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METHOD FOR MANUFACTURING SEMICONDUCTOR SINGLE
CRYSTAL BY CZOCHRALSKI TECHNOLOGY, AND SINGLE CRYSTAL
INGOT AND WAFER MANUFACTURED USING THE SAME 5
BACKGROUND OF THE INVENTION Field of the Invention The present
invention relates to a method for manufacturing a semiconductor single
crystal, and more particularly to a method for manufacturing a
semiconductor 10 single crystal, which may expand a specific resistance
profile per each single crystal length during the growth of single crystal
ﬂsElgg Czochralski technoI%ﬁé é{hereinafter referred to as "a CZ process"),

TR Ryt RYSE AU et HE WY o d IR WS ate BY
CasidgRrRAs SKY inpECHNes@EYipn2aithe Retdaied dev@eneratycasilon waAFER

single crystal used @%%{?{"f\@ @#Qrw L?%r QIE f;omponents such
as semiconductor is manu%c ured using tﬁe gprocess. The CZ
process is conducted in a way that a polycrystalline silicon is put into a

quartz crucible and gglted-oyear1490C,and then, ‘ngtfqd crystal is dipped

.into the melted silicon melt and, then slowly pulled to grow a crystal. It is
Figef didcléasl DS rgiiedh Processing for the VLSI Era (volume 1,

Latti@ﬁepreﬁa?éjs%gﬁ‘)’ SunsetBeach, CAL by Woltand B. N fayhes.  £oy

When growing a silicon single crystal using the CZ process, dopant of the
MRS EGrodh eRATEH RLEHIECB, AP BIS, ASAKE Shlis adtRd  more
padepending DR efectric 36 chamcesistimganditions:of asemicgnguctionductor

.deq]anded by a.l . — .
single «crystal, which may expand a gpecific resistance
profile per each single crystal length during the growth of
single crystal using Czochralski technology (hereinafter,
referred to as “a CZ process”), a single crystal ingot
manufactured using the method, and a wafer made using the

ingot.

Description of the Related Art

Generally, a silicon single crystal used as material
for producing electronic components such as semiconductor is
manufactured using the CCZ process. The CZ process is
conducted in a way that a polycrystalline silicon is put
into a quartz crucible and melted over 1400°C, and then a
seed crystal is dipped into the melted silicon melt and then
slowly pulled to grow a crystal. It is well disclosed in
“Silicon Processing for the VLSI Era (volume 1, Lattice
Press (1986), Sunset Beach, CA), by S. Wolf and R. N. Tauber.

When growing a silicon single crystal using the CZ
process, dopant of the III group or V group element such as
B, AL, Ga, P, As and Sb is added depending on electric

characteristic conditions of a semiconductor demanded by a
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consumer. When a silicon single crystal is grown, the added dopant is
evenly added to the crystal. At this time, the dopant introduced into the
crystal should not have too high concentration. At a concentration over a
certain level, the 5 dopant and silicon do not form a solid solution, but the
dopant is extracted as a precipitate. Generally, dopants evenly distributed
in a silicon melt have different equivalent concentrations in a solid state
and in a melted state. Thus, a ratio of a concentration of 10 dopant in a
melted state and a concentration of dopant in a solid state is defined as
an effective segregation coefficient, and each dopant has a peculiar

COBfiufiRe: seljfitatitn ShefcRiht S8 iding 1/ thekind ®f Blerifdnt, the added

dopheaeretigallyié e eftestive segregatoneaaificient is htlsthegdopant, the
concentration in a silicon melt js equal to the dopant concentrationina _ .

T e i bl T S e

cosinglecerystabhave 2an effectivessegregation coefficientless dian leaad,, the

dofidbe gligctive f%@%aerga%” %%e{?c o”rtrr'ﬁ 'Essstgﬁri&’ %39&%{’&?} but the
oncentrafion in‘a silicon melt'is higher than a“dopant concentration’in a
dogiiasn shokxerstad this Pedsor: apsilicobssingle crystal tends to show

a highgr.dgpant copgentration inuits lower portiqn thag in its ey s . ne1t

portion. A specific resistance of the silicon single 25 crystal is affected by

hayeoRdentriivh of §SpEnfanPsduceanint HeadiigiBTrystal 3f S@dpght state

anfaving aneifective segeegatiompoefficientdessthar 1ds usgdethesiicon of
single crystal changes its specific resistance along a length of the crystal.

doE%F&xéﬁp%,W%&ﬁﬁﬁs%ﬁ%ﬁ%ﬁﬁgd a concentration of dopant in a

solid state 1is defined as an effective segregation
coefficient, and each dopant has a peculiar effective
segregation coefficient according to the kind of element.
Theoretically, 1if the effective segregation coefficient is 1,
the dopant concentration in a silicon melt is equal to the
dopant concentration in a silicon single crystal. However,
dopants (B, P) used in growing a silicon single crystal have
an effective segregation coefficient less than 1, and, as
the effective segregation coefficient 1is less than 1, a
dopant concentration in a silicon melt is higher than a
dopant concentration in a silicon single crystal. In this
reason, a silicon single crystal tends to show a higher
dopant concentration in its lower portion than in its upper
portion. A specific resistance of the gilicon single
crystal is affected by a concentration of dopant introduced
into the single crystal. If a dopant having an effective
segregation coefficient less than 1 is used, the silicon
single crystal changes its specific resistance along a
length of the crystal. For example, 1if boron is used as a

dopant when growing a silicon single crystal, a specific
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30 dopant when growing a silicon single crystal, a specific 2 resistance
tends to decrease in a length direction of the crystal. Meanwhile, in a
semiconductor single crystal grown using the CZ process, only a crystal
region satisfying a 5 specific resistance condition as well as defect
concentration condition and oxygen concentration condition, demanded
by a consumer, may be used for making any product. Here, a length of a
semiconductor single crystal satisfying all requirements of a customer is
called "a prime length'. 10 if a silicon single crystal is grown using a
dopant having an effective segregation coefficient less than 1, a specific

TERERIANGE is ST dECreS65F SREN ViBwéd ik S1BRhEthdiFsctiotrar tgE the
crsiegleicrystal. At this time, in the crystal region having a specific

resistancnewﬁa sfying a 15 certain condiéion only a length of crystal region

satishing Clstomer SpecificatiShs-SRHHS bRfect SoneLRtratioN ToRditiohr O
usang;oxyigen cancentrateis conrgdifign beaomes:aprimegl;e‘ngth.%oyﬂ%\@ing a
sptgg jF%glgnlq_U%éosriC ngr(ljclzl ing d%feg%g 9 X Centar.astlon %:nedquygegs defect

concentration is So far acfvanceg, Ut the technique for controlling an
cogffsativeasepagationdcséfficieandl @dppamt to congoltarspecific condition,
ackesistarce,profile. i alepgth Omggrt'%@, of, @ sgmicandycior single, erystaldg .. |

still staying at a beginning stage. Though a 25 theoretic formula for an

Hegdffectite SBBMEGALiOH cBeffitibHE CoX R a6paNtSd Rtk tRIOIRFPEXpERiFieHiy ing
alaf crystaliarowdh ROt greaterdhanchishes thereis Ao precgdentohangtn, .

If a silicon single crystal is grown using a dopant having
an effective segregation coefficient less than 1, a specific
resistance 1is slowly decreased, when viewed‘in a length
direction of the single crystal. At this time, in the
crystal region having a specific resistance satisfying a
certain condition, wonly a length of <crystal region
satisfying customer specifications such as defect
concentration condition and oxygen concentration condition
becomes a prime length.

However, the technique for contrelling defect
concentration and oxygen concentration is so far advanced,
but the technique for controlling an effective segregation
coefficient of a dopant to control a specific resistance
profile in a length direction of a semiconductor single
crystal 1is still staying at a beginning stage. Though a
theoretic formula for an effective segregation coefficient
of a dopant is made through experiments of crystal growth
not greater than 3 inches, there 1is no precedent of a
technique for controlling a specific resistance profile of a
crystal by suggesting a control methodology of an effective

segregation coefficient during single crystal growing. Thus,
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technique for controlling a specific resistance profile of a crystal by
suggesting a control methodology of an effective 30 segregation
coefficient during single crystal growing. Thus, 3 a prime length of a
single crystal grown using the CZ process is dominated by a specific
resistance profile mainly determined by an effective segregation
coefficient of dopant. It is because other customer requirements may be
easily 5 controlled using a current single crystal growing technology. For
example, boron has an effective segregation coefficient in the range of
0.73.to 0.75, and_a peculiar specific resistance grofile is determined in a

2 | PHHTird @ISR thiefsingle EAREI ACCOFEiRG IS SUER Y Bpetifidd® the CZ

priddaercal sangeadiand agrisye lengdeallawing.raanufasiie b ProduglHsny
determined accordin go the specific resistance profile, Thus, the effective

GeTEFIRTSh EdeMEicht bF Uohdht SORSRPAT LOSbRRT HASARAE oF dobant.

I tdetesmibes sproductivity per dgswher groveag: a sentaarduetay Single Easily
cryst ing the CZ process. As a result, if a specific resistance profile i

“a e%r%tﬂ%(lirggt%ﬁl of (grygﬁst]flrseréépgﬁagg %ycng asngsaoff (,gorncf%Jr%gtheeeChnonlogy'
effedlive segredyation . coflicient of Hepantathe peififeelengtremaypbegregation

cdBgrepsed.as mych.fere. expanding the,specific fesistance profile .15,
means 20 that a specific resiStance is increased at a certain ratio when
speeadiiing EfEdR/ESEGegREGT Ed6fficibhts Before wbrddllingrandcraftérength

aicaniolling B length disgetionof, srystalfrom the samepainkin grdesda; £ ¢
expand a specific resistance profile when 25 growing a semiconductor

n%ﬁﬁ@é%ﬁ%ﬂﬁﬁﬁgﬁgﬂ%?éZﬁHB&&Eﬁ length™ allowing manufacture of

a product is determined according to the specific resistance
profile. Thus, the effective segregation coefficient of
dopant acts as an essential factor that determines
productivity per Kg when growing a semiconductor single
crystal using the CZ process. As a result, if a specific
resistance profile in a length direction of crystal is
expanded by means of control of the effective segregation
coefficient of dopant, the prime length may be increased as
much. Here, expanding the specific resistance profile means
that a specific resistance is increased at a certain ratio
when measuring effective segregétion coefficients before
controlling and after controlling in a length direction of
crystal from the same point.

In order to expand a specific resistance profile when
growing a semiconductor single crystal using the CZ process,
a specific nitrogen (N) or carbon (C) was conventionally
added as impurities or a semiconductor ingot grown using a
single crystal under an oxygen or nitrogen gas environment
was thermally treated at a high temperature. As another

method, a third element (e.g., Ba, P, Ge, or Al) was
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a specific nitrogen (N) or carbon (C) was conventionally added as

impurities or a semiconductor ingot grown using a single crystal under an

oxygen or nitrogen gas environment was thermally treated at a high

temperature. As another 30 method, a third element (e.g., Ba, P, Ge, or

Al) was 4 additionally added as a dopant in addition to the dopant

basically added for control of the effective segregation coefficient, which

is called "co-doping'. These conventional methods have a limit that they

may 5 be used only for making a wafer having limited usages such as a

igh resistance watfer or a low resistance wafer. Also, the co-coping

ad&% &idws A5 ieAsticd WRRIPARHE ndP redfiffhbiisBperfestihe dopant
bambkingly semdi¢eaductar, of dris net. swiiciertidor araddng a-high guadiat i on

ingot such as a defect- 10 free ingqt. For a manufacturer who
Cor%ga%ﬁfalc?ﬁlr%e’s a %ér%l%coln%u% g%%%m%?y&%ﬁ%ﬁ% important to improve

the Uity ofc crystaltitsetfaButritda s nuuth rhaneeirrmor_ltar_mtitﬁ inti@dsecdey may
bePrimedengln by xpanding aspeciig fesstance profile 0.3 13 1900 oo gy

direction of crystal so as to enhance productivity. However, Since |
asdfiduitts contrbbaaetfectvd Segreyatiohvoetiividnt: aamelywa SpecificAlso,

thEesistance, prafilenasypantioned,abqve, the. pdmedength is L(Jﬁy@%b%gﬁy not

fixed regardless of improvement of crystal quality, so there 20 is basic
TegYiiitSo R W ERRARSING ProfEiviEy 6f BRINLERNSUYMMARPOR FHES not
sulNMENEIONHe prasenyinventigisHesianed toselve the.problems gerect -
free ingot.

For a manufacturer who manufactures a semiconductor
single crystal, it is important to improve the quality of
crystal itself, but it is much more important to increase a
prime length by expanding a specific resistance profile in a
length direction of crystal so as to enhance productivity.
However, since it i1g difficult toc control an effective
segregation coefficient, namely a specific resistance
profile, as mentioned above, the prime length is inevitably
fixed regardless of improvement of crystal quality, so there
is basically a limit so far in enhancing productivity of

products.

SUMMARY OF THE INVENTION
The present invention is designed to solve the problems
of the prior art, and therefore it is an object of the
present invention to provide a method for manufacturing a
semiconductor single crystal, which may expand a specific
electric resistance profile in a length direction of crystal
by controlling an effective segregation coefficient without

adding a third element as a dopant as in the co-coping
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25 of the prior art, and therefore it is an object of the present invention to
provide a method for manufacturing a semiconductor single crystal, which
may expand a specific electric resistance profile in a length direction of
crystal by controlling an effective segregation coefficient without 30
adding a third element as a dopant as in the co-coping 5 method, when
making a large-caliber semiconductor single crystal over 200 mm as well
as a small- or medium-caliber semiconductor single crystal using the CZ
process; a semiconductor single crystal ingot manufactured using the 5
methgod; and a wafer manufactured using the ingot. Another object of the

MESraREnt inlertiod R 1o provitle a2metidd ot Aranutlirigiductor  single
crsesnicbndueior single wrystad, which nsay enhanee produetiviiydiytim-caliber

expandi rime length with keeping high.quality for a variety of single
Seglrflgtoa?ﬁf%p%épg ucts }gé;;r%les%r(}f T aasqsifie\gscfg%gct rléflﬁ%ns,géiffe?é: nqtﬁle%é; m
Sﬂhémwtmmfﬁdma}ﬂimeﬂyﬁg@bf ansingle veystel capabledof beingg the
mdbABIACkEd o ROEL s eabasedion a chargg, gLie same.

material due to the difficulty in control of an effective segregation 15
coeffigieftarsethicdnbuedr sl Estal ingdtveahifactdredusimy el de a

mePthod; fnd anwaler manufagiured usingithedngotcvordentgre crystal,
accomplish the above object, the present invention provides a method for

“rhahufaetnfig P PeseRtiCotctr SivgIeeryRRRTGE CrodfaRki (E2)9th
wiyRcesseipinbichageedeaysiakis digrnta awaelt et semcopauelDE ra-ystal
pgg gg%gandég g@éﬁggyediggixuggggsified defect regions,
differently from the prior art in which a prime length of a
single crystal capable of being manufactured into products
was fixed based on a charge of the same material due to the
difficulty in control of an effective segregation
coefficient; a semiconductor single crystal ingot
manufactured using the method; and a wafer manufactured
using the ingot.

In order to accomplish the above object, the present
invention provides a method for manufacturing a
semiconductor single crystal wusing a Czochralski (C2)
process in which a seed crystal is dip into a melt of
semiconductor raw material and dopant received in a crucible,
and then the seed crystal is slowly pulled upward while
being rotated to grow a semiconductor single crystal,
wherein a cusp-type asymmetric magnetic field having upper
and lower magnetic field intensities different from each
other based on ZGP (Zero Gauss Plane) where a vertical
component of the magnetic field is 0 1ig applied to the

crucible such that a specific resistance profile,

theoretically calculated in a length direction of crystal,
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and then the seed crystal is slowly pulled upward while being rotated to
grow a semiconductor single crystal, 25 wherein a cusp-type asymmetric
magnetic field having upper and lower magnetic field intensities different
from each other based on ZGP (Zero Gauss Plane) where a vertical
component of the magnetic field is O is applied to the crucible such that a
specific resistance profile, 30 theoretically calculated in a length direction
of crystal, 6 is expanded in a length direction of crystal. In the present
invention, the theoretically calculated specific resistance is calculated
. using the following equation: _ II'Jt e~ P theoryPseed(l -S~ where Ptheorv
18iSXHBUIENC SPediic RISkt EE F Pkl 25p6dirie tedistance of the
seed srystad, pise asolidifination fate, ke isean-eliestiveisegregation culated
coefficient of the dopant. 10 Preferably, while a single crystal is growing, a .
Spt‘eecn%g(elr%turgecj?ffes?te:f#gé: Between & ?gl%él%lﬁg %ﬂer cd'8nd tzgtlﬁoinffc’lgo""lmg
egspacethapart from the solid-liquid interface by 50 mm is less than 50K.
Also, while a single crystal is growing, a ratio of a convection velocity at a
solid-liquid 15 interface to a convgptj@rel)velocity at a point spaced apart
from (;hse%lid-ﬁﬁlpd ing(f&ceﬁg 50 mm is less than 30. Preferably, a
specific resistance Hié4sured in 0 to 1/2L region in a length direction of the
grown semiconductor single crystal is increased 0 to 151 rather than the

P theo . . e .
where v is a theoretic gpecific resistance,
Pseed e . S .
1s a specific resistance of the seed crystal, is
g ‘ . ké . . .
a solidification ratio, 1s an effective gegregation

coefficient of the dopant.

Preferably, while a single crystal i1s growing, a
temperature difference between a solid-liquid interface and
a point spaced apart from the solid-liquid interface by 50
mm is less than 50K. Also, while a single crystal 1is
growing, a ratio of a convection velocity at a solid-liquid
interface to a convection velocity at a point spaced apart
from the solid-liquid interface by 50 mm is less than 30.

Preferably, a specific resistance measured in 0 to 1/2L
region in a length direction of the grown semiconductor
single crystal 1is increased 0 to 15% rather than the
theoretically calculated specific resistance.

Preferably, a specific resistance measured in 1/2L to
1L region in a length direction of the grown semiconductor
single crystal 1s increased 0 to 40% rather than the
theoretically calculated specific resistance.

In one aspect of the present invention, a lower portion
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20 theoretically calculated specific resistance. Preferably, a specific
resistance measured in 1/2L to 1L region in a length direction of the
grown semiconductor single crystal is increased 0 to 40% rather than the
theoretically calculated specific resistance. 25 In one aspect of the present
invention, a lower portion 7 of the asymmetric magnetic field has a
greater intensity than an upper portion thereof, based on ZGP. In this
case, the ZGP has a parabolic pattern convex upward, and an upper
vertex of the parabolic pattern is positioned above a 5 semiconductor

melt. In another aspect of the present invention, an upper portion of the
o fasyRtned iy ARG hEtE fidld %as bl Gre dtbe ifte Ay tifan SeXesoriipiensity

chifigregt, bagedonpdaR.dn tiseasss the.dGRuhasa paraboligpaligin case,
convex downward, 10 and a lower vertex of the parabolic pattern is

ERSodiBnedfit 8 sBRTESHIULTorRAGE ShhE Pradeht H/ERtEn, fied an upper
vesamaicondfictartsinglpaerystal 13 Sifae teaAs, NP, LINEMNIG3Rd above a

LT(LiTaO3), YAG(yttrium aluminum garnet), LBO(LIB30O5) or
=B B BT

S 5 single crystal. According to the present invention,
an asymaetidremagnetie fieldas apyiied Wmﬁgmwirrg\@seriﬁmn@mmnmper
singls-crystal using the,G-process, fherehy gantralling g conyection
?Ovelocity and a temperature distribution é?xa 20 ser%conﬁjcto??nel?an%reater
1npeRTesiraifivgabRorkeal SFOWRRF 6 eie demitenductdranel. Avtodiiigly, In

tnd thiekness ofige diffisianhoundgy layst neara selid-liavid interface isarq,
and a lower vertex of the parabolic pattern is positioned in
a semiconductor melt.

In the present invention, the semiconductor single
crystal 1s Si, Ge, Gals, InP, LN(LiNbO;), LT(LiTaO,),
YAG(yttrium aluminum garnet), LBO(LiB3;Os) or CLBO(CsLiBsO1o)
single crystal.

According to the present invention, an asymmetric
magnetic field is applied when growing a semiconductor
single crystal using the CZ process, thereby controlling a
convection velocity and a temperature distribution of a
semiconductor melt and thus restraining abnormal flowing of
the semiconductor melt. Accordingly, a thickness of a
diffusion boundary layer near a solid-liquid interface is
increased to increase an effective segregation coefficient
of dopant, and thus a specific resistance profile is
expanded in a length direction of crystal. Thus, the
present invention may improve productivity rather than the

conventional one.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and aspects of the present invention will
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increased to increase an effective segregation coefficient of dopant, and
thus a specific resistance profile is 25 expanded in a length direction of
crystal. Thus, the present invention may improve productivity rather than
the conventional one. BRIEF DESCRIPTION OF THE DRAWINGS 30
Other objects and aspects of the present invention will 8 become
apparent from the following description of embodiments with reference to
the accompanying drawing in which: FIG. 1 is a schematic view showing
an apparatus for 5 manufacturing a semiconductor single crystal, used for
implementing a method for manufacturing a silicon single crystal

befEBrdingXBREPRIEred BFFBbdIMERE of the plesehbdnvestrpc FiBt2on  of
enShoavsnsintdatipnIasulis of a-magnatic fieldk 1%@%&%@gﬁ{8u@§wing in
silicon melt and a quartz crucible and ZGP (Zero Gauss Plane) in case a
‘type asymmetric magnetic field is applied to the quartz crucible
whiler growing a silieonssitgleceysialvikn 3daavgiaph showiihbaratus for
th ecific 15 resistance r%) and an ,actLiaIIy measurei specific

m""nggreél‘guslpj(I'QISIacfﬂflordsemtl e aldirectioh 9t an &-héh Siicon Bfigle  £oF

resistance iNg to a Crys
imgrysmenateawithouteipphdng Fomagrsticthetd thereto @ cempatative single

cxyeeanle Ll s agagh shavla.a NeelitRedllle B3 IeHRANGE con
. ((n) and an actually'measured specific resistance (M) accordingto a
1rgrpstalaitection of an 8-inch silicon

FIG. 2 shows simulation results of a magnetic field
distribution around a silicon melt and a quartz crucible and
Z2GP (Zero Gauss Plane) 1in case a cusp-type asymmetric
magnetic field is applied to the quartz crucible while
growing a silicon single crystal;

FIG. 3 1s a graph showing a theoretic specific

resistance () and an actually measured specific resistance

(M) according to a crystal direction of an 8-inch silicon
single crystal made without applying a magnetic field
thereto (a comparative example 1);

FIG. 4 1is a graph showing a theoretic specific

resistance () and an actually measured specific resistance

(M) according to a crystal direction of an 8-inch silicon
single crystal made by applying a cusp-type symmetric
magnetic field (R=1) thereto (a comparative example 2);

FIG. 5 1s a graph showing a theoretic specific

resistance () and an actually measured specific resistance

(M) according to a crystal direction of a sgilicon single
crystal made Dby applying an asymmetric magnetic field
(R=2.3) made according to a first embodiment of the present

invention as shown in (a) of FIG. 2;
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single crystal made by applying a cusp-type symmetric magnetic field

(R=1) thereto (a comparative example 2); FIG. 5 is a graph showing a
theoretic specific 25 resistance ((r)) and an actually measured specific
resistance () according to a crystal direction of a silicon single crystal

made by applying an asymmetric magnetic field (R=2.3) made according

to a first embodimen_--t of the present invention as shown in (a) of FIG.

2; 9 FIG. 6 is a graph showing a theoretic specific resistance ((r)) and an
actually measured specific resistance ((r)) according to a crystal direction

of an 8-inch silicon single crystal made by applying an asymmetric

maghéfic fielel 5 (R=1.36) raaa@®accoriirigiieca seconthernyediftent epgrei fic

roRESENLIOVENYEN as SHoWN 'QC(EL%&E e dGrLdS aarap fﬁowgi tance
simulation results of temperature distribution of a silicon melt'in the ws?
( Mhihd ssecondiembatiments shewalin BiG.e2 gespectivelynarg- 1 EHS. B i8i con
! giaeph showing siméulat'g)[)n results of convection velocity distribution for
iy

Slicon Mt in 17S FirstartPSecohi®e fbodifemts sShofnTRErgt2c field
(Reespeétivelyad=Retarencel Mumerats ofsEssentiahRartsmph Sk wdicon melt the

o< G, s 20 g 0 gucesgng unt 40:estng

FIG. 7 1is a graph showing simulation results of
temperature distribution of a silicon melt in the first and
second embodiments shown in FIG. 2, respectively; and

FIG. 8 1is a graph showing simulation results of
convection velocity distribution for the silicon melt in the
first and second embodiments shown in FIG. 2, respectively.

< Reference Numerals of Essential Parts >

SM: silicon melt

10: crucible

20: crucible housing

30: crucible rotating unit

40: heating unit

50: isolating unit

60: single crystal pulling unit

70: heat shield

DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. Prior to the description, it should
be understood that the terms used in the specification and
the appended claims should not be construed as limited to
general and dictionary meanings, but interpreted based on

the meanings and concepts corresponding to technical aspects
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70: heat shield DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter, preferred embodiments of the present 25 invention will be
described in detail with reference to the accompanying drawings. Prior to
the description, it should be understood that the terms used in the
specification and the appended claims should not be construed as limited
to general and dictionary meanings, but interpreted based on 30 the
meanings and concepts corresponding to technical aspects 10 of the
present invention on the basis of the principle that the inventor is allowed
to define terms appropriately for the best explanation. Therefore, the

CLddSFiphER PFofose” figfeifts i3t Apfeferdble eRampREfOPHESilipbSe that
thef Silustrations oalyanatdntended taslinait the scopgof g Hyentiope3Q it for
shauld be understood that other equivalents and modifications could be

288 SerSIRVRAG U t¥parting oM Espirit Afid SE55& P Rvégresed
heMebnwhile, theembeadiperttcafibe preseaniprentian 10 explaipabetow of

.- are_based. on growth of a_silicon semiconductor. single crystal using the
112 Sp%%%%ég s?)woer\llgvry’th(-%1 Cs)pirifL xolg t %d?ﬁ\geng%n %ﬁ%gﬁj n%}i‘%esl’ﬁt%?%re%% the
inteeé dlipmitedsonly to siregicviheofimsiticon serhicomiuctorisinglequrystal.ent s

anBNURo 4 SnpLlELbe noteddNatng soifaldhe. 13 pLesent IVERHEN WRKDE.  ng
applied to all kinds of compound semiconductor single crystals including
from ddeGERS AAP, AN(LINBOS) AT (BT G3) ¥AG(9#rium aluminum

garned kB (LIB3QNOr ChECY (Gel{Ba013) - HEe 1 isaschamalig Vg i on

showing an apparatus for .
explained Dbelow are Dbased on growth of a silicon
semiconductor single crystal using the CZ process, however
the spirit of the invention should not be interpreted to be
limited only to the growth of a silicon semiconductor single
crystal. Thus, it should be noted that the spirit of the
present invention may be applied to all kinds of compound
semiconductor single crystals including Si, Ge, GaAs, Inp,
LN (LiNbQC,) , LT (LiTa0,y), YAG (yttrium aluminum garnet),
LBO (LiB30s) or CLBO(CsLiBg0i4) .

FIG. 1 is a schematic view showing an apparatus for
manufacturing a semiconductor sgingle crystal, which is used
for implementing a method for manufacturing a silicon single
crystal according to a preferred embodiment of the present
invention.

Referring to FIG. 1, the semiconductor single crystal
manufacturing apparatus includes a quartz crucible 10 for
receiving a silicon wmelt (SM) obtained by melting a
polycrystalline silicon and a dopant at a high temperature;
a crucible housing 20 surrounding an outer circumference of
the quartz crucible 10 and supporting the outer

circumference of the quartz crucible 10 in a predetermined
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20 manufacturing a semiconductor single crystal, which is used for

implementing a method for manufacturing a silicon single crystal

according to a preferred embodiment of the present invention. Referring

to FIG. 1, the semiconductor single crystal 25 manufacturing apparatus

includes a quartz crucible 10 for receiving a silicon melt (SM) obtained by

melting a polycrystalline silicon and a dopant at a high temperature; a

crucible housing 20 surrounding an outer circumference of the quartz

crucible 10 and supporting the outer 30 circumference of the quartz

crucible 10 in a predetermined 11 pattern; a crucible rotating unit 30
pajpseiied t6 a WETLBAG ofthieadtlitiblewibiising 20 10 #6rald fte durartz  lower

enefusble Hio @B@&%Métm%%ﬂﬁi% heusing 20t @ healinguit40 crycible
spaced apart from a sidewall of the crucible housing 20 by a5 '
10p g fdiifife ' fehgth o h & HRe BtErn 2 eI 180an dsbatihd it ot 40

sphstalleddaan qutempasiioehthe heatingani AQdorreveiieaty 20 by a
pr%enerated, by the heating unit 4Q from emitting out; a single crystal pulling

FIE66- It Pufing 'sidle crystd (&7 fromrthe SM Fédeivel iy tie 0 107 an
isquartz orpcibleit) using anseedl trystal andeanheat shieldpd6 Spaced apartthe

heg%m an outer cirgldmference of th% siﬂgle crﬁstal &C‘"’?@ueolllc?%gy ttryt?esirl%é% ting

(:ryjs't%lglT pﬁjlfllr%gtunlt 60tbOy 1 ]f)?é’ &ermlng& le thﬁ 6 Tef at emitte
unfigm4he feingle wryStalif®y. Thése sormporgers ary somanly Usad iait 60

£ok> sgepductar single cpystalmanytacturing.device Uyngdne Gle in the

process, wéll known in the art, so they are not described in detail here.
quartz crucible 10 using a seed crystal; and a heat shield
70 spaced apart from an outer circumference of the sgingle
crystal (C) pulled by the single crystal pulling unit 60 by
a predetermined length to reflect heat emitted from the
single crystal (C). These components are commonly used in a
semiconductor single crystal manufacturing device using the
CZ process, well known in the art, so they are not described
in detail here.

The semiconductor single crystal manufacturing
apparatus employed in the present invention further includes
magnetic field applying units 80a, 80b (hereinafter,
designated by a reference numeral 80 in common) for applying
a magnetic field to the guartz crucible 10, in addition to
the above components. Preferably, the magnetic field
applying unit 80 applies an asymmetric magnetic field Gupper:
Giower (hereinafter, designated as G in common) to the high
temperature SM received in the quartz crucible 10.

Preferably, the asymmetric magnetic field G has a
greater intensity of the magnetic field Gigwer in its lower
portion than an intensity of the magnetic field Gypper in its

upper portion, based on ZGP (Zero Gauss Plane) 90. That is
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The semiconductor single crystal manufacturing apparatus employed in

the present invention further includes 20 magnetic field applying units

80a, 80b (hereinafter, designated by a reference numeral 80 in common)

for applying a magnetic field to the quartz crucible 10, in addition to the

above components. Preferably, the magnetic field applying unit 80

applies an asymmetric magnetic field Gupper, 25 Glower (hereinafter,

designated as G in common) to the high temperature SM received in the

quartz crucible 10. Preferably, the asymmetric magnetic field G has a

greater intensity of the magnetic field Glows,- in its lower portion than an
tantepsity df thefagaetitfield Go ppshihdtsmagupperpoitierd,chased gmeater
eGP {zeracauss Blane) 20- ThohiseL210 st b (G lower/Graped ol fhis,,

magnetic field is greater than 1."Under such an"asymmetric magnetic

théondifidn, e ZEF 90PHas APRASPrORMTRe pREBSRLBatePPEoREX convex

upsard. Alsoshe magnetis disktformed in the ippeeand 2 Iower ROSIRNS ang
based on the ZGP is asymmetrically distributed. As an alternative, the

LA mmdRE MGhetic FAEE ma§has FgreatéFitendfty of ¥y Tpserically

dimagneitic-teld G"pper than that of the lower magnetic field Glower. That is

to say, 10 the asymmetric magnetic field G may, have R (=Glower/Gupper)
Iessa%?anaf &r?(?e?ﬁﬁ%ta%s@?ﬁmggﬁ% rﬁgé/nmg}?::g ﬁ%gl& cBR&TEH ?hoﬁfg%frg)tc' may
hashown grtetdrawingsetiel ZGPOD halseanuapgroximate.patabolic patert ..

th%qu%QQW%ﬁeP&%wgplxngagg%%f%]gé

15 a cusp-type asymmetric magnetic
the asymmetric magnetic field G may have R (=Giower/Gupper)

'edield applying upit 80 apolies .
G to the quartz

less than 1. Under this asymmetric magnetic field condition,

though not shown in the

drawings,

the 2ZGP 90 has an

approximate parabolic pattern convex downward.

Preferably, the magnetic field applying unit 80 applies

a cusp-type asymmetric magnetic field

G to the qguartsz

crucible 10. 1In this case, the magnetic field applying unit

80 includes ring-shaped upper and lower coils 80a, 80b

installed a predetermined distance

spaced apart from an

outer circumference of the isolating unit 50. Preferably,

the upper and lower coils

80a, 80b

are substantially

coaxially installed with the quartz crucible 10.

In order to form the asymmetric magnetic field G, as an

example, currents of different intensities are applied to

the upper and lower coils

80a, 80b.

That 1is to eay, a

greater current is applied to the lower coil 80b than to the

upper coil 80a, or vice versa. As an

also possible that a current

of the

applied to the wupper and lower coils

alternative, it is
same intensity 1is

80a, 80b, but the

number of windings of each coil may be controlled to form an

asymmetric magnetic field G.

13

Meanwhile,

it is apparent to



10

15

20

25

30

crucible 10. In this case, the magnetic field applying unit 80 includes
ring-shaped upper and lower coils 80a, 80b installed a predetermined
distance spaced apart from an outer circumference of the isolating unit
50. Preferably, 20 the upper and lower coils 80a, Bob are substantially
coaxially installed with the quartz crucible 10. In order to form the
asymmetric magnetic field G, as an example, currents of different
intensities are applied to the upper and lower coils 80a, Bob. That is to
say, a 25 greater current is applied to the lower coil Bob than to the upper
coil 80a, or vice versa. As an alternative, it is also possible that a current
thap e sameraterisityis mpplied 10 tHerupper antt lovvertcoile80anBehshuty of
t r of.windi f CaQl lled to form.an 30.
G gl G Maaminia s e apparanlo T oo te a0a,
8 PavirtpardiRgry SRR TeEREEt thatie inGaRiGDf &hsaghetividlde of the

agpnrEated byhgnpes apddoweg cails 80a,,80b may be increased with
keeping the R value of the asymmetric magnetic field G as it was. 5

Mean AR it Dder {HnEred8E a primienGtst adsilkRbhngleagshl of 2
s Made-usingiheg X/ peesassaan effeniivesegregationecoefficieptofdopant an
ould.be increased. Also, in order_to.increase the effective segregation
egg%ﬁi%lle\ﬁf, a ke oA diffﬁgl%ﬁ%o%%%?y 16 fayef ity inghould  be
imotiedigeid.interfacesshould be incr@éasedtdn oldertedncreasththe effective

sdyeanessigting ditusign foundary javer, Lisreguired 40 pROIIZSAy o ngary

conveéction of a silicon melt near the solid- IQUId Intertace. For this
lyviggoseomed in a solid-liquid interface should be increased.
In order to increase the thickness of the diffusion boundary
layer, it is required to stabilize a convection of a silicon
melt neér the solid-liquid interface. For this purpose, in
the present invention, a cusp-type asymmetric magnetic field
as mentioned above is applied to a quartz crucible
containing a melt of dopant and silicon. Then, a thickness
of the diffusion boundary layer may be increased to increase
the effective segregation coefficient of dopant without
using the co-doping. Accordingly, a specific electric
resistance profile may be expanded in a length direction of
single crystal. If the specific resistance profile is
expanded as above, a prime length of a single crystal
allowing manufacture of a product is increased, thereby
improving productivity.

Generally, a dopant put in growing a sgilicon single
crystal 1is introduced into the single crystal at an
interface of the silicon melt and the single crystal. An
amount of dopant introduced at this time is determined based
on the effective segregation coefficient, and the effective

segregation coefficient is defined as in the following
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the present invention, a cusp-type asymmetric magnetic field 15 as
mentioned above is applied to a quartz crucible containing a melt of
dopant and silicon. Then, a thickness of the diffusion boundary layer may
be increased to increase the effective segregation coefficient of dopant
without using the co-doping. Accordingly, a specific electric 20 resistance
profile may be expanded in a length direction of single crystal. If the
specific resistance profile is expanded as above, a prime length of a
single crystal allowing manufacture of a product is increased, thereby
improving productivity. 25 Generally, a dopant put in growing a silicon

S8R rystal is introduced into the single crystal at an interface of the
silicon melt and the single crystal. An amount of dopant introduced at this
time is determined based on the effective segregation coefficient, and the
effedtfia30-88gregation coefficient is defined as in the following 14
equation 1. uation 1 ke =Cs C| 5 Here, C, is a dopant concentration
in the singlé—cgystal, and C1 is a dopant concentration in the silicon melt.
Alsa{grequation dominating an effective segregation coefficient induced
till now is eﬁ?ssed in the following 10 equation 2. The equation 2 is
disclosed in "Solid state

Here, C; 1is a dopant concentration in the single
crystal, and C; i1s a dopant concentration in the silicon
melt. Also, an equation dominating an effective segregation
coefficient induced till now is expressed in the following
equation 2. The equation 2 is disclosed in “Solid state
technology (April 1990 163) R.N. Thomas”, “Japanese journal
of applied physics (April 1963 Vol. 2, No4) Hiroshi Kodera”,
“Journal of crystal growth (264 (2004) 550-564 D. T. Hurle”

and so on.

Equation 2

B ko
K T (1k o) Exp(-VT/D)]

Here, K, 1s an equivalent segregation coefficient, V is
a growth velocity of single crystal, T is a thickness of a
diffusion boundary layer, and D is a diffusion coefficient
of fluid. Also, an empirical formula dominating the
thickness (T) of diffusion boundary layer is expressed as

the following equation 3.
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technology (April 1990 163) R.N. Thomas", "Japanese journal of applied
physics (April 1963 Vol. 2, No4) Hiroshi Kodera", "Journal of crystal
growth (264 (2004) 550-564 D. T. Hurle" and so on. 15 Equation 2 ko ke
[ko+(1-ko)Exp(-VT/D)] Here, KO is an equivalent segregation coefficient,
Vis 20 a growth velocity of single crystal, T is a thickness of a diffusion
boundary layer, and D is a diffusion coefficient of fluid. Also, an empirical
formula dominating the thickness (T) of diffusion boundary layer is
expressed as the following equation 3. 25 15 Equation 3
T=1.6XD1/3v1/60-1/2 Here, v is a coefficient of kinematic viscosity, and w
S is Evatioanate of single crystal. Putting the equation 3 into the
equation 2 obtains a final equation as expressed by the following
equation 4. Eauation 4 t p'~7 U6 1/} 10 F - v 0} 2)A Seeing the
equatﬂ)_’rﬁ,ﬁt,\@)l}ﬁq@%?mdﬁtﬁg thigb effective segregation coefficient is
in proportion to the crystal growth velocity and the coefficient of kinematic

Here, v 1is a coefficient of kinematic viscosity, and w
is a rotation rate of single crystal. Putting the equation
3 into the equation 2 obtains a final equation as expressed

by the following equation 4.

Equation 4

kg

-

< [k(}_{—( 1 _kU)EXp(‘ 1 .6 K ID -2;!3'1»: 156@ '1":’3)]

Seeing the equation 4, it wound be found that the
effective segregation coefficient is in proportion to the
crystal growth velocity and the coefficient of kinematic
viscosity, and in inverse proportion to the diffusion
coefficient and the crystal rotation rate. However, the
equation 4 1s an empirical formula based on results
analogized from experiments that grow a 3-inch or less
single crystal into several millimeters, so it may not be
applied to growth of a large-caliber single crystal over 200
mm. It is because a silicon melt is flowed in an abnormal
state and thus moved in complicated patterns, and thus
because analyzing an accurate fluid flow is impossible.

In the present invention, in order to satisfy the
demanded quality of a semiconductor device and improve an

effective segregation coefficient without deteriorating
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15 viscosity, and in inverse proportion to the diffusion coefficient and the

crystal rotation rate. However, the equation 4 is an empirical formula

based on results analogized from experiments that grow a 3-inch or less

single crystal into several millimeters, so it may not be 20 applied to

growth of a large-caliber single crystal over 200 mm. It is because a

silicon melt is flowed in an abnormal state and thus moved in complicated

patterns, and thus because analyzing an accurate fluid flow is impossible.

In the present invention, in order to satisfy the 25 demanded quality of a

semiconductor device and improve an_effective segregation coefficient
Prpfk6ttdetehorating 16 pfodudtiitgieslintefided tdI¥REr a diffusff fusion

coeasfiicieahandimake the-diffusion bewndarydaysk thigker, Al$Q,de CoBliQiker .
the diffusion coefficient and the diffusion boundary layer, it was found .
Al&factiv@ (64pphPd ch8F-tylie 5uyAn &Rt dgiaRGicid o tHeeq@dfL veion
botinginte. Ilisybecause applyifgaruspiype asymmeiicmagnetc teldp - type

L may ggectivelg restgain agnorﬂal gowiré% of fluid c%used near. the £
SONRIGUId intsHate of the-dificoh malt. Sich Fe&F&ifinG bf thdabnormal® **

beflew i olbtpinkdisigcesthe 18@pplied aswymettic magnetiméeldcomadiield may
ef%@@gg6gﬂ§ﬂ%eg%9§§HO%%§8£EA§O%E%W¥§%K%%d?%&%@?%ghggﬁ near
melt. if an asymmetric magnetic field is appliedTn growing a silicon single
therysanla dreltvalacity ratioahayandt termberataie differenceedta Such
redilicon meliynegsured,at anelt 1o interacs, contactingowith, the slicgne  +1e
single crystal and at a position distanced from the melt interface by 50 mm
applied "asymmetric magnetic field may stably control a
convection velocity and temperature distribution in the melt.
If an asymmetric magnetic field is applied in growing a
silicon single crystal, a melt velocity ratio (Mvr) and a
temperature difference of a silicon melt measured at a melt
interface contacting with the silicon single crystal and at
a position distanced from the melt interface by 50 mm

satisfy the following equations 5 and 6.

Equation 5

Mvr({— Lz )< 30( more preferably, 15)
interface

Equation 6

ATemp ; orfuce~ 0= < 0K(more preferably, 30K)

Mvr of Equation 5 1s a convection velocity ratio of a
silicon melt measured at a solid-liquid interface and at a

position below the solid-liquid interface by 50 mm, and
17
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satisfy the following equations 5 and 6. Equation 5 Mvr( Qa )c30( more
preferably, 15) interface 20 Equation 6 AT'emp ipa,-fcx,e--az<5Q (more
preferably, 30 25 Mvr of Equation 5 is a convection velocity ratio of a
silicon melt measured at a solid-liquid interface and at a position below
the solid-liquid interface by 50 mm, and 17 G Temp in the Equation 6 is a
temperature difference of the silicon melt measured at a solid-liquid
interface and at a position below the solid-liquid interface by 50 mm. If
Mvr s controlled less than 30, more preferably less than 15, by 5 applying
a cusp-type asymmetric magnetic field, a thickness of the diffusion

A Beupdary layer nEayube inoredsetstodandrease the effectiefsegregatornf the

S.lcloiegf(i)cient. f\so if the teg1pe ature d(i)f{gggie IS c%trflled I%ss than 50K,

more préfera If;n fesg'than 30K, By appiying ﬁ'éj[%%ymm%ﬁ?cr & Avaghidtic at a

pcfield,ithe thickness-bithe dliffubidn goddday tlyéemaylihe iBtreased tdf Mvr
1 Jnesaeedne afeslus segipgaton GRSIICERL FLGLB pPONBATLIARN, 5 | by
results of ZGP and magnetic field distribution around a silicon melt and a
apiiarta g 5%rgeibie; Y Osse2 s tussiypeagipameticomagnett field shickness
ofamﬂgddQE@%QE@HZE@&H@EthW%?é%m&%f”ﬁgn£ﬂ£¥%¢§¥gﬂé§ increase
tﬁgowg¥%£ggggggtggggggégggﬂ”dggégkfgﬁgggfhatIhAlso, if the
temperature difference 1is controlled 1less than 50K, more
preferably less than 30K, by applying the asymmetric
magnetic field, the thickness of the diffusion boundary
layer may be increased to increase the effective segregation
coefficient.

FIG. 2 shows simulation results of ZGP and magnetic
field distribution around a silicon melt and a quartz
crucible, in case a cusp-type asymmetric magnetic field is
applied to the quartz crucible while a 8-inch silicon single
crystal is growing.

Referring to FIG. 2, it would be understood that, in
case R is 2.3 (the first embodiment), a density of magnetic
field distribution is higher than the case that R is 1.36
(the second embodiment), the ZGP has a parabolic pattern
convex upward in both of the first and second embodiments,
and the ZGP moves upward as R is increased. The increase of
R means that a magnetic field intensity of the lower coil is
relatively increased rather than that of the upper coil. If
the lower magnetic field intensity of ZGP becomes stronger
than the upper magnetic field intensity, a magnetic field
density is increased near the solid-liquid interface and at

a boundary surface of the quartz crucible and the silicon

melt. As a zresult, abnormal fluid flowing of the silicon

18
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case R is 2.3 (the first embodiment), a density of magnetic 20 field

distribution is higher than the case that R is 1.36 (the second

embodiment), the ZGP has a parabolic pattern convex upward in both of

the first and second embodiments, and the ZGP moves upward as R is

increased. The increase of R means that a magnetic field intensity of the

lower coil is 25 relatively increased rather than that of the upper coil. If the

lower magnetic field intensity of ZGP becomes stronger than the upper

magnetic field intensity, a magnetic field density is increased near the

solid-liquid interface and at a boundary surface of the quartz crucible and
mehé silicohI0 MeleALYa résefrabiiéinal freidd flowirgudfdhe Sitliconfage, is

rdBeltapartigularly feak the selidsliquidipterace.ds Jestrained Accordinglys ; o

the thickness of the diffusion boun'dar%/f layer near the solid-liquid interface
LAUTGEYsedY flerBB§ incrossing Héafid Bivelsdgtegaiter BoéfficieRebessed,
thdopany. Suchringrgase aflibe effectivei segregatiany Loelicient wilEbe i ent of
explained later using experimental examples. FIG, 3 is a graph showing a
dol%ae%?etic speéﬁgshresi% Fe8FErandn aktiflly fieb8Gfed Spechigredation
coesistancent 0 (r))accdrdingeterdl ery/stal direstien of ag Bdgch sitisepimental
o:SI Ife%ystal made without applying a magnetic field thereto (a

comparative example 1) In FIG. 3, points representing the actually

mea&idied spkcifitTesistangzanbe gettiserensince spdufienesistancepwasfic

< RS R 00 e R 5 DL
(M) according to a crystal direction of an 8-inch silicon
single crystal made without applying a magnetic field
thereto (a comparative example 1). In FIG. 3, points
representing the actually measured sgpecific resistances are
gathered since specific resistance was measured several
times while changing a measuring point on a crystal section
into various positions, and many samples were used for
checking reappearance. The theoretic specific resistance
according to the «crystal direction was obtained by
theoretically calculating a specific resistance of a single
crystal using factors of a radius of crystal, a weight of a
seed crystal, a specific resistance of the seed crystal, a
charge of polycrystalline sgilicon, and an effective
segregation coefficient. A concrete theoretical gpecific
resistance may be calculated using the following equations 7

and 8.

Equation 7

(I-k,)
P theory:pseed( 1 _S)

19



10

15

checking reappearance. The theoretic specific resistance according to the
crystal direction was obtained by theoretically calculating a specific
resistance of a single 20 crystal using factors of a radius of crystal, a
weight of a seed crystal, a specific resistance of the seed crystal, a
charge of polycrystalline silicon, and an effective segregation coefficient.
A concrete theoretical specific resistance may be calculated using the
following equations 7 25 and 8. Equation 7 P theory Pseed (1 -S) 19
Equation 8 2 S Mcharge-Mseed In Equation 7, P theory is a. theoretic
specific 5 resistance, Pseed is a specific resistance of a seed S ke
crystafig allidffication ratio, and is an effective segregation coefficient
of dopant. In Equatign 8, R is a radius of an ingot, H is a height of a
grown ingot, 6 iﬁR qﬁE@y of the ingot, 10 Mcharge is a weight of material

inpu&%—thmmﬁ—cmcrble,—and Mseed is a weight of the seed crystal.

In the cord%rgﬁigg %xa(%%e J7R =10.35cm, Mseed =1560g, P seed
=12.417emQ, McH%lrge = fol?l , ke =0.750 and 6 =2.328g/cm'. 15 FIG. 4

is a graph showing a theoretic specific resistance ((r)) and an actually
measured specific resistance

: P theo . . .
In Equation 7, v 18 a theoretic specific
. P seed . e .
resigtance, is a specific resgistance of a seed
crystal, 5; is a solidification ratio, and € is an

effective segregation coefficient of dopant.

H

In Equation 8, is a radius of an ingot, is a

height of a grown ingot, c is a density of the ingot,

M

charge . . . . .
g is a weight of material input into the quartz

M

seed

crucible, and is a weight of the seed crystal.

R

In the comparative example 1, =10.35¢cm,

jv{;eed P seed M

=1560gq, =12.417cmQ, charge =120kg,

k

€ _0.750 and O =2.328g/cm’.

FIG. 4 1s a graph showing a theoretic specific

resistance (®) and an actually measured specific resistance

(M) according to a crystal direction of an 8-inch silicon
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() according to a crystal direction of an 8-inch silicon 20 single crystal
made by applying a cusp-type symmetric magnetic field (R=1) thereto (a
comparative example 2). In the comparative example 2, R =10.35cm,
Mseed =1560g, P seed =11.94em0, Mcharge =150kg, "'e =0.750 and a
5 =2.328g/cm3. A magnetic field is applied such that ZGP is positioned
right below the solid-liquid interface. As shown in FIG. 4, if a symmetric
magnetic field is applied to a quartz crucible when growing a silicon single
crystal, an actually measured specific resistance is 10 substantially not

_different from the theoretic specific resistance. Thus, it would be
S1BAdErstGOF izt the BfffnetRY maEREGCHEd cAnn6tSEbStHRRallySymmetric
mabiceedse an effective- segregatien soeHiciephpebtbusa speaificie 2). 1n

resistance profile cannot be controlled in a length direction of 15 crystal.
FIG. 5 is a graph showing a theoretic spgcific resistance (} 4nd an
thactualigneasured spaeifigyesistance K aceerding.te,a crystéfeifection 609,
of a silicon single crystal made by applying an asymmetric magnetic field
p20 (R=2.3) made accordingAd a first embodiment of the Jpresent invention
é%%owgiq(@)@ﬂg. 2.1nt ékﬁ‘%’%mbg@%,ﬁ =1085cm,gMseed  sng
=1560g, P seed =11.25cmQ, 1Vl1charge =150kg, ke =0.750 and
=2.328g/cm3. Referring to FIG. 5, differently from the specific 25
resistanég ¢comparisén resgits of thefdermparativesgxamples du@h that 2zGP

is positioned right below the solid-liquid interface.

o]

As shown in FIG. 4, 1if a symmetric magnetic field is
applied to a quartz crucible when growing a silicon single
crystal, an actually measured specific resistance is
substantially not different from the theoretic specific
registance. Thus, it would be understood that the symmetric
magnetic field cannot substantially increase an effective
segregation coefficient, and thus a specific resistance
profile cannot be controlled in a length direction of
crystal.

FIG. 5 1s a graph showing a theoretic specific
resistance (®) and an actually measured specific resistance
(M) according to a crystal direction of a silicon single

crystal made by applying an asymmetric magnetic field

(R=2.3) made according to a first embodiment of the present

invention as sghown in (a) of FIG. 2. In the first
embodiment, =10.35cm, seed _ss0g, 54 _11 o5emQ

~150kg, € =0.750 and O =2.328g/cm’.

charge
Referring to FIG. 5, differently from the specific

resistance comparison results of the comparative examples 1
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and 2 explained above, it would be found that reduction of a specific

resistance according to crystal growth is lessened such that a specific

resistance profile is expanded in a length direction of crystal. In more

detail, ina 0 to 1/2L 5 (L is a total length of the grown single crystal body)

region in a length direction of crystal, the specific resistance is increased

0 to 156 rather than a theoretic specific resistance, and in a 1/2 to 1L

region, the specific resistance is increased 0 to 40% rather than the

theoretic 10 specific resistance. Accordingly, it would be understood that,

by applying an asymmetric magnetic field, it is possible to control an
argfettivebaidtpiionvedicint olodégareantcalsd coherol aspecifiton of a

sgesistanceugfiledna- dength dirgetion Qfoc'%%?g aad tg%@tﬁ[mlesleﬂgg"sened

of a 15 silicon single crystal may be increa Meanwhile, though not
SuGRygédRl uﬁngs%ﬁ)ééxa?fﬁﬁ&tEFtIW&JI&E@ﬁbbéreﬁﬁthﬁ%@ﬁ@élvén a

1esegragatione coeticiest naay bedurtherrincigased ddpagnetic intensities, of /o1,
the upper and |O\ﬁ:§l‘ coils are increased at the same ratio 20 though R is

Tdehfica?, siht& a magratictield derdify inhe"SliicBhiieitis %Yé&?éd body)
refglGorb isimgraph Skowirly a dieeretid speciti€ resisfancel(+) alkan specific

tual measured specific resistance ; ccord to a ¢rystal direction
ree%%ér? nc?h s]hcon 3% smgﬁeciryétagm eSaBy appt}/?ng an(i%éymﬁ]etif’ eoretic

snaaghetic fieldiR=n386) nrud deccordihg 20 besetbndambadiment obthecific
reesegtipuention as sl () obFi 2. ibgapcond LrbIBREL R e
=10.35cm, Seed =15608, P seed =11.33cmS2, 22

specific resistance. Accordingly, it would be understood
that, by applying an asymmetric magnetic field, it 1is
possible to control an effective segregation coefficient of
dopant and also control a specific resistance profile in a
length direction of crystal, and thus a prime length of a
silicon single crystal may be increased.

Meanwhile, though not suggested using specific examples,
it would be apparent that an effective segregation
coefficient may be further increased if magnetic intensities
of the upper and lower coils are increased at the same ratio
though R is identical, since a magnetic field density in the
silicon melt is increased.

FIG. 6 1is a graph showing a theoretic specific

resistance (@) and an actually measured specific resistance

(M) according to a crystal direction of an 8-inch silicon
single crystal made by applying an asymmetric magnetic field
(R=1.36) made according to a second embodiment of the

present invention as shown in (b) of FIG. 2. In the second

embodiment R =10.35cm, seed _1sgog, T S€d _11 330mQ)
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"“charge =150kg, ~e =0.750 and 6 =2.328g/cm3. Also, an asymmetric
magnetic field is applied such that a convex point of ZGP is positioned
just below the solid-liquid interface. 5 Referring to FIG. 6, it would be
found that a specific resistance profile is expanded in a length direction of
crystal, similarly to the first embodiment. In more detail, it was observed
such that, in a 0 to 1/2L region in a length direction of crystal, the specific
resistance is increased 0 10 to 10% rather than a theoretic specific
resistance, and in a 1/2 to 1L region, the specific resistance is increased
0 to 23% rather than the theoretic specific resistance. Also, comparing

e first and second enjhbodiments with each other, though using an

asymingetric magpetic fiéld, itjs %édn%m@dv@nta%eg%omm“i“gf‘so an

specific resistance in a length direction of crystal when IS positioned’
2 SyBMARLFEC SIfRFTRER fthe first @mbediraem) 1 esthes tedn thdaaseathatRvex

posireatar angthus ZGRispesitioned in; ﬁ‘aetsni%%rlé@eltt%fecorg@ﬂ&iquid
,hgfge second embodiment). 20 FIG. 7 is a graph showing simulation results
. Féﬁﬁﬁ@rature distribution of a silicon melt in the first and second

embpdifeentsishows i FdG. 2, respedidiely IbEIGo(na Sehd Hng isgRcific
isothermal line, ag&lf\ gap between adjacent isothermal lines is 2K.

dj ) , '
TeREfTARG To FIGY 7-ah 28 fothehfa e ghP ofthe friBimbdstimention  of
crgreader thanmai ésotlyermal tihe gapraftthemsecdnchembodimentnear thetail,

its%gj'li%%%é%gac%u@hustﬁavt\@u!grp ?au de{gtpf ZtEatﬁé%?{g%EIQg % length
WOU% reduce a temperature gradlent in the “silicon melt, there )
digtaptizirg temperasire distibgtigpecific resistance is increased 0

to 10% rather than a theoretic specific resistance, and in a
1/2 to 1L region, the specific resistance is increased 0 to
23% rather than the theoretic specific resistance.

Also, comparing the first and second embodiments with
each other, though using an asymmetric magnetic field, it is
more advantageous in controlling a specific resistance in a
length direction of crystal when ZGP is positioned above the
silicon melt (the first embodiment), rather than the case
that R is greater and thus ZGP is positioned in the sgilicon
melt by control of R (the second embodiment) .

FIG. 7 1s a graph showing simulation results of
temperature distribution of a silicon melt in the first and
second embodiments shown in FIG. 2, respectively. In FIG. 7,
a solid line is an isothermal line, and a gap between
adjacent isothermal lines is 2K. Referring to FIG. 7, an
isothermal line gap of the first embodiment is greater than
an isothermal line gap of the second embodiment near the
solid-liquid interface. Thus, it would be understood that
increasing R would reduce a temperature gradient in the

silicon melt, thereby stabilizing temperature distribution.
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23 According to the graphs shown in FIGs. 5 and 6, it would be

understood that, as R is increased, the specific resistance profile is

expanded in a length direction of crystal, so an effective segregation

coefficient of dopant may be better 5 controlled as a temperature gradient

in the silicon melt is decreased. In addition, in the case that R is

increased such that ZGP is positioned above the silicon melt (the first

embodiment) a temperature gradient in the silicon melt is reduced to

allow stable control of temperature 10 distribution, rather than the case

that ZGP is positioned in the silicon melt (the second embodiment). If the
RAqsmpeiadrd fishibutiohadsabizeyasifediéied dboves itis pbssitiadel be

ui@stfainanormat fluid dlowing.of {he rgilicerymelt,andfhuis;itis possible o, .
increase a 15 thickness of the diffusion. boundary layer near the solid-

Prghit Rterface BEhS intre &ing 5 Bifetives ey 4tibn Chefident. so an

effl6c Bisa grapfr sbawingsirwation cesults ob coaveation valwGitbe better

di%_‘tl’ibljlﬂo for the silicon melt in the 20 first and second empodiments 1t i

ARG, FespRBHvdis THFIGY B8 Hrfow HrodtonTepresdiaig 1t s

deonwectioh dirdctioadflatsilicon melt, ahd a tength aftthe arow s increased
spreses a maoniude, ol copvection veloalt: REIRTIA O IR $lh e (ene
would be understoo thgt, ased on the same point, 25 a‘convection
fieticityershedited bs R is greareand areoryeetitrevélocity oftthe siticdr con
mdhelt is redyced,indhe casethat£GR s positioned abave ﬂbefsnigggﬁg@gture
(the first embodiment) rather than the case that ZGP is
distribution, rather than the case that ZGP is positioned in
the silicon melt (the second embodiment). If the
temperature distribution is stabilized as mentioned above,
it is possible to restrain abnormal fluid flowing of the
silicon melt, and thus it is possible to increase a
thickness of the diffusion boundary layer near the solid-
liguid interface, thereby increasing an effective
segregation coefficient.

FIG. 8 1is a graph showing simulation results of
convection velocity distribution for the silicon melt in the
first and second embodiments shown in FIG. 2, respectively.
In FIG. 8, an arrow direction represents a convection
direction of a silicon melt, and a length of the arrow
represents a magnitude of convection velocity. Referring to
FIG. 8, it would be understood that, based on the same point,
a convection velocity is reduced as R 1is greater, and a
convection velocity of the silicon melt is reduced in the
case that ZGP is positioned above the silicon melt (the
first embodiment) rather than the case that ZGP 1is

positioned in the silicon melt (the second embodiment). 1In

more detail, in the first embodiment, a melt convection
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positioned in the silicon melt (the second embodiment). In 30 more detail,
in the first embodiment, a melt convection 24 velocity at a solid-liquid
interface (A point) is 0.14 cm/s and a melt convection velocity at a curved
point (B point) of a bottom of the sidewall is 1.21 cm/s, while in the
second embodiment, a melt convection velocity at a solid 5 liquid interface
(A point) is 0.33 cm/s and a melt convection velocity at a curved point (B
point) of a bottom of the sidewall is 1.85 cm/s. According to the graph of
FIG. 8, as R is increased and as ZGP is moved upward, a convection
velocity of the silicon 10 melt is reduced to restrain abnormal flowing of

VeheSHichnahe® dhtthidls HiftkAedS britrdifusidn BedAdary iaye? -Adarcm/s
artbe solig-liquid dntedaes imincepsed g irwﬁe%seétll@v%féechselﬁ%gwgamm )
oefficient of dopant. As mentioned_above, by applying an asymmetric
Of‘r:naagncé}?ctigqie%%\?vh%)?‘lea sﬁ?cdgﬁwﬁrjf&le &@stil'ig %roWﬁsing‘”fHéJCGZ in the
segrondsseittie @ossible, to dearease asiliconcnnnectionovelegityanda solid-

1 rature gradient in the silicon melt, and thus to restrain abnaormal
llfﬁmﬂv%ﬁ?g o?ltjl‘icég Jsf?%gr? me{ta suc%of}%@a thllcﬁne?s'cg) the diffdsiob unaaary melt
cdayecidanthy 20osslidvicpid mterfaceadap bersontidllgd torintreate anbot tom

o eftagtive segiggationcoefficient of dopant, thereby capable of expanding
a specific resistance profile in a length direction of crystal. The expansion
of theSpeEfitH8sisRinteprefiRtascd F felaffon ®cdhtict ot thereased and

adhiekness ohdhediffupipa-goundanydayer: resulied from the gentrelof & 11 con
mé%gwggmgéduced to restrain abnormal flowing of the silicon
melt, and thus a thickness of the diffusion boundary layer
near the solid-liquid interface is increased to increase the
effective segregation coefficient of dopant.

As mentioned above, by applying an asymmetric magnetic
field when a silicon single crystal is grown using the CZ
process, it 1s possible to decrease a sgilicon convection
velocity and a temperature gradient in the silicon melt, and
thus to restrain abnormal flowing of the silicon melt such
that a thickness of the diffusion boundary layer near the
solid-liquid interface may be controlled to increase an
effective segregation coefficient of dopant, thereby capable
of expanding a specific resistance profile in a length
direction of crystal.

The expansion of the specific resistance profile has a
relation to control of the thickness of the diffusion
boundary layer, resulted from the control of a convection
velocity and a temperature distribution of the silicon melt,
so the specific resistance profile may be further expanded

by means of additional control of a rotating speed of

crystal, a flow rate of inert gas supplied to an upper

25



10

15

20

25

30

velocity and a temperature distribution of the silicon melt, so the specific

resistance profile may be further expanded by means of additional control

of a rotating speed of 30 crystal, a flow rate of inert gas supplied to an

upper 25 portion of the silicon melt along a sidewall of crystal, a pressure

of a single crystal growing chamber, and so on together with applying an

asymmetric magnetic field to the quartz crucible. 5 Meanwhile, the first

and second embodiments explained above are based on the case that R

of the cusp-type asymmetric magnetic field applied to the quartz crucible

is. greater than but it would be apparent that the present_invention is not
POfhited tthe daSe Bt rE be™s 5@8%8%0 fhe THLBYRALR R greriettal, @
prihamandsmadler ghary L.eAlsosfhe pleseidavantiion issr@idimitedakind  on

aterials that are grown using the CZ process, but may be_applied all
5T Sihafe ory S grbith.SFhUe A BFesent IR0 ERTar Fa be Spphed 2
quiorgrowttret albkinds of 15 single elements such as germanium and alll

kind ingle crystals of 0 emiconductors including Si, Ge, . _.

Can D), L1 (B0 VAC e 3 o nea
abpEe) (LiB3D;) &P ELBCsLIBSO.O)Rsingletdipstal Mgobis Wik ascalsp-type
asiien singlecrysial 20 Fhe preseptinveationshas,beep descriedin e s

detail. However, it should be understood that the detailed description and

ITEREGHC SXHRples, Wi intficalift LPreRGreaRIPRBSHimehlkdsf théle present
inieRten are gives by way ef ilkistration erlkesinga vaigpsihanges 28 to
Hgoggggng gt R is greater than 0 and smaller than 1.

Also, the present invention is not limited in kind of
materials that are grown using the CZ process, but may be
applied all kinds of single c¢rystal growth. Thus, the
present invention may be applied to growth of all kinds of
single elements such as germanium and all kinds of single
crystals of compound semiconductors including Si, Ge, GalAs,
InP, LN(LiNbO;), LT(LiTaO;), YAG(yttrium aluminum garnet),
LBO(LiB30s) and CLBO(CsLiB¢O,,) single crystal ingot as well
as a silicon single crystal.

The present invention has been described in detail.
However, it should be understood that the detailed
description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed

description.

APPLICARBILITY TO THE INDUSTRY

According to the present invention, an asymmetric
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25 within the spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description. APPLICABILITY TO
THE INDUSTRY 30 According to the present invention, an asymmetric 26
magnetic field is applied when growing a semiconductor single crystal
using the CZ process, thereby controlling a convection velocity and a
temperature distribution of a semiconductor melt and thus restraining
abnormal flowing of 5 the semiconductor melt. Accordingly, a thickness of
a diffusion boundary layer near a solid-liquid interface is increased to
increase an effective segregation coefficient of dopant, and thus a
magiedific redidtahbe prsfileddrddsthdediam leagedirsttioh ofeysgpnductor
s1WHeR grawing 1ot 10 only & smalivormiddlescalibensemiconductorsingle, g o

crystal but also a large-caliber semiconductor single crystal over 200

I
CORAT CFHUE! th¥ pHESertinvaRon May FEISTE “Hrotluctivity Fater dfam tHef 2
setQrveiosabenenVMESE L W HAI IS GLAMMEDdBrdrAdnethoddang of
th@angé%%tggn%acsemicondlf%tor single c%/ talgjing a Czochralski (CZ) c
Procesd i Whichs 5 %eed % dystal i§ dfp it B #eit of Eemi fortaw: 2
diméteriaimnidopaatrecdivse in axercible, agltheénlitheseed crstatface is
1nYPURLRAIAPYAL BLlE DEING JOIEA 1 drowR, SCRUONANCIA SINYR s cne
crystal, wherein a cusp-type asymmetric magneﬁlcgffeefg%aV|ng
of dopant, and thus a specific resistance profile 1is
expanded in a length direction of crystal when growing not
only a small- or middle-caliber semiconductor single crystal
but also a large-caliber semiconductor single crystal over

200 mm. Thus, the present invention may  improve

productivity rather than the conventional one.

27



10

15

20

25

10 upper and lower magnetic field intensities different from each other

based on ZGP (Zero Gauss Plane) where a vertical component of the

magnetic field is 0 is applied to the crucible such that a specific resistance

profile, theoretically calculated in a length direction of crystal, 15 is .

expanded in a length direction of crystal. 2. The method for manufactMﬂEf"Lp

a semiconductor single crystal according to Claim 1, wherein the

theoretically calculated specific 20 resistance is calculated using the

following equation: P theoiyPseed( -S) P theory where is a theoretic

specific resistance, P seed S is a specific resistance of the seed crystal,

AT ichH ¢ ke is an effective segregation 25 coefficient of the

dopant. 28 MCSLLP 3. The method for manufacturing a semiconductor

single crystal accqording to claim 1, wherein, while a single crystal is ‘

growing, a teMpeRstrefife AR HRETEET BSofd-FGTd SRRMACE FhdsgngLe

crg poul spacethapart froor theasalickliquitzinteface-ksa downwakthth a seed

crdiéeccé'{i?n bsy ag mm i% less thaTtS% .4.The meg%od for manufacturin% a:L 3
emiconductorFsingle crystar accrding 1o ciaim L TP WhEmRn ife 431 28

dogingle crystal issgrowings aaatio 0f lecorvettichgelotity atasdlidtiguidal is

sfgﬁﬁymeﬂﬁfﬁed upward while being rotated to grow a

W

semiconductor single crystal,

wherein a cusp-type asymmetric magnetic field having
upper and lower magnetic field intensities different from
each other based on ZGP (Zero Gauss Plane) where a vertical
component of the magnetic field is 0 is applied to the
crucible gsuch that a specific resistance profile,
theoretically calculated in a length direction of crystal,

is expanded in a length direction of crystal.

2. The method for manufacturing a semiconductor
single crystal according to Claim 1,
wherein the theoretically calculated specific

resistance is calculated using the following equation:

(1-k,)
P theory:pseed( 1 _S)

where theory a theoretic specific resistance,
Pseed o . .

1s a specific resistance of the seed crystal, :; is

a solidification ratio, © is an effective segregation

coefficient of the dopant.
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convection velocity at a point spaced apart from the solid- liquid interface
in a downward direction by 50 mm is less than 30. 15 5. The method for
manufacturing a semiconductor single crystal according to claim 1,
wherein a specific resistance measured in 0 to 1/2L region in a length
direction of the grown semiconductor 20 single crystal is increased 0 to
15% rather than the theoretically calculated specific resistance. 6. The
methgd for manufackuingea semicondustor fsinglercrystal accardmgdonductor

claim 1, 25 Wherejg as g}cﬁ:i&iggesiggangf ngeasiured inl/2L to IL region in
24BAJth difettibh of TE Gfown €emiconductor <ingle crystal is increased

0 to 40%rathey thantthé ethearetically galeulatedyspetific résistarec8O@, 2
fhe method for mappfactying 8 sepgnducten; 29 MGBld P ssiidlEcace an
crystal'according to claim 1, wherein a lower portion of the asymmetric
magoetic figichhas! a greater ihtersity transan dgperipoitich thekegfface in a
basedl 00 2GR 8 8. The meine formaguiactying a seggonductor

smgﬁle crystal according to Claim 7, wherein the ZGP has a parabolic

pattern convex upward, and 10 wherein an upper vertex of the parabolic

pattern is The method for manufacturing a semiconductor

MCSLLP

single crystal according to claim 1,

wherein, while a single crystal is growing, a ratio of
a convection velocity at a solid-liquid interface to a
convection velocity at a point spaced apart from the solid-
liguid interface in a downward direction by 50 mm is less

than 30.

5. The method for manufacturing a semiconductor
single crystal according to claim 1,

wherein a specific resistance measured in 0 to 1/2L
region in a length direction of the grown semiconductor
single crystal 1is increased 0 to 15% rather than the

theoretically calculated specific resistance.

6. The method for manufacturing a semiconductor
single crystal according to claim 1,

wherein a specific resistance measured in 1/2L to 1L
region in a length direction of the grown semiconductor
single crystal 1is increased 0 to 40% rather than the

theoretically calculated specific resistance.

7. The method for manufacturing a semiconductor
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positioned above a semiconductor melt. 9. The method for manufacturing
a semiconductor single crystal according to claim 1, 15 wherein an upper
portion of the asymmetric magnetic field has a greater intensity than a
lower portion thereof, based on ZGP. 10. The method for manufacturing desiip
semiconductor 20 single crystal according to claim 9, wherein the ZGP
has a parabolic pattern convex downward, and wherein a lower vertex of
the parabolic pattern is positioned in a semiconductor melt. 25 11. The
method for manufacturing a semiconductor single crystal according to

_any one of claims 1 to 10, wherein the semiconductor single crystal is Si,
S1pel &L TR L RATREOBTA THRI T3} MY AG (yttrium aluminum 30

garnghle EBQ(LIB30BR)ws £LBOESIHBOQ ©) single crysialmd@ MESLlidynetic
12. An ingot of a semiconductor single crystal, grown. using a CZ process

FiplGhiiAs SedF ERSRY isipShi & YmERYR sBmicERE R Palv R Eterpr et

baard dopantreceived in a 5 crucible, and then the seed crystal is slowly
pulled upward while being rotated, wherein, while the semiconductor
single crystal is growing, a cusp-type asymmetric magnetic field having
uppér- andTower maghetic fidldintensities differentritpm eachs&hbtherductor

s1h3sed QR ZGR where s vertical companent of the

wherein the ZGP has a parabolic pattern convex upward,
and

wherein an upper vertex of the parabolic pattern is

positioned above a semiconductor melt.

9. The method for manufacturing a semiconductor
single crystal according to claim 1,

wherein an upper portion of the asymmetric magnetic
field has a greater intensity than a lower portion thereof,

based on ZGP.

10. The method for manufacturing a semiconductor
single crystal according to claim 9,

wherein the ZGP has a parabolic pattern convex downward,
and

wherein a lower vertex of the parabolic pattern is

positioned in a semiconductor melt.

11. The method for manufacturing a semiconductor
single crystal according to any one of claims 1 to 10,

wherein the semiconductor single crystal is 8i, Ge,
GaAs, InpP, LN{(LiNbO;) , LT{(LiTa0,) , YAG (yttrium aluminum
garnet), LBO(LiB;O0s) or CLBO(CsLiBsOi,) single crystal.

30



magnetic field is O is applied to the crucible such that a specific resistance
profile, theoretically calculated in a length direction of crystal, is expanded

in a length direction of crystal. 15 13. The ingot of a semiconductor single

crystal according to Claim 12, wherein the theoretically calculated specifigicSLLP
resistance is calculated using the following equation: ( ll-J~e~ theory' _

Pseed | -S) 20 where Ptheory is a theoretic specific resistance, Pseed is

a specific resistance of the seed crystal, S is a solidification ratio, Ke is an
effective segregation coefficient of the dopant. 25 31 MCSLLP 14. The

ingot of a semiconductor single crystal according to claim 12, wherein the
semiconductor single crystal is manufactured by applying an asymmetric

magpetic figld whogse SJewer Beriondias.a grgateriintensitythanan ;| grown
upper portion thereof, based. on ZGP. 15. The ingot of a semiconductor

us diglerystal Riceordifig tScIMi 2, B itRSein the ¥E8 hdSa faRibdfEe @
mePattesn cosvexspwatdor raw material and dopant received in a

crucible, and then the seed crystal is slowly pulled upward
while being rotated,

wherein, while the semiconductor single crystal is
growing, a cusp-type asymmetric magnetic field having upper
and lower magnetic field intensities different from each
other based on ZGP where a vertical component of the
magnetic field is 0 is applied to the crucible such that a
specific resistance profile, theoretically calculated in a
length direction of c¢rystal, 1is expanded in a length

direction of crystal.

13. The ingot of a semiconductor single crystal
according to Claim 12,
wherein the theoretically calculated specific

resistance isg calculated using the following equation:

(1-k,)
P theory:pseed( 1 _S)

where theory is a theoretic specific resistance,
seed is a sgpecific resistance of the seed crystal, :; is
a solidification ratio, © is an effective segregation

coefficient of the dopant.
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and wherein an upper vertex of the parabolic pattern is positioned above
a semiconductor melt. 15 16. The ingot of a semiconductor single crystal
according to claim 12, wherein the semiconductor single crystal is

manufactured using an asymmetric magnetic field whose upper portion  MCSLLP

has a greater intensity than a lower portion thereof, 20 based on ZGP. 17.
The ingot of a semiconductor single crystal according to claim 16,

wherein the ZGP has a parabolic pattern convex downward, 25 and

wherein a lower vertex of the parabo”lic pattern is positioned in a
semiconductor melt. 18. The ingot of a semiconductor single crystal 30
accorfiing t6RFaimiBEZ2 MAE S BL PSHHEFSRASHSfic reshdaifce crystal

aceagured ind to 42k region in a length direction of the grown
semiconductor single crystal is increased 0 to 15% rather than the

theoP&tftafly Ralculatétl spetfiEreSRiAHcESS 10. FAEHgot of §TYSEal  is

masercotnduel®r singleperystahcacenrding/tonelaim d 2mabaeein a speeifie whose
resistanc meas%red in 1/2L to 1L reqi h direction of the

ionin alen é“ .
Lo B O A 0r L0 EElE Ty 1S T BXoct 6T 406 IoKNG: (REK £ ion
thmeeof, based on ZGP.

15. The ingot of a semiconductor single crystal
according to claim 14,

wherein the ZGP has a parabolic pattern convex upward,
and

wherein an upper vertex of the parabolic pattern is

positioned above a semiconductor melt.

16. The ingot of a semiconductor single crystal
according to claim 12,

wherein the semiconductor single crystal is
manufactured using an asymmetric magnetic field whose upper
portion has a greater intensity than a lower portion thereof,

baged on ZGP.

17. The ingot of a semiconductor single crystal
according to claim 16,

wherein the ZGP has a parabolic pattern convex downward,
and

wherein a lower vertex of the parabolic pattern is

positioned in a semiconductor melt.

18. The ingot of a semiconductor single crystal

according to claim 12,
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theoretically calculated specific resistance. 20. The ingot of a

semiconductor single crystal according to any one of claims 12 to 19, 15

wherein the semiconductor single crystal ingot is Si, Ge, GaAs, InP,

LN(LiINbO3), LT(LiTaO3), YAG (yttrium aluminum garnet), LBO(LiB305) MCSLLP
or CLBO(CsLiB;010) single crystal ingot. 21. A semiconductor wafer,
manufactured using the 20 semiconductor single crystal ingot defined in

any one of claims 12 to 19. 22. The semiconductor wafer according to

claim 21, wherein the semiconductor single crystal ingot is Si, 25 Ge,

GaAs, InP, LN(LINbO3), LT(LiTa03), YAG(yttrium aluminum garnet),
LBO(RiB3G5) or CISEO(GSLiB60: e Sosdingieccrydad mgnd 33n 0 to 1/2L

region in a length direction of the grown semiconductor
single crystal 1is increased 0 to 15% rather than the

theoretically calculated specific resistance.

19. The ingot of a semiconductor single crystal

according to claim 12,

wherein a specific resistance measured in 1/2L to 1L

region in a length direction of the grown semiconductor
single crystal 1s increased 0 to 40% rather than the

theoretically calculated specific resistance.

20. The ingot of a semiconductor single crystal

according to any one of claims 12 to 19,

wherein the sgemiconductor gingle crystal ingot is Si,

Ge, Gals, InP, LN(LiNbO;), LT(LiTaO:), YAG(yttrium aluminum

garnet), LBO(LiB;0s) or CLBO(CsLiBg0i1,) single crystal ingot.

21. A semiconductor wafer, manufactured using the

semiconductor single crystal ingot defined in any one of

claims 12 to 19.

22. The semiconductor wafer according to claim 21,

wherein the semiconductor single crystal ingot 1ig Si,

Ge, GaAs, InP, LN(LiNbO;), LT(LiTaOs), YAG(yttrium aluminum

garnet), LBO(LiB;3;0s) or CLBO(CsLiBgOio) single crystal ingot.
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