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LOW-PROFILE SHALLOW TRENCH DOUBLE POLYSILICON CAPACITOR 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 

The present invention relates generally to capacitors 

formed vithin integrated circuits. More particula~ly, the present 

invention relates to a double layer polysilicon capacitor formed 

vithin a shallov trench for use ~ithin integrated circ~its. 

2. Description of Related Art 

Integrated cir~uits .are typically fabricated from 

semiconductor substrates upon and vithin vhose surfaces are formed 

resistors, transistors, diodes and other electrical circuit 

elements. These electrical circuit elements are connected 

internally and externally to the semiconductor substrate upon which. 

they are formed through conductor layers which are separated by 

insulator layers. 

In addition to the use of transistors as switching 

elements vithin integrated circuits, and the use ot resistors as 

electrical circuit load elements within integrated circuits, 

capacitors are also commonly employed vithin integrated circuits • 

. -····· 
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Typically, capacitors within integrated circuits are employed as 

charge storage elements within digital integrated circuits or as 

passive electrical circuit elements within analog integrated 

circuits. 

A common method for forming capacitors within integrated 

circuits is to form upon a semiconductor substrate two doped 

polysilicon layers which are separat~d by an insulating layer. A 

capacitor formed througn tnis method is referred to as a planar 

polysilicon capacitor. A typical planar polysilicon capacito~-

within an integrated circuit is illustrated within the cross­

sectional schematic diagram shown in Fig. l. 

Fig. 1 shows a semiconductor substrate 10 within and upon 

whose surface is formed a· Field OXide (FOX) isolation region 12. 

The FOX isolation region 12 defines the active semiconductor region 

of the semiconductor substrate 10. Within the active semiconductor 

region may be formed transistors, resistors, diodes and other 

electrical circuit elements. For example, Fig. 1 illustrates a 

field effect transistor structure formed within the active 

semiconductor region. The 1 field effect transistor structure 

comprises a gate electrode 22 which resides upon a gate oxide .20, 

and a pair of source/drain electrodes 24a and 24b •. 

Typically, planar polysilicon capacitors within 
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ntegrated circuits are formed upon the surfaces of FOX isolation 

egions within those integrated circuits. Thus, within Fig. 1, a 

onventional planar polysilicon capacitor is· illustrated by a first. 

·olysilicon layer 14 and a second polysilicon layer 18 separated by 

~n insulating layer 16, all of which layers are formed upon the 

surface of the FOX isolation region 12. 

An unfortunate consequence of forming planar polysilicon 

=apacitors upon the surfaces of FOX isolation regions within 

integrated circuits is the substantial step height from the to.p_ 

surface of the planar polysilicon capacitor to the top_s~rfaces of 

the surrounding integrated circuit features formed· upon active 

semiconductor regions. This substantial.step height may provide 

fundamental problems in forming sufficiently thin planarized· 

insulator layers over integrated' circuit features adjoining planar 

polysilicon. capacitors formed upon FOX isolation regions. The 

fundamental problems may limit the ability to form fully functional 

and reliable integrated circuits. It is thus towards the goal of 

forming witQ.in integrated circuits planar polysilicon capacitors of 

height comparable to adjoining integrated circuit features within 

those integrated circuits tha~ the present inven~ion is directed. 

The design and fabrication of• planar polysilicon 

capacitors are known in the art. For example, Chi in U.S. Patent 

5, 173, 43 7 des er .ibes a method for forming a double layer planar 
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polysilicon capacitor compatible with sub-micron processing schemes 

for advanced integrated circuits. The disclosed method provides a 

planar polysilicon capacitor which is not susceptible to forming 

polysilicon stringers which deteriorate the electrical performance 

of planar polysilicon capacitors and the advanced integrated 

circuits into which those planar polysilicon capacitors are formed. 

In addition, a related application from this laboratory, 

Yang Pan, " Three Dimensional Polysilicon capacito:;- for High 

Density Integrated Circuit Applications," U.S. Patent Application~ 
-

filed [ __ day? / __ month?] 1995 [CS 95-007] discloses a 

polysilicon capacitor formed of patterned and· ·inter-leafed 

polysilicon electrode layers. The disclosed polysilicon capacitor 

provides the greater levels of areal capacitance needed for 

advanced integrated circuits. 

Desirable in the art is a planar polysilicon capacitor of 

height similar to surrounding integrated circuit features within 

integrated circuits within which that planar polysilicon capacitor 

is formed. Preferably, the planar polysilicon capacitor is formed 

while simultaneously maintaining the electrical "characteristics of 

that planar polysilicon capacitor. 

SUMMARY OF THE INVENTION 
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A first object of the present invention is to provide a 

.planar polysilicon capacitor of height similar to surrounding 

integrated circuit features within the integrated circuit within 

which that planar polysilicon ·capacitor is formed, while 

simultaneously· maintaining the electrical characteristics that 

planar polysilico~ capacitor. 

A second object of the present invention is to provide a 

planar polysilicon capacitor in accord with the first object of the 

present invention, which planar polysilicon capacitor is als.a. 

readily manufacturable. 

A third object of the present invention is to provide a 

planar polysilicon capacitor in accord with the first object of the 

present invention and the.second object of the present invention, 

which planar polysilicon capacitor is also economical. 

In accord with the objects of the present invention, a 

new method for forming a planar polysilicon capacitor within an 

integrated circuit is disclosed along with the planar polysilicon 

capacitor which results from, that method. To form the planar 

polysilicon capacitor of the present invention, there is first 

formed within a semiconductor substrate a deep trench which is 

filled with a dielectric material. · Formed then within the 

dielectric material within the deep trench is a shallow trench. 
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Formed within the shallow trench is a first polysilicon capacitor 

plate. The upper surface of the first polysilicon capacitor plate 

is substantially planar with the surface of the semiconductol;" 

substrate. Formed upon the first polysilicon capacitor plate is a 

polysilicon capacitor dielectric layer, and formed upon the 

polysilicon capac.itor dielectric layer is a second polysilicon 

capacitor plate. 

The planar polysilicon capacitor of the present invention 

has a height similar to surrounding integrated circuit features 

within the integrated circuit within which is formed-the planar 

polysilicon capacitor of the present inveneion, while 

simultaneously maintaining electric.al characteristics equivalent to 

planar polysilicon capacitors of equivalent dimensions formed in 

other locations within th~ same integrated circuit. The planar 

polysilicon capacitor of the present invention is formed into a 

shallow trench within a dielectric material, which dielectric 

material in turn is formed into a deep trench within a 

semiconductor substrate. By forming the planar polysilicon 

capacitor of the present invention into a shallow trench within a 

semiconductor substrate, rathe~ than forming the.planar polysilicon 

capacitor upon the surf ace of a Field OXide (FOX) isolation region 

within and upon a semiconductor substrate·, as is common in the art, 

the height of the planar polysilicon capacitor of the present 

invention is comparable to surrounding integrated circuit features 
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within the integrated circuit within which is formed the planar 

polysilicon capacitor of the present invention. Since only the 

location, and not the design parameters, of the planar polysilicon 

capacitor of the present invention has changed, the electrical 

characteristics of the planar polysilicon capacitor of the present 

invention remain unchanged. 

The planar polysilicon capacitor of the present invention 

is readily manufacturable. In order to form the planar polysilicon 

capacitor of the present invention it is required to: (1) form_a 

deep trench within a semiconductor substrate and fill that deep 

trench with a dielectric material, and (2) form a shallow trench 

within the dielectric material formed within the deep trench and 

fill that shallow trench with a first polysilicon capacitor plate. 

Methods and materials through which deep trenches may be etched 

into semiconductor substrates and dielectric materials deposited 

within those deep trenches are known in the art. In addition, 

methods through which shallow trenches may be formed within 

dielectric materials formed within deep trenches, and conductive 

polysilicon materials filled into those shallow trenches are known 

in the art. Thus, the method through which is· formed the planar 

polysilicon capacitor of the present invention is readily 

manufacturable. 

The planar polysilicon capacitor of the present invention 
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is economical. The planar polysilicon capacitor of the present 

invention requires neither any new materials nor any new 

manufacturing processes for its production. In the sense that the 

planar polysilicon capacitor of the present. invention may be 

produced through conventional methods and materials, the planar 

polysilicon capacitor of the present invention is economical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings, which form a material part of 

this disclosure, show the following: 

Fig. l shows a schematic cross-sectional diagram 

illustrating a planar polysilicon capacitor of the prior art. 

Fig. 2 to Fig. 7 show schematic cross-sectional diagrams 

illustrating progressive stages in forming the planar polysilicon 

capacitor of the preferred embodiment of the present invention into 

an integrated circuit. 

Fig. 8 shows a schematic plan-view diagram of the planar 

polysilicon capacitor of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

The method of the present invention provides a plana~ 

polysilicon capacitor formed partially into a shallow trench within 

a dielectric material, which dielectric material in turn is formed 

into a deep trencb within a semiconductor substrate. By forming 

the planar polysilicon capacitor of the: present invention partially 

into the shallow trench, the portion of the planar polysilicon 

capacitor of the present invention exposed above the shallow trench 

will have a height comparable to adjoining features within the 

integrated circuit within which is formed the plan~r polysilicon 

capacitor of the present invention. The planar· polysilicon 

capacitor of the present invention, when formed partially within 

the shallow trench has electrical characteristics equivalent to 

planar polysilicon capacitors ·of equivalent dimensions formed 

within or upon other locations within the same integrated circuit. 

Although the planar polysilicon capacitor of the present 

invention is most likely to replace conventional planar polysilicon 

capacitors formed upon surfaces of Field OXide (FOX) isolation 

regions within integrated ~ircuits, the planar polysilicon 

capacitor of the present invention has broader applicability within 

integrated circuits. The planar polysilicon capacitor of the 

present invention may be employed in any integrated circuit where 

there is needed a planar polysilicon capacitor of height comparable 
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to the integrated circuit features which surround that planar 

polysilicon capacitor. The planar polysilicon capacitor of the 

present invention may be employed in integrated circuits including 

but not limited to Dynamic Random Access Memory (DR.Afof) integrated 

circuits, Static Random Access Memory (SRAM) integrated circuits, 

Application Specific Integrated Circuits (ASICs), integrated 

circuits having within their fabrications field effect transistors 

and integrated circuits having within their fabrications bipolar 

transistors. The planar polysilicon capacitor of the present 

invention has broad applicability within integrated circuits. 

Referring now to Fig. 2 to Fig. 7 there is show a series 

of schematic cross-sectional diagrams illustrating progressive 

stages in forming the planar polysilicon capacitor of the preferred 

embodiment of the present invention into an integrated circuit. 

Shown in Fig. 2 is the planar polysilicon capacitor and 

the integrated circuit at early stages of fabrication. Shown in 
. 

Fig. 2 is a semiconductor substrate 30 upon whose $Urface has been 

formed patterned first mask layers 32a, 32b and 32c. The portions 

of the semiconductor substrate 30 exposed between the patterned 

first mask layers J2a and 32b, and the patterned first mask layers 

32b and 32c, respectively, have been removed to form a first deep 

trench and a second deep trench. Formed upon the semiconductor 

substrate 30 and formed into the first deep trench and the second 
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deep trench is a blanket trench fill dielectric layer 34. 

Semiconductor substrates upon which the present invention 

may be practiced may be formed with either dopant polarity, any 

dopant concentration and any crystallographic orientation. 

Typically, the semiconductor substrate JO upon which the present 

invention is practiced is either an N- or P- silicon semiconductor 

substrate having a (100) crystallographic orientation. 

Methods and materials through which silicon semiconductor 

substrates may be masked and deep trenches formed within those 

substrates are known in the art. Masks may be formed.of materials 

including but not limited to organic photoresist materials and 

patterned inorganic materials such as silicon oxides, · silicon 

nitrides and silicon oxynitrides. Silicon semiconductor substrates 

may be etched through methods including but not limited to wet 

chemical etch methods and dry plasma Reactive Ion Etch (RIE) 

methods. For the preferred embodiment of the present invention; 

the semiconductor substrate 30 is preferably masked with patterned 

first mask layers 32a, 32b and 32c formed of silicon nitride, and 

the semiconductor substrate 30 is etched to form the first deep 

trench between the patterned first masking layers 32a and 32b and 

the second deep trench between pattern~d first masking layers 32b 

and 32c. Preferably, the thickness of the patterned first mask 

layers 32a, 32b and 32c are about 200 to about 2000 angstroms each. 
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The etching is preferably accomplished through a Reactive Ion Etch 

(RIE) plasma process employing chlorine and bromine species as 

etchants. Preferably, the depth of the deep trench is from about 

5000 to about 10000 angstroms. Other etch processes and etchants 

may be employed, although variations in etched deep trench profiles 

may be observed. 

Also known in the art are dielectric materials which may 

be employed to fill deep trenches formed vithin semiconductor 

substrates. Such dielectric materials include but are not limited­

to silicon oxide materials, silicon nitride materials-and silicon 

oxynitride materials. For the preferred embodiment of the present 

invention, the blanket trench fill dielectric layer 34 is 

preferably formed of a silicon oxide material deposited through a 

Chemical Vapor Deposition (CVD) method, as is most common in the 

art. Alternative .m~hods and materials may be employed in forming 

the blanket trench fill dielectric layer 34 provided that the 

blanket trench fill dielectric laye~ 34 has sufficiently different 

etching and polishing characteristics as a substrate in comparison 

with the patterned first mask layers 32a, 32b and 32c. 

Referring now to -Fig. J there is shown a schematic cross­

sectional diaqram illustrating the results of the next series of 

process steps in forming the planar polysilicon resistor of the 

preferred embodiment of the present invention. Shown in Fig. 3 are 
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patterned trench fill dielectric layers 34a and J4b, filled 

respectively into the first deep trench and the second deep trench. 

As is seen from Fig. 3, patterned trench fill dielectric layer 34a 

has formed into its surface a shallow trench. Also shown in Fig. 

3 are the patterned second mask layers J6a and 36b which have 

replaced the pat~erned first mask layers 32a, 32b and 32c. as 

illustrated in Fig. 2. Patterned second mask layers 36a and 36b 

define the shallow trench which is formed into the patterned trench 

fill dielectric layer 34a. 

-
In order to form the integrated circuit structure of Fig. 

3 from the integrated circuit structure of Fig. 2, several 

sequential processing steps are undertaken. First, the blanket 

trench fill dielectric layer 34 is planarized until the surfaces of 

the patterned first mask layers 32a, 32b and J2c are reached. Next 

the patterned first mask layers 32a, J2b and 32c are removed and 

replaced with patterned second mask layers 36a and 36b which define 

the location of the shallow trench within the planarized trench 

fill dielectric material which fills the first deep trench. 

Finally, the shallow trench is etched into the trench fill 

dielectric material which filis the first deep trench, thus forming 

the patterned trench fill dielectric layer 34a. The methods and 

naterials through which each of these three processing steps may be 

~ccomplished are conventional to the art. 
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For example, the planarizing of blanket dielectric layers 

to the surfaces of deep trenches into which are filled those 

blanket dielectric layers be accomplished through methods including 

but not limited to Reactive Ion Etch (RIE) etch-back planarizing 

methods and Chemical-Mechanical Polish (CMP) planarizing methods. 

Subsequent to such"planarizing, masking layers which serve as stop 

layers for the planarizing methods may be removed through methods 

including but not limited to wet chemical etch methods and dry 

plasma etch methods as are known in the art. Finally,_ etching of 

shallow trenches into planarized dielectric: layers formed within 

deep trenches may also be accomplished through wet chemical etch 

methods and dry plasma etch methods as are known in the art. 

For the pref erred embodiment of the planar polysilic:on 

capacitor of the present invention, the blanket trench fill 
. . 

dielectric layer 34 is preferably planarized to the surfaces of the 

patterned first mask layers J2a, 32b and 32c through a Chemic:al­

Mechanical Polish (CMP) process employing a silicon oxide polishing 

slurry. When the blanket trench fill dielectric: layer 34 is 

planarized through this method, the patterned first mask layers 

32a, 32b and 32c, which are preferably formed from silicon nitride, 

serve as a stopping layer. The silicon nitride patterned first 

mask layers 32a, J2b and 32c may then be removed through 

conventional means including but not limited to Reactive Ion Etch 

(RIE) etching in a fluorine containing plasma and wet chemical 
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etching in phosphoric acid. 

Once the patterned first mask layers J2a, ~2b and J2c 

have been removed from the surf ace of the semiconductor substrate 

30, the patterned second mask layers 36a and 36b may be formed 

through methods. and materials analogous to the methods and 

materials through which are formed the patterned first mask layers 

32a, 32b and 32c. Preferably, the patterned second mask layers 36a 

and 36b are also formed from silicon nitride. Preferably, the 

patterned second mask layers 36a and _36b are from about 200-·to 

about 2000 angstroms thick each. Finally, the shallow trench 

formed within the planarized trench fill dielectric layer which 

fills the first deep trench may be formed through methods an~logous 

to those employed in forming the first deep trench and the;second 

deep trench within the semiconductor substrate 30. However, t.he 

materials·employed in etching the shallow trench will be different 

than those employed in etching the deep trenches. Preferably, the 

shallow trench is etched into the silicon oxide trench fill .... _ 

dielectric material to form the patterned trench fill dielectric 

layer 34a through a Reactive Ion Etch (RIE) etching method 

employing fluorine containing species. Preferably, the shallow 

trench is from about 1000 to about 5000 angstroms deep. 

Having formed the shallow trench which leaves the 

patterned trench fill dielectric layer 34a remaining within the 
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first deep trench, the process steps in forminq the planar 

polysilicon capacitor of the present invention into that shallow 

trench may proceed. The results of the first of those process 

steps is illustrated in Fig. 4. 

Fig. 4 iilustrates the presence of a first polysilicon 

capacitor plate JS formed vithin the shallow trench. The first 

polysilicon capacitor plate 38 is formed through planarizing a 

blanket polysilicon layer which is formed upon the surface of the 

semiconductor substrate 30 illustrated in Fig. 3. The blanket­

polysilicon layer may be formed through methods as are conventional 

in the art, including but not limited to Chemical Vapor Deposition 

(CVD) and Plasma Enhanced Chemical Vapor Deposition (PECVD) methods 

employing silicon source mate~ials including but not limited to 

silane, disilane and silicon chloride. A!ter the blanket 

polysilicon layer has been formed of sufficient thickness to 

completely fill the shallow trench, excess portions of the blanket 

polysilicon layer may be removed t.h~~ugh an etching or polishing 

planarizing process using the silicon nitride patterned second mask. 

layers 36a and 36b as stop layers. . ,. 

After planarizing the blank.et polysilic:on layer to the 

form the first polysilicon capacitor plate 38, the patterned second 

mask layers 36a and 36b are removed throuqh met.hods analo~ous to 

the methods employed .in removing the patterned first masking layers 
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32a, 32b and 32c. The structure that results is illustrated in 

Fig. 4. As shown in Fig. 4, the first polysilicon capacitor plate 

38 is substantially planar with the surface of the semiconductor 

substrate 30. The first polysilicon capacitor plate 38 rises above 

the semiconductor substrate 30 surface, at most, by the thicknesses 

of the patterned first mask layers 32a and 32b and the patterned 

second mask layers 36a and 36b. 

For the preferred embodiment of the planar polysilicon 

capacitor of the present invention, the thickness of the first-
-

polysilicon capacitor plate 38 is preferably about 1000 to about 

5000 angstroms. In addition, the first polysilicon capacitor plate 

38 is preferably formed via planarizing of a blanket polysilicon 

through a Chemical-Mechanical Polish (CHP) method employing a 

polysilicon slurry. 

In order to provide a functional capacitor, the first 

polysilicon capacitor plate 38 must also be conductive. 

' Preferably, the first polysilicon capacitor plate 38 is made 

conductive by forming the first polysilicon capacitor plate 38 from .... 
polysilicon with about 1El9'to about 1E21 dopant atoms per cubic 

centimeter. Preferably, although not exclusively, the dopant is 

incorporated in-situ into the blanket polysilicon layer from which 

is formed the first polysilicon capacitor plate 38. 
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Once having formed the first polysilicon capacitor plate 

38, additional layers of the planar polysilicon capacitor of the 

preferred embodiment o_f the present invention may then be formed.· 

Schematic cross-sectional diaqrams vhich illustrate those 

additional layers are shown in Fig. 5 and Fig. 6. 

Shown in Fig. 5 is the presence of a polysilicon 

capacitor dielectric layer 40 formed upon the surface of the first 

polysilicon capacitor plate 38. Polysilicon capacitor dielectric 

layers are well known in the art. Typically, they ar~ formed or 

materials including but not limited to silicon oxide materials, 

silicon nitride materials and silicon oxynitride materials formed 

upon the surfaces of polysilicon capacitor plates through methods 

including but not limited to thermal oxidation methods, Chemical 

Vapor Deposition (CVD) methods and Phyaical Vapor Deposition (PVD) 

sputtering methods. For the preferred embodiment of the present 

invention, the polysilicon capacitor dielectric layer 40 is 

preferably formed of a composite formed from a thermally grown 

oxide layer upon which is deposited a silicon nitride layer. The 

top surface of the silicon nitride layer is preferably oxidized. 

Preferably, the overall thickness of the polysilicon capacitor 

dielectric layer ls from about 100 to about 1000 angstroms. 

Also shown in Fig. S is the presence of thermally grown 

oxide layers 42a, 42b and 42c which are formed independently and 
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subsequently to the polysilicon capacitor dielectric layer 40. The 

thermally grown oxide layers 42a, 42b and 42c are preferably formed 

at a temperature of about 750 to about 1150 degrees centigrade for 

a time period sufficient to form thermally 9rown·oxide layers 42a, 

42b and 42c of thickness of about 40 to about 200 angstroms each. 

Ref erring now to Fig. ·s there is shown the last series of 

process steps in forming the planar polysilicon capacitor of the 

preferred embodiment of the present invention. Shown in Fig. 6 is 

the presence of a second polysilicon capacitor plate 44a and er 

polysilicon electrode 44b. The second polysilicon capacitor plate 

44a and the polysilicon electrode 44b are formed simultaneously 

through patterning of a second blanket polysilicon layer formed 

upon th~ surface of the semiconductor substrate illustrated in Fig. 

5. The second blanket polysilicon layer is formed through methods 

and materials analogous to those employed in forming the blanket 

polysilicon layer from which is formed the first polysilicon 

capacitor plate 38. Analogously to the ~lanket polysilicon layer 

from whicn is formed the first polysilicon capacitor plate 38, the 

second blanket polysilicon layer must also be conductive, 

preferably through in-situ incorporation of d0pants during the 

process of forming the blanket second polysilicon layer. Other 

methods of making the blanket second polysilicon layer conductive 

through doping may be employed although such methods typically add 

to process complexity. 
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Preferably. the second polysilicon capacitor plate 44a 

and the polysilicon gate electrode 44b a:e from about 1000 to about 

5000 angstroms thick each, and the second polysilicon capacitor 

plate 44a and the polysilicon gate electrode 44b are formed from 

pclysilicon uith about lEl9 to about lE2l dopant atoms pe: cubic 

centimeter. Once the second polysilicon capacitor plate 44a and 

the polysilicon gate electrode 44b have been formed from the 

blanket second polysilicon layer, the thermally grown oxide layers 

42a, 42b and 42c may be etched through methods as are conventional 

to the art to leave remaining the gate oxide 42c' ·beneath tne 

polysilicon gate electrode 44b. 

Finally. there is sho1Jn in Fig. 6 the presence of low 

dose ion implants 46a and 46b adjoining the gate oxide 42c' and the 

gate electrode 44b. Lov dose ion implants are designed to reduce 

electric fi.eld.s at gate electrode edges, 1Jhich electric fields 

vould othe.cvise contribute to spurious charge carrier effects 

1Jithin field effect transistors. Low dose ion implants are known 

in the art. The polarity to which ·a field effect transistor is 

designed will determine the polarity of the dopant employed in 

forming the low dose ion implants. For the preferred embodiment of 

the present invention, the low dose ion implants 46a and 46l:> may be 

provided through either a phosphorus dopant species (N polarity) or 

a boron dopant species (P polarity), preferably through ion 

implantation at an ion implantation dose of about 10El2 to about 
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lOEll ions per square centimeter and an ion implantation energy of 

about 10 to about 100 keV. 

Referring now to Fig. 7 there is shown a schematic cross­

sectional diagram illustrating the last series of process steps in 

which the planar pdlysilicon capacitor of the preferred embodiment 

of the present invention is .formed into an integr~ted circuit. 

Shovn in Fig. 7 is the presence of insulator spacers 4Ba and 48b, 

and 48c and 4Bd, along the edges, respectively, of the second 

polysilicon capacitor plate 44a and the polysilicon gate el~ctrode 

44b. Insulator spacers are knovn in the art. Insulator spacers 

are typically formed through anisotropic etching of blanket layers 

of insulator materials conformally deposited upon integrated 

circuit surfaces. Insul"ator materials from which may be formed 

insulator spacers include but are not limited to silicon oxides, 

silicon nitrides and silicon oxynitrides. For the preferred 

embodiment of the planar polysilicon capacitor of the present 

.invention, the :insulator spacers ~Sa, 48b, 48c: and 48d may be 

formed through anisotropically etching a blanket layer of either a 

silicon oxide material, a silicon nitride mate~ia? or a silicon 

oxynitride material in a Reactive Ion Etch CRIE) plasma employing 

an etchant gas appropriate to the material being etched. 

Also shown in Fig. 7 is the presence of source/drain 

electrodes 49a and -'9b. source/drain electrodes are convectional 
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to the art of field effect transistor fabrication. The polarity of 

the low dose ion implants 46a and 46b will dictate the polarity of 

the source/drain electrodes 49a and 49b. For the pref erred 

embodiment of the present invention, the source/drain electrodes 

are preferably formed through implanting either arsenic dopant 

species, boron dopant species or phosphorus dopant species into the 

semiconductor substrate JO at a dose of about 1El4 to about 1E16 

ions per square centimeter and an ion implantation energy of about 

10 .to about 100 keV. 

Also shown in Fig. 7 is the presence of patterned first 

insulator layers SOa, SOb, soc, SOd and SOe. The methods through 

which insulator layers within integrated circuits may be formed and 

patterned are known in the art. Typically, although not 

exclusively, insulator layers are formed of silicon oxide materials 

formed upon.semiconductor substrates through methods including but 

not limited to Chemical Vapor Deposition (CVD) methods and Plasma 

Enhanced Chemical Vapor Deposition. (PECVD) methods. Typically; 

although not exclusively, insulator layers are patterned through 

Reactive Ion Etch (RIE) plasma etch processing. For the preferred 

embodiment of the present invention, the patterned first insulator 

layers SOa, SOb, soc, 50d and SOe are preferably formed through 

patterning via Reactive Ion Etch (RIE) methods as are conventional 

in the art of a blanket layer of a silicon oxide material deposited 

through a Chemical Vapor Deposition (CVD) method. 

... • .. ~ 
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Finally, there is shown in Fig. 7 a series of conductive 

contact studs S2a, S2b, 52c and S2d formed into the apertures 

between the patterned first insulator layers SOa, SOb, soc, SOd ~nd 

SOe. The contact stud 52a contacts the second polysilicon 

capacitor plate 44a. The conductive contact stud S2b contacts the 

source/drain electrode 49a. The conductive contact stud S2c 

contacts the polysilicon gate electrode 44b. Finally, the 

conductive contact stud 52d contacts the source/drain electrode 

49b. Conductive contact studs are also kno\ln in the art. 

Conductive contact studs are typically formed of highly conduct~ve 

materials such as aluminum, aluminum alloys, c~pper, doped 

polysilicon and tungsten. For the preferred embodiment of the 

present invention, the conductive contact studs S2a, 52b, 52c and 

S2d are preferably formed from tungsten, as is most common in the 

art. 

Upon forming the conductive contact studs 52a, 52b, 52c 

and S2d, there is formed the planar polysilicon capacitor of the 

preferred embodiment of the present invention within an integrated 

circuit. Ttle planar polysilicon ca.pac:itor of the preferred 

embodiment of the present ~nvention has a l].eight comparable to 

adjoininq integrated circuit features within the integrated circuit 

within which is formed the planar polysilicon capacitor of the 

present invention. The planar polysilicon capacitor of the present 

invention also has electrical characteristics equivalent to planar 
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polysilic:on capacitors of equivalent dimensions formed at other 

locations vithin the same integrated circuit. 

Referring nov to Fig. 8, there is shown a plan-view 

schematic diagram of the planar polysilic:on capacitor o! the 

preferred embodiment of the present invention. The plan-view 

schematic: diagram of Fig. 8 corresponds to the planar polysilic:on 

capacitor shovn in Fig. 6. The plan-viev illustrates only the 

polysilicon capacitor, omitted are other elements of the integrated 

circuit shown vithin the cross-sectional schematic: di~9ram of Fig. 

6. Shown in Fig. 8 is the second polysilicon capacitor plate 44a 

vhich is coincident vith the polysilicon capacitor dielectric layer 

40 (not shovn) • contained vithin the surface of the second 

polysilicon capacitor pl~te 44a is a second polysilicon capacitor 

plate contact 54. Finally, there is also shovn a first polysilic:on 

capacitor "plate contact 56 vhich resides upon an exposed and 

extended portion o! the first polysilicon capacitor plate 38.· 

. 
As is understood by a person skilled in the art, the 

description of the preferre~ embodiment of the:~lanar polysilicon 

capacitor of the present invention is illustrative of the present 

invention rather than limiting of the present invention. levisions 

_may be made to methods and materials through vb.ich is formed the 

pref erred embodiment of the planar polysilicon capacitor of the 

present invention vhile still forming an embodiment vhic:h is within 
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the spirit and scope of the present invention. 

What is claimed is: 
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l. A method for forming a planar polysilicon capacitor for use 

within an integrated circuit comprising: 

forming within a semiconductor substrate a deep trench, the 

deep trench having formed therein a dielectric material; 

forming within the dielectric material within the deep trench 

a shallow trench, the shallow trench having formed therein a first 

polysilicon capacitor plate, the upper surface of the first 

polysilicon capacitor plate being substantially planar with the 

surface of the semiconductor substrate; 

forming upon the first polysilicon capacitor plate -~ 

polysilicon capacitor dielectric.layer; and -. 

forming upon the polysilicon capacitor dielectric layer a 

second polysilicon capacitor plate. 

2. The method as recited in ciaim l wherein the depth of the deep 

trench is from about 5000 to about 10000 angstroms. 

J. The method as recited in Claim l wherein the dielectr.ic 
. 

material is a silicon oxide material formed through a .Chemical 

Vapor Deposition (CVD) method. 

4. The method as recited in Claim 1 wherein the depth of the 

shallow trench is from about 1000 to about 5000 angstroms. 

S. The method as recited in Claim 1 wherein the thickness of the 
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first polysilicon capacitor plate is from about 1000 to about 5000 

angstroms. 

6. The method as recited in Claim 1 wherein the first polysilicon 

capacitor plate is formed from polysilicon with about 1E19 to about 

1E21 dopant atoms per cubic centimeter. 

7. The method as recited in Claim 1 wherein the polysilicon 

capacitor dielectric layer is from about 100 to about 1000 

angstroms thick. 

: 

8. The method as recited in Claim 1 wherein the- polysilicon 

capacitor dielectric layer is formed of a composite formed from a 

thermally grown oxide layer upon which is deposited a silicon 

nitride layer. 

9. The method as recited in Claim l wherein the thickness of the 

second polysilicon capacitor plate is from about 1000 to about 5000 

angstroms. 

10. The method as recited in Claim 1 wherein the second 

polysilicon capacitor plate is formed from polysilicon with about 

1El9 to about l.E21 dopant atoms per cubic centimeter. 

11. The method as recited in Claim 1 wherein at least one layer of 
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the first polysilicon capacitor plate, the polysilicon capacitor 

dielectric layer and the second polysilicon capacitor plate is 

formed simultaneously with other inteqrated circuit structures 

within the integrated circuit within which is formed the planar 

polysilicon capacitor. 

12. A method for forming a planar polysilicon capacitor within an 

integrated circuit comprising: 

forming upon a semiconductor substrate an integrated circuit 

structure comprising at least one field effect transistor; 

forming within the semiconductor substrate a deep-trench, the 

deep trench having formed therein a dielectric material; 

forming· within the dielectric ma-terial within ttie deep trench 

a shallow trench, the shallow trench having formed therein a first 

polysilicon capacitor plate, 'the upper surface of the first 

polysilicon. capacitor plate being substantially planar with the 

surface of the semiconductor substrate; 

forming upon the first polysilicon capacitor plate a 

polysilicon capacitor dielectric layer; and 

forming upon the polysilicon capacitor dielectric layer a 

second polysilicon capacitor.plate. 

13. The method as recited in Claim 12 wherein the depth of the 

deep trench is from about 5000 to about 10000 angstroms and the 

depth of the shallow trench is from about 1000 to about 5000 
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angstroms. 

14. The method as recited in Claim 12 wherein the thickness of the 

first polysilicon capacitor plate is from about 1000 to about 5000 

angstroms, the thickness of the polysilicon capacitor dielectric 

layer is from about 100 to about 1000 angstroms and the thickness 

of the second· polysilicon capacitor plate is from about 1000 to 

about 5000 angstroms. 

15. A planar polysilicon capacitor for use within integrated 

circuits comprising: 

a semiconductor substrate having a deep trench formed therein, 

the deep trench having a dielectric material formed therein; 

a first polysilicon capacitor plate formed within a shallow 

trench formed within the.dielectric material, the upper surface of 

the first polysilicon capacitor plate being substantially planar 

with the surface of the semiconductor substrate; 

a polysilicon capacitor dielec~ric layer formed upon the first 

polysilicon capacitor plate; and 

a second polysilicon capacitor plate formed upon the 

polysilicon capacitor dielec~ric layer. 

16. The planar polysilicon capacitor as recited in Claim lS 

wherein the depth of the deep trench is from about 5000 to about 

10000 angstroms. 
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17. The planar polysilicon capacitor as recited in Claim 15 

wherein the dielectric material is a s1licon oxide material formed 

through a Chemical Vapor Deposition (CVD) method. 

18. The planar polysilicon capacitor as recited in Claim 15 

wherein the depth df the shallow trench is from about 1000 to about 

5000 angstroms. 

19. The planar polysilicon capaci~or as. recited in Claim 15 

wherein the first polysilicon capacitor plate is formed from. 

polysilicon with about 1E19 to about 1E21 dopant atoms per cubic 

centimeter, at a thickness of about 1000 to about 5000 angstroms. 

20. The planar polysilicon capacitor as recited in Claim 15 

wherein the polysilicon ~apacitor dielectric layer is from about 

100 to about 1000 angstroms thick and the polysilicon capacitor 

dielectric layer is formed of a composite formed from a thermally 

grown oxide layer upon which is deposited a silicon nitride layer. 

21. The planar polysilicon capacitor as recited in Claim 15 

wherein the second polysili:con capacitor plate is formed from 

polysilicon with about 1E19 to about 1E21 dopant atoms per cubic 

centimeter, at a thickness of about 1000 to about 5000 angstroms. 


