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22 23 24 25 26 27 28 29 30 STRUCTURE AND PROCESS FOR A CAPACI TOR AND
OTHER DEVI CES Background of Invention 1) Field of the Invention This
invention relates generally to fabrication of sem conductor devices and
nore particularly to the fabrication of a capacitor and also to the

si mul taneous fabrication of capacitors and other devices, such as resistors
and also to the sinultaneous fabrication of M sul at -l\(bt al)
capacitors and other devices, such as resi stormmw MWMWIMWS. g‘?age
Descrijption of the Prior Art It is well known that ca rs are critical
conponents in today's integrated circuits. For exanp , capacitors play an
i nport2ant role in devices having analog circuits constructed on the
integrated circuit chips, often being placed adjagent the device circuitry
to ca|3ry out de-coupling functions. However, achi Bﬁﬂm y/mm MFI red

capacig ance characteristics is often difficult du trends in the
i ndust ry, nanely increasing device density and increasomg frequency of

oper ati ng S|gnals First, since increased device densities has been

achi e qed L argqe v ﬁig%ﬁb'ﬁﬁé&kbéﬁiéﬁ’}\ piAP H’bﬂf Ddg’ﬁfnfﬁnwldf@”' res
asim mni'a ur|z ion in capacitor ‘structure ereby placihg a nuch
great € inportance on Page 2 1 a high capacitance val ue per unit area.
Second, higher operating frequencies have also 2 increased the |evel of
parasﬁilc capaci tance and cross-tal k experi enced between adj acent 3 signal
lines @r metallization | evels thereby increasing the demand upon many
capacitors. 4 However, fabrication of capacitance devices within or

i meditat el y adj acent the integr Baekigrouadrofintentionof ten |imted by design
patterning rules. This is particularly true for capacitors 6 intended for
use in analog circuitry placed in imrediate proximty to the netallization
7 levels. 8 In addition, current designs can include capacitors and
resistors, 9 partlcularly in RF applications. There is a challenge to

devel bp al)’rEinldlaﬁtherlaiylentimd cost 10 effect process that can nake vari ous

capac' ors and resi st 11 The ortan of . averco var| ous
ot e ot cd. abdlIEs inseniotsl B RehER Y b g D iR ds SR,
devel ppemtd fbfeaslr@dldry fohtBe SbBcATdn ofdScapacifhR GHAERS eslthR%irhiNgink&heVvant
patent and technical literature. The cl osest and apparently nore 14

rel evint fabohatianf c@eaﬂeuocﬂmfémthendnvncwe spdy asresistorsangdialpodo diasipulignessned by
const ! By AaBEtlR03) Bl 0 G105, B BB PY 1,2 M
a neti®d fedistors Mddpagiasstor in a 18 Cu danmscene process.

19

20

21

22 2) Description of the Prior Art

23 It is well known that capacitors are critical components in today's

24  integrated circuits. For example, capacitors play an important role in devices having analog

25  circuits constructed on the integrated circuit chips, often being placed adjacent the device

26  circuitry to carry out de-coupling functions. However, achieving the desired capacitance

27  characteristics is often difficult due to several trends in the industry, namely increasing

28  device density and increasing frequency of operating signals. First, since increased device

29  densities has been achieved largely by the miniaturization of individual devices, it requires a

30  similar miniaturization in capacitor structure, thereby placing a much greater importance on



19 US 6, 008, 083(Brabazon et al.) teaches a nethod for a M M capacitor 20
using two netal |ayers. 21 US 6,410, 386b12(Hsue et al.) shows a nethod of a
nmetal capacitor in a 22 danascene process. 23 US 6, 040,596(Choi et al.)

di scl oses a process for a capacitor and a 24 resistor nade of the sane
material as the plate el ectrode. 25 12345678910 11 12 13 14 15
16 17 18 19 20 21 22 23 24 25 26 27 28 29 1 Page 3 Summary of the Invention
It is an object of the present invention to provide a structure egethod
for fabricating a capacitor. It is an object of an enbodi ment of t1e
present idqNighichputithicepaie pie uait Bk hSetohdrhiglal bberatihg Gequenaiedhicddls@nd a
resistor or other device using the sane conductive | ayers. It is an object

of an Zenbseicardtthelevelnd parasiicrrapaciipaeg s rress-taksxperdenged betieey pdiagent

sem ceondug devi ji:t s i . i q

conpr (sed Bt RS rafctiziifh BHERIek Y REadhd 5 uEiahd BhorPhidf SRUGE,

i nventdi onHpwewdrdfabricativatof capasftameriel med withimgpramossdietély adjaaerd tlaniatdgeated
devi ce, such. as rﬁé@s%gr, which is cﬁgra eri zed. follgms. An
embodimerteyit 1t A HPERE Py eyl Batssnipg ralesd i PRicRiany tusAPspatitars
capacig orijntdRdéd fRWsE Ao irclRM M8ccdGR MRMeaRE: proRintif) loQKE RialiRlatiBR OVi di Ng
a sem conductor structure and providing a top insul atiing |ayer and

conduct i vievéleat ures over the seniconductor structure; b) fornming a first
condugtive | ayer over .the.t.op insulating |ayer; c tterning the first
condud | ve | ayer o1 O AGHOT CBENRsizS nt B EbutplsRE RO 1t
porti @n ofartifiBady InSRF GppIEbdabhs! TherRYEA chéllenf®todeVelop aGARAGAdALIRIaAH @64t | C

| ayer over the top insulating |ayer and the capacitor bottom plate and the

fi r stlQporeffeshproicesstibaticen grake yateustdapecitosyand regjtotsor mi ng a second conducti ve
Laven pver {he capaci bt it SLEEE LGl AUl ARUyd RRHLERRLI L LIBARTENe

o]
conduclti ve layer to form p e over omplate and a

firsti2secéviddnced by iR &eaeive techndlogicalVéevieRipatenodirédirl wahasitjet, i el ectric
| ayer. A further enbodi nent can conprise conductive features in the top

i nsul B i ndpquangatediydhe eekevanhirientiand tocknisal litgistyse at Be cloprst pnd anpapssily ingare
or/ang t heyd bhSkcriR& hgv%lopments in the patent literature can be gleaned by considering US
15 6,387,770b2(Roy) that reveals a process for forming a MIM Capacitor in a damascene
16  process.
17 US 6,3878,775b1(Jang et al.) shows a method for a MIM Capacitor in a
18  Cudamascene process.
19 US 6,008,083 (Brabazon et al.) teaches a method for a MIM capacitor
20  using two metal layers.
21 US 6,410,386b12(Hsue et al.) shows a method of a metal capacitor in a
22  damascene process.
23 US 6,040,596(Choi et al.) discloses a process for a capacitor and a
24  resistor made of the same material as the plate electrode.
25



12345678910 11 12 13 14 15 16 17 18 19 20 21 ' Page 4 A further
enbodi nent can conprise the first portion and the second portion form

devi ces such as resistors, capacitor or anti-fuses. Another enbodi nent of a
sem conduct or device having a capacitor; conprises: a) a sem conductor
structure; b) a top insulating |l ayer and conductive features in the top

i nsul ating | ayer over the sem conductor structure; c) a capacitor bottom

pl ate and a firgt portion over the top insulating |layer; the cap itgr
bottom plate and the first portion conprised of material froma fi%48§
conduqtive |ayer; d) a capacitor dielectric |ayer over the top insulating

| ayer, the capacitor bottomplate and the first portion of the first
conduétive layer; e) a top plate over the bottomplate and a first section
of a §econd conductive layer on the capacitor dielectric layer; the top

pl ate and the first section are conprised of the second conductive | ayer.
Addi tigonal objects and advant agifin@hry 6ftheMieaitioin Wi Il be set forth in the
description that follows, and in part wll be obvious fromthe description,
or maf be | earned by ptis@piobiechef tﬁﬁ@rqSWemqn&jﬁn torprevisisjacstustushandaaotdag ages
of the i i an.: | ized and obtained by neans of instrumentalities
and C(;%nbinyﬁ)g |85%§t1[£¥?$§ﬁ]ﬁ(§?l y pointed out in the append cl ai ns. Page 5 1
2345 67 89 10 11 I1id ahIbRct ef anRassrdipentiat tiodf preteat Divendisrg® prbeidé @at ur es
and advant ages .of _ a,sem conducgtor device accqgrding to the present invention
and f o t HEFtgE fos frbrigying ASAPRGIOE akgt 2 FeRlsiar & Oeh deYiesusng BiiseoR G0RItsTVelevi oo
in accgord%gfrg with the present invention will be nore clearly understood
fromthe | owi ng description taken in conjunction with the acconpanyi ng
drawi Hgs i n whi ch |i kdt seheb@ctef avuerebalimentaditgmpresens invieh@on wrprovide a

correspondi ng el.enents, .regi ons an. ortions and i.n which: Eigqures 1, 2, 3,
O R " e S e ing L SR e i R P S rebProf i iier VS FDRIREA o1
manuf get ugf Re san€ eRRRLE R 1a9&sording to a preferred enbodi nent of the

present invention. Figure is a cross sectional view for illustrating
pref ek¥ ed enbodi ment s Ascerobalimgnt of théprepers smventipmprorvides a mthodof esi st or s

and cagpacitors are forned in any .conbi.natign shown in t.he.fiqure.. . Page 6
20 oD reili el pEhoR ot MRt RS R ek iR Sz S

i nvents onfolows! AReneaeidne 8flthe invéatiah kel¥kd 10 4 REMHE BE Gabkieatidifoth ABeatRanyi ng
drawi ngs. The present invention provides a nethod of form ng a capacitor 5

and olthera sicerdyictrigavigs; comptises baapllevapaci tors and resistors. A preferred
enbodf,ﬁent of g) thSro'v{H‘ﬁ?é.'é E%cbéd&?o%%{rhaﬁg Jﬁ%lp%\(?idingatop insulating layer and

18 conductive features over the semiconductor structure;

19 b) forming a first conductive layer over the top insulating layer;

20 c)  patterning the first conductive layer to form at least a capacitor bottom plate
21 and a first portion of the first conductive layer;

22 d)  forming a capacitor dielectric layer over the top insulating layer and the

23 capacitor bottom plate and the first portion of the first conductive layer;

24 €) forming a second conductive layer over the capacitor dielectric layer; and
25 f) patterning the second conductive layer to form at least a top plate over the
26 bottom plate and a first section of the second conductive layer on the capacitor
27 dielectric layer.

28 A further embodiment can comprise conductive features in the top

29  insulating layer that can underlie the bottom plate, the first portion or/and the first section.



7 Referring to figure 1, we provide a sem conductor structure 14 having a 8
top insulating layer 32 (e.g., 20 24 28 30 34) and conductive features 26A,
26B, 26C and 9 26D. The conductive features are optional. For convenience,
t he conductive features are not 10 shown in figures 2 thru 6A and 7A. The
conductive features 26B, 26C and 26D are shown in 11 figure 7B to show t hat
none, or any conbination of , or all the conductive features 26A, 12 26B,
26C and 26D can be forned. Preferably at |east a portion of the ondﬂctive
features 13 26A are exposed thru the top insulating |ayer 32. 14 'ag

Semi cqnduct or _structumeﬁ&ﬁl_efény&ﬁﬁteﬁtt&%oﬁr?@rieeﬁ@fmobmmh@sa&her or 15
substrate, active and passive devices forned wthin and/or on the wafer;
and i dsul mriimgfoamdievBes suvdies resistorls agapasitdr or emtitfases.t he waf er surface. For
exanpl,e, layer 10 could represent a 17 substrate ar wafer. and | ayer 12
coul drepresent a die f@?&“ﬁﬁ?g}engﬁfz%seé’éw “lCWFBFY‘F% %‘fmg_%c?ﬁaﬁ?{%rctri c
(1 LD) 4or d'omlﬁfsegret al dielectric (IMD) layer. 19 Furthernore, the

sem conductor structure can include conductive 20 el enments (not shown) such
as nmetal or podysia sewipondunles strectutk; t op i nsul ating |ayer 32 is forned over

t he sem conductor spructure 14. 22 The .t i-nsul at i | ayer, can, be

conpr Paed of e of Chgpeiipdtier By Sasda S RE RO g over e
top imsul ati ng | agekemdohdudisrat@c@mbd;y 24 conprised of a bottometch stop

| ayer 20, a lower dielectric layer 24, a mddle etch stop 25 |ayer 28, and
an upfer di el et r i &capagitar batgonrHate jagdya dirgfinortian evieg thedgp insplating dpygp plag

dielegtric 26 |ay . Y j: i S e

pr ef e(rz)tabl y conpri cga@ 8ag’r‘ Q’ﬁ%@&“p&’“’ﬁ Tag(lﬁ tel-{égicr?tl o Ogﬁ(r?rAa‘?éeHrqls Ijziﬁ%g Q)k P@}ee-ri,a?&gfne%fsiﬁg han
4.0) lor oxide. 28cohdactbetlaysr and middl e etch stop |layers 20 28 are
preferably conmprised of, 29 silicon nitride (S or SiC. The etch stop

| ayerd have an@ f f eFapaeitrdiolectar iﬁy@r Qyeryhg Waﬁnm?émsdaméh%cc@p@%wr Ry 24
30. Page 7 1 R r j ' f ures (e.g., 26A, 26B,
26C alr%d 26D) 2 cgéllg%eah? gl%érrgﬁ{%(\%gg)ﬁto hg‘egfe}ﬁ'ﬁ"%?,%@f (%?}%g’tructur e. The

condudt i ve feat)ur estopgriatbevd thabettan piate tand adrét sastichus]a sdaomiseadactiwepe
interconnects. Features 26B, 26C.and 26D are 4 optional elenents and nay or
may ndt be for med ¥ ETbE ﬁ@:agﬁoqqgle Qﬁﬂ’r‘?.r’ ﬁ’@é@%gé‘g’ %@BPC Hrsh8SUQRF'6D ar e
in Figure 1 and figusfed Bf thEhBcdialnigsivagepPt i onal and show their 6

possi bl e pl acenent under other conductive €l enents above. Features 26B, 26C
and 28D can 7 allow capacitive devices to be forned there over as shown in

figur 7B and 8 and d r.i bed,8 bel qw.. Feat ur are not i.llustrated i.n
iourds 2 10 7 but | KA qbibelan Sreaehaf el RenliSh wiloe Shans tn ek,
shown g n ddseripteonlthatXollOWs,8hé fin pareRill BY 8bvidds frémfthé 8&dripHEd, of ARytheReakded
insulating layer. The top etch stop layer 34 is preferably conprised of a

di el elé ri by pragiége ofiibe myentinne ?resrbéqcmw adyapagesed tt ingentionanahpe replieed( Si N)
Si{g 13 : i ' i . .
L s T e S O G e ey S

pr ef e21r edagipend elagind.s shown in figures 2, 15 3 and 4. Referring to figure 2,
we forma first conductive |layer 38 over the top insulating 16 |ayer 20.
The first conductive layer 38 is preferably conprised of Ta, TaN, Ti N, Ti,
Al Cu, 17 AICu netal stack, an AICu netal stack of TINA Cul Ti, an AlCu
metal stack of



18 Ti/TiNAICu/ Ti, metal or metal alloys and nore preferably conprised of
Ta. The first 19 conductive | ayer 38 can conprise a |lower barrier layer, a
center nmetal |ayer and an upper 20 barrier |ayer such as Ti N Al Cu/Ti or
Ti/TiNNAICuJTi. The material and thickness of the 21 first conductive |ayer
can be selected according to the resi stance, capacitance and ot her 22
properties needed. 23 As shown in figures 3 and 4, preferably we pattern
the first conductive 24 layer 3 8 to format |east a capacitor baottom plate
3 8B and a first portion 3 8A of the first 25 conductive | ayer (é?@?ﬁ
resistor or top plate or bottomplate). The patterning of the first 26
conductive | ayer 38 preferably conprises (See figure 3) form ng a mask
pattern 42A 42B 27 (e.q., reBrief Desoriptionhof the Debhwihmgsducti ve | ayer 38. As
shown in figure 4, we r?ferabl efch 28 the first, condquctive %ﬁ er EB
preferably using a toﬂ%ét eatures gl pdypRtagenotASeRHCQdURIoL feyice asgosing torthe) v,
the etgch nflhveN§in Sdirth&iodetdi R U P02 PG @RidaAing ¥udd 4 shichitfictResiked 30
conductive layer and renbves some portion but not all of the etch stop

| ayer 534.inRcedrdamdelwith thepyese® invénsionedH be@iorakéan §Onderstbod front thp falicohingt op

| ayer 34 remain after. the etch. Preferably the 2 etch.does t expose any
under 61 risEamiRadkGinreaTiofr & with FredioPoimorbiife FaBiet S S UHe R RERE
under I7yi ngure&rald detipiife bigalad bESort@pOnding Bmehld, tebid@s hnd PétioBi¥ndiAUREch:
particle generation. The 4 mask Eatterns 38A 38B are renmoved. 5 Referring
to fidure 5 we form &1gEpRbi% ér 4 61 & apd ¢Blaag etosuigchoral viaws feast 6 t he

por 11 on. s aingRifkngd for i ARRHe LoptOldr WL RBRT0 A A Be lFodtbiton o,

i's prefereblpyesemipvdngied. of silicon 8 nitride and preferably has a thickness
bet ween 500 and 650. The capacitor dielectric layer 9 can _be forned of
ot herlldi el ectric mat ediigig 8 ipReressactiongl vigydpridiupiratingapreferied emhodifaentss an

10 et S i: . - : iLor

di ol ot Sl e BT IR §BE v RGelb SRR AR Ol WATORAPRATL 2 n o
desi r8d capalsihstioncshooh in dafigutrar s and ot her devi ce 12 subsequently formed.
The thicknesses of the capacitor dielectric |ayer 46 and the etch stop 13
| ayer 34 can vary from about 100 ~ to 3000 ~ dependi ng on the application.
14 Next, sections (e.g., 54A 54B) of a second conductive |ayer are forned
15 over the capacitor dielectric |ayer as shown in figure 6. The preferred
process is shown in 16 figures 5 and 6. 17 Referring to figure 5, we
preferably forma second conductive |ayer 50 18 over the capacitor
dielectric |ayer 46. The second conductive |ayer 46 is preferably 19
conprised Ta, TaN, TiN, Ti, AlCu, or other netals and alloys and nost
preferably 20 conprised of Ta. Dependi ng on the design objectives, the
second conductive | ayer can be 21 fornmed of different nmaterials,

t hi cknesses and/or electrical properties than that of the first 22
conductive layer. It is an advantage of the invention to formresistor,
capacitors with 23 conbinations of both the first and second conductive

| ayer or/and underlying conductive 24 features) 25 26 As shown in figure 5,
we forma cap etch stop | ayer 54 on the second 27 conductive |ayer 50. The
cap etch stop layer is preferably conprised of silicon nitride or SiC 28
and preferably has a thickness between 400 and 600 A and nore preferably
about 500 A. 29 Next, we pattern the second conductive layer 50 to form at
| east a top 30 plate 50B over the bottomplate 38B and a first section 50A
of the second conductive | ayer



12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
29 30 Page 9 on the capacitor dielectric |layer 46 over the top insulating

| ayer 32. Figures 5 and 6 show a preferred process to pattern the second
conductive layer 50. As shown in figure 5 a nmask pattern having at |east
segnents 58A and 58B is forned over the cap etch stop | ayer 54 and second
conductive |l ayer 50. As shown in figure 6, the cap etch stop | ayer 54 and
second conductive | ayer 50 are etched using the mask pattern segqgnt 54A
and 54B as etch nmasks to format |east a top plate 50B over the b bt Om

pl ate138B and a first section 50A of the second conductive |ayer. The first
section 50A can form a device such as a resistor, bottomplate, anti-fuse,

etc. Bhe etch is pref é?@ibllsﬂ Dessgintionf the BrefaryediBmbodimanistri ¢ | ayer 46.

Preferably the capacit I A rlying
condugti ve features 2 nécfg%tgfl%%dr%%gl‘gp% é%%gﬁ)lng%or?ﬂ %t\ﬁ%f&w@ ltl(pglgxarrpl e
i n sect i oavcdmpmviang diaevingndihetprasent iaadntioa p2&Adesan nethatl of foralines Sapafntdsxhe
capaci tor ric |layer 46.and the etch stop | ayer 34 between, 500

650 remai ﬁ%&}é GenisSevimhas addufomaLarre ossand S Rion (r%emrafénieﬁg%aﬁwenﬁef al)
capacig or ihk SnveRHBS 1S§ﬁgcrgjedtbgpwpl ate 50B, capacitor dielectric 46 and the

bottom pl ate 38B. dielectric layer and interconnection are forned to
conneét to the devi cesRe@a‘mggto fapadi Memsovidé assmiznokducesisshons) 14 Kavimged er r ed

P7fde PP apRHpisedater 32 (F 8 o 27 AR SR P BrE S RS sl PPeb Ere 76
shows qpt 241 a*rh@@&%@ﬁiré/ﬂa{u?@ta% 61&10%% F%@Qor%@ﬁleﬁaéj I3t Se fehifres @RAKILE OF S
and devices. W form an insul at mg_h ayer e.g., layers 62 63 64) over

S

the tldp ishomndnifigyrds@ytbru G2 ancrﬁé mmn‘ge eatyaeers X8, QéC;anéfZéDam ghown in

conprj.sed.of m ddl & etc a | MD
ayr Toa. e TPR ey M ne B 3 ot EsoRh Bhiin gt gl bR afrdtBR A

mat erizal s268, 260 4RD6DIE e fdeth&d. etmbfesdb@patasas@ a@ohﬁmfdfrtm@bnaacm%aumd
above for the top etch stop |ayer 34. Next, openings are etched in the

i nsullB i n%ﬁAafférX%@d(thth&&‘é’r@s@ﬁlmaﬁfﬂ)ﬂpr eferably using a photo process
and re preferably u e top
Iayepfs}1 54A 54B, capac%te 03} ?t rlc g§g§“%%t8‘2fp‘tr %%ggﬁlgﬁlaﬁ%%a%{/%rog 46
servelas fubsfrate, dedyeand passivbdeeicefosmed Withizsanlday@nshevvatersdndindutatingtand from
etching the capacitor plates 38B ‘5?08 and resi stors 50A 38A even though
therelfs ‘éPfGP?tf‘@rlé}‘R{éfqrﬁlefiﬁ’é the,walenawdacss For pppmple.dayer dfconidgpessnt 8 | ayer
bet ween wWARST, r ve 2
features %L%.S%t,g%?nt er ggcri]i%% ?%E@M%;r 541“{%%16%&& lé%/égg%%g%nglﬂ&?g&%; ef erably
used 1d f diclectrive(lbpoor mer rhetnl diblectici(BVIB) tayenect s 68. A fi rst etch step
uses chem stry that selecti vellé rem)v s the dielectri g’rd ers When t he

etch FPeaches the etch SYERSTIQIfefE semicpn u@PT\FtBFwé}F@?n’&‘\? el"ﬂ‘é Lt??ﬁﬂ%lmtor and

6 resjt 0E1§m’éﬂl‘§(ﬁ(§t%ﬁo 7“ucﬁ%991e@dl‘o¥?@ly§ih€$h §hQ@p layers and continue etching
the dielectric layers over the intefconnects (e.g., 26A). Wen the etch
reachdls the etch stop A topeinsylatirgg 18¥erd2as f@med eventhe sewitoaducigreimyetureobh) , a
seconfza ?E Eot stes 18 different et h chem str that etches the 9 etch

st op 8 %I §YCTFRT 8° FYPRESS r?f‘ﬁ@%mioﬁ l?ﬁ%rsvarl ous etch stop and
dieleggric 10 layers tmefehdlyad dhowm lﬁﬁgafd 1 Q}ﬁ@to@ﬁﬁlsunaeﬁlg%ﬁrrsza@ﬁkeferably

i nterconnects. 11 As shown in figures 7A and 7B, we form’i nterconnections

68 t 024t oneemaprised of Rboftpmetchvien law Ak, atlonsertdieleetrie daygue s, amiddiseteh stepg. |

st eolobeon o obhE IR LA PRy el IR R PR e
feat uzees [a§eid30 (4 Ahter oGl d&lodlic (IMB) laferopirt prefivable coaipiided bivlew Rat ur es

(26B 26C 26D) 15 are formed under the capacitors and conductive
sect i dhs/ Pisteeirisrgatergls fie-1 b 195 franet-9).orpridess conductive features are

pref es@abl y int er connectj a3 fihRIdR GLELiBP 1 efsboBiire JAURIGE Wmbfised of

i nt erconnecti ons.
29  silicon nitride (SiN) or SiC. The etch stop layers have a different etch selectivity than the

30 dielectric layers 24 30.



18 As shown in figure 7B, the conductive features can further conprise a 19
| oner bottom plate 26B under the bottom plate 38B and under the top etch
stop layer 34. 20 As shown in figure 7B, the conductive features can
further conprise a 21 first interconnect 26C under the first portion 38A of
first conductive |layer. A single mask 22 capacitor 26C 34 38A is forned
when the first interconnect 26C acts as a capacitor bottom 23 pl at e, the

| ayer 34 act as a capacitor dielectric layer, and the first portgﬁ

acts as a top 24 plate. 25 As shown figure 7B, the conductive feat®# s can
furthgr conprise a 26 RegifiHg td Murstl! é&IdﬁEﬁvezﬁElu%%C{GEg blaa, 26R 2L fid 26D)
dielectric |layer 46 and the first section 50A of 27 the second conduct’i ve

| ayer 2 A sagedprmed even theseiieandyctanatmotire. iThe eprndysiiee feasey captbs as 28 t he

he 1y ot sgisehgfls SIS RAoots A e hoE BECELRHe; T8, FHC EROTHE! B

show wvar i @piﬁ)nﬁm&haﬁh hedimal ofl aly ¢esbé Porfied dep@uﬁtgwn tRe ABdigit FRaLIsP6B, and
interconnects). Al or any conbl nati ons%;hof devices shown in figures 7A 3

and 7B cath®and et inskighre handfigywe’ Be Hhe featyres age patianah padshon 1rmany
possi b e 1[9 QIR M gﬁde‘?%\ﬂeg%érh&lﬁf’}&? ﬁ@ﬁfﬂﬁﬁ aBoyed' ﬂnéksié?ﬂ 2gt!§md 26D
ows I

enbodi nent 'S process. ure oW ng eV| ces: Fésisto

50A (r7esi diaw cdpagitive ﬂevmmimhetfhmﬂddeth&emaﬂamhndzuan figerek alaermd 8rarld deecrllﬁ:tior
38A(reS| tor - Fornmed th the firs ctlvela dual

capacit or o, Phussare i isatst A fieptes g Aot s B o e gna B
Capacid or jndRlded 34! 46, 50A (capacitor 2) - also may be an anti-fuse 10 0
Capacitor 26C, 34, 38A - (capacitor 3) (single mask capacitor) - also may
be anlGanti 11 fuse 12 Q@sshoawiindigure {,@dppeich stopdyyer Shtis fraimed nverfthstapgl e and

dual k. 6 0B t .und | k
caoach T or SR PG TRS Bnckich S Rk S it rebh i oP e of F oileen s i attaant
area pf tﬂl@rdofbramaﬁy%Eforﬁﬁﬁsfe@roqtfailﬁéoi@ﬁﬁm&(slﬁ?oasnt 15 100 % and nore
preferably between 80 and 100% 16 ~ wire [ine 26A 17 A preferred

embodidrent is where tH%emt,uarmttemdtﬂrstrcogewtmdiaytenba\fmg gttleass 2poriiang i3SDA are

resistors not referred.e or A an

6o HEL el R AR RO 5 0 68 St AT o25 o feRel plks S sha PR ke |
ot heri 5errbs)dmm nRafentuligstof figuié 2pwe forana BBAcaithctiRelalér 38 ovee td top ibdhtiaan 21
act as any other devices, such as inductors, anti-fuses or_fuses if the

port i ¥hs/ lyer ik n&qﬁ@@@éuetn@ Inyes 38is pretarably cemprisasirirka. dgNshiN.all AlGwr t he
devices. The, Bt 9 x{é} ﬁt@%u%e&las‘?%%'otf% &Cu?*gzéa ﬁgk%h éhfgfx? §t'2c1§§}3 and 26A)
ren

can be wired 1n di ways and not mte contfrguration in
t he fi18s. TFOIN/At@Quwflli,e nidia d@midta:lrﬂlpymmﬁnofe mafbmbl)t asprded 9f dad The (26D 26B

25 and. 2 can be wired up to |n erc nnec 68. 26 27 The preferred
enbodfj%mnf daﬁtw%léy?rr?\?émcsﬁmﬁa% QR Pag Pé@égnmg}etalé%? P?fI aryRper
pr Oceﬁf €S parfiBElaFORN ?%Q?*Pfl@/A‘l'@@ﬁ" i QJ?"[X/THN@AI@MI‘ it 'TRRSat88 hd ﬂll@l&ﬁﬁ’ssoﬂ tRe t he

BEOL 29 process’to rmresistors with two different resistances. In
addi t2bon, fiest corslustivd layer ahinfbeaselected 3Ccording itgtheatsisasceofapacipmce tod sthean be
form sj mul t an ousl ith the resistors. Page 12 1 In the enbodi nents,
wi th onl yPPP FP?%‘H masks, 4 different types of 2 capacitors and 2

di ffegent devices (e.gagsHoRM iffRUPIs oA ﬁ%ré‘f&faﬁﬁdve patketRTRedonBIiFeal SO
allow flexibility of the netal materials and netal 4 thicknesses of the

r esi s24r slayemifdtodoumhiatleastragcapaniior Hotiomplata 5@ ard ¢ fingt tphrtione’ 8apiibe fiovts .
25  conductive layer (e.g., resistor or top plate or bottom plate). The patterning of the first
26  conductive layer 38 preferably comprises (See figure 3) forming a mask pattern 42A 42B
27  (e.g., resist) over the first conductive layer 38. As shown in figure 4, we preferably etch
28  the first conductive layer 38 preferably using a top etch stop layer 34 as an etch stop.
29  Preferably, the etch has an over etch that removes substantially all of the unmasked

30  conductive layer and removes some portion but not all of the etch stop layer 34. Preferably



5 Also, capacitors 2 and 3 (see FIGURE 8) can act as anti-fuse. The anti6
fuses may be placed between the vias. 7 Preferred enbodi nents of a
structure of the invention is shown in figures 8 7A, 7B and figure 8. A
description is below. Figs 7A, 7B and 8 illustrate that any 9 conbi nation
of devices shown in the figs can be fabricated. 10 A sem conductor
structure 14 and an overlie a top insulating layer 32 11 (e.g., 20 24 28 30
34) and conductive features 26A in the top insulating |ayer. Prefﬁ%gqu at
12 |l east a portion of one of the conductive features 26A exposed. A top
et ch sit opbdtayer 1 @aridsl SOV bf tHeaop orhistopubyri3Agemainafteathd ctdhe Préfecabiydthet i ve
features 26A. 15 A capacitor _ bottomplate 38B and.,a first portion 38A of
the fi% stetepdees ol expase apyyaderlying candpstivedgatyres Jlt is MPOrtaptinG &Q ¢XROSE afser 38,

17 A capagi - (i ' 64 ' ' r and
the' 16 capueryft Ghii Tl Ll 80208 QU hed M b S el P BoreBUBD, The
conduact i vmatlkayaternsTi8aA 38B ste ré@oped.t i on 38A of the first conductive |ayer

preferably acts as a rgesistor aqr other device. 20 A top.plate 50B i 5 over
Phe bottom pl ate 388 g Bpude, pedhms agagerion delgbicdagrdocureaidesy e

| ayer @©n iRgo ARAkLA fay@lx';jﬁit,ﬁli‘é%ajpﬁci{(ﬁ‘)bgftoxﬂq)lﬁtf@BBtaH@tﬁeOﬂPrsi MF@Bkﬂ%f higyer 22
an e

32. The top plate 50 irst section 50A are preferably conprised of

a seco7n|d figt Q@T@Q'@Yﬁ lagen ahhgrcap@itandiclastriplaydryis p@fmlpiy@pmmrisqd?pf silispar 54. 24
An i i 6 . 0. 4: 62 63 64) | i '
AR A e R S R S e M S R RIS

of the fifalbedormenstéthinvdeleayieimateridle DR dapaRifr AiectiIBlaybihs ¢hcPhadre 50B
and the first section 50A of the 27 second conductive |ayer; and the

conduld i veich sgpuin sabseqpgntpieps. | Therthickaessesrofgbocaprciteradielecitnadpyenhdiaed thge

| ayer,pre S : [ ' s 7B

e 51 P o neCh SR o oRTLR st do bR Msined cffarkd of cARANLUR b HEUESD 10

26B urder sutequezatly derneldafhe J8Bkmsts wfi der capddtor digletidlagéot® dhd thy etch3thp 4 As

shown_in figures ?B and 8, the nductive features preferably further 5
conprise HYFL 34540 e omAhout Tog tonthap A figpendingong $ORGARA of first

condugiive layer. The pgef] §e§1tioris%.§.r, GARNAH) of g@eé&]%fc%h&%%e ?éé%? aldofindPt t OM
act p a

plate and the first portion 38A s as a‘top 7 ate 1n a pacitor. 8 As
shownli n bvguhesapidtarnikel&tric hyecandiowniin éigheeai. dhe prefemédpmbesy i shovrein 9
corrpr'lée conguc ive structure 26D under the capacitor dielectric |ayer 46
and tHe fHPYUES 234 8cti on 50A of the second conductive |ayer. Preferabiy,

the cppductive struct Lﬁgegﬁg t8¢lfrels! vl prafeRM IR fLEnPOhdLbSd it 50

section 50A acts as a top plate’in a capacitor. 12 13 14 15 16 In” the above
descr 1§t i overnbereapasiosdielsctricdayketdai The aecond epndustive layer#d wprefemably

K0S nl s 1N EAET R Y T ol PSR RTS8 0,
art tpat thepRieasTa. DBYE@idgth thBYedifn objectives, the second conductive layer can be

21  formed of different materials, thicknesses and/or electrical properties than that of the first

22  conductive layer. It is an advantage of the invention to form resistor, capacitors with

23 combinations of both the first and second conductive layer or/and underlying conductive

24  features.

25

26 As shown in figure 5, we form a cap etch stop layer 54 on the second

27  conductive layer 50. The cap etch stop layer is preferably comprised of silicon nitride or SiC

28  and preferably has a thickness between 400 and 600 A and more preferably about 500 A.

29 Next, we pattern the second conductive layer 50 to form at least a top

30 plate 50B over the bottom plate 38B and a first section SOA of the second conductive layer



19 practiced wthout these details. In other instances, well known process
have not been 20 described in detail in order to not unnecessarily obscure
the present invention. 21 Unless explicitly stated otherw se, each
nunerical value and range in the 22 specification and clains should be
interpreted as being approximate as if the word about or 23 approximtely
preceded the value of the value or range. 24 Wiile the invention has been
particularly shown and described with 25 reference to the preferred

enbodi ments thereof, it will be understood by those skilled in t @298 art

that yarigige Egt%@ﬂ&sdlél@cth@rlépe?ﬂ@ oVEL e E":ﬁ’ 1H$¥at?§g liﬁgé}%z‘!"l? fUts dRRAGHIWY from

the spirit 27 scope of the 1 nvention. tended to cover various
nodi fQcatprcﬁesredipcbcsssrmIpattexﬁ&theasecamrgeomlluctivmlaybrpﬁOocedures and the scope of

th ded claims thergtore should b rded the b
i ntorBrotation co as (00 BREBALASEC F FASEASGERPPT BhAI A RS 84 4nd 30

ar r ange meyERSis 3 dAl R tHelcap etch s%}ﬂﬁyér%’ﬂana sdcohdoftdwetife fayér 010 11 12 13 14
15 16 17 18 19 20 21 22 23 24 25 is clained iS: 1. A nethod of

fabrl dation of a capadistsbpwnin ﬁg@f@rﬁ, &@rnan@tcdarstcnel\amé{ andrspedngii cegdudivest eps
ak pggve! N9 &cR& xf NAUGLRL gﬁttt rh'% & 888 Bﬁ’ghﬂ'ag%c asﬁ%lo %’mfa&' ng

Iayer an uc rve qres v darae Sen conduct or rm ng
a firgt ceatucdp ylatelswﬁeaveevt&rbmnﬂplmmsmsw afikgigedtidMS0A df)thpadcbad ni ng sai d
first conductive layer tq format |east a capacitor bottaomplate and a
first porqqnévptme @éﬁrdTh? Figgt S%‘r‘?&é@ﬁ“xﬁéf?l&@/éﬁwl&? Sychragiartgsigon Sptemmate,
dielegtri )ééa tover said top insulating |ayer, said capacitor bottom

pl at e an sal felrst portion of said first conductive layer; e) formng a
secori® conductive | aymhe@whns paifdaligpapptdby the&:lapminror dieleayts layardd. f )

patter ni ai econd . co ctive layer,to form pl ate over
sai d ot Pf%ﬁf ¥ Begapagir Egk’ it leyqrapmaiog epd Rovsr ¢ %@@eéé@gﬁan WHdEict i ve
| ayer;o0n @alek dtB?)'itoFH %Lu?%tsrs' rp%)‘t%rr%gﬁs F-BPeexgﬁl:[ng sBdtidnl £ dhet triphi ch

further incl uges after st mng an insulating |layer over said top
i nsulldt i npnbegte;fedtorerdog aitotabthadmeseif itenspaditar didlenttic kyet 4asid theatct fir st

ti f id t d bot,t | at idt | at
Poa o o o By deteso It DA B L o e RO Rs iy Br i 2630 et ot of
cl ai sl wiher ei n a_t op XAk GAARLinaNRor et PEfFREliR Sthhided e B9 Wlaa! S0l

| ayer and said conductive features; and sald top etch stop layer is
conprlis e ccapéci®r HiedectiB; @6and theabotent platsid8Bss bet ween 400 to 600 A

17 Next, dielectric layer and interconnection are formed to connect to the

18 devices (e.g., capacitors, lines and resistors). A preferred process is shown in figures 7A

19  and 7B. The processes and structure formed in figs 7A and 7B can be form simultaneously
20  the same substrate. Fig 7B shows optional conductive features 26A 26b 26¢ and 26D under
21  the capacitors and devices. We form an insulating layer 65 (e.g., layers 62 63 64) over the
22 top insulating layer 32. The insulating layer 65 is preferably comprised of a lower IMD

23 layer 62, a middle etch stop 63 and a upper IMD layer 64. The IMD layers 62 and 64 are

24  preferably comprised of low k materials or oxides. The middle etch stop 63 can be formed as
25  described above for the top etch stop layer 34.

26 Next, openings are etched in the insulating layer 65 (or layers 62 63 64)
27  preferably using a photo process and more preferably using a dual damascene photo process.
28  The etch stop layers 54A 54B, capacitor dielectric layer 46 and top etch stop layers 46 serve
29  as buffer layer for the etches. Theses layers will stop the etch from etching the capacitor

30 plates 38B 50B and resistors S0A 38A even though there is a difference in the thickness of



4. The nmethod of claim 1l wherein said top insulating |layer is conprised of
a bottometch stop layer, a lower dielectric layer, a mddle etch stop

| ayer, a upper dielectric |ayer; said bottometch stop | ayer and said

m ddl e etch stop | ayer are conprised of silicon nitride or SiC, and Page
15 1 said lower dielectric layer and said upper dielectric |ayer are
conprised of a low k 2 material or an oxide. 3 5. The nethod of claiml
wherein said first conductive layer is conprised of a material 4 seH cted
fromthe group consisting of Ta, TaN, TiN, Ti, and Al Cu all oys. %%ﬁ.%&he

net hod of thel @kRttic Wik @émebﬂq]m&dsaﬁﬁar@meqfa?mbeh fregistorsoepadhCtdndactiayer 6
conprises formng a mask pattern over said first conductive |ayer; and

et chi g skpdrgsi (gLt imetonokret 204bresidger . 8 7. The method of claim 1 wherein

thi ckriogs between 500 alisaER e TsFRIREBTIPrE: im Rl i 205, 0 °
first gornt@tombcts 88 0A fiirststichcaeoiubet b CRethBitg thaastlsctdglylkenoveethetidléctrid 2 9.

The met hod of c¢claim1 erein said first sectiqn_of said second ¢onductive
| ayer 213 Ry \éféleartgeefé%'*@%ea?hes he eteh stgp ys&(ﬁ-gd%&ﬂ OF ﬁ&?}ﬁ@r SRBRGHLOE andy

first sectd ' | ol ;
: & ©¢ fe'sgfbré){he%f’dhgw;ﬁlfs?@{"&b e 'E%Cstt(’g%’ ﬁg%l?éiﬁ? cOthud vicRirdd the Blefliric layers

resistivity than sai ortion Irst conductive [ayer; " and 16

sai d f7 r sovesdlat intemccamects &.g, 2645t Wihen theatchareachee shesdtdr stop laged ). 46T3veoveet hod

of clgim]1 wherein idfjrst section of said.second conductive |layer is a
T8 red ot B Mptsoaiect i f- Ho0ct st HEDsRB RO TERET Fek hermin 5 eBhetup
first gongikklopeayedyRlectifeld ITHs F&HisTIpehingé HSBe vaMdlsdidSRoPhnd ddlekRr - 20
12. The nmethod of claim 1l wherein said conductive features further conprise

a | ondl 2leypusite Hie yariquecapaeiérs erd tesistars and iptescanngets. under said top etch

stop yer. 22 13. The t hod claim1 erertn sai d conducti feat ures
Furthbl Compr tse a 174 oy indiepfEs et T Ghe ol efob GRS bY G LAY e
condury i vehelfamgortisitdtthé Fifst ondifcti€ RYBEER!g. HirbSredidtor)S3 8\, i barfBnPpRtL3 #8)d
said first portion acts as a top plate in a capacitor. 25 14. e net hod of

clai m3 wHhertep plasaitB ahbe dirstvectioaOdr eishe saooné cordintive tager trgcondwativet i ve
e efe‘dﬂﬁ'gsf @%ﬁﬁg{)ﬁ\&gg{&eoﬁs Hofls& ‘ol L&%i/eeé’on%[] iéeaf'{eﬁuiésggéss §§¢*2§B§O°f

sai d secon ayer, sal onductl ve Sstructure ttom
pl at el AndasdbAndd urkler th8 capafitoundCoRdisiva sé@pnpbaitidns. Referaafigold nr The?9 1

23 4165 6C(an%ct?velf%at}1%esla%e preferably interconnection and more preferably Cu dual damascene
17  interconnections.
18 As shown in figure 7B, the conductive features can further comprise a
19  lower bottom plate 26B under the bottom plate 38B and under the top etch stop layer 34.
20 As shown in figure 7B, the conductive features can further comprise a
21  first interconnect 26C under the first portion 38A of first conductive layer. A single mask
22 capacitor 26C 34 38A is formed when the first interconnect 26C acts as a capacitor bottom
23 plate, the layer 34 act as a capacitor dielectric layer, and the first portion 38A acts as a top
24  plate.
25 As shown figure 7B, the conductive features can further comprise a
26  conductive structure 26D under the capacitor dielectric layer 46 and the first section S0A of
27  the second conductive layer. A capacitor can be formed when the interconnect 26D acts as

28  the bottom plate, the layers 34 and 46 act as a capacitor dielectric layer and the first section

29  50A actsa top plate.



13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Page 16 15. A nethod of
fabrication of a capacitor in a sem conductor device; conprising the steps
of : a) providing a sem conductor structure and providing a top insulating
| ayer and conductive features in said top insulating layer; b) formng a
top etch stop layer over said top insulating |ayer and sai d conductive
features; c) formng a first conductive | ayer over said top insulating

| ayer; d) patterning said first conductive layer to format |east a
capacitor bottomplate and a first portion of said first conduct?%@lﬂayer;
e) fonm ng a capaci tom@;r@é L LHA 913's_ﬁaf&rvaﬂa;@src&%iﬂaﬁo@ﬂqf'd@ﬁ&@{elg?,gfeéie%ﬁ_r and
sai d capacitor bottomplate and a first portion of said first conductive

| ayer 2 ( dhd)capadiitbrs dndintepromneads). ofll siny doimtanatioo(s ot déweesishyen imbfigweagAa

resistor; f).Jorming a secondg conductive |ayer over said capacitor

di el eét_ri%‘dﬂg/%a}n, eg@@%‘f?ﬁl%ﬂ’ﬁegﬂjﬂa@%‘ﬁs'stop | ayer on said second
condugtive layer; h) pahir€RRISAGhSRE thafif pOSbIE CRABMaliNG dfalteicedihdt Gbeet Ch
stop layer to format least a top plate over said bottomplate and to form

a first slermpdnsing thegimbodinenis rworedsdiigwe 8ishgws thafadlgmdng dgyaesist or
dielectric layer.ov sald top i | at I. layery; 1), form ng an insulatin
| ayer %E)ver s@iycrje stg%reglror‘f“s@fbsﬁt%%g_l%%F&%l@qp%g%%oﬂ%C?%qugﬁ‘éegf%%(:ti ons to °

contaqt at IfeagbistosdBA (fdsistdr 2)orHonfed ofithshé flrst cortducdendyet i ve | ayer , said
bottom plate, said top plate and said first section of said second

f
condudtive Chy el mask cape o B 4 0B carasiter bdformed byiwopetedaass) cl ai m 15
wher eign-sai  { e S Ahd, SURNARRAT! | Asal b8 aRahABmeet ch Stop | ayer,
a mddle“etch stop | ayer,

a lower dielectric layer, a upper dielectric

| ayer10 sai d [boCimkitet 24C, SHPPBA ayedpacitnd ) single nhadid lcepaeitol) -ldmmbyayetn aitk
comprised of sjlicon nitride or SiC, said |ower dielectric |ayer and said
upper ldi el ect rivge| ayer are conprised of a low k material or an oxide. 12

3 4 51;3 7819 éa%aéiiorl—?(a&%cikér ﬂﬁ%o#g)iﬂa?ioﬁ%f%@)%?eoan%%u%?mgﬁ &gaﬁgdgéfzéﬁ 38g. The

met hod of claim15 sai rst ‘conductive er I's conpris a materi al
sel eclt3ed from $0R (geoimeronsics tndey aclual mask capadior)+ Mhe Kiwer atedtrad«26R\ | oys.

18. The nethod o l.ai m 15 wherei.n the p ernj of sai i Ist nducti ve
ayerbonpr | ScRelesl B R REREE R Ao b Bl e et befeeb SO P o
and etxchi ng saj@h 94 dndtm&ie PpedierlabMenct BRI 80aidN@0%.t Op etch stop layer as a
etch stop; and not exposing said conductive features. 19. The nethod of

cl ai m615 whét ewirediae d6Bapaci tor dielectric layer is conprised of silicon

nitri and has a thickness t n 500 a 0 0, ..Th t claim 15
wher e\dﬁ said first seé%%ee ﬁ‘%eesv‘iﬁogimsl%%dsngﬂg%ﬁ ugfﬁgegnggéggeaé@ﬁge gfs“a

resi stor . sedfion 30& arfeelebiodrO A motirr Bret&roth@ntddimemiisl whefeSirsisetion B8 Ating ded
second conductive | ayer has a different resistivity than said first portion

of sall fiirsssectiondfdtare esistoyethaphayeshiferent resistaneest i on and said first

porti are resistors. d.af (e i .Gk CO [ve
f eat uér{j;s further conprlflééleélﬁt}’g\%@geg%f %h%r%r%t{;go%{g&rﬁ% er (ggilegirgtggte?%cﬁnl {)qj&agéed and
under2isai scttappnedthbr ddviyes] ayeli as idductdBeambiiedordfuseslifithnpditiodssestians Saive

conducti ve features ]‘ull(;é her _conprjbse a_first in&}erconne t under said fjrst

por t i otheProrst eleshiigarrrpertipngiuiabledas tedeyiges. e bpHeRmAEs ARG Kot t om
Pl at &ANd,iAd (el 568 aRPISA PR Wirdd ifditRRrP WAl Sard'ngt 1FARAGYHRE

24  configuration in the figs. For example the bottom plates of capacitors 2, 3 and 4 (26D 26B
25 and 26A) can be wired up to interconnects 68.

26

27 The preferred embodiments of the invention have many advantages over
28  prior art processes. The embodiments uses only two additional masking steps in the BEOL
29  process to form resistors with two different resistances. In addition, at least four different

30  configurations of capacitors can be form simultaneously with the resistors.



24. The nmethod of claim 15 wherein said conductive features further
conprise a conductive structure under said capacitor dielectric |ayer and
said first section of said second conductive |ayer; said conductive
structure acts at a bottomplate and said first section acts as a top plate
in a capacitor. Page 18 1 2 3456 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29 30 25. A sem conductor device having a
capacitor; conprising: a) a sem conductor structure; b) a top insulating

| ayer and conductive features in said top insulating | ayer over Kaged 2

sem cqnductor struct Uflﬁihece)mt%d‘ﬁﬂaﬁg,h&iﬁ{ oﬁg_tzta‘amt@'néitrﬂa&@% éiffeiréngfq?%’g%i on
over said top insulating |ayer; said capacitor bottom plate an ard first
porti @ acapaciompand2differdritdsticenfediatsisters) ayrebe fobmed. capaci tor dielectric

| ayer over said top insul ati | ayer, said capacitor bottom plate and said
175t Jorti on of sai d MFeBtopdhriairs et Per B of B sirtil AeRed afc Sfa

bot t oy pl @icknaRes &f the F&lstr8Flan@? vHliclRaRa6ARH SRANAMEHLNS WiBYBE cAfhciaisd
capacitor dielectric layer; said top plate and said first section are

conpriSsed sai d second Adehdapacitorsa angyeesee PEGURES) sanhetan @ndfose. déiant- of
cl ai m25 ich erther i ncludes: .an insulating | ayer over said top

insul atin S?Sarf)g,eplﬁfeeq%%ﬁ’ﬁee% FOl8 contacti ng to at least: said first

portion of said first Peefeftedtmbedih@yiiof astuctulostBeifkatich is$Bo¥h iPAgEkat €,
said first section of said second conductive |ayer; and said conductive

f eat urles. 7477B mbfigwsiSe dhderstiproniisielasv.of ige (74i iB28d #HbBusrate hat @)y et ch stop
| ayer 4 s id t l I Je nductive features; and
sai d tdop g@%ﬁ%@&p@%@?%@% edrléaégslr%%;%pfggﬁl (t)ér%f')bottom plate and a first
portilin and sai d capad t@nicondicaeistructutealdeand smovkrliop t@i mbulatigplabey3? i s

e cHnductor Mt B8 80r) BN BT VHERGIS 25 B (FY B BORIIEGA B PP AF of
SO Rk YRR SRR s B aqtlontuct o dovice of claim
r esi st3or. 1 2 3 4 5 KStop SclpstdP laydr IPish¥edthe 1dp buldfing Byd&Gandah@1 22 23

14  conductive features 26A.

15 A capacitor bottom plate 38B and a first portion 38A of the first

16  conductive layer are comprised of a first conductive layer 38.

17 A capacitor dielectric layer 46 is over the top insulating layer 12 and the

18  capacitor bottom plate 38B and a first portion 38A of the first conductive layer. The first

19  portion 38A of the first conductive layer preferably acts as a resistor or other device.

20 A top plate 50B is over the bottom plate 38B and a first section S0A of

21  the second conductive layer on the capacitor dielectric layer 46 over the top insulating layer

22 32. The top plate SOB and the first section SOA are preferably comprised of a second

23 conductive layer 50 and an overlying cap etch stop layer 54.

24 An insulating layer 65 (e.g., 62 63 64) is over the top insulating layer 32.

25 Interconnections preferably contact to at least: the first portion of the first

26  conductive layer , the bottom plate 38B, the top plate SOB and the first section S0A of the

27  second conductive layer; and the conductive features.

28 The first section 50A of the second conductive layer preferably acts as a

29  resistor.



Page 19 30. The sem conductor device of claim25 wherein said first section
of said second conductive |layer has a different resistivity than said first
portion of said first conductive |ayer and said first section and said
first portion are resistors. 31. The sem conductor device of claim25
wherein said first section of said second conductive |ayer is a resistor,
fuse, anti-fuse or inductor; and said first portion of said first
conductive layer is a resistor, fuse, anti-fuse or inductor. 32. The

sem conduct or devi ce of claim 25 wherein said conductive featureB2&uUpdt her
conpriise a | ower bott j t g top etch
st op I?ayer; said top ggcﬁgbggggﬁgg%égﬁgdggﬁg{ﬁ %g}lgétﬁ%\?g%ﬂ%gttom;p gte and
sai d Rot t ampisatadowd3botibheplatri6Bondiee therbotten ete 38Bcindiumd 25hekegr @cnstspi d
condugti ve feahtures further conprise a first interconnect under said first
portion o®§i¥st conductive layer; said first interconnect acts as a bottom
plate gand said first pardbea iﬁ@i%ﬁre@slBaanH@? tH c%h@udtﬁzeffg:éiéﬂ%%fetf&ﬁbly?’ﬂmh@e
sem conduct or device of claim 25 wherein said conductive feature§ further
conprise eoneprisdadirstigteseonnett 26€ unddethe Siastorizgmalfiz of fidstebrdutctive ldyay diheand
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14

15

16 In the above description numerous specific details are set forth such as,

17  thicknesses, etc., in order to provide a more thorough understanding of the present invention.
18 It will be obvious, however, to one skilled in the art that the present invention may be

19  practiced without these details. In other instances, well known process have not been

20  described in detail in order to not unnecessarily obscure the present invention.

21 Unless explicitly stated otherwise, each numerical value and range in the
22  specification and claims should be interpreted as being approximate as if the word about or
23  approximately preceded the value of the value or range.

24 While the invention has been particularly shown and described with

25  reference to the preferred embodiments thereof, it will be understood by those skilled in the
26  art that various changes in form and details may be made without departing from the spirit
27  and scope of the invention. It is intended to cover various modifications and similar

28  arrangements and procedures, and the scope of the appended claims therefore should be

29  accorded the broadest interpretation so as to encompass all such modifications and similar

30  arrangements and procedures.
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10%v%1() -4 L The method of claim 1 wherein a top etch stop layer is formed on said top insulating

22 layer and said conductive features; and said top etch stop layer is comprised of SiN or
23 SiC and has a thickness between 400 to 600 A.

24 4. The method of claim 1 wherein said top insulating layer is comprised of a bottom
25 etch stop layer, a lower dielectric layer, a middle etch stop layer, a upper dielectric layer;
26 said bottom etch stop layer and said middle etch stop layer are comprised of silicon

27 nitride or SiC; and
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3 5 The method of claim 1 wherein said first conductive layer is comprised of a material
4 selected from the group consisting of Ta, TaN, TiN, Ti, and AICu alloys.
5 6. The method of claim 1 wherein the patterning of said first conductive layer
6 comprises forming a mask pattern over said first conductive layer; and etching said first
7 conductive layer.
8 7. The method of claim 1 wherein said capacitor dielectric layer is comprised of silicon
9 nitride and has a thickness between 500 and 650A.
10 8. The method of claim 1 wherein said first portion of said first conductive layer acts as
11 a resistor.
12 9. The method of claim 1 wherein said first section of said second conductive layer
13 acts as a resistor.
14 10. The method of claim 1 wherein said first section of said second conductive layer has
15 a different resistivity than said first portion of said first conductive layer; and
16 said first section and said first portion are resistors.
17 11. The method of claim 1 wherein said first section of said second conductive layer is a
18 resistor, fuse, anti-fuses or inductor and said first portion of said first conductive layer is
19 a resistor, fuse, anti-fuse or inductor.

20 12.  The method of claim 1 wherein said conductive features further comprise a lower

21 bottom plate under said bottom plate and under said top etch stop layer.

22 13.  The method of claim 1 wherein said conductive features further comprise a first

23 interconnect under said first portion of first conductive layer; said first interconnect acts
24 as a bottom plate and said first portion acts as a top plate in a capacitor.

25 14.  The method of claim 1 wherein said conductive features further comprise a

26 conductive structure under said capacitor dielectric layer and said first section of said
27 second conductive layer; said conductive structure acts at a bottom plate and said first
28 section acts as a top plate in a capacitor.

29
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4 conductive features in said top insulating layer;
5 b) forming a top etch stop layer over said top insulating layer and said
6 conductive features;
7 ¢) forming a first conductive layer over said top insulating layer;
8 d) patterning said first conductive layer to form at least a capacitor bottom plate
9 and a first portion of said first conductive layer;
10 e) forming a capacitor dielectric layer over said top insulating layer and said
11 capacitor bottom plate and a first portion of said first conductive layer;
12 (D said first portion of said first conductive layer acts as a resistor;
13 f)  forming a second conductive layer over said capacitor dielectric layer;
14 g) forming a cap etch stop layer on said second conductive layer;
15 h)  patterning said second conductive layer and cap etch stop layer to form at least
16 a top plate over said bottom plate and to form a first section of said second
17 conductive layer on said capacitor dielectric Jayer over said top insulating layer;
18 i) forming an insulating layer over said top insulating layer;
19 j)  forming interconnections to contact at least: said first portion of said first
20 conductive layer , said bottom plate, said top plate and said first section of said
21 second conductive layer; and said conductive features.
22
23
24 16.  The method of claim 15 wherein said top insulating layer is comprised of a bottom
25 etch stop layer, a lower dielectric layer, a middle etch stop layer, a upper dielectric layer;
26 said bottom etch stop layer, and said middle etch stop layer are comprised of silicon
27 nitride or SiC; said lower dielectric layer and said upper dielectric layer are comprised of

28 a low k material or an oxide.
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2 selected from the group consisting of : Ta, TaN, TiN, Ti, and AlCu alloys.

3 18 The method of claim 15 wherein the patterning of said first conductive layer

4 comprises forming a mask pattern over said first conductive layer; and etching said first

5 conductive layer using a top etch stop layer as a etch stop; and not exposing said

6 conductive features.

7 19.  The method of claim 15 wherein said capacitor dielectric layer is comprised of

8 silicon nitride and has a thickness between 500 and 650A.

9 20. The method of claim 15 wherein said first section of said second conductive layer
10 acts as a resistor.
11 21.  The method of claim 15 wherein said first section of said second conductive layer
12 has a different resistivity than said first portion of said first conductive layer and said first
13 section and said first portion are resistors.
14
15 22.  The method of claim 15 wherein said conductive features further comprise a lower
16 bottom plate under said bottom plate and under said top etch stop layer.
17 23, The method of claim 15 wherein said conductive features further comprise a first
18 interconnect under said first portion of first conductive layer; said first interconnect acts
19 as a bottom plate and said first portion acts as a top plate in a capacitor.
20 24.  The method of claim 15 wherein said conductive features further comprise a
21 conductive structure under said capacitor dielectric layer and said first section of said
22 second conductive layer; said conductive structure acts at a bottom plate and said first
23 section acts as a top plate in a capacitor.

24
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2 25 A semiconductor device having a capacitor; comprising:
3 a)  asemiconductor structure;
4 b)  atop insulating layer and conductive features in said top insulating layer over
5 said semiconductor structure;
6 c)  acapacitor bottom plate and a first portion over said top insulating layer; said
7 capacitor bottom plate and said first portion are comprised a first conductive
8 layer;
9 d) acapacitor dielectric layer over said top insulating layer, said capacitor bottom
10 plate and said first portion of said first conductive layer;
11 e) atop plate over said bottom plate and a first section of a second conductive
12 layer on said capacitor dielectric layer;
13 said top plate and said first section are comprised said second conductive layer.
14
15 26.  The semiconductor device of claim 25 which further includes:
16 an insulating layer over said top insulating layer;
17 interconnections contacting to at least: said first portion of said first
18 conductive layer, said bottom plate, said top plate, said first section of said second
19 conductive layer; and said conductive features.
20
21  27.  The semiconductor device of claim 25 wherein a top etch stop layer is on said top
22 insulating layer and said conductive features; and
23 said top etch stop layer is under said capacitor bottom plate and a first
24 portion and said capacitor dielectric layer;
25 said top etch stop layer is comprised of SiN or SiC and has a thickness

26 between 400 to 600 A.

27 28.  The semiconductor device of claim 25 wherein said first portion of said first

28 conductive layer acts as a resistor.

29 29.  The semiconductor device of claim 25 wherein said first section of said second

30 conductive layer acts as a resistor.
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5 conductive layer is a resistor, fuse, anti-fuse or inductor; and

said first portion of said first conductive layer is a resistor, fuse, anti-fuse

6
7 or inductor.
8
9

10  32. The semiconductor device of claim 25 wherein said conductive features further

11 comprise a lower bottom plate under said bottom plate and under a top etch stop layer;

12 said top etch stop layer between said lower bottom plate and said bottom
13 plate.

14 33. The semiconductor device of claim 25 wherein said conductive features further

15 comprise a first interconnect under said first portion of first conductive layer;

16 said first interconnect acts as a bottom plate and said first portion acts as a
17 top plate in a capacitor.

18 34.  The semiconductor device of claim 25 wherein said conductive features further

19 comprise a conductive structure under said capacitor dielectric layer and said first section
20 of said second conductive layer;

21 said conductive structure acts at a bottom plate and said first section acts
22 as a top plate in a capacitor.

23
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4 b) a top etch stop layer over said top insulating layer and said conductive
5 features;
6 c)  acapacitor bottom plate and a first portion of said first conductive layer
7 comprised of a first conductive layer;
8 d) acapacitor dielectric layer over said top insulating layer, said capacitor bottom
9 plate and said first portion of said first conductive layer;
10 (1 said first portion of said first conductive layer acts as a resistor;
11 €)  atop plate over said bottom plate and a first section of said second conductive
12 layer on said capacitor dielectric layer over said top insulating layer;
13 said top plate and said first section comprised of a second conductive layer and a
14 overlying cap etch stop layer;
15 f) an insulating layer over said top insulating layer;
16 2) interconnections to contact at least: said first portion of said first conductive
17 layer, said bottom plate, said top plate and said first section of said second
18 conductive layer, and said conductive features.
19
20

21  36.  The semiconductor device of claim 35 wherein said top etch stop layer is comprised
22 of SiN or SiC and has a thickness between 400 and 600 A.
23
37.  The semiconductor device of claim 35 wherein said first conductive layer is
comprised of a material selected from the group consisting of Ta, TaN, TiN, Ti, and
AlCu alloy.
38.  The semiconductor device of claim 35 wherein said capacitor dielectric layer is

comprised of silicon nitride and has a thickness between 500 and 650A.



P1rg- 109 ()-!- 109%& ()-!'3("109%& ()-f! K@ 10%H& ()- @109 & ()-!' @

10%>& ()-rP: 111'$- 109 83"10%=& ()-!33"10% ) & ()-!.3"10%& ()-%40%& () -

10 10 10rP: 111%-

1098 83" 10%=& ()-!33"10% ) & ()-!!K3"10%o0& ()-!A3"10%g& ()-!<3"10%g& () -
Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A

"Default Paragraph Font#-7@ @Rzbi qy{ AUcdef T
T="8&( Q 0%X8Z: <AFLgOQ-VY, ] A| bef ] i I nUr t udy| z, Ck, ghi j ki rmopgr st uvhaS ¢} ~6Ti m
es New RgganArTialseidonicthedéviceRIR1aifans WheretDasid TR section of said second

" #$9&' () *+, -./0123456789: ; ]

<=>7 @\BCDERGHI KV R/NOPURST 3 ANCFBII] ~ ~ abcdef ghi j kI mopqgr st uvwxyz{| } ~

40. The semiconductor device of claim 35 wherein said first section of said second
conductive layer has a different resistivity than said first portion of said first conductive
layer and said first section and said first portion are resistors.

41.  The semiconductor device of claim 35 wherein said first section of said second
conductive layer is a resistor, fuse, anti-fuses or inductor and said first portion of said
first conductive layer is a resistor, fuse, anti-fuse or inductor.

The semiconductor device of claim 35 wherein said conductive features further
comprise a lower bottom plate under said bottom plate and under said top etch stop layer.

42. The semiconductor device of claim 35 wherein said conductive features further
comprise a first interconnect under said first portion of first conductive layer; said first
interconnect acts as a bottom plate and said first portion acts as a top plate in a capacitor.

43.  The semiconductor device of claim 35 wherein said conductive features further
comprise a conductive structure under said capacitor dielectric layer and said first
section of said second conductive layer; said conductive structure acts at a bottom plate

and said first section acts as a top plate in a capacitor.



