.e3ej & <"6T&apU, 1 Cctober 2003 SPECI FI CATI ON METHOD OF MANUFACTURI NG

SEM CONDUCTOR DEVI CE 5 FIELD OF THE | NVENTI ON The presen*E%g%%pEgﬂp rel ates
to a method of manufacturing a nonvolatile sem conductor ry-devi ce.
More specifically, the present invention relates to a nmethod of

manuf acturi ng a sem conduct or device conprising 10 a nonvol atile nenory

transi stor of a stacked gate structure having a floating ontro
gate, and a MOS transistor of a siggle ate structure. Dﬁmﬂwmmmm wF THE
RELATED ART 15 A nethod for manufcteti AGAEESROM having a hi ghyol.tage

transistor (for exanple, a MOS transistor is available ) is descCribed in
for exanple , U. S . Patent No . - 4, 851, 361 . According to this

ordi nary ngihagép «'m"q@ﬁumwﬁméssm&ma&@?ﬁewctor substrate, a
thin 20 tunnel region of a nonvolatile nmenory ce Is formed on the

sem conductor substrate, and a first polysilicon layer is then deposited on
the whol e surface of the sem conductor substrate. Subsequently, the first
pol ysi 18 coRIEaPeOR STHE oENYENT E@Nform a floating gate el ectrode of the 25
nonvol atile nmenpry cell. Further, after a_capacitive insulation film a

gate oxide fil nﬂS% RIGSAN Y ol RY§E WohsTet sl eand & %]?‘P%tBﬂddé:’ifi Imof a
jars oxiae | U,
oysi 11 colehBHdeeiing a nonbBIA LRI i feORaBEE oud It § FGRERE s

pol ysi li con T ayer € sur

And this sgeead @&dﬂibng,ay@&ei§ra%%9&$3ﬁ%&ﬁt&%mlaeweégoltogaée of
the nenory cell, "a gate eleCtrode of the high-voltage 5 transistor and a

gat e el ect meddodf ofheahafiactniringta sEdMRYAGE LEAEdeMIENT IcdMmpr Hedewer, in
t he above ordinarx met hod of manufacturing the sem conductor device
conpr i ¥} ngatMenYiehdsidE NeMeFHERSNPIEHOT Sich S ErPROA R ¢ tTC T vgiec

cireurt, t %@%ng a floating gate and a control gate, and a MOS

transistor of a single gate structure.

DESCRIPTION OF THE RELATED ART

15 A method for manufacturing EEPROM having a high-
voltage transistor (for example, a MOS transistor is
available) is described in, for example, U.S. Patent No.

-4,851,361. According to this ordinary method, an active

region is formed in a semiconductor substrate, a thin

20 tunnel region of a nonvolatile memory cell is formed on
the semiconductor substrate, and a first polysilicon layer
is then deposited on the whole surface of the semiconductor
substrate. Subsequently, the first polysilicon layer is
processed to form a floating gate electrode of the

25 nonvolatile memory cell. Further, after a capacitive
insulation film, a gate oxide film of a high-voltage

transistor and a gate oxide £ilm of a logic circuit portion

BN
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i.s a difference in level in the deposited second ponS|I|con | ayer, which
is due''to the first polysilicon layer . As a result |, ed for
renovi ng the second polysilicon deposited on the side maf?ﬁ%#% Eg&?
difference 15 due to the first polysilicon |layer. Thus, conditions have to
be set such that side etching occurs by conducting excess etching. In this
case, however, the dinensional accuracy -of the gate forned by the second
pol ysi licon | ayer is decrease d is difficult to forma fine gate.
Puriher, sPhEet ORECGat 8 %&?aegfppﬁff&fl%wna.ﬁx%ﬂ% ROSALEG B BHG the
gate oxid g It re | ously, the
gat e oxi dg"\q‘t’lblEL gélsllﬁ %Q *)%r (r?eﬂ ?gvgllyrﬁ% |ckgrp(§ ngﬂlg i (%1 r to finely
process thgol 9@iiq ik Ui dyeer &»sogromes@é@re@ fbemeawe@hth?o‘il bea Bemiehod in
whi ch the gate oxide filmof the high-voltage MOS transistor is forned
reIatlvelythblmbmﬂnytoel@ata(gamb ¢ilbnmtafoddiecof oyhe diirghi vtoparigeon is
formed - 2 ,, 1 Qctober 2003 relatively thin. Nevertheless, this

met hod § s Eﬁé@ﬂlrsdmlé anfinge gate rehoctTodest@bsthe Legicasetrcudder t he
circunstances, one of the objects of the invention is to provide a nethod
of nanufacturing a 5 sem conductor device conprising a nonvol atile nmenory

cell such uit , in which a finer gate el ectrode
( §§Mﬁ§'§§0\6ﬁnﬁnﬁ RGN G ; .

is formed In f ic clircuit portion without - increasing the nunmber of
steps.- The firsfiorepest, oh tHe abBAENbr@iSr@ niEiHed offonmahQ fEsthiachy i ng a
sem conductor device conprising a nonvolatile nmenory transistor of a

st acked gatbesﬁﬁmem@dhatpm;dﬁ#i@@tGn@n;mS&mgdthecmmnvwlgauée and a MOS

transistor of a sin ate struycture. conpri ses the- steps of :
15 f or Hl ng™&MOYsCE u UEPoR St ﬁE}*ﬁWaaEgmnE’&ng'&QJo‘F E&E?tuﬁ'd:te tRere first

i nsul ation. E'|m4¥¥fﬁ%§ﬂgg qﬁxiégéﬂelklﬂﬂ $§ ¥8ﬂ8t'|e menory

t ransi st or ransi s fornlng a con ive | ayer on the
first 20 i Péquestllo_fbéml TayEeDVhAGR AlRfe %%ﬁé nﬁltﬁtap@'lry@ili?ﬁon
perpendicular "'to a direction in which the control gate is
layer. As aresult, there is a need for removing the second

polysilicon deposited on the side wall of the difference

15 due to the first polysilicon layer. Thus, conditions have
to be set such that side etching occurs by conducting excess
etching. In this case, however, the dimensional accuracy

-of the gate formed by the second polysilicon layer is
decreased, and it is difficult to form a fine gate.

20 Further, since the gate oxide £ilm of the high-voltage
transistor and the gate oxide film of the logic circuit
portion are formed simultaneously, the gate oxide £film has
to be formed relatively thick, and it is hard to finely
process the logic circuit portion. Therefore, there would

25 be amethod in which the gate oxide £ilm of the high-voltage
MOS transistor is formed relatively thick and the gate

oxide film of the logic circuit portion is formed



fornmed extendedly fromthe first conductive layer to forma region for
séparating the floating gate; 25 forning a second insula{tﬁﬂxkﬁ¥@&3on t he
first conductive |ayer; formng a second conductive |ayer on the second - 3
~~, ,, insulation film 1 Cctober 2003 patterning the second conductive

| ayer so as to formthe control gate; and patterning the first conductive

| ayer to formthe 5 stacked gate structure and the single gate structure.
The second asgect of the invention is the methaod for manufacturing the

sem conduck®tadéviedd dhHRscriVp¥gTthafess - thilssimekhbedt 1Swherein the MOS

L1 anSTSLoroRhelie AL o GRS SHUCLULERh g cee LU YA ol oo

ransistor Tormng a perip aspect of

the invention igngbe WRhQH FOEmERANALS UrbRE e 13841 695dutlOlodeyhge as
described in the second aspect, wherein the step of forning the first

i nsul ati oniftemtdammrisesot beostiaps af meahddgpf gahafbrtiursithgt aon fil m of
a high-voltage transistor, and formng a tunnel oxide film between the
floatifyg gaewigendurterisievice GEEPELsHNEABABVY fadriegemgrycell

insulation - filmof _the MOS transistor, form ng.the_peripheral circuit .
The f our t HSASPeRE BEPROE e 191G SHECHEEOGT BPISH Fafdmet J4hg ¢ he

serm conductoLcdenide 25 dlsafiehbed Lol Hedid s ASPPEt polars Bt loating

gate is pa I'nsel gnnent nmanner usin econ(? con Ive

| ayer -consi hbweaid idetg@nhigibedatSr agtap®sk, in the step of patterning
the first conductive layer to formthe stacked 25 gate structure. The fifth

aspect of the iTBhenfiast sashechepfodHerinmeoftdciurisgat me tdad cHoduct or

devi ce as described in the :
manufacturing a semiconductor device comprising a
nonvolatile memory transistor of a stacked gate structure
having a floating gate and a control gate, and a MOS
transistor of a single gate structure. The method
comprises the steps of:

15 forming a first insulation f£ilm on a semiconductor
substrate, said first insulation £film becoming a gate oxide
film of both the nonvolatile memory transistor and the MOS

- transistor;
forming a first conductive layer on the first
20 insulation f£ilm;
removing an area extending in a direction
perpendicular to a direction in which the control gate is
formed extendedly from the first conductive layer to form
a region for separating the floating gate;
25 forming a second insulation layer on the first

conductive layer;

forming a second conductive layer on the second



., , ,» 1 October 2003 first aspect, wherein the first conductive |ayer and
t He second conductive |ayer are nade of polysilicon The ?kﬁﬁéké?ﬁB&ft of the
invention is the method for manufacturing the sem conductor device as
described in the 5 first aspect , wherein the nmethod further conprises a
step of formng a side wall on the side surface of the control gate after
patterning the second conductive |ayer. - The seventh aspect of the
invention s the nmethod for manufacturing the sem conductor device as
descri bed +RSEAEtEPT i¥+hMaspect, wherein the method further conprises a

Tayer . The of ghPRC SERRAND It n S qovhfre ot ke FRRERHE SRR g

the sem copductem 4yl C§a8e ;desk{ i bed in the 15 seventh aspect , wherein
the nethod further conprises the steps of formng a third insulation film
on the first nepattersiindgitice! gyest rcsmiuogitlee Idiyed toscatm obhei | m
the first nmetal 20 suicide |layer, the second conductive |ayer and the
second § nsatacked fdae egtapctiure candr $hegainpbet gatreofs thectuzcked gate

siructure 0 Tormlhe con Lol gal e partion, LopTing 8 idepellognethe .
Ot | wemE Mo ELAG Al A 800 L eI RSl o QU0 8 LA
- - first aspect, wherein the MOS transistor of the single gate
structure includes a high-voltage transistor ahd a MOS
10 transistor forming a peripheral circuit. '
The third aspect of the invention is the method for
manufacturing the semiconductor device as described in the
second aspect, wherein the step of forming the first
insulation f£film comprises the steps of forming a gate
15 dinsulation film of a high-voltage transistor, and forming

a tunnel oxide film between the floating gate and the
substrate and simultaneously forming a gate insulation
- film of the MOS transistor forming the peripheral circuit.
The fourth aspect of the invention is the method for
20 manufacturing the semiconductor device as described in the
first aspect, wherein the floating gate is patterned in
self-alignment manner using the second conductive layer
constituting the control gate as a mask, in the step of
patterning the first conductive layer to form the stacked

25 gate structure.

The fifth aspect of the invention is the method for

manufacturing the semiconductor device as described in the



={. , L1 Cctober 2003 etching the first conductive |ayer using the control
gate portion as a mask to formthe stacked gate structurgd&bﬁﬁbbm?lignnent
manner, while patterning the fourth insulation film the second netal
silicide layer, and the 5 first conductive layer to formthe MOS transistor
of the single gate structure. The ninth aspect of the invention is a nethod
for manufacturing a sem conductor device having a nonvolatile _1 nenory
cell, a capacitor and/or resistgﬁc .and a logic, 10 circuit, met hod

e,.an iC
conpri ses thESSt 8FREGTE . WHfiFeLRebl8 ¢ IEFMTRPAUEhANE 1aXisde &% rﬁgf‘- t he
menory cel a i il f Ngé { i fy 4t logic circuit;
formng a ??g dpo ?/{scﬁl(?%%ggl alf r Igna?ﬁe doe{ ﬁuﬁéggggfg%ﬁthe oxi de
film removing Phgeghinf Qspaparét i PHeaibheaid \ngdketAt Hea HBRAOEYrcel |
of the first polysilicon layer; - formng a first insulation filmon the
first pol ymahufactuyiaig 2 semicgnéduséoandepdloesakid@sckraperd an the whol e

surface of the first insulation film forning a second insulation filmon
t he sedondEpBEfsaEPest | MpaTe iR fdve Mg thedseustdemeomny bsesi anstepe

e
he wnot e 3 PaBEt ToRUT he e hartToRe o e T RAPA R SXTOR fi1m

except the | owernel £6veadd hepedt off the saRasitDonand Hie Meghea pbrt he
resistance; and 5 anisotropically etching the whole surface.to forma side

wal | of a saacedigatingfthideaenmsimrydustior deviRiel BF GESCRILPEAONNCEhEHE

DRAWNGS Figs. 1 to 13 are views describin% a nethod for |
10 fifth aspect, wherein the method further comprises a step

of forming a first metal silicide layer on the second
conductive layer.
The eighth aspect of the invention is the method for
manufacturing the semiconductor device as described in the
15 seventh aspect, wherein the method further comprises the
steps of:
forming a third insulation f£ilm on the first metal
- silicide layer;
removing the third insulation f£ilm, the first metal
20 suicide layer, the second conductive layer and the second
insulation film except the control gate portion of the
stacked gate structure to form the control gate portion;
forming a side wall on the control gate portion;
forming a second metal silicide layer on the first
25 conductive layer and the third insulation film exposed;
forming a fourth insulation film on the second metal

suicide layer; and



;g manuf acturing a sem conductor device which is the first enbodi ment of

t e present invention. Fig . 1 is a top view of a senicoEq#%ﬁ%ﬁzgggstrate 1
in which a field oxide 2, a relatively thick gate oxide fiTm3 , and a
tunnel oxide film4 are formed on a surf ace 15 thereof . Fig. 2 is a
sectional view taken on line Il-11 shown in Fig. 1. - Fig. 3 is aviewin
which a polysilicon layer 6 is deposited on the whol e surface of the
substrate as a first 20 conductive layer. Fig., 4 is a top view showing a

structure in wheERPANGOENS FAGSHT | ugtinealpredeeiihdd 99 BRL s

TR o B oREE bRt o d Tl TR0 S S AF R B B TR T
is formed o ha Aol ¥SihnedRt hdWelef, whille pattOEhaby é@QBfgh&tﬂ is a

sectional view show ng”that a second conducti've layer I's formed on a first

i nsul ati onihishuDatidn EiBni Sthe seetbnbdametiaawsafl ildieds tlegge shoandi thei g. 7,
taken on line corresponding to the line V-Vin Fig. 4. 5 Fig. 9is a
sectiorfal ¥¢iswtsicomiductive dayem riel figarre Ule i MOSotmansdrs toporfi the
correspondin% to a stacked gate . Fig. 10 is a sectional view taken on |ine
X- X shown SiDgLe gateostEUPTUnA. s 3 sectional view of a seniconductor

device 10 manuf ggbucad Y 18gcbhr Sie oibod HERG alod Neg PLeREty dAVELT on

Fig. 12 is atop Viewo Sem con evi ce manu e first

enbodi-ment nahufR- N LSRR a ITBIRNE bRAUICE oM deR i & M Al g LR RRIT4 PN 1S Used
as a mask. 15 Fig. 13 is a sectional viewtaken on line Xl I4-XIIl shown in

Fig. 12. Fmgsmoril ded 23 aarcapacikordeand/bimag zesdidtahdée; andnaflbhogic ng a
sem conduct or device which is the second enbodi nent of the present
i nvent 1&n. cigauigt . 1whighy medho@napmprdgeshotin@gSte®s £t el d oxide and a

Jecti onal vi ew SABH L TOPS Y g S E A e TOTES (O EOPt Fore cOf r EBBond: ng
Panersror TR G2 G0 YA B SEencst sondsr e R
sectional thewlogidi chrauitnnel oxide _ g _
forming a first polysilicon layer on the whole surface
15 of the oxide f£ilm;
removing a region for separating a floating gate of
the memory cell of the first polysilicon layer;
- forming a first insulation film on the first
polysilicon layer;
20 forming a second polysilicon layer on the whole
surface of the first insulation film;
forming a second insulation film on the second
polysilicon layer;
removing the second insulation film, the second
25 polysilicon layer and the first insulation £ilm except the

desired region of the memory cell and the upper electrode

region of the capacitor;



wi, -» 1 October 2003 film 25a of the stacked gate of the nonvolatile menory
cell and a gate oxide film 25b of a portion correspondin th te of
the MOS transistor of the logic circuit are fornmed. 5 Figcﬁg¥$r?88§
sectional view showing a stage in which a polysilicon |ayer 26 doped with
phosphorus is formed on the whole surface of the substrate to give a first
conductive layer. Fig. 18 is a sectional view show ng a stage in which 10
an ONO film 27 consisting of S1Q2/S13N4/S12 three |ayers.is formed on the
whol e surf ace PTPhBIsEbRI Bl ngRdation £idmon thaheleSSRARTR: a

stage in which,_affer formn Si T .0 i td , a
CvD Si 02 fi|n1§8§“§3%BHQ§¥%%%%§P§F§ﬁ%iéﬁg|§§%reéggﬁgqué%§g§ggﬁﬁé%h ayer
28, and ey OB Lh PduBkle [ BURYSD Y- Mo ITicHe LRI bbb aoked gat e
of the nonvolatile nmenory cell and a capacitor. - Fig. 20 Is a sectlional

Vi ew show Rggaont age e Wheeh sxaMde Si &3df il m 32 is formed on the whol e
surface of t%e 20 substrate. Fig. 21 is a sectional view showing a stage in
whi ch, safter foamiagtpogicraklyteBchingddia ivinsleosnefpoedity formhe
capacitor and a resistance, the C/D Si02 film32 is renoved by dry etching

to forma $tde Wall R of stekedIateaRtufhs mePAT¥uCE 0¥ - t he stacked

gate portion. Fig. 22 is a sectional view show ng a stage in which a netal
silicide layer and a CVD Si02 | ayer 36 thereon are _ g 1 Cct ober 2003

fornmed on gherwheEsEUr PREEONOF MEysubRAWaNGS Fig. 23 is a sectional view
showing a stage in which a floating gate is forned in self-alignment manner

usi ng the upperFigsuctlurte fIdnmarbke val@d | das¥ iipdwey da amdthiod T de wal |
34 forned on the side as a nask. -
10 manufacturing a semiconductor device which is the first
embodiment of the present invention.

Fig. 1 is a top view of a semiconductor substrate 1
in which a field oxide 2, a relatively thick gate oxide
film 3, and a tunnel oxide £film 4 are formed on a surface

15 thereof.
Fig. 2 is a sectional view taken on line II-II shown
in Fig. 1.
= Fig. 3 is a view in which a polysilicon layer 6 is
deposited on the whole surface of the substrate as a first
20 conductive layer.

Fig. 4 is a top view showing a structure in which a
polysilicon layer 6 in a predetermined position is removed
by etching.

Fig. 5 is a sectional view taken on line V-V shown

25 in Fig. 4.

Fig. 6 is a sectional view showing that a first

insulation film is formed on the polysilicon layer 6.



Fig. 24 is a sectional view of a sem conductor device forned by the second
enbodi nent of the invention. - - Figs. 25 and 26 are vie rJnRhkNg a

met hod of manufacturing a sem conductor device which is ﬁﬁ%gﬁﬁﬁﬁgeﬁo

enbodi nent of the invention. Fig. 25 is a sectional view showing a stage in
which a | am nated structure nade of the polysilicon [ayer 26, the ONO film
27 , the polysilicon layer 28 , and the CVD Si02 film30 is formed on
positions corresponding to the 15 nonvolatile menory cell, the MOS

transistor, thd t@padi &6 ArRLEhECPE MipReSPRNIR DR 3asEQGWAI i ew

show ng a e in ich, - .t rface. ' is |y £t ched upon
| eavi ng th‘?’@@ﬂ%ﬁ?}%%%?gn&%@%dzm %erfélc Sr% eﬁgé%ggﬁ'%g* j%llhghzg'
capaci tor and tﬂ"z‘?%teﬁ'i)é‘ Disddei b/aSLRGE ot they Bl Hrlfywal b ﬁﬁ%Qn the
side surface of the upper structure of the stacked gate. BEST MODE FOR

CARRYI NG QU] takehNYENILON 2oriespondt ngnitedititent iefe tvhev niat otlg f o4 .
manuf acturing the sem conductor device in the present invention is
illustrated w thigef®risheesectriogyl view Ehowing thatta comtroligakeober
2003 enbodj ment corresponds to the first to sixth aspects of the present

i nvent i on. 1¥nt€ FRTASE PR & RAKHLON{OPTRESRCALIRY AP & S&ATRAIAR LR - devi ce
conprising a n | at il u ne . ST pstor 5
t oget her. The ﬁ%%gél %ltoi ﬁ'gn%e}%/&ge{lfﬁhgge?stt%g e lgag%,ﬁelw?%i%gggﬁ
floati-ng. ggherard & control gate are stacked on a tunnel oxide filmyvia an
insulation film and a selection gate consisting of a high voltage

transi stor for Eifecllingsa cesttionaflaview géta. sdhecoodugtay |dewnwbagery 10
cell stores data upon controlling a threshold voltage of the transistor of

the stHtkeMagif@agyured Byl Jhenjekt § hgelRadident of§h thife REAREN toxi de

film Altetrnativel a circuit which consists of a high-voltage transistor
and whi ch bBH&%’e a high voltage and controls the sane is 15 soneti nes

bui It therein. ﬁ&pqeltthLﬁa hedpoly ildif Bf eaeBbniEHinORokS dRspestal Iy
characterized by The formation of the gate, the description about formation
of known chaaudactwoedcby ant dfihrsti embodiciént o€gittie ipresented. Fig. 1
is atopviewin which a field oxide 2, a 20 relatively thick gate oxide
film3, andnyeniimn isxwhdch areanbrelfgahe YRt HoBUES Are@dasa mask.

sem conductor sybstragte . 1. Fig. 2.is sectiqnal view taken i [-11
shown Th Fi o 10280 dr 45 ehgcbioBat.diam teti ot nIn DA ARE Iherory,
and channelpied s lgiga gbacked gate, a selection 25 gate, and a MOS

transi stor "are already forned. However, they are not shown for maintaining
clarity of drawrhgs. Hi4 sto bBeafdeelwiowsdaedcaitbing aehattiual yebhi ck gate

- —manufacturing a semiconductor device which is the second
embodiment of the present invention.

20 Fig. 14 is a sectional view showing that a field oxide
and a gate oxide film are formed on a semiconductor
substrate 21.

Fig. 15 is a sectional view showing that a gate oxide
film 23 in portions corresponding to a stacked gate of a
25 nonvolatile memory cell and a gate of a MOS transistor of

a logic circuit is removed using a photoresist.

Fig. 16 is a sectional view in which a tunnel oxide



-1, Cct oper 2003 oxide film3 are formed by thermal oxidation . For exanple |,
the thickness of the field oxide film2 is 450 nm and tqeoétglit)é:r%ggs of the
gate oxide film3 is 41 . 5 nm Subsequently, the gate oxide film3 in a
position corresponding to the 5 tunnel oxide film4 of the nonvolatile
menory cell and in a position corresponding to the gate oxide filmb5 of the
logic circuit is renoved by etching. Further, the tunnel oxide film4 and
the gate oxi.de film f the transis are fornmed, to a thickne of 10
m r sepect vy 253l af e SErofed datE oif Bhe' Py L bhE et REINORTSl at i | o

| g 19 Y e . f . prenant.
o ew o anaddd Pt eQpiael i A58 °0E0] BordiolEot8itotding ke, 8|S
the substrahe aate fof Stheondectirhd Byebr H¥erthd Neogokysildaont | aver 6

formng 15 the floating gate of the nonvolatile nmenory cell is separated.
Fig. 4 is fioroyedii ew show ng a structure in which the polysilicon |ayer 6
in a predeterm ned position - is renoved by etching. Fig. 5is a sectional

vi ew t aken on | F&E.V1V dkodnsSestHiQqnal viavsshemingha stage jn 2ghich

di | t.he, ty | i i Fi 1. . The.d i t.hat
Dt cot er mi RoROPUSIA S Pb (L EREE pob VP PPECH LRy BROF RIS osr FOrTFnoR
groove andf‘:h@evjéicﬂcf] Qﬁi‘@%c‘% \of el?ﬂ@%@lb%xté"@ebef);%‘mto aé g‘.figé%ove' The

groove is fornmed only In a rectron x perpendicu rection 25 y in
whi ch -a cogbhdlucggivei 3agxirendedly fornmed later. Unless this groove is
formed, the floating gate cannot be separated in a subsequent step when the
control gate isFigi21l8 ik acseisdri@udl ekewngbowinmmastagatimushischr. Fig.
6 is a sectional view show ng that, a first insulation filmis fornmed on the
pol ysi 1 coRP QNG L 1me2 | reoRgiRing 19 1A%t i TPz (Finss LAYEESN

| ayer 6 as; t -lay S r | 0 Si I (hereinafter
referred t%gagoé‘lrgﬁg%\éﬁf ﬁhr% ;V&ﬁjcl?—:l{% g’#lksa%zf g%%ticgiggisuﬁ%wxsésﬁéw ng that a
second ' - condpely veol akes s8cteotRd ¥ dheHdwbhgl At ageom fhitR, A
polysilicon |layer 8 is deposited as the second 10 conductive layer. Fig. 8
I S a secti afdlerifexrmiie npbotbies icor r¥sp ok dgt eonimed ipwes Meions ,Fag. 4,
in which the polysilicon |layer 8 is formed. Fig. 9.is a top view show ng
that a confV® = filhodfed BoFupporendH )it A8 AGYIEF 142 sRacked

'n Chedd oPRAGSLECRhT RER ity T SR GB0F R o ke Vel PRce of
the pol ysi bi:gomddyPRqBhol Bt {ife  EHEKRY quOyidediAR AciidiaRile

corresponding to the Stacked gate of e nonvolatile nenory ce

second 20 mewidmfioalli bmdlQ d¢dpapaltysilicon |ayer 8 and the first
insulation film7 , except the portion corresponding to the stacked gate,
are renoved by Fd&ct idfe iR @aHiignad voewm shesiing |3 corpgayth Yedsty ol

gate) 11. Su g ly,..an insulation fjlm i s deposite and 25 the
Shote sur f SoL Vit €y s B 38°YaakpRed of St WESHE e ace af thA 1
on theggi dgffs 4t ontrol gate 11. The polysilicon layer 6 is then etched

using this side wa - 13
Fig. 21 is a sectional view showing a stage in which,

after forming photoresist 33 on positions corresponding
to the capacitor and a resistance, the CVD SiO, film 32
is removed by dry etching to form a side wall 34 on a side
25 of an upper structure of the stacked gate portion.
Fig. 22 is a sectional view showing a stage in which

a metal silicide layer and a CVD Si0, layer 36 thereon are



1,Cctober 2003 to forma floating gate 14 conposing a part of the stacked
gate of the nonvolatile nenory cell in self-alignnent napgﬁi e#?oéﬂe
etching for formng the floating gate 14, a selection gate %P() e

nonvol atile nenory cell and a 5 gate electrode 17 of the MOS transistor can
be fornmed simultaneously. First, an insulation film15 is deposited, and
masks are then provided on portions corresponding to - - the selection gate
of the nonvol atile nmenory cell and the gate el ectrode of the MOS

transi st orfoBpegsiaty trRswhpiskSurfgcenet fhg ArBALFAYR 12 and the side

'oyer 6, are ctbhda 3 18 i Aceurtf n ey Epuiieddc st AL eR”
nonvol at i 'ﬁ FERRAY e lda @O & A5HReal eht 5@@%-%ﬁﬁnﬁeﬁt%ﬂrf@m1§mgi al ong

with the floating gate 14. Then, the 15 masks in positions corresponding to
the sel ecttha apipReofstihechameolfatom etenONY &dllim al tpragad earod the MOS
transi stor are renoved. Subsequently, the source and the - drain of the

sel ectifon gade amdl 24 MOSrmeshsirst theasd deoraseda bpagkknown net hod. A
sectional view of the 20 sem conductor device manufactured in this, manner

is shown in FigFigl, 26nkf & FeGtioralnglipynodl at¢BlARRGUF T 198%F8n, and
"ti" is th ransi.stor. _reqion .to-f . f jng gate 14 of
t he nonvol g?%&mab r%ﬁ%e%Fc%%l&;e?TﬁgP?é%r?r%nffnaﬁlﬁlgr ,B'gt%k?eA%gé)#ll'oati ng gate
14 can al so be fogaeddiy SEhhBYaltee wRbysi Geserripiveg & Weitibd heccontr ol
gate portion ( nanely, the first insulation |layer 7, the control gate 11,
and the - ménufaciGrbhgr a2eepissnudnict osuldatviicre fwhichO)is ke gthdrds a
mask. Also in this case, the selection gate el ectrode 16 of the~nonvolatile
menor ylGel popediment 08 EhectierntFoBf: the MOS transi stor can be forned
si mul t aneousl ynfg thg 5.above- nentioned_ net hoﬂ. The top tvi ew of v%hech

t hus-forned se Sndact 6F BeSrEEHP Rl n® P&.l“fz.a P gafgﬁ?‘?s }él

sectional 4 Sunakelb@stiiBlnd mddl 8ROWR Dddfsidicoh 1haledaghove,

according to present 1 nventi on, e gate oxi m5 of the MOS
transi st or thanoRe £o0nmed7]0thbipoalyeid iwdrh lidiee it BBelamaxitte OVUDEAMSF the
stacked gate 9 of the nonvolatile nenory cell. Further, the floating gate

14 of the £idokelD ghseformed @meposhtdonfs foynaepondim@rtoThbe, finely
processing of the gate can be acconpl.ish i t hout Jncreasing the, punber of
D eps. T 5 pRavlnPll S AeeRE e bT - s Bt Erenaat OF orthie Shnist Pifed
wth refer Fj ‘ tQ 23. This enbodi nent corresponds to the
sevent h an%glgg%?% Jé‘g%%_g'gclsén-o “the present invention, and it is an exanple
for manufacturi pgga SEMiGORAGEA i S8yl Cei8AVERSWA Y @ i dé eirOvNEaBI Y
call of a stacked gate structure, a MOS transistor of a logic circuit, a

resi st ance thed vihabpantbaceSiacenfisotmtomical lxcetchadk g lemeinghan
both a gate_of the nonvolatile nmenory cell and_a gate of the MOS

transi st or tRehGVD S1Q, fHdimal2 op ddip ckoURE alerimede e &heinott hBeos
d i i i h.tted. .Fig. i t | i i hat
fTerd Bl oAt LRt dn8Trd Shalddior trBsIRTRE Lol kBl? M D9gpNat

Cct ober 20Q&11 34 on the side surface of the upper structure of the
stacked gate.

BEST MODE FOR CARRYING OUT THE INVENTION
25 The first embodiment of the method for manufacturing
the semiconductor device in the present invention is

illustrated with reference to Figs. 1 to 13. This first
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substrate 21. A field oxide 22 having a thickness of 450 nmand a thick
gate oxide film 23 having a thickness of 41.5 nmwere foq%%pzb&g surface
of the sem -conductor substrate 21 by thermal oxidation. At IS stage, a
source 5 and a drain of a stacked gate, and channel regions of the stacked
gate, a selection gate.. and the MOS transistor are already fornmed, though
these are not shown in the drawing. Fig . 15 is a sectional view show ng

that the gate oxide film 23 in portions corresponding to the stacked gate
of 10 the ¢BRCSLEEN e GRIFFDEFPEBAS R e §arstoftq Hel MR 8ERES *fof the

logic circuit was renoved ing_a phet.oresist. .The thick, gate oxide film 23
in porti on@i%op?‘ﬁggﬁ&r{gi %Vgﬁttl%’g ‘po%lb srg%?hf)ﬁie Jt%n%e’ﬁeBnge T'm 25a of
t he stack he. . ngn i y lo&n : te oxide film
25b of thgg%/%ktsfgﬁlﬁlgﬁ)rgﬁgﬁ?#r%ﬁﬁg?r (?%ﬁl(ﬁrgoég%\%ﬁygmt et chi ng
usi ng a phetevesiatti 1 memdiycelfl sich aeCEEPROM an@va MOSMrahstihet sxnnel
oxide film 25a of the stacked gate of the nonvolatile nenory cell 20 and
t he gatse okddethielrm 25hmephomive vt ilemenoryspehdimgs t stiackpd galfet he MOS
transistor_of the logic circuit were fornmed. The resist 24 was renoved, a

necessary tRe¥hifg & dHleREiRgndddeFndnd FRBTEMINI2ERi 8Eef StAZ% A and

the gate oxid i b he. . nsL.st.qr far y t her mal
oxi dat i on,éb\/ngr %luﬁ‘ St choﬁ'fi% %&sﬁ \%%gcéhetslglsoqfé léﬁ] ﬁi‘gp'sh fn Fi g .
17 , a pol ¥8ib¢add g&%re a@nfﬁ\gﬂgng dHIChARESvEN tad RPawAS 4 06 FBEL SN the
whol e surface of - 1 1 October 2003 the oxide filmby CVD, and a

pr edet er m sellecdiichge i debineat stgzke@dyd bet heThel ysnirodart illay arenktrpy

dopi ng the sanme with phosphorus to forma first conductive |ayer. At this
time, ¥ phesphasEogiess data RRPONGSOREFRIIIF th threshades vediage s

sol uti on. bsequent.l as _described earlier redet erm ned .portion of
The polysi EHBoRErasotar b ThRosEachRd gt By R oo BB S 0
floating g h h i i i gan £&NQ fil LSiig Qf
three | aye?ésglgESi 2r (ﬂg%lﬁnng% t%{r}(%]éségz%? %10 nm Si%ﬂl\ﬁgﬁggﬁgﬁlgn a 8

thi ckness girtditmwhaith SE6RshatN® R & Mhghesd Iafage Nbranes sftymegn@n t he

whol e surface, in which Si02 was forned by thermal oxidation and Si 3N4 by
CVD. A pol ysiichc geren@teggahiniighy wolhagknens sforpsoohm the fsamedis

th dd d with ph h to i t 15 t i ned
conduchi vi BmePAnas ShnarieReLBeond LERRISES T8 TG Wath PRATRRE A
this time. ;g ahesphate, olans.  of 10o0D-LS {88 Hehd GTYER: YhhNo2

hydr of | uori’¢ - "aci ol utron. r-a necessary cleaning step was

conduct ed, tRe'®i b , Hilé Aot YL ondaboigst &Amb Y ofl bFf KirdSyrR @HaeE1 29 i n
this exanple, was forned on the polysilicon layer 28 to a thickness of 150
nm by sput senneg:, Rpdhéraian iSi 0@nf acmil3@® heevghgnaishiocokidesadof 230 nm was
formed thereon by CVD (hereinafter, this is referred to as a "CVvD Si 02
film ) . 25 AsF3fowdt iif FRgtoP1yiey nip  ¥BiChy & Frif b sPXded Zat@ of the

latil I j tQr, ' 1 f di
pr edet &1 m hed et B BAk 92s RRE £y O AR BT oD o Ple g6 e W
silicide | 3ygte28orinad B ¥Skhirditd aVela Zomid8Halee SN d ¥ 2¥e el €
removed by dry etching. At this stage, the upper structure of the stacked

gate and t Fedd.am na esl séctdiomss]l fwiewheakapacii akivewElLe Ifforgiesvn in

Subsequent |y, the photoresist 31 was renoved, and a CVD Si Q2 film 32,

havi ng a t Fi€kndss &én Ihdishigtage. farsedures aRd aheraisuthade becemesn in

Fig. 20. - _As shown in_Fig. 21l hot oresi sts 33 \gﬁre f%rrred on positions

correspondPr{E;e’P‘Bthear&gdﬂ'gei‘?%? 1R8BS AcSFerkrdaatynf THLOB\VD

Si02 fydm , tehi ' wa on the
3M 82 +e Vag, d HNEE Pﬁ‘?fl%%is%o%&kged ﬁfégag‘r"?bhsn%‘h. %vaﬁéx{%ﬁ

side of the upper structure o e's gate p I"on on whi e CVD
Si02 film 3hehpaxXpRsedsheiin €4 Badatwalnlinpscigried oF dieneapgsitor
portion and the resistance portion covered 15 with the photoresists 33.
Thereafter, theFphsttor &éhiesfs eder oxideeandadrite aalsrketvaly thiaki ggtet ep
was conducted. As shown in Fig. - 22, a netal silicide |ayer, a Wsilicide
| ayer 35 in this exanple, was forned on the whole surface to a thickness 20
of 150 nm by sputtering, and a CVD Si 02} ayer 36 having a thickness of 230
nmwas fornmed thereon by CVD. Finally, photoresists were forned in
respective positions of the CVD SiQ2 filmcorresponding to the sel ection
gate and the gate of the MOS transistor of the logic circuit, and the 25
CvWD Si2 film36 , the Wsilicide layer 35 and the polysilicon |ayer 26
except those under the photoresists were renoved by dry etching, and the
phot oresi sts were renoved.



- 18 1 Oct ober 2003 Consequently, as shown in Fig. 23, 1) the

nénvol atil e menory cell provided with the stacked gate 3 he
polysilicon layer ( floating gate ) 26 , the ONOfilm 277%?3(6)?%/& licon

l-ayer ( control gate ) 28 , the Wsuicide layer 5 29 and the CV/D SiQ2 film
30 and the selection gate 38 made of the polysilicon layer 26 , the W
silicide layer 35 and the CVD Si02, film36; and 2) the gate 39 of the MOS

- transistor nade of the polysilicon |ayer 26 , the Wsuicide |ayer 35 and
the CcvD SiopideIid be Jere formed Prheeral qrBIating cafRs el emde of

6 20 LB s L1 BRI LD M O ) 5 2 10
the resistansexALoinge i it PBkE ££0R J 2kel1 26 BRI hen3eaaUh QP SI 02

film32 were forne same tinme. 15 As shown by Fig .

floating gehe gapel yxildec@ilmy®rin26 pbsthlhe ot adkete gpbadihgvaso femaed in
sel fali gnnment manner using the upper structure fromthe ONO film 27 upward
and thé sitennell o84 deoifriddn dn othéhs derporldabhlesmemoask . ceul tamd, inhe
source and the drain of 20 the selection_ gate and the MJS transistor were
fornmed by @ HRORASHIIMEHFESRARALES itohdhs igat @foxhdet fdd or R the

sem conduc .devi i 0 i i ig. "ch" .ndicat a
channel , ..%8&3%(1%5%%?&1%613% glgrr#ogrné;d %sy %f]trﬁ;ll%égég %3§BHF§[2’ tﬁ%s&é%ﬁ%%l y.
The constrygs BaNF Pimdy and RARGht 202 HECE: RRTS &AM MORIBE28RGIs B8L€ Of

t he sem conductor device shownin Fig . 13 , though not shown , Is the sane

as in Fig.akd. ferthed to a thicRrtedero0B i respéstipesisy bl €n & gpl oy
the third enmbodi nent in which the netal silicide layer is omtted, in place
of theldsecdn® &acpRerk” difoAnredipngef the nenyglatide mamere bl aent

corresponds_to_the ninth,aspegt of the.present 5 i ntion ..lp the third
ebod mentana; A FEioR uE iae A P EBRARE dhadIbEe et TRE -

nonvol atil e ne cql ls,o t - LARS r.o0 (1004, C.. Ci it ,et

resi stance andr?%%'cgpé(ﬁ tglos‘,’yfgﬁe&%oP’yslﬁl?c%n{)?gggrll%agn%%?#gt p6ol %gl licon
| ayer 28 caapbeitidd iotehaswhlode cudeFade idPwhel @ubsdtiatBeaged @ivsti ci de

| ayers 29 and 35. That is, a lamnated structure made of the polysilicon
| ayer 26 ,cendugidve |kayer.t hEheol.ythe podvsikicos, layen te foumbBrg?2

| ayer 30 as,sh in Fig. 25 is faormed in each of positions corresponding
to t helhontBRatrioa tHenr §ak8 IO (ThE NRRYS Itins sREROTIhEeLhatft or . and
the resist i ut @ ste f.orJn L)sicld r 35.
Fig. 25 co?rgggﬁ\(%frﬁ%}?t o] I'taJh% s?agé n Tﬁ%%%ékso%?w&ns%p%n%%é%o%ﬁ%ﬁg.
Subsequent yMicht the bl Possebheldpat & hen QVBra dt é-nindd poSOrNBA on
the whole structure . The 20 whole structure is anisotropically etched as
shown i n -Fig. r2éovpoh beavtopginge CVRGSi G2 ifs lans3-bionhd hdwsw tedleenr ode

regi on of the_capacitor and the region of the resistance tq formthe side
wal | 34 on®Phdifiedd’ sYir FRO¥NOMR HElgppdr sThist echionpd diddikelsgate.

% n2D ORI P o FRERBIS T, Tene Ba b b, o PR SRR
manner . Thghgwes aeh! aSheRBc rmhiife8apR 3% idh 158 &8 Pblysilicon
layer 5 is etched to form a groove and the field oxide 2
is exposed on the bottom of the groove. The groove is
formed only in a direction x perpendicular to a direction
25 vy in which a control gate is extendedly formed later.
Unless this groove is formed, the floating gate cannot be

separated in a subsequent step when the control gate is

- 12 -



-.,20 . i 1 Cctober 2003 enbodi nent. APPLI CABILITY TO THE | NDUSTRY As has
been di scussed above, according to the present 5 inventio cho@&ié(%t ness of
the surface is maintained in manufacturing the sem conductdr dévice havi ng
t-he nonvol atile menory cell and the logic circuit, since the - - first
conductive layer (polysilicon layer 6) remains except in the region in
which the floating gate is separated. 10 Consequently, the processing in

t he subsequent steps such as the step of etching the second conductive

| ayer can ®¥tendedl v diermedd Cordel@BRdYonal accuracy can be increased,
and the fine prr_;;)cessi ng IS enabl ed. Since no glxcess etcthn% |£s needed in

t he etching of Jn%'gat 518 et REHF8GE HfVIRE P Giwc}r},q r%? ; S gate

el ectrode Ly ad. r e I ' fai f tacked gate
of the non%@?g? ?ItéLQ;rrermrJS/rEclie ﬁ%éfah%ﬁgg&? g %%iggqfllllérrél%g' ?%%EIV%S A

transi storiggutie ilagifc lgh redid famde oArvrd pbilysiantdmerdyeat sngsgate
of the stacked gate can be 20 forned in self-alignnment manner. Therefore,
it is possabtbree-layensstirbetdimenst ofdl0,ac8urNey ahdt IBe.Gsem conduct or

devi ce conFri sing the nonvolatile menory cel| such as EEPROM and the MOS
t ransi st or (NgRGIDRLLRF oveferTed neneds an t N H&d8Sing. Still further,

h nmb 25 . s d d, d, I ' Lt '
netalloq i n carbinati o & ECEREES L+ aRs FLRHEnd 1ESPh LB g t he

capaci-t or gbnhifie tSHACkesly g3t € 5SSk Con- £ £irst 1iEhehes 2008 aRd the
single gate structure can be forned wth the two conductive .| ayers. - 22
1 Cctober 2003ANpo2yEillSi b\l MaFerS8 is deposited as the second
10 conductive layer. Fig. 8 is a sectional view taken ox; line
corresponding to the line V-V in Fig. 4, in which the
polysilicon layer 8 is formed.
Fig. 9 is a top view showing that a control gate is
formed on a portion corresponding to the stacked gate, and
15 Fig. 10 is a sectional view taken on line X-X shown in Fig.
9. In these drawings, an insulation film 10 is formed on
the whole surface of the polysilicon layer 8, a mask is
- further provided on a portion corresponding to the stacked
gate of the nonvolatile memory cell, and the second
20 insulation f£ilm 10, the polysilicon layer 8 and the first
insulation £ilm 7, except the portion corresponding to the
stacked gate, are removed by reactive ion etching to form
a polysilicon layer (control gate) 11.
Subsequently, an insulation £film 12 is deposited, and
25 the whole surface is subjected to reactive ion etching to
form a side wall 13 on the side of the control gate 11.

The polysilicon layer 6 is then etched using this side wall

- 13 -



A nmethod for manufacturing a sem conductor device conprising a nonvolatile
menory transistor of a stacked gate structure having a thjactté%gzgaée and a
control gate, and a MOS transistor of a single gate structure, Sard met hod
conprising the steps of: formng a first insulation filmon a sem conduct or
substrate, said first insulation filmbecomng a gate oxide filmof both
the nonvolatile nenory transistor and the MOS transistor; formng a first
conductive layer on the first insulation film renoving an area of the

first condtetfoem ayleloakiaddPage Adacampaaing pagchdif hhe stacked

direction jn, which th trql i s formed extendedly -to, f i
For Separ a0FHG (3o WO QAL LE GPAIAG Y Gkbnii SEdizd DHORRFRTon the

first condyohied) atel e Stdih dy SEEENEL EARAUCLKE U1 00 ddiEe SEg 0N

i nsul ati on m patterning t cond conduc ayer so formthe

control gahesearR¢tidn efat@ 16eofi the aorduclavel bayemdrs, fm theaskhacked
gate structure and the single gate structure. 2. The nethod

f or. marfuf agade regledieredei ddndifttiohe ddOScd rarlistod talctlmbefo2ed as

clainmed in claim1l , wherein_the MOS transistor of the single gate
structure FRAEIEAPRORS §¥K-vof L&§d + RRAiGISELRTARE Bilnd % AgnderPSitiaft ning a

fovi o ae BBSIHASKP AT IR B ARSAET Fhe e ChobF ToFRRRp aHrorEp
e b p ar pite ot opfe fobaETHALS ek PR oL S0GI LA, o
floating gghtel@lasdrivie sfibtic MOS taadssigndt ane®y sy P tilet® Ragiis,
insulation filmof the MOS transistor formng the peripheral circuit.
10 the insulation £ilm 12 and the sidewall 13 as etchingmasks,
the insulation layer 15 and the polysilicon layer 6, are
etched to form a selection gate electrode 16 of the
nonvolatile memory cell and a gate electrode 17 of the MOS
transistor along with the floating gate 14. Then, the
15 masks in positions corresponding to the selection gate of
the nonvolatile memory cell and the gate of the MOS
transistor are removed. Subsequently, the source and the
- drain of the selection gate and the MOS transistor are
formed by a known method. A sectional view of the
20 semiconductor device manufactured in this manner is shown
in Fig. 11, wherein "i" is the nonvolatile memory cell
region, and "ii" is the MOS transistor region.
In order to form the floating gate 14 of the
nonvolatile memory cell in self-alignment manner, the
25 floating gate 14 can also be formed by etching the

polysilicon layer 6 using the control gate portion (namely,

the first insulation layer 7, the control gate 11, and the

- 14 -



4, The method for manufacturing the sem conductor device 15 as clained in

claim1, wherein the floating gate is patterned in sel f-ﬁb’c régagosmanner
usi ng the second conductive |layer constituting the contr 8& S a mask,

.in the step of patterning the first conductive layer to formthe stacked
gate structure. 20 5 . The nmethod for manufacturing the sem conductor
device as clained in claim1, wherein the first conductive |ayer and the
second conductive layer are made of polysilicon. 25 6 . The nethod for
manuf act ur $AgonKe iy lvhtiont 61 1Meilde s Biai nBdaEnacmaisk 1, ¥hkse hkr
conprising a.step of farmng.a side wall on _the side rface of the control
gate aftertbBigscase, %@c?gl}&c %ﬁ%?erer}i%tzfﬂgeszgor?&cc%‘auct i ve

| ayer. 7. fagtyri t'quE.S 1 CO e ai med
inclaim SA-SE?/tr?rﬁ't qg?l%-:gﬁrr%ﬁlgg nggéﬂstaglgi 0 ﬁ%g@gﬂ%&?{oﬁ;&i Vln'éf’oafsglﬁ i ci de

| ayer on tpessesct LOPFHCERYE HaYesrmed8 silifl f@h8eashigr wpnthacturing the

sem conduct or device as clained in claim7, further conprising the steps
of : 10 & or abogeantdr ribnaduhethod .f i [Theortdmeriewsofnehel thulsi-fammédyer ;
renoving the third insulation film the first netal _silicide |ayer, the
second cong@Riceaduger gayiaRe kecohgwPnd® &idn L2-m BiGeptld hkScdnt r ol

or t1 6n:  { SPARAG s, Gl FRGR PhoLacia ot L GsF b por OB Foddty H2second
Tt s Cot APVEGFRRCHRSRAL sbpctiatigitol il Ebat i ger and
second netghe gate oxide film 5 of the MOS transistor can be formed

10 thin along with the tunnel oxide £ilm 4 of the stackeci gate

9 of the nonvolatile memory cell. Further, the floating
gate 14 of the stacked gate 9 is formed in self-alignment
manner. Thus, finely processing of the gate can be
accomplished without increasing the number of steps.

15 The second embodiment of the present invention is
illustrated with reference to Figs. 14 to 23. This
embodiment corresponds to the seventh and eighth aspects

- of the present invention, and it is an example for
manufacturing a semiconductor device having a nonvolatile
20 memory call of a stacked gate structure, a MOS transistor
of a logic circuit, a resistance and a capacitor. Since
formation of active regions lower than both a gate of the
nonvolatile memory cell and a gate of the MOS transistor,
that is, a channel, a source and a drain, are known, the

25 description thereof is omitted.

Fig. 14 is a sectional view showing that a field oxide

and a gate oxide film were formed on a semiconductor
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silicide layer; and etching the first conductive |ayer using the control
gate portion as a mask to formthe stacked gate structurf c{?)bérebéd&al I gnnent
manner, while patterning the fourth 25 insulation film R second net al

si licide | ayer and the first conductive layer to formthe MOS transistor of
the single gate structure. - 25 1 Cctober 2003 9 A nethod for

manuf acturing a sem conduct or devi ce havi ng a nonvol atile menory cell, a
capacitor and/or a resistance and a ic circuit, TTEI’I sing the steps of :

si ul taneo%‘éﬁ’? Fatei #d -a tAuﬁﬁé’lldoﬁ’b“éj |4%nriﬂv%ﬂ8 ?reFrB ﬁkn@eﬁq 20 gate
o6 11 R o RSB0 B e 000 U 1 AT

substrat e; |con ayer | e'surftace

oxide filngj SeHHVWBQeafb&‘%éH‘ cSH the $hskake ¥ HHOLdRY eEoheBEDAT at| ng
a floating gate of the nenory cell formng a flrst insulation filmon the

first pol yshbseoatd 2 ayer theamma Do xaid&ecdod . poAysthisataggera eoudeewhol e
surface of the first insulation film formng a second insulation filmon
t he sedondapdl @sﬁratnnofagleiﬁtacmgr@giﬁ handgmnnaduragiions idfntheae
second pol%/3| | | c%ggl ayer, e first insulation film except a desired

regi on of $HRCKERFPtEel P %%n egﬁlﬁﬁbgfit@ﬂ@%ﬁg%vc’g%r %F;8%Sr ni ng
a third i [}%f% %Q%F%Hnrendont%m%%d’wcﬁheessé”fxaec?xotr eI o t&%e”ﬂﬁ:"a%&'}?g()f the

third ins
Fig. 15 is a sectional view showing that the gate oxide

film 23 in portions corresponding to the stacke;i gate of
10 the nonvolatile memory cell and the gate of the M(;S
transistor of the logic circuit was removed using a
photoresist. The thick gate oxide f£ilm 23 in portions
corresponding to the portions of the tunnel oxide film 25a
of the stacked gate of the nonvolatile memory cell and the
15 gate oxide film 25b of the MOS transistor of the logic
circuit were removed by wet etching using a photoresist
24,
= Fig. 16 is a sectional view in which the tunnel oxide
film 25a of the stacked gate of the nonvolatile memory cell
20 and the gate oxide f£ilm 25b of the portion corresponding
to the gate of the MOS transistor of the logic circuit were
formed. The resist 24 was removed, a necessary cleaning
step was conducted, and the tunnel oxide f£ilm 25a and the
gate oxide f£ilm 25b of the MOS transistor were formed by
25 thermal oxidation, wherein each £ilm has a thickness of
10 nm. As shown in Fig. 17, a polysilicon layer 26 having

a thickness of 250 nm was formed on the whole surface of
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a lower electrode region of the capacitor and a region of the resistance,
ani sotropically etching the whole surface to forma side V@A+ f esstacked
gate of the nenory cell , and etching :he first polysi Ilé ayer usi ng the
third insulation filmand the side wall as a mask, to formthe stacked gate
of the menory cell, the capacitor and the resistance. -26

A AAAAAA A,.A@A. A A[l.AAA Ay A A A AY. Ah. A Aff. A A AyylLezKe Y

Jrcy R s sty

aJcaJ ca] ca

SO sy amar bkl enlesl sl sghetiaggontsgentsa o
?N&e| wr mhog Yt aap ﬁabFﬁb&qis:%]oceb%ﬂUhCﬁl_eg]tC@bﬁah%ﬂwd et calgaliad gal cal ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! cC8u~4kCx

194 XI'| w mhtinvgcapc gdhnad phate] gdlacssd cidrmpdablaa)] ral]\oa]ada]vua]tcaz]xca] ca] cal ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cajcajcal Xt~ "h" "#B# ##H| $URYY Y YO
'$' 3 hdrpidaerdg cafid) §§]](}H.]Je%tlle aﬁ)}:bsequently as describe

a] ca] ca] ca%ca]tc%]scag ‘]feg]e%é ]ica]n(_;%hcal] c%] EﬁlacaLE L ] cal cal Ec}a J(:;a] cajc

a]ca!((4)’> ,,,,,

cz] (%]r ca] c /v&rca] gﬂfv@c} %a cafgﬂafﬁg]cgda] cg ?ggf@f§g@1€%€%§§ég%ggg

4ed444 . Then, as shown in Fig. 18, an ONO film 27 consistin

5[ 55566E6} 66667859: : } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca (]:lca] caj
ca] ca] ca] cafca]lca]eca]ay@]m]a:la]Sﬁan:@]am]msa]@aqlcaq:ka]asal off: 10 nm, Si;N,
R<<==-?2@) CSCBCdeDDCEEFFFFF%GSHHHI FIGIHII JJJLJMIJ} xsni d_Z] ] ca] ca] ca] ca] ca]
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25 As shown in Fig. 19, in order to form a stacked gate
of the nonvolatile memory cell and the capacitor, a

photoresist 31 was formed in a predetermined position, and
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gﬂ?ﬁé‘@%é&”ﬁ‘%‘é% Fin080m e % Shiseree ylayer 29, the
10nger 1(()?%3@( Hiddn e %je‘% 293¢ h'h(1 ?%g&ggg FMRS o %@ﬁ?o%&' ()-
O%B&'()-|8i9%%&dﬁxnglo%5& this! ¥¥%fe () tRe upper structure of the
stacked gate and the laminated structure for the capacitor
5 were formed. Subsequently, the photoresist 31 was removed,
and a CVD SiO, film 32, having a thickness of 170 nm, was
formed on the whole surface as shown in Fig. 20.
- As shown in Fig. 21, photoresists 33 were formed on
positions corresponding to the capacitor and fhe
10 resistance, and then the CVD SiO, £ilm 32, was remoéed by
dry etching. A side wall 34 was formed on the side of the
upper structure of the stacked gate portion on which the
CVD Si0, film 32 was exposed, while no side wall was formed
on the capacitor portion and the resistance portion covered
15 with the photoresists 33.
Thereafter, the photoresists were removed, and a
necessary cleaning step was conducted. As shown in Fig.
- 22, a metal silicide layer, a W silicide layer 35 in this
example, was formed on the whole surface to a thickness
20 of 150 nm by sputtering, and a CVD SiO, layer 36 having
a thickness of 230 nm was formed thereon by CVD. Finally,
photoresists were formed in respective positions of the
CVD Si0O, film corresponding to the selection gate and the
gate of the MOS transistor of the logic circuit, and the
25 CVD Si0O, £film 36, theWsilicide layer 35 and the polysilicon
layer 26 except those under the photoresists were removed

by dry etching, and the photoresists were removed.
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10%’UQ()'$em$9%’U@iﬁ)ﬁ@guage&qwah the stacked gate 37 made of the
polysilicon layer (floating gate) 26, the ONO £ilm 27, the
polysilicon layer (control gate) 28, the W suicide layer

5 29 and the CVD SiO, £film 30 and the selection gate 38 made

of the polysilicon layer 26, the W silicide layer 35 and
the CVD SiO,, film 36; and 2) the gate 39 of the MOS

- . transistor made of the polysilicon layer 26, the W suicide

layer 35 and the CVD SiO, film 36 were formed.~)Further,

10 3) the capacitor 40 made of the polysilicon layer Zé; the

ONO £ilm 27, the polysilicon layer 28, the Wsilicide layer
29, the CVD Si0O, £ilm 30, and the CVD S$iO, £ilm 32; and 4)
the resistance 41 made of the polysilicon layer 26 and the
second CVD Si0O, film 32 were formed at the same time.

15 As shown by Fig. 23, the floating gate (polysilicon
layer) 26 of the stacked gate 37 was formed in self-
alignment manner using the upper structure f£from the ONO

- film 27 upward and the side wall 34 formed on the side
portion as a mask. Further, the source and the drain of
20 the selection gate and the MOS transistor were formed by
the known method. The sectional view of the thus-formed
semiconductor device is shown in Fig. 24. In Fig. 24, "ch"
indicates a channel, "d" indicates a drain and "s"
indicates a source, respectively. The construction of a
25 channel, a source and a drain under each gate of the
semiconductor device shown in Fig. 13, though not shown,

is the same as in Fig. 24.

- 19 -



Y., 10% W& ()-,!10% U& ()-* 10% U& ()- @#10%u&() F L' 10% U& ()-s%0% U& () -
CxdYNC 10Y 10 U 10 U 10 U, 8f10% U&' ()-y5 10% U& ()-1 3 1G9 S#10%
U& ()-Y 0s10% U& ()-1}[9YNC 16er 2083

10! 0#109BB& () -1 #109BB& ()-1!#109BB& ()-1! #109BB& ()-1s! 109B& ()- 109B& ()-

2 198 }7A?YNC 10!'s' 109B& ()-%09B& ()- $Z109B& ()-Y

F'* 109B& ()- ! a#lOf%BB&' (O)-11#109BB& ()-19% Xt ~1111 "dEYNC 10! S2y#109B&' () - |
0 1 1 0 1 * 0 1 I 0 1 - n maarmnnnann

L010%8& ()-. 1 % g)a so %6858531(_}2)163 %/%%néioy h%oﬁgil(cl em odimentbC

in which the metal silicide layer is omitted, in place of
the second embodiment shown in Figs. 14 to 23. The third
embodiment corresponds to the ninth aspect of the present
5 invention. In the third embodiment, in manufacturing the
semiconductor device having the nonvolatile memory cell,
the MOS transistor of the logic circuit, the resistance
- and the capacitor, the polysilicon layer 26, and the
polysilicon layer 28 can be utilized as electrodéé without
10 using the metal silicide layers 29 and 35. That 1s a
laminated structure made of the polysilicon layer 26, the
ONO f£ilm 27, the polysilicon layer 28, and the CVD SiO,
layer 30 as shown in Fig. 25 is formed in each of positions
corresponding to the nonvolatile memory cell, the MOS
15 transistor, the capacitor, and the resistance without a
step of forming the W silicide layers 29 and 35.
Fig. 25 corresponds to the stage in Fig. 19 of the
- second embodiment. Subsequently, it is also possible that
the CVD Si0, £ilm 32 is formed on the whole structure. The
20 whole structure is anisotropically etched as shown in Fig.
26 upon leaving the CVD Si0, £ilm 32 of the lower electrode
region of the capacitor and the region of the resistance
to form the side wall 34 on the side surface of the upper
structure of the stacked gate. Fig. 26 corresponds to the
25 stage in Fig. 21 of the second embodiment. In this method
as well, the floating gate can be formed in self-alignment

manner. The subsequent steps are the same as in the second
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nonvolatlle memory cell and the logic circuit, since the
- . first conductive layer (polysilicon layer 6) remains
except in the region in which the £floating gate is s'leparated.
10 Consequently, the processing in the subsequent s1:eps'~ such
as the step of etching the second conductive layer can be
easily conducted, the dimensional accuracy can be
increased, and the fine processing is enabled. Since no
excess etching is needed in the etching of the gate
15 electrode of the logic circuit, a finer gate electrode can
be formed. Further, the tunnel oxide £ilm of the stacked
gate of the nonvolatile memory cell and the gate oxide film
- of the MOS transistor of the logic circuit can be formed
thin, and the floating gate of the stacked gate can be
20 formed in self-alignment manner. Therefore, it is
possible to increase the dimensional accuracy of the
semiconductor device comprising the nonvolatile memory
cell such as EEPROM and the MOS transistor, and to improve
the fineness of the processing. Still further, the number
25 of steps is decreased, and an analog circuit is easily
installed in combination since the MOS transistor, the

resistance, and the capacitor of the stacked gate structure,
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comprising a nonvolatile memory transistor of a stacked cate
structure having a floating gate and a contrel gate, and a MOS
transistor ¢f a single gate structure, said method comprising
the steps of:
forming a first irnsulation film on a semiconductor
substrate, said first insuvlation filmbecoming a gate oxide £film
of both the nonvolatile memory transistor and the MOS
transistor;
forming a £first conductive layer on the first insulation
film;
removing an area of the first conductive layer extending
in adirection perpendicular to adirection in which the control
gate is formed extendedly to form a region for sepsrating the
floating gate;
forming a second insulation film on the first
conductive layer;
forming a second conductive laver on the second
insuleation film;
patterning the second conductive laver so as to form the
control gate; ard

peattering the £irst conductive layer to form the stacked

gate structure and the single gzte structure.

2. Tre method for manufacturing the semiconductor device
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and a MOS transistor forming a peripheral circuit.

5 3. The method for manufacturing the semiconductor device
as described in claim 2, wherein the step of forming the
first insulation film comprises the steps of forming a gate

- insulation f£ilm of the high-voltage transistor; and
forming a tunnel oxide £film between the floeﬁ:ing gate
10 and the substrate, and simultaneously forming a géte
insulation film of the MOS transistor forming the

peripheral circuit.

4. The method for manufacturing the semiconductor device
15 as claimed in claim 1, wherein the floating gate is
patterned in self-alignment manner using the second
conductive layer constituting the control gate as a mask,
-in the step of patterning the first conductive layer to

form the stacked gate structure.

20
5. The method for manufacturing the semiconductor device
as claimed in claim 1, wherein the first conductive layer
and the second conductive layer are made of polysilicon.
25 6. The method for manufacturing the semiconductor device

as claimed in claim 1, further comprising a step of forming

a side wall on the side surface of the control gate after
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insulation film, except the control gate portion of the
15 stacked gate structure, to form the control gate portion;
forming a side wall on the control gate portion;
forming a second metal silicide layer on exposed
_portions of the first conductive layer and the third
insulation film;
20 forming a fourth insulation film on the second metal
silicide layer; and
etching the first conductive layer using the control
gate portion as a mask to form the stacked gate structure
in self-alignment manner, while patterning the fourth
25 insulation film, the second metal silicide layer and the
first conductive layer to form the MOS transistor of the

single gate structure.
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circuit on a semiconductor substrate;
forming a first polysilicon laver on the whole surface
of the oxigde films;
removing a region of the first polysilicon layer for
separating a floating gate of the memory cell;

forming a £irst insvlation £ilmon the £irst polysilicon

ng a second polysilicon layer on the whole surfzce
of the first insulation £ilm;

forming a secondé insuletion £ilm on the second
polvysilicon laver;

removing the seccnd insulation £ilm, the secend
‘polysilicon laver, and the first insulztion £ilm, except ;

desired region of the memory cell and an upper electrode

. cf the capacitor;

forming a thirxd insulaticn film on the whole suxface:

removing the portions of the third insulaticn £ilimexcept
a lower electrode region ¢f the czpacitor and 8

region ¢f£ the resistance;
gnisotropicelly etching the whole surface to forma side
wall of a stacked cgate of the memozy cell : and etching the
first polysilicon layer using the third insulation film and the

cide wall as a mask, =0 form the stacked gate of the memory cell,

the capacitor and the resistance.
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