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SO0I Shaped Structure

Field of the Invention

The present invention relates generally to field effect tran-
sistors and, in particular, to field effect transistors with

gilicon on insulator ("SOI") structures.
Background

Over time, SOI has become a popular design in field effect
transistor ("FET") technology. In prior years, the FET's
large junction capacitance hindered its performance. For ex-
ample, in NMOS transistors where doped N regions are embedded
in silicon P substrates, depletion regions form in the sub-
strate. These depletion regions are located at each area be-
tween the P and N regions (called a PN junction) and are
characterized by a depleted number of majority carriers.
Consequently, depletion regions must be charged with majority
carriers before the NMOS can properly work. Recharging the
depletion region with majority carriers can take so long that
the time to charge the depletion region exceeds the time to
switch the NMOS to the desired voltage. SOI rectifies this
problem because it places a sheet of insulation between the P
and N regions, thus eliminating the large deplétion region
and junction capacitance. Compared to a regular bulk tran-
sistor, SOI is advantageous to the extent it has low junction

leakage, junction capacitance, and power consumption.

Nevertheless, SOI also has disadvantages. One drawback to
the SOI structure is the floating body effect, which can de-
grade current flow. The floating body effect occurs when, at
NMOS operation, electrons in the source terminal are drawn to
a high electric field in the drain terminal and experience
impact ionization. Impact ionization occurs when high speed
carrieré, like electrons, collide with atoms in a semiconduc-

tor lattice, like atoms in a drain. The impact ionization
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creates electron-hole pairs in the drain region. The low po-
tential active Si bottom region draws these generated holes
towards its bottom region. In a bulk transistor, the holes
collecting at the Si bottom region exit through a low poten-
tial body contact. But, in an SOI structure, insulator sepa-
rates the active Si region from the body. Therefore, without
any body contact, generated holes collect at the active Si
bottom and increase the potential of the active Si bottom.
This creates a forward-bias between the source and the active
Si bottom. As a result of the forward bias, electron injec-
tion occurs from the source to the active Si bottom. This,
in turn, creates a parasitic NPN bipolar transistor junction,
which lowers the threshold voltage and drain breakdown volt-
age of the NMOS .

An unmet need therefore exists for creating a body contact in
a SOI structure that is useable as an exit for generated

holes.
Summary of the Invention

Structures according to the present invention provide a solu-
tion to the problems described above by combining an SOI
structure with a body contact able to flush out generated

holes collecting at the Si bottom region.

In one embodiment according to the present invention, a
method is provided for fabricating an SOI active structure on
a wafer in an integrated circuit where an interruption is
formed in the insulator and silicon is deposited in the in-

terruption.

Another embodiment according to the present invention pro-
vides for an SOI active structure on a wafer in an integrated
circuit in which an interruption is formed in the insulator
and a body contact is coupled to the insulator and is in com-

munication with the interruption.
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In yet another embodiment according to the present invention,
an SOI active structure on a wafer in an integrated circuit
has an SOI T-shaped structure. It also provides a means for
producing a back bias formed in the SOI T-shaped structure in
which extra generated holes may exit a transistor.

Another embodiment according to the present invention pro-
vides for a transistor in an integrated circuit having a SOI
structure with a gate, a source, and a drain. The drain is
in communication with the source via a channel. The insula-
tor has an interruption adjacent the channel through which

excess change can be conducted away from the channel.
Brief Description of Drawings

Figure 1 is a diagram showing nitride and oxide layers depos-
ited on a wafer to form an intermediate structure in an em-

bodiment of the present invention.

Figure 2 is a diagram showing photoresist deposited over the
intermediate structure of Figure 1, and also showing the pho-
toresist having been etched to form a further intermediate

structure, in an embodiment of the present invention.

Figure 3 is a diagram showing the intermediate structure of
Figure 2, having been further etched, to produce another in-
termediate structure, in an embodiment of the present inven-

tion.

Figure 4 is a diagram showing photoresist deposited over the
intermediate structure of Figure 3, a further etch of the de-
posited photoresist, and a further intermediate structure, in

an embodiment of the present invention.

Figure 5 is a diagram showing the intermediate structure of

Figure 4 having been further etched, to produce another in-
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termediate structure, in an embodiment of the present inven-

tion.

Figure 6 shows an oxidation over the intermediate structure
in Figure 5, and a further intermediate structure in an em-

bodiment of the present invention.

Figure 7 shows Si growth over the intermediate structure of
Figure 6, and a further intermediate structure in an embodi-

ment of the present invention.

Figure 8 is a diagram showing a smoothing of the intermediate
structure of Figure 7, an oxidation of the intermediate
structure of Figure 7, and a further intermediate structure
in an embodiment of the present invention.

Figure 9 is a diagram showing an implantation of a well in
the intermediate structure of Figure 8, and a further inter-
mediate structure in an embodiment of the present invention.

Figure 10 shows formation of a gate over the intermediate
structure of Figure 9, and a further intermediate structure

in an embodiment of the present invention.

Figure 11 shows implantation of a source or drain in the in-
termediate structure of Figure 10, and a further intermediate

structure in an embodiment of the present invention.

Figure 12 is a diagram showing formation of gate spacer and
dielectric, deposition of oxide over the gate structure, and
formation of a body contact in the intermediate structure of
Figure 11, and a further intermediate structure, in an em-

bodiment of the present invention.

Figure 13 is a diagram showing implantation of a contact plug

in the intermediate structure of Figure 12, and a further in-
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termediate structure in an embodiment of the present inven-

tion.

Figure 14 is a diagram showing deposition of metal in the in-
termediate structure of Figure 13 to produce a back bias in

an embodiment of the present invention.
Figure 15 shows another embodiment of the present invention.

Figure 16 is a diagram showing an alternative embodiment of

the present invention.
Detailed Description

Figure 1 shows a first step in an embodiment of a method, and
an intermediate IC structure, according to the present inven-
tion. This and the subsequently related steps describe one
embodiment of a method for creating an SOI-shaped structure
according to the present invention. A first layer of oxide
100 is deposited over a Si substrate 105. In this example,
but without limitation, the thickness of oxide layer 100 is
1000 A (Angstrem). After the first oxide layer is set, a
layer of nitride ("SiN") 110 having, in this example, but
without limitation, a width of 100 A is deposited over oxide
layer 100. Acting as a stopping liner, SiN layer 110 stops
the oxide etch process and prevents it from reaching material
underneath SiN 110. SiN 110 permits formation of a vertical
T-shaped SOI structure in this embodiment. In a final step
of Figure 1, a second layer of oxide 115, in this embodiment
having with a width of 1000 A , is deposited over the nitride

layer.

Figure 2 shows the intermediate structure of Figure 1, where
that intermediate structure has been etched. Photoresist 200
is deposited over oxide layer 115, after which active photo-
lithography, as known in the art, is used to etch holes in
photoresist 200. Photolithography, as known in the art, is
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used to create openings in the photoresist that can eventu-
ally be used for Si epitaxial growth, for example. An oxide
etch is then performed to etch away any oxide not underneath
the photoresist. As described above, the oxide etch cannot
penetrate SiN layer 110; thus only oxide layer 115 is etched.
Oxide layer 100, located underneath nitride layer 110, re-

mains unaffected.

Figure 3 is a diagram showing the intermediate structure of
Figure 2 following further etching. Photoresist layer 200

has been etched completely away, leaving behind a patterned
oxide layer 115. Photoresist can be removed by use of a so-

called ashing process.

In Figure 4, a layer of photoresist 400 has been deposited
over the intermediate structure of Figure 3. Openings in
photoresist 400 have been created by a photolithographic
step, leaving areas of SiN layer 110 exposed.

Figure 5 shows the intermediate structure of Figure 4 where
that intermediate structure has been etched. A nitride etch
is performed on the nitride 110 layer exposed by the proce-
dure of Figure 4, leaving portions of oxide layer 100 ex-
posed. Oxide etching is then performed to etch that portion
of oxide layer 100 that is exposed. No other layer is af-
fected, because photoresigt 400 blocks the oxide etch from
reaching materials located underneath photoresist 400. Ash-
ing procegses are then performed on photoresist 400 to remove
the remaining photoresist. Following the ashing process, a
nitride etch is performed to remove any portion of nitride
layer 110 exposed after photoregsist 400 is removed. After
the nitride etch, clean active T-shaped areas 500 and 502,
according to an aspect of the present invention, remain in

the wafer.

Referring to Figure 6, a thermal oxidization (not deposition)
step is performed according to known methods. The T-shaped
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holes or interruptions 500, 502 will eventually be filled
with Si-epitaxy; however, for Si epitaxial growth, a clean
and damage-free surface is preferred. It is possible that,
while etching oxide layer 100, the oxide etch could damage
the surface at the bottom of the T-shaped interruptions 500,
502. To properly cure the Si surface at the bottom of oxide
layer 100, thermal oxidation of the surface may be performed,
followed by removal of the resulting thin thermal oxide 600.
Thin thermal oxide 600, in this example, but without limita-

tion is about 100 A wide.

Figure 7 shows Si epitaxy regions grown over the T-shaped in-
terruptions 500, 502 in Figure 6 to form T-shaped transistor
structures 700, 702.

Structures formed using Si epitaxy may grow in an uneven man-
ner. Thus, in Figure 8, chemical mechanical polishing
("CMP") or other suitable methods may be used to even out any
non-even portions of structures 700, 702 from the intermedi-
ate structure shown in and described with reference to Figure
7. CMP processes ensure a smooth and even Si surface. After
structures 700, 702, are smoothed and evened, a thermal oxi-
dation step is performed over the Si epitaxy. The thermal
oxidation forms oxide layers 800, 802, which, in this exam-
ple, but without limitation, are about 100 A in thickness.
This oxidation is used to cure Si surface damage which can

occur during the CMP process.

Referring to Figure 9, after the CMP and oxide processes
shown in Figure 8, a well 900 is implanted into substrate 105
(not shown). Well 900 is used for CMOS processes, for exam-
ple, to have NFET and PFET isolation. For a PFET, an N well

is used; whereas for an NFET, a P well is used.

To form a transistor, a gate is placed over the T-shaped

structures. Therefore, in the illustrated embodiment, as
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shown in Figure 10, gates 902, 904 are formed according to

known methods, over the T-shaped structures 700, 702.

Turning to Figure 11, sources and drains 910, 912 (or vice
versa) are formed, according to known methods, e.g., by im-
plantation on either side adjacent to gates 902, 904. With
the implantation of a source and a drain, e.g., 910, 912, T-
shaped transistor structures 700, 702 are formed according to

the present invention.

Figure 12 shows the formation of gate spacer layers 915 and
dielectric layers in the illustrated embodiment. Lightly
doped drains ("LDD") are used 1in many transistors because
LDDs reduce transistors’ short channel effects. Neverthe-
less, LDDs of separate transistors should be electrically
isolated from each other. Gate spacers 915 electrically iso-
late separate LDDs from each other. A third layer of oxide
920 is then deposited over the transistors with gate spacer

and dielectric layers.

According to an aspect of the present invention, a back bias
is created in order to remove extra holes that collect at the
bottom of T-shaped structure 500, 502. Therefore, as shown
in Figure 12, body contact 925 is formed, extending to Si
substrate 105 (as shown in Figure 1). To form body contact
925, a layer of photoresist is first deposited over oxide
layer 920. Photolithography, as known in the art, is then
used to open a hole in the photoresist. A dry oxide etch is
applied to oxide layer 920, etching out any portion of oxide
layer 920 and oxide layer 115 not underneath the photoresist.
The nitride stopper layer 110 is then etched, followed by an
oxide etch of oxide layer 100, yielding body contact 925 that

reaches Si substrate 105 (as shown in Figure 1).

In Figure 13, contact plug 930 is implanted, as shown. Con-
tact plug 930 is implanted with N+ dopant for an N well and
P+ dopant for a P well. Thermally generated holes in the
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drains (910 or 912) exit through contact plug 930, thus ad-
dressing, and preferably alleviating, the floating body ef-
fect.

Figure 14 shows a process for completing body contact 925 in
an embodiment of the invention, in which a conductor, such as
metal line 935, is deposited to complete body contact 925.
Also, metal line 935 may be deposited over oxide layer 920.
Metal line 935, which forms body contact 925 and contact plug
930, in this embodiment, is inside the N+ or P+ region, lead-

ing to lower contact leakage current.

In another embodiment of this aspect of the present inven-
tion, formation of an "easy" body contact is shown in Figure
15. 1In Figure 14, the contact plug 930 was deep in the body
contact and, therefore, a contact plug implantation was
needed. But the embodiment shown in Figure 15 has a contact
plug that is shallow. A contact plug implantation is thus
not necessary, since the N+ or P+ contact plug implantation
is simultaneously formed during the N+ or P+ source/drain im-
plantation. 1Instead, Si is grown, for example using epitaxy,
in body contact 925'. Furthermore, in a preceding formation
step analogous to the one in Figure 2, where the T shaped
structures are initially formed, an additional hole is
formed, as shown in Figure 15. A process analogous to the
process shown in Figures 3 through 9 is carried out, and a
lower portion of body contact 925’ is formed with Si as shown
in Figure 15, for example through epitaxy processes, and an
upper portion of a body contact 925’ is also formed with a
conductor, such as metal line 935, in a process analogous to
that shown in Figures 10 to 14. For contact plug implanta-
tion, the additional hole in the Si surface in Figure 15 is
implanted with N+ or P+ when the N+ or P+ source/drain im-
plantation is formed after the gate process. This additional
Si epitaxial hole process reduces the contact plug implanta-
tion step and makes an easy contact process due to the shal-

low contact hole.
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Figure 16 shows another embodiment according to the present
invention. In this embodiment, both an easy body contact
925’ and a trench capacitor storage poly 940 are used. Stor-
age poly 940 has a trench storage poly insulator 941 and a
trench capacitor oxide 943. The top of the storage poly 940
is attached to a transistor source or drain region 910, 912.
To achieve good contact attachment between the N type
source/drain 910, 912 of the cell transistor 945, 947 and a
N+ storage poly 940, the top of trench capacitor storage poly
940 has a high concentration of N-type dopant. This high
concentration of N-type dopant degrades the cell transistor’s
short channel effects because of N-dopant source/drain deple-
tion region increase by the lateral diffusion of N-dopant
from the attached high N-dopant trench storage poly region
965 to channel center region 950. In this embodiment accord-
ing to the present invention, the N-dopant diffusion is re-
duced since an oxide region 952, 954 blocks N-dopant diffu-
sion from the attached high N-dopant trench capacitor region
965. Therefore, the short channel effects are greatly im-

proved.

While the invention has been particularly shown and described
with reference to particular embodiments, those skilled in
the art will understand that various changes in form and de-
tailes may be made without departing form the spirit and scope

of the invention as set forth in the appended claims.
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What is claimed is:

1. A method of fabricating a silicon on insulator active
structure on a wafer in an integrated circuit, the method

comprising the steps of:

forming an interruption in the insulator; and

depositing silicon in the interruption formed in the insula-

tor.

2. The method according to claim 1, further comprising form-

ing a second interruption in the insulator.

3. The method according to claim 2, further comprising form-
ing a body contact in communication with the second interrup-

tion.

4. The method according to claim 3, wherein the body contact

and second interruption comprise metal.

5. The method according to any of claims 1 to 4, further com-

prising:

depositing a trench capacitor in the insulator, wherein the
trench capacitor is in communication with the deposited sili-
con; and

depositing at least on oxide region in the silicon.

6. The method according to claim 3, further comprising depos-

iting silicon in the second interruption.

7. The method according to claim 6, wherein the body contact

comprises metal.
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8. The method according to any of claims 1 to 7, wherein the

deposited silicon comprises a T-shape.

9. An integrated circuit comprising:

a silicon-on-insulator active structure on a wafer,

the insu-

lator having an interruption formed therein; and

a body contact coupled to the insulator and in

with the interruption.

10. The circuit according to claim 9, further

contact plug in the wafer.

11. The circuit according to claim 10, wherein

tact comprises a conductor.

12. The circuit according to claim 11, wherein

comprises a metal layer.

13. The circuit according to claim 10, further

silicon residing in the interruption.

14. The circuit according to claim 13, wherein

tact comprises a conductor.

communication

comprising a

the body con-

the conductor

comprising

the body con-

15. The circuit according to claim 14, where conductor com-

prises a metal layer.

16. The circuit according to any of claims 9 to 15, wherein

the interruption comprises a cross-section having T-shape.

17. The circuit according to any of claims 9 to 16, further

comprising a trench capacitor in communication

terruption.

with the in-
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18. The circuit according to claim 10, wherein the contact
plug comprises one of the group consisting of N+ and P+ dop-

ing.

19. A silicon on insulator active structure on a wafer in an

integrated circuit, comprising:

a silicon on insulator T-shaped structure; and

means for producing a back bias formed in the silicon on in-
sulator T-shaped structure in which extra generated holes may

exit a transistor.

20. A transistor in an integrated circuit having a silicon on

insulator active structure, comprising:

a gate;

a source;

a drain in communication with the source via a channel;

the insulator having an interruption adjacent the channel
through which excess charge can be conducted away from the

channel.

21. The transistor according to claim 20, further comprising
a body contact, in electrical communication with the inter-
ruption in the insulator, for conducting excess charge dis-

tally from the channel.

22. The transistor according to claim 20 or 21, further
comprising a second interruption in the insulator through

which excess charge escapes.
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23. The transistor according to claim 22, further comprising
a metal line which forms the body contact and the second in-

terruption.

24 . The transistor according to any of claims 20 to 23 fur-

ther comprising:

a trench capacitor, wherein the trench capacitor is in commu-

nication with at least one of the source and drain; and

oxide, wherein the oxide is dispersed in at least one of the

gsource and drain.

25. The transistor according to 22 further comprising silicon

which resides in the second interruption.

26. The transistor according to 25 further comprising a metal

line which resides in the body contact.

27. The transistor according to any of claims 20 to 26
wherein the silicon on insulator structure comprises a T-

shape.
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