“relates to-a nethod of manuf acturing a single. crystal a corrposlte

: .-gradual ly-soli di fyi ng. a nelt. Japanese Pat ernt Appl i cati on-Kokai .

'50.131900 describes. a nodified Bridgmn &ethod of manuf act uri ng a SI ngl e
~crystal of ‘a:conposi-te-.oxide 5 by gradually SO|IdIfyI ng .amelt S co
'solldlflcatlon starting, froma seed cryst al Wmch |r|t|all'y is.in contact - -
~with the nelt ,in WhICh I’P‘ﬁ %eﬁ:ﬁsﬁf‘%ns of- vvhlchln'
~the nelt- decrease are added to sai d mel t- duri ng’ the . sol.i di fi-cati on

- process. I'n the: origi nal. Bri dgrman ‘met hod,. a si ngle crystal i's .grown by 10

. ‘causing, - a given quantity of nelt in a ver-t ically di sposed cylindrical
~.crucible to solidify, sl.ow y fromthe bottom upvvards Wien 't he nel t used

. for the- growth of‘a corrpOS|te oxi de,. consi'st's of a rrultlcorrponent oo

: ,systemthe sol i-di fication. terrperature wi Il depend . the :conposition. In
that case the ! _Theripmtimnreiatésetscnméthpdloﬁjmanefaduuoﬁmg lma s indlet heysiﬁxl

mel't from t z xanpl e, ‘wth. MzZn
.-ferrlts Fo\r%yexarrpe 1§%ide err?'{%hf?}% rm%?lﬁerr] isin. .
- equi.li. br| um’ wi tﬁamsysi’a#enmamﬁ@emrsﬁ(gkei N ﬁmlwperﬁ}scrahds %m@ﬁiﬁd '
ferr]. . 848 me%ﬂgded%]mgﬁuf&tt %%‘ggg Epar tg}gtsr

‘si-nce- contl nuously. too a. resul t' S

'-'of.thl s hdhe gradealdynpely diﬁmraaasbhtsomdiﬁéag#w#mtm a)fseeﬁe o
-crystal. Tm@seaymcﬁtﬁmeﬁ iC Bn NBdhthct with €hs|Ree] G0SneRd weksks 1N
LA crystal avin such ‘conpositian. gradl ent, the wafers - cut fromthis -. .
singl e crys‘P°&P°g Fhereancsptraidreg f b’F‘&ﬁ%r’ﬁ &ge malitsdepansey tage adind 1y
only the waéoerss.a\hg;& W&érmdﬂﬁcﬁtﬂbﬁ roe‘essl he single crystal are = -
' iuseful whi ch i hgreases ce: of - .u rrater ~consi.derably.Since.
Terr] ferrite; \/\%F&?&Fg}a“& T‘Tgf?ﬁﬂ‘?%g‘f’gba%l%n TP F&Tﬁ%f’bﬁythe
W te/ reid d.fmd&. usedve:fxct:taawagolos mer.: mdswmearw map&emaﬁméeﬂ in. -
-'Iarge nunbers the d g [s to kan th pread
3_| n. magnet ic p 'é?rt § e?oja#cg}'! gﬁ’é%!l g” S:E‘gvg%% g’ E e
LT :used for the. growth of a composite oxide, consxsts of a xm.u.ticomponent.
system, _t‘ne solidification temperature will depend on the composition. o
L 'In that_case the composition of the solid will diffe. from that of the -
o '_'15_ ', melt rr::n which it c:ystallizes., -1'l1is 1s the case, for example, with e
. MaZn fer"'it..- For ‘example, a melt of 50 mol.% ZnFe204 ‘and 50 mols%
: _MnFeZO _-s in equilibri.xn w:.th a crystal which" consists of 57 mol.%
'-'-_"ZnFe204 and 43 mol.% l“ln‘z"ezo4 '.l‘he zinc content of later- _ '_ _ '_'. -
: . crystall.zing material decreases since cont:.nuously too much zinc is -
.2 withdrawn from the melt, ‘As a result of this there is a composition

._'-gradient in the grcthh direction of - the crystal. ‘I‘his ‘causes stresses S

0 844 83 1" IVETH(I) OF.. I\/ANUFACTURI NG Sl NGLE CRYSTALS" The .i nvent | OIZ)Q &é %§3 C

:.'_':'- ,. -'which may produce dislocations and cracks. Ina crystal havlng such '
el "a compos.ﬁ.on gradient, the wafers cut from this single crystal have
" PR : different magnetic properties. .’.l.'tﬁ.s means that usually only the -

o 28 wafers which are cut from the centre of the single crystal are useful, o
" vhich increases the price of ussble material considersbly. Since .
. MnZn ferrite wafers are a very. important basic material from which the -
: 'write/read heads used, for example, in v:.deo recorders are - :
- B 'mamxfactured in large numbers, both the tendency for . the wafers to
o _'-320_:'- craclc and the spread in magnetic properties are extretaely undesirable.



form
to be able to grOM/SIngIe crystals with a nDre uni
-gohgogr??gn a- nDdlflcatlon -of the Bridgman ret hod has- beer deYeIﬁpﬁgs IQ:S
"nDdlflcatlon which "is ‘descri bed.inthe above-mentioned publica godurln
its” object t o keep:the melt. conp05|t|on substantlally const ant a thg
.gromﬁh ‘by. addi ng. per-unit. time the same anpunts- of -ZnO and [err]

s conposition .
e&gess quantities.of ZnO:and [err] with respect to the I'i qui du np _

which-are renmovd® P¥éan thcberable for guow tsinghe. cryEﬁilst bhﬁh Wﬁ@ﬁ-s%lngorgn of .

‘granulat e consahplsii Boom)f a%&ﬁl‘ﬁ@&icﬂ%%r bE Cv{h%o?rg%oﬁed thgd *[ae"r Pfewd@nek@ngh. S

- | | yadded.to a el
r]'.n?)’dlrr?: eZ‘ZES[ ﬁb’d’ ggggéip51%n matelerisy égsqrtlbed hien ¢bam1&w‘e+tﬁ)éhtﬁuﬁ‘éd hSll‘[dartff&n

h 0
__.._‘75% by wei ghtasoftot h&@b@%&t&sﬁ%}lp__._gl?f%egf?;c[ :{'\%PX’cg%é'bF'éb otﬁgbga}r}'r]@ cqﬁﬁtoavéd

: tn Sut gafl hgf oEjE“g”Xllt“gg;r‘%"ﬁE ‘?Ymiéﬂf%r?efomﬂrtovme taenmef mmelirilsi 6fjm0 4 FaBshod -

3
Whi-ch | eads &= thheexgreost dusat i sidigbe. Hwh%?lrf/e gﬁg I,g,&ﬁ;l;?%g\;}%eg aq%t ﬂ%llgés
o e .
e et e 2L RIS 00 Hhen hecmeks heiai adud | por tais

Csolidifyi ng Purpese; ssmoﬁjgfamanmcencaisaag%%ffrQmafﬁeﬁlgﬁa’fésalmgﬁ &8 o of R
erein o
cinitially | %ggﬁoﬁ;%?g@%%g@} 9108 23R SEn SFHadinatesd: coot aielt aofd 60Des ci o
| ;.-tcgrelsioal affte %6t (fan)eBeafysi t@ltdwuglle thi e shodift ed Gndthed Sidadk erd by 5 @ler! z.ses%qqe

cess; the
h |t (B rEUupBRL tTRWCEVA tHY N #0g 1 gol i di tic n pro .
tnca)l :eﬁ nngten aIe whi hll s added anlngttf]sgz 1&% ‘b}s t‘gﬁoﬁ'% e1Hs ﬁht@ﬂSal

‘sdl i di-fying "PFotATNEY mere- ?@“aﬁcﬂ@elzngnmdddof cpreheoumlyt bﬁub?rﬁb%;tzlr)rgln}fyg?t_
ihe. same v abeins cgpf\md ak mn@di%f&?ﬁ&ergg] |”d|6f ngttlolng(r)ggegs the top .of -
- t.t inni n |
e vavarvo: Y 8" BOFBLEN. O She roeminn baniooy Hecmai 4ot Beatuin o

50 b omethl wbpcrsuem:eooéhé RRowBd tof 39,g1el Lw&%alpgregrﬂlc{,‘gggsqﬁérgt

' des, -for .exanp o
S S Y Ghe HAIP R R 53 1Y i meap tniog o 1 he nventon, ¢ he
co?lrpom tion of Thai ttvedbien pobvidesy abyetioacot *ﬂﬁﬁuéad?ﬁlr::.n/g %f s%?éi@ 350 8'1 u s

};hrona SpeCl$f‘%dc3%50§¥t9foéfd§tby gradually solld1fy1ng a melt, solld1f1cat1on -
o S startxng from a- seed crystal whlch 1n1tlally 1s in contact w1th the melt
; };.20 where1n 1n1t1ally the melt cons1sts of not more than 257 by we1ght of
S the sxngle crystal and ‘wherein the balance- of the compos1te oxlde_- _
) const1tut1ng the szngle crystal is added to- ‘the melt as molten materlal
dur1ng the solld1f1catlon process, ‘the molten material whlch is added
. gi.haV1ng the same compos1t1on as the materzal solldlfyxng from the melt
ﬁhe25 and - be1ng added to the melt substantlally at the same rate as material
0 solld1f1es from the melt.. In one embod1ment of the 1nvent10n, at the -3'.

mﬁgﬁh.ﬂjn":'beg1nn1ng of the solldlflcatlon process ‘the top of the seed crystal is

'.s.between 10 ‘and 50 T, ‘and preferably between 20 and” 50 mm, below the topi'_:

;'ﬁ_;-:”:.'ﬂrsurface of the melt,

I | T < has been found that 31ng1e crystals of comp081te oxldes, for

- example MnZn ferr1te s1ngle crystals, can ‘be. ~grown by means of a method I L

5ﬂ}accord1ng to: the 1nvent1on, the compos1t1on of whxch does not vary by
'»;%,:more than 1 mol Z of each constltuent from a spec1f1ed mol, Z of that :'
R --Eﬁtonst1tuent over three quarters of the length of the grown crystal
' ':;f35_wh1ch is a substant1a1 1mprovement over the result of the prlor art
l-“process.. This 1mprovement 1s based on the fact that the quantlty of

'“”f_fmelt at the start of. crystal growth 1s small w1th respect to the mass




onstrtuent over three quarters of the Iength of the grown cry
Wmch IS a substantral |rrproverrent over the resul't of the prior-art -
: -process * This: |rrprovement i s based on the fact that 't he: quantrty of melt
‘at-the start of" crystal growh-i's small with respect to.the mass.. 3 of "
‘the crystal %o be grown - (l'ess than 25% - preferably 5 to 109 . As. soon as a.
quanti'ty of® Hihe ﬁ@fﬁtaha’ﬁc’shﬁ gnoﬁm ddess t‘uhaﬁam,qrﬁéfeéablv ghy Eﬁv, mfiﬁ

corrposrtronsd,di;add@ ah t|t whi-ch™i's snai
.respect -to fhe. mass(hgf the crgstaﬁ q‘kﬁg ' r@%smmﬂmW

- ‘const ant - t hrSu§ABRCuRest Heny $I§ddtt=-de Weobeemacqaa;t;_ §fcn{g1§| dafsah! Vs

' "proert es ttm&onmneehye& tbhegy, e kn
~quant i ty f%ﬁgerr al. .which is subst ant | aI g’&tiﬁ’ eg’Ff%Yg’s Bemains

- crystal - PEMRLLY ristent afthrpnehq;egmmtmaumeherwm pESRMED
process. Th@iquwtsmy.réﬂyopraﬁiﬁesu&e@l Ho t§ d decreases pr
(iz}oérposr i-Oh T § ’R

_ogr.essi vel y - urr &? wth, and the nelt * substantially -
- ‘constant by replent Ohffﬂ"’h 18 @ﬁlﬁ%é@%ﬁwhmhﬁtoﬁ metdrd a0f wisie
el .t whi ch isbemmnﬂe@lm edual 'Elar Sh& RAWE JEtdad %t)nsr derably on

verti cal g{l ri %rough t he rrelt order

“Ropp: 15 generty of the eﬁg‘ﬁ’ﬁ‘g Ph Phe vstal meeemrmrmah R

et feeti VA OE ekt E&s@rﬁﬂ thisrlubenrﬁu,bhr&r&gagg@ smaller the
Fu:rtﬁ?err al..to

pbssr bi 1 i t)gr&b@{ : eal | s. The t| on 0 -
. the el t dg“ ng 't he gro shéc?r?ﬂs%t‘?f‘uf ?‘EP t%@-lm constapt Ipssible.
. For t hat~ pof

‘on the contrarya o

FAPHEEin the

_ a;oteemmm rat:e meewb:meﬁ&iﬂy EOuld e Q‘(ﬁﬁ%on

iS5 char aCtBéd:&@ slirtdrali, t s %ﬂi e addedhas 't he_ starting formof. - .
- granul es |ch ar e -mel ted be o‘rée&{'*tey ﬁBP?ldeé'ﬁalYfQ;rVeRﬁqﬂe .

. reach. th$e PSROET 5 mmbepdal mmmtsm tdi-a&trhenamﬁgnb qng:__-tﬁhe' .
~melt sur agmeﬁ:vsmltlh o real i sed In-a = oo
i éy& ?%'a%‘%p’éﬁsr eStackive

5313 R L i et ot o i
_._-:terrperat urmmty ‘that the melt is really homogeneous. EERTR O

T : Tne add:.tion of material to the melt during lthe growth should |

distur: t.‘xe melt as. little as possi.ble. For that purpose, ‘one . :

20: embodime::t o.. a method acoording to the :l.nvention is characterised i.n -

_that the material to be added ‘has the sta.rting form of ‘granules whidz S

are melted beEore they reach the xnelt, and, for example, reach the

surface of the melt drop by drop so that the disturbance of the melt

surfaceissnall : S

e 25 A dropwise addition <can be realised in a practi.cal manne.. by o
supplying the material gradually to an open reservoir pronded above
thesuefaceofthemelt, whichreservoiriskept atatenperatmewhich.

SRS is at least equal to the melting tenperature of the mater:!.al, the .

_:': quantity of material wluch 1s supplied o the reservoir per unit of
--.'30 timebeingequaltothequantityofmltenmaterialleavingthe .

. reservoir. The materia) ‘melted in. the reservoir can be guided from the S
reservoir to the melt in var.tous manners. For example, the’ reservoi.r - |
may have a bottom with small openings or may have an overflow. 'I.'he o
molten drops may drop directly into the melt or may be guided via a

- wi..re or gutter to. the wall of the cn:cible in which the crystal growth ' - :

takes place ‘and may then run down the wall to the surface of t‘he melt. A




By,
.

-The-supply © - L
~al'so present’ pr Ebeesmplyac)f pmwlnﬁtmallm Wfbgmtﬂ&tégdw L;é m“g&r . .'| . .
as esu

supply " plai.(g,mép repains s ende n t-he supply.pi pe-

‘of a chi m‘tey ef eé &Qﬁgﬁ? EETN géf %ii I‘iﬁf@-ﬂ-ﬁgﬁ.t?ﬁbéc#’dithg to a.

“further m niysdilsent. mﬁmlmpmmt,l rﬁbhqmﬁdarmamhhsﬁsib&xw Rt HD
| culﬁg’n

'mat erial q_.ngJ es t
Candi ameter ?égt snal l'er. Qg %%e%g#]eikﬁﬂ rﬁﬁtﬂl g?{;
“‘been f ound qlﬁ’ﬁm Mnmmmwﬁbntwf Q:hetlﬁeﬂMheﬂxthe O
granul es_argcerahial wi BRTLHaP PhvRHLTEh & 2
" powder- i ké so that the "self-cleani hg’ e

Yt any . adn&FPRELERy ¢ AR RRFticatan Hbe%dmslsy Mmta éctazedtespd»ﬁneﬂ énanubsequent .

. 20 so @ucg;qld a gy ? at.
Ol epahensorpducast st uRs (GO mh 3 ADIAMCLELN GRS 7L

| _nmay- gl_ve rise

of _material which'is ‘supplied to the reservoir per “unit -of 30 tine bel ng.
- equal to. the quantlty of nmolten material- | eaving-the reservoir. The o

_i".s“fat Ieast equal to the rreltl ng. terrperature of. the materl aI the quantlty
material rrelted i'n the reservoir can be: g‘tu ded fromthe reserv0|r to the .

mel't i'n various manners.  For ‘exanpl e, ‘the reservoir may have.a bottomwth
sqak | openi ngs. dﬁm@mmmmourpdma Hite the| fexecdoRHIn"Be $68R of rect |y

"lntothe mektedy qulLe o, to:the wall of- the"
~eruchle’in whi chlt%g cr tél gr o%gpggesmﬁpﬁcé’gﬁﬂiﬁﬂ FhEre FERe Fthe
wall to thePushng fheinifalle theyt may alvhornusecspaiitersyland the Gipaetedeat 0 the .
reservoir iard I daﬁ;c@t&yg.h gﬁ%é e bottom .
of. the reservoplhgramEiP ring_their f'a?gﬁ ey nay %#so ca%'?\éegp%%gg‘éqgﬁd the ..~
Spatteref dPEHRY BT A0 d R 4disieR n gash Inpigedlunic of | mrtertal dlalees parts of -
" the supply ghdtiein dkdp aﬂdt&*ﬂat@?&ﬁbetéﬁ@hguﬂj&,ggﬁfaﬁaﬁ,{,&fagé &ayses a sudden -
o L

drop in te ature because heating and neltr ASUNES nuch heat.
supply SRS RS Par

.forminstead.of  as: Iunps “however, may .

may Agad |F°has

: EC'['

It to.dose ccurateybut ‘they’are al-so ex

Mdoai
i " than' apnrc:d.mately o.z mm, “the. character is too. much powder—like
s .so that the "self-cleanmg" effect of the granules (granules, if any,
.- adhe::ing to the wall of the supply plant are d:!.snlaced by subsequent _
- lzgl'__gramxles) :.s reduced. Granules la.rger than approximately 4 m are not .
. only difficult to dose accnrately, but- they are also expensive to ' - '. S
- make and may give r:!.se to the above-mentioned temperature drop effect. B "
| ._lWhere the diameter of the pipe used in the supply plant is preferably B
L 3 to. 5 ﬁmes the granulate diameter, such big granules would also
25 require a ‘pipe having an. mpractically large diameter. . The growth .
L pmcedure according to the invention is started wiﬂ'z a restricted .
) 3 quantity of melt. However, the quantity may not he too small, L
| .preferablynot 1essthan5%ofthemassofthe crystaltobegrovm.
I the case of too small aquantity of nelt"' ?_j'-- R e S
30 i) the disturbance is to0. large when fresh material :I.s added. Thermal
- and rheclogical disturbances and varistions in compositions in .th.e melt
1nf1umce the crystallisation process and S T '
| i1) a variation in.the erystallisation’ rate has too 1arge an :;
J.nfluence on the quantity and the composition of the melt.

When hes have

B8RPt eAper-at When dhepgrdmules. are smaller



‘5 tines. the: granul ate di-aneter” such big granul es woul-d-also .25 require a’

pi pe: havi ng an unpractlcal ly. Iarge di anet'gr. The .growh procedur according

to the invention is: started wi.th a- restrlcted quantity. of -nelt:. However, _
the -quantity:- may ‘not be: too small preferably not | ess. than 5% of ‘the mass.
ofh b he crystal t¥wrdgng\as the qdaatthxs&ﬂ)fnelf)(issaﬁ&éenato be larger , the of .

~melt:y . .3 a;agdmtét when fresh materl 1S, -
_added Ther (r%éﬁ# g Eggéz&l:&c i dl Star ancé’g gﬁ' Ra; Bridgman H"’—‘@Iﬂ‘?posmlons L
in.the nelt in Wsﬁﬁmspmmm wikkh @Mﬁlﬁbgrhnbgnt;ge

crystal i sat‘hoomadfetheansseoofaﬂ:-ﬂe ge#]%emo he quant ity and the
conposi tion-of. t%l melt: ., = Accordl ng a S/ of nmelt is chosen. -
‘to be lafger,. epFSﬁ*éﬂLﬁtédrﬁflélaﬂcPﬂmhe cmciblesatt hheO:fégghﬂilﬁl Beiggnan -

“method: : Par Prouéss s s iekbos (dAhdnE & ﬁ‘gﬁa’y"%gﬁgimﬁ-ﬂge%?é{te, §-af;$'ﬁ% whi ch-

_'am)untsto 10%. of the_mass of the-ul _
restricted FEI$398Ge0f I [fenermal; mmm hmceyspntﬂw&uciﬂl% PE0AYg§sq has an .

extra advanefttrelhdr i iy fii.t is released. In a normal . . i
Bri-dgman- process Y Ii;tJhe CrLY%%%ﬁ e1s |1I'°1 'gﬁl%?t?‘élﬁf‘? Ghen thej effervespings .
el ted too PRk (ﬁ]'?"st?%reﬁ%mwr@erm Leus m/enetnt&haara&.txaﬂ@ to
"_3cru0|bleﬂlﬂzéhﬁv&£j:m CH&EF 940, venti.o |ttIe|n|t|aI~ :
~clarge is present in thesgr uci bl e -tﬁ#t a’ﬁsgaﬂbt""r%ﬂ#@lﬂ mof . -
‘the cruci bl thateths mdohsmtlw ehg rﬂf &Cﬁté/&?ﬁé&lep‘ ﬁ”@ﬂ&l @Q}e‘}f

the invent i 9Beend b éﬁg DEglescribed w th reference fo the draw ngs, -1.n
'Whl ch. Figure 1. sho,' ragranmmat i cal | y -an -appar at us ‘sui tabI e for use in thej- o

“present inventi 6 SReIDeNE 6F2the inventisn elluinoy bé Qesarind goup! t he

_.conposi t i Orréﬂ&b:% wtﬂéfms | @RQa , nal” . positions.on an 'MZn"
_ ferrlte f5| ngI e 1(;‘5_:\?/_stal rown by rfegﬂgwo -met hod accordi ng to the - -

ent ion. - .. ows diag.ramatically an- apparatus suitable for use in
o P igure 2 is a’ graph Mng the variation of the composition o
| {(mol.%)‘at different longitudinal positions on an MnZn ferrite single . .
zucrystal grown by means of the method according to the invention. < T
-7 Themethod aceording o the invention ¢an be performed "
. efficaciously using the appa.ratus shown in Figure 1. The apparat:us
SR _.oom.p..ses the following cenponents. ' - - S
a pot fn:nance 1 with insulation, -
: :-. -.zg_-la heai:i.ng element’ 2 (graphite or resistance wire) _ =
e inlet 3 for. protective gas, _:tf any, to be used to protect the heati.ng |
s o an Al O tuhe 4, _ _ el
oA Crystal growth Space 5 iﬁlled w:lth an oxidizing gas),
y --.-.:._-3_0__“.a crucible holder 6 whish swipor a plai:im.um cr:ucible
-7 7 terminating in a seed b:he 21, S
‘& dripping plate 8, e |
. asuply tpes,
‘2 reservoir 10, - R
| mselisgplatens,
| ':'-'-asealingbush uu.o}u,-_ _ -
a filling tube 13 with an infegral funnel,

V\here the d| arreter of the pi pe used: |n the supply pt ant S preferably 3 to @




t he: apparatus. shown in Fi gure.:1.” The’ apparatus corrprr ses-the followng:
conporient s: - a- pot furnance 1 W|th i nsul-ation, a . heating elenment 2 -
(graphite or resrstance wrre) an inlet 360r protectrve gas, if any, - to be
used to protect the heatlng el enent 2. ah [err], tubeX. 2 3 a crystal '

growt h space, illed wth_ an oxr di zing gas), .a.cruci bl e hol.der -6 whi ch '
su‘p)ét)rts apl® afﬁ?ﬁ bt‘é‘??ﬁ %ﬁm&%l&seed tube 21, a .

~dripping pI ataev&ra&snprfegdeﬂm 9, a.reservoir 10, a. s.eal ing plate 11, ihg'?” -

-bush . [err] %Q'S § th an i ntegral funnel 6 a storage hopper
~14-contai ni ng a an Ia %5793 vi bratory f eeder 16, -a wei ghr ng devi ce 17,

RV bratory guvttmatgg& @ttergtsartr ng m xture 19 (powder) - an overf | ow

~aperture. 20, 4 % “_{seeed cryst al, -and ‘a tubul ar al um na
-.support 22. The-.: met ho accordr o-the rnventlon wiil be descri bed with.

.reference toat‘lfé'egﬂmt rapsrttare( %Zn) ferrrte Si ngI e crystal However; 10 it

-al 's0-sui aa&éa e @&om_@gasgéw L% '8 % ‘f“ﬂ-{‘@ r;gosl ';zl(%(zgs -

j| n partlcul ar eti ¢ conposite oxi:
E earth |ron garne met_hod according to the invention will be described with

referenee to the growth of a (Mnm) ferrite single crystal. However:, o
10 it is also suitable for growing single crystals of other oxide .
LA couposiﬁ.ms, in particular magnetic eomposite oxides, such as
e orthoferrites and rare earth iren garnets.- ' ' :
o - A ‘seed crystal cut from a ‘previcusly manufactured single crystal
R in which the 1ongitudinal direction has a crystallographic 0 g .
) .'15 dig-ection des:.red for a particular application and is placed.in the seed
tube 21. . 450 g of o
is placed.in ‘the. :lamea hav;t:g?aw:::o ::T;A ““o.saa_‘o 28&2.04 s
placed
inthecruci.bletxolderSwl‘xichisinthefurnacel. The chosen
e quantity of 450 g is associated with the requirenent that at- the“
20 beginning of crystal growth a column of liquid of a sufficient height o
- must be above the seed crystal. In practice a height between 10 and
~-50 ‘m proves to be satisfactor.y. | The hopper 14 is filled with 6000 g
of granulate 15" (conposition B: Mn o.szz“o 3572, 06 ). During crystal -
L  growth so mch B is added as is necessary to keep the height of the .
. _."--'25 ‘colum of liquid constant. The granulate 15 consists of particles .~
having diameters from 044 to 1.2 mm, .Saiq particles are prepared by

The et hod accordl ng to the invention. can be perforrred ef fi caci ously usi ng @

‘ mixing in a cup a powder with 10% by weight of water and 5% of binder, j'_ _
pressing it through a: sieve and then rolling :I.t in. a dl’-“m The IEIINERY
.:-..:' SR desired fraction is. sieved out, pre-sintered 4n air at at a

"-':.30 between appro:d.mately 1000 and - 1200 C and- again sieved. L : _
o "A vertical Bridgman furnace 1 (Pigure 1) is heated until the upper e
partofthefurnace extutdingabovethecentreoftheseedcrystal
inseedtubezluptoandinclud:l.ngresemirthasatanperature
- 2bove the melting. temperature of MaZn ferrite, -and the lower part of -
35 ‘the furnace which is situated below the centre of the seed crystal
| “has a temperature below the melting’ temperature. (When the crucible
7 is in the uppennost position the centre of the seed crystal is o o
Lo located approximately at the eentre of ﬂxe furnace). _‘I'hese :



A seed crystal cut fronta preV|oust nanufactured S|ngle crystal i'n which (éé?
the. l.ongi'tudi nal direction has a crystallographlc 15 direction desired for =
a partlcular appli cation and is. placed in 7the seed tube 21. . 450.g of '
powder. haVIng ‘a conposition [err] is- placed in the platlnuntcrUC|bIe 7.

“which.is the ggggg.elsn G h which.ig in the furnace 1 . - - N
quantity’ of! 45 93# S aSSOé(;'I at ed&ag?ﬁe %@dgeﬂttﬂvreeﬁﬁﬁtmt fabelew,t FRspegtively, .
;‘Eegl Bm ngt ﬁf v fd‘lngngﬂthoﬁ Mmﬁ?rﬂftel.l ﬂmed ﬁp&{%&l?ﬁgﬁ@%g&ﬂst

e ‘above thgnps ice a etween an m~
.proves to be sati s%a%té%rym zlfﬁ %’opper s'f'%'lf QF“FEQ"%F‘H‘PGB ofothe erystal
-_gggngl ate 13S(PEWERSPE: OEBOM% g)m ?hgosmmEa(mwéas%Of of: Wd éﬁ_%e .
+added. as §'s thesess ahy e unm_o ui :
“constant .. i ghe %’rartuIt':t{qgJ 158co % Ste O ’B%Jr'rtgaé'f‘ bt ﬁg‘:’af%ﬁttgé'f”gﬂhs@ﬁf:e 4
to 1.2 nm ihei Spdacaret ﬁhepmlédbzwmngflmgasmwmdmﬁg 10%
by “viei ght . oievapéﬁtiaﬁdoﬁ%%tﬁé"@@:ﬁpod%ﬁsﬂ& Hie tllhe ug{)rha g% :h hgn -

':rolllng it J?fasﬂ:;tm Th -desired fractron-1s S|eve

fakrvat a telf“hbe t%e’ams erﬁelfyrlmlpéﬁd ixP @8 ﬁmeﬂh .
“sieved: A vefthﬂog&ugkymrmﬁejg,aagﬁé iy ?A? %P titepper :
g par"t-'--- of - t“h e%%gtﬁﬁn bove the centre 0 he -see s?‘g i'n.seed
=tbe 21 Up ?o a %Méﬁpmmlmbﬂmeenm be :

st ng terrg@r%ﬁmbhaﬁ d\/hi:ﬂ.nﬁmbrtxm eﬁﬂﬂaﬁdeetwlblaéém% Qgé Qg fur nace
Cwhichi s Si Lt ‘e of the seed.-crystal has a't rrperature

- bel ow the rrel 't Nng terrper-a-tmt?P EPEKe e melty | ﬁhm@eaﬁp@r most . -
..posi ti.on  t heortedbatesftot hbewwosimnabf ithel RETE REnAInX bRNRhY Al wiPhout

¢entre. of tmg%gm z58 res,.are, for exaaneIerr] oVe
“and 40 C. beI ow ect | vei v, ?h%’aggggensatfu B e, Pelf, #hep guawiag. am R
. tenperat If & QQ-@CE‘FYS‘Q‘TQ-I n‘ the transition ‘zone must' be so. smal I that
“cr.acking of . the"'ﬁé h_ vl Sl 8VERIATs Aol S ¢ :%S%Fere (in the:

Caseofl\/h ferpiaagd th| Ss.an oxygen é*'rmspﬁ'g %,a the

_ tted to the top of the crucible 7. Thecrucﬂ:le
_ho:.de:sis connectedtoanalumina ‘support 22 extending below the
.'-lowerendofthefurnacelwhereitisconnectedtoamecham.sm(nat
.Zn.shom)vmichcanmoVethesupportzzinaverticaldirection . 'The .
:_crud.ble 6 is movedupwards at a rate of appro:d.mately 1l cm/hour unta.l
' -'I:l'lecen‘:'eoftheseedmbezlhasreachedapositioninwhichall
-'thefezdtestartingmxttJ:eISismoltenandhal.theseedcrystal i
| - has melted.  This. position was determined empirically dur::.ng preced:.ng - S
-_"?S.nms Thecrucible?isthenloweredatarateofafewm/hour The'.-. o
-.',_remainingpa:to.theseednowbeginstogrow.. _ :
%mthecruci.ble?hasheenloweteduntiithesinglec:ystal
_ __hasg:ownuptoappro:d.matelyhalftheheightoftheeonicalpa:tof. | S
-+ the cr:ueible 7, the. supply of . granulate 15 :Eromthe star:age hopper 14 .
.'30._hegins. Whmthecrystalgrowsabovethis level, the quant:l.tyof S
- solidifying mater:l.al will no longer: be. negligible with respect to- the
':initialquantityofthemelt,andthecoupositionofthemeltwill P
- ._'sta.r.'t varying. The dec:ease :I.n wei.ght ocE the liquid is first
| compensated during the c:ystal growﬂz in the upper half of the eone
35 of the cr:ucible 6. Once the material grows in the cylmdrical part of




5. above the surf ace of the melt by neans of a gas flow \A/mch |nh| b|ts
evapor ation of vol atile conponents fromthe rrelt ~The- heating element 2, if ﬁ'n '
it consists of *a netal .may be, for _exanpl.e in an at nosphere of - hydrogen e
gas. The: pressure of ‘the oxygen. gas atnnaphere s 1 10 at rmsphere and the ,),_[
._;.'flow rat e of the oxygen is preferably ‘chosen to-be so- sl ow that .‘a mni mim - .\
OrR_JA0 ‘exchange -t akes’ pI ace with t-he gas at nosphere built up in-the erucibl e
~above’ t he mg:?‘F meeecté\qménsatmhe:mesuueaa,oﬁwb&érekt

remaining c lof- v_ﬁé g#]p-' ' v from t he

- mel't; when g(rwpﬁw an MhZn- 15 ferrrte srir-'tg echg%cléfg s‘%&*‘éﬁ’& yatept
~extends thrd'%%? late isawpl bsdtir%e@eaﬂ itagthe xate ldt whicth magefidlt ed tO -
the top of tsbkiditﬁymngtﬁoetﬂat'ﬂhé &&%‘E&%ﬂ“%@ cﬁ: ?ﬁ?% n%@é@ "Wnere i

al'umna’ “ext endr el ow the | ower. he -

i s.conne tegﬂ%h% ‘?‘%‘?‘?ﬁ? h&ﬁ?)d%ﬁr%ws@ah hmggtmeuﬁﬁwort 22 inoo

-a vertical - gompsiiition ﬂbﬁgmaﬂ&tﬁ.ohsoﬂ@f%ﬂw Q:L, %h :
u JZ as - reached a

;._approxr mat ekyng nt il entr.e of .t he seed t
“.posi tion i n%#ﬁgglhﬁ}% ﬁga'f%[fs g’FﬁFtl? ﬁ%W@dl#qms%lsttenamm
the seed cr¥ds aﬁhehmuee'l‘i isllmaeqedsfor GihotRér ﬁnﬁ&glf%' hded b '
arate o few

' “dufing Pr ecag ot A4S ble 7 is th_n were -
. mmi hour. .The rerrar ni ngmg;a Q‘; tew e & tgo°§r76ﬁ“1¢\yféhsﬂr-’@if¥-
.-cr‘ucr bl e “7 é&!ﬁeanmﬁledhm mhdua:uyst aifdaeScaﬂ@.‘w Uhel O

ety Sﬂ?ﬁ’f“ﬁe&%‘?ﬁ?t el S B DAL LT (e "
_-_Ecrylst al. grgﬁeﬁfnemv%’tazr %o I@géin ‘thigestnglet r;tysiuft.{sol i dht;y![ Ing rra]t e{ |hal nm ![I | |
g(r)td ?Egercorrposrél!’o?‘é Elt’\r]ﬁft rrgét Wi -'attsét)a'tst VAT Vi ng. #ﬁ‘é%&’%hé ﬁ%ﬁ"ﬁht :
Cof. the |,5ﬂu, d i ﬁﬁd‘-h‘. éﬁs‘aﬁ ézdmﬁmghﬂﬁlémtmeglbwtth arvibbetaugyper . .;:
23: T n3]; i tcal,_. of t@he Gruci bltg> a@mﬁlgz;e t-..e cryst aﬁﬂgr 2’3? |"3‘§ ?g‘f‘? is
: Irnear the e:.s acoomdated n the we:.ghtmg device 17.. . _rs o
S 31' adjusting the ampntude of the vibratory feeder 16 by
| con'l:‘:olling the S‘IPPIY .-ﬂarltage Gf the Vibratmg mechanism, a certa:tn
¥ : feed ra:"ﬂ ‘can" be. pro uceds It is possi‘ble with ’chis sys..en to supp].y
. 2“ the gre!mlate 15 to the reservoir 10 at a steady rate so that no . R
temperamre steps of any. Slgnificance can occur within ‘the crucible: 6. o
L The granulate 15. ‘supplied from the feeder 16 falls into the
L reservoi.r 10 and melts there. : Molten fmite composition B is supplied
e from the reservoir. 10 through the - overflow aperture 20.2nd then falls . |
T _25 ‘onto the dripping Plate 8. ‘The. plate&& is so disposed in the ,
. crucible 6 that drops then run down the wall of the c:'uo:lble. The
dripp:mg plate 8 has an impor

_.tant ftmetion within the . soope of the _' " .' S
mvent:!.on, hecause th{s ylai:e elso restricts the zince evaporation, a ' o
" 1. prevents gramles from landing in the melt,. arid functions better than'a
o .._::.,,.l:-j_'-l30 guide wire S0 as to prevent dr:ops fron falli.ng directly :Lnto the melt .
7+ from too great'a height. : IR .
S " Pigure 2 indicates the quannty of an MnZn ferrite single crystal o
grownbymeans of themethod accordingto the: invention. Onthe R
o . vertical axis :i.s plotted the qpant:.ty 100 1/L, where py :.s the distaoce SR
: .-_-'35 from a 1ocation in ﬁue c.rystal to the end from wh:.ch growth began and Lh.'




_supply of the granul ate 15 accurately control I ed so- tha"' _ rate at V\hr ch e
granul ate is suppliedis equal ‘to - the rate at:which mater alf.rs solrdrfyl ng 7/ _
sa-that the" quantity. of the nelt and the corrposrtron 5 thereof -rmain = ...
constant “Wwhi ch yields a crystal havr ng: aouni form. conposi tion along the L
_direéction-of growth.. After. the. l'ast ofthe :6000. g of: the: granul ate 15 have -
begn -di spensed fromthe: storage hopper 14, the crucible.7 ..is lowered for. -
anot. he]r iappr’czthﬂt@re}'alb Iength off theccxystal) #wd eﬁﬁpoﬁ&if,ﬁﬁﬂ@%ﬂ%eaa elmlar
450070 | Ol £he ¥l ce i.5 the oled very gradually. - -
“After . cool ing. thg pl a'tzrgin% g%gf:r b?r&g a’?‘ ?:‘%ro??é’&af'? hEh‘F 94 o
~ péel ed-f r omERELERYy sghing. alsli%)maweilt bvesithrkbe @f#&éaé o?hehéQEHJi-Mn

't he. granul at e - 15l plabgtdre +Hb OWhE ol The. granu] at.e
_fedrntoéhefrllr' tube 13- vra C%g‘apgryelghgg%%tﬂi& Jﬂa’t

- .connect ed” - FoGEYH RotS. W@d@?tﬂs‘lsqm@h}bbrmsybﬁmﬂﬁiur&acpﬁﬁ&h’ﬁa@d

- on-the wei gIIlnr agdéie\tbclee BbleByo aflagst t %rrg}, bratory

feeder 16 by ntroldin the suppl gév%{étgg gkg vr%ra ng necﬁ%ﬁﬁ sm. a.

certain fee $eean® Tf% Pr-85% 8. each deshdste| 2 nuiber tdfi se@ﬁagelaﬁo
- supply .20° tlwafgrsmul ate 15 to-the- reservor r ‘10 at a steady rate 'so that: no'.’
: Vterrperature steps of . any :si gnrfr C. - can occur; ‘Wit hin-.the cruci-ble 6. “The. 7
.granul.ate 15 suppli ed fromthe feeder 16 faI |5 into the reservoir 10 and - _
et s there. Mlten ferrite’ corrposrtron Bis- supplred fromthe reservoir 10 -
=3 Hrough the .overflow:aperture 20 and then- falls 25 onto the drippi'ng pI ate- .
:8.- The. pI ate - . . is so drsposed i n the crucithle 6 that drops .t-hen run. down'
ot hetwal I of the .cruci bl e— The . * . .dri ppr ng..pl ate 8 has. an i npor tant -
. function wt-hi-n the - scope ‘of - the |nvent| on, "because this plate al so I
Festrict's the-zince evaporation,: preven.: granul es frm landing in the " oo ¢
- mel't, ‘and functi.ons:better than. a ‘30 gui- de wire.so.as: t'o prevent drops: from_
"fallrng di rectly rnto the, nel:t fromtoo great.a her ght. Fi gure- 2 indicates ~
- the quanlity of -an’Mzn ferrrte si ngle crystal grown: by ‘means of ‘'t he net hod-_'._'
“according to. the i nvention. On"the vertical axis:is. ptotted the quantrty L
100 1 /L where | is.the di stance 35.froma. Iocatron |n the crystal to the "
'._end fromvvhrch grovvth began and L e :




9 is the overall Iength of the cryst aI the corrposrtlon ber nq pl otted on

the horizontal:-axis. Fromthis it. appears that -the . conmpositionis .0
constant within 1nol . % over well over three: quarteLﬂlIIm"lIEmu)muIl The |
part of-the crystal having the substantially- const s
.sawn i nt o di'scs: whi. ch ‘ar e -subsequent|y further processed I A ofdef to be
*able ‘0" shg ese di-scs i nto- heads for- vi-deo recorders sard discs are -

-di.vi de .a“nuber .of rectangul ar- wafers. . CLAIMS: ©: - 1. A
nret hod of nranuf Bet ur Angetaxoar qglmncfgﬂhaing)fa a;s@mesyé@Io&f@cbﬁp@H@dt@hh!

| t om-a -seed -crystal- whi ch
SO LYy "0 B, B39 ik R b Rt R SR L e Y

- consi sts . of Cr’fblﬁtaﬁwelchamws%llyyls\enrghontﬁctt hitlsithgl melar, ysﬁare;nahdt\i\heryel noo

“the bal ance @t e CORPASt 6 %'tdsorceoeﬁ A LAk pg- 1 h n | ngke, o {e tarddEd
3 kel

to.the nélt as-nplten material - during tr esolr di £ i on proce
mol t en nat e@Rd] VReTiedn . the ‘Ralinsenafithg eomposane %#po@rtsmmtasgtﬁmmimlreal

solidifyingckyorat g sids 8okRchant 8 mdddtudrlilp dTRih RS ANtIA Iy at - )

‘the sane rate_a teriadl solidifies fromthe nel. t hod..as
¢l ai, ?red in ér’éf‘fﬁé}a‘aﬁh‘& BEACeRs st Fhe B’ebF?m"ﬁgesralt nbls*bllsda¢4eéah4\sngptrca:ess
“the .top of 'tshme &ﬁﬁdoﬁit&&hahsl&ebﬁaweﬂl ldhaadfyiﬂré e REILRY ddie 56&%5&'&%809
of ‘the melt aim2, wherein at 't

| ai : R
-bégi nnindp ofadgﬁd 2 ofh%ilnlﬁlléag‘ﬁ’c?ﬁa‘b'f’ﬂiec ngetW%Fafﬁéss%”éfbﬁélld’rfées g
‘bet vieen 20 &noin 3henmebsl ow t he. top surface of the melt. :-4'. A et hod - as

e et e P | Bk a3 FEILACE, (D o r%%“%sé%{é'st%éybe
T each ‘the. réhe, s@fldlfl%tﬁe{! tRrgcess ¢hai mspdorfntt@ ajerd 4:,ryrsba1 a.rst Bsuweed in that.
-fthe S U B and 50 - mm below the top surface of the melt ' B
' f¢f1é :-”_jSQH”I A method as clalmed 1n Clalm 2 whereln at the beglnnlng of
:.fﬁjv the solldxflcat1on process the top of the seed crystal 1s ‘between
“;20 and 50 mm below the top surface of the melt
_ ' \4°“¢: A method as clarmed 1n any of Clalms 1 to 3, character1zed | _
§ T““ ia’ ‘that the materlal to be added has the startlng shape of granules f“s': :
”-Taf}zdlwhzch are melted before they reach the melt.__ _ 5 .
B f5 A method ‘as. clalmed 1n Clalm 4, charactefized 1n that ‘the

*_mater1a1 is supp11ed graduallyto a- reservo1r prov1ded above the surface f_ﬂf

V?of the melt, whzch reservolr is. kept at a temperature wh1ch 1s at N
h_least equal to the me1t1ng temperature of the Supplled materlal, the h‘
-.zs_quant1ty of. mater1a1 supplxed per un1t of t1me to the reserv01r belng

in equ111br1um W1th the quantlty of molten materlal leaV1ng the

&

o freservo1r.

ZJB;' A method .as c1a1med in Cla1m 5, character1zed in that the E

o

w &

:-materxal is supplled to’ the reservoxr 1n the form of granules hav1ng . -

""fjéfa d1ameter from 0 2 mm to 4 mm.”‘“'*

_'.!7,-' A method -as. c1a1med rn;_lalm 5, characterlzed in’ that the f .
:”molten mater1a1 1eav1ng the’ reservorr runs down the 1ns1de wall of NEE

N ‘the. vessel contaznlng the melt. sl




matefial “i's: suppl ied graelua]ly to a reserv0|r _pmurface off .,
the. nelt, whi ch reservair- S kept at ‘a tenperatu m|u§“ lL ast equal ). 7
to the rreltlng .t enperat ure of “the supplled matermm\ ““ lty of .~ \o

mat eri al  .suppli.ed per .unit of ti'me to t he 1 eservolxr bei hg n “equil i brium

with the quantity of rmlten nat eri al IeaV| ng the reservoir. 6. . A net hod _
as. cl-ai med. in Cajims, characterized jn.that the material is- supplled tothe
reﬁ%rvmr in: th@ﬁoﬁrﬁ%r‘&nﬂ’éﬂa‘m r?@YS'# Claims 1 1-"°a dFﬁﬂ%F‘#m 2
Mo 4.7 éhat dueu@weosa;dﬁﬁau&x ;&osées r&;5mcfd1 liﬂib Rezddi t he-

‘nol ten material | thq%E%‘e resera%olr na '3 ge*ﬁ?gnSI gﬁll @g\aﬁgaﬁ
.. |

vessel cont aMir
to.7, char. acfmwhﬂ:hrhhhﬂtsdwamatm: :wl wslléﬂid.atmqwmseﬁmmmeﬁtm ng

gas.. at m)sgshere |39 W%@#‘F‘Fﬁﬁ %atjggdsjgg%g oPYﬁ e ce of ejﬁ{&I

means of gas fl1ow whi evapor %t T8
the nelt. 9. tmtfrsbhcﬁi-natecﬂsafshm qonsﬁst;s of. Clmgsneselzim: f&rr:tﬂear act er| zed

~in"that the sing.e £ El @1 3 S
“nethod of  manuf act ur a. SI ng crystal o?%gg ‘%'Zlyttgfom éeéégsogr adual I. y
solidi fy| ng -exidel by g (358 Pal-# remelty cubstarddally,t Hsr‘ﬁﬂsﬁ-%nce to o

Figure 1 of a&mﬁwm ﬂ&erence u: Piguﬁ‘e f'dﬁ'tﬁe(‘dﬁéﬁlﬂ& of a conposi te .
oxi de a-nethod as claiied. in any precedl n CI al m The

text. of...t HQa spe&lflceft %W%a% PE R SomeRt b

ﬁ appl i'cants quﬂbaaagWuatm :pam..a few arrendrrents “whi ch are
~disticult Eé read,; types ri‘pt. contai ni ng these arrendnents _

mBY be ins Clot RIS R <28, e g o e o reat " Toe ol

Cﬁiﬁ‘ét;o v 1

typesczipt conta:.n:mg these anendnmts m be inspected on. the premses cf the Patent Ofrzce




