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 nmninmumchip real
estate. BACKGROUND OF THE | NVENTI ON LC or RC matching of networks is
critical for sonme analog or RF circuits. Adjustnent of capggitor é@lues
after the circuits are already in use is not possible. £WEustAM4ci t or
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 tOFIEi_BVbEeI'l—?EWEﬁLﬁ&IQCG val ue 25 August 2004 2

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




between 1 and 9 units between points A and B since, as can be seen, the
rati os of the individual top electrode areas are 5:21:1. The present

i nvention discloses how the schematic circuit of FIG 1 can be inplenented
in an integrated circuit, with mnimum consunption of chip real estate. A
routi ne search of the prior art was performed with the follqw ng references
of interest being found: In US 5, 350, 705, - Brassi ngton et al 2 L2004 at
capacitor arrangenent with comon top plate. Aitken et al. in US 6,088, 258
. showsa planarized interweave capacitor. In US 5,604, 145, Hashi zune et al.

di scl asawaeR iR 9 GRAREBchPePpORASA Nl B SinckNal/saR ,bég%ﬁ@gggeggﬁ%@ theeveal s

a conpensation technique for a parasitic capacitor.

| NVENTLGNdutal {b?selgﬁ?ébea&eggja‘?%‘g:rfiﬂat | east one enbodi ment of the present

invention to provide a capacl ‘of use in mcro-electronic circuits. 25
August 2004 3 Another object of at |east one enbodi nent of the present
i nvention has been that said capacitor be adjustable at the tinme that said

m cro-el ectronic circuits are bein manufactured. Still another object of
Bt 1 onst - ontiebREEENL Y HioN: S ERES A iR SeDP BRI il FIC. | can be

- implemented in an integrated circuit, with minimum consumption of chip real estate.

- 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.




that said capacitor be adjustable at the tine that said mcro-electronic
circuits are being used in the field. A further object of at |east one
enbodi ment of the present invention has been to provide a process for
manuf acturing sai d adjustabl e capacitor. These objects have been achieved
by form ng a set of individual capacitors that share a congggkbot og

el ectrode. The areas of the top electrodes of these individ |“9§é%§ itors
are chosen to be in an integral ratiosto one another so that they can be
~conbi ned to produce any capacitance wthin a range of unit values. For

exanpl e, | fAndtRer oEjeBR6f he ldasMipCeMbBameH f the!flBsémt ithl’i’tfonS'BQé bebn are
provi ded, then any capacitance in a range of from1l to 9 can be generated,

depen%agsaa.clagéb&&}%é @Haﬁab%?étrtﬂe%@f@%g@ﬂ@g%@%eecﬁu (&&&nn&%?é ROggcan be

hard-wred within the wring lev a actory'adjusgable
Capac%%u@ﬁt y can be connected through field programuable devices to
produce a el d'programmuabl e capacitor, 25 August 2004 4 BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 shows how a group of capacitors can be connected to
provi de a wi de range of capacitances. FIG 2 shows the starting point for

t he process, of the present invention.
P Stﬁ| anotherp ob?ect 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

| 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,




FIGs. 3 and 4 shows how several mcro-capacitors may be forned w 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 | nodified
to produce a specific capacitance value. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS W wi || disclose the present invention through Qﬁﬁcq'@hion of
the process of the present invention. In the course of so g%' S? €
structure of the present invention wijl also become apparent. 25 August
2004 5 Referring nowto FIG 2, 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 some kind including

contact pads, such gfR|2& pESCW ﬁf@)l@d}:a-pﬁﬁlr_t)ﬁﬁ\ INezd 0 be connected. Most

comonly, though not necessarily exclusively, this will be the toprmst

23 s ?Leﬁ 15RO o, Bodolin bt blhbio B B “Canuffelt B B g 0 Ci

severarl SI’I al s | such as silicon oxi de TECS (tetraethyl ort h05| licate),
or bl 46RY8° %R%Ct(aﬁﬁ?ﬁyl doped porous silica), with any material having a

FIG. 2 shows the starting point for the process of the present invention.

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.




| ow di el ectric constant being preferred, and it is deposited to a thickness
bet ween about 1,000 and 10,000 Angstronms, with 2,000 being typical. This
is followed by Iaying down etch stop layer 25 on layer 22. This layer is
typically silicon nitride, but other materials such as silicon carbide
coul d al so have been used. It is deposited to a thickness ‘Bgtmeeﬂuﬁgout 10
and 1,000 Angstroms fol | owi ng whi ch second diel ectric |ayer 223%¢%

deposited on it. W will refer to layer 23 as a support dielectric |ayer.
We have usual ly used an oxi de such as silicon oxide or TECS for the support

diel ectric lﬁﬁég{nggﬁﬁm% e, @,‘ttﬁé ﬁbé?stwgf;tr%z BF&@%B irfleRTBA heRinsSivith GRE

car bide co ave been osited to a thickness between

- about ﬁo&%p%lﬁ?g%osuﬂgtﬁtga@:l' o] ich Y§ alrggé)g P?%sﬁing r@l %%dbé Q\rdﬁggfaﬁwpo_r t

di el ectric as we etc stop ase die ric

| ayer 22. .t hereby exposing,contact pa 6. .25 Auqust. 2004 6 f .
deposiseataogit of PR Rt IRNGIGe BRfaehPars M B knien 4 BRsia | oo
wi th tungsten and then planarized so as to renove all tungsten not |nside
Vi a 278 & BeqonnAgerin Mestaorar ey BRUGR NobAGSTER D! SroMSVEIE S W) DethEn, *as
seen in FIG 2, three trenches 24, that extend through |ayer 23 as far as
et ch dppophiaxer ofcan igtegratedidiguit PHa piieaitwaterof | ayer 25 ensures that all
- trenches have exactly the sanme depth. Each trench has a w dth between
about. 0.1 and 0.8 microns and the trenches are separated from one

A base dieleciric layer 22 is then deposited onto 21 and contact pad 26. Layer
22 could be any of several materials such as silicon oxide, TEOS (tefraethyl
orthosilicate), or black diamond (methyl-doped porous silica), with any material having a
low dielectric constant béing 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 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.




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, using a confornal deposition nmethod such as PECVD
(pl asma enhanced chem cal vapor deposition) to ensure that its thickness
is uni formeverywhere, including the floors and walls of t trenéﬂﬁ
preferred netal for layer 11 has been A, but other netals 5

TI'N coul d al so have been used. Layer l1 is deposited to a thlckness

bet ween about 100 and 3,000 Angstrons and is then patterned to forma

common Capaxqtéere %hrcﬁde?béﬁ%? Ié;)}e@ (ndi sﬁ&\ﬁﬁ) lnswérhd?é’@?aat?ts Bedriindd RaRt en

via 35. This is | owed by 't eposition of dielectric constant
l”gt g: 'tgbg%téﬁ%rn éﬁ%ﬁﬁ r{éﬁ@@@g%@&ﬁ%h‘&ee&u%ﬁéﬁgﬁ n%ihn%ﬂ:% \‘):Q%frof&tg}i@&rthng
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dep05| th ckness en about 30 and._300 A o] 25 August 2004
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constant ‘layer 32 and then patterned to formfour unconnected top

el ect rid¥RIs2a nsuresythal @Y tremehes haveqexaghy tharsams deplppEAch irenshmiias a

el ectrode 11. These correspond to the four capacitors marked 1, 1, 2, and
5 showsidt hetwaarcaboyt 04 adz0.8 mioranseand the fenchkes are separated from one

. 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.




areas are arranged to be in the ratio 1:1:2:5. Materials and thicknesses
for layer 15 are simlar to what was used for layer 11. Referring next to
FIG 5, top dielectric layer 53 is then deposited on |layer 15 (as well as
any exposed parts of |ayer 32) and four via holes 16 are etched through

| ayer 23 so as to expose contact area for each of top el ectrodes 151, 152,
and 155. Via holes 16 are then filled wth tungsten as alrgéévgﬁ%ggvibed
above so as to provide contacts such,as 54 for connection to the capacitor
top plates. The process of the presenz i nvention concl udes by descri bing

two possi blyge r‘éfg?%gfgd‘f:f&t Ji'.atM%g{ fagér hB i@ﬂ@’Pééiféﬁl oﬁggﬁe&i[eie%ﬂﬁ: ‘?tgrfstaﬁgde to

the capacitor top ctrodes. xanpl e, provi a capacil ving a

val ue Qf 6 | .S ' | O an 2 ne t e _cl.osed,
2o sndare’ 7 Aresh peRgy GO SBE B B¥et b BiksBBR B s Hsan e | ol o

down o ayer, 23 and then atterned to ke per nt (hard-w red)
| connec‘P‘:féor%I ?fowé?@c?rﬁo%‘éeﬂf? ed Ry eqrpmon %Ectrqcfpe‘tg? gﬁ?qsgdg%rrq@f_nd|tﬁ Hesecond
enbodi{’rent, a _contact wire &not shown) is provided, near each contact, such
as 54,708hgap#dRre HaTked do Tv & iand: sboyn schematigally iy Fifandicetheliiglalive Thi s
results in a field pré)rgramrabl e capaci tor whose val ue can be adjusted at 25
Augustargepargarranged foypedmthe ratioj 512 déaterials ang thickngssesfomhayes 15fare
possi ble field programrabl e devi ces

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



i nclude fusible links, anti-fuses, resistors, capacitors, and pass

transi stors. W conclude our description of the present invention by noting
that we have elected to vary capacitance values by introducing differences
in area. This could al so have been acconplished by use of nobre than one
dielectric filmthickness, by use of nore than one dielectric materi al
(each having different dielectric constants), or by any'conﬁﬁﬁ%BP%ﬁo%ﬁ
these three possibilities. 25 August 2004 9 What is claimed is : 1. A
process for form ng an adjustable capacitor, conprising: providing a

si | cofeupiethatdMs Reded ﬂpfﬁéfﬁdenggggrémggees‘éq o sﬂﬁ@fi&@gﬁsrg&%ﬁngﬂgﬁle ERREC ed

to a circuit contained In sa Ing a ectric yer on

ac ontained In said v g 3 basd e B TC Ty
Tayer NGRRE g Thke, AL HSLP SRl s lbefbral B pa8R rBRbS i oun cansi st i ng

of silicon nitride and silicon carbide, to a thickness between about 20

We conclude our description of the present invention by noting that we have
elected '

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.



and 500 m crons; depositing a support dielectric |ayer on said etch stop

| ayer; 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_tungsten not

i nside said via; etching three trenches that extend through <485 ¥or t
dielectric layer as far as said etch,stop |ayer; depositing a first |ayer
of nmetal on said support dielectric layer, including inside said trenches,
‘and then patterning said first netal layer to forma comon capacitor

el ectrode that contacts said tungsten-filled via hole; depositing a | ayer
of high dielectric constant material on said conmon capacitor el ectrode

and t t ing.said high dielectric constant |ayer whereby it fully
over | ggga{?ga(%l%&c%gﬂ%nn capacitor el ectrode; 25 August 2004 10 depositing a

second, |l ayer of netal. on said high dielectric constant |ayer and then

pat t eﬁni ng%ﬂf"&‘*ﬁ%%‘?{ﬁﬁ"ﬁ'@ﬂﬁ“ qﬂ?fé?blﬁ&alpéPmrf §eMPU#B8nnect ed top el ectrodes,
all of whom are overl apped by said commobn el ectrode, said top el ectrodes
havi ng, r e|PEPYIiBG B ilion wafer having a fopmost 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 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 fifst 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 constan.t layer whereby it fully overlaps

-said common capacitor electrode;



another, areas in the ratio 5:2:1:1; depositing a top dielectric |layer on
~said top el ectrodes and said high dlelectrlc constant |ayer; etching four
via holes through said top dielectric |ayer whereby a contact area is
exposed for each of said top el ectrodes; depositing a barrier |ayer |n sai d
via holes, then overfilling said via hol es with tungsten and t hen
planar|2|ng so as to renove all tungsten not inside said V|é5HBW@§2m§nd
then depositing and patterning a thirgd nmetal layer so as to provide

per manent connecti ons between said top el ectrodes, thereby giving said
adj ust abl e capacitor a specific capacitance value. 2. The process

descr i bed igapplhgnd sé’&&%EiQerl rscﬁ'nqetaﬁaﬁSWRE%@@Q%@ BEeCaPhen’ FOM

the group co SISt of sili1con oxide
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bl ack di aprond, and aII ﬁ'?ﬁftr' cs having a dielectric constant |ess than

about !  algag 13 the ctric layer is deposited to a thickness

bet ween about 200 and 5 000 Angstrons. 25 August 2004
: depositing a top dielectric ayer 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.



11 4. The process described in claim1 wherein said netal |ayers are
selected fromthe group consisting of Al, Ti, TiN, and all netals whose
resistivity is less than about 5 mcrohmcm and are deposited to a

t hi ckness between about 200 and 5,000 Angstronms. 5. The process descri bed
in claiml wherein said | ayer of high dielectric constant gfterlalggs
sel ected fromthe group consisting of silicon nitride, tant

al um num oxi de, and haf ni um oxi de and,;is deposited to a thickness between
about 20 and 500 Angstronms. 6. The process described in claim1 wherein
each trench has a width between about 0.1 and 0.8 nmicrons and said
trenches are separated from one another by between about 0.1 and 0.8
mcrons. 7. A process for formng a field progranmabl e capacitor

conprigi NgTHY SbkdsdGedeoriblehiff Qfaied ﬁhehﬁ?{ %Qﬁerﬁefa?%ggﬁs @ V\/Z%’ei?ctgﬂ ‘gr}gahglg hl ﬁge a

cont act pads connected to a clrcuit contarn "

base [ (OB S inclu ont ads;

on saldq{sgg f\stl{" r}?‘lcr:‘-l| aﬁ(ﬂj a"&’ggg %Wgﬁsgt%ﬁﬁﬁw&g'sl %ﬁrtﬁagecﬁ)@é'f d from
I bide, to

e Ih e Shyn 9 asasied g 4 ' :ﬁngé'sfi Satwesn " abaut’ 239" and 2,000

Angstroms.

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:




and 500 microns; 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

exposi ng said contact pad; depositing a barrier layer in said via hole,

then overfilling said via hole with tungsten and then p1an2#%§ % 5& as to
renove all tungsten not inside said via; etching three tren 4%xt end
through said support dielectric layerj;as far as said etch stop |ayer;
depositing a first layer of metal on said support dielectric |ayer,
including inside said trenches, and then patterning said first netal |ayer
to forma comon capacitor electrode that contacts said tungsten-filled
via hol e; depositing a |l ayer of high dielectric constant material on said

comon capagirifg a h Bold f?ﬁ'?uu@fQauh'k‘?.{ﬁlpBﬁt&u&%@fr%%@%%ﬁlﬁg A cged fa?lé :eaﬁ}dr ode:

constant | ayer V\/nereby It

deposi S 1e|ectr|c constant |ayer
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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 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



“another, areas in the ratio 5:2:1:1; depositing a top dielectric | ayer on
said top el ectrodes and said high dielectric constant |ayer; etching four
via holes through said top dielectric |ayer whereby a contact area is _
exposed for each of said top el ectrodes; depositing a barrier layer in said
via holes, then overfilling said via holes with tungsten agg then204
planarizing so as to renove all tungsten not inside said vi HBE&E Uhd 25
August 2004 13 then depositing and pafterning a third netal layer to forma
contact wire for each of said filled via holes; and connecting said
contacting wres to each other through field programuable deV|ces, t her eby

forning saitder depesitigana pagehan aﬁﬁﬁdfn%tal ByerTtoSoRh L EFitadeRrs Fieshdhn
claim7 wherein i;ai d S?I el ?ﬁgr ogr%m‘rab | e devi ges are se ect ed %rom tdhe

group ¢eaf ﬁ[édﬂga ﬂBIeEU§hc1P| e links, anti-fuses, pass transistors, resistors,
and capacitors. 9. The process described in claim7 wherein said base

diel ectric e dggxsénﬂgs i 85hERHnS r@g&%g@l%&u%tﬁé)rnﬁ{rgﬁéﬁgﬂe% Siogtanimabie 9¢
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



dielectric constant |ess than about 5 and said base dielectric layer is
deposited to a thickness between about 200 and 5, 000 Angstrons. 10. The
process described in claim7 wherein said support dielectric layer is
selected fromthe group consisting of silicon oxide, black dianond, and
all dielectrics having a dielectric constant |ess than aboqgjgﬁgﬂgo ai d
support dielectric layer is deposited to a thickness between abou 00 and
5,000 Angstronms. 11. The process descyi bed in claim7 wherein said netal
| ayers are selected fromthe group consisting of Al, Ti, TiN, and al
metal s whose resistivity is |ess than about 5 25 August 2004 14 m crohmcm
and armicesimeni,ednlioafe tddposREs St el WARRNEEY UietkBEn 2880, 200 ARastiooms. 12.
The process described in claim7 wherein said |ayer of high dielectric
const apgstrigRieri al is selected fromthe group consisting of silicon
nitride,” tantal um oxi de, alum num oxide, and hafnium oxide and is
deposited to a thickness between about 20 and 500 Angstrons. 13. The
- process described in claim7 wherein each trench has a wi dth between about
0.1 anfb. 0. 81'?{@ élro%gg%gggc@aa%%d at, %I%Eﬁ hiealtheeln Ss%%a[a?/tere%f Hg%md%i]eectr?cn8$I?sei£\ntby
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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.




ADJUSTABLE 3D CAPACI TOR. ABSTRACT There is a need for adjustable capacitors
for use in LC or RC matching networks in mcro-circuits. This has been
achi eved by forming a set of individual capacitors that 23 pagest %o mon
bottom el ectrode. The areas of the tgp el ectrodes of these individual
capacitors are chosen to be in an i ntl gral ratio to one another so that
they can be conbined to produce any capacitance wthin a range of unit

val ues. For exanple, if foy i to as are in the ratio of
5:2:1:1, are provided, th&béﬁg?ggbgcé’[sm&ﬁé range of froml to 9 can
be generated, depending on how the top el ectrodes are connected. Such
connections can be hard-wired wi tABRTRACTinal wiring level to provide a
factory adjustabl e capacitor or they can be connected through field
progr ammabl e dédwre ésatneeprfodadpistalfle ebgagitarg fanusd irel CapaRC tmatchiigpr ocess
for manufacturing the device is also described. FIGURE 4

networks in micro-circuits. This has 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 connecied through field

programmable devices to produce a field programmable capacitor. A process

for manufacturing the device is also described.

FIGURE 4



