. FORMATI ON OF A CAPACI TOR USI NG A SACRI FI CI AL ETCH STCP C(80()%’9—— “
BACKGROUND OF THE | NVENTI ON (1) Field of the Invention The "
invention relates to processes for the manufacture of seni condwﬂ)g_ LOF%
devices and nore particularly to processes for form ng capacitors. (@)
Description of prior art Except for nenory applications

fabricated capacitors find limted usage in the

very-|l arge-scal e-integrated(VLSI) circuits. Dynam c-randon access-

menori es(DRAMs) utilize fabricated capacitors as storage devices in huge
cell arrays, each cell containing a single capacitor. The fabrication of
these capacitors require nultiple additlonal processi ng steps such as
descri bed, for T

FORMATION OF A CAPACITOR USING A SACRIFICIAL ETCH STOP

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to processes for the manufacture of semiconductor

devices and more particularly to processes for forming capacitors.
(2) Description of prior art

Except ‘for memory applications fabricated capacitors find limited usage in
the very-large-scale-integrated(VLSI) circuits. Dynamic-random-access-
memories(DRAMS) utilize fabricated capacitorg as storage devices in huge cell
arrays, each cell cohtaining a single capacitor. The fabrication of these

capacitors require multiple additional processing steps such as described, for



-2- exanpl e, by GChi US5,523,596. Static-random access-nmenori es( SRAMs)
and many logic circuits have linmted usage of fabricated capacitors.
Fabricated capacitors may be found in certain frequency sensitive |logic
circuit devices such as nultivibrators. They are used extensively in
analog circuits found in nmultinmedia and nodem chi ps. Dobuzi nsky
US5, 455, 204 describes a nethod of formng a finned capacitor having an
oxynitride dielectric. The device is fornmed at high tenperatures
(1100[err]C) and is not conpatible Wi th“formati on on an integrated circuit
chi p. Agarwal US5, 510,630 fornms the storage capacitor for a
menory device by utilizing the gate polysilicon for one plate and an

al um num deposition to form both the bit line and the other plate. Contact

openings for the bit_ |line are maski ng the capacitor dielectric
| ayer anekABRl&ISN Uﬁf’-ﬁ%5ﬂ§t §tat'¢@d%F@§§§§s'ﬂmorh%Q(W§) #Mdnari zed

inter-level-dielectric(lLD) process.

many logic circuits have limited usage of fabncated capacitors. Fabricated
capacitors may be found in certain frequency sensitive logic circuit devices such
as multivibrators. They are used extensively in analog circuits found in

muitimedia and modem chips.

Dobuzinsky US5,455,204 describes a method of forming a finned
- capacitor having an oxynitride dielectric. The device is formed at high
temperatures (1100°C) and is not compatible with formation on an integrated

circuit chip.

Agarwal US5,510,630 forms the storage capacitor for a memory device
by utilizing the gate pélysilicon for one plate and aﬁ aluminum deposition to form
both the bit line and the other plate. Contact openings for the bit line are made
.by masking the capééitor dielectric layer an then debositing the metal. The

process does not use a planarized inter-level-dielectric(ILD) process.



- 3 - _ SUWMARY OF THE | NVENTI ON It is
an-obj€éct of this invention to provide a nethod for form ng custom
capacitors in logic circuits or, nore generally, in integrated circuits not
domrnated by cell arrays wherein capacitor fabrication alone requires
mul ti ple processing steps. Capacitor fabrication by the nmethod of this

I nvention requires only a single additional nasking |l evel and two
addi ti onal deposition steps for each capacitor level. Al other processing
steps used to fornrithe capacitor, 'é%dépt for a dip etch, are concurrent
with the formation of the interconnection wring |evels of the integrated
circuit. Thi's object is acconplished by first patterning the

| ower plate of the <capacitor in a conductive |ayer, for exanple the gate
polysilicon layer. Typically this lower plate would be fornmed over a

regi on of field oxide. The SUMMARY ORITHEINVENTIONoi cally silicon oxide,
I's then deposited. A sacrificial layer of silicon

It is an object of this invention to provide a method for forming custom
capacitors in logic circuits dr, more genérally, in integrated circuité not
dominated by cell arrays wherein capacitor fabrication alone requires multiple
processing steps. Capacitor fabrication by the method of this invention requires
only a single additional masking level and two additional deposition steps for

. each capacitor level. All other processing steps used to form the capacitor,

except for a dip etch, are concurrent with the formation of the interconnection

wiring levels of the integrated circuit.

_ This object is accomplished by first patterning the lower plate of the
capacitor in a conductive layer, for example the gate polysilicon layer. Typically
this lower plate would be formed over a region of field oxide. The qapacitor
dielectric, typica_lly silicon oxide, is then deposited. A sacrificial layef of sillicon

oxynitride is deposited over the dielectric layer. A photoresist mask is then



.oxyhitpide i s deposited over the dielectric layer. A photoresi st mask is

théen °~ - . _ : - 4 - . deposited and
patterned to protect the silicon oxynitride tayer over the region where
the capacitor is to be forned. After etching of the silicon

oxyinitride | ayer and renoval of the photoresist, the ILD layer is
deposited and pl anari zed. Contact openings are then formed including a
contact for the upper plate of the capacitor. The silicon oxynitride |ayer
in over the capacitor dielectric serves® as an etch-stop, protecting the
capacitor dielectric fromthe contact etch. The sacrificial silicon
oxynitride layer 1is then renoved fromthe tapacitor opening, exposing the
dielectric layer. Subsequently deposited conductive plugs formthe
conventional contacts plus the upper plate of the capacitor. .

The ext r alepasited s pattesned ée prataet kel silicon oxyhitride; layercovar thespgios not
considered a critical mask with regard to alignnent. Such a mask is

382?1}[ Ingegvégrree];tﬁrgrcea%atcﬁorai%tg b%lfgﬁlﬁé&ut mask. The di nensi ons of the contact

After etching of the silicon oxyinitride layer and removal of the photoresist, .
the ILb layer is deposited and planarized. Contact openings are then formed
including a contact for the upper plate of the capacitor. The silicon oxynitride
layer in over the capacitor dielectric serves as an etch-stop, protecting the
. capacitor dielectric from the contact etch. The sacrificial silicon oxynitride layer
is then removed from the capacitor obening, exposing the dielectric layer.
Subsequently deposited conductive plugs form the conventional contacts plus

the upper plate of the capacitor.

The extra mask used to prdtect the silicon oxynitride etch stop is not
considered a critical mask with regard to alignment. Such a mask is sometimes
referred to as a block-out mask. The dimensions of the contact opening over the

capacitor determine the area of the upper plate of the capacitor.



capacitor deternine the area of the upper plate of the capacitor.

- 5- 7 Ext ensi on of the concepts of this invention pernit the
formation of capacitors between any two successive nmetallization levels.’
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 through Fig. 6 are wafer
cross sections showi ng the processing steps used to forma first

enbodi nent of this invention. Fig. 7 through Fig. 10 are wafer
cross sections showi ng the processing  steps used to forma second

enbodi nent of this invention. 5 - Fig. 11 is a wafer cross sections

il lustrating a third enbodi nent of this

Extension of the concepts of this invention permit the formation of
capacitors between any two successive metallization levels.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 through Fig. 6 are wafer cross sections showing the processing

steps used to form a first embodiment of this invention.

Fig. 7 through Fig. 10 are wafer cross sections showing the processing .

steps used to form a second embodiment of this invention.

Fig. 11 is a wafer cross sections illustrating a third embodiment of this

invention.



.invention. - 6 -

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In a first enbodi nent of
this invention a capacitor is fabricated over a field oxide region having
its electrode plates formed froma polysilicon |ayer which also forms
MOSFET gates. A p-type silicon wafer is provided and field oxide regions
are formed using well known techni ques such as the |ocal -oxidation-of -
silicon(LOCOS). . . The reader is referred to the cross section
shown in Fig. 1. In the region 6 of thegnafer 10, a self-aligned

pol ysilicon gate MOSFET is to be fornmed, while in region 8, another area
of the IC chip, a capacitor will be fabricated over the field oxide 12. A
gate .insulator 14 of silicon oxide is grown by thermal oxidation and a

| ayer of polysilicon is deposited b ressure-chem cal - vapor -

|
deposi ti on( LPCvD) BESGRIFTION.QFTH ﬁ&gm%mﬁpﬂlmﬁhi ¢ nethods and

In a first embbdiment of this invention a cépacitor is fabricated over a field ‘
oxide region having its electrode plates formed from a polysilicon layer which |
also forms MOSFET gates. A p-type silicon wafer is provided and field oxide
regions are formed using well known technfques such as the local-exidation-of-

silicon(LOCOS).

The reader is referred to the cross section shown in Fig. 1. In the region 6
of the wafer 10, a self—alig_ned polysilicon gate MOSFET is to be formed, while in
region 8, another area of the IC chip, a capacitor will be fabricated over the field
oxide 12. A gate insulator 14 of silicon oxide is grown by thermal oxidation and
a layer of polysilicon is deposited by low-pressure-chemical-vapor-
deposition(LPCVD) and pattérned by well known photolithographic _methods and

| reactive-ion-etch_innglE) to form the MOSFET gate electrode 16A and the first

electrode 16B of the capacitor.



reactive-ion-etching(RIE) to formthe MOSFET gate el ectrode 16A and the
first ‘electrode 16B of the capacitor. '

- 7 - Si dewal | structures 18 are forned by a sequence of
processi ng steps which include two ion-inplants to formthe

| i ghtly-doped-drain(LDD) doping profile 20 of the MOSFET.

Referring next to Fig. 2, a layer of dielectric material 22, for exanple
silicon oxide, is deposited over the wafer using LPCVD. The thickness of
this layer is determ ned by the designyspecifications of the capacitor and
is typically between about 250 and 750 A thick. This layer is foll owed by
a second |l ayer 24, also deposited by LPCVD, of silicon oxynitride
(Sierr]Nerr]). The Sierr]Nerr] is deposited wusing silane and nitrous
oxide at a tenperature of between about 325[err]C and 375[err]C. The
Sigerr]Nerr] Srewallistrupturesct8 atecformedby=mdegoence ohprocessing steps ,
Phot oresi st 26 is deposited over the wafer and patterned with a mask which
defines the capacitor dielectric. The SiQerr]Nerr] layer 24 is then

et ched by which include two ion-implants to form the lightly-doped-drain{LDD) doping

profile 20 of the MOSFET.

Referring next to Fig. 2, a layer of dielectric material 22, for example
silicon oxide, is deposited over the wafer using LPCVD. The thickness of this
layer is determined by the desig_n specifications of the capacitor and is typically

- between about 250 and 750 A thick. This layer is followed by a second layer 24,
also deposited by LPCVD, of silicon oxynitride (SiO,N,,. The SiO,N, is deposited
using silane and nitrous oxide ata temperaturé of between about 325°C and

375°C. The SiON, layer is between about 100 and 600 A thick.

Photoresist 26 is deposited over the wafer and patterned with a mask

which defines the capacitor dielectric. The SiO,N, layer 24 is then etched by RIE

3

using a mixture of SFs, HBr, and He. The silicon oxide layer 22 need not be

e"cched away since it becomes the base for the subsequently deposited inter-



~using a mxture of SF[err], HBr, and He. The silicon oxide |ayer 22 need
not be’ etched away since it becones the base for the subsequently
deposited inter- ’ ' _ - 8 -

| evel -dielectric(ILD) |ayer. ~ Referring nowto Fig. 3, the
photoresist 26 is stripped, preferably by plasma ashing, and the ILD | ayer
28 conprising, for exanple a borophosphosilicate glass(BPSG, is deposited
usi ng LPCVD. The surface of the ILD layer 28 is then planarized, for
exanpl e, by chem cal -mechani cal - polisi8iaAg(CVWP) or sinply by thermally
flow ng the gl ass. A |l ayer of photoresist 30 is applied and
patterned to define the device contact openings 32 as well as the opening
34 which is to contain a netal plug which fornms the second el ectrode of

t he capacitor. The contact etch is perfornmed using RIE. A

pr-ef er r edeegledielctrig(ILdD) layer.

Referring now to Fig. 3, the photoresist 26 is stripped, preferably by
plasma ashing, and the ILD layer 28 comprising, for example a
borophosphosilicate glass(BPSG), is deposited using.-LPCVD. Thg surface of
the ILD layer 28 is then planarized, for example, by chemical-mechanical-

polishing(CMP) or simply by thermally flowing the glass.

A layer of photoresist 30 is applied and patterned to define the device
contact openings 32 as well as the opening 34 which is to contain a metal plug

which forms the second electrode of the capacitor.

The contact etch is performed using RIE. A preferred etchant which
provides a sufficient selectivity for silicate glasses is CHF; and C,F¢ in helium
although other combinations of fluorocarbons may be used. The CHF/C,F¢ /He

composition provides a selectivity of SiO2 over SiO,N, of about 12:1.



provides a sufficient selectivity for silicate glasses is CHF[err] and
Cerr]Flerr] in helium although other conbinations of fluorocarbons may be
used. The CHF[err]/Clerr]F[err]/He conposition provides a selectivity of
S|C{err] over SiJerr]Nerr] of about 12:1.

Fig. 4 shows the resultant cross section after the
photoreS|st has been stripped. The device contact openings 32 to the
active regions in the silicon 20 and to the polysilicon gate 16A have been
conpl eted. However, the SiJerr]Nerrp -layer 24 in the capacitor opening
34 has protected the capacitor dielectric layer 22 beneath it fromthe
et chant . The sel ection of the conposition of the SiJerr]Nerr]
| ayer 24 depends upon the durability requirenments of the |layer as an etch
stop, specifically, upon the degree and tolerance of over etching required
of the ILD | ayeFid. d sivaw theprespitantgress sgctiart afier theophictotesistAmsdigerbe seen

in Fig. 4, when surface planarization is used, the depths of the contact
openi ngs vary. Thus over-etching of the shal | ower contacts is required in
order to oskippetdeTHe eleviceccortactidpeningss2 ko the attivewegionshinsthersilicon29 24 is
t hus dependent upon the anmount of over-etching required. This is

and to the polysilicon gate 16A have been completed. However, the SION,

layer 24 in the capacitor opening 34 has protected the capacitor dielectric layer

22 beneath it from the etchant.

The selection of the composition of the SiO,N, layer 24 depends upon the
durability requirements of the layer as an etch stop, specifically, upon the degree
and tolerance of over etching required of the ILD layer to assure proper opening

- of all contacts. As can be seen in Fig. 4, when surface planarizatfon is used, the
depthé of the contact openings vary. Thus over-etching of the shallower contacts
is required in order to open the deeper ones. The durability of the etch-stop
layér-24 is thus dependent upon the amount of over-etching required. 'fhis is
regulated by the thicknéss of the layer and its composition. The rule to be
followed is to chose a composition and {hickness which will provide adequate

but not excessive over-etch tolerance. This is to facilitate the subsequent



regul ated by the thickness of the |ayer and its conposition. The r.uI e to be

followed is to chose a conposition and thickness: which will provide
adequate but not excessive over-etch tolerance. This is to facilitate the
subsequent - - 10 - r emoval
of the layer 24 prior to the deposition of the contact plug. The

wafer is then dipped into hot 85% phosphoric acid to renove the
Siderr]Nerr] 24 fromthe base of the capacitor opening 34. Care nust be
exercised here to avoid over-etchingp Alternately, the SiJerr]Nerr] my
be renoved with RIE using a SF[err]/He/ HBr chem stry.

Procedures, well known to those in the art, are then used to form
conductive contact plugs in the openings 32 and 34. Such contact plugs
typically enploy a contact/glue layer conprising Ti/TiNor Ti/TiwWto |line
t he openiregoval of thenageb24 phior de tresdepaosition of P@ontacpplugn. After the |
tungsten is deposited a blanket R E etchback is prefornmed to renove the
tungsten over the surface

The wafer is then dipped into hot 85% phospharic acid to remove the
SiO,N, 24 from the base of the capacitor opening 34. Care must be exercised
. here to avoid over-etching. Alternately, the SiO,N, may be removed with RIE

using a SFg/He/HBr chemistry.

Procedures, well known to those in the art, are then used to form
conductive contact plugs in the openings 32 and 34. Such contact plugs typically
employ a contact/glue layer comprising Ti/TiN or Ti/TiW to line the'opening, |

' followed by the deposition of LPCVD tungsten. After the tungsten is deposited a
blanket RIE etchback is preformed to remove the tungsten over the surface
leaving the isolated tungsten plugé 36,38 as shown in Fig. 5. The tungsten fills
the smaller contact plug openings 36. However, depending dpon the size of the

opening required for the capacitor plate 38, a depression 39 may occur.



| eaving the isolated tungsten plugs 36,38 as shown in Fig. 5. The tungsten
fitls ‘the snmal | er contact plug openings 36. However, depending upon the
size of the "opening reqU|red for the capacitor plate 38, a depression 39
may occur. Referring next to Fig.” 6, a netal layer 40,
42, for exanmple conprising alum numor copper or an alloy thereof is
deposited over the wafer and patterned by well known photolithographic and
etching techniques to forma first |layer of nmetal wiring. The capacitor 34
is now conplete. Its first termnal, ~the - polysilicon land 16B, is
connected into the wring circuit via a tungsten plug, conparable to the
MOSFET gate el ectrode 33, |ocated el sewhere, for exanple in an area above
or behind the plane of the page The second termnal 38 is connected by

the netal |and 42. In a second enbodi ment, a capacitor is
construct ed hasefesing sesktortignBda metabipyabda, 42,468 prample eompEsing
netallization. Referring to Fig. 7, the formation of the capacitor beglns

ik SSaSEOF o oy Eee] B4 sHhed et g g > o™
patterned by well known photolithographic and etching techniques to form a first '
layer of metal wiring. The capacitor 34 is now complete. Its first terfninal, the
polysilicon land 16B, is connected into the wiring circuit via a tungsten plug,
comparable to the MOSFET gate electrode 33, located elsewhere, for example
in an area above or behind the plane of the page. The second terminal 38 is

~ * connected by the metal land 42.

In a second embodiment, a capacitor is constructed having blates formed
from two successive layers of metallization. Referring to Fig. 7, the formation of
the ca‘pacitor begins with é p-type silicon wafer 10. Semiconductor devices 6
have been formed within its surface and a first ILD layer 28, for example BPSG,
has been deposited. After planarization of the ILD layer 28 by, for example CMP,
contact plugs 36 connecting to the active areas 20 of the semiconductor devices

are formed and a first metallization layer 40 is formed and patterned to provide



.has been deposited. After planarization of the ILD |ayer 28 by, for exanple
CwP, contact plugs 36 connecting to the active areas 20 ‘of the

sem tonductor devices are forned and a first netallization layer 40 is
formed and patterned to provide

- 12 - conductive circuit paths to the contacts 36. In the region 8 the
netallization layer is patterned to formthe |ower conductive plate
connecti on 44 of the capacitor. A layer of dielectric materia

46, for exanple silicon oxide, is deposzted over the wafer 10 using LPCVD.
The thickness of this layer is determ ned solely by the design
specifications of the capacitor and is typically between about 250 and
750A thick. This layer is followed by a silicon oxynitride Sigerr]Nerr]

| ayer 48, also deposited by LPCVD. The SiJerr]N err] is deposited using
si | ane andconduative cirouitdaths toatheccgrdacts 36 Inthereagior 8 thednetagmgien lgyerand
375[err]C. The SiJerr]Nerr] layer is between about 100 and 600A t hi ck.
Photoresi st is deposited and patterned over the wafer to formthe nmask 50

whi ch pr ot iscRatterned & fgrar theNpwer condyetivesplats senneionAt ot the eapacios 44,
The Sigerr]Nerr] _
A layer of dielectric material 46, for example silicon oxide, Iis deposited
over the wafer 10 using LPCVD. The thickness of this layer is determined solely
by the design specifications of the capacitor and is typically between about 250
and 750A thick. This layer is fqllowed by a silicon oxynitride SiO,N, layer 48,

- * also deposited by LPCVD. The SiO,N, is deposited usihg silane and nitrous

oxide at a temperature of between about 325°C and 375°C. The SiO,N, layer

is between about 100 and 600A thick.

Photoresist is deposited and patterned over the wafer to form the mask
50 which protects the SiO,N, layer 48 over the conductive plate 44. The SIO\N,

layer 48 elsewhere is then removed by RIE using CHF; and C,F; in helium.



.Iayer 48 el sewhere is then rermved by R E using CHF[err] and C[err]F[err]

I n-hel irfum

Referring nowto Fig. 8, the residual Sigerr]Nerr] |ayer 48 |s shovvn over
the " capacitor dielectric 46. A second ILD |ayer 52, for exanple BPSG is
deposited Oover the wafer 10 and pl anarized, for exanple by CWP. A

phot oresi st layer 54 is, deposited and patterned for the first |evel of
via openings 58 to.the netallization |evel 40. An opening 60 is al so
patterned over. the capacitor. A unidirecgi-onal etch, for exanple RIE is
t-hen used to create the openings 58 and 60 as showmn in Fig. 9. The
preferred etchant is CHF3 and C2F6 in helium As illustrated in Fig. 9,

the SiJerr]Nlerr] 48 protects the capacitor dielectric 46 in the opening -
60 fromthe R E, while subjacent netal 40 in the via opening 58 is
exposed. Renov eﬂefemngmoww Bigr8.]the cesifiuabSiO.biylayes 48dsshown overdhpaci t.or
opening 60. is acconplished by RIE wusing a SF[err]/He/ HBr chem stry.
Procedures wel| known to those in the art are then used to form conductive
contact plaagaciter dintechirAbndsserprshiislayesndnfor sxaeple BRRS2, isdanositedy

enpl oy a contact/glue layer conprising Ti/TiNor Ti/TiWto line the

over the wafer 10 and planarized, for example by CMP. A photoresist layer 54 |s
depcsited and patterned for the first level of via openings 58 to thé metallization
level 40. An opening 60 is also patterned over the capacitor. A unidirectiénal
etch, for example RIE is then used to create the openings 58 and 60 as shown in
Fig. 9. The preferred etchant is ’CHF3 and C,Fg in helium. As illustrated in Fig. 9,

" the SiOxNy 48 protects the capacitor dielectric 46 in the opgning 60 from the
RIE, while subjacent metal 40 in the via opening 58 is exposed. Removal of the_
SiO,N, 48 from the base of the capacitor opening 60. is 'accomplis;hed by RIE

using a SF¢/He/HBr chemistry.

Procedures well known to those in the art are then used to form
conductive contact plugs in the openings 58 and 60. Such contact plugs
typically employ a contact/glue layer comprising Ti/TiN or Ti/TiW to line the

opening, followed by the deposition of LPCVD tungsten. After tungsten is



. opening, followed by the deposition of LPCVD tungsten. After tungsten is

- 14 - deposited a bl anket RIE-etchback is preformed to réenove the
tungsten over the surface IeaV|ng the isolated tungsten plugs 62, 64 as
shown in Fig. 10. The tungsten 62 fills the smaller via openings 58.
However, dependi ng upoh the size of the opening required for the capacitor
pl ate 60, a depression 66.in the tungsten plug 64 may occur. A
nmetal |ayer, for exanple conprising alum numor copper or an alloy thereof
i s deposited over.the wafer and patterned by well known photolithographic
and etching techniques to forma the | amhs=-70, 72 which conprise a second
| evel of circuit wring. The capacitor 60 is now conplete. Its first
termnal, the netal land fromthe first netallization level 44, is
connected into the wiring circuit via a tungsten plug, conparable to the
pl ug 62 adepdsiteat adlanket KIBEatehbdalris prefopmeddo semove the kungstehover thee of

t he page. The second term nal 66 is connected by the netal land 72 forned

fromthe second netallization
surface leaving the isolated tungsten plugs 62, 64 as shown in Fig. 10. The

tungsten 62 fills the smaller via openings 58. However, depending upon the size |
of the opening required for the capacitor plate 60, a depression 66 in the

tungsten plug 64 may occur.

A metal layer, for example comprising aluminum or copper or an alloy

- thereof is deposited over the wafer and patterned by well known
photolithographic and etching techniques to form a the lands 70, 72 which
comprise a second level of circuit wiring. The capacitor 60 is now cbmp!ete. its
first terminal, the metal land from the first metallization level 44, is connected
into the wiring circuit via a tungsten plug, comparablé to the plug 62 and located
elsewhere, for example above or behind the plane of the page. The second

| terminal 66 is connec’ged by the metal land 72 formed from the second '.

metallization level.



.- 15 - The second enbodi nent was descri bed using a first and
second’l evel of nmetallization to formthe capacitor of this invention.
These concepts can obviously be extended and 'generalized to the
utilization of any two successive layers of netallization which are
separated buy an insulative layer. This enbodi nent al so enpl oyed a
conductive plug to formthe upper term nal of the capacitor.

Al ternatively, conventional netal via technol ogy, wherein the second :
nmetallization is deposited directly +mniso-the via openings, may |ikew se be
used to formthe upper term nal of the capacitor. A third
enbodi nent of this invention conprises the formation of a plurality of
capacitors at several levels. Such a structure is showmn in Fig. 11. Were
the capacitors of the first and second enbodi nents are forned in one

stack. In cirThetsedond embodiment Wab destribedasingsa firstignddsecond lgveladfer .
capacitor area is needed, the capacitors 34 and 60 nmay be connected in

paral l el by connecting the polysilicon land 16B with the netal |and 72.
Ext ensi onmgtaltizationterfospithe capagiten ¢f thiscinpertiannrhease concepis campl i ed;

obviously be extended and generalized to the utilization of any two successive K
layers of metallization which are separated buy an insulative Iayef. This
embodiment also employed a conductive plug to form the upper terminal of the
capacitor. Alternatively, conventional metal via technology, wherein the second
metallization is deposited direcﬂy into the via openings, may likewise be used to

- form the upper terminal of the capacitor. -

‘A third embodiment of this invention comprises the formation of a plu;ality
of capacitors at several levels. Such a structure is shown in Fig. 11. Where the
capacitors of the first and second embodiments are formed in one stack. In
circuit designs where lateral space is limited, and greater capécitor areais
needed, the capacitors 34 and 60 méy be connected in paraliel by connecting
the polysilicon Iahd .168 with the metal land 72. Extension of this concept to

multiple capacitors is hereby implied.



- 16 - The enbodi nents of this invention use a p-type silicon
substriate. It . should be well understood by those skilled in the art that
ot her type substrates nay also be used. It should be further understood
that the substrate conductivity type as referred to here does not
necessarily refer to the conductivity of the starting wafer but could al so
be the conductivity of a diffused region within a wafer wherein the

sem conduct or devices are incorporated. Such situations - encountered in the
tw n-well CMOS technol ogy. - 16 Whil e the enbodi ments descri bed
relate to MOSFET or integrated circuits, the principles of this invention
are al so applicable to bipolar or BiCMOS technol ogy. Although the

i nvention has been particularly shown and described wth reference to the
preferred enbodi nents thereof, it will be understood by those skilled in
the art that vZhemmbodiments of thi imvention udetaapitgpersilicor subdtratanilt hout
departing fromthe spirit and scope of the invention.

should be well understood by those skilled in the art that other type substrates
may also be used. it should be further understood that the substrate .conductivit_y )
type as referred to here does not necessarily refer to the conducﬁvity of the
Starting wafer but could also be the conductivity of a diffused region within a

wafer wherein the semiconductor devices are incorporated. Such situations

encountered in the twin-well CMOS technology.

While the embodiments described relate to MOSFET or integrated
circuits, the principles of this invention are also applicable to bipolar or BiCMOS
technology. Althéﬁgh the invention has been particularly shown and described
with refererice to the preferred embodiments thereof, it will be understood by
those skilled in the art that various changes in form and details may be made

without departing from the spirit and scope of the invention.



- 17 - CLAIMS 1. A nethod of form ng a capacitor o
conpri sing: (a) providing a silicon wafer; (b) anm llummlm Q“I

i nsul ative | ayer on said silicon wafer; (c) formng @ fur#ot eontductive
| ayer over said first insulative |ayer; (d) patterning said first
conductive layer to forma first plate of said capacitor, said
first plate having nmeans for connecti on, to external circuitry;

(e) forming a second insulative |ayer ‘over said first conductive |ayer;
(f)  depositiF@™h etch-stop layer over said second insulative layer; (g)
deposi ting a ' A methsidooidosingt a capasitasoera siicanwesfer comEhping: pat t er ni ng
said first photoreS|st Iayer to protect said first plate; (i) r enovi ng

said etch-st | ayer tected by said first photoresist | ayer;
(i) r enovi 28 salﬂﬂoY' gﬁﬁ'&?@?’@g? | ayer; (k) depositing a third
I nsul ative | ayer over said silicon mafer; (1) depositing a second

photoresist |gyer (QyahqSPhidt Heuldtvd MfLeon said silicon wafer;

() forming a first conductive layer over said first insulative layer;

(d) patterning said first conductive layer to form a first plate of said
capacitor, said first plate having means for connection to external
cirquitry;

(e) forming a second insulative layer over said first conductive layer;

(f depositing an etch-stop layer over said second insulative layer;

(g) depositing a first photoresist layer dver said wafer;

(h)  patterning said first photoresist. layer to protect said first plate;

(i) removing said etch-stop layer not protected by séid first photoresist
layer;

) removing said first photoresist layer;

(k)  depositing a third insulative layer over said silicon wafer;

)i depositing a second photoresist layer over said silicon wafer;



- 18 - (m patterning said second photoresi st cond
plate of © said capacitor; (n) et chi ng sai: d>lmlllmlﬂluurnmnmrl ayer
wi th a unidirectional etching techni que, therebyccreattngsafirst
openi ng and exposi ng said etch- stop layer;- (0) renoving said"
second photoresist layer; (p) renoving said etch-stop |ayer fromsaid
first opening; (Q) depositing a second conductive |ayer over said
silicon wafer; (r) . etching said second conductive layer with a

uni di rectional etching techni gues 4+ hereby | eaving a plug of said
second conductive | ayer in said first opening which conprises said
second plate of said capacitor; (s) depositing a third conductive
| ayer; and (t) patternlng said third conductive |ayer thereby formng a
connective . wirin tripe to s

(m)  patt rn?ng sg d secon ;ﬂ\d?ore%tst layer to define a second plate of

said capacitor,;

(n) etching said third insulative 'l'ayer with a unidirectional etching
technique, thereby creating a first opening and exposing said etch- |
stop layer;

(o) removing said second photoresist layer;

(p) removing said etch-stop layer from said first opening;

(@) depositing a second conductive layer over said silicon wafer;

()  etching said second conductive layer with a unidirectional etching
technique, thereby leaving a plug of said second conductive Iayef
in said first opening which comprises said second plate of said
capacitdr;

(s) depositing a third conductive layer; and

() patterning said third conductive layer thereby forming a connective

wiring“stripe to said plug.



.- 19 - 2. The method of claim1 wherein saldflrs

selected fromthe group consisting of sili con OXI de liﬂl’ﬂl“ﬂgll"ﬁ“{

gl ass, and a borophOsph05| | icate gl ass. ) ad ef el ai m=*l
wherein said first conductive |layer is select ed from t he group consisting
of polysilicon, alumnum an alum numalloy, copper, and a copper all oy.
4. The method of claim1l wherein said second insulative layer is silicon
oxi de. -5. .The nmethod of claim1 wherein said etch-stop |layer is

sel ected from t he group consisting of- §g|4 con nitride, silicon oxynitride,
and al um num oxi de.

2. The method of claim 1 wherein said first insulative layer is selected
from the group consisting of silicon oxide, a phosphosilicate glass, and a

borophosphosilicate glass.

3. The method of claim 1 wherein said first conductive layer is selected
from the group consisting of polysilicon, aluminum, an aluminum alloy,

copper, and a copper alloy.

4. The method of claim 1 wherein said second insulative layer is silicon

oxide.

5. The method of claim 1 wherein said etch-stop layer is selected from
the group consisting of silicon nitride, silicon oxynitride, and aluminum

oxide.



- 20 - 6. The nethod of claim1 wherein said et

deposi t'ed by LPCVD. - 7. The met hod of cI aiml mmmn lmﬂmumlstop

| ayer is deposited by sputtering. . The net hod *of ccl &i 1 ssherein
said etch-stop layer is between about 100 and 600" Angstroms thick. 9.
The method of claim1 wherein said third insulative layer is selected from
the group consisting of silicon oxide, a phosphosilicate glass, and a

bor ophosphosi |l i cate gl ass. 10. The method of claim 1l wherein said
etch-stop | ayer riot protected by said Fa kst photoresist |layer is renoved
by RIE using a SF[err]/He/HBr chem stry.

6. The method of claim 1 wherein said etch-stop layer is deposited by

LPCVD.

7. The method of claim 1 wherein said etch-stop layer is deposited by

sputtering.

8. The method of claim 1 wherein said etch-stop layer is between about

100 and 600 Angstroms thick.

9. The method of claim 1 wherein said third insulative layer is selected
from the group consisting of silicon oxide, a phosphosilicate glass, and a

borophosphosilicate glass.

10. The method of claim 1 wherein said etch-stop layer not protected by
- said first phoforesist layer is removed by RIE using a SF¢/He/HBr

chemistry.



- 21 - 11. The method of claim1l wherein sald

removed from said first opening by a dip intg 85 V\Eﬂmﬂ”mﬂﬁl“ at 125C
for 3 to 30 mnutes. 12. The-nmet hod of cl'aimi eriei m sai d* et ch- stop
| ayer is renoved from said first opening by RIE using.a SF[err]/He/ HBr.
chem stry. 13. The nmethod of claim 1l wherein said second conductive

| ayer is tungsten. 14. The method of claiml wherein said
uni di rectional etching technique is reactive-ion-etching. 15. The

met hod of claim4d wherein said third codtuctive |layer is selected from

the group consisting of alum num an alumnum alloy, copper, and a copper
al | oy.

11. The method of claim 1 wherein said etch-stop layer is removed from
said first opening by a dip into 85% Phosphoric acid at 125°C for 3 to 30

minutes.

12. The method of claim 1 wherein said etch-stop layer is removed from

said first opening by RIE using a SFg/He/HBr chemistry.

13. The method of claim 1 wherein said second conductive layer is

tungsten.

14. The method of claim 1 wherein said unidirectional etching technique

is reactive-ion-etching.

15. The method of claim 1 wherein said third conductive layer is selected

from the group consisting of aluminum, an aluminum alloy, copper, and a

copper alloy.



- 22 - -16. The method of claim1 wherein said nme o nto
external circuitry conprises an extension contact eim}mgm*. lmﬂumducti've
pl ug. 17. A method of forn1ng an integrated circu t chavi -
sem-conductor devices and capacitors conprising: (a) provi d| ng a silicon
waf er having active areas encl osed by field isolation; (b) formng
a first insulative |ayer over said active areas; (c) depositing a
polysilicon | ayer over said silicon wafer; (d) patterning and etching

said polysilicon:tayer by photolithogrzphic techniques to form
polysilicon gate el ectrodes for self-aligned polysilicon gate.
MOSFETs and first conductive plates of said capacitors, said first
conductive pl ates having neans for connection to said integrated
circuit. (e) inplanting ions thereby form ng source and drain el enents of
sai d MOBG ETheanethodafedaimy wheseincsaid otearist for cbnnactibrptyl gxdternalon
gat e .

circuitry comprises an extension contacted by a second conductive plug.

17. A method of forming an integrated circuit having semiéonductor

devices and capacitors comprising:

(a)  providing a silicon wafer having active areas enclosed by field
isolation;

(b) forming a first insulative layer over.said active areas;

(c) depositing a polysilicon layer over said silicon wafer;

. (d) patterning and etching said polysilicon layer by phot'olithograpr.lic-
techniques to form polysilicon gate electrodes for self-aligned
polysilicon gate MOSFETSs and first conductive plates of said
capacitors, said first conductive' plates having means for
connection to said integrated circuit.

(e) im_plaﬁting ions thereby forming source and drain elements of said

MOSFETs and increasing the conductivity of said polysilicon gate



- 23 - el ectrodes and said first conductlve p ng a
second ‘i nsul ative | ayer over said polysilicon |ayer; Inlm m u ﬂ”“'
etch-stop | ayer over said second insulative Iayer *  deposi™ing a
first photoresist |ayer over said silicon wafer; (i ) patterning said
first photoresist |ayer to protect said etch- stop | ayer over said
first conductive plates; (j) renoving said etch-stop |ayer not protected
by said first photoresist | ayer; (k) renoving said first
phot oresi st layer; (1) depositi-ng-a23 kird insul ative |ayer over said
silicon wafer; (m depositing a second photoresist |ayer over said
silicon wafer; (n) patterning said second photoresist |layer to define
contact openings to said MOSFETs and second conductive plate
openings to said capacitors; (0) etching said third insulative
layer with a unidir eelectodeseandsaid fi first conductiee plitesie, t hereby forming |
contact openings to said MOSFETs and
(H  forming a second insulative layer over said polysilicon layer;
(g) depositing an etch-stop layer over said second insulative layer;
(h)  depositing a first photoresist layer over said silicon wafer;
(i) patterning said first photofesist layer to protect said etch-stop layer
-6ver said first conductive plates;
()] removing said etch-stop layer not protected by said first photoresist
layer;
(k) removing said first photoresist layer;
(1) depositing a third insulative layer over said silicon wafer;
(m) depositing a second photoresist layer over said silicon wafer;
(n) .patterning said second photoresist iayer to define contact openings
to said MOSFETs and second conductive plate openings to said
capacitors;

(o) etchiﬁg said third insulative layer with a unidirectional etching

~ technique, thereby forming contact openings to said MOSFETs and



- 24 - o second conductive plate openings exp
| ayer at the bases thereof; (p) renoving sacmlﬂﬂ(uﬂﬂl mjl mél st

layer; (qg) renoving said etch- stop | ayer from said secéndiconducti*ve

pl ate openi ngs; (r) depositing a first conductive | ayer over said
silicon wafer; (s) etching said first conductive layer with a

uni di rectional etching techni que, thereby |eaving isolated
conductive plugs-.in said cont act openi ngs and said second conductive
pl at e openi ngs; (t) depositing a 2dcond conductive layer; (u)
patterning said second conductive |ayer thereby formng connective
wring to said conductive plugs. (v) formng additional wiring levels for
said integrated circuit as dictated by its design.

second conductive plate openings exposing said etch-stop layer at
the bases thereof;

(p)  removing said second photoresist layer;

(@) removing said etch-stop layer from said second conductive plate
openings;

(n  depositing a first conductive layer over said silicon wafer;

(s) etching said first conductive layer with a unidirectional etching
technique, thereby Iea\iing isolated conductive plugs in said
contact openings and said second conductive plate openings;

! ® depositing a second conductive layer;

(u) patterning said second conductive layer thereby forming
connective wiring to said conductive plugs.

(v) forming additional wiring levels for sa'id integrated circuit as

dictated by its design.



- 25 - 18. The nmethod of claim 17 wherein said fir er
silicon oxide. 19. The nethod of cIa|n117 wher4gmlu ﬂw ﬂm nﬁmlﬂy

i nsul ati'rve layer is silicon oxide. 20. The neth ab msL/ *wher ei n
said etch-stop layer is selected from the group consi sti ng of silicon
nitride, silicon oxynitride, and al um num oxi de. 21. The net hod of
claim17 herein said etch-stop layer is deposited by LPCVD. 22. The

nmet hod of cIa|n117 wherein said etch-stop layer is deposited by
sputterlng
- 25 ~

18. The method of claim 17 wherein said first insulative layer is silicon

oxide.

19. The method of claim 17 wherein said second insulative layer is

silicon oxide.

20. The method of claim 17 wherein said etch-stop layer is selected from
the group consisting of silicon nitride, silicon oxynitride, and aluminum

oxide.

21. The method of claim 17 herein said etch-stop layer is deposited by

LPCVD.

22. The method of claim 17 wherein said etch-stop layer is deposited by

sputtering._



- 26 - 23. The method of claim 17 wherein said etch-

bet ween about 100 and 600 Angstrons thick. 24 Th€|mﬂf“uﬁlm“m|mm 17:
wherein'said third insulative layer is selected "fromthe grodp Bonsisting™
of silicon oxide, a phosphosilicate glass, and a borophosphosilicate

gl ass. 25. The nethod of claim 17 wherein said etch-stop | ayer not
protected by said first photoresist |layer is renoved by RIE using a
SF[err]/He/HBr chem stry. 26. The nmethod of claim 17 wherein said

etch-stop layer is renoved from sardkéecond conductive plate openi ngs by
RIE using a SF[err]/He/HBr chem stry.

23. The method of claim 17 wherein said etch-stop layer is between

about 100 and 600 Angstroms thick.

24. The method of claim 17 wherein said third insulative layer is selected
from the group consisting of silicon oxide, a phosphosilicate glass, and a

borophosphosilicate glass.

25. The method of claim 17 wherein said etch-stop layer not protected by
said first photoresist layer is removed by RIE using a SF¢/He/HBr

chemistry.

26. The method of claim 17 wherein said etch-stop layer is removed from
said second conductive plate openings by RIE using a SF,/He/HBr

chemistry.



- 27 - 27. The method of claim 17 wherein said fj m ﬂ ﬁmayer S
tungsten. 28. The nethod of claim 17 wherein samﬂmmnr Elm

etching technique is reactive-ion-etching. 29. Thetnethdd &f ¢laim 17
wher ei n said second conductive layer is selected fromthe group consisting
of alum num an alum num alloy, copper, and a copper all oy. 30. The

met hod of claim 17 wherein said neans for connection to said integrated
circuit conprises a polysilicon extension contacted by a conductive plug.
) - 27 -

27. The method of claim 17 wherein said first conductive layer is

tungsten.

28. The method of claim 17 wherein said unidirectional etching technique -

is reactive-ion-etching.

29. The method of claim 17 wherein said second conductive layer is
selected from the group consisting of aluminum, an aluminum alloy,

copper, and a copper alloy.

30. The method of claim 17 wherein said means for connection to said
integrated circuit comprises a polysilicon extension contacted by a

conductive plug.



