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SOI CMOS BODY CONTACT THROUGH GATE, SELF-ALIGNED TO

SOURCE-DRAIN DIFFUSIONS

Background Of The Invention

1. Field of the Invention
The present invention relates generdally to a
semiconductor device, and more particularly to a method for
forming a_ silicon on insulator structured substrate with

body-contacts under the gate conductor.

2. Description of Related Axt
In the silicon 6n insulator ("SOI") art, it is well
recognized that the resistance-capacitance ("RC") delay
associated with body-contacts to wide qhannel MOSFETS limits
the effectiveneés of body—charge equilibrium at high-speeds.

This occurs because the chafge associated with the SOI body

_muét traverse the half-width of the MOSFET. The resistance

of the path increases with increasing width of the main
channel until RC time constant of the body contact becomes a
significant factor, which may <cause unstable device
behavior. The increased resistance degrades the ability of
the device.to remove hole charge (majority carriers in an
NMOSFET) because in a wide channel device the holes leaving
the body must traverse a long path. An analogous situation
exists in SOI PMOSFETS, where excess electrons in the body
comprise the majority carrier charge to be removed. Excess
holes remain in the body of the device causing the device to

latch up and lose gate control. With the need for wide
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devices in the semiconductor art, it is difficult to achieve
a stable device.

Bearing in mind the problems and deficiencies of the
prior art, it is therefore an object of the presént
invention to provide a method and structure for efficient
bod&—contact operation for SOI MOSFETS of'.any width
operating at high-speeds.

It is another object of the present invention to
provide a method and structure for SOI body-contacts that
are easily integrated‘into existing SOI processes.

It is another object of the present invention to
enhance the ability of a wide body SOI MOSFET to remove
excess majority carrier charge.

A further object of the invention is to provide a
method and structure for an SOI body-contact that requires
only one additional masking ievel.

It is yet another object of the present invention to
provide a method and structure for an SOI body-contact that
consumes no additional real estate on a substrate.

Still other objects and. advantages of the invention will
in part be obvious and will in part bé_apparent from the

specification.

Summary of the Invention

The above and other objecté and advantages, which wiil
be apparent to one of skill in the art, are achieved in the
present invention which is directed to a method of forming a
silicon on insulator body contact uﬁder a gate conductor on

a silicon on insulator substrate. In the preferred
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embodiment, the method comprises depositing a  first
insulating layer, such as tetraethoxysilane, over the
silicon on insulator substrate. An opening is formed in the
first insulating layer and extends through the first
insulating layer, through the gate conduc?qr to the
semiconductor substrate. = The opening has aﬂw insulating
spacer oﬁ each of its sidewalls which are adjacent the first
insulating layer and gate conductor regions. In the
preferred embodiment, the insulating spacers are silicon
nitride. A layer of a first conductive material, preferably
P+ polysilicon, is depoéited in the opening. In the
preferred embodiment, the first conductive material layer is
recessed so that the'top the first conductive material layer
maintains electrical contact with a monocrystalline

semiconductor layer of the silicon on insulator substrate.

It is also preferred to deposit a second insulating

material, preferably tetraethoxysilane, over the first
conductive material layer.

In the preferred embodiment the method also comprises
depositing a-layer of a second conductive material, such as
polysilicon, over the second insulating 1ayer and depositing
a layer of a metal such as tungsten, titanium or cobalt over
the second cdnductive material layer. In the preferred
embodiment, the metal layer is reacted with the second
conductive material layer to form a silicide that is self
aligned to the gate conductor.

In another aspect of the preferred embodiment, the

method includes implanting a dopant, such as boron, into the
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semiconductoxr substrate at the bottom of the body-contact
via.

In another aspect, the invention comprises a body
contact structure under a gate conductor on a silicon on
insulator substrate. The preferred embodiment comprises a
first insulating layer, such as tetraethoxysiiéne, lying
over, and in electrical contact with, the gate conductor.
In the preferred embodiment, there is an opening in the
substrate which extends from a top surface of the first
insulating layer, through the gate conductor to the
semiconductor substrate. . On each sidewall of the opening,
in the area adjacent the first insulating layer and the gate
conductor, an insulating spacer is formed. The insulating
spacer is preferably a silicon nitride. In the preferred
embodiment, the opening is filled with a layer of a second
insulating material, preferably tetraethoxysilane, on top of
the first conductive material layer, which is prefefably P+
polysilicon.

In the preferred .embodiment, a second conductive
material layer, such as polysilicon, is over the second
insulating layer. In the preferred embbdiment, a salicide
is found over the gate conductor.

It is also preferred to have a dopant, such as boron,

implanted at the bottom of the opening.

. Brief Description of the Drawings

The features of the invention believed to be novel and
the elements characteristic of the invention are set forth

with particularity in the appended claims. The figures are.
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for illustration purposes only and are not drawn to scale.’
The invention itself, however, both as to organization and
method of operation, may best be understood by reference to
the detailed description that follows taken in conjunction
with the accompanying drawings in which: .

Fig. 1 is a top plan view of the SOI struéture of the
present invention showing the gate conductor region and
nitridé spacers.

Fig. 2 is cross-sectional view of Fig. 1 taken along
the line 2-2 of Fig. 1.

Fig. 3 is a top plan.view of the SOI structure of the
present invention showing the body-contact mask opening.

| Fig.-4 is a cross-sectional view of Fig. 3 taken along
the line 4-4 of Fig. 3. '

Fig. 5 is an elevational view of the SOI structure of
the present invention showing the nitride layer opened to
the TEOS layer. _

Fig. 6 is an elevational view of the SOI structure of
the present invention after opening the gate conductor to
the polysilicon surface.

Fig. 7 is an elevational view: of fhe SOI structure of
the present invention showing the formation of nitride
spacexrs on the gsidewalls of the body-contact opening.
| Fig. 8 is an elevational view of the SOI structure of
the present‘invention after opening of the body-contact wvia

to the'semiconductor substrate.
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Fig. 9 is a top plan view of the SOI structure of the
present invention showing the body contact of the present
invention. |

Fig. 10 is a cross-sectional view of Fig. 9 taken along
the line 10-10 of Fig. 9. .

Fig. 11 is an elevational view of the SOI étructure of
the present invention after deposition of a low-resistance
region in the body-contact opening.

Fig. 12 is a ﬁop plan view of the SOI structure of the
present invention showing a low resistance salicide over the
gate conductor.

Fig. 13 1is a cross-sectional view of Fig. 12 taken

along the line 13-13 of Fig. 12.

Description of the Preferred Embodiment (s)

In describing the preferred embodiment of the present
invention, reference will be made herein to Figs. 1-13 of

the drawings in which like numerals refer to like features

of the invention. Features of the invention are not
necessarily shown to scale in the drawings. As used herein,
unless otherwise noted, the terms *insulating” or

“insulator” means “electrically~ ihsulating” and the term
“contact” mean “electrical contact.” The terms “on top of”
or “over” are also used to denote “electrical contact.”

The present invention creates a semiconductor device
with SOI body-contacts under the gate conductor. The body-
contacts are self aligned and borderless to adjacent
source/drain diffusions, thus preventing diffusion-to-body

shorts. In the typical MOSFET device, the body charge must
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traverse a,loné the width direction of the transistor with a
relatively long path. The present invention partitions the
gate conductor into segments and provides body-contacts
under each gate conductor segment over th_e whole width of
the device. This results in a relatively short p_ath between
adjacent MOSFET channel regions and allows fﬁaccumulated
charge to be removed from the body region under the gate.
The present invention may be used selectively on
semiconductor structures that are wide and require special
stability considerations, such as a PASS gate transistor.
While stability may be less of a concern with grounded
source transistors, the present invention may also be used
with grounded source .transistors.

Using convc_antional processes, a gate conductor 10 with
nitride spacer 12 is deposited over, and is in electrical
contact with, an SOI semiconductor structure 52 as shown in
Figs. 1 and 2. SOI semiconductor structure 52 generally
comprises a monocrystalline silicon layer 18 on top of, and
in electrical contact with, a back oxide layer 20 that is on
tbp of a thick monocrystalline silicon semiconductor
substrate 22. Monocrystalline silicon layer 18 may be a P-
SOI layer. Back oxide layer 20 may be a buried oxide
("BOX") layer and monocrystalline silicon semiconductor
substrate 22 may be a P-substrate layer. Normal CMOS
processing may be followed for forming the h‘“and p doping in
the body of the transistors, growing gate dielectric 11, and
depositing gate conductor 10. Gate conductor 10 may

comprise either doped polysilicon or undoped polysilicon
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that is later doped. Gate conductor 10 may also comprise a
multi-layered structure such as polysilicon with a silicide
on top. The height of gate conductor 10 may be in the range
of 1000 to 2500 angstroms.

After depositing gate conductor 10, gate conductor 10
may be patterned with a gate conductor mask to J%;)rm regions
that will be the gate conductors of the MOSFETS. Next, a
pair of source/drain extensions 14 is implanted. These
implants may be N-extensions for an N-MOSFET (P—extensions
for a P-MOSFET), and can be relatively lightly doped for a
source/drain.

A nitride spacer 12 is formed on either side of gate
conductor 10. Nitride spacer 12 is used to prevent body
contact 50 from shorting to the diffusion region. The width
of nitride spacer 12 may be about the width of gate
conductor 10. The width of gate conductor 10 is preferably
in the range of 0.1 to 0.25 microns, and the width of
nitride spacer 12 is on the order of 0.5 to 1 times the
width of gate conductor 10. After nitride spacer 12 is
formed, more heavily doped N- source and drain régions 16
are formed to create an N-MOSFET. While an NFET process is
described, a similar process may be used to form a PFET.

As shown in Fig. 4, a first layer of tetraethoxysilane
24 ("TEOS") is deposited over the top of nitride spacer 12,
gate conductor 10 and substrate 22. TEOS layer 24 may ‘be
deioosited to a thickness in the range of 1500 to 3000
angstroms. TEOS layer 24 may then be planarized using a

process such as chemical mechanical polishing. A layer of
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gsilicon nitride may then bé deposited over TEOS layer 24 to
form nitride hard mask layer 26. The thickness of nitride
hard mask layer 26 may be in the range of 1000 to 2000
angstroms. Nitride hard mask layer 26 serves as a hardmask
that resists etching for the subsequent etching of body-
contact opening 30. Photoresist layer 28 is ééposited on
top of nitride hardmask layer 26, and a masking layer 29 is
then used to form body-contact opening 30 in photoresist
layer 28 over gate conductor 10.. Body-contact opening 30
will subsequently contain the body-contact. Body-contact
opening 30 is preferably borderless to the edge of gate
conductor 10 as shown in Fig. 3. The rectangular regions in
Fig. 3 show the formation of a plurality of body-contact
openings 30 in photoresist layer 28. It should be noted
that while the process described herein is for the formation
of a single body—contactJI a ;ypical semiconductor
‘manufacturing process entails the formation of a plurality
-of body contacts on an SOI structure.

Nitride hard mask layer 26 is then opened to TEOS layer
24 and photoresist layer 28 is removed as shown in Fig. 5.
After TEOS layer 24 is exposed, a silicoh oxide reactive ion
etch which is selective to nitride may be performed using
nitride hardmask layer 26 as a mask. TEOS layer 24 is
obened to expose the top surface of gate conductor 10 and
each nitride spacer 12. Once gate conductor 10 is exposed,
gate conductor 10 may also be reactive ion etched selective

to nitride and oxide, stopping at the surface of the oxide
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of gate dielectric 11 remaining under gate conductor 10 at
the surface as shoﬁn in Fig. 6.

A second nitride spacer 32 is then preferably formed on
the each sidewall 48 of opening 36 as shown in Fig. 7.
Spacer 32 preferably has a thickness in the range of 100 to
300 angstroms, and may be formed by depositing-; thin layer
of silicon nitride by chemical wvapor deposition and doing a
reactive ion etch to remove nitride from the horizontal
surfaces leaving spacer 32 on each sidewall 48. The purpose
of second nitride spacer 32 is to space the body-contact
from the edge of source and drain diffusions 14 and 16.

Once spacer 32 is formed, any remaining gate oxide on
top of P-SOI layer 18 is removed, preferably using a short
isotropic etch containing fluorine which may be a buffered
HF or hydrofluoric acid vapor.

As shown in Fig. 8, body .contact opening 30 is extended
to P-substrate 22. A reactive ion silicon etch selective to
nitride and oxide may be used to etch through P-SOI layer
18. Then a reactive ion oxide &tch selective to nitride may
be performed to etch through BOX layer 20 to P-substrate 22.
Over etch control here is not critical and it is permissible
to over etch slightly into P-substrate 22. A p type dopant
species 36 may be implanted into P-substrate 22 at the
bottom of body-contact opening 30 to reduce the resistance
of the body-contact. Implant 36 is preferably boron. It is
ﬁreferable that the doping concentration of implant 36 be in

the range of 10 to 10 atoms per square centimeter.
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Body-contact opening 30 is then filled with a

conductive material, preferably a layer of P+ polysilicon
38. In the preferred embodiment, the P+ polysilicon layer
38 completely £ills opening 30 and extends out on top of
nitride layer 26. P+ polysilicon layer 38 may then go
through a planarization process to remove any P-;u.polysilicon
from the top of nitride layer 26, leaving P+ polysilicon
iayer 38 flush with nitride 1ayer' 26. P+ polysilicon layer
38 is then recessed to a depth so that the top of P+
polysilicon layer 38 is in contact with P-SOI layer 18. As
shown in Fig. 10, the top of P+ polysilicon layer 38 is
approximately 1/2 to 3/4 of the way down the thickness of P-
SOI layer 18. It is preferable that P+ polysilicon layer 38
be recessed fax_‘ enough to keep P+ polysilicon layer 38 an
adequate distance from diffusion regio.n 16 and extension
region 14 which might cause leakage problems, yet maintain
contact with P-SOI layer 18. Next, a second insulating
layer 40, preferably TEOS, is deposited over P+ polysilicon
layer 38. TEOS layer 40 is preferably planarized to the top
of nitride layer 26 to form body-contact 50. As shown in
Fig. 9, a plurality of body—contacts.SO are distributed
across the length of gate conductor 10.

Since at this point the gate conductor regions are
separated and not connected, a bridge must be formed across
the gate conductor regions to control the voltage on every
segment of gate conductor 10. As shown in Fig. 11, TEOS
layer 40 is recessed, selective to nitride, to below the top

suxface of gate conductor 10, but shallow enough to assure
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that a region of TEOS remains to provide insulation to body
contact 50. A conductive layer 42, preferably polysilicon,
is deposited over the remaining TEOS layer 40. Polysilicon
layer 42 may be doped or undoped. Polysilicon layer 42 is
then polished to the top of nitride layer 26 .ar§d implanted
to provide a low resistance region having a tl‘:vorkfunction ‘
which matches the workfunction of the polysilicon of gate
conductor 10. Now, regions of polysilicon layer 42 are
surrounded by nitride in the contact holes that are adjacent
to the gate conductor regions. |

To electrically connect these regions, a reactive ion
etch is preferably used to remove nitride hardmask layer 26,
a top portion of polysilicon layer 42 and a portion of
nitride spacer 32. The remaining surface may then be
polished, typically by chemical mechanical polishing, to
pPlanarize the top of polysilicon layer 42, TEOS layer 24
with the tops' of spacers 12 and 32. Then, as shown in Fig.
12, a thin metal layer 44, such as tungsten, titanium- or
cobalt, may be deposited over the tops of layers 42, 24 and
spacers 12 and 32, and reacted with polysilicon layer 42 to
form a silicide.layer 46 which is self-aligned ("SALICIDE")
to the exposed gate conductor 10 polysilicon and the top
surface of polysilicon layer 42. The formation of silicide
by the reaction of metal and silicon (polysilicon) is
typically achieved at elevated temperatures in an inert
ambient. The metal overlying the oxide areas is unreacted

and may be etched off selectively to the salicide. This
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leaves the low-régistance salicide 46 ovéer gate conductor 10
to provide gate continuity as shown in Fig. 12.

It should be noted that while the above process
describes the formation of a single body contact, in the
. typical structure, a plurality of body contacts may be
.formed. |

By partitioning the gate conductor into segments and
providing a body contact under each.gate conductor segment
over the whole width of the device, the charge associated
with the SOI body travels a relatively short path. This
allows excess majority carrier charge to be removed from the
body region under the gate and provides for efficient body
contact operation for SOI MOSFETS of any width operating at
high speeds. The method and structure of the present
invention is easily integrated into existing SOI processes
requiring only one additional masking level, and does not
consume additional real estate on a semiconductor subsﬁrate.

While the present invention has been particularly
described, in conjunction with a specific preferred
embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those
skilled in the art in 1igh£ of the foregoing description.
It is therefore contemplated that the appended claims will
embrace any such alternatives, modifications and variations
as falling within the true scope and spirit of the present

invention.
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Claims
1. A method of forming a silicon on insulator body contact
under a gate conductor on a silicon on insulator substrate
comprising the steps of:

(a) depositing a first insulating layer. . over said
silicon on inéulator substrate;

(b) forming an opening in said'first insulating layer,
said opening extending through said first'insulating
layer, through said gate conductor to a semiconductor
substrate, said opening having a pair of sidewalls and
a bottom;

(c) forming an insuléting spacer on each of said
sidewalls adjacent said first insulating layer and said
gate conductor regions;

(a) depositing a layer of a first éonductive material
in said opening;

(e) - depositing a second insulating layer over said

conductive material in said opening.

2. The method of claim 1, further comprising the steps of:
(£) depositing a layer of a second.conductive material
" over said second insulating layer; and
(g) depositing a layer of a metal over said second
conductive material layer;
(h) reacting said metal layer with said second
conductive 1aye£ material to form a silicide layer that

is self-aligned to said gate conductor.

* [ L M S *
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3. The method of claim 2, wherein said metal is selected

from the group consisting of tungsten, titanium and cobalt.

4. The method of claim 1 further comprising the steps,
between steps (c) and'(d) of:
(i) implanting a dopant into said sémiconductor

substrate at the bottom of said body-contact via.
5. The method of c¢laim 4 wherein said dopant is boron.

6. The method of claim 1 wherein said first insulating

layer is tetraethoxysilane.

7. The method of claim 1 wherein said insulating spacer is

silicon nitride.

8. The method of claim 1 wherein said second insulating

- layer is tetraethoxysilane.

9. The wmethod of claim 1 wherein said first conductive

material is P+ polysilicon.

10. The method of claim 2 wherein said second conductive

material is polysilicon.

11. The method of claim 1 further comprising the step,
after step (d) of (i) recessing said first conductive

material layer to a height so that the top of said first

* - €C L M .S58 %
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conductive matexrial layer maintains electrical contact with
a monocrystalline silicon layer in said silicon on insulator

substrate.

12. A body contact structure under a gate conductor on a
silicon on insulator substrate comprising: B

(a) a first insulating layer overlying said gate
conductor and said silicon on insulator substrate;

(b) an opening in said substrate extending from a top
surface of said first insulating layer through said
gate conductor to a semiconductor substrate, said
opening having a pair of sidewalls and a bottom;

(c) an insulating spacexr, one on each of said
sidewalls of said opening adjacent said first

insulating layer and said gate conductor;

(d) a layer of a first conductive material in said
opening;
(e) a 1a&er of a second insulating material over said

first conductive material layer.

13. The structure of claim 12 further comprising:
(£) a layer of a second conductive material over said

second insulating layer.

14. The structure of claim 13 further comprising a salicide

over said gate conductor.

e
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15. The structure of claim 12 wherein a dopant is implanted
into said semiconductor substrate at the bottom of said

opening.
~16. The structure of claim 15 wherein said dopant is boron.

17. The structure of claim 12 wherein said first and second

insulating layers are tetraethoxysilane.

18. The structure of claim 12 wherein said insulating

spacer is silicon nitride.

19. The structure of claim 12 wherein said first conductive

material is P+ polysilicon.

20. The structure of claim 12 wherein said second

conductive material is polysilicon.
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