;e3e\ YS@ID6zTAK 6  ADJUSTABLE 3D CAPACI TOR FI ELD OF THE | NVENTI ON The
invention relates to the general field of integrated circuits with
particul ar reference to variable capacitors occupying m ninum chip real
estate. BACKGROUND OF THE | NVENTI ON LC or RC matching of networks is

critic anal og or RF circuits. Adjustment of capaci Wm
after %\ﬂ\“@“\“ﬂﬂmm\ are already in use s not possible. Once mmmm
val ue een pre-set, subsequent fine tuning is not possible and,ap
entirely n&®¥%task is needed for the capacitor portions of the circuit.

Addi 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

provi di ng an adj ustabl e capacitor was the | ayout schematically shown in
FIG 1. Seen there are fﬁwuﬁa'ﬁ%%&DGdEﬁCﬂ%QRwat share a conmon | ower

el ectrode 11. By neans of switches 16 the top el ectrodes can be connected
in parallel, as needed to fpEQLD OF THE MNHENTMONe val ue 2 between 1 and 9
units between points A and B since, as can be seen, the ratios of the

i ndividual top electrode areas are 5:2:1:1. The present invention discloses
how the schematic circuit of FIG 1 can be inplenented in an integrated
circuit, w theTinveRtion GERESETES itifd qeinefdli fitld &5F infygrated- ciftuite Wvith pastculah of
the prior art was performed with the follow ng references of interest being
f ound: i -5'&5"‘?-)' t il ﬁ.m.w) I apacitor
arrangerrbrefbr#ﬁcvﬁé%h c{)ag)’r%%a%’)cg%p at e. S}E%trlggllrllmgt a ??aﬂ e%gt%., 088, 258 showsa

pl anari zed interweave 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. SUVWARY OF THE | NVENTI ON
It has been an object of at |east one enbodi nent of the present invention

to provide a capacitor for use in mcro-electronic circuits.
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
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
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



3 Anot her object of at |east one enbodi nent of the present invention has
been that said capacitor be adjustable at the tinme that said

m cro-electronic circuits are being manufactured. Still another object of
at | east one enbodi nent of the present invention has been that said
capacitor be adjustable at the time that said mcro-electronic circuits are
being used in the field. A further obj%ct of at | east one enbodi nent of the
present invention has been to provide a process for nanufacturing sai d

adj ust ghl. e aci These obj e een hi d b t of
i vi Qe gL 3iid § o RRwesTbb@Rls" AicR SEER. 35 2af b8! septhe. Rotuith 818,
the top el ectrode f these i ndi_vj capacitors are chosen to be in an

i nt egrén‘?}"gf‘?()tof’(??%ﬁ@d&rﬂf?ﬁ%?r% Qtﬂgt 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 5:2:1:1, are provided, then any capacitance
in arange of froml to 9 can be generat ed, depending on how the top

el ectrodes dhe prsesttimentisnctiscloseshovbihe sghematinafieuiti ofellGi { hean bie
final wiring level to provide a factory adjustable capacitor or they can be
connectimglenhentad iin &n éntdgrated cacaipwith rdimimomscansumpdidncd chipf ieal dstate.

pr ogrammabl e capacitor, 4 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows
how a group of capacitors can be connected to provide a w de range of
capaci tances. FIG 2 shows the starting point for the process of the

present inveiidime ddaréh o?t@wﬁrlﬁr Th e r%&;’r&rﬁ@de\hﬁ}ll tHE Fdll@m/ﬁ@%fetré’ﬁ&s”@fy be

formed w thout using up too estate
connect; gt 0 the individual capacitors. FI G 6 shows the circuit
of FI G'ht%%tyeﬁ,d@ﬁf‘o produce a specific capacitance

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
capacitor. In US 5,604,145, Hashizume et al. disclose a planar capacitor process while

in US 5,744,385, Bojabri reveals a compensation technique for a parasitic capacitor.

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.



val ue.. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS W wi || di scl ose the
ptesent 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. 5 Referring nowto FIG 2, the
process of the present invention begins with the provision of suitable
substrate 21 on which is already preseﬁt (or is to be added) an electrical
circuit of some kind including contact pads, such as 26, to which a

cxerusi vel y M ofiBRY ESE fact Sk GRBRR N o K Htabely, BFERRIThut Beep,

silico fer. A hase dielectric |ayer 22.is. then d sited ogpto 21 and
cont acthiikra sanacifE beadudabl 4ahd e, fat s miciorgleanionlcicith 8 BefB: con
oxi de, TECS (tetraethyl orthosilicate), or black dianmond (nethyl-doped

por ous Manyfagluredyi t h any material having a | ow dielectric constant being
preferred, and it is deposited to a thickness between about 1,000 and

10, 000 Angstroms, with 2,000 being typical. This is followed by |aying down
etch stop layer 25 on layer 22. This layer is typically silicon nitride,

but ot her n@Btillranatteersabjéctad asldast one embndilaenef tHe presertaventior hasdeen |t
is deposited to a thickness between about 10 and 1,000 Angstrons follow ng

whi ch ghatosHid dapheitiribecadjastable?at the tidepthet said mitro-electidnid ditcultsaes beingl ayer
23 as a support dielectric layer. W have usually used an oxi de such as

si | i consylifenetieldECS for the support dielectric |ayer but other materials
such as black dianmond or silicon carbide could al so have been used. It is
deposited to a thickness between about 1,000 and 5,000 mcrons. Next, via
hol e 27 is etched through support dielectric layer 23 as well as etch stop

layer 25 and, Ragr BpflcP o bt feasPERE eftbodiMER iSRS MIEMIbA Hasibnd®:  ©

provide a process for manufacturing said adjustable 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
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
level to provide a factory adjustable capacitor or they can be connected through field

programmable devices to produce a field programmable capacitor,



After .deposition of a barrier layer (not shown) in via hole 27 it is
overfilled with tungsten and then planarized so as to renove all tungsten
not inside via 27, resulting in the formation of tungsten via 35 (FIG 3).
Then, as seen in FIG 2, three trenches 24, that extend through |ayer 23 as
far as etch stop | ayer 25, are etched. The presence of |ayer 25 ensures
that all trenches have exactly the sang depth. Each trench has a width

bet ween about 0.1 and 0.8 microns and the trenches are separated from one
anot her by between about 0.1 and 1 m crons, depending on technol ogy design
rules. Referring nowto FIG 3, netal layer 11 is then deposited over the
surface of |ayer 23, i r el LLi hod such as PECVD

(pl asma enhanced cheﬁlﬁﬁgfg%gﬁ%@ﬁﬁpﬂ:dﬁﬁ?%%’kwy that its thi ckness is
uni form ever mhere including the floors and walls of the trenches.
preferred mit@ T showsfiew a19TRHR afecapanitorspean berrannestes to pravidex3 mdeor
Ti N coul d al so have been used. Layer 11 is deposited to a thickness between
about Tengenficapaxit@ngedystroms and is then patterned to forma comon
capacitor electrode (see FIG 1 ) that is in contact with tungsten via 35.
This is followed by the deposition of high dielectric constant materi al

| ayer 32 on commobn capacitor electrode 11 and then patterning |layer 32 to
make sure tIRAG, rztshBWsltMe@t&fh@paummﬂmélpe@dé@eio&me pieseht ipdentioh. Exanpl es of
| ayer 32 material include, but are not limted to, silicon nitride,

t ant al um oxi de, hafni um oxi de, and al um num oxide. It was deposited to a

t hi ckness between about 30 and 300 Angstrons W refer nowto FIG 4.

pat ternod & 105 S, ShORE Nk R RaldhRiPEabadioRe RENHY At g "
mhon1ang}@%ﬁébaﬁgﬁﬁfgﬁ!&ggapn el ectrode 11. These correspond to the four

capacit and 5 shown schematically in FIG 1 so their
relative areas are arranged to be in the ratio 1:1:2:5. Materials and

t hi cknesses for layer 15 are simlar to what was used for |ayer 11.
Referring next to FIG 5, top dielectric layer 53 .is then deposited on

| ayer 15 (ad @ebishgwshigw QQW&Q&%&W gage tpdhe inddigual capaeitdtsyi a hol es 16
are etched through layer 23 so as to expose contact area for each of top

el ectrodes 151, 152, and 155. Via holes 16 are then filled with tungsten as
al ready descri bed above so as to provide contacts such as 54 for connection
to the capadilGot shpwpltbe eircuiliod FiGo deswdiffed: toeprodeisera spaciatdapacitancel udes
by describing two possible enbodinents that differ in how final connections
are madalde the capacitor top el ectrodes. For exanple, 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. In a first enbodinent a netal |ayer
(not shown) is laid down on |ayer 23 and then patterned to nmake permanent
(hard-wired) connections to electrode 155 and either of the el ectrodes 151.
In a second enbodi nent, a contact wire (not shown) is provided near each
contact, such as 54, and then connected to it through a field programmbl e
device. This results in a field programmbl e capacitor whose val ue can be

I e S R R

resistors, capacitors, and pass transistors. W conclude our description of
the present invention by noting that we have el ected to vary capacitance

val ues by introducing differences in area. This could al?o have been
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 will -

also become apparent.



acconpl i shed by use of nore than one dielectric filmthickness, by use of
nore than one dielectric material (each having different dielectric
constants), or by any conbination of these three possibilities. 9 What is
clainmed is: 1. A process for form ng an adjustabl e capacitor, conprising:
providing a silicon wafer having a topnost |ayer on which are contact pads
connected to a circuit contained in safd wafer; depositing a base
dielectric layer on said topnost |ayer, |nclud|ng sai d contact pads;

deposi ting etch stop | r,on said bas ielectri.c ositing a
support  di clRESENTG fayde R Heptoness 8 theayé?senét'wﬁ"é begid e e

t hrough said support dielectric |ayer, said etch stop |ayer, and sald base
di el ectFPrPE'Slozﬁ'y‘éfD suitable sHhsteats &t AP V!@PEI ig giready Pﬁ%ﬁf’"tdebb%tq PRAAdeHAN er

| ayer in said via hole, then overfilling said via hole with tungsten and

t hen pI%lﬁ@tﬂcéhm@ug@fﬁm%klﬂdmwlagICODtﬁﬁBsP?dﬁ, slsh as2Pddo svhieh @icgpagitemhi ng
three trenches that extend through said support dielectric |ayer as far as
sai d etislio begonnagted, Mestoxinnmnglyathiougbtnadt ageesssrilyrexcliisively sthisowitiupptiet
dielectric layer, including inside said trenches, and then patterning said
first nepmost kyer of an fntegratedceirouitroncapiticon aafarl ect rode that contacts said
tungsten-filled via hole; depositing a |layer of high dielectric constant
material on said commobn capacitor el ectrode and then patterning said high
dielectric constant |ayer whereby it fully overlaps said common capacitor

el ectrode; Bﬁsé’g{?@ﬁgtﬁ& Myt 2LEMEN P8It ot 2 afll tsbt!Yadodl! hgstric

constant |ayer an
22 could be any of several materials such as silicon oxide, TEOS (tetraethyl
orthosilicate), or black diamond (methyl-doped porous silica), with any material having a
low dielectric constant being preferred, and it is deposited to a thickness between about
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 nitride, but other materials
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 used an oxide such as silicon oxide or TEOS for the support
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.



patterning said second netal |ayer to formfour unconnected top el ectrodes,
all of 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; depositing a
top dielectric layer on said top electrodes and said high dielectric
constant | ayer; etching four via holes through said top dielectric |ayer
whereby a contact area is exposed for gach of said top el ectrodes;
depositing a barrier layer in said via holes, then overfilling said via

holes with t sten_and the l rizin 1o r L1 .t not
st de- sai o AT depoelion gick PaietIRie By shSufin de TR fie oketAHEd Sl

| ayer so as to provi de permanent connections between, sajd t el ect r odes,

t her ebyuBgRIPRGnENeEN Rliriacizad o6 as497emave ol Wpgslening! NS via A cesiingin 5
The process described in claim1 wherein said base dielectric layer is

sel ect dbe flemationeofgiupgptenoiaidst (Fig. 3F. Thencasnsesn ieFIGESShres HerchRsaddnd,
and all dielectrics having a dielectric constant | ess than about 5 and said
base dithakextend thraygh layer &Spas fareas ¢toh staphlaykn2Ssalecetabed Fbheutre@@rceanfd
5,000 Angstrons . 3. The process described in claim1l wherein said etch

stop | dager 25 epelirst that fall treridhes gravepexamtlyi thei segn@idept. | Eachntrérichdkrasiad
silicon carbide and is deposited to a thickness between about 20 and 500

M cr onsyidth bétwedi a66HS0deskd i@ dnicibne! andntie WeRtRed ap@iséparie® fiom one
dielectric layer is selected fromthe group consisting of silicon oxide,

bl ack dérfb’iﬁ’ég%gfn@é}%eéh'ab%?bﬂcéﬁd ?%iEl%‘hisf‘E?ﬁendiﬂg?lgﬁi é‘érﬁfbﬁddéﬁdﬁ’d}ghﬁéﬁ. | ess

t han about d said support dielectric layer eposi t t hi ckness
bet ween about 200 and 5,000 Angstroms. 5. The process described in claiml
wherein said nmetal |ayers are selected fromthe group consisting of A, Ti,

TN 0 sl gl ISR 25 SN 1) R R o R o
layer 23, using a conformal deposition method such as PECVD (plasma enhanced
chemical vapor deposition) to ensure that its thickness is uniform everywhere, including
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
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 foliowed by the deposition of high dielectric constant material layer 32 on
common capacitor electrode 11 and then patterning layer 32 to make sure that it fully
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.



6. The process described in claim1l wherein said | ayer of high dielectric
constant material is selected fromthe group consisting of silicon nitride,
t ant al um oxi de, al um num oxi de, and hafnium oxide and is deposited to a

t hi ckness between about 20 and 500 Angstrons. 7. The process described in
claim1l wherein each trench has a width between about 0.1 and 0.8 mcrons
and said trenches are separated from ohe anot her by between about 0.1 and
0.8 microns. 8. A process for formng a field programmbl e capacitor,

Contact paaiRgHlRt Rl Blo, £ RistRl Blal Y Ea%ﬁ@?@%ﬁweﬁﬂﬁ% b a
deposi 1RV 4 208 cREB Raflrige fo JAR oty uaéwmc@c@lt,c‘ei?'e g [ Hlopiar iy

support dielectric layer on said etch stop |ayer; et hlng a Vi a hole
t hr ougH 56aidll efumhentargi evesiapped hyagammosaelgcisede 13t O'Bh%@y@@"e%ﬁﬂﬂ\ dst9i hepase
dielectric |layer, thereby exposing said contact pad; depositing a barrier
| ayer ifausaapacitoss marked tihdn 2o\amdf § Ishiowsy schiemhaticallyin &1Gi drsa theisstedativend
then planarizing so as to renove all tungsten not inside said via; etching

t hr ee tareashesatrbngecttd badh tHe mtight :$2:5 Matepalstard] ticknesses faryayerad dr as
said etch stop layer; depositing a first |layer of netal on said support

di el ectgimiar taw@iat warchssd fogldyeside said trenches, and then patterning said
first netal layer to forma conmon capacitor el ectrode that contacts said

tungsten-filled via hole; depositing a | ayer of high dielectric constant
material on said commpn capacitor electrode and then patterning said high

dielectric t r K gor
el ectrode; epgfsrl |%%ﬁ§€§éd§2§’d%9fgie&¢g 'E‘%&?P?géénﬁﬁ‘. ﬂog'tﬁggm ?%ct r @
const anteli &Y Sny gggosedepg'arts of layer 32) and four via holes 16 are etched through layer 23

s0 as to expose contact area for each of top electrodes 151, 1562, and 155. Via holes

16 are then filled with tungsten as already described above so as to provide contacts

such as 54 for connection to the capacitor top plates.

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.

In a first embodiment a metal layer (not shown) is laid down on layer 23 and then

patterned to make permanent (hard-wired) connections to electrode 155 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



patterning said second netal |ayer to formfour unconnected top el ectrodes,
all of 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; depositing a
top dielectric layer on said top electrodes and said high dielectric
constant | ayer; etching four via holes through said top dielectric |ayer
whereby a contact area is exposed for fach of said top el ectrodes;
depositing a barrier layer in said via holes, then overtilling said via

st de U PAT AT n80ed K PRBERIC i BRsSt Rikshls PR R RrmabRtRiERs

I
| ayer to for contact . wre for. each of said filled via holes; and 13
connect"i“ﬂﬁc?%g}sgblﬁ3H%%cﬁ'\“#&s9\§’rr§§'sf°(5s’e°£tﬂacﬁ?rﬁe?"q RASRIANSISI progr ammabl e
devi ces, thereby formng said field programmabl e capacitor. 9. The process
described in claim8 wherein said field programuabl e devices are sel ected
fromthe group consisting of fusible Iinks, anti-fuses, pass transistors,
resistors, aNe conchusier ous des@iptitheofpthec prasedt énventien bynneting tha wii drayien
sai d badectdilel ectric layer is selected fromthe group consisting of silicon
oxi de) bl ack dianond, and all dielectrics having a dielectric constant |ess
t han alowtarp capdcitarice VElges diyeihtrotuding |differences depesd.t dthid goaldt dlsc kraves
bet weempeaipout 200 and 5, 000 Angstrons. 11. The process described in claim8
wherein said etch stop layer is selected fromthe group consisting of
si | i comycabkipligifed By de bCRDIE WA Qﬁeadlélebﬁic%ﬁpﬁﬁél&@_sﬁ,ob)r‘ us8i dFHAGRStHARL ween
about qgﬁpnd 500 microns. 12. The process described in claim8 wherein said
support dielectric layer is selected fromthe group consisting of silicon

oe1 3%, RSl dh Mo b JEREE RSBy B SRR 55
et wee aboyt a . ngstrom;. . € process escri pe In clalm
b Rh b ﬁ"ﬁ%%%FNBQQS 000 A 13. Th d i bed i | aim 8

wher ei n"e€sf &s are selected fromthe group consisting of Al, Ti)
TiN, and all netals whose resistivity is |ess than about 5



14 m crohmcm and are deposited to a thickness between about 200 and 5, 000
Angstronms. 14. The process described in claim8 wherein said | ayer of high
dielectric constant material is selected fromthe group consisting of
silicon nitride, tantalum oxide, alum num oxide, and hafnium oxide and is
deposited to a thickness between about 20 and 500 Angstrons. 15. The
process described in claim8 wherein edch trench has a width between about
0.1 and 0.8 microns and said trenches are separated from one anot her by
bet ween about 0.1 and 0.8 microns. 16. An adjustable capacitor, conprising:
a silicon wafer having a topnost |ayer on which are contact pads connected
to a circuit contained in said wafer; a base dielectric |ayer on said

t opnost | ay and said contact pads; an etch stop |ayer on said base
dielectric ﬁ&i}é?',s Cia'QWHﬁB:rt dielectric layer on said etch stop |ayer; a
tungsten via, extending through said support dielectric |ayer, said etch
stop layer, and said base dielectric |ayer, and contacting said contact
pad; three trenches that extend through said support dielectric |ayer as
far as fsai d Aepritess fgr foapiag;ancadjostable cagaaitor, comerisingr ode on sai d support
dielectric layer, including inside said trenches, that contacts said
tungsten Vi groviding Qmiﬁ@rﬂmﬁéﬁmaviﬁ?p@%pmmﬁﬂayéfr rerlevhi¢h laay efortédcthpads
dielectric constant materia that fully overlaps said commobn capacitor

el ect r admnebiddI8iaifiudtitoftRn&ES I did Wam&t ant | ayer, four unconnected top

el ectrodes, all of whom are overl apped by said common el ectrode, said top
el ectrodes I r i ; Seh bkt k 1 i 2odiodi A
top diel ect ﬁé?bﬁgggréalgﬁgés\ﬁﬂégggqa ect r%ggstﬁnﬁé?)gbrhm&ﬁ%%eaﬁ rg?'élztaa:t
const arBadIS?yer ;

depositing an etch stop layer on said base dielectric layer,

depositing a support dielectric layer on said etch stop layer;

etching a via hole through said support dielectric layer, said etch stop layer, and
said base dielectric layer, thereby exposing said contact pad;

depositing a barrier layer in said via hole, then overfilling said via hole with
tungsten and then planarizing so as to remove all tungsten not inside said via;

etching three trenches that extend through said support dielectric layer as far as
said etch stop layer,;

depositing a first layer of metal on said support dielectric layer, including inside
said trenches, and then patterning said first metal layer to form a common capacitor
electrode that contacts said tungsten-filled via hole;

depositing a layer of high dielectric constant material on said common capacitor
electrode and then patterning said high dielectric constant layer whereb.y it fully overlaps

said common capacitor electrode;



four tungsten vias, extending through said top dielectric |ayer, that
contact each top el ectrode, one such via per electrode; and on said top
dielectric layer, pernmanent electrical connections between said top

el ectrodes, whereby sai d adjustabl e capacitor has a specific capacitance
val ue. 17. The capacitor described in claim16 wherein said base dielectric
| ayer is selected fromthe group consﬂgting of silicon oxide, black

di anond, and all dielectrics having a dielectric constant |ess than about 5

and said ba L tyl [ ' : I ut
200 and 5, 0GP &feend R o MeABRAT o g dRioche EARIAORRAT BR
said etch stop layer is selected from.the grou onsi st i of silicpn

ot 1 QEOUREEY prlroohd iclal B todofil sou vapT Bt b dle dReBh .l b iREmo .
20 and 500 m cron 19, The capacitor described in claim16 rein said
suppor AauBBERRAE by St CORMIGT Bleckiate s the QrUiRges ML ITABYS 1@ Tecon
oxi de, black diamond, and all dielectrics having a dielectric constant |ess
t han atgpgthes, areas dnthe ratipPodf:di el ectric layer is deposited to a thickness
bet ween about 200 and 5, 000 Angstrons. 16 20. The capacitor described in
cl ai m 16 whdepositisgiadtapodietectric fayer toor saitl dop raleletrades ard daidopigbl dielectites
are a netal selected fromthe group consisting of Al, AlCu, Cu, Ti, TiN,

and Tazodstaaymyer;t hi ckness bet ween about 200 and 5,000 Angstrons. 21. The
capacitor described in claim16 wherein said |layer of high dielectric

constant makedhifd fduF Vi helesafrdughradid tor HRIELIAS Rjep WhgelsYf a TohtdebAréH Ig i de,
t ant al um oxi de, al um num oxi de, and haf nium oxi de and is deposited to a

t hi Ckn"e&éo?@dﬁ%zﬁ%@%ﬁ%@p%%sﬁngﬁ roms. 22. The capacitor descri bed

t
in claim 16 erein each trench has a width between about 0.1 and 0.8

0.3 and oo ePositind A'aRRIaferBPEis 8 AT RER SBAINY s Dl HEAES vt
waf.er h nost

silico in to | ayer _on i,ch are cpntact ds cqonnected to

2 o rodpdSsh AR MePpAnaERAE Sh st Famae A i RS ppE MRt s e (R SR s

I d said t aGt ds; etch st I idb dielectri

layer: . then depositing ana patieming a third metal ayer so as to provide permanent
connections between said top electrodes, thereby giving said adjustable capacitor a

specific capacitance value.

2. The process described in claim 1 wherein said base dielectric layer is selected
from the group consisting of silicon oxide, TEOS, 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 process described in claim 1 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.

4, The process described in claim 1 wherein said support dielectric layer is selected

from the group consisting of silicon oxide, black diamond, and all dielectrics having a



a support dielectric layer on said etch stop |ayer; a tungsten via,
extendi ng through said support dielectric |layer, said etch stop |ayer, 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
| ayer; a conmon capacitor electrode on said support dielectric |ayer,

i ncl udi ng inside said trenches, that cbntacts said tungsten via; 17 on
said common capacitor el ectrode, a layer of high dielectric constant

mat eri a; - full | ' . cilor c ; i j gh
i el cciRotig sl PAR SRR o BRTRHi SRR, Sl BABE™ affodulladt e e
over |l apped by said conmo ect.ro said top el ectrodes having, relative
to onqu'ﬁgﬁ?n{sr?&yﬁéasaqoﬁfp?ﬁé af‘gtﬁ*&ﬁ%{p‘ﬂgﬁtf‘lmsa top dielectric layer on said
top el ectrodes and said high dielectric constant |ayer; four tungsten vias,
extending through said top dielectric |ayer, that contact each top

el ectrode, one such via per electrode; and on said top dielectric |layer, a
net al | i% confthecprogessdesgribeddn cigimshivierein isaid mietal layesss aresselected dtame then r es
bei ng connectabl e to each other through field programuabl e devices. 24. The
capaci tgroupleposisting of nAlcITai N2 3avdh afl enatadsamdhoke aledisfivibgisafessbthandshoutes ar e
sel ected fromthe group consisting of fusible |inks, anti-fuses, and pass

transi shigishm<m, &he apdadegositedessra bipitknass | fetwedn wbeni200saind 153660
dielectric layer is selected fromthe group consisting of silicon oxide,

bl ack dj ths.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 5,000 Angstrons. 26. The capacitor described in claim23
wherein said etch stop layer is selected fromthe group consisting of

sili corblni t rfh%epl%%gsgideisgr‘?@ed: i giaﬂﬁ f‘%eirg’mds%‘?d) ?e;)}e?%fth?gl'?dﬁeqé&hg%aﬁstant

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.

7. The process described in claim 1 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.

8. A process for forming a field programmable capacitor, comprising:

providing a silicon wafer having a topmost layer on which are contact pads
connected to a circuit contained in said wafer;

depositing a base dielectric layer on said topmost layer, including said contact
pads;

depositing an etch stop layer on said base dielectric layer;

depositing a support dielectric layer on said etch stop layer;
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etching four via holes through said top dielectric layer whereby a contact area is
exposed for each of said top electrodes;
depositing a barrier layer in said via holes, then overfilling said via holes with
tungsten and then planarizing so as to remove all tungsten not inside said via holes; and

then depositing and patterning a third metal layer to form a contact wire for each

of said filled via holes; and
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9. The process described in claim 8 wherein said field programmable devices are
selected from the group consisting of fusible links, anti-fuses, pass transistors, resistors,

and capacitors.

10. The process 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.

11.  The process 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. The process 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 process described in claim 8 wherein said metal layers are selected from the

group consisting of Al, Ti, TiN, and all metals whose resistivity is less than about 5
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14. he process 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. The process 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.

16.  An adjustable capacitor, comprising:

a silicon wafer having a topmost layer on which are contact pads connected to a
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
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;
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whom are overlapped by said common e ectrode, said top electrodes having, relative to

one another, areas in the ratio 5:2:1:1;

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

on said top dielectric layer, permanent electrical connections between said top

electrodes, whereby said adjustable capacitor has a specific capacitance value.

17.  The capacitor described in claim 16 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.

18.  The capacitor described in claim 16 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.

19. The capacitor described in claim 16 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.
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21.  The capacitor described in claim 16 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.

22. The capacitor described in claim 16 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.

23.  Afield programmable capacitor, comprising:

a silicon wafer having a topmost layer on which are contact pads connected to a
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
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;
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one another, areas in the ratio 5:2:1:1;

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

on said top dielectric layer, a metallic contact wire for each of said filled via
holes, said contact wires being connectable to each other through field programmable

devices.

24.  The capacitor described in claim 23 wherein said field programmable devices are

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

25. The capacitor described in claim 23 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.

26. The capacitor described in claim 23 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.
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28. The capacitor described in claim 23 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.

29. The capacitor described in claim 23 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.

30. The capacitor described in claim 23 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.



