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ABSTRACT: A mass spectrometer of the sector type which 
can be changed to an ionization manometer in which the ion 
collector current is a measure of the overall pressure of the gas 
to be analyzed utilizes a supply circuit for the system of ac 
celerating electrodes in the ion source. The supply circuit pro 
vides the system of accelerating electrodes with a constant 
voltage or a pulsatory voltage in accordance with use as a mass 
spectrometer or an ionization manometer respectively. 
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COMBINED MASS SPECTROMETER AND IONIZATION 
MANOMETER 

The invention relates to a mass spectrometer comprising an 
ion source which is provided with means to produce within the 
ion source ions of a gas to be analyzed and with a system of ac 
celerating electrodes connected to a supply circuit to produce 
an electric ?eld to extract the ions from the ion source 
through a narrow diaphragm aperture, which mass spectrome 
ter comprises means to produce a sector ?eld for the spatial 
separation of extracted ions of different types, and an ion col 
lector to receive the extracted ions which describe a selected 
path in the sector ?eld, said ion collector comprising means 
for measuring the ion collector current. 
A type of mass spectrometers of the above mentioned kind 

is known in which the sector ?eld for separating ions is a mag 
netic sector ?eld. Another type is known in which the sector 
?eld for separating ions is an electrostatic sector ?eld. 
A mass spectrometer of the ?rst-mentioned type, is 

described, for example by N. Warmoltz, D. Admiraal and E. 
Bouwmeester, in “Elektronik” 13, pp. 5-10 and 71.76, Jan. - 
March, 1964. This mass spectrometer comprises an elec 
tromagnet for producing a magnetic sector ?eld of 60°. The 
supply circuit comprises a voltage source, by means of which a 
voltage which is substantially constant at least during a time 
corresponding to the transit time of the ions in the ion source 
is applied to the system of accelerating electrodes, so that in 
this mass spectrometer ions of substantially constant quotient 
of energy and charge are extracted from the ion source. In the 
magnetic sector ?eld, said ions describe circular paths the 
radius of which is proportional to the square root from the 
quotient of the mass and the charge of the ions, so that sub 
stantially only ions with a given charge-to~mass ratio follow 
the selected path to the ion collector. The spectrum can be 
sensed by slow variation of the acceleration voltage or of the 
strength of the magnetic sector ?eld. This mass spectrometer 
has a very stable and reliable operation and a good resolving 
power. 
A mass spectrometer of the other mentioned type is‘ 

described by J. Bracher in “Zeitschrift fur angewandte 
Physik,” Vol XIX Heft 4, 1965, pp. 347-348. This mass spec 
trometer comprises two coaxial cylindrical plates for produc 
ing an electrostatic sector ?eld of 63.5". The supply circuit 
comprises a pulse generator by means of which a pulsatory 
voltage is applied to the system of accelerating electrodes, in 
which the duration of the voltage pulses is small with respect 
to the transit time of the ions in the ion source, so that in this 
mass spectrometer ions of a substantially constant quotient of 
momentum and charge are extracted from the ions source. In 
the electrostatic ?eld said ions describe circular paths the 
radius of which is proportional to the quotient of the charge 
and the mass of the ions so that substantially only ions with a 
given charge-to~mass ratio follow the selected path to the ion 
collector. The spectrum can be sensed by slow variation of the 
pulse duration or of the pulse height or of the strength of the 
electrostatic sector ?eld. The advantages of said spectrometer 
are the absence of a magnetic leakage ?eld and the high'sen 
sitivity. in addition, the low weight and the small dimensions 
make such a spectrometer particularly suitable for space 
research. 

It is to be noted that hereinafter the brief expression “con 
stant voltage” will be used. This expression will always have 
the meaning of the above expression “a voltage which is sub 
stantially constant at least during a time corresponding to the 
transit time of the ions in the ion source“. Furthermore the ex 
pression “pulsatory voltage” will be used. This expression will 
always have the meaning of the above expression “pulsatory 
voltage in which the duration of the voltage pulses is small 
with respect to the transit time of the ions in the ion source". 

It is desirable that during operation of the mass spectrome 
ter as described above, the overall pressure in the ion source 
can be checked. ln the known above'mass spectrometer 
described by Warmoltz c.s. the ion source is provided for that 
purpose with a pipe branch which connects the ion source to a 
separate ionization manometer. The drawback of this is that 
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the overall pressure is not determined exactly at the area of 
the ionization region. Furthermore there are the drawbacks 
which are inherent in‘ the conventional ionization manome 
ters, such as a disturbing effect as a result of X-rays. 

It is the object of the invention to provide a mass spectrome 
ter with which the said drawbacks are mitigated. 
A mass. spectrometer of the kind stated in the ?rst para 

graph according to the invention is commutable into any 
ionization manometer, in. which the ion collector current is a 
measure of the overall pressure of the gas to be analyzed, by 
means of the said supply circuit, which for that purpose com 
prises means for supplying the system of accelerating elec 
trodes with constant voltage or pulsatory voltage, as is desira 
ble. 
The mass spectrometer may comprise a magnet for produc 

ing a magnetic sector ?eld. In the magnetic sector ?eld the 
ions describe circular paths, the radius of which. is propor 
tional to the quotient of the momentum and the charge of the 
ions, which quotient is proportional to the square root from 

4 the product of the quotient of the energy and the charge and 
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the quotient of the mass and the charge. When constant volt 
age is applied to the system of accelerating electrodes, ions 
with constant quotient of energy and charge are extracted 
from the ion source and the device operates in known manner 
as a mass spectrometer. When in this mass spectrometer with 
a magnetic sector ?eld pulsatory voltage is applied to the 
system of accelerating electrodes in the manner known for a 
mass spectrometer with an electrostatic sector ?eld for the 
spatial separation of extracted ions, ions of constant quotient 
of momentum and charge are extracted from the ion source, 
so that all the ions in the magnetic sector ?eld follow the 
selected path to the ion collector and the mass spectrometer 
operates as an overall pressure ionization manometer, in 
which the ion collector current is a measure of the overall 
pressure of the gas to be analyzed. 
The mass spectrometer may also comprises a pair of two 

coaxial cylindrical plates for producing an electrostatic sector 
?eld. In the electrostatic sector ?eld the ions describe circular 
paths the radius of which is proportional to the quotient of the 
energy and the charge of the ions, which quotient is propor 
tional to the product of they square of the quotient of the mo 
mentum and the charge and the quotient of the charge and the 
mass. When pulsatory voltage is applied to the system of ac 
celerating electrodes, ions with constant quotient of momen 
tum and charge are extracted from the ion source and the 
device operates in known manner as a mass spectrometer. 
When in this mass spectrometer with an electrostatic sector 
?eld constant voltage is applied to the system of accelerating 
electrodes, in the manner which is known for a mass spec 
trometer with a magnetic sector ?eld for the spatial separation 
of extracted ions, ions of substantially constant quotient of 
energy and charge are extracted from the ion source, so that 
all the ions in the electrostatic sector ?eld follow the selected 
path to the ion collector and the mass spectrometer operates 
as an overall pressure ionization manometer, in which the ion 
collector current is a measure of the overall pressure of the gas ' 
to be analyzed. 

In a device according to the invention it is avoided that 
upon measuring the overall pressure, A-rays from the part of 
the device where the ions are formed can reach the ion collec 
tor, so that particularly small gas pressures can be measured, 
while on the contrary in the conventional ionization manome 
ters, the apparent ion collector current as a result of the 
secondary electrons liberated from the ion collector by X-rays 
differs from the true ion collector currents, and the contribu 
tion to the apparent ion-collector current as a result of said 
secondary current determinesa lower limit for the pressure to 
be measured. 

In order that the invention may be readily carried into ef 
fect, it will now be described in greater detail, by way of exam 
ple, with reference to the accompanying drawing, in which 

FIG. 1 is a cross-sectional view of an example of a mass 
spectrometer according to the invention. 
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FIG. 2 is a cross-sectional view of a second embodiment of a 
mass spectrometer according to the invention which com 
prises the same ion source as the spectrometer shown in FIG. 

1, 
FIG. 3 is a cross-sectional view taken on the lines llI—lII of 

the ion source shown in FIGS. 1 and 2 in which the supply cir 
cuit for the system of accelerating electrodes in the ion source 
is diagrammatically shown. 
The mass spectrometer shown in FIG. 1 comprises an ion 

source which is denoted in its entirety by l, a separator section 
which is shown in its entirety by 2, and a detector device 
which is denoted in its entirety by 3. The evacuated ion source 
1 comprises a wall 4 and a gas supply duct 5. Inside the ion 
source, ions are produced from the supplied gas by means of a 
beam 6 of electrons. The electrons are emitted by a cathode 7 
and concentrated into a beam by means of a peak magnetic 
?eld produced by means of a magnet not shown. The beam 6 
impinges on an electron collector 8 in front of which a 
diaphragm 9 is situated. Between the cathode 7 and the elec 
tron collector 8 a grid 10 for stabilization of the intensity of 
the electron beam is situated and a grid 11 by means of which 
the energy of the electrons can be varied. The electrodes 7, 8, 
9, l0 and 11 are applied to supply voltages in normal manner 
not shown in the drawing. The ions produced by the electron 
beam 6 are extracted from the ion source through a narrow 
diaphragm slit 12 by means of an electric ?eld applied by 
means of the electrodes l3, l4, l5 and 16. The supply circuit 
for the last-mentioned electrodes is not shown in FIG. 1. The 
ions extracted from the ion source enter the partly bent evacu 
ated tube 17 which connects the ion source 11 to the evacu 
ated part within the wall 18 of the detector device 3. In the 
tube 17 the ions enter a magnetic sector ?eld which is 
produced by means of the magnet 19. The direction of the 
magnetic ?eld is at right angles to the plane of the drawing. 
Within the wall 18, the diaphragms 20 and 21 and the ion col 
lector 22 are situated. Only ions which substantially follow the 
selected path 23 reach the ion collector 22 which is connected 
to a measuring device 24, shown diagrammatically, for mea 

‘ suring the ion collector current. In FIG. 3, in which a cross 
sectional view of the ion source 1 is shown taken on the line 
lIl—IIl of FIG. 1, the supply circuit 25 for supplying the elec 
trodes ll, 12, 13 and 14 is diagrammatically shown. By means 
of the relays 26, 27, 28 and 29, the electrodes ll, l2, l3 and 
14 are to be connected to the supply device 30 or the supply 
device 31. The supply device 30 supplies a constant voltage. 
The supply device 31 supplies a pulsatory voltage. When the 
electrodes 11, I2, 13 and 14, are connected to the supply 
device 30 for constant voltage, the extracted ions have sub 
stantially constant quotient of energy and charge and the ions 
in the magnetic sector ?eld are separated according to quo 
tient of momentum and charge, and therefore only ions with a 
given quotient of momentum and charge-which means with a 
given mass-to-charge-ratio, reach the collector 22 via the 
selected path 23. The device then operates as a mass spec 
trometer. When the electrodes 11, 12, 13, 14 are connected to 
the supply device 31 for pulsatory voltages, the extracted ions 
have a substantially constant quotient of momentum and 
charge and the ions in the magnetic sector ?eld are not 
separated and therefore all the ions reach the collector 22 via 
the selected path 23. The device then operates as an overall 
pressure ionization manometer. In connection with the bent 
tube 17 and the diaphragms present, the ion collector is e?ica 
ciously screened from X-rays from the ion source. 
The mass spectrometer shown in FIG. 2 comprises the same 

ion source 1 as the mass spectrometer shown in FIG. 1 and 
also comprises the supply circuit shown in FIG. 3 and said 
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mass spectrometer comprises the same detector device 3 as 
the mass spectrometer shown in FIG. 1 but has a different 
separator section 2’. The separator section 2' comprises the 
tube 17' within which the ions enter an electrostatic sector 
?eld which is produced by the de?ection plates 19'. Only the 
ions which follow substantially the selected path 23’ reach the 
ion-collector 22 in the mass spectrometer. When in this mass 
spectrometer the electrodes 1 l, l2, l3 and I4 are connected 
to the supply device 31 for pulsatory voltage, the extracted 
ions have a substantially constant quotient of momentum and 
charge and the ions in the electrostatic sector ?eld are 
separated according to quotient of energy and charge and 
therefore only ions having a given quotient of energy and 
charge-which means with a given mass-to-charge ratio— 
reach the collector 22 via the selected path 23'. The device 
then operates as a mass spectrometer. When the electrodes 
ll, l2, l3 and 14 are connected to the supply device 30 for 
constant voltage, the extracted ions have substantially con 
stant quotient of energy and charge and the ions in the electro 
static sector ?eld are not separated and therefore all the ions 
reach the collector 22 via the selected path 23'. The device 
then operates as an overall pressure ionization manometer. 

lclaim: 
l. A mass spectrometer comprising an ion source which is 

provided with means to produce within the ion source ions of 
a gas to be analyzed and with a system of accelerating elec 
trodes connected to a supply circuit to produce an electric 
?eld for extracting the ions from the ion source though a nar 
row diaphragm slit, said mass spectrometer further comprising 
means for producing an ion de?ecting magnetic sector ?eld 
for the spatial separation of extracted ions of different mass 
to-charge ratios, and an ion collector for receiving the ex 
tracted ions which describe a selected path in said sector ?eld, 
said ion collector further comprising means for measuring the 
ion collector current, the mass spectrometer being commuta 
ble, for operation as an ionization manometer in which the ion 
collector current is a measure of the overall pressure of the gas 
to be analyzed, by means of said supply circuit, said supply cir 
cuit supplying a constant voltage, at least during a time cor 
responding to the transit time of the ions in the ion source, for 
operation as a mass spectrometer, and a pulsatory voltage, in 
which the duration of the voltage pulses is small with respect 
to the transit time of the ions in the ion source, for operation 
as an ionization manometer. 

2. A mass spectrometer comprising an ion source which is 
provided with means to produce within the ion source ions of 
a gas to be analyzed and with a system of accelerating elec 
trodes connected to a supply circuit to produce an electric 
?eld for extracting the ions from the ion source through a nar 
row diaphragm slit, said mass spectrometer further comprising 
means for producing an ion de?ecting electric sector ?eld for 
the spatial separation of extracted ions of different mass-to 
charge ratios, and an ion collector for receiving the extracted 
ions which describe a selected path in said sector ?eld, said 
ion collector further comprising means for measuring the ion 
collector current, the mass spectrometer being commutable, 
for operation as an ionization manometer in which the ion col 
lector current is a measure of the overall pressure of the gas to 
be analyzed, by means of said supply circuit, said supply cir 
cuit supplying a constant voltage, at least during a time cor 
responding to the transit time of the ions in the ion source, for 
operation as an ionization manometer, and a pulsatory volt 
age, in which the duration of the voltage pulses is small with 
respect to the transit time of the ions in the ion source, for 
operation as a mass spectrometer. 


