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| i mnate diglocations ore growt h
i ons are el Pifgigegrystal silicon which is the starting

material for most processes for the fabrication of
semiconductor electronic components is commonly prepared
with the so-called Czochralski process. In this process,
polycrystalline silicon ("polysilicon") is charged to a
crucible and melted, a seed crystal is brought into
contact with molten silicon and a single crystal is grown
by slow extraction. As crystal growth is initiated,
dislocations are generated in the crystal from the
thermal shock of contacting the seed with the melt. The
dislocations are propagated throughout the growing
crystal and multiplied unless they are eliminated in the
neck region between the seed crystal and the main body of
the crystal.

The conventional Dash method of eliminating
dislocations within silicon single crystals involves
growing a neck having a small diameter (2 to 4 mm) at a
high crystal pull rate (as high as 6 mm/min) to
completely eliminate dislocations before growth of the
body of the crystal. The dislocations are eliminated
when the neck (known as a Dash neck) is grown to a length
of ﬁp to 100 mm.

After dislocations are eliminated in the neck,

its diameter is enlarged until the desired diameter of

the main crystal body is reached. The body of the
crystal is pulled from the melt until most of the melt is
depleted, the tapered tail end of the crystal is formed,
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when.the neck (known as a Dash neck) is grown to a length 30 of up .to 100
™n After dislocations are elimnated in the neck, its dianmeter is enlarged
until the desired dianmeter of the main crystal body is reached. The body of
the crystal is pulled fromthe nelt until nost of the nelt is 35

depleted, the tapered tail end of the cyystal is forned, 2 and the
crystal is renoved fromthe crystal puléing apparatus. The neck, which is
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causing the e Cr rop Into the Crucib The i nmpact of
the crystal- |hgm@rahussplash|ng nDIten pol ysilicon can destroy the

crucible, susceptor, angpbBepbek, wameﬁr1bhEh90héakbse0905ﬁtto@n&abvageable
and present a serious safety hazard.. Conventional 200 10 dla bﬁ
or
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fractures by LHERELoPhgE PR aY hateiRapt:, ABCN BB A 0dhan 0ot Rikar Now
05-43379_descpbh?sialnehhodnoﬁeetruynahengrdcsbdeatsussemhpre fodning a
neck having aheater, render the polysilicon melt unsalvageable, and
present a serious safety hazard. Conventional 200 mm
10 diameter crystals having a Dash neck are typically grown
to a weight of 100 kg or less to minimize stress fracture
of the neck.
Attempts have been made to minimize equlpment
ahd raw material losses and safety hazards from neck
15 fractures by increasing the diameter of the neck.
Japanese Kokai No. 05-43379 describes a method of
eliminating dislocations while forming a neck having a
diameter greater than that of a Dash neck. Dislocations
are removed when the neck is pulled at a rate ranging
20 from 4 mm/min to 6 mm/min and maintained at a constant
diameter ranging from 4.5 mm to 10 mm. When the neck
diameter exceeds 10 mm, dislocations are said to be
difficult to eliminate. '
It is generally accepted within the industry
25 that dislocations cannot be consistently removed from
necks having diameters exceeding 10 mm. The necks of
most silicon single crystals continue to be grown
according to the Dash technique even though the weight of
a crystal body that can be supported by the Dash neck is
30 limited.
Others have attempted to reduce neck fractures
by providing additional support for the crystal body.
U.S. Patent No. 5,126,113 describes an apparatus for
supporting a single crystal ingot as it is grown.
35 Dislocations in the crystal are eliminated by growing a
small diameter neck by the Dash method. A large diameter



di ameter greater than that of a Dash neck. Dislocations are renoved when
the neck is pulled at a rate ranging 20 from4 mimn to 6 mimn and
mai nt ai ned at a constant diameter ranging from4.5 nmto 10 mm Wen the
neck di ameter exceeds 10 mm dislocations are said to be difficult to
elimnate. It is generally accepted mﬁtgin the industry 25 t hat

di sl ocations cannot be consistently renbved from necks having dianeters

exceedi ng 10 Blgdhgsnehkn GroliShediehtfOlng! BULA GRLR! Bbtoranihaue Lo be
grown accordin ?o tﬁe Dash~t echni que even though the weight of a crystal
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crystal such that larger diameter, zero dislocation
10 (i.e., dislocation-free) single crystals can be produced
without substantial equipment damage, loss of raw
materials, safety hazards and reduced throughput énd-
yvield.

Summary of the Invention
15 Among the objects of the invention, therefore,

may be noted the provision of a single crystal having a
large diameter neck that is dislocation-free, the
provision of a single crystal having a neck that is
capable of supporting a heavy crystal body without

20 breaking during crystal growth or handling, the provision
of a single crystal having a neck that is capable of
supporting a large diameter crystal body that could not
be supported by a conventional neck, and the provision of
improved yield and throughput of zero dislocation éingle

25 crystals grown by the Czochralski process.

Other objects and advantages of the invention
will be apparent from the following detailed description.
The present invention is directed to a silicon

single crystal prepared by the Czochralski method

30 including a neck having an upper portion, an intermediate
portion, and a lower portion. The upper portion contains
dislocations. The intermediate portion is between the
upper and lower portions. A majority of the intermediate
and lower portions has a diameter greater than 10

35 millimeters, and the lower portion is free of



_operatlng condi tions and may al so break the Dash neck. There is a need for
‘an i mproved process for elimnating dislocations within the neck of a
single crystal such that |arger dianmeter, zero dislocation 10 (1.

di sl ocation-free) single crystals can be produced w thout substantial

equi pnent danmage, | oss of rawmaterials:4 safety hazards and reduced

t hroughput and yield. Summary of the Invention 15 Anong t he
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than about 10 millimeters. The lower portion is free of
dislocations. The crystal also includes an outwardly
flaring segment adjacent the lower portion of the neck,
and a body adjacent the outwardly flaring segment. The
15 body weighs at least 200 kilograms and is completely
supported by the neck as the body is grown from molten
silicon.
Another embodiment of the present invention is
a silicon singlé crystal prepared from p*-type silicon by
20 the Czochralski method. The crystal includes a neck
having an upper portion, an intermediate portion, and a
lower portion. The upper portion contains dislocations.
The intermediate portion is between the upper and lower
portions. A majority of the intermediate and lower
25 portions has a diameter greater than 10-millimeters, and
no portion of the intermediate and lower portions has a
diameter less than about 8.5 millimeters or greater than
about 17 millimeters. The lower portion is free of
dislocations. The crystal includes an outwardly flaring
30 segment adjacent the lower portion of the neck, and a
body adjacent the outwardly flaring segment.
Yet another embodiment of the invention is a
process for eliminating dislocations in the neck of a
silicon single crystal grown by the Czochralski method.
35 Polycrystalline silicon is heated in a crucible to form a
melt. A seed crystal is brought into contact with the



and l.ower portions has a di aneter greater than 10 35 mllinmeters, and the
|'6wer ‘portion is free of 4 di sl ocations. The crystal also includes an
outwardly flaring segnent adjacent the |ower portion of the neck, and a
body adjacent the outwardly flaring segnent. The present invention is also
directed to a 5 silicon single crystal epared by the Czochral ski nethod
whi ch includes a neck having an upper pofrtion, an intermediate portion, and
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contai ns disloca
4.0 mm/min until the dislocations within the intermediate

10 portion are eliminated.

Brief Description of the Drawings

FIG. 1 is a vertical section illustrating the
upper region of a single crystal embodying the present
15 invention; and
FIG. 2 illustrates the dislocation density
along the length of the neck of a single crystal.

Detailed Description of the Preferred Embodiments
In accordance with the present invention, it

20 has been discovered that dislocations can be eliminated
in a crystal neck having a diameter exceeding ten '
milliméters when the crystal is pulled at a rate less
than about 4.0 mm/min. It has been found that
dislocations are annihilated at a faster rate than they

25 are generated when the neck is grown at slower pull
rates, allowing complete elimination of dislocations in
large diameter crystal necks. The process enables the
growth of crystal ingots of more than 400 mm diameter
weighing more than 200 kg.

30 Turning now to FIG. 1, there is shown a single
crystal 10 having a seed crystal 12, a neck 14, a cone
16, a shoulder 18 and a body 20. The crystal 10 is grown
starting with the dislocation-free seed crystal 12 and
molten semiconductor material such as silicon by the

35 Czochralski method.



The internmediate portion is between the upper and |ower portions. A
majority of the internediate and | onwer 25 portions has a dianeter greater
than 10 millinmeters, and no portion of the internediate and | ower portions
has a di aneter |ess than about 8.5 mllineters or greater than about 17
mllimeters. The |l ower portion is free @f dislocations. The crystal
I ncl udes an outwardly flaring 30 segnent adj acent the | ower portion of
t he neck, and a body adjwgce 0 ar.i n t er
enbodi ment of the invenF%%h%%g&gggrg%gggﬁ or%élpﬁﬁﬁgfgﬁg%é%?lé?a ioﬁépin
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begi ns to mel 8% 8r HPWGTIPOLEILN Sfs FERWPhPeDEad dntermeddat® crystal
i's then wst hdpawBibhom The ARitervediate andedowedmportiitbgsa24ypRer ap@ tion
and an internediate_portion.  The.upper 5_portion.i.s between the seed
crystal and t HEORR: BEnBaPREEtBRL RN YA R BEAT s 14 SHESESeat Fos PURERES | ty
of the internedi &he presemt Hasreatdicanetesuipstéandedalliyn cofisiraniti net ers. The
neck s grOMdéhmégé%t §d géintt%i@eﬁb%fen“tﬁ{e”ﬁ‘i%{é&‘é@ e g di slocations
within the internediatée 1 portron are el mnated.

intermediate and lower portions of the neck remains

10 within fifteen percent of the desired diameter along the
length of the intermediate and lower portions. The upper
portion 22 is generally tapered from the diameter of the
seed crystal 12 to the smaller, substantially constant
diameter of the intermediate portion 24. However, the

15 diameter of the seed crystal and the upper, intermediate
and lower portions can be substantially the same such
that the upper portion does not flare ocutwardly relative
to the intermediate portion.

The segment of the upper portion 22 adjacent to

20 the seed 12 contains dislocations .(not shown) first.
introduced by thermal shock on bringing the dislocation
free seed crystal into contact with the silicon melt. As
the neck is grown at a pull rate less than about 4.0
mm/min, the dislocations are annihilated more quickly

25 than they are formed. The density of dislocations
decreases in the intermediate portion of the neck, and
the dislocations are completely eliminated in the lower
portion 26 of the neck.

Once the lower portion 26 of the neck is

30 dislocation-free, the remainder of the Czochralski
process proceeds in a conventional manner. An outwardly
flaring segment 28 of the cone 16 is grown adjacent to
the dislocation-free lower portion of the neck. The cone
16 is grown by continually increasing the diameter of the

35 crystal. The shoulder 18 is formed when the desired
diameter of the single crystal is reached. The pull rate



Brief. Description of the Drawings FIG 1 is a vertical section illustrating
fhe upper region of a single crystal embodying the present 15 invention;
and FIG 2 illustrates the dislocation density along the I ength of the neck
of a single crystal. Detailed Description of the Preferred Enbodi nents In
accordance with the present invention, it 20 has been di scovered that

di sl ocations can be elimnated in a crystal neck having a di aneter
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in a conventional Czochralski puller.

The method of the present invention eliminates
10 dislocations in the neck while maintaining a large

diameter in the neck. The majority of the intermediate

and lower portions of the neck is grown at a diameter

greater than ten millimeters. Preferably, at least about

50%, 60% or 70% of the intermediate and lower portions

15 has a diameter greater then ten millimeters, more
preferably, at least about 80%, and even more preferably,
at least about 90% or 100%. The neck must be such that
dislocations within it will be eliminated before growth
of the outwardly flaring segment of the cone is

20 initiated. In a preferred embodiment of the invention,
the dislocations are eliminated so long as no portion of .-
the intermediate and lower portions has a diameter
exceeding about 17 millimeters, and, most preferably,
about 15 millimeters. Preferably, no portion of the

25 intermediate and lower portions has a diameter less than
about 8.5 mm or greater than about 17 mm, more
preferably, less than about 10 mm or greater than about
15 mm, and, even more preferably, less than about 10 mm
or greater than about 13 mm.

30 " The diameter of the intermediate and lower
portions of the neck is maintained while growing the neck
at a pull rate less than 4.0 mm/min, and, preferably,
less than 3.0 mm/min. Generally, the pﬁll rate ranges
from about 1.0 mm/min to about 3.0 mm/min, preferably,

35 from about 1.8 mm/min to about 2.2 mm/min, and, more
preferably, at about 2.0 mm/min. Although faster pull



The neck 14 includes an upper portion 22 grown as the seed crystal 12 is
drawn‘fromthe sil-icon nelt, an internediate portion 24 grown beneath the
upper portion, and a |lower portion 26 grown beneath the internediate 5
portion. The internediate and | ower portions 24, 26 are grown at a
substantially constant dianeter. For purgposes of the present invention, a
substantially constant dianeter I s mai ntai ned when the dianeter of the

i nt er nedi at e t fteen
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same such § hathaé\ealweéhmnttnatd@ﬁslwatid:ﬁsem@ytmarﬂbyer@iaﬁaﬂwtbhe
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shock on bringing the diThecpulbnréteeisecadjusysdaini neésponsaeatod mnth t he
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portion 26 of the neck
the neck remains within fifteen percent of the desired

diameter (i.e., substantially constant), or, preferably,
within ten percent of the desired diameter. The pull
rate and melt témperature_are used to maintain the

15 diameter within an acceptable range. The pull rate is
decreased as the diameter becomes too narrow, or
increased as the diameter becomes too wide.

The neck is grown to a length at which all

dislocations have been eliminated. The appropriate

20 length can be determined by growing a crystal neck at a
desired diameter, pull rate-and length, grinding the
faces of an axial slice of the entire neck length,
lapping and chemically etching the faces to reveal
dislocations, and measuring the length at which the

25 dislocations were eliminated. Subsequent crystals grown
at the same diameter and éull rate can be grown to
approximately the same length. For example, when the
desired diameter is between 10 mm and about 13 mm, it is
preferred to grow an intermediate and lower neck portion

30 which ranges in length from about 120 mm to about 180 mm,
and, more preferably, from about 150 mm to about 160 mm.
Growth of a longer intermediate and lower portion than is
necessary for elimination of dislocations increases the
cost of the crystal pulling operation and reduces

35 throughput.



Once.the | ower portion 26 of the neck is 30 di sl ocation-free, the

remai ider of the Czochral ski process proceeds in a conventional nmanner. An
outwardly flaring segnent 28 of the cone 16 is grown adjacent to the

di sl ocation-free | ower portion of the neck. The cone 16 is grown by
continually increasing the dianmeter of the 35 crystal. The shoul der 18
Is fornmed when the desired dianeter of t'he single crystal is reached. The -

pull rate 7 is then 'égtﬁg@é;gé\ I"@.xé)oigye 1’:5119& ibhe same

di aneter as the shoul der ered ta|I not omn 'S forned when
the melt is nmrtylcwpﬂ%xs.éoswa Jethvenwmg r%%l%\%mr:m% in the
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The nmet hods of vithipt E’aﬁ@linglb/&ﬂﬁ'jrmﬂfcmﬂi@de@fl@' tyghies lsdddlconns whidthe
neck while maintai n it he, neck._The orit of t he
i nt er medi ate ard r’f%‘vﬂ’e‘%’b (# ?fé’clgl? sub? oW%ﬁl%tJd‘%Ja%t%? greater
than ten ml | igmgares: tmmeﬁa‘blsy-crmt | kishowudin uthe Q8o G988 amay 08496 béae
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formed of other semlconductor materials or other types of
10 silicon, experience has shown that dislocations are more
readily eliminated from p*-type silicon than from n*-type
or p ~type silicon.
The process of the present invention can be
automated when using a commercially available crystal
15 pulling apparatus such as a Hamco Model 3000 CZ puller.
The operator can select the desired diameter and length
of the intermediate and lower neck portion, target pull
rate, and the parameters for the remainder of the
Czochralski pulling process. The crystal pulling
20 apparatus will control the diameter, pull. rate and heater
power to maintain a substantially constant diameter for
the intermediate and lower portion as described above.
During crystal growth, the presence of facet lines on the
crystal surface indicates the absence of dislocations in
25 the crystal. After the crystal is pulled, the ingot can
be sliced into wafers that can be analyzed for
dislocations to determine whether a zero dislocation
crystal was grown. If dislocations are apparent upon
visual inspection of the wafers, dislocations may not
30. have been removed in the crystal neck.
The following examples are presented to
describe preferred embodiments and utilities of the
present invention and are not meant to limit the present
invention unless otherwise stated in the claims appended
35 hereto. |



at |l.east about 90% or 100% The neck must be such that dislocations wthin
i't will be elimnated before growh of the outwardly flaring segment of the
cone is 20 initiated. In a preferred enbodi nent of the invention, the

di sl ocations are elimnated so long as no portion of the internedi ate and

| ower portions has a di aneter exceedingﬁgbout 17 mllimeters, and, nost

preferably, about 15 mllinmeters. Pref bly, no portion of the 25
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greater than about 17 mm nore pref .1 ess than about 10 nm or greater
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to form Expe F&ﬁgg 'tﬁ°§a¥w NeCR SF 4. Tl T Wed @%&Wn
automatically as the crystal puller adjusted the heater

10 power and pull rate to maintain the desired neck

diameter. '
The neck of the single crystal was then

chemically etched to reveal dislocations. The (110)
faces of an axial section of the entire neck were ground,

15 mechanically polished, and then chemically polished for
ten minutes in 10:3:1 HAcC:HNO,;:HF solution to remove any
surface damage. The faces were then Wright etched for 20
minutes to reveal dislocation etch pits. The etch pits
were observed under a Nikon Nomarski Interference

20 Contrast microscope under 100X magnification. The
density of dislocations along the length of the crystal, -
at the center (-¢-) and edge (-m-), is shown in FIG. 2.
No dislocation etch pits were observed in the bottom
portion of the neck which ranged from 180 mm to 200 mm,

25 indicating complete elimination of dislocations within
the neck of the crystal.

Example 2
A silicon single crystal was pulled in a

Leybold-2000 Czochralski crystal puller charged with 60
30 kg of chunk p*-type polysilicon containing 1 x 10*° atoms

boron/cm® (0.009 Q-cm target resistivity). A target pull

rate of 2.0 mm/min, a neck diameter of 13 mm, and a neck

length of 165 mm were selected. The neck was grown

automatically as the crystal puller adjusted the heater
35 power and pull rate to maintain the desired neck



5 has al so shown that dislocations may be nore difficult to renove at a
pull tate below 1.0 mmmn. The pull rate is adjusted in response to

di aneter fluctuations throughout the crystal growth process. Dislocations
can be elimnated fromthe neck if 10 the dianeter of the internediate
and | ower portions of the neck renainsé%Lthin fifteen percent of the
desired dianeter (i.e., substantially stant), or, preferably, within ten
percent of thg. Lred di I I n t at.ur re
Gacd o mi nt SEATEREET * TREF HEcl Mlander Yl o88oThekn 12060 SIS 1P
rate i s decremmedand the aciwelepulddcomte vesiedr between indr sagadras t he

di aneter becogRy 50@ Wmifin ¥R ASEK neekIg2Whtho a | ength at which al
di sl ocati ons have been eli m nated” The appropriate 20 Ien%th can be

determined by growing aF&cest dingeciexe Rressntefharngbost the crystaland
:eng_t h, gsld ndicag, t ﬁlﬁldfi@&;tiﬁ_@f t@ltléh&ﬁs%hc@ F(fed@.fslblb:%éﬁ@?'ﬂsr.et neck Iengt h,
apping and c .ca ching t. aces to reveal dislocations, an

measuri ng theggghgﬁﬁnég i OF £He agl&FbF&E PIs Were SeWerafed.
Subsequent cr gpbsakyedr duwn walf etrise cazmE rdmatkiee siandepulrdystalle can be grown

t o approxi mat . . ) . | e t ir i.ameter is
bet ween 10 migéagggééﬁ?hﬁ%%%%t e:igﬁna.?x)é? gg & eg f}t,\%?'%rl 8\/%\/%5%%?1% g’r r‘%g‘d'?late and
| oner neck pokheones8 ofwhhehcrysgad.in | ength from about 120 mmto about

180 mm ggd, more prefegahk cHeOThYaRtl ohSlsMHubReBRIL1LIEY FariGant N of
a longer internediate and | ower portion than is
modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings
and have been described herein in detail. It should be
understood, however, that it is not intended to limit the
15 invention to the particular form disclosed, but on the
contrary, the intention is to cover all modifications,
equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended

claims.



necessary for elimnation of dislocations increases the cost of the crystal .
pul li'ng operation and reduces 35 t hr oughput . 9 _The process of the
present invention is particularly suitable for elininating dislocations in
the large dianmeter neck of a silicon single crystah.‘ﬂ“ ﬂﬂﬁﬂ“ UNlWHHo
process is used to elimnate dislocations,3 within'ald 4 ol Bfor med
of [err] silicon, which is silicon doped with boron, having a resistivity
not greater than<PakmM.err]. Al though the process may al so be used to
elimnate dislocations within a_single crystal forned of other

semi conductor material slor & i#ddicppesimglep crysitale prepaysst bahddehas

shown that di gheeflrhldkiamRtHIE orpHilsingl:i M nated from[err] silicon than
fromJ[err] or p-type silicon; Jhe process of the present invention can be

aut omat ed when using a LRg, @8 URPEE Popsdgn.1gn inhermediate

appar at us sucpoggiankiagnd bbdewez0@drEionyl ltte upperoperation can sel ect the
desired dianeter and.length ofﬁ%ﬁg intgbﬁe iate and | ower neck por.tion,

d
Larget publ rSPBESRANE,H1SIPCRNIOPS it ShY, HACEEENALS SPTHETCPRAM Ski
pul I'ing procebetwékee thesuppepulandngoder papdoasys anmal]jordity aif it
di ameter, pull rate and heatar 1AM SLOtTRLY HalideS WHiaided, v aanshant

di anmeter for

than 10 millimeters, and the lower portion being free of
dislocationé;
10 an outwardly flaring segment adjacent the lower
"portion of the neck; and
a body adjacent the outwardly flaring segment.

2. The crystal of claim 1 wherein no portion
of the intermediate or lower portions has a diameter
greater than about 17 millimeters.

3. The crystal of claim 1 wherein no portion
of the intermediate or lower portions has a diameter less
than about 8.5 millimeters or greater than about 15
millimeters.

4, The crystal of claim 1 wherein no portion
of the intermediate or lower portions has a diameter less
than about 10 millimeters.

5. The crystal of claim 1 wherein the body is -
free of dislocations and has a diameter of at least 200
mm.

6. The crystal of claim 1 wherein the silicon
is p*-type silicon.



the internediate and | ower portion as described above. During crystal
growmh, the presence of facet lines on the crystal T t he
absence of dislocations in 25 the crystal. AfterTﬂmmu/mmmrﬂﬂﬂul | ed,
the ingot can be sliced into wafers that can be anal yzed fbr Wi &l ocati ons

to determ ne whether a zero dislocation cigstal was grown. |f dislocations
are apparent upon visual inspection of the“wafers, dislocations nay not 30

have been renoved in thq cr&ggabrggﬁgl ggecﬁghhpgﬁqgﬁ%éﬁgpkg§ %%ﬁegresented

to describe preferred enbodinments-and utilities of t resent vention
and are not nPaKties EenPutwREddveddatringy dediadd venltes $het Hatmiraeddeseed in
the claims apgepdedn3s her et o. 10 Exanple 1 A silicon single crystal
was pulled in an automated Hanto Model 3000 Czochral ski crystal puller
containing a fused quartz crucible charged with 26 kg of 5 chunk [err]

polysilicon containing 8.x pewillidbansihgle] cir§s@a9 b&@?hr@@f@@ithe
resistivity). te of 2. 4.mmimn, a neck dianmeter of 11 mm

A tgrgit pull ra .
and a neck Ieﬁa?ﬁ_ﬁ ?5& it e COBPEAEAET ‘The neck was grown automatically
as the crystal puller adj neckdhakingeancupper ppaeongnanpunteraeditte

maintain the 88§E&8ﬂ Qﬁ&ka lower portion, the upper portion containing
5 dislocations, the intermediate portion being between the
upper and lower portions, no portion of the intermediate
or lower portions having a diameter less than about 10
millimeters, and the lower portion being free of
dislocations; '
10 an outwardly flaring segment adjacent the lower
portion of the neck; and
a body adjacent the outwardly flaring segment,
the body weighing at least 200 kilograms and being
completely supported by the neck as the body is grown
15 from molten silicon.

9. The crystal of claim 8 wherein the body is
free of dislocations.

10. The crystal of claim 8 wherein the silicon
is p*-type silicon.

11. The crystal of claim 8 wherein the uppef
portion is outwardly flaring relative to the intermediate
portion.

12. The crystal of claim 8 wherein no portion
of the intermediate or lower portions has a diameter
greater than about 17 millimeters.



di aneter. The neck of the single crystal was then'tﬁenfEéTT?"é?éﬁéd to

wer e ground, 15 mechani cal |y polished, and then ic
ten mnutes in 10:3:1 [err] solution to renobve any sutacet
faces were then Wight etched for 20 n1nutﬁﬁ to reveal disl
pits. The etch pits were observed under

reveal’ dislocations. The (110) faces of an axi al qe Iﬂlﬂﬂ[

I g neck

davrage.
ocati on etch

kon Nomarski Interference 20

Contrast m croscope under, 100¥Pgagg&gkggtb@ncl he sd GRS g%xgg errgﬁﬁgkpns

along the length of the crysta he center_[err]

shown in FIG fremoodi siedecrsionschng baswear él@s@éile;re@ i At H@at%t 269

portion of themmeck which ranged from 180 mmto 200 mm 25

I ndi cating

conplete elimnation of dislocations within the neck of the crystal.

Exanple 2 A silicon single crystal was pulled in a Leybol d-

2000 Czochral ski

crystal puller charged wih 6@ 3dlicks efinglenlkrietall peleyairedc @rom p*-
containing 1 x_1019 a Qns_bor on re arge reS|st|V|ty) A
target pull r aF€P8r 52 &cﬁﬁf%w t nﬁ@éﬁhﬁliﬁ%f F£5%°fs %ﬁl ahd § eck length
of 165 nn1merecemp@¢sang The neck was grown automatically as the crystal

pul | er adj usted the heatgr 3G HAYYRY 2RI uBWel EAYE1bR, MHniald hidtidey r ed

neck

5 portion and a lower portion, the upper portion containing

dislocations, the intermediate portion being

between the

upper and lower portions, a majority of the intermediate

and lower portions having a diameter greater
millimeters, the lower portion being free of

than 10

10 dislocations, and no portion of the intermediate and

lower portions having a diameter less than about 8.5

millimeters or greater than about 17 millimeters;

an outwardly flaring segment adjacent the lower

portion of the neck; and

15 a body adjacent the outwardly flaring segment.

15. The crystal of claim 14 wherein the body

is free of dislocations and has a diameter of at least

200 mm.

16. The crystal of claim 14 wherein the upper

portion is outwardly flaring relative to the
portion.

intermediate

17. The crystal of claim 14 wherein no portion

of the intermediate or lower portions has a diameter

greater than about 15 millimeters.



diameter. The neck dianmeter varied between 12 nn1and~%4—ﬁnr””'a’?ﬁe—EEtuaI
pull tate varied between 1.0 mimin and 3.0 minmin duri u“?
Facet |ines were present throughout the crystal 5 ﬁ mgﬁ‘w he
absence of dislocations. Additionally, no dislocati L S swer'e

visually observed in wafers cut fromthe sighgle crystal I ndi cating
conplete elimnation of dislocations mﬁthin the neck of the crystal. 10

Wil e the invention is gyscep} gy&és% \ﬁ; s ﬂﬁﬁélr%tdl%%%&ﬁé efhative

forns, specific enbodlnents th have way of exanple in
the drawi ngs &%€¢ ReFk Bfed RiddqaReFingla Fawetak gown B iha d be

uRderstood lhqm?uﬁhi$§mﬂ méthdaruﬁhélﬁﬁ?agygtdbﬁ ﬂm%ﬁgdKBEB t |nvention to

the particular form disclose on e .contrar e jntention . is to

cover all nDdlflcatlons$m§%Gl ¥$§¥ﬁ¥%£1%§QHﬁ¥%hﬁ9qeﬂq|quRMQ#h#Pthe

spirit ang scapefﬁhmthenmdmentlon as defined by the appended clalns 12

WE CLAIM 1. Asilicon taI y ochr. Skl t hod
e | or?alxya?n a1b"ht % St

conprising: a neck haV|ng an upp por > and a
| ower portionthehsegdherysdali degins to melt, forming dlslocatlons in

the seed crystal;
withdrawing the seed crystal from the melt to

10 form a neck comprising an upper portion and an

' " intermediate portion, the upper portion being between the
seed crystal and the intermediate portion and containing
dislocations, a majority of the intermediate portion
having a diameter greater than 10 millimeters; and

15 growing the neck at a rate less than about 4.0
mm/min until the dislocations within the intermediate.
portion of the neck are eliminated.

19. The process of claim 18 wherein the neck
is grown at the rate of about 1.0 mm/min to about 3.0
mm/min.

20. The process of claim 18 wherein the neck
is grown at the rate of about 1.8 mm/min to about 2.2
mm/min.

21. The process of claim 18 wherein no portion
of the intermediate portion has a diameter greater than
about 17 millimeters.

22, The process of claim 18 wherein no portion
of the intermediate portion has a diameter less than
about 8.5 millimeters or greater than about 15
millimeters.



] —__// .
5 <containing dislocations, the intermediateiportion bej en the
upper® and | ower portions, a majority of the int ‘m\m\ “ﬁ“ﬁr portions
having a dianeter greater than 10 nillineters,: ;m N sportion being
free of dislocations; 10 an outwardl y* fl%ring segnent adjacent
the | ower portion of the neck; and a body {gdj acent the outwardly flaring
segnent. 2. The crystal of claim1 wherein no portion of the internediate
or lower portions has azH amefrs gredsy dhananpuis whetdin neiers. 3. The
crystal of claim,l wherein no port,ilon of the internediate or | ower portions
has a di anet er®} N 1kt R56dPes 83 AFPR et ers or greater than about 15
mllimeters. 4. The crystal of claim1 wherein no portion of the

i nt di at I i di h bout. 1 .

M1 meters. 8 The cryaidn oS ERdEBiRE SRR e d ol Y | iAflpatng

di sl ocati ons gwbwiaey andicutsrerdlyf fhatiows tsPiemmbeneditte the stetk odndl ai m
1 wherein the sSidfpdfadit lemd | dfiQhraly 1P drind edhaint A eddr gk m 1

wherein the upper ) . e
islocations within the neck are eliminated.



portion is outwardly flaring relative to the internediate portion. 8. A
siflicon single crystal prepared by the Czochral ski met hod _conprising:

neck having an upper portion, an internmedi ate portion andHi SHEET HASrBEENN

t he upper portion containing 5 di sl ocations, the intefned gEPUAGEDI On

bei ng between the upper and | ower portiong,7 no portion &f—the—+ntermedrate
or lower portions having a dianeter |less than about 10 mllineters, and the
| ower portion being free of diaHdGRlIdtORE tHd Disclogsure an outwardly
flaring segnent adjacent the ower portion of the neck; and a body adjacent
the outwardly flaring segnent, the body weighing at |east 200 kil ogranms and
bei ng conpl etely suppor tzediniddie siasklasciyetdbdyremapdviy itthe from

| t il 9. T rystal of, cl 8 i . i f
5! ocat i ons. Crpenimt e, Sieiiad gl L EoR BaPlf o ond £ 00
silicon. 11. Prertoiomst an dintdrmed Bwh@erticome appea Jower @e¥elout war dl y

flaring rgé at ipe, %ﬁﬁ%&ﬁﬁ%ﬁ%ﬂ% t&:ﬁé&oé@tioneﬂ‘e fuystal of claim 8

wherein nd portion er me e or Tower portions has a dianeter
greater than dihgrmedinte pexrtien is between the upper and lower

portions. A majority of the intermediate and lower

portions has a diameter greater than 10 millimeters, and
the lower portion is free of dislocations. The crystal

10 also includes an outwardly flaring segment adjacent the
lower portion of the neck, and a body adjacent the
outwardly flaring segment.

: as Been: Replaced

Ty



. 14 13. The crystal of claim8 wherein the body is free of dislocations and
has a“di ameter of at |least 200 mm 14. A silicon single crystal prepared
from[err] type silicon by the Czochral ski nethod, the crystal conpri sing:
a neck having an upper portion, an internmediate 5 portion and a | ower
portion, the upper portion containing dislocations, the internediate
portion being between the upper and | ower |portions, a majority of the

i nternedi ate and | ower portions having a dianeter greater than 10
mllinmeters, the | ower portion being free of 10 dislocations, and no
portion of the interme g€7 apid | ower portions having a dianmeter |ess than
about 8.5 mllineters éf er than about 17 millineters; an outwardly -
flaring segment adjacent the | ower port|-- Tf t he neck; and 15

a body adjacent the outwardly flaring segreift . 15. The crystal of claim14
wherein the body is free of dlslocatlons.- ff has a dianeter of at |east 200
mm 16. The crystal of claim 14 wherein f :'.---L?portlon is outwardly
flaring relative to the internediate por||o‘. 17. The crystal of claim 14
wherein no portion. BRIl
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of the internedidte or |ower portions has a dianeter greater than about 15
mllimeters. 15 18. A process for elimnating dislocations in the neck
of a silicon single crystal grown by the Czochral ski method, the process
conprising: heating polycrystalline silicon in a crucible 5 to forma
melt; contacting a seed crystal and the nelt until the seed crystal begins
to nelt, formng dislocations in the seed crystal; w thdraw ng the seed
crystal fromthe nelt to 10 forma né&k conprising an upper portion and
an internedi ate portion, the upper portion being between the seed crystal
and the internediate portion and containing dislocationsg®a mgjority of the
internmedi ate portion having a diameter greater than 10 rﬁineters; and 15
growing the neck at a rate | ess than about 4.0 nmimin ungil the

di sl ocations within the intermedi ate portion of the neck}jare elim nated.
19. The process of claim 18 wherein the neck is grown atithe rate of about
1.Omimnto about 3.0 mnmmmn. 20. The process of claingl8 wherein the
neck is grown at the rate of about 1.8 mminmin to about 2

FlG 2
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m* m.n. 21. The process of c¢laim18 mherein no portion of .the i nt er nedi:

portlon has a diameter greater than.about 17 ,mllineters.
of claim 18 wherein no portion of the i nt er medi at e portlc
| ess than about 8.5 millinmeters or greater than about 15
23. The process of claim 18 wherein the siliconis [err].
process. of. claim 18 further including grow ng-an outwardl

beneath the neck and ppobdly rag iFAeRINATIN

t he dislocations within € neck are el m nated.
IN THE NECK OF A SILICON SINGLE CRYSTAL

Abgtract of the Disclosure

REPLACEMENT SFE

Si
y

mil lineters 16
| i &erEiw%Tho

flaring segnempt

-_;rflarlng segnent after

A silicon single crystal prepared by the
Czochralski method including a neck having an upper

portion, an intermediate portion, and a lower portion.

5 The upper portion contains dislocations. The

intermediate portion is between the upper and lower

portions. A majority of the intermediate and lower

portions has a diameter greater than 10 millimeters, and

The crystal

10 also includes an outwardly flaring segment adjacent the
lower portion of the neck, and a body adjacent the

- the lower portion is free of dislocations.

outwardly flaring segment.

FIG. 1




