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Description 

The  invention  relates  to  improvements  in  induc- 
tively  coupled  argon  plasma  optical  emission  spectro- 
metry  (ICAP-OES)  and  more  particularly  to  improve- 
ments  in  the  analysis  of  electronic  grade  organome- 
tallic  compounds  for  the  detection  of  trace  metal  im- 
purities  by  ICAP-OES. 

Detection  of  minuscule  quantities  of  impurities  in 
electronic  grade  orgamometallic  compounds  is  im- 
portant  for  quality  control  in  the  manufacture  of  such 
compounds  for  use  in  semiconductor  manufacture. 
ICAP-OES  has  been  an  especially  useful  analytical 
tool  for  this  use.  This  spectrometer  is  capable  of  de- 
tecting  and  measuring  quantities  of  many  metal  im- 
purities  in  the  product  at  less  than  one  part  per  million 
concentration.  An  argon  stream  carrying  a  vaporized 
sample  of  the  compound  to  be  tested  is  introduced  at 
the  base  of  an  inductively  coupled  argon  plasma  in 
the  spectrometer.  A  vapor  or  aerosol  of  a  liquid  sam- 
ple  is  carried  by  a  continuous  stream  of  argon  into  the 
plasma  where  the  sample  is  decomposed  and  metal 
atoms  in  the  sample  emit  radiation  having  character- 
istic  wave  lengths  and  intensities  which  can  be  de- 
tected  and  measured  by  the  spectrometer.  Use  of 
ICAP-OES  is  a  known  analytical  technique.  DE-A1-3 
026  155  discloses  an  excitation  source  for  spectro- 
scopic  purposes  in  which  the  liquid  containing  the 
sample  is  vaporised  by  microwave  absorption  in  a 
chamber  in  which  said  liquid  is  mixed  with  the  carrier 
gas  and  combustion  gas  before  being  ignitted  in  the 
flame  of  the  borner. 

The  invention  provides  new  means  and  method 
for  introducing  into  the  plasma  a  vaporized  sample  of 
a  liquid  composition  to  be  analyzed.  The  invention 
further  provides  means  for  introducing  to  the  plasma 
a  vapor  of  a  metal-containing  impurity  in  a  measured 
quantity  mixed  with  the  vapor  of  the  sample  com- 
pound,  also  in  a  measured  quantity  for  the  purpose  of 
spectrometer  calibration. 

In  prior  art,  one  method  that  was  used  for  intro- 
duction  of  sample  solutions  into  the  ICAP-OES  was 
based  on  the  injection  of  a  liquid  aerosol  generated  by 
a  pneumatic  nebulizer.  The  sample  was  hydrolyzed  to 
make  an  aqueous  solution  which  was  then  analyzed. 
Another  method,  having  some  advantage  over  the  ae- 
rosol  method,  was  exponential  dilution,  wherein  a 
sample  of  the  compound  to  be  tested  was  vaporized 
in  a  flask  filled  with  argon  and  the  vapor  in  argon  was 
then  displaced  from  the  flask  and  directed  to  the  plas- 
ma  by  flowing  argon  into  the  flask.  A  review  of  several 
prior  art  methods  and  discussion  of  some  of  their  dis- 
advantages  can  be  found  in  U.S.  Patent  No. 
4,688,935. 

According  to  the  invention,  an  undiluted  sample 
of  a  liquid  compound  to  be  tested  is  injected  directly 
into  a  heated  stream  of  argon.  The  injected  liquid 
sample  is  rapidly  vaporized  and  the  vapor-bearing  ar- 

gon  stream  flows  continuously  to  the  base  of  the  plas- 
ma  and  thence  directly  into  the  plasma.  The  liquid 
sample  is  injected  into  the  argon  stream  which  is  flow- 
ing  through  a  tube  with  means  to  provide  heat  for  rap- 

5  id  evaporation  of  the  liquid  sample.  Before  the  argon 
reaches  the  injection  point,  it  has  been  heated  to  a 
temperature  sufficient  to  carry  the  vaporized  sample. 
The  liquid  sample  is  rapidly  vaporized  as  the  sample 
is  injected  into  the  argon  stream  before  it  reaches  the 

10  plasma,  by  heat  from  the  argon  and  from  surrounding 
walls  of  the  tube. 

The  invention  can  be  used  in  the  analysis  by 
ICAP-OES  of  volatile  organometallic  liquids  to  deter- 
mine  their  metal  content.  It  is  especially  useful  for  de- 

ls  tection  of  trace  metal  contaminants  in  liquid  organo- 
metallic  products  such  as  trimethylgallium  and  trime- 
thylaluminum,  for  example.  Metals  which  can  be  de- 
tected  and  measured  by  ICAP-OES  include  Al,  Si,  Ge, 
Zn,  Sn,  Hg,  Pb,  Fe,  Mn,  Ni,  Sb,  and  Te.  The  invention 

20  enables  the  analyst  to  detect  and  measure  impurities 
in  a  test  sample  to  detection  limits  which  are  much 
lower  than  before,  because  the  invention  can  main- 
tain  higher  rates  of  feed  of  test  sample  to  the  plasma 
than  could  be  done  by  prior  art  methods. 

25  The  invention  will  be  described  in  more  detail  by 
reference  to  specific  examples  and  to  the  drawings. 
AThermo  Jarrell  Ash  ICAP-61  inductively  coupled  ar- 
gon  plasma  optical  emission  spectrometer,  (ICAP- 
OES)  is  used  for  the  analysis.  The  ICAP-61  is  a  direct 

30  reading  atomic  emission  system  using  an  inductively 
coupled  radio-frequency  plasma  as  the  emission 
source.  The  principles  and  theory  of  operation  for 
general  use  of  the  ICAP-61  are  known  and  will  not  be 
described  here.  In  the  ICAP-61  emission  system,  a 

35  purged  optical  path  transfer  tube  physically  sepa- 
rates  the  sampling  and  measurement  systems.  The 
measurement  system  measures  only  light  emitted 
from  material  in  the  plasma.  The  invention  is  con- 
cerned  only  with  the  sampling  to  the  plasma  system 

40  and  so  the  known  measuring  system  will  not  be  de- 
scribed  in  more  detail. 

In  the  drawings,  Fig  1.  is  a  schematic  drawing  of 
apparatus  for  heating  an  argon  stream  and  for  injec- 
tion  and  vaporization  of  a  sample  into  the  argon 

45  stream.  In  this  apparatus  the  sample  feed  stream  is 
prepared  for  introduction  to  the  plasma.  Fig  2  illus- 
trates  a  tube  heater  by  which  temperature  of  the  sam- 
ple  feed  stream  is  maintained  in  transit  from  the  heat- 
ing  and  sample  injection  apparatus  shown  in  Fig  1.  to 

so  the  plasma  torch.  Fig  3.  is  a  schematic  diagram  of  a 
plasma  torch  to  illustrate  the  flow  of  sample  feed  into 
the  torch. 

Referring  now  to  Fig  1.,  the  argon  heating  and 
sample  injection  apparatus  comprises  a  heating  tube 

55  10  which  extends  through  a  heating  block  11  which  is 
heated  by  an  electric  resistance  heating  rod  12.  The 
heating  tube  extends  outward  from  the  block  and  is 
closed  at  its  outer  end  by  a  septum  cap  13.  Inside  the 
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heating  tube  10  a  sample  feed  tube  14  extends  from 
its  open  end  just  short  of  the  septum,  concentrically 
through  the  length  of  the  heating  tube  inside  the  heat- 
ing  block.  The  sample  feed  tube  then  continues  from 
the  heating  block  to  the  plasma  torch.  The  outside  di- 
ameter  of  the  sample  feed  tube  is  smaller  than  the  in- 
side  diameter  of  the  heating  tube,  providing  an  annu- 
lar  path  between  the  two  tube  walls  for  passage  of  ar- 
gon.  Near  the  end  of  the  heating  tube  which  is  inside 
the  block,  an  argon  supply  tube  15  is  connected  into 
the  heating  tube  and  leads  out  of  the  heating  block  to 
an  argon  supply.  The  end  of  the  heating  tube  inside 
the  heating  block  connects  to  an  annular  fitting  16 
which  seals  the  inner  end  of  the  heating  tube  and 
leads  through  the  wall  of  the  block  to  the  outside.  The 
sample  feed  tube  14  extends  from  inside  the  heating 
tube  through  the  center  of  the  annular  fitting  16  and 
through  a  sealing  ring  and  gasket  17  which  holds  the 
feed  tube  in  place  and  seals  the  end  of  the  annular 
passage  between  the  tubes.  Argon  flows  from  the 
supply  tube  through  the  annular  passage  towards  the 
septum  end  of  the  heating  tube. 

Inside  the  septum  end  of  the  heating  tube  a  small 
space  is  provided  between  the  septum  cap  1  3  and  the 
end  of  the  feed  tube  14  to  allow  passage  of  argon 
from  the  annular  passage  through  the  small  space 
and  into  the  open  end  of  the  feed  tube.  A  syringe  18 
containing  the  liquid  sample  to  be  tested,  has  an  in- 
jection  needle  19  which  extends  from  the  syringe 
which  is  outside  the  tubes  carrying  the  argon  stream, 
through  the  septum  cap  and  into  the  open  end  of  the 
feed  tube,  to  a  point  inside  the  feed  tube  and  down 
stream  from  the  heating  tube.  At  the  end  of  the  nee- 
dle,  inside  the  feed  tube,  a  small  loose  bundle  of  poly- 
tetuaf  luorethylene  wool  or  metal  fibers  or  wires  is  pro- 
vided  to  dissipate  liquid  away  from  the  needle  end 
where  the  injected  liquid  might  otherwise  accumulate 
as  droplets. 

In  the  argon  heating  and  sample  injection  appa- 
ratus  described,  the  liquid  sample  to  be  analyzed  is 
vaporized  into  the  argon  carrier  gas  in  preparation  for 
introduction  to  the  plasma.  An  electric  resistance  hea- 
ter  in  the  heating  block  supplies  heat  to  the  heating 
tube  and  is  regulated  to  maintain  temperature  of  the 
heating  tube  wall  at  a  selected  temperature.  Astream 
of  argon  gas  is  fed  through  the  argon  supply  tube  and 
into  the  annular  passage  between  the  heating  tube 
and  the  sample  feed  tube.  The  argon  is  heated  by 
contact  with  the  hot  tube  walls  as  the  gas  flows 
through  the  annular  passage.  From  the  end  of  the  an- 
nular  passage,  heated  argon  flows  into  the  open  end 
of  the  sample  feed  tube  through  which  it  continues  its 
flow.  A  liquid  sample  in  the  syringe  is  introduced  con- 
tinuously  at  a  regular  rate  through  the  injection  needle 
into  the  heated  argon  stream  which  is  flowing  contin- 
uously  through  the  sample  feed  tube.  The  injected  liq- 
uid  sample  is  rapidly  heated  and  vaporized  in  the 
sample  feed  tube  by  heat  from  the  hot  argon  gas 

stream  and  from  the  tube  walls.  The  hot  argon  stream 
then  carries  the  sample  vapor  through  the  feed  tube 
and  to  the  plasma  torch  for  analysis. 

The  sample  feed  tube  continues  from  the  heating 
5  and  injection  apparatus  to  the  plasma  torch.  The 

length  of  the  feed  tube  down  stream  from  the  injec- 
tion  point,  and  particularly  between  the  heating  block 
and  the  plasma,  may  be  heated  when  necessary  to 
maintain  the  temperature  of  the  vapor-bearing  gas  to 

10  avoid  condensation  of  the  vapor. 
Referring  now  to  Fig  2.,  the  section  of  the  sample 

feed  tube  14  which  extends  from  the  heating  block 
shown  in  Fig  1  to  the  plasma  torch  shown  in  Fig  3,  is 
wrapped  in  an  electric  resistance  heated  flexible  rib- 

15  bon  21  and  the  wrapped  tube  is  encased  in  an  electric 
resistance  heated  cylinder  22.  The  ribbon  21  is  heat- 
ed  by  an  electric  power  source  not  shown,  connected 
to  wire  leads  23  which  lead  to  resistance  heating 
means  in  the  ribbon.  The  heated  cylinder  22  compris- 

20  es  two  metal  hemicylinders  24,  each  heated  by  an 
electric  resistance  rod  25  inside  each  of  the  hemicy- 
linders.  The  two  hemicylinders  are  fitted  around  the 
ribbon  and  clamped  together  to  enclose  the  feed 
tube.  By  thermostatic  control  means  not  shown,  elec- 

25  trie  power  to  resistance  heaters  in  the  ribbon  and  cy- 
linder  is  regulated  to  maintain  a  selected  temperature 
in  the  feed  tube. 

The  sample  feed  tube  continues  to  a  plasma 
torch  shown  in  Fig  3.  A  ball  joint  comprises  a  glass  ball 

30  fitted  tight  between  flared  ends  of  the  feed  tube  14 
and  the  sample  feed  passage  31  in  the  plasma  torch. 
Heated  argon  gas  carrying  the  sample  vapor  flows 
through  a  passage  in  the  glass  ball  from  the  feed  tube 
14  into  the  sample  feed  passage  31  which  leads 

35  through  the  torch  to  the  plasma.  In  addition  to  the 
sample  feed  passage  to  the  plasma,  the  torch  com- 
prises  a  separate  plasma  gas  passage  32  for  supply 
of  argon  plasma  gas  which  is  heated  in  the  torch  by 
a  radio  frequency  induction  generator  (RF  coil)  33  to 

40  create  the  high  temperature  plasma  34  in  which  sam- 
ple  components  are  decomposed  and  metal  atoms 
emit  characteristic  radiation  which  is  detected  and 
measured  by  the  analyzer.  The  torch  has  still  another 
argon  passage  35  through  which  an  auxiliary  argon 

45  gas  stream  is  directed  to  form  an  envelope  of  cooler 
gas  surrounding  the  plasma. 

Operation  of  the  apparatus  described,  to  analyze 
for  trace  elements  in  a  liquid  product,  will  be  descri- 
bed  with  reference  to  analysis  of  trimethylgallium 

so  (TMG)  and  trimethyl  aluminum  (TMA)  products. 
Those  are  liquid  compounds  which  must  be  protected 
from  air  and  water  and,  for  their  intended  use  in  man- 
ufacture  of  electronic  components,  the  compounds 
produced  must  be  extremely  pure.  The  invention  is 

55  particularly  advantageous  for  analysis  of  these  liquid 
materials  because  air  and  water  can  be  entirely  ex- 
cluded  and  the  sample  can  be  injected  at  relatively 
high  concentration  in  the  gas  feed  to  the  plasma.  The 

3 
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higher  concentration  of  test  material  in  the  sample 
feed  to  the  plasma  permits  analysis  for  metal  impuri- 
ties  to  detection  limits  which  are  substantially  less 
than  the  lowest  detection  limits  attained  by  prior  art 
methods. 

To  calibrate  the  ICAP-61  analyzer  for  analysis  it 
is  preferred  to  use  standard  solutions  of  the  com- 
pound  to  be  tested,  e.g.  trimethyl  gallium  ortrimethyl 
aluminum,  containing  known  quantities  of  impurities. 
When  a  liquid  compound  of  the  metal  impurity  is  vol- 
atile  and  is  compatible  with  the  liquid  compound  to  be 
tested,  one  may  simply  mix  the  liquids  to  make  stan- 
dard  solutions  of  known  composition  for  analysis. 

For  example,  to  calibrate  the  analyzer  for  detec- 
tion  and  measurement  of  Si,  Ge  and  Sn  in  trimethyl- 
gallium,  a  standard  solution  is  prepared  with  meas- 
ured  quantities  of  tetraethylsilicon,  tetramethylger- 
manium  and  tetramethyltin  in  trimethylgallium. 

EXAMPLE  1 

The  apparatus  described  above  and  illustrated  in 
the  drawings  is  assembled.  The  sample  feed  tube  and 
the  argon  pathway  in  the  heating  block  are  thoroughly 
cleaned  and  the  sample  feed  tube  is  connected  to  the 
torch  of  the  ICAP-61  analyzer  at  the  ball  joint.  The 
heating  elements  are  powered  with  electricity  and 
regulated  to  maintain  line  temperature  at  93°C.  The 
plasma  is  ignited  and  operated  with  1.50  Kw  power  to 
the  RF  coil,  flowing  18  liters  per  minute  of  argon  to  the 
plasma  gas  stream,  1.1  liter  per  minute  to  the  auxili- 
ary  gas  stream  and  0.65  liter  per  minute  of  argon  to 
the  sample  gas  stream.  The  torch  is  operated  at  these 
rates  for  at  least  30  minutes  to  attain  steady  operation 
whereupon  the  analyzer  is  profiled  and  the  vertical 
torch  position  is  optimized  by  known  procedures.  A 
standard  solution  has  been  prepared  of  tetraethylsi- 
licon,  tetramethylgermanium  and  tetramethyltin  in  tri- 
methylgallium.  This  solution  has  been  made  up  to 
contain  13  micrograms/ml  Ge,  16  micrograms/ml  Sn 
and  11  micrograms/ml  Si. 

To  calibrate  the  spectrometer,  first  a  sample  of 
pure  liquid  trimethylgallium  is  put  into  the  syringe  and 
injected  at  a  rate  of  0.1  ml/min  per  minute  into  the 
sample  feed  tube.  The  continuous  stream  of  heated 
argon  in  the  sample  feed  tube  evaporates  the  trime- 
thyl  gallium  sample  and  carries  the  vapor  to  the  torch. 
The  radiant  emission  from  the  plasma  is  monitored  by 
the  analyzer  and  the  intensity  at  the  characteristic  wa- 
velengths  for  germanium,  tin  and  silicon  are  meas- 
ured  by  the  analyzer.  A  number  of  intensity  measure- 
ments  at  each  wavelength  are  automatically  recorded 
and  averaged  for  each  wavelength.  The  sample  feed 
tube  is  then  purged  and  a  new  syringe  containing  the 
standard  solution  described  above  is  used  to  inject 
the  standard  solution  into  the  sample  feed  tube  as  be- 
fore.  Again  the  intensity  at  the  wavelength  for  each 
metal  is  measured  several  times  and  averaged.  The 

known  metal  content  of  each  sample  and  the  average 
intensities  at  wavelengths  for  each  metal  as  meas- 
ured  for  each  of  the  two  samples,  are  used  to  plot  an 
intensity  vs.  concentration  calibration  curve  for  each 

5  metal. 
When  a  test  sample  of  trimethyl  gallium  is  inject- 

ed  and  analyzed  by  the  same  procedure,  the  intensity 
measured  at  each  of  the  wave  lengths  for  silicon,  ger- 
manium  and  tin  is  compared  with  the  calibration  curve 

10  for  each  metal  to  determine  the  amount  of  each  metal 
detected  as  impurities  in  the  sample  being  tested. 

For  calibration  and  use  of  the  analyzer  to  meas- 
ure  impurities  in  trimethylaluminum,  sample  solutions 
are  prepared  and  used  in  the  same  manner  except  us- 

15  ing  trimethylaluminum  instead  of  trimethylgallium, 
and  the  heating  is  adjusted  to  maintain  line  tempera- 
ture  in  the  sample  feed  tube  at  higher  temperature, 
about  212°C,  for  analysis  of  trimethylaluminum.  The 
analyzer  may  be  calibrated  in  the  same  manner  to 

20  analyze  for  other  metals,  using  solutions  of  liquid 
compounds  of  such  other  metals  in  trimethylgallium 
or  timethylaluminum  for  the  calibration. 

When  compounds  used  for  the  calibration  are  in- 
compatible  in  a  single  liquid  solution,  the  compounds 

25  can  be  injected  and  vaporized  separately  into  the  ar- 
gon  stream,  each  in  a  separate  heater  of  the  kind  de- 
scribed  and  the  vapors  are  then  carried  together  in 
the  stream  to  the  torch.  For  example,  two  heaters  of 
the  kind  described  above  are  connected  in  series  with 

30  the  argon  stream  from  the  first  heater  leading  directly 
to  the  argon  stream  inlet  of  the  second  heater.  A 
measured  quantity  of  a  liquid  compound  of  an  impur- 
ity  metal  is  injected  at  a  steady  rate  and  vaporized  in 
argon  at  the  first  heater  and  the  vapor  is  carried  by  the 

35  argon  stream  into  the  second  heater  where  a  meas- 
ured  quantity  of  the  second  liquid  is  injected  at  steady 
rate  and  vaporized  into  the  same  argon  stream  which 
then  carries  both  vapors  to  the  torch. 

In  this  manner,  compounds  such  as  dimethyl  se- 
40  lenide,  t-butylarsine,  dimethylcadmium,  ordiethylsul- 

fide,  for  example,  can  be  vaporized  in  argon  at  the 
first  heater  and  carried  in  the  argon  stream  through 
the  second  heater  where  trimethylgallium  or  trime- 
thylaluminum  is  vaporized  and  the  stream  proceeds 

45  to  the  plasma  torch. 
In  calibration  and  analysis  by  ICAP-OES  using 

the  sample  feed  apparatus  and  methods  described, 
the  rate  of  delivery  of  gallium  to  the  plasma,  at  a  direct 
injection  rate  of  0.1  ml  trimethylgallium  per  minute, 

so  amounts  to  about  1100  micrograms  Ga  per  second. 
By  comparison,  a  typical  delivery  rate  of  gallium  to  the 
plasma  using  a  2%  aqueous  solution  of  a  gallium 
compound  delivered  by  a  nebulizer,  amounts  to  about 
eight  micrograms  Ga  per  second.  A  typical  delivery 

55  rate  forfeed  of  trimethyl  gallium  by  the  exponential  di- 
lution  method  amounts  to  about  one  microgram  Ga 
per  second.  Because  the  delivery  rates  of  organome- 
talic  compounds  to  the  plasma  can  be  greater  by  sev- 

4 
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eral  orders  of  magnitude  by  the  method  of  the  inven- 
tion,  the  limits  of  detection  for  metal  impurities  in  the 
compounds  can  be  reduced  typically  to  less  than  one 
microgram  per  milliliter  and,  for  most  metals,  in  the 
range  from  0.05  to  0.3  micrograms  per  milliliter. 

The  apparatus  and  method  of  this  invention  can 
be  used  for  analyzing  other  organometallic  products 
for  metal  impurities,  events  in  very  small  concentra- 
tions.  For  example,  monotertiary  butyl  arsine  product 
may  be  analyzed  for  the  presence  of  silicon,  phos- 
phorus  and  other  metal  impurities  to  limits  less  than 
one  part  per  million.  Other  products  that  can  be  ana- 
lyzed,  for  example,  include  monotertiary  butyl  phos- 
phine,  diisopropyltelluride,  dimethyl  cadmium,  dime- 
thyl  zinc,  and  the  like. 

Claims 

1.  A  method  of  analysis  of  a  volatile  liquid  organo- 
metallic  compound  by  means  of  an  inductively 
coupled  argon  plasma  optical  emission  spectr- 
ometer  to  detect  and  measure  metal  impurities  in 
said  compound,  comprising: 

a)  flowing  an  argon  stream  continuously  to  an 
inductively  coupled  argon  plasma  in  the 
spectrometer, 
b)  heating  said  argon  stream  before  it  reaches 
the  plasma,  to  a  temperature  sufficient  to  car- 
ry  in  the  stream  a  vaporized  sample  of  the  or- 
ganometallic  compound  to  be  analyzed, 
c)  injecting  directly  into  the  heated  argon 
stream  as  the  heated  argon  continues  its  flow 
to  the  plasma,  a  liquid  sample  of  the  com- 
pound  to  be  analyzed, 
d)  vaporizing  the  injected  liquid  in  the  heated 
flowing  argon  stream  before  the  stream 
reaches  the  plasma,  and 
e)  continuing  the  flow  of  the  heated  argon 
stream  carrying  the  vaporized  sample  directly 
to  the  plasma  for  analysis. 

2.  A  method  defined  by  Claim  1  wherein  said  vola- 
tile  organometallic  liquid  compound  is  trimethyl 
gallium. 

3.  A  method  defined  by  Claim  1  wherein  said  vola- 
tile  organometallic  liquid  compound  is  trimethyl 
aluminum. 

4.  An  inductively  coupled  argon  plasma  optical 
emission  spectroscopy  apparatus  comprising  an 
inductively  coupled  radio-frequency  plasma  as 
the  emission  source  and  means  for  introducing 
into  the  plasma  a  vaporized  sample  of  a  volatile 
liquid  composition  to  be  analyzed,  said  means 
comprising  in  combination, 

a)  means  for  flowing  a  continuous  stream  of 

argon  into  said  plasma 
b)  means  for  heating  said  stream  of  argon  be- 
fore  said  stream  reaches  the  plasma, 
c)  means  for  continuously  injecting  a  sample 

5  of  a  volatile  liquid  into  the  heated  argon 
stream  and 
d)  means  for  vaporizing  said  liquid  into  the  ar- 
gon  stream  before  said  stream  reaches  the 
plasma. 

10 
5.  Apparatus  defined  by  Claim  4  wherein  said 

means  for  heating  the  argon  stream  comprises  a 
heating  tube  heated  by  an  electrical  resistance 
heater. 

15 
6.  Apparatus  defined  by  Claim  5  wherein  said 

means  for  continuously  injecting  a  liquid  sample 
into  the  heated  argon  stream  comprises  a  syringe 
outside  the  tubes  carrying  the  argon  stream  and 

20  an  injection  needle  leading  from  the  syringe 
through  a  septum  to  an  injection  point  in  an  argon 
feed  tube  downstream  from  the  heating  tube. 

7.  Apparatus  defined  by  Claim  4  further  comprising 
25  means  for  heating  the  argon  feed  tube  down- 

stream  from  the  injection  point  to  maintain  the  ar- 
gon  stream  bearing  the  vaporized  sample  at  tem- 
perature  sufficient  to  avoid  condensation  of  the 
vapor. 

30 

Patentanspruche 

1.  Verfahren  zur  Analyse  einerleichtf  luchtigenflus- 
35  sigen  metallorganischen  Verbindung  mittels  ei- 

nes  induktiv  gekoppelten  optischen  Argonplas- 
ma-Emissionsspektrometers  zum  Erfassen  und 
Messen  von  Metallverunreinigungen  in  der  Ver- 
bindung,  wobei  das  Verfahren  folgende  Schritte 

40  umfalit: 
a)  kontinuierliches  Zufuhren  eines  Argon- 
stroms  zu  einem  induktiv  gekoppelten  Argon- 
plasma  in  dem  Spektrometer; 
b)  Erwarmen  des  Argonstroms,  bevor  dieser 

45  das  Plasma  erreicht,  auf  eine  Temperatur,  die 
ausreicht,  in  dem  Strom  eine  verdampfte  Pro- 
be  der  zu  analysierenden  metallorganischen 
Verbindung  zu  transportieren; 
c)  Einspritzen  einer  flussigen  Probe  der  zu 

so  analysierenden  Verbindung  direkt  in  den  er- 
warmten  Argonstrom,  wahrend  dieser  konti- 
nuierlich  zu  dem  Plasma  flielit; 
d)  Verdampfen  der  eingespritzten  Flussigkeit 
im  erwarmten,  flielienden  Argonstrom,  bevor 

55  der  Strom  das  Plasma  erreicht,  und 
e)  Fortsetzen  des  Flusses  des  erwarmten  Ar- 
gonstroms,  der  die  verdampfte  Probe  direkt 
zum  Plasma  fur  die  Analyse  transportiert. 

5 
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2.  Verfahren  nach  Anspruch  1  ,  wobei  es  sich  bei  der 
leichtfluchtigen,  metallorganischen,  flussigen 
Verbindung  urn  Trimethylgallium  handelt. 

3.  Verfahren  nach  Anspruch  1  ,  wobei  es  sich  bei  der 
leichtfluchtigen  metallorganischen  flussigen  Ver- 
bindung  urn  Trimethylaluminium  handelt. 

4.  Induktiv  gekoppelteoptischeArgonplasma-Emis- 
sionsspektroskopievorrichtung,  die  ein  induktiv 
gekoppeltes  Hochfrequenzplasma  als  Emissi- 
onsquelle  sowie  Mittel  zum  Einfuhren  einer  ver- 
dampften  Probe  einer  zu  analysierenden  leicht- 
fluchtigen  flussigen  Zusammensetzung  in  das 
Plasma  aufweist,  wobei  das  Mittel  in  Kombinati- 
on  folgendes  umfalit: 

a)  Mittel  zum  Zufuhren  eines  kontinuierlichen 
Argonstroms  in  das  Plasma, 
b)  Mittel  zum  Erwarmen  des  Argonstroms, 
bevor  dieser  das  Plasma  erreicht, 
c)  Mittel  zum  kontinuierlichen  Einspritzen  ei- 
ner  Probe  einer  leichtfluchtigen  Flussigkeit  in 
den  erwarmten  Argonstrom,  und 
d)  Mittel  zum  Verdampfen  der  Flussigkeit  in 
den  Argonstrom,  bevor  dieser  das  Plasma  er- 
reicht. 

5.  Vorrichtung  nach  Anspruch  4,  wobei  das  Mittel 
zum  Erwarmen  des  Argonstroms  eine  Heizrohre 
aufweist,  die  von  einer  elektrischen 
Widerstandsheizeinrichtung  erwarmt  wird. 

6.  Vorrichtung  nach  Anspruch  5,  wobei  das  Mittel 
zum  kontinuierlichen  Einspritzen  einer  flussigen 
Probe  in  den  erwarmten  Argonstrom  eine  Spritze 
aulierhalb  der  den  Argonstrom  fuhrenden  Roh- 
ren  und  eine  Injektionsnadel,  die  von  der  Spritze 
durch  ein  Septum  zu  einem  Injektionspunkt  in  ei- 
ner  stromabwarts  von  der  Heizrohre  angeordne- 
ten  Argonzuf  uhrrohre  f  uhrt,  aufweist. 

7.  Vorrichtung  nach  Anspruch  4,  die  ferner  Mittel 
zum  Erwarmen  der  Argonzufuhrrohre  stromab- 
warts  von  dem  Injektionspunkt  aufweist,  urn  den 
die  verdampfte  Probe  mitfuhrenden  Argonstrom 
auf  einer  Temperaturzu  halten,  die  ausreicht,  urn 
das  Kondensieren  des  Dampfes  zu  verhindern. 

Revendications 

1.  Precede  d'analyse  d'un  compose  organometalli- 
que  liquide  volatil  par  un  spectrometre  d'emis- 
sion  optique  dans  un  plasma  d'argon  couple  in- 
ductivement,  pour  la  detection  et  la  mesure  d'im- 
puretes  metalliques  dans  le  compose,  compre- 
nant  : 

a)  la  circulation  continue  d'un  courant  d'argon 

vers  un  plasma  d'argon  couple  inductivement 
dans  le  spectrometre, 
b)  le  chauffage  du  courant  d'argon  avant  qu'il 
n'atteigne  le  plasma,  a  une  temperature  suf- 

5  fisante  pour  qu'un  echantillon  vaporise  du 
compose  organometallique  a  analyser  soit 
transports  dans  le  courant, 
c)  I'injection  directe  dans  le  courant  d'argon 
chauffe,  lorsque  I'argon  chauffe  continue  a 

10  circuler  vers  le  plasma,  d'un  echantillon  liqui- 
de  du  compose  a  analyser, 
d)  la  vaporisation  du  liquide  injecte  dans  le 
courant  chauffe  d'argon  qui  circule  avant  que 
le  courant  n'atteigne  le  plasma,  et 

15  e)  la  poursuite  de  la  circulation  du  courant 
d'argon  chauffe  transportant  I'echantillon  va- 
porise  directementdans  le  plasma  pourl'ana- 
lyse. 

20  2.  Procede  selon  la  revendication  1,  dans  lequel  le 
compose  liquide  organometallique  volatil  est  le 
trimethylgallium. 

3.  Procede  selon  la  revendication  1,  dans  lequel  le 
25  compose  liquide  organometallique  volatil  est  le 

trimethylaluminium. 

4.  Appareil  de  spectroscopie  d'emission  optique 
dans  un  plasma  d'argon  couple  inductivement, 

30  comprenant  un  plasma  a  hautes  frequences, 
couple  inductivement  comme  source  d'emission 
et  un  dispositif  d'introduction  dans  le  plasma  d'un 
echantillon  vaporise  d'une  composition  liquide 
volatile  a  analyser,  le  dispositif  comprenant  en 

35  combinaison 
a)  un  dispositif  de  circulation  d'un  courant 
continu  d'argon  dans  le  plasma, 
b)  un  dispositif  de  chauffage  du  courant  d'ar- 
gon  avant  que  le  courant  n'atteigne  le  plasma, 

40  c)  un  dispositif  d'injection  continu  d'un  echan- 
tillon  d'un  liquide  volatil  dans  le  courant  d'ar- 
gon  chauffe,  et 
d)  un  dispositif  de  vaporisation  du  liquide 
dans  le  courant.  d'argon  avant  que  le  courant 

45  n'atteigne  le  plasma. 

5.  Appareil  selon  la  revendication  4,  dans  lequel  le 
dispositif  de  chauffage  du  courant  d'argon 
comporte  un  tube  de  chauffage  qui  est  chauffe 

so  par  un  organe  de  chauffage  par  resistance  elec- 
trique. 

6.  Appareil  selon  la  revendication  5,  dans  lequel  le 
dispositif  d'injection  continue  d'un  echantillon  li- 

55  quide  dans  le  courant  d'argon  chauffe  comporte 
une  seringue  placee  a  I'exterieur  des  tubes  trans- 
portant  le  courant  d'argon  et  une  aiguille  d'injec- 
tion  partant  de  la  seringue  et  traversant  une  cloi- 

6 
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son  vers  un  point  d'injection  place  dans  le  tube 
d'ali  mentation  en  argon  en  aval  du  tube  de  chauf- 
fage. 

7.  Appareil  selon  la  revendication  4,  comprenant  en  5 
outre  un  dispositif  de  chauffage  du  tube  d'ali- 
mentation  en  argon  en  aval  du  point  d'injection 
af  in  que  le  courant  d'argon  contenant  I'echantil- 
lon  vaporise  soit  maintenu  a  une  temperature  qui 
suff  it  pour  eviter  la  condensation  de  la  vapeur.  10 
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