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FURTHER ASPECTS 

Further aspects and embodiments of the invention are now set out in the following 

numbered Paragraphs (including paragraphs numbered with prefix A); it is to be understood 

that the invention encompasses these aspects: 

Paragraph 1. An apparatus for ion peak compression comprising: a. a device into 5 

which a substantially continuous beam of ions is introduced; and b. an intermittent traveling 

wave applied to the device for compressing the ions into a smaller volume or a narrower 

distribution of ion peaks. 

Paragraph 2. The apparatus of Paragraph 1 wherein the ion packets are compressed 

into the narrower distribution of peaks by varying a duty cycle or stutter period of the 10 

intermittent traveling wave. 

Paragraph 3. A method of ion peak compression comprising: a. introducing a packet of 

ions into a device; b. applying an intermittent traveling wave to the device for compressing the 

ions into a narrower distribution or a narrower distribution of ion peaks. 

Paragraph 4. The method of Paragraph 3 wherein the ions are compressed into the 15 

narrower distribution of peaks by varying a duty cycle or stuttering period of the intermittent 

traveling wave. 

Paragraph 5. An apparatus for ion peak compression comprising: a. a device into 

which packets of ions are introduced; b. a first electric field for dispersing the ion packets 

temporally or spatially according to their mobilities; and c. a second intermittent traveling 20 

wave for regrouping or merging the dispersed ion packets into a lesser number of trapping 

regions with narrower peaks. 

Paragraph 6. The apparatus of Paragraph 5 wherein the ion packets are merged into the 

narrower peak regions by varying a duty cycle of the intermittent traveling wave. 

Paragraph 7. The apparatus of Paragraph 5 wherein the first electric field is a traveling 25 

wave field. 

Paragraph 8. The apparatus of Paragraph 5 wherein the first electric field is applied to 

a first region of ion motion and the second intermittent traveling wave is applied to a second 

region of ion motion. 
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Paragraph 9. The apparatus of Paragraph 8 wherein the direction of ion motion in the 

first electric field region is orthogonally aligned to the direction of ion motion in the second 

intermittent traveling wave region. 

Paragraph 10. The apparatus of Paragraph 8 wherein the direction of ion motion in the 

first electric field region is aligned in the same direction to the direction of ion motion in the 5 

second intermittent traveling wave region. 

Paragraph 11. The apparatus of Paragraph 8 wherein the first electric field region and 

the second intermittent traveling wave region are aligned at any angle between 0°-359° 

relative to one another. 

Paragraph 12. A method of ion peak compression comprising: a. introducing packets 10 

of ions into a device; b. applying a first electric field for dispersing the ion packets temporally 

or spatially according to their mobilities; and c. applying a second intermittent traveling wave 

for regrouping or merging the dispersed ion packets into a lesser number of trapping regions 

with narrower peaks. 

Paragraph 13. The method of Paragraph 12 further comprising varying a duty cycle of 15 

the intermittent traveling wave to control merging of the ion packets into the narrower peak 

regions. 

Paragraph 14. The method of Paragraph 12 wherein the first electric field is a traveling 

wave field. 

Paragraph 15. The method of Paragraph 12 wherein the first electric field is applied to 20 

a first region of ion motion and the second intermittent traveling wave is applied to a second 

region of ion motion. 

Paragraph 16. The method of Paragraph 15 wherein the direction of ion motion in the 

first electric field region is orthogonally aligned to the direction of ion motion in the second 

intermittent traveling wave region. 25 

Paragraph 17. The method of Paragraph 15 wherein the direction of ion motion in the 

first electric field region is aligned in the same direction to the direction of ion motion in the 

second intermittent traveling wave region. 
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Paragraph 18. The method of Paragraph 15 wherein the first electric field region and 

the second intermittent traveling wave region are aligned at any angle between 0°-359° 

relative to one another. 

Paragraph 19. The method of Paragraph 12 wherein the intermittent traveling wave 

merges ions from two or more trapping regions into one. 5 

Paragraph 20. The method of Paragraph 12 wherein the intermittent traveling wave 

merges ions from four or more trapping regions into one. 

Paragraph 21. The method of Paragraph 12 wherein the intermittent traveling wave is 

replaced with a non-intermittent traveling wave after a predetermined range of ion packets are 

regrouped or merged into the narrower peak regions and prior to detection. 10 

Paragraph 22. A method of ion peak compression comprising: a. introducing packets 

of ions into a device; b. applying a first electric field for dispersing the ion packets into 

multiple trapping regions or bins; and c. applying a second intermittent traveling wave for 

regrouping or merging the dispersed ion packets into a lesser number of trapping regions or 

bins so to have narrower peaks. 15 

Paragraph 23. The method of Paragraph 22 further comprising varying a duty cycle of 

the intermittent traveling wave to control merging of the ion packets into the narrower peak 

regions. 

Paragraph 24. The method of Paragraph 22 wherein the first electric field is a traveling 

wave field. 20 

Paragraph 25. The method of Paragraph 22 wherein the first electric field is applied to 

a first region of ion motion and the second intermittent traveling wave is applied to a second 

region of ion motion, and wherein the first electric field region and the second intermittent 

traveling wave region are aligned at any angle between 0°-359° relative to one another. 

Paragraph 26. The method of Paragraph 22 wherein the intermittent traveling wave 25 

merges ions from two or more trapping regions into one. 

Paragraph 27. The method of Paragraph 22 wherein the intermittent traveling wave 

merges ions from four or more trapping regions into one. 



 

 

15 

Paragraph 28. The method of Paragraph 22 wherein the intermittent traveling wave is 

replaced with a non-intermittent traveling wave after a predetermined range of ion packets are 

regrouped or merged into the narrower peak regions and prior to detection. 

Paragraph 29. A method of increasing resolution of ions in ion mobility spectrometry 

(IMS) comprising: a. introducing packets of mixed ions into an IMS device; b. separating the 5 

ions according to their mobilities by applying a traveling wave (TW) to the device; c. 

reversing the TW and increasing its amplitude so that no separation occurs as the ion packets 

are moved back to a position prior to the separating step; d. repeating from step b. until a 

desired resolution is attained. 

Paragraph 30. The method of Paragraph 29 further comprising, after the step of 10 

separating the ions, compressing the ion packets. 

Paragraph 31. The method of Paragraph 29 further comprising, after the step of 

reversing the TW, compressing the ion packets. 

Paragraph 32. The method of Paragraph 29 wherein no ion separation occurs during 

the reversing step. 15 

Paragraph 33. The method of Paragraph 29 wherein the reversing step includes 

decreasing the speed or increasing the amplitude of the TW. 

Paragraph 34. The method of Paragraph 29 wherein the method effectively increases a 

path length for IMS separations without physically increasing the IMS device. 

Paragraph 35. An apparatus for increasing resolution of ions in ion mobility 20 

spectrometry (IMS) comprising: a. an IMS device in which packets of mixed ions are 

introduced; b. a constant or variable electric field applied to the device for separating the ions 

according to their mobilities; c. an ion compressor for narrowing or compressing the ions; and 

d. a reverse electric field to move the ion packets to a position prior to when the constant or 

variable electric field is applied for the ion separations. 25 

Paragraph 36. The apparatus of Paragraph 35 wherein the IMS device is a SLIM IMS 

device. 

Paragraph 37. An apparatus for increasing resolution of ions in ion mobility 

spectrometry (IMS) comprising: a. an IMS device in which a large packet of ions or a 
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continuous beam of ions is introduced for a period; b. an ion compressor for partially 

narrowing or compressing the ions; c. a constant or variable electric field applied to the device 

for partially separating the ions according to their mobilities; and d. additional ion compressor 

for narrowing or compressing the ions, applied after space charge effects are reduced due to 

the partial separation, so as to produce a final separation with much greater peak intensities 5 

and S/N. 

Paragraph 38. The apparatus of Paragraph 37 wherein the IMS device is a SLIM IMS 

device. 

Paragraph 39. An apparatus for increasing resolution of ions after a separation device 

comprising: a. a device in which packets of ions from a separation are introduced; and b. an 10 

ion compressor applied prior to detection for narrowing or compressing the ions in the peaks 

from the separation. 

Paragraph A1. An ion manipulation device comprising: a first region configured to 

receive an ion packet comprising a plurality of ions and to separate the plurality of ions into 

one or more first region ion sub-packets having respective peak widths; a second region 15 

separate from the first region, the second region configured to: receive a first ion sub-packet 

of the one or more first region ion sub-packets, in which the first ion sub-packet comprises a 

first portion of the plurality of ions of the ion packet, and generate an electric field waveform 

traveling along a first direction and having a varying duty cycle, the electric field waveform 

configured to drive the received first ion sub-packet along the first direction and generate a 20 

compressed ion sub-packet from the first ion sub-packet. 

Paragraph A2. An ion manipulation device according to Paragraph A1, in which the 

electric field waveform travels from a first sub-region of the second region to a second sub-

region of the second region, in which the varying duty cycle of the electric field waveform 

changes from a first duty cycle in the first sub-region to a second duty cycle in the second sub-25 

region. 

Paragraph A3. An ion manipulation device according to Paragraph A2, in which 

change in the duty cycle from the first duty cycle to the second duty cycle is configured to 

generate the compressed ion sub-packet in the second sub-region from the first ion sub-packet 

in the first sub-region. 30 
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Paragraph A4. An ion manipulation device according to Paragraph A2, in which the 

second region is further configured to receive a second ion sub-packet of the one or more first 

region ion sub-packets in which the second ion sub-packet comprises a second portion of the 

plurality of ions of the ion packet, and merge the second ion sub-packet into the compressed 

ion sub-packet. 5 

Paragraph A5. An ion manipulation device according to Paragraph A3, in which the 

first ion sub-packet has a first temporal duration, the second ion sub-packet has a second 

temporal duration and the compressed ion sub-packet has a third temporal duration. 

Paragraph A6. An ion manipulation device according to Paragraph A5, in which the 

third temporal duration is smaller than the first temporal duration. 10 

Paragraph A7. An ion manipulation device according to Paragraph A4, in which the 

first ion sub-packet has a first spatial pulse length, the second ion sub-packet has a second 

spatial pulse length and the compressed ion sub-packet has a third spatial pulse length. 

Paragraph A8. An ion manipulation device according to Paragraph A7, in which the 

third spatial pulse length is smaller than the first spatial pulse length. 15 

Paragraph A9. An ion manipulation device according to Paragraph A2, in which the 

electric field waveform changes from the first duty cycle to a second duty cycle at an interface 

between the first sub-region and second sub-region. 

Paragraph A10. An ion manipulation device according to Paragraph A1, in which a 

second direction of propagation of the ion packet in the first region is orthogonal to the first 20 

direction of propagation of the received first ion sub-packet in the second region. 

Paragraph A11. An ion manipulation device according to Paragraph A1, in which a 

second direction of propagation of the ion packet in the first region is parallel to the first 

direction of propagation of the received first ion sub-packet in the second region. 

Paragraph A12. An ion manipulation device according to Paragraph A1, in which a 25 

second direction of propagation of the ion packet in the first region and the first direction of 

propagation of the received first ion sub-packet in the second region are aligned at an angle 

ranging from about 0 degrees to about 359 degrees. 
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Paragraph A13. A method comprising: receiving, by a first region of an ion 

manipulation apparatus, an ion packet comprising a plurality of ions; generating, in the first 

region, an electric field waveform configured to separate the plurality of ions into one or more 

first region ion sub-packets having respective peak widths; receiving, by a second region of 

the ion manipulation apparatus, a first ion sub-packet of the one or more first region ion sub-5 

packets in which the first ion sub-packet comprises a first portion of the plurality of ions of the 

ion packet, in which the second region is separate from the first region; and generating, in the 

second region, an electric field waveform traveling along a first direction and having a varying 

duty cycle, the electric field waveform configured to drive the received first ion sub-packet 

along the first direction and generate a compressed ion sub-packet from the first ion sub-10 

packet. 

Paragraph A14. A method according to Paragraph A13, in which the electric field 

waveform travels from a first sub-region of the second region to a second sub-region of the 

second region, in which the varying duty cycle of the electric field waveform changes from a 

first duty cycle in the first sub-region to a second duty cycle in the second sub-region. 15 

Paragraph A15. A method according to Paragraph A14, in which change in the duty 

cycle from the first duty cycle to the second duty cycle is configured to generate the 

compressed ion sub-packet in the second sub-region from the first ion sub-packet in the first 

sub-region. 

Paragraph A16. A method according to Paragraph A14, further comprising: receiving, 20 

by the second region, a second ion sub-packet of the one or more first region ion sub-packets 

in which the second ion sub-packet comprises a second portion of the plurality of ions of the 

ion packet, and merging the second ion sub-packet into the compressed ion sub-packet. 

Paragraph A17. A method according to Paragraph A16, in which the first ion sub-

packet has a first temporal duration, the second ion sub-packet has a second temporal duration 25 

and the compressed ion sub-packet has a third temporal duration. 

Paragraph A18. A method according to Paragraph A16, in which the first ion sub-

packet has a first spatial pulse length, the second ion sub-packet has a second spatial pulse 

length and the compressed ion sub-packet has a third spatial pulse length. 
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Paragraph A19. A method according to Paragraph A13, in which a second direction of 

propagation of the ion packet in the first region is orthogonal to the first direction of 

propagation of the received first ion sub-packet in the second region. 

Paragraph A20. A method according to Paragraph A13, in which a second direction of 

propagation of the ion packet in the first region is parallel to the first direction of propagation 5 

of the received first ion sub-packet in the second region. 

Paragraph A21. An ion manipulation apparatus comprising: a first region configured to 

receive an ion packet comprising a plurality of ions; a second region separate from the first 

region, the second region configured to: receive a first ion sub-packet comprising a first 

portion of the plurality of ions of the ion packet, and generate an electric field waveform 10 

traveling along a first direction and having a varying duty cycle, the electric field waveform 

configured to drive the received first ion sub-packet along the first direction and generate a 

compressed ion sub-packet from the first ion sub-packet; in which the electric field waveform 

travels from a first sub-region of the second region to a second sub-region of the second 

region, in which the varying duty cycle of the electric field waveform changes from a first 15 

duty cycle in the first sub-region to a second duty cycle in the second sub-region; in which the 

second region is further configured to receive a second ion sub-packet comprising a second 

portion of the plurality of ions of the ion packet, and merge the second ion sub-packet into the 

compressed ion sub-packet. 

Paragraph A22. An ion manipulation device according to Paragraph A1, in which the 20 

compressed ion sub-packet generated from the first ion sub-packet has a narrower peak width 

than the first ion sub-packet based on the varying duty cycle. 

Paragraph A23. A method according to Paragraph A13, in which the compressed ion 

sub-packet generated from the first ion sub-packet has a narrower peak width than the first ion 

sub-packet based on the varying duty cycle. 25 
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CLAIMS 

1. An apparatus for ion peak compression comprising: 

a first region configured to receive an ion packet comprising a plurality of ions and to 

separate the plurality of ions into one or more first region ion sub-packets having 

respective peak widths; 5 

a second region separate from the first region, the second region configured to: 

receive a first ion sub-packet of the one or more first region ion sub-packets, and 

generate an electric field waveform traveling along a first direction of propagation 

that is configured to drive the received first ion sub-packet along the first direction 

of propagation and generate a first compressed ion sub-packet from the first ion 10 

sub-packet; in which the first compressed ion sub-packet has a narrower peak 

width than the first ion sub-packet. 

2. An apparatus according to Claim 1, in which the electric field waveform has a period 

that changes from a first period in a first sub-region of the second region to a second period in 

a second sub-region of the second region. 15 

3. An apparatus according to Claim 2, in which change in the period from the first period 

to the second period is configured to compress ion sub-packets within the second sub-region. 

4. An apparatus according to Claim 2, in which the second region is further configured to 

receive a second ion sub-packet of the one or more first region ion sub-packets in which the 

second ion sub-packet comprises a second portion of the plurality of ions of the ion packet, 20 

and merge the second ion sub-packet into the first compressed ion sub-packet. 

5. An apparatus according to Claim 4, in which the first ion sub-packet has a first temporal 

duration, the second ion sub-packet has a second temporal duration and the compressed ion 

sub-packet has a third temporal duration. 

6. An apparatus according to Claim 5, in which the third temporal duration is smaller than 25 

the first temporal duration. 
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7. An apparatus according to Claim 4, in which the first ion sub-packet has a first spatial 

pulse length, the second ion sub-packet has a second spatial pulse length and the first 

compressed ion sub-packet has a third spatial pulse length. 

8. An apparatus according to Claim 7, in which the third spatial pulse length is smaller 

than the first spatial pulse length. 5 

9. An apparatus according to Claim 2, in which the electric field waveform changes from 

the first period to the second period at an interface between the first sub-region and second 

sub-region. 

10. An apparatus according to Claim 1, in which a second direction of propagation of the 

ion packet in the first region is orthogonal to the first direction of propagation of the received 10 

first ion sub-packet in the second region. 

11. An apparatus according to Claim 1, in which a second direction of propagation of the 

ion packet in the first region is parallel to the first direction of propagation of the received first 

ion sub-packet in the second region. 

12. An apparatus according to Claim 1, in which a second direction of propagation of the 15 

ion packet in the first region and the first direction of propagation of the received first ion sub-

packet in the second region are aligned at an angle ranging from about 0 degrees to about 359 

degrees. 

13. A method for ion peak compression comprising: 

receiving, by a first region of an ion manipulation apparatus, an ion packet comprising a 20 

plurality of ions; 

generating, in the first region, an electric field waveform configured to separate the 

plurality of ions into one or more first region ion sub-packets having respective peak 

widths; 

receiving, by a second region of the ion manipulation apparatus, a first ion sub-packet of 25 

the one or more first region ion sub-packets, in which the second region is separate from 

the first region; and 
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generating, in the second region, an electric field waveform traveling along a first 

direction of propagation, the electric field waveform configured to drive the received 

first ion sub-packet along the first direction of propagation and generate a first 

compressed ion sub-packet from the first ion sub-packet; in which the first compressed 

ion sub-packet has a narrower peak width than the first ion sub-packet. 5 

14. A method according to Claim 13, in which the electric field waveform changes from a 

first period in a first sub-region of the second region to a second period in a second sub-region 

of the second period. 

15. A method according to Claim 14, in which change in the period from the first period to 

the second period is configured to generate the first compressed ion sub-packet in the second 10 

sub-region from the first ion sub-packet in the first sub-region. 

16. A method according to Claim 14, further comprising: 

receiving, by the second region, a second ion sub-packet of the one or more first region 

ion sub-packets in which the second ion sub-packet includes a second portion of the 

plurality of ions of the ion packet, and 15 

merging the second ion sub-packet into the first compressed ion sub-packet. 

17. A method according to Claim 16, in which the first ion sub-packet has a first temporal 

duration, the second ion sub-packet has a second temporal duration and the first compressed 

ion sub-packet has a third temporal duration. 

18. A method according to Claim 16, in which the first ion sub-packet has a first spatial 20 

pulse length, the second ion sub-packet has a second spatial pulse length and the first 

compressed ion sub-packet has a third spatial pulse length. 

19. A method according to Claim 13, in which a second direction of propagation of the ion 

packet in the first region is orthogonal to the first direction of propagation of the received first 

ion sub-packet in the second region. 25 

20. A method according to Claim 13, in which a second direction of propagation of the ion 

packet in the first region is parallel to the first direction of propagation of the received first ion 

sub-packet in the second region. 
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