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In the circuit fabrication there is a need for small, reliable

capacitor structures which can be made in integrated form, commonly as
part of an integrated circuit.
A typical prior art multi-layer capacitor is shown in U.S.
10  patent 5,367,430 issued November 22, 1994. This patent discloses 2 multi-
layer capacitor made by interspersing layers of green tape containing
ceramic powder in a bindér with printed layers of electrical conductors.
Connections are then made to the edges of the conducting layers to
provide external connections. A problem with the capacitor structure
15 shown in this patent is that it cannot readily be integrated, and in addition
connection to the edge layers is mechanically difficult and is time
consuming.
Another form of multi-layer capacitor is shown in U.S. patent
5,206,788 issued April 27, 1993. This patent shows a ferroelectric capacitor
20 having bottom and top electrodes, with a number of alternating layers of
ferroelectric material and electrodes between the top and bottom
electrodes. The purpose of this patent is to reduce the defect rate in
capacitors used for memory devices. The capacitor shown in this patent is
formed by a series of deposition steps, of the kind used in forming
25 integrated circuits, but since the layers are so thin, there is no way to form
connections to the intermediate layers and there is no suggestion that any

such connections should be formed.

BRIEF SUMMARY OF THE INVENTION

It is therefore an object of the present invention, in one of its

-



ferroelectric material and el ectrodes between the top and bottom

el ectrodes. The purpose of this patent is to reduce the defect rate in
capaci tor or nenory devices. The capacitor shown in L EAPRIoGSL 1S
f or med byagﬂéggFés of deposition steps, of the kind used igk?%§n1ng 25
integrated circuits, but since the |ayers-@8re so thin, there is no way to
formconnections to the internediate | ayers and there i s no suggestion that
any such connections shoul d be fornmed. BRI EF SUMVARY OF THE I NVENTION It is
t heref ore an aspiests, tafpravide aasuRProvRd filino gapagitarnstraeture swhichnallowrsofig7 1
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conbi nati on fleétrodes.odhs.orie) ofnits cdspelcts ahpeigivention iproeidésn @M -lffera
mul ti-layer capacitance structure conprising: 5 (a) a
bottom fi | m «lapacranee sHpctw\ROIMPIWING: substrate, (b) at | east one pair
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(b) at least one pair of intermediate layers of a film

' electrode and a film dielectric material overlying said
bottom electrode,

(c) a top pair of layers of a film electrode and a film

10 dielectric material overlying the uppermost pair of

intermediate layers,

(d) said bottom electrode having a connection portion
extending laterally beyond the intermediate layers, said
connection portion having a first upper surface, said

15 first upper surface including means adapted to be

connected to a circuit,

(e) at least one electrode of said intermediate layers having
a connection portion extending laterally beyond the
layers above it, said connection portion having a

20 second upper surface, said second upper surface

including means adapted to be connected to a circuit,

(f)  said top electrode layer having a third upper surface,
said third upper surface including means adapted to be
connected to a circuit.

25 In another aspect the invention provides a method for
réducing the variation of capacitance with voltage of a ferroelectric film
capacitor having first and second electrodes each of a first selected area
with a dielectric layer between them, comprising: forming a multi-layer
film capacitor structure having a plurality of film layers of dielectric

30 .material alternating with a plurality of film electrode layers to form a
monolithic structure comprising a stack of capacitors arranged

substantially in series, each of said electrode layers having a further



bottom el ectrode, (c) a top pair of layers of a filmelectrode and a film
10 dielectric material overlying the uppernost pair of

i nt er medi at %v!a@&%@l (d) said bottom electrode having a coppgftdsddedss
portion extending laterally beyond the internedi ate | ayers, said connection

portion having a first upper surface, said 153- first
upper surface including neans adapted to be connected to a circuit, (e)

at |l east one electrode of said.internedi ate | ayers Vi hg.,a connegtion
portion extendi ?éeF’&%e?’fﬁaP ﬁaﬁlé%ﬁ%‘ef ﬁ@%c P?%E%hf%ﬂggm‘ E%‘Qné&‘iti sglected
portion having 0 PRI ‘E‘%% rdqa Painbere :
upper surface i%{: u iyna rfr%céﬁg ‘ggzli%}% elsc’l ?%ﬁ e corﬁ c?gé‘%?o%aag?rcwt,é(??%q’d
sai d top el ect reletriodechayers ohgaid mhiltidayepfilmscapariter staidtutd mitiuspper

surface including means agapt ed o be connected to a circuif, 25
I'n another aspect the inveRt RBQtRERAIRRCE, the MYEntion  BROKIdRS emethod of

ver o1 O CREAGAE LA be St Bek AR BRI e BUBH 1
dielectric | ayejn helapaeitorhsaid metivod songpribinga tethodibf indredsihg the voltage
at which significant leakage current begins to flow in a ferroelectric film
capacitor having first and second electrodes each of a first selected area
with a dielectric layer between them, comprising: forming a multi-layer
10  film capacitor structure having a plurality of film layers of dielectric
material alternating with a plurality of film electrode layers to form a
monolithic structure comprising a stack of capacitors arranged
substantially in series, each of said electrode layers having a further
selected area, each further selected area being larger than said first selected
15 area by a factor which is approximately equal to the number of said
electrode layers of said multi-layer film capacitor structure minus 1.

In yet another aspeét the invention provideé a method of
providing a capacitor in which the main capacitance element or elements
which determine the capacitance of the structure are relatively isolated

20 from disturbing influences. In this aspect the invention provides a
monolithic multi-layer film capacitor structure comprising a plurality of
film layers of dielectric material alternating with a plurality of film
electrode layers to form a monolithic structure comprising a stack of
capacitors arranged electrically in series, said capacitors comprising a lower

25 capacitor, an upper capacitor, and an intermediate capacitor between said
lower and upper capacitors, said intermediate. capacitor being of
substantially smaller capacitance value than said upper and lower
capacitors and being protected from environmental influences by said
upper and lower capacitors, said upper, lower and intermediate capacitors

30 being arranged in series with said upper and lower capacitors including
means adapted to be connected to a circuit.

Further objects and advantages of the invention will appear



filmcapacitor structure having a plurality of filmlayers of dielectric 30
material alternating with a plurality of filmelectrode |ayers to forma
nonol it hi ure conprising a stack of capacitors arranlqielc}
substantig’ﬁ%}‘r’#ﬁ; eries, each of said electrode |ayers having gA?.,t’Joroﬁ?er
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- selected area, each further selected area being |larger than said first
sel ected area by a factor which is approxi mately equal to the nunber of
sai d el ect r odeomnayke Sfodfowimg) destriptioay ctaken| togetbeciwith the acrampariying 1.
I n anot her Sﬁoect. the invention provides a nmethod of 5 I ncreasing the
vol t age at rewlggﬁ'nificant | eakage currents begin to occur in a
capacitor, said nethod conprising a nethod of increasing the voltage at
whi ch significant | eakage current begins to flowin a ferroelectric film
capaci t or haBRIEHR DESCRIFTISCEN(IL IRKAWENERYh of a first selected area
with a dielectric layer, between them. cogprising: formng a nulti-|ayer 10
film capacitor structuf® Q‘F‘??é"ﬁaﬁn}%a%wgfi I mlayers of dielectric
material glternating Wik a pl drddgbimbhafié SRESEHEAMCVIN U HRukRLe?
monol ithic structure conprising a Stack of capacitors arrange ‘
capacitance structure according to the invention;

Fig. 2 is a top view of the capacitance structure of Fig. 1 but
with the covering dielectric layer removed;

Fig. 2a is a top view of a modified pair of dielectric and

10 electrode layers;

Fig. 3 is a top view similar to Fig. 2 but illustrating
manufacturing tolerances;

Figs. 4a to 4e are diagrammatic views showing production of
a capacitance structure according to the invention by top-down patterning;

15 Fig. 5 shows a sequence of product manufacturing steps from
production of an unpatterned blanket structure to production of a custom
mesa structure to production of a custom wired product;

Fig. 6 shows a sequence of product manufacturing steps from
an unpatterned blanket structure to production of a stock mesa structure to

20 production of a custom wired product;

Figs. 7a and 7b show respectively a capacitance structure
according to the invention, and a prior art capacitor, and show the parasitic
capacitance between the bottom electrode and the substrate conductor;

Fig. 8a is a diagrammatic view of a multi-layer capacitance

25  structure of the kind shown in Fig. 1 but with different characteristic
dielectric layers between each conductor layer;

Fig. 8b is a plot showing capacitance versus frequency for the
capacitance structure of Fig. 8a;

Fig. 9 is a diagrammatic view of the capacitance structure of

30 Figs. 1 and 2, but with the bottom electrode not connected;

Fig. 10 is a diagrammatic view of a capacitance structure of the



substantially in series, each of said electrode |ayers having a further

sel ected area, each further selected area being larger than said first

sel ected 15w &?ﬁmby a factor which is approxi mately equal topthReadvossse of
sai‘d electrode layers of said nulti-layer filmcapacitor structure mnus 1.
In yet another aspect the invention providesﬁi'nethod of providing a
capacitor in which the main capacitance el enent or el enments which determ ne

t he capacitance of, t.he structure arne,relatiyely isaolated 20 .fro
di sturbing i nf Fhé‘ﬁc@%‘?wnllﬁlﬁﬁﬁs agﬂ?%mtﬁed v&???#%géyﬁﬁyéeﬁ]éﬁél ithic
mul ti-layer filmcapacitor structure conprising a plurality of filmlayers

of dielectric material alternating with a plurality of filmelectrode
| ayers to formizetmeen twoilightoapacifance coppling dayersst ack of capacitors

arranged electrically in seri sai.d capacitors conprising a | ower 25
capacitor, an upper capac%ﬂ%rﬁsiasnﬁ é}ﬁgf LG VIR a?J&EP?‘%FarE%MWSiIer

| ower and upper L0 ' 'H@.FEM'%I | i&%ﬁ) P
substantial ly sﬂn‘%?pg?lgé%ggiu?g??% val ue t nseiggre%@lﬁ%%gﬁn%%d Ovév.#ratlon,
capacitors 8nd bei ng prot Fig.el? iz ardiagramomatinview iof fthe eapasithsics sirthctiprees
and | ower capacitors, said-upper,. |lower and internmediate capacitors 30
bei ng arranged KigssdraRd 3 With & IPWpFrPaGANgesiver daveyn apdswith |thai hettom

nmeans adapted t to a circuit. Further objects and advant ages
of the inventi oege%?ﬁ‘g%%g%@gd’

Fig. 13 is a diagrammatic view of the capacitance structure of

Figs. 1 and 2, but with low capacitance lower and upper layers and with the
10 bottom and top electrodes grounded;

Figs. 14a to 14d illustrate the scaling effect of a series
connected multi-layer capacitor, according to an embodiment of the
invention, on capacitance Qersus DC voltage;

Figs. 15a to 15d illustrate the scaling effect of series connected

15 multi-layer construction according to the Figs. 1 and 2 embodiment on
leakage current versus voltage relation;

Fig. 16 illustrates for the capacitances of Figs. 15b to 154 the
effect of an AC signal voltage on capacitance;

Fig. 17 is a plot illustrating time dependent dielectric

20 breakdown;

Fig. 18a is a top view of an alternative embodiment of the

invention, using staggered layers rather than mesa geometry; and

Fig. 18b is a side view of the capacitance structure of Fig. 18a.

D . N RED EMBODI
25 Reference is first made to Figs. 1 and 2, which show a
preferred embodiment of a multi-layer capacitance structure 10 according
to the invention. The structure 10 includes a conventional substrate 12
- (e.g. of silicon or any other suitable material) covered by a layer of
insulation 14 (e.g. of silicon dioxide or any other suitable insulator

30 material). Atop the insulation layer 14 is a conventional bottom electrode
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fromthe follow ng description, taken together with the acconpanying .

dr awi ngs. FE _DESCRI PTI ON OF THE DRAWNGS I n the acconpan,hg i Ngs: 5
Fig. 1i s@&ﬁ%ﬁgmt ic side sectional view of a nulti-|ayer C%%?:I@I 6rf:mce

structure according to the invention; Fig-62 is a top view of the

capaci tance structure of Fig. 1 but with the covering dielectric |ayer
removed; Fig. 2a is a top viewof a nodified pair of dielectric and 10

el ectrode | aylé, formhied. ofsany suitabjle metal (.gi nb:iebq:lsﬁgmonmalliadﬁw)r ating

roducti on of a capaci t SRS Pakfhe ABeBRE,TY, TR sukskhiitR, B r
top-down pat tiffd¥mediate electrode layers/ Eiﬂecéicsfb?é?s QB%QIB!?,%, HOLR R 20,
manuf acturing steps from producti‘on of an unpatterned bl anket structure to
product i on 0f22b. cAdtove thesapper imtermediateplayeos 22422k ase taps tayersi 24a 24b
product; 5 (layer 24a being an electrode layer and layer 24b being a dielectric layer).
All of the electrode and dielectric layers shown are film layers, deposited by
conventional techniques such as sputtering, chemical vapor deposition,
evaporation, or spin-on techniques, all of which are well-known in the art.
The intermediate and top electrode layers are, like the bottom electrode 16,
10 of any suitable metal such as platinum and/or palladium. The dielectric
layers are of any desired suitable material. One class of materials which
has been found to be particularly suitable is the class known as ferroelectric
materials, also called polar dielectric materials, such as those disclosed in
U.S. patent 5,206,788 and which are well-known in the art for capacitors.
15 Examples of ferroelectric or polar dielectric materials are lead zirconate
titanate compositions. As is well known ferroelectric (polar) dielectric
materials exhibit spontaneous polarization at temperatures below their
Curie temperature.
In Fig. 1 the vertical thicknesses are much exaggerated. The
20 electrode and dielectric layers are all film layers with very small

thicknesses, typically in the order of .03 to 1.0 pm, although they can be
thicker if desired.

As shown, the layers 16 and 18a, 18b to 24a, 24b are arranged

in a mesa structure. In a mesa structure the pairs of layers become

25 progressively larger from top to bottom, so that the top surface of each

lower layer pair is larger than the bottom surface of each layer above it and
extends laterally beyond the layer above it in all horizontal dimensions.

After the mesa structure of electrode and dielectric layers has

been formed, the entire structure is covered with a layer of insulation 26,

30 - again typically silicon dioxide (shown in Fig. 1 but omitted in Fig. 2 for

clarity). Since the insulation layer 26 follows the stepped pattern of the

mesa, the insulation layer 26 defines a set of annular horizontal surfaces

-



Fig. 6 shows a sequence of product nmanufacturing steps from an unpatterned
bl anket structure to production of a stock nesa structure to 20 production
of a customw red product; Figs. 7a and 7b show respecti vel y&ﬁé%«gm nce
structure XEPFAHY to the invention, and a prior art capacitor, and show
the parasitic capacitance between the bottonVel ectrode and the substrate
conductor; Fig. 8a is a diagrammatic view of a nulti-layer capacitance 25
structure of the kind shown in Fig. 1 but with different characteristic

di el ectric | ay@0s 3BeB4edh ovet ithe projecting edges of Bach elrtradenlayest 16 H8ai 20a,

it . f th it i, f. Fig..8a. »kig.
S e il agr amie: GRERFRE S wias 4fi oPRARS dhOECh SRSt Sy iiaf stirtatls a7' &
but with the bagl@ghg ﬁ%hﬂﬁc&%c&o%%%g%ﬁiage ediblishad (tAsicalyRif goldi SV

of a capacitance structure of the ) 0871
PCT/ CA97/ 00456 other suitdbkehcomductive gratetialirto the electrodes described.i t ance

layer | ”bedg ed bet vveen"t\./\?hg i%ri]dﬁ*? PSEHhé nﬁnt?ﬁ%pﬂgggohgﬁeggffaces 30 to 36 is
typically between one and ten um, which is sufficient to make the
electrical contacts shown. (Typically the contact will occupy between half
and two-thirds of the width of the ledge on which it is located.) If desired,
and as shown in dotted lines, additional electrical contacts 46, 48, 50, 42
10 may be made to each intermediate electrode layer, so that in a givén
application, the best located connection to any given electrode may be
used, for greater convenience in fabrication of the circuit package in

question. A top electric contact is also made to the top electrode 24a.
In addition, if desired, each dielectric layer may have inset
15 areas to facilitate making contact to the electrode larger below it. This is
shown in Fig. 2a, which shows one dielectric layer 20a and its associated
electrode layer 20b. Dielectric layer 20a has inset corners 55 which expose
widened ledge areas 56 on the electrode layer 20b, for contacts 57. Such
widened ledge areas can also be exposed at other locations along the

20 periphery of each electrode layer.

With the structure shown in Figs. 1, 2 and 2a, independent
and optional access is permitted to any desired combination of capacitor

electrode layers, at more than one position for each layer, resulting in
customization flexibility, optimization of parametric and reliability
25 performance of each capacitor structure, and production efficiency. While
three pairs of intermediate electrode/dielectric layers have been shown, it
will be realized that any desired number of intermediate layers can be
provided. In addition the mesa can be of any shape, e.g. square,
rectangular, round, elliptical, or L-shaped. A further advantage of the
30 . mesa structure with contacts at the exposed edges is that it is not necessary
to have openings through dielectric layers, which could cause defects and

adhesion problems.



Fig. 11 is a diagrammatic view of a capacitance structure |like that of Fig.
10 but with vertical edges instead of a nesa configuration; 5

Fig. 12 ig a diagrammatic view of the capacitance structur i " and
SEopuass FShiehsfies

2, wWth a citance |lower |ayer and with the bottom

grounded; Fig. 13 is a diagrammtic view ef§-the capacitance structure of
Figs. 1 and 2, but with | ow capacitance | ower and upper |layers and with the
10 bottom and top el ectrodes grounded; Figs. 14a to 14d illustrate the
scaling effect of a seriltavillobegealizednthat wheredayerscef film, partioulinly thin an

T80 11 ot r st ¥ERkEE e BB M ARBLOR B It B i if BB B A iy B
construction @eCHHl %éso Htwébeaswith aidleda Qﬁ*&%ﬁhf@&?@&e&%i@ﬁﬁ& ke

versus vol tage rel at Fig. 16 illustrates for the capacitances of Figs.
15b to 15d t hpemhittest thdn avitih@ stagked stmictargehavingapexticadlyceninEident ledges. a

ol oL 1T Ustraking L oE Gependty gl cotlco 0 Recal e o€ Goudta sl o
rat Bg[ ! gagf B %ﬁsay 168icH Betwiddh Hfe SuitirdgtethF¥ads 596 CROFAIUE
layers on each side of the dielectric layer in question, thereby providing a
substantial degree of manufacturing tolerance, with less risk of
overhanging edges.
10 In addition, when stepped (i.e. staircase pattern) edges ére
provided, as shown in Fig. 1, there is less likelihood that excessively high
vertical edges will be formed which are difficult for the thin film

insulation layer 26 (or a thin film interlayer dielectric) to cover.

R EDM (0] F T1
15 There are two general types of fabrication methods well
known for film device structures. These methods are top-down and
bottom-up fabrication. Top-down fabrication involves the deposition of a
number of blanket film layers on a substrate, in sufficient number to make
up the layers of the structure. Top-down patterning, using masks and

20  etching, is then used to define the patterning of different layers. Figs. 4a to
4e show top-down patterning used to produce the mesa structure of Figs. 1

and 2. .
As shown in Fig. 4a, the electrodes and dielectric layers 18a,
18b to 24a, 24b are deposited in an unpatterned blanket structure 60 on the
25  insulation layer 14 on the substrate 12. Fig. 4b shows the top electrode and
dielectric layers 24a, 24b as being patterned (by known masking and etching
techniques, as indicated).
Figs. 4c to 4e show successive patterning of successively lower
layers of electrode and dielectric, until the next to final mesa structure 62 is
30 achieved (Fig. 4e). After the bottom electrode 16 is patterned (not shown),
the covering insulation layer 26 (not shown in Fig. 4e) is added.



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 25 Ref erence is
first made to Figs. 1 and 2, which show a preferred enbodi nent of a

mul ti-layer_capacjtance structure 10 according to the inventi 5"900!
structure 1qu%@f’t.}c}es a conventional substrate 12 (e.g. of si%gg or gﬁny
other suitable material) covered by a | ayer-8f insulation 14 (e.g. of
silicon dioxide or any other suitable insulator 30 naterial). Atop the
insulation layer 14 is a conventional bqttom el ectrode WO 98/ 00871

PCT/ CA97/ 00456 -6- 16, folnwillobe aeplizad: thatewitht joptdown pattrEningp|iftis ot

it ermodiate. ePEBRIad RIS AROPEE YRR RGeS R URBUH3 g patigm of
223, 22b. AboYankhGpBBPydd! PhIPH AbCalproblemMhen ZihedhbthaRturd i€ used Hin
24b 5 (|l ayer 24a be¥> g aryel ectrode |l ayer and | ayer 24b being a dielectric

| ayer). Al of additiohgovheneetahihgliisparformed aymras layrerwof ar mefsal strizafures all
deposited by copyenti.gnal, techni ques su as sputtering, chem cal. vapor
deposi ti on, gevé pf dhe IBYe%E?‘?F%‘Fl %‘émr%ﬁm%%awpsfr"gm B’I‘F er%dlﬁé‘l‘ah?&m‘u(ﬁ/@n
in the art. Theps Hehitefl it .top el ectrode layers are, like the bottom
el ectrode 16,

Bottom-up fabrication builds a device structure one layer at a
time, starting with the formation of the bottom layer. Several bottom-up
fabrication methods are known. In one method, a layer can be fabricated

10 by laying down a blanket and then patterning over it to subtract away
undesired blanket material, after which the next layer is added.
Alternatively, using a selective pattern deposition method, a lift-off or
shadow mask can be used to form selectively the desired pattern of film on
the substrate. In this method a lift-off mask is present on the substrate

15 when the film is deposited; then the lift-off mask is removed, leaving the
patterned film behind. The mesa structure as shown in Figs. 1 and 2 can be
fabricated using either top-down or bottom-up fabrication methods, but
using top-down fabrication allows several important manufacturing
advantages.

20 A major advantage of top-down fabrication, which is ideally
suited for a mesa structure, is that top-down fabrication occurs under
conditions of topographical and chemical homogeneity. Since the
structure does not have to be patterned as it is being laid down, each
successive blanket film layer can be formed over an identical surface of a

25 previous layer with uniform topographical and chemical properties. As a
fesult, there are no lateral variations or transition regions present which
can cause material incompatibilities. In the case of bottom-up fabrication,
a film which nucleates and grows on two regions of a substrate having
distinct topographical and chemical characteristics, may develop different

30 - properties over the different regions. In addition, the absence of
topographical inhomogeneity in top-down construction (preferred for the

mesa structure described) can also prevent the occurrence of film stresses

-



10 of any suitable netal such as platinum and/or palladium The
dielectric layers are of any desired suitable naterial. One class of

mat eri al s. whi ch _has been found to be particularly suitable_j cl ass
known as WRP¥W7bctric nmaterials, also called polar diel ecf’#i’gt%oé'r(’?al s,

such as those disclosed in U S. patent 5,206, 788 and which are wel |l -known
in the art for capacitors. 15 Exanpl es of ferroelectric or polar
dielectric materials are |l ead zirconate titanate conpositions. As is well
known ferroehndtdefectspat trapsitiorl edges andedornerss wherbidepositedriagenotitay be
pol ari zation_at .tenperajures below their Curie tenperature. In Fig. t he
vertical thi HMRdgdo much exaggerated. The 20 el ectrode and

dielectric layers are ' | e wfﬂT‘q £ Qkckn
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di mensi ons. HHeee theewipanesiddiblatliet sinadtass 6OJoviHeH dircbeq! sioek! idua! $s has
been formed, the entire structure_is covered with a |layer of insulation 26,

30 agai n thewa.| yIbe| unpatterasd delankesvitruatureg60 lishthen formed iinteiay). 2

for custom mesa array 64, having (in the example shown) two mesa structures

10  64a, 64b. The mesa structures 64a, 64b can then be wired as indicated at 66
to form a custom product.

Alternatively, and as shown in Fig. 6, an unpatterned stock
blanket structure 60 can be used to produce a stock mesa array 68, again
having (in the example shown) two mesa structures 68a, 68b. The mesa

15  array 68 can serve as a stock item, to be wired according to customer needs,
with typical customized interconnect wiring being shown at 70 in Fig. 6.

The ability to produce stock mesa array forms, or to semi-
customize them initially, can allow for shortened manufacturing lead
time, and reduced inventory costs, resulting in improved efficiencies.

20 Even if bottom-up fabrication is used, nevertheless when a
mesa structure is used, all electrode and dielectric layers of the structure
are formed over flat surfaces of the previous layer and are not formed over
any topographical (vertical) steps. This is a significant advantage of the
mesa structure, because since thin films require nucleation on depositing

25 surfaces, it is more effective to deposit layers on a flat (horizontal) surface
than over topographical steps. With the mesa structure, only the
protective or overcoat insulation layer 26 need be formed over
topographical steps. Therefore, the resultant structure has a lower
likelihood of chemical, mechanical and physical inhomogeneities than

30  would occur if the layers were fabricated over a more varied topography.

It will also be realized that the arrangement described

provides great versatility, in that because of the ready access to each layer,

-



clarity). Since the insulation layer 26 follows the stepped pattern of the
nmesa, the insulation |ayer 26 defines a set of annular horizontal surfaces
WD 98100871 PCT/ -7-
30, 32, 34WABYBI tnhe projecting edges of each el ectrode Ig§§%ﬂ%2éé§§a,

20a, 22a. Wndows or vias are opened in thelberizontal annular surfaces 30
to 36 through which contacts 38, 40, 42, 44 are established (typically of

gold or other suitable conductive material) to the el ectrodes described. 5
The width of tdifferentlinternonnecnchiemes rarde seed fopdifferentprapaditprs airithe:

one and ten [errlm i [ fd Gl A t LLC

shown. (Typi cal et%\mg%g?'ag{mvg’l%oqgg%B%g%Mgn&%aﬂb%%%bt% ?ﬁmed
the width of t 85 others cahobeioptiniizell Mesithes pupdsas fn
dotted Ilines, g%d(ih?éijgﬁf 2I ectrical contactS 46, 48, 50, 45 1 sﬁiysggwrrg{ie
to each i nter nidisatpurnploses willebe deseribesb in the remaindgnvehthipgesceiption, t he
best | ocated connection to any given electrode may be used, for greater
convenience in fabrication of the circuit package in question. A top

el ectric cgnt agHRTHERSAPPRICATICONS A In addition, if

desired, each drerectrrc layer nmay have Inse
Reference is next made to Figs. 7a and 7b, which show the

effect of parasitic capacitance between the bottom electrode 16 and the
substrate 12. Fig. 7a shows three alternating electrodes 16, 20a, 24a
connected together at 72 and two alternating electrodes 18a, 22a connecfed
10 together at 74 to form a parallel set of four parallel connected capacitors,
each of capacitance C. (In fact, because of the differing areas of the layers,
the capacitance values of each capacitor may not be the same, but they can
be made the same by varying the thicknesses or proportions of the
dielectric layers.) The parasitic capacitance between the bottom electrode 16
15 and the substrate 12 is indicated at Cs.

Fig. 7b shows a single layer capacitor 76, also having
capacitance 4C. In capacitor 76 the area of the bottom electrode 78 must
typically be approximately four times the size of bottom electrode 16 of Fig.
7a. Therefore the parasitic capacitance between electrode 78 and its

20  substrate 80 is 4Cs, which is four times higher than that of Fig. 7a.
Reference is next made to Fig. 8a, which again shows the

multi-layer capacitance structure 10 having a mesa form, and having its
five electrode layers connected to form four capacitances in parallel,
namely capacitances A, B, C and D. The dielectric layers 18b, 20b, 22b, 24b
25 between the respective sets of plates are made to differ from each other in
their response to the frequency of the applied electric field. It is well-
known that the dielectric constant of many known dielectric materials
varies with frequency, and typically drops off sharply as the frequency
-increases beyond a rolloff frequency (when the frequency is higher than
30 such rolloff frequency, the material is unable to store additional energy).

Examples of materials which display this characteristic include members of



15 areas to facilitate making contact to the electrode |arger belowit.
This is shown in Fig. 2a, which shows one dielectric |ayer 20a and its
associ at egokmeedriode | ayer 20b. Dielectric |ayer 20a has i meEICAS00M56S 55
whi ch expose wi dened | edge areas 56 on the_el ectrode | ayer 20b, for
contacts 57. Such w dened | edge areas can 1R1-so be exposed at ot her

| ocati ons al ong the 20 peri phery of each electrode |ayer. Wth the

structure shawn,i n, Fi.gs. and i pdependent, and ti,onal access i s
pernitted to%%%%??&@&%%ﬁ%ﬂéﬁ@?@f%c Hbess &f; oléarlné%?g?nafmfmre
than one poskitaRitel BSHAaMmilyysilicon alibkide) anidnsitiedhaiitridél on flexibility,

optim zation of paranetric and reliability 25  performance of each
capacitor structure, ani ghedhig.i 8a exdampilenity is \#ssumedrthat pther diefectric

[ di I dj el ' h . ' AR
eal | 7ed ¢ haFoRREY diglrern v 18 Folls B B i Heinencyh apH Mtk | »
addi ti on & he diBgerea BolSrablte UNaPLAPIOD 22 aBUUBHE rollSGHf Wb Rvely M the

elliptical, or L-shaped. A further advantage of the 30 nesa structure with

contacts at Heqmnp;wsindr@gesmshaheasei, the sapmtitanee aessus/ frequinme pigtewilbgs
ctric

t hrough di el g ayers, | ctbbc’owlger%a&lise defects gnd, aghesi on pr%)tla?rrs.

e as shown in Fig. ne segment 84 indicates the
capacitance when none of capacitances A, B, C, D has rolled off; line
segment 86 indicates the total capacitance when capacitance A has rolled

10 off sharply to a low level; line segment 88 indicates the total capacitance
when capacitance B has rolled off sharply to a low level, and line segment
90 indicates the total capacitance when only dielectric layer 24b is
functioning effectively. For illustrative purposes the roll-offs are shown as
being sharp, but they will normally have a slope dependent on the

15 material used. The thicknesses of the dielectric layers can also be made
different from each other to further vary the characteristics of each
capacitor layer (e.g. so that they have different capacitances). Each capacitor
A, B, C, D can itself be a multi-layer stack, and the number of layers can
vary in each.

20 The structure shown in Fig. 8a, with dielectric layers of

different frequency characteristics, is useful in various applications, for

example in filters. While capacitor combinations having varying

responses to frequency have been soldered together to provide a

capacitance versus frequency characteristic generally similar to that shown

25 in Fig. 8b, this has never previously been achieved in a single monolithic

structure in which the dielectric characteristics and/or thicknesses of

various layers are varied to achieve the desired combination of capacitance
values and frequency characteristics.

One practical requirement of the Fig. 8a embodiment is that it

30 .requires fabrication of dielectric film layers of different compositions and

properties in close association with each other. The annealing

temperature must therefore be adapted to accommodate the most

-



WD 98/ 00871 PCT/ CA97/ 00456 - 8-
It will be realized that when layers of film particularly thin film are
st acked, IRV&@M@ difficult to maintain the integrity and ageyica@¥o8dsst he
film edges. } With a mesa structure a greater tol erance can be
permtted than with a stacked structure ha\rilrgﬂg- vertically coincident edges.
5 Thus, as shown in Fig. 3, the outer |ateral edges 58 of the dielectric

| ayers can occur at any |ocati orll bet ween the. o }er Iater%h i{geg 59 of, the
el ectrode | ayetemperatig sengiivss layge ofimaterial; It pggessany, theXE: 87 capaeitanse
providing a su %%} f | B i Vi '

of over hangi nglge ges.@%ﬂwa%r%témw“%%(ﬂnﬁﬁﬁh Wneﬁﬁg",t eppekgc%?ﬂg.gdé&n
staircase patt giyerseatgethapeewhidly reguiire thesimglvest tethpgratiire tavavealing hrdsare
| i kel i hood that excessively high vertjcal edges w Il bhe farmed which are

difficult for daid dawnsfirsh i dayess i whidhhyequing apd willnwithstand; anky (layer

dielectric)zto ERR I . .
There are t é%%geg? ljégie:s o%@? ?(}15%5 h‘(g):ﬁgsi%v?g#’ ?wi r%ﬁmm\ggrer falqrmahng
devi ce struct urempefhrae layefwandadrndaed ddver ghiedhipdier detriperathfd Fidro have
Top-down fabrication involves the deposition of a nunber of blanket film

| ayers on a subeenamnealadsuf fi ci ent nunber to make up the | ayers of the

structure. Top-down pattepng: 15l RSB ?ongig. 9, which shows an application

of the invention directed at creating a capacitance value of improved
10 accuracy. In the Fig. 1 embodiment, the bottom electrode 16 must be
deposited on another material, namely insulating material 14. The
adhesion layer between the two substances creates interactions which may
compromise the performance of the bottom electrode 16, since they are all
relatively thin films. This can compromise layer to layer consistency, and
15 also predictability in parametric and reliability performance. Fig. 9 deals
with this problem by in effect circumventing the bottom electrode 16 and
the first dielectric layer 18b, by connecting instead to the second electrode
layer 18a as indicated at connection 94. No circuit connection is made to
bottom electrode 16, and if desired (and as showni, no via is provided to
20 allow any connection to electrode 16. It is assumed that the second
electrode 18a has adequate adhesion on the first dielectric layer 18b and has
a favorable microstructure which is only weakly dependent on the first
dielectric layer 18b. In any event, the microstructure of the second
electrode 182 will influence that of the subsequently formed dielectric layer
25 20b in a way that can be repeated in successive layers (travelling upwardly)
in the multi-layer structure, with anomalies in the first electrode 16 and
the first dielectric layer 18b being essentially circumvented by not
connecting to them.
In the Fig. 9 embodiment, any connections to the various
30 layers except for bottom electrode 16 may be made. Two exemplary other
connections are shown at 95 and 96.

Reference is next made to Fig. 10, which shows an



20 etching, is then used to define the patterning of different |ayers.
Figs. 4a to 4e show top-down patterning used to produce the nesa structure
of Figs. woRdesn As shown in Fig. 4a, the electrodes and @cglE&diobsss! ayers
18a, 18b to 24a, 24b are deposited in an unpatterned bl anket structure 60
on the 25 insulation layer 14 on the sub3#rate 12. Fig. 4b shows the top
el ectrode and dielectric |ayers 24a, 24b as being patterned (by known

maski ng and etcghing techni ques, as .indicated). Figs. 4c to 4e show
succesgi ve pﬁﬂ%‘?ﬁﬂﬁgﬂﬁnbf&sggﬁe%‘i%ﬂf‘l‘ﬂ ﬁﬁ"l)ca\}brlge?Bf PEeYRIY g@i“ﬁ‘hcpf the
di el ectric, ' ' s%,s@ f [ [ | 0.
4e). After tﬁgbﬁégtﬁiﬁégggté%%&%b??p ttgrﬁﬁﬁgs&gﬁ%‘m ﬁ?ﬁﬁcéggxégr ﬁlg

i nsul ation | tyersati¢eoeneironment Rifgthdegapacitatted structée 98/THS8 Fig. 10

PCT/ CA97/ 00456 ,-9-. It wi]l be realized that with top-down patterning, it is
not possi bl eempodiment, ‘ifall%v%% this, PF%&SJ(‘%%BG&“@W&Q“X&& fidmy sapacitance

potiern S SRR b R SHoAOksf B SRR A BLGVS &
structure, akmbedded dielectric film layer 100 with an electrode 102 above it and
another electrode 104 below it. Below electrode 104 is a high capacitance
film dielectric layer 106 covering a bottom electrode 108 on an insulated
substrate 110. Above electrode 102 is another high capacitance dielectric
10 film layer 112 covered by a top electrode layer 114. Connections 116, 118 are
made to the top and bottom electrodes 108, 114 but not to electrodes 102,
104. Thus, three capacitors are formed, indicated at 120, 122, 124.
Capacitors 120, 124 provide substantial encapsulation for capacitor 122,
helping to protect capacitor 122 from penetration of gases or vapors. In
15 this application, the capacitances formed by capacitors 120, 124 have
significantly higher capacitance value than that of capacitor 122, so that the
resultant capacitance of the combination (which is connected in series) is
dominated by the embedded capacitor 122. For example, if the capacitance
of capacitor 122 is C, and the capacitances of upper and lower capacitors 120,

20 124 are each 10C, then the capacitance CrotaL of the structure 8 is given by
1 1 1 1 12

Crome. € T Toc * ToC = Toc-

Therefore CroTaL = .83C, so that as will be apparent, the
capacitance of the structure is dominated by that of the middle layer.
If desired, the Fig. 10 embodiment can be constructed as
25 shown in Fig. 11a, where primed reference numerals indicate parts
corresponding to those of Fig. 10. In Fig. 11 the upper capacitor 120 and the
lower dielectric layer 106 are laterally coextensive with the middle
capacitor 122 (since no connection need be made to the middle capacitor
-122). This provides somewhat improved protection for the middle
30 capacitor 122.

The difference in capacitances of the various layers can be



5 sides of the layer receive equal treatnment, inproving the predictability
of the resultant structure. Bottomup fabrication builds a device structure

one layer at a tinme, starting with the formation of the bOttng'/éXf“fWﬁ
Several botWO#B®88Habricati on methods are known. In one nethod; & 1ayer can

be fabricated 10 by laying down a bl anket &gl then patterning over it to
subtract away undesired bl anket material, after which the next |ayer is
added. Alternatively, using a selective pattern deposition nethod, a
lift-off or shadmroled lpmdingudiedectvid matesials of i kighert dieldetsia ednptaint eimn

oy
of filmon the subsirat I hi s thod a.lift:off kK is prese 0 he
substrate 15 VRRPACHRALS Tizpmq?é' aggggft . ;us%mq a?engHF fﬁi’ﬁs injts%' rh&.m
removed, | eayifgeldeaBalitals ilnlin hBedied (miiRIETEDatitor A29! CHBWEVIE il
Figs. 1 and 2 can be Tabricated using elther top-'do or bottomup
fabricati on metdeogtalizedt thas ifmiltiplelcapaditiys iarato be fahnedsos awingle substrate,

I mportant manufacturing advant ages. 20 _ ) A maj orliﬁdvant_ age of
t op- down f aBri anekisg Ongikayer | 95, thigkerdn rafte gapactorswill cequire thattthet

t op-down fabricatio dep AL 0 i cal 1 .cal
honogenei ty. Si‘c’%&’ée %egctg%%égﬂrgaudgcggqﬁgk 9%3\1}6%%%8%9'%%6?‘?% agnﬁw}'i’ri‘? e
being laid dowjnagiaeg E?ﬁ@é@ﬁh&‘& (Bbmdiférenit lareaspartheambserafte). nBihce il @ple
i dentical surface of "a 25 revious layer with uniform topoHraphi cal _an

cheni cal propereireasking ean lead to increased defects, it is not normally preferred.

Another application of the invention is shown in Fig. 12, for
10 use when the capacitance structure 10 is to be connected to a node 130 of
circuit 132, which node is sensitive to parasitic capacitance. In this
application, the bottom electrode 16 (which has a parasitic capacitance Cs
coupling it to the substrate, as described in connection with Fig. 7a) is
grounded. A connection 134 to circuit node 130 is then made from the
15 second electrode 18a. Further connections are made to any other desired
electrodes in the capacitor structure, normally including a connection 136

from the top electrode 24a.
While the parasitic sensitive node 130 of the circuit 132 could
be connected to the top electrode 24a, in many circuits several nodes are
20 sensitive to parasitics and the top electrode 24a may already be connected

to a parasitic sensitive node.
In some cases, the node 130 which is connected to the

electrode 18a should not "see” ground through too much capacitance. In
that case, the bottom dielectric layer 18b can be made of a low dielectric

25 constant material, or can be made relatively thick, or both, to reduce the
capacitance between the second electrode layer 18a and ground.

Another application of the invention is shown in Fig. 13 and
deals with the need to minimize capacitive coupling between a thin film
capacitor and adjacent components either integrated on the same substrate

30 . or in a multi-chip module arrangement. In the Fig. 13 embodiment, both
the bottom and top electrodes 16, 24a are grounded and the remaining

intermediate layers are used to constitute the capacitor. Connections 138,



result, there are no |ateral variations or transition regions present which
can cause material inconpatibilities. In the case of bottomup fabrication,
a filmwk{§Bsbesst eates and grows on two regions of a substrai/ecAbaetssg :
di stinct topographical and chem cal characteristics, nmay devel op different
30 properties over the different reglonslﬁ'ln addltlon t he absence of

t opogr aphi cal inhonngeneity I n top down construction (preferred for the

mesa structure descri can revent t eo urren of film stresses

VO 98/ 00871 140 are ma ea any of%nemermealate es 18a, 5&@,42@&97/ 00456 - 10-

and defects at tranS't'L@sgng a&g:é‘c%ﬂ‘éé%léf@ SriAeR2R fRtHeAYB D ANdLe
advant age o

thinly formed. Another t op- down f rication is that after
unpat t er ned topadielectriy daypersalfb, 4 heipgsoto redues thhqmrasmd:cq:aaitandé to

produci ng the st nket s ruct to sas can be

D ort ont oq  Brvd Dbeth sldkreds lagaes JBS, ST wiidh Rty BE \aRauft rovnecs o

where the un rned bl anket structure 60, which can be a stock item is
§ UnBELL!

shown. The unpatterned bl anket structure 60 is then fornmed into a custom
mesa array 64, having (Refetdmeedsanmpitanatiowo)Figsol4esa 14 nehichelllustrate a

problem which occurs in many capacitors, particularly ferroelectric film
capacitors. Generally, ferroelectric films have a non-linear voltage
dependence as shown by curve 144 for single dielectric layer capacitor 146,

10 ie. a fairly small change about a center DC voltage V can cause the
capacitance to drop off sharply. When the film is thinner, the problem
becomes more severe. In most cases, the capacitance-voltage characteristic
can be approximated by: .

Cis(V)=C(1 - aV?)

15  where Cy46(V) is the capacitance of a single dielectric layer capacitor 146,
having electrodes AB, at any applied voltage V; C is the capacitance at zero
volts, and o is a constant which depends on the characteristics of the
dielectric material, including its thickness.

If a four dielectric layer capacitance structure 10 is used as

20 shown in Fig. 14c, then its capacitance C;p(V) is given by Cq (V) =C/4(1 -
o (V/4)2) where C is the capacitance of each set of layers at zero volts. (In
fact, the capacitance of each layer will vary slightly due to the mesa
structure, as discussed below.) The resultant curve is shown at 148 in Fig.
14a, and it will be seen that the capacitance Cjo(V) has much less

25 dependence on applied voltage. However because the capacitors are in
series, Ci0(V) is only one-quarter of Cy46(V).

The reduced capacitance can however be dealt with by scaling
up the size of the layers of capacitor structure 10, producing capacitor
structure 10" as shown in Fig. 14d, where each layer has four times the area

30 of the layers of capacitor 10. The capacitance-voltage curve for this

structure is shown at 150 in Fig. 14a, and its capacitance is given by
C,,(V)=C( - (a/16) V).



10 64a, 64b. The nesa structures 64a, 64b can then be wred as indicated
at 66 to forma custom product. Alternatively, and as shown in Fig. 6, an
unpatterned stock blanket structure 60 can be used to produce a stock nesa
array 68, aYRMM&A ng (in the exanpl e shown) two nesa struct HFrESABEW4SEg).

The nesa 15 array 68 can serve as a stock-iljzem to be wired according to
custoner needs, with typical custom zed interconnect wiring being shown at
70 in Fig. 6. The ability to produce stock nesa array forms, or to seni-

custonize theminitially, Thas, the dnpeodesnerqfenmmma@m@Cngoltegg, whish
and reduced [ nvenH? COSt s, e@ultl n roved eff.| |enC|§

Even if bottonf&p & rﬁe@é’ﬁsowq egL ! CSEPYHIS IR IE 9 %g?{ﬁbéy
Is used, all elegght é(;cg% - 'tﬁet citay%sa tlultilf Ryt Wik aha dcalitgup

over flat surfaces |ous Iayer and are not formed over any
t opogr aphi cal (e sizecof thsim‘hmdﬂ'aileapmmrsugmhélstmtrtumdamnrdmglpf t he nesa
structure, because since thjn f|| r equi on de

. f‘ﬁ nucl eati on Sltbn 25
surfaces, i@ is nore eff t}s\/é‘qtﬁ dthasiwhilgy the Wagltlaf‘&?s ayer of
f h
surface than ough,LeRogy Wecﬁéeﬁ"aﬁéwlﬁg 'tfbd e, i Hcrthiele Hgsmﬁfee\é Wilfbe

protective or O 30at 1 Asul at1on nee
topogr aphi cal slightly diffesdrr front i‘ehchesﬂiézabécaaiswot}wfreai‘m of thesuccessive
| i kel i hood of chém caI mechani ¢ and h%ébcal i nhonogenei ties than 30

woul d occur i f layess| ugey Shghtdy Qﬂ‘c%& gF (Rerpnse @iy Fagi Thesh HEpeHare).

However the variation is small and can be compensated by adjusting the
10  overall areas to achieve the final desired overall capacitance. Typically the
difference in area (and hence capacitance) between adjacent pairs of layers
will be in the range of 1% to 20%. For four pairs of layers the difference in
areas between the top and bottom pairs of layers will typically be between
4% and 50%. Where the layers are connected in parallel, the difference in
15 areas usually does not matter but if they are in series, the area differences
will usually be kept small. While the thicknesses of the dielectric layers
can also be changed, it is preferred for ease of manufacture and later
customization, that the thicknesses of all dielectric layers on a single
substrate be the same (except in special cases such as that of Figs. 8a, 8b), to
20  avoid multiple re-masking.

While the multi-layer capacitors 10, 10° of Figs. 14c and 14d
have been shown as mesa structures, if desired and since they are
connected in series, all of their layers except the bottom layer can be made
in a vertical stack with straight sides. However if one capacitor on a

25 substrate is patterned with vertical edges, this would normally have to be
done with all the capacitors on the substrate (to avoid multiple
repatterning). Therefore the mesa structure is preferred.

Reference is next made to Figs. 15a to 15d, which deal with
the leakage current problem. In most capacitors, a leakage current begins

30 - at a given applied voltage and increases as the applied voltage increases.
Fig. 15a shows at 152 a typical relative operating current (or leakage

current) versus applied voltage curve for a single dielectric layer capacitor



It wll also be realized that the arrangenent described provi des great
versatility, in that because of the ready access to each |ayer, WO

98/ 00871 wo 98/60871 PCT/ CAPOTIOLI 045611 - ~

di fferent interconnect schenes can be useii for different capacitors on the
sanme substrate. Thus, sone capacitors on” $2 substrate can be optim zed for
one purpose, and others can be optim zed for other purposes. Sone of these

pur poses w | e crihed in t I | rof.  thi escription. 5 URTHER
APPL| CATI O\IS{%H%%ECBI %ﬁ\‘ﬁ@qﬂeﬁ% gﬁg‘;&:{i‘@%xéapr#géng%ﬁi Togzlog 5ca IS
whi ch show theedinh ®f. I0a. PR will becseennthat st fichel ypertingecliehe Begiricay ode
16 and the substrate 12. Fig. 7a shows three alternating el ectrodes 16,

20a, 24a corpRisttelbd ogcapplied: voltagadvalite ¥ii endainoigassserapiddysfrogn thata

connected 10 _tqge rat 74 to,.forma.parallel set of four . al,l el

connected ¢ aB%’a?t o@tfo‘é’a%wz?ﬁe S’alpﬁkﬁrqeﬁkgge Surygry qepsity bgegﬂ'ﬂggﬁlﬁ flegs,than

differing arggs 5 b%é,légﬁ&@zgrs, the capaci tance val ues of each capacitor nmay
t

not be the sane, tﬂ can be nade the sane by varying the thicknesses
or proportions of the er @ mudtitlayer capacitancp stagiture 10 ap ased aas shbetrveen

the bottom ellneﬁgr.oiifc, ]l'?aving for example four dielectric layers, then the operating
voltage is divided among all the layers and the electric field across each is
scaled down by N, where N is the number of dielectric layers. In general,
10 provided that random defects do not dominate the leakage across any
layer, the current versus applied voltage relationship will scale
approximately by a factor of N on the voltage scale with respect to single
layer behaviour. It is assumed that the capacitance of each of the four
capacitors formed by structure 10 is approximately C. The relative
15 operating current for structure 10 will therefore begin to increase sharply
only beyond a higher threshold value of applied voltage.

Although the capacitance value also reduces as the number of
layers increases (since the layers are connected in series), the size and
hence the capacitance value of each layer can be scaled upwardly as shown

20 at 10" in Fig. 15d to compensate for this proportionately. In Fig. 15d each
layer is assumed to have four times the area of the layers in Fig. 15c. The
relative operating current, indicated by curve 156 in Fig. 15a, has a shape
similar to that of curve 152, ie. it increases slowly to threshold point 158
and then increases steeply thereafter. Point 158 occurs at a voltage V2

25 which is four times higher than voltage V1 for four layers. (The thickness
of the dielectric layers could also be reduced to increase the capacitance, but
it would be undesirable solely to use this approach, partly because it may
further increase the leakage current, and partly because, as mentioned, this
would require that all other capacitors on the substrate receive the same

30 . treatment if multiple re-masking is to be avoided.)

It will be seen from Fig. 15a that where the applied voltage V

is less than V1, the leakage or relative operating current of capacitor 10" is

-



15 and the substrate 12 is indicated at Cs. Fig. 7b shows a single |ayer
capacitor 76, also having capacitance 4C. In capacitor 76 the area of the

bott om el e%&gg{gos%g nmust typically be approxi mtely four timpgridemesse of
bottom el ecirode of Fig. 7a. Therefore the parasitic capacitance between

electrode 78 and its 20 substrate 80 is 4€d%-which is four tines higher
than that of Fig. 7a. Reference is next nmade to Fig. 8a, which again shows

the multi-layer capacitance, structure 10 havj a sa form. d having.its
five ol ect r ot sHEDBYhgher dhaBdhehof Gamreiben o8 5 an cady Pliehly-Righel bt is
nanel y capacit gngRs sAmddefadd}d D. The dielectric layers 18b, 20b, 22b, 24b
25 between the respective sets of plates are nade to differ ‘from each

other in their response tHowWwevernehaenrapplidd tviodtagepViisbetiveenr Vi dridMR2, the

is well- known_ that the dielectric constant of many knpwn dielec}ric .
material s vari eAKAGEPT PREFAING CULIRR £98 DeAare t8r£ﬁ§ciﬁf$ (orders 9f magnitde)
f ' |1 : ' .

i gher s hard 50 R R ElRfki 10 shish ISPgHERGon DET THE 1d BIUAIGY the series

addi ti onal eneggithectehupazitor @10t has! sot\yet Iredélsed altethigh ukapet obliagec
i ncl ude menbers of VWO 98/ 00871
PCT/ CA97/ 00456 threshold V2=4V1.

Even when the applied voltage V is greater than V2, the
leakage or operating current for capacitor 10° can remain (in the example
10 given) about 4 decades below that for capacitor 154 (for the same applied
voltage V) when the current voltage relationship is superlinear, as in the
example given for Fig. 15a. In this example, the area scale-up in capacitor
10" does not fully offset the advantageous superlinear reduction in
operating current. |
15 It will be realized that it is possible to optimize between
leakage current and capacitance value for a series connected capacitance
structure by choosing how many layers to connect.
It is also known that large AC signals can vary the capacitance
of most ferroelectric thin film capacitors, as shown in Fig. 16 where
20 capacitance is plotted on the vertical axis and AC voltage on the horizontal
axis. In Fig. 16 curve 162 shows the variation of capacitance with applied
AC signal voltage for a typical single dielectric layer ferroelectric film
capacitor. Curve 164 shows the variation of capacitance with AC signal
when the structure 10 of Fig. 15c is used. As before, because the applied
25 voltage is divided between the layers used, this results in a capacitance
versus AC voltage curve 164 which is relatively linear for the illustrated
range. Since the layers are connected in series, the total capacitance for
curve 164 is only one quarter that for curve 162 at zero volts. As before,
this is dealt with by scaling up the area of the capacitor layers as shown for
30 . structure 10’ of Fig. 15d, resulting in curve 166 of Fig. 16a. Curve 166 is
considerably more linear than curve 162.

A further advantage of using a multi-layer capacitor structure



- 12- the lead zirconate titanate (PZT) famly, nmenbers of the barium
strontiumtitanate (BST) famly, silicon dioxide, and silicon nitride. In
the Fig. 8goo¥esple, it is assuned that the diel ectric conspemicahnodss
dielectric layer 18b rolls off first at high frequency, and that the 5
dielectric constants of |layers 20b, 22b an 024b roll off successi vely as
the frequency increases. In that case, the capacitance versus frequency

plot will be as shown indsig b ere ling segnent 84 .indicates the,total
capaci t ance Méﬁiﬁm B Plé:g‘pgéat Sﬂ\élgess io BP ,m%“ﬁggn_r‘fﬂlh%g tne. a?l’ﬁﬁde"E

segment 86 i ndiet@dteie Hreakiowal (TPDB)! t FHisds WastraRIIPH| F@)qa, AVHiRR plekd fsh 10
off sharply to a low level; line segnent 88 indicates the total capacitance

\évhoe_n gapatci ta?ﬁl@g?oigafcalﬂ)ucqfage araent ydelcnsiar_ "’f"‘s"‘%mf forda |2 s'4ing_lsdgyrent
i ndi cat es e total ,capa c en_on ielectri ayer 24bh is

f unct:)t i oni n% E%I?g;l:;}"?l Nox%&illy &F‘E&:ﬁ}?geztguﬁﬁ‘?‘go?@gsﬁéfﬁz se§twit : gg‘igﬁm
as bein arihdi : I i ;

mat er i aIg Esed&dige tdh%%r?\eédssgé%gfmtahelﬂdi gllic?grﬂ?g:?yer éarr?rn?;és:%rbe r?ad%f
di fferent froeakagh outwenttsorhetinhes ocany, tihdicated agt d6Pst iTisesef seamdwhat
capacitor |ayer é?g . .50,that they, have di.fferen{ capacitances). Each
capacitor A HPY ,dlgf@jﬁ hurstsy wiichcanseqirquit apise o K/ OTERCATH erﬁ%éﬁihﬁ
layers can vagyribfls eﬁ%@ox%s,ZQ:.g. spatially randdifi PbiiChEfts "RMI 'Bbikt g1’1ea§ﬁlg

with dielectric layers o
causing thermal breakdown at that point, local accumulations of charge

10  carriers, and moisture increase. The use of multi-layers, scaled up in area,
reduces the effects of TDDB since if TDDB occurs at different times in
different layers, the magnitude of each noise burst created will be less
(since there may be TDDB in one layer but not in the other layers).

Reference is next made to Figs. 18a and 18b, which show a

15 modified multi-layer capacitance structure 170. The capacitance structure
170 differs from that shown in Figs. 1 and 2 in that it is not a mesa
structure, but instead is of staggered construction, having a bottom
electrode 172 formed on insulation 174 covering a substrate 176, and three
additional pairs of an electrode layer/dielectric layer 178a, 178b, 180a, 180b

20 and 182a, 182b located atop electrode 172.

In the staggered arrangement shown in Figs. 18a, 18b, each
electrode 172, 178a, 180a, 180b is brought out horizontally away from the
remaining layers so that circuit connections can be made to each electrode
as indicated at 184, 186, 188, 190. The materials used are the same as those

25 shown in the preceding embodiments, namely film conductors and film
dielectric layers laid down by known deposition techniques. It will be
apparent that the Figs. 18a, 18b embodiment must be built by bottom-up
fabrication, rather than by top-down patterning, since upper layers project
beyond lower layers in the Figs. 18a, 18b embodiment.

30 The Figs. 18a, 18b embodiment, like those of the preceding
embodiments, has the advantage that circuit connections can be made to

any or all of the electrode layers as desired. However a disadvantage of the



di fferent frequency characteristics, is useful in various applications, for
exanple in filters. While capacitor conbinations having varying responses

to frequency have peen sol dered together to provide a capacit R AYShe
frequency cﬁvé?%%‘f"é?'i stic generally simlar to that shown 25 ?ﬁEFlAg. 8gt,§

this has never previously been achieved in-2lsingle nonolithic structure in
which the dielectric characteristics and/or thicknesses of various |ayers
are varied to achieve the desired conbi nati on of capacitance val ues and
frequency charBigserliBaj 18b.emhedjment is shatr copriers,nsuth aé thhse Ehdicaged at 192,

nmbodi t i t it, 30 i f i ti f diel tri fil | .
T ror ot conphaf cab ke BREvER and: drERtd & nBRoSh i SoRss iéad ta berioo,tick
The anneal i ng {HOGEA M RIHBSRI; AR 1BERHENY WIRARR0bE %sBq RN TR &

t
WO 98/ 00871 BTPITRRMAE drass T
t enper at ure seresittictedd |(ay eonyparest avithl thel inesacsiruatyre wherki gontaats can be

capaci tance strucjure can be fabricate a battom techni que, . in which
the bott ongl ay?PR ﬁ‘lieatt‘ﬁﬁéiomoéhaF%‘ﬁ%‘?Fggtﬂﬁqlﬁl‘%eggg?%&‘é{q}feé%ﬂiaﬂd}g
and are laid dgynehhYe itB¥fed phiashtic EPUERNRESrBbldmYi thstand only | ower

While preferred embodiments of the invention have been

described, it will be appreciated that various changes can be made within

the scope of the appended claims.



5 tenperature annealing can then be | aid down above the higher annealing
tenperature | ayers and anneal ed after the higher tenperature | ayers have
been annewaﬁmsmfﬁmmae to Fig. 9, which shoper/€as7/00456
application of the iH EBh HASr BEANel at creat | ng a capacitance val ue of

i mproved 10 accurécy. |RERUABEFi g. 1 enbot#dent, the bottom el ectrode 16
must be deposited on anot her matert+al, nanely insulating nmaterial 14. The
adhesi on Iaymﬁn the two substances creates interactions which may
conprom se t Tmance of the bottom el ectrode 16 al |
relatively thin films. This can conprom se |ayer to | Lllﬂl'rmm'ﬂ'[tﬁmmm and
15 also predictability in parametric and reliability performadce’ Fig. 9
deals with this problemby in effect circunventing the bottom el ectrode 16

and the first,dielectric, |laygr,18b, by conneciing instead to the second

el ectrode | aykr 18a as i‘%ﬁ‘%&i’gye&ca&%ﬁ%@?ﬁ Bﬁ"ﬁﬁ%mlx@!’éwém& connection is
made to bottom el ectrodga)l6, ABgttbin HB% E188rH AL Ta st GV DOuNdtia kS
provided to 20 allow aﬁy)lconnection to el ectrode 16. I%W?lg aggyuéntgadtbt hat
the second el ectrode 184bhas aidbepsdt enadpelr @f interimedfiatestlayers eft ai film

| ayer 18b _and has a favorabl e,m crostructuy, ich i.s only. weakly dependent
on the fi ﬁ?t dielectric Iayerdﬁ@B‘.’g?r?anrC]? éﬁﬁ\r,ﬁi,e *ﬁ'@ﬁﬁ‘ﬁ?%ﬁf%‘fﬁr 12gofalflhe
second el ectrode 18a wi |l infdgignncelel@bdef the subsequently forned

dielectric layer 25 20b in a way that can be repeated in successive |ayers
(travelling upwardly) {c) a top pair of layers of a film electrode and a film

dielectric material overlying the uppermost pair of
intermediate layers,

10 (d) said bottom electrode having a connection portion
extending laterally beyond the intermediate layers, said
connection portion having a first upper surface, said
first upper surface including means adapted to be
connected to a circuit,

15 (e)  at least one electrode of said intermediate layers having
a connection portion extending laterally beyond the
layers above it, said connection portion having a
second upper surface, said second upper surface

including means adapted to be connected to a circuit,
20 (f)  said top electrode layer having a third upper surface,

said third upper surface including means adapted to be

connected to a circuit.

2, A capacitance structure according to claim 1 wherein said
layers are arranged in a mesa structure, so that said at least one pair of

25 intermediate layers extends laterally beyond said top layers around the
entire periphery of said top layers, and said bottom electrode extends

- laterally beyond said at least one pair of intermediate layers around the

entire periphery of said intermediate layers.

-

“his Sheet Has Been Replaced

T



in the nulti-layer stryc
the first dielectric I‘z

witn anorat i s |[HNHMHAIBALEE: -oce 16 anc

ure
eet acessent i ally cci tcumvent by not
connecting_to the In

vari ous 30 WP 3HUPL exc MWE/%

odi nent, any connecti on
l el ectrode 16_nay be mdg&@#ﬁo““

exenpl ary other connections are shown at 9523rd 96HReHEreENIS BEENEXt nade

to Fig. 10, which shows an WO 98/ 00871 oF LP}QEP

PCT/ CA97/ 00456 -14- enbodi ment of the invention waich can-Helfp prevent

failure of the3device cauh€apasitangecstruetusn asrorlingsoataim Sowhergircthereyaree

D embodi ment aeirEefif RRAHL B Baid intdnEARREMANS “aah WRBHIR, 1nl Ui o 2
structure 18 V\ﬁi&ﬂ&lit?_soﬁbﬁ@paﬁ@rbbmi@i'n%ﬂtef biyers otk eldctiodi@tayet thereof
enmbedded di el ectric |Imé§a/er 100 with an el ectrode 102 above it” and

anot her el ect rexterciy lasexally tbepandwibeeperipheryoofi alh intghmediats tlayees

filmdiele tri<i Iaégr 106 covering a bottom el ectrode 108 on an insul ated
substrate P10.™&FEGRO8Pectrode 102 i s another hi gh capacitance dielectric

4, A capacitance structure according to any of claims 1 to 3

wherein said dielectric material is a ferroelectric material.

5. A capacitance structure according to any of claims 1 to 3
wherein each pair of layers forms, with the electrode layer of an adjacent
10 pair, a capacitor, and wherein a plurality of said capacitors in said -

capacitance structure are parallel connected.

6. A capacitance structure according to any of claims 1 to 3
wherein at least some of said dielectric layers have dielectric constants

different from others of said dielectric layers.

15 7. A capacitance structure according to any of claims 1 to 3
wherein at least some of said dielectric layers have different frequency

response characteristics from others of said dielectric layers.

8. A capacitance structure according to claim 3 wherein said
bottom electrode is not connected to any circuit, and the electrode layer of
20  at least one of said intermediate pairs is connected to a circuit, thereby to
reduce the effect on said last mentioned circuit of parasitic capacitances

between said bottom electrode and said substrate.

9. A capacitance structure according to claim 8 wherein said
. bottom electrode forms with the dielectric layer next to said bottom
25 electrode layer and with the electrode layer next to said last mentioned

dielectric layer a capacitor of lower value than the value of the capacitances



10 filmlayer 112 covered by a top el ' . Connections 116,
118 are nmade to the top and bottom el jmmﬂ EI ?ﬂ“ but not to .

el ectrode@g;gggos.,}04. Thus, three capaci ¢S aremfos , 1 n@ggribdnedss 120,
122, 124.

paci t 1201241 fde substantial encapsulation for
capacitor 122, he BFF%éﬁBETSﬁgﬁe&%wcapaci t@4-122 from penetration of gases
or vapors. In 15 |this BEUACERti on,| the capacitances forned by capacitors
120, 124 have signifircantly highey .capacitance value than that of capacitor
122 30 t hat TOROHCY,oF deast SOBIRF Uik EIBRIENE TRV A O AR | o
connected in series) is dom nated by the enbedded capacitor 122. For
exanple, if the capacitance of capacitor 122 is C, and the capacitances of
upper and | o€ capaci t Arcapkzftan?6 stri@durer accoading 6 cldiined whereinsadd tepce
CTOTAL of the styucture 8. is, given b err] Therefore CTOTAL = .83C, so
that as will aE@éBﬁB%ﬁlﬁ“W%Xﬁ%?c? rRnnested R8Tt ure i s dominated by
that of the mddle layer. If desired, the Fig. 10 enbodi nent can be
constructed as 25 shown in Fig. 1la, where prined reference nunerals
i ndi cate par t]3. cor r espoAdtappcitantéstrachirefdcgordifig fonclairg. 1014 hefeinUgaid top
capacitor 120 and the I ower dielectric layer 106 are laterally coextensive

with the & dand bapem edectigde layers fopm wath their adjacesd dieleitie lapershand

m gg: c ggpagé}ﬁg&i ﬁé%&e R S RTBNRA b o LD B REAL A5 LR thP ahb®

bottom capacitors, said top and bottom capacitors being of lower
capacitance value than the value of the capacitances formed by at least

some of the remaining layers in said structure.

10 12 A capacitance structure according to claim 2 or 3 wherein said
layers define at least three capacitors, namely a lower capacitor, an upper
capacitor, and an intermediate capacitor between said lower and upper
capacitors, said intermediate capacitor being of substantially smaller
capacitance value than said upper and lower capacitors and being protected

15 from environmental influences by said upper and lower capacitors, said
upper, lower and intermediate capacitors being arranged in series with said

upper and lower capacitors including means adapted to be connected to a

circuit.
This Sheet Has Been Replaced
13. A multi-layer capacitance comprising: “IIII l"l” ”I' "
20 (1)  asubstrate,
(2)  a plurality of separate capacitor structures formed on
said substrate,
(3)  each capacitor structure comprising:
(a)  a bottom electrode layer overlying said substrate,
25 (b)  at least one pair of intermediate layers of a film

electrode and a film dielectric material overlying
said bottom electrode,

() a top pair of layers of a film electrode and a film



The difference in capacitances of the various |ayers can be WO 98/ 00871
PCT/ CA97/ 00456 - 15- g dielectric materials of higher
dielectric constant m ﬂmt‘ﬂmﬁ 124, and/or by using W

di el ect ri cWMS8Q0871 06 in the8e tapacitors thgra-in inbed gﬁf'@dr“e)
capaci tor 122. However it will be realized.phat if| THIS tSHEER APREEJrs are
to be fornmed on a single substrate, 5 making one IayerREﬁtm gr or i hi cker

in one capacitor will require that the sane be dore—fet SAPACLLOIS in
t he substrﬂatﬁxeetmaimﬁﬁr{ 4d pl-e re- dielédtng materdall ov mbyhr{gthe dnpfﬁeenﬂmt pair

areas on t Since multiple re- skin can |l ead to increased
def ect s, i
is shovvn |n

I y pr ef err tﬁﬁo‘f" tedBBemScati on of the invention
connected to a node 130 of crrc it 132

GRARIEEREEES HHARY & 1Drrfectfbr®
I C e 1S sensitPve to
parasitic capacitance. In this applpoatiomn, ekbendirig otnedrediy odseyién  Whikeh
has a parasitic capacitance CS couplJing it _to the substrate, as descri bed
in connectBon with Fig. 7a) is groudesmediaienlayersonsaids comnection tporsin

130 is then made frornthe 15 seconﬂa‘ein%ctar ﬁ@gt Ja%%er':é’ﬁxtfggé, S rs¥0§§pgge

made to any ot her desired

surface including means adapted to be connected
to a circuit,
(e) at least one electrode of said intermediate layers

10 having a connection portion extending laterally
beyond the layers above it, said connection
portion having a second upper surface, said
second upper surface including means adapted
to be connected to a circuit,

15 H said top electrode layer having a third upper
surface, said third upper surface including
means adapted to be connected to a circuit,

(g)  said layers being arranged in a mesa structure, so
that said at least one pair of intermediate layers

20 extends laterally around said top layers around
the entire periphery of said top layers, and said
bottom electrode extends laterally beyond said at
least one pair of intermediate layers around the

entire periphery of said intermediate layers.

25 14 A capacitance according to claim 13 wherein at least some of
the electrode layers of each capacitance structure correspond in position
above said substrate to the position above said substrate of electrode layers
of others of said capacitance structures, the thickness of corresponding

electrode layers in said capacitance structures all being the same.

30 15. A capacitance according to claim 14 wherein at least some of



el ectrodes in the capacitor structure, nor ' tfig a connection 136
fromthe top el ectrode 24a. Wile the pﬁ E/“HB ' !e node 130 of. the
circuit 132 could be connected to-the t S . in slits

several nd¥RIBUN 251 SepsiT inAG BEENRrasitics and the top erectrgggkg4a nay
al ready be connect to gEﬂgmggitic ensi tR6e node. In sone cases, the node
130 whi ch is connedied to-the—etecttT0de 18a should not "see" ground through
too nmuch capacitance. In that case, the bottomdielectric |ayer 18b can be
made of a | owthie elielectyic lagers ob eachmapagitence|struatusecoprespond i |pasitiony

thick, or both, to reduc h apacitance between .t | I,

| ayer 18a andaBPSE r‘?&.’éj}iﬁﬁ?ﬁaﬁe g?pgﬁ Eégiih(?ﬁ‘ %(EY%%alfin%}gor#ﬁ%g% %?SCﬁSﬁe%mg?%qug.
13 and deal s yhtdynebe dfegsldt eapaditdtfictesiabhities] tRe abidlricsg M?Eb?ﬁ!%ggnﬁfi'hg
filmcapacitor and adjacent conponents either 1ntegrated on the sa
substrate 30 dielectric yens in said ¢gapasitance st being thieesamne;. 13

enbodi nent, both the bottom and top el ectrodes 16, 24a are grounded and the
remai ning internediate |layers are used to constitute the capacitor.

Connectio 138, WO 98/ 0 . ) : ] o
PCT/ CA97/ 8% 452& ) Q@E&mtance according to claim 15 wherein said film

dielectric material is a ferroelectric material.

17. A capacitance structure according to any of claims 13, 14, 15 or
16 and including connections between at least two of said capacitance

structures.

10 18. A capacitance according to any of claims 13, 14, 15 or 16 and
being formed by deposition of said electrode layers and said film dielectric
on said substrate, and then by top-down patterning of said electrode layers
and said film dielectric to form said plurality of said capacitance structures

on said substrate.

15 19 A method of fabricating a multi-layer film capacitor structure,
comprising the steps of:
(a)  providing a substrate,
(b) establishing a bottom film electrode over said substrate,
(c)  establishing a plurality of pairs of intermediate layers
20 of film electrode and film dielectric material over said
bottom electrode,
(d) establishing a top pair of layers of film electrode and
film dielectric material over said intermediate pairs,
(e)  defining said layers so that said bottom electrode, said
25 top electrode, and the electrode of each intermediate
pair has an exposed upper surface for access from above

for electrical connection thereto.
This Sheet Ha
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-16- 140 are nmade at any of the internediate el ectrodes 18a, 20a, 22a.
Using a | ow capacitance density material for the bottomand top dielectric

| ayers 18b 24b hel ps mu Hmjﬁ rﬂ! w asitic capacitance t bot h
el ectrode %@(@ Hga, | l " " tused t o cornect—to %@f{%ﬂ?ﬂo@_gs
Reference is next made to Figs. 14a to 14d, oyhi [CTHISI SHEETr A% BEENrobl em
whi ch occurs in many capacitors, particularly f rroeIFﬁpLA@E@ film
capacitors. Cenerally, ferroelectric filnms have—a—romtiTear Volt age

dependence as 2Bown by cFhe meﬂhcbdr ofi clglim di%|wberein laften saigalayers 246,
10 i.e. a fairl char1 cent n gause the
capaci tance tof %%/’BE‘WS'F# 2 B\ﬁ t AEE quli;ﬁ%evlyhrgﬁlgyedt% | desa
becones nore s t

Y6 fﬁ@)%ott?ﬁﬁefe@%@'e 18 Exee &ﬁ%téﬂm ﬁi@)&h&

can be approxinate by err [err] V] wher e
t he capacit ancperipheryiofighe eléattmde iayers al;tereabapacarbundlﬂﬁ eﬂilﬁna pgnphery of

el ectrodes AB at. any appl | tage V; IS [ he ca acitance at_ zero
volts, andBa istig %ﬁ@?&ﬁtaﬁﬁgﬁégﬁ%}?@ﬁ&%ogﬂ‘% ﬁ]@CE‘H’QF yers of said iytermediate

dielectric matgl y ?.L, eit%gtldthﬁqal s b%ggﬁﬁh éﬁgﬁeﬁ? 1éf %1[%' %‘fécrtfédéa Sers

capaci tance str ur é I'S use
capaci t ance C]#ergidve arguned thbéentire rpdnphéry%ﬁdld( structure.

7 Ol

21. The method of claim 20 wherein said dielectric material is a

ferroelectric material.

10 22. The method of claim 19, 20 or 21 and including the step of
patterning said layers to simultaneously form a plurality of said capacitor

structures on said substrate.

23. The method of claim 19, 20 or 21 and including the step of
patterning said layers to simultaneously form a plurality of said capacitor
15 structures on said substrate, and then forming different connections to

different capacitor structures on said substrate.

24, A method of reducing the variation of capacitance with
voltage of a ferroelectric film capacitor having first and second electrodes
each of a first selected area with a dielectric layer between them,
20 comprising: forming a multi-layer film capacitor structure having a
plurality of film layers of dielectric material alternating with a plurality of
film electrode layers to form a monolithic structure eomprising a stack of
capacitors arranged substantially in series, each of said electrode layers
having a further selected area, each further selected area being larger than
25 said first selected area by a factor which is approximately equal to the
number of said electrode layers of said multi-layer film capacitor structure

minus 1.
cen Rep}aced
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a (V/4)2) where Cis the capacitance of u gmrs at zero volts.
({n f?ct, the capaci tagcia‘ ?f e?c_rll_hl ayer.lwﬂmlqﬂlnmw ' Ihy du%t(;@f&h? rrgsa
struct ur cyssed-below.) e resuftant curve’is showeraisokdiskn Fig.
14a, ande‘lv?%aﬁa{?qﬁbe* T$d% (SHERRtHAShBERMpaci t ance C[err] (V) has nuch | ess 25

dependence on appl ifed voRtrgerpHowever be28use the capacitors are in
series, (Jerr] (V) isomtyonme—guerter of CJerr] (V). The reduced capacitance

can however be dealt with by scaling up the size of the |ayers of capacitor
structure 1025.produci nd cEysabpdopf sincrersing the azoltagrvati whkch. significantr e

each layer h r. Ll e . Of S¢: L er I
capaci tgnce- %F%ggec‘%tﬁéeb%g@s ?{? i Qogf}fﬁgt }l??go%lg&g{?oﬁw&ﬁﬁ% ?’%gﬁb% 2"“?—‘3’85 f’fgg,
and its capaghdaiResndselcnodedyeddheof l {i¥st selécted areal with 4 ditlec¥dt-layer WO
98/ 00871 PCT/ CA97/ 00456 =17-

Thus, the debetyiear shem, copprising: efomning aonuitidayemfilm capaciter steuatittais
probl em wi t hy ferroel ectri.c C |t can.b gnsi derahl vi, reduced h

maki ng f[\f?‘?_e cﬁﬁ‘é‘&& Brl_’ %ag?%maf?ﬁféia@?%ri tO?u‘zltefﬁcgnﬁ_rfBaE%? i %‘ée{ﬂ#’ﬁge “Qléi@ of
the indivi dugiyGARt§CidOrfEirh N eléttr68eUtAYER 36CFoei U Ymonolithic structure

comprising a stack of capacitors arranged substantially in series, each of

said electrode layers having a further selected area, each further selected
area being larger than said first selected area by a factor which is
10 approximately equal to the number of said electrode layers of said multi-

layer film capacitor structure minus 1.

26. A method according to claim 24 or 25 wherein there are at

least five said electrode layers.

27. A monolithic multi-layer film capacitor structure comprising
15 a plurality of film layers of dielectric material alternating with a plurality
of film electrode layers to form a monolithic structure comprising a stack
of capacitors arranged electrically in series, said capacitors comprising a
lower capacitor, an upper capacitor, and an intermediate capacitor between
said lower and upper capacitors, said intermediate capacitor being of
20 substantially smaller capacitance value than said upper and lower
capacitors and Be'mg protected from environmental influences by said
upper and lower capacitors, said upper, lower and intermediate capacitors
being arranged in series with said upper and lower capacitors including

means adapted to be connected to a circuit.

Has Been Replaced
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5 It is noted that while the capacitances of each |ayer of
capacitor 10 have been assuned to be 4C, in fact these capacitances will be
slightly different fromeach other because other areas of th iye

| ayers var YO8y from each other (because of the nesa stﬁﬂ%ﬂ§$%@i46
However the variation is small and can be conpensated by adjusting the 10
overall areas to achieve the final desired overall capacitance. Typically
the difference in area (and hence capacitaggqh bet ween adj acent pairs of

| ayers will be in the range of 1%to 20% rrfour pairs of |ayers the
difference in areas between the top and bottom pairs of |ayerd wil
typically be between 4% and 50% Were the |ayers are connegteg—i+—
parallel, the difference in 15 areas usual ly does not nat{
are in series, the area differences will usually be kept sm

t hey
t he

thi cknesses of the dielectric layers can also be changéf it i red
for ease of nanufacture and | ater custom zation, th i of
bci al

all dielectric layers on a single substrate be_ th
cases such as that of Figs. 8a, 8b), to 20 (ﬂi%
Wiile the nul -1 ayer capacitors 10, 10r9f F
shown as nesa Structures, if desngp ands gt
series, all of wWheir layers exceptgth® b
vertical stack wth straight sides)
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done with all the capacitors on the substrate (to avoid nultiple
repatterning). Therefore the nesa structure is preferred. Reference is next
made to Fig@ dpéksi © 15d, which deal with the |eakage currenpcepicQohggiss | n
nost capaci 8?5, a | eakage current begins 30 at a given applied voltage
and increases as the applied voltage increases. Fig. 15a shows at 152 a
typical relative operating current (or |eakage current) versus applied
voltage curve for a single dielectric Ehjdﬂ capaci tor WO 98/ 00871

PCT/ CA97/ 00456 -18 - 154 which is shown in Fig. 15b and has capacitance C
A log-log scale is used in Fig. 15a. It wll be seen that significant
operating current begins at point 155, at applied voltage value V1, and
increases rapidly fromthat point. (Below voltage V1 the | eakage current
density is typically less than 5 10[err] anperes/cnferr].) Wen a

mul ti-layer capacitance structure 10 is used, as shown in Fig. 15c, having
for exanple four dielectric layers, then the operating voltage is divided

anong all the |ayers d the electric field across each is scal ed down by
N, where Nis the_n i ic layers. In general,

1

4 I

N =l
\\‘é/]
il
24a - 18a
“T1-16
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10 provi ded that random defects do not dom nate the | eakage across any

| ayer, the current versus applied voltage relationship will scale

appr oxi-mat 3{%99%0@ factor of N on the voltage scal e with respeaicisosissgl e
| ayer behavi odr {i's assumed that the capaci tance of each of the four
capacitors fornmed by structure 10 is approximately C. The relative 15
operating current for structure 10 wlb)i refore begin to increase sharply
only beyond a higher threshold value o SI i ed voltage. Although the
capaci tance val ue al so reduces Z’ﬂE t he nunber of |ayers increases (since the
| ayers are connected in series)5 Fﬁq si ze and hence the c ci tance val ue
of each layer can be sQ@djtpd—tpwardly as shown 20 at 10 4t Ri g. 15d to
conpensate for this pro gr lonately. In Fig. 15d each—l-ﬁy'e?r Ps assumed to

have four times the ar @r T _the layers in Fig. 15c. The~r—e1&m|\/F ng
Re 15 EREAd

current, indicated by 6 in Fig. 15a, has a sh a8k of

curve 152, i.e. it increases Mand t hen

i ncreases steeply thereafter N Occurs at a v 2tT 28 V2 25 which
h

is four times higher than voltage V1 forzﬂ‘d)ur | ayers. t hi ckness of the
dielectric layers could al so be reduged g&lebt he capacitance, but it
woul d be undesirabl e sol ely t-e—dse—t+H-s—appreath—par++y because it may

further increase the | eakage ettrent—and—partiy—becats n
this would require that all ot-herr—c-a'pa-crt-mn—t-he—su-bstratenﬁlg)vgcbhe

same 30 treatnment if rrultlpl

sJ 16

{12 M
ZZQM____D_i ;
22b~F
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It wll be seen fromFig. 15a that where the applied voltage Vis less than
V1, the | eakage or relative operating current of capacitor 10 is WO

98/ 00871 0 98/00871 PCT/ CA97/ 00456 - 19-
slightly hig 2L that of capacitor 154, but it is only sIFGHEASMuEher
(it is in the sane decade). However when applied voltage V is between V1
and V2, the | eakage or operating current can be zero to 4 decades (orders
of magnitude) 5 Iless for capacitor 10 t&ldnﬂ‘or capacitor 154. This is
because the series connected capacitor ClO has not yet reached the high

| eakage vol tage threshol d V2=4V1. Even when the applied ywl t4d€ \Wis
greater than V2, the | eakage or operating current for cappcitor can
remain (in the exanple 10 gi ven) about 4 decades bel ow/f hat for| capacitor
154 (for the sanme applied voltage V) when the curl nt v agzcﬁel tionship
I's superlinear, as in the exanple given for Fig. ge. '

area scale-up in capacitor 10 does not fully offset™t

superlinear reduction in operati n@g:urrent.

72
o 7

1/8c1
4C 78 C Wi
_— —_—
— 4Cs Cs
80
1 { I ([

L | [ ]
FIG. 7b FIG. 7a
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15 It will be realized that it is possible to optim ze between
| eakage current and capacitance value for a series connected capacitance
structure yng how many |ayers to connect. It is al sogegaAe70dads

| arge AC sﬁéﬂg‘@&a;n vary the capacitance of nost ferroelectric thin film
capacitors, as shown in Fig. 16 where 20 capacitance is plotted on the
vertical axis and AC voltage on the horizo | ,axis. In Fig. 16 curve 162
shows the variation of capacitance wth apgféd AC signal voltage for a
typical single dielectric layer ferroelectric filmcapacitor. Curve 164
shows the variation of capaci gﬁ wi th AC signal mhen the structure 10 of
Fig. 15c is used. As before, bc §e t he appllgz vol tage i s divided
between the layers used, this fesults in ac i& ance versus AC vol t age
curve 164 which is relativel ' ange. ool nce t he

| ayers are connected in@gries, the totaJZébmaC|tg§§§Ifqr C 64 is only
one quarter that for curye 162.al zer.o MOLts AL e Jhis is dealt with
by scaling up the aregyof the capacitor Qr's asafagh for B0 structure
10 of Fig. 15d, resulting in curve 166 of : rve 166 is

consi derably nore |inepr than curve 162. fblyrther advantaﬁg of using a

mul ti-layer capacitor ptructure a

18b 1

L

F1G. 9 2 W

Tvne 18
P

120 —— 2
_102
122] 118 - 100
- 2104
124 — 106
108
110~

FIG, 11
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WD 98/ 00871 PCT/ CA97/ 00456 -20 -
as shown in Fig. 15d relates to a phenonenon called tinme dependent
dielectric Qifaidd (TDDB). This is illustrated in Fig. 17, piekoriofss
(on a log-1o0g scale) | eakage current density versus time for a single |ayer
capacitor. Normally the | eakage current density decreases with tine, as 5
indicated by line 168, as the dielectric builds up charge. However bursts
of | eakage current sonetines occur, indicatq54ﬁ13169. These sonewhat

unpredi ctabl e bursts, which cause circuit nolse'or worse, can be caused by
various factors, e.g. spatially random point defects, |ocal point heating
causing thermal breakdown at that point, |ocal accunmulations of charge 10
carriers, and noisture increase. The use of multi-layers, scaled up in
area, reduces the effects of TDDB since if TDDB occurs at different timnes
in different |layers, the magnitude of each noise burst created will be |ess
(since there nmay be TDDBBQ one |l ayer but not in the other |ayers).

Ref erence i s next nmade igs. 18a and 18b, which show a 15 nodified

mul ti-Iayer capac re 170. The capacitance structure 170
differs fromj i
structure, bu
el ectrode 172
additional pairs
180b

.1 and 2 in that it is not a nesa

i1820f staggered constru tdé)n, havi ng a bottq

n insulation 174 coveryﬁg a substrate 176, and’three
el ectTode Tayerrdi SCtric rayer 178 178 180a,

8O FeTTATFECTTTC gy y

134 _2__2_9 /200
20b  ~18a g
' —4-18b =
: 416
7’

J

FIG. 12 127 14

= 24a
| S

138
140
22b 20a
I | |16l _3-.:.
—1
127 147
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20 and 182a, 182b located atop electrode 172. In the staggered arrangenent
shown in Figs. 18a, 18b, each electrode 172, 178a, 180a, 180b is brought
out horlzontall way fromthe remaining |layers so that circy gﬁﬂﬁg i ons
can be nmade"@ séQ%H el ectrode as indicated at 184, 186, 188,q¥§H? ﬁef%
materials used are the sane as those 25 shown in the preceding

enbodi nents, nanely filmconductors and filmdielectric |ayers |laid down by
known deposition techniques. It will be apeﬁfiqt that the Figs. 18a, 18b
enbodi ment nust be built by bottom up fabri/dat rat her than by top-down
patterning, since upper |ayers project beyond Iomer | ayers in the Figs.

18a, 18b enbodi nent. 30 The Figs. 18a, 18b enbodi nent, |ike
those of the precedi ng enbodi nents, has the advantage that circuit
connections can be nmade to any or all el ectrode | ayers as desired.
However a di sadvantage of the ¢§§@@&%6§?%

PCT/ CA97/ 00456 - 21 - Figs. 18a, 18b empodi nent is that corners, such as
those indicated at 192, 194 can be unevlen and difficult to deposit on; sone
areas can be too thick for SU|tabIe adhlesi on; the locations which can be

used for contact areas are _ T~
-
~
~
~
GH
144
148
—— —
— -_— - NK\ \\
TEF
-ve 0 +ye
VOLTAGE
FIG.14a
B

146

\\
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restricted (as conpared with the nmesa structure where contacts can be 5
applied at any location around the periphery of each electrode |ayer); and
there can bg 1l ed parasitic capacitance problens. Wile

enbodinentsg% &@@gafnvention have been described, it wll tna§$$§§%?§?§H

t hat various changes can be made within the scope of the appended cl ai ns.
1. Amlt-layer capacitance structure &gg d on a subtrate and conpri sing:
(a) a bottomfilm electrode |ayer o ﬂaing said substrate, 5

(b) at |east one pair of internediate |ayers of a filmelectrode and a
filmdielectric material overlying said bottomelectrode, (c) atop pair
of layers of a filmelectrode and filmdielectric material overlying the
uppernost pair of 10 internedi ate | ayers, (d) sai d
bottom el ectrode having a connect&dn portion extending |aterally beyond
the internediate | ayers, said connegction portion10aving a first upper

surface, said /K/

m

FiG. t4c

X

10°

~ 4C

()

~ 4C

~ 4C

~4c

FlG.14d
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first upper surface including neans adapted to be 15

connected to a circuit, (e) at | east one electrode of said internedi ate

| ayers- havi ng a connection portion extending |laterally beyongfEo70aye’ S
above it, WO%0®¥Anecti on portion having a second upper surface, said
second uppcr surface including nmeans adapted to be connected to a circuit,
20 (f) said top el ectrode | ayer havin {:ui rd upper surface, said third
upper surface including nmeans adapted tgg%ef onnected of a circuit, said

| ayers being arranged in a nesa structure, so that 25

said at | east one pair of internediate |ayers extends laterally beyond said
top |l ayers around 4he entire periphery of said top f(ayers, and said bottom
el ectrode extends lfaterally beyond said at | east ope pair i nternedi ate

| ayers around the g¢ntire periphery of said 30

internedi ate | ayerg.

b

LOG
RELATIVE
OPERATINGT
CURRENT
- 152
.
Vi V2=4W
10 10.0 100.0
LOG VOLTAGE —%—
F1G.15a
F
B 10
A 154 /
o '
C E :
' C FI1G.15¢
FI1G. 15b C
H
O
10°
G ~4¢C
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~ 4C F1G.15d
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2. A capacitance structure according to claim1 wherein there are
a plurality of pairs of said intermediate |ayers and wherein in each of
a pluralitywefesiagd pairs of internediate |ayers the el ectrodeti@as@noese
t hereof extends laterally beyond the periphery of all internediate |ayers 5
t her eabove. 3. A capacitance structure according to claim1l or 2
wherein said dielectric material is a fgg&pgqectric material . 4. A
capaci tance structure according to cl ai 2 wherein each pair of l|ayers
forms, with the el ectrode | ayer of an adjacent pair, a capacitor, 10 and
wherein a plurality of said capacitors in said capacitance structure are
paral |l el connected. 5. A capacitance structure according to claim
1 or 2 wherein at |east some of said dielectric |ayers have dielectric
constants different fromothers of said dielectric |ayers. 15 6.

A capacitance structure according to claiml or 2 wherein at |east sone of
said dielectric |ayers have different frequency response characteristics
fromothers of said dielectric layers. 7. A capacitance structure

accor di ffAPACYANGR 2 wherein s&rLﬁ?gééO?Hﬁwehf”Ode is not conneg Bo any

circuit, and ghe el ectrode | ay bast one of s I nternedi ate

pairs is conngected to a circuit, thereb 652 reduce t ect on said | ast
mentioned cirguit of parasitic capaC|tances
c — CGH
'!66J
164
Clod — — = = - — = = = e = - - .C —————— — — —Cgr
e
AC VOLTAGE
FIG.16
LOG
LEAKAGE 168 169
CURRENT /
DENSITY
s o
LOG TIME

FIG.17
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bet ween said bottom el ectrode and said substrate. A capacitance structure
according to claim?7 wherein said bottom electrode forms with the
dielectric_|layer pext to said bottom 25 el ectrode |ayer and

electrode évmﬁgkt to said | ast nentioned dielectric Iayer a capaC|P%r of
| ower val ue than the value of the capacitances 24- formed by at |east
sone of the remaining layers in said structure. 9. A capacitance
structure according to claim2 wherein 5?1?11x)and bottom el ectrode

| ayers are connected to ground. 10. A’ capacitance structure
according to claim9 where said top 5 and bottom el ectrode |ayers form
with their adjacent dielectric layers and with the el ectrode | ayers next
said adjacent dielectric |ayers, top and bottom capacitors, said top and
bottom capacitors being of |ower capacitance value than the value of the
capaci tances fornmed by at |east sone of the remaining |layers in said
structure. 10 11. A capaci tance structure according to claim1l1 or
2 wherein said |ayers define at Ieast]gUree capaC|tors nanely a | ower

capaci tor, an upper capacitor, ang—afa—+ntpried tf7fapaC|tor betmeen sai d
| ower and upper é ¥ 9
4
. S | B s
L 1 s 88
Ao | :
186 LI E
1 : f
7 ot 5 onpuiyhgtoglgoney | et FIG1
1780/ —182a 6.18a
184
192
182a
180a [ —182b
1780\]8%5'( X FI6.18b
1780 ; —\
174
4 176
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capaC| tors sai d i nt ermedi-ate - capaci
capaci tance vatie than

15 fron1enV|r
upper, | ower a

pbog T

s-:by: sai. chun D¢t Baerid t@f@fp&ga@acmmgfd

circuit. 12. . Arrultl-layer capamtanc.

e tapaci torsoyh %E{g)e ! BageB K ﬁ
upper ~and | ower - cap‘acftors i ncl udisng rreans a % g HeCtt@%aﬁeG'ﬁ
!
tld &

(D) a subs& 2)
on sai d subs 1 3)

a plurality of separ
each capaci tor strug¢ture co I‘ISI %71, l
bottom el ect r ode | ayer overlying sai.d’jgubstr g t e DAIEE OF RECEITponeehy: o ~B

tqr being of substantidf® smallec
Sﬁ;m f and |over Fapa EPOAGEMBNT (SHEEJSprifi ect ¢

o d
d .
qid

?5‘?8‘? t or paged Gct urpe% for rfed

at | east one pair of: mtermedl ate {ayers of a fllmellectrode and a f|Im

diel ectric material overlying said bottom electrode, a to ai r. of
|l ayers of a fj I melectr

upper nost palr of inter

_ comprlsmg

10

15

20

30

1
"

(a.).
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©

(@)

@©

®

®

4R

e

. i

a bﬂm}n fxlm electmde layer overlymf; saxd substrate, '

at least ong’ ?mr of 1ptermed1ate layers of e film

_ "electrode and a f1lm diclectric material ovcrlymg said

boltom clectwde,
a top pan of layers of a film electrode and a film
dlelectnc materlal ovcrlymg the uppe1most Paur of

| mtermedlatc layers,

said bottom electrodc havmg a connection portion
¢xtendmg laterally beyond fhe intermediate layers, said
COnnectlon portmn havmg a first upper surface, sald
fll‘bt upper aurface mcluding means adaptcd to be
connected 0 a circuit,

at Jeast one echtrode of said intermediate layers havmg
a con.nect# m portmx} extepdmg laterally beyond the
layers abovc it, said connection portion havmg a

second upper surface, saxd second upper surface

: _.mcludmg means adaptcd to be connected to a circuit,

said top elactrode layer havmg a thud upper gurface,
sald third upper surface mcludmg means adapled to be
connegcted n a circuit,

said layers hem&, arranged in a mesa structure, so that

sal,d at lcas‘t one Pazr of intermediate layers extends

laterally :eyond sald top layers around the entire .

periphery of said top layers, and said bottom electrodc
extends laterally beyond said at least one pair of

mtermedlate iayere around ‘the entire periphéry of said

. |REPLACEMENT SHEET
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(d) - sai'd bottom
latérally beyo
connection porti
i ncl udi ng neans
el ectrode of sai
connection porti
connection poitlon havi ng
i ncl udi ng nmeans ada ﬁted to
el ectrode | ayarpluag

gla connect i on portion—.extendi-png-—- -
the 5 . : ot | nt_ermedl at -said
n h3\/4r9§0§9?4 rlst} upper sprf.ace sa “ﬂg face
d Inrlect ed t23a circui _
i nternedi ate:layers <10 ' havtng a
aI I Yi. beyond the Iayers above it,; said

a?:ﬁ%ﬂ@éj stHhbRire %Hédrﬂﬁ% t$ élaﬁnSB Qﬂte@eilﬂlpﬂ@i‘e awe f ace

I ncl udi ng nea
arranged in a

e connect ed-toa cir U|t _sal d top:
ity o, paissref geemtetm a&tebF l I eaeh of?
BB i, B e kit l*!‘Eo‘?!E&*g‘.llr ges o
~internmedi ate Lay@ids Adterally liryond the - per oéxaﬂndatdrmdiatéylmand
said top layers around the “entiiret peti pherJ7 tsai'd top! Iayers and said

bot t om el et r thiereakp¥ads | ateral |y . bey‘ond sat d at cast one pair  of

i nternedi ate | ayers around the S

10

20

25

. |_..__-_.
' e

_“.... ‘l{ I 'i" . .
3. A capacttanoe struc(ure accordmg to clalm 1 or 2 wherem sard

dielectric matcrxal is a ferroelectrrc materra}

4. A capacll;ancc structure accordmg to clalm 1 or 2 wherem each
pair of layers forms,. wrth thc electrode layer of an ad]acent pan', a capacrtor,
and wherein a plurallty of sald capaators in sard capacrtance btructure arc

parallel connected.

5. A capacrtance structure accordmg to claim 1 or 2 wherein at
least some of said drelectrrc layers have d:clcctrlc constants dlfferent from

others of satd dtelectrrc layers.
i ! i

6 A capacltance structure accordm$ to claim 1 or 2 wherein at

Jeast some of sard drelectnc layers have dlfferent frequency response
charactcnetlcq from others of sa1cl dlelectnc layerb
: t

7. | A capacrtance st'n}cture lacc_:ordmg to claxm 2 wherem said
bottom cloctrode is: ‘not connected to any ¢ c1rcu1t and the electrode layer of
at least one of said mtermedlatc pau's is conncctcd to a circuit, thercby to
reduce the effect on sard last mentloncd c1rcu1t of parasitic capacitances

between satd bottom electmde and bald subetrate.

8. _ A capacitance structure accordmg to claim 7 wherein said
bottom clectrode forms with- ‘the drelectnc layer next to said bottom
¢lectrode layer and with the electrode layer next to said last mentioned

dieectric Jayer a capac:tor of lower value than the value of the capacitances



entire periphery of said |nterrred| ate | ayers. 25._.-- '
capaci t ance accor di ng to:claim12 V\/nersel n at | east trode -
| ayers of each capacitance structure’. correspond [ mgmlﬁ “ ﬁ‘ﬁm‘gm d
substrate to the position above said’ subs ate of enlayers of
others of sai-d capacitance structures, the t hi ckness -of “correspondi ng

el ectrode layers in said capacitance: istructures all being the,sane. 30.

14. AfSaRed biyadtdeastaoaialdfthe rensaiaing Inyershier wiid ,%btudtmt sone of
the dielectric layerS of each .capacitange structure correspond in position
above said substrate to the p05|t|xon dpove sai d ubst rnate, of diglectric

| ayers in ot hgrs of sal ia&ﬁ@%?ﬂfé ﬁlléoadébﬁﬁn ttbehlilhll kaheﬁcqusmd top

correspondi ng”di el ectric |§ rs’in samgi €apaci tance structures all being
the same. 5 _ahH.bottom electrode. o .claim_14 wherein

said filmdietectri¢ haterial.i$ & flerﬁ"

‘oel'ectiric material; 16; ;¢ i1 A
capacitance structure accordi ng t-o. any::of clainms 12, 13, 14 or 15 and

J(°! 10 comnest,ons bt apeieines emlcthmeaghrdingocdsiu 3 maerigtend s,
and being Bor mid ‘bottaapolgctroes layers;aﬁoanb}végl M@a%@%gi%c% ]‘as'm fnd
dielectric with the electrode laycrs next fo sexd ad)acent dlelectrxc layers, top and
bottom capaatore, sald top fmd bottom capacxtors being of lower
capacitance valyc than the value of the capacxtances formed by at lcast.
. .some of the remammg layers m saxd structure
10 11. A capaatance struclure accordmg to claim 1 or 2 wherein said
layers definc at lcast three cap:?ators, namely a lower capacitor, an’ upper
capacitor, and an mtermed:ate capacntor beiween said lower and upper
capacitors, sa;d mtermedlate capac1tor bcmg ‘of subqtantxally smaller
capacitance value than sald upper ‘and lower capamtorb and bemg protected
15 from environmental influences, by said upper and lower capac1tors, said
upper, lower and mtcrmed:atc capacxtors bemg arrangcd in serics with said

upper and lower capacxtors mcludmg means adapted to be connected to a

circuit.
12. A mulh-layer capacxtance compnsmg
20 @) a substrate N '
(2) a plurahty of °eparate capac1tor structureb fc>rmed on
' said eubelrate,
(3) each capacntor structure. compnemg
' @ a botlom electrode layer overlying said substrate,
25 b) at least one pair of intermediate layers of a film

electrode and a film dielectric material overlymg

REPLACEMENT SHEET| ~ s*id bottom electrode,

(c)  atop pair of layers of a film electrode and a film
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on Said.substrate, and then by top-rdown patterni ng of sard-efeetrode-layers
and said filmdielectric.to form pturaltty of: said cap Fuct-ures -
on said substrate. 15  18. ~ " A.rethod of f abri] cam'mrgﬂﬂ’i Hmr
filmcapacitor struct ure, conprii sing the: e*ps of ; (a) [ o
substrate, establishing a bottomfilm el ‘é¢trode over' sai d subst rate ('c)f'
establishing a plurality of pairs of. internediate: | ayers 20

of filmelectrode and film di:et ecafcla-matneaﬂenbl ‘overlysegy théjuppermelﬂepwmde
(d) establishing a top pair of. r's o%lb%’melectrode and film "
dielectrie material. over sai-d int %\ﬁﬁ?ﬁ? §"'(e) defining said"

| ayers so that said bottom e%etrg‘ﬂ biﬁtdir@glcdmde having a connéclion

el ectrode, and the el ectrode" of eac intermediate ‘pair has an exposed upper
surface for access from above forpei‘bonr|®eﬂendongeclate¥’a1ﬂﬁer1@t)mﬂ the

The met hoq; of claim18 wherein: a{}‘ttggpﬁ&% ng%’efrrg %&rued ecsotrg,.l%&ﬁ)lﬁe%o&fbrtlons

t hereof are selectively renoved. t

hang a first ~upper surface said first’ upper
.surface mcludmg means adapted to be connected

. 'toaarcuxt .
| © " at lea-st one clectrode of said mtermedxate layers
10 I | L havmg a connccuon portion ex(endmg latcrally
e 'beyond “the layers above it, said connection
'l portwn havmg a second ‘upper - surface, said
second. upper surface including means adapted

| to be connccted to a circuit,

.15 (f),_! .bald top'el-ectrodc layer having a third upper
REPLACEMENT SHEEf o surface, axd third upper surface ‘including

‘ means adapted to be connected to a circuit,

2 4 DEC B9

(g) - $aid laycrs bemg arranged in a mesa structurc, §0

that. aald at least one pair of 1ntermed1ate layers

20 K extends latcrally around said top laycrs around
. the enure pcnphery of said top layers, and said

'bottom electrode extends laherally beyond said at

' 'lcasf ghne pair of lntermedlate layers around the

" entire periphery of said intermediate layers.

25 13, A capacitance ac o’rdi*\g to claim 12 wherein at least some of
the clectrode layers of each. capamtance structure correspond in position
above said substrate to the position above said substrate of electrode layers
of o_thers of said capacitance s.tructures,_ the thickness of corresponding

¢lectrode layers in sald 'ca,pacitafiéé etrizc't@xres all being the same.

30 14 " A capacitance accd'i:ding to claim 13 wherein at least some of



structure i n, which-said bottom electrode |ayer extends |aterally beyond

o brer o s oSt ruene e at eact semeof RN B OMELME < <
of said intermediate |ayers extend |aferal)y beyond tHe pertphery of* the

el ect rode | ayers 't Her eabove “ar ound t he entire perlphery of said structure.,
20. The net hod of claim 19 mhereln said dielectric material is a

ferroel ectric spat @elc@dric fIders?éf each’ ca aafﬁ'i\%e rRifeerotoeshohd 8n” BSsition20
and including the ste patterning s a|d ayers to_si rrultgae usly forma

plurality of boyesa éﬂbﬁ#a?ttf’db@lRQSu%a %Y‘%is%‘ﬁ%’thsgtake obdic ectnc Iayerphe

met hod of cl ai; 0 e eédl}g&gb

| ayers to si nﬁﬂé&e{%‘%s éa}"ér%ﬁ:{% %Puréﬂl{@ﬁ%{giéﬁﬁ%%aeg?ﬁgr strucgures
on pai d subst rditkectra th'emﬁa:idma cxthrfdeestmututesmﬂehnmgnheemmffer ent
capacitor structures on sai'd Substrate. 23. .~ A nethod-of reducing the
vari ation of capacitance With vol tage éf - a ferroel ectric film<capacitor
having firgl amd second gl eg r#mﬁaceas&&a ﬁ%ftbr elaigeNaChatbrafe Japd t Al
dlelectrlclayer bet ween 't he _ rist formng a nulti-layer-film -
capaci tor st r udielectritiavaterjabisp fﬂrmlt-gtrwfmatemu ayers of <dielectric

material alternating with a plurality of filmelectrode | ayers-to forma
monol i thic structure conprising a stack of capacitors arranged

substantial 'y 3@ series A%pbcxﬁn&@tﬁ;cﬁhﬁca&@ﬁﬂng%ehy of claims 12, 13,14 or
15 and including connccttons between at least two of saxd capamtance

structures

1017 | A capacitance accordmg ;o any of clalms 12, 13, 14 or 15 and
. bemg formed by deposmon of sa:d electrode layers and said film dlelectrlc
on said substrate, and t‘t‘ten by top-down pattemmg of said clectrode layers
-and saxd fﬂm d1electnc to form eald plurahty nf said capaeltancc structures

on sald qubqtrate

15 18 A method of fabncatmg a multl-layer f:lm ‘capacitor structure,
comprising the steps of; _
(@) - .prcv1dmg a substrate, |
' (b) eSfa?hS_hlPB g 1?_‘,’“9‘?} If_xlr_tt 'etectrpdefoyer said :sgbstrale{
© es.ta})lishing;:a plurality of pairs of intermediate laycrs
20 S of fiilrﬂ elee_ti‘éde and. film dielectric material over said
bottom electrode,
+ (d) cstablishing a top pair of layers of film electrode and
film dielectrit material over said intermediate pairs,
(¢)  defining said layers so that said bottom electrodc, said
25 top electrode, and the electrode of each intermediate
' patr has an exposcd upper surface for access from above

for electrtcal r:ormcctmn thereto.

REPLACEMENT SHEET
2 4;hFC 19




haV|ng a further selected area, each further selected area belng"Far

t han 25 said first selected area by d'factol" whi ch l ”W,ﬂ qua
to the nunber of said el ectrode Iayer of. said nulti-| I, n'
structure minus 1.. 24, - An nethgﬂ of increasing “t he Vblﬁage at
whi ch significant Ieakage current begins-.to flowih a ferroel ectri.c f|Im
capaci tor having first and second el ectrodes each of a first selected area

with a dielec@fic layer Thet wethachaef clmnprh&s|wh§emoa§tengpaadniﬁycral ayer

filmcapacitor th| g L

materi al al tefﬁfftbhﬁée%( HPEY &g ﬂ%r?{)tj a?%f’g%eﬁq*xe ‘llgtdr‘ Iayg?xg.ht% a
monol i thi ¢ st stgickire FAOWRRH Siid bottoas el rdaenaye;tetteﬁdsmmn bbﬁm&mthel ly
in series, each of" sal“g el ect rode I’ayer a fu er :sel ected area

each further PEriphesy e elpctrage avgerth@ oyamow dhe ¢nfize Peripkers by a
fact whi gh

actor " i fenc I LY oGV o0 Bl S Bl
met hod accord dayg.enboextem@lﬁfkrmﬂy ZHeydrad et pbapheay eolatthe eelectroideclazrd

9l ectrode | ay nol i:thic_frulti.: er filmcapacitor
structure con’gﬁ?@ﬁﬁﬁve around the- C‘r{g"e perip i" P said s@/ucture

A

20. The method of claun 19 wherem said dlelectnc material is a

ferroclectnc material. Co

100 21 The method of claim 18 19 or 20 and mcludmg thc step of
" patterning said’ layers to sxmultaneously form.a plurality of said capacitor

structures on sajd substrate ’

| ,2;.- - The method of claun ]8 19 or 20 and mcludmg the step of

pattcrmng sald 1aycre. to" s1multancously form a plurahty of said capacttor

1§ structu’rcs on §a1d substr?te, and t_hen formmg dlfferent connectlons to

f ’ i Ty
dlfferent capautor structures on saxd substrate

23. . . . A method of reducmg the variation of capacitance with
| Yoltagc of a ferroclecttlc fllm capacztor having first and sccond electrodes
¢ach pf a first selectcd area . thh a’ dielectric layer between them,
20 comprising: forming a multl-layer fxlm capacitor structure having a
plurality of f11m layers of dnelectrzc material alternating with a plurahty of
film elcctrode layers to form a monohthlc structure comprising a stack of
capacitors arranged substantxal]y in serxes, each of said electrode layers
having a further selected arca, éach further selected area being larger than
25 said first selected area by a factor which is approximately cqual to the

number of said electrode 1ayer§ of said mulu-layer film capacitor structure

minus 1. _ i




15 a'plurality of-filmlayers of di el ectricmaterial ali alternating wrr‘n a

D ope 51 o' Gk ack 6 “cra?;’il tore arrarkied o et ??Lﬂﬂ"ﬁﬂﬂﬂ lﬂﬂﬂm llllal d
capaci tors conprising a l'ower capacitor, 3. upper cdpa€itbr " arkd

i nt.er medi at'e-capaci t ok bpt ween said Iower and ypper capaci tors sal d
i nternedi ate capacitor bging of ‘20 subst antu ally smal | er capacitance

val ue than saigd, upper arg. hemédcepaﬁtmﬁﬁx mﬁ!ehml eara@tmad digAlficant
envi y onment,al, |an uences by sai d upper, anEI |tors ﬁ upper,

| ower and i nt d¢ currepbhpesingte ‘%é‘f’ri@aa GTH "ét“ic FFB@“W’t gy tﬁfper '
and lover capad éc%dd‘& fe%a@s @@Hsofaé’?ﬂ&tegel’é&eaem‘éﬁ'\ﬁﬁﬁt&‘i‘ii&fécﬁx@'léfé#t

! a

between them
7 havrng 1 Flurelfty of mm layers of dielcctnc material alternating with a

ompnsmg forrnmg a multn-layer film capac1tor structure’

plurahty of {ﬂm electrode *layers to form a monolithic structure’
compnemg a 'ftack of CapaCltOI'b arranged substantnally in series, each of |
said electrode layers having a further selected area, each further selected
_ area bemg larger than sa1d f:rst selected arca by a factor which is
10 approxxmately equal to. the number of said electrode layers of said multi-

layer film capac;tor structure nunus 1.

25. A method accordmg to claim 23 or 24 wherein there are at
least five said electrode layers ¥

26. N rnonolithic mnlt:\i;ieycf filrn .capecitor structure comprising’
15 a plurahty of ﬁlm layers of d1e1ectr1c matenal alternating with a plurahty
of capacrtore arranged electrlcally in senes bald capacitors compnemg a
lower capac:tor, an upper capaenor, and an intermediate capacitor between
said lower and upper. capacrtore, said intermediate capacitor being of
20 substantxally smaller capacuance value than said upper and lower -
eapacntors and bemg protccted from envn'onmental influences by said
uppcr and lower capacitors, St.ld upper, lowcr and mtcrmedxate capac1torq
bemg arranged in sertes ‘with saud upper ‘and lower capacrtors mcludmg

means adaptcd Ito be connected to a circuit.
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(57) Abstract

A multi-layer film capacitor structure has a bottom electrode layer (16) on & monolithic substrate (12), intermediate pairs of layers of
film electrode (18a, 20a, 22a) and dielectric material (18b, 20b, 22b) overlying the bottom electrode (16), and a top pair of layers of & film
clectrode (24a) and film dielectric (24b) overlying the intermediate pairs. The structure preferably has a mesa configuration, in which each
electrode layer extends laterally beyond the periphery of the layers above it around the entire periphery of the device. Each electrode layer
thmfox:: has a top surface which is accessible at its projecting edge through a via, so that the electrodes can be accessed in any combination
to permit any desired circunit connection. If desired the dielectric materials can have different frequency characteristics, allowing a single
capacitor structure to be optimized for a filter. Either the bottom electrode (16) or the top electrode (24a) or both can be grounded and
capacitor connections can be made to intermediate layers, to reduce parasitic capacitance effects,




