0 6 MAY 2005 1 Integrated Menory Gircuit and Method of Forming an
I'ntegrated Me Field of the Invention The present invention
relates to inpgwmmmg NmFy circuit, and in particular, t0gsHAC&005ed NROM
menories that are Oh a diel ectri | ayer for storing information. 10
Background of the Iﬁ@@htlon and Prior Art In the technical publication "Can
NROM two-bit, trapping storage NVM cell, give a real challenge to
floating gate 15 cells?". B. Eitan et al Int er nati onal Conference on-

Solid State DIRtagFated M"&Rﬂél%qu%k?oané%thﬁﬂsefogemﬂgnéﬁnry
circuit having an array of KzehgratedyMeidry CEiRuiROM concept is a two
bit Flash cell based on charge storage in an ONO dielectric. ONO stands
for oxide-nitride 20 oxide. One nenory cell is storing two. physically
separated bits with a unique nethod to sense the trapped charge.

Progragning I's perforned by gﬁagngl {BH}EIéctéon lnjection (CHE) and erase
I's performed by tunnelling e tion. .25 CGene rally, a
NROM cel | is a n-channel MOSFET device where the gate dielectric is
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tunnel i ng.palded hrrdedi sl &t OFpd 1dydit tbdesBexlingointBemat iownct i ons. Each
NROM cel | includes a source region, a drain region and a channel region

ext end ng between the source and the drain region.
Background of the Invention and Prior Art

In the technical publication “Can NROM, two-bit, trapping
storage NVM cell, give a real challenge to floating gate
15 cells?”, B. Eitan et al., International Conference on Solid
State Devices and Materials, Tokyo, 1999, discloses a
memory circuit having an array of NROM memory cells. The
NROM concept is a two bit Flash cell based on charge
 storage in an ONO dielectric. ONO stands for oxide~nitride-
20 oxide. One memory cell is stoxing two.physicélly separated
bits with a unique method to sense the trapped charge.
Progrémming is performed by Channel Hot Electron injection
(CHE) and erase 1s performed by tunnelling enhanced Hot
Hole Injection.
25 |
Gene rally, a NROM cell is a n-channel MOSFET device where
the gate dielectric is replaced by a trapping material
(nitride) sandwiched between two silicon dioxide layers.
"This is the above mentioned ONO étructure. The top and
30 bottom oxides are thicker than 1,5 nanometers to avoid any
direct tunneling. The charge is stored in nitride next to
the n' junctions. Each NROM cell includes a source regionm,
a drain region. and a channel region extending between the
source and the drain region.
s | |
In this prior art memory cell, the drain reglons on the one
hand and the source regions on the other hand of
neighboring memory cells are connécted by so-called bit
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35 In this prior art nmenory cell, the drain regions on the one hand and
the source regions on the other hand of nei ghboring nenory ceIIs 5
connected by so-called bit 0 6 MAY 2005 2 lines that are hlgh gﬁ?@
regions within the substrate sem conductor material. Cenerally, a p doped
sem conductor substrate is used. The bjt lines are realized as heavily
doped n regions. Above the heavily doped n regions, an 5 oxide for

i nsul ati on purposes - the bit line oxide - is provided. This kind of bit
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909. Such™an area o eing conprised an array of” paralle
bit |inesdapgdan &LGIPNSt i‘@%@r difeehemril Y | fere®eR nkLIbPRed «albove the bit

lines ?“doxgags%bﬁglh@%ﬂﬁﬂléd'ﬁﬁ%ﬁﬁséﬁ’iﬂEﬂéﬁbi§ Eﬁﬁée@xﬁd¥'£t9§| ground
array. Usually, this virtuyal gro;g- arra is a %fég oxi de- Iess Cross -
poi nt arcﬁFP§é@GPe whdi§ £1nd of t(ﬁﬂq 3L ra %u?%e PerPhbt. 20 The

NROM cel | 1tigegr.ogrammed by channel hot electron injection. At a high gate
potential the transistor is driven into pinch off, if a sufficient source
to drain voltage is applied. Electrons are heating up at high fields 25

near the &bave thecchemnhelds regdpras the Aeatroistyrgels rapphieda certain

vel ogigy, ABB% 2he LRSS Rt Ree MddidG ] anSrodd” Ila ONG s&rwt ure
because of correspondi ng volta e applied to the word l1ne, 1.e., the

called word line lS provided. In particular, word lines are
provided such that they cross the bit lines at angles of
approximately 90°. Such an area of memory cells being
comprised of an array of parallel bit lines and an array of

15 parallel word lines being formed above the bit lines and
crossing the bit lines at 20° angles is called a virtual
ground array. Usually, this virtual ground array is a
field-oxide-less cross point architecture with a 5 - 6 F?
cell size or 2.5 - 3 F® per bit.

20
The NROM cell is programmed by channel hot electron
injection. At a high gate potential the transistor is
driven into pinch off, if a sufficient source to drain
voltage 1s applied, Electrons are heating up at high fields

25 near the drain junction. As soon as the electrons have
reached a certain velocity, they are injected into the
nitride layer of the ONO structure because of the
corresponding voltage applied to the word line, i.e., the
gate of the NROM memory cell.

30
This electron injection into the nitride layer takes place
near the metallurgical junction of the drain region to
which the electrons move. Since the electrons c¢an not
freely move within the nitride layer, the electrons are

35 trapped approximately at the edge of a crossing region of a
word line and a bit line.



gate .of the NROM nenory cell. 30 This electron injectibn into the nitride
ayer takes place near the netallurgical junction of the drain region to
whi ch the el ectrons nove. Since the el ectrons can not freely'@gﬁﬁﬁmﬁinn
the nitride |ayer, the electrons are 35 trapped approxi mately e edge
of a crossing region of a word |ine ans a bit line. 0 6 MAY 2005 3 Wen
the drain source voltage is reversed, electrons are accelerated in the
reverse direction. Wien these el ectrons have reached a certain velocity,
they are injected into the nitride_lLayet _near the_.cr ' gi;q of the
word line 5t$ﬁed5?h%r539fc?iHEEBFgghésngﬁgF%sggrlgigkgggaghg el ectrons
are not frgetylepyedleini thenreherset didectagsr Bhenh&here® edectEPtPe, one
menmory cell can Stor et HLSinTO NgthbQCatieORs jRE. eihe nedyeneof the
crossi ng pgot¥E B?a?%%dm%?ﬁgk%S%% a%ég%%gyfirstgbit l&Bg of qennrg ell,
and the edgbsri@eoiayér peasrtleossPA5ipsi REISPPL RE KOFIWPFRe 1aRE BRE ot her
bit line of th c nepgl h¥mokrly £812.desheR ahe edecitmomsze the
si ze og a ém%n§F€8g2$¥F S&g% ?ﬁe cell_sizg can _be reduced, hihgeﬁgby 15
circuit haaregnetcérealy weverhbe ¥apRint fhEaRihEIREdE2YEM e P THE Yot her

way round, g @gg@fglcgﬁguﬁ%Tbgyiaglnheans?Feraizeohaita.hmgbesﬁstdpgge
capacity, en a nmenory ce | s made_smal | er .. ; I on to
merory cel 1o@2 ki PRS2 FBnt B EHES ?chﬁthfgaséégté?&géﬂggnghg}gﬁ&Fh i s
required fpinéhenddeneceirdhebbariiee héi ghmsmotyt kellaydndniher £3E&Sar e
aroundg 3.1 ev,_which requj 1 he_ekect pensyLoyBegheahed ang eReugkhee
surpagg tﬁ?g B%?r?g?egug#ég§bbgg?§%ﬁgn8? EP%SW?ypical d?ain vol tage is,

t heref ore,bst\1iffe afotdepuadAryt APddgh the effective channel |ength can
not be reduced as

Generally, it is a design aim to minimize the size of a
memory cell. When the cell size can be redu;ed, the memory
15 circuit having a certain storage capacity can be made
smaller. The other way round, a memory circuit having the
same size has a higher storage capacity, when a memory cell

is made smaller.

20 A former limitation to memory cell minimization was the
fact that a certain channel length is required for the
device. The barrier heights of the layer materials are
around 3.1 eV which requires the electrons to be heated up
enough to surpass this barrier during programming. A

25 typical drain voltage is, therefore, 5 V. To avoid punch
through the effective channel length can not be reduced as

much as desired.

To minimize the cell size while maintaining a certain

30 required channel length, the United States patent
application publication US 2002/00240%92 Al teaches to use a
grooved channel region. The channel shape is changed from.a
straight channel shape to 2 kind of a two dimensiconal
channel shape, since the active channel is not formed by a

35 straight connection but by U shape or V shape at the bottom
of a channel groove. The ONO structure is applied onto the
surface of the channel groove. With this groove shape, the



much .as desired. To mnimze the cell size while maintaining a certain 30
required channel length, the United States patent application publication
US 2002/ 0024092 Al teaches to use a grooved channel region. The channel
shape is changed froma straight channel shape to a kind of a h:@A zms

di nensi onal channel shape, since the agtive channel is not foP

strai ght connection but by U shape or V shape at the bottom of a channel
groove. The ONO structure is applied onto the surface of the channel
groove. Wth this 0 h h Y K $lezq can be
reduced i MYPeey ?%ig %gﬁénggﬁeb& Fﬁéuggg gﬁpggggg ggggfﬁcgﬁbgacer?aln chip
size. The mighey cepaCLhytmeNQEbv@nléeﬁﬁrﬁﬁéﬁ OBipatd#®-5 application

publication has diffused bit lines, i.e., bit lines, that are produced by
heavily doping certain regions of the sem co ductor sugstrate is well
known thatTmﬂsmemﬂrbfCﬁbhvlmytﬂépﬂhﬁveth@gétb ged1§S) PREENSt || have a
certaim §t§éﬁn§§blbééti§nnhsb Btghe&eﬁhbﬂtthenehnlq eesi diance of a

netalllc | & S | ages
have to bbl%$§#|Eﬂa?oafﬁepﬁ?§hﬁea bgogﬁéglh 831 %%ﬁggggg&%ké in the
range of 498 vibtsemIGonedoterobubstkeseses in 15 the b|t lines, the
so-called bit line strapping technique is used. Wth this technique Vi a
hol es are applied between adjacent word |lines. These via hol es extend
between a Tbpismeehl knowetthatzensteydr ofnleeNélyi HOPRRG, these P&

di ffuged rfﬂﬁ@é‘SsE?ﬁi Hé@ehsa&ékyaﬂﬁpeﬂmw trbstlbrtsnze aheangemenich t he
ohm c resi stance o

| nes i s not nly_det rn1n % % heavi | y
doped d|ff@B@HGFebh%%stB%tOh?écdé?ﬁ?ﬁFﬁBSeb§ftﬁemS ﬁlllc g ¥%§ g % of the
netal or ggéﬁﬁiézednlgugroandrtbEdepntadatuwelyohesh ¥olAadgiesadhexet age of
this Concegt bg éSSileé PSCQ Sdrain or source region. The voltages

lie in the range of 4.5 volts. To reduce ohmic losses in

15 the bit lines, the so-called bit line strapping technique
is used. With this technique, via holes are applied between
adjacent word lines. These via holes extend between a top
metal or metallized layer and the bit line, i.e., the
diffused regions that are heavily doped. With this

20 arrangement, the ohmic resistance of the bit lines is not
mainly determined by the heavily doped diffused regions but
is determined by the ohmic resistances of the metal or
metallized layer and the contact via holes.

25 A disadvantage of this concept is that it becomes
increasingly difficult to produce these via holes between
adjacent word lines, since the patterning of the word lines
i{s to be conducted by photolithography. Additionally, the
word line photolithography is a very demanding task, since

30 the structures are in the range of 150 to 50 napometers.
One can imagine that it is very difficult to apply a via
hole which itself has a diameter of possibly 50 nanometers
in a space of only 100 nanometers or less. Due to the
relatively high maximum voltage (about 10 V) between bit

35 lines and word lines a sufficient insulation layer
thickness is regquired if reliability problems are to be
avoided. In addition, the word line to bit line capacity
should be kept low to avoid switching delay.



increasingly difficult to produce these via holes between adjacent word

I'i nes, since the patterning of the word lines 1is to be conducted by

phot ol i t hography. Additionally, the word |ine photolithography is a very
demandi ng task, since 30 the structures are in the range of 150 gt MA6®005
nanoneters. One can imagine that it is Wwery difficult to apply a via hole
which itself has a dianeter of possibly 50 nanoneters in a space of only
100 nanoneters or less. Due to the relatively high maxi mnum voltage (about
10 V) between bit 35 lines and word lines a sufficient insulation |ayer

thickness ig required [f.reliability.prqoblens are to.be .avaided. In

addi ti on, tﬁ% Q\gaﬁeFFntgﬁa BFPBFP% &gpéfi tc&}sc?.ﬁgmcg e tIbcgp'(t?‘:’jel""81‘\}31'&o avoi d
swi t chi ng dedagntOappMiYalos BoTol8d@Pe$$ .Chi £ idesbloamdiinte i2d ,di2d@iZesed i n
t he German t | | b . +10 9 CFoe & u ; 2, and
not yet pub??ghgg? ?ggn%§85%gﬂﬁﬁg 6%t$ﬁ?ng§§tF§8p%§§ gqféb%ﬁfékgl%%? to
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cont ai ni ng fageedi QL appPPadSiFRFEPnARYPTFAEECH LN 2PPG LRgy &P ithe o g.
trngsten Siéﬁ?éﬂ?aﬁéd?eﬂﬁdbhﬁﬁaﬁbkysu&fF@éd Oﬁﬁihibafeﬁys&#gco&nl@&bﬁe, for
electric insulation of the. tungsten,silicide |ayer e _respective
envi ronnent® m%%%g,c?%Fglﬁ%P9|?%@gﬁpﬁPi889%g990p%§ sth§%§3b§PP§Pé“%§9
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Additional Iy, titanh and/or titan si e can be used. It een
di scover ed $WREStenotthlehde pt BBRENE TPV 5N dSSPECHiVR BPVIEPABSEEr appi ng

are overconenby, tthssseittlone appilbeda pnobbpgnvifaghappedsedatit iBas been

outlined abgggﬁed of a polysilicon layer, a tungsten silicide layer

15 and a top oxide layer. Instead of WSi, also tungsten
nitride and tungsten can be applied. Additiocnally, titan

and/or titan silicide can be used.

It has been discovered that, though the problems involved

20 with bit line strapping are overcome by this solution,
another problem has appeared. It has been outlined above,
that the word line lithography is a very demanding task. In
particular, the quality of the lithography heavily
deteriorates, when the surface, on which the lithography is

25 conducted, is not a perfect surface but has steps or,
generally, different levels.

Normally, an integrated memory circuit includes an array of
memory cells located within a periphery. On this periphery,

30 a controlling circuit for controlling the array of memory
cells is located. It is clear that the bit lines as well as
the woxrd lines of the array of memory cells extend into the
controlling circuit on the periphery so that the required
voltages can be applied to the word lines as well as the

35 bit lines.

While the manufacturing steps for forming for example the
gate grooves are restricted to the memory cell array, at



that the word line lithography is a very demanding task. In particular,
the quality of the l'i thography heavily deteriorates, when the surface, on
whi ch the |ithography is 25 conducted, is not a perfect surfaci but h &
steps or, generally, different Ievels Normal |y, an integrate @
circuit includes an array of nenory cellg located within a periphery. On
this periphery, 30 a controlling circuit for controlling the array of
menory cells is located. It is clear that the bit |ines as mell as the

word |ines e extend into t oII|ng
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on the ﬁerlﬁbeayfokndaaﬁhuﬁglgatbhetrprthst&gEa@hw gfgedtor formng the
ning gate.stru es of field effect

word |ine i 8 als? ﬁ used g g %ﬁ
transi st ors-FRAPPFEHEFEt OF F?BEFF§°5f REVAEFt PRSI %y comtredildnghat i s
normal | y basktdcoatChMIstt éshnogmadlyAppleidngnt OMOSI telchrasuent.o t he
substrate sem conductor 10 surface inevitably results in a step between
the controlling circuit of the integrated memory circuit and the array of
menory celléppfhlparthéubat linesnagkof bhe debshiraget semicodduictes in t he
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circuit defining the word lines in the memory cell array is not
perfectly plain but has a step at the border between the
15 periphery and the memory cell array.

This step results in problems that lead to a lower yield or
forbids further gains in size reduction of the memory
cells. In both scenarios, the cost for a memory circuit

20 increase, When the production yield is reduced, the price
for a functioning memory circuit has to be raised. When, on
the other hand, further gains in size reduction are not
possible, the price of the memory cells also is increased
because of higher area consumption of a memory cell having

25 a certain capacity.

It is to be pointed out here that the memory circuit market
is a very competitive market, in which small price
differences may be responsible for the survival of the

30 memory circuit producer.

Summary of the invention

35 It is an object of the present .invention to provide a
cheaper integrated memory circuit or a method of producing
a cheaper integrated memory cell.



20 increase. Wen the production yield is reduced, the price for a
functioning nmenory circuit has to be raised. Wen, on the other hand,
further gains.in size reduction are not possible, the price of th nory
cells also is increased because of higher area consunption d® y
cell having 25 a certain capacity. It is<to be pointed out here that the
menory circuit market is a very conpetitive market, in which small price
di fferences nay be responsible for the survival of the 30 nenory circuit
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bit lines and the word i nes exten controlling circuit, wherein
the bit. |inesin® etPRCREIBEF }i CRNEESRAANT: &%%l%eﬁﬁm@m& heubstrat e

sur f acelopl ahEbstHsbet hat aodiikbenenge thet wean her bdtémdut)ﬂecé]ops plane and
15 the sem caonduct or Ubétg ﬁg&surface snal | er

|
pr edet er mi ne® SRR, ThR fee ANk ﬁ%zfag'g’fl?zdl%%c?x%? aélh]éni)? esRhit -
inventjon,'t¢wstrob;eng c$rauhteveﬂem¢umluﬁelhxt(ﬁlﬁenram@ recessed

with respect to the semiconductor substrate surface plane
' such that a difference between the bit line top plane and
15 the semiconductor substrate surface plane is smaller than a
predetermined value. ' ‘

In accordanée with a second aspect of the present

_ invention, this object is achieved by a method.of forming

.20 an integrated memory circuit, the method comprising:

pr&viding a semiconductor.substrate} forming bit line
recesses in the substrate; forming bit lines in the
recesses, wherein two adjacent bit lines are connected to &
source and é drain region of a mémory cell in an érray of

25 memory cells; forming gate regions of the memory cells;.
forming word lines on the gate regions of the memory cells
and gate structures of transistors in a control qlrcult for
the array of memory cells, the word lines and the bit lines
extending into the control unit, wherein the bit line recesses and the bit lines are
designed such that the difference between a bit line top plane and a substrate

"surface.plane is smaller than a predetermined value.

'The_preSent invention is based on the finding that for
further gains in size reduction, it is of utmost importance
that before any photolithography steps of highest



20 an integrated nenory circuit, the nmethod conprising: providing a

sem conduct or substrate; formng bit line recesses in the substrate;
forming bit lines in the recesses, wherein two adjacent bit ldam§ g
connected to.a source and a drain region of a nmenory cell i” n array of
25 nenory cells; formng gate regions & the nenory cells;. form ng word
lines on the gate regions of the nenory cells. and gate structures of
transistors in a control circuit for the array of nenory cells, the word
lines and the bit lines extending into the control unit, wherein the bit
line recesses and the bit lines are designed such that the_di [ence
bet ween a bFeSPlwkieBpapraf@raAgda “tusttiidt SV ?%C%Pp?%%esgé;éﬁaﬁ?er t han
a predet er npgdeyabdeas Thoepr asepbossitad i dn imabasedlan, t hel$i ndi ng t hat

for further,gaips in size reduction, it is: ' £ PO, €t

before any ph ?%EF?HO@F&Bﬁ? §P§p§W% Hﬂ%ﬁéiﬁéﬁ?é?§§§§z%g§ §%§?§§8 u??%n are
carri ed outyotielsnesac@ookchiieveulsstsuischar tpldae a3LeVBR SUPHEEEFBI .

- In particul gf.+this [ ty iy j d p@@?p{'1bmgrapbystoi.detining
the word s?ﬁn%g.* opggﬁ%g\ééyggv?ﬁr%%eﬁﬁ prlhl:{le o] t%e substrate that is
perfectly even or has only negligible steps, i.e., 0 6 MAY 2005 8 steps
that are smaller than a predeterm ned value which is dictated by the

phot ol i t hography settings, the bit lines of the inventive integrated
“menory circuit are recessed with respect to a substrate sem conductor
surface plane of the 5 periphery in which the controlling circuit is
produced. By formng recesses into the sem conductor substrate, and, then
by formng bit lines in these recesses, a perfect or alnost perfect
surface for the word line lithography can be obtained. In particular,

provi ding recesses for the bit 10 line allows to formbit lines of a
material different from



t he sem conductor substrate, i.e. bit lines that are preferably netallized
or include a netal/sem conductor conpound that has a | ow ohm ¢ resistance.
Therefore, the problematic bit |ine strapping technique can be avoi ded, 15
It is an advantage of the inventive concept that by providibhg MAYC@§§es for
the bit lines, it is possible to obey the essential rules for device
functionality and nmanufacturability i a |leading edge fabrication site
that 20 is capable of line widths of around 100 nanoneters. It is a further
advant age of the present invention that by providing recessed bit |ines,
no steps ghepsr Q;htaltalarab@utallleﬁﬂ thaao ree treresie i isrerb | ya BEe ndnicrfetier s and

t 25 f £
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2005 9 It ntagé o the pr esent i nvent1'on that the channe
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repr Thi s |fs made bc;ﬁ t he act t hat
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drai n regkgaes sapd coheuatbirv g ubizanaele eticle .steajx larr&sr alettedated t he sane
ori ginal %%E%%rably metallized or include a metal/semiconductor

compound that has a low ohmic resistance. Therefore, the

problematic bit line strapping technique can be avoided,

15

It is an advantage of the inventive concept that by

providing recesses for the bit lines, it is possible to

obey the essential rules for device functionality and

manufacturability in a leading edge fabrication site that

20 is capable of line widths of around 100 nanometers.

It is a further advantage of the present invention that by
providing recessed bit lines, no steps of more than about
100 nanometers, preferably 50 nanometers and most

25 preferably 30 nanometers are present, before a critically,
i.e., minimum line width lithography like that of the word

lines is applied.

It is a another advantage of the present invention that a

30 channel léngth of around 200 nanometers is possible though
the bit line pitch should be scaleable with a cell size of
less than 5 F2. It is another advantage of the present
invention that a virtual ground NOR array with metallized
bit lines can be produced in order to avoid bit line

35 strapping which would require extra space between word
lines for contact holes,



10 It is another advantage of the present invention that an insulation
bet ween nei ghbori ng channels can be easily integrated utilizing the

wel | - known shall ow trench insulation technique. Such shallo t@&ﬂé@

i nsul ati on between nei ghboring word |ines reduces cross tal ﬁ 15
adj acent nmenory cells, which would red%pe the performance of the nenory
cells because of increasing fields that” are acconpani ed by reduced word

| ine spacing. While currently NROM cells are fabricated as planar type 20
NMOS transi stors using an ONO stack dielectric as, ate di el t he
|nvent|veIéohéeéﬂ°§h?6w§dﬁénﬁ§€etPé G0 RKE S& M a i éh% t'odet her

with net al:hhﬁﬁ@lb&Enbtﬁe%hat’\"ﬂsr @€ iined ys beage ri's m@adnas daptél eakdr on
st orage Ia}ger gerla specific ,pro ertfé,:}sts qQuir & qiral n vol t ages
25 of 4 té Vcéﬁgen563§§ FEER PR 5SSgriam %1%fagbera ns. The
tran5|stomlﬁhanmebrbeagbhandannu&ugmmmylnarxaxﬂaai\mtélﬁrwatknhrgming

bound 1o SPBARE CoB0 LAk Romel BP0 - LR O aoued a@fmﬁfé'%é'%%m o

bound Usi ng oove reglons t oget her
with 30 rbwespedcbiss rsitneg,thate -ar &hel Arpd@int GikeRdRF RPTRing ¥ net al

conpound LayeEs: ahl Q2ERhN2EGIBNY tah;dsftaie' %\&ttlrx@c‘&hanmuleaidmrbwﬁl resul t
in further nmenory size reductions re nly made possible by the

recessed BFe FPhakedafg, the éaEﬁngéﬁﬁé . S¥ rct surface for the fina
mord 35 I|ne | ithography. 0 6 MAY 2005 10 Brief Description of the

expl Athed hi th PESEEEE CVENSI8 PRt B3 Shei o or o b et BT &
hi gh Ievehnébmamdbagbanweénananghb@rﬁog qhmmn&%ﬁlﬂ&ﬂﬁ?&ﬂ?&&#h@rated menory
circuit; 1QvEbgatédl 8t214R5RG ¢hEPRR190%n NP WHA1 12w U dldrfth Of the
insulation technique. Such shallow trench insulation
between neighboring word lines reduces cross talk between
15 adjacent memory cells, which would reduce the performance

of the memory cells because of increasing fields that are
accompanied by reduced word line spacing.

While cdrrently NROM cells are fabricated as planar type

20 NMOS transistors using an ONO stack dielectric as gate
dielectric, the inventive concept allows to use the grooved
channel technique together with metallized bit lines.
Nitride in this case is used as an electron storage layer.
Due to material specific properties, source-drain voltages

25 of 4 to 6 V are necessary during program and erase
operations. The transistor channel lengths can thus not be
scaled with the decreasing design rule available in modern
semiconductor fabrication sites, but are bound to around
200 nanometers. Using grooved channel regions together with

30 recessed bit lines that are, in addition, made by metal or
metal compound layers, in combination with shallow trench
insulatjon will result in further memory size reductions
that are mainly made possible by the recessed bit lines
and, as a consequence, a perfect surface for the final word

35 1line lithography.
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15 Detail ed Description of Preferred Enbodinments In the foll ow ng,
reference is made to Fig. 1. The inventive nethod of form ng_,an integrated
menory-circuit. 20 starts with the step of .providing (10) a 88-MAGRMACt or
substrate. In this substrate, bit line recesses are formed (12). After
that, bit lines are formed in the bit lille recesses, wherein one bit line
of a nmenory cell is connected to a source region of the nenory cell, and
an 25 adjacent bit line of a nmenory cell is connected to a drain region of
a menory cefiginébhe arcnyssfseetboy atong. line Baefi Edgar 2 af&edi t |ines
are fornmed (14) by a ferlal [ t he sem conductor material.
That nmeans that the g?%ﬁ{#ﬁeghgrééﬁgﬁﬁeggéggggﬁetaI or a 30

nmet al / sem conduct or conpound having a | ow ohnmic resistance. Wen the bit
lines are cpypl ejg, 0aterbsoi vost 868 806A8A11086B. oFi Fagly2 weedrl i nes on
the gate region of the nenpr cells and gatg stﬁucturfs ﬁf.transpstors I n
the confrol circuit IRRLYHRY FheySEPrageor)Ccapre dI8IPGFREEShy a 35

| it hography nmethod (18). By this nethod, an integrated nenory circuit is

obtai ned that includes_ a senj duct b t viehg a0 Y 2005 12
sem conductot9 sulft r at CEUT g%%8€*§3e819§§ ?%#gggaggdbgﬁén%r?§Epghuit
further conprises an apphying veeosyoragesanfiogabe dhelnetsibstrand, the
array of menory cells including bit lines and word lines, the bit |ines
and word 5 lines connecting the nenory cells, the bit_lines formed of a
materi 3P dif¥®r ht frdnfrevRteechionialearyshbier Bt @%ak49- navPRE®E bit 1ine
top pl an]g%- Thg i nt eﬁr?éﬁgirﬁ@fm{é’fﬁéf@uiinelé :Jqsf hEh?]Cmﬁfﬁbi:9eGealC@ﬁi:é9| I : Ing
circuit formed on the s trate for_contro n e ar 0 cells,
10 wherein the bit |i3f& | Qﬂ%eW%ﬁd€W?n%gnt§$%%ﬁn?nFég¥Hé£ SF "Phe

periphery.

15
Detailed Description of Preferred Embodiments

In the following, reference is made to Fig. 1. The
inventive method of forming an integrated memory circuit.

20 starts with the step of providing (10) a semiconductor
substrate. In this substrate, bit line recesses are formed
(12) . After that, bit lines are formed in the bit line
recesses, wherein one bit line of a memory cell is
connected to a source region of the memory cell, and an

25 adjacent bit line of 2 memory cell is connected to a drain
region of a memory cell in.the array of memory cells. In
particular, the bit lines are formed (l4) by a material
different from the semiconductoxr material. That means that
the bit lines are formed of a metal or a

30 metal/semiconductor compound having a low ohmic resistance.
When the bit lines are complete, gate regions are formed
(16) . Finally, word lines on the gate region of the memory
cells and gate structures of transistors in the control
circuit for the array of memory cells are formed by a

35 lithography method (18).

By this method, an integrated memory circuit is obtained
that includes a semiconductor substrate having a



controlling circuit such that the required voltages for reading,
programm ng and erasing of the nenory cells can be applied t her eon.

I nventively, the bit lines are recessed wth respect to th RA7 gggduct or
surface plane such that 15 the difference between the bit ﬁe top pl ane
and the substrate surface plane is smalkler than a predetern1ned value. In
certain circunstances, the predeterm ned value is 20 determ ned by the

phot ol i t hography nmethod for defining the word |lines. The predeterm ned

val ue is g%ﬂ%%d&ﬂﬂtﬁﬁ%5%ﬁﬁ§txé¥%[¥ﬁ%ﬁ&&éip&mhehonhd bBtpgeéEedbly zero.

Und I t th I II Il b
ara to_ omemaRy RORSHI ZaRRRS TR Vel B R 106 SeRRtRoRELER . o

pref er abl y 3eheRPRANMBLRY Uit daxsd, pted earbay oBOmemnoﬂecelésmnll result in
a word line I|thogra t.hat S pos g, 50 ga gﬁégy LGt egrat ed
laﬁuwgu?lrﬁ/ cﬁ]b4<‘?1"p§‘r€"l’ dll? B fs. 30
oY e R g T e e T s
di mensi onal 61953 Sl Aalend ¥t 4 Nfageklaroayenal sebstberdi andline i
enc

fabrlcateﬁ qﬁ$e i Ve YT etched and a sacrificial oxide_is,_grown

and et chediavimg ét frart Wids LA e - aT‘F%y”éﬁ%%aFﬁdF‘i“ﬁmoﬁysﬁb\/\gufﬁe 35
S|tuat|on§%¥ tJBh éﬁéﬁﬂtdﬁutdiuawgwdltcmes foemedepnsthed.

| mportantly, Iso sho the sition of -t S tion (line A
8, C and EPQ%%RBQ% Us P T O3 (h 1T 2Y 035 §§%§?gn§ ?%g . 3ato

Fig. 80 Ovwhedadr2GMe 1AY r fres fa:rtdowe]gwomelsmace&ten@f 1111:9 bej s
described In fgl;[];a;lr!%g the d&(’}’mégf ﬂ& rEgy téq@ieeaceeleagess%ﬁtrate 20

that is préfe e nmenory cell 5 incl ugfs a_source
r egi on 21naaﬁingnwpnoqngﬂmwnqnaQé GEIFLiNGsOR Ehﬁnﬂ%W°F¥gF8 53¢ Re sour ce

region and, JNe L Aifbrd&f! Ohdeieively Aréndebipelihgsdapedraceasedhat are
with respect to the semiconductor surface plane such that
15 the difference between the bit line top plane and the
substrate surface plane is smaller than a predetermined

value.

In certain circumstances, the predetexrmined value is

20 determined by the photolithography method for defining the
word lines. The predetermined value is to be kept as small
as possible and should be preferably zero. Under real
circumstances, this theoretically perfect zero value will
be hard to obtain. However, choosing this value to be 100

25 nanometers or preferably 50 nanometers and most prefersbly
30 nanometers will result in a word line lithography that
makes possible a high capacity integrated memory circuit
with high production yield, and, therefore, low costs.

30 In the following, reference is made to Fig. 2. Fig. 2 is a
three dimensional cross sectional view of the cell array
after the bit line is fabricated, the active trench is
etched and a sacrificial oxide is grown and etched. In
other words, the cell array shown in Fig. 2 shows the

35 situation before the ONO stack and the word lines are
deposited. Importantly, Fig. 2 also shows the position of
the cross section (line A, B, C and D) that are used to
identify the cross sections in Fig. 3a to Fig. 8.



i ndi cated by a broken |ine 23. The broken line 23 indicates the doping
depth. For doping the source and the drain 10 regions 21, 22 an

i mplantation with As nt with a dose of 1el5/cnR is preferre@B(Mﬁ%ﬂmme
source and the drain regions, bit lines 25 are forned. In the preferred
enbodi nent of the present invention, thesbit lines are fornmed of several

| ayers. These are a | ower polysilicon 15 | ayer 25a on top of the

i npl antation regions followed by a netal or netal/sem conductor |ayer 25b
and an insulating oxide |layer 25c. Side insulation of the bit Iines S

perfornmed by sgacers 25d to the left and th %ht of, t 1% ne 25. The
upper pl anBioknenh&obiowinge BRRJSEFHFEPTZOC 5@1 f Pnd$ ﬁéc5I Flﬁ@ t op
line that gee§elabtdehmembbe caaMEakeugl1&Sptbdusem|onndusubstxambae@

before producjng_the_bit,llnes ct gr e t hal | ow trench
i nsul at i on® %%FmgﬁnpﬁgfaﬁBBhYna Blbogﬁﬁ a%$ﬁ|segénﬁgg%%gc%%}isubstrate
surface pIﬁnelcdesespsodsceoregeonzzlsanﬂaeedphanersglphe26e55phsﬂ} on

whi ch thedggpérok%hﬁglseeégyhtzgorTﬁgnEEQIkbn%a s%gﬁetgg gggqﬁy arrays

is forne glon 23 1s formed 30
by a grooveegion {Z2tnch?) TArS ﬁaglﬂﬁé gyfé@PeﬁhQFe?ﬁet R&nA&R i s | onger

than a di rfﬁéleévaa?%yoa Bebwegnithe zsourse srdkeheldnal QSFQQHQ&aEQQaUSG
of the approxinate rou shape of the_ channel d|t|onaIIy,
adj acent E%%nﬂ%?%nge ?Bﬁg aF%”sgBBFﬁgeBhFrBRPESEhagphEPeb YBRB 35 shal | ow

trencho nspégions 28, E@e&&rﬁhbyanthelshawhuh/Abraﬁc%ithsml@¢$@nofs f or med
by trenche eqd mnth oxide., T C has to be
Poleleh 4 adtieinen O] e e ETobd SRIb Py

per f or med hes ext end deeper 1nto the 0 6 MAY
2005 14 serégibomsicthitsubsesalt aoet farmede éﬁaﬁhélp§?f?ﬁ§e§oped drain and

source regiMNSdiment of the present invention, the bit lines are

formed of several layers. These are a lower polysilicon

15 layer 25a on top of the implantation regions followed by a
metal or metal/semiconductor layer 25b and an insulating
oxide layer 25c¢, Side insulation of the bit lines is
performed by spacers 25d to the left and the right of the
bit line 25. The upper plane of the bit line oxide layer

20 25c defines the bit line top line that preferably has the
same level as the semiconductor surface before producing
the bit lines, the active grooves and the shallow trench
insulation between neighboring bit lines. This
semiconductor substrate surface plane corresponds to the

25 surface plane of the periphery on which the controlling
circuit for controlling the state of memory arrays is

formed.

As can be seen from Fig. 2, thé channel region 23 is formed

30 by a groove or a trench. This has the effect that the
channel is longer than a direct connection between the
source and the drain region because of the approximately
round shape of the channel region. Additionally, adjacent
channels regions are separated from each other by the

35 shallow trench insulation 26. Preferably, the shallow
trench insulation is formed by trenches filled with oxide.
The shallow trench insulation has to be performed to such a
depth that the trenches extend deeper into the



Finally, an arrow 27 indicates the direction of the word 5 lines that cross
the bit lines (BL) in angles of preferably 90. Therefore, ong gTMAR! o5l |
i ncludes two adjacent bit lines, a drain region, a source region, a

channel region and a 10 word line. Such a nmenory cell is able to store two
bits, i.e., one bit at the crossing regdon of a word line and the first
bit line of a nenory cell, and another bit at the crossing region of the

second bit line and the word Iine. 15 In the followi ng, reference is nade

to the C'rgemicénda@esarQasetéutengosemahahh@a@uﬁaahurb&gtmkepﬁuxﬂhe whol e
process starts mnta grOV| g the substrate 20. On this substrate, a pad
oxi de 30 |§r§+8mﬂn nd°¥FGEATRPLPT8e 31 is deposited on the p-doped wafer.
Then, all the known steps 20 to achieve an oxide filled shallow trench

i nsul ation_26 are pl I h aph I fiqni tion
and pIanaFf?%?#gh a& ggchgﬁ ygéggﬁéh%rggghg%%ﬁ%tagéf%feQﬁg C"id%é'dd'form:;d in
a way tSo obimés ehaEnchSSytberbettlmapbs(%Lﬂhlnaﬁnaﬁgﬁeoﬁe 89 1and 90.
After the %6ench formng and 25 filling process, the surface is planarized
by chem ca mechani cal polishing (CWP) _ At this stage the surface

consists either of STl oxide or pad nitride 31. There are two options for

the followmnar@@bfejnab@nhém@fy 8611henauna¢sandotaagewsﬁtpbampnenys The
pad nitride ved_or d§ | eft, one

d
has the adv ﬁ?%@ %9l%phn?esﬁV593r EEFPQCegmﬁéﬁnpﬁg Eggar gg gre
defi nad. w¢r@rlﬁn@os$mchgatmemeEyoqdlhluS|dblbayerstexs)twvhbl&%ude | ayer

33 and anoj her @sr%waétseﬁaeéraéa@é aeeg%h bef L,e%welq%t LAY €Ret

shown in . circult E ars as shown in Fig. 3a and Fig.
3b. Regarﬂlh@tﬁbgt Binetpd %xm€@¢ﬁYtFPé rsﬁé@kaBSHhBE Pd&natnthgetail. In

particul argrdsihe stgiasecopfthdeséeshaopgduct oheOahdMiMe2@Bzdldine.

15 In the following, reference is made to the circuit’s
appearance during several manufacturing steps. The whole
process starts with providing the substrate 20. On this
substrate, a pad oxide 30 i1s grown and a pad nitride 31 is
deposited on the p-doped wafer. Then, all the known steps

20 to achieve an oxide filled shallow trench insulation 26 are
applied including lithographies for trench definition and
planarization. The etching of the trenches is preferably
performed in a way to obtain essentially perfect walls with
an angle between 89° and 90°. After the trench forming and

25 filling process, the surface is planarized by chemical
mechanical polishing (CMP). At this stage the surface
consists either of STI oxide or pad nitride 31.

There are two options for the following well implants of
30 the array and the CMOS periphery. The pad nitride (31) can
be removed or left. When the pad nitride is left, one has
the advantage of a more planar surface when the bit lines
are defined. After depositing the second nitride layer
(32), the oxide layer 33 and another layer that serves as
35 an anti reflective coating (not shown in Fig. 3a), the
memory circuit appears as shown in Fig. 3a and Fig. 3b.
Regarding Fig. 3b, the oxide/nitride stack can be seen in
detail. In particular, on the surface of the semiconductor



substrate 20, there is the pad oxide |layer 30 broken by the shallow trench
insul ation 26. On top of the pad oxide layer, there is the pgg nitride

| ayer 31. On top of the pad nitride |ayer, there can be foun §MAY 2005
nitride-layer 32. 5 Again, on top of the nitride |ayer 32, there is the
oxide layer 33. This oxide |layer serveggas a hard mask for the bit line
delineation. It is to be noted that the pad nitride layer 31 is not
present in the cross section along line Cor Din Fig 2 if the second

option is 0 rogy b shal | ow
Crench 1 nelPaEPare 20hothprd i3 Be s e Yo sty His ace
pl ane but eRadhdw abeuehthnsuﬂa&nenbﬁsth@duﬂqﬂuoﬁﬁthqtuaqnakxdede | ayer 30

SPaoeC Pidadpkt | Ehek8YSh Bhe bRdrAMEYIe dubed AN W Y ATY AN N9

steps, this I'S reduced” during proces W ng,
reference Pstﬁﬁdé LaYeFrg. thargngani §e 1@““@)ﬁhﬁﬁﬂ%ﬂﬁiQQNi%quuﬁaon after

zhe bh@zL'ﬂQa?ﬁfkoﬁoto Oo@r$HEChm9raae Qe§e&hne rQ@ﬁ&%ﬁ&é‘%HﬂﬂHﬂf&é fﬁg
a an rel a 1.0Nn ad nifride no | Ndl cal e in
2 e e ReS3ennhes RRuu 1RvaR Sarvr a|sa¢e5’§r henk Bon e Lo bo
repl aced byztaybneSthineatlﬁﬁ FIy. i4atosbe actesl tdeti dhealpary the |ine A

The | U nogtsbRbOf oTaller Bt nEsr Bt oPReBERE, I AP sl iop Al
(layers BBIlG? 039; Dlhnpﬁigrcataif th?r§§993ﬁh@P6%p@el§3¢@DSG@S|t|ons 40,

wher e 1ighe bit line 30 recesses have to be formed is etched The sel ective
etch stops on the surface of the nitride |ayer 32. anot her etching

process i st XRBIE$9r %?ch?nﬁl?ﬂebﬁ???PaecﬂS?Er§h§§ tQﬁds§flﬁﬁwtﬁéeP€5|ons
40, if 31 fwshlwtideehsresbveluskanithr th&hsabstehtet eemiedndietpad oxi de,

since a 35 tchin genis ry i s _chaosen. .Thus t he
nitride Iayéfg éd%gﬁ gg%%deﬁ#gﬁ? anvgrE 1sapgaXe Ey the ﬂelgg% of
the pad oxide layer 30 and the pad nitride layer 31.
15 However, due to densification and cleaning steps, this
height is reduced during processing.

In the following, reference is made to Fig. 4a and Fig, 4b
to indicate the situation after the bit line mask for

20 producing the bit line recesses is applied. Fig. 4a and 4¢b
relate to the option of pad nitride not removed as
indicated in Fig. 3b. For the removed pad nitride option
layers 31 and 32 have to be replaced by layer 32 alone,

25 Fig. 4a is a cross section along the line A of Fig. 2,
while Fig., 4b is a cross section along the line B of Fig.
2. The lithography for defining the bit lines is used to
open a hard mask (layers 33, 32, 31). In particular,
firstly the oxide 33 at positions 40, where the bit line

30 recesses have to be formed is etched. The selective etch
stops on the surface of the nitride layer 32. Then, another
etching process is used for etching the nitride layers 32
and 31 in the regions 40, if 31 had not been removed
earlier. This etch stops on the pad oxide, since a

35 selective reactive lon etching chemistry is chosen. Thus,
the nitride layer 32 and the pad nitride layer 31 are
etched in one selective etch step that uses the pad oxide
layer 30 as an etch stop.



etched in one selective etch step that uses the pad oxide |ayer 30 as an
etch stop. 0 6 MAY 2005 16 Then, another |ithography is used tqQ protect the
periphery while As is inplanted for the buried bit |ine regi oﬁ§ MAY 2005,
Fig. 2), Thus, this inplant step is only perfornmed in an 5 array of nenory
cells 42 but is not perfornmed in the ppgiphery, where a controlling
circuit 34 is located. After inplanting, the inplant is anneal ed. From
Fig. 4a it becones clear that the inplant is perforned 10 after the bit

| ine mask defined by layers 33, 32, 31 has been conpleted. Alternatively,

this inplant could have also been perforned before appl |n% t he pad
nitride | alRenaianeriert hithadrarRhieiFaydrd3fe Protechettite PESIRG LN
insulationyiimé&igs Ba onrglEhted3bobytheabardkdt be tSIhnkd riegdbaisque2 Fig. 4b
shows a cross_sect|]

on al ong e line.B_in Fig. .2. Lt | noted _here
That  the. | HyeFS8 S0t SndlBioar ERRe: LRGHnk stRl #Reomiys PoeederBa o kg  ab
but arg higlteay byf Rémdbhye sealsodlt benchsi nstl peirdoraed Io phecess the
circuit in Figs. 4a, ' r c LI VE 1 hQ 4Cls ILCWiLt 5k B 4FI a, b5b,
The oxi de PRFERReeY: ek &' E6hEBIETRGLE B0 L 184ChE HEEARRAL Bep:
and in 25 peplanuing, the Uopkanteysoanngaledet ched with conparable etch

rates and enough selectivity to the nitride hard mask (layers 31 and 32).

It is preferred to allow that the oxide has a sonemgat thher rate to
achi eve t EF¥BanBigeptd % Peeomey| CofpdetiAl the iBBiePLt ¥ BETRREARHI ng
the cootrdftd €he opit Yidneimask Qefinededyt daykeep3Bhe3ger Bphaay

protected also b nitrid ar g that.Ls, h LNLELG. Then
when theeﬁ?ﬁﬁrﬁﬁhé;%ﬁ%gs ?%Eeﬁgﬁﬁ?ﬁ theeh%% ﬁﬁhé??gqgggég P§b§t8§§8d at a
' been performed before applying the pad nitride layer 31
onto the pad oxide layer 30, i.e., before doing the
insulation in Fig. 3a and Fig. 3b by means of the STI

15 technique.

Fig. 4b shows a cross section along the line B in Fig. 2.

It is to be noted here that the layers 30 and 31 are not

visible in the cross section of Fig. 4b but are hidden by
20 the shallow trench insulation 26.

To process the circuit in Figs. 4a, 4b in order to arrive
at the circuit in Figs. 5a, 5b, the oxide 30, i.e., the pad
oxide, the STI oxide 26 and the substrate 20, and in

25 particular, the doped region 22 is etched with comparable
etch rates and enough selectivity to the nitride hard mask
(layexs 31 and 32), It is preferred to allow that the oxide
has a somewhat higher rate to achieve the same depth in the
STI oxide and the substrate.

30
Regarding the controlling circuit 41, it is preferred to
keep the periphery protected also by & nitride hard mask
that is also shown in Fig. 5a. Then, when the etching
process for etching the bit line recesses is stopped at a

35 certain predetermined depth in the semiconductor substrate
20 as well as in the 8TI oxide, an oxide is deposited into
the recesses and subsequently etched to obtain the spacers
25d. Then, only polysilicon is deposited and etched back



35 certain predeterm ned depth in the sem conductor substrate 20 as well
as in the STI oxide, an oxide is deposited into the recesses and
subsequently etched to obtain the spacers 25d. Then, only Bd& WaY120@0n is
deposited and etched back 0 6 MAY 2005 17 such that the polysilicon |ayer
25a is obtained. Then, Co is depositﬁg anneal ed and etched to obtain CoS
25b using the self-aligned silicide Fhod (salicide nethod).
Alternatively, WS is deposited and etched back in a way 5 that a netal or
nmet al / sem conductor | ayer 25 for |ow ohmc resistance bit lines is

obt ai ned, SYRE8 oA Fheg Pedys iddeors ilavar e iskiekt ained helhrersul @9 ng
circuit stgUglepbeited,Planhriaileed dndl RUGHIY [y Ybtdhih R oab hesred to

pl anari ze_the syrface. Since.thi,s processjn tep features 10 only Tnoderate
selectiviF&etBezﬁfﬁﬁngthélﬂéféP§ %%Qézﬁg? %4%4ﬁuﬁF§QP%fdegree t hat
only a pahiteftnhajeelyl WSi isedeposiAeghrndfettdieedibatk wirt i wdyhe
recesses | he | at,i.o i I4e 1d Ne., Thi art is

i ndi ca%?edkﬁf}%r gf {éuregﬁléebﬁo?efég(gﬁgae)?t%gﬁ%tstog Olﬁanehx.lej %Jsppfé‘&eplloe‘{vneogjo 9 ayer
25b to t hEe8&éRFEBRGUPEST 14DBSt Hat ebSadrgde Prengemainding SR8 dsreafter the

CWP step. 20168 WethAnokaBer haat theardsa 1M nighe it entsirieanideon & hat  the

I npl anting, step,for obtajning region_22 (see Fig. 4a) and the step for
et chi ng tﬁéaPé d2edstps© EPFBriEHe§t§%FPn&MPfFé%|FﬁeQ§%ﬁaQﬂ al nost the

sane surfptenatsve. thesoﬁE;cledi fsﬁabenwrillss ptrb&e\s%rik‘xgt hit@pp@@ﬁ@&:r@% 30.
From,Fj g. ' C ar that the.di stance . hetween.t ower
receslso| p?ggg %%dﬁgaggiggﬁéﬁgi§éé¥sggsnéﬁgltﬁé %gfdéﬁygfstﬁ&’niz PS5 ant
defines theivhedntd hedggheeThhatdpslaneephst pfdileytead 3dy maydoubl e arrow

50 in Figremgin30 Wen Fig. 2 is considered, it becomes clear that this
di stance 1s responsive for the channel length that is

A part of the oxide within the recesses is the insulation

15 constituent of the bit line. This part is indicated by
reference no. 25c and extends from the upper plane of layer
25pb to the semiconductor substrate surface plane, which
remains after the CMP step.

20 It is an important feature of the present invention that
the implanting step for obtaining region 22 (see Fig. 4a)
and the step for etching the recesses is performed starting
from the same or almost the same surface plane. The only
difference is the very thin pad oxide 30, From Fig. 5a, it

25 Dbecomes clear that the distance between the lower recess
plane of the bit line recesses and the border of the n*
implant defines the channel length. This distance is
indicated by a double arrow 50 in Fig. 5a.

30 When Fig. 2 is considered, it becomes clear that this
distance is responsive for the channel length that is
indicated by the other double arrow 23 in Fig. 2. When the
distance 50 increases, this immediately results in a .
reduction of channel length. On the other side, the channel

35 length is increased, when the distance 50 decreases. Thus,
the distance 50 is & main point when reproducibility on the
one hand and memory cell within the integrated circuit on
the other hand are c¢eonsidered. Therefore, it 1is an




i ndi cated by the other double arrow 23 in Fig. 2. when the distance 50
increases, this imediately results in a reduction of channel |ength. On
the other side, the channel 35 length is increased, when t hd &iMAY 2% 50
decreases. Thus, the distance 50 is a nmain point when reproducibility on
the one hand and nmenory cell within the integrated circuit on the other
hand are considered. Therefore, it is ald® 6 MAY 2005 18 i nportant
consequence that the bit line recess etch as well as the inplantation step
for defining the source and drain region start fromthe sane (or al nost

t he same pmmpanwannncoﬁsyquéncerﬁmamaﬁhexbﬂe BOpe Theseksatticha aakesliure

that th IR i £ i he j t ed
ronory o r & the dtfEidrgdesdr? ok el A0 JEBELALLOTELY BLBol "ERbCERLAL P
trench ins@gcrostestt drom s#é'mr%a@% {oe abhesenthehaamel piageoescept but
al so exten%xb%wec@aﬂrh%a%pt&aed@@bﬁ heen 1§ afé‘af@ﬁé%§ke9f s@r8eiRLY egL! -

Bit I|nes are recessed .in the STl oxide as well as In substrate
silicon® |fqgﬁ?ﬂﬂqﬁﬁgi%ﬁfﬁn%ﬁxleﬂe?%ﬂuﬂ?%%ﬁtﬁﬁﬁ$Hw%ﬁ%lFoFPﬁmnng, the steps

are descri heg elgrateal ey Filnatitomshowewi n Fig. 6a and Fig. 6b, in

whi ch an active groove 60 is forned. Firstly, the residual |ayer of
nitride l|ayers 32 and 31 are renoved preferably by reactive ion etching.
I't is addi Fromalflig.p5éf ditr decdmes tdiear trhale 20 | syalloe tzemoked in the

array of rrmgga%&"sn%% olagﬁl afﬁ%é]etﬁé)rgcf%# EhL e Sﬁﬁf‘o#&- Thi's

can be achiev usin hot ographi c step pr ot ec

peri phe? al batedlse @Pﬁtﬁ@d@aﬁeﬁé’eﬁé‘r fdraetP Wi e a5 h"'rl'gfh %@h%ﬂ%’e?ﬂq o oxide
such that af gt ﬁx@m&'&:@pc’e&l pPEa dechddy éﬂ‘te @@é&ed\ B tired | 9T Ié;xafcmmd
where t he whol e arrag % covg&g%ﬁ. OXi t he side | acers 25d
and the fiPPi H§idxPde 195080 54PS S 4336er (i, TR RISFRATRY Steps

are applied.

15 In the following, the steps are described to reach the
situation shown in Fig. 6a and Fig. 6b, in which an active
groove 60 is formed. Firstly, the residual layer of nitride
layers 32 and 31 are removed preferably by reactive ion
etching. It is additionally preferred that the nitride

20 layer 1is removed in the array of memory cells 42, but not
in the controlling circuit area 41.

This can be achieved using a photolithographic step which
protects the peripheral area. Etching can be performed with

25 high selectivity to oxide such that an etch stop is
provided by the oxide. A situation is found where the whole
array is covered by oxide, i.e., the side wall spacers 25d
and the filling oxide 25¢ cover the bit line structures and
the pad oxide covers the substrate between all surfaces but

30 those where STI oxide 26 was left between the bit line
structures.

Then, the active trenches 60 are etched. Firstly, a break
through step has to be performed to break the pad oxide.

35 This reduces the height of all oxide surfaces by an amount
comparable to the pad oxide thickness.



the pad oxide covers the substrate between all surfaces but 30 those where
STl oxide 26 was | eft between the bit |line structures. Then’O%EﬁA?QE¢We
trenches 60 are etched. Firstly, a break through step has to be pertiorned
to break the pad oxide. 35 This reduces the height of all oxide surfaces by
an anmpunt conparable to the pad oxide igickness. 0 6 MAY 2005 19 Then, a

self-aligned etch is perforned that seléCtively etches the sem conductor

material only but does not etch the oxide in the bit line recesses on the

one side and the shallow trench._ insulation on t of | de. Fig. Ga
it 5 beconB8esledr seREradignE otche 15 ?@&W%%%@ge&zé%ggﬁ%n t he
final integtehed KREDEEmIicORUUCtary mares.idlnsidad butordaes wtc@tta@nt of the
recesses, itpeﬁ'e’o L8 "%Kggn%t ﬁg% 1iaeP et Y GPAGH Srfed IRy tHY S 1S

because of *tLEt + materi al. between the recesses is etched away
10 to for mshladlast trenghodnsudstdam 98 dden athey gide of gy §i9-682 Hdwever,

[t 1S 14POLLaRkako ARk thdl Whih HigSRaGle Moedd¥baeMmamdiss v sedmee
pl ane, The Bt I'nes "are i ndeed recessed by an anpunt that Jjs defjned by
the di stanés Béewsdnalhdnsegrdtred memor s r?é”ﬁd}%iﬁﬂycdﬁ?ﬁeayeﬂ”%é‘dand 15

the seni copdyet @heSkbhaedtPlbdnener radesde otihay. wartds, layers [@%a,l i ne top
pl ane. This récess d '

epth is indi.cated in Fi ., 6a a | ctive ion
et chi ng i s 2RRowW$ %Co 288U SE3CEFSt gﬁﬁdéﬁ&&én? s alsszoﬁ%oun ug)t(\fgr{hgearface i t
i s advant agaets thatgttw mattleiri athdetniecrxitde oreasstes] EnE B DFMRY
surfacgs. Thi acrifical, oxi t St rerpid .ale aaf agtes, in the
ext rerﬁﬁy g@n?f’tr?‘vgaghaa%%él‘f rggzgg%%lo%%t ﬁ%x‘gg{)%?reat e Usi ? sta daﬁg(stl wet
cl eani ng’ r 6@i.pEoWENETsadti flisc AMPeEtddtas wdiate Jhafs Witd rl%ﬁﬁzﬂerﬁ FSitride

and the padneXisdaiebniduRtRe ispliFadle Pleam Cathdditernreh aAfd emdddcs step a
recessed by an amount that is defined by the distance
between the bottom line of the polysilicon layer 23a and
15 the semiconductor surface plane or, in the other words, the
bit line top plane. This recess depth is indicated in Fig.
6a as 62.

Since reactive ion etching is known to cause crystal damage

20 to a semiconductor surface it is advantageous to grow a
thin thermal oxide on etched and now open surfaces. This
sacrifical oxide helps to anneal out crystal defects in the
extremely sensitive channel region of the substrate. Using
standard wet cleaning recipes the sacrifical oxide as well

25 as the remaining nitride and the pad oxide of the
peripheral areas can be xemoved. After this step a
situation is obtained which is illustrated in Fig. €a. The
active grooves between bit line structures and the
peripheral transistor areas are uncovered Si surfaces.

30
Fig. 6b indicates the same intermediate manufacturing
result as in Fig, 6a but along cross section B.

To reach the intermediate status in Fig. 7a, on the

35 structure shown in Fig. 6a and Fig. 6b, the ONO stack 70 is
grown/deposited. After forming the ONO stack, lithographies
are used to remove the ONO stack in the peripheral control
circuit. In the controlling circuit 41, the ONO stack is



situation is obtained which is illustrated in Fig. 6a. The active grooves
between bit line structures and the peripheral transistor area@pamsy 200
uncovered Si surfaces. 30 Fig. Gb indicates the sanme internediate
;manufacturing result as in Fig, 6a but along cross section B. To reach the
I nternmedi ate status in Fig. 7a, on the 35 structure shown in Fig. 6a and
Fig. 6b, the ONO stack 70 is gromn/dedﬂglted After form ng the ONO stack,
| it hographies are used to renove the ONO stack in the peripheral control
circuit, In the controlling circuit 41, the ONO stack is 0O 6 MAY 2005 20
not used bubtiasedpbateisbyephacedebyopaedorrerore Ghaffersatddater t he

fleldeffeg; tégngbﬁt Oh8 EReiasBeebbre (ciRS1 stbialists zapRiR i6an dimset ched

usi ng wet rocesses or conbi nati on of both while the nmenory array
S protecteﬂrbylta resist nask. After renoving resist and cleaning a
thicker (about 15 nm "high voltage" gate oxide can be grown. The masking

procedure can be repeated to etch th ol s OXIde whi | e both
the celd aPYgyca8RdPenetrlgH VBFngge tPéngrgtgﬁggggﬁghs%%gnaln protected by
the resi stcorﬂaahﬁtloht ef bbeaniwhgle tbw vehpIyeagary 8 FFd&¢UeS HYown. I n

| th bse t t th
o Lecarcs HIEIRRIEE SULEE LA e A ey et

can be used §ﬁp %@&
addltlonal(ehauhel5|npDaﬁbsghnﬂoﬂ§3966tEﬁﬁeaﬁﬁﬁgﬁrF&Fetﬁhﬁg' & -d t ages.

Filg. 7b shaugiife 8aEEeUlLE’ BBl BberaBauLaa ol Rachead hight vidluagess
section C

may e%ﬂéndgabgvexﬁﬁgsggﬁchOgﬁB k%ﬁo°§3geér%gytﬁ [ }hal§%P66%ﬁ%% rznZEﬂe
STI. HoweveganbhsSore¥kgnshenrennidi pappeat edf bglertthal resdtstcl daesiret ch | ess
densified oxides [a3Lehq! DA0oHNO3T L WRECHANE" BxTHROES 1R Jrown. In
all cases the subsequent oxidation steps contribute to an
ihcrease of the preceding layer thickness. The mask steps
15 can be used to apply additional channel implants and to

obtain appropriate threshold voltages.

Fig. 7b shows the same intermediate manufacturing result
but in cross section C. From cross section C it becomes

20 clear that the spacers 25d may extend above the STI or the
ONO stack 70 that is also applied on the STI. However, this
extension may disappear if certain wet cleans etch less
densified oxides faster than those which were exposed to a
higher thermal budget before.

25
In the following, reference is made to Fig. 8 showing the
situation after the word line in the memory cell array 42
or the CMOS gate stack of the controlling clrcuit 42 on a
gate dielectric 80 is shown. Firstly, a polysilicon layer

30 80a is applied on the ONO stack 70 that resides on top of
layer 25c of the bit lipe 25. Due to the excellent
conformal coating properties of poly the active grooves as
shown in Fig. 7a can be filled completely if the poly
thickness is somewhat larger than half of the opening.

35
Above the polysilicon layer 80a, a tungsten silicide layer
80b is applied generally using the same technology as has
been described with respect to the bit line metal or




hi gher thermal budget before. 25 In the following, reference is made to
Fig. 8 showing the situation after the word line in the Menoryg Gely! 2 200 ' ay
42 or:the CMOS gate stack of the controlling circuit 42 on a gate
dielectric 80 is shown. Firstly, a polysilicon layer 30 80a is applied on
the ONO stack 70 that resides on top of o9l ayer 25c of the bit Iine 25. Due
to the excellent conformal coating propertles of poly the active grooves
as shown in Fig. 7a can be filled conpletely if the poly thickness is

what | t I
somenal | st A0 Jldualod agneria, g ehover! e pebyetl en Laver
t echnol ogyhascdha@skb@@rc des@pdeiedvi t h respect to the bit line netal or 0 6

MAY 2005 21 netal /sem conductor |ayer 25b. On top of the |ayer 80b, a hard
mask 80c is applied. An even | ower sheet resistance of a word |ine stack

can be 5 &bt &VEEd liowex @heedr aiftsishanice bk Yerditlingeita¢hecarRRnce of

poly, g@t\é\/ﬁt@@ Qwed iy rEdrart rlﬂa%}%r t&ﬁan@% tlithflli?é/&f sti@a, 80b, 80c
are app circuit ¥ rray 42 and the

10 controlFFH&eBCFcﬁg?P$§y NEW ﬂqﬂaw ﬁﬁﬂlQﬁﬁ ot ol i t hogr aphy

follows. it is a mjor advantage of the present invention that, for this

word line LiLthaog hy I f t VWEH e circuit is
perfectly b vgn E)"r%gll‘las’t onl Y%t‘%ggg%a odv.\t/ﬁoa{ crlc[elécg% %ﬁl%ze Alg has 15
al r eady be@hcﬁenpdéﬁedtabev@ rtW@ammﬁmqnyMSQthﬁKﬁQxﬂék|%Pde$kﬁfficuIt

task, g ncechReoMidy hecRiikchas ady, rtﬁéqeflrfeﬂ.ngﬁéﬁ é’é)ﬁrrﬁe:éwrreters and,
f or further reduci ng 'the size_ _of the nenor ceII 4W€% qﬁlbeIOM/ZOO

nanonet er sP OfﬁélF88€§§EHYbFP Llowss Lt dt

present invention that, for this word line llthography, the
plane of the whole integrated memory circuit is perfectly
even or has only steps below a critical step size. As has

15 already been mentioned above, the word line lithography is
a difficult task, since the word line pitches are in the
range of 200 nanometers, and, for further reducing the size
of the memory cell array, c<an drop below 200 nanometers.
The recessed bit lines in accordance with the present

20 invention are responsible for perfect or almost perfect
conditions for this lithography, so that the production
yield can be kept high, and, therefore, the cost for the
integrated memory circuit can be kept in a reasonable
frame.

25
In Fig. 8, side wall spacers are drawn. Depending on the
number of gate oxides and especially on the categories of
NMOS and PMOS devices in the peripheral circuitry one or
more sidewall spacers are necessary in addition to a

30 reoxidation step after gate etching. Foxr the high voltage
(about 12 V) rather thick spacers are usually used which
£i1l the gap between word lines completely. However, these
have no impact on the cell devices or on the various
implants of the peripheral transistor extensions. The

35 . process usually continues with state of the art methods of
inter-layer isolation, contact holes and metal fills as
well as metal wiring levels.



20 invention are responsible for perfect or alnost perfect conditions for
this lithography, so that the production vyield can be kept high, and,

t herefore, the cost for the integrated nmenory circuit can be_ ke h@ a
reasonable franme. 25 in Fig. 8, side wall spacers are drawn. @é’ ﬁg on
the nunber of gate oxides and espeC|aII¥ on the categories of NMOS and
PMOS devices in the peripheral circuitr$2one or nore sidewal| spacers are
necessary in addition to a 30 reoxidation step after gate etching. For the
hi gh voltage (about 12 V) rather thick spacers are usually used which
fill the gap between word |lines conpletely. However, these have no inpact
on the cell deV| S _or r i pheT abork

t ransi st or ngtag &s e“%%dtlg% \{:?gc%;%’eusﬂl% %oﬂ\f%ra%‘s&\?\n th st atoe of the
art met hodfuot:tllom gatiesydmn |osxmammortmtdbtsarﬂd|°ésd%d'm a1 %$§ 1¥5Ss
wel | as ”Ekﬁg‘ﬂgds@gbh%V6|s 0 6 MAY 2005 22 In anot her enbodi nent of the
present inventi ual work function gates in conjunction with salicided
word lithes are also possible. 5 Wile the CMOS schene descri bed above is
based on awyRtieohye @ms sih@hiealdefsar ididd takp:ese afs trased sewras Hheodt hod

b t ended |
Circuit (nEose MEEREAROE R o Ui U ) Ser e B D el s
as in the ber mrte@d@el tSi iderhetrh o errfianmya rees IPWQ)S edﬁfmcﬁrbyth%cal _
T et o ReripiEtay, 21 0 ”%é‘g?dgé%f PHI0SUBRY 16RR aCkm o e narf ow

sSpaced wor nitride en ulated word lines are
necesskl y. NPlefeRSNEe BNIGEEd Ghenneddh 3 HppiheEABreHroaEE © %d?ﬁedcts and
doped at tRgeSa@horyReMen sPladdredsed by local metallic bit lines,

one does not need self aligned contacts between narrow

spaced word lines. Thus, nitride encapsulated word lines

are not necessary. Therefore, undoped poly can be applied

15 for gate contacts and doped at the same time when p’ or n'
source/drain extensions are implanted. Gates can be
metallized using the salicide method in conjunction with

Co8i.

20



source/drain extensions are inplanted. Gates can be netallized using the
'salicide nethod in conjunction with CoSi. . 20 0 6 MAY 2005 2 Listgﬁé
ref erence nunerals 10 providing a substrate 12 formng bit [i 6 (MAe s 5
14 formng bit lines in the recesses 16 form ng gate regions 18 form ng
word |ines 20 substrate 21 source region 10 22 drain region 23 channel
region 25 bit lines 25a | ower polysilicon?}ayer 25b netal or

met al / sem conductor |ayer 15 25c insulating oxide |ayer 25d side wall
spacers 26 shallow_trench insulationl 27 direction of word line 30 pad

oxi de 20 31%p5& HﬁtF?ggre§§enPPFF§5 Payer 33 oxide layer 40 positions of
bit one recesses 41 controlling circuit 25 42 array of nenory cells 50

remai ni ng dopi ng depth 60 active groove 62 recess depth 70 ONO stack
10 providing a substrate

12 forming bit line recesses
5 14 forming bit lines in the recesses
16 forming gate regions
18 forming word lines
20 substrate
21 source region
10 22 drain region
23 channel region
25 bit lines
25a lower polysilicon layer
2Sb metal or metal/semiconductor layer
15 25¢ insulating oxide layer
25d side wall spacers
26 shallow trench insulation
27 direction of word line
30 pad oxide
20 31 pad nitride
32 nitride layer
33 oxide laver
40 positions of bit one recesses
41 controlling circuit
25 42 array of memory cells
50 remaining doping depth
60 active groove
62 ' recess depth
70 ONO stack
30 80 gate dielectric for controlling circuit transistors
80a polysilicon layer
80b tungsten silicide layer
80c hard mask



30 80 gate dielectric for controlling circuit transistors 80a polysilicon
layer 80b tungsten silicide |ayer BOc hard mask 0 6 MAY 2005 24 Clains 1.
Integrated menmory circuit, conprising: 5 a sem conductor substr

sem conductor substrate surface plain; an array of nenory cells formed on

the substrate, the array of nmenory cells including bit

i nes and word 10

lines, the bit lines and word |ines connecting the nenory cells, the bit
| ines being formed of a nateri al di fferent froma material of the
substrate and having a bit line topcphape; 15 a controlling circuit formed
on the substrate for controlling the—array of nenory cells, wherein the
bit lines and the word lines extend into the controlling circuit; and 20

wherein the bi fnkef@s tRMUE meR@ASSed riliflt f st dihg he

sen conduct or

substrate surface plane-such that a difference between the bit line top

pl ane and the sem conductor substrate surface plane is snmaller than a

predet®rm ned walbepi cdndlctloit eqibaitat e Wi iy L Wdmi domdrarstance with

claim1l, mhereig a nEnDr§ %ell incl.udes: a source region connected to a
Si-f 2-EgiPoF *&5tTh

bit line: 30 a4

&€ct®¢d“t 0 a neighboring bit line; a

groove- shaped channel region forned between the source region and the

drain region, LiRe,chagnels retody Fel1!tulinis od R dutsut Ald 10 difyer. a

storing | ayer

array of memory cells including bit lines and word

10 lines, the bit lines and word lines connecting the
memory cells, the bit lines being formed of a material
different from a material of the substrate and having

a bit line top plane;

15 a controlling circuit formed on the substrate for
controlling the array of memory cells, wherein the bit
lines and the word lines extend into the controlling

circuit; and

20 wherein the bit lines are recessed with respect to the
semiconductor substrate surface plane such that a
difference between the bit line top plane and the
semiconductor substrate surface plane is smaller than

a predetermined value.
25

2. Integrated memory circuit in accordance with claim 1,

wherein a memory cell includes:

a source region connected to a bit line;
30

a drain region connected to a neighboring bit line;

a groove-shaped channel region formed between the
source region and the drain region, the channel region
35 including a lower insulating layer, a storing layer

and an upper insulating layer.

a



and an upper insulating layer. 0O 6 MAY 2005 25 3. Integrated memory circuit

in accordance with claim2, in which the source region of a nennr¥ cell is
connected to a first bit line, 5 in which the drain region of0 & MAY208%r v
cell is connected to a second neighboring bit line, in which a word |ine

of the menory cell crosses the 10 first bit line and the second bit |ine,
the word |ine being positioned above tRe first bit line and the second bit
line. 4. Integrated nenory circuit in accordance with claim3, 15 in which
t he menory3cel | Intebgdsedt membry Stocuid pPosiaccorsans wﬂﬁhhﬁbﬂme&,at
crossing regions between the word line and the first bit line or the
second bit [line. 20 5, Integrated nmenory circuit in accordance with claim
2, in which thénuﬁbéFhaﬁEetﬁ@uFSEEFeBﬁ§@I&FlﬁgmﬁﬁﬁQﬁ1Q%L§ isor med of

oxi de, and the sbphrebfededbon Esrker Be@ Qfinepitride. 25 6. Integrated
menory circuit in accordance with claim2, in which the bit Iine includes
a | ower’ polysilicon |ayer, a silicide Iayer on the | ower polysilicon |ayer
and a fill oxidénlegéchabbeedthénsuegide bdyehe Beméryl mieddr dised nmenory

circuit in accoagggggag?trogagghgnsubggﬁgbg 15@ b&@m@r |nsulating | ayer,

the storing | ayer hé u ’ng r “are “als6 provi ded on the

fill oxide |ayer of the bit I|ne 35 8. Integrated menory circuit in

accordance withiglghiti a warahwheaofoeﬁel h@ﬁow%e@@s c%olsg\e.@r tael ysilicon

| ayer, a SI|ICIge | ayer apove the g ilicon | a ? 6 MAY :
10 irst bit line and the second blt lne, the word line

being positioned above the first bit line and the
second bit line.

4. Integrated memory circuit in accordance with claim 3,
15 in which the memory cell includes two bit storing
positions that are located at crossing regions between
the word line and the first bit line or the second bit

line.

20 3. Integrated memory circuit in accordance with claim 2,
in which the upper and the lower insulating region are
formed of oxide, and the storing region is formed of
nitride.

25 6. Integrated memory circuit in accordance with claim 2,
in which the bit line includes a lower polysilicon
layer, a silicide layer on the lower peolysilicon layer
and a fill oxide layer above the silicide layer,

30 7. Integrated memory circuit in accordance with claim 6,
in which the lower insulating layer, the storing layer
and the upper insulating layer are also provided on
the fill oxide layer of the bit line.

35 8, Integrated memory circuit in accordance with claim 1,
in which a word line includes a lower polysilicon
layer, a silicide layer above the poclysilicon layer



26 and an antireflective coating |ayer above the silicide Ilayer. 9.
Integrated nenory cell in accordance with claiml1, in 5 whi@B MAYe 20061 d
line jncludes a |ayer of poly silicon, a |ayer of tungsten nitride, a |ayer
of tungsten and, above the |ayer of tungsten, a hard nmask. 10. Integrated
menory cell in accordance with claim1, 10 in which trenches filled with
insulating material are provided betwe¥n adjacent word |ines, the trenches
extendi ng deeper into the sem conductor substrate than a groove-shaped
channel region of a nmenory cell. 15 11. Integrated gpnnr ceILf.%.de
accordance wi tand|ahnentireflaptive: RRALANY LAYEIAROYS ANGed itd PECesses
formed in thelgggpghes, and extend above the trenches. 12. Integrated
menory cell in atcordance with claim1, 20 in which the predeterm ned
value is 50 manoneters. 13, integrated nenory cell in accordance with claim
1, in whigh thenvegdateaenenarg aehar dnl avecbdance plidie claifere tife

urf aco bl ane. Ve Sha [8r w0t b Ro AP SREcsr o Aod Saaie oLl It eq a ot

e prédeterm ned val ue. I nt eqgr at ed
menory cel | inaatapedan€etwhghtenanatzide; nandiagiergiod: &GS U5t t wo
nei ghbor i ng bi 106830187 et BNeLERBORN)Y bt d imask ar e smal | er than 150
nanoneters. 15  "Infegrated nenory cell in accordance with claim1, in

whi ch the predeterm ned value is defined by a 35 |ithography technique
perforned1bor patégrateg mbRorwocellli hes actodduire2003h Z22i6 Wvet hod of

formng an integrafed MeaRrY,GLT ¢4h5 eq! B en TR KAHY ittt ial are
provided between adjacent word lines, the trenches
extending deeper into the semiconductor substrate than
a groove-shaped channel region of a memory cell.

15 11. Integrated memory cell in accordance with claim 1, in
which the bit lines arxe arranged in recesses formed in
the trenches, and extend above the trenches.

12. Integrated memory cell in accordance with claim 1,
20 in which the predetermined value is 50 nanometers.

13, Integrated memory cell in accordance with claim 1,
in which the word lines have a word line bottom plane,
where the difference between the word line bottom
25 plane and the semiconductor surface plane is smaller
than the predetermined value.

14. Integrated memory cell in accordance with claim 1,
in which distances between two neighboring bit lines
30 or two neighboring word lines are smallexr than 130

nanometers.

15. Integrated memory cell in accordance with claim 1,
in which the predetermined value is defined by a
35 lithography technique performed for patterning the
word lines.



providing a sem conductor substrate; 5 formng bit line recesses in the
substrate; formng bit lines in the recesses, wherein two adjacent bit
lines are connected to a source and a 10 drain region of a nmedd MAYeMS i n
an array of nenory «cells; formng gate regions of the nmenory cells; and 15
formng word lines on the gate regions of the nenory cells and gate
structures of transistors in a control2’ circuit for the array of menory
cells, the word lines and the bit lines extending into the control

circuit, 2PswheietRod herbibrhing s£CEREE§raRddt RenBkl Lipesifletndesi gned
such that the dlffergnce between a bit line top plane and a substrate
surface plane iBeERHaF | EPMPEhSH S’ predet er mi ned val ue. 25 17. Method in
accordance with claim16, in which the predeternmined value is 50 nanoneters

or smaller. 30 }8V-§§£h99 éqnaccgéga ce w Q CLgLU‘161 in which the step
of providing a BUDSTTH? T netlioes p? VF dPRES5R6%1 de | ayer on a substrate
surface and a nitride | ayer above the oxide |layer; 35 in which the step of

forming bit i j u follown s: 0 6 MAY 2005 28
IithographicalPﬁjégffiﬁﬁgtt%gg%igg??%gg?egésgﬁé;gué%F%%??Vely et chi ng using
the oxide layer as an etch stop; 5 selectively etching using nitride as an

etch stop untifo@mpiedeiermfed 1gcess depbhsks, ophataed. ¢d§. Method in
accordance with claim 16, ,
adjacent bit lines are connected to a source and a
10 drain region of a memory cell in an array of memory

cells;
forming gate regions of the memory cells; and

15 forming word lines on the gate regions of the memory
cells and gate structures of transistors in a control
circuit for the array of memory cells, the word lines
and the bit lines extending into the control circuit,

20 wherein the bit line recesses and the bit lines are
designed such that the difference between a bit line
top plane and a substrate surface plane is smaller
than a predetermined value.

25 17. Method in accordance with claim 16,

in which the predetermined value is 50 nanometers or

smaller.
30 18. Method in accordance with claim 16,

in which the step of providing a substrate includes
providing an oxide layer on a substrate surface and a
nitride layer above the oxide layer:;

35
in which the step of forming bit line recesses
includes the following substeps:



in which a step of inplanting is performed before the 10 step of formng
'bit lines. 20. Method in accordance with claim 16, wherein iW‘&Q@W ghsp of
forming bit lines, netallized bit Iines are produced. 15 21. o] n
accordance with claim 18, in which the step of formng bit |ines includes
the follow ng substeps: formng side w| spacers in the bit |line recesses;
20 formng a | ayer of polysilicon in the bit line recesses; formng a

nmetal -silicon conpound | ayer _or a_netal 5 lLayer, .on the | ayer. of

pol ysi | i con usPHEBSQ§PPP&F8élyn@?ﬁ&&}ngn&%ﬁIqﬁ nd P EmEiISTS ﬁ%ﬁﬁps of the bit
line recesses weliBctoxede. e836h23g Metihad tihe acdeleddmayerwatsh agl &itmbl9, in
which the netal . of the silicon/netal conpound is Co or Tungsten. 23.

Met hod in accof§8Rée with claim 16, in which the step 35 of forming gate

regions includes the following substeps: |ithographically renoving a
08 ner, 831ERe BB MBYR0RT B2, RETHARIIUES Ol SHDRIUH @etid I 1 (e
menory” cel | array, sefecdtive y etching grooves into the seni conductor

substrate usi ngnaiflop pxedetkapénecef rekessi Cdebtied sa9btain&h stop; and 5
form ng an oxide-nitride-oxide layer in the grooves. 24. Method in
accordance with claim 16, in which the st%p, of formng word |ines includes
t he f0||0@ﬁng y35§p§p§p accordance with claim 16,

in which a step of implanting is performed before the

10 step of forming bit lines.

20. Method in accordance with claim 16, wherein in the

step of forming bit lines, metallized bit lines are

produced.
15
21. Method in accordance with claim 18, in which the step
of forming bit lines includes the following substeps:
forming side wall spacers in the bit line recesses;
20

forming a layer of polysilicon in the bit line

recesses;
forming a metal-silicon compound layer or a metal
25 layer on the layer of polysilicon using a silicide

method; and

filling remaining gaps of the bit line recesses with

oxide.
30
22. Method in accordance with claim 19, in which the metal
of the silicon/metal compound is Co or Tungsten.
23. Method in accordance with claim 16, in which the step
35 of forming gate regions includes the following

substeps:

lithographically removing a nitride layer on the



10 filling remaining grooves in the gate regions with polysilicon; proving
‘a netal -silicon conmpound | ayer on the 15 polysilicon |ayer qf gﬂﬁd sk on
the netal-silicon conpound |ayer; and |ithographically defin %

| ines and etching the word lines using an oxide |ayer on the bit Ilnes

20 as an etch stop. 25. Method in accordance with claim 16, further
conprising the followi ng step: 25 forni¢flg the controlling circuit for
controlling the array of mermory cells as a CMOS circuit. 26. Method in

d it o) r e ductor
accordance W t hsGhad 2 Sc%gctéf‘ é’m%)&?ré@é’ vﬂ@ﬁln f: g fﬂ)éing'r?gc%li E‘r gr,]

Substrate |ncludes ormng a shal om1tren h insu
bet ween adj acerﬁel‘,@ﬁtal\repﬁésetchlng grooves into the semlconductor
substrate using a top oxide layer of the bit lines as

an etch stop; and
forming an oxide-nitride-oxide layer in the grooves.

24, Method in accordance with claim 16, in which the step
of forming word lines includes the following substeps:

10
filling remaining grooves in the gate regions with

polysilicon;

proving a metal-silicon compound layer on the
15 polysilicon layer and hard mask on the metal-silicon

compound layer; and

lithographically defining the word lines and etching
the word lines using an oxide layer on the bit lines

20 as an etch stop.

25. Method in accordance with claim 16, further comprising

the following step:

25 forming the controlling circuit for controlling the

array of memory cells as a CMOS circuit.

26. Method in accordance with claim 16, in which the step
of providing a semiconductor substrate includes a step
30 of forming a shallow trench insulation between

adjacent word lines.



