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whereby  the  controller  does  not  operate  properly. 
The  controller  also  requires  frequent  cleaning  and 
must  be  calibrated  thereafter.  The  above-men- 
tioned  disadvantages  are  referred  to  also  in  U.S. 

5  Patent  Specification  4,436,674. 
In  Figure  2,  the  curve  b  shows  the  characteristic 

of  a  thermal  mass  flow  controller.  As  to  the 
shortcomings,  there  is,  among  others,  the  offset 
value  o  (typically  approx.  2%).  Also  the  fullscale 

w  flow  fs  (e.g.  1000  ml/min)  may  deviate  from  the 
normal  value  in  commercially  available  con- 
trollers.  In  the  optic  fiber  production,  a  wide  linear 
range  of  control  as  well  as  an  accurate  control 
over  the  whole  range  are  of  importance. 

15  As  illustrated  in  Figure  2,  commercially  avail- 
able  mass  flow  controllers  are  not  ideal,  which 
may  lead,  e.g.,  in  a  situation  illustrated  in  Figure  3, 
wherein  the  upper  and  lower  limiting  values  of 
the  controllers  1  and  2  deviate  from  each  other, 

■  20  causing  discontinuity  in  the  control  process.  On 
the  other  hand,  the  operation  of  the  controllers  is 
not  completely  linear,  either.  In  addition,  replac- 
ing  with  a  new  one  or  cleaning  of  some  of  the 
controllers  may  cause  rather  a  wide  variation  in 

25  the  characteristic. 
The  GB  —  A  —  2  054  204  discloses  a  single  mass 

flow  meter  involved  for  calibrating  the  controller 
by  means  of  an  apparatus  calculating  and  storing 
correction  coefficients  for  the  controller. 

30  Besides,  practice  has  shown  that  already  very 
small  deviations  in  the  operation  of  the  con- 
trollers  may  result  in  highly  inadvantageous 
changes  in  such  properties  of  e.g.  the  preform  of 
a  MCVD  optic  fiber  as  an  index  of  refraction 

35  profile,  a  numeric  aperture,  geometry,  etc.  These 
deviations,  maybe  minor  as  such,  can,  however, 
have  an  extremely  great  effect  on  the  critical 
properties  of  the  fiber,  particularly  on  the  band 
width,  attenuation  and  geometry.  Consequently, 

40  not  even  the  deviation  ±1%  guaranteed  for  the 
controller  on  the  maximum  limit  can  always  be 
regarded  as  acceptable. 

The  invention  as  claimed  is  intended  to  elimi- 
nate  the  problems  mentioned  above.  In  accord- 

45  ance  with  the  present  invention  this  has 
succeeded  by  means  of  a  calibration  system  for 
the  calibration  of  mass  flow  controllers  of  an 
apparatus  used  for  a  chemical  vapour  phase 
growth,  said  system  including  mass  flow  meters 

so  for  measuring  the  mass  flows  through  each  of  the 
mass  flow  controllers  to  be  calibrated  and  an 
apparatus  connected  both  to  said  mass  flo  meters 
and  to  said  mass  flow  controllers  for  determining 
e.g.  point  by  point  the  characteristics  of  each  of 

55  the  mass  flow  controllers  to  be  calibrated  and  for 
calculating  and  storing  correction  coefficients  for 
each  of  the  mass  flow  controllers  to  be  calibrated 
so  that  linear  characteristics  can  be  obtained  for 
the  controllers,  which  is  characterized  in  that  at 

60  least  one  of  the  mass  flow  meters  occupies  a 
measuring  range  covering  at  least  adjoining 
ranges  of  two  mass  flow  controllers  operating  on 
the  same  vapour  and  covering  adjacent  flow 
ranges. 

65  In  said  system  preferably  at  least  two  of  the 

Description 

The  invention  relates  to  a  calibration  system  for 
the  calibration  of  mass  flow  controllers  of  an 
apparatus  used  for  a  chemical  vapour  phase 
growth. 

The  techniques  of  chemical  vapour  phase 
growth  are  used  generally  in  semi-conductor 
industries  and  in  connection  with  the  production 
of  optic  fibers  (MCVD  modified  chemical  vapour 
deposition-technique,  OVPO  outside  vapour 
phase  oxidation-technique,  VAD  vapour  phase 
axial  deposition-method  and  the  like). 
Apparatuses  applying  said  methods  comprise 
vapour  channels  intended  for  different  materials 
(such  as  SiCI4,  GeCI4,  POCI3,  BBr3)  and  including 
mass  flow  controllers. 

A  conventional  apparatus  for  controlling  a 
vapour  flow  and  for  the  transportation  thereof 
into  a  system  to  be  used  is  illustrated  in  Figure  1. 
Therein  a  carrier  gas,  e.g.,  oxygen,  is  passed 
through  a  stop  valve  C  to  a  mass  flow  controller 
M.  This  passes  the  gas  flow  into  a  bubbler  B,  i.e. 
inside  a  liquid  F  contained  therein. 

The  empty  upper  portion  of  the  bubbler  B  is 
filled  with  a  saturated  (or  at  least  by  near  satu- 
rated)  vapour  of  the  used  lignin  F.  The  carrier  gas 
carries  the  vapour  into  the  using  system.  In  an 
ideal  case,  the  vapour  flow  rate  Q  (moles/min)  is 

Pi.P 
(1) Q=- ■.K.V 

(P-Pi)RT 

wherein  Pi  is  the  vapour  pressure  of  the  liquid  at 
the  used  temperature  (T),  P  is  the  total  bubbler 
pressure,  R  a  general  gas  constant,  T  the  absolute 
temperature,  K  a  factor  dependent  on  the 
coefficient  of  efficiency  of  the  vaporization  and  V 
a  carrier  gas  flow  rate  (standard  l/min).  So  the 
amount  of  vapour  can  be  regulated  by  controlling 
the  carrier  gas  flow  rate  V. 

This  in  turn  can  be  effected  by  means  of  a 
thermal  mass  flow  controller  M  wherein  the  gas 
flow  rate  in  an  ideal  case  is  directly  proportional 
to  the  control  voltage.  (Such  devices  are  commer- 
cially  available,  manuf.  Tylan  and  Brooks,  e.g.).  A 
conventional  characteristic  of  a  mass  flow  con- 
troller  (gas  flow  rate  as  a  function  of  the  control 
voltage)  is  shown  in  Figure  2,  in  which  a  curve  a 
shows  an  ideal  characteristic  and  a  curve  b  an 
actual  characteristic. 

A  vapour  control  system  of  the  type  described 
is  more  advisable  than  a  flow  controller  based  on 
direct  measuring  of  the  amount  of  vapour  (a  so 
called  source  controller,  e.g..  Source  V,  manuf. 
Tylan).  The  thermal  conductivity  of  the  carrier  gas 
and  the  vapour  is  therein  measured  by  means  of  a 
special  measuring  element  which  comprises 
parts  which  are  usually  made  of  stainless  steel. 
However,  the  chemicals  used  in  the  production  of 
optic  fibers,  e.g.,  cause  corrosion  in  the  metal 
parts  and  dissolved  metals  may  deteriorate  the 
quality  of  the  fiber.  Corrosion  also  brings  about  a 
change  in  the  characteristic  of  the  apparatus. 
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extracting  heat  by  means  of  the  gas  into  or  from 
the  liquid  contained  in  the  bubbler.  In  its  more 
usual  embodiment,  said  apparatus  is  a  heat  reg- 
ulating  system  (e.g.,  an  electrical  heating  or  water 

5  bath)  built  around  a  steel  tube  which  transfers  gas 
and  by  means  of  which  system  the  gas  contained 
in  the  tube  is  brought  into  a  required  determined 
temperature. 

The  system  illustrated  in  Figure  5  according  to 
10  the  invention  comprises  three  parallel  branches 

for  the  gas  passed  therein,  said  branches  being 
provided  with  stop  valves  7,  8  and  9.  The  valves  8 
'and  9  comprise  mass  flow  meters  MFM,  and 
MFM2  used  in  the  calibration  process,  the 

15  measuring  ranges  of  said  meters  completing  each 
other.  During  a  normal  use,  the  gas  flow  is  passed 
through  the  valve  7.  Thereafter  the  flow  is  led 
through  the  stop  valves  10,  11  and  12  into  the 
mass  flow  controllers  MFC,,  MFC2  and  MFC3, 

20  whereby  MFC,  and  MFC2  are  connected  in  paral- 
lel.  The  mass  flow  meters  MFM,  and  MFM2  and 
the  mass  flow  controllers  MFC,,  MFC2  and  MFC3 
are  positioned  on  a  common  tempered  base  13, 
on  which  at  least  the  mechanical  and,  to  a  great 

25  extent,  also  the  electronical  parts  of  all  the 
devices  are  maintained  at  constant  temperature 
so  as  to  eliminate  the  errors  caused  by  the 
variation  in  temperature. 

The  system  includes  means,  e.g.,  a  computer, 
30  by  means  of  which  the  characteristics  of  each 

mass  flow  controller  is  determined  point  by  point, 
for  instance.  These  measured  properties  enable 
the  determination  of  correction  coefficients  for 
correcting  the  operation  of  the  mass  flow  con- 

35  trailers  into  the  ideal.  In  this  way,  when  using  a 
certain  control  voltage  (flow  rate  value),  the  con- 
trollers  are  corrected  by  the  calculated  correction 
in  order  to  obtain  the  ideal  flow  rate  value. 
Standard  mass  flow  meters  can  be  used  as  mass 

40  flow  meters,  because  the  relative  proportions 
and,  on  the  other  hand,  a  seamless  joining  of  the 
control  ranges  of  controllers  having  different  flow 
ranges  are  essential  for  the  process.  This  is 
achieved,  first,  by  measuring  the  controllers  of 

45  different  materials  by  means  of  the  same  meter 
(possibly  using  the  same  gas  (nitrogen)  and  by 
calculating  the  final  calibration  coefficient  of  the 
used  gas  by  means  of  the  physical  coefficients  of 
the  gas)  and,  second,  by  measuring  at  least  the 

50  adjoining  ranges  of  controllers  covering  adjacent 
flow  ranges  by  means  of  the  same  meter,  too. 
Thus  the  errors  caused  by  the  possible  inaccuracy 
of  the  mass  flow  meters  can  be  essentially 
eliminated. 

55  By  means  of  the  system,  all  the  controllers  or,  in 
connection  with  the  replacing  or  cleaning  of  a 
controller,  this  controller  only  can  be  calibrated, 
whereby  also  the  effect  of  the  replacement  of  a 
controller  on  the  quality  of  the  product  can  be 

60  eliminated.  The  quality  of  the  fiber  can  be  im- 
proved  by  means  of  the  system  even  to  such  an 
extent  that  band  widths  which  are  four  to  six 
times  higher  than  previously  are  easily  obtained. 
Also  the  accuracy  and  the  reproducibility  of  the 

65  process  are  improved,  whereby,  for  instance,  the 

mass  flow  meters  occupy  adjacent  measuring 
ranges  for  obtaining  a  wider  linear  control  range 
for  said  two  mass  flow  controllers  covering  adja- 
cent  flow  ranges. 

Preferably  at  least  some  parts  of  the  mass  flow 
meters  and  the  mass  flow  controllers  are  posi- 
tioned  on  common  tempered  base. 

The  system  according  to  the  invention  will  be 
described  in  the  following  in  more  detail  with 
reference  to  the  attached  drawings,  wherein 

Figure  1  illustrates  a  system  according  to  the 
prior  art, 

Figure  2  shows  a  characteristic  of  an  ideal  and 
an  actual  mass  flow  controller, 

Figure  3  shows  the  characteristics  of  two  con- 
trollers  included  in  the  same  system. 

Figure  4  illustrates  the  principle  of  a  CVD 
vapour  directing  apparatus  used  in  the  invention, 
and 

Figure  5  illustrates  the  principal  structure  of  the 
calibration  system  according  to  the  invention. 

The  principal  structures  of  the  apparatus  used 
in  the  invention  is  illustrated  in  Figure  4.  Said 
figure  shows  two  parallel  mass  flow  controllers  1 
and  2  and  stop  valves  3  and  4  attached  thereto, 
whereby  said  controller  1  is  intended  for  minor 
flow  rates  and  said  controller  2  for  major  flow 
rates,  whereby  the  characteristics  thereof  can  be 
similar  to  those  according  to  Figure  3,  for 
instance.  Oxygen  or  some  other  corresponding 
gas  is  fed  through  said  controllers  1  and  2  into  a 
bubbling  bottle  (bubbler)  5  containing,  e.g.,  SiCI4 
or  some  other  corresponding  halide  6,  whereby  a 
flow  formed  by  the  gas  and  the  halide  is  dis- 
charged  from  the  bubbling  bottle,  in  which  flow 
the  amount  of  halide  is  proportional  to  the  gas 
flow  passed  into  the  bubbling  bottle  in  certain 
conditions  according  to  the  formula  1. 

The  bubbler  5  is  shown  to  further  comprise  a  so 
called  condenser  14  which  is  provided  with  an 
electrical  or  a  water  bath  heating  16  and  by  means 
of  which  a  more  accurate  control  is  achieved,  said 
control  being  more  independent  of,  for  instance, 
the  variation  in  the  surface  level  of  the  bubbler  5 
and  the  temperature  of  the  bubbler.  When  using 
the  condenser  14,  the  temperature  of  the  bubbler 
5  slightly  exceeds  that  of  the  condenser  14  in  such 
a  manner  that  even  if  the  vapour  contained  in  the 
empty  space  of  the  bubbler  is  not  saturated  by 
100%,  the  lower  temperature  of  the  condenser 
ensures  that  the  vapour  is  saturated  by  100%  at 
that  temperature.  Thus  the  vapour  flow  rate  is 
directly  proportional  to  the  carrier  gas  flow  rate 
and  error  due  to  a  variation  in  the  surface  level 
and/or  the  temperature  of  the  bubbler,  for 
instance,  is  eliminated,  assuming  that  the 
temperature  of  the  condenser  14  is  stable  and 
sufficiently  lower  than  that  of  the  bubbler. 

In  addition,  the  system  can  comprise  a  carrier 
gas  heating  system  15  which  is  operated  electri- 
cally  or  by  means  of  water,  for  instance,  and  by 
means  of  which  a  temperature  change  (usually 
cooling)  in  the  bubbler  5,  which  change  is  caused 
by  the  vaporization  or  a  wrong  temperature  of  the 
gas,  can  be  compensated  by  introducing  heat  or 
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(MFM-i,  MFM2)  and  the  mass  flow  controllers 
(MFC,,  MFCZ,  MFC3)  are  positioned  on  common 
tempered  base  (13). 

Patentanspruche 

1.  Kalibrierungssystem  zur  Kalibrierung  von 
MassefluSreglem  (MFC,,  MFC2,  MFC3)  eines 
Gerats,  das  bei  einem  Verfahren  zur  chemischen 
Ablagerung  aus  der  Dampfphase  (CVD-Verfah- 
ren)  eingesetzt  wird, 

wobei  das  System  folgende  Teile  aufweist: 
MassefluS-MelSeinrichtungen  (MFM,,  MFM2) 

zur  Messung  der  Massestromungen  durch  die 
einzeinen  zu  kalibrierenden  MasseflulSregler 
(MFC,,  MFC2,  MFC3), 

sowie  ein  sowohl  mit  den  MasseflulS-MelSein- 
richtungen  und  den  MasseflulSreglern  verbunde-. 
nes  Gerat  zur  Bestimmung  der  Kenniinie  der 
einzeinen  zu  kalibrierenden  MasseflulSregler  und 
zur  Berechnung  und  Speicherung  von  Korrektur- 
koeffizienten  fur  jeden  der  zu  kalibrierenden 
MasseflulSregler,  welche  Korrekturkoeffizienten 
die  Erzielung  linearer  Kennlinien  fur  Regler  ermd- 
glichen,  dadurch  gekennzeichnet, 

da(S  wenigstens  eine  der  MasseflulS-MeKein- 
richtungen  (MFM,,  MFM2)  einen  MeSbereich  hat, 
der  wenigstens  die  aneinandergrenzenden  Berei- 
che  zweier  MasseflulSregler  (MFC1f  MFC2)  uber- 
deckt,  die  mit  dem  gleichen  Dampf  arbeiten  und 
benachbarte  DurchflulSbereiche  uberdecken. 

2.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  wenigstens  zwei  der  MasseflulS- 
MeKeinrichtungen  (MFM,,  MFM2)  aneinander- 
grenzende  MeSbereiche  besetzen,  um  einen  gro- 
ISeren  linearen  Regelungsbereich  fur  die  beiden 
MasseflulSregler  (MFC,,  MFC2)  zu  erhalten,  die 
benachbarte  DurchflulSbereiche  uberdecken. 

3.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daS  wenigstens  einige  Teile  der  Masse- 
fluS-MeBeinrichtungen  (MFM,,  MFM2)  und  der 
MasseflulSregler  (MFC,,  MFC2,  MFC3)  auf  einer 
gemeinsamen,  temperierten  Basis  (13)  ange- 
ordnet  sind. 

Revendications 

1.  Dispositif  d'etalonnage  permettant  d'etalon- 
ner  les  regulateurs  de  debit  massique  (MFC,, 
MFC2,  MFC3)  d'un  appareil  utilise  pour  une  cristal- 
lisation  en  phase  vapeur  par  procede  chimique, 
ce  dispositif,  qui  comprend  des  debitmetres  mas- 
siques  (MFM,,  MFM2)  destines  a  mesurer  les 
debits  massiques  traversant  chacun  des  regula- 
teurs  de  debit  massique  (MFC,,  MFC2,  MFC3)  a 
etalonner  et  un  appareil  relie  a  la  fois  aux  debit- 
metres  massiques  et  aux  regulateurs  de  debit 
massique  en  vue  de  determiner  les  caracteristi- 
ques  de  chacun  des  regulateurs  de  debit  massi- 
que  a  etalonner  et  de  calculer  et  mettre  en 
memoire  des  coefficients  de  correction  pour  cha- 
cun  de  ces  regulateurs  de  debit  massique  a 
etalonner  de  fagon  que  des  caracteristique 
lineaires  puissent  etre  obtenues  pour  ces  regula- 
teurs,  caracterise  en  ce  qu'au  moins  I'un  des 

flow  sequences  used  in  the  fiber  production  can 
be  transferred  from  one  device  .to  another. 
Because  the  calibration  can  be  completely  carried 
out  by  means  of  a  computer  (wherein  the  cali- 
bration  values  are  stored),  it  can  be  effected  5 
quickly  and  accurately  so  that  one  or  a  few 
accurate  mass  flow  meters  make  the  whole 
apparatus  accurate  by  means  of  the  calibration 
process. 

The  apparatus  shown  in  Figure  4  and  5  and  the  10 
calibration  system  attached  thereto  provide  an 
accurate  absolute  flow  rate  control  and  a  wide 
linear  control  range  required  from  a  CVD-vapour 
system,  for  instance,  in  the  production  of  optic 
fibers,  by  means  of  commercially  available  stan-  15 
dard  mass  flow  controllers  which  are  advan- 
tageous  in  price. 

In  particular,  a  fully  continuous  control  is  pro- 
vided  at  a  point  in  which  the  mass  flow  controller 
of  the  lowest  flow  is  replaced  with  the  controller  20 
of  an  upper  flow.  This  is  one  of  the  most 
important  advantages  achieved  by  means  of  the 
apparatus  according  to  the  invention,  because 
even  a  minor  error  may  cause  discontinuity  in  the 
index  of  refraction  distribution  of  the  optic  fiber.  25 
This  in  turn  may  manifoldly  deteriorate  the  band 
width  of  the  fiber. 

When  compared  with  the  conventional 
apparatus  of  Figure  1,  an  accurate  control  is 
achieved  within  a  wide  flow  rate,  whereby  the  30 
index  of  refraction  of  the  optic  fiber  e.g.  is  made 
accurately  appropriate  in  shape.  This  enables  the 
optic  fiber  to  possess,  among  others,  an  essen- 
tially  higher  band  width. 

35 
Claims 

1.  Calibration  system  for  the  calibration  of  mass 
flow  controllers  (MFC,,  MFC2,  MFC3)  of  an 
apparatus  used  for  a  chemical  vapour  phase  40 
growth,  said  system  including  mass  flow  meters 
(MFM,,  MFM2)  for  measuring  the  mass  flows 
through  each  of  the  mass  flow  controllers  (MFC,, 
MFC2,  MFC3)  to  be  calibrated  and  an  apparatus 
connected  both  to  said  mass  flow  meters  and  to  45 
said  mass  flow  controllers  for  determining  the 
characteristics  of  each  of  the  mass  flow  con- 
trollers  to  be  calibrated  and  for  calculating  and 
storing  correction  coefficients  for  each  of  the 
mass  flow  controllers  to  be  calibrated  so  that  so 
linear  characteristics  can  be  obtained  for  the 
controllers,  characterized  in  that  at  least  one  of 
the  mass  flow  meters  (MFM,,  MFM2)  occupies  a 
measuring  range  covering  at  least  adjoning 
ranges  of  two  mass  flow  controllers  (MFC,,  MFC2)  55 
operating  on  the  same  vapour  and  covering 
adjacent  flow  ranges. 

2.  System  according  to  claim  1,  characterized  in 
that  at  least  two  of  the  mass  flow  meters  (MFM,, 
MFM2)  occupy  adjacent  measuring  ranges  for  60 
obtaining  a  wider  linear  control  range  for  said  two 
mass  flow  controllers  (MFC,,  MFC2)  covering 
adjacent  flow  ranges. 

3.  System  according  to  claim  1,  characterized  in 
that  at  least  some  parts  of  the  mass  flow  meters  65 
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domaine  lineaire  de  regulation  plus  large,  corres- 
pondant  aux  deux  regulateurs  de  debit  massique 
(MFCi,  MFC2)  qui  couvrent  des  domaines  adja- 
cents  de  debit. 

3.  Dispositif  suivant  la  revendication  1,  caracte- 
rise  en  ce  qu'au  moins  certaines  parties  des 
debitmetres  massiques  (MFM1r  MFM2)  et  des 
regulateurs  de  debit  massique  (MFC,,  MFC2, 
MFC3)  sont  disposees  sur  un  socie  commun  a 
maintien  de  temperature  (13). 

debitmetres  massiques  (MFM,,  MFM2)  occupe  un 
domaine  de  mesure  couvrant  au  moins  des 
domaines  adjacents  de  deux  regulateurs  de  debit 
massique  (MFC1(  MFC2)  travaillant  sur  la  meme 
vapeur  et  couvrant  des  domaines  adjacentes  de 
debit. 

2.  Dispositif  suivant  la  revendication  1,  caracte- 
rise  en  ce  qu'au  moins  deux  des  debitmetres 
massiques  (MF!^,  MFM2)  occupent  des 
domaines  adjacents  de  mesure  afin  d'obtenir  un 10 
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