NONVOLATI LE SEM CONDUCTOR MEMORY DEVI CE CROSS- REFERENCE TO RELATED

APPLI CATION [0001] This application is based upon and clainmmeWmEWMHMMfit
of priority from Japanese Patent Application No. 2011-065296/

March 24, 2011, the entire contents of which are incorporated hengisr by
reference FIELD 10[0002] Enbodi ments described herein Telate generally to
g nonvol atile seni CQRULERSELierby CHEPPEEORBUEKEROURBY IL6003] A nonvol atil e
sem conductor nenory device such as 15 an EEPROM an AND type flash nenory,
an NOR type flash nenor and a NAND type flash menory is wdely known.
Anmong them the NANDY : RE g L@ increasing a
menory dgaem TGS ae@gﬁhl@etﬁpéar f@'ga é@reﬁoﬁ SQur cel dyai pdi ffusion

| ayer. 0004] Sel ect ‘gate transistors sel ecting respective blocks in
t he ﬁbno??nééﬂF afraylarétpr 6vpdedapanaepoPytealt] Aapragasngnpdet.i ons of the
NAND tyDeot hagsBHDY ¥ 1 A;Seheph At 8a5whheh  LABSLaLaLf ar cantrol ling the
gate vol tage of the'select gate transiétors i's provi perrpheral _
25ci rcui ¢f FD0OOB] aTheisebepbrgaed seirech bramsifstrencef. the NAND type fl ash
menory is required to have high driving power in order to charge and

di scharge a gate of the select gate transistors. At the sane tine, a high
vol tage 30 corresponding to an erasé€l¥ébtage is applied to the source/drain

10D Bhoblc oalect,gate, M LePLERLeLor, AUILID dalgg1 79! pg gber 2t on

re||ab||nbyvolatlle semlconductor memory device.

BACKGROUND
[0003] A nonvolatile semiconductor memory device such as

15 an EEPROM, an AND type flash memory, an NOR type flash

memory, and a NAND type flash memory is widely known.
Among them, the NAND type flash memory is advantageous in

- increasing a memory density since each memory cell shares a
source/drain diffusion layer.

20 [0004] Select gate transistors for selecting respective
blocks in the memory cell array are provided in memory cell
array end portions of the NAND type flash memory. A select
gate switch transistor for controlling the gate voltage of
the select gate transistors is provided in a peripheral

25 circuit.

[0005] The select gate switch transistof of the NAND type
flash memory is required to have high driving power in
order to charge and discharge a gate of the select gate
transistors. At the same time, a high voltage

30 corresponding to an erase voltage is applied to the _
source/drain regions of the select gate switch transistor
during data erasing operation of a memory cell. Therefore,

it 1s also required to ensure high degree of reliability.
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1 BRI EF DESCRI PTION OF THE DRAWNGS [0006] FIGS. | A and 1B are schematic
cross-sectional views of a select gate switch transistor according to a
first enbodinment; 5[0007] FIG 2 is a circuit diagramillustrating a
nonvol ati |l e sem conductor nmenory device according to the first enbodi nent;
[0008] FIG 3 is a figure |Ilustrat|n t he o eration voltage of the

nonvol atil e seni condu FPEE8LALLONd Py TIE ORAHAGS r st enbodi nent ;
[0009] FIG8064A ands 4Bl Ar gnbi gur £ | H:Héf‘né@&l:ngr@QQLb@QtYQBBS?g@lew
relatlonshlp during operation of the select gate switch transistor
accor di n§ft 8 ERéSFitr I8 tEMBYEILEENE L aREABOP IFIeGC o3 digida tioapodtt réitagr am

i Ilustratipgqtihkenld nonvol atile sem conductor nenory device according to
the first enbodi ment; [0011] FIG 6 is a schematic cross-sectional view

i 11 ustratPA§7a sBlGet2gaseasdirehitrdnausesr iaéostdrhgntoaa second

embodi MRk v39L0012] SBhGoohdt R SHURTRL] GG/088 g:%&ld%g' M e
illustrating a sel ect gate switch transi'stor accor athird
enbodlneﬁﬂrsénémbodp@@n3] FIG 8 is a |ayout dlagran1lllustrat|ng a

nonvol at i dugt e to the 25 third
enbodlnenP%O§ TA%%%D %EgéRgggﬁé%fg %%iﬁf%%gg%ﬁ o?gflPBer%%%ggnductor menory
devi ce aveeidiorgotfotae @m@a@dm&nﬂel§ewlm@mduqnqﬂedeﬂﬂuaxwmmmmbmmnennry

10 to the first embodiment;

[0009] FIGS. 4A and 4B are figures illustrating applied
voltage relationship auring operation of the select gate
switch transistor according to the first embodiment;
[0010] FIG. 5 is a layout diagram illustrating the

15 nonvolatile semiconductor memory device according to the
first embodiment;

[0011] FIG. 6 is a schematic cross-sectional view
illustrating a select gate switch transistor according to a
second embodiment;

20 [0012} FIG. 7 is a schematic cross-sectional view
illustrating a select gate switch transistor according to a
third embodiment; and
[0013] FIG. 8 is a layout diagram illustrating a
nonvolatile semiconductcr memory device according to the

25 third embodiment.

DETAILED DESCRIPTION

[0014] A nonvolatile semiconductor memory device according
to an embodiment is a nonvolatile semiconductor memory

30 device including & select gate switch transistor. The
select gate switch transistor includes a gate insulating
file formed on a semiconductor substrate, a gate eleczrode
formed on the gate insulating film, and a first

source/drain region and a second source/drain region



30 device including a select gate swtch transistor. The select gate swtch
transi stor includes a gate insulating filmforned on a seni conduct or
substrate, a gate electrode formed on the gate insulating film and a first
source/drain region and a second source/drain region provided in the

sem conductor, substrate so as to face each other across the gate el ectrode.

The firsPr88dFEE dPaither 6§MdRONARICHEes SAStESten SOy B¢ itfpidasy 9agfer and a

second notype iaRRUsist ¥hkayek eMaiehthasia hirgbek; bBRULLLY B /geaegnt ration
and has a shall ower depth than the first n-type inpurity layer. The second
sour ce/ dFEPROPediGA REsS & fhirsd R-type ilmpwaity layer iR Fesand ower

I mpur i tyncereent irQR yand yhas & ;shakaner depth t; g, first n- type
impurity Iaggr éﬁ%&é fgﬁrtg n-tyﬁé inﬁhrity ﬁgyerlﬁgﬂﬁﬁﬁs% has a hi gher

i mpurd t y COsREEHMIRALIOHN aasd Nags 2a sheddem edestepttrhdmarh & hehi fride st trype
impurityckayer . [QQ15] Herei nakfer di i.LL Db rihed _wth
reference’to ﬁﬁ%ﬁhra§in§§%‘[0016? FﬁggﬁgsEggg%?{ﬁ%ggpogfgg%ﬁDE%%(Bouble

Di f f used 18 rBr aiTyPSt AOGMIEY Feary artkiaid hefs @ dowrece/idmaimitstructure of a
M SFET (MBtale st aon nrelconduelan Jilel difiheqh, fr ansl sfior). and has a
structure having at least two inpurity layers, 1.€., an n+¥’inpurity |ayer
and an nivpgudiropridyerl sgeel esidng tiveinth impwde yinpayert vandeseavi ng a 20

| oweyq i rity ncent.rati o han.the n+ inpurity |ayer. [0017] In this
specllr?i gglﬁlgtr}f, h%(r% %L%ﬁg?ﬁrgﬁﬂtp&l%ﬁg‘ﬁ/ecf Oﬁrca%nﬁras lro\élctatﬁdg'har%a%sdlea”%$d of a
sour ce/ doaipn hstthect whe ahiadMnSEEDe ambuhas va 1styauct ure having at | east two

inpurity (| IS, 4L.€. n+ impurity | ayer .and a n-..%SirrpuityIayer
| ocat ed a{to%%i% st égépagﬁgrga?ggg%g%%aewﬁlihgﬁegﬁé&u 6% P‘i’étﬁ?+ inpurity
| ayer andelfaiengeca tHoowdre idvpuriings .concentrati on and a shal |l ower depth than
the n+ i rity lLayer. [0018%1 First enbodi ntb S%A nonval ati | e
sem condﬁ@tbc}ré]ne rggaévﬂ?gc éS:SF‘Hilﬁﬁ"tS tll?(g%pr( SRt CeBSdiTESt is a
nonvb} at iDre isgmsaconduci-er w0y devirte davd Nghar el Bed 1 rgad s i 6
transistor: Th |.ec ate switch transistor includes a gate insulating
£11mf or Méd ok 15 e @k?%dal}ctlé]rsuétﬁfﬁrr at EL P dcia gy trect

Transistor), and has a structure having at least two

impurity layers, i.e;, an n’ impurity layer and an n~

impurity layer enclosing the n' impurity layer and having a

20 lower impurity concentration than the n* impurity layer.

[0017] 1In this specification, an "LDD (Lightly Doped

Drain) structure" means a kind of a source/drain structure

of a MISFET, and has a structure having at least two

impurity layers, i.e., an n  impurity layer and an n

R
(@]

impurity layer located at the side of the gate electrode
with respect to the n' impurity layer and having a lower
impurity concentration and a shallower depth than the n*
impurity layer.

[0018] (First embodiment)

30 A nonvolatile semiconductor memory device according
to the present embodiment is a nonvolatile semiconductor
memory device having a select gate switch transistor. The
select gate switch transistor includes a gate insulating

film formed on a semiconductor substrate, a gate electrode



formed on the gate insulating film and a first source/drain region and a
sécond' source/drain region provided in the sem conductor substrate so as to
face each other across the gate electrode. The first source/drain 5 region
includes a first n-type inpurity layer and a second n-type inpurity |ayer

whi ch ha hi gher jnpurity, concentration and has a shallower depth than
the firs Oﬁm?9p8n H%ﬁr9?§elé?éPEa?HBgsééeﬁd &Bfr 8efdF&itn region has a third

n-type i spuritydkaysrrubieh hag a kewshdi BBULEbYqtQigoRegAbiati on and has a
shal | ower depth than the first n-t ur|t¥ | ayer and a fourth n-type
€

i npuri t yPFayefedhiehthassanhrgRapci ﬁﬁuﬁggytéé eﬁpréﬁléﬁ &3¢ch&scd deeper

depth thganthe thikd BhéyegténggEb%¥oh@yerThghP1rst sQQPMnéékékﬁ
sem conduct or nmenory devi Ce according to the 15 present empbodinent is a

NAND % yp&cBLashinekbegs 2] 60T9F rntvRe sepeéﬂtgaﬂéyewzﬁ@ﬁler§@§p§@or
accor di ng_topthenpresent 1 gyhedipept, Hgae, Oklbhersqw_%eﬁegaln regions has

the DDD structure, and the ot her thereof has strdcture. Since one
of them RasCER&ZBDDOSt AL bRE, at Rea20opearasepitt rtésinsttavecd lirstr educed.

Accordin - e p S o N0 ine is
char ged g&¥8lg@ﬁgfggg.fggg%hertgglgéggﬁ e9%§%%¥h ? gﬂ ?Eﬁgént égL
struct ur ehirHi 8- éapeeﬁepmel§wrﬂawerv@hﬂagehﬁesﬁsﬂ@w@e‘ammmhétgate edge

por tjipn i g e iQn ry 25.cell _dat The fore this
can a soggﬁgggggé? hﬂdgggeég%fg ﬁ g%ﬁgg d Eﬁ%oi %Fqé l%é%a schematic
cross-setypenampwkeleLbuetrahdng ﬁberseleeﬁy@atempmnﬂﬂythayunstor
accordi ng, to,t pre empodi ment . FILG | A is a schematic cross- 30
sectionaﬂ v?gwﬂggleI%§BFFus%r§PFltytﬁgn§§ Eéﬁtégﬁeagﬁftéh tF ansitst'or. FIG
IBis a eréh&thencthssthamﬁl@H&Wp@l&prﬁQhUdﬂ@@e&n alhacent sel ect gate
ect ate swi t.ch transi tor 10q%1|ncludes a

switch transis 1 02 % @5 %
gate |nsuPat|ng ﬁlF I2HOrmEs 6% &€ 8ﬁ¥c8ﬁa&€toﬁc

15 present embodiment is a NAND type flash memory.

[0019] 1In the select gate switch transistor according to
the present embodiment, one of the source/drain regions has
the DDD structure, and the other thereof has the LDD
structure. Since one of them has the DDD structure, the

20 parasitic resistance is reduced. Accordingly, this can
ensure high drive power when a select gate line is charged
or discharged. Further, since the other of them has the
LDD structure, this can ensure surface voltage resistance
at the gate edge portion during erasing operation of memory

25 cell data. Therefore, this can also ensure high degree of
reliability.

[0020] FIG. 1 is a schematic cross-sectional view
illustrating the select gate switch transistor according to
the present embodiment. FIG. 1A is a schematic cross-

30 sectional view solely illustrating the select gate switch
transistor. FIG. 1B is a schematic cross-sectional view
including an adjacent select gate switch transistor.

[0021] A select gate switch transistor 100a includes a

gate insulating film 12 formed on a semiconductor substrate



10, a gate electrode 14 forned on the gate insulating film12, and a first
séurcefdrain region 16 and a second source/drain region 18 provided in the
sem conductor substrate to sandwi ch the gate el ectrode. 5[0022] For

exanpl e, the sem conductor substrate 10 is silicon. For exanple, the gate

insulating film1l1l2 is a.siljc ide film_ For exanple, the e el ectrode
19 ha t N8 sAnE=SPaBREa SO Tt & CAECE W0t 61T S DA R a™ For
exanpl e, 10, kadf ar med swi shhuaceharge nstrefgdgs fliid mnkta efectigpol yerystal i ne
silicon, a block insulating film 14h made of a stacked filmincluding a
silicon GRPAESH FAF/tRa F§9 o PniPrAVdESA 'R i SESiIBIT 6K de film and a
control gabeteleet kedeahidwickiend Rte d1dackad filmincluding, for
exanpl e, polycrystalline silicon and nickel suicide, which 15 has

cont i hui tYO%2th” FRE BRargecst bP&gecPi FANELS T Pra SaRSEpeRrng pdfti on provi ded

in the blsagk dopsul 8bkngxbihbMe14bne [AO23LnLhe amaberirahs oh thea
sem conductor substrate 10, the gaté insulating film 12, and the gate
el ect r odé114 came opddendddssar FPy ERATNPeq .t 6hehasé ematlecitardel iLét ég¢sabove as

20 exanphes. Rl etamies 4. Lharoe Stonage film e e pothery
materials such as a trap insulating filmincluding SIN, SION,” H 0, Hf Si G

Hf Si ON af®@rs&XeiP lgnd itthd sstfagknest rictturae dfapnt yergsasd 1fiden si4a coh | ayer

and {he j |_ati; I r...Th gk, i4 i fiddm 1 e 25 _
H ghK na?%?gg{g §ﬁ%hlg%3ﬁ?§$1:rgi%N?hAlo, {Eﬁgf%éégﬁxfﬁéﬁuﬁgha Gg control
gat e el ecthr edes Hadkadl4c. Imayi rivel utiher avetieri@ds sucde abl lan,stackiedi ot m

i ncl udi ng .pal.ycrystal | i J 1. qbal t. sui ci de, ilm

i ncl udi n%%%lyoﬁer %@I’I Sl I%%%r%%g)%lu%gsile%“’si ?@i%?ﬁa@fﬁfﬁg‘%&g%‘% 30fi I m
a tungst enagrttnddde Ffilltmldand i he | ikestdO02d ] fiThe fnckidisour ceddrai n regi on
16 includes a first .n-t ipurity. layer 16 n second. n-type. Lopurity
| ayer 16§%<va1nllpc1he’h}so o Chnlyiéetearl%ﬁlrppeur%ljtlyl %%I}] c%‘rrl]?rrg ?16%1 ant *1%15&1%’ svﬁrgﬁjgpwer
dept h5t hdarad heorftiirsti tny twipeh 1 tipureiardayseroibae £]100264a Fora exanpl e, the

(LTSt I MRS SIPYLLY LYol B S L pupe L LusLon b oyely Uekng
first n-tyE3npdhet yatayanlbati $hebowmitctihetons /o tre tEE20 at ons/ cnB.
|0026] TS, £SeAd Sidape IRV Lwer dob o Lorredat, g popitign foriher
formed tavdxe ened osed by thei féd Sto NehyPe maPYritysl ayered6avotoragxanpl e,
the 20 examples. For example, the charge storage film 1l4a may be
other materials such as a trap insulating film including
SiN, SiON, HfO, HfSi0, HfSiON and so on, and the stack
structure of polycrystalline silicon layer and the trap
insulating layer. The block insulating film 14b may be
25 + HighK materials such as HfO, HfSiON, AlO, LaO, LaAloO,
LaAlsSiO. The control gate electrode film 14c may be other
materials such as a stacked film including polycrystalline
silicon and cobalt silicide, a stacked film including
polycrystalline silicon and tungsten silicide, a tungsten
30 film, a tungsten nitride f£ilm, and the like.
[0024] The first source/drain region 16 includes a first
n-type impurity layer 1l6a and a second n-type impurity
layer 16b which has a higher impurity concentration and has

a shallower depth than the first n-type impurity layer 1léa.



10 second n-type inpurity layer 16b is an n+-type diffusion | ayer using
arsenic (As) as inpurity. For exanple, the inpurity concentration of the
second n-type inpurity layer 16b is about 1E19 atons/cnB to 1E21 atons/cnB.
[0027] As described above, the first source/drain region 15 16 has the
so-call ed DDD._structure. %0028 The second source/drain region 18 has a
third n-typé i nptirt t §XFEDEF, 183° whi ERLhAS CHPROoWBPUF Mplr L BYSEonéeniFat i on

and has anshallower gdeptbibhanatbe fishsly RHoeReoRurishY daygipkba and a
fourth n-type inpurity |ayer 20 18b which has a hlfgher i mpurity
concent r AP0 *@A@ kas t&Cda8Par 1G&pORARA e Arhiatd thet yige SthpuriBe | ayer

18a. In additiien, 1LR Sagand sSQues/ diFaid J1eaont8thnekbudes a fifth n-type
inpurity layer 18c which has a lower inpurity concentration and a deeper
dept h° t ha®oflsd Fourth n-type 25 inpurity |ayer 18b. [0029] For exanpl e,

the thirqo@Q%MpeThngEEEMdlﬂyggpé8§ﬁ%§r§@ n1a§x961%bfﬁg8%8@m£@y%& usi ng
phosphorus (P) as inpurity. For” exanple, tyhe npurity concentration of the
thi rd n- typge tilmpuriatnf Neay érr o8 & hies caliute LRI cateontsd ¢t eI rst

30at ons/ ¢n8 The f.our -t i i yer, is. fo at a
posi ti on%f a?lpﬁgag%r om Pﬁ(&lag)aétllqu{ééc%é?lgjdelr?i}q%ré the bt%?elr%dhnqsffey%;agrrpuri ty
| ayer 18aheFdr retampite/pet hafugurttyh Ieteppel Gapuiioty elkagerd el8lshiess an n+-type
di f fyusion, | usi arseni.c ( Lopurity. +For _ex l.e, .the inpurity
conchnt 1 A oA o THEY GUFR Tt Yo S by 148 dF ~2uB% S1Bset lELe

at ons/ cnB atye rl E2li rey aivsdeon®: (303 Hs Thepud fith nFoypexinmpuiei,t yhleayer 18c i s

forned at, a @ipcoysition f.arther frfongthe at e el_ecctrod.e 14 .thanlthe third

n-type i r%ﬁllg)ﬁ‘t y -l eijyoemrC ar,atalr?d] i%s fohremaS %ndenncl 088 AP FoUrY h anz?zg/pe

i mpurity léayers EnutFdrE eX armpnes / drtfe thi fiE2 Inattype /icopurity |ayer 18c is an
n--type diffusion |ayer using phosphorus (P) as inpurity. For exanple, the
10 i npur i {4 <dncéfit gﬁ?FSﬁESQ ?E@eri'fftﬁen- e isﬁblﬁrciet/)?ir%é&)?erref&é’q s about
1E181 8t omsd i tthel B20-ationsd o {10032 uls. descri bed above, the second

source/drajin region 18 has the so-called L structure.
ﬁK&B] gT%e second source/drain rg%?on 18 has a third n-

type impurity layer 18a which has a lower impurity
concentration and has & shallower depth than the first n-
type impurity layer 16a and a fourth n~-type impurity layer

20 18b which has a higher impurity concentration and has a
deeper depth than the third n-type impurity layer 18a. In
addition, the second source/drain region 18 includes a
fifth n-type impurity layer 18c which has a lower impurity
concentration and a deeper depth than the fourth n-type

25 impurity layer 18b.
[0029] For example, the third n-type impurity layer 18a is
an n -type diffusion layer using phosphorus (P) as impurity.
For example, the impurity concentration of the third n-type
impurity layer 18a is about 1E17 atoms/cm® to 1E19

30 atoms/cm’.
[0030]) The fourth n-type impurity layer 18b is formed at a
position farther from the gate electrode 14 than the third
n-type impurity layer 18a. ror example, the fourth n-type

impurity layer 18b is an n'-type diffusion layer using



[ 0033] The di stance between the gate el ectrode 14 and the 15fourth n-type
i purity layer 18b (a2 in FIG 1A) is preferably larger than the distance
bet ween the gate el ectrode 14 and the second n-type inpurity |layer 16b (al
i'n FIG 1A). [0034] At this occasion, the first n-type inpurity |layer 20

16a and the fift urity | 18c_preferably have the sane
|npur|ty358ﬁ8éﬁtp§? /0 aﬁ@nﬁﬁét§gnegé€p?ﬁamﬁﬁﬁ tEQesé%BHa ﬁ Ytype inpurity

| ayer 16boandnthetfiedr th lahtayLf@ulrmuhl—tty/pleam@ukal@ypa@fye:rraalasb have the sanme
inmpurity concentration and the sange deEth This is because the 25 first
n-type i RPGHCt yELdy &FCT64CEndEPhetet f & Oﬁsf9ﬁe impurity layer 18c can be

formed byobhe safkg. mapgfRchUr{,pg MRpHed: yandythe)second rRripeakmpurity
| ayer 16b and the fourth n-type inpurity layer 18b can be fornmed by the

sane han@Paétdrnndartted LreB tha Jhe Rehfefaecsr ilfy tedt e J0rieduced.

[0035] Ap_i.pter-haven chnsuhati ngf i Iade% s e Pndde, gatg, el ectrode 14
and the seniconductor substrate 10. For exanple, the inter-layer insulating

film20 ifQuatsi Ni-coReoxigeriitymlaysgo3éP A FPEsExaBRilaet tP& itd Ttdrmed to
penetrat% %g?%“g%ﬁhQ%t'”H%re&aﬁ 1Q§%%@HfDgybblHH%Qu%QO%Sl%QegonneCt the

first sourc rain region afirst wwre 22. Further, a“second contact
28 is fomuseddat ehosmphest:st He) sé@bﬂdWBH§GUTceF@ﬁaﬁﬁa@pé@br@@@ 18 and a second

6. . t d

u rerGe Ry RebeehtEauachl I BETLIE e A i ot om o

t he flrsﬂ8conma@mom¢ ﬂhé8sa¢amdwtmﬁta©t1280nayome/pagtt|oned | ower than a

surface c6’[f. 19.s §Qqa 99%8@ E]p 'ébstt'h%t%ecokgoéﬁl hed fr;arl %ir el drain
I'S via the Ti rst

region 1 onhec rst contact dthe re 22 to a
gat e vol tl&géagendreaatscortadilreclitDEF ort generati ng t he gate vol tage of the

sel ect g%&ﬁligan§h5tglstang% % %%%%ns%%rc%gqra%&ectrode 14 and the

15 fourth n-type impurity layer 18b (a; in FIG. 1A) is
preferably larger than the distance between tne gate
electrode 14 and the second n-type impurity layer 16b (a;
in FIG. 1A).
[0034] At this occasion, the first n-type impurity layer

20 16a and the fifth n-type impurity layer 18c preferably have
the same impurity concentration and the same depth, and the
second n-type impurity layer 16b and the fourth n-type
impurity layer 18b preferably have the same impurity
concentration and the same depth. This is because the

25 first n-type impurity layer 16a and the fifth n-type
impurity layer 18c can be formed by the same manufacturing
method, and the second n-type impurity layer 16b and the
fourth n-type impurity layer 18b can be formed by the same
manufacturing method, so that the manufacturing cost is

30 reduced.
[0035] An inter-layer insulating film 20 is formed on the
gate electrode 14 and the semiconductor substrate 10. For
example, the inter-layer insulating film 20 is a silicon

oxide £ilm.



15 region 18 is connected via the second contact 28 and the second wre 26
to the-gate electrode of the select gate transistors. [0038] The distance
bet ween the gate el ectrode 14 and the second contact 28 (b2 in FIG 1A) is
preferably | arger than 20 the distance between the gate el ectrode 14 and
the firs act 24 (b1 in FIG  1A). [0039] As shown in FIG 1B, two ot her
T ect oaPE B Thn e Tr Shererbr et 180015 1hOE e e or BN aRA EE] REEREGHO | ne

sel ect gahe swkbkehlbrampsiisikanat@a. rihe Dior st sEUeE/Braidrtr @gicon 25 16 is
shared as the source/drain region for another select gate switch transistor
100b f or fred SAdFREERE/ERELEt STt HE SiFer Rardt tHe Sedond ¥6GPEE dr ai n

region 18 kschsel abedaby 2sdew @izl 3l @ nreeion 30 JYNA source/drain
region of still another select gate switch 30 transistor 100c adjacent

t her et 0. SPOO4GY CEGrPeRARPIEE O%the Sdévicc @ IS§610AF 8- Tegi®n B0Ti s nmde of a
silicon exide1tl '4'tT‘he[ QQ4Lk As shown i FliGr kB odie 4 stangg bet ween the

gate el ectrode 14 of the select gate switch transistor 100a and the gate
el ect r odéesPnche iggotleer agl déte @@ rshiacstr aatarksi stusr MEGBDO &t t he side of

the first souice/ didin g 16, (& it BiGs B s r ef eralld Yo d &gy than

t he distance between the gate el ectrode 14 of the select gate 5 swtch
transi st 60NEECE &¥d Melye bgedasd Hisulest ilowaredibam 30 wtrfdne sifdéhsf the

secopg S%%Fn%@o%ﬁ?fc%orre%iu%t]rgat(ecz in FIG 13). [0042] FIG 2 is a circuit

di agramilTustrating a nonvolatile sem conductor nenory device according to
the 10 pri@dent] embedifnent. spsrskdamaiin EFeGiod, 1for sexampketed memory cel |

array 4OQH§5f¥y§§ié&ﬁf%%é“@ing%érghé]fyf%t wire 22 to a gate

voltage generation circuit for generating the gate voltage
of the select gate transistors. The second source/drain

15 region 18 is connected via the second contact 28 and the
second wire 26 to the gate electrode of the select gate
transistors.
[0038] The distance between the gate electrode 14 and the
second contact 28 (b, in FIG. 1lA) is preferably larger than

20 the distance between the gate electrode 14 and the first
contact 24 (b; in FIG. 1A).
[(0039] As shown in FIG. 1B, two other select gate switch
transistors 100b, 100c are provided adjacent to the select
gate switch transistor 100a. The first source/drain region

25 16 is shared as the source/drain region for another select
gate switch transistor 100b formed adjacent thereto. On
the other hand, the second source/drain region 18 is
isolated by a device isolation region 30 from a
source/drain region of still another select gate switch

30 transistor 100c adjacent thereto.
[0040] For example, the device isolation region 30 is made
of a silicon oxide film.
[0041] As shown in FIG. 1B, the distance between the gate

electrode 14 of the select gate switch transistor 100a and



integers) MS transistors, i.e., nenory cell transistors M1l to MIln, MrI21
to6 M2n, Mim to MIrm. In the nenory cell array 400, these nenory cel
transistors are 15 arranged in a colum direction and a row direction, so
that the plurality of nenory cell transistors is arranged in a matrix form

0043] F | i 400, th |1
Erans}stgﬁgexag% g&ebﬁFﬁgﬁnﬁ ?Eéysépg5p%%;a§lfﬁttﬂéﬁgiggg? %gl and STD1

are connechediishosenioes b earstkiitiet @ ra tNANR istdti R@udced.araarcel | unit.
[ 0044] A source_region, of _the nmenory cell transistor MI1ll | ocated at an end

portion &FILRE d&r dyioft heCgr bBp b? RERDPY2EeV| LEPANSI8POFESMILL to MM n

connect ediisit a9kl % thvdesd teeniesked 1t taHail 1goior ofethe sgplect gate
transi stor .STS1 for selecting the nenory cell transistors M1l to MIiln. A

dr ai r° r e§iérCbf HRG SiEROry 108RI aPandies (IS iME H 9cdcdtied ateEPrentf porti on

of the apraynef dike WOUHOIsIRIM Yshitlde IdANSL STOYSo,MMd 10, M negonnect ed
in series is connected 30 to a source region of the select gate transistor

STD1 for 1&dl-ecting the nenory cell transistors M1l to MIin. [ 0045]

Li kewi se,; obﬁ%&setﬁét gaEQ Eré9§b§39rél§$5%mt91§T§%Eat ggmeNOry cel
transistors M MImm, and t he sel ect gate transi stors STD2

to STDnlQﬂ@VQL&ﬁk%ﬁ|%ﬁm%ﬁq@§Wﬁé@ﬁe@GM@EMHqﬂﬁiQQ)aﬁﬂﬂﬂdﬂnﬁe$QW@MEstrlngs
[0046] The s0uicespluibe Sel £60 ABLE LhaBaLst ors SIShLg STanare

connected to a conmbn source |ne he word-Tines W.1 to Wn
of each ofemdry rendr yargagel400 riansicgisoris- UELL byvrm Mhayl ,;n tdree menory cel |

transi Stars MEZ) WE2.MURR ocpe and S he MBMRTY G811 41ANSISESLS MIIN

MI2n, MInm ar € connect e

MT11 to MTln, MT21 to MT2n, ., MTml to MTmn. In the

memory cell array 400, these memory cell transistors are
15 arranged in a column direction and a row direction, so that
the plurality of memory cell transistors is arranged in a
matrix form.
[0043] For example, in the memory cell array 400, the
memory cell transistors MT11l to MT1ln and the select gate
20 transistors STS1 and STDl are connected in series to
constitute a NAND string, i.e., a cell unit.
[0044] A source region of the memory cell transistor MT11
located at an end portion of the array of the group of
memory cell transistors MT11 to MTln connected in series is
25 connected to a drain region of the select gate transistor
STS1 for selecting the memory cell transistors MT11l to MTln.
A drain region of the memory cell transistor MTln located
at an end portion of the array of the group of memory cell
transistors MT11 to MTIn connected in series is connected
30 to a source region of the select gate transistor STD1 for
selecting the memory cell transistors MT11l to MTl1n.
(0045] Likewise, the select gate transistors STS2 to STSm,
the memory cell transistors MT21 to MT2n, ..., MTml to MTmn,

and the seiect gate transistors STD2 to STDm are

Ne



line swtch transistor 402. [0048] The word lines W.1 to W.n are connected
via the 10 word line swtch transistor 402 to a boosting circuit and the
like. The word Iine switch transistor 402 controls the operation voltages
applied to the gate el ectrodes of the word lines W.1 to W.n. [0049] The
comon sel ect %ate | ine SGS of the select gate 15 transistors STS1 to STSm

and the CGRRGATSdFedt “GANE tiEfle 18G5GT Ghd S WG gat'e (NS SHOMPSSTDL to

STDm ar e [ponmect eHet oarsekest gatesswetehghransirshen s484s [$@@50koThe
sel ect gate line SGS and the select gate line SGD are respectively

connect ed T¥ita 3fe COBINEST eFatt® SWICEROZ0 ITHTS stidre 404 to a gate vol tage

gener at | Q'@OQ'7_}CUTBe4Q@rBO!’LlH§§eW§§.' pg fihe 92t eaval bagenef L{he sel ect gate
transi stors he sel ect gate switch transistor 404 controls thé operation

vol t ages Ca&pp! ite@nsd sttive sgdiTe le| ¥ftdlodes -of Ml sdifectmeRaey t¢unsi stors STS1
to STSm 25054, (theror d rones W1 terAn, the sel egle galg 1) n& 1S5GS, and

the select gate line SGD are connect’ed via the word: line swtch transistor
402 and tH@nsdiséctr sgdtld rewittle it r-ansi dtoin 402 taPrang @ decoderva@08. The row

decoder ﬁq%ed%CNqCE% a S Qw;address,-signal to obtain a row address 30 decoded
signal, and controls the gate voltages of the word Iine swtch transistor

402 and t[Ré48d| eChegapadswineh Wkansiostdin 404, COFI@@@Z]edTWeadrté{lens of the
sel efé o%t B‘E‘%S'Stv&r Tc'%]aqsolcslp 44%?0 espectdvel C@W@F@‘j 4§ bit

l'i nes 51 urm “decot talns a co ress signal,
and sel ed;tk@ drykeoneTok whedbiltinki ses tBhl trenBlimtor t4e kagitsadfs tie col um

e 225, ESSHSE 3 0 d SO, SPUSE,EIL B LA AIDIAL g0t T oac
col um damténlztﬂeos WLl to WLn.
[0049] The common select gate line SGS of the select gate

15 transistors STS1 to STSm and the common select gate line
SGD of the select gate transistors STD1l to STDm are
connected to a select gate switch transistor 404.

[0050] The select gate line SGS and the select gate line
SGD are respectively connected via the select gate switch

20 transistor 404 to a gate voltage generation circuit 406 for
generating the gate voltage of the select gate transistors.
The select gate switch transistor 404 controls the
operation voltages applied to the gate electrodes of the
select gate transistors STS1 to STSm.

25 [0051] The word lines WLl to WLn, the select gate line SGS,
and the select gate line SGD are connected via the word
line switch transistor 402 and the select gate switch
transistor 404 to a row decoder 408. The row decoder 408
decodes a row address signal tc obtain a row address

30 decodec signal, and contro.is the gate voltages of the word
line switch transistor 402 and the select gate switch
transistor 404.

[0052] The drains of the select gate transistors STD1 to

STDm are respectively connected to bit lines BL1 toc BLm. A

10



[ 0054] Subsequently, applied voltage relationship during erasing operation
of menory cell data in the nonvolatile sem conductor nenory device of the
present enbodinent will 10 be explained. FIG 3 is a figure illustrating
the operation voltage of the nonvol atile sem conductor device according to
the present enbodi nent. [QO055] I.n this case, in FIG 3, Vdd denotes a power
suppl y VSIO%Lé@‘Q. dﬁ&r"dgiaﬁﬂ:%e,ogttajinss P QI AFRTerotEe e Bqvite

vol t age. skQlec@xanrplye oniet oifs the 1A 26 iViesViEgad Wemte o dieada0ld age hi gher
than vdd. For exanple, it is 2 to 9 V. Vpass denotes an internedi ate
vol t age. “B6r CEXEP #9GTESSs A8 qaster3 i and|- denotes a pre-charge vol t age.

For examlo@s3jt T8eO0sént® AmM1i¥YhBrdenot espa;sybst wake 2QGweldbyvol tage.
For exanple, it is O V. Vera denotes an erase voltage. For exanple, it is

13 to° 26 "B FEORE]Y ASldhswrnisd G Blafthdchderdst mpwptsdon 018 t he

menory celly daia. A Rirghawldage \Vera is applied to the sem conductor
substrate (Sub) of the nenory cell array. On 25 the other hand, the sel ect

gate |ind$90SA3 andbsenuanelivn fPeatedgvstares Thiletilonsd iaydivdiogeur rence
of diel e¢t/i s Ry eak f i nsul atj £l qguﬁg .-hi gh

el ectri c%friraeslqoﬁ; pl ?%gﬁtogl t%\ﬂ;%geg[t?i& nds?%l*atac%ént&gfll n%pls%f t ecgls%lelc gate
transi st @re@iSFleLICGOSTDﬂmOLM{ 57 ceidde thve mateutt gatleodimecth wilansi st or
100a, @s 0 {1, <Fl 1A;~th t l rode - of .sel ect gate transistor
has %ﬁch%ge \s/%&rﬂul::}itlﬁlree%'t hg Gt'hg g%arggglgg%?agélgislt%g% élga%cﬁlet he control gate
el ect r odededanibdc varle agendutttiiigg narar d ket idpe rdangl porduoro pravides i n t he
bl ock i {:ng. il 4h. Therefore, .if the select gate |ines SGS and SGD
are mai n{ézcllgr??éhg% ae% irpxhéed%vroﬁst ang°e esIrch PSSV and vdd when hi gh vol tage
Vera is dfilisdd Ta thesseaseonductaG.sdhstvdat eleridte disf fenenceupglitages
fromVera 5.are all, applied.,to the .gate_insulati films. [0058] FIG 4 is
a fi gurevi%tuas%er'at :Fﬁgr gﬁﬁfnipég’véltté etlr écloat%i nsh?ggﬁufj?ﬁatgﬁe?ati on of the
sel etd gatre switclht dgansiFstroexampdrdi ng tie tilse tpr @xent. enbeddnent. FI G 4A

i i relatiaqnship durli erasing 10 operation. FIG
2E|FF}L§%fS‘g§£%%§ﬂivo 5%i%ﬁ§§3 tié%é& 1an Vég{ For € amplé% it 1is

2 to 9 V. Vpass denotes an intermediate voltage. For
example, it 1s 3 to 13 V. Vbl denotes a pre-charge voltage.
For example, it is 0.5 to 1 V. Vbb denotes a substrate

20 (well) voltage. For example, it is 0 V. Vera denotes an
erase voltage. For example, it is 13 to 26 V.

[0056] As shown in FIG. 3, during erasing operation of the
memory cell data, a high voltage Vera is applied to the
semiconductor substrate (Sub) of the memory cell array. On

25 the other hand, the select gate lines SGS and SGD are in
floating state. This is to avoid occurrence of dielectric
breakdown of the gate insulating films caused by high
electric field applied to the gate insulating £ilms of the
select gate transistors STD1 to STDm.

30 [0057] Like the select gate switch transistor 100a as
shown in FIG. 1A, the gate electrode of the select gate
transistor has such a structure that the charge storage
film 14a and the control gate electrode film 1l4c are

conducting via the opening portion provided in the block

11



rel ationship during reading or witing operation. [0059] The applied

vol tages of the select gate lines SGS and SGD attaining floating state
during erasing operation are raised to Vera by coupling with the

sem conductor 15 substrate to which Vera is applied. As described above,

t he second sgugce/dr ain rlggl on_18 of the select aﬁ]e swtch transistor 100a

(FIG 1AM'PELE6AREcEed™vilaPt he 8BEBNDAT Bont actP9858ABCFNE2EBCORR R re 26 to

t he gat esekeghrodes af-et heisekeelkqgate at rfd@@cstm&,age &ucH he gehect gate
line SGS 200r. S 0060] Therefore, as shown in Fl 4A, Vera is applied

D, [ 006 |
to the sé88ndIsourRess &i8itn VPddiraie Y8 durisngerdsihd opération. The sel ect

gate sw kehitbabsi-sber s1i0Qa raprl, i €38 Maliage MBS LV QonVdt 40 the
gate electrode 14 to maintain OFF 25 state, so that the select gate lines

SGS ahd 8GO aréd Rept i fcodthien§adtatie sgurEitid e rfdsingg operation. [ 0061]

Ther ef or g odini ngrer asi ng prﬁsakenilmhgerskgﬁgrg ﬁh%hdvbgtag@'ied bet ween
the second source/drain region 18 and the sem con fictor su strate 10, and
in parti ggllarionisghP3gualiest opefhtelom iof apy issd et i edyeltofh the gate

el ectrode. ,Therefor 6. I8 fpY J ec%téc%dtfeeéérﬁéoléfadﬁovdm?er&.z gegradation of
joint volfage resistance of the second source/drain region 18 and increase
of a | eak ldustadttesFarnifiiesl vedsage ate e aidelfdutiaisecarisbur ce/ dr ai n
regi 1 it s reguirednt 04 se.t rf.a | tage resistance.
[00612)(?I O%ptet%tolt%ﬁlér ﬁg%d, gtBhglergE?gs“%arggp?i#aeidn%ﬁel\égg% 16 is connected via
t he firstredertiactshds and itnlge faadsitngniare w22 tind hepeggattei arol t age generati on

Fransi st grD (1 D) SR e b A & R fed T TR GALE dortagS ener ati on
circuit 406 iSGI0 aW terindady fllverteifroy est e | dgr Ier@ss megs operate oat idn gh
vol t age fséuch Aas ter&e Q/O|vt ar%g bgpplcg e% t he .second sour ceC{Lgcrtagrn region 18 is
not appl i"ed t'¢tHe 5% st° ouTce! 1 ey G 1T con
15 substrate to which Vera is applied. As described above,
the second source/drain region 18 of the select gate switch
transistor 100a (FIG. 1A) is connected via the second
contact 28 and the second wire 26 to the gate electrodes of
the select gate transistors, i.e., the select gate line SGS
20 or SGD.
[0060] Therefore, as shown in FIG. 4A, Vera is applied to
the second source/drain region 18 during erasing operation.
The select gate switch transistor 100a applies a voltage
such as 0 V or Vdd tc the gate electrode 14 to maintain OFF
25 state, so that the select gate lines SGS and SGD are kept
in floating state during erasing operation.'
[0061] Therefore, during erasing operation, high electric
field is applied between the second source/drain region 18
and the semiconductor substrate 10, and in particular, high
30 electric field is applied at the edge of the gate electrode.
Therefore, this may reduce reliability, e.g., degradation
of joint voltage resistance of the second source/drain
region 18 and increase of a leak current. For this reason,

at the side of the second source/drain region 18, it is
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[0063] During reading and witing operations, O V or Vdd is applied to the
sel ect*gate lines SGS and SCGD via the select gate switch transistor 100a
(FIG 1A). Therefore, as showmn in FIG 4B, in any state, high voltage such
as the 15 voltage applied during erasing operation is not applied to the

first source/drain region 16 and the second source/drain region 18. [0064]
As descr irﬁ(%ll&ﬁg\/é,o 'lglc\?ieé\ﬁeofthtehéuﬁéﬁﬂq A HFFHS EEVAYHYE T el at i onshi p

during openabijonoaf thbeosekechagal etR8 $wirkeh sbhansi/stain theiseunee/ drain
structure is optimzed . in the select gate switch transistor according to

the preséft CEMPEHTFENT 1Y (66515 HTsCOMTRE DRI ttdihi i tenptityett as t he

first soulcefdr ajater e@10m b o drhati JH ah Mol d Sfletg_l_eﬁ*F%pﬁli’@ﬂ‘lg?5 thereto
in agg/ of the reading, iting, and erasing operations. Therefore, the
dri ve® powde i%q%éfpégsaé& Athé her e l61ct KB DU eI r i A S edilon 19 i s

reduced, tapd e Gl RYize Lanrdie @rsid d educed;e [RO66], 4 1,0t her words,
the inpurity concentration of the 30 first n-type inpurity |ayer 1l6a

serving & aveth4Ahypge & M @i ofld .ay@heire fogte  hidghlrénat kam stimg i npurity

concentrat]| fofhethir -1 it r , ﬁ@. i n-type
i mpur i ty%ltdae%rtqf& ?lslg}r?rja e 1{{5%62%316%52%_4, t%}aéna‘%/ etat]?%ara n- t%/%gt(lg I’Y%}?Jél’l ty
| ayer 18&eCTmids sadipsesindian yrariasi ti% Fegist armel ofd tte the t§ipesdi f f usi on

| aye{, a IR QMes rjv ower of the select gate switch transistor
100a.OTh%%|5Jar asitic r g‘gelggtde{lngle&of the n--type diffusion |ayer decreases as

the di st dide et WeeAngheegdt egsaekestrricde dldprane ttilvassedoivd o= tdse i npurity
St uct ure | SRBITYCE 0% R Cocomy Sour e Irarh 1A Or0 15 Lo That hi gh
vol t age isselappl i« hevigtah durdnegl erasi WP DpEr Bt i og ) whaheine fidres,
as shown in FIG. 4B, in any state, high voltage such as the
15  voltage applied during erasing operation is not applied to
the first source/drain region 16 and the second
source/drain region 18.
(0064] As described above, in view of the peculiar applied
voltage relationship during operation of the select gate
20 switch transistor, the source/drain structure is optimized
in the select gate switch transistor according to the
present embodiment.
[0065] First, the DDD structure is employed as the first
source/drain region 16 so that high voltage is not applied
25 thereto in any of the reading, writing, and erasing |
operations. Therefore, the drive power is increased, the
area of the source/drain region 16 is reduced, and the chip
size can be easily reduced.
[0066] In other words, the impurity concentration of the
30 first n-type impurity layer 16éa serving as the n -type
diffusion layer is set higher than the impurity
concentration of the third n-type impurity layer 18a, and
the first n-type impurity layer 16a is made to be deeper

than the third n-type impurity layer 18a. This reduces the
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10 i nproves the surface voltage resistance at the side of the second
sburce/drain region 18. [0068] In other words, the third n-type inpurity

| ayer 18a is nade into the shallow n--type diffusion |ayer with | ow
concentration, which enhances depletion in OFF state and 15 increases

vol tage drop i,n.the n--type diffusion_layer, thus inproving the surface

Vol tage PESPSiaicoTemtsbHREE Sr G0 PheCyBr: d06LaF BN novRe: natey pe

di f f usi oAmpbayeksi Atkeasescapoire drstancedeiaeen thewdala el ectrode 14 and
the fourth n-type inpurity layer 18b (a2 in the figure), i.e., 20 the third
n-type i RparEty Hodydl VEsa, TheCBAESSLbhGer SSLEOB69FCI RToF8Er Pt OLYREr ease t he
vol t age @HEGRFuGUYOINNG a8icasidRe RN 10N @le thewsirde et sagntate
source/drain region 18 and inprove drive power during the reading and
witihg GPECATOGs 1dt aKe thisdSesoncha fiyRst SmceMrai¥e 25 ¢egidn 16, the
di st ance ;between jthe gate electrode 14 and the fourth n-type inpurity |ayer
18b (a2 in FIG 1A) is preferably larger than the distance between the gate
el ect r odd P4 7dndOnhehseethdrnheppe thpubPLy stayetuteb ifakmpd oFEG aBA) .

30[0070] The AR WL IRHAHLANCE 3 H SO r&duged t?yizd}?%i%é he, di stance
between the gate el ectrode 14 and the first contact 24 (bl in FIG 1A). The

vol t age @RGP liss dIhsg gtfcrceaseW R SidT®e et i v divgieardey betiseen the gate
el ect fod t sﬁﬁm}: C 2 n, . thi spect,
t he %Idljst gﬁ%ﬁcog}%t%v\e%ﬁe the ng:teeo\;ekflg%gr%gteé%is ﬂaé{r:nd!: elt h%et ;@ceong raceon(?faiﬁﬂe% (b2 in

FI G 1A) sesqrefsnatie/ darigerr¢diam tie. di st ance between the gate el ectrode
14 and t iJ.St -cOo 1 in FLG. ) 07 Furt her, si t he DDD
struct urg%lofséggnpllglyggﬂgg %%Je:ggi’rlst?eslotuﬁrlgéﬁ ré:i?'%)%r ég 8&%& %éasyezrhg%% in FIG
| B, the disstwatse ibetovgdre tdimlgaive rel-egtoreode fXasdbnt Re ysel edtthgdicer swit ch
transistor, 100g and the gate electrode Cfé 1he. anot her }ﬁel ect gatg swi tch
transi st o f00b &t tHe <1 de of Kt i TR Sotire e ard ?%%ﬁ%nari (clin

FI G 113) icarnrdresd esso Itwge tdweowiist attee hettween dilie ugdtoa aleagein,odeulsd of t he
sel ect gate switch transistor 100a and the. device isolation req%ﬁp 30 at
the side BPTHEEedGHd THUrEE df et ¥ egi on 18 i n RGP eB)" 4% ot her
vvcﬁrds, a&mmw@%dﬂ;}bg Pﬁ’l cése ri|.'5t\Mp:@’/ . elitfifesDol Stareat Lil’rﬁ:riéasfjﬁml Syed,
the area required. in the first source/drain region 16 can be reduced.

Ther ef or €8 ?cﬁbe chﬁi)t%r?%ee R 5 r‘gb%c%ﬂt%a%}??grcf%ﬂzi #FE 8% s a layout

di agr am ifdwisti atihgod NERVelafileysen ewnguction drmariydevi ce according to
the 20 present enpbodinment. FIG 5 shows a |ayout of a nenory cell array, a
wor d2Pi ne&ni e € ransYRE of PRt R 52V REt L At LW tPRAERFstor. In FIG

5, a crospeest i ah frrSeleGincrease the voltage drop during
erasing operation at the side of the second source/drain
region 18 and improve drive power during the reading and
writing operations at the side of the first source/drain

25 region 16, the distance between the gate electrode 14 and -
the fourth n-type impurity layer 18b (a; in FIG. 1A) is
preferably larger than the distance between the gate
electrode 14 and the second n~type impurity layer 16b (a;
in FIG. 1A).

30 [0070] The parasitic resistance is also reduced by
reducing the distance between the gate electrode 14 and the
first contact 24 (b; in FIG. 1A). The voltage drop is also
increased by increasing the distance between the gate

electrode 14 and the second contact 28 (b, in FIG. 1A). In
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gate switch transistor taken along A-A" corresponds to a cross section of
FFrG 13. 25[0073] The word line switch transistor and the sel ect gate
switch transistor corresponding to each block of the nmenory cell array are
alternately arranged as shown by outline arrows with a menory cell array
i nter pos%g.ﬁt hereberween The word line switch transistor and the sel ect

t

gate swi 536 FPATSI stOF G SEAT PG SSThe % 196t S Radesd BIbeks? ar e

onitted fanemthe ddcgiiice conltCRF4128 n,henf Fgar e1 A$CSsNpaRd W63 ydenot e
vol t ages aripl i ed to the select gate line SGS for selection and unsel ecti on,

respect i VRS Tof- N2 nedsr PLEHANCCORSIHIC S Here IR, & 1y M dhal USEst denot e

vol t ages temaolﬁlqcyt edra gelectgate Frae o@D for sel ection and unsel ection,
respectlvel menory cell. SGSIN, USGS, SGDIN, and USGD are generated

a
by the gdtd 7\/1dl tgg‘étaéﬁer 8LP6R ENECBPP B06UCLLOB7EF FHDdenedals {the gat e

length and e élﬁ}r%e"y'ditarlrpfretdl%r§ell@Ctdsorbﬁcfvﬁfpsl§tﬁ6' sigongel than the
gate length and the gate wi dth of the menory cell transistor. Therefore,

the capadiitsficedat ard ddleda Fate 495 SAY and 196D $s14alF gkrte han the
capaci ty f; Qe ol ldihg. 1/3960%0%%% da&el%lcgcd@focﬁ& &@aagfeand di schar ge

the select gate lines SGS and SGD having | arge capacities gate width
of the gate®dlesctTIREIPadTe t9e sl datarysit s Twi t tatansist vrda 008 is

largep thap tﬂef&éltg%%eccét/hglrguce ﬁ]r?ll trodeg 34:0f apg \(/)}oa CI e switch

transistor 300. In o rrto re e of f 15 current ertain | evel
whi | e t hd et eehviirdtthd slisgflaarqgedye tvwregdttes | @yt e bfcthedgat 4 ef eclte ode 14

f th ' th of
Che gat o €1e6TT olE 34 6 The Ve TiHe St ah {ranei Croresob Bt ovge)
Accor di ngtagiasheil tdte tior dsldmeoBviilie lsdcansi storcandra e Jseeq;eazm ]g&te

switch transi.st £onLespo di ng, to one bl ock of ne rr are
arr anged ;En%{Ihe sa ??cﬂgwefhw?ﬁgsdl %FrFBﬂPFSﬁdaglgh Rﬁ FG 5,
t he ﬂrﬁrgiwhenfetthm meIstrte;cchwmti@remﬁldsymd,se&}e@tag@ieréqmif:dsd in

the first source/drain region 16 can be reduced. Therefore,
the chip size can be reduced easily.

[0072] FIG. 5-is a layout diagram illustrating a
nonvolatile semiconductor memory device according to :the

20 present embodiment. FIG. 5 shows a layout of a memory cell
array, a word line switch transistor, and a select gate
switch transistor. In FIG. 5, a cross section of a select
gate switch transistor taken along A-A’ corresponds to a
cross section of FIG. 1B.

25 [0073] The word line switch transistor and the select gate
switch transistor corresponding to each block of the memory
cell array are alternately arranged as shown by outline
arrows with a memory cell array interposed therebetween.
The word line switch transistor and the select gate switch

30 transistor of each block other than shaded blocks are
omitted from the figure.

[0074] 1In the figure, SGSIN and USGS denote voltages
appliec to the select gate line SGS for selection and

unselection, respectively, of a memory cell. On the other
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25 transistor (the gate length direction of the select gate switch
transi*stor) is insufficient due to the large gate length, and in this case,
the arrangenent in the bit line direction is nore difficult than the word
line swtch transistor. 30[0077] In the present enbodi ment, since the high

vol tage | s not |ied to the sel ect te switch transistor 10Qa at the
side of PREOFI FEPLNoGPEePGRE: ACEPaEt FOaS B8 SadtidsEh Bed W5ove  dhe DD
structurgaks empkoyed asrt Rei1bictSbnsauucendaidriegi,on-ckheckhereafore, the

length in the bit I|ine direction of the source/drain electrode 16 can be
reduced P& & MERGEH F&<d -t hahSthe VBB st PHELHr e2"dnHSFRe 386l ect gate switch

transi st geneanthe %?Sith)é 3atanged thget Re lkitadiidie didestd ape 5[ 0078] It
shoul d bé noted that the high voltage Vpgm nmay be applied to the word |ines
W1 to WIROdER nfRt@enaFftt ngheperhti oA EEPsABAN PR PRESappritéd %ol t age

rel ati onghiep s@f Bk Gon3+ ~Eheriafiore i st Nejgh Mol age i @Ppld i H oot h of
the first source/drain electrode 36 and the second 10 source/drain

el ect r od&hgg gef-et _rvvéd\h‘,(blr@fl ithe FRmoay tqedrisi@caé}@i r Th&hetreierei-n t he word
line sw tt%@ SR Orof?’%%’cht %%&@Ql%tagg%%ee 154V efef ably enplayed as

both of the first source/drain electro 6 and the second source/drain
el ect r odé a38er15he07 e marss ifresdntorenbotidrelntne as Adesediibad yabdve, the

first,sourcel/drain,r 0 i d.as the r r-ai O r
anorFLr S s gatiota T G FANST SR T00b Gt gt d) GEe Thorsie,

Ther ef or €GO matvhingy respectcadars tpidsch tWWie tdrt setiatith gaf etlsai gathe t r ansi st or
i's reduc i t i i he direct] i Lt ea 0; arrange

t he sel e%ﬁegﬁ%rgo%?mq?c%% rée{{ne!sqiSsetdloe:cfac [%Q%O]éa%c?éek?n{;%%séﬁ/,O]?hjzd?%{)l J[%Wl ng

arr angengnrtrgeay tdlaso e emgioweditiThet fd rdt scalres? dvde n34 egi om dérand t he

sour oo/ dralh 159190 of L0 ansthef, select gake uieh 5 drangistor 1000
first5source/draito regicat dh i sewadsovhEraen tiad egh ve t i dtidevs cenlsogat on
(o9 o0 L9900 I [ caseAhe,dhstance, betueen (he,gat e, 30.¢l ceffode 14
side of tdie fdH strH0Uroed €red oa regi Xrdér | sharn efies abaye |l SSgthanft he
dIStancethe gate electrode 34 of the word line switch transistor
300.
20 [0076] Accordingly, when the word line switch transistor
and the select gate switch transistor corresponding to one
block of memory cell array are arranged within the same
pitch with the distribution as sﬁown in FIG. 5, the margin
in the bit line direction of the select gate switch
25 transistor (the gate length direction of the select gate
switch transistor) is insufficient due to the large gate
length, and in this case, the arrangement in the bit line
direction is more difficult than the word line switch
transistor.
30 [0077] 1In the present embodiment, since the high voltage
is not applied to the select gate switch transistor 100a at
the side of the first source/drain electrode 16 as
described above, the DDD structure is employed as the first

source/drain region 16. Therefore, the length in the bit



between the gate el ectrode 14 and the device isolation region at the side
of the second source/drain region 18. This is because the pitch of the
select gate switch transistor is reduced in the bit line direction. [0082]
As descri bed above, according to the nonvol atile seni conductor menory
device of .t he present enhodinment, the 5 structure of the source/drain
electrodilpg 88??&?288,g§ng h& OHE RS ICEA L e iéﬁﬁ%hétofﬁﬂbﬁﬁ?y devi ce
havi ng t hedsekectogat e eswirhch ekamsiast ahacheWuigidbgh drdne frawer and
hi gh degree of reliability can be achieved. Further, the pitch of the

sel ect gﬁ?gegﬁﬁﬁéﬁetﬁgﬁ§F GFAPSIPEQEc GBS FaTe it 1aHE direction, and
the chippsikzeigandieceasichy reduced. [0083] (Second enbodi nent) The
nonvol atil e _sem conductor nenory device of the gresent enbodi nment is

basi cal | yOPRElsafe 8RCvhe PPreeted ERB6AIFRENPigRcEPL LSt VPRE MApurity of
the secopd ApbyR@d tRPWhHEt Wdlrdy i nes HISENHE WiAs)dudihey Itrnwwjytpai%t he
fourth n-type inpurity |ayer is phosphorus (P), and there is no fitth
n-type i RPEFRLY ayér STPHEr eforde desdlrlisst ivont Essutr elid s sorkent s as
those of sthe fi.rstnhepbediaenthwi bk ghey20amkt t8dapph 0084k FLGe b dss a
schematic cross-sectional viewilldstrating a select gate switch transistor
accor di n§heo ke tpeesene /shasddi dect rate | Tpurid y-lot sexEebnd n-type
L mpure ty Jlaver 160 10f A salete At & SWHLH, JLansi st ar, 5004 25 s arsenic
(As), and the inpurity of a fourth n-type inpurity layer 18b is phosphorus
(P). [0085psistdve ¥0-st Tempedprent inbohile oforche isecemd teht ype i npurity
| ayer 16Q§%%%'%H§n;9Hﬂ£htﬂk;%g%)@H%Hdgé&éE@@”gﬁé*%fﬁﬁ%if?ﬁ?ﬁ%g@ﬁSgg'C’ and
are fornmed to have the 'sane | fpurity concemtration an e same depth,
in order boghf adi |titteatfel meen fcantas/idig ipr orlesst rdde comtarastthé nsedengr esent
enbodi rreréto,urtchee/ereaclonndelnéctty e inpurity | ayer 16b
15 [0079] 1In the present embodiment, as described above, the
first source/drain region 16 is shared as the source/drain
region for another select gate switch transistor 100b
arranged adjacent thereto. Therefore, in this respect, the
pitch of the select gate switch transistor is reduced in
20 the bit line direction. Accordingly, it easy to arrange
the select gate switch transistor.
[0080] Alternatively, the following arrangement may also
be employed. The first source/drain region 16 and the
source/drain region of the another select gate switch
25 transistor 100b arranged adjacent thereto may be
independently arranged. 1In this case, the first
source/drain region 16 is also terminated with a device
isolation region.
[0081] 1In this case, the distance between the gate
30 electrode 14 of the select gate switch transistor and the
device isolation region at the side of the first
source/drain region 16 is preferably less than the distance
between the gate electrode 14 and the device isolation

region at the side of the second source/drain region 18.
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and the fourth n-type inpurity layer 18b can be fornmed separately, and
further, the fourth n-type inpurity layer 18b is nade of phosphorus.

[ 0086] Therefore, the degree of freedomin design is enhanced when the DDD
structure of the first source/drain region 16 is optim zed to obtain drive
power and the LDD 5 structure of the second_source/drain region 18 is
optin zet+® aghPeGRUAPghRBeRtBeNoPEr ENPaBPLREY. IROB8PI1FRNt he present

enbodi meptanthechour thrBatypg i APUREL yikayenc18bruses phosphorus and nade
into a diffusion [ayer deeper than the first n-type inpurity |ayer 1016a,

so that §ABBEh jBF Meroiiee 3ROTdr MeACOoRRERE@bYO t Hee j BPRAYOYdT E &ge
reSIstang@miéohaﬁﬁegedmeﬁ99§8heeIebrefe%H%deEQE%tT@%bBa&%%h%t'k%e

sem conduct or nenory device of the present enbodinent is the sane as the
firstS enpbpAbrre15tekBepsouhat/dhelni esecssoreelidr abn imégiedn ehdt he sel ect

gate switgh BBﬁO%h%E?ﬁe'éeﬁ?é&ﬁgué%oé ﬁ%g@%@é@@@aeer%gwq%gng% canot her

sel ect gate swtch transistor arranged nt thereto the second
sour ce/ deailacreghon 6Withe §eBE§uSg@¢ea§WﬂENhHQranshspmnvesp@W@med as a

sour ce/ draknnigdl QR2000beSLLIL 4BA0LDE! SR BE! 084S R, L1ARS] St Of

arranged adj acent t Reret o. ore, descrlptlon about” t Sane’ contents
as thosetbé phEChip§ttéﬂbsdﬂﬂentgw¢blSMet@mltted51@®©&9hst@dutems a

SCIGR | §CLRELIRCLLRITL YLEMLLL USLrAtno o 3l 86, Gate gl anststor
|IIustratedgcadnonvolatlle senlconductor menory devi ce accordlng to the
present Hﬁg? n% éi S%Ohgms | ayout of a menory cell array, a word
line sw é 5rord R % @%T t gate switch transistor. In FIG 8, a
Cross The nonvolatile semiconductor memory device of the
present embodiment is basically the same as the first
15 embodiment except that the impurity of the second n-type
impurity layer is arsenic (As), the impurity of the fourth
n-type impurity layer is phosphorus (P), and there is no
fifth n-type impurity layer. Therefore, description about
the same contents as those of the first embodiment will be
20 omitted.
[0084] FIG. 6 is a schematic cross-sectional view
illustrating a select gate switch transistor according to
the present embodiment. The impurity of a second n-type
impurity layer 16b of a select gate switch transistor 500a
25 is arsenic (As), and the impurity of a fourth n-type
impurity layer 18b is phosphorus (P).
[0085] In the first embodiment, both of the second n-type
impurity layer 16b and the fourth n-type impurity iayer 18b
are made of arsenic, and are formed to have the same
30 impurity concentration and the same depth, in order to
facilitate manufacturing process. 1In cecntrast, in the
present embodiment, the second n-type impurity layer 16b
and the fourth n-type impurity layer 18b can be formed

separately, and further, the fourth n-type impurity layer
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30section of a select gate switch transistor taken along B-B corresponds
to a cross section of FIG 7. [0090] As shown in FIGS. 7 and 8, a first
source/drain region 16 of a select gate switch transistor 600a is shared as
a- source/drain region for another select gate switch transistor 600b
arranged Efj acent thereto, and a second source/drain region 18 of a sel ect
gate sw ng traférst 6F BOOSPIST8Kared as a source/drain region for still

anot her gebeet] gatersvbteh thangbster 660eracnanged adiagents5 thereto.
[ 0091] As conpared with the first enbodi nent, the second source/drain

regi on 1871SNSREr ¥4ENafd cabbbr GitAYIRF I TENe fpitheh fif sthe cseicerdrgdtte swit ch
transi stobqqan Be furbhen fieduced iopLhe BiL Jd %]vfé'rr %%trc]:f e theyefore, it
is easy 10to further reduce the chip size. [0092] In this case, the

di st ahce SE&REaret RE Fhte selceacr 6oart4/dfr atime redlisst lfatie witioh agdansi st or

600a andi-he gateehgghr _g%gr%fe the r%ﬁqtalgqr%%e&?'dacent sel ect gate switch

transi stor 600b at the si of the first urce/drain region 16 is
pref er abll{08gds Tharheherdbsnanesbpeimern, t hbegadberéhecttode 14 and the

gate el eg -the stighl t her i nt I t.e switch transistor
600c at tghg%gﬁﬁg; o%yt%ﬁe lglgcg%%%s Elrocsg%%gl%n arnzgim%?l]telg%ﬁ%isas i s because the
pi t ch of dtifd usdloactl agatre dewittech ttheanginst dririse 20- tygduciedbunmi ttyhe ahietr | i ne
dir ion... [Q09 i rt.ai.n .enbodi.nment.s ve been _.descrihed, these
embodi rregt%’h%\(/%e%]@gﬁ S%n%g(s\tglntjgj&@’gy pv]\:/é)%llg% elfan}}aaré“eorﬂ VIS ya% “hot

i nt ended jloont mdl telge seeps tehdehd s nwgtadvens. | ndeed, the nonvol atile

o Condleror ToTHLY - 8S.EXl g dogcri bed, horeln may bo erbodied ina
changes in the Ther moafroflhe ideviseed candiunebirogendesc kdedeherfeithemay be nade
\(’:V: ;ihglét adlggcpe%retnltn%nfbro%@&e% Sipsl rtI hte stamteheasI rjc\ﬁ%ntg iornsst' e-lr-n eo 1Cn?eonrg)anyl ng
15 except that the first source/drain region of the select
gate switch transistor is shared as a source/drain region
for another select gate switch transistor arranged adiacent
thereto, and the second source/drain region of the select
gate switch transistor is shared as a source/drain region
20 for still another select gate switch transistor arranged
adjacent thereto. Therefore, description about the same
contents as those of the first embodiment will be omitted.
[0089] FIG. 7 is a schematic cross-sectional view
illustrating a select gate switch transistor according to
25 the present embodiment. FIG. 8 is a layout diagram
illustrating a nonvolatile semiconductor memory device
according to the present embodiment. FIG. 8 shows a layout
of a memory cell array, a word line switch transistor, and
a select gate switch transistor. In FIG. 8, & cross
30 section of a select gate switch transistor taken along B-B’
corresponds to a cross section of FIG. 7.
[0090] As shown in FIGS. 7 and 8, a first source/drain

region 16 of a select gate switch transistor 600a is shared

as a source/drain region for another select gate switch
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30 their equivalents are intended to cover such fornms or nodifications as
would fall within the scope and spirit of the inventions. WHAT IS CLAI MED
| S: 1. A nonvolatile sem conductor nenory devi ce having a sel ect
gate switch transistor, the select gate switch 5 transistor conprising:

a gate insulating filmfornmed on a sem conductor substrate; a gate

eIectrodErPBFﬁﬁaan PHQ ﬁéfénﬁﬁgngﬂFﬁﬁnFlFﬁﬁrﬁﬁ@ 168 f@r§€c§@€rce/draln

regi on apduacsggendnseuyeshdnai Brr ggkancter aad o Rytikens em-cenductor
substrate so as to face each other across the gate el ectrode,

wher ei n PRAaf i FsERaBAFAC@FdPaPRUFEGY B 2iRc FGdaSTa tOiT ST 1Al pp@thesuri ty

llayer andegesecgpden smxeehlﬁgahgagtéé leayer ahaunRg R Jghend mpurity
concentration and a shallower depth than the first n- type inmpurity | ayer,

and ° thegpéosecond source/drain region includes a third n-type inpurity

| ayer hayppgia | ouetoh yéatwlgpn&ﬁ@t§§£geneﬁﬂgd§mépél'QM@r geeha than the
first n-type |npur|ty ayer ourt type Impuritfy [ayer having a

hi gher i Bpukiceydeensemegainon Bang and@@@era@@bﬁhxxhahNQﬂ@ t ibed n-type
|npur|typhgggr the selec% EQ% g%&%%% 3%%%§¥§¥% gﬁ%imfhr\Mg¥eln the

25 first source?draln region s connect e a gate v tage generation
circuit fredugeneratithg &igatléngoldiagetdfona s@hecefgaee transi stey, and the

sec sQur region.is connected to the gate el ectrode of the sel ect
gatgﬂ?rag§|§$og%% predeic?’ th .c$ﬁ§ dévice according to claiml1, wherein a

distance[D@B@&enlmhehgateaséecthedelstahhe bekeekngahe gutech transi stor
and a de\é‘l%%t'r%%' arll Of, ¢ €9l se(irec% %aatt% eslwe L rodcra%fs 185 Ot heé’OOaadjaathfnt
sel ect gate SW Lt Ch tran5|s
the gate electrode of the another adjacent select gate
switch transistor 600b at the side of the first
15 source/drain region 16 is preferably less than the distance
between the gate electrode 14 and the gate electrode of the
still another adjacent select gate switch transistor 600c
at the side of the second source/drain region 18. This is
because the pitch of the select gate switch transistor is
20 reduced in the bit line direction.
[0093] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the
inventions. Indeed, the nonvolatile semiconductor memory
25 device described herein may be embodied in a variety of
other forms; furthermore, various omissions, substitutions
and changes in the form of the devices and methods
described herein may be made without departing from the
spirit of the inventions. The accompanying claims and
30 their equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit of

the inventions.
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at a side of the first source/drain region is |less than a di stance between
the 'gate el ectrode of the select gate switch transistor and a device
isolation region or a gate electrode of still another adjacent select gate
switch 5 transistor at a side of the second source/drain region. 4.
The device according to claim1l, wherein a distance between the gate
electrod@H%F FHeCQéEMEP 6§te swtch transistor and the fourth n-type
impurity layer is 10 nore than a di stance between the gate el ectrode of the
sel ect gate switch transistor and the second n-type inpurity |ayer.

5. The devi ce accdt didiy 'l & n$<ﬂ_ml%@@‘é@?\oﬁrﬂ“qlswmgﬁflt9eohatfh@gsecond
n-type igpuyeibycl gyee lsm%ﬁe@'r%n(s/\%)ooran%%n s'efI%l&ft' f?%t%f dg drourth n-type
impurity layer is phosphorus (P). evi ce accordlng to
claimi1, t%ﬁ@ﬁéﬁﬁOQOCpmﬁﬁﬁﬁﬂnQS of the second n type inpurity layer and the
fourth n-type LmpypktynLayer:a e £ANRCRLEnEAS by 5 semi cofrdubi@, dev! ce
according to claim®6, erein the second sourceldfain region fﬁrther
includessabﬁtﬁﬁhen type 25 inpurity layer having the sane inpurity
concentration p n-ty L t he
second n-type ? u??t% g?ééggnEOEﬁEdfohrgﬁ ggypeaﬁsugrlﬁnglaﬁéﬁ”have t he
sanme i np@PPty concentrati on and depth. 30 8. The devi ce according

L b g £ Dot heoL L8 aR Y B B L8000 D P S T dRte Su o

transi stor is shared as rce ral reglo

gat e sw rebibnadsirsedr in the semc@ndﬂm;ccte\smﬁ;tam@f dngd Ctd;‘hﬁcm 1,

wher ei n % S nd source/ drain _regi e select gate switch tranS|stor
is share B8 %%ggﬁrgg ralgkre PoT Fﬁ' ﬁﬁ% ér

wherein the first source/drain region includes a
first n-type impurity layer and a second n-type impurity
15 layer having a higher impurity concentration and a
shallower depth than the first n-type impurity layer, and
the second source/drain region includes a third n-
type impurity layer having a lower impurity concentration
and a shallower depth than the first n-type impurity layer
20 and a fourth n-type impurity layer having a higher impurity
concentration and a deeper depth than the third n-type

impurity layer.

2. The device according to claim 1, whereinr the
25 first source/drain region is connected to a gate voltage
generation circuit for generating a gate voltage of a
select gate transistor, and the second source/drain region
is connected to the gate electrode of the select gate
transistor.
30
3. The device according to claim 1, wherein a
distance between the gate electrode of the select gate

switch transistor and a device isolation region or a ga

(‘f

e

electrode of another adjacent select gate switch transistor
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5 adj acent select gate switch transistor. 10. The device accordi ng
to claiml1, wherein the first source/drain region of the select gate switch
transistor is shared as a source/drain region for another 10 adjacent '
select gate switch transistor, and t he second source/drain region of
the select gate switch transistor is shared as a source/drain region for
still an%thr sidFalEnt8eFd&t tg a8 TS/ OCR 1 ARSI 0rLS 1SFE thRé devi ce
accor di ngiteagkai Aetwevherdicn gbhe mRutidoycorcend aldian ofgddhe first
n-type inpurity layer is 1E18 atoms/cn8 to 1E20 at ons/cnB. 12.
The devi E81AEE0FAPRGLIEG O aPM B IRNACS A SCHE 20N Mawdiary orfcértaat i on of

the secopdeBrtype bAPYLLLY La¥ehdrS aLELY ALONRNUE (R (LEZL, ;atgs/ cnB.
13. The device according to claim1, wherein the inpurity concentration of

t he thi r 8TANEYPECENBlr Pt pildgy & 2Zbies SEEPRCatsevs/ nag 1 EEY igtrons/ cnB.

14. The device according to claim1, wherein the inpurity concentration of
the fourth n-type inpurity layer is 1E19 atons/cnB to 1E21 atons/cnB. 30
15. The devi cedaccBrdli agviee cha¢prdimawher el aimheé, i wpareiy soncentration of

the Tifth;arLype LERWELLY thdy YarsS HBHE AR/ MR d 4 HRQ YA/ cnB.
switch transistor and the fourth n-type impurity layer is
10 more than a distance between the gate electrode of the
select gate switch transistor and the second rn-type

impurity layer.

5. The device according to claim 1, wherein an
15 impurity of the second n-type impurity layer is arsenic

(As), and an impurity of the fourth n-type impurity layer

is phosphorus (P).

6. The device according to claim 1, wherein
20 impurities of the second n-type impurity layer and the

fourth n-type impurity layer are arsenic (As).

7. The device according to claim 6, wherein the
second source/drain region further includes a fifth n-type
25 impurity layer having the same impurity concentration and
depth as the first n-type impurity layer, and
the second n-type impurity layer and the fourth n-
type impurity layer have the same impurity concentration
and depth. |
30
8. The device according to claim 1, wherein the
first source/drain region oif the select gate switch
transistor is shared as a source/drain region for another

adjacent select gate switch transistor.
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9. The device according to claim 1, wherein the
second source/drain region of the select gate switch
transistor is shared as a source/drain region for another

adjacent select gate switch transistor.

10. The device according to claim 1, wherein the
first source/drain region of the select gate switch
transistor is shared as a source/drain region for another
adjacent select gate switch transistor, and

the second source/drain region of the select gate
switch transistor is shared as a source/drain region for

still another adjacent select gate switch transistor.

11. The device according to claim 1, wherein the
impurity concentration of the first n-type impurity layer

is 1E18 atoms/cm® to 1E20 atoms/cm’.

12. The device according to claim 1, wherein the
impurity concentration of the second n-type impurity layer

is 1E19 atoms/cm® to 1E21 atoms/cm’.

13. The device according to claim 1, wherein the
impurity concentration of the third n-type impurity layer

is 1E17 atoms/cm® to 1E19 atoms/cm>.

14. The device according to claim 1, wherein the
impurity concentration of the fourth n-type impurity layer

is 1E19 atoms/cm® to 1E21 atoms/cm’.
15. The device according to claim 7, wherein the

impurity concentration of the fifth n-type impurity layer

is 1218 atoms/cm® to 1E20 atoms/cm .
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