch-up resistant CMOS
Inverter device. An n-channey transistor is formed at the bottom of 2   v
a trench A p-channel transistor is formed laterally, at the substrate
surface, between trenches. U.S. Patent 5,723,370 to Ning et al discloses a
method to form vertical CMOS devices on a trench sidewall. The method does
not take advantage of buried layers. Trenches are etched into the
semiconductor substrate after formation of STI. Polysilicon is then
deposited in the trench bottom. The polysilicon is then selectively ion
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 deposited into t:the-ie
trench to build up devices. U.S. Patent 5,308,778 to Fitch et al discloses
a method to form vertical transistors and logic 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 formed at the
trench bottom. Gate 



oxide 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
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 EET devices. A
three-layer stack is epitaxially grow; overlying the 3    substrate. A
pillar structure is progressively formed by etching. U.S. Patent 5,480,838
to Mitsul teaches a method to form a double-date MIS transistor. Pillars
are formed by etching into the semiconductor substrate. Ion implantation.
is used to 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 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 4    



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.
Another yet further object of the present invention is to connect the CMOS
inverter pair using minimal area and utilizing self-aligned silicide
(salicide) to reduce contact resistance. Another object of the present
invention is to achieve a novel, closely-spaced, CMOS inverter device using
existing processes technology combined in a unique arrangemnt . In
accordance with the objects of this invention, a method to form a
closely-spaced, vertical NMOS and PMOS transistor pair in an integrated
circuit devices is achieved. A substrate comprises silion implanted oxide
wherein an oxide layer is sandwiched between underlying and overlying
silicon layers. Ions are selectively implanted into a 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 5    source is
formed overlying the channel region. Ions are selectively implanted into a
second part of the overlying silicon layer to form a 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 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 PMGS drains and exposes the sidewalls of
the NMOS and PMOS channel regions. A gate oxide layer is formed overlying
the NMCS and PMGS channel regions.and lining the gate trench. A polysilicon
layer is deposited overlying the gate oxide layer. The pciysilicon layer is
etched back to form polysilicon sidewalls and to thereby form gates for the
closely-spaced, vertical NMOS and PMGS transistor pair in the manufacture
of the integrated circuit device. Also in accordance with the objects of
this invention, a closely-spaced, vertical NMOS and PMOS transistor pair is
achieved comprising, first, a substrate comprising silicon implanted oxide
wherein an oxide layer is sandwiched between underlying and overlying
silicon layers. A G   vertical NMCS transistor is in the overlying silicon
layer. The vertical NMOS transistor comprise, W rat, a drain overlying the
oxide layer. A channel region overlies the drain. A source 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. Finally, a vertical PMOS
transistor is in the overlying silicon layer. The PMGS transistor
comprises, first, a drain. overlying the oxide layer. The drain contacts
the vertical NMGS transistor 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 



gate comprises a polysilicon sidewall Spacer adjacent to the vertical
surface of the charnel region with a gate " . oxide layer therebetween.
BRIFF DESCRIPTION OF THE DRAWINGS In the accompanying drawings forming a
material part of this description., there is shown: 7    Figs. 1 through 12
schematically illustrate in cross sectional representation of the preferred
embodiment of the present invention. Fig. 13 illustrates a top layout view
of the preferred embodiment of the present invention. Fig. 14 schematically
illustrate2 an alternative cross-sectional representation of the preferred
embodiment of the present invention. DESCRIPTION OF THE PREFERRED
EMBODIMENT 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 cube 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.    Referring now more
particularly to Fig l, there is  



illustrated a cross-section of a partially completed integrated circuit
device of the preferred embodiment. Several important features of the
present invention are illustrated. A substrate i0, 14, and 18, is provided.
The substrate 10, 19 and 18, preferably comprises a silicon implanted oxide
(SIMOX) water. The SIMOX wafer comprises an underlying silicon layer 10, an
oxide layer 19, and an overlying silicon layer 18. The oxide layer 14
preferably comprises silicon dioxide having a thickness of between about
500 Angstroms and i,500 Angstroms. The overlying silicon layer 18 serves as
the substrate for the CMGS inverter device. This configuration of silicon
on isolation (SOI) allows the devices so formed to be electrically isolated
from the underlying silicon layer 10. The overlying silion 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 o 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 region. 30, and a source 32, for the planned NMOS
transistor. The overlying silicon layer 18 is 9    first masked so that
only the part oL the overlying silicon layer 18 where the NMOS transistor
is formed receives the implantation 20. A photoresist layer 22 may by
applied and patterned using a conventional exposure and development
process. The ion implantation preferably comprises a series of implantation
steps using three recipes. In the drain recipe, ions are implanted 26
deeply into the 



overlying silicon. layer 18 to form the n+ drain 28 just overlying the
oxide layer lA. 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 3x1015 ions/cm2 and 4x1015ions/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
1x1 C` ions/cm3 and 1x10`1 ions/cm~'. In the NMOS channel region recipe,
ions are implanted 26 into the overlying silicon layer 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 50C and 1,000 Angstroms and a concentration of between about
1x101' ions/cm3 and 5x101 ions/cm3. 10     In the NMOS source recipe ions
are shallowly implanted 26 into the overlying silicon layer 18 to form the
n+ source 32 overlying the charnel region 30. The source ion implantation
26 preferably comprises implanting arsenic ions at an energy of between
about 45 KeV and 70 KeV and a dose of between about 3x10' ions/cm` and
4x1015ions/cm2. 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`1
ions/cm3. Following the ion implantation steps, the photoresist layer 22 is
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 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 musket, that only the part o1 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
preferably comprises a series of implantation steps using three recipes.
T:: the drain recipe, ions arc implanted 38 deeply into the overlying
silicon layer 18 to form the p+ drain 40 just overlying the oxide layer 14.
further, the PMOS drain 40 is formed such that it is in contact with the
IvMOS drain 28. The drain ion implantation 38 preferably comprises
implanting boron ions at an energy of between about 40 KeV and 90 KeV and a
dose of between about 3:i10' ions/cm2 and 4x10'Sions/cm`. The PNIOS
transistor drain 40 so formed preferably comprises a junction thickness of
between about 900 Angstroms and 1,000 Angstroms and a concentration of
between about 1a10` ions/cm3 and 1x10`1 ions/cm'. Tn the PVOS channel
region recipe ions are implanted 38 into the overlying silicon layer 18 to
form the n-type channel region 42 overlying the p+ drain 4C. The PMOS
transistor channel region 42 so formed preferably comprises a junction
thickness  of between about 500 Angstroms and 1,000 Angstroms and a
concentration of between about 1x101' ions/cm3 and 5x10'3 ions/cm3. 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      source ion implantation 38 preferably comprises implantation-~
boron ions at an energy of between about 2 KeV and 9 KeV and a dose of
between about 2~10~5 yons/cm` and 4xlOlsions/cm2. Tne ~MOJ transistor
source 43 so formed preferably comprises a junction thickness of between
about 800 Angstroms and 1,000 Angstroms and a concentration of between
about 1x10" ions/cm3 and 1x10`' ions/cm3. The remaining photoresist mask 34
is stripped away. Of particular importance to the present invention is the
fact that the MOS transistor drain 40 is formed adjacent to, and
contacting, the N~IOS transistor drain 28. This is a 



significant feature because it allows a common drain contact for the
completed inverter devices Referr-Referring new to Fig. 4, trenches-ies 45
for shallow trench isolation  ;STI) are etched through the overlying
silicon layer 18 to the of:fide layer 19. A photoresist layer 4A 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 96
is then polished down. to remove unneeded material The STI 46 13   complete
the isolantion of the overlying silion layer for the planned CMOS inverter
Referring now to Fig. 6, an important feature of the present invention is
illustrated. A-~ gate trench 50 is etched into the overlying silicon layer
18. The bottom of the gate trench 5C terminates at the top of the NMOS
transistor drain 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 ;\IMOS 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 :-:ow to Fig. 7, another important feature of
the present invention is illustrated. F: gate oxide layer 86 is formed
overlying the NMOS source, channel region,: and drain, 32, 20, and 28, and
the PMGS 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 I ~4   thermal oxidation process.
Note that the thickness of the gate oxide layer 86 varies due to differing
growth 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
oxide layer 86 adjacent to the channel regions 30 and 92 is the critical
oxide thickness for the completed transistor The gate oxide layer 8G 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 8G. 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-si;.u phosphorous (n-type) doping of about
1x1011 atoms/cm'. The polysilicon layer 90 is preferably deposited to a
thickness of between about 800 Angstroms and 1,.200 Angstroms. 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 t urn, form rates 90a for the closely-spaced
NMCS and PMCS transistor pair. A mask 92 may first be 15   formed to
protect the polysrlicon layer in areas where polysilicon interconnect
features 90b are :seeded. As will 



be discussed below, this mask 92 may be used to define connectivity to
t'r:e transistor gates 90a. The etching process preferably ccmprises an
anisct:ropic etch in a dry plasma process that attacks the polysilicon
layer 90 selectively over the silicon dioxide of the gate oxide layer 86.
The remaining polysillcon layer 90a adjacent to the NMOS charnel region 30
a::d the FMCS channel region 42, with the gate o:~~de layer 86
therebetween, forms the transistor gates. Feferring now ~o Flg. S,~an
interlevei dielectric layer (ILD) 94 is deposited overlying the
closely-spaced, vertical NMOS and PMOS transistor pair. The purpose of the
ILD layer 94 is to electrically isolate the subsequently formed contacts to
the CMOS pair. The ILD layer 99 preferably comprises an isolation material,
such as silicon dioxide, that is deposited by, for example, CVD. following
deposition, a ooirs:rng process, such us chemical mechanical i.;olisl:i;:g
(Ch9P) , is used to C~lunarme flue ILD layer 9~. 16   Contact open~nrs 06,
i02, and 106 arc then mode through the interlcv~ol dielectric layer O~i to
e:;pose the PMOS transistor- source 43 and dram 40 and said NMOS source 32
and dra m 28. These contact openings 98, 102, and 106 may be made using a
dry plasma etch process ~.~ith a masking layer (not shown). Note that the
NMOS transistor drain 28 and the PMOS transistor drain 40 may be contacted
using a single opening 106. Referri.^.g now to Fig. 10, a metal silicide
layer 110 is now formed on the D1MOS transistor source 32 and drain 28 



and the PMOS transistor source 43 and drain 90. Importantly, because of the
presence of the interlevel dielectric layer 94 and the exclusive openings
made in that layer, a self-aligned si'_icide (su'~~cide) process rnay 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 lin,lng the
contact opera ngs 98, 1C2, and 106. A s~r.termg process is performed
wh~:rein t;m metallic layer reacts with the exposed overlying silicon layer
18 to form a metal silic~do layer 110 in each contact opening. The presence
of t:-:e metal silicide 110 reduces contact resistance and improves device
performance. The remaining metallic layer is then removed using a wet
chemical wash. 17   Referri;.g now to .gigs. 11 and 12 a metal layer 114
and 118 is depcsited to ill the cpeni~:c~s 98, 102, and 10G. This metal
layer 1i4 and l18 preferably comprises a two level combination ci tungsten
(W) plugs l14 and aluminum (A1) connective lines 118. First, referring
particularly to Fig. 11, a tungsten layer 114 is deposited overlying the
ILD layer 94 and filling the openings 98, l02, and 106. This tungsten layer
11A is then polished down, using a CMP techniaue to define the tungsten
plugs 114. Referring now to Fig. 12, an aluminum layer 118 is then
deposited overlying the ILD 94 and the tungsten plugs 114. This aluminum
layer 118 is then patterned by etching to define the connective lines i18.
Of particular importance to the present invention, the completed C"~ICS
inverter has a very compact layout that utilizes vertical ~cr:nat~on of the
NMOS and PMOS 



tranSlStOrS to reduce the: laycut area. The NMOS transistor source 32 may
be easily connected to the VSS ground. The PMOS ~ransvstor scarce 43 may be
con:vect2c; to the VDD supply. The ccmmo;, arai:~s 28 and 40 of the NMOS
transistor and PMOS transistor are connected to the common output rode 18
i3. The gut~:s 90a of tr.e CMGS tran~~~tor Na.l.r aro connccte:~l to the
common input node A. Referring new tc Fig. i3, a top layout view of the
preferred embodiment of the present invention is shown. An active mask 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 ~.~here the drain, channel region, and source
implants are performed for the PMOS transistor. The gate trench mask 212
defines where the gate trench is etc;:ed. The gate oxide layer forms on the
trench sidewalls to tre thic:~cness ~rii. The polysilicon sidewal:~s form
to the thickness W2. The contact mask 208a, 208b, and 2C8c, def~:-:es the
contact openings in the interlevel Cl.eleCtrlC layer. Referr~:~g to Fig.
14, an alternative cross section is shown. Note that t~:e pclysilicon
feature 90b overlaps the sidewall of the tre::ch in the direction
perpendicular to the inverter. The pc~lys~licon gates 90a are contacted by
this polysiiicon feature 90b that is formed using the polysilicon mGsk 22
and etch of Fig. 8. l9  



Referr'_nr~ again to i lg. 12, ;:a,u ~:losely-spaced, vertical NMOS and
PMOS trans~.stor pa~.r is shown comprising, first, a SiI.:~Strat~:
comprlSii:g SillcG : lI;'lp ianted oXlde wherein an oxide l,:y.~r 17 is
sandwiched between underlying, and overlying sil-~con layers 10 and 18. A
vertical NMOS transistor is in the 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 trer:ch exposes a top surface cf the drain and a vertical
suryace cf t:e charnel region. Finally, a gate comprises ~, polysilicon
sidewall spacer 90a adjacent to the vertical surface oy the channel reg~.cn
30 with a gate of:ide layer 8c t:nerebetween. A FMCS transistor is also in
the overlying silicon layer 18. The FMCS transistor cornprlses, first, a
drain. 40 overlying the of:ide layer 18. The drain 40 contacr.s the
vertical NMCS transistor drain 28. A channel regio:: 42 overlies the drain.
10. A source 93 overlies the chan::el region 42. The gate trench exposes a
top surface of tha again 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 8o
therebetween to 20   complete t:~:e PMOS tra~:si::~Lor . The :~MOS and
PMO:_, translsLor pair ~s con nected by a metal layer li~~ and 118 to
comr~lete the CMOS -~nvert.er de,rlce. The advantages of the process of the
present invention 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
FMCS transistors. Third, the use of a SIMOX substrate and STI 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 common drain
contact is possible. Fifth, the method facilitates the use of salicide. As
s~:cwr. ~n the preferred embodiment, the present invention provides a very
manufacturable method and a novel device for providing vertical,
closely-sp,~ced CMOS inverters 1:: ti;e manufacture of a:; integrated
circuit device. Whila the in,renticn has been particularly shown and
descrii~ed with reverence tc the preferred embodiments 2l   therCOf, It
W111 be under.;tccd :J~ LW u:.:~ :W~lliC_`d l:l LIlC c.11"L that
Vc~',~10',1S' ChdnCe:i In iOLm c'7nd dC't~:ii:~ iil~lJ ~Je mdde withou~
departinc from the Spir~.t ~;W scope of the invention. W hat iS cla :.med
iS   1. A method to form a closely-spaced, verW cal NMOS and PVOS
trG:-lS~stcr pair in an ir.tec~ratec! cyrcuit device comprising: prcvioing
G substrate compr~si:~g silicon impla:ited 5 oxide wr.erc~:~ Gr. o::~de
layer is sandwiched between underlying and overlying silicon layers; 



selectively implanting ions into a first part of said overlying silicon
layer to form a drain, channel region, and source for an NMOS transistor
wherein said drain is 10 formed directly overlying said of:ide layer,
wherein said channel region. ~s formed overlying said drain, and wherein
said source is formed overlying said channel region; select'_vely
implanting ions into a second part of said overlying silicon. layer to form
a drai:a, channel region, 15 and source for a PMOS transistor wherein said
drain is formed directly overlying said oxide layer, wherein said PMOS
c!-ianne'i region is formed overlying said drain, wherein said source is
formed overlying sued channel region, and wk:erein said drain is in contact
witf: said NMOS transistor 20 drain; etching a gate trench through :,aid
NMOS and PMOS sources and C.':a:':nel regions wherein said gate trench
terminates at said NMOS and PMOS drains and wherein said Cfate twe.^.Cil
e~.:~O:m~.S S.'~C'~..e'rlc~i~.5 Oi :~a~.d :~MOS c.Znd ~MOj C:ldnnel 23   25
regions; forming a ,ate o:;id~: layer ov~rlyr,g said NMOS and PVOS chin nel
re;~.o:~s amd lining surd gate tre~;ch; depcs;~tin~~ a polysilicon layer
overly ng said gate oxide layer; and 30 etching bac: said polysil,icon
layer to form polysilicon sidewalls 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 Gccording to 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 ~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 layer to expose said PMOS source and dram and said
NMOS source and dram; thereafter forming a metal silicide layer in said
PMOS source and drain and said NMOS source and drain; 2~l   10 depositing a
metal layer overlying paid interlevel dielectric layer and said ov~rlym~l
silicon layer; and patterr,-ing said metal layer to fcrm connective lines.
4. The method accoraing to Clalm 3 wherein said metal silicide layer
consists o one of the group of: titanium silicide and cobalt silicide. 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 overlyir:g silicon layer to
form said d~-m n, channel region, and scarce of said NMOS transistor
comor~ses 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
310'S ions/cm` and 4x1C15ions/cm`. 7. The method accordlr.g 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
source of said NMOS transistor comprises a source 



25   5 implant rec'pe comprising implanting arsenic ions a~ an energy of
between about 45 1<eV and 70 KcV and a dose of between about 3x1C1'
icns/cm` and 4x101'ions/cm`. 8. The method according to C'~aim 1 wherein
said step of selectively implanting ions into said second part of said
overlying 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 cf between about 40 KeV anti 90 KeV and
a dose of between about 3t:1015 icns/cm` and 4x101jions/cm`. 9. The method
according to Claim 1 wherein said step of select~.vely implanting ions into
Said second part of said overt y~::g s~l~con layer to form sued draili,
channel region, and source cf said P~?OS transistor ccm~~rises a source 5
implGnt recipe comprising impla:~tir:c~ boron ions at an energy of between
about 2 KeV and 9 KeV and a dose of between Gbcut 2r1015 icns/cm` and
4r~lOl~~ions/cmv. 1C. The method uccord~r.g to Claim 1 wl;erein said gate
oxide -~.ayer is fcr:ned to a thickness of between about 15 Angstroms and
20 Angstroms. 2G   11. T:.e me.thod according to Ciaim 1 wherein acid
polysilicon layer is deposited to a thickness of between about ci00
Angstroms and 1,20G Angstroms. 12. The method according to Claim 1 further
comprising forming shallow trench isolations in said overlying silicon 



layer to isolate planned said closely-spaced, vertical NMOS and PMOS
transistor pair. 13. A method to form, an inverter with a closely-spaced,
vertica~i ?~MOS and PMOS transistor pair in an integrated circuit device
comprising: selectively implanting ions i:~to a first part of said 5
overlying sil iCG:I layer to foam a dram, channel region, and source for Gn
NN10S transistor wherein said drain is formed airectly overlying said oxide
layer, wherein: sind channel region is formed overlying sa~.d drain, and
wherein said source is formed overl~m ng said channel region; 10
selectively implanting ions into a second part of said overlying silicon
layer to form a drain, channel region, arid source for a PMOS transistor
vahereir. said drain is formed directly overlying~said oxide layer, wherein
said PMOS charnel region is formed overlyir..~ said drain, wherein 27   15
said source is formed cverlying said channel region, anti wherein said
drain is in contact with said NMOS transistor drain; etch-:-ng a gate
trench through sm d NMQS and i~MOS sources and cha:,nel regions wherein
said gate trench 20 terminates at said NMOS ar:d.PMOS drains and wherein
said 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 sidewalls and to
thereby form gates for said closely-spaced, vertical NMOS and PMOS
transistor pair; 30 depositing an inter12ve1 dielectric layer overlying
said closely-spaced, vertical NMOS and PMOS transistor pair after said step
of etching back said polysilicon layer; etcr.ing openi:~gs through said
interlevel dielectric layer to e:~pose said PMOS source and drain and said
NMOS 35 source ar:d drain; t:~ereafter forming a metal silicide layer in
said PMOS source and drain and said NMOS source and drain;   depositi::c; a
metal layer overlyi;.c~ said interlevel dielectric later and said
overly~~n., silicon layer; and 4G patterni:-.g said metal layer to form
connective lines to complete said inverter in the manufacture of the
integrated circuit device. 14. The r,.ethod 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 1~
~.~rherein said overlying silicon layer comprises a thickness of between
about 2,00C Angstroms and 3.,000 Angstroms. 16. The method a;.cording to
Claim i3 wherein said step of selective-iy ~:r.pl a:;ntir.g ions into sa~.d
`~rst part of said overlying silicon layer to form saiu ~Iram, channel
region, and source of said NMOS transistor comprises a drain 5 implant
recipe co",prising implanting arsenic ions at an energy of bet~~~ce:: about
220 KeV and 500 KeV and a dose of between about i:;1015 ions/cm` and 4r;
101'ions/cm`. 17. The method according to Claim 13 wrerein said step of 29



select~ivcly implanting ions into said first part of said overty~::g
~vl~.con layer to form said cram , channel region, and source of s~;~.d
NNOS transistor comprises a source 5 impl ar.t recipe comprising impla;
~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 4xlC`~'ions/cm`. 18. The metk:od
according to Claim 13 wherein said step of selectively implanting ions into
said second part of said overlyir:g silicon layer to form said drain,
channel region, and source of said FMCS transistor comprises a drain 5
implant recipe comprising implantyng boron ions at an energy of between
about 40 KeV and 90 KeV and a dose of between about 3x10`5 ions/cm` a~~d
4x101~rons/cm`. 19. The :r;e;.hod according to Claim 1a w;nerein said step
of selectively i:nplantinc~ ions into said second part of said overlying
si-.~icon 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 energy of between about 2 KeV and 4 KeV and a dose of between:
about 2x1 C15 ions/cm` and 4xIC1'ions/cm`. 2G. The metros; according to
Claim 13 wherein said gate JD   oxide gayer ys foamed to a t~~ickness of
between about 15 Angstroms and 20 Angstroms. 21. The method 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 Claim, 13 further comprising 



forming shallow trench isolations in said overlying silicon layer to
isolate planned said closely-spaced, vertical NMOS and PMOS transistor
pair. 23. A closely-spaced, ve~ti,cal NMOS and PMOS transistor pair
ccmprisinr: a s~,:~bstrate comprising silicon implanted oxide wherein an
oxide layer ys sandwiched bc:twecn underlying and 5 overlying si'~icon
layers; a vertic1 NMOS transistor ~.n said overlying silicon layer, said
vertical NMOS transistor comprising: a drain overlying said oxide layer; G
channel region ov-__.fm ng a part of said drain; 10 a source ovc:r~ying
said channel region; 31   a c~at~ trench that e~;~~ose~ a top surface of
said drai n a: d a vertical surface of said channel region; and a gate
comprising a po'ymiicon sidewall spacer 15 adjacent to said vertical
surface of said channel region with a gate oxide layer therebetween; and a
vertical PMOS transistor in said overlying silicon layer, said PMOS
transistor comprising: a dra~.n overlying said oxide layer wherein said 20
dra,.~n contacts said vertical NMOS transistor drain; a channel region
overlying a part of said drain; a source overlying said channel region; and
a gate t-~ench that e:~poscs a top surface of said dray:: and a vertical
surface of said channel region; 25 ana a gGte compr-~.sing a polysilicon
sidewall spacer adjacent to said vertical surface of said channe'~ r~:gio :
w~t:~ a rate oxide layer therebetween. 29. T:-:e rne~:^.od accord~.ng to
Claim 23 wherein said closelyJ~'.JGCed, vertical NMOS and PMOS transistor
pair form a CMOS inverter. :,. .he a~.~~r~ce according to Claim 23 further
comprising: 32  



an lnterlevel dielectric layer overlying said clos~ly spaced, vertical NMOS
and PMOS tran515tor purr, wherein said interlevel dielectric layer has
openings that expose 5 said PMOS source and drain and said MMOS source and
drain; a metal silicide layer in sa~~~l PNiOS source and drain and said
NMOS source and drain; and a patterned metal layer overlying said
interlevel dielectric layer and said metal silicide layer. 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
~.ccordmg to Claim 23 wherein said overlying silicon. layer comprises a
thickness of between about 2,000 Angs ~~o:ns and .:,, 000 Angstroms . , 28.
The dcv~ce according to Claim 23 wherein. said NMOS transistor drG_::
comprises a ~ur.ction thickness of between about 90C Angs~.roms and 1,000
Angstroms and a concentration of between about 1x10` ions/cm3 and 1f10`1
ions/cm3. 29. The device according to Claim 23 wherein said NMOS transistor
channel region comprises a function thickness of 33   between aucu~ 50C
An~strom~ and 1,0C0 An~l~trom~ and a concentr~:tio:: of between about
ixlOL' ions/cm3 and 5f:10'' 5 ions/cm3. 30. The device according to Ciaim
23 where in said NMOS transistor source comprises a function thickness of
between about 800 Angstroms and 1,000 Angstroms and a concentration of
between about 1x10` ions/cm3 and 1x10`1 ions/cm3. 



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 of between. about 1x10` ions/cm3 and 1x10`1
ions/cm3. 32. The device according to Claim ~3 wherein said PMOS transistor
chap :cl ri:gion compr~.sts a function thickness of between about 50C
Angstroms and 1,000 Angstroms and a concentration, of between about 1,1G1'
ions/cm3 and SxlOle 5 ions/cm'. 33. '.'re davice cccrding to Claim 23
wherein said PMOS transistor source comprises a junction thickness of
between about 800 and i,000 Angstroms and a concentration of between about
1::i0` ions/cm3 and 1x10`1 ions/cm3. 3~4   34. The device according to
Claim 23 ~urther comprising shallow trench iso-iations in said overlying
silicon layer to isolate said closely-spaced, ~-ortical NMOS and PMOS
transistor pair from the rcmainyn~~ substrate. 35 .A(.As.AA2.A;
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