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This invention relates to a zone-refining apparatus to be 
used in the manufacture of transistors, and specifically 
to the structure used to hold the material to be refined. 

It is well known that in the manufacture of transistors, 
the concentration of p-type and n-type impurities in the 
semiconductor crystal must be controlled within critical 
limits. To be certain that these limits are not exceeded, p 
the semiconductor material used, germanium, for 
example, should be quite pure. The improved zone-re 
ñning apparatus described herein is excellent for such 
purifying processes, and the degree of purification ob 
tained by its use is far greater than that realized in previ 
ous operations of a similar nature. 

In zone-reñning processes it has been determined that 
the width of the molten zones should be as small as pos 
sible because the degree of purification obtained increases 
exponentially with the inverse of the liquid zone widths 
of the material being refined. For example, if a graphite 
trough about a foot long is used to hold an impure bar 
of germanium, and if six high-frequency heating coils 
are properly spaced to create a series of molten zones in 
the bar, it is known that as the bar is moved through the 
zone-retining apparatus and the zones are formed, the 
impurities therein will be progressively swept toward the 
tail end of the bar. After the bar has been cooled, the 
end containing the impurities may be cut off and the re-> 
mainder is pure germanium. However, where an ordi 
nary graphite trough is used to hold the material being 
purified, thermal conduction along the length of the 
trough will cause an increase in the width of the molten 
zones. In other words, the heat, instead of being led 
inward to form narrow molten zones of germanium, is 
spread along the length of the trough and widens these 
zones considerably. 

This invention involves an improved zone-refining sys 
tem which assures smaller liquid zone widths and, hence, 
yields a pronounced gain in purification. The- trough is 
designed to bring it as close as possible to the high-fre 
quency coils and the width of the heating coils is kept 
to a minimum. Both of these features improve the purity 
of the refined material. However, the feature of this in 
vention which produces its major advantage resides in a 
plurality of transverse slots which are cut into the trough 
and are spaced along its length. These slots act to Vsub 
stantially decrease the flow of heat along the longitudinal 
axis of the trough. Thus, the heat is concentrated in 
narrow zones and puriiicatîon is greatly increased over 
that previously obtained by using prior structures. 

This invention and features thereof will be understood 
more clearly and fully from the following detailed de 
scription of one embodiment of the invention with ref 
erence to the accompanying drawings in which: 

Fig. 1 is a schematic view of the zone-refining ap 
paratus; 

Fig. 2 is an isometric View of the zone-refining trough 
and the material to be refined; 

Fig. 3 is a cross-sectional view of the zone-reñníng 
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trough and the material to be refined as they are moved 
through three of the high-frequency heating coils; 

Fig. 4 is a top view of the zone-refining trough;_ 
Fig. 5 is a partial side View of the zone-refining trough; 

and 
Fig. 6 is `a cross-section of the zone-refining trough 

taken along line 6-6 of Fig. 4. 
Referring now to Fig. l, a zone-refining apparatus of 

`the type employed in the process of purifying semicon 
ductor materials includes an elongated trough 1, con 
taining the substance to be refined. The trough 1 may 
be moved along a quartz tube 2 having six spaced high 
frequency heating coils 3, 4, 5, 6, 7, and 8 so that 1o 
calized regions of the material can be progressively 
melted. The high-frequency coils are connected in series 
to a 450 kilocycle generator 9 which provides the power 
necessary to heat the trough 1 to the proper temperature. 
The trough 1 is pulled through the tube 2 by a quartz 
pull-rod 10 which is connected to the trough at one end 
and to a control 11 at the other end. The control 11 
may be 'set so that the trough 1 is pulled through the tube 
2 at a predetermined rate. The substance to be zone re 
Vlined should be heated in an atmosphere of inert gas, hy 
drogen, or in a vacuum to prevent it from oxidizing> or 
reacting with atmospheric impurities. Therefore, helium, 
for example, is passed into the tube 2 through an intake 
tube 12 and is removed through an exhaust tube '13 
throughout the operation. Removable seals 14 and 15 
close tube 2 and support the intake tube 12 and the ex 
haust tube 13. The seal 14 also acts as a guide for the 

_ pull-rod 10.> Supports 16 and 17 hold the tube 2 at the 

40 

correct angle. About a iìve degree slope in the direction 
of pulling has been used successfully to obtain an even 
distribution of the substance being purified within th 
trough 1. ' 

Thus, for example, if a graphite trough 12 inches longV 
is ñlled to the proper depth with germanium and is pulled 
at a rate of about`8 inches per hour through a quartz 
tube approximately 5 feet long having six spaced heating 
coils thereon, the impurities in the germanium will be 

, progressively swept toward the tail end of the trough. 
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When the reñning process is complete and the germanium 
is cool, the front two-thirds of the bar, more or less, are 
found to be pure. Therefore, the impure third may be 
removed and the remainder is ready for further process 
ing. 

Fig. 2 shows a trough 1 made in accordance with this 
invention. This trough may be, for example, an elon 
gated Abody about 16 inches in length made of pure 
graphite, and having a recess about 1% inches deep there# 
in adapted to receive a semiconductor material 18, such 
as a bar of germanium. The trough 1 has transverse slots 
19 spaced along its length. These slots 19 are cutideep 
enough to substantially decrease thermal conduction 
along the longitudinal axis of the trough 1, but are `not 
deep or wide enough to weaken the side wallsof the 
trough. In the case of the trough 1, as shown in Figsl' 
2, 3, 4, 5, and 6, the slots 19 may be about 1A inch deep, ' 
spaced about 1A inch apart, and approximately 1,{»,2'inch 
in width. However, the slots 19 should be wide enough 
to allow the inert gas passing over the trough 1 and `~ 
through the slots to convectively cool the solid zones 22’ 
of the semiconductor material 18, as shown in Fig." 3. 
Helium has been used with good results to obtain con'- , 
vective cooling, and it also acts to prevent the semicon 
ductor material 18 from oxidizing or reacting with atmos 
pheric impurities. The trough 1 may be approximately.l i 
1% inches in diameter, and may have a ñange 24,`as, ’ 
shown in Figs. 4 and 5, attached to one end thereof, ' 
whereby the trough can be pulled throughrthe tubefr2. 
Thus they trough may be readily moved through a quartz/1` 
tube 2,: such as that shown in Fig. 1, having a diameter = 
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of about 2 inches. 
is such that it is brought as close as possible to the heat 
ing coils so that the electrical coupling between the high 
frequency heating coils and the trough is an optimum. 
The depth of the semiconductor material 18 in the trough 
1 should be such that the level of the material lies be 
low the level of the slots 19, as shown in Fig. 2, but 
should not be high enough to allow cooling to essential 
ly _affect the temperature of the open top of the semicon 
ductor material 18 during the zone-refining process; 

IIt should be noted that the ends -of the trough 1 are 
reduced so that the diameter of these ends -is ldecreased, 
for example, about .04 inch, as shown in Figs. 2, 4, and 5 
by the reduced sections 23. There is a tendenecy, due 
to increased coupling which occurs between the more solid 
ends of the trough 1 and the heating coils, for these ends 
to become more highly heated than the intermediate sec« 
tion of the trough. I-f these solid ends are not reduced, 
the quartz tube 2 tends to crystallize under repeated heat 
ing at these higher temperatures. The recessed sections 
23 prevent the ends of the trough 1 yfrom touching the 
tube 2 so that the heat transferred from the recessed sec 
tions 23 to the quartz tube 2 is decreased substantially 
and the quartz «tube 2 is protected from crystalline 
deterioration. 

Referring now to Fig. 2 and Fig. 3, which shows the 
trough as it appears with the semiconductor lmateria-l dur 
ing an intermediate stage of the zone-refining pro-cess, 
the trough 1 is pulled through «the quartz tube 2 by the 
pull-rod 10 and is heated by three of the high-frequency 
coils 5, 6, and 7. vThe heat transferred by the trough 1 
creates narrow molten or liquid zones 21 of germanium 
which are separated by solid zones 22 of germanium. At 
the frequency employed, 450 kilocycles, even though the 
heating current penetrates the trough 1 only about two 
millimeters inward, the liquid zones 21 formed ‘are essen 
tially the same width as the coils 5, 6, and 7 because the 
slots '19 lead the heat into these narrow zones -21 and 
diminish thermal conduction along the longitudinal axis 
lof the trough 1. If the trough 1 isnot slotted in struc 
ture, the heat is carried along the length of the trough as 
well as inw-ard, the liquid zones 21 become wider, and the 
purification obtained is lower. The slots 19 Ialso allow 
the solid zones 22 to form more rapidly due to con 
vective cooling which occurs -When the inert gas passes 
through the slots. Therefore, the slots 19 concentrate 
the heat in narrow zones which are successively melted as 
the 'trough 1 moves along the tube 2, -and the slots a-lso act 
to keep the solid zones relatively cool. It should be noted 
that the width of the coils 5, 6, and 7 is also kept small; 
about -four turns per coil have been used successfully for 
the purposes of this invention. Also, the cross-sectional 
area of the trough 1 is designed, as previously described, 
to nearly ñll the cross-sectional area of the tu-be 2 in order 
to bring the trough as close .as possible to the high 
frequency coi-ls. Both of these features ‘aid in keeping 
the liquid zones 21 narrow. Therefore, by narrowing 
the liquid zones 21 as the semiconductor ma-terial 18 is 
progressively melted and solidified in the zone-refining 
apparatus, the degree of purification achieved is greatly 
increased over that realized by using structures which 
produce wider liquid zones. 

However, -it shou-ld be understood that the invention is 
not limited to the particular details described above, as 
many equivalents will suggest themselves to those skilled 
in the art. For example, the length and diameter of the 
trough and the distance between the slots are not critica-l 
but .are determined by the »relative sizes of the tube 2 
and the coils .3, 4i», 5, 6, '7, and 8. Likewise, the depth of 
the semiconductor material 1-8 maybe varied but should 
not be g-reat enough to allow the open top of the material 
to become too cool. Also, the depth of the slots 19 and 
the reduced sections 23 may be varied as the cross 
sectional area and construction 'of the ‘trough `1 are 
changed. Therefore, it is desired that ‘the appended 

Yet the diameter of the trough 1 
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4 
claims be given a ‘broad interpretation commensurate 
with the scope of the invention within the art. 
What is claimed is: 
‘1. A zone-refining apparatus comprising »an elongated 

‘body vof electrically-conductive material having a recess 
therein 'adapted to receive the substance to be zone re 
ñned, means supplying heat only into a restricted narrow 
zone in said body, mea-ns for successively applying said 
tirst means to successive narrow zones »in said body where 
by narrow zones in said substance may be melted, each 
of said zones being transverse to the longitudinal -axis of 
said body and substantially less in length than -said recess, 
and means inhibiting the ñ-ow yof heat along said longi 
tudinal axis of said body-to a substantially greater degree 
than through -said transverse axis thereof. 

2. A zone-reiining .apparatus .comprising an elongated 
body `of electrically-conductive material having a recess 
therein adapted to receive the substance to be zone re 
lined, means supplying heat only into a restricted narrow 
zone in said body, means for successively applying said 
tirs-t means to successive narrow zones in said body where 
by narrow zones -in said substance may be melted, each 
of said zones 'being transverse :to the »longitudinal axis of 
said body and substantially less in length than said recess, 
and Ia plurality of transverse slots spaced along the length 
of said body whereby said heat is concentrated in each 
of said narrow zones in said substance. 

3. A Zone-refining apparatus comprising an elongated 
body of electrically-conductive material having a recess 
therein adapted to yreceive the substance to be zone re 
tined, means supplying heat only into -a restricted narrow 
zone in said body, means for moving said body at a pre 
determined rate in a lpredetermined direction to suc 
cessively apply said first means to successive narrow zones 
in said body whereby narrow zones in said substance may 
be melted, ea-ch of said zones being transverse t-o `the 
longitudinal axis of said body and Ásubstantially less >»in 
length than said recess, and a plurality of transverse slots 
spaced along the length of said body to substantially in 
crease and concentra-te the flow y‘of heat in each of said 
narrow zones when said body is moving. 

4. A zone-refining apparatus comprising 'an elongated 
body of electrically-conductive material Áhaving .a recess 
therein adapted to receive the subst-ance to be zone re# 
lined, a set of spaced induction heating coils each lof 
which is adapted to supply heat only into a restricted 
narrow zone in said body, means for moving said body 
at a predetermined rate in a »predetermined direction to 
successively apply said coils to successive narrowzones 
in said body whereby narrow zones in said substance may 
be melted, each of said zones -being transverse »to` the 
longitudinal axis of said body and substantially iles-s in 
length than said recess, and a plurality of transverse slots 
spaced along the length of said body to substantially i-n 
crease the exchange of heat from said coils to eachof 
said zones when said body is moving. 

5. A zone-refining apparatus comprising an elongated 
body of graph-ite having a recess therein «adapted to re 
ceive germanium to be zone refined, means supplying' 
heat only into a restricted narrow `zone in said body, 
means for successively applying'said ñrst means to suc 
cessive narrowz-ones in said'body whereby narrow zones 
in said substance may bemelted, each of said zones being 
transverse to the longitudinal axis of said body and sub 
stantially less in length than said recess, vand slots spaced 
along the length .of saidfbody inhibiting the >flow of heat 
along .said longitudinal axis of» said :body to -a substantially 
.greater degree >than through said transverse Yaxis thereof. 

6. A zone-refining apparatus comprising Aa chamber 
through which an elongated body vmay bernoved, an y 
elongated body of electrically conductive material having 
a recess therein adapted to receive the subs-tance ,to-»be 
zone refined and ,located in said chamber,„a set yof spaced 
induction heating coils eachr of which is adapted tosupply 
heat V_only into a »restricted narrow zone in said body, 
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means for moving said body at a predetermined rate in 
a predetermined direction to successively apply s-aid coils 
to successive narrow zones in said body whereby narrow 
zones in said substance may be melted, each of said zones 
being transverse to a longitudinal axis of said body and 
substantially less lin length »than said recess, means for 
spacing the end sections of said -body from said chamber, 
land :means to inhibit the flow of heat from each of said 
end sections to said spacing means. 
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