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fers énhance
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least ogrerinsigmdeichar agkewi deeuplDERL}SRS Hating 8 a3h-ploRe cbiidsiost Rherein the
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| Se O rm
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BRIEF DESCRIPTION OF DRAWINGS

The invention may be understood by reference o the following description taken in conjunction with

the accompanying drawings, in which like reference numerals identify like elements, and in which;

Figures la-lc schematically show cross-sectional views of a conventional semiconductor device
including circuitry and a decoupling capacitor in a conventional planar configuration, thereby requiring a

significant amount of die area;

Figures 2a and 2¢ schematically show a cross-sectional view of a semiconductor device including
circuifry and a decoupling capacitor of non-planar configuration according to illustrative embodiments of the

present invention,
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Figure S schematically shows a cross-sectional view of an SOI device, in which the decoupling
capacitor extends through the buried insulation layer in accordance with yet other illustrative embodiments of the

present invention.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION -

Hlustrative embodiments of the invention are described below. In the interest of clarity, not all features

of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers® specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such. a development
effort might be complex and time-consuming, bt would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Various structures,
systems and devices are schematically depicted in the drawings for purposes of explanation only and so as to not
obscure the present invention with details that are well known to those skilled in the art. Nevertheless, the
attached drawings are included to describe and explain illustrative examples of the present invention. The words
and phrases used herein should be understood and interpreted to have a meaning consistent with the under-
standing of those words and phrases by those skilled in the relevant art. No special definition of a term or
phrase, Z.e., a definition that is different from the ordinary and customary meaning as understood by those skilled
in the art, is intended to be implied by consistent usage of the term or phrase herein. To the extent that a term or
phrase is intended to have a special meaning, i.e., a meaning other than that understood by skilled artisans, such
a special definition will be expressly set forth in the specification in a definitional manner that directly and

uncquivocally provides the special definftion for the term or phrase.
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rltgnetlc uni t

a capac ve 355?1%111: Fiig @IS%léﬁ @pre%cgél?af B¢ craksfiments éagcr@gbﬂ;g\{etaxemgo aoplicable to

S01 substratcs The same holds true for the embodiments described with reference to Figures 2a-2c and 3a-3e.
However, in advanced semiconductor devices based on SOI technology, the corresponding semiconductor layer
may only exhibit an extremely small thickness, such as several tenths of nm, which may unduly restrict the
available capacitor area obtained by a three-dimensional decoupling capacitor arrangement. In this case, in some

embodiments, the capacitor may be formed to extend beyond a buried insulation layer of the SOT substrate.

Figure 5 schematically shows a cross-sectional view of a semiconductor device 500 comprising a
substrate 501 having formed thereabove a semiconductor layer 510, which is separated from the substrate 501 by
a buried insulation Jayer 503. In particular embodiments, a configuration of the substrate 501, the buried
insulation layer 503 and the semiconductor layer 510 may represent an SOJ substrate. The device 500 further
comprises a decoupling capacitor 540 including capacitor elements 540a, 540b. The cormresponding elements
540a, 540b represent, in this manufacturing stage, recesses extending throngh the semiconductor layer 510, the
buried insulation layer 503 and into the substrate 501, Depending on the configuration of the capacitor 540, the
recesses 540a, 540b may have formed on inner surfaces thereof an isolation layer 563 when the capacitor 540 is
to be formed in a similar configuration as is described above with reference to Figores 4a and 4b. In other
embodiments, the capacitor elements 450a, 450b may be formed in accordance with the configurations as
described with reference to Figures 2a-2¢ and 3a-3e so that the isolation layer 563 may be omitted, especially if
the elements 5402, 540b are provided in a separate dic region that is enclosed by an appropriate isolation

structure. In this case, the layer 563 may represent an outer electrode of the capacitor elements 540a, 540b.

The device 500 may be formed, depending on device and process requirements, in the following way.
A well-approved anisotropic etch process may be performed to etch through the semiconductor layer 510,
wherein the etch chemistry may be changed to efficiently etch through the buried insulation layer 503.
Thereafter, the trench etch process may be resumed on the basis of an appropriate etch chemistry to remove

material from the substrate 501. For instance, if the semiconductor layer 510 is substantially comprised of



conductive material on said dielectric layer. 3. The

wehodoni claim 1, wherein formng said insul &1161?@52006/019960
| ayer conpri ses oxi di zi ng sai d sem conduct or

|aim21l wherein formng ald
silioon ?“SEEE“"?%@ @g ‘eéfe”%%% ﬁﬁ‘fyf*%‘lé%ﬂ SHEPoLsHIth e SR “I5h PAftsngers may be used for
etching thapugle the Jager ﬁﬁlaéfl ingl the subdirate Thie At B@Hedakprels athiBvéd, the etch process may

be d1sf:ddllt1fnfé§3 EndCiQIer(lf brgée&glg n@a'i(%][e ?&g‘ﬁ%dtbg%%&gfg ltI% Cfalﬁrgrt %ﬁg uath% fo5R ©of, an isolation

layer §1I ?nnouter e?e{:%c%/:lf yext ﬂeg?ndelgrpﬁrgr%c@% aacf dqvgagqqutmq@ntp a)F@ pongf embodiments,
substaptpﬁgw thasdnregravest grical mayren@bdos & idalforER65d 38 reB@dnt: Figures 4a and

4b, wHefe&nﬁ@or@l{o?e Jf Rk E‘i@rgen sr&f @16 Egmm%fi@ Inay be Bersz%gc 28 trench6 18012:[101168ther5 such
as thenEucture 4(92 It sk%hlg]be appreclated that extendmg the conrcspondmg isolation structure into the
substrate 501 may substantially not negatively affect the functionality of the corresponding trench isolation
structure. In other embodiments, a process strategy may be followed as is described with reference to Figures
2a-2¢ and 3a-3e, wherein separately formed trench isolation structures may be obtained in a conventional
fashion, while the capacitor elements 340a, 540b may be formed so as to extend into the substrate 501 for
providing a high capacitance while still occupying a minimum amount of chip area. The further processing for

compieting the decoupling capacitor 540 may be performed as is described above,

As a result, the present invention provides a technique that enables the formation of decoupling
capacitors occupying a significantly reduced die area compared to conventional planar configurations.
Moreover, by forming three-dimensional decoupling capacitors in complex logic circuitry, a high degree of
flexibility in forming semiconductor devices is offered, since, in many embodiments, the formation of the
capacitor dielectric is substantially independent from the formation of corresponding gate insulation layers. That
Is, the thickness and/or the material composition of the capacitor dielectric may in some embodiments be
selected in view of cnhanced capacitor behavior rather than with respect to the characteristics of the gate
insulation layers. In other embodiments, the formation of the non-planar decoupling capacitors may be
incorporated into conventional process strategies for forming gate electrode structures or trench isolation
structures, thereby significantly reducing the total process complexity while still providing significant
advantages, such as enbanced process uniformity, die area consumption and the like. Due to the reduced die area
consumed by the capacitor, the non-uniformity of the pattern density during the critical gate patterning process
may be significantly reduced and may be even further reduced in seme embodiments when corresponding
electrode structures are formed over corresponding capacitor elements. Additionally, wafer arcing issues
encountered in typical back-end processes, such as during the formation of metallization layers, may
significantly be relaxed due to the reduced antenna effect of the significantly smaller horizontal die area

occupied by the decoupling capacitors.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention,

Accordingly, the protection sought herein is as set forth in the claims below.
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form ng a second portion of said insulating |ayer
prior to formng said recess, wherein said first and
second portions define said gate dielectric layer. 7.
The nmethod of claiml, wherein form ng said recess
conprises etching through said sem conductor |ayer and
a buried insulation |ayer that separates said
sem conductor | ayer froma substrate. 8. The nethod
CLOMZEl aim |, wherein said conductive material conprises
doped polysilicon. 9. The nethod of claiml, wherein
sai d decoupling capacitor includes a plurality of
capacitor elements defined in a plurality of recesses
1. def A nedlod, dohfiRingen conduct or | ayer, each having

el ectrode portions extendi ng above a surface of said
senPCURdUETSH M EAYBFOMUAY YR et hod further conprises
pattverimi ngird herticoRAUE tisMeidRakeF oalsait GehRERNAANARG tand on an
@mé%hgwg&gﬁgég%g%gortlons of said capacitor elenents.
forming a plurality of transistor ¢lements in and on said semiconductor layer, said
plurality of transistor elements defining an arithmetic unit, wherein said insulation layer formed
on said semiconductor layer defines a gate dielectric layer for said plurality of transistor ¢lements;
forming a decoupling capacitor in said recess, wherein said first portion of said insulation
layer formed on said exposed surface defines a diefectric layer of said decoupling capacitor;
depositing a conductive materiaf to 1] said recess:
planarizing a surface topography of said conductive material to form a conductive layer;
patterning said conductive layer to define gate clectrodes of said plurality of transistor
elements and to define an electrode portion for an inner efectrode of said decoupling capacitor in
a common patterning process, wherein said electrode portion extends above a surface of the
semiconductor layer; and
connecting said decoupling capacitor to said arithmetic unit.
2. The method of claim 1, wherein forming said capacitor comprises depositing a

conductive material on said dielectric layer.

3. The method of claim 1, wherein forming said insulating layer comprises oxidizing said

semiconductor layer.

4, The method of claim 1, wherein forming said dielectric layer comprises depositing one or

more dielectric materials.
5, The method of claim 1, further comprising forming a trench isolation structure by etching
a trench and filling said trench with a material that comprises at least one layer of insulating

material, wherein said recess and said trench are formed in a common etch process.

6. The method of claim 1, further comprising:



forming a second portion of said insulating layer prior to forming said recess, wherein

said first and second portions define said gate diclectric layer.

7. The method of claim [, wherein forming said recess comprises etching through said

semiconductor layer and a buried insulation fayer that separates said semiconductor layer from a

substrate.
8. The method of claim 1, wherein said conductive material comprises doped polysilicon.
9. The method of claim 1, wherein said decoupling capacitor includes a plurality of

capacitor clements defined in a plurality of recesses defined in the semiconductor layer, cach
having electrode portions extending above a surface of said semiconductor layer, and the method
further comprises patterning the conductive material to interconnect said electrode portions of

said capacitor elements,



