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Description 

The  present  invention  relates  to  an  apparatus 
for  production  of  a  single  crystal  and  to  monitor- 
ing  the  production.  It  is  applicable  to  an  apparatus 
for  producing  a  single  crystal  of  a  compound 
consisting  of  elements  of  the  III  —  V  groups  of  the 
periodic  table  having  high  vapor  pressure  (herein- 
after  referred  to  as  "volatile  elements")  by  a 
Czochralski  method  (hereinafter  referred  to  as 
"CZ  method"). 

As  one  of  the  modifications  of  the  CZ  method, 
there  is  known  a  hot  wall  method  in  which  a  liquid 
sealing  material  such  as  molten  B203  is  used  as  a 
sealing  material  for  sealing  the  apparatus.  In  this 
method,  a  single  crystal  is  pulled  up  in  a  container 
1  having  a  structure  shown  in  Fig.  1  which  is  filled 
with  vapor  of  volatile  component  elements  of  the 
single  crystal  (eg.  As).  In  Fig.  1,  the  container  1  is 
provided  with  a  crucible  3  containing  a  molten 
raw  material  2  and  a  pulling  shaft  4  which  pulls  up 
the  single  crystal  with  rotation.  To  the  lower  end 
of  the  shaft  4,  a  seed  crystal  5  is  attached.  The 
container  is  divided  into  upper  and  lower  portions 
at  a  certain  part  of  a  side  wall,  and  liquid  sealing 
materials  8  seal  an  opening  6  of  the  container  1 
and  a  gap  7  between  the  pulling  shaft  4  and  the 
container  1.  The  seed  crystal  is  dipped  in  a  surface 
of  the  molten  raw  material  in  the  crucible  3  and, 
after  wetting,  pulls  up  the  single  crystal  with 
rotation  of  the  seed  crystal  5. 

Since  the  container  1  used  in  this  method  is 
made  of  quartz,  in  case  of  the  production  of,  for 
example,  a  GaAs  single  crystal,  the  raw  material 
reacts  with  quartz  as  follows: 

4Ga  (in  molten  GaAs)+SiOz  (s)-> 
2Ga20  (g)+Si  (in  molten  GaAs) 

and  GaAs  is  contaminated  with  Si.  Therefore,  it  is 
difficult  to  produce,  for  example,  a  single  crystal 
suitable  for  the  production  of  an  undoped  semi- 
insulating  substrate  by  the  above  conventional 
method. 

It  has  been  proposed  to  use  pyrolytic  boron 
nitride  (hereinafter  referred  to  as  "PBN")  in  place 
of  quartz  as  the  material  of  the  container  1  .  Since 
PBN  is,  however,  expensive  and  its  workability  is 
poor,  the  shape  of  the  container  is  limited.  Fur- 
ther,  since  PBN  is  opaque  and  inevitably  the 
container  itself  is  opaque,  the  single  crystal  con- 
tained  in  the  container  cannot  be  optically 
monitored. 

In  addition,  the  vapor  of  the  component 
elements  filling  the  container  is  supplied  by 
vaporizing  solid  elements  which  are  beforehand 
charged  in  the  container  in  excess  amounts,  and 
the  vapour  pressure  is  not  controlled  during 
pulling  up  the  single  crystal.  Therefore,  a  com- 
position  of  the  single  crystal  cannot  be  controlled, 
so  that  it  is  difficult  to  produce  a  high  quality 
single  crystal  containing  less  impurities  and 
having  less  inherent  and  crystal  defects. 

One  object  of  the  invention  is  to  provide  an 
apparatus  for  producing  a  single  crystal  which  is 

not  contaminated  with  an  electrically  active  sub- 
stances  immigrated  from  a  container  material  of 
the  apparatus. 

Another  object  of  the  invention  is  to  provide  an 
5  apparatus  for  producing  a  single  crystal  by  which 

vapor  pressure  of  volatile  component  elements  is 
controlled  so  as  to  adjust  a  composition  of  a 
molten  raw  material. 

Further  object  of  the  invention  is  to  provide  an 
w  apparatus  for  producing  a  single  crystal  by  which 

growth  of  the  pulled  single  crystal  can  be  moni- 
tored  by  X-ray  fluoroscopy. 

According  to  the  present  invention,  there  is 
provided  an  apparatus  for  producing  a  single 

15  crystal  according  to  the  CZ  method,  which  com- 
prises  a  closed  container  (1)  consisting  of  upper 
and  lower  halves  and  having  a  shaft  (4)  for  pulling 
up  the  single  crystal,  at  least  a  part  of  said 
container  which  contacts  the  vapor  of  the  com- 

20  pound  elements  is  made  of  a  material  containing 
an  element  of  the  same  group  of  the  periodic 
table  as  that  of  component  elements  of  the  single 
crystal,  a  gap  between  said  shaft  (4)  and  the 
container  (1)  and  an  opening  between  said  upper 

25  and  lower  halves  of  the  container  (1  )  being  sealed 
with  a  sealing  material  (8);  characterised  in  that  a 
hot  zone  of  the  apparatus  including  the  container 
(1  )  is  made  of  a  material  which  has  an  X-ray  mass 
absorption  coefficient  not  larger  than  5  cm2/g,  and 

30  said  material  of  the  hot  zone  has  such  thickness 
that  X-ray  transmittance  through  the  hot  zone  is 
10~6  or  more  so  as  to  monitor  the  single  crystal 
being  pulled  up  by  X-ray  fluoroscopy. 

The  apparatus  of  the  present  invention  is  fur- 
35  ther  characterised  by  at  least  one  reservoir  (9) 

positioned  in  the  container  (1  )  for  supplying  vapor 
of  a  volatile  component  element  of  the  single 
crystal,  and  by  a  heating  means  (10)  provided 
around  the  container  (1). 

40  Examples  of  the  single  crystal  to  be  produced 
by  means  of  the  apparatus  of  the  invention  are 
those  made  of  compounds  of  volatile  component 
elements  such  as  those  of  the  III  —  V  groups  of  the 
periodic  table  (e.g.  GaAs,  GaP,  InAs,  InP,  etc.). 

45  For  a  better  understanding  of  the  invention,  and 
to  show  how  the  same  may  be  carried  into  effect, 
reference  will  now  be  made,  by  way  of  example, 
to  the  accompanying  drawings,  in  which: 

Figure  1  shows  a  schematic  cross-sectional 
so  view  of  a  conventional  container  for  pulling  up  a 

single  crystal  by  the  CZ  method; 
Figure  2  shows  a  schematic  cross-sectional 

view  of  one  embodiment  of  apparatus  according 
to  the  invention;  and 

55  Figure  3  is  a  monitoring  image  obtained  during 
pulling  up  a  single  crystal. 

Now,  the  invention  is  illustrated  by  making 
reference  to  drawings  in  which  Fig.  2  shows  an 
embodiment  of  the  apparatus  of  the  invention.  In 

60  Fig.  2,  the  same  numerals  indicate  the  same  or 
corresponding  parts  in  Fig.  1. 

The  illustrated  apparatus  of  the  invention  has 
generally  a  similar  construction  to  that  of  Fig.  1 
which  is  used  in  the  hot  wall  method.  However, 

65  the  apparatus  of  the  invention  may  have  a  differ- 
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ent  construction. 

In  the  container  1,  there  are  positioned  reser- 
voirs  9  for  supplying  the  volatile  component 
elements  such  as  As.  Atemperature  of  the  portion 
of  the  container  where  the  reservoirs  are  posi- 
tioned  is  controlled  by  a  reservoir  heating  means 
10  independently  from  the  temperature  of  the 
portion  where  the  single  crystal  is  pulled  up, 
thereby  controlling  the  vapor  pressure  of  the 
component  elements  in  the  container  1  to  prevent 
fluctuation  of  the  composition  of  the  molten  raw 
material  from  the  stoichiometric  composition. 

At  least  a  part  of  the  container  1  which  contacts 
the  vapor  of  the  component  elements,  for 
example  an  inner  surface,  is  made  of  a  material 
which  is  isoelectronic  with  one  of  the  component 
elements  of  the  single  crystal.  Examples  of  such 
material  are  boron  nitride  (hereinafter  referred  to 
as  "BN"),  PBN  and  aluminum  nitride  (hereinafter 
referred  to  as  "AIN").  Said  part  of  the  container 
may  be  made  of  the  material  itself,  or  of  graphite 
or  quartz  coated  with  the  material.  Thereby,  the 
molten  raw  material  is  not  contaminated  with 
electrically  active  impurities  contained  in  the  con- 
tainer  material. 

Quality  and  thickness  of  the  hot  zone  of  the 
apparatus  including  the  container  1,  an  outer 
chamber,  a  susceptor,  crucible  3,  etc  are  selected 
so  that  the  X-ray  mass  absorption  coefficient  of 
the  hot  zone  is  not  largerthan  5  cm2/g.  In  addition, 
the  hot  zone  is  made  so  as  to  have  such  thickness 
that  the  hot  zone  is  made  so  that  X-ray  trans- 
mittance  through  the  hot  zone  is  10~6  or  more  so 
as  to  monitor  the  single  crystal  being  pulled  up  in 
the  opaque  container  by  X-ray  fluoroscopy.  When 
the  X-ray  mass  absorption  coefficient  is  larger 
than  5  em2/g,  it  is  difficult  to  see  the  shape  of  the 
single  crystal  by  X-ray  fluoroscopy.  When  the  X- 
ray  transmittance  is  less  than  10~6,  contrast  of  the 
fluoroscopic  image  is  deteriorated  and  sufficient 
detection  sensitivity  of  the  X-ray  detector  is  not 
achieved. 

X-ray  fluoroscopy  is  carried  out  by  radiating 
near  the  crucible  by  means  of  an  X-ray  generator 
and  detecting  X-ray  transmitted  through  the 
apparatus  by  an  X-ray  detector. 

The  present  invention  will  be  hereinafter 
explained  in  detail  by  the  following  Examples. 

Examples 
An  undoped  semi-insulating  single  crystal  of 

GaAs  was  pulled  up  by  means  of  the  apparatus  of 
Fig.  2  according  to  the  CZ  method. 

The  apparatus  had  an  outer  chamber  having  an 
outer  diameter  of  280  mm  made  of  stainless  steel 
(SUS  304)  having  a  thickness  of  4  mm,  and  the 
container  1  made  of  BN-coated  graphite  having 
an  outer  diameter  of  150  mm  and  a  wall  thickness 
of  6  mm  in  the  outer  chamber.  As  the  liquid 
sealing  material  8,  molten  B203  was  used.  The 
crucible  3  was  made  of  PBN  and  the  means  for 
heating  the  crucible  was  a  carbon  heater  having  a 
thickness  of  8  mm.  To  the  crucible,  GaAs  having  a 
stoichiometric  composition  was  charged  and 
heated  at  1238°C. 

In  the  reservoir  9  positioned  in  the  container  1, 
about  50  g  of  As  was  charged  and  heated  at  about 
617°C  to  keep  the  vapor  pressure  of  As  in  the 
container  at  about  1  bar(1  atm.)  during  pulling  up 

5  the  single  crystal. 
The  single  crystal  in  the  apparatus  was  moni- 

tored  by  a  fluoroscopic  apparatus  (Voltage  of  X- 
ray  tube  105  kV,  2  mA)  through  a  monitoring 
image  as  shown  in  Fig.  3,  which  shows  the  molten 

10  raw  material  11,  the  seed  crystal  12,  the  single 
crystal  13  and  the  crucible  wall  14  made  of  PBN. 
The  total  X-ray  transmittance  of  the  apparatus 
was  1.2  X10"6. 

The  shaft  4  was  pulled  up  at  a  pulling  rate  of  6 
15  mm/min.  with  a  rotation  rate  of  2  rpm  to  obtain 

1.1  kg  of  the  single  crystal  of  about  5.08  cm  (about 
2")  in  diameter  and  90  mm  in  length. 

The  thus  produced  single  crystal  was  analyzed 
by  SIMS  (Secondary  Ion  Mass  Spectroscopy)  to 

20  find  that  the  number  of  each  the  impurities  (e.g. 
Si,  C,  O,  Al,  Mg,  Ca,  Cr,  Fe,  etc.)  was  less  than 
1x1015  cm-3,  and  had  good  semi-insulating 
property  having  specific  resistivity  of  about  10s 
ohm  •  cm. 

25  Measurement  of  an  etch  pit  density  (hereinafter 
referred  to  as  "EPD")  of  the  single  crystal  with 
molten  KOH  revealed  that  it  had  an  average  EPD 
of  about  3,000  to  6,000  cm-2  from  the  front  part  to 
the  back  part  of  the  single  crystal. 

30  Hall  mobility  of  the  single  crystal  was  as  high  as 
4,500  cm2/V  •  sec. 

For  comparison,  a  single  crystal  of  GaAs  pro- 
duced  by  the  conventional  method,  was  a  conduc- 
tive  one  containing  about  6x1016  cm-3  of  Si  and 

35  having  specific  resistivity  of  about  102  ohm  •  m. 

Claims 

1.  An  apparatus  for  producing  a  single  crystal 
40  according  to  the  CZ  method,  which  comprises  a 

closed  container  (1  )  consisting  of  upper  and  lower 
halves  and  having  a  shaft  (4)  for  pulling  up  the 
single  crystal,  at  least  a  part  of  said  container 
which  contacts  the  vapor  of  the  compound 

45  elements  is  made  of  a  material  containing  an 
element  of  the  same  group  of  the  periodic  table  as 
that  of  component  elements  of  the  single  crystal, 
a  gap  between  said  shaft  (4)  and  the  container  (1) 
and  an  opening  between  said  upper  and  lower 

so  halves  of  the  container  (1)  being  sealed  with  a 
sealing  material  (8);  characterised  in  that  a  hot 
zone  of  the  apparatus  including  the  container  (1) 
is  made  of  a  material  which  has  an  X-ray  mass 
absorption  coefficient  not  largerthan  5  cm2/g,  and 

55  said  material  of  the  hot  zone  has  such  thickness 
that  X-ray  transmittance  through  the  hot  zone  is 
10-6  or  more  so  as  to  monitor  the  single  crystal 
being  pulled  up  by  X-ray  fluoroscopy. 

2.  An  apparatus  according  to  claim  1  charac- 
so  terised  in  that  at  least  the  part  of  the  container  (1  ) 

which  contacts  the  vapor  of  the  compound 
elements  is  made  of  a  material  selected  from 
boron  nitride,  pyrolytic  boron  nitride  and 
aluminium  nitride  or  from  graphite  and  quartz 

35  coated  with  one  of  the  above  materials. 

3 
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3.  An  apparatus  according  to  claim  1  or  2 
:haracterised  in  that  the  liquid  sealing  material  is 
molten  B203. 

4.  An  apparatus  according  to  any  one  of  claims 
1  to  3  characterised  by  at  least  one  reservoir  (9) 
Dositioned  in  the  container  (1  )  for  supplying  vapor 
Df  a  volatile  component  element  of  the  single 
crystal,  and  by  a  heating  means  (10)  provided 
around  the  container  (1). 

5.  The  use  of  X-ray  fluoroscopy  to  monitor 
production  of  a  single  crystal  in  the  apparatus  of 
any  one  of  the  preceding  claims. 

Patentanspruche 

1.  Vorrichtung  zur  Herstellung  eines  Einkristalls 
nach  der  CZ-Methode,  umfassend  einen 
geschlossenen  Behalter  (1),  bestehend  aus  obe- 
ren  und  unteren  Halften  mit  einer  Welle  (4)  zum 
Herausziehen  des  Einkristalls,  wobei  wenigstens 
ein  Teil  des  Behalters,  der  den  Dampf  der  Verbin- 
dungselemente  kontaktiert,  aus  einem  Material 
hergestellt  ist,  welches  ein  Element  der  gleichen 
Gruppe  des  periodischen  Systems,  wie  das  der 
Verbindungselemente  des  Einkristalls,  enthalt, 
einen  Spalt  zwischen  der  Welle  (4)  und  dem 
Behalter  (1)  und  eine  Offnung  zwischen  den  obe- 
ren  und  unteren  Halften  des  Behalters  (1),  die  mit 
einem  Dichtungsmaterial  versiegelt  ist,  dadurch 
gekennzeichnet,  dass  eine  heisse  Zone  der  Vor- 
richtung  einschliesslich  des  Behalters  (1)  aus 
einem  Material  hergestellt  ist,  welches  einen 
Rontgenstrahlen-Massenabsorptionskoeffizien- 
ten  von  nicht  mehr  als  5  cm2/g  aufweist  und  das 
Material  der  heissen  Zone  eine  solche  Dicke  hat, 
dass  die  Rontgenstrahl-Durchlassigkeit  durch  die 
heisse  Zone  10-6  odermehr  betragt,  so  dass  man 
den  Einkristall  beim  Hochziehen  durch  Rontgen- 
strahlfluoroskopie  iiberwachen  kann. 
•  2.  Vorrichtung  gemass  Anspruch  1,  dadurch 
gekennzeichnet,  dass  wenigstens  ein  Teil  des 
Behalters  (1),  welcher  den  Dampf  der  Verbin- 
dungselemente  kontaktiert,  aus  einem  Material 
hergestellt  ist,  das  aus  Bornitrid,  pyrolytischem 
Bornitrid  und  Aluminiumnitrid  oder  aus  Grafit 
und  Quarz,  das  mit  einem  der  vorher  genannten 
Materialien  beschichtet  ist,  hergestellt  ist. 

3.  Vorrichtung  gemass  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  dass  das  fiussige  Dich- 
tungsmaterial  geschmolzenes  B203  ist. 

4.  Vorrichtung  gemass  einem  der  Anspruche  1 
bis  3,  dadurch  gekennzeichnet,  dass  wenigstens 
ein  Reservoir  (9)  in  dem  Behalter  (1)  zur  Zufuhr 

von  Dampf  eines  verdampfbaren  Verbindungs- 
elementes  des  Einkristalles  vorhanden  ist  und 
dass  Heizeinrichtungen  (10)  urn  den  Behalter  (1) 
vorgesehen  sind. 

5  5.  Die  Verwendung  von  Rontgenstrahl-Fluoro- 
skopie  zum  Uberwachen  der  Produktion  eines 
Einkristalls  in  der  Vorrichtung  gemass  einem  der 
vorhergehenden  Anspruche. 

10  Revendications 

1.  Un  appareil  pour  la  fabrication  d'un  mono- 
cristal  selon  le  procede  CZ,  qui  comprend  un 
recipient  ferme  (1)  consistant  en  deux  moities 

15  superieure  et  inferieure  et  ayant  une  tige  (4)  pour 
le  tirage  du  monocristal,  au  moins  une  partie 
dudit  recipient  qui  est  en  contact  avec  la  vapeur 
des  elements  du  compose  est  faite  d'une  matiere 
contenant  un  element  du  meme  groupe  de  la 

20  classification  periodique  que  celui  des  elements 
constitutifs  du  monocristal,  un  espace  entre  ladite 
tige  (4)  et  le  recipient  (1)  et  une  ouverture  entre 
lesdites  moities  superieure  et  inferieure  du  reci- 
pient  (1)  etant  fermes  hermetiquement  par  une 

25  matiere  d'etancheite  (8),  caracterise  en  ce  qu'une 
zone  chaude  de  I'appareil  comprenant  le  recipient 
(1)  est  faite  d'une  matiere  qui  a  un  coefficient 
d'absorption  massique  des  rayons  X  de  pas  plus 
de  5  cm2/g  et  ladite  matiere  de  la  zone  chaude  a 

30  une  epaisseur  telle  que  la  transmittance  des 
rayons  X  a  travers  la  zone  chaude  est  de  10~6  ou 
plus  de  maniere  a  controier  par  fluoroscopie  de 
rayons  X  le  monocristal  qui  est  tire. 

2.  An  appareil  selon  la  revendication  1,  caracte- 
35  rise  en  ce  qu'au  moins  la  partie  du  recipient  (1) 

qui  est  en  contact  avec  la  vapeur  des  elements  du 
compose  est  faite  d'une  matiere  choisie  parmi  le 
nitrure  de  bore,  le  nitrure  de  bore  pyrolytique  et  le 
nitrure  d'aluminium  ou  parmi  le  graphite  et  le 

40  quartz  revetus  par  I'une  des  matieres  ci-dessus. 
3.  Un  appareil  selon  la  revendication  1  ou  2, 

caracterise  en  ce  que  la  matiere  d'etancheite 
liquide  est  B203  fondu. 

4.  Un  appareil  selon  I'une  quelconque  des 
45  revendications  1  a  3,  caracterise  par  au  moins  un 

reservoir  (9)  dispose  dans  le  recipient  (1)  pour 
fournir  la  vapeur  d'un  element  constitutif  volatil 
du  monocristal  et  par  un  dispositif  chauffant  (10) 
dispose  autour  du  recipient  (1). 

so  5.  L'utilisation  de  la  fluoroscopie  de  rayons  X 
pour  controier  la  fabrication  d'un  monocristal 
dans  I'appareil  selon  I'une  quelconque  des  reven- 
dications  precedentes. 
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