
March 1, 1960 

Filed Oct. 29, 1956 

W. SHOckley 
CRYSTAL GROWING APPARATUS 

2,927,008 
4 Sheets-Sheet l 

  



March 1, 1960 W. SHOCKLEY 2,927,008 
CRYSTAL GROWING APPARATUS 

Filed Oct 29, 1956 4 Sheets-Sheet 2 

2 2 
2 32 252 

INVENTOR. 
WZZA475%CAzéy 

B 

a02a-u 

17%(ways 

  

  

  



March 1, 1960 W. SHOCKLEY 2,927,008 
CRYSTAL GROWING APPARATUS 

Filed Oct. 29, 1956 4. Sheets-Sheet 3 

7| 72 72 

E L - LD 1a 7O 

7/ 7| 73 73 

F. Azawaca 
ET. S. 

INVENTOR. 

WZZAW 5%CAzay 
5%. 47 yae/ays 

  



March 1, 1960 W. SHOCKLEY 2,927,008 
CRYSTAL GROWING APPARATUS 

Filed Oct. 29, 1956 4. Sheets-Sheet 4 

N / S 
/6 R 53 52 6/ S f7 

s 30-57 23 s 
N 2 st- e- SZ 

%. res: 
r2%. E. N-2 

INVENTOR. 
WZZAW 5,0CAzay 
BY 

25 

  



United States Patent Office 2,927,008 
Patented Mar. 1, 1960 

1. 

2,927,008 
CRYSTAL, GROWNGAPPARATUS 

William Shockley, Los Altos, Calif., assignor to Shockey 
Transistor Corporation, Palo Alto, Calif., a corpora 
tion of California 
Application October 29, 1956, Seria No. 618,899 

1 Claim. (CI, 23-273) 

This invention relates generally to a crystal growing 
method and apparatus, and more particularly to a crystal 
growing method and apparatus for growing elongated 
crystals having small cross sectional areas. 
In the prior art, single crystals of semiconductive ma 

terial, for example, germanium or silicon, have been 
grown by the so-called "crystal pulling' process. In this 
process, pure semiconductive material is melted in a cruci 
ble in a non-reactive atmosphere. A seed, a small piece 
of a single crystal, is properly oriented and dipped into 
the melt. The seed is then pulled upward at a suitable 
rate. In practice the rates vary over a wide range, for 
example, between 0.1 inch per hour to as high as 4 inches 
per hour and more, Generally, the crystal is simul 
taneously rotated at rates up to 150 rp.m. and higher. 
As the seed is withdrawn, the molten semiconductive 

material solidifies about it and the grown crystal is 
formed. Generally, the diameter of the grown crystal 
is much larger than the diameter of the seed. A typical 
example is a seed with a maximum dimension on a side 
of approximately 0.25 inch will produce a resulting crys 
tal of dimensions of 1% inches in diameter and more. 
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In a grown junction transistor the melt is doped as the 
crystal is withdrawn to thereby give zones of the proper 
conductivity types within the crystal. The zones may also 
be formed by the rate grown process. 
The grown crystal is cleaned and etched, and the lo 

cation of the various boundaries is noted. The crystal is 
then sliced and diced by means of diamond saws and the 
like to form wafers which are suitable for use in the 
end semiconductive devices. 

Because of the size of the saws and relative width 
of the various cuts in slicing and dicing, as much as 30% 
or more of the grown crystal is wasted. The process is 
uneconomical. Strains are frequently set up in the 
grown crystal due to thermal gradients across its large 
cross section. 

It is a general object of the present invention to pro 
vide an improved crystal growing method and apparatus. 

It is another object of the present invention to pro 
vide a crystal growing method and apparatus in which 
an elongated crystal of small cross section can be grown. 

It is a further object of the present invention to pro 
vide a crystal growing method and apparatus in which an 
elongated crystal having a small predetermined cross 
section may be grown, the crystal being suitable for cut 
ting into short pieces for directly making the desired 
wafers. . . 

It is a further object of the present invention to pro 
vide a crystal growing method and apparatus in which 
heat exchange means in the crystal growing region con 
trol the temperature of the region to thereby control the 
size, and shape of the crystal which is pulled from the 
melt. 

It is a further object of the present invention to pro 
vide a crystal growing method and apparatus in which 
a crystal having a predetermined cross sectional contour 
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2 
and area may be grown by controlling heat transfer in 
the region of solid liquid interface. 

It is a further object of the present invention to pro 
vide a crystal growing method and apparatus in which 
a heat-sink of predetermined contour and size is pro 
vided adjacent, the crystal growing region whereby, an 
elongated crystal having a predetermined cross sectional 
area and contour is grown. 

It is a further object of the present invention to pro 
vide a crystal growing method and apparatus in which a 
heat source is placed in the crystal growing region to 
supply heat thereto for controlling the size and shape of 
the grown crystal. 

It is a further object of the present invention to pro 
vide a crystal growing method and apparatus in which a 
large crystal grown by prior art techniques can be re 
grown to form an elongated crystal having a predeter 
mined cross sectional area and contour. 

It is a further object of the present invention to pro 
vide a crystal growing method and apparatus in which 
an elongated crystal of small predetermined cross sec 
tional area and contour may be grown and in which 
regions are formed in the crystal which are mechanically 
weaker than the remainder of the crystal, whereby by 
mechanically stressing the crystal it breaks up to form 
suitable wafers. 
The invention possesses other objects and features of 

advantage, some of which, with the foregoing, will be set 
forth in the following description of the invention. It is 
to be understood, of course, that the invention is not to 
be limited to the particular disclosure as other variant 
embodiments thereof may be adopted within the spirit 
and scope of the appended, claim. 

Referring to the drawing: 
Figure 1 is a perspective view of a crystal growing ap 

paratus incorporating my invention; 
Figure 2 is a sectional view taken along the line 2-2 

of Figure 1; 
Figure 3 is a sectional 

of Figure 2; 
Figure 4 is a sectional view showing another embodi 

ment of my invention; 
Fig. 5 is an enlarged view of the crystal growing re 

gion of the embodiment shown in Figure: 4; 
Figure. 6 is a sectional view taken along the line 6-6 

of Figure 5; 
Figure 7 is a perspective view showing a typical 

meniscus formed when a crystal is pulled from a melt; 
Figure 8 shows a heater having a shape corresponding 

to the meniscus, encircling a rod; 
Figure 9 shows another embodiment of my invention 

in which elongated crystal of small cross sectional area 
is grown from a larger crystal; 

Figures 10A, 10B show a portion of an elongated 
crystal grown in accordance with another feature of my 
invention; . ...'. 

Figure 11 shows another embodiment of the invention 
in which the crystal is grown by a continuous process; 

Figure 12 shows another embodiment of the invention 
in which the crystal is withdrawn through the crucible; 
and 

Figure 13 shows a modification of the apparatus of 
Figure 12. 

Generally my invention contemplates the use of heat 
eXchange means in the crystal growing region to control 
the heat transfer in the region. By suitably controlling 
the heat transfer an elongated crystal of small predeter 
mined cross sectional area may be grown. For ex 
ample, the heat exchange means may comprise a heat 
sink or a heat source which serves to remove or supply 
sufficient heat to maintain a thermal equilibrium in the 
growing region. The heat sink or source has a prede 

view taken along the line 3-3 



3 1. 
termined size and shape whereby the crystal will grow 
having a predetermined small cross sectional area with 
a desired contour. 
The crystal growing apparatus illustrated in Figure 1 

comprises a base 11 to which vertical support rods 12 
are attached. The rods 12 provide means for mount 
ing guide means and other working parts of the ap 
paratus. The oven which is designated generally by the 
reference numeral 13 is mounted on the base 11. The 
oven may comprise, for example, an induction heater 
16. The outer chimney 17 which preferably is also 
made of quartz extends downwardly and rests on the 
base 11. The coils of the induction heater 16 surround 
the outer chimney. A suitable graphite boat. 19 which 
may include a pedestal 21 is mounted on the base 11 
and is disposed within the bottom portion of the chimney 
17. The graphite boat 19 is heated by the induction 
coil and serves to form a melt 22 of semiconductive 
material therein. 
type, for example silicon, which reacts with graphite, 
a suitable liner 23, for example quartz, may be inserted 
in the graphite boat. 

Concentric with the quartz chimney is a cylinder 24. 
The cylinder 24 may be suitably attached to a cover 
26 which then serves to suspend the same from the top 
edge of the chimney 7 and concentric therewith. A plu 
rality of ports 27 are formed in the cover 26 and pro 
vide means for gases to circulate outwardly between the 
chimney 17, and the cylinder 24 as will be presently 
described. The bottom of the cylinder 24 is flared in 
Wardly to form an opening 28 of predetermined contour 
and size. The size and contour of the opening 28 serves 
to determine the cross sectional area and contour (shape) 
of the crystal which is pulled from the melt 22, as will 
be presently described. 
The crystal 30 is pulled from the melt by means of 

the rod 31, which is axially disposed with respect to the 
chimney 17 and the cylinder 24. The rod extends up 
wardly through the bushing 32 carried by the cover 26 
and is guided by the guide means 33 mounted on the 
vertical posts 12. Guide means 33 may be provided 
for guiding the rod or grown crystal within the cylinder 
24. 
As previously described, a seed is mounted on the 

lower end 34 of the rod and the seed is dipped into the 
melt 22. Then the rod is pulled upward at a constant 
rate whereby the molten semiconductive material solidi 
fies as the rod is withdrawn and forms a crystal. 
A suitable lead-in connection is provided for intro 

ducing an inert gas into the inside of the cylinder 24. 
For example, the lead-in may include the nipple 36 
..which may then be attached to a suitable supply of gas. 
The gas flows downwardly about the growing crystal in 
the cylinder 24, outwardly through the opening 28 in 
the region between the opening and the crystal, over 
the surface of the melt, and upwardly between the 
chimney 7 and the cylinder 24 and is exhausted through 
the openings 27. The direction of flow is schematically 
illustrated by the arrows 37. 
By employing a gas Supply of constant pressure, the 

volume of gas which flows through the opening 28 is 
then dependent upon the size of the passage between the 
opening 28 and the outside of the growing crystal, that 
is, it will be dependent upon the difference in cross sec 
tional area of the hole 28 and the cross sectional area of 
the grown crystal. As the cross section of the crystal 
increases, the flow of gas is reduced, and as the cross 
Section decreases, the flow is increased. However, as 
the opening decreases and the flow of gas decreases, 
the cooling due to the flow of gas is reduced whereby 
the temperature in the crystal growing region is raised. 
The cross sectional area of the crystal is reduced. Con 
versely, as the crystal size is reduced and the opening 
increased, more gas flows through, thereby providing a 
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greater cooling effect. This tends to decrease the tem 
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perature of the crystal and as a result, a larger crystal is 
grown. 
Thus it is seen that by properly adjusting the size of 

the opening 28 and the pressure of the gas, an equilibrium 
condition will result wherein a crystal is grown having 
a cross section of constant predetermined cross sectional 
area and contour. It is apparent that a crystal having a 
cross section of any predetermined desired contour may 
be grown by appropriately contouring the opening 28 
formed in the flange. - 

It is, of course, apparent that rather than providing a 
heat sink to control the growth of the crystal, that is, 
rather than withdrawing heat from the growing region, 
it is possible to control the size of the grown crystal by 
adding heat. Thus a heater having a predetermined 
shape and capacity may be employed. 

Referring particularly to Figures 4-6, a crystal grow 
ing apparatus including a heat source is illustrated. Like 
reference numerals refer to like parts of Figures 1 and 2 
and will not be described in detail. A heater 51 en 
circles the crystal in the growing region. The leads 52 
and 53 may extend upwardly and out through the cover 
26 and have their lower extremity in electrical contact 
with the heater. In all other respects, the apparatus is 
similar to that previously described. Referring particu 
larly to Figures 5 and 6, an enlarged view of the heater 
is shown. It is apparent that by properly contouring 
the heater and controlling the electrical power supplied 
thereto, a crystal of predetermined cross sectional area 
and configuration may be grown. 

Referring to Figure 7, a perspective view showing a 
crystal 30 with a solid-liquid interface 56 is illustrated. 
The solid-liquid interface 56 will have a meniscus hav 
ing a shape which depends upon the rate at which the 
rod is withdrawn and upon the surface tension of the 
liquid phase. The shape of the meniscus may be cal 
culated knowing the constants involved. Knowing the 
shape of the meniscus and the heat relationship, a heater 
having a contour similar to that of the meniscus may be 
provided to supply the heat necessary to maintain equi 
librium conditions. Under these conditions, then, the 
Crystal may be pulled at a constant rate and the process 
is self stabilizing. 

In certain instances, it may be desirable to first grow 
a crystal by conventional methods and then to employ 
the method and apparatus of the invention to grow an 
elongated crystal having predetermined small cross sec 
tional area and contour. A suitable apparatus is sche 
matically shown in Figure 9. Thus the large crystal 61 
is placed in a large oven schematically illustrated at 62. 
The temperature of the oven is such that the crystal is 
near its melting point but is still in the solid state. Near 
the upper region of the crystal, a local heater 63 is 
provided. This heater serves to maintain the upper 
region of the crystal at such a temperature that it is in a 
liquid state. The size of the molten region is such that 
the surface tension serves to hold the molten region 
stable. - 

The small elongated crystal of predetermined diameter 
64 is withdrawn from the molten region. A suitable heat 
exchange means, for example a heat source 66, is dis 
posed in the growing region 65 and serves to control the 
size of the crystal as previously described. 

It is apparent, of course, that rather than a heat 
Source, a heat sink of the type previously described 
may be employed. Suitable guides 67 may be provided 
for guiding the crystal as it is withdrawn. Also, to 
reduce the temperature gradients along the grown crystal 
64, a suitable heater may be provided along the length 
of the same. The heater acts to reduce the temper 
ature gradients along the crystal as it is pulled from the 
melt. . . . 

In the growing technique shown in Figure 9, it may 
be desirable to blow out the impurities from the molten 
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zone at periodic intervals. This might be accomplished 
by moving the heat source 63, employing a gas jet to 
blow out the melted zone with the impurities collected 
therein. The grown crystal 64 is then lowered and a 
new melt formed and the crystal continues to be grown 
until sufficient impurities have again collected at which 
time the crystal is again flushed out. 
The processes described lend themselves very nicely 

to growing a crystal which may subsequently be mecha 
nically stressed to break it up into short sections to 
form wafers suitable for forming semiconductive devices. 
Thus, as illustrated in Figure 10A, the crystal 71 may 
have regions 72 of different concentration gradients 
formed therein by doping the melt or by rate growing 
the crystal. The crystal may then be etched by a 
selective etch which will etch out these regions to form 
notches 73, as illustrated in Figure 10B. By subject 
ing the crystal to suitable mechanical strain, it will break 
up into short sections to form wafers of semiconductive 
material suitable to forming semiconductive devices. 
The structure illustrated in Figure 10B may also be 

arrived at directly by varying the heat exchange in the 
crystal growing region. Thus, by momentarily supply 
ing a large amount of heat, the crystal will be reduced 
in cross section to form the notches 73. Similarly, by 
decreasing the gas pressure, the temperature will increase 
to again reduce the crystal cross section to form the 
notches 73. 
The method and apparatus described lends itself nicely 

to a continuous process for forming a crystal from a 
melt. Thus, referring to Figure 11 which carries like 
reference numbers, the crystal 30 is withdrawn from one 
side of the molten pool. Simultaneously, pure semi 
conductive material can be added to the melt. For ex 
ample, a tube 81 may extend out through the appara 
tus and the material may be added to the melt through 
the tube. The crystal may be continuously withdrawn 
from the melt and the level of the pool maintained con 
stant. 

In Figures 12 and 13 another embodiment of the in 
vention is shown. Most semiconductive materials have 
a high coefficient of surface tension. As a result, a 
hole 82 may be formed in the bottom of the crucible 
19 and the molten material will not flow out. However, 
a crystal will form on a seed inserted into the material. 
Thus, a crystal may be pulled from the bottom. The 
hole 82 is formed to have a predetermined size and con 
tour whereby the grown crystal will have the desired 
cross sectional area and shape. The crucible 19 will ef 
fect a heat exchange in the growing region and serve 
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may be employed. Material may be continuously added 
to the melt through the tube, as previously described, 
for a continuous process. 
The apparatus illustrated is similar to that of Figure 

12. In this embodiment, the lip or shell 83 is formed 
on the crucible 19 and a hole 82a is formed therein. 
The crystal is pulled down through the hole, as previous 
ly described. An additional heat source may be pro 
vided. Additional material is supplied through the tube 
81. 
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In the embodiment shown in Figure 13, molten material 

flows over the lip. The material flowing outward over 
the lip may be employed to control the temperature 
of the melt. Thus, the end of the lip may be cooler 
than the remainder of the crucible whereby when the 
melt is at the desired temperature the material solidifies 
lear the ends of the lip. Any increase in the solid 
Zone means the temperature of the melt is too low, 
while a decrease means the temperature is to high. 
Means for controlling the temperature are described in 
copending application Serial No. 601,815, filed August 
2, 1956, entitled "Crystal Growing Method and Appara 
tus.' 

It is apparent from the foregoing description that 
other types of heat sinks and sources may be employed. 
For example, suitable hot gases may be blown over the 
growing region, or the region may be suitably irradiated. 

Although the description has been devoted to the 
growing of crystals from melts of semiconductive ma 
terial, it is apparent that the method and apparatus may 
be employed to grow other elongated structures of pre 
determined across sectional area. For example, it may 
be employed to grow wires, candles, etc. 

It is seen that I have provided a crystal growing ap 
paratus in which an elongated crystal having a cross sec 
tional area of small predetermined contour may be 
formed. The apparatus lends itself readily to being con 
troled to form a crystal of uniform cross sectional area. 
Crystals can be grown which may subsequently be me 
chanically stressed to form wafers for semi-conductive 
devices. Time consuming and material wasting opera 
tions such as slicing and dicing are eliminated. 

I claim: - 
In a crystal growing apparatus of the type adapted 

to grow a crystal of semiconductive material from a melt 
of the same, means serving to form a melt, means 
serving to pull a crystal from said melt, a chimney sur 
rounding said melt and said crystal, a tube disposed 
within said chimney surrounding said pulling means and 
a portion of said crystal, said tube having a closure at 
one end thereof with an opening of predetermined con 
tour surrounding the crystal in the crystal growing region, 
and means for supplying an inert gas at constant pres 
sure to the other end of said tube, whereby the gas 
flows outwardly from said tube between the crystal and 
the sides of the opening, said gas flow serving to auto 
matically control the size of the growing crystal. 
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