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PRACTICAL IMPLEMENTATIONS FOR ION MOBILITY SENSOR

| BACKGROUND OF THE INVENTIO
1. Field of the Invention
This invention relates generally to devices for
quantitatlvely'measurlng the concentrations of constituents

of multicomponent gaseous samples, and more particularly to

devices that conduct such measurements based upon the
mobility of ions in a drift region.

2. Description of the Priog.A;E

' Ion mobility spectroscopy is a powerful and well
known method for providing quantitative measurements of the
composition of a gaseous environment. In this context, the

‘jon mobility sensor is usually designed for operation at

atmospheric pressure although in principle it can.operate
at higher or lower pressures. The ion mobility sernsor

 typically is comprised of two identifiable regions: (i) an

ionization region where ions are formed representative of
the gas sample to be analyzed, and (ii) a drift region into
which the ions are injected and allowed to drift in an
electric field before collection.

. During the ions! drift in the drift reglon, the
ions make many collisions with the sample gas and their
motion in the electric field is characterized by the ion
mbbility. Since the ion mobility is a function of ion
mass, ions of different mass segregate during their drift.
Thus, by measuring the ion arrival time spectrum at the
collector, a éignature of the gas sample composition is
obtained.. Although positive ion spectra provide a selec-
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5 In currently available commercial instruments, the
dimensions of the ionization region are comparable in
magnitude to those of the drift region. The ions are

produced primarily through ion-molecule reactions, where
the impurity molecules of interest are ionized as a result
10 -of collisions with primary ions not necessarily derived
from the background sample gas but rather from carrier
gases deliberaﬁely introduced into the reaction region.
These primary ions are produced as a result of collisions
of beta particles emitted from a Ni-63 radioactive source
15 (located within the ionization region) interadting with the
sample and/or carrier gas. Since the beta particles are
produced continuously, the ion production process is

continuous and the species present in the ionization region

represent an equilibrium composition developed over a
20 felatively long time and which includes (deliberately in

the case of the use of a carrier gas) ions produced as-a

result of ion molecule chemistry. Thus, in order to

g : i analyze the ions present in this equilibrium ion "sea",
| provision must be made to extract a pulse of ions into the
l; 25 drift region. This is usually accomplished using an
electronic shutter whereby ions are only allowed into the

‘drift region during the application of suitable electric
potentials to the shutter electrodes. The detection limit

of commercially available sensors depends on the particular

30  species, and levels below one part pei:' ‘billion have been

' detected for certain organic molecules in air samples at

~ atmospheric pressure without any preconcentration.

Although the ion mobility spectrometer is a well

proven instrument, presently available models are rela-

35 tively large, expensive and require ancillary gas supplies

for calibration and for enhancing the ionization efficien-

cy. In addition, present ion mobility spectrometers

utilize a continuous nonadjustable ,ionizati_on energy
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region where ions are formed representative of the gas
anal yzed, and (ii) a drift region into which the ions are | m h”lU"
allowed to drift in an electric field before collection.
the ions drift in the drift region, the i ons make many collisions with the
sanpl e gas and their notion in the electric field is characterized by the
ion nmobility. Since the ion mgbil is a function of s of
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! inject a pulse of the total -ions into the drift region.
5 The shutter is typically a grid electrode that has a
shutter voltage applied to it that injects the ions into
the drift region. |

The continuous source of the ionizatioh energy is

fixed and cannot be changed. Thus, when a complex molecule

10 is being ionized, more than one species of ion may be

generatéd if it interacts with sufficiently energetic elec-

trons. This will disassociate the molecule into smaller

* fragments and some of those smaller fragments will also be

ionized and so on. Therefore, there is very little control

15 over which species of ion can be 'generated in current
' ionization methods.

‘It would also be advantageous to provide ion

mobility sensors with a means for triggering an alarm when

the concentration of a monitored species rises above some

20 preset value. Alternatively, it would be advantageous to
provide a means for the measuring of one or more different
species.

I provide an ion mobility sensor having an
ionization region and an ion drift region. The ionization
25 region is preferably bounded by a grid cathode and an
anode. It is into this ionization region that the gaseous
- sample enters, either by an opening to ambient in an open
system or-by a feed pipe in a closed systen. In the
context of positive ion sampling, the ion drift region is
30 bounded by the grid cathode aﬁd'a.by a guarded ion collec-
tor. The ion collector consists of an electrode and its
associated shield. Application of suitable potentials to
this electrode arrangement establishes nominally uniform
electric fields E; and By in the ionization and drift

-.35 regions respectively. ' ’

DC wvoltages’ applied to the anode,' cathode and
.collector electrodes establish a unidirectional DC field
across the entire sensor. A superimposed voltage pulse is
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avoid the development of an arc in the ionization regioh.

5 - During the application of the voltage pulse, a
pulse of ultraviolet (UV) radiation from a flash tube or
other UV source irradiates the cathode grid, liberating a
pulse of photo electrons from the cathode grid. " Prefera-
bly, the anode is of a type that is semi-transparent to UV

10 1light, such as a grid anode or a semi-transparent conduct-
ing £film anode. When the anode is semi-transparent, the UV

* : light may be irradiated through the anode towards the

cathode. The UV pulse liberates a pulse of photoelectrons
from the cathode which in the presence of the pulsed high
15 electric field generates a pulsed non-equxllbrlum.dlscharge
between the cathode and anode. The pulsed non-equilibrium
discharge results from avalanching of the initial
photoelectrons in ionizing collisions with the sample gas

during the drift of the electrons to the anode, and gives
20 rise to a pulse of ions characteristic of the sample gas in
the volume between cathode and anode. The non-equilibrium
discharge is characterized as that in which the mean energy
of the electrons is considerably larger than that of the

-ions or neutral moleculee. The avalanche growth of current
.25 is due to primary ionizing collisions between electrons and
the sample gas during their drift to the anode as well as
? | _ by secondary ionizing collisions between excited or ionized
air molecules and the minority species. The minority spe-
cies, in the case of ‘large organic molecules, have rela-

30 tively low ionization thresholds.. :

The'positive ion pulse formed drifts toward the
cathode grid and a frection of the ions pass through the
grid into the drift fieid'region. After drifting ecross_
the drift region, these-positive ions are collected by the

35 jon collector. Because this collector is shielded from the -

A drift regien by:a screened guard that is held at a poten-
tial consistent with the local electric field, the ions are
only detected at the collector after they pass through the

e
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a ; les at detected ion signal comprises a series of pulses, each
| o corresponding to a different species. Thus, provided that
' " the mobilities of the different ions are known, the detec-
10 = tor signal provides a signature of the different species
present in the gaseous sample. Although the electrodes of
the preferred ion mobility sensor are configured to collect
’ positive ions, it is understood that the polarity of the
electrodes could be reversed for the collection of negative
15 ions. ' '
Once the ion pulses are received at the collector
electrode as an electrical charge, the ion pulses are pro-
cessed to evaluate the characteristics of the sample. The
circuitry that processes the ion pulses is controlled by a
20 trigger control. The trigger control also controls the
timing of the UV pulse source and the pulsed voltage source
such that the processing of electrical data representing
the ion pulses will ‘c_oint:ide' with the ;eceiv:'.ng of that
data from the collector electrode.
? 25 - The first preferred 1mplementatlon of the ion
;' . mobility sensor senses one or more optionally varlable,
| | predetermined species in a specific gas_eous sample. In the
first implementation, an alarm is triggered if the coéhcen-~
. tration of the monitored species in the sample rises above
30 - some preset value. This value may be variable and may be
different for the different species monitored.
The second preferred implementation of the ion
mobility sensor involves integration of the sensor into a
quantitative microprocessor-based system for the compre-
35 ‘hensive measurement of one or more different selectable
épecies. In either implementation, the trigger cont_roi is
employéd for controlling the timing of ion pulse creation
in the sensor. The triggér control also controls the




pheric pressure w thout any preconcentration. T hﬁ
L.gnynobi [ ity spectroneter is a well proven instrument, pres
node¢ls are rela- tively |arge, expensive and require anci | | iﬁ I
for {calibration and for enhancing the-ionizatg on efficien--

addition, present ion nobility spectroneters utilize a contlnuous
nonadj ust abl e i oni zati on energy

operation of the circuitry for evaluating the received ion
pulses.

"The sensor may be applied to detect a wide range
. of substances in many different environments, such as the
5 presence of chemical and/or biological agents including
impurities in refrigerant systems for the protection of
compressors and other components, and refrigerated envi-
ronments for optimizing cargo protection. The sensor may
also be used to detect the presence of illegal drugs and
10 explosives in containers and on personnel. Toxic storage,
workplace or waste areas maf be monitored as may areas for
. the presence of vapor fuels or other ekplosives. Anesthe-

: ‘'sia procedures may also be monitored.
Other details, objects and advantages of the
15 invention will become apparent as the following description
' of certain present preferred embodiments thereof proceeds.

BRIEF DESCRIPTION OF THE DRAWINGS -

Figure 1 is a diagrammatic representation of the

electrode arrangement of the preferred ion mobility sensor
20 = for positive ion sampling.

Figure 2 is a diagrammatic representation of the
potential distribution of the preferred ion mobility
sensor. -

: Figure 3 is a diagrammatic representation of the

: L? 25 potential distribution of the preferred ion mobility sensor

o for negative ion sampling.

Figure 4 is a diagrammatic representation of the
alarm circuitry for the first preferred implementation of
the . ion mobility sensor.

30 .- Figure 5 is a diagrammatic representation of the
alarm signal timing for the first preferred implementation
of the ion mobility sensor.

Figure 6 is a- diagrammatic representation of the
alarm circuitry for an alternative to the first preferred

35 implementation of the ion mobility sensor. '
' Figure 7 is a diagrammatic representation of the
alarm circuitry of another alternative to the first pre-
ferred implementation of the ion mobility sensor.
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sensor 10 has two connected regions: an ionization region
12 and a drift region 14. Figure 1 shows a preferred
electrode arrangement which defines the two regions 12, 14
of the sensor 10. The ionization region 12 is bounded by
10 ~an electrode 16 and a meshed electrode 18. The manner in
which the gaseous sample enters the ionization region 12
depends upon whether the sensor 10 is embodied as an open
' system or as a closed system. If the sensor 10 is embodied
~as an open system, the area between the grid electrode 18
15 and the electrode 16 is unconfined and the ambient gas may
freely enter the ionization region 12. If the sensor 10 is
embodied as a closed system, the sensor 10 would have walls '
confining the area between the electrode 18 and the elec-
trode 16.. Thixs, in a closed system, ambient gas is not
20 free to enter the ionization region 12. Any gaseous sample
that is to ‘be analyzed must be entered into the ionization
region by a feed pipe 36 (shown in dotted line in Figure
n. o : o B
_ ' The gaseous sample is entered into the ionization
"1 25 regioh 12 between the electrode 16 and the electrode 18.
The electrode grid 18 separates the ionization region 12
from the drift region 14, and thus also bounds one end of
the drift Tregion 14. A shlelded collector electrode 20
bounds the end of the drift region 14 opposite to the
30 electrode 18. Although it need not be, the drift region 14
is preferably boundéd by walls so as to prevent the en-
trance or exit of ions from the drift region 14. A meshed
shield electrode 22 is preferably located adjagent to the
_ collector electrode 20 and lies between the collector elec-
35 trode 20 and the electrode 18. |
Application of suitable potentials to this .
electrode arrangement establishes electric fields across
the sensor 10. For positive ion sampling, DC voltage
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and the shield 22) have a voltage of V;. due to the poten-
~tial source 30. The applied voltagé pétentials 30 result
in a unidirectional DC drift field E, across the ‘sensor 1¢.
The drift field E, is capable of carrying ions from the
10 ionization region 12 through the drift region 14 to the
colleétor electrode 20. In general, the drift time of the
different ion species is dependent upon the charge and mass -
w of the particular ions produced in the ionization region.
The magnitude of the field E; is low enough so as not to
15 produce ions in 'the drift region as a result of electron
' molecule collisions. _ _
A voltage pulse 26 (depicted as a dotted line in
Figure 2) from an impulse generator 28 is superimposed upon
the drift voltage 30 at the anode 16. The superimposed
20 ° high voltage pulse 26 results in a total anode voltage
designated as of V, + V, in"Figure 2. The increased voltage
applied at the anode 16 results in a field E; in the ioniza~
tion region 12 between the anode 16 and the cathode 18.
The magnitude of the voltage pulse 26 is selectable, but is
3 25 chosen so that the generated field E, is higher in magni~-
: tude than the ionizing DC breakdown field of the sample but
is also of sufficiently low amplitude and duration so as to
avoid the. development of an arc in this region. The
application of the pulsed voltage 26 results in the.poten-
30 tial of the anode 16 being equal to the Dé potential 30 at
the anode 16 plus the voltage pulse 26. '

- During the application of the voltage pulse 26, a
pulse 24 of ultraviolet (UV) radiation from a suitable uv
source 25, such as a flashtube, irradiates the cathode grid

. 38 18. The intensity of the UV pulse is selectable and
defines the number of photoelectrons released from the
cathode of the ionization region 12. Preferably, the anode
16 is of a type that is semi-transbarent to UV light, such
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a grid anode. When the anode 16 is semi- transparent, the
'UV light pulse 24 may be irradiated through the .anode 16
towards the cathode grid 18. By irradiating through the
5 anode 16, the UV source 25 may be located outside of the
ionization region 12 while still directing the UV pulse 24
upon the face of the cathode 18.
When the UV pulse 24 reaches the cathode grld 18,
the Uv_llght 24 liberates a pulse of photoelectrons from
10 the cathode 18, The greater the intensity of the UV pulse,
the larger the number of electrons liberated. The elec-
trons then drift toward the anode 16 creating an avalanche
" of electron generation. The voltage pulse 26 raises the .
| ' mean energy of the electrons liberated from the cathode 18
15 above the ionization level and creates a nonequilibrium

discharge situation. With a nonequilibrium discharge, the
electrons are at much higher energy than are the heavier
particles, i.e., the ions and the neutral particles,
resulting in ionization.
20 Since the disclosed ion mobility sensor 10
prov:.des a pulsed source of ions, a shutter is not needed.
While the electrons travel towards the anode 16,. the
positive ions move towards the cathode gr:_i.d 18. Because
the cathode 18 is a grid, there are gaps between the solid
portions of the grid. Those ions which arrive at a solid
part of the cathode 18 will get collected. Those ions that
arrive at a gap in the cathode grid 18 will be carried
" through the gap due to the drift field Ey. At the time in
which the gositive jons arrive at the cathode 18, the
30  voltage pulse 26 is off and the steady DC drift field E, -
carries the ions. _ . y
' Beéause the anode 16, cathode 18, and shield 22
are preferably grids, the oV pulse 24 irradiates the anode
16, cathode 18, shield 22 and collector electrode 20. Any
35 . photoelectrons emitted from the anode 16 are prevented from
leaving the anode by the applied field E;. However,
photoelectrons emitted from the shield 22 and collector
electrode 20 begin to drift in the applied drift field E,

sy %
N
)]




ulse of ultraviolet (W) radiation froma flash tube or &hibSheetlis BexuRegace

ed
rradiates the cathode grid, liberating a pul se of photo el ' he
gat hode grid. Prefera- bly, the anode is of a type that:ig | ﬂ -
em -transparent to UV light, such as a grid anode or a sem-trans
conduct- ing filmanode. When the anode id0sen -transparent, the UV |ight
may be irradi ated through the anode towards the cathode. The WV pul se
| irberates a pul se of photoel ectrons fromthe cathode which in the presence

-of the pul sedtoWgirds sber cathpdedlgencIntapphigattens rion-wuidl ithenenare

di schar ge bet wae g(’;gﬁ d e HE%EG bhdPRLIEM fpa -
di schar ge re\saﬁl &lté%%ﬁ ava %cﬁ?ﬁ%qggf'y}%ﬁgﬂﬁ%nﬁl a pﬁg%%%?éig ro(r?s? I n
i oni zi ng col | F3UE8s ofi thedre laxge dxyfd Fediosd tihle agrive ot the sashodens

to the anode, 18N 48§ thae voLEadd! PR1SE IWSaRlaAErANP! AGgRént"ehe
sanpl e gs I n hs__gvol_urre, bet ween cat hode and anode_ The nqQn-equi 1 brium

di scharg® is e SSIAN fXqm the (c3Rhe®e : +R- medR 8RPAIFAEAONSe (such
el ectrons is agnaitgrdpl whidhg@herieais Ralla®ie! Rlectronegative constit-~

uent, electrons emitted from the shield 22 and the collec-
tor electrode 20 become attached to form neg;tive ions
after drifting a very small fraction of the drift region
10 because of the large three-body attachment coefficient in
oxygen at the low applied drift field E,. In this case,

~ -any negative charge reaching the ionization region 12 that

| originates from the shield 22 and collector electrode 20,
does so a substantial time after the duration of the

15 voltage pulse 26. In any event, the negative charge
arrives in the form of negative ions and therefore, cannot
give rise to spurious ionization pulses. .

M3y

An increase in the ionization field E, increases

the mean energy of the electrons and, therefore, increases

20 the amount of ionization. However, such a variation in the
electron distribution also varies the ratio.of the coeffi-

cients of the different ionization species derived either

. from different parent molecules in a mixture or from the
1 same molecule as a result of different fragment ions. This
' 25 ability to tailor the ionization probability among the
different neutral gas constituents is an important feature

of the disclosed ion mobility sensor 10. Thus, by delib-

erately vaz-'ying the field E, in -the ionization region 12,

the probability of ionization of ions having different

30 ionization thresholds éan be varied. By providing relé-
tively low energy with the voltage pulse 26, those ions

that require the least amount of energy to ionize will

ionize. By increasing the value of the voltage pulse 26,

and therefore increasing the magnitude of the ionization

35 field B;, higher ionization levels of a given molecule will

be reached, accessing different ‘ions. This provides a

secondary means of ion discrimination in operatidn of the
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. 5 particles of either the ions that are generated or the
background gas. The ions are at thermal energy and their

energy is determined by the background temperature. The

mean energy of the electrons in the ionization region 12 is

determined . solely by the ratio of the electric field E,

10 between the anode 16 and the cathode 18 divided by the

total gas density of the ionization region 12. Therefore,

q : the mean energy of the electrons may be adjusted by adjust-

' ~ ing the magnitude of the voltage pulse 26 applied to the
~anode 16. Also, the number of electrons liberated from the

15 cathode 18 is dependent upon the amount of UV light emitted

in each pulse 24. The amount of ionization that occurs to

the gaseous sample is dependent upon the magnitude of the

electric field E, produced by the voltage pulse 26. Thus,

by offering independent. conf:rol of both the magnitude of

20 the UV pulse and the magnitude of the voltage pulse, the
amount and. extent of ionization may be effectively con-
trolled. _

o The shield 22 is preferably a meshed or grid plate
' : that has a potént_ial associated with it that will keep the
3 25 ~drift field E4 uniform. The collector electrode 20 operates

at near ground potential preserving the uniformity of the
drift field E,. The shield 22 protects the collector
electrode 20 from detecting the motion of any- induced
charge which would other;wi_ée appear on the collector .
30 electrode 20. Otherwise, the collector electrode 20 would
'detect a constant current which would then decrease in
steps, where each step would correspond to the collection _'
of a particular species of ion.
~ Thus, the shield 22 effectively differentiates the
35 current so that no signal is. detected at the collector
electrode 20 charge passes through the shield 22. Thus,
the collector electrode 20 detects a series of electrical
pulses in which each pulse is the current due to a given
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between the cathode and the shield is not observed by the det g ) 1S
circuit. In general, the drift time of the different |i _

i s dependent on the charge and mass of the pgartic- ular ions el

the ionization region so that the detected ion signal conprises a series of

pul ses, each corresponding to a different species. Thus, prQyided that the
St ore ot LEa i L A et et shohaaa eral
2Jfhgﬂgﬁu{ﬁeoe|%@?r%&ﬁ?ﬁﬁeﬂt pecies are known, m%e pulses cg?lected at_
the collector electrode 20 provide a signature of the
different species present in the sample gas. .
5 Connected to the collector electrode 20 is a means
34 for detecting and measuring the current generated by the
ions reaching the'collector electrode. Such means involve
connecting a transimpedance amplifier to the” collector
_ electrode. The transimpedance amplifier converts the
10 incoming ion charge to a'voltage signal.
Although the electrodes of the preferred ion
" mobility sensor are configured to collect positive ions, it
- _ is understood the polarity of the electrodes could be
reversed for the collection of negative ions.
15 For negative ion collection, the potential distri- |
bution is as shown in Figure 3 where now electrode 16
becomes the cathode and electrode 18 becomes the anode of
the ionization region 12. Application of negative polarity
potentials 3;,_as'depicted in Figure 3, from source 32
20 result in a voltage of -V, at the anode 18, and -V, at the
cathode i6, and ensure a unidirectional DC electric field
across the sensor. A negative polarity voltage pulse 27
(depicted as a dotted line in Figure 3) from generator 28
: is superiﬁposed-on_the véltage of electrode 16 and results
‘ 25 - in a total Cathode'voltage designated at -V,-V, in Figure 3.
The photoelectron pulse released from the cathode 16 as a
result of irradiation by the UV pulse during the applica-
tion of the voltage pulse 27 triggers a non-equilibrium
discharge between electrodes 16 and 18 which define the
.30 ionization region. Negative ions formed_in-the ionization
region then drift towards electrode 18'and a fraction of
them continue to drift through the meshed anode 18 under
the influence of the DC drift field and enter the drift
region. Once in the drift region the negative ions contin-
35 . ue to d;ift toward the colledtor and are eventually sampled
in a similar way to that described earlier for positive
ions. The establishment of a non-equilibrium discharge in
the ionization region ensurés.the production of negative
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it i's understood that the polarity of the electrodes could b
the collection of negative ions. Once the ion py Ise

at the collector electrode as an el ectrical3charge, the on EH’EE
cessed to evaluate the characteristics of the sanple. e Ci rcwtry t hat :
processes the ion pulses is controlled by a trigger control The trigger
control also cédRhsofermed bynthe dﬁ-sﬁﬁélwlﬁﬁl taPFocesspass Well
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ployed. The electrodes are configured for the case where
a single positive ion species is monitqred in an electro-
negative sample, although as already noted, the polarity of
the electrodes could be reversed for monitoring negative
10 ion species. A positive DC voltage is applied to the elec-
' trodes 16, 18, 20 and 22 with the appropriate potentials
for providing a unidirectional, approximately uniform
' electrical field from the anode 16 to the collector elec-
'. | trode 20. The value of the electric field in the drift
15 area E, is such as to ensure that between the anode 16 and
the collector electrode 20 the ions are in thermal equi-

th&preferred ion nobility sensor are configured to collect g%ﬁl i3

librium with the sample gas. A capacitor connected across
the drift region is used to maintain a constant field E; in
the region.

20 ~ A voltage pulée’ 26 is capacitively coupled to the
anode 16 from a high voltage pulser 28 such as a pulse
transformer, triggered from the trigger controller 42.
The amplitude of the voltage pulse 26 is sufficiently high
so that the ratio of the total electrical field between the

Q .. 25 anode 16 and the cathode 18 to the total sample gas density

: N is above the ionization threshold value for the particu-

lar samplé under investigation. Both the DC and pulse
amplitudes are variable.

A UV lamp pulser 48 is tr:.ggered by a pulse from

30 the trigger controller 42 and provides the drive power for

' ' the UV light source 25 which may, for example, be a Xenon

flashtube equipped with a UV transmitting window. The

resulting UV pulse is arranged to be delayed with respect

to the anode voltage pulse and contained within the anode

35 pulse envelope duration as indicated in the timing diagram

of Figure 5. The incidence of the resulting UV pulse at

the cathode 18 gives rise to a pulsed discharge which is

self-quenched on  decay of the voltage pulse 26. The




so' preset value. - This value nmay be variable and may begﬂggﬂ‘e s

di fferent species nonitored. The second preferre BL %platc%e _
of: the ion nobility sensor involves integration of the seni’ﬂﬂ Em”m !r
quantitative mcroprocessor-based systemfad the conpre- .h : r
measur enent of -one or nore different selectable species. In either
I npl ementation, the trigger control is enployed for controlling the timng
of ion pul se credatdve rpagitiomsef . the THY pulgeer24owithbl resgectotor dhe
the voltage pulse 26, together with the amplitude and width of
the voltage pulse 26 are adjusted for optimum ion discharge
intensity for a predetermined sensitivity within the
5 limitation that the discharge not develop into an arc.

The electrodes are coupled to a first and a second
transimpedance amplifiers 38, 40. The first transimpedance
amplifier 38 is coupled to the collector electrode 20 for
positive ion species measurement. '

10 _ g The output from the first transimpedance amplifier
38 is fed to a comparator set 44 to provide a standard
. logic pulse when the detected signal is above a preset
' level. Thus, the output from the comparator 44 consists of
a sequence of logic pulses corresponding to the arrival of
15 pulses of different positive ion species at the collector
electrode 20 when the amplitudes of these pulses are above
the preset level. The output from the comparator 44 is
then connected to one input of an AND gate 46. Thg other
input of the AND gate 46 is connected to a delay generator
20 50 which outputs a logic pulse at a predetei'mined ‘time
following the UV pulse trigger 48. This predetermined
time corresponds to the known transit time of the monitored
ion species. Thus, if both pulses are coincident at the
AND gate 46 an output is derived from the AND gate 46 which
‘ 25 may be uséd to trigger an appropriate alarm 54.

A variation of the first preferred implementation
of the ion mobility sensor is shown in Figure 6. In this
variation, the simultaneous monitoring of n multiple ion
species is accomplished where the different species trigger

30 alarms when the levels of these species rise above differ-
ent preset levels. An exampl'e' of this system for the case
of n = 4 is shown in Figure 6. The output from the first
trénsimpedance amplifier 38 is directed to four different
comparators 62, 64, 66 and 68 in which the individual alarm

35 limit levels are set. Each comparator 62, 64, 66, 68 feeds

' an input of a respective AND gate 70, 72, 74, 76. Delay
generators 86, 88, 90, 92 feed the other inp‘ut‘of the
- respective AND gates 70, 72, 74, 76. The delay generators _




sr’ation of the circuitry for evaluating the received ion pullhﬁgﬁ I
The sensor nay be applied to detect a wi de range of substay,n\c t cet Has Been Roplaced

di fferent environments, such as the presence of chemi cal d/o mllﬁmmulﬂ”m

agents including inpurities in refrigerantlsystens for thel|pro
conpressors and other conponents, and refrigerated envi- ronnents for
optim zing cargo protection. The sensor nay al so be used to detect the
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DESCRI PP ON ORPRYE delayed pulses from the delay generat:or
corresponding to the specific transit times of the differ-
ent ion species. One of the channels shown in Figure 6 may
alternatively be used to provide a test signal by detecting
an ion characteristic of the '-majority. sample and which
10 should always be present regardless of minority impurities.
Another variation of the first implementation is
the alarm system shown in Figure 7. 1In this alternative,
' - the alarm signal is output only if, for example, a number
of different ion species (four species being demonstrated
15 in Figure 7) derived from the same or related impurity
molecules are detected. In this arrangement, the outputs
from the individual AND gates 70, 72, 74, 76 following the . .
- comparators 62, 64, 66, 68 and delay generatofs 86, 88, 90,
92, respectively, are fed after suitable delay to a
20 ‘multi-input AND gate 78. These delays 80, 82, 84 are added
to all but a reference species and are such so as to
compensate for the different known transit times of specif-
ic ion species. so that all input signals to the multi-input
AND gate 78 arrive simultaneously. This may be accom-
! 25 plished by adding a delay to the signals of the species
v equal to the delay of a reference 'spec'ies minus that
species’ delay. For example, if the 'spec-ies preset at
comparator_ 68 is the reference and has a delay (transit
t'ime) of t,, the species of zfcomp'arator 62 which has a delay
30  of t,, has a delay added to it equal to t,~t; {shown as 80
in Figure 7). When this delay is added to t,, the total
delay for the species of comparator 62 is't; + (t,~t;) which
is t,. This step would also be performed on the species of
compafat_ors 64 and 66. Thus, for the case in which the
- 35 species of comparator 68 is the reference, all species will
be delayed by the same time, t,. It is preferable for the
species having the longest transit time fo be chosen as the
reference. When all four input signals to the multi-input




F’ure 1 is a diagranmatic representation of the el ectrode arran enent
the preferred ion nobility sensor for positive ion sanpli I]Iee‘ aSBeenRepl“ed

Figure 2 is a di agrarmatrc representation of the potenti:al ﬂm“mm IHII

of the preferred ion nobility sensor. 16 Figure 3
di agrammatic representation of the potential distribution of the preferred
ion mobility sensor for negative ion sanpling. Figure 4 is a

di agrammati c r 8pPegetea? Bonruﬁv’ehsmhatﬁh&bﬁﬁmyf,ranf Qﬁtﬁ{i& iléﬁﬁ ﬂiﬂ@rﬂse‘j

| i
i gr amac i o Sargoered iLe heBliRhng ne incorRgEabRc he réduge the
preferred inpl efENERensie oPft Haliseh absinst gusertswr possible imtaprferdnds a

di agrammatic r epofs aMrdliated sgdeiggarmcircuitry for an al ternative to
the fi rst preferred i npl ement at’i on.of the ion nobi I|t¥ sensor.
: In the alternative shown in Figure 7, the control

of the sensor may either be local, such as by toggling a
switch, or remote. ', In the latter case,.the control signal
can be carried by conventional cable, fiber optic" cable, RF
telemetry or any convenient means depending. on the partic-
10 ular nature of the sensor environment. It is distinctly
understood that although four comparators for four differ-
_' ent species have been discussed in the alternatives of
L Figures 6 and 7, the number of comparators utilized, and
the number of species monitored is not limited to four but
15 may be any number.

' ' A second preferred implementation is shown in
o Figure ‘8. This embodiment integrates the sensor into a
quantitative microprocessor-based system .for the compre-
hensive measurement of one or more diffe_reht programmable
20 species. The electronic arrangement for this embodiment is
similar to that of the embodiment shown in Figure 4 except
that the comparator and AND gate have been replaced by an
analog-to-digital converter (A/ D converter) 56 and some

kind of microprocessor 58. _

‘ 25 In addition to triggering the ionization, the
trigger control 42 triggers the A/D converter 56 to start
accepting data. The A/D converter 56 then receives the
output voltage from the first transimpedance amplifier 38
and digitiZes it. :_i'l"l‘he digitized signal is then processed

30 . in the digital signal processor 58. The signal p;:ocessing'

" could involve providing look up tables in 'memory 60 that

- represent various ion species.. The digitized signals
derived from the collected ions would then be compared to _

the look up table values. This comparison would allow

35 determlnation of which specles were present in-a sample and

in what amounts.

It is preferred that the voltage pulser and the UV

pulse source may operate to repetitively pulse the voltage




!gure 7 is a diagrammatic representation of the alarmcircuitty of vanot her
alternative to the first pre- ferred inplenmentation of the |dﬂusr$hé&t1|{as1BhfenRe placed

sensor. 7 Fi gu
di agrammatic representation of the circuityy for a second pref ”"”' m
I mpl enentation of the ion nobility sensor.

and UV light pulses. It is also preferred that _.the dlgltal

signal processor and memory unit cooperate to store the

digital output from the analog to digital converter and

provide signal averaging of the ion signals and thereby
5 - improve the signal/noise ratio.

It is understood that the above~described imple-
mentations are not limited to the preferred ion mobility'
sensor but may be utilized in any ion mobility sensor that
has an ionization region and a collector electrode. Ion

10 mobility sensors that do not employ pulsed ionization means
instead often utilize a continuous ionizing source 35
| . ' (shown in dotted line often in Figures 4, and 8) such as
Ni-63. Sensors using continuous ionization means typically
use a shutter electrode which inay be electrode 18 to inject
1s the ions into the drift region in pulses. In this type of
' sensor, the trigger controller triggers the shutter eleé-
trode rather than the voltage and UV pulsers, however, the
implementations would otherwise operate substantially
identically as in the pulsed ionization case described-
20 above. Thus, regardless of the type of ionization means -
chosen or of the electrode 'polariZation, ‘species of ions

may be quantitatively and 'qualitatively monitored.
While a present preferred embodiment of the inven-
tion has been shown, i'l_: is distinctly understood that the

{ 25 invention is not 1limited thereto but may- be otherwise
variously embodied within the scope of - the following
cla:uns.




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring first
to Figure 1, an ion nobility sensor 10 has two connected regions: an

ioni zation region 12 and a drift region 14. Figure 1 shows a preferred

el ectrode arrangenent which defines the two regions 12, 14 of the sor
10. The ionization region 12 is bounded by an el ectrode 16 and a ngshed

- el ectrode .18. The manner in which the gaseous sanple enters the iohi¥ation
regi on 12 depends upon whet her the sensor 10 is enbodi ed as an open sSystem
or as a closed system If the sensor 10 is enbodi ed as an open system the
area between the grid electrode 18 and the el ectrode 16 is unconfined and

the anbient gas may freely enter the ionization region 12. T the sensor .
is enbodi ed as a closed system the sensor 10.would have wal lﬁus%?ee ﬁnbnglk eplaced

the area between the electrode 18 and the eLec trode 16.. Thu
cl osed system anbient gfs is not free to enter the ioni zatlo?ﬂlm "mﬂl”",

o

18

~

CLAIMS:
1. A system for signalling the presence of
. : selected ion species in a gaseous sample of an ion mobility
sensor, characterized by first, second and intermediate
- grid electrodes positioned a selected distance apart
5 wherein the intermediate electrode is positioned between
the first and second electrodes, wherein a voltage poten-~
tial is applied to the electrodes creating a unidirectional
electric field between the electrodes; an ionization source
for generating ions in the sensor, the ionization'sourcg.
10. being proximate the intermediate electrode; a trigger con-
troller connected to at least one of the first electrode
and the ionization source for allowing ions to enter a
region between the intermediate and second electrodes at
‘the intermediate electrode at a time t,, wherein the ions
\!' 15  drift through the. electric field and arrive at the second
electrode at a time t,;; a transimpedance amplifier connected
to the second eléctrode for converting the ion charges to
voltage signals; and an analyzer for determining the
presence of selected ion species, the analyzer being
20 actlvated by the trigger controller at time t,.
' ' 2. The system of claim 1 wherein the lonlzatlon
‘source is characterized by a UV light source for directing
a pulse of UV light at one of the first electrode and the
intermediate electrode; and a voltage source for applying
.25 a voltage pulse to the first electrode coincident with the
UV pulse. | '
3. The system of claim 2 wherein the UV 11ght
source is a xenon flashtube.
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F;;??gnlsegrgn ;mlmﬁmlilmﬁuuml region 14, and thus also b

regipn 14.¢ A sHiefdetl collecigr el ectrode 20 bou
e to prevent the
region 14 is preferably bounded by walls so as
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5' i ngs Dct@l tl:ﬁ%e tran51mpedance amplifier, the analog to digital

i ¢ i i line in Figure l)f‘\\—'Fhe\
ion by a feed pipe 36 (shown in dotted | _

' ed-into the ionization region 12 betwegp Been Replaced
v ode e ot he el ectrode grid 18 separ iﬁﬂ“ﬂ ‘D ace

n 14-opposite’ t% the el ectrode 18. Al though it need not

to the collector elect rodeg30

converter converting the voltage signals to digital units;
and a digital- signal processor for processing the digital
units. .

6. The system of claJ.m 5 further comprlsing a
memory unit for storing the processed digital units. _

7. The system of claim 1 further characterized
by at least one comparator set whlch receive the voltage
s:.gnals from the trans1mpedance amplifier, each at least
one comparator set generatlng a respective logJ.c pulse
representing a selected ion species when the voltage
signals exceed a preset value.

~ 8. The sensor of claim 7 wherein the analyzer is
characterized by a delay generator connected to the trigger
controller, the delay generator producing a selected number
of logic pulses, each logic pulse representing a respect:.ve
ion species, each logic pulse being produced at a time
after the ionization source has been activated representing
that ion spec1es' travel time from the intermediate elec-
trode to the second electrode; and at least one AND gate, _
each at least one AND gate having first and second inputs
and an output the first input of each at least one AND
gate being connected to a respective comparator set so as

to receive the logic pulses of a selected ion species, and

30

35

the second 1nput being connected to the delay generator so
as to receive the delay generator logic pulse correspondlng '
to the selected ion species, wherein whenever the delay
generator logic pulse and the comparator set logic pulse
coincide at any of the at least one AND gates, a signal is

‘output from the AND gate output.

9. The system of claim 8 further character:.zed
by a multi-input AND gate wherein each input of the
multi-input AND gate is fed from the output of the at least
one AND gate after being delayed so as to provide coinci-

L



‘48 22. Thus, the anode 16 has a voltage of V[err], the'cat
Wy tage of v[err] and the ion collector coggonents (the colle :
and the shield 22) have a voltage of V[err] due to the poten- tial
@irce 30. The applied voltage potentials 30 result. in a unidirectional DC
Aft field Edentr oxrivad sefisthelBignals at the inputs, such that when

each input of the multi-input AND gate receives a signal,
a sign_al is output from the multi-input AND gate output.

e
LY

ential s 30, as depicted in Figure 2, are appiled by a potgpt 'hg(le.t
o at the anode 16, the cathode 18 and the shiel ded collec¢tor Hm

\

g
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ift field Ed is capable of carrying ions fromthe ionization regio
ough the drift region 14 to the collector el ectrode 20. In generalf,
ift time of the different ion species is dependent upon the charg

hss of the particular ions produced in the ionization region. The

ude of the field Ed is | ow enough so as not to produce ions in the
region as a result of electron nolecule collisions. A

-#ge pul se 26 (depicted as a dotted line in Figure 2) from an Tmputse—
fator 28 is superinposed upon the drift voltage 30 at ThisSheafHBechS:

"‘uperinposed hi gh voltage pulse 26 results in a total 3 - placed
desi dnated as of V[err] + V[err] in Figure-2. The increase . u ,,Ied
at the anode 16 results in a field E[err] in the ioniza- ti . o

between the anode 16 and the cathode 18. The pegnitude of the vol t age pul se
26 i $ selectable, but is chosen so that the generated field E[err] is

hi gher in magni- tude than the ionizing DC breakdown field of the sanple
but ' .

21 57,712
ABSTITRACT '
¢ PRACTICAL IMPLEMENTATIONS FOR ION MOBILITY SENSOR

A system for signalling the presence of selected
ion species in a gaseous sample of an ion mobility sensor
(1.0), having a unidirectional field provided between first
and second electrodes (16, 18) positioned a selected
5 distance apart. An ionization source (35) generates ions
in the ;ensor'and a trigger controller (42) allows ions to
enter the region (12) between the first and second elec-
trodes at a time t,. The ions then arrive at the second
_ electrode at a time t,. A transimpedance amplifier (38)
10 converts the ion charges to voltage signals. The presence
' - of selected ion species is determined by circuitry that is
activated by the trigger controller at t,. The species are
preferably analyzed by directing the amplifier output to an
analeg to digital converter (56). and then to a digital

15 signal Yrocessor (58). The ions may alternatively be .
analyzed by generating a logic pulse representind a select-~
ed ion species when the amplifier output exceeds a preset
value. An alarm signal is output when-the logic pulse is
cbiﬁcident at an AND gate (46) with a logic pulse repre-
20 = senting the species’ travel time from the first electrode

to the second electrode.
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Iso of sufficiently IOM/anplltude and duration so as to avoid the
| opment of an arc in this region.. . The: application of the pul sed

age 26 results in the poten- tial of the apode 16 being- equal to the
otential 30 at the anode 16 plus the voltzgg’pulse 26. Bt

application of the voltage pul se 26, a pulfse 24 of ul travyo lmm{_
ation froma suitable UV source 25, such as a fl ashtube, 17} ﬂ' Tﬁr _

ode grid 18. The intensity of the W pul se is selectable '
nunber of photoel ectrons rel eased fromthe cathode of the.
on 12. Preferably, the anode 16 is of a type that

is sen1-transparent
i ght, such .
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915 a sem -transparent conducting filmanode or preferably a grid anode
Wien the anode 16 is sem - transparent, the UV |ight pul se 24 may be

i rradi ated through the anode 16 towards the cathode grid 18. By
irradiating through the anode 16, the UV sol > 25 may be | ocated out si de
of the ionization region 12 while still direg ng the WV pul se 24 upon the
face of the cathode 18. When the WV /[pul se 24 reaches the cathode
grid 18, the UV light 24 |iberates a pul se of photoel ectrons fromthe
cathode 18. The|greater the intensity of the UV pulse, the larger the
nunber of electrlons |iberated. The elec- trons then drift toward the anode

16 creatll'Mg MAEW(aI-anche of electron generation. The voltage pul se 26
rai ses the \ TlusSheetHasBeenR Iaced'
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Because the anode 16, cathode 18, and shield 22 are preferably grids, the
W pulse 24 irradi ates the anode 16, cathode 18, shield 22 and coll ector
el ectrode 20. Any photoel ectrons emtted fromth ode 16 are prevented
from | eaving the anode by the applied field E[err){\ However,

phot oel ectrons emtted fromthe shield 22 and coll ector el ect rode 20 begin

todrift in the applied drift fie
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towards the cathode 18. In applications in which there are no
ekectronegati ve species present, these electrons (be- cause of their |arge
drift velocity) arrive at the cathode 18 during thgAoltage pul se 26 and

t her eby augnent the photoem ssion fromthe cathod®&\XL8. In applications
(such as air) in which there is a |large el ectronegative constit-—uent;
electrons emtted fromthe shield 22 and the collec- tor el ectrqﬂgsgthHasBeenR lac
beconme attached to formnegative ions after drifting a very srrall

of the drift region because of the large three-body attachnent .c lmaln ll““
i n oxygen at thelowapplled rift field E[err! In this case,

negative charge ni zati on reg originates fromt he -
shield 22 and co EEPGWER ctro‘ﬂ)@ 20, does S0 a substantial tine after the

durati on of —théesy Em negatlve charge

arrives inijthe fp n gatlveVp ns and therefoye, cannot give rise to
spurious i dni zat Fom ,w._ An indreaselin the ionization field
E[ err] incrijeases
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the nean energy of the electrons and, therefore, increases the anmount of
i oni zati on. However, such a variation in the electron distribution also
varies the ratio of the coeffi- cients of the different ionization species
derived either fromdifferent parent nolecules in a nlxture or fromthe

same nol ecul e as a result of different fragnent iaqns. i ZET
tailor the ionization probability anong Ez%%ﬂﬂ!eﬁgnt ne HEBLAg%@ymfcéh 2
constituents is an inportant feature ofLB ed io prT1iy sensof
10. Thus, by delib- erately varying the¥field Elerr] in t egwbnggaﬂﬂﬁh

regi on 12, the probability of ionization of ions havi ng ferent

‘ionization thresholds can be varied. By providing rel a- |V—Ty | ow ener gy
with the voltage pul se 26, those ions that require the | ¢ast anount of

energy to ionize will ionize. By increasing the value of The voltage pul se
26, and therefore increasing the nmagnitude of the ionization field E[err],
hi gher i1onization |evels of a given nolecule will be reached, accessing
different ions. This provides a -

1

PRACTICAL IMPLEMENTATIONS FOR ION MOBILITY SENSOR

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates generally to devices for
quantitatively measuring the concentrations of constituents
of multicomponent gaseous samples, and more particularly to
devices that conduct such measurements based upon the

mobility of ions in a drift region.

2. Description of the Prior Art _

- Ion mobility spectroscopy is a powerful and well
known method for providing quantitative measurements of the
composition of a gaseous environment. 1In this context; the
ion mobility sensor is usually designed for opération at
atmospheric pressure although in principle it can operate
at higher or lower pressures. ' The ion mobility sensor
typically is comprised of two identifiable regioné: (i) an
ionization region where ions are formed representative of
the gas sample to be analyzed, and (ii) a drift region into
which the ions are injected and allowed to drift in an
electric fleld before collection.

Durlng the ions/ drift in the drift reglon, the
ions make many collisions with the sample gas and their
motion in the electric field is characterized by the ion
mobility. Since the ion mobility is a function of ion
mass, ions of different mass segregate during their drift.

- Thus, by measuring the ion arrival time spectrum at the
collector, a éignature of the gas sample composition is
obtained. Although positive ion spectra provide a selec-
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secondary neans of ion discrimnation in operation of ghe e QUTE
11 sengor 10 allowing the ionization of selected ion ﬁf@&ﬂﬁgmttﬁgrﬁgﬁ‘ﬁ
sanpl e. ' I n the nonequilibriumdischarge situati gm—The el ectrpn$
are of nuch higher energy than are the hea%ier particlés ofg g g;aagr‘i%%e i d
that are generated or the background gas. The ions arelatf thernmal energy
and their

tive signature for all gaseous species, the additional |
monitoring of negative ion spectra (for electronegative
species) can provide supplementary information for either

~ diagnostic or calibration purposes.

. Incurrently available commercial instruments, the
dimensions of the ionization region are comparable in
magnitude to those of the drift region. The ions are
produced primarily through ion-molecule reactibns, where
the impurity molecules of interest are ionized as a result
of collisions with primary ions not necessarily derived
from the background sample gas but rather from carrier
gases deliberately introduced into the reaction region.
These primary ions are produced as a result of collisions
of beta particles emitted from a Ni-63 radiocactive source
(located within the ionization region) interacting with the
sample and/or carrier gas. Since the beta particles are
produced continuously, the ion production process is
continuous and the species present in the ionization region

. represent an equilibrium composition - developed over a
felatively long time and which includes (deliberately in
the case of the use of a carrier gas) ions produced as-a
result of ion molecule chemistry. Thus, in order to
analyze the ions present in this equilibrium ion "sea",
provision must be made to extract a pulse of ions into the
drift region. This is usually accomplished using an
electronic shutter whereby ions are only allowed into the
drift region during the application of suitable electric
potentials to the shutter electrodes. ' The detection limit
of commercially available sensors depends on the particular
species, and levels below one part pei‘ ‘billion have been
detected for certain organic molecules in air samples at
atmospheric pressure without any preconcentration.

Although the ion mobility spectrometer is_ a well

proven instrument, presently available models are rela-

- tively large, expensive and réquire ancillary gas supplies
‘for calibration and for enhancing the ionization efficien-

cy. In addition, present ion mobility spectrometers
utilize: a continuous nonadjustable _ionization " energy
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energy is determ ned by the background tenperature. t he
el ectrons in the ionization region 12 is determ ned of
the electric field E[err] between the anode 16 and the Eﬁdﬂg b d
by the total gas density of the ionizationxegion 12.} The ore, the BN
energy of the electrons may be adjusted by adjust- in nitude of jt he
vol tage pul se 26 applied to the anode 16. Al so, the nunber of electr ]
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associ ated w t lshutttdrmatvolitdgeiegpplied to it that injects the ions into
the drift region.

The continuous source of the ionizatioh energy is
fixed and cannot be changed.' Thus, when a complex molecule
is being ionized, more than one species of ion may be
generated if it interacts with sufficiently energetic elec-
trons. This will disassociate the molecule into smaller
fragments and some of those smaller fragments will also be
ionized and so on. Therefore, there is very little control
over which species of ion can be generated in ‘current
ionization methods.

It would also be advantageous to provide ion
mobility sensors with a means for triggering an alarm when
the concentration of a monitored species rises above some
préset value. Alternatively, it would be advantageous to

| provide a means for the measuring of one or more different
species. '

I provide an ion mobility sensor having an
ionization region and an ion drift region. The ionization
region is preferably bounded by a grid cathode and an
anode. It is into this ionization region that the gaseous

- sample enters, either by an opening to ambient in an open
system or-by a feed pipe in a closed system. In the

of
e,

context of positive ion sampling, the ion drift region is

bounded by the grid cathode and-a.by a guarded ion collec-
tor. The ion collector consists of an electrode and its
associated shield. Application of suitable potentials to
this electrode arrangement establishes nominally uniform
electric fields E; and E; in the ionization and drift
regions respectively. :

DC voltages applied to the anode, cathode and
collector electrodés establish a unidirectional DC field
across the entire sensor. A superimposed voltage pulse is
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avoid the development of an arc in the ionization region.
buring the application of the voltage pulse, a
pulse of ultraviolet (UV) radiation from a flash tube or
other UV source irradiates the cathode grid, liberating a
pulse of photo electrons from the cathode grid. ° Prefera-
bly, the anode is of a type that is semi-tfansparent to UV
light, such as a grid anode or a semi-transparent conduct-
ing film anode. When the anode is semi-transparent, the UV
light may be irradiated through the anode towards the
cathode. The UV pulse liberates a pulse of photoelectrons
from the cathode which in the presence of the pulsed high
electric field generates a pulsed non-equilibrium discharge
between the cathode and anode. The pulsed non-equilibrium
discharge results from avalanching of the initial

Photoelectrons in ionizing collisions with the sample gas
during the drift of the electrons to the anode, and gives
rise to a pulse of ions characteristic of the sample gas in
the volume between cathode and anocde. The non-equilibrium
discharge is characterized as that in which the mean energy
of the electrons is considerably larger than that of the
ions or neutral molecules. The avalanche growth of current
is due to primary ionizing collisions between electrons and
the sample gas during their drift to the anode as well as
by secondary ionizing collisions between excited or ionized
air molecules and the minority species. The minority spe-
cies, in the case of large organic molecules, have rela-
tively low ionization thresholds.

The positive ion pulse formed drifts toward the
cathode grid and a fraction of the ions pass through the
grid into the drift field region. After drifting across
the drift region, these positive ions are collected by the
ion collector. Because this collector is shielded from the -
drift region by a screened guard that is held at a poten-
tial consistent with the local electric field, the ions are
only detected at the collector after they pass through the
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In general, the drift time of the different ion
species is dependent on the charge and mass of the partic-
ular ions produced in the ionization region so that the
detected ion signal comprises a series of pulses, each
corresponding to a different species. Thus, provided that
the mobilities of the different ions are known, the detec-

“tor signal provides a signature of the different species

present in the gaseous sample. Although the electrodes of
the preferred ion mobility sensor are configured to collect
positive ions, it is understood that the polarity of the
electrodes could be reversed for the collection of negative
ions.

Once the ion pulses are received at the collector
electrode as an electrical charge, the ion pulses are pro-
cessed to evaluate the characteristics of the sample. The
circuitry that processes the ion pulses is controlled by a
trigger control. The trigger control also controls the

timing of the UV pulse source and the pulsed voltage source

~ such that the processing of electrical data representing

the ion pulses will coincide with the receiving of that
data from the collector electrode. '

The first preferred implementation of the ion
mobility sensor senses one or more optionally variable,
predetermined species in a specific gaseous sémple. -In the
first implementation, an alarm is triggered if the céhcen-
tration of the monitored species in the sample rises above
some preset value. This value may be variable and may be
different for the different species monitored.

The second preferred implementation of the ion
mobility sensor involves integration of the sensor into a
quantitative microprocessor-based system for the compre-
hensive measurement of one or more different selectable
épecies. In either implementation, the trigger control is
employed for controlling the timing of ion pulse creation
in the sensor. The trigger control also controls the

he
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is understood the polarity of the el ectrodes could be reversed for the

col l ection of negative ions. For negative ion T
potential distri- bution is as shown in Figure 3 where ?ﬁﬁ@ﬁﬁﬁﬁﬁﬁﬂigﬁﬁ?

beconmes the cat hode and el ectrode 18 becones §t he anode he |on|zatio_
region 12. Application of negative polarity potentials 31, qudgﬂﬁbﬁﬁa itn

Figure 3, fromsource 32 regult in a voltage of -V[lerr] jati the anode 18|
ang “Verr] at t9RETRRHRL é’,h%rﬁ#%@’ £ YR LR E IR tIE B8eRiYeE ion

field across thepwkse®sr. A negative polarity voltage pul se 27 (depicted. as

a dotted line in Figure 3).fraomgeneratof 28 is superinposed on the voltage
of electrode 16 and resul £8% FERSPES; H'Iayc%n&ﬂ?s]v’tﬁ a%%%%?ﬁ%ﬁéﬂldﬁ range

-V[err]-V[err] iQfF%@hst?ﬁbeéhknphanye&itfeaemmﬂeﬁwir%?ﬁﬁﬁﬁhJ[?HBH*KS E?e
thode 16 as a Jasul ler r a3d].ad | A se rin e a i £a-
tC ?lonoofe t he \S/ol t%ge prEJ(l:és)eo 7 fi%rngéeaﬁ; gx%gge;%'ﬂg%ﬂﬁ#dl Fget ‘ffé‘é}g

el ectrodes 16 ardPRMFrifnies daf nefnigenant zaysbemsediamn. thegpriotecitdoa of
fornmed in the iipddddrs and other components, and refrigerated envi-

ronments for optimizing cargo protection. The sensor may
also be used to detect the presence of illegal drugs and
explosives in containers and on personnel. Toxic storage,
workpiace or waste areas may be monitored as may areas for
the presence of vapor fuels or other ekplosives. Anesthe-

.sia procedures may alsc be monitored.

Other details, objects and advantages of the
invention will become apparent as the following description
of certain present preferred embodiments thereof proceeds.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic representation of the

electrode arrangemenf of the preferred ion mobility sensor
for positive ion sampling.

Figure 2 is a diagrammatic representation of the
potential ' distribution of the preferred ion mobility
sensor. ' _

Figure 3 is a diagrammatic representation of the
potential distribution of the preferred ion mobility sensor
for negative ion sampling. '

Figure 4 is a diagrammatic representation of the
alarm circuitry for the first preferred implementation of
the ‘ion mobility sensor.

' Figure 5 is a diagrammatic representation of the
alarm signal timing for the.first preferred implementation
of the ion mobility sensor. .

Figure 6 is a diagrammatic representation of the
alarm circuitry for an alternative to the firs% preferred
implementation of the ion mobility sensor.

Figure 7 is a diagrammatic representation of the
alarm circuitry of another alternative to the first pre-
ferred implementation of the ion mobility sensor.
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region then drift towards el ectrode 18 and a-fracti o gt " Ren Lo e-;o
drift through the neshed anode 18 under the influencgkékiéﬁgg%%fgéﬁ%# ield

and enter the drift region. Once in the drift regiop §ﬁe negative, i pn

contin- ue to drift toward the collector and are evehtgafl¥y sa38%d | n|a
simlar way to that described earlier for spositive i ong. The establishient
of a non-equilibriumdischarge in the ionization region ensures the
production of negative '

_ Figure 8 is a diagrammatic representation o¢ the
circuitry for a second preferred implementation of the ion
mobility sensor.

DETAILED DESCRIPTION OF THE ?REFERRED EMBODIMENT

Referring first to Figure 1, an ion mobility
sensor 10 has two connected regions: an ionization region
12 and a drift region 14. Figure 1 shows a preferred
electrode arrangement which defines the two reg{ons 12, 14
of the sensor 10. The ionization region 12 is bounded by
an electrode 16 and a meshed electrode 18. The manner in
which the gaseous sample enters the ionization region 12
depends upon whether the sensor 10 is embodied as an open
system or as a closed system. If the sensor 10 is embodied
as an open system, the area between the grid electrode 18
and the electrode 16 is unconfined and the ambient gas may
freely enter the ionization region 12. If the sensor 10 is
embodied as a closed system, the sensor 10 would have walls
confining the area between the electrode 18 and the elec-
trode 16.. Thﬁs, in a closed system, ambient gas is not
free to enter the ionization region 12. Any gaseous sample
that is to be analyzed must be entered into the ionization
region by a feed pipe 36 (shown in dotted line in Figure
1). '

The gaseous sample is entered into the ionization
region 12 between the electrode 16 and the electrode 18.
The électrode grid 18 separates the ionization region 12
from the drift region 14, and thus also bounds one end of
the drift region 14. A shielded collector electrode 20
bounds the end of the drift region 14 opposite to the
electrode 18. Although it need not be, the drift region 14
is preferably bounded by walls so as to prevent the en-
trance or exit of ions from the drift region 14. A meshed
shield electrode 22 is preferably located adjagent to the
collector electrode 20 and lies between the collector elec-
trode 20 and the electrode 18.

Application of suitable potentials to this
electrode arrangement establishes electric fields across
the sensor 10. For positive ion sampling, DC voltage
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t hat bétween the_anode nd the*’co ‘ﬁ)rﬁ W andn
thermal equi- ‘the ion collector components (the collector electroge 20

and the shield 22) have a voltage of V,, due to the poten-~
tial source 30. The applied voltage potentials 30 result
in a unidirectional DC drift field E, across the ‘sensor 10.
The drift field E; is capable of carrying ioﬂs from the

ionization region 12 through the drift region 14 to the .

collector electrode 20. 1In general, the drift time of the

different ion species is dependent upon the charge and mass -

of the particular ions produced in the ionization region.
The magnitude of the field E; is low enough so as not to

produce ions in the drift region as a result of electron

‘molecule collisions. - _
A voltage pulse 26 (depicted as a dotted line in

Figure 2) from an impulse generator 28 is superimposed upon
the drift voltage 30 at the anode 16. The superimposed

high voltage pulse 26 results in a total anode voltage
designated as of V, + V, in-Figure 2. The increased voltage
applied at the anode 16 results in a field E, in the ioniza-
tion region 12 between the anode 16 and the cathode 18.
The magnitude of the voltage pulse 26 is selectable, but is
chosen so that the generated field E, is higher in magni-
.tude than the ionizing DC breakdown field of the sample but
is also of sufficiently low amplitude and duration so as to
avoid the. development of an arc in this region. The
application of the pulsed voltage 26 results in the.poten-
tial of the anode 16 being equal to the DO potential 30 at
the anode 16 plus the voltage pulse 26.

During the application of the voltage pulse 26, a
pulse 24 of ultravioclet (UV) radiation from a suitable UV
source 25, such as a flashtube, irradiates the cathode grid
18. . The intensity of the UV pulse is selectable and
defines the number of photoelectrons released from the
cathode of the ionization regioﬁ 12. Preferably, the anode
16 is of a type that is semi-transpar_ent to UV light, such
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ionization region 12 while still directing the UV pulse 24
upon the face of the cathode 18. '

When the UV pulse 24 reaches the cathode grid 1s,
the UV light 24 liberates a pulse of.phoﬁoeiectrons from
the cathode 18, The greater the intensity of the UV pulse,
the larger the number of electrons liberated. The elec-
trons then drift toward the anode 16 creating an avalanche
of electron generation. The voltage pulse 26 raises the
mean energy of the electrons liberated from the cathode 18
above the ionization level and creates a nonequilibrium
discharge situation. With a nonequilibrium discharge, the

- electrons are at much higher energy than are the heavier

particles, i.e., the ions and the neutral particles,
resulting in ionization.

Since the disclosed ion mobility sensor 10
provides a pulsed source of ions, a shutter is not needed.
While the electrons travel towards the anode 16, the
positive ions move towards the cathode grid 18. Because
the cathode 18 is a grid, there are gaps between the solid
portions of the grid. Those ions which arrive at a solid
part of the cathode 18 will get collected. Those ions that
arrive at a gap.in the cathode grid 18 will be carried
through the gap due to the drift field E,. At the time in
which the p;ositive ions arrive at the cathode 18, the
voitage pulse 26 is off and the steady DC drift field E,
carrles the ions. )

Because the anocde 16, cathode 18, and shield 22
are preferably grids, the UV pulse 24 irradiates the anode
16, cathode 18, shiéld 22 and collector electrode 20. Any
photoelectrons emitted from the anode 16 are prevented from
leaving the anode by the applied field E,. However,
photoelectrons emitted from the shield 22 and collector
electrode 20 begin to drift in the applied drift field E4
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towards the cathode 18. In applications in which there are

no electronegative species present, these electrons (be-

cause of their large drift velocity) arrive at the cathode
18 during the voltage pulse 26 and thereby éuqment the
photoemission from the cathode 18. In applications (such
as air) in which there is a large electronegative constit-
uent, electrons emitted from the shield 22 and gpe collec-

tor electrode 20 become attached to form negative ions

after drifting a very small fraction of the drift region
because of the large three-body attachment coefficient in
oxygen at the low applied drift field Eqe In this case,
any negative charge reaching the ionization region 12 that
originates from the shield 22 and collector electrode 20,
does so a substantial time after the duration of the
voltage pulse 26. In any event, the negative chafge
arrives in the form of negative ions and therefore, cannot
give rise to spurious ionization pulses. '

An increase in the ionization field E; increases
the mean energy of the electrons and, therefore, increases
the amount of ionization. However, such a variation in the
electron distribution also varies the ratio of the coeffi-
cients of the different ionization species derived either
from different parent molecules in a mixture or from the
same molecule as a result of different fragment ions. This
ability to tailor the ionization probability among the
different neutral gas constituents is an important feature
of the disclosed ion mobility sensor 10. Thus, by delib-
erately vafying the field E;, in -the ionization region 12,
the prcbablllty of ionization of ions having different
ionization thresholds ¢an be varied. 'By providing rela-
tively low energy with the voltage pulse 26, those ions
that require the least amount of energy ‘to ionize will

ionize. By increasing the value of the voltage pulse 26,

and therefore increasing the magnitude of the ionization
field E,, higher ionization levels of a given molecule will
be reached, accessing different ions. This provides a
secondary means of ion discrimination in operation of the
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' enerqgy is determined by the background temperature. The
mean energy of the electrons in the ionization region 12 is
determined solely by the ratio of the electric field E,

between the anode 16 and the cathode 18 divided by the
total gas density of the ionization region 12. Therefore,
the mean energy of the electrons may be adjusted by adjust-
ing the magnitude of the voltage pulse 26 applied to the
anode 16. Also, the number of electrons liberated from the |

. cathode 18 is dependent upon the amount of UV light emitted
in each pulse 24. The amount of ionization that occurs to
the gaseous sample is dependent upon the magnitude of the
electric field E, produced by the voltage pulse 26. Thus,
by offering independent. control of both the magnitude of
the UV pulse and the magnitude of the voltage pulse, the
amount and extent of ionization may be effectively con-
trolled.

The shield 22 is preferably a meshed or grid plate
that has a poténtial associated with it that will keep the
‘drift field E; uniform. The collector electrode 20 operates
at near ground potential preserving the uniformity of the
drift field E,. The shield 22 protects the collector
electrode 20 from detecting the motion of any -induced
charge which would otherwise appear on the collector .
electrode 20. Otherwise, the collector electrode 20 would
detect a cénstant current which would then decrease in
steps, where each step would correspond to the collection
of a particular species of ion. ‘

Thus, the shield 22 effectively differentiates the
current so.that no signal is- detected at the collector
electrodé 20 charge passes through the shield 22. Thus,
“the collector electrode 20 detects a series of electrical
pulses in which each pulse is the current due to a given
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del ay gener at gasfor detecting and measuring the current generated by the
ions reaching the collector electrode. Such means involve
connecting a transimpedance amplifier to the” collector

electrode. . The transimpedance amplifier converts the

incoming ion charge to a voltage signal.

Although the electrodes of the preferred ion

mobility sensor are configured to collect positive ions, it
is understood the polarity of the electrodes could be

reversed for the collection of negative ions.

For negative ion collection, the potential distri-

bution is as shown in Figure 3 where now electrode 16

becomes the cathode and electrode '18 becomes the anode of

the ionization region 12. Appl:.cat:.on of negative polarlty

potentials 31, as depJ.cted in Figure 3, from source 32
result in a voltage of -V, at the anode 18, and -V, at the

cathode 16, and ensure a unidirectional DC electric field

across the sensor. A negative polarity voltage pulse 27
(depicted as a dotted line in Figure 3) from generator 28
is superiﬁxposed on the voltage of electrode 16 and results

in a total cathode voltage designated at -V,-V, in Figure 3.

The photoelectron pulse released from the cathode 16 as

a

result of irradiation by the UV pulse during the applica-
tion of the voltage pulse 27 triggers a non-equilibrium
discharge between electrodes 16 and 18 which define the
ionization region. Negative ions formed in .the ionization
region then drift towards electrode 18 and a fraction of
them continue to drift through the meshed anode 18 under
the influence of the DC drift field and enter the drift
region. Once in the drift region the negative ions contin-
ue to drift toward the collector and are eventually sampled
in a similar way to that described earlier for positive
ions. The establishment of a non-equilibrium discharge in
the ionization region ensures the production of negative

irected
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86, 88, 90, 92 may be part of one del ay gener at pr—tH-t—of
ERA COHERT

separate units simlar to the delay generator 50 of -wuungrmw

is set to emit an alarm pul se at the coincident arriVal—ef HUIDUo ||)m
conparators and appropriately del ayed pulses fromth ela§ ﬂ@ﬁ

corresponding to the specific transit tikBes of the diffle ﬂ e I on s
One of the channels shown in Figure 6 may al ternative¢l y—be—tused—toP

a test signal by detecting
ions formed by the dissociative attachment-precess—as—weIT

\14

as by electron capture by the parent molecule.

Referring next to Figure 4, a diagrammatic repre-
sentation of an ion mobility sensor is shown in which a
first preferred implementation, an alarm system, is enm-
ployed. The electrodes are configured for the case where
a single positive ion species is monitored in an electro-

ed
oV

negative sample, although as already noted, the pblarity of .

the electrodes could be reversed for monitoring negative
ion species. A positive DC voltage is applied to the elec-~
trodes 16, 18, 20 and 22 with the appropriate potentials

.for providing ‘a unidirectional, approximately uniform

electrical field from the anode 16 to the collector elec-
trode 20. The value of the electric field in the drift
area E; is such as to ensure that between the anode 16 and
the collector electrode 20 the ions are in thermal equi-
librium with the sample gas. A capacitor connected across
the drift region is used to maintain a constant field E,in
the region.

A voltage pulse 26 is capacitively coupled to the
anode 16 from a high voltage pulser 28 such as a pulse
transformer, triggered from the trigger controller 42.

. The amplitude of the voltage pulse 26 is sufficiently high

so that the ratio of the total electrical field between the
anode 16 and'the cathode 18 to the total sample gas density
N is above the ionization threshold value for the particu~
lar sample under investigation. Both the DC and pulse
amplitudes are variable.

A UV lamp pulser 48 is triggered by a pulse from
the trigger controller 42 and provides the drive power for
the UV light source 25 which may, for example, be a xenon
flashtube equipped with a UV transmitting window. The
resulting UV pulse is arranged to be delayed with respect
to the anode voltage pulse and contained within the anode
pulse envelope duration as indicated in the timing diagram

.of Figure 5. The incidence of the resulting UV pulse at

the cathode 18 gives rise to a pulsed discharge which is
self-quenched on decay of the voltage pulse 26. The

Di{gat e
t he

i es.
i de
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alternative

different ion species (four spec%es'beingﬁﬁennnstrated Ijn

an ion characteristic of the magjority sanple and which g
present regardless of mnority inpurities. Anot
the first inplenentation is the alarm system shown in Fijgure

the alarmsignal is output only if, for -exgnp

fromthe sane or related inpurity nolecules are detected. In this

arrangenent,
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delay to the signals of_the_species eq
speci es m nus that. he elel

to q; dela¥,of a reference
rodes are couple i

to a Tirst and a second
transimpedance amplifiers 38, 40. The first transimpedance
amplifier 38 is coupled to the collector electrode 20 for
positive ion species measurement.

The output from the first transimpedance amplifier
38 is fed to a comparator set 44 to provide a standard
logic pulse when the detected signal is above a preset
level. Thus, the output from the comparator 44 consists of
a sequence of logic pulses corresponding to the arrival of
pulses of different positive ion species at the collector
electrode 20 when the amplitudes of these pulses are above
the preset level. The output from the comparator 44 1is
then connected to one input of an AND gate 46. The other
input of the AND gate 46 is connected to a delay generator
50 which outputs a logic pulse at a predetei:mined tinme
following the UV pulse trigger 48. This predetermined
time corresponds to the known transit time of the monitored
ion species. Thus, if both pulses are coincident at the
AND gate 46 an output is derived from the AND gate 46 which
may be used to trigger an appropriate alarm 54.

A variation of the first preferred implementation
of the ion mobility sensor is shown in Figure 6. In this
variation, the simultaneous monitoring of n multiple ion
species is accomplished where the different species trigger
alarms when the levels of these species rise above differ-
ent preset levels. An example of this system for the case
of n = 4 is shown in Figure 6. The output from the first
transimpedance amplifier 38 is directed to four different
comparators 62, 64, 66 and 68 in which the individual alarm
limit levels are set. Each comparator 62, 64, 66, 68 feeds
an input of a respective AND gate 70, 72, 74, 76. Delay
generators 86, 88, 90, 92 feed the other input of the
respective AND gates 70, 72, 74, 76. The delay generators



p

speci es' del ay.

COFpPa
the reference and has a delay (transit tinme) of t[err],] RBEL
. tonparator 62 which has a delay of t[err], has a del ay jadged-t-e—+t—eetrgl
t[err]-t[err] (shown as 80 in Figure 7). Was this del dy igjsdqm@j
‘t[err], the total delay for the species of conparator @2 i [ er?] “F
(t[err]-t[err]) which is t4. This step would al so be pér fiorred-omrtte

For exanple, if the species pfeset atr—eonpar-at-ef—68—s
iNFs SHEET

speci es of conp@E&t &% @D arek Gy bdhpsrtfof ohe delayigendrator henistpent

of comparator 684y g &dahakenified Liilaeh P torhle Be1dFTGURE-IVOL ED T
time, tferr]. It |I's preferable tor The species having,t onges ransi
time to be chosd&igire He r Jaghedd® gafed 3F(S¢BUEC| APLE angalaTR tRHise at

mul ti-i nput

the coincident arrival of pulses from the comparators and

~appropriately delayed pulses from the delay generator

corresponding to the specific transit times of the differ-
ent ion species. One of the channels shown in Figure 6 may
alternatively be used to provide a test signal by detecting
an ion characteristic of the majority sample and which
should always be present regardless of minority impurities.

Another variation of the first implementation is
the alarm system shown in Figure 7. 1In this alternative,
the alarm signal is output only if, for example, a number
of different ion species (four species being demonstrated
in Figure 7) derived from the same or related impurity
molecules are detected. 1In this arrangement, the outputs
from the individual AND gates 70, 72, 74, 76 following the
comparators 62, 64, 66, 68 and delay generators 86, 88, 90,
92, respedtively, are fed after suitable delay to a
multi-input AND gate 78. These delays 80, 82, 84 are added
to all but a reference species and are such so as to
compensate for the different known transit times of specif-
ic ion species so that all input signals to the multi-input

AND gate 78 arrive simultaheously. This may be accom-~

plished by adding a delay to the signals of the species
equal to the delay of a reference species minus that
species’ delay. For example, if the species preset at
comparator_ 68 is the reference and has a delay (transit
time) of t,, the species of:_fcompara.tor 62 which has a delay
of t,, has a delay added to it equal to t,~t, (shown as 80
in Figure 7). When this delay is added to t,, the total
delay for the species of comparator 62 is't, + (t,-t,) which
is t,. This step would also be performed on the species of
comparators 64 and 66. Thus, for the case in which the
species of comparator 68 is the reference, all species will
be delayed by the same time, t,. It is preferable for the

N

species having the longest transit time to be chosen as the

reference. When all four input signals to the multi-input
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16 AND gate 78 arrive sinmultaneously, an outpt alarm pulse_is_triggered.
This system woul d be incorporated to reduce the occurrendgeRef fetsaal
due to possible interference fromunrel ated speci es. @gﬁ\' SHEEY
alternative shown in Figure 7, the control % the sensor jmay |ther 3%
| ocal , such as bytoggllngaswitch, or renbte. In the | gttie §a§éﬁ“i 7 :
control signal can-be carried by conventional cable, fibgr Df'r‘ cable, RF

tel emetry or anxngogaealmtaﬁeﬁr@ éiﬁaﬁruur{&u%&yt h‘anpém:bgt Hhéh%ﬂi@ 1Qf
t he sensor enviponnen s distinctly understood _ :
conparators for® Féﬂgeﬁﬁ?‘f erTh’eﬁts%T)té%q‘ %?ebéﬁﬁ°HP§Eﬁ kee the

al ternati ves of oEcgnrencé afl falsae alarimsr dfe ctap@roaismtﬂ.ejtiﬂitmbrmuh
from unrelated species. s

In the alternative shown in Figure 7, the control

of the sensor may either be local, such as by toggling a

switch, or remote. 1In the latter case,  -the control signal

can be carried by conventional cable, fiber optic. cable, RF

telemetry or any convenient means depending.on the partic-
ular nature of the sensor environment. It is distinctly
understood that although four comparators for four differ-
ent species have been discussed in the alternatives of
Figqures 6 and 7, the number of comparators utilized, and -
the number of species monitored is not limited to four but
'may be any number.
| _ A second preferred implementation is shown in
Figure 8. This embodiment integrates the sensor into a
quantitative microprocessor-based system for the compre-
hensive measurement of one or more different programmable
species. The electronic arrangement for this embodiment is
similar to that of the embodiment shown in Figure 4 except
that the comparator and AND gate have been replaced by an
analbg-to—digital converter (A/D converter) 56 and some
. kind of microprocessor 58. _
In addition to triggering the ionization, the
trigger control 42 triggers the A/D converter 56 to start
" accepting data. The A/D converter 56 then receives the
output voltage from the first transimpedance amplifier 38
and digitizes it. - The digitized signal is then processed
_ in the digital sighal processor 58. The signal p;:ocessing
' could involve providing look up tables in 'memory 60 that
- represent various ion species. The digitized signals
derived from the collected ions would then be compared to
the look up table values. This comparison would allow '_
determination of which species were present in-a sample and |
in what amounts. :
It is preferred that the voltaée pulsér and the UV
pulse source may operate to repetitively pulse the voltage
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t he nunber of species nonitored is not limted to four b e
nunber . _ A second preferred inplenentation is shovRERIROERMIDITeSEEET

Thi s enbodi nent integrates the sensor into a quantitativ
m cropr ocessor - based system for the conpre- hensive neasuyr m? 3% oqaﬁ-;or
nmore different progranmmabl e species. The ¥l ectronic arrangd ?3 -
enbodinent is simlar to that of the enbodi nent shown in|Fi '
that the conparator and AND gate have been replaced by an anal og-to-digital
converter (A BNEoPVekight pydsess sdieiRi AlsefPretenpedd

I n-addi tion teighhlypriodeskbe iad Zﬂéxh@f‘y uhe ! e e r AU £S)! $3rkl | ers
the A/ D convert et 56 t

56 to,start_ _acceptin The, Al D converter
recei ves the Sufphtty “ttgb‘g RS tﬁéefgpgi°9raﬁ%l AHIHERE cCORPREEREY 33'81 and
digitizes it.prouiéddi gignadd asviegraafiris ofekhpr duasseiighallé handi diHedleny gnal
processor 58. 4 'grpgvgl gnal sf)éﬁ)gffﬁé.{lgecpéléfiol nvoI ve providing | ook up tables
I n menory 60 tﬂ
It is understood that the above-described imple-
mentations are not limited to the preferred ion mobility
sensor but may be utilized in any ion mobility sensor that
has an ionization region and a collector electrode. 1Ion
mobility sensors that do not employ pulsed ionization means
instead often utilize a continuous ionizing source 35
(shown in dotted line often in Figures 4, and 8) such as

Ni-63. Sensors using continuous ionization means typically
use a shutter electrode which may be electrode 18 to inject
the ions into the drift region in pulses. 1In this type of
sensor, the trigger controller triggers the shutter elec-
trode rather than the voltage and UV pulsers, however, the
implementé.tions would otherwise operate substantially
identically as in the pulsed ionization case described "
above. Thus, regardless of the type of ionization means
chosen or of the electrode Ipolarization, 'species of ions
may be quantitatively and 'qualitatively monitored.
While a present preferred embodiment of the inven-
tion has been shown, it is distinctly understood that the
- invention is not 1limited thereto but may- be otherwise
variously embodied within the scope of the following
claims.
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represent various ion species. The digitized signals derived fromthe
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1. A system for signalling the presence of
selected ion species in a gaseous sample of an ion mobility
sensor, characterized by first, second and intermediate
grid electrodes positioned a selected distance apart
wherein the intermediate electrode is positioned between

CLAIMS:

the first and second electrodes, wherein a voltage poten-
tial is.applied to the electrodes creating a unidirectional
electric field between the electrodes; an ionization source
for generating ions in the sensor, the ionization source .
being proximate the intermediate electrode; a trigger con-
troller connected to at least one of the first electrode
and the ionization source for allowing ions to enter a
region between the intermediate and second electrodes at

'the intermediate electrode at a time t,, wherein the ions

drift through the electric field and arrive at the second
electrode at a time t,; a transimpedance amplifier connected
to the second electrode for converting the ion charges to
voltage signals; and an analyzer for determining the
presence of selected ion species, the analyzér being
activated by the trigger controller at time t,.

2. The system of claim 1 wherein the ionization
source is characterized by a UV light source for directing
a pulse of UV light at one of the first electrode and the
intermediate electrode; and a voltage source for applying
a voltage pulse to the first electrode coincident with the
UV pulse.

3. The system of claim 2 wherein the UV light
source is a xenon flashtube.
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processor and nmenory unit cooperate to store the digithlpmpubpeiiciT QREETEl -
analog to digital c r—and provide signal averagi hg-of-the- Lgngl s .
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converter converting the voltage signals to digital units:;
and a digital signal processor for processing the digital
units. _ .

6. The system of ciaim 5 further comprising a
memory unit for storing the processed digital units.

7. The system of claim 1 further characterized
by at least one comparator set which receive the voltage
signals from the transimpedance amplifier, each at least
one cdmpa.rator set generating a respective logic pulse
representing a selected ion species when the voltage
signals exceed a preset value.

8. The sensor of claim 7 wherein the analyzer is
characterized by a delay generator connected to the trigger
controller, the delay generator producing a selected number
of logic pulses, each logic pulse representing a respectiﬁe
ion species, each logic pulse being produced at a time -
after the ionization source has been activated representing
that ion species’ travel time from the intermediate elec-
trode'to the second electrode; and at least one AND gate,
each at least one AND gate having first and second inputs
and an output, the first input of each at least one AND
gate being connected to a respective comparator set so as
to receive the logic pulses of a selected ion species, and
the second input being connected to the delay generator so
as to receive the'delay generatdr logic pulse corresponding
to the selected ion species, wherein whenever the delay
generator logic pulse and the comparator set logic pulse
coincide at any of the at least one AND gates, a signal is
output from the AND'gate output. _

9. The system of claim 8 further characterized
by a multi-input AND gate wherein each input of the
multi-input AND gate is fed from the output of the at least
one AND gate after being delayed so as to provide coinci-



identically as in the pul sed ionization case descri bed above. Thus,

regardl ess of the type of ionization nmeans chosen or of the el ectrode

pol ari zati on, species of ions may be quantitatively and qualitatively

noni t or ed. Whil e a present preferred enbodi nent of the inven- tion
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dent arrival of the signals at the inputs, such that when
each input of the multi-input AND gate receives a signal,
a signal is output from the multi-input AND gate output.
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CLAI MS: 1. A system for signalling the presence of selected ion
species in a gaseous sanple of an ion nobility sensor, characterized by
first, second and internediate grid el ectrodes positioned a selected .

di stance apart wherein the internedi ate el ectrode is positioned between the
first and second el ectrodes, wherein a voltage poten- tial is applied to
the el ectrodes creating a unidirectional
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PRACTICAL IMPLEMENTATIONS FOR ION MOBILITY SENSOR

A system for signalling'the presence of selected
ion species in a gaseous sample of an ion mobility sensor
(10), having a unidirectional field provided between first
and second electrodes (16, 18) positioned a selected
distance apart. An ionization source (35) generates ions
in the sensor and a trigger controller (42) allows ions to
enter the region (12) between the first and second elec-
trodes at a time t,. The ions then arrive at the second
electrode at a time t,. A transimpedance amplifier (38)
converts the ion charges to voltage signals. The presence
of selected ion species is determined by circuitry that is
activated by the trigger controller at t,. The species are
preferably analyzed by directing the amplifier output to an
analog to digital converter (56) and then to a digital

| signal processor (58). The ions may alternatively be
analyzed by generating a logic pulse representing a select-
ed ion species when the amplifier output exceeds a preset
value. An alarm signal is output when. the logic pulse is
coincident at an AND gate (46) with a logic pulse repre-
senting the species’ travel time from the first electrode
to the second electrode. | '
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electric field between the el ectrodes; an ionization source for generating
ions in the sensor, the ionization source being proxi mate the. internedi-ate
€l ectrode; a trigger con- troller connected to at |east %ﬂ' REcibhgT foHERT
el ectrode. and the ionization source for allowing ions tjo & 2. f-Sg
between the internedi ate and second el ectrodes at the ipter ITEdIﬁ
electrode at a time t[err], wherein the ions drift throlgh gégg
field and arrive at the second electrode at a time t2; h {ransi-rpedance
anplifier connected to the second el ectrdde for convert ng the ion char ge<
to voltage signals; and an anal yzer for determ ning thelLpresenrce—of
selected ion species, the analyzer being activated by the trigger
controller at tine t[err]. 2. The systemof claim1l wherein the
ioni-'zation source is characterized by a UV light source for directing a
pul se of UV light at one of the first elgctrode and the internmeyd

el ectrode; and a voltage source for aj}i@I ng a voltage pulse to tha f irst
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WV pul se. 3. The system of claim2 wherein the W |ight source
Is a xenon flashtube. 4. The system of claim2 where
t'he voltage source is a pul se transforner. 5. The system.of claim
1 wherein the analyzer is - - :
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characterized by an analog to digital converter
transi npedance anplifier, the analog to digital
vol tage signals to digital units; and a digital
processing the digital units.
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after. the I oni zati on source has been activated representing that ion
species' travel time fromthe internediate elec- trode to.tLhe S._.Q,Q,[JQ_ _____
el ectrode; and at |east one AND gate, each at |east one A
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PRACTICAL IMPLEMENTATIONS FOR ION MOBILITY SENSOR

A systenm for signalling the presence of selected
ion species in a gaseous sample of an ion mobility sensor
(10), having a unidirectional field provided between first.
and second electrodes (16, 18) positioned a selected
distance apart. An ionization source (35) generates ions
in the:sensor and a trigger controller (42) allows ions to
enter the region (12) between the first and second elec-
trodes at a time t,. The ions then arrive at the second
electrode at a time t,. A transimpedance amplifier: (38)
converts the ion charges to voltage signals. The presence
of selected ion species is determined by circuitry that is
activated by the trigger controller at t,. The species are

_ pPreferably analyzed by directing the amplifier output to an
analeg. to digital converter (56) and then to a digital
'signal processor (58). The ions may alternatively be
analyzed by generating a logic pulse representing a select-
ed ion species when the amplifier output exceeds a preset
value. An alarm signal is output when-the logic pulse is
coincident at an AND gate (46) with a logic pulse repre-
senting the species’ travel-time from the first electrode

- to the second electrode.
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