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10 Background of the Invention.
1. Field of the Invention,
The present invention relates to the formation of high capacitance structures in integrated
circuit devices and, more particularly, to the formation of electrodes which incorporate at least

one textured surface.

15
2. Description of the Related Art,

Historically, increasing the density of integrated circuit devices has been accomplished in
part by decreasing the size of structures such as wiring lines and transistor gates and by
decreasing the separation between the structures which make up the integrated circuit device.

20 Reducing the size of circuit structures is generally referred to as decreasing the “design rules”

used for the manufacture of the integrated circuit device. For dynamic random access memories

(DRAMY), information is typically stored by selectively charging or discharging each capacitor of
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(DRAMB), information is typically stored by selectively charging or
di schargi ng each capacitor of | [LLLELLD TELD VL VLD VLD VI T
*000002* 2 an array of' capacitors forned on the surface of a

sem conductor substrate. Most often, a single bit of binary information is
stored at each capacitor by associating a discharged capacitor state wth
a logical zero and a charged capacitor state with a | ogi cal one. The
surface area of the plates of the nmenory capacitors determ nes the anount
of charge that can be stored on each §f the 5 capacitors, given the typica
fixed operating voltage of a nenory, the el ectrode separation that can
reliably be manufactured, and the dielectric constant of the capacitor

diel ectric typigal l)b’tdyﬁﬂdrs fbimhed BEOCAPACI draksnicdRedusishgutiiersw dire & @Lea
occupi ed by such a DRAM capacitor in accordance w th reduced design rul es

tends to redugeotN@nSHbia6en akeadaf cdhe ) cARAGI L QCiaRlatrs)And ﬁﬁdupel .Rhe
anount of charge that can be stored on the nenory capacitor (i.e., the

capaci tance) . wiRa baRalI2BMUAA a Bifareh A FE105 LiRE @4lh B RRAE YTIGARASE hRE Sf hY Pheal |y
must be | arge enough to obtain reliable operation of the nenory. For
recent ultra ban@@esaakatintL@iaatinenhd an\ulol thabRAM: A2 is@hs: onfekdhidner
reductions in the ambunt of charge stored on the DRAM nenory capacitors
coul d prevent cdph@rolsnEiodnTBd dypital Sk A PeaE Vohe 6APAGHERIhd dQIPbdkpablo) thei ng
read out. In addition, because charge inevitably drains from nenory

capaci tors, DRAVBiabi@@e bR PN hAdhEdiflairasiiAl oftR LhRIIENRIQRICS) B, 0N
each of the capacitors of the DRAMto ensure that the stored charge renains
above the m ninmkRagaiiesct abdRink @alrfack bl HR1ipidd@ YedhiaDIANI Ra HaBRAG dcadigsmcvoul d
require nore frequent refresh operations for the DRAM which are

undesirabl e beaRHYEccadedi@adiks RAIstd ROSce@e shiffRe area of the capacitor plates and reduce the

amount of charge that can be stored on the memory capacitor (i.e., the capacitance).

10 The amount of charge stored on memory capacitors typically must be large enough to
obtain rehiable operation of the memory. For recent ultra large scale integration (“ULSI”) DRAM
designs, further reductions in the amount of charge stored on the DRAM memory capacitors
could prevent the information stored on the capacitor from reliably being read out. In addition,
because charge inevitably drains from memory capacitors, DRAMs require a periodic refresh of

15 the charge stored on each of the capacitors of the DRAM to ensure that the stored charge remains
above the minimum detectable level. Further reductions in capacitance would require more
frequent refresh operations for the DRAM, which are undesirable because at least portions of the
DRAM are unavailable for the reading and writing of information during refresh operations.

To address the challenges of reduced structure sizes, DRAM designs have been proposed

20 which incorporate capacitors having vertical extensions above the surface of the substrate (i e.,
“stacked” capacitors) or below the surface of the substrate (i.e., “trench” capacitors). By

adopting a more three-dimensional structure, such DRAM designs provide memory capacitors



DRAM ar e unavail able for the reading and witing of information during
refresh operations. To address the chall enges of reduced structure sizes,
DRAM desi gns have been proposed 20 which incorporate capacitors having
vertical extensions above the surface of the substrate (i.e., "stacked"
capacitors) or below the surface of the substrate (i.e., "trench"
capacitors). By adopting a nore three-dinensional structure, such DRAM
desi gns provide nenory capacitors 3 having |arger capacitances but which
consunme | ess of the substrate surfacg area. Al though stacked capacitor
and. trench capacitor designs involve nore conplicated structures which are
nore difficult to nmanufacture, these designs have recently been adopted
With at | eastavephiese SRACIBRSS g RAtspRIEless PbLE SR FERSTIHE “5iid MHBPB easi | y
manuf actured structures providing i nproved 5 capacitance are desirable. In
addi tion, itsPEct@sIcHamng e CarGe IR PEYS RAF cCeEntd st cit e VEtbiage
capacitor to allow the production of nore planar device structures. There
addi ti onal | ymPERHTIGHE tamanidastprs shepsiesigasdave FEN A HAIPRIFL Bithi 1 ORARMEt or age
capacitors while decreasing the amount of . surface area consuned by the
DRAM st or agestsesacttedRtign b TfaPeivs A a0t cap e 8 shiEwEss ProvigpstPRiped 10
One techni que that has been proposed for increasing the capacitance

obt ai ned’ f or “R2FRKEGTe KHBEICT Kt WG fldressiPl 40 feduce Hieysic GYER T B SPERE ur ed
silicon as the bottomplate for the nenory capacitor. The advantages of
this techni qeRPIAPEI; AP sherraRdugiqnipl BaretPlandy derics, Stactungh ThRreHiiiRN Y hrearigs s -
section a portion of a DRAM having a nenory capacitor with a | ower plate
el ectrode foptd infredspieasnagiaeee MR G Aoragheridipishiateer PRAM T¥Nei ¥ts of a
silicon substrate 10, field oxidation 15 regions 12, source/drain regions
14, 16 and gatrBceirecioryded PBtheDRRE stBabTepace] ke spifacs f B sqmiganguctor

substrate.

10 One technique that has been proposed for increasing the capacitance obtained for a fixed
substrate surface area is to use rugged or textured silicon as the bottom plate for the memory
capacitor. The advantages of this technique are illustrated in part in Fig. 1, which shows in cross-
section a portion of a DRAM having a memory capacitor with a lower plate electrode formed
from textured silicon. The illustrated DRAM consists of a silicon substrate 10, field oxidation

1S regions 12, source/drain regions 14, 16 and gate electrode 18 of the memory cell’s transfer field
effect transistor (“FET") and a wiring line 20 formed over one of the field oxide regions 12. The
wiring line 20 interconnects portions of the DRAM in the well-known manner and the transfer
FET acts as a switch during capacitor read out and write operations. In such a DRAM, the
memory capacitor may be connected to a source/drain region 16 of the transfer FET by a

20 vertically extending interconnect 22 which terminates in a plate 24 formed from conventional
polysilicon. A layer of textured silicon 26 is formed on the upper surface of the conventional

polysilicon plate 24 to complete the lower electrode of the charge storage capacitor. A thin



effect transistor ("FET") and a wiring line 20 forned over one of the field
oxide regions 12. The wring line 20 interconnects portions of the DRAMin
t he wel | -known manner and the transfer FET acts as a switch during
Gapacitor read out and wite operations. In such a DRAM the nenory
capacitor may be connected to a source/drain region 16 of the transfer FET
by a 20 vertically extending interconnect 22 which termnates in a plate 24
formed fromconventional polysilicon. A layer of textured silicon 26 is
formed on the upper surface of the cdnventional polysilicon plate 24 to
conplete the |l ower el ectrode of the charge storage capacitor. Athin 4
dielectric |layer 28 covers the surface of both the |ayer of textured
silicon 26 and the exposed portions of the plate 241, and a |ayer of doped
polysilicon 10 is formed on the dielectric layer 28 to serve as the upper
el ectrode f ondidchec bapadicveons By swiing bb@dxiicurvedot sizluraionicww 1dina tidhepdsoner

el ectrode of the capacitor, the surface area of the capacitor is increased
wi t hout ext enditegs ¢fhig plgapaend okyebedproddsiitatienablnggd os thetdnadcirichger 25 10
illustrated structure has inproved capacitance for a fixed surface area. A
vari ety of teehnisqesrhesletrbédhr hs eghadior Phyodug extuexdtsiicedvigid ihe @vef Or use in

sem conduct or devices like the DRAMillustrated in Fig. 1. Watanabe, et
al ., "Devi ce chppddeothe orpaciamd hSturfactae! Ghsprarat is owreh@d without extending the
Hem spherical -G ained Si," describes the formation of 10

hem spheri calcagcgirriedrgios herajigtsaltai the illgittaied omuc(utdHBGGirbved ugraddned foi nafeti er
to refer to textured silicon) by | ow pressure chem cal vapor deposition
(LPCVD) fromssificap@agas (SiH,). The surface roughness or texture of the
HSG Si films was nmaxim zed so that the HSGSi films could be used as
pl at es of DRAM nehoryety afyadinigoeshavetietdusedaxipmdmecapaed dlane &s ulahng obt ai ned
for semiconductor devices like the DRAM illustrated in Fig. 1. Watanabe, et al., “Device Application
and Structure Observation for Hemispherical-Grained Si,” describes the formation of
10 hemispherical-grained polycrystalline silicon (“HSG-Si”, used hereinafter to refer to textured
silicon) by low pressure chemical vapor deposition (LPCVD) from silane gas (SiH,). The surface
roughness or texture of the HSG-Si films was maximized so that the HSG-S:i films could be used
as plates of DRAM memory capacitors, with maximum capacitances being obtained for
polysilicon (HSG-Si) deposited at a substrate temperature of 590°C. Substrate deposition
15 temperatures of ten degrees higher or lower than 590°C produced an unacceptable surface
texture, that is, these conditions produced an undesirably flat surface which did not provide
appreciably larger capacitance electrodes than conventional polysilicon. Capacitors made using a
lower electrode of HSG-Si deposited using LPCVD onto a substrate at a temperature of 590°C
exhibited a capacitance per unit area approximately two times larger than similar capacitors made

20 using flat lower electrodes deposited at substrate temperatures of either 580°C or 600°C (or

higher).



polysilicon (HSG Si) deposited at a substrate tenperature of 590C.
Substrate deposition 15 tenperatures of ten degrees higher or |ower than
590C produced an unacceptable surface texture, that is, these conditions
produced an undesirably flat surface which did not provide appreciably

| ar ger capacitance el ectrodes than conventional polysilicon. Capacitors
made using a |l ower electrode of HSG Si deposited using LPCVD onto a
substrate at a tenperature of 590C exhibited a capacitance per unit area
approximately two times larger than simlar capacitors made 20 using flat
| ower el ectrodes deposited at substrate tenperatures of either 580C or 600C
(or higher). 5 | azan, et al , "Electrical Characterization of Texturcd
I nterpoly Capacitors ton Advanced Stacked DRAMs, " describes an alternative

process for form pgad ct axtueet sUKfRCR2,:00: & llcatyﬂ(l 1R poly dQ;Q\@Qon\ for Advangced
polycrystalline silicon. Wt oxidation at 907C is used to grow an oxi de

filmon the sukiaorARf Aedapedn PRHMEI |;ll&@ﬂ t(LraMﬁml’nualnEh&rb@{hrffa&eonomﬂﬁmf' I'm
is etched to produce a textured 5 surface on the polycrystalline silicon.

Et chi ng of thepaxicdenkayed snli}f)ﬁ)memldtah&\ P YS ksl k& ol AY LT oxide BEMLE Sl N
creation of a textured polysilicon surface due to tﬁ greater |evels of

oxi dati on t hatirfaleGEMichedbOPRicbNRy LA MeNAUAGRIIES RfedERRMALRO lxﬁlnle!i con
| ayers coupled with the subsequent renoval of the oxide fromthe

pol ysilicon gudid oheHedBEtiy@siiine ko Xty Pfhe SHA 1BFE JoQHg)nr}Q:%%lysanoQ%Gred in
this process directly relates to the size of the poFyS| licon grains, so

that small gradunes clidd drBeal & foRAMEInL AP dRNOtHGRaReR LGB KidhiR Y85 Of
surface texture. The article by Sakao, et al., "A Capacitor-Over-Bit-Line

(COB) Cell widchuraaloddant §rﬁm%6brﬁiaf||€sa@dp@d @lﬁnlé&QaMQ@u;ﬁ&rmﬁAhé\@:bW 1990
| EDM descri bes the formati on of

removal of the oxide from the polysmcon grain boundaries. The extent of surface roughness
produced in this process directly relates 1o the size of the polysilicon grains, so that small grained
10 films are required to produce desirable levels of surface texture.
The article by Sakao, et al., “A Capacitor-Over-Bit-Line (COB) Cell with a
Hemispherical-Grain Storage Node for 64 Mb DRAMs,” 1990 IEDM describes the formation of a
DRAM capacitor incorporating HSG-Si to provide increased storage capacitance. Formation of
the Sakao capacitor proceeds as follows. After the formation of the source, drain and gate of the
15 transfer FET, a layer of oxide is formed over the gate and word line. A contact via is opened to
the drain of the transfer FET and a vertical interconnect conductor is formed to extend from the
drain to the surface of the layer of oxide. A layer of conventional polysilicon is deposited by
LPCVD at 600°C in contact with the vertical interconnect. The layer of conventional polysilicon
is patterned by lithography and reactive ion etching to form a core storage node connected to the
20 drain of the transfer FET through the vertical interconnect.
Hemispherical-grained silicon is formed over the surface of the core storage node by

LPCVD deposition using silane diluted with helium at one Torr. pressure and a substrate



DRAM capaci tor incorporating HSG Si to provide increased storage

capaci tance. Formation of the Sakao capacitor proceeds as follows. After
the formation of the source, drain and gate of the 15 transfer FET, a | ayer
of oxide is fornmed over the gate and word line. A contact via is opened to
the drain of the transfer FET and a vertical interconnect conductor is
formed to extend fromthe drain to the surface of the |layer of oxide. A

| ayer of conventional polysilicon is deposited by LPCVD at 600C i n contact
with the vertical interconnect. The | ayer of conventional polysilicon is
patterned by |ithography and reactivegion etching to forma core storage
node connected to the 20 drain of the transfer FET through the vertical

i nterconnect. Hem spherical -grained silicon is formed over the surface of
the core storage node by LPCVD deposition using silane diluted with helium
at one Torr. pressure and a substrate 6 tenperature of 550C. The |-1SG Si
deposi t ed ha@mer@t@ionssicze T6f BEGRI Yepdab@RLGF S #Gr LGy LAYBLersAAT IR ayer

t hi ckness of at |east eighty nanoneters over the conventional polysilicon

of t_he core &HQHHQ@\CSSmodﬂeaschhLﬂ%lﬁﬂs@lrglcrm% hbhenvetiche l\Qﬁig(kl\ (QYherc%ﬁ*qurz\/& on
etching using FIBr as an etch gas to renove the HSG S fromthe surface of

t he oxi de | ayRe. u@hjt@@@lst whsQhdnhbechEdbak & AR oNQEEhousiRE Fill ann%iﬁaéilloso
renoves the HSG- Si fromthe surface of the storage node, reproducing the

texture of theod hgHBalsi HotR sudite bame ot i§yRLadRlEf AEBe &frc LiBG CJAVENt i ONnal
polysilicon within the core storage node. Thus, the | ower electrode of the

Sakao DRAM cBiRRifd 520K alkSrehiateé@IRLH TS fronP@BE WStadel SFOHR sRBGE H&Je@reﬁr‘éﬁtﬁ&%@he i
structure (texture, roughness) that is substantially the same as  HSG Si

having a graierufiof te@figih GIHCYSIRAMREBA BE Surfaddor TREoMSBIRE IS Sh kRN | over
el ectrodes of DRAM capacitors has been successful in
core storage node. Thus, the lower electrode of the Sakao DRAM capacitor is conventional
polysilicon having a surface structure (texture, roughness) that is substantially the same as
HSG-Si having a grain size of eighty nanometers.
10 The use of HSG-Si within lower electrodes of DRAM capacitors has been successful in
approximately doubling the capacitance of DRAM capacitors, but no further improvements in
capacitance have been obtained using HSG-Si. It is difficult to justify the increased complexity of

maintaining the precise deposition conditions necessary to HSG-Si formation for only a factor of

two increase in capacitance.

15
Summary of the Preferred Embodiments.
It is accordingly an object of this invention to provide an increased capacitance utilizing an
HSG-Si layer in the process of making an electrode.
A first aspect of the present invention forms a semiconductor device by providing a layer
20 of silicon on or-above a silicon substrate and providing a first layer of hemispherical-grained

silicon on the layer of silicon. A second layer of hemispherical-grained silicon is deposited over



approxi mat el y doubling the capacitance of DRAM capacitors, but no further

i nprovenents in capacitance have been obtained using HSG Si. It is
difftcult to justify the increased conplexity of maintaining the precise
deposition conditions necessary to HSG Si formation for only a factor of
two increase in capacitance. 15 Summary of the Preferred Enbodi nents. It is
accordingly an object of this invention to provide an increased capacitance
utilizing an HSG Si layer in the process of making an electrode. A first
aspect of the present invention fornms a sem conductor device by providing a
| ayer 20 of silicon on or'above a sificon substrate and providing a first

| ayer of hem spherical-grained silicon on the layer of silicon. A second

| ayer of hem spherical -grained silicon is deposited over 7 the first |ayer
of hem spher ilﬁﬁirﬂ%y@# cﬂ%gni&;llcii&lﬂ@raﬁ@ $iRak sd ln;dﬂﬂgr&d&nltgrl’\@(lbl'mgn\@ﬂghcrical-graincd

" hem spherical-grained silicon are forned on the grains of the first |ayer
of heni spherigal,: Q¢ BR&hnShd L&8N6r 1ANRL NEE ABPEGH: REI-dh&dRiGSENt | nvention
forms a sem conductor device by providing a deposition substrate
conprising silicop,aRg a8RRASHel pRGerRinkEdish fobrayBkmRbndnabi &PRELY sralidigs ai ned
silicon 5 over the deposition substrate in a first deposition process A
second | ayer &Bosh%ﬁ%&@xhﬁé E&r@drisigé ﬁiiCBQQn(ﬁcieb&sQiQQa St IRPORIh@PhPV Ry rdiMe silicon
deposition substrate in a second deposition process so that grains of

hem sphersi cal svgrad dsitdn! sLERedf a fildiCiesRERNFrolAY &1 scbMayienstaRARpRALAY Of
grains of hem spherical-grained silicon formed in the first deposition

process. The %ﬁ%%ili&&rﬁ@déﬂ@%ﬁ lb@dr@hel RposRidh LBENRn a fectideBsttToh Grdcay 88 thhsS
formed over the second | ayer of hem spherical-grained silicon, and a

grains of hemispherical-grained silicon of the second layer grow independently of grains of
hemispherical-grained silicon formed in the first deposition process. The deposition substrate is
patterned, a dielectric layer is formed over the second layer of hemispherical-grained silicon, and a
10 conductive layer is deposited over the dielectric layer.
Still another aspect of the present invention provides a semiconductor device by providing
a deposition substrate comprising silicon and providing a first layer of hemispherical-grained
silicon on the depositibn substrate. A second layer of hemispherical-grained silicon is deposited
over the deposition substrate in so that grains of hemispherical-grained silicon of the second layer
15 grow independently of grains in the first layer of hemispherical-grained silicon. The deposition
substrate is patterned, a dielectric layer is formed over the second layer of hemispherical-grained

silicon, and a conductive layer is deposited over the dielectric layer.

Briefl Description of the Drawings.
20 Fig. 1 illustrates in cross-section a portion of a DRAM utilizing a memory capacitor

having a lower electrode incorporating a layer of hemispherical-grained silicon.



10 conductive layer is deposited over the dielectric layer. Still another
aspect of the present invention provides a sem conductor device by
providing a deposition substrate conprising silicon and providing a first
l.ayer of hem spherical-grained silicon on the deposition substrate. A
second | ayer of hem spherical-grained silicon is deposited over the
deposition substrate in so that grains of hem spherical -grained silicon of
t he second | ayer 15 grow i ndependently of grains in the first |ayer of
hem spherical -grained silicon. The deposition substrate is patterned, a
dielectric layer is forned over the sécond | ayer of hem spherical -grained
silicon, and a conductive |ayer is deposited over the dielectric |ayer.
Brief Description of the Drawings. 20 Fig. | illustrates in cross-section a
portion of a DRAM utilizing a nenory capacitor having a | ower el ectrode
incorporating a | ayer of hem spherical-grained silicon. 8 | it . 2 3
illustrate stages in.g orefgrs.ed Jpiagess s iof orminagireaisa it by el ect r odes
in accordance dﬂfh‘fhe‘preééﬁt invention Figs. 4-5 illustrate alternative
embodi nents of the process (I |\usihated in Fig 3 S Description of the
Preferred Ents8UiieEnt's. Preferred enbodi ments of the present_invention
provide a first Layer of hemisphesiqalimege al negosid o] nde 3i) on the
surface of a |ayef® of poiysilicon. Gowh of the first layer of HSGSi is
interrupted and then a second |layer of HSG Si is grown. In one aspect of
the present invention, growmh of the first layer of HSG Si may be
interrupted by either caqld o@aRpasl tion. 10 substrate or by stopping
t he depésiti%ﬁC%W5@é§gm?ﬁFﬁgg%gpﬁod of time and then reinitiating

preferred embodiments of the present invention provide a first layer of hemisphencal

il f
orained silicon (HSG-Si) on the surface of a layer of polysilicon. Growth of the first layer o

1 t
HSG-Si is interrupted and then a second layer of HSG-St 1s grown. In one aspect of the presen

i i i HIoN.
invention, growth of the first layer of HSG-Si may be interrupted by either cooling the depositi
inv ,

10 substrate or by stopping the deposition process for a period of time and then reinitiating

) ) tion
deposition to provide a second layer of HSG-Si on the surface of the electrode. The interruptio
e

. . . - - . . - d
of the growth of the first layer, whether by cooling or by delay, is sufficient if the reimtiate

i layer of
growth initiates in a manner that is independent of the first process; i.€., the second lay

HSG-Si grows independently. Independent growth of the second layer mean that the crystallites

o o 1o
15 of the second HSG-Si layer initiate growth from new nucleation sites rather than continuing

. Si
grow the already present crystallites. Thus, at least some of the grains of the second HSG-St

layer will grow as distinct HSG-Si grains from surfaces of the grains of the first HSG-S1 layer.

In a variation on this aspect, the growth of the first layer of HSG-Si might be interrupted

i f
by growing a very thin layer of amorphous silicon on surfaces of the grains of the first layer o

. hi
20 HSG-Si. The grains of the second layer of HSG-Si would then grow from the surface of the thin

amorphous silicon layer.



deposition to provide a second | ayer of HSG Si on the surface of the

el ectrode. The interruption of the gromh of the first |ayer, whether by
cooling or by delay, is sufficient if the reinitiated growh initiates in
a manner that is independent of the first process; i.e., the second |ayer
of HSG Si grows independently. Independent growth of the second | ayer nean
that the crystallites is of the second HSG Si layer initiate gromh from
new nucl eation sites rather than continuing to grow the already present
crystallites. Thus, at |east some of the grains of the second HSG Si | ayer
will grow as distinct HSG Si grains #rom surfaces of the grains of the
first HSG Si layer. In a variation on this aspect, the gromh of the first

| ayer of HSG- Si mght be interrupted by growing a very thin |ayer of

anor phous si | i conhomogier &spces! (0f prth@ igedions: @packr@icti-d@ts rayels 19k @0,

HSG Si. The grains of the second |ayer of HSG Si would then grow fromthe
surface of tHestavemo! HeadeSiphausesildogapol-ayen . GRwiH &V ianptige: aspers of the
present invention, a capacitor electrode is prepared by growing a first

| aver of HSG-ISBmmneda)ylswpﬂlth\fe dey@iech [odcysint b@RMbAaWheQfie didiGodd Ft ml ayer
of HSG Si is interrupted by stopping the deposition process and preferably
renovi ng t he depacion egent andprddigingdepoisback Gftrasiys t LMr ard POriAFNG a8 et ch
back operation. After the etch back operation, the 5 el ectrode may be

rei ntroduiced deotrodeenadepogittadared syt edpoainth sgsi&eandedoay RYcr OF HEBG: Jigrdi&: @r OWN
on the etched surface. It is possible, for exanple, to etch back “the first
HSG Si | ayer thqetgud buracanayis pbha)le fohexasidlefiaceh bRpagma g cos; I;Iygranfsdchﬁt\\aHSG- Si
| ayer is essentially reproduced in the doped polysilicon |ayer.

Al ternately, thnthenddgedopoptapity df shyaist O GHSGyoiis &@ﬁlmhﬁre@ﬁﬂdce@% ®e H@p%!f for
selectively etching an underlying | ayer of doped polysilicon. Appropriate
et chi ng syst amiysilicvallayde Alternately, an undoped first layer of HSG-Si can be used as a mask for

selectively etching an underlying layer of doped polysilicon. Appropriate etching systems include

10 those that provide chlorine ions within the etchant to utilize the selectivity of the chlorine etching
system, which etches doped polysilicon at a faster rate than undoped polysilicon. When this etch
is applied to etch the first layer of undoped HSG-Si covering a layer of doped polysilicon, the
HSG-Si is slowly etched while exposed portions of the underlying doped polysilicon are etched
more rapidly. If the etching process continues until all of the HSG-Si is removed, then the surface

15 of the doped layer of polysilicon will have an irregular array of cones and truncated cones with
heights greater than the grain size of the originally-deposited HSG-Si layer. Subsequent growth
of a second layer of HSG-Si on the surface of the textured doped polysilicon layers will
necessarily be independent of the growth of the first HSG-Si layer, since the first HSG-Si layer 1s
removed before growth of the second layer of HSG-Si. As with other embodiments of the

20 present invention, growth of the second layer of HSG-Si on the etched surfaces of these

embodiments provides a further increase in the surface area of the capacitor electrode.



10 'those that provide chlorine ions within the etchant to utilize the
selectivity of the chlorine etching system which etches doped polysilicon
at a faster rate than undoped polysilicon. Wen this etch is applied to
etch the first layer of undoped HSG Si covering a | ayer of doped
polysilicon, the HSG S is slowy etched while exposed portions of the
under |l yi ng doped polysilicon are etched nore rapidly. If the etching
process continues until all of the HSG Si is renoved, then the surface 15
of the doped | ayer of polysilicon will have an irregular array of cones and
truncated cones with heights greaterlﬁhan t he grain size of the

ori gi nal | y-deposi t.ed,HSG. é Nt ‘ a second | ayer of
HSG- Si on the sur# ceh%F%FHLI Q”'%“”F“” w§fﬂ¥dﬁﬁ“l&9€?§” wi e

necessarily be independer mihe growh o the i rst HSG Si since
the first HSG S gsef ?gy“?%m( ld bef 6r %ﬁ"?Bﬂfhugf“Fh%“éEEBHU“%é?er of

HSG Si. As w ent invention rowt h of
t he second I§§£?£%Pghg§5%&ggﬁq?h g%dhgﬁj 8§ g3§§m€ﬂmFH@ z”wgﬁﬁ%8$ﬂﬁﬁts

provides a f ; > it urface ar of the c i tor ect r ode.
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invention | here LH&@%n agzga% %%anﬁ§¥ﬁﬁﬁgfﬂyﬁh””%nd are exgggerated in
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silicon subg}rate er of cop ntlop & Bg£y5|llcon 40 is preferably

doped in sit UyCPUI’ ng nln%anl?g y a therma ocess, all of which are well known
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10 For example, layer 40 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
the conventional polysilicon 40 that will form the core of the lower electrode is defined through
photolithography and etching. A first layer of HSG-Si will be deposited over this plate of
conventional polysilicon 40.

15 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 40 before depositing the HSG-S1.
A distinct cleaning step may be unnecessary if the growth of the HSG-Si layer i1s initiated
immediately after forming the underlying layer of silicon, if the surface of the underlying silicon
layer is maintained in a sufficient vacuum to prevent oxide growth. More practically, it is to be

20 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 fayer of



by ion inplantation and annealing, or by a thermal diffusion process, al
of which are well known 10 For exanple, |ayer 40 nay be highly doped N-type
by i nmplantation of phosphorus ions followed by a rapid thernmal anneal at a
tenperature of 1000-1 100C for about 10-30 seconds. A plate of the
conventional polysilicon 40 that will formthe core of the | ower electrode
is defined through photolithography and etching. A first |ayer of HSG Si
wi |l be deposited over this plate of conventional polysilicon 40. 15 It is
preferred that the HSG Si growth proddss be initiated on a clean silicon
surface by cleaning native oxide fromthe surface of the polysilicon |ayer

40 before dep05|t|n t he HSG A distinct cleaning step may be

unnecessar Y1 he ?Sﬂkh‘BT“f%%*Hgéﬂgﬁ”Véyéwﬂpéw%h1W %T@M““Thﬁﬁﬁ?étely
after form ng the under] | ayer of silicon, if the surface of the
underlylng”%fW‘EShm'F%yéVJ?%m HVaPHé nqvpe gledngd frpmitenttiara e lemtieoprevent
oxi de grow h.. More actlcall t is to be 20 expected that there wll be
atine |ntéYV5W(%5f ‘Eﬁsfﬁ@ @i 1P S ¢ AROEHIER FF yYaRey 1 s3eb '8yt Hand  the
initiation of owh. Alternately, if the |ayer of polysilicon is
doped by i %”E é‘f i‘?o CIgALl. dPseEpqerh! hswnifyy'f&]%'wﬁﬁlawd.sr*fve@wwed a1 558 of
oxide w || rown on the surface of the |ayer of 11 polysilicon.
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cl eaned begﬁ{ the initiation oh 1-1SG Si. gromh. Native oxides may be
cl eaned fr SPEHERPYdRE F“Chﬁtglhﬁé'ie?’i”@d?fhﬁgﬁuesE\S‘?Faf‘rbf’\é"t”y” é?h'ef“%t!‘ﬁHFséfﬁ‘és
including 1-j i n-etching using HF, vapor HF cl eaning, or by an H,

pl asma cIe5ﬁ¥%§“m@?8¢g?aﬁrvwmtw€h§urface of the underlying silicon layer is
hydr ogenated as _a result of the cleaning operation, because the

hydr ogenat ed sd%?ﬁ&é”@@r%@ﬁ“ ebHRP St 8% farmed dhguipsecbhe camvertgnd f r om

reoxi dati on Each of the_cl eaning techniques |isted above will achieve the
desired polysilicon layer 40. The layer may be formed in any of the well-known methods and may consist
10 of depositing HSG-Si by LPCVD from silane source gas onto a substrate held at a temperature of

between 570°C to 585°C. The resulting structure is shown in Fig. 2, and includes an irregular
surface of HSG-Si. Due to the random nature of the nucleation of HSG-Si growth, it is likely that
the underlying doped polysilicon layer 40 will be exposed at particular sparse regions in the layer
of HSG-Si, such as that indicated at 44 in Fig. 2. Growth of a layer of HSG-Si 42 on the surface

15 of a layer of polysilicon 40 has been observed to increase capacitance by approximately a factor of
1.8 times over the capacitance provided by the smooth surface of the polysilicon layer 40. It has
been difficult to achieve further increases in capacitance through growth of HSG-Si layers,
possibly due to loss of surface area as the crystallites of a first layer of HSG-Si grow sufficiently
large that surfaces of adjacent crystallites grow together.

20 Accordingly, preferred embodiments of the present invention provide further increases in
capacitance by interrupting the growth of the first HSG-Si layer and then reinitiating growth of a

second layer of HSG-Si, with the second layer being grown in a manner that may be similar to the



hydr ogenati on of the polysilicon surface. After cleaning, a |layer of HSG S
42 is formed on the surface of the conventional polysilicon |ayer 40. The
| ayer may be formed in any of the well-known nethods and nay consist 10 of
depositing HSG Si by LPCVD from silane source gas onto a substrate held at
a tenperature of between 570C to 585C. The resulting structure is shown in
Fig. 2, and includes an irregqular surface of HSG Si. Due to the random
nature of the nucleation of HSGSi growth, it is likely that the
underlyi ng doped polysilicon |layer 4012v || be exposed at particul ar sparse
regions in the layer of HSG Si, such as that indicated at 44 in Fig. 2.
Gowmh of alayer of HSGSi 42 on the surface 15 of a layer of polysilicon

40 has been obserVede iRl G LEASE. s¢a@@w(ﬁ%%utaxd apmpmd*%g.wm.@ d.felctor of
1.8 times over the capacitance provided by the snooth surface ‘of 't

p0| ySI l'icon l:ﬁ"%ﬁu 1r4a0.5 nldlmh@éu ohﬁgﬂodll Jl'llfél{}lr\ti |(1§LQ oﬁﬁbd del lfllur\g(b\\elli] oll [’I‘QI' eases
i n capacitance through growh of HSG Si | ayers, possib oss of

surface area B&onkl h?er(brfy{@‘sbaé lVJIIt %erglty d%nlt thﬂ;ulé @Xﬁertut(?lter F‘% 1I$6f ng V\gtallnu |
sufficiently large that surfaces of adjacent crystallites gro toge‘her
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further increases in capacitancé by interrupting the gr I'rst

HSG Si | ayer @nglethge ell;:ﬁfdalzt ﬁc‘]ﬂdkn@g)n gr{eQM\Ffzne foth?gfrﬂ&e&(?ﬂqﬁr%%grof *{deﬁc'fGT%s is

with the second | ayer being growi in a nanner at may be'simlar t

th
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isinitiated in a manner that 1s In ent of the growth o
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general ly contribute little to further grow e crysta I'itTes of

the first | ay&\rthé)Jurft@%fﬂe poﬁgﬁéaﬁqayergllboMolgl pQerrEWl@%?aQﬂ% A\»\?fylgl{he secolﬁhsﬁ/er

gr ows new gr ains on
of HSG-Si are smaller than the grains of the first layer, which may be accomplished by growing

12

10 the second layer for a shorter period of time than is used for growing the first layer. The process
of interrupting growth of a layer of HSG-Si and subsequently reinitiating growth of an
independent HSG-Si layer can be repeated any number of times, so that third and fourth
successive independent layers may be grown on existing second layers of HSG-Si.

It is important to the practice of the present invention that deposition of the first layer of

15 HSG-Si be interrupted in some fashion, so that continued presence of the capacitor electrode
within the HSG-Si deposition environment contributes to the growth of new crystallites for a
second layer, rather than the continued growth of the first layer of HSG-Si. A number of different
techniques can be used to interrupt the growth of the first layer of HSG-Si. For example, the flow
of reactant gases (e.g., SiH,) to the deposition chamber can be halted and the capacitor electrode

20 can be left in the deposition chamber, otherwise under deposition conditions, for a period of time
sufficient that subsequent reintroduction of the reactant gases will initiate growth at new

nucleation sites. This may occur in a time period of, for example, thirty minutes. Typical LPCVD



5 surface of the electrode, including on the surface of the grains of the
first layer of HSG Si This is illustrated in Fig. 3, where the second

| ayer of HSG Si forms distinct grains 46 of HSGSi. It is also possible
that the second |layer of HSGSi will nucleate gromh of grains 48 at new

| ocations on the surface of the polysilicon |layer 40. Mst preferably, the
grains grown in the second layer of HSG Si are snmaller than the grains of
the first layer, which nmay be acconplished by growi ng 10 the second | ayer
for a shorter period of tine than is used for growing the first layer. The
process of interrupting growmh of a layer of HSG Si and subsequently
reinitiating growh of an indepenslent HSG Si | ayer can be repeated any
nunber of times, so that third and fourth successive independent |ayers
may be grown on existing second layers of HSGSi. It is inportant to the
practice of the present invention that deposition of the first |layer of 15
HSG Si be interrupted in sone fashion, so that continued presence of the

capacitor el eCt>¥stn.¢ochlctz\hl)xoﬂstnrbseofl;_x&% §I' ,gl,,er)\g,ﬁlh'ﬁ\l\g iClL%n\éi;llrl.()(\)\nrz)?l[;lltl:lil\;(%osrllg ributes
to the growh of new crys allites for a  second ayer, ra her't'han the

conti !’]UEd ar OWtchIlchontlnQurfai;({(ﬁ'tﬁlrgla@,y(ﬁrms@gfd IH@@T §Lir\.\' as onlu\m%rrl_hgfur(q\illt Jil‘?ﬁo‘?knt
techni ques can be used to interrupt the gromh of the first |ayer of

HSG Si . For exampk epontrdiauiafiboWihe@fouii@acdkanh si@as S cckBuag occuSt iidad bOwdie
depositi on chanber can be halted and the capacitor electrode 20 can be |eft
i n the depositifon retrdbene, totivenwi sereindesoldepos rtlicoal 16 0RtiStiWAGpesidodr  a
period of time sufficient that subsequent reintroduction of the reactant
gases w || 3 nit'fa@erevgrowth at new nucleation sites. This nmay occur in a
time period of, for exanple, thirty mnutes. Typical LPCVD 13 ,\Stenis
operate at pressur & 9B eRBoIR Ty PHI OV Ing i &151 el BIEFS Eiedseost o lautr| ow
contam nant s tqﬂh%q!hectlon t er§urf ce of aLrﬁagy deposited MSG- Si Brains
as to inhibit f UH. héprmg r’n? 8\'/?1{? ias (l)lfe ztsH eéveangslroms in thickness over the surface of the first

layer’s HSG-S1 grains so that the second layer of HSG-Si grows on the layer of interrupting
material  The most easily formed and most compatibie layer of interrupting material is a layer of
10 amorphous silicon. A layer of amorphous siticon of anywhere from a few angstroms up to about
two hundred angstroms can be deposited within the same LPCVD system as is used for the
deposition of HSG-Si. By temporarily lowering the temperature of the capacitor electrode to
550°C or below, amorphous silicon can be deposited on the electrode.
After properly interrupting the growth of the first HSG-Si layer, one or more additional
15 layers of HSG-Si are grown on the surface of the capacitor electrode, preferably forming smaller
grains for each successive layer. Fig. 4 shows a thin amorphous silicon layer 50 formed over the
grains 42 of the first layer of HSG-Si and over the exposed portions of the polysilicon layer 40. A
second layer of HSG-Si is then formed, with grains 52 formed on the amorphous silicon layer 50
over the first HSG-Si layer grains 42 and with grains 54 formed on the amorphous silicon layer 50
20 on the polysilicon layer 40. Afier all of the surface texture is formed on the capacitor electrode,
the HSG-Si layer is doped by in situ doping during deposition, by ion implantation and annealing,

or by a thermal diffusion process either from the surface of the HSG-Si layers or from the
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grains upon reinitiation of the gromh process A simlar process may occur
if instead of waning for a period of tine, the capacitor electrode is
cooled and the reheated to the 1-1SG Si deposition tenperature. A
different tactic for interrupting gromh of the first layer of I-1SGSi is
to deposit a layer of interrupting material of as little as a few
angstrons in thickness over the surface of the first layer's HSG Si grains
so that the second | ayer of HSG Si grows on the layer of interrupting
material The nost easily forned and nost conpatible |ayer of interrupting
material is a |ayer of 10 anorphous silicon. A |layer of anorphous silicon
of anywhere froma few angstrons ub*to about two hundred angstrons can be
deposited within the sane LPCVD systemas is used for the deposition of
HSG Si. By tenporarily lowering the tenperature of the capacitor el ectrode
to S50C or beldom;namRr pheus:i&inld Con Gan, he . it on,the el ec

After properly |nterruptpng the growth gfpfhgﬁggﬁgtﬁqmdﬁgbﬂr'&“r,L{““”BY

nmore addi ti onadped povib@ye i sadfe (H§G’ oL Alhe LQWQW!"\'(“QML b, b%ﬂ%lHrldnl %nohl addiGon 11 .
capacitor electrode, preferably form ng snal er grains for eac sué essi ve
over

u

layer. Fig. 4ash@ngoas filktoR 2880 RAOMSoSdhkERMe BYE
grains 42 of the first |ayer of HSGfgﬁrén Tover tr%58§x%§gd>%8r Tlﬁgﬁﬁ? t he

pol ysi licon | ayepcddDire AmcSaeaRthe HBYLE 196 HSGo Sy ibS,Lh. : ai ns
52 formed on the anmorphous silicon |ay§}m§o ogter(? Sﬁ?LWQ?m’ fﬁ@ﬁ”T%q%

grains 42 andeidiioBe. grial fis10bgke i QU B Qftat DG AL ANONS, 3 1 yer 20 20 on
the polysilicon | ayer 40. After gﬁllof theugﬁ$face tgéiﬁféafg" d?ﬁéﬁ on the

capaci tor el ertiodpaciiod d@ibRGandl fodhfWEH ub&rg$gﬁgr9%u &:%h 1u%98k9%aqur'ng
deposition, by ion inplantation and anneal i ng, by a thefmal*™d ' usi on
process eit herelehf@mpbdeorShiE fvr@@&s prrotvn@d HRG $|rst| ﬁ&(&(@r ano (h]; egp cl ofelhe present

invention is described

In another aspect of the present invention, the interruption in the growth of the first HSG-
10 St layer includes etching the surface of the HSG-Svpolysilicon structure shown in Fig 2 after
deposition of the first HSG-Si layer. This etch is preferably anisotropic and may or may not be
selective between the HSG-Si grains 42 and the polysilicon layer 40. If the etch is not selective, -
then the etch merely reproduces the topography of the HSG-Si grains 42 in the polysilicon layer
40. Alternately, the HSG-Si grains 42 may not be doped and the polysilicon layer 40 may be
doped and a dopant sensitive etchant used to selectively etch the Fig. 2 structure. In this process,
the HSG-Si grains 42 act as a mask for the etching process and exposed regions of the polysilicon
layer 40 are etched more rapidly than the HSG-Si grains. The result of the etching process is an

electrode surface having a higher surface roughness or topography than an HSG-Si layer on a

polysilicon layer, such as that shown in Fig. 2.

20 i i i
A suitable etch environment for the selective etch process may be a reactive 1on etcher

such as the P5000 magnetically enhanced reactive ion etcher manufactured by Applied Materials

Corporation. The etch gases may consist of chlorine (Cl,) and hydrogen bromide (HBr) provided



underlying | ayer of' polysilicon 40. all of which are well known If the
polysilicon | ayer 40 was not doped previously, it can be doped at this
time-by, for exanple. by ion inplantation In addition. if an anorphous
silicon layer 50 was incorporated in the structure, then the anorphous
silicon layer is (loped at the sane tine as the HSG Si | ayers are doped
Processing continues by patterning the 5 electrode, if it was not
previously patterned, formng a dielectric |layer over the surface of the

| ower capacitor electrode, and form ng an tipper capacitor electrode.
Further discussion of relevant aspects of this process is provided bel ow
First, however, another aspect o >t he present invention is described In
anot her aspect of the present invention, the interruption in the growt h of

the first HSG“ n:kq)/l’ﬁkr nLl‘?”:yﬁholb[L%l/HR%én Q& Cah!) qu)mn.% (§ l(![)fn ﬁ%ﬁ AQI! n An mpu% CNCLey

HSG- Si / pol ysilicon structure shown in Fig. after deposition of the first
HSG Si | ayer. ng_chbls»O@tV@ thl\ei &ﬂ glﬁ §uf qm CX i r‘ q,:t f QPJ 9 n%nq lrrp also we 1 t be
sel ective between the HSG}%llgrafns 45%263 t he 60 yS| }C%H([ag§¥l If t he

etch i s not sgl.eehil Y&io fo c o KIBYA LBe . hy of
the HSG Si gr%’ ﬁts lgDZIEﬁl rf ;lngapﬁassfhﬁg%g&( glfl%rlgﬂg ngﬂqceifr nggpewi,g%g%ngSG Si

gra| ns 42 myaﬂﬁ%mnba@elydpp@q ﬁe@gcotngﬁﬁorgokyeséléhlpp st szYCerly%gmrme l%%or%?ielgl cﬁj and

a dopant sensitive etchant used to selectively etch ture.
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process and exposed regions of the polysilicon layer are etc
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el ectrode surface having a higher surface roéughness or top graphy than an

HSG Si | ayer Q@lr%ad@iﬂ!)%ﬁ&(lp‘w%q Ft@%ﬁJerth@‘P‘@B @oiate SN DL ET Ui cifer 20 A

sui tabl e etch envi ronnent he sel ective etch process nay be a reactive

ion etcher s a ] ant tive . et cher
O et ggéaggg Jehes (E’/fasrg&gglsg@ge@mm%h ARHAREEdnS RASHLNGay O St

HSG-Si layer 64 is doped at this time. Processing continues by patterning the electrode, if it was
10 not previously patterned, forming a dielectric layer over the surface of the lower capacitor
electrode, and forming an upper capacitor electrode.
When the surface of a structure such as that illustrated in Figs 3-5 is coated with a thin
dielectric layer and an upper layer of conductive material is deposited on the dielectric layer, a
high capaciiive cbupling can be established between the textured polysilicon layer and the upper
15 layer of conductive material. Preferably, a second layer of heavily doped N-type polysilicon is
provided, and a capacitor structure like that illustrated in Fig. | is formed. For such a structure, it
is desirable to use a dielectric layer that is thin in comparison to the scale of the texture on the
surface. For the illustrated layer, which has surface structures of approximately one hundred
nanometers in size, it would be desirable to use a dielectric layer that is less than about eight
20 nanometers thick. It is also desirable to form the dielectric layer from a material having a high
dielectric constant. An appropriate dielectric layer can be formed by depositing a layer of silicon

nitride on the surface of the HSG-Si layer, for example by CVD, and then growing a thin oxide



Corporation. The etch gases may consist of chlorine (ClZ) and hydrogen
brom de (HBr) provided 15 at a C,/1-113r ratio of 70 sccnt/;U seem |ot a
totat pressure of (,UIIl fore and at an input energy |evel of 300 W
These conditions are exenplary, and other conditions are also well suited A
selectivity ratio for the etch rate of doped polysilicon to the etch rate
of undoped I-1SGSi is approximately 2: | for these conditions. The etch
process preferably continues to conpletely etch 5 away the HSG Si grains
42, leaving raised surfaces 60 and depressions 62 on the surface of the
Iayer of doped polysilicon 40 (Fig 5). An advantage of conpletely renoving
the HSG- Si |ayer is that no adaPtlonaI doping step to render the HSG S
conductive is then necessary. In either case, a second |ayer 64 of HSG S

i's grown ont| %nﬂmhﬁrc&%wn,taﬁ&.‘qf‘.ukh@upql Y&ihicannhayen: AQL.The.mLHS%@
| ayer 64 is dope at this tinme. Processing continues by patterning the

el ectrode, |f,.idkiaWaselQcPl, DLAVIQUSLY RALLENRE .t oF ik ngﬂdg)'oﬁtﬁ&)t\” c
| ayer over the surface of the I ower capacitor el ectrode form ng an

upper Capac\aEQrSOQL:QQﬁe aQ&ijgl dleWéﬁQ tlﬁrpﬁ)rlﬁéarl\fa@;gle O(Rlb @m%JrUCI’\WOﬁjnﬁ‘HB r&o?ﬁo hat
illustrated in Figs 3-5 is coated with a thin dielectric |ayer and an

upper | ayer llOf UGQWQQE&%&JX@@ 'QI r‘d@lFlhlnsSUlqng§ xr?i@gPaQ;nvatt Bleordk§55%g¥’5|9&hcl)rayer a
hi gh capacitive coupling can be established between the textured

pol ysi | kcon | ayghcRRdsiney HRRE NG P, pag@ﬁmfsv?@&du%tz; V&R 8RDAructure
Preferably, a secon ayer of heavily doped N-type polysilicon is

provided, ang, @ GARAE § BlckR! M‘%%HBQmLIlelK@ ndi JA%CU 'rh’é&:{cﬂkggofhﬂe &dsGo Jnc!e

formed. For such a structure, desirable to use a dielectric ayer

that is thinjBing HRALARR el Jéghﬁe B63hi6n &foﬂd‘ﬁeléc?%tuwe?s A AE pol swc{nﬁce For
the illustrated Tayer, i ¢h has surface structures of approxi mately one

hundred nanpngl &L §ash[‘/‘au%h BEnatibd ox V@Q' Ltk R&ARSHS APLRioh Br MEG DR AbELRE LI C

| ayer that is |less than about el ght

hereby incorporated by reference. Aliernately, a thin layer of tantalum pentoxide or other high

10 dielectric constant matenial can be used as a diclectric layer covering the textured polysilicon
surface and acting as a capacitor dielectric

While the method for forming textured polysihcon has been described herein with specific

reference to forming a capacitor such as that shown in the DRAM structure of Fig. 1, textured
polysilicon in accordance with the present invention can be utilized in other structures. For

15 example, the textured silicon might also be used in other capacitor structures, including on the fins
of a variety of stacked capacitor structures Additionally, textured silicon layers in accordance
with preferred embodiments of the present invention might -also be used on the surface of the
floating gate in an EEPROM or a flash memory Use of a textured polysilicon surface and a thin
ONO dielectric layer between a polysilicon floating gate and a polycide control gate formed over

20 the ONO dielectnc layer greatly improves the coupling between the floating gate and the control

gate as compared to more conventional flash memory device structures



20 nanoneters thick. It is also desirable to formthe dielectric layer from
a material having a high dielectric constant. An appropriate dielectric

| ayer can be fornmed by depositing a layer of silicon nitride on the
surface of the HSG Si |ayer, for exanple by CVD, and then growing a thin
oxide 16 la%i on the surface of the silicon niliidc la\ci Stinicihnncs.
such an "NO layci is fornmed on lop ,ran oxide |layer, such as it native
oxide layri. ro\.ernn the surface of the textured polysilicon |ayer, so
that the actual dielectric filmfornmed has an "ONO ' structure. According
to Rosato, et al . "Utra-H gh pacitance Nitride Filnms Uilizing Surface
Passi vati on on Rugged Polysilicon," S J Electrochem Soc., Vol 139, No. 12,
pages 3678-82 ( Dethild @6 Rjesensinedntianhas GNQdessiited 0ftliFeferencard dafaih pleft@di t 0 a

t hi ckness of approximately 4 nanoneters The teachings of the Rosato
article, i nobudinggs thireoft @&ohbagsicrkegarmel ihgpréshe ifvedtizatsinoninaifed NOpgii@liect ri c
| ayers on rugged polysilicon and on the passivation of native oxide

surf aces befpeferddrebodipos idéscired bfrea Ratd, the {copcde tHeqyRént inédion Res BOY
incorporated by reference. Alternately, a thin |ayer of tantalum pentoxide
or ot her hi ghteifindi felnedt fallowsgrbinant nmaterial can be used as a dielectric

| ayer covering the textured polysilicon surface and acting as a capacitor
dielectric Wiile the nethod for form ng textured polysilicon has been
described herein with specific reference to form ng a capacitor such as
that shown in the DRAM structure of Fig. 1, textured polysilicon in
accordance with the present invention can be utilized in other structures.
For 15 exanple, the textured silicon mght also be used in other capacitor
structures, including on the fins of a variety of stacked capacitor
structures Additionally, textured silicon layers in accordance wth
preferred enbodi nents of the present invention mght also be used on the
surface of the



floating gate in an EEPROM or a flash nmenory Use of a textured polysilicon
surface and a thin ONO dielectric | ayer between a polysilicon floating
gate and a pol ycide control gate forned over 20 the dielectric |ayer
greatly inproves the coupling between the floating gatq T8 SHEETHAY BEEN
gate as conpared to nore conventional flash nmenory devifce StREMJHKfﬁ 17
Wil e the present invention has been described wth referenrce—to—certata
preferred enbodi nents thereof, it is to be understood that the present
invention is not limted to a particular preferred enbodi nent descri bed
herein. Rather, the scope of the present invention is to be determ ned
fromthe following clains. TH S SHEE® HAS BEEN REPLACED 18 Wat is
claimed. A nmethod of naking a sem conductor device, conprising the steps
of' providing a layer of silicon on or above a silicon substrate,
provi di ng ayfLfist.l@yer of hem spherical -grained silicon on the |ayer of
silicon, S depositing a second |ayer of hem spherical -grained silicon over

the first |ayer of = REELERRATLEAL:IALOAL S d:LEORRihIAL ddependent
grai ns of hem spherical -grai ned 't con are the ﬁralns of the

first |ayer of hemigp gragef%hgg{og' ﬁ%ﬂab%'%m%n su% uaThe ot hod of claim.

wherein the first |ayer erica rained siliconis 10 gr own by
chem cal vapor CL%Q\Q(%!\&A R l%r'}rBpl%mispng{calogframseldlsdlcon on the layer of silicon,

5 depositing a second layer of hemispherical-grained silicon over the first layer of
hemispherical-grained silicon so that independent grains of hemispherical-grained silicon are

formed on the grains of the first layer of hemispherical-grained silicon.

2. The method of claim 1, wherein the first layer of hemispherical-grained silicon is
10 grown by chemical vapor deposition on the layer of silicon.

3 The method of claim 2, wherein the layer of silicon is doped polysilicon.

4. The method of claim 2, wherein the second layer of hemispherical-grained silicon
15 is formed by chemical vapor deposition.

S. The method of claim 4, wherein the deposition of the first layer of hemispherical- -

grained silicon is interrupted by cooling the layer of silicon.

20 6. " The method of claim 4, wherein the deposition of the first layer of hemispherical-

grained silicon is interrupted by stopping the deposition process for a first time period.



3. The nethod of claim?2, wherein the layer of silicon is doped
polysilicon. 4. The nethod of claim2, wherein the second | ayer of

hem spherical -grained silicon 15 is forned by chem cal vapor deposition.
5. The method of claim4, wherein the deposition of the first |ayer of

hem spherical - grained silicon is interrupted by cooling the |ayer of
silicon. 20 6. The nethod of claim4, wherein the deposition of the first

| ayer of hem spherical- grained silicon is interrupted by stopping the
deposition process for a first time period. 19 7. The method of claim 2.
wherein the deposition of the second | ayer of hem spherical-grained silicon
is acconplished by reinitiating thé9chenical vapor deposition of

hem spherical -grained silicon to provide a growth process independent of

t he chem cal vapor deposition of the first |ayer of hem spherical -grained
silicon. S 8. The met hod of claim11, wherein the first and second | ayers of
heni spheri cal -/ graTH@W”§WPf86W2aF@:ﬁ?ﬁ&ﬁmﬁva Sihpreed¥dpe” ¥heni cal vapor

deposi tion atla temp eaature of I?ss Eh N, qc 10 9 A nethod of nmeking a
seni condubtBPhaEYisERed cYHASY @F%‘Q’ 'R ys?‘é‘ﬁ%"“bf ' Clbel“b"\?l HPWQ‘CB"S&‘@]@)B‘Q tion
substrate conp r|5|ng %I%ICOH @gOSI Lrst. I §§
heni spher MEHPI Y48 ?:F STFIRAY ?grf’ﬁ‘é‘ P éﬁég‘f"ipc'bdﬁ" st tc\"’é‘t“é‘ T"R%a  first
dep03|t|ogé$5§%p 3{ (O ngﬁke % ?wa%%ﬂgdL@ er of hem spherical - grained
silicon ov 1 on stra
5
8. The method of claim 1, wherein the first and second layers of hemispherical-
grained silicon are grown by low pressure chemical vapor deposition at a temperature of less than
600°C.
10 9 A method of making a semiconductor device, comprising the steps of’
providing a deposition substrate compnsing silicon,
depositing a first layer of hemisphenical-grained silicon over the deposition substrate in a
first deposition process;
depositing a second layer of hemispherical-grained silicon over the deposition substrate in
15 a second deposition process so that grains of hemispherical-grained silicon of the second layer

grow independently of grains of hemispherical-grained silicon formed in the first deposition
process;

patterning the deposition substrate;

forming a dielectric layer over the second layer of hemispherical-grained silicon; and

20 depositing a conductive layer over the dielectric layer.



15" a second deposition process so that grains of hem spheri cal-grained
silicon of the second |ayer grow independently of grains of

hem spherical -grained silicon forned in the first deposition process;
patterning the deposition substrate; formng a dielectric |ayer over the
second | ayer of hem spherical-grained silicon; and 20 depositing a
conductive | ayer over the dielectric layer. 20 10. The nethod of claim?9,
including the step of etching the first |ayer of hem spherical -grai ned
silicon prior to the step of depositing a second | ayer of hem spherical -
grained silicon. 51 | . The nethod of claim 10, wherein the step of
etching continues until the first layer of hem spherical-grained silicon
is renoved 12. The nmethod of claim9, wherein the deposition substrate
conpri ses doped silicon, the nethod further conprising the step of etching

the first |ayer oﬁOhenh§p rpai . ned sel ective etch
which preferentially etch ﬂ@kﬁgggﬁgsiﬁp ﬁﬁ‘fuﬁonJ?mbww'f%%”tHén the

sel ective etgh,&hL&i , int q .
e spher i cal - oy o hon sy aBarbab 68 ey WIRLELD 4 08T P08 he Pl
13. The net hog.fq G-l m 12, wherein the first Iayer of

hem spherical -grained silicon is 15 deposited on the deposition substrate,
wherein the step of etching etches into the |ayer of deposition substrate
to a depth at | east equal to the thickness of the first |ayer of

hem spherj cal - graiinedrRahdisy lorQQH-IO, wherein the step of etching continues until the first layer

8ﬁ?ng st ep.

of hemispherical-grained silicon is removed

12, The method of claim 9, wherein the deposition substrate comprises doped silicon,
the method further comprising the step of etching the first layer of hemispherical-grained silicon
1o using a selective etch which preferentially etches doped silicon at a rate faster than the selective
etch etches undoped silicon, wherein the second layer of hemispherical-grained silicon is

deposited subsequent to the etching step.

13. The method of claim 12, wherein the first layer of hemispherical-grained silicon is
15 deposited on the deposition substrate, wherein the step of etching etches into the layer of

deposition substrate to a depth at least equal to the thickness of the first layer of hemisphencal-

grained polysilicon.

14. The method of claim 9, further comprising the steps of:
20 forming a dielectric layer over the second layer of hemispherical-grained silicon;
forming a layer of doped polysilicon over the dielectric layer; and

patterning the layer of doped polysilicon to provide an upper electrode of a capacitor.



14. The method of claim9, further conprising the steps of 20 form ng a
dielectric |l ayer over the second |ayer of hem spherical-grained silicon;
forming a | ayer of doped polysilicon over the dielectric |ayer; and
patterning the | ayer of doped polysilicon to provide an upper el ectrode of
a capacitor. 21 15. The nethod of claim 14, wherein the step of providing
a |l ayer of doped polysilicon includes a step of etching the |ayer of doped
polysilicon to laterally define an extent of an electrode structure. S 16
The met hod of claim9, wherein the first and second | ayer of

hem spherical -grained polysilicon ig2ldeposited at a tenperature of between
about 570C to about 585C. 17. The nethod of claim9, further conprising the
step of depositing a | ayer of 10 anorphous silicon over the surface of the
first layer of hem spherical-grained silicon, wherein the second |ayer of
hem spherical -grained silicon is deposited on the |ayer of anorphous
silicon. 18. A nethod of nmaking a sem conductor device, conprising the
steps of providing a''Yeptes of Him stinderathe seoaprivsingg layil 4 dewrd pplssigpiovi di ng
a first Iayer‘qj hem spheri cal -grained silicon on the deposition substrate;
depositing am%%éﬁﬁﬂeﬂﬁg&Pm%WeﬁéﬁPgﬁﬁé?W@%Tg@f%?ﬁ@b”?ﬁ%ﬁ@&ﬁeﬁv%?“the

deposi tion sggﬁ%5§§§%$£ so that grains of hem spherical-grained silicon of
t he second | ayer grow independently of grains in the first |ayer of

hen spheyical -grai ned silicon; patterning the deposition substrate;

16 The method of claim 9, wherein the first and second layer of hemispherical-grained

polysilicon is deposited at a temperature of between about 570°C to about 585°C.

17 The method of claim 9, further comprising the step of depositing a layer of
10 amorphous silicon over the surface of the first layer of hemispherical-grained silicon, wherein the

second layer of hemispherical-grained silicon is deposited on the layer of amorphous silicon.

18. A method of making a semiconductor device, comprising the steps of:
providing a deposition substrate comprising silicon;
15 providing a first layer ofhenﬁspheﬁcal-grained silicon on the deposition substrate;
depositing a second layer of hemispherical-grained silicon over the deposition substrate in
so that grains of hemispherical-grained silicon of the second layer grow independently of grains in
the first layer of hemispherical-grained silicon;
patterning the deposition substrate;
20

forming a dielectric layer over the second layer of hemispherical-grained silicon; and

depositing a conductive layer over the dielectric layer.



20°formng a dielectric | ayer over the second | ayer of

hem spheri cal -grai ned silicon; and depositing a conductive |ayer over the
dielectric layer. 22 19. The nethod of claim 18, wherein the step of
providing the first |ayer of hem spherical-grained silicon is performed by
chem cal vapor deposition and wherein the deposition substrate is a |ayer
of doped polysilicon. 20. The nethod of claim 19, wherein the step of
depositing the second | ayer of hem spherical-grained silicon is perforned
by a chem cal vapor deposition process in the sane deposition system as
was used to deposit the first |ayey, of hem spherical -grained silicon.

19. The method of claim 18, wherein the step of providing the first layer of
hemispherical-grained silicon is performed by chemical vapor deposition and wherein the
deposition substrate is a layer of doped polysilicon.

5 20. The method of claim 19, wherein the step of depositing the second layer of
hemispherical-grained silicon is performed by a chemical vapor deposition process in the same

deposition system as was used to deposit the first layer of hemispherical-grained silicon.



