1 8 MAY 2004 METHOD FOR MANUFACTURI NG A CYLI NDRI CAL SEM CONDUCTOR CAPAG! AR2004
TECHNI CAL FI ELD The present invention relates generally to integrated

circuit devices and 5 nmanufacturing, and nore particularly to cylindrical

sem conductor capacitors and manufacturing. BACKGROUND Capacitors are used

in a nunber of different applications in integrated circuit devices. One
application is as decoupling capacitors, which are used with |arge scale
integrated 10 circuits having a high nunber of driver. circuits. Another
application is as nmenory capacitors, which are used in integrated circuit
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Randomturther, the trend towards higher speed and lower power consumption of semiconductor

devices, such as microcomputers and digital signal processors, has caused greater problems

with electromagnetic interference or electromagnetic noise. The most effective measure
against noise has been to use a decoupling capacitor so that the switching noise will not be

20  coupled to a signal line through a common main power source circuit. Such a decoupling
capacitor serves as a power source that can be easily utilized for switching the semiconductor
element, such as a transistor. The decoupling capacitor is charged by an external power
source and is rapidly discharged to give a switching current which minimizes electromagnetic
noise. At the same time, the switching speed of the logic circuit is related to the inductance of

25 the current path between the semiconductor element and the capacitor. In order to minimize
the inductance and inductive noise, the semiconductor element and the capacitor must be
arranged very close to each other, and a number of short current paths must be provided

between the semiconductor element and the capacitor.




Access Nenories) have to have stacked capacitor structures in which
information-storing capacitors are arranged above menory-cell -sel ect$ MjY 2004
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cylindrical volune. The renoved cylindrical and toroidal volunes are filled
with a copper/tantalumnitride conductor to forma netal cylinder and a

metal ring. An oxide ring ﬁﬁFt pnder and ring is renoved.
A high dielectric const anPIstn@%(\gsl a (?ET%MJEWO repl ace the oxide ring
bet ween t he tal cylinder and.ring to forma cylindrical 5 capacitor.
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copper tdkaiyt @ldwRctric layer which is formed over a semiconductor substrate and simultaneously

20 removing a core volume and a toroidal volume around the core volume. The removed core
and toroidal volumes are filled with a conductive material to form a conduciive material core
and a conductive material toroidal ring. A dielectric ring between the conductive material
core and ring is removed. A second dielectric material is formed to replace the dielectric ring
between the conductive material core and ring to form a capacitor. Additional dielectric

25  material is deposited, pattermned, and filled with conductive material to make a first
connection to the ring, and a further dielectric is deposited, patterned, and filled with
conductive material to form a second connection to the core. This method allows using a
back end process which is simple and compatible with conventional integrated circuit
processes.

30 The present invention further provides a method for making a cylindrical
semiconductor capacitor by taking an oxide layer which is formed over a semiconductor

substrate and simultaneously removing a cylindrical volume and a toroidal volume around the

2




nitride-conductor to nmake a first connection to the netal ring, and a .
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those skilled in the art from a reading of the following detailed description when taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagramatic cross section of a semiconductor device after an oxide etch

20 step of the present invention;

FIG. 2 is a diagramatic cross section after a metal deposition step of the present
invention;

FIG. 3 is a diagramatic cross section after a second oxide etch step of the present
invention;
25 FIG. 4 is a diagramatic cross section after a capacitor dielectric deposition step of the

present invention;

FIG. 5 is a diagramatic cross section after a first channel dielectric deposition step of

the present invention;

FIG. 6 is a diagramatic cross section after a first channel and via formation step of the

30  present invention;

FIG. 7 is a diagramatic cross section after a second channel and via formation step of

the present invention;



Reférring nowto FIG 1, therein is shown an initial step in the forﬂgt%q,n 004
of a cylindrical sem conductor capacitor 10 of the present invention. Ciz
1 shows a seniconductor substrate 12 having a base dielectric or silicon
nitride |l ayer 14 deposited thereon. An interlayer dielectric or oxide
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Simlarly, the toroidal volume 17, which nmakes up a ring around the core
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conductl}ég rhnﬁ 20, Referring nowto FIG 3, therein is” shown a diagramatic
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Thr oughognaLhes, ki [ S the 4 1.8 MAY 2004 oxide |ayer16
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20 cylindrical volume 15 and in the toroidal volume 17 to form a conductive cylinder 18 and a
toroidal conductive ring 20. The conductive ring 20 would have a generally rectangular
cross-section. For highly diffusive conductors, a barrier layer (not shown) will be deposited
prior to deposition of the conductive material. For example, for copper, a thin tantalum
nitride barrier layer would be deposited initially to prevent detrimental electro-migration of

25  copper into the remainder of the semicoductor. This preliminary step is well known to those
skilled in the art. Other conductive materials include aluminum, gold, silver, and alloys
thereof, compounds thereof, and polysilicon. Since these materials would also be deposited
on the top of the oxide layer 16, a conventional chemical-mechanical polishing (CMP)
process would then be used to damascene the conductive material to form the cylinder 18 and

30  the conductive ring 20.

Referring now to FIG. 3, therein is shown a diagramatic cross-section afier a second

‘ oxide etch step of the present invention. Through another masking and etching step, the
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conductlve ring 20 into a toroidal volume 22. A CWP process has bee giﬁg 9004
to polish the dielectric material level with the surface of the oxi
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the conductive ring 20. Again, depending on the conductive material used for the via
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conductive and the first channel 36, a barrier layer and a seed layer may be deposited.

Generally, an isotropic etching process would be used to form the first channel 36 and the

25  conductive via 34 at the same time so they may be both be filled at the same time. The top

of the first channel 36 and the first channel dielectric 26 have been planarized by a CMP
process in FIG. 6.

Referring now to FIG. 7, therein is shown a diagramatic cross-section after a second

channel and via formation step of the present invention At this point, several steps have been

30 performed similar to those described above. First, a second channel dielectric 38, or oxide

layer, has been deposited on top of the first channel dielectric 26. It has been patterned by a

conventional photolithographic process, etched with an isotropic etching process, and filled

with a conductive material so as to form a conductive via 40 and a second channel 42 in
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the.are in light of the aforegoing description.
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non- Ilr{]‘iﬁhﬁgl S . MAY 260' THE | NVENTION CLAIMED IS 1. A net hod

for making a Z’g%@gﬁﬁe&%‘i%ﬁyrﬁgﬁﬁcl tor conprising the steps of: providing a

sem conduct dh cpuRsibh ahe fird @RA%Icl Bé‘goﬂd@e%ecﬁlbﬁé Cfo} Q\é aciOr élgl%ﬁﬁterg}:&ﬁ {é}guct or
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substrate; 5 formng a core volune and a toroidal vo me 1n tric
| ayer, %Hae eqndactiyraring 30.ghel dielegtianins 24 pad 8 cybader 18ywhichiifednecthe icathodag:

20 with the conductive via 40 and the second channel 42. The capacitor 10 may be placed

immediately adjacent the trausistor or power line which it serves and connected by the first

and second channels 36 and 42.
Also, a plurality of annular rings may be interconnected to form the anodes and
cathodes of multiple nested capacitors.

25 While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters set forth herein or shown in the accompanying

30  drawings are to be interpreted in an illustrative and non-limiting sense.



depositing a conductive material in the core and toroidal volunes to
respectively form a conductive core and a conductive ring; connectﬁng@{ﬂmk
first:channel to the conductive core; and 10 connecting a second channel

to the conductive ring. 2. The nethod for making a sem conductor capacitor

as cl ai megt INVENFIONELARSENGENY the steps of renmoving the dielectric ring
spacing the conductive core and the conductive ring; and depositing a
second dielectric matt%r(iigl t .regl ace the dielectric ring renoved, 15 3.
The method for rmaki'HGHY %rﬂ’%&‘i‘ﬂj SqngFoRAGEaE cRRACItgiscosisiREdhe pteps efi m 1

i ncl udi ng thpw%icﬁﬂéa@émicbﬁdﬂéwr@ﬁbﬂa%-di el ectric ring spacing the conductive
core and the conductive ring; and gpositing a high dielectric materi al
havi ng a di eflenssiting adbﬁSQtaﬂ?aYabmuﬂleaanimhMOrmbstteme;r epl ace the dielectric

ring. renoved 4. The t hod for i ng a sem conductor capacitor as

cl aigsrred inc 05’%1?7111%3 %OﬁecV@EHPWgﬂI{dh% t%rrf%léLV fume; o the i dieledirie layes) tetqare and ng
spacing the condugkiidet oRiestioddBafiB9UuBlibitic ppo, and  depositing a high
dielectric constant dielectric ring to'replace the dielectric ring

renoved, t hed¢pogHingacpaductive magaial dnthe ¢prsl andttorotdat volgmies terkpetieely ffoom a
group 25 consi sti . ntoxide,. bariumstrontiumtitanate, and
conbi nati ons the?g%ﬁuc@‘?enéﬂ]@%g@e?ﬁ%ﬁlfhe%i ng a sem conductor capacitor
as clai med iconmnbating alfirst ciehibiélith thet JoadedtRB cfe; aglepositing a barrier layer in
the core and torojdal volunes. 30 6. The _mstﬁod for making a sem conduct or
capdci t or asCAUNEFHHSE serond diapnel to fikeradystivRaingt ep of : deposi ting t he

conductive nmaterigle WsBHR : ' cess... and i ncludes the step
of: 7 1 8 NMAY 2004 10 rem{\}}r%giglhéqagg%%fﬁcﬁd\%{e&n% 2108 Sotlptide ™ ¥ ot e and
t or oi dahcludingrtesstefks ofThe nmet hod for naking a seni conductor capacitor as

claimed in claiml erejin the step of: the depositing of a conductive
material is rﬁ?’é’c‘fﬂl&éhem&?[eﬁ{r&rg’& %?FCIHQHE?SWOPFIH‘&WS chigradith¢ conductive ring; and

depositing a second dielectric material to replace the dielectric ring removed.
15 3. The method for making a semiconductor capacitor as claimed in claim 1
including the steps of:
removing the dielectric ring spacing the conductive core and the conductive ring; and
depositing a high dielectric material having a dielectric constant about and above 20
to replace the dielectric ring removed.
20 4. The method for making a semiconductor capacitor as claimed in claim 1
including the steps of:
. removing the dielectric ring spacing the conductive core and the conductive ring; and
depositing a high dielectric constant dielectric ring to replace the dielectric ring

removed, the high dielectric constant dielectric ring is selected from a group

25 consisting of tantalum pentoxide, barium strontium titanate, and combinations
thereof.
5. The method for making a semiconductor capacitor as claimed in claim 1
including the step of:

depositing a barrier layer in the core and toroidal volumes.

30 0. The method for making a semiconductor capacitor as claimed in claim 1

wherein the step of:

depositing the conductive material uses an electroplating process;

and includes the step of:




barrier material. 8. The nethod for making a sem conductor capacitor 3s
claimed in claiml wherein the step of depositing a conductive nategiaMAY2m4
uses a conductive nmaterial selected froma group consisting of alum num
copper, silver, gold, an alloy thereof, a conmpound thereof, and

n Lol m 1 wharSTe (ol B D R A b BB e o oyt naer

inclaiml whereinthe steps o e core vo Firs a cylinder;
and forming7the flleanethbd \fol umkifeor nEemAcondaétan gapaitot @t Ridmed Sn 10ainA 1

met hod fgr ma@li n? afg:yl i ndri cal sem conductor capacitor conprising the
_steps of* ef)erl Cd ®f'a seni conductor substrate; depositing an oxide |ayer on

the sem cond " l I i eal t or.oi.dal
T I e R R R R G
apari by an oxi debariagmattgpbsi ti ng a conductive material in the cylindrical
and toroidal ,vol uges tao spectively forma conductive cylinder and a
conduct i ve r?hg; ﬁﬁ%@bﬁ’ﬁﬁﬂ{ﬂ%aéﬁ@ﬁﬁ?&fiﬂ%@ fHaclomat ctaimed dy glaimed; and
connect ivhgreth hee@pdfchannel to the conductive ring. 25 11. The cylindrical
sem conduct or, capacitor as clainmed in claim 10 including: depositing a
second. oxi ded¢RgpEmgoh conduchyd thatdriay ases 2 kenduotive otdtaréel syletcted dromndgtonp

conductive ring; ) i rst channel and via,in the second oxide

| ayer with the vi E%Srf?t@gntf}g@ilwlf IFOPRE: Eli‘fﬁ'flu%(fla\/@ allgy it HE‘PE,"I egnpound
deposi ting a thir themof,dddlpajseilicen. t he second oxide |ayer and the first
channel ; form ng Q_Ee second channel and a via in the third oxide layer with
the via in contacth® wpethed ey pigkingc isgmicepdugtorapapagiéqrosd claimed it elaimh1oxi de
%\yer Oﬁh&ﬂéﬁlﬂl@is{egs%i de layer and the second channel. 8 18 NMAY 2004 12.

e nmethod for making a cylindrical sem conductor capacitor as clained in
cl ai m 10 i ncfogaingghe heresobmse fwims neplindenginidne oxi de ring spacing the
conducti ve c%ll i ndeil gtnd. t he conductive ring, and

orming the foroidal volume forms a rectangu?ar toroid.
15 10. A method for making a cylindrical semiconductor capacitor comprising the
steps of:
providing a semiconductor substrate;
depositing an oxide layer on the semiconductor substrate;
| forming a cylindrical volume and a toroidal volume in the oxide layer, the cylindrical
20 and toroidal volumes spaced apart by an oxide ring;
depositing a conductive material in the cylindrical and toroidal volumes to
respectively form a conductive cylinder and a conductive ring;
connecting a first channel to the conductive cylinder; and
connecting a second channel to the conductive ring.
25 11. The cylindrical semiconductor capacitor as claimed in claim 10 including:
depositing a second oxide layer on the oxide layer, the conductive cylinder and the
conductive ring;
forming the first channel and a via in the second oxide layer with the via in contact
with the conductive- cylinder;
30 depositing a third oxide layer on the second oxide layer and the first channel;
forming the second channel and a via in the third oxide layer with the via in contact
with the conductive ring; and '

depositing a fourth oxide layer on the third oxide layer and the second channel.



depositing a second dielectric material to replace the oxide ring renoved.

5 13. The nethod for making a cylindrical sem conductor capacitor asqg MAY 200k
claimed in claim10 including the steps o renoving the oxide ring spacing
t*he conductive cylinder and the conductive ring; and depositing a high
dielectric eri sk 8 £ 5 L Aifdrs t ve .20, . and
10 chem cal fmrr%chag?i?:al p%?licozhi ng ?g cpgg%rg&paéeﬁﬁpﬁcﬁ}%gq%e aggﬁtp?%gﬁgatllgg?éﬁl only
bet weenclaine 10 snphetliog theestepy bf:nder and conductive ring. 14. The nethod for
maki ng a cyl i ndri.caéhssera'econduct.or capagitor as claipmed in claim10

i ncl udi ng t KPR PXIaedmeg sparing the conduslive criipdepand the conductivmtngande

¢yl I nder anddddigiRigadubddielbdid maleFaf FARSIEA 118 oRidd b (IhBLEET 1T C constant
dielectric material, the high dielectric tonstant JrE"8YTe material is
sel ected frol.a gfbepethmdsios makingd cylimdridaliserpientdicicd @apadiiar iasRladhed i i um

titanatg,. . C i nati ons phereof; and chem cal - mechani cal polishing to
| eave t %mg?gﬁmmlﬂ%@'teﬁfégs Prgt erial only between the conductive cylinder
and conduct i regnoviinpothe 3Ridé 9ing EpLLiNEthe @enduRlivEBinMer £hdCihb oA ring: and

sem conductor capacitor as clainmed in claim’™0 including the steps of:
deposi ting adepasitinga higly dielectict haterigl havihg « dieleanit copsteniddiouy midiatese 206. The
met hod for maki ng cylindrical sem conductor capacitor as clained in

cl aim 10 wherein e step of 25 depositing the conductive material uses an

el et r opl at i chgnpicabaeshanicandlisiia uskavd B ke Bickictd Emetiabodlh BeRREYRL | ve
material outside the core vol umes. 17. The nethod for making a

@ngeat or.oi dal .

cylindrical sem cerdueitseybnde and spndistive Hngred in  cl ai m 10 wherein the
step of: 30 depostid RBidd TRy ' ctive materi al
sel ected froma group coﬁ@?gj@?}r{i& % @dﬁ%hﬁ%er%%@gdﬁgtgg,%gﬁ@e% c%%f‘?f{ n
al | oy tdiinedtinchidingthosteps oft her eof , and pol ysilicon. 9 18 MAY 2004 18. A

sem conduct or._capacjtor.,.canprising; a sem condyctor substrate; a
dielectric I'§§® P’B’(gﬁh‘f‘ fdg E‘ﬁg SRATHECTS PORAYHEYS "a}fq’é‘,ﬁer and the conductive ring;
15 depositing a high dielectric constant dielectric material, the high dielectric constant

dielectric material is selected from a group consisting of tantalum pentoxide,
barium strontium titanate, and combinations thereof: and
chemical-mechanical polishing to leave the high dielectric material only between the
conductive cylinder and conductive ring,
20 15. The method for making a cylindrical semiconductor capacitor as claimed in
claim 10 including the steps of:
depositing a barrier layer in the cylindrical and toroidal volumes.
16. The method for making a cylindrical semiconductor capacitor as claimed in
claim 10 wherein the step of:
25 depositing the conductive material uses an electroplating process;
and includes the step of?
removing the conductive material outside the core and toroidal volumes.
17. The method for making a cylindrical semiconductor capacitor as claimed in
“claim 10 wherein the step of:
30 depositing a conductive material uses a conductive material selected from a group
consisting of aluminum, copper, silver, gold, an alloy thereof, a compound

thereof, and polysilicon.

L




a*conductive core in the dielectric layer; 5 a conductive ring in the
dielectric |layer around the conductive core; a dielectric ring arounqigng{ﬂm“
conductive core and inside the conductive ring; a first channel connected

to the conductive core; and a second channel connected to the conductive

ring. 19. Theg semiC Ltor claimed in claim18 wherein: 10
the diel ect I’I?% ri ﬁgﬁﬁg&%hﬁ‘:&a &g’lggl}:oégf)@gs%ghst ant dielectric materi al

havi ng a di ehe@hicbaductmrnabsnate; about and above 20. 20. The sem conduct or
capacitor as fci{??I med in claim18 wherein: the dielectric ring is a spin-on

di el ectric naflisigelic lager onthe sepaigprdsiston sebstrateapaci tor as clained in claim 18
wherei n: 15 59&1&1‘3?9&’9#5%895&%‘&? ﬁya,conducti ve material selected froma
al u er,”’

. & (
group consisting o m num _ copp silver, gold, an alloy thereof, a

conpound t hez eafductivatringil ths ielectrit lapet.ardiing thesirdatiieciops; capaci tor as
clainmed in cl jF]18 wherein; the dielectric [ig%]uses a dielectric materi al
sel ected frohfislSsHEnEBREGIhe sandictivoeore aad Hiside thesandikrtive ringar | um

Stronti um t i 4 ARRLRannAbrb QIR RARE BORILRR &L ond3. The sem conduct or
i I 8 e t

capacitor as clainmed in claim1l rein: e conductive core uses a

conduct i ve nasespndkhaetlewnaettédd wrthacordoogivecdngsi sting of  al um num copper,
silver, gol an | oy .thereof, a conmpound thereof, and  polysilicon. 25
24. The sem Onduﬁ‘%?éﬁ@(é_ EP@BFapﬁgﬁ@{%icﬁé@eﬁsHlﬂPI&?H'I’geﬁﬁﬁérei n: the
conguctive cfE didiéetac el iN8Migh aRkciRCcERRAMGlelcbRic hAQrihShAifLs WAIGU;aT

toroid. 10
constant about and above 20.

; 20.  The semiconductor capacitor as claimed in ¢laim 18 wherein:
the dielectric ring is a spin-on dielectric material.
21. The semiconductor capacitor as claimed in claim 18 wherein:

15 - the conductive core uses a conductive material selected from a group consisting of
aluminum, copper, silver, gold, an alloy thereof, a compound thereof, and
polysilicon.

22.  The semiconductor capacitor as claimed in claim 18 wherein:
the dielectric ring uses a dielectric material selected from a group consisting of
20 tantalum pentoxide, barium strontium titanate, and combinations thereof.
23. The semiconductor capacitor as claimed in claim 18 wherein:
the conductive core uses a conductive material selected from a group consisting of
aluminum, copper, silver, gold, an alloy thereof, a compound thereof, and
polysilicon.
25 24. The semiconductor capacitor as claimed in claim 18 wherein:

the conductive core is a cylinder; and

the conductive ring is a rectangular toroid.

10




