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(57) Abstract

A non-Dash neck method of preparing a single crys-
tal silicon rod, pulled in accordance with the Czochralski
method. The process is characterized in that a large diam-
eter, dislocation-free seed crystal is allowed to thermally
equilibrate prior to initiation of silicon rod growth, in order
to avoid the formation of dislocations resulting from thermal
shock to the crystal. The process is further characterized in
that a resistance heater is used to melt the lower tip of the
seed crystal to form a molten cap before it is brought into
contact with the melt. The process yields a single cIys-
tal silicon rod having a short, large diameter neck which is
dislocation~free, and which is capable of supporting a sili-
con rod which weights at least about 100 kilograms during
growth and subsequent handling.
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25 the surface of the nelt, it experiences a thermal shock The thernal
shock caus¥®0¥3cations to be forned in the seed crystal . POTES8/16093
di sl ocations are then propagated throughout the growi ng crystal and will
continue to nultiply unless they are elimnated in the neck, a region 30
| ocat ed between the seed crystal and the nmain body of the single crystal
silicon rod. The conventional nethod of elimnating these dislocations

invol ves grow ng a neck whiich hNoN-DASRINECH afligfyp (typically 2 nmto 4 nm)
at a high pull rate (as 86R shNghEagrEsTRLNBELICONhGROWRiNOD acts to
"squeeze" the 2 neck in ordercto conpletely elimnate dislocations

before growth £ck8ﬁo€ﬁﬂy09f '?Iﬁ%%gi@?gintal silicon rod begins. These

di sl ocations aTe typrcalty ) : the neck, also known as a Dash
neck, is grown to arhengrnssn§f1upen@1@©0redat5@ genefatayt ke dhel ocations

in the neck ha ﬁeﬁﬁﬂatgbh”bﬂahegnnbﬁg @k?%E%grgg&l%B?hggakﬁgﬁ sl owy

I ncreased unti esired di aneteéer € Si gncrystal
silicon rod |sa§€ﬁF€9€H tenk So§?°F§r§&PkédmﬁFbﬁﬂlo Morhepastucuﬂarlynost

of the polysilthaninvetlepbat edlatéBeto a non-Dash neck method of
preparing a single crystal silicon rod, the rod héﬁing a
short, thick neck which is dislocation-free.

10 Single crystal silicon, which is the starting
material for most semiconductor fabrication proceSSes, iS'.
commonly prepared by the Czochralski method. Acdording
to this method, polycrystalline silicon ("polysilicon")
is charged to a crucible, which is contained within a

15 crystal puller, and melted. A seed crystal, having a
diameter which is typically within the range of 8 to 15
mm, is attached to a pull cable positioned above the melt
and lowered until it is brought into contact With the

"molten silicon. A single crystal silicon rod is then

20 grown by slowly pulling the seed crystal up from the

surface of the melt.

As crystal growth begins, the seed crystal exists at
a much lower temperature than the molten polysilicon. As
a result, when the seed crystal comes into contact with

25 the surface of the melt, it experiences a thermal shock.
The thermal shock causes dislocations to be formed in the
seed crystal. These dislocations are then propagated
throughout the growing crystal and will continue to
multiply uﬁless they are eliminated in the neck, a region

30 located between the seed crystal and the main body of the
single crystal silicon rod.

The conventional method of eliminating these
dislocations involves growing a neck which has a small
diameter (typically 2 mm to 4 mm) at a high pull rate (as

35 high as 6 mm/min). This method acts to "squeeze" the



dianeter is then gradually decreased to a point at which the rod may be
separ at edwiosva7edze cruci bl e and then renoved fromthe cryspétugeghlsgys | n
addition to the process delays involved with the 15 formati on of a neck
of this length, problens also arise fromthe fact that the neck is the
weakest point of the crystal and yet is_responsible for supporting the
entire weight of the single crystal si | Pcon rod. Necks havi ng such a snal

di anet er can L | C I owt 20 ys t he body of the
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have t hus beefrystal s111con rod is achleved. The body is pulled from
10 the melt until most of the polysilicon is depleted. The
diameter is then gradually decreased to a point at which
the rod may be separated from the crucible and then
removed from the crystal puller.

In addition to the process delays involved with the

15 formation of a neck of this length, problems also arise
from the fact that the necklisfthe weakest point of the
crystal and yet is responsible for supporting the entire
weight of the single crystal silicon rod. Necks having
‘such a small diameter can fracture during crystal growth,

20 causing the body of the crystal to drop into the
crucible. The impact of the crystal ingot and the
resulting splash of molten polysilicon can destroy the
crucible, susceptor and heater, render the polysilicon
melt unsalvageable, and present a serious safety hazard.

25 The neck may also fracture during subsequent manipulation
of the single crystal silicon rod after the growth
process has been completed. As a result of these
potential dangers, a conventional 200 mm diameter crystal
having a Dash neck is typically grown to a weight of

30 about 100 kilograms or less, in order to minimize the
likelihood of neck fractures.

It has been reported that the diameter of the neck
is directly related to the weight of the ingot that can
be supported. (See, e.g., Kim et al., Journal of Crystal

35 Growth, 100 (1990), pp.527-28.) Attempts have thus been
made to minimize equipment and raw material losses, as
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. mpinze equi pment and raw material losses, as 3 well as safety
gg:rég, t‘ﬂé%’ﬁ?ﬁ?ﬁzgesgl t fromneck fractures by increasi ng RCWUSHsaG®@Ber of
the neck. For exanple, Japanese Kokai No. 05-43379 describes a method of
elimnating dislocations while form ng a neck having a 5 di aneter greater
than that of a Dash neck. Dislocations gre renmpbved as the neck is grown at
arate ranging from4 mimnto 6 nmmmn and nmai ntai ned at a const ant

di anmet er, rangWablfasnsifétynhaaatasvﬁthﬁﬁrméy'Q@Qhﬁtr§93hnﬂgEk0”l3O_WWItO
Wh t [ s, 10 10 however, di'sl ocati ons
are s d to bt arpratsf BYCUibrEARTRL" ] Hihmpter of Bhermeein nBor
5,578, 284 desceX®®EBle.pfapanesenkokby Nos| 05at3ams d?gci:ﬁﬁé)éfgy{snégmagl Ineck
avi ne [ ' [ cess e .
fate of Il ese b A e Lot ohl LB T B il g 2 pBERELRaYE0g N and
180 mm Itgis Lametehr IFerteECkRaBf thabsofi anbash, nackul | Dislecatibass

than 4.0 mmi m'anree:sethcbeedinadiﬁh@cgtéhlgnitsgg%gﬁrrlg B BT kgt eo LG g kY, t han
t hey a&e for meg /76Ph to 6-m&}m§£ gLy mRintained at a constant -diameter,
focuse ranging from 4.5 mm to 10 mm, for a length ranging from
30 mm to 200 mm. When the neck diameter exceeds 10 mm,
10 however, dislocations are said to be difficult to-
eliminate. ,

In contrast, U.S. Patent No. 5,578,284 describes a
process whereby dislocations are removed from a neck
having a diameter which exceeds 10 mm. - This process

15 employs a pull rate of less than 4 mm/min and requires a
neck length of between 120 mm and 180 mm. - It is said
that for necks of this diameter, a pull rate of less than
4.0 mm/min results in dislocations being annihilated more
.quickly than they are formed. .

20 Other attempts to reduce neck fractures have focused
on providing additional mechanical support for the
crystal body. For example, U.S. Patent No. 5,126,113
describes an apparatus for supporting a single crystal
silicon rod as it is grown. Dislocations in the crystal

25 are eliminated by growing a small diameter neck by the
Dash method. A large diameter bulge is then grown
beneath the Dash neck before the start of the conical
section of the crystal body. Mechanical grips engage the
recess beneath the bulge to support the body as it is

30 grown. However, when grips such as these are used to
hold the crystal, the steady crystal growth operating
conditions may be disturbed, which may also cause the
Dash neck to fracture.




on providing additional nechanical support for the crystal body. For

exanpl e, Wéogt@tent No. 5,126, 113 descri bes an apparatus petusbiizess i Ng a
single crystal silicon rod as it is grown. Dislocations in the crystal 25

are elimnated by growing a snmall diameter neck by the Dash nethod. A.large
di aneter bulge is then grown beneath the Dash neck before the start of the
coni cal section of the crystal body. Medchanical grips engage the recess

beneat h t he bul ge to suggort the body as_it is 30 grown. However, when
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materi al s, creatlon of safety hazards, and reduc ut” and yi el d.
SUMMARY OF THEXaW\VEREeXiRls, creation of safety hazards, and reduce

throughput and yield.

SUMMARY OF THE INVENTION .

Among the objects of the invention, therefore, may

10 be noted the provision of a process for preparing a
single crystal silicon rod, pulled in accordance with the
Czochralski method, having a short, 1arge diameter neck
which is dislocation-free; the provision of a process for
preparing a single crystai silicon rod having a short,

15 large diameter neck which is capable of supporting a
heavy silicon rod body without fracturing during crystal
growth or handling; the provision of a process for -

" preparing a single crystal silicon rod having a “short,
large diameter neck which allows for a reduction in

20 growth time and an improvement in overall production
yield and throughput.

Briefly, therefore, the present invention is.
directed to a process for initiating growth of a single
crystal silicon rod in accordance with the Czochralski

25 method, the process comprising:

heating a lower tip of a dislocation-free seed
crystal using a resistance heater until the tip melts and
form a molten cap, '

lowering the seed crystal until the molten cap comes

30 into contact with the surface of a melt, and

pulling the seed crystal up from the melt to form a
neck adjacent the seed crystal.



he ' of the invention, therefore, may 10 be noted the

Q;rg\r/\IgSIt on g?i%%a?zgcess for preparing a single crystal sili c@ﬂﬂﬁd&l}qﬁm | ed
in accordance with the Czochral ski nethod, having a short, |arge dianeter
neck which is dislocation-free; the provision of a process for preparlngha
single crystal silicon rod having a shorts 15 | arge di aneter neck mG|c_

I s capabl e of supporting a heavx sil!qpn.rod body without fracturing during
crystal growth or h3h¢l prgserite inveritsion iof Furteee B e &y E:Ra‘;# 2% gl | owe
singl e crystal psocesn fgrd i'?ﬁ.‘ﬂi%&i%gs%ﬁwtﬂ %r#%bdl.arqtqerﬁ nec &
for a reduction in 20 gromh tine-a an | éﬁ%ﬁﬁ Cr¥ AL _ _
production yi eF@%Ad AGCOFSTReE wiitheftihe Gaeghafadiski triethpdssaite i nvention
i's directed topropeseesompisifigi ating growth of a single crystal silicon
rod in accgrdance whth the Czochr gl ski 25 net hod, the process- conprising:
heating a lower tip Sres 89 Po 2 -fxee cepst sryediadg to esi st ance I
heater until tpesikponekbsvand Bdlibconmelen stidfFadeOWer i ng the seed crysta

. ' ct with the syrface of'a nelt,
and pul 11 ng the. sl Giag: & SesoPRsRY REhar: oar:o?mlaécpo@@mt the
seed crystal . adjacent the seed crystal in order to melt a lower tip of
- the seed crystal and form a molten cap,
10 lowering the seed crystal until the molten cap
contacts the silicon melt surface, and
withdrawing the heatér to a secondary position
relative to the silicon melt surface.
Other objects and features of this invention will be
15 in part apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS . .
FIG. 1 is a schematic, sectional view of an example

. of a crystal puller in which the one embodiment of the
secondary heater is indicated in accordance with the
20 process of the present invéntion;
FIG. 2 is a vertical section illustra;ing an example
seed crystal after having been sufficiently heated by a
secondary heater so as to cause the formation of a molten
cap, the shaded area generally showing the molten cap and
25 the dotted line approximately denoting a transitional
region from the solidified silicon of the seed to the
molten silicon of the molten cap;
FIG. 3 is a vertical section illustrating an example
seed crystal in contact with the melt, the shaded area
30 generally showing a meniscus of molten silicon and the
dotted line approximately denoting a transitional region
from the solidified silicon of the seed to the molten
silicon of the meniscus;



5 The present invention is further directed to a process for initiating
growt h of woosigrgde crystal silicon rod in accordance w th peguSHkagtiyzal ski
met hod, the process conprising: 5 | owering a dislocation-free seed
crystal to a position above a silicon nelt surface, noving a secondary
heater to an initial position adjacent the seed crystal in order to nelt a
| ower tip of the seed crystal and form & nolten cap, 10 | owering the

seed crystal until nold{en cap.contacts the silicon nelt surface, _and
wi t hdr awi ng t he he:flt%e- %o ’% éec"cﬁ%c?ér‘iflposﬁ‘i‘%’rﬂ? FStratigg me spamede nel t
surface. O herobbjlectimidniclf ettagee obffdruation et ithe wddk Rortion ioF part

apparent and i r | d ts ei t l\BE I.PTI,ON OF THE
DRAW NGS FI G %’u@'éa c??h%r%?’[ |éc?‘lilsf‘2’§'{| ki %tetvﬁ%stlﬁé‘r?@?ﬁ&:; Y a crystal
pul ler in whi dndirating entfodmadhianal regiaoftony theaseed crystiadatted i n
accor dance Wi tdhd hhid0ial Rapeshdlof M MRIENt dnd @Hd ¥ha e'thax%a' s-a

vertical section_ jllustrating an exanple seed crystal after having been
sufficiently|ﬁ§ﬂ%ﬁf§ﬁPQiéhe(%eﬂkscuén% méiten géllcon present between

the solidified silicon of the neck and the molten silicon
of the melt; '
FIG. 5 is a vertical section illustrating an example
10 of the upper region of a single crystal silicon rod
prepared in accordance with the process of the present
invention; ,
FIG. 6 is a side plan view of a preferred embodiment
of the resistance heater tubes and their position i
15 relative to the seed crystal and the sﬁrface of the melt;
FIG. 7 is & bottom plan view of a preferred
embodiment of the resistance heater and the position of
the tubes relative to the seed crystal; and
FIG. 8 is a fragmentary view of a preferred -
20 embodiment of the resistance heater.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to FIG. 1, a Czochralski crystal
puller constructed in accordance with the principles of

the present invention is indicated generally at 10.

25 Within the crystal growth chamber 12 is a crucible 14,
which has an open top and which contains a quantity of
molten silicon. A single crystal silicon rod (not shown)
is pulled from a melt 16, starting from a seed crystal 18
which is held in a chuck 20 attached to a pull cable 22.

30 The pull cable 22 is rotated and raised and lowered as
necessary by operation of a support structure 23. The
crucible 14 is mounted on a turntable, or susceptor, 24
having a shaft 26 connected to a crucible drive unit - (not
shown) for rotating and raising and lowering the crucible

35 as necessary.
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of formation ofpphysﬁédhopoisiphamgedinglehértﬁhéhbiéthoandt?ﬁlgﬁ%& %ﬂ#[ra
eneraily i ndi cahiBgng 4EaBILERANRL LEGLOR, LI OM LG soed Crysal LD~ Lhe
?nitial tapering of the nega, and -the gha By gvid faraat hrgtene 28ewhdchs
of nolten s?licBHTEPUBEA: thet Azunibhe 246l Ldi fekd Bh%'gﬁ?f?ﬁgf h[@flagtsgggngg
the nolten siliepps@ialt he, nﬁhﬁfchﬂl%’:‘g s%écszlgﬁé étggégt a yg?.F?,il:h,X 8§ a
an exanpl e 10 m9£i$ﬂg H?QS&tégg' ss Yanging from about 8 mm to about 15

mm or more. Preferably, the seed crystal will have a

minimum diameter ranging from about 9 mm to about ‘13 mm

10 and, most preferably, a minimum diameter range from about

10 mm to about 12 mm. _

The seed crystal 18 énd the crucible 14 are rotated
as the seed crystal is lowered to a position above the
melt 16 which allows the radiant heat from the melt to

15 raise the temperature of the lower seed crystal tip until
the tip reaches thermal equilibrium with the ambient at -
this position, typically achieving a temperature within
the range of about 1225°C to about 1375°C. Stated
another way, the seed crystal 18 is held in this position

20  until the temperature at each point on the radius of the
seed crystal tip is generally within the range of about
1225°C to about 1375°C. The rotation rate of the seed
crystal will typically range from about 10 to about 18
rpm and will preferably range from about 14 to about 16

25 rpm, while the rotation rate for the melt/crucible will
typically range from about 2 to about 10 rpm.

Experience has shown that it typically requires from
about 10 to about 20 minutes for the temperature of the
seed crystal tip to be within the range of about 1225°C

30 to about 1375°C. Preferably, the temperature of the tip
is within the range of about 1250°C to about 1350°C and;
most preferably, within the range of about 1275°C to
about 1325°C. To achieve thermal equilibrium, typically
the seed crystal 18 is lowered to a distance of about 5

6
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and their position 15 relative to-the seed crystal and the sur ace of the

melt; FIG 7 is a bottomplan view of a preferred enbodi nent of the

resi stance heater and the position of the tubes relative to the seed
crystal; and FIG 8 is a fragnentary vi 8w of a preferred 20 enbodi nent of
t he resistance heate% DETAI LED SCRIEE?CN OF THE PREFERRED EMBODI MENTS
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accordance w il the?rmﬂerajb;llws thle tdaedalrcﬁ@@ttall ll\eeat%ljo.aw?%eanﬁh@%e&tbl
general ly at ysta er Is_a crucible
14, whi ch has¥%na%%én t'op a%& %%C%ﬁ ?%h RS e Eﬁt PRy Earengt EResi 1 con.

A single crysm@ltsilicon rod (not shown) is pulled froma nmelt 16, starting

froma segd crystaRek Mg now e F1dE . 10K 220 gge%clgﬁg Qe Pull cable

22. 30 The pull cable 22°is_rotated and raise d as necessary
by operation GFYStedppgsr bag thermad L 23eqﬂﬁékhﬁi§ﬁgbeth$ tempgratudeorta

turntabl e, or tﬁasqe:pfeﬁf tiph ofatheg seed dirys2@1CARNBAbM Y @ ndrehideidPly drive
ﬁgtgsggf; ShOW%L a pf!gé 15%90%”%ea%'%h%?a?@%Jo%%%&&“ e%@erPE%?'R ic as
is initially positioned adjacent to the seed crystal.

10 Heating is continued until the tip melts, forming a
molten cap 2 which has a generally convex shape at the
lower tip of seed crystal 18. Typically, the molten cap
will be formed by melting the tip until the length of
molten silicon comprising the cap ranges from about 2 mm

15 to about 5 mm. Preferably, the molten cap 2 will be
formed by melting the tip until the length .of molten
silicon ranges from about 3 mm to about 4 mm. It.is to
be noted that heating can be continued to form a molten-
‘cap having a greater length. However, if heating and

20 melting of the tip continues until the length of the
molten cap 2 generally exceeds the diameter of the seed
crystal 18, the molten cap may fall away from the seed
crystal tip and should therefore be avoided. It is also
to be noted that heating must be done slowly, typically

25 .over a period of about 15 to about 20 minutes, in order
to avoid the formation of dislocations in the seed
crystal as a result of thermal shock.

Referring now to FIGS. 1 and 3, the seed crystal 18
is then sléwly lowered, typically at a rate of about 0.5

30 mm/min. to about 4 mm/min., until the molten tip comes
into contact with the surface of the melt 16. Once this
occurs, lowering of the seed crystal is stopped. The
secondary heater 30 is turned off and then the unit is

_—
This Sheet Has Been

LT




7 To grow a single crystal silicon rod in accordance. with the process of
the preseMOPHU®® i on, a quantity of polysilicon is chargedGIdUA6E3 uci bl e
14 and an electric current is passed through the cylindrical heater 28
which 5 surrounds the crucible 14 to nelt the charge. The seed crystal
18, which is dislocation-free, typicallyghas a mninmumdianeter, dferr],
rangi ng fromabout 8 nmto about 15 nmor nore. Preferably, the seed

crystal will hayehdrsimi 660a 06888h8AY2PELIE1EAOPE BROM e St 8Nt 1 %HQE&c@ mm
10 and, nost grg%erab | anet er rang rom about 10 nmto

# . ﬁlnIﬁUﬁkd e f
about 12 nm TR 8d"E gngJmi%nﬁnﬂ t ReMEFOE; BFEVeR, aYerFieaidy as the
seed crystal islidimgenletbanignsili bn abder tbeaweid iftebfehingl wiknt he

radi ant heat f§$€1%€§wgﬁlﬁr68e%§ a?rgkﬁérggge&gnperature of the | ower seed

crystal tip un p reaches ther eéquiTibriumw th the anbient at-
this posit¥on, typi Taelpoathieni af thecapedacuyetalt k8 nishwainbgined. about

1225[er 1] C {0 8bpUALASE o6 ets] Lot ap6UnIAGLEE! VBlirihGCLAEEdoEEYSRA! 218 1S
held in this ppsition 2 unti| the tenperature, at eac oint on fhe
*radius of thelgeﬁﬁm@?9£Yaﬁ°??pl?stﬁﬁnéF r1 yhei ghrReERE Phngemenigguat
19 at the seed/melt interface is visually monitored for
signs that the melt is too hot or cold. For example, if
10 the diameter of the meniscus is larger than that of the
seed crystal, the melt is too cold. Conversely, if the
diameter of the meniscus is less than that of the seed
crystal, the melt is too hot. As circumstances dictate,
the rotation rate of the melt/crucible may be increased
15 (if the melt is too hot) or decreased (if the melt is too
cold) by about 0.2 rpm to about 1 rpm. The diameter of
the meniscus is monitored in this way in order to ensure
that it generally about the same as the diameter of the
- seed crystal before neck growth begins.
20 Referring now to FIGS. 4 and 5, once the desired . :
meniscus diameter is achieved, formation of a neck 32 of
‘a single crystal silicon rod, indicated generally at 34,
is begun by slowly pulling the seed crystal 18 in an
upward direction away from the surface of the melt.
25 Génerally, the pull rate will be slow enough to sustain
the formation of a dislocation-free neck having a minimum
- diameter ranging from about 7 mm to about 15 mm or more.
Typically, therefore, the pull rate during neck formation
is sufficient to maintain the neck 32 at a minimum
30 diameter, d,, which is slightly less than the minimum
diameter of the seed crystal 18, d,. Preferably, the
ratio of the neck diameter to seed diameter, 4, to d,, is
between about 0.7 to about 1. More preferably, the ratio
is between about 0.75 to about 0.95 and, most preferably,
35 the ratio is between about 0.8 and about 0.9. In order-



1225[err] C to about 1375[err]C. The rotation rate of the seed crystal will
typi cal | ywaassggozr om about 10 to about 18 rpmand will preperabdsnsignge
fromabout 14 to about 16 25 rpm while the rotation rate for the _
nmelt/crucible will typically range fromabout 2 to about 10 rpm Experience
has shown that it typically requires from about 10 to about 20 m nutes for
the tenperature of the seed crystal tip 190 be within the range of about

1225 C 30 ey er abl t.e rature of t he
tip Fgruthlnt%ﬁlg%iogﬁalgé&ﬂ Sﬁ[e@trbcéco&ﬁ]% d;thfost

preferably, wBRWHih % Miingle tfPigsckilty xRfeerfijold tadpoadowx. ﬂ&ﬂﬂ[nﬂﬁ]t@ To
achi eve ther W&ibcﬁﬁwﬁ Idﬂrmmymlﬂyplﬁaéﬂékéﬂl%j SQfl MR 31148 z‘aﬁq OvEr fdl toa

Tert 210 B of GRS O rha Rk B b 5L 2 Aefie w11 15 about -
to about B2 mm abomd]hefca:maftam cifs tt:ha%::tn‘.t“.;ialtslyt ﬁngrmtam'%@;ﬁ{r{t:lg?%nce)\év t?he
::Ie%er;t 3?2 (Z)flefi{?t&{ émé;?l he sue §Oh %@#&%y Eretexedd Yoy t he
appl i cati on oftheediength @fsé?dmdmc}t hedtlerbeBO,esmltmlam sbiotit! 28l . -
posi ti oned adJNﬁﬁQ:ntpﬁé?féx‘%l%ﬁeQH‘er Yi¥ridth will be less than about 15

mm. It is to be noted that a dislocation-free neck is

10 maintained in accordance with the process of the present
invention even if the length exceeds 30 mm. However,
experience has shown that a length which exceeds 30 mm is

~not required and, therefore, to exceed this length result
in the unnecessary extension of process time.

15 Once formation of the dislocation-free neck 32 is.
complete, the remainder of the process proceeds in a
manner similar to the conventional Czochralski method.

An outwardly flaring, or seed-cone, segment 36 is grown
"adjacent the neck 32. The seed-cone is grown by

20 continually increasing the diameter of the neck by
decreasing the melt temperature, which is achieved by
lowering the heater power, while keeping the pull rate
about the same. It is to be noted in this regard that
the present process differs from the standard, Dash neck

25 method in that seed-cone formation for the Dash neck
method involves a significant decrease in pull rate.

This is because pull rates as high as 6 mm/min are
required to eliminate dislocations in the Dash neck.
Therefore, to initiate seed-cone formation, the pull rate

30 is significantly decreased so that the diameter can be
progressively increased.

A shoulder 37 is formed when the desired diameter of
a single crystal silicon rod body 38 is reached, by a
transient increase in the pull rate. The pull rate is



10 Heatin continued until the tip nelts, formng a - nolten cap 2
whi ch has ‘ggdglﬁ IIy convex shape at the lower tip of segdP‘é’l’/VgﬁtsaISO%S.
Typically, 'the nolten cap will be forned by nelting the tip until the

l ength of nolten silicon conprising the cap ranges from about 2 nm 15 to
about 5 mm Preferably, the nolten cap £,will be formed by nelting the tip
until the Iength of nolten silicon ranges fron1about 3 mmto about 4 nm It

reater Tengt hoe ot ot ot i p e R ?a‘?ﬁé TSGR Tries ©
reater length eatin n rre |ngo

gntil t he Iengtdhl_a‘?‘&ﬁ%e r‘?DIttl%en t&fﬁg; al 1% - qAngretngt of t he
seed crystal 1&howms s tfe:mlmbwl'ngnftzﬂé mﬂa:y ifs Qiéaiﬂ‘].%r iﬁﬁtéﬁé@tﬁi} tip and

shoul d t her ef or S 2 ted t hat__heating nust be
done sl ow t;gllc?;eﬁ%\i%?g%e rlla perl 0 of TRERRFHSout 20 i nut es,
and pref erﬁbl y aboufThe oalsiﬁny teatiemi3s, (asn sha}a‘r itro REGAI dL)t, hevh:.ch

formation of diiy erld ¥Rs furties IRAME . Caﬁéftniéltasctﬁe rs%tat zgistéﬁeert shock.

Referring now to FLGS.. 1 .,and 3, the seed crystal dMAy
| over ed, typi cIPRy Oft %W@%ﬂ%mwaﬁlqﬁm atrur sEyhedimenty hat, it |

270 Lo p o oot e Sl s e e Wy ra
gglfsofEELZd o?%e EQN%RF tﬁgi%ﬁ%Fa eF must’ be dEtructed oF &
material which is capable of withstanding temperatures
common to the crystal pulling process, and which does not
act as a source of contaminants.
As a result of the need to avoid thermal shock to

the seed crystal tip, resistance heating is preferred

15. over heating by an optical or light energy source, such
as a laser. The radiant heat generated by a resistance
heater provides a means by which to gradually increase
the temperature across the entire crystal tip, generally

- over a period of about 10 to about 20 minutes. In

20 contrast, heating by laser is localized and tends to be
more difficult to control as a result. In addition,
resistance heating is preferred over a laser because it
does not carry with it a number of the potential safety
risks created by the use of a laser.

25 Referring now to FIGS. 6, 7, 8a and 8b, a preferred
embodiment of the secondary heater 30 will be described.
In the preferred embodiment, a resistance heater is
employed which comprises a base plate 40 to which is
mounted two pieces of tubing 42. The tubing are

30 separated by a distance which is sufficient for the seed
crystal 18 to fit between them when the heater is in
position. Typically, the distance between the tubing 42
will be about 2 cm to about 5 cm and, preferably, the
distance will be about 3 cm to about 4 cm. Preferably,



9 withdrawn to> a secondary position relative to the surface of the nelt by
means of ®gje9sa2driven, vertically sliding mechanism 31 ig. l16de3. @voi d
interfering wth the gromﬂh process-as it proceeds. 5 e p05|t|on
of the seed crystal 18 is maintained. for about 5 to about 20 m nutes.
During this period, as it comonly done in the art, the dianmeter of a

meni scus 19 at the seed/nelt interfacelZ visually nonitored for signs that
the melt is too hot or cold. For exanple, if 10 the dianmeter of the

meni scus is | 5P§ePlakgn 40handofhensubdng 4Rysral conasruetedi oft oo col d.

Conver sel y, |a1uhgnd|anwhe6soh4nhahﬂanlaeéspréféﬁasl héanéééﬁceédtﬂﬁ seed
LS too Clrcu tan | cta erotatlon rate

crystal, the
of the nelt/cEEB%SRgmwa?rﬁewPH e85y Eseach Fu ﬁ@gné?tan E85VROBF or
decreased (i f theehesittiings ellement| df hheahesﬁsﬁaﬁcéphbaaeﬁbout 1:rpm The

e Bl hoour Hende cls bEOBRALEoLl LHRR, YK hcRRIg ol B-0pRur e Lha!

It generally about the sanme anet er &f ore neck
growt h begi nsplage 40, tuhéﬂér#?ngnﬁowlrsSFﬂes ag walil5asohbe spacdagired

meni scus di angEekhesS ta®ingyethayl BeMBEhE? €haft PREK d€s8fibed without
departing from the scope of the present invention.
The plate 40 is attached to the vertically sliding
10 mechanism 31 (as shown in FIG. 1) by means standard in
the art. This allows for the resistance heater to be
positioned above the melt 16 such that the seed crystal
18 extends between the tubing 42. After the seed crystal
tip has been heated to the point of molten cap formation
15 and then furthef lowered in order to contact the melt
surface, as described above, the resistance heater is
withdrawn from its initial position to a secondary
position relative to the silicon melt surface 16, which
'is generally above and away from the surface of the melt.
20 This is done so that the heater is not in a position that
will interfere with crystal growth as the pulling process
continues. At this secondary position, the heater is no
longer capable of supplying heat sufficient to maintain
the seed crystal tip in a molten state.
25 The resistance heater is attached to a DC power
supply (not shown) by means which are common to the art.
In order to further heat, and subsequently melt, the tip
of the seed crystal 18, power is supplied to the heater
in a manner sufficient to slowly heat the seed crystal
30 tip. Slow heating is critical in order to avoid
formation of dislocations in the seed crystal 18 as a
result of thermal shock. Typically, over a period of
about 10 to about 20 minutes and, preferably, over a
period of about 14 to about 16 minutes, power to the
35 heater will be increased from about 50 watts to about 100
watts. The power which is supplied acts to heat the



a single crystal silicon rod, indicated generally at 34, is begun by slowy
pul I'ing t NO8E®%rystal 18 in an upward direction away fr ®arUsss/sees ace of
the nelt. 25 Generally, the pull rate will be slow enough to sustain the
formation of a dislocation-free neck having a m ninum di aneter ranging from
about 7 mmto about 15 nmor nore. Typigglly, therefore, the pull rate
during neck formation is sufficient to maintain the neck 32 at a m ni num 30

di ameter, dn, wihted 46 whidhtdye | wsend eronhe @ﬁ@ingégig{ g:'n?% é&? eed
I [)

crystal 18, d[err]l.., Preferahl the.ratio.of the neck [0 See

di )altrret er, d[ ersrl]p‘%]cy cf[ser‘?a]fnqi%ilb%‘i]vﬁ%ﬂ 3 itiraton (whigh is 1suffieient

preferably, tHfor dthe heathatadtisrt by ufrdm AShe mﬁh@mta&%.t% %en@é i
referably, 3 § Gyl 0. aboui_0.9. n order

20 to minta E’fa ¢ | s,Iéo%éac% ks %Vﬁi&agﬁé%% sg%i@'g#@fréé),lq RPul I rate will

typi cal | y & andemmaabaf d megmi®Ro about 2.0 minin. Preferably, the

rate will range framwitiond df M SldcdidhsUn e BIHTe Grvstal Neck

formation is typi.cally i ntained yngi l | engt h "Tha 30 nm
s achi eved. BPEAGAILITAY (HRY B8 RFPHTVER O Gt KTHIPT [ |Rathodmmhidut 20
nm are conventional in the art. For example, during the

growth of the single crystal silicon rod, the presence of
10 facet lines on the crystal surface is a clear indication
and proof of the absence of dislocations in the crystal.
After the silicon rod is pulled, it can also be sliced
into wafers which can then be analyzed for dislocations
using methods common to the art. An absence of
i5 dislocations in the wafers leads to the conclusion that
the silicon rod is free of dislocations. Alternatively,
after the neck is formed, it may be analyzed by chemical
etching to reveal any dislocations. Following this
.method, the (110) faces of an axial section of the entire
20 neck may be ground, mechanically polished, and then
chemically polished for ten minutes in a 10:3:1
HOAc:HNO;:HF solution to remove any surface damage. The
faces are then Wright etched for 20 minutes to reveal
dislocation etch pits. No pits will be observed if the
25 neck is dislocation-free. '

It is to be noted that experience has shown that
generation of a new dislocation in the dislocation-free -
single crystal silicon rod 34 is exceedingly difficult
under growth conditions prevailing in a conventional

30 Czochralski puller. As a result, the single crystal
silicon rod should remain free of dislocations once the
formation of the dislocation-free neck 32 is successfully
completed in accordance with the process of the present
invention.



Most preferably, the length will be | ess than about 15 mm It is to be

not ed t haky@oghirezocati on-free neck is 10 mai nt ai ned i N ape@fkaEHeEoaM t h
the process of the present invention even if the |l ength exceeds 30 mm

However, experience has shown that a | ength which exceeds 30 nmis not
required and, therefore, to exceed this length result in the unnecessary
extensi on of process tine. 15 Onéé formation of the dislocation-free

neck 32 is. conpl e'\t;@] theéems_li nder, of the 1_ﬁ{t)o,cess roceeds jn a manner
simlar to the conventi e85 Sh e BT SRS Ho LR AR EAYA 493 ng, or
seed- cone, segmeams 36y iwhiplow gpifepaen: 4 hii sbedatiion -Hres asthgldie i s grown

by 20 conti ' ' ' e neck by .decr.easi ng the
melt tenperat lr}#@é%/%jf L%{fngé%rg%ée@/:t ?%?%1]&} [}hathaee{'fee’?lg%o\kié*&c ile
keepi ng t he puranges c£xgm At tirastmbout 160 thilegrans do mhdits 2@mar d t hat

the presens priecRsgratid f 160 T DIBGRENS! AGRIIh1 Sslnd Sk e . MeEOD 1 1
t hat seed-cone %é)r nption for the sh neck, met hod invo] ves a significant
decrease in pddr. %11?93 RXEegRNG ARVERE10n Fesulls iy Ry ineraass i e

required to elyiéhdtandli homeghputs becdlse b hee dkact i e to initiate
2ectcone, [ Bl Mgt Iy SHLe O ol 4 OGN b SRR, D
the desired dithetkengith of a neck formed by the standard, Dash-type
10 technique. I
As illustrated in the following Example, the ‘process
of the present invention could be used to prevent the
formation of dislocations in the neck of a single crystal
silicon rod which is prepared according to the '
15 Czochralski method. The Example sets forth one set of
conditions that ‘could be used to achieve the desired
result. Data similar to that which is provided below
could be generated for other crystal diameters and -
"weights. Accordingly, the Example should not be -
20 interpreted in a limiting sense. |



a single crystal silicon rod body 38 is reached, by a transient increase in
the pul | r¥MQ@IPPE pull rate is 11 then nmintai ned as t hBCEAISHS/BE93 s
grown at the sanme dianeter as the shoulder 37. A tapered end-cone (nhot
shown) is formed when the nmelt is nearly depleted by increasing the pull
rate and nelt tenperature. 5 The ggcondary heater 30 (as shown in
FIG 1), which is used to further heat and nelt the seed crystal tip, my
be designed in accordance \wth any engﬂmgﬂg that is sufficient to '

eneral ly heat the t|p of the seed cr However, the heater nust be

gonstruc%/ed of a 103 FHATHS ATXFH %:l’cca‘ﬁhl:ﬂ@‘%’ﬁ Raving s diiameter of

t enper at ures cabourt t200 an car;dstaalwemghtt rtﬁf mmm%mwlp%b ?ﬁgscg}ptb%ct y

as a source of need to | er shoc

to the seed cr |élpaﬂ¥ Z%ld%%g%{ece%% l-i)tﬁé‘ep T S rTlﬁ"eatl ng

by an opti &al drnvergtmorentﬁrlgsg $ofexro B33 %zdczmalslﬂi\e:neahaahtpﬂiEMr

generated by aérﬁﬁ'é@ﬂ%&?&iﬁméﬂé’ﬁ“éﬁ&ﬁoi@a@? WhitH Gl (Shg @é’&aﬂd
t1p, genera over

i ncrease the t ture acgross t tIIe cryst
period of abous‘rg(? @%ﬂt ‘%H%g boron. Power is supplied to

the cylindrical heater whlch surrounds the crucible in
order to melt the polysilicon. The resistanée_heater and

10 the seed crystal are position in the crystal puller away
from the hot zone in order to prevent silicon monoxide
gas, which is generated during melting of the polysilicon
charge, from condensing on theit surfaces.

Once the charge is melted, the resistance heater is

15 lowered to an initial position about 15 mm above the
center of the melt surface by‘means of the vertically
sliding mechanism. The heater is allowed to thermally
equilibrate for about 20 to about 30 minutes, and then a
dislocation-free silicon seed crystal about 9 mm in

20 diameter and 160 mm in length is lowered into position.
The tip of the seed crystal is positioned between the
tubing which extends from the heater, the tip being about
2 to 3 mm below the tubing and about 12 to 13 mm from the
surface of the melt.

25 The crystal is allowed to thermally equilibrate with
the temperature inside the puller at this position for
about 15 minutes, at which time heating by the resistance
heater is begun. Over about a 15 minute period, power to
the heater is increased from about 50 watts to 100 watts,

30 during which time the tip of the seed crystal begins to
melt. Eventually, a molten cap of about 3 to about 4 mm
in length is formed.

Once the molten cap is formed, power to the heater
is decreased to zero over about a 5 minute period, during

35 which time the seed crystal is lower at a rate of about 2
mm/min toward the melt surface. Lowering of the seed is



20 contrast, heating by laser is localized and tends to be nore difficult

to controlwaygrgresult. I n addition, resi stance heating is o, ' over a
| aser because it does not carry with-it a nunber of the pote#ﬁ%%? g%?ety

risks created by the use of a laser. 25 Referring nowto FIGS. 6, 7,
8a and 8b, a preferred embodi nent of the secondary heater 30 will be
described. In the preferred enbodi nent, ¥ resi stance heater is enpl oyed

i ch ises a hase plate 40 to which is nounted two pieces of tubing
ﬁgicThgogﬁgingc8P51§Gedp§B%é}aF@& Bplied sapneceonpcerd sheushiréaceat ofor t he

seed crystal 18h90mélt;behbes&eﬂhaﬁuwh@nttB@ih@aketahédiQtpgékggogf

[ ly, th ' t n e .tubing 42 will be about cmto about 5
Iﬁ?gﬁg! %re%e?g%Fﬁ?a?%:rgﬁspgﬁcgg uFIgbgp 0 FS§eEﬁFV8i¥bou9n§¢cﬁhe |
Preferably, metene cpparentecssdthiee surfiacg 4% she me?st{m?weéigéeiaound

] ' [ I t Qf tantal,u -
o ound each tups oppéllCITRECHBRECE! Bl ¥neanbLUG) S Bh hBHbRY HheRefidRe

around each tubin 2 and_serve as ng el enent’ >
heater. 5 away; from thg.syxfare; ofdthpamedtctanacseabadatyt pésptava 40,

tubi ng 42 and welasi%é, tosthel meds bhefspaci ng :
The seed is held at this position for about 10 to
about 15 minutes, during which time the shape of the
10  meniscus at the seed/melt junction is visually monitored
for indications that the melt is too hot or cold (as
determined by comparing the diameter of the meniscus to
that of the seed crystal). Adjustments are made as
needed by increasing or decreasing the rotation rate of
15 the melt/crucible by about 0.2 to 1 rpm, respectively.
Once the diameter of the meniscus is generally about
the same as that of the seed crystal, neck growth begins
at a rate of about 1.0 mm/min. A short, thick neck .
" having a diameter of about 8 to 9 mm and a length of
20 about 18 to 20 mm is grown. The seed-cone is then grown
by reducing the pull rate to about 0.6 mm/min and
slightly reducing power to the cylindrical heater. The
remaining sections of the single crystal silicon ingot,
including the shoulder section, the constant diameter
25 body section, and the end-cone section are then grown
according to conventional Czochralski process parameters
which are standard to the art.
Once growth of the single crystal silicon ingot is
complete, the neck is visually inspected for the presence
30 of facet lines in the [100] crystal growth orientation.
The presence of these lines is noted as visual proof of
dislocation-free growth.



of the tubipg.g, be other than that described w thout departing fromthe
scope of the- present invention. The plate 40 is attached to ?@Eﬂﬁﬂwmmﬁhlly
sliding 10 mechanism 31 (as shown in FIG 1) by neans standard in the
art. This allows for the resistance heater to be positioned above the nelt
16 such that the seed crystal 18 extends petween the tubing 42. After the
seed crystal tip has been heated to the point of nolten cap formation 15
and then further | owAsetrargousdehangesorbadtd beemaBk! i5UEhACALAS JRIH é)ed
above, the resi h f n1|t itial’ position to
secondary p05|t?%ﬁﬂéﬁtaﬁgggEthﬁ?ﬁgkgal?ggn PE ggr%EEelEHe i ls
general |l y abovelﬁﬁﬁngﬁﬁythﬁ&nﬁ@ﬁem§ﬁtﬁ§cGoutanhednmhtthéOabo?élS i s done so
that the heat erdescpfptionaspasitbanihia | gEeg b crystal
growt h as t e pflllngp gcess conti nues. Eg¥bkﬁgsgéeég§g§F¥% g¥Ft

heater is no Ionger éﬁé +B90FeBE8Bpl yi ng heat sufficient to maintain the
seed crystal tip in.a mlten state..25 . . The resistance heater is
attached to a DC power supply (not shomm) by neans which are comon to the
art. In order to further heat, and subsequently nelt,:the ti'p of-the seed
crystal 18, power is supplied to the heater -in-a manner sufficient to
slowy heat the seed crystal 30 tip. Slow heatlng is critical in order
to avoid formation of dislocations in the ‘seed crystal 18 as a



result of thermal shock. Typically, over a period of about 10 to about 20
m nut es agg ggafreher ably, over a period of about 14 to aboupci@sstirgesses,
power to the 35 heater will be increased from abom*wattset@‘atlout 100

watts. The power which is supplied acts to heat the M’H W res 44 which

are wound around the tubing 42. The power supply is 'ﬂ” Im
duration which is sufficient for the he¥® radiati ng ”mlto

cause the tip_of the seed er stal 18 to nelt, resulting in the 5 5f orrmat i on
of a nolten cgg’—a%é@e@igéﬂl#-%ﬁsl ocations in the single crystal silicon
rod may be achi eved by a nunber of nethods which are conventional in the
art. For exanple, jduriyn %\#h f te si.Licon rod, the
presence of 10 facet ;‘1 ?’nes on f c(r?lys l%%lﬂé]grcgﬁ?%%ttaa &A% di cati on
and proof of tvysiigdemidisondxadoda iagepndancee withs tiie Caochraliskisi | icon

rod is pull edpdtthdegn tHeS priReld Ringralsdngaf ers :which can then be anal yzed
for dislocations ung ng net hods c mmn o t e art n absence of 15

di slocations in th Iaezgdss abiens Ryt t9 @ con rod i s
free of dissl ogaisitricon Alkovenal isddliyson melt surface,

moving a secondary heater to an initial position
adjacent the seed crystal

heating the seed crystal with the heater to melt a
lower tip of the seed crystal and form a molten cap,

i0 - lowering the seed crystal until the molten cap

contacts the gilicon melt surface, and

withdrawing the heater to a secondary position
relative to the silicon melt surface.

2. The process as set fourth in claim 1 wherein .
melting of the lower tip of the seed crystal is achieved
"by heating the tip over a period of about 14 to about 16
minﬁtes.

3. The process as set fourth in claim 1 wherein the
secondary heater is a resistance heater.

4, The process as set forth in claim 1 wherein the
dislocation-free seed crystal, after the molten cap
contacts the surface of the melt, is pulled up from the
silicon melt in order to form a dislocation-free neck

5 adjacent the seed crystal.

5. The process as set forth in claim 4 wherein the
dislocation-free neck has a length of less than about 30
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after the neck is forned, it may, be anal yzed by chem cal etching to revea
any di sl ocatW8A¥979b| | owi ng this nethod, the (110) Fﬁﬁ?om
section of the entire 20 neck may be ground, mechan and
then chem cally polished for ten mnutes in a 10:3:1 Hml ng ﬂ“'
solution to renove any surface damage. Thgfaces are en t set ehed
for 20 mnutes to reveal dislocation etch pits. No pits will be observed if

the 25 neck is dlslacatmha bkﬁ&esbtabssbﬁ FrRel 84 LhakneuP TS 3
shown that gener M/d sloca on | t he_di sl Qcat1on-free sing

crystal silicon ?%3332a %ogx ES&IH& FPgGHdQ¢ F@ﬁtﬁh@@nébpmﬁngﬂ
prevailing in a wmmaventional 30 C20chralsk| puller.- As a result, the
single crystal silicon rod should renain free of dislocations once the
formati on of the dislocation-free neck 32 is successfully conpleted in
accordance with the prfocedBeoProresgr aseseti foathi dn claitv 4Twhepeder theof
the present invegis0BcRtevhdEsed Eaéasc@&é@%&cha%oaphﬁﬂﬁmﬁmﬁdlameter

di sl ocation-free S|ngh¢ 8 gital silicon.rod I ca as a wel
whi ch' islocation-free neck has a mlnlmum dlameter dn,

the ratio of 4, to d ranging from about 0.7 to about 1..

8. The process as set forth in claim 7 wherein the
ratio d, to d; ranges from about 0.8 to about 0.9.

9. The process as set forth in claim 4 wherein
adjacent the dislocation- free neck is an outwardly
flaring seed-cone and adjacent the outwardly flaring

seed-cone is a body, the body weighing at least about 100
5 kllograms '

10. The process as set forth in claim 9 wherein the
body weighs at least about 200 kilograms.

11. The process as set forth in claim 9 whérein the
_body weighs at least about 300 kilograms.'
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ranges from at |east about 100 kil ogranms to about 200 5 ki | ograns, 300
Ki | ogr ans ywt6lfhy7ldzl ograns or nore. |n addition, the presen;,-.'hﬁ% baan
results in an increase in yield and thrveughput because of tﬁe act that the
di sl ocation-free neck which is forned is about one-tenth the length of a
neck formed by the standard, Dash-type 10 technique. As illustrated in the
foll ow ng Exanpl e, the process of the present invention could be used to
prevent the formati 0fy di sl ocations in the neck of a single crystal
silicon rod which j ar according to the 15 Czochral ski nethod.. The
Exanpl e sets forth one set of conditions that' could be used to achi eve the
desired result. Data simlar to that which is providzg el ow coul d be
generated for other crystal diggeiers and wei . égrdingly, t he

Exanpl e shoul d not be 20 interpretpd in limting sense. 15 EXAMPLE A
single crystal silicon ingot h about 200 mm and a wei ght
of at |east about 100 kg can bgf preparefl 1 n cc; dance with the process of
t he present N '
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5 i nvention u5|:g a Ferrofluidic Czochral ski crystal puller and a 24 inch
di aneter cr Y@ BO9%% o which i s charged. 479 kg of polysili conPgHYEes/16023N
boron. Power is supplied to the cylindrical heater which surrounds the
crucible in order to nelt the polysilicon. The resistance heater and 10

the seed crystal are position in the crystal puller away fromthe hot zone
in order to prevent silicon nonoxide gas, which is generated during nelting
of the polysilicon charge,-,fromcondensing on their surfaces. Once the
charge is nelted, the EESLzzgnce eater is 15 .lowered to an initial

posi tion about 15 nmm a ter of the nelt surface by neans of the
vertically sliding mechanism The hea XX owed to thermally

equi librate for about 20 to about 30 and then a dislocation-free
silicon seed crystal about 9 mmin 20 i er 160 mmin length is

| owered into position. The tip of the ? S positioned between
the tubi ng which extends fromthe heg gltip being about' 2 to 3 mm
bel ow the tubing and about 12 to 13 e surface of the nelt. 25

The crystal is allowed to thermally Xe with the tenperature inside
the puller at this position for about e&g@’ at which time heating by
the resistance heater is begHQ; er abo ' nute period, power to the
heater is increased fron1abo SO\watts to 100 watts,

{
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30 during which tinme the tip of the seed crystal begins to nelt.

Event ual lyo 9309kt en cap of about 3 to about 4 nmin | engtecrosskasmwed. Once
the nolten cap is forned, power to tBedseater is decreased to zero over
about a 5 mnute period, during 35 which tine the seed crystal is |ower
at arate of about 2 mimn toward the nelt surface. Lowering of the seed
S 16 continued until the .nolten cap contacted the surface of the nelt;
the seed and nelt being rofated at rates of about 15 rpm and about 8 rpm
respectively. Once LE;-?2t;en ﬁﬂﬁ contacts the surface of the nelt,
lowering is 5 stopped he ter is then noved in an upward direction
away fromthe surface of the nelt to g~gqgondary position relative to the
melt surface. The seed is held at thi uoﬂitio for about 10 to about 15
m nutes, during which tine the shape Jf tﬂ- meni scus at the seed/ nelt

junction is visually nonitored for'inch.%ions that the melt is too hot or

e iter of QGniscus to that of
a n ed by 1hcreasing or

cold (as determ ned by conparing the ¢

W 3z

the seed crystal). Adjustments are nag
WE

decreasing the rotation rate of
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15 the nelt/crucible by about 0.2 ta 1 rpm respectively. Once the

di amet er of WRYHER scus is generally a‘?;) t the same as that PETISa® 160824
crystal, neck growh begins at a rate o bout 1.0 mmMmn. A short, thick
neck having a dianmeter of about 8 to 9 mMmand a length of 20 about 18 to
20 mmis grown. The seed-cone is then grown by reducing the pull rate to
about 0.6 mmmn and slightly reducing power to the cylindrical heater. The
remai ni ng sections of the single crystal silicon ingot, including the

shoul der section, the constant dianmeter 25 body section, and the end-cone
section are then grown according to conventional ‘Czochral ski process -
paranmeters which are standard to the art. Once growth of--the single. crysta
silicon ingot is conplete, the neck is visually inspected for the presence
30 of facet lines in [ 00] ystal growth orientation. The presence

of these lines-.is note sf ) sual Vaﬁf of .di sl ocation-free growh. 17
As var.ous changes coll'd be made Th'the above nethod w'thout departing from
the scope of the invention, it is intended that all nmatter contained in the
above

- ; 4



description shall be interpreted as_i:flustrative and not 5 inalimting
sense. cryst Llicon rod in.accordance with the Czochral ski nethod,

t he process c ' idanONn-free seed crystal to a 5
posi ti on above ing the crystal to thermally

equilibrate, heating the thermal ed crystal with a secondary
resistence heater to nelt a lower tip of the crystal and forma nolten cap
wi t hout form ng l@mdts|aimaii @ss mmnabbeectst sliyfars dbviehre ey 1daioth meyst al

Set fourth i n clai g1 3 W S e LR oo ey PEEE 19 % Jouatdd REREE R °
equilibrated crys %Ié\‘)ﬁ‘i"nc?utm“f c'}Pma}?Q Bi 12 o8 e |"sh£(ﬁﬂ Re&ti ng
the tip of the crmsltl with the resistence heater 5 over a period of about
14 to about 1§ m nut espefrrihy RRCESSFESsSCt 4 ') IdEtdRicHel sg? wherein
after the nolten cap caontactst surface of .the nelt, e crystal is
pul | ed up from t ReF¥EFtaLdf &P@Ist Fgﬁrﬂﬁgiy e+ at *slté'f?attieﬂﬁ’ﬁlr@@l%rﬁeeﬁ
adj acent the seedthe lower tip of the seed crystal is slowly incraased by
the application of heat via a secondary heater 30, which
igs initially positioned adjacent to the seed crystal.
10 Heating is continued until the tip melts, forming a
molten cap 2 which has a generally convex shape at the
e lower tip of seed crystal 18. Typically, the molten cap
will be formed by melting the tip until the length of
molten silicon comprising the cap ranges from about 2 mm
15 to about 5 mm. Preferably, the molten cap 2 will be
formed by melting the tip until the length of molten
silicon ranges from about 3 mm to about 4 mm. It is to.
be noted that heating can be continued to form a wmolten
cap having a greater length. However, if heating and
20 melting of the tip continues until the length of the
molten cap 2 generally exceeds the diameter of the seed’
crystal 18, the molten cap may fall away from the seed
crystal tip and should therefore ha avoided. It is also
to be noted that heating must be done slowly, typically
25 over a period of about 10 to about 20 minutes, and
: preferably about 14 to about 18 minutes, in order to
avoid the formation of dislocations in the seed crystal
as a result of thermal shock.
Referring now to FIGS. 1 and 3, the seed crystal 18
30 ig then slowly lowered, typically at a rate of about 0.5
mm/min. to about 4 mm/min., until the molten tip comes
inte contact with the surface of the melt 16. Once this
occurs, lowering of the seed crystal is stopped. The
secondary heater 30 is turned off and then the unit is
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5 crystal. 4 The process as set forth in claim3 wherein the
di sl ocation-free neck has a length of |ess than about 30 nm S. The proeess

as-set f-orth in claim3 wherein the dislocation-free neck has aI
| ess than about 20 nm 19 6. The process as set forth cm“m “ ‘\1

t he dislocation-free seed crystal has ‘a ngsi nrum di anet er
di sl ocation-free neck has a m ni numdianeter dferr], the railo of [err]
rangi ng from aboughdx 7Ad Gzlaiimeﬁ ig:7. The process as set forth in claim®6

2 set forth in ol ai m% wiohboesh Beentitree gl ey, b s Sinate, O O0e

out war dl y flaringcsynhhkxnniymmn addatenacedmedaneavawidily thieaCizaghsaddktone i s

25 sel forth in AT i BSeeke RS- tath 1 2 about 200
kil ograms. 10. The: prdmwﬁrmmg ectlisdocationcizgenseaghemyatalhso a
: 5 position above a silicon melt surface and allowing the
crvstal to thermally equilibrate,
heating the thermally equilibrated crystal with a
secondary resistence heater to melt a lower tip <f the
'crystal and form a molten cap without forming
10 dislocations in the crystal, and
lowering said crystal until the molten cap contacts

the silicon melt surface. i
2, The process as set fouxrth in claim 1 whexein
melting of the lower tip of the thermally equilibrated
crystal without forming dislocations is achieved by
heating the tip of the crystal with the resistence heater
5 over a period of about 14 to about 16 minutes.

3. The process as set forth in claim 1 or 2 wherein
after the molten cap contacts the surface of the melt,
the crystal is pulled up from the silicon melt in order
to form a dislocation-free neck adjacent the seed

g crystal.

4. The process as set forth in claim 3 wherein the
dislocation-free neck has a length of less than about 30

mm.

5. The process as set forth in claim 3 wherein the
dislocation-free neck has a length of less than about 20

mm.
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body weidbhs®Bt | east about "300 ki-l ogr.ans. -
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6. The process as set forth in claim 3 wherein

dislocation-free seed crystal has a minimum diameter

and the dislocation-free neck has a minimum diameter

the ratio of &, to d, ranging from about 0.7 to about 1

7. Tﬁe process as set forth in claim &6 wherein

ratio d, to 4, ranges from about 0.8 to about 0.9.

8. The procegs as set forth in claim 3 wherein
adjacent the dislocation-free neck is an outwardly
flaring seed-cone and adjacent the outwardly flaring

the

seed-coné is a body, the body weighing at least about 100

kilograms. '

9. The process as set forth in claim 8 wherein

body weighs at least about 200 kilograms.

the

10, The process as set forth in claim 8 whercin the

body weighe at least about 300 kilograms.




