1 Method For Formng A MM Capacitor 2 3 Background of Invention 4 1)
Field of the Invention 5 This invention relates generally to fabrication of
sem conductor devices 6 and nore particularly to the fabrication of a MM
capacitoer and conductive lines. 7 8 2) Description of the Prior Art 9
There are many types of capacitor structures for sem conductor 10
integrated circuits, such as netal -oxi de-sem conductor (MOXS) capacitors, PN
junction 11 capacitors, and polysilicon-insulator-polysilicon (PlP)
capacitors. Each of these capacitor 12 structures includes at |east one
-monocrystalli-ne silicon layer or polycrystalline silicon layer 13 which is
used as a capacitor electrode. The use of silicon for the capacitor

el ecttode, 14 however, nijethed Kor Fonming,AJEM €apacitosde resi stance than is
desired. 15 It is thus desirable to reduce the resistance of capacitor

el ectyodes to 16 decrease frequency dependence of the capacitor.
Accordingly, netal -insulator-netal 17 (MM thin filmcapacitors have been
develpped to provide |ow el ectgQq& 5 @ipd £ AReRBon 18 Moreover,
nmetal-insulator-netal capacitors can be used in integrated circuits

requirin i speed..performance. In addition, netal-insul ator-netal
thin Til gr) ﬁﬂﬁ&??‘b“r@“’ﬁ&%}g“ been 20 applied to advanced anal og seni conduct or
devi 05e s because t heseThcjg Pn%%lllttic())nr %laQe?svg%nerally to fabrication of semiconductor devices

6 and more particularly to the fabrication of a MIM _capacitor and conductive lines.

8  2) Description of the Prior Art
9 There are many types of capacitor structures for semiconductor
10  integrated circuits, such as metal-oxide-semiconductor (MOS) capacitors, PN junction
11  capacitors, and polysilicon-insulator-polysilicon (PIP) capacitors. Each of these capacitor
12 structures includes at least one monocrystalline silicon layer or polycrystalline silicon layer
13 which is used as a capacitor electrode. The use of silicon for the capacitor electrode,
14  however, may result in a higher electrode resistance than is desired.
15 Tt is thus desirable to reduce the resistance of capacitor electrodes to
16  decrease frequency dependence of the capacitor. Accordingly, metal-insulator-metal
17 -(M]’_M) thin film capacitors have been developed to provide low electrode resistances.
18  Moreover, metal-insulator-metal capacitors can be used _in integrated circuits requixing
19  high speed performance. In addition, metal-insulator-metal thin film capacitors have been

20  applied to advanced analog semiconductor devices because these capacitors have



1 1 capacitance fluctuation rates dependent on voltage and tenperature
which are sufficiently 2 low to provide desirable electrica
characteristics. 3 In addition, there have been efforts to reduce

t hi cknesses of dielectric 4 layers for integrated circuit capacitors to
t hereby increase the performance of capacitors 5 including these thinner

-dielectric layers. In particular, the capacitance of a capacitor can be 6

i ncreased by reducing the thickness of the dielectric |ayer between the two
el ectrodes of 7 the capacitor. There have al so been efforts to increase
capaci tances by using dielectric 8 layers having relatively high dielectric
constants, and by increasing the surface areas of the 9 capacitor

el ect nodespadiantdidicimition ramt dépenderitng vottagadrd ttmpedtira wbicbonnadficipniticesses
have 10 been applied to sem conductor manufacturing nethods to facilitate

the d@”'l@%”f@g}oﬁﬁe debirfbigBreenal dnvrdctirR@éat i on and mcroel ectronic
technology. 12 Thus it Is very necessary to provide a novel process of

formigg MM 13 Capacgﬁe Riigll e AR REALHIR ﬁaﬂé@ﬂ%ﬁ%{gﬂﬁés‘s’és%f‘ﬂfieléﬁﬁc MM

capaci'tors having | ar capaci tance as we Integration of the
integrated circuit. 15 The inventors ha%g{ f ound ﬂéhat with t ndard CMOS

. St
t echndl od§yersiapantagraied sincwiy CaRacHpRs Ao herepANCrEdg BRI B PR Y aPENO  rcui t s
arena, nore and nore passive 17 elenents are required for various
appl i Gat iiorlsdinDulese thimes digdestripayeisy ensiicudardths capacitarqeyol a18pRtor paNERSY at i on
with CMOS technol ogy, netal-insulator-nmetal {MM capacitor is widely 19
used feor iat@hsed bereduegtie foderss dithedietectribulaydrdetweenribe twecloftrdlas &b nd
processing, the
7  the capacitor. There have also been efforts to increase capacitances by using dielectric
8 layers having relatively high dielectric constants, and by increasing the surface areas of the
9  capacitor electrodes. Furthermore, multi-wiring or multilevel interconnect processes have
10 been applied to semiconductor manufacturing methods to facilitate the development of
11 high-density integration and microelectronic technology.
12 Thus it is very necessary to provide a novel process of forming MIM
13 capacitors which can provide a new structure of the MIM capacitors having large
14 capacitance as well as high integration of the integrated circuit.
15 The inventors have found that with the standard CMOS technology
16  being applied in mixed signal and analog integrated circuits arena, more and more passive
17  clements are required for various applications. Due to its good performance and simplicity
18  of integration with CMOS technology, metal-insulator-metal {MIM} capacitor is widely
19 used for analog and RF purposes. However, due to its nature of backend processing, the

20  dielectric thickness used in MIM is much higher than poly-insulator-poly (PIP) and

21  polyinsulator-substrate (PIS) capacitors. This leads to lower specific capacitance
2



20 dielectric thickness used in MMis nuch higher than poly-insul ator-poly

(PIP) and 21 polyinsul ator-substrate (PI'S) capacitors. This |eads to | ower
specific capacitance 2 1 (capacitance per unit area) for MM capacitor,
When used for RF application, higher 2 specific capacitance, which neans
smal ler area for a given capacitance value, becones 3 nore inportant when
| ow coupling noise between the MM and substrate is considered. 4

sem conductor. 5 6 The inportance of overcom ng the various deficiencies
noted above is 7 evidenced by the extensive technol ogi cal devel opnent
directed to the subject, as 8 docunented by the rel evant patent and
technical literature. The closest and apparently 9 nore rel evant technical
devel QpnEsdpacitahct per it #ed) foi MEMatapaeitoraWhbe usgdefanBE applicatios; lighdrng 10 US
- 6,387, 750B1(Lai et al.) shows a process for a M Mcapacitor. 11 US

6, 559,00401§ - Whieh 8¥en iver BapasitachviMue litcompaci t or .
13 US%,%E%%%%?&%]? Lui la’e‘%hlgilﬁ. al %rﬂilﬁg\%?aaf&%ﬁm M graglcegs. 12 Ug .

2002/ Q019123A1 - t i scl e WS 0Rsid464.250
(Lee, 8t éﬁ’?rf‘@ﬂ%ﬂ%@ﬁ'ﬁ?giwagﬁr@ &%gst%gcﬁegn%Rﬂcap%?%?g? 96 ‘structure. 17
US 6, 451, 650 (Lou) discloses a Low.thermal budget mnethod for

4 ‘semiconductor.

6 The importance of overcoming the various deficiencies noted above is

7  evidenced by the extensive technological development directed to the subject, as

8  documented by the relevant patent and technical literature. The closest and apparently

9  more relevant technical developments in the patent literature can be gleaned by considering
10 US 6,387,750B1(Lai et al.) shows a process for a MIM capacitor.
11 US 6,559,004b1(Yang et al.) shows a process for forming a MIM

12 capacitor.

13 US 6,468,873b1{Lui et al. al.) shows a CU MIM process.

14 : US 2002/0019123A1 — Ma et al. discloses a Cu MIM process.

15 | US 6,426,250 (Lee,et al.) shows a High density stacked MIM capacitor
16  structure.

17 US 6,451,650 (Lou) discloses a Low thermal budget method for

18  forming MIM capacttors.
19

20



18 formng MMcapacitors. 19 20 3 1 2 3 Summary of the Invention 4 An
enbodi nent of the present invention provides a nethod of 5 manufacturing a
M M capacitor which is characterized as follows. 6 W provide a

sem conductor structure having a first region and a 7 capacitor region.

Next we form a conductive | ayer over the sem conductor structure. The 8

-first conductive layer is patterned to forma plurality of trenches in the

capacitor region. 9 W forma capacitor dielectric |layer over the first
conductive layer. Next, we forma top 10 plate over the capacitor
dielectric layer in the capacitor region to forma capacitor. The 11 first
conductive layer in the first region is patterned to form conductive
pattenns and a 12 bottomplate. An interlevel dielectric layer is forned
over the first conductive layer. 13 Additional objects and advant ages of
the ipvention will be set forth in 14 the description that follows, and in

part will be obvious fromthe description, or may be 15 |earned by
practi,ce of the invention. The.0bjects,an tages of the invention may
be 16 realized and obtai ned §%°g&eﬁﬁggﬁl®r¥hnt alities and conbi nati ons

articularl oi nt ed . -
P 4 y.p An embodiment of the present invention provides a method of

5 manufacturing a MIM capacitor which is characterized as fotlows.

6 We provide a semiconductor structure having a first region and a

7  capacitor region. Next we form a conductive layer over the semiconductor structure. The

8  first conductive layer is patterned to form a plurality of trenches in the capacitor region.

9  We form a capacitor dielectric layer over the first conductive layer. Next, we form a top
10 plate over the capacitor dielectric layer in the capacitor region to form a capacitor. The
11  first conductive layer in the first region is patterned to form conductive patterns and a
12 bottom plate. An interlevel dielectric layer is formed over the first conductive layer.
13 : Additional objects and advantages of the invention will be set forth in
14 the description that follows, and in part will be obvious from the description, or may be
15  learned by practice of the invention. The objects and advantages of the invention may be
16 realized and obtained by means of instrumentalitics and combinations particularly poinfed |

17 outin the append claims.



17 out in the append claims. 4 1 2 Brief Description of the Drawings 3 The

features and advantages of a sem conductor device according to the 4
present invention and further details of a process of fabricating such a
sem conductor 5 device in accordance with the present invention will be
nore clearly understood fromthe 6 follow ng description taken in
conjunction with the acconpanying drawings in which like 7 reference
nuneral s designate simlar or corresponding elenents, regions and portions
and 8 in which: 9 Figures 1, 2, 3A, 4, 5, 6, 7, 8 9 and 10 are cross
sectional views for 10 illustrating a nethod for form ng a capacitor and
conductive lines according to an 11 enbodi rent of the present invention. 12
Figurd 3B is a three dinensional view of the bottomplate with trenches 13
according to an enbodi nent of the invention. 51 2 Detailed Description of

the Preferred Enbodi ments  ef Description of the Drawings
3 The features and advéntages of a semiconductor device according to the
4  present invention and further details of a process of fabricating such a semiconductor
5  device in accordance with the present invention will be more clearly understood from the
6 following description taken in conjunction with the accompanying drawings in which like
7  reference numerals designate similar or corresponding elements, regions and portions and
8  in which;
9 Figures 1, 2, 3A, 4, 5,6, 7, 8, 9 and 10 are cross sectional views for

10 illustrating a method for forming a capacitor and conductive lines according to an

I1  embodiment of the present invention.

12 Figure 3B is a three dimensional view of the bottom plate with trenches

13 according to an embodiment of the invention.



51t is to be understood and appreci ated that the process steps and 6
structures described below do not cover a conplete process flow The
present invention 7 can be practiced in conjunction with various
integrated circuit fabrication techniques that 8 are used in the art, and
only so nmuch of the commonly practiced process steps are included 9 herein
as are necessary to provide an understanding of the present invention. 10
The present invention will be described in detail with reference to the 11
acconpanyi ng drawings. It should be noted that the drawings are in greatly
~sinplified 12 formand they are not drawn to scale. Mreover, dinensions
have been exaggerated in 13 order to provide a clear illustration and
under gt andi ng of the present invention. 14 An enbodi ment of a method of
fabrication of a MM capacitor and 15 conductive line is described as
folloys. 16 A Sem CORAUALL DS btine Plebhed mAaBRMIRIY S | aver 17 As
showmn™in figure 1, we provide a sem conductor structure 100 having 18 a
first _region 124 and a capacitor region 122. The sem conductor structure
can cenprise, 19 but is not limted to a substrate having an insul ating

| ayer or |ayers and a conductive |ayer 20 or |ayers thereover. The

subst #ate can be a substrate used in sem conductor manufacturing, .6 1 such
as silicon wafer, GaAs substrate or SIO substrate. The top surface of the 2
sem cénduct or st ruct ulids o0 irslepst@iland abyreciattideha che procdsayeeps dml g, | MD

| ayer) and exposed 3 portions of a underlying conductive |ayer

(1 nt egconpgetirdsAé&IbRd BeRiv ddmcd kol@taadonMte plocess ﬂow. The present invention

7  can be practiced in conjunction with various integrated circuit fabrication techniques that
8  are used in the art, and only so much of the commonly practiced process steps are included
9  herein as are necessary to provide an understanding of the present invention.

10 The present invention will be described in detail with reference to the

11  accompanying drawings. It should be noted that the drawings are in greatly simplified

12 form and they are not drawn to scale. Moreover, dimensions have been exaggerated in

13 order to provide a clear iflustration and understanding of the present invention.

14 An embodiment of a method of fabrication of a MIM capacitor and

15  conductive line is described as follows.

16 A. Semiconductor structure and first conductive layer

17 As shown in figure 1, we provide a semiconductor structure 100 having
18  afirst region 124 and a capacitor region 122. The semiconductor structure can comprise,
19  but is not limited to a substrate having an insulating layer or layers and a conductive layer

20  or layers thereover. The substraie can be a substrate used in semiconductor manufacturing,



4 A°'MMcdpacitor will be subsequently fornmed in the capacitor region 5

122. Conductive patterns, such as wiring interconnects (e.g., netal |ines,
wiring layers 6 etc.) , will be formed fromthe first conductive |ayer 104
inthe first region 124. 7 As shown in figure 1, we forma conductive |ayer
104 over the 8 sem conductor structure. 9 The first conductive |ayer 104
is preferably conprise of alloys of Al, 10 Cu, Ti, Ta, etc. and preferably
has a thickness in the range of between 3000 and 10000 A 11 (angstrom. 12
The first conductive layer 104 will be fornmed into at |east a bottom 13

.plate for a capacitor and preferably a n-1 | evel conductive interconnect

| ayer (e.g., n-1 14 netal layer or wiring layer). 15 16 B. pattern the

first;coRguLtd VecondVehr, HaAskQbdRld0rBI0 subdtdtd. Y8 top bédrfhdeasfahes 18 Referring
to figures 2, 3A and 3B, we pattern the first conductive layer 19 104 to

form plsglzr?%lfin{l ctgrfsttluE:ElP%C {&®Fis He%eljaglpft;'cﬁe%@t?i@%#seg gelj%,qgﬁﬁ'i‘a ?)?and-gﬁl\fol\ﬁeﬂenc hes

i ncredse € capacitance area for the su ently formed .
195°°3' Tovgkaebs cRAS it ssnyarinte SnmedmeSliSEs o of QEPGRRREEHY. o "Form
t encg A MIM capacitor will be subsequently formed in the capacitor region
5 -1 22. Conductive patterns, such as wiring interconnects (¢.g., metal lines, wiring layers
6 etc.), will be formed from the first conductive layer 104 in the first region 124.
7 As shown in figure 1, we form a conductive layer 104 over the
8  semiconductor structure.
9 The first conductive layer 104 is preferably comprise of alloys of Al,
10 Cu, Ti, Ta, etc. and preferably has a thickness in the range of between 3000 and 10000 A
11 (angstrom).
i2 The first conductive layer 104 will be formed into at least a bottom

13 plate for a capacitor and preferably a n-1 level conductive interconnect layer (e.g., n-1

14  metal layer or wiring layer).

15

16 B. pattern the first conductive laye'r 104 to form a plurality of

17 trenches

18 Referring to figures 2, 3A and 3B, we pattern the first conductive layer

19 104 to form a plurality of trenches 114 in the capacitor region 122. The trenches increase



4 resist layef 110 over the first conductive |layer 104 as shown in figure
2. The trench resist 5 layer has openings 108 that define areas where
trenches will be formed in the capacitor 6 area. 7 As shown in figure 3A,
trenches 114 are etched using the trench resist 8 layer 110 as an etch
mask. The trenches are preferably only etched in the capacitor region 9
122. Preferably the trench resist |layer has no opening in the first region.
The resist layer is 10 renoved. 11 The trenches preferably have a Depth
(D) between 2400 and 8000 A of 12 the first conductive |ayer 104. The
~trenches extend down into the conductive | ayer between 13 24% and 80% of
the thickness of the conductive |ayer 104. The trenches have a width W 14

bet wegn 3000M.aRhcd ARATH the sRRBglicAlly TormidaaMNEGapalig \Prekebly Fhrhtaager
dimension in 15 D and snaller dinmension in W give a bigger gain in

capac'g;grbﬁlg,#%lnggi &gcgﬁﬁﬁf%ﬂf’}‘l 1»8 shown figure 3B, the plurality of

trenc orned 1n ern of rows and colums (e.g.,
checkerboard) in the capacitor region,. That is,the. 18 trenc r jsned up
in a gr'i d pattern as sAGHRYS tﬁef’["@%f% °§g?n°aﬂ’?§llfﬁ’&r§fﬁagv %li’s ,ﬂr}gtﬁgﬁa oe#l#g 19
a "sea of trenches". The smaller the spacing hetween the trenches in figure
3B, tHe Iresigidayer 200 gwientherfsteapdedtivafever 194 as shommyn diggentid bsireRevesdb ance
the technol ogy used. For exanple, 21 current industry |eading-edge 0.13um
t echnél odyyenbaeopmassrios tamt defind arods whayatretciRamill $c forgpdde therapadiies s
advanced technol ogy, the space linmt can't be as small as 0.2um It m ght
be 6 area.
7 As shown in figure 3A, trenches 114 are etched using the trench resist
8 layer 110 as an etch mask. The trenches are preferably only etched in the capacitor region
9 122. Preferably the trench resist layer has no opening in the first region. The resist layer is
10  removed.
11 The trenches preferably have a Depth (D) between 2400 and 8000 A of
12 the first conductive layer 104. The trenches extend down into the conductive layer between
13 24% and 80% of the thickness of the conductive layer 104. The trenches have a width W
14 between 2000A and 10000A, depending on the technology used. The larger dimension in
15 D and smaller dimension in W, give a bigger gain in capacitance value.
16 Preferably as shown figure 3B, the plurality of trenches is formed in a
17  pattern of rows and columns (e.g., checkerboard) in the capacitor region. That is the
18  trenches are lined up in a grid pattern as shown in figure 3B. The plurality of trench forms
19  a“seaof trenches”. The smaller the spacing between the trenches in figure 3B, the larger

20  gain the capacitance, Its limit depends on how advance the technology used. For example,

21 current industry leading-edge 0.13um technology node presents a limit of about 0.2um
8



2 | ooser, say about 0.3um for 0.18umtechnol ogy node. The | arger dinension
in Depth D and 3 snaller the spacing and wi dth of sea of trenches, the

hi gher density of the trenches. 4 Therefore, the bigger gain in capacitance
value. 5 C. forma capacitor dielectric layer 118 6 As shown in figure 4,
we forma capacitor dielectric layer 118 over the 7 first conductive |ayer
104. The capacitor dielectric |ayer 118 preferably has a thickness 8

bet ween 100 and 1000 A and is preferably conprised of silicon oxide,
silicon nitride, 9 silicon oxide-nitride, and tantal um oxide. The
‘dielectric |ayer can be fornmed by plasma 10 enhanced chem cal vapor
deposition. The thickness of the dielectric |ayer depends on how 11

el ect (i cghadi Phiaedstddoariel @RBhBlop R bt fRde lititdaghbe adimblbad 0. 2emsk meglytte
requires a thicker 12 dielectric layer. 13 14 D. forma top plate 120 15

Ref er pi n@o%?g{sé%ﬁa%% 03ufdr ?Eﬂ gm\ﬂ% £ GBI Ry 188e. AR S o drkiMefd6 it Depth IPand

capacitor ic Tayer I'n the Capacitor region 122. 17 The top

pl ate_ 120 i ef erably far b rmi n . | at: 18 over
Phe. capacriber i artsci e e srbet PRt i Nl RS oeerk iRy 10, b et e
| ayer 120 19 preferably using a resist and etch process. 9 1 The top plate
120A fr efldeehvr, tha bisger 5B phePeCRCGERNC700 and 1500 A

5 C. form a capacitor dielectric layer 118

6 As shown in figure 4, we form a capacitor dielectric layer 71 18 over the
7 first conductive layer 104. The capacitor dielectric layer 118 preferably has a thickness
8  between 100 and 1000 A and is preferably comprised of silicon oxide, silicon nitride,
9  silicon oxide-nitride, and tantalum oxide. The dielectric layer can be formed by plasma
10  enhanced chemical vapor deposition. The thickness of the dielectric Iayer depends on how
11  electrical dielectric strength required. A higher dielectric strength requires a thicker

12 dielectric layer.

13
14 D. form a top plate 120
15 Referring to figures S and 6, we form a top plate 120A over the

16  capacitor dielectric layer 118 in the capacitor region 122.
17 The top plate 120 is preferably formed by forming a top plate layer 120
18  over the capacitor dielectric layer 120. Then we mask and pattern the top plate layer 120

19  preferably using a resist and etch process.



2 and is preferably conprise of TiN, ~Cu, or Al alloy. 3 4 E pattern the
first conductive layer .in the first region to form- 5 conductive patterns
104L 6 Referring to figures 7 and 8, next we patterned the first conductive
layer 7 in the first region 124 to form conductive patterns 104L (e.g.,
metal lines or interconnects) 8 and a bottom plate 104B. First, as shown
in figure 7, we forma bottomnetal resist nask 9 128 over the first
conductive layer. The bottom netal resist mask 128 has openings 136 10 t hat
define the interconnect lines and patterns (e.g., N1 netal-interconnect

| ayer). As 11 shown in figure 8 we etch the first conductive |ayer using
the bottom netal resist mask 12 128 as an etch mask. This fornms to form
conduttive patterns 104dtopelaje 120vkpedferhblydss o thickigss ptterenftbend 15ehd a
bottom pl ate 104B. The mask is then renoved. 14 The enbodi nent's single

step of paAdiSHBfRdl BnpriseSI TENNDU riMallbgyer to 15 formline patterns
104L (after the etch trenches in the first conductive |layer) is inportant

16 begause the enbodi ment patterning step is nore accuracy and
manuf acturable. 17 A MM capacitor 121 is formed in the capacitor region
122. The MM 18 capacitor is conprised of : the top plate 120A, capacitor

di el egtr e 11%'and ,}a*}FerB%E%PsP lcg}:%ucahgre J]Qﬂ?p inzﬁlejﬁrst region to form

5 conductive patterns 104L

6 Referring to figures 7 and 8, next we patterned the first conductive layer
7  in the first region 124 to form conductive patterns 1041 {(e.g., metal lines or interconnects)
8  and a bottom plate 104B. First, as shown in figure 7, we form a bottom metal resist mask
9 128 over the first conductive layer. The bottom metal resist mask 128 has openings 136

10  that define the interconnect lines and patterns (e.g., N-1 metal-interconnect layer). As

11  shown in figure 8, we etch the first conductive layer using the bottom metal resist mask

12 128 as an etch mask. This forms to form conductive patterns 104L (e.g., metal lines or

13 . interconnects) and a bottom platé 104B. The mask is then removed.

14 The embodiment’s single step of patterning the first conductive layer to

15 form line patterns 104L (after the etch trenches in the first conductive layer) is important

16  because the embodiment patterning step is more accuracy and manufacturable.

17 A MIM capacitor 121 is formed in the capacitor region 122. The MIM

18  capacitor isrcomprised of : the top plate 120A, capacitor dielectric 118 and the bottom plate

19 104B.

20

10



1 F. forman interlevel dielectric layer 144 2 As shown in figure 9, we
forman interlevel dielectric |ayer 144 over the 3 first conductive |ayer.
The interlevel dielectric layer 144 is preferably formed of high 4 density
pl asma enhanced chenical vapor silicon oxide deposition conbined with
plasma 5 enhanced TECS (tetraethyl orthosilicate). The interlevel

“dielectric layer is preferably 6 planarized using chem cal - nechani cal

polishing (CWMP) process. 7 Preferably, the interlevel dielectric |layer 144
is used to insulate 8 between the adjacent netal |ayers 104L (n-1 |evel)

‘and 130 ((fig 10,) n-level metal). it 9 G forminterconnects 124A 124B

124C 130A 130B 130C to 10 contact the top plate 120, the bottom plate 104
and the 11 corfuct ifeempan irdenlevéDdielétriselayerd44or m i nt erconnects 124A 124B
124C 130A 130B 130C to 13 contact the top plate 120, the bottom plate 104

200 B sonduet] ve bt chas Ay T s SERRSHLEIaL RRIRLE b e R

124A TI30A contact the Capacito P’ p e

pl ate_i nterconnect 104B confact the capacitor botto ate 104B.. The 16
line Pnt ditdigopdutive 1@@5: bk V?‘Hﬁ"lé‘é)tﬁé] f\]f%i) ﬁé{rqtg];agg' ttj?ﬁﬁig"fi?glpr eferably
as shown in figure 10, we formvia contacts 124A 124B 18 124C in the
i nt er Bevalensitygptesma ¢nhaneedehemibal vapor silican pxidh depaspiopl cambinedovith plashot t om
plate 104 19 and the conductive patterns 104L.

5  enhanced TEOS (tetraethyl orthosilicate). The interlevel dielectric layer is preferably

6  planarized using chemical-mechanical polishing (CMP) process.
7 Preferably, the interlevel dielectric layer 144 is used to insulate

8  between the adjacent metal layers 104L (n-1 level) and 130 ((fig 10,) n-level metal).

9 G. form interconnects 124A 124B 124C 130A 130B 130C to
10 contact the top plate 120, the bottom plate 104 and the
11 conductive patterns 104L
12 Next we form interconnects 124A 124B 124C 130A 130B 130C to

13 contact the top plate 120, the bottom plate 104 and the conductive patterns 104L. The

14 capacitor top plate interconnects 124A 130A contact the capacitor top plate 120. The

15  capacitor bottom plate interconnect 104B contact the capacitor bottom plate 104B. The

16  line interconnects 130C contact the conductive patterns 104L.

17 Preferably as shown in figure 10, we form via contacts 124A. 124B

18  124C in the interlevel dielectric layer 144 to contact the top plate 120, the bottom plate 104

19  and the conductive patterns 104L..

11




11 1 Next we forma second conductive |ayer 120A 130B 130C over the 2
interlevel dielectric |ayer 144 and the via contacts 124A 124B 124C. The
second 3 conductive layer is preferably the n |l evel conductive wiring |ayer
or nlevel interconnect. 4 5 It is possible to use other interconnect
process to contact the top plate 6 120, the bottom plate 104 and the
conductive patterns 104L. 7 8 9 H benefits 10 Enbodi nents of the
invention provide a process of formng a three 11 dinensional MM
capacitor with increased capacitance. The enbodi nent has a |lower 12
“coupling noi se between the MM and the substrate. 13 The enbodi nents of the
i nvention provide a three dinensional MM 14 capacitor which can
effectively upgrade ttiwat Remal deatnddondaétbgriateed2eAr1d0BISOCKEer the

| mportantly, the enbodinents pattern the wiring |ayer in separate 17

subs fg!leﬂﬂ‘t?rﬁe&apﬁleiéaﬁrg& 1&2& 1Q4CohdS HRPSialcBnkek M4 A aneBas4CnThdisechad t om pl at e.

Spec ention does not etch the (bottom plate) trenches
in the flrst |on 124 n.t he bo e
capaci t oForidé‘ﬁtr‘ ayey 3 Bﬁﬁgg}hﬁg iy B b i&g 8] 813“2“’ %I/{ ﬁﬁ%%?gqg‘%l fntétobihet)

4

5 It is possible to use other interconnect process to contact the top plate

6 120, the bottom plate 104 and the conductive patterns 104L.

7
8
9 H. benefits

10 Embodiments of the invention provide a process of forming a three

11  dimensional MIM capacitor with increased capacitance. The embodiment has a lower

12 coupling noise between the MIM and the substrate.

13 The embodiments of the invention provide a three dimensional MIM

14  capacitor which can effectively upgrade the integration of integrated circuits.

15

16 Importantly, the embodiments pattern the wiring layer in separate

17  subsequent steps than the etch steps to form trenches in the bottom plate. Specifically, the
18  invention does not etch the (bottom plate) trenches in the first region 124 when the bottom

19  plate trenches 114 in the capacitor region 122 are etched. See figure 3A. Thisis an

12



12 1 significant advantage because the enbodinent's single etch process to
pattern the lines 104 2 L (Fig 8) is nore precise, sinpler and nore

manuf acturability than a doubl e etch process. 3 The bottom i nterconnects
104L in non-M M area 124 are not affected 4 by MMtrench 114 patterning
and etch process (See figures 2 and 3A). 5 6 7 In the above description
numer ous specific details are set forth such as 8 thicknesses, etc., in
order to provide a nore thorough understanding of the present 9 invention.
It will be obvious, however, to one skilled in the art that the present
invention 10 may be practiced without these details. In other instances,
wel I known process have not 11 been described in detail in order to not
unneces s aighificantsicartegd eamedbeanbodinent' s gngle bchipiro¢essphpattersthedinent ¢on has
been described relative to specific 13 insulating materials, conductive

mat erp al §, @RES)APRRAEHHERS, diflplef @RDSbEd MgmaERduabLity hgntliesble clech pratess.i al s,
it isnot limted to the specific naterials or apparatuses but only to

theirgspecific 15 CHALARKELI fldComeddq B inEoANINTAL.AN04 ReReaFREaR! . and

capabilities, such as positing and etching, and other nmaterials and

b [ d [ | | d b h Killed i
he-nfor BENEM FERTLLI Lpareraes 81 ST PRErs PRESHE DPBLAAL | nventi on 18 10

Wi | est he invention has been particularly shown and described with

7 In the above description numerous specific details are set forth such as
8 thicknesses, etc., in order to provide a more thorough understanding of the present
9  invention. It will be obvious, however, to one skilled in the art that the present invention
10  may be practiced without these details. In other instances, well known process have not
11  been described in detail in order to not unnecessarily obscure the present mvenﬁon.
12 : Although this invention has been described relative to specific
13 insulating materials, conductive materials and apparatuses for depositing and etching these
14  materials, it is not limited to the specific materials or apparatuses but only to their specific
15 characteristics, such as conformal and nonconformal, and capabilitie-s, such as depositing
16  and etching, and other materials and apparatus can be substituted as is well understood by
17  those skilled inthe microelectronics arts aﬂer appreciating the present invention
18
19 While the invention hé.s been particularly shown and described with
20  reference to the preferred embodiments thereof, it will be understood by those skilled in

21  the art that various changes in form and details may be made without departing from the
13



20 reference to the preferred enbodi nents thereof, it will be understood by
those skilled in 21 the art that various changes in formand details may
be made without departing fromthe 13 1 spirit and scope of the invention.
It is intended to cover various nodifications and simlar 2 arrangenments
and procedures, and the scope of the appended cl ains therefore should be 3
accorded the broadest interpretation so as to enconpass all such

nodi fications and simlar 4 arrangenents and procedures. 5 14 What is
claimed is: 1 A nmethod of fabrication of a capacitor conprising the steps
~of: a) providing a sem conductor structure having a first region and a
capacitor region; b) formng a first conductive |ayer over said

sem cpndugitioandidope bEMhe invehtip@t It &F mteided & cbvet valous andiifidativas drmlsdmilivo f or m
a plurality of trenches only in said capacitor region and not formng

trenches yhhh, 3 ﬁtsfe{nHZ)trcl)Jeﬁﬂfeglrbnd ‘i'l%eﬁc%?%f‘@m%gﬁé}ﬂ@& clafths HleRlSelshbfid bayer over

said tirst conductiv ayer; é) ng a top plate over said capacitor
dielegtric | in the. it Lon; f tirernn al i I
condutt | eordyidhe bReaaf iEPRE Pl T v ety AR R featBhadd i

4  arrangements and procedures.

5
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conductive patterns and a bottomplate; g) formng an interlevel dielectric
| ayer over said first conductive layer. 2. The nethod of claim 1l which
further includes formng interconnects to electrically contact said top

pl ate, said bottomplate and said first conductive patterns. 3. The mnet hod
of claiml which further includes: said first conductive pattern conprise a
n-1 level wiring layer; formng via contacts in said interlevel dielectric
| ayer to contact said top plate, said bottomplate and said first
conductive patterns; formng a second conductive line contacting said via
contacts. 15 4. The nmethod of claim1 which further includes: formng via
contacts in said interlevel dielectric layerto contact said top plate,
said bottomplate and said first conductive patterns; form ng second
conductive | ayer contacting said via contacts; said second conductive

| ayer i s awhdtev@ahinetal |ayer; said first conductive patterns conprise a

n-1 level metal layer. 5. The nmethod of claim1 wherein said first
conductive ] ayemn jeh6@BPfabseMioRlor Abapalitor co%risi?g't'}?e@egébkpys of A, Ti, Ta,
or Cu; and has a thickness in the range of "between 3000 and 10,000 A. 6.

The method of claim 1 wheriein  SahfoRbMA I hal g G TS BRA 10 a

pattern of

capacitor region;
b) forming a first conductive layer over said semiconductor structure;
c) patterning said first conductive layer to form a plurality of trenches only

in said capacitor region and not forming trenches in said first region;

d) forming a capacitor dielectric layer over said first conductive layer;

€) forming a top plate over said capacitor dielectric layer in the capacitor
region;

) patterning said first conductive layer in said first region to form first

conductive patterns and a bottom plate;

g) forming an interlevel dielectric layer over said first conductive layer.

2. The method of claim 1 which further includes forming interconnects to electrically
contact said top plate, said bottom plate and said first conductive patterns.
3. The method of claim | which further includes:
said first conductive pattern comprise a n-1 level wiring layer;
forming via contacts in said interlevel dielectric layer to contact said top
plate, said bottom plate and said first conductive patterns;

forming a second conductive line contacting said via contacts.
I5



rows and colums. 7. The nethod of claim1 wherein said trenches extend
down into the conductive |ayer between 24 % and 84 % of the thickness of
said first conductive layer. 8. The nethod of claim|l wherein step (c)
further conprises: formng a trench resist |ayer over said first conductive
| ayer; said trench resist |ayer only has openings that define areas where
trenches will be fornmed in first conductive layer in said capacitor area,;
patterning said first conductive layer to forma plurality of trenches
only in said capacitor region; renoving said trench resist layer. 16 9.
The nethod of claim|l wherein said capacitor dielectric |ayer has a

t hi ckness between 100 and 1000 A and is conprised of a material selected
fromthe group consisting of silicon oxide, silicon nitride, silicon
oxide-nitride, and tantalum oxide. 10. The nethod of claim 1l wherein said

top plate is formeediyod dTcMHing whit® Birkaiheludéayer over said capacitor
dielectric layer; and nmasking and patterning said top plate l|ayer. 11. The

method of claim1 wher ek&nﬁfﬁgfev?r e$ﬁtaéty{nt§aﬁ1r,nfe9@m Hﬁs‘}"e%tncf Q%éﬁo%néclbs%(f om

metal resist mask over the st conductive | ayer; ottom netal resist

mask has top plate, said bottom plate and said first conductive patterns;

forming second conductive layer contacting said via contacts; said
second conductive layer 1s a n level metal layer; said first conductive patterns comprise a
n-1 level metal layer.

5. The method of claim 1 wherein said first conductive layer is comprised of Al, Ti,
Ta, Cu and alloys of Al, Ti, Ta, or Cu; and has a thickness in the range of
between 3000 and 10,000 A.

6. The method of claim 1 wherein said plurality of trenches formed in a pattern of
rows and columns..

7. The method of claim 1 wherein said trenches extend down into the conductive
layer between 24 % and 84 % of the thickness of said first conductive layer.

- 8. The method of claim 1 wherein step (¢) further comprises:
forming a trench resist layer over said first conductive layer; said trench resist
layer only has openings that define areas where trenches will be formed in first
conductive layer in said capacitor area;
patterning said first conductive layer to form a plurality of trenches
only 1n said capacitor region;

removing said trench resist layer.

16



openi ngs that define the interconnect lines; patterning said first
conductive layer in said first region to formfirst conductive patterns
and a bottom plate; renoving said bottomnetal resist nask. 12. The net hod
of claim1l wherein said interlevel dielectric layer is conprised of oxide
formed using a high density plasma enhanced chem cal vapor silicon oxide
deposition conbined with plasma enhanced tetraethyl orthosilicate; and
interlevel dielectric layer is preferably planarized using a

chem cal - mechani cal polish process. 17 13. A nethod of fabrication of a
capacitor conprising the steps of: a) providing a sem conductor structure
having a first region and a capacitor region; b) formng a first
conductive |l ayer over said sem conductor structure; c¢) formng a trench
resist |ayer over said first conductive |ayer; said trench resist |ayer

has openi ngs. t hathedgfthdieofai@as WRLER siill eabrs dbikdiribRiyed 10k BB clofesd | r st
conductive layer only in said capacitor area; then d) patterning said first

conductive | ayerdeRyden i dadd 1084 4n4 iQEorﬁﬁﬁ‘s@& RES mafkriaPt3a %%@&th or
region; then (1) said trenches extend down into the conductive |ayer

0 . oye . - _ - . _
bet ween 24 % anQ:onsmtmg of silicon oxide, silicon nitride, silicon oxide-nitride, and tantalum

oxide.

10.  The method of claim | wherein said top plate is formed by forming a top plate
layer over said capacitor dielectric Jayer; and masking and patterning said top plate
layer.

11. The method of claim 1 wherein step (f) further comprises: forming a bottom metal
resist mask over the first conductive layer; the bottom metal resist mask has
openings that define the interconnect lines;

patterning said first conductive layer in said first region to form first
conductive patterns and a bottom plate;

removing said bottom metal resist mask.

12, The method of claim 1 wherein said interlevel dielectric layer 1s comprised of
oxide formed using a high density plasma enhanced chemical vapor silicon oxide
deposition combined with plasma enhanced tetraethyl orthosilicate; and interlevel
dielectric layer is preferably planarized using a chemical-mechanical polish

process.

17



84 % of the thickness of said first conductive | ayer; e) renoving said

trench resist layer; then f) formng a capacitor dielectric |ayer over said
first conductive layer; then g) formng a top plate over said capacitor
dielectric layer in the capacitor region; said top plate is formed by
formng a top plate | ayer over said capacitor dielectric |layer; and
maski ng and patterning said top plate layer; then h) patterning said first
conductive layer in said first region to formfirst conductive patterns
and a bottomplate; said first conductive patterns conprise a n-1 |eve
netal layer; 18 i) formng an interlevel dielectric |layer over said first
conductive layer and said top plate; j) formng via contacts in said
interlevel dielectric layer to contact said top plate, said bottomplate
and said first conductive patterns; k) form ng second conductive | ayer

contacting sai d Avindh6@ bt AbLiSatioR F 6 capueR@dnpasdEald ¥@sbayer is a n level
netal |ayer. 14. The nethod of claim 13 wherein said first conductive |ayer

thi ckness 1 n ¢h 1 ange TSP OBeEAEERuh Ry s gl RSl 20 e @
capacitor region;
b) forming a first conductive layer over said semiconductor structure;
c) forming a trench resist layer over said first conductive layer; said
trench resist layer has openings that define areas where trenches will be
formed in first conductive layer only in said capacitor area; then

d) patterning said first conductive layerto form a plurality of trenches in

only said capacitor region; then

(1) said trenches extend down into the conductive layer between 24 % and

84 % of the thickness of said first conductive layer;

e) removing said trench resist layer; then

H forming a capacitor dielectric layer over said first conductive layer;
then

g). forming a top plate over said capacitor dielectric layer in the capacitor

region; said top plate is formed by forming a top plate layer over said

capacitor dielectric layer; and masking and patterning said top plate layer; then
h) patterning said first conductive layer in said first regton to form first

conductive patterns and a bottom plate; said first conductive patterns

comprise a n-1 level metal layer;

18



15. The method of claim 13 wherein said plurality of trenches forned in a
pattern of rows and columms. 16. The nethod of claim 13 wherein said top
plate is formed by formng a top plate |ayer over said capacitor
dielectric layer; and masking and patterning said top plate layer. 17. The

met hod of claim 13 wherein step (h) further conprises:

formng a bottom

nmetal resist mask over the first conductive |ayer; the bottom netal resist
mask has openings only in said first region that define the interconnect
| i nes; patterning said first conductive layer in said first region to form
first conductive patterns and a bottom plate; renoving said bottom netal

resi st nmsk. 19

1) forming an interlevel dielectric layer over said first conductive layer

and said top plate;

1) forming via contacts in said interlevel dielectric layer to contact said

top plate, said bottom plate and said first conductive patterns;

k) forming second conductive layer contacting said via contacts; said

second conductive layer is a n level metal layer.

14.  The method of claim 13 wherein said first conductive layer is comprised of Al, Ti,

Ta, Cu and alloys of Al, Ti, Ta, or Cu; and has a thickness in the range of

between 3000 and 10,000 A.

15.  The method of claim 13 wherein said plurality of trenches formed in a pattern of

rows and columns.

16.  The method of claim 13 wherein said top plate is formed by forming a top plate

layer over said capacitor dielectric layer; and masking and patterning said top plate

layer.

17.  The method of claim 13 wherein step (h) further comprises: forming a bottom

metal resist mask over the first conductive layer; the bottom metal resist mask has

openings only in said first region that define the interconnect lines;

patterning said first conductive layer in said first region to form first

conductive patterns and a bottom plate;
removing said bottom metal resist mask.
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