METAL-OVER-METAL DEVICES AND THE METHOD FOR MANUFACTURING SAME
BACKGROUND OF THE DISCLOSURE The present invention relates generally to semiconductor
manufacturing processes, and more particularly, to a method and system for the fabrication of a
metal-over-metal(MOM) device structure for integrated circuit devices. In integrated circuit design
there are many applications of high- performance, on-chip capacitors. These applications include
dynamic random access memories, voltage control oscillators, phase-lock loops, operational
amplifiers, and-switching capacitors. Such on-chip capacitors can also be used. to decouple digital
and analog integrated circuits from the noise of the rest of the electrical system. The development of
capacitor structures for integrated circuits has evolved from the initial parallel plate capacitor
structures compriset/diTwb-OCondi el Idvie I3 o it dric h capalitol dasighl RAGXA Besigns and more

recently to the interdigitated metal fingaMSUFACTFE RN @BaAlRI Plate capacitor is typically comprised
of a first and second layer of conductive material patterned to define top and bottom electrodes, with
an intervening layer of a thin capacitor dielectric, the structure being isolated from the substrate by an
underlying dielectric layer of thick field oxide. The bottom electrode typically comprises a
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| In integrated circuit design there are many applications of high-
perfqrmaﬁce, on-chip capacitors. These applicatiéns include dynamic random
access memories, voltage control oscillators, pila,sedock loops, operational
amplifiers, and switching capacitors. Such on-chip capacitors can alsc be uséd. to
déceuple digital and 'anal.og integrated circuits from the noise of the rest of the

electrical system.

The development of capacitor structures for integrated circuits has
evolved from the initial ;ﬁaraﬂel pIa;re capacitor structures compﬂséd of two
conducti\'fe layers, to trench capacitor designs, MOM désigns and more recently
to the interdigitated metal finger structures. The paralle] plate éapacitor is
typically comprised of a first and second layer of conductive material patterned
to define top and bottom electrodes, with an intervening layer of a thin capacitor
dielectric, the structure being isolated from the substrate by an underlying
dielectric layer of thick field oxide. The bottom electrode typically comprises a

layer of conductive material, often polysilicon, which forms other structures of



layer of conductive material, often polysilicon, which forms other structures of | the integrated circuit,
such as gate electrodes or emitter structures of transistors. The second (top) electrode is defined
thereon by a second conductive layer, typically another polysilicon layer. The capacitor dielectric is
conventionally a thin silicon dioxide or silicon nitride layer. One of the well-known shortcomings of this
parallel plate capacitor structure is the relatively large area of the chip required for each device which
makes it a less area-efficient structure for advanced chip designs. Trench capacitors are
conventionally formed by depositing conductive and dielectric layers within trench regions defined in

the substrate.. Typically, an oval.or circular vertical cylinder is etched into the substrate and
concentricall{}”ﬁrﬁ%é, t@%rﬁif&ﬁ’éﬁe% BES 5?2%&%3%’%@5 BRI HHERRR U HaFEH B PRt exploit the

downward V‘%“HP@%@BH@"?!?@ inta-thesubsiaia e a&s%sﬁzﬁﬁa cARacien dayice, therehy reducing

overall lateral dimension he chip which translates to reduced cost. A primary drawback to trench
capacitors,, #ygueNsr qisdtiedr laokyefi Realdbijity. abh teatpee-tized ishrink c Ecopemically.giehing the
trenches becomes difficult as the narrow trench openings and high aspect ratios cause extended

trench etch t?ﬁféb%i%i?é‘d%?’ﬁ#ﬁj@%ﬁlﬁqmﬁiﬁ@}@fen@@@qm@%ﬁﬁ%ﬂﬂﬁﬂ{ﬁéﬁﬂﬁéh*éhé@iﬁwmre

recently, Interpiglia }@ecidremgle f)ﬁ%g %ecllgg%ﬁgy § ulrl%%ﬂg\{g t?\%ernelativeiy large area of the chip
required for each device which makes it a less area-efficient structure for

advanced chip designs.

Trench capacitors are conventionally formed by depositing
conductive and dielectric layers within trench regions defined in the substrate.
Typically, an oval or circular vertical cylinder is etched into the substrate and
concentrically arranged vertical electrodes are formed inside the trench. Trench
capacitors exploit' the dévlvnward vertical dimension into the substrate to create
each capacitor device thereby reducing overall lateral dimensions of the chip
which translates to reduced cost. A primary drawback to trench capacitors,
however, is their lack of scalability as feature sizes shrink, Econormically etching
the trenches becomes difficult as the narrow trench openings and high agp-ect
ratios cause extended trench etch times limited by diffusion of the etching

chemistry into and out of the trenches.

More recently, interdigitated finger capacitor structures have been
designed which exploit both the lateral and vertical electric fields between the
electrodes thereby creating higher capacitance values per unit area than prévious

capacitor designs. Unfortunately, these designs have structural limitations



designed which exploit both the lateral and vertical electric fields between the electrodes thereby
creating higher capacitance values per unit area than previous capacitor designs. Unfortunately, these
designs have structural limitations 2 which makes them less desirable to utilize within design libraries
and limit their flexibility within circuit designs. What is needed is a method to provide a unit cell

capacitor st e ' ' it ftanc iting: : l. yertical
cieeti T Lo e P S T e
limitations ifikeitstioy sFtiihecRtesentdiselosure provides a modular unit or cell for constructing a
metal-over- metal (MOM) device and the method for manufacturing same. In one aspect, there is

provided a metal-over-metal (MOM) device having at least one device cell on a first layer, each cell

comprising: ¥ i sieded aha Hleééﬂibkﬁ@@@é@r@d@ﬁﬁé@lb%ﬁ%ﬂiiahféfpféééeﬁé@whi@més-shape
center portion defining four quadyants of space between the frame and cenger pieces;,wherein the
center piecgl P‘%%%Hé L(%pﬁ%}%nggn[fgrem]iﬂg %ﬁgﬂ%ﬁ%gﬁ#ﬁ#gﬁa\ﬁgﬁ?ﬁ)ﬁ Ctgﬁﬁie ur ends thereof
within a quagdiaiiondigsein the frame piece has one or more frame fingers extending therefrom and

each being in at least one quadrant and not being overlapped with the center finger in the same
guadrant.

SUMMARY OF THE DISCLOSURE

To address the above discussed limitations in the prior art, the
present disclosure provides a modular unit or cell for constructing a metal-over-

metal (MOM) device and the method for manufacturing same.

In one aspect, there is provided a metal-over-metal (MOM) device having
at least one device cell on a first layer, each cell comprising: a frame piece; and a
center piece surrounded by the frame piece having a cross-shape center portion
defining four quadrants of space between the frame and center pieces; wherein
the center piece has one or more center fingers each extending from at least one
of the four ends thereof within a quadrant; wherein the frame piece has one or
more frame fingers extending therefrom and each being in at least one quadrant

and not being overlapped with the center finger in the same quadrant.

In another aspect, there is provided a multilevel metal-over-metal (MOM)
device group having one or more MOM devices on a first layer connected to one
or more MOM devices on a second layer, each of the MOM devices comprising:
a frame piece; and a center piece surrounded by the frame piece having a cross-
shape center portion defining four quadrants of space between the frame and
center pieces, the center portion having a horizontal component and a vertical

component; wherein the center piece has four center fingers each extending from



In another aspect, there is provided a multilevel metal-over-metal (MOM) device group having one or
more MOM devices on a first layer connected to one or more MOM devices on a second layer, each
of the MOM devices comprising: a frame piece; and a center piece surrounded by the frame piece

having a cross- shape center portion defining four quadrants of space between the frame and center

pieces, e CeRteL A RNRS AARUFANIFL AIARNSAL AT KErYeel campanEIt pherein the

center piece has tour center fingers each exten om30neo our én ereo? and being

parallel to eithgfitg B@Hﬁﬁﬁi@b@bmﬁe\&ﬂ’t@@wm fHER isesER BOHIREN AR WheFeiAeach
erein

quadrant has only one such center finger; w he frame piece has four frame fingers each
extending frenclrersiteltihgeeol leercindbin g me i epsaliinariban b vasie dipgesl e olithxtteadoegpter finger

in the same quadrant. In.one embhodiment,.the MOM device may only have a single device layer. The
device has alTRE0B SiHERErcRl Ehe EF‘%P%%PES&B%@THB%H%H@H&BE@ A ehiter piece

surrounded hy. the. frame. pie gmecggag%ﬂgce has a cross-shape center portion defining four

guadrants of space between the fram center pieces. The center piece has one or more center
fingers each extending from at least one of the four ends thereof within a quadrant. The frame piece
also has one or more framefingarbekandinththdteiMndeeachibeinoniy dtlanstsimegdadiant and not

being overlapped with the center finger in the same quadrant.
layer. The device has at least one device cell on a first layer comprising a frame
piece and a center piece surrounded by the frame piece. The center piece has a
cross-shape center portion defining four quadrants of space between the frame and
center pieces. The center piece has one or more center fingers each extending from
at least one of the four ends thereof within a quadrant. The frame piece also has

one or more frame fingers extending therefrom, each being in at least one quadrant

and not being overlapped with the center finger in the same quadrant.

In another example, a plurality of device layers are used, each being
separated vertically by intervening layers of dielectric material. In another
embodiment, the capacifor structure may be comprised of an array of the device

cells, either on a single layer or a plurality of layers.

The MOM device can be easily integrated with aluminum or

copper metal processes with no additional process steps. Additionally, the

3a



In another example, a plurality of device layers are used, each being separated vertically by
intervening layers of dielectric material. In another embodiment, the capacitor structure may be
comprised of an array of the device cells, either on a single layer or a plurality of layers. The MOM
device can be easily integrated with aluminum or copper metal processes with no additional process
steps. Additionally, the 3a capacitor structure will provide a plurality of layout and interconnect option:;
integratable into a process cell. Using such a MOM device as a capacitor based device, high unit
capacitance can be realized. BRIEF DESCRIPTION OF THE DRAWINGS FIG . 1A illustrates one

embodiment of the.disclosure for one of the two.layers required to build a MOM or POP capacitor
e sﬁ‘ucmre W%%ﬁi%’é%? gf%%%%:ﬁé &?ﬁ@'%&ﬂ%&&@ﬁﬁ“@?%é’lﬁyéﬂé required to

device. FIG. Hgé}hus rates one em

build a MOM o1 ROR:17p3r9BIRGE: FiG 2 Misteatias engesiradipent (Lie ia ayoyj for the

layer illustrated in FIG. 1A to connect one polarity parallel electrode to the same polarity electrode in
an upper or Io&wh:ta;}ég%l@i@@jﬂaﬁteate@@mebenmwm.nt for the via layout for the layer illustrated
in FIG. IB to connect one polarity parallel electrode to the same polarity electrode in a upper or lower

layer.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG | 1A illustrates one embodiment of the disclosure for one of the

two layers required to build a MOM or POP capacitor device.

FIG. 1B illustrates one embodiment of the disclosure for the second

of two layers required to build a MOM or POP capacitor device,

FIG 2A illustrates one embodiment for the via layout for the layer
illustrated in FIG. 1A to connect one polarity parallel electrode to the same

) polarity electrode in an upper or lower layer.

FIG. 2B illustrates one embodiment for the via layout for the layer
iltustrated in FIG. 1B to connect one polarity parallel electrode to the same

polarity electrode in a upper or lower layer.

FIG. 3A illustrates one embodiment for the via layout for FIG. 1A to
connect each polarity parallel electrode to the like polarity electrode in an upper

or lower layer.

| FIG. 3B illustrates one embodiment for the via layout for FIG. 1B to
- connect each  polarity parallel electrode to the like polarity electrode in an upper

or lower layer,



FIG. 3A illustrates one embodiment for the via layout for FIG. 1A to connect each polarity parallel
electrode to the like polarity electrode in an upper or lower layer. FIG. 3B illustrates one embodiment
for the via layout for FIG. 113 to connect each polarity parallel electrode to the like polarity electrode
in an upper or lower layer. 4 FIG. 3C illustrates the overlay of via layouts for FIG. 1A and FIG. 1B to
connect each polarity parallel electrode to the like polarity electrode in an upper or lower layer
competing the a capacitor device unit cell. FIG. 4 illustrates a device group array comprised of the unit
cell devices. DETAILED DESCRIPTION A metal-over-metal (MOM) device and the method to

manufacture same is preyided-Those skilled in thg art should kno at-a plurality of ductive
materials may be used ir%\{rt?e' orrhﬁa ;Sonasc[) Stt%éee?ggﬁg eﬁ?%gi%‘é%%cﬁ%? @a&%ﬂéﬁl‘e%fr%gger’gay be

comprised afpgiffaranttcentystive iMataral s ert85 oRPeh AN Uy lianim fittde slad titanium,
doped poly silicon, or another conductive material. system. For simplicity, regardless of what specific

type of metalfip@isend osvehiayde vicajzetiigribe aczpaail® Meseboaiierdeforth. Referring initially to
FIG. 1A, illustrated is one embodiment of a :

FIG. 4 illustrates a device group array comprised of the unit cell

devices.

DETAILED DESCRIPTION

A metal-over-metal (MOM) device and the method to manufacture
samne is provided. Those skilled in the art should know that a plurality of
- conductive materials may be used in the formation of the electrodes of a
capacitor. Bach electrode may be comprised of a different conductive material
such as copper, aluminum, titanium nitride clad titanium, doped poly silicon, or
another conductive material.system. For siinplicity,, réga_rdless‘ of what specific

type of metal is used, such a device is referred to as a MOM device henceforth. B

Referring initially to FIG. 14, Hlustrated is one embodiment of a
simple schematic view of a capacitor structure 100 according to one example of
the present invention. The capacitor structure 100 includes a first e}ectrdde 102, a
dielectric layer 104, and a second electrode 106. As-illustrated, the second
electrode element 106 is formed by a frame piece, and the first electrode element
102 is formed by a center piece, surrounded by the frame piece, having a cross-

 shape center portion 108 defining four quadrants of space between the frame and
center piece.. As can be seen, the center piece has four center fingers 110 each
extending from one of the four ends thereof within a quadrant. The frame piece
106 also has four frame fingers extending therefrom and each being in one

quadrent and not being overlapped with the center finger in the same quadrant.



simplé schematic view of a capacitor structure 100 according to one_example of the present invention.
The capacitor structure 100 includes a first electrode 102, a dlel(_ectrlc layer 104, and a §econd
electrode 106. As illustrated, the second electrode element 106 is formed by a frame plece,.and the
first electrode element 102 is formed by a center piece, surrounded by the frame piece, having a
cross- shape center portion 108 defining four quadrants o_f space between the frar_ne and center
piece.. As can be seen, the center piece has four center fingers 110 each extending from one of the

four ends thereof within a quadrant. The frame piece 106 also has four frame fingers _extending
overlapped with the center finger in the

therefrom and each being in one quadrant and not bein _ h the r finger .

same quadrant. 5 It is unde?%%&&%ﬁﬁf% ?%ﬁ ﬁé}%&ﬁ%ﬁbﬁf&f;ﬁfﬂeggzgéﬁﬁ ig?]ifé‘??#negglresce,
d the f HRgels 8t i I itiesfor' illu n purposes, the ct
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[ [ [ [ tructure 112 includes a
of a capacitor structure 112 covered by the present invention. The capacrg.or S
first electrode™ 1AM P Hietedtic W%L@bﬂ,@ﬁd@@@m@mfﬂfm fre@nApiitstrated, fthen_se]{cond .
electrode e|e”{1?5“i;{_1n]3§f§5p‘f8£@ed by the frame piece, and the first electrode element 114 is formed by

the center piece,

FIG. 1B illustrates a second embodiment of a schematic view of a
capacitor structure 112 covered by the present invention. The capacitor structure
112 includes a first electrode 114, a dielectric layer 104, and a second electrode
116. As illustrated, the second electrode element 116 is formed by ch@ frame
piece, and the first electrode element 114 is formed by the center piece,
surrounded by the frame piece, having a cross-shape center portion defining four
quadrants of space between the frame and center piece. Ascan be seen, the
center piece has four center fingers each extending from one of the four ends
thereof within a quadrant, and the frame piéce has four frame fingers extending
therefrom and each being in one quadrant and not being overlapped with the
center finger in the same quadrant. One having skill in the art knows that
interconnects made to center piece and frame piece electrodes complete the
formation of a planar capacitor structure in 100 and similarly in 112, It is noticed
that the structure shown in Fig. 1A is similar to Fig. 1B with the frame fingers
and the center fingers arranged differently, For illustration purposes, the
structure in Fig. 1A is referred to as a clockwise desigﬁ and the one in Fig. 1B is
referred to as a counter-clockwise design, As will be shown below, these two

different designs can be incorporated together in an MOM device

Furthermore, in order to achieve higher capacitance, stractures 100

and 112 may be stacked in a substantially vertical fashion in a plurality of layers



surrounded by the frame piece, having a cross-shape center portion defining four quadrants of space
between the frame and center piece. As can be seen, the center piece has four center fingers each
extending from one of the four ends thereof within a quadrant, and the frame piece has four frame
fingers extending therefrom and each being in one quadrant and not being overlapped with the center
finger in the same quadrant. One having skill in the art knows that interconnects made to center piece
and frame piece electrodes complete the formation of a planar capacitor structure in 100 and similarly
in 112. Itis noticed that the structure shown in Fig. 1A is similar to Fig. 1B with the frame fingers and

the center fingers arranged differently. Foi illustration purposes, the structure in Fig. 1A is referred to
as a cIockvﬁ@%eﬁcé)é’r&ﬁ% tHe'dneinFg i‘é‘%w& Hed R?%%’E&%ﬁl‘é{ﬁm%ﬂ@é’%@si%. As will be

shoun beloy, fuesp ywordifere desians ag e ncerporates iogether n AL MON evics

(]
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Furthermore, in order to achieve higher capacitance, structure and 112 may be stacked in a

substantiallyfvethealfastioiniceplualitn eflayerk vl daigecannedied Withenear Bathsality of vias
between the electrode layers. It understood that when two metal layers are vertically aligned, if both of

them are oleithesaercisdhnrrnrcountereioqririss dethny, ovenapénvipean blmagh at any

location in the center and frame pigces as they overlap in space, although separated. by the insulating
layers. Thi$’ Woaﬁﬁg%iﬁﬁg}%%ﬁg%ﬁ%?ﬁ for This Would Pe the Slmpﬂg%t dSéSlgnafor

stacking up metal layers to construct MOM devices.

Alternatively, metal plates of the clockwise and counter-clockwise
designs can be stacked up alternately so that the center piece electrode can be
connected to the frame piece electrode. Having this capability is very useful
because exterﬁal contacts can now all be made through connection on the frame
pieces without having to have route through the frame piece to reach the hard-

to-access center piece.

| Referring to FIG. 2A and 2B illustrate via interconnect schemes on
the capacitor structure for connecting electrodes on different metal layers. The
center piece electrode 102 is separated from the frame piece electrode 106 by the -
_ dielectric 104. Via locaﬁom 202 on the center piece 102 in layer 200 are |
interconnected to via locations 204 on the frame piece 110 in another faye_r 206
through an intervening layer of dielectric 104 separating 1éyers 200 and 206.
Naturally, those having skill in the art know that the dielectric material may be
one of several, such as silicon dioxide, silicon nitride, tantalum pentoxide, or a
ferroelectric material. It is also well known that the dielectric layer 104 may
~ change in composition, thickness or both, from stacked layer to stacked layer,
depending on the process technology employed to construct the device. &As
shéwn, the capacitor in Fig. 2A is a counter-clockwise design and the one in Fig,

2B is a clockwise one. It can be seen that when stacking these together, the center



stacking up metal layers to construct MOM devices. Alternatively, metal plates of the clockwise and
counter-clockwise designs can be stacked up alternately so that the center piece electrode can be
connected to the frame piece electrode. Having this capability is very useful because external
contacts can now all be made through connection on the frame pieces without having to have route
through the frame piece to reach the hard- to-access center piece. Referring to FIG. 2A and 2B
illustrate via interconnect schemes on the capacitor structure for connecting electrodes on different
metal layers. The center piece electrode 102 is separated from the frame piece electrode 106 by the
dielectric 104. Via locations 202 on the center piece 102 in layer 200 are interconnected to via
locations 204MthmfFagné®|@@mmedW@ﬁ©tﬁ@ fsgmecpiEcthiotih 4 ivtiesseliitng kyerofdialectric

104 separating layers 200 @f atural se havm? skill in the art know that the dielectric
material may' PETEHE Gy %ﬁrh@ﬁf %@ LHlda Aithiefe: tantalum. pentoxide, or a

ferroelectric material. It is also WeII known that the dielectric layer 104. may change in composition,

thickness or both, from StaR’é?&J%Xg%WE%CF@ |§ﬁeﬁngeﬂ~lﬁ@ﬂéﬂﬁi@@rt§l@LWL%@%}@QQ@@@Q%
employed to construct the device. As shown, the capacitor-in Fig. 2A is a counter-clockwise design

and the one imiigmPBdinaecipfikwisaoideitcandid seeertizdbwhpacstacking theséllofetherthe
center 7 polarity of electrodes. The center piece electrode 102 is separated from the frame
piece clectrode 106 by the dielectric 104, Via locations 202 on the center piece 12
in layer 300 are interconnected to via locations 204 on the frame piece 110 in layer
306 through an intervening layer of the dielectric 104 separating layers 300 and
306. In kind, via locations 302 on the frame piece electrode 106 in layer 300 are
interconnected to via locations 304 on the center piece 108 in layer 306 throuéh

an intervening layer of dielectric 104 separating layers 300 and 306.

FIG.3Cisa top view showing the footprints of the stacked MOM
device 308. The layers 300 and 306 are stacked together vertically to comprise a
substantially vertical capacitor structure. Via locations 310 correspond to the
interconnects of one polarity electrode of the capaéi’cor and via locations 312
correspond to the interconnects of the second polarity electrode of the capacitor

structure.

What have been shown from Fig. 1A to Fig. 3C are only one
mocﬁular unit of the capacitor. In the actual use, more than a single unit is
needed. Turning next to FIG. 4, a stacked capacitor device group 400 is shown
that is made from individual unit cells 402. The units are arrayed in three
dimensions yielding a modular capacitor array design suitable for incorporation

into a library of circuit design tools. FIG. 4 also illustrates the iricrease in packing



piece in Fig. 2A is connected to the frame piece in Fig. 2B. Since there is always a frame piece, to
align them in production is very practical. Referring now to FIG. 3A and 3B, capacitor structure 300 '
illustrates one embodiment for a via interconnect scheme to capacitor structure 306 for both polarity
of electrodes. The center piece electrode 102 is separated from the frame piece electrode 106 by the
dielectric 104. Via locations 202 on the center piece 102 in layer 300 are interconnected to via
locations 204 on the frame piece 110 in layer 306 through an intervening layer of the dielectric 104
separating layers 300 and 306. In kind, via locations 302 on the frame piece electrode 106 in layer
300 are interconnected to via locations 304 on the center piece 108 in layer 306 through an
intervening ldyeriof dietekitéz-1 04 separatngdhjersBOdandi3OonkicalF0id actap yielaaldoving the
footprints of the stacked MOM device 308. The layers 300 and 306 are stacked together vertically to
comprise a SaIsSEHH veligchieessaemaraandraslonzibeat s imeemigond to the
interconnects of one polarity electrode of the capacitor and via locations 312 correspond to the

interconnects of the seco lar of the_capacitor ucture, Wh een.shown from
w}%%%o %EE%%?{%(% %hmufnﬁ%% r.rllere]%%g{fer-m ‘zafimﬁ/ll? evice

Fig. 1A to Fig. 3C are only one m r € capacitor e actual use, moré’than a'single unit

is needed. Frsnipgorexdionle MOAskekedcanastal deveaai AR shawsihatisgnade from
individual unit cells 402. The units are arrayed in three .

metal photolithographical and etching or deposition processes are used. A CMP

is applied to flatten the metal. A dielectric layer is then put on top of the first

metal layer. Then, one or more MOM devices on a second layer are formed that

are vertically aligned with the MOM devices on the first layer. The MOM

devices the first and second layers are then connected so that portions of the

devices on both layers having a same voltage level are connected together.

| - As described and shown above, the device cell should be easily
scaled, arrayed and incorporated eliminating requirements for additional DRC
(design rule check) when iinplemented. They are comi)atibie_ with standard
integrated circuit processing, require no additional proc.essing steps. They are -
extremely suitable for fabrication with CMP (chemical mechanical polishing) as
each layer c;f_metal can be separately processed and expécted to be ﬂat.'
- Furthermore, the unit cell capacitor structure provideé the maximum‘

interconnection flexibility for integration into circuit design layouts.

While the invention has been particularly shown and described
with reference to th_é préferred embodiment thereof, it will be understood by
those skilled in the art that various chahges in form and detail may be made
therein Witﬁout departing from the spirit and scope of the invention, as set forth

in the following claims,



dimensions yielding a modular capacitor array design suitable for incorporation into a library of circuit
design tools. FIG. 4 also illustrates the increase in packing 8 density and lateral capacitance achieved
when the unit cell 308 is arrayed and the adjacent unit cells share a common inside unit cell perimeter
edge. When manufacturing a multilevel metal-over-metal (MOM) device group, one or more MOM
devices is initially formed on a first layer. Standard metal photolithographical and etching or deposition
processes are used. A CMP is applied to flatten the metal. A dielectric layer is then put on top of the
first metal layer. Then, one or more MOM devices on a second layer are formed that are vertically
aligned with tla@}_ A%?ﬁwﬁﬁﬂ%ﬁrst layer. The MOM devices the first and second layers are
then connected soO that portions of the" devices on both layers having a same voltage level are
connected together. As described and shown above, the device cell should be easily scaled, arrayed
and incorporated eliminating requirements for additional DRC (design rule check) when implemented.
They are compatiblel with stamaetad-imegratéd ¢vEUMprdesssing, requitd vactadditibnat pratessing
steps. They are extremely suitaple for fabrication with CMP (chemical mechanical polishing) as each
layer of metal Esth b 'S@yTafa ?%@%Hr%%xpected to be flat. Furthermore, the unit cell
capacitor structure Q{@yé&gg Igrilgcgn%i(rjnum interconnection flexibility for integration into circuit design
layouts. § :

a center piece surrounded by the frame piece having a cross-shape center

portion defining four quadrants of space between the frame and center picces;
wherein the center piece has one or more center fingers each extending
from at least one of the four ends thereof within a quadrant;
wherein the frame piece has one or more frame fingers extending
therefrom and each being in at least one quadrant and not being overlapped with

the center finger in the same quadrant.

2. The device of claim 1 wherein a first set of two center fingers being
parallel to each other and extending towards a first and second opposite

directions.
3. The device of claim 2 wherein a second set of two extended center
fingers being parallel to each other and extending towards a third and fourth

opposite directions

4. The device of claim 3 wherein the frame finger is parallel with the

center finger in the same quadrant,

5. The device of claim 4 wherein the first and second sets of the center

fingers are perpendicular to each other.

10



While the invention has been particularly shown and described with reference to the preferred
embodiment thereof, it will be understood by those skilled in the art that various changes in form and
detail may be made therein without departing from the spirit and scope of the invention, as set forth in
the following claims. 9 WHAT IS CLAIMED IS: 1. A metal-over-metal (MOM) device having at least
one device cell on a first layer, each cell comprising: a frame piece; and a center piece surrounded by
the frame piece having a cross-shape center portion defining four quadrants of space between the
frame and center pieces; wherein the center piece has one or more center fingers each extending
from at least one of the four ends thereof within a quadrant; wherein the frame piece has one or more
frame fingers extending therefrom and each being in at least one quadrant.-and not being overlapped

with the center finger in the sppR AuadlH: 2wihe-devite eholaimduherpin pefitsicsed ofdwo center
fingers being parallel to each other and extending towards a first and second opposite directions. 3.

The device aftiipugtivhefeneasesosithget afrtiwo pidentiea demttands from.

7. The device of claim 4 wherein the frame finger is situated on an

inner side of the center finger so that it is closer to the center of the center piece.

8. The device of claim 1 further comprising ene or more connection
points on the center and frame fingers of the device cell on the first layer
connecting to at least one MOM device cell on a second layer vertically aligned.
therewith, wherein the center finger on the first layer connects to a frame finger
of the MOM device cell on the second layer, and the féame finger on the first

layer connects o a center finger of the MOM device cell on the second layer.

9. Thedevice of claim 1 wherein at least one side of the frame piecé is

connected to an external connection point.

10.  The device of claim 1 wherein the frame piece is at a first voltage

level and the center piece is at a second voltage level.

11.7 A muitilevel metal-over-metal (MOM)ldevice group having one or
more MOM devices on a first layer connected to one or more MOM devices on a
second layer, each of the MOM devices comprising:

a frame piece; and

a center piece surrounded by the frame piece having a cross-shape center

~ portion defining four quadrants of space between the frame and center pieces,

11



fingers being parallel to each other and extending towards a third and fourth opposite directions 4.
The device of claim 3 wherein the frame finger is parallel with the center finger in the same quadrant.
5. The device of claim 4 wherein the first and second sets of the center fingers are perpendicular to
each other. 10 6. The device of claim 4 wherein the center finger is perpendicular to a first portion of

the cross shajie cepie pieaR AN AXIeNdS g LTS AENICR AT AR & 1sialn i frame finger i

situated on an Inner si e center fingér s oser e center of the center piece. 8.

The device of claim J/ertignkewuiising OReHAK MATCCANMEHHRRRYAEH CRIBRIGRNRSANshirame
fingers of the device cell on the first layer connecting to at least one MOM device cell on a second

layer verticall9fdligniear trdewitdrealhardihaing qenadiclitgeitbarttiectistiayetat ontlectectdicatrame finger
of the MOM device cell on.the second Ie%er, and.the frame finger on the first lfil[%’er connects to a

center finger STTHRPRBM HEEERET HOTHEN SshY 1§26t GURdIRRL RS SR 10Rh EYslh at least one

side of the fr%@}ﬁ&i% é§. connected to an external connection point. 10. The device of claim 1
wherein the frame piece is at a first voltage level and the center piece is at a second voltage level.

wherein the frame piece has four frame fingers each extending from one
side thereof, each being in one quadrant and being parallel with the center finger

in the same quadrant.

12.  The device group of claim 11 further comprising one or more
connection points on the center and the frame fingers for connecting each device

on the first layer to at least one device on the second laver.

13. The device group of claim 12 wherein the frame fingers of the
devices on the first layer connect to the center fingers of the devices vertically

aligned therewith on the second layer through the connection points.

14. The device group of claim 12 wherein the center fingers of the
devices on the first layer connect to the frame fingers of the devices vertically

aligned therewith on the second layer through the connection points.

15.  The device group of claim 11 wherein a center finger extending
from an end of the center portion of a first device on the first layer is in a different
quadrant than the quadrant in which a center finger extending from a same end of
center portion of a second device on the second layer connected with the first

device.

12



11. A multilevel metal-over-metal (MOM) device group having one or more MOM devices on a first
layer connected to one or more MOM devices on a second layer, each of the MOM devices
comprising: a frame piece; and a center piece surrounded by the frame piece having a cross-shape
center portion defining four quadrants of space between the frame and center pieces, 11 the center
portion having a holr ont ﬁe ‘%gnt and N Eltﬁ%allgo e%llen wh%rtglrn Ihleecer#i fcg has four
center fingers each exten Ing rom o u1pﬂ(1)e our ends thereo elng p 81181 10 either the
horizontal Oﬁgﬁd@éﬁ%@%}ﬂ@f‘ﬁ%@@? Wﬁﬁ@@E%roﬂgrﬁeﬂlcﬁ:"@k‘l!é'flﬁ@i%ﬁﬁ@@%@é@ﬂbﬁ@s only one
such center finger; wherein the frame piece has four frame fingers each extending from one side
thereof, each being in one quadrant and being parallel with the center finger in the same quadrant. 12.
The device group of claim 11 further comprlsm one or more connection points on the center and the
frame fingers for cdrinectihg%edehisRFB AR TS ydrats i tBadtone ate\ﬁ%@%thﬁ{@rgtecond layer.
13. The devige gro clalm 2 wherel e frame fingers of the devic flrs layer connect to
the center flré‘gg?g o?%f? h e?/‘la(‘l:]egr ice |ca r} B 5%88%%£%W| Bk the segg%gnao? e{%rough the

connection pomts

18.  The device group of claim 17 wherein the center piece of the first

12a



14. The device group of claim 12 wherein the center fingers of the devices on the first layer connect to
the frame fingers of the devices vertically aligned therewith on the second layer through the
connection points. 15. The device group of claim 11 wherein a center finger extending from an end of
the center portion of a first device on the first layer is in a different quadrant than the quadrant in
which a centdefittgetnsktbadingg srneecsanteeareg otd datisiepprion atecoscovelivarideveh the second
layer connected with the first device. 12 16. The device group of claim 15 wherein the center finger of
the first device and the center finger of the second device extend in opposite directions. 17. The

device group of C'*Phéﬁé’%'il?é%fhﬂiﬁ&%%i%%fe%ﬁlfﬂﬁé Heviegiasdihesenieipigee of the

second device are on a first voltagé level. 18. The device group of claim 17 wherein the center piece of
the first 12acdatecefitit: thefrashepiecatnf thersenchdidthdceaier dmgesendhd valtage level. 19. The
device group of claim 15 wherein the frame finger is closer to the center of the cross-shape center
portion than 4@8%¥aAter finger in the same quadrant. 13 METAL-OVER-METAL DEVICES AND THE
METHOD FOR
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MANUFACTURING SAME ABSTRACT A metal-over-metal (MOM) device and the method for
manufacturing same is provided. The device has at least one device cell on a first layer comprising a
frame piece and a center piece surrounded by the frame piece. The center piece has a crass-shape
center portion defining four quadrants of space between the frame and center pieces. The center

piece has one or mvEETRILOMERISIEIRT ERERIOESrAN Bt [gastiarg PiTefoR ends thereof within
a quadrant. The frame piece also h mg%fﬁ rs.extending therefrom, each being in
- at least one quadrant and not beingw i e ger in the same quadrant. (FIG. 1A)
14
ABSTRACT

A metal-over-metal (MOM) device and the method for
manufacturing same is provided. The device has at least one device cell on a first
layer comprising a frame piece and a center piece surrounded by the frame piece.
The center piece has a cross-shape center portion defining four quadrants of space
between the frame and center pieces. The center piece has one or more center
fingers each extending from at least one of the four ends thereof within a quadrant.
The frame piece also has one or more frame fingers extending therefrom, each
being in at least one quadrant and not being overlapped with the center finger in

the same quadrant.

(FIG. 1A)
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