;e3e@l h6T<0 7 F F 8 2003 SEM CONDUCTOR | NTEGRATED CI RCU T AND METHOD FOR
MANUFACTURI NG THE SAME Field of the‘lnvention: The present inventibhFEB 2003
rel ates to semi conductor 5 integrated circuit devices and nethods for

manuf acturing the sane and, nore particularly, to a technique effectivel
used for sem conductor integrated circuit devices having a st HMN
(SRAM static random access nenory) aﬂd'logic 10 circuits. B

THE I NVENTION An SRAMis a nenory utilizing a flip-flop circuit asea&smenory
el ement the bi-stable states of which are respectively stored in
association wth "1" 15 and "0" of information, and it is characterized in
that it is easy to use because it requires no refresh operation unlike a

DRAM (dynam c _random access e . The flip-flop ci it is fornmed by two

i nverter ci rc&&% é’%&@@%%fq%%uf%@ﬁém%i ’Féﬁi ts is

el ectrically connected to j t 0 inverter circuit, and the

out put of the other invert%&ﬁgfgggngpg gﬁgcgﬂﬁgally connected to the input

of first Hﬂ? r. Q%gcﬁﬁéufﬂzfﬁﬁf@npf the inverter circuits includes a driving
t

transi stor a contributes to the storage of information and a | oad

0 7 F F B 2003 -phel @midnd OfnPaipP] o Nge RaPOYCE o SHBRL¥oNRhERBE O the
driving transistor. Further, the flip-flop circuit is provided between a

pai r af datrcddresed adfrdt 5t sdeviéds eahd pEpheyedfbr Which a transfer
transistor 5 is interposed between the flip-flop circuit and each of the
data |inesnamfdeoiringl tiye coamecandy mbeet pacalibyldrigontect the flip-flop
circuit and the data lines. Menory cells for such an SRAM are categori zed
technique effectively used for semiconductor
integrated circuit devices having a static memory
(SRAM; static random access memory) and logic
10 circuits.
BACKGROUND OF THE INVENTION
An SRAM is a memory utilizing a flip-flop
circuit as a memory element the bi-stable states of
which are respectively stored in association with “1”
15 and "0"” of information, and it is characterized in
that it is easy to use because it requires no refresh
operation unlike a DRAM (dynamic random access
memory). The flip-flop circuit is formed by two
inverter circuits. The output of one of the inverter
20 circuits is electrically connected to the input of the
other inverter circuit, and the output of the other
inverter circuit is electrically connected to the
input of first inverter circuit. Each of the inverter

circuits includes a driving transistor that

25 contributes to the storage of information and a load

A
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10 into high resistance |oad type cells and CM S (conpl enentary net al

i nsul at or semi conductor) type cells depending on the |oad el ement s{ 7 fEBH603
menory cells. In the high resistance |oad type, a polysilicon resistor is
used as a load elenent. In 15 this case, since the resistor occupies a
smal| area and can be overlaid on a dryving transistor or the |ike, the
total area of a nenory cell region carf"be mnimzed to provide a |arge
capacity. On the other hand, a p-channel type M SFET is used as a | oad 20
element in the CMS type, which mnimzes the power consunption of the
sanme. Sone CM S type nenory cells have the so-called TFT (thin film
transistor) structure in which two polysilicon |ayers are provided on a

| ayer above of an n-channel type MOSFET serving 25 as a driving transistor
and in whi®PBERt cRARNERPP{}ang 8§ Power Buppdy VOLlagGeEEot &M% used as a

| oad el enept,is fornmed by the lysilicon | ayers al sp reduce the total
area of t HE GRS CEBREIFEGTon FERINSKanbE . TLLBehieBnanEEBE: Afeqr at od
circuit 5 devic e$ viﬁg an SRAM.i s geécrib d.in Ja nezg Pat ent Lai d- Open
No. 167655196E e BHHEFD: 8 PALEGPAt 83PoH 1HEPT 0PREN¢& S ogic circuits and

2 highly |otegeled GYOBbYBSHRTR yndehl ALLandt e saneali p i hout

i ncreasi ng manutacturing processes, a structure is

di sclased {& mé}}%beea%@wl{éeht $hel 215U PR idcR %@n%%lclﬁ ype

n- channel MOSFET anhd pchannel MOSFET and in ich a nmenory cell is forned

by directlyfcongeghtaglifesgabeetkeeliedas yoonhectcbgnnel MOSFET and
p- channel MOSFET having the sanme 15 conductivity. International Publication

No. W7/ 384¥dctrichbigsdascadnestnmehe @ iphed lopr edreiud tv@ndaghef a
transfer transistor of an SRAM 20 SUMVARY OF THE | NVENTI ON
data lines.
Memory cells for such an SRAM are categorized
10 into high resistance load type cells and CMIS
(complementary metal insulator semiconductor) type
cells depending on the load elements in the memory
cells. In the high resistance load type, a
polysilicon resistor is used as a load element. In
15 this case, since the resistor occupies a small area
and can be overlaid on a driving transistor or the
| like, the total area of a memory cell region can be
minimized to provide a large capacity. On the other
hand, a p-channel type MISFET is used as a load
20 element in the CMIS type, which minimizes the power
consumption of the same. Some CMIS type memory cells
have the so-called TFT (thin film transistor)
structure in which two polysilicon layers are provided

on a layer above of an n-channel type MOSFET serving

25 as a driving transistor and in which a p-channel type



The inventor has found that the above-described technique for sem conductor
integrated circuit device having an SRAM'has the foll ow ng problenq}7 %}%3
Specifically, sem conductor integrated circuit 25 devices having an S

have had a problemin that no 0 7 F E B 2003 -4 sufficient attention has
been paid to the need for setting sepgéqte threshol d voltages for el enents
formng nenory cells and other elenents that arises fromthe trend toward
hi gher speeds, | ower power 5 consunption and higher integration of elenents
and in that sem conductor integrated circuit devices have operational
faults in the nmenory circuit which have not been revealed in the past when
they are manufactured considering only ease of manufacture. 10 For exanple,
sem conductor integrated circuit devices having an SRAM and logic circuits
provi ded oMOFRETsARe PeeHSE€En@Sc ol Cagh &lamantaris Uirraned oY eBl€ ng efforts
toward logic_circuyits and SRAM peri pheral] circuits (hereinafter referred to
"l ogic cirBQL¥sL ﬁ&ophgalgrﬁiﬁ@"ﬁyﬁﬁﬂqﬁ?qﬁ%ﬂﬁﬂeéﬁﬁ el tdtvar d | ower
power consg tion and hhgher i,ntegration of the sem conductor integrated
circuit devPEeReRETY GhoreI®EHots are being put nade to decrease the

t hreshold volta f [ [ i {s ' i, 0 20

i ncrease txe spggagoF&?ﬁghgghé.%k%§%@eFﬁagéﬁjﬁaééiﬁaééhmﬁ%FJ%*?ages of a
logic gircye i%@dhfal@‘inbi K& 3P I HYE SN in M fpafds@ipifgnsame step
taking only factors such as ease of manufacture into consideration w thout

consi deri ngafi @R ople@niNG!. Cal 6559MG deoMa e &9 deRCheASeHE RRRE Hidh | 09I C
circuit and the I'i ke and 07 FF B 2003 -5 | ower power consunption of a
sem conducpelr folinagical @dgdicr edircud®d Gid thailiBe IRt@gravédnmenory cells
inh the menory circuit is reduced although the operating speed of the logic
circuit an@Mpise tlyiplee meawo riye ce lilmarmeyd . irStulhk emmadeh iy whehouvent ors have
reveal ed that this causes operational faults of the nenory circuit which
have not oddg¢readidgethsi compiexitestfolmpryfaciyteing pPrecedgesal circuit
and the like and the nenory circuit set at the same step, 10 It is an

obj ectOof BhECTRFENTIC RS FiHIPSRe an which logic circuits are

formed by a top channel type n-channel MOSFET and p-
channel MOSFET and in which a memory cell is formed by
directly connecting the gate electrodes of the n-
channel MOSFET and p-channel MOSFET having the same
15 conductivity.
International Publication No. W97/38444
discloses an adjustment on the threshold voltage of a

transfer transistor of an SRAM.

20 SUMMARY OF THE INVENTION
The inventor has found that the above-described
technique for semiconductor integrated circuit device
having an SRAM has the following problems.
Specifically, semiconductor integrated circuit

25 devices having an SRAM have had a problem in that no



t echni que which nmakes it possible to inprove the operational margin of a
menory of a sem conductor integrated'circuit device having an SRAMD T £EB 2008
anot her object of the invention to provide 15 a techni que which nmakes it
possi ble to reduce the power consunption of a sem conductor integrated
circuit device having an SRAM It is ap object of the invention to provide
a technique which nmakes it possible to inprove the 20 margin of witing to
a nmenory of a sem conductor integrated circuit device having an SRAM The
above and ot her objects and novel features of the invention will be
apparent fromthe description of the specification and the acconpanyi ng
drawi ngs. 25 Typical aspects of the invention disclosed in 0 7 F EB 2003

-6 this spg&k%&gg%hggeﬁggnggggibg%l%eg%f%%Egeqoa%ﬂgﬂAé%gafJ§seniconductor

I nt egr at ed” Ci rCui gt I'nvention 1S a sem conductor 5

I nt ted.ghreyit ' hayi I | i fedd rStofd ffect
L ansi ot or SF 5 hong “BAEaRer XEERPB LY YoTedghabiech TenaBih i el offect

transi Storfeﬁm%?t ﬂamokgeglte@ QViaded R et %qr&@&ucewt sbsddate, in which

the threshold vol'tage of : east one first field 10 effect transistor
anong sai dfpbir @het ¥rehdf towhrbl §lidnehf egleddsgnSicier pdwer €l ativel y hi gher

han t;e consumption and higher integration of elements and in
that semiconductor integrated circuit devices have
operational faults in the memory circuit which have
not been revealed in the past when they are
manufactured considering only ease of manufacture.

10 For example, semiconductor integrated circuit devices
having an SRAM and logic circuits provided on the same
semiconductor substrate are under increasing efforts
toward logic circuits and SRAM peripheral circuits
(hereinafter referred to “logic circuits and the

15 like”) having higher speeds and toward lower power
consumption and higher integration of the

, semiconductor integrated circuit devices as a whole.
Efforts are being put made to decrease the threshold
voltage of the logic circuits and the like in order to

20 increase the speed of the same. However, when the
threshold voltages of a logic circuit and the like and
a memory circuit are set at the same step taking only
factors such as ease of manufacture into consideration
without considering the significant trend toward

25 increased speed of a logic circuit and the like and



threshol d voltage of said second field effect transistor. A nethoﬂ ffFBZﬂ
manuf acturing a sem conductor 15 integrated circuit device according to p%e
invention is a method for manufacturing a sem conductor integrated circuit
device having a plurality of first field effect transistors formng a
menory cell of an SRAM and a second ficel d effect transistor other than 20
them fornmed on a sem conductor substrate, which includes an inpurity
introduction step for selectively introducing a first inpurity into a
region to format |east one of said first field effect transistors on said
sem conductor substrate in order to set the 25 threshold voltage of said at
| east one first field 07 FF B 2003 effect transistor anong said
plurality of first field effect transistors relativel i gher than the

h
t hr eshol d AHEBRPYFT CORSYBRBHN 191 Y BPPECPNHRGRST sEBECIZAASTt hod for

manuf act urin a.sgﬂlconductor inte rated.cirﬁyit deviceliccording to the

invention?%ﬁ%?+ﬁﬂ OISt hRAPALECr PAGI LN s BEHAH¥ SFLLHt édrated circuit
devi havi I | i first.field it i st f

memory ool TPt aHd Shal b SeebhE R EFbBEspcERE PRREAEASY Gt ner t han
them for "%%géa %f%&%ﬁ%&%i?&@ﬂré‘ﬁﬁ’t%' Eﬁlkb”%*{d% a step of .

sel ectively 1ntroducing nfrtrogen into the region to formsaid second field

ef f ects t 1 afgl sl ON tRIdh SEMARNF Qe SURRIN RS L5 apsl d Srbbeggalit er formi ng

a gate insulation filmon said sem’conductor substrate in order to set the

threshol d wedt agiei ©f coat ds abpbeacionae taustsfbel dnef membriyr ansi stor anmong
said plurality of first field effect transistors relatively higher than the

t hreshol d @0rawit agieich bsavd setoodchireed eféactvithamnhestor. BRI ED
DESCRI PTION OF THE DRAWNGS Fig. 1 is an illustration for explaining a
confi gur attlorestiokd reel tapesckf bhealgghradndictuit2Bndnttégr dtidee circuit
device whi 2la' nd memory %eifenil 82t af {né same step.

10 It is an object of the invention to provide a
technique which makes it possible to improve the
operational margin of a memory of a semiconductor
integrated circuit device having an SRAM.

It is another object of the invention to provide

15 a technique which makes it possible to reduce the
power consumption of a semiconductor integrated
circuit device having an SRAM.

It is an object of the invention to provide a
technique which makes it possible to improve the

20 margin of writing to a memory of a semiconductor
integrated circuit device having an SRAM.

The above and other objects and novel features
of the invention will be apparent from the description

of the specification and the accompanying drawings.

25 Typical aspects of the invention disclosed in



_g_ out the invention. Fig. 2 is a circuit diagramof a nenory cell in an
SRAM on the sem conductor integrated circuit device in Fig. 1. 5 Fig.) BFEB2003
a plan view of a major part of a menory cell region of the SRAM of the

sem conductor integrated circuit device in Fig. 1. Fig. 4 is a plan view of
a |l ayer above that shown in Fig. 3 in {the menory cell region of the SRAM 10
of the semi conductor integrated circuit device in Fig. 1. Fig. 5is a
sectional view of a major part of the sem conductor integrated circuit
device in Fig. 1 at a manufacturing step of the same. 15 Fig. 6 is a plan
view of a major part of the sem conductor integrated circuit device in Fig.
1 at a ' manufacturing step subsequent to that showmn in Fig. 5. Fig. 7 is a
sectional view of a major part of the nenory cell region of the SRAM of the
20 semi con@bédfopperiddratd®rciqaduihe daiiafly rdesgrihedias nanufacturing
step subse%uent to that shown in Fig. 6. Fig. 8 is a sectional view of a
maj or part £841PHE -senmi conductor integrated circuit device in Fig. 1 at a
manuf act uri ng step subhsequent to .that s 07 F E B 2003

-9 Fig. 9 is a sBcPPBASPIGUGKSST R NRGSY Oegr‘%inro‘?z“%ﬁflecg%%%econduct or
integrateda%%%%ﬁk%gd%g(%iér&&ﬁéﬁtfbn is a semiconductor
5 integrated circuit device having a plurality of first
field effect transistors forming a memory cell of an
SRAM and a second field effect transistor other than
them provided on a semiconductor substrate, in which
the threshold voltage of at least one first field
10 effect transistor among said plurality of first field
effect transistors is relatively higher than the
threshold voltage of said second field effect
transistor.
A method for manufacturing a semiconductor
15 integrated circuit device according to the invention
is a method for manufacturing a semiconductor
integrated circuit device having a plurality of first
field effect transistors forming a memory cell of an
SRAM and a second field effect transistor other than
20 them formed on a semiconductor substrate, which
includes an impurity introduction step for selectively
introducing a first impurity into a region to form at
least one of said first field effect transistors on
said semiconductor substrate in order to set the

25 threshold voltage of said at least one first field



at a manufacturing step subsequent to that shown in Fig. 8. 5 Fig. 10 is a
sectional view of a major part of the seniconductor integrated C|rgmgggzm3
device in Fig. 1 at a manufacturing step subsequent to that shown in Fig.

9. Fig. 11 is a sectional view of a major part of 10 the sem conductor
integrated circuit device in Fig. | at,a manufacturing step subsequent to
that shown in Fig. 10. Fig. 12 is a sectional view of a nmajor part of the
sem conductor integrated circuit device in Fig. 1 15 at a nmanufacturing
step subsequent to that shown in Fig. 11. Fig. 13 is a sectional view of a
maj or part of the sem conductor integrated circuit device in Fig. 1 at a
manuf acturing step subsequent to that shown in 20 Fig. 12. Fig. 14 is a
sectional eiféecafl tazamsjietoraramonty tshkddseiivralduct arf ifitegr afeslldircui t
device in Fig. 1 at a manufacturing step subsequent to that shown in Fig.
13. 25 Fi geffécitstaanedsitors relewiviely rebjghrempaitarofthe0 7 F E B 2003 - to
the sem conductor integrated circuit device in Fig. 1 at a manufacturing
step subsegh&rshpddt Nat talgewe i $afidy seppndrifgelrs ¢ffectsect i onal view of a
maj or part of 5 the sem conductor integrated circuit device in Fig. 1 at a
manuf act ur tA§NEELEFCFubsequent to that shown in

5 A method for manufacturing a semiconductor
integrated circuit device according to the invention
is a method for manufacturing a semiconductor
integrated circuit device having a plurality of first
field effect transistors forming a memory cell of an

10 SRAM and a second field effect transistor other than
them formed on a semiconductor substrate, which
includes a step of selectively introducing nitrogen
into the region to form said second field effect
transistor on said semiconductor substrate and

15 thereafter forming a gate insulation film on said
semiconductor substrate in order to set the threshold
voltage of said at least one first field effect
transistor among said plurality of first field effect
transistors relatively higher than the threshold

20 voltage of said second field effect transistor.

BRIED DESCRIPTION OF THE DRAWINGS
Fig. 1 is an illustration for explaining a
configuration of circuit blocks of a semiconductor

25 integrated circuit device which is a mode for carrying



Fig. 15. Fig. 17 is a sectional view of a major part of the sem conductor
integrated circuit device in Fig. 1 10 at'a manufacturing step subseguergy 2003
h

to that shown in Fig. 16. Fig. 18 illustrates SNM characteristics of t

e

sem conductor integrated circuit device in Fig. 1. Fig. 19 illustrates SNM
characteristics of a 15 technique studiged by the inventor for conparison to

explain the effects of the sem conduct or

integrated circuit device in Fig.

1. Fig. 20 is a graph showing the relationship between a threshold voltage

and an SNM of a driving 20 field effect transistor in the SRAM of the
sem conductor integrated circuit device in Fig.

of a major

circuit device which is another

manuf act ur
of a mgj or

node for carr

1. Fig. 21 is a plan view

part of nmenory cells of an SRAM of a sem conductor integrated

node for carrying out the 25 invention at a

g $hep igvafelare. 0 7 F E B 2003 -11 Fig. 22 is a plan view
part of nenory cells of an SRAM of a sem conductor integrated
circuit device wiiGh i%s 18t i CiZFIRed i@l AT arRSNeEY ol néli nventi on

at a manufacturing step of the s . 5 Fig. 23 is_a sectional viewof a
maj or partaEf% At (ﬁ%ﬂquﬁagéﬁﬁﬁxﬁﬁk?%%ﬁ?e%e9+ﬁ%uhﬁiaﬁVFgeanother

! u
Fig. 24 ist& ?@éﬁigwa| view of a major part of

5

10

15

20

25

Fig. 3 is a plan view of a major part of a
memory cell region of the SRAM of the semiconductor
integrated circuit device in Fig. 1.

Fig. 4 is a plan view of a layer above that
shown in Fig. 3 in the memory cell region of the SRAM
of the semiconductor integrated circuit device in Fig.
1.

Fig. 5 is a sectional view of a major part of
the semiconductor integrated circuit device in Fig. 1
at a manufacturing step of the same.

Fig. 6 is a plan view of a major part of the
semiconductor integrated circuit device in Fig. 1 at a
manufacturing step subsequent to that shown in Fig. 5.

Fig. 7 is a sectional view of a major part of
the memory cell region of the SRAM of the
semiconductor integrated circuit device in Fig. 1 at a
manufacturing step subsequent to that shown in Fig. 6.

Fig. 8 is a sectional view of a major part of
the semiconductor integrated circuit device in Fig. 1
at a manufacturing step subsequent to that shown in

Fig. 7.

t the invention at a manufacturing step of the sane.



10 the sem conductor integrated circuit device at a manufacturing step
subsequent to that shown in Fig. 23. Fig. 25 is a sectional vieM/ofUJF&Bﬂ&B
part of the sem conductor integrated circuit device at a 15 manufacturing
step subsequent to that shown in Fig. 24. Fig. 26 is a graph for explaining
SNM characteristics of an SRAM Fig._ﬁ;_is a graph of SNM characteristics
of a 20 sem conductor integrated circuit device studied by the inventor.
Fig. 28 is a graph showing the relationship between the drain currents of a
transfer field effect transistor and a field effect transistor for |oad 25
resi stance form ng an SRAM of a sem conduct or 07 FE B 2003 -12
integrated circuit device studied by the inventor Fig.29 is a graph dhow ng
the rel ationship between the drain currents of a transfer field effect
transi stor and aFigel 8 &8faccectanspdt vaewopt] gamagorepagtta®de form ng an
SRAM of a sem conductor integrated circuit device studied by the inventor

i nt egr at edtRer eamicgednesost gategrpyedhe irsdst deevicey i Figa Iyr aph
showi ng the rel ati onship hetween the drain currents of a transfer field

ef fect tra®bi dtBRIYAACEULIBMAY SELPeSLPERINENSt 4P PRl SAPWesit ance formi ng

an SRAM of _a sepgi conductor integrated circuit device studied by the
i nvent or. PTI ON OF THE PREFERRED EVMBCDI MENTS Modes for carrying out

the Iryention wiplanopobe,1g deagtihed Loddebdl b WA glarenge to i he

drawi ngs (parts havin e functionsaré given eference nunbers

throughouttﬁaesQﬁgﬁbﬂaaggegzaakéggng@e%Q&i 8 tTRASS dePli & ifgy) g out the

invention and w not | ScCri repeatedly). 15 Enbodinent 1: Figs. 1
through 4 ateai hhHgthatu@ingf @Ee@xléh%'s@qﬁﬁan@: o' WHat §nfwrd igenm conduct or

integrated circuit device according to the invention. Figs. 5
Fig. 9.
Fig. 11 is a sectional view of a major part of
10 the semiconductor integrated circuit device in Fig. 1
at a manufacturing step subsequent to that shown in
Fig. 10.
Fig. 12 is a sectional view of a major part of
the semiconductor integrated circuit device in Fig. 1
15 at a manufacturing step subsequent to that shown in
Fig. 11.

j Fig. 13 1is a sectional view of a major part of
the semiconductor integrated circuit device in Fig. 1
at a manufacturing step subsequent to that shown in

20 Fig. 12.
Fig. 14 is a sectional view of a major part of
the semiconductor integrated circuit device in Fig. 1
at a manufacturing step subsequent to that shown in

Fig. 13.

25 Fig. 15 is a sectional view of a major part of



20 through 17 are sectional views of mmjor parts of the sem conductor
integrated circuit device during manufacturing steps for explainingOaFE52m3
nmet hod for manufacturing the sem conductor integrated circuit device in
Fig. 1. Fig. 18 is an illustration for 25 explaining the effects of the

present node for -13 carrying out_tﬁﬁ_invention. Fig. 19 illustrates a
techni que studied by the inventor to explain the effects of the present
node for carrying out the invention. Fig. 20 is an illustration for

explaining 5 the effects of the present node for carrying out the
invention. In the context of the technical principle of the art, when it is
stated that "a threshold voltage (hereinafter abbreviated as "Vth") is
high", it means 10 an intentional increase of Vth beyond an increase in Vth
at t ri but abFBet §eRigrRENSteFalindisgatat « igrwl tciemiede vintiigr Y he |ike.
Further, in the context of the technical principle of the art, Vth

repr esent s3h gaP@nRdRCEYE ingas tapp Sabsegrant: e £hat sheww 1 15 current
of 1.0 uA ﬁer a Hnit channel width (e.g., per a width of 1 un) . According
to the techhPeat principle of the invention, in a sem conductor integrated

circuit device havin SFETs t.al i.nsul at or. sem conduct ors)_20
cijns'tj: tuti \r?g an g\ﬂl?lg\lvlg%g/!t aPi & P%Eg&%ngécéfgsewrr@ﬁmay)m% &afdr M SFETs

but AM (stari & ces e LTS

cans. st cONSuETE SaRurr ore HYSlRaRA PRI Wee T B TS So G
h of th | M SFETs.

Shol DL poStibORRRALLRLErIn AR cR M dheh (o D Srfcta 16T s

This is based on the result i'nventor as
descri bed bggowisFor exanple, randombit faults have occurred in nmemory
cells of an SRAM as a result of a trend toward hi gher operational speeds

and | ower power Engsubptiisna(seetionallowdiewporela wiajdyy padt ages) of
sem conduct or
the semiconductor integrated circuit device in Fig. 1
10 at a manufacturing step subsequent to that shown in
Fig. 16.
Fig. 18 illustrates SNM characteristics of the
semiconductor integrated circuit device in Fig. 1.
Fig. 19 illustrates SNM characteristics of a
15 technique studied by the inventor for cdmparison to
explain the effects of the semiconductor integrated
' circuit device in Fig. 1.
Fig. 20 is a graph showing the relationship
between a threshold voltage and an SNM of a driving
20 field effect transistor in the SRAM of the
semiconductor integrated circuit device in Fig. 1.
Fig. 21 is a plan view of a major part of memory
cells of an SRAM of a semiconductor integrated circuit

device which is another mode for carrying out the

25 invention at a manufacturing step of the same.



integrated circuit devices having an SRAM and a logic circuit and the |ike
on the sane sem conductor substrate and toward hi gher degrees of 07 FEB 2003
integration of elenents. Upon nmaking the studies, the inventor found 10 a
fault node in which such nmenory cells have a small operational nmargin as a
maj or cause of such faults. A furthe[I?[udy i ndicated that potenti al

probl ens had been actualized with the'trend toward hi gher speeds and | ower
power supply voltages of such sem conductor 15 , integrated circuit devices
or higher degrees of integration of elements. Specifically, in order to

i ncrease the speed of the logic circuit and the |ike of a sem conductor
integrated circuit device as described above, Vth is 20 normally decreased.
However, when Vthi@f t2heikogi p18hr ¢tlely amdat ha jloirk@aaid dfhen y circuit
is set at the sane step taking only the aspects of ease of manufacture and
the |ike io6édlgonsi dar sRABNoW theeiniconsiudeoirnd dteyrdtgsd faianiit r end
toward higher speeds 0 7 F E B 2003 25 of logic circuits and the |ike,

| ower powedeviBe7wRiEhBi2088ill5anontenrpmode dforseamopnidurtart i nt egrated
circuit devices or higher degrees of integration of elenents, Vth of

M SFETs i ntheeinvaprjopeht pegronfastariogdsderasdd the came: oper ati onal
faults in the nmenory 5 which have not _been revealed even with the Vth of
the 1 09ic circui Fl@nd28hés| pkeeghdonpd WapWr Piciar Mo darht ¢he sane step
Especially, when an isolation structyre (shallow trench isolation) based on
the LOCOS EFBASPRORFUSEI SRESTALES] FRESH) tpReiase [ ahi Bed by & trench

type buried_i glatio s%ructure i.n ord rt%f achi eve. a higher degree of
integratipﬁn8£ EFeWEQFs,°Fh83ﬁF§&Eﬂ%°83hi & Hﬁgﬁﬂ%ﬁ?qmﬁgdﬁlchannel _ _
characterlﬁ%bE%agggggﬁgeﬁgké b RpeOW Y. If the Vth of the logic circuit

15 and the e an ry circuit 1's set at the sane step w thout

considering the page apdikaki BAc@RbRalNGiR@S@ O RIATAHE dMt o
consideration, the"Vth of the MSFETs in the nenory “cel I” region

signifocanthg demiieasdsactercanteqepdied icdivh iftaddwide saigd menory 20 which
have not been reveal ed.
manufacturing step subsequent to that shown in Figqg.
23.
Fig. 25 is a sectional view of a major part of
the semiconductor integrated circuit device at a
15 manufacturing step subsequent to that shown in Fig.
24.
Fig. 26 is a graph for explaining SNM
characteristics of an SRAM.
Fig. 27 is a graph of SNM characteristics of a
20 semiconductor integrated circuit device studied by the
inventor.
Fig. 28 is a graph showing the relationship
between the drain currents of a transfer field effect

transistor and a field effect transistor for load

25 resistance forming an SRAM of a semiconductor



Fig. 26 is waveforns show ng the operational stability of a nenory cel

e.g., waveforns obtained by plotting 'a voltage at one of the nodes @§F§BZUS
nenory cell in a6 MSFET type SRAMrelative to a voltage 25 applied to t%
ot her node in an overl apping 07 FETf3 2003 - 16 relationship (transfer
curves). A region where the curves ovqglap each other represents a margin
for noises, and the length of such an ‘6verl apping region (the region which
is longest in the direction at an 5 angle of 45) is a static noise margin
(SNM. The greater the overlap (i.e., the greater the SNM, the nmenory
operates with higher stability. However, when the Vth of a M SFET for
driving a nenory cell is as low as the Vth of the logic circuit and the

like 10 pasticularly with the Vth of the.l c circyit and the like and the
memory cf rERFI5eted; CHEEuiRHCLLER, StRE1eRN ¥ e own 0 i g, 27,

whi ch makes the on of the uns g 8 and 29 are
graphs show ng t ng%%l%% i595?pﬁ§ggﬁ%é % r?ﬁétgPQF Burrents of a
transfer MAEIofornd BEIPLYaGELLy2Rdos ) %EEg Lbe el dgdaad

resi stance |gures In |ca a rea aul occurs

M SFET whery 4fies 5l an808 BighaOLr¥8Ac! QYRR At gy fault occurs at

20 the M I esi st ance when s too ow. That is, the

i nventsor ffé%&b%@ﬁée'Eotﬁlﬁéeéﬁréﬁhﬁ b? sekef@koAdhttdie Vth of a M SFET
for driving a nenory cell bdt also the Vth of the transfer M SFET and

M SFET usetheégtepedr esraﬁaacaeegaér ataldiedd byl @let Harvwéntoy. t he | ogic
circuit and the |ike, O'l FEB 2003 -17

)

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Modes for carrying out the invention will now be

10 described in detail with reference to the drawings
(parts having like functions are given like reference
numbers throughout the drawings presented to describe
modes for carrying out the invention and will not be
described repeatedly).

15
Embodiment 1:

Figs. 1 through 4 are illustrations for
explaining a structure of a semiconductor integrated
circuit device according to the invention. Figs. 5

20 through 17 are sectional views of major parts of the
semiconductor integrated circuit device during
manufacturing steps for explaining a method for
manufacturing the semiconductor integrated circuit
device in Fig. 1. Fig. 18 is an illustration for

25 explaining the effects of the present mode for



dependi ng on the operational environnent, operating conditions and the
like. Next, a description will be made on a structure of a sem condugt rg 2003
integrated circuit device according 5 to the present node for carrying out
the invention with reference to an application of such a techni cal
principle of the invention to a mcropsocessor having an SRAM for, for
exanpl e, a cache nenory as an exanple.”10 Fig. 1 shows a major circuit

bl ock provided in a sem conductor chip I C according to the present node for
carrying out the invention. Specifically, the sem conductor chip IC

i ncl udes, for exanple, an input/output circuit I/0, logic circuits, such as
15 m croprocessor (CPU), 2A through 2C, an SRAM for a cache nenory, a phase
| ocked | oo ' it L I | se generati [ it .CPG and the like.
The power Pagtgéﬁg 9§kt§8% épg%%ﬁﬁgn'po?gafigP §?&§S§%3k fs%sem conduct or

i nt egrat ed, gj It deyi IS 4-f QR AT e 2 r | . The m ni mum
gate IengtﬁggbﬁﬁthE$§h?§Fﬁ?# tt¥§q§%nlcoﬁgﬁgfégqﬁﬁgébﬁggid circuit device

i's, for exgfpbersaBeutne $demt HRIAERIP!Rriyigig/tdutoftid SFETS whi ch nust
be fast is 0.25 V or less.” 25 For exanple, a plurdlity of 6 M SFET (netal

0 7 F E B 2808nti8ni.nsphigtoposeni aanduchetrhicebdl ebireekplibansing or) type
menory cells MC as shown in Fig. 2 are provided in a nenory cell region of

the SRAM the egferytscelfl £hdC paredantoviotizd fior tdwrmiiriqiiduyt adfher osses of a
pair of 5 conplenentary data lines DL1, DL2 (DL) and a word line W and

i ncl ude a pawvensfiodr.i ving M SFETs 1, Q2 (Qd; first field effect
transistor), a pair of MSFETs 1L1, Q2 (Q.; first field effect transistor)
used as | oad resIBt sheecengextpifr the tephisalvpgipmsinde ofthao (Q;
fi'rst field effect transistor). The pair of conplenentary data |ines DL1,
DL2 transnPEtsi YhERs ikhildh stEdaddiad o GIresiiH bivitag®id pair of

Fesi st ance (PEFRL TS TR AREHIO) HPLAT - UL X 1 Y O ens o
10 an intentional increase of Vth beyond an increase in
vth attributable to a dimensional difference in a
channel width or the like. PFurther, in the context of
the technical principle of the art, Vth represents a
gate voltage that appears when there is a flow of
15 current of 1.0 pA per a unit channel width (e.g., per
a width of 1 pm).

According to the technical principle of the
invention, in a semiconductor integrated circuit
device having MISFETs (metal insulator semiconductors)

20 constituting an SRAM (static random access memory) and
other MISFETs constituting a logic circuit such as
microprocessor (CPU) provided on the same
semiconductor substrate as shown in Fig. 1, a separate
vth is set for each of the MISFETs forming an SRAM and

25 other MISFETs. This is based on the results of



menory cell which stores one bit of information ("1" or "0") and which is
electrically connected to a power | sSupply Vdd at a high potential 0si BieB 2003
one end thereof (the side of the M SFETs Q.1, Q.2 used as |oad 20
resistance) and is electrically connected to a power supply G\D at a ground
side at the other end (the side of thq4Qriving M SFETs d1, Q2). For
exanpl e, the voltage of the power supply Vdd at the high potential side is
about 1.8 V, and the voltage of the power 25 supply G\ND at the ground side
is 0 V. 07 FE Q2003 -19 The pair of transfer MSFETs QIl, Q2 are
switching elenents for electrically connecting and di sconnecting the
flip-flop circuit to and fromthe data lines DL1, DL2 and are interposed
bet ween input 5 and output termnals of the flip-flop circuit (accunul ation
nodes N1, fPydinag mﬂ@edeath?néBVQEIPrDE\E, dreé%é&eid/%%l.owr-hef"@éte

el ectrodes of the pair of transfer MSFETs Q1l, Q2 are electrically
connect ed E¥2PReCnoFANAPRePYE. £38LlERghaVE SFFUFTSLWHMENAKYews of a maj or
part of the nory cell_region. Wiile Fig. 4 .illustrates the sane position
e that i nofihs 8¥asnaSBAinas BwTepnLr P £XE00 (YU Tty otRT | ng above
the | ayer shown,in Fig, nd cond layer wring as.a sectiapal 15 viewed.
A sem condueebrtiiparrapdeds; ety iRksr bRl CMpEb A He &V con (s
P-wel | s an - 0 SGL ter: are sf t he sem conduct or
substr%te g?“??ﬁ#é?fgnSB@P??ogéigggfgafgﬁhgﬁﬁgﬁg{ e fgnbrinciple surface of
the sem copguelphtedbettahet3deviatel aaviingrals sHam Hrd/idaddRFETs Qd and
M SFETs for | oad resistance QL are fornmed i'n active regi ons surrounded by
the isol at c@hcigtt kAdSthe Theet bansher sMmeF-EEmMiQomivdtbd ving M SFETs (d
are constituted by, 25 for exanple, n-channel M SFETs, and the M SFETs for
0 7 F E 9 83b8tr3fel and towastiahigh€r alegyremsstaft uimtbdnat faon ekanpl e,
pchannel M SFETs. In Fig. 3, nMS represents a regi on where n-channel

M SFETs arelementd,. dpopMnakirgreBenstudieegi shewAavenposhfonad M SFETs
are 5 formed. In the present node for carrying oqut the inventjon, the

desi gh®d cRahABLtwWR@ERs 18f WhAEhd Sughn FEMOSVETSIAF havghst Ml SFETs @ and

M SFETs for Ioag.res'stance QL are smal ler thanéihe es| d channel w dth
of M SPETSOPBEATIG RoQMELaLACHF: & BRdCSREAES (o iAisdt it Fhui fo. (second
field eff i X " i Y i t that

rror may EorhBR ey rinategrbl Enatendihad i il HQEL el some

sem conduch@en' §8t8A132z880waA thatReCkeEnPdDwRHd Hitfhel® Pdedsg M SFETs 1d
i nclude an n-type sem conductor region 5 and a gate el ectrode 6gd; and the

M SFETs f oandoadwees ipsiverC 8upplyneolde gesd-dfy pé e i entingbcd it degi on and a
gate el ectrode 6gL.
15  integrated circuit devices or higher degrees of
integration of elements.

Specifically, in order to increase the speed of
the logic circuit and the like of a semiconductor
integrated circuit device as described above, Vth is

20 normally decreased. However, when Vth of the logic
circuit and the like and the memory circuit is set at
the same step taking only the aspects of ease of
manufacture and the like into consideration without

considering the significant trend toward higher speeds

25 of logic circuits and the like, lower power



The n-type sem conductor regions 5 are regions 20 where the sources and
drains of the transfer M SFETs @ and driVving M SFETs 1d are formed) afdBd603
formed by introducing, for exanple, phosphorus (P) or arsenic (As) into
said p-wells. One of such n-type sem conductor regions 5 is a region shared
by a 25 transfer MSFET @ and a drivilrgg M SFET Qd whi ch 07 F E B 2003
-21 functions as wiring to electrically connect both of the M SFETs. The
ot her n-type sem conductor region 5 of the transfer MSFET Q is

el ectrically connected to a data line DL (see Fig. 4) through a connection
hole 5 8A for the data line. The data lines DL are made of, for exanple,

al um num alum numsilicon-copper alloy or the like and are fornmed in the

second wi r8fshidpeionThe BehYBEndakeeNdWledradtkl diycuithared by transfer
M SFETs @ and driving M SFETs Qd are connected to the 10 gate el ectrodes

6gdm 6gL ofievtibes dri MigoeV §EGFeegd odnd nMegals dolof @Aknearist ance QU
which are to be paired therewith through connection holes 8B and are

el ectrical VyhcofnMIEEETEO01hi tht hamerywicellg r¥gieesiglsot). The first

| ayer wiring 9L is nmade of, for 15 exanple, alum num

al um num sdefreasedpper cansehepkiriad ioma 1i facdrirsecitredt:lteo mem@f p-t ype

sem conductor regions 7 of a |load resistance M SFET QL through a connection
hol e 8C. TWBighhBAVA- nopebseni seNeadedr evegi anss tdfe tHd @i vilgy M SFETs Qd
are electrically 20 connected to_first |ayer wiring 9LG (see Fig. 4) for
the power 38gpFyCERpuAt RRE [HR pdkenang thejdemaay migcudt §ftough
connecti on Eﬂogﬁs 8D. The other p-type sem conductor regions 7 of the | oad
resi st ance® BTS@PeaPLeBrectrical |y connected to first layer wiring 25

oL iqQ. | i gh 2003 -22
Sotent: ol slue (Eegert i1 Fhef BR' Ysdi8edbnl 1 lcHlce Wabdlinnd
el ect r odese 8ahchl ;LB%aki 3RS BasMiSBRIE K 10Nl dak sorpar t of vord

lines W. and are 5 int orm of planar band-shaped patterns extending
hori zpmt al by ER1kten)3prébesgatis epalicedeoyoed tiferftyide driving M SFETs
Q and M SFETs for load i resistance QL are fornmed in a part of an integral
gate pattebnriAdpasblativhi stgateupst tiey wreddrerds adhidwganal |y to gate
pattern portions connecting the gate el ectrodes 6gd, 6gL and is forned in a
pl anar Yshhpgtierodeoyeravifonnisegarawkione ofTied egreissof thee MESERT&I | y
extending portions of the gate pattern are electrically connected to the
n-type senfP¥BARiLEL EEVELSLeHREFIWS Chadnede chazaCheriat igs (W DL t hr ough

sai d connection, hgles 8B to function as. Wring.,One nenory cell M has two
gat e pattefFfR§Unhi ¢R &r io‘é{dj’"§gentlfotgﬁcﬁ%t ﬂgr thg ﬁﬁglﬁof} FGRE& direction

o P 3 oS PSR RLCURR Bondb G A g B L
filmof |OWtep without considering the same and taking only the
| ease of manufacture into consideration, the Vvth of the
MISFETs in the memory cell region significantly
decreases to cause operational faults in said memory
20 which have not been revealed.
Fig. 26 is waveforms showing the operational
stability of a memory cell, e.g., waveforms obtained
by plotting a voltage at one of the nodes of a memory

cell in a 6 MISFET type SRAM relative to a voltage

25 applied to the other node in an overlapping



resi stance polySilicon, a multi-layer filmformed by providing a Silicide
| ayer nmade of tungsten silicide or the |ike on a | ow resistance pol )ﬂsllﬁdf[gﬁ@
filmor a 25 multi-layer filmformed by providing a netal film such

F Q ?003 - 23 as tungsten on a |low resistance polysilicon filmwth
titaniumnitride, tungsten nitride or t6he |'i ke interposed therebetween. A
description will now be made with ref'e]re'nce to 5 Figs. 5 through 17 on an
exanple of a nmethod for manufacturing a sem conductor integrated circuit
device according to the present node for carrying out the invention.

Thr oughout the drawings, I/O NMS represents a regi on where an n-channel
type M SFET for 10 formng an input/output circuit is fornmed; I/OPMS
represents a_regi on where a p-channel type M SFET for form ng the

i nput / out pGEL@ Ships (FFemsder GRIVAM'S PepPedent ¥hereeditsh where an
n-channel type M SFET for a logi¢c circuit is fornmed; and Logic NM S

repr esent scil\‘%i’gsr (Qéfle&r]ra\ﬂ'u?ra&ha%ﬁ: PR S8 AT SVSSEEE I H7 logic circuit
is formed. | es _of .regi.ans ere driwving M SEETs and M SFETs for | oad
r esi stancengii%ré%dr r?é‘gl écrhéagé}%@\ﬁﬁwr?fﬁé’lcr;brﬁfgfvceeﬂaﬁ%b?%nr%%%% in Figs. 5
t hrough 17. Ear sexanpl.e, j.n GEl , : 1. conduct or
substrate g%%enr‘l%rgoln ugﬁ&?hwa e?%gl}tmet ?slds%ahgeg)d%%a%/?%g gateg‘l'pl)rgci fic

resi stance r,Ge 0 Ehemais S f [ESE s Subj ed t t oxidation
at 800 toaﬁgrlkhg)f?ﬁ?,nss?%i %oﬁ{:giﬁge%ﬁ' M %&hé\?ll ggs‘fq?)t'hi c'lglrllégs 25 of about
10 nm on t geedtfraahd eteaQfapand.. d heraad tffeate® thd snup, 0Re3 -24 a

silicon nitride film 11 having a thickness of about 200 nmis deposited

t her eon usmemotrye cpéRattelsemidal hiaperr depdsilitogn) mewewkr,Théei | i con oxi de
film10 is forned to noderate stress that acts on the 5 sem conduct or

substrate ¥hghdithsidfi @oMISTETe fan whrisnyegidednémory ereeht isochsiti ng grooves
are sintered (vitrified) at a later step. Since the silicon nitride film1l1l

has the prégdr @ dhe dihafhdheileaiorciyquit apddthe bik@sk to prevent
oxi dafjon 10 of the substrate _surface fhereunder (active region).
Subse%hent Ip?,r%r‘ﬁé‘qﬁrﬁiycé"ﬂ' tecrl'iedéth%f I‘?ﬁt 1§}e giquc%rFJoW%tf? 48 and

sem conductQr, S nat e I j ect.ed. t.0 y,.et chi i.ng hot or esi st
filmas a %g's 'Y ;521%; (}?lr% fnsé'\%e{: i o%tli@gcﬁlolotvcejsse%aa atvl}engséép%e%fépiﬁ% about 300

to 400 nm g R %ﬁ@lﬁo'&%u%%ns;ithstﬂi?.gy p,ia;%%tﬁ'cq{“?{ﬁkééoéﬁéi on regions.

The isol ation grooves 4a nmay be forne ormng dry etching of the
silicon ni bipedathiidnMok] the RemdEN Ay EeXId, fil mas a mask, renoving the
photoresist film and thereafter 20 performng dry etching of the silicon
oxide film 10 andigeni e8ndmdt @9 auresigraiphs3 sitiwihdg theatésated silicon
nitride film1l as a mask. Next, in the present node for carrying out the
i nvenlbon, of pressagenendr ofhdheedradrerqurant a5 "fransferocess) as

described below is perforned to set ~ 7 F E B 2003
MISFET for a memory cell and a MISFET to be used as

, load resistance. Those figures indicate that a read
fault occurs at the transfer MISFET when the Vth is
too high or too low and that a write fault occurs at

20 the MISFET used as load resistance when the Vvth is too
low. That is, the inventor found that it is
preferable to set not only the vth of a MISFET for
driving a memory cell but also the Vth of the transfer
MISFET and MISFET used as load resistance separately

25 from the Vth of the logic circuit and the like,



-25 the Vth of driving M SFETs, transfer M SFETs and M SFETs for | oad

resi stance formng nenory cells of an SRAM relatively and intentﬂﬂdﬁﬂl@3
hi gher than the Vth of predeterm ned M SFETs of SRAM peripheral circuits 5
and logic circuits. The photoresist filmfor form ng the isolation grooves
is first renoved and, in order to set,the Vth of the driving M SFETs and
transfer M SFETs rel atively and intéﬁgfonally hi gher, a photoresist pattern
12A is 10 forned such that regi ons where the driving M SFETs (d and
transfer M SFETs Q are to be fornmed are exposed on the sem conductor
substrate 3 and such that regions other than them are covered as shown in
Fig. 6. Fig. 6 shows the sane nenory cell region as in Fig. 3. 15 Although

I t d t i ke h t f d yet at the st h in Fig.
6, “they aREPERANASH SR T CHEAR Bl Sy T o AR o o (he |

phot or esi .ern 12A i.s fqr.pged. Further, the photoresist pattern 12A in
Fig. 6 iséﬁgﬁgﬁggngoﬁ t%%i?@ﬁgklarity of the drawing. The pattern
configuration o e ph resigt: -pat t.enn i iy t hat shown
here and, for e&ggrggl’e,g lgtﬁgcggﬁ:telpﬁ Err'té@lbgjefzg\rar?e%d%?}ntéo %%‘%‘%ﬁ%r ation which

exposes the LegbRleohAulddP Lkt Iia‘r?é&? (gJ\ﬂ%%f\ﬁEé d&, a?écé%@ﬂﬁ er M SFETs

Q@ and al so exposes the regions © B 2003 -26 channel type

M SFEg's febmdeo%rte@@n&eaio@ww Qarsybisid &t Lhespeé@tionregions to form
M SFETs for which any | eak current between the source and drain nust be

suppr esseditanteferehceotey arotappl il iors.ofb Kidisefuesdhyicddr exanpl e,
boron difluoride (BF,) ions are inplanted into the sem conductor substrate
3 usi ng t peipkdpdecsifsttheatimentlih 4o & mEskropineessox anavenlgout under
conditions as described bel ow, although they are not limting the 10

i nvent i onanSER&M ifeal,| fonr texampd & .n3 SRS aeRISr @S iad about 40 keV; the
dose is about 1 X 1012/cnR; and ion inplantation angle is about 10 degrees.
The ions §%&8™PnfSi-anted at an angle in order to increase the Vth of the

of 118 1 ool ati of G odvaBeRE. STHET SN Akt R ARV iR Rl 6 at
whi ch the Sl HRUGHRG S JHIY N9E S8 il Hd ! S SiA8GFode
for carrying out the invention. Specifically, the
semiconductor chip IC includes, for example, an
input/output circuit I/0, logic circuits, such as
15 microprocessor (CPU), 2A through 2C, an SRAM for a
cache memory, a phase locked loop circuit PLL, a clock
pulse generation circuit CPG and the like. The power
supply voltage of a high potential side of this
semiconductor integrated circuit device is, for
20 example, 2.5 V or less. The minimum gate length of
MISFETs forming this semiconductor integrated circuit
device is, for example, about 0.25 um. For example,
the Vth of MISFETs which must be fast is 0.25 V or
less.

25 For example, a plurality of 6 MISFET (metal



of the sem conductor substrate 3. Next, after renoving the photoresist
pattern 20 12A, a photoresist pattern 12B is formed whi ch exposes Eﬁf% 2003
regions to formthe M SFETs for | oad resistance Q. on the senicong C q
substrate 3 as shown in Fig. 7 in order to relatively and intentionally
increase the Vth of the MSFETs for [qad resistance Q., and which 25 covers
other regions. Fig. 7 also shows the sane 0 7 F E8 2003 -27 nenory cel
region as in Fig. 3. Although elenents and the |ike have not been forned
yet at this stage, they are shown here to clearly show the position where

t he photoresist pattern 12B is forned. Further, the 5 photoresist pattern
12Bin Fig. 7 is also hatched for better clarity of the draw ng. The
pattern cobhsguaBbroBefmficbhqupehotrordseilst offdal i istawf dypeted to that
shown here and, for exanple, the pattern may be fornmed into a configuration
whi ch 10 empmseg tbdlsepCoas sholvar int FegV FEEke fprodviaket rasist ance QL and
al so exposes the regions of pchannel type M SFETs forned on the

sem conduchemosybsel it gegioaspdcithlel $RAMGI offbet memorm MeSEETMCf or whi ch any
| eak current between the source and drain 15 nust be suppressed, and which
covers ot he¥erpygPvadedsSibs&ligeNticynityr odx apsissepfspharaisr (F ions are
inplanted into_the sem conductqr substrate 3 using the photoresist pattern
12H as® a nBSRPLlEMERLARY Hatealdined 8%l uider (e =k &oREdibReas for the

20 introd ion.of the inmpurity taq relatively and intentionally.increase
the Vth o?ﬁﬁh@nﬂrF9F §df arpfd Cﬂ%agr&gﬁﬁqlﬁ;fgﬁﬂﬁugéiﬂt QH%?hey are not
limting t Lpventiqn, ereafter.. the .phataqresjst is renoved.
25 The or dg?r%g ?Eéh‘gr Sggggtogrfﬁ‘tsﬁgél?a)dg 4Abath °7f' %%@%@j 28 inmpurity
to increas h th he .drivi S fgygt i escri bed
above and ?ﬁ% g?lgéeggiﬁg% ?rjl'fq'rlgd&??r?glgltaﬁigﬁrl})s% ty tod}’f‘endcrégs%é?(ﬂe Vt h of the

M SFETs fopek@3dahesl ahanae pRlirmey Ream@Uirs MrsieTd Qi hpwf the driving
M SFETs d, transfer M SFETS @ and M SFETs for | oad resistance QL are

rel ativel y(ang Enkent farall wfifeereasatstdystearf.or mheg paieh o series of
processes. After such a first process, in order to renove 10 any danmaged
| ayer prodacsplementeriyndatawdlinesoDIilhe Digoltatameamigr codpsats as a resul t
of said etching, the sem conductor substrate 3 is subjected to dry

oxi dati on ‘dFl‘a‘goGFeleOUQrﬁéoﬁ‘Gr @t KR hsiothedh oxi de filns having a

t hi ckness of about ,30 nm on the.inner |
Said pair of griving MISFETs Qdl, 9d2 and the

pair of MISFETs QL1, QL2 used as load resistance form

15 a flip~-flop circuit. The flip-flop circuit is a
memory cell which stores one bit of information (#1”
or “0”) and which is electrically connected to a power
supply Vdd at a high potential side at one end thereof
(the side of the MISFETs QLl1l, QL2 used as load

20 resistance) and is electrically connected to a power
supply GND at a ground side at the other end (the side
of the driving MISFETs Qdl, Qd2). For example, the
voltage of the power supply vdd at the high potential
side is about 1.8 V, and the voltage of the power

25 supply GND at the ground side is 0 V.



15 walls of the isolation grooves 4a. Subsequently, as shown in Fig. 8, a
silicon oxide film 13 having a thickness of about 400 nmon the 07 FEB 2003
sem conductor substrate 3 is deposited and, thereafter, the sem conductor
substrate 3 is subjected to wet 20 oxidation to perform sintering
(vitrification) for inproving the qu%bity of the silicon oxide filnms 13
enbedded in the isolation grooves 44a."”For exanple, the silicon oxide film
13 is deposited using a plasma CVD process that utilizes ozone (O ) and 25
tetraet hoxysil ane (TEQCS) as source gases. 07 F EB 200 -29 Next, a CVD
process is perfornmed to deposit a silicon nitride filmhaving a thickness
of about 200 nmon the silicon oxide filnms 13, and the silicon nitride film

i th ft i t i i ist fil k
Lo | oot T o Bl b eyl Micredt] WL, ML L o i T
| ati | . , =Y t dth
o Chor et A gm0 WA DL PREhA e [REPAQ AN T2Y 2 | he
4o j t i shi t hat
grooves aﬁ%ggir%%c;tﬂrﬁ%ﬂéﬁﬂrf@rﬂdb HEMaNit &P NEAGH '&lgélas ing) tha

the silico 13 in i'sol ation grooves 4a having relatively |arge

areas aredqp@lal 3hekd 1A IMA eindeptd iMarideedibéeRBe®Xifguti | M5 13 in
i sol ati on grooves having relatively snmaller areas when 15 the silicon oxide

filns513 amd paltphrdandplanat agk usl iy flepericahivechani cal polishing
(CWP) process at the next step. Subsequently, after the photoresist film
for patt er(ricopnudiatsidn condes tNI de¥X) lamd ehe sdaeaolenes aDbRD, CP process i s
carried out using the silicon nitride films 11, 14 as stoppers to polish
and | eaveDife gia@spantisiglde f Thes gate plesd rodssadforthg aRies dfa, t her eby
formng the isolation portions 4. Wile a reduction in the Vth of the

M SFETs f &&findd ek Bl Qitls Qi3 rdttitdR et ¥ bl SePReFted channel 0
7 F E B 2003 _.-30 ch cteristics should normally be inevitable because a
groove type 4§ &9 %§9Fh e is enployed as a structure for the

i sol %i on porti ?1%54, 3t bain r&ocjﬁ1 f")o‘riplcaq,lr_rciii(%%r g‘%jf gqﬁ%i@%i@no%s free from

such™a probl em €calse It 1nvol ves sai pr oc a process to be

descri bed thal Glenfdity 'R I M Yor@Ndwinih@NHignald ¥ 1 GaRd dife Vth of the
M SFETs form ng theY menory
same position as that in Fig. 3 as a plan view, it
illustrates first layer wiring above the layer shown
in Fig. 3 and second layer wiring as a sectional
15 viewed.

A semiconductor substrate 3 is made of, for
example, p-type silicon (Si). P-wells and n-wells to
be described later are formed on the semiconductor
substrate 3. Isolation portions 4 are formed on the

20 principle surface of the semiconductor substrate 3.
Transfer MISFETs Qt, driving MISFETs Qd and MISFETs
for load resistance QL are formed in active regions
surrounded by the isolation portions 4. The transfer

MISFETs Qt and driving MISFETs Qd are constituted by,

25 for example, n-channel MISFETs, and the MISFETs for



cells. Thereafter, the silicon nitride filnms 11, 14 are 10 renoved, and a
pre-oxidation process is carried out on the sem conduct or substrateﬂgfﬁ§2m3
forma gate insulation filmhaving a thickness of about 10 nmon the

sem conductor substrate 3. Then, as shown in Fig. 9, a photoresist pattern
12C is formed which exposes 15 the buz@ed regions on the principle surface
of the sem conductor substrate 3 and €overs other regions and, for exanple,
phosphorus ions are inplanted into the sem conductor substrate 3 using the
photoresi st pattern 12C as a nask to forman n-type buried region 20 15 on
t he sem conductor substrate 3. While the n-type buried region 15 has not
been fornmed yet at this stage because a thermal process for the activation
of the inpuri%y and the |ike have not beegﬁgerforned on the sem conduct or

subst rat e P29 e LT BRCP Ok | PEEt FRRBHL OB R BY 7 0f O 8XAMP 16 Hite

d i pti . ~ ~ 003 -31. . Next, i th hot i st
patterh 15tanneh EERFRY” f Fadt 1 I TR EED o8 cEBAMERI 1 egi ons
th hout i DCI h i t bstrate 3 d
cover ot hi<e ShePiaRAEL IS BERS Park B REN S DR BT SS Dot e | ons-ar e

| mpl ant ed f%%é?iéﬁ%éeQTf?ﬁgHﬁF9ﬁe§8b§LEﬂéﬁn§l“ﬁF§9EEEeaQQPtOres'St pattern

as a nask. I nds of urity rntroduction steps are separately

perforgmed figkRedhi G Aife prdhtOimddd rﬂ%‘%a{‘ﬂrfﬂ? b@RUEhkY for forming at
10 least n-wells 16NWand a step of introducing said inpurity for setting

the Vth of il &rElsnf otheddesigned ! shdph¥Wli #igeHs08¢ ehkedrtiRdmdg he menory
cell region. Thereafter, the photoresist pattern is renoved. 15 Next, as

shown in RMISFHDs @dphbransfest MPSFERs nQt2bndsMISFR®E \fbirclomdooses p-wel |
regi ons throughout the principle surface of the sem conductor substrate 3
and cover sres hstanegi Qhsareudsaglent thanf theedeapbeedbohamnsxl bor on

di fluoride ions are inglanted into the 20 sem conductor substrate 3 using
t he phot orekdthk @ht MESRETSDEQEMingpiRIi¢wEikFRAESoANANSEAM v i nt roducti on

t tel forpmed h i.ch tep of i.ntroduyci i d
Cmpurity Ao FRRRE A SirFBIEE hoRePnd T6BWAaRAZSCE: BFABFIRCRSuCi ng sai d

25 1 mpuri tyn £ of o S5t A 5093 §RE V! Bl 1 M SERES £L8E "BHak " sBme Lrldy B O 2003
may be included.
The transfer MISFETs Qt include an n-type
semiconductor region 5 and a gate electrode 6gt; the
15 driving MISFETs Qd include an n-type semiconductor
region 5 and a gate electrode 6gd; and the MISFETs for
load resistance QL include a p-type semiconductor
region and a gate electrode 6gL.
The n-type semiconductor regions 5 are regions
20 where the sources and drains of the transfer MISFETs
Qt and driving MISFETs Qd are formed and are formed by
introducing, for example, phosphorus (P) or arsenic
(As) into said p-wells. One of such n-type
semiconductor regions 5 is a region shared by a

25 transfer MISFET Qt and a driving MISFET Qd which



-32 wells 16PWin regions other than the nenory cell region. Thereafter,
the photoresist pattern 12D is renmoved. After said step of introducigmrtmey;
impurity for 5 wells and the |like, a process (hereinafter referred to as
"second process") as described bel ow may be perforned instead of the
above-descri bed first process to relai%#ely and intentionally increase the
Vth of said driving M SFETs, transfer ‘M SFETs and M SFETs for 10 | oad

resi stance beyond the Vth of predeterm ned M SFETs of the SRAM peri pheral
circuits and logic circuits. First, in order to set the Vth of the driving
M SFETs and transfer M SFETs relatively and 15 intentionally higher, said
phot oresi st pattern 12A shown in Fig. 6 (or a photoresist pattern as a
nodi ficati

Vet al so afUPRFEOBRaHE, ViRePIare” SHORE TSR Wor S KA LY of the
xarpl o1 bOPBnAARFEOSr | diEHEShEF oREtUPE PR aRREBCENEo TPRE T conduct or
out under Sonah8rsrafisBes RISEET oRSCdl cteh A R M S R T i i ng
eneray i s aboar 60 LevP R S Hotas o Loty H phpricet 1, iR antation

i npl ang ati gn 8@l ehesdakauti i%e .degheedath- €ineBepReadeCHade bF,t he

principle surface of the

for example, aluminum, aluminum-silicon-copper alloy
or the like and are formed in the second wiring layer.
The n-~type semiconductor regions 5 shared by transfer
MISFETs Qt and driving MISFETs Qd are connected to the

10 gate electrodes 6gdm 6gL of other driving MISFETs Qd
and MISFETs for load resistance QL. which are to be
paired therewith through connection holes 8B and are
electrically connected to first layer wiring 9L (see
Fig. 4). The first layer wiring 9L is made of, for

15 example, aluminum, aluminum-silicon-copper or the like
and is connected to one of p-type semiconductor

| regions 7 of a load resistance MISFET QL through a

connection hole 8C. The other n-~type semiconductor
regions 5 of the driving MISFETs Qd are electrically

20 connected to first layer wiring 9LG (see Fig. 4) for
the power supply GND at the low potential side (see
Fig. 2) through connection holes 8D. The other p-type
semiconductor regions 7 of the load resistance MISFET

QL are electrically connected to first layer wiring

25 9LV (see Fig. 4) for the power supply vdd at the high



5 sem conductor substrate 3). Next, after renoving the photoresist pattern
12A, said photoresist pattern 12B shomn in Fig. 7 (or a nndlflcatlomﬁﬁEgjmﬂ
sane) is forned in order to relatively and intentionally increase the Vth

of the 10 M SFETs for |oad resistance QL. Although elenents and the like
have not been fornmed yet also at this stage, they are shown here to clearly
show the position where the photoresist pattern 12H is forned.

Subsequently, for exanple, phosphorus (P) ions 15 are inplanted into the
sem conductor substrate 3 using the photoresist pattern 12B as a mask. The
conditions may be the sanme as said conditions for the introduction of the
inpurity to relatively and intentionally increase the Vth of the driving

M SFETs 20 @ and the like in the secon rocess as except that the ion

i npl ant at | BAtEREAGY S4de dSesdid e ) 56\]1? ougdh |IGARred i YU %T s i s not
limting tg%tlnventlon The order of the process of introducing an inpurity
to increasé™the Vth of the driving M SFETs 25 and the |i ke as described

"ot ease the Vi niBE BRG eMFAEEFEORES 156 e hS @%é%f%ﬂ%%i sed 4l so
M SFETe Ca?ﬁ’i 8?% oPuRE i Fu el b(yl VI%N§%%&| nt ent i onal%\é'LéSFETS o ed™

M SFETs fo resi stance arerel ative i ncreased
by per§0rml&9tﬁ'écffoa~m5%rf %a‘?;arpr RGRESapdd ety aeﬁ@&?@ﬂlfrocess, a
thermal process is performed on the senlconductor substrate 3 1o carry 10

out the achiordziodtaQflyt & iFRHr ity irher gdueedlieai@odes sy ,Cc@yduct or
substrate 3 and the like, thereby formng the n-wells 16 p-wel | s 16PW

and n-type offurihed drdgiioy MiSFEThQband MIBRETY faibslsade 3. The process
t hen proceeds to the step of forming 15 the gate insulation filmand, in
this node fresisdangien@lodre Mormacnin én,patke of gn cinfegmrhgate gate

insulation filmmay be preceded by a process as
pattern.” A part of this gate pattern extends

10 diagonally to gate pattern portions connecting the
gate electrodes 6gd, 6gL and is formed in a planar Y-
shaped configuration as a whole. The ends of the
diagonally extending portions of the gate pattern are
electrically connected to the n-type semiconductor

15 regions 5 and the first layer wiring 9L through said
connection holes 8B to function as wiring. One memory

) cell MC has two gate patterns which are adjacent to
each other in the horizontal direction of Fig. 3. The
gate electrodes 6gt, 6gL are formed on a gate

20 insulation film to be described later and are
constituted by, for example, a single film of low
resistance polysilicon, a multi-layer film formed by
providing a silicide layer made of tungsten silicide
or the like on a low resistance polysilicon film or a

25 multi-layer film formed by providing a metal film such



descri bed bel ow (hereinafter referred to as "third process) which repl aces
t he above-described first 20 process or second process to relatively and
intentionally increase the Vth of said driving M SFETs, transfer N1§FEF§7W3
and M SFETs for |oad resistance beyond the Vth of predeterm ned M SFETs 0o
t he SRAM peri pheral circuits and Iog[gequcuits. 25 First, a photoresist
pattern is formed which 0 7 F E B 2003 -35 exposes regions to form
M SFETs whose operating speed nmust be increased in the regions of the
peripheral circuits and logic circuits and which covers regions to form
M SFETs for which any | eak current between the 5 source and drain nust be
suppressed throughout the nenory cell region and in the regions of the
peripheral circuits and logic circuyits. Subsequently, for exanple, nitrogen
(N) ions af® FHﬁBéﬁFBdOPnFolPWer§é%§@6@&@t@8@%§ﬂ%ﬂ%&ﬁe?%ﬂ%nﬁ%&?the 10
photoresist . pattern as_a . mask. This is .carried out under conditions as
Gescri bed BLFORAE PREGIASE nEF IFESRoRIERHS 0F (RE et i on.
Speci ficall the iqgn_inmplantation energy is about 5 keV; the dose is about
4 X 10[errT¥Eﬁfg?Ff$ gh%?eo %WﬁﬁPéntation angle is about 90 15 degrees. It
I's thus possible t%é@h?@%o}{t fh19h BE@, Bl g Mﬁ%%ﬁféf&{}iﬁ §lo M SFETs

oa y cel re

and M SFETs for reststance in the nenor regl on at1vely and

i ntentd onakh yshi ghehrohlg® 19239 ainS eXanfld @462 #fbtIRSE fdcal Iy, the Vth of
a M SFET decieases when"nitrogen is included in the gate insulation film

thereof. FRahli€hctuRidgr adkemidepadctid ifitledga@aied tdierdeaie i nsulation film
is nitrised to have increased anti-oxidation properties and therefore

becones 25dehiipeeactbadinke tgatthe pawls@Entomddd Mdm caregimon ou) 7 F E B
2003 -36 which is not doped with nitrogen. The Vth of a M SFET whose gate

i nsul ati onthel tnventdbaed Thraughguontdepddawinhspi T/ogmIgan be nmade
relatively smaller than the Vth of a M SFET whose gate insulation filmis
formed 5 | RERYELEGNSA RhrEFion WHergoFad Naichannel ¥ MEIKET Skee ni trogen

is segregated on the interface between the gate insulation filmand the
seni cohducf8Fmdngs 8P 8Py L/ Rus DUy icdr Wdife d-Snifirmed ¥ obePMAS advant age can

e R O § b g gl o o
i | ati ' .3 (i i f i f b
L oA AR O, AR Do o

di fferencerbgreentsha rleioh wherdXRaNg-AharlT iGpatwrofettestf and the
sem conductor substrate 3°to induce the generation of hot carriers. The

reason forat hggakovarcaithals Feahed ;diafidNidgic WEIFOdepakedny¥ khe nitrogen
segregated on the interface to the sem conductor substrate 3. Since the
problk®fm region where a p-channel type MISFET for the logic
circuit is formed. Examples of regions where driving
r MISFETs and MISFETs for load resistance are formed are
shown in the memory cell region shown in Figs. 5
through 17.

20 For example, as shown in Fig. 5, a p-type
semiconductor substrate (a semiconductor wafer at this
stage) 3 having a specific resistance on the order of
10 Qcm is first subjected to wet oxidation at 800°C to

form a thin silicon oxide film 10 having a thickness

25 of about 10 nm on the surface thereof and, thereafter,



20 of hot carriers is unlikely to occur in a nenory cell region, no
particul ar problem occurs even if a nenory cell region is not doped with
nitrogen. Wiile the present node for carrying out the invention ha
referred to a case wherein said third 25 process is carried out iﬁ%@d%&
said first process 0 7 F E B 2003 -3¢ _or second process, this is not
limting the invention and the third process nay be carried out in
conbination with the first process or second process. After such a third
process, the process proceeds 5 to, for exanple, a step of formng gate
insulation filns as described below. First, an oxidation process for
formng the gate insulation filnms of M SFETs having a high wthstand

gat e nsUIA B 998 e REUARGEERE PhoAEnTF o ab FAGRPRR Gk REs SOBRE for
I f h d

substr ai eg%dU“él“%sequi%&Fsi@%d hhPERBh uBtha e n R " TeRERASET  he gt e

| nsul atl o Jid i dGhGOVELoh b eALAN Thd % 1 £1IBA i MSFETERNBYI N9 @ N oh

wi t hstand v 0sé of her  regions an ereatter, the thick
gate 'nsulfélfwnﬂéa %@Xﬁ@&@ﬁaiéomagsp{@ﬁaerSététoﬁas;h%rn is renoved and

the photoresist pattern is reduced further. 20 Wiile the process nornmally

procegds tdwiBdndictor assbepretel 9rghes sheigeheokngel &inee film of
M SFETs ot her than the M SFETs having a high w thstand vol tage, according

to the preassdddedieifoelemenyi igobatihyegroveasi anpe aipteresls as descri bed
bel ow 25 (hereinafter referred to as "fourth process") nay be 07 FES
2003 - 38 peritrnetedn addatlaherostepd f$imte frlweesslisenond process or
third process in order to set the Vth of said driving M SFETs, transfer

M SFETs artitvrigiETEilmr 11 ohas r BesprARErEE| afi ¥eFksEABTi ntentional |y hi gher

5 than the Vih of regdeterm neq M SFETs of the SRAM peri,pheral circuits and
| ogi ¢ cir QFtdate stltahsoﬁ?ﬂgtF%napWGEEs§°fBFeVSPﬁlﬁ&lgﬁ§16§te i nsul ati on

I:L'rf ra betheadic (REPEHETEE T8¢ haGedF AP ACHOSE T agﬁ%%h%"é'g%“a?”ﬁﬁ'”;( ed out
to orn1gate||t§45%$é#%éﬁéf§e@€¥:%g}%€ohnﬁg P@@éa¥g%ﬁeh§tlve t hi ckness o

for exanple, ab e surface o e séni conduct or

substrat e g iléwn tdk chaess1nf 10 hengakemibeHbatter EhbBeratemade greater 15
than the thickness of gate insulation filns formed on regions to form

M SFETs wuse spejedted spe@tynesthbagi asiagsadphotblresisgi Eidmof
peripheral circuits and logic circuits. This makes it possible to

rel ativel yasaral maglento ofiarhyisotathor gheoveh, 64 hhvikgSEE@ep2M f or mi ng
menory cells and said M SFETs for which any | eak current nust be
suppdsset RRREGURHE I §O 40PhamopRstBe peRiePAdRSteE: AEkSSXatee gate

insulation fjlms. having,an.internedi ate thi ckness to cover regions to form
sai d NISFE%Siq glementglsolatgon reg%ons The fgolatfon groog

4a may be formed by performing dry etching of the

silicon nitride film 11 using a photoresist film as a

mask, removing the photoresist film, and thereafter
20 performing dry etching of the silicon oxide film 10

and semiconductor substrate 3 using the patterned

silicon nitride film 11 as a mask.

Next, in the present mode for carrying out the
invention, a process (hereinafter referred to as

25 “first process) as described below is performed to set



25 which any | eak current nmust be suppressed in the 07 FEQt003 -39
entire nmenory cell region, peripheral circuit regions and logic circuit
regions and to expose other regions and, thereafter, the gate insulation
films having an internediate thickness exposed fromthe photoresisf ﬁFEB 2003
pattern is renmoved and the photoresist,pattern is renoved further.
Thereafter, an oxidation process for 'fzér'm' ng the gate insulation filns of

M SFETs whi ch nmust operate at a high speed on the sem conductor substrate 3
is 10 performed to formgate insulation filnms having the mnimumrel ative

t hi ckness | ess than, for exanple, 5 nmon the principle surface of the

sem conduct or substrate 3. Next, as shown in Fig. 11, a conductive film 18
15 for formng gate electrodes is forned on the sem conductor substrate 3
usi ng a CvEhervthssfodrikéngi MESFBTSoV & agastier M@FETsod | ns 17 forned as
descri bed above and the upper surface of the isolation portions 4. For
exanpl e, tMESEBRguEervéond| resdstange dorinqumenosy £edilfglaf 41 m made of

| ow resi stance polysilicon, a multi-layer filmformed by coating |ow

resi st anceSWysFﬁié*éhVﬁ/ithaadt aRGeNEAoNALly de-ghermtdan the t‘ftq’! ayer film
formed by cgatin‘g | ow resi stance gol silicon with a metal filmsuch as
tungst en’ Wt hPEESSTEEMLPEA MEPEETE| Ph SFA Reh G or 0 7 FEB
| 003 -540 ti tgnium nitri de.j‘énterposed t herebetween. Said barrier nmetal film
functidns &8%aB8rri EFFEYEP *for preventing the tungsten film and
polysilicon fil o] LOg.tQ.eac t her rd a :hi t.eperature 5

t her mal processn?lgéfgbéqggfﬁ%ggtrg%lﬁsﬁt gr?geligrlmﬁ%ddgg’leaﬁgr raattj’[ e interface

bet ween t hepyowdseguUentkY, reamBReHORSE St P th2EdtS iy Radh on the
conductive film18 to expose regions to formn-channel type M SFETs in the

menory celbfrepeoari®ingdMakPers’ aaidoRs adidd €10 MISSTOaratBgiops and, for
exanpl e, phosphorus ions are inplanted into the conductive film 18 using it
as a nask.arddeiphéhtipnalllgr higheyi,ng phe tehetsdrseas ipstt tEadnt &r2n 14, a
capping insulation filmnmde of, for exanple, silicon oxide or 15 silicon
nitrike i|sfdepedi sedhokhekeregidnst Whers [thel 8lnisiing MIGFAERTH dxkss or the

| ike. Next, after patterning the capping insulation filmwth a photoresist
pattern asaadnﬁ§ﬂn§§PﬁgM55§%§FSe96hPﬁ§ pro&ss fagmad @48 18XPRSRA phot or esi st

SRS VKT RO FERE ¥ RC AL T R
o Tuton SOERRUERRUEHRR ok LOVBAN S it dse 0 o5 St 0 Do, 12
one tine UShH¥satRBOLAhk! heRb?Pte11 region as in Fig. 3.
15 Although elements and the like have not been formed
yet at the stage shown in Fig. 6, they are shown here
for better clarity of the position where the
photoresist pattern 12A is formed. Further, the
photoresist pattern 12A in Fig. 6 is hatched for
20 better clarity of the drawing. The pattern
configuration of the photoresist pattern 12A is not
limited to that shown here and, for example, the
pattern may be formed into a configuration which

exposes the regions to form the driving MISFETs Qd and

25 transfer MISFETs Qt and also exposes the regions of n-



O 7 F E B 2003 -41 technique and a dry etching technique to forn1the gate
el ectrodes 6g (6gd, 6gL) and the capping insulation film In this ﬁ#b@@@
capping insulation filmis left on the gate el ectrodes 6g. The m m

5 length for the gate electrodes 6g is set at a m ni num di nensi on (fox
exanple, 0.24 p) within a tol erance kﬂimhich the short channel effect of

M SFETs can be suppressed to maintain“the Vth of the same at a
predet erm ned val ue or nore. 10 Next, for exanple, phosphorus (P) ions are
inplanted into the p-wells 16PWusing a photoresist pattern as a mask as
shown in Fig. 13 to formn -type sem conductor regions 5a in the p-wells
16PWon both sides of the gate electrodes 6g. Wile the n--type 15

senlconductor regions 5a are not fornped at this stage because no thernal
process fdiharasl tyRe MHFEFe foxRedQnpkhe 5%?%89H€HCtPﬁey are shown here

(e s LSS B fhe s S5R1 0 PORRTRUSRERL, £5F151 ' 1Y
. hNV 12F
Eﬁ?n?pW?t I R Py OB B ot R RO R B bR BA oot h sl des of
7
hot ?Sﬁﬁeﬁkﬁfér 52§§?e¥%%%§u%€3a@ﬁlé%p€°§gﬁ¥88§8%%t9%5%?ﬁéfﬁgf”éroieiée
for agfivation ﬁﬁﬁpD g}%%émlf ha@opeéfbngﬁiéorﬁ@%nt&ﬂ’l%flééom here for

better understa t he descripti Next, after renpving the

phot or esi s{pP3t tidnz Ark2AmA drtRIdTBIn Y QRS s dfi ddiduegbput for the
activation of the inpurities introduced into the sem conductor substrate 3;

as shown igulbsgratd,3 ausihgcohenphotoeesisth pavtegnalthi aknass of about 50
nmis deposited thereafter on the sem conductor substrate 10 3 using a CVD
process ormasik. | iThd;s aired adrrisd iaon unden deondimiions len subj ected to

ani sotropic etching to formside walls spacers 19 on the side walls of the
gate el ectdeesiled Hﬁl@wetéhthgugb Eh@Yléﬁeonﬁtuéiﬁgtaﬁgetéﬁlng gas t hat

pronotes the etchlng a silican 15 nitride fi]m at rate greater than
t hat %%br a?%Y??Eb%noxﬁ&?qﬁq%ﬁﬁ%iﬁwcﬁﬁet¥P4n+WEﬁ§%F?%%P%. 9%f renoval of

ol ati on PorthoRE 40 5ALn ThE SabB 5 FREOFat: niPi Y FonePic ut ed by a

silicon 20; gi t{fHeaftdfibs éﬂngdLQ”aBQﬁtgfbedEbE%EEQdefhégloﬁée
are implanted at an angle in order to increase the Vth
of the active region as a whole by introducing the

15 impurity ions into the sides of the isolation grooves
4a. The ion implantation angle is the angle at which
the impurity ions impinge upon the principle surface
of the semiconductor substrate 3.

Next, after removing the photoresist pattern

20 12A, a photoresist pattern 12B is formed which exposes
the regions to form the MISFETs for load resistance QL
on the semiconductor substrate 3 as shown in Fig. 7 in
order to relatively and intentionally increase the Vth
of the MISFETs for load resistance QL, and which

25 covers other regions. Fig. 7 also shows the same



anount of overetching is also limted to the required mninumin order to
mnimze the anount of renoval of the sane. Next, for exanple, arsen@y;@@h ]
ions are 25 inplanted into the p-wells 16PWusing a photoresi st 0 @
2003 - 43 pattern as a mask to formn+-type sem conductor regions 5b of

n- channel type M SFETs. Wile the n+%é e sem conductor regions 5b are not
formed at this stage because no ther process for activation and 5 the

| i ke has been perforned, they are shown here for better understandi ng of

t he description. The n-type sem conductor regions 5 showmn in Fig. 3 and

etc. are constituted by the n--type sem conductor regions 5a and n+-type
sem conduct or regions 5b. 10 Subsequently, after renoving the photoresist

pattern, RimEXANGEEL pxﬁé(ﬁﬁh (8 19618l 3l M AHQeyh Né PeBfL 8- Wel I's 16NW

using a newy forned oresist pattern 12G as a nask to formp;-type

sem conducird t1egi Ditee Hawd o€ heaas! ftbyﬁédl\%@EEEﬁ- tWhkl ethlge,pt 15 type
sem conductor regions 7b are not fornmed at this stage because no thernal

process fathextavatsowrmriteddetd i kbehnadybgrowpehéopoedt ivhewhare shown here
for better understanding of the description. The p-type sem conductor
regi ons 7 Wmwhitofegis®3 pattdtetw. 12Bei20foomsdi t UFedthgri hehe- -t ype
sem conduct or regions 7a and p+-type sem conductor regions 7b. Next, after
renoviSng two e sistipatpern ek 2B 126 Fagt hér hal appocbeschedcfiox ed out for
the activation of the inpurities_introduced into the 25 sem conduct or
subst r at e B FlablEhhethe yeawingy F Theg pagerma M SFETs Qp, QL and
n- channel t f.N1SFETs _éﬁ. xt, a conductive film made of titani um
nitride (ﬁ#%ilﬁﬂﬁﬁﬁ%o?ggs € {RROFPRESLELIRBLEFFBI 16R tfe "O&mi conduct or
substrat e 3. US| S eld S o] he |k and a thermal process
r%e%dﬁsf%é‘cg Px’s‘5§ Sndlen PREEE 8nd %P%ygxag\g'ie g2

is perfor ereafter ofrma-srlircrée r at the interface

bet ween t .@gggygh%%ﬁb%ifé%geg1%&€%s§nggﬂggyﬁggeigﬂb§h&%%e 3 and the gate

el ectrodes 6g as n ubsequently, a thermal process 10 is

per f arored hde@ftRE FEFDYRSHIdNEosANEHE! MYEFETEMEWR aball@s not been
silicified. xt, an insulation film2la constituted by a silicon nitride

filmor theedideance dgposnd eallon &Rposesi enaduelyfonsubst pate 3 using a CVD
process or the 15 like; an insulation film 21b made of PSG (phosho silicate
gl ass) is cdeposel etypaMESNETS i figrmed\Vbnptbeesemarcondacitioke; and an
insulation film21lc made of, for exanple, silicon oxide is further

deposi t ed SHRFERLe Sbsespenially aFegiopsakar formgMISEERspdor

which any leak current between the source and drain

15 must be suppressed, and which covers other regions.

Subsequently, for example, phosphorus (P) ions

are implanted into the semiconductor substrate 3 using
the photoresist pattern 12B as a mask. This may be
carried out under the same conditions as for the

20 introduction of the impurity to relatively and
intentionally increase the Vth of the driving MISFETs
Qd as described above, although they are not limiting
the invention. Thereafter, the photoresist pattern
12B is removed.

25 The order of the process of introducing an



20 surface of the insulation film 21c using a CMP process, connection hol es
8 are forned in a part of the insulation filnms 2la - 21c. Thereaftef/] FE@rQQ3
exanple, titanium titaniumnitride and tungsten are deposited on the

sem conductor substrate 3 in the 25 order of precedence in stacking and are
et ched back O 7 FEB ?aa~ - 45 thereafter using a CVP process to bury
and form conductive filns 22 in the cdfinection holes 8. Next, for exanple,
titanium alum numor an alum numalloy, titaniumand titaniumnitride are
5 deposited on the sem conductor substrate 3 in the order of precedence in
stacking and are thereafter patterned using a photolithographic technique
and a dry etching technique to formfirst layer wiring 9L. Subsequently,
second layer wiring 23L and third layer 10 wiring 24L are forned simlarly
to said fiimpulraggr twi rdinegedise Rdfee Vit @ huvise rdr g MESFERS e@@nt, for
exanple, insulation filns made of silicon oxide. A normal nethod for
manuf act ur RRE &heekilkendscd@scinibegt sbayigndiithelaeess ¢kreafter used
to 15 nmanufacture a m croprocessor incorporating an SRAM for a cache
menory. ThéREFPERFINGs aphd MpUgddyt YR dd Tl ntFbRT tHE i nvention wil |

now be descr.i wi_th reference to Figs.. 18 through 20. 20 Fig. 18 shows a
t ransf er CM&§§%&ﬁ £9¢ad® &F&%%ﬁﬁﬂ?é%9P<ﬂaﬂw V&5t % T hg menmory cells is

| atiyel d i ' Ly i f f [
out the- 1 wvent | ohPEafhtE 7 tHeC KB IRd ket Rl AP lnerel i the
Vth i t i i SEPS; if ~FEB
zau3I S 28 M%?F\??%B%S%%?I%Ksﬁ%ppar ent&?jr ?n\%\éal%ar#pégi%ﬁon%%%t vvegn t he

transfer cueyasilvBll Ghd LSt ibhallile Riasaedde dF rEaRiNgNY out the
invention makes it possible to 5 inprove an SNM significantly. Especially,

as appar ensutho@m Eie@Sesldfl IProe@ssds. when the first process or second
process is perfornmed to increase the Vth of driving M SFETs, the SNMis
abruptly increasadtemndsachufaf ifdirett poperests onal omtey rtcarenssvemai nt ai ned
for 10 any damaged layer produced on the inner walls of the
isolation grooves 4a as a result of said etching, the
semiconductor substrate 3 is subjected to dry
oxidation at about 1000°C to form thin silicon oxide
films having a thickness of about 30 nm on the inner
15 walls of the isolation grooves 4a. Subsequently, as
shown in Fig. 8, a silicon oxide film 13 having a
thickness of about 400 nm on the semiconductor
substrate 3 is deposited and, thereafter, the
semiconductor substrate 3 is subjected to wet
20 oxidation to perform sintering (vitrification) for
improving the quality of the silicon oxide films 13
embedded in the isolation grooves 4a. For example,
the silicon oxide film 13 is deposited using a plasma

CVD process that utilizes ozone (0,) and

25 tetraethoxysilane (TEOS) as source gases.



10 the nenory cells. Thus, the followi ng effects can be achieved by the
node 1 for carrying out the invention. (1) In a m croprocessor

i ncorporating an SRAM since the Vth of driving M SFETs, transfer @Eﬁﬁﬁ#@ﬁf
and 15 M SFETs for |oad resistance for nenory cells of the SRAMis
relatively and intentionally increaseg, the SNM of the SRAM can be inproved
whil e inproving the operating speed of” the m croprocessor, reducing the
power supply voltage (i.e., reducing the power 20 consunption) and

i mproving the degree of elenent integration as a result of the use of a
groove type isolation structure. (2) It is possible to reduce the rate of
occurrence of read faults and wite faults of the 25 nenory in the

m croprocessor incaorporating an SRAM 0 F E.B 2003 -47 (3) According to
the above (1), M8t/ i YHRKQIES tléim%%@“%%et?eﬁ?a%?ﬂ@ of the

Oper a1 on ol . AL PEE P01 1 ASOL RO" 21100 AR SRAN LSl 1 9 Gorpact . i ch
PO on AT e FERIAF s Fre S OE YA AndL B RS oL parts of @
carrying Qe fife | AN O ASKED: OLF | Dgb5 86 BRNUGAGEY EcBhihe same.
5 using a photoresist film as a mask to leave silicon
nitride films 14 only on isolation grooves 4a having
relatively large areas, e.g., boundaries between the
memory array and the peripheral circuits. The silicon
nitride films 14 left on the isolation grooves 4a are
10 formed in order to prevent a phenomenon (dishing) that
the silicon oxide films 13 in isolation grooves 4a
having relatively large areas are polished to a
greater depth than the silicon oxide films 13 in
isolation grooves having relatively smaller areas when
15 the silicon oxide films 13 are polished and planarized
using a chemical mechanical polishing (CMP) process at
the next step.
Subsequently, after the photoresist film for
patterning the silicon nitride films 14 is removed, a
20 CMP process is carried out using the silicon nitride
films 11, 14 as stoppers to polish and leave the
silicon oxide films 13 in the isolation grooves 4a,
thereby forming the isolation portions 4. While a
reduction in the Vth of the MISFETs forming memory

25 cells attributable to reverse narrow channel



While said node 1 for carrying out the invention has referred to a case in
which the Vth of all M SFETs that form nenory cells of an SRAM isﬂ7FEB 003
relatively and 15 intentionally increased, the invention is not IlniteJ
thereto, and the Vth of predeterm ned M SFETs of the ' nenory cells of the
SRAM may be rel atively and intentionggby i ncreased. The node 2 for carrying
out the invention 20 describes it and; for exanple, in order to increase
the Vth of transfer M SFETs relatively and intentionally, a photoresist
pattern 12A2 may be formed on the sem conductor substrate 3 as shown in
Fig. 21 instead of the photoresist pattern 12A shown 25 in Fig. 6 at said
first process or second process 07 F ~ o0 zaa3 - 48 described in said

de 1 f i ng. he | i h . th i f h
Lranst er (SRR S 3G sere S RO HER L EgPBnangrateBie: LAooRPg 21 shows
th I | o] | 0S. - . d_sh I t
and the | T TE e PLELAT IS SePiceRrodS BRASYRY BRororesi st patern
12A2 is f i | Pt . h i 12A2
2l 00 hat oo SeEErS "l ALY PEEEOR Db Es o8P AR EnTe Bt BB P (20 °
conf | gur atd 0 pnd NSuPhORET 238kt DBA ! 26 N1282 el Buchl & pirdgiidhe pr esent

i nvention and,” for exanple, the pattern may be forned configuration

whi ch sexpasesadsdi DPSinvol eed sheqt fapsteprbbebETorda prdcess s to form
n- channel type M SFETs fornmed in the 15 sem conductor Substrate 3,

especi al | ype adgpsasilbed f DiteM SbETselatiwblghaady inegntdeonadidly bet ween t he
source and drain nust be suppressed and whi ch covers other regions.
Accor di ng incxerhing noble VthoofchheyMh§FBTs fhemddg mhenmemeryespeci al |y,
it is possible to reduce the rate of occurrence of read faults of a nmenory
whil e i mpragd¥®- t he operating speed of a nicroprocessor incorporating an

SRAM reducing the power supply voltage (i.e,, reducing_the power
consunption) and ?%%F%Hih5h¥h%lhkﬁg%eéb?répﬁnéﬁﬂmﬁngégr&#iBﬁ? It is
10 removed, and a pre-oxidation process is carried out on
the semiconductor substrate 3 to form a gate
insulation film having a thickness of about 10 nm on
the semiconductor substrate 3. Then, as shown in Fig.
9, a photoresist pattern 12C is formed which exposes
15 the buried regions on the principle surface of the
semiconductor substrate 3 and covers other regions
and, for example, phosphorus ions are implanted into
the semiconductor substrate 3 using the photoresist
pattern 12C as a mask to form an n-type buried region
20 15 on the semiconductor substrate 3. While the n-type
buried region 15 has not been formed yet at this stage
because a thermal process for the activation of the
impurity and the like have not been performed on the
semiconductor substrate 3, the region is illustrated

25 here for clarity of the description.



O 7 F E 8 2003 -49 therefore possible to inprove the reliability of the
operation of a m croprocessor incorporating an SRAM which is conpa {FE@:Z\@?
has hi gh perfornmance and which can operate at a high speed with sma

5 consunption. Enbodinment 3: Fig. 22 is a plan view of major parts of a
sem conductor integrated circuit devige which is 10 another node for
carrying out the invention taken during the manufacture of the same. The
node 3 for carrying out the invention is a case wherein describes the Vth
of driving MSFETs is to be relatively and intentionally increased and, in
15 this case, a photoresist pattern 12A3 may be forned on the sem conduct or
substrate 3 as shown in Fig. 22 ' instead of the photoresist pattern 12A
(see Fig. 6) at said first process or second process described in said node
1 for carrying O@*X%h@EtRFememRY Q% F R RNAP TP TNPRBEEBRm t he dri vi ng

M SFETs ar.e _exposed .and of her regions, are covered. Fig. 22 also shows the
sare Mool Gl BRIkt PR 38 ol i igh P kRBRE e Pament o and

1200 i st ok S i ARG, " e IRLS %LE%%%%E@%E?%? g te?;n” 0
7 FE 2 - i i i 2 ;
Y ForHe i R o o e ee o7 BAPE PERBERE 1on”i 0 ot

figure. F co otoresist pattern 12A3 is not

| im tisng i dURRGE LY NVESE | Stariih, TPHoS3ROPLE, 168 Raktern may be formed
5in a configuration%ich exposes re%i‘oér?s; to foJr"mthe driving M SFETs Qd

and regi ongpgarf¥dn intd e sdnito Mt tds sa@bsedate 8hessag eaeduct or
substrate 3, especially regions to form M SFETs for which any | eak current

bet ween t lghsouressi sincpalriaeim mMssta eadp. s Iwy dsigrty ahdimpuarbtygovers ot her

regions. According to such a node 3 for carrying out the invention,

especi al | yintintodurpioysisteps aarepgepara el gNMvfommedRRr@hiwhdchipr ovi ng

t he operating speed of a m croprocessor incorporating an SRAM reducing the
15 power Sl SRR R IRteoducing,§Hhid t HBPBEhEY ESRsTAPRLBA) a&nd

i mproving .t he degree of elenment_ integration, It i.s therefore possible to

i rrprg\% t NS iTTT S ]041“17 h%“%p%r%‘?‘?%nogf 10LRePEHPEcE848r i ncorporati ng

an SRAM whi r{léﬁtg%opozeéa%%r%%%ﬁ %&‘93{@9 c?f)eﬁflsﬁ“ﬁ’}g ?%gdpgﬂeh_consurrpti on.

Enbodi ment™ & pran Views™ of “najor parts of a

Lo CORSUSIEI M S Sl L6H8 R D Wl ceadrprelbsr e fo
region. Thereafter, the photoresist pattern is
removed.

15 Next, as shown in Fig. 10, a photoresist pattern
12D is formed which exposes p-well regions throughout
the principle surface of the semiconductor substrate 3
and covers other regions. Subsequently, for example,
boron or boron difluoride ions are implanted into the

20 semiconductor substrate 3 using the photoresist
pattern 12D as a mask. Two kinds of impurity
introduction steps are separately performed here which
are a step of introducing said impurity for forming at

least p-wells 16PW and a step of introducing said

25 impurity for setting the vth of MISFETs formed in p-



-51 taken during the manufacture of the same. The node 4 fox carryi@g‘:%ﬁtz[m3
the invention describes a nodification of the third process describ i
said node 1 for carrying out the 5 invention. Specifically, while said
third process describes a case wherein nitrogen is introduced into a

sem conduct or substrate using ion ianQntation, nitrogen i s segregated on
the interface between gate insulationilns and a seni conductor substrate
by 10 m xing nitrogen gas in the atnosphere of a thernmal process in the
node 4 for carrying out the invention, and the specific nethod for the sane
is as follows. First, as showmn in Fig. 23, gate insulation filns 17 nmade
of, for exanple, silicon oxide are 15 fornmed on the principle surface of a

phot or osi SPERAEL SPRMIA EedRePbeReBR e Ruahy et MRy R Cr ™t e
senlconduc}gé 8Hb5tg€éf%§f£8 ogﬁé #HglOngP&¥tcs§%tggglgaga?% to expose

ot her region and e ga I'nsu expose erefromare
renmoved UsiBRolkgds an etching mask. The photorsist pattern 12H is then
renoved to | eave the gate insulation filnms 17 only in the nenory cel

region as shown p@tErdsaid. sf%@réﬁfhﬁﬁmo@u&ﬁh 2RO BRI iHy eSS s
performed on the sem conduct or 07 E Q 2003 -52 substrate 3, for

exanpl g, |WeamsN@nenmhreog&rkeQXIad@)rwesmqr(eretnrxﬁgtemmmmd@e)d aggrosphere to
formthe gate insulation filnms 17 (17a, 17b) as shown in Fig. 25. Thus,

ni trogen i asségeegaticprocesisd )i mise deser ilbetdvderidw tfeey dst e i nsul ation fil s
17 and the sem conductor substrate 3 (nitrogen oxide process). In this
case, sincperherggte insdeRst icdh thie mbpre-desdrdbashoiicstelpraegssn is

t hi cker than the %ate insulation film17b in other regions, the 10

concent r at FBnTEf-ANiVEdFeR s Indientinnally gRGraass Hdiq Whedt gat e

| at fi.Im.17b.th th t hi ck { | at filmi1 As
osul ot ﬂéa'\lff’ﬂ"d&lvwrlgﬁﬁfs? (rafea"r:al%sg?ég Mol and MistaR ofohe
relat{yely,;a0d l'lf ?.%ttla?_% Igyéygjl %het tot}e \{{%degg‘eolﬁnl\éldSFETs for med in

ot her” 1 egi Ons. tion mnll cause it wll be the

sae as hlseRrsabd RALE shab el U d IeNti o SUch a mode 4

carrying out the invention p055|ble to achieve t e sane effects as
t hose 20 awairkabkg.in the node 1 for carrying out the

First, in order to set the Vth of the driving
MISFETs and transfer MISFETs relatively and
15 intentionally higher, said photoresist pattern 12A
shown in Fig. 6 (or a photoresist pattern as a
modification thereof). Although elements and the
like have not been formed yet also at this stage, they
are shown here for better clarity of the position
20 where the photoresist pattern 12A is formed.
Subsequently, for example, boron difluoride
(BF,) ions are implanted into the semiconductor
substrate 3 using the photoresist pattern 12A as a
mask. This is carried out under conditions as

25 described below, although they are not limiting the



invention. Wiile the invention conceived by the inventor has been 07 EEB 2003
specifically descri bed based on nodes for carrying out the sane, the
invention is not limted to 25 said nodes for carrying out the invention
and may 07 FE Q2003 - 53 obviously nodified in various ways w t hout
departing fromthe principle thereof §or exanpl e, the sem conductor wafer
is not limted to single filns nade oﬁ silicon single 5 crystals and may be
nodi fied in various ways. For exanple, an epitaxial wafer may be used which
is obtained by formng a thin epitaxial layer (of 1 Vim for exanple) on

t he surface of a sem conductor substrate made of silicon single crystals
and, 10 alternatively, an SO (silicon on insulator) wafer may be used

whi ch i s obtained by providing a sem conductor |ayer for form ng el enents
on an insuiaveotiager SpAdidicakl wpovke desoripplanthtiobeenengye on
applications of the invention made by the inventor to 15 m Cr opr ocessors

i ncor por at iagab@uSRAN keWor fheetips ewkiscAbor¥oPy & f19e’ famé; dasfl appl i cati on
that is the background of the invention, the invention is not limted

t her et o anaoﬁaymﬁéaaﬁﬁFF@B 2BILeol SerRRPte I0s 8RGEESRudtorC i mt egr at ed
circuit deV|ces Ehe | i ke, 20 const.i {ut ed soIeI y an SRAM Furt her,

whi | e saidpﬁEH@E FSP €£rF9|HBeoBFlpﬁép ﬁvéHFléﬁeh & erred to the use of

6 M SFET t g gl E ion is not limted thereto and, for
exanpl ¥ W%CBB QFEPE t8 gﬁaﬁ ﬁ resi stance | oad type SRAM cells

I 25 I d 07F
11209, 25 Dol MekL! o9 s%?ﬁsé%ﬁ{'in hEPERoERREIREe pReREA D 5N Lo

pol ysi I'i comzhaysaidagﬁoea%égfé gatcire'rw 19 pMsHBRES it tnoﬁqmﬁ @channel type
MISFET used as a load resistance elenent wth the polysilicon |ayers. It

may 5 al soabfoapplicadiba s¢MtBendumeqr ige\fotaed LnvdreeMFETs form ng an
SRAM and ot her circuits, and bipolar transistors are fornmed on a
senlconducrelaSmbelyaaad Ehteatdopadliyddsdrpatsepithed Vadpedh $hod t he
10 MISFETs for load resistance QL. Although elements
and the like have not been formed yet also at this
stage, they are shown here to clearly show the
position where the photoresist pattern 12B is formed.
Subsequently, for example, phosphorus (P) ions
15 are implanted into the semiconductor substrate 3 using
the photoresist pattern 12B as a mask. The
conditions may be the same as said conditions for the
introduction of the impurity to relatively and
intentionally increase the Vth of the driving MISFETs
20 Qt and the like in the second process as except that
the ion implantation energy is, for example, about 40
kev, although this is not limiting the invention.
The order of the process of introducing an

impurity to increase the vth of the driving MISFETs Qd

25 and the like as described above and the process of



10 invention disclosed in the present specification can be briefly 7 FER 2003
described as follows. (1) The present invention nmakes it possible tg

i nprove the static noise margin (SNM of an SRAM while inproving the
operating speed of a m croprocessor 15 incorporating an SRAM and reduci ng

t he power supply voltage of the sanme gi.e., reduci ng the power
consunption). (2) The present inventi ﬁ'nakes it possible to reduce the
rate of occurrence of read faults and wite 20 faults of a nenory of a

m croprocessor incorporating an SRAM (3) According to the above (1), (2),
it is possible to inprove the reliability of operation of a m croprocessor
i ncor porating an SRAM whi ch can operate 25 at a high speed with small power
consunpti on. 07 FE Q2003 55 What is clainmed is: 1. A nethod for

manuf act ur iLng radseningo adu dingu riifttye groatied reaseuittheléitilc eo f nicheidi ng a menory
cell of an SRAM having a first p-channel M SFET and a first n-channel

M SFET, anM¥I&FB&si fher dbadi resiis tiaden @la masc ded gevergerk| aMSFRT and a
second n-channel M SFET, conprising steps of: providing a sem conductor
substrate kB¥Sn§2&Smrenory cell fornming region and a peripheral circuit
form ng region, erein said mory cell forming region includes a first

p- channel M SFETT Sr?ﬁtﬁﬁ Pégitg‘f% AR vangaMd SEETS; %'ct%ﬁ{bﬁfcﬂ SFET is to be

or e andy okl o SHSELSTEL S S et on e sy Y st
1091 on L nbitas 10e36° 95 SANRYo STt Tl i Mg o second

regi on wheggcpdizd seeqeed JF IscM SFET is to be fornmed; selectively
introducing a first inpurity into said first p-channel M SFET form ng

region and said ageerdsicahansecoMdSpEbcke®s]i R0 RGN f¥odey rol ling a
threshol d voltage; selectively introducing a second inpurity into said
first n-chasnelerifbShed bor nihey setdicomdad: caaisthsatocade B chansetrM SFET
formng region for controlling a threshold voltage; selectively introducing
a thitd i nputi the acs iyvatdomn oft thechapvelity SFERddreedgintyitthe by using a
mask covering said second p-channel M SFET formng region for controlling a
t hr eshol d $6MES§RANGERTt gaPsETAFCeShANE e dgdef eEePY rst p- channe

M SFET is higherothan 3 L205en et 385 1% 1A SeFNd fpghannel M SFET:
buried region 15 on the semiconductor substrate 3.
The process then proceeds to the step of forming
15 the gate insulation film and, in this mode for
carrying out the invention, the step of forming the
! gate insulation film may be preceded by a process as
described below (hereinafter referred to as “third
process) which replaces the above-described first
20 process or second process to relatively and
intentionally increase the Vth of said driving
MISFETs, transfer MISFETs and MISFETs for load
resistance beyond the Vth of predetermined MISFETs of

the SRAM peripheral circuits and logic circuits.

25 First, a photoresist pattern is formed which



O 7 F E.1310U3 SG selectively introducing a fourth inpurity into sa@? fhrga
n-channel M SFET form ng region by using a mask covering said secon FEB 200
n-channel M SFET form ng region for controlling a threshold voltage such
that a threshold voltage of said first n-channel M SFET is higher than a

t hreshol d voltage of said second n-ch?gnel M SFET. 2. A nethod for

manuf acturi ng a seni conductor integrated circuit device according to claim
1, further conprising the steps of: formng a groove in said substrate for
defining said first p-channel M SFET form ng region, said first n-channel

M SFET form ng region) said second p-channel M SFET form ng region and said
second n-channel M SFET form ng region; and burying an insulating filmin
said groove by polishing an insulating filmfornmed over said substrate

havi ng sai e¥pP®e%eregions nkeharnoMIFHETSawhasengPeEra&Hngo FRREor
integrated circuit device according to claim1, further conprising the
steps of : MefhiBg hngheasedeciR oblee ¥BILRY 9f rekenperiBherai SFET, said
first p chapnel ,M SFET, . sai,d second. n-channel SFET and sai d second

p- channel FAEREFLS 43R fﬁ?ﬁﬂﬁgcérgﬁéFéeaQadw EERNCPEGE SN YTGIIERS fi r st

-channel M SEET. saigd fi - channel M SFET, said d n- | M SFET

and sata setororh. ARSRREP ' Rpepfieh gy Lak ppEPens? BEtirah iR 1 o
g ! etor | 50l SRR

ol o areSide nE - EPALE, flpt e ERRER RR Rk haER SR B TN e

M SFET, anglego ré@ﬁfrfégibhcﬂhh RAViRE 288688007 ¢hannel M SFET) a second

n- channel NISFE?, conpri3ing steps of: (a) "providing a sem conduct or

substrat e paripHefalle8Ri¥ugek! ahar Togdcr eqiredided a peripheral circuit
form ng region, wherein said nenory cell formng region includes a first

p- channel M SFETsios egoent 2gi ofiowhexampaed hitsbgpnchimnedlonl Ghfel is to be
formed and a first n-channel M SFET form ng regi on where said first
n-channel AMnhskEaTtéd intbether senicehdrneitnrsanbsperitehdr alsigig diie f orming
regi on includes a second Echannel M SFET form ng regi on where said second
p- charfhel BRSFPTesEStoPRETREAMRE anBagksecBads niehaarELeM SEET f or mi ng

regi on where_said second n-channel SFET is to he forned; (b) selectively
introducih@ngefi?ngFﬁﬁﬂPFt9siHFSC§& SdfPF%PWp-€ﬁ§Hﬁ&9hw@§4§rq§ﬁrﬁng

region andySe! §13808RY PRENEA0Ehe YoRTETsfQLTEDGa1 8] OPnLoogont rol 11ng @
implantation energy is about 5 keV; the dose is about
4 X 10"*/cm?*; and ion implantation angle is about 90

15 degrees.

It is thus possible to set the vth of the
driving MISFETs, transfer MISFETs and MISFETs for load
resistance in the memory cell region relatively and
intentionally higher. The reason is as follows.

20 Specifically, the Vth of a MISFET decreases when
nitrogen is included in the gate insulation film
thereof. Further, in a region doped with nitrogen,
the gate insulation film is nitrised to have increased

anti-oxidation properties and therefore becomes

25 thinner than the gate insulation film in a region



(c) selectively introducing a second inpurity into said first n-channel

M SFET form ng regi on and said second n-channel M SFET form ng regbgq{%qmm
controlling a threshold voltage; (d) selectively introducing a thi )
inmpurity into said first p-channel M SFET form ng region by using a mask
covering said peripheral circuit forg% g region for controlling a threshold
vol tage such that a threshold voltage of said first p-channel M SFET is

hi gher than threshold voltages of said second p-channel M SFET and said
further M SFET; O7FFBIU~,i 58 (e) introducing a fourth inpurity
into said first n-channel M SFET form ng region by using a nmask covering
sai d peripheral circuit formng region for controlling a threshold voltage

such that a threshold voltage of said first n-channel M SFET is hi gher than
t hreshol d Wt§Rges BPtsdPRedevdhl RiEKARB: MEETtRNALsai YIFEETher M SFET;

f) f ' Kk tt f i first, [ wh SFET
O o T N TSk Bl LoD 00 Y0051 20 B Lcl Jhedl o ey e ] S

Form ng +ctoh aheratelcinl PEGRaCobRIA T Yo A1a Teret AR IE f o sai d
peripheraly Gy répi L {PEMR0hEAL0Ba 8N nk@h altdbHOPYGIY s fdrnldy | MPUT Ly
into said first region o? salg pgripheral circuit ﬁOrnlng reglion by using

sai d mpsk patiefs a  Qr n i thar I ige such that a
thresﬁgld g%l%ageggénsgl é%l%EE%Sﬁohgngogggg ﬁ% ?2? %ﬁ sfhﬁegion is | ower

than a thr eshol dsygbéaggt bgeal ds M SEEEqheckechOk e thitexadesecond regi on.
5- A nethod for manufacturing a sem conductor integrated circuit device

accor di ng betwéannmle yheeelifnsalhbBioknEidmofand galee semsidodidurdtdr | m of said
M SFET formed in said first region is thinner than a gate insulating film
of said MsBHEEtfaterd in sardgsenoddpedgwirth ni®rpgenk fal ~G-,i 59 6. A

met hod for manufacturing a sem conductor integrated circuit device
accor di ng advanbkage4canr baepbtaipedsiing thed Fedfiabiddfiyh®@fa groove in
said substrate for defining said first p-channel M SFET form ng region
said]#%rsttpﬁc%%ﬁﬁe?nﬁPéﬁE$°Poﬁﬁ?ﬂgCP@gB@n}mfgpaegecoﬁﬁ pScKBANEI M SFET

f ' ion, ' d.n- I, SFET f ' [ d id
further MSEET 7 oPRERGCFEE: o CHR BAFOTRG 2 R OPat g TR cai d
groove by f51@§@éﬁge§na'Higkaktﬂgpfb&”&h%rEEQe?f%%e§ e wiidhs Wil @ having
said groove. /. A nmethod for manutracturing a sem conductor 1ntegrated

circuit deya€e inshugthenariBRPANACEhle SmdkoaBAMLRAY istidhst ddtests p- channel
M SFET and a first n-channel M SFET, and a peripheral circuit having a

second p- chetmEbubdhbEETtandha de¢dedencehdettlech Shiel theamyl si ng steps of:
provi ding a sem conductor substrate having a menory cell formng region and
a perlipherexpans tant coeffiiingentgi off, itseddi ansaitdenmsendiyrareluctfar ni ng
region includes a first p-channel ) )
substrate 3 to induce the generation of hot carriers.
| The reason for the above is that such a distortion is
moderated by the nitrogen segregated on the interface
to the semiconductor substrate 3. Since the problem
20 of hot carriers is unlikely to occur in a memory cell
region, no particular problem occurs even if a memory
cell region is not doped with nitrogen.
While the present mode for carrying out the

invention has referred to a case wherein said third

25 process is carried out instead of said first process



M SFET form ng region where said first p-channel M SFET is to be forned and
a first n-channel M SFET forning region where said first n-channel0 M S-@
is to be fornmed, wherein said peripheral circuit form ng region includes a
second p channel M SFET form ng regi on where said second p-channel M SFET
is to be formed and a second n-channel,_,M SFET form ng regi on where said
second n-channel M SFET is to be forﬁé&f 0 ~F E o loop GO selectively
introducing a first inpurity into said first p-channel M SFET form ng
regi on and said second p-channel M SFET form ng region for controlling a
threshol d vol tage; selectively introducing a second inpurity into said
first n-channel M SFET form ng regi on and said second n-channel M SFET
formng region for controlling a threshold voltage; and introducing a third
impurity 9% secvrd  pregesp, chlabhdels MMSEETimgEdhggthegiionebEioni ng a mask
covering said second p-channel M SFET formng region for controlling a

t hreshol d 3@l tBle BRERdt PEPCES$ HRREhBRACREFL8EeOBE dBid first p-channel

M SFET is higher than a threshold voltage of said secqond p-channel M SFET

8. A met hdtPTRINFHekRR €t thi R af LEFT cBRAGEESr OFnFEGPRHBTOFRESi't devi ce

i ncl udi || of SRAM havi [rst p-ch | M SFET d
lrst - channel M SFETEUSh o oL JREFSFoE r EOFL PRAGFAG BEGEESRT p- channel
M SFEE and. @ Sgﬁg;‘%%{néfﬁnngl s MLSTES fSQQEPPS:gQ@eSEggﬁlgft;ioRr oviding a

seni conduct of aving a  nenory orm ng region and a
peri pheral £ £ 4 £ul 1 i wherein said nenory cell form ng region
i ncl udes éf£}é§té%-%ﬁ%ﬁ%g?eﬁfgﬁg§wforning regi on where said first p-channel
M SFET is to be gorsed amdoridatsén Npebanss! sb-SEE miAgMAe gagieon Where
said first n-channel M SFET is to be fornmed, wherein said peripheral
circuit foimgwpategnhonilmel odemISFEESOndviagaanalighl Gikhsfcand ng regi on
where said second p-channel M SFET is to be formed and a second n-channel
M SFET f ormvwtagegformeticor thedsemionddnethansabsWMc8EET 3i dst o be forned;
07 F EO 2003 G selectively introducing a first inpurity into said first
p- chdithel pesFEmMedr 7 nforBgiakeahdsysipgioacsAdms- BR¥ARSI TMESFET for mi ng
region for controllingga threshol d vol t age; selectivelﬁ i ntroducing a

g

second i nfWA¥ IR Felabiver FReEkRCERafifel TRFSEEFMPSEM HgPPe§Fon and said
second n-channel FET form reagion far ntroll.ing.a threshold voltage;
forming a Haok P tBF ror s LRE8sPRE %R BE, ERE,PEGREAEE o srer
substrate 3. Subsequently, a photoresist pattern is
formed on the gate insulation film to cover the region
15 to form the MISFETs having a high withstand voltage
and to expose other regions and, thereafter, the thick
gate insulation film exposed from the photoresist
pattern is removed and the photoresist pattern is
reduced further.
20 While the process normally proceeds thereafter
to a step of forming the gate insulation films of
MISFETs other than the MISFETs having a high withstand
voltage, according to the present mode for carrying
out the invention, a process as described below

25 (hereinafter referred to as “fourth process”) may be



having a rel atively higher operating speed is to be fornmed in said
peripheral circuit formng region, wherein said mask pattern cover 8 7S&pa(Q3
menory cell formng region and a second region other than said first region
in said peripheral circuit formng region; introducing a third inpurity
into said first region of said periphg&al circuit formng region by using
said mask pattern as a mask for conticoPlling a threshold voltage such that a
t hreshol d voltage of said MSFET to be fornmed in said first region is |ower
than a threshold voltage of said M SFET to be fornmed in said second region
and a threshold voltage of said first p-channel M SFET of said nenory cell
9. A nethod for manufacturing a sem conductor integrated circuit device

accor di ng d&r £6Ahdd 9in HEABE foR £HI 8KNES8ipErapgakesknsSuledion@g fil mof said
M SFET to be fornmed in said first region is thinner than a gate insulating

filmof safodésEEIrtenhbedfproedssnifnabddeecendseegicpe. vid o nethod for
manuf acturing a sem conductor integrated circuit device according to claim
8, wher ei issid ddM BBk MOSBETS pakransrent MOIBFETBe ahddMISdETs ffarmed in said
second region. 0 7 FEO 2003 & 11. A nethod for manufacturing a

sem conductoadi reegshardecretativedyi ardacnbeditignid lyl iimgh®r f urt her
conprising the steps of; formng a groove in said substrate for defining
sai d 5 rstthaghtihecVtv SEEPredehenginedi YASFERsdoffi tde SR&Mannel M SFET
form ng region) said second p-channel M SFET form ng region, said second
n-channel BESHECY3} nThECREEF oARANYOTAFACLEFUAES -M SFET form ng regi on; and
burying an insulating filmip_sajd groove by _polishing an .insulating film

formed over sai of 5% tr%?eO%%Q?FbOEaPﬂoﬁ?Bﬁvggrlfzrﬂl tﬁB&lﬂéFe

: . ! . ) e S ITet .
ol | of - an AR RERP g tE | P MESERER. TP BB ReaREY, SBE W el
M SFET, anghg@rppEi POET @hiCh' SH tlQQK'Bgrfeﬁﬁ?B@@w@kﬁPQEﬂgﬂsJMr§EﬁT and a

second n-channel M SFET, conprising steps o provi ding a sem conduct or

substyrat e Aayi &8afn BABELYbEeEhphPEBERE K89bARrdRd BduRehioPra circuit
form ng region,
gate insulation films having an intermediate relative

thickness of, for example, about 5 nm on the principle
surface of the semiconductor substrate 3. The
thickness of the gate insulation films is made greater
15 than the thickness of gate insulation films formed on
regions to form MISFETs whose operating speed must be
increased in the regions of peripheral circuits and
logic circuits. This makes it possible to relatively
and intentionally increase the Vth of the MISFETs
20 forming memory cells and said MISFETs for which any
leak current must be suppressed.
Subsequently, a photoresist pattern is formed on
the gate insulation films having an intermediate
thickness to cover regions to form said MISFETs for

25 which any leak current must be suppressed in the



wherein said nenory cell formng region includes a first p-channel M SFET
formng region where said first p-channel M SFET is to be fornmed and a
first n-channel M SFET formi ng region where said first n-channel M GREEBiZ803
to be formed, wherein said peripheral circuit formng region includes a
second p channel M SFET form ng regi on3 where said second p-channel M SFET
is to be formed and a second n-channél3M SFET form ng regi on where said
second n-channel M SFET is to be forned; selectively introducing a first
inmpurity into said first p-channel M SFET form ng region and said second
p- channel M SFET formi ng region for controlling a threshold vol tage; 07
F E Q 2003 G3 selectively introducing a second inpurity into said first
n-channel M SFET form ng regi on and said second n-channel M SFET form ng

region for ea@alrieoemddya clelne e ib /0l geatigsh raimidix cu i skegdiern for
exposing a first region where a M SFE haV|ng a relatively higher operating

speed i s tandelbgitedircuidl deppdneral i rdipdsd wthay regioms wherein
said mask pattern covers said nenory cell formng region and a second
regi on ochendt, h&hesaiad tieir,stthreegjadre i imssdiat iper ifilexsal hav irgidnf orm ng
region; introducing a third inpurity into said first region of said

peri pher al istesmed ibderithg.akagisen expasgh s ¢chaghgateresistas a mask for
controlling a threshold voltage such chat a threshold voltage of said

M SFETto BatterRedsi regaved iangd theyirRhetarasoidy RMEFEEN th¥ eshol d vol t age
of said MSFET to he fornmed in said second region and a threshold voltage
of said fi FEMONEChANTENEY-SFET of said nenory cell. 13. A nethod for

manuf acturi ng a m _conduct or__i ntegyrat.ed circuit Vi G cor to claim
12 whor ei n ot hi ARAGERTSEES G & TGSt Y TR o T %‘Pﬁ"’o !
P T R A UL 0 BRI o s,
sem conductoh jight @Perifén the semiconductor substrate 3 is
10 performed to form gate insulation films having the
minimum relative thickness less than, for example, 5
nm on the principle surface of the semiconductor
substrate 3.
Next, as shown in Fig. 11, a conductive film 18
15 for forming gate electrodes is formed on the
semiconductor substrate 3 using a CVD process or the
like to cover gate insulation films 17 formed as
described above and the upper surface of the isolation
portions 4. For example, the conductive film 18 is
20 constituted by a single film made of low resistance
polysilicon, a multi-layer film formed by coating low
resistance polysilicon with a tungsten silicide film
or a multi-layer film formed by coating low resistance
polysilicon with a metal film such as tungsten with a

25 barrier metal film such as tungsten nitride or



circuit device according to claim12, wherein said M SFET whose | eak
current nust be reduced is fornmed in said second region. 0 7 F E D7Z¢Q3003
&4 15. A nethod for manufacturing a sem conductor integrated circuit device
according to claim12, further conprising the steps of: formng a groove in
said substrate for deflnlng said first p-channel M SFET fornming region,

said first n-channel M SFET form ng Fé i'on, said second p-channel M SFET
form ng region) said second n-channel M SFET form ng region and said
further M SFET form ng region; and burying an insulating filmin said
groove by pollshlng an insulating filmformed over said substrate having
sai d groove.
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etching process or the like, the photoresist pattern

20 is removed; the conductive film 18 is patterned using
the patterned capping insulation film as a mask; and
the capping insulation film 19 is removed further to
form gate electrodes 6g as shown in Fig. 12. The
capping insulation film and the conductive film 18 are

25 patterned at one time using a photolithographic
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Next, after removing the photoresist pattern
5 12F, a thermal process is carried out for the
activation of the impurities introduced into the
semiconductor substrate 3; as shown in Fig. 14, a
silicon nitride f£ilm having a thickness of about 50 nm
is deposited thereafter on the semiconductor substrate
10 3 using a CVD process or the like; and the silicon
nitride film is then subjected to anisotropic etching
to form side walls spacers 19 on the side walls of the
gate electrodes 6g. This etching is carried out using
an etching gas that promotes the etching of a silicon
15 nitride film at a rate greater than that for a silicon
oxide film in order to minimize the amount of removal
of the gate insulation films 17 and the silicon oxide
films buried in the isolation portions 4. When the
capping insulation film constituted by a silicon
20 nitride film is formed on the gate electrodes 6g, the
amount of overetching is also limited to the required
minimum in order to minimize the amount of removal of
the same.
Next, for example, arsenic (A) ions are

25 implanted into the p-wells 16PW using a photoresist
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stage because no thermal process for activation and

5 the like has been performed, they are shown here for

better understanding of the description. The n-type
semiconductor regions 5 shown in Fig. 3 and etc. are
constituted by the n"-type semiconductor regions 5a
and n'-type semiconductor regions 5b.

10 Subsequently, after removing the photoresist
pattern, for example, boron (B) ions are implanted
into the n-wells 16NW using a newly formed photoresist
pattern 12G as a mask to form p’-type semiconductor
regions 7b of p-channel type MISFETs. While the p'-

15 type semiconductor regions 7b are not formed at this
stage because no thermal process for activation and
the like has been performed, they are shown here for
better understanding of the description. The p-type
semiconductor regions 7 shown in Fig. 3 and etc. are

20 constituted by the p-type semiconductor regions 7a
and p'-type semiconductor regions 7b.

Next, after removing the photoresist pattern
12G, a thermal process is carried out for the

activation of the impurities introduced into the

25 semiconductor substrate 3 to form p-channel type
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(TiN), cobalt (Co) or the like is deposited on the
semiconductor substrate 3 using a sputtering process
5 or the like, and a thermal process is performed

thereafter to form a silicide layer 20 at the
interface between the conductive film and the
semiconductor substrate 3 and the gate electrodes 6g
as shown in Fig. 15. Subsequently, a thermal process

10 is performed again after removing the conductive film
which has not been silicified.

Next, an insulation film 2la constituted by a
silicon nitride film or the like is deposited on the
semiconductor substrate 3 using a CVD process or the

15 like; an insulation film 21b made of PSG (phosho
silicate glass) is deposited thereon using a CVD
process or the like; and an insulation film 21c made
of, for example, silicon oxide is further deposited
thereon. Subsequently, after planarizing the upper

20 surface of the insulation film 21c using a CMP
process, connection holes 8 are formed in a part of
the insulation films 21la - 2lc. Thereafter, for
example, titanium, titanium nitride and tungsten are
deposited on the semiconductor substrate 3 in the

25 order of precedence in stacking and are etched back
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conductive films 22 in the connection holes 8.

Next, for example, titanium, aluminum or an

aluminum alloy, titanium and titanium nitride are

5 deposited on the semiconductor substrate 3 in the
order of precedence in stacking and are thereafter
patterned using a photolithographic technique and a
dry etching technique to form first layer wiring 9L.
Subsequently, second layer wiring 23L and third layer

10 wiring 24L are formed similarly to said first layer
wiring 9L. Reference numbers 21d, 2le represent, for
example, insulation films made of silicon oxide. A
normal method for manufacturing a semiconductor
integrated circuit device is hereafter used to

15 manufacture a microprocessor incorporating an SRAM for
a cache memory.

The effects of the present mode for carrying out
the invention will now be described with reference to
Figs. 18 through 20.

20 Fig. 18 shows a transfer curve in a case wherein
the Vth of MISFETs forming memory cells is relatively
and intentionally increased as in the present mode for
carrying out the invention, and Fig. 19 shows a
transfer curve in a case wherein the Vth is not

25 increased. Fig. 20 shows an SNM for the Vth of
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from Figs. 18 through 20, when the first process or
second process is performed to increase the Vth of
driving MISFETs, the SNM is abruptly increased and a
sufficient operational margin can be maintained for
10 the memory cells.
Thus, the following effects can be achieved by
the mode 1 for carrying out the invention.
(1) In a microprocessor incorporating an SRAM,
since the Vth of driving MISFETs, transfer MOSFETs and
15 MISFETs for load resistance for memory cells of the
SRAM is relatively and intentionally increased, the
; SNM of the SRAM can be improved while improving the
operating speed of the microprocessor, reducing the
power supply voltage (i.e., reducing the power
20 consumption) and improving the degree of element
integration as a result of the use of a groove type
isolation structure.
(2) It is possible to reduce the rate of
occurrence of read faults and write faults of the

25 memory in the microprocessor incorporating an SRAM.
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of a microprocessor incorporating an SRAM which is
compact, which has high performance and which can

5 operate at a high speed with small power consumption.

Embodiment 2:

Fig. 21 is a plan view of major parts of a

semiconductor integrated circuit device which is
10 another mode for carrying out the invention taken
during the manufacture of the same.

While said mode 1 for carrying out the invention
has referred to a case in which the vth of all MISFETs
that form memory cells of an SRAM is relatively and

15 intentionally increased, the invention is not limited
thereto, and the Vth of predetermined MISFETs of the
memory cells of the SRAM may be relatively and
intentionally increased.

The mode 2 for carrying out the invention

20 describes it and, for example, in order to increase
the vth of transfer MISFETs relatively and
intentionally, a photoresist pattern 1232 may be
formed on the semiconductor substrate 3 as shown in
Fig. 21 instead of the photoresist pattern 12A shown

25 in Fig. 6 at said first process or second process
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5 3, 6 and etc. and shows elements and the like for

clearly showing the position where the photoresist
pattern 12A2 is formed as in the above description.
The photoresist pattern 12A2 is also hatched in Figq.
21 for better clarity of the figure. Further, the

10 configuration of the photoresist pattern 12A2 is not
limiting the present invention and, for example, the
pattern may be formed in a configuration which exposes
regions to form the transfer MISFETs Qt and regions to
form n-channel type MISFETs formed in the

15 semiconductor substrate 3, especially regions to form
MISFETs for which any leak current between the source
and drain must be suppressed and which covers other
regions.

According to such a mode 2 for carrying out the

20 invention, especially, it is possible to reduce the
rate of occurrence of read faults of a memory while
improving the operating speed of a microprocessor
incorporating an SRAM, reducing the power supply
voltage (i.e., reducing the power consumption) and

25 improving the degree of element integration. It is
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which is compact, which has high performance and which

can operate at a high speed with small power

5 consumption.

Embodiment 3:

Fig. 22 is a plan view of major parts of a

semiconductor integrated circuit device which is
10 another mode for carrying out the invention taken
during the manufacture of the same.

The mode 3 for carrying out the invention is a
case wherein describes the Vth of driving MISFETs is
to be relatively and intentionally increased and, in

15 this case, a photoresist pattern 12A3 may be formed on
the semiconductor substrate 3 as shown in Fig. 22
instead of the photoresist pattern 12A (see Fig. 6) at
said first process or second process described in said
mode 1 for carrying out the invention such that

20 regions to form the driving MISFETs are exposed and
other regions are covered. Fig. 22 also shows the
same memory cell region as in Figs. 3, 6 and etc. and
shows elements and the like for clearly showing the
position where the photoresist pattern 12A3 is formed

25 as in the above description. The photoresist pattern
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12A3 is also hatched in Fig. 22 for better clarity of
the figure. Further, the configuration of the
photoresist pattern 12A3 is not limiting the present
invention and, for example, the pattern may be formed

5 in a configuration which exposes regions to form the
driving MISFETs Qd and regions to form n-channel type
MISFETs formed in the semiconductor substrate 3,
especially regions to form MISFETs for which any leak
current between the source and drain must be

10 suppressed, and which covers other regions.

According to such a mode 3 for carrying out the

invention, especially, it is possible to improve the
SNM of an SRAM while improving the operating speed of
a microprocessor incorporating an SRAM, reducing the

15 power supply voltage (i.e., reducing the power
consumption) and improving the degree of element
integration. It is therefore possible to improve the
reliability of the operation of a microprocessor
incorporating an SRAM which can operate at a high

20 speed with small power consumption.

Embodiment 4:
Figs. 23 through 25 are plan views of major
parts of a semiconductor integrated circuit device

25 which is another mode for carrying out the invention
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taken during the manufacture of the same.
The mode 4 for carrying out the invention
describes a modification of the third process
described in said mode 1 for carrying out the
5 invention. Specifically, while said third process
describes a case wherein nitrogen is introduced into a
semiconductor substrate using ion implantation,
nitrogen is segregated on the interface between gate
insulation films and a semiconductor substrate by
10 mixing nitrogen gas in the atmosphere of a thermal
process in the mode 4 for carrying out the invention,
and the specific method for the same is as follows.
First, as shown in Fig. 23, gate insulation
films 17 made of, for example, silicon oxide are
15 formed on the principle surface of a semiconductor
substrate 3 using a normal gate oxidation process; a
photoresist pattern 12H is formed on the principle
surface of the semiconductor substrate 3 to cover the
memory cell region and to expose other regions; and
20 the gate insulation films 17 exposed therefrom are
removed using it as an etching mask.
The photorsist pattern 12H is then removed to
leave the gate insulation films 17 only in the memory

cell region as shown in Fig. 24. Thereafter, a gate

25 oxidation process is performed on the semiconductor
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substrate 3, for example, in an NO (nitrogen oxide) or
N,0 (nitrogen monoxide) atmosphere to form the gate
insulation films 17 (l17a, 17b) as shown in Fig. 25.
Thus, nitrogen is segregated on the interface between
5 the gate insulation films 17 and the semiconductor
substrate 3 (nitrogen oxide process).

In this case, since the gate insulation film 17a
in the memory cell region is thicker than the gate
insulation film 17b in other regions, the

10 concentration of nitrogen is relatively higher in the
thinner gate insulation film 17b than in the thicker
gate insulation film 17a. As a result, the Vth of
MISFETs formed in the memory cell region can be
relatively and intentionally higher than the Vth of

15 MISFETs formed in other regions. Further description
will be omitted because it will be the same as that on
said mode 1 for carrying out the invention.

Such a mode 4 carrying out the invention makes
it possible to achieve the same effects as those

20 available in the mode 1 for carrying out the
invention.

While the invention conceived by the inventor
has been specifically described based on modes for
carrying out the same, the invention is not limited to

25 said modes for carrying out the invention and may
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from the principle thereof.
For example, the semiconductor wafer is not
limited to single films made of silicon single
5 crystals and may be modified in various ways. For
example, an epitaxial wafer may be used which is
obtained by forming a thin epitaxial layer (of 1 pum,
for example) on the surface of a semiconductor
substrate made of silicon single crystals and,
10 alternatively, an SOI (silicon on insulator) wafer may
be used which is obtained by providing a semiconductor
layer for forming elements on an insulated layer.
While the above description has been made on
applications of the invention made by the inventor to
15 microprocessors incorporating an SRAM memory cells
which involve the field of application that is the
background of the invention, the invention is not
limited thereto and may be applied to, for example,
semiconductor integrated circuit devices and the like
20 constituted solely by an SRAM. Further, while said
modes for carrying out the invention have referred to
the use of 6 MISFET type SRAM cells, the invention is
not limited thereto and, for example, it is possible

to use high resistance load type SRAM cells utilizing

25 polysilicon resistors as load resistance elements and
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SRAM cells having the so-called TFT structure in which
two polysilicon layers are provided on driving MISFETs
to form a p-channel type MOSFET used as a load
resistance element with the polysilicon layers. It may
5 also be applied to semiconductor devices in which
MISFETs forming an SRAM and other circuits, and
bipolar transistors are formed on a semiconductor
substrate.
Effects provided by typical aspects of the
10 invention disclosed in the present specification can
be briefly described as follows.
(1) The present invention makes it possible to
improve the static noise margin (SNM) of an SRAM while
improving the operating speed of a microprocessor
15 incorporating an SRAM and reducing the power supply
voltage of the same (i.e., reducing the power
consumption).
(2) The present invention makes it possible to
reduce the rate of occurrence of read faults and write
20 faults of a memory of a microprocessor incorporating
an SRAM.
(3) According to the above (1), (2), it is
possible to improve the reliability of operation of a

microprocessor incorporating an SRAM which can operate

25 at a high speed with small power consumption.
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s10% OMI@FET 0% 2&idsx nLeRAhRE MISFER 984 G peABRerdP circuit having a
second p-channel MISFET and a second n-channel MISFET, comprising
steps of:

providing a semiconductor substrate having a memory cell forming
region and a peripheral circuit forming region,

wherein said memory cell forming region includes a first p-channel

MISFET forming region where said first p-channel MISFET is io be formed
and a first n-channel MISFET forming region where said first n-channel
MISFET is to be formed,
wherein said peripheral circuit forming region includes a second p-

channel MISFET forming region where said second p-channel MISFET is to
be formed and a second n-channel MISFET forming region where said
second n-channel MISFET is to be formed,

selectively introducing a first impurity into said first p-channel
MISFET forming region and said second p-channel MISFET forming region
for controlling a threshold voltage;

selectively introducing a second impurity into said first n-channel
MISFET forming region and said second n-channel MISFET forming region
for controlling a threshold voltage;

selectively intfoducing a third impurity into said first p-channel
MISFET forming region by using a mask covering said second p-channel
MISFET forming region for controlling a threshold voltage such that a

threshold voltage of said first p-channel MISFET is higher than a threshold

voltage of said second p-channel MISFET; and
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L10% &'l\(d)SFg?ermmg region by using a mask covering said second n-channel
MISFET forming region for controlling a threshold voltage such that a

threshold voltage of said first n-channel MISFET is higher than a threshold

voltage of said second n-channel MISFET.

2. A method for manufacturing a semiconductor integrated
circuit device according to claim 1, further comprising the steps of:
forming a groove in said substrate for defining said first p-channel
MISFET forming region, said first n-channel MISFET forming region, said
second p-channel MISFET forming region and said second n-channel

MISFET forming region; and

burying an insulating film in said groove by polishing an insulating

film formed over said substrate having said groove.

3. A method for manufacturing a semiconductor integrated
circuit device according to claim 1, further comprising the steps of: '
forming a gate electrodes of said first n-channel MISFET, said first p-
channel MISFET, said second n-channel MISFET and said second p-channel
MISFET; and
forming a source and drain region of said first n-channel MISFET,

said first p-channel MISFET, said second n-channel MISFET and said
second p-channel MISFET.
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10+F2&!cir@%18@é)/rde'\/ﬁ%%éﬂ1°{fge (Mermory cell of an SRAM havmg a first p-channel
MISFET and a first n-channel MISFET, and a peripheral circuit having a
second p-channel MISFET, a second n-channel MISFET, comprising steps
of:

(a) providing a semiconductor substraie having a memory cell forming
region and a peripheral circuit forming region,
wherein said memory cell forming region includes a first p-channel

MISFET forming region where said first p-channe! MISFET is to be formed
and a first n-channel MISFET forming region where said first n-channel
MISFET is to be formed,

wherein said peripheral circuit forming region includes a second p-

channel MISFET forming region where said second p-channel MISFET is 1o
be formed and a second n-channel MISFET forming region where said
second n-channel MISFET is to be formed,;

(b) selectively introducing a first impurity into said first p-channel
MISFET forming region and said second p-channel MISFET forming region
for controlling a threshold voltage;

(c) selectively introducing a second impurity into said first n-channel
MISFET forming region and said second n-channel MISFET forming region
for controlling a threshold voltage;

(d) selectively introducing a third impurity into said first p-channel -
MISFET forming region by using a mask covering said peripheral circuit
forming region for controlling a threshold voltage such that a threshold
voltage of said first p-channel MISFET is higher than threshold voltages of
said second p-channel MISFET and said further MISFET;
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region for controlling a threshold voltage such that a threshold voltage of
said first n-channel MISFET is higher than threshold voltages of said second
n-channel MISFET and said further MISFET;

(f) forming a mask patlern for exposing a first region where a MISFET
having a relatively higher operaling speed is to be formed in said peripheral
circuit,

wherein said mask pattern covers said memory cell forming region
and a second region other than said first region in said peripheral circuit
forming region; and

(g) introducing a fifth impurity into said first region of said peripheral
circuit forming region by using said mask pattern as a mask for controlling a
threshold voltage such that a threshold voltage of said MISFET to be formed
in said first region is lower than a threshold voltage of said MISFET to be

formed in said second region.

5. A method for manufacturing a semiconductor integrated
circuit device according to claim 4, wherein a thickness of a gate insulating
film of said MISFET formed in said first region is thinner than a gate

insulating film of said MISFET formed in said second region.
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forming a groove in said substrate for defining said first p-channel
MISFET forming region, said first n-channel MISFET forming region, said
second p-channel MISFET forming region, said second n-channel MISFET
forming region and said further MISFET forming region; and

burying an insulating film in said groove by polishing an insulating

film formed over said substrate having said groove.

7. A method for manufacturing a semiconductor integrated
circuit device including a memory cell of an SRAM having a first p-channel
MISFET and a first n~-channel MISFET, and a peripheral circuit having a
second p-channel MISFET and a second n-channel MISFET, comprising
steps of:

providing a semiconductor substrate having a memory cell forming
region and a peripheral circuit forming region,
wherein said memory cell forming region includes a first p-channel
MISFET forming region where said first p-channel MISFET is to be formed
and a first n-channel MISFET forming region where said first n-channel
MISFET is to be formed,
wherein said peripheral circuit forming region includes a second p-
channel MISFET forming region where said second p-channel MISFET is to
be formed and a second n-channel MISFET forming region where said

second n-channel MISFET is to be formed;
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selectively introducing a second impurity into said first n-channel
MISFET forming region and said second n-channel MISFET forming region
for controlling a threshold voltage; and
introducing a third impurity into said first p-channel MISFET forming
region by using a mask covering said second p-channel MISFET forming
region for controlling a threshold voltage such that a threshold voltage of
said first p-channel MISFET is higher than a threshold voltage of said

second p-channel MISFET.

8. A method for manufacturing a semiconductor integrated
circuit device including a memory cell of an SRAM having a first p-channel
MISFET and a first n-channel MISFET, and a peripheral circuit having a
second p-channel MISFET and a second n-channel MISFET, comprising
steps of:

providing a semiconductor substrate having a memory cell forming
region and a peripheral circuit forming region,
wherein said memory cell forming region includes a first p-channel

MISFET forming region where said first p-channel MISFET is to be formed

and a first n-channel MISFET forming region where said first n-channel

MISFET is to be formed,

wherein said peripheral circuit forming region includes a second p-
channel MISFET forming region where said second p-channel MISFET is to
be formed and a second n-channel MISFET forming region where said

second n-channel MISFET is to be formed;
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MISFET forming region and said second p-channel MISFET forming region
for controlling a threshold voltage;
selectively introducing a second impurity into said first n-channe)
MISFET forming region and said second n-channel MISFET forming region
for controlling a threshold voltage;
forming a mask pattern for exposing a first region where a MISFET
having a relatively higher operating speed is to be formed in said peripheral
circuit forming region,
wherein said mask paitern covers said memory cell forming region
and a second region other than said first region in said peripheral circuit
forming region;
introducing a third impurity into said first region of said peripheral
circuit forming region by using said mask pattern as a mask for controlling a
threshold voliage such that a threshold voltage of said MISFET to be formed
in said first region is lower than a threshold voltage of said MISFET to be

formed in said second region and a threshold voltage of said first p-channel

MISFET of said memory cell.

9. A method for manufacturing a semiconductor integrated
circuit device according to claim 8, wherein a thickness of a gate insulating
film of said MISFET to be formed in said first region is thinner than a gate

insulating film of said MISFET to be formed in said second region.

10. A method for manufacturing a semiconductor integrated
circuit device according to claim 8, wherein said MISFET whose leak

current must be reduced is formed in said second region.



4109B&' ()- yL03109B&' ()-nfl.#10%B& ()- S2° 2c222( 3p3dEYNCO , nf 10% @
"1098& ()-yl0%B& ()-S 109B& ()- F10YB& ()-1098& ()- (yl0%B& () - 07 FEB 2003
p33354i 445dEYNCO , ni' 10%  #109B& () -

10988 () -, 109B& ()-f109B& ()-, 9109B& () - @™ 109B& () - 55556} 666dEYNCO , ni' 10%
+ 1008&' () -*s! 109%B& ()- (" 109B& ()-L@GLOYBS ()-s$L0%B& ()- " 10%B& ()-6
797778[ 8dEYNCO , ni' 10%

f 6- #10%3&'()-I410%3&' )-Zf 21098& ()-f1! 109B& ()-f,/#10%B& ()-L-1109B& ()-[8
888888909~_@ , nf 1 100 m@g% "109& ()-!' 1098S& ()- (I 109%& ()-. 10B 108 10BS8
10988&' () - D9999- ogyfor mayogfaciutingdenicendnsigriniegrated

(" 1095 9@%‘%‘(@‘@ éy%g‘ry«%ﬁd@&c B <1 0TS 2409579 756142205000 | i 1

10%& 0- 10%%,(,3,”913 glrgo%gflhlsla%/@éu(t)strate for defining said first p-channel
MISFET forming region, said first n-channel MISFET forming region, said
second p-channel MISFET forming region, said second n-channel MISFET
forming region and said further MISFET forming region; and

burying an insulaling film in said groove by polishing an insulating

film formed over said substrate having said groove.

A12, A method for manufacturing a semiconductor integrated
circuit device including a memory cell of an SRAM having a first p-channel
MISFET and a first n-channel MISFET, and a peripheral circuit having a
second p-channel MISFET and a second n-channel MISFET, comprising
steps of:

providing a semiconductor substrate having a memory cell forming
region and a peripheral circuit forming region,

wherein said memory cell forming region includes a first p-channel
MISFET forming region where said first p-channel MISFET is to be formed
and a first n-channel MISFET forming region where said first n-channel

MISFET is to be formed,
wherein said peripheral circuit forming region includes a second p-

channel MISFET forming region where said second p-channel MISFET is to
be formed and a second n-channel MISFET forming region where said
second n-channel MISFET is to be formed,

selectively introducing a first impurity into said first p-channel
MISFET forming region and said second p-channel MISFET forming region

for controlling a threshold voltage;
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wherein said mask patiern covers said memory cell forming region
and a second region other than said first region in said peripheral circuit
forming region;

introducing a third impurity into said first region of said peripheral
circuit forming region by using said mask pattern as a mask for controlling a
threshold voitage such that a threshold voltage of said MISFET to be formed
in said first region is lower than a threshold voltage of said MISFET to be
formed in said second region and a threshold voltage of said first n-channel

MISFET of said memory cell.

13. A method for manufacturing a semiconductor integrated
circuit device according to claim 12, wherein a thickness of a gate insulating
film of said MISFET to be formed in said first region is thinner than a gate

insulating film of said MISFET to be formed in said second region.

14, A method for manufacturing a semiconductor integrated
circuit device according to claim 12, wherein said MISFET whose |leak

current must be reduced is formed in said second region.
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15. A method for manufactluring a semiconductor integrated
circuit device according to claim 12, further comprising the steps of:
forming a groove in said subsirale for defining said first p-channel
MISFET forming region, said first n-channel MISFET forming region, said
second p-channel MISFET forming region, said second n-channel MISFET
forming region and said further MISFET forming region; and
burying an insulating film in said groove by polishing an insulating

film formed over said substrate having said groove.



