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ION MOBILITY SPECTROMETER WITH IMPROVED DRIFr 

REGION AND METHOD FOR MAKING SAME 

5 Background 

An Ionic Mobility Spectrometer (IMS) is a device primarily used for detecting 

atoms and molecules in a given sample of gas. The theory behind ion mobility 

spectrometry is that every ionized atom or molecule has a unique size. shape and mass-

10 to-charge ratio, so that when an electric or magnetic force is applied to the ioni2:ed atom 

or molecule, constrained by collisions with the host gas, it will travel at a certain velocity. 

This velocity can be measured, and thereby the type of atom or molecule can be 

identified. 

The IMS of the prior art is essentially a cylinder operating at atmospheric 

15 pressure. Sample gas enters the cylinder at one end, is charged, then is moved through 

the cylinder by an electric field, and measured at the opposite end. The portion of the 

cylinder where the gas enters is called the ion molecule reaction region. This section, 

known as the drift region, is separated from the rest of the cylinder by a control grid. The 

control grid is a series of parallel wires with alternating charge. The grid thereby keeps 

20 most charged particles effectively contained in the ion molecule reaction region until they 

are lost by contacting a surface. 

A series of metal rings along the cylinder, referred to as guard rings, provide a 

series of electric fields, which create an electrical gradient through the center of the 

cylinder. This field is what propels the ions though the drift gas within the IMS cylinder 

25 when the control grid is opened. The length of time it then takes ion to reach the 

collector electrode at the opposite end can be precisely measured in terms of 

milliseconds. Since each ion has a unique size. shape and mass-to-charge ratio. the 

length of time through the IMS is unique to each particle. A specific compound can be 

determined in tenns of parts per million. 

30 The detection of gasses in the parts per million, however, is a sensitive process. 

The less concentrated a particle is, the harder it its to detect over the background signals, 

referred to as noise. Also, if a particular ionized atom or ionized molecule has a flight 

time through the IMS that is similar to a more abundant gas, its signal can be lost if the 

resolution of the system is not accurate enough. 
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The way to correct this problem is to repeat the measuring process tens, hundreds 

or even thousands of times, and it is called signal averaging. By doing this a signal can 

become readily apparent over background noise, even at very low concentrations. 

However, if the system is not accurate enough, a weak signal can still get lost next to a 

5 strong one. Further, it is not always practical to repeat the detection process hundreds or 

thousands of times, such as when testing for toxic gasses in real time. 

Therefore anything that can help to improve signal to noise ratio and signal 

resolution would be useful and needed. 

One cause of signal deterioration is the guard rings themselves. The guard rings 

10 form an inner space in which the ions pass. The middle of the inner space is refeired to 

as the linear region. This region has a diameter approximately half that of the inner space 

the guard rings form. In this space the ions travel in a linear path. As the flight of an ion 

starts closer to the guard rings, halfway between the guard rings and the centerline of the 

cylinder, the ions start to drift more towards the edges. The les linear electric field region 

15 is caused by the proximity of the ions to the guard rings. The closer the ion starts to the 

guard rings, the greater the sidewise drift and the longer the path length. This will cause 

signals to be less sharp as some of the measured ions and molecules are talcing longer to 

reach the collector electrode as they travel at an angle rather than a straight line. Further, 

some of the ions drift to such an extent that they hit the grid mounting device or other 

20 obstruction and are totally lost for signal measuring purposes. 

Attempts have been made to correct this problem. One such solution is to block, 

or otherwise not read, the ions that are not traveling in the linear zone. This ensures. a 

more uniform flight time of the measured ions, and creates a sharper peak. However, a 

large number of the ions are blocked from being read by the collector, and this lowers the 

25 signal to noise ratio, since the area of the outer Ies linear drift region is substantially 

larger than the surface area of the inner linear drift region. 

30 

What is needed is a way of improving the electric field linearity so that like ions 

passing through the drift region exhibit the same time of flight and thereby the signal 

resolution can be improved without sacrificing the signal to noise ratio. 

Summary of the Invention . 

It is an object of the present invention to provide an IMS with improved linearity 

35 of ions traveling in the drift region in order to improve resolution. 
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The guard rings of an IMS provide the electric field, which propel the ions 

through the IMS. Proximity of ions to the guard rings, however, causes them to deviate 

from their linear path in the direction of the IMS wall. fu one embodiment of the 

invention. a narrow extension of the guard rings extends from at least one guard ring 

5 toward the centerline of the IMS. This has the appearance of a washer inserted into the 

middle of a guard ring, the washer having a smaller inner diameter than the guard ring. 

In another embodiment of the current invention, a narrow protrusion extends from 

every guard ring toward the centerline of the IMS. In a further refinement of this 

embodiment, all of the extensions are of the same length. 

10 In one embodiment, at least two guard rings have extension towards the centerline 

of the IMS, one of them being the guard ring closest to the fmal screen grid and the 

collector. In this embodiment, the extension of the guard ring closest to the screen grid 

has the longest extension. In a further refinement of this embodiment, the each guard 

ring has an extension towards the centerline, with the shortest extension being the guaro 

I 5 ring closest to the control grid. and each successive guard ring having a longer extension. 

as itgets closer to the grid collector. 

20 

In yet another embodiment of the invention, the extension of the guard ring into 

drift region is accomplished by a series of protrusions, like spikes, rather tltan a unifonn 

disc. 

Brief Description of the Drawings 

Fig 1 shows a linear cross section of an IMS as per tlte prior art. 

25 Fig 2A and 2B shows the three-dimensional shape of the external region of an IMS. 

Fig 3 shows a partial linear cross section of an IMS as per the prior art with the drift 

region and linear region indicated, as well as examples of the flight path of ions in these 

regions. 

Fig 4 shows a linear cross section of an IMS bearing one embodiment of the current 

30 invention. 

Fig 5 shows a partial linear cross section of an IMS bearing one embodiment of the 

current invention with the drift region and linear region indicated, as well as examples of 

the flight path of ions in these regions. 

Fig 6A and 6B shows graphs contrasting the time of flight of example ions in an IMS as 

35 per the prior art versus the current invention. 
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Fig 7 shows an example of a readout of an IMS. 

Detailed Description of the Drawings 

Figure 1 shows a linear cross section of a typical IMS as per the prior art. 

Essentially, an IMS is a hollow cylinder formed by stacking multiple rings, referred to as 

guard rings 1. These guard rings charged at various levels so that they provide an 

electrical field gradient through the center of the IMS. The guard rings are typically 

l 0 made out of stainless steel, and are separated from each other by some insulating means. 

Small beads of sapphire are good for this purpose. The series of guard rings are then 

sheathed to form the main body of the IMS. 

One end of the cylinder thus formed is the ion molecule reaction region 2, in 

which a desired gas sample is injected and the atoms and molecules thereof are charged. 

15 The ion molecule reaction region is separated from the rest of the cylinder by a control 

grid 3, which is made up of a series of closely spaced parallel wires with an alternating 

charge. This control grid effectively keeps charged particles contained in the ion 

molecule reaction region 2 until they are released in microsecond intervals. 

The charged atoms and molecules, ions, are then pulled through the IMS by the 

20 electrical field gradient supplied by the guard rings 1. Milliseconds later they reach the 

ion collector 4, which registers their impact, thereby measuring the time of flight of the 

ion through the IMS. Also contained in the IMS in close proximity to the ion collector 4, 

often no more than half a millimeter apart, is the screen grid S, which is mounted on the 

screen grid mounting device 6. The ions pass through the screen grid right before 

25 impacting with the ion collector 4. 

The .. ceD.terline 7 is a theoretical line that passes through the exact center of the 

IMS. The centerline . 7 is shown again in figure ~ which is a three-dimensional 

rendering of the IMS. Originally the internal space of an time_ of flight mass 

spectrometer was evacuated so that ions would travel through a vacu_um. However, the 

30 IMS is filled with a uniform gas at atmospheric pressure. The flight times of ions 

through a gas filled IMS are different than those through a vacuum, but the fingerprint is 

still unique, and concentrations cah still be measured accurately in this manner without 

the excess difficulty of maintaining a vacuum. Figure 2B is a cut-away of the objects 

shown in Figure 2A. 
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Figure 3 shows the upper portion of the linear cross section of figure 1 along with 

an indication of the drift region 8. linear region 9 (due to the more linear electric field) 

and the flight paths of various ions 10 from regular intervals out from the centerline 7. 

The drift region 8, due to the less linear electric field. begins approximately halfway 

5 between the centerline 7 and the guard rings l. The closer an ion is to the guard rings l 

when it begins its flight, the greater the drift the ion has towards the outer edge of the 

IMS. This drift causes an ion to take longer in its path though the IMS. causing the 

resulting signal peak to loose definition. Also, s0me of the ions drift so much as to 

collide with the grid screen mounting device 6, so that their signal is totally lost. This 

10 causes a lowering of the signal to noise ratio. 

Figure 4 shows one embodiment of the current invention. Extensions of the guard 

rings 20 enter the drift region (not labeled) and improve the electric field in this region 

without impeding the flight path of the ions. In this figure all of the guard rings have 

extensions (except for the guard ring that joins with the control grid). The extension 

15 closest to the collector 21 ·~xtends ·ihe furthest into the drift region. Variations of this 

embodiment may not have extensions in all of the guard rings. and the extensions may be 

or unifonn or ascending length. 

Figure 5 shows the flight path of example ions in the improved IMS. Ions in the 

drift region still experience some drift. but as shown in Figure 6A. a projected 

20 improvement of up to 20% can be expected in some instances. In figure 6A, delta Y 

represents a the drift away from center and the ion number is a theoretical ion sampled at 

a consistent interval out from the centerline, with ion I being at the centerline and ion 28 

being the furthest measurable ion out. The top graph in circles represents ions in an IMS 

as per the prior art, and the lower graph with improved delta Y, represents ions traveling 

25 through an, J¥S as per the· embodiment of the invention shown in figure 6A. The further 

the ions are. from the centerline the greater the improvement on the delta Y is. It is 

importallt to consider here that the number of actual ions represented by the ions in figure 

6A go up as the distance out from the centerline is increased. Figure 6B shows a similar 

graph where the drift is shown in time of flight (TOF). 

30 

35 

Figure 7 is an example of a signal readout taken by an IMS. This example graph 

shows how -a smaller peak can be lost next to a larger peak if the signals are not sharp 

enough. 
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What is claimed is: 

1. An ion mobility spectrometer comprising: 

a series of metal rings, each of said metal rings having an inner and outer 

5 diameter and a width, said metal rings forming a cylinder with two ends and a center 

region, said series of metal rings providing an electrical field gradient through said center 

region; 

a control grid at one end of said series ~f illetal rings; 

an ion collector at an end of said series of metal rings opposite said control grid; 

10 and 

at least one second metal ring, having an inner and outer diameter and a width, is 

located mid way through at least one of said metal rings; 

wherein said second metal ring has a smaller inner diameter and smaller width 

than said metal rings, whereby said second metal ring extends further into said center 

15 region than said metal rings. 

2. An ion mobility spectrometer according to claim 1 wherein a said second metal 

ring is located mid way through at least two of said metal rings. 

20 3. An ion mobility spectrometer according to claim 2 wherein said second metal 

rings have different inner diameters. 

4. An ion mobility spectrometer according to claim 2 wherein said second metal 

rings have different widths. 

25 

5. An ion mobility spectrometer according to claim l wherein a said second metal 

ring is located mid way through all of said metal rings. 

6. An ion mobility spectrometer according to claim 5 wherein said second metal 

30 rings have different inner diameters. 

7. An ion mobility spectrometer according to claim 5 wherein said second metal 

rings have different widths. 
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8. An ion mobility spectrometer according to claim l wherein said second metal ring 
-

has an inner diameter that forms a star rather than a circle, whereby a series of projections 
-

extends into said center region rather than a uniform circle. 

9. An ion mobility spectrometer according to claim 6 wherein said second metal ring 

closest to said screen grid has the smallest inner diameter of all of said second metal 

rings. 

10. An ion mobility spectrometer according t-0 claim 2 wherein one of said second 

IO metal rings is midway through the metal ring closest to said ion collector. 

11. An ion mobility spectrometer according to claim 6 wherein said second metal ring 

closest to said control grid has the largest inner diameter of all of said metal rings, and 

the diameter of each of said second metal rings is smaller than the closer said second 

15 metal ring is to said ion collector. 

12. A method for making an ion mobility spectrometer consisting of the steps of 

forming: 

a series of metal rings, each of said metal rings having an inner and outer 

20 diameter and a width, said metal rings form a cylinder with two ends and a center region, 

25 

30 

said series of metal rings provide an electric field gradient through said center region; 

a control grid at one end of said series of metal rings; 

a screen grid at an end of said series of metal rings opposite said control grid; 

a grid collector at the same end as said screen grid; and 

at least one second metal ring, having an inner and outer diameter and a width, is 

located mid way through at least one of said metal rings; 

wherein said second metal ring has a smaller inner diameter and smaller width 

than said metal rings, whereby said second metal ring extends further into said center 

region than said metal rings. 

13. A guard ring having a ring shape, a width, a center, an inner diameter and~ outer 

diameter, wherein the improvement comprises an extension of the guard ring from the 

inner diameter to the center having a width less than said guard ring, wherein a second 

inner diameter is formed having a diameter smaller then the inner diameter of said guard 
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ring, whereby the extension has the appearance of a washer inserted linearly into the 

middle of said guard ring. 

14. A guard ring having a ring shape, a width, a center, an inner diameter and an outer 

5 diameter, wherein the improvement comprises a series of projections from the inner 

diameter of said guard ring towards the center of said guard ring, wherein the projections 

do not fully extend towards the center. 
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