METAL- OVER- METAL DEVI CES AND THE METHOD FOR MANUFACTURI NG SAVE BACKGROUND .
OF THE DI SCLOSURE The present invention relates generally to sem conductor
manuf act uri ng processes, and nore particularly, to a nethod and system for
the fabrication of a netal-over-netal (MOM device structure for integrated
circuit devices. In integrated circuit design there are many applications
of high performance, on-chip capacitors. These applications include dynamc
random access nenories, voltage control oscillators, phase-lock |oops,
operational- anplifiers, and swi tching capacitors. Such on-chip capacitors
can al so be used to decouple digital and analog integrated circuits from
the noise of the rest of the electrical system The devel opnent of
capacitor str uMErggn(DerRFMEQAEtDEVECESlANE mam I\ﬁEIDHVIﬁD FORm the initial

paral |l el plate capacitor s%qg%gﬁjmf@ conductive layers, to
trench capacitor designs, esi gns and nore recently to the

interdigitated netal finger structures. The parallel plate capacitor is
typically conprised of a first and second | ayer of conductive materi al

patterned to define t r '[#SEan i ntervening | ayer
of a thin capacitor d‘?@fﬁ@@%ﬁﬂ@iﬁ%ﬁﬂ?@@g isolated fromthe
substrate by an underlying dielectric | ayer of thick field oxide. The

bott om el ectr ode t’[ﬁ@gﬁ@éérﬁflﬁ\%m{drﬁ%ﬁ’c@s ?ﬂ}’% &‘HMQH.C"(& mat eri al , Aoft'en

pol ysi licon, which er structur
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-
performaﬁce, 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
découPle digital and analog integre{ted 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 compfiséd of two
conducti\-fe layers, to trench capacitor designs, MOM désigns and more recently
to the interdigitated metal finger structures. The parallel 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 ﬂhm capacitor

- dielectric, the structure being isolated from the substrate by an underlying.
dielectric layer of thick field oxide. The bottom.électrode typically comprises a

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



the integrated circuit, such as gate electrodes or emtter structures of
transistors The second (top) electrode is defined thereon by a second
conductive laver, typically another polysilicon |ayer. The capacitor
dielectric is conventionally a thin silicon dioxide or silicon nitride
| ayer. One of the well-known shortcomngs of this parallel plate capacitor
structure is the relatively large area of the chip required for each
device which nmakes it a less area-efficient structure for advanced chip
designs. Trench capacitors are conventionally fornmed by depositing
conductiv$ and dielectric layers within trench.regions defined in the
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finger capacitor structures have been designed which exploit both the

| at eral anbyaneed chigl dedigred. ri c fiel ds between the el ectrodes thereby

creating higher capacitance values per unit area than previous capacitor

designs. Unfortunately, these designs have structural limtations 2

| 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 expioit- the downward 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. Economically etching
the trenches becomes difficult as thé narrow trench openings and high asipect
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. Unfoi‘tunately, these designs have structural limitations



whi ch makes them | ess desirable to utilize within design |ibraries and .
limt their flexibility within circuit designs. Wat is needed is a nethod
to provide a unit cell capacitor structure that achieves high unit

capaci tance by exploiting both the lateral and vertical electric field
conponents. SUMVARY OF THE DI SCLOSURE To address the above discussed
limtations in the prior art, the present disclosure provides a nodul ar
unit or cell for constructing a netal -over- netal (MOM device and the

met hod for manufacturing sane. In one enbodiment, the MOM device may only

have a single device |ayer, The devigce has at | east one deyice cell on a
first | ayERchaiies dhem 15 destabls ORI Y RNTLAREEN LETEde JiR HBUAEAT by t he
frame piece, . The center pjece has a cross-shape center portion defining
f our quaS&%HPE d%ﬁgﬁb. mﬁtﬁﬁﬂgwithe frame and center pieces. The center
pi ece has one or nore center fingers each extending fromat |east one of

the Tour yongeis LIEReek ML 7 UBML0ty TR LEBR PliEss. ol ggenas one or

nore frane Ingers exten rom each bern t one

guadr ant : fs 960[9}¢ i t | YEL el
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bei ng sepaidt@dpysgsdttcal |y by intervening |ayers of dielectric material. In
anot her enbodi nent, the capacitor structure may be conprised of an array

of the device cells, either on a single layer or a plurality of |ayers.

The MOM devi ce can be eagﬂWRh@b%t@E%f%g@mm or copper netal

processes with no additional  process eps. rtironal ly, the

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

~ embodiment, the MOM device may only have 2 single device 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 pieceé.
The center piece has one or more center fingers each extending from at least one
of the 'fou_r ends thereof within a quadrant. The frame piece also has one or more
- frame fingers extending therefrom, each beiﬁg m at least one quad.fa.nt 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 mtervenihg 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 iayers.

The MOM device can be easily integrated with aluminum or

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



3 capacitor structure wll provide a plurality of- | ayout and interconnect
options integratable into a process cell. Using such a MOM device as a
capaci tor based device, high unit capacitance can be realized. BRIEF
DESCRI PTI ON OF THE DRAWNGS FIG 1A illustrates one enbodi nent of the
di scl osure for one of the two layers required to build a MOM or POCP

capacitor device. FIG 1B illustrates one enbodi nent of the disclosure for
the second of two layers required to build a MOM or POP capacitor device.
FIG 2A illustrates one enbodi ment for the via |ayout for the |ayer
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a_upper okich RWeR;ghaYaF capdcfanddcdd belsdaliabgs one enbodiment for the via
| ayout for FIG FAto onnect each polarity parallel electrode to the |like

polarity electrode in an upper or lower layer. FIG 3B illustrates one

enbodi ment for the via n ch polarity
parall el electrode to Fk{zﬁfﬁ%‘é%pﬂﬁv%z@ﬁﬁg‘é&ﬁf%ﬁ%upper or | ower
layer. 4 FIG 3Cillustrates the overlay of via |layouts for FIG 1A and
FI G 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
illustrated in FIG. 1B to connect one polarity paralle] 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 Iike polarity electrode in an upper

or lower layer.



1B to connect each polarity parallel electrode to the like polarity
el ectrode in an upper or |lower |ayer conpeting the a capacitor device unit

cell. FIG 4 illustrates a device group array conprised of the unit cell
devi ces. DETAI LED DESCRI PTI ON A netal -over-netal (MOV) device and the
met hod to manufacture . sane is provided. Those skilled in the art should

know that a plurality of conductive materials nmay be used in the formation
of the electrodes of a capacitor. Each el ectrode nay be conprised of a
di fferent conductive material such as copper, alum num titaniumnitride
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| ayer 104, and a second el ectrode 106. As illustrated, the second

el ectrode el ement Pl@ﬁ4iiﬁu§t9£t@'§9dlé¥ic@_gfrbﬁﬁ%rﬁ>r%hpﬁ§% dfhefiristel®! ect rode
surrou

element 102 is forned by a center piece, ded by the frane piece,

havi ng adeviegs- 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 fromone of the four ends thereof

within a quadrant. The franpmigeeD tis@vserimng four frame fingers

extendi ng therefromand each being in one quadrant and not being
overl apped with the center finger in the sane quadrant.
: A metal-over-metal (MOM) device and the method to manufacture .

same 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 silicor, or
another conductive material,system. For sﬁnplicity, regardless of what specific

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

Referring initially to FIG. 14, illustrated 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 electrc;de 102, a
diélectric layer 104, and a second electrode 106. Asillustrated, the seco_nd
electrode element 106 is formed by a frame piece, and the first electrode element
102 is formed by a cénter piece, surrounded by the frame piece, having a crorss-
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 oﬁe

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



5 1t is understood that although the center portion, the center fingers,
the frame piece, and the frane fingers are described as separate entities

for ill ustration purposes, the center fingers and the center portion can
be formed as a single piece, and simlarly, the franme fingers and the
frame piece can be formed as a single piece. FIG 1B illustrates a second

enbodi nent of a schematic view (if a capacitor structure 112 covered by
the present invention. The capacitor structure 112 includes a first
el ectrode 114, a dielectric layer 104, and a second el ectrode 116. As

illustrated, the secIond el ectro ?@el egent 116 is fornmed by the frame
pi ece, and the firstl&l SRETEHRON] qghth%cqrmrrmrtm thescoenfiopcrs, ece,
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skill in tahel AR leﬁﬁ@&@ that inter connects made to center piece and franme

pi ece el ectrodes conplete the formation of a planar capacitor structure in
100 and simlarly in 112. It is noticed that the structure shown in Fig.

1A is sinmilar to Fi FIGIER Widtrdtbes Escame émag@mr@watsbﬁuﬁﬂﬂé fhwf hngers

arranged differently. For illustration purposes, the structure in Fig. 1A
i s referr edpiotastacthediBicoeeteshgtheameseenoaetidm Flhegcarp%@ltblsshﬁc%% red to
as a 'counter-clockwi se design. As will be shown bel ow, these

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 the 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. 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 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 desig;r_l 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 tbgefher in an MOM device

Furthermore, in order to achieve higher capacitance, structures 100

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



di fferent designs can be incorporated together in an MOM devi ce

Fur t her nor e,

i n order to achi eve higher capacitance, structures 100 and

112 may be stacked in a substantially vertical fashion'in a plurality of

| ayers 6 interconnected with one or a plurality of vias between the

el ectrode |l ayers. It understood that when two netal |ayers are vertically
aligned, if both of themare of either the clockw se or counter-clock-se

desi gn, then,

the via can be nade at any location in the center and frane

pi eces as they overlap in space, although separated by the insulating
| ayers. This woul d_be the sinplest design for stacking up netal layers to

const r ucintaonnersiet with one @ apluralityof vias Between e algctiode layewskt se” and
counter-cl ockwi se. designs can stacked up ,alternate o that the center
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rom prece el ectrode

106 by tdieckifk abesétal bydfdo MdrdtrheeRONG B4, on the center piece 102 in

| ayer 200 are

Intercohnected to via |l ocations 204 on the frame piece 110

i n another |ayer 206 through an interveni-ng | ayer of dielectric 104
separating | ayers AZ@onatidelaDmetalNibier af tys clbtontehad dgurski-tlockwidehe art

know t hat the

dielectric material” may be .

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 throﬁgh 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 204 on the frame piece 110 in another layer 206

through an intervening layer of dielectric 104 separating léyers 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 co.mposition, 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



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 conposition, thickness or both, from
stacked | ayer to stacked |ayer, depending on the process technol ogy

enpl oyed to construct the device. As shown, the capacitor in Fig. 2Ais a
count er-cl ockwi se design and the one in Fig. 2B is a clockw se one. It can
be seen that when stacking these together, the center 7 pieceFig. 2Ais
connected to the frame piece in Fig. 2B. Since there is always frane

piece, to align themin production is very pragtical, Referring nowto FIG
3A and 3Bpiespadig. @A sqoneegted taghe FARPIESE BSF Botl SISBHIGEIAINGY a vi a
interconnzct schene to. capacitor atr cture 306 for both polarity of

el ect r ode$raMBIECE P &ligH tBerm 1 ICAPEHEN 1%y Praci@lat ed from the frare,

pi ece electrode 106 by the dielectric 104. Via locations 202 on the center

piece 102 in |ayer Fé?ﬁ%ﬁ%%&%@ﬁf@%%a%ﬁ Qapvefcﬁ& gﬁﬁé}ygﬁgﬁﬂﬁhpﬂl&he

frame piece 110 in an-int ervenrn

di el ect i 6ndOhRPRALAL 1% VR RccotiReBlhent0B cablcitdMrucklid AP hRs 302

on the frane piece e ayer I nterconnected to via

locat i ons gi%gfhrg%f E&%tilgaeé.eﬂfh@i:@r&@r BRBe elechve no@@@seyam&@ lh-%nafha fah&fveni ng

| ayer of ectric 4 separating layers 300. and 306. F 3Cis atop

vi ew showpigehenbaet1ns ibytibe dficlefteicg0ac kag 1ddibns eyl 66 tRA&nethted@ygr s 300
and 306 are stacked together vertically to conprise a substantially
vertical fapger 800 astintigtomtectdd ® viadatdtiors 284 Onche frespopided Dlltindayer
i nterconnectsS of one polarity electrode of the capacitor and via |ocations
312 cor r 3&ptuodugh anlintarmeringdayeraif she tlidleeris d0bsepapoting laygrsé8ctwbde of
t he capacitor

g 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 layer of dielectric 104 separating layers 300 and 306.

FIG. 3C is a top view showing the footprints of the stacked MOM
device 308. The layers 300 and 306 are stacked together vertically to cbmprise a
substantially vertical capacitor structure. Via locations 310 correspond to the ’
interconnects of one polarity electrode of the capaéitor 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 afe only one
modular 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 increase in packing



structure. \Wat have been shown fromFig. 1A to Fig. 3C are only one
nmodul ar unit of the capacitor. In the actual use, nore than a single unit
is needed. Turning next to FIG 4, a stacked capacitor device group 400 is
shown that is made fromindividual unit cells 402. The units are arrayed in
three dinensions yielding a nodul ar capacitor array design suitable for
incorporation into a library of circuit design tools. FIG 4 also
illustrates the increase in packing 8 density and | ateral capacitance

achi eved when the unit cell 308 is arrayed and the adjacent unit cells
share a common inside unit cell perineter edge. Wien manufacturing a

mul ti | evedersity ahddateral mepaditariveiehibsred oehergtteumit celb3(f ismwray el dithe ces i s
initially formed on a first layer. Standard netal photolithographical and
et chi ng cdjahepbeniticells grave esosynandnside ainitcelnmrimetenpggeed to flatten the
metal. A dielectric layer is then put on top of the first netal |ayer.

- Then, one or nore MOM devices on a second |l ayer are foxnmed that_ are
vertical ly aligned Wnehmapaiaghwrings makilsrelrhetal oy er-mesgld MOMyedavong

devices the first and se | ayer.s.ar.e. .t hen connected so that portions of
the dovigieupomansnoreyEiY desiters aMEENE 1BneS g8 atuscleygr {ed
t oget her. cy.l;bed and .sho bhove, ;the.device cell should sily
scal ed, %&S&b Qh@%ﬁ% N cﬁ%tc Ao e q%thréamcte%ﬁ{%ufgﬁ. é@/ﬁ? onal
DRC (desj i . T bl e wth
st andar di‘% %lge;&a eﬂ: i r Ci &;Q)lroggdggflgﬁgice@ arﬁﬁ?ém?éﬁ%@ﬁ%ﬁéﬁ%e %“F‘%ncessi ng
steps.  ThedaPbfer eHldneBRE br Bt NIOM RVIdBRR!CRLLAR el Mol &l 02
mechani cal pol'1 shing)~ as. _ o

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 corn-patible_‘ with standard
integrated circuit processing, require no additional processing steps.  They are .
extremely suitable for fabrication with CMP (chemical mechanical polishing) as
each layer of metal can be separately processed and expécted to be ﬂat.‘

. Furthermore, the unit cell capacitor structure provide;v, the maximu_m.

interconnection flexibility for integration into circuit design léy outs.

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

in the following claims.



each layer of- netal can be separately processed and expected to be flat.
Furthernore, the unit cell capacitor structure provides the nmaxi num
interconnection flexibility for integration into circuit design |ayouts.
VWil e the invention has been particularly shown and described wth
reference to the preferred enbodi nrent thereof, it wll be understood by
those skilled in the art that various changes in formand detail nay be
made therein without departing fromthe spirit and scope of the invention,
as set forth in t he follomjng claimss. 9 WHAT IS CLAIMED 13: 1. A

nmet al - over - net a & device having at |east one device on a first |ayer,
each cellwﬂﬂﬂﬁ?ﬁ% h¢IMEPIShe piece; and a center piece surrounded by the
frame piece having a cross-shape center portion defining four quadrants of
space between the frane and center pieces; wherein the center piece has

ends ther eof vl hi n*d QLAY Ehtctanonory Fratt Pifh at BRE alifaRl 1 ore

frame fi n(gﬁrl&mgﬂt@?&geg& Célpﬁrﬁ{:,{.ﬁm%nd each being in at | east one quadrgnt

and not being ove ed w enter finger in the same quadrant
The devi ce of shahp e}f\é'l%lhgl nafirst set of two center fingers being
parallel to each ot and extending towards a first and second opposite
directions.  jcenter p1ece 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 fixst 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 sefs of the center

fingers are perpendicular to each other.

10



3. The device of claim2 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 claim3 wherein the frane
finger is parallel with the center finger in the sane quadrant. 5. The
device of claim4 wherein the first and second sets of the center fingers
are perpendicular to each other. 10 6. The device of claim4 wherein the
center finger is perpendicular to a first portion of the cross shape
center piece that it extends from 7. The device of claim4 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 claim1l
further conprising one or npre connection points on the center and frane
fingers of the devihealavitd efrleime4rwheseln theaentes dnges is pepesdiqulaeist one
MOM devi ce cel |l  on second | ayer verticigl .al'%gegF therewith, wherein
the centefirstipegien ehthersoss shepe Cper PigRs E{Eef‘{? 5#F%Re finger of the MOM
device cell on the second layer, and the frame finger on the first |ayer
connects to a center finger of the MOM device cell on the second |ayer. 9.

The devi f,clai4n 1, wh i n_. I . i .of . i i
conneated to an ol il ¢ gARREIERE Hy0e el BRiERIFoRRETT, | °

wh i J i i - i t . .
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devi.ce group having one or '

8. The device of claim 1 further comprising one or more connection
points on the center and frame fingers of the device cell on the first layer
cohnécting t0 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 frame finger on the first

layer connects to a center fiﬁger of the MOM device cell on the second layer.

9. The device 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 ata first volfage

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

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, o

1



nore MOM devices on a first |ayer connected to one or nore MOM devi-ces on a
second | ayer, each of the MOM devices conprising: a frane piece; and a
center piece surrounded by the frane piece having a cross-shape center
portion defining four quadrants of space between the frame and center

pi eces, 11 the center portion having a horizontal conponent and a vertical
conponent; wherein the center piece has four center fingers each extending
f roamof e of the four ends thereof and being parallel to either the

hori zontal or the vertical conponent of the center portion, and wherein
each quadrant has only one such  center finger; Ehereln the frame piece has
four framid imyer gorsanrhasing adiorizontaRoeonest aed arerideH COBEEN BEI ng i n one
guadrant and being parallel with the center finger .in the same quadrant.

B The dovi corhpomgharcrica RCEPdPeF GBS G GHENGHTHiBra L1c
connection.poi nts on the cent and the frame fingers for, copnecting each
devi ce  oftl [IKe/OFF £38s Faiyert 1 BeedRelieia Sost L Tianie L eBnaciigB, 13,

The devi foelaimll ' j . [ e d
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di fferent &nglf- é,than t he quadrant in which a center finger extending
cqadhant. . !
froma sahe end“of center portion of a second device on the second | ayer

connected  wi t i Hohg fth%ﬁra%ﬂ@gie%é had fourTRemegirpess @ichuRtklisg flom 43 wher ei n
the center finger oP the Tirst
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 layer.

13.  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 layerisin 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.

14.  The device group of claim 13 wherein the center finger of the first

device and the center finger of the second device extend in opposite directions.

15. | The device group of claim 13 wherein the frame piece of the first

device and the center piece of the second device are on a first voltage level.

16.  The device group of claim 15 wherein the center piece of the first
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device and the center finger of the second device extend in opposite
directions. 15. . The device group of claim 13 wherein the frane piece of
the first device and the center piece of the second device are on a first
vol tage | evel. 16. The device group of claim 15 wherein the center piece of
the first 12 device and the franme piece of the second device are on a
second voltage level, 17, The device group of claim 13 wherein the frane
finger is closer to the center of the cross-shape center portion than the
center finger in the sanme quadrant. 18. The device group of claim12
wherein the rane fingers of the devices on the first |ayer connect to the

center fingers of the devices rtically, aligned therewith on the second
ayer t hr BABIFeARE B HAER PO BT ECoAS AeThe dooh dor B OBRETIT i 12
wherein the center fingers of the devices on the first |ayer connect to
the frame fingers of the devices vertically aligned therewth on the

second. | ayer rou . CLEOn: NOiant, acturing
a mj! til ev)e/I ng?‘al -ggee?-gﬁlggg?%ﬁ%g@%gergﬁg%&%g&%%ﬁ%g%ri si ng:
formng opg %nt%f%&@ﬂs@'-%ﬁ?g@&rﬁ@r goftidﬁﬁ}aln%@ enfe? Ei%?g%ﬂir?ﬂ?e Qipdore MoM

devices on a second layer that are vertically aligne th the MOM devi ces

on the figghdiayer; connecting the MOM devices on the first and second
| ayers sothat portions of the devices on both |ayers having a sane
vol tage | evel are connected together;

- 18 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.’

- 19. 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.

20. A method for manufacturing a multilevel metal-over-metal (MOM)
device group, the method comprfsiﬁg:
forming one or more MOM devices on a first layer;
forming one or more MOM devices on a second layer that are vertically
aligned with the MOM devices on the first layer;
connecting the MOM devices on the first and second layers so that
portions of the devices on both layers having a same voltage level are connected
together; - |
wherein each device'having:
a fré'me piece; and
a center piece surrounded by the frame piece having a cros{s—shépe

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

13



wherein each device having. a frame piece; and a center piece surrounded
by the frane piece having a cros's-shape center portion defining four
guadrants of spacebetween the frame and center 13 pieces, the center
portion having a horizontal conponent and a vertical conponent; wherein
the center piece has four center fingers each .extendinfg fromone of the
four ends thereof and being parallel to either the horizontal or the
vertical component of the center portion, and wherein each quadrant has
only one such center finger; wherein the frame piece has four frame fingers
each extending fr%glone side thereof, each being in one quadrant and being

paral l el WEh ¢ ReCCTEehPEtiq hyeng mhefieoniahomaprisniand alvertical

component;

wherein the center piece has four center fingers each extendin £
from one of the four ends thereof and being parallel to either the horizontal or
L'lje vertical component of the center portion, and wherein each quadrant hag
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.
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