; e3ehel” X6 TFR: METHOD OF MAKI NG THE SELECTI ON GATE IN A SPLI T- GATE FLASH
EEPROM CELL AND | TS STRUCTURE BACKGROUND OF THE | NVENTION 5 Fi el d of

I nvention The invention relates to a sem conductor device and the

associ at ed manufacturing process. In particular, it relates to a

manuf acturing nethod of the selection gatge in a split-gate flash EEPROM
cell. 10 Related Art Typically, the data storage nedia in conputers can be

separated in i | at il r at.d Y,
mer udes. « he Mg HALH OF K ME e SR TROR G i X S C AT RIAS L o
menory (SDRAM . Since the data stored in such nenory will disappear
i mredi ately E EOMI‘@EbWDSW'?Rp§TWHupt ed, it is 15 mainly used in
tenporary data input/output (1/0O. The nonvolatile nmenmory can keep the
stored data even after the power supply is turned off. Therefore, such
menory can be used in various occasions. The nonvolatile nmenory can be
di vi ded accoBAKGROUNP GFTHE INMENTIONt 0 nask read only nenory (ROV,
erasabl e programmabl e read only nenory (EPROV), electric erasable
progra |l e read only nenory (EEPROM), and 20 flash EEPROM Since the
i ntroduction of the 256K flash EEPROM i n 1987, it has gradually becone the
mai nst r eam of.. p(fngﬁll atj.le menory. The flash EEPROM is a type of high
density neno ﬂ‘; AatvEB nes the advantages of EPROM and EEPROM It has the
merits of being_nonvolatile, rewiteable, high-densjty, and | ong-| asting.
Therefore, it i dhedgptieprelaiesiojassmicandustar desi¢eanddhe aisperpted saghfpcturing
t el ecommuni cati ons. Sone schol ars even predict that the flash EEPROM wi | |
start the nepocessminpaticdanit relatdsie a oranufasturingsnethed offthe selputiongatednaf t he
flash EEPROM i n the sem conductor industry.

split-gate flash EEPROM cell.

10 Related Art
Typically, the data storage media in computers can be separated into volatile and
nonvolatile memory. The volatile memory includes the dynamic random access
memory (DRAM) and static random access memory (SDRAM). Since the data stored
in such memory will disappear immediately after the power supply is interrupted, it is
15 mainly used in temporary data input/output (I/0). The nonvolatile memory can keep the
stored data even after the power supply is turned off. Therefore, such memory can be
used in various occasions. The nonvolatile memory can be divided according to the
access method into mask read only memory (ROM), erasable programmable read only
memory (EPROM), electric erasable programmable read only memory (EEPROM), and
20  flash EEPROM.
Since the introduction of the 256K flash EEPROM in 1987, it has gradually
become the mainstream of nonvolatile memory. The flash EEPROM is a type of high-

density memory that combines the advantages of EPROM and EEPROM. It has the
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5 Normally, the flash EEPROM can be divided according to the structure into
split gate and stack-gate ones. The data erasing speed of the split-gate
flash EEPROM is faster than that of the stack-gate ones. Therefore, the
sem conductor industry favors the fornmer. In general, the structure of the
split-gate flash EEPROM cel | includes: a fuspendi ng gate consisted of a
gat e oxi de/ polysilicon/oxide structure, control 10 gate/selection gate,

and an inter polysjlicon dielectric y bet ween e suspen gat.e, and
the control r@%&ﬂépi b?lespp%w @taﬁ,éewrlfealvlg hl&mdéaﬂ%éni@si%ﬁﬂmagqbsr%@rgw ifct ure
because its polysilicon | ayer does not have any el ectrical comunications
with any el edeal doreapplibasionatimperntabdd engnputers wnd telesgmemmications. nSarhesdhobsh
EEPROM can be achi eved by inposing different voltage conbinations on the

gate, sour cesvelhaddict tiedd theslldsh BERROMI wijllestdrt the next skidondidigr @lutiine GVeons
fromthe suspending gate. In order for the split-gate flash EEPROM to

operat e Cor rggd dek thd f@ﬁpo?ﬁh@é?éﬂ (B0 RFEBPROMirfthe LAARbNGRYRinduify i st ance

bet ween the drain (or source) and the suspendi ng gate I's; an

he. Shspandi ng_ DarBak: B Aé sgbﬂ‘éﬁé"?%fﬂt BRSPS iﬁna%f”ucﬁ%ﬁ #SPE- oo

short, short channel .effects pen; while if t he channel | ength is
too |ong, tHEt&RNd stark-gate ?QqSeﬁgy dalelerastsis spagA offhe ﬁr?lttrg@tq fleshdddROM is he

sem conduct or integr atl on, the device sizes have been shrunk down to

submi cron orfasterthas thatrbf:tharsta(:k-gate$nﬁsr Thereford, de. seicumductor indnstey favpmsithe | ons
of the flash EEPROM require an appropriate channel |ength. Therefore,

there is sonforméd fTh gehdryl, tHe seRaktuRgofhiPsplitigate- A BEPROMtcel ddctuddssgh  EEPROM
A new split-gate flash EEPROM structure that allows for a certain channel

l'ength in t hessdRfdaNoctSRled D lagatctid/SdlysiBeor OO rfeturd A ohHYENTI ON 1'n

view of the foregoing, the invention provi des a manuf act ur’i ng net hod of the

el ect! b S ldhoh RTINSt BELSFL AR BB L
?;E? rs]| on of tdr‘:ﬁe czzLé)ntrso lgaet(e:}slelgcr:]tlo%agta?e alrgcl:is ctaﬁeﬁe sug};erﬁd&g gaa epsrtrct)lgtrulre te%agsréai{]snel
polysilicon layer does not have any electrical communications with any electrode. The
data erasing and writing actions in the flash EEPROM can be achieved by imposing
different voltage combinations on the gate, source, drain, and substrate, injecting or
15 moving out electrons from the suspending gate. In order for the split-gate flash
EEPROM to operate correctly, the selection ate has to at least cover the distance
between the drain (or source) and the suspending gate. That is, an appropriate distance
has to be maintained between the drain or source and the suspending gate as the electron
channel. If the channel length is too short, short channel effects may happen; while if
20  the channel length is too long, the writing efficiency will be bad.
With the increase in the semiconductor integration, the device sizes have been

shrunk down to submicron or deep submicron (<.35 1 m) scales. However, normal

operations of the flash EEPROM require an appropriate channel length. Therefore,



' An objective of the invention is to provide a nethod for making the
selection gate of a split-gate flash EEPROM cell. This nethod is applied to
a sem conductor substrate. The sem conductor substrate is formed with a
suspendi ng gate structure consisted of at |east a gate
oxi de/ polysilicon/first oxide, and a sourge region. The 15 nmethod includes
the followi ng steps. Forma trench on a sem conductor substrate on one side

of the susp iR t u e j i tq the

sour ce 1 egr SR RerR R BsRing WP Erbiriead St dale e RRRER A A |

of the suspendin at e ructure and the trench. Form ng pglysjlicon
spacer on tf\"@ﬂ?'ﬁ%% aﬁbEééRbil\’iﬁtﬁJcﬂ‘i‘rélt@éla PWs fogyReertaly q‘ﬁ@‘%&“&&‘iﬂé gat e.
Finally, forma drain region in the trench on the 20 sem conduct or
substrate. Aubmieron sdajesds fequired. the invention is to provide a manufacturing
met hod of a split gate flash EEPROM The nethod includes the foll ow ng
steps. Forma gate oxide |ayer on a sem conductor substrate. Form a
polysilicon layer on the gate oxide layer. Forma 4 silicon nitride |ayer

on the pgl ySSUMMARVCOE THEANVENTIONCh in the silicon nitride |ayer and
expose part of the upper surtace of the polysilicon |ayer, thereby defining

a suspending gate region. Forma first oxide layer in the trench. Forma
comon source plug between two adj acent suspending gate regions. Perform
an etching process to_.renmpve fhe silicgn nitrjde |ayer apd th olysilicon
|ayer and the gHtdewef &@%gﬁemgt %tln‘aqna%afovsimﬁ%@uﬁwﬁg methed °€ de

| ayer, form ng a suspendin ate structure. Forma substrate trench in the
sem conduct celestitrsgatainea Bas RONEcedl A bleationgeteds fymgdion the renchur e.  The
substrate trench is opposite to the common source plug. Forman inter

pol ysi | i con sitlesadiaifraisemicayitiictornsubkteats toirmizeahe Sidewise dipedidiondfint e
structure and the 10 substrate trench. Forma polysilicon spacer on the

si dewal l10of sbioerigPbus hhd ©Raifliaf] SEAPIrSpiaAY Handd 1@ng3ﬁl ection gate. Finally,
forma drain in thée trench on the sém conductor substrate. A further

objective of thg,lBiehtd Stnk FavkRtidH RYS Bovie Phbfnod BrindiflF he SHERIM Szl

of a split-gate flash EEPROM cell. This method is applied to a semiconductor
substrate. The semiconductor substrate is formed with a suspending gate structure
consisted of at least a gate oxide/polysilicon/first oxide, and a source region. The

15 method includes the following steps. Form a trench on a semiconductor substrate on
one side of the suspending gate structure, where the trench is opposite to the source
region. Form an inter polysilicon dielectric layer on the sidewall of the suspending gate
structure and the trench. Forming a polysilicon spacer on the inter polysilicon dielectric
layer as the selection gate. Finally, form a drain region in the trench on the

20  semiconductor substrate.

Another objective of the invention is to provide a manufacturing method of a split-

gate flash EEPROM. The method includes the following steps. Form a gate oxide layer

on a semiconductor substrate. Form a polysilicon layer on the gate oxide layer. Form a



"structure. The structure includes: a suspending gate structure, an inter
polysilicon 15 dielectric layer, a polysilicon spacer, a drain, and a
source. The suspending gate structure is formed on a sem conduct or
substrate and stacked frombottomto top a gate oxide |ayer, a polysilicon
| ayer, and a first oxide layer. A trench |s fornmed on one side of the
suspendi ng gate structure in the sem conductor substrate. The inter

pol ysilicon dielectric |ayer, is farned on the sidewal |l of..the suspending
Dot 5 st  ucr hicomiidR s OF fos o sThela Ty EPR & Gendpadh? SHEOH BRRIoE | e
sidewal | of the polysilicon dielectric later as a selection gate. The drain
i s forned i randiexpeseanatofitkscepnen surfase 9 theqolysiliqpatlayer,therebypdefiing 8 f or med on
t he sem conduct or substrate opposite to the trench. Not only can the

di scl osed spuspengatgepatd mglonEFeROE fattraxidalagerah tlectrének] Fomedeomnidnesoaicdew se
di mensi on of the selection gate while naintaining an appropriate channel

l'ength, hot Mat bétﬁfeisﬁ?tvl% g@h&&n@sﬁé@iﬁg £4161688brisO Pefofth @R Btchihg p?@de@ézfﬁi on gate

channel on the sidewal t he sem conductor substrate trench to the
suspendi I S Lk L filci r the
witing o tapsve FRSPIERMAIBICal e pdhAtbh 1Bbuf it EE AR T
access speed and | ow powe onsunption for. the split-qgate flash EEPROV
et act ur e AOLEONEish B dhe T SHOp A5EE ST pkr S TERUREPP PENF B FIETBRAN NGS
10 These and ot her features, aspects and advantages of the invention wll
becone apparshstraje treechdn dhecsemieonduetor sitstiglieny oe sisieiob thestwspandingcgatmpanyi ng
drawi ngs which are given by way of illustration only, and thus are not

limtative aftructuee.i Tiwesubktoate tramch isloppesita to fife dehf@ton sbutee fhugr Boracdreineetri ¢
cross-sectional views of the disclosed split-gate flash EEPROM cel | ; and

E:ESROZA i's a pddgstlliconi @Medfic fayePoiOthe sitRwall of iR s@x@rﬁhh tSfthuchrdadPint! ash
cell "‘array. 20 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
10  substrate trench. Form a polysilicon spacer on the sidewall of the polysilicon dielectric
layer as a selection gate. Finally, form a drain in the trench on the semiconductor
substrate.
A further objective of the invention is to provide a split-gate flash EEPROM cell
structure. The structure includes: a suspending gate structure, an inter polysilicon
15 dielectric layer, a polysilicon spacer, a drain, and a source. The suspending gate
structure is formed on a semiconductor substrate and stacked from bottom to top a gate
oxide layer, a polysilicon layer, and a first oxide layer. A trench is formed on one side
of the suspending gate structure in the semiconductor substrate. The inter polysilicon
dielectric layer is formed on the sidewall of the suspending gate structure and the
20  trench. The polysilicon spacer is formed on the sidewall of the polysilicon dielectric

later as a selection gate. The drain is formed in the trench next to the selection gate.

The source is formed on the semiconductor substrate opposite to the trench.



' The' invention discloses a split-gate flash EEPROM cel |l structure and the
associ at ed manufacturing nethod. The selection gate of the split-gate fl ash
EEPROM i s formed on the sidewall of a sem conductor substrate trench,
using the trench sidewall as the selection gate channel. The invention can
mai ntai n an appropriate channel |ength V\:h%]| e mnimzing the sidew se

di mensi on of the selection gate. Such a channel structure can produce

ballistic hot e tr.ons t.o j.npraoye .the. dat vd A efficien and.5 to
ouer “the w1 N Y Ei R Rl Sl Bisd BERROURGLIhEEREN B! 1
the disclosed split-gate flash EEPROM cel |l . As shown in the draw ng, the
menory cel | the sigawise dimensianpidhsspleation gatgyudilemaintaging anyaprsopriateiehanagler 20,
a polysilicon |ayer 30, and a silicon nitride |ayer 40. Preferably, the
substrat e ldengh, e ballisiineleetrans st priodseedite godlonigdhe sedtction ghtewhardmel b thk0
<100> crystalline direction. The gate oxide |layer 20 is an oxide |ayer with

t hi ckness bedigeai Tehe sunsicdiidicios shitaRdredth td e Stidpehdial @atkO Ths dagl @
hi gh-t enperature oxidation nmethod at a tenperature between 800C and 1000C .

The gat e s0xi iﬂ&aéé]\?’e\(/t%g%g n@?ﬁlﬁfﬁ%ﬁ% GVIW?[I #e Wﬁi{%@?lté@é‘? VEREdBfAIhechem cal

vapor depositi e polysilicon can be tornmed on
th t i.de | 20 usi t | 15 hem cal iti
oy or e Bt Bl R bR o BEPeE st BP0

| ayer 30 can be sinultaneously doggd with polysilicon to forma conductor
[

with t hi cknespbit-geteflashEEBBOM magpigtures eCP SUBIBICIT RTPeSSH | ayer 30 i s not
connected to any other conductor, it is thus called a suspending gate. It
can be used to store charges. The silicon nitride |layer 40 can be deposited
on the polysilicon 20 layer 30 using the LPCVD and has thickness between

500 and SOOBRIEMNDESCRIFEION OF THE DRAWINGS st | ayer (not shown) is
formed on the silicon nitride layer 40 to define a suspending gate region.

A dry etghing process is then perforned to renove the silicon nitride |ayer
40 not covered by the first photo resist layer until the

These and other features, aspects and advantages of the invention will become
apparent by reference to the following description and accompanying drawings which
are given by way of illustration only, and thus are not limitative of the invention, and
wherein:

15 FIGS. 1 to 6 are schematic cross-sectional views of the disclosed split-gate flash
EEPROM cell; and
FIG. 7 is a local view of a layout using the disclosed split-gate flash EEPROM cell

array.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention discloses a split-gate flash EEPROM cell structure and the

associated manufacturing method. The selection gate of the split-gate flash EEPROM is



“polysilicon layer 30 is exposed. Another etching process is perforned to
formtwo acute structures on the top surface of the exposed pol ysilicon

| ayer 30. Finally, the first photo resist layer is renoved. Wth reference
to FIG 2, a first oxide layer 50 is formed on the exposed 5 polysilicon

| ayer 30 using the CVD. A back-etching or chem cal nechanical polishing
(CWP) process is perfornmed so that the udber surfaces of the silicon

nitride layer 40 and the fjrst oxjde |ayer 50 are copl,anq%é. Wth reference
to FIG 3, dommsdanthppidewall gfp semicqudictaubsiratcrench, ing the teneh sidewvall s i de

| ayer 40 to define a conmon source region. An etching process is performed
to 10 r enovdha $edectiph gaterchanrtel.i Tlee inagrsrond@an meietain ansappropridte dhaymeal 16@th t he
polysilicon layer 30, and the gate oxide |layer 20 not covered by the second

phot o resi stwHiR\ginihiZinguthé kidewie dirpénsidneofshibsd¢ctivg gawl iSaclea thannel exposed.
The etching process of all the layers can be as follows: using hot

phosphori ¢ af|&rel QnpPIRIE bhIfSHShdtich@itofd forihﬁ')?odeat}{ﬁlﬂeg? ?vrgleth'x;g: eg%ci%}ogsﬁt

etching to renove the first oxide layer, using a c

etchant o remve.the .15 ilicon |ayer 30, and using CFx-rich plasma to
perform ryt% < ﬁrﬁ%e%&?%g&b%f%e oxi de | ayer 20. Afterwards, an ion

i npl antation process.is perforped to forma commpn source region in the
exposed substr - 1§how, edB‘é‘éHﬁ%‘l‘}gEEifqrdnﬁlﬁ‘P%ﬁ ﬁésclfﬁﬁ#ﬁﬁlt%&%"éﬂregi on
depends upon the material of the substrate 10. For exanple, if the
substrat e 1GEBEPRQMselly g shawaiin tie drawing. thy prentisp el 1 conteins asepirongenton i s
used to 20 formthe conmmon source region. If the substrate 10 is an n-type

mat eri al, a spbdtyapel O agatoxiduiaper®d), bpokysilicors laysiedD, akd nailicyn nitfide Bgerotid
photo resist layer 60 is renoved. As shown in FIG 4, an oxide layer is

deposi t ed ompréfBRbEYiHecAwBstRite | 0'8arrRIABAZIR QLY st sérBRbATucksy Mderid1qvitMRe The
oxide layer is then etched to forma comopn source regi on spacer 70. The

ol yai | i on 3 Sya Al difeliar BRI, S8 1ArdFad lighlos B 1fer s hichHess' "
ol yai |1 con Seayrer oD ARRgRORIS It T ERane ofRErE 100FE U BEHUEr 70 and
t he conmon source region to forma polysilicon
oxidation method at a temperature between 800°C and 1000°C. The gate oxide layer 20
can also be formed using the conventional chemical vapor deposition (CVD) method.
The polysilicon layer 30 can be formed on the gate oxide layer 20 using the low-
15  pressure chemical vapor deposition (LPCVD) or other appropriate method known in the
prior art. The polysilicon layer 30 can be simultaneously doped with polysilicon to
form a conductor with thickness between 300A and 3000A. Since the polysilicon layer
30 is not connected to any other conductor, it is thus called a suspending gate. It can be
used to store charges. The silicon nitride layer 40 can be deposited on the polysilicon
20 layer 30 using the LPCVD and has thickness between S00A and 5000A.
Afterwards, a first photo resist layer (not shown) is formed on the silicon nitride

layer 40 to define a suspending gate region. A dry etching process is then performed to

remove the silicon nitride layer 40 not covered by the first photo resist layer until the



*5 plug 80. A back-etching or CMP process is performed with the silicon
nitride |ayer 40 as the stop layer. Wth reference to FIG 5, a second

oxi de layer 90 is forned on the conmon source plug 80 using the thernmal

oxi dation nethod. A dry or wet etching nmethod is used to renove the silicon
nitride |layer 40. An etching process is perforned on the polysilicon 10

| ayer 30 and the gate oxide |ayer 20 usin§ the first oxide layer 50 and the
second oxide | ayer 90 as the hard nasks, until the substrate surface 10 is
exposed. ThiRolyshigondexes 30Heexnesed- cARether egehingarosess peprafasmed & foraytvgct ur e
and the comon source plug. As shown in FIG 6, the first ad second oxide

| ayers 50, Odutersttubmresusythethpayripet ef the expdsad polysitieon layéd 306 Fiflaltyh thoeufipst 5
are taken as the hard masks for etching the 15 substrate 10. Several
substrate tr RS8islR0edk ferhd¥ed. f or ned on both sides of the suspending gate
structure. For exanple, one can use Cl2, HBr, SF6, or SiCl 4 as the etchant

plasma 1o per{ oniictelehbBioon e, SilShia!® it rmbiSnitibaioste Lrenches

100 have a sl ant si acdent to t e’ suspending gate structure. The
e o PRI R8PS b e R B ST R
deposited on the sidewall surface of the suspending gate structure and_the
suspendi ng s&dP) progess isprsformog se, thah theupaen sptfgess ad dionliconitridsdayer 40 and
polysilicon dielectric |ayer 110 functions as an insul ati on between the
suspendi ng ghe fisst anidletloper S0 ate wiplagat.e/ sel ection gate in the split-gate

fl ash EEPROM cel | . Therefore, it can use a conpound silicon oxide/silicon

nitride or sili §with Rfdreklesb IFIGO03) avetdriddhosd tekisolayerdode fdrfddonlthe/ €licon
structure that has a better dielectric property. Afterwards, another

oty ! . ; . O ol st L oo .

P00 n' ot cri ey 403PAShIGE RO Sorkd RpIdR? AMPULKRErotb e pitbeady©!
th id || t he int | ySil. diel ectri 410.. Th

oot yor 11550 Bmed incilfbdnMifigc el 30, hE ARy Giie FF 56 nEYRbsiesn i3, pna

EEPROM cel | . . Th lysili 12 f d i t h,

convent ?gnalthwgfe(%?“%ﬁ@ EQEBFS aI%Feeréitté’ tgég%tr’}a gh?tgrégsﬁﬁil%%%gg’sum’ipﬁ efteanl y

bet ween SOO~r and 3000A. The second pol ysilicon | ayer can be
substrate surface 10 is exposed. The etching process of all the layers can be as follows:

using hot phosphoric acids to remove the silicon nitride layer 40, using dip wet etching
to remove the first oxide layer, using a chlorine-rich plasma etchant to remove the

15  polysilicon layer 30, and using CF,-rich plasma to perform dry etching on the gate
oxide layer 20. Afterwards, an ion implantation process is performed to form a
common source region in the exposed substrate 10. The dopant used to form the
common source region depends upon the material of the substrate 10. For example, if
the substrate 10 is a p-type material, an n-type dopant (such as phosphor) is used to

20  form the common source region. If the substrate 10 is an n-type material, a p-type
dopant (such as boron) is used. Finally, the second photo resist layer 60 is removed.

As shown in FIG. 4, an oxide layer is deposited on the surface of the common

source region using the CVD. The oxide layer is then etched to form a common source



' sinmul taneously doped with polysilicon to forma conductor. The second
polysilicon can 10 be doped with polysilicon and tungsten silicide to form
a polysilicon netal. Such a material is one of the nbst conmonly used gate
conductor materials. Afterwards, a conventional ion inplantation or

di ffusion nethod can be enployed to dope %npurities in the substrate trench
100 to forma drain region. is preferably to use the sane dopant |n t he

drain and the .source. ,Th ch0| C

mter al - of TERENSRRRL Aanns HRe o i PR R e U RCO e (R
fabrication of the spljt-gate flash EEP cell. FIG 7 shows several
split-gate fihe aplY ks Eicl 0, andihe BRteTAAS e 0 senasese the Wepradinecaissof

adj acent nenory cells. The isolation area 200 can be formed by etching
several tr erfpledjacenttrhememyrdelsndtiervards anethergqiodysilicoadayer isedepbsitedianghe n t he
trenches 20 silicon dioxide and polysilicon, form ng shallow trench

i sol ati ons (cBfinmon Muk&Bgioh\spacer 70 hmytheannin&mfsoufmdegisﬁ rfoiae pobysilicon

oxi dation (LOCOS) nethod, too. To nake the drawing explicit, we only draw
the strugturg,ogo. %%cﬁ%'i@?ﬁﬂg SEEMPH6RYs is pe?f@nﬁé@hﬁﬁkﬁé’sﬂté&ﬁ%ﬁ’ﬁ%@a})@i‘ b9 oOf
the split-gate EEPROM cell i s achieved by inposing appropriate voltages
anong the drtﬂé@tb %}% source, and the polysilicon |ayer (selection gate) to
i nject elect FonsPifto the suspendl ng gate fornmed fromthe polysilicon

| ayer. Under a ron el ect t he, hot Iec ron nbard the silicon
s and scatt SN IBEF S FIfG  Aectalone ier DBy PR OB Arcitgon fruce
suspendi ng gate The data erasing of the nenory cell is achieved b

changi ng t heolu B9 ugjae therthergnal pridation methofle Asditiior svet etaling meethos iy g5ed toon

| ayer (selection gate). The el ectrons nove fromthe suspendi ng gate out of
t he si dewal Irentoe¢ thetsilicon nityide layat 40.t Ar exhingqiross ateefofmedadthierpoiysiliven
polysilicon layer. Since the hot electrons in the channel have scatterings

and ent gp t eysBoRAAMEhidatiBe ta9erlf aild @ FirstixadeVaydrisS0Gnd i8S Skide
sufficient |arge voltages have to be inposed. In the disclosed split-gate

flash EEPROVL celh o et fisks, NGRAL SEL0N ALE 103 LRLIER #hisChRpRiATKE

of the substrate tren ew se di nension of t sele iontgate

shrunk
fabrication of the suspending gate structure and the common source plug.

As shown in FIG. 6, the first ad second oxide layers 50, 90 in the suspending gate

structure made in FIGS. 1 through 5 are taken as the hard masks for etching the

15  substrate 10. Several substrate trenches 100 are thus formed on both sides of the
suspending gate structure. For example, one can use Cl,, HBr, SFg, or SiCls as the
etchant plasma to perform dry etching on the substrate 10. The substrate trenches 100
have a slant sidewall adjacent to the suspending gate structure. The depth of the trench
and the slope of the sidewall can be determined according to the needs. An inter

20  polysilicon dielectric layer 110 is deposited on the sidewall surface of the suspending
gate structure and the suspending substrate trench 100 using the LPCVD method. The
inter polysilicon dielectric layer 110 functions as an insulation between the suspending

gates and the control gate/selection gate in the split-gate flash EEPROM cell.



"and the same channel length is preserved. Thus, when appropriate voltages
are inposed on the drain, the source, and the selection gate for data
witing, the hot electrons are 15 directly ejected to the suspendi ng gate
al ong the sidewall channel of the substrate trench, as shown by the arrow
in FIG 6. This way of directly injecting hot electrons fromthe

drai n/source to the suspending gate is called the ballistic hot el ectron
injection. The witing efficiency is better than the conventional method

t hat i nj ect sTheesfors) ibetn vy qompoypd silispn pyide/silicen pistidoer ligon axide/silienn
vol t ages i nposed anong the drain, the 20 source, and the selection gate. In
summary, t haitridesilicon oxide $ONGY éalea stsypdture-thtthes & betsdy dididdR@propkity.st ruct ure
and the associ ated manufacturing nmethod. The trench sidewall of a

sem conduct Qtfiérwhsds! @lother pofysiliacBel 1avkt 1 depssak® oh i infabBlykidicon BielcaR t he
size of the flash EEPROM cell while 11 keeping its channel |ength. Wen
appropriate tage 1 . I e e t

ol coti on gAer PO Ridd ABRER iWleh PRI, thiifs iRCon Cer 2B endhe .
the trengch sidewal I. ta {he suspendi te. .l rison with e

convent i naIS“’%@i\gﬂé’(ﬁ tkleh“a’{er RS ys@cgrﬁ@%ﬁtgﬁﬂm léﬁoﬁg%ﬁ]é{s 601 %H?ﬁ?rallt d5 thect i on
and enter the suspending gate via 5 scattering, the disclosed flash EEPROM
has a bett eﬁekﬁﬁmqng?éegﬂghecspélﬁr@temah EEPB&Y colli Thewpolysilieqywacepri20san he

i nvention has been described by way of exanple and in ternms of the
preferred erfomkdmesntg the tonventiona €N deotheoappreprate mbthods vienthicknessds not
limted to the disclosed enbodi nents. To the contrary, it is intended to

cover vari oysefefabiy betwédnoS U Al&hdBUG0AI MHeakcondpANGATTRAIS/eR8ansy d be
apparent to those skilled in the art. Therefore, the scope of the appended

claims shouls e s&@r%gt‘iiiﬁl rﬁlgér%ﬂé‘o%ttoif&ﬁf?& Eérgéﬁidr.‘i’ ghé Secdid bBLySTHEOTBAS S

all such m)cil Icatio arrangenents.

10  be doped with polysilicon and tungsten silicide to form a polysilicon metal. Such a
material is one of the most commonly used gate conductor materials. Afterwards, a
conventional ion implantation or diffusion method can be employed to dope impurities
in the substrate trench 100 to form a drain region. It is preferably to use the same
dopant in the drain and the source. The choice of the dopant is determined by the

15  material of the semiconductor substrate 10. This then completes the fabrication of the
split-gate flash EEPROM cell.

FIG. 7 shows several split-gate flash EEPROM cells and isolation areas 200 to
separate the adjacent memory cells. The isolation area 200 can be formed by etching
several trenches in the semiconductor substrate 10 and then filling in the trenches

20  silicon dioxide and polysilicon, forming shallow trench isolations (STI). Alternatively,
they can be formed using the local oxidation (LOCOS) method, too. To make the

drawing explicit, we only draw the structure of the memory cell array.



CLAIMS 1. A nethod for manufacturing the selection gate of a split-gate
flash EEPROM cell applied to a sem conductor substrate fornmed with a
suspendi ng gate structure with at | east a gate oxide/polysilicon/first

oxi de and a source, the nmethod conprising the steps of: formng a trench in
t he sem conductor substrate on one side of the suspending gate structure,
the trench being | ocated opposite to the Wrain;, forni ng an inter
polysilicon dielectrjc layer on the sidewall of the suspendi ng 10 gate
structure and t HaPicalbndhe datemaiting of thsspliteate EFRROM cell ivachieved by édapesing of
the inter polysilicon dielectric |layer as the selection gate; and formng a
drai n on t heappeopratavhltiges asogsthe dtain,ithe sduecd, apdithe, polysdicdn ddyer (selention

adj acent to the selection gate. 15 2. The nmethod of claim1l, wherein the

step of for ngag) tb higedtrcbszabng ied théeBspeading ghtedoimddstromtheifoly AN ajert he
suspendi ng gate structure as a hard nmask to performan etching process on

the sem GoNdGA, g LIeEk ick, ik oy BREBAS Bl aUD Aico R4 Md g8t ohi ng

process is an ani sotropic etching. erein’the
sidewal | of the trench adj acent to.the .20 .suspendin ate structure is a
Sl ant st donatipene iR Ao B iher uh pIEYAE R SPERAT RS, o SolsGrtietef ¢ ne
i nter polysilicon dielectr h%%,%g er. enpl oys the chem cal vapor deposition
(CVD) net hodthe meppry celifseac ghanging;the yoltagreampng the&lrainithe spessend i con
dielectric layer includes a multi-layer dielectric structure consisted of
silicon oxi déepplysidicon kyer (sdlettéin gateyn ThriethetromNGpve ffomThe suspenbing gdte oltai m
1, wherein the step of formng the polysilicon spacer 5 enploys the CvD
met hod. of the sidewall dielectric layer into the selection gate formed from the polysilicon layer.
Since the hot electrons in the channel have scatterings and enter the suspending gate to
10 achieve data writing, therefore sufficient large voltages have to be imposed. In the
disclosed split-gate flash EEPROM cell structure, the selection gate is formed on the
sidewall of the substrate trench, the sidewise dimension of the selection gate is shrunk
and the same channel length is preserved. Thus, when appropriate voltages are imposed
on the drain, the source, and the selection gate for data writing, the hot electrons are
15  directly ejected to the suspending gate along the sidewall channel of the substrate
trench, as shown by the arrow in FIG. 6. This way of directly injecting hot electrons
from the drain/source to the suspending gate is called the ballistic hot electron injection.
The writing efficiency is better than the conventional method that injects hot electrons
via scattering, This method can lower the voltages imposed among the drain, the
20  source, and the selection gate.
In summary, the invention disclosed a split-gate flash EEPROM cell structure and

the associated manufacturing method. The trench sidewall of a semiconductor substrate

is formed with a selection gate to minimize the size of the flash EEPROM cell while



*8. A nethod for manufacturing a split-gate flash EEPROM cell conprising the
steps of: formng a gate oxide | ayer on a sem conductor substrate; formng
a polysilicon |ayer on the gate oxide layer; 10 formng a silicon nitride

| ayer on the polysilicon layer; formng a trench in the silicon nitride

| ayer and exposing part of the upper surfice of the polysilicon layer to
define a suspendi ng gate region form ng first oxide layer in the trench;
form ng a cqmon source Eﬁ ween two, of the adj ,acent su ndl g gate
15 regi ons; SSEPGIIFC @m@f &lslg 1 PRSIl eges 4B impesed iogd 40 d the
ponS|I|con | ayer and the gate oxide | ayer not covered by the flrst oxi de

| ayer, for miseyres, malstbemjeqt@ngteebsﬂlstmhque@ctmmm mjected aong thetchannednth i n

t he sem conduct or substrate on one side of the 20 suspending gate
structure, tthetrsndhsdideniat] tbninaiRphriinggdta cht @thpagipaswitk tHeaconhentivaaimethedur ce
plug; formng an inter polysilicon dielectric |ayer on the sidewall of the

suspendi Ng GRAtGoS blebigdndBo@ Word e ﬁuﬁﬁﬂtﬁtcﬁrebﬂi&ﬂ&{a enter He &@péﬂdmg ghte v1a
pol ysilicon spacer on the inter polysilicon dielectric sidewall as the

sel ecti 0'3 gaségt’terﬂu%dthe%éa g4 ﬁag{}@l'ﬁlskgﬁfle 921 ?@%%ﬂgg%mﬁqg%ggﬁq,h%ﬁer' n the

trench, rai n=being ad) acen on gaf net hod of
cIa|m8 wher ei.n ;Fge step of formng the trench in the silicon nitride
| ayer conpri¥aing Ylt€feps of : forming a first photo resist layer on the

silicon nitride | ayer to define the suspendi ng gate;
While the invention has been described by way of example and in terms of the

preferred embodiment, it is to be understood that the invention is not limited to the

disclosed embodiments. To the contrary, it is intended to cover various modifications
10  and similar arrangements as would be apparent to those skilled in the art. Therefore, the

scope of the appended claims should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements.



"perforning an etching process to remove the silicon nitride |ayer not
covered 10 by the first photo resist |ayer and exposing part of the upper
surface of the polysilicon |ayer; performng an etching process to renove a
certain thickness of the polysilicon |layer, the upper surface of the
exposed polysilicon |ayer having a structure with two sides pointing

upwar ds; and 15 renoving the first photOIPesist | ayer. 10. The net hod of
claim8 further conprising a back-etching process for the first oxide |ayer
after form fgLARMS | rst oxide layer with the silicon nitride |ayer as the
etching stop layer. 11. The nethod of claim8, wherein the step of formng
the first oxide |ayer 20 enploys the CVD nethod. 12. The nethod of claim8,
wherein the step of form ng the common source plug further includes the
steps of: 15 f.0A migtigbdefos aranficiiap the eidctbn paty of a oplittdate BashiERRROM ri de

| ayer to define a conmmon source region; performng an etching process to

renove the %?leliag fedYold é&gﬁ?&ﬂﬁ%r ﬂlﬂﬁﬁ‘at@: It PhedOXitIdS sﬁﬁ&gd"i%%/ &%tﬁ si?ﬁ’étﬁl%ivgiitlp on

| ayer, and t te oxi ayer that are not covere e second photo

Cubstrat o - ABORLE ERESKOReBRalsBhhot rleRRR «oiniBife Berlod o RERSROTE o'

substrate between two of the adjacent suspending gate structures; renoving
t he second p?ﬁ‘?ﬁs&‘resi st layer; 10 form ng a spacer on the sidewall surface
of the suspending gate, the spacer covering the gate oxide IaKer, t he

pol ysilicon |ayer, fomingartenel inthe s¢micendusiar gabstraieson one side of the suspending

gate structure, the trench being located opposite to the drain;

forming an inter polysilicon dielectric layer on the sidewall of the suspending
10 gate structure and the trench;

forming a polysilicon spacer on the sidewall of the inter polysilicon dielectric

layer as the selection gate; and

forming a drain on the semiconductor substrate in the trench, the drain being

adjacent to the selection gate.

15 2. The method of claim 1, wherein the step of forming the trench includes using the
first oxide layer of the suspending gate structure as a hard mask to perform an etching
process on the semiconductor substrate.

3. The method of claim 2, wherein the etching process is an anisotropic etching.
4. The method of claim 1, wherein the sidewall of the trench adjacent to the

20  suspending gate structure is a slant sidewall.
5. The method of claim [, wherein the step of forming the inter polysilicon

dielectric layer employs the chemical vapor deposition (CVD) method.



"forming a polysilicon plug on the common source region; planarizing the
upper surface of the polysilicon plug; and 15 form ng a second oxi de | ayer
on the polysilicon plug. 13. The method of claim 12, wherein the step of
form ng the spacer includes the steps of: formng an inter polysilicon
dielectric layer on the sidewall surface1 f the suspending gate; and 20
perform ng an etching process to formthe spacer. 14. The nethod of claim

12, wherein th anar t.he .u surf a e of,. . SI l.i con pl ug
bl oys. & met hou CraieEEo AT MG B hish 8P SR telen el et B
chem cal nechanlcal |sh|ng (CWP) 16.15. The nethod of ¢laim 12,

wher ei n t he m#ldlaysr d Fgﬁcﬁﬁ‘}ﬂ“{c%c seusiied Qf)@iltf@nloéy@ﬁl]é}%ln@y@eﬁﬁ@oﬁ REiden|

oxi dation nethod. 16. The nmethod of claim 12, wherein the step of form ng
the substra(®@NQench uses the first and second oxide | ayers in the

suspendi ng gate structure as hard masks to 5 performetching on the

sem conduct or JulTh m@dtiod dffclaithhk wirtdin theGhepCdfabimih thébutysilidontpacert ching is
ani sotropic. 18. The nethod of claim8, wherein the sidewall of the trench

adj acent 5t 0 h & IVRPEND AGEat € structure is a slant sidewall. 19. The
met hod of cIa|m8, wherein the step of formng the inter polysilicon 10

the. pol ysi 11 cot df BPuBETot ARt d88 e fah SR ONeel ool o”

including sili cog oxide/silicon nitride/silicon oxide (ONO. 21. The nethod
of claim 8, SltREPEIin the step of form ng the polysilicon spacer erpl oys the

CVD nethod. 15 22. A split-gate flash EEPROM cel | structure conprising:
forming a gate oxide layer on a semiconductor substrate;

forming a polysilicon layer on the gate oxide layer;
10 forming a silicon nitride layer on the polysilicon layer;
forming a trench in the silicon nitride layer and exposing part of the upper
surface of the polysilicon layer to define a suspending gate region;
forming a first oxide layer in the trench;
forming a common source plug between two of the adjacent suspending gate
15 regions;
performing etching to remove the silicon nitride layer and the polysilicon
layer and the gate oxide layer not covered by the first oxide layer, forming a
suspending gate structure;
forming a substrate trench in the semiconductor substrate on one side of the
20 suspending gate structure, the substrate trench being located opposite to the
common source plug;
forming an inter polysilicon dielectric layer on the sidewall of the suspending

gate structure and the substrate trench;



a suspending gate structure, which is forned on a sem conductor substrate
and is stacked, frombottomto top, with a gate oxide |layer, a polysilicon
| ayer, and a first oxide |layer, the sem conductor substrate on one side of
t he suspending gate structure having a trench; 20 an inter polysilicon
dielectric layer, which is forned on the, sidewall of the suspending gate
structure and the trench; a polysilicon spacer, which is fornmed on the
sidewal | of the polysilicon dielectric layer as, a.selection te; 17 a
drane which i's §OPHRIEG PO Pt nties By RER SRlefi i 1 ne
drain being adjacent to the selection gate; and a source, which is forned
on the sem conducts§kectomgateand opposite to the trench. 5 23. The structure
of claim 22, wherein the sidewall of the trench adjacent to the suspending
gate structure is farmingrtdraindevwhd semi2dndutioe sslstratetintlee todnch) the dra2@ beinfper ei n
the polysilicon dielectric layer is a nulti layer dielectric structure
including silicon fycesytaithd ®lurtioh gatede/ silicon oxide (ONO . 25. The
structure of claim?22, wherein the inter polysilicon dielectric |ayer
covers t he gi | f u i : I L 'l of

t he tre#gh, an% gg%?ﬁgPafﬁgmgg?f%ﬁ?ggy?gggﬁgfﬁ?hgﬁgggégﬂqi%@pé$ﬁg&2tructure
of claim22 f Eéetlheer ccorrEriSsthngt: & ppacer, which is fornmed on the sidewall

of the susp% naydapgu’??u Yore %pposite to the trench to cover the gate
oxi de layer of the, suspendin ate 15 structure, the, polysiligcon |ayer, and
the first oxide |&QERing irstpholp esit lgyerpn thpsikigon Bitmds lawer thdelipte wo. of
the adj acent suspending gate structures and is covered with a second oxi de
| ayer. . A A9. Al . Alsugpending gatepl . A. . A AL! . A. A Ay. AA. AS

performing an etching process to remove the silicon nitride layer not covered
10 by the first photo resist layer and exposing part of the upper surface of the
polysilicon layer;
performing an etching process to remove a certain thickness of the polysilicon
layer, the upper surface of the exposed polysilicon layer having a structure
with two sides pointing upwards; and
15 removing the first photo resist layer.

10. The method of claim 8 further comprising a back-etching process for the first
oxide layer after forming the first oxide layer with the silicon nitride layer as the etching
stop layer.

11. The method of claim 8, wherein the step of forming the first oxide layer

20  employs the CVD method.
12.  The method of claim 8, wherein the step of forming the common source plug

further includes the steps of:
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20 performing an etching process to form the spacer.

14. The method of claim 12, wherein the planarization of the upper surface of the
polysilicon plug employs a method selected from the group consisting of back-etching

and chemical mechanical polishing (CMP),
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21. The method of claim 8, wherein the step of forming the polysilicon spacer
employs the CVD method.

15 22. A split-gate flash EEPROM cell structure comprising:
a suspending gate structure, which is formed on a semiconductor substrate and
is stacked, from bottom to top, with a gate oxide layer, a polysilicon layer, and
a first oxide layer, the semiconductor substrate on one side of the suspending
gate structure having a trench;

20 an inter polysilicon dielectric layer, which is formed on the sidewall of the
suspending gate structure and the trench;
a polysilicon spacer, which is formed on the sidewall of the polysilicon

dielectric layer as a selection gate;
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