re;e3e8l 6T8{E Integrated Menory G rcuit and Method of Form ng an I|ntegrated
annry Circuit 5 Field of the Invention The present inv i | ates to
integrated ne “Wﬁﬂ‘w& and in particular, to so N@HWM menori es
that are baseﬁm ﬂ tric layer for storing in Backgr ound
of the Invention gpgisgrior Art In the t echni cal publ i catgogpe*" Can NROM

two-bit, trapping storage NVM cell, give a real challenge to floating gate
7.5 cells?", B. Eitan et al. Internatlonal Conf er ence n Soljid State
Devi ces and Mat efindlegzated demegnd CiRatty M’!ﬁi i FRERIRF AR ng an

array of NROM nenory cells. ThgthE&%eanggabzyscazbuatblt flash cell based
on charge storage in an ONO dielectric. ONO stands for oxide-nitride 20
oxi de. One nenory cell is storing two physically separated bits with a
uni que nethod to sense the trapped charge. Progranm ng is performed by
Channel Iéiot El ectron injection (lga %ﬂ!erafe ié poggfor med by tunnelling
enhanced“Hot Hol e Injection. 2 Il is a n-channel
MOSFET deV|ce mhere the gate dielectric is replaced by a trapping materi al
(nitride) geéPet YErEat 18 Sféigge dtBXELHEeb%X%Eé mzﬂb% 'a&esiebove
s op and Bo g 5

nment i oned ure tom oxi d 1,
manomet er s t@n@vtmcpawﬁi@wl@%t %nﬁ@TPﬂble¢h§R@HaW§€°Fée§tGhé& Pﬁenltrlde
next to the HasédnGhi #r@ieFastr RO gel! fbrckydesng sagbemategnon, a drain
region and a channel region extending between the source and the drain

regi on. 185 In this prior art nmenory cell, the drain regions on the one hand
and the source regionBa@nthwnotbérthenﬁnuénnébqhbndiHqinﬂnarz cells are
connected by so-called bit r r 2 lines that are highly doped regions

wi tthin the substrate sem conductor material. Generally doped

sem conduct oin stivst technicalispebl ivet bon PCﬁésNBQEIréHPrEégvaErﬁéﬁipgy

doped n regi HSrq cwwté@ a%{iw QO?@anchsmeﬁée ae 51eatﬂagf hRte
i nsul ati on pur ses - the i ne, ox

kg ? h g his kin 8 it
lines af@ caf¢ “bur$ed51¥ﬁ$ eF L. BE%‘PﬂE eR&nn P“F@ﬁPBﬁ PHe Eﬁ@?
structure i ssegppd i Belvidés Aned emater ONDs st Tokyop e199Be dgatdoekecar ode” that
is also called word ]ine. d arki r a

provi ded suchFERY ?*% M ésggéf%% %9 %PagségtﬁggﬁlgeMQ?Q EE?%%.HE gly 90.
Such an arewNRﬂMrmﬂmmqptei$sab@wwgbtbn§l¢§bdcéllaha§P¢a9noP pEESIl el bit
lines and et Ofr, 18 P! 4 £b14BELLL | neRODSE ABIEOE BRoRDGYERE Be1BEL

| ines and crossing t Ilnes at g es Is cag g Y t ual ggog
array. @Quaj?ﬁid?hl%n%wm?meﬁygﬁ%%%dl%r?%9 189, VP PRYBXFA! Ve§§p€F €9oi nt
arfrlteCtL”Ebﬂléfvftﬁiarfhfﬁh@ehétﬁ¢det®rs€n5e tBeFﬁrpppeblthaEQeThe NROM
cell is programe channel _hot r c n

botential « FETEAT NG (F FepTommes dry SanfeErhbelp1ebeloll 3 88EEGn
to drain vol (CGRE) iandpptasel. ig mxf@me@xbyhéunnﬂbl&wa?nhﬁgﬁeﬁ BP8s

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 structure. The top and

30 bottom oxides are thicker than 1,5 nanometers to avoid any
direct tunneling. The charge ils stored in nitride next to
the n' junctions. Bach NROM cell includes a source region,
a drain region and a channel region extending between the
source and the drain region.

3%
In this prior art memory cell, the drain regions on the one
hand and the source regions on the other hand of
neighboring memory cells are connected by so-called bit



'25 n%ar the drain junction. As soon as the el ectrons 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 nenory cell. 30 This elegtron injection into the nitride
| ayer takes place near the netallurgical junction of the drain region to
which the el ections nove. Since the el ectrons can not freely nmove wthin

th trid d
of Caor osel ni o} gy shaf, SEThigT, iepdy ARG SARHDH "B JufeadiG, SH0C
sour ce vol t agemigondyetesdmagpsifdonSeaesaddyel & & stoned tsmnicorstuator

direction. VWgpstbgge @beQBéQnSThéVBL%GQQ%%Q R reled 1N 2R AY hea gy are
i njected |nt§ the nitrigde | ayer near the craq SS|2g§£¥g|on of the word |ine

and 5 the ot#epPeg;§ FFﬂeOBP tﬁ?oﬁﬁnﬁp§ aepvily & S F hs &r e not
freely mgvabbgiset hoﬁ iAsubatibdepugpesesf -t hﬁeON@tstlrlmrét %@deone 1@rmr y
cell can store t @B ThE storlng hoigtlons are H es A

crossi ng p0|%f°%* T e +8 FiRE APt PESt 35S 4 @dof gr rfl&el

and t he edgebkird@sof the other crossing point of the word line and the other
bit line of the nenory cell. Cenerally, it is a design aimto mnimze the

size of a nenory cell. Wen the cell size can be reduced, the nenory 15
circuit havilMee¥e cehe arhannet ageséapacthy PHR BETNaGarends epplike. ot her

way round, msesr@rﬁ/hsl RO 5tb@&tﬂ9e; heueangaebzele@%rad@"g*&ﬁl’atstl@r a@‘éo
capacity, rmer |n1éat|on

nenory cel | %?%ﬁ%?i%??% fﬁ%% fﬁepF3nggaat§5 BQFFéFHQEHanHQFdI Ages pEe
required fcwpt¢midbd|swehThbabatheyrchesghtheoblthelheyeatnahgueel&fare

around 3.1 \ég@g | I §ge t r n

surpass this dar r’?%}lJ ur ng pr %r"g{meﬁ &% %f XJ‘]&Z}% %?g?snet\’/% Qge is,

t heref ore, BoEPIsed RE %n%hrﬂﬁr‘@@ghathbleifb i kénemaandl sheagrhycafi not
be redugsd ﬁm:@&vmllﬁ@es T@em@l fbZRelNgLE Ok ! tﬁéZSi%\hthﬁegﬂ'aﬁaa' ni ng

a certain 3 re uire neI United State atent  application
publ i cati on TE g"d’?@ Agllrt‘ c‘?\t'esgg ngles %o‘?/%)tsjl%inaﬁ‘m\é’rr?%}r on. The
channel srnugroundﬂﬁxquistmaBaﬁlrabghtvthanablgsbaﬁd boraykigdaof a two
di nensi onal & fornmed_ by, a 35
strai ght conngﬁilonéﬁguﬁ?s %%%qg s%gcgbgggfhegbo%?%n?oﬁ a éhgnne
groove. The GGNQ s#t¥agtr &£ 4% apblﬁ‘ed?eahthitt he surface of the channel
groove.2@pi th this groove shape, the ,. 4 menory cell size can be reduced

%Eeoggﬁ;r;o cc%ﬁgﬂfategg hl%;er C #ﬁ%ﬁfﬁjsmgggé%?fnhgtCgiég{goghlp si ze.
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

29 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 can 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.



r«5 application publication has diffused bit lines, i.e., bit lines, that are

produced by heavily doping certain regions of the sem conductor substrate,
It is well known that instead of heavily doping, these bit 10 lines stil
have a certain ohmc resistance that is mgch higher than the ohmic
resistance of a netallic layer for exanple. On the other side, relatively
hi gh voltages have to be applied to the drain or source region. The

| t | f | th
bt Tones.  +Wboaothel ARASR polirie Ppnagtnd s Eers- 308, dratitongaly, | 1C
t echni que. vaacébéeatadelappheedenetﬁeedlaepﬁéent ea these. ctrsigopsa
hol es extend?g §0cReliOB ?EEEhlﬁrvgﬁbéhkyze@hb§y%$fa&%jb@Qe@'ananhe

i.e., the di regrons at are heavi |y doped é
arrangenent, ntheldﬁniéygésngﬂénééeopr9ﬁélﬂﬁtrP9&8§ P§ ﬁ@@ WREN v 138t 8PRi ned

by the hapvityedgerdrdpitusede! ogi ens auhow§ deter muandebiriehe lebtirons
resi stances o the or neta hlze t he cont act vgaFEP §ﬁ? 25 A

di sadvant age2&¢ BﬁstEBﬁé¥pF°V§ ﬁaVitpl e&Bﬁtetﬁégga PGy

produce thesgtfh@tb@é?SohetmemarydpeaenbanosdokeneWp bitse The pabtén9|ng
of the word lines.is to ond cted hy ot.oLi Agd (o] y, the
word |ine phg?SPF?ﬁBBrﬁﬁﬁy 98?y g ﬁggd%%SS% g?ﬁge go&?% Wk
structures alenenanuethangéret 50 ﬁ¢n§ocﬁaﬁomeme¢y cedd cand ¥hei sddeRat
it is very diff I a e Wwbeal 1iRas spagditagebehedf
p055|bI§£%0 %gngﬁgtéFégfnegbgsgné g?ﬂﬂk owggggnagonetérs gr | ess. Dug to

t he reIatlveb#thlghenailﬁbﬁ\WBW?ﬁgeceéﬁout 10 V) between bit 35 lines and
word lines a suff|C|ent |nsulat|on | ayer thickness is required if

liabilit bl to b ded. .| dd | to bit
[?ngac;p;th Lgﬁﬁg ybe eg? goaﬁg%g§v838n§%|FéhfﬁézgelgeM% Qe bge? °
addr ess thlsmamobyeaellt Whedlshboseml|alzhecesrbanrpdv@ﬁ@raﬁbﬁlm&WPQN No.
1012995 é%% iQn 2; céggglp ggogﬁyeyE%FQEQk&SQ%ﬂ beOmdale Use the
str o)

bi t I|n |ng 5 l'ine structure haying
several | ayesmabhes- tﬁbeseﬁhééndélt6Pu§9bs?r§F@°rB|FlFFHé§ BREiNgr Bg of a
pol ysilicon EéﬁérsghEGBBBYaaﬁﬂbh@Q B@othgesulpheaty, setiecondmemory selface.
On this polysili g Zfi a nmetal containing layer is applied. This netal
contalnlng 186°| BYEF PBI1E®E: tungsten silicide and, additionally, a hard
mask | ayer, e.g. an oxide, for electric insulation of the tungsten silicide
| ayer fr. respec o] u h apRlsl on top
of the stgafgrwg %ﬁﬁgﬁgggbﬁ EgEHEmPIg %eﬂ& h§n9h&zgﬁggpeﬁﬁgl%ﬁglde
| ayer 15 andeCtophekldeCBayé#n Ph§ﬂé&é éﬁnmgh 18l ¥8FES ERTNIENR de and

tungsten cang@giapp! ¢ReE- bé@ghktoﬂakbhtstbEaEhéndégbrtmb&@raauscade can be

d. It h b di d,t | h bit
F?ﬁe strapgfﬂﬁgggg éiiﬁégﬂg B§R? g“éEF%th egﬁs eg%pkgbgg %%gggapp areh

It has been eubhghedoabprpasshahlshbammndrldnelhgtnggggpmplmg -afvery
Qomandl g L 22fp1Ll1 PRELLAULBE £able18yakhbtedbrkhe ] MDY ARy ohpachy

deteriorate e Sur he Ti{hograph s 25 conduct ed,
is not a perthroughrtheeebfechayesFBagngt, 1@§ﬁ§PaFPF ¥f¥ ERAUCEG RS .
Normal |y, anmj;phegsayedipegory circuit includes an array of menory cells
located within a periphery. On this periphery, 30 a controlling circuit for
controlling the array of nenory cells is located. It is clear that the bit
lines as MB|Toaﬁ1hhﬁ1ﬂerdhbiae$lo§ltbewadﬂaymaﬁnmamndwgcelhsr&xu@nd into

be. appl (5 1 OUHBEB0; BUPASY SERGEDY cov RALEE sedRestBacgpl [0y 0ee can

nanufacturlngpsiepstion pubhqutﬁgn @ﬁaﬁﬁpé/pﬁg4§§@eAérGGV@@eéréOré§Frﬁcted
to the menory Gl bqa@thaMned! region. The channel shape is changed from a

straight channel shape to a kind of a two dimensional
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



"L 6 Feast the photolithography for producing the word line "touches" the
menory cell array as well as the controlling circuit on the periphery. In
particul ar the photolithography step for formng the word line is also 5
used for defining gate structures of fieldgeffect transistors in transistor
circuits of the controlling circuit that Is normally based on CMOS
techni ques. Applying the bit lines onto the substrate sem conductor 10
surface inevigapt | | teS; o t ,ﬂﬁ&p { fag%r | i j ' f the
i nt egrated rrennr#cic%(?& t,saairﬂ t "Zf’?r‘g&o rrelrr.Al;Stg/ ce Itgé %gng%%b%?%% aér). t he
mask for def NHIHEL IFEPAGHEY MEESIH Athed RSl irrsigeis not perfectly
pl ain but has a step at the border between the Z5 periphery and the nenory
cell array. This step resuylts in problens that |ead to a |lower yield or
f or bi ds furt-#@re GEMREYi fedil, i S ARSI S A kRSt WAL 0 bot h
scenari oss theplasdtionh pubdieayt icn Cid AT fuxyeasia Mhiris ! he rodiat i on

yield is red t ri.ce faor f t1Qning . .menpry. circuit has to be
rai sed. VMenﬂgggsfhgﬁgghgfehgﬁgg%FﬁﬁF% r%&ﬁé%%ﬁ:Héﬁ%ﬂgrﬁﬁﬁﬁﬁﬁQNF%ﬂk?qﬁn
possi bl e, t hefpthee semichadwetory sabisitgadleso i s i ncreased because of hi gher

area consunption of a nmenory cell having 25 a certain capacity. It is to be
poi nted out here that .the nmenory circuit market is a very conpetitive

market, in wWhAFchSsHELR kPPYe §hptedsscesdn®f Heavddyomsisiing f dhesee bit
sur vi Va|b1_03f nafaeags&emrmwb_r aubbrpa@duwmicatmrsxaﬁxfcet ft@xd'ltn\i%mrdu%d% I't
is an object the _present.ipvention, rovi de _a _cheaper. IL.ntegrate
nenory circuP?gg?ratﬁﬁphggeo?gﬁ}SdESPﬁagagfﬁeg ef M-8 ﬁ&ﬁé&aﬁﬁ rPTcel | .
| n accor dancexamphet henptbeeothenventdepnretliats velljye tti ghs vaditiagesd hayean

i nt egrated Lreulh, .60 I §L.RY; semni d r._su r having a
seniconductg?gg%%sgkg%gééuF§aggép g?%? gﬁ ggpgggo#%hgﬁgfyq§%lﬁéﬁfggﬁgd on
the 5 substraé®, ighkhar Fapoef ofehebyvedtss Fackedisg bhmlic Aesseasdinor d

lines, tie bthel bD€s]#nEs\OtHe! bBeéaEQQBeE’Ethithsﬁ%b&n@eltbéﬁnfiﬁﬁeb' t

i nes being fornmed . of a material dkfferent trog1§ materi al "of the substrate
and havi ng alBi?s??newaEHBFhﬁeFeﬁ BLABFol VRAGNOEPEURE Sf BPREd®EnPeREeED
substrate foadfacentl wond Liwesarrayesé mbavhyleel batenwdebeiknetheabibpl i nes
and the wor L DES | t n | Li,pORCLT CUi.L., rei he bit
lines are r§2%§§§d°§f%§9€%§g%§? ?%ygﬁeaégn%égnag%tgghéﬂbg?gé(egggrface

pl ane such t®bifesediregipre beatetretheawilyl dapedopWpthnshiad 15 the

sem cong@gct of r fagémeh €, Stifé aslemPl apesistsnve! 8F thanpatpiedeses gl Agd

value. In accordance with, a cond aspect . of the present invention, this

obj ect is adhft¥ St SRR gb%fg?%r ‘h‘éigb éﬂPFatgbngéa nERBLGNE; Pbi ¢,

t he met hod cispdetsémnuined dvy dilng chisbei restlstincesubst theemetal nong bi t

i ne recesses iél#f§%§L$€§éﬁlfﬁdf§Héﬁ%@hé&&tlngshbgeghe recesses, wherein
%It axe cted :

two adj acent I nes conne 0 a sourcée and a'drain region of a
menory cell in an array of 25 nenory cells; form ng gate regions of the

menory gel | i dsdavichvdgd 44 Nasi PredCeget s €94 NSt ObebbRegenDry cells
and gate structures, of tr stors in a control circuit for the array of
nenory cer%nqqﬁ?%&ﬂQFXiéig? % P RO ?ﬁ%st%&?%nﬂ}igh?i?% oot r o

circuit. adjacent word lines, since the patterning of the word lines

is 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 nanometers.
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 required if reliability problems are to be
avoided. In addition, the woxrd line to bit line capacity
should be kept low to avoid switching delay.



, 30 ¥he present invention is based on the finding that for further gains in
size reduction, it is of utnost inportance that before any photolithography
steps of highest resolution are carried out, the surface of the substrate
35 has to be as even as possible. In partiscular, this situation exists for
t he photolithography for defining the word |ines. To achieve a surface or
pl ane of the substrate that is perfectly even or has only negligible steps,
i.e., 8 steps that are smaller than a predeterm ned val ue which is
dictated by the photolithography_settings, the | i nes the inventive
i nt egr at ed dﬁﬂna9d§?$§utbi§rEfPéé§§seétmﬂﬁhdﬁé§gééﬁdténat §oSErLee

Sen100ndu0t0§a65ﬁ£a§§ piaaeish kbe DopgpbeBeBy. finedhonhJuhe eant 2obking
circuit 1s pr oduced %

ng recesses,into Qr,_substrate,
Snd. 'then' byaRSr HohgvBL PRPRLERER: | FaaBoFebsssshe RIS AR08 SERarPlRE:
perfect sur f egehhdgue hpurotd bppyl at bagr aphy samubsuoiet davédg Beveral

particul ar, r§¥%g;$gﬁ§ef ﬁgéﬂigg EBStQ tsagskkggealb?@sliﬂegoégbb't Li nes

of a materi a nl conduct or ‘subst i nes
that are prefermetyofreaapblystiloconndpyes dlwépﬁﬂyséﬁpééﬁ§u§90ﬁh§onpound

that has a lg Qeféfer§§%§E§H&§ctEPGEQE?B@e .t b8 ea&blgaaybalabbnluager,

strappi ng techni que can be avoi is. an ad é gf the i nyentive
concept thatab@eb@va@Fﬁ@lFéégséégeFoistHEPBPFdI|H $3 F8BERERENE,

obe ghqoeszﬁsy$9lléyles fOtuﬁgytﬁﬂ Eg%@budéahhar addinapubadiyr abhbicdy |nd
a |l eading edge fabrication site that is t aroun
100 nanonetég§s k| tayery PPt hdpP Sﬁggﬁta68r %ﬁgﬁgrgFeégﬁ ?ﬁ@%ﬂt?gngpﬁat by
provi di ng recesgetehi siliokde hayerepsomftherGespantaB9u?nY¢G°nmﬁaﬁeters
preferably ngnoeﬁigrsl@nflﬂassﬁggleaeéﬁfeebyogotaangusse&stargspresent

|

before a critieal | ho hat of the
word |ines |§0amp@|@ﬂ a| polgshl 4ABRNEAYEEvaRt 5YBISE Phéiéﬁéégﬁt B¥&ENti on

that a 3@ changey £6ﬁgéﬁleé 2apeRd 299teaaoaetwss Ialsessuhbetbhough t he
bit line pitch s¥§ be scal eabl e mn%h a cg ég 92 s thag 2ak I

i s another ARYERtAGe2BE THRIPFBReFE™i RVAPP ﬁeF SIGAPPRLIM Y g 53R

array with n&ma!erEﬁthntsilﬁetdeaaabebprudaded in order to avoid b|t l'i ne
35 strappi ng which would require extra space between word |ines for contact

hol es. 9 It is another advantage of the Bresent inven%;on that the
channel |engi®h haatbeen déispevnes9dbEhat n+tPABEANEPEBYRPARES ABVALVRYe

Urench gloch BLEResSe BiABNSEBabpEAYI 8l bbskToBUBYDERLESSONdinn, f of i Y
varlatlon 5 rep roduci

) Thi S by t he
fact that th%“?9595r85%§g99t3ﬁ§ aPpgarQFhe&¥nBF3n§e§Fe g ngré?%g fhe
source and dthat tngl@@Bdahﬂnehbiahbguapbyamaeb gecl dempnénegrﬁaakedIﬂo

the sane orhgépghcgfgfac 8%$§ @OEH 1§gﬁgagﬁg§¥eregbglgresent

i nvention t | nsuf at | on nei g bori ng s_can be easi | é
i nt egr at ed u@¢t¢ziqgatqe,mghenkhbﬁnsgﬁﬁapem1PPeHEHCPn§BFaQPGH°EEEHHan

Such Sh@b‘Owbéﬁéﬁébeansuéaﬁb@ﬂabpéﬁ@eatneu@hbeélagtwmaé steps veduces cross
tal k between 15 ad cené gg X glls whi ch woul d reduce the performance
HEESEPRFn

of the nennr?e%%¥? Yec P¥&LPhg fields that are acconpanied by
reduced word |ine spacing.

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

30 a controlling circuit for controlling the axray of memory
cells is located. It is clear that the bit lines as well as
the word lines of the array of memory cells extend into the
controlling circuit on the periphery s¢ 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 arrxay, at



"While currently NROM cel ls are fabricated as planar type 20 NMOS

transi stors 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 casgis used as an el ectron storage

| ayer. Due to material specific properties, source-drain voltages 25 of 4
to 6 V are necessary during program and erase operations The transi stor

avai bl | n 3006 §PEcATSSAcRSREAE e S BeaHs T B o
ar ound 200_néﬁonshsﬁ§ tbei mgmgryoved 1CAamayl asegiedils atsoddieh exontiricl 1idg
recessed bit . Bﬁ&ttgﬂttﬁéepe @Pﬁgwptigﬁb Inchﬁaqe%%l or netal conpound

| ayers, in co ination wt sulation wlll result in
furt her nenDPF°§PiétP8§EEPﬁMn§t?ﬁaF°5ré°#ﬁlﬁﬁytﬁ&d¥°ﬁﬁbéﬂ@ﬁei@yaﬂﬁ@

recessedsbltubeaeSoandefaalagcgasequea&etu@e@ebkeqhea@rE&qackor the final
word 35 |ine I|thgg 8 g %lon of .t he EXamﬁgg Preferred
enbodi ment s 5F2PR BP EehP Fﬁeaﬁéf ﬁraFérgﬂﬂ éqﬁganf ERRCEPH AN t h
respect to thértulitothay Ssdnawmagdy baseki oh: CMO§. téchaikuels.l evel flow

di agram of a method for manufacturing an integrated memory circuit: 10 Fig.
2 is a three-dinensional view of a portion of the integrated nenory circuit
before the GANPP&Y40H theabpti ineat onthetbRarnbbtrageosemicgnddatshows a

Cross sqgf i oguefaee ih@@i@an’. Dré@uftg 13 é5saébebe§tsa%0\ewench

i nsul ation for t iftlon nitride renoved Cross section
along |ine CCBRT EP% ?$g°1§°%$Fe?fsEEPIbﬂF?QEﬂEﬁdlﬁgmpﬁylSﬁrFBFttﬁédoptlon

gf Pad 2? nltMederﬁ@% oErmeadry FEgllda ancpaselaematpntaéomesklFer Ff Flg-

after for cross.section,along |line

of Fig. 2 ag%ggié ﬁ%et ?%nﬁleneéﬂaéﬁe é?ﬁorgacﬁiér8§§ ¥e&flﬁﬂgalong

line A of FH@PrﬁegtlﬁrpiimmnbwﬁthesbatSteneatethssberagd batweenhathezed 30

bit Iin Fi r t 0, of Fig. 2 after formng the
88 Figer Phér ¢ &3¢ ohé rh%ﬁg g@t | Qe By : .

bit line recesses and the lTnest 35 Fig. 6a a cross section
along line A of Fig. 2 after form ng the active grooves. 11
This step results in problems that lead to a lower yield or

forbids further gains in size reduction of the memory
cells. In both scenarieos, 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
ls a very competitive market, in which small price
differences may be responsible for the survival of the

30 memory circuit producer.

Summary ©f 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.



'Fig. "6b a cross section along line 8 of Fig. 2 after formng the active
grooves: Fig, 7a a cross section along line 8 of Fig) 2 after 5 applying
the storage and gate dielectrics: Fig. 7b a cross section along line C of
Fig. 2 after applying the storage and gateydielectrics: and 10 Fig. 8 a
cross section along line D of Fig. 2 after formng the word Iines of the
menory cell array and the gate of the controlling circuit on the periphery

15 Detail ed @ﬁsaecetzuaacef wﬁ"t@xf %Iiree%z%mew "Blend fod Need 04 |y ik
reference is ngde to Fig. 1. The inventive method of fornlng an |ntegrated

menory circupf 28V§§apysaﬂ|ﬂﬁtFE€i£ﬁﬂomﬂmoﬁﬁwﬁAQﬁWkF(Iﬁwm¥k§*ﬁ%mﬁﬂuctor
substrate. | aehabsnaubabtatsebslau:ta tlel MR vieRP S Perllc TSk (skbst Aftler
that, bit lines_are 8rneq in the bit Jine reces s,:ﬂgere n one bit line
of a menory GHFE3FE RIRABE 8B PETAYs S DEMAEY GRS ¢t ’h%%ﬁFyﬁﬂﬁl , and an
25 adj acént bubskiraeepf therramnay ol e rgorrAdised gl wiiHAIbLY Qginey of a
menory cel | t r cel; l.ar the bit .lin are
Formed (14) Bidargefol By, FREVEXE Tavks dbbicad {iflas, “Uhndiae Shed
nmeans t hat tlhémﬁﬁv Fﬁhegratbef brlﬁ'eélﬁfﬁsabmwsl f@rrmCB@frr@t alateartiadonduct or

conpound havipgrarkAy 8PgmCar At ekange oV fs'a%sht'xtatlé e & %ﬁagm ?
gate regrons areforrre I Na lnes on t 1 O t he

menmory cel | s14R8 BaPepg?éﬁct6r89“6F°¥;&ﬁ§|§H6F§itanH@3@oﬁPr6P90|rCU|t f or
tﬂe arr;i;r? gfstma‘orateefbs eortfolhedgbyhe 35rhlgt b@gh@anth;ﬁytrretehq;é <(:| 18). By
this metho egy ir.c ai ne at_inclu
sentconductor %2% g? ﬁﬁ%?ﬁgngg g §§ﬁ188ﬁ§ éﬂBPss&H§?P9tén§8r$§8e

pl ane. The |@@egrelbUququrguttrcuherémnthbe batpiises ameaweagseédnenory
colls for medy 0w [ AEosebet £8! Ene ! BEn2LOAYBEQEEURLY FOLLS sw%'&@' BIaRL!

lines and word |ines connecftl
cell's, the bY$¥Ch|HRat f%rﬁh@f%Fe%Cﬁn?éFW8PndFPFePéﬁt1ﬂﬂ6nﬁapn§ﬂéhﬁaﬂndf the

substraté amﬂu@ayém&b@h&métérn@u&@@r@té“@urfﬁ@e'Blﬁﬁéaﬁgdsﬂﬁmwéf eh&RuULt

further co 3; $§“ ntéol%% circuit formed on the substrate for
ontrollrn 2R 3;§ﬁ ?% cells, 10 wherein the bit lines and the

word |ines extend into the controlling circuit such that the required

vol tages forrd eastiofhaié@Of AR 00 400n 0T 83500: Obe ! BRoMBERLYpEe! | S can be

appl i ed thereon. |nvent|ve Y, i Nes are recess respect to
the semi conddt{tiRnf eﬁﬁ?iﬂ%ﬁkﬁ%ﬁchstﬁ%@lQSG@hEYdeW@FéﬁéeoﬁefQE@hnghe bi t

line topopl are :Iaﬂfbcjﬂ‘utédlbﬁérﬁﬁye Sl age, ptﬂ@&né@h@&%bﬁ?rl@ﬁﬂ g |
e value is

det I A t th d
D0 et or m ndralidbie o S Sty P RE Rt et "Ee PR SR i U 1 | mes
The predet ernggesBesmlire the tsubst katpe; aSosmbhg last pbisés| enavlkdeshoul d be
preferably zleer&ssl&derwr{);ﬂuplgwr@& &ﬁt gmsl%lﬂggrgt c%tl;{eggé%g%t 2%ero

value will be hard to obtain. Howeve 00SI ng I's valué'to
nanonet ers CPYRE @Ngh |3 R Ik RS LRl MTRPT Y ree b} ol yanoareawref er s

will regslt memoa:w\wsizls nefdmrtihagr@mw # iorr@kceﬁ B¢ Shéher béOhs capacity
i ntegrated 3. 4w§a nes qﬂgg uctlon eIdf nd therefore | ow
costs. 30 Int oWt ng e rEt 9% ?m’ﬁ%gt EiQt Depgrory eLls by e
di nensi onal a@dowtge@ttrmumsewﬂ)ftxtmmwarimya a¢emtrohechreult nfod s
fabricat ed, thie ;G &4 tr@&ra}#e%eeﬂ ded d, &aﬁﬁééFCéﬁé Z%Om ekt

and etched. In other words ceI array shown 1 n
situation bEFSERNRMG ARG tAGK CAft GHe GiFeritnes are dep05|ted
inportadly, Fig. 2 also shows the position of the cross section (line A

g C and D) T%réatpraers%nlés%%vte%tlldoenntfst X:atsheed Cornost e :Ln :Pﬁsglt aF‘é gfor3a to Fig.

further gains in size reduction, it is of utmost importance
that before any photolithography steps of highest
resolution are carried out, the surface of the substrate

35 has to be as even as possible. In particular, this
situation exists for the photolithography for defining the
word lines. To achieve a surface or plane of the substrate
that is perfectly even or has only negligible steps, i.e.,



13 In the following, the structure of Fig. 2 is described in detail. The
menory cell array is produced on a substrate 20 that is preferably a

p- doped wafer. One nenory cell 5 includes a source region 27. and a drain
region 22 as well as a channel region 23. ghe source region and the drain
region (21, 22) are defined by doped areas that are indicated by a broken
line 23. The broken line 23 indicates the doping depth. Fox doping the

source and t i i i O Wit

dose of 1615?5?: a:‘tgf‘{elreérge%&slé%T %ﬁe ) céeé%{?\%yf'ﬁgeﬁnrglg%@gegl ons, P% t
lines 25 aredmtrmb:e 1y tiee photokithepbipihyeset bingse pheskeht liwestobn,
the bit |inesay eumrr@ﬂ,@fi Hed NSy T@fﬁ@u?‘feaﬁe'P%@és§é’éy§+{HC°”

1,5 layer 25a on top of the iInplantation regions
net al / seni cofRARIL I?ﬁ/e? W%%rﬁ?w W@OBﬁ%f?%?eP 0% of; Ehe

i nsul atiom ofpetrhebrbutylIlrtesmfcl-pewtfeormﬁwﬁ et Sr@efh t s theod@ddd | aﬂ%t he

right of the T YRRET er

25c defines t@ﬁrg.ridql 1N %’el I ne ttf{p% re%é&%&&%/@é}%gé*%%té%ﬁ% Aen as the
sem conduct orthal faxe atine: pitoduaiesy xrhetrme | FeRSs sehe @(ﬂénﬁe@v owves
and the shal Iaqwdgﬁw}féwlﬁtfmé)eﬁd@%@w&woriw mh yTéHrﬁ be

sem conduct or substrate surface plane corresponds to th E? ﬁ iace | ane

of the peri plR&SEIB8dwi IéhHar‘Fé"I(%Jr?‘tar%l IRW’&#%l‘Eeqeiﬁ’s%rﬁ??)lql?%gP%%e state
of menoryoar ndy® iad fowsrasd ﬁ%&ncaﬁdoaﬁw df ennidttar al tdief fdwerel £l on

23 is formed ro tre ThIS the eff ct t hat the
channel is | o%%elr%yef%f% uéﬁzoérct ’orf' et \%Zisth ltJH'é $dUid% 4% the drain
region becaume(ffeztathé.yam’c@dlmesl y:frr amuiu;hama mﬁtammum on.

Addi tional lyq d%%%ﬂ%h%&@%@@ %hqgg; eré%ﬁﬂﬁkﬁte T SR ot by

the 35 Sha||OM/ rench 1 nsul ati om1trénc

i nsul ati on i PTPHIEEG tHE Héndiae fﬁthaétPi\Mq W%ﬂfﬂélueﬂféﬂ‘sf% |axp iidashch

i nsul atips has to be performed to such a depth that the trenches extend
deeper into 14 sem_c nduct ubstrate .20 than the or the
doped drain ﬁdlgoﬁfnc@dr@ ARVeRt iy &ﬁwq%&%g:t «I.}s?'t
direction of proiding 5e|c1er$eest Ifastr thes Hitthd ilmes,| idtes @Ip)saﬂblzengjoes. of
preferably 98peihers! @eenle1Meiles For diGldiendd AEhatenogy t 11nes,

a drain region, “a source re a channel region an ne. Such
a menory cel I“apélféSFértaE’iéﬂ-gb’e g dieasing @dgeorf@b(ﬁltcaétlotrh@i&r%é%ﬁaﬁg

regi on @0 a wer géabapecadd thaef Widthtl bofl idiRvueld 3 0TEMANnedldrs.and anot her
bit at the crossing region of the second bit line and the word line. 15 In
the followi ng, reference is nade to the circuits appearance during several
manuf act uri ngtsteps. futhbewhadwaptages o fs ttiet smsiswmtpr:lmnieditrigmt Kdatulbyt r at e
20. On this ﬁye%a%gg £3c830e0%bdt $9nes, 0nANLLRRY %fp%f@ KHafe abbules

deposited on_th omm st to achieve an
oxi de filled eﬂapﬁaﬂmﬁﬁéﬁéh Pﬁgﬁpaﬁbéw é@ &ﬁ@owﬁﬁﬁrédamﬁcmﬁﬁtng

|t it ho%r i e@réfﬁérhbftyCBodﬁﬁhﬂtnblt@@saBerb?%@hl@t lb@rtorEht% %ltzqmi'&ﬁl]?.fy E he
renches is rerera or nmed O optaln.es I a per ecC
wall's with ah"§ngl & Bgf"‘&@eﬁllﬁﬁ gﬁgtgoh 8rrapﬁé( tlrlé(ﬁc%%f‘(’f é hgngoss

filling procéssesthe spplaed.is planarized by chemnical nechanical polishing
(CWP). At this stage the surface consists either of STl oxide or pad
nitride 31. There are two options for the followng well implants of 30 the

array and t hétCvEsapeRPpReFyadvEREaggdoki thrdEresentcdnvention that a
30 channel length of around 200 nanometers is possible though

the bit line pitch should be scaleable with a cell size of
less than 5 F?. 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 heoles,



'be renpved or left. Wen the pad nitride is left, one has the advantage of
a nore planar surface when the bit lines are defined. ,After depositing the
second nitride layer (32y, the oxide layer 33 and another |ayer that serves
as 35 an anti, reflective coating (not shoyn in Fig. 3a), the menory
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

broken byt ndsid) AR RERnERAR SR o B RapddF SRRt i Bftcreyer,
there is thechadhnelt ledgthaydat3ilis defimedibyt Hmtdadch nrmrprldeatl depth aher e
can be foundijge e@tﬁ(y'ed%rgg%%Te%%h %fg@%é& i r&a‘?{hfﬂcéd}earﬂia% (ﬁﬂﬁa'ayer 32,

there is the oxi ayer serves as a mask for the
bit Iine deIWﬁ@éﬂW@nPrPFe§§ ?@dbéﬁﬁﬁﬁﬁmkqﬁnqukﬁqkﬁﬁwu%rq{kaW%ﬁhﬂhxﬂb|s

not presegt wepkeaueaesilegctmeasaheneddeﬂdesybﬂ%Isylﬂﬂb ﬂ%cﬂftﬂiﬁ*ﬁﬁfond
option is chosen 10 From it al so becones clear th i nsylation

3b
is not flush®™WPt RTPAESSUBSEPIr e 1s§rialdepiiakd Ak sé&%rft?sr il ane
t he pad oxi dechayer affl dpedinhheegddnsi wnidlehkb sdmiserchahre @tdgntegcat i on

and cleanrng hgygg%ahﬁgrgggggg §§5§P%§§5q§?§$§%% 3 shal | ow trench

sem conduct or |s I'n the foll ow ng,
reference is made to Fig. 4a and Flg 4b to |nd|cate the situation after

the bit ig neqgmsg éaetﬁgrpseéaa't?get B Bile brasdrtoatitdidriildedn Fi 0

4a and 4 ate to the option o nitride not renpved as indicated in
Fig. 3b. ForlﬂﬁelﬂéhﬁveﬁegﬁﬁeﬁlPFPSBbBEFPSnCP&F@P§53Fa@n§*323W&¢é'to be

rfeplzacedzby \A%ﬁlieljr3€ea| Q0811 29nbi ghe4aeua-atnelrwesehequ:wort:@n@wf tF he II2 neTﬁ
0 g | Cros ctiLon.al on L ne Q 1g. e
| i t hogr aphy fB?ubg#?ﬂPnge?ﬁglﬁPF ISHSE Sb E%QH F%egﬁ ESH&F §L%8sk (1 ayers
33, 32, 31).betwpent neighboringswbydt hanesi dedsfest oFosist itadk d@twekere t he

bi t 1 ng 30 h8588aRe ﬁ@%@r?ﬁ Fléormchsﬁ%hqaes!ed%% %ﬁleeger\f%rﬁfa%estops

on the surface o the nit anot her rocess is
used for et cREngNEHBERPEY| ARl}ayBRSad8esRd dDCTRABABY, é@ﬁ&ﬁg 52t £r81 had

not been renpyeempaniegrby Theduetahwotdpsing tbacRad.oxi de, since a 35
selective reactive ion etching chem stry is chosen. Thus, the nitride |ayer
32 and the pad nitride layer 31 are etched in one selectrve etch step that
uses the padiWbklelechnyentBP BROMncelih stepfabritétEdens plenber type

| thogr aphy wﬁogseﬁaaglpf%scasiﬂg 25! RG°EYaLh heefbacﬁlwaeaga%e for the
uried bit linere ? h h I'ant” step i's on
per f or ned ,ndbﬁlectric, 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
insulation 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 line lithography.



5 array o nmenory cells 42 but is not performed in the periphery, where a
controlling circuit 34 is located. After inplanting, the inplant is
annealed. FromFig. 4a it becones clear that the inplant is performed 10
after the bit |ine mask defined by |ayers , 32, 31 has been conpl et ed.
Alternatively, this inplant could have al so been perforned before applying
the pad nitride |layer 31 onto the pad oxide Iayer 30 i.e., before doing

the insulation in Fig. 3a i - by. mea Il 15 techni que.
Fig. 4b shows a cross sect% f&sg d d § t is to be noted
here that the layers 30 and 31 are not visible in the cross section of Fi g.

4b but are Nigldan e Loy St S8 £ e o1 ds @timex%@loffoagéocess the

circuit in Figs. 4a, 4b 1n order to arrive at the circult In 5a, 5b,

t he oxi de 30qu%&unﬂﬁ;XxﬁﬁHiékﬂﬁdth?Qﬂ#e%R?@% e B f%blgwbﬁgrate 20,
and in 25spaidrdsGdimys, tite W#ERaMG region 22 is etched with conparable etch
rates and enough sélectivity to the nitride hard mask (layers 31 and 32).

It is preferred to allow that the oxide has a sonewhat higher rate to

achi evleI the gare dept h lisn ik 3Ex;ejxiﬂj]gavaruhka¢@rswsta aﬁ@thh&@ fegar di ng t he
controlling circuit 41, it d referr ee er e rotecte

al so by a nitride hard“ﬁ@@é%ﬁ%ﬁ?ﬁiﬁa&% %? %g 1§§§$ Y4hen the
etching process for etching the bit |ine recesses is stopped at a 35
certain pg edgygrmponed dgph eu}éélaﬁ@ns%}%we@%u ;ﬁ&r&% as In
the STI oxide, "an oxide is deposjited into the recesses uen

etched to obtain the s&&&@ﬁ%am MEAATY Sl EFYWdt REG%D DS QNQ) G| le?nd
et ched back 17 suchaphatiedhente tid idahday efegdivni s obtai ned. Then, Co
i s deposited, annealed and etched to obtain CoSi 25b using the self- allgned
silicide method (salicide nethod). Alternatively, W5 is deposited and
etched back Faga vay Sshews a wecsls seatsical /slerig dridiect®rox d)/am Zﬁg‘.orz | ow
ohmi c reggstance bit |Lpes  $raltalnedenhe iR ik dilod o th
oxide and the resulting circult structure IS planarized to o tal ayer

25c. CMP can be used tBaﬁléﬁ&Fﬁﬂé TRE&C¥&diace. Since this processing step
features 10 only noderate selectivity to nitride, the layers 31, 32 are
thinned to a.degr t hat _onl .t _of .l ayer ,31 part_of the
oxi de Wit hi an‘ﬁ sgcesgeg‘w? tﬁ?g%ﬁgal F° f%nceo? uh %ngigt ft% ®Ei ne.
This part is indicatedsbglieveteroehndinsia@tdom €orende faparhcarhe fupaer

pl ane of,d ayer 25b to d ubstrate surface plane, which
renalns%%teﬂ t he CWP §?€r§8§BRBQ Qg&gﬁe?hportant feature of the present

i nvention that the |nplant|ng step for obtaining region 22 (see Fig. 9a)
and the steppigt ghchi agcibasr eee&aea laaoa@r flaheed Yramgtigng of z@welche same
or al nost the same sur ace glagg g g difference is the very thin pad
oxi de 30. From Fig. Y- it g 80 F8%r "ARaY the di stance between the

| ower recess plane of the bit line recesses and the border of the n+

i mpl ant fi chan e hiy$ ofligSt enl abe & doubl e
arrom/55ﬁfn g.g QS % gﬁbsg QEEQioI ate ? égggdg ?Flgg?gngsgcpéar t hat
this distance i s respoR@FB&ngok ?hé1§h&hﬁ§lmﬁ§ﬁgth that is indicated by the
ot her double arrow 23 in Fig. 2. when the distance 50 increases. this

i rmedi atel y sul sin_.a reductiog of ¢ anne length. gn ? gher si de,

t he channel enft h #sCFREPJEEH B °Pﬁe 4P8t BnO& 569deér 8IL8L. Thus,

t he di stance 50 |s a nﬁbnmpn@nthahbmtrépnedmecbsbebyaud the oeetalandednd
nenory gl wthin theblgtfgﬁgg;d circuit an the other hand are consi dered.
Therefore, it is an

Fig. 5b a cross section along line B of Fig. 2 after
forming the bit line recesses and the metallized
bit lines;

35

Fig. 6a a cross section along line A of Fig. 2 after

forming the active grooves;



'18 inportant consequence that the bit line recess etch as well as the

i nplantation step for defining the source and drain region start fromthe
sanme (or al nost the same plane except for the thin pad oxide 30) This
feature nakes sure that the 5 reproducibi&&ty is high and variations within
the integrated nenory circuit are low FrdomFig. 5b it becones clear that
the shall ow trench insul ation not only separates the adjacent channel

regions 10 by, al ext.ends het t he source and the drain, regions of a
mermory cel |l . Li:tlg’lgt' ﬁ%nes aa%%olsgcg\gcgcgqrh RS "’b%(%deoés”d%'l Irb aaqueff t he
substrate silicon if tHemiagedtilweg asttdpe aymecapmssi ed. 15 In the fol | ow ng,
the steps are described to reach the situation shown in Fig. 6a and Fig.

6b, in which_an active groove 60 is forned. Firstly, the residual |ayer of
nitride | ayefF393278nd 31 CEC8Sr §8FRA@NpRdLRGBILPD\E rafadtigre 4 @ft@ching. |t
i s additignal Iy preferppdiihaly the Ricbrade 20d Yele i d1wmmadd;n the array
of nmenory cells 42, but not in the contradlling Circuit area 41. This can be
achi eved using a photolithographlc step which protects the peripheral area.
Etcﬂi ng can b‘dzgpeﬂgoarradcwbbls 3kchiigh adbagt il\djnteyct]@fOEi@e Qu%ffttﬁ&at aln

etch stop is provide xi.de. A situation i Qun er.e the ol e
array is covered by ox?ﬁgggﬁpg.?thgtgfagewgp §B§8éf@e§§& 5&53Vh5 illing
oxi de 25c cover the bit line structures and the pad oxi de covers the
subst r atygy be engall gu S enSLl i-de 52 | ef t
betmeen:§%e gi 'IFne s?rgg?ﬁsegpe%ﬁéﬂ,Eﬁﬁéaa???&evt§§ngﬁg§ goggﬁg%étched.
Firstly, a break throu§R*®iBg RBe ¥B8TrBelpBPSoPFedheomBFrOZY CRdlpadreyi de.
35 This reduces the heaghtthRé gateostdensucbaeeslhyngncaFeuit eameaeabl e to
t he pad oxi de thickness. . %% Then, a self-aligned etch is perforned that
sel ectively etches the sEnPdBhtiuct or materi al only but does not etch the
oxide in the bit line recesses on the one side and the shallow trench

i nsul atiggn on the other side. For Fig. 6a it 5 beconmes clear that the bit
line "recesses"” can_not be seen in the final integrated nmenory circuit any
nore. Instead, onlyPehdited: BRECEIPEhEN; afcREpferred Emppdimgpsss 25a, 25b,
25c and spacers 25d remain. This is because of the fact that the materi al

bet ween t he cesses |s_etched_a 10 to formthe tive grpove as can be
seen in Fi g.f‘g @Péﬁﬁif%‘é?“%m’éﬁﬁg#??ei %si%??t‘éﬂt ggg'ngt e&gﬁat with
respect to timvermwivenethod cfirfareipyaar, ithegbateldi nesoayecindett
recessegagby i fd : di ngce bott om
l'ine ofqphe pv égyrg%%ﬁh?%?e?t%§a§g§%r€§l§2§gsé%§go%dagﬁ%gggg?%ggg pl ane
or, in the otYRTILIRFUs, 17 ner by tsubsierabpr phhhelinni seFesess atpt formed

indi cated in(FZg. Xftes tHat Sibbe 10964 | ¥fei POrmeé8hLATLhEé KDOWD i cause
rface_it is advantageopus to grow a

frh?/f]t ?lhe(rjﬁanﬁg%g(l dseés.(;’nawelfeggl%cogoﬁ Cf‘%\rh‘/cz B sOF £ AJRETOTY,| geg ctPfical oxide

hel ps tv anmiinested riystal seefeetregion hef eklie enehgryenellj vanghamnel

region of ! Neifudhstd B LMOGSIAMESE Yete £l 0B BOnAEELOESLSNE apLLA T Al
region of a memory cell in the array of memory cells. In
particular, the bit lines are formed (14) by a material
different from the semiconductor 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 structurxes 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



25 as the remaining nitride and the pad oxide of the peripheral areas can
be renoved. After this step a situation is obtained which is illustrated in
Fig. 6a. The active grooves between bit |line structures and the peripheral
transi stor areas are uncovered Si surfacegp 30 Fig. 6b indicates the sane
i nternedi ate manufacturing result as in Fig) 6a but along cross section B.
To reach the internediate status in Fig. 7a, on the 35 structure shown in

Flg. 6a and Fiehi&hg m%%%g%uﬁf%@@wﬁ&%ﬁed hEhelarmng the

ONO st ack, I|thograph|es are use renove stac e peri pheral
control C|rcHﬁW°qM1Qﬂ§9qﬂinﬁuﬂqhﬁﬁyQﬁmniiﬁeﬂaanth@r%KDOEt@%morE celbs not

used hut is rRBAAEGOXHNSUYR fare difd edﬁsygefqn%eyscépi the field
effect transi,stqQrs .in respective CMOS G raddts. 5 ONO can_ be etched usi ng
ﬁa&gé-@éétgy#“é

wet or dry p $h @b R b]o‘t"he%ﬂ}eet%t nettS 3G HeTd
prot ect eds by 1d ne@s ictinn@RUngAfthey metw REL YIS Stharsi €l Bﬁtwgf@rrhéu C&@r
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be hard to obtain. However, choosing this value to be 100

25 mnanometers or preferably 50 nanometers and most preferably
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.

300 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.



‘Up td_noma the | ayers 80a, 80b, 80c are applied on the whole circuit, i.e.,
the nmenory cell array 42 end the 10 controlling circuit 41. Now, the final
cell defining photolithography follows. zt is a major advantage of the
present invention that, Por this word |ing4ithography, the plane oP the
whol e integrated nmenory circuit is perfectly even or has only steps below a
critical step size. As has 15 already been nentioned above, the word |ine
lithography |.s a difficult task, since the word line pitches are in the
range of 200 manoneters, and, for further reducing the size of the nenory
cell array, dan th%ufdkﬂqwﬁdyx)thﬂmﬁﬁimwsuréhefréb@ssédi@ide$¢r¢hmdrun

accordance Widdy 4w, Pffs edmdd), | W, Wf% fﬁg@@t@'@nwsméf&e %0
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20 23 £ 10282 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 peighboring bit lines. This

semiconductor substrate surface plane corresponds to the

25 surface plane of the periphery on which the controlling
circuit for contreclling 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



20 25 30 List of reference nunerals to providing a substrate 12 form ng bit
line recesses 14 formng bit lines in the recesses 16 form ng gate regions
18 formng word lines 20 substrate 21 source region 22 dramregi on 23
channel region 25 bit lines 25a | ower polysjlicon |ayer 25b netal or

met al / sem conductor | ayer 25c insulating d&4de | ayer 25d side wall spacers
26 shallow trench insulation 27 direction of word |line 30 pad oxide 31 pad
nitride 32 nitride |ayer 33 oxide |layer 40 positions of bit one recesses 41
controlling c??%h??nQQC%9Faﬁu%ﬁtﬁ%ﬁ%r§°céhﬁ§ sher ehanaehgodophrgdarpeh 60

active groovedfgin dgessusept FedoNO stack 80 gate dielectric for
controlling circuit transistors 80a polysilicon |ayer 80b tungsten silicide

| ayer 80c hard nask 24 Clains 1. Integrated nmenory circuit, conprising:
Finally, an arrow 27 indicates the direction of the word

5 1lines that cross the bit lines (BL) in angles of preferably
90°.

Therefore, one memory cell includes two adjacent bit lines,
a drain region, a source region, a channel region and a

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

15 1In 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 is 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 circult appears as shown in Flg. 3a and Fig. 3b.
Regarding Fig. 3b, the oxide/nitride stack can be seen in
detail. In particular, on the surface of the semiconductor



5 a sem conductor substrate haying a sem conductor substrate surface plain;
an array of nenory cells forned on the substrate, the array of nenory cells
including bit lines and word 10 lines, the bit lines and word |ines -
connecting the nmenory cells, the bit linesgbeing formed of a materi al
different froma material of the substraté&”and having a bit Iine top plane;
15 a controlling circuit formed on the substrate for controlllng the array

of nmenory cells, wherein the bit lines and, the word |lin xtend i.ntaq,the
control ling éPP@GF@FeaZQ'Z(‘}?\m& é-isnr%?’r?e Bad 9% Laxer :“i%gére A t@y &&%ect
to the sem cgRduqber tTedsh dneulwtiiace 38 A oy dhathe phd fexikdee bet ween
the bit line top plapne and the sem conquctor ;sybstrate r e ol '

smal | er than léygrredg?‘&rﬁi téd V& &8 ﬁctflqo%tleaégeS e%l 'rret.)rﬁr'yorgyﬁciQrf'lguth'{beiﬂﬁaSCl
accordance Wntiltrddai Mayerpwheheire cameine famd tihenideside BusTS4 egi on
connected. to it Line: 3 rain . .8gio e [ |k bi t
line;, a g? 00\1/" -agﬁ‘épgg ?ﬁgn%éfﬁ??’ggingr?r?%ireng bet %n%%%%oﬁc%{%ce&%{)% and
the drain regeyer e Fhdsnerideyildyess Sefiamidy & NaRkrmdHs K | | ayer,

a storing |aygk 3aqdelRecURpRatideul atti NG hay Pe notdd Thdmtiggs giadl menory
circuit in accordance with [ [

, clgim2, in which the source regiqn of enory
cel | is connddteddeo layer S Bt thnar‘?@%"’rc%i vt g‘cﬁ'\% h%rod?sai%&ebqurPﬁoqnq he
menory cell i1Sneoaneet @ ino Fdgse@ond heaihghlz@dorgl mptiameis ighaggrch a word
l'i ne of e menory cell crosses the 10 first bit |ine and the second bit
line, the’word |ine being positioned above the first bit line and the
second bit | Frem Figl.nBbgiit @éd seehecpmay cuigay kit st Widh HIGh 3,

15 in which the iBtRbY G& hotNFhwdes Wi Ride SHulydtith O dniisnditdioar e
| ocated at crossing regions between the word line and the first miﬁslégeor
i t

the second bSMTERFE PAGNS bt sxtaNGF /AR WHTRYANS, R Studits
claim2, in whiechathexiaeelaged e andvhe e atitngideegiayemrd f or ned oP
oxi de, and the storing region_is.fQr f nigr] eghated nenory
circuit fﬁ a@é’&'ﬁf&ﬁce%\}ﬁet %"c%&i“ﬁlﬁﬁqﬁq\ﬁ%\ @E‘% f#el%%l}i%ﬁ (r);set% ncl gggglssea | ower
pol ysili con hejeght dssireducee Kaydngoprduessang- pol ysilicon layer and a
fill oxide |ayer above the silicide |ayer.

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 4b

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 lipe 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 ion 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.



»30 7. Integrated nenory circuit in accordance with claim6, in which the

| ower insulating |ayer, the storing |ayer and the upper insulating |ayer
are also provided on the fill oxide layer of the bit line. 35 8. Integrated
menory circuit in accordance with claiml, in which a word |ine includes a
| over pvlysilicon layer, a silicide Iayeriﬁbove the polysilicon |ayer 26
and an antireflective coating |ayer above the silicide layer) 9. Integrated
menory cell in accordance with claiml1, in 5 which the word line includes a
| ayer of poly silicon, a layer of tungsten nitride, a |layer of tungsten

and, above t’?ﬁehayﬁhp%eﬁ:“'ﬂ?g%’ra%xya i$ TREY dd 1pfd”tteﬁ-,ci:r Al pErpherse! |

I n accordance W T h trenches lled with |nsulat|ng

material arewbidei dediSelmpdansefadon t\Kk?rchrllr‘r’é"s bltthd i r@en skt &@ddi ng
deeper into &Hera%sm eondualer, SHRst &ainatdta@t@pgﬁ@o\&ﬂgh d}:ﬁlﬁaﬂﬁh @@gi on

of a menmory cell. 11. Tnte ry, ceI ith claim1
in which & he3BFaY| P eg‘eQPéyaF%&ﬁﬁegz r‘T‘ro‘: %IC? %F enches, and
eTtendlabg\ée ébﬁphéﬁ??ﬂﬂheréZa bbhegbaﬂadilmmmqagg:elfﬂ iirs mﬁwmm
claim t he e n nanomnet er s

| nt egr at ed néWBmh %%PP' ﬁggcggbgaﬁgeq%|%% % % in which the word |ines
have a word |ine bottom plane, where the dlfference bet ween the word |ine

bot t om 25 pl ggsmagqgt hﬁas?'c@ s@e%%%%l%la&f %%%tplt%e :L'nﬁ:l%ri‘ﬁ:l iy deliarinkd

predetern ned _val u nt egr at ed nennr in accg; \g cIa|n11
in mhlcHJH|s§§HE§stBBtRé§nliﬂG Wéﬁ&hgﬁﬁﬁﬁﬁdbpﬁ LeYEL $36°3 ﬁﬁwo tei'@Rbor i ng
wor d glnes ab?ﬁﬁ”&bh@letban kiQeE&?&&Qh&WS thﬁsIﬂmpﬂﬂﬁﬂ(ﬂbuhaﬂwgwecgu§0|n
accor dance c c eter y a
3511 t hoor aphS B oBRRFRBESHAPFAP S PBLYATE Sia haa A Shacy meee %5718
Met hod of foontagtha padegxaﬁedlnwnmr900|dcﬁlb bﬁﬁ@£@eﬁ@?@9uﬁﬂﬁ|5|ng
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. S5a, 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
(layers 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 a 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 STI oxide, an oxide is deposited into
the recesses and subsequently etched to vbtain the spacers
25d. Then, only polysilicon is deposited and etched back



s proddi ng a sem conductor substrate; 5 formng bit line recesses in the
substrate; formng bit lines in the recesses, wherein two adjacent bit
| ines are connected to a source and a 10 drain region of a nmenory cell in
an array of nenory cellsf formng gate regbons of the menory cellsi and 15
formng ward |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 bIH l'i nes exten%#hg'lnto the control circuit.
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10 only moderate selectivity to nitride, the layers 31, 32 are
thinned to a degree that only a part of layer 31 may
remain.

A part of the oxide within the recesses is the insulation

15 constituent of the bit line. This part is indicated by
reference no. 25¢ and extends from the upper plane of layer
25b 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 becomes 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 axrow 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 a main point when reproducibility on the
one hand and memory cell within the integrated circuit on
the other hand are considered. Therefore, it is an



+in which a step of inplanting is perforned before the step of foamng bit
lines. 21. Method in accordance with claim 14, wherein in the 15 step of
forming bit Iines, netallZzed bit |znes are produced. 22, Method in
accordance with cJ.aim 19, in which the agfp of formng bit 3,ines includes
the foll ow ng substeps: 20 form ng side | spacers in the bit |~. ne
recesses; foamng a layer of polysilicon in the bit |ane recesses; 25

forming a netal -silicon conpound |ayer or a netal |ayer _on the | ayer
vays~LIicoﬁﬂEﬁ?ﬁFQﬁsﬁ¢W§@-Q@Pﬁ%tﬁ%ﬂ£ Sﬁa gggfiFPFnéngﬁﬁiﬁFﬁB 3 pgegﬁ t he
bit Iine recess@se Wigloxtsleior3stdpt bod defaninydaheesourbeckadmdz@ini n
which the netal, of the silicon/petal conpound | r g Ll
Met hod i n ad%%ﬁ%ﬁﬂuﬁ§%ﬁ?h%ﬁ?ﬁi 987Mh 3§Fcﬁg?ﬁ§t§?8§ 8%“?0?%?%8 ggfgpg
regions inclfimesthdetliin | wad e desiepsThisi feaporei pakgraghreakhytr hdvi ng
anitride | ), C r b i WhEhe bR ry cel

array; s§|e?%ﬁ@%%@“%?%h?ﬁg}gggg@£ Qi%ﬁg ?ﬁggégﬁygingggtor gﬁgﬁbstrate usi ng

a top oxide inkegrated HeempXy | ¢HESUES 3Reef€N-stop; and forming an
oxi de-nitride-oxide |ayer in the grooves. 10 25. Method in accordance with

claim14, in which the step of formng word I|n I nel he follow ng
substeps: fiTiPhE+Enai by BFOF0RE ?ﬂe?ﬁegaategﬁggﬁgﬁgﬁ§ﬁt%r§OF§siIicon;
15 provi ng aimeipdtidn icon cobhposepatayes thet adjpoknsi cheonelayegiand hard
mask an,t.he alysilicon ; ' | L, Bv [ :
def i ni nébt hé’rﬁrﬁl?? n%ﬁt%xﬁ%ger?%ﬁ?%%ll'%gé\/\gggg??n%gdugflgggggggx?g%%%er on
the bit |inesf as mematyhcstbp.Bit lines are recessed in the STI oxide

as well as in the substrate silicon if the preceding 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 is 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 235d
and the filling oxide 25c cover the bit line structures and
the pad oxlde 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.



'26. Integrated menory circuit in accordance with claim 14, 25 further
conprising the following step: formng the controlling circuit for
controlling the array of nenoxy cells as a CMOS circuit. 30 27. Integrated
menory circuit in accordance with claim 14, in which the step of prodding a
sem conductor substrate includes a step ofl%orning a shallow trench

i nsul ati on between ad5acent word |ines. 35
. AYe. AY. Al . AY. Al . Al 2. AF. A[| . A Al 2. A] . AY. An. AHy. AnF. AYFR. AFl . A?. Al e. A&n. A A
Af . Ay9, . A Ay. VhenNQaMself aligned etch is performed that selectively

oty 225@525?; pity oy Splapyeegn it an) o€ palpober splcastiatesl o
| wr mhc~Yea] ] d %asfw}%aqreaq%]@aq chir@] Jé%t‘]—‘%&f%&] ea] b capeaytds capdatre] ca)
ca] ca] ca] ca] ceH LT Edw & ] 1] Lrdd el €806 TONV £ BT G §”$£’d@cai‘$}cﬁi§a] 62 £l ca
% gg% gg% g: ca] ca! ca' c?gd]ﬁag C%l%aatlc al calllca] cgleca‘l cal ca cal cggga g{?‘ gg]scggr?a] ca
Z{vql gb] Xca] cia] artje aff ioed ko aff retad o] tosed caae}mm}xzadw&@a& cadg ahepd) cImddsad] C
a] ca] ca] ca] Caclncl%] (‘t‘f’}l ago%agecrﬁé Coaf} Ctarl %l 4 esz,[ i "e r the layers 25a,
25b, 25¢ and spacers 25d remain. This is because of the
fact that the material between the recesses is etched away
10 to form the active groove as can be seen in Fig. 2 or Fig.
6a. However, it is important to note that with respect to
the semiconductor surface plane, the bit lines are indeed
recessed by an amount that is defined by the distance
between the bottom line of the polysilicon layer 25a and
15 the semiconductor surface plane or, in the other words, the
bit line top plane. This recess depth is indicated in Fig.
ca 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 removed. After this step a
situation is obtained which is illustrated in Fig. 6a. 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 Flg. 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
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thickness is somewhat larger than half of the opening.

35
Above the polysilicon layer 80a, a tungsten silicide layer
B0b is applied generally using the same technology as has
been described with respect to the bit line metal or
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sequence of poly, WN and W followed by a hard mask.

Up to now, the layers 80a, 80b, 80c are applied on the
whole circuit, i.e., the memory cell array 42 and the

10 controlling circuit 41. Now, the final cell defining
photolithography follows. It is a major advantage of the
present invention that, for this word line lithography, 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. For the high voltage
(about .12 V) rather thick spacers are usually used which
£ill 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 isclation, contact holes and metal £fills as
well as metal wiring levels.
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also possible.

While the CMOS scheme described above is based on & n'-poly
gate material for all types of transistors the method can
be extended to higher performance PMOS devices in the
peripheral circuit - the p' gate PMOS devices - which do

10 not feature buried channels as in the former case. Since
the memory cell is addressed 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 sallcide method in conjunction with
CoSi.

20
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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
25b 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 layer
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 bhard mask
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substrate surface plain:;

an array of memory cells formed on the substrate, the
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 c¢laim 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 c¢hannel region

35 including a lower insulating layer, a storing layer
and an upper insulating layer.



DT FO810988& () - " L"10%R () - EsFsGsHsKs-tJuua?l 10//!! ~0&#10988& ()-Qy
T&#109B3& () -G &#10YBB&' () - GLO%&' ()-Fl 109%&' ()-t 10// 10//u: vvwyzwU3?1l
10/ 1 &0@&0" $10%& ()-!0@0" $10%&' ()-! F'#109BB& ()-! F"#10%°P&' () -! #10%=& ()
-s! p#10965&' () -szzzzz{||rP1
10/!&0@&0‘$10%&f!yS#lO%??&f()-!‘sS#lO@Q(gf()-!sS#lO%#o#o&f()- 10% o& ()- 10
10 10| B} b~~9 wU6P1 10/! 0@#10% R&' ()- !| 10%008& () - ! @#109%& () -
!}09#10%&'()-NI}9#1O%@0&'g)-Nl‘yS#lo%bo&ﬂ 3}~kr810!9#10%&'%?-,3 10% & () -
1000 1000 3. Integrated memory circuit in accordance with claim 2,
1000! X" 34@10%00& () - S! y34@#10%& () - Sf110% o0& () - k2wlU3r S10! ! 0! #10%
& ()-! " T#10%\ & ()-!!#109 Lty 9H10NN & () ! T 9# QY (O
“O#10%& () -, >-./%5§} 4hig 1_%5?&;8}%"?0%3&"(’)"- QfO\a\ “TB\JC\” 11 is

connected to a first bit line,

5
in which the drain region of the memory cell is

connected to a second neighboring bit line,

in which a word line of the memory cell crosses the

10 first bit line apnd the second bit line, the word line
being positiconed 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 5. 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 polysilicon layer
and a flll oxide layer above the silicide layer.

30 7. Integrated memory circuit in accordance with claim ¢,
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 polysilicon layer
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a layer of tungsten nitride, a layer of tungsten and,
above the layer of tungsten, a hard mask.

10. Integrated memory cell in accordance with claim 1,

10 in which trenches filled with insulating material 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 are 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 smaller than 150
nanometers.

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

providing a semiconductor substrate;

forming bit line recesses in the substrate:;
forming bit lines in the recesses, wherein two
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 17. Method according to claim 14,
in which 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
25 than a predetermined value,

18. Method in accordance with claim 15,

in which the predetermined value is 50 nanometers or
30 smaller.

19. Method in accordance with claim 14,

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

in which the step of forming bit line recesses
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21. Method in accordance with claim 14, wherein in the
15 step of forming bit lines, metallized bit lines are
produced.

22, Method in accordance with claim 19, in which the step
of forming bit lines includes the following substeps:
20
forming side wall spacers in the bit line recesses;

forming a layer of polysilicon in the bit line
recesses;

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

30 filling remaining gaps of the bit line recesses with
oxide,

23. Method in accoxrdance with claim 20, in which the metal
of the silicon/metal compound is Co or Tungsten.
35
24, Method in accordance with claim 14, in which the step
of forming gate regions includes the following
substeps:
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lithographically removing a nitride layer on the
semiconductor substrate within the memory cell array:
selectively etching grooves into the semiconductor
substrate using a top oxide layer of the bit lines as
an etch stop; and

forming an oxide-nitride-oxide layer in the grooves.

Method in accordance with claim 14, in which the step
of forming word lines includes the following substeps:

filling remaining grooves in the gate regions with
polysilicon;

proving a metal-silicon compound layer on the
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
as an etch stop.

Integrated memory circuit in accordance with claim 14,
further comprising the following step:

forming the controlling circuit for controlling the
array of memory cells as a CMOS circuit.

Integrated memory circuit in accordance with claim 14,
in which the step of providing a semiconductor
substrate includes a step of forming a shallow trench
insulation between adjacent word lines.



