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Title: A Planarization Technique for DRAM Cell Capacitor Electrode.

Background of the Invention,
L. Field of the Invention,
The present invention relates to the formation of high density integrated circuits and,

more particularly, to the formation of high density dynamic random access memories.

2. Description of the Related Art,

There is a continuing trend toward increasing the storage density of integrated circuit
memories to provide increased levels of data storége on a single chip. Higher density memories
provide storage that is gehcrally more compact and is often cheaper on a per bit basis than an
equivalent amount of storage provided on plural chips. It'has generally been possible to provide
these higher levéls of storage at equivalent or improved levels of performance as compared to the
carlier, less dense memory chips. Historically, the density of integrated circuit devices has been
increased in part by decreasing the size of structures such as wiring lines and transistor gates as
well as by decreasing the separation between the structures that make up the integrated circuit
device. Reducing the size of circuit structures is generally referred to as decreasing the “design
rules” used for the manufacture of the integrated circuit device.

In dynamic random access memories (DRAMSs), information is typically stored by
selecti\;ely charging or discharging each capacitor of an array of capacitors formed on the surface
of a semiconductor substrate. Most often, a single bit of binary information is stored at each
capacitor by associating a discharged capacitor state with a logical zero and a charged capacitor

state with a logical one. The surface area of the electrodes of the memory capacitors determines
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"design using a transfer field effect transistor (FET). The bit line contact is typically made to one of the
source/drain electrodes of the transfer FET and the charge storage capacitor is typically formed
in contact with the other of the source/drain electrodes of the transfer FET. Word line signals are
10 supplied to the gate of the FET to connect one electrode of the charge storage capacitor through
the transfer FET to the bit line contact facilitating the transfer of charge between the charge
storage capacitor and the bit line.
FIG. 1 shows in schematic cross-section two memory cells of a DRAM at an intermediate
stage of manufacture. The illustrated DRAM cells are formed on a P-type substrate 10 and
15  include field oxide regions 12 to provide isolation from other, adjacent tﬁemory cells. A gate
oxide layer 14 is formed by thermal oxidation on the active device region between the field
oxidation regions and polysilicon gate electrodes 16 are formed on the gate oxide layer 14. The
two gate electrodes 16 illustrated in FIG. 1 will serve as independent transfer FETs for the two
illustrated memory cells. Polysilicon gate electrodes 16 are formed by depositing a layer of
20  undoped polysilicon over the substrate, typically using low pressure chemical vapor deposition
(LPCVD), and then implanting impurities into the polysilicon and activating the impurities to
render the polysilicon layer coﬁductive. The gate elecﬁodcs are then patterned using
conventional photolithography techniques. A layer of silicon oxide 18 is provided over the
polysilicon gate electrodes 16 to protect the gate electrodes in subsequent processing steps and,
25  often, to serve as an etch stop for subsequent etching steps. Sidewall oxide spacer structures 20
are formed adjacent the gate electrodes when a two stage implantation process (discussed below)
is used in the formation of the source/drain regions. At the same time that the gate electrodes 16
are formed, wiring lines 22 which connect different gate electrodes are formed 6_n field oxide
regions 12. Because the wiring lines are generally formed in the process which'is used to form

30  the gate electrodes 16, the wiring lines have a structure similar to the gate electrodes. As
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Doped source/drain regions 28, 30 and 32 are formed on either s1de of the polysilicon
gate electrodes 16 to define the channel regions of the transfer FETs. The source/drain region 30
5  that is common to the transfer FETs will serve as the bit line for the two illustrated transfer FETs.
Lightly doped drain (LDD) structures are often used in small design rule memory transistors of
the type that are primarily used in modern memory and logic devices. LDD source/drain regions
28,30 and 32 are typically formed in a two step process, beginning with a relatively low levél
dopant implantation made self-aligned to the polysilicon gate electrodes 16. Spacer oxide

10  regions 20 are then formed on either side of the gate electrodes 16 by first depositing by
chemical vapor deposition (CVD) a layer of silicon oxide over the device and then
anisotropically etching back the oxide layer to expose the substrate over the source/drain regions
28, 30 and 32. Etching back the CVD oxide layer produces the spacer oxide regions 20 on either
side of the polysilicon gate electrodes 16 and on either side of the polysilicon wiring lines 22.

15  Afier the spacer oxide regions 20 are provided on either side of the polysilicon gate electrodes
16, a second, heavier ion implantation is made into the source/drain regions 28, 30 and 32, self-
aligned to the spacer oxide regions 20.

After the formation of the transfer FETs of the DRAM cells, processing continues to form
the charge storage capacitors by first depositing over the FIG. 1 structure a layer 34 of an

20  insulating material such as CVD silicon oxide. The resulting structure is shown in FIG. 2.
Openings 36 are then formed by conventional photolithography through the silicon oxide layer
34 to expose the source/drain regions 28, 32 of the substrate. Referring now to Fig. 3, a layer of
undoped polysilicon 38 is next deposited by low pressure chemical vapor deposition (LPCVD)
over the surface of the device and within the openings 36 in contact with source/drain regions 28,

25  32. Polysilicon layer 38 forms at least part of the lower electrode of the charge storage capacitor
for the DRAM memory cells. The layer is doped in situ or by ion implantation and annealing
and then the lower electrodes 38 are defined by photolithography. A capacitor dielectric layer,
such as a two layer structure of silicon nitride and silicon oxide, is provided over the surfaces of
the lower electrodes 38. Upper capacitor electrodes are then formed by depositing, doping and

30 patterning a layer of polysilicon, as is well known.



the capacitor dielectric typically used between the el ectrodes of the
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One aspect of the present invention provides a method of forming a DRAM on a substrate

15  having device isolation structures formed thereon, where an active device region is defined
between the device isolation structures. An insulating layer is provided on the substrate over the
active device region and first and second ﬁmsfa transistors are provided on the active device
region, the first transfer transistor including a first gate electrode over the insulating layer, and
first and second source/drain regions formed in the substrate, the second transfer transistor

20  including a second gate electrode over the insulating layer, the second source/drain region and a
third source/drain region formed in the substrate. The first and second transfer transistors share
the second source/drain region. An etch stop layer is provided over the first and second gate
electrodes and over the first, second and third source/drain regions. A dielectric layer different
from the etch stop layer is formed over the etch stop layer. The method continues by etching

25  through the dielectric layer above the second source/drain region, stopping the etching process on
the etch stop layer, performing a further etching process to etch through the etch stop layer and
then forming a bit line contact to the second source/drain region. The dielectric layer is etched
from above the third source/drain region. This etching process is stopped on the etch stop layer,
a further etching process etches through the etch stop .layer and then a charge storage capacitor is

30 formed h_aving an .ele.ctr.ode. connected té the third soufcé[d:ain region.
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3 transistor is formed on the active device region, the transfer transistor including a first gate
5  electrode over the insulating layer, and first and second source/drain regions formed in the
substrate. An etch stop layer is provided over the first gate electrode and over the first and
second source/drain regions and a dielectric layer different from the etch stop layer is formed
over the etch stop layer. The surface of the dielectric layer is planarized and then the method
etches through the planarized surface of the dielectric layer above the first source/drain region,
10  and stop the etching process on the etch stop layer. A further etching process etches through the
etch stop layer and then forms a bit line contact to the first source/drain region. The planarized
surface of the dielectric layer is etched above the second source/drain region, and the method
continues by stopping the etching process on the etch stop layer, performing a further etching
process to etch through the etch stop layer and then forming a charge storage capacitor having an
15  electrode connected to the second source/drain region.
In a particular embodiment of this aspect of the invention, the surface of the dielectric

layer is planarized by chemical mechanical polishing.

Brief Description of the Drawings.
20 FIGS. 1-3 illustrate steps in the conventional process of forming a DRAM.
FIGS. 4-11 illustrate steps in forming a DRAM in accordance with a preferred

embodiment of the present invention.

Detailed Description of the Preferred Embodiments.

25 The use of stacked capacitor structures, as well as other aspects of the structure and
manufacture of a high density DRAM like that shown partially compléted in FIG. 3, introduces
considerable variations into the topography present on the surface of a DRAM, particularly at
intermediate steps in the manufacturing process. The presence of such variations on the surface
of a device can make subsequent manufacturing steps on the devu:e more difficult and less

30. accurate. For example, the uneven surface of the FIG. 2 devxce can 1ntroduce distortions info



iLlustrated, the wiring lines typically include polysilicon |ayers 22
cover ed by oxide | ayers 24 with sidewall oxide spacer structures 26
formed on either side of the polysilicon wiring lines 22. _

Doped source/drain regions 28, 30 and 32 are forned on either side of the

pol ysilicon gate el ectrodes 16 to define the channel regions of the
transfer FETs. The source/drain region 30 5 that is comon to the
transfer FETs will serve as the bit line_for the two illustrated transfer

FETs. Li ghtly doped drain (LDD) str&ctures are often used in small
design rule né’f‘l‘ﬁ?ﬁth?m istepspeeforgred over thesyréace of ke KlGa2 devics. Highrresolutign sieppersi n

modem menory %I%e'tﬁﬂiu&d%ﬁﬂhﬁﬁﬁthoéﬂﬁﬂﬂé filituoitidbehfl dethy H.ergoﬁe%%ax?é%%%g 32

are typically fornmed In atw ste rocess, beginning W refativel’y |ow
| evel doysigpths efifisida Tihng, when anhdioresied liyenisiexpoesd to form h@wpbdb\ysad L_mcﬁem sodiice

el ectrodes 16. ARXLAS ' . for .ei_ t her. si de
of the gate elsg‘??%g@glslﬂgli EL&,};L in %t%g d‘gg%&%%“ﬁé‘%ﬁ%? fdke p%.rtf? e?#@ca'fna%eapﬁg?aedd .
deposi ti on Y C\iy)thestdppsront afffocus withinthe phutetesisbiager. Theindgupmﬁctwwbmhﬂeppa for

ani sot ropi cal | | h i | to.expose. the substrate qver

t he source/dr a‘?{(ﬂ&ﬁnggﬂll n 38%%"& o) glgﬂ )6’3 gleug’ﬁ %y@m&?ﬁg H’é&'ﬁ'é@?hf’tr?ées'@\}ﬁeﬁx e

| ayer pr oducedistéred symewe oftke ghetoresigi layes mapfoan a distokted mask, and usd diguchfa dishsRted

pol ysilicon gat eF?I ectraodes 16 and on eié%*;uler si de &f he pol ysili é_on W ring

t
lines 22. 15 TARF{%A PRUDEYQINST PrOCEss A, PIYuGH irudtpres that haye ap; unds “?Wf’ ftoret
side of the pohye Becose dj&ﬁseitiﬂ(hﬁtabla(ﬂ:gx&t haveasigﬁiﬁcanﬁ§ g@grg@;g.,gﬁgw‘édp@fed lk?ﬂe
i mpl ant ati [ i, N the sougce/drajn, regions 28, an , self-
amogned tqu]hedSeB%??gg?ld S%ﬁﬁeﬂp'é‘ f“(S{?%e ‘?di.;e device at intermediate glepsuripg,be mgnyfaoturing of
the transfer Hiad@ss0of the DRAM cells, processing continues to form t he

charge storage capgcitors by first depositing over the FIG 1 structure a
Iaye? 34 of an 20 %‘ﬂé‘fﬂdﬁ Bfalpsest of syrfags ioposgaphy giinteqmerliats stagssiofdeviceh e

resul ting strUsbdéssingliSthadieMme1ahdds &epbaitedover the surface of the device may have considerable

variations in thickness. Such variations in thickness can have a negative impact on etching steps.

15  Referring once again to FIG. 2, after contact holes are formed through the insulating layer 34,
polysilicon layer 38 is deposited over the surface of the device. This second level polysilicon
will be patterned to form at least a portion of the lower electrode of a capacitor. Polysilicon is
typically deposited using low pressure chemical vapor deposition (LPCVD) in a substantially
conformal manner. The aspect ratios of certain spaces between structures on the surface of the

20  FIG. 2 device are sufficient that the spaces are completely filled and the surface of the
polysilicon layer is relatively smooth over the spaces. Consequently, the polysilicon layer 38 is
particularly thick over spaces such as the one between the two wiring lines 22.

After photolithography to form a mask over the polysilicon layer 38, the extent of the
lower capacitor electrode 38 (FIG. 3) is defined by etching using an anisotropic etch process such

25  asplasma etching using an etchant derived from HCl and HBr. When there are considerable
variations in the thickness of the polysilicon layer to be etched, it is typically necessary to etch
sufficiently long to remove the thickest exposed portion of the polysilicon layer. This etch
duration is unnecessarily long fér most of the polysilicon layer. Accordingly, such an overetch
process is undesirable as reduqin_g the throughput of thé manufacturing process. The overetch

30  used to clear the thickest portions of the polysilicon layer is further undesirable because it can



Openings 36 are then formed by conventional photolithography through the

silicon oxide |ayer 34 to expose the source/drain regions 28, 32 of
the substrate. Referring nowto Fig. 3, a |layer of _ undoped o
polysilicon 38 is next deposited by |ow pressure chem cal vapor deposition
(LPCVD) over the surface of the device and within the openings 36 in

contact with source/drain regions 28, 25 32. Polysilicon |layer 38 forms
at least part of the Iower electrode of the charge storage capacitor

for the DRAM nenory cells. The layer is doped in situ or by ion

I mpl ant ati on and annealing and then the | ower electrodes 38 are
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surface of the device at intermediate stages in the manufacturing process can act as electrical
5  shorts in the finished device and so are quite undesirable.

Certain embodiments of the present invention provide a better planarized surface on -
which subsequent processing steps can be performed. For example, a thick oxide layer can be
deposited over the transfer FETs and then chemical mechanical polishing (CMP) can be used to
provide a planarized surface for further nrocessing steps. In these embodiments, openings are

10  formed through the planarized oxide layer to a source/drain region of the transfer FET and the
lower capacitor electrode is formed within the opening and partially on the surface of the
planarized oxide layer. These embodiments of the invention provide improved planarity that is
better suited for high resolution photolithography and for more controlled etch processes than is
the uneven surface of the structure illustrated in FIGS. 1-3.

15 When forming high density DRAMs, it is generally necessary to provide contact holes to
the source/drain regions of the transfer FETs both for the formation of charge storage capacitors
and for bit line contacts. For example, preferred embodiments of a DRAM in accordance with
the present invention provide a thick oxide layer over the transfer FETs, planarize the thick oxide
layer, and then form both lower capacitor electrodes and bit line contacts on and within thick

20  portions of the planarized oxide layer. Another aspect of the present invention provides a
DRAM which includes an etch stop layer over the transfer FET and over the FET"s source/drain
regions and beneath the thick oxide layer that covers the transfer FET. This etch stop layer can
be used for forming self-aligned contacts for both the lower capacitor electrode and the bit lirie
contact. It will be appreciated that these aspects of the present invention are particularly well

25 suited for use with the embodiments of the invention which provide a planarized oxide layer over
the transfer FETs before the lower capacitor electrode and bit line contact are formed.

Particularly preferred embodiments of the present invention are now described with

. Teference to FIGS. 4-11. It should be understood that, although the following describes a bit line
over capacitor DRAM structure, aspects of the present invention find application to capacitor

30 overbit line structures.as well. Referring first to FIG. 4, a small portion of a DRAM in
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devi ce devices. Even though shallow trench device isolation structures have a lower profile, the wiring

10  lines and gate electrodes still introduce considerable levels of surface unevenness that can be
reduced through application of the present invention. The device isolation structures 52 serve to
define the active region on which the transfer FETs of the DRAM are to be formed.

A gate oxide layer 54 is grown on the surface of the substrate in the active region,
typically to a thickness of about 30-200 A by a thermal oxidation process in an oxygen

15 environment at a temperature of 800-1000°C. A iayer of polysilicon is deposited by LPCVD
over the surface of the device to a thickness of 1000-3000 A and more preferably to a thickness
of approximately 1500 A. The layer of polysilicon is either doped in situ during deposition or by
ion implantation, typically using arsenic or phosphorus in the conventional fashion. A layer ofa
metal or metal silicide is then provided over the surface of the polysilicon layer. The metal layer

20  is preferably tungsten silicide (WSi,) or titanium silicide (TiSi,) having a thickness of about 1500
A which may be deposited directly by chemical vapor deposition or by using sputtering or
another physical vapor deposition technique. After the silicide layer is provided on the
polysilicon layer, a layer of silicon oxide is deposited over the silicide layer, typically by CVD to
a thickness on the order of 500-3000 A. This oxide layer protects the gate electrode during

25  subsequent processing steps and may be used as an etch stop in some embodiments of the
invention.

The three layer structure of silicon oxide over mngsten or other silicide over polysilicon
is then patterned using conventional photolithography to form an array of gate electrodes 56
consisting of a lower layer of polysilicon 58 qoveréd by a layer of tungsten silicide 60, or another

30 refractory metal silicide, which in turn is covered by oxide layer 62. Similarly, the wiring lines



region, the first transfer transistor including a first gate el ectrode over
the insulating |layer, and first and second source/drain regions
formed in the substrate, the second transfer transistor 20 including a
second gate el ectrode over the insulating |ayer, the second source/drain
region and a third source/drain region formed in the substrate. The
first and second transfer transistors share t he second source/drain
region. An etch stop layer is provided over the first and second gate

el ectrodes and over the first, second and third source/drain regions. A
dielectric layer different fromthe etch stop layer is fornmed over
the etch stop layer. The nethod continu®s by etching 25 through the
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dosage of dopant ions to the source/drain regions self-aligned to the spacers. For example, a layer
of silicon oxide can be deposited by chemical vapor deposition (CVD) to a thickness of, for
example, 1000-2000 A. The silicon oxide layer is then etched back to form spacers 64 alongside
10 the gate electrodes 56, preferably in a reactive ion etching (RIE) process using an etchant
including ions derived from CF, in a plasma process. Typically, the sidewall spacer etching
process will remove the gate oxide from the surface of the source/drain regions. If some residue
of the gate oxide layer remains over the source/drain regions after the spacer etch, it is preferred
that the surface of the source/drain regions be cleaned of such residue prior to forming capacitor
15  electrodes or bit line contacts to the source/drain regions. Sidewall spacers 74 are normally
formed alongside wiring lines 66 at the same time the sidewall spacers 64 are formed alongsidé
the gate electrodes. Implantation is performed to complete the source/drain regions 80, 82 and
84 of the illustrated FETs. In certain instances, it is preferred to not utilize an LDD structure for
the source/drain regions and instead to use a single doping to produce more uniformly doped
20  source/drain regions. For such embodiments, it is still preferred that the sidewall spacers be
provided to protect the sidewalls of the gate electrodes from being exposed. It should further be
noted that both more and less complicated gate electrode structures and wiring line structures
might be used. The remainder of the figures illustrate a simplified structure including a lower
layer of polysilicon covered by a layer of an insulating silicon oxide.
25 Referring now to FIG. 5, a layer 90 of etch stop material is deposited over the surface of
the device, generally with the layer of etch stop material deposited directly on the surface of the
source/drain regions or separated from the source/drain regions by a thin oxide layer. The etch
stop material functions to protect the source/drain regions from being etched, aﬁd consequently
suffering an increased resistance, during the etching of openings through thick dielectric layers

30 that cover the source/drain regions. Preferably, the etch stop layer 90 is a layer of silicon nitride



5: . Anot her aspect of the present invention forns a DRAM on a
substrat e having device I sol ation structures and an active device
regi on defined between the device isolation structures. An i nsul ati ng
| ayer is provided on the substrate over the active device region and a
transfer transistor is forned on the active device region, the
transfer transistor including a first gate 5 el ectrode over the
insulating layer, and first and second source/drain regions forned in the
substrate. An etch stop layer is provideggover the first gate el ectrode and

over the first, an ec sour.ce/ | I 0 an I e l.c_ | ayer
different f ror%e‘foﬁged lygﬁlﬁstto&gﬁf eséPFf m?@@#@é‘eﬁwe{l ey g?’?fés %ﬁggt‘%‘ﬂ)“’l ayer .
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source/drain region

dls%ngmsh between the dielectric layer and the etch stop layer. It is further preferred, but not as

10  important, that the etch stop layer be different in the same sense from the underlying doped
silicon regions. Silicon nitride is an appropriate choice for the etch stop layer because modem,
commercially available etching systems can provide high levels of selectivity between silicon
nitride and the silicon oxides that are typically used as interlayer dielectric materials. In addition,
most of the etch chemistries available for silicon nitride have high levels of selectivity with

15  respect to silicon.

Referring now to FIG. 6, a thick layer 92 of dielectric material is deposited over the
surface of the transfer FETs and the wiring lines. The interlayer dielectric 92 may, for example,
be silicon oxide deposited by a CVD process using a TEOS source gas or the dielectric layer may
be one of the other known dielectric materials. The inerlayer dielectric 92 is deposited to a

20 thickness of 10,000 A or more over the device. Next, the device is planarized, preferably using a
CMP process to form a planarized dielectric layer 94 (FIG. 7). Preferably, a significant thickness
of planarized dielectric layer 94 is left above the source/drain regions 80, 84 on which capacitor
electrodes are to be formed, since a greater thickness contributes to the capacitance of the charge
storage capacitor. A mask is formed over the planarized interlayer dielectric 94 and then

25  openings are etched through the interlayer dielectric 94 above source/drain regions 80, 84.
Because the efch stop layer 90 covers the transfer electrodes, the device isolation structures 52
and the wiring lines, this etching step opens contacts on the substrate for the lower electrodes of
the charge storage capacitor in a self-aligned manner. The openings are etched, preferably using
an anisotropic process in a high density plasma etcher with a plasma derived from a mixture of

30  source gases including C,F,, CHF, or CH,F and CO or CO, and O, and Ar. This etch step



In a particular enbodi mrent of this aspect of the invention, the surface of

the dielectric | ayer is planarized by chem cal nechani cal polishing.
Brief Description of the Draw ngs. 20 FIGS. 1-3 illustrate steps
i h the conventional process of form ng a DRAM FIGS. 4-11
illustrate steps in formng a DRAMin accordance with a preferred

enbodi nent of the present invention. Detail ed Description of the
Preferred Enbodi nents. 25 The use of stacked capacitor
structures, as well as other aspects of_the structure and manuf act ur e

of a high den5|ty DRAM | i ke that shown bértlally conpleted in FIG 3,
i ntroduces  preferablystopsien thiréteh siopriayst 90and leaves portibes of dpdgalmph)}ayplr%mntoﬂmn t he

surface Of.a Mm@&‘évi ﬂ%hwlsm ovedtln eaEHEs Irx?t‘:torbgoeps | tp?et

manuf act uri ng process. e presence ot SUeh Var T ati ons r?'ﬁovm§u
of a device csiop lamkeTlmﬂmhesappkyer isrthenuétehed within thedpenings mithinhke reiaammgdmtﬁc

difficult and accurate r .exanpl e, the. uneven surf t he
FIG 2 devi cela¥a%§|ursl g, SO 2 ?}fg{‘ﬁ‘}‘??‘gﬂgﬂ%“ "”()"rbcess'W‘thapqasmad"m'ed éﬁF"

5  Altemately, a wet etch using hot phosphoric acid could be used to remove the etch stop layer
from within the openings in the dielectric layer 96. After the etching steps, the surfaces of
source/drain regions 80, 84 are preferably exposed and clean, as shown in FIG. 8.

Next, lower electrodes of the charge storage capacitors are formed. In the embodiment

illustrated in FIG. 9, the lower electrodes 98 include a lower layer of conventional polysilicon

10  covered by a layer of “rugged” or hemispherical grained polysilicon (HSG-Si). To form this
structure, a layer of conventional polysilicon is deposited by low pressure chemical vapor
deposition (LPCVD) at 620°C from silane (SiH,) onto the source/drain electrodes and over the
layer of silicon oxide 96 above a silicon substrate. The layer of conventional polysilicon is
preferably doped in situ during deposition, by ion implantation and annealing, or by a thermal

15  diffusion process, all of which are well known. For example, the conventional polysilicon layer
may be highly doped N-type by implantation of phosphorus ions followed by a rapid thermal
anneal at a temperature of 1000-1100°C for about 10-30 seconds. A plate of conventional
polysilicon that will form the core of the lower electrode is defined from the layer through
photolithography and etching, preferably before the layer of HSG-Si is provided on the plate.

20  Typically, the layer of conventional polysilicon has a thickness on the order of 1000-1500 A.

It is preferred that the HSG-Si growth process be initiated on a clean silicon surface by

cleaning native oxide from the surface of the polysilicon layer before depositing the HSG-Si. A
distinct cleaning step may be unnecessary if the growth of the HSG-Si layer is initiated
immediately after forming the underlying layer of silicon, if the surface of the underlying silicon

25  layer is maintained in a sufficient vacuum to prevent oxide growth. More practically, it is to be
expected that there will be a time interval between the growth of the underlying silicon layer and
the initiation of HSG-Si growth. Alternately, if the layer of polysilicon is doped by implantation
and annealing or by thermal diffusion, a layer of oxide will be grown on the surface of the layer
of polysilicon. Accordingly, the surface of the underlying silicon layef is preferably cleaned

30  before the initiation of HSG-Si gréWth. Native oxides may be cleaned from the surface of



6. photol i t hography steps perforned over the surface of the FIG 2

devi ce. High resolution steppers of the type used for photolithography
in the manufacture of high density nenories have limted dept hs of
fteld. Thus, when a photoresist |ayer is exposed to forma mask over an
uneven surface such as that illustrated in FIG 2, the surface

vari ations can make portions of the inmage projected 5 by the stepper out
of focus within the photoresist |ayer. The image projected by the stepper
for exposi ng the photoreS|st may .t hus be qurry at dlfferent dept hs

d
phot or esi ot |1 Sparisy s Bior gy é‘&"”f?ﬁ@h‘o‘i{?r?fpi‘}% HRie e kYoot e
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manuf act ur IJ‘ 9 will ach1evg the de51red hydrogenation of the polysilicon surface.
After cleaning, a layer of HSG-Si is formed on the surface of the conventional polysilicon
layer. The layer may be formed in any of the well-known methods and may consist of depositing
HSG-Si by LPCVD from a silane source gas onto a substrate held at a temperature of between
555°C to 595°C. The resulting structure is shown in FIG. 9 as lower electrode 98, and includes
10 an irregular surface of HSG-Si. Due to the random nature of the nucleation of HSG-Si growth, it
is likely that the uhderlying doped polysilicon layer will be exposed at particularly sparse regions
in the layer of HSG-Si. Growth of a layer of HSG-Si on the surface of a layer of polysilicon has
been observed to increase capacitance by approximately a factor of 1.8 times over the
capacitance provided by the smooth surface of the core polysilicon plate. An etch back process

15  (using, for example a plasma etchant derived from HCI and HBr) is typically performed to
remove the HSG-Si from the dielectric layers 96 and to remove at least a portion of the HSG-Si
from the surface of the core polysilicon layer. Any remaining HSG-Si may then be doped by
implantation or outdiffusion from the core polysilicon.

A layer 100 of capacitor dielectric is then provided'over the surface of the lower gate

20  electrodes (FIG. 10). The layer of capacitor dielectric may be a thin, two layer structure
consisting of a lower layer of silicon nitride covered by a surface layer of silicon oxide.
Alternately, a higher dielectric constant capacitor dielectric material might be chosen, such as
tantalum pentoxide or barium strontium titanate. Upper capacitor electrodes 102 are then
provided by depositing a layer of conventional polysilicon by LPCVD, doping the polysilicon

25  layer, and patterning the layers to laterally define the extent of the upper capacitor electrodes.
Next, another thick layer 110 of dielectric material is provided over the device, preferably a
silicon oxide layer formed by plasma enhanced CVD, and then the thick layer 110 of dielectric
material is planarized by CMP. A bit line contact mask is then provid_ed over the surface of the
second interlayer dielectric 110 and a bit line contact is etched through the dielectric layer 110,

30  with the etch process stopping on the etch stop layer 90, in the manner described above with



Anot her detrinmental aspect of surface topography at internedi ate stages of
devi ce processing is that sone | ayers deposited over the surface of

t he devi ce may have consi derabl e variations in thickness. Such
variations in thickness can have a negative inpact on etching steps. 15
Referring once again to FIG 2, after contact holes are formed through the
i nsul ating | ayer 34, polysilicon |ayer 38 is deposited over the
surface of the device. This second |level polysilicon will be
patterned to format |east a portion of the | ower electrode of a capacitor.
Polysilicon is typically deposited using | ow pressure chem cal vapor
deposition (LPCVD) in a substantially conformal manner. The aspect
rati os of certain spaces between struggures on the surface of the 20 FI G
2 device are suff|C|ent that the spaces are conpletely filled and the
surface of the ysilicon layer is relatlvely snoot h over_the
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7. damage the structures under the thinner portions of tm mm lu
| ayer. On the other hand, if the etch tine is |nsuff|cd u il J““H“"
of unetched polysilicon may be | eft on the surface of ©* cdevitce® Che *

such stringer is indicated by reference nuneral 40 in FIG. 3. Stringers
|l eft on the surface of the device at internediate stages in the
manuf acturing process can act as electrical 5 shorts in the finished
devi ce and so are quite undesirable. Certain enbodi nents of
the present invention provide a better planarlzed surface on _ whi ch
subsequent processing steps can be perfétmed.” For exanple, a thick oxide

| ayer can be ..
What is claimed:

1. A method of forming a DRAM comprising the steps of:

providing a substrate having device isolation structures formed thereon, an active device
region defined between the device isolation structures;

5 providing an insulating layer on the substrate over the active device region;

providing a first and second transfer transistor on the active device region, the first
transfer transistor including a first gate electrode over the insu.lating layer, and first and second
source/drain regions formed in the substrate, the second transfer transistor including a second
gate electrode over the insulating layer, the second source/drain region and a third source/drain

10 region formed in the substrate, the first and second transfer transistors sharing the second

source/drain region;

forming an etch stop layer over the first and second gate electrodes and over the first,

second and third source/drain regions;

forming a dielectric layer over the etch stop layer, the dielectric layer being different from
15  the etch stop layer;
etching through the dielectric layer above the second source/drain region, stopping the
etching process on the etch stop layer, performing a further etching process to etch through the
etch stop layer and then forming a bit line contact to the second source/drain region; and
etching through the dielectric layer above the third source/drain region, stopping the
20  etching process on the etch stop layer, performing a further etching process to etch through the

etch stop layer and then forming a charge storage capacitor having an electrode connected to the
third source/drain region.

2. The method of claim 1, further comprising the step of planarizing a surface of the

25  dielectric layer prior to the step of etching through the dielectric layer above the third
source/drain region.

3. The method of claim 2, wherein the step of planarizing is accomplished using
chemical mechanical polishing.
30 '
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deposited over the transfer FETs and then chem cal nechani cal .
(CwP) can be used to . provide a planarized surface for f m lll "'“""Illl”"l
processing steps. In these enbodi nents, openings are formec t lfr ought

pl'anari zed oxide |layer to a source/drai n regi on of the transfer FET and the
| ower capacitor electrode is formed within the opening and partially on the

surface of the pl anari zed oxi de | ayer. These enbodi nents of the
invention provide inproved planarity that is better suited for high
resol uti on photolithography and for nore controlled etch processes than is
t he uneven surface of the structure illustrated in FIGS. 1-3. 15

When form ng high density DRAMs, it is generally necessary to provide
contact holes to the source/drain regions of the transfer FETs both
for the formation of charge storage capacitors and for bit line

contacts. For exanple, preferred enbodi pgnts of a DRAMin accordance with
the present invention provide a thick oXide | ayer over the transfer FETs,

pl anari ze the thiak OXiI‘tikﬁnethodofchﬂﬁhhe@ﬁ%&s@@fﬁ&iaﬁhﬁ%ls&eﬁf&ﬁ?& ﬁ&@@?gb: ﬁr
portions o e

el ectrodes and bi coptacts on.and within t
pl anari zed oxFiER° ge&f@ﬁ%f%&fefﬁgﬁweervqwew draieBiPon provi des a
DRAM whi ch i ncludes an etch stop | ayer over the transfer FET and over the

FET' s source/drain ions and beneath the thick oxide |ayer that
covers the transfer FE:fhe“F‘ng%d afelain b ihereindiedliclectri layer is an pride afsilicenandther i ng

sel f-aligned eemiterfager isQflichPhitidehe | ower capacitor el ectrode and the bit
l'ine contact. It will be appreciated that these aspects of the
present invention are particularly well 25 suited for use with the _
enbodi nents of theinv s ver
the transfer FETs%bef o?gélflﬁgowg\%%?n ggglé%ﬂ?é)r t‘g'l %@ﬂyeég%gﬁélﬁ%?&w%m%ont act
are formed.  first, second and thirdsgured/drain zegiops.pr ef er red enbodi ments of the present
i nvention are now described with

10 1. The method of claim 6, wherein the etch stop layer is separated from the first and

second gate electrodes by a layer of oxide.

8. The method of claim 6, wherein the etch stop layer is silicon nitride and the
dielectric is an oxide of silicon.
15
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reference to FIGS. 4-11. It should be understood that, althbu
follow ng describes a bit |ine over capacitor DRAM strug m mIILIEIIu?ulIIS“IIII
of the present invention find application to capacitor 30 over bittlimes *

structures as well. Referring first to FIG 4, a small portion of a DRAMin
8 accordance wth preferred enbodi nents of the invention is
illustrated at an internedi ate stage in t he manuf acturing process. The
partially conpleted device is fornmed on a silicon substrate 50 that is
provided with device isolation structures 52. In the illustrated
enbodi nent, the device I sol ation structures 52 are field oxide regions

formed using a standard | ocal oxidation@f silicon 5 (LOCOS) process. In
alternate enbodi mery s, LREQ8YE ffinihg DRAMDriHiHE U kER o 9L, for example,
providing a substrate having device isolation structures formed thereon, an active device
region defined between the device isolation structures;
providing an insulating layer on the substrate over the active device region;

5 providing a transfer transistor on the active device region, the transfer_transistor including
a first gate electrode over the insulating layer, and first and second source/drain regions formed
in the substrate; :

forming an etch stop layer over the first gate electrode and over the first and second
source/drain regions;
10 forming a dielectric layer over the etch stop layer, the dielectric layer being different from
the etch stop layer;
planarizing the surface of the dielectric layer to provide a planarized surface;
etching through the planarized surface of the dielectric layer above the first source/drain
region, stopping the etching process on the etch stop layer, performing a further etching process
15 to etch through the etch stop layer and then forming a bit line contact to the first source/drain
region; and
etching through the planarized surface of the dielectric layer above the second
source/drain region, stopping the etching process on the etch stop layer, performing a further
etching process to etch through the etch stop layer and then forming a charge storage capacitor
20 having an electrode connected to the second source/drain region.

10.  The method of claim 9, wherein the step of forming a dielectric layer includes

chemical vapor deposition from a TEOS source gas. -

25 11. = The method of claim 10, wherein the step of planarizing is accomplished using
chemical mechanical polishing.

12.  The method of claim 9, wherein the dielectric layer is an oxide of silicon and the
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etch stop layer is silicon nitride.
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"Solation would reduce . Some of Lhe Suriace Unevennees 2!“ ﬂllmﬂlllhllllllllll II lIII

conventional manufacturing processes, it is bel i eved that*t € pkesents *
invention will nevertheless find application in such |ower profile

devi ces. Even though shallow trench device isolation structures have a

| ower profile, the wiring 10 |ines and gate electrodes still introduce

consi derabl e |l evel s of surface unevenness that can be reduced t hrough
application of the present invention. The device isolation structures 52
serve to define the active region on which the transfer FETs of the
DRAM are to be forned. A gate oxide layer 54 is grown on the
surface of the substrate in the active ?@glon typically to a

thi ckness of about;330- ?&Qneﬁmmbfaa.mrmmlmﬁb%ﬁ&tsplapér%ﬁ.%dloﬂuﬁrﬁrawcgen 15
environnment at a terrper ature of 800- 1000[err]C A layer of polysilicon is

deposit ed by fePexjsource/draingsgiops-t he surface of the device to a thickness of

1000- 3000 A and nore preferably to a thickness of approxi mately 1500
A. The layer of polysilicon is either doped in situ during deposition or by
ion inplantation, Mypi éamqﬂwdaéfongnaﬁﬁmwﬂﬂhﬁ)@pﬁmsﬁ in the conventional

f ashi Asl

2o on, ASTRYET  Ghoing s piilo ool okh g etha e Ao o
tungst en sil i reigive d¢fiBd petwedn)thealevits iselation stnehukdsci de (Ti Si[err]) haV| ng a

thi ckness of about r&v?cﬁrg%anmsulatu%lﬁergnthg?t%sﬁ?eo%%gécheﬁde%cgﬁe Iy by chem cal

vapor deposition i I'tal vapor
deposi ti on t echni quevididy 4 eansfedteangiston onitibeactive\devicd regip, thel tchasferanndidier mcluding

pol Y11 <on | BHet Pk RUGT oS50 55, SRR AR Bl
Thi s oxi daol ay:ﬂhewoﬂta&ets the gate el ectrode during 25 subsequent _
Processing steps g my, B 18T teltl AL U SRkl O SR TERLS" £
the first and second source/drain regions;
providing a dielectric layer over the etch stop layer, wherein the dielectric layer is
different from the etch stop layer, and wherein the etch stop layer is different from the oxide
115 layer;
chemical mechanical polishing the surface of the dielectric layer to provide a planarized
- surface; and
etching through the planarized surface of the dielectric layer above the first source/drain
regions, stopping the etching process on the etch stop layer, performing a further etching process
20  to etch through thé etch stop layer, removing the oxide layer to expose at least a portion of the
first source/drain region and then providing a conductor in contact with the one source/drain

region.
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i nvent i on. The three layer structure of silicon oxide over
tungsten or other silicide over polysilicon I's then patterned using
conventional photolithography to forman array of gate el ectrodes 56
consisting of a lower |ayer of polysilicon 58 covered by a |ayer of _
tungsten silicide 60, or another 30 refractory netal silicide, which in
turn is covered by oxide layer 62. Simlarly, the wiring |ines

9 66 include a | ower |ayer of polﬁgilicon 68 covered by a | ayer of
tungsten silicide 70, or another
Title: A Planarization Technique for DRAM Cell Capacitor Electrode.

Abstract of the Invention.

A method of forming a DRAM includes forming a transfer FET on a substrate, the FET
having a gate on a gate oxide layer above the substrate and a first and second source/drain region
5  in the substrate on either side of a channel region under the gate. The first and second

source/drain regions are typically exposed or nearly exposed in a spacer etch process. A silicon
nitride etch stop layer is deposited over the entire structure and then a thick layer of oxide is
deposited on the device. Chemical mechanical polishing is performed to provide a planar surface
on the thick oxide layer. An opening is formed through the thick layer of oxide above the first

10 source/drain region, stopping at the etch stop layer. The etch stop layer is removed within the
opening in the thick layer of oxide and the underlying thin oxide layer is etched. A capacitor
electrode can then be formed in contact with the exposed portion of the first source/drain region.
A similar self-aligned method can be used to form the bit line contact for the device using the
etch stop layer as a stop for the bit line contact etch. Practice of the method provides a

15  manufacturing method having improved reliability and ease of use.

(Figure 10)



refractory netal silicide, covered by oxide |layer 72. Lightly doped
portions of source/drain regions are forned by ion inplantation
self-aligned to the gate el ectrodes 56 and device isolation regi ons 52
i-n the conventional manner. Mre heavily doped portions of the LDD
source/drain 5 regions are fornmed by first depositing a | ayer of
insulating material over the gate el ectrodes, etching back to form
spacers on either side of the gate el ectrodes, and then inplanting a second
dosage of dopant ions to the source/drain aiﬁsons self-aligned to the
spacers. For exanple, a |ayer of sili oxi de can be deposited by
chem cal vapor deposition (CVD) to a thickness of, for exanpl e,

1000- 2000 A. The silicon oxide layer is then etched back to form spacers 64
al ongside 10 the gate electrodes 56, preferably in a reactive ion etching

(RIE) process using an etchant including ions derived fromCF[err] in
a plasma process. Typically, the sidewall spacer etching process wl |
renove the gate oxi de frogthe surface 1 the s@ucepzrai Pgegipps. If sone
resi due of 4he Zht e joxilée | y@$ r na?ﬁs3 ver\t he soymce/ dyai n regions
after the spacdd et gh it(i pr rred}( at rA asg/[ol_The
source/drain regi ons clteZned df syEmirayi due prilor tlX f or jnd clpacitor
15 el ectrode bt Xlji e ntcctsrto'tr ouypcefeat-n—+regi-ons—oi-deyal |

spacers 74 are \ngr
time the side
el ectrodes. |
80, 82 and

preferred to n
regions and instead to use a single doping to produce nore uniformy doped
20  source/ drai FHBgibrs PHor Awth enmbodiments, it is still preferred that

e eyt -rrumjring lines 66 at thg Hane
s 64 : d al i\de the gate ~—
lantation is performed to conplete the source/drain regijons
841@f the illustrated FETs. In certain instances, it i|s

the sidewall spacers be provided to protect the sidewalls of the gate
el ectrodes from bei ng exposed. It should further be
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noted that both nore and | ess conplicated gate el ectrode structures and
wiring line structures m ght be used. The renai nder of the figures
illustrate a sinplified structure including a | ower | ayer of

pol ysilicon covered by a |l ayer of an insulating silicon oxide. 25
Referring nowto FIG 5, a layer 90 of etch stop material is deposited over

t he surface of the device, generally with the | ayer of etch stop

mat eri al deposited directly on the surface of the source/drain
regions or separated fromthe source/drai gions by a thin oxide |ayer.
The etch stop material functions t otect the source/drain regions
from bei ng etched, and consequently suffering an increased

resi stance, during the etching of openings through thick dielectric |ayers
30 that cover the source/drain regions. Preferably, the etch stop | ayer 90
is alayer of silicon nitride

\ 0 —~1{)-68
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10 deposited by CVD to a thickness of from 100-500 A. The etch stop
|"ayer is preferably thin to ensure that etching of the etch stop |ayer
can be perfornmed rapidly and with a high | evel of confidence as to the
end of the etching process. The etch stop layer is preferably sufficiently
thick so that an etching process through a thick (2000-10,000 A) |ayer of
dielectric material such 5 as silicon oxide can reliably be stopped on

the etch stop layer 90. The etch stop layer is preferably different
fromthe dielectric layer that is forned 256; the etch stop layer. In this
sense, the sufficiency of the differ bet ween the materials used

for the etch stop |ayer and the overlying dielectric layer is
determ ned by whether an appropriate etchant exists that can readily

di stingui sh between the dielectric layer and the etch stop layer. It is
further preferred, but not as 10 inportant, that the etch stop |ayer be

different in the sane sense from t.he underlyi ng doped silicon
regions. Silicon nitride is an appropriate choice for the etch stop | ayer
because nodem comercial ly avail abl e etching systens can provide

and
ectric mavYerials. |

hi gh | evel s of selectivity between silig®n
oxides that are typically used as interlayer di

addi tion, _ﬂggisgp/TTﬁ?Tﬁﬁi¥;¥$?ﬁ?ﬁ ilable for silicon nitr]ide
have high |l evel[S 0 ectivity W 15 respect to silicon.
Referring now tjo FIG 6, &2thick layer 92 of dielectric material is
deposi ted over |t he surface of theltransfer 3 t hgyp T | ijnes.
The interlayer |di el ect /T 92Ny, fofffexami e, be| Wi | i dn ox
deposited by a £NE§Pro dqss §$ihg a squfce g-larl+ geHeetr+e—qyer
AVEE
{ / { / \ l /
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64 84
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be one of the other known dielectric materials. The inerlayer dielectric 92
is deposited to a 20 t hi ckness of 10,000 A or nore over the device. Next,
the device is planarized, preferably using a CWP process to forma
ptanarized dielectric layer 94 (FIG 7). Preferably, a significant

t hi ckness of planarized dielectric layer 94 is left above the
source/drain regions 80, 84 on which capacitor el ectrodes are to be
formed, since a greater thickness contributes to the capacitance of the
char ge storage capacitor. A mask iséiorned over the planarized
interlayer dielectric 94 and then 25 4&( ings are etched through the
interlayer dielectric 94 above source/drain regions 80, 84. Because
the etch stop layer 90 covers the transfer el ectrodes, the device isolation
structures 52 and the wiring lines, this etching step opens contacts
on the substrate for the | ower el ectrodes of t he charge storage
capacitor in a self-aligned manner. The openings are etched, preferably

usi ng an ani sotropic process in a high density plasma etcher with a
pl asma derived froma m xture of 30 source gases including CJerr]F[err],
CHF[err] or CHerr]F and COor CJerr] and Qerr] and Ar. This etch step

96
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11 preferably stops on the etch stop |ayer 90 and | eaves portions of

the dielectric |layer 96 over other parts of the device. The etch mask

is removed either at this time or before renoving the etch stop | ayer.

The etch stop layer is then etched within the openings within the remaining
—dielectric | ayer 96, using, for exanple, an anisotropic etching

process with a plasnma derived fromCHF[err]. 5 Alternately, a wet etch
usi ng hot phosphoric acid could be used to renove the etch stop | ayer
fromwithin the openings in the dielectric |ayer 96. After the etching

steps, the surfaces of source/drain regions 80, 84 are preferably
exposed and clean, as shown in FIG 8. - Next, | ower el ectrodes
of the charge storage capacitors are formed. In the enbodi nent

illustrated in FIG 9, the lower electrodes 98 include a | ower |ayer of
conventional polysilicon 10 covered by a |layer of "rugged" or

hem spherical grained polysilicon (HSGSi). To formthis structufe, a
| ayer of conventional polysilicon is deposited by | ow pressure chem cal
vapor deposition (LPCVD) at 620[err]C from?€2 arf€0( 984) onto the

source/drain el ectrodes and over the
a silicon substrate. The |ayer of conventi onal
preferably doped in situ during deposition,
anneal ing, or by a thermaln15 difdusi
known. For exanpl e,

l\l\\ !
80 o, 56 82 56

62 54
FIG. 10
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maiy bé hi ghly doped N-type by inplantation of phosphorus ions “ml

rapi d t her mal anneal at a tenperature of 1000- 1100[err]C Ifmmm“mullll
10- 30 seconds. A plate of conventi onal pol ysilicon that wll®form%hé

tore of the lower electrode is defined fromthe | ayer through

phot ol i t hography and etching, preferably before the layer of HSGSi is
provi ded on the plate. 20 Typically, the layer of conventi onal

pol ysilicon has a thickness on the order of 1000-1500 A It
is preferred that the HSG Si grow h process be initiated on a clean silicon
surface by cl eani ng native oxii& fromthe surface of the polysilicon
| ayer before depositing the HSG Si. di stinct cleaning step may be

unnecessary . f th? g‘F wth of the HSG Si layer is initiated
i mredi at el y Yajatisclal ng the underlying layer of silicon, if the surface

of the underlying si |Aﬁem0£&foﬁ1w0mmaﬁﬁhmds¢ﬁ@ suffl cient vacuumto
prevent oxide growh. Mre practically, Is to be expect ed that

there will be a PPWIngasuhsiale hayine device ‘F%‘%FW‘H“&P“‘H‘?@‘WB@“I tiYegere i con

llayer and  region defified beivided e Q8vicfisoiitbh stuctite@M h. Al ternately, if the layer
of polysilicon is doped by inplantation and annealing_or by thernal

di ffusi oR, a | ay®evigmeaningeatinelaveren the sikptratspvetibe active devicesigiampe | ayer

of polysilicon. ﬁseﬁrnglamxnd &aﬁ.d%uﬁsffamtorwawuaﬂ/%rdhmwg@ﬁ,lmecm layer is
preferably cleaned 30 before the initiation of SI growmh. Native

oxi des nmay Hmnsferdmnsistorinalvding rofitetgate slegtroge over the tnsulating izyer_and first and second

source/drain regions formed in the substrate, the second transfer transistor including a second
gate electrode over the insulating layer, the second source/drain region and a third source/drain
10  region formed in the substrate, the first and second transfer transistors sharing the second
source/drain region '
Boe 1ilcon nitride
forming an [gtelretep-layer over the first and second gate electrodes and over the first,
second and third source/drain regions;
forming a dielectric layer over %hettoh-etepllayer, ﬁw dielectric layer being different from
15 the etch stop layer;
etching through the dielectric layer above the second source/drain region, stopping the
silicon nitride
etching process on thejetelstep-layer, performing a further etching process to etch through the
silicon nitride
e&&p layer and then forming a bit line contact to the second source/draini region; and
etching through the dielectric layer above the third source/drain region, stopping the

i
20 | etching process on the Eom ayg:, perfonmng a further etchmg process to eteh through the

silicon nitride
layer and then forming a charge storage capacitor having an electrode connected fo the

third source/drain region.

2. The method of claim 1, further comprising the step of planarizing a surface of the
25  dielectric layer prior to the step of etching through the dielectric layer above the thiird

source/drain region.

3. The method of claim 2, wherein the step of planarizing is accomplished using
chemical mechanical polishing.
30
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12T polysilicon by a variety of techniques, including HF di

spi n-etching using HF, vapor HF - cleaning, or by an H2 pl aslmlmllmnmg“ll””“
Preferably, the surface of the underlying silicon layer is

Rydrogenated as a result of the cleaning operation, because the

hydr ogenat ed surface serves to protect the polysilicon surface from
reoxi dati on. Each of the cleaning techniques |isted above 5 w || achieve
t'he desired hydrogenation of the polysilicon surface. Af ter
cleaning, a layer of HSGSi is forned on the surface of the conventi onal
pol ysi licon | ayer. The 'l ayer may be formed in any of the well-known
net hods and nay consi st of depositing HSG Si by LPCVD froma sil ane

source gas onto a substrate held at a tenperature of between

555[err]C to 595[err]C. The resulting structure is shown in FIG 9 as |ower
el ectrode 98, and includes 10 an irrggular surface of HSG Si. Due to the
random nature of the nucleation of HSG Si growth, it is likely that

t he underlying doped polysilicon layer will be exposed at particularly:-
sparse regions 4  The methpxboflclpjra 2, wierdiSiBe Sep ofplanatitingis perfirmpdpricgto HSG- Si on

the surfac &e;%f e@chkﬁ)fﬁ%uéﬁfthgaélx&tiié lL)%?gbot}gﬁle second source/drain region.

5. The method of claim 1, wherein the dielectric layer is an oxide of silicon and-the=

5
silicon nitride
6. The method of claim 1, wherein theLetph-etep layer is formed in contact with the
first, second and third source/drain regions.
silicon nitride
10 7. The method of claim 6, wherein the Ehh-obplayer is separated from the first and
second gate electrodes by alayer of oxide.
8. The method of claim 6, wherein-the-eieh-stop-layer-is-silicon-nitride-and the
dielectric is an oxide of silicon.
IS
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been observed to increase capacitance by approxinmately a fac

ti mes over the capaci tance provided by the snooth surfmulﬁﬂ\lmumum
polysilicon plate. An etch back process 15 (using, for exanple a ptastha s
etchant derived fromHC and HBr) is typically perforned to remove
the HSGSi fromthe dielectric layers 96 and to renove at | east a portion
of the HSG Si fromthe surface of the core polysilicon |ayer. Any
remai ning HSG- Si may then be doped by i npl antation or outdiffusion
fromthe core polysilicon. A layer 100 of capacitor dielectric
I's then provided over the surface of the |ower gate 20 el ectrodes (FI G
10). The | ayer of capacitor dielectric y be a thin, two |ayer structure
consisting of a |lower layer of siliconitride cover ed by a surface |ayer

of silicon oxide. g, Aﬁé&@&&%ﬂﬁéammﬁnﬂgﬂh@&%bﬁ constant capacitor

dielectric material m ght be chosen, such t ant al um pent oxi de or
bari um st ronti um tBresiag ES“WWMWIW‘@n siruchursdermed sthepepe, 2p getiye device

provi ded by d '&ﬁﬁb@t@éﬂﬁéd%ae?&ﬁﬁ&?&}u pol ysilicon by LPCVD, doping
a

the polysilicon 25 yer, and patterning the | ayers to laterally define
the extent of the mpp@ngsmpadttmﬂayed@dhqaumteover the actigadevicaregioner t hi ck

i1 con oxide | oy o oF e TRt Bpueche BA KRG APNGrod I R TS sl R, ©

110 of diel ectarﬁrst gate electroda per thelinsilsting layes and fiwt dngd sl sodrcbidtain regiensfomiedct
mask is then g&gg%gver the surface of the second interl ayer
dielectric 11 line contact is etched through the dielectric
| ayer 110, 30 WI fonming @n etcl ftopplaper eser twtfivg pata glectrode frel aybithe Sistgnd kerpad 90,
in the manner duerggériﬁbed .above with
: sO n regions;
10 forming a dielectric layer over the etch stop layer, the dielectric layer being different from
the etch stop layer;
stop layer: by using QP
planarizing the surface of the dielectric laycx&o provide a planarized surface;
etching through the planarized surface of the dielectric layer above the first source/drain
region, stopping the etching process on the etch stop layer, performing a further etching process
15  to etch through the etch stop layer and then forming a bit line contact to the first source/drain
region; and
etching through the planarized surface of the dielectric layer above the second
source/drain region, stopping the etching process on the etch stop layer, performing a further
etching process to etch through the etch stop layer and then forming a charge storage capacitor

20  having an electrode connected to the second source/drain region.

10.  The method of claim 9, wherein the step of forming a dielectric layer includes

chemical vapor deposition from a TEOS source gas.

25
12. The methoci of claim 9, wherein the dielectric layer is an oxide of silicon and the
etch stop layer is silicon nitride.
. 30
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13 respect to the source/drain regions 80, 84. It shoul dm " ““ m“l“‘
this etching process is also performed in a self-ali gned mm‘ ﬁ I

provi de extended margins for alignment. The etch stop | ayer~ 1§ then®
‘renoved and then the bit line contact 112 is forned in the conventional

manner . The present invention has been described in terns of
certain preferred enbodi nents. 5 Those of ordinary skill in the art wll
appreciate that certain nodifications and variations on the

17

13.  The method of claim 12, wherein the etch stop layer is formed on the first and
second source/drain regions.

14. A method of forming a DRAM comprising the steps of:

5 providing a substrate having device isolation structures formed thereon, an active device

region defined between the device isolation structures;
providing an insulating layer on the substrate over the active device region;
providing a transfer transistor on the active device region, the transfer transistor including

a first gate electrode over the insulating layer, and first and second source/drain regions formed

10 ° in the substrate;
silicon nitride

forming anjetek-steprlayer over the first gate electrodes and on an oxide layer covering

the first and second source/drain regions;
silicon nitride

providing a dielectric layer over themep layer, wherein the dielectric layer is
silicon nitride ilicon nitr

ide
different from thelgbhotep layer, and wherein tthhh:shp layer is different from the oxide
15 layer;

chemical mechanical polishing the surface of the dielectric layer to provide a planarized
surface; and

etching through the planarized surface of the dielectric layer above the first source/drain
silicon nitride

regions, stoppmé E}f etclung J;_aroqess on thejfeteh-step- layer, performing a further etching process
20  to etch through theé@ehaseop- layer, removing the oxide layer to expose at least a portion of the

first source/drain region and then providing a conductor in contact with the one source/drain
region.
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enbodi ments descri bed herein may be made within the general spj
present invention. As such, the scope of the present inve I“I“Hﬂ'l l“ﬁ“lll"l"l

to be limted to the particul ar enbodi nents descri bed herern. ¢
the scope of the present invention is to be determ ned fromthe clalms
whi ch foll ow. 14
14
What is claimed:-

1. A method of forming a DRAM comprising the steps of:
providing a substrate having device isolation structures formed thereon, an active device
region defined between the device isolation structures;
5 providing an insulating layer on the substrate over the active device region;
providing a first and second transfer transistor on the active device region, the first
transfer transistor including-a first gate electrode over the insulating layer,and first and second
source/drain regions formed in the substrate, the second transfer transistor including a second
gate electrode over the insulating:" layer, the second source/drain region and a third source/drain
10 region formed in the substrate, the first and second transfer transistors sharing the second
source/drain region; .
forming a silicon nitride layer over the first and second gate electrodes and over the first,
second and third source/drain regions;
forming a silicon oxide layer over the silicon nitride layer, the dielectric layer being different from
15  the etch stop layer;
etching through the silicon oxide layer above the second source/drain region, stopping the
etching process on the silicon nitride layer, performing a further etching process to etch through the
silicon nitride layer and then forming a bit line contact to the second source/drain region; and
etching through the silicon oxide layer above the third source/drain region, stopping the
20 etching process on the silicon nitride layer, performing a further etching process to etch through
the silicon nitride layer and then forming a charge storage capacitor having an electrode connected
to the third source/drain region.

2. The method of claim 1, further comprising the step of planarizing a surface of the

25  silicon oxide layer prior to the step of etching through the silicon oxide layer above the third
source/drain region.

3. The method of claim 2, wherein the step of planarizing is accomplished using
chemical mechanical polishing,
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What is clai med: I . A nmethod of formng a Eﬂﬂ
conprising the steps of: provi ding a substrate uumuu" HI""H
i sol atipn stvuctures fornmed thereon, an active device regi*ontdefi ntd

bet ween the device isolation structures; 5 provi di ng an
insulating | ayer on the substrate over 15he active device region;
providing a first and second transfer transistor on the active device

regi on, the ffrst The method pfelaim@r whereinthé siepof planagikingis merfanméd priot todhet e
el ectrode QB bf duthigitBSugh #eisilibn! RME layer 3R thi S2bnd

source/drain regions formed in the Substrate, the seconthransfer

transi stor including a second gate el ectrode over the insulating

| ayer, the sesond nmmmﬁﬂdfmmlr@m@nmaﬁnboﬂnﬂrmnageﬁmmmm“mﬁe regi on
f or med |n t s&%ﬁ?&d%&% th & Elrst and second transfer transistors sharing

t he second sourcerdrarn nm%mgn formng a silicon
nitride | ayer over the first and second gate el ectrodes and over the first,
second and thgrd s re€. silicon
oxi de | ayer oser t S| |con£¥ll|5i9'|le %Sﬂéoro" mtrhie la& Eatmrtl céoﬁgye el ng

di ff erent Bepond gate elec‘?'qd@ﬁﬁytﬂ@’e@?féwd%t op I ayer; et chi ng

t hrough the silicon oxide | ayer above the second source/drain region,
stoppigﬂ t he etching process on the silicon nitride |ayer
performing a further etching process to etch through the

LT AT Y
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silicon nitride layer and then formng a bit line contact to t
source /drain region; and et ching through t

oxi.de | ayer above the third source/drain region, stopping the etCEIcng QI)I""I"I”"I

process on the silicon nitride |ayer, performng a further etching process
to etch through the silicon nitride layer and then formng a
charge storage capacitor having an el ectrode connected to the third

source/ drai n region. 16 2. The met hod of - cl aim 1,
further conprising the step of planarizing a surface of the 25

silicon oxide | gyer &F\{c@&)dt,p[bm@g§bw&,n§;r§#ﬂkﬂﬁ§t¢h{augh the silicon oxide
| ayer above the thir ource/drain r

e
1 3 tive d
3. The net h(BEP"&‘I‘“gc?i sybstris ha‘(/\h"ﬁe‘?"é’}"ﬁ ‘*H&“b’t“é*f)mﬁ? w&c'nld?m“ iy deviee
acconpl i sheflgida détfthed between the deviehBslatal sti@adeani cal pol i shing. 30
providing an insulating layer on the substrate over the active device region;
providing a transfer ransistor on the active device region, the transfer transistor including

a first gate electrode over the insulating layer, and first 2nd second source/drain regions formed

in the substrate;

formiing 2n ctch stop layer over the first gate electrode and over the {irst and sscond

source/drain regions;

10 forming a dielcctric layer over the cteh stop layer, the dielectrc layer being Ciffezeni from

the cich stop layer;
planarizing the surface of the dielectric layer by using CMP to provide a planarized surface;
etching Lhrough the planarized surface of the dielectric layer above the [first source/drain
region, stopping the etching process on the etch stop layer, performing a further etching process

15  to ctch through the etch stop layer and then forming a bit line contact to the first sourcc/drain

region; and
etching through the planarized surface of the dielectric layer above the second
source/drain region, stopping the etching process on the etch stop layer, performing 2 furiher

ctching process to etch through the etch stop layer and then forming a charge storage capacitor
20  having an electrode connected to the second source/drain region.

10.  The method of claim 9, wherein the step of forming a diclectric layer includes

chemical vapor deposition from a TEOS source gas.

12. The method of claim 9, wherein the dielectric layer is an oxide of silicon and the _
e etch stop layer is silicon nitride. _
s 30 ;
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15 4. The nmethod of claim?2, wherein

zing - SRR
planarizing is pertorred prior totne . o step of cthi {HIiHHNANNI

JERRY

6. The nethod of claim 1, wherein the silicon nitride |ayer

is formed
In contact with the first, second and third source/drain regions.
10 7. The nethod of claim®6, wherein the silicon
nitride layer is separated fromthe first and second gate
el ectrodes by a | ayer of oxide. 17

13.

The method of claim 12, wherein the etch stop layer is formed on the first and
sccond source/drain regions.

14. A method of forming a DRAM comprising the steps of:

providing a substrate having device isolation structures formed thereon, an active device
region defined between the device isolation structures:;

providing an insulating layer on the substrate over the active device region;

providing a transfer transistor on: the active device region, the transfer transistor including

a first gate electrodc over the insulating layer, and

first and second source/drain regions formed
10 in thesubstrate; '

forming a silicon nitride layer over the first gate electrodes and on a first oxide layer
covering the first and second source/drain regions;

providing a second oxide layer over the silicon nitride layer;

15 chemical mechanical polishing the surface of the second oxide layer to provide a
planarized surface; and
etching through the planarized surface of the second oxide layer above the first
source/drain regions, stopping the etching process on the silicon nitride layer, performing a further
etching process to etch through the silicon nitride layer, removing the first oxide layer to expose at least a
. 20 portion of the first source/drain regidn and then providing a conductor in contact with the one source/drain

region. '
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. 9. A met hod of form ng a DRAM conpri Si ng ﬂm“ml
prOV|d|ng a substrate having device isolation structures f

active device regi on defined between the device. i sol at on structures
providing an insulating |ayer on the substrate over the active device

regi on;

>y

10

15

20

25

30
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What is claimed:

1. A method of forming a DRAM comprising the steps of:

providing a substrate having device isclation structures formed thereon, an active deice
region defined between the device isolation structures;

providing an insulating layer on the substrate over the active device region;

providing a first and second transfer transistor on the active device region, the first
transfer transistor including a first gate electrode over the insulating layer, and first and second
source/drain regioris formed in the substrate, the second transfer transistor including a second

gate electrode over the insulating layer, the second source/drain region and a third source/drain

region formed in the substrate, the first and second transfer transistors shanng the second

source/drain region;

forming a silicon nitride layer over the first and second gate electrodes and over the first,
second and third source/drain regions;

forming a silicon oxide layer over the silicon nitride layer, the dielectric layer being different
from the etch stop layer;

etching through the silicon oxide layer above the second source/drain region, stopping the
etching process on the silicon nitride layer, performing a further etching process to etch through the
silicon nitride layer and then forming a bit line contact to the second source /drain region; and

etching through the silicon oxide layer above the third source/drain region, stopping the etching
process on the silicon nitride layer, performing a further etching process to etch through the silicon

nitride layer and then forming a charge storage capacitor having an electrode connected to the third
source/drain region.

2. The method of claim 1, further comprising the step of planarizing a surface of the
silicon oxide layer prior to the step of etching through the silicon oxide layer above the third
source/drain region.

3. The method of claim 2, wherein the step of planarizing is accomplished using

chemical mechanical polishing.
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5., ¢ providing a transfer transistor on the active devi ‘fl““ﬂ"ﬂ”“‘
transfer transistor including a first gate el ectrode ovimllnm
insulating layer, and first and second source/drain regions forned *+ "

t he substrate; formng an etch stop | ayer over the first gate

el ectrode and over the first and secondis source/drain regions; 10

formng a dielectric |layer over the etch stop | ayer by chem cal vapor
deposition froma TECBw method of claimQputietsin thastep dftpanatizing isqblrfdsrmed @rioerto i ng

di fferent fr rizing the
surface of fﬁmfg {Cou%h ghcgl?&g‘ge lf?'é?r aboved?ﬁ:’sefogd r%?ucr?\%d egi]%'f anarized

surface. etching through the planarized surface of the
dielectric |layer above the first source/drain regi on, stopping the
etchigg process on the etch stop |layer, perform ng a further etching
process 15 to etch through the etch stop |ayer and then formng a bit

| ine contact to the first source/drain regi on; and

et chi ng through he p narl surf Iectr t he

second obir ce/ fgjcil ’F'E?b’ eﬁg‘%{‘é‘ ]%yﬁﬁ‘hlr “Berdd cé°§‘ & tK e etch

stop Iayer,ﬁpesdcmmmtdtgprétsduwe/ﬂdamrregrons etching process to etch thr ough the
etch stop layer and then formng a charge storage capacitor 20 havi ng an

el ectrode connected to the second source/drain region.
10 7 The method of claim 6, wherein the silicon nitride layer is separated from the first and

second gate electrodes by a layer of oxide.




—_—
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9. A method of forming a DRAM comprising the steps of
providing a substrate having device isolation structures formed thereon, an active device

. fcgion defined between the device isolation structures; _

providing an insulating layer on the substrate over the active device region;

providing a transfer transistor on the active device region, the transfer transistor including
a first gate electrode over the insulating layer, and first and second source/drain regions formed
in the substrate;

forming an etch stop layer over the first gate electrode and over the first and second
source/drain regions;

10 forming a dielectric layer over the etch stop layer by chemical vapor deposition from a TEOS

source gas, the dielectric layer being different from the etch stop layer:
planarizing the surface of the dielectric layer by using CMP to provide a planarized surface.
etching through the planarized surface of the. _dielectric layer above the first source/drain
region, stopping the etching process on the etch stop layer, performing a further etching process

IS  to etch through the etch stop layer and then forming a bit line contact to the first source/drain

region; and
etching through the planarized surface of the dielectric layer above the second
source/drain region, stopping the etching process on the etch stop layer, performing a further

etching process to etch through the etch stop layer and then forming a charge storage capacitor

20  having an electrode connected to the second source/drain region.

25

12. The method of claim 9, wherein the dielectric layer is an oxide of silicon and the

etch stop layer is silicon nitride.
30 S
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14. A method of form ng a DRAM conprising the steps of: 5
provi ding a substrate having device isolation structures forned thereon, an

active device regi on defined betwgen the device isolation
structures; providing an insulating |ayer on the substrate
over the active device region; provi ding a transfer

transi stor on the active device region, the transfer transistor including
a first gate electrode over the insulating |layer, and first and second

source/drain regions fornmed 10 in the substrate;
forming an silicon nitride |ayer over the first gate el ectrodes and on an
first oxide |ayer covering the first and second source/drain
region%; provi ding a second oxide | ayer by chem cal
vapor deposition froma TEOCS source gas over the silicon nitride
| ayer. 15 chem cal mechani cal polishing the surface of
t he second oxide |ayer to provide a planarized surface: and

10

forming an silicon nitride layer over the first gate electrodes and on an first oxide layer
covering the first and second source/drain regions;
providing a second oxide layer by chemical vapor deposition from a TEOS source gas over

the silicon nitride layer.

15
chemical mechanical polishing the surface of the second oxide layer to provide a planarized
surface; and
etching through the planarized surface of the second oxide layer above the first source/drain
regions, stopping the etching process on the silicon nitride layer, performing a further etching process
20 to etch through the silicon nitride layer, removing the first oxide layer to expose at least a portion of

the first source/drain region and then providing a conductor in contact with the one source/drain region.
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siliconnitride layer, performng a further etching process 20

etch through the silicon nitride |layer, renmoving the first oxide Iayer to
expose at |east a portion of tfihe first source/drain region and
then providing PJ co nﬂ:u § tc?hod o? cla'o nfz w cr\é\lﬂn tthrl clctillesto?)quc§ Ps or%?c/d%l;lzat'llmcnﬁrgi:e a%ldo -

sccond source/drain regions.

14. A method of forming a DRAM comprising the steps of:
5 : providing 2 substrate having device isolation structures formed thereon, an active device
regit?n defined between the device isofatioh structures;
providing an insulating layer on the substrate over the active device region;
providing a transfer transistor or: the active device region, the transfer transistor including
a first gate electrodc over the insulating layer, and first and second souroc/drain regions formed
10 in thesubstrate; ‘
forming an silicon mmde layer over the first gate electrodes and on an first oxide layer
covering the first and second source/drain regions;
providing a second oxide layer by chemical vapor deposition from a TEOS source gas over
the silicon nitride layer.

15
chemical mechanical polishing the surface of the second oxide layer to provide a planarized
surface; and '
etching through the planarized surface of the second oxide layer above the first source/drain
regions. stopping the etching process on the silicon nitride layer, performing a further etching process
20 to etch through the silicon nitride Ia&er,"'rémoving the first oxide layer to expose at least a portion of

the first source/drain region and then providing a conductor in contact with the one source/drain region.
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