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From  the  above  Applied  Spectrometry  refer- 
ence  there  is  also  known  a  method  of  optical 
emission  spectroscopy  comprising  the  steps  of:- 

a)  generating  a  spark  in  a  spark  gap  formed 
5  between  an  electrode  and  a  sample  to  be  ana- 

lyzed,  the  duration  of  said  spark  extending  over 
a  series  of  discrete  time  intervals  and  resulting 
in  a  flow  of  current; 
b)  optically  dispersing  the  light  emitted  by  said 

w  sample  during  said  spark; 
c)  measuring  the  intensity  of  the  light  so  dis- 
persed; 

The  present  invention  extends  to  a  method 
comprising  these  steps  which  is  characterised  by 

75  the  further  steps  of 
i)  measuring  said  current  during  at  least  one  of 
said  discrete  time  intervals; 
ii)  comparing  said  measured  current  with  a  ref- 
erence  current;  and 

20  iii)  adjusting  said  current  to  a  predetermined 
value  dependent  on  said  reference  current. 

The  spectometer  according  to  the  invention  is 
advantageous  when  compared  with  conventional 
spectometers  in  that  its  spark  generator  enables  a 

25  higher  degree  of  choice  and  control  in  the  form  of 
the  spark.  In  particular,  it  enables  the  amplitudes  of 
various  portions  of  the  spark  to  be  independently 
varied,  thus  permitting  the  shape  of  the  spark  to  be 
tailored  to  the  particular  analysis  being  performed. 

30  In  addition,  it  is  possible  to  choose  a  repetition  rate 
independent  of  the  mains  supply  frequency  and  to 
select  a  long  lasting  current  with  a  short  rise  time. 
This  is  important  because  the  dependence  of  the 
analysis  on  the  physical  or  metallurgical  properties 

35  of  the  sample  depends  inversely  on  the  rise  time  of 
the  spark;  the  peak  current  is  mainly  responsible 
for  determining  the  evaporation  of  the  sample  (ie 
for  the  quantity  of  sample  evaporated);  and  the 
currents  at  later  times  determine  the  excitation  of 

40  the  atoms  in  the  vapour  cloud. 
Also,  it  is  possible  to  create  the  discharge 

conditions  in  such  a  way  that  the  waveform  is 
unidirectional,  ie  such  that  there  are  no  oscillations, 
without  loss  of  energy,  as  occurs  when  resistance 

45  is  added  to  a  conventional  circuit  for  the  same 
purpose. 

The  discrete  time  periods  for  which  the  current 
is  programmable  are  preferably  of  from  about  5  to 
20u.s,  eg  10u.s  or  12u.s,  and  the  total  duration  of 

50  the  spark  is  preferably  from  about  50  to  2000u.s. 
The  spectrometer  including  the  spark  generator 

is  preferably  provided  with  an  electronic  memory  to 
store  a  number  of  programs  defining  spark 
waveforms  appropriate  for  particular  analytical  ap- 

55  plications.  There  is  also  preferably  provided  pro- 
gramming  means  to  enable  the  user  to  generate  a 
program  defining  a  chosen  form  of  spark. 

Description 

This  invention  relates  to  optical  emission  spec- 
troscopy,  in  particular  to  a  spark  generator  for  use 
in  optical  emission  spectrometers  and  to  methods 
of  optical  emission  specroscopy  using  that  spark 
generator. 

Optical  emission  spectroscopy  involves  excit- 
ing  the  chemical  elements  in  a  sample  to  emit  light 
of  one  or  more  specific  wavelengths  (spectral 
light).  The  spectral  light  is  generally  produced  by  a 
short  spark  produced  by  a  spark  generator.  Using 
conventional  spark  generators,  in  which  sparks  are 
generated  by  discharging  a  capacitor  through  a 
resistance  and  an  inductance  into  the  analytical 
gap,  it  is  not  possible  to  exercise  a  high  degree  of 
control  over  the  waveform  of  the  spark.  This  is  due 
inter  alia  to  the  fact  that  the  form  of  the  spark  is 
determined  by  the  values  of  the  capacitor  C,  resis- 
tance  R  and  inductance  L  and  also  by  the  voltage 
V  to  which  the  capacitor  is  charged.  In  practice, 
therefore,  the  sparks  which  can  be  generated  are 
limited  by  the  availability  of  only  fixed  values  of  C, 
L,  R  and  V. 

From  GB-A-1  066431  there  is  known  a  method 
of  analysing  metal  samples  comprising  melting  the 
sample  and  then  analysing  it  spectrometrically 
within  the  same  apparatus. 

From  Analytical  Chemistry  vol  53  no.9  pages 
1432-1436,  S.G.  Bemhart  et  al,  there  is  known  a 
microcomputer-controlled  adjustable-waveform 
spark  source  for  an  atomic  emission  spectrometer. 

We  have  now  devised  an  optical  emission 
spectrometer  having  an  improved  form  of  spark 
generator  which  exhibits  advantageous  properties 
when  compares  with  convention  spark  generators. 

From  Applied  Spectroscopy,  vol  36,  no.6 
pages  617-626,  S.E.  Matthews  et  al,  there  is  known 
an  optical  emission  spectrometer  comprising: 

a)  a  spark  generator  for  generating  in  a  spark 
gap  formed  between  an  electrode  and  a  sample 
to  be  analyzed  a  spark  which  extends  over 
series  of  discrete  time  intervals  and  which  re- 
sults  in  a  flow  of  current; 
b)  an  optical  system  to  disperse  light  emitted  by 
said  sample;  and 
c)  light  detection  means  for  measuring  the  inten- 
sity  of  the  light  dispersed  by  said  optical  sys- 
tem. 

The  present  invention  is  characterised  by  the 
spectrometer  having 

i)  means  for  measuring  said  current  during  at 
least  one  of  said  discrete  time  intervals; 
ii)  means  for  comparing  said  measured  current 
with  a  reference  current;  and 
iii)  means  for  adjusting  said  current  to  a  pre- 
determined  value  dependent  on  said  reference 
current. 
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The  reference  current  with  which  the  amplitude 
of  the  current  at  any  particular  time  is  compared  is 
preferably  stored  in  the  memory  of  a  computer 
unit. 

The  means  for  measuring  the  current  may  be 
any  conventional  component  known  to  be  suitable 
for  that  purpose,  eg  a  resistor.  The  means  for 
adjusting  the  amplitude  of  the  current  may  be  a 
comparator  connected  to  a  switch,  eg  a  transistor, 
so  as  to  open  the  switch  if  the  current  increases 
above  its  set  value  and  close  the  switch  if  the 
current  falls  below  that  value.  Comparison  of  the 
measured  and  reference  currents  is  preferably 
made  at  a  frequency  of,  say,  50  to  200kHz  is  every 
5-20M.S.  The  reference  current  may  be  supplied  to 
the  comparator  from  memory  via  a  digital-analog 
converter. 

The  same  circuit  may,  in  principle,  be  used  to 
generate  the  current  in  all  the  discrete  time  inter- 
vals  in  the  duration  of  the  spark.  However,  in  prac- 
tice  it  is  customary  for  the  spark  to  include  an 
initial  portion  of  relatively  high  amplitude,  typically 
200A,  and  a  subsequent  part  with  amplitude  typi- 
cally  an  order  of  magnitude  lower.  The  first  portion 
is  mainly  responsible  for  vapourisation  of  the  sam- 
ple,  and  the  second  portion  for  the  emission  of 
spectral  light.  In  view  of  the  widely  differing  am- 
plitudes  of  these  two  portions  of  the  spark,  it  is 
convenient  to  provide  separate  circuits  for  their 
generation.  The  two  circuits  may  be  qualitatively 
similar  but  will  differ  in  the  values  of  the  various 
electrical  components.  Both  circuits  may  be  con- 
nected  to  the  same  power  supply. 

The  circuit  used  to  generate  the  initial,  high 
amplitude  portion  of  the  spark  is  preferably  such  as 
to  give  a  current  amplitude  of  200-300A  within  a 
rise  time  of  less  than  10u.s,  more  preferably  about 
5u.s. 

For  certain  specialised  applications  in  which 
such  high  current  amplitudes  are  not  required,  the 
entire  spark  may  be  generated  by  the  circuit  used 
for  the  lower  energy  portion  of  the  spark. 

In  conventional  spark  generators,  the  spark  is 
initiated  by  the  application  of  a  high  voltage  in 
parallel  with  the  spark  gap.  In  a  particularly  pre- 
ferred  embodiment  of  the  present  invention,  we 
provide  a  transformer  to  initiate  the  spark  by  gen- 
erating  a  high  voltage  across,  and  in  series  with, 
the  spark  gap.  This  arrangement  has  very  consid- 
erable  advantages,  notably  the  fact  that  the  high 
voltage  is  applied  only  across  the  transformer  and 
the  spark  gap  which  reduces  or  eliminates  the 
need  to  protect  other  parts  of  the  circuit  from  the 
effects  of  the  high  voltage.  Also,  there  is  a  very 
short  delay  between  initiation  and  the  beginning  of 
the  spark.  In  fact,  this  delay  may  be  negligible 
which  eliminates  the  need  for  detection  of  the 
onset  of  the  spark,  timing  being  based  on  initiation. 

In  addition,  the  system  may  be  made  very  compact 
and,  as  a  solid  state  system,  virtually  maintenance 
free. 

A  further  advantage  of  the  spark  generator  ac- 
5  cording  to  a  preferred  embodiment  of  the  invention 

is  that  it  enables  the  calibration  of  the  spectrometer 
to  be  greatly  simplified  in  that  the  amount  of  sam- 
ple  vapourised  can  be  made  substantially  indepen- 
dent  of  such  physical  properties  of  the  sample  as 

w  hardness,  electrical  and  thermal  conductivity,  and 
melting  point. 

This  is  achieved  by  the  provision  of  a  feedback 
system  which  measures  the  intensity  of  spectral 
light  emitted  following  a  spark  with  an  initial  portion 

75  of  a  given  amplitude,  compares  the  measured  in- 
tensity  with  a  standard  value  and  adjusts  the  am- 
plitude  of  the  initial  portion  so  as  to  match  the 
measured  and  standard  intensities.  The  matching 
of  the  two  intensities  may  be  iterative.  Throughout 

20  this  procedure,  the  form  and  amplitude  of  the  sec- 
ond  portion  of  the  spark  are  maintained  constant. 

Thus,  preferably  there  is  further  provided  a 
calibration  system  for  an  optical  emission  spec- 
trometer,  which  system  comprises 

25  a)  a  spark  generator  capable  of  generating  a 
spark  including  an  initial  current  pulse  of  prog- 
rammable  amplitude, 
b)  a  detector  capable  of  measuring  the  intensity 
of  spectral  light  emitted  by  a  sample,  and 

30  c)  a  feedback  system  capable  of  comparing  the 
measured  intensity  with  a  standard  value  and 
adjusting  the  amplitude  of  the  current  pulse  so 
as  to  match  the  measured  and  standard  inten- 
sities. 

35  Similarly,  there  is  preferably  further  provided  a 
method  of  calibrating  an  optical  emission  spec- 
trometer,  which  method  comprises 

a)  exciting  the  atoms  in  a  sample  by  passing 
through  the  sample  a  spark  including  an  initial 

40  current  pulse  of  known  amplitude, 
b)  measuring  the  intensity  of  spectral  light  emit- 
ted  by  the  sample, 
c)  comparing  the  measured  intensity  with  a 
standard  value,  and 

45  d)  adjusting  the  amplitude  of  the  current  pulse 
so  as  to  match  the  measured  and  standard 
intensities. 

In  the  especially  favourable  case  where  the 
samples  under  examination  contain  an  approxi- 

50  mately  constant  level  of  a  particular  element  (as  is 
the  case,  for  example,  in  low  alloy  steels  and 
carbon  steels  which  contain  approximately  97% 
iron)  then  the  spectral  light  measured  during  the 
calibration  process  is  preferably  the  light  asso- 

55  ciated  with  that  element.  In  the  less  favoured  case, 
where  no  single  element  is  present  in  a  nearly 
constant  proportion,  the  measured  spectral  light  is 
preferably  the  sum  of  the  light  due  to  all  the  major 
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elements  present. 
Another  advantage  of  the  present  invention  at 

least  in  its  preferred  forms  is  based  on  the  finding 
that  the  reproducibility  or  repeatability  of  intensity 
measurements  depends  at  least  in  part  on  the 
presence  of  variable  amounts  of  contaminants  in 
the  stream  of  argon  gas  which  is  generally  used  to 
flush  the  region  of  sparking.  These  contaminants, 
which  may  include  methane  and  nitrogen,  contain 
elements  also  present  in  the  sample  under  inves- 
tigation.  Using  the  spectrometer  of  the  invention, 
we  have  devised  a  method  of  compensating  for  the 
presence  of  such  contaminants,  which  comprises 
the  steps  of 

a)  exciting  a  sample  with  a  spark  comprising  a 
first  portion  having  a  current  sufficiently  high  to 
vaporise  the  sample  and  a  second  portion  of 
lower  current, 
b)  measuring  a  first  intensity  of  light  emitted 
during  a  time  window  located  within  the  second 
portion, 
c)  exciting  the  sample  with  a  spark  wherein  the 
current  in  the  first  portion  of  the  spark  is  insuffi- 
cient  to  vaporise  the  sample,  and 
d)  measuring  a  second  intensity  of  light  emitted 
during  the  same  time  window. 
Where  the  current  in  the  first  portion  of  the 

spark  is  sufficiently  high  to  vaporise  the  sample, 
the  emitted  light  contains  contributions  from  the 
sample  under  investigation  and  also  from  any  con- 
taminants  present  in  the  atmosphere  (eg  methane 
present  in  the  argon  gas).  Where  the  first  portion  of 
the  spark  is  of  lower  current,  no  sample  is  vaporis- 
ed  and  the  emitted  light  is  produced  only  by  the 
contaminants.  Subtraction  of  the  second  intensity 
from  the  first  intensity  gives  the  true  value  of  the 
intensity  due  to  the  sample  under  investigation 

In  order  that  the  two  measured  intensities  be 
comparable,  it  is  necessary  that,  apart  from  the 
current  of  the  first  portion  of  the  sparks,  the  mea- 
suring  conditions  under  which  the  two  intensities 
are  measured  be  the  same,  ie  the  location  of  the 
time  window  with  respect  to  the  beginning  of  the 
spark  and  the  magnitude  of  the  current  during  the 
second  portion  of  the  spark.  Using  conventional 
spark  generators  it  is  not  possible  to  vary  the 
amplitudes  of  the  two  portions  of  the  spark  in- 
dependently  but  with  the  present  invention  such 
independent  control  of  the  high  and  low  amplitude 
parts  of  the  spark  is  possible. 

The  above  method  of  correction  for  the  pres- 
ence  of  contaminants  in  the  stream  of  argon  gas 
involves  the  use  of  so-called  "time-resolved  spec- 
troscopy"  ie  to  light  being  measured  only  within  a 
specific  time  window  located  during  one  part  of  the 
spark.  The  use  of  time-resolved  spectroscopy 
leads  to  particular  advantages  when  used  in  con- 
junction  with  the  spectrometer  of  the  present  inven- 

tion.  For  example,  when  a  number  of  elements  are 
to  be  determined  simultaneously,  the  optimum 
form  of  spark  for  each  will  generally  be  different. 
Using  spectrometers  having  conventional  spark 

5  generators  it  is  not  possible  to  vary  the  form  of  the 
sparks  used  in  a  single  measurement.  Instead,  a 
standard  (sub-optimal)  form  of  spark  is  used  for  all 
elements. 

Using  the  spectrometer  of  the  present  inven- 
w  tion,  on  the  other  hand,  each  series  of  sparks  may 

contain  several  different  kinds  of  spark.  In  the  sim- 
ple  case  in  which  two  different  elements  are  deter- 
mined,  for  example,  the  optimum  spark  for  one 
may  be  relatively  long-lasting,  that  for  the  other 

75  relatively  short.  A  train  of  sparks  having  alternately 
the  first  and  second  form  may  be  produced,  the 
spectral  light  due  to  each  being  separately  in- 
tegrated  by  two  measuring  channels.  Measure- 
ments  of  the  two  elements  in  a  single  train  of 

20  sparks,  rather  than  measuring  the  first  element  with 
one  form  of  spark  and  then  the  second  element 
with  a  second  form  of  spark,  is  advantageous  in 
that  errors  due  to  changes  in  the  system  between 
measurements  are  reduced  or  eliminated. 

25  The  advantages  of  this  approach  are  refined 
still  further  by  the  use  of  time-resolved  spectro- 
scopy,  since  not  only  does  the  optimum  form  of 
the  spark  vary  from  one  element  to  another  but 
also  the  optimum  location  of  the  time  window  dur- 

30  ing  which  measurement  is  made.  Thus,  in  the 
example  described  above  in  which  two  different 
forms  of  spark  are  alternated  two  corresponding 
measurement  windows  may  also  be  alternated. 

The  use  of  time-resolved  spectroscopy  is  ad- 
35  vantageous  in  that,  by  appropriate  manipulation  of 

the  data  obtained,  the  quality  of  the  spectral  light 
(ie  the  spectral  light  to  background  ratio)  can  be 
improved  several-fold  in  comparison  with  conven- 
tional  detectors.  This  in  turn  improves  the  detection 

40  limit  of  the  system  and  enhances  the  usefulness  of 
the  system  in  the  detection  of  trace  elements. 

It  is  preferably  possible  for  the  user  to  define 
independently  the  number  of  time  windows  occur- 
ring  within  the  duration  of  each  spark,  the  positions 

45  of  those  windows  with  respect  to  the  beginning  of 
the  spark  and  the  duration  of  the  windows. 

The  means  for  recording  the  intensities  of  light 
emitted  during  the  time  windows  will  generally  be 
of  conventional  design.  It  may,  for  example,  include 

50  a  photomultiplier  tube,  an  integrator  and  a  sample- 
and-hold  signal  generator  connected  to  an  analog- 
to-digital  converter. 

We  have  found  it  to  be  advantageous  not,  as  is 
customary,  to  measure  the  integrated  intensity  of 

55  light  emitted  after  repeated  sparking,  eg  of  1000 
sparks,  but  to  store  the  individual  data  points.  This 
enables  a  measure  of  the  confidence  level,  eg  the 
relative  standard  deviation,  to  be  calculated  which 
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may  be  used  to  assess  whether  or  not  a  repeat 
measurement  can  be  dispensed  with.  If  it  can, 
savings  of  time  are  achieved  which  may  be  very 
significant,  especially  in  process  control  applica- 
tions. 

Analogous  measurements  may  also  be  made 
where  the  light  source  is  not  a  series  of  spark 
discharges  but  a  continuous  source,  eg  a  plasma. 

Preferably  the  method  of  the  invention  further 
comprises  sampling  and  separately  storing  the  in- 
tesities  of  light  emitted  by  a  source  during  a  large 
number  of  discrete  time  windows  set  during  the 
overall  emission  of  light  by  the  source 

In  a  subsequent  step,  the  variation  of  separate 
light  intensities  may  be  assessed,  eg  by  calculating 
the  relative  standard  deviation. 

A  similar  method  may  be  used  to  minimise  the 
"pre-integration  time"  during  which  sparking  occurs 
but  no  measurements  are  made.  Typically  the  in- 
tensity  of  emitted  spectral  light  increases  during 
the  pre-integration  time  to  a  steady  value.  The 
detection  of  this  steady  signal  may  be  used  as  an 
indication  that  measurement  may  begin.  This  may 
result  in  time  savings  of  several  seconds,  which 
may  be  of  great  significance  in  process  control 
applications. 

Large  variations  in  the  measured  signal  may 
also  be  taken  as  an  indication  that  the  sample  is 
defective.  Early  recognition  of  this  may  again  lead 
to  valuable  time  savings. 

Another  problem  addressed  by  certain  pre- 
ferred  embodiments  of  the  present  invention  is  the 
fact  that  the  the  determination  of  elements  present 
only  in  trace  amounts  is  limited  by  the  so-called 
background  radiation  or,  more  accurately,  by  the 
variation  of  this  background.  Indeed,  at  trace  levels, 
the  intensity  of  the  spectral  line  is  often  much 
lower  than  the  intensity  of  the  background.  Vari- 
ation  of  the  background  from  measurement  to  mea- 
surement  on  the  same  sample  limits  the  precision 
of  the  determination;  variation  of  the  background 
from  one  sample  to  another  limits  the  accuracy. 

Various  methods  have  been  used  in  attempts 
to  overcome  this  problem.  These  methods  are  all 
based  on  the  measurement  of  the  background  at  a 
wavelength  close  to  but  outside  the  spectral  line  of 
interest.  Such  methods  therefore  involve  either 
measuring  the  intensity  of  line  plus  background  at 
the  line  wavelength  and  then  the  intensity  of  back- 
ground  only  at  a  slightly  different  wavelength  using 
the  same  spectrometer  measuring  channel,  or  us- 
ing  two  independent  measuring  channels  simulta- 
neously,  one  for  the  spectral  line  and  the  other  for 
the  background  determination.  The  former  method 
involves  doubling  of  the  measuring  time,  and  the 
need  to  find  a  wavelength  with  no  other  spectral 
line  close  to  the  line  of  interest  (so  as  not  to 
interfere  with  the  background  determination).  The 

second  approach  suffers  from  the  disadvantages  of 
substantially  higher  cast  (due  to  the  need  to  pro- 
vide  a  second  measuring  channel)  and  the  problem 
of  long  term  drift  between  the  channels.  Also,  there 

5  is  again  the  problem  of  finding  a  suitable 
wavelength  at  which  to  measure  the  background. 

Using  the  techniques  described  above,  we 
have  devised  a  method  of  background  correction 
for  use  in  optical  emission  spectroscopy  which 

w  involves  measurement  at  only  one  wavelength  us- 
ing  only  one  measurement  channel.  This  method 
comprises  comparing 

a)  the  intensity  of  light  emitted  during  a  portion 
of  the  duration  of  the  spark  in  which  the  emitted 

75  light  comprises  substantially  only  background, 
and 
b)  the  intensity  of  light  emitted  during  a  portion 
of  the  duration  of  the  spark  in  which  the  emitted 
light  comprises  background  and  spectral  light. 

20  We  have  round  that,  in  a  typical  spark  dis- 
charge,  a  portion  of  the  duration  of  the  spark  in 
which  the  emitted  light  comprises  essentially  only 
background  is  the  period  in  which  the  intensity 
rises.  This  period  typically  lasts  about  30u.s. 

25  In  the  subsequent  period  (typically  30-200u.s) 
the  emitted  light  comprises  both  spectral  light  and 
background. 

Thus,  according  to  a  preferred  embodiment  of 
the  invention,  there  is  further  provided  a  method  of 

30  background  correction  in  optical  emission  spec- 
troscopy,  which  method  comprises 

a)  measuring  the  intensity  of  light  emitted  during 
the  first  30u.s  of  a  critically  damped  exciting 
spark  (the  first  intensity), 

35  b)  measuring  the  intensity  of  light  emitted  during 
the  period  of  30-200u.s  from  the  beginning  of 
the  spark  (the  second  intensity),  and 
c)  calculating  a  background  correction  factor 
based  on  the  first  and  second  intensities. 

40  The  correction  factor  may  be  a  function  of  a 
number  of  variables,  eg  the  wavelength,  the  con- 
centration  of  the  element  under  analysis  and  the 
durations  of  the  two  time  windows  in  which  mea- 
surements  are  made.  However,  in  many  cases,  we 

45  have  found  that  the  ratio  of  the  first  intensity  to  the 
second  intensity  is  substantially  constant  for  a  giv- 
en  wavelength.  Thus,  once  the  ratio  has  been  de- 
termined  for  that  wavelength,  the  background  cor- 
rection  can  be  simply  made.  For  example,  the  ratio 

50  R  of  the  second  intensity  to  the  first  intensity  may 
be  determined  for  a  sample  which  does  not  contain 
any  element  which  emits  at  the  wavelength  under 
examination.  Then,  if  the  measured  first  intensity 
for  a  sample  which  does  contain  such  an  element 

55  is  li  and  the  measured  second  intensity  is  b,  the 
spectral  light  contribution  to  the  second  intensity  is 

I2  -  (I1  x  R) 
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When  a  spark  of  sufficient  intensity  is  created 
in  the  spark  gap  the  sample  (4)  is  vapourised  and 
thereby  caused  to  emit  light  (shown  by  the  arrowed 
lines)  which  is  dispersed  by  an  optical  system  (8) 

5  into  discrete  spectral  lines.  Light  from  one  or  more 
of  the  spectral  lines  is  measured  by  a  photomul- 
tiplier  tube  (PMT)  (9). 

The  intensity  of  spectral  light  detected  by  the 
PMT  (9)  is  measured  by  a  light  measuring  system 

w  (10)  and  the  results  stored  in  the  computer  (1). 
As  is  shown  in  Figure  2A,  the  spark  generator 

(2)  comprises  a  400V  DC  power  supply  (20)  which 
charges  a  capacitor  (21)  and  is  connected  via  a 
transistor  switch  (22),  an  inductance  (23)  and  an 

75  initiator  (24)  across  a  spark  gap  between  the  elec- 
trode  (3)  and  the  sample  (4). 

Current  flowing  through  the  spark  gap  is  mea- 
sured  by  means  of  a  resistance  (25)  and  compara- 
tor  (26)  which  compares  the  measured  current  with 

20  a  reference  current  supplied  from  the  memory  of 
the  computer  (1)  via  a  digital-to-analog  converter 
(27).  Comparison  of  the  measured  and  reference 
currents  is  made  every  10u.s  and  the  transistor 
switch  (22)  opened  or  closed  by  a  driver  (28) 

25  depending  on  whether  or  not  the  measured  current 
is  greater  than  or  less  than  the  reference  value. 

In  the  refinement  shown  in  Figure  2B,  the  pow- 
er  supply  (20)  is  connected  to  two  circuits,  one  (A) 
suitable  for  the  generation  of  a  relatively  high  am- 

30  plitude  current  and  the  other  (B)  for  the  generation 
of  lower  current.  In  circuit  A,  the  value  of  the 
inductance  (23a)  is  10M.H  and  the  resistance  (25a) 
is  5m0hm.  In  circuit  B,  the  inductance  (23b)  is 
100M.H  and  the  resistance  (25b)  is  25mOhm.  Two 

35  separate  reference  voltages  are  supplied  to  the 
comparators  (26a,b)  by  separate  digital-to-analog 
converters  (27a,b). 

A  schematic  diagram  of  the  initiator  (24)  is 
shown  in  Figure  3.  This  comprises  a  1kV  power 

40  supply  (31)  which  charges  a  capacitor  (32)  and  is 
connected  across  the  primary  coil  of  a  transformer 
(33)  with  a  primary:secondary  winding  ratio  of  1:12. 
When  a  switch  (34)  is  closed,  current  flows  in  the 
primary  coil  of  the  transformer  (33)  thereby  induc- 

45  ing  a  high  voltage  in  the  secondary  coil  and  initiat- 
ing  a  spark  in  the  gap  between  the  electrode  (3) 
and  the  sample  (4). 

A  typical  form  of  spark  generated  by  the  spark 
generator  of  Figure  2A  is  shown  in  Figure  4.  In  this 

50  diagram,  the  closed  circles  represent  the  values  of 
the  reference  current  for  circuit  A  (iA)  and  the  open 
circles  the  reference  current  for  circuit  B  (iB). 

Upon  initiation  of  the  spark,  iB  is  zero  and  iA  is 
100A.  The  current  flowing  through  circuit  A  there- 

55  fore  increases  while  that  in  circuit  B  is  zero.  At 
10u.s  the  measured  current  is  still  less  than  iA,  the 
transistor  switch  (22a)  remains  closed  and  the  cur- 
rent  continues  to  rise.  At  20u.s,  however,  the  mea- 

The  above  method  of  background  correction  is 
advantageous  in  that  it  requires  no  increase  in  the 
overall  measurement  time,  nor  does  it  require  the 
provision  of  a  second  measuring  channel  in  the 
spectrometer.  In  addition,  the  fact  that  the  back- 
ground  is  measured  at  the  same  wavelength  as  the 
line  of  interest  compensates  for  any  variation  in 
background  intensity  with  wavelength. 

In  principle,  both  the  first  and  second  inten- 
sities  could  be  measured  during  appropriate  time 
windous  located  within  the  same  spark.  However, 
this  places  considerable  demands  on  the  system 
hardware,  notably  the  speed  of  the  analog-to-digital 
converter,  and  increases  the  cost  of  the  system 
accordingly.  We  prefer  therefore  that  the  measure- 
ments  of  the  first  and  second  intensities  be  made 
on  alternate  sparks  in  a  series  of  sparks. 

The  invention  will  now  be  illustrated,  but  in  no 
way  limited,  by  reference  to  the  accompanying 
drawings  in  which 

Figure  1  is  a  schematic  view  of  an  optical  emis- 
sion  spectrometer, 
Figure  2A  is  a  schematic  diagram  of  a  spark 
generator  forming  part  of  the  spectrometer  of 
Figure  1, 
Figure  2B  shows  a  preferred  refinement  of  the 
spark  generator  of  Figure  2A, 
Figure  3  is  a  schematic  diagram  of  an  initiator 
circuit  forming  part  of  the  spark  generator  of 
Figure  2, 
Figure  4  shows  a  typical  form  of  spark  produced 
by  the  spark  generator  of  Figure  2, 
Figure  5  shows  forms  of  spark  used  in  a  method 
of  correcting  intensity  measurements  for  errors 
introduced  by  the  presence  of  contaminants, 
Figure  6  shows  forms  of  spark  used  in  a  method 
of  background  correction, 
Figure  7  shows  forms  of  spark  used  in  a  method 
for  the  determination  of  two  different  elements  in 
a  sample,  and 
Figure  8  shows  a  schematic  diagram  of  light 
measuring  system  forming  part  of  the  spectrom- 
eter  of  Figure  1  . 

Referring  first  to  Figure  1,  an  optical  emission 
spectrometer  is  controlled  by  a  computer  (1).  The 
computer  (1)  controls  a  spark  generator  (2)  which 
is  connected  to  an  electrode  (3)  and  a  sample  (4) 
both  of  which  are  located  in  a  sample  chamber  (5; 
shown  partially  cut  away).  The  electrode  is  ar- 
ranged  close  to  the  surface  of  the  sample  (4), 
which  is  in  the  form  of  a  disc  of  metal,  such  that  a 
spark  gap  exists  between  the  tip  of  the  electrode 
(3)  and  the  sample  (4).  A  container  (6)  of  argon  gas 
is  connected  to  the  sample  chamber  (5)  by  a  pipe 
(7),  the  sample  chamber  (5)  being  flushed  with 
argon  during  measurements. 
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sured  current  is  greater  than  both  iA  and  iB;  the 
switch  (22a)  is  opened  and  the  current  falls  until  at 
40u.s  the  measured  value  is  less  than  iB  (20A).  The 
switch  (22b)  in  circuit  B  therefore  closes  and  the 
current  rises.  At  50u.s,  the  measured  current  ex- 
ceeds  iB  and  the  switch  (22b)  opens.  The  current 
continues  to  oscillate  about  iB  until  80u.s  when  both 
iA  and  iB  are  zero. 

Referring  now  to  Figure  5,  forms  of  a  spark 
discharge  are  shown  which  are  used  in  a  method 
of  correcting  for  errors  introduced  into  a  measure- 
ment  by  the  presence  of  contaminants  in  the 
stream  of  argon  gas  used  to  flush  the  sample 
chamber  during  sparking.  A  first  measurement  is 
made  using  a  spark  having  the  form  shown  in 
Figure  5a.  This  has  a  first  portion,  lasting  about 
30u.s,  of  high  current,  typically  about  200A,  fol- 
lowed  by  a  second  portion  extending  from  30  to 
200u.s  of  much  lower  current,  typically  about  10A. 
The  first  portion  of  the  discharge  is  of  high  enough 
energy  to  vapourise  the  sample  under  investiga- 
tion,  whilst  the  second  portion  is  only  strong 
enough  to  induce  emission.  The  emitted  light  inten- 
sity  is  measured  during  a  time  window  extending 
from  50  to  200u.s  and  contains  contributions  from 
the  vapourised  sample  and  any  contaminants 
present. 

A  second  measurement  is  then  carried  out 
using  identical  measuring  conditions  with  the  ex- 
ception  that  the  spark  has  constant  amplitude 
throughout  its  duration,  this  being  the  amplitude  of 
the  second  portion  of  the  discharge  used  in  the 
first  measurement  (see  Figure  5b).  In  this  case  no 
vapourisation  of  the  sample  occurs  and  the  inten- 
sity  of  emitted  light  observed,  again  in  the  time 
window  of  50  to  200u.s,  is  due  entirely  to  con- 
taminants.  Subtraction  of  the  second  intensity  from 
the  first  yields  a  corrected  value  for  the  intensity 
due  to  the  sample  in  the  first  measurement. 

As  shown  in  Figure  5c,  the  sparks  of  Figures 
5a  and  5b  are  conveniently  applied  alternately,  the 
measured  light  intensities  being  integrated  using 
separate  measurement  channels. 

Figure  6  shows  a  form  of  spark  discharge  used 
in  a  method  of  background  correction  as  described 
above.  Measurements  are  made  during  two  time 
windows,  the  first  beginning  at  the  commencement 
of  sparking  and  lasting  30u.s  and  the  second  begin- 
ning  immediately  after  the  first  and  extending  to 
200u.s  from  the  beginning  of  the  spark.  Measure- 
ments  are  made  first  on  a  sample  which  is  known 
not  to  contain  any  of  the  element  which  emits  at 
the  particular  wavelength  of  light  being  detected. 
The  measured  light  intensity  therefore  contains  a 
contribution  only  from  background.  By  way  of  il- 
lustration,  say  the  measured  intensity  in  the  first 
time  window  is  1000  units  and  that  in  the  second 
time  window  is  500  units.  The  ratio  R  of  the  second 

intensity  to  the  first  is  therefore  0.5.  If  now  a 
sample  is  measured  which  does  contain  the  ele- 
ment  under  examination,  the  measured  intensities 
in  the  two  time  windows  may  be,  say,  980  and  495 

5  respectively.  Without  background  correction  a  low- 
er  intensity  is  found  for  the  sample  containing  the 
element  under  examination  than  for  the  reference 
sample,  due  to  slight  (1%  relative)  differences  in 
the  (very  strong)  background  radiation.  Applying 

w  the  method  of  the  invention,  however,  the  net  line 
content  of  the  second  intensity  is  found  to  be 

495  -  (0.5  x  980)  =  495  -  490  =  5 

75  Figure  7  shows  a  sequence  of  sparks  used  in  a 
determination  of  two  different  elements.  For  one 
element,  a  spark  comprising  an  initial  high  current 
portion  and  a  subsequent  low  energy  portion  is 
used,  while  for  the  other  element  the  spark  com- 

20  prises  only  a  high  energy  pulse.  In  the  former 
case,  the  spectral  light  is  measured  during  a  time 
window  located  in  the  lower  energy  part  of  the 
spark,  in  the  latter  case,  the  light  is  integrated  over 
the  whole  spark.  The  sparks  are  applied  alternately 

25  and  the  emitted  spectral  light  integrated  using  sep- 
arate  measurement  channels. 

The  light  measuring  system  (10)  is  shown  in 
Figure  8.  It  includes  an  integrator  circuit  comprising 
an  operational  amplifier  (81)  in  parallel  with  a  ca- 

30  pacitor  (82)  and  a  switch  (83).  The  integrator  is 
separated  by  a  switch  (84)  from  a  sample-and-hold 
circuit  comprising  a  second  operational  amplifier 
(85).  The  sample-and-hold  stores  the  value  of  an 
integrated  signal  long  enough  for  it  to  be  digitised 

35  by  an  analog-to-digital  converter  (86)  which  is  in 
turn  connected  to  the  computer  unit  (1).  Switches 
(83)  and  (84)  are  controlled  by  the  timing  system  of 
computer  (1). 

In  use,  at  the  beginning  of  the  measuring  se- 
40  quence,  switch  (83)  is  closed  and  switch  (84)  is 

open.  The  value  of  the  integrated  signal  hold  by 
the  integrator  is  zero. 

Operation  of  the  system  will  he  illustrated  for 
the  case  in  which  it  is  desired  to  measure  the 

45  intensity  of  light  emitted  during  a  time  window 
occurring  at  some  predetermined  time  after  initi- 
ation  of  the  spark.  At  the  beginning  of  the  time 
window,  the  switch  (83)  is  opened,  thereby  causing 
the  intensity  of  the  emitted  light  to  be  accumulated 

50  by  the  integrator.  At  the  end  of  the  time  window, 
the  switch  (84)  is  closed  causing  the  instantaneous 
value  of  the  integrated  intensity  to  be  held  by  the 
sample-and-hold.  The  switch  (84)  is  then  again 
opened,  and  the  switch  (83)  closed  to  return  the 

55  value  of  the  integrated  intensity  in  the  integrator  to 
zero.  The  value  of  the  intensity  held  by  the  sample- 
and-hold  circuit  is  digitised  by  the  ADC  (86). 



EP  0  396  291  B1 13 14 

If  the  intensity  of  light  emitted  during  a  second 
time  window  is  to  be  measured,  then  at  the  begin- 
ning  of  that  window,  the  switch  (23)  is  again 
opened  and,  at  the  end  of  the  second  time  window, 
the  switch  (24)  momentarily  closed  to  transfer  the 
second  integrated  intensity  to  the  sample-and-hold 
circuit. 

Claims 

1.  An  optical  emission  spectrometer  comprising: 
a)  a  spark  generator  (2)  for  generating  in  a 
spark  gap  formed  between  an  electrode  (3) 
and  a  sample  (4)  to  be  analyzed  a  spark 
which  extends  over  a  series  of  discrete  time 
intervals  and  which  results  in  a  flow  of  cur- 
rent; 
b)  an  optical  system  (8)  to  disperse  light 
emitted  by  said  sample;and 
c)  light  detection  means  (9)  for  measuring 
the  intensity  of  the  light  dispersed  by  said 
optical  system; 

said  spectrometer  characterized  by:- 
i)  means  (10)  for  measuring  said  current 
during  at  least  one  of  said  discrete  time 
intervals; 
ii)  means  (1)  for  comparing  said  measured 
current  with  a  reference  current;  and 
iii)  means  for  adjusting  said  current  to  a 
predetermined  value  dependent  on  said  ref- 
erence  current. 

2.  An  optical  emission  spectrometer  as  claimed 
in  claim  1  further  comprising:- 

a)  first  circuit  means  (A)  for  generating  in 
said  spark  an  initial  current  pulse  of  rela- 
tively  high  amplitude;  and 
b)  second  circuit  means  (B)  for  generating 
in  said  spark  a  current  of  relatively  low 
amplitude. 

3.  An  optical  emission  spectrometer  as  claimed 
in  any  previous  claim  wherein  said  discrete 
time  intervals  during  which  said  current  is 
measured  are  between  5  and  20  us. 

4.  An  optical  emission  spectrometer  as  claimed 
in  any  previous  claim  wherein  the  value  of  said 
reference  current  is  stored  in  the  memory  of  a 
computer  unit  (1). 

5.  An  optical  emission  spectrometer  as  claimed 
in  any  previous  claim  wherein  said  means  for 
adjusting  the  current  comprises  a  comparator 
(26)  and  a  transistor  switch  (22). 

6.  An  optical  emission  spectrometer  as  claimed 
in  any  pervious  claim  further  comprising  pro- 

gramming  means  for  defining  the  form  of  a 
desired  spark  discharge. 

7.  An  optical  emission  spectrometer  as  claimed 
5  in  any  previous  claim  wherein  the  comparison 

of  said  current  with  said  reference  current  is 
made  at  a  frequency  of  50-200  kHz. 

8.  An  optical  emission  spectrometer  as  claimed 
w  in  any  previous  claim  further  comprising  a 

transformer  (33)  connected  in  series  with  said 
spark  gap  for  initiating  said  spark  by  applica- 
tion  of  a  high  voltage  across  said  spark  gap. 

75  9.  An  optical  emission  spectrometer  as  claimed 
in  any  previous  claim  further  comprising 
means  (2)  for  generating  a  series  of  sparks 
and  a  feedback  system  which  measures  the 
intensity  of  light  emitted  by  said  sample  follow- 

20  ing  a  first  spark  and  adjusts  the  amplitude  of 
the  initial  portions  of  subsequent  sparks  com- 
prised  in  said  series  so  as  to  match  the  inten- 
sity  of  light  emitted  during  those  sparks  with  a 
standard  value. 

25 
10.  A  method  of  optical  emission  spectroscopy 

comprising  the  steps  of:- 
a)  generating  a  spark  in  a  spark  gap  formed 
between  an  electrode  (3)  and  a  sample  (4) 

30  to  be  analyzed,  the  duration  of  said  spark 
extending  over  a  series  of  discrete  time 
intervals  and  resulting  in  a  flow  of  current; 
b)  optically  dispersing  the  light  emitted  by 
said  sample  during  said  spark; 

35  c)  measuring  the  intensity  of  the  light  so 
dispersed; 

said  method  characterized  by  the  further 
steps  of:- 

i)  measuring  said  current  during  at  least  one 
40  of  said  discrete  time  intervals; 

ii)  comparing  said  measured  current  with  a 
reference  current;  and 
iii)  adjusting  said  current  to  a  predetermined 
value  dependent  on  said  reference  current. 

45 
11.  A  method  of  optical  emission  spectroscopy  as 

claimed  in  claim  10  wherein  said  spark  com- 
prises  an  initial  portion  during  which  flows  a 
current  pulse  of  relatively  high  amplitude  and  a 

50  second  portion  during  which  flows  a  current  of 
relatively  low  amplitude. 

12.  A  method  of  optical  emission  spectroscopy  as 
claimed  in  claim  11  further  comprising  the 

55  steps  of:- 
a)  generating  a  first  spark  having  an  initial 
portion  during  which  flows  a  current  of  suffi- 
cient  amplitude  to  vaporize  said  sample  and 
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a  second  portion  during  which  flows  a  cur- 
rent  of  relatively  low  amplitude; 
b)  measuring  a  first  intensity  of  light  emitted 
during  a  time  window  located  in  the  second 
portion  of  said  first  spark; 
c)  generating  a  second  spark  during  the 
entirety  of  which  the  current  is  insufficient  to 
vaporize  said  sample;  and 
d)  measuring  a  second  intensity  of  light 
emitted  during  the  same  time  window  in 
said  second  spark. 

13.  A  method  of  optical  emission  spectroscopy  as 
claimed  in  claim  12  wherein  a  series  of  sparks 
is  generated  and  the  light  emitted  during  a 
large  number  of  the  discrete  time  windows 
contained  in  each  of  said  sparks  is  integrated, 
said  integrated  value  for  each  spark  in  said 
series  of  sparks  being  separately  stored  and 
evaluated. 

14.  A  method  of  optical  emission  spectroscopy  as 
claimed  in  either  of  claims  11  or  12  further 
comprising  the  steps  of:- 

a)  measuring  a  first  intensity  of  light  emitted 
during  a  portion  of  a  spark  in  which  the  light 
comprises  substantially  only  background; 
b)  measuring  a  second  intensity  of  light 
emitted  during  a  portion  of  a  spark  in  which 
the  light  comprises  both  background  and 
spectral  light  emitted  by  the  sample;  and 
c)  correcting  said  second  intensity  for  the 
contribution  of  background  on  the  basis  of 
said  first  intensity. 

15.  A  method  of  optical  emission  spectroscopy  as 
claimed  in  claim  14  wherein  the  measurement 
of  said  first  intensity  is  made  during  the  first  30 
microseconds  of  a  critically  damped  exciting 
spark  and  the  measurement  of  said  second 
intensity  is  made  during  the  period  of  30-200 
microseconds  from  the  beginning  of  a  spark. 

16.  A  method  of  optical  emission  spectroscopy  as 
claimed  in  claim  15  wherein  the  measurements 
of  said  first  and  said  second  intensities,  re- 
spectively,  are  made  on  alternate  sparks  in  a 
series  of  sparks. 

Patentanspruche 

1.  Optisches  Emissionsspektrometer,  umfassend: 
a)  einen  Funkengenerator  (2)  zum  Erzeugen 
eines  Funkens  in  einer  Funkenstrecke,  die 
zwischen  einer  Elektrode  (3)  und  einer  zu 
analysierenden  Probe  (4)  gebildet  ist,  wobei 
der  Funken  uber  eine  Serie  diskreter  Zeitin- 
tervalle  verlauft  und  einen  StromfluB  er- 

zeugt; 
b)  ein  optisches  System  (8)  zum  Dispergie- 
ren  von  Licht,  das  von  der  Probe  emittiert 
ist;  und 
c)  ein  Lichterfassungsmittel  (9)  zum  Messen 
der  Intensitat  des  von  dem  optischen  Sy- 
stem  dispergierten  Lichts; 

wobei  das  Spektrometer  gekennzeichnet  ist 
durch: 

i)  Mittel  (10)  zum  Messen  des  Stroms  wah- 
rend  wenigstens  eines  der  diskreten  Zeitin- 
tervalle; 
ii)  Mittel  (1)  zum  vergleichen  des  gemesse- 
nen  Stroms  mit  einem  Bezugsstrom;  und 
iii)  Mittel  zum  Einstellen  des  Stroms  auf 
einen  vorbestimmten  Wert  in  Abhangigkeit 
von  dem  Bezugsstrom. 

w 

75 

2.  Optisches  Emissionsspektrometer  nach  An- 
20  spruch  1  ,  das  weiter  umfaBt: 

a)  erste  Schaltkreismittel  (A)  zum  Erzeugen 
eines  Anfangs-Stromimpulses  relativ  hoher 
Amplitude  in  dem  Funken;  und 
b)  zweite  Schaltkreismittel  (B)  zum  Erzeu- 

25  gen  eines  Stroms  relativ  niederer  Amplitude 
in  dem  Funken. 

20 

3.  Optisches  Emissionsspektrometer  nach  einem 
der  vorhergehenden  Anspruche,  in  dem  die 
diskreten  Zeitintervalle,  wahrend  derer  der 
Strom  gemessen  wird,  zwischen  5  und  20  us 
sind. 

30 

4.  Optisches  Emissionsspektrometer  nach  einem 
der  vorhergehenden  Anspruche,  in  dem  der 
Wert  des  Bezugsstroms  in  dem  Speicher  einer 
Computereinheit  (1)  gespeichert  ist. 

5.  Optisches  Emissionsspektrometer  nach  einem 
der  vorhergehenden  Anspruche,  in  dem  das 
Mittel  zum  Einstellen  des  Stroms  einen  Kom- 
parator  (26)  und  einen  Transistorschalter  (22) 
umfaBt. 

6.  Optisches  Emissionsspektrometer  nach  einem 
der  vorhergehenden  Anspruche,  das  weiter 
Programmiermittel  zum  Bestimmen  der  Form 
einer  erwunschten  Funkenentladung  aufweist. 

7.  Optisches  Emissionsspektrometer  nach  einem 
der  vorhergehenden  Anspruche,  in  dem  der 
Vergleich  des  Stroms  mit  dem  Bezugsstrom 
mit  einer  Frequenz  von  50  bis  200  kHz  durch- 
gefuhrt  wird. 

8.  Optisches  Emissionsspektrometer  nach  einem 
der  vorhergehenden  Anspruche,  das  weiter  ei- 
nen  Transformator  (33)  aufweist,  der  in  Serie 

35 

40 

45 

50 

55 

10 
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c)  Erzeugen  eines  zweiten  Funkens,  wah- 
rend  dessen  Gesamtheit  der  Strom  nicht 
ausreicht,  die  Probe  zu  verdampfen;  und 
d)  Messen  einer  zweiten  Intensitat  von 

5  Licht,  das  wahrend  desselben  Zeitfensters 
in  dem  zweiten  Funken  emittiert  wird. 

13.  Verfahren  optischer  Emissionsspektroskopie 
nach  Anspruch  12,  in  dem  eine  Serie  von 

w  Funken  erzeugt  wird  und  das  wahrend  einer 
groBen  Anzahl  diskreter  Zeitfenster,  die  in  je- 
dem  der  Funken  enthalten  sind,  emittierte  Licht 
integriert  wird,  wobei  der  integrierte  Wert  fur 
jeden  Funken  in  der  Serie  von  Funken  separat 

75  gespeichert  und  ausgewertet  wird. 

14.  Verfahren  optischer  Emissionsspektroskopie 
nach  einem  der  Anspruche  11  oder  12,  das 
weiter  die  Schritte  aufweist: 

20  a)  Messen  einer  ersten  Intensitat  von  Licht, 
das  wahrend  eines  Teils  eines  Funkens 
emittiert  wird,  indem  das  Licht  im  wesentli- 
chen  nur  Hintergrund  aufweist; 
b)  Messen  einer  zweiten  Intensitat  von 

25  Licht,  das  wahrend  eines  Teils  eines  Fun- 
kens  emittiert  wird,  indem  das  Licht  sowohl 
Hintergrund  als  auch  von  der  Probe  emit- 
tiertes  spektrales  Licht  aufweist;  und 
c)  Korrigieren  der  zweiten  Intensitat  bezug- 

30  lich  des  Beitrags  des  Hintergrunds  auf  Ba- 
sis  der  ersten  Intensitat. 

15.  Verfahren  optischer  Emissionsspektroskopie 
nach  Anspruch  14,  in  dem  die  Messung  der 

35  ersten  Intensitat  wahrend  der  ersten  30  Mikro- 
sekunden  eines  kritisch  gedampften  Anre- 
gungsfunkens  durchgefuhrt  wird  und  die  Mes- 
sung  der  zweiten  Intensitat  wahrend  der  Perio- 
de  von  30  bis  200  Mikrosekunden  vom  Beginn 

40  eines  Funkens  durchgefuhrt  wird. 

16.  Verfahren  optischer  Emissionsspektroskopie 
nach  Anspruch  15,  in  dem  die  Messungen  der 
ersten  bzw.  zweiten  Intensitaten  an  abwech- 

45  selnden  Funken  in  einer  Serie  von  Funken 
durchgefuhrt  werden. 

Revendicatlons 

50  1.  Un  spectrometre  d'emission  optique  compre- 
nant  : 

a)  un  generateur  d'etincelle  (2)  pour  generer 
dans  un  eclateur  forme  entre  une  electrode 
(3)  et  un  echantillon  (4)  a  analyser  une 

55  etincelle  qui  s'etend  sur  une  serie  d'interval- 
les  de  temps  discrets  et  qui  a  pour  resultat 
un  flux  de  courant  ; 

mit  der  Funkenstrecke  angeschlossen  ist,  urn 
durch  Anlegen  einer  hohen  Spannung  uber  die 
Funkenstrecke  den  Funken  auszulosen. 

9.  Optisches  Emissionsspektrometer  nach  einem 
der  vorhergehenden  Anspruche,  das  weiter 
Mittel  (2)  zum  Erzeugen  einer  Serie  von  Fun- 
ken  und  ein  Ruckkopplungssystem  umfaBt,  das 
die  Intensitat  des  von  der  Probe  nach  einem 
ersten  Funken  abgegebenen  Lichts  mifit,  und 
die  Amplitude  der  Anfangsteile  der  in  der  Serie 
erzeugten  folgenden  Funken  so  einstellt,  dal3 
die  Intensitat  des  wahrend  dieser  Funken  ab- 
gegebenen  Lichts  zu  einem  Standardwert  pafit. 

10.  Verfahren  optischer  Emissionsspektroskopie, 
umfassend  die  Schritte: 

a)  Erzeugen  eines  Funkens  in  einer  Funken- 
strecke,  die  zwischen  einer  Elektrode  (3) 
und  einer  zu  analysierenden  Probe  (4)  ge- 
bildet  ist,  wobei  die  Dauer  des  Funkens  sich 
uber  eine  Serie  diskreter  Zeitintervalle  er- 
streckt  und  einen  StromfluB  ergibt; 
b)  optisches  Dispergieren  des  wahrend  des 
Funkens  von  der  Probe  emittierten  Lichts; 
c)  Messen  der  Intensitat  des  so  dispergier- 
ten  Lichts; 

wobei  das  Verfahren  durch  die  weiteren  Schrit- 
te  gekennzeichnet  ist: 

i)  Messen  des  Stroms  wahrend  wenigstens 
eines  der  diskreten  Zeitintervalle; 
ii)  Vergleichen  des  gemessenen  Stroms  mit 
einem  Bezugsstrom;  und 
iii)  Einstellen  des  Stroms  auf  einen  vorbe- 
stimmten  Wert  in  Abhangigkeit  von  dem 
Bezugsstrom. 

11.  Verfahren  optischer  Emissionsspektroskopie 
nach  Anspruch  10,  in  dem  der  Funken  einen 
Anfangsteil  aufweist,  wahrend  dessen  ein 
Stromimpuls  relativ  hoher  Amplitude  flieBt,  und 
einen  zweiten  Teil  aufweist,  wahrend  dessen 
ein  Strom  relativ  niedriger  Amplitude  flieBt. 

12.  Verfahren  optischer  Emissionsspektroskopie 
nach  Anspruch  1  1  ,  das  weiter  die  Schritte  urn- 
fafit: 

a)  Erzeugen  eines  ersten  Funkens  mit  ei- 
nem  Anfangsteil,  wahrend  dessen  ein  Strom 
ausreichender  Amplitude  flieBt,  die  Probe  zu 
verdampfen,  und  mit  einem  zweiten  Teil, 
wahrend  dessen  ein  Strom  relativ  niedriger 
Amplitude  flieBt; 
b)  Messen  einer  ersten  Intensitat  von  Licht, 
das  wahrend  eines  Zeitfensters  emittiert 
wird,  das  in  dem  zweiten  Teil  des  ersten 
Funkens  angeordnet  ist; 

11 
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tion  precedente,  comprenant  en  outre  un  trans- 
formateur  (33)  relie  en  serie  avec  ledit  eclateur 
pour  amorcer  ladite  etincelle  par  application 
d'une  haute  tension  a  travers  ledit  eclateur. 

9.  Un  spectrometre  d'emission  optique  comme 
revendique  dans  I'une  quelconque  revendica- 
tion  precedente,  comprenant  en  outre  un 
moyen  (2)  pour  generer  une  serie  d'etincelles 
et  un  systeme  de  boucle  de  retour  qui  mesure 
I'intensite  de  lumiere  emise  par  ledit  echantil- 
lon  suivant  une  premiere  etincelle  et  regie 
I'amplitude  des  portions  initiales  d'etincelles 
suivantes  comprises  dans  ladite  serie  de  ma- 
niere  a  adapter  I'intensite  de  lumiere  emise 
pendant  ces  etincelles  avec  une  valeur  stan- 
dard. 

10.  Un  procede  de  spectroscopie  d'emission  opti- 
que  comprenant  les  etapes  de  : 

a)  generer  une  etincelle  dans  un  eclateur 
forme  entre  une  electrode  (3)  et  un  echantil- 
lon  (4)  a  analyser,  la  duree  de  ladite  etincel- 
le  s'etendant  sur  une  serie  d'intervalles  dis- 
crets  et  ayant  pour  resultat  un  flux  de  cou- 
rant  ; 
b)  disperser  optiquement  la  lumiere  emise 
par  ledit  echantillon  pendant  ladite  etincelle 

c)  mesurer  I'intensite  de  la  lumiere  ainsi 
dispersee  ; 

ledit  procede  caracterise  par  les  etapes 
supplementaires  de  : 

i)  mesurer  ledit  courant  pendant  au  moins 
I'un  desdits  intervalles  de  temps  discrets  ; 
ii)  comparer  ledit  courant  mesure  avec  un 
courant  de  reference  ;  et 
iii)  regler  ledit  courant  a  une  valeur  prede- 
terminee  dependant  dudit  courant  de  refe- 
rence. 

11.  Un  procede  de  spectroscopie  d'emission  opti- 
que  comme  revendique  dans  la  revendication 
10,  dans  lequel  ladite  etincelle  comprend  une 
portion  initiale  pendant  laquelle  s'ecoule  une 
impulsion  de  courant  d'amplitude  relativement 
elevee  et  une  seconde  portion  pendant  laquel- 
le  s'ecoule  un  courant  d'amplitude  relativement 
faible. 

12.  Un  procede  de  spectroscopie  d'emission  opti- 
que  comme  revendique  dans  la  revendication 
1  1  ,  comprenant  en  outre  les  etapes  de  : 

a)  generer  une  premiere  etincelle  ayant  une 
portion  initiale  pendant  laquelle  s'ecoule  un 
courant  d'amplitude  suffisante  pour  vapori- 
ser  ledit  echantillon  et  une  seconde  portion 
pendant  laquelle  s'ecoule  un  courant  d'am- 

b)  un  systeme  optique  (8)  pour  disperser  la 
lumiere  emise  par  ledit  echantillon  ;  et 
c)  un  moyen  de  detection  de  lumiere  (9) 
pour  mesurer  I'intensite  de  la  lumiere  dis- 
persee  par  ledit  systeme  optique  ;  5 

ledit  spectrometre  caracterise  par 
i)  un  moyen  (10)  pour  mesurer  ledit  courant 
pendant  au  moins  I'un  desdits  intervalles  de 
temps  discrets  ; 
ii)  un  moyen  (1)  pour  comparer  ledit  courant  w 
mesure  avec  un  courant  de  reference  ;  et 
iii)  un  moyen  pour  regler  ledit  courant  a  une 
valeur  predeterminee  dependant  dudit  cou- 
rant  de  reference. 

75 
2.  Un  spectrometre  d'emission  optique  comme 

revendique  dans  la  revendication  1,  compre- 
nant  en  outre  : 

a)  un  premier  moyen  de  circuit  (A)  pour 
generer  dans  ladite  etincelle  une  impulsion  20 
de  courant  initial  d'amplitude  relativement 
elevee  ;  et 
b)  un  second  moyen  de  circuit  (B)  pour 
generer  dans  ladite  etincelle  un  courant 
d'amplitude  relativement  faible.  25 

3.  Un  spectrometre  d'emission  optique  comme 
revendique  dans  I'une  quelconque  revendica- 
tion  precedente,  dans  lequel  lesdits  intervalles 
de  temps  discrets  pendant  lesquels  ledit  cou-  30 
rant  est  mesure  sont  entre  5  et  20  us. 

4.  Un  spectrometre  d'emission  optique  comme 
revendique  dans  I'une  quelconque  revendica- 
tion  precedente,  dans  lequel  la  valeur  dudit  35 
courant  de  reference  est  stockee  dans  la  me- 
moire  d'une  unite  d'ordinateur  (1). 

5.  Un  spectrometre  d'emission  optique  comme 
revendique  dans  I'une  quelconque  revendica-  40 
tion  precedente,  dans  lequel  ledit  moyen  pour 
regler  le  courant  comprend  un  comparateur 
(26)  et  un  commutateur  a  transistor  (22). 

6.  Un  spectrometre  d'emission  optique  comme  45 
revendique  dans  I'une  quelconque  revendica- 
tion  precedente,  comprenant  en  outre  un 
moyen  de  programmation  pour  definir  la  forme 
d'une  decharge  d'etincelle  souhaitee. 

50 
7.  Un  spectrometre  d'emission  optique  comme 

revendique  dans  I'une  quelconque  revendica- 
tion  precedente,  dans  lequel  la  comparaison 
dudit  courant  avec  ledit  courant  de  reference 
est  realisee  a  une  frequence  de  50  a  200  kHz.  55 

8.  Un  spectrometre  d'emission  optique  comme 
revendique  dans  I'une  quelconque  revendica- 

12 
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plitude  relativement  faible  ; 
b)  mesurer  une  premiere  intensite  de  lumie- 
re  emise  pendant  une  fenetre  temporelle 
situee  dans  la  seconde  portion  de  ladite 
premiere  etincelle  ;  5 
c)  generer  une  seconde  etincelle  pendant  la 
totalite  de  laquelle  le  courant  est  insuffisant 
pour  vaporiser  ledit  echantillon  ;  et 
d)  mesurer  une  seconde  intensite  de  lumie- 
re  emise  pendant  la  meme  fenetre  tempo-  w 
relle  dans  ladite  seconde  etincelle. 

13.  Un  procede  de  spectroscopie  d'emission  opti- 
que  comme  revendique  dans  la  revendication 
12,  dans  lequel  une  serie  d'etincelles  est  gene-  75 
ree  et  la  lumiere  emise  pendant  un  grand 
nombre  des  fenetres  temporelles  contenues 
dans  chacune  desdites  etincelles  est  integree, 
ladite  valeur  integree  pour  chaque  etincelle 
dans  ladite  serie  d'etincelles  etant  stockee  se-  20 
parement  et  evaluee. 

14.  Un  procede  de  spectroscopie  d'emission  opti- 
que  comme  revendique  dans  I'une  ou  I'autre 
des  revendications  11  ou  12,  comprenant  en  25 
outre  les  etapes  de  : 

a)  mesurer  une  premiere  intensite  de  lumie- 
re  emise  pendant  une  portion  d'une  etincel- 
le  dans  laquelle  la  lumiere  comprend  sensi- 
blement  uniquement  du  bruit  de  fond  ;  30 
b)  mesurer  une  seconde  intensite  de  lumie- 
re  emise  pendant  une  portion  d'une  etincel- 
le  dans  laquelle  la  lumiere  comprend  a  la 
fois  du  bruit  de  fond  et  de  la  lumiere  spec- 
trale  emise  par  I'echantillon  ;  et  35 
c)  corriger  ladite  seconde  intensite  pour  la 
contribution  de  bruit  de  fond  sur  la  base  de 
ladite  premiere  intensite. 

15.  Un  procede  de  spectroscopie  d'emission  opti-  40 
que  comme  revendique  dans  la  revendication 
14,  dans  lequel  la  mesure  de  ladite  premiere 
intensite  est  realisee  pendant  les  30  premieres 
microsecondes  d'une  etincelle  d'excitation 
amortie  critiquement  et  la  mesure  de  ladite  45 
seconde  intensite  est  realisee  pendant  la  perio- 
de  de  30  a  200  microsecondes  a  partir  du 
debut  d'une  etincelle. 

16.  Un  procede  de  spectroscopie  d'emission  opti-  50 
que  comme  revendique  dans  la  revendication 
15,  dans  lequel  les  mesures  desdites  premiere 
et  seconde  intensites  sont  respectivement  rea- 
lisees  sur  des  etincelles  en  altemance  dans 
une  serie  d'etincelles.  55 

13 
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