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-1 - Title of the Inventio RENEACBD $HEEWBNUf agGur i nlg

Sem conduct or Device ‘ Backg d of 't he:_ | nveqt ion 5 i el dqqﬁwizgr(,,
| nveption " -+~ "The present Péﬁ_“t’lpﬂﬂnr'é’%el’f’egwf?%g%nﬁ)d of

manuf act uri ng a seni conduct o WEIERIBE) and2srdr-&-sPREEd Saftly, to a

method of manuf acturi ng a sepEeniae6) :pasedee. hionaged a--hifghl y
integrated . CMOS circuit el empbd Absgact =PzgedD§§tMm¢4)ﬁ'--of- t he Rel ated
Art's Title ofpthe Apyentjonegi ' —ell enent has

been forned, e.g., by inplanti ng.i'rrpuri ty ions and subjecting to
t hermal di f Method feodamufaeturing aSemieopduictonddeviae forma 5 well in

desired size, inpurity ions would diffuse laterally so nmuch . that the
region having a variety on the concentration of inpurity i ons near the
boundary of the well would beconme |onger. For this reason, it was
necessary tga piRoithd bRt TeSentibde | neffective region in which a

t hreshol d vol t;kgg or dielectric strength of a 10 transistor could not be
_secured.5 Thf_ %Fidgﬁ%ﬁe ﬁh@fe' tfofNat the concentration pf i mpurity

i ons nonot ondbusly decreases fromthe surface downwards, and it has a

Tnel ude (1) a st eptBF BGHEhEBtion reldtts 8 E IBE ol of HAFIEIEAIAD, .
e o e igohot? HEVHE ShamitRe St ARAY o' SHhenbd 5 "'
and (ii) a 3t¥gmgeonauc ’ p Y,
manufacturing a semiconductor device having a highly integrated
CMOS circuit element.
10
2. Description of the Related Arts
~ An impurity region (well) for forming a CMOS eléﬁent has
been formed, e.g., by implanting impurity ions and subjecting to
thermal diffusion. However, even if an attempt is made to form a
15 well in desired size, impurity ions would diffuse laterally so much
that the region having a variety on the concentration of impurity
ions near the boundary of the well would become longer. For this
reason, it was necessary to provide in advance a wide ineffective
region in which a threshold voltage or dielectric strength _'of a
20 transistor could not be secured. The well has a profile éhat the
concentration of impurity ions monotonously decreases from the
surface downwards, and it has a structure susceptible to a latchup.
Furthermore, it is riecessary to include (i) a step of forming a
channel stopper layer for preventing a leakage current in the

256 bottom of a device isolation region in the well and (ii) a step of

MR
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-2-  inplanting ions for accirately conirolling the distribution of

impurity in a channel region and ting sheeis BeaiRepladedt he channel regi on
forsthe control of the short channe e transistor after
formng the well. 5 In t'heLlﬂﬁ h recent devel opnent of

t he techni que of inplanting hi gy tons, it has now becone
‘possible to i mplant ions into the deep inside region of a substrate.
Further, implansingrionspfenagcugiately contralling Bre digtributiopef or med at
a relatively | ow concentration, which causes only slight damages to

10 the subimpatsity imuia, channelpegionl andotherlomdre past lofothé ghianmehg
impurity ions in a nultistage manner with high energy w t hout

convent i ongégitrifot aiee contr6l bfahmkhoreastienhel AffegtdoNyhy, transistor
addition to %he control of the threshold voltage of the transistor,

| at chup t oL efedNfSrmdAghthd EIeved (i) by inplanting ions directly 15

bel ow a thl?lr( I'sol at1 on oxide filmto forma channel stopper |ayer

oL o o g gk R BTSRG0T

the inmpurity concentration

For exanpl e, .Japanese exam ned Patent .Publicatiqn No. i

2(1990)-26256@%6@%@ r@*?%?%nspaféﬁs 1o Be ,’§§2§’°s§g&ep'F%posed a

met hod of panufacturing CMOS through fqrm ng a vve%l by the_techni que
g of a substed

of inpl ant iWPlangn ieRejptedhe dgepomnidestse tConvERTLBRES

twin-well structure. According to the above nethod, an oxide
filmand ttea ien implantation forrfogmation of @ wealkds perfarsied @na :
substrate, followed by 25 coating with a resist. Then, adopting

phot ol i t hogekgtfivebnliow concentration, which causes only slight damages to

10 the substrate. Thus, it is possible to form the well by implanting
impurity ions in a multistage manner with high energy without
conventional high-temperature thermal treatment. Accordingly,
in addition to the control of the threshold voltage of the transistor,
latchup tolerance can be improved (i) by implanting ions directly

15 . below a thick isolation oxide film to form a channel stopper layer
after formation of a device isolation region and also (ii) by raising
the impurity concentration of the well within the substrate.

For example, Japanese Unexamined Patent Publication No.
Hei 2(1990)-264464 (corresponding to U.S. Patent No.5,141,882)

20 proposed a method of manufacturing CMOS through forming a well
by the technique of implanting high energy ions in comparison with
the conventional twin-well structure.

According to the above method, an oxide film and then a
silicon nitride film are formed on a silicon substrate, followed by

25 coating with a resist. Then, adopting photolithography and
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etching steps, an opening is made in the resist in a region which wll
becone a device isolation region, and the silicon nitride filmin the
region is renoved by etching. Furt her processings are
expl'ained as follows, referring to 5 Figs. 9(a) to 9(e)

That, i s,

a device isolation region 87 (0 5 [err] mthick) is forned

t her’mal oxidation, as shown in Figure 9 (a) Subsequent |y

silicon nitetching steps aRERENNE e Madsinthe resigtinafegion W Whﬁ)’tﬂl
phosphoric acid solution and hydrofluoric 0 acid solution, respectively.
Then, as shbecoire B deviredisglation regipnoaad ithe siticon nitrideofilinsin dheed

on a silicon substrate 81, and a

in an NNDSfdgibii $¢ eenfiovedrigy etchinggi on 96 is forned. Then, boron ions

are inplante

a P well 86 and t gqryrhef Proclssinghaimebxbeaimeéd ¥b follows, referrindtbst
I on inplantation: 200 keV'to 700 keV (Boron ions are all owed t0 pas
through the on region 87, formng a channel st opper

| ayer 8 di rgﬁll?/@ef glﬂ%:he devi ce i sol ation regi on 87.) 20

-Second ion inpla n: 10keV to QkeV. ation is
per f or med vm'th a l {: 12 P51 EH 4P ?n(ﬁe ﬁmn‘-’d” mtpbaﬂl SHmed
i mpl ant ati on. -Third on | pﬁnt ati %n(ﬁ)lo keV to 80 keV (A

channel reg‘i’ﬁﬁfherma@)?m&at}ﬁ’év@rﬁﬁ gvithd

controlling 25 the threshold voltage is forne

10

15

20

25

Subsequently, a silicon nitride fllr)n 83 and an oxide film 82
are removed with ‘hot phosphoric acid solution and hydrofluoric
acid solution, hespectively. Then, as shown in Figure 9(b), a
protective oxide film 82a is formed on a silicon substrate 81, and a
resist pattern 88 ha§ing an opening in an NMOS transistor-forming
region 96 is formed. Then, boron ions are implanted using the
energy over the following three steps to form a P well 86 and to
control a channel region 93.

~-First ion implantation : 200 keV to 700 keV (Boron ions are
allowed to pass through the device isolation region 87, forming a
channel stopper layer 89 directly below the device isolation region
87.)

-Second ion implantation : 10keV to 250keV (The second
implantation is pe.rformed with a lower energy than that of the first
ion implantation.)

-Third ion implantation : 10 keV to 80 keV (A channel region

93 for preventing the punch-through of a transistor and controlling

a

resi st pattern 88 having an openi ng

S

the threshold voltage is formed.).
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-4- - Then, a resist pattern 88 is renoved, and a resist pattern
90 havi ng an opening in a PMOS transistor-formng region 97 is

forned, as shown in Figure 9(c). Thereafter, ions of phosphorus,

arsenic and boron are inplanted with the follow ng energy to form 5 an N
wel | . 85 and to control the channel region. -First ion

i npd.ant ati on: Phosphorus ions, 300 keV_ to 1200 keV (The ions are

al | oned to pass t'ﬁﬁ%ﬂg@ resistpatiernsdB dsirgamoved, aadl giresist patiery 90
channel stopper layer 91 directly bel ow t he device isolation region 87
to prevent haviagcanpopening in a PMOSetranisistar:ioymingregion hodphor us

I ons, 100 keV to 500 keV (This step is perforned with a | ower energy
than that éérmleel,fasshown in @igumel (d)at i’ Dheyeafter, ions of phiuisphorws,

i mpl antation: Boron ions, 20 keV (A channel ' region 95 for controlling

the threshgrdendt tz29¢ BoréMare Aaplaheediwithl $hedMolRswing energy to form
-Fourth ion inplantation: Arsenic ions, 50keV to 220keV (g¥he channel

95 for pr eg‘?lgw;/g%ﬂ e %Hﬁ?qat&dﬁw Ale td}paﬁﬁ@gz'ggie%.em y and controlling

the threshol tage i's torned.) _ t he resi st

PRLET D, 0,15 " TPHEF iy TR0 YR et ronscop py, B3

I the aboBENhERREARELS Raeralowat topasadnrongh Ffuievis ishlafignt v

|1 thogr aph;ggisgr? 87 , }Qxi'r%irqgagscl'}ar.]rﬂlei g%opper layer 91 directly below the
device isolation region 87 to prevent a latchup.)

.10 -Second ion implantation : Phosphorusions, 100 keV to 500
keV (This step is performed with a lower energy than that of the first-
ion implantation.)

-Third ion implantation: Boron ions, 20 keV (A channel
region 95 for controlling the threshold voltage of the transistor is
15 formed.)
-Fourth ion implantation: Arsenic ions, 50keV to 220keV
(The channel 95 for prevenﬁng the punch-through of the transistor
and controlling thé'threshold voltage is formed.)
Subsequently, the resist pattern 90 is removed, as shown in
20 Figure Q(d).
| Further, the protective oxide film 82a is removed, and a
CMQS transistor is formed through the conventional methods, as
shown in Figure 9 (e).
In the above-mentioned method, the twin-well is formed

26 through two lithographic steps. This means that the
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manuf acturing steps are sinplified as conpared with a conventi onal
manuf acturi ng steps. Furthernore, as a nore sinplified nethod,
a net hod of formng a twin-well through one |ithographic step was
proposed in 5 Japanese Unexam ned Patent Publication Nos. SHO 62(1987)
254203 and SHO 63(1988)-88714. Its nethod is explained in the

f ol-I’owi ng. As shown in Figure 10(a), a protective oxide film
101 and a manufsitstripg steps are simphified aspennmpared mith a
transistor-formng 10 region are formed on a silicon substrate 100, and a
P type regicon¢{&ntionaheanufetusinfgstepgsby i npl anting boron ions with

hi gh ener gy. Because the ions pass through the resist pattern 112 in

this | mpl ant imgréi @finoze P ah| mbRebsirfiplifie®dnechow, dhené@soglopat tern
112 at a relatively shallow site of the silicon substrate 100, while 15

subst rat e 1007TmE fLEPERCWEN Midugh IELNAREAR Siqn Wad pidifsed in

Such as | lJaBﬂasgﬁoﬁﬁ%@ﬁgafFak%f Fibfeation Nﬁ“ﬁ%ﬁ%ﬁ%@%@ézﬁ Eﬂsdges
20 [ ' 112, ,

o N el | 138400% s SHCPBRT PRS- BB o1 B Risthiod T spaindd in Hher )

way, a twin-well can be formed through one |ithographic step.

After that fodla®inge isolation insulating film 104 and a gate

insulating film2105 are forned, as shown in Figure 10(c). 25
Furthernore, as ads strowvenmmFiguee 10@)alopeotectiveraxide film 101 and a

resist pattern 112 having an opening in PMOS transistor-forming
10 region are fdrmed on a silicon substrate 100, and a P type region (P
well) 102 is formed by implan_ting boron ions with high e@ergy.
Because the ions pass through the resist pattern 112 in this
implanting step, a P well 102b is formed below the resist pattern
112 at a relatively shallow site of the silicon substrate 100, while
15 the P well 102a is formed at a relatively deep site of the silicon
substrate 100 in the region where the resist pattern 112 does not
exist.
Then, as shown in Figure 10(b), N type impurity ions such as
phosphorus or the like are implanted with an energy which does not
20 allow the ions to pass through the resist pattern 112, and thereby
an N well 103 is formed in the PMOS transistor-forming region. In
~ this way, a twin-well can be formed through one lithographic step.
After that, a device isolation insulating film 104 and a gate

insulating film 105 are formed, as shown in Figure 10(c).

25 Furthermore, as an improvement over the above-mentioned
| LS



- 6- met hod conducted by one |ithographic step, U S. Patent No.-

5,501, 993 proposed a nethod for performng ion inplantation two or
three times for formng each of N type and P type wells.

However, the nethods of the above-nentioned prior arts are 5 those of
forming a twin-well structure which conprises formng an NMOS

transi stor having one kind of threshold voltage and a t ransi st or
havi ng one maatdast conduated Rapong it awlﬁo?tedbngegr%tental\lﬁet hod of
form ng MOS transistor having two or nore kinds of = threshold voltage.
10 | n"5¢508;993r proposadea maghadston penfaryning dewn bephantation two
CMOS circuit elenent for |ow voltage and | ow el ectric power

consunpt i onof ¢hreki timésdoe formirsg eanh ofMantgpenandcPrtypearalls) t has
beconme necessary to nmanufacture two different kinds of transistors in

order to satisfy thgwever,atd Htv@Idds of thedHbodeaadntidnedHibrartagrd ow
el ectric power consunption. Thus, one is a transi stor having a high

thresnod) h68e W forriing St 0ih SHRECsfiticture wHIERCSHIIISPY foRfkirhy bt Nt

islcontr%!a e, and anot fer S transistor havin a lowt y
vl age RS SRaRBDADr Rbying ol iiRef thleRhfll TEHER U U BRIOT
Feoon for HARISIORRAYing onggRiRd aiinshaldreithety and Ap RobEoRriN

different threshold vol ta%z%,s an additional  1ithography step is

required, addnethodaeédpamigly MQS tarsistosthavingdmy &t moregkiads ofs
i ncurred. 25 I n various nethods of the known arts as nentioned
above, a threshold voltage.

10 In other words, concerning a semiconductor device having a

CMOS circuit element for low voltage and low electric power
consumption for which there is a strong demand in récent years, it
has become necessary to manufacture two different kinds of
transistors in order to satisfy the two requirements of high -spced
15 operation and low electric power consumption. Thus, one is a
transistor having a high threshold which works at a slow speed but
whose stand-by leak current is controllable, and another is a
transistor having a low 'thresholq voltage which is suitable for
working at a high speed but whose leak current is large. However,
20 if an attempt is made to add the simplest step of controlling the
concentration of impurity ions in the channel region for forming two
regions 6f the same conductivity type having different threshold
voltages, an additional lithography step is required, and

accordingly an increase of the manufacturing cost is incurred.

25 In various methods of the known arts as mentioned above, a
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Pwell is formed by performng a step of inplanting ions one to three
times. According to such a nethod, however, it is not possible to
sufficiently control the whole structure of a well (the whole P type
regi on, including the channel region but excluding the substrate, is 5
hereinafter referred to as a "well") which forms an NMOS transi stor.

The. reason for ﬁhis is that a P.well shou] d have clharacteristics

sati sfyi ng Bwelasdeemed X PaEfqraging &3ifR of implanting ionggna ta;thyee
concentrated region is fornmed within a substrate, so that a. well
resi stance Hayede Arautingto such ehimethed; bosrerri itdp Betippssidedo
(2) Arelatively high concentrated region is fornmed in the ends and
bot t om por t sufficientlgevontrolstheatwbole sjrasfuse afratwell (the whaleeP type
isolation within a P well nay be realized. (3) The

concent r at i pggioh,titrcldedpgpthi¢ chamielrediomblitiexclhdingtiapsudisttate, is
controlled, so that a punch-through of a transistor may be prevent ed.

(4) The gongepifrpdtep refepréd #6726 a@&retlgg wHid1R¢6rRfs 4n NMOSUasik€ot S

controlled, so that the threshold voltage of a transistor may be

control | eOI'Th%Qrf:fason forlthis i fcﬂa.%& P %lﬁg?lttorlﬁh hBget é’??gg?*%}‘é?{éf‘ge of

t he transi'stor while preven I'ts s channel npl anti ng
ions only oncge. Further, .there j.s a problemthat, if ions are

i npl ant ed a?&ﬁ‘S&' e @(rii chﬂb%ﬁ%hog{l&&p’é‘?qﬁwemssuch dosage as to

I nprove the latc It would affect the channel ,too 25 greatly

h t ol_er ance,
in very fine el en&ﬁr)s‘ﬁm ¥ conpeRtrrisd region 4sifarmed; within a

substrate, so that a well resistance may be reduced and a latchup

10 tolerance may be increaéed.
(2) A relatively high concentrated region is formed in the
ends and bottom portion of a device isolation region, so that a
- device isolation within a P well may b(_e realized.
(3) The concentration in the deep portion of a channel is
15 appropriately controlled, so that a punch-through of a transistor
may be prevented.

(4) The concentration in a channel on the surface of a
substrate is controlled, so that the threshold voltage of a transistor
may be controlled.

20 ' It is difficult to control the threshold voltage of the
transistor while preventing its short channel effect by implanting
ions only once. Further, there is a problem that, if ions are
implanted at a site of a channel stopper layer in such dosage as to

improve the latchup tolerance, it would affect the channel too

26 greatly in very fine elements having a thin device isolation region.
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- 8- In the neantine, a nethod of manufacturing transistors
havi ng different threshold voltages w thout increasing the nunber of

| i tshiographi ¢ steps has been proposed in Japanese Unexam ned Pat ent
Publ'i cati on No. HEI 02(1990)-67755. 5 In this nmethod, firstly, ions
of P type inpurity such as boron or the like are inplanted at a dosage
of -8 X 10[err]/cnferr] in NMOS t ransi st r-forr}in regions 214 and 215
on a substrate 201n $8e meantigg, et of fpanu ?ﬁgﬁfllilgﬁé'a&fsmm%e

i mpurity such as phosphorus or the like are inplanted at a dosage of 6
x 10[err]/ chpwing diffenant theeshvoBl modtages sritheuti mcreasiog the mumberVos
transi stor- formng region 216. Further, the substrate 201 is

subj ect ed tof lithogrzphil stepsthestbedn Piopdsed 2A0apantsentVaexsmbhed203,
P wel 202 and | ow concentrated P well 218. Subsequent |y,

a devi ce i sphathePliBlicatidRNos HRI 02X 1890)-677533en ions of P type
I mpurity such as boron or the |ike are inplanted at a dosage of 7X

10[err]/gnferr] iWﬁbﬁw%etgg&gggagaggagﬁg%fﬁﬁ?g&pgrg Zchizs AR ' 1

Figure 11 (b). ure ( gate I nsulating
formed. 2007 ai5elie, 875 I RBIEBHEH BUcA IR RER TGS RorO KRB i SIS s of
In the- et O ASIPH AT ANSE & CEIAB L2 {41 #ndod THngni RBTBSErate 203, 8% (hose
havi ng ordi nary caoncentration of inmpurity ions, and | the | ow
concent r at e8hpwilin Pigure ¥ Haled Heen, fong|of Ni type dmpusityosueh: a8t i on by
canceling, with the N type inpurity ions, a part of
phosphorus or the like are implanted at a dosage of 6 X 1012/cm? in
10 the NMOS transistor-forming region 214 and a PMOS transistor-
forming region 216. Further, the substrate 201 is subjected to
thermal treatment at 1050 to 1200C to form an N well 203, P well
202 and low concentrated P well 218.
Subsequently, a device isolation region 204 is formed and
15 then ions of P type impurity such as boron or the like are implanted
at a dosage of 7X 101'/cm? in channel régions 205, 206, 207 and
208, as shown in Figure 11(b).
As shown in Figure 11(c), a gate insulating film 209, a gate
electrode 210 and source/drain regions 211 are formed,
20 respectively, to complete three kinds of NMOS transistors of
different threshold voltages and one kind of PMOS transistor.
In the method mentioned above, the P well 202 and N well
203 are those having ordinary concentration of impurity ions, and

the low concentrated P well 218 is formed as a P well at a low

256 concentration by canceling, with the N type impurity ions, a part of

8 This Sheet Has Been Relplaced :
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-9- the P type inpurity i ons | npl anted as per Figure 11(a). In the

nmet hod nenti oned above, the channel ion inplantation for controlling
‘the, threshold voltage is performed on the whol e surface of the
substrate 201, and therefore three kinds of NMOS transistors 5 can be
formed by perform ng two |ithographic steps for formng the P well and
N wel | . According to this nmethod, the threshold voltages are

control | ed HyeiRiyas impuistyionsnimplanted AsmarcFiginee (bk(@)poIn the This
i mpl antation controls the threshold voltage of an NMOS 10 transistor in a
normal P weinethdd mendidmed abbvagehefchanmed ion implandasian fon a nor nal
N well, and also the threshold voltage of an NMOS transistor in a P
wel | for medcbntsoltihgameotisteshold aoliage is perfoemid gnahiemholieysuefisceand
P type inmpurity ions. Therefore, it is extrenmely difficult to control

each of theof bheiphotreel 2025 an@thbﬁé‘ﬁﬁﬁrﬂﬁf&é ¥ind8ioT NMODEaFhedis

easily overcone by increasing t he nunber of |ithographic steps,

that woul d paRCLENBERR by Pﬁilfmngﬂgq%a gﬁhﬁg%a@quwtcﬁ%ﬁ%%&ﬂg ﬁfeeps

Addi tional |y, "accordi ng s and P

type |rrpurlgyw|8?lnaﬁg§’ewrahant ed to formone well, and 20 the

concentrati 's deci ded by cancelllng t he tmn types of
impurity ions with each_ pther., This ul estrict .t mat i on of
orfinary N and P AErerdfRgrioninis beihed; 68 thisonald kol@eshre  rhe
three wells cannot be controlled independently Nbreover t he

cancel | ati ogonjrelledr btimplanting boroamipns dndacthe whels substzate 20 bs in

the concentration of inpurity ions and such a poor
This implantation controls the threshold voltage of an NMOS

10 transistor in a normal P well, the threshold voltage of a PMOS
transistor in a normal N well, and also the threshold voltage of an
NMOS transistor in a P well formed by simultaneously implanting
the N type impurity ions and_P type impurity ions. Therefore, it is
extremely difficult to control each of the threshold voltages

15 independently. This problem can be easily overcome by increasing
the number of lithographic steps, but that would pose another
problem of increasing the manufacturing steps.

Additionally, aclcording. to the method, both N type impurity
ions and P type impurity ions ére implanted to form one well, and

20 the concentration of the well is decided by cancelling the two types
of impurity ions with each other. This would restrict the formation
of ordinary N and P wells, whereby the transistor formed in each of
the three wells cannot be cOntrolléd independently. Moreover, the
cancellation-type formation of wells leads.to such a great variation

26 in the concentration of impurity ions and such a poor
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reproducibility that it would be extrenely difficult to control the
threshold voltages in a highly accurate way. Especially in a case
where a threshold voltage is desired to be | owered, the design for
variation in the threshold voltage is so strict that it would be very 5
difficult to adopt the nethod itself. Furthernore, no consideration is
given to inplantation of inpurity ions for the channel stopper region
under the deepredusdbditythatdtiwoild beé lemtremely difficsiltetiohodntrol the
Summary of the Invention " The present invention provides a
net hod of neltésliedld ivedtages dnsarhiphilgugeeurdey gy COBYpEtiadly Ohna kG se
device isolation region in a sem conductor substrate; formng at | east
a first wHEYR G {14 ' i ' | Rel y C ’
substrate; VIR (HICAhONE SO 18 MEREANT Be oA SRS IREC Sen for
I ncl udi ng 1 NS 1N | e ek o '

avﬂﬁfﬁlbﬂ Fhlengh § %%%y?@fé%%ﬁ%ﬁ({]gﬁgg{ Zﬂﬁt & Wogiela be very

regi ons and & channel | ocate el'ectro

Steps ofd  aAlIeAT BHnY bh¢ kB REeRE) KT Beriorit®a L (20

| ocation deeper ,than the, bottomof the device isolation region; an i1on
i npl ant at i oRODSIACTALOR i%given R implaatation of isapuTity 1ons fgrothel t he
bottom of the device isolation region; an ion i npl antation 3 having a

concent r at i chapsud stapper ragioumndenthe deviggiisatatipar nswkatéingrfibndmai n
regions are to be forned; and an ion _ '
this method.

10 Summary of the Invention
The present invention provides a method of manufacturing

a semiconductor device comprising forming a device isolation
region in a semiconductor substrate; forming at least a first
conductivity type impurity region in the semiconductor substrate;

15 and forming on the semiconductor substrate a transistor
including a gate insulating film, a gate electrode, source/drain -
regions and a channel located directly under the gate electrode,
wherein the first conductivity type impurity region is formed by the
steps of: an ion implantation 1 having a concentration peak at a

20 location deeper than the bottom of the device isolation region; an
ion implantation 2 having a concentration peak at a location
around the bottom of the device isolation region; an ion
implantation 3 having a concentration peak around the junction
regions where the source/drain regions are to be formed; and an ion

25 implantation 4 having a concentration peak on or directly under the
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25 inplantation 4 having a concentration peak on or directly under the

- 11 - surface of the region where the channel is to be forned.

Al so, the present invention provides a nethod of manuf acturing a

sem conduct or device conprising form ng a device i sol ati on region
deeper than 0.6 [err] min a first conductivity type 5 sem conduct or
substrate; formng at least a first conductivity type I mpurity region
in the firsgusforduesf ithiet yegione witete theuchannel is tubet fatraedand form ng on
t he sem conductor substrate a . transistor including a gate insulating

film a gate el ecifigde.the Bregeﬁ&qﬁ/ve&ﬁwnrﬁﬂom%saa%%tﬁWBf' | ocat ed
directly under the gate el ectrode, wherein the first conductivity type

noving 5 ety rm#.f%%g%‘é“@ﬁa‘%@ﬁt@“ ?Eélﬁip?ﬁ*%#l%weﬁ‘%‘?ﬂ%ﬁ? §in

I mpl ant ati gn havi n ac ncentrati o peak around. th 0. 35
[err] m arS Piﬂtﬁoﬁ’prﬁ ﬁﬁ éLchel?mtqg'tr @HCt%tYaand t he
junction regions V\/aere the ource/ ai n re ns are e fornmed; and
an i on PnplSFIEPB u@toﬁ‘a‘%‘:‘ 3%@"@0 eémms& eﬁ§5@ firSt C&?‘%‘#CE"FB& type
under the surface of the region where thée channel is to be forned.
Further, tHmpueilshregiomin the fivst eendaqtivitydygre semieanduactering a
seni conduct or devi ce conprising formng.a device isolation region in a
sem conductsubstisstter; card formnimg oxl thel sémisonductorosabstrade y a ype
impurity regions having different inpurity concentration in the

G cron“{TeCofter hsluctug gt o weate et e 1o
source/drain regions and a channel located directly under the gate
10 - electrode, wherein the first conductivity type impurity region is
formed by the steps of: an ion implantation 1' having a
concentration peak around the depth of 0.6 «zm; an ion
implantation 2' having a concentration peak around the depth of
0.35 e m; an ion implantation 3' having a concentration peak
15 around the junction regions where the source/drain regions are to
be formed; and an ion implantation 4' having a concentration peak
on or directly under the surface of the region where the channel is
to be formed.
Further, the present invention provides a method of
20 manufacturing a semiconductor device comprising forming a device
isolation region in a semiconductor substrate; forming plural first
conductivity type impurity regions having different impurity
concentration in the semiconductor substrate; and forming plural
transistors each having different threshold voltage and including a

25 gate insulating film, a gate electrode, source/drain regions and a

This Sheet Has Been Reilaced




25 gate insulating film a gate electrode, source/drain regions and a

-12- channel located directly under the gate el ectrode, wherein the
plural first conductivity type inpurity regions having different

Il mpurity concentrations are forned by the steps of: form ng a mask

pattern on the sem conductor substrate, the mask pattern having 5 an

opéning at least in a transistor-form ng regi on where a transi stor.
havi ng t hr eshahtheldiocagedodiredtily aindeanper gatdbetectrode| wherein: flge t o be
formed; inplanting first conductivity type inpurity ions sel ectively

into the t rgnstSl first @oiiddctivEtPRypY ithpidity efRiks havinpaliffefeRy the
lon inplantations 1 to 4 of the above (or by the ion 10 inplantations 1

to 4 of thﬁnﬁp*qﬁﬁ%a?ﬁo%%rgi%}'gat a%ﬁ*e“fb&ﬁied by tﬁ@%‘ﬂégk'd’ﬂ%rﬁﬁ Ougﬁé

ions by ion’l I'ons to penetrate

The ek pebebtirty hi” rf\e%«‘?@iwﬁducz;f’fr%lﬂé%‘%ﬁr Rl P bR B Y B ?ﬁgé“ of

a second absol ute vyal ue which is an the fi rit absol ut e val ue
' o b fanmpening At lgek lrb@s&mﬂ%rofmﬁmyrgﬁlﬂasw ere 4

Figs. 1(a) to 1(d) are schematic sectional views show ng exanpl e of
a net hod oftnemsisier havingtheeskoldivelagaiel ac@rsizdaatgsﬁ} abﬁglut;e visdue
present invention. : Figs. 2(a) to 2(d) are schematic sectional
vi ews showiisgto be fermedsrimpiapnting firstneehducoivimaitypecimpurity ions
sem conduct or device according to the present invention.
selectively into the transistor-forming region by using the mask
pattern by the ion implantations 1 to 4 of the above (or by the ion
10 implantations 1' to 4' of the above); and implanting first
conductivity type impurity ions by ion implantation 5 that allows
ions to penetrate through the mask pattern into the transistor-
forming region which is covered with the mask pattern and in which
a transistor having threshold voltage of a second absolute value

15 which is smaller than the first absolute value is tq be forrﬁed.

Brief Description of the Drawings

Figs. l(a) to 1(d) are schematic sectional views showing an

example of a method of manufacturing a semiconductor device
20 according to the present invention.

Figs. 2(a) to 2(d) are schematic sectional views showing
another example of a method of manufacturing a semiconductor
device according to the present invention.

Figs. 3(a) to 3(d) are schematic sectional views showing still

25 another example of a method of manufacturing a semiconductor
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Figs. 3(a) to 3(d) are schematic sectional views showing still 25 another
exanpl e of a nmethod of manufacturing a sem conduct or _

- 13 - devi ce according to the present invention. Fig. 4
is a viewof the first process showi ng still another exanple of a

met hod of manufacturing a sem conductor device according to the
present invention. - 5 Fig. 5i1s a viewof the second process

showi ng stigbvRROBGRbrding 1 EHBl srederit (Rvbatica. manufacturing a
sem conduct or device according to the present invention. :

Fig. 6 is a view gf; i 1, Qt’"éﬁ‘ﬂ k! e&+1 | e of
a ?ret hod of manuf Caﬁ(‘:1 %ﬁé%vggﬂf ggﬁ%&cﬁg evic%gb %L%agg% r%?}]lga{lg%%ﬁ%gp

present inventjomn. ' i ' ' : r P S

Choni ng st fFabfitleaf a method df Srafulfe@ithR g RermifohBildiBricrts

sem conduct or deyj ce accordi n&bto ﬁhe present invention.

Figs. 8(a) RECAringte the ARGSERtHYGRHER vi ews showing still 15 anot her
exanpl e of a method, of _nmanufacturj ng a sem conduct or . devi ce according
to the pgresent in/&igi9ds a view of the seepnd procass shewing stilhanather
views of the process show ng a nmethod of manufacturing a prior-art
sem conduct exanyplecof a method of meEingfaqioreing a scniconducionaberioce vi ews
of the process 20 showi ng a nethod of manufacturing another prior-art
sem conduct gecdeding to the present iInwmntidpnl (a) to 1 1 (c) are schematic

views of the process showi ng a net hod of manufacturing still another
prior-art Fig. 6 is a view of the third process showing still another
example of a method of manufacturing a semiconductor device
10 according to the present invéntion.

Fig. 7 is a view of the fourth process showing still another
example of a method of manufacturing a semiconductor device
according to the present invention.

Figs. 8(a) to 8(d) are schematic sectional views showing still

15 another example of a method of manufacturing a semiconductor
device according to the present invention.

Figs. 9(a) to 9(e) are schematic views of the process showing
a method of manufacturing a prior-art semiconducto-r device.

Figs. 10(a) to 10(c) are scherﬁatic views of the process

20 showing a method of manufactﬁring anothér prior-art
semiconductor device.

Figs. 11(a) to 11(c) are schematic views of the process
showing a method of manufacturing still another prior-art

semiconductor device.

25
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sem conduct or device. 25 .

: -14-
Detail ed Description of the Preferred Enbodi nents The present
invention is directed to a method of formng the whol e of an inpurity
region (well) located extending fromthe surface of a channel to the

i nsi de of the sem conductor substrate by 5 performng the ion

I nplantation in, fqour steps to give an opti Lmpurity profile in
manuf act ur i R§tailedPescaiRtion 3@&?‘&%8?6“%33&%?961@%%9 stor on a

sem conductor substrate in which a,  device _isolation I‘E%_I on has been

f or med. Thepsesemtdnvention isudbivected toa maethed afformeing sbent
10 invention is preferably a silicon substrate, but it is not particularly
limted as whodeasf an imparitpsegioe (welihlodcated sxtendingdirommghe

sem conduct or devices such as PMOS, NMOS or CMOS, etc. " Firstly,

a devi ce i sghpfdceof agilvannel torthrdinsidehef the seaticotaiwesosubsbsatebg t o
define an active region. The device 15 isolation region can be fornmed by a

convent ison%eﬂﬁrm%gg& A5 impldri¥dtfo At f6hur i STRPAVES! itEeh @%&mm

devi ce isolation net by trench or the like. Wile the

thi ckness ofy b fiPYittile in phaAkALEM{HY0eAARNAORIOREVRE! Y ad) ust ed

dependi ng upo ous con IoNs™ s Ze and depth of the

of the | i iirding o tRnsislofigh & SEHiCEndu s SubRtERts fgRichaA" "
preferable {hicknes . ’is,dee er than the source/drain region to be
formed | at €févice isolation rRgion; nas la%ﬁ’até)trm?&y type impurity region

(well) is formed . .
The semiconductor substrate to be used in the present

10 im}ention is preferably a silicon substrate, but it is not particularly
limited as long as it is a substrate ordinarily used for forming
semiconductor devices such as PMOS, NMOS or CMOS, etc.

Firstly, a device isolation region is formed in the
semiconductor substrate to define an active region. The device

15 isolation region can be formed by a conventional method such as

- LOCOS method, improved LOCOS method, device isolation method
by trench or the like. While the film thickness of the device
isolation region can be appropriately adjusted depending upon
various conditions such as size and depth of the impurity region

20 (well) where a device is to be formed, concentration of fhe impurity
ions, layout and size of the device or the like, preferable thickness
is deeper than the source/drain region to be formed later.

The first conductivity type impurity region (well) is formed

by 4-steps of ion implantation into the semiconductor substrate in

—_—

25 which the device isolation region has been formed.

—_—
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by 4-steps of ion inplantation into the sem conductor substrate in 25
whi ch the device isolation region has been forned. '
15 - As the ion inplantation 1, the first conductivity type
inmpurity ions are inplanted in such a way that the concentration
distribution of inpurity ions has a peak at a place deeper t han t he

bot't-om of the devi ol ati,on regj an. I s preferab tQ con uct 5 the
"ol ant ati on so- & i thesrsbdptplaiftationd o the st ot dutiotime "o
1.0 [err] mdeep., The location of the peak can be adjusted, for

exanpl e, bylmﬁgmlbY iiag st At implantadhivrigh.a wAx thedcthe €gmaentrationn
the case where the first conductivity type inpurity ions are P type,

for exanpl edistributinriofriappurityaions has aopeakrat arplaoe ddepertthan the

i mpl ant ati on energy of about 130 to 500keV. In the case where the

first condubbttomyof yhe devive 1solaticn aregidnt yit, isf preferahieeto cbniduct
preferabl e that phosphorus ions are i rrpl ant ed with an I npl ant ati on

energy ¢f afpelimiMAdiatdon ¢@YhatiMecopeni! B HRGA@d at a pidte oTHIFt T4
i mpurity ions is about 5.0X 10[err] to 5. 0 X 10[err]cn{err] 15

Fur  her o evo 110" e gREHN O el Niedlfthosy LRS! FART A B A sted2Top 11

t hi ckness m or over condu

poak at depereBiid,dhy ?%%Sﬂﬁifhi the Bpinklift bty %ﬁ‘*&f?ﬁ%ﬁiﬁ#&ﬁ;{??ﬁi S
I G T e R A e S T
i npl anted, for exarrpl e, with ap i mpl ant atj on energy of about 200 to
300 keV andei’ e%aHYR eofltdeonre&r@btelfd}%tr ppreg ions agegmplapted withean] .

10 implantation energy of about 130 to 500keV. In the case where the
first conductivity type impurity ions are N type, for example, it is
preferable that phosphorus ions are implanted with an
implantation energy of about 300 to 800 keV. Appropriate dosage

for implanting impurity ions is about 5.0X 1012 to 5.0X 1013cm-2,

15 Furthermore, in the case where the device isolation region
has a film thickness of about 0.6 # m or over, the first conductivity
type impurity ions are implanted in such a way that the
concentration has a peak at. depth of about 0.6 £ m as the ion
implantation 1°. In this case, if the semiconductor substrate and

20 the first conductivity type impurity ions are P type, it is. preferable
that boron ions are implanted, for example, with an implantation
energy of about 200 to 300 keV and a dosage of about 5.0 X 1012 to
5.0X 1013cm-2,

As the ion implantation 2, the first conductivity type

25 impurity ions are implanted in such a way that the concentration

This Sheet Has Been Repl

oo [ IIIIll llll ll IIIl




As the ion inplantation 2, the first conductivity type 25 inpurity ions
are inplanted in such a way that the concentration

- 16- distribution of inpurity ions has a peak near the bottom of a
devi ce i solation region. Mre specifically, in the case where the
device . I solation region has a filmthickness of about 0.2 [err] mto
0.5.[err] m it Is preferable to conduct the ion inplantation by

sel ecti ng tdistributiver of ilpurityliamshasm pedk heakithe bbtiamsof a device
appropriately so that a peak is located at depth of about 0.25 [err] m

to 0.6 [errisolatioh regicAase More specifiddityf in thecoaseovhere Hey gevie®urity
lons are P type, boron lons are inplanted, for exanple, with an

of i mpur |ty SOLAEGH rekion hadd T WiERnESS dboll 0.2 B B30, 51 BRSRO°,
X 10[err]crieptliedahitN cond @S EhENBHE it althtiorf YA Weid Mihg i@
S e b anted, Por exanpl e,

I mpurity io are osphorus 1*ons are i
with an _inpl ant ati

on . ener, of .apout, .15 Q 500 keV and a.dosa f
About - 15x TREHEY 168 implasttidl Enar iy arhed of JeRS asBropHa iy RS thathe,
t he device isolatjon regi on has ﬁ film t hi ckness of nore than about
0.6 [err] rd Pegk 15 logateshatidepinigf ahgut 0.25 kg Pybitham. alda theraseed
in such a way that the concentration _has a peak at depth of about 0.35
[err] m or whegepthe dirstreemdundivity type impudityriensaare &t type, fianan
t hi ckness of the device isolation region, 20 as the ion inplantation 2'.
VWen the sdoinoadecimplanbed; for exadnple, witheat iinsplevtehioni eneygy yafe
inpurity ions are P type, it is preferable that boron ions are
i npl ant ed, 4dbBoue80He200 kevan inmhistaiselnthe dosage of impurity ions to

10 be implanted is preferably about 1X10!2 to 1X10'3cm-2. In the
case where the first conductivity type impurity ions are N type,
phosphorus ions are implanted, for example, with an implantation
energy of about 150 to 500 keV and a dosage of about 1 X102 to 1
X 101%cm-2.

15 Furthermore, when the device isolation region has a film
thickness of more than about 0.6 £ m, the first conductivity type
impurity ions are implanted in such a way that the concentration
has a peak at depth of about 0.35 £ m or at depth of about two
thirds to one half of the film thickness of the device isolation region,

20 astheionimplantation 2’. When the semiconductor substrate and
the first conductivity type impurity ions are P type, it is preferable
that boron ions are implanted, for example, with an implantation
energy of about 100 to 150 keV and a dosage of about 1X1012to 1

X 1013¢m-2 .

25 As the ion implantation 3, the first conductivity type
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energy of about 100 to 150 keV and a dosage of about 1 X 10[err] to 1
X 10[err]cnferr] 25 : As the ion inplantation 3, the first
conductivity type : 17

impurity ions are inplanted in such a way that the concentration
distribution of inpurity ions has a peak near the junction regions

where the source/drain regions are to be fornmed. Mrre specifically, I n
t he case whsnpuiriity sonscareliniplandgidoinn sarch faommay thatdde cosicentFatidmut
0.1 to 0.3 [err] m it is preferable to conduct the ion I npl antation

by sel ecti ngistpihepiormioflimpleignivgy Has a peaknhehirathe juncaivh tlegiéhsd of
lons to be inplanted so that the peak is | ocated at dept h of about

0.15 to 0. 4yherelthe sbkcerdrhig reglohSareascbeisrmedle More fs%ééificau?r,
conductivity type inpurity region s P type, boron ions are 10 inplanted

Wi th i npl antaihan- 288 e pé tﬁlé.c’%}lgg?zgréﬁq tjégXonEb”?re forid a?@&fpgﬁbﬁ

dosage of inpurity rons to be 1np I's prefterably about

L) A SR o T SO SO B o
| s case, ,the

w th inplantatjon ener of .about 100 to 300 key. In 15 _ th
Gosage of - ADIARAPGRbY SeEctiiE SRPEO DAt Y Wi sReray for dpplantation

10[err] to 1 X10—[er.r]cnlge.rr]. . The jon inplantation 3', which -
is carried and the dffiad.afdons to heciraplanted|sa shat Hheipepieis torcatedmt

region is thick, can also be - perfornmed essentially in the sane way as
t he above- ndepthoddbont 0205 tonplsaint ani orF@r example, in thersastavhere the
i nplantation 4, the first conductivity type inmpurity ions are
i npl ant ed ifirsticbnalwedivityatypbdnspucityt regioan is P type, boron ions are
10 implanted with implantation energy of about 40 to 150 keV. In
this case, the dosage of impurity ions to be implanted is preferably
about 1X1012 to 1X1013cm-2,. When the first conductivity type
impurity region is N type, phosphorus ions are implanted, for
example, with implantation energy of about 100 to 300 keV. In
15 this case, the dosage of impurity ions to be implanted is preferably
about 1X101!2 to 1X1013cm-2, |
The ion implantation 3’, which is carried out in the case
where the film of the device isolation region is thick, can also be
performed essentially in the same way as the above-mentioned ion
20 implantation 3.
As the ion implantation 4, the first conductivity type
impurity ions are implanted in such a way that the concentration
‘distribution of impurity ions has a peak on the surface of or directly

below a region to become a channel. More specifically, it is

25 preferable to conduct the ion implantation by selecting
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distribution of inpurity ions has a peak on the surface of or directly

bel ow a region to becone a channel. Mre specifically, it is 25 preferable
to -conduct the ion inplantation by selecting

-18- appropriately the energy for inplantation and the kind of ions so
that the peak is |located at depth of about 0 to 0.2 [err] m In case of

P type inpurity ions, boron ions are inplanted with inplantation

energy of abppropriatelgOthe\énengy for itiplagdtadion gdithe kind obidbrs s®
inplanted in this case is preferably about 1 X 10[err] to 5 X

10[err]cni ethht the pehk Rakscated\at iepthplabout 0N OPROS RIAQT Uk calke &f €
i mpl anted with I npl ant ati on energy of about 10 to 150 keV; and the

dosage of  p tyhdRHip¥ityOlhnd,ObbeohMUieeee iripldhtedapRH smpland
about 1 X ty151012 ﬂt,o 15 X 10[err]0crr[ err]. 10p The. i on”i npl g‘%?iaﬁt{i on

4" which i : . . L :
sol ati on r SBFSRY & aBelyr 10 tBROWEV; and W€ dodalfe b sMPariIolR 1 e,
t bove- ti d i . i npl ti 4

Above- neht | DRGLBFGRG, HENE ymis PrefesAtng bl 12 104° tap 3t dMemer .

to 4 b jall formed b | ect.i , dj ti t hat
the peak of [REAVE ApNGEE FEREHPEipaE, Phosphorys iBsae BnRlanted s

t hese inplantations need not to be erforned sequentially fromthe
first to thémpjantatiomenergy of iaﬁm&ht]éft@n]é@ds@‘ﬁéaékﬁl&h@téﬁsagﬂtﬁﬁluousI y

by changing the 20 inplantation conditions. In addition, as long as the
above- impurityddnfoto o dneplaertest irr thiarcdse topredetrably adenendedt |y
each other, not only the four-step inplantations but also

1012 to 5X 1012 cm-2.

10 The ion implantatioﬁ 4’, which is carried out in the case
where the film of the device isolation region is thick, can be
performed essentially in the same way as the above-mentioned ion
implantation 4.

The above-mentioned ion implantations 1 to 4 and the ion

15 in;plantations 1’ to 4’ can be sequentially performed by selecting
conditions so that the peak of each implantation appears at a
different place. However, these implantations need not to be
-performed sequentially from the first to the fourth. These
implantations may be conducted continuously by changing the

20 implantation conditions. In addition, as long as the above-
mentioned four characteristics can be controlled independently
each other, not only the four-step implantations but also

implantations involving five or more steps can be conducted

according to the sizes of the semiconductor device, the first

25 conductivity type impurity region and the like.

o A
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I npl antations involving five or nore steps can be conducted accordi ng
to the sizes of the sem conductor device, the first 25 conductivity type
impurity region and the |ike. - 19
- The above-nentioned four-step inplantations nmake it

possible to control the depth of each peak in the first conductivity

type inpurity region by inplanting-ions independently and thus. can
control the characThe above-nfemtipned feuorstiepyimplantatiomes ymmaks it I n
ot her words: (1) By the ion inplantation 1 or 1', the highly

concentr at eghossiblé @oi controlf thiertepilt bif eddie pealsin ate fivst idvatd tbeivigy |
resi stance can be reduced and the | atchup tol erance can be increased.

(2) By the i [ ?@ﬂ( Ireidi mpldietin 1Y Shiededid @n rated
region is fé?ggdﬁ? tﬁ?gggégggédy?ﬁ%pbot tlo% gi)r?i oﬁe?f dntl?ﬁ%ﬁgegl?gg

I sol ation regi LG4 ' L i3] n be
ool Pasy "Bk Rorifol il BB ASGPLR PRALICHER ity ppctehlefy
concentrgtion in t dee ortion of the channel is appropriately
controllgd to pr evgﬁtoglerlg’ ¢h-t hrough of the transistor.

4) By the ion inplantation .4 or 4' ., the, t.r,atj th ' h I
ki on on the sur T bDRED LRRAOB EPIANLATIOR, droh oi' RCHMENLY CompEatFar

threshol d voltage of the transistor. | n these four-step ion
i npl ant at | oA€gieNd st fargnedowdtiin theysubstrgiss sothatiihe sxgldresiptamces to
be finally obtai ned, may be substantially uniformly controlled from

t he surfacecan bieerediscedaand the laschiugp boleramasf canebenmoereasedagi on; or,
alternatively, the first '

(2) By the ion implantation 2 or 2’, the relatively highly

10 concentrated region is formed in the ends and the bottom portion of
the device isolation region, so that the device isolation within the
well can be realized.

(3) By the ion implantation 3 or 3’, the concentration in the
deep portioﬁ of the channel is appropriately controlled to prevent a

15 punch-through of the transistor.

(4) By the ion implantation 4 or 4’, the concentration at the
channel region on the surface of the substrate is controlled to
adjust the threshold voltage of the transistor.

| in these four-step ion implantations, the first conductivity
20 type impurity region, which is to be finally obtained, may be
substantially uniformly controlled from the surface of the substrate
to the bottom of the impurity region; or, alternatively, the first
conductivity type impurity region may .be allowed to have an
impurity profile fully satisfying the above-mentioned

25 characteristics. .For example, the whole concentration in the first
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conductivity type inpurity region nmay be allowed to have an I mpurity
profile fully satisfying the above-nentioned 25 characteristics. For
exanpl e, the whole concentration in the first

-20 - conductivity type inpurity region can be uniformy or non-
uniformy distributed within the range of about 5 X 10[err] to 5 X
10[err]cnferr]. After the first conductivity type inpurity
region is fepmedeivitystype imtpusityeregioneeamobe- undfonmly oFpnantati on, the
transi stors each having a gate insulating film a gate el ectrode and
sour ce/ dr ai nniégrmiy distrilbu ted withtiheth erramigey of edout Sadd0theso 55X an
interlayer insulating film a wiring |ayer and the |like are forned on
these transiigneem-80 conpl ete the sem conductor device. 10 Mor e
specifically, in order to forma gate insulating film the surface of

the silicon substragpr e Pﬁs@’@o‘i‘i&&éubﬁ}ﬁtiﬁ@'iﬁﬁiumty reg‘i’éthiQtib?ﬁl%G;tyépsoo

I n an atnosphere of oxygen and/or vapor at tenperature of a

to 950[gfr] Ghe o gQves lgen[tmﬁga AL s‘ﬂ:ﬁ derPgﬁﬁl%qhtl&?H;ﬂr 'Efxg ﬂ‘atrnsl%

pol ysiliton siInglre ayer, a Sil 0|n TRt al
and so on, nIeJa Qr m_n | yci de of

t hese and sSaﬁﬁ h&Xang ggatg E}%lgf%sé?gaféip@cé %é‘iﬁ egésgﬁq(i%%gwy f or med.

The source/drain regi Qqns cgn be for i mplantin urity |ons at
N Gesired dgeugee/ Aadn reaions aradbrmed am the HmPUrity recieh: Ao dboth,
and then opti onal lrﬁ performn an anneallng It is . preferabl e to
per f or m t heasnintanlager inskila m& u, apwiringdeyes and the like are formed

on these transistors to complete the semiconductor device.

10 More specifically, in order to form a gate insulating film, the
surface of the silicon substrate may be oxidized by a thermal
oxidation method in an atmosphere of oxygen and/or vapor at a
temperature of about 800 to 950TC.

The gate electrode can be formed with a polysilicon single

15 layer, a silicide with a high melting point metal and so on, or a
single layer or a laminate layer of a polycide of these and so on, and
a side wall spacer can be optionally formed.

The source/drain .regions can be formed by _implanting
impurity ions at a desired dosage, in such a way that the region has

20 adesired depth, and then optionally performing an annealing. Itis
preferable to perform the annealing in this case at about 850 to
950C for about 5 to 20 minutes. Thereafter, PSG, BPSG, SiO,,
SiN or the like is formed as an interlayer insulating film on the

transistors thus formed, and the contact and metal wiring are

26 provided to construct thé semiconductor device.
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or the like is forned as ulating filmon the

transistors thus forned, and nmetal wiring are 25 provided
to construct the sem condu
- 21 ' The inportant feature in the nethod of manufacturing a
sem.conduct or devi ce according to the present invention, napely in
forming the first Tdunhdmpostant fegfarnerputhe methos afymagntagtvgng a i ons
in four steps is that, inmediately after these ion inplantations, 5 a

t her mal tr esstmioonidnotor devidcecaeebnting tathe |presem tiimventjonginemely in | n
ot her words, the nethod according to the present invention omts

thermal tr dfotragitig the fikst corrductivity typelisnpuodiiyt régias by dmplainting
purpose, thermal treatnment performed in other steps for formng

i ntegrat ed jginCiff FSut %%15@'iQQHdt?'i'ﬁirﬁba'iételﬁfl&fter these ib®f iripdaRt&tioME O
nore thermal treatnents conducted in the foll owi ng steps can be
utilized g ' ' | rJy : / ' eq]

For m ng st ab ngFteRdmen I ot dbhapoped PR O dblalifl Hots.
treatnment in each step.is.carried out fof. relativel hort tine, for
exanpl 6 10 ReERGE WS, theefiod agcntdine fo the ptghent 1Ay grition gpplts
preferably at 900[err] C or belo B L utilizi the thermal fregtnents
PLet he- aboBiesaps irpRtmsmotar bhe Tsmation ot stehS andssiiizes, doschis of
impurity ions inplanted for form ng the first conductivity type

i npurity rd@mopese, thermal treatynensperformedincethensiepsofor farmingod of
20 manuf acturing a sem conduct or device according to the present

i nvention iintegaatedaciocuits intluding dndnsistonsy type transistors

950[ err] C for about 5toﬁ§sﬁﬁnt S. 'I;ga?r:f after, PSG BPSG SiQ2, SiN.'
a

10 For example, one or more thermal treatments conducted in
the following steps can be utilized : gate insulating film forming
step, source/ dréin region forming step, or interlayer insulating film
forming step. The thermal treatment in each step is carried out for
a relatively shoft time, for example 10 seconds to 30 minutes,

15 usually at 1100C or beiow, preferably at 900C or below. By
utilizing the thermal treatments in the above steps, it is possible to
prevent excessive diffusion of impurity ions implénted for forming
the first conductivity type impurity regions.
| Furthermore, another feature of the method of

20 manufacturing a semiconductor device according to the present
invention is that two or more first conductivity type transistors
having different threshold voltages can be formed on a

. semiconductor substrate.
In this invention, the device isolation region can also be

25 formed in the same way as mentioned above. In accordance with

21
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having different threshold voltages c&n e formed on a sem conduct or

substrate. In this i nvent| eef BmiEdeced sol ation region can

also be 25 forned in the same way as ve. In accordance with
- 22 - the filmthickness of the. on region, it is
possible to adj ust the depth of ion inplantation for the formation of
the first conductivity type inpurity region which is formed in a later
st ep. the filmFthitkyess aofattke ghevtice risoiafionneegion aitsisrpossibbe ¢o 5
substrate on which the device isolation region has been forned. Thi s

mask patt er adjastatheeptigoftioheiaplantatiorafist ther fdranatiun of the €iyisan
where a transistor having threshold voltage of a first absol ute val ue

(e 0., highcldiuteivigy l@ﬁpEoiritigﬁrW%giﬂﬁ'ﬁﬁhléh r1§tformedq91nd%tb¥'§eéﬁ ype

transi stors having different reshol d"vol t age The mask pattern”can

be formed by appl yiagdy kiouh LES) SlrelA &formehhbgk@%}gg #8Wof O tO

4.0 [err] mand pa hg siIst Into a apeb
photol it ogra h S ' n_al so have
b opent fig FhTH 206 &h Ehich e URRIce AShiatlBh tegion Bl Befpfiedy on
where a tra i,stor having threshold 15 e of, a second abso] ute, val ue
(oco 2t hr cThismash mslernoRasiaf opening gt Bastin & TARSIOEIORIIRE
Iovv-Vth) is to be forned in addition to t he opening in _the high-Vth
transi st or - regiAgVhegeoh transistor having; threshmldueeltage, of plirstpurity
lons are selectively I npl anted into the high-Vth transistor-form ng
regi on by usibspluite valie {oge-hight-Mihddsnts beptanmed. among iphpiradtfitston of
the first conductivity type inpurity ions can be performed by the ion
conductivity type transistors having different threshold voltage.

10 The mask pattern can be formed by applying a known resist to a -
thickness of about 1.0 to 4.0 £ m and patterning the resist into a
desired shape by photolithography and etching steps. This mask
pattern can also have an opening in the outer circumference of a
transistor-forming region where a transistor having threshold

15 voltagé of a second absolute value (e.g., threshold voltage of smaller

| than the first absolute value; low-Vth) is to be formed in addition to
the opening in the high-Vth transistor-forming region.
First conductivity type impurity ions are selectively
implanted into the high-Vth transistor-forming region by using the

20 above-mentioned mask pattern. This implantation of the first
conductivity type impurity ions can be performed by the ion
implantations 1 to 4 or the ion implantations 1’ fo 4’ in accordance
with the filnlln thickness of the device isolation region formed by the

previous step. Concerning the ion implantations; it is preferable

25 to adjust implanting conditions appropriately in order to secure the
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implantations 1 to 4 or the ion inplantations 1' to 4' in accordance
with the filmthickness of the device isolation region fornmed by the
previ ous step. Concerning the ion inplantations, it is preferable 25 to
adj ust inplanting conditions appropriately in order to secure the

- 23- four characteristics (1) through (4) as described above. Thus,
It i-s possible to formthe first conductivity type inpurity region in
t he hi fdm vicharacterssticsf(d) thrgughy(4hasdesordbadi akoyehi ghus, it is

concentration, for exanple, the first conductivity type inpurity 5 region
havi ng a unpbesibly todoranithe firstond wcpivify kepel ithpurety region TAUEhéy
concentration range of 5 X 10[err] to 5 X 10[errfcrr[err]. I n

the case wWhgkgphl @y FERFm waht 81kl i opening in
t he outer cﬁrﬁgﬁnyg?eﬁ?erpéo{?tg mvi?% ?re ir(l(?si st o?-fo?%ﬁ’r?gy high regi on too,

(e 1, CORANGHYpbid YR BB, PAORY oy Sobe MUYy,

concentrati G EW se outer Clircu
this ensures the devi.ce isolation in a |low.WMth transjistor-. .. tqryin
region 8 Tegibn HaiEE poinilaran qfndps Rl AR A arosiconi it g% ne
g
sane mask pattern. In this ion inpl ang}t i on 5, 1l rst8 conductivity type
15 i mpuri t YOBHELE GORGERBAIIER TaRge0feS 2l PAT E0 3 < HR %¢&hi’e onduct or
substrate through the mask pattern and it is necessary to perform t he
i mpl ant ati on wi t h Bhéhgcase whesneinprevigns stepsdlghinask patteppdias an
pattern. Moreover, the dosage of first conductivity type I mpurity ions
to be i npl aopeding irhthesnwterairchempergrece wice bowel thAtanddptortfogmimgn
the threshold voltage of a |ow Vth transistor because the dosage
corr espondsrégid eobpheifiystcoondniotiditgrtype impurity region in a relatively
10 high concentration is likewise formed in the outer circumference.
Thus, this ensures the device isolation in a low-Vth transistor-
forming region.
Further, the ion implantation 5 is performed using the same
mask pattern. In this ion implantation 5, first conductivity type
15 impurity ions are introduced into the surface of the semiconductor
substrate through the mask pattern and it is necessary to perform
the implantation with energy large enough to pass through the
mask pattern. Moreover, the dosage of first conductivity type
impurity ions to be implanted in this step can be properly decided
20 depending upon the threshold voltage of a low-Vth transistor
because the dosage corresponds to the impurity concentration in
the channel portion of the transistor. Thus, the relatively shallow,
first conductivity type impurity region having a relatively low

concentration is formed on the whole or a part of the region covered

25 with the mask pattern. In the region where the mask pattern does
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t he channel portion of the tH%n Lstor. Thus, the relatively shall ow,

first conductivity type inpuri SopenRaplaced) a rel atively | ow
concentration is formed on th J I rt of the region covered 25
with the mask pattern. In the he mask pattern does

- 24- not exist, nanely in a high-Vth transistor-formng region, the
first . conductivity type inpurity ions are inplanted in a considerably

deep pl ace hottéwistpmannetydhoa HghsMthi tramssistbaiforneing regidwy sheefitst i cs
of the high-Vth transistor are not directly affected. 5 This ion

i npl ant at i oeoﬁddﬁﬁsvftgrtt dni pu PRyCIOHY eredim ‘lﬁﬁtébein' Qﬂconmderably
|nplantat|ons to 4 or the ion |nplantat|ons ' 4' . The ion

| ant at I th
on | mplant FPBnErre 4 (R Wnkidanetors %“*ﬁéﬁ%%ﬂh%ﬁﬁ%e” attern can
b df t
e e is°;g§%§aﬁ§§r1;3§ﬁ%e°ﬁ a2t remsist O ke 08, B A BRFEn,
t hreshol d v

el oth 39ﬂeﬂrﬂal%ntatmn BiPacs Batnced Qe&oaﬁ%ﬁ%q?@ét@%?hpﬂyye

transistors haV| n di fferent threshold vol tages and a P type
transi st or, impplg atlpgps tlr s orothe dan Hgplaptations dntothieshBEdODI t ages
and an N ty e transistor, or P type transistors having two different

t hreshol d 1implaoitatips Saneay he pdternatively conductay bedode idrebetween

t hreshol d voltages. In these nethods, at |least two |ithographic steps
and a thept iibneimplanftations oy a’eralrgd time & long asdhe safne mask

More specifically, the formation of a CMOS conpri sing
pattern can be used for the ion implantation.

10 While the aforementioned method is explained about
transistors having at least two different threshold voltages, it is
applicable to both N type and P type transistors. Furthermore,
this method can also be applied to N type transistors having two
different threshold voltages and a P type transistor, P type

15 transistors having two different threshold voltages and an N type
transistor, or P type transisfors having two different threshold
voltages and N type transistors having two different threshold
voltageé.- In these methods, at least two lithographic steps and a
simplified maanacturing method can be realized.

20 - More specifically, the formation of a CMOS comprising
NMOS transistors having af léast two different threshold voltages
and PMOS transistors having at least two different threshold
voltages is as follows :

At first, a mask pattern having an opening in each of a

26 high-Vth NMOS transistor-forming region and a low-Vth PMOS
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NMOS transistors having at |least two different threshold vol tages . and

PMOS transi stors having at |least two different threshold vol tages is
as <f ol | ows At first, a nmask pattern having an opening in each
of a 25 high-Vth NMOS transistor-form ng region and a | owVt h PMOS

- 25- transistor-formng region is formed. Wiile a P type inpurity

regi-on in a relatively high concentration is forned in these regions

usi ng the ntisn pistoerformingregiphais formed.i "While s Pefyspe Fi’rrlyuelty
impurity ions are inplanted in the surface of the | ow Vth NMOS

transi stor @%ﬂdﬁ\ ian rel@tively aaghotohbenktatioH i Meﬁrﬁﬂih%h@rreglons :
region covered with the mask pattern, by ion inplantation through t he

mask patter {j5ifBNaGfd Phagki H8 99 &fn i ldrfﬂélt%'ﬁ@hlt four ste %' Pl
: SHEREOT,

i mpurity ions pass thro sk pattern, 1t pre er’abl

because | ﬁgﬁﬁ?ﬁﬁﬁfqﬁ%ﬂa@%ﬂ%nﬁﬁna‘f ﬁﬁjfgm the 18w-Vn Wbs
hook pathor Ay TSgrahelon apd.the syrfabaont sRE SN PRRQStHiRSTstor

transi stor-formng regi gn and a_low Vth PIVDS tran5| stor-form ng region
is forned, BEPRI0IhCQVEypd with thmaﬁk/paém% by ipg; iraplaptatien through
i npl antations in four steps, using this mask pattern. By the
af or ement i otled ma@ﬂcptaépf:mn Concerpingthei dasagetghionspmplanteshsoof a
rel atively high concentration have been inplanted in the | ow Vth PMOS
transi st or - Alow rthe impurgy donsataol pRss/phroughr the mask patted),uittisig t he
threshold voltage 20 of the |owVth NM3XS have been inplanted at a deep
place in thpreferable to set the concentration of impurity ions at a relatively
10 low level, because the implantation is to form the low-Vth NMOS
transistor-forming region.
Then, by conventional methods, a mask pattern having an
opening in each of a high-Vth PMOS transistor-forming region and
a low-Vth PMOS transistor-forming region is formed, and an N type
15 impurity region is formed by ion implantations in four steps, using
this mask pattern. By the aforementioned four-step ion
implantation, P typ.e impurity ions of a relatively high concentration
" have been implanted in the low-Vth PMOS transistor-forming
region; and P type impurity ions for adjusting the threshold voltage
20 of the low-Vth NMOS have been implanted at a deep place in the
semiconductor substrate. It is preferable to adjust appropriately
the dosage of impurity ions to be implanted, so that the P type
impurity ions at least on the surface of the semiconductor substrate

are cancelled by this four-step ion implantation to form an N type

25 impurity region in a relatively low concentration. Likewise, a P |
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sem conductor substrate. It is preferable to adjust appropriately t he
dosage of inpurity ions to be inplanted, so that the P type I mpurity
ions at | east on the surface of the sem conductor substrate are
cancelled by this four-step ion inplantation to forman N type 25 inpurity
region in a relatively | ow concentration. Likew se, a P

~26- type inpurity region in a relatively | ow concentration has been
formed in ttypdiigipwrityPragon imsi sebativetyiloy cegicentbgtiombas been

i mpl anted t hrough the afore-nentioned mask pattern. It is preferable
to adj ust afurmedi @i ¢he high ddtla MO S itrawsisyor-fosntingbeegion iy foried, so
that the |low concentrated P type inpurity ions are cancelled by this
four-step ijRbightéd ¥hicudRtABfdré aentiPnEd iMask pat@Hen 1P ig
relatively high concentration. Herei nafter, practical

exaples Orpt¥eriIbah ahjudP BRI e ERUELBINEIAEATIRES o pe
Sxale o impjanted, o Rk B BRE s LS, B Blns ToflENL6F h B
mproved  cantetied fi s ORissEERIMBIETTRN A S dBPRAmENEDY
formed by a thermal oxidation in an active regi on which is not coated -
with the dekggion in|adebatively dHgh concemtsatiompl e, the formation of
an NMOS transistor as well as the formation of a PMOS 20
transistor-formng region 5 adjacent to an NMOS transi stor-
Hereinafter, practical examples on the method of
10 manufacturing a semicbnductor device according to the present
invention is described based on the drawings.
Example 1
First, as shown in Figure 1(a), a device isolation region 2
with a film thickness of about 3000A was selectively formed in an
i5 inactive region on a P type silicon substrate 1 by an improved
LOCOS method. A protective oxide film 3 of 200A was also
formed by a thermal oxidation in an active region which is not
coated with the device isolation region 2. In this example, the
formation of an NMOS transistor as well as the formation of a PMOS
20 transistor-forming region 5 adjacent to an NMCS transistor-
forming region 4 are explained.
Then, in order to form a P well 14, as shown in Figure 1(b),
aresist pattern 6 with a film thickness 0of 2.0 # m having an opening

in the NMOS transistor-forming region 4 (including a part of the

26 device isolation region 2) was formed, and boron ions were
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formng region 4 are expl ai ned. Then, in order to forma P well

14, as shown in Figure 1(b), a resist pattern 6 with a filmthickness
of -2.0 [err] m having an openi ng in the NMOS transi stor-form ng region
4 (including a part of the 25 device isolation region 2) was formed, and
boron ions were -27 -

i npl-anted using this resist pattern 6 as a mask under the fol | ow ng
condi ti ons.implantedBisingthis gesint pattegn: 6 2BoalmaskDabslgs: the following
10[err]cmerr] B2 I nplantation energy: 120 keV, Dosage : 3 X
10[ err] cn ecohditions. B3 I npl antati on energy: 60 keV, Dosage : 2 X
10[err]cnferr] B4 I nplantation energy: 20 keV, Dosage : 3 X

10[err]cnferr]B1 Implantatifnl eheRgy! BER KA UMidagd e PROMProgRRtei Oned
condi tions remal ned in the reSist and were not 1nplanted into the PMOS

transi stor-forghn | 0 it esti tey R fp12ahl-2
Thereafter, thlghr g&@%@%ﬁgﬁné&%\?\é? rl?rrdo\%(y’ a@s% éﬁ%vmﬁ) C}Ri n Figure
1(c), in ordergto forma wel an super i cj R [£9ion 16, a
resi st patter nBé \/&I’?R%n?‘il&ﬂﬂ ﬁ*‘&%&&ss%o‘?liﬁ. [E#ﬁgéﬁ ha‘r\)’/%nbo &n%gn
opening in the P transi stor-formng i 5 (incl udi 0 a part
of the device Bdol é‘f‘PiﬁPF%’E}PE‘nCQC}'gM/aS 4@3??38’ éfﬁs%sﬁgrfé&%'?ﬁ ons and
boron ions were i g&l anted using this resist pattern 7 as a nmask under
the foll owi ng condilliigns implanted undes the ghevgnaensioned condditionst i on
energy: 600keV, . . Dosage : 3 X 10[err]cn] err;
P2 Phospremadniednin thepresisitand wesegyot oqlanted2into the PMOS
Dosage: 2 X 10[err]cnferr] _
transistor-forming region 5 coated with the resist pattern 6.
10 Thereafter, the resist pattern 6 was removed, and, as shown
in Figure 1(c), in order to form an N well 15 and a superficial P
region 16, a resist pattern 7 with a film thickness of 2.0 # m having
‘an opening in the PMOS transistor-forming region 5 (including also
a part of the device isolation region 2 ) was formed, and phosphorus
15 ions and boron ions were implanted using this resist pattern 7 asa
mask under the following conditions.
P1 Phosphorus ions, implantation energy: 600keV,
Dosage : 3X 1013cm-2
P2 Phosphorus ions, implantation energy: 230keV,
20 Dosage : 2X 1012cm-2
P3 Phosphorus ions, implantation energy: 100keV,
Dosage : 1X102cm-2
B5 Boron ions, implantation energy: 20keV,

Dosage : 3.3 X 1012cm-2

26 All ions implanted under the above-mentioned conditions
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P3 Phosphorus ions, inplantation energy: 100keV,

Dosage: 1 X 10[err]cnferr] B5 Boron ions, inplantation
energy: 20keV, Dosage : 3.3 X 10ferr]cnferr] 25
Al'l ions inplanted under the above-nentioned conditions

- 28 - remained in the resist and were not nplanted into the NMOS

transistor-formng region 4 coated with the resist pattern 7.

Then, usi ngrenaimeshinoctisd resisthandeweas shdvimplarfieguinto the NMPS t here
was formed a CMOS transistor having an NMOS 5 transistor conprising a
gat e i nsul atragsistor-forhihg adgionkeassateid with tHowesit pattemgate

el ectrode including an N err] polysilicon film9 with a thickness of
1000[err] and a WBrhkhl, idihgvat BoavERfdNSE $e€hnife, as shevﬁ@Cinh%wgea
side wall spacer 11; and source/drain regions 12 having an L

e e e )
' 10 ' ' .11, . ' | 13
navi ng . LESAbHTOR felbrifine AR ihsylating YHYh plifh g cHifiRs ot

exanpl e, because the ,Nerr] palysilicqn gate el ecirqode was used in
both NVDS aRBomNCE0( Aunaigatsrelectredenps u@sngraghN*sﬁ%ysaﬂsaneﬁmarwg@

channel type and, therefore, the t hreshol d vol tage was adj usted by
provi di ng t Acthigkanessiodl 1¢000dyi and a WSisfilm 1Qewith fathickness of HODO 15.
In this exanple, the gate el ectrode was forned to have the m ni num
gat e | engt hAofafid3hajéng)a siflerwaliespbicert I bnainst souace /drain regions 12
having an LDD structure, and the PMOS transistor comprising a
10 gate-insulating film 8; a gate electrodé including an N* polysilicon.
film 9 and a WSi film 10 and having. a side wall spacer 11;
source/drain regions 13 having an LDD étructure; and a superficial
P region 16. In this example,l because the N* polysilicon gate
electrode was used in both NMOS and PMOS transistors, the PMOS
15 transistor became a buried channel type and, therefore,' the
threshold voltage was adjusted by providing the superficial P region
16 on the surface of the N well 15,
In this example, the gate electrode was formed to have the
minimum gate length of 0.35 1 m for the NMOS transistor and the
20 minimum gate length of 0.45 « m for the PMOS transistor. In
addition, though it was not shown in the drawings, a wire (a ground
wire) for electric power supply to the wells was connected to the

NMOS transistor-forming region 4, and the P* diffusion region was

formed therefor. In the case of the PMOS transistor-forming

26 region 5, the N* diffusion region was likewise formed.
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20 mninmumgate length of 0.45 [err] mfor the PMOS transistor. In
addition, though it was not shown in the drawings, a wire (a ground

wire) for electric power supply to the well's was connected to the

NMOS transistor-formng region 4, and the P[err] diffusion region was
formed therefor. In the case of the PMOS transistor-formng 25 region 5,
the-Nerr] diffusion region was |ikew se forned.

29 | izt thés examipde, no imtantionsd| amnealinggotacticate ahe t he
wells was carried out. In the gate oxidizing step or in the step of
anneal i ng t{eligeis ¥ari¢dovint i DY thid galBBxEdizing sl‘@% ahdwvihestep oft he
drawi ng) forned on the transistor after conpletion of the 5 transistor,
the inmpurityq, £ 94N | 5 a3 iat t : ' d;
These | her ral ol o Tk ey MR IR (PR (ERR LR, O WHGYEn

remar kabl e %éf&m%\ﬁﬂégm%{@r giit bh {}?é‘scraﬁt%:féfcﬁd ag%eorﬁaﬁﬁlﬁe&i:on dicfwerature.

Ther ef or e, on trans onre curring bet ween

T B At R Bl

1.5 [err] m in view of the superposition precision in the

phot ol i t hogR&piated: epThegethersnal txpafments were all carnigd;@ubag99QG he
NMOS transistor in this exanple, the peak ~~ of inpurity concentration
(peak posit Nenyemankablepdifusionvel bapirityjoasupacieredratr suchdaby
performng ion inplantation in four steps fromB 1 to B4. Though

i mpurity i otemipdratareed Bhehefuries thenwdlk concen trplition itrgnisétiomn regioen
the Nwell and the P well, the controlling capability was inproved.

Bl Peak pospbtaritg bdtwedn the N Well antbenerPiwell whe #pbueM U 1 m at
10 the largest, and the ineffective region between the N well and P weil
was reduced to about 1.5 ## m, in view of the superposition
precision in the photqlithbgraphic step and various margins.
In respect to the NMOS transistor in this example, the peak
of impurity concentration (peak position) at each place shown below
15 could be controlled by performing ion impiantation in four steps
from Bl to B4. Though impurity ions.influenced each other in the
implanting region between the N well and the P well, the coﬁtrolling
capability was improved.
Bl Peak position: 0.6 £ m A place deeper than the bottom of
20 | the device isolation region
B2 Peak position: 0.35 # m Near the bottom of the device
isolation region (0.35 ¢ m thick)
B3 Peak position:0.18 £ m Near the junction of source/drain
regions (0.15 £ m deep)

25 B4 Peak position: 0.05 £ m Superficial channel layer
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20 i t he device isolation region

B2 Peak position: 0.35 [err] m Near the bottom of the device

i solation region (0.35 [err] mthick) B3 Peak position: 0.18 [err]
m Near the junction of source/drain

regions (0.15 [err] mdeep) 25 B4 Peak position: 0.05 [err] m
Superficial channel |ayer : 30

It was al so noted Ithahs disochated thdthdy chiaagiag tios dgmplemted doBagahere,
the threshold voltage of the NMOS transistor was freely controlled at

not |ess thea QhHvé, tHe threS§hedd & d1b8gé U thé INMTRS transi@féfﬁ&a}i@ffrééﬁ

transistor did not worsen. In other words, as 5 conpared w
| ong- channe h§t h [ : e G4e ' a
gate | engt hég%igﬁgga[%r ﬂ&tm&msgsgﬁg%%tgﬁ ﬁ;e’dln Whﬁ%él ow Oghéll$l$ n eglclgn%l
I mpl antatio er L.t ' {o St i easily an
opti mum t hrggﬁgpdﬁs{#% iﬁgh%ﬁ?ogr:gﬁdfﬁ)&égﬁﬁﬂi In %Z}ﬁrgg)grﬁ%lﬁ%xanpl e 2
As shown in Fi ure%%a evi ce isol E&I on re ior{h% an& a.. rotective
oxi de fil m QOWERRr ¢, gn onggannel (FRpsIFor; tng feduction way as in
Exanpl e 1, except that the thickness of the device I sol ation region was
about 2500[ Eargshold wieltagesiwith agate length ©f @.30 dhaniwasi cogtradhedn t he
formation of a PMOS transistor and al so on the case where an NMOS
transi st or - belowry. F'édnogachiimplantation. TEherelore, it becamDs possible to
transi-stor-formng region 5. Then, as shown in Figure 2(b), in
order to foestabRsheehsily, an optimum threshold voltage for each of various
devices.
10 Example 2
As shown in Figure 2(a), a device isolation region 2 and a
protective oxide film 3 were formed on a silicon substrate 1 in the
same way as in Example 1, except that the thickness of the device
isolation region was about 2500A. In this example, detailed
15 explanation is given on the formation of a PMOS transistor and also
on the case where an NMOS t{ransistor-forming region 4 is formed
adjacent to a PMOS transistor-forming region 5.
Then, as shown in Figure 2(b), in order to form a P well 14,
a resist pattern 6 having an opening in an NMOS transistor-forming
20 region 4 was formed, and boron ions were implanted in four steps in
the same way as in Example 1.
Thereafter, the resist pattern 6 was removed, and, as shown
in Figure 2(c), in order to form an N well 15, a resist pattern 7

having an opening in the PMOS transistor-forming region 5

25 (including a part of the device isolation region 2) was formed, and
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a resist pattern 6 having an opening in an NMOS transistor-formng 20
region 4 was fornmed, and boron ions were inplanted in four steps in

the sane way as in Exanple 1. Thereafter, the resist pattern 6
was renoved, and, as shown in Figure 2(c), in order to forman N well
15, a resist pattern 7 havi ng an opening in the PMOS

transistor-formng region 5 25 (including a part of the device isolation

regi on 2) vwapJspiEusdbshs were implanted using this resist ;;attern 7 as &l -
phosphorus Tons were inplanted using this resist pattern as a mask

under the ;ﬁﬁ%ﬁgﬁ?ﬁqgﬁf’%ﬁ k@ﬂﬁwing condigémls.Pl | mpl anting energy: 600keV,

Dosage: 3 err npl anti ng energy: 230keV,
Dosage : 2 X 10[erglcnierr P3 ti neraqy. gV, Dosage:
1 X 10[err]cnferr ]151 ”impllmt?ng ﬁ}“ﬁﬁéﬂ ard%ggne;\ig?ga%k‘eé,)&%gga% pg 3 X
10[err]cnerr] Then, as sho \h Figure 2(d),

transistor having B4 ImPIRptng eneseh omeg’ Pk%s?- Sn-s?% Hemch
conprising the fol |l ow gtgt conmponents was forned, using:-a conventional
techni que: 10 a gBBe Implantimg engngys: A0keVi hilkrrage ol *abBitcwoR : a
gate el ectrode including an N err] polysilicon film19 or a Plerr]
polysilicon film P4 Daplantingtdnaigyss @dkeVoutDasagker 8]3avOatcm? t he

surface a silicide | ayer (TiSi2 layer) 21 with a thickness of about

1000[err] ; sPhene/al showre gh drigulie 2(d)] 2 CMOB tram sidDosthaveing anand
having 15 a silicide layer 21 fornmed in a self-aligned manner on the

surface in NMOS heafslistcy hadBPMOS! Harbsistefcehbh eohiptidengamy 21.
Because t he dual -gate structure was adopt ed in Fi gure 2(d) in which an

Nerr] fRRbWihy COMPAN Enfl &S FOmERS USIRE 4 Qorvén tibia1 teaAsigLY : and

a
10 a gate insulating film 8 with a thickness of about 60A : a gate

electrode including an N* polysilicon film 19 or a P* polysilicon film
20 with a thickness of about 2000A having on the surface a silicide
layer (TiSiz layer) 21 with a thickness of about 1000A ;
source/drain regions 12 or 13 having an LDD structure and having
15 a silicide layer 21 formed in a self-aligned manner on the surface in
the self-alignment on the surface the silicide layer 21. Because
the dual-gate structure was adopted in Figure 2(d) in which an N+
polysilicon gate electrode was used for the NMOS transistor and a
P+ polysilicon gate electrode was used for the PMOS transistor, both
20 transistors were of the superficial channel type.

In this example, the gate electrode was formed to have the
minimum gate length of 0.25 © m for the NMOS transistor and the
minimum gate length of 0.25 1 m for the PMOS transistor. In
addition, though it was not shown in the drawings, a wire (a ground

26 wire) for electric 'power supply to the wells was connected in the

——
—_
—
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Plerr] polysilicon gate el ectrode was used for the PMOS transistor, both
20 transistors were of the superficial channel type. In this
exanpl e, the gate el ectrode was fornmed to have the m ni nrum gate | ength
of 0.25 [err] mfor the NMOS transistor and the m ni mum gate | ength of
0.25 [err] mfor the PMOS transistor. In - addition, though it was not
shown in the drawi ngs, ,a wire (a ground 25 vm'({e for e}ectric paower supply
to the wel | NMES tpansistar-forming region 4, and the P* diffusion region was
- 32- NMOS transistor-formng region 4, and the P[err] diffusion region

was f ofermynedntherefor. | nin hecease of the RMOS transistosr-foxmingg

region 5 the Nerr] diffusion region was |ikew se forned. . I n
t hi s exanpl eegiom St dre iINndiffasien| regjonowaes likewisehformedel | s was carri ed
out. In the gate oxidizing step and in the step of anneal ing for

form ng the sourceffthii® exegnple, nichinteaitisnedrennealingtitomdticated the
activated. O the tenperatures for the thernal treatnent, the highest

t enper atgir eyuafs WPOLarHdd buteatiehe tg'dlfgromiziﬂg stepUNa)in e 'RER"&aD! €

diffusion of 1 npurity 1ons occurred at such a thermal budget

di fFusi on _ 10 such a th _
the N wet| SARefiing TR RHAREIRS SGUTok) BRain regiBhlsy IR GHIS Mbre®, (00
I

reduced t o apsamatediy BrtREe T Rrdhe iEhiberatusedtinr e gHeHmEI S on 1 n
t he photolithographic step ,and various 15 nargins. W th
respect to tTRAtNERt; theshighest temperatunewas LAQ0C (treatment timearity
concentration at each place could be controlled in the sane way as in
Exanpl e 1 b}Opsecondishg Nmremarkable diffugion of impurity ions occurred at
10 such a temperature. Therefore, the well concentration transition
region occurring between the N well and the P well was about 1.0
© m at the largest, and the ineffective region between the N well and
the P well could be reduce'd to about 1.5 £ m in view of the
superposition precision in the photolithographic step and various
15 margins.
With respect to the NMOS traﬁsistor in this example, the
peak of impurity concentration at each place could be contro_lled in
 the same way as in Example 1 by performing ion implantation in
four steps from Bl through B4. Though impurity ions influenced
20 each other in the implanting region between the N well and the P
well, the controlling capability was improved.
As to the NMOS transistor, the implanting dosage of B4
above was changed, and the threshold voltage of the NMOS

transistor could be freely controlled at not less than 0.3 V, as in

256 Example 1. Even in such a case, the short channel effect of the
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four steps fromBl through B4. Though inpurity ions influenced 20 each

other in the inplanting region between the N well and the P well, the
controlling capability was inproved. ' As to the NMOS
transistor, the inplanting dosage of B4 above was changed, and the

t hreshol d vol tage of the NMOS transi stor could be freely controlled at

not -less than 0.3 V, as in 25 Exanple 1. Even'in such a case, the short

channel eff @F%n@fstb'i‘edld not worsen 1n articular. In other words, &
transi stor d not worsen in particular. In other words, as corrpared

with a |0ngcﬁpf?ﬁagéd%ﬁiﬁ]sé%\%ggch%‘ﬁﬁélnﬁaq{ 1tstﬂgr ﬂf Pfgléj?{/the t‘fﬂléﬂfgcﬁ

gate length o ch contr ere
ot oo Jabilat & dte Mgl oFTRLLSAI b HHh Mihere et BRLGY . vfﬁ:“

meantime, p t he inmpur.it onc ntrathn at e shown

bel ow coul d%&gre%y, it hee eeHOWHB)Z"r %%rsrﬁ%n%nl%ﬂ 1%%2&??&9? Voliagest eps
fromP1 t hrough P4. Though inpurity ions influenced each other in the
10 i npl ant i ngsrtlérngfnegghAetéNatrmum devicesad the P well, the controlling
capability was inproved. P1 Peak position: O. 7 [err] m At a place
deeper than the badt vespect of the PMOS transistor, in the meantimie} peattsvofe

i sol ati on region P2 Peak position: 0.28 [err] m Near the bottom of
the devi ce thé impurity concentration at each place shbain GeloegicomldObas
[err] mthick) : P3 Peak position: 0. 1 [err] m- Near the junction

(0.15 [err] cH¢POMN el by performing ion implantation in four éﬁ&é%ﬁﬁmr ain
di ffusion | ayers _

through P4. Though impurity ions influenced each other in the

10 implanting region between the N well and the P well, the controlling
capability was improved.
P1 Peak position: 0.7 # m At a place deeper than the bottom
of the device isolation region
P2 Peak position: 0.28_u m Near the bottom of the device
15 | isolation region (0.25 # m thick)
P3 Peak position: 0.1 © m Near the junction (0.15 u. m deep) of
the source/drain diffusion layers
P4 Peak position: 0.05 # m Superficial channel layer
In respect of the PMOS transistor, the same effect as in the
20 NMOS transistor in Example 1 was obtained. By changing the
implanting dosage of P4 above, the threshold voltage of the PMOS
transistor was freely controlled at not less than 0.3V. Even in
such a case, the short channel effect did not worsen in particular.'
In other words, as compared with a long-channel transistor, the

26 lowering of the threshold voltage at a gate length of 0.25 1 m was
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P4 Peak position: 0.05 [err] m Superficial channel |ayer

. I n
respect of the PMOS transistor, the sane effect as in the 20 NMOS
transi stor in Exanple 1 was obtained. By changing the i mpl anti ng
dosage of P4 above, the threshold voltage of the PMOS transi stor was
freely controlled at not less than 0.3V. Even in such a case, the
short channel effect did not worsen in particular. In other words, as

conpared Wi gich teAfreNadbeldow DI\t OThdriedy,%en dpMeinns threshelghr eshol d
voltage at a gate length of 0.25 [err] mwas

- 34- F8HAGONSE Culcttl obYitolls d&vicHERRLY eadilyOREE .UM threshol d

vol tage for gac OP(Svalral ous devices was easily set. ¥ Exanple 3

Thi s exanpl r§ormed in the same nanner as in 5 Exanple 2 except
that a devi%&g‘éon regi on was constructed by relatively deep

trench isol ation. . ot her rds, as shown in -‘Fiqure 3(a), a french

devi ce isolation rtﬁf%ﬁxﬁnﬁ?? yas &é‘iﬁﬂrme%.n? the sa[rﬂFrlP%(’?/\%"s Bolthed on a

P type silicon substrate 1 [ i gure 3(b% and Figure
¥ .

) . As_shown in Fi
3(c), furt hEXammple ghexeopthaim deyiendeglating regiofWasCcoBsireeisd by
wells in an NMOS transistor-fornmng region 4 and a PMOS -
transi st or - felativglyr dgepntrench isalationhe bnedhes wordsags shewmdnshown in
Figure 3(d), the subsequent formation of the transistors was the sane
as in Figupé 3(a), alfrench ddvicthisslatianpregion 32 witheyideptis off @)./70n
region 32 was trench-shaped and relatively deep, it was necessary to

it gl gg% t i)%n% m wab¥oithéADRta Pheypesilicon subydabetr.om and al so bel 0vy
As shown in Figure 3(b) and Figure 3(c), further thg ion

10 implanting energy and the dosage for forming wells in an NMOS
transistor-forming region 4 .and a PMOS transistor-forming region
5 were the same as in Example 2. As shown in Figure 3(d), the
Subse_quent formation of the transistors was the same as in
Example 2.

15 In this example,-since a device isolation region 32 was
trench-shaped and relatively deep, it was necessary to implant ions
targeting at the deeply trenched bottom and also below the bottom

- if the ion implantation was to be realized in the same way as in
Examples 1 and 2. For éxample, if the trench is 1.0 £ m, 500keV

20 to 1.0 MeV of energy is required for implanting boron ions and 800
keV to 1.5MeV of energy is required for implanting phosphorus ions.
In order to stop ions to be implanted with such high energy, the
resist thicker than those actually used in Examples 1 and 2
becomes necessary. However, if a thicker resist is ﬁsed, the

256 resolving power decreases, and it becomes difficult to dispose, with
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If the ion inplantation was to be realized in the sane way as in
Exanples 1 and 2. For exanple, if the trenchis 1.0 [err] m 500kevV 20 to

1.0.MeV of energy is required for inplanting boron ions and 800 keV to
1. 5MeV of energy is required for inplanting phosphorus ions. I n order
to stop ions to be inplanted wth such high energy, the resi st thicker
than those actually used in Exanples 1 and 2 becones necessary.

However, i f éoiigfiwf%ﬁgsa ASithle EAd4S6fa fﬁist?&ttwﬁ%ﬁiﬂ& PEORIti 68 FeABES

and it becones t 'to dispose, w

- 35 - 000 recLs| d f | l.sol ation
regi on ngghﬂﬁ;&sﬁgggnwgg Errgglﬂla% ];i | ﬁgrﬁsm%{ B&Zﬁlt??/{ (l[’l? g%@;&ﬁgg’] ation.
Besi des, an_equipnent for_.inplaptd ng high ener jons wll be

requi red, VRESKIGSUAR GAMIDIRSHE Jof {mptahfing High Lheriy, iofsoyvillbe s

equi pnent . . Eyen if the_trench isolation was deegp as in this
exanpl e, thEequlr C%awéueﬁnwpﬁlen‘gnénga HRFBI AR IRCEeagadp: e icost of

i mpl anting ions for formng wells, because the characteristics of a
transi stior eguipmentiet ermi ned near the surface. Since in this case P type
impurity 10 ions have not been inplanted into the trench isolation bottom
in the NMOS tEweniifthe- frendlnisoledion was tdeeprasdanthist éxamyilet, theP
type impurity ions may becone |ow and nay | ead to | eakage pass.

However, sigafnd Bonclifiais batirnExeimplé Zpeaheaidoptedntn itpladiting ions
el ectric current passageway along the sides of the trench isolation 15 1is

o 1 ARG, B U St ftid oPERansiotsAreT
determined near the surface. Since in this case P type impurity
10 ions have not been implanted into the trench isolation bottom in the
NMOS transisfor-forming region 4, the concentration of the P type
impurity ions may become low and may lead to leakage pass.
However, since the concéntration of P type impurity ions in the
electric current passageway along the sides of the trench isolation
156 is kept at a high level by the above ion implantation, leakage
current can be maintained at a low concentration level as-in
Example 2. |
Example 4
| In this example, a method of manufacturing MOS
20 transistors héving different threshold voltages is described.
Namely, a method of manufactﬁring the CMOS transistor
comprising a high-Vth NMOS transistor of a relatively high
threshold voltage (Vth being 0.4 to 0.7 V), a low-Vth NMOS

transistor of a relatively low threshold voltage (Vth being 0 to 0.3 V),

25 additionally a high-Vth PMOS transistor of a relatively high (in the
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Exampl e 2. Exanpl e 4 . In this exanple, a nethod of
manuf acturing MOS 20 transistors having different threshold voltages is

descri bed. Nanely, a method of manufacturing the CMOS transi stor
conprising a high-Vth NMOS transistor of a relatively high t hreshol d
voltage (Vth being 0.4 to 0.7 V), a |low Vth NMOS transi stor of a

relratively |l ow threshold voltage (Vth being O to 0.3 V), 25 additionally a
hi gh-Vth P'%sbl@% 'v%ilﬁ'é? Qhr%swldtﬂrdﬂbéeh \aoth (He'inghﬂ) 4 to -0.7 V!) arbd_? V)

- 36 - absol ute value) threshold vol age being -0.4

\nggfél) as djﬁ? o lEOl v I‘%‘g}?l?\ﬁ{] og];ar 28{ S l%hygégrr @%l&és 6€j}?h e&r3e+‘§h§| | m
thi ckness ?hg%%@?idgaea%“é%mh%%ﬁzé R8P e sl ﬁﬁrem -

t hi ckness of 200A forrre on a P tg%% EI | icon sybsijrate 1 in

same way as in Ex Is 1y, ass own in Figireft, a denigisolatipg regign %Wlébl st
pattern 44 with film t hi ckness of O[err] m having an opening in
each of fa hadHmithininessiof abouts3006-Af and agpretsciiveoxidd filmhdhvnith
PMOS transi stor- form ng region 43 was formed, and boron ions were

i npl ant ed uaithdcknesst of Q()n(lagi stengafdrmedddn &s Patypees kilicorrsubstifeciel 0vihng
condi tions. Bl I npl anting energy: 250 keV, Dosage: 1.6 X

10[ err] cni etli¢ same wayBds!itpExairnple ener gy: 120 keV, Dosage: 4.7 X
10[err]cnferr] 15 B3 I npl anti ng energy: 60 keV, Dosage: 3.1 X

10[err]cnierr] Then, & SARWARIWBigREE B, a @ siSVpattéPs 3PP withXfilm
) 10[err]cnerr]
thickness of 2.0 £ m, having an opening in each of a high-Vth NMOS
10 transistor-forming region 40 and a low-Vth PMOS transistor-
forming region 43 was fbrmed, and boron ions were implanted using
this resist pattern 44 as a mask under the following conditions.
| Bl Implanting energy: 250 keV, Dosage: 1.6 X 1013cm-2
B2 Implanting energy: 120 keV, Dosage: 4.7 X1012cm-2
15 B3 Implanting'energy: 60 keV, Dosage: 3.1 X 1012cm-2
B4 Implanting enefgy: 20 keV, Dosage: 3 X1012cm-2
B10 Implanting energy: 1000 keV, Dosage: 1.2X1012cm-2
Of these implanted ions, all ions implanted by the steps
from B1 through B4 remained in the resist and were not implanted
20 into a high-Vth PMOS transistor-forming region 42 and a low-Vth
| NMOS transistor-forming region 41 coated with a resist. The ions
implanted by B10 penetrated through the resist pattern 44 and
reached the surface of a silicon substrate 1. By this implanting
step, it was possible to directly adjust the concentration of impurity

25 ions on the surface of the silicon substrate 1 in the low-Vth NMOS
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B10 I npl anting energy: 1000 keV, Dosage: 1.2 X 10[err]cnferr]-

O these inplanted ions, all ions inplanted by the steps fromB 1

t hrough B4 remained in the resist and were not inplanted 20 into a

hi gh-Vth PMOS transistor-formng region 42 and a | ow Vth NMOS
transistor-formng region 41 coated with a resist. The ions I npl ant ed
by "B10 penetrated through, the resi st pai_ltern 44 and reached t he
surface of HaR$ISteR- ingwegiong}li{thys, the lewneoncentrated B typas

possible to directly adjust the concentration of inpurity 25 ions on the
surface of regiod Hitcom é!w?dtwaﬁ fosmed. ). oinvthe negon where the resist

- 37 - transistor-formng region 41 (thus, the | ow concentrated P type
regi on 46 i paFtemn d4/ didsnébexist,)ionsimipdandégdothnaugle this ineplattation
pattern 44 did not exist, ions inplanted through this inplantation

step reachegidpeedrtiedehei @8eplpoNonuss that subsesne {dé‘@;ﬁeﬂtha&ﬂl p> M,
and the dosage of inplanted boron ions was nuch | ower than that in Bl .

(by abou am)oried tdfe MRGRglELimpidtfted BB ford WAE much %ﬁe&rqlgfméw ]

i nfl uence to 'be taken into consideration. Further, the

NMOS transi g = ' 8CH : | e C 4 Nes

resi st patt?rlﬁf Aﬁ%v%m agﬂi\ggggéggdeid reg%l@%'s E%%{Fﬂggte?g 1tshleltt*(")l ter
ci rcunf erenc f.the. trapsi,storyformng reai.qn_4L _and a coated region
Y ves. orov Sl trieal inflpepds P 1 ikl AR coR&iabratiogl i Paos
transistor-formn regi on 43 h definite devige isolatign in
the | ow Vth MOS Fur ’Eh%ﬁs?’%@ QPW“MQI\ Wﬂ%ﬂsan&s%—?emmgl@gmn 41
Thereafter, the resist pattern 44 was renoved, and, as ..Shown in Figure
6, a resistwgsnet compigtely goated inhthe resistgpattegn 44, while an exposed

10 region X was provided in the outer circumference of the
fransistor—forming region 41, and a coated region Y was provided in
the outer circumference of the low-Vth PMOS traﬁsisfor-forming
region 43. Thereby, definite device isolation in the low-Vth. MOS
transistor-forming region is assured.

15 | Thereafter, the resist pattern 44 was removed, and, as
shown in Figure 6, a resist pattern 45 with a film thickness of 2.0
1 m having an opening in each of the high-Vth PMOS transistor-
forming region 42 and the low-Vth PMOS transistor-forming region
43 was formed, and phosphorus ions were implanted using this

20 resist pattern 45 as a mask under the following conditions.

Pl Implanting energy : 600 keV, Dosage : 3.1X1013cm-2
P2 Implanting energy : 300 keV, Dosage : 1.2X1012cm-2
P3 Implanting energy : 120 keV, Dosage : 5.3 X1012cm-?

P4 Implanting energy : 40 keV, Dosage : 1.7X 10!2cm-2

25 All ions implanted by the steps from P1 through P4
) Tl



[err] m having an opening in each of the high-Vth PMOS transi stor-

formng region 42 and the | owVth PMOS transistor-form ng region 43
was _f ormed, and phosphorus ions were inplanted using this 20 resist
pattern 45 as a mask under the follow ng conditions. P1
| mpl anting energy: 600 keV, Dosage : 3.1 X 10[err]cnferr] P2
| npl-anti ng energy: 300 keV, Dosage: 1.2 X 10[err]cnferr] P3

| npl anti ng gagHhedla? thdVreSiatagtd ée?e&é?ﬁﬁfﬁlh%ﬁr {ito the NMOS P4
I nplanting energy: 40 keV, Dosage: 1.7 X 10[err]cnferr] 25 Al l
055 | ARG ERe DY 40T Rt it 40 e oo

- 38 - re not 1nplan

transi stor-formng_regiqns .4 n ated.with.the.resjst.. ' In
the i ghowe h_prosier e S -waF BMOS 2hBfistor Ring Tedign.aeaths,
dosage for the_ steps P3 and P4 _was, increased as . 5 conpared with Exanple 2.
This i s becdnplanbabion dosagepfor the steps ki and, PAhwastrereassdimsed into
the surface of the substrate 1 in the previous ion inplantation step
B10, and t heommared withaExample 2&.enBbdsts hecavaedorancotcel typeon of N
type inpurity ions for conpensating for the boron ions. Furthernore,
since the himpurity, badcke¢ndmplanted hrts dtheaserfaceughthelsubstnateht iat ep
B10 was about several tines to ten tinmes |ower than the phosphorous

concentrat i (¢ previgli's RIPImplaritaeich estep’B H\dahd, théeefores it iwase
variation in the threshold voltage of the high-Vth PMOS transistor due

to the.st epirﬁ%%debéfto increddt gﬁe ¢oceh brdtibh 6f W%&?é%f)ﬁ&'fﬂynﬂoﬁ§%?n

43, both of oron ions and phosphorus i1ons were Tnplanhted”into the
POSItIONS  ~ompensating for the boron ions. Furthermore, since the boron

10 concentration in the surface brought about by the step B10 was
about several times to ten times lower than the phosphate
concentrations brought about. by the steps P3 and P4, there is little
variation in the threshold voitage of the high-Vth PMOS transistor
due to the step B10.

15 In the low-Vth PMOS transistor-forming region 43, both of
boron ions and phosphorus ions were implanted into the positions
in the similar depths. In a relatively deep portion of the substrate
1 (the region in which phosphorus ions were implanted by P1 and
P2) concentration of phosphorus ions is higher, and accordingly the

20 N type regions are formed as a whole. In a relatively shallow
portion of the substrate 1 {the region in which phosphorus ions
were implanted by P3 and P4), a low concentration N type region (47
in Figure 7) having phosphorus concc_:ntration approximately
equivalent to the boron concentration in the low-Vth NMOS

25 transistor is formed. ———
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in the simlar depths. In a relatively deep portion of the substrate 1

(the region in which phosphorus ions were inplanted by P1 and P2)
concentration of phosphorus ions is higher, and accordingly the 20 N type
regions are formed as a whole. In a relatively shallow portion of the
substrate 1 (the region in which phosphorus ions were inplanted by P3
and-P4), a |low concentration N type region (47 in Figure 7) ‘having
phosphor us concentBathasea® ol Nogepekyructurewayau@?temﬂ bRidexample,
concentration in the lowVth N 25 transistor or med

- 39 - the NMOS HISE0R dHidltHe/ PMOY Hﬁaﬂéfst%mdm%% alnd 4
exanpl e, he NMOS transistor and the PMOS transisto avi ng an al nost

equal thres b c
substant i al ?@héﬁﬁﬁsﬁe%}g{‘vconﬁ i tHeCatSoli%te BIRE %%%ﬁ‘f?t%oﬁ"ﬁwxgegnd N
type inpurit ns.on.their srfac L n orger fo a astate
P Ehe i grsubs ARSI HishoSh Falil cofcPRifEHoRs hhY Frd i thouripgfode
PMOS transistor-formn on 42, th clos e.of N
o ant &1 ARG NHIE GRERFLPIES S PRI R Uriaas: ngltl BErER to attalmsyeh
| arger than the dosage of boron ions i rrpl anted into the 10 hi gh-Vth NMOS
transi st or - actaitagoy glgcdnngtbyNt MO Siteamsistor-forgging segient40 and tbe
boron ions inplanted into the surface by the step B10. '
Then, as shhighiVitlri BM@S 7trax SIS foansng vegioay 4y tne dosagd\tbP type
transi stor and a PMOS transistor, each conprising the 15 follow ng
conmponent s, ioy§ ihoprRtted) itso theahighvethi PMOS transistor-forming region
42 was larger than the dosage of boron ions implanted into the
10 high-Vth NMOS transistor-forming region 40, by the dosage
equivalent to that of boron ions implanted into the surface by the
step B10O.
Then, as shown in Figure 7, a CMOS transistor having an
NMOS transistor and a PMOS transistor, each comprising the .
156 following components, was formed by using a conventional
‘technique: a gate insulating film 8 with a film thickness of about 60
A ; a gate electrode having a silicide layer (TiSiz layer) 21 with a film
thickness of about 1000 A on the surface and including an N*
polysilicon film 19 and P* polysilicon film 20 with a film thickness
20 of about 20004 ; source/drain regions 12 or 13 having an LDD
structure and having a silicide layer 21 formed in a self-aligned
manner on the surface.
In this example, the gate electrodes were formed to have the

minimum gate length 0f 0.25 £ m for the high-Vth NMOS transistor,

25 the minimum gate length of 0.45 ¢ m for the low-Vth NMOS
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technique: a gate insulating film8 with a filmthickness of about 60

A, a gate electrode having a silicide layer (TiSi2 layer) 21 with a film
t hirckness of about 1000 A on the surface and including an Nerr]
polysilicon film19 and Plerr] polysilicon film20 with a filmthickness
20 of about 2000[err]; source/drain regi ons 12 or 13 having an LDD

structure d hayi.n sili.ci.de | aye in.a self.-al ned

nmanner on tﬂ‘@%ﬁﬁ Qge%he minimum tFﬁ gé)ngpe u ppdo 55’#’% gF%BtYB’aes
were formed_to have t I mum gat e Iength of 0.25 %err] m for the
hi gh- Vt h NNBMQSahrsa@?b?tor and &hrermmmum@t@ 0810 8 mfer the or

the | ow Vt h. NMOS

transi stor, laweVEPM@Sotnensistgrn dn addétipss rtthﬁgbrlttlISenﬁt ghown in
PMOS transistor and the nini mum gate length of 0.45 [err] mfor the

| ow- Vt h PMCEhe rdnzoivinigs,. a iwiraddi gremn dt Wire)Hoirtelestrict pstvenrsupply to thiee
drawings, a wire (a ground wire) for electric power supply to the 5 wells
was connect g@llwde chMaedtednto ther NMOS tan sigiton- formig regmﬁhﬁrah@r e
the Plerr] diffusion region was also fornmed. In case of the

transi stor- {ﬂéf@fh@-erﬁ%qﬂ diffﬁswn@‘ééléﬁ' Wad 8@ Forared. In'dé‘fé"b ,ftﬁle 10

f or med. he CMOS t hus nanufactured in this exa
NVDS ¢ ranst SM0! B@‘%‘#@#fﬂﬂﬁﬁ ORI ﬁiné.ﬂifﬁslﬁﬂefoé%ﬂ ¥ he
hi gh-vth P tr,ansi.stor and -0.2 V for the | ow Vth PMOS transi st or

respectivel KEWiSc lorme d. In this exanple, the resist pattern 44 used in

Figure 5 was 15 forned to provide_an ex ed.region X.in the outer
g In nﬁe 88/[8% thug manufacture%oin thlsgexample, th

10 threshold voltages of the transistors were 0.65 V for the high-Vth
NMOS transistor, 0.2V for the low-Vth NMOS transistor, -0.7V for
the high-Vth PMOS transistor and -0.2 V for the low-Vth PMOS
transistor respectively.

In this example, the resist pattern 44 used in Figure 5 was

15 formed so as to provide an exposed region X in the outer
circumference of the low-Vth NMOS transistor—formiﬁg region 41
and the coating region Y in the outer circumference of the low-Vth
PMOS transistor-forming region 43; and as a result, the region in a
relatively high impurity concentration was formed in the outer

20 circumference of each 6f the low-Vth NMOS transistor-forming
regioﬁ 41 and the low-Vth PMOS transistor-forming region 43. In
other words, a P well 14 and an N well 15, which were formed iﬁ the
high-Vth NMOS transistor-forming region 40 and the high-Vth

| PMOS transistor-forming region 42 adjacent to the low-Vth NMOS

25 transistor-forming region 41 and the low-Vth PMOS transistor- -
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circunference of the low Vth NMOS transistor-formng region 41 and the
coating region Y in the outer circunference of the | ow Vth PMOS
transistor-formng region 43; and as a result, the region in a

relatively high inmpurity concentration was forned in the outer 20
circunference of each of the |lowVth NMOS transistor-formng regi on 41
and the lowVth PMOS transistor-form-ng region 43. In other words, a P

wel | 14 a“fjl%oa}‘?nﬁl%‘i"regi&ﬁAﬁhirEth%ﬁet £tk Bircifinferendt O A 1OW Tt

transi stor-formn gi on 40 and the gh- Vit transi stor-formng
regi on 42 ' | 2p1t | =f ' ion 41 and
0 Do AR rdflolds, Pl Negfon 2 1 ARB%HR! 263 Uil PSR 0" 4] 2
form ng re% on 43 ched the outer,cit unLlequ ncess(ﬂ‘ret he

r 3 I V\/-.Vt% . NMOS
transi st or - PO SEOT SOTERINAE TERIORES o ?r%ﬁﬁrlé’f% GVAERi ng
region 43. This js to assyure g definite devige I sol at,i on by,
bosi 1 oni ngisR1aEion WU PYSiigRIRE R SRIAHFEL: high conpeRtration Fegion aear
circunference of the above-nentioned transistor-form ng{ . regions
because,5 estfeeicaltiey ¢incyamtcremaaebthe ahoeevnentigned disansistoraferming
current occurs in a lowy concentrated well due to a positive fixed
charge in tiegiosts becantse,hespecinlly in case of NMOSt transisgoos, deakage the
of f characteristics of the transistor are deteriorated. In case of 10 PMOS

transi storschhhrel 6etups iaya 1oedgscorigehoraeil welh diksboa positivel fikedel v

hi gh concentration region but it Is useful to allow their devi ce
I sol ation péﬁﬁ?géﬁﬁt PhEDHGABIR A @ thbnds 616 %éﬁﬂfeviébl n region and
transistors. In-other words, 1 n case where the device i1solation

PEQPeT Ly | Sk SRR AR BRI R R RO PIOAEY okt "

10 PMOS transistors, it is not always necessary to position such a
relatively high concentration region but it is useful to allow their .
device isolation proi)erty to be common to that of the high-Vth MOS
transistors. In other words, in case where the device isolation
property is different between a high-Vth MOS transistor and a

16 low-Vth MOS transistor, different layout rules have to be
established for the respective MOS transistors and, therefore., the
design becomes much complicated. On the other hand, according
to this example, the device isolation property can be common in all
the transistors and the designing of CMOS’s becomes easier.

20  As explained above, it is possible in this example to realize
the step of formirig a well fdr a CMOS circuit element comprising
two kinds of NMOS transistors having different threshold voltages
by conducting the photolithographic step twice. Furthér, it is
possible in case of NMOS transistors to control the impurity

26 concentration in the whole of the well structure by using a mask
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established for the respective MOS transistors and, therefore, the

desi gn becones nuch conplicated. On the other hand, according to this
exanpl e, the device isolation property can be comon in all t he

transi stors and the designing of CMOS s becones easier. 20 As
expl ai ned above, it is possible in this exanple to realize the step of

formng a wel

Ki f
trans) stﬁrspff‘l{a?rﬁ’ghﬁvﬂpgr%ﬂtoﬁﬁpigﬁc}% b8 reaelor a'}%gsy"f&hﬁﬁ% o %cr;ﬁlen e
F ' NMOS
[ ansi st or SwPchcriie APMGR anntetgt haying: foederaBr $hreahald TABAEEOH ( no

wel | structure by using a nas - 42-
pattern havﬁhgaazsqiyémv.@lumlsmommnmr dtiisgrossiblertancpadoel the
whi ch the NMOS transistor having the larger threshold voltage in t he

absol ut e vahresholibyoliageof the NMOES srahsistwrcomhosk teégion is aftwayshol d
vol tage of the NMOS transistor (whose region is always 5 coated with a

mask patst erdodted weitht Sempiuli platteny thronigh thepphotolithograpesyitvé e

having the smaller threshold voltage in the absol ute value by such an
ion inpl ant@éhaadtleawnvz&)l Habﬁ@gacheoghlauer th'i‘é%h@lh%tb.@@%ﬁ gngenetrate
t hrough t he above-nenti oned pattern. This ion inplantation gives

PRARRE ﬂsﬁsﬁ}?%&é@%%@ﬁﬁ%@i&%z% BRS¢ e
v VA TR APl ons LK AR AT gh AR AR R B R I B o
WhiTe the TERHETES VhisiiaP IPIBRSALION eaves LD iR M&%&éfag' as vel
'nth S10 characteristics of transistors having the larger threshold voltage in
the absolute value. The reason is that the low-Vth implantation
implants ions into the deepest place in the high-Vth well and also
that impurity ions for low-Vth are implanted at lower concentration
and 1eSs dosage than impuri;cy ions for high-Vth. While the low-

156 Vth implantation is made into the PMOS region as well iﬁ this
example, the dosage implanted is little and so it can be easily
corrected by adjusting the dosage implanted into the N well.
According to the present invention, therefore, two kinds of
threshold voltages can be controlled easily with high precision,

20 without leaving significant effects.

In this example, both of the NMOS transistor and the PMOS
transistor are iﬁtended to have two kinds of threshold voltages, and
the low threshold voltage PMOS transistor-forming region 43 is

open for each of the two kinds of masks, whereby impurity ions of

25 the N well and the P well are S'imult.aneously introduced to cancel
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exanpl e, the dosage i npl antedis little and so it can be easily

corrected by adjusting the dosage inplanted into the N well. Accor di ng
‘to-the present invention, therefore, two kinds of t hreshol d vol t ages
can be controlled easily with high precision, 20 w thout |eaving
significant effects. In this exanple, both of the NMOS
transi stor and the PMOS transistor are intended to have two ki nds of
threshol d veghédaepurtidions witheehel btheshomhe/ staBiety ¥ he threshold
transi stor- form ng region 43 is open for each of the two kinds

masks, wherg #a dgBH ot 58 agPortpardld Wiith BHE TR IHRIGS®

si nul t aneous cancel

{ﬁ?e_shol d {&n%ﬁg?{% ir%?w wﬁ‘%%g‘%gtg %Er@gﬁ 3&{"?& bh%xl%%ﬁ

transi stor, but s ht riations,in Vth n an acc
ange for praberdar tectisal st preatiss i bnitafefr oB o find ﬁFré‘FEt aFenot
so stringent in the |owVth PMOS transistors unlike single V
transi stior siot so stringant in the low-Vth RMQ%.tsaeﬁmré u@wf%ﬁmgtﬁ]ytbr e

al so given on a nethod of manuf acturi ng MOS transi stors having

di fferent ttrasistorsio vol t ages. Firstly, as shown in Figure
8(a), a device isolation region 52 with a filmthickness of about 3000
A was sel ecExeghplé¢ & ned in an i nactive region on a P type silicon
substrate 1 by LOCOS net hod in the sane way as in Exanple 1. A

protective oxide fir ghis ekakdple, explanations are also given on a method of
manufacturing MOS transistors having different threshold
10 voltages. |

Firstly, as shown in Figure 8(a), a device isolation region 52

with a film thickness of about 3000A was selectively formed in an

“inactive region on a P type silicon substrate 1 by LOCOS method in

the same way as in Example 1. A protective oxide film 3 of 140A

15 was also formed by thermal oxidation on an active region which is
not coated with the device isolation region 52.

Then, as shown in Figure 8(b), there was formed a resist
pattern 63 having an opening on an NMOS transistor-forming
region 62 (including the device isolation region 52) and a part of the

20. device isolation region 52 located in the outer circumference of a
low-Vth NMOS transistor-forming region 61; and boron ions were
implanted using this resist pattern 63 as a mask under the
following conditions.

Bl Implanting energy: 250 keV, Dosage: 1X10!3cm2

25 B2 Implanting energy: 120 keV  Dosage: 3X1012cm-2
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15 was al so fornmed by thernal oxi dation on an active region which is

not coated with the device isolation region 52. Then, as shown

in-Figure 8(b), there was fornmed a resi st pattern 63 having an opening
on an NMOS transi stor-form ng region 62 (including the device

I solation region 52) and a part of the 20 device isolation region 52

| ocated in the outer circunference of a | ow Vt h NMOS

transi stor-forBdng Isgplantidg emerder on6i0okeVer ®osage:d nplanioedepseng this
resist pattern 63 as a nmask under the foll owi ng conditions. B1

Inplanting enepgy: PR{H1aNinBAsRefay:1 XotOkew | ci@sdde: 28 X 10B2cm-2
| npl anti ng energy: 1?@3 klélevln Dosage}:r 3 X 10[err]cn erér(]3 83X 10%cm

- 44 - BIrnEFEb RN b i Blantéf r ng%xf edr?]%ggfggfﬁo%n}%%ﬁ%eﬁye”l

B4 |Inplanting energy: age:
Ther eby, an_ Lo r eoH1Q0; ap [ Verr 1o gunder the
devi ce i sol gh%ll ?Eéla(g%;%? ﬁlgglgﬁgﬁ?ﬁ%%g?%ogn%f}%h? ?’hl&st,‘orfﬁgd°
characteristgics such as device jisolation dielectric, . trength and the
ke carb el hiimoifie cHaracter{stiéS fiicR as devicndsplation AIFIEEHHE3 as
renoved, and, as shown_in Figure 8(c), the resist pattern 64 having an
opening in §frengt¢@§§1tth§n§ik§t6?-nf'6¢r%%r¢%%ﬁlon 60 (including a part of
the device 10 isolation region 52) was formed, and phosphorus ions and
bor on i ons welkereaftem dheustsigtipatterns6st wast removed,aand, resk under
the follow ng conditions. : P1 Phosphorus ions, |nplanting
energy: 600skewn in Figure 8(c), the resist pattern 64 hdisggan3ofening in a
10[err]cnerr] :
PMOS transistor-forming region 60 (including a part of the device
10 isolation region 52) was formed, and phosphorus ions and boron
ions were implanted using this resist pattern 64 as a mask under
the following conditions.
' P1 Phosphorus ions, Implanting energy: 600 keV,
Dosage:3 X 1013cm-2
15 P2 Phosphorus ions, Implanting energy: 230 keV:
Dosage:2 X 1012cm-2
P3 Phosphorus ions, Implanting energy: 100 keV:
Dosage:1 X 1012cm-2
'B5 Boron ions, Implanting energy: 20 keV:
20 ' Dosage:3.3 X 1012cm-2
Then, as shown in Figure 8(d), the MOS transistor was
formed using known technique.
Naimely, a gate electrode comprising an N+ polysilicon 9 with

a film thickness of about 1000 A was formed on the active region

25 of the silicon substrate 1 via a gate insulating film 8 with a film
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15 P2 Phosphorus ions, |nplanting energy: 230 keV:

Dosage: 2 X 10[err]cnferr] P3 Phosphorus ions, Inplanting
energy: 100 keV: Dosage: 1 X
10[err]cmferr] B5 Boron ions, - I nplanting energy: 20 keV:

2 Dosage: 3.3 X 10[err]cnferr]

Then, as shown in Figure 8(d), the MOS transi stor was formed using
known techntifiskness of about $@mil y, Adsgateesilestaldspacemililsiveg formed r]
polysilicon 9 with a filmthickness of about 1000 A was fornmed on the
active regi ga tizdside Wellgidf s phtd eddctrodesy @@mw@dﬁm%%lbh@ 8
wth a film t hi ckness of

about 80 A. 14l &fid 2354, 8Fc Y8 IncPBkEFe. 11 ARIniON r1nsu1%g1x£%§11%6\%e %Aés

of these gate el ectrodes, and source/drain regio

AR ?oégér%f;jééggt Qhefégﬁqt&ég?#&?{’ﬁ@g "the gt Bfectrode L%"f’@ﬁ@“ﬁ’g e 95
' thi o BxanprscesdrAinangiond (3 nng Higfele OHREFRd H0% Retaopize 70

carried out., The inmpurity ions that forned the wells . were
aut omat i cal Yia é‘ctﬂ?ﬂséﬁnl Ugd%ate oxidizing step and in the 10 step for
annealing the interlayer insulating filmfornmed on the transi st or
after conpletion oin thistexampieono rtgndpnaicarnealing keracfivatedheent s
was carried out at 900[err]C for a short tinme. No remar kabl e di ffusion
of i npuri t ywiedhs weas wareicd ey, sThie impurity ions that formed the wells
were automatically activated in the gate oxidizing step and in the
10 step for annealing the interlayer insulating film formed on the
transistor after completion of the transistor. Each of these
thermal treatments was carried out at 900C for a short time. No
remarkable diffusion of impurity ions occurred under such
conditions.
15 When the thermal treatment was conducted at 1000TC for
the minimum period of time required for the activation, lateral
diffusion of impurity ions occurred in the boundary region of the N
well and the P well, and impurity concentration in both wells was
lowered. However, since the concentration of impurity ions was
20 originally as low as about 1016 to 1018 /cmS3, the diffusion fell within
an alignment precision aliowance (for éxample, 0.1 to 0.5 &« m) for
masks used for forming wells. But, in the region where impurity
ions for forming wells have not been implanted, impurity ions

diffuse from the adjacent wells by thermal treatment because the

25 concentration of impurity ions in the region was as low as 1014 to
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conditions. 15 When the thermal treatnent was conducted at

1000[err] C for the m ninmum period of tinme required for the activation,
| ater al di ffusion of inmpurity ions occurred in the boundary region of
‘the N well and the P well, and inpurity concentration in both wells
was | ower ed. Fbmever since the concentration of inmpurity ions was 20

originally I rr iIffusion fell
Wi thi n g o %ﬁﬁé&ﬁi bkhéﬁ%%ﬁgél“(ﬁ%gé’fhﬁ&&gﬁegﬁ Y fpdening |
m for masks u for, for, g wel But n .t he region ere |rrpur|ty
s for 1 ofBE 76t EhRAECHI 1B kaimntfngs shith srmfii%&&gﬂ engthith use
fromthe adJ acent wells by thermal treatnent because the concentration
of inmpuritydiffusion due %@h@ﬁmﬁstrﬁww&s Thesefpreoit 13 necessary to
10[err]/cnferr]. Accordin agly, the circuit nust be redesigned by w dening
the size of penfomirthermi treapmemt foniar khomt tpne angedt iebowh of
diffusion due to thermal treatnment. Therefore, it is necessary to

per f or mg hetemlpdragatrgent for a short tinme and at a low 5 tenperature.
Through the above -nentioned step, one set of CMOS transi stors and one

kind of MOS transi‘shppuphviine éb(fnf'@r-ﬁiléntmned %&égh@rﬂe sekigloemo!! d be
formed, w thout increasing the nunb s and the area of the

circuit. 19rans1storsA£ﬁHr61h8Q<1th toffel\d@§5t?ﬁ§1§fl§t’@tnh'a%n§ &ﬁ{éférﬂ

conductivity pe I npuri'ty region fansistor on a

The ol ow r?%‘@ﬁfi Skl B B softlsah R B4 e e numsly 0

of masks and the area of the circuit.

10. According to the present invention, the first conductivity
type impurity region (well) for forming a transistor on a
semiconductor substrate iS formed by four-step implantation, by
which the following four controls can be achieved independently of
each other and without increasing the number of the steps: |

15 (1) the well resistance can be reduced, and the latchup tolerance

can be increased;
(2) definite device isolation within wells can be assured;
(3) the punch-through of the transistor can be prevented; and
(4) the threshold voltage of the transistor can be controlled.

20 Furthermore, the present invention also makes it possible
to manufacture PMOS’s and /for NMOS’s having different threshold
voltages, 6ne set of CMOS’s, and one kind of MOS’s having different
threshold voltages within the range for mask alignment precision;
not to incur increases in manufacturing time and cost; and to

25 realize the manufacture of integrated circuits with complicated |
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each other and mﬁthout,increasing t he nunber of the steps: 15 (1) the

wel | resistance can be reduced, and the |atchup tol erance can be
i ncreased,; (2) definite device isolation within wells can be
assured; (3) the punch-through of the transistor can be prevented;
and (4) the threshold voltage of the transistor can be controll ed.
20 - Furthernore, the present invention also makes it possible

to manuf actaireuiMBraceligesor NMOS's having different threshold
vol tages, one set of CMOS's, and one kind of MOS' s having different

t hreshold voltages within the range for mask alignnent precision; not
to incur increases in manufacturing tine and cost; and to 25 realize the
manuf acture of integrated circuits with conplicated 47
circuit structures. - 48- VWhat W Claimis: 1.

A met hod of manufacturing a seni conduct or devi ce conpri sing

formng a device isolation region in a sem conductor 5 substrate;

formng at least a first conductivity type |npur|ty region in t he

sem conduct or substrate; and

e
o
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form ng on the sem conductor substrate a transistor including a gate .
insulating film a gate electrode, source/drain 10 regions and a channel
|l ocated directly under the gate el ectrode ———wherein-the first
conductivity type inpurity regionis e ste

an ion inplantation 1 having a concent rat i on peﬁﬂuﬁ Hlﬂllllllllliumt&\t i on deeper
than the bottom of the device isolation region;

i mpl ant ati oWQahéVﬁnglﬁlmdﬁcent rati on peak at a ocation around the
bottom of the device isolation region; an ion inplantation 3
havi ng a .coiicent raAimth@ai(oﬁrmandlfacturimg g semicondegtansenieee t he
source/drain regions are to be formed; and 20 an ion

i mpl ant at i ogofpising a concentration peak on the surface or directly
under the surface of the region where the channel i's to be formned.

25 2. A met hOdfdi'fmﬁ?g‘lH deviéé ISoPatieHl Fég‘i@iﬁﬂra devhicdnductor
- 49- according to claim1l, wherein the first conductivity type

I mpurity; formed through the ion inplantations 1 to 4 is
activat e5d subrs‘%%.ﬂ?'t aneously with the formation of the gate |nsul at| ng

S o SEPSHEA BbR A Snggivsy fype AT feon in

the semiconductor substrate; and
forming on the semiconductor substrate a transistor
including a gate insulating film, a gate electrode, source/drain
10 regions and a channel located directly under the gate electrode,
wherein the first conductivity type impurity region is formed
be the steps of:
an ion implahtation 1 having a concentration peak at a
location deeper than the bottom of the device isolation region;
15 an ion implantation 2 having a concentration peak at a
| location around the bottom of the device isolation region;
an ion implantation 3 having a concentration peak around
the junction regions where the source/drain régions are to be
formed; and
20 an ion implantation 4 having a concenfration peak on the

surface or directly under the surface of the region where the

channel is to be formed.

"

25 2. A method of manufacturing a semiconductor device

48



form ng a device isolation region deeper than 0.6 [err] min a fi—rst

conductivity type sem conductor substrate; 10
first conductivity type inpurity region in the f”"m [mmaﬂmﬂﬁ type
sem conduct or substrate; and forming on the gemtcomduct
substrate a transistor including a gate insulating film a gate

el ectrode, sourceldr eqgi,on a ch nnel .| ocated direc¢tly under
the gate el BECPEHR atgclalmf Hieifnth e diest T Genduiabe vores sty
i mpurity region |sfor by the steps : an ion

i npl ant at i oﬁeglorhafomgecb tb@ﬁ@eh thei . feur aaqrtatmms 1 tothdsqretivasedo. 6
[err] m an ion inplantation 2' having a concentration peak
around 20 simuléanieoersly. Wil the farmation of the gabe insuilatingnfiltn on te
having a concentrati on peak around the junction regi ons where the
sour ce/ dr ai gehtigioardbueter stubstrate. forned; and an ion

I npl antation 4' having a concentration peak on the 25 surface or directly
under the surface of the region vvhere t he - 50-

channel 1s to be forned. . A et hod of manufacturing a

seni conduct gr dev'ﬁ%ethoda‘ﬁg%ghﬂgfﬁtc?gﬁﬁg@f %Fgﬂ‘ﬂﬁ{ﬁﬁci&e dfévrlf,ant ations

conductivity type T npur € 1ron

1' to 4" is %e smultaneously V\nththefornatlon of the gate
i nsul ati ng Fﬁ%ﬁ#%ﬁ ﬁ sem conduct or substrate.

forming a device isolation region deeper than 0.6 4t m in a
first conductivity type semiconductor substrate;
10 forming at least a first conductivity type impurity region in
the first conductivity type semiconductor substrate; and
forming on the semiconductor substrate a transistor
including a gate insulating film, a gate electrode, source/drain
regions and a channel located directly under the gate electrode,
15 wherein the first conductivity type impurity region is formed
by the steps of: |
an ion implantation 1' having a concentration peak around
the depth of 0.6 x m;
| an ion implantation 2' having a concentration peak around
20 the depth of 0.35x m;
an ion implantation 3' having a concentration peak around
the junction regions where the source/drain regions are to be
formed; and |
an ion implantation 4' having a concenfration peak on the

25 surface or directly under the surface of the region where the
. ’ I e

e —
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5. A met hod of manufacturing a sem conductor device 10 conprising
formng a device isolation region in a sem conduct or substrat e;

form ng plural first conductivity type inpurity regions - havi ng '
different inpurity concentration in the sem conductor _15 substrate;—and

form ng on the sem conductor substrate plural transistors ’ ' g' :
di fferent threshold voltage and including a gate i nﬂwmm!@m ﬂ n“\ :
e L ¥

gat e el ectr gan1seli€ ¢bdb@iforieed ons and a channel

under the gate el ectrode, 20 wherein the plural first conductivity
type inpurity regions having different inpurity concentrations are
formed by the steps of: formng a mask pattern on the

sem conduct qr SUbSArﬁfeeth&&%frrg&n&lﬁ%{?u%ge%%el?ﬁi/é({}ggaﬁt(?lo%gﬁgeat | east

in a transistor-formng n ere ransi's avi eshol d
voltage of a fir

t_ 25 | | IS tQ.be f d; . . . .
ol ant i ng PeeordiBadi E1Rim, 3 yieneip, fae firs condRetivity type impurisy: ne
ol ant & | oRSEIDA Jormed Ao she Wmimibiantations 1°to ¥ iipaetivateds i st

conductivity type inpurity ions by ion 5 inplantation 5 that allows ions
t o penet rat simhtlsagieonrslymuith the fopmatien ofnthe ghte inandating filoy anrthe
region which is covered with the mask pattern and in which a

transi st or sBemitgriduetdwistibstradge of

5. A method of manufacturing a semiconductor device
10 comprising | |
forming a device isolation region in a semiconductor
substrate; |
forming plural first conductivity type impur_ity regions
having different impurity concentration in the semiconductor
15 substrate; and
| forming on the semiconductor substrate plural transistors
each having different threshold voltage and including a gate
insulating film, a gate electrode, source/drain regions and a
channel located directly under the gate electrode,
20 wherein the plural first conductivity type impurity regions
having different impurity concentrations are formed by the steps of:
forming a mask pattern on the semiconductor substrate, the
mask pattern having an opening at least in a transistor-forming

region where a transistor having threshold voltage of a first

25 absolute value is to be formed;
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a second absolute value which is snaller than the first _abhsolute val ue

Is to be forned. 10 6. A nmet hod of manufacturing a sem conduct or

devi'ee according to claimb5, wherein the nas,ﬂwﬂmmlmﬂﬂ’"]&m openi ng
t hat reaches an outer circunference of the t ' region

where a transistor having threshold voltage of the” secofid Absdlute 15
value is to be forped. . /. net.hod of ngnufacturjng a- .
sem conduct or devi dtplanting first gpné\ucthty type impyuriy lé)rg%\ﬁeéﬁctlvely
i solation region in a sem conductor 20 substrate; formng
plural firstngethectnansipteydorming regionyising the magk pagtenn byrthe ion

I mpurity concentration in the sem conductor substrate; and

form ng on tieplkamiatdardscl do 4ubscordingtarclainr dpsandors 25 each having

different threshold voltage and including a gate 52

insulating film aigglamingtfiesieconducttityatype dmpnsitgnibes by ioghannel

| ocated directly under the gate el ectrode, ' erein the plural

first copdugiiyidtdtion 5NHHt ANloweiens to pentdrhbd tArbh@iethel ﬁ%f(l’tt y
concentrations are formed by the steps of: "5 formng a nas

paLten o RGBEA IR raTubE At resion WRICIE LECEIANNS e
having thr esrrhlg.lsijc f‘gue%eagk ﬁlfvsirflféh a transistor having threshold voltage of
a second absolute value which is smaller than the first absolute
value is to be formed.
10
6. A method of maﬁufacturing a semiconductor device
according to claim 5, wherein the mask pattern has an opening that
reaches an outer circumference of the transistor-forming region

where a transistor having threshold voltage of the second absolute

15 value is to be formed.

7. A method of manufacturing a semiconductor device,
comprising

forming a device isolation region in a semiconductor

20 substrate;

forming plural first conductivity type impurity regions
having different impurity concentration in the semiconductor
substrate; and

forming on the semiconductor substrate plural transistors

25 each having different threshold voltage and including a gé.te
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absolute value is to be forned,; —nplranting first conductivity

type inpurity ions selectively 10 into . i lorm’ng regi on by
means of the mask pattern t hrough "[Tiﬂ mm‘wm‘m‘{ﬂm ‘ons 1' to 4
[ sxalcl Ng 1M

according to claim3; and rst conductivity type

I mpurity ions by ion i mplantation 5 that allows ions-to penetrate

t hrough t he mask pattern into the transistor-formng region which is
covered wi t mstdatihg fidek asgdter elestdode, Wowitey draimsregiondanid @

t hreshol d vol t age of a second absolute value which is smaller than the

first absol ghennel loGatal diréetipeuhdeicthe gate ele@trodeA nethod of
manuf acturing a sem conductor device 20 according to claim7, wherein the

k ttern has j A C) t [ : f. the
mask patte SR Nhé Ii.‘ﬁ%{"al first e&ﬁammg _péimlggﬁ%% e

transi stor-form ng region ere a transistor having

of the secopd ARFUHM&ent impUHEy Lntlnifal ¥ Yre formed by the steps of:

5 forming a mask pattern on the semiconductor substrate, the
mask pattern having an opening at least in a transistor-forming
region where a transistor having threshold voltage of a first
absolute value is fo be formed;

implanting first conductivity type impurity ions selectively
10 into the transistor-forming region by means of the mask pattern
through the ion implantations 1' to 4' according to claim 3; and
implanting first conductivity type impurity ions by ion
implantation S that allows ions to penetrate through the mask
pattern into the transistor-forming region which is covered with the
16 mask pattern and in which a transistor having threshold voltage of
a second absolute value which is smaller than the first absolute

value is to be formed.

8. A method of manufacturing a semiconductor device

20 according to claim 7, wherein the mask pattern has an opening that
reaches an outer circumference of the transistor-forming region
where a transistor having threshold vbltage of the second absolute

value is to be formed.
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