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ION ANALYSIS SYSTEM AND METHOD spectrometer without colliding with background gas mol 
WITH MULTIPLE IONIZATION SOURCES ecules . Therefore , the vacuum in the mass analyzer 4 of a 

AND ANALYZERS mass spectrometer must be maintained at a pressure that 
correlates with ion mean free path length longer ( ideally 

RELATED APPLICATIONS 5 several folds ) than the length of the mass analyzer . Accord 
ing to the kinetic theory of gases , the mean free path L ( in 

The present application is a continuation and claims the m ) is given by : L = kT / V2 po , where k is the Boltzmann 
priority benefit of U.S. patent application Ser . No. 16/350 , constant , T is the temperature ( in K ) , p is the pressure ( in 
396 ( now U.S. Pat . No. 10,720,315 ) , which claims priority Pa ) , and o is the collision cross - section ( in m² ) . In a typical 
to Provisional Application No. 62 / 680,592 entitled : “ Flex- 10 mass spectrometer with k = 1.38x10-21 JK - 1 , T = 300 K , and 
ible Ion Guide , " filed on Jun . 5 , 2018 ; the contents and o = 45x10-20 m² , the mean free path equation simplifies to 
disclosures of which are hereby incorporated by reference in L = 4.95 / p , where L is in centimeters and p is in milli - Torn In 
their entireties herein and below . laboratory - scale mass spectrometers , ion filtering and detec 

tion usually occur in high vacuum , i.e. < 10-5 Torr , corre 
TECHNICAL FIELD 15 sponding to a mean free path of > 4.95 meters . This is 

necessary to achieve high resolution separation of ions . To 
The present disclosure relates to an ion transfer device . In achieve a pressure of < 10-5 Torr with available vacuum 

particular , the present disclosure is related to an ion transfer technologies , a two - stage vacuum generation process is 
device that is flexible or re - configurable and may be bent or utilized . First , the pressure is reduced to ~ 10-2 Torr using 
re - configured from one shape to another shape while trans- 20 mechanical or roughing pumps , and then one or more 
ferring ions produced from a sample in a first location using turbo - molecular pumps , ion pumps , or cryogenic pumps 
an ion source ( such as an ionization probe ) to an ion analyzer further reduce the pressure to < 10-5 Torr . Turbo - molecular 
( such as a mass spectrometer or an ion mobility analyzer ) in pumps provide relatively higher pumping capacities com 
the second location . The ions may be transferred inside the pared to ion pumps and are more appropriate for atmo 
ion transfer device in sequentially - packed ion packets . 25 spheric pressure sampling and ionization . Ion pumps have 

advantages when vibration - free operation and ultra - high 
BACKGROUND vacuum is required ( vacuum levels of < 10-10 Torr ) . 

Prior to the introduction of soft ionization and ambient 
Mass spectrometry and ion mobility spectrometry are ionization techniques , mass spectrometry was generally 

analytical techniques for chemical analysis to detect and 30 limited to the analysis of volatile , relatively low - molecular 
identify analytes of interest in various applications . With the mass samples , and mass spectrometric analysis of biomol 
increased use of these instruments , their applications and the ecules was difficult if not impossible . Also , conventional 
variety of applications have increased . However , their size ionization sources , such as electron impact ionization , 
still remains large , hindering their applications in point of caused excessive fragmentation when applied to biomol 
care / action / need applications , where size and portability is 35 ecules . The advent of soft ionization techniques , which 
limiting . produce mass spectra with little or no fragmentation in 
A mass spectrometer is a complex system composed of ambient or near - ambient environment , made it possible to 

various components , as shown in FIG . 1A . The critical analyze large organic molecules and biomolecules with 
components of a typical mass spectrometer consist of mass spectrometers . In particular , the development of elec 
sample introduction and ionization 1 , sampling inlet 2 , ion 40 trospray ionization ( ESI ) and matrix - assisted laser desorp 
optics and mass analyzer 4 , detector 5 , vacuum chamber or tion / ionization ( MALDI ) has extended the application of 
housing 3 , vacuum system 9 including vacuum pumps and mass spectrometry to biomolecules . These techniques have 
gauges , voltage supply systems 6 , control systems 7 , and demonstrated unparalleled advantages , for example in ana 
data acquisition systems 8. In a typical mass spectrometer , lyzing peptides and proteins , because of the speed of experi 
first , the ionization source 1 ionizes a sample to generate 45 ments , the amount of information generated , and the out 
positive and negative ions . The generated ions travel through standing resolution and sensitivities offered . 
the sampling inlet 2 and are guided , for example by ion Among various soft ionization techniques , ESI sources 
guides , such as an ion funnel and / or multipole ion guides , to are best suited for direct biomolecules . ESI may function as 
enter the mass analyzer 4. All of these components are a liquid sample introduction system and an ionization source 
closely connected to each other . The mass analyzer 4 , which 50 at the same time . In ESI , the sample in a solution ( typically 
is derived by voltage supply systems 6 , separates ions based a 50/50 mixture of water / methanol with 0.1-1 % acetic or 
on their m / z . The detector 5 produces an electrical signal formic acid ) enters a narrow capillary and leaves the capil 
when the ions hit the detector 5. The data acquisition lary as a liquid spray . The voltage at the end of the capillary 
systems 8 receive the electrical signal from the detector 5 , is significantly higher ( 3 to 5 kV ) than that of the mass 
typically in the form of electrical current or voltage , and 55 analyzer , so the sample is sprayed or dispersed into an 
produce and record spectra . The spectra provide fingerprints aerosol of highly charged droplets . Evaporation of solvent 
for chemical identification of the sample . Control systems 7 decreases the size of the droplets . Because the electrically 
control various components . All components related to the charged droplets retain their charge but get smaller , their 
mass analysis and ion detection are placed inside a vacuum electric field increases . At some point , mutual repulsion 
chamber 3 , maintained at high vacuum . Although FIG . 1A 60 between like charges causes ions to leave the surface of the 
shows sample introduction / ionization block 1 outside the droplet . As a result , multiply charged ions from individual 
vacuum region , ionization of samples may occur in a wide biomolecules , free from solvent , are released and enter the 
range of pressures , from atmospheric pressure to high sampling inlet for analysis by the mass spectrometer . 
vacuum . In a conventional mass spectrometer , the sample Except for MALDI and similar ionization methods that 
introduction / ionization 1 is attached to the sampling inlet 2. 65 ionize samples in the high - vacuum region , most mass spec 

Mass spectrometers require high vacuum for proper trometry techniques for analyzing bio - molecules rely on 
operation because , ideally , ions must travel inside a mass interfaces or sampling inlets that deliver gas - phase molecu 

a 
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lar ions from atmospheric pressure or near atmospheric With the advent of ambient desorption ionization sources , 
pressure to high vacuum through orifices or capillaries . which desorb and ionize molecules in their native state , the 
Achieving high ion transfer efficiencies for mass spectrom- applications of mass spectrometers have been extended 
eters is crucial and challenging . Conductance limiting orifice significantly . For example , ambient desorption ionization 
plates enable differential pumping of various stages of a 5 techniques may be used to analyze human tissues during a 
mass spectrometer . Smaller orifices enable operation with surgery to differentiate cancer cells . As another example , 
lower pumping capacities but result in lower ion transfer ambient ionization desorption techniques may be used in 
efficiencies . Larger - diameter orifices may improve the effi homeland security to monitor cargo and passengers at secu 
ciency of ion transfer but allow more neutrals to enter the rity check points for explosives . Three different scenarios 
vacuum region , thus requiring larger , higher - speed pumps to 10 have been used thus far for such applications . In the con 
maintain the desired vacuum . Therefore , the pumping capac ventional method shown in FIG . 1B , the samples are brought 
ity of the vacuum system indirectly determines the ion close to a mass spectrometer for ionization and analyses . In 
transfer efficiency , because the size and dimensions of the this approach , samples are directly place in front of a mass 

sampling inlet must be designed according to the pumping 15 samples or sample molecules are transferred through a bare spectrometer . In a second approach shown in FIG . 1C , 
capacity of the vacuum system . Finding the right balance tube 19 , which may be plastic or metal , into the ion source between the pumping capacity and the ion transfer efficiency 11 of the mass spectrometer . A sampling medium , such as is a challenging design consideration for mass spectrometers water , may be used to mix sample with sampling medium to if a limited pumping capacity is available . be transferred through the bare tube to a mass spectrometer . 

Various sampling mechanisms are developed to address 20 In the third approach shown in FIG . 1D , samples are ionized 
the above - noted challenges , such as the discontinuous atmo- using an ion source that is detached from a mass spectrom 
spheric pressure interface ( DAPI ) and the pulsed pinhole eter and the produced ions are transferred via the bare tube 
atmospheric pressure interface ( PP - API ) . The continuous 19 to a mass spectrometer for analysis . All of these 
atmospheric pressure interface enabled by differential approaches have disadvantages . For example , placing a 
pumping is another sampling mechanism that uses multi- 25 sample directly in front of a mass spectrometer ( FIG . 1B ) 
stage vacuum pumps for differential pumping , to provide may not be practical in many applications , particularly when 
gradual pressure reduction to transport ions from atmo- the sample is bulky or immobile . Second transferring sample 
spheric pressure to high vacuum . The extent to which the molecules via the bare tube 19 to a mass spectrometer ( FIG . 
motion of ions may be controlled in different vacuum stages 2B ) may result in memory effects from sample residue / 
determines the overall ion transmission efficiency of the 30 molecules sticking to the inner surface of the bare tube 19 . 
mass spectrometer . Recently , ion funnels have attracted These residues may contaminate the inner side of the bare 
significant interest in atmospheric pressure sampling in tube 19 and may adversely affect the analytical results . 
addition to the conventional multipole ion guides . Ion fun- Transferring ions through bare tube 19 , as shown in FIG . 1D , 
nels enable the manipulation and focusing of ions in a may result in decreased ion transfer efficiency as a majority 
pressure regime ( 0.01 to 30 Torr ) , providing much greater 35 of ions are lost to the inner walls of the bare tube 19 and 
ion transmission efficiencies . Usually , ion funnels are deteriorate ion transfer efficiency . In other words , the ion 
located right after heated capillary inlets in a mass spec- transfer efficiency of this method may not be sufficient , and 
trometer . Ion funnels are rigid structures that guides ions in a majority of ions may be lost in the ion transfer process , 
mid - vacuum level of 0.01 to 30 Torr . In ion funnels , the thus negatively affecting analytical performance . 
spacing between ring electrodes are constant . 
Mass analyzers are the core components of mass spec SUMMARY 

trometers and are typically characterized by their mass range 
and resolution . Mass range is the maximum mass resolvable One or more embodiments of the present disclosure 
mass by the analyzer . Resolution is an indicator of how relates to a flexible ion transfer device that may transfer ions 
selective a mass filter is in distinguishing ions with m / z that 45 from a first location to a second location , such that the first 
are close in value . Thus far , various mass analyzers with location may be in a proximity of where samples to be 
different mechanisms have been developed . General mass analyzed are located and the second location is where a mass 
spectrometry handbooks provide detailed descriptions of spectrometer is located . Mass spectrometers are still bulky 
various mass analyzers . Mass analyzers may be categorized but the growing demand of mass spectrometers in point of 
into beam analyzers , such as quadrupole and TOF analyzers , 50 need / care / action , such as medical and security applications 
and trapping analyzers , such as ion traps . require having mass spectrometers more accessible . With 

Faraday cups and micro channel plate ( MCP ) detectors the conventional mass spectrometers , that is not possible 
are the two most widely used ion detectors in mass spec- because mass spectrometers are bulky and large . Further , 
trometry . Faraday cups may operate at high pressures ( up to ambient ionization techniques produce ions from samples in 
atmospheric pressure ) , but are less sensitive , and are not 55 their native environment ( such as human tissues during 
compatible with high - resolution mass spectrometry due to surgery to detect cancer cells ) . Therefore , the present dis 
slow response times . MCPs support high mass resolution , closure aims to provide an improvement over the state - of 
dynamic range , and detection sensitivity . Most modern MCP the - art by providing a flexible ion transfer device that may 
detectors consist of two MCPs , with angled channels rotated be connected between an ambient ion source ( which may be 
180 ° from each other , producing a chevron ( v - like ) shape . 60 constructed as an application - specific or general - purpose 
The angle between the channels reduces ion feedback . In a ionization probe ) in first location and a mass spectrometer in 
chevron MCP , the electrons that exit the first plate initiate a second location such that the ions produced by the ion 
the cascade in the next plate . The advantage of the chevron source may be efficiently transferred to a mass spectrometer 
MCP over the straight channel MCP is significantly more via the flexible ion transfer device . The flexible ion transfer 
gain at a given voltage . The two MCPs may either be pressed 65 device provides an advantage that an operator / user may 
together or have a small gap between them to spread the easily move the ion source to / around the sample and may 
charge across multiple channels . produce ions for mass spectrometry analysis without having 
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to bring mass spectrometer closer to a sample under test . non - flexible manner , and the first group of electrodes and the 
Further , various ion sources or ion source probes may be second group of electrodes are attached to each other in a 
attached to a single mass spectrometer , which results in more flexible manner to allow bending of the first group of 
efficient use of a mass spectrometer . It is noted that the electrodes or the second group of electrodes around one or 
sample analysis in a mass spectrometer from the moment more axes with respect to each other . 
ions are produced to the moment the ions are detected by the In one or more embodiments , the plurality of electrodes 
detector takes milli - seconds to a few seconds . Therefore , are ring - shaped electrodes that form an elongated ion funnel mass spectrometers are ideally able to provide continuous structure . 
analysis every few seconds at most . However , the sample In one or more embodiments , the plurality of electrodes introduction techniques are currently a limiting factor of the 10 are wires in helical form . process . The time in between two mass spectrometric analy 
ses currently lag behind a mass spectrometers ideal through In one or more embodiments , the plurality of electrodes 
put because of the slow sample introduction . Therefore , are disposed parallel to each other and are elongated along 

an axis of the ion transfer device . producing a sequence of ions packets to be analyzed by a 
mass spectrometer will significantly improve throughput of 15 In one or more embodiments , the plurality of electrodes 
mass spectrometry analysis . For example , sequentially are attached to an inner surface of the enclosure . 
packed ions may be produced from various ionization In one or more embodiments , RF voltage and DC voltage 
sources and may be queued and transferred to a mass are applied to each of the plurality of electrodes , and the RF 
spectrometer for analysis , thus increasing throughput of voltage and DC voltage are applied to each of the plurality 
analyses . The present disclosure provides an ion transfer 20 of electrodes respectively via a capacitor and a resistor . 
device and an ion transfer method for producing ions in a In one or more embodiments , the DC voltage is traveling 
remote location and for transferring the produced ions DC voltage pulse . 
sequentially to a mass spectrometer for analysis . In one or more embodiments , RF voltage applied to each 

In one or more embodiments , an ion transfer device of the plurality of electrodes is out of phase with the RF 
transfers ions from at least one ion inlet to at least one ion 25 voltage applied to adjacent electrodes . 
outlet of the ion transfer device , and the ion transfer device In one or more embodiments , the DC voltage causes the 
includes an enclosure configured to maintain reduced pres ions to move axially parallel to an axis of the ion transfer 
sure ; and a plurality of electrodes disposed at least in part device , and the RF voltage causes the ions to move radially inside the enclosure such that the ion transfer device is around the axis of the ion transfer device . configured to be flexible or re - configurable . In one or more embodiments , the ion transfer device is In one or more embodiments , the ion transfer device is connected to an ion source that is configured to be freely configured to be bent from two or more bend positions to 
form a plurality of curvatures while actively and efficiently movable in 3 - dimensional space to bring it in close to a 
transferring the ions . sample under test to produce the ions from the sample under 

test . In one or more embodiments , the plurality of electrodes 35 
are flexibly connected to each other to make the ion transfer In one or more embodiments , an ion analysis system 
device re - configurable while actively transferring the ions includes at least one ion source configured to produce ions 
from a first location to a second location . from a sample ; at least one ion transfer device having an 

In one or more embodiments , the one or more ion transfer enclosure , and a plurality of electrodes disposed at least in 
enclosures and one or more electrodes are flexibly attached 40 part inside the enclosure such that the ion transfer device is 
to each other to allow the ion transfer device to transfer the configured to be flexible or re - configurable ; and a main body 
ions in two or more different shapes . having at least one analyzer configured to separate the ions 

In one or more embodiments , the ion transfer device is based on mobility or mass to charge ratio ; and at least one 
configured to be transformable between two or more differ- detector configured to detect the separated ions . 
ent physical shapes , and the ion transfer device is configured 45 In one or more embodiments , a method includes produc 
to transfer the ions in the two or more different physical ing ions from a sample ; transferring the ions with at least one 
shapes from the at least one ion inlet to the at least one ion ion transfer device that is configured to be flexible or 
outlet . re - configurable , the ion transfer device having an enclosure , 

In one or more embodiments , the reduced pressure in and a plurality of electrodes disposed at least in part inside 
which an ion transfer device is maintained at is between 50 the enclosure ; separating the ions with at least one analyzer 0.001 to 100 Torr . configured to separate the ions based on mobility or mass to In one or more embodiments , the ion transfer device is charge ratio ; and detecting the separated ions with at least re - configurable and transformable between at least a first one detector . configuration and a second configuration such that the ion 
transfer device , in the first configuration , transfers ions from 55 BRIEF DESCRIPTION OF DRAWINGS a first location to a second location , and the ion transfer 
device , in the second configuration , transfers the ions from 
the first location to a third location , the third location being Certain embodiments of the present disclosure are 
different from the second location . described with reference to the accompanying drawings . 

In one or more embodiments , at least two of the plurality 60 However , the accompanying drawings illustrate only certain 
of electrodes are configured to be flexibly attached to each aspects or implementations of the present disclosure by way 
other using electrically insulating material . of example and are not meant to limit the scope of the 

In one or more embodiments , a first group of electrodes claims . 
include a first number of the plurality of electrodes are FIG . 1A shows a block diagram of a conventional mass 
attached to each other in a non - flexible manner , a second 65 spectrometer . 
group of electrodes including a second number of the FIG . 1B shows a block diagram of a conventional mass 
plurality of electrodes are attached to each other in a spectrometer . 
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FIG . 1C shows a block diagram of a conventional mass FIG . 7A and FIG . 7B show perspective views of flexible 
spectrometer such that the ion source is detached from the or re - configurable ion transfer device in accordance with one 
ion guide and the ions are transferred to ion guide of a mass or more embodiments of the present disclosure . 
spectrometer via a bare tube . FIG . 8A , FIG . 8B , and FIG . 8C show front views of 
FIG . 1D shows a block diagram of a conventional mass 5 electrodes of flexible or re - configurable ion transfer device 

spectrometer such that the sample is located at a distance in accordance with one or more embodiments of the present 
from the ion source and the ions are transferred to ion source disclosure . 
of a mass spectrometer via a bare tube . FIG . 9A , FIG . 9B , FIG . 9C , FIG . 9D , and FIG . SE show 
FIG . 2A shows a block diagram of a mass spectrometry cross - section views of electrodes of flexible or re - configur 

system such that the ion source is detached from the ion able ion transfer device connected to each other in accor 
guide and the ions are efficiently transferred to ion guide via dance with one or more embodiments of the present disclo 
a flexible or re - configurable ion transfer device in accor 
dance with one or more embodiments of the present disclo- FIG . 10A and FIG . 10B show perspective views of 

electrode structure of flexible or re - configurable ion transfer 
FIG . 2B shows a block diagram of a mass spectrometry device in accordance with one or more embodiments of the 

system such that the ion source in form of an ion source present disclosure . 
probe is detached from the ion guide and the ions are FIG . 11A , FIG . 11B , and FIG . 11C show perspective 
efficiently transferred to the ion guide via a flexible or views of flexible or re - configurable ion transfer device 
re - configurable ion transfer device in accordance with one or 20 including three electrode structures connected to each other 
more embodiments of the present disclosure . in accordance with one or more embodiments of the present 
FIG . 2C shows a block diagram of a mass spectrometry disclosure . 

system such that the ion source is detached from the mass FIG . 12A and FIG . 12B show perspective views of 
spectrometer and the ions produced in an ionization probe flexible or re - configurable ion transfer device including 
are efficiently transferred to the mass spectrometer via a 25 seven electrode structures connected to each other in accor 
flexible or re - configurable ion transfer device in accordance dance with one or more embodiments of the present disclo 
with one or more embodiments of the present disclosure . 
FIG . 2D shows a block diagram of a mass spectrometer FIG . 13 shows a perspective view of flexible or re 

such that the ion source is detached from the mass spec configurable ion transfer device including two electrode 
30 structures connected to each other accordance with one or trometer and the ions produced in an ionization probe are 

efficiently transferred to the mass spectrometer via a flexible more embodiments of the present disclosure . 
or re - configurable ion transfer device in accordance with one FIG . 14A , FIG . 14B , and FIG . 14C show perspective 

views of enclosure and electrode geometries of flexible or or more embodiments of the present disclosure . 
FIG . 2E shows a block diagram of a mass spectrometry 35 more embodiments of the present disclosure . re - configurable ion transfer device in accordance with one or 

system such that the ion source is detached from the ion FIG . 15A , FIG . 15B , and FIG . 15C show perspective guide and the ions are efficiently transferred to ion guide via views of flexible or re - configurable ion transfer devices in a flexible or re - configurable ion transfer device in accor accordance with one or more embodiments of the present dance with one or more embodiments of the present disclo disclosure . 
FIG . 16 shows a perspective view of electrode geometry 

FIG . 2F shows a block diagram of a mass spectrometry of flexible or re - configurable ion transfer device in accor 
system such that the ion source is detached from the ion dance with one or more embodiments of the present disclo 
guide and the ions are efficiently transferred to ion guide via 
a flexible or re - configurable ion transfer device in accor- FIG . 17A and FIG . 17B show two side views of ion 
dance with one or more embodiments of the present disclo- 45 trajectory simulation in flexible or re - configurable ion trans 

fer device in accordance with one or more embodiments of 
FIG . 3A shows a block diagram of a mass spectrometry the present disclosure . 

system such that three different ion sources are attached to FIG . 18 shows RF and DC voltage waveforms for flexible 
mass spectrometry system via flexible or re - configurable ion or re - configurable ion transfer device in accordance with one 
transfer devices in accordance with one or more embodi- 50 or more embodiments of the present disclosure . 
ments of the present disclosure . FIG . 19 shows RF and DC voltage waveforms for flexible 

FIG . 3B shows a block diagram of a mass spectrometry or re - configurable ion transfer device in accordance with one 
system such that three different ion sources are efficiently or more embodiments of the present disclosure . 
transfer ions to two different mass spectrometry systems via FIG . 20 shows a flow chart of a method for transferring 
flexible or re - configurable ion transfer devices in accordance 55 ions with flexible or re - configurable ion transfer device in 
with one or more embodiments of the present disclosure . accordance with one or more embodiments of the present 
FIG . 4A , FIG . 4B , FIG . 4C , and FIG . 4D show block disclosure . 

diagrams of different configurations for ion transfer devices FIG . 21 shows a block diagram of control unit for ion 
in accordance with one or more embodiments of the present transfer device upon which one or more embodiments of the 
disclosure . 60 present disclosure may be implemented . 
FIG . 5A , FIG . 5B , and FIG . 5C show block diagrams of 

different configurations of ion transfer device in accordance DETAILED DESCRIPTION 
with one or more embodiments of the present disclosure . 

FIG . 6A , FIG . 6B , FIG . 6C , and FIG . 6D show perspec- In general , embodiments of the present disclosure related 
tive views of flexible or re - configurable ion transfer device 65 to a flexible or re - configurable ion transfer device and 
in accordance with one or more embodiments of the present methods for transferring ions with a flexible or re - config 
disclosure . urable ion transfer device . 
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Specific embodiments are disclosed with reference to the ionization , Easy ambient sonic - spray ionization , Extractive 
accompanying drawings . In the following description , electrospray ionization , Electrospray laser desorption ion 
numerous details are set forth as examples of the present ization , Electrospray - assisted pyrolysis ionization , Electro 
disclosure . It will be understood by those skilled in the art static spray ionization , Flowing atmospheric pressure after 
that one or more embodiments of the present disclosure may 5 glow , Field - induced droplet ionization , High - voltage 
be practiced without these specific details and that numerous assisted laser desorption ionization , Helium atmospheric 
variations or modifications may be possible without depart- pressure glow discharge ionization , Infrared laser ablation 
ing from the scope of the invention . Certain details known metastable - induced chemical ionization , Jet desorption elec 
to those of ordinary skill in the art are omitted to avoid trospray ionization , Laser assisted desorption electrospray 
obscuring the description . 10 ionization , Laser ablation electrospray ionization , Laser 

FIG . 2A shows a block diagram of a mass spectrometry ablation flowing atmospheric pressure afterglow , Laser abla 
system such that the ion source 21 is detached from the ion tion inductively coupled plasma , Laser desorption atmo 
guide 13 and the ions are efficiently transferred to ion guide spheric pressure chemical ionization , Laser diode thermal 
via a flexible or re - configurable ion transfer device 20 in desorption , Laser desorption electrospray ionization , Laser 
accordance with one or more embodiments of the present 15 desorption spray post - ionization , Laser electrospray mass 
disclosure . The mass spectrometry system , as disclosed spectrometry , Liquid extraction surface analysis , Laser - in 
herein , may include the ion source 21 , the ion transfer device duced acoustic desorption - electrospray ionization , Liquid 
20 , the ion guide 13 , the mass analyzer 15 , the detector 17 , micro - junction - surface sampling probe , Leidenfrost phe 
and the corresponding vacuum systems and electronics nomenon - assisted thermal desorption , Liquid sampling - at 
( additional sub - systems ) for proper operation and full func- 20 mospheric pressure glow discharge , Laser spray ionization , 
tionality . Additional sub - systems for a mass spectrometer Low temperature plasma , Matrix - assisted inlet ionization , 
are shown in FIG . 1A and omitted in this and other figures Matrix - assisted laser desorption electrospray ionization , 
of the present application to avoid obscuring the description Microfabricated glow discharge plasma , microwave induced 
and drawings and for maintaining simplicity of illustration . plasma desorption ionization , Nano - spray desorption elec 
One of ordinary skill in the art , view of the present 25 trospray ionization , Neutral desorption extractive electros 
disclosure , will understand that the mass spectrometry sys- pray ionization , Plasma - assisted desorption ionization , Paint 
tem includes additional sub - systems such as those shown in spray , Plasma - assisted laser desorption ionization , Plasma 
FIG . 1A for full functionality and operation . assisted multiwavelength laser desorption ionization , 

In FIG . 2A , the mass spectrometry system includes an ion Plasma - based ambient sampling / ionization / transmission , 
source 21 that is detached from an ion guide 13 of the mass 30 Paper assisted ultrasonic spray ionization , Probe electros 
spectrometry system and the ions are efficiently transferred pray ionization , Paper spray , Pipette tip column electrospray 
from the ion source 21 to the ion guide 13 of the mass ionization , Radiofrequency acoustic desorption and ioniza 
spectrometry system through the ion transfer device 20 , tion , Remote analyte sampling transport and ionization 
which is flexible or re - configurable . The ion guide 13 may relay , Rapid evaporative ionization mass spectrometry , 
be one or more ion funnels , or one or more multipole ion 35 Robotic plasma probe ionization , Surface activated chemical 
guides having a plurality of even number of poles used in ionization , Solvent - assisted inlet ionization , Surface acous 
conventional mass spectrometers . The ion source 21 may be tic wave nebulization , Secondary electrospray ionization , 
electrospray , plasma , glow discharge , laser , photo - ioniza- Solid probe assisted Nano - electrospray ionization , Single 
tion , or a combination of them used in ambient ionization particle aerosol mass spectrometry , Sponge - Spray Ioniza 
techniques . In one or more embodiments , the ion source 21 40 tion , Surface sampling probe , Switched ferroelectric plasma 
may use any ambient ionization techniques under categories ionizer , Thermal desorption - based ambient mass spectrom 
" extraction ” ( a solid or liquid extraction processes dynami- etry , Transmission mode desorption electrospray ionization , 
cally followed by spray or chemical ionization ) , “ plasma ” Touch spray , Ultrasonication - assisted spray ionization , Ven 
( thermal or chemical desorption with chemical ionization ) , turi easy ambient sonic - spray ionization , Brush - Spray Ion 
“ two - step ” ( desorption or ablation followed by ionization ) , 45 ization , or Fiber - Spray Ionization . 
" laser " ( laser desorption or ablation followed by ionization ) , In one or more embodiments , re - configurable or flexible 
" acoustic ” ( acoustic desorption followed by ionization ) , or in the present disclosure is defined as the capability of being 
multimode ( involving two of the above modes ) . transformed between at least two different shapes or forms , 

In one or more embodiments , the ion source 21 may be or being transformed from one configuration to another 
any of Air flow - assisted ionization , Air flow - assisted des- 50 configuration . In one or more embodiments , this transfor 
orption electrospray ionization , Atmospheric pressure glow mation occurs and a shape or a form of the ion transfer 
discharge desorption ionization , Ambient pressure pyroelec- device 20 is changed when ions are being actively trans 
tric ion source , Atmospheric pressure thermal desorption ferred by the ion transfer device 20. The ion transfer device 
chemical ionization , Atmospheric pressure thermal desorp- 20 may have a plurality of bend positions 12a and 12b , and 
tion / ionization , Atmospheric pressure solids analysis probe , 55 the ion transfer device may form one or more curvatures 
Beta electron - assisted direct chemical ionization , Charge around the bend positions . In one or more embodiments , the 
assisted laser desorption / ionization , Desorption atmospheric flexible or re - configurable ion transfer device 20 may hold 
pressure chemical ionization , Desorption atmospheric pres- or retain a new shape or form after changing the shape or 
sure photoionization , Direct analysis in real time , Dielectric form from an old shape to a new shape , for example , by a 
barrier discharge ionization , Desorption corona beam ion- 60 force applied by hands of a user or an operator . In one or 
ization , Desorption chemical ionization , Desorption electro- more embodiments , the flexible or re - configurable ion trans 
flow focusing ionization , Desorption electrospray / meta- fer device 20 may be soft and may not retain or hold a new 
stable - induced ionization , Desorption electrospray shape or form after changing the shape or form from an old 
ionization , Desorption sonic spray ionization , Desorption shape to the new shape . In one or more embodiments , 
ionization by charge exchange , Direct inlet probe - atmo- 65 flexible or re - configurable in the present disclosure is 
spheric - pressure chemical ionization , Direct probe electro- defined as the capability of being bent and being able to 
spray ionization , Electrode - assisted desorption electrospray change from an old form or shape to a new form or shape 



2 

US 11,222,776 B1 
11 12 

when the ion transfer device 20 is actively transferring the device 20 ” being greater than , for example , 1.5 , 2 , 3 , 10 , 50 , 
ions . In one or more embodiments , flexible or re - configur- 500 , 1000 , or being greater than 1000 or more . In one or 
able may be defined as the ion transfer device 20 having a more embodiments , efficient may be defined as the percent 
plurality of bend positions such that the ion transfer device age of ions exiting the outlet of the ion transfer device 20 . 
20 may form curvatures . In one or more embodiments , 5 The efficiency may be greater than 90 % , 50 % , or 10 % . The 
flexibility is defined as the achievable range of motion or number of ions entering the ion inlet or exiting the ion outlet 
being at a bend position or a plurality of bend positions of the ion transfer device 20 may be measured or quantified , 
without affecting ion transfer efficiency of the ion transfer for example , by monitoring ion current at the ion inlet or ion 
device 20 , without losing the functionality of the ion transfer outlet of the ion transfer device 20 with ion current detector 
device 20 , or without shorting electrical connections of the 10 such as an ammeter , an electrometer , or an electron multi 
ion transfer device 20. In one embodiment , flexible is plier . In one or more embodiments , Active ion transfer or 
defined as being capable of having a plurality of curvatures actively transferring ions in the present disclosure is defined 
around an axis of the ion transfer device 20. In one embodi- as transfer of ions with aid of electric fields or potentials 
ment , flexibility of the ion transfer device 20 may or may not created by application of voltages to electrodes of the ion 
retain a form or a shape while being flexible or re - config- 15 transfer device 20 or when various voltages ( such as DC or 
urable . In one or more embodiments , flexibility may be RF or a combination of both ) are applied to electrodes of the 
defined as spacing between electrodes of the ion transfer ion transfer device 20. Transfer or movement of ions inside 
device 20 being increased or decreased . In one or more the ion transfer device 20 may be under an effect of electric 
embodiments , being flexible and being re - configurable may field , or gas flow , or a combination of both . Further , ion - ion 
be used in an interchangeable manner . 20 repulsion may move ions inside the ion transfer device 20 . 

The ion transfer device 20 has a diameter and a length . The pressure inside the ion transfer device may be in the 
The diameter may be the same or different along the ion range of 0.001 to 760 Torr . In this pressure regime , the ions 
transfer device 20. In one or more embodiments , the diam- have a relatively small mean free path , ( in the order of a few 
eter of the ion transfer device 20 may be any value between nanometers to several micrometers ) , and therefore , collision 
0.2 to 2 inches or even up to 5 inches , the length of the ion 25 of ions with background gas exists inside the ion transfer 
transfer device 20 may be any value between 0.5 to 1000 device 20 and when ions are being transferred or guided 
inches , or 1 to 500 feet . In one or more embodiments , the inside the ion transfer device 20. The collision of ions with 
length may be 2 , 5 , 10 , 100 or even 1000 times of the the background gas ( for example air molecules ) in these 
diameter ( or the largest or the smallest diameter if the pressure regimes results in ions not travelling in straight 
diameter varies along the length ) . The length is as the 30 lines and frequently colliding with background gas mol 
distance between defined the point the ion transfer device 20 ecules and changing path as a result of these collisions . Out 
is connected to the ion source 21 , ( or for example the ion of phase RF voltages ( or alternating current ( AC ) voltages ) 
inlet of the ion transfer device 20 ) and the point the ion are used in conjunction with DC voltages to efficiently guide 
transfer device 20 is connected to the ion guide 13 ( or for and transfer the ions inside ion transfer device 20. RF 
example the ion outlet of the ion transfer device 20 ) when 35 voltages radially push ions towards a central axis of the ion 
the ion transfer device 20 is in the form of a straight - line transfer device 20 and maintain ions in a central portion of 
between these two points . The ion inlet ( illustrated in the ion transfer device 20 , thus preventing ions from col 
drawings as “ ions in ” ) and the ion outlet ( illustrated in liding with inner walls and being lost . While RF voltages 
drawings as “ ions out ” ) in the present disclosure are defined and the resulting electric field from RF voltages retain ions 
as sides of ion transfer device from which ions respectively 40 in a central portion of the ion transfer device 20 ( for example 
enter and exit the ion transfer device 20 . along a longitudinal axis of the ion transfer device 20 ) , the 
FIG . 2B shows a block diagram of a mass spectrometry DC voltage may provide a gradient to transfer and guide the 

system such that the ion source probe 22 is detached from ions in a direction towards ion outlet of the ion transfer 
the ion guide 13 and ions are efficiently transferred to ion device 20 . 
guide 13 via a flexible or re - configurable ion transfer device 45 The ion transfer device 20 may be in a shape of a flexible 
20 in accordance with one aspect of the present disclosure . tube or a flexible bellow with a plurality of electrodes 
The mass spectrometry system shown in FIG . 2B includes a disposed inside the flexible tube or bellow to receive the ions 
flexible ion transfer device 20 , which may efficiently transfer from an ion inlet of the ion transfer tube 20 from an 
ions from a hand - held or portable ionization probe 22 to an ionization source , such as the hand - held ionization probe 22 , 
ion guide 13 of a conventional mass spectrometer that also 50 and then actively transfer the ions to an ion outlet of the ion 
includes a mass analyzer 15 and a detector 17 . transfer device 20 , where ions then enter the ion guide 13 of 

The terms “ Efficient ” or “ efficient transfer ” of ions or the mass spectrometer . 
" efficient ion transfer , ” or “ efficiently transferring ions ” are It is noted that although the present disclosure mainly 
defined in the present disclosure as the transfer of ions with describes use of a mass spectrometer to describe operation 
no ion loss or with minimal loss . The ion loss may be caused 55 of the ion transfer device 20 , however , one of ordinary skill 
by collisions of ions with the inner walls of the ion transfer in the art will recognize and understand that the present 
device 20 or by colliding with structures disposed inside the disclosure may also relate to an ion mobility spectrometer or 
ion transfer tube 20. In some embodiments , efficient ion any other apparatus that transfers gas phase ions . Ions in the 
transfer may be ion transfer with the ratio of ion exiting the present disclosure are defined as charged particles , having 
ion outlet of the ion transfer device 20 to the ions entering 60 positive or negative charges . Therefore , all the examples in 
the ion inlet of the ion transfer device 20 being greater than which a mass spectrometer is described may be similarly 
0.99 , 0.95 , 0.90 , 0.85 , 0.80 , 0.5 , 0.2 or 0.1 . In one or more applied to an ion mobility spectrometer , or any other appa 
embodiments , ion transfer efficiency is defined as the ratio of ratus using an ions or electrons , or any charged particles . In 
" the ion exiting the outlet of the ion transfer device when all one or more embodiments , ions are atoms or molecules with 
required voltages for the ion transfer device operation is 65 a net electric charge due to the loss or gain of one or more 
applied ” to “ the ions exiting the outlet of the ion transfer electrons , and the atoms or molecules may be the same or 
device 20 when no voltage is applied to the ion transfer different . 
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The ion transfer device 20 may include a tube made from different parts such as hand or leg of a person 27 so that the 
a single part such as a plastic or metal tube or made from ionization probe 26 may produce ions from human skin that 
multiple tubes that are connected to each other . One or more is transferred to the mass spectrometer 23 by the ion transfer 
layers of tubes may be used to provide vacuum - tightness and device 20 for analysis by the mass spectrometer 23 . 
also for housing wires , capacitors , resistors and electrodes in 5 The flexibility of the ion transfer device 20 enables using 
between different layers of tubing . The plastic tube may be a hand - held ionization probe 26 and provides several advan 
a heat - shrink tube . Heat - shrink tube may be made of any one tages not available in conventional mass spectrometers , thus 
of thermoplastics , including polyolefin , polyvinyl chloride extending the use of such mass spectrometry systems to 
( PVC ) , Viton® ( for high - temp and corrosive environments ) , many new applications . Because conventional mass spec 
Neoprene® , polytetrafluoroethylene ( PTFE ) , fluorinated 10 trometers are bulky and because ionization sources in con 
ethylene propylene ( FEP ) and Kynar® . In addition to these ventional mass spectrometers are directly attached to the 
polymers , some types of special - application heat - shrink may mass spectrometer , therefore , in order to analyze human skin 
also include an adhesive lining that may help to bond the with conventional mass spectrometers , the human must 
tubing to underlying electrodes and connectors , forming move and bring various body parts directly in front of a 
strong seals that may be waterproof or gas - tight sufficient to 15 conventional mass spectrometer . That can be difficult , 
maintain the required pressure inside the ion transfer tube impractical , or impossible . The flexible ion transfer device 
20. In one embodiment , the heat - shrink tubing may have 20 , as disclosed herein , makes it possible for the ionization 
conductive polymer thick film to provides electrical con- probe 26 to flexibly and freely move to different body part 
nections between the two or more electrodes without the located away from the mass spectrometer 23. This enables 
need to soldering , to shield the electromagnetic field pro- 20 using conventional mass spectrometers in new applications , 
duced by the RF voltages of the ion transfer device 20 . such as hospitals and medical offices , for example , for 

The sample , as shown in FIG . 2B , may be any arbitrary real - time skin analyses by replacing the conventional ion 
sample under analysis or test , which the ion source probe 22 sources with the ionization probe 26 which is connected to 
produces ions from , such as a biological sample , a human or the mass spectrometer 23 via the flexible ion transfer device 
animal tissue , or any sample of interest that includes trace 25 20. Therefore , the mass spectrometer 23 may be located far 
amounts of analyte of interest , or a geological sample . The from the place where the sampling / ionization is taking place 
sample may be a human body part for example a human by the ion source probe 26. For example , the mass spec 
hand , for example , being screen for skin cancer . The ion trometer 23 may be placed in a separate room and the ion 
transfer device 20 may have a plurality of bend positions transfer device 20 may transfer the ions using the ion 
12a , 12b , 12c . 30 transfer device 20 that is passed through a wall that separates 
FIG . 2C shows a block diagram of a conventional mass the mass spectrometer 23 from the object under test 27 . 

spectrometer 23 such that the ion source is detached from the Further , this approach enables efficient transfer of ions to the 
mass spectrometer and the ions produced in an ionization mass spectrometer 23 without or with minimal ion loss , 
probe 26 are transferred to the mass spectrometer 23 via a resulting in increased analytical performance , such as 
flexible or re - configurable ion transfer device 20 in accor- 35 increased detection limits and sensitivities required for many 
dance with embodiments of the present disclosure . A con- applications such as in situ human tissue analysis . In other 
ventional mass spectrometer 23 is used and the ionization words , the ion transfer device 20 enables extending the ion 
source of the mass spectrometer ( which is directly attached source 26 of the mass spectrometer 23 away from a mass 
to the mass spectrometer 23 in place of an adapter 24 ) is spectrometer to enable sample analysis from objects 27 that 
replaced with an ion transfer device 20 including the adapter 40 are difficult to bring close to the mass spectrometer 23. The 
24 on one end ( on the ion outlet side ) that is connected to the object under test 27 may be a patient that is going through 
mass spectrometer 23 and an ionization probe 26 at the other surgery on a hospital bed . The ion transfer device 20 may 
end of the ion transfer device 20 ( on the ion inlet side ) . In have a plurality of bend positions 12a , 12b , 12c , 120 , 12e 
one embodiment , the adapter 24 , the ion transfer device 20 , around which the ion transfer device 20 may form a plurality 
and the ionization probe 26 replaces conventional ion source 45 of curvatures . 
assemblies provided by mass spectrometer manufacturers FIG . 2D shows a block diagram of a mass spectrometer 23 
( not shown normally connected where the adapter 24 is such that the ion source is detached from the mass spec 
connected in FIG . 2C ) of the mass spectrometer 23. This trometer and the ions produced in an ionization probe 26 are 
configuration allows using an ionization probe 26 that can be transferred to the mass spectrometer 23 via a re - configurable 
extended to a distance , for example in a range from 0.1 to 10 50 ion transfer device 20 in accordance with one or more 
m depending on a length of the ion transfer device 20 , from embodiments of the present disclosure . The ionization probe 
the mass spectrometer 23 , thus enabling easy scanning and 26 may be held by a hand 25 of an operator or a user ( or for 
analysis of different areas of an object under test 27 . example by a robotic arm of a robot ) and a surface of interest 

The ion transfer device 20 efficiently transfers the ions 28 may be analyzed without having the mass spectrometer 
produced by the ionization probe 26 to the mass spectrom- 55 23 close to the surface of interest 28. The length of the ion 
eter 23. The flexible or re - configurable ion transfer device 20 transfer device 20 may be greater than 10 cm , 50 cm , 100 
is connected to the mass spectrometer 23 with the adapter 24 cm , 150 cm , or 200 cm . In other embodiments , the length of 
that is designed to fit the ionization source inlet of the mass the ion transfer device 20 may be greater than 2 meters , 5 
spectrometer 23 ( where the adapter 24 is connected in FIG . meter , or 10 meter , or more . 
2C ) . The ionization probe 26 may be an ambient ionization 60 The ionization probe 26 produces ions from the surface of 
source , atmospheric pressure ionization source , or a reduced interest 28 and the produced ions are transferred via the ion 
pressure ionization source , which is hand - held , which may transfer device 20 to the mass spectrometer 23 for analysis . 
be easily held with a hand 25 of an operator and moved As noted above , this enables modifying the conventional 
freely to different locations or parts of an object under test mass spectrometer 23 by replacing the original ion source 
27. For example , the ionization probe 26 may be freely 65 ( not shown ) of the conventional mass spectrometer 23 by an 
moved to different parts of a human body so that the adapter 24 that connects the ion transfer device 20 to the 
ionization probe 26 may become in contact with skin of mass spectrometer 23 and efficiently transfers the ions from 
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the ion transfer device 20 to the mass spectrometer 23. This spectrometer . The ionization sources 21a , 21b , 21c may be 
allows use of ionization probes 26 that may be freely moved different or the same . One or more ionization sources 21a , 
around to scan one or more surfaces of interest 28. For 216 , 21c may be connected to one or more sample prepa 
example , at an airport , this ionization probe may be used by ration devices 29 to prepare the samples for ionization . For 
a security office at a check point to scan for traces of 5 example , the ionization sources 21a , 216 , 21c may be 
explosive materials on passengers , cargo , or luggage . In a connected one or more sample preparation or separation 
rover for planetary exploration in space application , such a instruments , such as a high - pressure liquid chromatography 
configuration enables placing the ion source 26 on a robotic system ( LC or HPLC system ) or a gas chromatography ( GC ) 
arm and placing the mass spectrometer 23 on a body of the system to separate analytes before analysis with the mass 
rover . The ion source 26 may be used in a manufacturing line 10 spectrometer . The ion sources 21a , 216 , 21c are operated in 
to monitor for the quality or contamination of produced a multiplexed manner and each ion source has a periodic 
products , such as pharmaceutical products in the production allocated time frame to introduce ions into the mass spec 
line with one or more ionization sources 26 connected with trometer via the corresponding ion transfer tube that is 
one or more ion transfer devices 20 to one or more mass attached to the ion source for analysis . In the present 
spectrometers 23. The ion transfer device 20 may have a 15 disclosure , the combination of the ion guide 13 the mass 
plurality of bend positions 12a , 126 , 12c , 12d around which analyzer 15 and the detector 17 may be referred as the mass 
the ion transfer device 20 may form curvatures . spectrometer . This configuration provides the advantage that 
FIG . 2E and FIG . 2F show two block diagrams of a mass a single mass spectrometer may be used to analyze different 

spectrometry system such that the ion source 21 is detached sample located in different places and coming from different 
from the ion guide 13 and the ions are transferred to ion 20 separation or sample preparation instruments as described 
guide 13 via a re - configurable ion transfer device 20 in above . Because analysis by a mass spectrometer is per 
accordance with one or more embodiments of the present formed in milliseconds to seconds , thus such multiplexing 
disclosure . The flexible ion transfer device 20 may have an greatly enhances optimal use of mass spectrometers by 
adapter 14 ( including one or more electrodes such as skim- continuously and sequentially providing ions from different 
mer and sample cones disposed inside , or conventional ion 25 locations / instruments or ionization sources 21a , 216 , 21c to 
funnels and ion guides ) that connects to the ionization probe the mass spectrometer for analysis . 
21 and efficiently transfers ions from the ionization probe 21 FIG . 3B shows a block diagram of a mass spectrometry 
to the flexible ion transfer device 20. The adapter 14 may system such that the three ion sources 21a - 21c are attached 
also include the electronics necessary to operate the ion to two mass spectrometers via re - configurable ion transfer 
transfer device 20 , including direct current ( DC ) , alternating 30 devices 20a - e in accordance with one or more embodiments 
current ( AC ) , or radio frequency ( RF ) voltages for operation of the present disclosure . The ion processor 30 ( also referred 
of the ion transfer device 20. In one embodiment , the ion to as the ion manipulation device in the present disclosure , 
transfer device 20 may be connected to a second adapter 16 an example of which is described in U.S. Pat . No. 9,966,244 
that connects the ion transfer device 20 to an ion guide 13 for lossless ion manipulation ( SLIM ) ) may be used to 
of a mass spectrometer . The second adapter 16 may be used 35 selectively transfer the ions received from three ionization 
to attach the ion transfer device 20 to the mass spectrometer source 21a , 216 , 21c respectively connected to three flexible 
in a vacuum - tight manner while efficiently transferring the ion transfer devices 20a , 206 , 20c to the ion processor 30 . 
ions from the ion transfer device 20 to the mass spectrom- The ion processor 30 then selectively transfers the ions via 
eter . The second adapter 16 may include electronics neces- two flexible ion transfer devices 20d , 20e to two different 
sary to operate the ion transfer device 20 ( such as RF and DC 40 mass spectrometers : the first mass spectrometer including 
voltage power supplies and the related control unit for the ion guide 13a , the mass analyzer 15a and the detector 
controlling the power supplies ) or may include one or more 17a , and the second one including the ion guide 13b , the 
electrodes floated at a voltage ( such as skimmer and sample mass analyzer 15b and the detector 17b , as shown in FIG . 
cones , or one or more conventional ion funnels ) for efficient 3B . The ion processor 30 may trap , store , process ( for 
transfer and extraction of ions from the ion outlet of the ion 45 example separate ions based on their mobility ) , and selec 
transfer device 20 to the ion guide 13 of the mass spectrom- tively transfers ion packets into these two mass spectrom 
eter . The first adapter 14 or the second adapter 16 may eters . 
include electronics and other components necessary to oper- FIG . 4A shows a block diagram of an ion transfer device 
ate the ionization source 21 , for example , connectors , elec- 20 in accordance with one or more embodiments of the 
tronics for plasma ionization , liquid reservoir for electros- 50 present disclosure . The ion transfer device 20 may include 
pray ionization or laser modules with fiber optics that may an electrode unit 31 ( each electrode unit may compromise 
be attached to the outer diameter or may be implemented one or more independent conductive electrodes as disclosed 
along the ion transfer device 20 for laser desorption / ioniza- in the present application ) connected to one or more volt 
tion , or a combination of them . Related wires and optical ages . The ion transfer device 20 may include an ion transfer 
fibers be attached to the ion transfer device 20 to reach 55 enclosure 71. The ion transfer enclosure 71 may be a tube 
the ionization source 21 from the mass spectrometer or the made from plastic or metal connected to a voltage or ground 
adapter 16. This is advantageous for reducing the weight and in case the tube is made from metal or conductive plastic . 
size of the ion source 21 that may be an ionization probe 26 The enclosure 71 may be a plurality of tubes . The tube may 
used by an operator , which require reduced weight for easy be corrugated or in bellow form to allow flexible bending of 
handling by the operator . 60 the tube and the ion transfer device 20 to produce a plurality 
FIG . 3A shows a block diagram of a mass spectrometry of curvatures . The tube may be constructed from one or 

system such that the three ion sources 21a - c are attached to more heat - shrink tubes . The ion transfer enclosure 71 ( or 
a mass spectrometer via a re - configurable ion transfer device simply referred to as the enclosure ) maintains the one or 
20 in accordance with one or more embodiments of the more electrode units 31 in reduced pressure ( or intermediate 
present disclosure . Three ionization sources 21a - c , which 65 pressure below 760 Torr ) and also provides a mechanical 
may be different or the same located at three different structure to support the electrode unit 31. The pressure level 
locations , are connected to an ion guide 13 of a mass inside the enclosure 71 may be maintained between in a 
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range from 0.0001 Torr to 750 Torr , for example in a range sure . The ion transfer device 20 may include a plurality of 
from 0.1 to 10 Torr . A vacuum pump may be connected to electrode units 31a - j , as described above , that are connected 
the enclosure 71 as with a T connector with an ion inlet to each other . Each of the plurality of electrode units 31a - j 
( shown as ions in ) and an ion source , with a T connector at may be flexible or may be rigid and flexibly connected to 
an ion outlet ( shown as ions out ) or one or more locations in 5 each other , as described above , and are located inside the 
between the ion inlet or the ion outlet along the enclosure 71 , enclosure 71. The plurality of electrode units 31a - j and the 
for example , in a middle portion of the enclosure 71. The enclosure 71 may be bent to have two or more different 
pressure inside the ion transfer device 20 may be the same shapes or forms and may be reconfigurable or flexible . The 
or different at different locations inside the enclosure 71 ion transfer device 20 may be connected at one end to the ion 
along the ion transfer device 20. The pressure inside the 10 source probe 51 that may freely move in 3 - dimensional 
enclosure may be in a range from 0.01 to 30 Torr . The space because of the flexibility of the ion transfer device 20 . 
electrode unit 31 may be flexible for flexible bending along The ion source probe 51 may be flexibly moved around to 
with the ion transfer enclosure 71. The ion transfer device 20 bring the ion source probe 51 close to sample or object under 
may include one electrode unit 31 having two or more test to be analyzed . Further , the ion transfer device 20 may 
electrodes , which may be flexible electrodes , such as those 15 be connected to ion guide and mass analyzer of a mass 
shown , and described later in the present application , for spectrometer 50 . 
example , in FIG . 14A , FIG . 14B , FIG . 14C , FIG . 15A , FIG . In one embodiment shown in FIG . 5B , an ion processor 54 
15B , FIG . 15C , and FIG . 16. In other embodiments , the one may be included and the ion processor ( as describes above 
electrode unit includes a plurality of electrodes that are regarding U.S. Pat . No. 9,966,244 ) may be connected to the 
flexibly connected to each other or the enclosure 71 , 20 ion source probe 53 on one end and the mass spectrometer 
examples of which are shown in FIG . 6A , FIG . 6B , FIG . 6C , 52 on the other end using two different ion transfer devices 
and FIG . 6D described later in the present application . The 20a and 20b so that flow or pre - separation of ions ( based on 
enclosure 71 may be bent to have two or more different their ion mobility in the ion processor 54 ) may be controlled . 
shapes or forms to have a plurality of curvatures ( which may FIG . 5C is similar to FIG . 5B with the difference that the ion 
also be referred to as a plurality of twists , arcs , or curves ) . 25 processor 59 is connected to two different ion sources 
FIG . 4B and FIG . 4C show two block diagrams of 56a , 56b , and multiplexes the ions received from these two 

embodiments of the ion transfer device 20 in accordance ion sources to the mass spectrometer 55 . 
with one or more embodiments of the present disclosure . FIG . 6A , FIG . 6B , FIG . 6C , and FIG . 6D show perspec 
The ion transfer device 20 may include a plurality of tive views of an embodiment of the flexible or re - configur 
electrode units 31a - c in FIG . 4B or 31a - j in FIG . 4C that are 30 able ion transfer device 20 in accordance with one or more 
connected to each other . Each of the plurality of electrode embodiments of the present disclosure . In one or more 
units 31a - j may comprise a plurality of electrodes , which embodiments , the plurality of electrodes 63 each having a 
may be flexible electrodes , such as those shown , and central hole 65 ( of the same or different diameter , in one 
described later in the present application , for example , in embodiment ascending or descending diameters , which may 
FIG . 14A , FIG . 14B , FIG . 14C , FIG . 15A , FIG . 15B , FIG . 35 also act as conductance limiting orifice to limit gas flow 
15C , and FIG . 16. In other embodiments , the ion transfer between two adjacent electrode units and provide differen 
device 20 may include a plurality of electrodes that are tial pressure in two adjacent electrode units ) may be con 
flexibly connected to each other or the enclosure 71 , nected to each other using flexible or elastic rods 61a - d , 
examples of which are shown in FIG . 6A , FIG . 6B , FIG . 6C , which go through a plurality of holes 62 provided on each 
and FIG . 6D described later in the present application . The 40 of the plurality of the electrodes 63. The plurality of elec 
plurality of electrode units 31a - j and the enclosure 71 may trodes 63 are disposed inside a flexible tube or enclosure 67 . 
be flexible or bendable or reconfigurable from a first shape ( The tube or enclosure 67 is not shown in FIG . 6C , FIG . 6D , 
or configuration to a second shape or configuration . In one FIG . 7A , and FIG . 7B for simplicity of illustration ) . This 
or more embodiments , the plurality of electrode units 31a - j configuration allows the plurality of the electrodes to form 
may be not flexible or re - configurable but flexibly connected 45 one or more curvatures around an axis 66 of the ion transfer 
to each other , such as those shown in FIG . 7A , FIG . 7B , FIG . device 20 , as shown in FIG . 6C and FIG . 6D . The plurality 
11B , FIG . 11C , FIG . 12A , FIG . 12B , and FIG . 13 . of electrodes 63 each may have one or more electrical 
FIG . 4D shows a block diagram of an ion transfer device connection 68 to apply different voltages , such as RF 

in accordance with one aspect of the present disclosure . In voltages VRF1 and VRF2 , and DC voltages , VDC1 and 
one embodiment , a plurality of conn nnecting electrodes seg- 50 VDC2 . The plurality of electrodes 63 may be made from any 
ments 41a - d , which are electrically isolated from the plu- metal ( stainless steel , nickel , copper , gold , or any other 
rality of electrode units 31a - j , and may be individually metal with or without coatings ) or any conductive material 
connected to different voltages , connect the plurality of such as conductive plastic . The spacing between the elec 
electrode units 31a - c . In one embodiment , the plurality of trodes may be different or may be the same and may be a 
connecting electrodes segments 41a - d may ensure efficient 55 value between 0.1 mm to 10 mm . The thickness of elec 
transfer of ions between two neighboring electrode units trodes may be different or may be the same and may be a 
( 31a and 31b ) or ( 311 and 31c ) . The plurality of connecting value between 0.01 mm to 5 mm . 
electrodes segments 41a - d may be in form of skimmer cones RF voltages may be applied by connecting a plurality of 
or conductance limiting orifices and similar structures used capacitors 70a , 70b in series to the electrical connections 68 , 
in differential pumping in conventional mass spectrometers . 60 which are connected to electrodes 63 , as shown in FIG . 6A 
In other embodiments , the plurality of connecting electrodes and FIG . 6B . The capacitors 70a , 70b may have a value of 1 
segments 41a - d , may be one or more conductance limiting to 1000 pF . The DC voltages may be applied by connecting 
orifices or a plurality of capillary tubes . resistors in series with the electrical connections 68 , as 
FIG . 5A , FIG . 5B , and FIG . 5C show three block dia- shown in FIG . 6A . The resistor value may be 0.01M to 10M 

grams of different embodiments of the ion transfer device 20 65 Ohms . 
connections to the mass spectrometers 50,52,55 in accor- The capacitors and resistors may be connected by con 
dance with one or more embodiments of the present disclo- nectors , soldering , or spot - welding to the electrodes 63 or 
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the electrical connections 68 instead of using the electrical in between the electrodes to keep the electrodes separate as 
connections 68. Alternatively , the capacitors 70a , 70b and the heat - shrink , upon application of heat and shrinking , 
resistors 69 may be assembled on a separate flexible or rigid holds the electrodes in place and acts like electrically 
printed circuit board ( PCB ) and connected to the electrodes , insulating structures to make the electrodes in place while 
as shown in FIG . 8A , FIG . 8B , and FIG . 8C as described 5 providing the flexibility as disclosed in the present applica 
later in the present application . tion , as shown in FIG . 9C , in which the heat - shrink tube 

Application of DC voltage may be to the first and last shrink into the area in between two adjacent electrodes 91 . 
electrodes of the plurality of electrodes 63 , as shown in FIG . FIG . 7A and FIG . 7B show perspective views of the 
6A by annotations VDC1 and VDC2 . In one embodiment flexible or re - configurable ion transfer device 20 in accor 
shown in FIG . 6B , each electrode of the plurality of elec- 10 dance with one or more embodiments of the present disclo 
trodes 63 is connected to a separate controllable and sure . In this exemplary embodiment , instead of having all of 
addressable DC voltage ( VDC1 to VDC9 ) to provide dif- the plurality of electrodes flexibly attached to each other 
ferent voltages to each of the plurality of electrodes 63. The ( like those embodiments shown in FIG . 6A , FIG . 6B , FIG . 
DC voltage may be any value from 1 to 500 volts or greater 6C , and FIG . 6D ) , the ion transfer device 20 may include 
than 500V . The RF voltages may be applied as two out of 15 electrode assemblies ( or units ) 77a , 776 , 77c in which the 
phase RF voltages respectively connected to odd and even electrodes 74 are rigidly attached to each other , and the 
electrodes ( VRF1 and VRF2 ) . The amplitude of the RF electrode units 77a , 776 , 77c ( electrode units are also 
voltage may be any value from 1 to 500 volts or greater than referred to as electrode assemblies in the present disclosure ) 
500V . The frequency of the RF voltage may be any fre- are flexibly attached to each other . The plurality of elec 
quency from 50 KHz to 20 MHz . Preferably the RF and DC 20 trodes 74 each having a central hole 72 may be connected to 
voltages should not cause gas breakdown at the pressure that adjacent electrodes using rigid rods 61a - d , which go through 
the ion transfer device 20 is operating at . a plurality of holes 72 provided on each of the plurality of 

In one or more embodiments , the plurality of electrodes the electrodes 74. In other embodiments , the electrodes 74 
63 are connected to each other as shown in FIG . 6A but may be fixed to each other with glue , epoxy , or screws while 
instead of using the flexible or elastic rods 61a - d , a plurality 25 maintaining a predetermined spacing in a range of 0.05 to 5 
of electrically insulating structures ( for example elastic or mm between the electrodes 74. The electrode assemblies 
rigid Viton or PTFE O - rings or any similar material ) are ( units ) 77a , 776 , 77c are flexibly attached to each other and 
placed in between each two electrodes of the plurality of provide the flexibility . 
electrodes 63 ( similar to the electrically insulating structures FIG . 8A , FIG . 8B , and FIG . 8C show front views of three 
shown by annotations 92a - d in FIG . 9A and FIG . 9B ) . Each 30 embodiments of the electrodes of the flexible or re - config 
of the electrically insulating structures , such as each O - ring , urable ion transfer device 20 in accordance with one or more 
may be glued to one side of each electrode 63 to hold the embodiments of the present disclosure . In one embodiment 
electrically insulating str tures in place . This helps in shown in FIG . 8A , a printed circuit board ( PCB ) electrode 
prevent the electrically insulating structures from moving or 82 of the plurality of electrodes may be made with PCB . The 
being exposed to the ions passing through the ion transfer 35 PCB electrode 82 may include a plurality of holes 81a - d that 
device 20 , which may create charging problems if they end provide a path for the rods 61a - d . A center hole 83 in the 
up on dielectric materials . In the flexible ion transfer device PCB electrode 82 provides a path for ions in the center area 
20 , the electrically insulating structures are preferably not of the PCB electrode 82. Around the center hole 83 , a metal 
exposed to the ions to avoid charging effects , which results track 84 acts as a conductive electrode for application of 
from accumulation of charged particles on the electrically 40 voltages to produce electric fields in and around the center 
insulating structures , and may reform the shape of electric hole 83 necessary for transferring ions . The metal track 84 , 
fields , and therefore ion trajectories . Therefore , the inner which may be copper , or gold - immersion electrodes used in 
diameters of the electrically insulating structures are larger PCB manufacturing similar to through - hole assemblies 
than the diameter of the holes 65 , 72 , 83 or 94 ) so that if well - known in PCB production but with much larger diam 
charge accumulation occurs ( for example on the electrically 45 eter . The diameter of the hole 83 may be a value between 0.2 
insulating structures shown by annotations 92a - d in FIG . 9A inches to 10 inches . A resistor 86a and a capacitor 866 may 
and FIG . 9B ) , the charge accumulation do not adversely be assembled on the PCB electrode 82 to provide the 
affect the electric fields inside the ion transfer device 20. In necessary DC voltage and RF voltage , respectively . A plu 
one embodiment , the resistors and capacitors are directly rality of connectors 85a - b connect to adjacent PCB electrode 
connected to the electrodes 63 without the electrical con- 50 82 or DC and RF power supplies to provide the required 
nections 68 , similar to those shown in FIG . 8A , FIG . 8B , and voltages . 
FIG . 8C and the corresponding description later in this In one embodiment shown in FIG . 8b , a PCB electrode 82 
application . of the plurality of electrodes 63 may be circular shape . One 

To assemble the structure , the plurality of electrodes 63 of ordinary skill in the art would recognize that the elec 
and the electrically insulating structures may be assembled 55 trodes may be made in any arbitrary shape . In one embodi 
on a cylindrical holder ( not shown ) , and then upon assembly ment shown in FIG . 8C , a PCB electrode 82 of the plurality 
of the electrodes and connecting the necessary electrical of electrodes 63 , instead of a plurality of holes 81a - d that 
connections and components ( resistors and capacitors ) , the provide a path for the rods 61a - d ( as shown in FIG . 8A with 
assembly may be inserted into a heat - shrink tube ( which is annotations 81a - d ) , the PCB electrode 82 may include a 
shown by annotation 67 in one or more embodiments ) so 60 plurality of electrically insulated structures 88a - d to flexibly 
that by application of heat , the heat - shrink tube 67 to shrink connect two adjacent PCB electrodes 82. The plurality of 
and hold the assembly in place . Then , the cylindrical holder electrically insulated structures 88a - d may be made with 
may be removed . Such an assembly with heat - shrink tube pogo - pins , or elastic balls , or O - rings attached to the board . 
holds the electrodes firmly in place and also provides FIG . 9A , FIG . 9B , FIG . 9C , FIG . 9D , and FIG . 9E show 
flexibility and re - configurability . Further , using heat - shrink 65 cross section views of electrodes 91 of the flexible or 
tubing may eliminate the need for having electrically insu- re - configurable ion transfer device 20 connected to each 
lating structures ( for example annotations 92a - d in FIG.9C ) other in accordance with one or more embodiments of the 
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present disclosure . The electrodes 91 may be stacked on of electrically insulating pieces 106 ( which may be made by 
each other , as shown in FIG.9A and may be centered around elastic materials such as Viton ) may be connected to the 
an axis 96 , which may cross the centers of holes 94 on conductance limiting orifices 105 to provide flexibility . The 
electrodes 91. A plurality of spacers 92a - d may be placed in odd and even numbers of the plurality of rods 103 are 
between the electrodes 91 to provide the required spacing 5 respectively connected to two out of phase RF voltages . A 
between electrodes and also the re - configurability and flex- DC offset voltage may be applied to all of the rods 103 . 
ibility . The electrodes 91 may include a resistor 95 and FIG . 11A , FIG . 11B , and FIG . 11C show perspective 
capacitor 93. This configuration provides flexibility for the views of three electrodes of the flexible or re - configurable 
ion transfer device 20. The electrodes 91 each having an ion transfer device 20 connected to each other in accordance 
electrode axis 96a - c may be flexibly bend around the axis 10 with one or more embodiments of the present disclosure . In 
96. The degree of bending is defined as the angle between one embodiment , the ion transfer device 20 may be con 
the axis 96 and each electrode axis 96a - c corresponding to structed with multipole ion guides ( each acting as one 
the plurality of electrodes 91. The degree of bending may be electrode unit ) flexibly attached to each other . A plurality of 
any value between 0.0001 to 5 degrees for each electrode 91 . individual electrodes ( each electrode including the compo 
In some embodiments , only some of the electrodes 91 may 15 nents as shown in FIG . 10A and FIG . 10B ) may be con 
bend around the axis 96. In some embodiments , instead of nected to each other as shown in FIG . 11A , FIG . 11B , and 
employing the plurality of spacers 92a - d , a heat - shrink tube FIG . 11C to provide a flexible ion transfer device 20. The 
99 may keep the electrodes 91 in place ( electrically sepa- two conductance limiting plates 105 on two adjacent elec 
rated from each other ) while maintaining flexibility . In other trodes are connected to each other with the plurality of 
embodiments , both the plurality of spacers 92a - d , and 20 electrically insulating pieces 106 placed in between to 
heat - shrink tube 99 may keep the electrodes 91 in place provide flexibility . In another embodiment , the two elec 
while providing flexibility . The heat - shrink tube may also trodes or multipole ion guide structures may be connected to 
serve as the enclosure 71 to maintain the electrodes 91 in each other with the structure shown in FIG . 9A and FIG . 9B 
reduced pressure as disclosed earlier in the present applica- to provide flexibility . Heat - shrink tubes may also be used as 
tion . Although FIG . 9C shows only one layer of heat - shrink 25 enclosure and are not shown for simplicity of illustration . 
tube 99 , but one or more layers of heat - shrink tube 99 may FIG . 12A and FIG . 12B show perspective views of seven 
be provided to adjust flexibility and the pressure inside the electrodes of the flexible or re - configurable ion transfer 
ion transfer device 20. In one embodiment , a plurality of device 20 connected to each other in accordance with one or 
wires , which may be disposed outside or inside the enclosure more embodiments of the present disclosure . In one embodi 
71 ( which may be for example the heat - shrink tube 99 ) 30 ment , the electrodes may have a plurality of curvatures or 
provide required electrical radio frequency ( RF ) , or direct bends around an axis 110 of the ion transfer device 20. The 
current ( DC ) voltages ( or constant voltage ) . The voltages enclosure is not shown in this figure for simplicity of 
may be provided in pulsed with pulse durations for illustration . The flexibility of this structure may be similar to 
example , 0.1 , 0.5 , 1 , 5 , 10 , 100 , or 1000 milliseconds . The those shown in FIG . 7A and FIG . 7B . 
pulsed voltages may be periodic , having a period of 0.01 , 35 FIG . 13 shows a perspective view of two electrodes of the 
0.1 , 0.5 , 1 , or 2 seconds , or more than 2 seconds . In other flexible or re - configurable ion transfer device 20 connected 
embodiments , a plurality of heat - shrink tubes may be pro- to each other in accordance with one or more embodiments 
vided , and the electrical wires may be disposed in between of the present disclosure . In one embodiment , the multipole 
the layers of the heat - shrink tube . ion guides may include a plurality of rods 130 that are hold 

In one or more embodiment shown in FIG . 9D and FIG . 40 in place with a rod holder 131. To provide flexibility , the 
9E , instead of using the plurality of spacers 92a - d ( as shown rods 130 of the two adjacent electrodes are connected 
for example in FIG . 9A ) , the electrodes 91 may have flexibly to each other as shown in FIG . 13 with a plurality 
matching extrusions 97 , 98 on two sides of the electrode 91 of connecting pieces 132. The plurality of conducting pieces 
that are engaged with corresponding matching extrusions connect two corresponding rods 130 to each other . The 
97 , 98 of adjacent electrodes 91 , as shown in FIG . 9D and 45 plurality of connecting pieces 132 may be conductive or 
FIG . 9E , to provide flexibility as disclosed in the present electrically insulating , which may be made by , for example , 
application . One of ordinary skill in the art would recognize connecting the rods with flexible epoxy . In another embodi 
that this structure may be manufactured by separate elec- ment , the plurality of rods 130 may be flexible while 
trodes 91 flexibly connected to each other and having many maintaining a constant or semi - constant distance between 
degrees of freedom such as those found in " snake robots ” 50 two adjacent rods in an electrode assembly to provide a 
having many degrees of freedom or may be manufactured by flexible ion transfer device 20 . 
rolling a structure having matching extrusions 97,98 similar FIG . 14A , FIG . 14B , and FIG . 14C show perspective 
to those used in conventional flexible electrical conduits . views of an enclosure 141 and two different electrode 
FIG . 10A and FIG . 10B show perspective views of geometries of the flexible or re - configurable ion transfer 

individual electrodes of the flexible or re - configurable ion 55 device 20 in accordance with one or more embodiments of 
transfer device 20 in accordance with one or more embodi- the present disclosure . FIG . 15A , FIG . 15B , and FIG . 15C 
ments of the present disclosure . For simplicity of illustra- show perspective views of three embodiments of the flexible 
tion , the enclosure is not shown in these figures . FIG . 10A or re - configurable ion transfer device 20 in accordance with 
and FIG . 10B show a multipole ion guide that includes a one or more embodiments of the present disclosure . In one 
plurality of rods 103 connected to DC and / or RF voltages . 60 embodiment , the enclosure 21 may be made of a flexible 
Multiple ion guides may have any even number of rods , such tube 141 having an inner surface 142 as shown in FIG . 14A . 
as four , six , eight , etc that are hold in place with a plurality A plurality of ring electrodes 145 , as shown in FIG . 14B , 
of rod holders 102 , 104. Two conductance limiting plates connected to a plurality of DC and RF voltages ( not shown 
101 , 105 having an orifice 107 are attached at the two ends for simplicity of illustration ) may be disposed inside the 
to the rod holders 102 , 104. The conductance limiting plates 65 flexible tube 141 to provide the ion transfer device 20. Each 
101 , 105 may be connected to DC or RF voltages ( for of the plurality of ring electrodes 145 may include an inner 
example at a frequency of 0.1 MHz to 10 MHz ) . A plurality surface 143 and an outer surface 144. The outer surface 144 
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may be disposed on the inner surface 142 of the flexible tube ence between t1 and t2 may be in the order of milliseconds 
141 to provide an ion transfer device 20 as shown in FIG . ( ms ) or seconds ( s ) , and may be any value between 0.1 ms 
15A . In another embodiment , a plurality of elongated elec to 10 s . 
trodes 148 ( any even number of electrodes ) having an outer The electrode units 31a - d may comprise any electrode 
surface 147 and an inner surface 146 may be disposed in the 5 configuration , geometry , shape , or form disclosed in the 
flexible tube 141. FIG . 15B shows an example of the ion present application . The plurality of electrode units 31a - d 
transfer device 20 according to this exemplary embodiment . may be those disclosed in FIG . 6A , in which every even and 
The ring electrodes 145 and the elongated electrodes 148 are odd electrode is connected to two out of phase RF voltages 
flexible and may bend when the flexible 141 tube bends . The respectively . Two out of phase RF voltages are applied to 
flexible tube 141 may be made with a heat - shrink tube that 10 two adjacent electrodes . For example , in a multipole ion 

guide , one of the two out of phase RF voltages is applied to has a sticky inner surface 142 for sticking to the outer every other electrode and the other of the two out of phase surface 144 of the ring electrodes 145 or the outer surface RF voltages is applied to the remaining electrodes . RF 147 of the plurality of elongated electrodes 148 to the inner voltages of the ion transfer device 20 pushes the ions radially surface 142 of the flexible tube 145. FIG . 15C show a cross 15 toward the centerline or an axis of the ion transfer device 20 
section of another embodiment of a flexible ion transfer as disclosed and shown above in exemplary embodiments , device 20 which may be made with bellow tube 151 and a and as for example shown in the simulation results of FIG . 
plurality of electrodes 152 may be place inside the bellow 17A and FIG . 17B , which is an RF only simulation . The 
tube 151. In this embodiment , a plurality of ground elec- radial force is provided via an effective potential from RF 
trodes 151 prevent ions from charged build - up on the bellow 20 voltages or waveforms on the electrodes . The RF waveforms 
tube 151. Although these embodiments are shown in straight effectively keep ions off the plates . The DC voltages push 
form , one of ordinary skill in the art , in view of the present ions axially toward the two ends of the ion transfer device 
disclosure , would understand and appreciate that these struc- 20. The applied RF voltages trap ions around an axis and 
tures provide flexibility and may be bent to any form or inside the ion transfer device 20 . 
shape similar to a conventional hose . In FIG . 18 , DC voltages are illustrated with solid lines and 
FIG . 16 shows a perspective view of electrode geometry the RF voltages are illustrated with a sine or zigzag wave 

in an embodiment of the flexible or re - configurable ion form . Although the DC and RF voltages are illustrated 
transfer device 20 in accordance with one or more embodi separately for simplicity of illustration , one of ordinary skill 
ments of the present disclosure . The flexible ion transfer in the art would understand that these two wave forms may 
tube 20 may be constructed with two wires 161 , 162 ( or a 30 be combined , superimposed or added by application of the 

RF voltages via a capacitor to the DC voltages . The DC plurality of the two wires 161 , 162 ) that are wound around 
an axis 163 into helix structures having a diameter with any voltage sources providing the DC voltages may require RF 

chokes prevent the RF voltage from penetrating into the value in the range of 0.2 to 6 inches . The two wires are DC power supply . The DC voltages may also be regarded as connected to RF voltages at a frequency of 0.05 to 10 MHz 35 the DC offset voltage applied to the RF voltage . The RF and amplitudes of , for example , 50V . The amplitude may be voltage ( two out of phase sin waveform applied for radially 
any value between 1 to 1000V . The enclosure is not shown pushing the ions towards a center of the ion transfer device in FIG . 16 for simplicity of illustration but similar flexible 20 ) may always be present in the electrodes of the ion 
tubes , or heat - shrink tubes disclosed earlier in the present transfer device 20. Alternatively , the RF voltage may only be 
application may be used . The ion transfer device 20 made 40 present when ions exists in the related electrodes of the ion 
with the electrodes shown in FIG . 16 is flexible and may transfer device 20 . 
have several curvatures along the length of the ion transfer The term “ electrode unit ” in the present application is 
device 20. As noted above , the pressure of the ion transfer defined as a number of electrodes that contain an ion packet , 
tube may be in the range of , for example , 0.001 to 760 Torr . for example ion 1 or ion 2 as shown in FIG . 18. Each of the 
FIG . 17A and FIG . 17B show two side views of ion 45 electrode units 31a - d is an electrode unit that may contain 

trajectory simulation in an embodiment of the flexible or any number of electrodes but trap and contain an ion packet 
re - configurable ion transfer device 20 in accordance with as described earlier in the present application . 
one or more embodiments of the present disclosure . Ion In t1 , two packet of ions , ions 1 and ions 2 , are held in DC 
trajectory simulations were performed with SIMON® soft- potential wells created in electrode units 31a and 31c at V1 
ware and the results are shown in FIG . 17A ( side view ) and 50 voltage . The ions 1 and ions 2 may be from the same ion 
FIG . 17B ( top view ) . The simulations were performed in a source or from different ion sources . Also , the ions 1 and 
pressure of 1 Torr and the simulation results demonstrated ions 2 may contain the same or different types of ions 
that the electrodes effectively trap the ions , producing an ion obtained from the same or different samples by the ioniza 
cloud 164 , for a long period of time . The simulations were tion source . The DC voltage at electrode unit 316 and 31d 
performed in a bent structure of FIG . 16 around an axis 163. 55 are at V3 , which is greater than V1 . Therefore , the DC 
A variety of RF voltages were applied at different frequen- voltages of the electrode units 315 and 31d act as a potential 
cies and voltages and the structure was functional in a wide barrier and prevent the two ions packets ( which may be in 
range of parameters ( voltage and amplitude of the RF the form of ion clouds or ion population ) from mixing with 
voltage ) and pressures ( 0.01 to 30 Torr ) . each other . The values of DC voltages may be any positive 
FIG . 18 shows RF and DC voltage waveforms applied to 60 value in a range from 0.1V to 1000V . 

the electrodes of the flexible or re - configurable ion transfer In t2 , the DC voltage of the electrode unit 31d is reduced 
device in accordance with one or more embodiments of the from V3 to V1 , thus allowing the ions 2 to axially expand to 
present disclosure . In the five sequential graphs shown in the adjacent electrode unit 31d ( the ions are still radially 
FIG . 18 , the times are shown by t1 to 15 , t1 graph being the contained with the RF voltages in fact , the ions 1 and ions 
first wave form of the sequence and t5 being the last wave 65 2 are always contained in the centerline by RF voltages as 
form of the sequence . The time period between each graph described above ) . The potential well of the electrode 31b 
may be the same or different . For example , the time differ- prevents the ions 1 and ions 2 from mixing with each other . 
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In t3 , the DC voltage on electrode unit 31c is increased are switched to V3 from V1 , and shortly after , the second 
from V1 to V3 thus forcing or pushing the ions 2 into the group of electrodes are switched to V1 . 
electrode unit 31d . Therefore , the ions 2 are shifted one In t4 , the ring electrodes adjacent and to the right of the 
electrode unit to the right . third group of ring electrodes ( fourth group of electrodes ) 

In t4 , the DC voltage of the electrode unit 316 is reduced 5 are switched to V3 from V1 , and shortly after ( for example 
from V3 to V1 , thus allowing the ions 1 to axially expand to tens of micro seconds to milliseconds or seconds ) , the 
31b electrodes . The potential well of the electrode 310 second group of electrodes are switched to V1 . 
prevents the ions 1 and ions 2 from mixing with each other . As a result , the ion packets move sequentially in the ion 

In t5 , the DC voltage on electrode unit 31a is increased transfer device 20 from left ( the ion inlet ) to the right ( the ion 
for example from V1 to V3 thus pushing the ions 1 into the electrode 31b . 10 outlet ) while keeping the ion packets separate , 

Therefore , the ions 1 are also shifted one electrode unit to the by a traveling DC voltage pulse while the RF voltages 
maintain the ions around an axis of the ion transfer device right ( where the ion outlet of the ion transfer device 20 is 20 . located in this exemplary embodiment ) . The wave form of FIG . 19 is similar to the wave form of During the sequences from t1 to t5 , two separate ion 15 FIG . 18 with the difference that each electrode is individu 

packets , ions 1 and ions 2 are shifted one electrode unit from ally connected to addressable DC voltages in FIG . 19. In 
the ion inlet side of the ion transfer device ( on the left ) to the FIG . 18 , a group of electrodes are connected to the same DC 
ion outlet side of the ion transfer device 20 ( on the right ) . voltage . Therefore , sequential transfer of ions according to 
Therefore , this sequence enables sequentially packing and FIG . 18 may require smaller number of individually 
efficiently transferring the ions or ion clouds via the flexible 20 addressable DC voltages compared to that described in FIG . 
ion transfer device 20 without these ion packets being 19 , as in the embodiment of FIG . 19 , all individual elec 
mixed . The ion transfer may be performed in a sequential trodes must be individually connected to controllable DC 
manner and the ions , in the form of ion packets , may be voltages . 
transferred from the inlet to the outlet of the ion transfer FIG . 20 shows a flow chart of a method of transferring 
device 20 sequentially . Further , this sequence also allows 25 ions with the flexible or re - configurable ion transfer device 
arrangement of ions produced from different ion sources or in accordance with one or more aspects of the present 
produced from the same ion source but from different disclosure . In one embodiment , a method for transferring 
samples , into ion packets . Although in each time frame of t1 ions includes producing ions from a sample in step Si , 
to t5 of FIG . 18 the DC voltage values V1 and V3 are used transferring the ions with at least one ion transfer device that 
each electrode 31a - d may have a different voltage value and 30 is configured to be flexible or re - configurable in step S2 , the 
they do not need to be necessarily the same . ion transfer device having an enclosure , and a plurality of 
FIG . 19 shows RF and DC voltage waveforms applied to electrodes disposed at least in part inside the enclosure ; 

the electrode unit 31 of the flexible or re - configurable ion separating the ions with at least one analyzer configured to 
transfer device 20 in accordance with one or more embodi- separate the ions based on mobility or mass to charge ratio 
ments of the present disclosure . The RF and DC voltages are 35 in step S3 ; and detecting the separated ions with at least one 
described in detail with respect to FIG . 18 , and the same detector in step S4 . The transferring of the ions may be 
description is applicable to FIG . 19. The electrode 31 may realized by the method and application of the waveforms 
comprise of a plurality of ring electrodes similar to those described with relation to FIG . 18 and FIG . 19 to the ion 
shown in FIG . 6A , FIG . 6B , and FIG . 6C . In exemplary transfer device 20 . 
embodiment shown in FIG . 19 , DC voltages are individually 40 FIG . 21 shows a block diagram of control unit 210 for ion 
controlled and applied to each electrode of the electrode unit transfer device 20 in more detail upon which an embodiment 
31. In the following , the applications and shifting of ion of the present disclosure may be implemented . The ion 
packets are described for the electrode unit 31 with ring transfer device 20 may include or may be connected to one 
electrodes similar to those shown in FIG . 6A but one of or more control units 210. The control unit 210 includes a 
ordinary skill in the art would understand and appreciate that 45 memory 211 , a processor 212 , an input / output ( I / O ) interface 
the shifting of ion packets may also be realized with other 213 that is connected to a display 214 and a keyboard 215 , 
electrode geometries of the ion transfer device 20 as dis- an interface 217 that is connected to RF voltage generator 
closed in the present application . 218 and DC voltage generator 219. The control unit 210 

In this exemplary embodiment , each electrode unit is one includes one or more memory 211 , such as a random - access 
electrode , for example one ring electrode ( shown in FIG . 50 memory ( RAM ) or other dynamic storage device ( e.g. , 
6A ) is one electrode unit , and the shifting of the ion packets dynamic RAM ( DRAM ) , static RAM ( SRAM ) , and syn 
are performed in one electrode unit at each time period ( t1 chronous DRAM ( SDRAM ) ) , coupled to the bus 216 for 
to t5 ) . storing information and instructions to be executed by 

In t1 , four packet of ions , ions 1 , ions 2 , ions 3 , and ions processor 212. In addition , the one or more memory 211 may 
4 ( in the form of ion packets ) , are trapped separately by DC 55 be used for storing temporary variables or other intermediate 
potential wells created in electrode unit 31 created by information during the execution of instructions by the 
application of V3 to four of the ring electrodes which are processor 212. The control unit 210 may further include a 
spatially separate ( first group of ring electrodes of the read only memory ( ROM ) or other static storage device 
electrode unit 31 ) . In FIG . 19 and at t1 , first group of ring ( e.g. , programmable ROM ( PROM ) , erasable PROM 
electrodes are held at DC voltage V3 and the remaining 60 ( EPROM ) , and electrically erasable PROM ( EEPROM ) ) 
electrodes are at held at V1 . coupled to the bus 216 for storing static information and 

In t2 , the ring electrodes adjacent and to the right of the instructions for the processor 212. The control unit 210 may 
first group of ring electrodes ( second group of electrodes ) further include a communication interface 221 coupled to 
are switched to V3 from V1 , and shortly after , the first group the bus 216. The communication interface 221 provides a 
of electrodes are switched to V1 . 65 two - way data communication . For example , the communi 

In t3 , the ring electrodes adjacent and to the right of the cation interface 221 may be a network interface card to 
second group of ring electrodes ( third group of electrodes ) attach to any packet switched LAN . As another example , the 
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communication interface 221 may be an asymmetrical digi- 8. The ion analysis system according to claim 1 , wherein 
tal subscriber line ( ADSL ) card , an integrated service digital the one or more ionization sources are connected to one or 
network ( ISDN ) card , a Universal Serial Bus ( USB ) , or a more sample preparation or sample separation devices . 
modem to provide a data communication connection to a 9. The ion analysis system according to claim 1 , wherein 
corresponding type of communications line . A wired or 5 the one or more ion transfer devices are connected to an ion 
wireless network may further be connected to the commu processor , and the ion processor is connected to the one or 
nication interface 221 connected to one or more computers more analyzers . that provide one or more operators and / or users a platform 10. The ion analysis system according to claim 9 , wherein 
to communicate with the control unit 210. The control unit the ion processor separates the ions based on ion mobility also includes an interface 217 that translates digital data 10 
received from the bus 216 and transmits instructions to one prior to transferring the ions to the one or more analyzers . 

11. The ion analysis system according to claim 1 , wherein or more RF voltage generators 218 and one or more DC the one or more ion transfer devices separate ions based on voltage generators 219 , which provide the RF and DC 
voltages for operation of the ion transfer device 20. The RF ion mobility while transferring the ions . 
voltage generators 218 and DC voltage generators 219 15 12. A method for ion analysis comprising : 
receive the instructions from the interface 217 and produce producing ions with one or more ionization sources ; 
the voltages required by the ion transfer device 20. In one analyzing the ions with one or more analyzers based on 
embodiment , the interface 217 may also be connected to a ion mobility or mass to charge ratio of the ions ; and 
mass spectrometer that is connected to the ion transfer transferring the ions from the one or more ionization 
device 20 to , for example , synchronize to adjust the timing 20 sources to the one or more analyzers by one or more ion 
and multiplexing of the ion transfer process according to transfer devices , the one or more ion transfer devices 
those described in relation to FIG . 18 and FIG . 19. The having a plurality of electrodes configured to be flex 
interface 217 may also be connected to one or more ioniza ible or flexibly connected to each other , and the one or 
tion probes to synchronize production and transfer of ions more ion transfer devices being configured to be flex 
from a sample . ible or re - configurable while the transferring . 

While the present disclosure has been described above 13. The method according to claim 12 , wherein the 
with respect to a limited number of embodiments , those producing further includes producing the ions by two or 
skilled in the art , having the benefit of this disclosure , will more different ionization mechanisms . appreciate that other embodiments may be devised which do 14. The method according to claim 12 , wherein the not depart from the scope of the invention as disclosed 30 transferring further includes transferring the ions produced herein . Accordingly , the scope of the invention should be by one of the ionization sources to at least two of the limited only by the attached claims . analyzers for analysis . What claimed is : 

1. An ion analysis system comprising : 15. The method according to claim 12 , wherein the 
one or more ionization sources that produce ions ; analyzing further includes analyzing the ions by at least two 
one or more analyzers that analyze the ions based on ion or more different mechanisms . 

mobility or mass to charge ratio of the ions ; and 16. The method according to claim 12 , wherein the 
one or more ion transfer devices connected between the producing further includes producing the ions from samples 

one or more ionization sources and the one or more located at different locations . 
analyzers , the one or more ion transfer devices having 40 17. The method according to claim 12 , wherein the 
a plurality of electrodes configured to be flexible or transferring further includes transferring the ions to an ion 
flexibly connected to each other , and the one or more processor and then transferring them to the analyzer . 
ion transfer devices being configured to be flexible or 18. The method according to claim 17 further comprising : 
re - configurable while transferring the ions . separating the ions in the ion processor based on ion 

2. The ion analysis system according to claim 1 , wherein 45 mobility prior to transferring the ions into the one or more analyzers . two or more of the ionization sources produce the ions by 
two or more different ionization mechanisms . 19. The method according to claim 12 , wherein the one or 

3. The ion analysis system according to claim 1 , wherein more ion transfer devices separate ions based on ion mobil 
the ions produced by one of the ionization sources are ity while the transferring . 
transferred to at least two of the analyzers for analysis . 20. An ion analysis system comprising : 

4. The ion analysis system according to claim 1 , wherein one or more ionization sources that produce ions ; 
at least two or more of the analyzers analyze the ions by at one or more ion transfer devices that transfer the ions , 

each ion transfer device including a plurality of ring least two or more different mechanisms . 
5. The ion analysis system according to claim 1 , wherein shaped electrodes constructed from printed circuit 

two or more of the ionization sources produce the ions from 55 board , each electrode being connected to an adjacent 
samples located at different locations . electrode with spring connectors , each of the ring 

6. The ion analysis system according to claim 1 , wherein shaped electrodes having at least one resistor and one 
one of the analyzers receives the ions from two or more of capacitor ; and the plurality of electrodes being enclosed 
the ionization sources in a multiplexed manner . inside one or more layers of tubing ; and 

7. The ion analysis system according to claim 1 , wherein 60 one or more analyzers that analyze the ions based on ion 
each of the ionization sources has a periodic allocated time mobility or mass to charge ratio of the ions . 
frame to introduce ions into the one or more analyzers . 
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