Adj ustabl e 3D Capacitor FIELD OF THE I NVENTION 5 The invention relates to
the general field of integrated circuits with particular reference to

vari abl e capacitors occupying mninmumchip real estate. 10 BACKGROUND OF
THE 1 NVENTI ON LC or RC matching of networks is critical for some anal og or
RF circuits. Adjustnent of capacitor values after the circuits are already
In use is not possible. Once the capacitor value has been pre-set,
subsequent fine tuning is not possible and is an entirely new nask is

needed for the capacitor Agjustabbé 3De03’pam’itorAddi tionally,
conventional flat capacitor "designs tend to occupy |arge anounts of chip

real estate, acting as a bottleneck for further circuit densification. In
the pre-integrated circuit era, one of the ways of providing an adjustable
20 capacitor was the layout schematically showmn in FIG 1. Seen there are

four top electrodes 15 ng] S(S R%l&ower el ectrode 11. By neans of
swtches 16 the top ele téLBe eﬁlﬁm ted in parallel, as needed to
provi de a capacitance value between 1 and 9 units between points A and B

since, as can be seen, the ratios of the individual top electrode areas

are 5:2:1:1. i _
The invention relates to the general field of integrated circuits with particular

reference to variable capacitors occupying minimum chip real estate.

10 BACKGROUND OF THE INVENTION

LC or RC matching of networks is critical for some analog or RF circuits.

Adjustment of capacitor values after the circuits are already in use is not possible.

Once the capacitor value has been pre-set, subsequent fine tuning is not possible and

15 an entirely new mask is needed for the capacitor portions of the circuit. Additionally,
conventional flat capacitor designs tend to occupy large amounts of chip real estate,

acting as a bottleneck for further circuit densification.

In the pre-integrated circuit era, one of the ways of providing an adjustable

20 capacitor was the layout schematically shown in FIG. 1. Seen there are four top
electrodes 15 that share a common lower electrode 11. By means of switches 16 the

top electrodes can be connected in parallel, as needed to provide a capacitance value
between 1 and 9 units between points A and B since, as can be seen, the ratios of the

individual top electrode areas are 5:2:1:1.



The present invention discloses how the schematic circuit of FIG 1 can be
inplenmented in an integrated circuit, with mnimum consunption of chip real
estate. s Aroutine search of the prior art was perforned with the

followi ng references of interest being found: In US 5,350, 705, Brassington
et al. show a flat capacitor arrangenent with comon top plate. Aitken et
al. in US 6,088, 258 showsa pl anari zed i nterweave 10 capacitor. In US
5,604, 145, Hashizunme et al. disclose a planar capacitor process while in US
5,744,385, Bojabri reveals a conpensation technique for a parasitic
capacitor. 15 SUWARY OF THE I NVENTION It has been an object of at |east
one enbodi fhet pafseht hvendier disclosenhbantheo scipgmaticl eirauit ag aleliG. ot daor beise i n
m cro-electronic circuits. 20 Anot her object of at |east one enbodi nent of

the prigprmentdd @nhh @ﬂe?@e&@ﬁfwt WithtmigrhemGaRaampasn BE chigiroal gdtae. at the
time that said mcro- tronic circuits are being manuractured. 2 Still

anot her object of at |east one enbodi nent of the present invention has been
that said capacitor be adjustable at the tine that said mcro-electronic

cirouits ang e;&?@h@%ea?&? f .*b‘? drt Wag &)eir’fdﬁnEHrﬁlﬁ?fheq%h&ﬁﬁgof'ef@}erlc‘é@%tf one

enbodi nment o € presen entlon
interest being found:

In US 5,350,705, Brassington et al. show a flat capacitor arrangement with
common top plate. Aitken et al. in US 6,088,258 showsa planarized interweave
10 capacitor. In US 5,604,145, Hashizume et al. disclose a planar capacitor process while

in US 6,744,385, Bojabri reveals a compensation technique for a parasitic capacitor.

15 SUMMARY OF THE INVENTION

It has been an object of at least one embodiment of the present invention to

provide a capacitor for use in micro-electronic circuits.

20 Another object of at least one embodiment of the present invention has been
that said capacitor be adjustable at the time that said micro-electronic circuits are being

manufactured.



provi de a process for manufacturing said adjustable capacitor. These

obj ects have been achieved by form ng a set of individual capacitors that
share a conmon bottom el ectrode. The areas of the top el ectrodes of these
i ndividual io0 capacitors are chosen to be in an integral ratio to one
anot her so that they can be conbined to produce any capacitance within a
range of unit values For exanple, if four capacitors whose areas are in
the ratio of_ b5: are provided, then any capacitance in a range of

from1l to &t 'H@ﬁotr@r@bm af ebleaab@@mamb@dwmmtmerqa@at invpalien bazbean e

connected. Such connections can be hard-wired within the final wiring is

| evel that gaidboapreitar baadiusiabkldjalsheiime tbabaait traicrapelectienic cirauibarsdigingt ed
through field progranmable devices to produce a field progranmabl e
capaciused in B! fighd. DESCRI PTI ON OF THE DRAW NGS 20 FIG 1 shows how a group of
capacitors can be connected to provide a wide range of capacitances. FIGs.
2a and 2b show initial steps for the process of the present invention. 3
FI Gs. 3 and 4 shows how several mcro-capacitors may be formed w thout

using up %Ol%rtﬁléﬁadjébi@féﬁébsﬁ&ﬁ@éﬁbo&m’%r@oﬁhéB%nh%eﬁmﬁﬁé bRER té”e
made to the indivi capacitors. FIG shows the circuit of FIG

modi T igeeide aRirOckEsFoPmiRGf diliind 808 S R8ife capacitor.

These objects have been achieved by forming a set of individual capacitors that

share a common bottom electrode. The areas of the top electrodes of these individual

10 capacitors are chosen to be in an integral ratio to one another so that they can be
combined to produce any capacitance within a range of unit values. For example, if

four capacitors whose areas are in the ratio of 5:2:1:1, are provided, then any
capacitance in a range of from 1 to 9 can be generated, depending on how the top
electrodes are connected. Such connections can be hard-wired within the final wiring

15 level to provide a factory adjustable capacitor or they can be connected through field

programmable devices toc produce a field programmable capacitor,

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 shows how a group of capacitors can be connected to provide a wide

range of capacitances.

FIGs. 2a and 2b show initial steps for the process of the present invention.



value. FIG 7 illustrates the additional of external contacts. 10 FI G 8.
Shows how the invention may be adapted to provide a field programmble
capaci tor. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15 We will discl ose
the present invention through a description of the process of the present
invention. In the course of so doing, the structure of the present
invention wll also becone apparent. 20 Referring nowto FIG 2a, the
process of the present invention begins with the provision of suitable
substrate 21 on which is already present (or is to be added) an electrical
circuit of sonme kind including contact pads, such as 26, to which a

capaci t or MGBs3 andbEskans boveskveh snicrocapatitprs nay lbghformed ndthess asingy
exclusively, this will be the topnost |layer of an integrated circuit on a
si | i caip w0afrauch éhipassl ebtateectric | ayer 22 is then deposited onto 21 and
contact pad 26. Layer s 22 could be any of several materials such as
silicon oxide, TECS (tetraethyl orthosilicate), or black di anond

(et hyl - doped porous silica), with any material having a low dielectric

constant belB9sRhBHEHowWcorM¥ttibhs hie MEBETS tislinkRidudl Bhpkafes between about

FIG. 6 shows the circuit of FIG. 1 modified to produce a specific capacitance
value.
FIG. 7 illustrates the additional of external contacts.
10 FIG 8. Shows how the invention may be adapted to provide a field

programmable capacitor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
15
We will disclose the present invention through a description of the process of the
present invention. In the course of so doing, the structure of the present invention wiil

also become apparent.

20 Referring now to FIG. 2a, the process of the present invention begins with the
provision of suitable subsirate 21 on which is already present {or is to be added) an

electrical circuit of some kind including contact pads, such as 26, to which a capacitor



1,000 and 10,000 Angstrons, with 2,000 being typical. This is followed by
| ayi ng down etch stop layer 25 on layer 22. This layer is typically
silicon nitride, but other materials io such as silicon carbide could al so
have been used. It is deposited to a thickness between about 10 and 1, 000
Angstrons foll owi ng which second dielectric layer 23 is deposited on it.
W will refer to |layer 23 as a support dielectric |ayer. W have usually
used an oxide such as silicon oxide or TECS for the support is dielectric
| ayer iBd® betansnentede rilastrosupaniysthougblnodingaesaarty exglusively, tbisrwil de theul d

al so have been used. It is deposited to a thickness between about 1,000
and 5,topmostiayeneisan ixtegratedi circhiilon 23ilicen eafdred t hr ough support dielectric
| ayer 23 as well as etch stop |layer 25 and base dielectric |ayer 22,

t her eby exposing contact pad 26. 20 After deposition of a barrier |ayer
(not shown) in via hole 27 it is overfilled with tungsten and then

pl anari zed %0288 didledtBEMYRr 2 isttna@aggagiw ohteS2 flandicdntatt pa8, t 1 &geri N

the formation of tungsten via 35 (FI Then, as seen in FIG 2b, three

tgenches cpfy Eé‘aénfﬂfegévésrﬂg ]E}H arih%y%cﬁ?’aéssifié’érha&i%,f"FE%S)p(Tt]ét?é’eﬁg\//Ig&

are etched. The presence yer ensures that trenches

exact kR AL eI CAAPLgD uplh ShbaLSHISEN AR fahdho, o °
0, L BB cp BRI IEBEo LD 4Seed BRLSHH BB 1
1,000 and 10,000 Angstroms, with 2,000 being typical. This is followed by laying down
etch stop layer 25 on layer 22. This layer is typically silicon nifride, but other materials

10 such as silicon carbide could also have been used. It is deposited to a thickness

between about 10 and 1,000 Angstroms following which second dielectric layer 23 is

deposited on it. We will refer to layer 23 as a support dielectric layer.

We have usually uéed an oxide such as silicon oxide or TEOS for the support

15 dielectric layer but other materials such as black diamond or silicon carbide could also
have been used. It is deposited to a thickness between about 1,000 and 5,000
microns. Next, via hole 27 is etched through support dielectric layer 23 as well as etch

stop layer 25 and base dielectric layer 22, thereby exposing contact pad 26.

20 After deposition of a barrier layer (not shown) in via hole 27 it is overfilled with
tungsten and then planarized so as to remove all tungsten not inside via 27, resulting in
the formation of tungsten via 35 (FIG. 2b). Then, as seen in FIG. 2b, three trenches

24, that extend through layer 23 as far as etch stop layer 25, are etched. The presence



| ayer 23, using a conformal deposition nmethod such as PECVD (pl asma
enhanced chem cal vapor deposition) to ensure that its thickness is

uni form everywhere, including the floors and walls of the trenches. CQur
preferred nmetal for layer 11 has been A, but other nmetals such as Ti or
Ti N coul d al so have been used. Layer 11 is deposited to a 10 thickness

bet ween about 100 and 3,000 Angstrons and is then patterned to forma
common capacitor electrode (see FIG 1) that is in contact with tungsten
vi a 3%f |ayars25 enswks deatdalblyendresdepaserdatip thé shinghdetitb] diaahi fcermambasat
material |ayer 32 on common capacitor electrode 11 and then patterning

| ayer vddth betwadem abot 0.Haind 0.8 whibsonsland ey krepshe ar®Bepantad from ehect r ode
11. Exanples of layer 32 material include, but are not limted to, silicon
ni tri dgothaByhativesl adsut Baf AT RsioAS, d%ﬁ%dﬁg\% BoRnelogYRlesldn runes
deposited to a thickness between about 30 and 300 Angstrons. refer now
to FIG 4. Metal layer 15 is deposited on high dielectric constant 20

| ayer 32 and then patterned to form four unconnected top el ectrodes 151,
152, and 1 I QHAr r 2l ac ese
cgrrespondigege?lﬁg Ré%\gg capasgi‘ﬁéir%é I%&?E@d@{t,h%%?g%bsgtﬁg e@ﬂ@%sﬁﬁal@ ot
schemgti c y i.n FI G so,their..relatjv 6_are rranged .to be in
The r RV 353usiga GontorF deRebinof; kbl ader 58 TECUD THagRd ensidheRd, ' o
o M eetos oo b alord o smenss fiad o Fibknded i\ o ovShers, S5aldivg /"

the floors and walls of the trenches. Our preferred metal for layer 11 has been Al, but
other metals such as Ti or TiN could also have been used. Layer 11 is deposited to a
10 thickness between about 100 and 3,000 Angstroms and is then patterned to form a

common capacitor electrode (see FIG. 1) that is in contact with tungsten via 35.

This is followed by the deposition of high dielectric constant material layer 32 on

common capacitor electrode 11 and then patterning layer 32 toc make sure that it fully

15 overlaps common capacitor electrode 11. Examples of layer 32 material include, but
are not limited to, silicon nitride, tantalum oxide, hafnium oxide, and aluminum oxide. It

was deposited to a thickness between about 30 and 300 Angstroms.

We refer now to FIG. 4. Metal layer 15 is deposited on high dielectric constant
20 layer 32 and then patterned to form four unconnected top electrodes 151, 152, and
153, all of whom are overlapped by common electrode 11. These correspond to the

four capacitors marked 1, 1, 2, and 5 shown schematically in FIG. 1 so their relative



5 well as any exposed parts of layer 32) and four via holes 16 are etched
through |l ayer 53 so as to expose contact area for each of top el ectrodes
151, 152, and 153. Via holes 16 are then filled with tungsten as already
descri bed above so as to provide contacts such as 54 for connection to the
capacitor top plates. 10 The process of the present invention concludes by
descri bing two possible enbodinents that differ in how final connections

are made to the ca itor. top electr s, [For exanple, to_provide a

cpac ATERS AEs Agnabd it b inibratf £112:8 Viatepals anth (K EaMm N 618nd 62

need to be closed, as shown in FIG 6. 15 In a first enbodi nent a netal

| ayer Simdar tonubahwassused @rdmh 1dn | ayer 53 and then patterned to make

per manent (hard-w red) connections to el ectrode 153 and either of the

el ectrodes 151. In a second enbodi nent, a contact wire (not shown) is

provi ded near each contact, such as 54, and then connected to it through a
field progriRefieririgenexddy iFt@. 5,Tihos dietsailic lyen53 id theinddgposidedonmdbyer 1adamci t or

whose val ue can be adjusted at 20 the tinme that it is needed in the field.

Exanplwesll 8§ appespidad partd of Iayegsmriroar de\Holkes16 hnsbieed though fayernks,
anti-fuses, resistors, capacitors, and pass transistors. 7 W concl ude our

descri BBigNa®ho RBosd B8RRIt LR dht tB?téléardd&twﬁ 159V @ngel1gat egliat 0

vary capacitance val ues by introducing differences 1n area. This could al so

B 3"55 gﬁg% A6 AP e Rt WithS ingbtefPaS dirdaly WeRcAbES Hbbls Gd bk Mb! frotiiaess.

contacts such as 54 for connection to the capacitor top plates.

10 The process of the present invention concludes by describing two possible
embodiments that differ in how final connections are made to the capacitor top
electrodes. For example, to provide a capacitor having a value of 6 units of

capacitance, connections 61 and 62 need to be closed, as shown in FIG. 6.

15 In a first embodiment a metal layer (not shown) is laid down on layer 53 and
then patterned to make permanent (hard-wired) connections to electrode 153 and either
of the electrodes 151. In a second embodiment, a contact wire (not shown) is provided
near each contact, such as 54, and then connected to it through a field programmable
device. This results in a field programmable capacitor whose value can be adjusted at

20 the time that it is needed in the field. Examples of possible field programmable devices

include fusible links, anti-fuses, resistors, capacitors, and pass transistors.



nore than one dielectric material (each having different dielectric
constants), or by any s conbination of these three possibilities. 8 Wat
is clained is: 1. An adjustable capacitor, conprising: a silicon wafer

havi ng a topnost | ayer on which are contact pads connected to a s circuit
contained in said wafer; a base dielectric |ayer on said topnost |ayer and
said contact pads; an etch stop |layer on said base dielectric layer; a
support dieJectric |ayer .on said etch stop | ayer; a tungsten via, extending
through sai es‘ms@#d@ éi"eﬂ%%qrmt'em%fy@ﬁ Pregent iiventian dy nating ek we fr¥esai d
base dielectric layer, and contacting said contact pad; three trenches that
ext enctledied i@ yanarapasitppes valges ycintrpdusing éiffergnges Inadregai this sould alsep

| ayer; a conmon capacitor electrode on said support dielectric |ayer,

i ncl udiavg bheen adecomplishied tyndsee of mdratthan mnacdielestiicdfiltruthickneas.vby psé ©f on
said common capacitor electrode, a layer of high dielectric constant

mat er imbre thBatorfeudiclectricenmbtepial ol tavimp diffesgritalidlectriel constamts); ooby aayd hi gh
di el ectric constant | ayer, four unconnected top el ectrodes, all of

5 combination of these three possibilities.



whom are overl apped by said common el ectrode, said top el ectrodes having,
relative to one another, areas in the ratio 5:2:1:1; 20 a top dielectric

| ayer on said top el ectrodes and said high dielectric constant |ayer; four
tungsten vias, extending through said top dielectric layer, that contact
each top electrode, one such via per electrode; and 9 on said top
dielectric |ayer, permanent electrical connections between said top

el ectrodes, whereby said adjustable capacitor has a specific capacitance
vaIueVVBaf$H$m6ﬁ@d%|tor described in claim1 wherein said base dielectric

| ayer is selected 5 fromthe group consisting of silicon oxide, black

di anond, and all dielectrics having a dielectric constant |ess than about
5 and said base dielectric layer is deposited to a thickness between about
200 and 5, adjostablecsapacitor, Ebmpeisimgci t or described in claim 1 wherein said
etch stop layer is selected from 10 the group consisting of silicon

nitride and &iiddrcRafe? dalinde Bpndst IARROH Whigh tPe @ohﬂ&btﬁb%éonr@ﬁé@&ﬂa about
20 and 500 m crons. 4. The capacitor described in claim1 wherein said

sypporcrlmﬁ {2 rfeldcm e? sel ected fromthe group consisting of silicon
oxi de I armn a’I | dielectrics having a dielectric constant

l ess than ahout dﬁe@Echﬁéyéjr HERG b 1578 drs dAY 8bntatt pads:

an etch stop layer on said base dielectric layer;
a support dielectric layer on said etch stop layer;
a tungsten via, extending through said support dielectric layer, said etch stop
10 layer, and said base dielectric layer, and contacting said contact pad;
three trenches that extend through said support dielectric layer as far as said
etch stop layer;
a common capacitor electrode on said support dielectric layer, including inside
said trenches, that contacts said tungsten via;
15 on said common capacitor electrode, a layer of high dielectric constant material
that fully overlaps said common capacitor electrode;
on said high dielectric constant layer, four unconnected top electrodes, all of
whom are overlapped by said common electrode, said top electrodes having, relative to
one another, areas in the ratio 5:2:1:1;
20 a top dielectric layer on said top electrodes and said high dielectric constant
layer,;
four tungsten vias, extending through said top dielectric layer, that contact each

top electrode, one such via per electrode; and



I's deposited to a thickness between about 200 and 5,000 Angstrons. 5. The
capacitor described in claiml wherein said common capacitor el ectrode and
said top electrodes are a netal selected fromthe group consisting of Al,
AlCu, Cu, Ti, TiN and Ta and have a thickness between about 200 and 5, 000
Angstrons. 20 6. The capacitor described in claim1l wherein said |ayer of
hi gh dielectric constant material is selected fromthe group consisting of
silicon nitride, tantalum oxide, 10 alum num oxide, and hafni um oxi de and
i s deposit exh saiddophlieleniticdapet weenansniueletificalacahreetions etweers said. tophe
capacitor described in claim1l wherein each trench has a wdth between s
about dlediraed, Oh8rebiycgaich adjpisthbacabdditenbhe a speeifis ¢ppaaitattefvatue.one anot her
by between about 0.1 and 0.8 microns. 8. A field programmbl e capacitor,
conprising: a silicon wafer having a topnost |ayer on which are contact
pads connected to a 1o circuit contained in said wafer; a base dielectric

layer on saph tARERst dbééﬁbredaiﬁ%lﬁﬁi ﬁjvﬂ%ﬁ’élﬁ%’azdf’ﬁg dic¥ébtfic e?li‘iserlb ¥gr on

sai d base dielectric layer; a support ectrlc ayer on sald etch stop

! &Yel \from the group consisting of silicon oxide, black diamond, and all dielectrics having a
dielectric constant less than about 5 and said base dielectric layer is deposited to a

thickness between about 200 and 5,000 Angstroms.

3. The capacitor described in claim 1 wherein said etch stop layer is selected from
10 the group consisting of silicon nitride and silicon carbide and is deposited to a thickness

between about 20 and 500 microns.

4. The capacitor described in claim 1 wherein said support dielectric layer is

selected from the group consisting of silicon oxide, black diamond, and all dielecfrics

having a dielectric constant less than about 5 and said support dielectric layer is

15 deposited to a thickness between about 200 and 5,000 Angstroms.

5. The capacitor described in claim 1 wherein said common capacitor electrode and
said top electrodes are a metal selected from the group consisting of Al, AlICu, Cu, Ti,
TiN, and Ta and have a thickness between about 200 and 5,000 Angstroms.

20
6. The capacitor described in claim 1 wherein said layer of high dielectric constant

material is selected from the group consisting of silicon nitride, tantalum oxide,

10



a tungsten via, extending through said support dielectric |ayer, said etch
stop is layer, and said base dielectric |layer, and contacting said contact
pad; three trenches that extend through said support dielectric |ayer as
far as said etch stop layer; a conmon capacitor electrode on said support
dielectric layer, including inside said trenches, that contacts said
tungsten via; 20 on said comobn capacitor electrode, a layer of high
dielectric constant materia that fully overlaps said conmon capacitor

el ect ragreinuir osidesand hafrgbmdiddeeandiis depositeshito 4 fyicknessdiatwaat @abaut2@d t op
el ectrodes, all of whom are overl apped by said comon el ectrode, said top
el ect ramde80hAngstepms.el ative to one another, areas in the ratio 5:2:1:1; a
top dielectric layer on said top el ectrodes and said high dielectric
constant 5 |ayer; four tungsten vias, extending through said top
dielectric layer, that contact each top el ectrode, one such via per

el ect rode; TaRAcAhcHBF deb@ibed f 8alh! € wWHaYSH edthMBEACH hﬁs%%cﬁﬁtbéﬂvég?f or

each of said four tungsten vias, said contact wres being connectable to

each oiRgf drae 8.4 nfbbnk" 298 AWEPRRchdd HEVi&RFated from one another by

between about 0.1 and 0.8 microns.

8. A field programmable capacitor, comprising:
a silicon wafer having a topmost layer on which are contact pads connected to a
10 circuit contained in said wafer;
a base dielectric layer on said topmost layer and said contact pads;
an etch stop layer on said base dielectric layer;
a support dielectric layer on said etch stop layer;
a tungsten via, extending through said support dielectric layer, said etch stop
15 layer, and said base dielectric layer, and contacting said contact pad;
three trenches that extend through said support dielectric layer as far as said
etch stop layer;
a common capacitor electrode on said support dielectric layer, including inside
said trenches, that contacts said tungsten via;
20 on said common capacitor electrode, a layer of high dielectric constant materia

that fully overlaps said common capacitor electrode;

11



9. The capacitor described in claim8 wherein said field programmabl e
devices are selected fromthe group consisting of fusible |inks,
anti-fuses, and pass transistors. is 10. The capacitor described in claim38
wherein said base dielectric layer is selected fromthe group consisting
of silicon oxide, black dianond, and all dielectrics having a dielectric
constant | ess than about 5 and said base dielectric layer is deposited to a
t hi ckness between about 200 and 5,000 Angstrons. 20 11. The capacitor

descri bed ion saidihigl® di¢lectdc rconatat daydr, sfoop unegenedted tep edectbdespall afhe
group consisting of silicon nitride and silicon carbide and is deposited to

a thi elties sire beénaedabosdid Zomanon 2Retrode) said tof let#oddd haviagaeldtive to
described in claim8 wherein said support dielectric layer is selected

from tgme fHoPNGEr, GRS iRithd eatRf5:811:1.con oxi de, black di anond, and all
dielectrics having a dielectric constant |ess than about 5 and said

support di g HIe‘Feétﬁé/‘i’é_lyﬁé%cnaggiglot gt%%cﬁed %CQ&% #%M@mﬁncmfaraoo and

5 000 Angstrons. escr in cl ereln sard
?P’:eqpaci tor electrode and said top el ectrodes are a netal selected
fromt or oup consisting of A, Al Cu, Cu, Ti, Ti N, and Ta and have a

t hi ckness en about 20 000, An | to
I ckness Rel e oRR Wi, 0% s TP Aok eat er, HIS SRS
top electrode, one such via per electrode; and
on said top dielectric layer, a metallic contact wire for each of said four tungsten

vias, said contact wires being connectable to each other through field programmable

10 devices.

9. The capacitor described in claim 8 wherein said field programmable devices are

selected from the group consisting of fusible links, anti-fuses, and pass transistors.

15 10.  The capacitor described in claim 8 wherein said base dielectric layer is selected
from the group consisting of silicon oxide, black diamond, and all dielectrics having a
dielectric constant less than about 5 and said base dielectric layer is deposited to a

thickness between about 200 and 5,000 Angstroms.
20 11.  The capacitor described in claim 8 wherein said etch stop layer is selected from

the group consisting of silicon nitride and silicon carbide and is deposited to a thickness

between about 20 and 500 microns.

12



material is selected fromthe group consisting of silicon nitride, tantalum
oxi de, al um num oxi de, and hafnium oxide and is deposited to a thickness
bet ween about 20 and 500 Angstronms. 15 15. The capacitor described in
claim8 wherein each trench has a width between about 0.1 and 0.8 m crons
and said trenches are separated from one another by between about 0.1 and
0.8 mcrons. 13

12. The capacitor described in claim 8 wherein said support dielectric layer is
selected from the group consisting of silicon oxide, black diamond, and all dielectrics
having a dielectric constant less than about 5 and said support dielectric layer is

deposited to a thickness between about 200 and 5,000 Angstroms.

13.  The capacitor described in claim 8 wherein said common capacitor electrode and
said top electrodes are a metal selected from the group consisting of Al, AlCu, Cu, Ti,

TiN, and Ta and have a thickness between about 200 and 5,000 Angstroms.

10 14.  The capacitor described in claim 8 wherein said layer of high dielectric constant
material is selected from the group consisting of silicon nitride, tantalum oxide,
aluminum oxide, and hafnium oxide and is deposited to a thickness between about 20

and 500 Angstroms.

15 15. The capacitor described in claim 8 wherein each trench has a width between

about 0.1 and 0.8 microns and said trenches are separated from one another by

between about 0.1 and 0.8 microns.

13



