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The present invention relates generally to integrated circuits, and nore
particularly to an integrated circuit nmenory system BACKGROUND ART
Integrated circuit (1C products can be found in nost electronic devices

t hroughout the world. The nost famliar applications of |IC products are
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reprogrammed nmany tinmes. Flash nmenory is usually constructed by one of two
technol ogies, floating gate or silicon-oxide-nitride-oxide-silicon
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force erase bias for (bytes simltaneously (called a "sector erase").
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Nonvolatile memory is a semiconductor device designed to store digital data in the form of
an electrical charge, wherein the charge remains in storage even after the power is turned off.

Flash memory is a type of nonvolatile memory that can be erased and reprogrammed
many times. Flash memory is usually constructed by one of two technologies, floating gate
or silicon-oxide-nitride-oxide-silicon (SONOS). Recently, SONOS technology is considered
to be a promising solution for not only nonvolatile stand alone memory, but also embedded
memory due to its numerous advantages, such as, excellent scalability, low power
consumption, process simplicity, and logic process compatibility.

Unfortunately, flash memory, including SONOS flash, is usually required to force
erase bias for 64 kbytes simultaneously (called a “sector erase™). This sector erase method
can suffer from low erase quality unless every bit within the sector displays uniform
characteristics. The properties affecting uniform characteristics between bits are: active
region critical dimension, channel mobility stresses due to shallow trench isolation (STI)
formations, and charge trapping in oxide-nitride-oxide (ONQ) layers of the SONOS. The
problems associated with these properties are exacerbated by the large sector sizes used in

today’s flash memories.




Large sector sizes require long wordlines and source |ines, which are prone
to resistivel/capacitive (RC) delay due to their material conposition. For
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present 1 nvention providés an integrated circuit nenory systemby Tormng a
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polysilicon gate line and the ONO layer, where most of the charges can be trapped in the
nitride film of the closest bits, and degrade ONO integrity.

Thus, a need still remains for a memory array with uniform cell characteristics that
increases the reliability of sector erasures. In view of the ever-increasing need to save costs
and improve efficiencies, it is more and more critical that answers be found to these
problems.

Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded
those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit memory system by forming a
substrate with equidistant spaced shallow trench isolation regions. Forming active regions

and dummy active regions within the substrate between the equidistant spaced shallow trench
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substrate with equidi stant spaced shallow trench isolation regions. Form ng

active regions and dummy active regions within the substrate between the

equi di stant spaced shallow trench 2 isolation regions. Form ng sources and
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FIG. 3 is a plan view of an L10 layout pattern in accordance with an embodiment of
the present invention;
FIG. 4 is a plan view of an L60 layout pattern in accordance with an embodiment of
the present invention; and
FIG. 5 is a flow chart for an integrated circuit memory system for fabricating the
integrated circuit memory system in accordance with an embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention, and it is to be understood that other embodiments
would be evident based on the present disclosure and that process or mechanical changes may
be made without departing from the scope of the present invention.

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations, and process steps are not disclosed in detail.

Likewise, the drawings showing embodiments of the invention are semi-diagrammatic and




under standi ng of the invention. However, it will be apparent that the
invention may be practiced without these specific details. In order to
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introduces non-uniform channel mobility stresses, and increases the likelihood of plasma etch
damage to adjacent active regions. The present invention eliminates these problems by
creating a uniform layout pattern spacing of STI formations that improves sector erase
quality.
Referring now to FIG. 1, therein is shown a plan view of a portion of an integrated
circuit memory system 100 in accordance with an embodiment of the invention. The system
100 includes active regions 102 and dummy active regions 104 within contact regions 106.
The contact regions 106 provide an electrical connection between bitlines 108 (shown in
phantom outline) and source lines 110 and/or wordlines 112. The bitlines 108 contact the
source lines 110 through source contacts 114 and the bitlines 108 contact the wordlines 112
through wordline contacts 116.
The source contacts 114 and the wordline contacts 116 are necessary because the
source lines 110 and the wordlines 112 commonly include silicon and the bitlines 108

commonly include metal. Since the RC delay time of silicon exceeds that of metal, the

bitlines 108 are strapped to the source lines 110 and the wordlines 112, through the source




The contact regions 106 provide an el ectrical connection between bitlines
108 (shown in phantomoutline) and source lines 110 and/or wordlines 112.
The bitlines 108 contact the source lines 110 through source contacts 114
and the bitlines 108 contact the wordlines 112 through wordline contacts
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Referring now to FIG. 2, therein is shown an expanded cross-sectional view of FIG. 1
along line 2--2 in an intermediate stage of manufacturing. The system 100 includes the active
regions 102, the dummy active regions 104, the contact regions 106, the wordlines 112, a
substrate 202, STI formations 204, charge trapping layers 206, a dielectric 208, and plasma
induced charges 210. By way of example and not by way of limitation, the charge trapping
layers 206 can be an oxide-nitride-oxide (ONO) layer, or more specifically, the charge
trapping layers 206 can be a part of a silicon-oxide-nitride-oxide-silicon (SONOS)
configuration.

Most notably, FIG. 2 depicts the equidistant spacing between STI formations 204. By
forming the STI formations 204 of approximately equal size and spacing, the discontinuities
created by unequal sized STI formations can be prevented. Unequal sized STI formations
can adversely affect critical dimensions, such as width of a channel, of a field-effect-
transistor located within the active regions 102 adjacent the contact regions 106. Since
variances in channel width can lead to field-effect-transistors that operate at different speeds
within the integrated circuit memory system 100, uniformity of memory access times can be

greatly atfected.




substrate 202, STI formations 204, charge trapping |l ayers 206, a dielectric
208, and plasma induced charges 210. By way of exanple and not by way of
limtation, the charge trapping |ayers 206 can be an oxi de-nitride-oxide
(ONO) layer, or nore specifically, the charge trapping |layers 206 can be a
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trenches, which in turn affects sector erase quality. It has been discovered that the present
invention eliminates non-uniform channel mobility stresses by forming the STI formations
204 of approximately equal size and in an equidistant layout pattern. Since substantially all
the active regions 102 of the present invention exhibit uniform channel mobility stresses, the
quality of a uniform sector erase is improved.

Finally, plasma induced charges 210 that occur during the contact and via etch of the
contact regions 106 can be damaging to a memory array. As mentioned above, larger STI
trenches formed within the contact regions 106 blocked the flow of the plasma induced
charges 210 and diverted them through the charge trapping layers 206 and the wordlines 112
adjacent the contact regions 106. The diversion of the plasma induced charges 210 causes
them to become ensnared within the charge trapping layers 206 of the active regions 102
adjacent the contact regions 106, and consequently, degrades the integrity of the charge

trapping layers 206. This in turn affected the uniformity of the active regions 102 and

decreased the quality of sector erase functions.




performance, thereby creating discontinuities with other cells. Either way,
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t he non-uniform STl trenches, which in turn affects sector erase quality.

It has beenTHe peuarigterdtibatsolvee Nk @8eHém Hynfoeminigothe T MomadtRs POA-ikAhf or m
channel nobility stresses by formng the STI formations 204 of
appr ox Feritistapt sppged apary Mappd, Wﬂ?“‘é‘rﬁlg’q‘{i‘ the summy rdiysuesipat 1 @4 i bafomed

subst aﬂédeﬁd %e%htag% Fb%tcﬁﬁtz' 06 Tl’?@h&rﬂﬁgl%w%?élﬁﬁs PO£LEE 'hto bR The ?ﬁsﬁféh' bi t

uni f or m channel stresses a un| orm sector erase
i's i npimbieet chdrgal 119, qu Inmasm abn@hhcthd ptzhmlage@cadahadgas 2 b clincd lti[ei ahgnmble
contact and via et CEQF cont regions 1 an be da

menor y 2efeayeions i E@p@mén Cﬁ‘i‘ gateshL0; 1P@ﬁ%f}%@§lamp % w. 3t he
cont acty, aer&‘%‘dﬁﬂés ﬂi%oﬁééta%&ﬁ@ dsot sExQ)é’ancoﬁdl@ts%@cﬁ&gadanlé?% 1&% g@iealo and

diverte em t hr oug harge trapping | ayers 206 and nes 112
adj acenhargdme%@ntz&cxiordiegbmﬂse troGeritFhe ﬁhrev@rageotxamﬁng Hayepd é@@rmdgauehlcéd

charges 210 c e to beconme en '. hip the charge tr n
[ ayer s T30 RO e ST A 5SS MBI Rb COROL TP 1BE, and

consequgiinkyd. degrades the integrity of the charge trappi ng Iayers 206.

This in turn affected the uniformty of the active regions 102 and

decr eased t Refeytiag inoy tofFI§e(3t therein as ehdwimatilangiewsofThe L Pdeymt pattsrerini on
sol ves thl%n%r obl.em b for rratl ui di st ant

he STI i
paced sgarrBhaiina R ERCHT b e O e flraieE Rena BSE T or mea

beneat hnich€o€ aityagh dplbﬁ&' @ 108a iﬁ%aﬂmoﬂﬁﬁdﬂﬁ réfBgbd RS ad Q4 ad@vdaleabl 0Ck
the plasnma induce ar ges 210 i nstead absorb the plasma i nduced

char gemazli)oto SPdie an ey dayeny tecamqw evheesn diessppoag disserey wheapiadlyrl thaduced
char geg 210 r‘eg 'I!S GRALAE " &HHénggaC?uL%g%rgoEngﬂQ ag{%%r}{‘ﬁgl?' @%ﬁftﬁz

consequent not serve as C I SSI patl on O asima’ i nduced

char gesneaﬂaenedﬂmaé Ais@hynuitibein spaci@pidfYhohctivbecgbay 082 lesRpRhS gudlﬂy era 206
adj acent the dummy active regions 104 are nmintained and the quali ty of a

sect or Sffs@AgpRcAioffliedo neRRRHERE. biRdrctsiton ohherslons. @y dimingieethg i s

Shoun, SELAIEH Shel HO MO LRI B
critical dimensions amongst substantially all the active regions 102, prevent STI channel
mobility stresses, and prevent degradation of the charge trapping layers 206 (not shown)
during etching.

Referring now to FIG. 4, therein is shown a plan view of an L60 layout pattern in
accordance with an embodiment of the present invention. FIG. 4 illustrates how the present
invention employs a new L60 layout pattern (commonly referred to as a poly mask) to form
the wordlines 112 and the select lines 126 without interruption. The present invention is able
to avoid discontinuities within the select lines 126 by forming the wordlines 112 adjacent to
one another and electrically bridging them through the wordline contacts 116. By forming
the wordlines 112 adjacent to one another, one of the dummy active regions 104 (not shown)
can accommodate the wordline contacts 116 within the contact regions 106 (shown in
phantom outline}, and another of the dummy active regions 104 can accommodate the source
contacts 114 (not shown). This configuration allows for a uniform uninterrupted layout
pattern for the wordlines 112 and the select lines 126.

Referring now to FIG. 5, therein is shown a flow chart for an integrated circuit

memory system 500 for fabricating the integrated circuit memory system 100 in accordance




invention may enploy a new L10 | ayout pattern (comonly referred to as an
active area nmmsk) to create an array |ayout techni que wherein the spacing
bet ween substantially all the active regions 102 and the dunmmy active
regions 104 is approximately equidistant. As nentioned above,
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charges from becoming entrapped within adjacent charge trapping layers.

Yet another important advantage of the present invention is that it valuably supports
and services the historical trend of reducing costs, simplifying systems, and increasing
performance.

These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

Thus, it has been discovered that the integrated circuit system of the present invention
furnishes important and heretofore unknown and unavailable solutions, capabilities, and
functional advantages. For instance, by providing a process that normalizes critical
dimensions of active regions, that creates uniform channel mobility stresses, and reduces the
amount of charge trapping layer damage during plasma etching, the sector erase quality of a

memory array can be enhanced. The resulting processes and configurations are

straightforward, cost-effective, uncomplicated, highly versatile and effective, can be




form ng contact regions over the dumry active regions for strapping the
wordlines and the source lines to the bitlines in a block 510. It has been
di scovered that the present invention thus has nunmerous advantages. A
principle advantage is that the present invention creates a nenory array
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i ncreasing performance. These and ot her val uabl e aspects of the present

i nvention consequently further the state of the technology to at |east the
next level. Thus, it has been discovered that the integrated circuit system
of the present invention furnishes inportant and heretofore unknown and
unavai l abl e sol utions, capabilities, and functional advantages. For

i nstance, by providing a process that normalizes critical dinmensions of
active regions, that creates uniformchannel nobility stresses, and reduces
the anmount of charge trapping | ayer damage during plasma etching, the
sector erase quality of a nenory array can be enhanced. The resulting
processes and configurations are straightforward, cost-effective,
unconplicated, highly versatile and effective, can be 8 inplenented by
adapti ng known technol ogies, and are thus readily suited for efficient and
econonm cal manufacturi ng.




VWil e the invention has been described in conjunction with a specific best
node, it is to be understood that many alternatives, nodifications, and
variations will be apparent to those skilled in the art in light of the
af oregoi ng description. Accordingly, it is intended to enbrace all such

alternatjves, i.ficatj .wand variations which fall within the scope of

t he i%&i%ﬁ\z‘@g&gbm‘%hﬁgﬁéﬁters hithertofore set forth herein or shown in

t he acconpanying drawings are to be interpreted in an illustrative and

non-1i mitind- sendd Intpemted ¢iRUENITEONY SYRPNEDMPSSING.  An i ntegrated circuit

menory syst : Lhskng. . I: t i i- di . Spaced
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i sol ation regions; formng s(ggjr(fes and, drains wi.thin the active regions;
provi di ng wor dl i FEEdEHE 8BGPEEhallodEenel SORIPRGESIANSA first direction and

bi tlines extendl oo id AdREROFiBINRELdRR @bk, f Orm Nng contact regions over

the dummy active regions for strapping the wordlines and the source |ines
to the bitl ipnesding. wdikdénsy sthe rsoaseclimisnmexenrding limi anfirstf direchien awnpitlisdsng:

form ng charge trappi.ng.layers beneath the wordlines. 3. The system as
clainmed in clai meffl%gﬂé‘gé? ﬂ.gecl‘)&j%frﬁﬁl%gmgqui di stant spaced shall ow trench
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substantially allT active regions. 4. The systemas clainmed in claim1l

wher ei n:  f or mi ng anthéhesquicdilgeain thg piliess- shal | ow trench isol ation regions
prevents absorption of plasma charges by adjacent active regions during
et ching. 5. 2The Shstesreassclannadoh daincl &irthed covhprisengy: form ng t he
equi di st ant s]paced shal | ow trench isal @}tqi on {.e ions elimnates the shall ow
trench i sol dPTYRS sharas vaypipg kyersbepedth é’h‘ﬁgm%obi lity. 6. An integrated
circuit menory syrstem conpri si ng; _ )

3. he system as claimed in claim 1 wherein:

forming the equidistant spaced shallow trench isolation regions creates a uniform

equidistant critical dimension in substantially all active regions.

4, The system as claimed in claim 1 wherein:
forming the equidistant spaced shallow trench isolation regions prevents absorption of

plasma charges by adjacent active regions during etching.

5. The system as claimed in claim | wherein:
forming the equidistant spaced shallow trench isolation regions eliminates the shallow

trench isolation stresses that affect channel mobility.

6. An integrated circuit memory system comprising:

forming a substrate with shallow trench isolation formations spaced equally apart;

forming dummy active regions between the shallow trench isolation formations
located below the contact regions;

forming active regions between the shallow trench isolation formations not below the
contact regions;

forming sources and drains within the active regions;

forming charge trapping layers over the active regions;

forming wordlines and source lines extending in a first direction;
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formng a substrate with shallow trench isolation formati ons spaced equal ly
apart; formng dumry active regions between the shallow trench isolation
formations | ocated bel ow the contact regions; form ng active regions

bet ween the shallow trench isolation formations not bel ow the contact

regi ons; fO'fd_SFIrﬂﬁ% SAURELEx @it g i1k RScoMdt ditdetibh @ vacC tHeVWeoldBigesoma] thef @irdeng
charge trapping layers over the active regions; form ng wordlines and
source lines extémdingdin a first direction; 10 forming bitlines extending

in a seconddjr.ecti aye dl i L Saunce i.nes.. ;apdsf.orm ng
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as claimed in claim6 wherein: form ng the charge trapping |layers includes

form ng ONO7l ayer$ie sv@lem hB0las¥Sd BBidm ¢lvakigkd in claim6 wherein: formng
t he charge trapping ?,ayers i ncl udes form ng SONOS non-vol atile nenory

celI's. 9. THernyps therphargedrapbimsdayers orades BrningtPEP lawipri si ng: confi guri ng
the system such that substantially all the active regions exhibit uniform
per f or mance 8char dékeysitehias slaithed inThamsy whewinas clainmed in claim6 further
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spaced shal | ow trepch isolation regions; active regions and dummy active
regions within the substrate between the equidistant spaced shallow trench

i sol ation regi Onsl“;heigytéﬁ%@ N zTate I fC Tt Mﬁﬁﬂef"c&ﬂﬁri .ive regions; wordlines
and source lI'ines extending In a first direction and bitlines extending in a
configuring the system such that substantially all the active regions exhibit uniform

performance characteristics.

10.  The system as claimed in claim 6 further comprising:

configuring the system for uniform sector erases.

11.  Anintegrated circuit memory system comprising:

a substrate with equidistant spaced shallow trench isolation regions;

active regions and dummy active regions within the substrate between the equidistant
spaced shallow trench isolation regions;

sources and drains within the active regions;

wordlines and source lines extending in a first direction and bitlines extending in a
second direction; and

contact regions over the dummy active regions for strapping the wordlines and the

source lines to the bitlines.

12. The system as claimed in claim 11 further comprising:

charge trapping layers beneath the wordlines.

13. The system as claimed in claim 11 wherein:
the equidistant spaced shallow trench isolation regions create a uniform equidistant

critical dimension in substantially all active regions.

14.  The system as claimed in claim 11 wherein:
the equidistant spaced shallow trench isolation regions prevent absorption of plasma

charges by adjacent active regions during etching.
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second direction; and contact regions over the dummy active regions for
strapping the wordlines and the source |lines to the bitlines. 12. The
systemas clained in claim11l further conprising: charge trapping |ayers
beneath the wordlines. 13. The systemas clainmed in claim1ll wherein: the
equi di st ant | spacgde sy@doh aVCIhmQRGA Al @twReinegi ons create a uniform
equidistant critical dinmension in substantially all active regions._ 14.
The system e eqwdisaat sprced shablov tigneh dpolatiqrn eegsensi efiminates shpbee drawhl | ow
trench isol ation. ion I pLg - pl asma charges by adjacent
idofiBihf g(?%ﬁglésﬁt‘égp#ie%ﬁgl%ngﬁl Mbbif

active regions during e Systemas clained in claim1l
wherei n: the_equidi stant spaced .shal.l trench isolation regions elimnates
shal | ow treﬁ@_h :TgSF}éS?E%ﬁS @?V%eéjsl@§?_lrﬁlgltvy WhFEB channel mobi lity. 16. The
system as Clipl d¥Bhei Rgohd iy Iclesigichor BAIR s6R08 asiltadt LIRS ITRY cntgdrdide

ei ther or both source contacts and wordline contacts. 17. The system as

clained in gkai mﬁ,gf)\/% gg MainkdEnhamoe ShaeRi ng layers include ONO layers.

18. The systemas clained in claim 12 wherein: the charge trapping |ayers
i ncl ude f or tiendraQ@ENGEpinghaveod mtiude ONObaygrscel | s.  19. The system as cl ai ned
in claim1l wherein: the systemis configured such that substantially all
the active f1ggi OMbe eydinbhs claimiddoifirclaimel whereince characteristics. 20. The

systemas clained in claim 1l wherein: the sglstem is configured for
uni f or m secthsrehargsdgpingjayers include forming SONOS non-volatile memory cells.

19. The system as claimed in claim 11 wherein:
the system is configured such that substantially all the active regions exhibit uniform

performance characteristics.

20. The system as claimed in claim 11 wherein:

the system is configured for uniform sector erases.
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