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Description 

This  invention  relates  to  an  improved  boat  of 
boron  nitride  (hereinafter  referred  to  as  a  "boron 
nitride  boat").  More  particularly  it  relates  to  such  a 
boat  having  a  cavity  with  substantially  uniform  pro- 
jected  nodules  that  make  the  boat  ideally  suited  for 
use  in  growing  and  doping  semiconductor  crystals, 
such  as,  for  example,  gallium  arsenide  (GaAs)  cry- 
stals. 

As  used  herein,  boats  shall  mean  crucibles  or 
any  other  container  which  can  be  used  in  the  art 
for  single  crystal  growth. 

The  structure,  physical  properties,  purity,  and 
chemical  inertness  of  pyrolytic  boron  nitride  (PBN) 
make  it  an  attractive  container  material  for  elemen- 
tal  purification,  compounding,  and  growth  of  semi- 
conductor  crystals.  Examples  include  containers  for 
liquid-encapsulated  Czochralski  (LEC)  and  vertical 
gradient  freeze  (VGF)  growth  of  GaAs  and  other  III- 
V  and  ll-VI  compound  single  crystals,  and  source 
containers  for  deposition  of  metals  and  dopants  at 
high  temperatures  and  ultra-high  vacuum  by  mo- 
lecular  beam  epitaxy  (MBE).  Recently,  pyrolytic 
boron  nitride  has  been  used  as  a  container  for 
growth  of  GaAs  crystals  by  a  liquid  encapsulated 
vertical  zone  melting  process.  GaAs  crystals  with 
extremely  low  carbon  content  have  been  produced 
in  liquid-encapsulated  Czochralski  furnaces  where 
the  graphite  furnace  parts  were  coated  with 
pyrolytic  boron  nitride. 

Pyrolytic  boron  nitride  can  be  produced  by 
various  methods  such  as  the  method  disclosed  in 
US-A-  3  152  006,  in  which  pyrolytic  boron  nitride  is 
produced  by  the  vapor-phase  reaction  of  ammonia 
and  boron  halides,  such  as  boron  trichloride.  By 
depositing  the  boron  nitride  produced  in  this  man- 
ner  upon  a  suitable  mandrel,  such  as  a  graphite 
mandrel,  a  wide  assortment  of  shapes  can  be  pro- 
duced.  Boats  of  pyrolytic  boron  nitride  have  been 
produced  in  this  manner  with  smooth  surfaces  that 
may  be  wetted  by  a  molten  element  or  compound. 
As  used  herein,  wetting  shall  mean  a  physical 
surface  reaction  between  a  molten  material  and  the 
surface  of  a  boat  which  results  in  sticking  and/or 
adhesion  of  the  molten  material  on  the  surface. 
Wetting  results  in  internal  stress  during  solidifica- 
tion  of  the  molten  material  (for  example,  an  ele- 
ment  or  compound)  and  as  a  consequence,  imper- 
fect  product  may  be  produced.  For  example,  when 
producing  single  crystals  in  smooth  surface  boats, 
the  wetting  of  the  walls  by  the  molten  material  can 
cause  internal  stress  during  solidification  which  can 
result  in  imperfect  crystal  formation,  i.e.,  poly- 
crystal  or  twinning. 

The  deposition  of  laminae  of  boron  nitride  onto 
mandrels  of  desired  shape  i.e.  boat  shaped,  is  also 
disclosed  in  EP-A-0193192,  this  prior  disclosure 

disclosing  the  idea  of  locating  nuclei  on  the  deposi- 
tion  surface  in  the  cavity  of  the  boat  shape,  so  as 
to  form  nodules  in  the  deposited  boron  nitride 
laminae. 

5  Most  gallium  arsenide  single  crystal  is  grown  in 
quartz  horizontal  boats.  This  material  is  character- 
ized  by  its  low  electrical  resistance  and  high  de- 
gree  of  crystal  perfection.  The  low  electrical  resis- 
tance  is  generally  a  result  of  silicon  contamination 

io  (autodoping)  from  the  quartz  boat.  The  level  of 
autodoping  is  generally  non-uniform  along  the  boat 
length  with  the  lowest  level  at  the  seed  end.  This 
autodoping  of  silicon  from  the  quartz  boat  limits  the 
crystal  produced  to  applications  not  requiring  high 

75  electrical  resistance,  i.e.,  light  emitting-diodes.  It  is 
disclosed  in  the  literature  that  twinning  can  be 
reduced  by  sandblasting  the  surface  of  the  cavity 
of  a  quartz  boat  in  which  the  single  crystal  is 
grown. 

20  Elimination  of  silicon  autodoping  would  improve 
electrical  properties  uniformity  of  these  crystals 
and  expand  their  use  to  applications  requiring  a 
high  electrical  resistance,  i.e.,  integrated  circuits. 
Pyrolytic  boron  nitride  boats  have  been  used  to 

25  produce  undoped  high  resistance  gallium  arsenide 
crystals  in  which  the  silicon  contamination  was 
effectively  eliminated  but,  however,  the  formation  of 
single  crystal  growth  was  hindered  because  of  a 
surface  reaction  (wetting)  between  the  gallium  ar- 

30  senide  melt  and  the  surface  of  the  pyrolytic  boron 
nitride  boat.  This  interface  problem  cannot  be  over- 
come  by  sandblasting  the  pyrolytic  boron  nitride 
boat  because  of  the  laminar  nature  of  the  pyrolytic 
boron  nitride  structure.  The  thickness  of  the 

35  pyrolytic  boron  nitride  lamina  is  generally  too  thin 
(about  0.0127  mm  or  0.5  mil  thick)  to  allow  suffi- 
cient  surface  roughness  to  occur  before  the  entire 
lamina  is  removed  and  a  fresh,  smooth  lamina 
exposed. 

40  It  has  now  been  found  possible  to  provide  a 
process  for  producing  a  pyrolytic  boron  nitride  boat 
having  a  cavity  with  a  nodular  surface  that  is  ideally 
suited  for  use  in  the  growth  of  single  crystal  materi- 
als  and  for  use  in  the  growth  of  gallium  arsenide. 

45  It  has  also  been  found  possible  to  provide  a 
pyrolytic  boron  nitride  boat  having  a  cavity  with  a 
nodular  surface  that  is  ideally  suited  for  the  growth 
of  gallium  arsenide. 

According  to  one  aspect  of  the  present  inven- 
50  tion  there  is  provided  a  process  for  producing  a 

boron  nitride  boat  with  a  cavity  in  which  at  least  a 
portion  of  the  cavity  has  a  substantially  uniform 
distribution  of  projected  nodules,  said  process 
comprising  the  steps: 

55  a)  preparing  a  mandrel  having  the  shape  of  a 
desired  boat  and  treating  at  least  a  portion  of 
the  mandrel  corresponding  to  said  at  least  a 
portion  of  the  cavity  to  form  a  substantially  uni- 
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form  distribution  of  projected  nodules  on  said 
mandrel  corresponding  to  at  least  a  portion  of 
the  cavity  with  the  nodules  having  an  average 
height  of  at  least  0.0254mm  (one  mil); 
b)  depositing  boron  nitride  upon  said  mandrel  of 
step  a); 
c)  continuing  the  deposition  of  boron  nitride  until 
the  desired  thickness  of  boron  nitride  is  depos- 
ited  on  the  mandrel;  and 
d)  removing  the  boron  nitride  boat  from  the 
mandrel  to  form  said  boat  having  a  cavity  with  a 
substantially  uniform  distribution  of  projected 
nodules. 
The  boron  nitride  could  be  deposited  by  reac- 

ting  ammonia  and  a  boron  halide  in  a  vapour  phase 
at  a  temperature  of  from  about  1450°C  to  about 
2300  °  C  under  a  pressure  no  greater  than  6665  Pa 
(50  mm  of  mercury  absolute)  preferably  no  greater 
than  133.3  Pa  (1mm,  of  mercury  absolute). 

Generally,  deposited  boron  nitride  has  a 
laminar  structure  and  the  laminae,  which  are  stacks 
of  crystalline  basal  planes,  are  about  0.0127  to 
0.0381mm  (0.5  to  1.5  mils)  thick  and  typically 
about  0.0127mm  (0.5  mil)  thick.  The  height  of  the 
projected  nodules  on  the  surface  of  the  boat  shall 
preferably  be  more  than  the  thickness  of  an  individ- 
ual  lamina  of  the  deposited  boron  nitride. 

As  used  herein,  the  term  projected  nodules 
shall  mean  a  textured  surface  which  has  a  plurality 
of  uniform  or  non-uniform  disturbances  or  ridges 
which  project  above  the  lowest  plane  of  the  sur- 
face.  The  disturbances  should  be  at  least  0.0254 
mm  (one  mil)  high  and  preferably  about  0.00381  to 
0.0762  mm  (1.5  to  3  mils)  high.  Preferably,  the 
height  of  the  projected  nodules  or  disturbances 
should  be  at  least  two  times  larger  than  the  thick- 
ness  of  a  lamina  of  the  deposited  pyrolytic  boron 
nitride.  As  stated  above,  although  sandblasting 
techniques  can  be  used  to  provide  a  nodular  sur- 
face,  pyrolytic  boron  nitride  has  a  laminar  structure 
composed  of  smooth  thin  laminae  and  therefore 
sandblasting  would  effectively  remove  a  lamina 
only  to  expose  an  under  lamina  which  would  be  a 
smooth  surface.  To  overcome  this  problem,  the 
mandrel  is  prepared  with  a  nodular  surface  so  that 
as  the  pyrolytic  boron  nitride  is  deposited  on  the 
surface  of  the  mandrel,  each  lamina  will  follow  the 
contour  of  the  nodular  surface.  This  will  result  in  a 
boat  having  a  cavity  composed  of  thin  laminae 
each  of  which  has  a  nodular  contour.  Thus  even  if 
a  pyrolytic  boron  nitride  lamina  is  removed,  the 
same  nodular  or  textured  surface  will  exist  in  the 
exposed  new  lamina  thereby  permitting  multiple 
uses  of  the  pyrolytic  boron  nitride  boat.  Generally, 
a  conventional  quartz  boat  is  limited  to  one  crystal 
growth  cycle  because  of  softening  and  deforma- 
tion,  sticking,  vitrification  or  cracking.  The  novel 
pyrolytic  boron  nitride  boat  of  this  invention  has  a 

cavity  with  a  nodular  surface  that  is  resistant  to 
cracking  and  has  non-sticking  characteristics.  Since 
the  novel  pyrolytic  boron  nitride  boat  of  this  inven- 
tion  is  composed  of  a  plurality  of  laminae,  with 

5  each  lamina  having  a  nodular  contour,  the  wearing 
away  of  the  top  lamina  will  expose  a  lamina  having 
a  similar  nodular  surface  thus  making  the  boat 
suitable  for  reuse  without  destroying  the  nodular 
surface  characteristics  of  the  boat.  In  addition,  the 

io  pyrolytic  boron  nitride  boat  of  this  invention  is 
believed  to  have  the  following  benefits: 

1)  permits  single  crystal  growth  with  higher 
yields  than  non-nodular  surface  pyrolytic  boron 
nitride  boats; 

is  2)  reduces  production  costs  as  compared  to  use 
of  quartz  boats; 
3)  allows  production  of  undoped  semi-insulating 
GaAs  single  crystals  with  low  defect  density; 
and 

20  4)  allows  production  of  more  uniformly  doped 
semi-conducting  GaAs  crystals  with  low  defect 
density. 
The  mandrel,  preferably  made  of  graphite,  can 

be  made  with  a  nodular  surface  by  sandblasting, 
25  machining,  distressing  or  fabricating  the  mandrel 

with  coarse  or  porous  graphite.  At  least  the  surface 
of  the  mandrel  corresponding  to  the  cavity  of  the 
boat  shall  be  treated  or  fabricated  with  a  nodular 
surface. 

30  In  order  to  produce  the  boats  of  the  present 
invention,  the  boron  nitride  is  deposited  upon  a 
mandrel  having  the  same  shape  as  the  desired 
boat  and  the  surface  area  on  the  mandrel  cor- 
responding  to  the  cavity  of  the  boat  should  have  a 

35  nodular  surface.  The  mandrel  employed,  of  course, 
must  be  one  which  does  not  melt  at  the  tempera- 
ture  at  which  the  boron  nitride  is  applied  and  which 
is  inert  to  the  boron  halide  and  ammonia  at  such 
temperature.  Generally,  the  mandrel  employed  is 

40  made  of  graphite. 
Typically,  the  mandrel  upon  which  the  boron 

nitride  boat  is  to  be  formed  is  mounted  in  a  vapor 
deposition  furnace  and,  after  the  furnace  is  heated 
to  the  desired  temperature,  the  ammonia  and  boron 

45  halide  gas,  generally  boron  trichloride,  are  intro- 
duced  into  the  reactor.  The  reaction  between  the 
ammonia  and  boron  halide,  and  deposition  of  the 
boron  nitride  produced  by  this  reaction,  is  typically 
effected  at  a  temperature  of  from  about  1450°C,  to 

50  about  2300  °  C,  and  the  reactor  is  accordingly  main- 
tained  within  this  range.  Preferably  the  temperature 
of  the  reactor  is  maintained  between  about  1850°C 
and  1950°C. 

The  reactants  are  introduced  into  the  reactor  in 
55  vapor  phase.  Generally,  at  least  1  mole  of  ammonia 

is  employed  per  mole  of  boron  halide,  with  an 
excess  of  ammonia  being  preferred.  Most  prefer- 
ably,  from  2.5  to  3.5  moles  of  ammonia  are  em- 

3 
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ployed  per  mole  of  boron  halide,  although  even 
greater  excesses  can  be  employed  if  desired.  The 
flow  rate  of  the  reactants  through  the  reactor  de- 
pends  upon  the  specific  design  of  the  reactor  and 
the  size  and  shape  of  the  mandrel  upon  which  the 
boron  nitride  is  to  be  deposited.  Generally,  flow 
rates  of  from  about  0.2  standard  cubic  meters/hour 
to  about  0.3  standard  cubic  meters/hour  of  ammo- 
nia  and  from  about  0.06  standard  cubic  me- 
ters/hour  to  about  0.1  standard  cubic  meters/hour 
of  boron  halide  per  1  .5-2.5  cubic  meters  of  furnace 
volume  are  suitable.  If  desired,  an  inert  gas  may  be 
intermixed  with  the  reactant  gases. 

After  a  suitable  time,  i.e.,  after  the  desired 
amount  of  boron  nitride  has  been  deposited  on  the 
mandrel,  the  flow  of  reactants  into  the  reactor  is 
interrupted  and  the  reactor  is  cooled  to  room  tem- 
perature.  The  pyrolytic  boron  nitride  boat  can  then 
be  removed  from  the  mandrel  and,  if  necessary, 
cut  to  a  desired  length  and  cleaned. 

According  to  a  further  aspect  of  the  present 
invention  there  is  provided  a  pyrolytic  boron  nitride 
boat  having  a  cavity  of  pyrolytic  boron  nitride  com- 
prising  a  multi-laminated  structure  of  boron  nitride 
in  which  each  lamina  of  the  multi-laminated  struc- 
ture  defining  said  cavity  has  a  nodular  surface  and 
wherein  said  nodular  surface  of  the  top  lamina  is 
composed  of  a  substantially  uniform  distribution  of 
projected  nodules  in  which  the  average  height  of 
the  projected  nodules  is  at  least  0.0254mm  (1  mil). 

Preferably  the  average  height  of  the  projected 
nodules  is  at  least  two  times  greater  than  the 
thickness  of  the  boron  nitride  top  lamina. 

The  present  invention  will  now  be  further  de- 
scribed  with  reference  to,  and  as  illustrated  in,  the 
accompanying  Drawings,  but  is  in  no  manner  limit- 
ed  thereto.  In  the  Drawings:- 

Figure  1  is  an  isometric  view  of  a  boat  of  this 
invention  for  growing  single  crystals; 
Figure  2  is  a  greatly  enlarged  cross-sectional 
view  of  Figure  1  taken  through  line  A-A  showing 
the  laminated  structure  of  the  pyrolytic  boron 
nitride  material; 
Figure  2a  is  an  enlarged  fragmentary  view  of  the 
laminated  structure  of  the  pyrolytic  boron  nitride 
material  of  Figure  2;  and 
Figure  3  is  a  greatly  enlarged  cross-sectional 
view  of  a  conventional  pyrolytic  boron  nitride 
boat  showing  the  laminated  structure  of  the 
pyrolytic  boron  nitride  material. 

Figure  1  shows  a  pyrolytic  boron  nitride  boat  2 
having  a  cavity  4  and  upstanding  wall  6.  The  inter- 
nal  surface  8  of  cavity  4  has  a  nodular  surface 
which  will  reduce  the  tendency  of  the  crystal  melt 
in  said  cavity  4  to  wet  the  surface  while  also 
reducing  the  drag  that  causes  stress  on  the  crystal 
melt  during  solidification.  The  use  of  a  pyrolytic 
boron  nitride  boat  2  with  a  nodular  surface  8  will 

improve  the  yield  of  single  crystals.  Figure  2  is  a 
cross-section  of  the  pyrolytic  boron  nitride  boat  2 
of  Figure  1  greatly  enlarged  to  show  the  laminated 
structure  of  the  pyrolytic  boron  nitride.  Specifically, 

5  the  pyrolytic  boron  nitride  boat  2  is  comprised  of  a 
plurality  of  laminae  10  each  having  a  nodular  sur- 
face  12.  This  laminated  structure  is  formed  by 
depositing  pyrolytic  boron  nitride  onto  a  mandrel 
having  a  nodular  surface  on  at  least  the  area  cor- 

io  responding  to  the  cavity  4  of  boat  2.  As  shown  in 
Figure  2a,  the  projected  nodules  3  have  a  height  D 
which  is  measured  from  the  plane  of  the  lowest 
point  5  as  shown  by  the  broken  lines  to  the  top  of 
the  projected  nodules  3.  The  height  of  the  nodules 

is  should  preferably  be  greater  than  the  height  of  an 
individual  lamina  of  the  deposited  pyrolytic  boron 
nitride  laminated  structure,  and  most  preferably 
greater  than  two  times  the  thickness  of  the  individ- 
ual  lamina.  The  laminar  nature  of  the  deposited 

20  pyrolytic  boron  nitride  structure  results  in  individual 
thin  lamina  being  deposited  on  the  mandrel  and  all 
such  laminae  have  the  nodular  surface  contour 
corresponding  to  the  nodular  surface  of  the  man- 
drel.  As  stated  above,  even  if  a  portion  of  the  top 

25  lamina  is  removed,  the  same  textured  or  nodular 
contour  exist  in  the  newly  exposed  lamina  thus 
permitting  multiple  uses  of  the  pyrolytic  boron 
nitride  boat  without  requiring  further  surface  prep- 
aration. 

30  Figure  3  shows  an  enlarged  cross-section  of  a 
conventional  pyrolytic  boron  nitride  boat  14  com- 
prised  of  a  laminated  structure.  The  pyrolytic  boron 
nitride  boat  14  is  comprised  of  a  plurality  of 
smooth  laminae  16.  The  laminae  16  of  the  conven- 

35  tional  pyrolytic  boron  nitride  boat  14  usually  is 
about  0.0127  mm  (0.5  mil)  thick.  Thus  to  impart  a 
nodular  surface  to  a  conventional  pyrolytic  boron 
nitride  boat  by  sandblasting  would  be  ineffective 
since  the  laminae  of  the  pyrolytic  boron  nitride  are 

40  too  thin  to  allow  sufficient  surface  roughness  to 
occur  before  the  entire  top  lamina  is  removed  and 
a  fresh,  smooth  lamina  is  exposed.  Contrary  to  this, 
the  pyrolytic  boron  nitride  boat  of  the  subject  in- 
vention  is  comprised  of  a  plurality  of  laminae  each 

45  having  a  nodular  contour  surface.  In  addition,  it  is 
believed  that  sandblasting  of  a  pyrolytic  boron 
nitride  boat  could  expose  the  edge  planes  of  the 
deposited  lamina  of  the  boron  nitride  and  these 
edges  are  believed  to  be  more  wettable  than  the 

50  basal  planes  produced  by  the  boron  nitride  deposi- 
tion. 

The  present  invention  will  now  be  further  de- 
scribed  with  reference  to  the  accompanying  Exam- 
ple,  but  is  in  no  manner  limited  thereto. 

55 
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EXAMPLE 

A  graphite  mandrel  was  produced  having  a 
shape  of  the  desired  boat.  The  graphite  mandrel 
after  machining  was  sandblasted  with  60  mesh 
(0.42  mm)  AI2O3  grit  at  2  kg/cm2  air  pressure.  The 
surface  of  the  graphite  mandrel  was  held  about  20 
to  25  cm  from  the  nozzle  of  the  sandblaster  ma- 
chine.  The  mandrel  was  mounted  in  a  0.33  cubic 
meter  vapor  deposition  furnace.  The  pressure  in 
the  furnace  was  reduced  to  66.7  Pa  (0.5  mm  of 
mercury  absolute)  and  the  temperature  was  raised 
to  1900°C.  Gaseous  boron  trichloride  and  ammo- 
nia  were  then  introduced  into  the  reactor.  The  flow 
rate  of  the  ammonia  through  the  reactor  was  1.5 
standard  cubic  meters/hour,  and  the  flow  rate  of 
the  boron  trichloride  was  2.0  standard  cubic  me- 
ters/hour.  After  40  hours  of  operation,  the  flow  of 
ammonia  and  boron  trichloride  was  stopped.  After 
the  reactor  had  cooled  to  room  temperature,  the 
multi-laminated  pyrolytic  boron  nitride  boat  was 
easily  removed  from  the  graphite  mandrel  and  had 
a  nodular  surface  in  the  cavity. 

The  pyrolytic  boron  nitride  boat  of  this  inven- 
tion  is  believed  to  be  beneficial  to  produce  GaAs 
single  crystals  using  conventional  technology.  It  is 
also  believed  that  the  boat  of  this  invention  will 
permit  single  crystal  growth  with  higher  yields  than 
conventional  non-nodule  pyrolytic  boron  nitride 
boats. 

It  is  to  be  understood  that  although  the  present 
invention  has  been  described  with  reference  to 
many  particular  details  thereof,  it  is  not  intended 
that  these  details  shall  be  construed  as  limiting  the 
scope  of  this  invention.  For  example,  the  boat  of 
this  invention  could  comprise  a  graphite  boat  that 
is  treated  to  have  a  nodular  surface  and  then  the 
pyrolytic  boron  nitride  could  be  vapor-deposited 
onto  the  graphite  substrate  to  yield  a  pyrolytic 
boron  nitride  boat  having  a  nodular  surface  at  least 
in  the  area  defining  the  cavity. 

It  is  also  within  the  scope  of  this  invention  to 
use  a  female  mandrel  or  male  mandrel  to  make  the 
boron  nitride  boat.  Preferally,  a  male  mandrel 
would  be  used  to  produce  the  boron  nitride  boat. 

Claims 

1.  A  process  for  producing  a  boron  nitride  boat 
(2)  with  a  cavity  (4)  in  which  at  least  a  portion 
of  the  cavity  has  a  substantially  uniform  dis- 
tribution  of  projected  nodules  (3),  said  process 
comprising  the  steps: 

a)  preparing  a  mandrel  having  the  shape  of 
a  desired  boat  (2)  and  treating  at  least  a 
portion  of  the  mandrel  corresponding  to 
said  at  least  a  portion  of  the  cavity  (4)  to 
form  a  substantially  uniform  distribution  of 

projected  nodules  (3)  on  said  mandrel  cor- 
responding  to  at  least  a  portion  of  the  cavity 
(4)  with  the  nodules  (3)  having  an  average 
height  of  at  least  0.0254mm  (one  mil); 

5  b)  depositing  boron  nitride  upon  said  man- 
drel  of  step  a); 
c)  continuing  the  deposition  of  boron  nitride 
until  the  desired  thickness  of  boron  nitride  is 
deposited  on  the  mandrel;  and 

10  d)  removing  the  boron  nitride  boat  (2)  from 
the  mandrel  to  form  said  boat  (2)  having  a 
cavity  (4)  with  a  substantially  uniform  dis- 
tribution  of  projected  nodules  (12). 

15  2.  A  process  as  claimed  in  claim  1,  wherein  the 
boron  nitride  has  a  laminar  structure  composed 
of  a  plurality  of  laminae  (10)  and  the  average 
height  of  the  projected  nodules  (3)  is  at  least 
two  times  the  thickness  of  a  lamina  (10)  of  the 

20  boron  nitride. 

3.  A  process  as  claimed  in  claim  1  or  2,  wherein 
in  step  b)  the  boron  nitride  is  deposited  by 
reacting  ammonia  and  a  boron  halide  in  vapour 

25  phase  at  a  temperature  of  from  about  1450°C 
to  about  2300  °C  under  a  pressure  no  greater 
than  about  6665  Pa  (50  mm  of  mercury  ab- 
solute). 

30  4.  A  process  as  claimed  in  any  of  claims  1  to  3, 
wherein  the  boron  halide  is  boron  trichloride 
and  the  mandrel  is  made  of  graphite. 

5.  A  pyrolytic  boron  nitride  boat  (2)  having  a 
35  cavity  (4)  of  pyrolytic  boron  nitride  comprising 

a  multi-laminated  structure  (10)  of  boron  nitride 
in  which  each  lamina  (10)  of  the  multi-lami- 
nated  structure  defining  said  cavity  (4)  has  a 
nodular  surface  (12)  and  wherein  said  nodular 

40  surface  (12)  of  the  top  lamina  is  composed  of 
a  substantially  uniform  distribution  of  the  pro- 
jected  nodules  (3)  in  which  the  average  height 
of  the  projected  nodules  is  at  least  0.0254  mm 
(one  mil). 

45 
6.  A  boat  as  claimed  in  claim  5,  wherein  the 

average  thickness  of  the  boron  nitride  lamina 
(10)  having  a  nodular  surface  (12)  is  about 
0.0127  mm  (0.5  mil)  thick. 

50 
7.  A  boat  as  claimed  in  claim  5  or  6,  wherein  the 

multi-laminated  structure  of  boron  nitride  is 
disposed  over  a  substrate  having  a  nodular 
surface  (12)  and  each  lamina  (10)  of  the  boron 

55  nitride  defining  the  cavity  (4)  has  a  nodular 
surface  (12). 

5 
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8.  A  boat  as  claimed  in  any  one  of  claims  5  to  7, 
wherein  the  average  height  of  the  projected 
nodules  (3)  is  at  least  two  times  greater  than 
the  thickness  of  the  boron  nitride  top  lamina 
(10). 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  Schiffchens  (2) 
aus  Bornitrid  mit  einer  Hohlung  (4),  bei  dem 
zumindest  ein  Teil  der  Hohlung  eine  im  we- 
sentlichen  gleichmaBige  Verteilung  vorragen- 
der  Knollchen  (3)  aufweist,  wobei  das  Verfah- 
ren  die  Schritte  umfaBt: 

a)  Praparieren  eines  Kerns,  der  die  Gestalt 
eines  gewunschten  Schiffchens  (2)  hat,  und 
Behandeln  zumindest  eines  Teils  des 
Kerns,  der  dem  zumindest  einen  Teil  der 
Hohlung  (4)  entspricht,  zur  Bildung  einer  im 
wesentlichen  gleichmaBigen  Verteilung  vor- 
ragender  Knollchen  (3)  auf  dem  zumindest 
einem  Teil  der  Hohlung  (4)  entsprechenden 
Kern,  wobei  die  Knollchen  (3)  eine  durch- 
schnittliche  Hohe  von  zumindest  0,0254 
mm  (1  mil)  haben 
b)  Abscheiden  von  Bornitrid  auf  dem  Kern 
aus  Schritt  a) 
c)  Fortfuhren  der  Abscheidung  von  Borni- 
trid,  bis  die  gewunschte  Dicke  von  Bornitrid 
auf  dem  Kern  abgeschieden  ist,  und 
d)  Ablosen  des  Schiffchens  (2)  aus  Bornitrid 
von  dem  Kern  zur  Bildung  des  Schiffchens 
(2)  mit  einer  Hohlung  (4),  die  eine  im  we- 
sentlichen  gleichmaBige  Verteilung  vorra- 
gender  Knollchen  (3)  aufweist. 

2.  Verfahren  nach  Anspruch  1  ,  in  dem  das  Borni- 
trid  eine  Laminarstruktur  aus  einer  Vielzahl 
dunner  Schichten  (10)  hat  und  die  durch- 
schnittliche  Hohe  der  vorragenden  Knollchen 
(3)  zumindest  das  Zweifache  der  Dicke  einer 
dunnen  Schicht  (10)  des  Bornitrids  betragt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  in  dem  das 
Bornitrid  im  Schritt  b)  durch  Reagierenlassen 
von  Ammoniak  und  einem  Borhalogenid  in  ei- 
ner  Dampfphase  bei  einer  Temperatur  von 
etwa  1  .450  °  C  bis  etwa  2.300  °  C  unter  einem 
Druck  nicht  hoher  als  etwa  6665  Pa  (50  mm 
Quecksilber  absolut)  abgeschieden  wird. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
in  dem  das  Borhalogenid  Bortrichlorid  ist  und 
der  Kern  aus  Graphit  hergestellt  ist. 

5.  Pyrolytisches  Schiffchen  (2)  aus  Bornitrid  mit 
einer  Hohlung  (4)  aus  pyrolytischem  Bornitrid, 
welches  eine  vielschichtige  Struktur  (10)  aus 

Bornitrid  aufweist,  in  der  jede  dunne  Schicht 
(10)  der  die  Hohlung  (4)  begrenzenden  Struk- 
tur  eine  knollige  Oberflache  (12)  hat  und  bei 
dem  die  knollige  Oberflache  (12)  der  oberen 

5  dunnen  Schicht  aus  einer  im  wesentlichen 
gleichmaBigen  Verteilung  der  vorragenden 
Knollchen  (3)  besteht,  wobei  die  durchschnittli- 
che  Hohe  der  vorragenden  Knollchen  zumin- 
dest  0,0254  mm  (1  mil)  betragt. 

10 
6.  Schiffchen  (2)  nach  Anspruch  5,  bei  dem  die 

durchschnittliche  Dicke  der  dunnen  Bornitrid- 
schicht  (10)  mit  einer  knolligen  Oberflache  (12) 
etwa  0,0127  mm  (0,5  mil)  betragt. 

15 
7.  Schiffchen  (2)  nach  Anspruch  5  oder  6,  bei 

dem  die  vielschichtige  Struktur  aus  Bornitrid 
uber  einem  Substrat  mit  einer  knolligen  Ober- 
flache  (12)  angeordnet  ist  und  jede  dunne 

20  Schicht  (10)  des  die  Hohlung  (4)  begrenzen- 
den  Bornitrids  eine  knollige  Oberflache  (12) 
hat. 

8.  Schiffchen  (2)  nach  einem  der  Anspruche  5  bis 
25  7,  bei  dem  die  durchschnittliche  Hohe  der 

vorragenden  Knollchen  (3)  zumindest  zweimal 
groBer  als  die  Dicke  der  oberen  dunnen 
Schicht  aus  Bornitrid  ist. 

30  Revendicatlons 

1.  Procede  de  production  d'une  nacelle  de  nitrure 
de  bore  (2)  avec  une  cavite  (4)  dans  laquelle 
une  portion  au  moins  de  la  cavite  presente  une 

35  repartition  sensiblement  uniforme  de  nodules 
faisant  saillie  (3),  ledit  procede  comportant  les 
etapes  suivantes: 

a)  preparation  d'un  mandrin  ayant  la  forme 
d'une  nacelle  (2)  souhaitee  et  traitement 

40  d'une  portion  au  moins  du  mandrin  corres- 
pondent  a  ladite  au  moins  une  porton  de  la 
cavite  (4)  pour  former  une  repartition  sensi- 
blement  uniforme  des  nodules  faisant  saillie 
(3)  sur  ledit  mandrin  correspondant  a  au 

45  moins  une  portion  de  la  cavite  (4)  avec  les 
nodules  (3)  ayant  une  hauteur  moyenne 
d'au  moins  0,0254mm  (un  mil); 
b)  depot  du  nitrure  de  bore  sur  ledit  man- 
drin  de  I'etape  a); 

50  c)  continuation  du  depot  de  nitrure  de  bore 
jusqu'a  ce  que  I'epaisseur  necessaire  du 
nitrure  de  bore  soit  deposee  sur  le  mandrin; 
et 
d)  enlevement  de  la  nacelle  de  nitrure  de 

55  bore  (2)  du  mandrin  pour  former  ladite  na- 
celle  (2)  ayant  une  cavite  (4)  presentant  une 
repartition  sensiblement  uniforme  des  nodu- 
les  faisant  sailllie  (12). 

6 
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2.  Procede  selon  la  revendication  1,  dans  lequel 
le  nitrure  de  bore  a  une  structure  lamellaire 
composee  d'une  pluralite  de  lamelles  (10)  et  la 
hauteur  moyenne  des  nodules  faisant  sa  lie  (3) 
est  d'au  moins  deux  fois  I'epaisseur  d'une  5 
lamelle  (10)  du  nitrure  de  bore. 

3.  Procede  selon  la  revendication  1  ou  2,  dans 
lequel  dans  I'etape  b)  le  nitrure  de  bore  est 
depose  par  reaction  de  I'ammoniaque  et  de  10 
I'haloTde  de  bore  dans  une  phase  vapeur  a 
une  temperature  allant  de  1450°C  environ  a 
2300  °C  environ  sous  une  pression  pas  plus 
elevee  que  6665  Pa  environ  (50mm  de  mer- 
cure  absolu).  is 

4.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  dans  lequel  I'haloTde  de  bore  est 
du  trichlorure  de  bore  et  le  mandrin  est  fait  de 
graphite.  20 

5.  Nacelle  de  nitrure  de  bore  pyrolytique  (2) 
ayant  une  cavite  (4)  de  nitrure  de  bore  pyroly- 
tique  comportant  une  structure  multi-lamellaire 
(10)  de  nitrure  de  bore  dans  laquelle  chaque  25 
lamelle  (10)  de  la  structure  multi-lamellaire  de- 
finissant  ladite  cavite  (4)  presente  une  surface 
nodulaire  (12)  et  dans  laquelle  ladite  surface 
nodulaire  (12)  de  la  lamelle  superieure  est 
composee  d'une  repartition  sensiblement  uni-  30 
forme  de  nodules  faisant  salle  (3)  dans  laquelle 
la  hauteur  moyenne  des  nodules  faisant  salle 
est  d'au  moins  0,0254mm  (un  mil). 

6.  Nacelle  selon  la  revendication  5,  dans  laquelle  35 
I'epaisseur  moyenne  de  la  lamelle  de  nitrure 
de  bore  (10)  ayant  une  surface  nodulaire  (12) 
est  de  0,0127mm  environ  (0,5  mil)  d'epaisseur. 

7.  Nacelle  selon  la  revendication  5  ou  6,  dans  40 
laquelle  la  structure  multi-lamellaire  de  nitrure 
de  bore  est  disposee  sur  un  substrat  ayant  une 
surface  nodulaire  (12)  et  chaque  lamelle  (10) 
de  nitrure  de  bore  definissant  la  cavite  (4) 
presente  une  surface  nodulaire  (12).  45 

8.  Nacelle  selon  I'une  quelconque  des  revendica- 
tions  5  a  7,  dans  laquelle  la  hauteur  moyenne 
des  nodules  faisant  salle  (3)  est  d'au  moins 
deux  fois  superieure  a  I'epaisseur  de  la  lamelle  so 
superieure  du  nitrure  de  bore  (10). 

55 
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