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AUTOMATIC CONTROL APPARATUS FOR
< MASS SPECTROMETERS

_ . Clifford E Berry, Altadena, Calif., a,ssignor to
213 i Consolidated ‘Engineeving :Corporation, ‘Pasa-
dena, Callf., a’ corporatlon of Cahforma

X QClalms. (01 250_41 9)

Thls invention relates to nnploved Aapparatus

““In accordance thh a preferred embodlment
of the present rnventlon ‘g’ servosystem is em-
ployed “t0 _cause”a “fractional part-of the accel-

sb ctrometer is. essentlally an appa-'f’ ’
i1 e”m‘a,mtamed equal to & ref-

mn 5 and sortmg them ac-"

‘of” the electromagnet ewhich 'roduces ‘the mag-
; g ) ] analyzer tilei'~ The fractional
by electron homb dment and the Tes Iting ions ' pa Fing® voltage: “whichi-is’ em-
" are ’ctr1cal potent1als into an- ' ployed determines the“imaghitude of the accel-
1yZe Tite it eratinigFvéltage -and hérde the mass: of - the ions
,sorted. bé" n; ‘and ~ which are measured b'y the mass spectrometer.
Yindér the influende’6f an’ electro-magnetm field {5+ £ < ceelerating volt-
.. [n accordance W)th thelr_speclﬁc mass 1nto a se- ractional part
‘“ries ive ; g ~The " “ihich * )xs«-gcompared with: -the réference
LT yeltagein the Bervo: 'system, ‘and ‘a-large number
Aof dlfferent Aécelerating “voltages: may be: pro-
sured by the amount of current that o “duck ) overloading theipower::supply
_they dlscharge upon collec‘tlon : R Tk helreference:-voltages. ! Drifts
" 'The mass spectromete1 may be adjusted to se-’“-‘-f'? ‘torivarying -th mpemtures of the remstors
ely measure the 'quantlty of ions of different {
ing either the maghetic field
s rent Ie\iels d Bl £ IS
L7 cInian alternatwe embodlment of the 1nven-
: ?tlon t 'e fractlonar pa‘rt of the acceleratlng volt-
k i system isfixed,
i and the acc‘eleratmg‘voltage ist changed by-chang-
5 mg the magnitude of the reference voltages:/
‘In:both: embodiments ofthecdnvention the ac-

a g"ed',r qua tlty of each kmd of ions™

~ are applied betwéen‘a b 3
‘cated in the 1on sourc and adJacent o the ana- "

“lyzer. i o 3 'celeratmg voltage:variés insaccordance:with the
The adjustment of the magmtude of the ae- - currentor:the voltage employed to-produee the
celeratmw potentlals ‘may- be ‘made manually. - magnetic: field, ‘and:hence: the: accelerating: volt-

. "However, Whenl a mass spectrometer'-l éniployed- 55 ‘age iscautomatically ' adjusted sovast fosicorrect
to measure the quant1ty of nume‘rous types of + partially:for-changes in-the:magnetic flux density.
©  ions ‘having different masses, it is preferak - z00 -If desired, additional means:may be: employed
© provide means for" automatlcally adJustmg the - to'provide:mere.complete eorrection: of the:mag-
Hiagnitude of the aceélerating potentials” with : nitude of‘the:acecélerating: voltage whenthe - mag-
respect to the flux density of the magnetlc field s0 40 netlc ‘Aux'density ¢changes.: v pining :
~gg to sort the 1ons of each spec1ﬁc mass to be* =+ Thevinventio: ssexplamed w1th reference to
measured L the drawmgs,l which:a?: GRS
> ~The- acceleratmg potentlals requlred for meas- o Figeel isratschematic dlagram of a preferred
uring &’ predetermined” series ‘of - “different ions - ~‘J-embod1ment’of the invertion; and 14
__ may’be produced by providing a séparate voltage 45 - Figi*Zis-aschembtic:diagram of a modlﬂcatlon
-divider for each type of:ion to be- measured, and fof the:apparatusshiown irPig s it b
ion source may be switched from:one: voltage r : = In Figit, the apparatus for automatlca,ny ad-
10ther | in order to measure - the serles Jusf,lng ‘the ndgn € ;
tentials is shownzins :
‘g’ tial componehts:of’one’ cypeeofr:ma’ss &pectrome-
= - tery Tt will be:apparent that:the apparatus.of the
kit 6 ek presentinvéntion isvnotilimited rtoruse: In mass
in the resistance of the voltage d1v1ders 1s a prob— -+--gpectrometers: of -the type-illustrated -but ‘that it
lem in such an arrangement because of the high: - - may be-employed in-practically any type of mass
; u spectnometer ~ine f“which ~accelerating patentmls

R O R R T T b s oY
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3
are employed to propel the ions into an analyzer.

An ion source {0 communicates with a conduc-
tive analyzer tube 12 which is enclosed within
an envelope {4, through the wall of which g gas
inlet tube 16 projects. A high degree of vacuum
is maintained within the envelope by means of a
vacuum pump (not shown) connected to the
envelope.

The outlet end of the analyzer tube 12 is pro-
vided with a slot through which sorted ions are
projected. An electrode 18 serves to collect the
ions, and they are discharged through an ampli-
fying and recording apparatus 20 which provides
an indication of the quantity of the ions being
measured. :

The gas inlet tube 16 is composed of insulating
material, and it communicates with an inlet elec-
trode 22 in the form of a metallic tube which is
partially closed at one end by a closure plate
having a ftransverse slot 24 to accommodate an
electron beam. The electron beam (not shown)
may be produced and projected through the slot
24 in any suitable manner.

The molecules of a gas sample which are ad~
mitted into the ionization chamber through the
inlet {6 are bombarded by the electron beam
passing through the slot 24 and thus converted
into ions. These ions are propelled as an un-
sorted beam into the analyzer tube 12 by elec-

trical potentials established between the elec-

trodes in the ion source {0, which potentials are
produced by the electrical system which is at-~
tached to the electrodes. _ ‘

A pair of electrodes 26 and 28 serve as accel-
erating and collimating electrodes for the ion
source. The electrodes 26 and 28 have slots which
are aligned with the slot 24 in the tube 22 so that
the ions are propelled from the outlet 24 of the
tube 22 into the analyzer tube 12 under the in-
fluence of the electrical potentials which are es-
tablished between the tube 22 and the electrode
26, and between the electrodes 26 and 28.

The ions enter the analyzer tube 12 as a homo-
geneous, unsorted beam. In the analyzer tube
12, the unsorted beam is separated into a plu-
rality of diverging homogeneous ion beams Bi,
Bz, Bz by means of a transverse magnetic field
produced in the analyzer tube by an electromag-
net.

The coil for the electromagnet is shown at 30.
A source of power 32 is connected through a re-
sistor 34 to the coil 30. An adjustable tap 36 is
provided on the. resistor for producing a refer-
ence voltage between the tap and ground having
a magnitude which is proportional -to the current
which flows through the coil 30. 'Thus, the mag-
nitude of the reference voltage varies with vari-
ations in the power supplied to the coil 30 and
hence with variations in the density of the mag-
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netic field which is applied to the analyzer tube (2.

The reference voltage produced at the tap 36 is
compared in a servo system with a second refer-
ence voltage which is a fractional part of the ac-
celerating voltage, and the servo system serves

to control the accelerating voltage so that the -

magnitude of the fractional part thereof is main-
tained equal to the magnitude of the reference
voltage produced at the tap 36. ‘
A-source of potential 40 having resistors 42, 44
and 46 connected in series across its output pro-
vides the accelerating voltages for the electrodes
of the ion source 10. The tube 22 is connected
to the junction between ‘the resistors 42 and 44,
the accelerating electrode 26 is connected to atap
on the resistor 44, and the accelerating electrode
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4
28 is coiinécted to the grounded terminal of the
source of potential 40.

The accelerating voltage which is applied to
the ion source 10 is developed across the resistors
44 and 46, and a plurality of taps 48 on the re-
sistor 46 provide voltages between the taps and
ground which are fractional parts of the accel-
erating voltage. The voltages produced at the
taps 48 are selectively applied to the servo sys-
tem by means of a switeh 50.

The magnitude of the accelerating voltage
which is produced across the resistors 44 and 46
is controlled by varying the voltage drop across
the resistor 42. A triode vacuum tube 54 having
its plate connected to the junction between the
resistors 42 and 44 and having its cathode con-
nected to ground serves to control the voltage
drop across the resistor 42 by means of the cur-
rent which the tube 54 draws through the re-
sistor 42.

The magnitude of the current which the tube
54 draws is controlled by the voltage which is
applied to the grid of the tube, which voltage is
produced by a battery 56 and a pctentiometer 58.
The position of the adjustable tap on the poten-
tiometer 98 is controlled by a servomotor §2.
Thus, the tube 54 serves as a variable impedance
connected in series with the resistor 42, and the
magnitude of the impedance is controlled by the
servomotor 62.

The motor 62 is a reversible, two-phase type
having one of its windings connected to a source
of alternating current power 64 and having its
other winding connected to the output of an
amplifier 66.

The secondary winding of a transformer §8 is
connected to the input circuit of the amplifier.
The primary winding of the transformer is con-
nected to a chopper 780 which is energized by the
source of alternating current power 64.

The selector arm of the switch 50 is connected
to the armature of the chopper 10, and the ad-
Jjustable tap 36 is connected to a center tap on the
primary winding of the transformer 68.

A correction circuit 80 may be inserted in the
lead between the tap 36 and the transformer 68
if desired. The circuit 80 is not essential and the
operation of the apparatus will be discussed first
as if the circuit 80 were omitted.

The direction of the flow of current in the pri-
mary winding of the transformer 68 is deter-
mined by the relative magnitudes of the refer-
ence voltage produced at the tap 36 and the frac-
tional part of the accerelating voltage which is
produced at the selector arm of the switch 50.
Thus, the phase of the signal produced by the
amplifier 66 with respect to the alternating volt-
age produced by the source 64 is determined by
the relative magnitudes of the reference voltage
and the fractional part of the accelerating volt-
age which are compared in the chopper.

The servo system serves to compare the rela-
tive magnitudes of the reference voltage and the

“fractional part of the accelerating voltage and

to control the magnitude of the current which
flows through the tube 54 so that the reference

“voltage and the fractional part of the accelerating

voltage are maintained substantially equal.
Hence, the magnitude of the accelerating volt-
age is determined by the setting of the switch 50
and it varies with variations in the reference volt-
age.

_Since the magnitude of the accelerating voltage
is proportional to the magnitude of the refer-
ence voltage, the magnitude of the accelerating
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voltage is maintained: constant:-even though-the
voltage:produced:by the source 48.drifts or fluc-
tuates.

The :ratio -of the square-of the density of the
magnetic field to the:magnitude of the:accelerat-
ing.voltage-should be a .constant for each set-
ting of the-switch 59. Since- the magnitude of
the accelerating voltage varies with variations in
the:magnitude of the reference voltage, and since
the:magnitude of the reference voltage is propor-
tional to the density of the magnetic field pro-
duced by the.coil -30 .of the electromagnet, varia-
tions in:the density.of the magnetic field are par-
tially corrected by ‘a .corresponding change in
theion accelerating voltage. ;

If- the .resistor 34 is. non-linear so that .its
resistance is .proportional to ‘the current which
flows through it, a complete correction is ob-
tained, ‘because .the :.magnitude of the accelerat-
ing -voltage is then maintained. proportional to
the:sgquare: of the:magnet current and hence is
maintained proportional to the squarée of the
-density of the :magnetic field.

The correction -circuit -840 is an alternative ar-
rangement for correcting for variations in the
density .of the magnetic.field. A source of po-
tential 82 is .connected across a petentiometer
84; -and the voltage -developed across. the. po-
tentiometer is applied in series to the circuit be-
tween: the tap .36.and the: center-tap on the pri-
mary-winding .of the transformer 8. Preferably,
the -magnitude .of the -voltage of the source 82
should: be regulated so that it will' not drift and
introduce-errors.

The voltage introdueced to the circuit by the
potentiometer 84 is adjusted to be equal to one-
half-the reference voltage developed by the resis-
tor-34. Then a 1% change:in the current through
the resistor 34 causes a corresponding 2% change

in-the accelerating voltage .produced across the -+

resistors 44 and 46. To a first approximation,
this is the same as keeping the ratio of the square
of ‘the density of the magnetic field to the ac~
celerating voltage constant.

The locations .of the taps 48 on the resistor 46
are .determined by the magnitudes of the ae-
celerating voltages which. are required for -the
series of ions to be measured, and the magni-
tudes of the accelerating voltages are determined
by specific masses of the.ions to be measured.

The apparatus disclosed herein is particularly )

suitable for measuring the quantity of a large
series.of -different types of ions (such as 40 types,
for-example) because a large number of taps 48

may be employed on the resistor 46 without caus- |,

ing excessive current drain on the source 49.

In operation, the gas t0 be analyzed is admitted
through the inlet tube {6, and the switch 50 is
set'so:as to contact one. of the taps 48. Then the
tap 36 is adjusted on the resistor 34 so that the
recording apparatus 20 indicates amaximum for
the type of ions which corresponds to that setting
of the switch 50. Then the movable arm of the
switch 58 may be connected to any of the taps
48, and the recording apparatus will indicate
the quantity of the ions which correspond to the
various settings of the switch 50.

With the taps 48 on the resistor 46 arranged
to cause the appropriate accelerating voltages
to be applied to the ion source {0, the quantities
of a predetermined series of different ions may
be recorded in the recording apparatus 20 merely
by causing the movable arm of the switch 60 to
contact the taps 48 in sequence.

If desired, the switch 50 may be a stepping
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6
type-whieh is-actuated electrieally; in-which-case
the: switch -will-cause the apparatus to :select the
series of ions -in sequence-and the quantity. of
each type-of-ion will ‘be recorded -during a -pre-
determined interval of :time.

It will be-apparent:that the reference voltage,
which -in ‘Fig, 1 isproduced by the magnet:cur~
rent which-flows:through ‘the resistor 34, may.-be
produced by.-a potentiometer connected. across
the .source -32 :of :power for the magnei. With
such-an arrangement, the reference voltage varies
with the ‘magnet voltage and .hence with the
magnet-.current as: before.

In the embodiment of the invention shown .in
Fig. 2, the locations of the resistors 84 :and 46
are interchanged. This embodiment of -‘the ap-
paratus functions:in :essentially the same man-
ner-as the embediment shown in Fig. 1.

‘I claim:

1. In a.mass-spectrometer having an ion source
including at least two electrodes for accelerating
the ions.and also-having an electromagnet for
producing .a magnetic. field which acis upon the
accelerated .ions, the combination comprising
adjustable means for providing an accelerating
voltage for said electrodes, means-for producing
a first reference voltage having a predetermined
magnitude, means for :producing .a second refer-
ence voltage:having a:magnitude which. is a pre-
determined fraetion of the accelerating voltage,
and a servo. system responsive to fhe fArst and
second reference voltages for .controlling said
adjustable -means and causing the relative
magnitudes of the first and second reference
voltages to be maintained in a predetermined
relationship.

2. The apparatus of «claim 1 in which one of
the means for producing a reference voltage is
provided with -a :switch: for selectively ‘causing
the magnitude of -the reference voltage to be one
of a plurality of predetermined values.

3. In a mass.spectrometer having an ion source
including at’least:two electrodes for accelerating
the ions and glso having-an electromagnet for
producing a magnetic field which aets upon the
accelerated:ions, the combination comprising ad-
justable ‘means for providing an accelerating
voltage for.said:electrodes, means for -producing
a first reference voltage having a magnitude
which varies with variations in the density of
said magnetic :field, means for producing & sec-
ond reference voltage having a magnitude which
is a predetermined fraction of the accelerating
voltage, and aservo system responsive to the
first.and second reference voltages for centrolling
said adjustable -means and causing the magni-
tude of the-second reference voltage to be main-
tained in a.fixed relationship with respeet to the
magnitude of .the first reference voltage.

4. In g mass spectrometer having.an-ion source
including -at. least two . electrodes for accelerat-
ing the ions and also having means for produc-
ing a magnetic field which acts upon the ac-
celerated ions, the combination comprising means
for producing a first reference voltage having
a magnitude which varies with variations in
the flux density of said magnetic field, a source
of potential coupled to the accelerating electrodes
for providing an accelerating voltage, means for
selectively producing a second reference voltage
having a magnitude which is g predetermined
fraction of the magnitude of the accelerating
voltage, adjustable means coupled to the source
of potential for varying the magnitude of the ac-
celerating voltage, and a servo system responsive
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to said first and second reference voltages for
controlling said adjustable means and causing
the magnitude of the second reference voltage
to be maintained substantially equal to the mag-
nitude of the first reference voltage.

5. In a mass spectrometer having an ion source
including at least two electrodes for accelerating
the ions and also having means for producing a
magnetic field which acts upon the accelerated
ions, the combination comprising means for pro-
ducing a first reference voltage having a magni-
tude which varies with variations in the flux
density of said magnetic field, a source of po-
tential coupled to the accelerating electrodes for
providing an aceelerating voltage, means for pro-
ducing a second reference voltage having a mag-
nitude which is a predetermined fraction of the
magnitude of the accelerating voltage, adjustable
means coupled to the accelerating electrodes for
varying the magnitude of the accelerating volt-
age, and a servo system responsive to said first
and second reference voltages for controlling said
adjustable means and causing the magnitude of
the second reference voltage to have a predeter-
mined relationship with respect to the magnitude
of the first reference voltage.

6. In a mass spectrometer having an jon source
including at least two electrodes for accelerat-
ing the ions and also having means for produc-
ing a magnetic field which acts upon the accele-
rated ions, the combination comprising means
for producing a first reference voltage having
a magnitude which varies in accordance with
variations in the flux density of said magnetic
field, a source of bpotential, a voltage divided
coupled across the output of the source of po-
tential and connected to the accelerating elec-
trodes for providing an accelerating voltage,
means for selectively producing second reference
voltages having magnitudes which are predeter-
mineg fractions of the magnitude of the accel-
erating voltage produced by the voltage divider,
adjustable means coupled to the voltage divider
for varying the magnitude of the accelerating
voltage, and a servo system responsive to said
first ang second reference voltages for control-
ling said adjustable means and causing the mag-
nitudes of the two reference voltages to have a
predetermined relationship.

7. In a mass spectrometer having an ion source
including at least two electrodes for accelerating
the ions and also having means for producing
a magnetic field which acts upon the accelerated
ions, the combination comprising control means
for producing a first reference voltage having a
magnitude which varies with the flux density of
said magnetic field, a source of potential, first
and second resistances connected in series across
the output of the source of potential, means con-
necting the accelerating electrodes to the first
resistance for providing an accelerating voltage
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between the electrodes having a magnitude pro-
portional to the voltage drop across the resist-
ance, an adjustable impedance connected across
the first resistance for varying the magnitude
of the accelerating voltage, adjustable means
coupled to the first resistance for selectively pro-
ducing second reference voltages having magni-
tudes which are predetermined fractions of the
magnitude of the accelerating voltage, and a servo
system connected to said control means and to
said adjustable means for controlling the im-
pedance of the adjustable impedance and caus-
ing the magnitudes of the first and second volt-
ages to have a fixed relationship,

8. In a mass spectrometer having an ion source
including at least two electrodes for accelerat-
ing the ions, the combination comprising adjust-
able means for providing an accelerating volt-
age for said electrodes, means for producing a
first reference voltage having a predetermined
magnitude, means for producing a second refer-
ence voltage having a magnitude which is a pre-
determined fraction of the accelerating voltage,
and means operable responsive to the algebraic
sum of the first and second reference voltages
for controlling the adjustable means and caus-~
ing relative magnitudes of the first and second
reference voltages to be maintained in a prede-
termined relationship.

9. In a mass spectrometer having an ion source
including at least two electrodes for accelerating
the ions and an electromagnet for producing a
magnetic field which acts upon the accelerated
ions, the combination comprising adjustable
means for providing an accelerating voltage for
the electrodes, means for producing a first refer-
ence voltage having a magnitude which varies
with variations in the density of the magnetic
field, means for producing a second reference
voltage having a magnitude which is a prede-
termined fraction of the accelerating voltage,
and means operable responsive to the algebraic
sum of the first and second reference voltages for
controlling the adjustable means and causing

5 the magnitude of the second reference voltage

to be maintained in a fixed relationship with re-
spect to the magnitude of the first reference volt-
age.
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