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. A BATTERY I N AN | NTEGRATED CIRCUI T 5 Technical. Field of the Inventi4oq;Thg
‘present wavenksQe relates to a method and structure that gq_(gﬁ/ ?es a
battery within an integrated circuit for providing voltad) {EPO2A0BWIc ur r ent
el ectronic devices that exist within the integrated circuit. 10 15 20 25 30
35 Background of the Invention An integrated circuit, which may include a
sem conductor chip, corrprl ses el ectronic devices on a bul k silicon wafer,
and netal | ,g_W.IIE ( Y ,GOU ectronic

devi ces, rESH _ ' i ' peivivaa
| i ke words neans "electri cal |y conductive" herei n, unl ess ot herw se
stated. The electronic devices include field effect transistors, bipolar

"‘transi stOhg odi 348%a otk ARG Bl 11 C Wiring patterns include conduct i ve
wiring Trnes, netal-plated vias, etc. In integrated circuits, the netallic
iring patterns are nmulti-|I ayered, wherei n each | ayer incl udes intra-|ayer
“nmetal |ic wirThg praterty Asvenrberdedatsst he re mathddasnd/etrmatters ahasuch as
di el ect piévit@k el baktedynhitnhayeint@yrakéd Q:J.%Jlltngono@t:&ﬁrdﬂﬁg Qbr8agh ¥en | ayer

may be 99@%@%%6%&%91@% feds MR LAYRT W [BUR L ML DA PRLLGLRS 10 one

or nore ot her [ayers, as wel € electron|c eViI%Eas” The el éct roni ¢
devi ces of the integrated CIrCUIt reqU|re bias voltages and reference

190l t ageBachkaropid pfetiadnyengdody conventi onal or standard vol tage sources.

A conventional or standard voltage source includes a battery or the |ike

which is rea%lyntgggy@ér c&ﬂlcl)yt a\gig%&bggg J.ncE oﬁ;%mg(ﬁécjfl‘ﬂ t|r2t g%grat ed circuit

appl i cations requi nonst and nce

vol tage§°“‘%rdﬁ$%rﬁﬁeSHﬁcf“lSrd%’t“é‘?ﬁjé?Poa \P&Ili‘a?tjélc%idi’ffés ey "R lilhadeighag e.

A. nonst aatkergs bitdshocondoatsitvahyl aodp¥efbe evleetrondt tdegécdss agpplvohd dge not
isncl udedoinatibe ookl agescauUpptdieds by "t&&iucﬁi@"‘d%cd 1ved 4,898 seurce. There is

a need bofed AENQd.ANMcBLINCIdE: | Qn3lBPLY,NORS] Apdaldl hias, vgltages and

f
rors andg el st e I i B

etc. The metalllc wiring patterns include conductive wiring lines,

metal-plated vias, etc. In integrated circuits, the metallic wiring
20 patterns are multi-layered, wherein each layer includes intra-layer
metallic wiring patterns embedded within insulative material such as
dielectric material. Intra-layer metallic wiring patterns of a given
layer may be conductively coupled to intra-layer metallic wiring patterns
in one or more other layérs, as well as to the electronic devices.
25
The electronic devices of the integrated circuit require bias
voltages and reference voltages, which are supplied by conventional or
standard voltage sources. A conventional or standard voltage source
includes a battery or the like which is readily commercially available.
30 For particular integrated circuit applications requiring nonstandard bias
and nonstandard reference voltages, conventional or standard voltage
sources may be inadequate. A nonstandard bias or nonstandard reference
voltage is any voltage not included in the voltages supplied by the
standard voltage source.
35
There is a need for a method and structure to supply nonstandard
bias voltages and nonstandard reference voltages in accordance with

special requirements of particular integrated circuits.
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*166166* WO 02/058148 2 5 10 15 20 25 30 35 40 Sunmary of the Invention -
4 AUG 2005 PCT/ GB02/00119 The present invention provides an

el ectrochem cal structure within an integrated circuit, conprisi rrg4 AHG 2005
sem conW@OYPS8ME er; a | ayer of el ectronic devices on t RETAEBROBHAuCE or
waf er, wherein the |ayer of electromc devices includes at |east one

el ectronic device; Nwiring |levels on the |ayer of electronic devices,
wherein Nis at least 1, wherein the Nwiring levels are denoted as wring
level 1, wiring level 2, wiring level N, and wherein the Nwring | evels

i ncl udgumnapyy ef the Sisyeptioge metal | zati on and a second conductive
netallization; and at |east one battery within the wiring levels I, [|+1,

... K, wher h Qrmggaﬁl%ils&qe{% Zshin. ., and
N, wherein %h?sﬂregé}tegﬁtﬁx%?gﬁrgr%ﬂ{eﬂe% &ﬂ@;g Y Y o and N, ,.

onsi.stin .,

wher ei AN tHEeIFqHes CJCr(SHﬂEI’CtCOW%rJT%P%ﬂ Fi % 8%§“§%ﬂﬁt}“€[g‘?1\:/’elaéla s pPEs a first

5el ect r edlectobnit veviges| emdtheosrmigardust 9r twofee whgralaathe HéeléPéct ronic
devi ceeldfGon i1l dbst hecils@eond candusid eeedmbald iczai¢onNcaindugt i vel y

COUpl ©3e s%]l egg%e fiﬁgt EP%?(th]frotnbg cg%.éeef yWﬂié}emﬁh at A@§§Lstprie el ectronic

devi ce present I nvent IOHH$FOVI

el ect rBE?Péerﬁ”cEﬂPe St FHEPEr VR E HIST %ﬁi‘c’%ﬁ? é“(jr‘éﬁ B&g {ervc?ﬂll ' W&S%F?r q%?”ﬁl 2
provi di.ng avwsemeéadicNorangafiearein dihei Bgrialnrayeyelsf l@%@?r@rﬁlésélew ces on
10t he segbr@NAYGE GletWafiQEt i @h@iaN sbdital aytRiicaivechecl Onitd odewingiest | ncl udes

at |east one elg aCJJPy'wﬁt%\/ltﬁg,m&@{;gﬂlggeﬂ Wi rf+@9 Ievgl swhggeim Layer of

el ectroni c devices, wherein N st 1, er n the N wring | evel s
are deriBLEHFedsEXa™ Fhy IFRVRISOTSISKIPY 7§ e\?el 2/ ‘f’”,‘ r WMFEHY V}%e vel N

f or m ngededtisdsEragohbRiorye crpeditipg &l &n ldhd -a - sesnl dﬁ‘ﬁdﬁ%’ft ithe

met al | ifZaéi Qdnwbddive dehel N 2ak fomngohdrel sl vasehpfios i Mersat eleastodenet battery

15W thin.tbe whElng ohg\b%ltﬁefy tcl"'ghe at -leKst ‘Mﬁ@réafl.'e@ti'od:@ §@J1%Qt eghd rom the
group ¢ nS|st| dfromthe group

2 el ect
onst sEPREF 1 ¢ Pear eShauichie RECGIFEr oo KU PRI LE GRRaTT v Soond
met al | |e;}at:*;mec@ﬁ1abema\?éﬁw éeu‘iﬁheegt a°pFt ShectlectFOHE %‘?V%Cﬁe at | east one
battery to the at | east one electronic device, and wherein the second

conductive rgRreseehatingBnGondckivel ¥ fowBhes.d SaaQRd £l ectrode of the
20 electrochemical structure within an integrated circuit, comprising:

providing a semiconductor wafer; forming a layer of electronic devices on

the semiconductor wafer, wherein the layer of electronic devices includes

at least one electronic device; forming N wiring levels on thé'layer of
electronic devices, wherein N - is at least 1, wherein the N wiring levels

25 are denoted as wiring level 1, wiring level 2, ... , wiring level N;

forming a first conductive metallization and a second conductive

metallization within the N wiring levels; and forming at least one battery

within the wiring levels I, I+1, ... K, wherein I is selected from the
group consisting of 1, 2, ..., and N, wherein K is selected from the group
30 consisting of I, I+l, ..., and N, wherein the first conductive

metallization conductively couples a first electrode of the at least one
battery to the at least one electronic device, and wherein the second
conductive representation conductively couples a second electrode of the
battery to the at least one electronic device.
35
The present invention supplies nonstandard bias voltages and
nonstandard reference voltages in accordance with special requirements of
particular integrated circuits. The present invention also avoids using
. external voltage sources for supplying voltage to integrated circuits that
40 require low-power input, wherein the external voltage sources require more

wiring levels, have a larger size, or occupy a larger volume.



battery to the at | east one el ectronic device. The present invention
.supplies nonstandard bias voltages and nonstandard reference vol t agedl§ £005
‘accor dangg ydskhsgpeci al requirenments of particular int e%@i‘/éﬂoﬁdoﬁ@m ts,
The present invention also avoids using external voltage sources tor
supplying voltage to integrated circuifts that require |ow power input,
wherein the external voltage sources require nore wring |levels, have a

| arger size, or occupy a larger volunme. W 02/058148 3 5 10 15 20 25 30 35
Brief Degtdd pbdsipeion Be dReamddi@sqgs 4 AUG 2005 PCT/ GB02/00119 FIG 1
depicts a front cross-sectional view of an integrated circuit that
includes a battery and conductive netallization, in accordance with

enbodi ment s B3f- théeptEsent fHoRY etfeporecHagal 2V igwppEtad anfgggated circuit

‘Cr 0ss- seati DrAhdas evbatfteay fantistéondettaot mecheni alost riuchchcedaarpriti ng a
substr a@oaiidnt @ Jd £8d condiciingridayer within the substrate, in
accordance with enbodi nents of the present invention. FIG 3A depicts FIG
"2 after depositing an etch stop layer and a first inter-level dielectric
(1LD) |ayer Bfi- th&eBid$t paterhmFoexFestirped vienr f pEititon of the first
conducteleetiayeniday $onrtng acgedeoird bramehrate thim ditst sbnducBivayer and
the etchystapthfy&he flStralB, dBPLELGAERG WwBth WnbBaida@t 81LN 15 QP Layer

1(§epl aced by,.a diffusion barrier filmon a top surface of the first ILD

invendtion
ayer, on fTirst wall and a second wall of the second trench, and on a

surface of the first conductive layer. FIG 4 depicts FIG 3A after an

el ectrol yt e Rigyei2 hasidieeriG.conffaemalebys ftangeth encia swap|1:9tr tahe second .

trteﬂ_ch dfl?@lt q&g&h_ﬁiteﬁu Sc%iﬁ@%ttr:igngtlbgl 1%9% fonr Site %qgslé&f%}bvsqtdhéyp?ﬁ_iﬁ%%?l ti nﬁ In

athird.tr i.n . ectraolyte. layer nd, after Ir renc

has beerfrﬂglrh%eay\évﬁ £h e glerc%n oncé‘rcld‘\é’gtlla\‘)’e et e Ao B ffcoggdtérﬁf’%)fs FIG 4
13fter pri&ASt i2zEt59n 0 1aveopnd dimratieiofthéayerfirst ILD layer to renove

excess electrolyte material of the electrolyte |ayer and excess second

conductive raterimldepHdte ri. depigts thkGrdh afdetiafer FeptRasgcand | LD and a

third |dReulaxesa 00 tha hom SUSASE AL, the fd rat .l Lol axgt and forming an

|nter-coq9ect|ng Via and_ a COﬂtékt %O e wthin tﬁe thir FLS | ayer and the
wall and a“second wall of the second trench, and on a surface of the first

20 conductive layer.

. FIG. 4 depicts FIG. 3R after an electrolyte layer has been
conformally formed on a wall of the second trench and on the first portion
of_the first conductive layer resulting in a third trench within the

25 electrolyte layer, and after the third trench has been filled with a
second conductive material.

FIG. 3 depicts FIG. 4 after planarization to a top surface of the
first ILD layer to remove excess electrolyte material of the electrolyte
30 layer and excess second conductive material.

FIG. 6 depicts FIG. 5 after forming a second ILD and a third TLD
layer on the top surface of the first ILD layer and forming an

inter-connecting via and a contact hole within the third ILD layer and the
35 second ILD layer, respectively,

FIG. 7 depicts FIG. 6 after the inter-connecting via and the contact
hole have been filled with a third conductive material and wherein an

excess of the third conductive material has been removed by planarization.
40



second ILD | ayer, respectively. FIG 7 depicts FIG 6 after the

inter-connecting vi a and the contact hole have been filled with a4tAt|y

conduct @ o3iMdsssd and wherein an excess of the thi rd N er| al
has been rem)vecjil by planarization. 40 WD 02/ 058148 - %é[}g%ﬁ’%

PCT/ GB02/ 00119 4 5 .0 .5 '.0 10 15 H G 8 depicts a front Cross- secti onal
vi ew of a second eI ect r'ochem' cal structure conprising a first conductive
plate within an insulating |layer, in accordance vvi th enbodi ments of the

present | nVeiH | 8uegfLs 9¢HRRI CEo Sl 8] WAL ' 01 Q10AA et ch. Stop | ayer

on the . insulatin er, formn rst rnter- lelectric (ILD)
| ayer %]ﬁ’c f‘f’]‘e‘eé‘f“&% SEOIFHHES FomPy ?f“@x?)cfsiirﬁb C&“?J‘Efrtt‘ %r’PlBFet‘“ﬁéhf-‘i‘ rad

conductiapdapirgt taydyy Irorecenpaackiwigh émbodthennstdli whe hpeebemstinté@ibayer and
the etch stop layer. FIG 10 depicts FIG 9 after a fi rst conductive | ayer

has been CHH O@”@J 1¥$sf qIIEEdE %@tgr ftjogrﬁntgagxg e%?rgosr%opv‘?ageh Qe first trench

and on, the portlo Fn a second.
t r encht™ e HiY f‘ﬁ%‘erf'l’F‘?t“‘iﬁ%rf’dE&F?VénF%tﬁléﬁveJFPﬁflefirﬁ%mIéP)s IByer or0 after an
el ect rigleyeech ayer lrasrbeed exroafioy rabéstiborafethorfiast icostivardkk, planea second

val |, mpadooming BOti:ee whkn wiftniheanseennd tnenehbr bESWhEI &iGni Beg third
trenchlé/y thin the electrolyte layer.. FIG 12 depicts FIG 11 after the

third trench has been filled with a second conductive material. FIG 13
depicts FIG 12 after planarization'to a top surface of the first ILD
| ayer has rBifbvéd qeettiomsc ofd elitesechingtcomductiveelagirenasailbgent he

el ect r@intbemdiayetorndlord Res{dstShng QRAME Wi EL oFBIRS kalst apdhAf Led 3
conduclivg.£ankagt Has %%@ncsn LOELC LOI:2 LEMRLANNG, ROLLLON, QL idie second

conduct)ve materia ctsta Tfont cross-sectiondl “VPER of a
pl anar"Hatfery, fi“nSt EWHhYﬁ:éaW’Eh embodi nents of the present invention.

FI.G 15 depicts a front cross-sectional view of two batteries connected in
series, in pmnoLdargect¥ Fhc enbodiv®mnts Qbctheys asgm naknvgption. FIG 16
depi ctéoneo&nmy £5.A33-GPGL EANR! 1,000, LIRS bfattef A8n COMIEEL Oy | N
series 1o accor&iance odi g e éen rnven

of the second trench, resultlng 1n a thlrd trench w1th1n the electrolyte

layer.

FIG. 12 depicts FIG. 11 after the third trench has been filled with
a second conductive material. .

FIG. 13 depicts FIG. 12 after planarization to a top surface of the
first ILD layer has removed portions of the second conductive material,
the electrolyte layer, and the first conductive material, and after a
conductive contact has been formed from a remaining portion of the second
conductive material.

FIG. 14 depicts a front cross-sectional view of. a planar battery, in
accordance with embodiments of the present invention.

FIG. 15 depicts a front cross-sectional view of two batteries

connected in series, in accordance with embodiments of the present
invention,

- FIG. 16 depicts a front cross-sectional view of three batteries

connected in series, in accordance with embodiments of the present
invention.
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depiets a front cross-sectional view of three batteries connected in '

‘series, wo@useisdance with enbodi ments of the present iw&h%mﬁl G 18

depicts a front cross-sectional view gf two batteries connected in

parallel, in accordance with enbodi nents of the present invention. FIG 19

depicts FIG 1 with the battery rotated 90 degrees and the conductive

metal lization resized for conpatibility with the rotated battery. FIG 20A

dﬁpi cts an epest w!d\ébectgraafﬂdnbaéﬂoegyseckfbraqcemaaeetwﬁaqutQapi@ddi rrenth s of

the pre vent . pi..Gt S . Bat.t e at_includes the

el ect ro,&{;%c%) EFC;%eg'ge%A.lgﬁcégggﬁ%gd%%ﬁc?@oﬁ‘g sBé tttélreygr(?fseil—'% G 20C after

addi ti O#V@Pt“Ektensi ons. FIG 21 depicts an S-Battery, in accordance with

‘enbodi nents of the present invention. Detailed Description of the

gnvention Anpidit eglabeskChrl fldht &Y shect adiahcalad obYuwd Pi@lerddd

Front - Bad Qe bl 08 LEEL PLOGESSINA.] QliLousd by Backs Fads G Line (BEQL)

integration. al processi ng conprises tormng a I ayer ~of F&f&€tr onic

devi ces*®i¥"5i¥eni conduct or waf er, which includes supporting process steps

for defining the electronic devices (e.g., photolithography, annealing,

if)_n i npl ant sm).xhgi@teiop&st @lics:.- _)1-v_q'ﬂ£m€tr$eefm@mg. U.%tchrte&@{(ﬁﬁegi@ési%! 913@1 !gter
ia, a n - . silic er . Or u uried oxide

1(?ayer. %%gkéled@t lrg%)t%lngc\}?%erses%ecﬁogoe.c?m?antﬁ%%?ﬁ% gy.\{k% rta?lsrlogtagercg, bi pol ar

transi stH§7Ydi odes, etc. BEOL integration conductively couples the.

el ectronic devices together to formconpleted electrical circuits, by

form ng a nutrid.| ayeresh &lsr ueteuk6r@NyaNads abaveatteyl apekcQfragh &l i@ani ¢

devi ces pfzach. Jayes tg%u%ggel@lihjjgnqxglg_ed structure may be thought of as a

LW ring level that i1nc S conductive netallization (e.g., netal-plated
vias, conductive wiring lines, etc.) enbedded in insulative materi al

(e.g., a dief¥et ik dppicesi aly BaTinyg, thet| pdrded thheelmgktdlyayerfedIG.st ruct ure

will be2treferred to herein as a "wiring level". Each wring

FIG. 20C depicts the U-Battery of FIG. 20C after addition of
20 Extensions. "

FIG. 21 depicts an S-Battery, in accordance with embodiments of the
present invention.

Detailed Description of the Invention

25
An integrated circuit may be fabricated by, inter alia,
Front-End-0Of-Line (FEOL) processing followed by Back-End-Of-Line (BEOL)
integration. FEOL processing comprises forming a layer of electronic
devices on a semiconductor wafer, which includes supporting process steps
30 for defining the electronic devices (e.g., photolithography, annealing,

ion implants, oxidation, etc.). The semiconductor wafer may include,
inter alia, a bulk single-crystal silicon wafer with or without a buried
oxide layer. The electronic devices include, inter alia, transistors,
bipolar transistors, diodes, etc. BEOL integration conductively couples

35 the electronic devices togethér to form completed electrical circuﬁts, by
forming a multilayered structure on and above the layer of electronic
devices. Each layer of the multilayered structure may be thought of as a
wiring level that includes conductive metallization (e.g., metal-plated
vias, conductive wiring lines, etc.) embedded in insulative material

40 (e.g., a dielectric material). Thus, a layer of the multilayered
structure will be referfed to herein as a "wiring level”. Each wiring

level may be formed by, inter alia, placing a layer of dielectric material



| evel. may be forned by, inter alia, placing a |layer of dielectric material
WO 02/058148 - 4 AUG 2U95 PCT/ GB02/00119 6 5 10 15 20 25 30 35 4G/p ¢ Mes
previ ou d layer, formng trenches or vias in the

mat er i aI%Vd %’g%(r:?]r?g metal in the trenches or vias (or on tﬁgh‘g@g&glﬁs of
the trenches or vias), and polishing éi.e., planarizing) the exposed
surface of the layer. Aresult of the formng of wiring |evels, conductive
netal lization within each wiring |evel is conductively coupled to
conductive netallization within another wri | eve reslt of the
BEOL | R cdieaB SYoue S eapEs "o P fowge Viselts g sl ithe e tareter or ned.
Def i ni paeardlaly , PIBEOLY imettedriat Fom therdhes s véapnicasora the rasdewgddst ¢Hn of a
first oméaldehamdd or Mas)beaiy bOrIBUnONL 08, Wol &tz Og) COMPle@fbsdo, the

SO COBMAIART WALRT 1o NSN ATl OFVREIR 0Ldi0E d Vel  SlagironiC devi ces:

has not en co sent Inve met hod and
Sst ruct GPRAUYSEE VY Wﬁblzé‘tiﬁlét“tiéﬁf‘ \ﬁff}hlwh“c’}?elFYﬁJeQFa‘%oéE\u%qlﬁ’éw tcoypiest on a
Wi ri ngtbevgiductivehaetalfigrerant vioiéd amokbed anyefred 1staluctAn e. red@tbat tery of -

tB Ea pr eﬁerﬁmomt TWMEIYch b, Sci@l@@é& Miéul@swretﬂé ﬂﬁﬁéﬁﬁca\e%&ri‘ Idlgc?%vlgkg dutr]I ing
a extr I Vv 0 e il ayere

struct u{r;q:er&qir b%ﬂlmg‘l&%‘i‘fg a%e%ﬁ)%agra% J,f}g at i o% of the ﬁn?% ery it may be
possi bP&rtig Pf)ramftlﬁ%t et e By Thbat baﬂm%m%ﬁh OB #LHhimy nef Iceveted n

10si t uat kons-hensemiricpludtive batdrergvensiplfacettion & pbe tlager off alastrbmiy | evel
that i SevSRAr 884 YncROpadralefbwktd conductive netal lization. The battery may
be forned directly above one or nore of the el ectronic devices, or may be
formed above one or nore of the electronic devices but Iaterally di spl aced
fromthe el SEFrRffisEnHeVIVERELOPFPRSVide] ) R 1ost ¥ SR YSHHERYERE P ERPEWH t 400
t hat | petiedaswatiow khe Sewegortddoctioruitaberor4ogf,a auta;genex&(lOoofthel ectronic

15devi cesfeiihedoded Wit i 1BYbkeaS sttucontlCt e Waf@lry40R2 chd PMekidtg | evel s

formed lgger;ﬂ%n:c:?éle{orggcp th:hlnelogé:torromr% nyn.n eise\g'fl!glnﬁgl %gEOL nt egr ation, and

a batter ur i grati i n accordance with

in
enbodi nﬁ%‘?%ra % he SF% Lt alg eﬁ%%%f’ﬁﬁwg Jr?\‘éelNoémtrhlen’ﬂ‘llté}/aeyl%e%lrséraéﬁb‘ieed as
Wi ri ng™REVRE 8499 to, accommgggre] formationygfHiie haltkeriie isamraeby A26ibke at t he
Wi ringtbef@in Sﬂé)h]a,tteym@riehdmtza@:&g[ad\lexFﬁbmuﬁﬁ{gl 0évef id metlharttlegé ated
2¢Ci I cui {480 tl?k@g}bzﬂ_sce thy pREQW € @gp&h:‘?.opucu( asmlﬁwh%%i Qpa) ds.er 402 (e g.,

| k 5|n C i or w burie OXI
?aggr) E@Qﬁ?a@ed ditL congug¥%ve metaR{aLatlon The battery may b
formed dlrectly above one or more of the electronic devices, or may be

formed above one or more of the electronic devices but laterally displaced

from the electronic devices.

25
FIG. 1 illustrates an integrated circuit 400 that includes a bulk
semiconductor wafer 402, a layer 900 of electronic devices coupled to the
bulk semiconductor wafer 402, N wiring levels formed on the layer 900 of
electronic devices during BEOL integration, and a battery 420 formed
30 during BEOL integration, in accordance with embodiments of the present

invention. The N wiring levels are denoted as wiring levels 901,
900+.J, ...,‘900+N, and the battery 420 is at the wiring level 900+J,
wherein 2 [ J [ N. Fabrication of the integrated circuit 400'begins with
providing the bulk semiconductor wafer 402 (e.g., a bulk single-crystal

35 silicon wafer with or withoﬁt a buried oxide layer). Next, FEOL
processing forms the layer 900 of electronic devices on the bulk
semiconductor wafer 402 by any method known to one of ordinary skill in
the art. The layer 900 of electronic devices includes a plurality of
electronic devices in a background of semiconductor material (e.g., P-

40 silicon), and may include millions of electronic devices or more. The
electronic devices may include, inter alia, semiconductor devices such as
field effect transistors, bipolar transistors, diodes, etc. For '



processing forms the |ayer 900 of electronic devices on the bulk
.sem eonduct or wafer 402 by any nmethod known to one of ordinary skild4 A 2005

‘the art. wineybys 900 of el ectronic devices includes a p é'f/@kibi/%l?g
el ectroni c devices in a background of sem conductor materi a

silicon), and may include mllions of electronic devices or nore. The
el ectronic devices may include, inter alia, sem conductor devices such as
field effect transistors, bipolar transistors, diodes, etc. For WO

02/ 0581481:151.4:@9&:@ 2»99;5)%5’@&\@1&5@9%905 edecth@ni® c?eergés 3Rc3Red

illustr 0 el ectr.oni c devi ces includes a
field efaf ec #?é%s?ggﬂﬂs? #ﬁ)ldggmg tH COMRER? FOWHEY BB At 211, a
sour ce/ dPaFFp/419in 41¢hannakinngl i3y yaeke 414, aagges dnisnatbat 446, 4456 and

1 nsul at izvieustacerspaddS 4BEOL i ntegration foll ows FEOL processing. BECL
isntegration forms the Nwring levels (N nl) and includes form ng
conductive netallization enbedded within insulative material (e.g.

‘diel ectric nmBEe}iiREIratAan Fodhenrc FFUePRoeaF oz at BEAY iindoudbipncéerhact | ve
Wi ring, thetiwipimat edvalisasy nietand indliuads sermiegt omindired nvediyisaiphe

el eclt :’ Ol’éhfecﬂﬁ\d' ﬁl&%i@rh.r{sh@aﬂ:@)ézrﬁategialel(@Q;t r %e@.egﬁé’ﬂccﬁ&egggl) A 'P}%‘]dUCt Ive
met al | i t on re AL s conduct i v t I'zation in
Jthe wi rlzc?{ &@\7(’%9{%%@ SIE){) . lﬁcglzugﬁ?j Cﬁoﬁguc:%nc U ““%na‘uﬁeﬁ ngatrﬁgt %35 zat i on of
W kingd (’e Walch SEBHRIGEL ?‘?flé*uﬁF‘r"eﬁ)g qOPWésel?ﬁétravlﬁaldavwswastheekayey within
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An electrical conductor 444 is a form of conductive
metalllzatlon that represents a conductive plate, a conductive plug, or a
similar conductive volume in the wiring level 900+J+1. Although not
shown, wiring levels 900+J+2, ..., S00+N may also include conductive

25 metallization of all kinds (e.g., conductive wiring lines, metal- plated
vias, etc.).

Using any method known to one of ordinary skill in the art, the
wiring level 901 is formed on the layer of electronic devices 900, and

30 the wiring level 900+I is formed on the wiring level 900+I-1, for I=2, 3,

++r N. Each of the N wiring levels may be formed by, inter alia, placing
a layer of dielectric material on the previously formed wiring level (or
on the previously formed layer of electronic devices 900 for forming.the
wiring level 901),lforming trenches or vias in the dielectric material,

35 placing metal (e.g., copper) in the trenches or vias (or on the sidewalls
of the trenches or vias), and polishing (i.e., pianarizing) the exposed
surface of the wiring level being formed. The processes that form the
wiring levels conductively couple each wiring level: to another wiring
level, to one or more electronic devices formed during the FEOL

40 processing, and/or to one or more electronic structures or electrical
devices external to the integrated cixcuit 400. In that manner, completed
circuits of the integrated circuit 400 are formed.
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have zany df hyﬂygga?qpeé @_ wQequn I may have any of the values 1, 2, v Ny
and K may have any of the values I, I+l, ..., N. Also generally, the

battery 420 could stand for a single batpery[ multipté batteries in series
as exemplified by FIGS. 15-17 discussed infra, or multiple batteries in
25 parallel as exemplified by FIG. 18 discussed infra.

The wiring level configuration in FIG. 1 is a particular example,
and many other wiring level configurations are possible. For example,
although the battery 420 in FIG. 1 has been placed at the single wiring

30 level 900+J the battery 420 could have been considered to exist at more
than one wiring level. To illustrate, a battery 170 in FIG. 14, to be
described infra, could comprise a'first_condgetive layer 172 (which is an

~electrode), an electrolyte 174, and a second“pohductive layexr 176 (which
is an electrode), wherein each exists at  a di%ferent wiring level,

35 : BAlternatively, the first conductive“léyer.1721"the electrolyte 174, and
the second conductive layer 176 could be, con51dered to collectively exist
at a 51ngle wiring level. Similarly, condhctive metallization can be
assigned to wiring levels as desired. The foregoing forms of wiring
levels have been presented for purposes of illustration and description,.

40 and are not intended to be exhaustive or to limit the invention to the

precise form disclosed. Many modifications and variations are possible.
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conductive metallization is related to placement of the battery.

25 Neither of the conductors 444 and 442 are in the same wiring level
900+J {(oxr same multiple wiring levels within 900+J if so defined) in which -
the battery 420 is located. However, the battery 420 could be rotated 90
degrees (i.e., from the direction 450 to a direction 451). Such rotation
could result in a positioning of the positive and negative terminals of

30 the battery 420, as illustrated in FIG. 19, such that conductors (such as
the conductors 444 and 442) to said positive and negative terminals would
be located in the same wiring level 900+J (or same multiple wiring levels
within 900+J if so defined) in which the battery 420 is located. In
summary, the scope of the present invention includes two possibilities for

35 -placement of the conductors 444 and 442 in relation to where the
battery 420 is located. The first possibility is that the conductors 444
and 442 are both outside of the same single wiring level or the same
multiple wiring levels in which the battery 420 is located. The second
possibility is that the conductors 444 and 442 are both within the same

40 single wiring level or the same multiple wiring levels in which the
battery 420 is located. '
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The cavity 610 has been partially or fully filled with conductive materi al

FIG. 20C illustrates the U-Battery 650_of FIG. 20B after addition of
extensions 624 and 626 to form a U-~Battery With Extensions 670. The

extensions 624 and 626 each include the conductive material of the base

25 electrode 622 and must contact a portion of the arms 604 and 606,
respectively, of the electrolyte 600. If both extensions 624 and 626 are
present, then theé battery 670 is a U-Battery With Double Extension. If
eipher extension 624 or extension 626, but not both, is present, then the
battery 670 is a U-Battery With Single Extension.

30

FIG. 21 illustrates a S-Battery 680, in accordance with embodiments
of the present invention. The S-battery 680 includes an electrolyte 684
sandwiched between electrodés 682 and 686. A characteristic feature of a
S-Battery is a stratified (i.e., layered) structure of the electrolyte
35 sandwiched between electrodes.

The battery of the present invention eliminates a need to use
external voltage sources for particular applications requiring
nonstandard voltage bias or nonstandard reference voltage. Additionally,

40 the battery of the present invention avoids using external voltage sources

or external current sources which supply voltage or current, respectively,
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electrochemical structure 1, comprising a substrate 2 that includes any
dielectric material such as 5i0; or the like and a first conductive layer 8
25 within the substrate 2, wherein the first conductive layer 8 is formed
using any method known to one of ordinary skill in the art, such as a
damascene procedure described by Beyer in 1999 (U.S. Patent No. 5,965,459,

herein incorporated by reference). The substrate 2 represents a portion
of a wiring level (e.g., any one of the wiring levels 901, 902, ..., 900+N
30 described supra in conjunction with the integrated circuit 400 of FIG.

1), wherein the wiring level includes conductive metallization embedded
within dielectric material. The substrate 2 has been deposited on a
surface below such as on the layer of electronic devices 900, or on one of
the wiring levels 901, ..., 900+J. ..., 900+N, described suypra in

35 conjunction with FIG. 1, using any method known to one of ordinary skill
in the art.

The substrate 2 has been patterned and etched by any method known to
one of ordinary skill in the art such as, inter alia, a photollthoéraphlc
40 method, thus- deflnlng and forming a shallow first trench 3, having a width
in the direction 5 that includes from about 0.3 pm (i.e., microns) to
about 5 pm, and a height that includes from about 0.3 pm to about 5 Bm.
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4 . .

formng a shallow first trenc having a width in the direction 5 that

%®ncl udes from about 0.3 dun (i.e., mcrons) to about 5 pm and a hei ght

that include§ifrdh abduets (E18. Unattveabegtertipury W13/ 58148 RCGF/ BR2/ 00119
12 5 1091, ao 25130045 n40-(HaC1502) | Qwchd ISibnbLcREM BB LEEN LI LI ed with a
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f%é%p@gé J sgré%e 2 from subseguent patterning, wet chemical etching or

planarization steps that will be described infra in relation to FIG. 5.

The etch stop layer 9 has a thickness between about 0.015 am and about 0.3
25 pm.  If the etch-stop functionality of the etch stop layer 9 is not

needed, the etch stop layer 9 may be omitted. The first inter-level

dielectric ILD layer 10 has a thickness between about 0.285 pm and about
4.7 pm.

30 A second trench 13 is formed in the first ILD layer 10 by any method
known to one of ordinary skill in the art, such as in the following two
steps. In ‘the first step, the first ILD layer 10 is patterned and etched,
using any appropriate photollthographlc method known to one of ordlnary
skill in the art. The patterning and etching removes a ‘portion of the

35 first ILD layer 10, and leaves a remaining portion 12 of the first ILD
layer 10 on the etch stop layer 9. 1In the second step, a first portion 18
of the etch stop layer 9 is patterned and etched, removing the first
portion 18 of the etch stop layer 9 which leaves a second portion 15 of
the etch stop layer 9 on a first portion 17 of the first éonductive layer

40 8 and exposes a second portion 11 of the first conductive layer 8.
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| ayer 9, ng. step,..a firs stop 1ayer
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| ayer QlﬂchﬂﬁllPeai\Peél%Fts‘ééﬁﬁdoﬁo?r PtRorerySwidhin tihe etechrestiepitalyer 9 on a
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pri B0 ot S s S P OB GhS $B-aBH pot R AR % B 15 s
r ect angii"aPCErasetadetiabhon tirBretRbatisactitdivteibh 9r8e 4 af fthesiETwal | 32
and a s8@ondrsnwardthds, exgmdle, Bopi:Gmies may leak from an electrolyte of the

battery 420 through the conductor 444 and the conductive metallization
representation 434 into the source/drain 412 of the FET 410. The materlal
of the diffusion barrier film 14 should be electrically conductive so as

25 not to electrically insulate the first conductive layer 8 from an
electrolyte layer 41 (the electrblyte layer 41 will be subsequently formed
as discussed infra in conjunction with FIGS. 4 - 5), Alternatively, the
diffusion barrier film 14 need not be electrically conductive if a bottom
portion 16 of the diffusion barrier film 14 is removed such as by, inter

30 alia, reactive ion etching (RIE), which would avoid electrically
insulating the first conductive layer 8 from the electrolyte layer 41. To
effectively act as a diffusion barrier, the diffusion barriér film 14
should have a minimum thickness that depends on the material of the
diffusion barrier film 14, and the minimum thickness of about 50 A is

35 representative for some materials. Although FIGS, 4 - 7 (to be discussed
infra) show the etch stop layer 9 of FIG. 3R, the diffusion barrier film
14 of FIG. 3B could alternatively be used in FIGS., 4 - 7 instead of the
etch stop layer 9. Similarly, although FIGS. 8 - 18 (to be discussed
infra) show an etch stop layer 89 (see, in particular, FIG. 9) which is

40 analogous to the etch stop layer 9 of FIGS. 3A and 4-7, FIGS. 8 - 18 could
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PCT/ @dﬁfﬁﬁfﬂ'gsiﬁl gs 1b1tj35m12@e'251 or lithiated vanadium oxide (LigV,;0s}, such
that the third trench 44 has been filled with the second conductive

material. Similarly, Bates et al. described in U.S. Patent No. 5,338,625
depositing a film of lithium metal on a film of lithium phosphorous
oxynitride (Lipon) electrolyte.

25

30 FIG. 5 depicts FIG. 4 after planarization using any method known to
one of ordinary skill in the art, such as CMP, removes the first portion
50 of the second conductive layer 49 and the first portion 48 of the

electrolyte layer 41, leaving a top surface 57 of the planarized sfructure

1. In the example depicted in FIG. 5, planarization of the structure 1

35 results in formation of a conductive metal plug or contact 46 (formerly

the second portion 53 of the second conductive layer 49 in FIG. 3A) having

a height (in the direction 6) such as from about 0.225 um to about 3.8 um,

and a width (in the direction 5) such as from about 0.08 pm to about 1.4

pm. The electrolyte layer 41 (i.e., the second portion 42 as shown in

40 FIG. 4) separates the second conductive material of the conductive metal
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2conduct| \78r°rPeet P 4LA’<U@t 7905 Hefpin B ogthode is V,0;, an electrolyte is
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lithium phosphorous oxynitride (Lipon), and an anode is LigV0s . See
"All-Solid- State Rocking Chair Lithium Battery on a Flexible Al
Substrate", Electrochemical and Solid- State Letters, 2(9) 425-427 (1999),
herein incorporated by reference. Bates, in 1996 (U.S. Patent No.
5,567,210, herein incorporated by reference), described performance

30 characteristics that relate surface area to output of lithium/Lipon/V,0s
batteries. Bates states that an amorphous LiMn,0; cathode provides a lower
discharge rate than does a crystalline LiCoO; cathode, and recommends the
amorphous LiMn,0, cathode for applications requiring amblent temperature
battery fabrication. See John B. Bates’ Material, v1-5/1/98, URL

35 "http://www.ccs.ornl, gov/3M/bates html", herein incorporated by reference.

. Bee also, Park et .al., "All- Solid-State Lithium Thin-Film Rechargeable

Battery With Lithium Manganese Oxide", Electrochemical and Solid State
Letters, 2(2) Feb. (1999) 58-59 , herein incorporated by reference,
(describing thin film batteries comprising Li/Lipon/LiMn,0, having "a

40 nearly constant potential of 4.0 [volts] V, good coulombic efficiency and
the capability of carrying high current density. Planar microbatteries
were connected in series through metallization”. Park et al. described



25 30 35 40 WO 02/058148 PCT/ GB02/00119 15 plug or contact 46 fromthe
.second portion 11 of the first conductive layer 8. The structure 1 -4 AUG 2005 -
depicted in FIG 5 includes an electrolytic cell or battery 38, wherein '
the firWOMYABHSE i ve Iayer 8 and the first conductive pPGEFGRO2MBHSact 46
are el ectrodes, and wherein the el ectusol yte |layer 41 provides a nediumin
whi ch ions such as lithiumions, or ions of other alkali nmetals, mgrate
froman anode of the battery 38 to a cathode of the battery 38. For
exanple, in the battery 38, if the conductive plug or contact 46 is an
anode BBERUILATR (VO EagRsr PY S@PFR AR EEE0RY TOdREUGH | v ldnbe bitalreds Godn as

i thi uripet ®btosrikes8d620bct e@intln tdheidd)r. st kuGoRguC ek vay | ay@r1998 ftssa cat hode

becaus@atdnd ﬁode.arlswdmforqmrm slhc&%q o k6 z.tg%tegéxlxcael s sheh L1023 y205, then

-thellthlumlonsrqri ? e con uctl Iug"o conta 4%tothe

first CBRATEPVEDF §°’H’l§ PHY a" dRSEndlage WR of "t et Wbﬁ?cht ery.

SAl t er n&FFsley | andh relraspatkishjurB8everfsibhe Rinwt-agorductieserbhyter and d s t he
anode besiiise élecksodkewhi@dnhid Q%Mﬁo&lt&@ﬂﬂ&l@%!l&l fiﬁli:ﬁfde%' $1134GH, as

l'ithi Um&&ﬂ—&@é’%@@&e@”d Arh%lgg_'rﬂgyﬁ;e' ¥ etpzlrgg ?er i S t 46 i's the cathode

becausg Llsr ve from second con $G&H as V205, then
the |iLhiR mifgr at'BeF P8t He 2f F?@P%&H’d’uéi |e\}éh?%>$ér°18 Ppo Wieaein

conduc Ep&rets plmgno?lee:(gmla/@p, A@ddeheirpin tAyé aficcebarmetioy ehedaf bhe hantery. |f
10t he el @cku,0desn &ransbA6 @aied eatvaedes mbhodidda Poddrl r@hhhtﬂ‘hhléﬁ katLery,

then t Bgli% @Qirg@d§§0 8(l@nfb24§9m¥9%np£érse§nrr?rgc%rfﬁlz’)gﬁa% gl'{oy refﬁrteﬁescrl bed by

Lee et .al . cat te % Foim
phosph8f 517& %Pr?sf?l%’émfﬁoﬁoﬁij 2 g £H%H6H@ﬁy5tmat8ww15e}ele 2@l 3 - Sol i d-
State Wﬁ@lﬂ%ﬁc%ﬁppmn}rﬁ@@mpehy bomsimgFbebenbl&lsAko Sebataraeet
El ect r bchrestistats anda Sabsdat St &Ioﬁph@txh@rai;te%a‘lﬁn&%iﬂ;? A ggg%er g@' ein
15i ncor pesaisd bysﬂeéleroame@ (a5 eél’ec‘:PolJy%g abn(dua corpE ﬁ&t by 0 >, 96 310
e

her ei Nywi,nco ref ef escri cﬁaracter|st|cs
t hat Jf}{e}t%e%g%? &tggga eysé%uﬁcoroi}ﬁ utes gf‘“ﬁlt RTWEY‘%HFW&“' Biert et $%ds. Bat es

st at espt Hat: alherér‘rﬁrlﬁﬁeﬁ%orlé‘tﬁmmr%fmfh@fd% pFenthedes aa ¢lmmerolytisceelnge rate
t han doas cameriset alinnkattieCodL venidhpdesssand Hyaeanmuensis k helyranpy phous

Li Mi2Qdagaat.hode for applications requiring anbient tenperature battery
sofabrication. See John B. Bates' Material, v1-5/1/98, URL

% http://ww.,ccs. or nl . %ovl3l\/l bates. htm ", herein incorporated by reference.
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described a "dual damascene" technique in which two masks are used to form
patterned conductive lines simultaneously, with formation during BEOL
integration of stud via connections through an insulating layer to

30 underlying metallization in an integrated circuit. See also Cronin, in
1999 (U.S. Patent No. 5,960,254, herein incorporated by reference),
describing a dual damascene technique. See also Chow et al., in 1988
(U.S5. Patent No. 4,789,648, herein incorporated by'reference), describing
the dual damascene technique. 1In preparation for using the dual damascene

35 technique in the present invention, a second ILD layer 58 having a
thickness between about 0.15 pm and about 2.5 pm and comprising
inter-level dielectric materials such as, inter alia, sputtered quartz,
has been formed on the planarized surface 57. The contact hole or via 72
has been defined using photolithography by forming a first mask layer 63

10 of photoresist on the second ILD layer 58 by a method known to one of
ordinary skill in the art. Alignment 1s facilitated by standard alignment
means such as described by Cronin et al., in U.S. Patent No. 5,759,911,
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connect Porr PHer SEI@‘PFdaﬁL’P ﬂ?éfF’étqang layer to underl ying nmetal | i zat| on in an
integrated circuit. See also Cronin, in 1999 (U S. Patent No. 5,960, 254,
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and about, 346, P a8 GQUTN ReNs. | Hkelsd eNela dbehaatli G.UBLQRi 'S such as,
inter al I e§RDUttgcl‘?i%gqua CEVI% "techniques know by those of ordinary skill in

In

. the art, resulting in a planarized top surface 82 of the electrochemical
25 structure 1. The planarization has formed a top surface B2 of the third
' ILD layer 60 and of the second conductive plug or contact 85. The second
conductive plug or contact B85 extends from the top surface 82 to the first
conductive plug or contact 46.

30 If the inter-connecting hole or via 65 and the contact via 72 .have
rectangular cross- sections, then: a height in the direction 6 from the
top surface 82 to a top surface 54 the first conductive plug or contact 46
includes from about 0.2 pm to about 3.7 pm; a width of the contact hole or
via 72 (see FIG. '6) in the direction 5 includes from about 0.07 um to

35 about 1.2 pm; and a width of the inter-connecting via 65 (see FIG. 6) in
the direction 5 includes from about 0.17 pm to about 2.9 pm.

The second ILD layer 58 and the third ILD layer 60, in combination,
is a composite ILD layer. Generally, a composite ILD layer includes one
40 or more stacked ILD layers. Similarly, the inter~connecting via 65 and

the contact hole or via 72 (see FIG. 6), in combination, is a composite



has -been fornmed on the planarized surface 57. The contact hole or via 72 °
" has been defined using photolithography by formng a first mask |ayerd 845 2005
of phot %qu the second ILD layer 58 by a nmethod kno one of
ordinary 's qzﬁ%sﬁﬁ the art. Alignnment is facilitated by stﬁaﬂ}a‘(&@%u%nmnt
means such as described by Cronin et 8., in U S Patent No. 5,759,911. - 4
AUG 2005 WD 02/ 058148 PCT/ GB02/ 00119 17 5 10 15 20 25 30 35 40 An etch stop
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first ay h I in inter-1evel
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or GVPotn@C@ﬂhQH@SalléB%nQM &éw%@s Q:fo Of dbRéral Skidnk bé‘ctew%ea”zrol{ esulting in
a planari zeld top surface el ectrochem cal structure 1. The

1201 anar 781561 Ha% SFE7Ie 80%13 Cgbvglfﬁfl%cog EIBCE fe 1E nOIUDP Y¥8r 60 and of
t he seCOREREEAAL PTEEIS Uy clescoifedciur8s. asTirendetonely comauoyiteetpeug or
cont actrE®S4BX vendsiel ERLENSr o AP QUL EAG6n 82 pk0sdReridd 964 SORgsIChi ve plug or
contact 46. If the inter-connecting hole or via 65 and the contact via 72

have rectangul ar cross- sections, then: a height in the direction 6 from
the top surfice 821 §°Ritop stRIRIRES5A0] Methed $Pr chnraing iav Batliedy or

Zocorn_acﬁjuAGng BEOL integration for use within or on an integrated circuit (e.gq.,

(8]

the integrated circuit 400 described supra in conjunction with FIG. 1), in

accordance with embodiments of the present invention.

FIG. 8 depicts a front cross-sectional view of an electrochemical
25 structure 71, comprising an insulating layer 84 that includes an
insulating material 75 and a first conductive plate B88. The insulating
layer 84 represents a wiring level (e.g., any one of the wiring levels
901, ..., S00+N described supra in conjunction with the integrated circuit
400 of FIG. 1), wherein the wiring level includes conductive
30 metallization embedded within dielectric material. The insulating

material 75 includes any dielectric material such as SiO, or the like.

The insulating layer 84 is typically formed on the layer of
electronic devices 900, or on one of the wiring levels 901, ..., 900+J.
35 ceer 900+N, of FIG..l described supra, using any method known to one of
ordinary skill in the art. For example, chemical vapor deposition (CVD)
or a similar technique may be used to form the insulating layer 84. The
insulating material 75 includes insulating materials such as planérized
Si0,, a glass material (e.g., re~flowed phosphosilicate glass), a composite
10 of Si0; and silicon nitride, or a polymer (e.g., a polyimide). 1IFf the
insulating material 75 comprises silicon nitride (i.e. 8i3N,), plastics, or



i ncl.udes fromabout 0.2 pmto about 3.7 m a width of the contact hole or
via 72 (see FIG 6) in the direction 5 includes from about 0.07 pm td AUG 2005
about 1.Wopmossgl a wi dth of the inter-connecting via 65 {§66gflF146) 1N
the direction 5 includes fromabout 0,17 pmto about 2.9 pm e second ILD
| ayer 58 and the third ILD | ayer 60, % conbination, is a conposite ILD

| ayer. Cenerally, a conposite ILD |ayer includes one or nore stacked |ILD
Iayers Si m'IarIy, t he inter-connecti ng via 65 and the contact hole or via

" incl udes one. or uen %éﬁ‘é&m ve
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Thus, ??@%’3 condg‘ftl ve plug or contact 85 extends conc?uctl ve coupling

of the ery-3 ‘her wiring | evels which are conductively coupled to
1®ne or nore el ectronic devices to be powered by the battery 38. For
exanpl e, themnsecond eontldeive/gloldigears EoMeachy 85 yi s rabal QGONS: o 9nd he

conduct 9f 444, o i bed, s 1,88 o€ nductivel upling to the
FET 410 V|Oa a% ﬁl ll,lC |\§ggsa(}rt %%h %JS%Q repreaéenf:atl Sh Xiﬁ?ﬂ f FIG 1.

FIGs. 8°%°f% %eepp%t eéfﬁralﬁpga?%gt 48 Gfd FRteRbd'or o $66r Adhg A vidtR etdp 2 duri ng
BEOL i nt¥gFaiqroRSr of tiwe fivtthicandictove ahatienBegiratiede itk ilisbogte 093 ,un t he
15 nt egr atedbebt Gupd, 400 descgritbes tslapfla;st Nedm@OE 4Rt bR Vbd *’klh:' G 1), in

accor dagce W dhgemadi t f _the pr vention. FIG depl cts a
front cross-sectiona J\f@gw&é) 3}?10% gc (I}herangc‘é Y8ructure 71, conprising

an insulating |layer 84 that includes an insulating materi al 75 and a first
conductive piited 88pidtreFihis@l attargseduayeralds fepiesant scak Widy Ngydevel

(e..g., snynone ohsdiBein LhPg b@V%'na anggél-ter—levelgggéﬂcqgﬁpmﬁpeﬂlygy @ in
Fl erern e Wring

?g\r/”ernlcélrlcl?ﬁ%ggcgo%\% c a%ggéét t alﬁ i zC}%JI %ﬁp é%%%gdaec’dmw tlﬁF'H’de efdetric
mat er i af 2 eThE A AYUPAETIFg. arst BRY de I8 TRAcisdde saranyetdios] lectni o was erd al such
as Si QRowiinétheskikKein the art such as CVD. The etch stop layer B89 acts as a
barrier to etching and to prevent chemical diffusion of residual ions. into
the insulating layer 84 from subsequent patterning or planarization steps
25 that will be described infra in relation to FIG. 13. The etch stop layer
89 may be formed from materials such as silicon nitride or alumina. The
etch stop layer 89 has a thickness (in the direction 81) between about
0.015 pm and about 0.3 um. The etch stop layer 9 has a thickness between
about 0.015 ym and about 0.3 pm.  If the etch-stop functionality of the
30 etch stop layer 89 is not needed, the etch stop layer 89 may be omitted.
An ILD layer 90 is formed on the etch stop layer B9 from inter- level
dielectric materials that include such materials as sputtered quartz or an
oxide. A thlckness of the ILD layer 90 (in the direction 81) includes
between about 0.285 pm and about 4.7 pm. A first trench 93 is formed
35 within the ILD layer 90 using the same procedure as was described supra in
conjunction with FIG. 3A for forming the second trench 13.

FIG. 10 depicts FIG. 9 after a first conductive layer 110 has been
conformally deposited to about a uniform thickness between about 0.08 pm
40 and about 1.3 pm on the ILD layer 90, on a first wall 102 of the first

trench 93 (see FIG. 9), on the first conductive plate 88, and on a second



The insulating layer 84 is typically formed on the [ayer of electronic
. devi ces 900, or on one of the wiring levels 901, ..., 900+J. ..., -S0AUGN005
of FI G wodemssiyped supra, using any nmet hod known to one l‘?:fT/Gﬁ(FZ‘?do'i'@ry skill
in the art. For exanple, chem cal %r deposition (CVD) or a simlar
technique may be used'to formthe insulating layer 84. The insulating
material 75 includes insulating materials such as planarized Si 2, a glass
material (e.g., re-flowed phosphosilicate glass), a conposite of S102 and
sili cpaam'?tlroiad@ﬁ t0& ﬁrae:wéaeh (& gsede 21@oloy| géﬁﬁ&tinlgf .iut fae_sew@ut:@édaggAUG
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scont anm,naty, geyr&eg{%ﬁgg écﬁ]t O lgdm%hlg circuitry such as the Iayer of

el ectronic eV|ces prevent i npai rnment of a functioning of the
underlying integrated circuit circuitry. The residual ions may include,
inter alia, ratkalli imetsakateen8Icueh & ekidnhilertaplyts0dbysn LonNSasobeemhl ori de
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procedue® widese rdnkesh oy rBeper 1iye r1999 ifheUeg.SectPraiﬁrét 1E§Der 529% 459. A width

(in a fgfrge%cgéﬂng g;%wnotne;. edsf, I gucthh%:sor}:gucu ¥ roDn nCl e?(gf [ om about

0.3 pm 1 7'sf conu0|ve t & (in a
di rect FBndegf)‘l’?%PﬁMeFr%?naébo‘d‘t 1P ipH-fo Byt N p33Er €25.9 Bepicts FIG
8 aft epledguénts dkysr flel ningadn fetwrnstbEptralere n8Sroal tsheh iszsulativag | ayer

1584, angh&dpnoRbes okeyalride edlﬁiﬁgl{)' QnJi I-thle@Mﬁ'ke%tePﬁl%he etch stop layer 89.
The etch stop layer 89 may include, inter a.ia, silicon nitride, and may

be fornmed using any nethod known to one of ordinary skill in the art such
as CVD. The &I¢h 18t qpirhydricgotlacebteastle thard itepnaholdl dhendig&nditlo prevent
chemi caks diskhusildrdofithesi cheahd icondudtit® matBeid1Nsyld@bbig ihayese8dnd rom

subsequendud@atd a4 38 oPltaBadizat d19R: St-5Rs 14:hat will be described infra
;o N relation to FIG 13. The etch stop layer 89 may be formed from

materials such as silicon nitride or alumna. The etch stop |ayer 89 has
a. t hi ckness Ffn theeRfigtacti%nl B Bf thePhesar iapbisn heE @emovssh eartiabowtf:0. 3 pm
The et the stegpnd apedud ivaslayer hiIsk ngss ebattweEyte layer 121, and the first

conductive layer 110. The planarization may be accomplished using any
method known to one of ordinary skill in the art, such as CMP, as is
25 described supra in conjunction with planarization of structure 1 shown in
FIG. 5. The planarization leaves a conductive contact 165, as well as a
remaining portion 152 of the second conductive layer 135, a remaining
portion of the electrolyte layer 121, and a remaining portion of the first
conductive layer 110. FIG. 13 includes a battery 39, comprising the
30 remaining portion of the first conductive layer 110 and the remaining
portion 152 of the second conductive layer 135 as electrodes (i.e., anode
and cathode, or cathode and gﬁode, respectively), and the remaining
portion of the electrolyte layer 121 as the electrolyte. The conductive
contact 165 is in conductive contact with the remaining portion 152 of the
35 second conductive layer 135 (see FIG. 12)., The conductive contact 165 has
a height (in the direction 81) between about 0.15 pm and about 2.5 pm, and
a width (in the direction 83) between about 0.04 pm and about 0.7 um. The
- remaining portion 152 of the second conductive layer 135 of FIG., 13 has a
_height (in the direction B81) between about 0.15 um and about 2.5 pm, and a
10 width (in the direction 83) between about 0.1 wm and about 1.7 pm.



about 0.015 pm and about 0.3 pm |If the etch-stop functionality of th
.etch stop layer 89 is not needed, the etch stop |layer 89 may be omtteltlAUG 2005

An | LD | @ues2/@8148s fornmed on the etch stop |ayer 89 fromly(fllt,gﬁ RYR
dielectric materials that include such materials as sputtered quartz or an

oxide. A thickness of the ILD layer 9% (in the direction 81) includes
bet ween about 0.285 pm and about - 4.7 pm A first trench 93 is forned
within the ILD | ayer 90 using the sanme procedure as was described supra in
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5, 338, 62%h dJhetredeath doptecd . ayer 121 is nade froman electrolyte materi al
p$uch as lithium phosphorous oxynitride (Lipon) and ot her |ike materials. _
FIG 12 depicts FIG 11, after the third trench 123 (see FIG 11) has been
filled wth BPLebbhdPe SAGEIISPE gt ef TPt Y dopdsFIGnd3atsébond  conducti ve
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porti on, 152 of the second conductiv ayer. 135, remal ni ng
described supra as being conductively coupled to the source/drain 412 of

the FET 410 via the conductive metallization representatlon 434,

25 Similarly, the conductive plate 88 is analogous to the conductor 442 of
FIG, 1, as being conductively coupled to the gate 414 of the FET 410 via
the conductive metallization representation 432.

FIG. 14 depicts an apparatus and method for forming a battery 170 of
30 an electrochemical structure 181 during BEOL integration, for use within
or on an integrated circuit (e.g., the integrated circuit 400 described

supra in conjunction with FIG. 1), in accordance with embodiments of the
present invention.

35 The electrochemical structure 181 comprises a planar battery 170
between a first insulating layer 171 and a second insulating layer 180.
The first insulating layer 171 comprises a first conductive plate 173
conductively coupled to a first conductive layer 172 which serves as a
first electro@e of the planar battery 170. The second insulating layer

40 180 comprises a second conductive plate 182 conductively coupled to a



portion of the electrolyte layer 121, and a remaining portion of the first

. conductive layer 110. FIG 13 incl udes a battery 39, conprising the =4 Al 2005
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conductive mefallization repreSentation e conductive
plate 83§ ]ar?af’{)&&ﬁssefc(?“f‘h “(?Bﬁ?fd&t%]ratMlzezoF“ld be formed bY damascene -

copper plating in the trenches 178 or the trench 179, respectively.

25 The planar battery 170 may be formed by sequentially depositingf the
first conductive layer 172 on the first insulating layer 171; an
electrolyte layer 174 on the first conductive layer 172; and the second
conductive layer 176 on the electrolyte layer 174. The first conductive
layer 172 and the second conductive layer 176 may be formed from

30 appropriate materials determined by their function as an anode or cathode.
The electrolyte layer 174 may be formed from Lipon or equivalent material.
A thickness of the first conductive layer 172 (in the direction 81) and
of the second conductive layer 176 (in the direction 81) each includes
from about 0.1 lpm to about 1.3 pm. A thickness of the electrolyte layer

35 174 (in the d;rection 83) includes from about 0.04 pm to about 0.7 pm.

The planar battery 170 is formed using conventional patterning and
etching, such as reactive ion etching (RIE) known to one of ordinary skill
in the art, to optimize desired features of the battery 170 such as its

40 shape, so that the battery 170 will fit, either within, or on top of, the
integrated circuit that includes the planar battery 170, Bates, in 1996,



FIG. 1, as being conductively coupled to the gate 414 of the FET 410_4\/ ﬁ
..the conductive netallization representation 432. FIG 14 depicts an AUG 2005
appar at uswaaeedsaeishod for forming a battery 170 of an el qaimoshgds gl
structure 181 during BEOL integrationgsfor use within or on an integrated
circuit (e.g., the integrated circuit 400 described supra in conjunction
with FIG 1), in accordance with enbodi nents of the present invention. The
el ectrochem cal structure 181 conprises a planar battery 170 between a
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by reactthvetlibobretrchihpag Rl Epicireayi ngn athsed:madtlcpolsn) Gich 7ak @kor he

i nsul at iaBgud AYeruml €4, 2308 § gaul tﬂlBQaﬂlQaJl%nPJr' 95‘rn9 gaa sEE%%%eﬁé%Pb%)%hf ,1|7f3, ngn

t he thirgd e the fi.rst ductive plat has ~“been
the fi rst reﬁ%thlaﬁ%g Wer B glggorﬂﬂtjéﬁ‘\fg ?ﬁ% CiThe sgEhdredRdied i ve pl ate
182 in tAESEEVMIY P Gicaetrigshed by 1800 may tEshod dmuedl tionose MENGEtingiy | ar

to the mhfrennimenbishstbte o6 68t ceondped isysra.pl ate 173 has been formed,
whi ch includes formng a second trench 179. The first conductive plate 173

and the second %onductl ve plate 182 are fornmed from conductive netal s that
may incl ude, "ThEEFEETY 470 A5, ahyerarele 9f R, STRRttery sisnfeseripet absra ihf t he
first coRRiMEticm pleht #I3721lor the second conductive plate 182 include
20opper, then the fi rst conductive plate 173 or the second conductive plate

182 coul d beRgfgtm':; mgg&gﬁlcéﬁogg utcfure %{;d’fngf/é Bg Hﬁ?gggegylm or the

trench 179 res | veI ¥s anar
sequent i at'[eigy s Séf‘fﬂlﬁg 4 RE FIG. 1, the battery 170 is at the wiring level .
900+J, the first conductive plate 173 is at the wiring level 900+J-1, and

the second conductive plate 182 is at the wiring level 900+J+1, Thus, the

25 first conductive plate 173 and second conductive plate 182 extend
conductive coupling of the battery 170 to other wiring levels which are
conductively coupled to one or more electronic devices to be powered by
the battery 170. For example, the first conductive plate 173 and the
second conductive plate 182 are analogous to the conductor 442 and the

30 conductor 444, respectively, of FIG. 1 described Supra as conductively
coupling to the FET 410 via the conductive metallization representation '

432 and the conductive metallization representation 434, respectively, of
FIG. 1, |

35 FIGS. 15-17 depict front cross-sectional views of 'batterles
connected in series, in accordance with embodiments of the present
1nventlon Structures 186 in FIG. 15, 207 in FIG. 16, and 208 in FIG. 17
each illustrate a different configuration of batteries conductively
coupled in series. The batteries of FIGS. 15-17 are formed during BEOL

40 integration steps that occur during formation of J.ntegrated circuits.



first conductive |layer 172 on the first insulating |layer 171; an
electrolyte layer 174 on the first conductive |ayer 172; and the sec{)rAHG 2005

conduct i we d2aysus 176 on the electrolyte layer 174. The f| lﬁ'}ﬁ! tive
| ayer 172 and the second conductive |layer 176 nay be for ms(?t/?ﬁ (n 1

appropriate materials determ ned by their function as an anode or cat hode.
The el ectrolyte layer 174 may be fornmed from Li pon or equivalent material.
A thickness of the first conductive layer 172 (in the direction 81) and.
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interconnect 200 are at the wiring level 900+J+1. Thus, the conductive
plate 202 and conductive plate 194 extend conductive coupling of the
series-connected batteries 188 and 189 to other wiring levels which are
conductively coupled to one or more electronic devices to be powered by
25 the series-connected batteries 188 and 189. For example, the conductive
plate 202 and the conductive plate 194 are analogous to the conducfor 442
and the conductor 444, respectively, of FIG. 1 described supra as
conductively coupling to the FET 410 via the conductive metallization

_ representation 432 and the conductive metallization representation 434,
30 respectively, of FIG. 1.

FIG. 15 includes three wiring levels. While the series-connected
b;tteries 188 and 189 are at a same wiring level, the series-connected
batteries_lBB and 189 could be rearranged to be at different wiring levels

35 such as, inter alia, by using one or more conductive interconnects
(similar to the conductive interconnect 198) to shift either the battery

188 or the battery 189 to a wiring level below or above the wiring level
shown.

40 FIG. 16 depicts a front cross-sectional view of an electrochemical

structure 207, which is the electrochemical structure 186 of FIG. 15 such



900+J, the first conductive plate 173 is at the wiring |l evel 900+J-1, ?%ﬂ

- the second conductive plate 182 is at the wiring | evel 900+J+1. Thus," G 2005
first comduatosssgs pl ate 173 and second conductive plate 1&%1@(];
conductive coupling of the battery 170 to other wiring |lev are
conductively coupled to one or nore ePectronic devices to be pomered by
the battery 170. For exanple, the first conductive plate 173 and the
second conductive plate 182 are anal ogous to the conductor 442. and the
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be fornmed in an¥ manner describ supra materi al s descri bed
8upra) U SPBRHCAYS PREtHALE ey 1§8°%Y§‘§6Y:’1"§t AR Wlt*FItGS PeEirive he battery

- 39 assotémtiedl witt bheFb@&S:erd- 188, endtithe dyatibariye Ipl@te 2320¢4 atnedonduchit G 14.
A condugddrhet phidhecnkIedat 1k 8 CRROMOL LY & ncORact, 19bth a positive term nal
of the battery 188, and a conductive plate 202 |s i n conductive contact
with a negative ternminal of the battery 189. Relating the el ectrochenical
structure 18BeGfiRy Ghe 1% echradhemicat ekt &PF fi F1%0@60fo EhG 1: the
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i nterconnect 196 e at the Wri
rkerconnectaf[% are at the w1r§%g level 900+J-1; and the conductive plate

184 and the conductive interconnect 200 are at the wiring level 900+J+1.
Thus, the conductive plate 202 and conductive plate 194 extend conductive

25 . coupling of the series-connected batteries 188, 201, and 189 to other

wiring levels which are conductively coupled to one or more electronic
devices to be powered by the series-connected batteries 188, 201, and 189.
For example, the conductive plate 202 and the conductive plate 194 are
analogous to the conductor 442 and the conductor 444, respectively, of

30 FIG. 1 described supra as conductively coupling to the FET 410 via the
conductive metallization representation 432 and the conductive

metallization representation 434, respectively, of FIG. 1.

FIG. 16 includes three wiring levels. While the series-connected
35 batteries 188, 201, and 189 are at a same wiring level, the
series-connected batteries 188, 201, and 189 could be rearranged to be at
different wiring levels such as, inter alia, by using one or more
conductive interconnects (similar to the conductive interconnect 198) to
shift the battery 188, the battery 201, and/or the battery 189 to a wiring
40 level below or above the wiring level. Generally, the series-connected
batteries 188, 201, and 189 could: all be at the same wiring level as



| evel 900+J-1; and the conductive plate 194 and the conductive 4AUG 20
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the series-connected batteries 188 and 189. For exanple, the conductive
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batt er yCOI’E‘}@be"_ltt‘hfélecmMéW verinheadr ebrimechat206y 2TRe conducti ve
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i nclude, intgLy midd ml The batteries
188, 201, angéllgghéthgéle%?%g ng chr-l;%tm?enezﬁg3 esﬁe ggféa%u&‘% (and with

any rrat“é}ﬁeargtec?egtrﬁ%éoﬁ°§uﬁ? ) oJr t%mﬁh@r%eﬁe?%awénya@@ 238soed ated with
2F| GS. 2thp wihindbaetedr 90BY; dssdesiatped twiet bordfduESiveBedBacoradohes hat tegy 170
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With t hf? IQB%I { Iv\é? QO%QSH najl‘hus Ege agl'gaer ne gonductve pl ate
202 is OH dﬁ ’ ped t e conductlve contact 220 and
the T-shaped conductlve contact 210 extend conductive coupling of the
_ series-connected balltteries 214, 216, and 218 to other wiring levels which
25 are conductively coupled to one or more electronic devices to be powered
by the series-connected batteries 214, 216, and 218. TFor example, the
H-shaped condu_ctive contact 220 and the T-shaped conductive contact 210
are analogous to the conductor 442 and the conductor 444, respectively, of
FIG. 1 described supra as conductively coupling to the FET 410 via the
30 cohductive metallization representation 432 and the conductive

" metallization representation 434, respectively, of FIG. 1.

Components 221, 222 and 223 of the H-shaped conductive contact 220
could have been formed in different wiring levels. Alternative wiring
35 level assignments include: comporients 221, 222, and 223 are assigned to a
single wiring level; components 221 and 222 are assigned to a first wiring
level, and component 223 is assigned to a second wiring level; components
221 1is assigned to a first wiring level, components 222 is assigned to a

second wiring level, and component 223 is assigned to a third wiring
40 level; etc.
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battery 3@ecassodichtedved ah 4 EBectrBdd Rt Ohe tsheorblapdlerytd)7Bnassoeeasred W t h

FIG 14.c1AcT:shapethyeonduatd Vene CRRLAG-BA ek § dofpSRAUGE ¥R GPNtact with

the ljos'éon%@cgfﬂ’nlryy Qghetgg%ond electrolyte layer, and the fourth conducting
layer. This aforementioned process of three steps may be repeated

25 ilteratively aé many times as desired. BEach iterative repetition of the
three §teps forms a new U-battery in series with the previously formed
U~Batteries. .The third step, which is a conformally depositing step,
associated with the lasf such U-Battery formed would be replaced by a step
that fills the trench of the last conformally deposited electrolyte layer

30 with conductive material in manner analogous to the forming of the second
conductive layer 135 of FIG, 12 by filling the third trench 123 of FIG.
S11.

While FIGS. 15, 16, and 17 depict 2 batteries, 3 batteries, and 3
35 batteries, respectively, in series within an integrated circuit, the
present invention includes any number of batteries in series within an
integrated circuit.

FIG. 18 depicts a front cross-sectional view of the electrochemical
40 structure 240, comprising a battery 242 and a battery 244 embedded within
Insulation 249 in an integrated circuit. The battery 242 and the battery

244 are connected in parallel such that negative terminals of the



battery 214, and a H shaped conductive contact 220 is in conductive -4 AUG '2005_
. contact with the negative termnal of the battery 218. Relating the '

el ectroofgmhfeadapt ructure 208 of FIG 17 to the integrat /(é{!,@?o"dit 400 of
FIG 1: the batteries 214, 216, and 218 are at the wri %890+3; the
H shaped the conductive contact 220 i &8at the wring |evel 900+J-1; and
the T-shaped conductive contact 210 is at the wring |level 900+J+1. Thus,
t he H shaped the conductive contact 220 and the T-shaped conductive

cont act ext canguctive u ng. of t serles c ne teries
214, 21 %gﬁd %59 %gﬁgrar%\ncroﬁﬁ& Ve COV\P] °at € %%u Ec?lvegybzca:atgﬂpl ed to
one or ansk eoettEder JifirEiRpdSi %%s?hﬁobaliéep%ﬁﬁe?é%l an§y2%ér%ezomégcte@ﬁhbct ed

bat t er i @up2dd,to246¢coranct 28p1dter 268a8pl owhhe H-shaped conductive contact
220 and the T-shaped conductive contact 210 are anal ogous to the conductor
442 and the conductor 444, respectively, of FIG 1 described supra as
Tonduct i vel yR&RBPY ridet - echeoqEmi ol stfustuge 2400n8FEEi V@ Kettdlel i zati on

r epr esenitatroteA32rand 4dveocanduct tRe yERtaty |2zatarmntmeem>@es&ryt a4 Ghre434,

reSpECtétV%kX wﬂ‘flngllgvsi' QOQQFPQ:ﬂgné 4R 8ty 2%%1%”94@3 ch t’i’l widi S halpe

conduct | ve contac cou ave een Terent W r Favel s.
Al t er nald% 8- hi rAAgthe eoRduchies ghiehR4sificrhdere h’b’h‘ﬁl@njeﬁi’teé %"201“7*222 and 223
are asshigsedtlio candsithge @late i24g dreveh¢ coodporientsla?224dndx@22 are assi gned

140.a f'(fo%tdu@kfdengouﬂleiﬁelof and pggm%aenéon%gétéé b§§§ér9£1§dz4f20ar?d $g£QRd wiring
toaftirst wrin evel , conponents 222

| evel ; on SSi

i s assi g’%‘ J0“:5[“3 %evc?iﬁd’%\hc i 3 F‘@\f‘é‘l"tlva?ﬁéi E%W%Sﬂetﬁt OB% 9T| WOTEs s gned to a
third vilachgonicedericegt e be ppwALR 2008haND2021 13838448 PCEH GBOX364 1227 5 10
15 20 2530435 40:rTHensed,i €6e &rohawanerglaeé meap@tth@ra&@ugéi&e gife and 214

o FIG, L7 o i I rrent atte es | eri e in accordance
with th%aﬂsnef% g'oﬂ g&sdgpltg %YG% @ndl g%‘écf ztmra
1Pef i ni tTFREFF{valer of REC f |1r§‘%3°€éh‘éﬂ,|@ﬂlp% abay@rdumilwelée doptpelned tastie fir st

conduct BTy 4hayer. thd\ebhdigtive MeCali3athat rapfdseatatibrpidrasncantor mal |y
deposi t gdhdupe; fd &éiallegmgﬁtiéweéé%%MMbﬁh REpYES VORy anselgctyode of a

first polarity such a positive polarity) on t D l'ayer ‘90, and
that _a second step has conformal |y deposited the. electrolyte |ayer 121 on
the first coferRiGLPalgochenierl witireht\frer %0 of F¥®enéh dinbatterééecknoiated | ayer
2d21, a ihipedasi@pcoaubd peosdDiABS |y nfEP@siinA 18€£080ce QRAK higidAyer

(V\/m ch S8fYe50AS gp rr8l egtrode of a second polarity such as a negative
polarity) within the

While FIG. 18 depicts 2 batteries in parallel within an integrated
circuit, the present invention includes any number of batteries in
25 parallel within an integrated circuit.



by the electrolyte |a 1toforma first _ E@f%@%““”
& irst conducting | aye ~electrolyte | ayer "12% i
second conducting |ayer. Next and noting that each confornmal depositiT
forms a trench within said conformal depositing as stated supra for the

el ectrolyte | ayer 121, a second U-battery could be fornmed in series with
the first U-Battery by the three steps of: conformally depositing a third
conducti ng #xngaep8{ whi ch serves as an el ectrode of thaebizgagh: ROMAK Bops ON

t he second conducting |layer, conformally depositing a electrolyte |layer on
the third conducting |ayer, and confornglly depositing a fourth conducting
| ayer (which serves as an el ectrode of the second polarity) on the second
el ectrolyte layer. Thus, the second U-battery conprises the third '
eonducting |l ayer, the second electrolyte |layer, and the fourth conducting
| ayer. This aforementi oned process of CiI¥Be steps nmay be repeated
iteratively as many tines as desired. Each iterative repetition of the
three steps,for (cegrdtad drbalk! e;ruy%ﬂlgj_@e_ri es with the previously fornmed

U Batteries. The third step, which is a conformally depositing step,
associated wth the |l ast such_U- tery formed woul d be replaced by a step
that fills the ?f@ﬁhung‘mFﬁémFE%Eﬁ%ghfornalIy deposited el ectrol yte | ayer
wi tth conductive material in manner anal ogous to the form ng of the second
conductive | ayet 1#3% &$00K| @ o}grtpgpifidevigey ohahe [mentkondwstoh wh28r,0f FI G 11,
Whi | e FI GSwhérsin 18e lamek oF ddepirobidbdtécihangesd abaldaet i, el@Btkodic
batteries, asgepe@tonmel y, in series wwthin an integrated circuit, the
present invention includes any nunber of batteries in series within an

{ntegrated cirCliniurali€d od §ideRi chird (0Nt .grﬂrctﬁﬁﬁ%ﬁgéf%ngi]g\y of the

el ectrochepi t r ISl bat ter a battery 244 .
m&ﬂmjj J:Ufé&, %%ﬁgﬁé’m.ﬁ 1rf‘&glra od gﬁl'('::uﬁnfm e batteryy242.

enbedded MAIE# , égfu é%lqg ﬁ Im-anLn

and the baf't% 9‘“ R L8 BARhERE &PToP SPETYCEL VS BRYPLLFRAtior d4f4 v 434 er i nal s
of the - 423G 2005 WO 02/ 058148 PCT/ GB02/ 00119 28 5 10 15 20 25 batteries
242 and 244 are conductively coupled to a conductive plate 248, and
positive term real Seast coiscravattyer§205 dRinatith dfingr RevaDi @it it ¥he coupl ed
to a condugidsyeopiattre dbtaldfzat X onaRaliobiy gonidnes & eodetOoglaeiidmal Sstructure
240 of Fl G623 elrOuehgr 16idreaibftdesy 16Utk A0k &HeCopokirddlS RALLETY 242
and the bajleiier2Ad il Secdlt JdABudNild Bdediol ki&oggéauczh%lc% UELS V€ plate
248 is at {he %II i%&%o&ae¥%o O%O +°J5a1ét an(iot e ctos uctrve plate 245 is at the
Wi ring Ievgx:é ENESD 02, %% R G P VA Pt t 84 P PR Conduct i ve

pl ate 246 Fid

the at least one battery comprising a substantially U-section
electralyte (600) Qefining a central cavity (610) in which the secend
electrode (620) is located in contact with the elactrolyte. '

2. The integrated circuit of claim 1, wherein tha at least one battery is
one of a plurality of such batteries in sexrles.

3. The integrated cixcult of clalm 2, wherein the plurality of batteries
are condgutively couplad to each other by a conduetive interconnect
batwaen each pair of batcaries. '

4. The integrated circuit of claim 2, wherein the plurality of batteries
ara directly connacted to aach other.

5. The integrated circult of claim 1, wherein the at least one battery is
ona of a plurality of batteries in parallel.

6. The integrated circuit of any preceding claim, wherein the at lease
one battery includes anode materia) celected frem tha group comsisting of
lichium, lithinted vanadium oxide (Ligvi0s), AgI, Ag, and Zn, and cathode




) i ng of the parallel- Mected batteries 242 angs 2008
e SRS g@vel s which are condudisy coupled to one or nore
electronlc deV|ces to be powered by the parallel-connected batteries
and 244. For exanple, the conductive plate 248 and the conductive plate
246 are anal ogous to the conductor 442 and the conductor 444,

respective!’ﬁF of FIG 1 described supra as conductively coupllng to the
FET 410 vi P¥P%8Bnducti ve metal lization represent at iN§¥ PE9R: Jndily,@003
conductive netallization representation 434, respectively, of FIG 1. The
el ectrochem cal structure 240 of FIG 1fpof-batteries connected in
paral l el could be placed in a single wiring |level such as the wiring |evel
900+J of FIG 19. Wiile FIG 18 depicts 2 batteries in parallel within an

i nt egr at ed venti,opn. in of_ batteries
| ntegrat o g utt%g | Jur o1 etmg eigt.g, S0L4.0:ds"Gd W8S Ao e, Of, Patt
i nt egr at ed ?‘Pﬁl‘t" Wnﬂ’ﬁc?t’ﬁrﬂﬁﬁﬂ‘ BREEmpARCINESr Page: 1
July 2003 auF-W@rP’{"mf"‘EﬁC’ &if8ni c devi ces on the seniconductor wafer,
wherein the |layer of electronic devices includes at |east one electronic

device (410).:a aefiddl firi fotmitly Wh HihBghrhse brdu®O] comprisis30Qi\Nbe @R b1 | ayer

of . electronic devices, the wiring levels including a first conductive
metal lization ( 2 G ctive netallization (444, 434);
and at | east oné ??érg ?ﬁﬂﬁf mﬁtﬁ ?ﬁgn%?rrng | evel s such that the
first conductive netallrzatron conductrvely couples a first el ectrode
(622) of the at *PE4RT solreh 4P, §F (B°FHEDLt 4PHSET B cFBECPHIFESRIevi ce,
and wher ei mefdre hereindtheobtiertdy elertrerici deort o indnderc ot iehyt eoepl es a
second el ecleamtenic6d)icof(dtthe battery to the at | east one el ectronic
device: the at |east one battery conprising a substantially U section

el ectrol yte (608)mhef hH108a13ef @BLEhns ANbd1% (s@io) 1.1 90blafhod R, d

el ectrode (,@%q;cglgnicog;i@gi in contact with the electrol y!f,e0 esﬁ&gp

integrated circurt of clal Im1, wherein the at |east one battery is one of
a plurality of such batferies in series, 3. The inte rated circuit of claim

2, wherein the PG4 P t{}’fﬁ CB%ft‘f'é’r"“e‘é‘“ﬁ’r’é‘E’tfﬁdh@?r UpIs8E% each
ot her by acewhatieeiREaliranienifitt 4hetiridn "é‘&c?i“ﬁ&’rlrwocfﬁ U%Hitﬂerl@slfiA The
integratedaed rcuit of claim2, wherein the plurality of batteries are
directly connected to each other 5. The integrated circuit of claim1,

wherein the at feafdy oNQedat & Yadticy Q98) OLuBnDindl Rurhtedf odItigigl €S in

parallel. jevels such that the first conductive matallizaticn conductivaly couplas a
first electroda (8, 622) of the at least one battery to tha at least ‘one
elactronic device, and wherein the second conductive metallization
conductively ¢ouples a sacond elactrode 946, 520) of the battery to the at
least one electronlc devize;

S the at lesst one battery being formed by tha further steps of:

forming an expossd insulating layer (2)in a first wirlng level and
an exposad first conductiva layer (8) in the insulating layer;

forming an inter-level dielectric (ILD) layer (10) over the exposed
 first conductive laysr and over tha exposed insulating layex)

forming & first trench (13) within the ILD layer by cemoving a
portion of the ILD layer, which exposes a portion of the first conductive
Jayer;

confarmally depositing an electrolyte layer (41) over tha ILD layer,
aver sidewalls of the'first trench, and within the first trench aver the
first conductive layerx, wherein a second trench (44) is formed and is
bounded by the elactrolyte layer;




ed circuit of any preg ag claim wherein tbq @’G )gﬁsast one
AT e s anode material seld romthe group consisting o
l'ithium lithinted vanadi um oxide (LIeV,01), Agi, Ag, and 6n, and ca® SR
- 4 AUG 2005 EDO7000086 New Page: 1 July 2003 30 naterial selected fromthe
group consi sting of WOD, LilU0" LiCoCa, Sn, Pb, and Ag, and wherein an
electrolyte of the first battery includes |[|ithium phosphorous oxynittride.

7. A net hoenfo@bodsor ming an integrated circuit, conpriwsd h f: :
provi ding a sem conductor wafer (402); formng a |ay§f§‘l’?36%) qo@%@@ ronic
devices on the sem conductor wafer, wherein the | ayer of electronic

devi ces includes at |east one electronifc device (410); formng a plurality
of wiring levels (9D1, ..., 900+N) on the layer of electronic devices;
formng a first conductive netallization (432, 442) and a second :
conductive net addpbglatibpR §abdfdl cortibdyivei idtienidlhesn| Uk ahbtiecoda BhédeRg | evel s;
and forni ngndbn lvpasdrettOLAA! {80Y, CBDasid il Fackh® BhalicRhid ¥aQesid i NY

| evel s sucf,d-Bat gt B fddosd &%ﬂ?%&ve metal |i zation conductively couples a

first electrode (8, 622) of the at |east one battery to the at |east one

el ectroni c device, and wherein the second -conductive netallization
conduct i vely cAFhHEdng oLt F6R PosHOBE (AR SIRCEERYES oteyeR ol ibecrerond t he at

| east one EINEBTYiYRimRteRie} cesultirg AR o elmyerined Lo swrfpchelshy ofosted by t he
further stepstuilytd drydrngpdarhee xgosd crondistiled inmgrriial.c whizthby M Bactdery I W ri Ng
| evel and fcied £pas eHe fEiEst ca@nehict ilwged ay aha(B)rsk N1eberdagshat i ng | ayer;

form ng ancicatiyte (Rferdis b GibdtzolyabD)anh ol sdebld QUSKCliRE maf2RESGd first
conduct i Vergay&bn@RYeV6de.t he e*poaed insulating |layer, formng a first
trench (13) within the u.D layer by renoving A portion of the 1LD | ayer,

Yhi ch exposes. a rtign of the first conductjve |ayer; conformally
deposi t i ngi'aﬁh;‘ef“g%*oq%yf]eaif‘gyefm&ﬁ%‘fgo"&érf‘f‘ﬁﬂ"ﬁfﬁﬂ 86ePrion$8r sidewal | s of
the' first I9PeHEADT SRR RISFFRLYER AYeT, sforminghan ebph Stohalayis o8t theonduct i ve
| ayer, wheeepsrdatiget creddiativee hayedAndi on the repbsddinsslationndeer.bynd he
el ectrol ytiechiagetie b BizeD00) OO et ard s gL 2D sdaw Page: 1 July 2003 31 %we
depositing a second conductive material (53) in the second trench
‘ wherein forming a first trench within the first ILD layer further
comprises removing s porticn of the eteh stop layer to expose the portien
of the first conductive layer.

9. The mathod of claim 7, further comprising after forming a Eirst trench:
conformally depoasiting a conductive diffusion barrier £ilm on the ILD
layer, on sidewalls of the first trench, and on the exposad 'portion of the
first conductive layer, and wherein the step of conformally depositing . an
electrolyte layer comprises depositing the elactrolyte layer on the
diffusion barrier. '

10. The mathod of claim 7, further comprising after fonﬁing a first
trench: conformally depositing a diffusion barrier f£ilm on the ILD layer,
on sidewalls of the first trench, and on the exposed portion of the first
conductive layer; angd removing the diffusion barrier f£ilm that exists on
the exposed portion of the first conductive laywr, wherein the atep of
conformally depesiting an electrolyte layedr comprises depositing the
electrolyte layer on the diffusion barrier f£ilm and within the £ira£ :
trench over the first conductive layer. :

11. The method of claim 7. wherein forming the first conductive
metallization and the sscond conductive metallization comprises:

forming s composite ILD layer on the planarized top surface; and




g rolyte | ayer, wherei Bay Second conductive material
i @cond trench: and pol y of f top portions of AUnd00S RN
el ectrol yte layer and the second conductive material resulting in a S
pl anari sed top surface 157). of the electrolyte |ayer and the second
conductive material, whereby a battery is fornmed fromthe first conductive
| ayer as the first electrode, the electrolyte layer as an electrolyte, and
t he second gebybegé i ve material as the second el ectr d of
claim7, including the further step of, prior to deg‘%gltl ng ssu{?eim

el ectrolyte | ayer, formng an etch stop | ayer on the exposed first
conductive | ayer and on the exposed i nsifl ati ng |ayer,. and formng the ILD
| ayer on the etch stop layer; and wherein formng a first trench within the
first ILD layer further conprises renoving a portion of the etch stop

| ayer to exposefeimdngper tomppsitef treheh withids thencdmpidive draybeyer9.whife net hod
of " cl ai M 7 expasiah Ne boRABR e SEHM s ftoh @ Teok e Bivatna ab 1§ tada’ €NCh:  coNf or mal |y
depositing a conductive diffusion barrier filmon the 1W layer, an

sidewal I s of the Jrlfilé.tinv\#]r:gg @%ggg Qn_ L f"i% glﬁe_%gportlo%gof t'ﬁq-giﬂal];qi rst

conducti ve Ia er erein

el ect rol yt ERFEEYR D8 THHFH S8E “&éb"d'sﬁtl 1t TFQGE%H#YOFSR"E"F%ﬁF §$fcnhe

di ffusi on Se¥FEive myerimle a8t hod of claim 1, further conprising after
formng a first- trench: conformally depositing a diffusion barrier filmon
the ILD | ayer, padsisingesdl 4 Sopfpotrtienfdsr e tiiigacdbndadidva B2 X pages
portion of téhe 4 ipledarifdd)eif kidface DY he ACI cORINEENG bEurdhi f,gai@idpar rier
filmthat exists cefeuckif ERRSEAaRObS itD Bird BondibiSl SARENGL I WELaYer

wh th Ty | 1
posi 11 ng 23 E?P’tﬁéﬁjﬁgjlgg%@%aéfﬂgﬁ‘? Skl L Sl AN | Ses

the first Ifren over Tonducti ve | ayer. 11. The nethod of claim
7. wherein formng the first conductive netallization and the second
conduct i veltre TR PRYCH| fnctmpt geRrein SpTRIAY the CGnpAstt ereThaxtegyer on t he
pl anari zedevwpismarf ace; and e - 4 AUG 2005 MVWD00086 32 Now Page: | July
2003 form ng a conposite trench within the conposite |ILD | ayer, which
exposes a port idFepfoiding HACLHDs 60 IEHICAING 1aRkeRbal FiaidvoMeETidvki Ng the
conposi t e ifLRchopide dnblleich GRALUET LNE s HBH 8Find! 1ayetNCLEkd-RIE, thi rd
conduct i vesdIBLanhala eﬁqﬂacwﬂc&@i%@% &l en%e %Onﬁéé%ilve gaterial;
and pol i shéhng f;ji't engtp &Q{tl% Jals u_t{ ée(‘ﬁ L ve mae ga whi ch
ace of The thi Fo co Uth" and whi ch

forms a pl har 2 ed

forms a coftydtt W‘é"“'&ﬁrﬁ 5‘ﬁ R &P ’[“ném'@f"ﬁ'i1 r‘&dc’tﬁnﬁiﬁ‘f‘ﬂé’ynﬁteeF‘i‘%F’“ wher ei n
the first THAGRKETE Jeveet RFERL o fugher ﬁé“%’éé’tj’ﬁdlﬁ’(?ﬁd’éﬂ?# ey afethd | i zati on

first electrode.

13. The method of amy one of claime 7 to 12, including forming a plurality
of batteries, ineluding the at least one battery, ln ceries; and

N _ conductively coupling the plurality of kattaries by means of respaective
copductive intercennects. '

14. The methed of claim 13, including the step of conductively coupliug
the plurality of batteries directly to each othex.

-15. The method of claim 7, including forming _n'_pluralit:y of battaeries,
including the at least one battery, in parallel.

16. The method of any eona of claims 7 to 15, wherein the step of forming a
layer of electronic devices includes forming the layer of alectronic '
davices during a Front-End-Of-Line (FEQL) processing of the integrated
circuit, wherein the step of forming the plurality of wiring levels
includes forming the wiring lavels during a Back-End-Of-Line (BEOL)
integration of the integrated circuit, whaerein the step of forming a firat
conductive metallization and a second canductive metallization includes




aglon e battery corrprlse .
|l ayer in a. first wiring level and an exposed conductive |ayer in the
insulating |ayer, conformally depositing a further conductive |ayer on the
ILD | ayer, on sidewalls of the first trench, and on the exposed portion. of
the first conductive layer, wherein a further trench is forned and is
bounded by BP¥P%f t her conductive |ayer. whereby th&epRagher? Jolxlaced ve
layer forns part of the first electrode. 13. The nethod of any one of
claims 7 to 12, including formng-a. plagality of batteries, including the
at | east ogne battery in series; and conductively coupling the plurality
of batterles by neans of respective conductive interconnects.. 14. The

met hod of al m ncI ud| the s of , conductivel y coupli ng t he

pl urallty th é'ES%IF ’9’“6‘82 ahtRerad § ?Fé ¥R claim 7,

i ncl udi ng F‘S‘i‘ﬁl‘ "h"“pf“&ﬁiaﬁ‘l’*y BOL Higtegmatian °f|thel5{MFthGiaMteamd one
battery, i mhergimithe|step b6, IoFhimonet HesktoPnabyttmre inkloleai frBming @hd At Wherei n
the step ofiedserotensatrery ayeihg GhecdzdLt irbifh i) of Chel (hebordted Giheid ayer of
electronic devices during a Front-End-O-Line (F W) processing of the
integrated circuit, wherein the step of formng the plurality of wiring

| evel s includes formng the wiring |levels during a Back-End-O Line (SEQL)
integration of the integrated circuit, wherein the step of formng a first
conductive netallization and a second conductive netallization includes - 4
AUG 2005 New Page: 1 -Axly 2003 33 formng the first conductive

nmetal lizaticn and the second conductive netallization during the BEQL

N ptegration of the integrated circuit, and wherein the step of formng at

| east one battery includes formng the at |east one battery during the
BELL integration of the integrated circuit. 8




