
;e3e:8:445T6:&7D86z8T8bk/16 J U L 2c)o2  , METHOD FOR MAKING FIELD EFFECT
TRANSISTORS HAVING SUB-LI rl-fOGRAPF~1C GATES WITH VERTICAL SIDE WALLS
TECHNICAL FIELD  The present invention concerns methods for making
metal-oxide-semiconductor field effect transistors (MOSFETs) in general)
and MOSFETs with gates of sub-lithographic length and vertical side walls,
in particular. BACKGROUND OF THE INVENTION The size, shape, and quality of
the polysilicon gate of MOSFETs are of particular concern for conventional
as well as future scaled-down MOSFETs In order to be able to make memory
chips and logic devices of higher integration density than currently
feasible, one has to find a way to further scale down the gates used in
such chips and devices and to improve the accuracy at which such gates are
made. The basic elements of a conventional MOSFET 10 are schematically
illustrated in Figure 1 Such an FET 10 typically is formed in a silicon
substrate 11 and comprises a doped source region 14 and a doped drain
region 12 being arranged to the left and right of a polysilicon gate pillar
13 This gate pillar 13 is separated from the channel 17 - which is situated
between the source 14 and drain regions 12 - by an oxide layer l5
Underneath the polysilion gate 1 3, the oxide layer 15 seines as gate oxide
In conventional FETs, the gate oxide is thicker underneath the polystlicon
gate because the portions of the oxide layer I ~ not covered by the
polvstltcon sate at a attacked during the polysilicon RI L, as addressed in
the following Please note that the source/channel and drain/channel
junction 18 are not abruptly defined The dopant concentration decreases the
closer one gets to the actual channel, i a the source/channel and
drian/channel junction I8 am not w-ell defined I-los is mainly caused by
the :;aped side walls   16 J U L 2D02 2 - I G ot~ the gate I 3 which permit
dopants to reach the silicon substrate near the gate edges (overlapping the
gate) when the source and dram regions 12 and 14 are implanted from the 



top 1-los results in increased source and dram resistance, high overlap
capacitance, and ill defined effective channel length resulting in
degrading the device performance In the present state of the art, silicon
reactive ion etching (RIE) and a photo-resist mask are used to define the
polysilicon gates of MOSFETs) including complementary metal oxide
semiconductor (CMOS) FETs. Two requirements have to be satisfied by the RIE
process. The polysilicon gates should have perfectly vertical side walls,
and furthermore, one has to ensure that the RIE process stops on the gate
oxide 15 at the bottom of the polysilicon gate 13 without destroying it.
Typically, the gate oxide I 5 is very thin (in the range of a few
nanometers and becomes thinner and thinner when further scaling down FETs
When processing whole wafers, the thickness of the polysilicon layer -
which is to be etched to become the polysilicon gate of all MOSFETs on the
wafer - varies To ensure that all polysilicon gates are defined properly,
one has to adjust the etch time such that all polysilicon gates) including
those formed in a section of the wafer where the polysilicon layer is
relatively thick, are etched down to the thin gate oxide 15 This
intentional over-etching, however, leads to a locally reduced thickness of
the gate oxide 1 S adjacent to the polysilicon gate 13 (as schematically
illustrated in Figure I)) because the selectivity of the polysilicon etch
process is not high enough (please note that high selectivity means that an
etch process attacks only the materials it is intended to etch, e.g the
polysilicon in the present example) but not the gate oxide) That is
conventional polysilion RIE etch processes not only attack the polysilicon,
but also tire oxide layer 15. Due to the low selectivity) the oxide layer
15 is thinner adjacent to the polysslicon gate 13 than the onginal
thickness of the oxide layer (see underneath the polysilvcen Sate 1 ~), as
schematrcaily illustrated in Fic;ure 1 It is tile nature of the currently
used RIE polysilion etch processes that an mol:novcd seiccm ~~~) reduce;
the doectionality of-the etch resulting undesirable non-vertical (sloped)
polvsilicort gate side walls 16 In other words, when employng conventional
polysrlicon R1C: processes f,~r tile I-m station of-polvsvlrcov ~;ate~)
eOlter the slope of the side w-a115 mcmtscv, ;,~ ;ltc tltm c>>,ic.~   16 J
U L 2'002 3 layer I S rs attacked and consequently vanes in thickness
across the wafer I Ire polysilicon RIL chemistry can be ad-usted to improve
the polysilrcon/oxide selectivity, but then the RIG etch becomes more
isottoptc resulting in even more sloped stile walls As mentioned above, the
gate oxide has to become thinner when scaling down the MOSFCTs It is
immediately obvious that the thinner the gate oxide is, the less
over-etching is acceptable In other words, the etch selectivity has to be
improved in order to be able to make polysilicon gates of very small size
The gate oxide of sub-0.1 micron CMOS FETs, for example) is less than 3nm
thick. Any over-etching impairs the device performance. The gate length
L,~; of conventional transistors is defined by photo lithography and a
subsequent RIE step, as briefly discussed above Since the resolution of
photo lithography is proportional to the wavelength of the exposing light,
the gate length is limited to about 150 nm Smaller gates can not be made
using conventional optical lithography Cutting edge production today
creates features that are 250nm wide using 248 nm illumination Currently,
the implementing schemes based on light are the bottleneck when trying to
obtain structures of a feature size below 150nm. State-of the-art optical
lithography systems for making current DRAMS, for example) are quite
expensive. The semiconductor industry road map calls for leading-edge
manufacturing at l80 nm in the year 200l and 70nm in the year 20l 1
Alternative processes, such as x-ray lithography, become attractive when
moving on to smaller feature sizes, but the required investments are huge
Thus techniques that maintain compatibility with much of the existing
processes are inherently valuable There are currently no MOS~ET fabncation
schewes known that would allow to realize MOSFCTs wtli gates of
sub-litltograploc length and v ertical (non-sloped) sde walls rurtltermore
the conventional techniques are oot suited to make scaled-down f~r~rs
haven<~ gate lengths of I s0 nm and below-) as well as intact <late omdes
with a tlochncss of less (Iran 5nn~   i 6 J U L 2002 



4 There is some background art of general interest which is related to
certain aspects of the invention, such as for example US patent 4,758,528,
US patent 4,430,791, and US patent 4,636, 822, a11 three patents currently
being assigned to the assignee of the present patent application. The
present patent application is related to U. S. Patent Application Serial
No. 09/026,094 (Applicant's reference number FI9-97-165), entitled "FIELD
EFFECT TRANSISTORS WITH IMPROVED IMPLANTS AND METHOD FOR MAKING SUCH
TRANSISTORS", and U.S. Patent Application Serial No. 09I026,093
(Applicant's reference number FI9-97-164), entitled "FIELD EFFECT
TRANSISTORS WITH VERTICAL GATE SIDE WALLS AND METHOD FOR MAKING SUCH
TRANSISTORS", both filed on the same day and presently assigned to the
assignee of the instant application. The disclosure of these two patent
applications is incorporated herein by reference. It is an object of the
present invention to provide a method for the formation of MOSFETs with
well defined channel length of less than 150 nm. It is another object of
the present invention to provide a method for the formation of MOSFETs with
minimum source and drain resistance, and minimum overlap capacitance.   ~ s
a a ~ Zooz 5 SUMMAFZ1' OF Tf~C INVLN'fION Tlte above ob~ecaves have been
accomplished by the provision of a new and inventive method for the
lormation of FETs This method comps ises the following steps of  forming a
dielectric stack on a semiconductor structure,  defining an etch window on
the dielectric stack,  defining a gate hole in the dielectric stack by
transferring the etch window into the dielectric stack using a reactive ion
etching (RIE) process,  depositing a side wall layer; , removing the side
wall layer from horizontal surfaces of the dielectnc stack and gate hole
such that side wall spacers remain which reduce the lateral size of the
gate hole, 



depositing a gate conductor such that it fills the gate hole,  removing the
gate conductor covering the portions of the semiconductor structure
surrounding the gate hole,  removing at least part of the dielectric stack)
and  removing the side wall spacers The inventive approach substitutes part
of the conventional MOS or CMOS process steps usually employed for the
definition of the gate conductor by the above sequence of steps Tlte above
process can be modified in drf~erent ways as mil be adds essed In the
detailed descnptior; Advantaues will become obvious form the detailed desci
ipmon anti tlic dr awings I i IS om advantage that sub-lithographic gate
pillars Can be formed using conventional photo IOluyi yvlm strp II m ancnlm
<jclvmn<y~~ that tllr nac: walls of tlm s~.~!c pll,n v ;l a v `mal   16 J U
L 2002 6 DESCRIPTION OF THE URA~V1NGS Tlie invention is descnbed in detail
below with reference to the following scl~eratrc drawings (not drawn to
scale) Ftg I is a schematic cross section of the basic structure of a
conventional MOSFET FIG 2 is a schematic cross section of the basic
structure of a MOSFET, according to the present invention FIG 3 shows key
steps of a fabrication sequence) according to the present invention FIG 3A
shows a substrate covered by a pad oxide and a nitride layer 



FIG 3B shows an intermediate fabrication step after a photo resist has been
patterned for the etching of STI or LOCOS isolation FIG 3C shows an
intermediate fabrication step where the photo resist has been used as etch
mask for the etching of STI trenches FIG 3D shows an intermediate
fabrication step where the STI trenches have been filled with a TEOS layer
FIG 3E shows an intermediate fabrication step where the TEOS and part of
the nitride layer have been removed by means of plananzation FICJ 31=
sl~ow-s an intermediate fabrication step where additional layers have bee v
formed I=IC~ ~C; sitow-s an intermediate fabiicauor; step after a pliotc
icnsts IlaS he;:n added, lobo<~raplocallv patterned, and a gate hole wrath
vertical Sid<~ v~ ,. . Iran lm I,~.i nrucl   16 J U L 2002 FIG iI-I rs a
magnified mew ofthe gate hole, after the resist has been removed and
the'rC:OS have been etched away FIG 31 slows an rntermedrate fabncatron
seep where a side wall layer has been deposited FIG 3J shows an
intermediate fabrication step where the side wall layer has been removed
from horizontal surfaces leaving side wall spacers in the gate hole FIG 3 K
shows an intermediate fabrication step where the gate hole has been filled
with polysilicon Please note that, before the gate hole rs filled, a thin
gate oxide layer or other insulating layer is formed at the bottom of the
gate hole FIG 3L shows an intermediate step where the polysrlrcon has been
removed by means of plananzation FIG 3M shows an intermediate fabrication
step where the dielectric stack, which consisted of several layers) and the
side wall spacers have been removed such that a polysilrcon gate pillar
with vertical side walls remains FIG 3N shows an intermediate fabrication
step where dopants were introduced to define source and drain regions   16
J U L 2002 



8 DESCRIPTION OF PREFERRED EMBODfMEN~~ In the present context, n' or p'
doped semiconductors are meant to be heavily doped senuconductors They
typically have a concentraUon of dopants of at least 10" to 10==/cm'. When
using the word MOSFET in the present context, any kind of MOSFET field
effect transistor, including CMOS FETs, 1~(MOS, PMOS and so forth are meant
Also transistors are meant to be covered where there is no oxide serving as
isolating layer between gate pillar and channel Instead of the conventional
oxide) any kind of an isolating layer, such as a nitride layer, can be used
The emphasis of the following description is on polysilicon gates It is to
be noted that instead of polysilicon any material which is suited as gate
conductor can be employed The polysilicon could be replaced by Tungsten,
for example Likewise, a layered structure of polysilicon and srltcrde, or
the like, can be used as gate Instead of polysilicon, amorphous silicon may
be'filled' into the gate hole, as will be described later. This amorphous
silicon can then be transformed into polysilicon by succeeding heat
treatments . An FET 20, according to the present invention, is illustrated
in Figure 2 It is formed in a semiconductor substrate 21 This substrate may
be a silicon substrate, for example In the present embodiment, a drain
region 22 and a source region 24 are defined by n' doping Well suited for
n-type doping are P, As and Sb, for example For the definition of p-type
source and drain regions B) In and Ga may be used. A polysilicon gate 23 is
situated on top of a thin Si0 gate oxide 28 Please note that the surfaces
surrounding the gate structure are covered by the remainder of a pad oxide
layer which usually rs deposited before definition of shallow isolation
trenches (not shown rn Figure 2) As tn Figure 1, the electrodes employed
for the contacting of `~,~te, source, and dram are not shown As can be
seen, the side walls 2G of the polysiltcon gate s ai a ver tical rlre
source/ciiannel anti the dram/clrannel IIInCtiOIIS 29 (also referred to as
sc~mce/cl~annel and drain;channel interfaces) are well defined and abrupt
because there are no slcyrd gate side walls whrclr would allow dopants to
enter the region underneath tire gate W;;~S \~%IlC'.Il IIllplarltIIlL! Llle
source and dram reyons ~>-he interface 29 IS aI1110st vertical ~I-he   i 6
J U L 2002 9 effective channel length L~~n is thus mainly detined by the
length Lc. of the gate pillar 26, because there is minimum overlap It is
further to be noted that the gate lensth L~; is shorter than feasible with
conventional photo litliogiapiiic techniques Such a gate is herein referred
to as sub-lithographic gate An FET with sub-lithographic gate is a
transistor having a gate conductor whet a at least one of the lateral
dimensions (the gate length or the gate width) is shorter than the smallest
possible feature size that can be obtained by conventional optical
lithography. That is, the gate length and/or gate width is 1 SO nm and
below. According to the present invention, a gate hole is formed by
transferring a mask window into the dielectric stack Then a side wall layer
is formed and removed from the horizontal surfaces such that side wall
spacers remain inside the gate hole The width of the gate hole minus the
thickness of the side wall spacers defines the length Lc and width of the
gate pillar to be formed The verticality of the gate side walls give you
minimum overlap and consequentially reduced source drain resistance and
decreased overlap capacitance A more detailed description will be given in
connection with a sequence of steps (illustrated in Figures 3A-3L),
according to the present invention It is to be noted that these steps not
necessarily have to be executed in the order illustrated and described. The
fabrication scheme, according to the present invention) is particularly
well suited for the formation of FETs. In the below described example, the
formation of an FET, according to the present invention, begins with a
substrate 30. This substrate is covered by a pad oxide layer 35 and a
nitride layer 31 The substrate 30 may be a silicon substrate, for example A
l Onm thick SiO, layer 35 may be used as pad oxide The pad oxide layer is
typically between Snm and 20nm thick The oxide layer 35 may be trade by
means of rapid-thermal processing (RTP) or furnace processing Tlie nitride
layer 31 may consist of St~N~ and might have a thickness of about 100nm The
nUridc laves s I cao be made using a logy temperature low pressure chemical
vapor deposition (LfC'VD) process, for instance Other deposiU on n~etl~ods
are available, including plasma enhanced cl~enocal vapor deposition (f ECVD
1 Lihew~ise, the nitride can be sputtered   ,16 J U L 2002 10 Next) a
single-layer photo resist 32 is spinned onto the nitride layer 3 I By means
of conventional Ittl~ography tltrs resist layer 32 is W en patterned to
define etch windows 33 for a subsequent etch step, as shown in Figure 3B
Instead ofusing a single-layer photo resist, a mufti-layer resist) or any
other mask, a g a hard-baked mask, can be used The shape and size of the
etch windows 33 defines the lateral dimensions of the shallow trench
isolation (STI) trenches to be etched next. Such STIs (also known as field
oxide isolation) are typically used in MOS and CMOS technololry to provide
for isolation between adjacent transistors. LOCOS (local oxidation of
silicon) or poly-buffered LOCOS can be employed instead of STIs. 



As shown in Figure 3C, the resist pattern in now transferred into the
layered structure underneath by means of an appropriate etch technique This
step is non-critical. The depth Dsrr of the STI trenches 34 may be I OOnm
and more Before filling the STI trenches with a suited isolator) one may
thermally grow a thin oxide layer 46 inside the trenches 34 This is
recommended in particular if the trenches 34 are to be filled by tetra
ethyl ortho silicate (TEOS), which is a deposited oxide Deposited TEOS
usually has surface states at the interface to the silicon substrate 30
Such surface states are not desired In the present example, the resist 32
is removed, a thin thermal oxide 46 is formed and then TEOS is deposited
such that all STI trenches 34 are filled down to the bottom, as shown in
Figure 3D TEOS can be deposited using a low pressure chemical vapor
deposition (LPCVD) process, for instance Many other materials can be used
instead of TEOS, as long a sufficient isolation of adjacent transistors
(which are not shown in Figures 3A-3L) is guaranteed It is an advantage of
TEOS that it provides for a very good stopping layer for any subsequent
chemical mechanical polish (CMP) plananzation step As schemattcall~~
illustrated m Figure 3E, the upper surface of the structure is now
planarized usm~~ CMf, fir example In the present embodmcnt the CZ'If'
removes the excess TEOS 30 and stops on the mtode layer 3 I The upper
surl:~c.e 3 7 0(~ layer 3 1 is now completely flat Allei C11', tlic
thickness of this nm ide I~iyet .s i is vlyhtly reduced to about 75nm _.
t s ~ a ~ 2002 11 In a subsequent step (see Fy~ure 3F), the dielectric
stack on top of the pad oxide layer 35 is coirrpleted by f0lllllll~
additional layers on top oftlre planarized surface 37 In the present
example, tire dielectric stack comprises  a Si,N, nitride layer 31 (reduced
to about 75nm thickness),  a Si,N., nitride layer 38 (about SOnm thick))
and  a TEOS layer 39 (about 60nm thick) The TEOS as well as the nitride can
be deposited using LPCVD processes, for example. For reasons of
compatibility with the existing device technologies, materials such as
silicon or nitride and their respective oxides are preferred TEOS is well
suited as uppermost layer of the dielectric stack because it can be
precisely RIE etched RIE etched TEOS has smooth surfaces. It serves as an
excellent hard mask for subsequent RIE etching because the resist pattern
can be exactly transferred into the TEOS. It is to be noted, however) that
the TEOS is removed when etching the pad oxide at the bottom of the gate
hole, as will be discussed in-connection with Figure 3H. The dielectric
stack may likewise consist of a polymer, or it may comprise several polymer
layers Any other dielectric stack can be used, as long as it is guaranteed
that this stack can be etched in a manner that gate holes with vertical
side walls can be formed 1t is also important) that highly selective
etchants are available for the etching of the gate holes, as will be
addressed in connection with Figures 3G and 3H It should also be taken into
consideration when choosing the uppermost layer of the dielectric stack
that the side wall layer formed in a subsequent step can be easily removed
from the horizontal surfaces of the uppermost layer Furthermore, the
dielectric stack - and the one of more layers of which it is composed -
should be comparable with ewsting device tcclrn~lo~mes Tlre dielectric
stack may comprise nitride only Sucir a nitride-only stac4, can he etched
without attackrn~~ the silicon and pad oxide  



.16 J U L 2002 12 In the present embodiments, the dielectric stack is
formed on top of a semiconductor structure whrcli already comprises certain
layers and structural elements, such as STI or LOCOS trenches It is to be
noted that the drelectnc stack can be formed on any kind of sennconductor
stricture, including a simple substrate, a preprocessed substrate, a
semiconductor device comprising other circuits, and so forth The expression
gate pillar is used in the present context to describe gate structures
protruding from the semiconductor structure. The pillar can have any shape
and size, as long as at least two of the side walls are vertical, i.e.
perpendicular with respect to the semiconductor structure In a subsequent
step, a photo lithographic process is used to define the lateral size of a
gate hole 40 to be formed As will become clear from the following
description, the actual size of the gate pillar 41 to be formed inside the
gate hole 40 will be smaller than the size of the gate hole This step is
not illustrated since there are many different ways how the lateral size
and shape of the gate hole 40 can be defined. Basically, an etch window 40
is provided in a resist mask 48 (see Figure 3G), the size and shape of
which is about the same as the lateral size and shape of the gate hole 40
io be formed: Please note that the length of the etch window 40 defines the
length of the gate hole 40. In the following, the gate hole formation is
described. A gate formation RIE process is employed to transfer the etch
window 40 provided in the resist 48 into the dielectric stack (please note
that this dielectric stack comprises in the present example nitride layer
31, nitnde layer 38, and TEOS layer 39) The gate formation RIE process can
be optimized to ensure proper etching of the various layers of the
dielectric stack Several RIE steps) each being optimized for the etching of
the respective layer of the dielectric stack, may be carried out When
etching the TCOS layer 39, for example, the selectivity to nitride should
be chosen appr opi lately V-ell suited is a selectivity to nitride of 3 1
or better, wlocii mans that the T(;OS is etched three tunes faster than the
nitride RIE processes are available which fac~'~tate excellent vertical
side walls throughout the dielectric stack Once the etch m~indow~ 40 ha:
been precisely transferred into the rCOS layer 39, a second RI(: step is
carried cam Tlos secc~W   ~ s a m Q002 13 RIE step rs designed to have high
selectivity to the pad oxide 35 A selectivity ofnrtnde to the had oxrde of
5 I and more is suited A selectivity of at least l 0 1 is preferred In the
present example, the second step of the gate formation RIE process is
designed to etch the nitride layers 38 and 3 I of the dielectric stack and
to stop on the pad oxide layer 35) as illustrated in Figure 3G. This second
RIE step is the last RIE step out of a sequence of separately optimized RIE
steps. It is important that the selectivity to pad oxide is 5:1 or better,
because otherwise the pad oxide 35 may be strongly attacked and its
thickness reduced. After formation of the gate hole 40, one may either
remove part of the dielectric stack (as will be described in the
following)) or one might continue the processing without removing any of
these layers In the present example the TEOS layer 39 is removed before the
processing is continued. In this case, the depth DcnrE of the gate hole 40
is about the same as the combined thickness DSTACr. of the layers 31 and 38
(see in Figures 3H and 3F) The depth D~n,~ defines the heights of the gate
pillar 41 including gate oxide, both yet to be formed The pillar serving as
gate typically is higher than I OOnm, and in particular between 100nm and
200nm. Future CMOS FETs will have a gate length of 150 nm and even less.
Such short gates (also referred to as sub-lithographic gates; 150 nm arid
less) can be easily made using the inventive process The width (out of the
paper plane) of conventional gate electrodes is between 2 ftm and 50 ltm
Also the width of a gate may be sub-lithographic if desired After having
defined the gate hole 40 by RIE etching, a thin side wall layer 60 is now
deposited, as illustrated in Figure 3I It is recommended not to remove the
pad oxide 35 before deposition of the side wall layer 60 (see Figure 3H)
This layer 60 may be a nitride layer which conforms well to the vertical
side walls of the gate hole 40 The thickness of such a nitnde la~~er can be
precisely controlled ~1 nest etch step rs now pei formed to ren~ov a toe
side wall lav er 60 fr om isle sum momal surfaces A blanket RIE (or another
etch process) n~av be used Since the thickness ol~tl~e liorr~ontal portions
of the side wall layer ~0 rs rasher thin compared to the thrckneSS ol~tlie
vertical portions (those parts wlocli cover the side w ails of the gate
hole 40), tlie~c hc,r riont<i~   .16 JUL 2002 14 portions can be removed
without attacking much of the vertical portions When this etch step rs
finished, side wall spacers GI of well defined thickness ace left over, as
Illustrated rn f=rgure 3 f These side wall spacers 61 reduce the length of
the gate hole 40 The length of the gate hole minus two times the thickness
of the side wall layer GO defines the length L,; of the gate 41 to be
formed 



Now the leftover of the pad oxide 35 may be removed from the bottom of the
hole 40 This can be done using an HF dip. HF does not attack the silicon
substrate 30. Before the removal of the TEOS 39 and pad oxide 35 at the
bottom of the gate hole 40, the resist is removed. Now a precisely defined
gate oxide 49 may be formed as indicated in Figure 3J The thickness and
quality of this gate oxide 49 is independent of the thickness and quality
of the pad oxide layer 35 The gate oxide 49 may also be thicker than the
pad oxide, if so desired Before the formation of the gate oxide 49, a
sacrificial oxide layer (not shown) may be formed at the bottom of gate
hole 40. This sacrificial oxide layer could then etched away and the
structure be heated This short sequence of steps allows to heal possible
damage (caused by the gate hole formation RIE) of the silicon 30 at the
bottom of gate hole 40 In an alternative embodiment, the RIE process for
gate hole formation may be designed such that not only the dielectric
stack, but also the pad oxide layer 35 are etched at once. I a , the RIE
process stops on the silicon substrate 30 In this case, the selectivity to
silicon of the second R,IE etch process needs to be appropriate, because
otherwise the silicon 30 at the bottom of the gate hole 40 would be etched
away Once the silicon 30 is exposed at the bottom of the hole 40, one may
grow a sacrificial oxide layer, as described above Thrs is here of greater
importance because the RIE damages of the silicon are worst The sacrtF~cral
omde layer may be about 2 rim thick Then, the nitride side wall layer GO rs
formed and structured such that side v-all spacer s 61 remain on the
vertical sur faces of the gate hole After thin s:ep) tl~e sacrificial omde
layer rs removed (etched) and a ~~ate owdc layer H9 rs f~oi mcd by m~.ms ~I
oxrdanon, as descr rbed above   16 J U L 2002 15 C3eloie loimation of the
oxide layer 49, the structure might be cleaned using an I-1F dip, for
example As illustrated in Figure 3K, polysthcon 41 is now deposited in gate
hole 40 and on the uppermost layer 38 of the dielectric stack. It is
important to ensure that the polysilicon 41 completely fills the gate hole
40. The polysilicon may be deposited by means of LPCVD (e.g at about 650"
C). As mentioned farther above, one may deposit amorphous silicon instead
of polysilicon. The amorphous silicon can then be transformed into
polysilicon at a later point in time The polysilicon may be un-doped or
doped. Dopants can be introduced into the polysilicon either during the
polysilicon deposition, or afterwards It is an advantage of the inventive
process that the polysilicon gate does not necessarily have to be doped
when the source and drain regions are implanted The polysilicon gate may in
one of the subsequent fabrication steps be silicided (polycide), and a cap
dielectric deposited for protection of the gate during subsequent
processing) if deemed appropriate As mentioned farther above, any material
- which is suited as gate conductor - may be 'filled' into the gate hole
40. The present invention is not limited to polysilicon gates. After
deposition of the material 41 serving as gate conductor, a planarization
step may be carried out. Well suited is a CMP process. After planarization)
the uppermost layer 38 of the dielectric stack is exposed, as illustrated
in Figure 3L Last but not least) part or all of dielectric stack has to be
removed In the present example the whole dielectric stack is removed The
nitride layero 38 and 31 are stripped using hot pltosphonc acid if the side
wall spacers G 1 are the same material as the dielectric stack, these side
wall spacers 61 are removed together wall the dielectric stack 11 the side
wall spacer 61 and the dielectric stack consist of~diflerent materials both
can be removed separately flftei complete removal of tl~e dielecti is stack
and the side wall spacer s b I , a pi otniding gatc 111;;r a I ,,i;li
vertical side walle Q12 n uncovcicd <;~ ~hov.-n m l~y~um ~~1   16 J U L
2002 



16 The processing can now be continued rn a standard CMOS technology, as
described rn ci~apter I U, pages 266-269, of the book "mrcr o eiectronrcs
pr ocessrng and device design", by R .~ (~olclaser, lohn ~rrley Rc. Sons,
1980 for e~arl~ple During the subsequent steps one may define the source 43
and drain regions 44 - if not already done so earlier - by implantation of
suited dopants) as shown in Figure 3 N A channel 45 (situated underneath
the gate pillar 4l and between drain 44 and source 43 ) is thus defined.
The channel length is about the same as the gate length because the
sourcelchannel and drain/channel interfaces are steep and abrupt (well
deftned)) and the overlap is minimized, as discussed already The length L,~
of the gate can be shorter than what can be defined using conventional
processes. Gates of sub-lithographic length can be formed by the inventive
sequence of steps described above Instead of standard source and drain
regions obtained by means of implantation, diffused source-drain ~unctrons
may be formed by outdif~usion from a polysilicon or dielectric (e g BSG)
boron silica glass) layer formed on the regions to be doped To complete the
FET, electrodes have to be provided. Suitable electrodes are made of
conducting material) m particular metals, such as Au, Al, Mo) Ta, Tt, Cu,
or ITO (indium-tin oxide) being deposited by evaporation and etching, or
other techniques. Furthermore, a metallization pattern may now be formed to
interconnect adjacent FETs The above embodiment and the alternative
embodiments addressed above can be modified rn various manner s, as
outlined below The n' doped regions can be replaced by p' doped regions,
for Instance Tlte size and Slla~e of the doped regions can be varied The
substrate could be a p-doped or n-doped Silicon SIIIJStf atC, or a
Silicon-On-Insulator (SOI) substrate, )ust to menUOn some posnble
mocBlicanons \\-ell implants can be used to define a p-doped region within
an n-dopc:i subsU ate, f~oi etamplc T hm allows to form n-wlse Fly rs (also
i efer i ed to os n-channel i ETs of NMOS) mthm tl~e p-doped region)
whereas p-type FE >'s (also i efer red to as p-channel FETs   ~ s a a ~
Q002 17 of I'MOS) can be formed in the n-doped substrate directly In CMOS
technology) the p-well or n-well drlTusron rs carrrcci out before the
source and dram regions arc formed NMOS as well as fMOS FETs can be formed
b~ means of the inventive process MOS FETs of dilTerent channel type and
structure may be made within one and the same substrate It is also possible
to make chips where some transistors have sub-lithographic gates and other
transistors have longer gates. Instead of removing the whole dielectric
stack to obtain a protruding gate pillar 41, as illustrated in Figure 3M,
one may remove only part of the dielectric stack 



The process according to the present invention has great potential for
fabrication of sub-half micron devices Please note that a sub-0.1 micron
device is a device with gate length L< 0 I Lt m The inventive process is
well suited for high density multi-gigabit DRAM fabrication FETs according
to the present invention can be used in many different kinds of circuits,
such as high performance logic, low power logic or high density memory
devices) including high density mufti-gigabit DRAMs, as mentioned above The
inventive FETs can easily be combined with other elements, such as for
example capacitors, resistors, diodes) memory cells and so forth Because of
their small size and ease of fabrication, the present FETs are also suited
for use in connection with organic displays or liquid crystal displays
(LCDs)   16 ~ U L 200 _ 1g _ CLAIM 1. Method for the formation of a metal
oxide semiconductor field effect transistor (MOSFET), comprising the steps:
forming a dielectric stack on a semiconductor structure; defining an etch
window on said dielectric stack; defining a gate hole in the dielectric
stack by transferring the etch window into the dielectric stack using a
reactive ion etching (RIE) process; depositing a side wall layer; removing
the side wall layer from horizontal surfaces such that side wall spacers
remain inside the gate hole thus reducing the lateral size of the gate
hole; depositing a gate conductor such that the gate conductor fills the
gate hole; removing the gate conductor outside the gate hole; removing at
least part of the dielectric stack; and removing the side wall spacers. 2.
The method of claim 1, wherein the dielectric stack comprises a nitride
layer, preferably a Si4N3 layer. 3. The method of claim 1, wherein the
dielectric stack comprises a tetra ethyl ortho silicate (TEOS) layer. 



4. The method of claim 1, wherein the dielectric stack comprises a polymer.
~1 s ~ m 2002 - 19 5. The method of claim 1, wherein the etch window is
defined using a resist and a subsequent photolithographic process. 6. The
method of claim 1, wherein the etch window is transferred into the
dielectric stack using a sequence of reactive ion etching (RIE) steps. 7.
The method of claim l, wherein each step of the sequence of reactive ion
etching (RIE) steps is optimized for the respective layer of the dielectric
stack it is supposed to etch. 8. The method of claim l, wherein the
sequence of reactive ion etching (RIE) steps is optimized to etch a gate
hole with vertical side walls throughout the dielectric stack. 9. The
method of claim 7, wherein the last step of the sequence of reactive ion
etching (RIE) steps has a selectivity to oxide of at least 5:1. 10. The
method of claim 1, wherein a thin gate oxide is formed at the bottom of the
gate hole after the removing the side wall layer from horizontal surfaces.
11. The method of claim 10, wherein the thin gate oxide is formed
thermally. 12. The method of claim 10, wherein the thin gate oxide has a
thickness of less than 5 nm. 13. The method of claim 1, wherein the gate
conductor comprises polysilicon or Tungsten. 14. The method of claim 1,
wherein a chemical mechanical polishing (CMP) process is used for removing
the gate conductor covering the portions of the dielectric 



stack surrounding the gate hole. 15. The method of claim 1, wherein the
whole dielectric stack is removed after formation of the gate pillar.   16
J U L 2002 -20 16. The method of claim 15, wherein the side wall spacers
are removed together with the dielectric stack. 17. The method of claim 1,
wherein the side wall spacers are removed separately from the dielectric
stack. 18. The method of claim 1, wherein the transistor is a device with a
gate length (L~) of less than 150 nm. 19. The method of claim 1, wherein
the transistor is a device with sub-lithographic gate length (L~). 20. The
method of claim 1, wherein the metal oxide semiconductor field effect
transistor is a PMOS, NMOS, or CMOS transistor. 21. The method of claim 1,
wherein the source and drain regions are formed by implantation of dopants,
said source and drain regions each having an abrupt junction to the channel
which is situated underneath the edge of the gate pillar and gate oxide.
22. The method of claim 21, wherein the junctions between the source region
and channel region and the drain region and channel region are well
defined. 23. The method of claim 21, wherein the slope of the junctions
between the source region and channel region and the drain region and
channel region are steep. 



24. The method of claim l, wherein the effective gate length is defined by
the length (L~) of the gate. 25. The method of claim 1, wherein a
sacrificial oxide layer is formed at the bottom of the gate hole, the
sacrificial oxide layer is then etched away, and   ~ s ~umo2 -21 the metal
oxide semiconductor field effect transistor is heated. 26. The method of
claim 1, wherein the pad oxide layer is formed on the semiconductor
structure before defining an etch window on said dielectric stack. 27. The
method of claim 26, wherein the pad oxide layer is between 5 nm and 20 nm
thick. 28. The method of claim 26, wherein the pad oxide layer at the
bottom of the gate hole is removed after the step of defining a gate hole
in the dielectric stack. 29. The method of claim 26, wherein the pad oxide
layer at the bottom of the gate hole is removed using a wet etch.
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