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The invention relates to a method for pulling crystals 
from a melt in a crucible, in which the diameter of the 
growing crystal is controlled and to a device suitable for 
carrying out said method. 
The manufacture of crystals by pulling from a melt is 

proposed by Czochralski; it is used inter alia for obtain 
ing single crystals consisting of fusible semi-conductor 
material, for example germanium, silicon and fusible com 
pounds of the type AIHBV, for example, gallium arsenide. 
There is a particular interest in rod~shaped crystals of a 
constant diameter over a large part of their length. Semi 
conductor crystals of such a shape are used inter alia for 
the manufacture of semiconductor devices such as transis 
tors and diodes. For this purpose, such a crystal which 
usually has a diameter of the order of l to 3 cms. and 
a length of about one to a few decimetres is divided into 
wafer- or strip-shaped bodies, for example by sawing, 
on which bodies one or more semiconductor devices are 
formed. 

In the manufacture of such single crystals it is im 
portant that the diameter of the growing portion should 
be controlled in the desired manner with optimum ac 
curacy, particularly that the diameter of the crystal should 
have a constant value over large part of its length. It is 
known that this diameter depends upon various condi 
tions chosen for the growth, for example, the tempera 
ture of the melt and the pulling rate and it has been pro 
posed to adjust the desired diameter or the desired varia— 
tion of this diameter by correct adjustment of said condi 
tions. 

Thecontrol of the diameter involves, however, the dif 
?culty that the growth region of the crystal is ‘located 
inside the crucible and that the diameter of the growing 
crystal portion and the possible variation thereof can be 
checked only by observation via the open upper side of 
the crucible. This observation is the more di?icult the 
lower becomes the level of the melt in the crucible and 
the larger is the diameter of the crystal. 
The present invention has for its object inter alia to 

obviate the aforesaid disadvantages. 
The method of pulling crystals from a melt in a cruci 

ble, in which the diameter of the growing crystal is con 
trolled, is characterized in accordance with the invention 
in that the diameter of the growing crystal is determined 
and/or controlled by means of X-rays or gamma rays 
passing through the wall of the crucible. In a preferred 
embodiment an image comprising the shadow of the grow 
ing crystal portion, projected outside the crucible by the 
X-rays or gamma rays may be converted into an image 
of visible light, for example, by means of a ?uorescent 
screen sensitive to the radiation concerned, if necessary 
with image intensi?cation or by using a pick-up tube sensi 
tive to the radiation concerned which converts the radia 
tion image into an electrical signal which is used for form 
ing an image of visible light in a display tube. It is thus 
possible by means of the optical reproduction of the grow 
ing crystal portion to control the course of growing and, 
if desired, to interfere. The factor of magni?cation of the 
image may be readily determined in advance, for ex 
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ample, by means of the dimensions of the apparatus or by 
calibration with one or more rods of known diameters. 
The image of the growing portion is not affected by the 
crystal portions lying above said portion or by the crystal 
holder. 

Since it is thus possible to form an image of the grow 
ing portion outside the apparatus, the surface of said por 
tion forming a boundary between an irradiated part and 
a shaded region, use may be made of one or more opto 
electrical converters for keeping the diameter constant, 
the signals provided by said converters being employed for 
adjusting, for example, the temperature of the melt or 
the pulling rate. The term “opto-electrical converters" is 
not restricted to converters responding to visible light, 
but it includes also converters capable of converting 
X-rays or gamma radiation into electrical signals, for 
example, Geiger counters or scintillation counters. 

Converters of the last-mentioned kind are capable of 
responding directly to a displacement of the shade bound 
ary of the growing rod portion, whilst other opto-elec 
trical converters, which respond for example to visible 
light, may be employed in conjunction with an image con 
verter which converts the image projected by the X-rays 
or gamma rays into an image of visible light. Image in~ 
tensi?cation and, if desired, optical magni?cation, for ex 
ample, by means of lenses may be carried out. 
By means of the aforesaid converters and of control 

circuits responding to the signals from said converters 
one or more of the parameters of the pulling apparatus 
determining the diameter of the growing crystal particu 
larly the increase or the decrease of said diameter, for 
example the degree of heating of the melt and the pulling 
rate can be acted upon, in order to reset the diameter in 
the case of a small deviation therefrom. 
The invention furthermore relates to a device for pull 

ing crystals from a melt, said device comprising a crucible 
for the melt, a holder vertically movable with respect to 
the crucible for pulling a crystal, heating means for the 
melt and control-means for adjusting and/ or varying one 
or more of the parameters acting upon the diameter of 
the crystallizing portion, for example the degree of heating 
of the melt and the pulling rate. This device is provided, 
in accordance with the invention, with a source of X-rays 
or gamma rays, disposed at the side of the crucible and 
a receiver arranged on the opposite side of the crucible 
which converts the radiation into a visible image and/0r 
into one or more electrical signals. 
The present invention permits inter alia of manufactur 

ing single crystal rods of semiconductor material, for ex 
ample, germanium or silicon, 0f diameters of more than 
25 mms. for example 30 to 50 mms., the rod diameter 
being kept accurately constant with a tolerance of 1 mm. 
Since the inner diameter of the crucible need no longer 
be chosen so large as would be desirable for a satisfactory 
observation from above, the horizontal dimensions of 
the crucible and of the heating means, for example, a 
high-frequency coil, with respect to the known apparatus 
for maximum crystal diameters of 15 to 25 mms. need 
not be enlarged proportionally to the relevant crystal di 
ameters. The hindrance of observation is no longer a 
factor determinative of the height of the crucible, so that 
the invention furthermore permits of obtaining longer 
crystals, or particularly when forming crystals of large 
diameters crystals of reasonable length. 

it is furthermore possible to maintain the desired 
crystal diameter down a small remainder of the melt only. 
It is then possible to cause the remainder to grow com 
pletely to the lower end of the crystal by gradually re 
ducing the diameter, and as the case may be further with 
the reduced diameter, so that it is avoided that the re 
mainder solidi?es afterwards in the crucible, which might 
cause rupture of the crucible. Such a gradual reduction of 
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the diameter at theend of the crystal could not well be 
checked by observation according to known art. 
The invention will be described more fully with refer 

ence to the accompanying drawing, in which 
FIG. 1 shows diagrammatically a vertical sectional 

view of an embodiment of a device for pulling crystals 
and 
FIG. 2 is a front view of the X-ray image screen de 

signed in FIG. 1 in the direction of the arrows. 
The apparatus shown in FIG. 1 comprises a quartz tube 

1, having an outer diameter of 130 mms. and a wall thick 
ness of 2.5 mms. The lower end and the upper end of the 
tube are provided with closing members 2 and 3, respec 
tively, in which gas inlet and gas outlet channels (not 
shown) are provided. On the upper side and on the lower 
side two shafts 4 and 5 respectively are taken through the 
wall in a gas-tight manner so as to be vertically movable 

15 

and rotatable about their centre lines. The lower shaft 5 ' 
is vertically movable by means of a driving device 6 and 
the upper shaft.4 is vertically movable by a driving de 
vice 7. Moreover, each of the two shafts can be rotated by 
a driving mechanism (not shown). - 
On the lower ‘shaft 5 is arranged a rod-shaped support 

8 of quartz for the cylindrical crucible 9. The crucible 
has an outer diameter of 110 mms., an inner diameter of 
95 mms. and an internal height of 100 mms. It consists 
of graphite with a quartz inner jacket 10 of 2 mm. thick 

20 

ness. The crucible 9 is surrounded by a heat-insulating ‘ 
sheath 14 of graphite felt of 5 mms. thickness. The upper 
shaft 4 is provided at the lower end with a crystal holder 
11 for the crystal to be drawn. 
At the level of the crucible the tube 1 is surrounded by 

a. cylindrical high-frequency coil 12 formed by a single 
winding and a cylindrically curved, copper plate. The coils 
has an inner diameter of 135 mms. and a height of 130 ‘ 
mms. and is provided with a welded copper cooling duct 
13. The high-frequency coil is connected to a high-fre~ 
quency generator 32. 

Outside the high-frequency coil 12 an X-ray tube and a 
diaphragm 21 are provided. The X-ray tube may be a 
commercially available tube of the trademark “Practix” 
90/20 type XB 2000, which can be driven continuously at 
a voltage of 70 kv. and a current intensity of 0.8 ma; 
On the side of the high-frequency coil 12 opposite the 

X-ray tube 20 an X~ray ‘screen 22 is arranged, which is 
sensitive to X-rays and which produces a visible image 
picture of the image projected by the X-rays onto the 
screen. 

The X-ray tube 20 and the diaphragm 21 are disposed 
so that the X-beam emanating from the centre of the 
diaphragm is horizontally directed to the axis of the 
cylindrical crucible. The cylindrical high-frequency coil 
12, having a wall thickness of 2 mms., comprises two 
copper windows 23 and 24 of a thickness of 0.15 mm. 
for passing the X-ray beam towards the image screen. 
The apparatus comprises furthermore a control 30 

for manual adjustment and control of the driving device 
7 for the vertical movement of the shaft 4 with the crystal 
holder 11, a control 31 for the manual adjustment and 
control of the high-frequency generator 32 supplying the 
current to the'high-frequency coil 12 and a control 33 
for the manual adjustment and control of the driving 
device 6 for the vertical movement of the shaft 5 with 
the support 8 and the crucible 9. 

This apparatus may be used as follows for growing a 
crystal, for example, of germanium or silicon. 
A quantity of a material for a crystal to be made, for 

example germanium or silicon is put in the crucible 9 
and a seed crystal 40 is fastened to the crystal holder 11. 
The high-frequency coil 12 is energized so that the 
crucible 9 is heated and the crystal material in the crucible 
is melted. The crucible is simultaneously rotated about its 
vertical axis. Then the X-ray tube is ignited and driven 
continuously with a current intensity of 0.8 mat. and a 
direct voltage of 70 kv. 
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The shaft 5 is displaced vertically so that the meniscus 

of the melt 41 in the crucible is located approximately at 
the level of the anode of the X-ray tube 20 and the dia 
phragm 21, so that an image of this meniscus appears on 
the screen 22 and the correct height can be adjusted. 
The shaft 4 with the crystal holder 11 and the seed crystal 
40 is then moved downwards to an extent such that the 
lower end of the seed crystal is just above the melt, which 
can be observed from the shadow image on the screen 
22. The seed crystal 40 is preheated by the radiation from 
the melt and the wall of the crucible. Then the shaft 4 
is moved further downwards until the lower end of the 
seed crystal is dipped into the melt. The seed crystal is 
then gradually pulled upwards, whilst the rate of the 
upward movement of the shaft 4, and by controlling the 
supply current of the high-frequency generator 32, the 
temperature of the melt are adjusted so that the diameter 
of the portion growing on the seed crystal 40 is gradually 
reduced, after which it is kept constant whilst the image 
screen 22 is observed. In the thin portion 42 of the grow 
ing crystal thus formed any dislocations of the seed crystal 
grow for the major part towards the surface of the thin 
crystal portion. The temperature of the melt is subse 
quently reduced, so that the crystal diameter widens coni 
cally to the desired rod diameter. 
When the desired diameter is attained, which can be 

determined by means of the image of the growing portion 
of the crystal on the screen 22, the pulling rate of the 
crystal and the temperature of the melt are adjusted so 
that a further growth with a substantially constant di 
ameter is obtained. An accurate check of the diameter of 
the portion 43 of the growing crystal is rendered possible 
by the picture on the screen 22. 
FIG. 2 shows clearly the screen 22 with the picture of 

the lower portion 53 of the growing crystal and the por 
tion of the melt 51 from which the crystal is drawn. The 
diameter of the growing portion can be accurately deter 
mined by means of a calibration 55 on the screen. Since 
during the growth of the crystal the meniscus of the melt 
in the crucible falls down at a rate depending upon the 
quantity of crystallized material per unit time, the crucible 
is moved upwards by means of the shaft 5 and the driv 
ing mechanism 6 so that the height of the meniscus 56 
reproduced on the screen 22 is kept constant. 

In the event of an increase or a reduction of the crystal 
diameter said diameter can be returned to the desired value 
by means of the controls 30‘ and/or 31. 
When the meniscus of the melt has arrived at the 

proximity of the bottom of the crucible, the rod diameter 
can be gradually reduced by raising the pulling rate and/ or 
by raising the temperature of the melt, so that a conical 
portion grows on, the reduced diameter being then main 
tained until the portion 43 of constant diameter just 
emerges from the upper edge of the crucible. The portion 
43 is thus cooled in the same manner throughout its 
length, so that the crystal prefection is as uniform as pos 
sible throughout its length. Finally, the last molten rest of 
the material to be crystallized is grown on the crystal end. 
By means of the observation of the screen 22 the afore 

said growth of the last parts below the portion 43 of 
constant diameter can be observed so that the contact 
between the crystal and the melt is not interrupted. Such 
an observation is quite impossible by direct view from 
above the crucible. ' 

It should be noted that, if a rest of the melt, for ex 
ample, of silicon, is left in the crucible, the crucible or at 
least the inner quartz portion 10 thereof may crack, 
when the crucible cools down and the rest solidi?es. 

It is furthermore possible to carry out an automatic 
check after the small portion '42 has been drawn and the 
gradual increase of the diameter has been adjusted, or 
when this diameter is attained, for example by means of 
photocells behind the screen at the level of the edge of 
the growing portion, when the correct diameter is reached, 
said photocells controlling automatically the pulling rate 
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and/or the current supply to the high-frequency coil by 
an appropriate control circuit so that deviations from the 
desired diameter are automatically corrected. Instead of 
using photocells sensitive to visible light of the screen, 
X-ray sensitive opto-electric converters may be employed, 
for example, in front of the screen, or when the screen 
has been temporarily removed. Such converters may be 
arranged in known manner and the control-circuits em 
ployed thereto are known as well. Then the growth of the 
rest of the melt may, if desired, be controlled by hand 
Whilst the picture on the screen 22 is observed. It is thus 
possible to obtain continuous operation of various growing 
apparatus, which can be controlled by one operator. 

It is obvious that the invention is not restricted to the 
apparatus described here by way of example, many 
variants being possible within the scope of the present 
invention. It is furthermore evident, that the design of 
the apparatus should be adapted to the use of X-ray and 
gamma ray radiation, for example, by choosing the mate 
rial and the thickness of the transmitting parts also with a 
view to the radiation used, for example the hardness 
thereof. 
What is claimed is: 
1. A method of pulling crystals from a melt in a 

crucible, in which the diameter of the growing crystal 
is controlled, characterized in that the diameter of the 
growing portion of the crystal is controlled responsive to 
X-rays or gamma radiation passing through the wall of 
the crucible and the grown crystal containing information 
of the diametral extent of the grown crystal. 

2. A method as claimed in claim 1, characterized in 
that an image projected outside the crucible by the X-rays 
or gamma rays, including the shadow of the growing por 
tion of the crystal, is converted into an image of visible 
light. 

3. A method as claimed in claim 1, characterized in that 
the radiation image is converted into electrical signals 
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by opto-electrical converters which respond to a displace 
ment of the shadow boundary of the growing portion of 
the crystal for controlling one or more parameters acting 
upon the diameter of the crystal during growth. 

4. An apparatus for pulling crystals from a melt in 
which the diameter of the growing crystal is controlled, 
said apparatus comprising a crucible for the melt, a holder 
for the crystal to be grown, said holder being vertically 
movable with respect to the crucible, heating means for 
the melt, and control-means for adjusting and varying 
at least one of the parameters acting upon the diameter 
of the crystallizing portion, said parameters including the 
degree of heating of the melt and the pulling rate, char 

- acterized in that said apparatus further comprises a source 
of X-rays or gamma radiation arranged at the side of the 
crucible and means arranged on the opposite side of the 
crucible for converting said radiation passing through the 
Walls of said crucible and projecting an image of the 
diametrical extent of the grown crystal into a visible image 
or electrical signal. 
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