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ABSTRACT OF THE DISCLOSURE 
A double focussing mass spectrometer in which ions 

produced by an ion source are dispersed by a magnetic 
field in accordance with the mass numbers thereof, the 
dispersed ions being successively detected by a first ion 
collector with a sweep of the magnetic field to provide 
a single focussing mass spectrum of low resolution in 
cluding a large amount of metastable ions, while a part 
of the ions directed to the first ion collector is led to 
an electric field through the first ion collector without 
detection thereby to be dispersed in accordance with 
their velocity, ions having a specified velocity among 
the velocity dispersed ions being detected by a second 
ion collector to provide a double focussing mass spectrum 
of high resolution simultaneously with the single fo 
cussing mass spectrum. 

This invention relates to mass spectrometers of the 
double focussing type. 

It is commonly known that mass spectrometers of 
the double focussing type employing the combination of 
an electrostatic field, and a magnetic field provide a mass 
spectrum of higher resolution than mass spectrometers 
of the single focussing type employing only a magnetic 
field therein. With due appreciation of the Superiority 
of mass spectrometers of the double focussing type, it 
will be very advantageous if, in this type of mass spec 
trometer, it is possible to simultaneously obtain a double 
focussing mass spectrum (high-resolution mass spectrum) 
and a single focussing mass spectrum (low-resolution 
mass spectrum) resulting from sole use of a magnetic field, 
the latter spectrum including metastable ions in large 
amounts which have low and random energies. Pro 
vision of such a mass spectrometer of the double 
focussing type will be very advantageous because the 
structure of molecules can be analyzed easily, accurate 
ly and in full detail. 

Accordingly, it is an object of the present invention to 
provide a mass spectrometer of the double focussing type 
which can simultaneously provide a double focussing 
mass, spectrum and a single focussing mass spectrum 
including metastable ions in large amounts. 

Another object of the present invention is to provide 
a mass spectrometer of the double focussing type which 
can provide mass spectra of improved sensitivity and 
resolution without a prolonged time for analysis as com 
pared with mass spectrometers of the double focussing 
type commonly employed in the analysis of this sort. 
The mass spectrometer of the double focussing type 

according to the present invention comprises, in the 
below-mentioned order, a series arrangement of elements 
including a source of ions, magnetic pole means for 
establishing a magnetic field and associated with means 
for effecting a sweep of the magnetic field, a first stage 
slit, a first stage ion collector, electrode means for estab 
lishing an electric field, a last stage slit and a last stage 
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ion collector, and further providing means for simul 
taneously deriving electrical outputs from both the first 
Stage ion collector and the last stage ion collector for 
recording the respective outputs independently of each 
other. 

According to the mass spectrometer of the double 
focussing type of the invention having the configuration 
as described above, a double focussing mass spectrum 
appears on a recorder connected with the last stage ion 
collector, while a single-convergence mass spectrum in 
cluding metastable ions therein appears on a recorder 
connected with the first stage ion collector. 
The mass spectrometer of the double focussing type 

according to the present invention is further provided 
With means which is actuated each time an electrical 
output is derived from the first stage ion collector so 
as to utilize this electrical output for effecting a sweep 
of the electrostatic field established by the electrode until 
Such time that this electrical output ceases to be de 
rived. The sweep of the electrostatic field by the above 
means is effected to impart to an ion beam passing 
through the electrostatic field a brake action in a di 
rection opposite to the direction of sweep of the mag 
netic field. The mass spectrometer of the double focussing 
type of the present invention having such electrostatic 
field sweep means can operate with an improved sensi 
tivity and resolution without any prolonged time of 
analysis as compared with prior mass spectrometers of 
the double focussing type which are not equipped with 
electrostatic field sweep means of the nature as de 
scribed above. 

Other objects, advantages and features of the present 
invention will become apparent from the following de 
scription with reference to the accompanying drawings, 
in which: 

FIG. 1 is a block diagram of the mass spectrometer 
of the double focussing type embodying the present in 
vention; 

FIG. 2 is a schematic perspective view showing posi 
tions of a first stage slit and a first stage ion collector 
relative to an ion beam; 

FIG. 3 is a graphic illustration of output waveforms 
from various electric circuits in the mass spectrometer 
shown in FIG. 1; and 

FIG. 4 is a graphic illustration of mass spectra for the 
purpose of explaining the marked effect attained by the 
present invention. 

Referring to FIG. 1, the mass spectrometer of the 
double focussing type embodying the present invention 
includes an ion Source 1 and a last stage ion collector 2 
between which magnetic poles 3, a first stage slit 4, a 
first stage ion collector 5, electrodes 6, and a last stage 
slit 7 are disposed in the above order. The ion source 1 
consists of an ionization chamber 10 having a sample 
introducing opening 8 and an ion emitting slit 9, an elec 
tron source 11 for ionizing by electron bombardment the 
sample molecule coming into the ionization chamber 10 
through the sample introducing opening 8, an electron 
collecting electrode 12, and an ion accelerating electrode 
system 13 for accelerating an ion beam emitting from the 
ion emitted slit 9. The magnetic poles 3 are connected 
with a power supply 14 and a magnetic field sweep circuit 
15, while the electrodes 6 are connected with a power 
supply 26 and an electrostatic field sweep circuit 17. An 
amplifier 18 and a recorder 19 are connected with the 
first stage ion collector 5, while an amplifier 20 and a re 
corder 21 are likewise connected with the last stage ion 
collector 2. A peak senser 22 is connected through a 
switch 27 with the output of the amplifier 18, and an 
upper-limit discriminator 23 is connected with the power 
supply 26 from the output of the electrostatic field sweep 
circuit 17. The outputs of the peak sensor 22 and the 
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upper-limit discriminator 23 are connected with a flip 
flop circuit 24 whose output is connected with the electro 
static field sweep circuit 17. Reference numerals 27 and 
28 designate switches. 

FIG. 2 shows the relation between the first stage slit 4 
and the first stage ion collector 5 with respect to an ion 
beam. 29. A slit 25 is provided centrally of the first stage 
ion collector 5 to allow passage therethrough of a portion 
of the ion beam 29 having passed through the first stage 
slit 4. 

In the mass spectrometer having the structure as de 
scribed above, a sample admitted into the ionization 
chamber 10 is ionized by being bombarded by electrons 
emitted from the electron source 11, and the ionized ions 
are led out of the ionization chamber 10 through the 
ion emitting slit 9 and are accelerated by the accelerating 
electrode system 13 to be projected into the magnetic 
field. When, therefore, the power supply 14 for the mag 
netic field is energized and the magnetic field sweep cir 
cuit 15 is placed in operation to sweep the magnetic field 
established by the magnetic poles 3, the ion beam intro 
duced into the magnetic field is dispersed and deflected 
depending mainly on the difference of mass of ions to be 
successively collected through the first stage slit 4 on the 
first stage ion collector 5. The collected ion beam on 
the first stage ion collector 5 is converted into an electric 
current which is then amplified by the amplifier 18 and 
applied to the recorder 19. Thus, a mass spectrum is de 
picted on the recorder 19. 
On the other hand, a portion of the ion beam having 

passed through the first stage slit 4 passes through the slit 
25 of the first stage ion collector 5 to be introduced into 
the electrostatic field established by the electrodes 6. 
When, therefore, the power supply 26 is energized, the 
ion beam introduced into the electrostatic field is dispersed 
depending mainly on the difference of velocity of the ions 
and the dispersed ion beam is finally collected through 
the last stage slit 7 on the last stage ion collector 2. The 
collected ion beam on the last stage ion collector 2 is con 
verted into an electrical current which is then amplified 
by the amplifier 20 and applied to the recorder 21. Thus, 
a mass spectrum is given on the recorder 21. 

In the above operation, the electrostatic field estab 
lished by the electrodes 6 imparts to the ion beam a dis 
persing action due to the difference in the velocity of the 
ions and any deviation of the ion beam trajectory due 
to the difference in the velocity of ions is cancelled out 
by the mass dispersion due to the magnetic field. As a 
result, the mass spectrum appearing at the recorder 21 is 
of more high resolution than that at the recorder 19. In 
other words, it may be said that a low-resolution mass 
spectrum (single-focussing mass spectrum) appears at the 
recorder 19 and a high-resolution mass spectrum (double 
focussing mass spectrum) appears at the recorder 21. 

Suppose now that a mass spectrum as shown in FIG. 
4a appears at the recorder 19 and its peaks B, C and D, for 
example, are multiplets. Then a mass spectrum that ap 
pears at the recorder 21 will have a form as shown in 
FIG. 4b in which it will be seen that the former peaks 
B, C and D are clearly separated into peak components, 
B1, and B2, C1 and C2, and D1 and Da, respectively. In 
some cases, ions which are obtained as a result of the 
ionization of the sample molecule in the ion source 1 
may be imparted with extra energy, and during their flight 
toward the first stage ion collector 5 from the ion source 
1, may decompose into lightions. These ions are generally 
called the metastable ions. When the metastable ions pro 
duced before the entrance of the ions into the magnetic 
field after their emergence from the ion source 1 are intro 
duced into the magnetic field, they are deflected depend 
ing on the strength of the magnetic field. But, a sweep of 
the magnetic field will cause such action that those meta 
stable ions corresponding to a certain field strength are 
Solely collected through the first stage slit 4 on the first 
stage ion collector 5. Peaks M1 and Ma in FIG. 4a repre 
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4 
sent such metastable ions. Since, however, the metastable 
ions not only have random energies but also their energy 
levels are comparatively lower than those of common ions, 
they are heavily deflected during their passage through the 
electrostatic field and deviate from the expected ion tra 
jectory with the result that they can not reach the last 
stage ion collector 2 and their peaks hardly appear at the 
recorder 21. . 
The operation of the mass spectrometer with the 

Switches 27 and 28 in their closed position will next be 
described. Suppose now the output of the amplifier 18 
has a waveform as shown in line 3a of FIG. 3. Upon 
detecting the emergence of such output, the peak senser 
22 is actuated and gives an output waveform as shown 
in line 3b. Simultaneously with the operation of the peak 
senser 22, the flip-flop circuit 24 is set to develop an out 
put Waveform as shown in line 3c and the electric field 
Sweep circuit 17 is set in turn to develop an output wave 
form as shown in line 3d. Thus the electric field sweep 
circuit 17 effects a voltage sweep ranging from an arbitrary 
reset voltage to an arbitrary upper-limit voltage, and the 
electric field established by the electrode 6 is thereby 
Swept in Such a manner that a brake action is imparted 
to the passing ion beam in a direction G in FIG. 1, which 
is opposite to the direction of sweep of the magnetic 
field. When the above voltage sweep reaches its upper 
limit, the upper-limit discriminator 23 is actuated and 
develops an output waveform as shown in line 3e, this 
output acting to reset both the flip-flop circuit 24 and 
the electrostatic field sweep circuit 17. 
By the above manner of sweep of the electrostatic 

field, the transverse velocity of the ion beam passing 
through the electrostatic field is rendered small. Suppose 
that the mass spectrum of FIG. 4b has been recorded 
beyond the limit of response of the amplifier 20, then 
a mass spectrum appearing at the recorder 21, as a result 
of the above manner of sweep of the electrostatic field, 
will be as shown in FIG. 4c in which it will be seen that 
peaks are more distinctly separated than in the case of 
FIG. 4b. The peak D in FIG. 4c is shown as separated 
into three peak components D1, D1' and D, and this 
proves the fact that the peak D in FIG. 4b is separated 
into two peak components Di' and D'' by the effect of 
the Sweep of the electrostatic field as described above. 
Further, since the above manner of sweep of the electro 
static field is effective to increase the number of ions per 
unit time detected at the last stage ion collector 2, the 
mass spectrum of FIG. 4c is of higher sensitivity than 
the mass spectrum of FIG. 4b. 

It may be considered advantageous to make a slow 
Sweep of the magnetic field, in order to obtain an im 
proved sensitivity and resolution, but this is undesirable 
in view of an extended time of analysis. According to 
the invention, however, the sweep of the electrostatic 
field is carried out within a limited time ranging from 
the first appearance of an output signal from the first 
stage ion collector 5 to the termination of such output 
signal. The mass spectrometer of the double focussing 
type according to the invention is extremely advantageous 
over conventional mass spectrometers of the double 
focussing type having no provision of electrostatic field 
Sweep means in that it gives mass spectra of improved 
Sensitivity and resolution without any prolonged time of 
analysis. 
What we claim is: 
1. A mass spectrometer of the double focussing type 

comprising, arranged in the following order, an ion source, 
magnetic pole means for establishing a magnetic field, 
magnetic Sweep means associated with said magnetic pole 
means for effecting a sweep of the magnetic field, a first 
stage slit, a first stage ion collector, electrode means for 
establishing an electrostatic field, a last stage slit and a 
last stage ion collector, and means for simultaneously 
deriving electrical outputs from both said first stage ion 
collector and last stage ion collector for recording the respective outputs independently of each other. 
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2. A mass spectrometer of the double focussing type 
according to claim 1, comprising electrostatic sweep 
means actuatable each time an electrical output is de 
rived from said first stage ion collector so as to utilize 
this electrical output for effecting a sweep of the electro 
static field until such time that this electrical output ceases 
to be derived, the sweep of the electric field by said means 
being effected to impart to an ion beam passing through 
the electrostatic field a brake action in a direction op 
posite to the direction of sweep of the magnetic field. 

3. A mass spectrometer of the double focussing type 
according to claim 2, wherein said electrostatic field 
sweep means comprises a peak senser for detecting the 
output of said first stage ion collector, a flip-flop circuit 
urged to its set position by said peak senser, an electric 
field sweep circuit urged to its set position in response 
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to the setting of said flip-flop circuit, and an upper-limit 
discriminator operative to detect the upper limit of sweep 
by said electrostatic field sweep circuit for thereby urging 
said flip-flop circuit and said electric field sweep circuit 
to their reset positions. 

4. A mass spectrometer according to claim 1, wherein 
said first stage slit passes ions having substantially the 
same mass therethrough to said first stage ion collector. 
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