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APPARATUS FOR: HEATING A SAMPLE WITH 
RADIATION ENERGY CONCENTRATED BY ‘A 
REFLECTOR ‘ESSENTIALLY COMPOSED OF 

SPHEROIDAL SURFACE’. PORTIONS 

This invention relates generally to radiation heating 
apparatus, and more particularly to an apparatus for 
heating a sample with radiation energy concentrated 
onto the sample by a. pair of reflecting, spheroidal sur 
face portions. The invention is especially suited for use 

. in an apparatus for growing a single crystal by means 
of a ?oating zone method. 

It is known to heat a sample with radiation energy 
that is concentrated onto the sample by either an ellip 
soidal or a paraboloidal re?ector. The prolate spheroi 
dal re?ector is superior to the paraboloidal and the 
general ellipsoidal re?ectors but is still defective in that 
the resulting distribution of radiation incident on the 
surface of the sample is not uniform. Even when the 
sample is rotated, it is ‘still heated by a considerably 
nonuniform radiation distribution which is objection 
able in some applications, as, for example, in the ?oat 
ing-zone method for growing a single crystal because of 
the resulting poor quality of the grown crystal. 
An object of this invention is to provide an apparatus 

having a radiation distribution that is suf?ciently uni 
form for use in various applications in which strictly 
uniform distribution is required. 
A further object of the invention is to provide an ap 

paratus of the type described that is especially well 
suited for growing a single crystal by the ?oating zone 
method. ' 

>_ Another object of the inventionis to provide an ap 
paratus of the type described that enables the radiation 
energy to be concentrated onto an image that is sub 
stantially congruent with at least one source of radia 
tion energy. ' 

Still another object oft-he invention is to provide an 
apparatus of the type described that provides an excel 
lent uniform radiation distribution around the periph 
ery of a cylindrical sample. _ _ , 

According to this invention, there is provided an ap 
paratus for heating a sample by concentrated radiation 
energy which comprises a pair of inwardly re?ecting, 
substantially prolate spheroidal surface portions dis 
posed outwardly of eachother, said spheroids having 
aligned major axes and a common focus. A source of 
radiation energy is placed at one of the two foci of 
these spheroids which are conjugate to the common fo 
cus, and the sample is placed at the other of the two 
conjugate foci. The spheroids are preferably congru 
ent, and the spheroidal surface portions enclose the 
aligned major axes of the spheroids at a portion of these 
axes lying'between the radiation source and the sample 
being heated. 
According to one aspect of this invention, the appa 

ratus includes a second pair of spheroidal surface por 
tions and a second source of radiation energy in sym 
metry with respect to the ?rst-mentioned pair and the 
first-mentioned source of radiation energy, respec 
tively. 
According to another aspect of the invention, a pre 

determined number of inwardly re?ecting, substan 
tially prolate confocal spheroidal surface portions is 
provided between the adjacent ends of the coaxial 
spheroid portions of each pair of surface portions, the 
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2 
confocal spheroids having their foci at the two conju 
gate foci of ‘the pair. 
According to a further aspect of the invention, the 

apparatus may further comprise an inwardly re?ecting, 
substantially hemispherical surface disposed axially 
outwardly of that coaxial spheroidal surface portion at 
one focus of which the source of radiation energy is 
placed. The hemispherical surface has its center at the 
last-mentioned one focus and a diameter greater than 
the dimensions of the radiation energy sources. 
To the accomplishment of the above and to such fur 

ther objects as may hereinafter appear, the present in 
vention relates to an apparatus for heating a sample 
with radiation energy concentrated by a re?ector es 
sentially composed of spheroidal surface portions sub 
stantially as de?ned in the appended claims and as de-. 
scribed in the following specification taken together 
with the accompanying drawings in which: 
FIG. V1 is a schematic axial sectional view of a con 

ventional prolate spheroidal re?ector; 
FIG. 2 is a schematic axial sectional view of a re?ec 

tor according to an embodiment of this invention; 
FIG. 3 is a graph showing numerical limits for several 

preferred modi?cations of this invention; and 
FIG. 4 is a schematic diagram showing a preferred 

arrangement of the confocal spheroidal re?ectors used 
in the embodiment of this invention shown in FIG. 2. 

In a conventional prolate spheroidal re?ector, as 
shown in FIG. 1, the radiation from a point source 
placed at a ?rst focus F, is re?ected by the re?ectorto 
a second focus F2. In practice, the source of radiation 
has ?nite dimensions. The radiation energy incident on 
various points of the surface of a sample placed at the 
second focus F2 is determined essentially by a magni? 
cation factor _m of the image and the solid angle within 
which the radiation incident thereon is emitted from 
the source. The radiation 1 of the source re?ected by 
a re?ector portion 2 produces areal image with a mag 
nification factor m given byfzl?, where f, and f2 are the 
distances from the reflector portion 2 to the ?rst and 
the second foci F, and F2, respectively. The left and the 
right halves of the image are primarily formed of the 
radiation re?ected-by a‘ left re?ector portion 3 placed 
to the left of the plane passing through the second focus 
F2 perpendicular to the major axis, and by the remain 
ing, right re?ector portion 4, respectively. It follows, 
therefore, that the images of the respective halves are 
greater and smaller than the source. The energy con 
centrated to the images of the left and the right halves 
is dependent on the solid angles A, and A2 subtended 
by the left and the right re?ector portions 3 and 4, re 
spectively. These solid angles A, and A2 are given by 

where a and b are the major and thevminor axes, respec 
tively. The energy incident on the left half is obviously 
greater than that on the right half. Although the quanti 
tative calculation of the radiation distribution is very 
difficult, the combined effect of the magni?cation fac 
tor and the solid angle is that the radiation energy dis 
tribution is of a larger amount and relatively ?at on the 
left side of the image and of a lesser amount on the 
right side, having a sharp peak at the right-side surface 
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portion opposite to the source. As a result of this un 
equal radiation energy distribution, the prior‘art re?ec 
tor of FIG. ,1 is unacceptable for use in many crystal 
growing applications. 
Referring to FIG. 2, an embodiment of this invention‘ 

is shown which avoids the drawbacks of the prior art 
re?ectors. As’shown, the re?ector comprises a pair of 
inwardly re?ecting substantially prolate spheroidal sur 

other. The spheroids have aligned major axes and a 
common focus F10 and are preferably substantially con 
gruent. A source of radiation energy 13 is placed at one 
focus F1‘, of those foci F1, and F0 of the coaxial spher 
oids which are conjugate to the common focus Fm. A 
holder 14 is provided for placing a sample 15 at the 
other focus F0 of the two conjugate foci F11 and F0. The 

vface portions .11 and 12 disposed outwardly of each ' 

15 

sample 15 may be typically a polycrystalline rod that is ' 
subjected to a ?oating zone method to be grown into 
a single crystal. The radiation energy source 13 may be 
helically wound ?lament of a halogen lamp that is dis 
posed parallel to the growing single crystal. Preferably, 
the spheroidal surface portions 11 and 12 are continu 
ous'at the junction (not shown) and have closed axial 
ends (not shown). 
The radiation emitted from source 13 passes through‘ 

the common focus F10 and is focussed at sample 15. 
With congruent spheroidal surface portions 11 and 12, 
it is easily understood from the relations of the magni? 
cation factor m' and the solid angles A1 and A2 that the 
image of'radiation source 13-produced at sample 15 is 
substantially of the same dimensions and energy distri 
bution as source 13. It is, therefore, possible to provide 
a heating zone of excellentuniform azimuthal energy 
distribution at sample 15, to thereby concentrate the 
radiation on sample 15 at a desired heating area by se 
lecting the dimensions of source 13, and to provide a 
heating areaof the desired energy distribution by ac 
cordingly modifying the energy distribution of source 
13. It is, however, inevitable in this embodiment, that 
theradiation directed from source 13 to sample 15 is 
impeded by the sample and the adjacent portions of 
the sample holder 14, to thereby reduce the‘energy 
density on the right side ‘of-sample 15. This reduction 
increases when sample 15 is enclosed within a quartz 
tube-(not shown) for providing the desired atmosphere. 

Referring further to FIG. 2, the re?ector apparatus of 
the invention further comprises a second pair of in 
wardly re?ecting, substantially prolate spheroidal sur 
face portions 21 and 22 disposed outwardly of each 
otherand of the pair of spheroidal surface ‘portions 11 
and 12. The second pair of spheroidal surface portions 
21 and 22 have a common focus F20 and major axes 
aligned with the ?rst-mentioned major axes and are 
preferably‘ congruent with the ?rst pair of spheroidal 
surface portions 11 and 12. One focus F0 of those foci 
F0 and F22 of the coaxial spheroids of the second pair 
which are conjugate to the common focus F20 of the 
second pair is coincident with focus F0 of the two con 
jugate foci F1, and F,,_. A second source 23 of radiation 
energy is placed at the other focus F22 of the two conju‘ 
gate foci F 0 and F22. Preferably, the second pair of pro 
late spheroidal surface portions 21 and 22 are continu 
ous at the junction (not shown) and have closed axial 
ends (not Shown). Further improvement may ‘be 
achieved in the uniformity of the azimuthal energy dis 
tribution at sample 15 so that, when the device is used 

20 

25 

35 

40 

45 

55 

65 

4 
' to grow a single crystal by the ?oating zone method, 
it is possible to subject the crystal to rotation of an ex 
tremely low frequency, to thereby attain the vdesired 
conditions for optimum crystal growth. 
As thus far described, the radiation directed from 

each of radiation sources 13 and 23 to sample 15 within 
the solid angle subtended by the junction of the sphe 
roidal surface portions 11 and 12 or 21 and 22 of each 
pair of prolate spheroidal portions, is divergent at sam 
ple 15 to be converted to heat loss and'thereby to ad 
versely affect the azimuthal energy distribution at the 
sample. With congruent spheroidal surface portions 1 1, 
12, 21, and 22, the last-mentioned solid angle is the 
solid angle A, mentioned with‘ reference to FIG. 1. The 
heat loss therefore decreases as the ratio b/a is reduced. 
The minor axis b cannot be much reduced because of 
the ?nite dimensions of radiation sources I3and 23 
and sample 15. An excessive dimension 0 of a major 
axis is objectionable in view of the resulting bulkiness 
of the apparatus. 7 

Referring to FIG 3, a curve 26 shows the relation be 
tween the ratio b/a and the percentage of the solid 
vangle A2 in question to 411. It is appreciated from curve 
26 that the heat loss suddenly increases as the ratio b/a 
approaches unity and that the ratio b/a need not be 
much reduced to achieve a practically'negligible heat 
loss, with the result that a ratio b/a not greater than 0.8 
gives a loss of about 5 percent at most. The heat loss 
results in the maximum reduction in energy at the sur 
face portion of sample 15 facing radiation source 13'or 
23. The maximum heat loss reduction is 'given by 

[(b2/d2)/(2 — b2/a2)] X 100 percent 

and, as shown by a curve 27in FIG. 3, about 22 percent 
and 5 percent for the ratios b/a of Q8 and 0.6, respec 
tively. ' ' g ' ~ ' Y ' 

Referring now to FIGS. 2 and 4, the re?ector appara 
tus of theinvention may still further comprise a prede 
termined number of inwardly~ re?ecting substantially 
prolate confocal spheroidal surface portions 31 and 32, 
between the adjacent ends of the coaxial spheroid por 
tions of each pair. Although only three confocal sphe 
roidal surface portions are shown in FIGS. 2 and 4, a 
greater number may be included when desired. The 
foci of the confocal spheroids are placed at the conju 
gate foci F0 and F" or F22 of each pair of spheroidal sur 
faces. The outermost confocal spheroidal surface por 
tion 31 is continuous to the ajdacent coaxial spheroidal 
surface portions 11 and_l2 or 21 and 22 of each pair 
of prolate spheroidal portions,_with its end peripheries 
lying on the respective intersections of the adjacent co 
axial spheroidal surfaces of each pair, with a first circu 
lar conical surfacehaving its axis coincident with the 
major axes of the spheroids, the vertex at the common 
focus F ,0 or F20 of each pair, and a predetermined ver 
tical angle. The end peripheries of each of the-inner 
confocal spheroidal surface portions 32 lie along the 
respective intersections of the ?rst conical surface with 
the second circular conical surfaces having their re 
spective axes coincident with the major axes and the 
respective vertices at the two conjugate foci F0 and F" 
or F22 of each pair and passing through the respective 
end peripheries of the outwardly adjacent confocal 
spheroidal surface portions 31 and 32, the last 
mentioned end peripheries being in staggered relation 
to the end peripheries of the confocal spheroidal sur 
faces 31, 32. 
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The inner confocal spheroidal surface portions 32 

are supported ‘by the coaxial spheroidal surface por 
tions 11, 12, 21v, and 22 with suitable means (not 
shown). With a relatively large vertical angle of the ?rst 
conical surface, the images of sources 13 and 23 pro 
duced at sample 15 have a magni?cation factor‘m of 
unity. Too large a vertical angle, however, results in an 
unnecessarily large number of the confocal spheroidal 
surface portions 31 and 32. In practice,-the value of the 
vertical angle is not critical. The number of the confo 
cal spheroidal surface portions is predetermined so'that 
no similar surface portions are disposed in the proxim 
ity of the common foci F10 and F20 where the radiation 
is concentrated to a considerable extent to damage 
such surface portions, if any. It should be recalled here 
that the ratio b/a need not be very small so that the 
number of the necessary confocal spheroidal'surface 
portions is reduced audit is possible to omit some inter- > 
vening confocal spheroidal surface portions that are to 
be placed in the proximity of the innermost one. 
As will be readily seen, Fresnel lenses or similar 

means (not shown) may be used in place of each set of 
the confocal spheroidal surface‘ portions for concen 
trating on sample 15 the divergent radiation emitted 
from sources 13 and 23 and not towards the adjacent 
ones of the coaxial spheroidal surface portions 11 and 
22. On account of the availability of a considerably 
large value of the ratio b/a, the Fresnel lenses or the 
similar means need not concentrate that portion of the 
divergent radiation'which is emitted from sources 13 
and 23 within a predetermined, relatively small solid 
angle around the major axes. ' 

Referring still further to FIG. 2, the re?ector appara 
tus of the invention may further comprise an inwardly 
reflecting substantially hemispherical surface 36 dis 
posed axially outwardly of that coaxial spheroidal sur 
face portion 11 or 22 of each pair at one focus F" or 
F12 at which radiation source 13 or 23 is placed. Each 
hemispherical surface '36 has a diameter greater than 
the axial or longitudinal dimensions of sources 13 and 
23 and is supported by means (not shown) with its cen 
ter in coincidence with focus F1, or F22. The radiation 
emitted from sources 13 and 23 axially outwardly is re 
?ected by the hemispherical surfaces 36 back to the re 
spective sources 
those sources. This enables radiation sources 13 and‘23 
to be run at a power less than the nominal power. 
While the invention has been herein specifically dis 

closed with respect to several 
it will be apparent that modi?cations may be made 
therein all without departing from the spirit and scope 
of the invention. 
What is claimed is: 
1. An apparatus for heating a sample with concen 

trated radiation energy comprising a ?rst pair of in 
wardly reflecting substantially prolate spheroidal sur 
face portions disposed outwardly of each other, said 
spheroidal surface portions having aligned major axes 
and a ?rst common focus, a ?rst source of radiation en 
ergy placed at one of the ?rst two foci of the spheroids 
providing said spheroidal surface portions that are con 
jugate to said common focus, a second pair of inwardly 

l3 and 23 to raise the temperature'of . 
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reflecting substantially prolate spheroidal surface por- - 
tions disposed outwardly of each other and of said first 
pair of surface portions, said second pair of spheroidal 
surface portions having a second common focus and 
major axes aligned with said ?rst-mentioned major 
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axes, oneof the second two foci of the spheroids de?n 
ing said second pair of spheroidal surface portions that 
are conjugate to ‘said second common focus being 
placed at the other of the ?rst two conjugate foci, a sec 
ond source of radiation energy placed at the other of 
the second two foci, and means for holding a sample at 
said other of said?rst two conjugate foci, said ?rst and 
second pairs of spheroidal surface portions substan 
tially enclosing said major axes at a portion thereof 
lying between said ?rst and second sources of radiation 
energy. _ 

2. The apparatus as claimed in claim 1, wherein said 
?rst and second pairs of spheroidal surface portions are 
substantially congruent. - 

3. The apparatus as claimed in claim 2, wherein the 
adjacent ends of said ?rst and second pairs of spheroi 
dal surface portions are continuous. 

4. The apparatus as claimed in claim 2, wherein the 
ratio of the minor axis to the major axis of each of said 
congruent spheroidal surface portions is not greater 
than 0.8. 

5. The apparatus as claimed in claim 4, wherein said 
.ratio is not greater than 0.6. 

6. The apparatus as claimed in claim 2, further com 
prising means for forwardly directing the divergent ra 
diation to the sample, said divergent radiation being the 
radiation which is not directed from each of said 
sources to those spheroidal surface portions at said one 
focus of which said source is placed. 

7. The apparatus as claimed in claim 6, wherein said 
divergent radiation does not include the radiation emit 
ted axially inwardly from each of said sources within a 
predetermined small solid angle around said major 
axes. _ 

8. The apparatus as claimed in claim 7, wherein said 
concentrating means comprises a plurality of inwardly 
re?ecting substantially prolate confocal spheroidal sur 
face portions disposed between'the adjacent ends of 
the coaxial spheroid portions of each of said pairs of 

portions, said confocal spheroids 
having foci at said two conjugate foci of said pairs of 
spheroidal surface portions. 

9. The apparatus as claimed in claim 8, wherein the 
outermost one of said confocal spheroidal surface por 
tions is continuousto the adjacent coaxial spheroidal 
surface portions of each of said pairs of spheroidal sur 
face portions, 

the end peripheries of said outermost one of said con‘ 
focal spheroidal surface portions lying along the 
respective intersections of said adjacent coaxial 
spheroidal surfaces of the pair with a ?rst circular 
conical surface having an axis coincident with said 
major axes, a vertex at the common focus of the 
pair, and a predetermined vertical angle, 

the end peripheries of each of the inner ones of said 
confocal spheroidal surface portions lying along 
the respective intersections of said ?rst conical sur 
face with second circular conical surfaces having 
their respective axes coincident with said major 
axes and the respective vertices at said two conju 
gate foci of the pair and passing through the re 
spective end peripheries of the outwardly adjacent 
one of said confocal spheroidal surface portions, 
the last-mentioned end peripheries being in stag 
gered relation to the end peripheries of each of said 
confocal spheroidal surface portions. 
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10. The apparatus claimed in claim 2, further com 
prising an inwardly re?ecting substantially hemispheri- . 
cal surface disposed axially outwardly of that coaxial 
spheroidal surface portion of each said pair of one 
focus of which the source of radiation‘ energy is placed, 5 
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each of said hemispherical surfaces having a center at 

said last-mentioned one focus and a diameter greater 

than the axial dimension of said sources. 
* * * 1|‘ * 


