25 August 2004 1 ADJUSTABLE 3D CAPACI TOR FI ELD OF THE | NVENTI ON The
invention relates to the general field of integrated circuits with
particular reference to variable capacitors occupying mninmmchip real
estate. BACKGROUND OF THE | NVENTI ON LC or RC matching of networks is
critical for sonme analog or RF circuits. Adjustnent of capggitor % | ues
after the circuits are already in use is not possible. {¥ygust @%citor
val ue has been pre-set, subsequent fipe tuning is not possible and an
entirely new mask is needed for the capacitor portions of the circuit.
Addi tionally, conventional flat capacitor designs tend to occupy |arge
anmopunts of chip real estate, acting as a bottleneck for further circuit
densification. In the pre-integrated circuit era, one of the ways of
provi ding an adj ustable capacitor was the | ayout schematically shown in

FIG 1. Seen there are APHQ%H%%]LEM?,%&?\%%@I@%W& share a common | ower

el ectrode 11. By neans o es el ectrodes can be connected
in parallel, as needed t v'g L ce val ue 25 August 2004 2
between 1 and 9 units beﬂﬂgéﬁ‘B ﬁﬁﬂ%ﬁiygﬁgﬁ since, as can be seen, the
ratios of the individual top electrode areas are 5:21: 1.

The invention relates to the general field of integrated circuits with particular

reference to variabie capacitors occupying minimum chip real estate.

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




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. A routine search of the prior art was perforned with the follow ng
references of interest being found: In US 5,350,705, Brassington et al.
show a flat capacitor arrangenent with common top plate. Aitken ei al .
US 6, 088, 258 showsa pl anari zed i nterweave. capacitor. In US%,‘%’QQF,“ Q%,
Hashi zume et al. disclose a planar capacitor process while in US

- 5,744,385, Bojabri reveals a conpensation technique for a parasitic

capaci fetiveePYNRRY rits Debvd WVEDIRIEN dnld B3HhdBE8E caR HRRH! tﬂ% Or?fioé &Pk one

e
enbodi nent of the present invention to provide a capacitor use I n

mcro‘iﬁbﬁﬁfuﬁf tpﬁel&%&fd&ér%as%?eé@?ﬁ? 2004 3 Another object of at |east one

enbodi ment o e present 1 nvention has been that said capacitor be
adjustable at the tine that said mcro-electronic circuits are being

manuf actured. Still another object of at |east one enbodi nent of the
present invention has been that said capacitor he adjustable at the tine
bhat sai d nhiis BIEAeE IRVRIIONCHISEIRRES, have B Srgemale oIt o 1G-efl cSamBeur t her
obj ect. of at | east qne enbodi nent of the present invention has been to

pr ovi dBPETPRRIEEdR apdntegiaied sEeyit Wil relimuEsansuEmtionof ship tegt estate.

in

- A routine search of the prior art was performed with the following references of

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

in US 5,744,385, Bojabri reveals a compensation technigue 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.




These obj ects have been achieved by form ng a set of individual capacitors
that share a common bottom el ectrode. The areas of the top el ectrodes of
t hese individual 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 mhos§ g{eas re in
the ratio of 5:2:1:1, are provided, then any capacitance i 5 “gﬁﬁé 4ot
from1l to 9 can be generated, dependipg on how the top electrodes are
connected. Such connections can be hard-wired within the final wring

level to pranwitRer abjscbphy Iééﬁt%ba@rhﬁoémﬁidf%e%rieé yinGQﬂid?Phsg{Hg%ﬁt ed

through field programmabl e devices to produce a fie pr ogr anma

capacihgf saia%faﬁél&kb?tb@%@gstégn tthe WAL ghﬁ'}n%é troRe 4 tl.gglr']egge%lpsmm

how a group of capacit e connecte provide a w

capaci RGeS sy G 2 shows the starting point for the process of the
present 1 nvention. FIGs. 3 and 4 shows how several m cro-capacitors may be
formed wi thout using up too nuch chip real estate. FIG 5 shows how '
connections are nade to the individual capacitors. FIG 6 shows the circuit

of FIG | ified tq produce a specific_capacitance value. DESCRI PTI ON OF
THE PREFER%% @N&Qﬂl Mﬁ@ at least ohe embodlmerﬁ)t of the present invention has been
that said capacitor be adjustable at the time that said micro-electronic circuits are being

| used in the field.

A further object of at least one embodiment of the present invention has been to

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 fo 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, theh 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,




W 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 becone apparent. 25 August 2004 5 Referring
nowto FIG 2, the process of the present invention begins with the
provi si on of SU|tabIe substrate 21 on which is already presgg gg 2@@ to be
added) an electrical circuit of sone kind including contact ch as
26, to. which a capacitor is to be copnected. Mst commonly, though,not
necessarily exclusively, this will be the topnost |ayer of an integrated
circuit on a silicon wafer. A base dielectric layer 22 is then deposited
onto 21 and contact pad 26. Layer 22 could be any of several materials

such as silicon oxi @QIEF%%&WTMWTHE@#RWIN@@t e), or black dianond
ica

(et hyl - doped porous any material having a |ow dielectric

17000 and 100000 gk ara SEnbior StBRER (i by sl REBRRE iBRe5 5,

| ayi ng_down. etch. stop |ayer 25 on |ayer 22. ThIS | ayer is typically
SI|ICgﬁnH?P Ca%amEWPegther materials such as silicon carbide could al so
‘have been used. It is deposited to a thickness between about 10 and 1, 000
Angstrons foll ow ng which second dielectric |layer 23 is deposited on it.
Ve will refer to layer 23 as a support dielectric layer. W have usually
used an oxif&. @ﬁw“@sthgusﬁar&wp@w&ertbe preEssiabthe peesenpipyentiondi el ectric

| ayer but other materials such as bl ack dianond or silicon carbide could
“al so

FIGs. 3 and 4 shows how several micro-capacitors may be formed without using

. up too much chip real estate.
FIG. 5 shows how connections are made to the individual capacitors.

FIG. 6 shows the circuit of FIG. 1 modified to produce a specific capacitance

value.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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.




have been used. It is deposited to a thickness between about 1,000 and
5,000 mcrons. Next, via hole 27 is etched through support dielectric
layer 23 as well as etch stop layer 25 and base dielectric |layer 22,

t her eby exposing contact pad 26. 25 August 2004 6 After deposition of a
barrier layer (not shown) in via hole 27 it is overfilled mnég‘ %en and
then planarized so as to renove all tungsten not inside via ting
in the formation of tungsten via 35..(FIG 3). Then, as seen in FIG 2,
three trenches 24, that extend through |layer 23 as far as etch stop |ayer

25, are et %erm@%ﬁﬁ@ﬁﬂ@c% %he rérﬁé‘&ﬁés 3f5tif€‘mfl=érs%ﬁt if@htigh |be§‘ir%”ﬁfhﬁ5thaavg g

exactly the sane“depth. Each 'tre as a dt h between abdut 0.1 and

- m cf Oﬂago\i\gﬂnt&es&traﬁ[lée siftte 21°8f énﬂ'ﬁ]é’ﬁ' id afShd res%’ﬁ?t(&efs tgyt?é’%h}ﬁﬁﬁi‘ gbout

M cr ons | ng ont nol ogy erring now to

FIG | ayer 11|s hen Qsi 0 3,
usi ng B G Shapte find i ﬂ@&oe{?&ﬂpaﬁ ﬁé@?} T B g
chem cal vyapor sitign) to ens its thj ck SSI nlf
ever yv!i”né‘?é HEP@%& d\ﬁ Fr")@”?"r'ﬁ%'ys thonah e Epgcgﬁsa{l ST 'Sc‘ﬁ'ﬁ bStBfer r ed
metal for é 11 has been A, but other netals such as T| or TIN could
al so HQD@%E\ per@fean 'nL%Gjéﬁedlclrcﬂg oBchdlicerewates: a  t hi ckness bet ween about
- 100 and 3,000 Angstrons and is then patterned to forma comobn capacitor
el ectrode (see FIG 1) that is in contact with tungsten via 35. This is
foll owed by the deposition of high dielectric constant material |ayer 32 on
conmon capakbhee didlecitic daler PP iarthen ldepogitdd enfoi 2iyahdywenta®? pad 2@akkayarr e
that it fully

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. Ii 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 br TEQOS 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.




overl aps common capacitor electrode 11. Exanples of |ayer 32 materi al

i nclude, but are not limted to, silicon nitride, tantalum oxide, hafnium
oxi de, and al um num oxide. It was deposited to a thickness between about
30 and 300 Angstronms. 25 August 2004 7 W refer nowto FIG 4. Metal |ayer
15 is deposited on high dielectric constant |ayer 32 and th pgﬁ%ﬁﬁged to
form four unconnected top el ectrodes 151, 152, and 155, aII 8W are
overl| apped by common el ectrode 11. Thgse correspond to the four capacitors
marked 1, 1, 2, and 5 shown schematically in FIG | so their relative

areas are az(ff@ruw&smenttﬁ 4 BaFrl%? |5,ﬂ4r'moftsﬁo@n)5m \watrﬁﬂé ahrSit E“Qvérﬂllé‘d‘%ﬁses

for layer 15 are simlar to what was used | ayer 11. Referring nex]tlto
FI G I
e o JunhBn Gl FEA bl B4 5033 3eHEE a@ﬁﬁ”@%{eﬁ‘f*c’tE‘sét-a%ﬁé@ifﬁa%&tmgﬁﬁgh -

| ayer rea, for_each of ect 152,
and 1458 foifathy BLnABRRARAE AR ARG, A clnafis ?%%Et Eﬁ?f??ﬁhr% s beo
above so, as t r ov tac 4 C to the capaci t or
Top. pitieERend RpREh Bt Sl ascleh T Gt 25 A EN cane Prorice B ng
two possible enbodinents that differ in how final connections are nade to
t he cdp¥Ri toenseies Bakal trnches havesmay dhetsans depthe Fashgenchoiahavi ng a
value of 6 units of capacitance, connections 61 and 62 need to be cl osed,
as showidth hetwegn gboutn04 and £:8 enipwaisnand the tenghes ayesepamted ioihenes | ai d
. down on | ayer 23 and then
. another by between about 0.1 and 1 microns, depending on technology design rules.

Referring now to FIG. 3, metal layer 11 is then deposited over the surface of
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 followed 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.




patterned to make permanent (hard-w red) connections to el ectrode 155 and
either of the electrodes 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 progranmable device. This results in a field programmuable
capaci tor whose val ue can be adjusted at 25 August 2004 8 the tine that it
Is needed in the field. Exanples of possible field progrann&ﬁﬁ@gﬁ%@ﬁ%es

i nclude fusible links, anti-fuses, re§istors, capacitors, and pass

transi stors. We conclude our description of the present invention by noting

that we havge re#e%qdo%gfcss RIYaLY hﬁ%&ﬁ%&éﬁﬁ‘ﬁﬁs }ﬁ@éﬁﬁ%dbé’n h@tgr@ Ié%i:rfbgcﬁ?ftérﬂrences

in area. This coul¢ ave Dbeen acconpli by " U nor e an one
Ceach RT3 4 anorftiinies 38, R Bl RGBS HE i dBRo R
e K S O e b e AR ek Steirtae i
sili COHSu‘rN%QSQcit%?‘é’ in?a?rkgd t1(,)p]r’n)25,tanlda esrl10\?vrl]1 g\g]hie%]at%gﬁy (i:nor%'%&c'% s%atdh%ir relative
areas are arranged to be in the ratio 1:1:2:5. Materials and thicknesses for layer 15 are

similar ’go what was used for layer 11.

Referring next to FIG. 57, top dielectric layer 53 is then deposited on layer 15 (as
well as any exposed parts 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, 152, 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



connected to a circuit contained in said wafer; depositing a base
dielectric layer on said topnost |ayer, including said contact pads; on
said base dielectric |ayer, depositing an etch stop |ayer, selected from
the group consisting of silicon nitride and silicon carbide, to a

t hi ckness between about 20 and 500 microns; depositing a support
dielectric layer on said etch stop layer; etching a via holépfﬁﬁﬁﬁawmsald
support dielectric layer, said etch stop layer, and said base dielectric
| ayer, thereby exposing said contact pad depositing a barrier layer in

sal d ha thed that 16 ReaNed el o S Bl SGaMe ReidltbgRbinaBRchdien

pl anarizing so as to renove a tungs I NSl Vi a;
trenc t u r tr| as far as said
eton SPEUEPHBKIERE JHELRLES, R3S ?aio%ecﬁo%f ShEpER Gan &4 cuppor
dielectric layer, including inside sald trenches, and then patterning said
first metal layer to forma comon capacitor electrode that contacts said
tungsten fijlled via hole; depositi a |layer of high dielectric constant
mat eri gl QN AL HIEBHT 988 %r(?ﬂttoﬁr OP&E‘BEEQS@% inuentioRy pating thatnye v hi gh
di el ect'FFiE constant | ayer mhereby it fully overlaps said commopn capacitor
electrode 25 August 2004 10

to vary capacitance values by introducing differences in area. This could also have

been

accomplished by use of more than one dielectric film thickness, by use of more than
one

dielectric material (each having different dielectric constants), or by any combination of

these three possibilities.



depositing a second | ayer of metal on said high dielectric constant |ayer
and then patterning said second netal l|ayer to formfour unconnected top
el ectrodes, all of whom are overlapped by said comopn 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 el ectrodes and said hi%h
dielectric constant |ayer; etching four via holes through Sai‘deishal0
dielectric |layer whereby a contact arga is exposed for each of said top
el ectrodes; depositing a barrier layer in said via holes, then overfilling
'said via holes with tungsten and then planarizing so as to renove al
tungsten not inside said via holes; and then depositing and patterning a
third netal |ayer so as to provide permanent connections between said top

el ect .r\R/ﬂS?i’s élé]fﬁ gt}g_gi ving said adjustable capacitor a specific

r
e . . . . .
capaci tanceé val u 2. The process described in claiml wherein said base

dieIeQ%ric | ayer ig) electediaironbthe rqﬁp consi sting of silicon oxide,
TECS, bl ack® BIOGRBHIPT T9HANg@n anlksiakle GapacteaGPMRNaingi el ectric constant |ess
t han about 5 and said base dielectric |layer is deposited to a thickness
bet ween abdUieVigng ardllioonowEiennfaYing s topmostriryep i adich) @& raoptast ipadsi ai m 1
wherein said support dielectric |ayer is selected fromthe group
consi AnAgcied teia itcyit contaired inl seddk waferirond, and al | diel ectrics having a
dielectric constant | ess than about 5 and said support dielectric layer is
deposi t ed tdepasitingia baes slidecttvie dayerbmusaRi0pamnsbt Say@e0 indhgtig 88kl contact
pads;
on said base dielectric layer, depositing an etch stop layer, selected from the
group consisting of silicon nitride and silicon carbide, to a thickness between about 20
and 500 microns;
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 ali 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 whereby it fully overlaps

-said common capacitor electrode;



25 August 2004 11 4. The process described in claim1 wherein said netal
layers are selected fromthe group consisting of Al, Ti, TiN, and al

netal s whose resistivity is less than about 5 mcrohmcm and are
deposited to a thickness between about 200 and 5,000 Angstronms. 5. The
process described in claim1 wherein said |ayer of high dielectric,_constant
material is selected fromthe group consisting of silicon nf?#?@@?z(gntalum
oxi de, al um num oxi de, and hafniunlqéide and is deposited to a thickness
bet ween about 20 and 500 Angstrons. 6. The process described in claim1l
wherein each trench has a width between about 0.1 and 0.8 m crons and said

trenches ar@%@ﬂﬁg%@&oﬂ.aq%fy r@&gt ?ui‘?%fa@yrg?@gféwﬁﬂ ?Bﬁé{&npiagr?lgé}?d el

m crons. 7. process for ranmabl e capac

D o e . | ' ch
 Con ndRMSnE S Lddtntl ls?@ﬁo?@i‘@rfeQﬁ%‘i%‘o?vg%c?eﬁp%'ﬁ?ew@é%%; el Bbe dg

' ' , id I ' [ ' nt act ;
o’ o rEiRelEhped Vieaid SpaPhcn RRTRE, bR Shn a0t el R arka f  om
t he ro consisting of silicon nitride and silicon carbide, to a
t hi ck %e?(ﬁ@éd"gﬂg[ﬁt'c’ 12:1ahd 500 ni crons:

depositing a top dielectric layer on said top electrodes and said high dielectric
constant layer;
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 fungsten not inside said via holes; and
then depositing and patterning a third mefal layer so as to provide permanent
connections between said top e[ectrodés, 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 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.



depositing a support dielectric |layer on said etch stop |ayer; 25 August
2004 12 etching a via hole through said support dielectric |layer, said etch
stop layer, and said base dielectric |ayer, 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 renove all_tun séﬁg not -

inside said via; etching three trenches that extend through A for t

dielectric layer as far as said etch;stop |ayer; depositing a first |ayer
of -metal on said support dielectric layer, including inside 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 conmon capacitor, el ectrode

q. : A, ol . I : (]
over | ags e ReBek Besdioeit i) CRhelT SARThAR (A el fr‘gbdh‘égf ’
t al I k: i gl te] £, | and t . tt i i
secondtu? JeplabEY fy 37,y 6 AL A SRkl HioeS g eaie e is5Ess Then Bothsom
I db id | ect idt | ect rod havi
el at DT BRG SafopiirdeniRIag fh 4 HBCKaESY hetben 1 00k goR ARG A 06
~dielec nrg;s%rolm%yer on said top electrodes and said high dielectric constant
| ayer; :

5. The process described in claim 1 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.

6. 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.

7. 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; .

on said base dielectric layer, depositing an etch stop layer, selected from the
group consisting of silicon nitride and silicon carbide, to a thickness between about 20
and 500 microns;

depositing a support dielectric layer on said etch stop layer:




etching four via holes through said top dielectric |ayer whereby a cont act
area is exposed for each of said top electrodes; depositing a barrier
| ayer in said via holes, then overfilling said via holes with tungsten and
~then planarizing so as to renove all tungsten not inside said via hol es;
and 25 August 2004 13 then depositing and patterning a thir t al Iﬁyer to
forma contact wire for each of said filled via holes; and e P g said
contacting wires to each other througy field programmable devices, thereby
formng said field programmabl e capacitor. 8. The process described in
claim7 wherein said field programmabl e devices are selected fromthe
group consisting of fusible links, anti-fuses, pass transistors, resistors,
and capacitors. 9. The process described in claim7 wherein said base

bl ack i ameng a7 PR pA RS ERBMHBEARS bteidh S0m 8RR ¢ han
bout SUHPEeE Betest B RuE Fheiehd cpd Ml bals eI RAUEC  Dd i claim 7 whorei
11 con” oxidpBESEGck Batspver 4 S Masile clrincoraalng ot e sl i
const G:tqgsltgg %nh Qﬁgn fa)a%gtriziﬁg%rc])dasst%i rgm%ldg%?lrthngsitgk ?1%% irnisﬁieI 5‘%? (/iai; s deposited
to a _
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 whereby it fully overlaps
said common capacitor electrode;
depositing a second layer of metal on said high dielectric constant layer and then
patterning said second metal layer to form four unconnected top electrodes, all of whom
are overlapped by said common electrode, said fop electrodes 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 layer;
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 overfiling said via holes with

tungsten and then planarizing so as to remove all tungsten not inside said via holes; and



“thickness between about 200 and 5,000 Angstrons. 11. The process descri bed
in claim7 wherein said netal |ayers are selected fromthe group
consisting of Al, Ti, TiN and all netals whose resistivity is less than
about 5 25 August 2004 14 microhmcm and are deposited to a thickness

bet ween about 200 and 5,000 Angstroms. 12. The process descggbed |2gfla|n17
wherein said |layer of high dielectric constant naterial is % rom

t he group consisting of silicon nitrigde, tantalum oxide, alum num oxide,
and hafnium oxide and is deposited to a thickness between about 20 and 500
Angstroms. 13. The process described in claim?7 wherein each trench has a

wi dt h bet welggn déb@:ﬂﬁn%aﬁd pattehifg a\tﬁrr@%t&ﬂlﬂyé@o@otrmedﬂecklﬁécﬁhﬁ Wt ed

from one anot her by et ween about 1 and 8 m crons
CAPACIoFQRid MR N \hdlethgh@ 1s a need for adjustable capacitors for use in LC
or RC matching networks in micro-circuits. This has been ach| eved by

formng a %%hn@étm Rdidv 'c%f%hﬁ&%?é& P Seddirlorslet ttodgt HOP" programmable

el ectrode. e ar eas of
devices,

thereby forming said field programmable capacitor.

8. The process described in claim 7 wherein said field programmable devices are
selected from the group consisting of fusible links, anti-fuses, pass fransistors, resistors,

and capacitors.

9. The process described in claim 7 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.

10.  The process described in claim 7 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.

11. The process described in claim 7 wherein said metal layers are selected from the

g_roup.consisting of AL, Ti, TiN, and all metals whose resistivity is less than about_5



top el ectrodes of these individual capacitors are chosen to be in an
integral ratio to one another so that they can be conbined to produce any
capacitance wthin 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 a range of from1l to 9 can be generated, deggqﬁ}qu how
the top el ectrodes are connected. Such connections can be har BN T e

within the final wiring |l evel to provjsde a factory adjustable capacitor or
they can be connected through field progranmmble devices to produce a
field programmabl e capacitor. A process for manufacturing the device is

al so darestinieth, Bh@URRe 4deposited to a thickness between about 200 and 5,000

Angstroms.

12. The process described in claim 7 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.

13. Thé process described in claim 7 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.





