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MANUFACTURI NG SEM CONDUCTOR SI NGLE CRYSTAL@( *159159*
CZOCHRALSKI TECHNOLOGY, AND SI NGLE CRYSTAL | NGOT AND™ —
WAFER MANUFACTURED USI NG THE SAME 5 BACK Imm]

I NVENTION Field of the Invention The presen ”“m””l
invention relates to a nethod for manufacturin

sem conductor single crystal, and nore partlcular?y

to a nethod for manufacturing a sem conductor 10

S MEHHOIC 'HOR MaNUHEEFURENC X@ercompERe6R f seNEERI BRRBPRI. BY

profile per each single crystal |ength during the
GFEORERAGSK Is 'W}@Qﬁ%‘f al ANI | NGB c%R‘éﬁ'EkI—- IE@%‘ oRNByWAFER

(hereinafter, a
single cryst al i ngo?ﬁggrghu actugl;&ggzu& ng e met hod,
and a wafer made using the 15 ingot. Description of

the Related Art GCenerall silicon single crystal
used as materi al BA?@SF’RBP%@quanHgl éé‘rtvml\{:onponent s

FSUal 3% $¢U GORANGEQn is 20 manufactured using the CZ
~process. ihe CZ process is conducted in a way that a

pol y@hest aptéemensi | ilgoreritsi quut reihaoea q@tzacrumtmced for
a%%f%?'tt ednover 1400mq an uét!joexn A in d €LY s%a and mor
& ppe& 8% hé el T TR rre'?Jf %\n%i tﬁeﬁ fLOV\A cre
pﬂbi'|t|1Qd11b.Q‘lg/r0t\ibaaCmé§iTﬁid fori manklflactiuzGlres el samzaonductor
"Sil.icon Processin or the VLSI Era (volune 1,

SigCtlicce CrPEéSd ( 19B6Fh SUAYet SBRPIER, eA) SP891§lc\ﬁblrf351Stance

p2o¢ifte N u5| ﬁé’g&’?ﬁ sﬁﬁ_@f@ groWag d cHdt QLI dY! €he growth of

cryst al
single crystal us1ng 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 CZ process. The CZ process 1is

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

1



10

15

20

25

30

process, dopant of the IIl group or V group el enent
such as B, A, G, P, As and Sb is added dependi ng on
electric 30 characteristic conditions of a

sem conduct or demanded by a 1 consunmer. \Wen a
silicon single crystal is grown, the added dopant is
evenly added to the crystal. At this tinme, the dopant
i ntroduced into the crystal should not have too high
concentration. At a concentration over a certain

| evel, the 5 dopant and silicon do not forma solid
solution, but the dopant is extracted as a

it at §mEeneral 1 Yook Be E¥EPEYa T 85 HRULA] khe added
a silicon nelt have different equiVval ent

dopacdnt¥ait evanlivn agldssl | gosthee cryrtdn. a Al tEdis time, the
state. .Thus,.a ratjo, of caoncent rhat j,on.-of 10_dppant .

R AR LRHSacBor Eanerars o b hdahi FRgeatoo hish
coldethtstaation .s daf inetbreserttr£f f@tt bve€rsageegationlevel, the

coefficient, and each dopant has a peculiar effective
d@@@l“éga%ﬁl%n SedefCrci &Rt n&&co??ﬁ‘ﬁg 3t S hed kispdugion, but the

Bhemtis o &ld£ald Ya ;;lefeé i eff&ctive segregation

coefficient is 1, 15 the ‘dopant concentration in a
si | i Comemallily,s daparits ceverly ddpahtribohedntinati saliigon melt

a silic singl e cr.ystal .. However opants. (B, P

ny3y HREEr e, S e CRGFehrroERaAY o Payrfolia state
aelf e ivansege@9at 408. coghlisGi entrdteiss éhas donaBdrrasion of
the effective segregation coefficient is less than 1, ,
dere@tddpam toheett FARFBnaPA & SN TRt o sohi gRepnt in a

sbhan a sdopa _fgnmggfiﬁébond%naaﬁili Sifgle Fegregation

nt
crystal. In this reason, a silicon single crysta
coeddd diensthowamdi gdeerh ddpramt coneent aat penuilnairt seffective

SR SRobPRcLIpk! S SRS 9L Sl MSREEILh et menc.
Takbeeitaddiy g cionasiy ret f ot Dfe dopanéghdiondyeedficient 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 is 1less 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 silicon 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 1its specific resistance along a
length of the crystal. For example, if boron is used as a

dopant when growing a silicon single crystal, a specific
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into the single crystal. If a dopant having an

effective segregation coefficient less than 1 is

used, the silicon single crystal changes its specific

resi stance along a |ength of the crystal. For

exanpl e, if boron is used as a 30 dopant when grow ng

a silicon single crystal, a specific 2 resistance

tends to decrease in a length direction of the

crystal. Meanwhile, in a sem conductor single crystal

growmn using the CZ process, only a crystal region
satisfying a 5 specific resistance condition as well
ragigdeheck Coneeat Fat it Xl t iAN ANt A¥YHCBirection of the
concentration condition, demanded by a consuner, may
cestgdd for meki ng any product Here, a Iength of a

serm AT o1 09 CCTUShakABLLSDY 19ipBll crvsral grown

requirenents df a CUSt oner 1S ca

us@nkf thei ldZcopretegs e ©mst ah |cs:yg;rtmm nsghgna shmiarﬁying a
haV|n an effective segreggtlon coefficient. ] ess than
specy §§eC| RS 15N anceCeIEIoM y @8cr edSd wh  defect

c%h%@%@ﬂé%f%d‘%HHJ&thﬂegﬁaoBﬁ%@éﬂ“%éﬂégﬂékéﬁﬂéﬁanndltlon,
At this tinme, in the crystal région having a specifi

depgingiedn b sat¢eisyumer a 18y cbet aisedcddt thaninordyy aproduct

Hggggth QE crggta% re%%%nc TiC uc%%%ng. QPtonerstal atisfying
speclf'ca ns such as concenttat i on condi T oM

aand ey gerentaneend £ aki msﬂmcﬂxt | D chétedes'aa garimi® length’ .

| engt h,_ However, the technique for contrqlling defect

150 aco?ﬂcje%ﬁ?%t FbRIARd CENFTET cohcBhPMRt MERTTs & APRANE having

aﬂd\é%@%%@'lveblétegtrl'éegaltﬁcd}p'&@ffﬁlé&?@t 10551 #9281 a specific
fective segregation coefficient of a dopant to

resmsrtatnca specislewlesidstcareesedr ofvilea i niawedngith a length

adieghion of asemgonductar singl e

At this time, 1in the
crystal region having a specific resistance satisfying a
certain condition, only 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 controlling 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 is 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 is 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,

3



10

15

20

25

30

crystal is still staying at a begi nning stage. Though

a 25 theoretic fornmula for an effective segregation

coefficient of a dopant is made through experinents

of crystal growh not greater than 3 inches, there is

no precedent of a technique for controlling a

specific resistance profile of a crystal by

suggesting a control nethodol ogy of an effective 30

segregation coefficient during single crystal grow ng.

Thus, 3 a prinme length of a single crystal grown

using the CZ process is dom nated by a specific
al 65k shanceeryd | loxr mai nkyngdet ex iy 8ed1 bygehef igditdg e the cz

segregati on coefficient of "dopant. It i's because
poohesscist deminedgd ramentspamif e eesisyasceoprebiledmainly
alsLng; acsuptent, sinale Crystal, Jromng LEhRol ogXe o dopant.

Eor exampl &; BOr o has A eftecti ve Segregati on

1€0efd | Weyiluden bliBerang@soObmBr73réuirdbenasd ay be easily
peculiar ~ specific resistance profile is_determned in
CAnFERGLRD YSHEG Poir VBT e Sinde ryStal SELBRFngerBrology.

suchpg SpeGifS1d0 NHBREHCalLAN0gy ant AR qiive | 888FBgation
al  ow ng manufacture of a product is determ ned

caefbidimgtt oln hehspewirige pésiGtahceo profil eantthws, peculiar
sple; ehlective segreaation coef f ol epl, of, dopant jacts o pgey
Bs“antEssential fact ot hatr det 't mi fes productivity g
dpeecKgonher @hewsithaa eSesiveniducdefosd gy ecd SsaeShakpecific
using the CZ process. As a result, if a specific

NYRST $€ahc&IHISHi 18] P aPF &Gt Hedigitdctd P oing rjapafagsure of

aié?@ﬁqgg_Q¥ Rl 'Eéangdégr(;%ééﬁbf%ﬁgcé#%gific resistance

gregation coefficient of e pr ength
prafibe.i ncTdased tbe mtfective, ssqamghtipn heoefficient of

GBBERL! adeg Sharo R ol e eas 2huLlal * Rl hfcermines
phBasutingtef f peti vieg segigalgrawienef & ckenigobalieter single
crystal using the CZ process. As a result, if a specific
resistance profile in a 1length 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 segregation 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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controlling and after controlling in a |ength
direction of crystal fromthe sanme point. In order to
expand a specific resistance profile when 25 grow ng
a sem conductor single crystal using the CZ process,

a specific nitrogen (N) or carbon (C) was
conventionally added as inpurities or a sem conductor
i ngot grown using a single crystal under an oxygen or
nitrogen gas environment was thernmally treated at a
hi gh tenperature. As another 30 nethod, a third

el enment (e.g., Ba, P, Ge, or Al) was 4 additionally

addded oas 1a ydopaaédi maddi tdoparito the Ldopaditon basi cahé Y dopant
added for control of the effective segr%%Etlon
bagdrrildiven2ddghi Py s C@é’ltlr@& e6- efielsee segregation

C%%%gqlgtlle%al PJH&“%}PQ% have & ‘éBtchgﬁ‘jF‘ﬁ hey may 5 be

used only fo Ing a wafer havin i i ed usages
suchThasaadwqﬂemmmwsahnmethaﬂerhavaiaoﬂdmesigﬂannethey may
waf er the c

th
DEaEd ALY | Eor AR AT BatAR L] | usapRs such

arBlel mA g &%’Bl@iﬂﬁi&i QfafF ot & S1OPtresubthabeniaker. Aalso,
maki ng a high quality ingot such as a defect- 10 free

t|h|¢g0<¥0 Foping miwiHest uPkewahshasaftastiftekcs, which are not

t
R et G SRR By SES RIRA, & ey is ot
smflfdciimnmrtfwﬁ rakimyrredsieggla quul ey | engdth bych as a defect-

expandlg% a specific resistance profile in a 15 length
f¥PPedti¥98T 'of crystal so as to enhance productivity.

Howeyey, g§i Negnhfabubetf il t dadnridle AN 26f EBRE E¥RAQuctor
segregation coefficient, nanely a specific resistance

sprgfliel ecrestavent Loned abepertans d nEmpe@yeh the quality of
clafgg?é: :13@%%1%2?%{ egar dLegi Rl ooTR AN £5Y$halecase a
prime length by expanding a specific resistance profile in a
length direction of crystal so as to enhance productivity.
However, since it 1s difficult to 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 1limit 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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20 is basically alimt so far in enhancing
productivity of products. SUWARY OF THE | NVENTI ON
The present invention is designed to solve the
problems 25 of the prior art, and therefore it is an
object of the present invention to provide a nethod
for manufacturing a sem conductor single crystal,

whi ch may expand a specific electric resistance
profile in a length direction of crystal by
controlling an effective segregation coefficient

W thout 30 adding a third elenent as a dopant as in

melR@e0- CRRERY mik MBHhog, 1 Tkl kR IRhiediRlid®r single
sem conductor single crystal over 200 nmas well as a

cgiyetal opverededf cut | der weddnizondusmerl Isi ngr emedyymglcaliber
s.‘é%{i%%rfd?l%t%cf@ﬁ?dﬁé. Bcr ggh%g”%ﬁh% ! ecfryé%gl:ess; a

ingot manu ured” usi ng and a waf
searidionctudted usingleheciwvgodl Amgidtermahjpéattaketiheusing the

present invention is to provide a npethod for

RRORAC AR 1y %%m&qwr% ngP EEr FREaF IO ch

may  enhanes RIPAUCt | Vi tihbYp pxPaRdI DEvanPibARi keREt Brovide a
wi th keeping high quality for a variety of single

meitysidal £00 pnadutastuegnodl @ssafiaimbsiford sdefds crystal,

eqj,ons differentl romthe prior_art .j.n which. a
Hithe Tongtnnafics abal RS v Capeife g ne 1engeh

winbufleedpiegd high prodlcty foas 4 | xedibagedonsingle crystal
charge of the sape material due to the difficulty in |
PEOHICHS of LEIRFEERTFve §§gre&%ﬁ%ﬁi@&?%oef@?g?%ﬁt; degions,

d%%rfie%@ﬁqy Hrsh NghE HEYSEALANGR! WwHRHITACLUI R Péh?gh of a
t he nmethod; and a wafer manufactured using the ingofl.

slimgdederrystakcoapbbdle tdfe hedug olnediacturedrsent 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 (C2Z)
process in which a seed crystal 1is 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 1is applied to the
crucible such that a specific resistance profile,

theoretically calculated in a length direction of crystal,
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i nvention provides a nethod for manufacturing a 20

sem conduct or single crystal using a Czochral ski (C2)

process in which a seed crystal is dip into a nelt of

sem conductor raw material and dopant received in a

crucible, and then the seed crystal is slowy pulled

upward while being rotated to grow a sem conduct or

single crystal, 25 wherein a cusp-type asymetric

magnetic field having upper and |ower magnetic field

intensities different fromeach other based on ZGP

(Zero Gauss Pl ane) where a vertical conponent of the
1PERQldradd elrfl d s1dhdsh apPréedibn bhecrgiugibl e such

that a specific resistance profile, 30 theoretically

cal cdratteee i nraseéﬁgtlnvmnrte@tn ortld thegeraticadliys calculated

ed [ Lrect f_.Ccryst
BRI i S B hesrat BT car 4 efie  following

eqmauﬂbn: resi stance is cal cul at ed u5|ng the foll ow ng

equation: (1-k e) 5 P theory Pseed (I -S) P theory

where is a theoretic speC| resi stance, Pseed is a

spe0|&#c resLs ancegqf gﬁf e%d)crystal Sis a

sol i diM HoatryonFrsaed b, k& 4s an ef fective segregati on

coefficient of the dopant. 10 Preferably, while a

single crystal is growing, a tenperature difference

bet ween a soPigzhjauid interface and a point spaced

apar twHexsm t he sol'i d- lisquiad itheerade byrseifme i gesistance,

| ess than 50K. Also, while a single crystal is

rOMAng a ratio of a convection velocity at a :;
6FF |h§Uhdspecific resistance of the seed crystal, is
a solidification ratio, € is an effective segregation

coefficient of the dopant.

Preferably, while a single crystal 1is growing, a
temperature difference between a solid-liquid interface and
a point spaced apart from the solid-liquid interface by 50
mm 1is 1less than G50K. Also, 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-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 1increased 0 to 40% rather than the
theoretically calculated specific resistance.

In one aspect of the present invention, a lower portion
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15 interface to a convection velocity at a point

spaced apart fromthe solid-liquid interface by 50 mm

is less than 30. Preferably, a specific resistance
nmeasured in O to 1/2L region in a length direction of

the grown sem conductor single crystal is increased O

to 150 rather than the 20 theoretically calcul ated
specific resistance. Preferably, a specific resistance
measured in 1/2L to 1L region in a length direction

of the grown sem conductor single crystal is

increased 0 to 40% rather than the theoretically

o¢al e atedwReGIifd CmhgabstancEie Xd hAsONg 2uRe&erOf intensity
the present invention, a |lower portion 7 of the

thepmast MRP%@?@Tt‘rJeOIﬁl ehagrpas, abgeedt en iZRensity this case,

ehlag tl}%%&?%££ﬂ)8?léh§%€?grnb ?xqze‘?ﬁ ug%%crci n 1S 1 an upper

case, as a par I'C pattern convex 'upwar
vemrdean uvfipechevephesbolithepparakal i dspapbeinibsaed above a

posi ti gned above a 5 sem conductor nelt. In another
SS?&E@PdHFtFﬁ’“EﬁéSent i nvention, an upper portion of

the asymmiehs,r MagpeticC 4 el:ﬁeh%&@sél{teaiﬁ{/ent&bﬁns'éﬂ upper
than a | ower portion thereof, based on ZGP. In hi s

p@a@eonthefzcrhﬁasa%vmmﬂeﬂmﬂucmq&nqtnm doredek dﬁummardgreater

lnQeand a l quer yertex of the ggr%gpll gattern IS

poOSIi Xéd: 3 N FonkRLt Freﬂwttﬁfiﬁ%sgﬂtZGP n

thm%emgsa1 HHEE5@M1B@§da0bakaﬁdhﬂd3pdﬂ@éﬂﬁﬂc¢ﬁvék downward,
Ge, GaAs, InP, LN(LiNbQ3). LT(LiTa03), YAG (yttrium
agdyfi ﬁﬁ?ﬁﬁe&ar"ﬁétt)ex q_fBér{q_lFB@@'ﬁ Tk cﬂ’.ﬁé?@&%@ﬂ@}tloned in

al3ehii Rt de1tAccording to the present invention,
an asynmetric magnetic field is applied when grow ng

a sedncohbdect present invention, the semiconductor single
crystal 1is Si, Ge, GaAs, InP, LN(LiNbO;), LT(LiTaO;),
YAG(yttrium aluminum garnet), LBO(LiB30s) or CLBO(CsLiBgOio)
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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single crystal using the CZ process, thereby

controlling a convection velocity and a tenperature

di stribution of a 20 sem conductor nmelt and thus

restraining abnormal flow ng of the sem conductor

melt. Accordingly, a thickness of a diffusion

boundary | ayer near a solid-liquid interface is

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 inprove
bptedect | wibby reafther fidan t ke COR¥eNblAmy oOBRscBRYERon  of
DESCRI PTI OF THE DRAW NGS 30 O her objects and _ _
epbpedfienss tWethr asdaranfentPorfhg | Rccgmpapyidag drawing in
waRegr.ent fromthe follow ng description of

enbodi nrents with reference to the acconpanyi ng draw ng

in Wicch:1FiG 4 isshemthenmatiewvishwowihon ag apparatus for

apparatus for 5 manufacturing a sem conductor single
mEPUEPRIUTIS For AT TG aSHRFAEA FEyStal, used for

1 RN EMREIEYRIGNTa d ofd ¢ h&@N FINIMEnuEhY¥E LR ndCCer diNG ddh @single
preferred enbodi nent of the present invéntion; FIG 2

cxhewa Lsigancudiond r esulat Prdferne@nenpedfimeng o) the present

I ibution around a silicon nelt and a quartz

l%&%%%ﬁ?é’and ZGP (Zero Gauss Plane) in case a

CUSpFiIgpe Aswhmid i eimoAgRebinc féehttss capphi ethdretdie field
uartz crucible while rowing a silicon single

dg?%tl%?l‘l;tlﬁmar@qrgdégﬁ' W IhdMfhy anendofBeFEz crucible and

z&pecibbeo 10208 Sbanee)() iﬁndcageacguakhﬁp@gﬁ‘ér egsymmetric
specific resistance (”) according to a cryst

mggnesticonfoeldn 8si mppsie¢dicarp the quartz crucible while
growing a silicon single crystal;
FIG. 3 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 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
(W) 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 1is a graph showing a theoretic specific

resistance (€) and an actually measured specific resistance

(W) 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 shown in (a) of FIG. 2;
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single crystal made w thout applying a magnetic field
thereto (a conparative exanple 1); FIG 4 is a graph
showing a theoretic specific 20 resistance () and an
actual |y neasured specific resistance (”) according
to a crystal direction of an 8-inch silicon single
crystal made by applying a cusp-type symetric
magnetic field (R=1) thereto (a conparative exanple
2); FIG 5 is a graph showing a theoretic specific 25
resi stance () and an actually nmeasured specific

resi stance (") according to a crystal direction of a

sili gaig.singl eiscrast pade sy Yidg eReds¥ Bt kpecific
magnetic field (R=2. ) nade according to a first

reghctiamert O9) tIaadplaesautualrﬂxbentemnasdshpwﬁmc(a)asistance
of FIG 2; 9 FIG 6 is a graph show ng a theoretic
(#eciprcicordias stanse cfy sind i Zet Gaohy ofiedsur guinch silicon

i fic resi.stan ccording to a c
“GPBAS: (ST hoh ARETEN B bR e GEih Magpethy £ield
(@pal.Bisng aRdasyawebridangagret i 6 f sekdna (Bmbod@hefdeof the
according to a second enbodj ment of the present
Pﬁﬁ@@ﬁﬁl&@%ﬁ?@ﬂﬂﬂmﬁﬁrﬁﬁgﬂn(ﬁnFihi 2t H1& Ziis a graph
show si mul on, r er
dlstfﬁ%htlgﬁ oé aQ§|ﬁ$}A %hO& é%#?g?téﬁ results of
teepent temeo dl inegnt isowsthicom ¢ i EIéﬁlipone&mﬁﬂi|mmlyheaﬁdrst and
10 FIG ! rap homnn |nu ation results of
B AR B ST SR b b & orF EREEEE Y5k rane

in thec.firest lemd asecgmprenbs}%m@s s0eWNatofll Gredults of

respectively. < Reference Nunmerals of Essential Parts
conveptisn vediwaidlyt s tpotbwiien pfer 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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20: cruci ble housing 30: crucible rotating unit 40:
heating unit 50: isolating unit 20 60: single crystal
pulling unit 70: heat shield DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Hereinafter, preferred

enbodi nents of the present 25 invention will be
described in detail wth reference to the acconpanyi ng
drawi ngs. Prior to the description, it should be
understood that the terns used in the specification
and the appended clainms should not be construed as
limted to general and dictionary neani ngs, but

o Nt@ePterbfasnd, O 30nt B8 FRANILAGS AWk CEeptSnciple that
corresponding to technical aspects 10 of the present
thavemvyeton the dblaktwedf tohdgfinri premshappidrriately for

e 3Bradbien. Cnire et AR G don “broposea
hprepasefls hpiet n d spreferabircel exabpteexfopl eeHor piipose of

,Eurpose of 5 illustrations 0?%%; not intended to limt
1LREsEEaEd OB 1HELY i nBeht 15 SNSEd tEyhbimytpéhe scope of the

iHOABESEe0d dhate QKT LA U &t St oS8 AREI btRaLI @BRivalents
could be nmade thereto without departing fromthe

agdi madahicatopes ofcotial | heemadsn. therathi [vwithdwt departing

enbo Lent s aof_ the preseng%#qﬁggtion 10 expl ai ned

fESPo rgpﬁgggd%ﬁ9gﬁ%ﬁﬁﬁl 2% YR 1% i conduct or

si ngheagfwstlal, usheg éhBofZmphesesst hmweveireseh® invention
spi.ri;t of the_ invention should not be interpreted to | _,
epplaipgc edPBhPY t Rihe §RSFEN PRa 9w ©f a silicon

' ' I £ TTIN
sgglgg%ata%g?b% eéiéxglﬁir% cggxtitﬁg udiH, tht OWFHEEss, 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 (LiNbO;) , LT (LiTa0;), YAG (yttrium aluminum garnet),
LBO(LiB30s5) or CLBO (CsLiB¢QOig) -

FIG. 1 is a schematic view showing an apparatus for
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
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

circumference of the quartz crucible 10 in a predetermined
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15 present invention may be applied to all kinds of
conpound sem conductor single crystals including Si,
Ge, GaAs, InP, LN(LiNb03), LT(LiTa03), YAG yttrium

al um num garnet), LBO (LiB30) or CLBO (CsLi B6010)
FIG 1 is a schematic view show ng an apparatus for

20 manufacturing a sem conductor single crystal, which
is used for inplenenting a method for manufacturing a
silicon single crystal according to a preferred
enbodi nent of the present invention. Referring to
FIG 1, the sem conductor single crystal 25

pERRALLAC W | BguapBakatistdiicidldenia auarigsesuck8l @ ol0a lower
for receiving a silicon nelt (SM obtained by nelting

ead pél yoeysiradilde didusiow @l @d@%@te athe @hghtz crucible
1hCIRGA 1y CLHET BL G- DOYST 19,2081 AU G Allng unit 40

outer circunterence o e quar le 1
spapadrhpagttEermubemiﬁbwarknﬂﬁeﬁhﬁumxmﬁlbhe puastirAg 20 by a

cruci bl e 10 redetermined 11 pattern; a crucible

PFSfiﬁttreﬁﬁ‘lEPﬁdt é@ngﬁgt P ed'SF atPeweUaERE dfrifeble 10; an

isbigklhhg heyst ng 20ihachatale the [larhizess u;t%@i@lo&o of the
together with the crucible hou5|ng 20; a ing unit

hagtiggaceitapgdt o omr&vgr@evdaeatofgetrmerattrqm bive the heating

afakr o3 oo i Qo B EL P B R b A f bt P e gnic o0

far pulleningosi tsu@igl@‘ destdieatd) ngf:btﬁthttki@ tM pee¥entd in the
heat gener at ed the heating wunit 40 fromemttin
qHéthaQ£qﬁﬂQ§%r§%tHFlBEH%rﬁf%$|FrE§ta@orﬁ&9I%n@e%t shield

79! ygbg},t(@)rd‘n{ 0L t %%t§|¥' recet vk efé‘n&@eo]fo Jthe single

qua tz Cruci using a seed crystal; and a
cxirisehd ID spddeﬁidparthéremna&eoammsUahwnnﬁknmmcennt 60 by

tlgﬁ?vg %n%%Stfenétq)l Q:l’” | edfegcg:hehélagglemlt Séalfrom the
pFTThY un

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 quartz crucible 10, in addition to
the above components. Preferably, the magnetic field
applying unit 80 applies an asymmetric magnetic field Gypper.,
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 Giower 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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a prede
the si
used in
manuf ac
in the

termned length to reflect heat emtted from
ngle crystal (C). These conponents are commonly
a 15 sem conductor single crystal

turing device using the CZ process, well known
art, so they are not described in detail here.

The sem conductor single crystal manufacturing

appar at
i ncl ude
(herein
conmmon)

t& USaP)
Pr ef er a

thes ites

us enpl oyed in the present invention further
s 20 magnetic field applying units 80a, 80b

after, designated by a reference nuneral 80 in

for applying a magnetic field to the quartz
erl0¢=d N, 29dLLON 69 thhe ARy R €OFPEIRNS.is greater
bly, the magnetic field applying unit 80 o
AN@RY BRI 8nNmAGYEMeS Fiice| tRIRppee , f2eld eredition,

tﬁ’l%er %b@af BSr ’Sl'n#gSi%gatag%zgﬁij&al& c I'i:)olti It g%fgleqj?l convex

t enperat ure

uPmefretr.a
reater

1osGeT

receive € quartz cruc

bl xlsbhe @sy megnecioadgieflidc fowmheld Gihasle upper and
i ntensity of tge magnetjc field Gower inits .

BOFELBRSt habP 7t i ntRhsi Fbeof ¥#R méghet REYIELgLCally

duRehUded ts 30 upper portion, based on ZGP (Zero
Gauss Plane) 90. That is 12 to say, R (=4 ower/

Guppér

at ahiernagheei ctheehdvimnefirdst aragnafair 1£field G may

htg%geéeéli%gt%@ ASYURLILG W”@ﬁécu%é%'rd &Qg@é&gnfield Gupper

has an appr oki mat e parabolic pattern convex

thpiarcha tAl o, thidel sagnemhenétebdfienlded, i, I heThppets to say,
and 5 lower portions based on the ZGP is
%%WWEEF L RASRET Bt ddelas Gn uaY ePAYE VR, (FFaover/Gupper)

1RVEMBL ¢ MBaRRtdC di el da%xﬁ@é’trfé‘smé%ﬂj%gﬁéefield condition,

i nt ensi

thieatghof

ty of the upper nagnetic field er than
note Ishwem magnetthe f dela@idoswer thithatzGhs 9§ has an

a?)_ o(gcvjj\%lra;t%ej Egaé%/a)%iré GBS ol &k L SotBYr§ave R

Preferably, the magnetic field applying unit 80 applies

a cusp-type asymmetric magnetic field G to the quartz

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

80 1includes 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
example,
the upp

greater

order to form the asymmetric magnetic field G, as an
currents of different intensities are applied to
er and lower coils 80a, 80b. That 1is to say, a

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

upper coil 80a, or vice versa. As an altermative, it 1is

also possible that a current of the same intensity 1is

applied

to the upper and lower coils 80a, 80b, but the

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

asymmetric magnetic field G. Meanwhile, it is apparent to
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| ess than 1. Under this asymmetric magnetic field

condi tion, though not shown in the draw ngs, the ZGP
90 has an approxi nate parabolic pattern convex
downward. Preferably, the magnetic field applying unit
80 applies 15 a cusp-type asymretric magnetic field G
to the quartz crucible 10. In this case, the magnetic
field applying unit 80 includes ring-shaped upper and
| oner coils 80a, 80b installed a predeterm ned

di stance spaced apart froman outer circunference of
the isolating unit 50. Preferably, 20 the upper and

thewer heling Raibih, ane subst amhé adty +B88XtBEl ¥ntensity of
installed with the quartz crucible 10. In order to

af grarelid cadyimist idananafird iky fike duppensand lewawpreils 80a,
s%B”f%an dB{a dhﬁ&%& éd' ”wf@@ ieeg%ﬁ'[isl g&?é & ‘v%lugég of the

ower 00| 80a 0 say,
agyaabemlcumagﬁeurrzﬁmﬂmd&btasthe waswer coil 80b than
to the wupper coil 80a, or vice versa. As an,

al t efRarPE 1St 18 OHdSF pbesiifieredik & cftemt 16pgth of a

stlhle;zc%ﬁrre dli rﬁ%%%l thscaPRhd S t@sihg UpRer éﬂd b%%tess an
coils 80a, 80b, but the nunber of w ndings of each

eéérelctm besagmrgat iewl t 0OEEEATaANS0 afynmmepart should be

. flel Nbanmhlle it iIs apparent to 3
lgggggsﬁaV|ng %9 Hary squﬁdln 2 a? Cfﬁ%§eth5hé effective

skftreqsittiyrnofcoex Mirgiraid ¢ 4 |t&hﬂc}g@@§£ abedabyifiestippeboundary
and |l ower coils 80a, ., 80b. may _be increased wth

1R¥ERi ETRE RIVA (RS bid t%lequla%yh%%ﬁacmghgwé Peefigcreased.

Iﬁ’ %%d'etr WRs i i BRI &8, tﬂfh}@ﬁé’@é 48 EREr 8§§€u§185' %undary
length of a silicon single crystal made using the

lpyecesst & naquan@wexsamakﬁﬁlna goedhvecembnopt a 8111con
dg@ant shqcn d be nfreasgd Al s in ogger t.0.
t

Incrélaesae e??eccti intertace. or 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 1is
expanded as above, a prime length of a single crystal
allowing manufacture of a product 1is increased, thereby
improving productivity.

Generally, a dopant put in growing a silicon single
crystal 1s 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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segregation coefficient, a thickness of a diffusion
boundary 10 layer fornmed in a solid-liquid interface
shoul d be increased. In order to increase the

t hi ckness of the diffusion boundary |ayer, it is
required to stabilize a convection of a silicon nelt
near the solid-liquid interface. For this purpose, in
the present invention, a cusp-type asymetric magnetic
field 15 as nmentioned above is applied to a quartz
crucible containing a nelt of dopant and silicon.
Then, a thickness of the diffusion boundary |ayer may
Rpdtigreased to increase the effective segregation
coefficient of dopant wi thout using the co-doping.
Accordingly, a specific electric 20 resistance profile

may Eg Eﬁﬁqggeg inalength direction of single
crys : specific resistance profile is

expanded ag~above, a prinme length of a single crystal
al | ow ng yfacture of a product is increased,
ther%py==kﬁp%eving productivity. 25 Cenerally, a
dopanteput(fg growing a silicon single crystal is
introduced Tnto the single crystal at an interface of
the silicon nelt and the single crystal. An anount of
dopant introduced at this tine is determ ned based on

the efdective segregat jepageef tbgicettradN®d h8n the single
effective 30 segregation coefficient is defined as in

anystfagl | oandg Cil4ieq@at lopant @peaAntorRYiQ@s ka Ghe Bilicon
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

ko

ke [k, +(1-ko)Exp(-VT/D)]

Here, K, is 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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Here, CS is a dopant concentration in the single
crystal, and Cl1 is a dopant concentration in the
silicon nelt. Also, an equation dom nating an
effective segregation coefficient induced till nowis
expressed in the follow ng 10 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) Hi roshi Kodera",
"Journal of crystal growth (264 (2004) 550-564 D. T.
Hurl e" and so on. 15 Equation 2 _ ko ke k + 1-k EX

-VTI@dgiFiO Q is an equival ent segregation

coef fiCi , is 20 a growth. velocity of single

crystal, T is a thickness of a diffusion boundary

| ayer gpj i di/Bf ukibon-dd2fficient of fluid.

Also,jgﬁ‘ nﬁSr f oMrul &) doni nating the thickness

(T) of diffusion boundary | ayer is expressed as the
foll owi ng equation 3. 25 15 Equation 3 T=1.6 X D 1/ 3V

1/6(0 -1 i2 Here, v is a coefficient of kinematic

vi scHsing,, ‘andswa soedfacienst iadh kitenalfig vigbeosity, and w

.Cryst Ut t i he ce n | N0 t [ 2 :
l%bf%fﬁé?%ﬁ%%%afg%%ugFi%#% é%efb é%%%%’ B%ufﬂgﬁé efle equation
3f dlrtewi ttge espas t bond2 bBiptatinen 4 kihal equation as expressed

by the following equation 4.

Equation 4

Ko
e [£,+(1-k ) Exp(-1.6X D 25 16 - 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 1is 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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k e kv+(1-ko)Exp(-1.6XTD 2/3 v'6w~ 10 ~ : )] 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
ki nematic 15 viscosity, and in inverse proportion to
the diffusion coefficient and the crystal rotation
rate. However, the equation 4 is an enpirical formula
based on results anal ogi zed from experinments that
grow a 3-inch or less single crystal into severa
mllineters, so it may not be 20 applied to growth of
paokiak@evaahi berisi ngle crygladlaever £300 18Mer!t 4 S diffusion
because a silicon nelt is flowed in an abnormal state
card fikkaentoat | makenpliccad elif patoer Poungad vt higyer thicker.
aREgause %%%ltl%]{]gchaéq HE ﬁ&lfééjégfié?g\ﬁ{is nd the diffusion
i possibl'e. Tnthe present Tnvention, 1A order to
bsahdsfry tlger25 ttenmasdedoghdl ietfyf eeft ives et capplligt ar cusp-type
device and inprove an kB effective segregation _ ,
a&M@FﬁFEﬂ@nﬂ“@ﬁ?ﬁ%h? (ﬂﬁ%%q-oFayiqﬁf ﬁéaﬁf6qu%¥?%+?§?-it It 1s
begalRkendst § thd onerdflidfdisi 98 meaet ECin@Rinand "Rk€1d may
the diffusion boundary 'l ayér thitker. Also,”to
e€fectalvetlye nisfxmimnaboetriadi énfovaim t hé dilffighi omused near
qunda | ayer,. it .was _found effective t.g.apply_a
CBep P yRe 5 LA e e et € f THEY 0 WROTqudRs - Such
rektgiaingngl t oifS thecaasgoapalyi fibw CUsSp-dbteined since the
asymretric magnetic field may effectively restrain
2RBnoPRal 2EYBIFRG 16 FRAPG tedusda Sichr Maphestably control a
c%ﬁbb@th %pW%ﬂdgfggzﬁﬁa(geﬁﬁg%éﬁﬁfg0@i§§£ibg§98ﬂ in the melt.
restraining of thé abnormal™ flow is obtained since the
10 appl ked aayymestriic meagrstic field bayappabeyg in growing a
sgggtcrogll saingle 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(— Q7

_ )< 30( more preferably, 15)
interface

Equation 6

ATemp,,,, face~0'z <50K(more preferably, 30K)

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
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convection velocity and tenperature distribution in
the nelt. If an asymmetric magnetic field is applied
in gromng a silicon single crystal, a nelt velocity
ratio (Mr) and a tenperature difference of a silicon
melt nmeasured at a nmelt 15 interface contacting with
the silicon single crystal and at a position distanced
fromthe nelt interface by 50 mm satisfy the

foll owi ng equations 5 and 6. Equation 5 Mir( Q< 3 0 (
nore preferably, 15 ) interface 20 Equation 6
ATenpj, le, fe_o. Z<50K(nore preferably, 30K) 25 M/ of

i kS td oho vel egj i :
AR 20, S EUBRTAEL OLu 18, BEHPNIGRNR B Merence, of the

iquid interface and
saliaonposlid onedehoedt he solsatidquighidt éntae€abyg 3hd at a

mm, and 17 ATe inth guation 6 is a tenperature
PEFEFOPENSE 1P (HE 911 CohiHut( hBLSHIEdeapYa D0 M. If Mvr
180kbdrkbatied nRLer taee and Ao Mesidipmpel Vs tdgan 15, by

solid-liquid interface by 50 mm 'If Mr i's controlled
appsy¥ingamr 30iSIMUN@PraseradtyitenggnhanclFiegyd,5 a thickness

oBFEL B0 8.UER, DRSBTS JAne il thq o sncrease

thacr edfed tiord nWepseyat ven ef teeEfveisngr egat iXIiso, if the
coefficient. A nperature difference is

so, if the te
LEOREr8FIEq I%J_S’gf?ﬁ%rﬁcgo&s nﬁpétrﬁlléieéif ab‘??sl é'.sl'g:ut hafk. more
pB38KerB%19PPIWRT the asyseRt i 6,10 pRANGHLC fiil d. adPfmetric

t hi ckness of the diffusion boundary” | ayer may be
magpeeasedftoldncridage thecktdstt iofe sbgregaffovaion boundary

1598§fhg§egg'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 result, abnormal fluid flowing of the silicon
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FIG 2 shows sinulation results of ZG and magnetic

field distribution around a silicon nelt and a quartz

15 crucible, in case a cusp-type asymretric nagnetic

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 Ris 2.3 (the

first enbodinment), a density of nmagnetic 20 field
distribution is higher than the case that Ris 1.36

(the second enbodi nent), the ZGP has a parabolic

pattern convex upward in both of the first and second
memhQdi FRtS.culad  hendP nEwes vpvaadlaguRdi Sinterface, is
i ncreased. The increase of R neans that a magnetic .
IESérd incensi tAC T dHeg  vwertheoi Fhiskpssee| af i vdlg diffusion
nor ) np , tot
R e e T sy or PR eElEase fo diEreased,
thieane biyh el nippear s g nehec effifelcd iviet evssytggataiomgoeetf€icient of
fiel dens'tx i s .increased near the so%%d-liguid .
ARESFace and Bt APSRar yOSur fhSe FLifetilart segregation
cokfFiikliennd Wihe sidd comklaiRbd. fstarf egllihg experimental
abnormal fluid flowing of the silicon 18 nel?,

eyarpilesi-arly near the solid-liquid interface, is

rest rained., AccQr dL ng he [ G ss_ of . o
diffE?an :%ou%%ar§ |gééP%heééﬂ?ﬁéﬂ§o|?d-FﬁgﬁFﬁtlc specitic
reptigthace | c®)nangased.actlEr BPYmeNSH 381 BPebh€ic resistance
effective segregation coefficient of 5 dopant. Such

(e r easerdfitghec @f fectripnst asegd Egat t bon  odefdr cg ebhch silicon
wi || be explained | ater using experinental exanples. .
sgpgles YR t@rlapadfoni et heorBPi¥18Pechf i Bagnetic field
thesetlbangs ():oa%agraei%t uaklyoqeasyyed speeifeGs 3 points
resi stance 10 {”) according Po a crystal direction of
rgpresemcing lthmnactually measured specific 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 silicon, and an effective
segregation coefficient. A concrete theoretical specific
resistance may be calculated using the following equations 7

and 8.

Equation 7

(1-k.)
p theory:pseed( 1 _S)
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15

single crystal made w thout applying a magnetic field
thereto (a conparative exanple 1). In FIG 3, points
representing the actually nmeasured specific

resi stances are gathered since specific resistance

was neasured several 15 tines while changing a

measuring point on a crystal section into various
positions, and many sanples were used for checking
reappear ance. The theoretic specific resistance

according to the crystal direction was obtained by
theoretically calculating a specific resistance of a

si nglEgud@ iohystal using factors of a radius of

crystal, a weight of a seed crystal, a specific

resi stance of tHe,seed crystal, a charge of

polygix§talll Ocon, and an effective segregation

coef “CTSE?TﬁK7ﬁﬁTT_T?TTheoretical specific

resistan I ated using the follow ng

equati ons 7gné@2§;d g%g%quation 7 (1 -ke) P theory

Pseed ( 1-S) 19 Equation 8 itR 2H6 S __ M charge- Mseed

P theory In Equation 7, is a theoretic specific 5

resi stance, Pseed is a specific resistance of a seed
crystal, S is a solidifilC#id rati o, and ke is_an .
ef¥eEPiv§Qﬂ%ﬁ%@htiBn coefffﬁ?entlﬁf Jopaeofqtic specific
Equation 8, R is a radius of an ingot, His a height

of a grown iq@ggéd6 is a density of the ingot,

resistance, is a specific resistance of a seed

S k.

crystal, 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, o is a density of the ingot,

M

charge is a weight of material input into the quartz

M eed

A

crucible, and is a weight of the seed crystal.

R

In the comparative example 1, =10.35¢cm,

M

charge

M

seed P seed

=1560g, =12.417cmQ, =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

(W) according to a crystal direction of an 8-inch silicon
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10 Mcharge is a weight of material input into the
gquartz crucible, and Mseed is a weight of the seed
crystal. In the conparative exanple 1, R =10.35cm
Mseed =1560g, P seed =12.417cnQ), Mharge =120kg, ke
=0. 750 and 6 =2.328g/cnB. 15 FIG 4 is a graph show ng
a theoretic specific resistance () and an actually
nmeasured specific resistance (”) according to a
crystal direction of an 8-inch silicon 20 single
crystal made by applying a cusp-type symretric
magnetic field (R=1) thereto (a conparative exanple 2)
sinbN eMs@eq ot a156Ghadde 14 Vi€g EXANPERsB-tPoe symmetric
:18 35_c%]{iq’g, P seed ﬂﬁ?gﬁéﬁ%’ llq\l%har ge =1 Okg? ke o
magnesgcarfd Bl B=BpggherstoA (ragwdar Fhigiel ¢:ample 2) . In
applied such that ZGP 1is positioned right bel ow the
solid-liquid interface. As shoyp in FIG 4, if\A J
tS¥MBbRbE rARGREt | 6xhingld i3, appliedotosamquartz’¢®® _i1s560g,
cruci bl e when growng a silicon single crystal, an
éxctbgsl 'y meiasur ed speci fé(;mr esi stance is 10{q

U} ant i not, diff réeom t t heor etliec
specificzlajlrte%‘}il‘ff1 nce. Thus, ?t wout ¥ B2 under st 068 - 7°0  and
that the symretric magnetic field cannot
Subst anteig? |y, increase an effective segregation
COERFiIPE8HIC™ and & nlId9ReSpECi IS G e5F sPRRee ©prBtGht ethat ZGP
1¢aRRel the Nt idHedd b dienaidn dir Ef(%dxi){i‘ Phtetbace.
crystal. FIG 57 s a graph showng a theoretic

speciPsi cshowssi ¢harfdé ()4 and farm asyuaetyigeangnetic field is
speci fic resistance NYaccordin o a.crystal .. :
aE%ﬁé&di gtno of & girl%izco%rdscllﬁ%ﬁee w%?%stgglowrﬁlge aby£lllcon single
cappltyilng adn asuamehlily mgedhtedi ekpecific resistance is

substantially not different from the theoretic specific
resistance. 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 1length direction of
crystal.

FIG. 5 1is 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 shown in (a) of FIG. 2. In the first
embodiment, =10.35cm, seed _1560g, | S€4 11 25cmQ,
charge € _0.750 and O =2.328g/cm’.

=150kg,
Referring to FIG. 5, differently from the specific

resistance comparison results of the comparative examples 1
21



20 (R=2.3) made according to a first enbodi nent of the
present invention as shown in (a) of FIG 2. In the
first enbodinent, R =10.35cm seed =1560g, P seed
=11. 25cn), Mcharge =150kg, ke =0.750 and 6
=2.328g/cnB. Referring to FIG 5, differently fromthe
specific 25 resistance conparison results of the
conparative exanples 1 21 and 2 expl ai ned above, it
woul d be found that reduction of a specific

resi stance according to crystal growh is | essened
such that a specific resistance profile is expanded in

aad kergph adineCtEHvOf of sdwld bd reneadehat! relic®iBn of a
to 1/2L°5 (L is a total length of the grown single

spegdfdlc pRADstanas oﬁqcmr@ln@ngph cdivied@rl Frofth is lessened
t t d
%gé quﬁ’]e Qe %Iﬁg&%g rrees%.'sﬁ:a §okg§.r egltsg egcpg%dgd in a

r th eoretic speC| ¢ resistance
1bngﬁh162rb@thbn%qﬁ(urysﬁ&1spenmfm@rer@StsianCEnla 0 to 1/2L

increased to 4001 rather than the theoretic 10
%peb?f i% F8§iagt aheRItAc @ dith§ yITPYRnoit g he crystal body)

rlég(i%hSt 9ad at hatngby agRk¥Rgoan é%ymggtalmgﬁﬁte' Cspecific
fireld, it is posSible to control an effective

r§§g|5égalcleonl%oefnfqr@8@md 00 topaht aratlwsotbent ral taeoretlc
flc resi ce pro length_directi
g@%gg re% ?h L %.J qeng% ?oagﬂlgegl?ICogﬂe specific

s “H prime
resﬁghanceygkalxnaye@eednoreasedo Nbanwbﬁfthdﬂmm@@ BBkoretic

suggest ed usjn ecific exanples, it would be
sgﬁggﬁéﬁt ?%%&Sgﬁng?fect %%OEQQPﬁbﬁtldﬁl veetfli denpnderstood
tHBY, bebQUVBBEEVhHQYeéﬁedaBQmﬁégQQE'Cma %%%'t'%%eﬁy it is

the upper and Ioweér coils are increased at the sane ‘
PP&silb 120 ttchougttml sandefifiecslivesisagregataigiet feeffetdent of

dgﬁgﬁltt)éhld’] oltfgo ?I (1:’8? ne” éc kncre%%.%%ta'::ilc(e; prolfsllae in a
aph show ng eor efi C sﬂ% e

length dlrectlon 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 (4) 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 _1c60g, 54 _11 33emQ,
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resi stance () and an actually neasured specific
resistance (”) according to a crystal direction of an
8-inch silicon 25 single crystal nmade by applying an
asymmetric magnetic field (R=1.36) nade according to
a second enbodi nent of the present invention as shown
in (b) of FIG 2. In the second enbodinent, R =
10. 35cm Mseed =1560g, n seed =il . 33cmQ, 22
Mchar ge =150kg, ke =0.750 and 6 =2.328g/cnB. Al so, an
asymmetric magnetic field is applied such that a
convex point of ZGP is positioned just bel ow the
jﬁ?ﬁ d-liquid interface. 5 Referring to FIG 6, it

,d be found thad%a specific §jstance proflle is

&4 knsakbength dhoeasoomnﬁ cryatamegymmleulylso

to the first enbodi nept._.I|.n nore d t.a

an

aSHBBRRd SURRIPREEC | h1ald (i 1/3? oﬁuF% \A%%'ﬁgtah convex
pdikRCt ben 9&pcryst osi@f‘oﬁ@&c' flsk r e 1guRNe el SSOlld liquid

|ncreased 0 10 to I0% rat her than a theoretic specifi
ingsirfteggce, and in a 1/2 to 1L region, the specific

resi %l errlnégcltgacrfféed 0 tg %3%’r%he{o&r{]c?ntﬁ$ﬁea specific

t heoretic sp 1 cFT8si &t ahce VORI SO compari

reisristt amad speofid lenbddi reqianded h ineaah mﬂn@tth tdioegition of

usi ng _an asymnmetric magnetic field, it is nor e

CEHPARtlag SOTE iar oot ofre nfglﬁsgp%r&}P‘P‘flﬁm?EEr St 5ﬁc@°irﬁ detail,
Eewgquﬂéé¥¥éd”Edgh(HH§ﬁaJ inheny ZEp 1?290§é%heﬂegn a length

above the silicon nelt (the first enbodi nen rath

diibrae tiilee cfsertdtatl R Gl gevmefl(anzdeshesalzca@ is 1ncreased 0

i.Li on in.the S|I|con nelt b ntrol of R (the .
B0l Y ) % sotefee B | B SPIL PLa e Bhtt ®ana in &
1gi2mdAationreesothf StBE shedpehat Wee idtAdddUEd OMnOtedsed 0 to

silicon nelt in the first and second enbodi ments

23RowR PTG FRe RIRAT /el G SRIF Fi&E Fesistance.

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 silicon

melt by control of R (the second embodiment) .

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. In FIG.

7,

a solid 1line is an isothermal 1line, 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 zreduce a temperature gradient in the

silicon melt, thereby stabilizing temperature distribution.
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a solid line is an isothermal |ine, and a gap between

adj acent isothermal lines is 2K. Referring to FIG 7,
an 25 isothermal line gap of the first enbodinent is
greater than an isothermal |ine gap of the second

enbodi nent near the solid-liquid interface. Thus, it
woul d be understood that increasing R would reduce a
tenperature gradient in the silicon nelt, thereby
stabilizing tenperature distribution. 23 According to
t he graphs shown in FIGs. 5 and 6, it would be
understood that, as Ris increased, the specific

NRYretidlf o ptfl‘i)éléﬁa ssexpanded d ried engtdndi E€CtkORould be
of crystal, so an effective segregation coeffici ent

usdegsiand fdyatbe det Red s5 igseanddd e aspeapéiat mesistance
ﬁ%ﬁ?ﬁfﬁ“lé é%?&éé 98 teédf% é¥¥g§@§§9 OknﬁrYﬁa?l' SO an

case IS increased suc
ej.‘@édt&msségbegdtabnva:déﬁﬂtiem:@norfEIdioléahxh’e nfayr She better
enbodi a te erature gradient in the silicon

e A L EHIRL R cfibéiaphr Belt is

dbQ rda3dd but iten, a @t hesnt ham t PRe CR3&d hahadOR i s increased
positioned in the silicon nelt (the second

sewtblodthaht)ZGBfitsheposéhpenatiuraeb@vgt rtlhwtséihi'cgn melt (the
f%&%@ I%Sgglmen tlone%e?r}kfpoevreatu%§ tgﬁ*g%OSSI bl %5ﬁ n%}il? silicon

restrarn-apnormat ‘13 oW ng iC

mand t hgs rédusepossbbl£liowi nErsse adrix #di cl@ES%e@fperature
t.he diffusion boundary |ayer near the solid- liquid
Fterfate o herd e nich¥asthy ahSef FBati geP is positioned in

t%%gregﬁii@anw%f hitCi eptne Fl Ge &P a?ﬂf)é@hméHEW N 1f the
simulation results of convection vel oc

temperiafutricond f st ribet $ohi den aeabllmzedeeuQOmémtSQnaddabove
igecogdp%rg%o% menés $hQ Vg]raln agnorm rlespf(:tév%ll%w:.n of the

|G.L , an arrow %I recstl on represenf’ls a convectl on J
silicon melt, and thus it is possible to increase a
thickness of the diffusion boundary layer near the solid-
liquid interface, thereby increasing an effective
segregation coefficient.

FIG. 8 1s 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 1length 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 is 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, 1in the first embodiment, a melt convection
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direction of a silicon nelt, and a I ength of the arrow
represents a magni tude of convection velocity.
Referring to FIG 8, it would be understood that,
based on the sanme point, 25 a convection velocity is
reduced as Ris greater, and a convection velocity of
the silicon nelt is reduced in the case that ZGP is
positi oned above the silicon nelt (the first

enbodi nent) rather than the case that ZGP is
positioned in the silicon nelt (the second

enbodinment). In 30 nore detail, in the first

vamkedidiendts 2 §8lidconyacti Qﬁteszav:%l O Yot A is 0.14 cm/s
solid-liquid interface (A point) is 0.14 cmls and a

%ﬁﬁtac@ﬁ%écFPBNeV§P@@lW@%ﬁc%ﬁku¢9ea @ﬁﬁﬂ?QEP?kﬁﬁtXB point)
o%f g g:%egﬁpaogft h@hé' \@dalls 1521 Cﬂs’cm\/}‘y | ewhglgh in the

secon i ment, mel't convection vel oci'ty at
sealara 5e1hqu|1tdennt eraf acel § Acpaiveic)k iicsy Ov@Bocitg artd a solid-

nelt convection velocity.at a curved point (B point)
I ot FFRT I#°¢ he! %ld@é&PF |slf 8@(%% Wé%or@? melt

cbewtel&eclgﬁla%mcﬂﬁ a8, aasuRvkd igashRased ﬁ@ﬁntﬁsoEGE bottom

is noved upward, a convection velocity of the silicon
of( the! tsiidewadduded & B e@n/f%i n abnormal fl ovv| ng of the

SI"%%EJ?% %ﬂ?thb fﬁ g# fé og tQ Egu§hggeased and
fie erf

boundary Ia near t quidin ace
dsﬂ&ﬁ&ﬁ&&dnkﬁmkh&ﬂﬁaﬁﬁdlh£ cﬁﬁ&@@tiaﬂ segbegay|0ﬁ the silicon
coefficient of dopant. As nentioned _above, by a

tadyinfet A4 e FralRef PELT 260 POIP RN B T HIE o sF%@I gilicon

m%rl)(:St And StAEWE U iNGddiss CGr RhACRSSsrUdidi® B@éﬁ&Q£9 layer
0 decrease a silicon convection velocity and

nte@rrpé:m wod igh-aldipritd i intterefade i t@nll_nereasaddtOt hosreese the
<A VTR SN Bl LI UL SRl sueh

the As mentioned above, by applying an asymmetric magnetic
field when a silicon single crystal is grown using the CZ
process, it 1is possible to decrease a silicon 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 1inert gas supplied to an upper
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20 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

25 relation to control of the thickness of the

di ffusion boundary layer, resulted fromthe contro

of a convection velocity and a tenperature

di stribution of the silicon nelt, so the specific
resistance profile may be further expanded by neans

poh-tadei td Onghe CQALRRLNOTNA t 04 BbhGJaSRAEWH1 1BMbf crystal, a

crystal, a flowrate of inert gas supplied to an upper

pressers offofa t Bangilisi cenyabRl HXRMLRg siche@msr of and so on
r I . apr f Si tal _grQw .

SRl S Bl ied, RS Predill ®iela o the

qasymretoruz iAgnetic field to the quartz crucible. 5

Meanwhi |l e, the first and second embodi nents_expl ai ned )
abov¥eRrwhddsed bt e fefs A RPhaferROHA t?f‘éb%%‘bg’??%e explained

aBWATELLIC PRGReL | orf | ehd apRldeed thatt h@ Wt Zhe cusp-type
crucible is greater than 1, but it would be apparent _
aslyametthyd prexgrrt i¢ nfeat foappd igdt Hd mheditarthectusable is
but pplied . to., 10 e i r.e
9{%§ﬁ%%y£%§”§n§y|g¥“ihhﬁ Tphgﬁggggtﬁégg%gggnﬁjgﬂV2%$%oﬁresent
inSemetidn Md edot n1kmidedl toretles i ahset balt atee, gv@wapplied to
using the CZ process, but may be applied_all kjnds_of
thengPescfstRalR groWitatHusiiahe? préseheliRtehtABnt-

may BE appligd HeegeaM N Rferlilodi NdSnat 338t €in kind of
el ements such as germanium and all kinds of single

mertystialls ofhzonprendysem coadngt ete | G| pdegssi,, & may be
agsa@%?eﬁu:ngg%r rl‘lllé\l%lsklig\l b%%g ! sL'J.-Ir-l(gllleTang: 'st!ée( %Er:ggvkﬂm 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, GaAs,
InP, LN(LiNbO;), LT(LiTaO;), YAG(yttrium aluminum garnet),
LBO (LiB30s) and CLBO(CsLiB¢Oi9) single crystal ingot as well
as a silicon single crystal.

The present invention has been described in detail.
However, it should Dbe 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.

APPLICABILITY TO THE INDUSTRY

According to the present invention, an asymmetric
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10

LBO (Li B305) and CLBO (CsLi B6010) single crystal ingot

as well as a silicon single crystal. 20 The present

i nvention has been described in detail. However, it

shoul d be understood that the detailed description

and specific exanples, while indicating preferred

enbodi nents of the invention, are given by way of

illustration only, since various changes and

nodi fications 25 within the spirit and scope of the

invention will become apparent to those skilled in

the art fromthis detailed description. APPLICABILITY
naGndbEcl NBUSTRY 39 Aspplding {Rehhegpbsgalt hnNveshieBnductor

an asymretric 26 magnetic field is applied when
sgRewenFry teri contiugt 6he Shghroeeyst althesiehy t¢rentgrolling a

cBhLOEE f%ont h@é?@é‘i‘é ntyRy! ia?.g 2P IME L ."raivsg{fgt%s}rtyion of a

and a fenperature distribution a sem con
senltoaddctbus medst raaidi tiguabresreh ibliow rprefriml hflowing of
sem conductQr nelt. Accordingly, a thjckness of,
LBEf f 3SPORCBOURBAFY TayEr nea’*rC%/P%%fﬂijl-Yi qut dH%hC%rfeé’é‘e of a

di 8 fubAeheasfithd £ri NGG 80 81 LeCctbyeySe9ER9at it erface is
coeffici ent f dépan , and thus a specificC resistance
iproehbedi $£o expandadei mm ¢Ehgrhiver estdrngasfiar yspafficient

ofhen gropi no gt 1. onl Y, a Simlie; or mddlesealibgrociie s
SenteBRduct of single cryst&ﬁ’cbu al so & Targe-caf 1 ber

espahdedduci of 3engtR dipsialicwvest 200seEl WHen dhewing not
present invention may inprove productivity rather

oph¥nat FRaddnv et | legiré@l e ygemieordyg $5ngie grystal

et Radd of TarybackuhiRG SR SORIUCELT s3nddle crystal over
200 mm. Thus, the present invention may improve

productivity rather than the conventional one.
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crystal using a Czochral ski (CZ) process in which a

seed 5 crystal is dipinto a nelt of sem conductor
raw mat eri al and dopant received in a crucible, and

then the seed crystal is slowy pulled upward while

being rotated to grow a sem conductor single crystal,
wherein a cusp-type asymmetric magnetic field having

10 upper and | ower magnetic field intensities

different from each other based on ZGP (Zero Gauss

Pl ane) where a vertical conponent of the magnetic

fieldis Ois applied to the crucible such that a
whRecirld eraaMes airce profile, theoretically cal cul ated

in aleng itrection of crystal, 15 is expanded in a

l ength direction of crystal. 2. The nethod for

manuf.act ur,i n sentcon t.ar Lngle cr a .
accorldi ngAto q%\?c?nnﬁfggvﬂé%g?ﬁcttﬁgl ec?re%?sr{‘:la‘%?rf/dudor single
ceglseallat edispea fCeocRPal eRist@me psocaksuliat edhlishnga seed
the fqollowi ng equation: (141 P theory Pseed (I -S) |

5 cEtelpifedtlp iDL thabi it il sptt $PRANEEPEt hatematerial and

dBpesd %@ SRREI {1 Car e8hsiBNES Qhdl RAHEAh L YSEA! crPstal is
IS a solidification ratio, ke is an effective
sdeglegatpwhle®@5 vpeafidci ednilef theinppanttakedl3. tthe grow a
nethoddfoE manuf a %y%IT égﬁeniconductor single
S§P§§Fglu§cggkﬁﬁﬁf o YA ML, wherein, while a single

Crystleried rgr @Widigsp & ype t agpehatuie dhddreence field having
between a solid-liquid interface and a, point spaced

10 uppgrt IROMIOWETsONdIRet &ti & isdCertakenpitses @Anfiferent from

ela%?ls ottl'lll@} %ed on ZGP (Zero Gauss Plane) where a vertical

component of the magnetic field is 0 1is 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 manufacturing a semiconductor
single crystal according to Claim 1,
wherein the theoretically calculated specific

20 resistance is calculated using the following equation:

(1-k,)
p theory:pseea’( 1 -S)

where theory is a theoretic specific resistance,
seed is a specific resistance of the seed crystal, S is
a solidification ratio, € is an effective segregation

25 coefficient of the dopant.
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4. The method for manufacturing a sem conductor 10
single crystal according to claiml1, 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 fromthe solid-

l[iquid interface by 50 mmis less than 30. 15 5. The

nmet hod for manufacturing a sem conductor single

crystal according to claiml1, wherein a specific

resi stance neasured in 0 to 1/2L region in a length
direction of the grown sem conductor 20 single

crystal is increased 0 to 15% rather than the
theoretically cal culated specific resistance. 6. The .
met hdd fBre medthedt GPrnfaaudartestidittdr segiagnéuctor single

| jaceqrdi | ai , 25 wherein a specific
C?g)séi%l?ar?ce (r%re&z}s egépiér:}l%rg]Lﬁ’to 1L region in a length
di r eetiearmiof, t hehfjtewn ssenstngdect arrysiapl e ier ysgmbwing, a
is increased. 0 to 40% rather than the _theoretical
LERPETPAEE ﬂf&é?#%ﬂ?%sggmﬁeg_ a3(§ot}L_1 et oanF8¥face and

aMyBAACT $hhh A8d 2 apaFC GYlict Ohe 2818lNAlienGlySiderface by 50
according to claim1, wherein a | ower portion of the
mas penmeesisc theghétdk field has a greater intensity

than an upper portion thereof, based on ZGP. 5 8. The

nmet hod for manufacturing a sem conductor single

crystal aater dinsthed cl b 7 masheiturtiey ZG hggmiaconductor
par%bolic pattern copvex %fmard,

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-

liquid interface 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 is increased 0 to 40% rather than the

theoretically calculated specific resistance.

7. The method for manufacturing a semiconductor
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and 10 wherein an upper vertex of the parabolic
pattern is positioned above a sem conductor nelt. 9.
The nethod for manufacturing a sem conductor single
crystal according to claim1, 15 wherein an upper
portion of the asymetric magnetic field has a
greater intensity than a | ower portion thereof, based
on ZGP. 10. The nethod for nmanufacturing a

sem conductor 20 single crystal according to claim?9,
wherein the ZGP has a parabolic pattern convex
downward, and wherein a | ower vertex of the parabolic

shalher Ryt AOHIdBthd R seMwonductor nmelt. 25 ii.
The method for manufacturing a sem conductor single .
cr ystwilergddor di noverargovheonf @f aitde 1asympgtric magnetic

f&i@eiqﬁﬁgﬁe@%ﬁg%@%ﬁ%%gg@%£fﬁ%?%;?i ﬁ!r;nrt%n thereof,
bab@mi@mnmﬁﬂo gar net) : LBO (LiBBCB) or CLBO

(CsLi B60O10) single crystal. 30 12. An ingot of a
sem conductor single crystal, grown wusing a CZ

process ianthi Gl @hseedrstyst@hnurs @i idy © & OBkl cBhauctor
sem conductor raw material and dopant received In a 5

s¢ngdieblceysdad rltmondiaisded chaamnadl, is slowmy pulled

qu@a%e g@deiﬁgﬂ rgggtgdpéyg'3Tfé.ﬁggé§%ﬁh§on ex upward,
sem conductor single crystaF TS growing, a cusp-type

aagynmetric magnetic field having upper and | ower
magnetic field intensities different from each, .
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 Si, Ge,
GaAs, InP, LN (LiNDbO;) , LT(LiTaO;) , YAG(yttrium aluminum
garnet), LBO(LiB;Os) or CLBO(CsLiB¢O;,) single crystal.
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10 ot her based on ZGP where a vertical conponent of
the magnetic fieldis O is applied to the crucible
such that a specific resistance profile,
theoretically calculated in a |ength direction of
crystal, is expanded in a length direction of
crystal. 15 13. The ingot of a sem conductor single
crystal according to Caim12, wherein the
theoretically cal cul ated specific resistance is

cal cul ated using the follow ng equation: (141) 20 P
theory Pseed ( 1-S) P theory where is a theoretic
specific resistance, Pseed is a specific resistance
of the seed crystal, Sis a solidification ratio, ke
is ad%fféétlwcstég@égat SeMicepedtaeraingle herystal, grown

The in t. of _a r.single
LY 2 A1 M R a8 W snco
m&em(nﬂuhﬂmiwoﬁdm@t@rCfaetabte31aﬂamﬂﬂmﬂ¢p&mtbyeceived in a

I t t field wh
BORERIE nand Yheal bhei AEBHS Ty Sn o RHDEH pBRLEBH upward

whiake®feipsed LGP, 15. The ingot of a
seni conductor singl'e crystal according to claim 14,

10 wwiregiein,he whdRehashe pseabeiongusacirer ®icedeex crystal is

m%%%, éﬂghsp—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 crystal, is 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 is calculated using the following equation:

(I-k.)
p theory:pseed( 1 -S)

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

coefficient of the dopant.
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wherei n an upper vertex of the parabolic pattern is
posi ti oned above a sem conductor nelt. 15 16. The

i ngot of a sem conductor single crystal according to
claim 12, wherein the sem conductor single crystal is
manuf actured using an asymretric magnetic field whose
upper portion has a greater intensity than a | ower
portion thereof, 20 based on ZGP. 17. The ingot of a
sem conductor single crystal according to claim 16,
wherein the ZGP has a parabolic pattern convex
downward, 25 and wherein a |lower vertex of the

pafahq|l0ﬂ%§t€¥ﬂgé§ 89S hi ORRGh i dbrREABLONJUEEDE  crystal
melt. 18. The ingot of a sem conductor single crystal

aggoggésadicry Aleid didwm 12, 32 wherein a specific
resig %‘}%ﬁ measylrlgd ' %e%ltc%rﬂd%t&f egi ggng?e Cry&tg%%‘tal is

direction of the grown sem con sin
maaumacmamyaiHytangWhm@tharah&mmdﬂnictd&gméﬁi@afhgld whose
calculated cific resistance. 19. The ingot of a
Qé’ﬁlrcéﬁﬁ’dfﬁdt%f%ﬁ%g? eJERFEEE ln&@é’&tldﬁyngtl'i%l c}Rj WPR9Tr portion

tWRSEBiEN %dg@andﬂ(%d¢5|stance measured in 1/2L to 1L
region in a length direction of the grown

sem conductor 10 single crystal is increased 0 to 40%

rather. th the eore |caIIy I d specifi
reS|§ anceeP?1 é&lng%t of ae%e céﬁdﬁ%?%r %%% ?% crystal

aeepstdng 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 1ingot 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,

based on ZGP.

17. The 1ingot 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 1ingot of a semiconductor single crystal

according to claim 12,
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according to any one of clainms 12 to 19, 15 wherein

the sem conductor single crystal ingot is Si, GCeg,

GaAs, InP, LN(LiNoG3), LT(LiTa®), YAG yttrium

al um num garnet), LBO (LiB30) or CLBO (CsLi B6010)

single crystal ingot. 21. A sem conductor wafer,

manuf actured using the 20 sem conductor single

crystal ingot defined in any one of clainms 12 to 19.

22. The sem conductor wafer according to claim?21,

wherei n the sem conductor single crystal ingot is Si,

25 Ge, GaAs, InP, LN(LiNoG3), LT(LiTa®), YAGyttrium

al unMyhePaa Nat )spdBHild B3EB) s@bnCleBR &S BEOLIGn 0 to 1/2L
single crystal ingot. 33

region in a 1length 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 1length direction of the grown semiconductor
single crystal 1is 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 semiconductor single crystal ingot is Si,
Ge, GaAs, InP, LN(LiNbO;), LT(LiTaO;), YAG(yttrium aluminum

garnet), LBO(LiB;0s) or CLBO(CsLiB¢O;p) single crystal ingot.

21. A semiconductor wafer, manufactured wusing 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 is Si,
Ge, GaAs, InP, LN(LiNbO;), LT(LiTaO;), YAG(yttrium aluminum

garnet), LBO(LiB;0s) or CLBO(CsLiB¢O;0) single crystal ingot.
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