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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  method  and  apparatus  to  grow  a  single  crystal  of  a  dissociative 
compound  semiconductor,  controlling  the  pressure  of  a  volatile  component  gas.  Dissociative  compound 
semiconductor  includes,  for  example,  lll-V  group  compounds  such  as  GaAs,  InP,  or  GaP  which  are 
compounds  of  a  volatile  component  (Vth  group  such  as  As  or  P)  and  a  non-volatile  second  component  (lllrd 
group  such  as  Ga  or  In).  GaAs  is  taken  hereinafter  as  an  example,  but  the  present  invention  is  possible  to 

io  apply  for  other  dissociative  compounds. 
Japanese  Patent  Application  Publication  (kokai)  No.  60-255692  discloses  an  example  of  an  apparatus 

which  is  used  in  the  Czochralski  method  for  mono-crystalline  growth  of  a  dissociative  compound  semicon- 
ductor. 

With  reference  to  Fig.  1,  the  apparatus  of  the  Japanese  Application  Publication  for  mono-crystalline 
75  growth  has  an  inner  air-tight  vessel  constituted  by  an  upper  vessel  portion  1  with  an  observation  scope  9 

and  a  furnace  10  for  controlling  arsenic  gas  pressure,  and  a  lower  vessel  portion  2.  A  circumferential  joint 
portion  3,  at  which  the  upper  vessel  portion  1  and  lower  vessel  portion  2  are  joined,  contains  sealing 
material  7  such  as  B2O3  which  can  be  melted  as  a  liquid  seal  at  high  temperature.  Heaters  11  are  installed 
so  as  to  surround  the  air-tight  vessel. 

20  The  inner  vessel  is  supported  on  a  pushing-up  shaft  13  and  a  coil  spring  8  which  is  inserted 
intermediately  in  pushing-up  shaft  13.  A  lower  shaft  14  is  installed  through  the  pushing-up  shaft  13,  and  has 
a  crucible  4  which  is  laid  on  the  end  of  the  lower  shaft  14.  An  upper  shaft  5  penetrates  an  upper  wall  of  the 
upper  vessel  portion  1  . 

Sealing  portions  15  to  keep  the  vessel  air-tight  are  installed  at  a  portion  at  which  the  upper  shaft  5 
25  slides  through  the  upper  vessel  portion  1;  and  at  a  portion  at  which  the  lower  shaft  14  slides  through  the 

lower  vessel  portion  2,  so  that  the  atmosphere  within  the  inner  vessel  is  isolated  from  the  outer  atmosphere. 
The  sealing  portions  15  consist  of  material  such  as  B2O3  which  can  be  melted  at  high  temperature. 

With  such  construction,  gallium  is  placed  in  the  crucible  4.  The  whole  apparatus  is  then  evacuated  and 
the  inner  vessel  is  sealed  by  pushing  up  the  lower  vessel  portion  2.  The  heaters  1  1  are  next  turned  on  to 

30  vaporize  the  arsenic.  Then,  the  temperature  of  the  furnace  10,  at  which  temperature  is  lowest  on  the  inner 
vessel  wall,  is  adjusted  so  that  the  vessel  is  filled  with  arsenic  gas  at  a  prescribed  pressure.  Arsenic  gas 
reacts  with  gallium  in  the  crucible  4,  thereby  GaAs  melt  is  produced  in  the  crucible  4. 

A  GaAs  seed  fixed  at  an  end  of  the  upper  shaft  5  is  dipped  into  the  GaAs  melt.  The  upper  shaft  5  is 
pulled  up  while  rotation  of  the  shaft  14  about  its  axis.  Consequently,  a  single  crystal  6  of  GaAs  can  be 

35  obtained. 
During  pulling  up  the  upper  shaft  5,  a  load  cell  (not  shown)  which  is  connected  to  the  upper  shaft  5 

detects  the  change  in  the  weight  of  the  single  crystal  6.  The  change  of  the  weight  is  transmitted  to  a 
computer  (not  shown),  which  controls  the  power  of  the  heaters  11  so  as  to  control  the  diameter  of  the 
growing  single  crystal. 

40  During  pulling  up  the  upper  shaft  5,  the  composition  of  the  GaAs  melt  in  the  crucible  4  is  controlled  by 
the  controlling  the  temperature  of  the  furnace  10. 

The  control  of  the  composition  of  the  GaAs  melt,  the  result  of  the  reaction  of  the  gallium  and  arsenic,  is 
very  significant.  However,  in  the  above  method,  there  is  no  means  to  detect  the  composition  ratio  of  the 
GaAs  melt.  Therefore,  many  difficult  measurements  with  a  GaAs  are  necessary  to  know  such  composition 

45  ratio. 
Additionally,  it  has  been  impossible  to  detect  exactly  whether  the  synthesis  reaction  is  saturated. 

Therefore,  seeding  procedure  had  to  be  delayed  for  some  indefinite  time  while  the  synthesis  reaction  is 
occuring.  The  improvement  to  detect  when  the  composition  ratio  becomes  suitable  has  been  desired. 

Furthermore,  a  load  cell  which  extends  its  measuring  rod  into  the  inside  of  the  inner  vessel  receives  an 
50  extra  force  from  the  pressure  difference  between  the  inner  pressure  of  the  air-tight  vessel  and  the  pressure 

of  the  outer  atmosphere.  Such  pressure  difference  arises  when  the  two  atmospheres  partitioned  by  the 
inner  vessel  wall  can  not  be  balanced  precisely  and  when  a  small  periodical  change  of  temperature  exists 
on  the  inner  vessel  wall.  And  the  output  signal  of  the  load  cell  corresponds  to  the  summation  of  the  true 
crystal  weight  and  the  extra  force  due  to  the  pressure  difference.  If  the  pressure  difference  fluctuates,  the 

55  output  signal  is  spoiled  by  noise. 
Therefore,  it  is  impossible  to  measure  accurately  the  weight  of  the  growing  crystal.  This  advantage  has 

made  it  difficult  to  control  the  composition  ratio  and/or  the  diameter  of  the  dissociative  compound 
semiconductor  crystal. 
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The  EP-0  139  157  discloses  an  apparatus  for  growing  single  crystals  of  dissociative  compounds. 
However,  this  apparatus  does  not  comprise  any  weight  sensors  or  load  cells  in  order  to  measure  the  weight 
of  a  melt. 

The  JP-A-61  205  697  discloses  a  single  crystal  growth  system  for  group  lll-V  compound  semiconduc- 
5  tors.  In  this  system,  two  weight  sensors  one  connected  to  an  upper  shaft  and  the  other  one  connected  to  a 

lower  shaft  are  provided. 
However,  all  of  the  upper  shaft,  the  lower  shaft,  and  the  two  weight  sensors  are  disposed  inside  the  air- 

tight  vessel  of  the  system  of  the  JP-A-61  205  697. 
Therefore,  the  weight  sensors  cannot  take  into  account  a  pressure  difference  between  the  inside  and 

io  the  outside  of  said  air-tight  vessel. 

SUMMARY  OF  THE  INVENTION 

In  order  to  solve  such  problems,  it  is  therefore  an  object  of  the  present  invention  to  provide  a  method 
is  for  mono-crystalline  growth  of  a  dissociative  compound  semiconductor  with  accurate  control  of  the  melt 

composition  of  the  chemical  compound  semiconductor,  without  loss  of  the  air-tightness  of  the  apparatus. 
It  is  another  object  of  the  present  invention  to  provide  an  apparatus  for  mono-crystalline  growth  of  a 

dissociative  compound  semiconductor  with  accurate  control  of  the  melt  composition  of  the  chemical 
compound  semiconductor,  without  loss  of  the  air-tightness  of  the  apparatus. 

20  Another  object  of  the  present  invention  is  to  provide  a  method  for  mono-crystalline  growth  of  a 
dissociatie  compound  semiconductor  with  accurate  control  of  the  diameter  of  the  growing  crystal,  without 
loss  of  the  air-tightness  of  the  apparatus. 

Another  object  of  the  present  invention  is  to  provide  an  apparatus  for  mono-crystalline  growth  of  a 
dissociative  compound  semiconductor  with  accurate  control  of  the  diameter  of  the  growing  crystal,  without 

25  loss  of  the  air-tightness  of  the  apparatus. 
According  to  claim  1  of  the  present  invention,  the  method  for  monocrystalline  growth  of  dissociative 

compound  semiconductor,  which  is  based  on  the  Czochralski  method,  comprises  the  following  steps: 
(a)  preparing  a  first  volatile  component  material  and  a  second  component  material  of  the  dissociative 
compound  semiconductor,  the  first  material  being  placed  on  the  bottom  of  an  air-tight  vessel,  the  second 

30  material  being  contained  in  a  crucible  in  the  air-tight  vessel,  the  crucible  being  supported  by  a  lower 
shaft  extending  from  the  inside  to  the  outside  of  the  air-tight  vessel; 
(b)  heating  the  first  material  for  evaporating  the  first  material  to  make  the  first  material  react  with  the 
second  material  in  the  crucible,  thereby  synthesizing  a  melt  of  said  dissociative  compound  semiconduc- 
tor  in  said  crucible;  and 

35  (c)  pulling  up  a  single  crystal  from  said  melt  by  an  upper  shaft,  the  upper  shaft  extending  from  the  inside 
to  the  outside  of  said  air-tight  vessel,  thereby  growing  the  single  crystal; 

characterized  in  that  said  method  after  said  heating  step  comprises  the  steps  of: 
(d)  measuring  the  weight  of  said  melt  outside  said  air-tight  vessel,  the  weight  of  said  melt  being 
influenced  by  a  difference  between  the  interior  pressure  of  said  air-tight  vessel  and  the  pressure  outside 

40  of  said  air-tight  vessel; 
(e)  correcting  the  measured  weight  of  said  melt  for  removing  the  error  due  to  said  pressure  difference, 
by  taking  into  consideration  a  measured  weight  of  a  body  having  a  known  constant  weight,  said  body 
extending  from  the  inside  to  the  outside  of  said  air-tight  vessel,  the  measured  weight  of  said  body  being 
influenced  by  said  pressure  difference,  and  thereby  obtaining  an  accurate  estimate  of  said  weight  of  said 

45  melt;  and 
(f)  controlling  at  least  one  of  a  composition  of  said  melt  and  a  diameter  of  said  growing  crystal  on  the 
basis  of  said  accurate  weight  data  of  said  melt  by  adjusting  said  interior  pressure  of  said  air-tight  vessel 
or  the  temperature  of  said  melt  in  said  crucible,  respectively. 
According  to  claim  9  of  the  present  invention,  the  apparatus  for  monocrystalline  growth  of  a  dissociative 

50  compound  semiconductor  comprises: 
(a)  an  outer  air-tight  vessel  (20)  having  a  top  and  bottom  wall; 
(b)  an  inner  air-tight  vessel  (22)  placed  in  the  outer  vessel  (20),  said  inner  vessel  (22)  having  a  top  and 
bottom  wall; 
(c)  a  furnace  (44)  installed  on  said  inner  vessel  (22)  for  controlling  the  pressure  of  a  gas  as  a  first  volatile 

55  component  material  of  said  dissociative  compound  semiconductor; 
(d)  a  lower  shaft  (30)  of  a  circular  cross  section,  the  lower  shaft  (30)  having  an  axis  in  a  vertical  direction, 
the  lower  shaft  (30)  being  movable  in  a  vertical  direction  and  rotatable  about  the  axis  thereof,  the  lower 
shaft  (30)  penetrating  air-tightly  said  bottom  walls  of  said  outer  (20)  and  inner  (22)  vessels  in  a  vertical 
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direction; 
(e)  a  crucible  (34)  for  containing  a  second  component  material  of  said  dissociative  compound  semicon- 
ductor  in  which  a  melt  (66)  of  said  dissociative  compound  is  synthesized  by  reaction  with  said  gas  of 
said  first  material,  the  crucible  (34)  disposed  in  the  inner  vessel  (22)  and  supported  by  the  lower  shaft 

5  (30); 
(f)  a  heating  means  (52,  53)  being  for  generating  a  desirable  temperature  distribution  of  the  inner  vessel 
(22); 
(g)  an  upper  shaft  (36)  for  pulling  a  single  crystal  upward  fom  said  melt  (66)  of  said  dissociative 
compound  semiconductor  thereby  growing  said  single  crystal,  said  upper  shaft  (36)  being  of  a  circular 

io  cros  section  having  an  axis  in  a  vertical  direction,  said  upper  shaft  (36)  being  movable  in  a  vertical 
direction  and  rotatable  about  the  axis  thereof,  said  upper  shaft  (36)  penetrating  air-tightly  sid  top  walls  of 
said  outer  (20)  and  inner  (22)  vessels  in  a  vertical  direction  above  the  crucible  (34); 

characterized  by 
(h)  a  first  load  cell  (58)  disposed  on  the  outer  vessel  (20)  outside  said  inner  air-tight  vessel  (22),  said  first 

is  load  cell  (58)  being  connected  to  said  lower  shaft  (30)  for  detecting  the  weight  (W1)  of  said  melt  (66), 
said  weight  being  influenced  by  difference  between  an  interior  pressure  of  said  inner  vessel  (22)  and  a 
pressure  outside  of  said  inner  vessel  (22);  and 
(i)  a  second  load  cell  (56,  72)  disposed  on  the  outer  vessel  (20)  outside  said  inner  air-tight  vessel  (22), 
said  second  load  cell  (56,  72)  being  connected  to  a  body  (36,  70)  for  measuring  the  weight  of  said  body, 

20  said  body  having  a  known  constant  weight  and  extending  from  inside  to  outside  of  said  air-tight  vessel 
(22),  the  measured  weight  of  said  body  being  influenced  by  said  pressure  difference,  and  said  measured 
weight  being  used  for  correcting  the  measured  weight  of  said  melt  (66)  for  the  error  due  to  said  pressure 
difference. 
According  to  the  present  invention,  the  first  load  cell  detects  the  weight  of  the  melt  in  the  crucible,  the 

25  measured  weight  being  influenced  by  the  pressure  difference.  The  second  load  cell  corrects  the  measured 
weight  for  the  error  due  to  the  presure  difference.  Therefore,  the  weight  of  the  melt  in  the  crucible  is 
corrected  to  an  accurate  value.  The  composition  of  the  melt  and/or  the  diameter  of  the  growing  single 
crystal  can  be  controlled  easily  and  automatically  by  controlling  the  heating  means  on  the  basis  of  the 
accurate  weight-value. 

30  Furthermore,  since  the  weight  of  the  melt  can  be  measured  during  the  process  of  the  direct  synthesis 
and  during  the  growth  process,  the  composition  ratio  of  the  melt  can  be  recognized  and  controlled  suitably. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

35  Fig.  1  is  a  side  elevation  showing  an  apparatus  of  prior  art. 
Fig.  2  is  a  side  elevation  showing  an  apparatus  of  a  first  embodiment  of  the  present  invention. 
Fig.  3  is  a  side  elevation  showing  an  apparatus  of  a  second  embodiment  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
40 

Various  preferred  embodiments  of  the  present  invention  will  be  described  hereinafter  with  reference  to 
the  accompanying  drawings. 

First  Embodiment 
45 

Fig.  2  depicts  an  apparatus  used  for  growth  of  a  single  crystal  of  a  dissociative  compound  semiconduc- 
tor  according  to  a  first  embodiment  of  the  present  invention. 

The  apparatus  comprises  an  outer  vessel  20  closed  air-tightly  and  an  inner  vessel  22  contained  in  the 
outer  vessel  20. 

50  The  inner  vessel  22  is  constituted  by  an  upper  vessel  portion  40  which  is  installed  with  an  observation 
scope  42  and  a  furnace  44  for  controlling  the  arsenic  gas  pressure,  and  a  lower  vessel  portion  46.  The  inner 
vessel  22  is  also  closed  air-tightly  with  pushing  up  the  lower  vessel  portion  46  which  is  movable  in  a  vertical 
direction,  and  joining  a  joint  portion  48  which  will  be  described  later  on. 

A  through-hole  is  formed  through  a  bottom  wall  of  the  outer  vessel  20.  A  pushing-up  shaft  24  with  a 
55  flange  portion  26  to  move  the  lower  portion  46  of  the  inner  vessel  22  is  installed  in  the  vertical  line  in  such  a 

manner  that  a  rod  portion  thereof  is  inserted  slidably  and  air-tightly  in  the  through-hole  of  the  outer  vessel 
20;  and  the  flange  portion  26  is  disposed  under  the  lower  portion  46  of  the  inner  vessel  22.  The  pushing-up 
shaft  24  has  a  spring  suspension  mechanism  28  intermediating  in  the  rod  portion  thereof. 

4 
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A  lower  shaft  30,  which  is  surrounded  by  a  sheath  31  ,  is  also  inserted  through  the  pushing-up  shaft  24 
therealong.  The  lower  shaft  30  further  extends  into  the  inside  of  the  inner  vessel  22  and  supports  a 
receptacle  32  which  holds  a  crucible  34.  The  crucible  34  is  able  to  be  located  in  a  desirable  position  in  the 
inner  vessel  22,  from  the  point  of  view  of  temperature  distribution. 

5  An  upper  shaft  36  surrounded  by  a  sheath  38  is  installed  in  the  vertical  line  so  as  to  penetrate  air-tightly 
a  top  (not  shown)  of  the  outer  vessel  20.  An  end  of  the  upper  shaft  36  extends  into  the  inside  of  the  inner 
vessel  22. 

A  circumferential  joint  portion  48,  at  which  the  upper  vessel  portion  40  and  lower  vessel  portion  46  are 
joined,  contains  a  sealing  material  50  such  as  B2O3  which  can  be  melted  as  a  liquid  seal  at  high 

10  temperature.  Upper  and  lower  heaters  52  and  53  are  installed  in  the  outer  vessel  20  so  as  to  surround  the 
inner  vessel  22. 

Sealing  portions  54  to  give  the  inner  vessel  22  air-tight  seals  for  the  movable  shafts  30  and  36  are 
installed  at  a  portion  at  which  the  upper  shaft  36  slides  through  the  upper  vessel  portion  40;  and  at  a  portion 
at  which  the  lower  shaft  30  slides  through  the  lower  vessel  portion  46.  The  sealing  portions  54  are  also  of 

15  material  such  as  B2O3  which  can  be  melted  at  high  temperature.  Therefore,  the  upper  shaft  36  and  the 
lower  shaft  30  can  rotate  and  move  along  a  vertical  direction  freely  keeping  the  inner  vessel  air-tight. 

A  lower  load  cell  (first  load  cell)  58  is  connected  to  the  lower  shaft  30  and  the  housing  of  the  lower  load 
cell  is  connected  to  the  sheath  31  .  Similarly,  an  upper  load  cell  (second  load  cell)  56  is  connected  to  the 
upper  shaft  36  and  the  the  housing  of  the  upper  load  cell  is  connected  to  the  sheath  38.  The  upper  and 

20  lower  load  cells  56  and  58  are  connected  to  a  computer  60  via  A/D  converters  62  and  64,  respectively. 
Therefore,  output  signals  of  the  upper  and  lower  load  cells  56  and  58  are  transmitted  to  the  A/D 

converters  62  and  64,  and  converted  to  digital  signals  by  the  A/D  converters  62  and  64.  The  digital  signals 
are  received  by  the  computer  60  which  calculates  the  weight  of  the  GaAs  melt  66,  which  will  be  described 
later  on,  in  the  crucible  34  on  the  basis  of  the  digital  signals.  The  computer  60  controls  the  power  of  the 

25  furnace  44  so  as  to  control  the  composition  of  the  melt. 
In  the  above  construction,  the  upper  shaft  36  and  lower  shaft  30  are  of  circular  cross-sections;  and  the 

shafts  30  and  36  may  have  different  diameters  or  they  may  have  the  same  diameter. 
With  such  construction,  gallium  is  placed  in  the  crucible  34  and  solid  arsenic  is  placed  on  the  bottom  of 

lower  vessel  portion  46.  The  whole  apparatus  is  then  evacuated.  The  joint  portion  48  is  made  tight  by 
30  pressing  up  the  lower  vessel  portion  46  so  as  to  make  inner  vessel  isolated  from  the  outer  atmosphere. 

Then,  the  lower  heater  53  and  upper  heater  52  are  turned  on  to  increase  the  temperature  to  vaporize 
the  arsenic  gas.  At  the  same  time,  the  temperature  of  the  furnace  44  is  adjusted  so  that  the  inner  vessel  22 
is  filled  with  arsenic  gas  at  a  prescribed  pressure,  while  the  outer  vessel  20  is  filled  with  an  inert  gas  at  a 
prescribed  pressure  for  balancing  the  pressure  within  the  inner  vessel  22.  Arsenic  gas  reacts  with  gallium  in 

35  the  crucible  34,  thereby  GaAs  melt  66  is  synthesized  in  the  crucible  34. 
During  the  synthesis  process,  the  computer  60  calculates  an  accurate  weight  of  the  GaAs  melt  66  on 

the  basis  of  the  output  signals  of  the  upper  and  lower  load  cells  56  and  58. 
The  temperature  of  the  As-pressure  controlling  furnace  is  adjusted  so  that  the  melt  66  has  a  suitable 

weight,  that  means  a  stoichiometric  composition. 
40  A  GaAs  seed  fixed  at  the  lower  end  of  the  upper  shaft  36  is  dipped  into  the  melt  66.  The  upper  shaft  36 

is  pulled  upward  with  rotation  about  its  axis.  Consequently,  a  single  crystal  68  of  stoichiometric  composition 
GaAs  can  be  grown. 

With  such  a  method,  the  disadvantage  of  the  conventional  method,  that  is,  the  inability  to  detect  the 
composition  of  the  GaAs  melt,  is  solved,  so  that  the  composition  of  the  growing  single  crystal  of  chemical 

45  compound  semiconductor  is  accurately  controlled.  Furthermore,  the  weight  of  the  melt  66  can  be  measured 
without  inaccuracy  which  may  caused  by  the  difference  between  the  pressure  in  the  inner  vessel  and  the 
pressure  in  the  outer  atmosphere. 

The  principle  of  the  method  is  described  hereinafter.  The  composition  of  the  melt  66  can  be  obtained 
by  measuring  the  weight  of  the  melt  66  since  the  initial  weight  of  the  melt,  that  is,  the  weight  of  the  gallium 

50  in  the  crucible  34  before  the  synthesis  can  be  known  in  the  same  way.  In  the  measurement  of  the  weight  of 
the  melt  66,  it  is  necessary  to  remove  the  influence  caused  by  the  pressure  difference. 

The  above  description  is  represented  by  the  following  formulae: 

W1  =  wi  -  AP  x  77  x  R12  (1) 
55 

W2  =  w2  +  AP  x  7t  x  R22  (2) 

where  AP  is  the  pressure  difference,  R1  is  the  radius  of  the  lower  shaft  30,  R2  is  the  radius  of  the  upper 
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shaft  36,  Wi  is  the  measured  weight  of  the  GaAs  melt  66  and  the  tare  measured  by  the  lower  load  cell  58, 
wi  is  a  true  weight  of  the  melt  and  the  tare,  W2  is  the  measured  weight  of  the  upper  shaft  36  and  the  tare 
measured  by  the  upper  load  cell  56,  and  W2  is  a  true  weight  of  the  upper  shaft  36  and  the  tare. 

Formulae  (1)  and  (2)  are  rewrittten  as  follows: 

71  X  AP  =  (Wi  -  Wi)  /  Ri2 

=  (W2  -  w2)  /  R22 

wi  =  Wi  +  (W2  -  w2)  x  R12  /  R22  (4) 
75 

In  formula  (4),  Ri  and  R2  are  substituted  as  the  following  formula: 

Ri  =  k  x  R2  (5) 

20  where  k  is  a  constant.  Therefore, 

wi  =  Wi  +  (W2  -  w2)  x  k2  (6) 

Since  w2  was  constant  before  the  seeding  procedure  is  begun, 
25 

wi  =  Wi  +  k2  x  W2  -  c  (7) 

where  c  is  a  constant. 
Accordingly,  with  reference  to  formula  (7),  accurate  weight  wi  of  the  melt  66  and  the  tare  can  be 

30  calculated  from  Wi  and  W2  during  the  synthesis  procedure. 
Therefore,  it  is  possible  to  detect  exactly  from  wi  estimate,  whether  the  composition  ratio  has  become 

stoichiometric  while  the  temperature  of  the  As-pressure  controlling  furnace  44  is  controlled  Once  the 
composition  ratio  has  become  suitable,  the  condition  of  the  furnace  44  is  kept  constant.  Then,  the  seeding 
and  growth  procedure  is  begun. 

35  The  composition  ratio  of  the  growing  single  crystal  can  be  controlled  accurately  and  automatically  by 
keeping  the  temperature  of  the  furnace  44  constant  during  the  growth  process. 

Example  1 

40  An  experiment  for  obtaining  a  single  crystal  was  done  with  the  above  apparatus  keeping  the  pulling-up 
speed  of  the  upper  shaft  36  at  5  mm/hour,  the  rotation  speed  of  the  upper  shaft  36  at  5  r.p.m.,  and  the 
rotation  speed  of  the  lower  shaft  30  at  5  r.p.m.. 

The  synthesis  process  of  the  GaAs  melt  was  detected  by  the  double  load  cell  system  as  described 
above  and  the  saturation  of  the  reaction  was  recognised  within  the  accuracy  of  0.1  %  of  3  kg  GaAs  melt. 

45  The  produced  single  crystal  was  of  a  80  mm  diameter  and  of  a  100  mm  length.  The  single  crystal  was  of 
high  quality  and  highly  uniform. 

Second  Embodiment 

50  Fig.  3  depicts  an  apparatus  used  for  growth  of  a  single  crystal  of  a  dissociative  compound  semiconduc- 
tor  according  to  a  second  embodiment  of  the  present  invention.  In  Fig.  3,  the  same  numerals  are  attached 
to  the  same  elements  as  in  Fig.  2,  so  the  description  of  the  elements  is  omitted. 

The  upper  shaft  36,  which  also  penetrates  air-tightly  the  outer  and  inner  vessels  20  and  22  in  the 
second  embodiment,  however,  without  the  sheath  38  and  is  not  connected  to  the  load  cell  56. 

55  A  through-hole  is  formed  so  as  to  penetrate  through  the  bottom  of  the  lower  vessel  portion  46,  the 
flange  portion  26  of  the  pushing-up  shaft  24,  and  the  bottom  of  the  outer  vessel  20.  A  detecting  bar  70  for 
detecting  the  difference  between  the  interior  pressure  of  the  inner  vessel  22  and  the  atmosphere  pressure 
is  inserted  in  the  through  hole,  so  that  the  upper  end  of  the  bar  70  extends  into  the  inside  of  the  inner 
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vessel  22  and  the  lower  end  of  the  bar  70  is  connected  to  a  second  load  cell  72.  The  housing  of  the  second 
load  cell  72  is  linked  to  the  outer  vessel  20  with  a  sheath  74  in  which  the  detecting  bar  70  is  inserted. 

On  the  bottom  of  the  lower  vessel  portion  46,  a  seal  78  is  formed  so  as  to  make  the  detecting  bar  70 
air-tight  and  movable  freely  in  a  vertical  direction  as  with  the  sealing  54. 

5  The  second  load  cell  72  is  connected  to  the  computer  60  via  an  A/D  converter  80.  The  output  signal  of 
the  load  cell  72  is  transmitted  to  the  A/D  converter  80,  and  converted  to  a  digital  signal  by  the  A/D 
converter  80. 

The  digital  signals  from  the  A/D  converter  80  and  the  A/D  converter  62  are  received  by  the  computer  60 
which  calculates  the  weight  of  the  GaAs  melt  66  in  the  crucible  34.  The  computer  60  controls  the  power  of 

io  the  furnace  44  so  as  to  control  the  composition  of  the  melt  66.  In  the  second  embodiment,  the  computer  60 
further  controls  the  power  of  the  lower  heater  53  so  as  to  control  the  growing  crystal  diameter. 

With  such  construction,  gallium  is  placed  in  the  crucible  34  and  solid  arsenic  is  placed  on  the  bottom  of 
the  lower  vessel  portion  46.  The  whole  apparatus  is  then  evacuated.  The  joint  portion  48  is  made  tight  by 
pushing  up  the  lower  vessel  portion  46  so  as  to  make  inner  vessel  22  isolated  from  the  outer  atmosphere. 

is  Then,  the  lower  heater  53  and  the  upper  heater  52  are  turned  on  to  increase  the  temperature  to 
vaporize  the  arsenic.  At  the  same  time,  the  temperature  of  the  furnace  44  is  adjusted  so  that  the  inner 
vessel  is  filled  with  arsenic  gas  at  a  prescribed  pressure,  while  the  outer  vessel  20  is  filled  with  an  inert  gas 
at  a  prescribed  pressure.  Arsenic  gas  reacts  with  gallium  in  the  crucible  34,  thereby  GaAs  melt  66  is 
synthesized  in  the  crucible  34. 

20  During  the  synthesis  process,  the  computer  60  calculates  an  accurate  weight  of  the  GaAs  melt  66  on 
the  basis  of  the  output  signals  of  the  first  and  second  load  cells  58  and  72.  The  temperature  of  the  As- 
pressure  controlling  furnace  is  adjusted  so  that  the  melt  66  has  a  suitable  weight,  that  means  a 
stoichiometric  composition.  A  GaAs  seed  fixed  at  the  lower  end  of  the  upper  shaft  36  is  then  dipped  into  the 
melt  66.  The  upper  shaft  36  is  pulled  upward  with  rotation  about  its  axis.  Consequently,  a  single  crystal  68 

25  of  stoichiometric  composition  of  GaAs  can  be  obtained. 
In  addition,  during  pulling  the  upper  shaft  36,  the  first  load  cell  58  connected  to  the  lower  shaft  30 

detects  the  change  of  the  weight  of  the  melt  66.  Since  the  true  weight  of  the  melt  66  before  the  crystal 
growth  always  equals  to  a  sum  of  remained  weight  of  the  melt  66  and  the  weight  of  the  growing  crystal  68, 
the  accurate  weight  and  the  accurate  diameter  of  the  growing  crystal  68  is  calculated  by  the  computer  60. 

30  The  computer  60  adjusts  the  heater  53  so  as  to  control  the  diameter  of  the  growing  single  crystal  on  the 
basis  of  the  estimate  of  the  crystal  weight. 

With  such  a  method,  the  disadvantage  of  the  conventional  method,  that  is,  the  inability  to  detect  the 
composition  of  the  GaAs  melt  66,  is  solved,  so  that  the  composition  of  the  growing  single  crystal  of 
compound  semiconductor  is  accurately  controlled.  Furthermore,  the  weight  of  the  melt  66  can  be  measured 

35  without  inaccuracy,  which  may  caused  by  the  pressure  difference. 
Furthermore,  another  disadvantage  of  the  conventional  method,  that  is,  the  inaccuracy  in  the  measure- 

ment  of  the  weight  of  the  growing  crystal  caused  by  the  difference  between  the  pressure  in  the  inner  vessel 
22  and  the  pressure  in  the  atmosphere,  is  solved,  so  that  the  diameter  of  the  growing  single  crystal  of  the 
compound  semiconductor  is  accurately  controlled. 

40  Additionally,  since  the  detecting  bar  70  does  not  need  to  rotate  about  the  axis  thereof  neither  to  move 
vertically,  the  structure  to  disposed  the  detecting  bar  70  can  be  simplified. 

The  principle  of  the  method  is  described  hereinafter.  The  composition  of  the  melt  66  can  be  obtained 
by  measurement  of  the  weight  of  the  melt  66  since  the  initial  weight  of  the  melt,  that  is,  the  weight  of  the 
gallium  in  the  crucible  34  without  the  arsenic  component  is  known.  In  the  measurement  of  the  weight  of  the 

45  melt  66,  it  is  necessary  to  remove  the  influence  caused  by  the  pressure  difference. 
The  above  description  is  represented  in  as  the  following  formulae: 

Wi  =  wi  +  AP  x  7T  x  Ri  2  (8) 

50  W2  =  w2  +  AP  x  7T  x  R22  (9) 

where  AP  is  the  pressure  difference,  Ri  is  the  radius  of  the  lower  shaft  30,  R2  is  the  radius  of  the  detecting 
bar  70,  Wi  is  the  measured  weight  of  the  melt  66  and  the  tare  measured  by  the  first  load  cell  58,  wi  is  a 
true  weight  of  the  melt  66  and  the  tare,  W2  is  the  weight  measured  by  the  first  load  cell  72,  and  w2  is  a  true 

55  weight  on  the  load  cell  72. 
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Formulae  (8)  and  (9)  are  rewritten  as  follows: 

7C  X  AP  -  (W2  -  w2)  /  R22 

-  (Wi  -  WX)  /  Rx2  ( 1 0 )  

10 

wi  =  Wi  -  (W2  -  w2)  x  Ri2  /  R22  (11) 

In  formula  (11),  Ri  and  R2  are  substituted  as  the  following  formula: 
15 

Ri  =  ki  x  R2  (12) 

where  ki  is  a  constant.  Therefore, 

20  wi  =  Wi  -  (W2  -  w2)  x  ki2  (13) 

wi  =  Wi  -  ki2x  W2  +  ci  (14) 

where  ci  is  a  constant. 
25  Accordingly,  with  reference  to  formula  (14),  accurate  weight  wi  of  the  melt  66  and  the  tare  can  be 

calculated  from  Wi  and  W2. 
It  is  possible  to  detect  exactly  whether  the  composition  ratio  has  become  stoichiometric  before  the 

seeding  procedure.  Once  the  composition  ratio  has  become  suitable,  the  condition  of  the  furnace  44  is  kept 
constant  so  as  to  keep  the  composition  stoichiometric.  Then,  the  seeding  and  growth  procedure  is  begun. 

30  On  the  basis  of  the  estimate  of  the  weight  wi  ,  the  diameter  of  the  growing  single  crystal  can  be 
controlled  accurately  and  automatically  by  means  of  the  computer  60  to  control  the  power  of  the  heater  53. 

In  the  above  construction  and  Fig.  3,  the  detecting  bar  70  is  provided  at  the  bottom  of  the  inner  vessel 
22;  and  the  second  load  cell  72  is  provided  beneath  the  vessel.  However,  the  detecting  bar  70  can  be 
installed  at  the  top  of  the  inner  vessel  22;  and  the  second  load  cell  72  can  be  equipped  above  the  vessel. 

35  In  that  case,  wi  is  calculated  as  follows: 

wi  =  Wi  -  (W2  -  w2)  x  ki2  (15) 

wi  =  Wi  -  ki2x  W2  +  c2  (16) 
40 

where  c2  is  a  constant. 

Example  2 

45  An  experiment  for  obtaining  the  single  crystal  was  done  with  the  above  apparatus  shown  in  Fig.  3  with 
the  pulling-up  speed  of  the  upper  shaft  36  at  5  mm/hour,  the  rotation  speed  of  the  upper  shaft  36  at  5 
r.p.m.,  and  the  rotation  speed  of  the  lower  shaft  30  at  5  r.p.m.. 

The  synthesis  process  of  the  GaAs  melt  was  detected  by  the  double  load  cell  system  as  described 
above  and  the  saturation  of  the  reaction  was  recognised  within  the  accuracy  of  0.1  %  of  3  kg  GaAs  melt. 

50  The  produced  single  crystal  was  of  a  80  mm  diameter  and  of  a  100  mm  length. 
The  single  crystal  was  of  high  quality  and  highly  uniform.  The  deviation  of  the  crystal  diameter  is  small, 

in  a  range  of  ±  1  mm. 

Claims 
55 

1.  A  method  for  monocrystalline  growth  of  a  dissociative  compound  semiconductor,  including  the  steps  of: 
(a)  preparing  a  first  volatile  component  material  and  a  second  component  material  of  the  dissociative 
compound  semiconductor,  the  first  material  being  placed  on  the  bottom  of  an  air-tight  vessel  (22), 
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the  second  material  being  contained  in  a  crucible  (34)  in  the  air-tight  vessel  (22),  the  crucible  (34) 
being  supported  by  a  lower  shaft  (30)  extending  from  the  inside  to  the  outside  of  the  air-tight  vessel 
(22); 
(b)  heating  the  first  material  for  evaporating  the  first  material  to  make  the  first  material  react  with  the 

5  second  material  in  the  crucible  (34),  thereby  synthesizing  a  melt  (66)  of  said  dissociative  compound 
semiconductor  in  said  crucible  (34);  and 
(c)  pulling  up  a  single  crystal  from  said  melt  (66)  by  an  upper  shaft  (36),  the  upper  shaft  (36) 
extending  from  the  inside  to  the  outside  of  said  air-tight  essel  (22),  thereby  growing  the  single 
crystal; 

io  characterized  in  that 
said  method  after  said  heating  step  comprises  the  steps  of: 

(d)  measuring  the  weight  (W1)  of  said  melt  (66)  outside  said  air-tight  vessel  (22),  the  weight  of  said 
melt  (66)  being  influenced  by  a  difference  between  the  interior  pressure  of  said  air-tight  vessel  (22) 
and  the  pressure  outside  of  said  air-tight  vessel  (22); 

is  (e)  correcting  the  measured  weight  (W1)  of  said  melt  (66),  for  removing  the  error  due  to  said 
pressure  difference,  by  taking  into  consideration  a  measured  weight  (W2)  of  a  body  (36,  70)  having 
a  known  constant  weight,  said  body  extending  from  the  inside  to  the  outside  of  said  air-tight  vessel 
(22),  the  measured  weight  of  said  body  being  influenced  by  said  pressure  difference,  and  thereby 
obtaining  an  accurate  estimate  of  said  weight  of  said  melt  (66);  and 

20  (f)  controlling  at  least  one  of  a  composition  of  said  melt  (66)  and  a  diameter  of  said  growing  crystal 
on  the  basis  of  said  accurate  weight  data  of  said  melt  (66)  by  adjusting  said  interior  pressure  of  said 
air-tight  vessel  (22)  or  the  temperature  of  said  melt  (66)  in  said  crucible  (34),  respectively. 

2.  A  method  according  to  claim  1  ,  wherein  said  controlling  step  (f)  comprises  controlling  a  furnace  (44), 
25  having  a  means  to  adjust  the  temperature  of  said  furnace  (44)  so  as  to  adjust  the  interior  pressure  of 

said  air-tight  vessel  (22),  thereby  controlling  said  composition  of  said  melt  (66). 

3.  A  method  according  to  claim  1  or  2,  wherein  said  upper  shaft  (36)  and  said  lower  shaft  (30)  are  of 
circular  cross  sections,  a  first  load  cell  (58)  being  connected  to  said  lower  shaft  (30),  a  second  load  cell 

30  (56)  being  connected  to  said  upper  shaft  (36),  said  measuring  step  (d)  being  done  by  the  first  load  cell 
(58). 

4.  A  method  according  to  claim  3,  wherein  said  second  load  cell  (56)  detects  said  weight  of  said  upper 
shaft  (36),  the  weight  of  said  upper  shaft  (36)  being  influenced  by  said  difference  between  said  interior 

35  pressure  of  said  air-tight  vessel  (22)  and  said  pressure  outside  of  the  air-tight  vessel  (22). 

5.  A  method  according  to  claim  1  or  2,  wherein  a  detecting  bar  (70)  penetrates  air-tightly  the  wall  of  said 
air-tight  vessel  (22),  a  first  load  cell  (58)  being  connected  to  the  lower  shaft  (30),  a  second  load  cell  (72) 
being  connected  to  said  detecting  bar  (70),  said  measuring  step  (d)  being  done  by  the  first  load  cell 

40  (58). 

6.  A  method  according  to  claim  5,  wherein  said  second  load  cell  (72)  detects  the  weight  of  said  detecting 
bar  (70),  the  weight  of  said  detecting  bar  (70)  being  influenced  by  said  difference  between  said  interior 
pressure  of  said  air-tight  vessel  (22)  and  said  pressure  outside  of  said  air-tight  vessel  (22). 

45 
7.  A  method  according  to  one  of  claim  1,  2,  5  and  6  wherein  said  controlling  step  (f)  further  comprises 

controlling  a  heating  means  (52,  53)  for  adjusting  the  temperature  of  said  melt  (66)  in  said  crucible  (34), 
thereby  controlling  the  diameter  of  said  growing  crystal. 

50  8.  A  method  according  to  claim  7,  wherein  said  controlling  step  (f)  further  comprises  calculating  of  a 
weight  estimate  of  said  growing  crystal  on  the  basis  of  the  weight  data  of  said  melt  (66),  said  heating 
means  (52,  53)  controlled  on  the  basis  of  said  weight  data  of  said  growing  crystal. 

9.  An  apparatus  for  monocrystalline  growth  of  a  dissociative  compound  semiconductor  comprising: 
55  (a)  an  outer  air-tight  vessel  (20)  having  a  top  and  bottom  wall; 

(b)  an  inner  air-tight  vessel  (22)  placed  in  the  outer  vessel  (20),  said  inner  vessel  (22)  having  a  top 
and  bottom  wall; 
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(c)  a  furnace  (44)  installed  on  said  inner  vessel  (22)  for  controlling  the  pressure  of  a  gas  as  a  first 
volatile  component  material  of  said  dissociative  compound  semiconductor; 
(d)  a  lower  shaft  (30)  of  a  circular  cross  section,  the  lower  shaft  (30)  having  an  axis  in  a  vertical 
direction,  the  lower  shaft  (30)  being  movable  in  a  vertical  direction  and  rotatable  about  the  axis 

5  thereof,  the  lower  shaft  (30)  penetrating  air-tightly  said  bottom  walls  of  said  outer  (20)  and  inner  (22) 
vessels  in  a  vertical  direction; 
(e)  a  crucible  (34)  for  containing  a  second  component  material  of  said  dissociative  compound 
semiconductor  in  which  a  melt  (66)  of  said  dissociative  compound  is  synthesized  by  reaction  with 
said  gas  of  said  first  material,  the  crucible  (34)  disposed  in  the  inner  vessel  (22)  and  supported  by 

io  the  lower  shaft  (30); 
(f)  a  heating  means  (52,  53)  for  generating  a  desirable  temperature  distribution  of  the  inner  vessel 
(22); 
(g)  an  upper  shaft  (36)  for  pulling  a  single  crystal  upward  fom  said  melt  (66)  of  said  dissociative 
compound  semiconductor  thereby  growing  said  single  crystal,  said  upper  shaft  (36)  being  of  a 

is  circular  cros  section  having  an  axis  in  a  vertical  direction,  said  upper  shaft  (36)  being  movable  in  a 
vertical  direction  and  rotatable  about  the  axis  thereof,  said  upper  shaft  (36)  penetrating  air-tightly  sid 
top  walls  of  said  outer  (20)  and  inner  (22)  vessels  in  a  vertical  direction  above  the  crucible  (34); 

characterized  by 
(h)  a  first  load  cell  (58)  disposed  on  the  outer  vessel  (20)  outside  said  inner  air-tight  vessel  (22),  said 

20  first  load  cell  (58)  being  connected  to  said  lower  shaft  (30)  for  detecting  the  weight  (W1)  of  said  melt 
(66),  said  weight  being  influenced  by  difference  between  an  interior  pressure  of  said  inner  vessel 
(22)  and  a  pressure  outside  of  said  inner  vessel  (22);  and 
(i)  a  second  load  cell  (56,  72)  disposed  on  the  outer  vessel  (20)  outside  said  inner  air-tight  vessel 
(22),  said  second  load  cell  (56,  72)  being  connected  to  a  body  (36,  70)  for  measuring  the  weight  of 

25  said  body,  said  body  having  a  known  constant  weight  and  extending  from  inside  to  outside  of  said 
air-tight  vessel  (22),  the  measured  weight  of  said  body  being  influenced  by  said  pressure  difference, 
and  said  measured  weight  being  used  for  correcting  the  measured  weight  of  said  melt  (66)  for  the 
error  due  to  said  pressure  difference. 

30  10.  An  apparatus  according  to  claim  9,  wherein  said  second  load  cell  (56)  is  connected  to  said  upper  shaft 
(36)  so  as  to  detect  the  weight  of  said  upper  shaft  (36),  said  weight  of  said  upper  shaft  (36)  being 
influenced  by  said  pressure  difference. 

11.  An  apparatus  according  to  claim  9,  further  comprising: 
35  a  detecting  bar  (70)  penetrating  air-tightly  said  wall  of  said  inner  vessel  (22),  said  second  load  cell  (72) 

being  connected  to  said  detecting  bar  (70)  so  as  to  detect  the  weight  of  said  detecting  bar  (70),  said 
weight  being  influenced  by  said  pressure  difference. 

Patentanspruche 
40 

1.  Verfahren  zum  einkristallinen  Zuchten  eines  dissoziativen  Verbindungshalbleiters  mit  den  Schritten: 
(a)  Bereitstellen  eines  ersten  fluchtigen  Komponentenmaterials  und  eines  zweiten  Komponentenma- 
terials  des  dissoziativen  Verbindungshalbleiters,  wobei  das  erste  Material  am  Boden  eines  luftdichten 
Behalters  (22)  angeordnet  und  das  zweite  Material  in  einem  Tiegel  (34)  im  luftdichten  Behalter  (22) 

45  enthalten  ist  sowie  der  Tiegel  (34)  von  einer  unteren  Welle  (30)  getragen  wird,  die  sich  durch  den 
luftdichten  Behalter  (22)  nach  drauBen  erstreckt; 
(b)  Erhitzen  des  ersten  Materials,  urn  es  zu  verdampfen  und  mit  dem  zweiten  Material  im  Tiegel  (34) 
zur  Reaktion  zu  bringen  und  dadurch  eine  Schmelze  (66)  des  dissoziativen  Verbindungshalbleiters 
im  Tiegel  (34)  zu  synthetisieren  und 

50  (c)  Ziehen  eines  Einkristalls  aus  der  Schmelze  (66)  mittels  einer  oberen  Welle  (36)  nach  oben, 
wodurch  der  Einkristall  gezuchtet  wird  und  wobei  sich  die  obere  Welle  (36)  aus  dem  luftdichten 
Behalter  (22)  nach  auBen  erstreckt; 

dadurch  gekennzeichnet,  daB 
das  Verfahren  folgende  Schritte  nach  dem  Erhitzen  aufweist: 

55  (d)  Feststellen  des  Gewichts  (W1)  der  Schmelze  (66)  auBerhalb  des  luftdichten  Behalters  (22),  wobei 
dieses  Gewicht  der  Schmelze  (66)  durch  die  Differenz  zwischen  dem  Innendruck  des  luftdichten 
Behalters  (22)  und  dem  Druck  auBerhalb  des  luftdichten  Behalters  (22)  beeinfluBt  wird; 
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(e)  Korrigieren  des  festgestellten  Gewichts  (W1)  der  Schmelze  (66)  durch  Beseitigen  des  Fehlers 
infolge  der  Druckdifferenz  mittels  Einbeziehung  des  festgestellten  Gewichts  (W2)  eines  Korpers  (36, 
70)  mit  bekanntem  konstanten  Gewicht,  der  sich  aus  dem  luftdichten  Behalter  (22)  nach  drauBen 
erstreckt,  wobei  das  festgestellte  Gewicht  des  Korpers  durch  die  Druckdifferenz  beeinfluBt  wird, 

5  wodurch  eine  genaue  Bestimmung  des  Gewichts  der  Schmelze  (66)  erhalten  wird  und 
(f)  Steuern  zumindest  eines  der  beiden  Parameter  Zusammensetzung  der  Schmelze  (66)  und 
Durchmesser  des  gezuchteten  Kristalls  auf  der  Grundlage  genauer  Gewichtsdaten  der  Schmelze 
(66)  durch  Einstellen  des  Innendruckes  des  luftdichten  Behalters  (22)  beziehungsweise  der  Tempe- 
ratur  der  Schmelze  (66)  im  Tiegel  (34). 

10 
2.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  Steuerschritt  (f)  das  Steuern  eines  Ofens  (44)  mit  Einrichtun- 

gen  zum  Einstellen  der  Temperatur  dieses  Ofens  (44)  umfaBt,  so  daB  der  Innendruck  des  luftdichten 
Behalters  (22)  eingestellt  und  dadurch  die  Zusammensetzung  der  Schmelze  gesteuert  wird. 

is  3.  Verfahren  nach  Anspruch  1  oder  2,  bei  dem  die  obere  Welle  (36)  und  die  untere  Welle  (30)  runden 
Querschnitt  haben,  ein  erster  KraftmeBwandler  (58)  an  der  unteren  Welle  (30)  und  ein  zweiter 
KraftmeBwandler  (56)  an  der  oberen  Welle  (36)  angebracht  ist  und  der  MeBschritt  (d)  vom  ersten 
KraftmeBwandler  (58)  durchgefuhrt  wird. 

20  4.  Verfahren  nach  Anspruch  3,  bei  dem  der  zweite  KraftmeBwandler  (56)  das  Gewicht  der  oberen  Welle 
(36)  feststellt,  wobei  dieses  Gewicht  der  oberen  Welle  (36)  durch  die  Differenz  zwischen  dem 
Innendruck  des  luftdichten  Behalters  (22)  und  dem  Druck  auBerhalb  desselben  beeinfluBt  wird. 

5.  Verfahren  nach  Anspruch  1  oder  2,  bei  dem  ein  MeBstab  (70)  die  Wand  des  lufdichten  Behalters  (22) 
25  luftdicht  durchdringt,  ein  erster  KraftmeBwandler  (58)  an  der  unteren  Welle  (30)  und  ein  zweiter 

KraftmeBwandler  (72)  am  MeBstab  (70)  angebracht  ist  und  der  MeBschritt  (d)  vom  ersten  KraftmeB- 
wandler  (58)  durchgefuhrt  wird. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  der  zweite  KraftmeBwandler  (72)  das  Gewicht  des  MeBstabes 
30  (70)  feststellt  und  das  Gewicht  des  MeBstabes  (70)  von  der  Differenz  zwischen  dem  Innendruck  des 

luftdichten  Behalters  (22)  und  dem  Druck  auBerhalb  desselben  beeinfluBt  wird. 

7.  Verfahren  nach  einem  der  Anspruche  1  ,  2,  5  und  6,  bei  dem  der  Steuerschritt  (f)  weiterhin  das  Steuern 
einer  Heizeinrichtung  (52,  53)  zur  Einstellung  der  Temperatur  der  Schmelze  (66)  im  Tiegel  (34)  umfaBt, 

35  wodurch  der  Durchmesser  des  gezuchteten  Kristalls  gesteuert  wird. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  der  Steuerschritt  (f)  weiterhin  das  Berechnen  eines  bestimmten 
Gewichtes  des  gezuchteten  Kristalls  auf  der  Grundlage  der  Gewichtsdaten  der  Schmelze  (66)  umfaBt 
und  die  Heizeinrichtung  (52,  53)  auf  der  Grundlage  der  Gewichtsdaten  des  gezuchteten  Kristalls 

40  gesteuert  wird. 

9.  Vorrichtung  zum  einkristallinen  Zuchten  eins  dissoziativen  Verbindungshalbleiters  umfassend: 
(a)  einen  auBeren  luftdichten  Behalter  (20)  mit  einer  oberen  und  einer  unteren  Wand; 
(b)  einen  inneren  luftdichten  Behalter  (22),  der  im  auBeren  luftdichten  Behalter  (20)  angeordnet  ist 

45  sowie  eine  obere  und  eine  untere  Wand  hat; 
(c)  einen  Ofen  (44),  der  im  inneren  Behalter  (22)  eingebaut  ist,  zum  Steuern  des  Druckes  eines 
Gases  als  eines  ersten  fluchtigen  Komponentenmaterials  des  dissoziativen  Verbindungshalbleiters; 
(d)  eine  untere  Welle  (30)  mit  rundem  Querschnitt,  wobei  die  untere  Welle  (30)  eine  Achse  in 
senkrechter  Richtung  hat,  in  senkrechter  Richtung  beweglich  und  urn  ihre  Achse  drehbar  ist  und  die 

50  unteren  Wande  des  auBeren  (20)  und  inneren  Behalter  (22)  in  einer  senkrechten  Richtung  lufdicht 
durchdringt; 
(e)  einen  Tiegel  (34)  zur  Aufnahme  eines  zweiten  Komponentenmaterials  des  dissoziativen  Verbin- 
dungshalbleiters,  in  welchem  eines  Schmelze  (66)  der  dissoziativen  Verbindung  durch  Reaktion  mit 
dem  Gas  des  ersten  Materials  synthetisiert  wird  und  der  Tiegel  im  inneren  Behalter  (22)  angeordnet 

55  ist  und  von  der  unteren  Welle  (30)  getragen  wird; 
(f)  eine  Heizeinrichtung  (52,  53)  zur  Erzeugung  einer  gewunschten  Temperaturverteilung  im  inneren 
Behalter  (22); 
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(g)  eine  obere  Welle  (36)  zum  Ziehen  eines  Einkristalls  des  dissoziativen  Verbindungshalbleiters  aus 
der  Schmelze  (66)  nach  oben,  wobei  der  Einkristall  gezuchtet  wird  und  die  obere  Welle  (36)  runden 
Querschnitt  und  eine  Achse  in  senkrechter  Richtung  hat,  in  senkrechter  Richtung  beweglich  sowie 
urn  ihre  Achse  drehbar  ist  und  die  oberen  Wande  des  auBeren  (20)  und  inneren  Behalters  (22)  in 

5  einer  senkrechten  Richtung  oberhalb  des  Tiegels  (34)  luftdicht  durchdringt; 
gekennzeichnet  durch 

(h)  einen  ersten  KraftmeBwandler  (58),  angeordnet  am  auBeren  Behalter  (20)  auBerhalb  des  inneren 
luftdichten  Behalters  (22),  wobei  der  erste  KraftmeBwandler  (58)  an  der  unteren  Welle  (30)  ange- 
bracht  ist,  urn  das  Gewicht  (W1)  der  Schmelze  (66)  festzustellen  und  dieses  Gewicht  durch  die 

io  Differenz  zwischen  einem  Innendruck  des  inneren  Behalters  (22)  und  einem  Druck  auBerhalb  des 
inneren  Behalters  (22)  beeinfluBt  wird 

und 
(i)  einen  zweiten  KraftmeBwandler  (56,  72),  angeordnet  am  auBeren  Behalter  (20)  auBerhalb  des 
inneren  luftdichten  Behalters  (22),  wobei  der  zweite  KraftmeBwandler  (56,  72)  an  einen  Korper  (36, 

is  70)  angebracht  ist,  urn  das  Gewicht  des  Korpers  festzustellen,  wobei  der  Korper  ein  bekanntes 
konstantes  Gewicht  hat,  sich  im  luftdichten  Behalter  (22)  von  innen  nach  auBen  erstreckt,  sein 
festgestelltes  Gewicht  von  der  Druckdifferenz  beeinfluBt  und  sein  festgestelltes  Gewicht  zur  Korrek- 
tur  des  festgestellten  Gewichts  der  Schmelze  (66)  hinsichtlich  des  Fehlers  infolge  der  Druckdifferenz 
benutzt  wird. 

20 
10.  Vorrichtung  nach  Anspruch  9,  bei  der  der  zweite  KraftmeBwandler  (56)  an  der  oberen  Welle  (36) 

angebracht  ist,  urn  das  Gewicht  der  oberen  Welle  (36)  festzustellen,  das  von  der  Druckdifferenz 
beeinfluBt  wird. 

25  11.  Vorrichtung  nach  Anspruch  9,  weiterhin  umfassend: 
einen  MeBstab  (70),  der  die  Wand  des  inneren  Behalters  (22)  luftdicht  durchdringt,  wobei  der  zweite 
KraftmeBwandler  (72)  an  dem  MeBstab  (70)  angebracht  ist,  urn  dessen  Gewicht  festzustellen,  das  von 
der  Druckdifferenz  beeinfluBt  wird. 

30  Revendicatlons 

1.  Procede  pour  la  croissance  monocristalline  d'un  semi-conducteur  a  compose  dissociable  comportant 
les  etapes  consistant  a  : 

(a)  preparer  un  premier  materiau  d'un  composant  volatil  et  un  second  materiau  d'un  composant  du 
35  semi-conducteur  a  compose  dissociable  ,  le  premier  materiau  etant  place  sur  le  fond  d'une  cuve 

hermetique  (22),  le  second  materiau  etant  contenu  dans  un  creuset  (34)  dans  la  cuve  hermetique 
(22),  le  creuset  (34)  etant  supporte  par  un  arbre  inferieur  (30),  s'etendant  de  I'interieur  a  I'exterieur 
de  ladite  cuve  hermetique  (22), 
(b)  chauffer  le  premier  materiau  pour  faire  evaporer  le  premier  materiau  afin  que  le  premier  materiau 

40  reagisse  avec  le  second  materiau  dans  ledit  creuset  (34),  synthetisant  de  ce  fait  une  masse  fondue 
(66)  dudit  semi-conducteur  a  compose  dissociable  dans  ledit  creuset  (34), 
(c)  tirer  un  monocristal  de  ladite  masse  fondue  (66)  par  un  arbre  superieur  (36),  I'arbre  superieur 
(36)  s'etendant  de  I'interieur  a  I'exterieur  de  ladite  cuve  hermetique  (22),  faisant  croltre  de  ce  fait  le 
monocristal, 

45  caracterise  en  ce  que 
ledit  procede  apres  ladite  etape  de  chauffage  comprend  les  etapes  consistant  a  : 

(d)  mesurer  le  poids  (W1)  de  la  masse  fondue  (66)  a  I'exterieur  de  ladite  cuve  hermetique  (22),  le 
poids  de  ladite  masse  fondue  (66)  etant  influence  par  une  difference  entre  la  pression  interieure  de 
ladite  cuve  hermetique  (22)  et  la  pression  a  I'exterieur  de  ladite  cuve  hermetique  (22), 

50  (e)  corriger  le  poids  mesure  (W1)  de  ladite  masse  fondue  (66)  pour  supprimer  I'erreur  due  a  ladite 
difference  de  pression  en  prenant  en  compte  un  poids  mesure  (W2)  d'un  corps  (36,  70)  ayant  un 
poids  constant  connu,  ledit  corps  s'etendant  de  I'interieur  a  I'exterieur  de  ladite  cuve  hermetique 
(22),  le  poids  mesure  dudit  corps  etant  influence  par  ladite  difference  de  pression  et  pour  obtenir  de 
ce  fait  une  estimation  precise  dudit  poids  de  ladite  masse  fondue  (66),  et 

55  (f)  commander  au  moins  soit  la  composition  de  ladite  masse  fondue  (66),  soit  le  diametre  dudit 
cristal  mis  a  croltre  sur  la  base  desdites  informations  de  poids  precises  de  ladite  masse  fondue  (66) 
en  ajustant  ladite  pression  interieure  de  ladite  cuve  hermetique  (22)  ou  la  temperature  de  ladite 
masse  fondue  (66)  dans  ledit  creuset  (34),  respectivement. 
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Procede  selon  la  revendication  1  ,  dans  lequel  ladite  etape  de  commande  (f)  comprend  la  commande 
d'un  four  (44)  comportant  un  moyen  pour  ajuster  la  temperature  dudit  four  (44)  de  fagon  a  ajuster  la 
pression  interieure  de  ladite  cuve  hermetique  (22)  commandant  de  ce  fait  ladite  composition  de  ladite 
masse  fondue  (66). 

Procede  selon  la  revendication  1  ou  2  dans  lequel  ledit  arbre  superieur  (36)  et  ledit  arbre  inferieur  (30) 
sont  de  sections  transversales  circulaires,  une  premiere  bolte  dynamometrique  (58)  etant  connectee  a 
I'arbre  inferieur  (30),  une  seconde  bolte  dynamometrique  (56)  etant  connectee  a  I'arbre  superieur  (36), 
ladite  etape  de  mesure  (d)  etant  effectuee  par  la  premiere  bolte  dynamometrique  (58). 

Procede  selon  la  revendication  3,  dans  lequel  ladite  seconde  bolte  dynamometrique  (56)  detecte  le 
poids  dudit  arbre  superieur  (36),  le  poids  dudit  arbre  superieur  (36)  etant  influence  par  ladite  difference 
entre  ladite  pression  interieure  de  ladite  cuve  hermetique  (22)  et  ladite  pression  a  I'exterieur  de  ladite 
cuve  hermetique  (22). 

Procede  selon  la  revendication  1  ou  2,  dans  lequel  une  barre  de  detection  (70)  penetre  de  maniere 
etanche  a  I'air  dans  la  paroi  de  la  cuve  hermetique  (22),  une  premiere  bolte  dynamometrique  (58)  etant 
connectee  a  I'arbre  inferieur  (30),  une  seconde  bolte  dynamometrique  (72)  etant  connectee  a  la  barre 
de  detection  (70),  ladite  etape  de  mesure  (d)  etant  effectuee  par  la  premiere  bolte  dynamometrique 
(58). 

Procede  selon  la  revendication  5  dans  lequel  ladite  seconde  bolte  dynamometrique  (72)  detecte  le 
poids  de  la  barre  de  detection  (70),  ledit  poids  de  la  barre  de  detection  (70)  etant  influence  par  ladite 
difference  entre  ladite  pression  interieure  de  ladite  cuve  hermetique  (22)  et  ladite  pression  a  I'exterieur 
de  ladite  cuve  hermetique  (22). 

Procede  selon  I'une  quelconque  des  revendications  1  ,  2,  5  et  6  dans  lequel  ladite  etape  de  commande 
(f)  comprend  de  plus  la  commande  d'un  moyen  de  chauffage  (52,  53)  pour  ajuster  la  temperature  de 
ladite  masse  fondue  (66)  dans  ledit  creuset  (34),  commandant  de  ce  fait  le  diametre  dudit  cristal  mis  a 
croltre. 

Procede  selon  la  revendication  7,  dans  lequel  ladite  etape  de  commande  (f)  comprend  de  plus  le  calcul 
d'une  estimation  de  poids  dudit  cristal  mis  a  croltre  sur  la  base  des  informations  de  poids  de  ladite 
masse  fondue  (66),  ledit  moyen  de  chauffage  (52,  53)  etant  commande  sur  la  base  desdites 
informations  de  poids  dudit  cristal  mis  a  croltre. 

Dispositif  pour  la  croissance  monocristalline  d'un  semi-conducteur  a  compose  dissociable  comprenant  : 
(a)  une  cuve  hermetique  externe  (20)  comportant  des  parois  superieure  et  interieure, 
(b)  une  cuve  hermetique  interne  (22)  placee  dans  la  cuve  externe  (20),  ladite  cuve  interne  (22) 
comportant  des  parois  superieure  et  interieure, 
(c)  un  four  (44)  installe  sur  ladite  cuve  interne  (22)  pour  commander  la  pression  d'un  gaz  en  tant  que 
premier  materiau  a  composant  volatil  dudit  semi-conducteur  a  compose  dissociable  , 
(d)  un  arbre  inferieur  (30)  de  section  transversale  circulaire,  I'arbre  inferieur  (30)  ayant  un  axe  dans 
une  direction  verticale,  I'arbre  inferieur  (30)  etant  deplagable  dans  une  direction  verticale  et  pouvant 
tourner  autour  de  son  axe,  I'arbre  inferieur  (30)  penetrant  de  maniere  etanche  a  I'air  dans  les  parois 
inferieures  desdites  cuves  externe  (20)  et  interne  (22)  dans  une  direction  verticale, 
(e)  un  creuset  (34)  destine  a  contenir  un  second  materiau  du  compose  dudit  semi-conducteur  a 
compose  dissociable  dans  lequel  une  masse  fondue  dudit  compose  dissociable  est  synthetisee  par 
reaction  avec  ledit  gaz  dudit  premier  materiau,  le  creuset  (34)  etant  dispose  dans  la  cuve  interne 
(22)  et  supporte  par  I'arbre  inferieur  (30), 
(f)  un  moyen  de  chauffage  (52,  53)  destine  a  produire  une  distribution  de  temperature  desirable 
dans  la  cuve  interne  (22), 
(g)  un  arbre  superieur  (36)  pour  tirer  un  monocristal  vers  le  haut  a  partir  de  ladite  masse  fondue 
(66)  dudit  semi-conducteur  a  compose  dissociable  et  faisant  croltre  de  ce  fait  ledit  monocristal,  ledit 
arbre  superieur  (36)  etant  d'une  section  transversale  circulaire  et  ayant  un  axe  dans  une  direction 
verticale,  ledit  arbre  superieur  (36)  etant  deplagable  dans  une  direction  verticale  et  pouvant  tourner 
autour  de  son  axe,  ledit  arbre  superieur  (36)  penetrant  de  maniere  etanche  a  I'air  dans  les  parois 
superieures  desdites  cuves  externe  (20)  et  interne  (22)  dans  une  direction  verticale  au-dessus  du 
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creuset  (34), 
caracterise  par 

(h)  une  premiere  bolte  dynamometrique  (58)  disposee  sur  la  cuve  externe  (20)  a  I'exterieur  de  ladite 
cuve  hermetique  interne  (22),  ladite  premiere  bolte  dynamometrique  (58)  etant  raccordee  audit  arbre 

5  inferieur  (30)  pour  detecter  le  poids  (W1)  de  ladite  masse  fondue  (66),  ledit  poids  etant  influence  par 
la  difference  de  pression  entre  la  pression  a  I'interieur  de  ladite  cuve  interne  (22)  et  la  pression  a 
I'exterieur  de  ladite  cuve  interne  (22),  et 
(i)  une  seconde  bolte  dynamometrique  (56,  72)  disposee  sur  la  cuve  externe  (20)  a  I'exterieur  de 
ladite  cuve  hermetique  interne  (22),  ladite  seconde  bolte  dynamometrique  (56,  72)  etant  raccordee  a 

io  un  corps  (36,  70)  et  destinee  a  mesurer  le  poids  dudit  Corps,  ledit  corps  ayant  un  poids  constant 
connu  et  s'etendant  de  I'interieur  a  I'exterieur  de  ladite  cuve  hermetique  (22),  le  poids  mesure  dudit 
corps  etant  influence  par  ladite  difference  de  pression  et  ledit  poids  mesure  etant  utilise  pour 
corriger  le  poids  mesure  de  ladite  masse  fondue  (66)  de  I'erreur  due  a  ladite  difference  de  pression. 

is  10.  Dispositif  selon  la  revendication  9,  dans  lequel  ladite  seconde  bolte  dynamometrique  (56)  est  connec- 
tee  audit  arbre  superieur  (36)  de  fagon  a  detecter  le  poids  dudit  arbre  superieur  (36),  ledit  poids  dudit 
arbre  superieur  (36)  etant  influence  par  ladite  difference  de  pression. 

11.  Dispositif  selon  la  revendication  9,  comprenant  de  plus  : 
20  une  barre  de  detection  (70)  penetrant  de  maniere  etanche  a  I'air  dans  ladite  paroi  de  ladite  cuve 

interne  (22),  ladite  seconde  bolte  dynamometrique  (72)  etant  connectee  a  ladite  barre  de  detection  (70) 
de  fagon  a  detecter  le  poids  de  ladite  barre  de  detection  (70),  ledit  poids  etant  influence  par  ladite 
difference  de  pression. 
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