2 8 .JAN 2005 SPECI FI CATI ON TI TLE OF THE | NVENTI ON MANUFACTURI NG METHOD OF

. SEM CONDUCTOR | NTEGRATED CI RCU T DEVI CE BACKGROUND OF THE | NVENTI Th
‘present invention relates to a technique for manufacturing a senic J@NQ@E
integrated circuit, particularly a technique effective when applied. to
the fabrication of a sem conductor integrated circuit device having a
step of depositing a silicon nitride filmover a substrate by using

t hermal CVD (Chenical Vapor DepcHEGBMCATION manufacturing process of a
highly mniaturized and highly integrated LSI which has been adopted in
recent days, a shallow groove isolation (SA@) is formed in a silicon
substrate or a contact hole is forned in self alignnent wwth a gate

el ectrode of M SFET (Metal TITEHl @FoTHESENVENRdOdE or Fi el d Effect

Transi stor) by making use of a difference in an etching rate between a
silicon oxi de MANUFAGIUR BNGI METBODNOET | deEMICON DACTORTENTEGRATERSS of such
a shallow groove isolation (SA@) is described, for exanple, 1in Japanese
Pat ent Application Laid-Open NociKReUrtl16£999F 16999, while a fornmation
process of such a self align contact (SAC) is described, for exanple, in
Japanese Patent 1 2 8 JAN 2005 Application Laid-Open No. Hei.
11(1999)-17147. ' '

BACKGROUND OF THE INVENTION

The present invention relates to a technique for
manufacturing a semiconductor integrated circuit,
particularly a technique effective when applied to the
fabrication of a semiconductor integrated circuit device
having a step of depositing a silicon nitride film over a
substrate by using thermal CVD (Chemical Vapor Deposition).

In a manufacturing process of a highly miniaturized
and highly integrated LSI which has been adopted in recent
days, a shallow groove isolation (SGI}) is formed in a
silicon substrate or a contact hole is formed in self
alignment with a gate electrode of MISFET (Metal Insulator
Semiconductor Field Effect Transistor) by making use of a
difference in an etching rate between a silicon oxide film
and a silicon nitride film. A formation process of such a
shallow groove isolation (SGI) is described, for example,
in Japanese Patent Application Laid-Open No. Hei 11(1993)-

T.56999, while a formation process of such a self align

" @ontact (SAC) is described, for example, 1n Japanese Patent



It is the common practice to forma silicon nitride film which is
utilized in the formng step of the above- described shall ow groove 7§ JAN 2005
isolation or self align contact, by thermal CVD using nonosilane (SiH4
and anmonia (NH3) as a source gas. As a CVD reactor, enployed is a

bat ch-system hot-wall thermal CVD reactor for heat treating a plurality

of sem conductor.wafers X.. 100 fer I _ .S taneously. This
hot-malIg?ﬂg?ﬁﬁFlEQDﬁ?éggﬁgﬁna 8p?§ela§lﬁ%3?%)céﬁﬁggbing syst em of
sem conduct or maferg (radi ation _h atin% of. sem_conduct or fers by a
heater outside aSpFpe ﬁBWWPnaHEaFElﬁgs 8 $OFTcfured (ﬂ?tqkir¥§% i nsi de
wal | of a chanber (reaction, chamher) and the whole at here in the
chanber EFémheébéﬂgtésauFé&ﬁéF dret %OF@§§gtﬁ%$H (ﬁH%NﬁR%N?Ton
tenperature of the source gas. |In addition, since the source gas nust be
di f f useddfACHLIPREr §BALSPHINE LORY RS OGF LN FatSer-fs At it 13RIy CovD
reactor, this reactor adopts |ow pressure CVD wherein a filmis usually
formed ubdekhesdadée8Vpr esdnpgereandiltiongs (Side) gredt afmprag dNE3) kPa (1
Torr). The present inventors have investigated on the film formng
t echni qua ebuacsi Jasen At B G¥Df remayp it h&MPeloYORD.1s FhF et o 95 Ms t he
outline of it. The batch-system hot-wall thermal CVD reactor widely used
for the hotrealdntberamadi CNEomenictioirddofr Ihaits tred iyAN PaoBim ket ured to
heat the whol e at nosphere in the chanber

of semiconductor wafers (ex. 100 wafers or so)

simultaneously. This hot-wall thermal CVD reactor adopts
an indirect heating system of semiconductor wafers
(radiation heating of semiconductor wafers by a heater
outside a pipe wall) and it has a structure such that the
inside wall of a chamber (reaction chamber) and the whole
atmosphere in the chamber are heated to a temperature not
less than the decomposition temperature of the source gas.
In addition, since the source gas must be diffused in a
large-volume chamber of this batch-system thermal CVD
reactor, this reactor adopts low pressure CVD wherein a
film is usually formed under reduced pressure conditions
not greater than 0.13 kPa (1 Torr).

The present inventors have investigated on the film
forming technique of a silicon nitride film by thermal CVD.
The following is the outline of it.

The batch-~system hot-wall thermal CVD reactor widely

used for the formation of a silicon nitride film is



(reaction chanmber) so that a reaction product is deposi

inside wall of the chanber and beconespa cause forpcon::gingrsgnogftge
wafer. In addition, cunbersone washing must be conducted frequerft JANF 2885
removing this deposit fromthe inside wall of the chamber. As descri bed
“above, in the batch-systemthermal CVD reactor, filmformation is
conducted under reduced pressure conditions not greater than 0.13 kPa (1
Torr), whirahturetatds haaki Itief oitvdilify AtRAEPTFRF Sreke UpR FORTRFE
retardation, about 100 wafers are treated sinultaneously. Wth a rise in
the vol yFeaet ibhe ctiaaiteer) @ccormpdnied aRCtEPn iRTOEREe }H fPRCALERBter of a
wafer, it takes much time to diffuse a source gas uniformy, leading to a
det eri okgkhoBn t&etmhﬁmmpu@ﬂﬂndf(ﬁhdidhﬁﬁhﬂﬂnﬂmdnbe¢¢m%5béf@ﬁu§?stem
reactor for sinultaneously treating a | arger nunber of wafers, there also

occur prghl ek tsuahaas o fdf cultardm  nai rtcd G hona owhberarhel m t hi ckne
. . . SS
within the face of the wafer and dislocation of wafer. Recently, there is

a tendency g Adealy KRS dbnhHEE! NRague: bgai st ranoedogt FbASi n the
t hreshol d volttage of the mniaturized M SFET, a so-called dual gate CMOS

struct ugi%g(o%r' tf"ﬁ%n?adﬂee‘jirg\ﬂo% (Lonp| efegharyndebat . | nsul at or

Sem conductor wherein the gate el ectrode of an n channel t i
. n ype M SFET is
made of n-typg g@%&rl Alddng 3 Zn Bt HAN2006- sy st eanthndmbhe Cyat e

el ectrode of "a p channel type M SFET
reactor, film formation is conducted under reduced pressure
conditions not greater than 0.13 kPa (1 Torr), which
retards a film forming rate. To make up for this
retardation, about 100 wafers are treated simultaneously.
With a rise in the volume of the chambexr accompanied by an
increase in the diameter of a wafer, it takes much time to
diffuse a source gas uniformly, leading to a deterioration
in the through-put of film formation. In a batch-system
reactor for simultaneously treating a larger number of
wafers, there also occur problems such as difficulty in
maintaining a uniform film thickness within the face of the
wafer and dislocation of wafer.

Recently, there is a tendency to adopt, as a
countermeasure against a reduction in the threshold voltage
of the miniaturized MISFET, a so-called dual gate CMOS
structure (or alsc called CMIS (Complementary Metal

Insulator Semiconductor)) wherein the gate electrode of an

n channel type MISFET is made of n-type polycrystalline



is made of p-type polycrystalline silicone and both serve as

channel type. In this case, there is a potential danger that byatﬁ;;igﬁgm'
tenperature heat treatment after formation of a gate electrode, p-type :
inpurity (boron) in the gate electrode nade of p-type polycryétalline
silicon may be diffused in a sem conductor substrate (well) through a gate
oxide film thereby causing fluctuations in the threshold voltage of

M SFET. siDepoai bhdntbe gasel edestmods ¢ fa IPmcdaer ] fommttbrt b the gate
el ectrode therefore needs precise control of tenperature conditions upon
f|Injfo&gahaga.oEtp—t&pbO@eugmnyaﬂﬂhﬁﬂﬂet&ikﬂﬂoqaﬂﬁﬁ#eHQﬁQe%%ﬁﬂ?tions
precisely in the above-described batch systemthermal CVD reactor. Plasma
CWD is knownsasfaceeichednedpallpe .of depositing a silicon nitride filmat a
relatively | ow tenperature w thout causing fluctuations of the

characteri stirgs t@fi s MaSEET thletrehdwe\eerpd trarai 3
_ _ : pd Mels dbraydbacikdsa sueh BBedamage of
a gate oxide filmby plasma and charging up. It is therefore difficu?t to

appl y t i §TR LBl L0, fraf ML 1afa cnertd [00er i riael di | of far g8k deval |
spacers or silicon nitride film for self align contact. In a single-wafer

E)thﬁtra?alhg%gttr%e Zt %tygﬁc;léﬁ&ﬁ%tﬁ/ wed e51$) one tiye ometé ne baet chdaber, on the
wWith the . un? of th chanber can‘be | ower ed conpared
flade of p-type polycrystalline silicon may be diffused in a

semiconductor substrate (well) through a gate oxide film,
thereby causing fluctuations in the threshold voltage of
MISFET. Deposition of a silicon nitride film after
formation of the gate electrode therefore needs precise
control of temperature conditions upon film formation. It
is however difficult to set temperature conditions
precisely in the above—described batch system thermal CVD
reactor.

Plasma CVD is known as a method capable of depositing
a silicon nitride film at a relatively low temperature
without causing fluctuations of the characteristics of
MISFET. It however involves drawbacks such as damage of a
gate oxide film by plasma and charging up. It is therefore
difficult to apply this method to formation of a silicon
nitride film for sidewall spacers or silicon nitride film
for self align contact.

In a single-wafer thermal CVD reactor which treats

wafers one by one in one chamber, on the other hand, the



above-descri bed batch systemthermal CVD reactor, which nmakes it possible

to control tenperature conditions precisely and inprove the uniform
- - t
the filmthickness of a large-dianeter wafer within its face. In gﬁh”&ﬁ@m

a source gas can be diffused unifornmy and pronptly even under

sub- at nospheri c reduced pressure condi¥ions 8f TPS ykPa (10 Tgrr) to 93 kPa
(700 Torr), higher than the pressure conditions of the batch-system

t her mal vEVDmer edctoe, chlintte nelées Hq It SR RPR 0V EER FF?W]forning
velocity. In addition, by treating wafers one by one, the flow of wafer

t r eat megboke -k ciritoery Wpttedh sty stem Eheyed b CY%nﬁe@¢tafmaWB?CBrocess can
be shortened and work in process can be reduced. In order to make up for a
reduct i gaker tifte gowsaghe put calterd®d teepe nentrof coafefs00he by one, this
single-wafer thermal CVD reactor adopts a cold wall system of heating

only the wafigk1gndrd Snyive thhe smifatmiberetfi shaofiam pbieKnrals danger

of wafers being contam nated with reaction products deposited on the

i nsi de vl |y qfy e phanhesr angdre washitagn of t s heatasi denwatiiitfiorhe achanber
is lightened. Based on these investigation results, the present inventors

reach a copclugion dhatodise; i
s el bdISE Pfudesi gl eovaf ¢r andobdemaklyt keemal CVD
reactor 1s effective for the formation of a silicon nitride filmrequired

tn?t ?f“ég u?n: % ]}’sotga—%%n%o%\ﬂ;@@% upkd Qeaat prekpess, chadiexangl ef d.S 1icon
kPa (10 Torr) to 93 kPa (700 Torr), higher than the
pressure conditions of the batch-system thermal CVD
reactor, which makes it possible to improve a film forming
velocity. In addition, by treating wafers one by one, the
flow of wafer treatment is not interrupted so that a cycle
time of a wafer process can be shortened and work 1in
process can be reduced.

In order to make up for a reduction in the through-put
due to treatment of wafers one by one, this single-wafer
thermal CVD reactor adopts a cold wall system of heating
only the wafer and its vicinity, sO that there is not a
potential danger of wafers being contaminated with reaction
products deposited on the inside wall of the chamber and
washing of the inside wall of the chamber is lightened.

Based on these investigation results, the present
inventors reach a conclusion that use of a single-wafer

cold-wall thermal CVD reactor is effective for the

formation of a silicon nitride film required to have highly



side wall spacers or self align contact on a wafer having a dianmeter as
large as about 20 to 30 cm The present inventors however found a néd JAN 2003
problem while investigating the introduction of a single-wafer cold-wall
thermal CVD for the manufacturing process of a nenory LSI under

devel opment. I n general, a menory LSI includes, in one chip, a nenory nat
and a peripheral circuit. In the nenpry mat, .M SE ETs. cogsgit%iing a
menory cEH EomTe th SHORTE wi 9 £X¥BPkedl § AL YhCABnBEEY PR Sddr °

d realize
a large-scale nmenory capacity, while in the peripheral circuit, M SFETs
are di spoist wiotl stPalensel9r Thlbazhion %OBFGFEIPPyaoWafEHigaWéﬂﬁbﬁs
sectioned on a wafer, there appears a region wherein gate el ectrode
pat t er nsl izgmee tfeor ressl Wi tge | ow alepigt t 0 {pedPphBral circuit) and a region
with high density (nenory mat). Wien a silicon nitride filmwas deposited
over such a Veferpbysemer myedvdrs t hevevappéared a peendFeRdF™ hat in each
of the plurality of chip regions, the silicon nitride filmover the nenory
mat i s tdt neridye sthogd t 3096 thanithapduoveent hé pesiipldeawadiercuit. This is
presuned to occur because the effective surface area per wafer unit area
is |largesld+wdhe thghndencVbyfoegtba nhngdhetelréoagr pdesesEnerfory mat) t han
in the lowdensity region (peripheral 6 2 8 JAN 2005 circuit), which
causes, hémdhe LT NBidé £0HO0e 1Bphehati ve
In general, a memory LSI includes, in one chip, a

memory mat and a peripheral circuit. In the memeory mat,

MISFETs constituting a memcry cell are disposed with a

markedly high density in order to realize a large-scale

memory capacity, while in the peripheral circuit, MISFETs

are disposed not so densely. On each of a plurality of

chip regions sectioned on a wafer, there appears a region

wherein gate electrode patterns are formed with low density

{peripheral circuit) and a region with high density (memory

mat) .

When a silicon nitride film was deposited over such a

wafer by thermal CVD, there appeared a phenomenon that in

each of the plurality of chip regions, the silicon nitride

film over the memory mat is thinner by about 30% than that

over the peripheral circuit. This 1is presumed to occur

because the effective surface area per wafer unit area is

larger in the high-density region of gate electrodes

(memory mat) than in the low-density region (peripheral



shortage in the feed anmount of a source gas and in turn, decreases a film
deposi tion anount. Wen such a probl em (uneven fil mthickness) occu%% N 2005
upon formation of side wall spacers on the side walls of the gate JA

el ectrode of a nenory mat or on the side walls of a peripheral circuit or
formation of a contact hole in self alignment with the gate el ectrode or
shal | ow groove isalation by dry.etching of a sili.con nitri film

conpl et & Ty ofhtHe ?"h‘i‘%?ssi chﬁﬂen??ﬂnaé frfefgﬁondeﬁogietlggla}veer t he
peripheral circuit removes not only a_ thin silicon nitri.de film deposited
over theShdige et Bk f%?ganﬂE“guPﬁaéeSBPrFﬁegﬁﬁd@Pl i'flg 49 (gat e

oxide filmor substrate), resulting in deterioration in the
char act et¢@tgase vfa M SHETIePeBASE P URMAY S -nenory cell. It is generally
considered that the filmform ng nechanismof a silicon nitride film by
thermal CVD u#tery swemosi PaaRleSi MNedRa AddBnita 1R8PS a®EWoUr ce gas
owes to endothermc reaction by which silicon nitride (Si3N4) is forned
as a resupen ofothet hat dEcerpesiveilénsepcrsrosnl &he SiSieHa) laid Amoni a
(NH3) as shown in the following equation (1) : 3SiH4 + 4NH3 - Si3N4 +
12H2 (1)the géis ebactiode ofieaf nepmatrivomatape on $ing cddleniwdlilde 95
determ ned by the feed anount of nonosilane (SiH4). 7 2 8 JAN 2005 Wien a
silicon aipérdehétim csrdeposbtredoorerianvaffea contact hole in self

alignment with the gate electrode or shallow groove

isolation by dry etching of a silicon nitride film,

complete etching of the thick silicon nitride film

deposited over the peripheral circuit removes not only a

thin silicon nitride film deposited over the memory mat but

also the surface of the underlying film (gate oxide film or

substrate), resulting in deterioration in the

characteristics of MISFETs constituting a memory cell.

It is generally considered that the film forming

mechanism of a silicon nitride film by thermal CVD using

monosilane (SiHs) and ammonia (NH3) as a source gas owes LO

endothermic reaction by which silicon nitride (51i38,) 1is

formed as a result of thermal decomposition of monosilane

(SiHs) and ammonia (NH3} as shown in the following egquation

(1):

35iH4 + 4NH3y = SisNg + 12H; (1)

In this reaction, the formation rate of silicon nitride is

determined by the feed amount of monosilane {SiHy) .



having both a high pattern density region and a low pattern density
region, a difference in the thickness of the silicon nitride film between
the menory mat and peripheral circuit can be reduced by increasing &g fiAN#05
rate ratio (SiHA/NH3) of nonosilane to anmonia, thereby supplying a
sufficient anount of nonosilane to the memory mat having a [arger
effective surface area. Upon deposition of a silicon nitride film over a
waf er by usiWigpra aiigllecamfert coiel- il m t hefRaPs EVE r BHEEoP, "BHET present
inventors increased a flowrate ratio of nonosilane based on the

above- désoriitedqitesurtptdtorpa Conen adgns bty hepgierpaetafi daY RAGPEEr ence in
filmthickness between the nenory nat and peripheral circuit was not

decr easefbnsithe mygisent 4 niehfersntcheief bhe Sbarkhedstof the cause and
drew a conclusion as described bel ow. Wien a hot-wall batch-system CVD
react or gihi ictorheaitsr i ddef inhol iee aveos phiee emenot femehaaber peg ipbered gas

i ntroduced into the chanber is heated to a tenperature not |ess than the

deconposi tiQn Ppaidt Wi renesiédiape andrassbniaa Béber eaite readlees the
surface of the wafer. A thermally deconposed gas is therefore fed to the

surface of;dheH,naber mohBsalaheghe- waken icql d-hsaldbyt herpmly 0P a eact or
whi ch heats only a stage (susceptor) to have a wafer nounted thereon, on

the ot heg%ﬂa{@ieﬁ@?arﬁ&”ﬂ?@r@fL'Iﬁ@n@éi@@h& 802 t82) ANMAQQS nishe heafierg and its
vicinity becones high so that nonosil ane

larger effective surface area.

Upon deposition of a silicon nitride film over a wafer
by using a single-wafer cold-wall thermal CVD reactor, the
present inventors increased a flow rate ratio of monosilane
based on the above-described presumption. -Contrary to
their expectation, a difference in film thickness between
the memory mat and peripheral circuit was not decreased.
The present inventors therefore searched for its cause and
drew a conclusion as described below.

When a hot-wall batch-system CVD reactor which heats
the whole atmosphere in the chamber, a source gas
introduced into the chamber is heated to a temperature not
less than the decomposition point of moncsilane and ammonia
before it reaches the surface of the wafer. A thermally
decomposed gas is therefore fed to the surface of the
wafer. In a single-wafer cold-wall thermal CVD reactor
which heats only a stage (susceptor) to have a wafer

mounted thereon, on the other hand, the temperature of only



and anmonia in the source gas are thermally deconposed not rightly after
they are introduced into the chanber but after they reach the vicinigwxﬁmmS
the surface of the wafer. The deconposition rate of anmonia havingZ
deconposition tenperature higher by about 250C than nonosil ane becones
relatively slow conpared with nonosil ane, resulting in shortage in the
amount of nitrogen atons supplied to the surface of the wafer. In this
case, evidre yater iaedehse VACIRREYf BEAORABURL IBf SRoAEET B92° X3RS or mat i on
rate of a silicon nitride filmover a nenory mat cannot be inproved. The
present dmyermmurniahis teeeapedcehdssi BrEs LhREFdddivbPECOFPRSRY "o fil m
formation of a silicon nitride filmby using a single-wafer col d-wall

t hermal £Mhtrkacabrer vhépraraginbchdicsa éhtohéhsi Ghagweri itde fil m t hat
when a conventional hot-wall batch-system CVD reactor is used, an uneven
film appestsr betayseeachi thef giminioy pdt 6hies sdetfece wdd theperddisiy on the
feed anmount of nonosilane (SIR4) . SUVMARY OF THE | NVENTI ON An obj ect of
the presemé dewenbbontisnt eapeovifdemaontiechaiving eapsiompofs itdduri ng, upon
deposition of a silicon nitride filmby thermal CVD over a sem conductor
waf er  hewipgr achpw paghernbgeasbly LEGI°aN thad aohiogh lpatet dremcnes 8 JAN

2005 density region, a difference in the thickness of the silicon nitride

film betyeen:therl ow pat tempadedsitiyhr egnesilane, resulting in
shortage in the amount of nitrogen atoms supplied to the
surface of the wafer. In this case, even by an increase in
the feed amount of monosilane, film formation rate of a
silicon nitride film over a memory mat cannot be improved.

The present inventors thus revealed that it is

impossible to apply, to film formation of a silicon nitride
film by using a single-wafer cold-wall thermal CVD reactor,
a forming mechanism of the silicon nitride film that when a
conventional hot-wall batch-system CVD reactor is used, an
sneven film appears because a film formation rate is

determined depending on the feed amount of monosilane

(SiH4) .

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
technique capable of reducing, upon deposition of a silicon
nitride film by thermal CVD over a semiconductor wafer

having a low pattern density region and a high pattern



and high pattern density region. The above-descri bed object, the other

. objects and novel features of the present invention will be apparent fr%m
‘the description herein and acconpanying draw ngs. O the i nventi ong 8 JAN 200
disclosed in this application, typical ones will next be sunmarized. In

one aspect of the present invention, there is thus provided a

manuf acturing nethod of a sem conductor integrated circuit device which
conpri sedeqst depesienng2adiffrsensel iBofk A tHLFEEISMYve] he main
surface of a sem conductor substrate by thermal CVD using a first source
gas contsihiognansttade- basedbgaseandths amvppiad tgds: A1 HorifRHER " over
the main surface of the sem conductor substrate, a plurality of first

pat t er nsah@vh hgh aphbherpatitesntdemsigtipnr.egi on and a high pattern density
region; and (c) depositing a second silicon nitride filmover the main
surface of thehseabocoaddetoribabstbitet , wiheh dtde ra obpjlagta ianyd of fir st
patterns formed thereover, by thernmal CVD using a second source gas

cont ai ni mgval sfkanerbased gas pandean dmvenitd ogasyildhdreiapgdwerdtirst source
gas and second source gas are different fromeach other in a flowrate

ratio of rsehdcpél apgchagedoganete i saiatdanmeingagasnd ranatdes. aspect of
the present invention, there is 10 2 8 JAN 2095 al so provided a

manuf act uri ngopethedi aleatseRscandudbeed iint egriat el reati fordevi ce, whi ch
conprises (a) depositing a
typical ones will next be summarized.

In one aspect of the present invention, there is thus
provided a manufacturing method of a semiconductor
integrated circuit device which comprises (a) depositing a
first silicon nitride film over the main surface of a
semiconductor substrate by thermal CVD using a first source
gas containing a silane-based gas and an ammonia gas: (b)
forming, over the main surface of the semiconductor
substrate, a plurality of first patterns having a low
pattern density region and a high pattern density region;
and {c) depositing a second silicon nitride film over the
main surface of the semiconductor substrate, which has a
plurality of first patterns formed thereover, by thermal
CVD using a second source gas containing a silane-based gas
and an ammonia gas; wherein the first source gas and second
source gas are different from each other in a flow rate
ratio of said silane-based gas to said ammonia gas.

In another aspect of the present invention, there is

10



first silicon nitride filmover the main surface of a sem conductor wafer
by thermal CVD using a first source gas containing a silane-based gas
-and an anmoni a gas; (b) formng, over the main surface of the 78 JAN 2005
sem conductor wafer, a plurality of first patterns having a | ow pattern
density region and a high pattern density region; and (c) depositing a
second silicon nitride filmver the mai surface of .the sem conductor
substrat%,ﬁs%PEﬂthggaa BPGP%PHW%P% in}e&haﬁgﬂt‘g@nss% Y4He?e over, by
thermal CVD using a second squrce gas . containing a s%lane-based as and
an ammoniBtgasatGheFarRYthe I68A6Rd & GIP LIS Sar Ger AR tHRI £ 7 st
source gas in a flowrate ratio of the ammonia gas to the sil ane-based
gas. In BiFBFthétiaepest Lo dend IpFre st iThReMaich, SUHA<E iRE @l so provi ded
a manufacturing nmethod of a sem conductor integrated circuit device, which
conpri seseqpayoddpespri Wgfar bivr shegimale GV thiusirge & i§im v et He® ndd h
surface of a sem conductor wafer by thermal CVD using a first source gas
cont ai ni ngnhaisihgne- badedeghesand gas amfbriira agaeni@)3agor®hg, over the
mai n surface of the sem conductor wafer, a plurality of gate el ectrodes
havi ng atbowipgtt evrrdéehnsi thyinr egirdrcnd fa thigs grataaduatensivyieegi on; (c)
depositing a second silicon nitride filmover the main surface of the 11
28 JAN 280plaexnitopdudct di reaf @rt twhiinch Heasirspiad Jplwurps i tgrofdeas ety
el ectrodes forned thereof, by thermal CVD using a second

region and a high pattern density region; and {c)

depositing a second silicon nitride film over the main
surface of the semiconductor substrate, which has a
plurality of first patterns formed thereover, by thermal
CVD using a second source gas containing a silane-based gas
and an ammonia gas; wherein the second source gas is larger
than the first source gas in a flow rate ratio of the
ammonia gas to the silane-based gas.

In a further aspect of the present invention, there is
also provided a manufacturing method of a semiconductor
integrated circuit device, which comprises (a) depositing a
first silicon nitride £film over the main surface of a
semiconductor wafer by thermal CVD using a first source gas
containing a silane-based gas and an ammonia gas; (b)
forming, over the main surface of the semiconductor wafer,
a plurality of gate electrodes having a low pattern density
region and a high pattern density region; (¢} depositing a

second silicon nitride film over the main surface of the

11



source gas containing a silane-based gas and an ammoni a gas;

and (d)

formng side wall spacers nade of the second silicon nitride filn1q£ ﬁwgﬂmﬁ
wal | s of each of the plurality of gate el ectrodes by anisotropic et %i

of the second silicon nitride film wherein the second source gas is

| arger than the first source gas in a flowrate ratio of the ammoni a gas

to the silanpe S. It shauld be noted that jn . the prese a
Lorm  soRPEbRARANGF OF nEBQFaY el ¢PRc BPE dAVILEL Hgaid s it G

lication, the
Y that forned

over a single crystal silicon substrate but also that fornmed on, anot her
subst r at 8L 8teROA8S Sermedsthp&sR fon PinSicdrér) b dt® drSsC™bstrate for
fabricating TFT (Thin Film Transistor) liquid crystals unless otherw se
speci f i caphycendreacedtathnéngepmsi@nerbasgs geed e & FHERERIA singl e
silicon substrate (usually, an alnost disk shape), SO substrate, glass

subst r at @aandangdhéddt Rermipgulsatienyaldempaoedidl Mddfy O W

tor

substrate, and conposite thereof, each used for the fabrication of a
sem condsitt bconnhegrated£éilmcpint sdelei ¢@l LPhe &t @anlt o prheorplieh pikEgi on”

nmeans a unit of an integrated circuit region as illustrated

in FIG 1

correspoafli ggteoecdeporbien bfy anisbdropect iedmdd.ref taef tdld sedendteps are

conpleted. 12 2 8 JAN 2005 The term "sub-at nospheric reduced
regi on" sgsbatby neansda fiéssumwbenrange thfe beXddPh sdur@3 &Pa.

pressure
ighe

larger than the first source gas in a flow rate ratio of

the ammonia gas to the silane gas.

It should be noted that in the present application,

the term “semiconductor integrated circuit device” means

not only that formed over a single crystal silicon
substrate but alsc that formed on another substrate

301 (Silicon Cn Insulator) substrate or a substrate

such as

for

fabricating TFT (Thin Film Transistor) liguid crystals

unless otherwise specifically indicated. The term

hAY

wafer”

as used herein means a single silicon substrate (usually,

an almost disk shape), SOI substrate, glass substrate and

the other insulating, semi-insulating or semiconductor

substrate, and composite thereof, each used for the

fabrication of a semiconductor integrated circuit device.

The term “chip” or “chip region” means a unit of an

integrated circuit region as illustrated in FIG. 1

corresponding to a portion of a wafer sectioned after all

the steps are completed.
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term "sub- at nospheric pressurized region” neans, in this application, a
pressure range of 106 kPa to 133 kPa and a region including this rﬁgiﬂmﬂﬂﬁ
and an atnospheric pressure region is called "sub-atnospheric press ré
region”. A single-wafer cold-wall thermal CVD reactor is wusually a CvD
reactor which is a cold wall type heat treating furnace permtting heating
(resistance heating, high frequency induction heating or |anp heating) of a
waf er to a teRperaetfe  AHGNBFMPREACERE BEAVSKEr AL SFAU SO 4R T eact or and
filmformation wafer by wafer without directly heati ngj usi ng, for exanple,
pl asma. wsgaklatmoaphedepnaysuont aeagei Afaddidt kd tt@ £3 et anthYas,
carrier gas and dilution gas, an additive gas. Wen a reference is nade to
a gas coupositson;athesphasicoppesistiréneids neaimin’t @ans cdrit dithl @not her
conponent unless otherw se specifically indicated. In the bel ow descri bed
embodi meapslicet esepce psesadee trangkeofuidér kFiandlaudidng kBwe snaber,
nunerical value, quantity and range) of elenents. The nunber of the
el enent sré§ibaveneluddhgl thiikedeydoa speciah @ tomespdmd ielpmadscemy be used
in the nunber less or greater than the specific nunber unless otherw se
parti cul aehyohndicahedear » sapparenispheldin tad ssm e spepidd‘t. number in
principle. 13 28 JAN 2005 Furthernore in the bel ow described enbodi ments,
it is obvioug thahieonstei-utibng-elemerts rialclawd ng =t tenent sl

usually a CVD reactor which is a cold wall type heat

treating furnace permitting heating (resistance heating,

high freguency induction heating or lamp heating) of a

wafer to a temperature higher than the peripheral wall of

the reactor and film formation wafer by wafer without

directly heating using, for example, plasma.

A gas atmosphere may contain, in addition to a

reactant gas, carrier gas and dilution gas, an additive

gas. When a reference is made to a gas composition, the

gas composition is permitted to contain another component

unless otherwise specifically indicated.

In the below-described embodiments, reference is made

to the number (including the number, numerical value,

quantity and range) of elements. The number of the

elements is however not limited to a specific one and

elements may be used in the number less or greater than the

specific number unless otherwise particularly indicated or

apparently limited to a specific number in principle.

13



steps or the like) are not always indispensable unless otherw se
particularly specified or unless otherwise presuned to be apparently
i ndi spensable in principle. Sinmlarly, when reference is nmade to th@gsANJI8l5
positional relationship or the Iike of constituting elenents, those
substantially close or simlar to their shapes or the like are included
unl ess otherwi se specifically indicated or Rre unmed to be apparently
di f f er eftunthemmays pﬂfé.tm%il%e]é’%‘odea%ﬂ}%%dt%‘ Pﬂgl%%é: dgs&Fi bed numeri cal
val ue and range. DETAI LED DESCRI PTION OF THE DRAWNGS FIG 1 is a block
di agr amaodfv iz use i teon dut o 1 ekt png h%Wfﬁ%“BPAM“ﬂ%?LH@élnﬂhgrlgﬁ‘ﬁnééior ding to
one enbodi nent of the present invention;, FIG 2 is an equivalent circuit
di agr amstfeps nenorhe igkd) of - SRAM agtor df ngnedsphasahé cebdGisFent of the
present invention; FIG 3 is a plan viewillustrating gate el ectrode
pattermbuﬁeﬂ%ﬁﬁéﬂﬁarmbm@lathyiﬂge¢héiﬁ@n0ryuUéEBSoﬂthAWﬂsﬁccording to the
one enbodi nent of the present invention; FIG 4 is a fragnentary
Cr 0Ss- sagtd Agdd Vi eWwof appa sent tondndispesabbirate plrlinstipdei.ng a
manuf acturing nethod 14 28 JAN 2005 of SRAM according to the one
enbodi nment ofsiﬁgagwgfgnwhehny@ﬂék@nceFtéim5dbsta stleemhtaipe ,vi ew of a

I

si ngl e-waf er col d-wa
positional relationship or the like of constituting
elements, those substantially close or similar to their
shapes or the like are included urnless otherwise
specifically indicated or presumed to be apparently

different in principle. This also applies to the above-

described numerical value and range.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a semiconductor chip
having SRAM formed thereon according to one embodiment of
the present invention;

£IG. 2 is an equivalent circuit diagram of a memory
cell of SRAM according to the one embodiment of the present
invention;

FIG. 3 is a plan view illustrating gate electrode
patterns of MISFETs constituting the memory cell of SRAM
according to the one embodiment of the present invention;

FIG. 4 is a fragmentary cross—-sactional view of a

semiconductor substrate illustrating a manufacturing method

14



thermal CVD reactor used for the fabrication of SRAM according to the one
enbodi nent of the present invention; FIG 6 is a fragnentary
cross-sectional view of a semiconductor substrate illustrating th@g JAN 2005
manuf acturi ng nethod of SRAM according to the one enbodi nent of the
present invention; FIG 7 is a fragnentary cross-sectional view of a

sem conductor substrate illustrating the manufacturin nmet hod of SRAM
accor di ngf t RAM eI eFRI SHPBJF Arehfe oPNENBTPRASEEAE PhvERE BFSEE 8 is a
fragnentary cross-sectional view of a sem conductor substrate illustrating

t he manufmecentidy:; nethod of SRAM according to the one enbodi nent of the
present invention; FIG 9 is a fragnentary cross-sectional view of a
sem conduct orFEGbsr as eai btusnaai £nyieke ofmpufadodei-ng feretddd vf2 SRam
according to the one enbodi ment of the present invention; FIG 10 is a
f ragnment efiyrms DsevBecthonak usew 6brathseffaboindaction sufbSRdte il lustrating
the manufacturing nmethod of SRAM according to the one enbodi ment of the
present 4oyepling; td5tRe8cdANeRDOBiREGE BE itéeaphreagmEntiaryerdrioys- secti ona
view of a sem conductor substrate illustrating the manufacturing nethod
of SRAM accordifng t0ithe enegrrhedipertrosk-ketional view of a
samiconductor substrate illustrating the manufacturing
method of SRAM according to the one embodiment of the
present invention;
FIG. 7 is a fragmentary cross-sectional view of a
semiconductor substrate illustrating the manufacturing
method of SRAM according to the one embodiment of the
present invention;
FIG. 8 is a fragmentary cross-sectional view of a
semiconductor substrate illustrating the manufacturing
method of SRAM according to the one embodiment of the
present invention;
FIG. 9 is a fragmentary cross-sectional view of a
semiconductor substrate illustrating the manufacturing
method of SRAM according to the one embodiment of the
present invention;
£IG. 10 is a fragmentary cross-sectional view of a
semiconductor substrate illustrating the manufacturing

method of SRAM according to the one embodiment of the

present invention;
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present invention; FIG 12 is a graph showi ng the rel ationship between
various paraneters upon deposition of a silicon nitride filmand a
difference in thickness of the silicon nitride filmbetween a hi gh'mﬁtzﬂu%r“
density region and a low pattern density region; FIG 13 shows various
paranmeters upon deposition of a silicon nitride filmand a change in the
difference in__thi ﬁness of. the silicon nitride f.ilmaccordingéto each of

the parameter8IGFIE 13 psfR2gPERHAIHoW NG STHE TP onstih Detteen a
nonosi | ane/ ammoni a flow rate rat i‘(i and a difference i t.hickness of a
silicon PRRFFARIRFIAT bELREEA2REGR LpHSTEAT 1 e idi®t VAT eYi% Hid 'Y ow pattern
density region; FIG 15 is a fragnentary cross-sectional view of a
seni conduetled sabsBRANeaFFPESERSL FRg thiFe OREn SFRAUMSY HetH¥d of SRAM
according to the one enbodi ment of the present invention; FIG 16 is a
fragnmentargsenpvssnyvestional view of a sem conductor substrate illustrating
the manufacturing nethod of SRAM according to the one enbodi nent of the
present invenfFion; 126i28aJANapb05hpwEngl thss & atdgmsitiay Yook sect i onal
view of a semconductor substrate illustrating the manufacturing nethod
of SRAM aggovdsngatamthe renepenbogiposritt iofin tdfe a silicon nitride
film and a difference in thickness of the silicon nitride
film between a high pattern density region and a low
pattern density region;
FIG. 13 shows various parameters upon deposition of a
silicon nitride film and a change in the difference in
thickness of the silicen nitride film according to each of
the parameters.
FIG. 14 is a graph showing the relationship between a
monosilane/ammonia flow rate ratic and a difference in
thickness of a silicon nitride film between high pattern
density region and low pattern density region;
FIG. 15 is a fragmentary cross-sectional view of a
semiconductor substrate illustrating the manufacturing
method of SRAM according to the one embodiment of the
present invention;
FIG. 16 is a fragmentary cross-sectional view of a
semiconductor substrate illustrating the manufacturing

method of SRAM according to the one embodiment of the

present invention;
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present invention; FIG 18 is a fragnentary cross-sectional view of a

sem conduct or substrate illustrating the manufacturing nethod of SRAM
according to the one enbodi ment of the present invention; FIG 19 718 J&N 2005
fragnentary cross-sectional view of a sem conductor substrate illustrating

t he manufacturing nethod of SRAM according to the one enbodi nent of the
present inventjan; .EIG_ 20 is a graph show ng dependence. of a.film
21ch S b

t hi ckness rat FoCof 1d HiSgh 5P T OR 1O A | 6w pakt &rn density
region on filmform ng pressure; and dependence, on fLI mformtion
pr essur e SSBE CRAINIAELS SAL SIS rlgtnlélsr% Ond WA SR RRERF F PR ERi ckness
ratio of a high pattern density region to a | ow pattern density region
shows t h@ekBRPNEh ¢aAYe 2aaeoGdidly &0 LR RN BIFRF Al sHRGI e- waf er
cold- wall thermal CVD reactor used for neasurenent of a film thickness
rati o of paehegh pateetdodensity region to a low pattern density region and
dependence of an NH3 /SiHA flow rate ratio on filmformng pressure; FIG
22 is a graphfdBowilfg is PwdrdarsTsionalcaos - SJANPDD5VHEYt £ béti on of an
NH3/SiH4A flowrate ratio and film formng pressure to control the
t hi cknessematioodoictar sidbstoatbs tiri destfidmeg Bhaimhnpbeacernldensity region
to a
method of SRAM according to the one embodiment of the
present invention;
FIG. 19 is a fragmentary cross-sectional view of a
semiconductor substrate illustrating the manufacturing
method of SRAM according to the one embodiment of the
present invention;
FIG. 20 is a graph showing dependence of a film
thickness ratio of a high pattern density region to a low
pattern density region on film forming pressure; and
dependence, on film formation pressure, of an NH3/SiHs flow
rate ratio at which the film thickness ratio of a high
pattern density region to a low pattern density region
shows the maximum values;
FIG. 21 is a schematic view of a single-wafer cold-
wall thermal CVD reactor used for measurement of a film
thickness ratio of a high pattern density region to a low
pattern density region and dependence of an NH3/SiHy flow

rate ratio on film forming pressure;

FIG. 22 is a graph showing a two-dimensional
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| ow pattern density region to 85% or greater and 95% or greater; FIG
23(a) is a fragnentary enlarged view of a wafer used for neasurene é Rf
FIG 22 and FIG 23(b) is its cross-sectional view, and FIG 24(a) JAM, 2005
di agram show ng feed sequence of a source gas (ammoni a + nonosil ane) used
for measurement of FIG 22 and FIG 24(b) is a diagram show ng a change in

the pressure of the squrce ..PETAl LED DESCRI PTI ON THE PREFERRED
EMBODI I\/Eféﬁ’gtrEEb‘G&Pﬁe s 35¥ bﬁﬁzsﬁﬁgsﬂu Wi hdeht FBhQi Iapgl];grlsf“nafter be
descri bed nore specifically based on acconpanyi ng draw ncgg I nci dental ly,
in all tRETBLAGI RFSSEETS 9 FYHT Ind Eniddth HESS B ehents faving |i ke
function wll be identified by |ike reference nunerals and overl appi ng
descri pt SéAdcanl nibeisw tfiddm AEduiFhematbe clensiky are¥seR HPagr am of
Silicon chip 1A having SRAM (Static Random Access Menory) of this
embodi nedbw petfrednt ensdty Siddicon thidy 3o haasert SRAMME 0P predothereon i s,
for exanple, integrated in a portable electronic 18 2 8 JAN 2095 equi pnent
and it hgsgaterthe main surface thereof, a nenory portion sectioned into a
plurality of menmory mats and a peripheral circuit having an input/output
circuit (inputlchuf2f3dr)decodert,raumgnitacy ranidygedonieol ofiacwateand

used for measurement of FIG. 22 and FIG. 23(b) is its

cross—-sectional view; and

FIG. 24(a) is a diagram showing feed sequence of a
source gas (ammonia + monosilane) used for measurement of

FIG. 22 and FIG. 24(b) is a diagram showing a change in the

pressure of the source gas.

DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will hereinafter
be described more specifically based on accompanying
drawings. Incidentally, in all the drawings for
illustrating embodiments, elements having like function
will be identified by like reference numerals and
overlapping descriptions will be omitted.
(Embodiment 1)

FIG. 1 is a block diagram of Silicon chip 1A having
SRAM (Static Random Access Memory) of this embodiment
formed thereon. Silicon chip 1A having SRAM formed thereon

is, for example, integrated in a portable electronic

18



reference voltage generating circuit (step-down power <circuit). FIG 2 is
an equivalent circuit diagramof a nenory cell formed in the mermryg_\ﬁAN 2008
y 2) y

portion.
a pair of

(Ql,Q2)

conpl enent a

( cu|,cu9ﬂug§HePFaﬁ§ﬁeﬁt

The nenory cell of SRAM has a pair of driver M SFETs (dl

load M SFETs (QPI,QP2 ) and a pair of transfer M SFETs
whi ch are di sposed at the intersection of a pair of

SeEPS (G MG U 3 eac Tt

type M SFET, while the load M SFETs (QPl, QP2) are each forned of a
oroh P

p- channePoEypan FESEEPRerh 186y @ RiveE

data |ines &}IQL,/DL and a word line V. T?r]rg driver M SFETs
d DR hY channel

MY iR 2 d?YF A conplete

CMOs type for which 4 n-channel type M SFETs and 2-channel type M SFETS
are usedpechpparad Girkuad tndgatinge aedinUEIERYHeS Heddty EBMPUEor which 4

n- channel

type M SFETs and two high-resistance | oad el enents are used,

t he

conpl et eb@ftsr tgpedrerorpteslt flamuirtds |tk UG Oht pr owing to a

smal | anount of

19 2 8 JANr2005)Qd, and load M SFET Q@2 constitute a second inverter

(1 NV2) .

storage portion for storing one
cell formed in the memory portion. The memory cell of SRAM

has a pair of driver MISFETs (Qd;,Qd;), a pair of load

MISFETs (Qp:,Qp:2) and a pair of transfer MISFETs (Qt,,Qtz)

which are disposed at the intersection of a pair of

complementary data lines (DL,/DL) and a word line WL. The

driver MISFETs (Qd;,Qd:) and transfer MISFETs (Qt,,Qt:) are

each formed of an n-channel type MISFET, while the load

MISFETs (Qp:,Qpz2) are each formed of a p-channel type

MISFET. In short, the memory cell is formed of a complete

CMOS type for which 4 n-channel type MISFETs and Z-channel

type MISFETS are used. Compared with a negative resistance

type memory cell for which 4 n-channel type MISFETs and two

high-resistance load elements are used, the complete CMOS

type memory cell features low consumption power owing to a

small amount of leak current upon stand-by.

Among the above-described 6 MISFETs constituting the

memcry cell, the driver MISFET Qd; and load MISFET Qp:

constitute a first inverter (INV,), while the driver MISFET

12

| eak current upon stand-by. Among the above-described 6
M SFETs celistiehoti nglthge wemsmatdeld citeuiidy i (ereMSPET PQEEr and | oad
M SFET Qj constitute a first inverter (INV,)

, while the driver M SFET

A pair of these CMOS inverters (INV1iINV2 ) are cross- connected
in the nmenoryrcél.l 2and eonstgutivtad emtf |d jpeddiop didagramtoasa anemnfer mat i on



bit of data. One of the input-output termnals of this flip-flop circuit
is connected to one of the source and drain of the transfer MSF

whil e the other input-output termnal is connected to one of the%@)fﬁ%gﬂ%
and drain of the transfer MSFET Q2. The other one of the source and
drain region of the transfer MSFET Qt 1is connected to the data |ine

DL, while the other one of the source and drain of  the transfféHM SFET @2

i s conndedednd kard MR ET &Py BON T Uihd (TP H RSl c&L 8Ky drain of
each of two load M SFETs (Qpl, Qp2) of the fl iﬁ-flop circuit is connected
to a powkrp¥brtagetpwee) CYPS318veriRIrPe (LHY10ENEr) P (OFRSBT  the source
and drain of each of the driver M SFETs (d1, Qd2) i s connected, for
exanpl e, connacENd Yol thgememooy ¢vdd) andregnsgijtsite @ fildRAEPR | 1 ustrating
a pattern of a gate electrode of each of the above-described six M SFETs
constit utingufheameaor ynfelrhatAonestanggkaporédioon fhaf istedr 118y @vhnect i ng
four marks of + by a straight line corresponds to one nmemory cell. The siX
M SFETs b{dro¥edabhSFET Qd1, Qd2, |oad M SFET pl, QP2 and transfer M SFET
Q1liQx2 constituting a menory 20 2 B JAN 2005 cell are forned in active
regi ons (Ln, Lphesufr anedédphy -autphal ltewngnadwe dfsditdts dn. ip-ontame nmai n
surface of a substrate 1. The driver M SFETs Q1lrQd2 and transfer

circuit is connected to one of the source and drain of the

transfer MISFET Qt;, while the other input-output terminal

is connected to one of the source and drain of the transfer

MISFET Qt,. The other one of the source and drain region

of the transfer MISFET Qt; is connected to the data line

DL, while the other one of the source and drain of the

transfer MISFET Qt, is connected to the data line /DL. One

end (one of the source and drain of each of two load

MISFETs Qpi,Qp2) of the flip-flop circuit is connected to a

power voltage (Vcc) of 3.3V, while the other end (one of

the source and drain of each of the driver MISFETs Qd;,Qd:)

is connected, for example, to a GND voltage of OV (Vss).

FIG. 3 is a plain view illustrating a pattern of a

gate electrode of each of the above-described six MISFETs

constituting the memory cell. A rectangular region defined

by connecting four marks of + by a straight line

corresponds to one memory cell.

The six MISFETs {driver MISFET Qd,,Qd,, lecad MISPFET

Op1,Qp2 and transfer MISFET Qt;,Qt:) constituting a memory

20



M SFETs QLrQ2 each constituted of an n-channel type M SFET are forned
in an active region Lp wherein a p-type well has been forned, whil eztghﬂN 2005
| oad M SFETs Ql1, @2 each constituted of a p-channel type M SFET a

formed in an active region Ln wherein an n--type well has been forrred The
transfer MSFETs Q1rQ 2 have a gate el ectrode 9A integrally formed with

t he word l:lEeV\L This gate l.ectrode 9A i

Ly

pol ycryst8 ESSEREOSH i 13N HAW n'be%%h@r%gﬁg(b)s%ﬁ%ﬂn?%% gi’/n %and a Co
(cobalt) _silicide I?R/er formed over th ol ycrystalline E‘I licon film The
driver MPBREFOWQIFORVE I‘Sad aMiSEE! PRt hPCE et f@rst inverter
(INV1) of the flip fl%p circuit has E%ate el ect rodes mtegrally f or med
t her ewi t BY @tfﬁﬁésé -gatléeedediiedd &5 S i Toor@dioRdeganed EF@Bet8de 9B) to be
used as a_gate electrode of the driver MSFET Qd1 is forned of an n--
type pol Véﬁ%Effél RitneQ5: |§aeh ¢onHt haviag PRo3phBrasaaBpédtyPRerein and a Co
silicide |ayer fornmed thereover, while a portion (gate electrode 9C) to be
used as WIGAEE ekrectfiogded gin tde dPaid M ISREIOMEP WRkefokmed Bft®PE-t ype
pol ycrystalline silicon filmhaving boron (B) doped therein and a Co
silici dewkayehakobeed tivemegemhidle xige JanaT006S BT | Qe Rpat lk@ddy i ver
M SFET Qd2 and | oad M SFET Qo2 constituting the second inverter (ILW2)
of the fkbpsthiopteci rduia phrahagatee el yaot ridUBSET megyr &b inyed ot nednt her ewi t h.

active region Ln wherein an n-type well has been formed.

The transfer MISFETs Qt,,Qt:; have a gate electrode 924

integrally formed with the word line WL. This gate

electrode 9A is formed of an n-type polycrystalline silicon

film having phosphorus (P) doped therein and a Co {cobalt)

silicide layer formed over the polycrystalline silicon

film.

The driver MISFET Qd; and load MISFET Qp: constituting

the first inverter (INV,) of the flip-flop circuit has gate

electrodes integrally formed therewith. Of these gate

electrodes, a portion (gate electrode 9B) to be used as a

gate electrode of the driver MISFET Qd; is formed of an n-

type polycrystalline silicon film having phosphorus doped

therein and a Co silicide layer formed thereover, while a

portion (gate electrode 9C) to be used as a gate electrode

of the logad MISFET Qp; is formed of a p-type

polycrystalline silicon film having boron (B) doped therein

and a Co silicide layer formed thereover.
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O these gate electrodes, a portion (gate electrode 9B) to be used as a
gate electrode of the driver MSFET d2 is forned of an n-type

pol ycrystalline silicon filmhaving phosphorus doped therein and g N 7005
silicide layer formed thereover, while a portion (gate el ectrode %:) to be
used as a gate electrode of the load M SFET QP2 is formed of a p-type

polycrystallin,es'lionf'Imhaving? &)doe? t.h iLnand a Co
silicide |ayet FbrABdYt hEongéﬁf‘reﬁeM gﬁgﬂa Eéi ?Egi gagugﬁggglﬂi ﬁﬁﬁt/out put
circuit (input buffer decoder, output circui;}], gontrol circlétuLit and
r ef er encePVol Bkl genkhat FRGORAr OVErE8Lepidan PpbweR® ELLBGELPPis for med
of a conplenmentary M SFET having an n channel tt_ype M SFET and a p channel
type M SFETCwsedhan JebRbrhGEr6AdeThéngaoE2dlectiogde bt eF@ i tdhannel type
M SFET is nade of a phosphorus-doped n-type polycrystalline silicon film
and a CoO8ithesedegabgerleotnedetheredpat lonnHidlad et ivd egate@dd &&t)r dde of the
p channel type M SFET is nade of a boron-doped p-type polycrystalline
silicon bé&lusednas aaatel e¢edérbdper If thred riivere MSTETA QeandBact uri ng
met hod of M SFETs constituting each of the nenory cell and peri pheral
circuit bbrmde abome-ndegpei bedySRANWILILIL nkesdiligfrert 3¢ destinided with
reference 22 2 B JAN 2005 to FIGS. 4 to 19. As illustrated in FIG 4, a
substratgh¢sphdocos daped) thirkawi sgdaasgecisfiilc aieki dtagrece fofrmegygbut 1 to 10
SZm and

thereover, while a portion (gate electrode 9C) to be used

as a gate electrode of the load MISFET Qp:; is formed of a

p-type polycrystalline silicon film having boron (B) doped

therein and a Co silicide layer formed thereover.

Peripheral circuits such as input/output circuit

{input buffer decoder, output circuit), control circuit and

reference voltage generating circuit (step-down power

circuit} is formed of a complementary MISFET having an n

channel type MISFET and a p channel type MISFET used in

combination. The gate electrode of the n channel type

MISFET is made of a phosphorus-doped n-type polycrystalline

silicon film and a Co silicide layer formed thereover,

while the gate electrode of the p channel type MISFET is

made of a boron-doped p-type polycrystalline silicon film

and a Co silicide layer formed thereocover.

A manufacturing method of MISFETs constituting each of

the memory cell and peripheral circuit of the above-

described SRAM will hereinafter be described with reference
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made of p-type single crystal silicon is thermally oxidized at about 850C
to form over the surface of the substrate, a thin silicon oxide f'quﬁ m&
about 10 nm thick. A silicon nitride film3 of about 120 nm t hi ckZifslAfH
deposited over the silicon oxide film2 by CVD. This silicon nitride film
3 serves as a mask upon etching of the substrate 1 in an elenent isolating
region to forma ,groo 8' The silicon nitride film3 also serves as a
protecti98 ﬁﬁgﬁ'aéaFﬁsX oxi dation of the surface of the wunderlying
substrate 1 because of its oxidation resistant propertjes. The_silicon
oxide film2 Ryi AglBELEREERe 10siELCcort nidt SURS 553 5F 3(F6t b6RR %2 E¢Fess on
the interface between the substrate 1 and silicon nitride film3, thereby
preventi bghdetegt a spehids cdirslsocatinae fofomtappgear ity bh Quhendur f ace of
the substrate 1 owing to this stress. FIG 5 is a schematic view of a

si ngl e-wahee sel g=wabk stih@rl@alczg%laarlea:,qthrcowqg o therns el f oxidepedi ti on
of the silicon nitride film3. At the center of the chanber 101 of the

si ngl e-wateppolRepaBl cCVD keagt, 0l vER0 cra shadedd2 f stk spasedrioehave a
silicon wafer (substrate) 1 nounted thereon. Inside of the stage 102, a

heater (gotyihl usthabadhxfiole Heati ng Jhe 23,128 o)Ak 2005c ki | igon wafer 1 is

di sposed. Above the stage 102, disposed is a shower head for feeding the
surface gf)5B8nShiteeBe WANR 3 OF LR SANE Gudah f@ele; 9l chapnosi | ane

(Si H4)
deposited over the silicon oxide film 2 by CVD. This
silicon nitride film 3 serves as a mask upon etching of the
substrate 1 in an element iscolating region te form a
groove. The silicon nitride film 3 also serves as a
protective mask against oxidation of the surface of the
underlying substrate 1 because of its oxidation resistant
properties. The silicon oxide film 2 lying below the
silicon nitride film 3 relaxes a stress on the interface
between the substrate 1 and silicon nitride film 3, thereby
preventing defects such as dislocation from appearing on
the surface of the substrate 1 owing to this stress.

FIG. 5 1is a schematic view of a single—wafer cold-wall
thermal CVD reactor 100 to be used for deposition of the
silicon nitride film 3.

At the center of the chamber 101 of the single-wafer
thermal CVD reactor 100, a stage 102 is disposed to have a

silicon wafer {(substrate) 1 mounted thereon. Inside of the

stage 102, a heater (not illustrated) for heating the
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ammonia (NH3) wth a carrier gas such as nitrogen ( NN) Qutside the
chanber 101, disposed is a tenperature regulating nmechanism (not 78 JAN 2005
illustrated) for setting the tenperature of the inside wall of the chanber
101 I ower than the tenperature of the stage 102 or silicon wafer 1. In the
single-wafer thermal CV/D reactor 100 which treats silicon wafers one by
one in one_chanber 101,  accurate tenperature conditions can be naintained
casily ahdLEPRNVERPEKAeds BASRORERMer FROYScAR®s fgfe T HHiPLdvPar ed
with a batch systemthermal CVD reactor. Particularly, in this cold-wall
CVD reacierafehovernhagdatori Ereaiinge thét sivdd aa%e Iindilte Swet1c?enper at ure
of the chanber 101 |ower than that of the stage 102 or silicon wafer 1, a
| arge powafen of wihB sospoecgagaseders of meaosdurfgcel Bfledh@nsi | i con wafer
1 and forns a filmand alnmost no filmis deposited on the inside wall of
the chanbamodDa (WHichwhals a taweietegper ataheas| nithiogemaribey, film
formation can be carried out with high through-put. In a hot-wall CVD

react or phiebdearheeshanbetfi [LMl ,f cirsgtoisenl vits l2e teeatd ey ute i nsi de of the
chanber wholly and uniformy, on the other hand, a filmis inevitably
deposi t edegat aenhy mbehauikacdnoft tiid usafrerteoiit fadsedtEiRd 28 JAN 2005
surface of the inside wall of the chanber 101. It therefore takes tine to
deposit aehpkinefira desiched intshidekness eferthichersuifacel ®f tdesmnaf er and

nor eover, a

than the temperature of the stage 102 or silicon wafer 1.

In the single-wafer thermal CVD reactor 100 which
treats silicon wafers one by one in one chamber 101,
accurate temperature conditions can be maintained easily
and film thickness on a wafer face can be made uniform
compared with a batch system thermal CVD reactor.
Particularly, in this cold-wall CVD reactor for forming a
film while setting the inside wall temperature of the
chamber 101 lower than that of the stage 102 or silicon
wafer 1, a large portion of the source gas reacts on the
surface of the silicon wafer 1 and forms a film and almost
no film is deposited on the inside wall of the chamber 101
which has a lower temperature. In this manner, film
formation can be carried out with high through-put.

In a hot-wall CVD reactor which carries out film
formation while heating the inside of the chamber wholly

and uniformly, on the other hand, a film is inevitably

deposited not only the surface of the wafer but also the
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filmdeposited on the surface of the inside wall of the chanber 101 nust

. be renoved periodically. In this Enbodinent, the silicon nitride fild8n/AN 45
deposited under the conditions of a nonosilane flowrate of 20 sccm

ammoni a flow rate of 1400 sccm nitrogen flow rate of 3600 sccm and gas
pressure of 36 kPa (275 Torr) while setting the tenperature of the silicon

wafer 1 at 750C and inside wall tenperature of the chanmber 101 at 30C. The
silicon prEfREe PEI AN RASidestBdtantt &NSy C&rﬁ%lqlh'i ckﬁ'ess all over the

surface of the substrate (silicon wafer) 1, because the underlying silicon
oxi de fithepefaseatakeat tamef 46 CeRO ST dstiidie®l i F&S1%d by dry et ching
with a photoresist film(not illustrated) as a nask, the silicon nitride
film3 ahtigkdesbypmgrsithecenrdricge offi Ithe2 wafer sElRAIRRPYRFendved from
the el ement isolation region, followed by formation of a groove 4a of
about 350iftm dePoratedeep ithet bardalest et ehe dingine efakhem ikt ating
region by dry etching with the silicon nitride film3 as a nask. As
il lustratedmbarFLGl #usa skl ireowvex gefiddndililyy - deposited over the
substrate 1 including the inside of the groove 4a. This silicon oxide film
5 i s depositeldnt @hgisvEMPHd2 m@nIANt2R05 id ifadmrtii chkadessi frex3 about 450 to
500 nnm) greater than the depth of the groove 4a so as to conpletely enbed
t he i nsi deposf tkhe ugreevehéa coindi ttile ssidfi comand slel 41i¢ ni Bow Thete of

20 sccm, ammonia flow rate of 1400 sccm, nitrogen flow rate

of 3600 sccm and gas pressure of 36 kPa (275 Torr) while

setting the temperature of the silicon wafer 1 at 750°C and

inside wall temperature of the chamber 101 at 30°C. The

silicon nitride film 3 has a substantially uniform

thickness all over the surface of the substrate (silicon

wafar) 1, because the underlying silicon oxide film 2 has a

flat surface.

As illustrated in FIG. 6, by dry etching with a

photoresist film {(not illustrated) as a mask, the silicon

nitride film 3 and underlying silicon oxide film 2 are

selectively removed from the element isoclation region,

followed by formation of a groove 4a of about 350 to 400 nm

deep in the substrate 1 of the element isolating region by

dry etching with the silicon nitride film 3 as a mask.

As illustrated in FIG. 7, a silicon oxide film 5 is

deposited over the substrate 1 including the inside of the

groove 4a. This silicon oxide film 5 is deposited to give
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silicon oxide film5 is deposited by plasma CVD using, for exanple, oxygen
and tetraethoxysilane ((C2H5)4Si) as a source gas. The substrate iﬁﬂ 05
then thermal ly oxidi zed at about 1000C to densify it in order to i#%#ov@
the quality of the silicon oxide filmb5 enbedded in the groove 4a. As
illustrated in FIG 8, the silicon oxide filn15 over the groove 4a is
pol i shed by chem cal mechani cal polishing to planarize its surface,

wher eby & JHaiM GRiGIoRAE (%01 @b D 4134 ?%r%%% “WWt%r?ﬁEegthéﬁntﬁ?trlde

film3 covering the surface of the substrate 1 in the active region as a
st opper, dgsitihsBitndghies asmoifcted. saWeh thecorpi¢aeby henlgpd bhet haSIPRI con
oxide film5 becormes equal to that of the silicon nitride film 3,
pol i shi ngfi $hst gueed’e 4Fhevigill itdon milidare dxlde 3ftbuebi ngThhe surface of
the substrate 1 in the active region is then renoved by hot phosphoric
aci d. As sillliwstr atddld rfiRING 5 9 s ale¢mrsitoed i bpl phe sha oBVDBf uanngn- fype
inpurity (ex. phosphorus) in one portion of the substrate 1 and a p-type
i mpurity e@xnpllegr @yydem tdred otdteraetportyonlande( $0fistrdie 4sis heat treated
at about 950C to diffuse the above-described inpurities, whereby an n-type
26 2 8 JANWRRS gsrl.l 6 is forned in the one portion of the substrate 1 and
a p-type well 7 is formed in the other portion. As illustrated in FIG 10,
after washi ng fe tdihstrate 1 is then thermally oxidized at about

1000°C to densify it in order to improve the quality of the

silicon oxide film 5 embedded in the groove 4a. As

illustrated in FIG. 8, the silicon oxide film 5 over the

groove 4a is polished by chemical mechanical polishing

(CMP) to planarize its surface, whereby a shallow groove

isclation 4 is formed. With the silicon nitride film 3

covering the surface of the substrate 1 in the active

region as a stopper, polishing is conducted. When the

surface height of the silicon oxide film 5 becomes esqual to

that of the silicon nitride film 3, polishing is stopped.

The silicon nitride film 3 covering the surface of the

substrate 1 in the active region is then removed by hot

phospheric acid.

As illustrated in FIG. 9, after icon-implantation of an
n-type impurity (ex. phosphorus) in one portion of the
substrate 1 and a p-type impurity {ex. boron) in the cther

portion, the substrate 1 is heat treated at about 950°C to

diffuse the above-described impurities, whereby an n-type
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surface of the substrate 1 by wet etching with hydrofluoric

aci d,

t he
substrate 1 is thermally oxidized at about 800 to 850C, whereby a cl&daN 2005
gate oxide film8 is fornmed on the surface of each of the n-type well 6
and p-type well 7. Gate electrodes 9A to 9E are then fornmed over the gate

oxide film@8. These gate el ectrodes 9A to 9E are forned by
e,silicon film about 2

depositing a

| talli f Qt t.hi ck the gat
i to 11 Var S By SVEPERARI ARt FRG TR R 05 yp | HBRTTY R photihor us)

into a portion

of he_pol ycrystall.ine silicon filmand ions of a p-type
i npur i t y2( Bok8R§ Y’ﬁﬁé Fhésotfl‘?émedorlﬂ gﬁ‘,e é’ﬁ&eﬁwé’r?rotrlfn'et ching the

polycrystalline silicon filmwth a photoresist filmas_a mask. The gate

el ectrode 9A P& madHsEragephdSphidius-Jopéd T8r AT gt Wb it

@Qlline film and

it is used as a gate electrode or word line W. of the transfer M SEET

Q 1r @ 2 suohsert afi Aot Bebwsdse deldy pirtt isIRANITHEL Yhathy TRt H@BEC 9B i s

al so nmade of an n-type polycrystalline silicon film and it

is used as gate

el ect rodacofl, t hbedsipet rafeSEET s Qi 1ve orisitd tand miyf- teowendPy €el |

partially. The gate electrode 9Cis nmade of a boron-doped

p-type

pol ycrysBabf Cnewbekebgn af idlmaandate wsddleas igat 8 el eciomd 2m 2tige JAN 2005
of the load M SFET QP1, QP2 constituting the nenory cell partially. The
gat e el estir6dec9bfi samhde foftha phosplromes-lddpethch-p-type well 7.

Gate electrodes 9A to 9E are then formed over the gate

oxide film 8. These gate electrodes 9A to 9E are formed by

depositing a polycrystalline silicon film of about

200 to

250 nm thick over the gate oxide film 8 by CVD, implanting

ions of an n-type impurity {phosphorus) into a portion of

the polycrystalline silicon film and ions of a p-type

impurity (boron) into the other portion, and then dry

etching the polycrystalline silicon film with a photoresist

film as a mask.

The gate electrode 9A is made of a phosphorus-

type polycrystalline film and it is used as a gate

doped n-

electrode or word iine WL of the transfer MISFET Qt;,0Qt:

constituting the memory cell partially. The gate electrode

9B is also made of an n-type polycrystalline silicon film

and it is used as gate electrode of the driver MISFET

Qd;,Qd; constituting the memory cell partially. The gate

electrode 9C is made of a boron-doped p-type

polycrystalline silicon film and is used as gate electrode

27



type polycrystalline silicon filmand is used as the gate electrode of an
n channel type M SFET (Qa) constituting the peripheral circuit partially.
The gate electrode 9E is nmde of a boron-doped p-type polycrystall iZdeJAN 2005
silicon film and is used as a gate electrode of a p channel type M SFET
(@) constituting the peripheral circuit partially. The six M SFETs

driver M SFET 1r 2. | d M SFETs 1, QP2 dt f M SFET
11 G 2) OborbE! LaRMEUTORET RBaoRh: cutis bt Bt ShabBa S5 TarBoER) L hat the

gate electrodes 9A to 9C are disposed close to each other. The M SFETs
constit uPPA§LBAéYperipheral circuit are, on the other hand, disposed not
so closely that the gate electrodes 9D , 9E are di sposed apart. Wen the
gate electrodbs gAteoedECiredcoHed Soverds Il muihphates oiopPed Nsilicon
waf er (substrate) 1, there appears a regi on wherein ate el ectrode
pat t er nstipeepbégnrivetmdd iwet s iHiiglerddiislint yang rﬁearm@ecgaq&) el @akegi on
wherein gate electrode patterns have been fornmed with | ow density
(peri pheerdkctirpdei b Bn neathnofelt Hepgd MIAHRTY dlakhipnseyivnsngetheoned on
the main surface of the wafer. As illustrated in FIG 11, after formation
of an n- ptyppheenilcondeatiar paegiial 10 ofThe |lgav e nmpledt yo@8 2E8i3JAN 2005
concentration by ion inplantation of phosphorus or arsenic (As) into the
p-type wekHe7o0dnd aopont-vipeesiem-comedugtarycmegianl e ofihitow fopmrity
concentration by ion

and is used as a gate electrode of a p channel type MISFET

(Qb) constituting the peripheral circuit partially.

The six MISFETs (driver MISFETs Qd;,Qd:, load MISFETSs

Qp1,Qp; and transfer MISFETs Qt,;,Qt;) constituting the

memory cell are disposed so closely that the gate

electrodes 9A to 9C are disposed close to each other. The

MISFETs constituting the peripheral circuit are, on the

other hand, disposed not so closely that the gate

electrodes 9D, 9Z are disposed apart. When the gate

electrodes 94 to 9E are formed over the main surface of the

silicon wafer (substrate} 1, there appears a region wherein

gate electrode patterns have been formed with high density

(memory mat) and a region wherein gate electrode patterns

have been formed with low density (peripheral circuit) in

each of the plurality of chip regions sectioned on the main

surface of the wafer.

As illustrated in FIG. 11, after formation of an n~

type semiconductor region 10 of a low impurity
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i npl antation of boron into the n-type well 6, a silicon nitride film 12 of
about 50 nm thick is deposited by CVD over the main surface of the 7§ JAN 2005
substrate 1. For deposition of the above-described silicon nitride film

12, a single-wafer cold-wall thernmal CVD reactor 100 as illustrated in

FIG 5 is enployed. In FIG 12, shown are neasurenent results of

variations in the diffg{ence in t};&ilckness be icon nitride film

en the sil

12 deposiCEF SN T Yedi Yot ettt n%‘fﬁo%%ﬂe\ﬁﬁoﬁ%?%r%e%r88368éﬁerns
have been fornmed with high densjty and the silicon nitride film12
deposi t ed 55 HHE G & OFRS ivPher al T RiR) WS SRR r ode
patterns have been fornmed with | ow density, as a function of various
par anet ersIheen depdsia il ofMRkel &Y | FREFFLRFEFigR PYI 4PR2. On eight Iine
graphs in this diagram _ plotted are, left to right, A annealing time of
anmoni a, imRlandmreicat wie framel itz e wattyed vkl chanbefiidtonc
di stance fromthe stage 102 to the shower head 103, D gas pressure in the
chamber 1Grrige tfdnperia wke afouthedhafirrthifk isodepasetef AvtF¥8§en, G
flowrate of ammonia and H flow rate of nonosilane. These graphs show
vari ati onsreim tde didifrersanciada ehethdi skimeissadd the silicon nitride film 12
29 2 8 JAN 1005 when eight paraneters are each set at three values (only
two val ues forrdaelepurediog 4f nehof aloveniadcasbsfiosmliinonFhnGEri8e They
indicate that the greater the value, the

film 12, a single-wafer cold-wall thermal CVD reactor 100

as illustrated in FIG. 5 is employed.

In FIG. 12, shown are measurement results of

variations in the difference in thickness between the

silicon nitride film 12 deposited in the region (memory

mat) wherein gate electrode patterns have been formed with

high density and the silicon nitride film 12 deposited in

the region (peripheral circuit) wherein gate electrode

patterns have been formed with low density, as a function

of various parameters upon deposition of the silicon

nitride film 12. On eight line graphs in this diagram,

plotted are, left to right, A: annealing time of ammonia,

B: temperature of the inside wall of the chamber 101, C:

distance from the stage 102 to the shower head 103, D: gas

pressure in the chamber 101, E: temperature of the wafer,

F: flow rate of nitrogen, G: flow rate of ammonia and H:

flow rate of monosilane. These graphs show variations in a

difference in the thickness of the silicon nitride film 12
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smal ler the filmthickness difference. Fromthese graphs, it has been found
that the gas pressure (D) in the chanber 101, ammnia flow rate (@)3 BNDa05
nonosil ane flow rate (H) largely contribute to variations in the film

t hi ckness difference. It has al so been found that with an increase in the
gas pressure (D) in the chanber 101 or the ammonia gas flowrate (Q, a
difference in the thickness of the silicon n|tr|de film12 ec nes

smal | er, "8R8 RiLOR LaRdtAEEEESS 1At & A TbIURT |3ne- 1T oW Fatees(

difference in the thickness of the silicon nitride film 12 becorres

great er . CRPGValyeshdRy (e mRdsiirleimisht = ¥e3 bt 2B1OR That§eSAWR 18i fference
in the thickness of the silicon nitride film12 at varied flowrate ratios
(% of al¥bni @30 fowwdsilrgieaiferthae Y Prexser ethasyabusf the chanber

101 is set at 26 kPa (200 Torr) and 46 kPa (350 Torr), respectively.
From t hi smgidaply, tihe Had.thédn Fknasb thibtfetrnegeater the flowrate ratio of
ammoni a, the smaller a difference in the thickness of the silicon nitride
film12. The alroweideser idiedhmasily ementbeesufosndugyest thdagasf or
decreasing a difference in the thickness between the silicon nitride film
12 deposiptred siurea (IM)gh rgathe elheniraodel BD, 2aBndiAM 2005w paster 1Giensit y
region (nmenory nmat) and the silicon nitride film 12 deposited in a |ow
gat e- el eabbheda-1patet drlmwdansid y(Hir €i ore (perophetabtei tourhy jaanonscr ease in
the flow rate

in the film thickness difference. It has also been found

that with an increase in the gas pressure (D} in the

chamber 101 or the ammonia gas flow rate (G), a difference

in the thickness of the silicon nitride film 12 becomes

smaller, and with an increase in the mconosilane flow rate

(H), a difference in the thickness of the silicon nitride

film 12 becomes greater.

FIG. 14 shows the measurement results of a change in a

difference in the thickness of the silicon nitride film 12

at varied flow rate ratios (%) of ammonia to monosilane

when the gas pressure inside of the chamber 101 is set at

26 kPa (200 Torr) and 46 kPa (350 Torr), respectively.

From this graph, it has been found that the greater the

flow rate ratio of ammonia, the smaller a difference in the

thickness of the silicon nitride film 12.

The above-described measurement results suggest that

for decreasing a difference in the thickness betwsen the

silicon nitride film 12 deposited in a high gate-electrode-

30



rati o of ammonia to nonosilane and an increase in the gas pressure in the
chamber 101 are effective. Described specifically, it is desired to@gsgn 7805
flow rate ratio of anmonia to nonosilane at 40 or greater under the gas
pressure of 46 kPa (350 Torr) in order to adjust a ratio of the thickness
of the silicon nitride film 12 deposited in a high gate-el ectrode-pattern

density regio ry mat). to the thickness. of the silicon ni.tri.de film
15 depysed ah SHH Sena 4T ebTSR Thart pher it Erecet o) E88 Rabmt
greater (ft to 20% or | ess). In order

.q d ease a filmthickness difference

Lo adj ust 'tflb HpGUPHseid bl * ratt Iate BBbEor oreaber LtFD debrakde a film
thickness difference to 15%or less), it is desired to set a flow rate
rati o of T & RF UGt dnler At aoo ¥ trent2te 10ntie FhoYrdéfSto adj ust
t he above-described ratio at 90% or greater (to decrease a filmthickness
di f f er end@ %@ RPN HO FANG St biss rand t 37 sbRCEp@sabdlelBB8s8ASbed 1 ow
rate ratio at 250 or greater. In this Enbodinment, the silicon nitride film
12 is dEPESFEF uridernd e TomK t1Ohs2e? of FprbsYeane flow rate of 10
sccm ammonia flow rate of 5000 sccm nitrogen flowrate of 5000 sccm and
gas pressure ey ikmd (|80-okdg L Whi | &t 31s Xdgs e 200556kt & Agowhe
tenmperature of the silicon wafer 1 at 750C (the tenperature of the heater
is set atra@®0Caterausentaniaippermeuys bbent enpet @t @r egveatenafiedeirs | ower
by about 50C

the gas pressure of 46 kPa {350 Torr) in order to adjust a

ratio of the thickness of the silicon nitride film 12

deposited in a high gate-electrode-pattern density region

(memory mat) to the thickness of the silicon nitride film

12 deposited in a low density region (peripheral circuit)

at 80% or greater (to decrease a film thickness difference

to 20% or less}. In order to adjust the above-described

ratioc at 85% or greater (to decrease a film thickness

difference to 15% or less), it 1s desired to set a flow

rate ratio of ammonia to moncesilane at 100 or greater,
| while in order to adjust the above-described ratio at 90%

or greater (to decrease a film thickness difference to 10%

or less), it 1s desired to set the above-described flow

rate ratio at 250 or greater.

In this Embodiment, the silicon nitride film 12 is
deposited under the conditicns of a morosilane flow rate of

10 sccm, ammeonia flow rate of 5000 sccm, nitrogen flow rate

of 5000 sccm and gas pressure of 46 kPa (350 Torr) while
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than the set tenperature of the heater) and inside wall tenperature of the
chanber 101 at 25C. The silicon nitride film3 thus deposited has ?BJANZWS
substantially uniform thickness in a high gate-el ectrode-pattern densit
region (nmenory mat) and a | ow density region (peripheral circuit). As
illustrated in FIG 15, by anisotropic etching of the silicon nitride
film12, side wall spacers 12A are formed on the side walls of each of the
gate el eaetbdeg SAe tem@Eratmuehiof Eftfodi inemon siaksr theasiT3C0R nitride
film 12 has a substantially uniformthickness in the menory mat and
perlpheratheltempEIathEeSDdeUNﬂ|h6ﬂEEEHES]&E£CEﬂ1&ﬁQ G orlveth wi ¢ hbbe
causing inevitable etching of the gate oxide film9 or substrate 1 in the
menory mappeAs sulclifastr ategdadm thir@ db,a nwa fepe ssdmvoanductaisout egd das
(source, drain) 13 of a high inpurity concentration are forned by ion

i mpl ant athan etepbesphemps rat AafesSerti chd Aater )t hend-Irypedaveld 1 ¥ and p+
type sem conductor regions (source, drain) 14 of a high inpurity

concentr akihpBrateref @fmecteby-Haghd Mplantat iar ©f bionsividde n-type wel |
6. After renoval of the gate oxide film8 fromthe surface of each of the

n+ type serieedyschar 3r eGiuans NG HH A N)suplsk B0 PAL § Ypei sepmconduct or
regi ons (source, drain) 14 by 2 8 JAN 2005 wet etching with hydrofluoric

acid, a €;tihmsiss ﬂeraowltﬁﬂ gaQ\éereﬂer&r%&@Igfﬁ@eén deﬁmipeféﬁg@nwmreby a
Co silicide | ayer 15 is formed over the surface of each of the gate
(memory mat) and a low density region {peripheral circuit).

As illustrated in FIG. 15, by anisotropic etching of
the silicon nitride film 12, side wall spacers 12A are
formed on the side walls of each of the gate electrodes YA
to 9E. In this Embodiment, since the silicon nitride film
12 has a substantially uniform thickness in the memory mat
and peripheral circuit, the side wall spacers 1l2a can be
formed without causing inevitable etching of the gate oxide
film 9 or substrate 1 in the memory mat.

As illustrated in FIG. 16, n' type semiconductor
regions (source, drain) 13 of a high impurity concentration
are formed by ion implantation of phosphorus or arsenic
(As) to the p-type well 7 and p* type semicenductor regions
(source, drain) 14 of a high impurity concentration are
formed by ion implantation of boron tec the n-type well 6.
After removal of the gate oxide film 8 from the surface of

each of the n' type semiconductor regions (source, drain)

13 and p* type semiconductor regions {source, drain) 14 by
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el ectrodes 9A to 9E, the n+ type sem conductor regions (source, draizrh) A]NB
and p+ type sem conductor regions (source, drain) 14 by a silicide JAN"2005
reaction due to heat treatnent. An unreacted Co filmis then renoved by
wet etching. By the steps so far described, driver MSFET Qd, |oad M SFET
Q and transfer MSFET Q are formed in the nenory mat, while n channel

type M SFET nd channel  type M SFET. are forped.in the peripheral
circuit. &S %%Icu tgd 1l [}‘Xﬁi@ Juorie 3¢1Cor? nf?r?ﬂgr‘ﬁfﬁgnij?@osgf:egbout 50

nmthick is deposited by CVD over the main surface of the substrate 1. For
deposi ti GVeS g SUHIGIEHE hikY iTRITIIRMAS, WTRYY e2WaPefltofddRal |
thermal CVD reactor 100 as illustrated in FIG 5 is enployed. Film
form ng den@itt ilond sarfemiad (et hihoser fage the rFncoh thet#pEg film 12
used for the formation of the above- described side wall spacers 12A. This
makes it egesgingdes @A ftor MEhe vt 10 chiypsi SedeMdURtE HRd yjna
substantially uniformthickness +i n a high gate-electrode-pattern density
regi on (nevorraratdrand d i endansitype egrosqpbrd phermdgidiscuit). As
illustrated in FIG 18, after formation of a silicon oxide film 17 over
t he sili deunider,i deaind)mllb by 835 2L 8c I 1905t pbasdes CVD bsiahg, for
exanpl e, oxygen and tetraethoxysil ane as a source gas, the silicon oxide
film1l7 anédagirdentan An turimeadtiddnd® Brbndiy etehedemocedskiyveky with a

etching. By the steps so far described, driver MISFET Qd,

lecad MISFET Qp and transfer MISFET Qt are formed in the

memory mat, while n channel type MISFET Qa and p channel

type MISFET Qb are formed in the peripheral circuit.

As illustrated in FIG. 17, a silicon nitride film 16

of about 50 nm thick is deposited by CVD over the main

surface of the substrate 1. For deposition of this silicon

nitride £ilm 16, a single-wafer cold-wall thermal CVD

reactor 100 as illustrated in FIG. 5 is employed. Film

forming conditions are similar to those for the silicon

nitride film 12 used for the formation of the above-

described side wall spacers 12A. This makes it possible to

form the silicon nitride film 16 having a substantially

uniform thickness in a high gate-electrode-pattern density

region {(memory mat) and a low density region (peripheral

circuit) .

As illustrated in FIG. 18, after formation of a

silicon oxide film 17 over the silicon nitride film 16 by
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photoresist film (not illustrated) as a mask, whereby contact holes 20 to
29 are fornmed over the n+ type semni conductor regions(source,drain)1B§ JAh&ls
p{ type sem conductor regions(source,drain)l4 and the gate el ectrode 9B.
The silicon oxide film17 is dry etched with the silicon nitride film 16
as an etching stopper under the conditions so that the etching rate of the
silicon oxide film17 would be larger than that of the silicon nitride

film 16. PEESARNG VS U S%i 1T T 1 %e AHYIRN condubBRA2eHRAEY SEhENe
conditions so that its etching rate would be ﬁaeater than the etching rate
of the silSi dofodhice Fa3 mEe ehblelferit 9 dhef sHal L dw2grodvE1F8BI ati on 4.
This makes it possible to formthe contact holes 20 to 25 of the nenory
mat in s&iftrdidegfidm M6 are irya g dcireurress Orely 9&thnd  shal | ow groove
isolation 4. In this Enbodinment, the silicon nitride film16 is able to
have a t ipholtress igtndsitlm elquel i nl uster nfeedy yasrae madki nwhaeepgri pher al
circuit so that the contact holes 20 to 29 can be fornmed w thout causing
i nevi t ablcenectti tp lefs tAte =1 13T @Eroxidendd |ovdr ehbeddedypa t he shal | ow
groove isolation 4 or substrate 1 in the nenory mat. 34 28 JAN 2005 As
i |l ustratsethiiconEluGtolk9,reayinetal (fodmelepbisiired b¥erthehe’ siypeon oxide film
17 is patterned to formfirst-level interconnections 30 to 39.

semiconductor regions (source, drain) 14 and the gate

electrode 9B.

The silicon oxide £ilm 17 is dry etched with the

silicon nitride f£ilm 16 as an etching stopper under the

conditions so that the etching rate cf the silicon oxide

film 17 would be larger than that of the silicon nitride

film 16. Etching of the silicen nitride 16 is conducted

under the conditions so that its etching rate would be

greater than the etching rate of the silicon oxide film 5

embedded in the shallow groove isolation 4. This makes it

possible to form the contact holes 20 to 25 of the memory

mat in self alignment with the gate electrodes 9A to 9C and

shallow groove isclation 4. 1In this Embodiment, the

silicon nitride film 16 is able to have a thickness almost

equal in the memory mat and in the peripheral circuit so

that the contact holes 20 to 29 can be formed without

causing inevitable etching of the silicen oxide film 5

embedded in the shallow groove isolation 4 or substrate 1

in the memory mat.
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(Enbodi mrent 2) A description wll next be nade of Second Enbodi nent of the
present invention based on FIGS. 20 to 24 and the above-described 7/ (&N 2005
to 19. Unless another drawing exists or a different description is
necessary, details of the description and drawi ngs are substantially
simlar to those in the above-described enbodi nent, and in such a case,
the description i.s not repeated here.]tﬁAs descri bg%ei'n he apove-descri bed
Enbodi nent, i £5i 4L 1ughdAtast 1o EdSnt rlolr & M9 at el T H5RCS QVEH) of
ammoni a to nonosilane and filmformng pressure in order _to increase a
t hi cknes§heasiidiepnacsiidecdrd W thri de MaThasned 4 g patt eFHC aR¥Ply regi on
to a silicon nitride filmin a |owdensity region (in other words, to
reduce alsitPrepapestiiomst B® t9i c¥éhess of the silicon nitride film. In this
Enbodi nent, this flowrate ratio (NH3/SiH4) and film form ng pressure
wer e i nvdEmbgdtiaegnitn2flurt her detail. FIG 20 shows the neasurenent results
of the dependence of the above-described filmthickness ratio (which wll
herei nafter bé dalsked ptfiidnmwiiilc krress raatnagiofo f egtomdnshbgdtegnon to | ow
density region”) on filmform ng pressure; and dependence, on filmform ng
pressurepfothanpldss2nd JAN200%n M&aFH<S Hh fHI0E r al® ratzd pedntheing the
maxi mum film thickness ratio of high density region to | ow density region
at each abokiclmekamriibrg EIEssurle.to 19. Unless another drawing

exists or a different description is necessary, details of

the description and drawings are substantially similar to

those in the above-described embodiment, and in such a

case, the description is not repeated here.

4s described in the above-described Embodiment, it is

important to control a flow rate ratic (NH3/SiHs) of

ammonia to monosilane and film forming pressure in order to

increase a thickness ratio of a silicon nitride film in a

high pattern density region to a silicon nitride film in a

low density region (in other words, to reduce a difference

in the thickness of the silicon nitride film). 1In this

Embodiment, this flow rate ratio (NH3/SiH,) and film

forming pressure were investigated in further detail.

FIG. 20 shows the measurement results of the
dependence of the above-described film thickness ratio
(which will hereinafter be called “film thickness ratio of

high density region to low density region”) on film forming

pressure; and dependence, on film forming pressure, of an
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FIG 21 is a schematic view of a single-wafer cold- wall thermal CVD
reactor 100 used in this neasurenent. This apparatus is basically Siﬂ?lﬂﬂ
to that illustrated in FIG 5 of the above-described Embodi nent.  iidis/AN 1003
chanber 101 has a volune of about 6 liter. A resistance heating type
heater is integrated in the stage 102. On the side wall of the chanber

101, a SSUI e (BARATRON Type 624) .104 _ for neasuri a filmformn
pressurg&gﬁzghﬁ4g&%ﬁﬁgYa5?pﬁati%¥ %ﬁﬂ?ﬁﬁéaqupﬁ Qaﬁégﬁgnﬁggplbooster punpg

105 and a dréIn punp 106 are installed. A wafer 1 is_a silicon wafer of 20
cmin di &RECENSRAVITTG 'Gattd &Y (BIS Y OA THYE) ¢ oF PdIPRS1BECh of chip
regions as illustrated in FIG 10. It has been reveal ed fromthe di agram
that a firRALloPhiddkfesd odt ifd 167 TR gh eSS 4E)i on to | ow density region
(indicated by a dashed Iine) and an NH3/SiH4 flow rate ratio (indicated
by a solid |iAdG-eddh isad &Fhemammvien uef wi thimgbecearfarnceafdge of a
filmformng pressure. In other words, it is necessary to control each of
the fil nwailér sihegmerle S8 e st NH 31 Sivged | bw tlate metsoramehtn a
predeterm ned range in order to heighten a filmthickness ratio of high
density fégisoappe dadwsderssittas ircegli lon $ionktar [easthat cetlasnrgakdein36 2 8
JAN 2005 In the next place, detailed neasurenent results of the conditions
whi ch pefinict. & tifi ckiresdavat-ide sofr ithheed SHnbadimemt t ri desf chambéralhilgh
density region to a | ow density

has a volume of about 6 liter. & resistance heating type

heater is integrated in the stage 102. On the side wall of

the chamber 101, a pressure gage (BARATRON Type 624) 104

for measuring a film forming pressure and an exhaust pipe

107 equipped with a mechanical booster pump 105 and a dry

pumnp 106 are installed. A wafer 1 is a silicon wafer of 20

cm in diameter having gate electrodes (9A to 9E) formed in

each of chip regions as illustrated in FIG. 10.

It has been revealed from the diagram that a film

thickness ratio of high density regicn to low density

region (indicated by a dashed line) and an NH3;/SiH; flow

rate ratio (indicated by a solid line) each has an optimum

value within a certain range of a film forming pressure.

In other words, it 1s necessary to control each of the film

forming pressure and NH3/SiHy flow rate ratio within a

predetermined range in order to heighten a film thickness

ratio of high density region to low density region to at

least a certain value.
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region not less than 85% (a filmthickness difference of 15%or |ess) and
not |ess than 95% (a filmthickness difference of 5% or |ess) arejghani(lsn
FIG 22. As the wafer, a wafer of 20 cmin dianeter having chip regions
each divided into blocks as illustrated in FIG 1 is enployed. As
illustrated in FIGS. 23(a) and 23(b), gate | ectrodes are fornmed in the

e
menory cel | of; eagh i n I ne part of the peripheral circuit,
a film thickﬁggs |n§%%§iﬁ%§g%§ﬂ %%9%£g$§gme% outst é F%ﬁiggoﬁfoﬁheioo pm

5
a
x 100 pm j qQr.ned., The filmthickness ratio of . hi nsity.region to | ow
densitylggiéé%%gifegﬁﬂ%ﬂu%ﬁfﬁﬁp eb %?%?%@SarﬁFf?cgﬁ ﬁﬁ?r?ailFP%n1of 100
nm thick aver. this. . wafer . using a, single-wafer co|ld-wall thermal CVD
react or %tﬁﬁ%sﬁr]eﬁ e%tei%qét%‘ an%hﬁy rrg%%’cﬁ"? nboaarL?W\(l)\g‘Sflsf-’ﬁé( film

t hi ckness over the g@¥nry arr fo the filmthjickness over the

filmthi 3G IMpeAThd B 0° Ghohl i1 FEeknass oRi T ERESNERPELat ure of
the wafer was set at 750C (an appropriate tenperature range is usually

650C t 0 SFUCCOIMSST lc b dehetl Ee2h $Bhge? of 1EDOEhiekngs6C by a sli ght

change in the other conditions) and the inside wall tenperature of the
chamber MHLiRESLSE ot FoEr I¥yes ¥ etk ngheeyuehcBl®f 32source gas (ammoni a
+ nonosilane) 37 2 8 JAN 2885 under these conditions is shown in FIG
24(a), while &3 phesgsinievhangeiotr the Tourtel gadiameshownaivangl Ghizd(b).
It has been revealed fromthe neasurenment results that

regions each divided into blocks as illustrated in FIG. 1

is employed. As illustrated in FIGS. 23(a) and 23(b), gate

electrodes are formed in the memory cell of each chip

region and in one part of the peripheral circuit, a film

thickness inspecting pad 40 having an outside dimension of

100 pm x 100 pm is formed. The film thickness ratio of

high density region to low density region was evaluated by

depositing a silicon nitride film of 100 nm thick over this

wafer by using a single-wafer cold-wall thermal CVD reactor

as illustrated in FIG. 21 and measuring a ratio of the film

thickness over the memory array to the film thickness over

the film-thickness inspecting pad 40.

Upon film formation, the temperature of the wafer was

set at 750°C (an appropriate temperature range is usually

650°C to B800°C, which can be widened to a range of 600°C to

850°C by a slight change in the other conditions} and the

inside wall temperature of the chamber 101 was set at 30°C.

The feeding sequence of a source gas (ammonia + monosilane)
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a filmthickness ratio of high density region to low density region
becomes 85% or greater by setting the NH3/SiH4 flowrate ratio tao & 3N 2005
wi thin a range of about 150 to 750 and a filmform ng pressure to fall
within a range of about 37 kPa (280 Torr) to about 50 kPa (380 Torr). It
has al so been reveal ed that the filmthickness ratio of high density
region to |l ow density r%gi on becones greater, in other words, the film

becomes WBFE CuMPESTMARN T Lt hgt § HE NFR/ S HALG 1 o Fate ¥2119 20 fall
preferably wthin a range of about 200 to 650, nore preferably within a
range of PAESFUISOFEEBEPE ditf sEAUTGR) I ¥3 | ThOWt nimgF Lpr edsiPe-to fal l
preferably within a range of about 39 kPa (295 Torr) to about 49 kPa (365
Torr), nore pHé&f Eegplopenyingiianled ahgun ofhabwrasuenert (Ba9ulresr fhad about
47 kPa (350 Torr). Especially, it is possible to increase the film
t hi cknese fatlimo tofi dkingls sdersdi ity afediigh tded o dersiign teglaon to 95% or
greater by setting the NH3/SiH4 flow rate ratio at about 450 and the film
form ng peessuye ragidh KRacon(s330 Skaray) g déeet eabdve - skestindpech®pt | mum range
for each of the film formng pressure and NH3/SiH4 flow rate rati o can be
appl i ed Not/dnHy floa maferrati@Otonfabhldwaneier abubingksofaaB8uz28 JAN 2005
waf er of another size. It should be noted that the surface area changes,
dependi n@50n tbhé 59i zexdbfa tthe mafermisoy tdwdsaurd |ow fale witleisodr ce gas
nmust be increased or decreased

range of about 37 kPa (280 Torr) to about 50 kPa (380

Torr). It has also been revealed that the film thickness

ratio of high density region to low density region becomes

greater, in other words, the film becomes more uniform by

setting the NH3/SiH; flow rate ratio to fall preferably

within a2 range of about 200 to 650, more preferably within

a range of about 300 to 550, and setting the film forming

pressure to fall preferably within a range of about 39 kPa

(295 Torr) to about 49 kPa (365 Torr), more preferably

within a range of about 41 kPa (310 Torr) to about 47 kPa

(350 Torr). Especially, it is possible to increase the

film thickness ratio of high density region to low density

region to 95% or greater by setting the NH;/S5iH4 flow rate

ratic at about 450 and the film forming pressure at 44 kPa

(330 Torr).

The above-described optfimum range for =ach of the film

forming pressure and NH3/SiH; flow rate ratio can be

applied not only to a wafer of 20 cm in diameter but also a
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depending on the surface area. For exanple, a wafer of 30 cmin dianeter
has a surface area of 2.25 tinmes |larger than that of a wafer of 20 ﬁm'
dianeter so that the flowrate of a source gas nust be increased td ﬂAEQM5
times. A change in each of the filmformng pressure and NH3/S1H4 fl ow
rate ratio is not required. A single-wafer cold-wall thermal CVD reactor
used for the formation of a silicon nitride filmis not limted to that

i |l ustravefernofl eanoghieusigenndilfti sdosre ive dertd sshatantire siseta¢hsof ar
as it does not depart fromthe subject matter of the present invention.

For exanptea thanbessedependihbusty dthed sizeFlaE e walwf e¥oithaeated by a
resi stance heating type heater integrated in the stage 102, but it may be
heat ed bylawl aapehedt angosystegasThesitame ineatdarpdyst etrdsesspRri or in
tenperature increasing or decreasing characteristics to the resistance
heati ng dsyshe@imgTha rasi suafeecheatiang Heet emdngzlon 4 heabdhesf Band,
characterized by |l ess contam nation froma heat source conpared with the

| anp heatinngnsysbrateThaapr asent fiareentrieen omde 1y piresentatgwentiofs was so
far described specifically based on sone enbodi ments. It should however be

borne i ntAhAdothat whierpegsent chnVentdicmed® 2&c) AMaAD0hd SENeL tatdted to
or by these enbodi nents, but can be changed w thout departing fromthe
subj ect gathesoQbcthgasi RVGRt beNincreased to 2.25 times. A change
in each of the film forming pressure and NH;/SiHy flow rate
ratio is not required.
A single-wafer cold-wall thermal CVD reactor used for
the formation of a silicon nitride film is not limited to
that illustrated in FIG. 21 but a modified one in details
can be used insofar as it does not depart from the subject
matter of the present invention. For example, in the
reactor illustrated in FIG. 21, a wafer is heated by a
resistance heating type heater integrated in the stage 102,
but it may be heated by a lamp heating system. The lamp
heating system is superior in temperature increasing or
decreasing characteristics to the resistance heating
system. The resistance heating system is, on the other
hand, characterized by less contamination from a hesat
source compared with the lamp heating system.
The present invention made by present inventors was soO

far described specifically based on some embodiments. It

should however be borne in mind that the present invention
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In the above-descri bed enbodi nents, a nitrogen gas is enployed as_a
carrier gas or diluting gas. An inert gas such as argon may be uskdl JAN 2005
instead of it or as a part of it. |In the gas atnosphere, not only a
reactant gas such as source gas, a carrier gas and a dilution gas but al so
anot her additive gas can be incorporated. Wth regards to the pressure of

the gas Al maphere,. 4 . Add b n. 10,8 subsalgpspberbaereducsd pressure

regi on as ed in Enbodi nen and an at nospheric pressure
region or a sup-atnospheric pressurized region; [ ks, gxpegked to bring
about a9ﬂ§qqe41V%£§§¢ﬁn4?ﬁ§§%if%e#%%ﬁt§ﬁgo%8$%%$?i@gFtig usabl e, though it
requi res counterneasures for safety. In the first Enbodi ment, the present

i nvent i oMWY *%pplied to the manufacture of SRAM but it is not limted
thereto but can be applied to an em conduct or integrated i_rcyit device
havi ng ‘a steﬁﬂbﬂjﬁéﬁ$ﬁY¢T&€5%&l¥%ér%%?Odtﬂ%PtSa %inESHQﬁPtgﬁéeq i | mover
a sem conductor wafer having, in each_chi? reaion, a Iom/p%;te%n density
regi on @wployed ghs patEaFhlefend? ¢ yOF efi ORE L ABDRG St he M nvEfti-ofS °di scl osed

by the present application, advantages avail abl e b% t he ty@ic%l&EEeS\Mll
40 2 8 JANNO05 aexen beayveseriped sNApE§d Thelpr BSeAf PnPaftH & es it

possible to deposit a silicon nitride filmw th uniformthickness over the
mai n In the gas atmosphere, not only a reactant gas such as

source gas, a carrier gas and a dilution gas but also
another additive gas can be incorporated.

With regards to the pressure of the gas atmosphere, in
addition to a sub-atmospheric reduced pressure region as
exemplified in Embodiments 1 and 2, an atmospheric pressure
region or a sub-atmospheric pressurized region, which is
expected to bring about a merit in a film forming velocity
or the like, is usable, though it requires countermeasures
for safety.

In the first Embodiment, the present invention was
applied to the manufacture of SRAM, put it is not limited
thereto but can be applied to any semiconductor integrated
circuit device having a step of depositing, by thermal CVD,
4 silicon nitride film over a semiconductor wafer having,
in each chip region, a low pattern density region and a
high pattern density region.

Among the inventions disclosed by the present

application, advantages available by the typical ones will
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surface of a sem conductor wafer having a high pattern density region and
a low pattern density region. 41 28 JAN 2005 What is clained is: 1'7%JANZW5
manuf acturi nqg met hod of a sem conductor integrated circuit device
conprising feeding a source gas containing a nonosilane gas and an anmoni a
gas to the vicinity of a main surface of a sem conductor wafer heated to
a tenperaf ure_nog £8§§ Lhao;ga Eggrnal deconposition tenperature of said
nonosi | ané” gas and salg ammont a gas, and deconposing sai d nonosil ane gas
and said amopi a gas._i h LGini f. t.he ' f i d

'Pf‘l En%gel}lllldcio[ﬁ }n%.k%s 1t .p%@srlbsl%r &93%%{;%% OE\i/er t he

n
: rese X
sem conduct or %\la er, ?ﬁere epositing a si l'Tcon nitri

mai n surface of sajd,sem.conductor waf.er pl i re

cont ai ni ﬁbféﬁ?a %hﬁéaiaaﬁégﬁlaglcgiﬁdugali rgpmtf%lﬁ‘%g(neg%asg,&gﬁi%r@%ﬁQWOw rate
rati o of said ammnia gas to said_nonosilane gas i.s wthi ange of 150
to 750 aﬁﬂréacﬁgggsﬁrEg@FCQBF&C§8§ SeSEphere i %MQ%#ﬂl%FQ%%Sé of 37kPa
to 50kPa . '2. A nethod according to claiml, wherein a flow rate ratio of
sai d ann@ﬁﬂﬁlﬁésfﬁalgﬁi6“ﬁoﬁo§PVaR§Qi%5q:geqﬁ%qﬁrF%?%%ﬁge of 200 to 650
and a pressure of said gas atnosphere is within a range of 39 kPa to
49kPa_ 3. A nethod according to claim1l, wherein a flow rate ratio of said
anmoni a gas to said nonosilane gas is
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within a range of 300 to 550 and a pressure of said gas atnosphere is
within a range of 41kPa to 47kPa. 4? 2 8 JAN 2005 4. A nethod aCCQ@qMqum
to claim1, wherein the main surface of said sem conductor substrate’i
divided into at | east one chip region and each of said chip region(s) has a
Iom1pattern density region and a high pattern density region. 5. A nethod
according to cIa|n11 wherein a single- wafer cold-wall thermal CVD reactor
is enpl B %ﬁ@%@dl%ccordlng to claim5, wherein a flow rate ratio
of said annnnla gas to said nonosilane gas is wthin a range of 200 to 650
and a pressurk. ofAswielfastuni nesphehedi gfwpt RERLIgONGNEGE 3T 39kPa to
49kPa. 7. A method according to claim5, wherein a flow rate ratio of
said amﬁnﬁ&g{ﬁﬁﬁdcﬁsg¢uihn@esitaneogasiBQngwﬁehﬁnn@ rarigeimie 3p0st o 550
and a pressure of said gas atnosphere is within a range of 4lkPa to
47kPa. &nthaivetdpda asccoosli hgnéogebaendSanwhemeniasaiad twaftere has a

di aneter of at least 200 mm 9. A nethod according to claim®6, wherein said
waf er hasi@iri@yeseraofadh seashc200:mn sdRiclnbRiched accydingatedclaim?7,

wherein said wafer has a dianmeter of at |east 200 mm 43
to a temperature not less-than a thermal decomposition
temperature of saild monosilane gas and said ammonia gas,
and decomposing said monosilane gas and said ammonia gas in
the vicinity of the main surface of said semiconductor
wafer, thereby depositing a silicon nitride film over the
main surface of said semiconductor wafer placed in a gas
atmosphere containing said monosilane gas and said ammonia
gas,

wherein a flow rate ratio of said ammeonia gas to said
monosilane gas 1s within a range of 150 to 750 and a
pressure of said gas atmosphere is within a range of 37kPa
to 50kPa.

‘2. A method according to claim 1, wherein a flow
rate ratio of said ammonia gas to said monosilane gas is
within a range of 200 to 650 and a pressure of said gas
atmosphere is within a range of 38kPa to 49kPa.

3. A method according to claim 1, wherein a flow
rate ratio of said ammonia gas to said moncsilane gas is

within a range of 300 to 550 and a pressure cof said gas

atmosphere is within & range of 41kPa to 47kPa.



4. A method according to claim 1, wherein the main

surface of said semiconductor substrate 1s divided into at

79 JAN 2003

least one chip region and each of said chip region({s) has a

low pattern density region and a high pattern density

region.

5. A method according to claim 1, wherein a single-

wafer cold-wall thermal CVD reactor is employed.

6. A method according to claim 5, wherein a flow
rate ratio of said ammonia gas to said monosilane gas 1is
within a range of 200 to 650 and a pressure of said gas
atmosphere is within a range of 39kPa to 49kPa.

7. A method according to claim 5, wherein a flow
rate ratio of said ammonia gas to said monosilane gas is
within a range of 300 to 550 and a pressure of said gas
atmdsPhere is within a range of 41kPa to 47kPa.

8. A method according to claim 5, wherein said
wafer has a diameter of at least 200 mnm.

9. A method according to claim 6, whersin said
wafer has a diameter of at least 200 mm.

10. A method according to claim 7, wherein said

wafer has a diameter of at least 200 mm.
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