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MOS CAPACTORS WITH A FINFET 
PROCESS 

BACKGROUND 

0001 1. Technical Field 
0002 The present invention relates to capacitor fabrica 
tion and, more particularly, to forming finned capacitors as 
part of a fin field effect transistor fabrication process. 
0003 2. Description of the Related Art 
0004 Decoupling capacitors are used to shield circuit ele 
ments from noise generated by other circuit elements. Noise 
is directed through the capacitor, reducing the effect it has 
elsewhere. For example, changing power demands for a 
device may manifest as changing current demand. When the 
current demand for a device changes, the power Supply does 
not respond instantly and, as a result, Voltage at the device 
changes until the power Supply can adapt. When events take 
place that have a frequency higher than what can be accom 
modated by a Voltage regulator, noise occurs. The decoupling 
capacitor works as backup energy storage. If Voltage drops, 
the capacitor can quickly provide the shortfall for a short 
period of time within a given frequency range. 
0005. When using decoupling capacitors on integrated cir 
cuits (ICs), it is advantageous to place capacitors close to the 
devices they serve. However, previous circuit designs for 
decoupling capacitors Substantially increase the number of 
steps used in the fabrication process and do not benefit from 
the steps used to create nearby fin field effect transistors. 

SUMMARY 

0006. A method for capacitor fabrication includes doping 
a capacitor region of a top semiconductor layer in a semicon 
ductor-on-insulator Substrate; partially etching the doped 
semiconductor layer to produce a first terminal layer com 
prising a plurality of doped semiconductor fins on a remain 
ing base of doped semiconductor, forming a dielectric layer 
over the first terminal layer, and forming a second terminal 
layer over the dielectric layer having a shape that conforms to 
the doped semiconductor fins. 
0007. A further method for capacitor fabrication includes 
doping a capacitor region of a semiconductor layer in a semi 
conductor-on-insulator (SOI) substrate; oxidizing a Surface 
ofa transistor region of the semiconductor layer to produce an 
oxidized layer; etching the oxidized layer to produce fins of 
oxidized semiconductor; partially etching the semiconductor 
layer to produce a first terminal layer in the capacitor region 
comprising a plurality of doped semiconductor fins on a 
remaining base of doped semiconductor and to produce 
undoped semiconductor fins in the transistor region; forming 
a gate stack over the capacitor region and the transistor region 
that includes a dielectric layer and a gate layer that conforms 
to the doped semiconductor fins; and isolating the capacitor 
region from the transistor region. 
0008 A further method for capacitor fabrication is shown 
that includes doping a capacitor region of a semiconductor 
layer in a semiconductor-on-insulator (SOI) substrate that has 
a masking layer, oxidizing a surface of a transistor region of 
the semiconductor layer to produce an oxidized layer; form 
ing a fin mask on the capacitor region and the transistor region 
respectively by patterning a masking material on the respec 
tive regions, etching the oxidized layer to produce fins of 
oxidized semiconductor, etching the masking layer in the 
capacitor region; partially etching the semiconductor layer 
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with a timed anisotropic etch to produce a first terminal layer 
in the capacitor region comprising a plurality of doped semi 
conductor fins on a remaining base of doped semiconductor 
and to produce undoped semiconductor fins in the transistor 
region; removing the fin masks; forming a gate Stack over the 
capacitor region and the transistor region that includes a 
dielectric layer and a gate layer having a shape that conforms 
to the doped semiconductor fins; isolating the capacitor 
region from the transistor region; and forming electrical con 
tacts on the first terminal layer and the gate layer of the 
capacitor region respectively. 

0009. A capacitor includes a first electrical terminal com 
prising a plurality of fins formed from doped semiconductor 
on a top layer of doped semiconductor on a semiconductor 
on-insulator Substrate; a second electrical terminal compris 
ing an undoped material having bottom Surface shape that is 
complementary to the first electrical terminal. Such that an 
interface area between the first electrical terminal and the 
second electrical terminal is larger than a capacitor footprint: 
and a dielectric layer separating the first and second electrical 
terminals. 

0010. An integrated circuit is shown that includes at least 
one capacitor and at least one transistor. The at least one 
capacitor includes a first electrical terminal comprising a 
plurality of fins from doped semiconductor on a top layer of 
doped semiconductor on a semiconductor-on-insulator Sub 
Strate; a second electrical terminal comprising an undoped 
material having a bottom Surface shape that is complementary 
to the first electrical terminal such that an interface area 
between the first electrical terminal and the second electrical 
terminal is larger than a capacitor footprint; and a dielectric 
layer separating the first and second electrical terminals. The 
at least one transistor includes one or more fins, each having 
a semiconductor layer and an oxide layer, a gate comprising 
the undoped material, having a surface shape that is comple 
mentary to the one or more fins; and a dielectric layer sepa 
rating the one of more fins and the gate. 
0011. An integrated circuit includes at least one capacitor 
formed on an insulator layer of a Substrate and at least one 
transistor formed on the insulator layer of the substrate. Theat 
least one capacitor includes a first electrical terminal com 
prising a plurality of fins formed from doped semiconductor 
on a layer of the doped semiconductor; a second electrical 
terminal comprising an undoped material having a bottom 
Surface shape that is complementary to the first electrical 
terminal such that an interface area between the first electrical 
terminal and the second electrical terminal is larger than a 
capacitor footprint; and a high-k dielectric layer separating 
the first and second electrical terminals. The at least one 
transistor includes one or more fins, each having a semicon 
ductor layer and an oxide layer, a gate comprising the 
undoped material, having a Surface shape that is complemen 
tary to the one or more fins; and a high-k dielectric layer 
separating the one of more fins and the gate. A fin height of the 
at least one transistoris Smaller than a combined height of the 
fins of the at least one capacitor and the layer of doped 
semiconductor. 

0012. These and other features and advantages will 
become apparent from the following detailed description of 
illustrative embodiments thereof, which is to be read in con 
nection with the accompanying drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

0013 The disclosure will provide details in the following 
description of preferred embodiments with reference to the 
following figures wherein: 
0014 FIG. 1 is a cross-sectional view of a silicon-on 
insulator Substrate in accordance with the present principles: 
0015 FIG. 2 is a cross-sectional view of a doping step in 
the formation of a decoupling capacitor in accordance with 
the present principles; 
0016 FIG. 3 is a cross-sectional view of photoresist pat 
terning in the formation of a decoupling capacitor in accor 
dance with the present principles: 
0017 FIG. 4 is a cross-sectional view of masketching in 
the formation of a decoupling capacitor in accordance with 
the present principles; 
0018 FIG. 5 is a cross-sectional view of an oxidizing step 
in the formation of a decoupling capacitor in accordance with 
the present principles; 
0019 FIG. 6 is a cross-sectional view of patterning a fin 
photoresist in the formation of a decoupling capacitor in 
accordance with the present principles: 
0020 FIG. 7 is a cross-sectional view of an oxide etch in 
the formation of a decoupling capacitor in accordance with 
the present principles; 
0021 FIG. 8 is a cross-sectional view of a masketch in the 
formation of a decoupling capacitor in accordance with the 
present principles; 
0022 FIG. 9 is a cross-sectional view of photoresist 
removal in the formation of a decoupling capacitor in accor 
dance with the present principles: 
0023 FIG. 10 is a cross-sectional view of a timed, aniso 
tropic semiconductor etch in the formation of a decoupling 
capacitor in accordance with the present principles: 
0024 FIG. 11 is a cross-sectional view of a mask removal 
step in the formation of a decoupling capacitor in accordance 
with the present principles; 
0025 FIG. 12 is a cross-sectional view of a gate stack step 
the formation of a decoupling capacitor in accordance with 
the present principles; 
0026 FIG. 13 is a cross-sectional view of a device sepa 
ration step in the formation of a decoupling capacitor in 
accordance with the present principles: 
0027 FIG. 14 is a top-down view of a fin field effect 
transistoranda decoupling capacitor as formed in accordance 
with the present principles; 
0028 FIG. 15 is a block/flow diagram of a decoupling 
capacitor fabrication process according to the present prin 
ciples is shown; and 
0029 FIG. 16 is a block/flow diagram of a decoupling 
capacitor fabrication process according to the present prin 
ciples is shown. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0030 The operation of decoupling capacitors is such that 
it is advantageous to place the capacitor as close as possible to 
a device that uses the decoupled signal. The longer the trans 
mission line between the decoupling capacitor and the device, 
the larger the inductance, and a large inductance slows the 
response of the capacitor. It is therefore helpful to integrate 
the decoupling capacitors directly with an integrated circuit, 
Such that the distance is minimized. 
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0031. The present principles provide for the integration of 
decoupling capacitors in metal-oxide semiconductor (MOS) 
fin field effect transistor (FET) processes. In particular, the 
present principles form a doped region on a Substrate to form 
one capacitor element and partially forms fins on the doped 
Substrate to increase the capacitor area, without increasing the 
capacitors footprint on the chip. 
0032. Increasing conductor area in a capacitor provides a 
corresponding increase in capacitance. This, along with the 
use of dielectric materials having a high k factor, Such as 
hafnium silicate, hafnium dioxide, Zirconium silicate, and 
Zirconium dioxide, provides highly effective capacitors that 
may be placed in any layout and with arbitrarily close proX 
imity to device elements Furthermore, forming the decou 
pling capacitors as part of the FET fabrication process pro 
vides a Substantial decrease in cost and fabrication time. 

0033. It is to be understood that the present invention will 
be described in terms of a given illustrative architecture hav 
ing a wafer; however, other architectures, structures, Sub 
strate materials and process features and steps may be varied 
within the scope of the present invention. 
0034. It will also be understood that when an element such 
as a layer, region or Substrate is referred to as being “on” or 
“over another element, it can be directly on the other element 
or intervening elements may also be present. In contrast, 
when an element is referred to as being “directly on' or 
“directly over another element, there are no intervening 
elements present. It will also be understood that when an 
element is referred to as being “connected” or “coupled to 
another element, it can be directly connected or coupled to the 
other element or intervening elements may be present. In 
contrast, when an element is referred to as being “directly 
connected' or “directly coupled to another element, there 
are no intervening elements present. 
0035. A design for an integrated circuit chip of photovol 
taic device may be created in a graphical computer program 
ming language, and stored in a computer storage medium 
(such as a disk, tape, physical hard drive, or virtual hard drive 
Such as in a storage access network). If the designer does not 
fabricate chips or the photolithographic masks used to fabri 
cate chips, the designer may transmit the resulting design by 
physical means (e.g., by providing a copy of the storage 
medium storing the design) or electronically (e.g., through 
the Internet) to such entities, directly or indirectly. The stored 
design is then converted into the appropriate format (e.g., 
GDSII) for the fabrication of photolithographic masks, which 
typically include multiple copies of the chip design in ques 
tion that are to be formed on a wafer. The photolithographic 
masks are utilized to define areas of the wafer (and/or the 
layers thereon) to be etched or otherwise processed. 
0036 Methods as described herein may be used in the 
fabrication of integrated circuit chips. The resulting inte 
grated circuit chips can be distributed by the fabricator in raw 
wafer form (that is, as a single wafer that has multiple unpack 
aged chips), as a bare die, or in a packaged form. In the latter 
case the chip is mounted in a single chip package (such as a 
plastic carrier, with leads that are affixed to a motherboard or 
other higher level carrier) or in a multichip package (such as 
a ceramic carrier that has either or both surface interconnec 
tions or buried interconnections). In any case the chip is then 
integrated with other chips, discrete circuit elements, and/or 
other signal processing devices as part of either (a) an inter 
mediate product, Such as a motherboard, or (b) an end prod 
uct. The end product can be any product that includes inte 
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grated circuit chips, ranging from toys and other low-end 
applications to advanced computer products having a display, 
a keyboard or other input device, and a central processor. 
0037 Referring now to the drawings in which like numer 
als represent the same or similar elements and initially to FIG. 
1, a semiconductor-on-insulator Substrate is formed. A bulk 
substrate 102 is formed from some suitable material includ 
ing, for example, bulk silicon, geranium, or a combination of 
materials. A dielectric layer 104 is formed on the bulk sub 
strate 102. The dielectric layer insulates the substrate 102 
from active device components formed above and may be 
formed from, e.g., silicon dioxide or any other appropriate 
insulating or dielectric material. A semiconductor layer 106 is 
formed on the insulation layer 104 and may be formed from 
any appropriate semiconductor. Such as silicon, germanium, 
or a combination of materials. A masking layer 108 is formed 
on the semiconductor layer 106 using, for example, low 
pressure chemical vapor deposition. The masking layer may 
beformed from, e.g., a silicon nitride or any other appropriate 
Substance. 
0038. The thickness of the semiconductor layer 106 
should be larger than a desired final fin height. In the present 
exemplary embodiment, the semiconductor layer 106 is 90 
nm. The thickness of the masking layer 108, the insulator 
layer 104, and the bulk substrate 102 may be chosen accord 
ing to the particular needs of the integrated circuit, including 
structural considerations for other circuit components on the 
chip. 
0039 Referring now to FIG. 2, a light-sensitive photore 
sist 202 is patterned on mask 108. The resist 202 blocks off a 
portion of the semiconductor layer 106 that will eventually 
form fin FETs and may be formed from, e.g., poly(methyl 
methacrylate) or SU-8. On the uncovered regions, well dop 
ing is used on the area that will form a decoupling capacitor. 
In particular, a doped region 204 is formed by implanting a 
dopant during an annealing process. In one exemplary 
embodiment, this may include implanting phosphorous, but it 
should be understood that any appropriate dopant of any type 
may be used. For example, either an N-type dopant. Such as 
phosphorous, or a P-type dopant. Such as boron, may be used, 
with the only functional effect being a change in the polarity 
of the terminals of the decoupling capacitor. As such, in some 
embodiments the selection of dopant will depend on the 
dopant used in other circuit components 
0040. Referring now to FIG. 3, the resist 202 is removed 
and a new resist302 is formed over the capacitor area. The old 
resist 202 may be removed using a solvent or stripper appro 
priate for the particular kind of resist used. For example, in the 
case of SU-8, gammabutyrolactone may be used as a solvent. 
The new resist 302 may be formed from the same material as 
the old resist 202 or may optionally be formed from a differ 
ent resist material. This may be particularly helpful if other 
circuit components or processes on the chip use a different 
resist process. Removing resist 22 exposes an area for fin FET 
processing. 
0041 Referring now to FIG. 4, the masking layer 108 is 
patterned to remove masking material 108 over the FET sec 
tion, leaving a portion 402 of the masking material behind. 
The mask material may be removed using a dry etch, Such as 
reactive ion etching (RIE). The resist 302 is removed as 
described above, exposing the remaining masking material 
402. 
0042. Referring now to FIG. 5, oxidation is performed in 
the fin FET area. This may be performed by exposing the 
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exposed silicon layer 106 to a concentrated oxygen gas or to 
an oxidizing liquid, Such as water. Thermal oxidation may be 
used, which forces the oxidizing agent to diffuse into the 
Surface at a high temperature. For example, in the case of 
forming a silicon dioxide, thermal oxidation may be per 
formed at a temperature between about 800 and 1200 degrees 
Celsius. This produces an oxidized layer 502 formed from, 
e.g., silicon dioxide. The oxidation process causes growth in 
the top layer 502, so the thickness of the oxidized layer 502 
may be adjusted by, e.g., a wet etch. In the present example, 
the thickness of the oxide layer 502 may be about 10-30 nm. 
The oxidation process leaves a portion of unoxidized material 
504 beneath the oxidized layer 502 having an exemplary 
thickness of about 30 nm. 
0043 Referring now to FIG. 6, fin locations are patterned 
onto the surfaces 502 and 402 by laying down photoresist 
masks 602 (for FET regions) and 604 (for capacitor regions). 
As noted above, the photoresist masks 602 and 604 may be 
formed from any appropriate photoresist material Such as, 
e.g., poly(methyl methacrylate) or SU-8. These masks protect 
the underlying material during fin formation. 
0044) Referring now to FIG. 7, an etch is performed on 
oxide layer 502, establishing oxide fins 702 under the FET 
masks 602. The etch may be performed using an anisotropic 
etch Such as, e.g., RIE, to remove only material from the oxide 
layer 502 without affecting the masking layer 402 or the 
underlying semiconductor layers 504 and 204. 
0045 Referring now to FIG. 8, an etch is performed on 
masking layer 402, establishing fins 802 from the masking 
material under the capacitor masks 604. This etch may again 
be performed using an anisotropic etch Such as, e.g., RIE, to 
remove only material from the masking layer 402 without 
affecting the oxide fins 702 or the underlying semiconductor 
layers 504 and 204. 
0046 Referring now to FIG. 9, the fin patterning masks 
602 and 604 are removed, exposing the oxide fins 702 and the 
masking fins 802. As noted above, an appropriate solvent is 
used in accordance with the photoresist material selected. For 
example, in the case of SU-8, gamma butyrolactone may be 
used as a solvent. 
0047 Referring now to FIG. 10, a semiconductor etch is 
performed that exposes undoped fins 1002 and doped fins 
1004. A timed, anisotropic etch such as, e.g., RIE, may be 
used to etch both sets of fins 1002 and 1004 by the same 
amount. Following the exemplary embodiment described 
above, the anisotropic etch could be timed to remove about 30 
nm of material, leaving the FET fins 1002 and capacitor fins 
1004 having a height of about 30 nm. The FET fins 1002 may 
be resting directly on insulator layer 104, while the capacitor 
fins 1004 rest on the remainder of the doped semiconductor 
layer 204, which has an exemplary thickness of about 60 nm. 
0048 Referring now to FIG. 11, the masking fins 802 are 
removed. The removal of the masking material of fins 802 
may be accomplished using any appropriate etching process, 
including, e.g., a wet or dry etch that selectively removes the 
mask material without affecting the Surrounding or underly 
ing materials. This exposes the tops of the doped semicon 
ductor fins 1004, such that the fins 1004 may be used in the 
decoupling capacitor. 
0049 Referring now to FIG. 12, a gate stack process is 
performed. A thin chemical oxide is applied over the features, 
and may be about 1 nm thick. A high-k dielectric 1202 is 
applied over the fins and may be formed from, e.g., hafnium 
oxide. A work function metal is then applied to the FET fins 
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1002/702, which determines the threshold voltage of the FET. 
A fill material 1204 is then applied, surrounding the fins and 
the dielectric 1202. The fill material 1204 may be any appro 
priate gate material including, for example, polysilicon. 
Because the work function metal and the chemical oxide are 
not needed for the operation of the decoupling capacitor, they 
are not shown in the figures for the sake of simplicity. 
0050 Referring now to FIG. 13, gate patterning is per 
formed to separate out devices. The finFETs 1302 are sepa 
rated out from the decoupling capacitors 1304 using any 
appropriate etching. For example, an anisotropic RIE may be 
used to remove the fill material 1204 around devices 1302 and 
1304. During operation, the fins 1306 form one electrical 
terminal of the decoupling capacitor 1304, while the etched 
fill material 1308 forms the second electrical terminal. The 
finned structure of the decoupling capacitor 1304 allows for 
increased capacitance over existing structures, with the 
high-k dielectric 1202 separating the two conductive regions. 
0051 Referring now to FIG. 14, a top-down view offin 
FET 1302 and decoupling capacitor 1304 is shown. Source 
and drain contacts 1402 and gate contacts 1404 are estab 
lished on the finFET 1302 to allow electrical connection for 
device operation. Similarly, contacts 1406 and 1408 are 
established on decoupling capacitor 1304. Contacts may be 
formed on the finFET 1302 and the decoupling capacitor 
1304 using any appropriate process including, e.g., annealing 
the base material with a metal to produce a conductive mate 
rial Such as a silicide. 
0052 Although the finFET 1302 and the capacitor 1304 
are shown as being located next to one another, it is contem 
plated that the decoupling capacitor 1304 may be located 
anywhere on a chip, in conjunction with any other device 
element or standing alone. 
0053 Referring now to FIG. 15, a block/flow diagram of a 
decoupling capacitor fabrication process according to the 
present principles is shown. Block 1502 forms the semicon 
ductor-on-insulator structure described above. The structure 
is fanned with a semiconductor layer 106 having a thickness 
greater than the desired final fin height of a fin FET in the 
example discussed above, this thickness is about 90 nm. 
Block 1504 dopes a capacitor region of the substrate. Well 
doping may be used to implant a dopant during an annealing 
process and may include either an N-type dopant, Such as 
phosphorous, or a P-type dopant, such as boron. 
0054 Block 1506 oxidizes the surface of the semiconduc 
tor layer 106 in a FET region. Oxidation may be performed by 
exposing the silicon layer 106 to a concentrated oxygen gas or 
to an oxidizing liquid, such as water. Thermal oxidation may 
be used, which forces the oxidizing agent to diffuse into the 
Surface at a high temperature. For example, in the case of 
forming a silicon dioxide, thermal oxidation may be per 
formed at a temperature between about 800 and 1200 degrees 
Celsius. This produces an oxidized layer 502 formed from, 
e.g., silicon dioxide. The oxidation process causes growth in 
the top layer 502, so the thickness of the oxidized layer 502 
may be adjusted by, e.g., a wet etch. In the present example, 
the thickness of the oxide layer 502 may be about 10-30 nm. 
The oxidation process leaves a portion of unoxidized material 
504 beneath the oxidized layer 502 having an exemplary 
thickness of about 30 nm. 
0055 Block 1508 forms fin photoresist masks 602 and 604 
over FET regions and capacitor regions to protect the under 
lying material during fin formation. The photoresist masks 
602 and 604 may beformed from any appropriate photoresist 
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material Such as, e.g., poly(methyl methacrylate) or SU-8. 
Block 1510 etches the oxidelayer 502, forming oxide fins 702 
under the fin photoresist masks 602. The etch may be per 
formed using an anisotropic etch Such as, e.g., RIE, to remove 
only material from the oxide layer 502 without affecting other 
layers and materials. 
0056 Block 1512 etches a capacitor masking layer 402. 
This etch may be performed using an anisotropic etch Such as, 
e.g., RIE, to remove only material from the masking layer 402 
without affecting the oxide fins 702 or the underlying semi 
conductor layers 504 and 204. Block 1514 removes fin masks 
602 and 604 to expose oxide fins 702 and masking fins 802. 
An appropriate solvent is used in accordance with the par 
ticular photoresist employed. For example, in the case of 
SU-8, gammabutyrolactone may be used as a solvent. 
0057 Block 1516 etches the remaining semiconductor 
material of layer 106, exposing undoped fins 1002 and doped 
fins 1004. A timed, anisotropic etch such as, e.g., RIE, may be 
used to etch both sets of fins 1002 and 1004 by the same 
amount. The anisotropic etch may be timed to remove about 
30 nm of material, leaving the FET fins 1002 and capacitor 
fins 1004 having a height of about 30 nm. This etch leaves a 
portion of doped semiconductor layer 204 with an exemplary 
thickness of about 60 nm. Block 1518 removes the capacitor 
masking fins 802 using any appropriate etching process that 
may include, e.g., a wet or dry etch that selectively removes 
the mask material without affecting the Surrounding or under 
lying materials. This exposes the tops of the doped semicon 
ductor fins 1004, such that the fins 1004 may be used in the 
decoupling capacitor. 
0058 Block 1520 forms agate stack over the fins 1002 and 
1004. The gate stack includes a thin chemical oxide that may 
be about 1 nm thick, a high-k dielectric 1202 that may be 
formed from, e.g., hafnium oxide a work function metal, 
which determines the threshold voltage of the FET, and a fill 
material 1204 surrounding the fins and the dielectric 1202 
that may be any appropriate gate material including, for 
example, polysilicon. Block 1522 isolates the FET 1302 and 
decoupling capacitor 1304 by etching the gate material 1204 
using, e.g., an anisotropic RIE. Block 1524 forms terminals 
for the FET 1302 and the decoupling capacitor 1304 by form 
ing, e.g., a silicide at the points of electrical contact. 
0059 Referring now to FIG. 16, an alternative process is 
shown for forming standalone fin-based decoupling capaci 
tors. Certain steps may be omitted if corresponding fin struc 
tures are not being formed. Block 1602 forms a substrate as 
described above, but optionally omits the mask layer 108. 
Block 1604 dopes the semiconductor layer 106 as above, 
using for example a well doping anneal to implant dopant of 
any appropriate type. Block 1606 forms a capacitor fin mask 
802. This mask may be formed by etching a mask layer 108 
that was formed as part of block 1602, or it may be applied 
after doping. Regardless of the timing of the deposition, the 
mask is etched to form fin masks 802. 
0060 Block 1608 etches the semiconductor layer 106, 
exposing doped fins 1004. Any appropriate etch may be used 
including, e.g., an anisotropic etch Such as RIE. The etch may 
be timed to remove about 30 nm of material, leaving the 
capacitor fins 1004 having a height of about 30 nm, while the 
remainder of the doped material 204 has a height of 60 nm. 
Block 1610 removes the capacitor mask 802 using an appro 
priate solvent. 
0061 Block 1612 forms a “gate stack.” In the absence of 
FET structures, only the high-k dielectric layer 1202 and the 
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gate material 1308 is needed to form the capacitor—the 
chemical oxide layer and the work function metal may be 
omitted. Block 1614 forms contacts 1406 and 1408 to allow 
for electrical connections to the decoupling capacitor. It 
should be noted that the capacitor in this process may be 
isolated from other circuit components using any appropriate 
method including, for example, shallow trench isolation and 
gate material patterning as discussed above. 
0062 Having described preferred embodiments of a sys 
tem and method for MOS capacitors with a finFET process 
(which are intended to be illustrative and not limiting), it is 
noted that modifications and variations can be made by per 
sons skilled in the art in light of the above teachings. It is 
therefore to be understood that changes may be made in the 
particular embodiments disclosed which are within the scope 
of the invention as outlined by the appended claims. Having 
thus described aspects of the invention, with the details and 
particularity required by the patent laws, what is claimed and 
desired protected by Letters Patentis set forthin the appended 
claims. 

1. A method for capacitor fabrication, comprising: 
doping a capacitor region of a top semiconductor layer in a 

semiconductor-on-insulator substrate; 
etching the top semiconductor layer around the doped 

capacitor region to expose sidewalls of the doped semi 
conductor layer; 

partially etching the doped semiconductor layer to produce 
a first terminal layer comprising a plurality of doped 
semiconductor fins on a remaining base of doped semi 
conductor; 

forming a dielectric layer over the first terminal layer; and 
forming a second terminal layer over the dielectric layer 

having a shape that conforms to the doped semiconduc 
tor fins. 

2. The method of claim 1, further comprising: 
forming a fin mask by patterning a masking material on the 

doped semiconductor layer, and 
removing the fin mask after partially etching the semicon 

ductor layer. 
3. The method of claim 1, wherein partially etching the 

doped semiconductor layer etches the doped semiconductor 
fins to half a height of the remaining base or less. 

4. The method of claim 1, wherein partially etching the 
doped semiconductor layer etches the doped semiconductor 
fins to a height greater than a height of an undoped transistor 
fin elsewhere on the substrate. 

5. The method of claim 1, further comprising forming 
electrical contacts on the first terminal layer and the second 
terminal layer respectively. 

6. The method of claim 1, wherein partially etching the 
semiconductor layer includes performing a timed anisotropic 
etch. 

7. The method of claim 1, wherein doping comprises 
implanting an n-type dopant. 

8. The method of claim 1, wherein doping comprises 
implanting a p-type dopant. 

9. A method for capacitor fabrication, comprising: 
doping a capacitor region of a semiconductor layer in a 

semiconductor-on-insulator (SOI) substrate; 
oxidizing a surface of a transistor region of the semicon 

ductor layer to produce an oxidized layer; 
etching the oxidized layer to produce fins of oxidized semi 

conductor; 
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etching the semiconductor layer around the doped capaci 
tor region to expose sidewalls of the doped semiconduc 
tor layer; 

partially etching the semiconductor layer to produce a first 
terminal layer in the capacitor region comprising a plu 
rality of doped semiconductor fins on a remaining base 
of doped semiconductor and to produce undoped semi 
conductor fins in the transistor region; 

forming a gate stack over the capacitor region and the 
transistor region that includes a dielectric layer and a 
gate layer that conforms to the doped semiconductor 
fins; and 

isolating the capacitor region from the transistor region. 
10. The method of claim 9, further comprising forming 

electrical contacts on the first terminal layer and the gate layer 
of the capacitor region respectively. 

11. The method of claim 9, further comprising: 
forming a masking layer over the substrate before doping: 
forming a fin mask on the capacitor region and the transis 

tor region respectively by patterning a masking material 
on the respective regions: 

etching the masking layer in the capacitor region; and 
removing the fin masks after partially etching the semicon 

ductor layer and etching the oxidized layer. 
12. The method of claim 9, wherein partially etching the 

semiconductor layer etches the doped semiconductor fins to 
half a height of the remaining base or less. 

13. The method of claim 9, wherein partially etching the 
semiconductor layer etches the undoped semiconductor fins 
to less than a combined height of the doped semiconductor 
fins and the remaining base. 

14. The method of claim 9, wherein partially etching the 
semiconductor layer includes performing a timed anisotropic 
etch. 

15. The method of claim 9, wherein doping the capacitor 
region includes masking the transistor region during doping. 

16. The method of claim 9, wherein oxidizing the surface 
of the transistor region includes etching the oxidized surface 
to a predetermined thickness. 

17. The method of claim 9, wherein doping comprises an 
n-type dopant. 

18. The method of claim 9, wherein doping comprises 
implanting a p-type dopant. 

19. The method of claim 9, wherein the dielectric layer is 
formed with a high-k dielectric. 

20. A method for capacitor fabrication, comprising: 
doping a capacitor region of a semiconductor layer in a 

semiconductor-on-insulator (SOI) substrate that has a 
masking layer; 

oxidizing a surface of a transistor region of the semicon 
ductor layer to produce an oxidized layer; 

forming a fin mask on the capacitor region and the transis 
tor region respectively by patterning a masking material 
on the respective regions: 

etching the oxidized layer to produce fins of oxidized semi 
conductor; 

etching the masking layer in the capacitor region; 
etching the semiconductor layer around the doped capaci 

tor region to expose sidewalls of the doped semiconduc 
tor layer; 

partially etching the semiconductor layer with a timed 
anisotropic etch to produce a first terminal layer in the 
capacitor region comprising a plurality of doped semi 
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conductor fins on a remaining base of doped semicon 
ductor and to produce undoped semiconductor fins in the 
transistor region; 

removing the fin masks; 
forming a gate stack over the capacitor region and the 

transistor region that includes a dielectric layer and a 
gate layer having a shape that conforms to the doped 
semiconductor fins; 

isolating the capacitor region from the transistor region; 
and 

forming electrical contacts on the first terminal layer and 
the gate layer of the capacitor region respectively. 

k k k k k 
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