SPECI FI CATI ON Process for manufacturing a sem conductor device 5
TECHNI CAL FI ELD This invention relates to a process for

manuf act uri ng a sem conductor device where a refractory netal silicide
s formed on the surface of a diffusion layer. In particular, it
relates to a process for manufacturing a sem conductor 10 device where
diffusion layers with and without a refractor metal silicide on their
surfaces are formed on the same SPECIFJEHNII BACKGROUND ART 15
General ly, shrinking a sem conduct or |ntegrated circuit

causesi ncreasei nar esi st ancei nadi f f usi onl ayer. Toavoid the problem it
I s known thgt a reffactor tal silicide,is on the surface of

t he diffusidh°f tpring ar@??"é‘?&ﬁé@"tﬂrt ﬂ@VﬂFFf usi on | ayer

(hereinafter, a dlffu3|on 20 | ayer on which a refractory netal silicide
| ayer is fornmed is referred to as a silicide diffusion |ayer.).

5 TECHNICAL FIELD
This invention relates to a process for manufacturing
a semiconductor device where a refractory metal silicide is
formed on the surface of a diffusion layer. In particular,
it relates to a process for manufacturing a semiconductor
10 device where diffusion layers with and without a refractory
metal silicide on their surfaces are formed on the same

substrate.

BACKGROUND ART

15 Generally, shrinking a semiconductor integrated circuit
causes increase in aresistance inadiffusionlayer. To avoid
the problem, it is known that a refractory metal silicide is
formed on the surface of the diffusion layer to reduce a
resistance in the diffusion layer (hereinafter, a diffusion

20 1layer on which a refractory metal silicide layer is formed
is referred to as a silicide diffusion layer.).

On the other hand, it is known in a semiconductor device
where an MOS device is integrated that a protective resistance
consisting of a high-resistivity diffusion layer is provided

25 for protecting a semiconductor device from electrostatic
discharge damage due to external static electricity.

Thus, there has been a need for a technique for forming

a low-resistivity silicide diffusion layer and a



On the:-other hand, it is known in a sem conductor device where an MOS
devi.ce is integrated that a protective resistance consisting of a

hi gh-resistivity diffusion layer is provided 25 for protecting a

semm conductor device.fromelectrostatic di scharge danage due to
external static electricity. Thus, there has been a need for a
techni que for formng a lowresistivity silicide diffusion |ayer and a
hi gh-resi stihigly-vesisisivity dhidfuaioholayer wéthevtoa wafamgitory metali ci de

| ayer on its surface (hereinafter, referred to as a "non-silicide
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The manufacturing process comprises the steps
illustrated in Figures 3 and 4.

10 First, on a silicon substrate 1 is formed an LOCOS region
2 for separating devices and after forming a gate, is formed
a protective oxide film 3 with a thickness of 150 A for
source-drain type of ion implantation. Then, As® or BF," ions
are implanted as a dopant and the product is annealed to form

15 a high-concentration dopant diffusion layer 4, 5 as a
source-drain (Figure 3(a)).

After removing the protective oxide £ilm 3, a thick oxide
film 3a for forming a non-silicide diffusion layer is formed
by CVD technique (Figure 3(b)).

290 A photoresist 7 is formed on a region corresponding to
the diffusion layer 4 which is not to be silicided (Figure
3(c)), the oxide film 3a is etched using the photoresist 7
as a mask, and the photoresist 7 is removed to form an oxide
film 8 for preventing silicidation (Figure 3(d)).

25 The silicon substrate 1 is washed before forming a metal
film, titanium Ti is deposited by, for example, sputtering
to form a Ti film 9 (Figure 4(a)) and the product is subject

to annealing/siliciding to form a silicide diffusion layer



15 acthigh:concentration dopant diffusion |layer 4, 5 as a source-drain

(Figure 3(a)). After renoving the protective oxide film3, a

t hi ck oxi de film3a for formng a non-silicide diffusion |ayer is

f or med by CVD t.echnique (Figure 3(b)). 20 A photoresist 7 is
formed on a region corresponding to the diffusion |layer 4 which is not
to be silicided (Figure 3(c)), the oxide film3a is_ etched using the
phot or esi st 1# onthe gsfiusragn,laamr 7 hBignbe di(bdi)st Ther, thamps@acdetdor m an
oxi de film@8 for, preventing siljcidation (Figure 3(d)¥. , 25 The
silicon subdirfidm?is W&dngoﬁ%l?‘éﬁ‘Wﬁf%’ apnd 18 §YRIRCY TO ni um Ti
I's deposited b exa SpuUtteri m9 (Figure
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layer 10 is fornpgronlye Bhidift 3Pp13cation Laid-Open No. 4-37163 has
disclosed that a polycrystalline silicon layer similar to a
gate electrode in an MOS transistor is formed in a non-silicide
region to prevent a diffusion layer from being silicided.
10 In the above process for forming a silicide and a
non-silicide diffusion layers, a protective oxide film for
ion implantation is removed, anoxide filmor a polycrystalline
silicon layer is formed for forming a silicide diffusion layer
and the product is etched to form an oxide film for preventing
15 silicidation. It is because the protective oxide film for
ion implantation is originally thin for promoting ion
permeation and further the protective oxide film damaged by
ion implantation has poor film quality due to, for example,
many defects so that its blocking performance to Ti deposition
20 by sputtering in a subsequent step is inappropriately
deteriorated.

Thus, when an oxide film for preventing silicidation is
separately formed for forming a silicide and a non-silicide
diffusion layers, the number of steps increases.

25 Japanese Patent Application Laid-Open No. 9-64349 has
disclosed that a dopant concentration during ion implantation
is varied without separately forming such an oxide film for

preventing silicidation, to reduce the steps. According to



5 of the diffusion |ayer 5. Japanese Patent Application Laid-Qpen
No. 4-37163 has di scl osed that a polycrystalline silicon layer simlar
to a gate el ectrode in an M3S transistor is formed in a non-silicide
region to prevent a diffusion | ayer from being silicided. 10 In the
above process for-formng a silicide and a non-silicide diffusion
| ayers, a protectlve oxide filmfor ion inplantation is renoved, an
oxi de film off %$E@P9€F9§F5¥PQE€°°essr§PPF@éﬁeﬂdy%ﬁ°P§nt§Pn§§nt§ati©nn1ng a
and the product is etched to form an oxide
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steps increases. Japanese Patent Appl i _
9- 64349 has homog@hé‘(ﬁi@,sed that a dopant concentration during ion .
i mpl ant ati on is varied wi thout separately form ng such an oxide film
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the prior art is to provide a process for manufacturing a
10 semiconductor device, which can shorten the process for
manufacturing a semiconductor device comprising a silicide
and a non-silicide diffusion layers and can form an adequately
homogeneous and stable non-silicide diffusion layer
(high-resistivity diffusion layer).
15
DISCLOSURE OF THE INVENTION
Inorder toachieve theobjective, this inventionprovides
a process for manufacturing a semiconductor device comprising
the steps of implanting ions into a silicon substrate, heating
20 thesubstrate for activating the ions to forma diffusion layer
and then formingasilicide and anon-silicidediffusion layers,
characterized in that in the step of heating the substrate
for activating the ions, oxygen is fed to form an oxide film
for preventing silicidation.
25 The oxide film has a thickness of at least 100 A.
Furthermore, intheheatingstep, rapid thermal oxidation

is conducted.



- 3- ' ' this manufacturing process, increase in a dopant

concentration causes formng a knock-on layer on the surface of a
di f fusion | ayer and thus silicidation reaction is inhibited,
resul ting in formation of a high-resistivity refractory netal
silicide. 5 . In the above technique, it is, however, difficult to
control a resistance and the inside of a wafer is inadequately
hormpgeneous. Specificed lghj dax the phpsesavéari mantfackeringathe
probl ens in . the prior art is to provide a process for manufacturing a
10 seni condBERLFORRNG QX ARNILER, caftenampdant hng giansedntedhe silicon

sem conduct or device conprising a silicide and a
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impl anting ions igdPedreklddpatat ey fdtinfind ' $bk?8e £ilm for preventing
silicidation can be, therefore, eliminated, leading to a
shortened manufacturing process.

Since an oxide film is formed with a thickness of at least

10 100 &, it is possible to provide an oxide film for preventing
silicidation which ensures adequate reliability.

The oxide film for preventing silicidation is formed by
rapid thermaloxidation. Specifically, heatingisconducted,
for example, at about 950°C to about 1150°C both inclusive

15 for about 1 min to about 10 min both inclusive to form an oxide
film for a short time, so that dopant diffusion due to thermal
diffusion can be prevented and shallow junction can be formed.

Furthermore, this invention provides a process for
manufacturing a semiconductor device comprising the steps of

20 forming an insulating region for separating devices on
a silicon substrate;

implanting ions to an activated reqgion made of a silicon
layer between the insulating regions for separating devices
for forming a diffusion layer;

25 activating the ions while heating the activated region
toformanoxide filmfor preventingsilicidationontheregion;
removing the oxide film for preventing silicidation on

a region to be silicided;



20 the substrate for activating the ions to forma diffusion |ayer
andthen formng a silicide and a non-silicide diffusion |ayers,

characterized in that in the step of heating the substrate for
activating the ions,.oxygen is fed to forman oxide film for
preventing silicidation. 25 The oxide filmhas a thickness of at

| east 100 A Furthernore, in the heating step, rapid thernal

oxi dati on i fogmisgcaarkfractory metal layer and then annealing the
Specifically, in the process for manufacturing a sem conduct or

devi ce, aft eproduttanko rijilistisie @t ¢idicosi liayex in thesyggdieni®o B&ygen is
fed during heating for activating the I npl ant ed i1 ons, whereby the

i ons are actfihietdedi |1andn oxide 5 filmfor subsequently preventing
silicidation is forned. or separ
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Theoxide film for preventingsilicidationhas athickness
of at least 100 A.
In the heating step for activating the ions while forming
10 the oxide film for preventing silicidation, oxygen is fed
during heating for conducting rapid thermal oxidation.
The rapid thermal oxidation is conducted at 950°C to 1150°C
both inclusive for 1 min to 10 min both inclusive.
Specifically, this process for manufacturing a
15 semiconductor device comprises the steps of
forming an insulating region for separating devices on
a silicon substrate;
implanting ions to an activated region made of a silicon
layer between the insulating regions for separating devices;
20 heating the substrate for activating the ions while
forming an oxide film for preventing silicidation on the
activated region;
removing the oxide film for preventing silicidation on
a region to be silicided;
25 forming a refractory metal layer and then annealing the

product to silicide a silicon layer in the region to be

silicided; and



silicitdati on which ensures adequate reliability. The oxide film
for preventing silicidation is formed by rapi d t hermal oxi dati on.
Specifically, heating is conducted, for exanple, at about 950[err]C
to about 1150[err]C both inclusive 15 for about 1 min to about 10 mn
both inclusive to form an oxide filmfor a short tine, so that dopant
di ffusi on due to thernal di ffusion can be prevented and shal | ow

junction can be Frew@gdng an unreactedmefapesesy netali haxeri oheyiahl des a
process for .. .manufacturing a _sem conduct or device conprising_the steps
of 20 a phlichde And AsRERts hlekls 94 ffyFioR kAR §rectoreed an a
silicon SUbiﬁé?%e; < einplanting ions to an activated regi on made of
a silicon !éwgr_ﬂgﬁﬁééﬁ the insulating regions for separating devices
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= region is formed by the heating, a step for separately forming
an oxide film for preventing silicidation can be, therefore,
eliminated, leading to a shortened manufacturing process.
Since an oxide film is formed with a thickness of at least
10 100 &, it is possible to provide an oxide film for preventing
silicidation which ensures adequate reliability.
The steps of heating for activating the ions and forming
the oxide film for preventing silicidation are conducted by
rapid thermal oxidation where the substrate is heated while
15 feeding oxygen at 950°C to 1150°C both inclusive for 1 min
to 10 min both inclusive. Therefore, an oxide film is formed
for a short time, so that dopant diffusion due to thermal
diffusion can be prevented and shallow junction can be formed.
The process is not strictly limited to the condition of 950°C
20 to 1150°C both inclusive, but a temperature of about 950°C
to about 1150°C both inclusive may be acceptable. Similarly,
the process is not strictly limited to the condition of 1 min
to 10 min both inclusive, but a period of about 1 min to about
10 min both inclusive may be acceptable.
25
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross section illustrating the first part

of a process for manufacturing a semiconductor device



formng a refractory netal |ayer and then annealing the product to
sili-cide a silicon layer in the region to be sili leﬂeﬁla,etmﬂeenkeplaced

renoving an unreacted refractory netal |ayer, wherein nd a
non-silicide diffusion layers are forned on “the sa
Theoxi de fil nforpreventing silicidation has a thickness

100 A I'n the heating step for activating the ions while form ng
10 the oxi dRPHRYIFiNg %ralddaidey ad iacinearsda icédegdhtfesien layersiuring

heating for condugcting rapid thermal oxidation. The rapid

t her mal oxi da?‘F?f?F g Ry ddtisd davesddpanr | C to 1150[ err] CS fbot IhI .
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removi ng the oxi filmfor preventing srl gion to be
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according to the prior art; and
Figure 4 is a cross section illustrating the latter part

10 of the manufacturing process after that in Figure 3.

BEST MODE FOR CARRYING OUT THE INVENTION
This invention will be described with reference to
embodiments.

15 As illustrated in Figure 1(a), on a siiicon substrate
1 is formed an LOCOS region 2 for separating devices, on which
is then formed a protective oxide film 3 with a thickness of
150 A. Then, in an nMOS is implanted arsenic ions As* as N'
ions at 80 keV with a dose of 5 x E15 while in a pMOS is implanted

20 boron fluoride ions BF,"” as P' ions at 60 keV with a dose of
2.5xEl15. Intheprocess, agateelectrode of MOSFET is formed
and the ion-implanted region becomes source/drain dopant
diffusion layers 4, 5 after subsequent heating (Figure 1(b)).

Then, before heating, the surface of the substrate is

25 washedwithamixedhydrogenperoxidesolutionof NH,OH:H,0,:H,0
= 0.2:1:10 (vol/vol/vol) at 50°C for 15 min.

Then, the product is subjected to rapid heating under

an atmosphere of oxygen to simultaneously activate dopants
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product to silicide a silicon layer in the region to be silicided; and
-6- . renmovi ng an unreacted refractory netal |ayer, whereby
a silicide and a non-silicide diffusion layers are formed on the sane
substrate. .Since during the heating step for activating the ions,
5 the oxide filmfor preventing silicidation in the activated _region
is formed by the heating, a step for separately formng an (.)x[dga film
for preventi#pd formAan axide fidm Ger prieviesftdng, siliciddtiimimat Specliéadi ng to
a shortened manufacturing process. Since an oxide filmis forned
with a thi ckiRB3d heakingLenditgonm@rg ast fiod lpwssi bhe subptoateeian oxide
filmfor preventing sil'icidation which ensures adequate reliability.
The steps of SHaIRFHRA ftor thernghiaxigation ah95478 far Rimin to actheatei de
filmfor preyenting_sili.cidation. are cqnducted tﬁ% ragid,thernal
oxi dat i on' whENS TPRGBEES IORRVRLLA SO NG W Hernalearade g b
950[ err] S toy %?Pél?ﬁégsc obf)tlrbd %lilfls 'an® ifn rer%iarc]:?enbetween the silicon
substratelandtheprotectiveoxide film3, toprovideathermal
oxide film 6 with a total thickness of 190 & or more consisting
of the above thermal oxide film and the protective oxide film
3 (Figure 1(c¢)).
10 The new thermal oxide film on the silicon substrate 1
is required to have a thickness of at least 100 &, preferably
about 100 to 200 &. Preferable rapid heating conditions are
a temperature of about 950°C to 1150°C and a heating time of
about 1 min to 10 min. For example, a heating temperature
15 of 950°C requires a heating time of 2 min or more for forming
anoxide filmwith a thickness of 100 A on the silicon substrate
1. However, at 1150°C, a heating time is preferably about
1 to 2 min because heating for 2 min or longer at 1150°C may
cause heat storage in a heater, which may lead to variation
20 in a film thickness among wafers during mass production.
Then, on the thermal oxide film 6 is formed a photoresist
film with a thickness of 13000 + 1000 &, which is exposed and
then developed to form a photoresist 7 for forming a
non-silicide diffusion layer.
25 Then, as illustrated in Figure 1(d), the sample is etched
with an NH,F:HF 1:20 (vol/vol) for 45 sec to remove the thermal

oxide film 6 in the region except the thermal oxide film on

the photoresist 7 for exposing the surface of the silicon



to 10 mn both inclusive. Therefore, an oxide filmis forned for a

short tine, so that dopant diffusion due to thernal di ffusi on can be
prevented and shall ow junction can be forned. The process is not
strictly limted to the condition of 950[err]C 20 to 1150[err]C both

I nclusive, but a tenperature of about 950[err]C to about 1150[err]C
both inclusive may be acceptable. Simlarly, the process i s not
strictly |insukstrate Heandrthen dhepphotarasist 7 g nemoyed HofRUSncRBsi ve,
but a period of about 1 mn to about | 10 min both inclusive may be
accept abl e. ozpide filmgfErppewenying WW@EMWN@e‘imtherengﬁure 1
Is a cross section illustrating the first part of a process for

manuf act ur i NEherecHhe PRRA%RS i b das been formed.
esoraing to tn STSERERGRS FofhLAg Rofrs AL SR AhEe dlfhaan | e
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part 0hnd USSR FUm R AShoE 1k BySHUCUYAYrS €6 dlekieRness
of 500 A sputtering (Figure 2(a)).
The sample is annealed under an atmosphere of nitrogen
N, gas at 650°C for 1 min for silicidation, whereby thediffusion
10 layer 5 is silicided to form a silicide diffusion layer 10
onthe surfaceof thediffusion layer 5 as illustrated in Figure
2(b).
Then, the sample is etched with a mixed hydrogen peroxide
solution of NH,0H:H,0,:H,0 = 1:1:5 (vol/vol/vol) at room
15 temperature for 20 min to remove the unreacted Ti film 9 as
illustratedinFigure2(c). Then, thesampleisannealedunder
an atmosphere of nitrogen N, gas at 850°C for 1 min for lowering
a resistance of the sample.
Thus, the silicide diffusion layer 10 is formed on the
20 surface of the diffusion layer 5 and the.diffusion layer 4
as a high quality non-silicide diffusion layer can be formed
without Ti sputtering of the diffusion layer 4.
Inthe heating step for annealing for activating the ions,
while annealing, the new thermal oxide film is formed between
25 +the protective oxide film 3 and the silicon substrate 1 and
the thermal oxide film including the protective oxide film
3 isused as a thermal oxide film 6 for preventing silicidation.

It can eliminate a step for separately forming a CVD oxide

- 10 -



conprising a silicide and a non-silicide diffusion |ayers accordi ng

to the prior art; and Figure 4 is a cross section illustrating
the latter part 10 of the manufacturing process after that in Figure 3.
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON This invention will be
described with reference to enbodi nents. 15 As illustrated in
Figure 1(a), on a silicon substrate .1 is formed an LOCOS region 2 for
separating déiimesr arpohyerystalline siddeonodidd £05r BrE¥Enténgxide film 3
with a thickness of 150 A. Then, in an nMOS i.s inp] anted arsenic ions
As[err] as Npdlipidationjafiter,anpeakind \as Hnat%%wgp 'EPS" 9&%n a

W'th & dose SROTtenipgsqBiEhe, HiHbh IR 0o P2 AR PR BobP RCRFET] of or med
fayers 4 5 APPAFORTBEEGLcATRSati 15 CRPOures it by LA Eobt redudplod B
Do iy enmer B sTechAS SRRLERI 5 ORI PEARS By mpgpenting.
0.2:1:10 (volk i%é’.&ggl At 'é%&(ﬂééf:bfyoﬁraﬂﬁdntﬂemal oxidatiBiENsd R@akr oduct
i's subjected to rapl ReatT ng ‘under an at nosphere of oxygen to
si mul t aneoushyrant! Y2EFudPPANS the silicon substrate due to thermai8-
diffusion is minimized and thus a shallow junction suitable
for refinement may be formed. Inthe heating step for forming
10 the thermal oxide film 6, the film 6 is formed by rapid thermal
oxidation, so that a more refined and higher quality thermal
oxide film can be provided in comparison to forming an oxide
film for preventing silicidation by, for example CVD in the
prior art. Since a high quality thermal oxide film can be
15 provided, even a thinner thermal oxide film 6 may be
satisfactorily employed as a thermal oxide £ilm for preventing
silicidation.
Based on measurement results for the thermal oxide film
6 formed by rapid thermal oxidation, it was found that the
20 filmwith a thickness of at least 100 A is adequately reliable
as a thermal oxide film for preventing silicidation, and that
rapid thermal oxidation at 950°C for 2 min or more can provide
an oxide film adequately reliable as a thermal oxide film for
preventing silicidation.
25
INDUSTRIAL APPLICABILITY

As described above, according to the process for

manufacturing a semiconductor deviceof this invention, oxygen

- 11 -



and forman-oxide filmfor preventing silicidation. Specific rapi d
heating conditions are as follows; the substrate is subjected to
thermal oxidation at 950[err]C for 2 mn to activate t he i npl ant ed
ions while formng a . new thermal oxide filmwth 5 a thickness of 100 A
in an interface between the silicon substrate 1 and the protective
oxide film3, to provide a thermnal oxide film6 wth a total

t hi ckness of i§9f)e<i)eilﬂlift9‘ hﬂa‘télmoﬁgirsai—‘hgvating iging Hmpibm\tedt hetoak oxi de
filmand the protective oxide film 3 (Figure 15. : The new
thermal oxi déi}i¢om Gwhstaadia vhshe Sgsring: an pxide fijm HIEEQntE;DGave a
t hi ckness of at,least, 100 A, preferabl about 100 to_200 A. .
Preferabl e r8piichdation, sdHeh |eé|3r§‘1&f’%es need afql”eﬁﬁéha&'ﬁi‘}ﬁéYofoéﬁéﬂﬁ

h 1 to 10

23015y e R S B T ko et Bt ™
f f defi| h t hi ck f
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time is pref %)out 1 to 2 min because heating for 2 mn or
| onger at 11%% rrﬁ1 cause heat storage in a heater, which may

lead to variati Ortnﬁé)rtiéhfaf”cﬂﬁb%‘&@ﬁ £8P Eex?@{lﬁl{xggg!i?l?%ggién

producti on. t he therrra oxXl 'S torme

phot oresi st has a thickness of at least 100 &, so that it is possible to
provideanoxidefilmforpreventingsilicidationwhichensures

10 adequate reliability.

The oxide film for preventing silicidation is formed by
rapid thermal oxidation, so that dopant diffusion due to
thermal diffusion is minimized and thus a shallow junction
may be formed.

15 According to the process for manufacturing a
semiconductor device of this invention, oxygen is fed during
heating for activating ions after ion implantation to form
an oxide film for preventing silicidation in an activated
region while activating ions, which eliminates need for

20 separately forming an oxide film for preventing silicidation
and thus the manufacturing process can be shortened.

Inparticular, theoxide film for preventingsilicidation
has a thickness of at least 100 11, so that it is possible to
provideanoxidefilmforpreventingsilicidationwhichensures

25 adequate reliability.

In the step of heating for activating ions while forming

an oxide film for preventing silicidation, rapid thermal

oxidation is conducted at 950°C to 1150°C both inclusive for

- 12 -



filmw-th a*thickness of 13000 1000 A, which is exposed and t hen

devel oped to forma photoresist 7 for formng a non-silicide diffusion
| ayer. 25 Then, as illustrated in Figure 1(d), the sanple is etched
with an NH err]F. HF 1:20 (vol/vol) for 45 sec to renove the thernmal

oxide film®6 in the region except the thernmal oxide filmon t he

phot oresi st 7 for exposing the surface of the silicon

-9- 1 min 04 mime bothndncheaivee sphothatedist okide fédmvEdr Thus,

an oxide film@8 for preventing silicidation is fornmed in the region

where t he phB¥eveating Bikicidationcandbe formed forrteeshoysf simef andi ng a
metal film the sanple is washed 5 with a 1:99 diluted hydrogen fluoride
HF sol uti on ¥Bwsdoraat diffusieg duaste khermal ddffusiopsaanhewinimizedttering
to a thickneﬁ of SOO,Ler{% sputteri n% éFi gure 2(a)). _. . The
sanpl e i s antit%?ed ShAfICHAUBCRQB ey Fopmed dgkha high'qealidy arideo[err]C
for 1 mn fog.silicidation ere he diffusion 10 .layer 5 is silicided
to form s!ﬁ‘@f‘ﬁ'@yaq‘?ﬁ%‘f%‘#&’aﬁg evenag Wﬂsrﬁﬁlpﬁfg%d‘fc?ﬂ@aﬁ?‘ﬁfusi on
| ayer | > as I‘JI.JL‘HE Rt ﬁpiép a@tgzh'éf be adequately reliable as an oxide film

for preventing silicidation.
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2(b). Then,  the sanple is etched with a m xed hydrogen peroxi de

solution of NH err] "ll IH [err]O = 1:1:5 (vol/vol/vol) at room
15 tenperature for the unreacted Ti film9 as

iTlustrated in Figure 2(c). Then, the sanple is anneal ed under an

at nosphere of nitrogen N2 gas at 850[err]C for 1 min for |owering a

resi stance of the sanple. Thus, the silicide diffusion |ayer 10
is formed on the 20 surface of theC&8PIM8sion |ayer 5 and the diffusion

| ayer 4 as a high quality non-silicide diffusion |ayer can be forned
wi thout Ti sputtering of the diffusion |ayer 4. In the heating

t f | f tivati he i whi | i th
Chormal oxi de fi R IRFECeRR ASF MAIAAT tUIgnG Ao SEPIFEDARGEORIRELFE I m'3 and
th il A th I ide filmincludi th
pr gt Zl:t : Sgnc?)%lﬂlg%&%%& %hgngge?ss ?stgg ase;rr?he?)r(rlal eox: d(ran :‘ inFmUGI ?gr ©

preventigg Sili cigaiiffing iond LR &°'d1Ti034C sUnBLERLEYr Separately
form ng a CVD oxi - 10 -
filmor a polycrygiedhd e dusttatd FolrOhcRL#HEPAG "the ions to form
a diffusion layer; and then
forming a silicide and a non-silicide diffusion layers;
characterized inthat insaidstepof heatingthesubstrate

10 for activating the ions, oxygen is fed to form an oxide film
for preventing silicidation.

2. The process for manufacturing a semiconductor device
according to claim 1 wherein said oxide film has a thickness
of at least 100 A.

15 3. The process for manufacturing a semiconductor device
according to claim 1 or 2 wherein said heating step is rapid
thermal oxidation.

4. A process for manufacturing a semiconductor device
comprising the steps of:

20 forming an insulating region for separating devices on
a silicon substrate;

implanting ions to an activated reqion made of a silicon
layer between the insulating regions for separating devices
to form a diffusion layer;

25 heating the activated region to activate the implanted
ions and to form an oxide film in said activated region for

preventing silicidation;
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silici-dation after annealing as in the prior art, leading tTo

shortening of the total manufacturing process for a =

device. It also results in cost reduction. 5 ThU“,mmﬂﬂmﬂmﬂﬂml I'm
6 as an oxide film@8 for preventing silicidation i§ fY%rned®bysrapid

t her mal oxi dation, so that dopant diffusion in the silicon substrate
due to thermnal diffusion is mnimzed and thus a shallow junction

sui t abl e f oremevine fdre oxdgepbEilm o preventdngesil hgidatelon dn f or ni ng
10 the thernal oxide film®6, the film6 is formed by rapid thernal

oxi dati on, Soregienatapbe gélieédednhd hi gher quality thermal oxi de
filmcan be provided,in conparison to form ng an oxide filmfor
preventing silicEAERiBH Hyetrartexy Mt lclayes 1Mk then annealing theg e g
hi gh quality_thermal oxide fil m can, be rovi ded,. even a thinner

Cherml oxi #EoARER gomay Lpgtae s ‘&l Féon chardi Vi 5115, SFBioh, B Bfm oxi de

filmforgpr Ie . silicidation. Based on neasurenent
results ?or%ﬁﬁg‘gﬁﬁgfiﬁaf\ngxi de film 6 forned by rapid thernal

oxi dation, it vvafglﬁ‘lgggﬂq%tmglﬁlt&ct%ghr%k&g@g%%geﬁ?{l:g% Cﬁ}fé%r th&teilneast 100

A is adequately r as a thernma eventing

si li ci dati op, s @0¢cid8land a ndrli £ {IRIdTRY ok 98k Oy s 58] F55A&I LY 2 min

or nore can provide an oxide filmadequately reliable as a thernal
oxi de film ftle same puB¥ERHEt8Q Silicidation. 25 | NDUSTRI AL
APPLI CABI LI TY
5. The process for manufacturing a semiconductor device
10 according to claim 4 wherein said oxide film for preventing
silicidation has a thickness of at least 100 A.
6. The process for manufacturing a semiconductor device
according to claim 4 or 5 wherein said heating step for
activating the ions and forming the oxide film for preventing
15 silicidation is rapid thermal oxidation where oxygen is fed
during heating.
7. The process for manufacturing a semiconductor device
according to claim 6 wherein the rapid thermal oxidation is
conducted at 950°C to 1150°C both inclusive for 1 min to 10

20 min both inclusive.
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As descri bed above, according to the process for manuf act uri ng

asem conductor device of this invention, oxygen Is fed during
heating for activating ions inplanted into a silicon substrate while
form ng an oxide filmfor preventing silicidation, which elimnates
need for separately formng an oxide filmfor preventing silicidation
and thus the total 5 process for manufacturing a sem conductor device
can be short ened. | ABRTRAEN ar, the oxide
filnforpreventingsilicidation has a thickness of at |least 100 A so

that it is possible to

rovi deanoxi defi | nfarpreventi ngsilicjdati onwhi chensures 10 equat e
Pel iability. o3 S%&H%aoieifgﬁefﬁ ’?8‘:&“&%\9 HEARG 59T 9fs formed

Chermal off AR oneiiibed siileing At Moty ki, dirBigp
sert condicr 3PYEER A5 Sp A A B el AP R IR L TR Bl TR Aot g

for activaliigrugiondihger] Oload AN RE1AREA £8" Form a SYUr¥E Malid M TOF
preventing silicidation in an activate
diffusion layer and then the substrate is subjected to rapid
thermal oxidation in a short time to activate the ions while
forming a new oxide film. A thermal oxide film (6) consisting
10 of the new oxide film including a protective oxide film (3)
is etched to form an oxide film for preventing silicidation
(8), aTi film (9) is formed over the whole surface including
the oxide film for preventing silicidation (8), the product
is annealed for silicidation and the unreacted Ti film (9)
15 1is removed. Thus, a diffusion layer (4) as a non-silicide

layer which is littlesilicided and a diffusion layer (5) whose

surface is a silicide layer (10) are formed.
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region while activating ions, which elimnates need for 20 separately

forming an oxide filmfor preventing silicidation and thus the
manuf act uri ng process can be shortened. In particular, the oxide
film-for preventing silicidation has a thickness of at |east 100 A so

that it is possible to
provi deanoxi defi | nf orpreventi ngsilicidati onwhi chensures 25 adequate
reliability. In the step of heating for activating ions while
form ng an oxide filmfor preventing silicidation, rapid therm
oxi dation is conducted at 950 rrLf:t 1150[ enr] Cybot h i ncl usi ve for

- 12 - 1 mnto 10 m¥ bokh ﬂncl siv$, s# tEEt the idg filmfor
preventing silicidation can be fornmed for a short ti and t'hus 'dopant

di ffusion due_to thermal diffusion can benininizq?. Thus, a shal | ow
junction may EéIKBLﬁbéeahd a4y ality oxide i | mmay be provided, so
that even a thinner oxide fi g ior "@. '
adequately reliable as an ox] i r ) S

C

FIG.1(b) 3y 2 ;
A1
/]
1
FIG.1(c) : 5 :
A1
: /]
4
FIG.1(d) 8 2 5
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CLAIMB - 1. A process for manufacturing a sem conductor device
conprising the steps of: 5 inplanting ions into a silicon
substrate: heating the substrate for activating the ions to form
a diffusion layer; and then formng a silicide and a non-silicide
di ffusion |ayers; characterized in that in said step of heating
the substrate 10 for activating the ions, oxygen is fed to form an oxide
film for preventing silicidation. 2. The process for

manuf acturi ng a sem conduct or device according to claim1l wherein said
oxide filmhas a thickness of at least 100 [err]. 15 3. The process
for manufacturing a sem conductor device according to claiml or 2
wherein said heating step is rapid t her mal oxi dati on. 4. A
process for nanufacturlng a sem conduct or devices conprising the steps
of: 20 Gn 39(an) i n§ i pg region for separating devices on a

silicon subst rat e: i pb e KO eyt -4 £€0R3Gh  made of
a silicon | ayer bet weer RN m‘:‘\\mm})\\& devi ces
to forma diffusion |ayer; [25
activate the inplanted

3a 4 5

FIG.3(b)

-\

K\ - \\\\\\ XX \\\\\ 1

/|

FIG.3(d) 8 | 2 5
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ions and to forman oxide filmin said activated region for preventing

si li-ci dati on; - 14 -

renoving the oxide filmfor preventing silicidation in a region to be
silicided; formng a refractory netal |ayer and then annealing

t he product to silicide a silicon layer in said region to be 5
silicided; and renmovi ng an unreacted refractory netal |ayer
wherein a silicide and a non-silicide diffusion |ayers are forned on
t he sanme substrate. 5. The process for manufacturing a sem conduct or
device 10 according to claim4 wherein said oxide filmfor preventing
silicidation has a thickness of at |east 100 A 6. The process for
manuf acturi ng a sem conduct or devi ce according to claim4 or 5 wherein
said heating step for acthyating the i and formng the oxide film
for preventing T15 _sj4lcéi)dati 5 [ i eNthl fxidatipn where oxygen is

f ed

41

/

10 5

FIG.4(b)

ANSNA

FIG.4(c) & | 2 10 5
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during heati ng. 7 f‘iﬁ"_hevffbg,:egsg?ﬁi&rr manuf act uri ng&y gem %@@UQ{M ,;;)-(;f‘,]
devi ce according tjo claim 6 Wieréin'the rapid. thermal oxidation
conducted at 950[err]C tq 1g§0[;aaﬂg@,gb?t h inclusive for 1 mn to 10 20 mn

bot h i ncl usi ve. Substitute sheet - 23 January 3801

' -
comprising a s.gllcz.de and a non-silicide diffusion layers

according to this invention:
| Figure 2 is a cross section illustrating the latter part
of the manufacturing process after that in Figure 1;

5 Figure 3 is a cross section illustrating the fi;:st“ part
of a process for manufacturing a semiconductor device
comprising a silicide and a non-silicide diffusion layers
acéording to the prior art; and

e

Figure 4 is a cross section illustrating the latter part
- N

10 of the manufacturing process after that in Figure 3.

BES_T MCDE FOR CARRYINGI ouT THE INVﬁNTION

‘This invention will.be described with reference to

embodiments.
15 As illustrated in Figure 1(a), on a siiicon substrate
1 is formed an LLOCOS region 2 for separating devices, on which
is then formed a protective oxide £ilm 3 with a thickness of
150 &. Then, in an nMOS is implanted arsenic ions As* as N

. , Lom?
ions at 80 keVwithadoseof 5 x El5while in a pMOS is implanted

20 boron fluoride ions BF," as P' ions at 60 keV with a dose of
/cm
2. n.lS . Intheprocess, agate electrode of MOSFET is formed

and the 1on-;mplanted region becomes source/drain dopant
diffusion layers 4, 5 after subsequent heating (Figure 1(b)).
Then, before heating, the surface of the substrate is
25 washedwithamixed hydrogenperoxide solutionof NE,OH:H,0,:H,0
= 0.2:1:10 (vol/vol/vol) at 50°C for 15 min.
Then, the product is subjected to rapid heating under

an atmosphere of oxygen to simultaneously activate dopants



