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decoder and control circuitry for programming (writing), reading or erasing functions.

Such single bit stacked gate flash memory cells are programmed by applying a voltage to the
control gate and connecting the source to ground and the drain to a predetermined potential above the
source. A resulting high electric field across the tunnel oxide causes a phenomenon called "Fowler-
Nordheim" tunneling. During this process, electrons in the core cell channel region tunnel through the gate
oxide into the floating gate and become trapped in the floating gate since the floating gate is surrounded by
the interpoly dielectric and the tunnel oxide. As a result of the trapped electrons, the threshold voltage of

the cell increases. This change in the
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charge-trapping dielectric material formed over the substrate. A plurality of wordlines are formed over the

charge-trapping dielectric material. Nitride spacers are formed between the bitline contacts and the wordlines
adjacent to the bitline contacts.

35 Also according to the present invention, there is provided a method for forming a memory array.
According to the method, a substrate is provided and a charge-trapping dielectric material is formed over the
substrate. A plurality of bitlines having contact locations are formed and wordlines are formed over the charge-

trapping dielectric material. Protective spacers are then formed between the bitline contacts locations and the
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30 Fig. 9 is a schematic flow diagram generally illustrating steps of the present invention including the
formation of the spacer.

It should be appreciated that for simplicity and clarity of illustration, elements shown in the Figures
have not necessarily been drawn to scale. For example, the dimensions of some of the elements are exaggerated
relative to each other for clarity. Further, where considered appropriate, reference numerals have been repeated

35  among the Figures to indicate corresponding elements.
MODE(S) FOR CARRYING OUT THE INVENTION

It should be appreciated that the process steps and structures described below do not form a complete
process flow for manufacturing integrated circuits. The present invention can be practiced in conjunction with

integrated circuit fabrication techniques currently used in the art, and only so much of the commonly practiced
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30 layer 204 and a bottom dielectric layer 208. A polysilicon layer 201 or 202 resides over the charge-trapping

dielectric stack 209 and provides a wordline connection to the memory cell 200. A first bitline 224a runs
underneath the charge-trapping dielectric stack 209 under a first region 203 and a second bitline 224b runs
underneath the charge-trapping dielectric stack 209 under a second region 207. The bitlines 224a and 224b are
formed of a conductive portion 230 and an optional oxide portion 228.

35 " In one embodiment, boron core implants 232 are provided on both ends of each bitline 224a and 224b
where the bitlines meet the bottom dielectric layer 208 or along the entire transistor. The boron core implants are
more heavily doped than a P-type substrate and assist in control of the VT of the memory cell 200. In one
embodiment, the cell 200 resides on a P-type substrate 222 with the conductive portion 230 of the bitlines 224a
and 224b being formed from an N* arsenic implant, such that a channel 220 is formed between the bitlines 224a
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used to select between four bits of two transistors for reading, witing
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35 Fig. 9 is a schematic flow diagram generally illustrating steps of processes in accordance with the present
invention.
In the first step of the present invention, shown schematically in Fig. 9 as step 902, a semiconductor
substrate 222 is provided as shown in Fig. 3. The semiconductor substrate 222 can be any appropriately selected

substrate known in the art. Suitable semiconductor substrates include, for example, bulk silicon semiconductor
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oxide (Hf,Zr14O,, where x ranges between 0 and 1), hafnium silicate (H£SiO,), hafnium aluminate (HfALOs) or
a hafnium mixed-aluminate/silicate, HfO,/Si0,/Al,0s, which may have a formula such as Hf;Si;AlL,Oy. A

35  composite dielectric material may be formed by co-deposition of its component elements, or by sequential

deposition followed by a treatment step, e.g., thermal treatment, to combine the elements to form the composite
dielectric material. Suitable metals for the mixed-metal oxide, metal silicate, metal aluminate or metal mixed-
aluminate/silicate include, for example, hafnium, zirconium, yttrium, cerinm, tantalum, titanium, lanthanum,

tungsten, bismuth, barium, strontium, scandium, niobium or lead, or mixtures thereof. Other metal oxides which,
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35  Inanother embodiment, the charge-trapping layer 206 includes a composite dielectric material which replaces
silicon nitride. Suitable high-K dielectric materials for use in a high-K charge-trapping layer are disclosed in co-
pending U.S. application Serial No. 10/036,757, filed December 31, 2001, which is incorporated herein by
reference for its disclosure relating to high-K dielectric materials for use in a charge-trapping layer 206 of a
charge-trapping dielectric stack 209.
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35  plasma. In one embodiment, the spacer 234 is a nitride spacer. The nitride spacer can have stoichiometry of

SigN,. In addition, other materials can be used for the spacer 234, such as: silicon nitride, silicon rich nitride,
SiON etc. The spacer 234 protects the edge transistors from UV radiation from the contact etch. This prevents
damage on the contact etch on the edge wordlines.




reference for its disclosure relating to high-K dielectric materials for
use in a charge-trapping | ayer 206 of a charge-trapping dielectric stack
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indicated in step 912 of Fig. 9. During the formation of the contact hole
240, plasma fromedge tools can cause damage to the charge-trapping
dielectric material 209 and the edge wordline 201. Therefore, prior to the
formati on of the contact hole 240, the protective spacer 234 is forned to
hel p prevwge, such as from 35 plasma. |In one enbodi nent, the spacer
234 is a " spacer. The nitride spacer can have stoichionetry of
Si3N4. In addition, other materials can be used for the spacer 234, such
as: silicogn nitride, silicon rich nitride, SiON etc. The spacer 234
protects the eég‘ée‘E‘P%’r?éTagtWrﬁn%ﬁn WV radiation fromthe contact etch. This
prevents damageyftafche contact etch on the edge wordlines. 8 WO

2004/ 079824 PCT/ US2004/ 000502 I n one enbodi nent, the spacer 234 is forned
by such as an Rpav@itpof bifdd hevidgmehntdcrs; one embodi ment, t he spacer 234 is
deposited by ang itabl e tho such ag, PE ALD (A PLD, M.D
or MOCVD. The &9@9‘%&%’ Abime Y § éﬁﬁ?%ﬁﬁﬂ%agggeﬂﬁ%&(y bﬁ%%%ﬁ?l}ﬁi t he
art. |I'n opemp@dRos chRpd-trappihg aie%fredom@emwrﬁfeaw& A0 GuiRhafl Ng process may
then be carried out to define the spacer I'n 5 one enbodi nent, the
spacers 234 rapgburalitpef mwmegﬁm&wﬁmmeawpmgxﬁﬂecthMm and in
one enbodi nen m about. 750 a trons to abo 120 troms | n one
enbodi nment , thét lg%ségléef Sspa§?§4b%tyvgen g‘%soﬁ'trlmf ﬁ%mg‘gf‘r@nﬁé]i‘ gW? (]jege acrLig tﬂ? al
deposi tedbmercotntaetschar ge-trapping dielectric material to formthe edge
wordline 201. In one enbodinent, the spacer 234 is formed such that it
abuts the wordline 201 and in one 10 enbodi nent, the spacer 234 is

separ atedyfro i . . i i ) 234

ext ends such {TEB ﬁle ég%lé af)egla{%ép‘gg%gmﬁoﬁggﬂ#g%ﬂm gd{%%crcelgg%ﬁ 1acts 240
of nore tbtmmpmnee: b|t| ine 224 intersecting the edge wordline 201. In one
enbodi nent hllustr an_etch-stop layer 802 is forned

ed )
over the Wordli1 %“%f“‘i??&“’c‘i%efsffﬁs’sgOzeréhﬁﬁvbﬁfrateo i ntroduci ng the contact
material. The 4as understood
by those in thgelg%g&h é}%h gig Wsﬁefﬁgﬁgg%gg%%ﬂg;ﬁ% t%'llé.lnl um silicide,
Ti Si 2. 15 | n aathptdiengtric Itayeetfcﬂmesimr the\chargestyappmgdayersui t abl e material . In
addition, the charge-trapping dielectric material 209 can be separated
fromthe contact hole 240 by dielectric material, such an oxide |layer, to
provi de f3rtherhe memidhdrt8N of E181M Q%ﬁ&‘é‘ltﬂtﬂ@%léé‘s@oﬂé‘gﬂa@& i BrhEPaYer @ik Of the
contact hole. There hds béen disciosed in accordance wth the invention a
char ge- t rigppliglectrielayery array resistant to danmage incurred during the
formati on of contacts and a process for fabricating the same. The present
invention 20 therefore provides a nmenory array having protective spacers
formed beiveenTROGEmMOBY sHdyTelAmdl, mﬁekélﬂqle% f@%@pm@ﬂl(@b@tﬁ@‘(ﬁéﬂ&?ﬂa nenory
array that exhibits less bitline I eak age. strial” Appl |cab|I|ty Menory
arrays ha%amijises:ta hofem exide mﬁeroﬁormgtomthbsm@wmmeéam formmasgeef r om
cont act o |on there is
provi dedh&altzms%o{st en%rﬁgdn E&er’t%ﬁé‘%&ogﬂie ce}r%gm %g {hf(g’ﬂﬁg 5P rarrays 25
during forrratl on of contact holes, thus inproving the performance of nenory
arrays. Although the invention has been described and illustrated with
reference to sbRCIEMETY arrays of @y Qfdhe preceding claims, wherein the spacer separates

the edge wordline from the contacts of more than one bitline.

6. The memory array of any one of the preceding claims, wherein the spacers have a
stoichiometry of Si3Ny.
7. The memory array of any of the preceding claims, wherein the spacers range

from about 250 angstroms to about 1300 angstroms.
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enbodi nents thereof, it is not intended that the invention be |imted to
those illustrative enbodi nents. Those skilled in the art wll recognize
that variations and nodifications can be nade w thout departing fromthe
spirit of the invention. For exanple, the thicknesses of the individual

| ayers maki ng i I t hat
descri bedhhereiliﬁf.j ngtﬁm?ga{r e(r)iz r(ﬁ’@?}f{?}%{%&%ﬁd{i% ‘?%S’Sﬁg&?\nﬁttﬁgﬁg %rl Zention
al | such {ram zhout ) angstromsth dhiootl 2@engstnarhs.f al | wit hin the scope of the
appended cl ai ns and equi val ents thereof. 9 CLAIMS: 1. A nenory array
conprising: a substrate; a plurality of bitlines having contacts; a
pluralityoof mMPRDRKHAlABY of 86N oRESINY pfetbding BRARE WHRRLNERN Aefwisbdbtoht nes
and conprising a charge-trapping dielectric materi al formeg over the
subst r at ethegame height asthe wopdlmg| hatedalf or med over the charge-trapping
dielectric material; at |east one spacer between the bitline contacts and
the wordline adjacent to the bitline contacts. 2. The nenory array of
claim1, wherefThe tlemogadge of kPl the pﬁlaicedliﬁguahﬁs,rmie%ih #le spa@Platses: a
bottomdielectric | ayer formed over the substrate; a charge-trapping |ayer
formed ovErmedevesghe ko diclesteiedasies | ayer; and a top dielectric |ayer formed
over the charge-trapping layer. 3. The nenory array of claim2, wherein the
at | east one spacer is fornmed over the top dielectric layer. 4. The nenory
array of tl.ai nThe memereartayt béamhef e ptdcading olirdé, etRedif e spadeds icdmprise
conprises: a bottom oxide |ayer_forned over the substrate; a nitride |ayer
formed ove&t® OLTREC 'tstlﬁ“rﬂ“d}ﬁréé siligany rich-pitridg, andSION-de | ayer formed over the
nitride layer. 5. The nenory array of any of the preceding clains, wherein
t he spacer separates the edge wordline fromthe contacts of nore than one
bitline. B. Th&henmemoyy arayayf ady ofithe preeedihg tlaimy wheedi thg chhmjermappisger ei n

t he spacers have st.oi.chj onetr f SI3N4. 7. The nmenory array of any of

t he precewmwc?eéﬁﬁ?dmg?‘g@ﬁmp eceg acers range from about 250 angstrons
to about 1300 angstrons. 10 8. The nenory array of any one of the preceding
clainms, wherein the spacers range from about 750 angstrons to about 1200
angst ronmsl3.9. Themewohoatrayrofapy ohe afithequecedingtchampreloeeinribe caageys, wher ei n

the spac et&aﬂp%ngartr)l(e)rlrjltory cells are floating gate memory cells.

14.  The memory array of any of the preceding claims, wherein the array is a

memory block having a size of 2®"PK where n is an integer greater than 0.

15.  The memory array of claim 14, wherein the array is a plurality connected

memory blocks.

16. A method for forming a memory array comprising the steps of:

providing a substrate;

forming a charge-trapping dielectric material over the substrate;

forming a plurality of bitlines having contact locations;

forming wordlines over the charge-trapping dielectric material; and

forming spacers between the bitline contact locations and wordlines adjacent to
bitline contact locations;

forming bitline contacts at the bitline contact locations.
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t he sane height as the wordline material. 10. The nenory array of any of
the preceding clainms, wherein the spacers are forned over the top
dielectric layer. 11. The nenory array of any of the preceding clains,
wherein the spacers conprise one or nore of. silicon nitride, silicon rich
nitride, d St : L0gG: { T8,
wherein the chargaeres hiRIEIT koS 3% b oFflimflhe b BBt SaFRhP Sicficid™T
The nenor matarabgoroprises yheowtepsaff: t he precedi ng cl ai ns, wherein the charge-
trapping nmenory cells are floatin ate nory cells. 14. The nenory array
of any of the I\;qrﬁﬂ%?h%m?f?é’f }rl%\%¥gré}tbﬁvgﬁﬁsgg§t’é\}e?i s a memory bl ock having
a size of 2("+forihin L ERarBe- %ﬁﬁg 1YL REhed 6@?&% P&Mdglecgrﬁ' la%_é??arfﬂemr y
array of claim 14, wherern the array is a plurality connecte menory

bl ocks. 16. A Frmiegia foprdi¢leetnic hayenovar e shasger sigragolapen. si ng t he steps of
providing a substrate; formng a charge-trapping dielectric material over
the substrate; formng a plurality of bitlines having contact |ocations;
form ng wos.dl i Themeurxd dfleki@Nar a7t furihed EfingsHsPlOBE Siep oFBIrffihgdn etgind form ng
spacers between the bitline contact |ocations and wordlines adjacent to
bitline cApiayer abavaihospgcer orning bitline contacts at the bitline contact

| ocations. 11 17. The nmethod of claim 16, wherein the step of formng a
charge-trapping dielectric material conprises the steps of. formng a

bot t om di &.ect Themlethodrof elind 8} Whersiitht erhetopl18yds A formdidire 16 forRidd

| ayer forgle .over the bottomdielectric layer; and formng a top

di el ect ri E¢P48¢ CORYBLS-t he charge storage |ayer. 18. The nethod of claim 16
or 17, further conprising the step of formng an etch stop |ayer above the
spacer. 19. The nethod of claim 18, wherein the etch stop |ayers are forned
prior to formng the bitline contacts. 12
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