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2083455 - 1 - METHOD AND APPARATUS FOR MAKI NG A MODI FI ED.-ANL’Rng_m
N%TERIAL The preéent invention relates to a nethod and appar at

¥ noq]fled afror phous glass material which is either & netallic, dielectri:

or "a sem conductor glass material .15 - Her et of Bre, it has been knomn
“to, make netal - Ilcmglass naterlals mnth a techn| ue that.is re--ferred to
ag netal spi.nning. 100 ' WO ok ‘ i S

i . €., a rotating S hi ghl y conductlve metal is posi- 10

ti oned beneath a nozzle at the outlet of a,reser- voir of liquid netal

~metal alloy. The wheel, because of its mass and because of the S|gn|f|cant
~difference in terrperathe phesentninventibhepelntes todat methad and
tenperature of the wheel, need not 15 - be cooled in order to provide a
~cold noving subapparatus forsmakdngrelmoduézed aherpbbuen glaiss .

The.wheel is typically between-15.24 and 25.40 centineters in dianeter and
is rotated at amakeriahahiehotsgithescanmekalldes énelsqﬁn;qWﬂnthereby
to obtain a 20 | inear velocity. at the pgint of contact of the nmetal -
with the cylindd GaPIRANHREQL 091§ﬁ§ RAEeFiadt 1, 000-2,000 centineters per
second. Upsn contactipng the_wheel, the nplten netal IS cooled at. a .

quenchi ng. Pate of [erqﬁrﬁ*tpf%??] ’pErhES beegebﬂﬁ&"aﬁ-ﬂ’ Bakes Ml he wheel

An a i bbon of lic glass materzals with a_technrque that,rs re-

ferred to as metal spinning. In practicing such
teohniqee;_a movable substrate; i.e., a rotating
.wheel, made of a highly conductive metal is oosif
10 tioned_beneeth_a nozzle at the'outiet of a reser-
L voir of liquid metal or'metal.alloy. Tﬁe”wheel,
because of its mass aﬁd because”of the sigoiricant'
i_difference in temperetoreﬁbetween'the hoiten metal
and the ambzent temperature of the wheel, nee& not
15 be cooled in order to provide a cold moving sub-
strate relatlve to the molten metal. -The wheel is
typically between 15 24 and 25.40 centimeters in
 diameter and 1s rotated at a rotatzonal velocity
of between 1 000 and 5, 000 rpm thereby to obtaln e.
- 20. l-llnear veloczty, at the pornt of contact of the
metal wzth the cylrndrrcal perlphery of the wheel,
' of 1,000-2,000 centzmeters per second. -
| Upon contectlng_the wheel, the molten ﬁetal
.4

_is.cooled at a Quenching'rate'oftlol to 10%¢ per

25 ' second and comes off'the.wheel in'a ribbon of



naterla

anor phous netal ribbon formed by a cylindrical

S.

tallic anmorphous glass. Such anorphous
o0 have a nunber of unique properties such as better ductility and
ity and the ability of the material to
fic field with nmuch | ower

met al ‘gl ass material has been

5 handle reverses .in

| osses than obtained with crystalline:

Further-information on mgking anorphous metal glasses can be
~found in the followi ng articles and, book: 10

"on the uniformty of

jet%inpinging on a flat

movi ng substrate" by T. R Anthony and H- E. dine, Journal of Applied

Physi cs,
Chaudhai

SC|ent|f|c A

Febr ugey¥alldé8ampaphotddg 1HEs.

r

Sci - ence,
~ published by thazgrrer propeBddiest \suichr auatbﬂts:eﬂgitﬁcti\MWk Ghi o
44073. It has al so heretofore been proposed to nake anorphous sem conduct-or
mat eri al s suchehasbicisy- andmtiep@bitliidy Qﬁgﬁhesmnmamwahgtovapor depos

25 t|

10

on,
5

15

20

25

Bill C. Gessen and- Davu d Turnbul |,
p. 436.,Vol. 208, My, 1980; 20

or gl owdischarge, etc.  Further,

Sud‘ﬁ?taﬁid gpsh&sss@séu by Praveen

Vol .- 242, No. 4,

meglass, mAreriall Ha% behs ddurmd Cﬁmssaaﬁé' dynumtber Jof G | man,

Metallic d.asses

it has

handle reverses in magnetlc f1eld with much lower

losses than obtaxned thh crystallzne materlals.

Further 1nformatlon on mak
ngasses-can be found_in the fol

book:

ing amorphous metal

lowing articles and

*

"On the unlformlty of amorphous metal rlbbon

formed by a cyllndrxcal Jet 1mping1ng -on a flat

 moving substrate” by T. R. Anthony and H. E. Cline,

' Jourhal of Applied Physics; Febrnary, 1978,upage-

829;

"Metallic Glasses" by Praveen Chaudhair, Bill

C; Giessen and'David'Turnbull, p;998 Vol.'242;

No. 4, Sc;entxflc Amerlcan, Aprll 1980,

"Metallic Glasses” by John J. Gllman. 8c1--

ence, p. 436, Vol 208, May, 1980;

Metall1c Glasses pub11shed by the’ Amerxcan o

'Soc1ety for Metals, 1976, Meadowpark, 0h1o 44073.

It has also heretofore been proposed to- make

amorphous semxconductor mater1als such as by vac-

uum depos1t1on, e.g., sputterlng, vapor deposx-

tion._or glow-discharge, etc.

Further, it has

o8

— omnies —— 1 e e— - TS I



s . .
-3- been proposed to make a nodified anmorphous sem - conductor materi al '
which has a nodifier material therein for providing a so-called nodified
¢anor - ‘phous seni conductor material in which the elec- 5 trical-
conductivity and other desired paraneters can be control | ed. Exanples of
such nmethods for making a nodified,or unnodified anorphous. seni - conduct or
Wrterial are disclosed in:. U S Patent 4,177,473 issued to S. R Ovshinsky-
for: AMOR 10  PHOUS SENICCNDUCTCR MEMBER AND METHOD OF MAKI NG THE SAME;
U.S, Patent 4,177,474 issued to S.- R Ovshjnsky. for: H GH TEMPERATURE
AMORPHOUS SEM - mmw mzwssw h‘?ﬁsm-and U.S.

B&?ET Eg%/%qgl 5. ssued to S. R Q/shl na ¥ @daﬁd "NG“ aE ,lgii/]? 'Cli'hel _ |
e e S f@w@dnpé 5§, AP RRLALG L 0 ol o
120 . 8 host MRldghdTaldiii ndi %é&@@i@tfn i Lre geboast one
fluid materi al |néﬁbd|ng a !Teas one no I er materil In-a streamtoward

sai d substrate|g}f%é§rggﬁdﬂgkfyg%ytgﬁa 6@“é&sﬁgg&@@@fp§@¢ﬁg@é,geast one

nodifier naterlal converges wth said host matrix 25 material; -

l ndependent ly. CQ:fo{ Be ideht sl TePW EXhmpTesof such methods for
making a modzfxed or unmodified amorphous semi- |
conductor material are disclosed in: U.S. Patent
4,177,473 issued to 5. R. Ovshinsky for: AMOR-

10 a éHOUS SEMICONDUCTOR MEMBER AND METHOD OF MAKING
| THE SAME; U.S. Patent 4,177,474 issued to S. R.
Ovshinsky for: HIGH TEﬁPERATURE AMORPHOUS SEMI-
CONDUCTOR MEMBER AND METHOD OF MAKING THE SAME;
_ : and~ﬁfsk Patent~4,l78,4l$”issued to.S.jR.-Ovshinskg
15 _and K. Sapru for: MODIFIED AMORPHOUS SEMICON- |
. DUCTORS AND METHOD OF MAKING THE SAME. |
The present invention provides a method. for
- 'making an amorphous modified glass material comprising
the steps_of:f providiné_a cooling substrate; forming
20 a host matrix matefial on said:substratef directing at
least one fluid material including at least one
'.modifier.maierial.in-a strean toward_said subsfrate_in
Ca direction'such that said stream of said at least one'_
- modifier materlal converges with said host matrix
25 material. independently ‘controlling the flow and quench

rates of said stream; providing for relative movement



rYatey of said stream providing for relative novenent , 4 between said
sulisfrate and sai-d stream of nodifier material; and maintainihg said o
~Subsgtrate at a cooling tenperature which, in conjunctlon with said relative «

novenent, flow and quench rate of sald-nddrfler material 5 cools the '
conmbi ned host matrix and nodifier materials. as.they make . contact with one
another at a quenching rate of from10 to at |east [err] per second or —
nore thereby to forma ribbon of nodified anorphous. gl ass material in whchJ
the optical and electrical transport 10 .. properties and the nunber -and
type of el ect réﬁF&’eG%saﬂldi&ﬁtGﬁéiecaﬁ‘db@aé@ntsﬁéqa@H of maddifileront rol | i ng
the orbital relatlonﬁglps het ween sai . d host, matri x-nmaterial and said

modi fi er materf“& T 'p%mi%%%ﬁﬂ%éuﬁﬁtﬁﬁtﬁesa r?paﬁ‘%ﬁ]dlé"JlS

 f Ki h di f t I I
substrate; meatEuFR? %%iv%” P& SRPISPARACEY e Pl Pl v e,
f t t {
one. modi 11 er nBPYERERD So B s d@s}eﬁ%ﬁéa"i m%%iﬂép .rﬁataerefsf
di t h d '
cl:);\\e/grlggg \?\nutchc‘r?g’g{s %ngtb'r |c>§h%g'?l§ﬁ§ rreans I'n epe%r{ Iy céc?ra\][ ro% ling
- the flow and Q'a%n‘tﬂeérahﬁzceﬁcoi%a@:tsw&q{nod@%éﬁr GRUH RfhdrRiidg e
. novenent bet ween sai trate and

8oc per second or more

_rate of from 104 to at least 10
-thereby_to'form-a ribbon of modified-amorphous glass
material in whicb the'oétical and electrical transport
10 properties and the number and type of electronic con~-
figurations can be controlled, thereby controlling the
orbital relationships between said host matrix material
' and said modifier material. |
The'present invention.furtber.prbvidesrapparatus
15 for making an anorphous modified glass_material |
comprising a'cooling.substrate; means for forming a
host matrik material on said:substrate; means for e
directing.at least one fluid material including at
- least one.modlfier-materialnln a stream tonard said
20 substrate in a direction'such that said stream of said
at least one modifier materzal converges with host |
matrix material, means for 1ndependently controlling
the flow and quench rates-of said stream; means for

causing'relative movement,between said substrate and

25  said stream of modifier material; and means for



.25  said streamof npdifier material; and means for - 5 - maintaining
- sald substrate at a coollng tenperature whi ch, in conjunction with said
o el ati-ve novenent, *fl ow and quench rates of sald modi fier material, is
- capabl e of - coollng t he conbined host matrix and 5 nodi fi er naterials as
~they make contact with one another -at a quenching rate of from10 to a-
' st . [err] per.second or nore'so that a ribbon of ‘nodified anorphous glass_
material is formed in which the optical and electrical transport propertles
~and the 10 nunber and type of el ectronic configurations can be
controlled. As will be explained in greater detail herein- after, :
preferably the m@aiataimdngysais subatnate @te e moqldnshhemperatume  r om
‘the teachings of the 15 prior art by providing a nodifying el enent(s) -
whi ch can be i nt Wd&hed ImeonacHaHBD fald Telatdya mavensttenter the

~matrix with its qyn i ndependen separ a ntrol l.abl e uench rate.

~ Thus the nodifyi rf'g'n é‘?éﬁ "&’a a% Hfzeé%/?%q? #é%mt%%l' as not

‘only to enter the R % %%%ﬂ%g"ftﬁe“ combin6ed host matrix and |

5 ‘modifier materials as they make contact with one
another at.a quenching rate of from 104 to a least

8oc per second of'more so that a ribbon of modified

10
amorphous glass material is formed in which the
eptical.and eleét:idal transport properties and the
10  number and.tyPe of electronic eonfiénrations can be
controlled. | | _
. Aleill be explained in greater detail'herein-
N 'after,'preferably the method and apbaratus of the
| present invention differ f;om the teachings of the
iS'"' prior;ert by providingfe'modifying*element(s)ﬂwhich'
can be introduced into the amorphous natrix so tnat
it can enter the matrix with its own independent,
sepaﬁatelylCOntrollable;-quench rate. Thus the

modifying element(s) can be frozen into the matrlx

20 so as not only to enter the primary bonding of the




mal to becone part of the alloy, but nost inportantly to be frozen

I Nt he alloy in a non- equilibriummnner. This essentlaIPy duplicates
“the fifl m maki ng processes described in the above 5. patents, soe that the
mat eri al paraneters of the solid bulk material alloy may be relatively

i ndepen- dently controllable: i.e., in aFl &y=materials with a substanti al
band gap, an electrical activation relatively independent of the gap. Thi s\
expands 10 = the uni que advantages of the nodification pro- cesses to. =
"material thicknesses . substantially-greater than so called filns. Such

nodi fyi ng elernepna&.mj_1 n be_added by providing r atlve nDtlon bet ween t he.

matri X and 15 dle’yPﬁ&"é‘leePéﬁtt(%f thecpl Byt Maftithg one or nore
econd noszie, AREREeRslY Spnﬁe‘)ﬁa%%&?i%"ef tﬁ%&%@%‘a«&%ﬁ%%fefﬁg‘ A
el my b R B o S T
T comiaeror nall ESAR WAIho RIS dchoelod ey A LE 0]
_fl rst 25" 5 nozphtedtsq sePibiat he he&hﬂme&sa@am@ﬂe&% @¥-the - 7-
solid bulk materzal alloy may'berelatively indepen-
dently controllable: i. e., in alloy materials thh
a substant1a1 band gap, an electrzcal activation
relatively independent of_the gap. This expands
10 | the unique advantages_of_tne modificatiOn'pro-_
cesses to material thickneeses substantially greaterd
than so-called films. | :
Such modxfylng element(s) can be added by
provzdzng_relatlve mot;on_between the matrix and
15 the,modifying,element(s), such as by.providing one
or more additional_streame such as a second stream d
'of material,'directed £rom’a.second nozzle, in a
metal spinningfapparatue,_the second nogzle being
at the outlet of a.reServoir of a fluid modifier
- .20 ‘material. Such second nozzle may be arranged:to di-
- rect the fluid modifier material toward the sub-
strate in‘a stream wnich converges with the stream
. of metallic or semiconductor host matrix material

being directed onto_the substrate from a first

.'25 nozzle at or before the host material makes con-



sem conduct or gl‘ass material may be made in which the optical and :
selectgical trans- port properties of -the material forned by the 5 nmet ho
can bt controlled and a controlled nunber and type of bonding points can’ be
-.prOV|ded in the nodified anmorphous material. Further, as will be expl ai ned
greater detail hereinafter, the nodified annrphous gl ass 10 materials
e according to the teachlngs of the present invention have different '
properties that are advantageous. . For exanpl e, a nodified glass materi al
havi ng a | arge nunber of bonding points can be utilized for catalytic
activity as wel tagt w$th ther ssbstragegasds, thliie waynsaomodiifdedoond to the
control |l ed nunber and type of bonding points in the material. On _the other
.~hand, a nodi fi eamaﬁahouﬁhaasa%éﬁFceﬁdaemsonépsﬁpm gﬂﬁs\ﬁhmettﬁélopt i cal
and electrlcal transport _properties can be con- g roll an be
utilized for vaBppuBesBAfE éFaF€1§BnFESnHBEﬁﬁﬁldéQﬁcS ecpg afgRRs—

h I d h i es, such
as where the CoROF bl BBPBFRELRBRGF: P8 RRERF 81, FORMEa- BN N evel can, of f et

coll ector g5 ﬁ@tﬁogrcgﬁtbg'tontrolleg and a controlled number

_ and type of bondxng 901nts can be_provzded in the

i : . ) :
tact with the substrate. In this way, a nodified anorphous netallic or gigag

modxfled amozphous materzal.
Purther, as will be explained in greater
deta;l-hereznafter, the modified amorphous glass
10 materials made:accozding to the teachings of the
present invention have different properties_that
 are advantageoas. For example, a modified glass
material haVingua large number of bonding points
can bedutilized for catalytic acti#ity as well as
15 for storing'gases; the atoms of which bond to the =~ =
‘controlled number and type of bonding poiats in
" the material. Onlthe’other hand, a modified amor-
phOus semicqhductor mate:ial'in which the optical
and electrical transport properties'cah be con-
20 trolled can be utzlxzed for varlous solid state
semxconductor devices, for example, thermoelectrxc
- devices or devices hav1ng other desired prop-'
'ertxes, such as where the control of the densxty
-of states at the Fermi level can effect collector

25 carrle: activity.



¥rlal, the elec- trical, chenmical, thermal or physical characteris- tics
eq mat erial may be independently control- 5 ~l'able. The independent .«
contrcﬂ of the material characteristics, such as the three dinensiona
bondi ng and anti-bonding rel ati onshi ps and $03i- tions are not nornally '
seen in cyrstalline ma- terials, at |least not in |arge and controllable 10 - -
humbers.. This is especially true for a d band or multiple orbital nodifiers . -
element. The d band or nultiple orbital nodifier elenents enable the

dified materials ta _ . e i Lal
‘rrgolnf : Sur g?i galsaf ?oz&r?haoq‘b@gfﬁeﬁl%%e. M%e%%e%{+€é%%%$;$+%gl e quench -

te | It | af i o SR e rix
;ﬁdeaddgdaelngrrelrﬁ&_‘v\fgar g ai I‘%)Av%etitg g{deﬁ el'fejlrfﬁ?m%o Lieg?hrc%‘rrl%oggégei ;ln_it Llex

normal matrix sy aleioiidsal, |thdAifaP L PNFSicdl chafaébériguention

they become nodification . el'ements as describedn the above patents. The
timng of the i Rtilclisr e MatdEidPddy He clriididdanChy deneppiLol | ed

| hdependently of any crystalline con- straints. The flow rate of the
modi fier elsenentladie. @he hindepdéndednteccontrobiopetivarmateoialntermnit -

- 9 - . ' - S - :

E%:::Ttrolling t he various properties and configurations of the nodified
0

characte;isgics, such as the.thkeg dimenSional
bonding-and antinohding reiationships and posi-
tions are nbt normally.seen in cyrStalline ma-
ﬁerials,.at-least not in large and controllable
10 _numbers. This is especial;y true for a d band or
.multiple.grﬁigal ﬁodifié; element. 'fhe d band or
mui;ipié prbitai modifief elements ehéble the
modified materials to haQefstablé, but non-equi-
-librium'ofbital'configqratiOQS'frozen in by the
15 indepgﬁdently controllable quench réte.'_ |
| In a meliing process the relatiénShip and -
cooling réte-of the matrix énd_added.element would
allow the added elemeht to be incofpotated in the
‘normal matrix strnétural”bonds.; In the processes
Zb of the invention theyibeCQmé:modification elements
as de;cribed in the above ﬁatenﬁs. The timing of
'ﬁhe introduction of the ﬁqdifier.élémeni(s) can'bé
'céntfoilea independently of any é:ystalline con~-
;t:aints. The flow.tate'of.;he'mpdifier element

25 can be controlled and may be varied or intermit-



tent and may |ncorporate gaseous nodifier ele- ment(s) in the stream or
envi ronment. By *Pn- dependently.controlling the environnent, quench and
JIOM/rétes and tinmi'ng a new bul k material or 5 al l oy can be formed with
- the deSsired propertles whi ch does not have a counterpart in crystalline
materials.. Also, in one . preferred enbodi rerg -of. the invention, said host
hetrix material and said 10 nodi fier material are directed toward said
sWa- strate through first and second nozzles each of which is positioned to
direct fluid material at said substrate at an ‘angle between [err] and [err]
to said substrattentindndnmayf inaotpeoatecgasgopssimodifier eilemed behind the
other of said nozzles-such that both nozzles are in substantially the sane
verti- cal planemeahdsiuéh thet stgpamspreanwiroonessi-d Byzines converge in
“said vertical 3 Mor egver, in in Qt her preferred enbodi nent sai d
host matrix matefeRendRRtlY; gonbarilipaibe. ePV&F°§FSn&vrgBP§Ghtomerd said:

bstrate th h t d ch h t dt
Gi'rect f1uid ma8PRaF Iy EREASCARG, FIRENE, eiﬁwaﬁaﬂ%%mkiﬁ (31 and 30

folgé'd subgtratg 3y caR"BeS2bInBAZGieR Bhe WaLitall prapassdeanart and
' which does not have a counterpart in Crystalline'
materxals. |
Also, in one preferred embodiment of the
invention, sa1d host matrix material and said

10 modifier material are directed toward said sub-
strate through fitst and second nozzles each of

; o which is-positioned to direct fluid:material.at
said substrate'et an'angle betWeen 90° and 309 to
said”substzate.andwone,ofgsaid.nozzles is posi- . .

15 tioned_behind the other of said nog;ies.such that
both nozzles are.in substantially the_same.verti-

-cal plane, and such that seid'streams from said - -
nozzles converge in said vertical plane. |
~ Moreover, in anqther_preferred embodimert.;

20 said host matrix material and said modifier mate-
rial are éireeted“towardfsaid substiate through |
first_end second nozzles each of'whicﬂ'ie'posi-
tioned.to'direct fluid material at said substrate
at. en angle between 90° and”30° to said substrate

25 and said nozzles are laterally spaced apart and



clined toward each other such that the streams enittjng therefrom
verge in a plane which ex- tends |laterally of the directiron of relative.
e- ment and which is at. an angle of between [err] and 5 90 to the-
orizontal. Still further, in another preferred enbodi- ment, said host
~matrix material and said modi fi er. materi &P are directed toward said
'substrate through first and second concentric nozzles which are 10
arranged so that said streams of material enmitting therefrom converge mnthj
each other at or before contact thereof with said substrate and said con-
centric nozzleinnmaneﬁ;ﬁowauaiéanhhdghgrfguuni{Eafﬁtm& stréamsl substrate
.at.an angl e between [err] 15 and [err] to a line on said substrate .
ext endi ng in tlemidting i thve ref £ ramk atoneerge eiterd . pldree pwieich rex-enbodi nent s .
of this invention' wll now be described by way of exanmple, wth reference
" to the draw ngtemdodgtenalgy RE theditectiom o pelativeinoveri g.. 1lis’
a side el evational vreM/of one, enbodi nent of the a aratusoof t he present

i nvention incl l!!\ﬁ"ﬁ'gqf! #high i A PmAIR obrke % nandhe ot her,

for direc |ng nalrl terlal and a_qurd nodi fier nateria
onto a ta gent §9w£hﬁthﬁf | | .

N\

Still further, in another p:eferred embodi- .
ment, eeid host matrix material and said modifie;
.material are directed toward said substrate through
. first and second-concentrio nozzles which are )
10 a:ranged_so that said streams of_meterial emitting
~ therefrom converge with each otner'et or before
oontaot‘the:eof with said substrate and said-con-
centtic”nozzles are positioned-to-direot'fluid
metezial_at_;aid.subetzetemat“an~angle between 902 . .
15 and 30° to a line on saiaﬁsubstrete-extending in
the direction of'zelative:movement; |
The preferred embodiments ofnthis inventioﬁ””“”'
will now be described by'wey of example,'with reference
to the draﬁinqs accompanying this speoificetion'in
20 which: |
'Fig..l is a'side elevational view of one
embodiment of the apparatus of the present inventlon

_including first and second nozzles, one be-



Fig. 2.is a front el evational view of another 5 enbodi nent of the: '
apparatus of the bresent I nven- tion where the first and second nozzl es gf. 3;1
the apparatus are laterally spaced apart. Fig. 3 is a side eIevatlonaI vitew
of. anot her enbodi ment of the apparatus of the present inven- 10 © tion -
ah;flar to Fig. 1 and showi ng both nozfles inclined to the tangent, and
S

se

ow ng the range of angul ar p05|t|onh of . the nozzles. Fig. 4is a
i onal el evati.onal VIeMIOf another-enbodlnent of concentric first and

: ond 15 4 t
iemian, 5SS 4 R AR A el
: b h I

[pLaLI N U0 gt f ésrtﬁz'eﬂ 0614 ke b P o orove

directed. Fig. Q ﬁgéheugf|éﬁ§°§§{4ﬁ%n§hbgt§gtgf an- other ‘enbodi ment  of
. the rotating substrate which 1s int formof a cylindrical drun1haV|ng an

LTS L T Sy e slisseiona) hew s apcsel oo,
_ Which is i5 theempodinert \WEcthdaappgratusvefedheuptesent inven-
| tion where the first and second nozzles of_thé
apparatus are laterally spaced'apart. |
Fig. 3 ié a.side_elevational view of another
embodiment of ﬁhe apparatus of the presena inven-
10 tion.simila; to Pig. 1 and‘showing.both adzzles'
ainclined to the aaagent. and showing ﬁhe range bf
angular positions of the nozzles.
- - o - Fig. 4 is a seCtiohal elevatibnal view of
anbtherfembodiment'oﬁrconCentric'first ana second
wi5,.u_ﬂqzz}es_qtilized in tha method and-appa:atus of
the ptesent invention. o |
Fig. 5 is a front eievational viaw'of one.
. embodiment of the rotating aubstrate which is in
the form of a wheel wlth an annular groove thereln |
20; into which streams of host and modlfler £luid |
| 'materzal are directed. .
Fzg. 6 is a vert1ca1 sectlonal view of an-
other embodiment of the rotating substrate which
is in the gorm'af a cylindrical drum having an

inwardly facing cylindrical substrate surface.




Referring .now to the drawings in greater detail, there is
rated in Fig.1 a netal spinning apparatus 10 eonstructed in :
adgcordance with the teachings of the present invent#on. The metal- spinning
apparatus 10 includes a wheel 12 10 which forms a novable, that is to -
say, rotatable, substrate having a substrate surface 14.-- The wheel 12 is
rotated by a prime nover such as byj4he prime nover 16 shown in Fig. 2. ThéNJ
metal . spinning apparatus 10 can include a 15 first generally -’

cylindri cal reserv? 18 which_is Qé ed above, t he mhefl 12 and which
has a nozzle 20 fof #9ng’aFoft grﬁr ‘fﬁﬂ%“? SEHeEv\ 3 The

el 35 Ly adaptaie Losgaay 46 thd WAELEL At BbELORRR T,
col 22 15 oiyhaegd 4P T R e RIS T g

poi nt so that % converted into a fluid host matrix materia
Al so, ? ﬁe upper end of the reservoir 18 is a piston 24 which can

. have a hv_eavy nMass RegeirPdng WP S TS dfawi sdﬁnagPéSEék”e force by
] graV|ty on the fluid host matrix material in-the reservoir 18.

"detail, there is illustrated 1n F1g. 'l a metal

spinning apparatus 10 constructed.ln accordance
with the teachlngs of the present invention. The
metal spinnzng apparatus 10 1nc1udes a wheel 12 |
10 .whzch forms a movable, that is to say, rotatable;'
substrate-having a substrate'surface 14. ~ The
wheei 12 is-rotated by-a prime mover such as by
_ the prime mover 16 shown in Fig. 2.
The metal spinning apparatus 10 can include a
15” first generally-cyllndrxcal reservoir 18 which is
Positioned above the wheel 12 and which has. a-
nozzle iO'forming a’bottom:outlet from the reser-
voir 18. 'The reservoir 18 is adapted to-receive
and hold thereih a fluid host”metallic or semi-
20 conductor matrix material.
In the 111ustrated embodzment, a coil 22 is
- situated around the reservo;r 18 for heating gran-
uiar'particles ofithe host matrix material in the
reservoir above its melting point_so that it is.

25 converted into a fluid host matrix material. Also,

cmm mem o me pie s —— e ee i mtager e et e oesa oy btesige Sire s e g i, e € @t e LG s gererELANE VED Be. . g ST, emw i oo
R PRI P T TR T T - S e N AR LN LR S N SR T S R
R R RSN O -



5 Alternatlvely, pressure can be applied on the piston 24 by a pneunatla}%"

or hydraulic piston and eylinder nechanismor by an electric screw drive \:

sechani smso that a relatively constant pressure is applied to the fluid
-host ﬁatrlx material -in 10 .- the reservoir 18 to cause the same to exit

"~ fromthe nozzle 20 in a stream 28 as shown in Fig. 1. As shown', the nozzle
é@‘ls situated so as to direct the stream 28 toward the substrate wheel 12

0 % an angl e of . approxi mately 90 tola}tangent on 15 t he wheel

substrate surface 14. This angle can be varied through a range of [err]

[ hoant Fon 1t el fE: kel pRRRR 400 sk 'S RRE 068, £ 4 BeBkSa coon
reservoir 38 ha h“thg%OFan'H éjéuﬁgé c%ééﬁaﬁéggf“¢aé éP&& I o The

.reser- voir 38 on1o I"et™- N0zz 'S arrange direct a
“stream 42 of fI éﬂ% WSk & t c hat it con-
‘verges with the st Fea% %gign ?ﬂébsl% r at e&oér@? éleﬁwfgfeé#hg ét ream 28 of
host matrix materjhalh KeE?S matrdd mdleridl therseibsds@iossrigce 14 of the

wheel 12. Like the reservoir 18, the reservoir 38.is generally cylindrical
~and has a soil A&tbhﬁh%ively, pressure can be applied on the

piston 24 by a pneumat1c or hydraul;c piston and
cylinder mechanism or by an electric screw_drzve
mechanism so that a'rélativaly constant.préssure
is applied to tha fluid host matrix material in
10 the reservoir 18 to cause the same to.exit from
| tha'nozile 20_in_a stream 28 as shown in Pig. 1. _ '
As shown, the nozzle 20 is situated so as to
'diract.the stream 28 toWard the subét:ate wheel 12
at an angle of approximately 90o to a tangent on
I5  the wbéel subsfrate'sﬁrfaceﬂl4tf*Thiéwangleﬁcan=be i
'va:ied-through a"range of.60°-ftom'30° to 90°.
“In acoordance with the ieachihgs'of the pie-
sent invention, the metal sbinning'apparatus_IO.
further includes a ééooﬁd feServoif 38 having'a
20 fluid host modlfler mater1a1 thereln. The':eéér-.‘
voir 38 has a bottom outlet nozzle 40 whzch is
arranged to d;;ect a stream 42 of f1u1d mod1f1er
‘material toward thq stream 28 such ﬁhat itaoon-
verges with'thé stream'28 on'the:substraﬁé or:

25  before the stream 28 of'hoat matrix material makes



»

around for heating granular nodifier material which has been placed in

bservoir. In other words, by passing a currenj - through the coils 22

4, the host and nodifier naterlals are heated_by el ec¢tromagnetic e
ener gy above their nelting 10 points thereby to provide fluid host -and
modi-fier material. O course, it is to be understood that.other neans .- .
besi des the coils 22 and 44 -can b rovided for heating the granular_hostf§{
matrix and nodifier materials recel ed in the- respective 15 ~reservoir

.18 and 38. Like the reservoir 18, the reservoir 38 also has a piston 54.at
t he upper encbameaebfw!\hhchhebyubsauatef sunfisicghtl 4 loft dthe hehresoh  and
gravity, or by means of a pneumatic-or hydraulic piston and 20 - cylinder
“mechani sm or . neans of an el ectro- mechanical screw drive, can place
pressure on the fluid nodifier material in the Treservoir_ 38 to cause the -

-~ sane to come out uhdke bhESSBFGIVﬁlfhésstﬁ&ﬁnﬁﬁ§Q§WQﬁﬁn§Ptkﬁconverge Wi th
the stream 28 25 - of fluid_host _matrjx material. 15 - As -shown, the-

nozzle 40 is W’E?Hﬁédcﬁlhpﬁﬂlf:ﬁé RES, hasy @ é%ﬂ)"]at44arf‘r%ﬁfb? e of
_ appr OXi gt el y#egr ré %?Bah Iﬁﬁgntﬁglﬂ‘ﬂ-‘g grr]nto :.ff1tehre mSLEbeSE[{ai e wheel surface |
' whzch has been placed in the reserv01r._ In other' |
| words, by passzng a_current thtoqgh the'coils 22
.'ahd 44, the'hcst and ﬁodifier materials are heated
by electromagnetlc energy above thelr meltlng |
10. .polnts thereby to prOVLde fluld host and modxfler
| mate;xal. Of course, it is to.be_understoo@ that
other means_besides the coils 22 and 44_ea§"be
brevided for.heating the granular host matrix and
modifier*materials.receiyed:in_thenreepective-
....... 15 resezv01rs 18 and 38. |
Like the reservoir 18 the reservoir 38 also
has.a pzston-54 at the upper. end thereof-whlch,-by
" means of a wexght placed thereon and grav1ty, pr
by means of a pneumatic- or hydraullc piston and
20 cylinder mechanism or by means of an;electro-'
| mechanical serew &rive; caq_plaee'preSSure-on the
fluid_moaifierlmaterial in the reServoif_38 to
cause - the same.to come out_qnder'presSure in the
stream.42 ar:angetho convergelwith_the st:eaﬁ 28

25 of fluid host matrix material.



5" can be varied between [err] and [err] and the nozzle 40 can be placed}6
in front. of or behind the nozzle 20.” The wheel 12 can be made of a high
sconduc-,tive-material such as copper or alum numand typi- 10 cally ha
- a di amed er of between 12.70 and 25.40 centi- neters. Alternately, the -
nmovabl e substrate, such as the wheel 12, -cas be made from or have a coat- '
"Npg of other materials which can be |nteract|ve or non-interactive. The.
qunch rate can be con- 15  trolled by thermal conductivity or by o
refri-gera- tion. - A coating or thin filmof material on the substrate

surface can be of a s n e £,

I ncorporated in the remseﬁcjl !#Oﬁsgk m?ﬁ ﬁ‘%%o & f%tﬁgsl sucﬁg ?%ﬁ%lg ant 20 .
or ot her. nDdlfler 3 tdsCi iﬁa efE0i n-
vention utilizing t hPéhe rret a ?p%ﬁr%tcaﬁar aq us 1%09%#‘:* e?égi IS rotated
at a speed of betpe Hor¥ordl JdAHYerPBE PEd eéméayrsﬂeévm@e? 000 and 25

3,000 rpm so as to establish a linear velocity of - between 1,000
and 4,000 centinsharfageerl Sec@ghial, tdie twoxswstmé enszliiéiceowhere t he

streans 28 and 42 nake contact with the substrate surface 14 of the wheel
12. 5 can be varied between 30° and 90° and the nozzle
40 can be placed in front of or behind the nozzle
20. | |
The wheel 12 can be made of a highly conduc-
- tive material such as coﬁper or aluminum and typi-
io - cally hasla diameter of between 12.70 and'25.4o.centi—'
meters. Alternateiy, the hoveble substrate, such |
as the wheel 12,'dan be made from or'have_e_coat-.
.iné of ether_materials_WhiCh can be ihteractive'or
neneinteractive. The quench rate can be con-

5_ 15 - trolled by.thermel conductivity. or by':efsige:a-~
tion. A coating or thin film of material on the
substrate:su;faee.Can be-d: a specified nature end”'t
if desired can be partially incorpdrated in the
resultlng modzf1ed alloy ribbon, such as a dopant

20 '-or other modifier element.
In p:actxcxng one method of'the_present in-
vention utiiizing the metal spinning apparatus 10,.
~the wheel 12 is rotated at a speed of between |
l,oooland S}QOO rpm, ﬁreferably-between 2,000 and

25 3,000 rpm, so as to establish a linear velocity of



N Al so, sufficient pressure.is provided by the pressure-applying
ons 24 and 54 so that the streans 28 and 42 of fluid host matrix
eplal and fluid nodifier material exit the nozzles 20 and 40 at a
+6cfty of between 200 and 300 centi- 10.. nmeters per second. Also,
typically, the outlet orifice of each of the~nozzl es .20 and 40 has a - _
“di ameter of between .005 and .15 centineters or npre. Each of the flow 1:;?_ 
rates is |ndependently control | abl e. 15 . To mnimze, if not -
al toget her obviate, con- tamination of the host and nodifier materials or.

‘the material fOEQQQeéHeiebbﬁnhnhhﬁrBBBaEEBHimb§e§§r 89”@%@0@& %Q | nert. gas,
hel'I'um e 20

when desired e.g argon neon rypton or enon an

method is practgge aa&smpgﬁsgufsseraagfaaef WAL ¥AeUd¥rle@msB Jdasi (4. 078
Ki'l ograns/cnR) a ute Al so, where desired; .the environnment and/or the

streanms can con&ﬂanwnﬂané goheaett wehgaﬁeswbstha&eesum&o 14rated in
the alloy ribbon, such as oxygen, nitrogen, 25 silicon tetrafluoride or

ar si ne. As sbﬁteueabhéel LRe streans 28 and 42 are aligned so that they
converge after or before they make contact with the substrate surface 14.
Then, wherSthe streabdsog snffieienkepressace st provéded bysmmtrate
surface 14, the tenperature.differential
ptessure-applyxng pistons 24 and 54 so that the
‘streams 28 and 42 of fluid host matrix material
#nd fluid moaifiér material exit the nozzles 20
" and 40 at_a_veldcity of-between 200 and 300 centi-
10 meters per second. Also, typically, the outlet
. orifice of éach of the nozzles 20 and 40 has a
diameter 6f:bétweeh'.005 and .15 centimeters or’
| more. Bach of the flow rates is independently
controllabie.-'.
15 . To minimize; if_not.altogether'obviate, con-
| . tamination of the.hosi-and.modifier'materials_o;-
the material formed thérefrom,-the'apparaéus is
surrounded by an iner: gas, wheh desired'é.g.,
argon, neon, helium} ktyptoﬁ or xenon and the
20 ,meﬁhod is précticed under preésureS'rahging from a
vacuum to 58 pSi (4.078 Kilograms/ecm?) absolute. |
- Also, where deéiréd, the environment and/or the sﬁrééms o
can cdntéin one or more active gases théh are'incorpb-
rated.in the alloy ribbon, such as oxygen; nitrogen,

25 silicon tetraflubride or arsine.



bet ween the tenperature of the wheel 12 and the tenperatures of each of thg
streams. 28 and 42, in conjunction with the linear velocity of the sub-
stratg surface 14 at’ the tangent, is such that the 10  conbined streami s
quenched at a quenching rate of 4 from10 to at |east [err] per second or
re. To achieve this quenching rate, the tenperature of the wheel 12 is
ggﬁﬁtained between [err] and anbi- enf}roomtenperature. Anbient room
tlenpérature... 15 wll often provide a sufficient quenchinghratebbecause
of the tenperature differential.between the tenperature _of -the substrate
surface lzpand t he t&ﬁ)eﬁ%ﬁﬁﬁ‘gsﬂ?ﬁ"ﬁhetg?r%%%a?ﬁﬁ 48dand 43dagecause of

the. high |inear el ocify at_.the t.angent 20 I nt of contact on the
substrate wheel q‘rfc&e ?4.“’% ?b?hgs%‘?n\f%g? oggFeF h%rtgﬁgeFS_t theyof ht he
wheel 12, the hi ' il te As. a result_of enching, the '
streans 28 and hg o§1{ #Pﬁ:l‘g! rfi %ﬂ%ﬁﬁaxg%ﬁ'F%a ss‘éﬁéa??ugg‘rmg*’-efﬁ ] fier
material at a hi qﬁﬁg ¥ f o) : .Lea err] per -
second or nore, %rlﬁb ontyo rfioﬁ %%dﬁ?@%%ﬁéﬁé@%%%ﬁ%ﬁgl ééﬁl_i S |
produced which gyBatrAte it #tee!14,2 Bite SEMPet Btufd daitredbficihyt h Of
this ribbon can, of course, be varied - o
' ~ between the temperature of the wheel 12 and the
- temperatures bf.each of the streams 28 and 42, in
conjunction'ﬁith_the linear velocity of. the sub-
strate surface 14 at'the:tangent; is such that the
io combined_st:eam is guenched at'é,quenching rate of

from 10%

‘to at least 10$°C_per second or more. To
achieve this quenéhing'gate;'the-temperature-of.
- "  the wheel 12 is maintained between 4.2°K and ambi-
- ent;:oém~tempe;ature. Ambient r§om temperature{w
15, . will often. provide a ,_sisz icient quenching rate
because of'fhé temperature differential.between
the temperature of the sﬁbstrate surfacé 14 and
'thé'temperatu:es of the_streaﬁs 28 and 42 and
because of‘the.high linéar velocity at the tangent
20 .point of contact on the spbstraﬁe wheel surface -
" 14. Of course, the lower the temperaturé of the
wheel 12, the higher.ﬁhe.quenching_rate. |
'As a result of quenching, the streams 28 and
42 of fluid.hos;.ﬁatrix materials_and-fluid modi-

25 fier material at a high quenching rate of from 104
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* dependi ng upon the size of the-outlet orifices of the nozzles 20 and
43}1 rom present studies, it appears that.each of the ‘nozzl.e orifices can
a substantial Iength colinear with the axis of rotation of -the wheel
120  and with a width between .005 and . 15 centineters or nore t her eby
to formfluid sheet-like streans mh[ h can converge after. or before naklng
contact with the substrate surface 14. |In this way, a w der ribbon of e
nodi fi ed anor phous material .can be 15 made with.the nmethod and apparathg
10 of. the pre- sent_inventign. In the emhodinent illustrated in Fig: 1,.
however, -t he tRzat cteastahl 30 BeRcFELPRdaOr MereyaFibban R tical piane
which is colinear with 20 . the rotational dlrectlon of vepent of the
wheel 14. Thémﬂ%¥ﬁh@daiﬁ°aﬁbﬁP§tE%af§ @éﬁeﬁéaﬁs YP%hn anorphous
nodi fied netal or an anor us,..nodi f ﬁd %Fn1 uctqr

Be2 1

prafct i Ci ng t Eh}eh h%%mﬁ? gpfgsg I “Uh R I?%ﬁhglt he appar at us |
10 fluid h | .
0 Tor ekl nner SIBERNSHS cBREL EiBbare Ak, °Zﬁ“e| Ain o bt SR oa by
metal, sgm - éepen& gusgsn he"8i%e 8¢ Bhe %&ﬁ%e %Sﬁypeés%f The.

the nozzles 20 and 40.

From present-studxes, it_appeats'that each of
the nozzle'orlfices-can.have a substantial length
collnear with the axis of rotation of the wheel 12

10 and with a width between .005 and .15 centimeters
or more thereby to'forﬁ fluld'sheet-like st:eams_
.whioh can converge after or beforelmaking contact
w1th the substrate surface 14. 'In this way, a
wzder ribbon of modified amorphous mater1al can be

'15 made with the method-and-apparatus 10 of the pre-
sent 1nventlon. o |

In the embodlment illustrated in Fzg. i,
howevef; the nOZzles 20 and 40 generally are lo-
cated in a vertzcal plane which is colinear w1th

20 the rotational dlrection of movement of the wheel
'-The‘method and apparatus.lo can'be'used for
.making an amorphous modified metal or an amOrphous
modified semiconductor. | |

25 In practléing the method'of the present in-



R - . N . ) .
nodifier is typically a significant percentage such as, for. exanple, .59 2
to 30% (atom.c percent) in the resulting ribbon 60 of nndrfred annrphous

wraterial. As in the above patents, even smaller 10 anounts of nodifier
el emants coul d be utilized to alter the électrical conductivity through
onpen- sation or doping. See also, U S. Patent No. 4,217, 374, Anor phous
conductors Equivalent to Crystallrﬁa Senrconductors Stanford R

Cwshrnsky and Masat sugu 15 lzu and U.S. Patent No. 4,226, 898, Anorphous ..

Sem - conductors Equi val ent to Crystallrne Sem con- ductors, Stanford R '
~.Ovshinsky and Arun Vadan. unt s_of ter can pe utilized with
.silicon created |Ht&qﬁﬂq$ dﬁﬁqﬂu i??%95%€5 |%@ ggr mantB9.82%f fluorine

22%%;??82?“?@%% B e e £ PR CBESF BORRRY et o e
.By quenchi ng thﬁ err eqdmgﬁ?ﬂ}ég%eyr ¥® can %tgnmgggglbkc alloy, at a

quenching rate o per secon nore, a nodified

frenous TeLeLbitad Sancy Mg salislas bytuchece; sgte || hos bern
modi - 5 5f|edco\°iki|u|ct|&ﬁ'V%ranﬁem fdcedy Dwndes Péséi:§é§t 38. The
modlfler is typ1ca11y a slgnlflcant percentage,
such as, for example, .5% to 30% (atomxc percent)
in the resulting ribbbn'GO_of ﬁodi:ied amorbhous
material."As in the'aboee'patents, even smaller
10 amounts of'modifiei'elements could be utilizedete
| alter the electrical condﬁctivify through cdmpené :
sation or doping. esee also, U.S. Peeent No. 4,217,374,
Amorphous Semiconductors EquiValent to.Cryetalline
SemiconduCtors, Stanford R. Ovshihsky and Masatsugu
15 Izu and U.S. Patent'No.'4 226, 898"Amdr§hous'5emie_
conductors Equxvalent to Crystalllne Semicon-
ductors, Stanford R. Ovsthsky and Arun Madan.
Small amounts of materlals can be utlllzed with
silicon created 1n a bulk form. whzle in a teactlve
20 | 'plasma of fluorlne and/or hydrogen. The modifier
B element can be an arsenlc compound in which only
parts. per million (me) would be requxred to dope
'_the bulk mater;al. _
By.quencb;ng the modified molten meeel or
25 ﬁciteh metallic'ailoy, at a QUenching.fate of 104e



h many unfilled or unconnected val ence positions, which- provi de bond-

(%Efiation points for nol ecul es and bondi ng points, i.e., high val ence atons
g

"peints for free atons of a gas so that the 10 material has utility
in stloring .gases and which can provide a materi al . _ '
cata- |lytic chenical properties of a noblggnetal w thout including any -
Al'so in practicing the nethod. o.f the present.. 15
the fluid host matrix material can be a sem conductor. materi al
such as, for exanpl e, sili- con; silicon oxide; carbon; silicon and
EQCbpe: secondaod noteogenmoduEuednamndpnbhsogen

nobl e netal .

i nventi on,

ni.t rogen; bor ontantio

that can sinulate the

rd

-~

tellurium and oxygen; tellurium seleniumand 20 - ger mani uny or,
tellurium sel enetalljer ghasanribbonr §6niis wafitalined whdichi,cdely a
semi conductor or metal material. In the production of one nodified senmicon-"

duct or gl ass nﬁ§§¢$alitthéshb§9nnﬁfppﬁnnaﬂethslam919bpm§oﬂsoﬂmde where t he

"silicon to oxygen ratio is 25 represented by [err] .where x can be
“control | ed froosed tg thggryfsa

“lithium
-Furt her,

10

15

20

25

1.e., hxgh valence atoms w1th many unfxlled or
unconnected valence posxtrons, wh1ch provxde bond-

1ng poznts for free atoms of a gas so that the

l mater1al has utzlxty 1n storing gases and which

can provzde a materzal that can sxmulate the cata-

1yt1c chem1cal propertxes of a noble metal w1thout

_1nc1ud1ng any noble metal.

Also in pract1c1ng the method of the present

_1nventlon, the fluid host matrix materlal can be a

.semiconductor material such as, for'example, sili-

con; silicon oxide; carbon; silicon and nitrogen;.

boron and carbon; boron and nitrogen; silicon and

nitrogen; tellurium and oxygen; tellurium, selenium and
germaninm; or, tellurium,_seleninm, germanium and arsenic

Which is modified by a semicondnctor or metal material.

In the production of one modifiedjsemicon-

ductor glass material, the'host;matrix material is
silicon oxide where the silicon to oxygen ratio is

represented by Sio* where x can be controlled from

' I fdPPlEFat§'aﬁ"§IW ichydsamogiieh as

30
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sitiont metal, e.g. tungsten, or a rare earth netal and other elenents mhic?§é§
can provide the priop-. erties described in the above referenced patents 10 '
and application, such as nultivalance and nulti- orbital elenents. One of

t he agdvantages of the present inven- tion is the fact that a glass material

can be made as opposed to a so-called thin filmmterial. 1n .15 this
résﬁect nodi fi ed .anmor phous sentconducélr thin filmmterials and met hods
forﬂﬂaklng t hem havi ng the conpositions-ireferred to above, are disclosed

in: US. Patent 4,177,473 issued.to S. R Ovshinsky for: AMORPHOUS

SEM CONDUCTOR - MEMBER 20 AND- METHOD OF MAKI NG THE SAME; U.S. Patent
4,177,474 -i ssued9t §0s2 Rndo$§ﬁ|mﬂé}ﬂ&ﬁt igyayy

Son T TR TR e LEGHE ARUS Eg
2 o S PSEM?E?@AQEQNEEH%OL%FLE?J“EUSQWFN T T
L%EtfgL!%g?axgpgsegeggggt#onngrﬁgl (ﬁ%§§§§ speC|f|c a@vggtgzeSOf the
_method and gppa- ptakuatlfin@fenttti%xpr%tmdﬂ/ﬁu Qe £z {4 i Hé'
semzconducto: or a- metal for example, a tran-
s;tlon metal, .g. tungsten, or a ra;e earth metal
.ane'other elements whieh can_provide the prop-
erties'dese:ited in‘the'above:refereneed patents
10 ana'applicatibn, such as multivalance and multie'
_orbitai.eiements. |
| One of the advantages of the present inven-
t1on is the fact that a glass mater1a1 can be made
- as opposed to a so—called_thlniftlm mater;al. In
”515]”‘:£hie”fés§éct. mbdifieaiamerphOUS‘eemicondﬁetorV_ e
thin filﬁ_materiale'and methode fo:.making them
having tne'conpoeitione referred to above; are
disclosed in: U.S. Patent 4,177, 473 1ssued to s.
| R."Ovshihskﬁ_fo:. AMORPHOUS sentconnucron MEMBER
20 AND METHOD OF MAKING THE SAME; U.S. Patent 4,177,474
issued to S. R. Ovshinsky for: HIGH TEMPERATURE
~ AMORPHOUS samiéounﬂcron'nEMBER'AND METHOD OF MAKING
THE SAME, and U S. Patent 4, 178 415 issued to S.
'R. Ovshlnsky and K. Sapru for: MODIFIED AMORPHOUS

25  SEMICONDUCTORS AND METHOD OF MAKING THE SAME; the



] ) : : v
RZi ng metal spinning techniques, one can, accord- ing to the teachings of

P present invention, 10 make a nodi fied annrph9u§ metal- or nmetallic
ass material or a nodified anmorphous sem conductgr gl ass ‘material and e

Thexeby make | arger quantities of the material than presently avail able,
utiliz- ing so-called thin filn}ngkgfgrtechniques. In 15 t hi s way, .
relatively | arge anounts of nodifiedanorphous gl ass material s can be »%J'

formed in which the optical and electrical transport properties and
cheni cal properties of the material can be controlled and in which a -
control | ed nudbeclesdr@s of whiehofare deicorpor atmed ilpredn dys can be con-
trolled. The -specific reactivity or non-reactiv- ity can be designed, such
as where chenrefiereneet- ness is required. Referring nowto Fig. 2, there
is illustrated 25  ° therein another embodi nent of a nmetal spinning '

~ appar at us nmade acc8uehnghin £idm medienial oftymicaklasdmve Reeni on and
generally identified by the reference nuneral 110. The netal spinning-
appa- ratus madenusingsvackiBedepesifdiom tachniquRfisch as 5 :
cylindrical substrate surface 114 thereon and which_js driven by the. prine

‘nover 16 | ePRFECEABGd; ¥BRPr SeROSHLAQN Of SAQW-dLIIFRAXIRLSt ma- trix

”ater'af 'S pOSItIRnggéc§ i%h% vhﬂ@éégn%f“ék% method and appa-

ratus'lo_of_the_prééent inventioﬁ-is that by qti;
| lizing:metél_spinning”teéhniques,_oné cén,_accdrd-
ihg to_the teachings of the preéént invéntion,
10 - make'a modifiéd amo;phoﬁs ﬁgtal.o: metallié glasé
.- material bf.; modified.amérphous semiéonduéta;
'glass mate:ial.and thé:ebflmaké lafgér quéﬁtities
of the matgriallﬁﬁén présently available, utiliz-
:'ing so-calléd;thiﬁ”film-making“techniQues; *inj'
15 thié way, relatiyelylla:ge amounts of quified]l
T-amorphou_s glass materiéls can be forﬁed ih which
the optical and:électrical transport properties |
- and chemigalspropérties_of.the materiél can be-
controlled and in which a controlled number and
20 ' type of electronié cqnfigﬁratiohs can.bé_con-
trolled;:'Thg SPebific feacgivity or noh-reéctiv; .
ity can.be'deéigned; suchlés'where chemiéai inert-
ness is_reqdired. | |
| Referring now to Fig._2,.there is il;ustféted

25 = therein another embodiment of a metal spinning



;of a tangent to the surface 114, with an outlet 10 nozzle |20 therefrg
directing a stream128 of host matrix material, at a lateral angle to, apd-
,inclzglng a trangent” to the substrate surface 114. In this enbodi nent,
i nst éad of being positioned in a vertical plane which is colinear with the
di- 15 rection of rotation of the wheel 112, the.nozzle 120 is in-a . .
bkéne which is at an angl e of roughlgﬁierr] to a plane of rotation of the
‘wheel 112. Also in this enbodinent, there is provided a reservoir
138,similar .to the reservoir 38 shomn 20 . in Fig: 1, for holding a f|UId

nvdiffer-nﬁtErg? partusd MWede UécdABingstd EREZLEadAnyhi 6 ithePOsi - tioned
on the other sidé of the tangent and iS arranged to difect a stream 142 of -

fluid nodifier preisurtl idvert thi caid Ojeseef1 1 Pai dehtWELbACBYVehEe 25
with the stream 128 of fluid host matrix materi al . after or before the.
stream of host refedend@trainetaekEs. copheckevalhspianingsappae surface
114. The nozzle 140 is al-so positioned so that the stream 142 emitting

t heref rom | i.es riatus @Xheindlwdes sa wheehphl 2xwhiichl hagear Bmpoth pl ane of
rotation of the substrate surface 114. Thus; as shown, the nozzles 120 and
.140-are Iﬁerammh@hswqosmfaceenﬁ theceont aod pl ane one

behind the other. as in the netal
which is driven by the prime mover 16. 1In this

| embodiment,'a reservoir 118 for a fluid host ma-
: 'trix'matériai is positioned, as shown, on oné,side
.of a tangent to the_éurface 114, with an outlet
10 _ no221e'i20 therefrom directing”a'stréaﬁ 128 of
host matrix matgtial, ét.a lateral angle to, and
including a tangénf to'the substrate surfaéé'114.
In this embodiment, instead of being positioned in
a vertica1 plane'whiCh.is.coiinear with the di-
15  rection of:rdtatibn-of the wheel 112, the nozzle
120 is in a plane whlch is at an angle of rcughly
60° to a plane of rotat;on of the wheel 112.
~ BAlso in this embodlment, there is provided a
reservoir 138, ‘similar t9 the reservoir 38 shownj
20 in'sig,:l; for holding'g fluid modifier material.
- - The ;éservoir 138 has a nozzle 140 which .is posi-
tioned on the'dthér.sideﬁbf'the tangent and is
arranged to direcf a stream 142 of £luid modifier
material in a dzrectxon such that it will converge

25 w1th the stream 128 of fluid host matrxx mater1a1



‘ip nni ng apparatus 10 shown in Fig. 1. Rather, the nozzles 120 and
140 a? ositioned at a lat- eral angle of [err] to.{err] to-a tangent ‘and
an e of [err] to [err] with respect to the linea direction-of novenment .
at the tangent and with .respect to a. 15 = horizontal plane containing-
such tangent. Thus, Iooklng at . the nozzles 120 and 140 froma side of the_---
“wheel 112, they mAII be in_line andigg§%t|oned at ‘an angl e between [err]
~and [err]. to a tangent of t he wheel en | ooking at- the wheels froma 20‘;
direction normal to the axis of rotation, they-are inclined froma plane

containing a t%ﬁl"g%hto’énﬁe§°FFbEBﬁ BfTRms OE koSt Matrix MAReridk f the sub-
anot hor - embod kRS Forkah il EhoERRn AHp S ARe AN Facd e (R ont
vent1 on SenSgallye S5 1 ﬁ%@k@%ﬁﬁ%&“e“%@a&:@q ey 111
of Ler] L0, 2 44 akeRida! SuBRREELAIYed an UG A 5200 ot 0
ggg ?Fﬁ.h %glw&nﬁ%g?g grarg]rs\gtglzﬁg t%e%4 rfgl;ﬁc;r#a ei%(glg)(rzl,tséac wir{)r(\ gaagrl al- 3
rotating substgﬁg§iﬁg{éagﬁrggéeaglq sllghtly acute '
 Thus, as shown, the nozzles 120 and 140 are
.laterally spaced apart and do not lie in a ver-
tical plane one behznd the other as 1n the metal
10 spinning apparatus 10 shown in F;g. 1. Rather,
the nozzles 120 and. 140 are posztzoned at a lat-
eral angle of 303 to 80° to a_tangent and an angle
of 90° to 30° with respect to the_linear direction
of movement,at-the-tangentiandfwithmrespect.to a.
r;, _..__:15 _'horizontal plane ¢ontaining such tangent. Thus,
lookxng at the nozzles 120 and 140 from a side of
| the wheel 112, they w111 be in 11ne and p051txoned
at an angle between 90 _and 30° to a tangent of
the wheel. . When looking at the wheels from a
20-, .d1rectxon normal to the axls of rotation, they arel
1nc11ned.from a_plane_contalnzng a-tangent and_a-
ribbon of glass.material 160 coming off the sub-
| strate surface 114., |

In Fig. 3, there 1s 111ustrated a portlon of

25  another embodiment of the metal sp1nn1ng apparatus -
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angle 'to the tangent and to the linear dlrectlon of novenent of the ' 4
substrate surface-244 at the tangent. Also, it will be apparent from Fig. '3
tshat .15 the position of the nozzles of host matrix mate- rial and -
modi f i er material can.be alternated, with either one behind the other .and
m&ﬁh each nozzl e bei ng positioned mnthln a.600 arc from[err] to the '
gent to 30 to the tangent. 20 ~ - S Referring now to Fig. 4, thereis
i | 'wstrated therein another nozzle arrangenent 250 conprising a first inner
" nozzle 252 and a concentric outer .annul ar nozzle 254. As shown, a |ower
outlet orifice 256 of the nozzle 252 is positioned to. 25" open within the
outer nozzle 250fHithe present einventioni genéBalﬂ.yen.éen&mfreﬁhbynozzI e 254
has a frus- to-conical section 260 for causing fluid material therein to .
converge and ni Xhg trefexence numeral 218k esent thisf ephodidmeadt & orifice
256 which 5. - opens |2%§ the frusto:=coni¢ section 260. AlLsq in this .
enbodi ment an afiRAzZ4e QHgﬁﬂmf%rﬁﬁf?ﬁﬁ°252°fshEFSVWé§8r&FItH@ 8t t om of
‘the frusto-conical on_ 2 apnd abpve the outl et orlflce 8 thereby to
cause some turbﬁQﬂﬂﬂéiﬁl QI;QD g%t?egaﬂﬁﬁpﬁg tRePPB&itdO H&%brlals in
this enbOdgnﬂ“’btﬂ¥iélL“noz e ﬁ?ﬁ extendrng from a reservoir of

modifier materral which is posrtroned at an angle
of 60° such that convergrng streams 228 and 242 of
f£luid- host:matrrx materral and flurd modrfrer
_materral emanatxng therefrom make contact thh a
10 _ rotatlng substrate surface 244 at a slrghtly acute
vangle to the tangent and to the linear directron_
of movement of the substrate surface 244 at the
.'tangent.
Also, it wrll be apparent from Fig. 3 that
,15t- the posrtlon of the nozzles of host matrix mate-
.r1al and modifier material can be alternated, with
either one behind the other and with each nozzle
belng'oositioned withinga_soo aro from'90° to the
tangent to 30°.to.the tangent. | |
20 ﬁeferring now'to Figi 4'-tnere is.illustrated
therein another nozzle arrangement 250 comprzsrng '
- a frrst 1nner nozzle 252 and a concentrrc outer
annular nozzle 254. As shown, a lower outlet
norrfrce 256 of the nozzle 252 is posrtroned to

25 _open wzthrn the outer nozzle 254 above an outlet



in the inner nozzle 252 and the fluid host matrix material is in
/er annul ar nozzl e 254. However, the. dianeters of the nozzles 25-2
”and 254 can.be varied so that the modi fi er .;?nate- rial is carried
|n the annul ar nozzl e 254 and t he host material is carried in the inner
nozzle 252. Also, if desired, a third concentric nozzle 264 can be provided-
between the first. nozzle 252 20 and the second nozzle 254. This third -\l
- nozzle 264 (and.even other additiohak&ozzl es) can be used for adding oth
‘materials such as, for exanple, another nodifier, alloy or dopant to the

host matrix rr&.tzeiﬁa&e 268 therefrdfi.i NThEenBrRMe0YS 2 MMl iTENHyst he nozzl es
252 and 254 are arranged so that the streanms of material emtting therefrom

converge wth waadomidel séctiohef6Oefoentanisingt F1uHE mdtriaile and are

positioned to-direct fluid materials at the 5 -~ substrate at an angle
- between 900 anthéfdin ota toneeoget Andsmixt with ebecrflivigl inmtdve direction
of relative novenent. Fromthis enbodinent, it will- be appreciated that an

addi ti onal nozdaﬂcnxitmn@efromntbe ad&éetlbrlfnne1ﬂi§znhmghuus 10, 110 or
210, if desired.” The rotating substrate surface can take vari- ous forns
and. in F|5g 5,0Rens cinko| thesfrusta-gonical section 260.

Also in this embodlment an annular shoulder
format;on 262 is prov1ded at the bottom of the
frusto-conical sectlon 260_and above the outlet
orifice 258 bhereby to”canse some turbulence and
10 bette:'mlxing of the fluid matezials.
ln this.embodinent} the fluid modifier mate-
‘rial is in ﬁhe innez nozzle 252 and the fluid host
matrix maberial is in Ehe outez annulaz’nozzle"
254. However, the dlameters of the nozzles 252
.15 and- 254 can. be varled so that the modlfler mate-
rial is carzled ;n the annular_nozzle 254_and the
host material ls ca:rieo in tbe inner nozzleb252.
-Also; if desired, a third conCentric nozzle
264 can be prov;ded between the f1rst nozzle 252
20 and the second nozzle 254.' Thls thlrd nozzle 264
(and even other add1t10na1 nozzles) can be used
for addlng other mater;als such as;'for example,
anothe;:modlfier, alloy;o;'dooant to”the'host
matrix material. |

25 . As in the previous embodiment, the nozzles

P



wheel "312 having a rotatlng substrate surface 314 which has-an annular
groave 315 thereln into which 15 ~ the streans-of host and nodifier
waterial are directed. The annul ar groove 315 has a -sem - el'liptical
cross section such that the ribbon of glass.material =
conm ng off the wheel 314 has a generally elliptical cross sec- 20

,.sen1~py||ndr|ca

Ih%Fjg..G, there is illustrated a drw aped wheel 412 which has an inner
cyl&ndri cal sub-

di d = h ed a wheel 2 which h

2 bovel substr atE2hPRAZE S RE AR ERNEE S S AHRY A kP AR o froma
|.ar ge d t
d?ggrgfter %igegﬁ?ﬁéﬁmﬁeegﬂ&;&gﬁ ng&%t%ﬁ\g&egoé’@et%r e“@’fé‘ ﬁae conf ?;ur ation

or -

tion.

3

strate-formng surfa 414_onto whi ch the conbined streans
of fluw d host natrix material and:-fluid 25 = nodifying naterlal are '

of the noving sybgéahe §wsa<f§fgncbmaw‘%}u@{ &{éi%}ﬁééé#‘éj dl t he

- spi nni ng apparatus 10, 1

can be vari ed

net al

I'n Figs. b5,

6 and 7 and canafa@kgo8iBeensharRes airdct MRS A e SO hegei n;  For

exanpl e, d nmuch w der cylindrical

t he 0ut|et50rlf$@B§tﬁétéhﬁtOHh|ﬁhgle between 90° and 30° to a

line on the substrate extendlnglxn the direction

of relative movement.

From this embodiment, it will be appreciated

that an additional nozzle or nozéles can be added

10  to the ‘apparatus 10, 110 or 210, if desiread.

The rotatlng substrate surface can take varl—

‘ous forms and in Pig. 5, there is 111ustrated a

wheel 312 having a ;otating substrate surface 314

which has an annular groove 315 therein into which

'115 the streams of host and modifier ﬁaterial are

directed. .The annular gxoove 315 has a semi-

elliptical or semiécylindrical cross section such '

that the ribbon of glass material_coming off the

wheel 314 has a generally elllptical Cross sec-

20 ' txon.i

In Fig. 6, there is 111ustrated a drum—shaped

wheel 412 which has an inner cyllndr1ca1 sub-

'strate-formzng surface 414 onto which the comblned

streams of fluid host matrlx mater1a1 and fluld

25 . modlfylng mater1a1 are d1rected.

substrate.surface 14 can be prOV|ded when



i er

3 giqf

v

S

'es 20 and 40 for fluid host matrix naferlal 15. . and... flu

mat eri al have a nuch greater length in a dlrectlon par a

xi s of

id
Ilel to

rotation of the wheel 12 and with the ogrer noz- zl e(s)
sundi ng the inner nozzle, i.e. co- axial/adjacent nozzles to.obtain a

wi de ribbon of 20 -nodi fi.ed anDrpgﬁis gl ass material as described above.

Al so a planar substrate coul d be. pr

i ndexed to pro- vide relatlve not i on. CLAIMS: 1. A nethod for

anor phous nodi -

fied glass material conprising the steps of: pro.

ed with the substrate and/or nozzIeSr/

maki ng are
- viding -

a cooling substrateFuthenminiﬂugu Tatthereeisriblustrated aubstrate;

directing at.

mat eri a

sai d stream.of

coollng t nperatur which, in conju on With s relatlve nove
quenéﬂaﬂiﬁétoﬂ¥§ﬂ§$qﬁx##é] éréh%w?%?eiog%g ?He . .

and 15

| east .one 5 - fluid material including at |east one

nodi fier:

in a.wheednﬁﬂ@mmhichmhhsnﬂxhev&lasubstdatecSunﬁaeecElﬂhat said
stream of said at |east one nodifier. material. converges with said host
mat ri x nat eri awhichddseadennved gurtace r@;xtmding fremoa 3mugessnch rates
of said stream_ _providing for relative novenent between said substrate and
dipmetied an Ane Fideeht thei wheedj 813ubSt Rate at a |

10

15

20

other side thereof._

The conflguratlon of the movzng substrate'

'surface on the wheel or drum utlllzed in the metal

_ splnnlng apparatus 10, 110 or 210 can be varled as

shown in Figs. 5, G.and 7 and can take other;shape

and dimensions not shown herein. For example, a

ment , £1 ow

]

much.wide: cylindrical substrate surface 14 can be

proviéed whsn the_outlet orificés of the outleg;
nozzles Zoland 40]fdr'fluia“hostﬂmatrix-matariai-
andsfiuid modifie;wmatarialahavg;a mﬁoh'ogeate:_
lehgth in a difection parallél fo-the axis of
rotation of the wheel 12 and with the-outer noz-
zle(s) surroundzng the inner nozzle,'l e. co-
axlal/adjacent nozzles to obtain a wide rlbbon of
modified amorphous glass materlal as descrlbed

above;' Also a'planar subs;tate could be.provided

with ‘the substrate and/or nozzles indexed to pro-

vide relative motion.



conbi néd host matrix and nodifier materials as they make contact with one
anot'her at a quenching rate of fromf[err] to at—teast—|err] per second or
nore thereby t-o form a ribbon of nodified anor-

type

t%g/prbital rel ati-on- ships between éaDS\hoSt matrix materi &l #nd sai d 25-
nodiFier material. CI@EMS: The nethod according to claim31 wherein said
host matrix material and said streamof nodi- fier material are conbined
after-or before said host matrix material is formed on said substrate. 3.
The nethod according -te and BE&EheA £p%i Meking: an amargphoumimedimstrate is
-a wheel which is_totated. 4. Th

wheel is rotatedfé?éagiﬁﬁﬁdmﬁFefééé FOMPE3G ingmths stepfe afet hA®F At cor di ng
to any one of cl r .4 _wher ost.natrigﬁﬂggerial,is f or med

: | . d
on said substnﬂ§§$38%153F$ﬁ}&nﬁa§gskgfzgkﬁekﬁ&Tﬁﬂﬂwﬁ; MYAE 6. The

nethod accordingh;?éfigin%ﬁ"gggﬁegﬂbstrate; directing at least one '
5  fluid material including at least one modifier .
_naterial in a stream townfd“said subétraﬁe in a
direction'such that.said stream of snid at least
one modifier naterial nnnvergeé with said host
_matrix matérial; indeéendéntly“controlling the
10 flow and'guenqn rates'of.saidistream: providing
fon'reiative movement between saidisubstrate.and
said stréam.of modifiet'material;.and maintaining
said substrate at n cogliné temperatnre which, in
¢onjun§tion with.s;id relative-movenent, flow and
15 .quench rate of :said modifier material cools the -
_combined.host matrix and modifier materials as
they make contact'withnonevénother at a guenching

rate nf-from'lo4

to at least 108°C per second or
more thereby to.form a iibbon of modified amor-

20 - phous glass matéfial in which the optical and
'electriéal'transport properties and the number and
type of electronic configufntions can be con;
trolled, thereby controlling the.o:bital'relation-
ships netween'said host matrix'ﬁate;ial and said.

25 - modifier material.

.. phous glass material ’
in whigh the optical and electrical transport pt m,IFﬂmum nunber and
of electronic configurations can be con--t oy ontrol ing

e.nmet hod ,according to claim3 wherein said



The nethod accordi ng to cIa|n16 wherein said nozzle
M"i{ wllwﬂmn .15 centineters or ry)re i'n-di aneter. 8.
A | wherein said nodifier material is di rect ed
toward said substrate through a nozzle.- 9.. The nethod accordlng to claim-

- 8 wherein sald nmodi fier material is directed under pressure toward said ot
substr at e. 10. " The net hod accoﬁ%Chg to claim9 wherein the orifice of
said nozzle for'dlrectlng sald nDdlfler material at said substrate has a . :

-diameter of from. Q05 .15 |neter or nore : e nmethod according - -
to any one of clai &%8 ?ﬁé; 9nﬁﬁf?tﬁlﬁa}evgﬁFeF§ a netal- lic

1 i S, T R g b e .
Lo,y one, o e1kf MRkl bl SRl SAVS! GFURLKGEEIEIE] S
_4 wher ei n Sa'ﬂoQQShaQQEQVﬁéEQfﬁafﬂ1§“Ekfﬁaé’on said substrate. |
) 3. - The method . accordxng to any one of claims
1 or 2 wherein'saidisubstrate is a wheel which is
rotated.
4. -The-method eccerding-to claim- 3 Qherein
said wheel is rotated at a speed of 1000 to 5000
-rpm. |
5,- ‘The method accord1ng to any one of claims
2, 3 or & whereln sald host matrix material is
formed on said substrate from a fluid material-
expelled through a:noézle.“' o
6. Thefméthdd.accerdiﬁé-to claim*5 wherein -
said host matrix mate:iai_is directed under pres- .
suresthtough said nozzle at the substrate. - |
7. The method according to claim 6 wherein
:_said nozzle hes-an orifice of from .005 to .15
'~ centimeters or moie ip"diameter;_.
| 8. The method according to"élaim 1 wherein
‘isaidhmodifier material is directed toward said |
substrate through a nozzle.
| 9;3 The method according to claim 8 wherein
said ﬁodifier material is directed under pressute_

toward said substrate.



.hDdifier material are directed toward said sub- ;I?EE??TTWTE&#LilI§j and
second nozzl es each of -5 which. is positioned'tﬁw ' bl Uid materia
waid substratie at an angle between [err] and [err ”MMZHQE” I te. 15.

 The nethod according to claim14 wherein one of sald oz sitioned -

.gggind the other of said nozzles such that both nozzles are in o

bstantially the same vertical plane, and such 5 that said streans.from .
sard nozzl es converge in said verthaEgPIahe. '16. The nethod according -

to claim 15 wherein said vertical plaf® Ts colinear with the direction of

“movenent of - said subggrat@nel e Iy [Jmsl4 wherein

sai d nozzles are |at gér)él !ghgpégggsgpg??bg}%nﬁ&%ﬁlgﬁ ?o%at?éd{%%%h ot her .
such that the s¢hgeageigitb! bBIshhar AbzeTeC FOLC'EIG ddt ithd i Whi ch ex- 5 -
tends laterally of the direction of relative nove- nent”. and which-is at an
angl e of betweatodefiéromdtbeibl bt Badd @ubstilatle hids a Wiametdwd _
according to claim2 wherein said substrate is a wheel and said host matrix

- material and sabfl fpdifL805nebeLlSl cent itietetiscdd awel a tangent of said -
" wheel -through first and 5 second. nozzl es which direct fluid. material at.

said = : 11. The method according to any one of claims

1 to 10 wherein said modifier material is a metal-
lic'maﬁériél.
" "12. The method accordihg to anyfohe.of claims
1 to 11 wherein said host matrix material is a..
meﬁallic material.
'13. The method according.tq any one of claims
1 to ll_ﬁhetein'said hdst'matrix materiél is a
semiconductor material.-. | |
14. The metth'according'to any one of claims
_2 to 4 wherein”said host matrix matetial.and_saidf -i~-¢-. ; .
_ mcdifier*mate;ial are directed toward said gub- |
strate thtéugh'first and’éeéond nozzles éadh of
- 5 which is positioned to direct fluid mate#ial at
"isaid substrate at an anéle bétween 90° and 30° to
saia'substrate,' | '. | _ |
15. The ﬁethod acéo:ding to ciaim_;4 wherein
: bne.gf'said nozzles is-pOSitioned:behind the other
of said nozzles such that both nézZles:are in
substantially the samé vertic31 p1ane, and such
5 thét said streéms from said ndziies converdge in

. said vertical plane.



wh in streans at an angle of between [err] and 90 to the tangent. 19.

Th hod "according to clai m 18 wherein said wheel nas a smooth outer

cyltfdri cal r ﬂlmhlch sai'd -converging gfreans-are di-- rected.
-20. ‘The met g’lm mu““ ﬂ cl aim 18 wherein said wheel has a-drum shape

"W th an i nwar
streant are dlrected 733 21. The pgethod according to claim 18 wherein Nt

¢f ak- !n@'chlndrlcal surface onto which said converging .

y

sai d wheel has an. -annul ar groove i-n ©® outer cylindrical. surface thereof?é
i nto which groove said-converging streans are directed. 22. The nethod

according to C|almim$\M“QHEfhéﬁhdhVﬁ@ﬁ%r@ﬂﬁgatbeéﬁbiﬂ 15rﬁﬁ69e§ﬁte”d'ng
axially of the wheel from'a | argest: diameter thereof on one side of said

wheel to a snabledd vértirial glane tiwreolineaiheithhehesdeeetisa d wheel .
23. The nethod according to any one of. clains 1, 2, '8, 9 or 10 wherein
sai d substrateofsm@mdmaﬂttuﬁusqpéishbseratebetmeen 12.70 and 25.40 centi -
meters and bei ng made of-.a highly conductive .me- 5. tallic material. 24.
The net hod accordlndﬂit)ﬂhghmgthQﬂ Q¢@¢né1ng to claim 14 wherexn '

sald nozzles are laterally spaced apart and ln-

clined toward. each other;such that the streams

emitting the#efrom'converge in a plane which ex-

5 :ﬁends'laterally of the directien of relative move-

.ment.anﬁ which is at'an.anéle of between 30° and

90° to the horizontal. | -

18. The method according to cleim 2 ﬁherein
said,substrate_is'aeﬁheelland_saidehost matrix |
material end said modifier.materiai are directed
toward a tangene of said wheel'through first and -

5 . second:hozzleswwhich'diteCtﬁﬁiuidemateriel at said
wheel in.streams'at_an angle of between 30° and
90° to the,tangent; |
| 19, .Theemethod according to claim 18_§herein
said wheel has a smooth Outer'cylindrical periéh;
ery onto which_said'cenverging streams are di-
'fected. _ | |

20. The method according to'cleim 18 wherein

'sald wheel has a drum shape with an 1nwardly fac-'

ing cyllndrlcal surface onto whlch said convergxng

-streams areﬁd;rected..



| to 23 including the step of performng the meth- -ed within a controlled

at nosphere. 25. .The nethod according to claim 24 wherein™ controll ed ﬁiq '

Aatnmosphere includes a reactive gas to be at. |east p ﬂﬂy |ncorp ed i N
“the hof matrix material. 26. The method according Iﬂﬂm ein

" said control l'ed atnosphere is an inert gas. 337 The™ met gto

"cLa|n15 wherein sai'd substrate is novabl e and has a surface vel &c-» 34
i t'y=of between 1000 and 4000 centimeters per sec- ond.at the point where

the streamof fluid host 5 matrix . material and fl uid nDdifier mat eri al
make contract wth said sub: trate 8.  The, net hod accor toclaimb5b
wherein said stream ofzqfﬂ ui hﬁ’é H%"rﬁﬁ‘éﬁ % 1 |‘:'5:"30'1m l'lﬁfqlr‘bm a
-nozzl e at the outlet of a.r serv0|r sai d - host rix material under
pressure such 5 "Fhé’theﬁ% raé‘arﬂ%ﬁ sz%rc?cm?zii"emﬁ"fs WERA ocity between
200 -and- 300. cent i |Q:«=.ar1 ﬁﬁ% %:%ere-gie rﬁtt%og' o(raq? éo claim1l
“wherein said stre nateri‘al T roma nozzle at

the outlet of a kﬁiﬁrW@d%é¥§1 ‘§€Féﬂd§ dpgﬂ&ﬂggéﬂgﬁfﬂlaJ ‘under pressure
such t hat sai d strean1fron1sa| nozzl e has velocity be- .
: 22. The method accordlng to claim 18 wherein
said wheel has a beveled surface extendlng axzally
of the wheel from a largest diameter thereof on
one side of said wheel to a smallest diameter
5 fhereof on the oﬁher_Side of said wheel.
23. The method aocOrdihg to any one of cleims
"1, 2, 8, 9 or 10 ﬁhereinHSaid'Shbstrate-is a wheel
heGing a diametef betﬁeen 12.70 and 25.40 centi-
meters eoa being madeIO£.a highly conductive me-
5 .g tallic¢ material. _ |
| 24. Theﬂmethodﬁaccordfng;eo“enyaone*offclaims
1 to. 23 including the step.of performing the meth-
od within a.oontﬁolled atmosphere.

25, The methoé according to claim 24 wherein
said controlled atmosphere includes a.reactive.gas
to be at leaSt’partialIYFincofporated in the hoet
matrix material. | |

26. The method accordlng to clalm 24 wherein
.sald controlled atmosphere is an inert gas. |

27. The method;accord;ng to clazm 5 wherein

said substrate is movable and has a surface veloc-



. . b ¢
tweepn 200 and 300 centinmeters per second. 30. The nethod according to clalm

\ el‘{*él n sa“mﬂl“un”ﬂmu terial is one of a nolten'me- tallic or nolten
SGHi\O'OUCtO The net hod accordi ng tg,cla|n11 wherein said =«
fluid nmodifief nateridl s holten metallic material” 32. The method S
according to-claim1 wherein said host matrix naterlal is one transition
metal and said nodifier material is other. 35 --33. A nodified éhJ
anor phous gl ass material made accortfi Mg to the nethod defi ned accordi ng t
any one of clainms 1 to 32. 34.. A nndlfled anor phous gl ass material .
according to cksy¥nPE3besweensildPtsiand A thcaxyimeker supefisechy an anount
of "al kali netal. 35. The nodified anorphous glass material according to
cl ai m 34 wher ePRdt BE §hPlG&#ﬂﬁ)ﬂhﬂFﬁgﬁﬂﬁr%ﬁ#%ﬁms°fe§¥%§€nb@§tby [err]
" where X can be controlled fromO0 to 2., .36. _The anorphoyus_nodjfied gl ass
mat eri al AccorBRRGiKoMAtLTHAdY %r@r%%dﬁ“&fh&#ml egptalsmakeni um  37.

. Th
pescggmrfgﬁgz %Dd ngg %&%ifsal su sé¥§¥g9|ng to clamn136 wherein the

28. The method accordlng to claim 5 whereln
~said stream of fluld host matrlx mater1a1 1s d1—
rected from a nozzle at the outlet of a reserv01r

' of said. host matrlx materlal under pressure such
5  that sald.stream from sazd nozzle has a.veloc1ty
between 200 and 300 centlmeters per second.

29. The method accordlng to claim 1 whereln
rsaid stream of fIULd modifier materlal 1s dlrected

. from a nozzle at the outlet of a reservo1r of said
.fluzd modifier mater1a1 under pressure such. that ..
5 sald_streamerom_sald uozzle has a velocity be-
tween.Zoosand,BOQ'centimeters per second.

30. ‘The method according to claim 1 _whér.ein'
said host matrix material is one of a molten me- -
_talllc or molten ‘semiconductor materlal.

”_31. The method accordlng to claim 1 whereln
said fluid modifier materzaltls molten_metalllc-
material. |
| 32..'The method-according to claim llwherein
said host matrlx material is one trans1t10n metal

~ and sa1d modlfxer mater1a1 is another.




lithiumincorporated in-said silicon and oxygen host matrix materi can -
from0.5 to 30 atom c percent. 38. The anorphous mum &ﬁ“grl al

, .accordlng tosclai m37 wherein said percentage of. IFR““‘

atomiclpercent. 39. An anorphous nodified glass materi &l . éccorJ’ng t

~ claim33 wherein said host material is. s 38r and/or carbon. 40.
Soor phous nodified glass material according to cl ai m 33 . wherein sald

tely

“nmodifier mate- rial i ncludes a transition netal. 41, An anorphous _
modi fier glass mat eri al accordlng to cIa|n133 wherein said nodifier mate-
rial includes a rare ﬂg no s nodi fi ed Ias mat eri.a
according to claim 3 %§§ g? “% grapr a2 ﬁﬁfﬁ e@a Bngst en.

caid host et RS n%?*ﬁéf.%fd?‘%'c?'ﬁ%e*@‘%ﬁ# BB AT R o

An anor phous nmodifd esle 9t %’“ e,H,ai qaccording to claim33 wherein said
host matrix material 1nc tel[T.urtum sel eni um gernanlunland arsenlc

45.  An anor phous ”Ddbi'GQA ﬁ&&@ﬁlé@uéﬁofphOus glass material
| - accordlng to c1a1m 33 comprising silicon and 939-
gen modified by an amount of alkali metal.
~ 35. The ﬁoaified'amorphous glass material
accordlng to claxm 34 wherein the silicon to Oxy-
gen ratio is represented by 510 where X can be
controlled from 0 to 2.-

-'36; The amorphous modlfzed glass mater1al
accordlng to claim 34 wherein sald alkali metal is.
lzthzum. : |

37. The amorphous'modified.glass material
according to claim 36;¢herein the perceht range of
lithium incorporated ln said silicon and“osygen )
host matrix material can be from 0.5 to 30 atomic percent.
| 38. The amorphous modified glass mater1a1
accordlng to cla;m 37 wherezn sald percentage of
lithium is approxlmately 5 atamic percent.

.39.. An amorphous modlfxed,glass material
-accordlng.to claim 33 whereih said host;material
is silicon'and/or carbon..5 |

.40._ An amorphous modrfxed glass materxal
accordlng to clalm 33 where1n ‘said modxf1er mate-

rial includes a transrt1on metal. . ' o .



" claim49 wherein said nodifier

aid host matrix material includes boron and
An anor hou fied glass material according to claim 33
m m ‘Hﬂ“l al includes boron an‘d;" nitrogen. 47Y. An

( i al according to claim33 wherei.n said host
matrix material® includes silicon and nitrogen. 48. = An anor phous nodifi ed
'glass material according to claim33_wherein said host matrix material ;}J
conprises telluriumand oxygen. éﬁan An anor phous- nodi fied gl ass 2
material according to claim 33 MMEFEIH said host matrix material is a netal

O Tetal alloy. S0 4rin ARCLRBRUhAHdA QA Gidelr pepording 1O

met al Appar atus for making an _
anmor phous nmodi acébedifgats EabeN 33 GHEYdS Ndh Al GO 1 ADe SURatéLr ate; means
for formng a host matrix material on said substrate; neans for directing -
at least 5 . ontall Uhdludeer aalr aivecleatitly métdPast one nodifier material in
a streamtoward said substrate in a. direction such that said stream of

said at Ieast one ntﬂLf|An ambephdusumodmﬁxsﬂ\@IassKmAtenialx

according to claim 33 wherein said modifer mate-
rial 1nc1udes tungsten. |

43. ~An amorphous mod;fxed glass material
'according to claim 33_where1n said host matrix
material includes telluriﬁm,'selenium and ger-
manium. |

| 44._ An amorphous mgdified'glass material
7accbfding to claim 33 wherein said host matrix
material.includesltéllurium, seienium, germanium
and arsenic. | | |
45.'-AnaamorphOus-mcaifiedrglass ﬁaterialm
according to claim 33 wherein said host matrix
material includés”boron and carbon.
 46. An amorphous modified'glaSS material
.accordlng to claim 33 wherein said host matrix
-materlal 1ncludes boron and nltrogen.

47. An amorphous modxfled glass materlal_
according to clazm 33 whereln said host matrlx
'materlal 1ncludes s111con and n1trogen.

48. An amo:phous mod1f1ed glass mater1a1
according to clalm 33 wherein said host matr;x

material CQmprises tellurium and oxygen.



-

material ; means for independently controlling—the—30— flow and quench’
rates of said stream neans-for causing relativ venent between-said
substrate and said stream of nDdifrer‘naterial;jgmi
'jnaintﬁining.said.substrate at.a cooling tem .pe

with said relative 15. novenent, flow and quench rates
ﬁaferral , is capable of cooling the conbined host matrix and nodifier
mat®&ri al s as they nake contact with o anot her at a quenching rate of from
104 to at least [err] per second or "nOre so ' that a ribbon of

20
~nodi fi'ed amor phous gl.gss paterial.is for . ich the optical and.
~electrical transport4g|’o.pgfa‘t PE‘?FRHR. h@oﬁ‘%dé% %ﬁifﬂ@%ﬁ‘p’(ﬂict ronic - o
- configurations can_-bg:cantrol . . The . r c iNg to claimb51
-wherein said su%‘sé??g?éﬁgské ﬁﬁ%@fﬂ %i gﬁq}%xﬁg%ﬁ elhgas%g& appar at us
~according to a i albMg 2L 3065 | AC| J4di means for conbining said
s host natrix-napg??gFlggdgga?gﬁgiééakfoéﬁ%§¥1#%$d¥%ueriaI after or before

; said host matrix natgpial AR amorphoRsMOAT T Yrads WAlSriayt The _
apparatus according to claimb52 Wwherein said neans for causing novenent of
said wheel is cagesraifig te!elaith I3 WH¥IRAn ¥aid WBEier is a |
o ‘metal. - |
| 51. Apparatus for making an amorphous modi~
£ied glass material comprising a cooling sub- |
étraté; means fqr forminé a host matri2'matetia1
on said substrate; means fof airecting_atlleaét“
5  one fluid material including at least one modifier
| material in a stream toward said substréte in a
~ direction such that said stream of said at least
" one modifié;'matétial'converges.with.host matrix
material; means :or_independéntlyﬁcoﬁtro&ling"the
10 flow and guench rates of said'stream;'means:fof
_.céusing relatiﬁe moVement.between;said-substtate
and said stream-of m§di£ier materiél; and means
for maiﬁtainiﬁg.said'subSt;até-at.a cqoiing tem- .
peféturé-whiéh;_in conjunction with said relative
15 movemenf, flow and quench rﬁtes of said modifier
| material, ié_capable'of cooling the combined
ﬁoStxmatrix and modifier mate:iais aélthey make
contact with oné another at a éuenchiﬁg rate of
f:ém 104 to at least 108°C per éecond'or;more-éo

-~

oY

!‘ﬂ"ﬂm,gm”m’com Unct_f(.)n' o

f *sai*d modifier .



rpm 55. The apparatus according to any one of clains 51
“nm formng said host matrix material on said -
@@ﬁj“‘g‘mx v0| r with an outlet nozzlPe directi ng-5 said .
subdtrite’ - The appar at us accofalng to claimb55
mherein sald means for’ forn1ng said host- matrix -material on said substrate
i ncl udes nmeans for applying pressureégg said fluid material in said 5 -
reservoir. 57.  The apparatus acc&#®ing to clai m56 wherein said outIeH“*
"nozzle has an orifice of from.005 to .15 centlneters or nore in dianeter.

- 58. 29 The eﬂeeraw&bsssog% %Li@@’a‘?tﬂﬁ: o&A é%nseeég pherein

sai d neans for dlrectlng sal ier mater.ital sald su ate in-

cludes a reserygi gophbd 2R WHiLE! twapeuc‘%‘i anﬁ‘%?é&?@fféa'f according to.
claim58 wherein said neans for directing said nodifier material toward

sai d substrat extaakpdee g?é@&rftQESaﬁHd’lﬁlﬁ RS Carkd eﬂ]béi é6fuid nodifier .
in said 5 reservoir. The ‘apparatus according to aim59 wherein

sai d nozzle foeldctromogcsatdgmdltfmers Wrerbealcdrwwmédud substrate has
an orifice-- _

52..-The apparatus according to c1a1m_51 ,
wherein said?substrate.is a wheel_which.is ro-
tated. | |

53. The apparatus'accordiné-to any one of.

‘claims SllOr'Sgéiueluding means for combining said
hbst matrix materiai and Said stream of mddifier'
materlal after or before said host matr;x material

5 is formed on said substrate.

| 54; The apparatus accordlng to claim 52'
whereln said means for causing movement of sald
wheel is capable of rotat1ng saxd wheel -at-a speed
of 1000 to 5000 rpm.

55. The apparatus accordlng to any one of

'claims 51 or 53 wherezn said means for formzng

sald host matrlx mater1a1 on sazd substrate 1n-.

cludes a’ reservoxr with an outlet nozzle dlrectxng
5 said material at said substrate, _ |

56. The apparatus according to claim 55
‘wherein said means for forming said host matrix
material cn”said Substrate_includes'means for
applying pressure on said fluid_materialxin said

5  reservoir. _ - ' 3 T

L}



accordi-ng to any one'of'clains 51 to 60 wherein sald nodifier material is’
getal llic materjal. The apparatus accordin alns 51 to
- 61 whérein said host rratrl x material is a sem 3mlﬁmmmm”ﬂ' Th_e_
apparatus according to any one of clains 55 to 62 Wheteih. sai neans for
dikrecting said host matrix naterial . anﬁﬁiald nodi fier mate- 40 rial

towerd sai d substrate conprise first ami\sec- 5 ond nozzles.each of
which is positioned to direct fluid material at said substrate at an angle

claim 63 wherein one B-safieraubiEethE pRerrathe, ERA A Cl e "0 Sai 0

nozzl es such thaty bkl Ne2zhSueieri Rodkas! ARkl Shl bribd 3Pl iy cal bl ane

and -5 such. t hat sail Ir eans orn1sa| nozzl es converge 1 n sard vertica

plane. 65. The qnﬂgrgéuslgcegﬁgiﬂgtgpscbalﬂb§g W&eﬁﬁh&é%@rd vertical plane

ils col i near wth the dlrectlon of novenent  of substrate. 66. The

appar atus according tgggl arhe63pphpatus §ébérﬁ@.¥1§| D ang loHee'oR | Y
spaced-apart-". :

di anet'er of from .005 to .15 centineters or nore. 61. - The apparatus ;ngj

" claims 51 to 56 wherein said means for directing
said modifier materiai'towatd said substrate in-

cludes'a reservoir with an outlet nozzle.

_4%/f' L '59. The apparatus accotding to claim 58
' whereln said means for dlrectzng said modxfier_
] 3: S mater1a1 toward sazd substrate 1nc1udes means . for

applylng.pressure on sa;d_fluld.modzfzer in said
5 reservozr. ' o |
| | 60. fhe apparatus according to c1a1m 59
.wherein said nozzle for directing saxd mod1f1er
material toward said substrata“haSTan orifice =~
' _diamete; of from .005 ta ;15 cenfimeters_or more;
| 61. Theiapparatus'accOrding to any one of
et clazms 51 to 60 wherexn saia modlfler material is
a metallic mate:1a1. T |
62. The apparatus acéording to any pne.of
claims 51 to 61 whérein aaid host matrix material
is a semzconductor material.
63. The apparatus accofdlng to any one of
claims'ss to 62 wherein said means for‘directing

-said host matrix material and said modifier mate- -



an ghn lined toward each other such that the streans. enitting t herefrom

ge in lmmk Hﬂ tends laterally .of 'the direction of

lve m)“ﬂm 1' ""Wh is at an angl e of- beﬁ/veen 300 and-[err] to
the hori zontal .¢ 6. "The& apparatus according to claim55 wherein said
substrate is a wheel and said nmeans for directing said host matrix material

and said nodifier -materi al conprlsépCilrst and second noz- 5  zles whi chw’
direct fluid material at said wheel in separate convergi ng streans at *¥n
angl e of betmeeg [err] and [err] to a tangent of said wheel. 68. The
apparatus accqording to claim where- in sai el has snoot h out er
ggllndrlcal ﬁéﬁ%ﬂFOWﬂﬁpcﬁﬂiﬂwﬁ?%ﬁtEQFﬂ EBﬂPéﬁéFn§1§FFeéﬁ§a§%?7ﬂrected' |
appar us according to.c 67 _wher.e- as a drum
Shape Bt ' aeTehERER AT Ao 05 vRIFPCAR BRFREERR SQMER LT Son.

where- i ﬁii?fwﬁa&%ﬁ%ﬁ hotrd? BApBVEAR’ AR BRAEH AT Cal” sl ace

m 67

t her eof , Int%d%%éi?qé) g §@°dt809¥§ﬁghﬁgs%53E§nB are directed. 71. - The

apparatus acc ai m 67 where- I n sal

extending ax- 1allgyof éﬂe 4psetatu8eRcbRAIRY Y AN gereof

wherein one of sald nozzles is p051t1oned behind
~the_other of said nozzles such that both nozzles
are in substantially the Same'vertical plane and

5 _such that said streams formﬁeaid nozzles converge

in said-Vertical plane. | |

65. The apparatus accordlng to c1a1m 64
nherezn aald vertical plane is collnear w1th the'
direction_of movement of said substrate.

66 The'appa:atus according to claim 63
Qherein'said nozzles are'laterally spaced apart:
and 1nc11ned toward each other such that the streams
emltting therefrom converge in a plane which ex-

5  tends laterally of the direction of relative move-
'_ment and which is.at an angle'of betyeen 30° and
'90° to the horLzontal. - '

67. The apparatus accord1ng to c1a1m 55
wherein sald substrate is a wheel and said means

- for directing said hest matrix material and said
modifier material éomprises'first-and'second”noz4

s zles which direct fluid material at said wheel in

Wheel has a bevel ed surface

5.



-

bn'oﬁé si de of said wheel to a snallest dia t he ot hef:

side of said wheel . 727 The apparatus accordj ' ' clains 51
"53 to.71 wherein said substrate is a wheel haMi Iﬂ IWH etween 12.7
and 5% 40 centlneters and being made of a hig metallic

~material. 73. -The apparatus according to any one of clains 51 to 72 ,
el udi ng neans for controlling the nmospher e surroundi ng. sai d substrate.r:-
7% The apparatus according to claifi73 where- in said controlled
~atnosphere includes a reactive gas. to be at-|least partially incorporated in
said host matrix material. 75. The apparatus according to claim73 where-
in the control [Sepanatstrneerging shreamgast #6. anghe efipbedtveenaccor di ng.
to any one of .clains 51 to 75 wherein said means for causing nove- nent is
capabl e of novidP ndl 2P st A ctangenthaf seifdawheedurface vel ocity of

bet ween 1000 and 4000 5 - centineters per second at the point where the
streams of fluid hok8matThe aWPAFRENSAGCPraingndai claim e wharemke
contact with sald sub trate The appar at us ac any. one of
Claims 51 to . r@%ﬁ%aheﬁn%aﬁeo?g GRFEE PO 1ndE A0, FBRHD 1 ui d

host matrix- naterlal
_ ery onto éhzéh said converglng streams are drrected.

o, W

69. The apparatus_accordzng to claim 67 where-

in”said wheel has a drum shape with an inwardly

o'

- facing cyllndrlcal surface onto which sa1d con-
pverg1ng streams are d;rected. -

' 70. The apparatus accordlng .to c1a1m 67 where-
ih said wheel has an annular groove in the outer
cyllndrlcal surface thereof, into which groove said-
convergxng streams are dlrected. |
o 71. The apparatus accordxng to claim 67 where-
iu said wheel has a beveled surface extendlng ax-

Cdally of the wheel from a largest diameterlthereof |

on one s1de of said wheel to a smallest diameter

Ly T

. - . 5" thereof on the other side of said wheel.
a ' 72.. The apparatus accordrng to any one of |
A clainms 51 or 53 to 71 whereln said substrate is a’
“wheel hav1ng a dzameter between 12 70 and 25. 40
centimeters and belng made of a hrghly conductrve
5 'metalllc materlal. | | . _.'
| 73.  The apparatus'aocoraing to auy oue.of._ |
claims 51 to 72 1nc1ud1ng means for controll1ng the

atmOSphere surroundlng said substrate. _



subgtnate conprises a nozzle at the outlet of a 5 reservoir for said
At r|x material and neans for.applying pressure_to said: fluid host

Al i mmmmmg“ ng h that said streamfrgﬁm sai'd-nozzl e has a e
vel &ty bet entinmeters per second.: 78. The apparatus - S
according to d1a|n1 1 mhereln said nmeans for directing said streamof fluid-
nmodi fier matérial” toward said substiﬁﬂe conprlses a nozzle at- t he outlef\i
~of areservoir for said fluid nodifier material,; such that said strean1frdh¢
said nozzle has a velocity between 200 and 300 centlneters per second. 79.

The apparatus accorgdigng Tﬁecb®pﬁk5¥uﬁ“adﬁdrd¥héii&ﬁﬁlaEﬁVTZ ﬁﬁé?éka| i's
one of ‘-a nolten nmetallic-or a nolten sen conductor mate- rial. 80.  The

appar at us accorﬂlsemOcehau:libdvvlaadmspmei el ybiewda firesctiverial is
nolten netallic material. 81.- The apparatus.according to claimb51 wherein
sai d host natrgasntoebeaatlieamt tpaartsial Xy dimaout por aeld sin dsabdi i er >
material is another. 82.- The apparatus according to clai m51 wherein said &
fluid nDdlf|erhoatemaarlxsmambmeﬁlsen1conductor naterlal '

75. The apparatus acccrdzng to c1a1m 73 where-
in the controlled atmosphere is an 1nert gas.
76, The apparatus accordlng to any one of

claims Sl.to 75 wherein sazd means for causing move-

4y

_ment is capable of mOving said substrate Such that'

it has a surface veloc1ty of between 1000 and 4000

N T

5 centxmeters per second at the po1nt where the streams S
of flu1d host matrzx mater1a1 and f1u1d mod1f1er
material make contact w1th sa1d substrate. |
| 17« The apparatus accordzng_to any one of -
_ claims Sl-toe76 wherein saidgmeans for djrectingis
said stream.of fluid.hcst matrir material at said
substrate comprises’a nozale at the outlet of a

5 reservoir for said host matrrx mater1a1 and means

WO

for applylng pressure to saxd fluld host material in .
rsald reservoir such that sa1d stream from sa1d nozzle
has a veloc1ty betueen 200 and 300 centlmeters_per
second. - o

~ 78. The apparatus according;to claim 51 wherein
said means for directiné'said stream of'fluid modifier

material toward said substrate comprises a nozzle at



é3 The appar at us accordlng to any one of Claln%-%%#%@#ﬁQ_MbﬁLﬂLﬂ_sald
.means for directing said flui.d host matrjx materl ‘m d said fluid nodifi

materizal -toward said substrate conprise 5 fi rs ”ﬂ"ﬂmrentrl c
: nozzlés which are arranged so that said streans o -
- t.herefrom converge with each other as or bef ore: cont act thereof mnth said -
swbstrate. 84.. The apparatus accordlng to cl-ai m 83 wherein 44 sai d

- conBentric nozzles are positioned to direct fluid material. at said .
substrate at an angle between [err] aﬂg%[err] to'a line on said substrate
extending in'5 - the di recti on of i ve movenent. 85. -The apparatus
.according to claim®84 in- cluding neans for directing a third.stream of
_-additional material, such as, a nodifier, alloy.or dopant material, toward

sald host matri nate ch t-hat sajd f terlal conver ge
as or before sdf reiafﬁ% Chﬁk% EOREEEPLh ?ﬂ‘sﬁ?&ds%l!ygt"aa difder The v

- -
apparatue acoongly B T ChL AR, B T, o
v ke R0 S 0 §g5&E§br§h§%ﬁF§k§“ Wk
' : secondr ' _
| - 79.. The¢apparatus_according to oIaim 51 .
- " wherein said\host matrix_material is one of a1
molten metallic or ‘a molten semiconductor mate-
rial. | | |
80. The ‘apparatus according to claim 51
. wherein sald £luid mod1f1er mater1a1 is molten
3'. " metallic material. ”
| 8l.  The apparatus accordlng to cla;m 51 -
~_where1n said host. matrzx mater1a1 is one transz-_
tion metal and said modifier mater;al is another.
82. The apparatus according to claim 51
_Iﬂtﬁ?i'. ~ wherein said fluid modifier material is molten
| _semlconductor materlal. a ' |
83‘ The apparatus accordlng to any one of
i clazms 55 to 62 whereln sald means for dlrectlng
said fluid host matrix material and sald fluid
;modifier material'towaré'said.sobstrate_comprise
5  First and;second ooncentric'noZzlesfwhich'are.
 arranged so that said Streams.of-materiai emitt;ng
therefrom converge with each other as or before

contact thereof w1th sald substrate.

84. The apparatus accordlng to c1a1m 83 whereln



mg;ﬁ sai d substrate 87 The apparatus accerdrng to claim73 wherein said
‘xontf ol [ ed at nosphere is mai ntai ned at a_pressure 2 froma vacuumto 58 psi
~(47078¢Ki | ogr#lmmrmlu)l“ “ﬂﬂﬂ“‘ute "The method accordi'ng to claim5
N mherer sai d material and said fluid nodifier material
~are directed tomafd §ai'l substrate t hr ongA4frst and second concentric
nozzl es which are arranged 5 so that said streans of materi al entttrng
“therefrom - 45 - converge with each other as or before contact thereof
with said substrate. 89. The nethod according to clai-m 88 wherein said

concentric nozzlseadar&msrﬁﬂw%m& r&d ibsitm&emeraﬁteet said
substrate at an angle between' 900 and 300.t0 a Iine on said substrate.

extendi ng in theldideeidear ifl rfd ald i sEStEte 0. anTsnegnettse@lweeﬁordl ng
to claim89 including the :step of directing through a third concentric 10 -
nozzle a third $0%amdi3¢RIdid inrkinewdrersald subdtpste aexvehding, ial |l oy or
dopant material, toward said streamof host matrix material such that said
streans of Smat etihe dicreatripn ofl wakak ine aeovemert or e cont act t her eof mnth

sard substrate 15 91. The method according to claimb5 including
_ _ 85. The apparatus accor 1ng to claim 84 in-

cluding means for directing a third stream of additional
material, such as, a modifier; alloy or dopant.material,
toward said host matrix'material'Such that said
5 streams of'material'cenverge as or before said streams
make contact with said substrate. : | |
86. The apparatus accordlng to any one of
'.cla1ms 55 to 82 includzng means for dzrectzng a
_thlrd.stream.of additional material, such as,-a
medifier}“alldy“or”dopant'material}“toward'said host
-5 matrix material;snch_that”said”streams_eﬁ.matetial...sﬂ
coh&erge after or before said streams make contact
with said substrate. | |
| 87. The apparatus according to claim 73 wherein’
said confrolled atmoséhere is maineained at a.pressure
“from a vacuum to 58 psi (4.078 Kilograms/cm ) absolute.
88. The method accordlng to claim 5 wherein
said fluid host matrlx mater1a1 and said fluld modlfler
material are directed toward said substrate through-
first and second concentric nozzles which are a:rangeél

5-. so that said streams of material emitting theref;om
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“naterial-such t hat sai d streans converge and ¢

the step of directing.a third®team of add|t|Oﬂa+—4maeﬁ4iua_juLb as, a . h'_
nodi.fi.er, alloy or.dopant material, toward sai gﬂweam of ‘host matri x %

) | : _ mﬂﬂl uﬂﬁmr e contact
20 thereof  with said substrate. . 92.- The netho aiml

wherein said nodifier material. is a4&Btten sen1conductor . The nethod
thordlng to cl.aim25 wherein said controlled.atnosphere.i's nalntalned at a =
pressure: 2 25 frcma vacuun1to 58- pSI (4.078 Kilogransf[err]) or -nore. '

94 "An annrphous modi fi ed material. according to claim33 wherein said

- nodi fier mater'é&abgreegﬁasﬁoggﬂﬁt%hesu é?paé?pee Ee taB! teRlor

anor phous ‘nodi fIe

S materl a stantially as erelnb ore

described with ¢tg8r88¢8 LApakgaes.i |l ustrated in the acconpanying
drawings. 96. ~A nethod of making an anmorphous nodifi ed '

: t
- glass material subst ggti alrhy Aetheachabekaingdesccilaam 88 wh@&bhnreference

®y

to the acconpanyi ng drawi ngs. The text of thé specification has been

reproduced- by pbaiaceputestihie appkileanageopogiitibnedpescdipest! t nmay
contain a few amendments which are difficult to read. The origina

'typescrlpts5confhuhdngatheialaatndaédtsubsyrbeelatpantadglenbeh&epmen1ses'

© av & .

of the Patent O fice.
| 909 and 30° to a llne on said substrate extendlng in

the dlrectlon of relatlve movement.
) 90. The method according to c1a1m 89 including
.the step of dlrectlng through a third concentrlc
E -f19 .nozzle a third stream of additional materzal, such
”as, a modlfler, alloy or dopant materlal, toward
sald stream of host matrlx mater1a1 such that sald
streams of mater;al converge and comblne.as or before
'_hdcontact.thereof with said substrate. |
}5 o 91. Thejmethod_accordihg.to-claim 5 inciuding a
the step ofidirectihg'a third'stream of'additional |
material, such as, a.modifier, alloy or dopant material,
;toward.said streah of host matrix material such that
said streams conVerge-and'combine at or before contact”
-29. thereof with said substrate. _
| h'92._ The method accordlng to claim 1 whereln
sazd modlfler mater1a1 is a molten sem1conductor.
| 93. The method accordlng_to claim 25 whereln
"saidtcontrolled_atmosphere'is maihtained at a pressure

25 from a vacuum.to'SB psi (4.078 Kilograms/cm?)_or5ncre.
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94. An amorphous modified material according
to claim 33 wherein_Eaid modifief'matetiallis a
semiconductor. |

- 95.- Apparatus for making an amotphous'modified'
5 glass material substantially as hereinbefore described

with reference to and as illustrated in the eccompanying'

drawings.

96. A method ef'making an“amorphous modified
glass material substantlally as hereinbefore descrlbed

10 with reference to the accomoanylnc drawings.

The text of the apod.ﬁ.uﬁm has been nmdmod by photocopying thn a.pplicnts original
typescript. It may contain a few amendments which are difficult to read. The ori

ginal
typucgipt mw.n:i.ag_ these anndn._nts ney be inspected on the premises of the Patent Office
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