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- I- SPECI FI CATI ON -
TITLE OF THE | NVENTI ON Process for Prepari nWrM
Film 5 BACKGROUND OF THE | NVENTI ON
(1) Field of the Invention The present invention relates to a
process for preparing a nitride'ﬂlrﬁpgesent I n various
sem conductors, 10 and nore specifically, it relates to a process for
prepari ng a nitride filmby a chem cal vapor deposition nethod or the
| i ke. The chem cal vapor deposition nmethod (the CVD net hod) s a
techni que which conprises feeding adpiPfEitadn N 2 gaseous st ate,
and then carrying out a chemcal reaction In a vapor phase or on the
surface of a substrate to deposit a thin filmthereon. According to
this method, the formation of various thin films is possible in a

range w der than ot her depDELEI OF THENIHNVENTIONAS a vacuum vapor

deposi tion nmet hod and a sputtering nethod, and for this reason, the
20 chemical vapor deposProcessefbvdPrepasdngt ¥itandlea@idme

sem conductor films, insulating filnms, nmetallic filnms and the |ike
whi ch aBe necessary for the manufacture of senicon-

BACKGROUND OF THE INVENTION
(1) _Field of the .
The present invention relates to a process for
preparing a nitride film present in various semiconductors,
10 and more specifically, it relates to a process for preparing
a nitride film by a chemical vapor deposition method or the
like. The chemical vapor deposition method (the CVD method)
is a technique which comprises feeding a raw maﬁerial in a
gaseous state, and then carrying oqt a chemical reaction in
15 a vapor phase or on the surface of a substrate to deposit a
thin film thereon. According to this method, the formation
of various thin films is possible in a range wider than
other deposition methods such as a vacuum vapor deposition
method and a sputtering method, and for this reéson, the
20 chemical vapor deposition method is used to manufacture
semiconductor films, insulating films, metallic films and
the like which are necessary for the manufacture of semicon-
ductor devices.
(2) T s £ ¢l .
258 In a chemical vapor deposition method, a material
gas is selected in accordance with a kind of thin film to be
deposited, but in general, there can be used a material

which is gaseous at ordinary temperature as well as a liquid



duct or devi ces. (2) Description of the Prior Art 25
. I'n a chem cal vapor deposition nethod, a materi al gas is selected in
accordance with a kind of thin filmto be deposited, but in general,
there can be used a materi al whi ch is gaseous at ordinary tenperature
as well as a liquid -2 - - 2-
and a solid material having a sufficiently high vapor pressure. In
practice, a material which is easily avail able in a high-purity state
and free fromtoxicity and t he danger of explosion is selected, and
for the purpndes sbdlidpmavergal havihgeagsafifiviehtliye hiilbhnviapom | oweri ng
a deposition tenpera- ture and accel erating a deposition speed, novel
materi al pressases hinecphachideyechopaterial which is ededdyofawadlakdet he
mat eri al gases which are_ nitrogen sources for use in the manufacture
of the nitridleafhightpuriby statecandi fxpevipom gopdsityonnsethed dangere
can usual ly be used ammponi a, _hydrazine (NH err]NH err

monoret hyl HEresphesion is seherked) and &Pke ﬁ?lﬁ?ﬁpgfﬁﬁe§f)lmpr°Vlng

as another it civar (hrSeaFhn thin Exihyr LbUeEiy,ol AEEhRition (GRBee he
110N SOULLE 494 ddce1d PEELAYCAThEL ogitflahmspgaaf,enséalb&a%zﬁa&mwnds

of
gases have been developed.

Heretofore, as the material gases which are nitrogen
sources for use in the manufacture of the nitride f£ilm by
10 the chemical vapor depcsition method, there can usually'be
used ammonia, hydrazine (NH,NH,), monomethylhydrazine
(CH;NHNH,) and dimethylhydrazines [(9H3)@NNH2] and
(CH3;)NHNH(CH3)]. In addition, as another material gas which
can react with the material gas as the nitrogen source to
15 form the nitride f£ilm, there can bé used compounds of
silicon, titanium, aluminum, tantalum, tungsten and the like.
Typical examples of a technique for manufacturing the
nit;ide film include a high-temperature thermal CVD method,
a plasma CVD method and a photo assisted CVD method, and a
20 suitable manufacturing method is selected from them in
consideration of a use purpose of the nitride film.

As an example in which ammonia is used as the
material gas of the nitrogen source, a method is well known
which comprises reacting the ammonia gas with a gas of

25 silicon hydride or a gas of silicon halide to from a silicon
nitride film. According to this manufacturing method, an
Si;N,; film having an excellent crystallinity can be formed.

However, since ammonia has a high decomposition temperature,



silicon, titanium alum num tantalum tungsten and the Iike. Typi cal

_exanpl es of a technique for manufacturing the nitride filminclude a
hi gh-tenperature thermal CVD net hod, a plasma CVD nmet hod and a photo
assisted CvD nethod, and a 20 sui tabl e manufacturing nethod is sel ected
fromthemin consideration of a use purpose of the nitride film
As an exanple in which ammonia is used as % he mat eri al gas of the
nitrogen source, a method is mell known whi ch conprises reacting the
anmoni a gas with a gas of silicon hydride or a gas of silicon halide

tofroma S"l‘!ﬂé:%é??s.lt éﬁf%&ﬁ%a%ﬁgﬂ% “91{:9]1.{:13' ilmn.%aﬁ%um f as

nmet hod, an err excellent crystallini y can

be formed. about me@r,, sY HERATH iesdise %ﬂﬂlmf@g&gm@ém%

t enper at ur e, - 3- t he
deposi tion tdepuited enride filnise 41 lamisaBiohi géfast in thebalitride
-1000[err]C, so that the escape of nitrogen fromthe deposited nitride

filmor a | dilmtiendsiefeatcourt heImi addileion, itfibmimpodsibdeotoudo |In
addition, it is inpossible todo 5 wring on a substrate by the use of
a met al Shaviwigring o a substtategopotie ssehofisaametaduhaving at low al so
| npossible to deposit the nitride filmon the substrate which_cannot
wi t hst and amelfHingemeing yech as aluminum, and it is also impossible to

deposit the nitride f£film on the substrate which cannot
withstand a high temperature.
In the plasma CVD method, since the reaction takes
10 place in a plasma state having a high energy, the deposition
temperature of the nitride film can be set to about 400°C,
which permits the remarkable drop of the deposition tempera-
ture. In this case, however, the composition of the nitride
film is such as to be represented by Si;N,, so that the
15 denseness of the nitride film is lower than that of the
nitride f£ilm manufactured by the high-temperature thermal
CVD method. Moreover, also in the case of the photo assist-
ed CVD method, radicals which contribute to the reaction are
produced by light irradiation, and therefore the drop of the
20 deposition temperature is possible, but similarly to the
plasma CVD method, the deterioration of the denseness of the
nitride film cannot be avoided.
Furthermore, as an example using the chemical vapor
deposition method, there is a method in which a GaN-
25 containing compound semiconductor is manufactured by a
reaction of ammonia with an alkyl compound.of gallium or the
like. However, since the decomposability of ammonia is low,

a high V/III ratio of 1000 to 20000 (a ratio of mols of



In the plasma CVD nethod, since the reaction takes 10 pl ace in a plasma

. Sstate having a high energy, the deposition tenperature of the nitride
filmcan be set to about 400[err]C, whi ch permts the remarkabl e drop
of the deposition tenpera- ture. In this case, however, the
conposition of the nitride filmis guch as to be represented by
Si[err]Ny, so that the 15 denseness of the nitride filmis |ower than
that of the nitride filmmanufactured by the high-tenperature thermnal
CVvD net hod. Moreover, also in the case of the photo assist- ed CVD

met hod, radn§akogehl G &Gl grdwe v @f e gRticdid€able/moDs ogficgd by
light irradiation, and therefore the drop of the 20 deposi tion

t enper at ur emegafloin the, groupsi DT aterdof )t end a high asierid® filthod, the
deterioration of the denseness of the nitride filmcannot be avoi ded.
Fur t her nor edepesatt ionapempersituyet o aleitcdl00litoare requiaessi t im
nmethod, there is a nethod in which a GaN- 25 cont ai ni ng conpound

sem conduct eensequengeac tircc@seape of niyxrogen cis ckizbd®ta ofCHr anoxdl kyl
conmpound of galliumor the | i ke, However, since the deconposability
of ammpbi a tRerewis a proplemyihet, |forexanpleonn tolemewbd I i8tio of

nol s of , . . =4 )
scarcely introduced into the deposited layer during the

deposition of an InGaN film.
In recent years, it has been investigated to use
hydrazine, monomethylhydrazine and dimethylhydrazines as the
10 nitrogen source gases for the manufacture of the nitride
film. These compounds are liquid at ordinary temperature,
but they have a sufficiently high vapor pressure and hold an
N-N bond in the molecule which is decomposable at a lower
energy than an N-H bond. Therefore, they have characteris-
15 tics that the N-N bond is cleaved a£ a temperature lower
than the decomposition temperature of ammonia and hence the
decomposition occurs. Accordingly, in the case that any of
these compounds is used as the material gas of the nitrogen
source, the nitride f£ilm can be deposited even at a nitride
20 film deposition temperature of about 500°C, and therefore
the manufacture of the nitride film is possible even at a
temperature of about 500°C. In addition, the nitride film
having a satisfactory quality can be obtained.
However, hydrazine and monomethylhydrazine are
25 recognized to have a variant which induces a mutation of a
gene, and dimethylhydrazines also have characteristics that
a TLV (an allowable concentration) regulated by ACGIH is

very low. Thus, with regard to these compounds, much



nitrogen in the group V of the periodic table/nols of a metal in the

.group Il thereof) and a high nitride film deposition tenperature of
about 1000'C are required. In consequence, the escape of nitrogen is
| iable to occur, or 5 there is a problemthat, for exanple, an el enent
Inis scarcely introduced into the deposited |ayer during the
deposition of an InGN film In recent years, it has been
i nvestigated to use hydr azi ne, nononet hyl hydrazi ne and

di met hyl hydrazi nes as the 10 ni trogen source gases for the manufacture
of the nitristtention fidsmbekreyraixdnpouriteinrextrauellyahighdtorigity.

t enperat ure, but they have a sufficiently high vapor pressure and
hol d an N-N bdrd the tdichem| randle whi aliditidrcbtopbhaebbbosre-a | ower
energy than an N-H bond. Therefore, they have characteris- 15 tics that
t he N-N bon@endigned sthemical ararontdeposbwkeon methodhaanehberdeteaposition
tenperature of ammpni a and hence the .~ deconposition occurs. .

Accor di ngl y hiigue O prenaring shefnitride t fblp E9nkBowasand usddiagde he
mat eri al gas of the nitrogen,_, source, the nitride_filmcap,be
deposi t 8d eVOF gXarnlier 3 Sibiron sybstrate; ¢annPechpifatt @ gFgabout

500 C, and theref f f the nitride.filmi
p0ssibl & eveRHRETALie 10 She MACORIGF G0 RCBOBPRFTECOT| A BABFDRBR. t he

T LSE T Bource M U S 95 OYa AL Ve 8o8 PECR 08 e o1,
variant whi %é%%ﬁlﬁ Hd Wiwl1dyer on EhdCsufbcd! BB BHENY¥S T §cbACS

al so have charact hat
" substrate. Similarly, it is also possible to form an SiON

10 layer on the surface of an SiO, substrate by the use of
ammonia, hydrazine or the like. 1In any of the above-
mentioned methods, however, the prob}ems of the toxicity,
the vapor pressure and the decomposition properties re-
garding the material gas of the nitrogen source cannot be

15 avoided.

SUMMARY QF THE INVENTION
An object of the present invention is to provide a
process for preparing, by a chemical vapor deposition method
20 or the like, a nitride film in which the enhancement of a
thin film quality, the drop of a deposition temperature and
the acceleration of a deposition speed are realized by
developing a material gas of a nitrogen source which is less
toxic, has a sufficiently high vapor pressure and can be
25 . decomposed at a relatively low temperature.
The first aspect of the present invention is direct-
ed to a process for preparing a nitride film by a chemical

vapor deposition method which comprises the step of reacting



a TLV (an al |l owabl e concentration) regulated by ACAH is very | ow.
~Thus, with regard to these conpounds, nuch

-b5- attention has been paid to their extrenely high toxicity.
On the other hand, in addition to the above- menti oned chem cal vapor
deposi ti on nethod, another tech- ni gue. for preparing the nitride film
I's known and utilized. 5 For exanple, a silicon substrate can be held
at a high tenperature in the material gas atnosphere of a nitrogen
source such as ammonia or hydrazine to directly nitride Si, t her eby

form ng an 3 hMdteeialbrgdd e melidieg %eiﬂ%ﬁigllﬁgdrazine agbgheainain
SSmlarly, it is also possible to forman Si 0 | ayer on the surface
of an Si 2 sadmgorsnet Bf tdaitsrogdn sourcamabthaa hadezindegas olfeahi ke. I n
any of the above- menti oned net hods, however, the problens of the
toxicity, organdmetalic prasmeurdanal métaticsabpdei oroa petpdr hiydride-
garding the material gas of the nitrogen source cannot be 15 avoided.
SUMVARY OF TeE depgsNit dre nitride film@nodjsvbstrat@e present invention
is to provide a process for preparing, by a chenm cal vapor, deposition
method 320 or the TR%e§e%P%#t?$E€°FiPﬁ1FgemBFGHGPﬁeléﬁﬁéﬁéQHeﬁﬁ of a

directed to a process for preparing a nitride film which
comprises the step of nitriding the surface of a substrate
comprising a metal or a metal oxide by the use of a material
gas including tert-butylhydrazine as the main component of a
10 nitrogen source.
Tert-butylhydrazine which can be used in the present
invention is not commercially availa?le in the form of a
simple substance, but it is on the market as a hydrochloride
of tert-butylhydrazine in a crystalline state. Furthermore,
15 this compound is only used as a coﬁstitutional component of
agricultural chemicals or a catalyst for organic syntheses.
It is understood that the hydrochloride of tert-butyl-
hydrazine does not have such a vapor pressure as required in
a CVD method and hydrochloric acid which is an adduct might
20 bring about an etching function. Therefore, the hydrochlo-
ride of tert-butylhydrazine has not been considered at all
to be suitable for a material for use in the CVD method.
The present invention has been attained by establishing a
technique of removing hydrochloric acid from the hydro-
25 chloride of tert-butylhydrazine to liquefy the same, and
then heightening the purity of tert-~butylhydrazine.
In the present invention, tert-butylhydrazine has

been evaluated by an Ames test (a variant test), and it has



thin filmquality, the drop of a deposition tenperature and t he
_acceleration of a deposition speed are realized by devel oping a
material gas of a nitrogen source which is |ess toxic, has a
sufficiently high vapor pressure and can be 25 deconposed at a :
relatively | ow tenperature. - 7The first aspect of the present

I nvention is direct- ed to a process for preparing a nitride film by
a chem cal vapor deposition nethod which conprises the step of
reacting - 6- a materi al

gas i ncl udi ngedrerdomfinmdd dtleart nch@srédaelvai 0f the testipapenheghtdvei.trogen
source with a material gas of an organonetal | i ¢ conpound, a netal
hal i de or a Amtardinglkydeit has becsmegoaspedhthatt tede-bukylbhydragihet st e.
5 The second aspect of the present invention is directed to
a process foress diewiias eonmpaxed fwithwaydhazine, monpmetbylhidrazdpeof
nitriding the surface of a_substrate conprising a netal or a netal

oxi de by t héngdifethytyiragzines. Fastharrerengat EAPOEUPFEESHrEzPle as

t he main conponent of..a .10 ., nitrogen source.
Tert-bugylh THTRRE X Rdrazine nag oeen Reasyredengnd as aj xeaHLtonthe not

comer ci al | e 20k bbbl oL  vBpor phashRhS $HBELADEE KMt 1T TS
decomposition at temperatures of about 200°C or more, as
shown in Fig. 2, whereby a pressure rise has been observed.
Incidentally, in Fig. 2, the increase in the vapor pressure

10 at 10 to 50°C is due to the gasification of tert-butyl-
hydrazine, and the increase in the vapor pressure at 50 to
200°C is due to the expansion of tert-butylhydrazine. In
addition, conversions of tert-bﬁfylhydrazine at temperatures
have been compared with those of ammonia, and as a result,

15 the decomposition temperatures of £ert-butylhydrazine are
much lower than those of ammonia, as shown in Fig. 3. Thus,
it has been confirmed that tert-butylhydrazine has the
convenient vapor pressure and decomposition properties as
the material gas of the nitrogen source.

20 That is to say, the present inventors have inten-
sively investigated with the intention of solving the above-
mentioned problems, and as a result, it has been found that
tert-butylhydrazine, whose hydrochloride alone is known to
be effective in the fields of the manufacture of agricul-

25 tural chemicals and the organic syntheses, has the low
toxicity, the good vapor pressure properties and the low-
temperature decomposition properties. Furthermore, a

technique of purifying tert-butylhydrazine up to an ex-



of tert-butyl hydrazine in a crystalline state. Furthernore, 15 this

~conmpound is only used as a constitutional conponent of agricul tural
chem cals or a catal yst for organic syntheses. It is understood that
t he hydrochl oride of tert-butyl- hydr azi ne does not have such a vapor
pressure as required in a CVD netho% and hydrochloric acid which is
an adduct m ght 20 bring about an etching function. Therefore, the
hydr ochl o- ride of tert-butyl hydrazi ne has not been considered at al
to be suitable for a material for use in the CVD net hod. The present

i nvention hasdapay, HilgH rflﬁ%] Q%é%éé@iﬁ?%%ldishedt eghl! 9He cBhsb&UBACRY

hydrochloric acid™fromthe hydro- : cl e of fert-butylhydra2|ne to
liquefy the thimpretittht invertish Neddb&sh ngetlenegrlity of

tert-butyl hydrazi ne. In the present invention,

tert-butyl hydrazi ne has been eval uated by an Ares test (a variant
test), and it has -7- been
confirmed that the result8Rj ] B/ cDRA Accordingly, it

has been grasped that tert-butylhydrazine is | ess toxic as conpared
wi th hy8razine, nondfdhyl Skpws i aevapor phagedgrowhil dewigse for per-
Furthernore, a vapor pressure of 5 tert-butyl hydrazi ne has been
nmeasured, ad®EENG eRAceshLor preparing arnhbridel £41mof #Bgor phase

has i ncr eas%qre@/ent invention.

Fig. 2 shows the measured results of saturated vapor

pressures of tert-butylhydrazine by a Bourdon saturated type
10 vapor pressure measuring device.

Fig. 3 shows the residue ratios of tert-butyl-
hydrazine (TBHy) and ammonia (NH;) w%th respect to tempera-
tures.

Explanation of symbols

15 1 Bubbler filled with tert-butylhydrazine
2 Bubbler filled with a liquid material
3 Bomb filled with a gaseous material
4 Thermostatic chamber
5 Mass flow controller
20 6 Reaction tube
7 Substrate
8 Suscepter
9 Conductance valve
10 Turbo-molecular pump
25 11 Rotary pump
12 Detoxifying apparatus

13 Carrier gas purifying equipment



deconposition at tenperatures of about 200[erk]C or nore, as shown in

Fig. 2, whereby a pressure rise has been observed. Incidentally, in
Fig. 2, the increase in the vapor pressure 10 at 10 to 50[err]C is due
to the gasification of tert-butyl- hydrazi ne, and the increase in the
vapor pressure at 50 to 200[err] C |59due to the expansion of
tert-butyl hydrazine. In addi tion, conversions of tert- butylhydra2|ne
at tenperatures have been conpared with those of anmonia, and as a
result, 15 the deconposition tenperatures of tert-butylhydrazine are
much Iomer t han t hose oREsaIPTTAON F SIHP ' It has

been confirnmed that tert-butyl hydrazine has t conveni ent vapor
pressure and deconpofefritebutydhydriaims for usé hin thierprés@at Divéntion
nitrogen source. 20 That is to say, the present inventors have
i nt en- isi utliyizededni gheeanutfactiure wierd isemicdorsdhictow £idkmabmyve-
mentioned problens, and as a result, it has been found that

tert-butyl hyélnaﬁﬂ-ﬁélnﬂ/hééémwér vetrddice fileh@n g:hmohwke dlecessaxme for

effective in the fields of the manufacture of agricul - tural
cheni cal3 ath?hBrﬁPﬁﬁﬁF&°§yﬁ§hés§§m492§4Hﬁ$QQm#EVlcert%ﬁ@cﬁQSt‘the good
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up to an ©X"Even tert-butylhydrazine which has been purified by distil-
lation contains water, methyl alcohol and other impurities,
and therefore it is desired to heighten its purity con-

10 cretely up to a level of 99.999% or more by a specific
technique. No particular restriction is put on the tech-
nique for purifying tert—butylhydraz}ne to the high level,
but a purifying process of high-purity tert-butylhydrazine
which can be used in the present invention will be exempli-

15 fied as follows. | |

For example, high-~purity tert-butylhydrazine which
can be used in the present invention can be purified by
bringing tert-butylhydrazine into contact with a synthetic
zeolite adsorbent having a pore diameter of 3 to 4 A in a

20 vapor phase under a vapor pressure of tert-butylhydrazine
alone or vapor pressures of both tert-butylhydrazine and an
inert gas. For this purification, tert-butylhydrazine
purified by distillation is usually used in which impurities
such as water and alcochols are controlled to 1% or less.

25 The synthetic zeolite adsorbent having a pore
diameter of 3 to 4 A for use in the purification is a
synthetic zeolite obtained by chemically replacing a part of

sodium in a hydrous sodium salt of a synthetic crystalline



- 8- tremely high purity has been established, and in consequence,
the present invention has been attai ned. BRI EF

'‘DESCRI PTION OF THE DRAWNGS 5 Fig. 1 shows, a vapor phase
growt h device for per- formng a process for preparing a nitride film
of the present invention. o -Fig. 2 shows the measured
results of saturated vapor pressures of tert-butyl hydrazine by a
Bourdon saturated type 10 vapor pressure measuring device.

Fig. 3 shows the residue ratios of tert-butyl- hydrazi ne (TBHy) and

amoni a (NH[%ﬂhﬁhd@éﬂlﬂdﬁﬂﬁaﬁLEHJéd%ﬁ&gfhm hléLEfﬁstalllne synthetic
Expl anati on of synbols Bubbl er f11Ted th

tert-butyl hydesziine is characteruaad Ebgbtliaamiqyldmdyvbébe@ thatéinrwhechal
3 Bonb filled with a gaseous materi al 4 Thernostatic

chanber are substamntifidy fuimvfammed an ea p@fe diameter Hang®&eaft Boto
t ube : 7 Substrate 8 Suscept er
9 Conduct ande Asal ve 10 Tur bo-nol ecul ar punp
5 This kind of adsorbent is usually molded into
spheres of 4 to 20 mesh or columns having a diameter of 1.5
to 4 mm and a length of 5 to 20 mm for the sake of an
efficient utilization. Examples of the commercially avail-
able synthetic zeolite which can meet this condition include
10 Molecular Sieves 3A and 4A (made by Union Carbide Co., Ltd.
in USA and Union Showa Co., Ltd.), and Zeolums 3A and 4A
(Toso Co., Ltd.).
When the above adsorbent is used, impurities such as
water, methyl alcohol and other lower aliphatic alcohols can
15 selectively be adsorbed without any adsorption of tert-
butylhydrazine, whereby the impurities can be removed by the
adsorption to low concentrations.
The synthetic zeolite is usually put into a purifi-
cation column and then used as a fixed bed. A filling
20 length of the adsorbent is usually in the range of 50 to
1500 mm. If the filling length is less than 50 mm, a
removal ratio of water and the other impurities is likely to
deteriorate, and on the other hand, if it is more than 1560
mm, a pressure loss is likely to increase. Prior to the use
25 of the adsorkent, the adsorbent is activated at a tempera-
ture of about 200 to 350°C while an inert gas is allowed to
flow, and afterward, it is used for the purification of

tert-butylhydrazine.



25 11 Rotary punp 12 Detoxi fyi ng appar at us
13 Carrier gas purifying equi pnent

- 9- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Tert-butyl hydrazine for use in the present invention is utilized in
t he manufacture of a sem conductor film @g - insulating film a
metallic filmor the |ike necessary for the preparation of a
sem conductor device, and tert- but yl hydrazi ne having an extrenely
hi gh purity is required. Even tert-butyl hydrazi ne which has been

purified by distil- The feédioPntéeppipibglplicazifitt byl aapeehlicardont her

I mpurities, and therefore it is desired to heighten'its purity con-
10 cretel whep tcam Heevedrmifed WO VY o 1 jod eméyhed swhichi comprises
technique. No particular restriction is put on the tech- ni que for
purifying tqladimg Henh-daitplhydtdaeine gin | @vehitable cobntaiangwyi 8ying
process of high-purity tert-butyl hydrazine whi ch can be used in the
present inv&@eatdy liedting shengontaimer from tkhefoutside or immersing For
exampl e, high-purity tert-butyl hydrazi ne which can be used in the
presentBinv%ﬁﬁ(ﬁ?ﬂ§§%4ﬁ¥;iﬂi§i?ﬂﬁ%ﬂpStatlctﬁhﬂ@bﬁﬁ ter heptt $thypr &2i Ae

into contact_wi.th . a nt heti.c )
sulit 1e5¥§mperature, and then feeding tert-butylhydrazine

by the utilization of its vapor pressure under reduced
pressure, or (2) a method which comprises associating the
vapor of tert-butylhydrazine with an inert gas, and then

10 feeding tert-butylhydrazine under reduced pressure, atmos-
pheric pressure or increased pressure.

No particular restriction is put on the inert gas
usable herein, so long as it is a gas which neither contami-
nates tert-butylhydrazine and nor has any chemical influence

15 on tert-butylhydrazine, but in general, nitrogen, argon or
helium can be used.

During the purification, the superficial wvelocity in
a column (LV) of the vapor alone of tert-butylhydrazine or
the gas containing the vapor of tert-butylhydrazine and the

20 inert gas cannot be sweepingly decided, because it depends
on operative conditions such as a concentration of water
contained in fed tert-butylhydrazine, a temperature and a
pressure. Nevertheless, the LV is usually in the range of
about 0.1 to 200 cm/sec, preferably about 1 to 50 cm/sec.

25 A contact temperature of the gas of tert-butyl-
hydrazine and the adsorbent may be ordinary temperature, but
when the contact temperature is ordinary temperature, the

vapor pressure of tert-butylhydrazine is low, which takes a



zeolite adsorbent having a pore dianeter of 3 to 4 Aina 20 vapor phase

~under a vapor pressure of tert-butyl hydrazi ne al one or vapor
pressures of both tert-butyl hydrazine and an inert gas. For this
purification, tert-butyl hydrazi ne purified by distillation is usually
used in which inpurities such as wagegr.and al cohols are controlled to
1% or less. 25 The synthetic zeolite adsorbent having a pore
dianeter of 3 to 4 Afor use in the purification is a synt hetic
zeolite obtained by chemically replacing a part of sodiumin a
hydr ous sodilong diimerffer sthe hmirtficgsiah|i and when it is too high, an
- 10 - alum nosilicate with potassium This crystalline synthetic

zeolite is mmqm@bbyltmwﬁgtmmd@@rbsnthweaﬁvwm. an v:.ew °£re
substantially uniformed in pore dianeter range of 3 to

This kind ofth@s&ripghs sth:% lﬁ@m;fa%m@ap?ﬁ@'éure is ygHaldy 4n A‘-h@o r?é}gﬁesh
or columms having a dj nete{ mm anpd a Iength of 5to 20
mm for the £k ut,p0 ]CI‘CI errﬂ qulqazsﬁq oht Ha‘ﬁ%?%% RFYtHe

|1 - bl h I
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Co., Ltd. tert-butylhydrazine does not condense in the purification

column and a pipe. During the purification, the pressure
may be a reduced pressure in the case that the purification
of tert-butylhydrazine is carried out by using tert-butyl-

10 hydrazine singly under the vapor pressure of tert-butyl-
hydrazine, but it is usually in the range of about 0.01 to 3
kg/cnﬁabs.

The vapor of purified tert-bhtylhydrazine alone or
the mixed gas of purified tert-butylhydrazine and the inert

15 gas is fed to a condenser, in which the gas is condensed and
then collected in the state of a ligquid. The condenser may
have the same structure as used in a usual chemical opera-
tion, and for example, a double pipe condenser can be used.
Alternatively, in the case of a small scale, a collection

20 container itself for tert-butylhydrazine can also be used as
the condenser.

A temperature of the condenser cannot sweepingly be
decided, because it depends on the operative conditions, but
it is usually such a temperature or ﬁore that tert-butyl-

25 hydrazine does not condense. Thus, the condensation is
carried out at a temperature within the range of about -40
to 25°C.

Portions of an evaporator, the purification column,



i n USA and Union Showa Co., Ltd.), and Zeol uns 3A and 4A (Toso Co.,
_Ltd.). When t he above adsorbent is used, inpurities such as
wat er, methyl al cohol and other | ower aliphatic alcohols can 15

sel ectively be adsorbed w thout any adsorption of tert-

butyl hydrazi ne, whereby the inpurities cajybe renoved by the
adsorption to | ow concentrati ons. The synthetic zeolite is
usually put into a purifi- cation colum and then used as a fixed
bed. Afilling 20 | ength of the adsorbent is usually in the range of 50
to 15@8engontiknsee and ithe lcldidetisod asentdbmed0f6M tert - r enoval
ratio of water and the other inpurities is likely to deteriorate, and
on t he ot hebuhgiddiydrhazine shiwhe cdmen ifbQfbntact with ateresswtyel+ oss is
likely to increase. Prior to the use 25 of the adsorbent, the adsorbent
i s activat ellydrazinempaeapreferably aagde anb e levoropoBishied r§TS whlé eoxrn

inert gas is allowed to flow, and afterward, it is used for the
purificati ofU8f 316L. tert-butyl hydrazi ne. The
feed of tert-butyl hydrazine to a purification step.can be carried out
by (1) & method whi OR dhRQther hand, ﬁ%&%f%@@%‘%@fkwrSQIPH@“PG:aa

sui tabl e COEE%@EeLalghé or a metal hydride which can be used in the

present invention, there can be used compounds which have
heretofore been used for the manufacture of the nitride film
or which are known. Examples of the organometallic compound
10 include alkyl compounds of aluminum, gallium and indium, and
alkylamine compounds of titanium, zirconium, tantalum,
tungsten and silicon. Examples of th metal halide include
fluorides, chlorides, bromides and iodides of titanium,
zirconium, tantalum, tungsten, silicon and gallium. Exam-
15 ples of the metal hydride include hydrides of boron, silicon,
tin, antimony and germanium. Above all, the alkyl compound
in which three methyl groups or three ethyl grdups are
bonded to aluminum, gallium or indium can provide a grown
layer having a high crystallinity and a nitride f£ilm having
20 an excellent controllability in points of a growth rate, a
mixed crystal composition, an impurity concentration and the
like. In addition, this alkyl compound can be used in a
chemical vapor growth method which can be applied to various
material systems, and for this reason, the alkyl compound is
25 most suitable as the material gas.
In addition, examples of a material for the sub-
Strate comprising the metal or the metal oxide which can be

used in the present invention include silicon, silicon oxide,



rectly heating the container fromthe outside or inmersing 5 t he

~container in a thernostatic chanber to heat it up to a sui tabl e
tenperature, and then feeding tert-butyl hydrazine . by the utilization
of its vapor pressure under reduced pressure, or (2) a nmethod which
conprises associating the vapor of 4gri-butylhydrazine with an inert
gas, and then 10 feeding tert-butyl hydrazi ne under reduced pressure,
at nos- pheric pressure or increased pressure. No
particular restriction is put on the inert gas usabl e herein, so |ong

as it is a gobtadeh, ngalhblimcepsénide and indifm Eﬁbhph!ﬂié'.hydra?i ne and
nor has any chem cal influence 15 on tert-butyl hydrazine, but in

general , nitrogen, aThenppeparatiohepiroaesanoclfethectitride f£ilm accdd- ng
the purification, the superficial velocity in a colum (LV) of the
vapor al one g t®e ttheitprésentzineention canthe gppldedt &onany oife avapor of
tert-butyl hydrazi ne and the 20 i nert gas cannot be sweepingly deci ded,
because it dtighnkemperatere ophermaleC¥Bnaethedsofubrasing thecsubsirate of
wat er containped in fed tert-butyl hydrazine, a tenperature and a
pressur® N&RreFRleRs2 ¥PRCEIon makeELa), i @ Phasmang¥Pofmethod ofhout 0.1

to 200 cnisec,.freferatl about 1 to 50 cm sec. 55 . A cont act
¥l s RFFIHLPY| @ Plasmapyd, BAPKE 2RG1EKEDAG¥Dr bent may

tenperature : _
De 0L 1A SRS 4GPk ing e ISrL I ErRRRLEES o RS RACHEE g et
takes a laser beam or the like, an MOCVD method of using an or-
ganometallic compound, and an MOMBE method of using an
10 organometallic compound as a raw material and growing a
semiconductor crystalline thin film on the substrate by a
thermal decomposition reaction. fur?hermore, the process
for preparing the nitride f£ilm according to the present
invention can be applied to any of conventionally known CVD
15 film forming devices such as horizéntal, vertical and barrel
devices of a batch system, a device.of a continuous system,
and a single wafer processing system.
Next, one embodiment of the process for preparing
the nitride film of the present invention will be described
20 with reference to attached drawings, but a manufactufing
apparatus for the practice of the present invention should
not be limited by this embodiment.
Fig. 1 shows a vapor phase growth device. Tert-
butylhydrazine which is the main component of a nitrogén
25 source is put in a bubbler 1 made of a stainless steel, and
tert-butylhydrazine is maintained at a constant temperature

in a thermostatic chamber 4 to control a vapor pressure. An

organcmetallic compound, a metal halide or a metal hydride,



- 12 - long tine for the purification, and when it is too high, an

~adsorption ability of the adsorbent is low. In view of t hese facts,
the contact tenperature is usually in the range of about 50 to

100[err]C. In any case, it is necessary to 5 enpl oy such a tenperature
and operative conditions that t er t- hgt vl hydrazi ne does not condense
in the purification colum and a pipe. During the purification, the
pressure may be a reduced pressure in the case that the purification

of tert-butylhydrazine is carried out by using tert-butyl- 10 hydr azi ne
si ngly underif heeimgoliquidsatcondiinary- bamperature, Hpdpati i@ ablpubhlen

usually in the range of about 0.01 to 3 kg/ cnferr] abs. .
The vapor of2 ppaintainedratpatgongtanti hempesasuye in the khexmastadds of
purified tert-butyl hydrazine and the inert 15 as is fed to a condenser,

i n whi ch t heCRRBPeE, caddbhstleapase of tersnbusyilbydeazineshang dfe hsing
| i quid. The condenser n§€ ) have the sanme structure as used i.,n a ysual
cheni cal ope¥asSeous atordinany FEPPEXIFPFE; LRE§GOMPIH “@Hﬁgbﬁﬁ%ﬁ’ n be

oot 5 1 hLE B VS Yok o 8583585, B4R o5, ek . 20

COndenser.  the liquid matelfHRSALEA®:18" phl®iAORARNBELLINY iHAMILY!Y
(CH3)3Al, (CpHs);Al, (CH3)3Ga, (CpHs)zGa, (CHj3)3In, (CpHs)sIn,
Ti[N(CH3);14, Ti[N(CHs)z]4, Ta[N{(CH3),CHy};]s, (iso-C3H;-
CsH,),WH,, Zr[N(CH;3),14, ALl(CH;),H, Si[N(CH3),14, SiCl,, SiHCI1;

10 and TiCl,. Examples of the gaseous material which can be
used while put in the stainless steel bomb 3 include WFg,
SiH,, SiH,Cl, and ByH,. In addition, although not shown in
Fig. 1, solid materials such as Ta[NkCH3)2]5, Ta[N(C,Hs);15,
TaCls, TaBrs, W[N(CH;3),]s, WClgz and 2rCl, can also be used.

15 Alternatively, tert—butylhydrazine.alone which is put in the
bubbler 1 can be used as the material gas, and the surface
of the substrate can be nitrided, thereby preparing the
nitride film thereon.

As a gas for the bubbling of the material and a

20 carrier gas, an inert gas such as hydrogen, helium, nitrogen
or argon can be used, but prior to use, this gas can before-
hand be treated by an applicable purification device to
remove water and impurities such as oxygen. The flow rates
of these material gases can exactly be controlled by a mass

25 flow controller 5. The respective material gases can be fed
to a reaction tube 6 together with a large amount of the
carrier gas through different pipes. The reaction tube in

Fig. 1 is a hot wall type device, but a cold wall type



deci ded, because it depends on the operative conditions, but it is

~usually such a tenperature or nore that tert-butyl- 25 hydr azi ne does
not condense. Thus, the condensation is carried out at a tenperature

wi thin the range of about -40 to 25[err] C Portions of

an evaporator, the purification colum,_ 1 - .

- 13 - t he condenser and the collection container for tert-

but yl hydrazi ne which conme in contact with tert-butyl - hydr azi ne are

preferably nmade of el ectropolished SUS 316 or SUS 316L. 5

On the ot hedevdod can alsw denamsd) | i The digotinmyg af a substrateh?l cda or a

netal hydride which can be used in the present invention, there can

be used conpeucdsrnieid ioutavby high fregieicy cibhdectiordhéatinge amduf acture

of the nitride film or which are known. Exanples of the

or ganonet al MeRSAFeRARTd ant) temperakure | ¢gntrehpodndbe opesfammadnbygal | i um

and i ndium and al kyl am ne conpounds of titanium zirconi um

tantal um Chromejradu@els tharmocpple@iptie bikeninsersednant@edi ncl ude

quoridgf, chl ori des, brom des and iodides of titanium zirconi um
tantal um t FQﬂ licon and gallium Exam 15 pl es of the netal

hydride incl Ud_fa hydréoc&estl_gé g%%s()@raéé”l?og’material such as §i/sioQ,, sicC
or Al,0; (sapphire) can be used. When S§i/Si0, is used for
the substrate, the nitride film of, for example, TiN, TaN,
WN or Si;N; can be formed on the SiO, surface. The thus
10 formed element can be utilized as an electrical or an
electronic element such as a wiring substrate of a VLSI (a
very large scale integrated circuit): Furthermore, when SiC
or Al,0; is used for the substrate, GaN, InN or AlN can be
fofméd as the nitride film. The thus formed element can
15 mainly be utilized as an electronié element such as a blue
emitting element. |
In the case of a low pressufe CVD, the reaction tube
can be sucked by a rotary pump 11, and the pressure in the
reaction tube can be adjusted by, for example, a conductance
20 valve 9. A material feed side can be maintained at ordinary
temperature by the use of a needle valve or the like.
During the manufacture of the nitride film, a large amount
of a gas which cannot directly be released into the atmos-
phere is generated, and hence a detoxifying apparatus 12
25 should be installed.
In the case that the vapor phase growth device shown
in Fig. 1 is used, a growth pressure, a growth temperature

and a growth time for the nitride £ilm can be suitably



tin, antinony and germani um Above all, the al kyl conpound i n which

~three nethyl groups or three ethyl groups are bonded to al um num
gal liumor indiumcan provide a grown | ayer having a high
crystallinity and a nitride filmhaving 20 an excellent controllability
in points of a growh rate, a m xedjgrystal conposition, an inpurity
concentration and the like. In addition, this alkyl conmpound can be
used in a chem cal vapor growth method which can be applied to
vari ous material systens, and for this reason, the al kyl conpound is
25 nost sUidghectéd iNecoRéLdéPatU88 of the kind of hitaddet ifd1m,eparp! es
of a material for the sub- strate conprising the netal or the netal

ox:de mhlchanmntme presenUSdeemtihﬂ,pﬁsaamlylntﬂ&tg&bwmmcbuéssmME denin
silicon oxide

titanium gathé wasgseofdk todl00dTanrphthehgdewth temperature isein the
preparation process of the nitride film accord- ing to the present

i nventi on cafange Pl 7€¢ te L0, aand the hgrpwtknpimat U einhthenramy®

met hod of heating the substrate 5 to excite a reaction material, a

pl asma GVD ek hdeb ok0 20 mipgutes$sing the energy of a plasm,. a photo

assi sted CVD net hod OIx ut|||2|ngtheI| |rra%at&on of an ,Hg
light, a . Next, the present lnventl n will be described in

more detail in accordance with some examples.

Example 1
(I1 Purificati £ high= i y 1hvd .
10 . For the purification of tert-butylhydrazine, the
following devices were used.

As an evaporator of tert-butylhydrazine, there was
used an evaporator made of SUS 316L and having an internal
volume cfl2.2 liters in which a bubbling pipe for introduc-

15 ing purified nitrogen was insertedlto a position close to
the bottom thereof, a heating jacket was disﬁosed around the
outer periphery of the evaporator itself, and the inside
surface thereof was subjected to an electrolytic polishing
treatment.

20 In a purification column which was herein used, a
tube made of SUS 316L and having an inner diameter of 28.4
mm, a length of 450 mm and an electropolished inside surface
was filled with 190 ml of pellet-like molecular sieves 3A
made by Union Showa Co., Ltd. and having a diameter of 1.6

25 mm and a length of 3 to 5 mm. This purification column was
heated up to 350°C, and nitrogen gas was simultaneously fed
thereto for 5 hours at a flow rate of 5 liters/min to

activate the molecular sieves.



| aser beamor the |like, an MOCVD net hod of using an or- ganonetal lic
conmpound, and an MOMBE net hod of using an 10 organonetal | i ¢ conpound as
a raw material and growi ng a sem conductor crystalline thin filmon
the substrate by a t hermal deconposition reaction. Furthernore, the
process for preparing the nitride fiig according to the present

I nvention can be applied to any of conventionally known CVD 15 film
form ng devices such as horizontal, vertical and barrel devi ces of a
batch system a device of a continuous system and a single wafer

processi ng sufitR completion of t¥taceoivatidw(i tRét patitheapioaceslimh
preparing the nitride filmof the present invention will be described

20 with refwarsemooled dd atbthairyvtenperdtira. manuf act uri ng

apparatus for the practice of the present invention should not be
limted by this embodi menler which was hefegn tisetowasaavapumblehgsipegr owt h
device. Tert- butyl hydrazine which is the main conponent of a
nitrogen 25typsomade iof HUS idlel and| subjected bo anse Eﬁt@9§Y§ﬂ§el and
tert-butyl hydrazine is maintained at a constant tenperature,

t her most &t i ¢ RHaANENY treatdant) and Jpis pFeqler ewaﬁn°°n5t1t6it§§n§ﬁe$§ﬁltl c

conpound, a netal al i de or netal] h
) TE _ refg}gerant mf%ht c1rc3fgte through the outside portion

thereof and the vapor of purified tert-butylhydrazine might
come in contact with the inside surface thereof. Further-
more, a pipe extending from the evaporator to the purifica-

10 tion column is constituted so as to be heated by a ribbon
heater and to keep the heat.

The purification was carriedvout as follows. That
is to say, 1.2 liters of tert-butylhydrazine was placed in
the evaporator. This tert-butylhydrazine contained 0.09% of

15 water and 0.2% of methyl alcohol aﬁd other lower aliphatic
alcohols in total. Purified nitrogen gas was blown therein-
to at a flow rate of 0.5 liter per minute, while this tertf
butylhydrazine was heated up to 80°C, and the nitrogen gas
saturated with tert-butylhydrazine (tert-butylhydrazine

20 concentration = about 8.8 vol%) was fed to the purification
column. This purification column was heated up to 90°C, and
in the cooler, the refrigerant was circulated so as to keep
up -10°C, whereby purified tert-butylhydrazine was liquefied
and collected. During this liquefaction and collection step,

25 the pipe extending from the evaporator to the purification
column was heated up to and maintained at 90°C.

The purified tert-butylhydrazine obtained in this

manner was analyzed by a gas chromatograph equipped with an



I f" being liquid at ordinary tenperature, is put in a bubbler 2

~mai ntained at a constant tenperature in the thernostatic chanber, as
in the case of tert-butyl hydrazine, and if being gaseous at ordinary
tenperature, the conpound which is put 5 in a bonb 3 made of stainless
steel is used. Exanples of the liqgqyd material which is put in the
bubbl er 2 include (CH[err])[err]Al (C[err]H[err])3A1 (CH3) 3G,
(Cerr]Herr])[err]G, (CHerr])[err]In, (Cerr]Herr])[err]ln,

Ti[N(CH err])[err]][err], TiN(CJerr]Herr])[err]][err],

Ta[ N{ (CH] er r dpt.ecal Cibai ghkienr Eyber delft eldtoit, Cafiid |34 eféslult a moisture
Cerr]Herr])[err]WHerr], Zr(N [err])[err]][err] AI(CH[err])[err]H

Si [ N(CH er r] ¢mteht[ ¢nr theSparieiel, tSrtCHAyThydihzimadias A [ lor
Exanpl es of the gaseous nmaterial which can be used while put in the
st ai nl ess st tessboahd3thectotdalVEmeunt of metth}{kndﬂolfiﬂd€£hé(ﬁihef]
and B[err]Herr]. In addition, although not shown in Fig. 1, solid
materi al s suéﬁpusltaFﬁKﬂﬁFeiFF)ppmrpF[éeﬁp Ta[N(C[err]H err])[err]][err],
TaCI[err% TaBr[err], N(CH[err])[err]] err] WCllerr] and Zrd[err] can
al so be Used. 15 AFF r nRERRaration 0fh kkde i Film| one which is put

in the ' bubble gg sed as the naterlaj gas, and the surface
of the substrate can Etn ?RF above-peRtieped | m

h f bl i f | d
Eoereggrrlerm%%geraﬂngngPFmﬁﬁgggi&Npégl gﬁéﬁ'%#§%ﬁ¥ima erla e e or
b d t t
r dared by ahtCie) Gl e of Slpfreh WE, 99206894 eraﬁsseaﬁ,at“%?g%ﬂrgi
. o f
can exact fysﬁegﬁﬁﬁ?‘?ﬁy? apOfcphadll GRbhtn devied sHfRESAHE, o AFeS
respectig/e N®@igsi aéea?saﬁdcanehﬁ F2dm was depRsAHRRG A ddiphfrd 0get her

with a large anount o
substrate by the following procedure.

(1) The disc sapphire substrate having a diameter
of 2 inches was washed with trichloroethylene, acetone and
methanol for about 10 minutes, respectively, overflowed with

15 pure water for 10 minutes, and theﬁ dried by nitrogen blow.
Afterward, the surface of the sapphire was etched with a
reagent of H3PO4:H,SO, = 1:3 (weight ratio), overflowed with
pure water for 10 minutes, and then dried by nitrogen blow.

(2) A suscepter was baked at 1150°C for 1 hour in a

20 hydroged atmosphere, and the sapphire substrate pretreated
in the above step (1) was then fixed on the suscepter.
Afterward, this suscepter was disposed in a reaction tube,
and vacuum exhaust was then carried out. In succession,
hydrogen which was a carrier gas was introduced into the

25 reaction tube for 1 hour to purge it.

(3) Bubblers made of SUS 316 and having an electro-
polished inside surface were filled with the above-mentioned

materials, respectively, and tert-butylhydrazine was kept at



carrier gas through different pipes. The reaction tube in Fig. 1is
a hot wall type device, but a cold wall type

- 16 - device can al so be used. The heating of a substrate 7 can
be carried out by high frequency induction heating, and measur enent
and tenperature control can be perforned 98 a chronel - al unel
t hernocoupl e or the like inserted into a 57 suscepter. For
the substrate 7, a material such as Si/SiJerr], SiC or Al[err]Of[err]
(sapphire) can be used. Wien Si/Si(Jerr] is used for t he substrate,

the nitride gddcmaply ¢ %’Shgﬂéla%li i\ walf kept B @r ?%ﬁf &y "] can

be formed on the SiJerr ace. he t hu ornme ment can be

utilized as dte&d g9t 1K@ ré@ipddtive maLbBLhi8NyEre! 8BRRFoIYEH 8% @ WasisNd
substrate of a VLSl (a very large scale integrated circuif).

Fur t her nor e, £ Wercdntroller €6 M@Iéi@[ﬁfébsﬁﬁessgé tapt! Rgdyelen’ ghs g

GaN, I nN or AN can be forned as the nitride film Theé thus forne

el enent can mildht beiffdd e 300 ImkAdiastantRéebubblee £hidded withhtezta
bl ue emtting el ement. In the case of a | ow pressure
CVD, thé redmtpkhydtazine andaphéchydrégenbgaa maoghtybpufiedlat d6d t he
pressure in the reacti on tube can be adjusted by, for exanple, a
conduct ance ml/min to the bubbler filled with trimethylgallium.

(4) Tert-butylhydrazine was allowed to flow through
the reaction tube and the temperature of the suscepter was
adjusted to 1100°C to nitride the surface of the substrate.

10 (5) After the temperature of the suscepter was
lowered to 700°C, tert-butylhydrazine and trimethylgallium
were allowed to flow through the reaction tube together with
the hydrogen gas, whereby the growth of a GaN film was begun.
In this case, a groﬁth pressure was 60 Torr, a growth

15  temperature was maintained at 700°C, and a growth time was
30 minutes.

(6) After completion of the growth, the temperature
was raised up to 1100°C and maintained at this temperature
for 10 minutes, while the hydrogen gas alone was allowed to

20 flow through the reaction tube. Afterward, the reaction
tube was cooled, keeping up the state where the hydrogen gas
alone was allowed to flow through the reaction tube. After
the temperature of the reaction tube became ordinary tem~
perature, the substrate was taken out.

25 The surface of the substrate was analyzed by an
energy dispersion type X-ray analyzer (EDAX), and as a
result, the presence of a GaN film was observed. Further-

more, it was apparent from the results of the gravimetric



20 valve 9. A material feed side can be maintained at ordinary

tenperature by the use of a needle valve or the |ike. During the

- manufacture of the nitride film a |arge anount of a gas whi ch cannot
directly be released into the atnos- phere is generated, and hence a
det oxi fying apparatus 12 25 shoul d be Hgstalled In the
case that the vapor phase growth device s in Fig. 1 is used, a
growt h pressure, a growmh tenperature and a growmh tinme for the
nitride filmcan be suitably - 17 -
selected | n dOHerABiation of {He aNdepinthatds Fill rlthation eftilhe
present invention, usually, the growth pressure is in e range of 1
to 100 Tbrr,ciéﬁcgrwggrgaenperature is in the range of 700 to
1100[err]C, and the growh time is in the range 5 of 0.5 to 20 m nutes.
Next, the present i|ingRahpde ill be described in nmore detail in
accordance with sone exanpl es. Exanple 1 (1]
Purification of highTent+bytythydbagyhbypurified if the above-mmnttiomed
purification of tert-butyl hydrazine, the follow ng devices were used.

As an edhponnnmnebfam@r¢ommsy¢h@blzzawellahéeeta&saklsdlmethylamlnotl—
tanium [Ti{N(CH;3);},;] having a purity of 99.995% were used
as material gases and a vapor phase growth device showﬁ in
Fig. 1 was also used, and a TiN film was deposited on an
Si/8i0, substrate by the following procedure.

10 (1) The disc single crystal silicon substrate
having a diameter of 4 inches was washed with trichloro-
ethylene, acetone and methanol for about 10 minutes, respec-
tively, overflowed with pure water for 10 minutes, and then
dried by nitrogen blow. Afterward, the surface of the SiO,

15 was etched with a reagent of H;PO,:H,S0, = 1:3 (weight ratio),.
overflowed with pure water for 10 minutes, and then dried by
nitrogen blow.

(2) A suscepter was baked at 500°C for 1 hour in a -
nitrogen atmosphere, and the Si/Si0, substrate pretreated in

20 the above step (1) was then fixed on the suscepter so that
the Si/sSiO, surface might be an upper side. Afterward, this
suscepter was disposed in a reaction tube, and vacuum
exhaust was then carried out. In succession, nitrogen which
was a carrier gas was introduced into the reaction tube fof

25 1 hour to purge it.

(3) Bubblers made of SUS 316 and having an electro-
poclished inside surface were filled with the above-mentioned

materials, respectively, and tert-butylhydrazine was kept at



used an evaporator made of SUS 316L and having an internal vol une of
2.2 liters in which a bubbling pipe for introduc- 15 ing purified
nitrogen was inserted to a position close to the bottomthereof, a
heati ng jacket was di sposed around the outer periphery of the
evaporator itself, and the inside _s%%fgce t hereof was subjected to an
el ectrolytic polishing treat nent. In a purification

col um whi ch was herein used, a t ube made of SUS 316L and havi ng an

i nner di aneter of 28.4 mm a length of 450 nm and an el ectropoli shed

i nside surfagec and tBBgakiblstethiylahdhotitenivgl wals kg et egaficar si eves
3A . made by Union Showa Co., Ltd. and having a dianmeter of 1.6 25

mm and a | emgixit ,off 1dow radkesnof Hhe respdcetine amatetriabs were conthedled up
to 350[err]C, and nitrogen gas was sinultaneously fed thereto for 5
hours at a fiyow mass Flaw |danrglier too regulmupaessunes ndPethatr

Si eves. After

conpl eti on @itmegescgasmght the frdiat 300 dhlémfélnﬁo each bpbblesied to
ordi nary tenperature, A cool er which was herein used was a

doubl e PBi pe 3&ﬁ9rnﬁﬁ$%ﬁ the temperARusanPEcERe FHSSﬁP§?€cWP§Iyt|c
S polishing rtarn.esaet U e A R S 22§ tylhydr ¥ina't 8% S sqi -

methylaminotitanium were allowed to flow through the reac-
tion tube together with the nitrogen gas, whereby the growth
of a TiN film was begun. In this case, a growth pressure

10 was 2.0 Torr, a growth temperature was maintained at 400°C,
and a growth time was 30 minutes.

(5) After completion of thefgrowth, the temperature
of the reaction tube was raised up to 500°C and maintained
at this temperature for 10 minutes, while the nitrogen gas

15 alone was allowed to flow through £he reaction tube.
Afterward, the reaction tube was cooled, keeping up the
state where the nitrogen gas alone was allowed to flow

through the reaction tube. After the temperature of the

reaction tube became ordinary temperature, the substrate was
20 taken out.

The surface of the substrate was analyzed by an EDAX,
and as a result, the presence of TiN film was observed and
according to surface observation by an SEM (a scanning type
electronic microscope), the uniform surface was observed.

25 Furthermore, it was apparent from the results of the gra-
vimetric determination of the TiN film that a film formation
efficiency was 92%.

In a process for preparing a nitride film of the



a‘refrigerant mght circulate through the outside portion t her eof and

the vapor of purified tert-butyl hydrazi ne m ght cone in contact with
the inside surface thereof. Further- nore, a pipe extending fromthe
evaporator to the purifica- 10 tion colum is constituted so as to be
heated by a ribbon heater and to k the heat. The
purification was carried out as follows. at istosay, 1.2 liters
of tert-butyl hydrazine was placed in t he evaporator. This

tert-butyl hydrazi ne contained 0.09% of 15 water and 0.2% of nethyl

al cohol andpebBeht! eweenthibhlalitert-butylMyddidind W is AEdd i®skic,
nitrogen gas was bl own therein- to at a flowrate of 0.5 liter per

m nute, whihast i suf€itiently hiighyMaptrmiressme hepiddaw decdiifose |4
and the nitrogen gas saturated with tert-butyl hydrazi ne

(tert-butyl bydedaitieel0 lowe tempeiradiuire) is alsad & Shelfdinasompmehdmt t he
purification colum. This purification colum was heated up to
90[err] C, anf a nitrogenheourcksr, Therefisne gditenthandling wperation ef to
keep up -10[err] C, whereby purified tert-butyl hydrazine was |iquefied
and col fect admapgriagd gﬁﬁscamqﬁétéém de arad aitorand an additiome pipe
extending fromthe evaporator to the purjification col um W?S heat ed

up to and nkRf: BigbWAldyerf] @ thin film, the drep Rf 13 growt

ner was, ,anal yzed b

%&:q.n itmrfalrsévement %Bfn a growth rate can hé 935S

tert-butyl hydrazi ne obtai ne
chronatogra%ﬁmgﬁﬁ &G &

realized.



- 19 - optical ionization type detector, and as result, a noisture
content in the purified tert-butyl hydrazine was 1 ppm or | ess, and
the total amount of nethyl al cohol and the other impurities was 1.7
ppm or | ess. 5 [11] Preparation of a nitride film

Tert-butyl hydrazine purified in the above-nenti oned manner and
commercially avail able trinethylgallium 24 - ((CHerr])[err]G] having a
purity of 99.9999% were used as materi al gases and a vapor phase
growt h device shown in Fig. 1 was 10 al so used, and a GaN fil m was
deposited o SappRl .Substrate by the follow ng procedure.

(1) The dis@Hggpg i?%hgﬁggtggfe havi ng a di aneter of 2 inches was
washed with trichl oroethyl ene, acetone-and met hanol for about 10

m nutes, respectively, overflowed with 15 pure water for 10 m nutes, and
then dried by nitrogen k| t s sapphire
was etched with a 1 ar ?gggrﬁssoffﬁ ﬁ%&eﬁé#lﬁ%é?@%ﬁ'wﬁyﬁ3

(wei ght rat chemiewer Yapeeddepbaition mattddaitic Tordr8du!iete ¥ tbeEN
dried by nitrogen bl ow. (2) A suscepter was baked at

1150[ er$] C reactihgua materidd galsydmededidigrasheiut dFez 5ife Pl €he
substrate pretreated I n the above step (1) was then fixed on the
suscepter. main célpeneatdpft b aitregEn asourte Witosedateriakagds apf t ube,
and vacuum exhaust was then carried out. In succession, -hydr ogen
whi ch was aagaprganopesalddci compodundd ianmetadie halide or a metal

hydride to deposit the nitride film on a substrate.

10 2. A process for preparing a nitride film which
comprises the step of nitriding the surface of a substrate
comprising a metal or a metal oxide by the use of a material
gas including tert-butylhydrazine as the main component of a

nitrogen source.

15
3. The process for preparing the nitride film
according to Claim 1 or 2 wherein tert-butylhydrazine is
purified tert-butylhydrazine having a:purity of 99.999% or
more. ' .
20

4. The process for preparing the nitride f£ilm
according to Claim 3 wherein purified tert-butylhydrazine is
purified by bringing tert-butylhydrazine into contact with a
synthetic zeolite adsorbent having a pore diameter of 3 to 4

25 A in a vapor phase under a vapor pressure of tert-
butylhydrazine alone or vapor pressures of both tert-

* c L M H *

butylhydrazine and an inert gas.



25 reaction tube for 1 hour to purge it. (3) Bubbl ers nmade

~of SUS 316 and having an el ectro- polished inside surface were filled
wi th the above-nentioned materials, respectively, and

tert-butyl hydrazi ne was kept at i -
20 - 60C and trinethylgalliumwas kept at 30[err]C. Next, flow '
rates of the respective nmaterials were controlled by a mass flow
controller to regulate pressures so that hydrogen gas m ght be fed at

500 M/mn to the bubbler filled with tert- 5 but yl hydr azi ne and the

hydrogen gas mi ght bg.feghat ptdcess £o¥ Preparddfetuibbierida!fEmmw th
trimethylgallium (4) Tert-butyl hydrazine was allowed to

fl ow t hroughaccordihfetoealaimnlt wheraid the beigeionats 10ic (dtmmpoifre plLr
was adjusted to 1100[err]C to nitride the surface of the substrate.

10 ai5alkplt eompbenteofieadumiounf, glad lsmsrent aémdiasn, or ad ower ed
to 700[err]C, tert-butyl hydrazine and trinethylgallium were al | owed
to flow throdjkylasineacompaundbeft sgéandumyi 2irconiumhhdantilagen gas,
whereby the growh of a GaN fil mwas begun. In this case, a growth
pressur & wast@RgsbeR OF §idkEAN.15 tenperature was naintai ned at
700[err]C, and a growth tinme was 30 m nutes. (6) After
conpl etion of the growth, the tenperature

6. The process for preparing the nitride film
according to Claim 1 wherein the metal halide is a fluoride,
a chloride, a bromide or an iodide of titanium, zirconium,

10 tantalum, tungsten, silicon or gallium.
7. The process for preparing the nitride film

according to Claim 1 wherein the metal hydride is a hydride

of boron, silicon, tin, antimony or germanium.

QT



was raised up to 1100[err]C and nmai ntained at this tenperature for 10
~mnutes, while the hydrogen gas alone was allowed to 20 fl ow through the

reaction tube. Afterward, the reaction t ube was cool ed, keeping up
the state where the hydrogen gas al one mH§“§r1qud‘to—fomrthrough
the reaction tube. After t he tenperaturevdp L;ﬁébfianfupe becane
ordinary tem perature, the substrate was_ takpﬁAnnf“"25

The surface of the substrate was anal yzed by an ener gy di spersion
type X-ray anal yzer (EDAX), and as a result, the presence of a GaN
filmwas observed. Further- ABSTRAQR QF i THR\RISEHRFERE fromthe results of
the gravinetric - 21 -

determ nati on of the GaN filmthat a filmformation effi- ci ency was
90% le 2 Tert - but drazine pualfLed in
t he above-nentioned QﬁﬁﬁﬁﬂfQﬁuPﬁﬁﬁﬁﬁﬁﬁga?I?lﬁﬁ 3 %+ emical

t et raki sdi met.hyl am noti.-

pur 1y of oY SORRS thion mech¥d 4T 4&—#% foded Hlv%%ffﬂhgié' "o e
TLou T $5V SR g ot 5 Aikeckdf SALRE RICHTEL Mh) (kT iRes
10 a @g)ffi-gl%nq;lic nighohagdy %r?éss?izj:é F%&L@ﬂr&é&mpose at a
relatively low temperature is developed to realize the high
quality of a thin film, the drop of a growth temperature and
the improvement of a growth rate.
10 The nitride f£ilm can be prepared on a substrate by
reacting the material gas including tert-butylhydrazine as
- the main component of the nitrogen source with a material
gas of an organometallic compound, a metal halide or a metal
hydride. Furthermore, the nitride £ilm can be prepared by
15 nitriding the surface of the substrate comprising a metal or
a metal oxide by the use of the material gas including tert-

butylhydrazine as the main component of the nitrogen source.
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having a dianeter of 4 inches was washed wth trichl oro- et hyl ene,

acetone and nethanol for about 10 m nutes, respec-___ tively over f | owed
with pure water for 10 m nutes, and then drSFTj‘ tregen-hlow.
Afterward, the surface of the SiJerr] 15 was étéﬂ wth*A&,jre;aEﬁdnt of
Herr]PQerr]:Herr]SO[err] = 1:3 (weight ratlo),L___:,___ﬁv;;éitﬁﬁ"Lomed th
pure water for 10 m nutes, and then dried by ni trogen brow=='

(2) A suscepter was baked at 500[err]C for 1 hour in a ni t rogen

at nosphere, and the Si/SidJerr] substrate pretreated in 20 t he above
step (1) was then fixed on the suscepter so that the Si/Sigerr]
surface m ght be an upper side. W tdrwaed, tHis suscept er was

di sposed in a reaction tube, and vacuum exhaust was then carried out.
I n succession, nitrogen which was a carrier gas was introduced into
the reaction tube for 25 1 hour to purge it. (3) Bubblers
made of SUS 316 and having an el ectro- pol i shed i/1éi de surface were
filled with the above-nenti oned materials, respgectively, and
tert-butyl hydrazi ne was kept at -
22 - 40[err]C and tg was kept at 60C
Next ,

flowrates of the res i 29 g oIIed
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by a mass flow controller to regul ate pressures so that nitrogen gas

m ght be fed at 500 m/mn to each bubbl er. 5 (4) After the
tenperature of the suscepter was raised up to y s
tert-butyl hydrazine and tetrakisdi- met hyl ani Nty hiesiHaaT weSSEN dwed
to flow through the reac- tion tube together jd's,
wher eby the growth of a TiNfilmwas begun. In —a growth
pressure 10 was 2.0 Torr, a growth tenperature was mnai ntai ned at

400[ err] C, and a growmh tinme was 30 mi nutes. (5) After
conpletion of the growth, the tenperature of the reaction tube was

raised up to 500[err]C and maint@ned g . ag this tenperature for 10

m nutes, while the nitrogen gas 15 al one was allowed to flow through the

reaction tube. Afterward, the reaction tube was cool ed, keeping up

t he state Wer i owed to flow

t hrough the react'@ fter the tesrperature of }he reaction tube

becane ordinary teé the substraie was 20 t aken out.

The surface of33 h80 X and as a

result, the presem@g-of Ti N fiy mwas obs&rved and acc@H ng to

surface observai by an SEM\a scanni ndi type erectrigny

m croscope), t unijf orm surfade was obseyved. 25 Furt hermofe, it was

apparent from the®®dsults of the gra- v vimetricl g&terilati on of the

TiNfilmthat g fa0mformation effidiency was pZ% In a

process for pregpaghyrjg a nitride {\ilmof the
5
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- 23 ¢ *  present invention, tert-butyl hydrazine which is
-has a sufficiently high vapor pressure, and can deconposeg: at
relatively low tenperature is used as the main conponent ..

| ess toxic,
a
of .a nitrogen

source. ‘Therefore, the handling operation of 5 a mater

be carried out, and in addition, t he high quality of
drop of a growth t enperat ure anﬂ.lﬁe'inprovenent of afg
be real i zed. : "

VAT 1S CLAI VED | S: PROCESS FOR P@P&%;NG NIT’&gE FILMIoar N

|REPEACEMENT SREFT

owh rate can

p4 86 JAN 1999

a nitride

filmby a chem cal vapor deposition nmethod which conprises the stép
of 5 reacting a materi ABSTRACThAR WER) RISALASURE hydr a%i the

mai n conponent of a nitrogen source with a material gas of an
organonetal | i c conmpound, a netal halide or a netal hydride to deposit

the nitride filn1%P a substr

te. .
process f%r preparing a nitride film by a chemical

vapor deposition method is herein disclosed in which a

5 material gas of a nitrogen source which is less toxic, has

a sufficiently high vapor pressure, and can decompose at a

relatively low temperature is developed to realize

the high

quality of a thin £ilm, the drop of a growth temperature and

the improvement of a growth rate.

10 The nitride film can be prepared on a substrate by

reacting the material gas including tert-butylhydrazine as

the main component of the nitrogen source with a material

15

gas of an organometallic compound, a metal halide or a metal
hydride. Furthermore, the nitride film can be prepared by

nitriding the surface of the substrate comprising a metal or
a metal oxide by the use of the material gas including tert-

butylhydrazine as the main component of the nitrogen source.

Figure 1



io . . 2. A process for preparing a nitride filmwhich

- conpfises the step of nitriding t.he surface of a subst i ng
a netal or a netal oxide by the use of a materi al I@ cé_]-iM N(ﬁl%@’r

tert-butyl hydrazi ne as the main conponent of a ogen source“‘"T 15

3. The process for preparing the n|tr|def|Im . a ﬁgﬁ or
2 wherein tert-butyl hydrazine is _p'urlfled tert- utyI hydra2| h VI ng
a purity of 99.999% or nore. 20 )

preparing the nitride film according to Claim3 rein purlfled
tert-butyl hydrazine is purified by bringing tert-butyl hy r'EZT‘nE'-i-'Lto
contact with a syntheti grzegl i tg adsgrbent having a pore diameter of
3to4 25 A in a vapor phase under a vapor pressure of tert-

but yl hydrazi ne al one or vapor pressures of both tert- but yl hydr azi ne
and an inert gas. - 25 -

5. The process for preparing the nitride film Atcor di ng to Caiml
wherein the organonetal lic conmpound is an al kyl [ compound of al um num

galliumor indium or an
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al kyl am ne conpound of titanium zirconium tantalum 5
silicon.

hydri de

Residue Ratio (%)

‘ halide is a
a bromde or an iodide of titanium zirco

silicon or gallium 7. The

accordi ng to'CﬁaTn11 wher ei n
of boron, silicon, tin, antinony or gef
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6. The process for preparing the nitride film
according to Claim1l wherein the netal f
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