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[ 0001] The present invention relates to a phase change film for a

sem conductor nonvol atile nmenory and a sputtering 10 target for formng the
phase change film BACKGROUND ART [0002] Phase change filns for

sem conduct or nonvol atile nenory 15 (Phase Change RAM (PCRAM or Ovonics
Unified Menory (OUMB) have been used as recording |ayers. A phase change
material in a crystalline state is uséd-for the recording layers. In this
case, rewite is perforned by rapidly heating and nelting a portion of the
phase change material with a heater, 20 and then rapidly cooling the

portion to nmake it partially ang%ﬂggﬁgfgyi herw se heating an anor phous
portion at a low tenperature, to bring it back to a crystalline state.

Meanwhi | e, readout is performed due to difference between the electrical
resi stances of the phase change material in a 25 crystalline state and a

partially gnRéPheysnsE ak e1.MASORNEEMI CONDUCTOR NONVOLATILE MEMORY AND

SPUTTERING TARGET FOR FORMING PHASE CHANGE FILM

TECHNICAL FIELD

[0001]

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

10 target for forming the phase change film.

BACKGROUND ART
[0002]
Phase change films for semiconductor nonvolatile memory
15 (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. In
this case, rewrite is performed by rapidly heating and
melting a portion of the phase change material with a heater,
20 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

25 crystalline state and a partially amorphous state. As one



-2 of the phase change filns, there is knowmn 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 filmformed 5 by perform ng sputtering using a target with al nost the
same conponent conposition as the above phase-change recording |ayer (for
exanple, refer to Patent Docunents 1 to 3 and Non-Patent Docunents 1 and
2). [Patent Docunent 1] JP-W No. 2001-502848 10 [Patent Docunent 2] JP-W
No. 2002-512439 [Patent Document 31-JP-W No. 2002-540605 [ Non- Patent
Docunment 1] "OYO BUTURI " (A nonthly publication of The Japan Soci ety of
Applied Physics), Vol. 71, No. 12, 2002, p. 1513 to 1517 15 [ Non-Pat ent

Do t "N kkei. M - i " h. i DI SCLOSURE

Cocurent 8 (hbt hgheMiorpaievias | el sl sl o 2003 Rt SCL CSU

:3'! sclosegd;hp NBOtiﬁat gmcoR?)%lé%qtonl’co%ttatilﬁ%n T @ W UNYLrFH NG it is
I rst necessary O ral se e terrper ature o cryst al above a nelti ng poil nt,

particul apl yss bR epderitd ehaANg8 1240y Bleakld Re SRt & ek ;3 APr phous state
impurities. There is also known a phase change film formed
5 by performing sputtering using a target with almost the same
component composition as the above phase-change recording
layer (for example, refer to Patent Documents 1 to 3 and
Non-Patent Documents 1 and 2).
[Patent Document 1] JP-W No. 2001-502848
10 [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
15 [Non-Patent Document 2] "Nikkei Micro-devices", March

issue in 2003, p.1l04

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
20 [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

25 (reset operation). In this case, if the melting point is



25 (reset operation). In this case, if the nelting point is - 3 high, the
value of a current which is allowed to flow through a circuit should be

| arge. As a consequence, the power consunption increases, and |arge 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 solve such problens. As a result, the follow ng research
results were obtained. (a) Wen 1 to-18%of Ga is contained in an ordinary
phase change filmw th a conposition containing 10 to 25% of Ge and 10 to
25% of Sb, with the bal ance being Te and 15 inevitable inpurities, the

mel ting Bgi plt Eg% pzellug\/\%rfe% %%Q‘retn?.ﬁ w%li %t riisctaﬁei%iw%td \{:Iot éffl%fvht he filmin a

crystalllng sta arel y changes. erefore, € anount the current

needed ERLOIBH! LNG16a0;Re hadicede Tllye ! h?\sp%“’%%n%%féf%é{%éégrtﬁ;‘ e

reduced an urden'to a peripheral circuit can be urther,

T B Al poferSkofby pkﬁ%hhﬁ%@%§é§é%qe%5di%ar%%n%@ﬂyﬂ%t1Q%§ﬁf | ess, the
electric resistivity rises, an thus the andunt of current needed for
el ting iischUEERBEr the load to a peripheral circuit, thereby to

5 reduce the size of the circuit is prevented.

MEANS FOR SOLVING THE PROBLEM
[0004]
Therefore, the inventors of the present invention have
10 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

15 1inevitable 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

20 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.

25 (c) Among the lanthanoid elements, Dy, Tb, Nd, Sm, and



reduced. Accordingly, the power consunption can be reduced. 25 (c) Among the
| ant hanoi d el enents, Dy, Th, Nd, Sm and - 4 Gd are particularly effective.
[ 0005] The present invention is achieved based on these research results,
and is characterized by: 5 (1) a phase change filmfor a sem conductor

nonvol atile nmenory with a conposition containing 10 to 25 atom c% of GCe,

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

sem conductor nonvolatile 10 nmenory-wéth a conposition 10 to 25 at om c% of
Ge, 10 to 25 atomc%of Sb, 1 to 10 atomc% of Ga, and a total of 10
atomc% or less of at |east one or nore elenents selected froma group

consi st Bpafh 5 oG a9 ARG deaiptiRanoi d el enments, with the bal ance being
Te and i%gv?%SbPS %%Cgﬁguryﬁies? Anong the | anthanoid el ements, Dy, Tb, Nd,

Sm and @Gdooade particularly preferable. Accordingly, the present invention
is characterized by: (3) the phase change filmfor a sem conductor 20

nonvol atile mMeRBrYyrasedeschl-BadibA tBeaaho¥eecliZbaskn Wi EReskhe | anthanoid
el ements are at |'east one or nore el enents
research results, and is characterized by:
5 (1) a phase change film for a semiconductor nonvolatile
memory with a composition containing 10 to 25 atomic% of Ge,
10 to 25 atomic% of Sb, and 1 to 10 atomic% of Ga, with the
balance being Te and inevitable impurities, and

(2) a phase change film for a semiconductor nonvolatile

10 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

15 impurities.

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

(3) the phase change film for a semiconductor

20 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.
foo0s6]

In the phase change film for a semiconductor

25 nonvolatile memory described in the above (1) to (3),



selected froma group consisting of Dy, Tb, Nd, Sm and Gd. [0006] In the
phase change filmfor a sem conductor 25 nonvol atile nmenory described in the
above (1) to (3), - 5 preferably, the electric resistivity of the film
measured by the four-point probe nethod after crystallizationis 5 x 10-3
to 5 x 10 @m and the nelting point of the filmis 600C or |ess.
Accordingly, the present invention is 5 characterized by: (4) a phase change
filmfor a sem conductor nonvolatile nmenory described in any one of the
above (1) to (3), wherein the electriB resistivity of the filmmeasured by
the four- point probe nethod after crystallizationis 5 x 10-3 to 5 x 10 10
@xm and the nelting point of the filmis 600C or |ess. TECHN CAL ADVANTAGE

OF THE 1 NV g‘gk%ﬁ;oo% e1Be phase.ehands Lyl Bl ohaed ug REdizaapyl ering

15 targeP esen nvention enables“a Tow nmelting point to

obtai nedc @8&&-{;?%%%@&6}& RUREGR0 8RS LREE 99 1 MG Dn 0 scan 1roeduce a

current value at ting operat contribute to the reduction
i n power goBSUNPhi ON NG r@h!y A i%R] 'pQﬁan d%e\erfee%llaqmdlm@ec great 20

contribution to the devel opnent of a néw sem conduct or
or less. Accordingly, the present invention is
5 characterized by:
(4) a phase change film for a semiconductor nonvolatile
memory described in any one of the above (1) to (3), wherein
the electric resistivity of the film measured by the four-

point probe method after crystallization is 5 X 1072 to 5 x

10 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
15 targets of the ﬁresent 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
20 contribution to the development of a new semiconductor
memory industry.
[o008]
The reasons why the component compositions of the phase
change film for a semiconductor nonvolatile memory according

25 to the present invention are limited, as mentioned above,



menory industry. [0008] The reasons why the conponent conpositions of the
phase change filmfor a sem conductor nonvolatile nmenory according 25 to
the present invention are limted, as nentioned above, - 6 wll be
described. (a) Ga Wen Ga conponent is contained in a phase change film
with 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 lower the nelting point of 6t he phase change film However, if

|l ess than 1% of Ga is contained, the effect of |lowering the nelting point
is little, which is not preferable. On the other hand, if Ga 10 is

containeqiqgehelgggcgq%eg[ystaIIization tenperature rises excessively,
which is not preferable. A proper rise in the crystallization tenperature

i nmproves the gfabghity of an anmorphous state which | eads to inprovenent of
the retention characteristics. However, if the crystallization 15

temperature ryges €xcesmp¥abit tBecehestihed PAVWAN phagel @EAngkOFilm
crystallization increases, which is not preferable from the viewpoint of

reduci ngwleweh coRpIRition AeEerdiing W0 thesamumiceofar(d 10 dee 283t ai ned
in the phase change filmis
5 of Sb, with the balance being Te and inevitable impurities,

Ga component has a function to further lower the melting
point of the phase change film. However, if less than 1% of
Ga is contained, the effect of lowering the melting point is
little, which is not preferable. On the other hand, if Ga

10 1is 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

15 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%).

20 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

25 is not lowered.



set to be 1 to 10% (nore preferably, 2 to 8. 20 In addition, even if 1 to
10% of Ga is contained in the phase change film of a sem conductor

nonvol atile nmenmory with a conposition containing 10 to 25% of Ge and 10 to
25% of Sb, with the balance being Te and inevitable inpurities, the
electric resistivity of the filmin its crystallized state 25 is not

| owered. - 7 Further, the phase change filmwth a conposition containing
10 to 25% of Ge and 10 to 25% of Sh, with the balance being Te and
inevitable inpurities, has mainly twe 7types of crystal structures, i.e., a

face-centered cubic 5 crystal structure having a high resistance and a
hexagonal crystal structure having a | ow resi stance. The face- centered

cubi c crystaIngéHggurghgsp éggtgﬁgg@gggggﬁngﬁkﬂ1gsggﬁbé?E%Eggzed at a

rel atively | ow Téemnpefature; crys ructure is created

when thec%%\'t%}ih?.n epl 18 3lksaJrelat vl >iohift9)h ols8mpgr %ta”%béi NGg the phase
rat e ro

change an anor phous state to a facé-centered cubic crystal state

IS rapi dbatlgﬁc%r pelah Wai Ghd S nehsated epurtife dd,| Mds mphiass, ghanged and

crystallized froman~anmorphous state is generally face-centered cubic
crystal. tb‘%@%vg'f, chlysta1GathaRdERE 1 Q he gomerlieipldnekRami Cconmposition
-Te,

of Ge- Sb the face-centered cubic crystal structure is

5 crystal structure having a high resistance and a hexagonal
crystal structure having a low resistance. The face-
centered cubic crystal structure is created when the film is
crystallized at a relatively low temperature, and the
hexagonal crystal structure is created when the film is kept

10 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

15 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

20 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

25 change film by the addition of Ga, they are added, if



stabilized up to a high tenperature as conpared with the case of not adding
Ga. Therefore, Ga also has an effect of inproving the tenperature stability
of the electric 20 resistivity. 00 0 91 (h) B, Al, C Si, and | anthanoid
el enents Because these conponents have a function to further raise a
resistance value in a crystalline state of the phase 25 change filmby the
addition of Ga, they are added, if - 8 necessary. However, if these
conponents are contained over 10% the rise in the crystallization
tenperature of the phase change film Bnereases excessively, which is not
preferable. A proper rise in the crystallization 5 tenperature inproves the
stability of an anorphous state which leads to inprovenent of the retention

charact epigbbeary . HOWBYE e, T 1@ helki¥s takbbzahian shemeiature d IR
excessively, the electrlc power required for crystallization increases,

which isiget pheferabl enf Lo hestia@Wnohrt odf tEpeedicirdg JYOWefe coOnsunpt i on.
Accordingly, the content of these conponents are set to be 10%or |ess. The

range of phbkBe eBAhgat fiismmherpaeker aklces@ivellg,8%hildh addiidton, among the
Ianthan0|d el enents, Dy, Tb, Nd, Sm and Gd are particularly preferable.
preferable. A proper rise in the crystallization
5 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
10 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%. In addition,
among the lanthanoid elements, Dy, Tb, Nd, Sm, and Gd are
particularly preferable.
15 [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.
20 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]

25 The phase change film according to the present



15 [0010] (c) Ge, Sb Ge and Sb contained in the phase change filmhaving a
hi gh el ectrical resistance according to the present invention is preferably
10 to 25% of CGe and 10 to 25% of Sb. 20 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 259, the resistance val ue becones | ow and the
crystallization tinme becones |ong, which are not preferable. [0011] 25 The
phase change filmaccording to the present - 9 invention requires the
electric resistivity val ue neasured -by t-he four-point probe nethod after
crystallization to be 5 x 10-3 O-cmor nore (nore preferably, 8 x 10-2 Q
-cmor nore). The reason cones fromthe fact that, if the electric 5

resistivijtyyalive 1348584 Rt 2 reckld:3 %i&ﬂﬁrﬁp B EMeadil Qs through

a circuit, which therefore increases the power consunption and becones an

obstacl e yyn thedye)ng JN SIASH ndtMoLid At . MU 1B f thidn ESTsd apl e.
Further, the electricC resistivity of a Ge-Sb-Te alloy in an anorphous 10

state isxgenet ahl ymabpuhoteX (h82e GrEMerhb1is Bref epable. cd et hdwts) al | oy
has a difference of about at |east one and a half digits between the
resisti viftHee s e@fsdih@old 0¥ dh &he fact that, if the electric
5 resistivity value is less than 5 x 10° Q-cm, a large current
flows through a circuit, which therefore increases the power
consumption and becomes an obstacle in reducing the size of
the circuit, which are not preferable. Further, the
electric resistivity of a Ge-Sb-Te alloy in an amorphous
10 state is generally about 1 x 10° Q-cm. It is preferable
that this alloy has a difference of 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
15 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
20 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

25 a semiconductor nonvolatile memory with the composition, as



crystalline state and an anorphous state for stable read-out.

Ther ef or e,

the resistivity value of the phase change filmin 15 a crystalline state is
required to be 5 x 10 Q-cmor less. Accordingly, the electric resistivity
nmeasured by the four- point probe nethod after the crystallization of the
phase change filmaccording to the present invention is set to be 5 x 10-3
O-cmto 5 x 10 cm Moreover, the nelting point 20 of the phase change film
according to the present invention is required to be 600C fromthe

vi ewpoi nt of | ow power consunption.- [I0012] A sputtering target for formng
a phase change filmfor 25 a sem conductor nonvolatile nenory with the
conposition, as - 10 described in the above (1), according to the present

i nventi oBegh-$iHegUL hedhkobave 6(l?‘?”ﬁ%@%&ﬁiﬁ%”ﬁ@ﬁithie()@)re%@?lttai ning 10 to 26

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

to 11 atomc%of Ga, with the

bal ance baiBgtIgnands Pehigviedakle nafRUal theponkwitt kempox itidd eri ng tar get
for formng a phase change filmfor a sem conductor nonvolatile nenory with
the compesthifafingasodeschisbadomicthefaleyve 102k 26r eguintied tof drgve a
conposition 10 to 26 atomc% of Ge, 10 to 26 atom c% 10 of Sh, 1 to 11

at om c% ahd@a, tandlaatetaksobfltagt erice%the balance being Te and

5 inevitable impurities.

Further, a sputtering target for forming a phase change

film for a semiconductor nonvolatile memory with the

composition, as described in the above (2) is required to

have a composition 10 to 26 atomic% of Ge, 10 to 26 atomic%

10 of 8b, 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]

15 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

20 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

25 more elements selected from a group consisting of B, Al, C,



| ess of at |east one or nore elenents selected froma group consisting of

B, Al, C, Si and lanthanoid elenents, with the balance being Te and
inevitable inpurities. [0013] 15 Accordingly, the present invention is
characterized by (5) a sputtering target for form ng a phase change film
for a sem conductor nonvolatile menory with a conposition containing 10 to
26 atomc%of Ge, 10 to 26 atomc%of Sb, and 1 to 11 atomc%of Ga, with

t he bal ance being Te and 20 inevitable inpurities, (6) a sputtering target
for form ng a phase change film for-alem conductor nonvolatile nmenory with
a conposition 10 to 26 atomc%of CGe, 10 to 26 atomc%of Sb, 1 to 11
atomc% of Ga, and a total of 11 atomc%or |ess of at |east one or 25 nore

el enent s g zegﬁgtggpghggbgﬁg%qg9§%$g8|%Ekﬂgt%% Ba 14 ? Cheinkl TedlarR)

| ant hanoi enen anice "bei ng Te an I nevi tabl e |npur|t|es
and (7) HH@viEHB&%rFH%uEﬂEQ%% fangf orm ng a phase change filmfor a

sem conduct or nonvo e menory as described in 5 the above (6), in which
the | anthanoi @7?'@1@%5@5@&%' €§§§e@n€09rf8ﬂh§n§| gnBAhseSehaayed from a

group consi sting of Dy, Sm and
film for a semiconductor nonvolatile memory as described in
5 the above (6), in which the lanthanoid elements are at least
one or more elements selected from a group consisting of Dy,
Tb, Nd, Sm, and Gd.
[0014]
The sputtering target for forming a phase change film

10 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,

15 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 wvacuum hot

20 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

25 molds has dropped to 270 to 300°cC.



The sputtering target for form ng a phase change film 10 for a

sem conduct or nonvol atile nenory havi ng the conponent conposition, as
described in above (1), according to the present invention, is manufactured
by nelting a Ge-Sb-Te based alloy with a predeterm ned conponent
conposition in an Ar gas atnosphere, then adding Ga to the nolten netal, 15
pouring the nolten netal into nolds nmade of iron to manufacture an all oy

i ngot, pulverizing the alloy ingot in an inert gas atnosphere to

manuf acture an all oy powder having a Jarticle size of 200 mor |ess, and
finally hot pressing the alloy powder in a vacuum The vacuum hot 20
pressing is perfornmed by keeping the all oy powder under the follow ng

condi tions: MPEESTYLE Qitlelééu{:eel'ﬁggw rgét FSIPEbakhihg af p348et 0 430C, and

a duration of hours, ~and t eafter cooling the™nolds to a nornma

tenperat Upgngk r21602bkNG LRME Rhdhdt@3HIMVd1WREN & hddiipelalivie of the 25
nol ds has dropped to 270 to 300C. - 12 Moreover, the sputtering target for

forn ng anphasgporkanrgeokipb®itaond Semaeereueiear imorarRhat i (g menory having
t he conponent conposition, as described in above (2), according to the

present pavertiog, tos thenghagimted nfyen® iatdi 1¢ @aruF s ta-<tb-bke based al |l oy,
m xing this alloy powder with each of the separately manufactured powders of
B, 5 adding Ga to a Ge-Sb-Te based alloy, mixing this alloy

powder with each of the separately manufactured powders of B,

Al, C, Si, and lanthanoid elements (preferably, Dy, Tb, N4,

Sm, and Gd) each having a particle size of 200 pum or less so

as to have component compositions according to the present

10 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

15 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]

20 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

25 in an Ar atmosphere. Mixed powders were manufactured by



Al, C Si, and |lanthanoid el enents (preferably, Dy, Tb, Nd, Sm and &)
each having a particle size of 200 mor |less so as to have conponent
conpositions according to the present 10 invention, and hot-pressing the
al l oy powder in a vacuum The vacuum hot pressing is performed by keeping
the alloy powder under the follow 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 normal 15 tenperature at a cooling rate of
1 to 3C/mn when the tenperature of-th®e #folds has dropped to 270 to 300C.
BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [0015] 20 Ge, Sh, and Te were
nelted in an Ar gas atnosphere. Ga was added to the obtained nolten netal.
An al |l oy _i.ngot S ctured hy.casting the nplte t obt ai ned by
addi ng 8alxq AR gﬁeofqgo%%gro%%\ﬁ r‘f’gl)éal{l %znret iI%Sé’%sqtrzﬁgJ eofequ%e%aolr | ess was

manuf act ured by redyci t he @dllgybyln%%t LYo pche@erargisl(%& an Ar at nosphere.

M xed powders were menufdctured by - mXi ng ‘'t he ‘alToy powder with the
respective elﬁgﬁné§gssgemggﬁ§e9fw@reAhaanagkurQﬁ’F%ﬁhgﬁ?gr%@%i%@d Gd. Hot

pressed bodi es were nmanufactured by hot-pressing y power and the

respecti %%ema&Qgﬁv/E?)‘éﬂ)%&s dril aNEGEEPet 1dle FIRPYRIdES ofn 408 Anghat a
pressure of 146 a.
5 at a temperature of 400°C and at a pressure of 146 MPa.
Targets 1 to 21 according to the present invention,
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
10 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.



Targets 1 to 21 according to the present invention, conparative targets 1
to 10, and conventional target 1 having the follow ng dinensions: a

di aneter of 125 mmand a thickness of 5 mm a disk shape, and conponent
conpositions 10 as shown in Tables 1 to 3 were manufactured by perform ng
grindi ng processing on the hot pressed bodi es under the condition of a

| at he revol ution speed of 200 rpm wusing a carbide turning tool. - 14

[ 0016] [ Table 1] Conponent Conposition (Atom cs) Target GeSbGaB, A, C Si,
Lant hanoi d Te El ement 122221. 2-Bal ancel£224. 921. 91. 5- Bal ance

321. 821. 82-Bal ance 421.521. 53-Bal ance 521. 121. 15Bal ance 620. 420. 4B- Bal ance
7202010Bal ance Present 820. 820. 84B: 2. 5Bal ance | nventi on920. 220. 25Al :

3. 8Bal and®016]

[Table 1]
Component Composition (Atomich)
Target B, Al, C, Si, Lanthanoid
Ge Sb Ga 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
7 20 20 10 - Balance
Present
X 8 20.8 20.8 4 B: 2.5 Balance
Invention
9 20.2 20.2 Al: 3.8 Balance
10 19.8 19.8 Si: 3.0 Balance
11 20.9 20.9 4 C: 2.0 Balance
12 18.8 18.8 10 Dy: 5.5 Balance
13 19.7 19.7 7 Th: 1.5 Balance
14 19.8 19.8 3 Nd: 8.0 Balance
15 20.3 20.3 5 Sm: 3.5 Balance




1019. 819. 88Si : 3. 0Bal ance 1120.920.94C. 2. 0Bal ance 1218. 818. 810Dy:

5. 5Bal ance 1319. 719. 77Th: 1.5Bal ance 1419. 819. 83Nd: 8. OBal ance

1520. 320. 35Sm 3. 5Bal ance - 15 [0017] [Table 2] Conponent Conposition
(Atom c% Target GeSbhGaB, A, C, Si, Lanthanoid Te El enent 1620206Cd:

4. 0Bal ance 1720.920.93B: 0.5, Al: 1.0Bal ance 1820.020.04A: 5, C. 1Bal ance
Present 1920. 220.25C. 1, Si: 5, D : 2Bal ance | nvention2019. 819.82Sm 2, Tb:
5, Al: 2Bal ance 2119.019.07B: 2, Si: 2, Balance Dy: 0.5, Sm 3
122.121. 10. 3*-Bal ance 219. 119. 114*- Balsce Conparative3l7. 317. 39B:

13*Bal ance

[0017]
[Table 2]
Component Composition (Atomict)
Target B, Al, C, Si, Lanthanoid
Ge Sb Ga Te
Element

16 20 20 6 Gd: 4.0 Balance

17 20.9 20.9 3 B: 0.5, Al: 1.0 Balance

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

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



417.517.58Si : 13*Bal ance 518.818. 83CGd: 12*Bal ance Asterisk (*) neans a val ue
out of the range of the present invention. - 16 [0018] [Table 3] Conponent
Conposition (Atom c% TargetGeSb&B, A, C Si, Te Lanthanoid 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 Conventi onal
Target 22.222.2--Balance 1 Asterisk (*) neans a val ue out of the range of
the present invention. - 17 [0019] Next, each of the targets 1 to 21
according to the present invention, €anparative targets 1 to 10, and
conventional target 1 is bonded to a cooling backing plate

[0018]
[Table 3]
Component Composition {(Atomicy)
Target B, Al, C, Si,
Ge Sb Ga X Te
Lanthanoid Element

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.



5 made of copper, with an indium solder having a purity of 99.999% by

wei ght. Then, the resulting targets are loaded into a direct-current
magnetron sputtering apparatus within which the distance between the
targets and substrates (Si wafers on the surface of each of which an SiQ2
filmhaving a 10 thickness of 100 nmis forned) is set to be 70 nm
Thereafter, the sputtering apparatus is vacuuned until the degree of an
ulti mte vacuum thereof becones 5 x 10-5 Pa or |less. Thereafter, the
sputtering apparatus is supplied with 1Ar-gas until the total pressure

t hereof beconme 1.0 Pa. 15 Substrate tenperature: roomtenperature |nput
power: 50 W (0.4 WcnR) Then, sputtering was perfornmed under the above
condi tiongpiothereby form ng phase change filns 1 to 21, conparative phase
change films 1 to 10, and conventional phase change 20 film 1, which have a

thi ckness of ﬁQ}Qt””éﬁEH QEVEhQOHBSBEF%O%S?HPQ@ 5&88§d§§%5'88"‘"8h£ab' es 4 to 6

on the surfaces of substrate he conponent conpositions of
the phasgrgeaﬂaelkkftaﬁelén%c ﬁ%&wat%@%%tgle%% Ahase 1ghanggy films 1 to 10,

and - 18" convenfional phase change film 1, which were obtained in this
way, Wereopeasdhiedaly targetductisveondetupled R@3Mhg backing plate
5 made of copper, with an indium solder having a purity of
99.999% by weight. Then, the resulting targets are loaded
into a direct-current magnetron sputtering apparatus within
which the distance between the targets and substrates (Si
wafers on the surface of each of which an SiQ, film having a
10 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.
15 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
20 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

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



(I1CP) nethod. The results thereof are shown in Tables 4 to 6. Mreover, the
phase change filns 1 to 21 according to 5 the present invention,

conventional phase change filns, and conventional phase change film 1,

whi ch were obtained, were kept and crystallized in a nitrogen flow at a
tenperature of 230C for five mnutes. Thereafter, electric resistivities
were nmeasured by a four-point probe nethod. Further, a film 10 having a

t hi ckness of 3 mwas formed on a pol ycarbonate substrate having a dianeter
of 120 mm under the conditions descrilsed above. Al of the formed fil mwas
peel ed off and powderized. Then, the crystallization tenperatures and
nmelting points of the powered naterials were neasured under 15 the follow ng

diti 0 f
S0 m o BpvER: fonbh ORnEaEe AnglD TR ARY crly bl BB CCOTREf A e O
ther eof eﬁﬁssaggnmuaremngggar gt %}’228 %@‘c&'v%@ fc'a% 'I%%isgﬁ esanpl es used

in this measur nt are stan e 20 noted herein

that an exephepatfopeak raRPeaLLNY sl 'EhEQ%ofV'a%lemsMSw%f iH6@41A 340CtHs used as
the crystallization tenperature and an endothermi c peak appearing in the

vicinitysof f40eb9e620€hkspused asahbe wehikng Rl bh. accb¥dil@02l [Table 4]

5 the present invention, conventional phase change films, and
conventional phase change film 1, which were obtained, were
kept and crystallized in a nitrogen flow at a temperature of
230°C for five minutes. Thereafter, electric resistivities
were measured by a four-point probe method. Further, a film

10 having a thickness of 3 um 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

15 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. In addition, the masses of samples used in
this measurement are standardized as 15 mg. It should be

20 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.



Conmponent Conposition (Atomcs) electricCrystall B, A, C Mlting
Phaseresistivitynation Si, Lan-2Point Change Fil nGeSbGaTex 10" Tenper at
thanoid(C) (SI'cmure (C Elenment 121.822.11.1-Bal ancel. 89170. 3595. 8
221. 322.01. 3-Bal ancel. 87174. 0593. 1 321.221.71. 8-Bal ancel. 94178. 7586. 9
421. 621. 22. 4- Bal ancel. 96188. 1581. 3 520. 321. 04. 5- Bal ance2. 03206. 8570. 8
620. 220. 97. 1- Bal ancel. 91234. 8555. 4 719. 620. 19. 0- Bal ancel. 87253. 5547. 2
820. 820. 33. 2B: 2. 1Bal ance7. 98199. 4575. 2 919. 9204. 6Al :

3. 0Bal ancel0. 3210. 1565. 1 1019. 820. 17-98b: -2. 5Bal ance9. 95246. 8544. 7
1120. 520. 23. 5C. 0. 9Bal ancell. 1211.5576. 1 1218. 1198. 7Dy:

4. 7Bal ance31. 3286. 2536. 3 1319. 920. 26. 8Th: 0. 6Bal ance26. 8231. 2554. 2

[0021]
[Table 4]
Component Composition (Atomick) .
electric Crystall )
B, Al, C, . , , Melting
Phase resistivity ization .
. Si, Lan- 2 Point
Change Film Ge Sb Ga . Te x 10 Temperat
thanoid (°C)
(Q-cm) ure (°C)
Element
1 21.8 22.1 1.1 - Balance 1.89%9 170.3 595.8
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
]
*:J: 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
H 8 20.8 20.3 3.2 B: 2 Balance 7.98 199.4 575.2
is]
5 9 19.9 20 4.6 Al: 3.0 Balance 10.3 210.1 565.1
> 10 19.8 | 20.1 | 7.9 Si: 2.5 Balance 9.95 246.8 544.7
v
] 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

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



1419. 219.52. 9Nd: 7. 1Bal ance57. 9202. 7574. 1 1520. 420. 14. 3Sm

2.9Bal ance22213. 1568. 8 Asterisk (*) nmeans a val ue out of the range of the
present invention. - 20 [0022] [Table 5] Conponent Conposition
(Atomc%electriCrystal clizatioMeltin Phaseresistin9 B, Al, C Si, Lan-
Change Fil mGeSbGaTevity xTenperaPoint thanoid El enent 10'tuneC) (n cm(C
1619. 119. 85. 2Cd: 3. 1Bal ance25. 6236. 6562. 4 1721. 320.83.1B: 0.3, Al:

0. 5Bal ancel8. 4228. 6573. 4 1819.820.33.8Al: 4.0, C 0. 7Bal ance20. 7241. 2562. 4
C. 0.5, Si: 1.2, 1920.420.24. 7Bal ance23 4224.1566.4 D : 0.6 Sm 1.4, Tb:
4.1, 2019.920.11. 8Bal ance31.9255.5584.3 Al: 1.7

[0022]
[Table 5]
Component Composition (Atomicy) electri Crystal
c lizatio | Meltin
Phase , resisti n g
, B, Al, C, Si, Lan- ! )
Change Film Ge Sb Ga . Te vity x Tempera Point
thanoid Element 2
10 ture (°C)
(Q-cm) (°C)
16 19.1 13.8 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
]
*;.4,’ 18 19.8 20.3 3.8 Al: 4.0, C: 0.7 Balance 20.7 241.2 562.4
g’ C: 0.5, Si: 1.2,
] 19 20.4 20.2 4.7 Balance 23.4 224.1 566 .4
H Dy: 0.6
o
<1 Sm: 1.4, Tb: 4.1,
3,’ 20 19.9 20.1 1.8 Balance 31.9 255.5 584.3
o Al: 1.7
M
[=h B: 1.5, Si: 1.4,
21 19.1 18.6 6.2 Balance 38.4 268.9 554.7
Dy: 0.4, Sm: 2.1
0.2
" 1 22 21.5 N - Balance 1.88 167.5 606.5
2
D 12.
S 2 18.3 19.5 g* - Balance 1.97 337.4 538.2
o
g 3 17.5 17.3 8.6 B: 12.4* Balance 52.8 301.4 546.9
v 4 17.1 17.6 7.8 Si: 12.0* Balance 36.8 314.7 545.6
5 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.



B: 1.5, Si: 1.4, 2119.118.66.2Bal ance38.4268.9554.7 Dy: 0.4, Sm 2.1 0.2
12221. 5- Bal ancel. 88167. 5606. 5 12. 218.319. 5-Bal ancel. 97337. 4538. 2 8*
317.517. 38.6B: 12. 4*Bal anceb2. 8301. 4546.9 417.117.67. 8Si :

12. 0*Bal ance36. 8314. 7545. 6 517.517.52. 7G 11. 8*Bal ance94. 3315. 4578. 3
Asterisk (*) neans a value out of the range of the present invention. - 21

[ 0023] [Table 6] Conponent Conposition (Atomc%electriCrystal dizatioMeltin
Phase Changeresisting B, A, C Si, Lan- FilnGeSbGTevityTenperaPoi nt

t hanoi d El ement x 10-2ture(C) - 21 -
[0023]
[Table 6]
Component Composition {(Atomick) electri Crystal
c lizatio | Meltin
Phase Change . resisti n g
! B, Al, C, Si, Lan- X .
Film Ge Sb Ga . Te vity Tempera | Point
thanoid Element "
x 10 ture (°C)
(©2-cm) (ec)
5 6 17.5 18.1 4.7 C: 13.8* Balance 84.5 325.6 564.1
-
% 7 17.3 18.1 6.8 Al: 11.3~* Balance 54.8 314.3 549.3
E 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
]
10 17.5 17.1 6.5 Th: 12.3* Balance 115.8 321.3 551.7
Conventional
22.3 21.7 - - Balance 1.74 162.3 613.4
Target 1

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



(0-cm (C) 617.518.14.7C. 13.8"Bal ance84.5325.6564.1 ,1 ro717.318. 16. 8Al :

11. 3" Bal ance54. 8314. 3549. 3 MB18.418.33.3D : 13. 9"Bal ancel03. 5309. 1572.1
w918. 419. 01. 3Nd: 13. 1*Bal ancel24. 7312. 4586.4 u 1017.517. 16. 5Tb;

12. 3" Bal ancell5. 8321. 3551. 7 Conventional 22.321.7--Bal ancel. 74162. 3613. 4
Target 1 Asterisk (*) neans a value out of the range of the present
invention. - 22 [0 024] It can be understood fromthe results shown in
Tables 4 to 6 that the crystallized phase change filnms 1 to 21 according
to the present invention, which were-ob2atned by 5 perform ng sputtering
using the targets 1 to 21 according to the present invention, are excellent
phase change filns having lower nelting points and having little drop in

el ectric oexi4agtivities, as conpared with the conventional phase change film
1, which was obtained by perform ng 10 sputtering using the conventional

target 1. Howeyepgni beCaRdeRet¥adersiaodnehat sl tleasiowena tiRfanabl e
characteristic

to 6 that the crystallized phase change films 1 to 21
according to the present invention, which were obtained by

5 performing sputtering using the targets 1 to 21 according to
the present invention, are excellent phase change films
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

10 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.

15



appears in the conparative phase change filns 1 to 10 containing additive
conponents out of the range of this invention. 15 - 23 CLAIMS 1. A phase
change filmfor a sem conductor nonvolatile nenory having a conposition
containing 10 to 25 atomc%of 5 Ge, 10 to 25 atomc%of Sb, and 1 to 10
atomc%of Ga, with the balance being Te and inevitable inpurities. 2. A
phase change filmfor a sem conductor nonvol atile nenory having a
conposition 10 to 25 atomc%of Ge, 10 to 25 10 atomc%of Shb, 1 to 10
atomc%of Ga, and a total of 10 atenk@%or |ess of at |east one or nore

el ements selected froma group consisting of B, Al, C, Si and | anthanoid

el enments, with the bal ance being Te and inevitable inpurities. 15 3. The
phase change filmfor a sem conductograpggvol atile nmenory according to claim
2, wherein the lanthanoid elenents are at | east one or nore el enents
selected froma group consisting of Dy, Th, Nd, 20 Sm and Gd. 4. The phase
change filmfor a sem conduct or

1. A phase change film for a semiconductor nonvolatile
memory having a composition containing 10 to 25 atomic% of
5 @Ge, 10 to 25 atomic% of Sb, and 1 to 10 atomic% of Ga, with

the balance being Te and inevitable impurities.

2. A phase change film for a semiconductor nonvolatile
memory having a composition 10 to 25 atomic% of Ge, 10 to 25
10 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.
15
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,

20 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

25 by a four-point probe method after crystallization is 5 x 10~



nonvol atil e nmenory according to any one of clainms 1 to 3, wherein the
electric resistivity of the filmneasured 25 by a four-point probe nethod
after crystallization is 5 x 10 - 24 3 to 5 x 10 @m and the nelting point
of the filmis 600C or less. 5. A sputtering target for form ng a phase
change film 5 for a sem conductor nonvolatile nenory having a conposition
containing 10 to 26 atomc%of Ge, 10 to 26 atomc%of Sb, and 1 to 11
atom c% of Ga, with the balance being Te and inevitable inpurities. 10 6. A
sputtering target for form ng a phase zhange film for a sem conductor

nonvol atil e nmenory having a conposition 10 to 26 atomc% of Ge, 10 to 26
atomc%of Sh, 1 to 11 atomc%of Ga, and a total of 11 atomc% or |ess of

at | easts pne.og re.ele S | ect from.a,.grqu onsi St i. By 15 A,
G s and Panpnamby o PRt Chrt Aot Bar it Ber m eV Y R0 R e
irrpuriti%§_,.1 ggine sputtering target for formng a phase change filmfor a
sem conduct 0r nonvol atile nenory according to 20 claim®6, wherein the

| ant hanoi d el ements are at |east one or nore elenments selected froma group

consisting of Dy, Tbh, Nd, Sm and .
5. A sputtering target for forming a phase change film

5 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.

10 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,

15 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
20 claim 6, wherein the lanthanoid elements are at least one or
more elements selected from a group consisting of Dy, Tb, Nd,

Sm, and Gd.



