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Description 

Background  of  the  Invention 

(Field  of  the  Invention) 

The  present  invention  relates  to  a  method  and  ap- 
paratus  for  manufacturing  a  crystalline  diamond  film 
for  use  as  an  acoustic  diaphragm  and  acoustic  dia- 
phragm  manufactured  thereby. 

(Description  of  Related  Art) 

Various  materials  of  acoustic  diaphragms  and 
methods  of  processing  the  surface  of  diaphragm 
base  member  have  been  proposed  heretofore,  partic- 
ularly  for  loudspeakers  for  high  and  middle  frequency 
use.  Among  such  methods,  as  a  method  of  forming  a 
diamond  film  with  less  amorphism  on  the  surface  of 
a  diaphragm  base  member,  there  are  known  a  ther- 
mal  filament  method,  electron  impact  CVD  (EACVD) 
method,  a  microwave  CVD  (MCVD)  method,  a  plas- 
ma  jet  method,  a  DC  plasma  method  and  the  like. 

There  is  also  known  a  method  of  forming  a  dia- 
phragm  made  of  only  a  diamond  film  as  disclosed 
Japanese  Patent  Laid-Open  Gazette  No.  61-128700. 
According  to  this  method,  a  diamond  film  is  deposited 
on  a  monocrystal  silicon  formed  in  the  shape  of  dia- 
phragm  by  an  MCVD  method  using  a  2.45  GHz  micro- 
wave  while  emitting  a  plasma  of  a  mixture  gas  com- 
posed  of  methane  CH4  and  hydrogen  H2,  and  there- 
after  the  monocrystal  silicon  is  dissolved  to  obtain  a 
diamond  diaphragm. 

Conventional  acoustic  diaphragms  and  manufac- 
turing  methods  are  associated  with  the  following 
problems. 

First,  with  the  thermal  filament  and  EACVD  meth- 
ods,  the  area  of  a  deposited  film  is  small,  the  distance 
to  a  diaphragm  base  material  on  which  a  film  is  de- 
posited  is  short,  and  the  distribution  of  film  thickness 
is  poor.  Also  as  to  the  MCVD  method,  it  is  known  that 
the  deposition  area  is  determined  by  the  dimension  of 
a  silica  glass  tube  reacting  with  a  waveguide  and  the 
dimension  of  a  plasma.  With  any  one  of  the  above 
conventional  methods,  the  diameter  of  a  deposition 
area  is  only  3  to  10  cm  so  that  the  manufacturing  ca- 
pability  is  limited  about  one  to  five  diaphragms  having 
a  diameter  of  one  inch.  Further,  the  film  deposition 
thickness  per  hour  is  1  to  1  0  microns/cm2,  resulting  in 
high  cost  and  poor  mass  productivity. 

Second,  since  the  above  conventional  methods 
form  a  diamond  film  through  heating  a  filament,  DC 
discharge,  or  high  frequency  microwave  discharge,  a 
diaphragm  base  material  is  heated  up  to  about  1000 
degrees  centigrade,  resulting  in  deformation  or  dam- 
age  of  the  base  material.  Thus,  it  is  necessary  to  re- 
alize  improved  heat  dissipation. 

Third,  with  the  method  of  manufacturing  a  dia- 

phragm  made  of  only  a  diamond  film  as  disclosed  in 
the  above-described  Japanese  Patent  Laid-Open 
Gazette  No.  61-128700,  it  is  difficult  to  form  a  mono- 
crystal  silicon  having  a  desired  shape.  The  diameter 

5  of  a  deposited  area  is  only  3  to  10  cm.  In  addition, 
since  the  deposition  film  thickness  per  hour  is  equal 
to  or  smaller  than  1  micron/cm2,  it  takes  several  tens 
hours  to  manufacture  a  diaphragm  having  a  diamond 
film  thickness  of  several  tens  microns,  leaving  a  prob- 

10  lem  of  mass  productivity. 
EP-0  221  531  A2  discloses  a  high  heat  conduc- 

tive  insulated  substrate  and  a  method  of  manufactur- 
ing  the  same.  What  is  taught  is  to  dispose  a  substrate 
within  a  plasma  generating  chamber  for  coating. 

15 
Summary  of  the  Invention 

It  is  therefore  a  first  object  of  the  present  inven- 
tion  to  provide  an  acoustic  diaphragm  having  a  dia- 

20  mond  film  formed  on  the  surface  of  a  diaphragm  base 
member,  wherein  a  uniform  diamond  film  thickness  is 
ensured  even  for  large  diameter  diaphragms. 

It  is  a  second  object  of  the  present  invention  to 
provide  a  method  of  manufacturing  an  acoustic  dia- 

25  phragm,  wherein  a  diamond  film  can  be  formed  reli- 
ably  and  in  short  time  on  the  surface  of  a  diaphragm 
base  member,  with  excellent  mass  productivity  and 
no  limit  of  dimension  of  a  diaphragm. 

It  is  a  third  object  of  the  present  invention  to  pro- 
30  vide  a  method  of  manufacturing  an  acoustic  dia- 

phragm  made  of  only  a  diamond  film,  capable  of  man- 
ufacturing  an  acoustic  diaphragm  in  short  time,  with 
excellent  mass  productivity  and  no  limit  of  dimension 
of  a  diaphragm. 

35  According  to  the  invention,  the  above  objects  are 
achieved  by  a  method  according  to  claim  1  and  by  an 
apparatus  according  to  claim  12. 

Preferred  embodiments  are  claimed  in  the  sub- 
claims. 

40  In  other  words,  the  above  objects  of  the  present 
invention  can  be  achieved  by  providing  an  acoustic 
diaphragm  comprising  a  crystalline  diamond  film 
formed  on  at  least  one  side  of  a  ceramic  diaphragm 
base  member  formed  in  the  shape  of  diaphragm,  the 

45  crystalline  diamond  film  being  formed  by  emitting  a 
thermal  plasma  of  a  mixture  gas  composed  of  argon, 
hydrocarbon  and  hydrogen. 

The  diaphragm  base  member  may  be  a  carbide- 
based  ceramic  including  silicon  carbide,  an  oxide-ba- 

50  sed  ceramic  including  alumina  and  zirconia,  or  a  nitr- 
ide-based  ceramic  including  titanium  nitride  and  bor- 
on  nitride. 

The  diaphragm  base  material  may  also  be  metal- 
lic  diaphragm  base  member.  The  metallic  diaphragm 

55  base  member  may  be  made  of  titanium,  and  wherein 
there  is  formed  a  titanium  carbide  layer  on  the  surface 
of  the  metallic  diaphragm  base  member  by  emitting  a 
thermal  plasma  of  a  mixture  gas  composed  of  argon 
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and  hydrocarbon,  and  there  is  formed  a  crystalline  di- 
amond  film  on  the  titanium  carbide  layer  by  emitting 
a  thermal  plasma  of  a  mixture  gas  composed  of  ar- 
gon,  hydrocarbon  and  hydrogen,  whereby  the  acous- 
tic  diaphragm  has  a  three-layered  raw  material  includ- 
ing  titanium,  titanium  carbide  and  diamond. 

According  to  the  method  of  manufacturing  an 
acoustic  diaphragm  of  one  aspect  of  this  invention,  a 
method  of  manufacturing  an  acoustic  diaphragm 
made  of  only  a  diamond  film  by  forming  said  diamond 
film  on  the  surface  of  a  metallic  base  memberformed 
in  the  shape  of  diaphragm,  and  thereafter  by  dissolv- 
ing  said  metallic  base  member,  comprises  the  steps 
of:  depositing  a  crystalline  diamond  film  on  the  met- 
allic  base  member  made  of  titanium,  tantalum  or  mo- 
lybdenum  and  formed  in  the  shape  of  diaphragm,  by 
emitting  a  thermal  plasma  of  a  mixture  gas  composed 
of  argon,  hydrocarbon  and  hydrogen;  and  dissolving 
the  metallic  base  member. 

Silicon  or  titanium  carbide  may  be  vapor  depos- 
ited  on  the  surface  of  the  metallic  base  member  to 
form  thereon  a  diamond  film,  and  thereafter  the  met- 
allic  base  member  is  dissolved. 

In  a  method  of  manufacturing  an  acoustic  dia- 
phragm  by  forming  a  diamond  film  on  a  diaphragm 
base  member,  ceramic  powders  are  filled  between 
the  diaphragm  base  member  and  a  heat  radiator  on 
which  the  diaphragm  base  member  is  mounted,  and 
while  cooling  the  diaphragm  base  member,  a  crystal- 
line  diamond  film  is  formed  on  the  diaphragm  base 
member  by  emitting  a  high  temperature  plasma  of  a 
mixture  gas  composed  of  argon,  hydrocarbon  and  hy- 
drogen. 

The  ceramic  powders  to  be  filled  may  be  ceram- 
ics  made  of  diamond,  cubic  boron  nitride  and  silicon 
carbide. 

Another  method  may  also  be  used  wherein  the 
diaphragm  base  member  is  mounted  on  a  heat  radia- 
tor  having  a  mount  portion  formed  in  the  shape  cor- 
responding  to  the  diaphragm  base  member,  and  while 
water-cooling  the  heat  radiator,  a  crystalline  diamond 
film  is  formed  on  the  diaphragm  base  member  by 
emitting  a  high  temperature  plasma  of  a  mixture  gas 
composed  of  argon,  hydrocarbon  and  hydrogen. 

Diamond,  cubic  boron  nitride  and  silicon  carbide 
may  be  vapor  deposited  on  the  surface  of  the  mount 
portion  of  the  heat  radiator  to  form  thereon  a  ceramic 
film  for  enhancing  the  cooling  effect  of  the  diaphragm 
base  member. 

Of  various  types  of  acoustic  diaphragms  accord- 
ing  to  this  invention,  a  diaphragm  having  a  crystalline 
diamond  film  formed  on  a  diaphragm  base  member 
has  an  excellent  sound  velocity  as  described  later. 
Further,  spurious  partition  vibrations  are  reduced  be- 
cause  of  high  hardness  and  high  rigidity  specific  to  di- 
amond,  thus  realizing  a  diaphragm  of  excellent  per- 
formance. 

A  diaphragm  formed  only  by  a  crystalline  dia- 

mond  film  has  a  uniform  film  thickness  with  excellent 
sound  velocity. 

In  the  method  of  manufacturing  an  acoustic  dia- 
phragm  according  to  one  aspect  of  the  present  inven- 

5  tion,  a  thermal  CVD  method  is  used  for  supplying  a 
great  amount  of  mixture  gas  in  forming  a  diamond  film 
on  the  base  member,  the  mixture  gas  being  com- 
posed  of  argon,  hydrocarbon  and  hydrogen.  Accord- 
ing  to  this  method,  a  high  temperature  plasma  can  be 

10  generated.  In  addition,  electrodes  for  DC  discharge 
are  mounted  within  a  plasma  torch  so  that  a  distance 
to  a  base  member  on  which  a  film  is  formed  is  set 
freely.  Further,  a  number  of  base  materials  can  be 
processed  while  moving  them  around  the  plasma 

15  torch.  The  film  deposition  rate  per  time  itself  is  also 
excellent.  Therefore,  a  crystalline  diamond  film  hav- 
ing  a  uniform  thickness  can  be  formed  on  the  base 
member  in  short  time  without  any  limit  of  the  dimen- 
sion  of  the  base  material  on  which  a  film  is  formed. 

20  Accordingly,  a  crystalline  diamond  diaphragm 
having  a  desired  thickness  may  be  mass  produced  by 
the  method  of  manufacturing  a  diaphragm  made  of 
only  a  diamond  film  by  dissolving  a  metallic  base 
member  having  a  diamond  film  formed  thereon. 

25  The  thermal  CVD  method  generates  a  high  tem- 
perature  plasma  as  described  previously.  Therefore, 
there  is  a  possibility  that  a  diaphragm  base  member 
may  be  melted  or  deformed  considerably,  or  carbon- 
ization  thereof  may  be  quickened.  However,  this  can 

30  be  overcome  by  forming  a  crystalline  diamond  film 
while  cooling  the  diaphragm  base  member. 

Brief  Description  of  the  Drawings 

35  The  above  and  other  objects  and  features  of  the 
present  invention  will  become  more  apparent  from 
the  following  description  when  read  in  conjunction 
with  the  accompanying  drawings,  in  which: 

Figs.  1  to  13  show  the  embodiments  of  an  acous- 
40  tic  diaphragm  and  the  method  of  manufacturing 

the  same  according  to  the  present  invention; 
Fig.  1  shows  the  system  arrangement  used  with 
the  thermal  plasma  CVD  method; 
Fig.  2  is  a  temperature  distribution  graph  of  a 

45  plasma  jet; 
Figs  3A,  3B,  4Aand  4B  are  cross  sections  of  heat 
radiators; 
Figs.  5A  to  5C,  6A  and  6B  are  cross  sections  of 
acoustic  diaphragms; 

so  Figs.  7A  and  7B  show  base  members  and  dia- 
mond  films  during  the  manufacturing  processes 
for  an  acoustic  diaphragm  made  of  only  a  dia- 
mond  film; 
Figs.  8,  9,  10A  and  10B  show  Raman  spectral 

55  characteristics;  and 
Figs.  11  to  1  3  show  the  frequency  characteristics 
of  loudspeakers  equipped  with  acoustic  dia- 
phragms. 

3 
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Detailed  Description  of  the  Preferred  Embodiments 

The  embodiments  of  an  acoustic  diaphragm  and 
a  method  of  manufacturing  the  same  according  to  the 
present  invention  will  be  described  with  reference  to 
Figs,  1  to  13. 

Fig.  1  shows  the  system  arrangement  used  with 
the  thermal  plasma  CVD  method.  A  plasma  torch 
(gun)  1  for  generating  a  thermal  plasma  and  a  cham- 
ber  2  is  maintained  vacuum  by  discharging  air  5.  Araw 
material  gas  3  is  supplied  within  the  plasma  torch  1. 
In  this  embodiment,  a  diaphragm  base  member  4  on 
which  a  film  is  formed,  is  shaped  in  a  dome  configur- 
ation  and  mounted  on  a  heat  radiator  7  within  which 
cooling  water  6  circulates.  The  heat  radiator  7  is 
adapted  to  rotate. 

The  plasma  torch  1  emits  a  plasma  made  of  me- 
thane  and  hydrogen  decomposed  from  hydrocarbon 
upon  DC  discharge  between  an  anode  electrode  8 
and  cathode  electrode  9.  Adiamond  film  of  crystalline 
grains  is  formed  on  the  diaphragm  base  member  by 
a  CVD  method. 

With  the  above  method  it  becomes  possible  to 
supply  a  great  amount  of  mixture  gas  to  the  plasma 
torch  1  and  generate  a  high  temperature  plasma. 
Since  the  electrodes  for  DC  discharge  are  mounted 
within  the  plasma  torch,  the  distance  to  the  diaphragm 
4  on  which  a  film  is  formed  can  be  set  freely.  A  great 
number  of  diaphragms  4  can  be  processed  while  mov- 
ing  them  around  the  plasma  torch.  Such  advantages 
have  not  been  realized  with  conventional  methods. 
Further,  according  to  this  thermal  plasma  CVD  meth- 
od,  a  great  amount  of  gas  is  supplied  in  forming  a  di- 
amond  film  so  that  the  deposition  rate  about  1  0  to  50 
times  as  great  as  conventional  can  be  obtained, 
which  is  suitable  for  mass  production. 

Fig.  2  is  a  temperature  distribution  graph  of  a 
plasma  jet  obtained  by  the  thermal  plasma  CVD 
method.  Since  an  arc  column  is  squeezed  by  a  mag- 
netic  field  induced  by  an  arc  discharge  current,  the 
temperature  of  the  plasma  becomes  about  10000  to 
20000  degrees  centigrade  at  the  outlet  of  the  plasma 
torch  1  .  It  is  necessary  therefore  to  efficiently  cool  the 
diaphragm  4  mounted  on  the  heat  radiator  7  because 
it  is  exposed  to  such  high  temperature. 

In  the  experiments,  the  mixture  rate  of  supplied 
raw  material  gasses  (mixture  gas)  was: 

Argon  :  100% 
Methane  :  0.1% 
Hydrogen  :  7% 

The  other  conditions  were: 
Vacuum  degree  :  20  Torr 
Diaphragm  base  member  :  silicon  carbide 

(SiC)  40  microns  vapor  deposition 
Dimension  of  base  member  :  2.5  cm 

In  the  experiments,  a  diaphragm  base  member  of  a 
dome  shape  was  mounted  on  a  conventional  support 
device  with  a  flat  support  plane,  and  a  thermal  plasma 

was  emitted  without  cooling  the  diaphragm  base 
member.  According  to  the  experiment  results,  the 
surface  temperature  of  the  diaphragm  rose  to  about 
2000  to  3000  degrees  centigrade,  resulting  in  melting 

5  and  considerable  deformation  of  the  diaphragm  base 
member.  In  addition,  carbonization  was  quickened 
due  to  high  temperature.  There  was  not  formed  a  di- 
amond  film. 

In  consideration  of  the  above,  the  heat  radiator  as 
10  shown  in  Figs.  3A,  3B,  4Aand  4B  is  provided. 

The  heat  radiator  7  made  of  copper  is  provided 
with  a  fixing  jig  10  for  fixing  the  hinge  portion  of  the 
diaphragm  base  member4.  Cooling  water  6  circulates 
through  an  inner  water  passage  11  to  cool  the  dia- 

ls  phragm  base  member  4.  In  the  example  shown  in  Fig. 
3A,  there  is  formed  a  mount  portion  12  of  semi-sphere 
having  a  diameter  slightly  smaller  than  the  dome  di- 
ameter  of  the  diaphragm  base  member  4.  The  dia- 
phragm  base  member  4  is  mounted  on  the  mount  por- 

20  tion  12,  with  ceramic  powders  being  filled  between 
the  diaphragm  base  member  4  and  the  mount  portion 
12. 

Upon  emission  of  a  thermal  plasma  while  cooling 
the  diaphragm  base  member  by  the  cooling  means 

25  shown  in  Fig.  3A,  the  surface  temperature  of  the  dia- 
phragm  base  member  was  maintained  about  800  to 
1000  degrees  centigrade. 

In  the  example  shown  in  Fig.  3B,  the  diaphragm 
base  member  4  of  a  dome  shape  is  mounted  on  the 

30  heat  radiator  having  a  flat  mount  plane,  with  ceramic 
powders  14  being  filled  between  the  mount  plane  and 
the  diaphragm  base  member.  The  ceramic  powders 
mount  plane  and  the  diaphragm  base  member.  The 
ceramic  powders  are  made  of  powders  of  diamond, 

35  cubic  boron  nitride  (CBN)  and  silicon  carbide  (SiC).  It 
is  preferable  that  any  of  these  powders  has  a  melting 
point  in  excess  of  1500  degree  centigrade  and  the 
thermal  conductivity  is  equal  to  or  greater  than  that  of 
copper  used  as  the  heat  radiator  7.  The  thermal  con- 

40  ductivity  of  these  materials  are: 
Copper  :  3.85  W/cm  x  °C 
Diamond  :  20.0 
Cubic  boron  nitride  :  6.0 
Silicon  carbide  :  2.7 

45  Grain  diameter  of  ceramic  :  0.5  to  2  microns 
The  cooling  means  shown  in  Fig.  3B  could  also 

maintain  the  surface  temperature  of  the  diaphragm 
base  member  at  about  800  to  1000  degrees  centi- 
grade,  similar  in  the  case  shown  in  Fig.  3A. 

so  By  cooling  the  diaphragm  base  member  with  the 
cooling  means  shown  in  Figs.  3Aand  3B,  the  surface 
temperature  of  the  diaphragm  base  member  could  be 
cooled  down  by  one  third  to  one  fourth  of  that  without 
cooling.  Thus,  the  heat  resistance  at  the  surface  of 

55  the  heat  radiator  can  be  improved  so  that  there  oc- 
curs  no  deformation  due  to  thermal  melting  of  the  dia- 
phragm  base  member,  and  no  quality  degradation  of 
a  diamond  film  to  be  caused  by  gas  generation. 

4 
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In  the  example  shown  in  Fig.  4A,  a  heat  radiator 
7  is  formed  with  a  mount  portion  15  of  a  semi-sphere 
shape  corresponding  to  the  dome  shape  of  the  dia- 
phragm  base  member  4.  The  diaphragm  base  mem- 
ber  4  is  fittingly  mounted  on  the  mount  portion  15  for 
the  purpose  of  water-cooling.  This  cooling  means 
could  also  maintain  the  surface  temperature  of  the 
diaphragm  base  member  at  800  to  1000  degrees  cen- 
tigrade. 

In  the  example  shown  in  Fig.  4B,  there  is  formed 
on  the  surface  of  a  mount  portion  15  a  ceramic  film 
16  of  2  to4  microns  thickness  made  of  diamond,  cubic 
boron  nitride  and  silicon  carbide  by  means  of  the  ther- 
mal  plasma  CVD  method.  The  diaphragm  base  mem- 
ber  4  is  therefore  mounted  on  the  mount  portion  15 
with  the  ceramic  film  16  interposed  therebetween. 
This  cooling  means  could  also  maintain  the  surface 
temperature  of  the  diaphragm  base  member  down  at 
800  to  1000  degrees  centigrade. 

Next,  the  embodiments  of  this  invention  will  be 
described.  The  mixture  ratio  of  supplied  raw  material 
gasses  (mixture  gas)  are  the  same  as  that  used  for 
the  above-described  experiment,  as  in  the  following: 

Argon  :  100% 
Methane  :  0.1% 
Hydrogen  :  7% 

The  other  conditions  are: 

(1st  Embodiment) 

Vacuum  degree  :  20  Torr 
Diaphragm  base  member  :  silicon  carbide 

(SiC) 
40  microns  vapor  deposition 
Surface  temperature  of  base  member  :  800  to 

1000  degrees  centigrade 
Dimension  of  base  member  :  2.5  cm 
Thickness  of  formed  diamond  film  :  2  microns 

The  film  deposition  thickness  per  hour  was  50  to 
100  micron/cm2  in  the  first  embodiment. 

A  dome  shaped  diaphragm  21  obtained  in  the  first 
embodiment  is  shown  in  Fig.  5A.  A  crystalline  dia- 
mond  film  22  is  formed  on  the  diaphragm  base  mem- 
ber  4.  The  analysis  of  the  diamond  film  22  was  con- 
ducted  by  Raman  spectroscopy  and  X-ray  diffrac- 
tion.  The  results  showed  that  the  obtained  diamond 
film  had  a  peak  at  1333  cm-1  specific  to  diamond  as 
shown  in  the  Raman  spectral  characteristics  of  Fig.  8 
and  had  a  diffraction  specific  to  diamond. 

In  the  first  embodiment,  the  diaphragm  base 
member  4  may  use  the  oxide-based  or  nitride-based 
ceramic  which  has  a  low  density,  high  elasticity,  and 
a  sound  velocity  of  10000  m/s  or  higher.  Dome  shap- 
ed  diaphragms  manufactured  by  using  such  ceramic 
are  shown  in  Figs.  5B  and  5C. 

The  sound  velocities  of  these  dome-shaped  dia- 
phragms  21  were  10000  to  12000  m/s  for  that  shown 
in  Fig.  5A,  9000  to  11000  m/s  for  Fig.  5B,  and  8000  to 

10000  m/s  for  Fig.  5C.  Therefore,  loudspeakers  can 
be  realized  which  are  capable  of  reproducing  a  high 
frequency  signal  about  1  .6  to  2.4  times  as  high  as  that 
of  a  conventional  loudspeaker. 

5  Fig.  1  1  shows  the  frequency  characteristics  A  (in- 
dicated  by  a  solid  line)  of  the  dome  shaped  diaphragm 
shown  in  the  first  embodiment  of  Fig.  5A,  and  the  fre- 
quency  characteristics  B  (indicated  by  a  broken  line) 
of  a  dome  shaped  diaphragm  made  of  only  titanium. 

10  It  is  appreciated  from  the  comparison  therebetween 
that  the  former  characteristics  A  is  considerably  im- 
proved  at  high  frequency. 

(2nd  Embodiment) 
15 

Different  from  the  first  embodiment,  a  metallic 
base  member  was  used  as  the  diaphragm  base  mem- 
ber  4.  The  surface  temperature  of  the  base  member 
was  600  to  1000  degrees  centigrade,  and  the  other 

20  conditions  were  the  same  as  the  first  embodiment. 
A  dome  shaped  diaphragm  21  obtained  in  the 

second  embodiment  is  shown  in  Fig.  6A.  The  analysis 
of  a  diamond  film  22  was  conducted  in  the  similar 
manner  as  of  the  first  embodiment.  As  seen  from  the 

25  Raman  spectral  characteristics  of  Fig.  9,  the  film  had 
a  peak  at  1333  cm-1  specific  to  diamond  and  a  dif- 
fraction  of  diamond,  thus  the  film  was  identified  as 
being  made  of  diamond. 

In  the  second  embodiment,  titanium  was  used  as 
30  the  metallic  diaphragm  base  member  4,  a  titanium 

carbide  layer  was  formed  on  the  surface  of  the  met- 
allic  diaphragm  base  member  by  emitting  a  high  tem- 
perature  plasma  of  a  mixture  gas  composed  of  argon 
and  hydrocarbon,  and  a  crystalline  diamond  film  was 

35  formed  on  the  titanium  carbide  layer  by  emitting  a 
thermal  plasma  of  a  mixture  gas  composed  of  argon, 
hydrocarbon  and  hydrogen.  The  obtained  dome  shap- 
ed  diaphragm  21  had,  as  shown  in  Fig.  6B,  a  three- 
layered  raw  material  including  a  titanium  base  mem- 

40  ber  4,  titanium  carbide  layer  23  and  diamond  film  22. 
The  sound  velocities  of  the  dome  shaped  dia- 

phragms  obtained  in  the  second  embodiment  were 
8000  to  10000  m/s  for  that  shown  in  Fig.  6A,  and  9000 
to  11000  m/s  for  Fig.  6B. 

45  Fig.  12  shows  a  comparison  between  the  fre- 
quency  characteristics  A  of  the  dome  shaped  dia- 
phragm  in  the  second  embodiment  of  Fig.  6A  and  the 
frequency  characteristics  B  of  a  dome  shaped  dia- 
phragm  made  of  only  titanium. 

50 
(3rd  Embodiment) 

Different  from  the  first  embodiment,  a  metallic 
base  member  20  (Fig.  7A)  made  of  titanium  and 

55  formed  in  the  dome  shape  was  used  having  its  sur- 
face  formed  with  a  crystalline  diamond  film.  The  con- 
ditions  were  as  follows: 

Vacuum  degree  :  1  00  Torr 

5 
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Base  member  :  titanium,  30  microns 
Surface  temperature  of  base  member  :  800  to 

1000  degrees  centigrade 
Dimension  of  base  member  :  2.5  cm 
Deposition  time  :  45  minutes 
Thickness  of  formed  diamond  film  :  40  microns 

A  crystalline  diamond  film  22  formed  on  the  met- 
allic  base  member  20  had  a  semi-sphere  crystal  face 
and  had  grains  of  1  to  5  microns.  The  Raman  spec- 
troscopy  and  X-ray  diffraction  were  conducted  in  the 
similar  manner  as  of  the  first  embodiment.  The  re- 
sults  showed  that  a  peak  at  1333  cm-1  specific  to  di- 
amond  was  obtained  as  shown  in  Fig.  1  0A  and  a  dif- 
fraction  of  diamond,  thus  identifying  the  film  as  being 
made  of  diamond. 

The  metallic  base  member  20  having  the  dia- 
mond  film  22  formed  thereon  was  dissolved  by  using 
a  solution  of  hydrogen  fluoride  and  nitric  acid  having 
a  mixture  ratio  of  1  :1  ,  to  thus  obtain  the  dome  shaped 
diaphragm  21  made  of  only  a  diamond  film  of  40  mi- 
crons  thickness. 

In  the  third  embodiment,  silicon  Si  was  vapor  de- 
posited  on  the  surface  of  the  metallic  base  member 
20  to  form  a  deposited  film  24  as  shown  in  Fig.  7B.  A 
diamond  film  22  was  formed  on  the  deposited  film  24. 
The  deposited  film  24  of  silicon  functions  to  prevent 
reaction  of  the  diamond  film  with  the  metallic  base 
member  20,  thus  improving  the  quality  of  the  diamond 
film  22.  The  deposited  film  can  be  dissolved  using  the 
above-described  mixture  solution.  The  diamond  film 
22  thus  obtained  has  crystalline  grains  of  1  to  5  mi- 
crons  similar  to  the  case  described  previously,  how- 
ever,  it  had  a  crystal  face  in  "100"  orientation.  The 
analysis  of  the  diamond  film  22  was  conducted  in  the 
similar  manner  as  above,  the  Raman  spectral  charac- 
teristics  being  shown  in  Fig.  10B. 

As  shown  in  Fig.  7B,  the  metallic  base  member  20 
and  deposited  film  24  were  dissolved  in  the  similar 
manner  as  above  to  obtain  the  dome  shaped  dia- 
phragm  21  made  of  only  the  diamond  film  22. 

In  the  third  embodiment,  titanium  was  used  as  the 
metallic  base  member.  However,  tantalum  Ta  may 
also  be  used,  or  other  substances  of  high  melting 
point  such  as  tungsten  and  niobium  may  be  used.  The 
deposited  film  24  may  use  silicon  carbide.  The  acous- 
tic  constants  of  the  diamond  dome  shaped  dia- 
phragms  in  the  third  embodiment  of  Figs.  7Aand  7B 
were  a  density  of  3  to  3.4  g/cm3,  a  Young's  modulus 
of  5.9  to  8.2  x  1011  Pa.  The  sound  velocities  were 
13000  to  15000  m/s  for  that  shown  in  Fig.  7A,  and 
14000  to  16000  m/s  for  Fig.  7B.  Therefore,  loudspeak- 
ers  can  be  realized  which  are  capable  of  reproducing 
a  high  frequency  signal  about  2.6  to  3.2  times  as  high 
as  that  of  a  conventional  loudspeaker. 

According  to  an  acoustic  diaphragm  of  this  inven- 
tion,  excellent  acoustic  constants  can  be  obtained, 
and  the  frequency  characteristics  at  high  frequency  in 
particular  can  be  considerably  improved  so  that  it  is 

suitable  for  manufacturing  loudspeakers  for  high  and 
middle  frequency  use.  Further,  spurious  vibrations 
are  reduced  because  of  high  hardness  and  high  rig- 
idity  specific  to  diamond,  thus  realizing  loudspeakers 

5  of  less  distortion. 
According  to  the  method  of  manufacturing  an 

acoustic  diaphragm  of  this  invention,  a  thermal  plas- 
ma  CVD  method  is  used  for  supplying  a  great  amount 
of  mixture  gas  in  forming  a  diamond  film,  and  a  plas- 

10  ma  is  emitted  while  cooling  the  diaphragm  base  mem- 
ber.  Therefore,  a  diamond  film  having  a  desired  film 
thickness  can  be  formed  on  the  diaphragm  base 
member  without  melting  or  deforming  it.  Further,  the 
film  deposition  thickness  per  hour  is  10  to  50  times 

15  the  conventional  speed,  and  a  great  number  of  dia- 
phragms  of  excellent  characteristics  and  low  cost  can 
be  mass  produced  while  moving  them  around  the 
plasma  torch. 

Adiamond  film  having  a  desired  thickness  can  be 
20  formed  on  the  base  member  in  short  time  so  that  a 

diaphragm  made  of  only  a  diamond  film  can  be  mass 
produced  by  dissolving  a  metal  base  member  having 
the  diamond  formed  thereon.  Therefore,  the  method 
of  this  invention  is  optimum  in  manufacturing  various 

25  type  of  acoustic  diaphragms. 
Although  the  present  invention  has  been  fully  de- 

scribed  by  way  of  the  preferred  embodiments,  it  is  to 
be  noted  that  various  changes  and  modifications  are 
possible  falling  in  the  scope  of  this  invention  as  de- 

30  fined  by  the  appended  claims. 

Claims 

35  1.  A  method  for  manufacturing  a  crystalline  dia- 
mond  film  (22)  for  use  as  an  acoustic  diaphragm 
(21)  by  the  steps  of 

generating  a  high  temperature  plasma 
comprising  CH4  and  H2  and 

40  vapor  depositing  said  plasma  on  the  sur- 
face  of  a  base  member  (4), 

characterized  in  that 
said  plasma  includes  Ar  as  the  balance, 

and  in  that 
45  said  plasma  is  generated  in  a  plasma  torch 

(1)  and  is  emitted  to  the  outside  of  said  plasma 
torch  (1)  upon  DC-discharge  within  said  plasma 
torch  (1). 

so  2.  The  method  according  to  claim  1,  characterized 
by  the  step  of  mounting  said  base  member  (4)  on 
a  heat  radiator  (7)  and  of  cooling  said  base  mem- 
ber  (4)  by  water-cooling  said  heat  radiator  (7). 

55  3.  The  method  according  to  claim  2,  characterized 
by  the  step  of  filling  ceramic  powders  (14)  such 
as  powders  of  diamond,  cubic  boron  nitride  and 
silicon  carbide  between  said  base  member  (4) 

6 
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and  said  heat  radiator  (7). 

4.  The  method  according  to  claims  2  or  3,  charac- 
terized  by  the  step  of  vapor  depositing  a  ceramic 
film  (16)  of  diamond,  cubic  boron  nitride  and  sil- 
icon  carbide  on  the  surface  of  a  mounting  portion 
(15)  of  said  heat  radiator  (7)  formed  in  a  shape 
corresponding  to  said  base  member  (4). 

5.  The  method  according  to  any  preceding  claim, 
characterized  in  that 
said  base  member  (4)  is  mounted  on  a  wa- 

ter-cooled  heat  radiator  (7)  and  ceramic  material 
(14,  16)  such  as  diamond,  cubic  boron  nitride  and 
silicon  carbide  is  provided  between  said  base 
member  (4)  and  said  radiator  (7). 

6.  The  method  according  to  claim  5,  characterized 
in  that  providing  said  ceramic  material  (16)  be- 
tween  said  base  member  (4)  and  said  heat  radi- 
ator  (7)  includes  the  step  of  vapor  depositing  said 
ceramic  material  (16)  on  the  surface  of  a  mount- 
ing  portion  (15)  of  said  heat  radiator  (7)  formed  in 
a  shape  corresponding  to  said  base  member  (7). 

7.  The  method  of  any  preceding  claim,  character- 
ized  in  that  said  base  member  (7)  is  made  of  a 
metal  material,  such  as  titanium,  tantalum  or  mo- 
lybdenum. 

8.  The  method  of  claim  7,  characterized  by  the  step 
of  dissolving  said  base  member  (4)  after  the  step 
of  vapor  deposition. 

9.  The  method  of  any  preceding  claim,  character- 
ized  by  the  step  of  forming  a  reaction  preventing 
film  (24)  on  the  surface  of  said  base  member  (4) 
before  said  plasma  vapor  deposition  is  conducted 
on  the  same  surface. 

10.  The  method  of  claim  9,  characterized  by  the  step 
of  dissolving  said  reaction  preventing  film  (24). 

11.  The  method  of  any  of  claims  1  to  6,  characterized 
in  that  said  base  member  (4)  is  made  of  a  ceramic 
material,  such  as  a  carbide-based  ceramic  mate- 
rial  including  silicon  carbide,  an  oxide-based  cer- 
amic  material  including  alumina  and  zirconia  or  a 
nitride-based  ceramic  material  including  titanium 
nitride  and  boron  nitride. 

12.  An  apparatus  for  manufacturing  a  crystalline  di- 
amond  film  for  use  as  an  acoustic  diaphragm  (21  ) 
comprising: 

means  (1)  for  generating  a  high  tempera- 
ture  plasma  comprising  CH4  and  H2  and 

means  for  vapor  depositing  said  plasma 
on  the  surface  of  a  base  member, 

characterized  in  that 
said  plasma  includes  Ar  as  the  balance, 
said  plasma  generating  means  comprises 

a  plasma  torch  (1)  and  comprises  an  anode  elec- 
5  trade  (8)  and  a  cathode  electrode  (9)  which  are 

mounted  within  said  plasma  torch  (1)  for  emitting 
said  plasma  to  the  outside  of  said  plasma  torch 
(1)  upon  DC-discharge. 

10  13.  The  apparatus  of  claim  12,  characterized  by  a 
water-cooled  heat  radiator  (7),  on  which  said 
base  member  (4)  is  to  be  mounted. 

15  Patentanspruche 

1.  Verfahren  zur  Herstellung  einer  kristallinen  dun- 
nen  Diamantschicht  (22)  zur  Verwendung  als 
akustische  Membran  (21)  mittels  folgender 

20  Schritte: 
Erzeugen  eines  Hochtemperaturplasmas, 

welches  CH4  und  H2  enthalt  und 
Aufdampfen  des  Plasmas  auf  die  Oberfla- 

che  eines  Grundelements  (4), 
25  dadurch  gekennzeichnet,  dali 

das  Plasma  im  ubrigen  aus  Ar  besteht,  so- 
wie  dadurch,  daft 

das  Plasma  in  einer  Elektronenfackel  (1) 
erzeugtwird  und  unter  Gleichstromentladung  in- 

30  nerhalb  dieser  Elektronenfackel  aus  der  Elektro- 
nenfackel  (1)  herausemittiert  wird. 

Verfahren  nach  Anspruch  1,  gekennzeichnet 
durch  den  Schritt,  das  Grundelement  (4)  auf  ei- 
nem  Warmeradiator  (7)  zu  befestigen  und  dieses 
Grundelement  (4)  durch  eine  Wasserkuhlung  des 
Warmeradiators  (7)  zu  kuhlen. 

35 

40 

45 

3.  Verfahren  nach  Anspruch  2,  gekennzeichnet 
durch  den  Schritt,  keramische  Pulver  (14),  wie 
beispielsweise  Pulver  von  Diamant,  kubischem 
Bornitrid  und  Siliciumcarbid,  zwischen  das 
Grundelement  (4)  und  den  Warmeradiator  (7) 
einzufullen. 

4.  Verfahren  nach  den  Anspruche  2  oder  3,  gekenn- 
zeichnet  durch  den  Schritt,  eine  dunne  kerami- 
sche  Schicht  (16)  aus  Diamant,  kubischem  Bor- 
nitrid  und  Siliciumcarbid  auf  die  Oberf  lache  eines 

so  Befestigungsbereiches  (15)  dieses  Warmeradia- 
tors  (7)  aufzudampfen,  welcher  in  einer  Form 
ausgebildet  ist,  welche  diesem  Grundelement  (4) 
entspricht. 

55  5.  Verfahren  nach  einem  der  vorstehenden  Anspru- 
che, 
dadurch  gekennzeichnet,  dali 

dieses  Grundelement  (4)  auf  einem  was- 

7 
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sergektihlten  Warmeradiator  (7)  befestigt  ist  und 
keramisches  Material  (14,  16),  wie  beispielswei- 
se  Diamant,  kubisches  Bornitrid  und  Siliciumcar- 
bid  zwischen  diesem  Grundelement  (4)  und  dem 
Radiator  (7)  vorgesehen  ist. 

6.  Verfahren  nach  Anspruch  5,  gekennzeichnet  da- 
durch,  dali  das  Vorsehen  des  keramischen  Mate- 
rials  (16)  zwischen  dem  Grundelement  (4)  und 
dem  Warmeradiator  (7)  den  Schritt  beinhaltet, 
dieses  keramische  Material  (16)  auf  die  Oberfla- 
che  eines  Befestigungsbereiches  (15)  dieses 
Warmeradiators  (7)  aufzudampfen,  welcher  in  ei- 
ner  Form  ausgebildet  ist,  die  dem  Grundelement 
(4)  entspricht. 

7.  Verfahren  nach  einem  der  vorstehenden  Anspru- 
che,  dadurch  gekennzeichnet,  dali  dieses 
Grundelement  (4)  aus  einem  metallischen  Mate- 
rial,  wie  beispielsweise  Titan,  Tantal  oder 
Molybden  gemacht  ist. 

8.  Verfahren  nach  Anspruch  7,  gekennzeichnet 
durch  den  Schritt,  dieses  Grundelement  (4)  nach 
dem  Schritt  des  Aufdampfens  aufzulosen. 

9.  Verfahren  nach  einem  der  vorstehenden  Anspru- 
che,  gekennzeichnet  durch  den  Schritt,  eine  dun- 
ne  reaktionsverhindernde  Schicht  (24)  auf  der 
Oberflache  dieses  Grundelements  (4)  auszubil- 
den,  bevordas  Aufdampfen  des  Plasmas  auf  sel- 
biger  Oberflache  ausgef  uhrt  wird. 

10.  Verfahren  nach  Anspruch  9,  gekennzeichnet 
durch  den  Schritt,  diese  reaktionsverhindernde 
dunne  Schicht  (24)  aufzulosen. 

11.  Verfahren  nach  einem  der  Anspruche  1  bis  6,  da- 
durch  gekennzeichnet,  dali  dieses  Grundele- 
ment  (4)  aus  keramischem  Material  besteht,  bei- 
spielsweise  einem  keramischen  Material  auf  Car- 
bidbasis,  welches  Siliciumcarbid  beinhaltet,  ei- 
nem  keramischen  Material  auf  Oxidbasis,  wel- 
ches  Aluminiumoxid  und  Zirconoxid  beinhaltet 
oder  einem  keramischen  Material  auf  Nitridbasis, 
welches  Titannitrid  und  Bornitrid  beinhaltet. 

12.  Gerat  zur  Herstellung  einer  kristallinen  dunnen 
Diamantschicht  zur  Verwendung  als  akustische 
Membran  (21),  welches  aufweist: 

eine  Einrichtung  (1)  zur  Erzeugung  eines 
Hochtemperaturplasmas,  welches  CH4  und  H2 
beinhaltet  und 

eine  Einrichtung  zum  Aufdampfen  dieses 
Plasmas  auf  die  Oberflache  eines  Grundele- 
ments, 
dadurch  gekennzeichnet,  dali 

dieses  Plasma  zur  Ausgewogenheit  Ar  be- 

inhaltet, 
diese  Plasmagenerierungseinrichtung  ei- 

ne  Elektronenfackel  (1)  aufweist  und  innerhalb 
dieser  Elektronenfackel  (1)  befestigte  Elektro- 

5  den,  eine  Anode  (8)  und  eine  Kathode  (9)  auf- 
weist,  urn  dieses  Plasma  aus  dieser  Elektronen- 
fackel  (1)  unter  Gleichstromentladung  herauszu- 
emittieren. 

10  13.  Gerat  nach  Anspruch  12,  gekennzeichnet  durch 
einen  wassergekuhlten  Warmeradiator  (7),  auf 
dem  dieses  Grundelement  (4)  befestigt  werden 
soil. 

15 
Revendications 

1  .  Methode  de  fabrication  d'un  f  ilm  en  diamant  cris- 
tallin  (22)  a  utilisercomme  membrane  acoustique 

20  (21)  par  les  etapes  de  : 
produire  un  plasma  a  haute  temperature 

comprenant  CH4  et  H2  et 
deposeren  phase  vapeur  led  it  plasma  a  la 

surface  d'un  organe  de  base  (4), 
25  caracterisee  en  ce  que 

led  it  plasma  contient  Ar  en  tant  que  reste, 
et  ce  que 

ledit  plasma  est  produit  dans  une  torche  a 
plasma  (1  )  et  il  est  emis  a  I'exterieur  de  ladite  tor- 

30  che  a  plasma  (1)  par  une  decharge  en  courant 
continu  dans  ladite  torche  a  plasma  (1). 

2.  Methode  selon  la  revendication  1,  caracterisee 
par  I'etape  de  monter  ledit  organe  de  base  (4)  sur 

35  un  radiateur  de  chaleur  (7)  et  de  refroidir  ledit  or- 
gane  de  base  (7)  parrefroidissementa  I'eau  dudit 
radiateur  de  chaleur  (7). 

3.  Methode  selon  la  revendication  2,  caracterisee 
40  par  I'etape  d'introduire  des  poudres  de  cerami- 

que  (14)  comme  des  poudres  de  diamant,  de  ni- 
trure  de  bore  cubique  et  de  carbure  de  silicium 
entre  ledit  organe  de  base  (4)  et  ledit  radiateurde 
chaleur  (7). 

45 
4.  Methode  selon  les  revendications  2  ou  3,  carac- 

terisee  par  I'etape  de  deposer  en  phase  vapeur 
un  film  de  ceramique  (16)  en  diamant,  nitrure  de 
bore  cubique  et  carbure  de  silicium  a  la  surface 

so  d'une  portion  de  montage  (1  5)  dudit  radiateur  de 
chaleur  (7)  selon  une  forme  correspondant  audit 
organe  de  base  (4). 

5.  Methode  selon  toute  revendication  precedente 
55  caracterisee  en  ce  que 

ledit  organe  de  base  (4)  est  monte  sur  un 
radiateurde  chaleur  (7)  refroidi  a  I'eau  et  une  ma- 
tiere  ceramique  (14,  16)  comme  du  diamant,  du 

8 
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nitrure  de  bore  cubique  et  du  carbure  de  silicium 
est  prevue  entre  lesdits  organes  de  base  (4)  et  le- 
dit  radiateur  (7). 

6.  Methode  selon  la  revendication  5,  caracterisee 
en  ce  que  le  fait  de  prevoir  ladite  matiere  cerami- 
que  (16)  entre  ledit  organe  de  base  (4)  et  ledit  ra- 
diateur  de  chaleur  (7)  comprend  I'etape  de  depo- 
ser  en  phase  vapeur  ladite  matiere  ceramique 
(16)  a  la  surface  d'une  portion  de  montage  (15) 
dudit  radiateur  de  chaleur  (7)  selon  une  forme 
correspondant  audit  organe  de  base  (7). 

7.  Methode  selon  toute  revendication  precedente, 
caracterisee  en  ce  que  ledit  organe  de  base  (7) 
est  fait  d'un  materiau  de  metal,  comme  du  titane, 
du  tantale  ou  du  molybdene. 

8.  Methode  selon  la  revendication  7,  caracterisee 
par  I'etape  de  dissoudre  ledit  organe  de  base  (4) 
apres  I'etape  de  depot  en  phase  vapeur. 

9.  Methode  selon  toute  revendication  precedente, 
caracterisee  par  I'etape  de  former  un  film  (24)  de 
prevention  d'une  reaction  sur  la  surface  dudit  or- 
gane  de  base  (4)  avant  d'entreprendre  le  depot 
en  phase  vapeur  du  plasma  sur  la  meme  surface. 

10.  Methode  selon  la  revendication  9,  caracterisee 
par  I'etape  de  dissoudre  ledit  film  de  prevention 
de  la  reaction  (24). 

11.  Methode  selon  I'une  quelconque  des  revendica- 
tions  1  a  6,  caracterisee  en  ce  que  ledit  organe  de 
base  (4)  est  fait  d'une  matiere  ceramique,  comme 
une  matiere  ceramique  a  base  de  carbure 
comprenant  du  carbure  de  silicium,  une  matiere 
ceramique  a  base  d'oxyde  comprenant  de  I'alu- 
mine  et  de  la  zircone  ou  une  matiere  ceramique 
a  base  de  nitrure  comprenant  du  nitrure  de  titane 
et  du  nitrure  de  bore. 

charge  d'un  courant  continu. 

13.  Appareil  selon  la  revendication  12,  caracterise 
par  un  radiateur  de  chaleur  (7),  refroidi  a  I'eau, 

5  sur  lequel  doit  etre  monte  ledit  organe  de  base 
(4). 

10 
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12.  Appareil  de  fabrication  d'un  film  en  diamant  cris- 
tallin  a  utiliser  en  tant  que  membrane  acoustique 
(21)  comprenant  :  45 

un  moyen  (1)  pour  produire  un  plasma  a 
haute  temperature  comprenant  CH4  et  H2  et 

un  moyen  pour  deposer  en  phase  vapeur 
ledit  plasma  a  la  surface  d'un  organe  de  base 

caracterise  en  ce  que  so 
ledit  plasma  comprend  Ar,  en  tant  que  res- 

te 
ledit  moyen  generateur  de  plasma 

comprend  une  torche  a  plasma  (1)  et  comprend 
une  electrode  d'anode  (8)  et  une  electrode  de  55 
cathode  (9)  qui  sont  montees  dans  ladite  torche 
a  plasma  (1)  pour  emettre  ledit  plasma  vers  I'ex- 
terieur  de  ladite  torche  a  plasma  (1)  lors  d'une  de- 

9 
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