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ABSTRACT

The opersting parsmeters for the omegatron wvere defined for pressures

from 10’6 torr to less than 1070 torr. The sensitivity and resolution
of the omegatron were determined for helium, nitrogen, srgon, and carbon
dioxide. The measured rescolution was compared with the theoretical
resolution and the sensitivity was compered with the sensitivity of the
Bayard-Alpert type ionization gege. Date are presented to shoy that the
operating parsmeters are independent of the pressure fram 10%° torr to

1010 torr.
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ITTR20DUCTION

In most experiments conducted in the ultre Lish vecuusm ronge it is
egpenticl to Xxnow the partiel pressure of cach gas surrcunding the erperie
ment. In working with so celled “clean surfaces,” for instence, 1% is
necegsary to hnow which gases are adsorbing on the clean curfeoce. To
take & nmore ganerel example, if the pressure ig measurcd with an ionie
zation gage the composition of the gas rmust be known because son
jordzation pgege has & different sensitivity for each game. Qn Instrument
that will give a quantitetive as well as qualitetive asnelycis of the
gases in the ultra-high«vacuum range is known asg an amegetron.

The omegatron wvas first proposed by Hipple, Sommer, and Thomas
{(ref. 1) as a device for sccurately determining the volue of the Faraday.
A lster paper by these authors (ref. 2) showed that the omepstron could
be used to measure e/m ratio of geses present in s vacuunm system.

One of the earliest epplications of the omegatron as & partial pressure
analyzer wae by Alpert end Buritz (ref. 7). They utilized a simplified
vereion of the omegstron 4o show thet hellum was the predominant residual
ges in their gless ultra-highevecuunm system. Many authors (refs. b, 5,
€, and 7) have since then investigated different confipurstions of the
omepatron in the pressure range around ZLO“6 torr. Very littlie work,
however, hag been done to investipate the operating parsmeters of the

omegatron in the pressure range below 10" torr. It is the purpose

ne



here to define these parameters in the ultra high vacuum renge and to
determine the sensitivity of the omegetron for certain geses in this
pressure range. This investigation was conducted on s simplified

version of the omegatron based on the design of Alpert and Buritz (ref. 3).



CHAPTER I
PRINCIPLE OF OPERATION AND THEORY

The principle of operstion of the omegetron is similer to that of &
cyclotron. As shown in figure 1, an electron besm which is psrallel to
the megnetic field produces the lons inside the ionizastion chember. The
ions formed then interact with the crossed magnetic and slternasting
electric fields and are accelersted in orbites of increassing size. If the
frequency of the applied RF voltsge is the same ag the cyclotron frequency
of same particular e/m ratio, the ions with thet particular ¢/m retio will
eventually strike the collector. A positive trapping voltage is applied
to the sides of the ionization chamber to prevent the glane of the ion
orbits from drifting awey from the center of the ionizaiion chamber snd
striking the sides of the ionlzation chamber.

There are several theoretical treatments of the motlon of lonps in
an omegatron in the literature (refs. 8 and 9). Some useful paremeters
are given below.

An expression for the radius of the orbit of an ion in the omegatron
is

r-2 gin £k (1)
Be 2

wvhere Eo 1e the smplitude of the RF field, B is the megnetic fleld

strength, + 1is the time measured sfter the ion is formed and



e:sf.i)omc (2)

In the above expression © is the angular frequency of the slternating

RF field sand «

e 18 the cyclotron angular frequency of an iom with a

perticuler e/m ratio given by

e - 2 (3)

vhere e is the electronic charge in cmu and m is the mass of the
ion in grems.

If the frequency of the RF ficld spproaches the cyclotron frequency
of a particuler ion, in other words as € - O, then that particular ion
approaches its resonant condition and if ¢ - Q0 in equation (1) the

radius of the resonant ion orbit is given by

e = B (%)

where r. is the radius of the resonant ion orbit at time +¢. Thus the

¢
redius of the resonsnt ion orbit incresses uniformly with time and the
path of the resonant ion is an Archimedes' spiral.

There are nonresonant ions present in the omegatron whose cyclotron
frequency is very close to the RF frequency and some of these ions will
also be collected. There is & renge of cyclotron frequencies, therefore,
that will be nesr enough to the KF frequency that ions with cyclotron
frequencies that faell withip this renge will also be collected. This
range of frequencies can be evaluated by considering equation (1).

From equation (1) if the collector is loceted a distance r, from the
electron beam, the ion with a cyclotron frequency wé will never

resch the collector if



I‘O > BME-”
There is, then, a critical value of € for which the ions will reach
the collector given by
€' = Eo
ro, B
Thus s ion with a cyclotron frequemcy of «_ will be collected if
¢ en, < I
The resolution of the cmegatron is defined a8
R we e rwaB
T 2' 2Bom
L8r BS
In prectical units R = —Ezrsg—n where r, ig in centimeters, B is in

(5)

(6)

(7)

(%)

kilogauss, Ep 1is in volts per centimeter, and M is in etomic mess units.

The resolution can be nmeasured experimentally because the 2¢' ¢term in
equation (8) i1s the width of the resonant lon peak meesured at the base
of the pesk.

The length of an Archimedes' spiral is approximately equal to the
number of revolutions times the average orbit circumference. The path
length of the resonant lon as it spirals to the collector is thus given
by



A = nare ()

vhere n 1is the number of turns made by the resonsnt ion prior to being

collected. From equation (3)

B _ g, . 2m
mc = ";z;:" = Cf)ffc == to (10)

and therefore from the sbove equetion snd equation (4)

eBt, eB°r
M = —— 2 (11)
2n mEo
wvhere t, is the time teken by the resonant ion to reach & radius r,.
The resonant ion path length is therefore glven by
aBzro2
A= = 2rgy R (22)
remembering that R is the resolution.
The eensitivity of the omegastron is defined by
8 - 28 (13)
IB P

where Ic is the ion collector current, IE is the electron beam current,

and P 1is the pressure exlsting in the omegatron. The ilon collector
current in the omegetron for any glven pressure and electron beam current

is influenced by the ion path length given in equation (12). Any



increase in the ionlc path length will increage the chence that ions will
be removed from their cyclic orbit and thus not be collected. Thus for
maximum sensitivity the ion path length should be as short as possible.
But from equation (12) decreasing the ion path length will also decresse
the resclution and therefore, there must be a compromise between
sensitivity and resolution to determine the values of T, B, and Fo

in equation (12).



CHAPTER II
APPARATUS AND PROCEDURE

Apparatus.- The omegatron was mounted on & stainless steel ultrae«
high vecuuwm system with an internal volume of approximately 20 cubilc
feet. (See fig. 2.) All of the seals in the system were made with
crushed metal "O" rings. 'The systom was evacuested by e 1Q-inch diffu=
slon pump in series with & 2e«inch diffusion pump which was in tum
backed by o 15 CFM roughing pump. A cold cap was installed in the
10«inch pump, and there was a liguld nitrogen cooled baffle between the
10«inch diffusion pump and the chember. An lonization gege and 2
nagnetion gage were used to messure the pressure. The chember wes baked
at a tauperature of 275° C to reduce the outgassing of the walls. The
ultimate pressure in the chamber measured by the magnetron gage and
corrected to sccount for the change in sensitivity of the mognetron
gage (ref. 10) was ebout 2 x 10*+ torr. (All of the pressures quoted
will be the equivelent nitrogen pressure.)

The omegatron was mounted on the side of the vacuum system and the
magnet was mounted on & track so that 1t could be rolled away from the
omegetron tube for baking the tube. (See Tig. 2.)

A block diagram of the test epparatus is shown in figure 3. The
biss voltages and the emission current for the ocmegetron were supplied
by & commercisl power supply. The redio frequency signal wes supplied

by a Hewlet Packard Model (50A RF osillator with a sweep drive mechanism.
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The frequency meter was a Beckman Model ©370 end the data were recorded
on & Electro Instrument Model 591 X~Y plotter. The ion currents from

the omegatron wvare messured by a Applied Physics Model 31 vibreting reed
electrometer. The comnection between the preamplifier of the electrometer
end the loan collector pin of the omegstron was made with solid coaxial
cable utilizing sapphire disk insulators. The noise in the electrometer
clrcuit was usually sbout 1 x 10"16 Eperes.

Structursl features of the omegatron.- Due to the necessity for

baking the omegetron tube, it is constructed of meterials capsble of
withstanding temperstures as high ss 200° C. The sides of the ionlzation
chamber, FF electrodes, electron beam focusing electrode, and electron
collector are made of molybdemum (fig. 1). The ion collector is platimm
and the ion collector shield is stainless steel. The filsment and leads
arc tungsten ag are the header lesads.

The sides of the ionizeatlion chamber form the sides of & 2 on square
cube with holes in opposing sides to permit psssage of the electron besam.

The electron beam focusing electrode and the electron collector electrode

A

ere 0.000«inch molybdernm sheet, 12 mm scguare. The electron beam elecw
trode has a 0.085«inch~diameter hole in the center to pemmit psssage of
the clectron bvean.

The basic difference between the simplified omegatron which is
investigated in this paper end the originel version pronosed by Hipple,
Sommer, end Thomazs, is that the originel version employed guard yings
around the electric field to insure homogeneity in the eclectric field
and the simplified wversion does not have the guard rings. McNarry
{(ref. 11) has shown that the electric field in the simplified omegatron

is not homogencus.
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Cleanlins omegatron tube and marmet alinement.- The omegatron was

prepared for the tests by a rigorcus c¢lesning procedure. Since the
clesnliness of the tube is essentiasl for operetion et very lov pressures,,
the procedure for cleaning the tube will be delineated here. After a
presgure of sbout 2 X 1010 torr had been attained in the vacuum systen,
the ionization chamber in the omegstron tube was hested white hot by en
induction heater and held at this temperature for spproximetely 5 minutes.
This induction heating was then stopped and the tube was beked with
heating tapes to about L0O° C for about ! hours. At the end of the bske
the tube was again heated by the induction heater for > minutec. T@e
elactron beam focus electrode wes then biased positive sbout 500 volts
vith respect to the filesment and the filament heated until there was n
current of 295-%0 microemps between the electron bemn focus electrode and
the filement. The electrical leads for operating the omepatron tube were
then stteched to the tube and the filament weas blased negative sbout

150 volte with respect to the electron collector. The filoment was apgein
hegted untll there was g current of 20 nicrommps between the filsment

and electron collector.

This completed the cleaning procedure of the onegatron tube. In
some cases, however, this clesning procedure had to be repested two,or
three tlmes 40 properly clean the tube. I the tube was not cleaned
properly the background current wes found to very with the RF frequency,
and ancmelous nitrogen end water peaks were observed in the mass spectirce
gran. After the tube had been cleaned, the magnet was rolled into plece
and aligned. The nagnet was considered aligned when the emisesion current
between the filament and electron collector was equal to the total

electron current leaving the filament.
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Totnl pressure measurement.- The total pressure in the chamber was

measured by a commericel Baysrd Alvert type gage (NRC 551) and a magnetron
gege. The BA poge wes used from 2 1010 torr to 1 10" torr ana
the megnetron gage below 2 10-10 tore.

The BA gage wag cleaned by baking for sbour L hours at 300° C. A
potentiael of +300 volts was then placed on the grid and the filament
heated until about 125 milliemps were dravm from the filement to the grid.
Fifteen mimutes of this electron bombardment were sufficient to complete
the cleaning of the BA gege. The nmegnetron gage wvas cleaned by simply
baking at 700° C for L nours.

Ces inlet manifold. - To assure that only high purity gascs enter the

chamber a speciel ges inlet manifold was devised. The line from the
pressure regulastor on the test ges bottle to the gas inlet wvalve wes
evacuated with a roughing pump until the pressure was about 10 microns.
The roughlng pump was then valved off and the line backfilled with the
test gas from the bottle until the pressure was about o psig. Using this
procedure the amount of air left in the menifold was less then 1 percent
of the test ges in the manifold. The Lest gos was admitited into the
chamber through the ges inlet valve vhich was all metal and bakable.
Although the wvalve was not designed to be a throtile valve, it worke

very well as one. The leakage of gas into the chember could be controlled
80 that the pressure could be controlled even in the 10™11 torr region

if desired.

Test procedure. - The tests conducted were to determine the dependence
of the iom current upon the trap voltage, electron collector wvoltage, and

the RF voltage. If the values of trap voltage, electron collector voliage,



end RF voltege to give the maximum sensitivity are not dependent upon
the gas being analyzed nor upon the pressure of this gms, the omegatron
could be used with greamter facility as & partial pressure analyser.

Thece tests were conducted in the following manner. The vacuum
chamber was evacusted and the omegatron tube cleaned os noted. VWhen the
pressure in the vacuum chamber wes about 2 x 10~11 torr, the test gas
was admitted into the chamber until the pressure desired was sttained and
then the test run was conducted. If the variation of ion current with
trap voltasge was desired the trap voltege would be changed manuelly and
the ion current measured st each setting of the tyrap voltage. This
procedure was repeated at various pressures. In s similier manner the
variastion of ion curremt with electron collector voltage and RF voltage
vere determined st various pressures.

A separvate series of tests were conducted to determine the sensi-
tivity of the omegatron for helium, nitrogen, ergon, and carbon dioxide.
Agein the test zas was admitted after = pressdre of & » 10™1 torr had
been attained in the vacuum chamber. For these tests, however, the
frequency of the EF voltage was varied through a range sufficlent to
cause the various c¢/m retios involved in the test run to become resonant.
A test run vhile admitiing several test smses simulteneously (air, arcon,
and carbom dioxide)} is shown in figure L. Of course in the tests to
deternmine the sensitivity of the omegatron for the test pgamses only one
test pes st a time yas sdmitted into the chamber so that the partial
pressure of test gas would be cqual to the totsl prescsurec.

The residual pressure in the chemver bvefore admitting the test gas

was sbout 2 x 10"l torr. If a test gas ves admitted to reise the
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pressure in the chamber to 2 x 100 torr the residual gases sccounted
for about 10 percent of the total pressure and this percentage decreased
a8 the pressure was reiged. Thus the residual gases 4id not contribute
significently to the pressure for pressures sbove 2 x 100 torr. By
ednititing the test gas into the chamber and meking such a scan of the
e/m ratios the height of the test pas peak could be compered with the
pressure and the sengitivity determined. If the rate at which the
frequency was varied was slow enough the helght of the test gas pesak was
equal to the ilon current, Ic. A scan rote of sbout 2.5 minutes for the
frequency span of 2¢!' {eq. (3)) wes slov cnough to insure that'“the
peak height was equal to the ion current.

After the frequency had been varied to determine the peak heights
at the first pressure, the gas inlel valve wes opened further, =2 higher
pressure was obtained, and the frequency again veried to determine the
aﬁm ratlos present. In this ﬁannar the sensltivity wos determined over

a pressure range from about 10710 torr to 10™C torr.



CEAPTER IIX

EXPERIMENTAL RESULTS

Effect of the cleanliness of the amecatron tube.e The clesnliness of

the omegatron sffected the velue of trep voltage to give the maxdmum
sensitivity. Thies effect can be seen in figure 5 vhich shows the varia-
tion of ion current with trep voltasge before and efter bsking the
omegatron tube. Befcre beking the tube, a trap voltage of 1.0 volt was
required to obtain maximum senesitivity. After baking, however, the

trap voltage for maximm sensitivity was only 0.6 volt. After cleaning
the tube seversl times by baking and induction heating, the value of
trap veliege for maxdimum sensitivity was found to remsin constant even
after further clesning.

Variastion of ion current with trep voltage.- The varistion of ion

current with trap voltage Tor srgon for various pressures is shown In
figure 6. The trap voltage to give the maximum semsitivity ie 0.6 volt
and is in&ependent of pressure. Figure | shows the same varistion except
this Tigure iz for nitrogen instead of avrgon. The nmeximum sensitivity
for nitrogen occurs at a trap voltage of 0.5 volt. The difference in the
ion current between these values of trop voltege is very slight, however,
end the value of the trap voltage for maximum sensitivity is essentially
the geme for both geses. Simlilar tests conducted upon heliws and carbon
dioxide, but not presented here, showed that a trap voltege of 0.0 volt

gave the maximun sensitivity for helium and carbon dioxide also. Thus
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the value of the trap voltege for maximum sensitivity is the same for
helium, nitrogen, argon, and carbon dioxide, end ie independent of the
pressgure.

Varistion of lon curzrent with electron collector voltagze.- The

variation of ion current with electron collector voltage for argon at
various pressures 1s shown in figure O. The value of electron collector
voltage for meximum sensitivity for ergon is 3 volts. Figure 9 shows

the varietion for nitrogen. The electron collector voltage for meximum
sensitivity for nitrogen is © volts. Again the difference in ion current
between these values of electron collector voltage is very slight, and
the value of the electron collector voltage for meximum sensitivity is
esgentially the same for both gases. Tests with helium and carbon dioxide
show that the value of electron collector voltage for maximum sensitivity
was elso 5 volts. Thus the value of the electron collector voltage for
meximum seneitivity is the seme for helium, nitrogen, srgon, snd carbon
dioxide snd is also independent of the pressure.

Figure 10 shows the variation of ion current with electron collector
voltage for argon at various emission currents. The value of electron
collector voltage for maximum sensitivity 1s & volts and is independent
of the value of the emission current.

Yarimtion of ion current with RF voltage for argon at various emission

currents.- The variation of lon current with RF voltage for argon at
various emission currents is shown in figure 11. Each curve represcnts
the data tsken at one emission current. The velue of RF voltage for
maximum seneitivity veries with the emission current. For emission cure
rente from 0.25uA to 1ludA the RF voltage for maxlmum sensitivity is

almost constant at 2 volts rmas. For emission currents greater than Lyl
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the value of RP voltaege for meximum sensitivity lncreamses as the emission
current increases.

Figure 11 also shows that for a constant value of the RF voltege the
ion current is not directily proportional to the emission current. If,
for exsmple, at an BF voltage of 1.9 volts yms the emission current is
increased from 2puA to 3uA  the ion current ls actuelly decressed instead
of increased. This occursnce in the simple omegatron configuration has
also been noted by Edwerds (ref. 12), who suggested that it may be caused
by & space charge in the ionization chamber of the omegatron tube. This
space charge, BEdwerds sugpeets, ip ceaused by the electron beam snd the
nonresconant ions around the electron beam. An ion produced in & 1pA
electron beam must overcome a potentiel barrier sbout equael to the thermal
energy of the ion to arrive st a point just 0.5 mm from the beem. Since
this potential barrier increases with increasing besm current, this
suggests that at the higher emission currents an eppreciable portion of
the ions produced in the electron beam are unable to escape from it.

Thus in the simple omegatron configurstion the ion current is not
directly proportional to the emission current for emission currents
greater then 1lpA. However, for those omegstron configurations employing
guard rings to insure homogeneltly in the electric field, the ion current
is directly proportionel to the emission current for values of the
emisslion currents as greet as 20uA. (See refs. 13 and 1k). A clue
to the resson for this difference between the two omegatron configurstions
is given by McRaerry (ref. 10), who shows that the electric field in the
simple omegatron configuration is not homogeneous throuwghout the space

inside the RF electrodes. In fact in the simple omegatron the electiric
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field in the vicimlty of the electron beam is much lees than it would be

if the electric field were homogeneous. Thus ln the omegatron configurce
tion employling guexrd rings the electric field in the vicinity of the
electron beam 1s much greater than in the corresponding location in the
simple omegatron configuration. In the simple omegatron configursation,
therefore, the electric fleld in the vicinity of the electron bean is not
strong encough to extract the lons from the vicinity of the eleciron beam
because of the space charge caused by the electron beam and the nonrcacnant
ions.

Sensitivity.- The sensitivity of the omegatron was found to depend
upon the RF voltage, trap voltage, and electron collector voltage as well
es the parameters indicated in equstion (13). Therefore, the sensitivity
will be defined for constent values of RF voltage, trep voltage, and
electron collector voltage. The veluee of trap voltage and electron
collector voltage were chosen to give maximum sensitivity, but as indicated
in equation (12) the HF voltage is 2 compromise between sensitivity ond
resclution. For partial pressure analysis the sensitivity should be as
high a8 possidble while the resolution should be adequate to separste
completely the argon peak from carbon dioxide peek. An RF voltage of
1.5 volte rms was chosen to satisfy these conditlions.

The sensitivity of the omegatron for helium, nitrogen, ergon, and
carbon dioxide is detemmined from the deta presented in figures 12, 13,
14, and 15. In eeach figure the ion current from the test gas is plotted
versus the pressure in the vacuum system for an emission current of
1 microamp. The line shown through the data was computed by the method

of lesst sgquares. If the sensitivity were independent of pressure the



ion current would be directly proportionsl to pressure and the slope of
the line in figures 12, 13, 1%, and 15 would be one. Since the slope of
these lines is not one the sensitlvity is dependent upon the pressure.

Tuere is only & slight sensitivity dependence upon the pressure for
helium, nitrogen, and srgon. This is seen from the fect that the slope
of the ion current versus pressure line in fipures 12, 13, and 1l is
only slightly grester than one. The slope of the lines is listed under
"b" In table I. There are reasons to expect the slope of this lon current
versus pressure line might be slighly greater than one. At low pressures
the residual gases in the vecuum system constitute a lerger percentege of
the pressure than at higher pressures, so that at low pressures the
partial pressure of the test gass is not equal to the totel pressure. This
effect cf the residual geses would cause an spparent low sensitivity at
low pressures and therefore, the slope of the line would be grester then
one.

The slope of the line showlng the verletion of ion current with
pressure for cerbon dloxide is shown in figure 15 and is 0.32k. Thie
aepperent incresse in the sensitivity at lowv pressures is an anomely, snd
a reason for it is lacking.

The variation of ion current with rressure is given by the expression
logyg I, = & + b logyg P (1k)
Values for & end b for the lines shown in figures 12, 13, ik, and 15

are shown in table I. The pressures in figures 12 through 1, are in

equivelent nitrogen pressures. These pressures nmust be corrected to
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account for the chenge in ionization gage sensitiviiy for each test gas.
The true pressure can then be used to calculate the sensitivities from
equation (13). Using the values of the ionization gage sensitivity for
helium, nitrogen, and argon from Duchman end Young {ref. 15) znd the

value for carbon dioxide from Wagenek and Johnson (ref. 1(), the true
pressures vere detemmined for the tesi gases for an equivelent nitrogen
pressure of 109 torr. Using the value of the ion currents at 1077 torr
from figures 12 through 15 and the true pressures, the sengitlvities were
calculsted at a pressure of 10%9 torr equivalent nitrogen pressure.

These sensitivities are listed in table II.

Resclution.« As already noted, the resolution of the omegutron could
be improved by reducing the RF voltage. For an RF voltage of 1.5 volts mms
the theoretical resolution wes computed from equation (8) for vorious
gases. The resclution could also be measured because the 2¢' in eque
ation (8) is the width of the tase of the resonant ion pesks. The
theoretical and measured resolution are listed in teble III for various
gases. Figure 16 shows that the resolution is sufficient to separste
the argon peak (mass 40) from the cerbon dioxide peak (mass hL).

Tests were conducted on a separste omegatron tube of the same confige
uration. %The sensitivity of the second tube for the test gases agreed

with the dets from the first tube within 10 percent.



CHAPTER IV
CORCLIJSIONS

The value of trap voltage, electron collector volitage, and RF voltage
for maximum sensitivity is independent of the pressure and gas for helium,
nitrogen, argon, and carbon dioxide. The omegatron can therefore be used
at verious pressures and still be s guentitative analyzer. The ion cure
rent is not proportional to the anlesion current for amission currents
above 1pA. Therefore increaging the emission current in order to
increase the ion current from smell peaks is not helpful in the simple
omegatron configuration.

The cmegatron analyzer tube itesell is well sulted for analysis of
the residusl gases in ap witira-high vecuum chamber. The tube is easily
cleaned and after proper cleaning does not contribute a self spectrum %o
the mass spectrogram obtained. The partiel pressurec as measured by the
omegetron show, therefore, the gases in the vacuum chamber and not gss
veing evolved from the enalyzer tube itself. The sensitivity of the
amegairon is essentielly constant from one analyzer tube to the next and
does not seem Lo vary &g the tube sges. The ratic of the sensitivity of
the omegatron for verious gases is sboutl the same as the ratio of the
ionization gage sensitivities. The ion collection efficiency is slightly
higher for the omegastron then for the ionization gage. The sensitivity
isg slightly dependent upon the pressure for helium, argon, and nltrogen.

For carbon dioxide the sensitivity spperently increases at lowv pressures.
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A discadvantage of the omegatron is thet the ion currents cre very
small, and the equipment and technique necessary to measure them are
sophisticated. Vibrating reed type electrometers with solid coaxial cable
from the ion collector pin on the amegatron tube to the presrmlifier are
required for messuring the lowest pesi helghts. The electrical connections
between the ion collector pin and the electrometer must be kept clean and
any vibretion of the omegatron tube itself can cause large background
nolise 4o show up in the electrometer.

Since the ion currents involved are so smell the mass range must be
scanned very slowly. A scan from mass 12 to mass kb takes sbout 70 mine
utes. This is a declided drawback 1f the pressure inside the vacuum
system is changing. O0Of course, the scan rete cen be accelerated with
a consequent decremge in sensitivity end resolution. The measured
resolution ig about one-third of the theoreticel resoclution but 1s still
edequate to separate mass 40 from mass k.

The lowest pertiasl pressure that can be nmeasured depends upon the
alectrometer. With the instrumentation uesed here the lowest partisl

pressure measurable was 2 x 10t torr.
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TABLE I

Constants for equation 1k

25

GAS a b
Helium 10.29 1.02
Nitrogen 10.20 1.01L
Argon 10. b7 1.03L4
Carbon Dioxide 8.4k .92

TABLE IT

Omegatron sensitivity compared with ionization gauge sensitivity

GAS IONIZATION GAUGE OMEGATRON
SENSITIVITY (torr-1l) SENSITIVITY (torr-l)
Helium 1.6 2.0
Nitrogen 10.0 11.5
Argon 11,9 17.5
Carbon Dioxide 13.7 25.0




TABLE III
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Cyclotron frequency and resolution for various masses

e oo | Thesmotienl | tegumed
4 1542 280 86

10 385 70 1745

20 308 56 20.5

28 219 %0 4.6

32 191.5 35 11.3

%0 153 28 10

Hle 139 o5 8.7
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Figure 2.-

Vacuum chamber showing location of omegatron tube.
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Figure 3.- Block disgram for omegatron partial pressure analyzer.
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Figure 8.~ Variation of ion current with electron collector voltage
for argon at various pressures.



Cc

Ion current, I 4 amperes

Figure 9.~ Variation of ion current with electron collector voltage for

Nitrogen Peak = I_ = 1A ]
E Ap= 5xlO-7torr E E_
3 - 8 Eq = 1.5V
e Op = 5¢2x10"“torr B = .7y
- E. = .
E Op = 5x10 Ptorr ET = 70V =
= OP = 5.4x10" P torr B =
E58 Bt E:
lO-ll — I
S=ES=== = e e e BRI
i ;
-12 1 I ]
10 B E S mm————
< = === ; =
: : ]
10-13 _ EREN = T n —
== ==== == === E=ESERm=sas ;E S== S==E
ol i
10 == == = =
1 T - { T‘ T { { 1
Lo-15 8 HEHHR TS BH AR
0 10 20 30 e 50

Electron collector voltage E

E

nitrogen at various pressures.

35



100
90 £ :
80
70 . =
L s
}
60 -
T L s
50 22 a
“ - T
o 108/ T
~
2 :
£ 40 =
1] 1
N } =
~
! 1
(@} ="
~
'\O
H |-
S 398 -
o
[0}
o i
o ml
3
© AL
g AR f
H i)
il
N
:l
M~ b
20 T o ‘
A ol
Argon Peak -
Ly Ip = 1pA u
O Ig = 75mA L
O Iz = .5pA ]
O Iz = .25 =
T P = 5.3x10 7torr -
ER = 1.5v i
i ET = 7V :
INNREERRREE EEEEENRERERNEEENAN EB = =70V N
10 i AEREEENREENEN AR AR NEEE
0 10 20 30 40 50 60

Electron collector vol’cage,l’:‘E y volts

Figure 10.- Variation of ion current with electron collector

voltage for argon at various emmission currents.

36



37

— ——— £
= Argon Peak
= O 1 = suA A 1= 1A
E O I = A O I = W75
= 4 Ip = 2uA O Ip = .25uA
E P = L+.5><10"1O'l:orr
§ EE = 8v -
= ET = W7V I8 5
- = - P h
H Eg 70V
$ ad
10~t LLLLL c1ivd7. 1
8 = o
I + s :
2 v &
Q. = 7 A
E AT
° a VAW S A X
.-:U G ra i e - :
e
C £ zs & L
ol tEas z
A 737 T,
5 7
o3 iz
© r
I L ‘I
o A
= |
r ] i
|
A NN/ 11
A d [N/
3 ‘
10717 = =F
= :f ¥
A P
o :
!
i
0 1 > 3

RF voltage, ER’ volts, RMS

Figure 1l.- Variation of ion current with RF voltage for argon at
various emission currents.



lon current, | ,amperes

38

-10
¢]
! l I T I
- —
o HeLpressure from magnetron gauge
+
L O H —pressure from BA gauge ]
I 1pA
~11 E
1075 = Ep = 1.5V
EE 8v
— ET aY
EB ~70V
10-12
10713 . /(
10714 )
10715 O)'J
L % —]
-16 l | |
10 3
107 10710 1079 10" 1077 10

Figure 12.«- Variation of ion current with pressure for helium.

Total pressure , Py, torr

-6



lon current, |, ,amperes

39

-10
10
T T 1 [ l
| o N, * pressure from magnetron gauge
O N, + pressure from BA gauge
n O Ny ++ i
Ip = 1A
lo"'ll ER = l.SV [j/
= =
Ep 8v
R S |
Ep = =70V
10-12
[ Q]
O
10713
0]
10~
- —
10715 Ia)
— —
10-16 m L [ | | l i
10 10710 1079 1078 1077 10

Total pressure, Pt, torr

Figure 13.- Variation of ion current with pressure for nitrogen.

-6



lon current, | , amperes

=10
10
i l I |
- ]
WO+ N
O A “—pressure from BA gauge
of A)Jrof—pressure from magnetron gauge
[ A A)+0++ A
_— O a38% /’)/
Ig = 1pA
— Ep = 1.5V 1
EE = 8v
Ep = <7V
- EB = =70V ]
i
~12
10 5
A —]
— | A —
10713 })5
- AA B
O
- ; A o ]
lo-ll{-
- il ]
o
B
© A
10715 foi
U R | L1
1071 10710 1077 1078 1077 1076

Total pressure, Pf ,torr

Figure 1k.~ Variation of ion current with pressure for argon.



lon current,l¢, amperes

41

lo—lO
I ] | ] I | | T ] | T |
— d CO2+—Pressuro from magnotron gauge _|
a Coz+_presgure from BA gauge
A co,tt
— 0 COg I = 1w -
O 0+ EP\ = 1.5V
1071 o ¢ e T 8\7/\/ -
+4 o
& oo By = =70V
Lo-12 -
13 / A
10 o iy U
(& a)
- o —
o)
© a
1ol 2l M %
o X U O
A QA
| g © & .
o}
l— A o] —
/ @ o] ©
10715 s A
© &
Q| g
I I L L] | ]
1o- 11 Lo-10 10-9 10-8 1077 1076

Total pressure , Py, torr

Figure 15.- Variation of ion current with pressure for carbon dioxide.



bo

*9PTXOTP UOQJIBD PUR UOZIE JUTFFSTUT STTUM weaFoxzoads ssel =°*9T 2an81j

(S870A00TTy) Aduanbaig

22l 9zt 0¢T HET 8t 05T 4T 84T

9]
pte]

sa:admegT oT ‘OI ¢yiusiaInd uof

B ] T THTH e
] H H H{HH
; ; H : £ f
St T h 0H
~
q T _ .
1 | L N
1 17 U H A L
ms g S U TN BERR A
! 1 Ty i g
T T H e e e HEH THEREE BRI
T : , 5 T E R e e T
T T " e 1 _, 1 41 Ny puS! 111
1 I 1 Il
W u i HTH
1 w— >
- I i STEE =
T 1 H * n ISRREpEE O Ut
I I i+ H
) ,H T | 3 8 8 1 N 41— 4 rH T
T i i T
\
, ]
!
if Bi sga BN N 1T H
11 naNE s ] 8 [ 10 VNP EN RPUR UNQNPRRRNE A Ei
T M et T T T R HHTH]
t T { 1 1 egabaunBnats s el
T T T T T T T T A’ T 1 1 I T 18 88 = «». T
| I
R =
; H AOL= = 73
} { 1
VAR i
T m pis
ok 8 Ag = 73 i
fa HH ., Hi
) AG°T = "3 3]
it = 3
i i 1303, 0Tx2*T = d 4
T HH ] T I s
Y i j
T ! ] T 1
T T T 3 T T 1






