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SPECI FI CATI ON *@00002* PHASE CHANGE FI LM FOR
SEM CONDUCTOR NONVOLATI LE MEMORY AND SPUTTERI NG TARGET
FOR FORM NG PHASE CHANGE FI LM 5 TECHNI CAL FI ELD

[0001] The present invention relates to a ph
film for a sem conductor nonvolatile nennry]ﬂﬁwygmmmmmmn
sputtering 10 target for form ng the phase

film BACKGROUND ART [0002] Phase change fil ns f@p1so*
sem conduct or nonvol atil e nmendbry 15 (Phase Change RAM

oSt ab recording | ayers. A phase change illmllﬂﬂimlllllﬂlﬁﬁlﬂllllll

a crystalline state ispmsesrfarIohe recording
In this case, rewite is perfornmed by rapldly hea |ng
and nelting a portion of the phase change materi al
wWth a heater, 20 and then rapidly cooling the

PHAGE: i(CHANGE FEHd! iRORy SEMIAIANDUCTIOR PIOOIVOLANT LM IMEMURYE AND
heati ng an anor phous portion at a |low tenperature, to
bri ngPVTTHRENRG t BARGET yEQR| FORMING aPRASE NEBANGE | BEJLM
readout is perfornmed due to difference between the
el ectrical resistances of the phase change material in

TECgNgéAgry§ggbllne state and a partially anorphous
As one -

[0001]

The present invention relates to a phase change film
for a semiconductor nonvolatile memory and a sputtering

target for forming the phase change film.

BACKGROUND ART
[0002]

Phase change films for semiconductor nonvolatile memory
(Phase Change RAM (PCRAM) or Ovonics Unified Memory (OUMs)
have been used as recording layers. A phase change material
in a crystalline state is used for the recording layers. 1In
this case, rewrite is performed by rapidly heating and
melting a portion of the phase change material with a heater,
and then rapidly cooling the portion to make it partially
amorphous, or otherwise heating an amorphous portion at a
low temperature, to bring it back to a crystalline state.
Meanwhile, readout is performed due to difference between
the electrical resistances of the phase change material in a

crystalline state and a partially amorphous state. As one
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of the phase change filns, there is known a phase
change filmhaving a conposition containing 10 to 25%
of Ge and 10 to 25% of Sb, with the bal ance being Te
and inevitable inpurities. There is also known a
phase change filmfornmed 5 by perform ng sputtering
using a target with alnost the sane conponent
conmposition as the above phase-change recording | ayer
(for exanple, refer to Paf eAt “Docunents 1 to 3 and
Non- Pat ent Docunents 1 and 2). [Patent Docunment 1]
JP-W No. 2001-502848 10 [Patent Document 2] JP-W No.
of 20@2phh243@hahBet €ilimBoctere 3k kboWwhNa. pRRE2- 24060%

[ Non- Pat ent Docunent 1] "OYO BUTURI " (A nonthly
filpubkivéagi encomp®ise tiapawoc8taiiatingofl 0Appl 2eg¢ Bifysiecshd 10
Vol . 71, No. 12, 2002, p. 1513 to 1517 15 [ Non-Patent

to RBeEUMENSD2] wikhkkbie bedrpceebedag" TeMandh inesdstabile
. 2003, p.104 DI SCLOSURE OF THE | NVENTI ON PROBLEM5 TO BE
1MPYOLYEDSBY THErENVENZLSN kaowhoeO®hass d¢hsoiesdd lmn formed
Non- Pat ent Docunent 1, at the time of
by perfrrgiegaspHgteringsupingt ansessssr yith pamostt ibe same
tenperature of crystal above a nelting point, _
CompRREREuFePPYS1tiRtopgefheo2bRYRgE N ASEr FERADE Hecordiag
to n_amor hoys state 25 (reset operation). In this
1aY8552,0Ffe§%@p 't ER eﬁoFﬁthgepts ocuments 1 to 3 and
Non-Patent Documents 1 and 2).
[Patent Document 1] JP-W No. 2001-502848
[Patent Document 2] JP-W No. 2002-512439
[Patent Document 3] JP-W No. 2002-540605
[Non-Patent Document 1] "OYO BUTURI" (A monthly
publication of The Japan Society of Applied Physics), Vol.
71, No. 12, 2002, p. 1513 to 1517
[Non-Patent Document 2] "Nikkei Micro-devices", March

issue in 2003, p.104

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0003]

As disclosed in Non-Patent Document 1, at the time of
writing/erasing, it is first necessary to raise the
temperature of crystal above a melting point, particularly,
in order to change a crystalline state to an amorphous state

(reset operation). 1In this case, if the melting point is
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hi gh, the value of a current which is allowed to fl ow
through a circuit should be large. As a consequence,
the power consunption increases, and |large current
flow increases the load to a peripheral circuit,
thereby to 5 reduce the size of the circuit is
prevented. MEANS FOR SOLVI NG THE PROBLEM [ 0004]
Therefore, the inventors of _the present invention have
10 conducted research to 3ofvée such problens. As a
result, the follow ng research results were obtained.
(a) When 1 to 10% of Ga is contained in an ordinary
higphasbechaibge bifl m wutlreatcahponi tisoaltentd Rbngld@ to
250 of GCe and 10 to 25% of Sb, with the bal ance being
thryaghnd t¢tircnétvi shblédi bpullbtrges, Bbkeanebhergupacet ¢hs
be owered and the electric resistivity of the film
POwRE GOBPYBPARPNnénsraneesparntlylehgrgevrrEher éflowe, the
,_amount of the current needed for nelting can be
incrggagesdthendeadt ke poreripbasadpeisAuéan therebsuted
and a burden tgo a peripheral circuit can be 20
redpgp; ¢BE. S¢EF ?ErFH@rClFFuBt Ap, Peeventgd.a | ant hanoi d
element is contained 10%or |less, the electric
resistivity rises, and thus the anmount of current

B8 P ERE AR EROBAYDe [ cduced. 25 (o) Among i he
[oobaht hanoi d el ements, Dy, Th, Nd, Sm and - 4

Therefore, the inventors of the present invention have
conducted research to solve such problems. As a result, the
following research results were obtained.

(a) When 1 to 10% of Ga is contained in an ordinary
phase change film with a composition containing 10 to 25% of
Ge and 10 to 25% of Sb, with the balance being Te and
inevitable impurities, the melting point can be lowered and
the electric resistivity of the film in a crystalline state
barely changes. Therefore, the amount of the current needed
for melting can be reduced. Thus, the power consumption can
be reduced and a burden to a peripheral circuit can be
relived.

(b) Further, if B, Al, C, Si or a lanthanoid element is
contained 10% or less, the electric resistivity rises, and
thus the amount of current needed for melting is further
reduced. Accordingly, the power consumption can be reduced.

(c) Among the lanthanoid elements, Dy, Tb, Nd, Sm, and
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Gd are particularly effective. [0005] The present
invention is achi eved based on these research
results, and is characterized by: 5 (1) a phase change
filmfor a sem conductor nonvolatile nenory with a
conposition containing 10 to 25 atomc%of Ge, 10 to
25 atomc%of Sb, and 1 to 10 atomc% of Ga, with the
bal ance being Te and inevitable inpurities, and (2) a
phase change filmfor a sénffconduct or nonvol atile 10
menory with a conposition 10 to 25 atom c% of Ge, 10
to 25 atomc%of Sb, 1 to 10 atom c% of Ga, and a
Gd twealpacf it laatflgmed¥eort iess of at | east one or nore
[Oogg?nents selected froma group consisting of B, Al,
-'Si and lanthanoid elenents, with the bal ance being
Te and inevitable 15 inpurities. Anong the | anthanoid
el Ehenpsesent ThyentiosnisaadhGdvedrbapadt bnutheky
preferable. Accordingly, the present invention is
resgRafrhlc kepuzES bpnd( 3 cherphassickdnyy:fil mfor a
sem conductor 20 nonvol atile nenory as described in
t hélhdvieness changfi Ehlmt fier| ansemherudertasnnenupeatile
Ieaih one or nmpre el enents  selected froma group

MemEKs L Png 5PTBPS1FEonNGOnSAingRg &4, to| B08fomACkneT Ge,
1o G238, Shapeeal HlLfor aasgriconducton, 29 nonuelaling
balance being Te and inevitable impurities, and

(2) a phase change film for a semiconductor nonvolatile
memory with a composition 10 to 25 atomic% of Ge, 10 to 25
atomic% of Sb, 1 to 10 atomic% of Ga, and a total of 10
atomic% or less of at least one or more elements selected
from a group consisting of B, Al, C, Si and lanthanoid
elements, with the balance being Te and inevitable
impurities.

Among the lanthanoid elements, Dy, Tb, Nd, Sm, and G4
are particularly preferable. Accordingly, the present
invention is characterized by:

(3) the phase change film for a semiconductor
nonvolatile memory as described in the above (2), in which
the lanthanoid elements are at least one or more elements
selected from a group consisting of Dy, Tb, Nd, Sm, and Gd.
[0006]

In the phase change film for a semiconductor

nonvolatile memory described in the above (1) to (3),
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- 5 preferably, the electric resistivity of the film
nmeasured by the four-point probe nethod after
crystallization is 5 x 10-3 to 5 x 10 Ocm and the
melting point of the filmis 600C or |ess. _
Accordingly, the present invention is 5 characterized
by: (4) a phase change filmfor a sem conductor
nonvol atile nenory describgd in any one of the above
(1) to (3), wherein the el&cfric resistivity of the
filmmeasured by the four- point probe nethod after
crystallizationis 5 x 10-3 to 5 x 10 10 Ocm and the
prefertbiy, pohet edbcthrdcfl resissi600¢ of kaesfilmChdhelked by
ADVANTAGE OF THE I NVENTI ON [0007] The phase change
thef fpurfpoiptd psobg methsdubferrngristhaildensioh tibes x 1073
present invention enables a low nelting point to be
to BbrailRel® Wit.hedd téenmedsling padmnitnegfr édiestfddoe iso 600°C
much, and can reduce a current value at the tine of
or |WepfingACEpEAANPel,; EBAt PFBEERTt dnvRBtLEBUESi on in
ower consupption and a mniaturization of devices,
Chagﬁﬂtﬁﬁ&éea §¥éat 20 contribution to the devel opment of

' duct or ry industry. [0008] The .
r eHEbr HPRET M EDOENE FRRpsTRTSRIGHCEHe pelatile
h filmfor m_conductor nonvol atile ry .
men GO RRPRE 95 67 RBYpPESeRt FAFeABPER 4re FPm(Bod, vhgrein
thengﬂébggfg 9Q8Y5tivity of the film measured by the four-
point probe method after crystallization is 5 x 103 to 5 x

10 Q-cm, and the melting point of the film is 600°C or less.

TECHNICAL ADVANTAGE OF THE INVENTION
[0007]

The phase change film formed using the sputtering
targets of the present invention enables a low melting point
to be obtained without remarkably lowering resistance so
much, and can reduce a current value at the time of writing
operation, contribute to the reduction in power consumption
and a miniaturization of devices, and make a great
contribution to the development of a new semiconductor
memory industry.

[0008]

The reasons why the component compositions of the phase

change film for a semiconductor noﬁvolatile memory according

to the present invention are limited, as mentioned above,
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will be described. (a) Ga When Ga conponent is
contained in a phase change film wth a conposition
containing 10 to 25% of Ge and 10 to 25% 5 of Sb,
with the bal ance being Te and inevitable inpurities,
Ga conponent has a function to further |ower the
nmelting point of the phase change film However, if
less than 1% of Ga is contained, the effect of
| owering the melting point Ps~ little, which is not
preferable. On the other hand, if Ga 10 is contained
over 10% the crystallization tenperature rises .

wiléxbessieselryibedhi ch is not preferable. A proper rise in
the crystallization tenperature inproves the
st &d) | Gay of an anorphous state which leads to
i nprovenent of the retention characteristics.
HoWeerr Gai ¢ompenenysial tormbainadlbnt enpeast uckangsesilm
excessively, the electric power required for

withr gsegmppsation cpotedsdng Wai th RS%nof Peehedableto 25%
from the viewpoint of reducing power consunption.

of BPeoldthgtie PpRanggokeingf Teaand brevdtehilgedmpnrihées,

hase chan e filmis set to be 1 to_10% (nore
Ga EP@PQP&BF as gotpprtiop Fﬁ S44thesn loweenthe melsingo,

tai ned i phase change . f|In1of a
pOlggnF?oﬁgﬁc?gﬁsﬁoﬁ anglgélWennﬁQWﬁWFﬁ' é fcoRpEsthrBnl® of
e FRotBhPaRlet g 3t 8rE PhesPraBieS: Aper PerEdhe Reinc is
11teh§§ga5gc§§§%g§5¥o§%?% rbB%el ! 1 Bh' Bkt 8:R0YSHEhG 289 ca
is contained over 10%, the crystallization temperature rises
excessively, which is not preferable. A proper rise in the
crystallization temperature improves the stability of an
amorphous state which leads to improvement of the retention
characteristics. However, if the crystallization
temperature rises excessively, the electric power required
for crystallization increases, which is not preferable from
the viewpoint of reducing power consumption. Accordingly,
the amount of Ga to be contained in the phase change film is
set to be 1 to 10% (more preferably, 2 to 8%).

In addition, even if 1 to 10% of Ga is contained in the
phase change film of a semiconductor nonvolatile memory with
a composition containing 10 to 25% of Ge and 10 to 25% of Sb,
with the balance being Te and inevitable impurities, the
electric resistivity of the film in its crystallized state

is not lowered.
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- 7 Further, the phase change filmw th a conposition
containing 10 to 25% of Ge and 10 to 25% of Sb, wth
the balance being Te and inevitable inpurities, has
mainly two types of crystal structures, i.e., a
face-centered cubic 5 crystal structure having a high
resi stance and a hexagonal crystal structure having a
| ow resistance. The face- centered cubic crystal
structure is created when“tRe filmis crystallized at
arelatively low tenperature, and the hexagona
crystal structure is created when the filmis kept 10
atFartbkéat i vheyphagh thangeatuls. wbthcg &BRpoBaseon
change rate from an anorphous state to a
contadeiognilér éd @6ki of Geyshdl 18t abe2i5$ bEpist, WHeh the
crystal which is created when the filmis
balgnasebehnggfe and dnpvtishbileedmpuomtdesambapheainly two
state is generally face-centered cubic crystal.
LYPRBwedeFryptalsstyucsuagdedit 8.t he femeenentrakdy chibdan
osition of Ge- Sb-Te, the face-centered cubic
CrYéFgEtéFrEFFaéﬁuFéVF§9 3t hBph regigpanceaanigh hexagonal
erature as conpared with the case of not adding
cryéﬁ TREFBEEHES éﬁvépgoahé§waﬁe§ﬁﬁééﬂcéf Ther §9cAg the
rature stabllat of the electric 20 resistivit
cent8g816uphs BrVAFalStBICtiRg fanCRaRGFA WNBReRRS film is
function to further

h
cryBE A eE el gR e A oI AD DRIV ' T0Y ErDPERFRRE: SEtethE ( ne

hex958ﬁ§1 crystal structure is created when the film is kept
at a relatively high temperature. Since the phase change
rate from an amorphous state to a face-centered cubic
crystal state is rapid, the crystal which is created when
the film is phase-changed and crystallized from an amorphous
state is generally face-centered cubic crystal. However, if
Ga is added to the conventionally known composition of Ge-
Sb-Te, the face-centered cubic crystal structure is
stabilized up to a high temperature as compared with the
case of not adding Ga. Therefore, Ga also has an effect of
improving the temperature stability of the electric
resistivity.
[0009]

(b) B, Al, C, Si, and lanthanoid elements

Because these components have a function to further
raise a resistance value in a crystalline state of the phase

change film by the addition of Ga, they are added, if
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25 change filmby the addition of Ga, they are added,
if - 8 necessary. However, if these conponents are
contai ned over 10% the rise in the crystallization
tenperature of the phase change filmincreases
excessively, which is not preferable. A proper rise
in the crystallization 5 tenperature inproves the
stability of an anorphous state which |eads to
i mprovenent of the retentioff ¢haracteristics.
However, if the crystallization tenperature rises
excessively, the electric power required for
necgEpsiryl.| i Hawever,i ndr cheee, codmpohens snefrepicehezdbled over
fromthe viewpoint of 10 reduci ng power consunpti on.
10%Ac tdedivdgley int lrdec omysira 13fi zatthiese tempeasenre aife thet
to be 10%or |less. The range of the content is nore
Phageefchpapiey f318 tacg%askes sddietsisdvelyanwhgchhds not
| ant hanoi d el enents, Dy, Th, Nd, Sm and Gd are
prefgrpbdgl-ar Py Pyopear aBise. ins theotolyste)l léeatsonGe and
Sb contained in the_ phase change filmhaving a high
CemprLatMrEalMPESVESa e §EEBHdIAY ©F BRe ap\@éf@gt@us state

Jdnvention_is.preferably 10 to 25% of Ge and 10 to 25%
whigh' dgadsy top ihpEovsrent pis&lcoR tRBTARE: CRREACTRFiSS.CS .
q i% less than 10% .a g.Sb i,S I%ss than 10% and if Ge is
OWSVSF'Zé&JEﬁﬁ §5YF§ag &Fat3sy, LEMRerasiteafdgesfal ue

exc?%%%?EaK#g#hg?glégﬁrégg é%%%:%é%&&%gdtkg% %%%gggilization
increases, which is not preferable from the viewpoint of
reducing power consumption. Accordingly, the content of
these components are set to be 10% or less. The range of
the content is more preferably 0.5 to 8%. 1In addition,
among the lanthanoid elements, Dy, Tb, Nd, Sm, and Gd are
particularly preferable.
[0010]

(c) Ge, Sb

Ge and Sb contained in the phase change film having a
high electrical resistance according to the present
invention is preferably 10 to 25% of Ge and 10 to 25% of Sb.
The reason is based on the fact that, if Ge is less than 10%
and Sb is less than 10% and if Ge is over 25% and Sb is over
25%, the resistance value becomes low and the
crystallization time becomes long, which are not preferable.

[0011]

The phase change film according to the present
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[0011] 25 The phase change filmaccording to the
present - 9 invention requires the electric
resistivity value neasured by the four-point probe
nmet hod after crystallization to be 5 x 10-3 n cmor
nore (nore preferably, 8 x 10-2 O-cmor nore). The
reason cones fromthe fact that, if the electric 5
resistivity value is less than 5 x 10-3 @m a large
current flows through a &iPclit, which therefore
i ncreases the power consunption and becones an
obstacle in reducing the size of the circuit, which
inveneioot rpgefieeablte Blechetic tbeishkeatitiyC vhesies iekisited
of a Ge-Sb-Te alloy in an anorphous 10 state is
by gbeefaliry pabogt propeld@tB2dmafleri sryseheidbheiohhab be 5
thijs alloy has a difference of about at |east one and
X 1§%épfcmh@lrt%0mt (eere thee ferxally vig ieslof Qhemalroyore) .
ina crystalline state and an anorphous state for
Thesrssﬁ@nr eamesufromThbeefacs, thas r éfi shevelpcatige of
Bhase change filmin 15 a crystalline state is
resnléﬁa L&Y ffall&s §Sx LegSQERABr 51 ¥sd0° Rr@rdiaglarge eurrent
electric resistivity neasured by the four- point probe
floWﬁtﬁgHOHE ef FRECEL stHPFF?aFPSﬁeSPthénﬁﬁ§§éescﬁ ggpower
accordi.ng to the g e ent nventlon IS set to he
0

congbgBE S5 piac e bfms S e S35 he Ry KBoveRucing hue phge of
enePB30.20, oLl BU8SRoEPRNAE, LD 2Cgydl g, 0, e
ele¥t2YROLAL; QF 1 L, QW PRYRRL GE2BRYARLL?Dsy in an amorphous
state is generally about 1 x 10° Q-ecm. It is preferable
that this alloy has a difference §f about at least one and a
half digits between the resistivities of the alloy in a
crystalline state and an amorphous state for stable read-out.
Therefore, the resistivity value of the phase change film in
a crystalline state is required to be 5 x 10 Q-cm or less.
Accordingly, the electric resistivity measured by the four-
point probe method after the crystallization of the phase
change film according to the present invention is set to be
5 x 102 Q-cm to 5 x 10 Q-cm. Moreover, the melting point
of the phase change film according to the present invention
is required to be 600°C from the viewpoint of low power
consumption.
[0012]

A sputtering target for forming a phase change film for

a semiconductor nonvolatile memory with the composition, as
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[0012] A sputtering target for form ng a phase change

filmfor 25 a sem conductor nonvolatile nenory with

the conposition, as - 10 described in the above (1),

according to the present invention, is required to

have a conponent conposition containing 10 to 26

atom c%of Ge, 10 to 26 atomc%of Sb, and 1 to 11

atom c% of Ga, with the bal ance being Te and 5

i nevitable inpurities. Futth®r; a sputtering target

for formng a phase change filmfor a sem conductor

nonvol atile nmenory with the conposition, as described
dedarifdes] dlowhe Zbove r@QYi lRetdrelimtA® a o jeriton 10

to 26 atomc%of Ge, 10 to 26 atom c% 10 of Sh, 1 to
invehtdtooni d% ofeq@d reshd ca Hasteala efonibbratrmimiceiipers i diess

of at | east one or nore elenents selected froma group
cond@igiigig AP ¢fo B6 AtondciSiofase,| At Han@ied atloamerit ©f Sb,

with the balance being Te and inevitable inpurities.
and G0t 111 3tAasdeddiofgiGa, midhptdsemaliameentiedmgd Fe and
. Characterized by (5) a sputtering target for form ng
1n%¥ﬁ9%¥%§ dFRYgE tieSm f or a senmi conduct or nonvol ati | e

¥ with a conposition containing 10 to 26 atom c%
of FE;E heg 1B EBugEGH-E% bRrest fardferméngiaapbaressbange
wi th the bal.an e bei n 20 inevitabl e

fllphggg]ﬁlggmlfgpdg St PeR %ﬁéaﬁ&ﬁge@eMSFYf&P Hhghe

com&%%i%l gﬁn%% %EE%Elbed in the above (2) is required to
have a composition 10 to 26 atomic% of Ge, 10 to 26 atomic%
of Sb, 1 to 11 atomic% of Ga, and a total of 11 atomic% or
less of at least one or more elements selected from a group
consisting of B, Al, C, Si and lanthanoid elements, with the
balance being Te and inevitable impurities.
[0013]

Accordingly, the present invention is characterized by

(5) a sputtering target for forming a phase change film
for a semiconductor nonvolatile memory with a composition
containing 10 to 26 atomic% of Ge, 10 to 26 atomic% of Sb,
and 1 to 11 atomic% of Ga, with the balance being Te and
inevitable impurities,

(6) a sputtering target for forming a phase change film
for a semiconductor nonvolatile memory with a composition 10
to 26 atomic% of Ge, 10 to 26 atomic% of Sb, 1 to 11 atomic%
of Ga, and a total of 11 atomic% or less of at least one or

more elements selected from a group consisting of B, Al, C,
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for a sem conductor nonvolatile menory with a _
conposition 10 to 26 atomc%of Ge, 10 to 26 atom c%
of Sb, 1 to 11 atomc% of Ga, and a total of 11
atomc%or |less of at |east one or 25 nore el enents
selected froma group consisting of B, Al, C, - 11 S
and | ant hanoid el enents, with the bal ance being Te and
inevitable inpurities, and (7) the sputtering target
for form ng a phase change ¥ 1mfor a seniconductor
nonvol atile nmenory as described in 5 the above (6),
in which the [anthanoid el enents are at | east one or
Si apde lentimnbddselleckad sf,r eita gheupatansiesbiedggofreDand
Th, Nd, Sm and Gd. [0014] The sputtering target for
inevéitabAg ampHaséiekangadfilm 10 for a semiconduct or
nonvol atil e nmenory having the conponent conposition,
as(HésEh?b%ﬁutﬁeﬁgﬁgeténggtaﬁ@nrﬁ@ngimg & hehape eskange
. inyention, is manufactured by melting a Ge-Sh-Te .
filpaded & ESPifPRAUStprenen¥PAREddecBRBONENESCdeposibednin
in_an Ar, _gas  atnosphere, then adding Ga to the nolten
thepabgyve (3. pdbr hgChhEhgollaBRhABPAR PAEBCREEdaTRREE Past
iron to nufa%ture an_al_| ¥ i ngot, pul verizing the
OneSPEoPCF fighteMA™ ﬁnS?ﬁSFFeeag SPnesgkeHR Fenfaftfiast afeDy.,
ap.al Lo Q . having a particle size of 200 m or
Tb'lggé,gg%nggdggry hot pressing the alloy powder in a
[o0vatuum The vacuum hot 20 pressing is perfornmed by
keepi ng the all oy powder under the

The sputtering target for forming a phase change film
for a semiconductor nonvolatile memory having the component
composition, as described in above (1), according to the
present invention, is manufactured by melting a Ge-Sb-Te
based alloy with a predetermined component composition in an
Ar gas atmosphere, then adding Ga to the molten metal,
pouring the molten metal into molds made of iron to
manufacture an alloy ingot, pulverizing the alloy ingot in
an inert gas atmosphere to manufacture an alloy powder
having a particle size of 200 um or less, and finally hot
pressing the alloy powder in a vacuum. The vacuum hot
pressing is performed by keeping the alloy powder under the
following conditions: a pressure of 146 to 155 MPa, a
temperature of 370 to 430°C, and a duration of 1 to 2 hours,
and thereafter cooling the molds to a normal temperature at
a cooling rate of 1 to 3°C/min when the temperature of the

molds has dropped to 270 to 300°C.
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followi ng conditions: a pressure of 146 to 155 MPa, a
tenperature of 370 to 430C, and a duration of 1 to 2
hours, and thereafter cooling the nolds to a nornal
tenperature at a cooling rate of 1 to 3C/ mn when the
tenperature of the 25 nolds has dropped to 270 to
300C. - 12 Moreover, the sputtering target for
form ng a phase change filmfor a sem conductor
nonvol atil e nenory havi ng %4mfconponent conposi tion,
as described in above (2), according to the present
invention, is manufactured by 5 adding Ga to a .
GeM&hedeebastteabpuyteningngates @bkofornongdes phhbe
each of the separately manufactured powders of B, Al,
chaggeSifilandorant lsemdiconduerent aofwodberidkl ywemdyy Having
Nd, Sm and Gd) each having a particle size of 200 m
thegcomponens cauprsiitdvn,cespdesatibedpdsi above (2),
according to the present 10 invention, and
accrgtlipme§8i fhet PECSENSy ipyRisionn 4 svaenufectiiredydyuum
hot pressing is perforned by keeping the alloy powder
addipgefa; ke Popﬁﬁﬁgﬁaecgﬁéﬁgiéﬁ§9Ya pr&dsar §hds addoyo

ronbE2 0 JRTRE LSl cutod e pibent oc
AL S nER wAl CRECIPRRREr SLEPE 5P (RESAGFAELias Dl oBedd,
0. | ROENAONSS0RST B ePeSh CaRa° 6 oSl o R HBaoFn 8RS 50
as £6 H3%<2LBRABASHE: cSRpositions according to the present
invention, and hot-pressing the alloy powder in a vacuum.

The vacuum hot pressing is performed by keeping the alloy
powder under the following conditions: a pressure of 146 to
155 MPa, a temperature of 370 to 430°C, and a duration of 1
to 2 hours, and thereafter cooling the molds to a normal
temperature at a cooling rate of 1 to 3°C/min when the

temperature of the molds has dropped to 270 to 300°C.

BEST MODE FOR CARRYING OUT THE INVENTION
[0015]

Ge, Sb, and Te were melted in an Ar gas atmosphere. Ga
was added to the obtained molten metal. An alloy ingot was
manufactured by casting the molten metal obtained by adding
Ga. An alloy powder having a particle size of 100 um or
less was manufactured by reducing the alloy ingot to powder

in an Ar atmosphere. Mixed powders were manufactured by
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was added to the obtained nolten netal. An alloy ingot
was nmanufactured by casting the nolten netal obtained
by adding Ga. An alloy powder having a particle size
of 100 mor |ess was manufactured by reducing the
alloy ingot to powder 25 in an Ar atnosphere. M xed
powders were manufactured by - 13 mxing the all oy
powder with the respective el emental powders of B,
Al, C Si, Dy, Tb, Nd, Sm %hd Gd. Hot pressed bodies
wer e manufactured by hot-pressing the alloy power and
the respective m xed powders in a vacuum 5 at a
mixtiogpéhet aléoyf pd@d€ramd tat taeprespece iok tdembhal
Targets 1 to 21 according to the present invention,
powdeisarat BvelAllar et §11 Dy, 10b,aNd,cSmyeanhdondl. target 1
having the follow ng di nensions: a dianmeter of 125 mm
andoh PreaseRéchedbesswene manuticshngd, brnbot oppessithg
conpositions 10 as shown in Tables 1 to 3 were
thenﬁgEPé(cPQWéa BRpdpEheoraERgCt§vienaingdppowdesisngnon vheuum
hot pressed bodi es under the condition of a |athe
at Pe§8RB?FGHu§Be€§ 6P0260arpnRtudi RyegsuEsr pfdaé46uMBang
tool._ -, _14__[0016] .[Table 1] Conponent conposition
Tar?ﬁgsm'lc%’ Har 689@%@%@88,‘30%}1‘3@’3@?,enEaﬁle’SHBFLQHTe

comparative targets 1 to 10, and conventional target 1
having the following dimensions: a diameter of 125 mm and a
thickness of 5 mm, a disk shape, and component compositions
as shown in Tables 1 to 3 were manufactured by performing
grinding processing on the hot pressed bodies under the
condition of a lathe revolution speed of 200 rpm, using a

carbide turning tool.



El enent 122221. 2-Bal ance 221.921. 91. 5-Bal ance

321. 821. 82-Bal ance 421.521. 53-Bal ance

521. 121. 15- Bal ance 620. 420. 48- Bal ance 7202010- Bal ance
Present | 820.820.84B: 2.5Bal ance ti nven

920. 220. 25Al : 3. 8Bal ance on 1019. 819. 88Si: 3. 0Bal ance
1120. 920. 94C. 2. 0Bal ance 1218. 818. 810Dy: 5. 5Bal ance
1319. 719. 77Tbh: 1.5Bal ance 1419. 819. 83Nd: 8. 0Bal ance
1520. 320. 35Sm 3. 5Bal ance™-145~ [0017] [Table 2]

[0016]
[Table 1]
Component Composition (Atomick)
Target Ge b ca B, Al, ¢, Si, Lanthanoid Te
Element

1 22 22 1.2 - Balance
2 21.9 21.9 - Balance
3 21.8 21.8 2 - Balance
4 21.5 21.5 3 - Balance
5 21.1 21.1 5 - Balance
6 20.4 20.4 8 - Balance

Present 7 20 20 10 - Balance

Invention 8 20.8 20.8 4 B: 2.5 Balance
9 20.2 20.2 Al: 3.8 Balance
10 19.8 19.8 8 si: 3.0 Balance
11 20.9 20.9 4 C Balance
12 18.8 18.8 10 Dy: 5.5 Balance
13 19.7 19.7 Tb: 1.5 Balance
14 19.8 19.8 Nd: 8.0 Balance
15 20.3 20.3 Sm: 3.5 Balance




Conmponent Conposition (Atom c% Target GeSbhGaB, Al,
Si, Lanthanoid Te El enent 1620206CGd: 4. 0Bal ance

C

1720.920.93B: 0.5, Al: 1.0Bal ance P 1820. 020. 04Al : 5,

C. 1Balance t resen | 1920.220.25C. 1, Si: 5, Dy:

2Bal ance ti nven 2019.819.82Sm 2, Tbh: 5, Al: 2Bal ance

on 2119.019.07B: 2, Si: 2, Balance Dy: 0.5, Sm 3

122.121.10. 3*-Bal ance 219. 119. 114*-Bal ance

Conpar ative3l7. 317. 39B: 13*%%Ihnce 417.517.58Si

13*Bal ance 518.818. 83CGd: 12*Bal ance

[0017]
[Table 2]
Component Composition (Atomick)
Target e b Ga B, Al, ¢, Si, Lanthanoid Te
Element

16 20 20 6 Gd: 4.0 Balance
17 20.9 20.9 3 B: 0.5, Al: 1.0 Balance

Present 18 20.0 20.0 4 Al: 5, C: 1 Balance

Invention 19 20.2 20.2 5 C: 1, 8i: 5, Dy: 2 Balance
20 19.8 19.8 2 Sm: 2, Th: 5, Al: 2 Balance
21 19.0 19.0 7 B: 2, si: 2, Balance

Dy: 0.5, Sm: 3
1 22,1 21.1 0.3* - Balance
2 19.1 19.1 14% - Balance
Comparative 3 17.3 17.3 9 B: 13* Balance

4 17.5 17.5 8 Si: 13« Balance
5 18.8 18.8 3 Gd: 12+ Balance

Asterisk (*)

means a value out of the range of the present invention.




Asterisk (*) neans a value out of the range of the
present invention. - 16 [00181 [Table 31 Conponent
Comosition (Atonics) TargetGeSb&B, A, C Si, Te
Lant hanoi d El enent 617.817.85C. 15*Bal ance
718. 018. 07Al : 12*Bal ance Conpar ative818. 218. 24Dy:
14*Bal ance 918. 718. 72Nd: 14*Bal ance 1017.817. 87Th:
13*Bal ance Conventional Target 22.222.2--Balance 1
Asterisk (*) means a val ue d&t-of the range of the
present invention. - 17 [0019] Next, each of the
targets 1 to 21 according to the present invention,
[O%Bﬂparative targets 1 to 10, and conventional target
1 is bonded to a cooling backing plate 5 nade of
[€apper 31wi th an indium sol der having a purity of

99. 999% by yel ght. Then, {RS.LESHEd:iNT, [AIRLS are
| oaded intp a dirgct-carrent nagnetr gn SpUT LETTNg
apparatus wit hfh se Ga Lanthanoid Element Te
6 17.8 17.8 5 C: 15* Balance
7 18.0 18.0 7 Al: 12% Balance
Comparative 8 18.2 18.2 4 Dy: 14+ Balance
9 18.7 18.7 2 Nd: 14* Balance
10 17.8 17.8 7 Tb: 13* Balance
Conventional Target

1 22.2 22.2 - - Balance

Asterisk (*) means a value out of the range of the present invention.
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whi ch the di stance between the targets and substrates
(Si wafers on the surface of each of which an Si Q2
filmhaving a 10 thickness of 100 nmis forned) is set
to be 70 mm Thereafter, the sputtering apparatus is
vacuunmed until the degree of an ultimte vacuum
t hereof beconmes 5 x 10-5 Pa or Iless. Thereafter, the
sputtering apparatus is supplied with Ar gas unti|
the total pressure thereof econe 1.0 Pa. 15 Substrate
tenperature: roomtenperature |Input power: 50 W(O.4
nm2) Then, sputtering was perforned under the above
[ooégjditions, thereby form ng phase change filnms 1 to
21, conparative phase change filnms 1 to 10, and
coNexnt i eaah phatkechanget201ftbnel, avboetiihgveoathe
t hi ckness of 300 nm and have conponent conpositions
pPregenshawveTnsbloss fompagasivehcaggetacas tof 10he and
substrates. [0020] The conponent conpositions of the
COnyRRSAOBRANGATEENE is Ponded2to eompardnpybaphing plate
change films 1 to 10, and - 18  conventional phase
maden 9fgEOPPRHY 1 Wikhi &R weddupheslded havingi & wayitwerd
ed b n inductively coupled plasma (1CP)
99. ﬁg?ﬁoby ‘I’ﬁig?‘ésul f ePheFESf rﬁﬁél§ﬁéﬁ)ntﬁﬁ9‘?5§l a¥e4lpgded
. eqv. hase chang to 21 accordin

lntPoaS %ﬁscg SgﬁﬁFn nPeARFERC cﬁﬁVEﬁFFéﬁﬁlaﬁﬁﬁ§ét8ﬁawgghin

WhlEhlgﬁe ?Qgtaggnvg %82%'t8ha§8r82 gn&'snkstrates (si
wer e ane,vve

wafers on the surface of each of which an Si0, film having a
thickness of 100 nm is formed) is set to be 70 mm.
Thereafter, the sputtering apparatus is vacuumed until the
degree of an ultimate vacuum thereof becomes 5 x 10°° Pa or
less. Thereafter, the sputtering apparatus is supplied with
Ar gas until the total pressure thereof become 1.0 Pa.

Substrate temperature: room temperature

Input power: 50 W (0.4 W/cm?)
Then, sputtering was performed under the above conditions,
thereby forming phase change films 1 to 21, comparative
phase change films 1 to 10, and conventional phase change
film 1, which have a thickness of 300 nm and have component
compositions as shown Tables 4 to 6 on the surfaces of the
substrates.
[0020]

The component compositions of the phase change films 1

to 21, comparative phase change films 1 to 10, and
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15

20

kept and crystallized in a nitrogen flow at a
tenperature of 230C for five mnutes. Thereafter
electric resistivities were neasured by a four-point
probe nmethod. Further, a film 10 having a thickness
of 3 mwas forned on a pol ycarbonate substrate having
a dianeter of 120 nmmunder the conditions described
above. Al of the forned fi $1mas peel ed of f and
powderi zed. Then, the crystaflization tenperatures and
melting points of the powered materials were neasured
under 15 the followi ng conditions: an Ar flow rate of
cor@m triahn@iln pdrcte ahairgiend itlenigr athirch ofe reE) Gotiaindady i:m
differential thermal analysis (DTA) nethod. The
thimse sigivt. s wetver asfa sareds lpwan indiatliss 14 tcoupledn plasma
addition, the masses of sanples used in this
(IGRasgtaesht Fhe sesvdasdithetrens P¥emghown shodladles 20 to
noted herein that an exotherm c peak appearing in the
6. vMITFOMPTof theo g spugbangeyfdd mgs 1t ke @y scsiordimg &
t enper at ur,e and ,an endot herni c peak appearing in_the
t GVPED%%GP;F FVERG 108 6 SEEVER LIS laPhARe Fd1aNgRy Tidmet,. and

cor bbb 28, g PR O e
kep@h%%%r%§%% B&hﬁ%%%?&%?% %itr%%%h?%&%% at a temperature of
230°C for five minutes. Thereafter, electric resistivities
were measured by a four-point probe method. Further, a film
having a thickness of 3 pm was formed on a polycarbonate
substrate having a diameter of 120 mm under the conditions
described above. All of the formed film was peeled off and
powderized. Then, the crystallization temperatures and
melting points of the powered materials were measured under
the following conditions: an Ar flow rate of 200 ml/min and
a rising temperature of 10°C/min, by a differential thermal
analysis (DTA) method. The results thereof are shown in
Tables 4 to 6. 1In addition, the masses of samples used in
this measurement are standardized as 15 mg. It should be
noted herein that an exothermic peak appearing in the
vicinity of 160 to 340°C is used as the crystallization
temperature and an endothermic peak appearing in the

vicinity of 540 to 620°C is used as the melting point.



Change Fil nGeSbGaTex 102Tenperat thanoid(C) (S2 cmure

(C) Elenment 121.822.11.1-Bal ancel. 89170. 3595. 8

221.322.01. 3- Bal ancel. 87174. 0593,

321.221.71. 8-Bal ancel. 94178. 7586.

421. 621. 22. 4- Bal ancel. 96188. 1581.

520. 321. 04. 5- Bal ance2. 03206. 8570.

620. 220. 97. 1- Bal ancel. 91234, 8555,

719. 620. 19. 0- Bal ancel. 87253-%547. 2 820. 820. 33. 2B:

2. 1Bal ance7. 98199. 4575. 2 a) 919. 9204. 6Al :

3. QBal ance10. 3210.1565.1 | ril 1019.820.17. 9Si :
[00218Ra| anced. 95246. 8544. 7 1120. 520. 23. 5C

0.9Bal ancell. 1211.5576. 1 1218.1198. 7Dy:

[ZaBBal 4hce31. 3286. 2536. 3 1319. 920. 26. 8Th:

~AOWOPR

O.GBaIanceaﬁmﬁgglbéQgﬂugg;&&g%gly 329N
7. 1Ballance%7.92 1574 &, I520. 420. 14.38nyic Crystall | @ 1ting
F2*9Ballance22213 1568 8 Asterfi sk (*) TEEHSIE vAFGETONL o
2%t "the *ange SBf [t%e |present | nvEntijon* 2720 | TOFEH] | (oq
[ Tabl ¢ 5] Element Wrem | ure o)
1 21.8 22.1 1,1 - Balance 1.89 170.3 595.8
2 21.3 22.0 1.3 - Balance 1.87 174.0 593.1
3 21.2 21.7 1.8 - Balance 1.%94 178.7 586.9
4 21.6 21,2 2.4 - Balance 1.96 188.1 581.3
8 5 20.3 21,0 4.5 - Balance 2.03 206.8 570.8
.'g 6 20,2 20.9 7.1 - Balance 1.91 234.8 555.4
g 7 19.6 20.1 9.0 - Balance 1.87 253.5 547.2
E' 8 20.8 20.3 3.2 B; 2.1 Balance 7.98 199 .4 575.2
% 9 19.9 20 4.6 al: 3.0 Balance 10.3 210.1 565.1
3 10 19.8 20.1 7.9 Si: 2.5 Balance 9.95 246.8 544.7
E 11 20.5 20.2 3.5 C: 0.9 Balance 11.1 211.5 576.1
12 18.1 19 8.7 Dy: 4.7 Balance 31.3 286.2 536.3
13 19.9 20.2 6.8 Tb: 0.6 Balance 26.8 231.2 554.2
14 19.2 19.5 2.9 Nd: 7.1 Balance 57.9 202.7 574.1
15 20.4 20,1 4.3 Sm: 2.9 Balance 22 213.1 568.8

Agterisk (*) means a value out of the range of the present invention.




Conmponent Conposition (Atom c%el ectri Crystal

clizati oMeltin Phaseresisting Change Fil nGeSbhGB, Al,
C, Si, Lan-Tevity xTenperaPoint thanoid El enent
10-2ture(C) (( cm(C 1619.119.85. 2 :

3. 1Bal ance25. 6236. 6562. 4 1721.320.83.1B: 0.3, Al:

0. 5Bal ancel18. 4228. 6573. 4 411819. 820.33.8Al: 4.0, C
0. 7Bal ance20. 7241. 2562. 4 C. 0.5, Si: 1.2,

1920. 420. 24. 7Bal ance23. 4224%9566.4 Dy: 0.6 Sm 1.4,
Tb: 4.1, 2019.920.11.8Bal ance31.9255.5584.3 Al: 1.7 B
1.5 Si: 1.4, 2119.118.66. 2Bal ance38. 4268. 9554. 7 Dy:
(024 sm 2.1 0.2 12221.5*-Bal ancel. 88167. 5606. 5
[Table 5]
Component Composition (Atomic%) electri Crystal
c lizatio | Meltin
Phase registi n g
, B, Al, ¢, Si, Lan- i
Change Film Ge sSb Ga ) Te vity x Tempera Point
thanoid Element 2
10 ture (eC)
(Q-cm) (°C)
16 19.1 19.8 5.2 Gd: 3.1 Balance 25.6 236.6 562.4
8 17 21.3 20.8 3.1 B: 0.3, Al: 0.5 Balance 18.4 228.6 573.4
-
"a‘ 18 19.8 20.3 3.8 Al: 4.0, C: 0.7 Balance 20.7 241.2 562.4
S C: 0.5, Si: 1.2,
E 19 20.4 20.2 4.7 Balance 23.4 224.1 566.4
Dy: 0.6
E‘ Sm: 1.4, Tb: 4.1,
g]’ 20 19.9 20.1 1.8 Balance 31.9 255.5 584.3
B Al: 1.7
o
Ry B: 1.5, 8i: 1.4,
21 12.1 18.6 6.2 Balance 38.4 268.9 554 .7
Dy: 0.4, Sm: 2.1
0.2
o 1 22 21.5 N - Balance 1.88 167.5 606.5
>
i 12.
S 2 18.3 19.5 g - Balance 1.97 337.4 538.2
o
% 17.5 17.3 8.6 B: 12.4%* Balance 52.8 301.4 546.9
v 17.1 17.6 7.8 Si: 12.0* Balance 36.8 314.7 545.6
17.5 17.5 2.7 G: 11.8%* Balance 94.3 315.4 578.3

Asterisk (*) means a value out of the range of the present invention.




12. 218. 319. 5Bal ancel. 97337.4538.2 03 17.517. 38. 6B:

12. 4*Bal ance52. 8301. 4546. 9 -

4 17.117.67.8Si:

12. 0*Bal ance36.8 314.7 545.6 17- 517.517.52.7G

11. 8*Bal ance94. 3315. 4578. 3 Asterisk (*) neans a val ue
out of the range of the present

[ 0023] [Table 6] Conponent Conposition

(Atomct)electri Crysta

Changeresi sting FilnGeShGBELIA, C Si,

Lan- Tevi t yTenper aPoi nt thanoi d El ement x 10-2ture(C)
[oo%%% cm (C) 617.518.14.7C. 13. 8*Bal ance84. 5325. 6564. 1

i nvention. - 21

clizatioMeltin Phase

[Table 6]
Component Compogition (Atomic%) electri Crystal
c lizatio | Meltin
Phase Change resisti n g
. B, Al, C, s8i, Lan- , .
Film Ge Sb Ga , Te vity Tempera Point
thanoid Element -2
x 10 ture (°C)
(Q-cm) (°C)
z 6 17.5 18.1 4.7 C: 13.8* Balance 84.5 325.6 564.1
4‘-6‘ 7 17.3 18.1 6.8 Al: 11.3* Balance 54.8 314.3 549.3
H
a o 8 18.4 18.3 3.3 Dy: 13.9* Balance 103.5 309.1 572.1
g 9 18.4 19.0 1.3 Nd: 13.1* Balance 124.7 312.4 586.4
3]
10 17.5 17.1 6.5 Tb: 12.3* Balance 115.8 321.3 551.,7
Conventional
22.3 21.7 - - Balance 1.74 162.3 613 .4
Target 1

Asterigk (*) means a value out of the range

of the present invention.
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717.318.16. 8Al: 11. 3*Bal ance54. 8314. 3549. 3
818.418. 33. 3Dy: 13.9*Bal ancel03. 5309. 1572. 1
918.419. 01. 3Nd: 13. 1*Bal ancel24. 7312. 4586. 4
1017.517.16.5Th: 12. 3*Bal ancel15. 8321. 3551.7
Conventional Target 122.321.7-Bal ancel. 74162. 3613. 4
Asterisk (*) nmeans a value out of the range of the
present invention. - 22 [0024] It can be understood
fromthe results shown in Tables 4 to 6 that the
crystallized phase change filnms 1 to 21 according to
“”}gﬁ present invention, which were obtained by 5
& form ng sputtering using the targets 1 to 21
according to the present invention, are excellent
phd§ecehahgeuhienstondviEngml bher raslil tagshoivnt $navdbles 4
having little drop in electric resistivities, as
to éo &hg Crvsre ldénmednphasel chamgee fdRamsga ftid mil,
whi ch was obtai ned by performng 10 sputtering using
accogdiggnFentthen Riresgngetinyvengdmay ewhiich wene lobtained by
nder.st ood that at |east one unfavorable
per%ﬁﬁ?‘&@ﬁelsipé’ttitérlélﬁpé‘éﬂélﬁﬂ fhenh&agarpar dt itee 23haseording to
th chan%e films 1 to 10__containing additive conponents
CoBE BFEhEVERGE Ol £REs ©XFRieRfitoRhasexghapgy 5 1ms

having lower melting points and having little drop in
electric resistivities, as compared with the conventional
phase change film 1, which was obtained by performing
sputtering using the conventional target 1. However, it can
be understood that at least one unfavorable characteristic
appears in the comparative phase change films 1 to 10
containing additive components out of the range of this

invention.
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1. A phase change filmfor a sem conductor nonvol atile

menory having a conposition containing 10 to 25

atomc%of 5 G, 10 to 25 atomc% of Sb, and 1 to 10

atomc%of Ga, with the bal ance being Te and

inevitable inpurities. 2. A phase change filmfor a

sem conduct or nonvol atile nenory having a conposition

10 to 25 atom c%of CGe, 10 to 25 10 atom c% of Sh, 1

to 10 atonic% of Ga, and a 4dtal of 10 atom c%or |ess

of at |east one or nore elenents selected froma

group consisting of B, Al, C, Si and | anthanoid

el enents, with the bal ancerLimismng Te and inevitable

inmpurities. 15 3. The phase change filmfor a

sem conductor nonvolatile nmenory according to claim

2, wherein the |lanthanoid elenents are at | east one or

note eRenbass shbrngeelilmofima gr eapicondiustopgnohvbyatile

Tb, Nd, 20 Sm and Gd. 4. The phase change filmfor a
MeMOER] EGVADESt &r CONPRESIta0n eomsabmyingc ddr diong St atamicénef

of claine 1 to 3, wherein the electric resistivity of
Ge,t }E £ venB&SNied of5Sky anfodr tpoilt apoobesmetthGd, with

a%t r crystallizationis 5 x 10 - 24 3 to 5 x 10 Q
the ﬁﬁa&ﬁ& PR&NFeTE A§IpdPEY iGAPLRe iMPUFiitsd €§000C or

less. 5. A sputtering target for form ng a phase

change film

2. A phase change film for a semiconductor nonvolatile
memory having a composition 10 to 25 atomic% of Ge, 10 to 25
atomic% of Sb, 1 to 10 atomic% of Ga, and a total of 10
atomic% or less of at least one or more elements selected
from a group consisting of B, Al, C, Si and lanthanoid
elements, with the balance being Te and inevitable

impurities.

3. The phase change film for a semiconductor
nonvolatile memory according to claim 2,

wherein the lanthanoid elements are at least one or
more elements selected from a group consisting of Dy, Tb, Nd

14

Sm, and Gd.

4. The phase change film for a semiconductor
nonvolatile memory according to any one of claims 1 to 3,
wherein the electric resistivity of the film measured

by a four-point probe method after crystallization is 5 x 10°
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5 for a sem conductor nonvol atile nenory having a

conmposi tion containing 10 to 26 atomc%of Ge, 10 to

26 atomc%of Sb, and 1 to 11 atomc%of Ga, with the

bal ance being Te and inevitable inpurities. 10 6. A

sputtering target for formng a phase change film for

a sem conductor nonvol atile nenory having a .

conposition 10 to 26 atomic% of Ge, 10 to 26 atom c%

of Sb, 1 to 11 atonmic%of G and a total of 11

atom c%or |less of at |east one or nore elenments

sel ected froma group consisting of B, 15 A, C, Si
’ tand kahOh@naind eheinehies meditihgt boibal aFceHeimamias soooc

and inevitable inpurities. 7. The sputtering target
or flgssf.ornmi ng a phase change filmfor a seni conduct or

nonvol atile nmenory according to 20 claim®6, wherein

the I anthanoid elements are at | east one or nore

el enents selected froma group consisting of Dy, Tb,

Nd? - Sfy SpH8tesing target for forming a phase change film
for a semiconductor nonvolatile memory having a composition
containing 10 to 26 atomic% of Ge, 10 to 26 atomic% of Sb,
and 1 to 11 atomic% of Ga, with the balance being Te and

inevitable impurities.

6. A sputtering target for forming a phase change film
for a semiconductor nonvolatile memory having a composition
10 to 26 atomic% of Ge, 10 to 26 atomic% of Sb, 1 to 11
atomic% of Ga, and a total of 11 atomic% or less of at least
one or more elements selected from a group consisting of B,
Al, C, Si and lanthanoid elements, with the balance being Te

and inevitable impurities.

7. The sputtering target for forming a phase change
film for a semiconductor nonvolatile memory according to
claim 6, wherein the lanthanoid elements are at least one or
more elements selected from a group consisting of Dy, Tb, N4,

Sm, and Gd.




