
Consommation 
et Corporations Canada 

Bureau des brevets 

Consumer and 
Corporate Affairs Canada 

Patent Office 

Ottawa Canada 
K1A 0C9 (il) (C) 1,307,859 

(21) 585,694 
( 2 2 ) 1988/12/12 

(45) 1992/09/22 

(52) 358-9 

5 
(51) INTL.CL. H01J—49/42 

(19) (CA) CANADIAN PATENT (12) 

(54) Mass Spectrometer and Method with Improved Ion 
Transmission 

(72) Douglas, Donald J. , Canada 
French, John B. , Canada 

(73) MDS Health Group Limited , Canada 

(57) 3 9 Claims 

Canada CCA 3254 (10-89) 41 



j T & ^ t ï f -

TITLE: MASS SPECTROMETER AND METHOD WITH IMPROVED 
ION TRANSMISSION 

ABSTRACT OF THE DISCLOSURE 

In a mass spectrometer system, ions travel 

through an orifice in an inlet plate into a first vacuum 

chamber containing AC-only rods, and then through an 

orifice into a second vacuum chamber containing a stan-

dard quadrupole. The second vacuum chamber is held at 

low pressure, e.g. .02 millitorr or less, but the product 

of the pressure in the first chamber times the length of 

the AC-only rods is held above 2.25 X 10~2 torr cm, pre-

ferably between 6 X 10~2 and 15 X 10~2 torr cm, and the 

DC voltage between the inlet plate and the AC-only rods 

is kept low, e.g. between 1 and 30 volts, preferably 

between 5 and 10 volts. This produces a large enhance-

ment m ion signal, with less focussing aberration and 

better sensitivity at high masses, and also allows the 

use of smaller, cheaper pumps so the system can be more 

easily transportable. 
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FIELD OF THE INVENTION 

This invention relates to a mass analyzer, and 
to a method of operating a mass analyzer, of the kind in 
which ions are transmitted through a first rod set for 

5 focussing and separation from an accompanying gas, before 
passing through a mass filter rod set which permits 
transmission only of ions of a selected mass to charge 
ratio. 

BACKGROUND OF THE INVENTION 

10 Mass spectrometry is commonly used to analyze 
trace substances. In such analysis, firstly ions are 
produced from the trace substance to be analyzed. As 
shown m Figs. 13 and 14 of U.S. patent 4,328,420 to 
J.B. French, such ions may be directed through a gas cur-

15 tain into an AC-only set of quadrupole rods. The AC-only 
rods serve to guide the ions into a second quadrupole rod 
set which acts as a mass filter and which is located 
behind the AC-only rods. The AC-only rod set also separ-
ates as much gas as possible from the ion flow, so that 

20 as little gas as possible will enter the mass filter. 
The AC-only rods therefore perform the functions both of 
ion optic elements and of an ion-gas separator. 

in the past, it had been believed and the 
evidence has shown, that ion transmission through ion 

25 optical elements including AC-only rods and through a 
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small orifice at the end of such optical elements, 
increases with lowered gas pressure in the ion optic ele-
ments. For example the classical equation for a scatter-
ing cell shows that the ion signal intensity ( ion cur-

5 rent) transmitted through the cell decreases with 
increasing gas pressure m the cell. unfortunately the 
resultant need for low pressures in the region of the ion 
optic elements has in the case of gassy ion sources 
required the use of large and expensive vacuum pumps. 

10 This greatly increases the cost of the instrument and 
reduces its portability. 

The inventors have now discovered that the 
classical equation describing ion signal intensity does 
not in fact describe the situation accurately when 

15 dynamic focussing is used in the interstage region and 
that when the gas pressure in the region of the ion optic 
elements is increased within certain limits and when the 
other operating conditions are appropriately established, 
ion transmission is markedly increased. The reasons for 

20 this are not fully understood but the effects in some 
cases are dramatic. in addition, when such increased 
pressures are used under appropriate conditions, as will 
be described, focussing aberration of the ion optics is 
reduced. In addition the ion energy spreads are reduced. 

25 in one of its broadest aspects the invention 

provides a mass spectrometer system comprising: 
(a) first and second vacuum chambers separated by a 

B 1 
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wall, said first vacuum chamber having an inlet 
orifice therein, 

(b) means for generating ions of a trace substance 
to be analyzed and for directing said ions 

5 through said inlet orifice into said first 

vacuum chamber, 
(c) a first electrode set in said first vacuum 

chamber extending along at least a substantial 
portion of the length of said first vacuum 

10 chamber, and a second electrode set in said 

second vacuum chamber, said first electrode set 
comprising a plurality of elongated parallel 
rod means spaced laterally apart a short dis-
tance from each other to define a first elon-

15 gated space therebetween extending longitu-

dinally through said first electrode set for 
ions to pass therethrough, said second elec-
trode set defining a second space therein to 
receive ions, said first and second electrode 

20 sets being located so that said first and 

second spaces are aligned, 

(d) an interchamber orifice located in said wall 
and aligned with said first and second spaces 
so that ions may travel through said inlet ori-

25 fice, through said first space, through said 
interchamber orifice, and into said second 
space, 
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(e) means for applying essentially an AC-only volt-
age between the rod means of said first elec-
trode set so that said first electrode set may 
guide ions through said first space, 

5 ( f ) means for applying voltages to said second 

electrode set so that said second electrode set 
may act as a mass filter for said ions, 

(g) means for flowing gas through said inlet ori-
fice into said first space, 

10 (h) means for pumping said gas from each of said 

chambers, 
(i) the pressure in said second chamber being 

sufficiently low for operation of said second 
electrode set as a mass filter, 

15 (j) the product of the pressure in said first cham-

ber times the length of said first rod set be-
ing equal to or greater than 2.25 X 10~2 torr 
cm but the pressure in said first chamber being 
below that pressure at which an electrical 

20 breakdown will occur between the rod means of 

said first rod set, 
(k) and means for maintaining the kinetic energies 

of ions moving from said inlet orifice to said 
first rod set at a relatively low level, 

25 whereby to provide improved transmission of ions through 
said interchamber orifice. 



1 3 0 7 8 5 9 
- 5 -

In another of its broadest aspects the inven-
tion provides a method of mass analysis utilizing a first 
electrode set and a second electrode set located in first 
and second vacuum chambers respectively, said first elec-
trode set comprising a plurality of rod means defining 
between them a longitudinally extending first space, said 
second electrode set defining a second space, said elec-
trode sets being located with said spaces aligned with 
each other and said electrode sets being separated by an 
interchamber orifice so that an ion may travel through 
said first space, through said interchamber orifice and 
into said second space, said method comprising: 

(a) producing, outside said first chamber, ions of 
a trace substance to be analyzed, 

(b) directing said ions through an inlet orifice in 
an inlet wall into said first space, first 
through said first space, said interchamber 
orifice and then into said second space, and 
then detecting the ions which have passed into 
said second space, to analyze said substance, 

(c) placing an essentially AC-only RF voltage 
between the rod means of said first set so that 
said first rod set acts to guide ions there-
through, 

(d) placing voltages on said second electrode set 
so that said second electrode set acts as a 
mass filter. 
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(e) admitting a gas into said first chamber with 
said ions, 

(f) pumping said gas from said first chamber to 
maintain the product of the pressure in said 
first chamber times the length of said first 
electrode set at or greater than 2.25 X 10-2 

torr cm but maintaining the pressure in said 
first chamber below that pressure at which an 
electrical breakdown would occur between the 
rods of said first set, 

(g) pumping gas from said second chamber to main-
tain the pressure in said second chamber at a 
pressure for effective mass filter operation of 
said second electrode set, 

(h) and controlling the kinetic energy of ions 
entering said first electrode set to maintain 
such kinetic energy at a relatively low value, 

whereby to provide improved transmission of said ions 
through said mterchamber orifice. 

Further objects and advantages of the invention 
will appear from the following description, taken 
together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the attached drawings: 

Fig. 1 a is diagrammatic view of a mass analy-
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zer system according to the invention; 
Fig. 2 is a graph showing ion signal versus 

pressure as predicted by the classical equation for a 
scattering cell; 

5 Fig. 3 is a graph showing relative ion signal 
versus pressure under given aperture and mass analyzer 
operating conditions; 

Fig. 4 is a plot similar to that of Fig. 3 but 
with a different "q" for the mass analyzer; 

10 Fig. 5 is a plot of relative signal enhancement 
versus pressure for mass to charge ratio 196 under cer-
tain voltage conditions and for 1 mm and 2.5 mm inter-
chamber orifices; 

Fig. 6 is a plot similar to that of Fig. 5 but 
15 under different voltage conditions; 

Fig. 7 is a plot similar to that of Fig. 5 but 
for mass 391 ; 

Fig. 8 is a plot similar to that of Fig. 7 but 
under different voltage conditions; 

20 Fig. 9 is a plot of stopping curves for mass 
196 under three different pressure conditions; 

Fig. 10 is a plot similar to that of Fig. 9 but 
for mass 391 ; 

Fig. 11 is a plot similar to that of Fig. 9 but 
25 for mass 832; 

Fig. 12 is a diagrammatic view of a modifica-
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tion of the mass analyzer system of Fig. 1; 
Fig. 13 is an enlarged view of the AC-only rods 

of Fig. 12 showing two ion trajectory envelopes therein; 
Fig. 14 is a diagrammatic mass spectrum for the 

5 two ions of Fig. 13; 

Fig. 15 is a mass spectrum for a sample sub-
stance at high pressure and with a low DC difference 
voltage; 

Fig. 16 is a mass spectrum for the sample sub-
10 stance of Fig. 15 at the same pressure but with a higher 

DC difference voltage; 
Fig. 17 is a mass spectrum for the substance of 

Fig 15 at lower pressure and with a high DC difference 
voltage; 

15 Fig. 18 is a mass spectrum for the substance of 
Fig. 15 but with a still higher DC difference voltage; 
and 

Fig. 19 is another graph showing relative ion 
signal versus pressure for an instrument according to the 

20 instrument. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference is first made to Fig. 1, which shows 
schematically a mass analyzer 10 similar m concept to 
that shown in Figs. 13 and 14 of above mentioned U.S. 

25 patent 4,328,420. In the Fig. 1 arrangement, a sample 
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gas or liquid containing a trace substance to be analyzed 
is introduced from a sample supply chamber 12 via a duct 
14 to an ionization chamber 16 which is fitted with an 
electric discharge needle 18 or other means of producing 

5 gaseous ions of the trace substances (e.g. electro-
spray). The chamber 16 is maintained at approximately 
atmospheric pressure and the trace substance is ionized 
by electric discharge from the needle 18 or other ioniz-
ing means. 

10 The ionization chamber 16 is connected via an 

opening 20 m a curtain gas plate 22 to a curtain gas 
chamber 24. The curtain gas chamber 24 is connected by 
an orifice 26 in orifice plate 28 to a first vacuum cham-
ber 30 pumped by a vacuum pump 31. The vacuum chamber 30 

15 contains a set of four AC-only quadrupole mass spectro-
meter rods 32. 

The vacuum chamber 30 is connected by an inter-
chamber orifice 34 in a separator plate 36 to a second 
vacuum chamber 38 pumped by a vacuum pump 39. Chamber 38 

20 contains a set of four standard quadrupole mass spectro-
meter rods 40. 

An inert curtain gas, such as nitrogen, argon 
or carbon dioxide, is supplied via a curtain gas source 
42 and duct 44 to the curtain gas chamber 24. The cur-

25 tain gas flows through orifice 26 into the first vacuum 
chamber 30 and also flows into the ionization chamber 16 
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to prevent air and contaminants in such chamber from 
entering the vacuum system. Excess sample, and curtain 
gas, leave the ionization chamber 16 via outlet 46. 

Ions produced in the ionization chamber 16 are 
5 drifted by appropriate DC potentials on plates 22, 28 and 

on the AC-only rod set 32 through opening 20 and orifice 
26, and then are guided through the AC-only rod set 32 
and interchamber orifice 34 into the rod set 40. An AC 
RF voltage (typically at a frequency of about 1 Mega-

10 hertz) is applied between the rods of rod set 32, as is 
well known, to permit rod set 32 to perform its guiding 
and focussing function. Both DC and AC RF voltages are 
applied between the rods of rod set 40, so that rod set 
40 performs its normal function as a mass filter, allow-

15 m g only ions of selected mass to charge ratio to pass 
therethrough for detection by ion detector 48. 

The above structure and its operation as so far 
described are essentially the same as those described in 
said U.S. patent 4,328,420. In both cases it is advanta-

20 geous that the pressure in vacuum chamber 38 containing 
the mass spectrometer rods 40 be very low, e.g. between 2 
X 10~5 and 1 X 10-6 torr or less. However in the past, 
it had always also been thought necessary to maintain a 
low pressure in the first vacuum chamber 30. This was 

25 thought advantageous partly to reduce the flow of gas 
into vacuum chamber 38, and partly simply to increase the 
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transmission of ions through chamber 30. In fact the 
above mentioned U.S. patent is for a structure in which 
the AC-only rods are open, to improve the separation of 
ions from the gas in the first vacuum chamber 30. 

5 Typically the pressure in first chamber 30 has 
been maintained at about 2.5 X 10~4 torr (.25 milli-
torr ) or less. Observations have indicated that if the 
pressure is increased from this level, then the ion sig-
nal transmission falls off substantially. 

10 The traditional use of low pressure in the 

AC-only rod section is exemplified in two papers by Dr. 
Dick Smith and coworkers at Pacific Northwest Laboratory, 
operated by Battelle Memorial Institute. The papers 
are: "On-Lme Mass SpectrometrIC Detection for Capillary 

15 Zone Electrophoresis", Anal. Chem., Vol. 59, p 1230 
(April 15, 1987) and "Capillary Zone Electrophoresis -
Mass Spectrometry Using an Electrospray Ionization Inter-
face", Anal. Chem., Vol. 60, p 436 (March 1, 1988). The 
first paper shows operation of the AC-only rod set at 8 X 

20 10""4 torr. The second, more recent, paper shows opera-
tion of the AC-only rod set at 1 X 10~6 torr. 

These past observations have been in accordance 
with the classic theory of an ordinary scattering cell. 
The equation for ion signal transmitted through an ordi-

25 nary scattering cell is I = IQe~ff1n, where: 
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I = transmitted ion signal 
lO = initial ion current 
n = the number density of the gas in the scat-

tering cell in atoms or molecules per cubic centimeter 
5 (T = the effective scattering loss cross section 

of the gas (cm2) 
1 = length in centimeters of the scattering 

cell, i.e. of the quadrupole. 
Fig. 2, which is a plot of the natural loga-

10 rithm of the transmitted ion signal on the vertical axis, 
versus pressure on the horizontal axis, shows in curve 50 
the fall m transmitted ion signal or current which is to 
be expected from the classical equation. For Fig. 2 a 
value of 4 X 10~16 cm2 was used for (T . As the pressure 

15 increases (i.e. as the number density of the gas in the 
cell increases), the transmitted ion current through ori-
fice 34 falls exponentially. Actual observations m the 
past have verified that the ion current has tended to 
fall with increased pressure under the operating condi-

20 tions which were used at that time. 

However the applicants have determined that 
under appropriate operating conditions, increasing the 
gas pressure in the first vacuum chamber 30 not only 
failed to cause a decrease in the ion signal transmitted 

25 through orifice 34, but in fact most unexpectedly caused 
a considerable increase in the transmitted ion signal. 
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In addition, under appropriate operating conditions, it 
was found that the energy spread of the ions transmitted 
was substantially reduced, thereby greatly improving the 
ease of analysis of the ion signal which is transmitted, 

5 Further, it was found that under appropriate conditions, 
"focussing aberration" in the ion optics (i.e. the AC-
only rod set) was reduced. In other words, when the 
operating conditions were optimized for one mass in the 
mass spectrum, distortion of the responses obtained for 

10 other masses was reduced as compared with the distortion 
which had previously occurred. 

The reasons for the above improvements are not 
entirely understood at present, but a description of the 
results so far obtained and the reasons as best known to 

15 the applicants are set forth below. 

Normally the Fig. 1 apparatus would be operated 
with the pressure in chamber 30 at 10~4 torr or less, and 
it would be expected that as this pressure increased, the 
ion signal through orifice 34 would decrease, as shown in 

20 Fig. 2. 
An experiment was performed with the AC-only 

rod set 32 replaced by an Einzel lens. In such case the 
transmitted ion current dropped very rapidly when the 
pressure was increased. 

25 However when the same high pressure experiments 

were conducted using the AC-only rods 32, but with the DC 
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difference voltage between the orifice plate 28 and the 
rod set 32 reduced to between about 1 and 30 volts, and 
preferably between 5 and 10 volts, a much different 
result occurred. The transmitted ion signal did not 

5 drop as the pressure increased as had been expected. 
Instead the ion signal increased significantly. 

This result is shown in Fig. 3, which is a 
graph of relative transmitted ion signal on the vertical 
axis, versus pressure in millitorr on the horizontal 

10 axis. The ion signal on the vertical axis is said to be 
"relative" m that experiments were conducted using vari-
ous masses, and the ion signal at the starting point of 
2.4 millitorr in all cases was normalized to 1.0. 

For Fig. 3 the orifice 26 was .089 mm in dia-
15 meter. The interchamber aperture 34 was 2.5 mm. The 

diameter of the inscribed circle in the first rod set 32 
was 11 mm, while that of rod set 40 was 13.8 mm. The 
length of the AC-only rod set 32 was 15 cm and such set 
was operated at a Mathieu parameter q = 0.65. 

20 In Fig. 3, three curves are shown, namely 
curve 52a for mass to charge ratio (m/e) 196, curve 54a 
for m/e 391, and curve 56a for m/e 832. It will be seen 
that the maximum enhancement for each mass to charge 
ratio occurred at slightly different pressures, ranging 

25 from about 4.5 to 6 millitorr. The enhancement or 
increase in ion signal for curve 54a (m/e 196) was about 
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1-3 or 30 percent; that for curve 54a (m/e 391) was about 
1.58 or 58 percent, and that for curve 56a (m/e 832) was 
about 1.98 or almost a 100 percent increase in signal. 

Fig. 4 is similar to Fig. 3 but shows the 
5 results when the rod set 32 was operated at q = 0.19. In 

Fig. 4, curve 52b is for m/e 196, curve 54b for m/e 391, 
and curve 56b for m/e 832. Here the increases in ion 
signal were even more marked, increasing to about 3.3 or 
more than 300 percent in the case of m/e 832. This lower 

10 q involved operation of the rod set at a lower AC volt-
age, which reduces the likelihood of an electrical break-
down . 

Reference is next made to Figs. 5 and 6, which 
show the relative ion signal enhancements for m/e 196 for 

15 1 mm and 2.5 mm diameters for orifice 26. In Fig. 5, 
curves 58a and 60a show how the ion signal varies with 
pressure for a 1 mm and 2.5 mm orifice 26 respectively, 
and with a 10 volt DC difference between the orifice 
plate 28 and the AC-only rods 32. In Fig. 6 curves 58b, 

20 60b show the same variation with a 15 volt difference. 

It will be seen that the relative enhancement in this 
particular case was higher for a 15 volt DC difference 
than for 10 volts, and in both cases was higher for a 1 
mm orifice than for a 2.5 mm orifice. 

25 Figs. 7 and 8 correspond to Figs. 5 and 6 but 

are for m/e 391 rather than for m/e 196. Here curves 
58c, 60c are for 1 mm and 2.5 mm orifices 26 respectively 
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for a 10 volts DC difference voltage, and curves 58d, 60d 
are for 1 mm and 2.5 mm orifices 26 for a 15 volts DC 
difference voltage. In all cases the ion signal intensi-
ties on the vertical axis were normalized to 1.0 at a 

5 pressure of 2.4 millitorr and do not represent absolute 
values. 

It is believed that the greater enhancement 
with a 1 mm orifice than with a 2.5 mm orifice indicates 
that the ions are being forced toward the center line of 

10 the system and that the mechanism which is causing the 
enhancement is a kind of collisional focussing or damping 
effect which concentrates the ion flux closer to the cen-
tral axis. It will also be noted that a greater enhance-
ment occurred for high masses than for low masses. It 

15 can be seen from Fig. 3 that the g a m in signal achieved 
by operating at 6 millitorr instead of 2.4 millitorr 
increased approximately linearly with mass. This is 
desirable, since normally the analyzing quadrupole 40 has 
reduced transmission for high mass to charge ratio ions 

20 as compared with low mass to charge ratio ions, and 
therefore it is desirable to increase the number of high 
mass to charge ratio ions reaching quadrupole 40. 

In a separate experiment, the absolute values 
of the total ion currents, i.e. the sum of all ions, m 

25 the operation of the Fig. 1 apparatus were as follows 
(and were measured as follows). Firstly, the mass spec-
trometer 40 was back biased to a voltage higher than that 
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on the orifice plate 28 (e.g. to plus 55 volts DC), and 
the total ion current to the separator plate 36 was 
measured. Under these conditions the separator plate 36 
was found to collect essentially all of the current 

5 entering the chamber 30 through the orifice 20. Then the 
back bias on the quadrupole 40 was lowered to zero (or at 
least to a voltage not higher than that on the AC-only 
rods 32, so that the ions would not have to travel up a 
voltage gradient) and the current on the separator plate 

10 36 was again measured. This current was found to be now 
much lower, and the assumption was that the difference in 
current travelled through the mterchamber orifice 34 to 
the analyzing quadrupole 40. 

When the interchamber orifice 34 was 2.5 mm m 
15 diameter, and when the analyzing quadrupole 40 was back 

biased, the current collected on the separator plate 36 
was 100 picoamps. When the back bias on the analyzing 
quadrupole 40 was removed and with the pressure m cham-
ber 30 about 6 millitorr, such current fell to 10 pico-

20 amps. This indicated that 90 percent of the ions were 
transmitted through the small interchamber orifice 34 to 
the analyzing quadrupole 40. This percentage is unex-
pectedly high in view of the small size of orifice 34. 

When the interchamber aperture 34 was 1 mm in 
25 diameter and quadrupole 40 was back biased, and with a 

pressure of 2.5 millitorr in chamber 30, the ion current 
collected on the separator plate 36 was 108 picoamps. 
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When the back bias on the analyzing quadrupole 40 was 
removed, such current dropped to 93 picoamps, indicating 
that 15 picoamps had gone through the 1 mm orifice 26 
(less than 15% transmission). 

5 Then when the pressure m chamber 30 was 
increased to 6 millitorr, the ion current collected on 
the separator plate 36 was 75 picoamps with the analyzing 
quad 40 back biased, and fell to 54 picoamps when the 
back bias was removed, indicating that a current of 21 

10 picoamps was now passing through the orifice 36. This 
was an enhancement of about 40 percent. 

Since it was possible to transmit about 90 per-
cent of the ion current through a 2.5 mm orifice 36 and 
only about 20 percent through a 1 mm orifice 36, it is of 

15 course preferable from an ion transmission viewpoint to 
use the larger orifice. However the experiment, showing 
that a greater relative enhancement occurred with 
increased pressure when the smaller orifice 36 was used, 
indicated that collisional effects were forcing the ions 

20 toward the center line and that the effect was not spur-
ious. It also indicated that there would be little to be 
gained by increasing the size of orifice 36 above 2.5 mm 
diameter at least in the equipment used, since 2.5 mm was 
sufficient to pass 90 percent of the ions. 

25 Reference is next made to Figs. 9 to 11, which 

show "stopping curves" for ions with mass to charge 
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ratios 196, 391 and 832 respectively. Stopping curves 
are produced by increasing the rod offset voltage (i.e. 
the DC bias voltage applied to all the rods) on the 
analyzing quadrupole 40 and observing how the signal 

5 detected by detector 48 decreases as the voltage 
increases. The decrease in ion signal with increasing 
rod offset voltage is a measure of what "stops" before it 
reaches the analyzing quadrupole 40, i.e. it is a measure 
of the kinetic energy of the ions entering the analyzing 

10 quadrupole 40. In all cases the DC difference voltage 
between the AC-only rods 32 and the orifice plate 28 was 
10 volts. Therefore the back bias DC voltage on the 
analyzing quadrupole 40 was started at 10 volts, since it 
was not expected that there would be any ions with a 

15 lower energy than 10 electron volts above ground poten-
tial. In the stopping curves of Figs. 9 to 11, the back 
bias voltage on the analyzing quadrupole 40 is plotted in 
a linear scale on the horizontal axis, and the relative 
ion signal is plotted in a logarithmic scale on the ver-

20 tical axis. 

In Fig. 9, which is for m/e 196, curve 64a is 
the stopping curve at a pressure of 2.4 millltorr, curve 
66a resulted when the pressure was increased to 5.9 
millitorr, and curve 68a resulted when the pressure was 

25 increased to 9.8 millitorr. In all cases, the stopping 
curves show that the energy spread of most of the ions 
entering the analyzing quadrupole 40 was low, a commer-
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cial advantaqe in that it enhances the resolving power to 
cost ratio of the mass analyzer. 

Specifically, when the pressure in chamber 30 
was 2.4 millitorr, 99 percent of the ions had an energy 

5 spread as shown in Fig. 9 of only about 6 electron 
volts. In addition, the energies of such 99 percent 
ranged between 10 and about 16 electron volts, i.e. the 
energies were quite low. 

When the pressure in chamber 30 was increased 
10 to 5.9 millitorr, 99.9 percent of the ions had an energy 

spread within about 2 electron volts and an energy of 
less than 12 electron volts. When the pressure was 
increased to 9.8 millitorr, the energy spread and maximum 
energy were reduced even further. 

15 Similar results were obtained for masses 391 

(Fig. 10) and 832 (Fig. 11), except that the energy 
spreads and maximum energies were higher for the higher 
mass to charge ratios. In Fig. 10, curve 64b', 66b, 68b 
are the stopping curves at 2.4 millitorr, 5.9 millitorr, 

20 and 9.8 millitorr respectively. In Fig. 11, curves 64c, 
66c, 68c are the stopping curves at 2.5 millitorr, 5.6 
millitorr and 8.6 millitorr respectively. 

The enhancement curves of Figs. 5 to 8, and the 
stopping curves of Figs. 9 to 11, indicated that the col-

25 lisional effects were removing both axial and radial 
velocities from the ions, causing resultant velocity vec-
tors which permitted the ions to travel through the 
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interchamber orifice 34. If the radial velocities of the 
ions were higher, the ions would be less 3ikely to travel 
through the orifice 34. If the axial velocities of the 
ions were higher, this would not affect their passage 

5 through the orifice 34, but such higher energy ions with 
a higher energy spread are more difficult to resolve. 

Reference is next made to Fig. 12, which shows 
a modification of the Fig. 1 apparatus and m which 
primed reference numerals indicate corresponding parts. 

10 The difference from Fig. 1 is that an intermediate cham-
ber 70 has been added between the orifice plate 28 and 
the AC-only rods 32. The chamber 70 is defined by a 
skimmer plate 72 having therein a conical-shaped skimmer 
74 pointing toward the orifice 26. The skimmer 74 con-

15 tains a skimmer orifice 76. In section as shown, the 
AC-only rods 32' form the base of the triangle defined by 
extending the sides of the skimmer 74. Gas is pumped 
from the chamber 70 by a small rotary pump 78. 

In the Fig. 12 version, orifice 26' was nearly 
20 three times as large as in the Fig. 1 version (.254 mm 

instead of .089 mm). The skimmer orifice 76 was .75 mm 
in diameter, and the interchamber orifice 34' was (as in 
a previously mentioned experiment) 2.5 mm in diameter. 
Again rod set 32' was 15 cm long. With this arrangement, 

25 the pressure in chamber 70 was typically set at between 
about .4 and about 1 torr. 
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The purpose of the Fig. 12 arrangement was to 
adjust the voltages to draw more ions through than previ-
ously. The fixed DC voltages used in the Figs. 1 and 12 
arrangements were typically set as follows: 

5 Fig. 1 Fig. 12 
Arrangement Arrangement 

Gas curtain plate 22 600 volts 1000 volts 
Orifice plate 28 25 volts 150 volts 
Skimmer plate 72 90 volts 

10 AC-only rods 32 15 volts 80 volts 
Separator plate 36 0 volts 0 volts 
Analyzing rods 40 
(offset voltage) 10 volts 70 volts 

It was found that with the physical arrangement 
15 shown in Fig. 12, the ion to gas ratio entering the AC-

only rods 32* increased by a factor of about four, as 
compared with the Fig. 1 arrangement, when appropriate 
pressures (typically 5 to 8 millitorr) were used m cham-
ber 30' and when an appropriate DC difference voltage 

20 (preferably about 5 to 15 volts) existed between skimmer 
plate 72 and AC-only rods 32'. 

In an experiment using the Fig. 12 apparatus, a 
comparison of count rates (i.e. ion current) was obtained 
for various substances using first a pressure of .5 

25 millitorr m chamber 30', and then using a pressure of 5 
millitorr (i.e. a pressure 10 times higher). Table I 
below shows the count rate comparison for the various 
substances used: 
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TABLE I 
Ratio of Ion Signal 
at 5 Millitorr to 

Mass to Ion Signal at .5 
Substance Mass Charge Ratio Millltorr 
DMMPA* 196 196 7.1 
PPG** 906 906 CD

 

<T
i 

Mellitm 2845 712 15 
Insulin 5740 1144 40 
Myoglobin 16950 893 79 

* Dimethylmorpholmophosphoramidate 
** Polypropylene glycol 
(Mellitm was charged four times; Insulin was charged 

15 five times, and Myoglobin was charged 19 times.) 
It will be noted that the enhancement of the 

ion signal increases substantially at higher molecular 
weights. The reasons for this are not understood, but 
the effect is desirable since higher molecular weight 

20 ions are normally more difficult to detect. It is noted 
that Table I shows the ratio of ion count rates obtained 
for the substances tested and not simply the ratio of ion 
currents into the analyzing quadrupole 40. 

Table I is in a sense unfair, since the 
25 measurements at high pressure (5 millitorr) were carried 

out with the difference voltage between the AC-only rods 
32 and the skimmer plate 72 optimized for the high pres-
sure (i.e. adjusted to obtain the maximum counts at such 
pressure). However the difference voltage was left 

30 unchanged and no similar optimization was carried out 
when the pressure was changed to a low pressure (.5 
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millitorr). Table II below therefore shows the results 
obtained after optimizing the difference voltage at both 
high and low pressures (5 millitorr and .5 millitorr). 

TABLE II 
Ratio of Ion Signal 
at 5 Millitorr to 

Mass to Ion Signal at .5 
Substance Mass Charge Ratio Millitorr 
DMMPA 196 196 3.4 
PPG 906 906 6.9 
Myoglobin 16950 893 10.9 

The enhancement effect in Table II is substan-
tially less than that shown in Table I, but the enhance-
ment still increases for high masses and is approximately 
an order of magnitude for myoglobin. Further, the 
enhancement appears to depend on mass and not on mass to 
charge ratio. 

It is noted that the AC-only rods 32 and cham-
ber 30 essentially function as an ion-gas separator, 
guiding ions through the interchamber orifice 34 while 
transmitting as little gas as possible. Therefore one 
would not normally increase the pressure in chamber 30, 
since this produces an increased gas flow through orifice 
34 as well as being expected to attenuate the ion signal 
as shown in Fig. 2. However it will be seen that when 
the pressure m chamber 30 is increased, the ion signal 
through orifice 34 is not lost but in fact is enhanced. 
Even though the gas load has increased, it will be seen 
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that for heavy mass ions the ion to gas ratio through 
orifice 34 remains the same or is slightly improved. For 
low mass ions, the ion to gas ratio through orifice 34 
decreases, but the increased pump size needed for chamber 

5 38 is offset by the decreased pump size needed for cham-
ber 30. At the same time the ion signal through orifice 
34 is increased and the ion energy spread is reduced. 

In addition it is found that the increase in 
pressure in chamber 30 or 30' reduces an effect known in 

10 optics known as focussing aberration. To explain this, 
reference is next made to Fig. 13, which shows an 
enlarged view of the AC-only rods 32', together with the 
interchamber orifice 34'. 

When a vacuum is present in chamber 30', dif-
15 ferent mass to charge ratio ions moving through the AC-

only rods 32' will have different trajectories. For pur-
poses of illustration, one trajectory envelope 80 is 
shown for a first type of ion, and a second trajectory 
envelope 82 is shown for a second type of ion. Since the 

20 envelope 80 is smaller than envelope 82 at the intercham-
ber orifice 34, more of the first type of ion will pass 
through such orifice and the result will be that the mass 
spectrum will show a larger quantity of ions having 
trajectory envelope 80 than those which have trajectory 

25 envelope 82. This is indicated in the mass spectrum of 
Fig. 14, where the quantities of ions having trajectory 
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envelopes 80, 82 are indicated at 84, 86 respectively. 
If the quantities of both types of ions were in fact 
equal, this distortion, which in effect is caused by the 
different wavelengths and phases of the trajectories of 
different ions travelling through the AC-only rod set, is 
referred to as focussing aberration. 

It is found that when the AC-only rod set 32' 
is operated at a high pressure (e.g. 5 millitorr), with a 
relatively low DC difference voltage between the skimmer 
plate 72 and the AC-only rod set 32* (e.g. 5 volts), then 
not only are higher ion signals received, but in addition 
focussing aberration is reduced. 

In the experiment which produced this result, 
the substance myoglobin was multiply charged and run 
through the Pig. 12 apparatus. Since only a single kind 
of molecule was used, and since more charges would be 
applied to some of those molecules than to others, one 
would normally expect a relatively smooth distribution of 
peaks in the mass spectrum (which shows mass to charge 
ratio). In Figs. 15 to 18, the following test conditions 
were used: 
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(1 ) (2) (3) (4) (5) 

5 
Pressure 
in Chamber 

30' 
DC Voltage 
on Orifice 
Plate 28* 

DC Voltage 
on Skimmer 
Plate 72 

DC Voltage 
on AC-Only 
Rods 32' 

Difference 
Voltage 

Between (3) 
and (4) 

Fig. 15 5.6 mt. 150 v. 95 v. 90 v. 5 v. 
Fig. 16 5.6 mt. 150 v. 95 v. 80 v. 15 v. 

10 Fig. 17 .5 mt. 160 v. 135 v. 50 v. 85 v. 
Fig. 18 .5 mt. 160 v. 135 v. 40 v. 95 v. 

mt = millitorr 
In Figs. 15 to 18, mass to charge ratio is 

plotted on the horizontal axis and ion counts are plotted 
15 on the vertical axis. in Figs. 15 and 16 the vertical 

scale is 1.28 X 10® counts per second full scale, and in 
Figs. 17 and 18 the vertical scale is 3.2 X 105 counts 
per second full scale (since higher count rates are 
obtained at the higher pressure). In Figs. 15 to 18 the 

20 mass to charge ratio on the horizontal axis is 0 at the 
left hand side up to 1500 full scale. 

It will be seen that in Fig. 15 the distribu-
tion of peaks is relatively smooth, as expected. In 
Fig. 16 the distribution is also relatively smooth and is 

25 not too different in shape from that of Fig. 15. There 
is a larger continuum of counts at low masses (as shown 
at 86), probably due to collision induced dissociation of 
the ions into ions of varied mass to charge ratio due to 
the higher energies. The high mass to charge ratios are 

30 also accentuated (as shown at 88), probably because some 
ions lost some of their charges due to more energetic 
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collisions and hence had higher mass to charge ratios. 
However overall, the distortion was relatively moderate, 
although the overall amplitude of the response was some-
what reduced. 

5 At low pressures and with the difference volt-
age first set at 85 volts (Fig. 17) and then 95 volts 
(Fig. 18), more signal was obtained but much more distor-
tion occurred. In addition the distribution of peaks was 
no longer a smooth curve. The ion counts for each of the 

10 peaks did not vary at all proportionately as the differ-
ence voltage was changed, even though the variation (10 
volts) was a much smaller percentage of the original 
value than was the case in Figs. 15 and 16. Thus, at low 
pressures, if the difference voltage was adjusted to 

15 optimize the response for one ion, the result was severe 
distortion of the responses for other ions. At higher 
pressures, the distortion or focussing aberration was 
greatly reduced. 

In the result, the higher gas pressures and 
20 relatively low DC difference voltages used as described 

have been found to produce the following advantages: 
1. Substantially higher ion signal. 
2. A smaller pump on the AC-only rod stage (since 
a higher pressure can be used). 

25 3. Less cost and greater portability (since 
smaller pumps are much lighter and cheaper). 
4. Less focussing aberration. 
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5. Better sensitivity at high masses (and high 
masses are often the most difficult to detect and yet of 
growing importance in some applications of mass spec-
trometry) . 

5 The inventors have calculated that when chamber 

30' is operated at 6 millitorr, and chamber 38' at .02 
millitorr, then pumps 31, 39 and 78 can be relatively 
small, so the resultant instrument will then be of rela-
tively small bench top size, and yet it can have a sensi-

10 tivity which is equal to or greater than that of much 
larger and more costly instruments at the present time. 

In addition, if the voltage between orifice 
plate 28' and skimmer plate 72 is sufficient (e.g. 50 to 
200 volts) , declustermg and even collision induced dis-

15 sociation can be effected for the incoming ions. Because 
the pressure between these two plates is relatively high, 
the energy spread of the resultant ions entering the 
AC-only rods remains relatively low. 

It is also noted that as mentioned, that the DC 
20 difference voltage between the AC only rods 32, 32" and 

the plate through which the ions enter the vacuum chamber 
30' (either orifice plate 28 in Fig. 1 or skimmer plate 
72 m Fig. 12) should normally be low at the high pres-
sures used. If the normal difference voltage of 85 to 95 

25 volts DC is used, the signal enhancement effects disap-
peared, and in fact the ion signal transmitted to the 
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analyzing quadrupole 40 was drastically reduced. While 
the reasons for this are not entirely understood, it 
appears that a large number of relatively low energy col-
lisions are effective in damping both the radial and 

5 axial velocities of the ions and in forcing the ions by 
collisional damping closer to the centre line of the AC-
only rod set 32. It appears that more energetic colli-
sions, which occur when the offset voltage is higher, do 
not have a similar effect and in fact for some reason 

10 reduce the ion signal. Further, a high ion energy can 
lead to collision induced dissociation, resulting m fur-
ther ion loss. A difference voltage of between 40 and 
100 volts between the AC-only rods 32 or 32", and the 
wall 28 or skimmer 74 tended to shut off the ion signal 

15 at pressures of 2.5 millitorr and higher in chamber 30, 
30". However it may be that using such high difference 
voltage (e.g of between 40 and 100 volts DC), but also 
using additional focussing lenses, may still produce sig-
nal enhancement effects. 

20 The experiments which have been conducted show 

that a preferred range for the difference voltage between 
the AC-only rods 32, 32', the wall 28 or skimmer 74 is 
between about 1 and 30 volts DC. A range of between 
about 1 and 15 volts DC produces better results, while in 

25 the apparatus used, the best results occurred at between 
about 5 and 10 volts. 
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It is noted that although in the system des-
cribed, the only voltage applied between the rods 32 is 
an AC voltage, it may be desired in some cases to place a 
small DC voltage between the rods 32. In that case the 

5 rods 32 would act to some extent as a mass filter. How-
ever the voltage between rods 32 is preferably essential-
ly an AC-only voltage. 

It is also noted that the number of collisions 
which an ion has while travelling through the AC-only 

10 rods 32 is determined by the length of the rods multi-
plied by the pressure between the rods. To a first 
approximation, it would be possible to double the pres-
sure and then halve the length of the rods, and still 
have the same number of collisions. However the AC-only 

15 rod set 32 cannot be too short, since a sufficient number 
of RF cycles is needed for the AC-only rod set 32 to 
focus the ions passing therethrough. of course if the 
ions are slowed down by collisions during their passage 
through the rod set 32, then they will experience more RF 

20 cycles and will be better focussed. A higher number of 
cycles could be obtained by increasing the frequency of 
the AC voltage applied to the rod set 32, but this would 
require a higher voltage (to achieve the same "q") and 
hence more expensive electronics and more likelihood of 

25 electrical breakdown. In any event, by increasing the 
pressure and thereby reducing the length of the rod set 
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32, the instrument again becomes smaller, more portable 
and less expensive. In the equipment shown in Figs. 1 
and 2, the AC-only rods 32* were 15 cm long. At a pres-
sure of 5.0 millitorr, it can be calculated that an ion 

5 passing through these rods would experience at least 
about 15 collisions on average. The significant para-
meter, then, is the product of the pressure in chamber 
30, 30' times the length of the AC-only rods 32, 32'. 
This product (which often is called the target thickness) 

10 will be called the PL product and is expressed in torr-
cm. 

For the apparatus used, with rods 32, 32' 15 cm 
long, it was found that pressures above 1.5 millitorr (PL 
product = 2.25 X 10~2 torr cm) produced signal enhance-

15 ment. A pressure at or above 2.4 millitorr (PL product = 
3.6 X 10~2 torr cm), or even better, a pressure above 5 
millitorr (PL product = 7.5 X 10~2 torr cm) produced bet-
ter results. Good results occurred over a pressure range 
of 4 to 10 millitorr (PL product between 6 X 10-2 torr 

20 cm), and even a pressure range of between 2 and 20 milli-
torr (PL product between 3 X 10~2 and 30 X 10-2 torr cm) 
produced reasonable enhancement, with the other benefits 
mentioned. A pressure of about 6 to 8 millitorr (PL 
product = 9 X 10~2 to 12 X 10~2 torr cm) produced approx-

25 imately peak enhancement. 

While an upper limit for the pressure in cham-
ber 30 has not been determined, pressures of up to 70 
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millitorr (PL product = 105 X 10~2 torr cm) have been 
tested without electrical breakdown. The results were as 
shown by curves 90 (for m/e 196) and 92 (for m/e 391) in 
Pig. 19. As there shown, enhancement of the ion signal 

5 through orifice 34' occurred up to between 25 and 30 
millitorr. Above these pressures, the signal was reduced 
as compared with that at 2.4 millitorr, but a significant 
portion of the signal remained (it did not disappear as 
had occurred with a high difference voltage). In addi-

10 tion the energy spread was very low, and at these high 
pressures a rotary pump (which is small and relatively 
inexpensive) can be used on chamber 30, 30' (although a 
larger pump is now needed for chamber 38, 38'). It is 
noted that for the Pig. 1 experiment, the mass 391 sub-

15 stance was a dimer of the mass 196 substance, so the 
higher attenuation for mass 396 may have been due simply 
to dissociation of the ions of this mass. 

It is expected that pressures of up to between 
150 and 200 millitorr can be used if desired, and such 

20 high pressures would produce an extremely low energy 
spread m the ions entering the analyzing quadrupole 
40'. However they would necessitate a relatively larger 
pump to evacuate chamber 38' adequately so that the ana-
lyzing quadrupole 40' can function. 

25 In all cases in which the relatively high pres-

sures described are used, the AC-only rods should occupy 
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substantially all or at least a substantial portion of 
the length of chamber 30, 30". If they do not, scatter-
ing and losses will occur in the portion of these cham-
bers in which the ions are not guided by the AC-only 

5 rods. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS; 

1- A mass spectrometer system comprising: 
(a) first and second vacuum chambers separated by a 

wall, said first vacuum chamber having an inlet 
orifice therein, 

(b) means for generating ions of a trace substance 
to be analyzed and for directing said ions 
through said inlet orifice into said first 
vacuum chamber, 

(c) a first electrode set in said first vacuum 
chamber extending along at least a substantial 
portion of the length of said first vacuum 
chamber, and a second electrode set in said 
second vacuum chamber, said first electrode set 
comprising a plurality of elongated parallel 
rod means spaced laterally apart a short dis-
tance from each other to define a first elon-
gated space therebetween extending longitu-
dinally through said first electrode set for 
ions to pass therethrough, said second elec-
trode set defining a second space therein to 
receive ions, said first and second electrode 
sets being located so that said first and 
second spaces are aligned, 
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(d) an interchamber orifice located in said wall 
and aligned with said first and second spaces 
so that ions may travel through said inlet ori-
fice, through said first space, through said 
interchamber orifice, and into said second 
space, 

(e) means for applying essentially an AC-only volt-
age between the rod means of said first elec-
trode set so that said first electrode set may 
guide ions through said first space, 

(f) means for applying voltages to said second 

electrode set so that said second electrode set 
! 

may act as a mass filter for said ions, 
(g) means for flowing gas through said inlet ori-

fice into said first space, 
(h) means for pumping said gas from each of said 

chambers, 
(i) the pressure in said second chamber being 

sufficiently low for operation of said second 
electrode set as a mass filter, 

(3) the product of the pressure in said first cham-
ber times the length of said first rod set be-
ing equal to or greater than 2.25 X 10~2 torr 
cm but the pressure in said first chamber being 
below that pressure at which an electrical 
breakdown will occur between the rod means of 
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said first rod set, 
(k) and means for maintaining the kinetic energies of 

ions moving from said inlet orifice to said first 
rod set at a relatively low level, 

whereby to provide improved transmission of ions through 
said interchamber orifice. 

2. Apparatus according to claim 1 wherein said 
second electrode set is a quadrupole mass spectrometer 
comprising a further set of elongated parallel rods. 

3. Apparatus according to claim 1 wherein said 

product is at or above 3.6 X 10~2 torr cm. 

4. Apparatus according to claim 1 wherein said 
product is at or above 7.5 X 10"2 torr cm. 

5. Apparatus according to claim 1 wherein said 
product is not greater than about 105 X 10-2 torr cm. 

6. Apparatus according to claim 1 wherein said 

product is between 3 X 10~2 and 30 X 10~2 torr cm. 

7. Apparatus according to claim 1 wherein said 

product is between 6 X 10~2 and 15 X 10"2 torr cm. 

8. Apparatus according to claim 1 wherein said 

product is between 9 X 10~2 and 12 X 10"2 torr cm. 
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9. Apparatus according to claim 1 wherein said 
inlet orifice is located in an inlet wall of said first 
chamber, and wherein said means for controlling the 
kinetic energy of said ions comprises means for applying 
a low DC voltage between said first electrode set and 
said inlet wall. 

10. Apparatus according to claim 2 wherein said 
product is at or above 3.6 X 10~2 torr cm. 

11. Apparatus according to claim 2 wherein said 
product is at or above 7.5 X 10 - 2 torr cm. 

12. Apparatus according to claim 2 wherein said 
product is not greater than about 105 X 10 - 2 torr cm. 

13. Apparatus according to claim 2 wherein said 

product is between 3 X 10~2 and 30 X 10~2 torr cm. 

14. Apparatus according to claim 2 wherein said 
product is between 6 X 10~2 and 15 X 10~2 torr cm. 

15. Apparatus according to claim 2 wherein said 
product is between 9 X 10~2 and 12 X 10~2 torr cm. 

16. Apparatus according to claim 2 wherein said 
inlet orifice is located in an inlet wall of said first 
chamber, and wherein said means for controlling the 
kinetic energy of said ions comprises means for applying 
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a low DC voltage between said first electrode set and 
said inlet wall. 

17. Apparatus according to any one of claims 1 to 
16 wherein said inlet orifice is located in an inlet wall 
of said first chamber, and wherein said means for con-
trolling the kinetic energy of said ions comprises means 
for applying a low DC voltage between said first elec-
trode set and said inlet wall, said low DC voltage being 
between 1 and 30 volts DC. 

18. Apparatus according to any one of claims 1 to 

16 wherein said inlet orifice is located in an inlet wall 

of said first chamber, and wherein said means for con-

trolling the kinetic energy of said ions comprises means 

for applying a low DC voltage between said first elec-

trode set and said inlet wall, said low DC voltage being 

between 1 and 15 volts. 

19. Apparatus according to any one of claims 1 to 

16 wherein said inlet orifice is located m an inlet wall 

of said first chamber, and wherein said means for con-

trolling the kinetic energy of said ions comprises means 

for applying a low DC voltage between said first rod set 

and said inlet wall, said low DC voltage being between 1 

and 10 volts. 
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20. Apparatus according to any one of claims 1 to 16 
wherein said interchamber orifice is between approximately 
1 and 2.5 mm in diameter. 

21. Apparatus according to any one of claims 1 to 16 
wherein said interchamber orifice is approximately 2.5 mm 
in diameter. 

22. A method of mass analysis utilizing a first 
electrode set and a second electrode set located m first 
and second vacuum chambers respectively, said first elec-
trode set comprising a plurality of rod means defining 
between them a longitudinally extending first space, said 
second electrode set defining a second space, said elec-
trode sets being located with said spaces aligned with each 
other and said electrode sets being separated by an inter-
chamber orifice so that an ion may travel through said 
first space, through said interchamber orifice and into 
said second space, said method comprisings 

(a) producing, outside said first chamber, ions of a 
trace substance to be analyzed, 

(b) directing said ions through an inlet orifice in 
an inlet wall into said first space, first 
through said first space, said interchamber 
orifice and then into said second space, and then 
detecting the ions which have passed into 
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said second space, to analyze said substance, 
(c) placing an essentially AC-only RF voltage 

between the rod means of said first set so that 
said first rod set acts to guide ions there-
through, 

(d) placing voltages on said second electrode set 
so that said second electrode set acts as a 
mass filter, 

(e) admitting a gas into said first chamber with 
said ions, 

(f) pumping said gas from said first chamber to 
maintain the product of the pressure in said 
first chamber times the length of said first 
electrode set at or greater than 2.25 X 10 - 2 

torr cm but maintaining the pressure in said 
first chamber below that pressure at which an 
electrical breakdown would occur between the 
rods of said first set, 

(g) pumping gas from said second chamber to main-
tain the pressure in said second chamber at a 
pressure for effective mass filter operation of 
said second electrode set, 

(h) and controlling the kinetic energy of ions 
entering said first electrode set to maintain 
such kinetic energy at a relatively low value, 

whereby to provide improved transmission of said ions 
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through said înterchamber orifice. 

23. The method according to claim 22 wherein said 
second electrode set is a quadrupole mass spectrometer 
comprising a further set of parallel elongated rods 

24. The method according to claim 22 wherein said 
product is maintained at or above 3.6 X 10~2 torr cm. 

25. The method according to claim 22 wherein said 
product is maintained at or above 7.5 X 10"2 torr cm. 

26. The method according to claim 22 wherein said 

product is not greater than about 105 X 10~2 torr cm. 

27. The method according to claim 22 wherein said 

product is maintained at between 3 X 10~2
 a nd 30 X 10~2 

torr cm. 

28. The method according to claim 22 wherein said 

product is maintained at between 6 X 10"2 and 15 X 10~2 

torr cm. 

29. The method according to claim 22 wherein said 
product is maintained at between 9 X 10-2 and 12 X 10-2 

torr cm. 

30. The method according to claim 23 wherein said 

product is maintained at or above 3.6 X 1Q~2 torr cm. 
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3 1 • The method according to claim 23 wherein said 
product is maintained at or above 7.5 X 10~2 torr cm. 

32. The method according to claim 23 wherein said 
product is not greater than about 105 X 10~2 torr cm. 

33. The method according to claim 23 wherein said 
product is maintained at between 3 X 10~2 and 30 X 10~2 

torr cm. 

34. The method according to claim 23 wherein said 
product is maintained at between 6 X 10~2 and 15 X 10~2 

torr cm. 

35. The method according to claim 23 wherein said 

product is maintained at between 9 X 10~2 and 12 X 10~2 

torr cm. 

36. The method according to any one of claims 22 to 

35 wherein said step of controlling the kinetic energy of 

said ions comprises placing a low DC voltage between the 

rod means of said first electrode set and said inlet 

wall. 

37. The method according to any one of claims 22 to 
35 wherein said step of controlling the kinetic energy of 
said ions comprises placing a low DC voltage between the 
rod means of said first electrode set and said inlet 
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wall, said low DC voltage being between 1 and 30 volts 
DC. 

38. The method according to any one of claims 22 to 

35 wherein said step of controlling the kinetic energy of 

said ions comprises placing a low DC voltage between the 

rod means of said first electrode set and said inlet 

wall, said low DC volfcscfe beincj fostw©en 1 and 15 volts 

DC. 

39. The method according to any one of claims 22 to 

35 wherein said step of controlling the kinetic energy of 

said ions comprises placing a low DC voltage between the 

rod means of said first electrode set and said inlet 

wall, said low DC voltage being between 1 and 10 volts 

DC. 
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