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AUTOMATIC GAIN METHOD AND CONTROLLER
FOR MASS SPECTROMETER

BACKGROUND OF THE INVENTION

A common non-magnetic mass spectrometer em-
ploys a quadrupole radio frequency filter for mass anal-
ysis of ions. This instrument is capable of scanning the
mass spectrum in a few milliseconds and can provide a
convenient. visual real time observation of the mass
spectrum on an oscilloscope. The instrument is sensi-
tive to ion source pressure fluctuations, ion beam den-
sity fluctuations, and electronic gas signal drifts and
fluctuations. The instrument does not measure directly
relative abundance of the composition of a sample, as
gas, and accordingly is not a volume per cent analyzer.

SUMMARY OF THE INVENTION

The invention is directed to a method and apparatus
for analyzing relative abundance of ‘the composition of
a sample, as a-gas, with a mass spectrometer system
using an electron multiplier and having a signal propor-
tional to the total ion density available for control. The
all-ion peak of a sample is held and averaged with a
time constant to produce an output signal. The output
signal of the sample is compared with a constant refer-
ence voltage applied to an error amplifier. The output
of the error amplifier is used to control the high voltage
applied to the electron multiplier whereby the all-ion
peak of the spectrometer is maintained a constant. This
technique transforms the mass spectrometer from a
partial pressure analyzer to a volume per cent analyzer.
In other words, the mass spectrometer no longer mea-
sures partial pressure, but relative abundance of a com-
position of a sample, as a gas, In addition, the technique
greatly improves the overall stability of the mass spec-
trometer. ‘ '

IN THE DRAWINGS

FIG. 1 is a schematic block diagram of a mass spec-
trometer and the means and method of the invention
whereby the spectrometer operates to analyze the vol-
ume per cent of a gas. ‘

Referring to FIG. 1, there is shown a mass spectrome-
ter indicated generally at 10 usable to provide output
information concerning the relative abundance of a gas

.in"a mixture of gases. Spectrometer 10 is a non-
magnetic instrument that has an ion source 11 and em-
ploys a quadrupole radio frequency filter 12. Filter 12
is coupled to an electron multiplier 13. A multichannel
gas selector 14 controls the operation of the filter 12
for repetitive sampling of the selected gases. An addi-
tional channel 16 is added to sample repetitively the
all-ion peak output signal. The all-ion output peak sig-
nal'is the total ion current after amplification of the
electron multiplier when no filtering is made by the an-
alyzer or filter. Gas selector 14 has one or more chan-
nels connected to the filter. For example, selector 14
has five channels. ‘ Lo :

The electron multiplier 13 is controlled with a high
voltage supply 17, The power input to the high voltage
supply 17 is controlled with a voltage regulator circuit
23. A plurality of gas channels 18 are connected to the
electron multiplier 13.

. Adion peak output signal 15 as the all-ion peak output
signal, of the electron multiplier 13 is used in conjunc-
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tion with a feedback loop indicated generally at 19 to
control the gain of the electron multiplier 13 thereby
transforming the mass. spectrometer from a partial
pressure analyzer to a volume per cent analyzer when
the sample is a'gas. The mass spectrometer 10 with
feedback loop 19 analyzes relative abundance of the
composition of a sample. Feedback loop 19 includes
the all-ion signal sample-and-hold circuit 20, with or
without filtering. The output of the sample-and-hold
circuit 20 is a voltage signal proportional to the all-ion
peak intensity. Circuit 20 is a means to measure the all-
ion peak of a sample. This means can be a pressure
gauge, ionization gauge, the output of a chromato-
graph, the all-ion peak of a quadrupole gas chromato-
graph or like instruments to measure the all-ion peak.
The output signal of circuit 20 is applied to an error
amplifier 21 together with a reference voltage 22. The -
sample signal is compared with the constant reference
voltage 22 by the error amplifier 21. The output signal
of the error amplifier 22 drives the voltage regulator
circuit 23, thereby controlling the power input to the
high voltage power supply 17, which in turn controls
the high voltage applied to the ion multiplier 13. The
result is that the mass peak heights of the spectrometer
10 become independent. of ‘the pressure in the ion
source and the spectrometer no longer measures partial
pressures but relative abundances of the components of
a sample, as a gas, introduced into the ion source of the
mass spectrometer.

In terms of a method of analyzing relative abundance
of the composition of a sample, as the volume per cent
of a gas, the feedback loop 19 is used in conjunction
with the mass spectrometer or instrument 10 having an
electron multiplier 13 and a high voltage supply 17
controlling the electron multiplier, The method com-
prises repetitively sampling the all-ion or selected ion
peak output signal of the electron multiplier 13 of the
gas. A sample of the all-ion peak output signals is held
and averaged with a time constant producing a sample
output signal. The output signal proportional to the all-
ion peak is compared with a constant reference voltage
with the use of an error amplifier 21. The output of the
amplifier is used to control the high voltage applied to
the electron multiplier whereby the all-ion peak output
signals of the spectrometer are maintained constant.
The output of the amplifier can control voltage regula-
tor circuit 23 which controls the power input to high
voltage supply 17. This transforms the mass spectrome-
ter from a partial pressure analyzer to a volume per
cent analyzer. The method can be applied to any mass
spectrometer system using an electron multiplier and a
signal proportional to the total ion density. The total
ion density signals may be derived from an ionization
gauge or a gas chromatograph detector.

The measurement of the relative abundance of the
gas in accordance with the structure and method of the
invention eliminates the effects of ion source pressure
fluctuations due to outgassing, variations in sample
size, and differences in pumping speeds. Also, there is
an elimination of pressure regime changes in continu-
ous sampling inlet systems for gases due to changes in
viscosity of the gas sample, changes in pressure gradi-
ent due to condensable vapors and changes in flow re-
gime, i.e., transonic flow and capillary tubing and the
like. In addition; the effects of ion beam density fluctu-
ations are eliminated. These fluctuations are due to
emission current changes, ion source changes, ion




3,823,315

3

source sensitivity degradation due to contamination
and ion source thermal nonequilibrium. Furthermore,
electronic gas signal drifts and fluctuations are elimi-
nated. These fluctuations are due to changes in elec-
tron multiplier gain and drifts in the electrometer am-
plifier. :

While there have been shown and described a pre-
ferred method and apparatus for analyzing relative
abundance of the composition of a sample, as the vol-
ume per cent of a gas, it is understood that changes and
modifications in the method and apparatus can be
made by those skilled in the art without departing from
the spirit of the invention. The invention is defined in
the following claims.

The embodiments of the invention in which an exclu-

sive property or privilege is claimed are defined as fol-
lows:

1. A method of controlling the sensitivity of a mass
spectrometer having an electron multiplier producing
ion output signals and a high voltage supply controlling
the electron multiplier comprising: measuring a se-
lected ion peak with the electron multiplier to provide
an output signal, averaging a sample of said output sig-
nal with a time constant representative of the period
during which said selected ion peak is measured to pro-
vide a sample output signal, comparing the sample out-
put signal with a constant reference voltage by applying
said output signal and said reference voltage, to an

error amplifier, and controlling the high voltage ap-
plied to the electron multiplier with the output of the
error amplifier so that the selected.ion peak sample
output signals of the spectrometer are maintained con-
stant. :

2. The method of claim 1 wherein: the output of the
amplifier drives a voltage regulator circuit that controls
the power input to the high voltage power supply.

3. The method of claim 1 wherein: the selected ion
peak output signal is the all-ion peak output signal of
the electron multiplier.

4. A means for controlling the sensitivity of a mass
spectrometer having an ion source, filter means, an
electron multiplier receiving ions from said source, and
high voltage power supply means for controlling said
electron multiplier, the improvement comprising
means for holding and averaging over a period of time
a sample of a selected ion peak output signal of the
electron multiplier so as to produce a sample output
signal, and error amplifier means for receiving the sam-
ple output signal and a reference voltage, said amplifier
means having an output controlling the high voltage ap-
plied to the electron multiplier such that the sample ion
output signals of the spectrometer are maintained con-
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stant.

5. The means of claim 4 including: circuit means for
controlling the power input to the high voltage power
supply means thereby controlling the high voltage ap-
plied to the electron multiplier.

6. A means for improving the stability of a mass spec-
trometer having an ion source, electron multiplier pro-
ducing ion output signals, and high voltage source
means supplying high voltage to the electron multiplier
comprising: first means for sampling a selected ion out-
put signal of the electron multiplier to provide a sample
output signal, and a second means for comparing said
sample output signal with a constant reference signal
and applying the difference between the sample output
signal and reference signal to a closed feedback loop to
control the gain of the electron multiplier by control-
ling the high voltage source means to vary the high volt-
age applied to said electron multiplier.

7. The means of claim 6 wherein: said first means is
an instrument to sample the all-ion peak of a substance.

8. The means of claim 6 wherein: said second means
includes an error amplifier.

9. The means of claim 6 wherein: said second means
includes circuit means for controlling the power input
of the mass spectrometer.

10. The means of claim 6 wherein: said second means
includes an error amplifier and circuit means con-
nected to the error amplifier for controlling a high volt-
age supply for the mass spectrometer.

11. A mass spectrometer for analyzing relative abun-
dance of the composition of a sample comprising: an
ion source, filter means for receiving ions from said ion
source, electron multiplier means for receiving ions
from said filter means, a high voltage supply for con-
trolling the electron multiplier means, means for hold-
ing and averaging over a period of time a sample of a
selected ion peak output signal of the electron multi-
plier means thereby producing a sample output signal,
and error amplifier means for receiving the sample out-
put signal and a reference voltage, said amplifier means
having an output controlling the high voltage supply to
vary the high voltage applied to the electron multiplier
means so that the sample output signals of the spec-
trometer are maintained constant.

12. The mass spectrometer of claim 11 including; cir-
cuit means for controlling the power input to the high
voltage supply thereby controlling the high voltage ap-
plied to the electron multiplier means.

13. The mass spectrometer of claim 11 wherein: the

filter means is a quadrupole filter.
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