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co : DESCRI PTI ON Si ngl e and Doubl e
Gate Field Effect Transistors with Sidewal l GFo 40594,
Sour ce-Drain Contacts TECHNI CAngefl EL The
present invention relates to single and double gate field eff ”F‘f

transistors (FETs), and in particular FETs fornmed on a silicon-on-insul ator
(SA) substrate. It also relates to a nethod for-nmaking such FETs.
BACKGROUND OF THE INVENTION I n order to be able to nake integrated
circuits (I1Cs), such as nenory, |ogic and ot her devices, of higher

I ntegration density than currently feasible, one has to find a way to
further scale down field effect transkstor (FETs). FETs are’

DESCRIPTION

Single and Double Gate Field Effect Transistors with Sidewall
Source-Drain Contacts

TECHNICAL FIELD

The present invention relates to single and double gate ﬁeld effect transistors
(FETs), and in particular FETs formed on a silicon-on-insulator (SOI)
substrate. It also relates to a method for making such FETs.

BACKGROUND OF THE INVENTION

Iin order to be able to make integrated circuits (ICs), such as memory, logic
and other devices, of higher integration density than currently feasible, one
has to find a way to further scale down field effect transistor (FETs). FETs are
important components of many such ICs. ' .

As FET dimensions are scaled down, it becomes increasingly more difficult
to control short-channel effects by conventional techniques. An evolution be-
yond the standard metal oxide semiconductor field effect transistor
(MOSFET) is the double-gate MOSFET, where the channel is confined be-
tween top and bottom gate. This structure, with a symmetrical gate structure,
can be scaled to about half of the channel length compared to the conven-
tional structure.

The following references pertain to FETs and some of them specifically to
double-gate FETs.

l. Yang et al. demonstrate in their article “Back gated CMOS on SOIAS for
dynamic threshold voltage control”, 1995 [EDM Technical Digest, pp. 877 -
880, the use of a bottom gate to control the threshold voltage and thereby to



simportant conponents of many such |Cs. As FET di nensions are scal ed down,
it becones increasingly nore difficult to control short-channel effects by
conventional techniques. An evolution be- yond the standard netal oxide

sem conductor field effect transistor (MOSFET) is the doubl e-gate MOSFET,
where the channel is confined be- tween top and bottomgate. This
structure, with a symetrical gate structure, can be scaled to about half
of the channel length conpared to the conven- tional structure. The
followi ng references pertain to FETs and sone of them specifically to

doubl e-gat e FETs. 1. Yang et al. defonstrate in their article "Back gat ed
CM3S on SO AS for dynamic threshold voltage control™, 1995 | EDM Techni cal

Di gest, pp. 877 - 880, the use of a bottomgate to control the threshold
vol tage and the eﬁg
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hus incur a large penalty in parasitic capacitance to the ground plate.

T. Yoshimoto et al. demonstrate in their article “Silicided Silicon-sidewall
source and drain (S*D) structure for high-performance 75-nm gate length
pMOSFETs”, 1995 Symposium on VLSI Technology Digest of Technical Pa-
pers, pp. 11-12, the use of a silicided amorphous silicon sidewall to contact
the source and drain. The present invention, as will be described later, goes
further in that the amorphous silicon sidewall is itself used as an etch mask
to etch through the horizontal silicon area outside of the sidewall after it has
been etched through, thus eliminating the horizontal extension of the source
and drain away from the channel. This has the advantage that parasitic ef-
fects are drastically reduced. It is furthermore to be noted, that the pMOSFET
described by T. Yoshimoto et al. does only have a single gate.

In US patents 5158898 and 5235189 thin film transistors are described. Such
thin film transistors generally do not have a single crystal channel. The thin
film transistors described are suited for thin film displays etc., but not for
complementary metal oxide semiconductor (CMOS) very large stale inte-
gration (VLSI). These thin film transistors differ from the structures presented
and claimed herein by the following features. The channel and source/drain
regions are deposited conformally over a dielectric groove so that it cannot
be single crystal. The drain is not formed separately and then etched back to
form a sidewall. The thin film transistor has a bottom gate but no top gate.
The bottom gate is not delineated using the top gate and source/drain
sidewalls as a mask. Furthermore, the source and drain contacts are from the
top (not from the side) and do not use a self-aligned silicide.

In US patent 5188973 a double-gate structure is described. The bottom gate
of this structure is not self-aligned to the top gate so that it cannot offer an
alternative to the present invention. Furthermore, the process and design
philosophy is very different from the one presented hereinafter.



sthus incur a large penalty in parasitic capacitance to the ground plate.

T. Yoshinoto et al. denonstrate in their article "Silicided
Silicon-sidewall source and drain (S[err]D) structure for high-perfornmance
75-nm gate | ength pMOSFETs", 1995 Synposium on VLSl Technol ogy Di gest of
Techni cal Pa- pers, pp. 11-12, the use of a silicided anorphous silicon
sidewal | to contact the source and drain. The present invention, as wll be
described | ater, goes further in that the anorphous silicon sidewall is
itself used as an etch mask to etch through the horizontal silicon area
outside of the sidewall after it has been etched through, thus elimnating
the horizontal extension of the sourcg and drain away fromthe channel.
This has the advantage that parasitic ef- fects are drastically reduced. It
is furthernore to be noted, that the pMOSFET descri bed by T. Yoshinpto et
al . does only have a single gate. In US patents 5158898 and 5235189 thin
filmtrahsUStpatents 85535 medsiforSaritrélling the Ithne%hdlrds\hﬂtayesofgfcmesl y do not
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conformal |y over a dielectric groove so that it cannot be single crystal.

'The dr ai prﬁwé?oémfb%gg ﬁﬁﬂéfs?&uﬁigﬁé&\%s&?&@gﬂ§ﬁ§ép?%ﬂﬂéﬁ i%é? ﬁgs' deval | .

e thin ttomgate

| s not deldiemel %Qi"'gglﬂ@ drain; OB‘@M%@%M d@bﬁﬁﬂﬂﬂg’rdévﬁﬂ%ﬂﬁg a mask.
Fur t her nBéfare 4h€ chathélcreyich & g réw&@ﬁcﬁﬂﬁ§§afﬁsfﬁaral diwith réspedtr om t he

Zgggl) eag&&l%{got L{gfwa@oel f-@ﬂ %‘ﬁ"d‘ _smé '%8 In US patent 5188973 a

?%’mgate of thIS structure is
not self-aligned to the top gate so that it cannot offer an alterpative to

t he present invention. Further e process and desj hi, | os hy is
verypdl eS¢ Pateph, §3492¢8, canpt EEn‘E'%EﬂﬁJ%é? nifppgistor Is de%crlg P

claimed. This transistor has no sidewall source and drain. The fact that the
bottom gate has to be oxidized limits the choice of bottom gate: materials.
The bottom gate oxide is formed before the channel which precludes the use
of high quality grown silicon/silicon-dioxide interfaces for the bottom oxide.

So far, methods for fabricating double-gate FETs have either been very com-
plex, or have severe drawbacks in terms of parameter control. Some of the
structures known in the art have an excessive parasitic capacitance to the
bottom gate. There is no structure known which has a comparable self-
aligned double gate structure. In particular no self-aligned double gate
structure integrated on a SOl substrate is known.

It is an object of the present invention to provide a method for making
single-gate and double-gate field effect transistors which is compatible with
current IC fabrication techniques.

It is an object of the present invention to provide singie-gate and double-gate
field effect transistors having a low parasitic capacitance to the bottom gate
and a reduced drain and source resistance.

It is another object of the present invention to provide a method which is
suited for use in a manufacturing line.



3 " In US patent 5185535 means for controlling the threshold voltage of a

CMOS transistor are addressed. This is achieved by neans of separately
contacted wells. Apart fromthe capability to control the threshold

voltage, there is nothing else in coomon with the present invention.

Anot her doubl e-gate transistor is addressed in US patent 5140391. It has no
source and drain. The bottomgate of this transistor is patterned

si dewal |

bef ore the channel

region is grown and this gate is not aligned with
respect to the top gate, just to nenti‘von sone differences. In US patent

5349228_anot her doubl e-gate transistor is described and cl.ainmed. This

transi stor has no sidewall source and drain. The fact that the bottom gate
has to be oxidized limts the choice of bottom gz%e materials. The bottom

gate oxide is formed bef or SUMMARYRFeTHEHMY VENY

quality grown silicon/silicon-dioxide interfaces for the bottom oxide.
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(b) forming a top gate insulator layer on said channel layer,

(c) forming a top gate on said top gate insulator layer,

(d) forming a gate pillar on said top gate,

(e) forming insulating sidewall layers adjacent to said top gate and gate
pillar, i .

() formlng a integral drain region and source region within said channel
Iayer by introduction of dopants,

(g} forming conductive amorphous silicon sidewalls on either side of, and
adjacent to said insulating sidewall layers, one of said amorphous silicon
sidlewalls being connected to said drain region and one being connected to
said source region,

(h) etching said channel layer using said top gate, gate pillar, insulating
sidewall layers, and amorphous silicon sidewalls as ma_sk, thereby trans-
ferring the lateral extension of said mask into said channel layer, providing
for a channel with integral drain region and source region being raised with
respect to said support structure. '

—

This method, and modifications thereof, aliow to make novel and inventive
single gate and double gate field effect transistors, as will be described later.

it is an advantage of the present method that the performance and

'controllablllty of the respective FETs is improved.

It is another advantage of the inventive method and structure that the
parasitic capacitance to the bottom gate is very low, because the top gate is
properly aligned with respect to the bottom gate. Since a self-aligning ap-
proach is used, high reproducibility is ensured. The parasitic capacitance is
about 1/2 and less that of a conventional non-sidewall drain, non-self-aligned

structure.



.aligned double gate structure. In particular no self-aligned double gate
structure integrated on a SO substrate is known. It is an object of the

pr esent

i nvention to provide a nmethod for making single-gate and

doubl e-gate field effect transistors which is conpatible with current I1C
fabrication techni ques. It is an object of the present invention to
provi de single-gate and double-gate field effect transistors having a | ow
parasitic capacitance to the bottomgate and a reduced drain and source
resi st ance. It is another object of the present invention to provide a

net hod
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which is suited for use in a manufacturing |ine.
SUMVARY G THE | NVENTION  The present

i nvention

concerns a nmethod for making a field effect transistor. The inventive

net hod

conprises the follow ng steps: (a) form ng a channel |ayer,

The present invention allows to make compact singie-gate and double-gate
structures. The density at which the structures can be made is comparable to
conventional (single-gate) CMOS, and allows closer than conventional spac-
ing of p- and n-channel transistors with a shared contact.

Furthermore, the present devices show good transport properties in the
planar silicon channel. In addition, the resistance of source and drain is re-
duced due to the ‘raised’ source/drain type structure.

It is also an advantage of the present structure that both the top and bottom
gate layers are independently accessible from outside, i.e., independent wir-
ing layer can be used. '

The starting layers (layers 31, 32, 33 see Figure 3A) are unpersonalized. The
bottom gate is not structured (patterned) prior to the fabrication of the chan-
nel layer. This is very important since it permits the build up of an inventory
of starting wafers (partially processed wafers) and the attainment of a high
degree of perfection for these wafers. The post starting Iayer'fabrication uses
extensions of conventional silicon integrated circuit techriology and utilizes
the conventional materials set. —



.(b) formng a top gate insulator |ayer on said channel layer, (c) formng a
top gate on said top gate insulator layer, (d) formng a gate pillar on
said top gate, (e) formng insulating sidewall |ayers adjacent to said top
gate and gate pillar, (f) formng a integral drain region and source region
wi thin said channel |ayer by introduction of dopants, (g) form ng
conductive anorphous silicon sidewalls on either side of, and adjacent to
said insulating sidewall |ayers, one of said anorphous silicon sidewalls
bei ng connected to said drain region and one being connected to said source
region, (h) etching said channel |ayer using said top gate, gate pillar,
insulating sidewal |l layers, and anorpgous silicon sidewalls as mask,
thereby trans- ferring the lateral extension of said mask into said channel
| ayer, providing for a channel with integral drain region and source region

being raised with respect to said support structure. Thi's et hod, and
modi fi cations thereof, abEgWRIPTIN OFPNEDRAWINGSENtive single gate and
double gate field effect transistors, as will be described |ater. It is

an advantage of the present nethod that the performance and controllability
of the rHs@dnvention s sessribefirinvdetail belowi withreeférencedeatieafpllowinghe

i nventiv ructure that the parasitic capacitance to the bottom
gate is %&gﬁd%g%se the top gate is properly aligned with respect to
the bottomgate. Since a self-aligning ap- proach is used, high _
reproducgig.!4 ty | SsensoheMatic rose-secticn of adfirat seitatigned dduble gaté and | ess

that of a convent It?eqaleffg%pfrglngles)‘o@ écc%'}aiina’to QRQﬁggJﬁt%{I&ﬂﬁtht ructure.

FIG. 2 is a schematic illustration of the masks which may be usgd to
make the self-aligned double gate field effect transistor shown

in Figure 1. ‘

FIG. 3A3H is a schematic illustration of the method steps for mak?ng self-
aligned double gate field effect transistors, according to the
present invention. '

FIG. 4 is a schematic cross-section of another self-aligned single-gate
field effect transistor according to the present. invention.

FIG. 5 is a schematic cross-section of another self-aligned deuble-gate
field effect transistor according to the present invention.



.The present invention allows to make conpact single-gate and doubl e-gate
structures. The density at which the structures can be nade is conparable
to conventional (single-gate) CMOS, and all ows cl oser than conventi onal
spac- ing of p- and n-channel transistors with a shared contact.
Furthernore, the present devices show good transport properties in the

pl anar silicon channel. In addition, the resistance of source and drain is
re- duced due to the 'raised" source/drain type structure. It is also an
advant age of the present structure tha?¥ both the top and bottom gate | ayers
are independently accessible fromoutside, i.e., independent wir- ing |ayer
can be used. The starting layers (layers 31, 32, 33 see Figare 3A) are
unpersonal i zed. The bottomgate is not structured (patterned) prior to the
fabrication of t h@EdM‘dhEDr@ES¢BjF§FlONTQFsTH%PRES?WHSWIEM@NSi nce it permits
the build up of an inventory of starting wafers (partial ly~processed

waf ers) and the attainment of a high degree of perfection for these wafers.
The post starting |ayer fabrication uses extensions of conventional silicon
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" of substrate, including semiconductor substrates, substrates comprising an
insulating top layer, and the like. Such a support structure may comprise
different semiconductor layers and other kind of layers. Other semiconduc-
tor devices may be integrated into the same support structure. When refer-
ring to a “sidewall”, any kind of surface of a semiconductor structure is meant
which is sloped with respect to the plane of the substrate. Of particular im-
portance are sidewalls which are perpendicular with respect to said
substrate’s plane. When referring to a “railsed” channel, for example, a
channe! is meant which is elevated with respect to the layers or support
structure underneath, as opposed to a channel being integrated into the lay-
ers or sup'port structure underneath. | '

For clarity, the below description is for specific implementations of the pres-
ent invention using silicon integrated circuit technology. In a more general
implementation other materials may be substituted while retaining the key
features of the invention.

—r—

A cross-sectional view of a first double-gate FET 10, according to the present
invention, is illustrated in Figure 1. A schematic view of the four lithographic
masks used to make the FET 10, is given in Figure 2.

The FET 10 is situated on a substrate 11 and basically comprises a bottom
gate 13, made of Tungsten for example, protected by bottom gate sidewall
insulators 12. SiO, is well suited as insulator 12. On top of the bottom gate
13, a thin bottom gate insulator 14 is situated. In the present example this
insulator 14 comprises SiO,. The semiconductor channel region 15 and the
heavily doped source- and drain regions 20.1 and 20.2 are formed on top of
the insulator 14. Between the top gate 21 and the channel region 15 another
thin insulator 22, referred to as top gate insulator, is situated. The top gate
21 may comprise Tungsten, for example. On top of the top gate 21 a gate



6 DESCRI PTI ON OF THE DRAWNGS The invention is
described in detail belowwth reference to the follow ng schematic

dr awi ngs: FIG 1 is a schematic cross-section of a first self-aligned
doubl e gate field effect transistor according to the present

I nvention. FIG 2 Is a schematic illustration of the masks which may
be used to make the self-aligned double gate field effect
transi stor shown in Figure 1. FIG 3A-3H is a schematic

i [lustration of the method steps for geking self- al i gned
double gate field effect_transistors, according to the pr esent
I nvention. FIG 4 IS a schematic cross-section of another self-aligned
singl e-gate field effect transistor according to the present

i nventi oBjlar 19 is formed. This gate pillar 19 may comprise silicon nitride. The
sidewalls of the top gate 21 and the gate pillar 19 is at least parti’é’l'—l'y covered
by top gate sidewall insulators 18.1 and 18.2 comprising SiO,, for example.
Source and drain sidewall extensions 17.1 and 17.2 are deposited adjacent
to said top gate sidewall insulators 18.1 and 18.2 and are carried by the
source and drain regions 20.1 and 20.1. The source and drain sidewall ex-

. tensions 17.1 and 17.2 are made of amorphous silicon. Then, source and
drain contacts 16.1 and 16.2 are formed. They make contact to the respective

- sidewall extensions 17.1, 17.2 and the source- and drain regions 20.1, 20.2.
Metal silicides are well suited as source and drain contacts 16.1 and 16.2.

Typical dimensions of thq layers of the FET 10 are given below. The thickness
of the respective layers and the material according to the preserit embod-
iment are specified in parentheses:

Semiconductor channel 15 between 1nm and 50nm (10nm Silicon);

bottom gate insulator 14 between 1nm and 10nm (4nm SiO,);

bottom gate 13 between 5nm and 100nm (25nm Tungsten);,

bottom gate sidewall insulator 12 between 5nm and 80nm (25nm SiO,);

top gate insulator 22 between 1nm and 15nm (2.5nm SiOy);

top gate 21 between 5nm and 100nm (25nm Tungsten); —_

gate pillar 18, thickness of a few nanometers and more (75nm Siligon Nitride);
top gate sidewall insulators 18.1, 18.2 between 5nm and 50nm (15nm SiO,);
source/drain sidewall extensions 17.1, 17.2 between 10nm and 100nm (40nm
amorphous Silicon);

It is immediately visible from Figure 1, that the FET’s structure is highly
symmetrical and that the top gate 21 is precisely aligned to the bottom gate
13. The lateral extension of the bottom gate 13 together with the bottom gate
sidewall insulators 12 is approximately the same as the lateral extension of
the channel 15 together with the drain region 20.1 and source region 20.2.

A schematic view of the four lithographic masks M1-M4, used to make the
FET 10, is given in Figure 2. The first mask M1 is used to define the bottom



- FIG 5 Is a schematic cross-section of another self-aligned doubl e-gate
field effect transistor according to the present invention.

7 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The
expression support structure used hereinafter is neant to cover any kind of
substrate, including sem conductor substrates, substrates conprising an
insulating top |layer, and the |ike. Such a support structure may conprise
di fferent sem conductor |ayers and other kind of layers. O her sem conduc-
tor devices may be Integrated into the sane support structure. \Wen refer-
ring to a "sidewall", any kind of surface of a sem conductor structure is
meant which is sloped with respect t® the plane of the substrate. O
particular Im portance are sidewalls which are perpendicular with respect
to said substrate's plane. Wien referring to a "rai sed" channel, for

exanpl e, a channel is nmeant which is elevated with respect"to the layers or
suppor t gater18:t The secored measkhVi2 definesdbe dizecarmd shape ef thectapggatet2hrat ed i nto
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drain interconnects (not shown in Figure 1).

A method according to the present invention is now described in connection
with a sequence of Figures 3A through 3H. Please note that the device 47
(second embodiment) is slightly different from the first embodiment. The
main distinguishing feature is the substrate which comprises a handle wafer
34 and an insulating layer 35. The second embodiment is an SOl impiemen-
tation of the present invention.

in the following sequence of steps, according to the present invention, con-
ventional silicon integrated circuit technology is used. In order to obtain the
initial layer sequence 31, 32, 33, 35, and 34, a bonding technique may be
used. First, an epitaxial silicon layer 31 is grown on a silicon wafer 9. This
epitaxial silicon layer 31 may comprise an etch stop layer, or a cleavage layer
8 may be provided between the epitaxial silicon layer 31.and the substrate
9, as illustrated in Figure 3A. The silicon layer 31 is then oxidized to produce
a bottom gate oxide 32. The thickness of the bottom gate oxide 32 depends
on different parameters such as the duration of oxidization, for example. In
a next step, a bottom gate layer 33 is formed. The bottom gate layer 33 can
be formed by means of deposition, for example. Now, this structure 31, 32,
33 is flipped over and attached to an oxide 35 covered handle silicon wafer
34, as shown in Figure 3B. -

As mentioned above, the structure 31, 32, 33 can for example be bonded to
the oxide 35 of the handle silicon wafer 34. Subsequently, the original silicon
wafer 9 containing layer 31 is etched back leaving a structure with the un-
patterned layer sequence 31, 32, 33, 35, 34 on top. Likewise, the silicon wafer
9 may be removed by cleaving along layer 8. If the epitaxial silicon layer 31
comprises an etch stop layer, this epitaxial silicon layer 31 is etched back
down to this etch stop layer. Since there are different ways to obtain such
an unpatterned layer sequence, no illustration is given. The starting layers



i mpl enent ation other materials may be substituted while retaining the key
features of the invention. A cross-sectional view of a first doubl e-gate
FET 10, according to the present invention, is illustrated in Figure 1. A
schematic view of the four |ithographic masks used to nmake the FET 10, is
given in Figure 2. The FET 10 is situated on a substrate 11 and basically
conprises a bottomgate 13, nmade of Tungsten for exanple, protected by
bottom gate sidewall insulators 12. SiJerr] is well suited as insul ator
12. On top of the bottomgate 13, a thin bottomgate insulator 14 is
situated. In the present exanple this insulator 14 conprises SiJerr]. The
sem conductor channel region 15 and t{ge heavily doped source- and drain
regions 20.1 and 20.2 are forned on top of the insulator 14. Between the
top gate 21 and the channel region 15 another thin insulator 22, referred
to as top gate insulator, is situated. The top gate 21 may Conpri se
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are depo
for these wafers.

Referring now to Figure 3C, the next sequence of steps is described. The
layers 31-33 are partially patterned using a mask similar to the mask M1 in
Figure 2. Then, silicon dioxide sidewalls 36 are formed and the uppermost
portion of the channel layer 31 is oxidized to from layer 37. Instead of
oxidizing the channel layer 31, one may likewise form an oxide layer 37 on
top of layer 31 (As illustrated in Figure 3C). A top gate layer 38 is now de-

i posited on top of the oxide layer 37. Please note that this top gate layer 38
may overlap the layers underneath, because the sidewall 36 permits the top
gate 38 to cross over the bottom gate 33 without causing a short circuit. A
mask similar to mask M2 (see Figure 2) is now used to partially pattern the
top gate 38, oxide layer 37, and channel layer 31 using the bottom gate oxide
32 as the etch stop. At this stage of the inventive method, the channel area
remaining is formed by the overlap of the two masks M1 and M2.

e

The next steps are now described in context with Figure 3D. A thick insulator
39 is now deposited followed by an anisofropical etch step using a mask
similar to mask M3 of Figure 2. This etch step stops on the top gate 38, or
after etching through the exposed area of the bottom gate insulator 32 (see
Figure 3C) stopping on the exposed area of the bottom gate 33. Next, layer
38 is etched, stopping on the top gate insulator 37, and the exposed area of
the bottom gate 33 is etched stopping on the handle insulator 35. The ex-
posed channel layer 31 may now be implanted with an appropriate
source/drain implant in order to form the source and drain regions 41.1 and
41.2 shown in Figure 3D. The source and drain regions 41.1, 41.2 are in the
same plane as the channel 31 and are in direct contact with this channel 31
because they are formed in the channel layer by introduction of dopants. At
this stage, the shape of the bottom gate 33 is given by M1-(M3 AND NOT M2).



to said top gate sidewall insulators 18.1 and 18.2 and are carried by the
source and drain regions 20.1 and 20.1. The source and drain sidewall ex-
tensions 17.1 and 172 are nmade of anorphous silicon. Then, source and drain
contacts 16.1 and 162 are fornmed. They nake contact to the respective
sidewal | extensions 17.1, 172 and the source- and drain regions 20.1, 20.2.
Metal suicides are well suited as source and drain contacts 16.1 and 162.
Typi cal di nensions of the |ayers of the FET 10 are given bel ow. The

t hi ckness of the respective |ayers and the material according to the
present enbod- inent are specified in parentheses: Sem conduct or channel
15 between 1nm and 50nm (10nm Silico 4 bottomgate insulator 14 between
1nm and 10nm (4nm Siderr]); bottomgate 13 between 5nm and 100nm (25nm
Tungsten); bottom gate sidewall insulator 12 between 5nm and 80nm (25nm
SiJerr]); top gate insulator 22 between 1nm and 15nm (2.5nim SiJerr]); top

gate 21 RpbWhid sﬁaag%?%éqegrsaé@mmmﬁdew MBAND NOT M3, &8 shidwrckness of

a few nanoneters and nore (/75nm Silicon Nitride); top gate sidewall
i nsul at ofk Figre 2.13 2 petween 5nm and 50nm (15nm Si O err]); source/drain
sidewal | extensions 17.1, 17.2 between 10nm and 100nm (40nm anor phous
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regi on 2@91battemsgate 33, betipangate insulator 32,andiehanngl 31 of t he four

| it hographi c nmasks ML- M4, used to nmake the FET 10, is given in Figure 2.

The first mask ML is used to_define the bottom
Referring now to Figure 3F, the next steps are described. A layer of amor-

phous silicon is deposited and etched back to form sidewalls 45. The etching
is continued fo remove the exposed horizontal charinel regions 41.1 and 41.2
later serving as gate and source, such that part of the bottom gate oxide 32
becomes exposed. The amorphous silicon just deposited is now lon im-
planted with the appropriate doping. Well suited as dopants are boron,
phosphorous, and arsenic, for example. The structure is now annealed re-
sulting in the rapid redistribution of the dopant throughout the amorphous
silicon layer, the crystallization of the amorphous silicon to.form a region of
high conductivity, and driving in of the dopant to augment the doping in the
source/drain regions 41.1, 41.2. The remaining channel area (including the
source and drain regions) is now defined by M1 AND M2 AND (M3 sidewall
40 & 45).

In the following paragraph further steps are described. These steps are il-
lustrated in Figure 3G. According to the present invention, the structure
formed thus far (31, 41.1, 41.2, 37, 38, 39, 40, 45), is now used as etch mask
to etch through the bottom gate insulator 32. and the bottom gate 33. The etch
is changed to an isotropic etch to undercut the bottom gate insulator 32 and
recess the bottom gate 33. A conformal insulator is then deposited to fill the
recess. This conformal insulator is now etched back with an anisdtropic etch,
to leave the insulator 46 in the recessed enclaves underneath the bottom gate
insulator 32 and adjacent to the bottom gate 33.

Referring to Figure 3H, the final steps are described. Now silicide sidewall
layers 43 are formed. This can be done by siliciding the exposed silicon 45



9 gate 13. The second mask M2 defines the size and shape of the top gate
21. The third mask M3 is enployed to define the sidewall area 16.1, 162,
17.1, 17.2, 18.1 and 18.2. The |l ast mask M4 nay be used to define source
and drain interconnects (not shown in Figure 1). A nmet hod according to

t he present invention is now described in connection with a sequence of

Fi gures 3A through 3H Pl ease note that the device 47 (second enbodi nent)
is slightly different fromthe first enbodi ment. The mai n distingui shing
feature is the substrate which conpriSﬁé a handl e wafer 34 and an

i nsul ating |ayer 35. The second enbodi ft is an SO I mpl enen- tation of
the present invention. In the foll owi ng sequence of steps, according to -
the present invention, con- ventional silicon integrated circuit technol ogy

< used. |0 Qreh o Akl D il (SIS SEESs T ebfogits TR, 21

34, a bondi ng techni qu axi dl rcon’layer 31

i s grown onSAICIDE processds agprotrss whsre amelal layer &%dépa#&ed‘and wedctednpri se
an etch st ogifhWRh the'expoSed RGP 1oPtoPi & sV eThenOthedgreaetateartalng

o L e o el e G raboBh 6, Re uRrarel e i, Bepen”
32. The t hi sdividted veégiphe 4Hmake gatalectxicak cainebtionnts the sourée/deain re-
parameters guiiy 26.1%dNa 4453A thitkYorfdrmidiaRétaP layel 4 MX¢ Therf be'deposited
and structured to fill the ‘grooves’ adjacent to the transistor formed. This
metal layer 44 may be etched using a mask M4, for example. One may also
polish the upper surface of the structure o remove the metal layer 44 from
the gate pillar 39, using a chemical-mechanical polish. It is important that the
metal layer 44 does not serve as short circuit for source 41.1 and drain 41.2.

As shown in Figures 3A-3H, some silicide debris 43.1 is left on the outer
sidewalls of the structure during the above process. This does not cause any
problems since these debris 43.1 are anyway part of the source and drain
contact regions.

Where several FETs are formed next to éach other, these devices may share
either the source or drain contact. The outer sidewall shown at the margin
of Figure 3H may serve as gate of an adjacent FET.

—

Another implementation of the present invention is illustrated in Figure 4. In
this Figure, a single gate field effect transistor 50 is shown. It comprises a
single crystal channel 55 being confined between a support structure 51 on
one side and a top gate insulator 52 and top gate 53 on the opposite side.
- Source and drain regions 50.1, 50.2 are an integral part of the channel 55.
They are formed in said channel 55 by introduction of suited dopants. A
conducting top gate pillar §9 is formed on top of said top gate 53. Top gate
sidewall insulators 568.1 and 58.2 cover at least part of the sidewalls of said
top gate pillar 59 and top gate 53. Source and drain sidewall extensions 57.1,
57.2 are situated on said source and drain regions 50.1, 50.1 and adjacent to
said top gate sidewall insulators 58.1 and 58.2. The field effect transistor 50
may further comprise silicided portions 56.1, 56.2, serving as source and
drain contacts and covering part of said source and drain sidewall extensions



:a next step, a bottomgate l|layer 33 is fornmed. The bottom gate |ayer 33 can
be formed by neans of deposition, for exanple. Now, this structure 31, 32,
33 is flipped over and attached to an oxide 35 covered handle silicon wafer
34, as shown in Figure 3B. As mentioned above, the structure 31, 32, 33
can for exanple be bonded to the oxide 35 of the handle silicon wafer 34.
Subsequently, the original silicon wafer 9 containing |layer 31 is etched
back | eaving a structure with the un- patterned | ayer sequence 31, 32, 33,
35, 34 on top. Likew se, the silicon wafer 9 may be renoved by cl eaving
along Layer 8. If the epitaxial silicon layer 31 conprises an etch stop
.layer, this epitaxial silicon layer $§ is etched back down fo this etch
stop layer. Since there are different ways to obtain such an unpatterned

| ayer sequence, no illustration is given. The starting |layers

10 (layers 31, 32, 33, see Figure 3A) are unpersonalized. The bottom
gate i s 5@k, 572 andusmdcé zaid draiadjegion 5010 502¢ Thebe istinidexh pottidie channel

o en 0585862y BEORABRCIACTH 1 Sy chunBih, WF it e

at t ai nmonsaist tap aaterb3idgp gate Pillan $topgate sidewalkinsylaterss58.1, 58.2,
and source and drain sidewall extensions 57.1, 57.2, together approximately
define the lateral extension of said channel 556 and source and drain regions
50.1, 50.2 being formed in said channel 55. It is important to note, that all
these elements together serving as mask when etching the layers under-
neath, are precisely aligned with respect to the channel 55. It is further to
be noted that the channel 55 with said drain region 50.1 and source region
50.2 together are raised with respect to the support structure 51. This is very
important, because it leads to a drastically reduced parésitic capacitance.

Another field effect transistor 60, accordiﬁg to the pi'esent invention, is illus-
trated in Figure 5. It comprises a support structure 61 on top of which the
following layers are formed:

. bottom gate 73,

° bottom gate insulator 64,

. channel 65 with integrated source and drain regions 60.1, 60.2,
. top gate insulator 62, -
. top gate 63,

. gate pillar 69,

. top gate sidewall insulators 68.1, 68.2, and

¢ _source and drain sidewall extensions 67.1, 67.2.

The field effect transistor 60 of Figure 5 further comprises optional silicided
portions 66.1 and 66.2. The bottom gate 73 is self-aligned with respect to the
top gate 63.

The above implementations of the present invention can be further modified
as follows:

. Layer 21,38, 53, or 63 may be silicided polysilicon. This silicided

polysilicon may be deposited as a silicide/amorphous silicon sandwich,
and doped n-type or p-type for a n-channel or p-channel FET, respec-



Referring now to Figure 3C, the next sequence of steps is described. The

| ayers 31-33 are partially patterned using a nask simlar to the mask ML in
Figure 2. Then, silicon dioxide sidewalls 36 are formed and the upper nost
portion of the channel layer 31 is oxidized to fromlayer 37. Instead of
oxi di zing the channel |ayer 31, one may |ikew se form an oxide |ayer 37 on
top of layer 31 (As illustrated in Figure 3C). Atop gate layer 38 is now
de- posited on top of the oxide |layer 37. Please note that this top gate

| ayer 38 may overlap the |l ayers underneath, because the sidewall 36 permts
- the top gate 38 to cross over the bottomgate 33 wi thout causing a short
circuit. A mask simlar to mask M (sge Figure 2) is now used to partially
pattern the top gate 38, oxide layer 37, and channel |ayer 31 using the
bottom gate oxide 32 as the etch stop. At this stage of the inventive

met hod, the channel area remaining is formed by the overlap of the two

ggs kZ t'VE” 2Edf'{r¥§'ur a1£h§$%vd1ﬁ&tpr§0ﬁlésa ?%\gﬁm%ﬂm& rvbhase 'tﬁgrﬁﬂg% Iggfoets\r/%éilwcgi gg[ gh
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direct conta 'med in.the channel

| ayer by i nt Tbadisadyardage i g?ﬂ the e iﬁgllsi iq be eg BAMPrANOUS, ot { om
gate 33 is ghha%lhmeMkyéﬁBsiﬁUBnNﬁﬁ'y b&)harder to clean.
. The amorphous silicon 17.1, 17.2, 45, 57.1, 57.2, or 67.1, 67.2 may be
doped in-situ, or it may be doped from a diffusion source.

. The doped regions 20.1, 20.2, 41.1, 41.2, 50.1, 50.2, or 60.1, 60.2 may be ’
doped by diffusion from the amorphous silicon layers 17.1, 17.2, 45,
57.1, 57.2, or 67.1 and 67.2.

° An additional silicon dioxide layer (not shown) may be deposited after
the silicide formation and before depositing the source/drain intercon-
nects 44. This additional layer may be etched back to leave a thicker
insulator separating the bottom gate from the source/drain intérconnect
metal 44. '

L] The bottom gate 13, 33, or 73 may be etched after the silicide formation.

. Mask M4 may be omitted and the polishing continued until the metal
_ layer 44 is removed from the field area (regions coated by the nitride
39 outside the device area). '

. The interconnect metal 44 may be removed from over the gate using an
aligned mask (M4 with an opening above the gate). This is possible
since the lateral extent of the sidewall, as shown in Figure 1, is greater
than an alignment tolerance.

. The interconnect layer 44 may be omitted entirely (as illustrated in Fig-
ure 1), allowing the silicide contacts 16.1 and 16.2 to be contacted di-

rectly with back-end-of-the-line vias.



. The final shape of the top gate 38 is defined by M AND NOT M3, as shown in
Fi gure 2. The next step addressed in the following is supported by the
illustration in Figure 3E. As next step, a silicon dioxide |ayer is
deposited and etched back anisotropically to formthe sidewalls 40 adjacent
to the top gate 38, gate pillar 39, bottomgate 33, bottom gate insul ator
32, and channel 31. Referring now to Figure 3F, the next steps are

descri bed. A layer of anor- phous silicon |Is deposited and etched back to
formsidewal | s 45. The etching is continued to renove the exposed

hori zontal channel regions 41.1 and 412 | ater serving as gate and source,
such that part of the bottom gate oxitfe 32 becones exposed. The anorphous
silicon just deposited is nowion im planted with the appropriate doping.
Wl |l suited as dopants are boron, phosphorous, and arsenic, for exanple.
The structure is now anneal ed re- sulting in the rapid redistribution of
the dopant (tTiweomgiskuM4t mayaber pmitted sEnd then polighing ¢ardinuedsualill theat i on of

{he amor PhoYge) 'é,ﬁé?ﬁd 9s tr%ma%drf'rghp'ihé)ffem fod (RQItiHs! eddtba Bshelriving in

of the dopan ing I n_the sour rain regions, 41.1, 412.

The renai ni H’gtrtﬁ%lﬁﬂe?“fﬁhd«?a"{q HSIVLR?i Argaln dhisowit aé’ﬁd'”d?él"ﬁ PWef 1IR) s now
defi ned by oupbida dbdin(dhtacts| M) ihel Aofuti . allow eakecdntadtchy ng

par agraph fuyrt t are i%Sscri bed. These steps are il- lustrated in
Fi gure 3G i’@&g i Ff?‘ WNEVIREL s ent invention, the structure forned thus
far (31,4 41the 6&u3m gdte 78 in Hgur® s day. alsé BROBICHBE thaitk, i ORdETREK

provide room for insulators similar to the insulators 46 in Figure 3H.

° The FET 50 may be made on top of an insulating layer (not shown in
Figure 4) in order to electrically isolate it from the support structure 51.

The present FETs can be made on different kind of support structures. Typical
support structures are silicon-on-insulator (SOI) substrates and conventional
semiconductor subs_trates just to give two examples. ; :

It is a key feature of the present invention that the sidewall source/drain to-
gether with the top gate, the gate pillar and the top gate sidewall insulators
serve as a mask structure. This mask structure serves as an etch mask to at
least etch through the layer which later serves as channel with integrated
source/drain regions (see Figure 4, for example). This etch mask may also
be used to etch through the bottom gate insulator and the bottom ;\te (see
Figure 1, for example). l.e., the lateral extension of the channel 15 (31 in
Figure 3H) source/drain regions 20.1 and 20.2. (41.1 and 41.2 in Figure 3H),
the bottom gate insulator 14 (32 in Figure 3H) and the bottom gate 13 (33 in
Figure 3H) is defined by the lateral extension of this mask structure. It is
another important feature that self-aligned silicide source and drain contacts
16.1, 16.2 (43 in Figures 3G-3H) are formed in a subsequent step. The way
these steps are carried through, allows to make a structure where the bottom
gate, source/drain contacts, source/drain extensions, the source region and
the drain region are all automatically aligned (referred to as self-alignment)
to the top gate.

An additional degree of self-alignment can be achieved by aligning the
source and drain interconnects to the gate pillar by means of a planarization
step. '



'to etch through the bottomgate insulator 32. and the bottom gate 33. The
etch is changed to an isotropic etch to undercut the bottom gate insul ator
32 and recess the bottomgate 33. A conformal insulator is then deposited
to fill the recess. This conformal insulator is now etched back with an

ani sotropic etch, to leave the insulator 46 in the recessed encl aves
underneath the bottomgate insulator 32 and adjacent to the bottom gate 33.
Referring to Figure 3H, the final steps are described. Now suicide sidewall
| ayers 43 are formed. This can be done by siliciding the exposed silicon 45
12 using a standard self-aligned Silicide (SALICIDE) process, for
exanple. This SALICIDE process is a prgcess where a netal |ayer is
depositid and reacted with with the exposed silicon to forma silicide.
Then the unreacted netal is etched off, leaving the silicided regions 43.
As illustrated in Figure 3H, these silicided regions 43 make an el ectri cal

co?nfclt | Of rﬁ@dmat.swmeé ffetent H%ub&% gae PEL.i& aaétﬁ.&&r@whéré fHeCdsomaf or mal
et a ayer

44 epos an stru rooves'

NG acent gtter Ha® o SHEREr G A Hense_fens caniialyBian fherdop gate: ThSq e ng
a mask antrmmuremmpra&au@quﬂyohltm swaling hadventagese of thef symmetricdle
structur etrﬁfd I ng
chemi cal %P&ﬂgﬁg@\‘% ﬂEI—é}h #ﬁg?{(’%ﬁ' Pg@?’félﬁ@e%ﬁaif@d a@'fédqgrdé %H does
not servemainlyHor the .mpﬁe pﬁﬁhr@@bp valtage geatral iy grder to manage the

speed or standby current when in active or standby modes. Such power

management techniques are getting more and more important in todays

computer environment. The double gate FET with thicker bott_om gate oxide

can be made using any of the inventive methods described above.

The invention is described for single FETs (n- or p-chahnel). For é comple-
mentary technology, at least two additional masks are needed to mask out
the selective p- and n-implants. The inventive process can be used to make
any kind of discrete semiconductor devices, as well as integrated devices
such as very large scale integrated (VLSI) and ultra large scale integrated
(ULSI) devices, for example. The inventive method is well suited for making
random access memories (RAMs), read only memories (ROMs), erasable
programmable read only memories (EPROMS), electricaliy erasable pro-
grammable read only memories (EEPROMs), and programinable logic arrays
(PLAS) . —



As shown in Figures 3A-3H, sone suicide debris 43.1 is left on the outer
‘sidewal | s of the structure during the above process. This does not cause
any problens since these debris 43.1 are anyway part of the source and
drai n contact regions. Where several FETs are formed next to_each other,
t hese devices may share either the source or drain contact. The outer
sidewal | shown at the margin of Figure 3H may serve as

ent
FET. Anot her inplenentation of the present inventi on“ W\Mﬁ " n
Figure 4. In this Figure, a single gate field effect transfst'or ®0°is
shown. It conprises a single crystal channel 55 being confined between a
support structure 51 on one side and gytop gate insulator 52 and top gate
53 on the opposite side. Source and drain regions 50.1, 50.2 are an
integral part of the channel 55. They are fornmed in said channel 55 by
i ntroduction of suited dopants. A conducting top gate pillar 59 is forned
on top of said top gate 53. Top gaggamagewal | insulators 58.1 and 58. 2
cover at least part of the sidewalls of said top gate pillar 59 and top
gate 53. Source and drain sidewall extensions 57.1, 57.2 are situated on
said source and drain regions 50.1, 50.1 and adjacent to said top gate

Further conpih Gethad o GaRingos drels eas! rinélgfes GG o0 A BBRARY | o
cont act s and&dhvcomprisipgrthe stepsaofi source and drain sidewal | extensions
(a) forming a channel layer (55),
(b) forming a top gate insulator layer (52) on said channel layer (55),
(c) forming a top gate (53) on said top gate insulator layer (52),
(d) forming a gate pillar (59) on said top gate (53),
(e) forming insulating sidewall layers (58.1, 568.2) adjacent to said top
gate (53) and gate pillar (59) .
(f) forming an integral drain region (50.1) and source region (50.2) within
said channel layer (55) by introduction of dopants,
(g) forming conductive amorphous silicon sidewalls (57.1 ,' 57.2) on either
side of, and adjacent to said insulating sidewall layers (58.1, 58.2), one
of said amorphous silicon sidewalls (57.1) being connected to said drain
region (50.1) and one (57.2) being connected to said source region (50.2),
(h) etching said channel layer (55) using said top gate (53), gate pillar
(59), insulating sidewall layers (58.1, 58.2), and amorphous silicon
sidewalls (57.1, 57.2) as mask, thereby transferring the lateral"éxtension
of said mask into said channel layer (565), providing for a channel (55)
with integral drain region (50.1) and source region (50.2) being raised
with respect to said support structure (51).

- 2) Method of claim 1, wherein said support structure is a semiconductor
substrate, or a mounting structure, or a silicon-on-insulator (SOIl)
substrate. -

3) Method of claim 1, wherein part of said top gate insulator layer is re-
moved to expose part of the top surface of said channel layer before
carrying out step (f).

4) Method of claim 1, wherein steps (c) and (d) comprise the following
sub-steps:



13" 57.1, 57.2 and source and drain regions 50.1, 50.2. These silicided
portions 56.1, 56.2 can be omtted. As in the other enbodinents, the

| ateral extension of said top gate 53, top gate pillar 59, top gate
sidewal | insulators 58.1, 58.2, and source and drain sidewall extensions
57.1, 57.2, together approximtely define the |ateral extension of said

channel 55 and source and drain regions 50.1, 50.2 b ' | d
channel 55. It is inportant to note, that all these iﬂlﬂmi‘gg!ﬂﬂuaﬂmﬂ
serving as mask when etching the |ayers under- neath A Sal y +al i gned
with respect to the channel 55. It is further to be noted that the channel
55 with said drain region 50.1 and sqgrce region 50.2 together are raised -
W th respect to the support structure 51. This is very inportant, because
it leads to a drastically reduced parasitic capacitance. Anot her field
effect transistor 60, according to the present invention, TS illus- trated
in Figure 5e |tfoeminy atep gatelgyer(t structure 61 on top of whi ch the

nsul ator o4 [Rriif SldE buarcaber on Rld R d8eGedgh Al Ly arai o reor ons
60. 1, 60. 2, *[ erstructuriog sgid gatenpillandayercmd {oprggte layeringonder 46 fofnar r |

gate pi Il ar 69, gdi@'dake pillatarkf: afecwal | insulators 68.1, 682, and
[err] source an (ﬁldr%alknpsi dewal fdbegtenm ons 67.1, 67.2. The field effect

transi stor 60 of Figure 5 further conprises optional silicided portions

66. 1 and 66§%MeTﬁ@d lb‘?téléi Qa%e?%id a ﬁ@'lérﬁddt&ﬁﬁ&ﬂﬁi&#‘l g@f@@‘iﬁnﬁé?dthe top

gate 63. ove |np trons o esent 1 nv I on can
further nmodvndermeath sajd ‘3!/?5*"3! éﬁlﬁ" and ﬁﬂqﬁoﬂﬂﬂﬁ’ laysr updemeath said
silicided ppbiteml g4teinsuldior layer.ci ded

6) Method of claim 5, wherein said bottom gate insulator layer and bot-
tom gate layer are etched using said mask, thereby transferring the [at-
eral extension of said mask into said bottom gate insulator layer and
bottom gate layer, providing for a double gate field effect transistor with
a bottom gate being raised with respect to said support structure.

7) Method of claim 1, wherein said insulating sidewall Iayers (40) are
formed by:

° deposition of an insulating layer and

. anisotropically etching said insulating layer.

8) Method of claim 1, wherein said amorphous silicon sidewalls are
formed by:
. depositing a layer of amorphous silicon and

. etching said Iaygr of amorphous silicon.

9) Method of claim 1, wherein the exposed portions of said amorphous
silicon sidewalls (567.1, 57.2) are silicided to provide conductive Silicide
portions being connected to said drain region and source region.

10) Method of claim 9, wherein a metal layer is deposited on said Silicide
portions.

11) Field effect transistor comprising:



- pol y'si i con may be deposited as a silicide/anorphous silicon sandw ch,
and doped n-type or p-type for a n-channel or p-channel FET, respec-
tively. This would provide a | ower threshol.d voltage than the
exanp

14
gates de-

scribed in connection with Figures 1 and 3A-3H, for

[err] The channel

di oxi de si dewal | 18. llayia %5’483’525i C)r5862 ot gg ﬁ ﬂ!ﬂﬂﬂﬂﬂlllﬂ"ﬂlﬂlﬂlo

to the anorphous silicon dep05|t|onIeadlngtothefornatlo
17.1, 17.2, 45, 57.1, 672,

of I%ayérs
or 67.1, 672. This has the advantage of a

shorter etchi ng tinme for the armrphous silicon and a closer proximty
65.

of the heavily doped anorphous silicm to the channel
The di sadvantage is that the vertical

15, 31, 55 or
i nterface between the anorphous

Ilcon
rior

and single crystal silicon may be harder to clean. [err] The anor phous
Si I!con 17.1, 17.2, 45, 57.1, 57.2, or 67.1, 672 may be ~ doped in-situ,
or it may e dapsidgfe crystalthannel ¢65kcanfined béteieeh arsuppadsiructyfieons 20. 1,

0.2 11 L ) S S s 6 g n o g |

fromthe armr

and 672.

s silicon layers
the opposite side,

° source and drain regions (50.1, 50.2) being formed in said channel
. (55) by introduction of dopants,
e a conducting top gate pillar (5§9) on top of said top gate (53),

e top gate sidewall insulators (58.1, 58.2) covering at least part of the -

sidewalls of said top gate pillar (59) and top gate (53),

e source and drain sidewall extensions (567.1, 57.2) situated on said
source and drain regions (50.1, 50.1) and adjacent to said top gate
sidewall insulators (58.1, 58.2), and further comprising

e ' silicided source and drain contacts (56.1, 56.2) covering part of said

source and drain sidewall extensions (57.1, 57.2) and source and

drain regions (50.1, 50.2),

the lateral extension of said top gate (53), top gate pillar (59), top gate

sidewall insulators (58.1, 58.2), and source and drain sidewall extensions

(57.1, 57.2) together approximately defining the lateral extension of said

channel (55) and source and drain regions (50.1, 50.2) being formed in

said channel (55), '

said channel (55) with said drain region (50.1) and source region (50.2)

being formed in said channel (55), together being raised with respect to’

said support structure (51).

12) The field effect transistor of claim 11, wherein said support structure

-is a semiconductor substrate, or a mounting structure, or a silicon-on-

insufator (SOI) substrate.

13) The field effect transistor of claim 11, further comprising a bottom
gate insulator layer formed underneath said channel, and a bottom gate
underneath said bottom gate insulator layer.

14) The field effect transistor of claim 13, wherein said bottom gate
insulator and bottom gate are also raised with respect to said support
structure, the lateral extension of said bottom gate insulator and bottom

or

67.1



err] An additional silicon dioxide |ayer (not shown) may be deposited
after the silicide formati on and before depositing the source/drain

i nt ercon- nects 44. This additional |ayer may be etched back to | eave
a thicker’ i nsul at or separating the bottomgate fromthe source/drain

I nt er connect metal 44. J[err] The bottom gate 13, '33;-.ar_73 may be
etched after the suicide formation. [err] Mask M4 oni ttédand. t he

pol i shing continued until the netal | ayer 44 is e field
area (regions coated by the nitride 39 outside the @”
i ng

[err] The interconnect netal 44 may be renoved from over the"
an aligned mask (M4 with an opeppng above the gate). This is possible
since the lateral extent of the sidewall, as shown in Figure 1, is greater
than an alignnment tolerance. [err] The interconnect |ayer 44 may be
omtted entirely (as illustrated in Fig- ure 1), allowng the silicide

contacts 16gdteabéingtthé sdmbasCtiet 8Aé &t sdid channel &%d |s¥5u\°¢é Bnd drain

back-end-of -t he-1i ne vi as.
15 regions.

15) The field effect transistor of claim 11, wherein the exposed portions
of said amorphous silicon sidewalls are silicided to provide conductive
Silicide portions being connected to said drain region and source region.

16) The field effect transistor of claim 15, comprising a metal layer being
deposited on said Silicide portions.

17) The field effect transistor of claim 11, having either a p-channel or
n-channel.

18) Semiconductor device, such as a very large scale integrated (VLSI)
device, ultra large scale integrated (ULSI) device, random access mem-
ory (RAM), read only memory (ROM), erasable programmable read only
memory (EPROM), electrically erasable programmable read only mem-
ory (EEPROM), or programmable logic array (PLA), compnsmg a field
effect transistor according to claim 11.



f {err]- The mask M4 may be omitted and the polishing continued until the
netal |ayer 44 is renoved fromthe field area (regions coated by the

nitride 39 outside the device area). This will |eave | ayer 44 over the
source and drain contacts, filling the donut, to all ow easy contact by
back-end-of -the-ine vias. [err] The bottomgate 73 in Figure 5 may al so
be etched back, in order to provuﬂe roomfor insulators simlar to the

insulators 46 in Figure 3H J[err] The FET 50 may be made on top of an

i nsul at | SINGBEAND WO UBIWGATE FIELDEEREECT 4RANSISTORS WITH SIBEWaRlLl ¥
isolate it fromthe support structure 51. The present FETs can be made on
di fferent kind of support S{SOURCESBRAINGONTAECTSport structures are
silicon-on-insulator (SO ) substrates and conventional sem conduct or

subst r atABSTRASXT to gi ve two exanpl es. is a key feature of the present
invention that the sidewall source/drain to- ether with the top gate, the
gate pillar aF present ipyegtion cencemaingle-gate jand gﬁlﬂﬂéﬁﬂﬁ?e{l@)sﬁ@idﬂﬁ@m structure.
This mask structure serves_as an etch mask to at | east etch through the

| ayer wiFansisfoss havigg p\sidewall souEgsrontags and 3 sidewalbdraip contact.amdrmethodsegi ons

it Ll A BRI O 1
l.e. 5 1 Fi 3
XA i AR S A U515 o o RSk Sk B iy 010,30

ate in I 3 (33 |n Fi gure
30y i o G i teih 120 e Bl 48 a%?ﬂ”ftﬁféﬁmﬂh%ﬂ?r%mﬁre tis
another];gp prtant feature that self-aligned silicide source and drain
contacts 16.1, 16.2 (43 in Figures 3G 3H) are forned in a subsequent step.
The way these steps are carried through, allows to make a structure where
the bottom gate, source/drain contacts, source/drain extensions, the source
region and the drain region are all automatically aligned (referred to as
self-alignnent) to the top gate. An additional degree of self-alignnent
can be achieved by aligning the



,. Source and drain interconnects to the gate pillar by neans of a

;-planari zation step. 16

A nodification of the present double gate FET is a structure where the

# bottom gate has a thicker oxide, and hence | ess control than the top gate.
This structure still retains nost of the scaling advantages of the
symmetrical structure presented herein. The bottomgate, for the nodified
device, is used mainly for the purposé/af threshold voltage control in
order to manage the speed or standby current when in active or standby
nodes. Such power managenent techniques are getting nore and nore i nportant
i n todays conputer environnment. The double gate FET with thicker bottom
gate oxi de can be made using any of the inventive nmethods described above.
The invention is described for single FETs (n- or p-channel). For a conple-
mentary technol ogy, at |least two additional nasks are needed to nmask out
the selective p- and n-inplants. The Inventive process can be used to nake
any kind of discrete sem conductor devices, as well as integrated devices
such as very large scale integrated |) gnd ultra large scale integrated
(ULSI') devices, for exanple. The inv ve thod is well suited for making
random access menories (RAMs), read only nmenories (ROMs), erasable
programuabl e read only nenories (EPROVs), eld8trically erasable pro-
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gramuabl e read only menories (EEPROVE), and progranmabl e | ogic arrays
(PLAs) 17
.CLAI M5 1) Method for making a field effect transistor (50) on a support
“structure (51), conprising the steps of: (a) formng a channel |ayer (55),
(b) formng a top gate insulator layer (52) on said channel |ayer (55), (c)
formng a top gate (63) on said top gate insulator layer (52), (d) formng
a gate pillar (59) on said top gate (53)7 (e) formng insulating sidewall
| ayers (58.1, 582) adjacent to said top gate (53) and gate pillar (59) (f)
formng an integral drain region (50.1) and source region (50.2) within
sai d channel |ayer(55) by introduction of dopants, (g) form ng conductive
anor phous silicon sidewalls (57.1, 57.2) on either side of, and adjacent to
said insulating sidewall |ayers (58.1 .2) ~ One of said anorphous silicon
sidewal I s (57.1) being connected to Jg dra&n region (50.71) and one (57.2)
bei ng connected to said source region (502),
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_(h) etching said channel |ayer (55) using said top gate (53), gate pillar
“(59), insulating sidewall layers (58.1, 582), and anorphous silicon

sidewal I s (57.1, 57.2) as mask, thereby transferring the |lateral extension
. of said mask into said channel |ayer (55), providing for a channel (55)
with integral drain region (50.1) and source region (502) being raised with

respect to said support structure (51). 2) Method of claiml, wherein
sai d support structure is a sem condd¢for substrate, or a nmounting
structure, or a silicon-on-insulator (SO) substrate. 3) Method of claim

1, wherein part of said top gate Insulator layer is re- noved to expose
part of the top surface of said channel l|ayer before carrying out step (f).
4) Method of cl gignl, rein steps (c) ang e the foll ow ng
sub- st eps: FTG yf
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- lerr] formng a top gate |ayer, [err] formng a gate pillar layer on
said top gate layer, and [err] structuring said gate pillar layer and top
gate layer in order to form said gate pillar and top gate. 5) Met hod
of claim1l, wherein a bottomgate insulator layer is forned underneath said
channel |ayer and a bottom gate | ayer underneath said bottom gate insul ator
| ayer. 6) Method of claimb, wherein said bottomgate insulator |ayer and
bot- tomgate | ayer are etched using44di d mask, thereby transferring the
| at- eral extension of said mask into said bottomgate insulator |ayer and
bottom gate | ayer, providing for a double gate field effect transistor with
a bottomgate being raised with resfef( ¢ o%ﬂi d support structure. 7)
Met hod of claim 1, wherein said insulating sidewall |ayers (40) are forned
by: [err] deposition of an insulating layer and [err] _anisotropically

etching said insulating |ayer. 8 N§§£Od of claiml1, wherein said
anor phous silicon sidewalls are fofne y: [err] depositing a |layer of
anor phous silicon and [err] etching said | aypr of anorphous silicon. 9)
Met hod of claim 1, wherein the exppsed portipns of said anorphous silicon
sidewal I s (57. P) are silicidefl to provife conductive Silfpside portions
bei ng connect e sai d drain regi pn and soufce region. 10) hgd of
claim9, wherei/n=a petal Iayer3és leposited pn said Silicide Jp i gns.
37 SahE
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11) Field effect transistor conprising:

19 [err] a single crystal channel (55) confined between a support
structure (51) on one side and a top gate insulator (52) and top gate
(53).o0n the opposite side, [err] source and drain regions (50.1,
502) being fornmed in said channel (55) by introduction of dopants,
[err] a conducting top gate pillar (59) on top of said top gate (53),
[err] top gate sidewal |l insulators5¢38.1, 58.2) covering at |east part of
t he sidewal I s of said top gate pillar (59) and top gate (53), [err]

source and drain sidewall extensions,(57.1, 57.2) situated on said

source and drain regions (50.1, 50.1) and adjacent to said top gate
sidewal | insulators (58.1, 58.2), anf @t conmprising [err] sillcided
source and drain contacts (56.1, 56.2) covering part of said source

and drain sidewall extensions éS?. sou&&e and drain
regions (50.1, 502), the | at eid h\ t ensj,on of fd"top gate (53), top gate
pillar (59), top dgate sidewall inisylat (5%. , 58.2), and source and

57. 2) togeth

drain sidewal | extensions (@y.l, erl appygxi mately defining the
| at eral extension of s?éd
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- channel (55) and source and drain regions (50.1, 50.2) being forned in said
channel (55), said channel (55) with said drain region (50.1) and source
region (50.2) heing fornmed in said channel (55), together being raised with

respect to said support structure (51). 12) The field effect transistor
of claim1ll, wherein said support structure is a sem conductor substrate,
or a nounting structure, or a silicon-on- insulator (SO) substrate. 13)

The field effect transistor of claim&17 further conprising a bottomgate
i nsul ator layer formed underneath said channel, and a bottom gate
underneath said bottom gate insulator |ayer. 14) The field effect.
transistor of claim 13, wherein said bottomgate insulator and bottom gate
are also raised with respect to said support structure, the |ateral
extension of said bottomgate insulator and bottom
20
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:gate being the same as the one of said channel and source and drain

regi ons. 15) The field effect transistor of claim1ll, wherein the exposed
-portions of said anorphous silicon sidewalls are silicided to provide
“conductive Silicide portions being connected to said drain region and

source region. 16) The field effect transistor of claim15, conprising a
nmetal |ayer being deposited on said Silicide portions. 17) The field
effect transistor of claim 11, having’#fther a p-channel or n-channel. 18)

Sem conduct or device, such as a very large scale integrated (VLSI) device,
ultra large scale integrated (ULSI) device, random access nem ory (RAM,
read only nenory (ROM, erasable[wcgggfgpble read only nenory (EPROV),

el ectrically erasable programmable re nly4hen} ory (EEPROM), or
programuabl e | ogic array (PLA), conprising a field effect transistor

according to claim11. 58.2 58.1
| : 50
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