SEM CONDUCTOR DEVICE WTH M NI SONOS CELL AND METHOD FOR FABRI CATI NG THE
SAME Background of the Invention 1. Field of the Invention The invention
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It is an objective of the present invention to propose a novel structure and fabricating method
thereof for resolving the aforementioned issues typically found in conventional semiconductor
devices with logic gate.

A semiconductor device with mini silicon-oxide-nitride-oxide-silicon (mini-SONOS) cell is
disclosed. The semiconductor device includes: a semiconductor substrate; a shallow trench
isolation (STI) embedded in the semiconductor substrate; a logic device partially overlapping
the STI; and a SONOS cell formed in the overlapped region of the logic device and the STL

According to another aspect of the present invention, a semiconductor device with mini
silicon-oxide-nitride-oxide-silicon (mini-SONOS) cell is disclosed. The semiconductor
devices includes: a semiconductor substrate; a shallow trench isolation (STI) embedded in the
semiconductor substrate; a logic device partially overlapping the STI; a first SONOS cell
formed in a first overlapped region of the logic device and the STI; and a second SONOS cell
formed in a second overlapped region of the logic device and the STL



sem conductor substrate; a logic device partially overlapping the STI; a
first SONOS cell fornmed in a first overl apped region of the | ogic device
and the STI; and a second SONCS cell forned in a second overl apped region
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The de%%ssht Wi in 19 E,h Y coomxfl)o%?te layer composed of an oxide liner 20 and a nitride liner 22 is

deposited in the trench 18 while covering the top surface of the pad nitride 16 and the sidewall
of the pad nitride 16, the pad oxide 14, and the substrate 12.

As shown in Fig. 3, a high density plasma (HDP) oxide deposition is performed to deposit a
layer (not shown) preferably composed of oxide in the trench. The deposition of the oxide
layer preferably fills the entire trench 18 and covering the surface of the nitride liner 22. A
chemical mechanical polishing (CMP) process and an etching back are conducted thereatter
to remove a portion of the oxide layer, the nitride liner 22, and the oxide liner 20. Preferably,
the CMP process removes the oxide layer, the nitride liner 22 and the oxide liner 20 deposited
on the top surface of the pad nitride 16 until the top surface of pad nitride 16 is exposed, and
the etching back process then removes the remaining oxide layer until the top surface of the
oxide layer is lower than the top surface of the pad nitride 16. The combination of the CMP
process and the etching back process preferably forms a shallow trench isolation (STI) 24 in
the trench 18.
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ddressed in Fig. 8 could be carried out directly to first remove the boron doped nitride layer
32 from the surface of the pad oxide 14 and STI 24 while leaving the remaining boron doped
nitride layer 32 in the two trenches 26 and then remove the pad oxide layer 14. This
approach is also within the scope of the present invention.

Next, as shown in Fig. 9, a gate oxide layer 36 and a polysilicon layer 38 are formed on the
surface of the semiconductor substrate 12 and the STI 24, in which the gate oxide layer 36
and the polysilicon layer 38 deposited are preferably the gate oxide layer and polysilicon gate
electrode layer formed in the MOS region. This completes the fabrication of a
semiconductor device according to a preferred embodiment of the present invention.

By following the fabrication method revealed from Figs. 1-9, a semiconductor device with
two mini silicon-oxide-nitride-oxide-silicon (mini-SONOS) cells is accomplished, in which
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As two m ni-SONCS cells are acconplished at the overl appi ng regi on between
the logic gate and the STI, the present invention could fine-tune the
voltage of the m ni-SONCS cells by adjusting the dosage of the boron or
phosphorous doped within the doped nitride |layers 32, 34 of the two

m ni - SENERscel |'s 42, 44, which could then be used to adjust the threshold
voltage (Vt) of the device and relieve the edge fringing effect found in
convenw}l m<:£e%'ces with logic gate. Those skilled in the art wll
readily © se} 319 A4t numerous nodifications and alterations of the device
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layer comprises a n-type doped nitride layer or a p-type dopéd nitride layer.

7. A semiconductor device with mini silicon-oxide-nitride-oxide-silicon (mini-SONOS) cell,
comprising:

a semiconductor substrate;

a shallow trench isolation (STI) embedded in the semiconductor substrate;

a logic device partially overlapping the STI;

a first SONOS cell formed in a first overlapped region of the logic device and the STI;
and

a second SONOS cell formed in a second overlapped region of the logic device and the
STIL.

8. The semiconductor device with mini-SONOS cell of claim 7, wherein the logic device
comprises a polysilicon layer and a gate oxide layer.

9. The semiconductor device with mini-SONOS cell of claim 7, wherein the STI comprises
silicon oxide.

10. The semiconductor device with mini-SONOS cell of claim 9, further comprising a
U-shaped nitride liner disposed in the STI, a first doped nitride layer connected to one tip of
the U-shaped nitride liner, a second doped nitride layer connected to another tip of the
U-shaped nitride liner, and a U-shaped oxide liner between the substrate and the U-shaped
nitride liner, the first doped nitride liner, and the second doped nitride liner.



8. The sem conductor device with mni-SONCS cell of claim?7, wherein the
| ogi ¢ device conprises a polysilicon |ayer and a gate oxide |layer. 9. The
sen conductor device with nmni-SONCS cell of claim7, wherein the STI

conpri §eSTheSelricoRdui @icelfith Hig-KENOSQRH WE tRIm dOVivhereit thé fifdt SONIINCS cel |
of clapd Sompridet i anﬁﬁarmhé dlgsﬂcontf@é}%e%engété bele ldyaesf #l KRAsEsliden the
STI, agfd §151t thdM&Ho Jéftrgr?e eﬂle@ cl %glqu’mQP Gnd ﬂf% s@hicohffctot S haped

nltrldgcﬁ % a se n|tr| ayer confected to another tip of the
U—shape nreri de Ilner and a U—shaped oxi de |liner between the substrate

and th nitride |liner firs nitride er,. and the

2 cond TR o gor deie Wil ini O§e‘ﬁh€gﬁ§ﬂ8tlé’r whisbiabe B Hopith - Sonos
cel | ofutgfelayerigompgises aphyRaope P cell conprises a portion of the
polysilicon | ayer and the gate oxi de Iayer of the logic device, the STI,

t he fi #3tThiceadcanduetorideviceyeith minieSONOBasH @f olaindd 0) wherein thegecaohé

sem cofONDDcell canpmiseas portibA.of Threpadweili ardyirtaod tlhbegstecexide talyemafithe BENOS cel |
of cl ailevidd, the$TEL, dHersetdid doped hitddphgler, thetl-shigpel aykic liofpnd g&s a p-type
doped wdmhicbfBictirabstrafe3. The sem conductor device with mni-SONCS cel |l of
claim 10, wherei n the second SONGS cell conprises a portion of the
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seni con uc em c nduct or device with m ni-SONGCS cel l

of cIa| t he second o ed. nitrjde | onprises.a n-type
doped At @“ﬁ%@%ﬁnﬁ%mg& SEYHIEAET d?Vé‘EFr‘iV’&%P}lﬂggﬁﬁg’grﬁnﬁo?fams&Fg devi ce
with mi ni PEONGBEEspmicopdiips SpEate hpvipg p dirfidMQSsesipr spdinetopd MBSt rat e

havi ngregidti;r st MOS regi on and a second MOS region; forming a first trench
in the serfpuwngadrsrtrepclpit thasenisenduwstor subgrate b@wehmerf@gtil\dﬁ)saﬁgiontamé second
MOS r etliesrcondeyOSireging; a oxide liner and a nitride liner in the first
trench; fdepositig £0:8d¢ lihér dnli@ difridstinkr @nbéfirst @emh;ng a portion of the
nitride |ifpefing Qs & tHeMistarenegond trench between the first MOS region of
the seni cqa%\% H%tdf%@mﬁmfs (88 £FTbrRRg a%ebdHd'tbrich BBGRchBtaNgen the STI
and they eggtﬂl e LGt lor ts{av&taﬁergnaqa 4¢1 Bid PHBRLALE be3th [iRIFTING 2
first C%A’ doyd zssre by bk B8 LAYERaL A ABesseond (renc e et hod of
cl ai m 15, "Rere %& cﬁ ﬁﬂ’ t?xldﬁ ntlthcondu%t substrate conpri ses:
formng a payn %% T °8h iyt F&@'eﬁ REOBHEBMuct or substrate;

et chi n? a portion of the pad oxide and the_ pad nitride for formng the
first {¢-crhernethod pleclaigeld, vdhiserie e8er opidinedhe semiponductor SEPHBE IMRISET m 16,

wher ei n affeeing apad ayide ad £ ipad nittidesr Hejsamitpaduciod wo/galet or substrate
conpr i sesetching a portion of the pad oxide and the pad nitride for forming the first trench in the

semiconductor substrate.

17. The method of claim 16, wherein after forming the first trench in the semiconductor
substrate comprises:

depositing the oxide liner and the nitride liner in the first trench while covering the
surface of the pad nitride and the pad oxide;

depositing an oxide layer in the first trench;

using a chemical mechanical polishing process for removing the oxide layer until
exposing the top surface of the pad nitride;

etching back the remaining oxide layer until the top surface of the oxide layer is lower
than the top surface of the pad nitride for forming the STI; and

removing the pad nitride and a portion of the nitride liner and the oxide liner for forming
the second trench between the first MOS region of the semiconductor substrate and the STI
and the third trench between the STI and the second MOS region of the semiconductor
substrate.

18. The method of claim 16, wherein after forming the second trench and the third trench
comprises:
forming the first conductive type nitride layer on the first MOS region and the second
MOS region of the semiconductor substrate and into the second trench and the third trench;
performing a first etching process for removing the first conductive type nitride layer
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depositing the oxide liner and the nitride liner in the first trench while
covering the surface of the pad nitride and the pad oxide; depositing an
oxide layer in the first trench; using a chem cal mechanical polishing

pr ocesgofrpﬂhers@ﬂméldfghgm(g;med@dltaysm wali | exposing the top surface of the

pad nitri q)%rfoﬁhﬁl@a%c&ﬁ%ﬁlﬁ@foeé@fwﬂaﬁlo%gqﬁeb@df&hdyntII the top surface
of the oxide layer is |ower han the top surface of the pad nitride for

form ngqat t f nitride
i ner %%dﬂfeeh&&hc’d gf'afurrg \4'1{orel¥l gﬁep{%ﬁn%eé g%ggﬁg ﬁhgzﬁ@ﬁhgﬁ}lﬁe%ér?g he first
MOS 1 ef? enm ¢ nductor trateadth and e third trench
bet ween ‘I} S‘E‘ngl v§ﬁgpq\}g3§1 & Y%‘?ITHF fi é&é%f% tg SeOlPstrat e.
18. ThM%fW off the panisprdciogubsiiate apdiigio the seRoRd I Hmtdr > and the
third trerenovias s fissbeondpetive tyipe piade lpyairas that trii \Vrén(flwél the $¢908& | ayer on
t he fi M@S KB effhe semigdndustorsulstiate; MOS regi on of the seni conduct or

subst r at e famoing atsocdandeosdwntivel typeanicide dayar vh ¢het fivist condpnenectype pigndedrydrng a
first ehcthergeqdMOSIefion of rBemi@nttaof substiate andlintd theahird pendhi; t ri de | ayer
6 from t hgefufhing@ Rkt dtétfin®pfbcessifeereaitiidgBe Hidt coghidtiPerypa itriag lyesariond

et chi n&e%@@(ﬁ%n @th'é@ Vﬂzﬂﬂetlﬁb%r Bidth ¢ istaccld thd PRI BEHAM @k stia m 16,

wher ei fbn?alﬁﬂ; gfljctl §aRML &E&ﬂfﬂ?e Ginli ¥ delB) ﬂcﬂtgﬁu ﬁﬁﬁﬁ'e gmihSes:

formngmt(i Béh e type nitri Iayer on t |rs reglon and
t he secon re n .of .,t.he sem nductort ubs rate and into the second
trench an®“t'E" ‘tnﬁla% cqqdeeﬁ(gﬂngpxpg?% PHENES ' BF %ﬂﬁﬁuctl ve type nitride

| ayer fromthe third trench and the second MOS region of the sem conductor
substrate; form ng a second conductive type nitride |layer on the first
conductive type nitride layer and the second MOS region of the

sem conductor substrate and into the third trench; performng a first

et ching process for renoving the first conductive type nitride |ayer and

t he second conductive type nitride layer fromthe surface of the pad oxide
and the STI to remain the first type nitride layer in the second trench
and the second type nitride layer in the third trench; and performng a
second etching process for renoving the pad oxide. 7




